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EPROM EMULATOR
PROGRAMMER

EP8000

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-

FEATURES

B Software personality programming/emulation of all
EPROMSs 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 — f99 @
UV141 EPROM Eraser with timer — £78 @
GP100A 80 column printer — £225 @ GR1
Centronics interface — £65

VAT should be added to all prices

 DISTRIBUTORS REQUIRED

GP Industrial Electronics Ltd.
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Cover picture shows Philip Hill’s XI
plotter, the construction of which is
described on page 24.

NEXT MONTH

IEEE-488 interface for the BBC
Microcomputer. This full-
specification interface for
faboratory use allows automatic
control up to 14 instruments.

Synthesised television modulator
with microprocessor control for
video generators, offering a
frequency stability much better
than free-running modulators.

F. J. Lidgey investigates the
circuitry of current followers which
use conventional operation
amplifiers, and proposes a general-
purpose amplifier system.

Current issue price 85p, back issues (if
available) £1.06, at Retail and Trade
Counter, Units 1 & 2. Bankside Industrial
Centre, Hopton Street, London SE1.
Available on microfilm; please contact
editor. .
By post, current issue £1.30, back issues
(it available) £1.40, 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.
Advertising 01-661 3130, See leader
page. Telex: 892084 BISPRS G.
Subscription rates: 1 year £15 UK and
£19 outside UK.
Student rates: 1 year £10 UK, and
£12.70 outside UK.
Distribution: Quadrant House, The
Quadrant, Sutton, Surrey SM2 5AS.
Telephone: 01-661 3248.
Subscriptions: Qakfield House,
Perrymount Road, Haywards Heath,
Sussex RH16 3DH. Telephone: 0444
458188, Please notify a change of
address.
USA: $49.40 surface mail, $102.60 air.
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,
Business Press International Ltd 1983
ISSN 0043 6062.-
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c U B E F LEX 6809 2nd processor for the BBC micro

CUBEFLEX for education and software development
CUBEFLEX is supplied with a number of useful
machine code handling facilities, and FLEX itself
comes complete with a text editor and machine code
assembler for 6809.

However, the real strength of FLEX is the enormous
range of other software to run under its operating
system.

Cross assemblers and macro facilities exist which
allow the CUBEFLEX to develop object code for all the
J) 68 range from 6801 to 68000, all the 80 range, and the
Z80. The CUBE ROMULATOR can be added to the
spare slot in the CUBEFLEX, and so emulate the
developed software in a target system.

COMPILERS

PL/9 is a high level compiling language whose
structure resembles BBC BASIC. However, when
compiled into machine code it runs four times as fast.

“C", Pascal and 6809 extended BASIC are all also
available, and aliow the user to empioy the language of
his choice.

|
6809 + FLEX - the ultimate in 8-bit systems

The BBC microcomputer is already so good, how can it be improved? FLEX is the only truly machine Send for
independent operating system for 8-bit processors. Even CP/M (for Z80) is machine specific to a og';'ggt;ﬁ?gue
significant degree. But take any standard 5 1/4” FLEX diskette and it will load on CUBEFLEX. All pag ) )
variations of double or single sides, 40 or 80 tracks (if 80 track drives are fitted), and even double /i brioes sxelude VAT,
density (if an appropriate disk interface is fitted on the BBC) are automatically catered for. )

CUBEFLEX connects to the BBC via the TUBE, and uses the standard BBC disk interface and disk Control Unlversal Ltd
drives. All BBC facilities are unimpaired by the addition of CUBEFLEX, and can be called up or Anderson’s Court
returned to at any time. The FLEX configuration parameters are held in EPROM, and the Newnham Road
unconfigured FLEX diskette is read in and initialtised upon entry of the start-up command. Cambridge CBS. 9EZ
CUBEFLEX 6809 2nd Processor unit  £299 '
Unconfigured FLEX diskette + manual £130 Tel 0223 358757

WW - 047 FOR FURTHER DETAILS
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NEW from Kontakt
KONTAKT ORI Sh e | }‘ MITSUBISHI
us an posits rom ]
MGF-1400 GaAs FETs

electronic components,
electronic and electrical appara-
tus, microscopes, medical

e MGF-1402
com{ﬂesseg airline needed. MGF_1412 FROM STOCK

With plug-in nozzle even blows
around corners. Ready for use
in the service kit.

Kontakt 60
Dissolves oxides and sulphides, re-
moves dirt, oil, resin and traces of metal
abrasion. Protects against erosion. En-
sures perfect contacts.
Kontakt 61
Special cleaning, lubricating and anti-
corrosion fluid ?or NEW {non oxidised}
and specially sensitive contacts. An ex-

cellent lubricant for all electrical and
electro-mechanical systems.

Spra! Wash WL

Aspen Electronics Limited

UK representative for Mitsubishi Electric

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

WW — 040 FOR FURTHER DETAILS
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A rapid cleaner for reliable washing and
degreasing of electrical equipment and
components. For removal of dirt, grease,
oil, soldering residues and other impuri-
ELECTRONIC VALVES
ALSO AVAILABLE: WA E
A COMPLETE RANGE OF INDUSTRIAL AEROSOL SPRAYS . NT D . j
SK10 Soldering Lacquer, K75 Cold Spray, K70 Plastic Spray, K88 Oil Spray, K701 All Types Receiving, Transmitting, Industrial
Vaseline Spray, K90 Video Spray, K33 Graphite Spray, K100 Antistatic Spray, |
E:ganz.lusd Spray and, of course, Positiv 20 positive photo resist for printed : CV136 _ CV138 _ CV329 _ CV345 Ll CV2209
| — PL508 — PL509 — PL519 - PCL805 -
PY500A
1
Details from: g
. L : Phone/write to:
Special Products Distributors Ltd. PYPE HAYES RADIO LTD.
81 Piccadilly London WIVORL | 606 Kingsbury Road
Tel: 01-629 9556. Telex: 26500 b | q ]
- Cables: g;:ciprod, L:?am:'wﬁc | B"“B';.Ig "3‘;"3“48953 9PJ
|
WW - 021 FOR FURTHER DETAILS WW - 015 FOR FURTHER DETAILS
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HF ANTENNAS «

Y MODE; Full half wave
operation.

Y BANDS; Up to 4 spot
frequencies.

Y POWER; Receive to’
800W (PEP).

w SWR; Better than 1.5:1
on channel.

THE SMC TRAPPED DIPOLE ANTENNA

has been developed to satisty the needs of commerical and military users. It is capable of

-operallon betwesn 2 and 30 MHz on as many as four spot frequencies — each capable of

g many ch Is. E: hing and efficiency with a single coaxial

feed is offered bv the use of SMC H1Q traps and the incorporation of a ferrite balun in a

full half wave design. NB: Power absorbing terminating resistors are not employed. The

antenna may be deployed using one or two support masts, installation {incorporating SMC
light duty portable masts} can be easily effected by two people in half an hour.

HF SSB TRANSCEIVER

TM180 "PIONEER” HF SSB
TRANSCEIVER. 1.8-18MHz, 6
channels 100 watts RF output
measuring only 95{H) x 240(W)
x 310{D)mm and weighing 6kg.
May be operated as a base or
mobite transceiver, comple-
maenting our trap dipole and
HW4 mobile aerials. Prices start
at £700, making this unit not
s Only very attiactive but highly
¥ competitive.

SOUTH MIDLANDS COMMUNICATIONS LTD.

SM HOUSE Telex: 477351 SMCOMM G
OSBORNE ROAD, TOTTON Tel: Totton (0703) 867333
SOUTHAMPTON 'SO4 4DN

WW — 027 FOR FURTHER DETAILS

THE POWERFET
SPECIALISTS

OEM USERS

Pantechnic. present the most adaptable high-powered amplifier ever.

ab FeT SYSTEM ame

@® HIGH POWER. 1.2kW (single ended)

® LOW VOLUME. Vs Cublc? ot inc. Heatsink

@ VERSATILE. Delivers more than 1kW into %2 to 8 ohms
OR 2 x 600W into 2 to 8Q .

OR 4 x 300W into 2 to 402 (200W into 8(2)

oR { 1 x 600W into 2 to 8()

pantechnic

1 x 300W into 2 to 4()
1 x 150W into 4 to 82
Etc, etc.

Having been closely involved in a wide variety of OEM applications of their amp
boards. Pantechnic became aware of numerous implemantation problems often
left untackled by other amp board manufacturers. These problems specifically of
size and thermal efficiancy became particularly aggravated at high powers and
considerably lengthened OEM product development time.
By including thermal design in the totality of board design it has been possible to
reduce the size of the electronics, and increase the efficiency of the transistor to
heatsink thermal circuit. The combined effect of this has been to dramatically
incraase the volumetric efficiency of the amplifier/heatsink assembly. The SYSTEM
Amp offers 1.2kW of power in a space of 180mm x 102mm x 77mm, excluding PSU
and Fan.
The basis of this considerable advance is the PANTECH 74 Heat Exchanger, newly
designed and manufactured by us. By eliminating the laminar air flow Yound in
conventional, extruded heatsinks, heat transfer to the environment is greatly
enhanced.
The fiexibility of the 1.2kW amp stems from its division irto 4 potentially separate
amplifiers of 300W each {downrateable with cost savings to 150W). These can be
parelleled, increasing current capability or seriesed (bridge in pairs) doubling
voltage capability. In consequence a large variety of amplifier/load strategies can be
imp emented
As ever Pantechnic offer a full range of customising options including DC coupling,
ultra-high slew, etc. Contact Phil Rimmer on 01-800 6667 with your particular
application problem

§. Specs, as ever, are exemplary.

A w.de range of other amplifiers and other modules available.

WW - 059 FOR FURTHER DETAILS
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ANALYSERS

Hewlett Packard

334A Distortion Analyser £1200.00
3581 A Wave Analyser . . . £1800.00
3582A Dual-Channe! Spectrum Ana ser
0.02Hz-25.5KHz. 50.00
50044 Signature Analyser 6550 00
Marconi

TF2330A Wave Analyser ..£950.00
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 7007, £850.00
308 Porr,able 8 Channel 20MHz Data
Analys ...£2100.00
492 [opt o1, 08] Spectrum Analyser
S50KHz-21GH 13000.00
492P[opt 01, 2 3) Programmable Version
of 4 .£20000.00
7L 2 Spectrum Analyser 100KHz-1 .8GHz
£6000.00
7113 Spectrum ‘Analyser 1KHz-1.8GHz
£7500.00
7118 Spectrum Anatyser 1. SGHZ-BOGHZOO
TRS03 Tracking Generator for 492/496
series] . 250.00
SLAN Spectr‘um Analyser 20Hz-1 OOKHZ
£2350.00
7D01 16 Channel 100MHz Sample Rate
£2450.00

7002/01 Logic Analyser . . £3950.00

OSCILLOSCOPES

Hewlett Packard
1332A th Quality CRT Display

96x11 £1250.00
18094 100MHz 4 Channel F’Iuo In
£2000.00
1821 A Timebase Plug In £1000.00
Philips
PM3232 Dual Beam 10MHz ... . £495.00
Tektronix.
305 Portable battery scope/OMM, O T
S5MHz £975.00
335 Dual Trace 35MHz Smal porbable with
delay T'Bas 300.00
200C Trolley for 400 Series £120 00

7313 100MHz Storage Mainframe

£2225.00
7603 100MHz Mainframe. . .. 51350.00
5441 50MHz Variable F’er‘sist.ance Stor:
Mainframe 600.
7704A Scope OC- 200MHz Malnframe

850.00

7613 Storage Scope Mannframe
0C-100MHz £3250.00
7844 Dual Beam 400MHz Mainframe

£7750.00

7854 Waveform F’rocessmg Scope
OC-400MH £9000.00

7904 opt OE. 03 500MHz. .. .. £5350.00
SIGNAL SOURCES

E HlLabs

132A Pulse Gen .£1200.00
139B Pulse Gen .£950.00
Hewlett Packard

204C Osciliator .£200.00
2040 Oscillator £240.00
214A Puise Gen £950.00
11720A Pulse Modulator £1950.00
612A Sig Gen - £1500.00
B8004A Fuise Gen .£450.00
8011A-01 Pulse Gen £695.00
80138 Pulse Gen £750.00
B8640A Sig Gen . £2750.00

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

THE SOURCE

OF ALL GOOD USED
TEST EQUIPIVIEN'T

Marconi

TF2008 Sig Gen £3000.00
TF2015 Sig Gen .£1350.00
TF2015/1 Sig Gen £1350.00
TF2169 Pulse Modulator £200.00
TF2120 Waveform Gen £850.00
Wavetek

148 Funct Gen £650.00
TEKTRONIX PLUG INS

e of Plug ins
0 series

We stock a complete ran
for use with 7000 and 5
Mainframes.

TEKTRONIX TMS500
SERIES

Woe stock a verr wide range of these
versatile modular equipments

MISCELLANEOUS

Avo

Model B Multimeters £80.00
VCM 163 Value Characteristic Meter

£495.00

7 Electricians Multimeter £65.00
Bruel & Kjaer
2203 Sound Level Meter £450.00
2209 Sound Level Meter £850.00
1613 Fiter £400.00
Datalabs
OL901 Transient Recorder £750.00
DL9Y0S Transient Recorder £995.00
Fluke
515A Portable Calibrator .£1750.00
845 AB Null Detector .£610.00
9318 Oiff V'Meter _£1,000.00
19004 Counter/ Timer BOMHz .. £225.00
2020A -3-6 Printer .. £500.00
5205A Precision Power
Amplifier . . . .. £3500.00
8921A OMM -£695.00
Hewlett Packard.
467 A Ampiifier .. £725.00
415E VSWR Meter £950.00
3556A Psophometer £850.00
3552A Trans Test Set £1,500.00
481 5A Vector Impedance Meter

. £3850.00
Marconi
TF1313A LCR Bridge £775.00
TF2603 RF Milivoltmeter £750.00
Racal
9514 Counter/Timer IEEE £850.00
Tektronix

106 Sguare Wave Generator 1nS risetime
10Hz-1MHz without accessories . £175.00
191 Constant Amplitude Generator

. ..£250.00
832 Data Comms. Tester £925.00
833 Data Comms. Tester ..£1350.00
2701 Step Attenuator 502 0.79d8 in 1dB
steps. OC to 2GHz

£295.00

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

London WC1X 9LN. Tel:0

([ gl [ gl
e Qg |

Electronic Brokers

Y
o
!.!

1-278 3461.Telex 298694
([ |

WW — 202 FOR FURTHER

ETAILS



OLSON

IT COMES

HORIZONTAL OR L TO POWER
VERTICAL RANGE FROM 3-10 SOCKETS FOR RAcKs
A - ! 3
S LLEXSTOOKI _ ' IT MUST BE OLSON

)
OLSON ELECTRONICS LIMITED  vevov7so zses tetex zosrer

WW - 037 FOR FURTHER DETAILS

E.M.S. POWER
SYSTEMS

e

o .
-

Solve all your Power Problems by contacting
| 1E.M.S.

E.M.S. specialise in systems to eliminate your
power problems.

No! It's not a floating drinks dispenser, Products range from 35VA switched square wave
it i ] Power Packs to 1KVA fully uninterruptible sine
it's the ngtung hand-held r_adlo case. TS eSS

Neptune is brilliant orange, it floats,

it's waterproof and could save your life
if your ICOM hand-held fell in the drink.
Neptune cases are easily retrieved from: For further details please contact:

Thanet EleCtroniCS Ltd. E.M.S. Manufacturing Limited

£.M.S. also manufacture chargers which range up
to 60 amps.

143 Reculver Road Herne Bay Kent. Ch '_?_irgovr\?ugh F:)oad
Tel: {02273) 63859/63850. 9 Bu\éﬁgm =
Sole U.K. Importers of ICOM equipment. Tel: (0494) 448484
My SEslROREDREHEK PERALS WW — 009 FOR FURTHER DETAILS
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The Iighfweigh' | a selétlon from our

s huge stocks. All items
mas* WI'“I reconditioned unless

otherwise stated.
101 applications

DISK DRIVES DLV11F Asynch. Interface. . £150

DLV11J 4-line Interface. . .. £350
RKO7ED 2BMB NEW....... £2,500 DUV11A Synch Interface .. £395

RKQ/PD 28MB NEW......£2,500 |5y/1 1 A Gen. Purpose I/F . . . £325

RLOTASMB....................... £995
KD11HA CPU Module . . . .. £125
({‘ A e NEW..... gg 250 KDF11AACPU Modue ... £900
| RPOBAB 176MB. £7’ '500 KDF11AC CPU Module. . , .. £695
! L K PCciqn, s FREE TrOeAB 1/BVB. LPV11 Printer Interface .. g:;g
( DECLSI11 MRV11C Prom Module . . ..
sxstems c VTVO1 A/D Controller . .. .. £475
1 eéeKséaagréocessor
1 Memory
DLV11J 4-line Interface ':lgtptv‘sl/:frirzﬁ:giﬂf
\2/1)-(1%%%02'5;'5 923 configurations available.
v Cabinet PDP11/34A 256KB
< £7500 2 x RKQ7 Disk Drives
Processors ) HI60 Cabinet
11/03 64KB 5%’ Cha55|sé\J1E\£V95 VT 100 Console
11/33AB 128KB 5%" Chassis SUCLD
- (RSN o o 00 o] oCs™ 0 AT £2,950 PDP11/40 32KW Core
< Options 2 x RKOS Disk Drives
V11AD/A Convertor. . .. £850 H960 Cabinet
ADV11A A/D Convertor. .. . £725 LA36 Console
4 BA11MF 32" Expander box £595 £4,750
o= DLV11 Asynch. Interface. . . £125
7/' : PRINTERS AND VDUS
x I
/- \

ANDERSON JACOBSON 1620 KSR Daisy Wheel Printer
AJB32 30cps Daisy Wheel Printer  EIAIF........................... £795
with Keyboard, Stand and RS232 1640 KSR Daisy Wheel Printer
Interface............c.ccccoeeeei. £750 EBAIF. ... £1,350
AJBB0 RO Desktop Matrix Printer 1650 Daisy Wheel Printer

120 cps, RS232 Interface .£595 EIAVF........................ £1,275

DATA PRODUCTS
B300 Band Printer ......... £2,750
M200 Matrix Printer with

Stand ..................... £1,875
2230 300 Lpm Drum Prlnt,er U/L
case, NEW.................... 22,500
24701200 Lpm Brum Printer
INEWV i pitist iari bt £5,500

The smoothly operated QTM Mast comes fitted with
handpump or can be vehicle mounted with “Power Pack’ for
extension and retraction. Available in a range of heights up
to 15 metres, the QTM mast can provide the ideal answer

HAZELTINE

for: .
® Mobile Radio Telephone @ Environmental - gas DEC 1410 VDU Terminal............ £295
] ) ; I 30 DECwriter IV f 1420 VDU Terminal............ £325
® Police Mobile HQ (UHF) Sl cellissier LA34 30 cps DEGwriter IV frem, 1500 VDU Terminal.... ... £325
® Field Telecommunications @ High level photography LA35 30 cps RO DECwriter Il 1510 VDU Terminal ... ... £395
e s | ) 4 920 2 8020E Executive 80 VDU ... £675
® Floodlighting ® Meteorology pith stand, MAVF.......... 2250 ESPRIT VDU Terminal.......... £395
® Anemometer andWind @ And a host of other uses LASE 30 cps KSR DEGwrter @ o0
Measu t VB itiaimn M .
remen ERyeore BOmAF. - 2838 S5/5S Daisy Wheel Terminal£625
LA180PD 180 cps Matrix Printer
with stand, parallel I/F ......... £495 RUTISHAUSEN
Sheet feeder for Diablo Daisy
DIABLO Wheel Printer ................. £37

1345A RO Daisy Wheel Printer
with stand, parallel I/F ...... £1,100 TEXAS
1355HS RO Daisy Wheel Printer, 745 Portable 30 cps terminal with

Find out more about the QTM series by writing or phoning:

U.K. EUROPE q a

B s LTD (W) e e G CUCT ST e parallel l/F......................... £850 integral acoustic coupler...... £850
Evergreen House, Ringwood Road, Woudstraat 21, 3600 Genk,

Binstead, isle of Wight, Belgium ADD 15% VAT TO ALL PRICES Carriage and Packing extra

England PO33 3PA Teletoon 011-380831 El . B k l d 6] 65 K' c

Tel: Isle of Wight (0983) 63691 Tetex 39354 Genant B. ectronlc ro ers t oy l lngs ross Hoad
Telex: 86686

london WC1X 9LN. Tel:01-278 3461.Telex 298694

WW 054 FOR FURTHER DETAILS
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NEW PRODUCT

Bxsn COLOUR

MATRIX PRINTER £495+VAT

Especially designed for use with the BBC
Microcomputer

Colour printout is quickly assimilated,. :
makes graphics more understandable and is also
an ideal medium for the presentation of Black and White printer interface for BBC

ts. micro-Epson MX*/RX/FX80 3.5K byte
complex data or concepts buffer: all modes inc. mode 7 Teletext.

Uses RS423 o/p.
Board, RS423 cable + listing £95+ VAT

Apple il parallel interface card for
MX*/RX/FX80 gives hi res screen dumps,
etc. C/w cable £569+VAT

Prints in 7 colours on plain paper. Colour screen
printing in ALL modes (inc. mode 7 Teletext).
Uses RS423 output (cable supplied). Printer
RS423 input has 2.5K bytes buffer. In mode 7 '

Teletext, printer has a 2 page store with printout S!ggm‘s ;0' g’%gg‘é‘:"&i—?“vm

size option. 125 cps primary colour speed for  ['0POnS rg;uires prin;r T
listing, etc. Screen dump listing supplied. £15+VAT ‘

( NEW model VRX80 black/white viewdata printer, 3.5K byte buffer, £4256+VAT

BARCLAYCARD) 7
m- ) -Ml‘m 1

Portwood Industrial Estate, Church Gresley
I NTE G R Ex LI M ITE D Burton-on-Trent, Staffs DE11 9PT
Burton-on-Trent (0283) 215432. Telex: 377106 °

= ) ROBOTICS!!

ATELLITE REGEIVING
EQUIPMENT

% THE 1984 GREENWELD
CATALOGUE 4

Now in the course of production, the
1984 GREENWELD catalogue will be
published in December. It's Bigger,
Brighter, Better, more components than
ever before. With each copy there's
discount vouchers, Bargain List, Whole-
sale Discount List, Bulk Buyers List,
Order Form and Reply Paid Envelope. All
for just £1. Order now for early delivery!

GCOMPUTER GAMES

A
&l

2901. C follow the flashing light/
MOTOBIZEB GEAnBox pulsatinantgcr’\: sc;q?.lv:nce ofatshi:sn ar:'\gous
These units are as used in a com- game? Supplied as a fully working PCB

puterized tank, and offer the experi-  With speaker {no case) plus full instruc-
menter in robotics are opportunity to  tions. Only £4.95
buy the electromechanical parts re- 2902, Probably the most popular

N

1.9M, 2.5M and 5M Harrison Dishes. Sat-Tec R5000
4GHz Receivers. Avcom COM-2B 4GHz Receivers.

California Amplifier 4GHz LNAs. Chaparral Feed

Horns. Harrison Feed Horns.

Demonstrations by appointment only.
Harrison Bros.

‘e

Tel. Southend (0702) 332338

. |
Electronic Distributors

22 Milton Road, Westcliff-on-Sea, Essex SS0 7JX

quired in_building remote-controlled
vehicles. The unit has 2 x 3V motors,

on the ol

electronicdgame on the market — based
-fashioned pencil and paper

linked by a magnetic clutch, thus en-
abling turning of the vehicle, and a gear-
box contained within the black ABS
housing, reducing the final drive speed
to approx. 50 rpm. Data is supplied with

" the unit showing various options on

driving the motors, etc. £5.95. Suitable
wheels also available: 3" dia. plastic
with black tyre, drilled to push-fit on
spindle. 2 for £1.30 (limited qty.), 3" dia.
aluminium disc 3mm thick, drilled to
push-fit on spindle, 2 for 88p.

2903 Panel 240x165 with 6802uP, 6821
PIA, 6850 ACIA, 4040, 4512x2, LS00,
LS367x2, 555x2 all in sockets, plus Rs,
Cs, pltgs, sockets, etc, also 12V sub-min
relay. £5.95

Z904 Panel 240x165mm with 6x4099,
723 all in sockets, 14x8A 200V triacs, 45
small signal transistors, 14 R/C net-
works, 30x1N4001, sub-min relay, Rs,
Cs, otc. £4.95

Z905 Finned black ally heatsink
125x198x23mm with 4x2N3055 and
4x0R25 5W Rs. Only £2.50

ALL PRICES INCLUDE VAT; JUST ADD 60p P&P

GREENWELD

44306 Millbrook Road, Southampton SO1 OHX

battleship game, this computerized ver-’
sion has brought it bang up-to-date! We
supply a ready built PCB containin:
76477 sound effect chip, TMS1
microprocessor chip, Rs, Cs etc. Offered
for its components value only (board
may be cracked or chipped), it's only
£1.95. Instructions and circuit, 30p.

BULK BUYERS — LOOK!

OUR_LATEST LIST IS NOW READY —

SEND FOR YOUR COPY NOW. LOW
PRICES ON SEMIS AND PASSIVES

RIBBON CABLE

Special purchase of multicoloured 14-
way ribbon cable — 40p/metre; 50m
£18; 100m £32; 250m £65

““THE SENSIBLE 64"

David Highmore's new book on the
Commodore 64 now available. £5.95
NUTS, SCREWS, WASHERS

& BOLTS

Over 2 million in stock, metric, BA, self-
tappers, etc. SAE for list.

e —
WW — 017 FOR FURTHER DETAILS

WIRELESS WORLD JA!\IUAhY 1984



Happy Memories

Part type 1 off 25-99 100 up
118 2000S......o.oeoceere e 1.25 1.15 1.10
4164 200ns . 489 419 399
2114 200ns Low power.................. = = 1.15 1.00 90
2114 450ns Low power.... - .95 85 .80
6116/2016 150ns .....c......... 335 3.00 2.85
6116 150ns Lower power.... . 490 4.40 4.20
2708 450NS........oooeriien o 3125 2.95 2.80
2716 450ns 5-volt...... . 289 240 2.00
2716 450ns three-rail ... 5.75 5.00 4.65
2732 450ns Intel type... 3.45 3.05 2.95
2532 450ns Texas type . 385 3.45 3.30
2764 2500S........oooereri s . 489 4.19 399
27128 300ns PR A= 1 12.75 11.25 10.85
Z80A-CPU £2.99 Z80A-PIO........... £2.99 Z80A-CTC

6522 PIA ............ £3.70 7805 reg. £0.50 7812 reg.......
Low-profile IC sockets: Pins 8 14 16 18 20 22 24 28 40
Texas solder-tail: Pence 12 13 14 16 18 22 24 27 38

Soft-sectored floppy discs per 10 in plastic library case:

5-inch SSSD £17.00 5-inch SSDD  £19.25 5-inch DSDD  £21.00
5-inch DSQD £26.35

8-inch SSSD £139.25  8-inch SSDD £23.65 8-inch DSDD  £25.50

74LS Series TTL: Large stocks at tow prices with D.LY. discounts
starting at a mix of just 25 pieces. Write or phone for list.

Please add 50p post and packing to orders under £15 and V.A.T. to total
Access and Visa welcome : 24-hour phone service on 054-422 618
Government and Educational orders welcome : £15 minimum
Trade accounts operated—phone or write for details

HAPPY MEMORIES (WW)
Gladestry, Kington
Herefordshire HR5 3NY
Tel: (054 422) 618 or 628
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FFD have moved...
back to Wardour Street!

(0] FUTURE FILM DEVELOPMENTS

1}4 Wardour Street, London W1V 3LP England. Telephone: 0i-434 3344 & 01-437 1892.
Telex: 21624 ALOFFD G.Cables: Allotrope-London W1

WW - 025 FOR FURTHER DETAILS
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Electronic Brokers

Test Equipment
DISTRIBUTORS

<& Philips PM 2517X Handheld DMM £172
Muit-function, 4 digit autoranging with manual
override. True BMS to 10Amp. Battery operation.
Optional accessories extend measurement capabilties.

Philips PM 3207 15MHz |
Oscilloscope £385 » i
Tough hght—waght portable for field service
work with big screen. Dual trace, TV
triggering, X-Y operation, add and invert.

-4 Philips PM

5107 Function Generator 5295
Designed for audio and educational
applications. Low distortion LF generator
10Hz to 100kH2, sine and square
waveforms. TTL output.

Philips PM5503 Pattern Generator » §
£139 Small, light-weight for TV servicing.
Five different test patterns for colour and
monochrome. Tone for audio checking. Video
output.

- Philips PM 6667/01 Frequency
Counter £290 High resolution

7 digit computing counter from 10Hz to
120MHz. Auto ranging on afl waveforms.
PM 6668/01 (£425) performs to 1GHz.

New Fluke 70 series _
Analog/Digital Handheld §
Meters All meters have 3
year warranty, all feature
measurement functions of
volts, ohms, amps and
diode test.

JF 73 £65 DC accuracy
0.7% Autoranging

JF 75 £75 DC accuracy
0.5% Auto/manual ranging
JF 77 £95 DC accuracy
0.3% Touch hold function
Multi purpose holster

* < Hameg HM 103 10MHz Oscilloscope

| £158 Single trace, sutable for field service
or home constructor. Two year warranty
applies to this and all Hameg instruments.

" Hameg HM »
ﬂ 203-4 20MHz
Oscilloscope £264
Dual trace for general purpose appiications

in industry and education. X-Y operation, TV
triggering, add/nvert and component tester.

-4 Hameg HM 204

20MHz Oscilloscope £365 ngh
performance instrument with sweep delay.
Versatile triggering to 50MHz, variable hold
off contral, Z modulation and internal
llurminated graticule.

NN
1.C.E. Microtest 80 Multimeter £19 'F
Compact meter in robust case L
40 ranges of measurement with high
sensitvity and accuracy. Large range of
INExpensive acCessores

Zlectronic Brokers Ltd,, 61/65Kings Cross Road,

London WC1X 9LN.Tel:01-8331166. Telex 238634
| 2= 2 |

ElectronicBrokers | ==l = | =2l = | =™
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Designed for use with Professional and
Personal Microcomputers where a high
resolution display is required. ldeal for

applications requiring 80 column mode
or higher, high resolution graphics, etc.

CHECK THESE FEATURES:—
@ ANTIGLARE SCREEN

@ P31 GREEN FOR MINIMUM FATIGUE
@ VIDEO RESPONSE 10Hz - 22MHz + 3db

@ SUPERB RESOLUTION—-UP TO 132
CHARS/LINE

@ EXCELLENT GEOMETRY/LINEARITY
@ HIGH STABILITY

~ @ 230 VOLT 50Hz MAINS OPERATION
@ COMPOSITE VIDEO 0.5/2.0V INPUT

@ FLICKER FREE DISPLAY
A 12" MODEL HM123

ADD £5
Carriage/Postage

A 9" MODEL HM911 4 9” MODEL HM910

THE LOWEST PRICE ANYWHERE

FOR A PC WiTH THESE
FEATURES ... LOOK AT
THE SPEC. OF THE AMAZING
UNITRON 2200.. ..

Dual processors — 6502 and Z80
@ 64K of RAM
@ 24K ROM with softswitch control
@ Selectable 80 or 40 column text display
@ Detachable keyboard
@ Apple®ll-compatible
@ CP/M®compatible

@ High and low resolution graphics
capabilities

@ Two disk 1/0 for your disk drives
@ Game paddles/cassette/video interfaces

Prices exclusive of VAT
Same day despatch. Access welcome.

CHILTERN ELECTRONICS

HIGH STREET, CHALFONT ST. GILES, BUCKS. HP84QH
TELEPHONE: 02407 71234 TELEX: 262284

= . o
TELY TN LY
ADD £9 Carriage/Insurance
8 - WW — 050 FOR FURTHER DETAILS WIRELESS WORLD JANUARY 1984




TYPE 9051 I TYPE 9046

VMOS WIDEBAND LINEAR POWER AMPLIFIERS. 4 watts RF output.
Without tuning. Power gain 10 dB. 24V + supply

TYPE 9046 100 KHz.-100 MHz
TYPE 9051 20 MHz.-200 MHz

£64.50+£3.50 p&p
£64.50+£3.50 p&p

' TYPE9152

TELEVISION LINEAR POWER AMPLIFIERS. Tuned to your specified '
channels in bands IVor V

TYRE 9061 150 mV. input, 10 mW. output £120+£5 p&p
TYPE 9152 10 mW. input, 500 mW., output £160+5 p&p
TYPE 9159 500 mW. input, 5 watts output £180+£5 p&p

VMOS LINEAR POWER AMPLIFIERS. Tuned to your specified
frequency in the range 10-250 MHz

TYPE 9154 200 mW., — 2 watts input, 20 watts output £180+£10 p&p
TYPE 9160 As above with integral mains power supply unit .. ..£240+ £15 p&p
TYPE 9168 8 watts input, 80 watts output £240+£10 p&p

TYPE 9157 As above with integral mains power supply unit ......
TYPE 9086 FM TRANSMITTER 88-108 MHz. 50 watts RF output.
modular system

V+ supply. Complete

£295+£15 p&p

£380+£20 p&p
TYPE 9087 As above with integral mains power supply Unit ..........cceeecrsmnenns £440+£25 p&p

TWO STAGE GASFET
STRIPLINE PREAMPLIFIERS
Tuned to your specified
channels in bands IV or V

TYPE 9002 Two stage Gasfet preamplifier. N.F, 0.7 dB. Gain 25 dB. High Qﬁltel;:sl 5V.+ Dg
5+£2 p&p

TYPE 9004 UHF two stage Gasfet preamplifier. N.F. 0.6 dB. Gain 25 dB. Allgned to your

specified frequency in the range 250-500 MHz. High Q filter. 15V +0DC.. .£85+£2 p&p

TYPE 9012 Gasfet preamplifier mains power supply unit .. . £2450+£3 p&p
TYPE 9010 Masthead weatherproof unit £6.50+£2 p&p
ﬂf -l \ TYPE
TYPE { 9035

9026

GASFET/MOSFET RF PREAMPLIFIERS. Aligned to your specified
frequency in the range 30-250 MHz. Masthead/local use

TYPE 9026 N.F. 1.0dB. Gain 10-40 dB, variable £39.50+£2 p&p
TYPE 9026FM As above. Band 1 88-108 MHz £39.50+£2 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 types £24.50+£3 p&p

=
= TYPE
= 2034

TYPE 8034 PHASE LOCKED SIGNAL SOURCE using low fraquency reference crystal.
pecify output in the range 1-600 MHz. Output 10 mW. + 10 dBm £79 50+£2 p&p

TYPE 9113 TELEVISION FREQUENCY CONVERTER. Changes channels in the ran
1000 MHz £2dg+£5 p&p
TYPE 9056 1500 MHz. PRESCALER. Divides 100-1500 MHz. by 10 £69.50+£2 p&p

RESEARCH COMMUNICATIONS LTD.

UNIT 3, DANE JOHN WORKS, GORDON ROAD, CANTERBURY, KENT CT1 3PP

AN

TELEPHONE: CANTERBURY (0227) 56489

— 034 FOR

DETAILS

THE CHANGING FACE OF ELECTREX

EE.ECTREX 8.

Have you noticed how each ELECTREX exhibition
foreshadows the way the international electrotechnical
industry is heading?

ELECTREX is the industry’s exhibition attended by industry
as a whole. And the reason?

AT ELECTREX YOU’LL SEE...

Automation, control and instrumentation and their
interaction with tomorrow’s communication systems, are
featured predominantly. Electronic  components,
microprocessor-based equipment, the latest advances in
cabling, trunking, power distribution systems and Ilghtmg
are all there. Power generation and transmission
developments are all on display.

The whole gamut of the industrial electrical and electronic
industry is there pointing the way ahead, whether as a
visitor or an exhibitor.

Your company’s future is at Electrex!
The 1984 show is bigger than ever.

For further information please mail the coupon.

+.SEE YOU AT ELECTREX!

A . XXII INTERNATIONAL
| " | ELECTROTECHNICAL
WY 7 EXHIBITION

A 30,000 SQUARE METRES MARKET
PLACE OF CONCENTRATED TECHNOLOGY

ruuﬂmﬂ

FEBRUARY 27-MARCH 2
NATIONAL EXHIBITION CENTRE, BIRMINGHAM

IHE T I T I I I S IS IR R =N
Please send further information

B NAME: cninnecsnsssssnse s sasssssne |
| CETNA s 1
LT L —————————— 1

.......................................................................................

or: Telephone Guildford (0483) 222888, Telex 859460
TR N N S D S D S TS e e
i
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Vigilant Mi@«@h HF Communications Receivers

MICROPROGESSOR GONTROLLED RECEIVERS

Type SR 530 USB/CW/AM/Telex — 10 Hz Steps (Marine)
Type SR 532 USB/LSB/AM/CW — 10 Hz Steps (Static/Transportable)
Type SR 531 USB/LSB/AM/CW — 100 Hz Steps (Static/Transportable)

mieon COMMUNICATIONS RECEIVER vee SR S32

DESIGNED AND MANUFACTURED TO HIGHEST INTERNATIONAL SPECS

Freq. Range : 50 KHz to 30 MHz | Memory : 200 Channels Freq/Mode/Filter
Increments : 10 Hz or 100 Hz Steps Scanning : Full memory or discreet parts
Stability : +1Partin 107/°C Automatic or Manual Stop

Tuning : Keypad and Spin Wheel Manual step on or Reverse

Power Supplies : 110/240V AC and 24V DC Dwell : Variable from Keypad 1 to 9 seconds
FULLY MODULAR ‘PLUG IN' CONSTRUCTION KEYPAD FUNCTIONS INDICATED BY DISPLAYS

NOW AVAILABLE AT HIGHLY COMPETITIVE PRICES

Send for Technical Brochure to: Tel: (0344) 885656
Vigilant Communications Ltd. Telex: 849769 Vigcom G
Unit 5, Pontiac Works, Fernbank Road, Ascot, Berks SL5 8JH, England

WW - 006 FOR FURTHER DETAILS

FREQUENCY COUNTERS feiiii™

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

Measuring typically 2Hz - 1.2GHz # Low Pass Filter
Sensitivity <50mV at 1GHz = Battery or Mains
Setability 0.5ppm + Factory Calibrated
High Accuracy # 1-Year Guarantee

3 Gate Times # 0.5 easytoread L.E.D. Display

PRICES (Inc. adaptor/charger, P & P and VAT

METEOR 100 (100MHz)  £104.36 llustrated colour brochure
METEOR 600 (600MHz) £134.26 with technical specification
METEOR 1000 (1GHz) £184.36 and prices available on request

[ = BLACK STAR LTD, 94 Crown Street, St.lves,
% ﬁﬂﬂ?::t::.dd B'ack*sfar Huntingdon, Cambs, PE17 4EB, England
[ i Britain Tol: (0880) 62440 Talex: 32339
WW — 032 FOR FURTHER DETAILS

MFTER P'ROJBLEMS\? | REGHAHGEABLE
’ \\‘“iJ "7-4/ B ATT E H | E S

v
- \ PRIVATE & TRADE ENQUIRIES WELCOME
s WM s Il Full range of Ni-Cads to replace 1.5 volt dry celis and 9
' [ volt PP type batteries. S.A.E. for lists and prices. £1.45
_‘.‘ for booklet, “Nickel Cadmium Power.” Sealed lead
T A ET o Gl G eE € i i tocked
137 Standard Ranges in a variety of sizes and stylings available ranges
for 10-12 daarys’ dglgi’very. Other Ranges and special scales can be % TRADE PRICES FOR SCHOOLS AND COLLEGES w
made to order. Sandwell Plant Ltd, 656 Chester Road
Full Information from: Erdington, Birmingham B23 5TE
ELECTRONICS (London) Tel. 021-373 9487
138 GRAYﬂsﬁ:NRF:gAD W.C.1 Phone: 01-837 7937 After hours Lichfield 57977
- Telex: 892301 Southern Office — Hitchin 733254

WW — 026 FOR FURTHER DETAILS
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arconi
Type R1020

inged Antenna
olumn.

Easy to raise
Easy to lower

Immensely strong, corrosion
resistant MATHWEB* g.rp, column
in a rugged steel tabernacle
% Lightweight, easy to install, and can
be safely lowered by one man
S 1 % Can support a number of VHF/UHF
antennas
3 Column supplied in range of colours
including ICAO orange/white, and
requires no painting or maintenance
* Available in heights from 11 to
19,5 metres

il -|| ||| ||.H'El=n!

OTHER MARCONI SUPPORT STRUCTURES
Include the MATHWEB* Lattice Antenna Mast Type
R1010, and the Triangular Section Tubular Steel Self
Supporting Tower Type R1060.

For more information talk to Chris Pettitt, Marketing
Manager, Antenna Systems Division.
* MATHWERB is a registered trademark of the BP Group

Marconi

Communication Systems

Antenna Systems Division

Marconi Communication Systems Limited,

Lane Works, Waterhouse Lane, Chelmsford CM1 2QX, England
Tel: 0245 67111 Telex: 99201

A GEC-Marconi Electronics Company

WW - 012 FOR FURTHER DETAILS
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MIDWICH

@ COMPUTER COMPANY LIMITED

RICKINGHALL HOUSE, HINDERCLAY ROAD, RICKINGHALL, SUFFOLK 1P22 |HH. TEL.DISS (0379) 886781

BBC Microcomputers 6500 Farmlg SN75454BP 0.24
Model B 348.26 | 6502 3 4.40 | SN75468N 1.08
Model B +Disc Int 43321 [ B6502A D3 467 | SN75491AN 046
NB Credst cards are not accepted in payment for 6520 Dl 267 | SN75492AN 061
BBC Microcomputers 6520A D1 280 | TLOIOCP 0.38
6522 DS 347 | TLOSICLP 0.28
BBC Micro Econet &Z%A Bg 2.40 ng; gg
Full range of products available. Installation 65324 D2 587 TLOSSCP 028
service available TLO7ICP 028
. . . Linear & Interface| TLO72CP 047
BBC Compatible Disc Drives Devices TLO74CN 0.91
Cased drives, fimished to match the BBC Micro are | “g160 s.00 | TLOBICP 0.24
supphed complete with connecting cables, manual | Ay3.1015 D2 292 | TLOB2CP 041
and utilites disc. AY3-1270 650 | TLOB4CN 0.85
All single cased dnves may be expanded to dual X a8 | TLOSICP 0.41
1 e e 4 AY3-8310 Bg ey o
uncased mechamsm. AYS.3600 @ TLOMCN 1.37
DP8304 Dl 192
Disccapacity  Single Dual  Uncased 1203 080 | TL487CP 0.55
100K 40T 17500 31500 14000 317 | TLABSCP 0.5
W0K40TD.S. 22500 42000 19500 LM301AN 024 | TL4%4CN 166
400K 40/80TD.S. 28500 52500 .00 M308AN 073 | TLagCP 030
Trade/. ityd are availabl LM308N 047 | TLSO7CP 1.02
St 84 | ZNASOE 525
BBC3Disc Interface 8495 | LM3IIN 0.84 ZN45IE 638
Please send for owr BBC Micro price list. Fullrange of LMgSN gﬂzg ZN4SIKIT 2555
accessories available .
e 8% | DIL Sock
Memories Regulators 348N g IL Sockets
2114L-20 DI 092 | 78105 025 | LM3S8N 0% | Pin Tin Gold W/W
411615 D2 105 | 78L12 026 | LM3SN 03| |8 0lo 02 oss
4116-20 D2 088 | 78L1S 0.26 ToP s G @3 Gy
411815 DI 375 | 7805 033  LM4ICP o] o 013 032 ogs
4164-15 D2 433 | 7812 0.33 o 18 016 032 108
4164-20 D2 385 | 7815 033 | LM748CP 22 | 20 017 041 123
4416-20 D2 660 | 7905 046 | MCl413P Dl 066 | 22 017 048 131
4564.15 5.25 | 7912 045 | MClale Dl 0651 24 020 063 L4
5516-25 7.73 | 7915 046 | MC1458CPL 0261 28 023 057 159
6116-3 Dl 372 | LM309K 098 | MCl435L 7131 40 033 099 196
6116-LP3 D2 467 | LM317K 192 | MCla%ep o
2532-45 D2 350 | IM33K 458 | MR 932 | ZIF Sockets
2708-45 D2 325 | LM338K bl || [eesrab B | %P 580
271635 Dl 4.50 | 78HGASC g13 | MC302p 082 | 28pin 5.35
271645 D1 350 | 78HOSSC 628 | MC30P 156 | 40Pin 845
16-3 D1 450 | 78H12ASC 7.40 MC3423PL 0-57
2732-35 D1 458 | 78540DM 6.28 C3441AD 240
2732-45 D1 375 | 78540PC 250 | M d Data sheets are
776430 Dl 392 M Comcap DI 242 | avatlable onitems
- s g marked D.
gg%ﬂg ’gBC 2352 6800 Family MC3448AP D1 332 | prices are asfollows
256450 b2 800 | 6800 D7 287 | MC3470P 53 | e
27128.30 D2 2450 | 6802 D5 261 | MCM80P D5 647 | D} 075 D3 2.50
7 | 6803C 583 | mMcae7p DI 150 | D2 1.00 oo
Buffers 6809 D6 713 | MCl4dll Dl 852 gi 125 D7 4/
81LS35 0gs | 6810 Dl 1.25 [ MCl4412 11.87 2.00
811598 0oe | 6821 D3 131 [ NESSSP 019
811597 03 | 6840 D4 392 | NESSeCP 045 | A full range of the
811598 035 | 6843L 2088 | RO3-2513L DI 7.82 | following productsis
ST76A (6380AP) 078 | 6345 D5 588 | RO3-25130 Dl 782 | carmed in stock and1s
8T28A (6889) 078 D2 131 | SN7SI07BN 058 | hoted wour
8795 (6885 078 000 | SN75110AN 068 | catalogue
srwAeEn 078 | GIN ' | Swsisen  aey
£ 68 A .
8798 (6588) 07 6875 7.13 | SN751S9N é{g : Z&L”?sSel’.le!g{fos
68B00 D7 430 | SN7S160AN eries
Data Convertors | o D6 99 | SN7SISLAN 235 | % TIBipolar Memories
D7002 1 465 | 68B21 D3 1.88 | SN75162AN 331 W 9900 Series Micros
MNiEe Dl 313 | 68Bl0 Dl 180 | SN75172NG 164 | *Crystals
ZN4ZeE8 Dl 167 | 68 D4 550 | SN75173N 121 | *IDC,CardEdge&
427F8 D1 575 | 68B D2 1.83 | SN75174 1.64 D-Type Connectors
TN4J8E.8 Dl 433 | MC68BS4P 775 | SN75175 121 | % DipJumpers
ZNA429E-8 1133 SN75182 062 | * E'ionochrom_e &
NGZCI10 D1 2598 | 280 Family NS89 9621 oo Monitors
INaE10  DI1088 | ZBACPU D2 242| SN7SISE A || by
IN4IAC}0 D12098 | Z8OBCPY DI 778| SN7S1E9 i Cprom Loy
0 D14743 | Z0ACTC Dl 220 S451BE, W0 || SO
ZN447 Dl 6.70 | Z80B CTC Dl 778 | SN75452BP 024 ustom Cable
7ZN448 D! 575 | ZBOADART Dl 550 | SN75453BP 024 Assemblies
ZN449 Dl 235 | ZBOADMA D2 6.95
N1 D14032 | ZB0API0 D1 220
c tol ZBOB P10 D1 778
AlxK; lelz 42 %:‘50[000 B: g% Carriage Orders lép !of.leQme sent by Istclass
AlI2A 1.008MH: 342 | Z80B SIO.0  D429.78 8%5;&?&2%&Pgl£ﬁuécgém+ 5,00 by Secuncor
Al13A 1.8432MH: 2.88 | 280 SIO-1 D4 850 3 ! A
AllBA 24576MHz 1.00 | ZBOASIO-1 D4 900 Prices quoted (+ camage charges) are exclusive
A169A 36864MHz 1.55 | ZB0BSIO-1  D429.78 of VAT and are subject to change without notice
AIZBAMEy 085 [ 280Si0:2 D4 850 | oucniiey Di are avanlable on many
2{%‘; gsg: ?g %Q ssxlg.'zz g: g % products, please ning for details.
Al173A 9.8304MHz 140 | MK3885 7.00 Official Orders are welcome from Educuhopl
A182A 19.5608MHz MK3886-4 800 I('::slubhsh.ments, Govemment Bodies and Public
207 ompanies
8080 Famil Credit Accounts are available to others subject
gMﬂlll"l ll‘g&gulﬂfglig 80B5A B4 307 | 16t Pevmont e s e ot by the 15th of
z 8212 150 | themonth.
UCFPESTE Sz g%;j {93; Credit Cards are accepted (Access and Visa) for
Floppy Disc 8228 395 telephone and postal orders and NO SURCHARGE
Controllers 8251A D5 260 | ‘'smade
8271P 53.33 3.33 Qut of stock items will follow automatcally, at our
FDI1771P D521 25 | 8255A D5 250 discretion, or a refund will be qiven if requested.
FD1791 D6 17.00
ok R SPECIAL TELEPHONE NUMBER FOR FAST,
pos & vt SERVICE, TELEPHONE YOUR
woiesl  Dzizoo | (@) ORDER TO:
WDZ30l  Ds 790 DISS (0379) 8981751
Prices: all prices l For FREE CATALOGUE post to Midwich Computer Company Lumsted,
exclude V.A.T. and Rickinghall House, Hinderelay Road, Rickinghall, Sutfolk IP22 IHH

Name

carriage. Please add I

these to your order.

Address

All prices correct at
time of going to press,

Ww

[ ]
VISA Telephone
i o —I._________

WW - 022 FOR FURTHER DETAILS
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RADIOCODE CLOCKS

ATOMIC TIME, FREQUENCY AND SYNCHRONISATION EQUIPMENT

SOLVE
PROBLEMS

(' NEW PHASE-MODULATION SYSTEMS

Until recently, atomic time and date information was only availabte on v.Lf.
transmissions using amplitude modulation. The RCC 8000AM series of
equipment uses these transmissions to offer high noise immunity and 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 iong range, excellent noise immunity and no scheduled
maintenance periods.

2

RALNGODOS CLOCK BOC SOUD

The

RADIOOCES (L OCK MO SRR

i e00 e -

supply —

( NEW PRODUCTS

AM and PM series of Radiocode Clock equipment has been further
expanded to include seven new models (from
clock, frequency standard and optional stopclock. Internal standby power
with dual rate constant current charger. Time-event log
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 -
master/slave installations requiring dual standard operation, multiple cir-
cuits and complete master/slave backup.

S
top) 8000S — combined

prints

maximum flexibility for the largest

_/

("NEW OPTIONS

N

BLA/E CONTROLLEW Rec GO0 -

3rmcr

i o000 '!

wneer

-

tions now include:

@ iRIG B precision serial o/p

@® RS232/V24 1mS resolution
@ General purpose parailel o/p
@® FSKrecord/replay system

@ Keypad entry of alarm times
@ Keypad entry of time/date

A continuously expanding range of fully integrated software and hardware
is available for both series of Radiocode Clock equipiment. Standard op-

@® Time code generators

@ Intelligent slave systems

@® Standard frequency outputs

@ Stopclock operation

@ Calibrated systems for
increased accuracy

_J

Radiocode Clocks Ltd*
Unit 19, Parkengue, Kernick Road Industrial Estate
Penryn, Falmouth, Cornwall. Tel: Falmouth (0326} 76007

(*A Circuit Services Associate Co.)

STEEL DISHED
WASHER

QUTER /
INSULATION —————2%;
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The toroidal transformer is now accepted as the standard in industry, _
overtaking the obsolete laminated type. Industry has been quick to
i i in si i i NEOPRENE
recognise the advantages toroidals offer in size, weight, lower radiated SECONDARY NEOFREN
field and, thanks to I.L.P., PRICE. WINDING
Our large standard range is complemented by our SPECIAL DESIGN INSULATION =
section which can offer a prototype service within 7 DAYS together
with a short lead time on quantity orders which can be programmed PRIMARY
to your requirements with no price penaity. WINDING
15 VA S0 VA 120 VA 225 VA 500 VA
62 x 34mm 0.35Kg 80 x 35mm 0.8Kg 90 x 40mm 1.2Kg 110 x 45mm 2.2Kg 140 x 60mm 4Kg Wh T id?
Regulation 19% Reguiation 13% Regulation 11% Regulation 7% Regulation 4% % \éa oroigy .
SERIES SECONDARY AMS 2x010 6+6 416 4x010 6+6 1000 6x012 12412 9.38 8x016 25425 10 00 mal!e( stze 8" weight to meet
No Volts Current 2x011 9+9 2.77 4x011 9+9 666 6x013 15415 7.50 8x017 30430 833 modern ‘slimline’ requirements.
2x012 12412 208 ax012  12+12 500 6x014 18418 6.25 8x018 35435 714 *  Low electrically induced
0x010 648 125 2x013 15415 166 4x013 5415 400 6x015 22422 5.11 8x026  40+40 6.25 . b
0x011 9+9 083 2x014 18418 138 4x034 8418 333 6x016 25425 4.50 8x025 45445 5.55 noise demanded by compact
0x012 12412 063 2x015 22422 aha 4x015 22422 272 6x017 30+30 375 8x033 50450 5.00 equipment.
0x013 15415 050 2x016 25425 180 4x016 25425 240 6x018 35435 3 8x042 55455 4.54 *  High efficiency enablin
0x014 18+18 042 2x017  30+30 083 4x017 30430 200 6x026  40+40 281 8x028 110 4.54 galtd &7 s el
g*g:g g?g"; 838 2x028 10 045 4x018 35435 .71 gxozg ;gogg ggo 8x029 220 227 conservative rating whilst main-
x & 3 2x029 220 022 4x028 110 109 x03 K> 5 8x030 240 2.08 ini f
0x017 30430 0.25 2x030 240 0.20 4x029 220 054 62028 ;‘0 ?-g; 625 VA t.amll_r:)?Ns;z%;t:::z;zgfzhperaw e
3 4x0. 240 0.50 B8x029 20 1 r re.
{encased in ABS plastic) . BO VA e x030 Erus 6760 %5 B 140 ;757‘"‘ 4%5,(9
90 Oy egulation
YA basK Rogumtion 12% 1M0xdomm 1.8Ks 300 VA i Why ILP?
70 x 30mm 0.45Kg Reguiation 8% 110 x S0mm 2.6Kg 9x017 30+30 10 41 * B
& fon 759 eguiation . Ex-stock delivery for small
egulation 3010 646 6.64 Reguiation 6% 9x018 35435 8.92 o
010 646 250 0 9i9 444 SO ST e o ~i 9x026 40440 181 quantities.
1x01 + x01 + x013 +1 10 00 9x025 45445 694 . : .
1x011 949 166 g2 jaa - 91 5x013  15¢15 533 7014 18418 833 s ias s Gold service available. 21 days
1x012 12412 125 3x013 +15 266 5x014 18418 4.44 7x015 22422 682 9x042 55455 568 manufacture for urgent deliveries.
X013 15415 100 3x014  18+18 222 5x015 22422 363 72016 25425 6 00 9x028 110 5.68 . i
1014 18418 083 00 el e 5x016 25425 320 7x017 30430 500 9x020 220 284 5 year no quibble guarantee.
1x015 22422 068 g"o” SR i 5x017 30430 266 7x018 35435 428 9x030 240 260 * Realistic delivery for volume
1x016 25425 060 i i 5x018 35435 228 7x026 40+40 375 ord
1x017 30430 050 3x028 10 0.72 5x026  40+40 200 7x025 45445 333 ers.
3x029 220 0.36 5x028 110 145 7x033 50450 300 * No price penalty for call off
3x030 240 033 5x029 220 0.72 7x028 110 272 orders
5x030 240 066 72029 220 136 :
L_ 7x030 240 125
Prices including P&P and VAT Mail Order — Please make your crossed q
A G ¢ VA Size £ cheaues or postal orders payable to ILP Post to: ILP Electronics Ltd., Dept. 3
15 0 743 160 5  12.90 Electronics Ltd. Graham Bell House, Roper Close,
gg ; ‘g-?g ggg § }g-gg Trade — We will open your credit account Canterbury, Kent. CT2 7EP
80 3 1081 500 8 2573 -ménedmely upon receipt of your first Tel: {0227) 54778 Telex: 965780
120 4 1173 625 9 31.63 order.
For 110V primary insert "0 in place of X' in type number.
For 220V primary (Europe) insert '1'" in piace of X" in type number. _
For 240V primary {UK) insert "2 in place of " X" n type number.
IMPORTANT: Regulation - All voltages quoted are FULL LOAD.
Please add regulation figure to secondary voltage 10 obtain off load voltage.
ELECTRONICS LTD..
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VISIT OR
‘PHONE

OPEN 6 DAYS

A WEEK

ALL STOCK
ON DISPLAY

15010 180 LPM

50 Graphic Symbolse Back Space  Sell Teste VU/HOR TABS o7 x 10 Matrixe
4.4" Wide Paper e Bidirectional e 220/240V AC » Size Approx. 9.8 t2Bx7.2".
SUITABLE FOR: TANDY « BBC « DRIC « NASCOM « GEMINI« ACORN *

NEW BRAIN © DRAGDN * etc. elc. (Your enguiries inviled).

linterface unit with ieads £15 - siate model].
List price approx. £187 with paper.’

Full 96 CH ASCII+ 40 CPL « 280 Dots P/L » Auto-underline

Complete with 3 rofls paper.

inc.
S VAT
IUK C/PEL 05|

12" green display: Composite video: 1280 characters:

SANYO DM2112 HIGH RESOLUTION MONITOR

240VAC34w: 16" x 1% x 127" Alphanumeric and Graphic display:

ysuslly £89.95 - £99.95 1. £09.99

Over 15 MHZ 8/W: i

Incl VAT
[UK C/P & ins £2.05)

PROFESSIONAL
SERIES

COMPUTERS

IN STOCK
GEMINie GALAXYe
NASCOMe

80-Bus multiboards
Compiete and part systems lo suil your needs Frames

boards. power supplies. keyboards. disc Systems. etc
FOR THE PROFESSIONAL USER ENI] FOR UETAIES

KEY ASCII KEYBOARD

General purpose. steel plate. oulpu. redefinable. -5 and - 12

HENRY'S
AUDIO ELECTRONICS

COMPUTERS  COMMUNICATIONS © TEST EQUIPMENT * COMPONENTS
THERMAL< MATRIX < LINE PRINTER

—

88

Zq
DIGITAL MULTIMETERS
W Free carry case [rolary controls}
* Carry case £2.95 {side buttons|
HAND HELD

K025C® 13range D.2A OC 2 meg ohm £23.50
K D305 16 range 10A OC 2 meg ohm £26.95
KD30C® 26 range 1A AC/0C 20 meg ohm  £29.50

KDS5C® 28 range 10A AC/0C 20 meg ohm  £33.50
METEX 3000 30 range 10A AC/0C 20 meg ohm £33.24

601D+ 28 range 10A AC/DC 2D meg ohm £34.40
7030+ As G010 bul 0.1% basic £41.30
KD615® 16 range 10A OC. 2 meg plus

Hie tester £39.95
189M 30 range 10A AC/0C. 20 meg plus

Hie tester £69.95
0M2350 21 range 10A AC/0C 20 meg ohm

miniature hand held auta range with case £49.95
Beckman T100 34 range 104 AC/DC

20 meg ohm £56.35

Beckman T110 As T100 plus Conl. tesl etc. £67.85
Sifam 22008 21 range 2A AC/DC

20 meg ohm SPECIAL OFFER £29.95

| Electronics

| Specialists

Quantity
Enquiries
Invited

SK6330 24 range P-B aulorange 104 AC/0C

buzzer. with case £90.85
Metrix (1TT)
MX522 21 range 10A AC/DC £77.00

MX562 24 range 10A AC/DC Plus continuily
buzzer £109.25

MX56330 range true RMS Plus many features £1 78 25
MX575 4 Digit true RMS £201.25
BENCH MOOELS

TM356¢ 27 range LCD 1 0A AC/0C 20 meg £97.75
TM355¢ 29 range LED10A AC/0C 20 meg  £86.25
TM351¢ 29 range LCO 10A AC/DC 20 meg  £120.75

© Optional carry case £6.84

2001 28 range LCO 10A AC/0C pilus 5 range
cap. Meter, with case £108.00
TM451 4‘/,|1|ull LCy every facilily {0.02%] £171.00

1503a 4%, digil LCO every facility (0.05%) £171.00
1503Ha 0.03% basic version of above £189.00
1504 True RMS version £201.25
Sifam 2500 24 range LCD 2A AC/0C

20 meg SPECIAL OFFER £79.95

volt, neg. sirobe pulse. 4 user delinable £42 95

keys. Shift and conirol keys. etc
VAT UK C/P 85p)
ALSO Type 7564 €51 Type 771 [66 Im:

F»ﬁ :

PRODUCTS

MDIS |C]INTELLIGENT DIS-

ASSEMBLER. For all CP/M

based £57.50
Inc. VAT

tVC HI-RES (C{ For Gemini and others |piease enguire)

provides pseudo high resolution graphics. £17.25
inc. VAT

i

L.T.T. 2020
CABINET

Comptete PROFES-
SIONAL Case
beautilully constructed
wilh cul oul lor one
‘CHERRY keyboard. plus
ample room lo house a COMPLETE SYSTtM and power
supply. Complete with tittings {Case lop detachable]. Unit is
silver-grey m colour. Robust construction. Sioming front
with side ventilation. ideat lor NASCOM. ACORN. TANGERINE
or your own system Size 18 x 15" x4'- [fronl slopes|

7.50 inc. VAT !UK C/P£250)

DISKPEN [C) Version 3. Lost cost word processor. For
Germinl and others [please enquire] £57.50 inc. VAT

PLUS range of overiays available lor Diskpen

Send lor details ol all above

( ICi Copyrighi Cubegale Ltd. 1983, All rights reserved)

PRESTEL

CHERRY.ADD- |

FREQUENCY COUNTERS

PFM200A 200 MHZ hand held pocket

£77.60

8 digit LED with batteries

MET100 8 digit LED bench 2 ranges

100 MHZ with AC Adaplors £102.35
METE00 8 digit LED bench 3 ranges

600 MHZ wilh AC Adaptors £132.25
MET1000 8 digil LED 3 ranges

1 GHZ with AC Adaplors £182.85

TFOA0® § digit LCD 40 MHZ with batterles £126.50
TF200® § diglt LCD 200 MHZ wilh batieries £166.75
& Optionai carry case £6.84 AC Adaptor £4.95

Probe kits x1 £7.95. x10 £9.45, x1-x10 £10.50
Prescalers - Extended range ol most counlers

TP600 600 MHZ £43.00
TP1000 1 GHZ with AC Adaptors £74.00

SIGNAL GENERATORS

(220/240V A UK C/P £1.00)

FUNCTION: AII slne/xnuare/lnannle/TTL etc.

T6101 D.02HZ-200KHZ £113.85

TG102 D 2HZ-2 MHZ £166.75

PULSE

TG 105 Various lacililies 5 HZ-5 MHZ £97.75

AUBIO: Multiband Sine/Sguare

LAG27 10HZ 10 | MHZ £90.85

AG202A 20 HZ to 200 X HZ |list £94.50) £83.50

I'.‘:G 120A 10 HZ-1MHZ Low Distortion £159.85
- S6402 100 KHZ to 30 MHZ [List£79.5M £69.50

LSG17 100 KHZ to 150 MHZ {450 MHZ HARM) £79.35
b

ADAPTOR 3cacd set
with data etc [P/S </- 12V
and *5V)  £69.95 inc. VAT

DN KEYPAD

[ ELECTRONIC INSULATION TESTER
YF501 500V/0-1000 with carry case
Large range stocked. Ask for leallet

COMPUTER POWER SUPPLY

Switched mode. stabllised. sell protecting. $/C
prolecleﬂ eic. 220/240 VAL <5V 3.3A. - 12V 2.4A 40%
cycle. . -12V D.SA. Suitable Apple replacement

£57 B evAT (K /P £1 50
SELECTION OF SPECH

AL OFFE
FROM H

TOROIDAL

TRANSFORMER

100 watts isolation 230/24D V AC
Y plus 8-08V 44 15-0-15V 0.645A 30V

MODEM CARD

BT approved ready assembled
unit with data and
accessories. £39. 95 inc. VAT

RS - QUANTITIES AV
ENRY'S

RADIO
INTERFERENCE FREE

24 hr 230,240V AC digifal clock
movemenls with alarm by 8raun £4. 50 [ux C/Pﬁﬂbl

0SCILLOSCOPES
Full specification any mode!
on requesi. SAE by post

‘HM' Series HAMEG: 'SC°
THANOAR: CS” TRI10:

‘3 CROTECH 'V HITACHY £
SINGLE TRACE UK C/P £3.00
3030 15 MHZ 5mV. 95mm tube plus componenl

0.16A Size approx 4. dia. x 1+

£7_95 UK C/P 7501
POCKET RADIATION DETECTORS

Dosimeter tor Gamma and X-Rays. 0-5r

CENTAUR FANS
CU7983 115V 50/60H2

12/13W tmpedance protected juse 2
mseries for 230V)4°. x4+ x 1
Two lor £10.00 (UK C/P 700]

Fitted countermotor. record

- A
£6‘95 Quantllies available Ul?lgggcgzvifr m"ggzlrjslee';g's‘os JUK C/P 4Dp|
CASSETTE TRANSISTOR TESTER
MECHAN|SMS Direct reading PNP: NPN. eic. o]

TC £21.95 (UKC/P65p)

and erase heads. sotengid.
elc. Brand new avaliable 6V
OC or 12V OC fstate which|

£5 95 UK C/P 65n|

-t
DIGITAL THERMOMETER &
TH3D1LCD 50 C10+750 with
thermocouple £68.43

TOROIDAL POWER SUPPLY

12V and SV | amp max siabillsed 6y x2° x)',

ULTRASONIC TRANSDUCERS

with cables. 40 KHZ £2.95 per pair (UK C/P 40p)

S BN -

too-ee migy

MULTIMETERS vk c/p6spi
HM102B2Z 20K/V 104 OC 22

range & cont.buzzer £13.50

C7081 50 K/ V Range Doubler

104 OC Total 36 Ranges

SPECIAL OFFER 2.50
TMKS500 23 ranges 30K/V 124 l]C plus
£23.95

coni. buzzer

£10.95

NH56R 20K/ V. 22 range pocket

830A 26 range 30K/ V. 10A AC/DC overioad
protection, eic. £23.95
360TR 23 range 100 X/ V. Large scale | DA

AC/DC pius Hie £39.95
AT2100 10A AC/0C 31 range 100 K/V

deluxe £33.50
AT1020 18 range 20K/ V. Defuxe plus

Hie tester £18.95
YN360TR 19 range 20K/V plus Hie tester  £15.95

Metrix Professional muitimeters in stock
3 models from£74.75

lester £177.10
SC110A Miniature 10 MHZ battery portable
Post Iree Nicads £12.50 £171.00
Oplional carry case £6 84 AC adaptor £6.69
HM103 15MHZ 2mV. 6 x 7 display plus

tesier C/P £3.00 £181.70
OUAL TRACE {uK C/P £4.00]
HM203/4 Dual 20 MHZ plus component
tester £303.60
CS1562A Oual 10 MHz fList £321.00) £269.50¢)
3131 Dual 15MHZ - componenl lester £287.50

CS 15664 Dual 20 MHZ Al facilities [List £401.35}
£349.50¢
HM204 Duai 20 MHZ plus component tesler

sweep delay £419.75
HM705 Dual 70 MHZ sweep delay £676.00
¥212 Qual 20 MHZ £399.25¢

¥222 Duat 20 MHZ plus exira tacilities
V422 Dual 40 MHZ portabie

£391.00
£586.50«

V203F Oual Trace 20MHZ sweep delay £408.25¢
V353F Oual 35 MHZ Sweep delay £569.25¢
¥134 Qual Trace 10 MHZ storage £1092.50¢

Al HITACHI. CROTECH & TRIO MOOELS AVAILABLE
OPTIONAL PROBE KITS e With probes
X1£7.95 XI0£9.45 x1 - XID£10.50 Xi00 £12.95

VARIABLE POWER
SUPPLIES ux c/p £1.00
PP2410/12/24V.0/1A.£35.00
PP243 3 amp version £59.95
230N 0/30V 1A Twin meter £99.50

LOGICPROBES ~vgu
LP10 10 MHZ £26.95 .
OLPS0 50 MHZ with carry

case and accessories £49.95

£5.95 (UK C/P 65p)

ALSO STOCKED- LARGE RANGES All semiconductors
valves_ relays and other componenls. Plus mitlions o
Res. Caps. presets, pots. eic eic. for bulk and export users.

MULLARD MODULES uxc/pespper 1- 3|
LP117V1F and LP1179 AM/FM Tuner pr £5.7
LP1186 Varicap Tuner

LP1157 AM Tuner

AC CLAMPMETER o
ST3000/300A: 0/600 v AC
071 Kohm 9 ranges

HIGH VOLTAGE METERS
Direct reading 0740 KV

20K/ Volt £23.00 (UK C/P 65p)

Also 0/30. D/45KV version £39.95

DIGITAL CAPACITANGE
METER 0.1 ot 10 2000 md LCO B ranges

With carry case (UK C/P 65p| £28.50

(UK C/P 65p) DM6013 £52.75

Cubegate Ltd

HENRY'S 404405

Computers 01-402 6822 - Equipment 01-724 0323 - Components 01-723 1008

ﬂUD'O GLGCTROnKS 30+Edgware Road, London, W2 1BN

01-724 3564 (Al post to 301 Edgware Road. London. W2 1BN)

RETAIL« MAIL ORDER « EXPORT« IN DUSTRIAb EDUCATIONAL

Edgware Road, London, W2 TEQ

Colle
Also

6 Dept.. atc. Ofticial Orders walcome. |
mpanias. {subject to approval}.

I

ORDER BY PHONE OR
BY POST OR CALLIN | Plessesateime e
AND SEE FOR YOURSELF | 53t ™™ | 22
Tes! Equipment

Order by Post with CHEQUES/ACCESS/
VISA of you can telephone your orders.

FREE
CATALOGUES

Computers A
Audio - Communications {7
Components

Schools. Colleges, Companles
Export Free on Written Request

|

WW - 023 FOR FURTHER DETAILS
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ESSEX Tiny BASIC
COMPUTER

i)
e @

€Esez B.ffenTimen

ient ¢
Aic\ct)\nevg‘sfex Tiny BASIC Computer P!
2 16 outputsan

24 inputs

Stora
e
of Greenw.r h ‘ns!:ug
e

'nts

wrsinqrugnSSERR

-

the |/O fines
ovides

dware timers.

means of pufternng

d four har

e

Sl alale Tl To R A,

cRoocoooL o -

all prices

exclude V.A.T.
*

substantial

quantity discounts

available
*

carriage

within UK €2

Essex Electronics Centre
ﬁ Wivenhoe Park, Colchester, Essex CO4 3SQ

S e o

uls per car
q df

or
Uipmen, g safe

Olation

Essex Backplane

A four slot backplane with printer and terminal
connectors to accept these cards. 535

Alex’

A powertul software utilities package that pro-
vides the user with an enhanced editor and all
the tools needed to program efficiently in
assembly language.

% Text Editor % Assembler

% Disassembler % Debug Monitor ~ E88
Supplied as a 4K EPROM

with comprehensive manual.

Telephone: Colchester (0206) 865089

WW — 031 FOR FURTHER DETAILS

MANUFACTURERS & DISTRIBUTORS

6 VA MINIATURE TX 240V AC input 12-0-12 V output P.C. mounting + internal
thermal overload protection. £25 for 10 + VAT, £115 for 15 + VAT, £210 for 100 +
VAT, £950 for 500 + VAT. Sample sent for £3 + 75p p&p (4.30 inc VAT).

MINIATURE SKELETON preset horizontal mounting 220R @ 0.1W 5.1mm x 10.2mm
pitch, £35 for 1,000 + VAT.

BERG low profile 14-pin dual in-line IC socket, manufactured from glass-filled polyes-
ter to UL94V-0. £7 for 100, £31 for 500, £56 for £1,000, £256 for 5,000, £460 for 10,000,
£2,100 for 50,000, £3,700 for 100,000. Sample 10 sent for £1.20 + 30p p&p (£1.37 inc
VAT).

BERG low profile 16-pin dual in-line IC socket, as above. £8 per 100, £36 for 500, £65
for 1,000, £295 for 5,000, £630 for 10,000, £2,390 for 50,000, £4,300 for 100,000.
Sample 10 sent for £1.40 + 30p p&p (£1.96 inc VAT).

215MA 32mm quick blow glass fuse. £5 for 100, £48 for 1,000.

TO3 HEATSINK. Efficient space saving to 03 heatsink, suitable for on-board mounting.
Flat surfaces ensure high thermal conductivity. Pre-drilled to accept any standard
TO 3 device. Height 12mm, width 36mm, length 47mm, black anodised finish. £20 for
100 + VAT, £150 for 1,000 + VAT. Sample 10 sent for £2.50 + VAT and p&p.

HIGH POWER SILICON BRIDGE RECTIFIER, 25 amp 600V single hole fixing 250 (Va"')
push on connector terminals, manufactured by |.R. £20 for 10, £90 for 50, £175 for 100,
£800 for 500, £1,450 for 1,000. Special quotation for larger quantities. Sample sent for
£2.50 + 25p p&p (£3.16 inc VAT).

METAL FILM RESISTOR TYPE FZ4, manufactured by C.G.S. Semi-precision with a
standard tolerance of +2% and a temperature co-efficient of better than 100 ppm/oc.
We have a full range in stock from 100R to 1MO. All bandoliered. £2.50 per 1,000 any
one value.

ZENER DIODES manufactured by Thompson C.F., all bandoliered, BZX79 C18 —
BZX79C20-BZX-C18-BZX83-C20, £12 for 1,000 of one type, £15 per 1,000 assorted.
Sample 100 sent for £3 + 25p p&p (£3.74 inc VAT).
TRANSISTORS, ICs, DIODES. Price for quantity 1,000
ACY 22 ........£240 + VAT BC157A.. ...£35+ VAT BC184.
BC212.. £35 + VAT £40 + VAT BC550..
SN 7474N......£150 + VAT .. £260 + VAT
TIS90T.......... £100 + VAT . £110 + VAT
10 samples, price on application

... £35 + VAT

Terms c.w.o. Please add 5% to alt orders for carriage plus 15% VAT. Export enquiries
welcome. We find it impossible to advertise all we stock. Please telephone or write for
further enquiries. Personal callers always welcome.

SPRINGFIELD HOUSE
TYSSEN STREET, LONDDN E8
TEL: 01-249 5217

TELEX: 9853906 EECO.G

ELECIRI]NIII EUIIIPMEIII Cn.

WW - 051 FOR FURTHER DETAILS

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 correr
Telephone 445 2713/0749

WW — 019 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, 24 hour format, larger digit Hours and Minutes
for easy QUICK-GLANCE time, auto GMT/BST and Leap Year,
parallel BCD (including Weekday) output for computer, etc,
and audio to record and show time on playback, receives
Rugby 60kHz atomic time signals, only 156x5x8 cm, built-in
antenna, 1,000km range, GET the RIGHT TIME, £72.70.

V.L.F.? EXPLORE 10-150kHz, Receiver £21.20.

Each fun-to-build kit (ask for full list, ready-made to order) in-
cludes all parts, printed circuit, case, instructions, by-return
postage, etc, money back assurance, SEND away NOW.

CAMBRIDGEKITS

45 (WA) Old School Lane, Milton, Cambridge. Tel. 860150
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NEW AND FREE FROM GSC.

NEW an exciting range of projects to build on
the £ XP300 breadboards.

NOW anybody can build electronic projects
using "‘Electronics-by-numbers”, its as “‘Easy
as A, B, CwithGS.C!”

FREE project

MUSICAL DOORBELL OF THE 3RD KIND
You've seen the film, now haunt your visitors
with the tune!

Each time the doorbell is pushed the eerie
tune plays out, then switches off to conserve
battery power,

HOW DO YOU MAKE IT.

Our FREE project gives you clear “step-by-
step” instructions. For example ‘‘take
Resistor No.1 and plug it into hole numbers
B45 and B47".

“Take iC No.1 and plug it into hole numbers
E35 to £42 and F35 to F42, (pin 1 on the
IC goes into F35)""

"Take. . ""Well! why not “clip-the-coupon’’
and get your FREE step-by-step instruction
sheet and your FREE 12 projects with each
EXP300 bought and your FREE catalogue
and.d Sl b

WW — 029 FOR FURTHER DETAILS
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EXPERIMENTOR BREADBOARDS

Ihe largest range of breadboards from GSC
Each hole 15 identitied by a letter/number system
FACH NICKEL SILVER CONT ACT CARRIES A LIFE. TIME GUXHANTEE

All modular construction means that any € xperimentor
breadboard can be ‘snapdocked’ together 1o huitd
breadboards of any size

EXP325

The Dne-chip’ breadboard

Takes 8. 14, 16 and up to 22 pin IC’s
Has 730 contact points inchuding 2 but
bars

= EXPJSD» ‘
" i * - [
" 3 or lirwted period

i "“"mmmm you can have FREE

S AOEFY Shata 4sbs 12 “Edectronics by
Numbers’ PROJECTS

EXP3uy

The most “widely-bough®' breadboard
Don'‘t miss out on our "NEW AND FREE oI3jeess
They can be built on the E XP300

EXPE00

The Hobbyrst microprocssor’ board
EXPE50

The ‘ane-chip microproc2ssor’ board
EXPaB

‘Snapy-on’ four'extta bus bars

PB6

The ultintafe Breathoardk

PEY0O

The most &t for the leas money

. — —————— . . . e S e g ot e e

NEW AND FREE FROM G.S.C.
24 HOUR SERVICE

Tel "(0799) 21682 with your Access. American E xpress, Barclaycard
numbier and your order will be put in the post immediately

TO OROER JUST CLIP THE COUPON.

Experimentor
Breadboards

Exp 325
Exp 350
Exp 300
Exp 600
Exp 650
Exp 4B
PB 6

PB 100

NAME

ADDRESS

| enclose cheque/PO for £
Debit my credit card No.
E xpiry date

Please send freecatalogue Tick [: Dept. 7P

GLOBAL SPECIALTIES CORPORATION

Telephone (0799) 21682
Telex 817477 Dept. 6P

GSC Unit 1, Shire Hill Ind. Estate
Saffron Walden, Essex, CB11 3AQ




RCOSCILLATORS -

LEVELL ELECTRONICS have a range of OSCILLATORS Covering
frequencies from 0.02Hz to 2MHz,

There is a DECADE OSCILLATOR with digital frequency tuning and a
FUNCTION GENERATOR providing sine, square, triangle, pulse,
ramp and asymmetrical sine waves.

Various RC OSCILLATORS are available as detailed below:

TG152 SERIES

FREQUENCY 3Hz to 300kHz in 5 decade ranges. !
ACCURACY +2% *0.1Hz to 100kHz, increasing to +3% at 300kHz.
SINE OUTPUT 2.5V rms down to <200uV.

DISTORTION <0.2% from 50Hz to 50kHz. <1% from 10Hz to 200kHz
SQUARE OUTPUT 2.5V peak down to <200uV.

SYNC OUTPUT 2.5V rms sine

METER SCALES 0/2.5V & -10/+10dB on TG152DM

TG200 SERIES

FREQUENCY 1Hz to TMHz in 12 ranges. 0 to 1% fine control to TG200DMP.
ACCURACY +1.5% *0.01Hz up to 100kHz. +2% up to TMHz.

SINE OUTPUT 7V rms down to <200uV with Rs=600Q.

DISTORTION <0.05% from 50Hz to 15kHz,

<0.1% from 10Hz to 50kHz,
<0.2% from 5Hz to 150kHz,
o 0 <G1°/o at 1waagd 1MPHz. v 3 "
. SQUARE TPUT TG200D, D DMP only, 7V peak down to <200uV.
TG152 SERIES: £88 to £110 LSt e
SYNC QUTPUT >1V rms sine in phase with output.
SYNC INPUT +1% freq. lock range per volt rms

TG200 SERIES: £110 to £149  METER SCALES TG200DM & DMP only, 0/2V 0/7V & —14/+6dBm.

Send for data covering our range of instruments. Prices are plus carriage, packing and VAT.

LEVELL ELECTRONICS LTD. ™ rii S dicsassiasosos.
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U.K. RETURN OF POST MAIL ORDER SERVICE, ALSO WORLDWIDE EXPORT SERVICE

RECORD DECKS. 240 velt AC. Post £2 RCS “MINOR” 10 watt AM|PUFIER KIT £14 BAKER AMPLIFIERS BRITISH MADE
Make Model  Drive Cartridge  Price Tlh'sbk“k 8 I:gtltra?'nl:: rr?;tr:;er‘r:]%rr\(ispo:v?:\:lIg!;‘;&tasrss't:r’r?se PA150 MICROPHONE VOCAL AMPLIAER £129
BSR P170 Rim Ceramic £22 SyDackae ﬁ bie: Moro, £14: Ste 20, Posrﬁ g 4 channel 8 inputs, dual impedance, 50K-600 ohm 4 channel
GARRARD 6200 Rim Ceramic £24 1\6v“olver310’r:s:r\::| °s|z°e 912';?:")(2‘" S;:g Sotails. mixing, volume, treble, bass. Presence controls, Master volume
GARRARD  SP25 Rim Magnetic £36 full ""’:t'rcc: P e iad. 240V AC mains, control, echo send return socket. Slave sockets. Post £3.
GOLDRING G102 Belt _ Magnetic _ £30 ullinstructions SLPP 150 Watt MIXER AMPLIFIER 4 Inputs £99
VOLT RCS STEREO PRE-AMP KIT. All parts to build this | Discotheque, Vocal, Public Address. Speaker outlets 4, 8 or 16
- Ag:(%(;lt-lANgEnRS 240 e €18 pre-amp. Inputs for high, medium or low imp £3.50 ghms. Four inputs, 20 mv, 50K ohm. Individual v:olgme controls
BSR Dalue  Him  Ceamie D | B e e e ers Fosi 855 | | Mast:yomo conk. St mads. 12 months. guaranise. 40
BSR Delux Rim SHL= - A.C. 120V to order. All transistor and solid state. Post £2.
THE “INSTANT" BULK TAPE ERASER £10.50 Post 95p MAINS TRANSFORMERS Post 100 Volt Line Model 150 watt £114. MONO SLAVE 150 watt £80.
Suitable for cassettes and all sizes of tape = ggoo&:ziggv gganAAsgg \?kfx\ég.av 1A Ef{'z: g New Steroo Slave 150 + 150 watt 300 watt Mono £125. Post £4.
(5 Ll BT AR WO 220V 25ma 6V lamp £3.00 220 45ma 6V 2 Amp £4.00 £1 BAKER MOBILE PA AMPLIFIER, All transistor, 60 watt AMS, |
Will also demagnetise small tools 250V 60mA, 6V 2A £4.76 £1 12v DC & 240v AC, 4 inputs 50k, Aux + 2 mics + 1 phono.
Tape Head Demagnetiser onlv £5. Step-Down  115v 10 240V 150w £9. 250W £12. 500W £14 £2 Outputs 4-8-16 ohm + 100 voit line, £89 p.p. £2
GENERAL PURPOSE LOW VOLTAGE BAKER PORTABLE DISCO 150 watt. Twin console + |mollﬁer +
ALUMINIUM  CHASSIS. 2%in deep 6x4-£1.75; Tapped outputs available Price Post mike and h + twin sp £300. 300 watt £393. ,
8x6-£2.20; 10x7-£2.75; 12x8-£3.20; 14x9-£3.60; 2amp. 3,4,5,6,8,9, 10, 12, 15, 18, 25 and 30V £6.00 £2 Carr. £30. Console + decks + pre-amp £95 Carr. £12. X
16x6~£3; 16x10-£3.80; 12x3 £2.20; 14x3 £2.50; 13x9 ;:mﬂ g g :g :g :g :g %8 %: gg gg £ g g :5028 g PA CABINET SPEAKERS, Complste. 8 ohm 60 watt'
£2.80. Samg 6.8, 10,12, 16, 18, 20, 24, 30, 35:40 48,60 £1250 £2 17x15x9in, £25. Post £4. 4 or 8 or 16 ohm 75 watt
ALUMINIUM PANELS. 6x4-55p; Bx6-90p; 14x3-90p; 5amp. 6, 8, 10, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60 £16.00 £2 23x15x11in. £60. 90 watt 32x15x 11in. £63. 120 watt
10x7-£1.15; 12x8-£1.30; 12x5-90p; 16x6-£1.30: 58 1o 16v. V2amp.  £2.50 €1 150 15v 1 amp £4.00 £1 £77. Carr. £10. Black vinyl covered with handles. 5
s e, | BRR,, BRE ESEII ERD | waisoor oate's e 2 vt B8 s0 e
. dxdx .20. 4x X .20, am i a
3ol €120 6xdx2 €190 7x5x3 £290. Bx6x3 £3. | & 400me. £150 6 200207 oI sofe £23. 40 watt £26. 40W plus ‘°L°"°l'3"“°s”P2EPX;(’:2 3
10x7x3 £3.60. 12x5x3 £3.60. 12x8x 3 £4.30. 36.9v 50 £160 €1 25.028v 2 50 £1 ER
POTENTIOMETERS. 5K/2meg LOG o LIN, L/S 50p. DP 90p. SOV Tamn £330 €1 28V 1amo W BRb FAMOUS BAKER O D
Stereo L/S £1.10. DP £1.30. Edge Pot5L. SP 45p. :&gb%\.lz;;nrz:s gg E}l ggx;;zr:‘;na;:‘d £5.00 £1 MA.IOI ﬂ "_“ n m—n t‘ll ﬂ
2V. 100m, £150 £1 17 0172 £2 SUPERB 12 . 816 2 HA £ £
MINI-MULTI TESTER 1v. 750 me &80 £1 ¢ 28 AUDITORM 12 16 & HA 24 82
De luxe pocket size precision moving coil instrument. 12V 3amps £4.50 £1 TOROIDALaooaovda AUDITORIUM 15 8-16 (-] HI-R & £
Impedance + Capacity - 4008(:0 PV, B;ggryzé%CIUded 12-0-12V. 2 amps £5.50 £1  and20-020V 22 £10.00 £2 GROUP &5 12 4816 " PA 6 £
11 instant ranges measure: volts 500 15p; 25V 20p; 50V 30p. 1200mF 76V b DG 7S 12 4816 s PA 2 £
500. AC volts 10, 50, 500, 1000, DC amps 0- £7.50 TOBrE T3\ 200 28\ 300: 50V 50p! 100V 1.20, 800 NP1 & st wm P o o
25044, 0-250mA. Resistance 010 600K ohms.  Post0P | a000mF 30V 42p: 40V 60p: 100V £1.40; 1500mF 10V €120, DISCOWO 12 816 10 Disco 28 2
Doeoluxo Rang_la %ouzblorslgll’#ﬂ AZET ER £19.50 g;&()a%mf: 50V 70p; 3000mF 50V 65p: '4700mF 40V £1; 63V glls%ol"w }g :;I: :z ;ikwo g g
50.000 o.p.v. 7 xX5X2in icro Amp Post'El High V. o
It SPEAKER COVERING MATERIALS. Samples Large SA.E.
43 Ranges, 1.000V, AC-DC. 20 MEG, 10amp DC O e s O 0% Ramsct 400V 10p. B.AF. LOUDSPEAKER CABINET WADDING 18in wide 35p .

M 50ua, 100pa, 500ua, 1ma, 5ma, -1MF 400V 14p. 600V 15p. 1000V 25p. | MOTOROLA PIEZO ELECTRIC HORN TWEETER, 3%in. square  £5 -
Aadgnld E};)%rﬁas bmp, 3 amp, 25 voit, VU | -Z2MF 350V 12p. 600V 20p. 1000V 30p. 1750V §0p. || 100 watts. No crossover required, 4-8-16 ohm, 7x3hin.  £10
2Vax 2x 1. Stereo VU 3Vax 198X ||n £5 p.p. SOp il ELECTR:’)LYTICS cmssovmgovgoo w.:om 5 mwimg ‘wv:‘f::wwu

A 3-way 950 cps/ cps. 40 watt rating. £4. 60 watt
RCS SOUND TO LIGHT CONTROL BOX 2/500V  45p 32+32416/350V 90p B8+16/450V 75  LOUDSPEAKER BARCAINS Ploase eﬂqu,,, many others in stock.
Complete ready to use with cabinet size 9x3x5in. £27 8/450V  45p 100+100/275V 60p 16+16/350V gOP 4 ohm, 5in, 7x4in, £2.50; 6%in, 8 5in, £3; 8in, £3.50, 6%in 20W.£7.50.
3 channel, 1000 watt each. For home or disco 16/350V 46p 150+200/275V  60p 32+32/350V 5P g ohm, 25in, 3in, £2; 5 3in, 63 4in, 7 x4in, 5in, £2.50,
OR KIT OF PARTS £19.50 Post £1 ggﬁggg ggp gﬁ+%+ggf§§gv 95p gg+gg;g%¥ 552 8x5in, £3: 8in, £4.50; 10in, £5; 12in, £6. 8in 25W £6.50; 60W £12.50.
p 50+50+ v 959 Y 3P 15obm, 2Vkin, 3V4in, 5x3in, xdin £2.50. 6%%in 10W £5. 8in £4. 10in £7
MAINS UNIT 9v 400Ma. Stabilised £5 post £1. 125/500V £2 8+8/500V 50+ Vv P 25 ohm, 3in, £2; 5x3in, 6 4in, 74in, £2.50. 120 ohm, 3%4in dia. £1.
EMI 13x8in 4 or 8 ohm 10 watt £8 pp £l
RADIO COMPONENT SPECIALISTS _ o st sous smorson
Open 9- §. Closed all day Wed. Open Sat. 'g-5, o
Books and C: Lists 32, i st/packing charge 85p.) Access or Barclaycard Visa. Tel: 01-684 1665 for SAME DAY DESPATCH. Cash prices include VAT.
P P P post/p 9 ]
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WELL WORTH A SECOND LOOK...

No — you're not seeing double, just the Crotech 3132's Component Comparator

in action. This unique feature, using two Crotech component testers, gives you the

benefit of checking an active or passive component against a known standard. Complete

circuits can also be checked using signature techniques.
But that’s not the only new feature. The 3132 has three DC source outlets available on the

front panel, capable of powering most solid state circuits. Dare we say that the 3132 is the nearest

affordable ‘scope to.come near to being a complete test system?

A .
e SCRICEAD P SR

5 Nimrod Way, Elgar Road, Reading, Berkshire, RG2 OEB.

E AR
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An in-depth series in understanding

today$ world of electronics.

From'Ilexas Instruments.

The Understanding Electronics Series was specially
developed and written to give you an in-depth knowledge of this
world.

Each book is comprehensive, yet easy ro understand. As
informative for the electronics buff as for someone who's simply
interested in what's going on today.

Together the library will give you the most complete range
of titles available. Take advantage of our special offer and choose
the book. or books you want from the ritles below. You'll ind
whole new worlds of advanced technology unfolding before you.

L Understanding Electronic Control of Energy Systems.
Ist edirion. Ref. LCB 6642. Covers motor, generator, power distribution,
heating, air conditioning, internal combustion engine, solar and nuclear
systems. Softbound 272 pages. £4.50.

2. Understanding Electronic Security Systems.

Ist ediion. Ref. LCB 720L A complete guide covering the basics of hard
wired, photosensitive, infrared, ultrasonic and microwave systems and their
use in different applications. Softbound 128 pages. £2.95

3. Understanding Solid State Electronics.

3rd edition. Ref. LOC 336L The principles of solid state theory. It explains
electrical movement, with intermediare tuition on the applications of solid
state devices. Softbound 282 pages. £4.50,

4. Understanding Digital Electronics. is: cdinon. Ref. LCB 3311
Descnibes digital electronics in casy-to-follow stages. It covers the
main families of digital integrated circuits and data processing systems.
Softbound 260 pages. £4.50.

5. Understanding Microprocessors. Is: cdinon. Ref, LCB 4023.
An in-depth look at the magic oFthe solid srate chip. What they are, what
they do. Applications of 8-bit and 16-bit microprocessors: and design
from idea to hardware. Softbound 288 pages. £4.50,

6. Understanding Computer Science. Ist cdirtion Ref. LCB $47L
This book tells you in everyday English how today's compurter has
been developed, what goes on inside it, and how you tell it what to do.
Softbound 278 puges. £4.50.
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7. Understanding Communications Systems.
Ist editon. Ref. LCB 4521 An overview of all types of electronic communi-
cations systems. Softbound 282 pages. £4.50.

8. Understanding Calculator Maths. 1s: cdition. Ref. LCB 3321
Brings together the basic information —formulae, facts, and mathematical
tools —you need to “unlack” the real power of the hand-held catculator.
Softhound 230 pages. £4.50.

9. Understanding Optronics. ist edition. Ref. LCB 5472
Optronics 1s the application of light and electronics to perform a wide
range of useful tasks. From car headlights to missile guidance systems.
Softbound 270 pages. £4.50.

10. Understanding Automotive Electronics.

Ist edition. Ref. LCB 5771 Learn how electronics is being applied to
automobiles. How the basic mecharucal. electncal and electronic functions
and the new microprocessors and microcomputers are being applied in
innovative ways for vehicle drive tmain control, motion control and
instrumentation. Softbound 288 pages. £4.50.

1L Understanding Telephone Electronics.

Ist edinon. Ref. LCB 714L The powertul, positive thrust of electronics is
making the telephone an even more important communication link.
Conventional telephone fundamentals, analog and digital electronics,

principles. newer digital rechniques and hardware implementation are

covered in this book. Softhoind 288 pages. £4.50.

12, Understanding Electronic Control of Automation
Systems. Ist edition. Ref. LCB 6641 This book is about automation-
explains in simple language the subject of electronic control of automation
systems.and to help the reader understand the terms, principles, techniques
and effort used 1o automare processes. Softbound 280 pages. £4.50

How to order

Fill in the coupon below or if someone else has already used it, simply:
1. List reference numbers and quantities required.

2. Calculate total order vdue. Add £1.50 for postage and packing.

3. Send the list, plus your cheque payable to Texas Instruments Ltd,
PO Box 50, Market Harborough, Leicestershire

Aliow 30 days for delivery.

WW — 043 FOR FURTHER DETAILS

To: Texas Instruments Limited, PQ Box 50, Market Harborough, Leics.
Please send me the following publications.

[REFERENCE NG, | oTY | [REFERENCENO. — o
| S —— | —
i

I - e

Free title choice: Understanding

Company (it any) — - _

Address = — - —_—

Please send me details of TI range of Technical Books {please rick) [

Repistered wrace: Texas nstruments Led, Manton Lane, Bedford MK41 7PA
Registered number: 574102 England WW1
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BBC Micro Computer System |

OFFICIAL DEALER

Please phone for availability

Software from ACORNSOFT/
PROGRAM POWER/GEMINI in
stock

BBC Model B £399

B + DFS £470

B + ECON £477

B + DFS + ECON £518
Above prices include

£225

01-450 6597

FLOPPY DISC INTERFACE

£95

& £15 installation

BBC COMPATIBLE DISC DRIVES
All drives are supplied with necessary cables
Single Drive without PSU: 100k £150; 200k £215; 400k

Single Drive with PSU: 100k £185; 200k £260*; 400k £330

VAT. Carr £7 Dual Drives with PSU: 2x100k £355; 2x200k £475%;
Model A to B Upgrade 2x400k £495
Kit £60 * These drives are switchable 40/80 drives.
Installation £15 40/80 Switch Module for 1x 400k and 2x 400k Drive £32
DISKETTES
LANGUAGE ROMs
BCPL Rom + Disc + M 1g87 | 40track SS£15; 80 track SSDD £22
PASCALTRom£45 80 track DSDD £26
BBC FLOPPICLENE DRIVE HEAD
agmgsgggsgg“ ROMs Cleaning kit with 50 disposable discs £17
WORDWISE 8k Rom £34

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 carr.
SLIMLINE Cassette Recorder complete with
counter and remote control £24.50 + £1.50
carr.

BBC Recorder £27

Computer Grade Cassettes

£0.50 each. £4.50 for 10 + £1carr

Cassette lead £3.50.

MICROVITEC 14in RGB Monitors

1431 Std. Res Monitor £215

1451 Med Res Monitor £345

1441 Hi Res Monitor £440

12" KAGA RGB | £235 RGB Ill £399

12'" Hi Res Green SANYO £99 KAGA £106

MONITORS

Phone or send for our BBC leafiet
TORCH Z-80 PACK

Your 8.8.C. computer can be converted into a business machine at a cost
slightly higher than an 800k disc drive. The Torch pack with twin disc
drive and a Z80A processor card greatly enhances the data storing and
processing capability of the computer. (NOTE: In BBC mode the disc
pack functions as a normal BBC drive.). Z80A card comes with 64k of
RAM and a CP/M compatible operating system. The system is supplied
complete with a BBC owner's user guide, a Systems/Demo disc, a
PERFECT software package and COMANEX, a business management
ame. The PERFECT software package comprises of a DATABASE,
gALC, WORDPROCESSOR and SPELLER commercially valued at over
£1,000. The complete package for only £730. Installation £20. Carr. £8.

EPSON RX80 FT £305
EPSON FX80 £370
EPSON FX100 £565
EPSON MX100 £400
Carriage/Printer £7

PRINTERS

NEC PC 8023 BE-N £320
SEIKOSHA GP100A £170
SEIKOSHA GP250A £210
Parallel Printer Cable £12
Serial Printer Cable £8

BBC EPROM PROGRAMMER

A fully self-contained Eprom Programmer with its own power supply, able to

program 2516, 2716/32/32A/64/128 single rail Eproms.
% Personality selection is simplified by a single rotary switch.

% Programming voltage selector switch is provided with a safe position.

% Warning indicator to show programming in progress.

% Programmer can read, blank check, program and verify at any address/

addresses on the EPROM.

% Simple menu driven software supplied on cassette {transferable to disc).

% Full editor with ASCI! disassembler.

Programmer complete with cables, software and operating instructions:

£79.50 + £2p. & p.

Assembly Lang Prog. for BBC
Assembly Lang programming

Basic Prog. for BBC............
BBC An Expert Guide
Easy Programming on BBC ..
Further Programming on BBC ..
Introducing BBC Micro
Programming the BBC
30 Hour Basic

Variety of Printer Interfaces in stock
2000 fanfold sheets £13.50 + £3 p.&p.

BOOKS {no VAT; p&p £1/book)

Micro by Ferguson and Shaw........

....... £8.95
on BBC
£7.95

SIDEWAYS ROM
EXPANSION BOARD FOR BBC

SREB provides 8 additional sockets for expanding
the computer’s sideways ROM capacity by a further
128k {8k or 16k Eproms consume 40mA on standby
and in our opinion 8 ROMs will not overload the
computer psu). The board is dimensioned ensuring
ciearance of components with adequate ventila-
tion. Fully assembled and tested board with fitting
instruction. With Tt sockets £25. With turned pin
sockets £30. P. & P. £2.

UV ERASERS

The following erasers are all fitted
with safety interlocks and mains
switches with indicators.

UVIBupto6 Eproms.........ccoenine.
UV1T as above but with timer ...
UV140 up to 14 Eproms
UV141 as above but with timer

—

138

35 Educational Programs... =
PRODUCTION PROGRAMMER: P800Q | BEC Sound &Graphics ... £795 | %  SPECIAL OFFER *
h . i : Creating Adventure Programs . f
P8000 provides reliable gang programming of up to 8 EPROMS . L !
simultaneously with device sizes up to 16k x 8 bytes. Devices gt'fﬁgt\’uergggpxa?:$ﬁﬁ:de... 2532 £3.50 27128-3 £15
supported range from 2704 to 27128 in single and three rail ver- | 3 ¢ o0 o) Cgm o gookBBC 2732 £3.50 4164-2 £4.50
sions. Simple menu driven operation ensures easy eprom Seroon Basyic BBCp 2764-25 £5
selection and reliable programming in minimum programming R
times. £695 -+ £6 carriage. Large number of other titles stocked
Rt . R e
(RH-1). A superior design, with a ‘push § 1.D. CONNECTORS JUMPER LEADS AMPHENOL RIBBON
tip’, status indicator LED, and an in- {Speedblock Type) 24" Ribbon Cable with Headers ORS E
terface box that plugs into the user | Noof Hsser Recep Edge | - 1&pin 16pin 26pin 800 CONNECTOR CABL
port. Comes with manual, full soft- “'fgs P;‘)% lascslep ﬁ‘;’&; 222ds 2103 mﬂ 345‘; 5400;’; 36-way plug Centronics Parallel {Grey/meter}
ware and four Basic demonstration 20 Msp 125 195p . ) Solder £5.25 IDC £4.95 | 154y 40p
programs £39.50 :2;2 L’,?,“ ]Zg" 2333" 24" Ribbon Cable with Sockets 36-way socket Centronics Parallel 16-way 60p
8 E % 200 190p  #0p | 4o 20-pin 26pin pin 40.pin Solder £5.50 iC€5.20 | Joway %0
50  23%p 200p  390p Jends 2300 370 4800 5259 24-way plug IEEE Solderfgc 475 Uway 160
. | . -way ]
SMARTMOUTH D CONNEN(O:;I;VQVSRS » R“i,::blon Cable with D. (F:onn. . 24-way socket [EEE Solder £5 gga:: gggg
q o g b -wa e 500, emale 550
The ‘infinite vocabulary’ self-con- § .., ¢ % » ¥ e < S et
tained speech synthesiser unit. Uses [§ Soider 8op 105p 180p 250
only 5-18 bytes ger word — no ROMs Angle 150 2105 250 3855 RS 23%39MPERS EURO EDGE
: B . FEMALE e By CONNECTORS CONNECTORS
required — simply plugs into the user R} soider 105p 160p 200p 335p | 24/ Singleend Male.... £5.00 = 3
port. (Has Aux. Audio output skt.). | Angiss 165p 215p 290p sagp | 247 SimleendPemale.. ... P28 | BUEIRY £ o WUE s QT
- Al ] o BB Hoods 90p B85p 90p 100p " Female-Female.... . 31_WEY |7Dp 1709 2x12-way (Vic)  350p
Supplied with Demo/Development § 0C15wayplug 340p. Socket400p | 237 Male-Male ... iy P P | 2x18-way 140p
programs and simple software in- [ '0C25wayplug385p. Socket 450p S PSSt i 2200 zep | LXEZWRY 190p  240p
i 2x32-way Ang, Pi 5p 320 x23-way 175p
structions, £37 + £2 p. & p. TEXTOOL Z'F» DIL HEADERS 3:32::: o %og 3%0: 2x25-way 25p 220p
SOCKETS 24-pin £5.75 3x32-way Ang.Pin  375p  350p | 2x28-way 190p
28-pin £8.00 40-pin £9.76 - Sold%Type |DC°'Lype M 1 1x43-way 260p -
pin p 100p
NEW COMPREHENSIVE CATALOGUE AVAIL- DIL SWITCHES 16pin 50p 110p TEST CLIPS 2x43-way 365p
! . 1x77-wa 600,
ABLE — PLEASE SEND FOR PRICELIST ~ § 4oy 00 vevste | G000 oo ey | veemame 0 1eein€d | sioConn -
way BSp -way |
= =T
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naz%9 106 | alsare 7sp | 4022 5o LINEAR ICs | COMPUTER COMPONENTS  [Mooutarons

7400 25p | 74273 150p { 741S280 180p | 4024 36p 6MHz UHF 375p
7401 25p | 74276 120p | 7415283 50:,’ 4025 16p | AD7581  £15] LM3B1AN 180p |SAD1024A 8279 440p CRT 8797/8 ~ 90p | 8MHz UKF
7402 25p | 74278 100p | 7415290 S6p | 4026 80p | ADCOS08 990p | LM382  120p 1150p) [N ] | S1LSes/6 1209 450p
7403 25p | 74279 55p | 7415292 900p | 4027 20p | ANT03  200p | LM386  90p |SFF96364 800p 81LS97/8 120p
7404 25p | 74283 50p | 7405293 50p | 4028 36p | AY1-5050 99p 120p §N76488 -:»ggp CRT6545 900p | 88LS120 400p
7405 30p | 74285  160p | 74LS295 70p | 4029 45p | AY3-1270 750p 95p S:‘J;gﬁgg ‘009 £3 | CRT5027 £18 | 9602 %gp
7406 90p | 74286  160p | 74LS297 900p | 4030 20p | AY3-1350 350p 150p SPOTeenl P| 65024  500p | 99 £3 | CRT5037 £18 | 9637AP P | 32.768KHz
7407 90p | 74290  150p | 7415298 90p | 4031 125p | AY3-8910 400p 60 6800 225p | TMS4500 £14 | EF9365  £36 | ZN425E.-8 350p 100p
7408 25p | 74293 90p | 7415299 200p | 4032 70p | AY3-8912 500p | LM393 [Ip— 6802  250p | TMS9911 £16 |EF9366  £36 | ZN426E-8 380p | yg0¢, 325p
7409 25p | 74298  120p | 7405321 240p | 4033 125p |.AY5-3600 600p : janz: 6809 #50p | 280P10 250p |'MC6845 650p | ZNA27E 600p | sn50:  325p
7410 25p | 74351 150p | 7415323 200p | 4034 140p | CA3019A 80p 1 68809 €12 | Z80AP10 280p | MC6845SP_£9 | ZNA428BE-8 450p | Eraqin MHz
741 25p | 74365A  48p | 74LS324/624 4035 55p | CA3028A 120p TA7204 6809E £9 | 780CTC 250p | MC6847 650p 1.0 325p
7412 25p | 74366A  48p 150p | 4036 200p | CA3046 70p TA7205  S0p | g8goSE €16 | ZBOACTC 280p £27 DISC 18432 300p
7413 40p | 743674  48p | 74LS348 140p | 4037 110p | CA3048  220p 3 TA7222 6800L8  £48 | ZBOADART €7 £ CONTROL 2.00 250p
7414 60p | 743684  48p | 741S352 70p | 4038 75p | CA3059 350p T§7310 68705P3  £26 | ZBOADMA £9 £60 2.45760(L)
7416 38p | 74376  100p | 74L5353 70p | 4039 225p | CA3060 350p 152533 8035 350p | Z80S10/1/2 €9 210p
7417 38p | 74390 90p | 74LS356 175p | 4040 40p | CA30BOE 70p TBAS10 2.45760(S)
7420 25p | 74393  150p | 741S363 180p | 4041 40p | CA3086  60p o 5 TMS9929 8271 £40 275p
7421 25p | 74490  120p | 741S364 180p | 4042 40p | CA30B9E 200p (aR5s0 INTERFACE 8272 £20 | 55 250p
7422 30p 74LS365A 36p | 4043 40p | CA3090AQ Ut ] FD1771 €20 | ;667  250p
7423 30p - 74LS366A 36p | 4044 40p 375p 1 8088 €18 | 5094 300 ICs FD1791  £22 | 3336  150p
7425 3p | 74LS00  20p | 7453674 36p | 4045 105p | CA3130E  90p TCA210 8748 £18' K20 0A) sigon FD1793  £23 | 35795  120p
7426 30p | 74LS01  20p | 74(S368A 36p | 4046 50p | CA3130T 110p 1EA220 iNssoso €11 | 27124 300p | ADssgcy 775p | FD1795 €28 | 4g 150p
7427 p | 74LS02  20p | 7405373 120p | 4047 50p | CA3140E TMS1601 €12 | 5142 450 | ADS61J €20 | FD1797  £28 | 4494 200p
7428 30p | 74LS03  20p | 741S374 120p | 4048 50p | CA3140T TMS9980 £20 | 7050 4 300" AM26510 350p | FD2793  £42 | 443 125p
7430 25p | 74L504  20p | 745375 eQp | 4049 24p | CA3160E P | TMS93ss €12, gITE. 190P | AM25LS2521 | FD2797 £42 | 4608  250p
7432 30p | 74LS05 200 | 7415377 120p | 4050 24p | CA3161E TOAI004A £41 28 g24/ (3110151200 200p | TMS9909 €12 | 49157  250p
7433 25p | 74LS08 20p | 7415378 85p | 405% 48p | CA3162E TDA1008 280 250p | 411973 509 AM26L531 wD1691 €15 | g9 175p
2437 25p | 74LS09  20p | 7415379 120p | 4052 48p | CA3189E TDA1010 Z80A  300p 413_2 e 25p | WD2143 550p | ¢¢ 150p
7438 60p | 74LS10  20p | 7415330 75p | 4053 50p | CA3240E WDA022 7808 €11 | 312920 2a0p | amaeLsaz T | 61¢ 1759
7439 36p | 74LSTT 20p | 7415393 120p | 4054 75p | CA3280G TDA1024 arshiell sood 125p 7.0 150p
7440 25p | 741812 20p | 741S395A100p | 4055 75p | D7002 TDA1170 SUPPORT 463520 200 | D7002  390p | ESIUTIROELY | 7168 175p
2441 70p | 74LS13  28p | 7405399 120p | 4056 75p | DAC0BOO  £2 A 2oas DEVICES 181643 300h | DACSO €28 80 175p
7442A  60p | 74LS14  45p | 7405225 100p | 4059 450p | DACOSOS  £2 2 TDA20 el 3o0b | DMa131 275p RO3-2613 8.867 175p
7444 70p | 741515  20p | 7415465 120p | 4060 55p | DG308 b 3 2651 £12 | 2101 300P | DP830a  250p | U.C. 750p | 450 175p
7445 90p | 741520 20p | 741Sa66 120p | 4063 75p | HA1366 TDA2006 3242 800p P | DS3691 3s50p | LC 700p | 10550 250p
7446A 90p | 741521 20p | J4USa67 120p | 4066 27p | HA1388 b TDA2020 3245 asop | 81163 420p | psgg3p 150p | DMBESE4 £12 | 4575  Z00p
7447A  75p | 741522 20p | 740S490 130p | 4067  225p | ICL7106 TDA7000 6520  280p | S116LF.3 5500 | Dseeat 140p | MCE6760 750p | 41g 300p
7448 %0p [ 741526 20p | J4 5540 120p | 4068 16p | ICL7611 p [TLOGICP 6522 310p | 22002 o0n | DS8832  250p 12,0 150p
7450 25p | 74LS27  20p | 7418541 150p | 4069 20p | ICL7650 TLO62 65224 550p | B30 20 | Dsse3s 2250 | RRATTITTN | 140 175p
7451 25p | 74LS28  20p | 741S608 700p | 4070 16p | ICL7660 &8‘;‘,‘ 6532 550p | 200089 1s0h | DS8836  150p NCODER NIBGENREE ]
7453 25p | 741830 20 | 7415610 £19 | 4071 16p | ICLBO38 6551 650p | J0300)  3mon | S8 2259 14756  250p
7454 25p | 74i832  25p | 3415612 €19 | 4072 16p | ICM7217 6821 100p | 292550  130h | DS8880 170 | il Toenp | 150 200p
7460 30p | 74LS33 20p | 741Se24 150p | 4073 16p | ICM7555 68821 220p 93315 soop LF13201 450p 740922 500" 16.0 200p
7470 30p | 74LS37  20p | 748626 150p | 4075 16p | ICM7556 6829  £1250 | 931> BOOP | mC1488  55p | J4KO2Z SOOP | gy 200p
7472 36p | 74LS38  60p | 7415628 150p | 4076 48p | LC7120 6840 37sp | 3425, Geob | MC1489  55p P | 18432  150p
7473 30p | 74LS40  20p | 7415629 150p | 4077 27p | LC7130 68840 600p | (902 PIR | MC3418 950p RAT 19.969  150p
7474 20p | 741842 45p | s 5640 200p | 4078 16p | LC7137 6850 110p MC3aq6 250p | EELUDEIAII | 00 200p
7475 40p | 74547 60p | 7418640-1250p | 4081 16p | LF347 68850  220p MC3459 450p | RAINLINGLEY | 240 300p
7476 35p | 741548 60p | 7415641 200p | 4082 16p | LF351 50p | 6852 250p ROMs/ MC3470 650p 48,0 175p
7480 48p | 74LS51  20p | 741 S642.1250p | 4085 40p | LF353 TLa30C ~ 70p| 6854 700p MC3480 850p | MC14411 700p | 116 300p
7481 120p | 74LS54  20p | 3415643 200p | 4086 40p | LF385 ML920  BOOp |UA1003-3935p | 3gB54  800p PROMs MC3486 500p | COM8116 800p | PX01000 TBA
7482 120p [ 74LSS5 20D | 3415643.1250p | 4089 126p | LF3S6P MM57160 620p | UA2240 120p | 6875 5700 | 745188 1a0p | MC3487 300p | 47028 750p
7483A  75p | 74LS73A  20p | 74Sgas 200p | 4093 30p | LF357 MN6221A 600p ldm«;gga;;gp 8154 950p | 543287 200p | MCa024 325p
7484 30p | T4LS74A 40P | 7aISeas 200p | 4094 65p | LF13331 350p 0P | ULNGOOIA T3P | 8155 350p | 7,558 1g0p | MCA044 325p UARTSs
785 3sp| 7aiS7on 27p| JalSsteamse | A% Top |LMIC 3% ULN206S 2300 | apoe 250 | 145387 22%p | MCLa2 TH0e
74LS668 70 U4 P | AY-3-

7489 170p | 74LS83A 46p | 7412200 70: 4097 290p | LM307 ULN2802 g%p 8212 Yiop | 745473 4759 | J2000 o 1600 3 10151;00p D
7430A  45p | 74LS85  BO0P | 4 g670 120p | 4098 90p | LM30BCN 75p ULN2803 200p | 8216 100p | EECTTOYVINM | 75114/15 160p | AY.5.1013p MMSB174AN
7491 60p | 74LS86  30p | 5,204 sop | 4099 60p | IM310 p 2804 2 op | 8224 110p 75121/22 140p 300p 800p
74927 50p | 74LS90  32p | ;4 qegy 2Bgp | 4500 575p | LM311 g;gg;g 2309 8226 250p | 2532 350p | 75150P  120p | COMBS017 300p | MSMS5832RS
7493A  45p | 74LS91  60p | 3, 5684 400p | 4501 28p | LM318 59214 2000 | 8228 270p | 2532-30 700p [ 75154  140p | Mea02  3s0p 350p
7494 90p | 741592 40p | 742800 Geob | 4502 60p | LM319 - UPC1166H  £3 | gp43 280p | 2564 600p | 75159  220p | TR1602 300p
7495A  48p | 74L593  32p 4503 45p | LM319N NES71 UPC1185H €51 g250  1150p | 2708 300p | 75365  150p
749 60p | 74LS958  50p 4504 75p | LM324 NES92  60p |XR210 0p | 8251 300p | 2716 250p | 7545172 72p | EIEAR
7497 120p | 74LS96  90p | 5,00 4505 400p. (LM334z 90p | NESS3ZP 200p | XR2206 4 8253 390p | 2732 350p | 75453/4 72p
74100 120p | 74LS107  33p | 7,507 4506 120p | LM335Z NE5533  160p | XR2211 8255 300p | 2724 €7 | 75491/2  65p | {TEXTOOL)
74184 50p | 74LS109  33p | 7,554 4507 35p | LmM339  40p | NESS34P 110p | XR2240 8256 €36 | 27324-35 450p | BT26 120p | 24pin  575p
74105 55p | 74LS112  33p | ;,54c 4508 130p | LM348 NES534AP 140p | ZN414 8257 400p | 2764-25 500p | 8728 120p | 28pin 800p
74107 45p | 7415113 30p | 74308 4510 48p | (M358P 60, 500p | ZN419C 8269  400p | 27128-25 £18 8T95/6  9%0p | 40pin  975p | SAA5050 900p
AR o AR A Al e et

P P 4512
74111 85p | 7415123 eop | 13310 G515 reeh |LM3B0 TSR | S Are00 £16 | ZNa25E LOW PROFILE SOCKETS BY T WIRE WRAP SOCKETS BY Ti
Jalia  10p | STUER, | 7as22 o INGE oo0n| Bin 9 18pin l6p 24pim 24p | Bpin 3p 18pm 50p 24pin T6p
74118 120p | 7418125 4sp | 74530 prir Bl VOLTAGE REGULA ZNa28E l4pin 10p 20pin 18p 2Bpin 26p | Mpin 42p 20pin 66p 2Bpin 100p
74119 100p | 7415126  asp | 75332 2517 260p FIXED PLASTIC 16pin 11p  22pin 22p 40 pin 30p 16pin  45p 22pin  75p 40 pin 130p
74120 100p | 74LS132  42p | 7,55, 4518 48p BFRI6 180
74121 40p | 7415133 30p 250p p | TIP32C  40p | 2N3054  55p | 40408 90p
74122 asp | 7alst3e  30p | 14574 2 2B Zoop | BFX29  40p | TIP3A  70p | 23085 50p |a0a09 100 | MM

P P| 7as85 4520 B S0 bl BEX30  27p | TIP33C 80 TIC
74123 90p | 74LS138  42p | 5,38 4521 90p 670p 80p | 2N3442 140p | 40410  100p PLASTI
74125 50p | 7415139 42p | 14 4522 60 B £23 | BFX84/5 40p | TIP34A  90p | 2N3563 240p | 40504  120p
74126 50p | 7418145 %0p | 43112 4526 6op INA23E 950p | BEXSE/7 27p | TIPSAC  120p | 2N35B4 280 | 40595 120p | IAMOV  E0p
74128 70p | 74LS147 120p 4527 60, P 4 48p | 40673 75p
M dmlane me) ol e @0 o e i | e fie e el SRR
Jrer 700 | 7ais1es sop 745132 %3 5o |sv100ma 78L05 30p 79105 4sp| LTI 150p | 2N3706/7 10 8AS00V  95p
i S ) S ED e MmmASe leew 2 hoe’ | NECREE e
Taiss  300P | jalsise b | 7es13e 4536 270p | 15y 100mA 78L12 30p 79L12 50p 60p | 2N3813  30p 164 400V 110p
8165 90p | 7418157 4gp | 135140 prass 2% | 15v 100mA 78L15 30p 79L15 50p esp | 2N3823  30p |BVIZZ. 1201 15A 500V 130p
74187 120p | 7415158  35p | 733151 #31 s0p OTHER 160p | IN3866  90p | oapy - jgp| 128000 1300
mgg :ggg 33t§}§?ﬁ ggg 745157 :543 zzgp REGULATORS ;gg %mggoz 7223 0A30/91  9p| T1C226D 758
74151A  60p | 74LS162A 75p | 143138 ooy a5p |LM309K 1A 5V140p78P05  900p 80p | 2N3906 160 | OAJ50  on| TIC246D 110p
74153 60p | 74LS163A 90p | 34547 4556 45p |LM317KTO3 250p78H12  850p 75p %mgﬁ sgn 0A202  10p
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£180: A RECORD
FOR DISC DRIVES?

;l)us are able to offer a limited quantity
of 5%" Slimline Double Sided 40 Track Drives.

m—

Formatted single density 200K.,double
\ density 400K.
And record value at only £179.95

(ymis

and thatincludeseverything —VAT, carriage
‘and all necessary leads.

You can order by post (see coupon
below) or direct at our showroom.

OPUS 3” MICRODRIVE.

Double Sided 40 Track Drive ¥2 Megabyte
Unformatted.
e Twice the capacity on line of other available drives
#200K. Single Density - 400K. Double Density
e Ex-stock delivery
® 3 ms. access time
e Lowest power consumption-direct drive

@ Includes case, leads and utilities disc
o Totally compatible with 5% drives
Single Drive £229.95. Dual Drive £459.95.

541" JAPANESE DISC DRIVES.
SINGLE DRIVE.
#1 Opus 5401 Single Sided 40 Track-250K.
4. Unformatted. Formatted: 100K. Single Density,
o .;2 200K. Double Density. £179.95
. 3.\ Opus 5402 Double Sided 40 Track - 500K.
“#% 4 Unformatted.Formatted:200K SingleDensity.
=% 400K. Double Density. £229.95

Opus 5802 Double Sided 80Track — 1 Megabyte
Unformated. Formatted: 400K Single Density,
800K.Double Density__ £299.95

= Switchable 80/40 Track. .
T eizHeight eIncludescase,leadsand utilitiesdisc
e Fastaccesstime @ State of the ArtTechnology
®Ex-stockdelivery ® Lowpowerconsumption

_ DUAL DRIVES.

All Dual Drives are metal cased with

separate power supply.

Opus Dual 5401D. Single Sided 40 Track.
200K./400K. on line £379.50
Opus Dual 5402D. Doubled Sided 40 Track.
400K./800K. on line £459.95
Opus Dual 5802D. Double Sided 80 Track.
800K./1.6 Megabyte on line £599.95

Mg

To: Opus Supplies Ltd., 158 Camberwell Road,
London SES OEE. Please send me:

5w Slimline Drive(s) £179.95 (each)
(inc. VAT, carriage and all leads).

Opus 3“ Microdrive (s} at:
Single Drive £229.95 (each)
Double Drive £459.95 (each)

5ts* Japanese Disc Drive(s) at:
——Opus 5401 £179.95 (each)
— Opus 5402 £229.95 (each)
—_ Opus 5802 £299.95 (each)
— Opus Dual 5401D £379.50 (each)
| — Opus Dual 5402D £459.95 (each)
— Opus Dual 5802D £599.95 (each)

Monitor(s) at:
| 12" Green Screen £89.95 (each)

— 12" Amber Screen £99.95 (each)

Floppy Disc(s) at:

SWs Discs
— - 5/S$/D £19 95 for 10
— —-S/SD/D&23.95 for 10
—_D/SD/D&£2G.95 for 10
— S$/S80 Track £29.00 for 10
___D/S80Track £31.95 for 10
8" Discs
———5/55/D &21.50for 10
— . S/5D/D 4£28.50 for 10
—D/SD/D £29.95 for 10

e Lower Shelf for Paper/ Book‘Storagc

Lead to connect to BBCMicro £3.95 (each)
___ 14"JVCCol.Mon. Med. Res. £187.39 (each)
— 14"JVC Col. Mon.High Res. £279.39 (each)

Organiser Desk(s) at only £59.95 (each)

MONITORS.

12” Green Screen £89.95
12" Amber Screen £99.95
Lead to connect to BBC Micro £3.95
e Ex-stock delivery ® 24MHz Bandwidth e Limited quantity
14" JVC Colour Monitor —-Med. Res £187.39
14" JVC Colour Monitor -High Res £279.39

THE ORGANISER DESK.
® Top shelf for Monitor/Printer
e Large DeskTop Area

e Teak Finish

® On Casters

e Self Assembly

e Ample room in frontof the shelf for
you to sit comfortably.
Only £59.95

FLOPPY DISCS.
37 Cartridges £5.75 each or £25.95 for 5.

Sus" Discs —with full 5 year warranty + free plastic library case.
$/SS/D £19.95 for 10

S/SD/D £23.95 for 10 $/S 80 Track £29.00 for 10
D/SD/D £26.95 for 10 D/S 80 Track £31.95 for 10
8" Discs.

S/SS/D £21.50. S/SD/D £28.50. D/SD/D £29.95.
OPUS SUPPLIES LTD.

158 Camberwell Road, London SES OEE.

STOP PRESS.
Double Density filing system available.

Opening hours: 9.00-6.00 Monday-Friday, 9.00-1.30p.m. Saturday.

GOVERNMENT & EDUCATION DISCOUNTS GIVEN.
QUANTITY DISCOUNTS GIVEN. DEALER ENQUIRIES INVITED.

All prices include VAT and carriage. I

lenclose a cheque for £
credit card account with the amountof &
My Access/Barclaycard (please tick) No. is l

. Or please debitmy l

3" Cartridges £575 (each) or 5for £2595  Name |

Address |

(W/W/4)

Telephone

S-l

= Opus Supplies Ltd.

WW - 061 FOR FURTHER DETAILS
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So you want to be an author?

A steady stream of letters and telephone
calls to Wireless World continues to draw
our attention to the diffidence with which
some would-be contributors approach the
task of writing for publication. There are
evidently fears that their writing style
might not compare well with some of our
more august authors and that the
requirements for submitted articles are so
rigid that they cannot hope to do the work
properly. An impression one also gains is
that they are sometimes deterred from
exposing their work to the public gaze by
the possibility of subsequent criticism in
the Letters pages.

There is no shortage of material to
publish, but the enquiries do indicate that
a large number of potential contributors
are holding back, and that new blood to
top up the bank of established authors is
congealing in silence.

Perhaps these dark fears can be
dispelled. A short note giving guidance to
contributors appeared some time ago, but
a great many people will not have seen it: a
reiteration may not, therefore, be out of
place.

First of all, please do not think that,
because your writing style owes nothing to
the great literary figures, your work will be
rejected. It is a well-known fact that there
are engineers and there are writers and not
very often engineers who are also writers.
The editorial team is perfectly happy to
grind the sharp corners off awkward prose,
to translate stilted English into the
readable variety and to correct spelling and
punctuation. The essential requirement is
that the submitted piece should contain all
necessary information, including details of
any difficult to obtain components, if the

piece is a design for construction.

This is not to say that authors should not
take the trouble to write good English —
we cheer when a good, readable article
comes in — but we can cope with writing
that needs improvement. And please, do
not imagine that polysyllables and a
passive writing style is needed. Formality
‘may have its place in company reports
(though even then, it makes heavy
reading), but in Wireless World we prefer
the simple style, the active voice and the
minimum of the ‘it can be seen that’ kind
of remark. The function of technical
writing is to explain, not to demonstrate
the author’s knowledge.

Drawings must be clear, but not
[necessarily masterpieces of
draughtsmanship: if they are readable,
that is all we ask. Photographs can be
slides, glossy prints or negatives. To be
helpful, illustrations and captions are
better separated from the text, which
ideally should be typed double-spaced
with wide margins to allow room for our
annotations and printer’s instructions.

The comment on published work often
seen in letters from readers need not be
taken as a direct attack on one’s ancestry
and prospects for the after-life — the
letters usually contain useful information
and are quite impersonal (on the whole, at
any rate) often offering very worthwhile
.suggestions for improvement or containing
comment which clarifies obscurities in the
original piece.

Articles published in Wireless World are,
or should be, interesting, informative,
instructive and entertaining. If yours is
one or all of these, do not hang back — let
us have a look: you have nothing to lose.

k2
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Communicating
pictures

In the UK there has been considerable
soul-searching over the award of 12 in-
terim cable tv licences to 37 applicants.
Similarly, the IBA is required by Par-
liament to pursue what some people regard
as a long and tortuous path in awarding the
ITV and ILR programme contracts. But at
least the UK has not yet had to face up to
the mammoth number of applications
flooding into the FCC in respect of “‘low-
power television’’, ‘‘multi-channel
multipoint distribution service’’, over-air
“subscription tv”’, plus all those who see a
viable future in direct broadcast satellites,
high-definition television, “instructional
tv fixed service”, “‘satellite master-antenna
systems’’, teletext, videotext, electronic
mail and the like.

FCC already face a backlog of about
8000 low-power tv applications to run vir-
tually de-regulated “secondary status” tv
stations limited to 10 watts transmitter
power on u.h.f. and 1kW on v.h.f. Many
of the applications are to change current
low-power, transposer-type, gap-filling re-
lay stations to permit insertion of local
programme material. To try and clear
some of the backlog FCC have instituted a
form of “lottery” to pick winners for
popular areas, though based on the idea of
giving those applicants who meet most
closely the desired criteria more “chance”
of being drawn out of the hat than others
— a concept that might not go down too
well in the UK. The lottery is “rigged” to
favour applications that promote minority
ownership and diversity. Like a roulette
wheel, some numbers are more likely to
turn up! There are also over 20,000 appli-
cants for a limited number of MMDS fre-
quency channels. This technique, fast ri-
valling cable, uses omnidirectional
microwave (2 GHz) transmitters, often in
conjunction with satellite feeds, to send
video or other services direct to subscrib-
ers. It is regarded by FCC as a “common-
carrier” system. FCC have been allocating
only two MMDS channels to any given
market, but has been pressurised to in-
crease this to 14 channels in each of the
“top 50 markets.

More homes

Distribution of tv and radio programmes
over dedicated distribution satellites, initi-
ally to provide feeds for cable systems, is
rapidly extending in the USA to all
multipoint services, including major tv
networks who until recently have re-
mained faithful to long-established terres-
trial microwave links. Television receive-
only dish aerials are located alongside
many American stations, including over
500 commercial tv stations, several with
more than one dish to receive from dif-
ferent satellites, and many more than this

f

are installed for the cable networks.

Despite the large increase in American
subscribers to cable tv, from about 7 mil-
lion to over-30 million in the past ten years,
the effect on audiences for broadcast tv
from the network affiliate and independent
stations has been far less than predicted.
One reason for this is the continued in-
crease in the total of American “tv
homes”’, known as “HUT” (homes using
tv). In the past decade this has risen from
about 65 million to well over 80 million.
One result is that network tv has been
achieving its largest audiences ever with,
for example, the final episode of M.A.S.H.
on February 28, 1983, reaching the first-
ever national audience of over 50-million
viewers.

The reasons for the continued increase
in tv homes in the USA — a rate of in-
crease far greater than in the UK -
appears to reflect a smaller average size of
households rather than growth of total
population. The average size of households
has dropped by about 12 per cent in the
past decade and is now only two-thirds the
size it was in the 1930s. Three main factors
account for this: the declining birth-rate;
fewer old people living with grown-up
children; and an 80 per cent increase in the
past decade of “single parent families”
reflecting the high divorce rate. These fac-
tors have had the unanticipated effect of
cushioning the commercial broadcasters
against audience fragmentation by cable,
as well as having a significant impact on
the American consumer electronics mar-
ket.

In the UK, tv licence totals at the end of
September 1983 were: black-and-white
3,575,234; colour 14,925,023; old people’s
homes 539,000; and dealers’ demonstra-
tion 20,000. This gives a UK HUT of ap-
proximately 19 million, plus the unknown
number of licence evaders. At the end of
1972 the corresponding figures were:
colour 2,815,703; black-and-white
14,182,880 and a HUT of roughly 17.2
million, plus the licence evaders. Both in
the USA and UK there has, of course,
been a large increase in the number of
multi-set homes.

Sensitive at 3 mm

A cooled 75-95 GHz receiver built at Hel-
sinki University for use with the Finnish
13.7-m diameter radiotelescope of very
high profile accuracy is believed to be one
of the most sensitive millimetric receivers
so far built for use at wavelengths of the
order of 3mm.

The double-sideband noise tempera-
ture, when used as a continuum receiver
with a bandwidth of S00MHz, is about
100K. Since no provision is made for re-
jection of the image band, the s.s.b. noise
temperature for spectral line observations
is rather over 200K.

The front-end comprises a Schottky

mixer-diode chip and 1.4 GHz i.f. ampli-
fier cooled to 20K with a closed-cycle
helium refrigerator. The i.f. amplifier,
provided by the University of Massachu-

setts, uses two Mitsubishi MGF 1412
GaAs fet devices with a noise temperature
of about 50K at room temperature and
12K when cooled to 20K. The local oscil-
lator is a klystron.

Secretly on satellite

Portable communications equipment
displayed recently on Russian television is
further evidence of the growing use of
satellite systems for long-distance clandes-
tine communications. The American-made
equipment included a keyboard transmis-
sion system apparently for enciphering and
sending text in high-speed bursts. The
equipment was seized by the Russians
from an English “journalist” shot dead
while using the identity “Stuart Bodman”
inside Afghanistan on what would appear
to have been a freelance mission on behalf
of an American intelligence agency.
Similarly, a few months ago an American
diplomat was expelled from the USSR
after it was alleged that he was caught
communicating via satellite from his car.
The portable communications equipment,
believed to have been manufactured by
Motorola, appears to be much smaller and
lighter than the man-pack satellite equip-
ment made by Ferranti, based on work at
the Royal Radar and Signals Estab-
lishment. A year or two ago an American
communications engineer presented a con-
ference paper suggesting that the two-way
long-distance radio “wrist-watch” could
move before long from the realms of tv spy
dramas to reality.

However an indication that intelligence
agencies still rely also on more traditional
h.f. systems is evident from recent full-
page advertisements in American amateur-
radio journals seeking to recruit more
technicians and operators for the CIA,
proudly proclaiming itself to be “an equal
opportunity employer.”

The major advantage of using satellites
for clandestine operation must be the res-
tricted area from which the exact location
of the ground equipment could be deter-
mined by means of direction-finding. Ex-
tremely compact and lightweight equip-
ment would suffice to communicate via a
low-orbit satellite but the equipment
seized in Afghanistan must be approaching
the practical limits with current tech-
nology for use with geo-stationary satel-
lites.

The October Communications Com-
mentary mentioned military interest in
millimetric communcations in frequency
bands of very high attenuation. This is
underlined by the Norden 54 GHz omni-
directional radio system noted in “Jane’s
Military Communications 1983 de-
veloped “to take advantage of the signal-
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hiding characteristics of this frequency
band”. With a restricted range of about
1.6km (omni-directional aerials at each
end) it is claimed to reduce probability of
interception or disruption by jamming.
Norden also make hand-held 54 GHz
equipment.

Giant space platforms

In the 1983 Shoenberg Memorial Lecture
of the Royal Television Society, Dr Del-
bert Smith, an American lawyer with
special interest in space communications,
forecast the early demise of single-purpose
satellites launched by expendable rockets
and the development of multi-purpose
space platforms the size of a couple of
football pitches, each carrying a full range
of telecommunications facilities and beam-
ing down 40 channels of DBS television
from large parabolic aerial dishes. The
platforms, he believes, will be assembled
in low orbit, using material brought up in
the cargo bays of several- Space Shuttle-
type launchers. The assembled platforms
would then be shot into geo-stationary or-
bit and serviced by unmanned repair
vehicles, using complex robotics tech-
nology to replace complete transponders,
and sent up from manned space laborato-
ries. Just six large platforms could cater for
virtually all telecommunications and tv re-
quirements up to the end of the century.

But he also forecast the creation of new
multinational corporations and the growth
of specialised space insurance business.
Attempts to “regulate” tv broadcasting
across frontiers would fail and the concept
of ““prior consent” on the part of the target
country could not be enforced, he believes.
Voice of America, he hinted, are actively
planning radio and tv satellite broadcasting
to foreign countries. The platforms, with
multiple ownership and privately funded,
will challenge PTT and Intelsat-type tele-
communications monopolies, and bring
many legal problems to lawyers.

A TE@}B%
RADIO

First DBS news

What is being claimed as the *“first ever”
transmission of a regular radio new service
intended for direct reception from space
took place on October 15. This was
launched by British radio amateurs using
the callsign GB2RS via the special H1
channel (145.975 MHz) using s.s.b.
(upper sideband).

The 15-minute bulletin was compiled
jointly by David Gough, G6EFD, Kim
Mair and Ron Broadbent, G3AAJ and
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recorded on tape by John Nelson,
GA4FRX. The tape was then transmitted by
Graham Shirville, G3VZV of Milton
Bryan, Bedfordshire.

Coverage area of Oscar 10 in its highly
elliptical orbit varies with its position but
typically these broadcasts should be re-
ceivable over much of Europe and Asia or
alternatively in Europe and the eastern
seaboard of North America. Reception re-
ports of these Sunday morning and
afternoon transmissions (times vary to suit
orbital data) are needed and should be sent
to RSGB or AMSAT UK, London El2
SEQ. Callsign is likely to change to
GB2AUK.

Amateur radio provided emergency
communications out of Grenada during the
initial stages of the American invasion of
the island. The DTI does not encourage
UK amateurs to become involved in such
communications and has reminded them
that if they do receive emergency traffic on
any occasion they should contact the Radio
Regulatory Division (01-275 3000) before
passing on any third party emergency mes-
sages to individuals or to the media.

The University of Surrey has estimated
that during the two years in orbit of UO-
SAT some 5000 amateur, educational and
professional ground stations have received
data from the satellite. A booklet on UO-
SAT has recently been distributed to
schools. The UOSAT team is currently
building , to a tight timescale, a second
satellite to develop the objectives of the
first. Subject to acceptance of the propo-
sals by NASA there is a possibility of a
launch early in 1984.

G. Shirville, G3VZV, as a result of ob-
servations during a recent period of high
activity by amateur television stations
using 435 MHz, is convinced that serious
mutual interference between the tv ama-
teurs and those using 435 MHz as a satel-
lite up-link frequency is unlikely to occur.
There remains a potential problem with
the Oscar 10 transponder which has a 436
MHz downlink.

More on ““ten’’?

The RSGB, concerned with intrusion by
CB operators into the “exclusive” 28.0 to
29.7 MHz amateur band, is seeking to
encourage more legal use of this band dur-
ing the forthcoming period of low solar
activity. From about 1984-87, reliable
long-distance contacts via ionospheric ref-
lection are likely to be possible only rarely;
nevertheless the band remains entirely
suitable for down-links from amateur sa-
tellites; for medium-distance contacts
using Sporadic E layers; auroral reflection;
and by meteor scatter. It can also be used
for extended-range and short-range fixed
and mobile communications, on ground
wave or by using ducts, etc. Efforts are
being made to introduce a band plan that
includes a degree of channelling for nar-

row-band frequency modulation, includ-
ing provision for 29 MHz repeaters. Des-
pite declining solar activity this winter has
seen good “openings” on 28 MHz with 14
beacons, including one in Antartica audi-
ble on October 28.

Ageless Morse?

The minority of British Class B licensees
who have been lobbying to eliminate the

. Morse test as an essential qualification for

h.f. operation continue to seize every op-
portunity of putting their case and ignor-
ing all counter-arguments. One wonders
what they will make of the decision of the
French authorities to issue F6 licences
valid for h.f. without an obligatory Morse
test — but only to persons over 65 years of
age. The American ARRL, the largest of
the national societies, remains adamant
that “It is wrong to eliminate the Morse
Code requirement in the Amateur Ser-
vice”.

Here and there

Clive Elliot, G4MBS (ex-G8ADP) who
pioneered the use of rain-scatter on 10
GHz for amateur contacts, can now
operate mobile or stationary-mobile in all-
weather conditions and from convenient
high sites by means of a permanently-

-equipped ex-Army Land Rover. This has a

roof-mounted 2.5ft dish aerial controlled
from the driver’s seat using an aeronautical
compass.

The experimental 144 MHz s.s.b. (pilot
carrier) repeater, GB3SF, to be located at
Sheffield has now been licensed on an ex-
perimental basis for one year. The input
and output frequencies are 10 kHz on the
h.f. side of the R7 repeater channel
(145.185 MHz and 145.785 MHz). The
frequency off-set is intended to minimise
interference to n.b.f.m. repeaters or other
users.

RSGM membership at June 30, 1983
totalled 33,868 compared with 32,215 the
year before; however, the increase of 1653
required 5498 new members . . . The
British Amateur Television Club is to hold
its 1984 Convention on May 20 at a larger
Post House Hotel complex at Crick, near
Rugby . . . Amateur tv activity on the
23cm band appears to be increasing . . . L.
Waters, GSBADE has developed an ex-
tremely sensitive detector of 15,625 kHz
line sync pulses, even when buried under
noise, to provide an audible automatic
alarm system to monitor for amateur tv
activity . . . The British Amateur Radio
Teleprinter Group now provides informa-
tion on Prestel, British Telecom’s viewdata
service. Page number 8008 2001 . . . A
Korean radio amateur, HLILJ, was a
member of the crew of the Boeing 747
(Flight 007) shot down in the Far East.

PAT HAWKER, G3VA
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Computer-controlled
XY plotter

An alternative to expensive, commercial plotters, which is made from easily obtained
materials and exhibits a very high performance. Resolution is around 0.002in per step and

The microcomputer is rapidly becoming
an essential tool for many engineers. It can
be used to perform calculations and
repetitive tasks and to help in decision

making by detailed analysis of data..

However, to do this it must be able to
communicate with the outside world. Half
the battle is to represent the machine’s
output in a way which is understandable to
humans. It is true to say that a picture
paints a thousand words; it is for this
reason that an XY plotter is such a useful
computer peripheral.

The cost of such a piece of equipment is
way beyond the budget of most amateur
constructors, so an alternative was sought.

The principle is simple enough: two
precision stepper motors move a pen over a
sheet of paper. One controls the movement
in the X direction whilst the other controls
the movement in the Y direction. A facility
to lift and drop the pen onto the paper is
also added to enable unconnected lines to
be drawn. An interface is also included so
that the computer can control the move-
ments of the pen.

Stepper motors

The stepper motors form the central part
of the project. Because of this they must be
good quality precision motors with

sufficient torque to move the pen without

slipping or missing steps. A pair of 12V,
200 step-per-revolution, 250z. in. motors
were used in the prototype, purchased
from Stewart of Reading at £12 each as
second-hand but unused. The cost of new
motors is not really justified, as I have
been quoted £60 for motors of this type.
An alternative source may be scrapped
computer peripherals such as printers, disc
drives, etc.

The motors used were of the four-pole
variety and so have no permanent-magnet
rotor. The rotor can be made to rotate by
successively energizing each of the four
coils in turn, stepping round to face each
of the energized coils.

Although the positioning of the coils and
the shape of the rotor allow 200 positions
per revolution to be obtained by this
method, it can be seen that, if two adjacent
coils are energized in the following
sequence, 1, 1+2, 2, 2+3, 3,... then 400
steps per revolution are obtained. This,
combined with a pulley drive wheel of
0.8in circumference, gives a theoretical
resolution of 0.002 in per step. The
positioning of the pen is not repeatable to
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total cost is less than £100

by P. N. C. Hill

this accuracy but the resolution is greater
than the thickness of the pen so perfect
curves can be drawn.

Motor-drive
The operation of stepper motors is by no
means straight-forward, as the inductance
of the windings combined with the mass of
the rotor and associated resonances limit
the maximum slip-free acceleration rate, as
well as the maximum (and in some cases
minimum) step rate. :
To achieve the best possible per-
formance from a given motor the driver
characteristics must be tailored to suit the
requirements of the motor. If the

(1}

T

TEEETT

manufacturers’ data is available this task is
made considerably easier. However, in the
case of the second-hand motors, no data
was available, so that trial and error
methods had to suffice.

Each motor has four phases and so four
identical drivers. The circuit for each of
these is shown in Fig. 2. Tr; and Tr;
operate in one of three modes: cutoff,
saturation or conduction of a small holding
current. The power dissipation in the
output transistors is therefore kept to a
minimum so no heat sink is required. The
open collector t.t.1. buffer, B}, will ground
the base of Tr, when its output is low.
This will put both transistors into cutoff.
When the buffer output is high, current
flows into the base of Tr; via Rjand R; so
saturating both transistors. If, however,
the output of B; is low then some of the
current that would have flowed into the

(3)

------- I IH

Fig. 1. Internal configuration of a typical four-pole stepper motor. The sequence shows

how the half stepping is achieved.

Logic
ground s ”

@

Power

ground

Fig. 2. Motor driver circuit. The enclosed section is required only once for each motor.
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base of Tr; is taken by Rj. This causes a
small quiescent current of about 100mA to
flow in the stepper motor coil. The ohmic
heating in the motor windings is drastically
reduced, whilst the low current ensures
that the motors do not continue to turn
after each step because of momentum. It is
the monostable associated with each motor
drive circuit that controls the state of B;
output. Only when a step command is
issued is the monostable triggered to
deliver a short (100ms) pulse.

The relatively high supply voltage of
30V ensures that the back e.m.f. induced
in the motor’s coils is quickly overcome
whilst the current pulsing ensures that
ohmic heating is kept on a minimum. By
adjusting the current pulse width and the
relationship between R;, R;, Rs, the
optimum preformance can be obtained
from the stepper motor.

Driver current limit

The driver circuit was designed to be
usable with almost any four-pole stepper
motor, as it was intended to use the
finished product as a piece of test
equipment for future projects using
stepper motors. It was partly for this
reason that protective circuitry was
included to prevent damage due to shorted
outputs etc. Figure 4 shows how this was
done. The op-amp ensures that a sharp
cutoff is obtained when the current
threshold is reached.

Control circuitry

As was mentioned before, the sequence in
which the current is switched in the coils
controls the direction of movement of the
motor. Figure 5 shows the required
sequence for the four-pole stepper motors.
It is simple in nature, but it must be
possible to stop at any point and then
reverse the process so that the motors can
move both forward and backwards. The
first thought, as regards the
implementation, was to use an up-down
counter with combinational logic
converting the three-bit binary output into
the correct signals to control the driver
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Fig. 3. Driver transistors.

stages. However, the realisation of this is
excessively complicated and requires far
too many chips to be practical, particularly
as two such control circuits are needed.

The control circuit obviously has eight
outputs (four for each motor) so a
sequential circuit built with an eight bit
r.o.m. would be suitable.

A rom can be used as a sequential
controller by connecting its outputs back
to some of its inputs via an edge-triggered
latch. Each time the latch is triggered the
present state of the outputs is fed back to
the inputs. The new state of the outputs
then depends on the contents of the rom at
the location addressed. Figure 6 shows the
block diagram of a typical rom-based
controller system.

Controller implementation

The implementation of both motor con-
trollers in one eight-bit rom is slightly
imore involved. Both must operate inde-
‘pendently despite the coding for each be-
ing in the same area of memory, the
contents of the coding for each being in the
same area of memory. The contents of
each memory cell can be represented by a
two-digit hex. number. The left hand digit
thus refers to one of the controllers whilst
the right hand digit refers to the other.
Each byte of memory thus consists of two

Gr—rn—r~

10k

Lk7
Logic
7

ground

unconnected nibbles of data. The coding is
arranged so that each controller can
operate totally independently, and the
code must actually take care of all possible
states of one controller for every state of
the other. The result is one kilobyte of
code, the listing of which is given in Ap-
pendix 1.

Figure 8 shows the controller circuit.
The two address lines A8, A9 are used as
direction control inputs. Outputs from the
latches are connected to the driver stages
as described earlier. The facility to move
the plotter manually is also included. The
output of the 555 astable is gated to either
or both of the clock inputs on the latches
when the appropriate switches are closed,
its frequency being decreased when the
centre button on the front panel is
depressed, so both fast and slow manual
adjustment is possible.

Pen lift control

The pens can be lifted off the paper by
energizing the electro-magnet concerned.
Current pulsing is adopted here too to
reduce ohmic heating. A short, high-cur-
rent pulse ensures that the pen is lifted
smartly off the paper where it is kept by a
much lower holding current. The circuit is
shown in Fig. 9, and the best performance
is once again achieved by suitable choice of
Rs, Rg and the current pulse width.

Plotter mechanics

Two precision stepper motors form the
basis of the plotter. However, if the
mechanics of the plotter are inadequate
then their resolution and repeatability are
wasted.

Rather than move the pen in both the X
and Y directions it is obviously very much
easier to limit the movement to one of the
directions whilst moving the paper in the
other. Various slider mechanisms were
tried, but all proved to limit the perform-

Coit 1 Coil 2 Coil 3 Coil &

0 0 0 1

0 0 1 1

0 0 1 0 Reverse
0 1 1 0

0 1 0 0

1 1 0 0 Forward

1 0 0 0

1 0 0 1

Fig. 5. Sequence for energizing stepper
motor windings.

3 x 1N40O1

Power
7. qround

Fig. 4. Driver protection circuitry. RV; sets maximum output current.
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rom.

Fig. 6. Flow diagram of a simple rom

sequential controller.
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Fig. 8. Controller circuit diagram.
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Fig. 9. Pen lift control electronics.
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Data {reverse) Data {forward)

Address A=0 A=
0000.... 0001 d 00014
0001 0011 1001
0010 0110:}t] 0011
0011 0010 0001
0100 1100 L0110
0101 0001 d et 0001 d
0110 0100 — 0010
0111 0001 d 00014
1000 1001 1100
1001 0001 1000
1010 0001 d 00014
1011 00014 00014d
1100 1000 0100
1101 0001 d 00014
1110 0001d 0001d
1111 00014 00014

Fig. 7. Rom coding for a simple, four-
output sequencer. The four outputs are fed
back to the four least significant address
inputs via edge-triggered latches. Each
time the latches are triggered the system
moves onto the next state. A change from
the forward to the reverse sequence is
accomplished by changing the state of
address line Ag.

All locations marked ‘d’ are dummies
and are never normally used. However
they point back into the sequence to enable
the system to be self-starting on power up.

ance of the plotter because of excessive
friction. The simplest solution turned out
to be the best: the principle can be seen in
Fig. 11. The moving part of the slider
rides on two ball-bearings which in turn
rideon a narrower channel fied to the base
of the machine. As the lower fixed partof
the slider is narrower than the moving
part, the ball-bearings move less relative to
the upper channel than to the lower chan-
nel. This, in turn, means that the upper
channel can be much shorter than the
lower channel, making the entire plotter
much more compact. The aluminium
mouldings used were originally intended

. for use as curtain rails, of which several

types are available, all of which conve-
niently differ slightly in size, so careful
selection will be required. A local bicycle
shop will doubtless be able to help with the
ball-bearings. The resulting slider mech-
anism is ideal as both friction and stiction
are very low, the only drawback being that
the mechanism does not hold together
when turned upside down!

The sliding trollies are kept upright by
small wheels. A second channel and ball-
bearings was not used as this would re-
quire very accurate alignment of both
channels. The wheels run on a flat metal
surface and are made from plastic (tap
washers) so that they rotate rather than
slide. Very small (Y4in) ball races form the
wheel bearings.

A flat Perspex sheet was used for the
plotter bed. This has a sliding rail at one
end and two sets of wheels at the other and
is mounted in a metal tray which forms the
base of the machine. The pen-carriage
slider was then fixed on stilts above the
plotter bed. The carriage then fits on
above this so that it slides perpendicular to
the movement of the bed. See Fig. 12.
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Fig. 10. Controller p.c.b. Interconnections are made with wire-wrap wire from pins on the

component side.

Stepper-motor mountings

The motors are mounted on the carriages
which they move so that there is sufficient
weight to keep the ball-bearing sliders in
place. This extra weight limits the accel-
eration of the plotter and so the average
plotting speed. However, it does not affect
resolution or repeatability. The motors
drive small flat pulleys round which is
wrapped a thin piece of thread (cotton
button-hole thread works best) which is
kept in tension by a small stiff spring at
one end. These pulleys must be of accu-
rately known circumference if scaled plots
are required. Figure 13 shows the sug-
gested profile. To prevent slipping, the
active area should be lightly knurled, and
it should also be noted that in order to
prevent the carriage twisting, the pulley
and thread should be close to the ball-
bearing slider. The wires running to the
motors can be fairly thin and flexible so

that they do not hinder the movement of
the carriage.

Pen and pen mounting

Several types of marker were tried but
none were ideal. Felt- and fibre-tipped
pens produced lines of different thickness,
depending on drawing speed. Since the
speed will vary according to the nature of
the shape being drawn, these pens were
unsuitable. Ball-pens all require pressure
to function correctly but the resulting fric-
tion affects the plotter’s performance. The
best choice so far has been drawing pens of
the Rotring kind, which do not blotch and
produce lines of known constant thick-
ness. However, they do clog if left with
their caps off for any length of time.

The pens write on the paper under their
own weight and are lifted off the paper by
an electromagnet, the mechanics of which
can be seen in Fig. 14 and in the photo-

Fig. 12. Shows the completed plotter with a map of a well known country drawn on the

machine earlier.
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Fig. 11. Slider mechanism. Two ball-
bearings are used in each slider.

Fig. 13. Shows the pulley and thread
arrangement for one of the stepper motors.

Mild steel slug with
phasphor bronze plate

Coil for
electromagnet

Mild steel
pole pieces
\
Alloy — | N Egc;wmg

pen carriage wreaded
collar to
hold pen

support
attached /
fo =
moving g A Se=s
N\
\Phosphor- l
bronze spring

Fig. 14. Cross-section of pen lifting
mechanism. More than one can be used to
provide different coloured pens.

graph in Fig. 15. The pen screws into a
metal ring which is soldered to the brass
lever. Threaded collars can be bought
from Rotring stockists as adapter rings.

The mild steel slug is attracted to the
poles of the electromagnet, but is pre-
vented from making direct contact by a
thin piece of phosphor-bronze soldered to
its surface, to prevent a closed magnetic
path from being formed, which would
cause the slug to stick even when the
power is switched off. To ensure that the
pen is picked up smartly, the electromag-
net is pulsed hard on for a few hundred
milliseconds. The current is then reduced
to a lower holding value to prevent over-
heating of the coil.

Computer interface

The computer is able to control every
movement of the pen over the paper, but
the problem comes when one has to des-
cribe to the computer what the picture
required looks like. One of the most suit-
able languages is probably Forth, which is
a control-based language, which is made
for such applications. Words can be de-
fined to perform specific rudimentary
tasks such as line and arc or circle drawing.
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Fig. 15. The pen carriage with the lifting mechanism. The stepper motor is visible behind
the pens.

Once these words are in the dictionary,
they can be used as the building blocks for
more complex words, which may do any-
thing from drawing a square to plotting a
map of the world.

The word used to draw straight lines
might be given two parameters x,y. Execu-
tion will cause the pen to move from its
current position to the point x,y relative to
where it was before. The pen must draw
the best possible approximation of a
straight line and end up at exactly the

Required (ine:
XAcfuul line

o drawn

Vi ad
s .
22 /P<Grudienr

7 5 so far

(
Origin for current line
being drawn

Fig. 16. Plotting a straight line by
approximation of the gradient.

0 5 10 15 20 25 30 35 &40 45

L5
40
35
30
25
20
15

TN

Fig. 17. Makeup of a character.
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point x,y. Failure to ensure the latter will
lead to accumulating errors when x and y
have no common factors. The easiest tech-
nique used so far is to approximate succes-
sively the gradient of the line being drawn
to the required gradient. If the line is too
steep then an extra step in the x direction is
made. Conversely, if the line is too shallow
then the pen is moved a step in the y
direction. This is illustrated in Fig 16: the
method is not perfect, so any suggestions
would be most welcome.

The circle drawing word is more of a
problem. If a-floating point language is
available, then a plot of x=SQR(r*r—y*y)
will suffice. However, if an integer lan-
guage such as Forth is being used, then all
calculations must be done in fixed-point
format, using a numerical method for the
function evaluation. In order to avoid com-
pounding errors all calculations should be
done with sufficient accuracy (double
precision arithmetic).

It is also important to ensure that every
time the pen is moved a record of the
number of steps moved is kept. This
number is then subtracted from the re-
quired number to leave a fraction as a

remainder. This is then added into the
calculation following to ensure that errors
do not accumulate.

Drawing alphanumerics

Although alphanumerics consist of a com-
bination of curves and straight lines, a
good character set can be made up by
using straight lines only. This naturally
makes the software very much easier.

The entire character set and more can be
held in a few kilobytes of memory. Each
pair of memory locations contain the x and
y coordinates of the new position of the
pen relative to its previous position. In
addition various control codes are added to
lift and drop the pen(s). For example,
FFH and FEH can be used as control
codes because it is unlikely that either will
be used for coordinates.

Figures 17 and 18 show how one letter is
coded. The entire ASCII character set can
be coded in such a way with the least
complicated characters taking up the least
space in the memory table. Once the basic
shape of all the characters has been
recorded in the computer the software
which uses the data to move the pen can be
made to manipulate the shapes of the char-
acters.

Character spacing can be altered by
moving the pen between each character.
The line along which the characters are
drawn can be rotated by using simple mat-
rix algebra. Characters can be slanted to
produce italics by manipulating the coordi-
nates as follows: x=x+c*y. The larger the
value of ‘c’, the more the character slopes.

The size and aspect ratio can be altered
by multiplying the x and y coordinates by
constants.

The artwork shown in Fig. 21 was partly
drawn on the plotter. All the bus intercon-
nections along the lines of memory chips
were plotted as was the lettering. The indi-
vidual connections at the end of the board
and the thickened supply lines were drawn
in later by hand. As the lettering indicates,
the design is laterally reversed as this is the
pattern seen from the component side
which is naturally the easiest side from
which to design. It would not be difficult

Fig. 18. Make-up of
characters by
approximation of shape
with short straight lines.
The table shows the
required sequence to
reproduce the letter ‘A",

x coordinate | y coordinate
5 0 Move to start of letter
255 255 Pen down
0 30
5 10
10 S
S 0 Top of the letter
10 =3
5 -10
0 -10
25S 254 Pen up
-35 0 Move to start of horizontat
255 255 Pen down
35 0 Draw horizontal
0 -20 Complete the upright
255 254 Pen up
5 0 Move to startof next character

ABCDEFGHIJKLMNOPQRSTUVWNXYZ 1234567899

Fig. 19. An example of lettering drawn by the plotter. The alphabet was drawn with a
resolution of 200 steps per revolution. The steps are just discernible.
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Fig. 21. Artwork for a memory board. All bus interconnections were drawn by the plotter.
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Assembly language
programming

Digital signals lend themselves to processing, but they can only signal two conditions and
are, therefore, of limited use in the outside world. Analogue interfaces, the subject of Bob
Coates’ ninth tutorial, use a number of bits to sense or produce a signal with many

Digital i.cs such as microprocessors
recognize signals with two voltage levels
representing either a one or a zero, but to
be useful they often have to process and
generate analogue signals with many
different levels. Analogue interfaces are
used for this purpose and they fall into two
main categories; a digital-to-analogue
converter, d-to-a, turns digital information
from the processor into an analogue output
signal with many levels, and an analogue-
to-digital converter, or a-to-d, senses,
analogue-input signals and turns them into
digital information suitable for the micro-
processor. Usually, analogue converters
are separate i.cs but some microprocessors
such as ‘R’ versions of the 6805 have built-
in analogue converters.

Digital-to-analogue converters

Such converters turn a binary number
represented by digital logic levels into an
output voltage which is proportional to the
weighting of the binary value. Most
common i.cs used for this purpose take an
eight-bit binary value and produce an
" analogue output at any one of 256 discrete
levels (2%). An ‘R-2R’ ladder network
similar to the two-bit version shown in
Fig. 1 is usually used. Here the two digital
inputs by and by drive transistor circuits
whose outputs switch between 0 and 5V
supply rails on receiving a logical zero or
one respectively. When both inputs are at
zero, the equivalent circuit Fig. 2(a) shows
that the output is about 1.25V. With
respect to accuracy, the value R is

<> +5V
Solid - state
switches 2R
2R
By —t --
R
2R
X R
Output

ey

Fig. 1. Basic digital-to-analogue converter
circuit. Two digital input bits, by and b, are
converted to one of four output levels
using an R-2R network. Bit by is the least-
significant digit of a binary word and b, is
the most significant.

30

possible voltage levels.

by R. F. Coates

unimportant but the resistors must be
matched. If input by is taken to logical
one, the output becomes half the supply
voltage as equivalent circuit Fig. 2(b)
shows. With by at zero and b; at one, the
output is 3.75V, Fig. 2(c), and with both
inputs at logical one, the output is the
same as the supply voltage, Fig. 2(d).

This principle, using two digital inputs
with four possible binary values to give
four output-voltage levels, can be extended
to produce an 8-bit d-to-a with 256
possible output levels. Circuits of Fig. 2
assume no output loading and in practice
such converters are usually followed by an
op-amp buffer to ensure that the resistor
network is not loaded.

Picotutor analogue board

An analogue interface board designed for
Picotutor around Ferranti’s ZN425E i.c.
was described in the January 1983 issue of
Wireless World, pp. 70-72. Its circuit

(a)

< +5V
2R
R
Output
2R 2R
& ov
bo =0, bq=0
()
4 4 +5V
2R 2R
R
Output
2R
— ov
bo =0, by=1

diagram shows the eight data lines that
connect to Picotutor port A lines and an
op-amp that serves to buffer the converter
and multiply the output voltage by two.
Instead of the R-2R ladder being fed
directly from the 5V supply rail, which
may not be accurately regulated, the
ZN425 has its own regulated ladder feed
which is typically 2.55V. Qutput range of
the device is therefore 0 to 2.55V with
steps of 2.55/2% which is 10mV. The
converter circuit is shown at the end of this
article.

After setting up as prescribed under the
heading Voltage generation in the January
1983 issue, operation of the board can be
seen without having to write a program.
First, port A lines must be set as outputs
by keying in MO, 004, FF which sets the
A data-direction register at address 004 to
all ones. Press the down-arrow key until
the port A data register address, 000, is
reached. A voltmeter then connected to
analogue board output will show that
changing the contents of this address from
00 to FF will change the analogue output
from OV to 5.1V, provided that gain
potentiometer Rj is set correctly. Without

(b)
+5V
R
Output
2R
> ov
bo =1, b1 =0
(d)
+ 5V
2R 2R 2R
R
Output
ov
bO =1 bq=1

Fig. 2. Equivalent circuits of the network shown in Fig. 1 for the four input permutations.
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( Start )

Set display to 0.00
Set port A to
all outputs
Set port A
outputs to zero

Get 3 decimal keys,
update display
and store in ram

Input vatue
>6.107?

Jump to
Error system call

Convert s -digit
Jecimal number

to binary

Divide result by 2*

*D-to-g is followed
by op -amp
with gain of 2

Store value in port A

«

Fig. 3. Picotutor contains a program for
converting three decimal digits entered on
the keypad to binary form. This binary
value is sent to the digital-to-analogue
converter board through port A.

writing a program though, the output
voltage has to be set using binary numbers
as opposed to decimal ones.

Voltage generator
There is a routine in the Picotutor monitor
which allows decimal voltage values to be
keyed in and appear at the analogue
output. Access to this routine is through
location OCE which contains a jump to the
actual routine. Three decimal digits are
entered as one unit and two decimal
places; these are converted to binary form
and stored in the d-to-a converter by the
program whose flow diagram is shown in
Fig. 3. List 1 is assembled source code
derived from the flow diagram. Display is
initially cleared by CLRDIS and 0.00
placed on the right of the display. Port A is
set for all outputs and at zero. At the start
of the main loop, index register X is loaded
with the address of the first display digit
which is units-volts. System call THEX7 is
then used. This call, not given in the list of
system calls (see September 1983 issug), is
similar to THEX but it only reads one key
entry and if it is greater than seven, aborts
to START. If the value is less than or
equal to seven, the call stores the seven-
segment equivalent in the effective address
given by the index register, increments the
index and returns with the decimal value
of the key in the accumulator. If you wish
to use the call in your owp programs, it can
be accessed at address 095. This value is
then stored in ram address POINT.

We need the decimal point indication
with this digit, which THEX?7 will have
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turned off, so this is done next. THEX is
then called to get the next two key entries,
updating the display and returning with
the two key entries in two accumulator
nibbles; these are stored in POINT+1.
POINT and POINT+1 should now
contain a three-digit decimal value. The
maximum output from the analogue board
is 5.10V, so the program checks that the
entered value is not greater than this. If so,
the routine is left and a jump to ERROR
displays the error message. Having
decided that the entered value is within
limits, it is now converted to binary by
calling BCDBIN. The index register is
first loaded with the address of some spare
ram to receive the result. If bit C in the
condition-code register is set on return
from BCDBIN it means that one or both of
the second or third digits was not a decimal
digit but one of the A to F keys, which also
results in an error. The valid binary value
in 0,X and 1,X, is now divided by two by
LSR0,X and ROR1,X which shifts the
two 8-bit bytes right by one bit. This is
because the ZN425E can only produce a
maximum voltage of 2.55V and we are
adding a x2 gain amplifier to achieve a
maximum output of 5.10V.

The binary value divided by two is
stored in port A and passed on to the
inputs of the ZN425E. The program then
loops back to wait for the next value to be
entered.

Analogue-to-digital conversion

These circuits allow a microprocessor to
read an analogue voltage rather than gener-
ate one but the most common method of
converting analogue signals to digital form
uses a d-to-a converter and comparator,
Fig. 4. Output from the d-to-a is taken to
one of the comparator inputs and the
voltage to be measured to the other input.
Output of the comparator is taken to an
input of the microcomputer. If the d-to-a
output is less than the unknown voltage,
the comparator output is low, and if
greater than the unknown voltage it will be
high. To determine the unknown voltage
all that is needed, knowing what voltage
output the d-to-a will give for a given digi-
tal input, is to perform the operation
shown in Fig. S.

Starting with zero output from the d-to-
a, check to see if it exceeds the unknown,
if not, increment the converter output
voltage by one step and check again, and
keep doing this until the d-to-a voltage
exceeds the unknown one. The binary
value driving the d-to-a converter is now
approximately the same as the unknown
voltage and can be read by the processor.

Analogue voltage
fo be measured

D-to-a
Micro onverter
hero-
pr:);;s:;r Comparator
Input from
comparator

Fig. 4. Most common analogue-to-digital
circuits use a digital-to-analogue converter
and comparator as shown here.

Set d-to-a output
fo zero

]

Increment d-fo-a
input value

Comparator
output high?

D-to-a voltage
equals
unknown voltage

End

Fig. 5. Flow diagram for simple analogue-
to-digital conversion. In this method,
output from the converter is increased one
step at a time from zero until the
comparator switche:s.

On Picotutor, the analogue-board op-amp
previously used as a buffer is now used as
the comparator. With the analogue in-
terface still connected as described for
voltage generation, move S to the a-to-d
position (toward IC;). This disconnects
the op-amp feedback loop and connects its
inverting input to the slider of R, and
hence to the analogue-input terminal. An
extra link is needed between the analogue-
out pin and an input on the 68705. Any
spare input would do but use the interrupt
pin, int., for convenience. In this example
the interrupt-request pin is used in a mode
not available on most microprocessors. If
the interrupt mask is set, the interrupt pin
may be treated as a normal digital input,
its state being tested by branch-if-inter-
rupt-high/low instructions. If the analogue
input pin is connected to +5V, the input
voltage can be varied between 0 and +5V
by adjusting R;.

List 2 is an assembly language example
for operating the a-to-d converter. It is
based on the flow diagram of Fig. 5 but
after having determined the voltage, the
program stores its hexadecimal equivalent
in the display, refreshes the display, then
loops back and starts again. Adjusting R;
while the program is running will cause the
display to change. If R; is over half way
though the display will blank (fully
anticlockwise setting is +5V) because the
ZN425E reference, and hence the maxi-
mum output, is only 2.55V. If the un-
known voltage exceeds this level the
interrupt line remains permanently low so
the program gets stuck in loop 2 and never
refreshes the display.

But there is a shortcoming in this simple
algorithm. If the unknown voltage is low,
then it finds a match fairly quickly, but if

_it is at full scale it will need to execute loop

2 256 times. This will take in the region of
3ms, which may not seem long, but means
it is only possible to sample at a rate of
300Hz. If the a-to-d device could convert
to 12 bits, this becomes 50ms and a maxi-
mum sample rate of 20Hz. As 12-bit a-to-d
converters with a sampling frequency of

2



*
VYGLOOP

ERR
CHECK1

*
CHECK2
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vV 6 EN

JSR
LDA
STA
LDA
STA
STA
LDA
STA
CLR

LDX
JSR
STA
LOA
ORA
STA
JSR
STA
LDA
CMP
BLS
JIMP
BNE
LDA
CMP
BHI

LDX
JSR
8CSs
LSR
ROR
LDA
STA
BRA

Set a register
with hatf scale values
and store ind-to-a

Shift register
right one bit

Yes

Register
now clear?

No

Subtract register
from d-to-a value

Add register
to d-to-a value

I J

Store result in d-to-a

Fig. 6. Successive

approximation speeds
up analogue-to-digital
conversion but
software is a little
more complicated.

Subtract one
fromd-to-a

List 1. Picotutor voltage-generator source list.

-- VOLTAGE GENERATOR. REQUIRES CONNECTION OF ANALOGUE
INTERFACE, D~A FORM

CLRDIS CLEAR DISPLAY

#H' DF’ PUT “0." IN &TH DISPLAY
DISBUF+3

#H' DD’ PUT "0 IN S5TH & 6TH DISPLAYS
DISBUF+4

DISBUF+S

#H FF’ SET PORT A TO ALL O/P'S
PORTAD

PORTA SET 0/P TO ZERO

#DISBUF+3 POINT X AT 4TH DISPLAY DIGIT

THEX? GET HEX KEY IN DISPLAY, BUMP X, VALUE IN A
POINT STORE KEY VALUE

OISBUF+3

#B°00000010° ADD D.P. TO DIGIT JUST PLACED IN DISPLAY
DISBUF+3

THEX GET IN NEXT TWO KEYS COMBINED

POINT+1

POINT NOW CHECK THE 3 ARE NOT >5.10

#5

CHECK1 BRANCH UNLESS 1ST IS >5

ERROR

CHECK2 IF NOT S5, MUST BE 0~4 SO CHECK NO MORE
POINT+1 1ST = 5, SO CHECK NEXT 2 ARE NOT >10
#H 10"

ERR

#H 6E’ POINT X AT SPARE RAM

BCDBIN CONVERT ENTERED NUMBER TO BINARY

ERR IF CARRY SET, ONE OF THE DIGITS >9

X OIVIOE RESULT BY TwWO

1.X -

1.X GET DIVIDED RESULT (8 BITS)

PORTA SET UP O-A WITH IT

VGLOOP AND GET ANOTHER VOLTAGE ENTRY

25kHz are not uncommon, a better algo-
rithm must be used.

Successive approximation

A successive approximation algorithm may
be used to speed up conversion. This
involves a succession of guesses, where the
next guess is based on the results of the
previous one. D-to-a converter output is
set to half way and the comparator output
checked. The check will either say that the
guess was too high or too low. If, for in-
stance it is too low, then the unknown
voltage must be between half and full
scale. Next the d-to-a output is set to half
way between half and full output, and
checked again. This process is repeated,
each time halving the error, until the
converter output is within one bit of the
unknown voltage. The highest number of
steps required to achieve this is the same as
the number of bits of the converter, in this
case eight. This means that the longest
time required to make a measurement on
Picotutor is only 100us, and for an equiva-
lent 12-bit converter the time would be
150us, a clear improvement over 50 mmil-
liseconds.

Successive approximation is a technique
which lends itself to working in binary.
Consider the starting point for a conver-
sion, with the converter set at half output.
With an 8-bit converter, this means storing
1000 0000 in the d-to-a. Comparator out-
put is then checked to see if the converter
output is less than or greater than the un-
known input voltage. If less, the next least-
significant bit must be added to the d-to-a
value to get the new value

1000 0000
+0100 0000
1100 0000

If it is greater, the next least-significant bit
must be subtracted from the d-to-a value

1000 0000
—0100 0000

0100 0000
All that is necessary for a complete conver-

sion is for the initial value to be repeatedly

shifted right, and after each shift added to
or subtracted from the value that the d-to-a
is set to according to the result of the
comparator test. This new value is stored
back into the converter.

Figure 6 shows a flowchart for a conver-
sion based on this technique. The main
loop, for an 8-bit a-to-d converter, will be
executed seven times; the last time a single
bit in the rightmost position will be added
to or subtracted from the d-to-a value giv-
ing a final resolution of *1bit. To cor-
rectly set the last bit to zero or one, the
comparator output is finally tested and one
subtracted from the d-to-a if it is still too
high.

Digital voltmeter

The digital voltmeter routine in the Pico-
tutor monitor uses successive approxima-
tion. Added to the basic program though is
the conversion from the 8-bit binary value
to decimal, this being placed in the display
with a decimal point in the correct place.
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List 2. Program for simple a-to-d conversion.

c3o0
231
€33
G35
03azv
e39
038
030
Q3F
0&t
043
045
047
049
048

98
ABFF
8704
B0BO
IF00
3coo
2EFC
8600
8098
B710
8600
BOYE
B711
8083
20EA

Loor
Loor2

SEI _ MASK INTERRUPTS

LDA #SFF SET PORT A LINES AS O/P'S

STA PORTAD

JSR CLROIS CLEAR DISPLAY

CLR PORTA SET D-A TO ZERQ

INC PORTA BUMPS UP D-A BY

BIL LOOP2 BRANCH IF D-A VOLTAGE < UNKNOWN
LDA PORTA GET 0-A VALUE

JSR LSEG

STA DISBUF STORE HEX DOIGIT IN DISP. BUFF.
LDA PORTA

JSR RSEG

STA DISBUF+1 AND RIGHT HEX DIGIT

JSR DISKEY REFRESH DISPLAY

BRA LOOP1 AND REPEAT INDEFINITELY

List 3. Picotutor’s d.v.m. program uses successive approximation.

D Vv

O * * % ® * x

LooP

SUCAP1

*

SUCAP2
SUCAP3

x
SUCAP4

DISP

DISP1

M --

SEI
LDA
STA
JSR
LDA
STA
STA
LSR
BCS
LDA
BIH
ADD
BRA

sus
STA
BRA

BIL
DEC
CLR
LDA
STA
LDX
ISR
LDA
JSR
ORA
STA
LDA
ISR
STA
LDA
JSR
STA

LDX
JSR
DEX
BNE
BRA

DIGITAL V
THE ANALO

#H' FF’
PORTAD
CLRDIS
#H 80"
PORTA
H'6E'
H'6E"
SUCAP4
PORTA
SUCAP2
H'6E"
SUCAP3

H'6E"
PORTA
SUCAP1

DISP
PORTA
POINT
PORTA
POINT+1
#H' 6E"
BINBCD

\ X

RSEG

#2
DISBUF
1,X

LSEG
DISBUF+1
1,X

RSEG
DISBUFs2

#H' 18"
DISKEY

DISP1
LOOP

OLTMETER.
GUE

REQUIRES CONNECTION OF
INTERFACE CARD, A-D FORM

SET INTERRUPT MASK
SET PORT A LINES TO O/P'S

CLEAR DISPLAY
SET D-A FOR HALF F.S. O/P
STORE ALSO IN A TEMP.
SHIFT RIGHT TEMP. REG.
IF CARRY SET, THEN 7 BITS HAVE BEEN SET SO FINISH
GET THE CURRENT D-A SET VALUE
IF INT LINE (ALOG COMP. O/P)/IS HIGH,
INT LOW, INC D-A BY ADDING TEMP.

REG.

BRANCH
REG.

INT HIGH, DEC D-A BY SUBTRACTING TEMP.
SET D-A TO NEW VALUE
GO BACK & DO SAME WITH NLS BIT

REG.

7 BITS SET, NOW SET 8TH

IF INT HIGH, DEC D-A. IF LOW,
PORT A CONTAINS 8 BIT CODE =
STORE IT IN POINT/+1

DON'T
ANALOG I/P

POINT X AT SPARE RAM
CONVERT TO BCD
GET MOST SIG OF THE 3 DIGIT BCD RESULT

ADD THE
AND PUT
GET THE

DECIMAL POINT

IN DISPLAY

OTHER 2 DIGITS
CONVERT MOST SIG TO 7 SEG
& STORE IN DISPLAY

SAME WITH LEAST SIG

CALL SR WHICH REFRESHES DISPLAY, H'18° TIMES
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Circuit diagram of Picotutor’s analogue
interface  which may be switched to
operate as an a-to-d or d-to-a converter

List 3 is an extract from the Picotutor
source list showing the digital-voltmeter
routine. After setting the interrupt mask,

. port A lines are set as outputs by storing

FF in the data-direction register. You will
notice here, and in List 1, that the method
used to indicate hexadecimal numbers is
different from that used by Motorola. In-
stead of $FF, H FF is used. This is be-
cause the assembler used for this program
was not produced by Motorola, but by
Philips. Next the display is cleared and the
main loop of the program is entered. The
d-to-a converter is set for half value and a
register at ram address O6E is also set with
this value. This register is then shifted
right, the current d-to-a value loaded into
the accumulator; depending on the state of
the interrupt line, the register is added to
or subtracted from the accumulator and
the result stored in the converter.

This loop, SUCAP], is repeated until
the bit that was originally set in bit 7
(H*80’) has been shifted right through to
bit 0 and into the carry bit of the condi-
tion-code register. When this carry bit is
detected, the loop is terminated and execu-
tion continues at SUCAP4 where the last
bit correction takes place. The binary d-to-
a value is now converted to binary-coded
decimal using system call BINBCD. This
gives a three-digit result between 000 and
255 for the eight-bit binary input fed to it.
Each digit is converted to seven-segment
code, (the most significant one having the
decimal point set on) and stored in the
display buffer ram DISBUF. Finally
DISKEY is called to light the display; it is
in fact called a number of times to delay
the program for about half a second before
returning to LOOP to start a new conver-
sion. If only one refresh was performed,
samples would take place every 20ms
which is a little too fast for a d.v.m. and
could cause rapid flickering of the last digit
if the voltage was half way between two
digital values. Half a second is an adequate
sampling rate in this sort of application.

Note that if the input voltage exceeds
2.55V, it will in fact give a full scale read-
ing instead of blanking the display as in the
previous example. An obvious refinement
here would be to make the display give an
over-range indication if the maximum
value is exceeded.

To be continued
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16-line p.a.b.x
with options

With the basic exchange described, this third article concentrates on options including
out-door telephone connection, call transfer, auxiliary-equipment switching, paging and

The section on call transfer outlined opera-
tion of the line-hold facility (ST relay
switching). To provide ‘music-on-hold’ a
tape recorder may be connected to sj,
contacts (normally closed) and an st
contact used to start and stop the recorder.
Frequency range of the recording should
be limited to between 300 and 3400Hz to
avoid interference with other callers and
exchange circuits.

Ringer control

In the line interface a three-way switch and
timer may be included to disconnect the
ringer at certain periods, for instance each
evening. Positions of the switch are nor-
mal, off and bypass; at all times visual
indication is retained and dialling out is
not affected.

Out-door connection

An outdoor telephone with electronic
door-opener may be connected, which
involves relays L, N door opener DO,
terminator relay TD (oor) and contacts q;
and q;. All these are in the boxed section
of the diagram. If this option is not re-
quired all boxed components may be
omitted, but remember to strap the 1; n.o.
contact between the gz bus and toggle. The
g3 bus is not required in this case. This
option involves a special type of telephone
so connection is different. As no calls
originate from the door, ie, no dialling
takes place there, and an originator relay is
not required. Terminator relay TD will be
assigned an easy to remember number at
the driver outputs such as 11, or 1 in a
small system. As it will also be undesirable
to send ringer current to this telephone,
the b-line has to be connected between rij
and the speech coupling capacitor while
the a-line goes to ground through td; and
n;. Both positions are marked by an X. If
the door telephone is a low-voltage type
and ground is at 45V, a two-resistor
voltage divider has to be included between
td; and Vg and the a-line connected to the
junction of these resistors. Remember that
reply relay R still has to operate from this
lower voltage.

The circuit operates by dialling the door
telephone, as described in the first section,
when the doorbell is rung. TD acting
switches td;, which takes over the action
of the called station lifting the handset in
reply to the call, thus energizing R by
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self test.

by J. H. Kuiper

completing a path from ground through n;
to td;, the door telephone and R coil to
V. Contact r; completes the speech path
and further action of the r contacts is as for
internal conversation. Contact td; diseng-
ages coil L which is normally powered so
all ground keys operate relay DO instead
of the toggle; operating the ground key
will switch do; which may energize the
door-lock.

Resetting is different in that this nor-

UK set terminals

DS
I 1
R
4 O0—0 o—0 9 i
y
14 2 Lled
gn |bl rd |wh
led (K a b

Modifications for connection of UK or
Connection to public network for UK (left)
and Continental sets. For UK sets, remove
straps 5, 6, 17 and 18 in telephone.
Change around green/white strap in
terminal block and connect blue wire to
tag five in telephone. In Continental
telephones, change green wire from
point two to point five and connect ‘a’ to
the socket ground strap.

5 E "
;
o
Rq \1’1
L \
Test circuit for determination of rg value.

Connectto line interface and select rg for
V1=V, Impedance is 600 ohms +20%.

mally does not occur until both handsets
are replaced or both II and R are in their
off states. As the door telephone will have
no handset to replace, relay N has been
included. Replacing one handset discon-
nects II so iiy, being off, will now provide
power to N though td; which is still on.
Contact n; disengages the door telephone
and relay R to meet the standard reset
requirements. Resetting now takes place as
usual with N not resetting until td,
switches off. In the event of an exchange
call coming in while the ground keys are
controlling DO and |, instead of the tog-
gle, auto-switching will not take place (rs
open) and manual access to the exchange
line is impossible. Therefore internal cir-

Continental set terminal

Continental
new old
05 1 1 a
2 13 GK
3 10b
4 9 EB
5 12 %

cuits have to be reset first. Since finding
out who’s at the door normally does not
take long this is not too serious. On the
other hand when a station is on the ex-
change line another station may still ans-
wer the door through the (vacant) internal
circuits. This is possible by q; offering an
alternative path from the various ground
keys to DO though all g3 contacts. One
contact being off and G; holding L
operated retains access to the toggle
through its g3 and 1; contacts in spite of
td; switching the station connected to the
exchange line.

One person transfer

As mentioned in the description of call
transfer, there are two ways of returning to
the exchange line when in hold mode. The
second method is used here so after having
put the caller on hold put the handset
down which among other things resets all
q contacts as well as the G relay. Then go
to the station where continuation of the
conversation is required, lift the handset
and operate the ground key. This proce-
dure saves walking between two stations or
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&3 switching
1 available
uh1 from uhy

Auxiliary switching outputs in continuous
or pulse mode.

the aid of someone who has to take the call
first. Remember, leaving the original sta-
tion off-hook prevents internal reset and
thus further internal calling until that
handset is replaced.

Switching auxiliary equipment
The above action once again involves use
of the ground key section. If permanent
switching of for instance a lamp is re-
quired, a toggle and auxiliary terminator
relay, AT must be added. For momentary
operation in pulse mode only an auxiliary
terminator relay is required.

Circuit changes to the boxed door-
opener section are shown in a separate
diagram. Basically all outputs are taken
from 1; normally closed contacts through
auxiliary normally open t contacts of which
two are shown — ata; for permament ac-
tion and atb; for pulse mode. Additional
normally-closed auxiliary t contacts are re-
quired in series between td; and Vss.
These are specified as ata; and atb; respec-
tively. Various auxiliary T relay coil de-
signated ATA, ATB, etc., are assigned a
number and connected to the proper ter-
minator-driver outputs. As each auxiliary
circuit requires a connection in the termi-
nator fewer stations can be hooked up
since the total number is restricted to 16.

Upon dialling of the correct number,
ringing tone will be heard as usual.
Operating the ground key will now switch
the auxiliary toggle to keep the output at 1;
normally-closed contacts at V+ as long as
the key is held down. Toggled outputs
may be dialled later and reset by once
again operating the ground key. The iso-
lated contact uh; may be used to switch a
lamp or whatever appliance requiring con-
tinuous power. If total isolation of equip-
ment connected to a momentary output is
necessary an intermittent relay should be
connected, its contact providing the de-
sired isolation.

After the required switching action, re-
setting of the internal circuitry is as if no-
reply has been obtained as no contact has
been made to operate reply relay R.
Operating conditions with respect to a pos-
sible exchange call being in progress are as
for operation of the door opener section.
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Switching of the relay contacts will also be
as outlined for the door opener, with auxil-
iary terminator contacts 1 establishing the
path for the ground key while contacts two
will switch L with I; now preventing in-
correct automatic switching of incoming
calls.

Paging and self test
A sensible application for a momentary-
pulse output as described in the last sec-
tion would be connection of a V relay with
three-pole change-over contacts. These
contacts would power the external ringer
in the line interface and simultaneously
prevent a bell-detector pulse from incor-
rectly operating the circuits. When a caller
is on hold, by operating the ground key a
series of ringer pulses may be given to page
a person who is not answering at his usual
extension. Alternatively correct operation
of the ringer and BDT may be checked if
required. A separate diagram gives the
details for inclusion of the three contacts.
Variations such as switching the bell only
are of course possible. If it is desired to test
the entire line interface a local dp change-
over pushbutton in the a and b exchange
line is required. This should not be used
for paging as operation disconnects thé
exchange line and therefore a local switch
rather than a relay is used. '
Note that with a caller on hold after
having given a paging signal, re-access to
the exchange line can now only be ob-
tained by replacing the handset, picking it
up again and then operating the ground

key to reconnect the exchange line. The
reason for this is that when in the hold
mode all Q relays as well as the one G relay
are off. After having dialled the number
assigned to the paging output, L remains
firmly off and re-operating the ground key
immediately after now only produces
another paging signal. Therefore resetting
has to be initiated the alternative way be-
fore further action can be taken.

Two further points regarding equip-
ment-status signalling are worth noting.
When an outside call is in progress an
internal call between two other stations
may be made at the same time. When
dialling the station having the outside
conversation though, a busy signal will be
returned to the caller. This happens be-
cause the engaged station T relay operates
and since its g is already on, coil 2ENG
will energize through g; and t;. The audi-
ble signal is sent to the caller from 2eng;
now operating and the caller’s 0 on and g;
contacts being off. Contact 2eng; will start
the engaged oscillator. Also when dialling
one’s own number an engaged signal will
be produced as coil 2ENG powers through
ir;, the stations o;, the diode and ta.
Contact 2eng; blocks the ringing tone and
instead connects the busy signal to 0;. Al-
though T connected ringer current from
riy, 0 blocks it from the telephone.

Connection to the public network
In addition to demands made regarding
loading of the network, output levels and
frequency range it is also required that the
network must always remain accessible as
they must in the event of power cuts or
faults in privately owned equipment. This
is accomplished by leaving the originally
installed telephone in circuit so that i
operates independently of the p.a.b.x. To
avoid ‘bell-tinkle’, which might cause in-
correct operation and is therefore not
allowed, some re-wiring in accordance
with BT T plan 1A is required. Both Conti-
nental and UK variants are shown. In a
UK connection bells are connected in
series and correct wiring requires the re-
moval of straps between terminals five and
six as well as 17 and 18 in the set and in the
block terminal the b-EB strap between the
green and white wire (if fitted) has to be
turned. As the visual indication should
remain operative when using a timer to
disconnect the ringers, the opto-isolator
has to be connected in parallel through the
blue wire to tag five in the telephone. If
one ringer in the original telephone is suffi-
cient a wire-link has to be inserted in the

1 Partial self test and
—I— paging (left, middle) } 2 From To
bdt. £ 1 PA
2 { and complete self test. — ezch. line BX
| —a— Power supply E a
2 v ringer a.c. i
]
r 1
4 |
47k b
b(EB)
Y3
Opto
Power
o——a=supply 1L ~ From p.su.
63 bus [ B
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Circuit changes in line interface and

timing diagram for delayed dial pulse and
muting sequence. '

line interface in lieu of the bell. Thus when
making a call either through the switch-
board or directly from the original phone
any ringer will be disconnected by one of
the cradle switches operating.

In Continental sets on the other hand
bells are connected in parallel and as in
UK systems the unused speech circuit re-
mains disconnected. Continental sets have
an additional switch at terminal five in the
line interface designated 2cs;. If in this
case the additional ringer is not required it
is simply not fitted. On the other hand the
timer switch now requires an additional
contact and the three-way switch has to be
double-pole. Both have to be connected in
the output from the p.a.b.x to the yellow
wire, if two bells are fitted (asterisk on
diagram).

Additionally the common use of four-
prong plugs and switched sockets makes
connection simple and it is sensible to sim-
ply add one of each and wire-up according
to instructions in the diagram. In the tele-
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> 0 0 ¢
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L\ ) SB ~_ To public network

o $ PABX

Opto

O =)

b EB a

Connection to public network for UK {left)
and Continental sets. For UK sets, remove
straps 5, 6, 17 and 18 in telephone. Change
around green/white strap in terminal block
and connect blue wire to tag five in
telephone. In Continental telephones,
change green wire from the point two to
point five and connect ‘a’ to the socket
ground strap.

a%.Lg:"b(

Opto EB b a

is required, and output level within the
sound frequency band should not exceed
1Vokpk. This level is measured across a
6000 resistor (*+1%) temporarily fitted
between terminals a and b of the line in-
terface. Adapting values of R, and Ry
should satisfy this requirement. Network
loading has to be 6002 +20%. A test cir-
cuit for the determination of the required
value of R, (use a 1W type) is given. Mea-
sured values of V; and V; have to be equal
in which case z=R;. As the various results
turned out to be more or less interdepen-

L e ———)

o 0 O Teiephone

d |blue reen\white

9 & Plug

Switch socket

e O_c Plug to
u
. a public network
O—b  socket
Oo—

Timer & 3 way switch
fitted as required.

PABX

!

dent these tests should be repeated until all
values are within their specifications.
Regulations for connection of equip-
ment to the public-switched network vary
from country to country. Most countries
do not allow connection of any uncertified
equipment to the network. BT plan 1A
mentioned here no longer applies.
Construction tips conclude this article.

phone, the green wire has to be connected
to tag five (or terminal 12 in old sets) and a
wire-link has to be made between the
points a and ground in the socket. Now
plug the original telephone into the new
socket and the cable with plug fitted from
the p.a.b.x into the network socket. Un-
plugging the set connectsatoa’ and bto b’
and vice versa. Plugging the telephone
back into its original socket renders it ope-
rative as before without the need to change
the green wire in the telephone back to
terminal 2. If permament wiring has to be
made, connect terminals a, b, ground and
EB tags, ignoring the a’ to ground wire-
link. Connecting US sets is different again
as in these instruments b and EB are in-
ternally connected and only a red and
green wire appear, so extensive modifica-
tion will probably be required. This was
found to be true in particular when adding
a memory dialler which required cutting of
p.c.b. track to separate the bell wire.
Resistors R, and R¢ on the internal side
of the line-isolating transformer are selec-
ted to provide balance and good audibility.
Initially R, should have a value roughly
equal to a telephone, as if answering an
internal call, and R¢ is taken as approxi-
mately the coil value of the reply relay,
both properly rated to dissipate the power.
As mentioned in the line-hold section,
the frequency range of prerecorded music
should be limited between 300 and

3400Hz. At 11kHz roll-off of around 30dB

Non-destructive
m-i-m breakdown

Breakdown voltages of metal-insulator-
metal junctions are measured to obtain the
contact potential difference between two
dissimilar metals, which in turn yields the
difference in work functions, but methods
previously used have been destructive.

Measurements can be made by breaking
the junction down in one direction then
removing the bias so that the junction re-
covers in a certain time!. Reverse bias is
then applied and the breakdown voltage
measured in the other direction. In a two-
junction method?, breakdown voltage
measurement caused breakdown of the
junction in each case. Bhattacharya et al
reported? that the junction may be made to
recover immediately after breakdown if a
reverse bias is applied after causing
breakdown in one direction. Breakdown
voltage is then measured in the other direc-
tion and the difference between the two is
related to their work functions by

Vi=V2=6 V=2(¢1—¢1)Ve

where ¢; and ¢, are the work functions
and e is electron charge.

To investigate the contact potential dif-
ference of several noble metals relative to

that of aluminium, tunnel junctions were
prepared in our laboratory by first evapo-
rating a 150mm-thick strip of aluminium
about 2mm wide and 8cm long. The strips
were oxidized in air for between 24 and 72
hours then a counter-electrode of one of
the metals under investigation was evapo-
rated to form the usual cross-shaped
tunnel junction. However, during mea-
surements, the junctions almost always
broke down destructively.

Dr Ijaz-ur-Rahma, working at Makerere
University, Kampala, while on leave of
absence from Quaid-e-Azam University,
Islamabad, has designed a circuit which
overcomes this problem by switching off
the supply less than Sus after breakdown
(Circuit Ideas, December issue, page 44),
and allows repeated measurements of the
same junction, so the method yields more
accurate values of breakdown voltage than
is possible by other techniques.
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Sampling
frequency meter

Battery-powered frequency meter with memory is based on a 6805 microprocessor and
monitors physical quantities such as windspeed in remote locations over periods of up to

Physical quantities such as windspeed,
temperature, humidity, often need to be
monitored over extended periods in areas
remote from a supply of mains electricity.
When the information sought is merely the
average value of a quantity, or just its
distribution, commercially available bat-
tery-powered data-loggers can be an ex-
pensive solution. They are frequently too
powerful for the task.

This article describes a low-cost solution
to the problem in the form of a battery-
powered instrument based on the c-mos
Motorola MC146805 E2P microprocessor.
In this instrument the input is sampled
repetitively and compared with a table of
values stored in memory, so that over
time, a distribution of the sampled input is
built up in 2! internal memory channels
(20 channels+ | ‘over-range’ channel). The
program controlling the microprocessor
can be adapted to suii different needs by
simply changing the values stored in this
table, and/or by changing the measuring
period. This again is selected in software.
Besides its distribution, the maximum
value attained by the input during the
measuring period is also stored in memory.
To extract these data from memory after
an extended period of sampling, the in-
strument can be interrogated on site via
two key-switches and an eight-digit liquid-

twelve months

by N. A. Lockerbie, B.Sc., Ph.D.

crystal display. When not being interro-
gated the average value of the input during
the previous ten-second measurement
period is displayed. The total current-
drain of the circuit is 1mA, implying an
operational life in the field of 12 months
from three alkaline D-cells.

Operation
Only certain type types of transducers
produce a variable-frequency output that
is related to the physical input being mea-
sured: anemometers of the slotted-disc and
light-beam variety are a good example.
Nevertheless most can be adapted to do so,
either by using voltage-to-frequency
converters (on the output of a strain-gauge
amplifier, perhaps) or in certain cases by
employing the transducer as the resistive
element in an RC oscillator, e.g. when
measuring temperature with thermistors.
As signals of this kind have inherently
good noise immunity for transmission over
long cables, the circuit was designed to
accept this type of input.

The instrument is essentially a free-run-
ning frequency meter, with (as pro-
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FI-E 1. Microprocessor-based sampling frequency meter. If the number of pulses counted in

the ten-second measuring interval is greater than 65,535 "Hl - —— —— " is displayed. Thei.c.
to the left of the display (not included in the circuit diagram) is a small test oscillator, feeding

pulses to the input of the circuit.
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grammed) a fixed measuring period of ten
seconds. Every ten seconds its display is
updated with a new five-digit reading, the
reading being the number of input pulses
counted during the previous ten seconds.
Because a 16-bit counter has been used in
the circuit, this number must lie in the
range 0-65,535 and although that clearly
limits the average input frequency to a
maximum of 6.55kHz with this measuring
period, it has not proved to be a serious
limitation. Besides being displayed, each
count is also compared with a table of 20
values stored in eprom, starting with the
lowest value. These numbers, arranged in
ascending order, serve as the channel de-
limiters and divide the range 0-65,535 into

the 21 channels that are used to synthesize -

the distribution of the input. If these 20
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Fig. 2. Contents of channel 12: input has

spent 281 units of ten seconds in the range
ofchannel 12 — 36,000-38,999 in this case.
Channel contents rise from 0 to 99,998,
after which 10,000 is displayed, with the
arrowed annunciator pointing to x 10, etc.

numbers are labelled Ng, Nj, Nz, N3, . .
N9, then channel 0 extends from 0 to
No—1, channel 1 from Ny to Nj-1, chan-
nel 2 from N; to N;-1 etc., up to channel
19, which covers the range Njg to Njg—1.
The remaining interval of Nj9—65,535 be-
comes the over-range extension channel.
The sequential comparison of the pulse-

count with this table terminates when the
count is found to be less than N; (I=0 to
19), N being the number with which it is
currently being compared. For example,
suppose the count was found to be less
than N; (and by implication, = N, then
the count would lie in the range of channel
2. At this point channel 2 — in reality just
a counter (in ram) — would be incre-
mented by one unit of time, where the unit
of time is ten seconds. In this fashion, the
distribution of the input signal is slowly
built up by the 21 channels, in the form of
the amount of ume the input spends in
each count (and therefore frequency)

‘range.

As the comparison table is held in
eprom, different eproms can easily be
substituted to suit different transducers.
Moreover, non-linear transfer characteris-
tics for the transducers can be ironed-out

Fig. 3. Complete circuit diagram of the
c-mos microprocessor-based sampling
frequency meter.

by judicious choice of values in the table.
For example, each channel can be made to
be exactly one unit of windspeed wide: or
else the channels can be given deliberately
different widths in the physical variable to
emphasize certain regions. Channels can
be made only one count wide if desired.

In addition to building up the distribu-
tion, each count as it is acquired is com-
pared with the maximum value measured
to date and the larger of the two is retained
in ram as the current maximum value.

When the channel and maximum data
have been accumulating for some time in
ram, they can be read out by pressing one
of the instrument’s two key-switches.
Pressing either switch generates an in-
terrupt, and temporarily suspends the nor-
mal sampling action of the instrument. On
receipt of the interrupt the two switches
are polled to see which of them was
pressed and the corresponding sequence
follows: either the maximum value is
displayed for six seconds as a five-digit
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Fig. 4. Flow chart of the
normal sampling cycle. The
10s delay was created in
software, rather than using
the m.p.u. internal timer
(and timer interrupts), to
leave the timer free for
extension of the countto 16
bits by connecting pin 1 of
IC57 to pins 11 and 37 of IC;.
In practice 16 bits proved to
be adequate.

START

{On power-up orafter )
system reset

Imtialize to zero:
channels 0-9,over-
range extension
channel, & MAXIMUM

Infinite loop

Zero ripple-counter
with pulse on PA7
Zero timer data
register, { t.dr)
Enable counting
(PA, high)

Delay 0s

I

Disable counting
{PAT low!)

Read tdr : 4 bits
Read port A : 4 hits
Read port B : 8 bits
Check tdr. for overflow

Set N=0
|

OU]ST =
COUNT 2
s N element of
[ prom table
NzN+l : Incre'menf confents
of N™channel by 1
No
Are channel No
contents > decade
Yes range ?
Increment Yes
contents of over-range Increment

extension channet by 1

l

decade range by 1

number as in Fig. 1, or a cycle is initiated
where the contents of the 21 channels are
displayed one-at-a-time, each for a period
of six seconds, starting with channel 0 and
ending with the over-range extension
channel. If the key is held down each
display period drops to 0.75s for more
rapid scanning of the distribution. Because
the number accumulated in each channel
can become large over an extended sam-
pling period, the channel contents are
displayed with a resolution of five digits,
together with an arrowed annunciator that
is the power of ten by which the reading
should be multiplied. It is kept the same
for all channels, effectively normalizing
the distribution to its peak value. Channel
number is always displayed simultaneously
with the contents of that channel, as in
Fig. 2. If the ‘channel’ key is held down
immediately after pressing the ‘maximum’
key, then the 20-channel delimiter values
are reviewed in a manner similar to that for
the channel contents. When either sequ-
ence terminates, control is passed back to
the normal sampling routine, which con-
tinues as before.

Circuit description

The heart of the circuit see Fig. 3, is an
MC146805 E2P c-mos microprocessor
running at a 1MHz clock frequency. It has
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Is COUNT >
MAXTMUM ?

MAXIMUM = COUNT

I No

Convert COUNT to
5-digit b.cd. format
and display it

I

112 ram locations that are used for storage
of the system stack, data, and program
variables. Each channel for example uses
three of these locations. For further in-
formation and another implementation
using this m.p.u., see the article by T. D.
Forrester'. Port lines PAs, PA,, PA3-PA,
and PB;-PBy are configured as inputs and
lines PA¢ and PA> as outputs. For commu-
nication with the peripheral chips, the
m.p.u. is connected to the inputs of
display driver ICs, and the data outputs of
IC, wvia an eight-bit bidirectional
multiplexed address/data bus. As the data
and low-order memory address bits are
multiplexed on the same bus the address
bits have to be latched and high-speed c-
mos octal latch IC4 fulfils this function.
Address strobe line AS (IC; pin 6) gener-
ates the necessary demultiplexing latch-

enable pulse. Lines A;o-Ag of IC, provide
the remaining three bits of the Il-bit
eprom addresses.

The main controlling program for the
microprocessor and the all-important look-
up table are stored in the eprom, IC;, a
National Semiconductor NMC27C16 QE-
65 (or -55, or -45), which is a c-mos version
of the popular n-mos 2716 2k-by-8 eprom.
Note that using the more common n-mos
2716 increases the total current drain of
the circuit by a factor of typically 30! The
20 numbers which form the look-up table
can be programmed separately into 40
memory locations set aside for this pur-
pose, in an otherwise programmed eprom
(the channel delimiters are all 16-bit
numbers requiring two memory locations
each).

In the circuit, the m.p.u. is connected so
that it can both reset and read the binary-
coded parallel output lines of IC;, and via
ICsc it controls the gating of pulses
through to the clock input of IC; (pin 10).
This arrangement is similar in principle to
that described by J. L. Gordon?. The
most-significant output of IC;, a c-mos
4040B 12-stage binary ripple-counter, is
fed into the ‘timer’ (actually a counter)
input of the m.p.u., extending the ripple
counter by a further eight bits. In this
application, however, only the first 16 bits
of the composite 20-bit ripple counter are
used for counting input pulses, the re-
maining four being used for headroom,
thereby guarding against the possibility of
an overflow wrapping around and then
counting up through zero again. The four
highest timer bits are monitored in soft-
ware to detect overflows from this 16-bit
counter. Unlike the relatively low-speed
12-stage ripple-counter, nand-gates ICg
and ICs, which provide gating and address
decoding, are high-speed c-mos types.

The signal input to the instrument com-
ing from the transducer must consist of a
constant positive voltage level of between
+2.5 and +30V w.r.t. circuit ground, in-
terrupted by negative pulses which should
fall below +1.5V for correct operation.
This signal is conditioned by the level-
shifting n.p.n. input transistor before be-
ing applied (now-inverted) to pin 10 of the
nand-gate ICq..

Mounted for corlvenience on a separate
board from the main circuit is the eight-
digit display and driver. The liquid crystal
display of the seven-segment type with a
decimal-point (unused) and an arrow an-
nunciator beneath each digit. A 7231B,
ICs, drives the display in a triplexed mode
via three common lines and 24 segment
lines. It has a code-B font of characters. To
create a digit in one of the eight positions
on the display, first the digit position (0-7,
0 being the right-most digit) and its value
(0-90r —, E, H, L, P, (blank) . . . coded
A-F in hexadecimal) have to be presented,
in parallel binary form, to IC3’s address
and data inputs: IC; inputs A;-Ag, and D;-
Dy. If the annunciator for this position has
to be on, a high level is applied to the AN
input of IC;. A strobe pulse is then sent to
IC; chip select input (pin 1) and that
latches the digit (and annunciator) in place
on the display. Address, data, and annun-
ciator bits are assembled in software into a
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( INTERRUPT SERVICE ROUTINE )

T

' If counting enabled (PA high) disable
counting with low level on PAg,
Read levels on PAg and PA,

Is
key K3
pressed ? i.e. PAg

=0

Set channel counter N=0

Fetch contents of N'"channel & convert
to 5-digit b.c d. formula with decade
mulhiplier.

Convert channel number N to 2-digit
b.c.d. format.

QOutput nnXXXXX to display,

where nn =N 1s the channel number
{00-19) & XXXXX are the contents
of that channel (0-99999)

Display decade annunciator
if appropriate.

JSR DELAY
r NzN+1 I

Yes

Fetch confents of over-range
extension channel and convert
to S5-digit be.d. format with
decade multiplier

Output OEXXXXX to display,
where OF denctes over-range
extension channel.
Display decade annunciator 1f
appropriate

|

r JSR DELAY I

l

Is
key Kj
pressedi.e PA,

Convert MAXIMUM to 5-digit
b.c d. format with annuncrator

l

Qutput MAXIMUM
to display with annunciator

I

Wait 6s

Is Kp pressed ?

Review channel de-limiters
{similar to channel contents }

If it was disabled re-enable
counting with high level on PAg

( RZTURN FROM INTERRUPT )

DELAY subroutine

Is key K
pressed ?

Yes
RETURN

Fig. 5. Flow chart of interrogation mode of operation. Key switches K1 and K2 are diode or-ed
to the m.p.u. interrupt request line. If K1 is closed, the maximum input value is displayed
briefly. Closure of K2 initiates a cycle through all 21 channels, displaying briefly the contents
of each. Holding K2 closed accelerates the scan. Note that an interrupt can be pending, even

though neither switch is closed.

single byte, and it is this which is sent to
ICs, by the m.p.u., on the data bus. By
writing these data to the correct address,
the latching CS pulse to IC; is generated
automatically. The -circuit around the
n.p.n. transistor connected to pin 2 of IC;
varies the display contrast via the 200k
Cermet pot.

Address decoding for i.cs 2 and 3 is
carried out by nand-gates ICsyq and ICea,
and ICs, respectively, which generate the
CS signal for IC3, and the chip and output
enable signals CE and OE for the eprom.
Thus the eprom is mapped into address
range IFFF-1800, whilst the display is
mapped into 17FF-1000. '

Power is supplied to the circuit via a

protective germanium diode by three 1.5V
alkaline D-cells, resulting in a supply
voltage of typically 4.3V. Although i.cs 2
and 3 are nominally 5V parts (all the rest
are 3 to 6V), in practice the complete cir-
cuit functions correctly down to a supply
voltage of 2.5V.

As regards the operating temperature
range for the circuit, intended as it was for
field use id Northern climes, the instru-
ment functioned satisfactorily down to a
temperature of —25°C, at which point the
l.c.d. ceased displaying (temporarily). The
rest of the circuit still functioned at
—30°C, however.

Detailed operation of the circuit as a

whole can best be understood with the aid

2000 - r -20
Rivax forest
Tdays |
1500 : 15
3 -~
a 0 w
&1000 103
5 =
8 I a
= 500 i LI I
1% i
[ o
0 i = 1'| Lo
05 10 15 20
Channals L-0F

WINDSPEED m/s

Fig. 6. Results from 11 weeks of windspeed
measurement at Rivox Forest (see text).

of the flow diagram in Fig. 4 for normal
sampling operation, and with that of Fig. 5
for the interrogation mode.

Construction

Although wire links could be used on the
component side of the printed circuit
board, as in the instrument shown in Figs
1 and 2, a double-sided board greatly sim-
plifies construction, and foil patterns for
both sides of the board are avoidable (see
below), and together with a component
overlay assembly is straightforward. As in
Figs 1 and 2, the display part of the board
can be separated from the processor board
to produce a more compact instrument. In
this case the 11-way ribbon cable connect-
ing it to the processor board should not
exceed 30cm in length. For improved im-
munity to electrical interference (e.g. from
lightning) the p.c.b. should be mounted
close to a conducting surface, itself con-
nected to the circuit common line.

Four versions of the instrument have
now been built, and one of these has been
used for monitoring windspeed 2 metres
above the forest canopy in the centre of
Rivox forest, near Dumfries. The results
of 11 weeks of sampling during mixed
weather, with mostly light winds and sev-
eral thunderstorms, are shown in Fig. 6.
The circuit itself was mounted in a small
waterproof plastics box with a transparent
lid (RS 507-977) and reed switches,
operated with a small magnet from outside-
the enclosure, were used for K1 and K2.

I should like to thank all those at Strath-
clyde who have been involved in any way
with this work, and in particular Dr C. R.
Lloyd from the University of the South
Pacific, Fiji.

Printed circuit boards, programmed
eproms (except for the look-up table in the
first 40 memory locations) and a program
listing can be obtained from D. Smith,
CII, Strathclyde University, 100 Montrose
Street, Glasgow G40LZ.
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Static Z80 simulator

Static faults that manifest themselves as obscure bugs dynamically or that prevent the
processor from running can be tedious to find. This tool simulates Z80 signals for design

When designing microprocessor-based
equipment, engineers generally concern
themselves with the dynamic properties
and problems of the circuit. This is ref-
lected in their armoury of instruments:
logic probes, oscilloscopes, logic analysers,
signature analysers, and so forth. This ap-
proach is naturally carried forward to the
development of firmware, where in-circuit
emulation of the processor or prom is com-
mon.

The tool described enables the engineer
to quickly solve the purely static design
and implementation problems before the
processor or even all the active compo-
nents have been installed. Problems often
manifest themselves as obscure bugs in a
dynamic environment (e.g. a floating in-
terrupt line) or may prevent the processor
from running ar all (e.g. an address line
shorted to earth). Such faults tend to be
very tedious to find using conventional
“bussing”’of the wiring.

The circuit is designed to simulate most,
but not quite all (see ‘Limitations’), of
the functions of a Z80 microprocessor in a
static manner. The choice of the Z80 is
purely arbitrary and the same principles
may be applied to any device. Necessary
changes are indicated, where possible.
Physically, the simulation is achieved by
bringing all the signals to a 40-pin header
plug, which is plugged into the circuit in
place of the microprocessor.

Circuit description

The circuit is shown in Figs 1 to 4 and each
group of pins is described separately be-
low. The Z80 pin connections are summa-
rized in the Table.

Address lines. There are 16 address lines,
Ap to A5, connected to pins 30-40 & 1-5
(Fig. 1). These lines are output only and
always active. They are held at logic 1 by a
mild pull-up resistor (10kQ)) and switched
to logic 0 by shorting to 0V. Red l.e.ds
indicate the state of each line and any
shorted to OV can quickly be detected. For
processors with multiplexed address and
data lines, tri-state buffers would be
needed for the address lines, enabled by
the appropriate control signal (ALE).
Control and status output lines. There
are eight control and status output lines
(Fig. 2):

TORQ - input/output data transfer,

pin 20

MEMRQ — memory data transfer, pin
19

HALT - processor halted status, pin
18
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proving and prototype fault finding.

by Colin Walls

M1 — machine cycle 1, pin 27

RD - input data transfer, pin 21

WR output data transfer, pin 22
RFSH — dynamic ram refresh cycle,

_ pin28
BUSAK - bus ownership acknow-
ledge, pin 23

The IORQ, MEMRQ, HALT, M1, RD
and WR signals are de-bounced using an S-
R latch implemented by means of two
cross-coupled nand gates. The top nor-
mally high output provides the active-low
signals. The complementary output of RD
(i.e. RD) is also used to clock data input
(see ‘Data lines’). Green l.e.ds indicate the
inverted signals. The RFSH and BUSAK
are not implemented (see ‘Limitations’)
and are held high by a mild pull-up (10k).
Control and status input lines. There are
eight control and status input lines (Fig.
3):

INT — maskable interrupt, pin 16
NMI — non-maskable interrupt, pin 17
RESET - system reset, pin 26

—

__ ¢ —clock, pin6
BUSRQ — bus ownership request,
pin 25

WAIT — wait state request, pin 24
Vee — 5V supply input, pin 11
Gnd — 0V supply input, pin 29

The INT, NMI and RESET signals drive
green l.e.d. indicators. ¢ and BUSRQ sig-
nals are not supported and are left un-
connected (see ‘Limitations’). Lines V.
and Gnd may be used to supply power to
the circuit under test (separate supply
leads being provided to the simulator) or to
take. power from the circuit to power the
simulator. An alternative would be to pro-
vide a common ground, but separate 5V
supply to the simulator. The supply is
confirmed by a yellow l.e.d. The WAIT
signal is stretched by the 555 monostable
to catch short pulses from peripheral de-
vices. The inverted signal is displayed on a
green diode.

Data lines. There are eight data lines, Dy-
D7, connected to pins 14, 15, 12, 8, 7, 9,
10 & 13, Fig. 4. These lines are bidirectio-
nal and may be tristated. The input (read)
facility is provided by an octal latch ICyq
driving eight red l.e.ds, clocked by the
inverted RD signal (RD). The output
(write) facility is provided by a tristate
buffer IC,;, enabled by the WR signal.

‘The circuit enables either, neither or both
read and write to be performed at any one
time (see ‘Operation’).

Construction

The prototype simulator was built on a
piece of veroboard 81 holes long by 18
strips wide. A diagram showing the board
layout can be obtained from the WW edi-
torial office. The board was fitted into a
plastics box with an aluminium front
panel. The 40-pin d.i.l. header plug used
as the probe was a solder lug type, to
which 38 wires were connected (pins 6 &
25 not connected), bound together to form
a flexible lead. An insulation-displacement
type header plug could be used but ribbon
cable, though neater, is less flexible.

Operation

The simulator may be used as soon as the
prototype microprocessor board is avail-
able. Initially, before any i.cs are installed,
the board may be checked for any shorted
control or bus lines. If lines are buffered,
the buffers should be shorted out for this
testing phase.

The next stage is to check the address
decoding and signal routing in conjunction
with a logic probe. The final stage of static
testing is to perform read and write opera-
tions to memory and i/o devices. A read
operation is comprised of the following
stages:

Colin Walls graduated from Bath
University in 1979 and is now a senior
systems programmer at Westcode
Systems of Wokingham.
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+5V

N1-Nyg
Ri7-R3z W

R1-R
1-R162 10k MASEEIS
—O0Ag-Ag
Pins 30-40, 1-5
]
S175%6 N-Ng LS04
N7-N12 LS04
G Ni3-Mg 23741504
Fig. 1
Components
ICyto |C3 74LS04
IC4tolCg  74LS00
IC;, ICg 74LS04
ICq NE555
ICqo 74LS373
ICq4 81LS95
DqtoDyg 5mm red
Dy7to D  5mm green
Dyy 5mm yeliow
DygtoD3s  5mm red
R1 to R]s 10kQ2
R17 to R32 1500
R33 to Rag 12002
R39 Rso 1k
Rs1, Rs2 10kQ2
Rs3 1IMQ
Re4 to R57 12002
Rsgto Rgs 18002
R67 to R74 10kQ2
S110S1,  s.p.s.t.
S17t0 Sy, s.p.d.t.
S,3t0S3  s.p.d.t
Cy 100nF
Ca 10nF

‘Veroboard 81 by 18 holes, case, 40-pin d.i.l.
header plug .

Z80 pinouts

Pin Signal Pin Signal
1 AN 21 RD
2 A12 22 WR
3 A13 23 BUSAK
4 A14 24 WAIT
5 A15 25 BUSRQ
6 ¢ — clock 26 RESET
7 D4 27 M1
8 D3 28 RFSH
9 D5 29 OV

10 D6 30 A0

11 Vg — 5V 31 A1

12 D2 32 A2

13 D7 33 A3

14 DO 34 A4

15 D1_ 35 A5

16 INT_ 36 A6

17 NMI 37 A7

18 HALT 38 A8

19 EMRQ 39 A9

20 IORQ 40 A10

Each of 16 address-line drive circuits, Fig. 1,
provides a logical 0 or 1 on the address pins.
Inverters (N to Nig) drive l.e.ds to monitor logic
levels (on=1), enabling lines shorted to ground to —
be easily noticed. In the control and status output-
line drive circuits, Fig. 2, RFSH and BUSAK signals
are not implemented, hence their pins are held

high by pull-up resistors. The other control

signals are generated by switches (Sy7 to Sy;) de-
bounced by an SR flip-flop. Inverters N7 to Ngz
drive l.e.ds to monitor logic levels fon=0). In the

indicator circuits, Fig. 3, INT, NMI and RESET lines

are monitored by l.e.ds driven by inverters

{on=0). WAIT line is monitored by monostable

circuit and hence pulses are stretched and

displayed by Dyj3. In data-line drive and indicator
circuits, Fig. 4, input is performed by octal latch

IC;9 clocked by inverted RD signal.

+5V fORO ( Pin 20)
i MEMRQ ( Pin19)
. ——C HALT (Pin18]
Regq and M1 {Pin 24)
R5512 g 10k S-522 RD( Pin 21)
RFSH( Pin28) N WR(PIn22]
BUSAK (Pin 23)
{2 OFF) t—— RD (See text)
N29-N3,
N23, N2i, N29 N3g 741500
Ngs, Npg, N3y N3z TeLS00 w  R3i-Ry
Nz7 Nog, N33 N3, T6LS00 L} D17-D22 120
Ni7-Ngp TeLSO4 s Ni7-Ngp (4 OFF)
Fig. 2
+5V
+5v
Voo
: Noa-N 7 1 I LI L
PinN 23-N25 741504 6 2 WATE
Rs8 T (Pint6) °
. INT 7 Pin 26
No 0 (Piné) NML(Pin17) 1y in
connection  BUSRQ (Pin25) RESET(Pin26) == (1 555
RSI, 1000 S
{2 OFF) GND 120 3
. D24-D26 0y
n 23 €2 ==10n
Fig. 3 . (3 0FF) i‘
RD +5V
{See tig. 2) 111 Tzo
Rgg- R
» 59— Reg
> 9 K Ve I3 ———oDp (Pintdl
» 180
) Me §xi8 S S —oDq (PintS)
\ ]
b Me——n—8 [ G J —oD; (Pin12)
& \ ]
J » 9 8 —oD3 (Pin8)
_ = 12l | TeLs3n3 | i3 0, (Pin)
| \‘I 1] | 1% —oDg (Pin9)
| W PR 1 17 oD (Pin10)
» 19 18 A
—— e NNA— D 507 (Pin13)
0es %7 peonp !
26~ D35 T o
WR
(See fig.2} Q+SV
Rgq~R 20 |19
671-R,
$23~530 IV
ke EN2
~ 8 x 10k l 2 Ao Yo El
L o~ ] ¢ 5
~ vI 6 I 7
N ] 8 9
— o 81L595 —
| 12 1
~_ 7w 13
YY) 6 15 )
p—c
] 18 ‘ 17
—o o~ +—%7en0 &7
Jio
. Fig. 4
Output is by octal triatste buffer ICy; enabled by
WR signal. Logic levels set on the switches are thus
placed on the data bus.
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— Set up a valid address on the address
bus switches; the number of switches
(up to 16 for memory and up to eight
for i/0) varies according to the decoding
scheme in use. _

— Select memory (MEMRQ) or inpuv
output TORQ) access.

~— Select input (RD). !

— Data read is displayed and latched on
the data bus ].e.ds.

A write operation is comprised of the fol-

lowing stages:

~— Set up the address.

— Set up the required data on the data
bus switches.

— Select memory or i/o access.

— Select output (WR).

A thorough execution of these three testing
phases enables the microprocessor itself to
be installed with a high degree of confi-
dence that it will run.

Limitations

The functional simulation of the Z80
microprocessor is incomplete in three res-
pects. The RFSH signal is not imple-
mented, as dynamic ram would require
more sophisticated circuitry to perform
refresh cycles. The clock signal is not mon-
itored; this signal could be divided down
and used to drive an l.e.d. to flash at a
visible rate. And the BUSRQ and BUSAK
signals are not implemented. These could
be added in a similar manner to the other
control signals. Additionally, tristate buf-
fers, enabled by BUSAK, would be
needed on the address lines and control
signals to free the buses completely.

Enhancements

In addition to the functional enhancements
listed the simulator lends itself to an im-
proved user interface. A hexadecimal
display could be connected to the data and
address bus outputs in addition to, rather
than instead of, the single 1.e.ds. Similarly,
a hexadecimal keypad could be used to
enter addresses and data values.

+5v

o
'Lo¢c1
red
2N697

Probe

IN914

Y%76LS06  Y%76LS04

Fig.5

A basic logic probe circuit also could be
incorporated into the simulator. A sug-
gested circuit is shown in Fig. S, the re-
quired gates being available in ICz. vy
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Einstein’s Error by A. M. Winterflood,
2nd edition, 72 pages, £3 paper cover,
from H. K. Lewis & Co, 136 Gower
Street, London WCIE 6BS. The author of
this second edition says it could perhaps
settle the long dispute over the validity or
non-validity of Special Relativity. Previous
critics have used logic and commonsense
to attack Einstein’s theory, but A. H. Win-
terflood argues that its physics and its ma-
thematics are both wrong.

According to the author, the physics.

error which Einstein made is one which
most of us habitually make, namely, the
(wrong) assumption that speed is merely
length divided by time. The mathematical
error was one of omission; he failed to
enter his ‘p-rinciple of relativity’ into the
general transformation formulae for Max-
well’s spherical wave equation.

The author produces these general
transformation formulae and shows that
they reduce to Lorentz’s equations when
certain assumptions are made. Lorentz’s
transform is therefore valid. However,
when Einstein’s principle of relativity is
fed into the general transformation formu-
lae, Lorentz’s transform is no longer ob-
tained. Einstein’s use of Lorentz’s
transform is thus invalid.

Computer-Controlled Testing and In-
strumentation by Martin Colloms, 160
pages. Pentech Press, £12.50, hard cover.

Now that most new professional mea-
suring instruments are designed to be com-
patible with the IEEE 488/1EC 625 bus
and there is an increasing number of small
computers available as bus controllers,
more and more electronics firms will be
considering the advantages of testing their
products automatically. This book is a
good, clear introduction to the GPIB stan-
dard and test systems based on it, written
by an engineer who has used this bus to set
up his own automated testing system for
electroacoustic products.

Its practical approach is enhanced by
examples of actual test set-ups, program
listings and problems that may arise. Cur-
rently available equipment is discussed
and illustrated. One may question the
rather large proportion of reference in-
formation (about a fifth of the text) and
more guidance on the economics of using
the GPIB system relative to traditional
methods of testing would have been
helpful. But the book is good value for
money and can be recommended as achiev-
Ing its stated purpose — of providing a
comprehensxve introduction to the bus and
answering questions that may arise when it
is being used to set up a test system.

Principles of Digital Data Transmission,
2nd edition by A. P. Clark, 310 pages.
Pentech Press, £16 hard cover, £8.95
papercover.

This textbook, by an academic with in-
dustrial experience, is on the branch of

communication systems engineering re-
sulting from the increasing use of voice-
frequency channels for digital data trans-
mission. It is the second edition of a work
originally published in 1976 and has been
revised, expanded and reset to take ac-
count of the changes that have occurred in
data transmission systems over the in-
tervening years — new modulation and
detection processes, for example.

The first eleven chapters of the book
survey the characteristics of telephone cir-
cuit and h.f. radio link v.f. channels, while
the remaining five chapters are given to a
theoretical analysis of the various signals
that can be used for transmitting digital
data. If the author has extracted even the

- conclusions of the 519 references presen-

ted on 23 pages at the back of the book he
has saved the student an enormous
workload of reading in this expanding
subject. The level is suitable for final year
undergraduates or first-year post-
graduates.

Advanced User Guide for the BBC
Micro by A. C. Bray, A. C. Dickens and
M. A. Holmes, 510 pages. Cambridge
Microcomputer Centre, £12.95, ring
bound. The British Broadcasting Cor-
poration microcomputer has acquired a
wide reputation as a low-cost machine for
workshop and laboratory uses; and for ap-
plications such as these, as well as for ad-
vanced programming or other kinds, this
new guide is an essential reference book.
Produced in the same style as Acorn’s own
User Guide, and with Acorn’s blessing, it
supplies a great deal of practical informa-
tion which was not previously available.
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BSR clambers out of
depression

After some disastrous years, culminating
in a loss of £36m last year, BSR are coming
back from the brink and have already re-
ported an interim profit of £3.2M for the
first half of this year. They owe their suc-
cess in a great part to the appointment of a
new Chairman, Bill Wyllie, who has
gained a reputation in the Far East for
rescuing ailing companies (BSR is regis-
tered in the UK but its headquarters are in
Hong Kong, and Mr Wiley was formerly
head of the BSR subsidiary Astec, itself a
Hong Kong-based company). He has en-
thusiastically made a clean sweep. BSR,
historically has been made up of a very
wide diversity of companies some of which
were acquired because, for example, they
supplied BSR with components. The new
regime has rationalized many of the com-
pany’s operations and sold off many of the
accretions.

The new management has put much
accent on New Technology. One product
was mentioned in this column last month,
the Entropo Microwafer, a mass storage
cartridge tape drive for computer memory.

Always known for record changer
decks, they are now mass-producing an
electronically-controlled linear tracking
turntable for the o.e.m. market which they
will also sell themselves under their ADC
label.

In the home computer . field they are
producing many products for othef manu-
facturers. An interesting technique is be-
ing used in the cartridge games roms,
produced for the Sinclair ZX Spectrum;
They have found a method of connecting
the naked chip directly to the p.c.b. with-
out any packaging except a blob of resin to
encapsulate it after it is in place. They have
called this CB for Chip on Board. Another

e i =
BSR X-10 can control lighting or appliances
all over a house and is itself ultrasonically
remote-controlled.

technique they are developing is surface-
mounted components combined with
single-sided p.c.bs, to eliminate any
drilling or hole plating.

Computer control of the household is
possible with the BSR X.10 Control unit
which is programmed through a home
computer. The system enables lighting or
appliances to be switched from a central
unit which sends coded f.m. pulses
through the normal house wiring to decod-
ers plugged in series with the appliance.
Once programmed the computer is un-
plugged and is only needed if the unit is to
be re-programmed.

The dbx branch of the company has
produced a new model 224 noise reduction
unit, which can simultaneously encode and
decode. They have also produced a neat
little playback decoder, battery operated,
for use with headphone cassette players for
both dbx and Dolby B decoding.

Another area for success has been the
mass-production of switched-mode power
supplies, produced for the o.e.m. market
and for use in their own products. BSR is
still a vast organization with products as
diverse as Swan brand electric kettles and
Frazer & Glass plastics pressings for cars;
but they now seem to be heading back to
success.

Transputer unveiled

Inmos have at last revealed the details of
their first microprocessor, the Transputer;
a 32-bit device that is capable of processing
10mips (million instructions per second).
It uses a ‘reduced instruction set’ (fewer
instructions to process, compensated by
the very high speed) but has a number of
mathematical functions to make it even
faster and more efficient. In addition to the
processor itself there is 4Kbytes of read/
write memory with 80Mbytes/s data rate,
and a number of interfaces. The memory
interface is a multiplexed 32-bit system
which can directly address up to 4Gbytes
at a data rate of 25Mbytes/s. There is also a
peripheral interface, which can access all
industry-standard devices at a rate of
4Mbytes/s, and finaily four special Inmos
links for connecting the Transputer to four
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others. Such a combination would consti-
tute a very impressive computer. One
Transputer offers something like the equi-
valent power of 100 home computers, all
networked together. Two Transputers
linked could cope with 20mips.
Transputers will be able to be pro-
grammed in the standard high level lan-
guages but a lot of work has gone into the
development of Occam, the Inmos lan-
guage that can operate on different instruc-
tion concurrently. Occam has been used

‘by them to design the Transputer.
So far, Inmos have built the processor,

the memory and the communications in-
terfaces on separate chips. When they are
combined (it is thought that samples will
be available in the third quarter of the
year) there will be the equivalent of 250000
active components on a 6.3mm (0.25"")
square chip of silicon.

Hunter takes a bow

A new British handheld microcomputer,
claimed to be the smallest, most powerful
and rugged of its type in the world, has
been announced. Called Husky Hunter
and designed and manufactured in Coven-
try by Husky Computers, it is very tough
and may be used in almost any environ-
ment, even under water. It is about the
size of an average book, weighs 1k and is
powered by rechargeable batteries with a
fail-safe system consisting of a second set
of NiCid batteries which are charged from
the main cells and provide an additional
life of 50 hours if main set is discharged.
Where the Hunter scores over other
similar portables, is in its operating
system, which is rom-based CP/M compat-
ible; and in its memory capacity, with op-
tions of 80K, 144K and 280K. Extended
Basic is the resident language and other
languages may be downloaded through the
CP/M-compatible system or may be
installed internally. These include Cobol,
Fortran, Forth, Ada, Lisp, C, Pascal and
MBasic. File management and a ‘virtual
disc’ system are included. This operates on
sections of memory as if they were discs.
Data communication is through an

Husky Hunter a robust portable computer
with a massive memory which can run
CP/M programs.

RS232/V24, 25-pin standard connector ata
data transfer rate up to 4800 baud asynch-
ronous. A wide range of protocol formats
are provided including communication
with IBM mainframes.

The Husky Hunter uses an NSC800-4
microprocessor, which executes the 280
instruction set, operating at 4éMHz.

The liquid crystal display is organized as
eight lines of 40 characters but is also dot-
addressable for graphics and can display
graphs, charts and even simple pictures.
Graphics commands for lines, boxes, cir-
cles and points are included in the Basic.
Five different sizes of character may be
added to graphic displays. The display can
also be used as a ‘window’ to be scrolled

- over a much larger display in such applica-
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tions as spreadsheet calculations.

The Hunter is thought to have applica-
tions in many harsh environments; in the
construction industry, exploration (its
predecessor the Husky has been used in

the Antarctic), for transport and delivery
records and for portable data recording in
many fields. The makers are keen to point
out that it makes a neat desk-top computer
as well. Prices lie on either side of £1000

depending on the version selected. Husky
claim that if you use the pounds-per-K
criterion, then the Hunter is well below
the price of any competitors.

IEEE Futurebus uses Eurocard

The proposed IEEE standard for
Futurebus — an advanced 32bit backplane
bus for multiprocessor systems — was an-
nounced last month in London. Produced
by the IEEE microprocessor standards
committee working group P896, the draft
specification was approved at its No-
vember meeting and presented ‘hot off the
press’ at a colloquium organised by the
IEEE’s own backplane working party on
November 29. But ironically there was not
one American contribution to the meeting,
which included discussion of P896 proto-
cols, its arbitration scheme, system event
and control, reliability and testing, and
applications, as well as detailed electrical
and mechanical specifications.

Discounting any suggestion of resent-
ment over choice of venue or even of the
strong European influence, one UK mem-
ber of the IEEE working group put this
down simply to a lack of American funding
(for travelling expenses), either because
employers wouldn’t pay or because com-
mittee members couldn’t be spared from
their usual jobs for this kind of standards
work. UK members of the 34-strong
working group are financed by the Depart-
ment of Industry for two years, which has
meant that two or three delegates have
been able to attend regular meetings in the
USA.

The specification is expected to create a
large international market for equipment
and systems, according to the colloquium’s
chairman, Peter Fergus of AERE. “Wide

UK public awareness of the specification is
essential” he said “if UK industry is to
gain early access to this market”. The UK
was deliberately chosen as venue for the
meeting, explained Paul Borrill of Univer-
sity College and chairman of the IEEE
P896 working group, so that manufactur-
ers could be alerted to the market — one in
which we could expect to see products
“within six months to a year”.

A key feature of the draft is the inclusion
of mechanical specifications, unusual in
IEEE standards, and something which the
Europeans regard as a breakthrough. It is,
of course, the absence of mechanical stan-
dardization that has led to a proliferation
of differing assemblies in the USA, with no
compatibility between them, where buyers
get locked-in to particular manufacturers
as a result. In P896 the mechanical spec. is
based on Eurokit, with the preferred board
size being a triple-size Eurocard 280mm
deep, and a 96-way DIN/IEC connector,
with the possibility of interface with smal-
ler Eurocard sub-systems such as VME.
Thus existing European makers have a
built-in advantage, “though this will
erode’ one observer puts it “‘as soon as the
Americans realise the benefits of stan-
dardization”.

Shortly after the IEEE microprocessor
standards committee set about developing
specifications for the 696 (S100) and 796
(Multibus) standards it became clear that
they did not offer the capability of satisfy-
ing future systems, particularly of the

multiprocessor kind and, in recognition,
the future bus investigations achieved in-
dependent status. That was in 1979, and
since then the P896 working group has
been through almost as many chairmen as
drafts produced! But the result, draft 6.2,
is now considered ‘hard’ and though now
available for public comment it will be
revised only if practical problems are en-
countered. '

The objectives for the bus have made ita
significant step forward in both facilities
and performance available to designers.
With system-architecture independance it
allows distributed bus control and is soft-
ware-system and processor-independent, it
is optimized for 32-bit transfers at a burst
rate of greater than 10 million per second,
supports fault-tolerant systems, is achieva-
ble with 1983 technology and has a ten-
year design lifetime, and meets IEC
mechanical standards in addition to a
number of other system requirements.
One of the many innovations in the propo-
sal is the specification of new interface
drive devices to meet the low capacitance
needed for transmission line driving; exist-
ing t.t.l. devices do not have the drive
capability. Other features include tech-
nology-independent dual-edge handshake,
fully handshaken broadcast and broadcall
modes, provision for protocol extension,
and an arbitration scheme that governs
transfer of bus control amongst the 32
devices or sub-systems that may be con-
nected to the bus.

News at
Compec

With 500 exhibitors, Compec is establishing
itself as the major showcase for professional
mini and microcomputer systems. Following on
from our computer survey, we present some of
the new products that fit into an industrial,
research or educational environment, rather
than purely office/business.

/

Computers ,
A British company, Almatc, started by import-
ing American computers but now manufactures
its own range of Spirit §-100 bus computers.
New to the range is the Spirit 1, based around a
68000 16-bit processor and capable of running
under the Unix operating system. Based on
plug-in units, a variety of configurations, in-
cluding multiprocessor computing are possible,
and there is a wide selection of plug-in modules’
for a-to-d/d-to-a converters, extra memory or
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interfaces.

The Nohalt fail-safe computer is actually two
computers running in tandem with an uninter-
ruptable power supply. The system uses distri-
buted processors and duplicates everything so
that if, for example, a disc drive fails, a back-up
is available. The system is expandable up to 32-
bits, with networking for up to 64 terminals. It
is distributed in the UK through BCU Compu-
ters (GB) Lid.

These computers are typical of the newer
generation of computers that bridge the gap
between micro and minicomputers and are not
one computer but systems which may be config-
ured from many options. Similarly, Cromenco
Ltd are offering a desktop micro, the C-10
which is an enhanced version of their earlier
model. It is available with C-Net, a local area
network and distributed networked processing.

Digital have announced the Vaxstation 100
graphics terminal for use with a Vax minicom-
puter running c.a.d./c.a.m. software. It sup-
ports high resolution graphics design but also
acts as a text workstation and may be used as a
general-purpose terminal linked to the host

computer by an optical cable up 1o 500 metres
long.

Local data collection and processing, testing,
diagnosis and controlling of systems in the field
as well as normal terminal functions are possible
with the 42C hand-held computer/terminal from
G.R. Electronics. The unit is fully user-
programmable even down to the character set
and keyboard functions. Up to 64K ram is avail-
able and its contents may be retained by a li-
thium back-up battery. Applications may be
programmed in machine code, in an interpreted
high-level language or downloaded from a host
computer via a serial interface. The interface
can be configured as an RS232, RS422 or a
20mA loop. The 40-character display supports a
full ASCII character set and user-definable
symbols. A bar-code reader wand may be used.

The Merlin portable computer is an Apple Ile
with a miniature Sin display screen and two disc
drives which fits neatly into a carrying case. Put
together by Xcalibur Computers with Apple
approval, it is expected to have many applica-
tions in laboratories, industrial and other harsh
environments.
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Communications

Advanced Network Communications Systems
point out that the Cambridge ring is still the
“only viable form of real-time local-area net-
work in existence in the world”. The company,
founded a year ago with the specific purpose of
promoting a British solution to network com-
munications, had on show their 10MHz open
local network. The system conforms to the
CR82 Standard as specified by the SERC Joint
Network Team. Ring driver software for most
popular minicomputers is available.

An electronic matrix switch, the MS2000,
replaces the traditional electromechanical
switch system with electronic control for anal-
ogue and digital communication. It allows cen-
_tral test equipment to monitor any part of a
network, and maintain comprehensive error re-
porting to supplement additional test equip-
ment. The switch was introduced by General
Audio and Data Communications Ltd, who
were also displaying their new remote line moni-
toring system, RLM2000. This is a low-cost
solution to remote site problems by controlling
the analysis of all data from the central unit. A
master/slave system costing about £2,000 is
claimed to replace currently available systems
costing ten times as much.

Camtec Electronics launch their JNT-mini
pad, a 4-to-10 port version of the JNT-PAD.
Packet assembler/disassemblers (pads) form the
basis of a range of data communications pro-
ducts for both wide-area (X-25) and local-area
(Cambridge ring, Ethernet) networks. The JNT
(for Joint Network Team) PAD provides all the
functions for connecting up to 16 asynchronous
character terminals to X25 networks and is ap-
proved for connecting to the BT Packet Switch
Service.

A modem giving 2400bivs synchronous
working for £350 is claimed to be half the price
of its rivals. It is fully compatible with the BT
2412 V26 modem and auto-dial, auto-answer
and rack mounting are all low cost options from
Jaguar Communications Ltd.

Memories are made of . . .

.. . flexible discs say Altek, who were proudly
displaying the Mitsubishi 2Mbyte 5.25in drive.
Using m.f.m. storage the drives are low height,
provide storage at 11844bits/inch at a track den-
sity of 96 track/in. Access time is up to 94ms.
... cartridge discs, say APS Microsystems who
have designed and developed a disc drive which,
they say, combines the best features of flexible
and fixed disc drives without the disadvantages
of either. The Alpha 10+10 is a 20Mbyte disc
system which can be used with the IBM PC and
most of the more expensive personal computers.
It costs £3,400.

.. . tape cartridges, according to Feedback Data
Ltd, who have produced a range of quadruple
density (6400b/in) drives in two models, the
first of which is for data collection from non-
intelligent sources, or if the data are in a contin-
wous format where it may be used for file back-
up or program storage. Both models have
RS232 interfaces operating at 50 to 38,400 baud
with current loop option. They feature auto-
matic formatting, read-after-write checking and
may have up to 16K buffer storage.

. microdiscs, according to Sony and Tabor,
their American rivals. Both of them were
displaying double-sided 3.25in flexible disc
drive with capacities of 1Mbyte. Both seem to

be compatible with each other as they both
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claim to be plug-compatible with 80-track °

5.25in drives. The Sony standard has been
accepted by the Public Services Working Party
as a suitable standard for equipment used in UK
public services. '

.. . drums, says Vermont Research, who have
introduced a 10Mbyte memory system. This is
actually a return to an old idea when each of
several magnetic heads covered a single track on
a drum revolving at high speed. According to
computer historians, this system was a precur-
sor of the multilayer disc pack used by most
mainframe systems. The drums were often very
large, weighed tons and took days to slow down
if ever the system was ‘powered down’. The
Vermont drum is not so vast and fits neatly into
a standard rack. It has an m.b.t.f. of over
25,000h with an expected lifetime of 10 years.

On the periphery

At the cheap end there were a number of 80-
column printers with a variety of typefaces and
facilities selling for around £200. Closer inspec-
tion showed that many of them, including the
Walters Microsystems’ WM80, Mannesmann
Tally MT80, Lucas LX80 and Sun S$X80 were
all the same machine with very slight differences
in case and style. At the top end of the market is
a Swiss (Wenger 4/1) printer with 136 columns
and an 18-needle printhead. It can print ‘letter-
quality’ text (i.e. you can’t see the dots) at 110
characters/s and data output quality, where you
can just see the dots if you look hard, at a
staggering 400 char/s. It has every imaginable
interface and many mainframe protocols built
in. All for £4,000.

For £14,000 you can buy one of CalComps’
107X plotters which can draw on paper from a
roll or on single cut sheets, has a plotting speed
of up to 1320mm/s and an addressable resolu-
tion of 0.0125mm.

An all-purpose interface adaptor, called the
XC50 Cross Communications Adaptor, is made
by Walters Microsystems. It includes a 52K
memory buffer for spooling data being output to
a printer, it can convert serial-to-parallel data
streams and parallel-to-serial, and convert the
data speed on input and output to different data
rates. An internal eprom can be programmed to
meet specific protocols, such as converting AS-
CII code to EBCDIC.

A low-cost graphics tablet enables the user t0
input drawings and diagrams to a BBC micro. It
can be used as a pressure-sensitive keyboard or
for cursor control. The Grafpad from British
Micro has a program for c.a.d. enabling it to
draw circles, squares and rectangles automat-
ically and any design or picture can be saved or
dumped to a printer. It costs £125.

Applications are many for the Data and Re-
search Services’ Optical Scanner, which can
read pencil marks on a pre-printed form and
convert them into data for input to a computer.
Typical examples are experimental results,
meter readings, time control cards. The Open
University uses them to mark their assignments
when multi-choice questions are answered by
pencilling marks onto a form.

A sample-and-hold data acquisition system
for the IBM Personal Computer has been added
to several other enhancements for the PC to
convert it to industrial and scientific applica-
tions. The DT2818 is made by Data Translation
in Slough. It provides multichanne! simul-
taneous analogue input and output as well as
digital i/o and clock functions. Suggested appli-
cations include physiological and speed re-
search, multiparameter materials testing and
any other applications where auto- and cross-
correlation is required.

Nominally a hand-held terminal, the 42-C
from G.R. Electronics has many inbuilt
functions associated with a portable
computer.

(See News at Compec)

News in brief

The dangers of excessive sound level in
headphones have been bothering Koss, the
American headphone manufacturer. Noise-
induced deafness is the most insidious as it does
not become apparent until later in life and there
is no cure for it; hearing aids just magnify
unintelligible noises. Koss have come up with a
sound pressure level indicator called the Safelite
which is to be incorporated into all their
personal stereo products. Research has shown
that the harmful level of sound pressure is
95dBA and it is at this level that the Safelite,
used in conjunction with headphones, triggers
an amber warning light. The first product to
incorporate this will be the Koss Music Box, a
combined radio and stereo cassette player.

Practical subwoofer
design

We regret that in B.J. Sokol’s article in the
December issue proofs went inadvertently un-
checked. The variable resistor designations
were left as p; and p; on page 41; these corre-
spond to the upper and lower variable resistors
in Fig. 2, designated R and Ry in the caption.
Potentiometer p4 referred to on page 43 is the
10k} component in the upper diagram on page
42, which diagram should have been labelled
Fig. 4. Also in this diagram the input polarity of
the upper right op-amp should be transposed.
In the transfer functions on page 41 parameter
A is w/Q (=sign omitted), and the sum should
of course have read Hyo+kH;+k;H;. In Fig. 1
V is the a.c. voltmeter reading. Apologies to Dr
Sokol, who tells us that for consistency he
should have shown a 200k feedback resistor
around the upper op-amp in Fig. 2.
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£180: A RECORD
FOR DISC DRIVES?

""""""""" Opus are able to offer a limited quantity

\ of 5%" Slimline Double Sided 40 TrackDrives.
’- Formatted single density 200K.,double

'\ density 400K.
And record value at only £179.95
-andthatincludeseverything—VAT,carriage
and all necessary leads.
You can order by post (see coupon

below) or direct at our showroom.

OPUS 3" MICRODRIVE. [ also available from W.H. Smith |

THE ORGANISER DESK.

: . Double Sided 40 Track Drive ¥2 Megabyte
i Unformatted.
% @ Twice the capacity on line of other available drives
"- ® 200K. Single Density—400K. Double Density
' eEx-stock delivery
' ®3 ms. access time
- ®Lowest power consumption-direct drive

o Includes case, leads and utilities disc
o Totally compatible with 5%" drives
"% Single Drive £229.95. Dual Drive £459.95.

. 514" JAPANESE DISC DRIVES.
-'* SINGLE DRIVE. [5401. 5403 availablc from Specirum]
Opus 5401 Single Sided 40 Track-250K.
Unformatted. Formatted: 100K. Single Density,
200K. Double Density. £179.95

Opus 5402 Double Sided 40 Track-500K.

400K. Double Density. £229.95

. Opus 5802 DoubleSided 80Track - 1 Megabyte
Unformatted. Formatted: 400K Single Density,
800K.DoubleDensity_____ £299.95

Switchable 80/40 Track.
2 elnHeight e Includescase,leadsandutilitiesdisc
® Fastaccesstime e State of the ArtTechnology
e Ex-stockdelivery @ Low power consumption

]

" DUAL DRIVES.
All Dual Drives are metal cased with
separate power supply.
Opus Dual 5401D. Single Sided 40 Track.
200K./400K. on line £379.50
Opus Dual 5402D. Doubled Sided 40 Track.

Unformatted. Formatted:200K.SingleDensity.

® Top shelf for Monitor/Printer
e Large DeskTop Area
e Lower Shelf for Paper/Book Storage
® Teak Finish , B
o On Casters
o Self Assembly
e Ample room in front of the shelf for
you to sit comfortably.
Only £59.95

FLOPPY DISCS.
3" Cartridges £5.75 each or £25.95 for 5.

Svs" Discs —with full 5 year warranty + free plastic library case.
S/SS/D £19.95 for 10

S/SD/D £23.95 for 10
D/SD/D £26.95 for 10

8" Discs.
S/SS/D £21.50.

S/S 80 Track £29.00 for 10
D/S 80 Track £31.95 for 10

$/$D/D £28.50. D/SD/D £29.95.

STOP PRESS.
Double Density filing system available.

GOVERNMENT & EDUCATION DISCOUNTS GIVEN.
QUANTITY DISCOUNTS GIVEN. DEALER ENQUIRIES INVITED.

OPUS SUPPLIES LTD.

158 Camberwell Road, London SES OEE.

Opening hours: 9.00-6.00 Monday-Friday, CoN 01-701 8668
9.00-1.30 p.m. Saturday. ) 01.703 6155

To: Opus Supplies Lid., 158 Camberwell Road, London SES OEE. Please
rush me the following: (ALL PRICES INCLUDE VAT & CARRIAGE.)

400K ./800K. on line £459.95 | Quantity Description Price I
Opus Dual 5802D. Double Sided 80 Track. | |
800K./1.6 Megabyte on line £599.95 I |
PRINTERS.
EPSON FX 80 F/T. £410 ' lencloseachequefor& = TOTAL |
EPSON FX 100 £549 Or please debit my credit card account with
I3 theamountof & |
f[?li?‘gg())(gg:)/f;rvhcd 5]43;2 | My Access/Barclaycard (please tick) No.is (Ww/5)
Parallel printer leads to BBC £12 | - |
Name
MONITORS. | |
12" Green Screen £89.95 Address
12" Amber Screen £99.95 | I
Lead to connect to BBC Micro £3.95
e Ex-stock delivery ®24MHz Bandwndth e Limited quantity ' 9 |
14" JVC Colour Monitor—Med. Res. £187.39

14" JVC Colour Monitor-High Res. £279.39

I Telephone— Opus Supplies Ltd.

WW - 049 FOR FURTHER DETAILS
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FORMULA ONE

Word and Formula Processor

FOR COMMERCIAL AND TECHNICAL TEXT

TYPESET WORK FROM YOUR TYPIST
FIRST FOR SIMPLICITY

AU ,,;il"': I

ADVENT DATA PRODUCTS Ltd

The new Formula One system
makes it easy to create complex
scientific notation and quite simple
to select and display different
typestyles or arrange text in a
complex format. To obtain
superscripts, subscripts, a different

xt of word processing with a diffsrence

[

COMPLEX SCIENTI?IC TEXT

Ezample

typeface or enhancement no
commands are required to be
embedded in the text.

Formula One is a new and simple
approach to word and formula
processing made possible by the
development of a very high
resolution full page display. It is
possible to prepare text in a
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ADVENT DATA PRODUCTS L:ud.
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number of different typefaces
which can be in various point sizes
and styles coupled with a wide
range of technical symbols.
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The display is an exact replica of
the printed output. This includes
true on-screen proportional or
monopitched typeface representa-
tion and spacing, part line shifts
and character enhancements. At
last it is possible for the word
processing operator to feel
confident that if the text is correct
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on the screen, it will be correct
when printed.

Formula One the most powerful
and flexible system available.
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WORLD TIMING

Your readers may be interested in some back-
ground to your recent article about radio time
signals and their apparent errors (R. C. V. Ma-
cario and G. R. Munro, October 1983).

For very many years the time service of the
Royal Greenwich Observatory has maintained
accurate scales of both Earth-rotation time and
atomic time, primarily for astronomical pur-
poses, and has regularly monitored the errors of
selected radio time signals. The results have
been distributed to surveyors and others who
need accurate time and can compensate in ar-
rears for the effects of known timing errors.
Nowadays the primary time signals that disse-
minate UTC (the internationally accepted ver-
sion of GMT) from dedicated transmitters are
all co-ordinated, and are so tightly controlled at
source that, at least in the h.f. bands, propaga-
tion and reception errors are usually dominant;
consequently there is now little need to monitor
their reception. We still distribute the results of
observation relating to Earthy rotation and to
reception of the other signals that are now used
for the most accurate work.

In contrast, the techniques of programme
switching and distribution that are used by the
broadcasting authorities may introduce inpre-
dictable delays in time signals included in gen-
eral broadcasts. This makes such signals
inherently unsuitable for purposes needing high
accuracy and, partly as a result of this, there
may be little interest in ensuring that the
controlling clock is accurately set.

The six-pips signal used by the BBC orginates
at the Royal Greenwich Observatory in Sussex
in equipment which is adjusted to keep the
signal emitted from Droitwich within about Sms
of UTC; this accuracy is poor in comparison
with the lus or so that is available from our
clocks, but it seems to be adequate for the users
of this particular service and it does not
seriously limit the operational flexibility of the
BBC. Some other broadcasting authorities
apparently have weaker links with the interna-
tional time services, whose operations are co-
ordinated by the Bureau International de
I’Heure.

J. D. H. Pilkington

Head of Time Department
Royal Greenwich Observatory
Herstmonceux Castle

East Sussex

CAREERS

I refer to Ron Slater’s article entitled ‘Careers in
Electronics’ November 1983. In the last section
of this article the writer mentions the ‘scarcity’
of qualified r.f. engineers. I recall being told, by
my then employer, the same thing a decade or
50 ago. One occasionally reads the same senti-
ments in r.f. related journals.

Based on our experience, over the last few
years in this establishment, the numbers of stu-
dents pursuing telecommunication specializa-
tions in their final undergraduate year this must
indeed be the case.

The fact remains, however, that the salaries
being offered for new graduates and experienced
engineers in this field do not reflect their much
quoted rarity value.

If one believes in the supply/demand system
and that the salaries offered are geared to this
relationship, then one is forced to the conclu-
sion that in reality the demand for r.f. engineers
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which is, and has been, fairly constant ovgr the
years is still being met by the supply and that
their ‘scarcity’ is a relative term employed in
this instance in relation to microprocessor and
software engineers.

In the near future the undoubted surplus of
the latter may significantly effect the situation?
Dr 1. J. Dilworth
University of Essex
Colchester

The article by R. C. Slater in the November
1983 issue of Wireless World is most useful and
informative. However I would like to raise one
point.

Mr Slater suggests that the normal method of
application for registration by the Engineering
Council is through the institutions. The Engi-
neering Council does, however, provide a means
of registration direct to it, without the necessity
for membership of an institution. The represen-
tation within the Council and the fees charged
by the Council leave a lot to be desired for these
registrants. Since non-institution members form
a large proportion of the engineering workforce
it seems strange that the Engineering Council is
about to make second class citizens of them.

P. H. Milne
Fareham
Hants

SPEED OR VELOCITY?

I am repeatedly bemused by references in your
letters pages to the postulation of a “constant
velocity for light in vacuo”. We know light
travels in different directions, so ‘‘constant
speed” may, just, be worth discussing. If you’ll
excuse the pun “constant velocity” is a non-
starter!

Simon Pengelly

Tonbridge

Kent

WAVE MOTION

Following Mr W. M. Dalton’s letter in No-
vember, by all means let us stop, but before
starting again the following thoughts on wave
motion may be interesting.

Waves are only visible on surfaces which may
wobble about their mean stationary norm. Such
surfaces include water/air surfaces and cross-
sections, both of which are actually interfaces.
Without a surface of this kind no wave can be
apparent, though pressure changes of some-
thing approaching a sinusoidal character, sensed
here and there in the medium, may allow the
apparency of a wave to be deduced in exactly the
same way that the existence of energy is de-
duced from any other change, that is from be-
haviour. Given such a surface, the apparency of
a wave is produced.

Now, one may cut a cross-section of any
medium in any plane one desires, and if that
medium contains rotational motion the appa-
rency of a wave will be provided so long as the
cut is not precisely through the axis of rotation.
The process is analogous to deriving a sinusoid
from a circle.

Thus there are two distinct kinds of waves,
firstly the apparency provided by what I have
just said, and the linear pressure-wave:
however, the latter can always be resolved as
being caused ultimately by rotational motion,
for instance by a piston operated through a
connecting rod by a crank, in which case, a

“Quantum” of its energy might well be a func-
tion of one rotation of the crank, and dependent
upon its mass and its velocity of rotation when
in free motion.

Thus in the end, all wave motion in a contin-
uum (i.e., devoid of a surface) must perhaps of
necessity be a function of circular motion, that
is, spin. This is a delightful thought to me be-
cause it means that if there is an energy gradient
in space, which I tried to show might be the
function of gravitation in my own letter of No-
vember, the Planck Quantum would not be
constant but would merely tend to constancy in
any locality, being a function of spin energy.
This in turn may affect one’s thinking upon the
speed of light and Doppler, and indeed upon
the nature of the space-time continuum.

When considering a microcosm, the thing is
so small that any conceivable “point” (which is
essentially large by comparison) may contain
randomly orientated spins of many-sub-massive
building blocks, i.e. a non-polarised state of
energy, and it seems that from that “point” one
may derive probably everything, including the
Laws of Physics, passing Abstract Law on the
way as one descends the pyramid.

Conceiving a “point”, i.e. a tiny static volume
in space-time, is a very different matter to con-
ceiving a dynamic function and mentally reduc-
ing the scale of it so that many such functions
may be contained within the point conceived:
the point must be contained within an agglome-
rations of quite large brain cells at a given in-
stant of time; however, if one then zooms down
the function with the lens of the mind’s eye one
can conceive the quark, the absolute
microcosm, a sub-massive (non-apparent), sub-
energetic (in wave terms) and sub-informational
(non-provable) entity. It is a game of leap-frog,
each leap being a leap of scale ending in unity:
call it repeated differentiation, the thought
process at work, the function of comparison
through time, imagination, call it what you will,
but it is the fount of analysis and creativity, the
functions which lie behind every tiny act of
man-made providence.

Having long been doubtful of the sagacity
behind the planar apparency which is a surface
device, shallow and superficial, I am now driven
to the conclusion that wave believers are not too
far removed from flat-earthers, who not only
suffer from the disease of planar apparency but
who seem to wobbulate about their stationary
norm in space-time! In short, casual analysis
always invokes evolution which is essentially a
space-time function, and somewhat more dy-
namic.

J. A. MacHarg
Wooler
Northumbria

FORTH COMPUTER

Brian Woodroffe is not the first to suggest that
the coding of ‘Next’ is the most important part
of a Forth interpreter (Wireless World, Nov. 83).
However, we need only look at the number of
‘U’s that appear in his examples of primitives, to
see that access to the data stack is far more
critical. This is where the 6809 shines. It can
read or write to anywhere on the data stack,
directly manipulate the data stack pointer, and
push or pull any number of registers with just
one instruction. Its quick ‘Next’ and efficient
return stack follow in importance.
But we mustn’t let our enthusiasm colour the «

facts. J. O’Connor’s first suggestion for ‘+’ on
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Table 1 — Clock cycles taken to execute some
Forth primitives by the Z80 and 6809.

Primitive Z80 6809
+ 75 32
MINUS (NEGATE) 85 28
(a 78 27
! 94 33
Dur 65 26
OVER 90 27
SWAP 73 39
DROP 64 19
Total 624 231

the 8088 will certainly run correctly. This is
because the result of ADD (BP), AX is written
directly back to memory. (However, my 8086
data sheet implies that this method would be
slower than the one suggested by Mr
Woodroffe).

My own interpreter for the Z80 takes acount
of this processors strengths and limitations and
improves on the FIG model. In Table 1, I have
compared the number of clock cycles taken by
my Z80 and Brian Woodroffe’s 6809, to execute
several Forth primitives. From the totals we can
presume that a Z80 will have to run for 624
clock cycles to approximately equal 231 on a
6809, or about 2.70 to 1. Now the ratio of clock
speeds between a 4MHz Z80A and a 1.5MHz
68A09 is 2.67 to 1. So they will run Forth at
nearly the same speed. Also, since it is vectored,
I can quickly change ‘Next’ to perform error
checking, single stepping, or for fast interrupt
handling. The Z80A will of course need faster
eproms, but the difference is not as great as Mr
Woodroffe suggests. The memory access time of
the 68A09 is given from ‘address lines stable’
and at 1.5MHz is 440ns. The equivalent figure
for the Z80A at 4MHz is 340ns, whilst the time
from the falling edge of MREQ is 240ns. Inciden-
tally, these times do not vary in direct propor-
tion to clock speed, so Brian Woodroffe’s
calculations of ‘performance factors’ hold little
weight.

In his hardware design, the chip select lines of
the eproms and peripherals are decoded directly
from the address lines, A12 through Al5, with
no validation signal. Consequently the chip
selects will glitch whenever tow or more of these
address lines change simultaneously. Also, by
subtracting delays of 32ns and 38ns for the
decoders, from the processors access time, we
are left with 370ns. I can only leave it to Mr
Woodroffe to explain why he is using 450ns
eproms
James Kidd
Warrington
Cheshire

ELECTRIC CHARGE
FROM A RADIO WAVE

May I come to the support of Professor Jenni-
son, and suggest that his analogue model of a
rotating waveguide differs from the real thing
only in degree and not in kind?

My justification for this claim is that the
model may be smoothly transformed into the
waveguide via the following stages.

1. Take Professor Jennison’s model and re-
duce the losses in the phase shift networks,
sirultaneously reducing the gain of the ampli-
fiers appropriately.

2. When the losses reach zero, the amplifiers
will have unity gain and may be replaced by
pieces of wire.

3. Successively replace each inductor by two
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inductors with half the number of turns in each,
until each inductor consists of half a turn only.
The ring of inductors now consists of a contin-
uous circle of wire, with the capacitors connec-
ted at intervals.

4. Reduce the value of each capacitor, thereby
increasing the speed of the wave around the ring
until each capacitor consists of a single pair of
rectangular plates separated by an air gap.

5. Reduce the length of the wire connecting
the inductors to the capacitors until the induc-
tors and the “live” plates of the capacitors are
merged.

6. Join the “earthed” plates of the capacitors
end to end, and curve them in a cylinder around
the inductor.

The original phase shift oscillator has been
transformed into a ring of coaxial waveguide,
through six stages which do not, as far as I can
see, include a discontuity.

If Messrs Parton and Freeborn (Letters, Oc-
tober and November) agree with me, could they
or other readers point out where I have made an
unjustified assurnption in the transformation?
Peter Hesketh
Chepstow
Gwent

WAVES IN SPACE

I would like to make one comment on T. C.
Webb’s letter in the August issue. My co-author
Malcolm Davidson experimented with sending
data (highs and lows for 1s and Os) in both
directions down a 1 kilometre length of twisted
pair. He found that the losses experienced by
the signals travelling in one direction were less
when pulses were being sent in the other direc-
tion.

Conventional theory would say that during
the time when one positive pulse passes through
another going the other way in a transmission
line, the i2R losses drop to zero. The total cur-
rent is zero during this time.

Ivor Catt
St Albans
Herts

ELECTRONIC WEIGH
SCALE

I am grateful to Mr Wyre of Lascar Electronics
for his comments on the use of the Lascar digital
panel meter in my electronic weighing scale.
(WW October, 1983).

It had not been my wish in the description of
this instrument to commit any potential con-
structor to the use of a d.p.m. unit of any
specific commercial origin, since there are a
number of suitable units, and I am not in a
position to arbitrate between their respective

merits.
+5V
|1t.
W 7
il Ref + POL‘:
64 Ref hi . VE]
12 Ref-
Slrefo  xDPPe-
N 21 1n hi DPI E—os/
Input 3100 o2 b
voltage
- 4lcom
V_

It
-5V

The circuit details, with reference to the
d.p.m. employed, in my instrument circuit dia-
gram were, therefore, deliberately left in outline
form only, in the expectation that the would-be
user would follow the particular recommenda-
tions of the manufacturer of the unit he had
selected.

If the Lascar unit is to be employed, the
precise connections needed are as shown below.
J. L. Linsley Hood
West Monkton
Taunton
Somerset

DESIGN COMPETITION

With reference to a letter from Mr Cohen (Sep-
tember 1983 issue) regarding distress alarms for
the disabled, such a system was developed and
marketed early in the 1970s. It consisted of a
v.h.f. transmitter and receiver system. The
lightweight transmitter could be easily carried

‘or worn on the person and the receiver, situated

in a near neighbours home or in the warden
room of an old people’s home, could identify a
number of individual transmitters. The system
was in fact purchased by a number of Social
Services departments. At that time cuts in the
Social Services budget occurred and as a conse-
quence widespread use of the system did not
occur.

The cost of such a system is, of course,
directly proportional to the market volume. Un-
less it is clear that the financial as well as the
social commitment for such systems is both
present and of reasonable longevity then
however socially desirable such a product may
be manufacturers will not invest the necessarily
large capital to allow consumer development
and marketing to proceed — at least for an
attractive sale price.

The cynic may be tempted into thinking that
if a volume market existed our far-eastern com-
petitors could produce such systems much
cheaper than UK based manufacturers. The net
result being that the use of such devices would
be at the expense of yet another net outflow of
UK based money.

Perhaps if the Social Services department is
convinced of the necessity of such a distress
alarm it should partially fund UK development
and marketing of such a product.

Dr I J. Dilworth
University of Essex
Colchester

In his article and letter in November Wireless
World Mr Woodroffe is less scrupulous than the
Intel benchmark report that he obliquely
criticises. This report, which compares the
68B09 with the 8088, can only really be faulted
on the grounds that no allowance is made for
code frequency in averaging out relative execu-
tion times and code sizes. It indicates, quite
correctly, that re-entrancy is handled faster by
the 6809.

By contrast, the table presented in his article
by Mr Woodroffe can be faulted on several
grounds. First, it omits the Texas 9995 proces-
sor, which competes in the same market sector
as the 6809 (64k address, nonsegmented). I
wonder why? The 9995 has a non-multiplexed
bus and fast 16-bit parallel onboard ram; for
450ns access time its bus cycle is 670ns, versus
800 for the 8088 and 1000 for the 6809. It also
makes use of prefetch. :

Second, and more serious, some funny arith-
metic occurs before the bottom line. The rela-
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tive speeds for the 6809 and the 8088 are given
as 4.11 and 3.19 respectively although the 8088
actually executes its code faster. This is derived
from this “speed for 450 nanosecond access
memory.”’ [ have news for Mr Woodroffe; in the
real world it is not desirable to run a processor
with a bus cycle allowing 695ns access at a speed
which gives 450ns access. It tends not to work.
In the real world the 8088 is faster by nearly
30%. Of course it would be perfectly practical to
use a faster 6809 — the 68A or B 09 options —
but then he should say so. If he is not actually
using these faster devices in his own computer,
he should tell us what access time his hardware
actually requires, and recalculate his last line on
that basis.

The third objection, however, is that in real-
ity the 8088 programmer is unlikely to use the
“JMP NEXT?”, as this requires that NEXT be
within 127 bytes, necessitating numerous
NEXTs scattered throughout the code rather
like Underground stations (I nearly wrote pub-
lic conveniences) in London. He or she will
accept the 9-byte inline code (typical 6809 code
is twice as long as typical 8088 code), losing 15
clocks and giving 8.6 microseconds. This execu-
tion time is slightly less than for the 6809 run-
ning at 1.5MHz with a comparable memory
access time. The point, surely, is that the 8088
is the more expensive device, and the time and
effort required to use features like segmentation
mean that they are likely to be wasted in a small
domestic microcomputer. There is no point in
buying unused silicon.

The comments about code usage I agree with,
except as regards the very arbitrary 80/20 ratio,
seen quoted elsewhere as 75/25, Y4/%5 — it is
true that in most high level languages most of
the time is spent pushing garbage to keep the
system happy. This is why high level languages
waste silicon and time while keeping pro-
grammers employed. However, the picture can
change dramatically as soon as real arithmetic
starts to happen, especially when trigonometry
is involved. The makers of home computers
assume, generally correctly, that most users will
never stretch the resources of the mathematics.
I would have thought, however, that electronic
engineers differed in this respect; in the days
when I was limited to a programmable calcu-
lator I remember calculations that exercised the
poor little thing for hours on end, leading me to
wish a bleeper had been fitted to announce the
result. For this reason [ would have thought
that, again, the TMS9995 would have been a
strong contender for a CPU because of its ability
to handle 16 bit signed and unsigned multiplica-
tion and division in the instruction set.

Perhaps [ should add that I am in no way
connected with any semiconductor manufac-
turer.

Martin D. Bacon
Taunton
Somerset

SINE WAVES

Roy Hartkopf’s letter in the November issue
under the heading “Sine waves, harmonics and
sidebands”, will invite comment from many
quarters. May I put forward mine? First of all,
the type of modulation discussed by him
appears to be that of amplitude. As we all know,
this involves the variation of an r.f. carrier
(usually) in amplitude by another waveform im-
pressed by intelligence (hopefully!)

This operation is a multiplicative one, in gen-
eral, so if the instantaneous voltage be presented
by e.=A sin wct, and the mod. instantaneous
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voltage by 1 + m sin wyt where A = carrier
amplitude and w; and wp, are the carrier and
modulating angular frequencies respectively,
multiplying these two expressions and expand-
ing the result gives: e; e = A sin wet + Y2 mA
cos (e + W) + Y2mA cos (we — wg) t, where
m is the percentage modulation.

No sign of harmonics here, Roy. In fact, the
two sidebands w; + wy, and W, — Wy have
harmonic relationship only under the particular
condition mentioned when w, = wp. Here the
lower sideband vanishes and becomes a d.c.
voltage of value mA/2, since cos 0 = 1. The
upper sideband becomes zmA cos 2 wct, which
is the second harmonic of the carrier frequency.
The statement therefore that sidebands and har-
monics are the same would appear to be true
only in this one instance.

Another thing, notice that in the process of
amplitude modulation, the carrier remains at
the same amplitude: this fact borne out by recti-
fied carrier d.c. used for a.g.c. purposes etc.,
which, when properly filtered, remains constant
with constant carrier, irrespective of modulation
depth. Where then is the distortion of the vary-
ing sine wave?

Of course, harmonics appear as a result of
system non-linearity, but that’s another story.
So until Roy explains convincingly his proposi-
tion it will remain in the “r.m.s. watt” file.

In conclusion, I would gently point out to
Roy that the derivative of a sine function is not
another sine function but a cosine function.
Yes, the waveform is similar, but, in calculation
if 1 were inserted instead of 0 . . . !

A. B. Pidgeon
St. John’s
Worcester

PREFERRED VALUES

D. R. Watson (November) should realise that it
is not true that “the preferred values (the 20%
range) are the rounded approximations of

I,r, rz, rs_, r“, rs, r?
where r is determined by the requirement that
%=10, and equals 1.468 to 3 decimal places”, as
a simple test will show.

Rounded Preferred

Sequence value*

value value
1 ] 1 ]
r 1.468 1.5 1.5
P 2,155 2.2 2.2
St 3.164 3.2 3.3*
r 4645 4.6 4.7*
r 6.819 6.8 6.8
8 10.010 _ 10.0 10.0

* Value is rounded to 3 décimal places. This

rounded value is then multiplied by 1.468 for
the next stage of the calculation.

There are two wrong answers; 3.3 should be
3.2 and4.7 should be 4.6. But perhaps when the
list of preferred values was drawn up, one pre-
ferred value was used to calculate the next one
by multiplying say, 4.7 by 1.468 to get 6.900,
which was then rounded to give a new preferred
value of 6.9. But no, that can’t be right; the new
preferred value is 6.8.

I wonder how 6.900 was rounded to give 6.8.
Teacher never explained that one to me.

If D. R. Watson cares to try he will find the
same standard of arithmetic in the 10% and 5%
ranges, and for all [ know, in the other ranges as
well. Surely the “Preferred Range of Values” is
the radio industry’s “camel” in the permanent
exhibition of “horses designed by committe”.
W. Scott
London

PRECISION
PREAMPLIFIER

In your October issue, D. Self presents a design
for a most elegant preamplifier. My only reser-
vations are his comments on the reasons for the
inclusion of tone controls and his lack of enthu-
siasm for non-electrolytic capacitors.

First of all, the inclusion of tone control these
days, particularly of the Baxandall type, can
only be regarded as a sop to convention and
perceived desires, rather than actual needs. I
never use them, finding their advantages in, for
example, increasing the bass, completely
outweighed by their effect on other portions of
the spectrum. Therefore, as a convenience to
those of us who can get along without tone
controls, it would be a delight if Mr Self could
present a design omitting the controls, while at
the same time keeping the non-inversion of
phase and the lovely balance control.

Second, the use of electrolytic capacitors as
coupling elements, whilst on the surface
appearing completely acceptable, ignores some
of their operating parameters. [t is, for example,
not a good idea to reverse bias an electrolytic,
and yet I cannot see any provision made to place
a standing bias on the coupling electrolytics in
order to ensure that the negative portions of the
audio signal do not reverse bias the capacitors,
however momentarily. Since op-amps are com-
monly used with d.c. feedback, they usually
incorporate some method internally for reduc-
ing their output d.c. offset or they would
quickly saturate. It is precisely this apparent
lack of d.c. bias on the coupling electrolytics
which worries me; further, the low-impedance
design of the unit means that coupling values
are relatively high in order to reduce their re-
active effect. Consequently, film capacitors are
not a ready alternative due to cost.

To overcome this nuisance, many preamps
use non-polarized coupling electrolytics in their
split-rail designs. Pure Class A designs can eas-
ily overcome the problem due to the single rail.
Even using non-polar electrolytics does not
overcome their distortion at zero volts, the same
as a regular electrolytic. Perhaps this point has
not been overlooked by Mr Self, but it would be
nice to have it confirmed. From what I can see,
bypassing the electrolytics with film capacitors
will not help; the electrolytic characteristics will
surmount those of the much smaller (pre-
sumably) capacity film unit at zero volts, if not
elsewhere.

Since my profession is one of electrical engi-
neer at an electric supply authority, I think it
instructive to note that capacitors used on the
power system are, these days, almost entirely
film types utilizing polypropylene dielectric.
We don’t like 3rd harmonic generation, terrible
dissipation factor and high internal losses —
presumably that is why electrolytics have not
penetrated the market! My opinion is that if Mr
Self lashed out and bought the film capacitor,
ditched the electrolytics, and listened, he would
indeed hear the difference.

As for the use of decent connectors that don’t
tarnish, I will use gold plated units myself.
Everyone else can do what they want. I only
suggest reference to power system usage of con-
tinuing low resistance connections. Meanwhile [
would appreciate hearing Mr Self’s rebuttal to
my remarks and for him to generate a design
without tone controls.

W. M. B. Armstrong
Halifax

Nova Scotia

Canada
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Improving colour
television decoding

This Pal modifier, which switches the V-axis signal for decoding across adjacent lines,
results in full luminance bandwidth and a sharp picture, although to some it may appear
busy with aliasing dot crawl. But when an adaptive notch is added, continuous high-band
luminance and its associated aliasing is filtered out, large-area ‘business’is removed as

To keep costs down a decoding technique
involving only one chroma line was investi-
gated. By using adjacent lines from the
field, both spatial and temporal errors are
reduced to a minimum because field-
length or picture-length delays are not
involved. If a delay of exactly 64ps is used
the information is vertically coherent, al-
though comb filtering by addition or
subtraction across adjacent lines, as illus-
trated in Fig. 11 (a) left-hand side, results

only in unwanted products because the-

two chroma components are mutually at
right angles. On line N, V is vertical, On
N +1 it is horizontal. The U signal behaves
similarly.

Fig. 15 (a) and 15 (b) show the signals
into and out of one-line delay (64 us) with
its PAL modifier. The PAL modifier re-
moves the V-axis phase reversal and the
phase setting of the 2f signal (driving the
carrier input of the modifier/modulator)
rotates the vectors. Referring to the left
side of Fig. 11 (a) and taking line N at the
input to the 64ps delay line operated on by
the modifier it emerges as in Fig. 15 (a)
and 16 (b), which shows that the V-axis
has been switched. Adjacent lines in the
field can now be subtracted to cancel the
chrominance to obtain luminance, but
there is some luminance aliasing, shown as
—-Y in Fig. 15 (b).

Although the delay line used in a chro-
minance circuit is a quarter-cycle of the
subcarrier short, to enhance U and V for
feeding the chroma demodulators, in the
luminance channel the delays are adjusted
to be exactly 64us between subcarrier in-
puts. The modifier can rotate all the vec-

v

Line N LU
|
Line V. !
N+1 |

u
Modifier LV_ __Line N after 1line delay

output {64ps) and a PAL modifier

Fig. 15. PAL modifier chroma phase
relationships (above) for line N+1 and line
N emerging (at time of N+1) from line
delay and modifier. Phase of 2fs; feed sets
output phase of modifier. (b) shows im-
proved methods of decoding PAL signals
using a modifier in the comb (right).
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well as horizontal dot crawl.

by D.C. A. Read
B.Sc. (Eng.}, M.L.E.E.

tors, removing the V4f, signal offset to the
balanced modulator carrier input. The
basic expression for PAL-coded video,
Fig. 16 (a), defines the effect of the PAL
modifier in mathematical terms, indicating
that the =+ signs are reversed to show the
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V-axis reversal by the modifier. Funda-
mentally, the spectral distribution of the V
signal is asymmetrically disposed with res-
pect to the subcarrier frequency, and this
asymmetry reverses on alternate lines, Fig.
4. The effect of the modifier is to coun-
teract this reversal.

In the line sweep waveform of Fig. 17
(a) the upper trace is the notch, used when
the comb filter breaks down, and the lower
trace is the output of the modifier comb.
The test signal frequency at the beginning
of the line sweep test signal is approxi-
mately 0.SMHz, while at the end of the
line it is nearly 6.5MHz, The effect of the
modifier on the luminance channel res-
ponse in the subcarrier area is thus shown.

The increase in signal amplitude shows
that high-band luminance energy is pass-
ing through the modifier and is being mod-
ulated. This is an unwanted aliasing, not
shown in the mathematical analysis, repre-
senting high-band luminance energy with
a chroma subcarrier dot crawl, which
effect is similar to viewing a saturated
colour area on a monochrome set with no
notch in the luminance path. In addition to
this effect the lower trace shows that the
modifier output extends to twice the am-
plitude of the original luminance signal,
Figs 17 (a) and (c). Notice the increased
bandwidth over which the comb is
working compared to the sharp notch.
This not only allows more of the chroma
sidebands to be removed when comb filter-
ing for clean luminance, but also reduces
cross-luminance interference with less dot
crawl on vertical chrome edges.

Subjectively the effect of luminance
aliasing on pictures is not serious, so that
when viewing with the chrominance cir-
cuit turned off and paying close attention
to fine detail in the picture, the effect is
only disturbing on high-detail, high-
contrast signals. This is more than offset
by the improved sharpness and freedom
from notch rings.

A test signal which shows up the cross-
luminance, notch and cross-colour effects
particularly is a skew sweep, in which the
video (sinewave) frequency is constant
over the duration of each line but stepped
up in frequency on each succsssive line,
with the start-of-line phase maintained.
This forms a field sweep. Fig. 17 (b) shows
the test signal passing through the lumi-
nance notch, and (c) is the comb filter
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decoder with PAL modifier, showing the
resulting alias (luminance channel only).
Fig. 17 (d) shows the typical shape of the
comb teeth when usirig two lines only for
the comb filter.

Colour print 2* shows that the cross-
colour from the diagonal luminance is far
more serious than the alias introduced by
the modifier. Fig. 12 (¢) showed a three-
line comb for obtaining clean luminance;
there was no aliasing because a modifier
wasn’t used. But colour print 3 shows that
luminance diagonal detail is lost where no
cross-colour is present.

Because the comb filter method of de-
coding breaks down on horizontal colour
transitions from line-to-line an adaptive
detection technique is required to prevent
horizontal colour changes producing high
dot-crawl, comprising a notch filter which
is automatically switched in or out of cir-
cuit. Such a scheme will also act when
luminance detail produces a high level of
aliasing via the modifier. The notch will
switch in and reduce the aliasing visibility,
unfortunately with a loss of luminance re-
solution because the notch reduces all the
signal energy at 4.43MHz+600kHz (3dB
points). Normally, adaptive detection
recognizes the presence of non-correlation
between adjacent lines of the chrominance
circuits, but for simplicity the adaptive
notch used detects the presence of energy
at 4.43MHz in the luminance channel and
therefore fulfils a dual role — horizontal
colour change and high aliasing. The
method of controlling an adaptive notch
will depend on the type of encoder used;
but as broadcasters would be unwilling to
add a comb at the encoder (to reduce cross-
colour and high aliasing), because of the
large number installed in studios around
the country, the simple solution is an
adaptive notch, and this is developed later.

*Coleur prints will be included in a subsequent
instalment.
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Pal modifier for switching V axis component
The modulated coded video signal is
Em=E,+E sinwttE  cosmt

Using the MC1596 modulator i.c. the signal is multiplied by —2cos2w t, that is the PAL
modifier operation. Considering the chroma components only, the modifier output is
therefore

Em=EV+2(—Eusinu)tc052u)t-T-Evcoswtcosmut)

=E,—E,(sin(wt+2wt)+sin(wt- 2wt)) FE,(cos(wt+2mt)+ cos{wt— 2wt))
=Ev+(—Eusin(—mt)wTEvcos(—mt))
=E,+(—-Eysinut¥E,coswt}

where F sign indicates V signal inversion. The 3wt components will be removed by the
output filters.

Fig. 16. From the PAL colour television CCIR System | specification as drawn up by the
BBC and IBA the equation for the complete colour television signal is as shown above.
The modulation equals E, (luminance) plus E sinwt (B-Y weighted colour difference
signal) +E,coswt (R-Y weighted colour different signal), where wt represents the

4.43MHz subcarrier, and the sine and cosine terms signify quadrature modulation.

PAL modifier using

balanced modulator

In the MC1596 balanced modulator used
for the modifier, Fig. 18, the 2f;. feed is
normally obtained from the low impedance
output pin on the PAL decoder i.c. assum-
ing a 2f oscillator. Alternatively, a crystal
oscillator running at 2f,. under the control
of a phase-locked loop could be employed.
Two divide-by-two circuits triggered by
the negative or positive-going zero cross-
ings of the 8.8MHz sinewave provide the
U and V 4.43MHz demodulating carriers
in quadrature directly, without involving
delay techniques.

Fig. 17. Traces taken using a tv line sweep
test signal (a), left. Video frequency starts
at about V2MHz increasing to 6-7MHz at the
end. TV screen photographs show the
effects of notch and comb on a field sweep
signal (below). Notch causes information
loss and the comb results in aliasing. With
this signal the top tv line is about 10MHz
and the frequency steps down to 800kHz on
the bottom line. In the subcarrier region the
luminance diagonal detail sweeps from
near-vertical to near-horizontal. Trace on
right shows the shape of comb teeth using
two adjacent lines from a field (d).

B P D Y TP
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The top trace in Fig. 19 is the gaussian-
filtered U and V modulated by the coder
with some of the upper sideband removed
by the output filter, as developed across
the bases of the lower long-tailed pair of
Fig. 18. The second trace is the carrier
input at 2f, balanced on pins 7 and 8 of the
MC1596 modulator. The final trace is the
output, the carrier having been suppressed
by balancing at pins 7 and 8 with a poten-
tiometer (in the circuit to be shown later).
The final diagram also shows how the
spectral energy has been reversed, with
added energy at 3f,. which is later removed
by the luminance filter, also to be shown in




the final circuit of the revised PAL de-
coder.

In the receivers which have been mod-
ified it was found easier to introduce a
separate chroma delay line, as it is normal
practice to use the chroma delay line pre-
sent in the decoder chroma circuit for
addition and subtraction enhancing of the
U and V components. As a result it is
difficult to extract the chroma part of the
PAL signal at the output of the chroma
length line; because these delay lines are
fairly cheap (£2-£3) a separate chroma
length delay line as shown in Fig. 20 was
used. Also the chroma bandpass filter was
improved to form a symmetrical gaussian
filter with good group delay performance
(i.c. linear phase) that is symmetrical
about the subcarrier. Details of the filter
are shown later.

Notice the broken line from the output
of the chroma bandpassfilter in Fig. 20.
This, and a signal of equal amplitude from
the modifier output, are fed to the two
inverting inputs of the summing circuit
(both at half level) so that, when
subtracted from the direct signal on the
non-inverting input, the circuit will main-
tain a constant luminance amplitude sweep
but the apparent luminance detail in the
subcarrier region will be halved when
viewed on the picture.

Also shown in broken line on this circuit
at the output of the summer is a ‘tee-ed off’
subcarrier detecting circuit. This simple
tuned circuit detects the high-energy
4.43MHz components and modifies one
part of the output filter to introduce a
notch at 4.43MHz. The output filter has
phase equalization which represents sev-
eral hundred nanoseconds of delay. The
delay equalization is placed first in the
circuit and the last filter element is the part
that is modified to form a notch by the
4.43MHz detector circuit. The notch
therefore is switched in before the actual
luminance components that are to be re-
moved reach the end of this circuit, having
passed through the group delay equaliza--
tion and the earlier section of the filter.

With horizontal colour bars fed in and
the subcarrier-detecting adaptive notch
circuit turned off (by lifting one end of the
capacitor in the series resonant circuit),
Fig. 21 shows that an on each horizontal
transition the subcarrier is no longer
subtracting since the colour has changed
across the adjacent lines. On subtraction
large components of unattenuated subcar-
rier appear.

A field where both luminance level and

colour have changed is shown in Fig. 22 -

(a), top trace. The middle trace shows the
luminance output with the adaptive notch
working. Observe at the beginning of the
line that a small pip occurs where a part
cycle of subcarrier is visible because the
time taken for the notch to operate is not
fully compensated by the delay of the early
part of the filter (plus its group delay
equalizer). The bottom trace is the direct
control voltage on the fet used to add a
capacitor in the filter bringing a section to
resonance at 4.43MHz. The long delay on
the trailing edge is found to be advanta-
geous on the picture using electronic
graphics and printing. For example, the
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top of a letter T will bring the notch on,
and if the tops of Os and other rounded
letters appear on the same tv line, the
notch will still be on and dot crawl will not
occur around these edges although the
amount of energy associated with a
rounded top surface would not have been
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Fig. 20. Combing across
adjacent lines with the
aid of the PAL decoder
(page 54, bottom). Block
diagram of the PAL
decoder is for Mullard
one-chip decoder
TDA3561A (or
3560).Components
within broken-line area
are replaced by diagram
onp.54; pin 10is
luminance input, pin 3
chroma input.
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sufficient to bring the notch in. The notch
effectively stays in for approximately half a
line once it has been switched in by a
strong component at 4.43MHz. Fig. 22 (b)
and (c) show pictures of the television
screen (testing signal, 100% horizontal
colour bars) without and with the adaptive
notch.

The middle trace of Fig. 23 (a) shows
the luminance output for 100% vertical

colour bars, with the cross luminance at
transitions much reduced. Also, during
the burst period at the beginning of the
line, there is little evidence of colour
subcarrier in the black level. The bottom
trace is the original notch decoder which
shows the greater residual subcarrier; (b)
and (c) show the resulting pictures. The
zone-plate test signal of figure (d) provides
a luminance sweep at all radial angles, with,

(e) showing the response of a notch de-
coder and (f) the modifier comb with
aliasing. Care must be taken not to allow
any circuits to overload as the harmonics
produce indecipherable patterning, as
shown in colour print 4.

Traces in Fig. 24 (a) show the inverting
and non-inverting inputs; the output sum-
ming point is shown in the bottom trace of
(b). The envelope timing is matched, i.e.

(a) {i} Input composite PAL signal
{ii) Comb Y out

(iit) Control voltage to f.e.t. switching
in adaptive mode. Fe.t is fully
on at +3V
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(b)

(!

Fig. 22. Operation of adaptive notch (a). Screen photographs are taken without (b) and with
{c) the adaptive notch in the luminance channel. Notch removes dot crawl on horizontal
colour changes where the comb, subtracting across adjacent lines in the field, would
otherwise cause large components of subcarrier to appear.
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{a) (i) Composite PAL video
in 10C % colour bars

(/i) Luminance outpuf using
modifier and one chroma
line delay

(iif)Qriginat notch decoder

(d Zone plate direct

Fig. 23. Oscilloscope photographs show
effect of the notch compared with the
modifier comb decoder in the luminance
channel (a). Horizontal dark bands on (d)-(f}
are due to the camera shutter not being
synchronized to the tv scanning system,
please ignore and accept apologies.

the two traces of (a) are delay-adjusted to
obtain the 64us spacing, and the colour
subcarrier phase and amplitude values are
also balanced to achieve cancellation. In

Fig. 21. Oscilloscope traces show how the
comb filter breaks down on horizontal
colour transitions. Test signal is 100%
horizontal bars. On certain transitions, the
subcarrier adds to produce large
amplitudes, as shown. See also Fig. 22(a)
showing one transition enlarged.
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the top two traces of (b) the carrier fre-
quency has been shifted slightly by remov-
ing the 25Hz term and changing % to a Va
in the subcarrier expression, the result be-
ing that the subcarrier is now stationary
with respect to line timing. You can now
see that phase (group delay) in the gaussian
chroma bandpass filter and the cheap
DL60 chroma delay line, figure (c), reduce
the ability to obtain cancellation at the
vertical colour transition where the side-

Fig. 24. Bottom trace is the PAL modifier
and one-line delay signal which cancels the
chroma of the top signal to provide clean
luminance. {Top trace is a composite PAL
signal of 100% colour bars at the green-
magenta transition.)
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Modifier comb
removing nearly all
sidebands
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P

() Alias from PAL modifier

affecting lumnance
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bands generated are large. Residual error
is shown in the bottom trace, Y-out, (b).
Some is also due to the changed rise times
of the subtracting chroma transitions due
to the reduced bandwidth of the chromi-
nance signal. Comparison of the two traces
at (a) shows this rise time difference.
Colour print 5 shows the effect of the re-
duced rise time on the chroma-only
display. VWV

To be continued

Fig. 25. Group delay errors in the chroma
delay line, and changed rise times, detract
from the cancellation in the Y output in the
bottom trace. Middle trace is the input
composite signal. (Subcarrier frequency
changed slightly to make it stationary w.r.t.
line syncs.)
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Constructor’'sr.f.
generator

An a.m. radio chip is the basis of this low-cost design covering 100kHz to 30MHz in five ranges.

It is a regrettable fact that there is at
present little interest among amateurs for
self-built a.m. or f.m. tuners. However, in
the last few years an ever increasing range
of integrated circuits, coils, ceramic
resonators and so on has become available,
and it is easier to build a home-made tuner
than ever before. Perhaps one of the
reasons for the general reticence is the lack
of adequate measuring equipment. The
present article will deal with a reliable
instrument for the alignment of a.m. and
f.m. tuners: an r.f. generator.

At the heart of all r.f. signal generators
is a variable frequency oscillator or v.f.0. A
fet oscillator makes a simple and reliable
generator of high frequency sine waves,
capable of working over a wide range of
frequencies (Fig. 1). However, this simple

+V

-t

Fig. 1. Output level of this simple oscillator
varies with frequency and the tapped coil
makes range-switching complicated.

circuit has two major drawbacks:

o The r.f. output will not be constant, and
will vary substantially between extremes
of 100kHz and 30MHz.

® The need for a tap on the coils or a
coupling winding greatly complicates
the switching arrangement for the
different wavebands.

An oscillator with a constant output and

a two-pole connection for the oscillator coil

is much to be preferred. One such

configuration is based on a kind of r.f.

multivibrator driving an LC tank circuit in

the collector of the first transistor (Fig. 2).

Since the circuit is driven by square waves,

the output remains virtually constant over

a wide frequency range.

The Mullard TDA1072 integrated circuit
is ideally suited for this particular
application, since it has a buffered
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By L. Boullart

oscillator output (Fig. 3). Amplitude
modulation could be applied to pin 1 (the
i.f. output) via a resistor, but a modulation
depth of 16% for 1.2V r.m.s. input is as
much as can be achieved in this way.
Because the output impedance at pin 10 of

\J.'JJ.%'K

Rear view of the assembly: the r.f.
generator board is enclosed in a screening
box and the power supply is fixed to a

bracket on the left.
+V
[

'é

Output

Fig. 2. This more complex design is similar
to the oscillator in the TDA1072i.c.

the TDA1072 is rather high, separate
arrangements must be made to obtain a 50
ohm r.f. output impedance. It is therefore
more convenient to apply amplitude
modulation elsewhere in the circuitry by
means of a dual-gate mosfet in a common-
source configuration. The "second gate
which stands normally at +4V can be used
for amplitude modulation up to a depth of
50%. Incidentally, a modulation depth as
great as this will result in excessive

hmx.- e g

harmonic distortion: 30%, or even a bit

" lower, is a better figure to aim for in

practice.

A serviceable instrument should also
include a calibrated attenuator; and a
ladder network consisting of a series of T-
attenuators will do the job very nicely. Six
independent push-button switches are
used: one for 6dB, one for 14d, four for
20dB attenuation. In practice, however, it
should be noted that the last 20dB or so
(below about 10uV) cannot be relied upon
because of reactive coupling and losses.
Table 1 gives full details of the attenuator
networks.

Lastly we have to consider the audio
oscillator for internal modulation. A Wien
bridge oscillator based on an operational
amplifier with a thermistor in the negative
feedback loop for stabilization will deliver
1.2V r.m.s. with 0.01% distortion, but
this is far better than required; besides,
the thermistor is a rather expensive com-
ponent.
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As an alternative, silicon diodes can be
used to stabilise the signal amplitude
provided the polarising current is kept
quite small. With three silicon signal
diodes in series, the oscillator shown in
Fig. 5 (IC; etc.) will yield a 1.2V r.m.s.
sine wave with a distortion content of
between 0.1 and 1%.

A common emitter transistor (emitter
follower) ensures a low impedance output
and the R-C low-pass filter in its base
reduces the total harmonic distortion to
0.06 to 0.6% for a 0.6V r.m.s. signal
amplitude. The lowest distortion will be
attained with R;g adjusted carefully to the
point at which oscillation begins. The
output of IC; at pin 6 must not be allowed
to exceed 1.2V r.m.s.

The full circuit of the signal generator is
shown in Fig. 5. The five frequency ranges
are selected by the switch Sz, for which
only two tuning-scales are necessary: one
for ranges 1,3,5 and one for ranges 2,4.
Each range can be adjusted individually by
means of a trimmer C;; (22pF) and the
ferrite core of the coil.

The r.f. output at pin 10 of the
TDAI1072 is approximately 65mVr.m.s.,
of which 50mV is available at the input to
the attenuator. The audio modulation
depth can be varied from 0 to 50% with R,
and external modulation can be selected by
S,.

Table 1. Resistor values for the cali-
brated attenuator.

Atten|R1,R2 R3
-6dB| 150 | 680
—\ \)—
3 -14g8{ 330 | 22//3300
R1 R2
R3 -2048| 390|104/ 2700
O - <D

Construction notes

The complete r.f. and a.f. sections are
mounted on a single printed circuit board
which includes the coils and the range
switch S;. Coil details are given in Table 2.
The six push-button switches for the
attenuators and their associated resistors
are mounted on a separate printed circuit
board. The attenuator assembly is divided
into six compartments by tin-plate or
copper screens soldered to the p.c.b.
between the switches. Both boards must
be encased in a metal screening can.

The tuning control used in the
prototype is a much cherished 1950-
vintage dial drive assembly. It is highly
unlikely that such an assembly would still
be available on the market, and so this
aspect of the mechanical construction is

L. Boullart, who lives in Antwerp, became
interested in electronics at the age of 12.
Since retiring from his career in teaching in
1976, he has concentrated on measuring
equipment. Mr Boullart has been a regular
contributor for 30 years to periodicals in
Belgium, the Netherlands, France and
Britain.

left to the ingenuity of the reader. The
nearest replacement I have been able to
locate is a 70mm scale and reduction drive
by Nimi Seiki. A Jackson Brothers SMé
slow motion drive could also be used.

It is advisable to keep more or less to the
layout shown in the photograph, with R,
and S; to the left of the main board, the
tuning capacitor somewhere in the middle
and the attenuator to the right. The
attenuator is mounted on a perpendicular
aluminium bracket, with the power supply
on the other side as far away as possible.

VW)

® A set of two ready-drilled glass fibre printed
circuit boards is available for this project. The
boards, which will accomodate the r.f. genera-
tor and the attenuator (though not the 12V
power supply) can be obtained by mail order
from Combe Martin Electronics, King Street,
Combe Martin, Devon EX34 0AD. The price,
£6, includes component plans and postage in-
land or overseas.

Q Inductan- - . _ Pn Table 2. Coil details.
ange nductan:e OkO COHS Qase View connections Pins 4 and 6 must be
Fig. 3. Circuit diagram of the signal 1 SmH CAN 1980 BX 2-3 clipped off with a
generator. Sy selects the range by 2 550 H YHCS 1A589 R Bl o& 1-3% sharp cutter. Toko
switching in one of a bank of five coils (see . 50,H B BAPE 02 - coils are stocked by
Table 2). Amplitude modulation is . 5 - 031 6o - Ambit International.
provided by IC;: a modulation depth of up & S HH (oLEN ?A""
to 50% is possible. 5 0-5uH S18 8 A turns - SN
“Remove capacitor
4V Rg Cg
-+ %% —} — 3 ? +V
15k 10n
—* Ry, 82k Rig 220k
Ext. mod. T
o Ty -
n E 35K51
: B T
3Kk9 C11 3= 470n .
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Advance into

the past

Ivor Catt looks at the inhibitions imposed on designers of computers by the conventional
mythology of devices and architecture.

Rational forward progress in computer
technology could only be achieved if a
significant proportion of computer scient-
ists had some mastery of most of the
technologies and disciplines involved. Un-
fortunately this is not the case, because the
necessary spread of knowledge and under-
standing — from semiconductor physics at
one extreme to complex software and com-
puter applications at the other — is too
broad.

Computer scientists habitually assume
that the conventional wisdom, or myth,
imposed on other specialities than their
own, is true. They find it convenient to
base their views on the state of the art in
other fields on information supplied by
amateurs rather than those actually
working in them. A specialist in any one
field tends to see his professional survival
as depending on the stabilization of the
conventional-wisdom straight-jacket
which at one time or another has been
imposed on every other speciality. This is
because change in these other fields would
make his own speciality too fluid, and he
would not survive . . . a point of view
which, although usually subconscious,
sometimes comes out into the open.

For example, around 1970 it was com-
monly said, “We are having so much diffi-
culty mastering the software of present
computers that it is important, if we are to
progress, that computer hardware be frozen
for a decade or more.” Some readers will
see the irony implicit in this comment,
which was often made by programmers
with no knowledge of engineering, which
meant virtually all programmers. There
followed an explosion of complex software
techniques, including list processing,
which could have been much more easily
achieved by hardware modification; but
this option had been outlawed. The result
was an increase in the complexity and
confusion of already over-complex soft-
ware, and a deterioration in the overall
position.

In general, all other disciplines ganged
up on each individual discipline and forced
it to remain essentially static, at least in its
perceived structure when it interfaced with
other disciplines. Examples are:

@® The blocking of any blending of
memory and processing, any move away
from absolute von Neumann, and strict
adherence to the ‘von Neumann bottle-
neck’, even though at one extreme the
technology was demanding it and at the
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other extreme almost all applications were
demanding it.

@ The blocking of any deviation from the
traditional drift from fully serial machines
to fully word-parallel machines, even
though (a) the technology demanded a re-
versal towards serial working, (b) the
change in the relative cost of circuit and
interconnection demanded it, and,
strongest of all, (c) a strong mythology
had developed that the computer industry
was combining with an avowedly serial
industry, telecommunications (citing the
appointment of a Minister for Information
Technology as evidence). Here we see one
myth combating and overcoming another,
unfortunately the wrong one, “fully
parallel fetishism” | being the victor.

@ The imposition for all time of the t.t.].
logic signal as industry standard. This oc-
curred even though t.t.l. logic, which
came into general use in spite of its weak-
nesses in design (including the heavy
standing current in signal lines, the high
signal swing, etc), had given way as the
industry standard circuit to c.m.o.s.,
which had much greater circuit density, in
which a very different logic signal standard
would have been more efficient.

@ The maintenance of a key feature of the
thermionic valve — the idea that hermetic
seal was necessary to stop the cathode from
burning up — well beyond the disappear-
ance of the cathode through drastic
changes in the technology towards silicon
semiconductor l.s.i. Few computer engi-
neers realise that the ‘hermetic seal feti-
shism’ which continues today in v.l.s.i.
chips dates back to the danger of allowing
oxygen to reach a hot cathode, and has
nothing to do with semiconductor tech-
nology.

@ The inexplicable standardization, with-
out a murmur, on the use of Kovar as the
metal for the leads coming from an inte-
grated circuit chip, even though every
parameter of Kovar except one is bad in
this application. The one good parameter
is that Kovar wets to glass, so allowing the
formation of a hermetic seal. Kovar’s bad
features include the following:

— It has rather high electrical resistivity,
so degrading performance by creating
extra voltage drop in the signals entering a

chip.

— It is magnetic, so that signals into a chip
are delayed, and energy wasted, while the
magnetic field is built up.

— It is not ductile, and work hardens fast,
so that there is an unnecessarily large risk
of fracture due to bending or vibration.

— Worst of all, it does not wet to solder.
In order to make it possible to solder to a
Kovar lead, the lead has to be gold plated.
However, during the soldering process,
the gold dissolves into the solder, creating
a brittle alloy and also, should soldering
and de-soldering be repeated, the dissolv-
ing away of all the gold and the creation of
a dry, non-wetted joint between solder and
virgin Kovar.

@ Microprocessor manufacturers have
displayed ignorance of the mechanism of
digital signal propagation and voltage de-
coupling. Placing voltage pins at opposite
corners of the package, thus introducing a
large single-turn inductor in series with the
voltage supply, is the worst possible pin
choice, limiting the speed of microproces-
sors and also making them pattern-sensi-
tive. Although only marginally significant
in the old 14 or 16-pin dil integrated cir-
cuit, the problem created increases rapidly
as the square of the package length, mak-
ing the large microprocessor chip slow
(only 4 MHz), pattern sensitive, and dep-
dendent on the layout of the host printed-
circuit board in a manner not understood
(and so not predicted) by system designers.
@ Looking at another aspect of the stan-
dard package, I suppose that I should be
relieved that the industry did not stan-
dardize on the even more absurd IBM
SLT package, 1965 vintage, which had a
line of pins down all four sides of a square
package. When deciding how the pins
should exit from an integrated circuit
package, the decisive aim should be to
minimize the obstruction of printed circuit
conductors in the host p.c.b. The two,
unrelieved, lines of pins are about as obs-
tructive, and therefore as inefficient, as it
is possible to devise (pace the IBM SLT).
Alternate pins should have been staggered,
and this is a simple operation (which
would not have created significant prob-
lems in the manufacture of i.c. sockets). I
only mention this to show how thoughtless
and casual developments have been, not to
propose change at this late stage.

@ The standardization by the industry of
t.t.1. with its totem pole (push-pull) output
was based on the mistaken idea that the
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load seen by an i.c. output is capacitive.
This was true for thermionic-valve logic
gates, with their high impedance, low cur-
rent outputs, but ceased to be true when
we used transistors, at which point the
load seen by a fast output became resistive;
either a transmission line characteristic im-
pedance (resistance) or a t.t.l. input load
(also essentially resistive). Whereas a capa-
citive load could helpfully be driven push-
pull, today a resistive load can perfectly
well be driven by one transistor, as is
demonstrated by the fact that the fastest
existing circuit, 1 ns e.c.l. has a single
transistor output.

Speed of logic

Generally, the limiting factor in the
speed of logic is not the time taken for a
transistor to switch on or off, but rather
the time taken thereafter for the switched
current to charge or discharge the stray
capacitance in the line connecting this
transistor to the next. A good measure of
the delay involved, i.e. the gate delay, is
gained by multiplying the resistance of the

drive transistor when switched on by the -

stray capacitance that it has to drive.

When a bipolar transistor, as used in a
t.t.]. circuit, is switched on, its resistance
is less than 10 ohms. The capacitance of
the line, or wire, on the printed circuit
board joining this output to the next logic
element is of the order of 20 picofarads.
Multiplying these two together gives us a
time delay of 200 picoseconds. This shows
us that, from this point of view at least,
sub-nanosecond logic speeds are possible
and we do not pay a speed penalty if our
logic signals skip from chip to p.c.b. to
chip to p.c.b. and so on.

_In stark contrast, the smallest possible
unipolar, or mos transistor, when switched
on, still has a resistance of 10,000 ohms. If
it drives 20 picofarads of capacitance on
a printed circuit board, the delay,
or signal rise time, resulting would be 20
pico multiplied by 10,000, that is, 200
nanoseconds. So if the physically smallest
possible (i.e. square) cmos output tran-
sistor has to drive a signal off the chip onto
the printed-circuit board, the achievable
speed is only 200 nanoseconds, that is, one
thousand times slower than bipolar t.t.l.
This dire situation can be improved by
making the drive transistor bigger and so
reducing its resistance. Actually, we might
put ten square transistors in parallel to
reduce the resistance from 10,000 ohms to
1,000 ohms. However, the price we pay is
that these drive transistors have to be made
very big, consuming large areas on the
surface of the silicon chip. This un-
dermines the reason for using mos which is
that an mos circuit takes up less area on the
chip than does a bipolar. By the way, if we
make the output transistor more beefy, we
can make the mos output t.t.l. compatible,
and this is usually done.

Let us now consider the situation when
a cmos signal on an ls.i. chip goes from
one logic stage to the next without leaving
the chip. In this case, the stray capacitance
which must be driven is only one tenth of a
picofarad, and if the drive transistor is the
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smallest possible, i.e. 10,000 ohms resis-
tance, the time constant, or delay, is only 1
nanosecond. From this we can deduce that
it is not true that cmos is slow. Cmos
signals across the chip have a high intrinsic
speed, and so inter-chip circuitry should
be serial, since this will reduce the amount
of circuitry required for each function. (It
is ridiculous for operations inside current
microprocessor chips to be fully parallel.
However, if someone made a serially
operating microprocessor chip, probably
nobody would buy it because, although its
performance might be the same as its
parallel competitors, the news would get
out that the serial microprocessor con-
tained very little hardware; there would be
nothing for the salesmen to boast about.)

Note that if, by increasing the size of an
output transistor by putting a number of
square transistors in parallel, the output
resistance of one bit of a 16-bit bus leaving
the chip is brought down to 1000 ohms, so
that the speed (rise time) is reduced to 20
nanoseconds, but sixteen such large tran-
sistors are needed to handle the sixteen-bit
parallel word, using up valuable area on
the integrated circuit surface. The same
output data rate could be achieved by com-
bining all 160 transistors in parallel to
drive the sixteen bits serially down only
one wire leaving the chip. In this case,
assuming the same amount of chip area for
the single drive transistor, a resistance of
one sixteenth of 1,000 ohms could be
achieved, leading to a bit rate of nearly
1,000 megabits down the single line. The
point being made here is that parallel
working does not enhance speed if the circuits
used are cmos. On the other hand, a
heavy price is paid when we go fully
parallel — extra cost in wiring and extra
pins in the i.c. package leading to extra
failure (since the main cause of failure is
the interconnections) and also far more
failure due to pattern sensitivity with
parallel data busses. Also, parallel working
increases the pysical size of the resulting
system, because size is largely dictated by
number of interconnecting wires. It also
forces us to use extremely complex, expen-
sive test and debugging equipment includ-
ing logic analysers with their awkward,
octopus-like probe pods. By comparison,
it is trivially easy to attach a single oscillo-
scope probe to a point where serial data is
passing.

The Nub of computation

The heading of this section is purpo-
sedly inappropriate, to illustrate the prob-
lem at the very start. The ‘computer
science’ discipline has come to think that
its objective is ‘computation’, ‘information
processing’ or some such. This is not true,
or alternatively, if it is true, then ‘compu-
ter science’ is getting in the way of a much
more important discipline, which is the
application of technology to society’s
needs.

In our society or culture, certain histori-
cal necessities arise. It is usually thought
that whether or not a certain development
was a historical necessity is proven after
the event by whether such a thing in fact
came to pass. I think this is wrong. For

instance, the wheel and axle was clearly a
historical necessity in both Europe and the
Americas, and the fact that the natives of
the Americas never used the wheel and
axle does not prove that it was not a his-
torical necessity. More generally, we can
see the extreme cases where a tribe or
genus dies out because it evades a step
which is a historical necessity.

Our society may well avoid historical
necessity in the developrhent of computer
science, but that does not in my opinion
negate the fact that what follows is a his-
torical necessity.

The proper objective for computer
science or digital electronics is to apply
technology to meeting human or sociologi-
cal needs. (This is a quote from my 1969
New Scientist article!”) I would probably
limit the broad range of application to phy-
sical, not intellectual, needs.

Any physical situation which our tech-
nology can usefully be applied to will be a
multi-dimensional array of values which
need (a) analysis and (b) manipulation.
Digital electronics won over analogue
twenty years ago, I believe for ever, and so
our machinery needs to contain a digital
analogue of reality, and in fact always does
so. One measure of the elegance of our
machinery, and probably of its efficiency
and simplicity is the ease with which the
analogue in our machine maps onto the
reality of which it is an analogue. The
design of an elegant (and also one suspects
efficient) machine requires of the designer
knowledge of the physical reality which is
the target of our machine; of the nature of
data manipulation and computation; and
of the physical nature of the machine.

Since the ideal seems to be a machine
which can be regarded as a physical anal-
ogue of reality, and the closeness with
which the machine’s structure and in-
formation mimics the physical reality, the
‘computer scientist’ must have competence
in all fields above.

The problem is that today, pro-
grammers, calling themselves computer
scientists but having no competence in
anything except the second (with perhaps a
little competence in the first), think they
can usefully contribute to the design and
development of our future machines.

A second measure of the elegance of our
machinery is the degree to which changes
in the physical reality we are mimicking
(or recording) in our machine can be easily
effected in our machine. This is why a
machine is very bad if it does not have
content-addressable memory, and in fact it
needs more than that. It needs processing

“capability in situ in the memory. This is

because values or parameters in physical
reality change in situ, influenced only by
parameters which are physically nearby.
This leads to the next requirement of a
good machine, which is that since in physi-
cal reality there is not action at a distance
but all interaction is local, our machine °
should have superior (or even only) inter-
action capability between values (vectors,
scalars, etc.) which relate to physically
close points in the physical reality.
Further, it appears that the ability to effect
interaction between values which relate to

continued on page 72
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Radio activated
implant for bladder

control

Neurological prosthesis aids patients with spinal cord injuries by stimulating motor

One of the distressing results of injury to
the spinal cord is the patient’s inability to
control the passing of urine in the normal
way. As is well known, paraplegics suffer
paralysis in varying degrees to the lower
part of the body because of the failure of
motor nerves, coming from the damaged
spinal cord, to innervate the muscles con-
nected to them. Action potentials in these
nerves are absent or very weak. Urination
is affected by a failure of innervation in
two muscles. One is a smooth muscle
which surrounds the bladder and applies
pressure to empty it — a detrusor muscle.
The other, around the neck of the bladder,
is a sphincter muscle which opens and
closes the outlet for urine.

If the spinal cord has not been severely
damaged the patient may regain some mea-
sure of reflex control. But many parapleg-"
ics have large residual volumes of urine
which can cause urinary infections and, in
extreme cases, disease of the kidneys. One
treatment for this condition is to disable
the sphincter muscle by surgery, but this
results in permanent incontinence and the
need to wear a urine collecting device.

Over the last twenty years or so attempts
have been made to give the paraplegic
patient a means of voluntary control over
bladder emptying by applying electrical
stimulation to the appropriate motor

Clothing
Patients
controls 1 l
Flexible
Hand-hetd | — _c_n_ble
unit f— )
{pulse circuitry)

Oscillator block . ./

nerves

by Tom lIvall

nerves. These techniques have used im-

planted electronic devices with stimulating-

electrodes that are attached in some cases
to the bladder wall, in others to a part of
the spinal cord and in yet others to motor
nerves emerging from the spinal cord.

One of the latest and most successful
attempts at providing such voluntary
control has been made by the Medical Re-
search Council Neurological Prostheses
Unit in South London. Based on research
by the neurophysiologist Professor G. S.
Brindley!, it has resulted in a practical,
near-field radio activated stimulator which
is now being manufactured on a small
scale* and implanted in a steadily in-
creasing number of patients (26 at the time
of writing). Earlier work by the MRC
Neurolo%ical Prostheses Unit on electronic
implants®3 has already been reported in’
Wireless World®>.

Electrically, the principle of the bladder
control prosthesis is fairly simple, as
shown in Fig. 1. Stimulating pulses are
applied bilaterally to nerves at three levels

Skin of chest wall T Tﬁ

<
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\\\ Stimulating
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\\_ ——
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Fig. 1. Schematic shoyving principle of bladder control prosthesis. The implanted part of
the stimulator comprises a receiver unit, a flexible cable and an assembly of stimulating

electrodes.
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Fig. 2. Circuit (a) and construction (b) of
one of the three receivers in the chest
implant.

by electrodes fitted inside the outer cover-
ing (dura mater) of the spinal cord. These
electrodes receive current pulses from
three miniature radio receivers implanted
as a single unit under the skin of the lower
front chest wall. The receivers are simple
passive circuits with a tuned coil, a
semiconductor diode detector, and an RC
time constant (Figs 2 and 3).

To apply stimulation the patient
switches on a small hand-held unit and
holds a three-coil oscillator block to the
front of the chest immediately over the
implanted receivers. The block generates
pulse modulated r.f. power of constant
amplitude, giving a combination of pulse
frequency, pulse duration and pulse
grouping previously determined by stimu-
lation tests on the individual patient. The
electromagnetic field passes through the
patient’s clothing and skin to the receivers,
where the r.f. signals are demodulated to
produce d.c. pulses. These pulses are car-
ried by an implanted flexible cable to the

*By Finetech (Engineering) Ltd of Welwyn
Garden City, Herts.
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stimulating electrodes. All energy is
supplied by the transmitter, so there is no
need for implanted batteries.

The achievement in developing this
electronic implant does not therefore lie in
any great originality of the system as a
system. On the physiological side the
major problem is to find the right pattern
of stimuli to innervate the detrusor and
sphincter muscles successfully. This varies
from patient to patient, depending on indi-
vidual nerve anatomy and the nature of the
spinal injury. On the electronic engi-
neering side the real achievement lies in
the techniques of constructing and packag-
ing an implant that will work reliably over
a period of years in the extremely difficult
environment of the human body.

This environment is a warm, saline va-
pour produced by the body fluid. It’s diffi-
cult to think of anything much worse for
causing electrical leakage, corrosion and
short circuits in the implanted receivers.
And within the spinal cord the cable to the
electrodes has to pass through a layer or
sac of cerebrospinal (CS) fluid between the
outer covering and the inner connective
tissue of the cord. Fortunately, the MRC
team, led by P. E. K. Donaldson, has had
long experience, nearly twenty years, of
coping with just these conditions.

Nerve root stimulation

Spinal nerves emerge from openings be-
tween the vertebrae in the spinal column,
roughly at the levels where the associated
sensory or motor functions take place in
the body — though some of the nerves, of
course, then have to travel downwards
from the spine. These spinal nerves are
trunks containing both sensory and motor
nerve fibres. For the bladder the nerves
emerge through the sacral vertebrae, a
group of five bones fused together in a

mass immediately above the four lowest-

vertebrae (also joined together) forming

Anterior
fissure
in cord
s

Posterior root
{sensory nerve
fibres)

et
Position of
electrode tr

ough:

=

Spinal nerve

QOuter covering
{dura mater)
opened

Fig. 4. Greatly simplified diagram of motor
{anterior) and sensor (posterior) nerve
roots coming from one half of the spinal
cord at one level (assume a similar
structure for the right-hand side of the
fissure). Stimulating currents are applied
by electrodes to motor nerve roots.
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Fig. 3. (a) Complete three-receiver implant after encapsulation in silicone rubber. The
three plugs mate with sockets on the implanted cable. (b) The corresponding oscillator

block as used by the patient.

the coccyx.

Because the nerves contain both types of
fibres, the motor fibres have to be distin-
guished from the others so that the stimu-
lating electrodes may be attached to these
alone. This can only be done at a point
along the nerve where the trunk divides
into separate sensory and motor nerve
roots, which join the spinal cord at dif-
ferent places.

The highly simplified diagram in Fig. 4
shows this at one level and for one half of
the cord. Motor nerve fibres arise from
roots at the front of the spinal cord — the
anterior or ventral roots — while the sen-
sory nerve fibres come from roots at the
back of the cord — the posterior or dorsal
roots. So the stimulating electrodes must
be attached to the anterior roots in the
sacrum. These are in fact identified an-
atomically as the S2, S3 and S4 anterior
roots

In a surgical operation the dura mater is
opened at a point just above and including
the top part of the sacrum and the required
anterior nerve roots are identified by their
size and position. This identification is
tested and confirmed by electrical stimula-
tion during the operation. The 52 and S3
roots are large and so can be easily
separated into motor and sensory groups of

fibres, but the S4 roots are too small to be .

separated.

Stimulating electrodes for these nerve
roots are mounted in small silicone rubber
‘troughs’, into which the nerve is laid as
shown in Fig. 5. Each trough contains
three U-shaped platinum foil electrodes
and the nerve lies loosely inside them,
immersed in the CS fluid. A silicone rub-
ber lid is latched on to the trough to ensure
that the nerve is retained. The reason for
the use of three electrodes for each motor
nerve is to prevent stimulation via the CS
fluid of nearby sensory nerves, which
might cause the patient to feel pain or
other disturbing sensations. The middle
electrode is a cathode, while the other two,
which are connected together, form an
anode. The cathode is connected via the
cable to the negative terminal of the re-
ceiver’s d.c. output and the anode to the
positive terminal. As a result of this tripo-
lar structure most of the electric field
energy due to the cathode-anode stimulat-

* Here ‘S’ stands for sacrum, while the qumbers
identify the particular nerves. Numbering runs
from 1 to 5 moving down the spine.

ing potential is confined to the spaces be-
tween the electrodes, predominantly along:
the motor nerve. Consequently the stimu-
lating current does not spread outside the
trough and affect other nerves.

Because the nerve roots to be stimulated
are close together the electrodes can be
assembled into a unit, as shown in Fig.
6(a). The number of troughs used in the
assembly and the disposition of the nerve
roots in them depends on the stimulation
requirements for a given patient. Details
are given in Reference 1. In the Fig. 6(a)
assembly there are in fact four sets of ca-
thode-anode electrodes, with one trough
extended beyond the others in a stack so
that nerve roots at different levels can be
stimulated. Fig. 6(b) shows how the S2, S3
and S4 nerve roots, from both halves of the
spinal cord, are located in the four
troughs.

Once the nerve roots are held in their
troughs the dura mater is closed over the
assembly. The cable passes through an
aperture in the dura mater via flexible
grommet or sealing flange which serve to
prevent escape of CS fluid from the spinal
cord. Of course, the covered electrode as-
sembly makes a bump on the side of the
spinal cord and a piece of bone has to be
removed from inside the spinal column to
make room for it.

Receiver implant and
encapsulation

As can be seen from Fig. 3, the three
receivers are assembled and encapsulated
to form a single implant with miniature
plugs for connection to cable sockets. Each
receiver is constructed on a platinum-gold
thick film circuit with a circular (18mm
dia.) alumina substrate. An 8-turn re-
ceiving coil runs round its periphery. The
BA15S diode is encased in glass and has
Kovar leads, while the tuning and reser-
voir capacitors are leadless chip types. The
3uF electrolytic in the circuit is formed by
three 1uF capacitors in parallel — tanta-
lum electrolytics hermetically sealed in
glass.

The purpose of this 3uF electrolytic is to
prevent a net charge from being accumu-
lated, pulse by pulse, in the capacitance of
the stimulating electrodes, as this would
eventually lead to gas evolution through
elctrolysis. The purpose of the 10k(} resis-
tor is to complete a circuit, electrodes-
capacitor-resistor, to provide a discharge
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path, in the intervals between pulses, for
the small charges resulting from these
pulses.

Encapsulation follows a general prin-
ciple evolved bsy the MRC Unit over a good
many years>® Namely, to prevent water
from collecting in places where unwanted
conduction or electrolysis could occur it is
more effective to displace the water by
eliminating voids than to try to set up a
barrier against it. This means that all voids
between parts must be completely filled,
and this in turn means the use of an encap-
sulant with excellent adhesion to several
types of surface.

In, the subcutaneous receiver implant
the environment is an ionised water va-
pour. Experience has shown that hybrid
microelectronic components will operate
successfully in the presence of such vapour
— as long as it remains a vapour. An en-
capsulant will be effective if it prevents the
vapour from condensing, molecule by mo-
lecule, into a liquid. Hence the need to fill
the tiniest voids where the vapour mole-
cules would have space to coalesce.

Epoxy resin encapsulant was found ina-
dequate to meet this condition but the
MRC Unit has had considerable success
with silicone rubber adhesive. This subs-
tance has the apparent disadvantages of
high permeability and rapid transmission
of water vapour, but against these can be
set the considerable advantages, for the
present task, of low water absorption, high
thermodynamic stability and extremely
good adhesion to surfaces.

To ensure effective filling of all spaces
between parts the silicone rubber adhesive
is painted on, layer by layer, using a fine
syringe. This means that the thick film
circuit must be constructed so that the
syringe needle can be inserted into all
spaces. Thin spaces between parts must be
designed out. As an example, the leadless
chip capacitors are raised on plinths of
solder at both ends so that they do not lie
practically flat against the ceramic subs-
trate, as in conventional construction.

Another critical factor in construction is
the actual shape of the cavities left between
the mounted components. In the curing of
the rubber adhesive a slight shrinking

Silicone rubber
trough

Fig. 5. Construction of electrodes for one
nerve root. The middle platinum foil
electrode is a cathode while the outer ones
{connected together) form an anode.

occurs. Adhesion to two large-area oppo-
site surfaces might continue to be perfect
after curing, but the shrinking and conse-
quent deformation might cause the cured
rubber to be pulled away from other, dif-
ferently shaped surfaces. The MRC Unit
has made extensive studies of the adhesion
behaviour of the rubber when filling
various cavities and has found that a useful
parameter for evaluating this behaviour is
the ratio of the square root of the diameter
to the length (e.g. of a ‘tunnel’ beneath a
raised chip capacitor). From these studies
it has been possible to design the receiver
structure to give cavity shapes that help
adhesion.

Before the receivers are encapsulated
they are rigorously cleaned to remove any
contaminants resulting from construction,
handling or atmospheric impurities, as
these could dissolve in any condensed va-
pour from body fluid. The units are first
washed in chloroform to remove flux and
human hand grease, then in an alkali rinse,

Fig. 6(a). Electrode assembly as implanted
under the outer covering of the spinal cord.
One set of electrodes is extended beyond
the others because the nerve roots are at
different levels. (b) Showing
diagrammatically how the S2, S3 and §4
nerve roots, from both halves of the spinal
cord, pass through the electrode troughs
({here sketched as cylinders).
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then in water which is continuously circu-
lated through a deionizing column. The
MRC Unit has built its own washing
machine for this purpose. It comprises a
bath, water pump and ion exchange co-
lumn, with continuous electrical monitor-
ing and recording of the water’s resistivity
as a measure of its purity. Whereas the
theoretical ultimate resistivity of com-
pletely pure water is 22M()-cm, this wash-
ing machine runs until the circulating
water has a resistivity of 10MQ-cm after
washing the receivers for about ¥ hour.
Finally the receivers are dried in a drying
cabinet and are then ready for encapsula-
tion.

The final silicone rubber coating applied
to the whole receiver implant contains an
antibiotic powder with a shelf life of 9
months.

Connecting cable

The implanted cable connecting the re-
ceiver unit to the stimulating electrodes
has been specially designed and made by
the MRC Unit to meet some very stringent’
requirements. Chemically it must be indif-
ferent to body fluid and non-toxic to the
patient. Mechanically it must cope with
potentially destructive local stresses result-
ing from deformations — stretching,
bending, twisting and crushing — when
the patient moves. For the sake of the
patient it must have a long life and be
sufficiently compliant to adapt to various
postures. Electrically it must carry
multiple conductors with a resistance low
compared with the impedance of the
electrode-tissue system. Medically it must
withstand autoclaving before the opera-
tion.

A structure which fulfils these require-
ments, and has performed faultlessly in
patients for periods of years, is shown in
Fig. 7. Developed by J. D. Cooper, now
retired from the MRC Unit, it consists of
helixes of platinum-iridium wires insulated
with polyimide varnish and embedded in
silicone rubber. The conductors are 75um
in diameter and have a resistance of 2.2Q)
per cm, while the overall diameter of the
cable is 2Zmm.

Full details of the cable, the method of
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Fig. 7. Construction of connecting cable. The insulated helical conductors are wound on a
silicone rubber tube and covered with an outer layer of silicone rubber adhesive.

* construction and life testing results can be
obtained from Reference 6. Briefly, the
helical conductors are nct damaged by
body movements that stretch, bend or
twist the cable, but implantation sites that
might result in crushing (e.g. between
bone and the skin) are better avoided.

A miniature plug and socket is used at
the receiver end of the cable to allow the
| surgical operation to be done in two stages:

! first, implantation of the electrodes and
cable; then, after about a week, implanta-
“tion of the receiver.

Transmitter pulse géneration

The patient’s hand-held transmitter,
shown in Fig. 8, is a case containing bat-
. teries and pulse circuitry, with an output
cable connected to an encapsulated oscilla-
tor block of three Hartley r.f. oscillators.
The pulse circuitry modulates the oscilla-
tors to produce constant amplitude pulses
of r.f. at 6 or 8 MHz which are transmitted

to the three implanted receiver coils. The.

modulating, and hence stimulating, pulses

have durations of 100us to 3ms and are
generated in bursts (for a reason to be
explained) with p.r.fs within these bursts
of 30 pulses/s to 300 pulses/s. '

For each patient the optimum pulse fre-
quency and strength of stimulation are
determined by tests carried out immedi-

‘ately after the implantation surgery'. The

basic requirement, of course, is to stimu-
late the motor nerve roots in such a way
that the detrusor muscle will apply
pressure to the bladder and allow the urine

‘to flow out through the urethra. As in all

nerve transmission, the strength of a sen-
sory input or muscle response is shown by
the frequency of the action potential pulses
travelling along a fibre. (Pulse amplitude is
more or less constant as the action poten-
tial obtains its electro-chemical energy
locally as it travels.) With the bladder, the
detrusor muscle applies maximum
pressure at stimulation pulse frequencies

Fig. 8. The transmitter as used by the
patient.

between 8 pulses/s and 30 pulses/s, de-
pending on the patient.

A characteristic difficulty of the nerve
root stimulation in this prosthesis,
however, is that the detrusor and sphincter
muscles are innervated through the same
roots. Consequently root stimulation
causes the sphincter muscle to close the
neck of the bladder at the’same time as the-
detrusor applies pressure to the bladder to
empty it. There are several ways of
overcoming this difficulty, but one that
has proved successful with a large group of
patients is to stimulate strongly with bursts
of pulses.

The pulse bursts are typically 1.5s in
duration and generated at a frequency of
about 14 bursts/minute. They are suffi-
ciently frequent to ensure that the detrusor
remains contracted to apply a continuous
pressure to the bladder, but the sphincter
has a faster response and allows urine to
pass in the intervals of about 3s between
pulse bursts.

To provide these stimulation require-
ments the transmitter includes an adjusta-
ble pulse generator set at the required
p.r.f. for the patient, with its output gated
by a burst oscillator that can be adjusted in
burst frequency and burst duration. All
these functions are provided by cmos inte-
grated circuits and the stimulation para-
meters are selected by a d.i.]. switch on the
circuit board.

Low-level pulses from this circuitry are
amplified to about 50V to modulate the r.f.
oscillators. The three Hartley oscillators
are turned on in sequence by the modulat-
ing pulses, through gates operated by a
scale-of-three counter. The purpose of this
is to smooth the current demand on the
batteries. R.f. output power from each
oscillator coil is sufficient, at a range of 1
cm, to provide 25V into a 470(} load at the
electrodes.

As well as allowing the patient to control
urination at will, the prosthesis can also
be used to ensure continence at night dur-
ing sleep. For this purpose the transmitter
coil unit is secured on the lower chest
above the receiver implant and the
transmitter is set to give a weak continuous
stimulation which keeps the sphincter
muscle contracted and the neck of the
bladder closed. \VWVVi
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Behind the micro

Inventive first-time buyers want to know about the inside of microcomputers but
manufacturers usually give little away. This article — supplementing last month’s
microcomputer guide — will help you find and interpret the information that is available.

There are three main sections to this arti-
cle. The first includes tips for first-time
microcomputer buyers with emphasis on
interfacing. Frequently used standard in-
terfaces are briefly discussed. Secondly, a
handful of computer boards is described to
give you some idea of what they have to
offer in comparison to the ‘complete’
microcomputers detailed last month.
Sources of information for all computers
and boards mentioned in this feature form
the final section.

If you intend adding hardware to your
computer, information and circuit dia-
grams are pf primary importance. It pays
to check on how many books describing a
computer are available before buying; the
least one needs is full details of interface
ports and their signal-timing and a descrip-
tion of how the computer is organized in-
ternally.

Choosing a computer with an industry-
standard interface port is a good idea but
such computers are usually expensive, as
are the interface boards that connect to
them. A port which brings all the proces-.
sor signals to the outside world and allows
address, data and control buses to be iso-
lated from the microprocessor is the most
useful feature for the experimenter, but
few manufacturers provide one. With this
type of port one need not rely on receiving
full information from the microcomputer
manufacturer, since data sheets from the
processor manufacturer provide the finer
details. But a sensible bidirectional parallel
interface with a full specification suffices
for all but the more exotic applications. In
fact, most peripheral circuits may be
controlled through the slower R5$232 serial
interface found on many computers, given
the right software.

There are a few good microcomputers
around for which there isn’t a great deal of
information. If you choose one of these,
make sure that it uses one of the more
popular microprocessors. As a designer of
interfaces you will soon tire of writing
programs in Basic and turn to machine
code. There are many books describing
machine-code programming for the
popular processors which include the Z80,
6502, 6800 and 6809. Few of us can resist
making modifications within the computer
50 a unit with a large physical size can be
advantageous — provided -it is well de-
signed.

Computers for the work-bench

In industry, time and money is often saved
if an engineer or technician can use an
interface-circuit board designed by some-
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A 68000-based computer with half a megabyte of ram surrounds the c.r.t. in Hewlett
Packard’s Series 200 Model 16. Basic for this engineering system takes up 277K of
memory, but is fast as some compilation takes place when the program is entered.

one else, and where time is money, the
costs of developing software must also be
given consideration. Here the choice of a
microcomputer is determined not so much
by its price but by how many intérface and
expansion boards are available for it and by
which operating systems the computer is
compatible with. Popular interfaces will be
described later. As far as software is con-
cerned, one-of the more popular disc-
operating systems* such as CP/M and MS-
DOS opens the door to a wealth - of
programs for design and development, but
if one is considering designing micropro-
cessor-based circuits on a regular basis a
dedicated microprocessor-development
system is the best choice.

Where applications software is more im-
portant than computer hardware it pays to
look at operating systems rather than com-
puters in the first instance. A list of appli-
cations software for the popular operating
systems should not be difficult to get hold
of. Once you have found the operating
system with the most software to suit your
needs, study it carefully and compare it
against its competitors. Some operating
systems are more efficient than others and
choosing an efficient one is important, es-
pecially if you intend designing your own
software. There are computers around that

*C. Gooding. Which os to back?. Software.
June 1983 (origins and aspects of 15 operating
systems, particularly usefu! to the newcomer).

can run more than one operating system,
as our list indicates. ’

Modifying a computer to run a disc-
operating system is not always easy. For
instance with CP/M — an operating
system designed for Z80-based computers
— hardware modifications will have to be
made on computers not designed to run it
and part of the CP/M software has to be
modified.

For designers involved with developing
software for new interfaces, programs
which allow machine-code to be assembled
(assemblers) and programs which make
machine-code programs from high-level
languages such as Basic (compilers) are
important.  Compiled  machine-code
programs are often not as efficient as they
would be if originally written in machine
code or assembly language. Languages
such as Forth, which compile the program
before it is run, are more suitable for real-
time applications than languages such as
Basic but they can be more difficult to
learn.

Few programs run first time and debug-
ging aids are essential for all but the smal-
lest software projects. -Most assemblers
will indicate more obvious errors before or
while they are assembling.

Eight or 16 bits?

Eight bit data-word processors used in to-
day’s microcomputers have 16 address
lines allowing them to directly address up

65




to 64K-bytes (2 eight-bit data words) of
read-only and read/write memory (read/
write memory is called random-access
memory, or ram, but if you try to access it
in a random fashion you get good results
once in a blue moon). Generally, for com-
puters designed for use without disc
drives, between Y4 and V2 of the 64K-byte
memory space is taken up by read-only
memory (rom), holding the computer’s
language, which is usually Basic, and soft-
ware under the vague heading of operating
system. Most manufacturers don’t dif-
ferentiate between the operating system
and the computer’s language unless the
operating system does something more
than allow one to type in and run a
program then jump out of the program
again when something goes wrong. If a
computer is said to have a large operating
system alongside its language it is worth-
while looking into what the operating
system does. If the computer language
takes up an abnormally large amount of
rom it also pays to ask why; it could indi-
cate a versatile operating system, a power-
ful computer language or just long-winded
software writing on the manufacturer’s
part.

Memory space can be extended above
this amount in various ways. Some compu-
ters use paged memory in which two or
_ more pages of say 32K-byte memory are

switched between by software, and some
use virtual memory in which pages of in-
formation are transferred between primary
(usually semiconductor) and secondary
memory (usually disc) by software, pre-
ferably without the user realizing it. All
methods of extending memory are applied
at the expense of something else such as
processing speed, but many are very effi-
cient.

Sixteen-bit processors on the other hand
are not a problem as far as memory-
addressing space is concerned — for the
moment at least. Because 16 address lines
and 16 data lines use up a lot of pins on the
integrated circuit, the two buses are
usually multiplexed into one, which might
affect the complexity of a computer’s in-
terface port. Most ‘second-generation’ 16-
bit devices have more than 16 address lines
as shown below (note, there is no such
thing as a Z8000 but there are two Z8000
family c.p.us called Z8001 and Z8002).

Directly-
Address addressable

Processor lines memory
68000 24 16M-byte
78001 23 8M-byte
78002 16 64K-byte
8086 20 1M-byte
LSI11/23 18 256K-byte
NS16000 24 16M-byte

78001/2 and 8086 c.p.us have a feature
similar to Z80 and 8080 microprocessor
which allows them to address 65,536 eight-
bit Vo ports in addition to memory
" addressing.

For most interfacing, experimentation
and hardware/software-design applications
the increased processing speed offered by
16-bit processors will be far more impor-
tant than the enhanced direct memory-
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addressing capability. But unless you need
the large memory capacity offered by a 16-
bit microcomputer, make sure that you
can use the extra processing power and
speed. Eight-bit processors are not yet
pushed to their limits and there are still
many reasons why an eight-bit computer
might be the best choice. The computer
itself will be much cheaper and so will its
interface/expansion boards and peripherals
i.cs. And there are large amounts of cheap,
efficient and proven software for most
popular eight-bit microcomputers.
Writing machine-code programs for a 16-
bit processor is also more difficult than an
eight-bit device. '
Clock speed is not always a good yard-
stick for processing speed when comparing
microprocessors from different families. If
you intend buying the microcomputer
with the best microprocessor, look at the
processor’s instructions and how it
operates rather than at the total number of
instructions available, clock speed and the
number of bits in the data word.

Peripherali.cs

These devices, which include real-time
clocks, parallel/serial converters and /o
controllers, lessen the burden on the
processor leaving it free to concentrate on
user programs. All functions carried out
by peripheral i.cs can be carried out by the
processor and software at the expense of
memory space and processing time, so it
pays to find out how many of these devices
are, or can be fitted. Some computers have
sockets for peripheral i.cs so that they may
be added as desired. Data books from the
microprocessor manufacturer will show
which peripheral i.cs are available and
what functions they carry out.

Cheap or expensive

It is not always apparent from technical
specifications why some computers are
cheap and others are expensive. If you find
a computer attractive but you think that it
is overpriced, ask why the price is so high
until you are satisfied. On the other hand,
if a computer is abnormally cheap, finding
out why is not so easy. There are many
ways of making a computer cheap. It may
be manufactured in a land where labour is
inexpensive. This is sensible and need not
detract from the quality of the product,
but the buyer should make sure that ser-
vicing arrangements are provided. Com-
bining the functions of very many i.cs in a
single i.c. called a logic array is another
way of cutting costs without cutting qual-
ity. Experimenters will normally prefer
having the separate i.c.s though, since they
are more accessible.

Other methods of cutting costs may de-
tract from quality. Processing power (i.e.
electronic components) involves a small
proportion of the computer’s cost. Key-
boards, connectors and printed-circuit
boards are normally expensive and it is
here where manufacturers often try to save
money. For instance, keyboards may have
keytops with printed legends as opposed to
more expensive ‘stick-of-rock’ moulded
legends and in time the printed types may

wear off or be washed away by the wrong
cleaning fluid. Many computers use the
edge of the p.c.b. as a male connector for
interface ports.and this is fine provided
that the copper on this sector of the p.c.b.
is plated with a precious metal. If the com-
puter works when you buy it, not much
can go wrong with the p.c.b. but if you are
thinking of making modifications inside
the computer you may find that the copper
tracks peel away from the board when you
start soldering. Cheaper computers use
few if any i.c. sockets which can also be a
bind for the experimenter. There is no
practical way of finding out the quality of
the p.c.b. before buying but you can ins-
pect the interface connectors and key-
board. Spend wisely, but remember that a
computer that doesn’t go wrong is worth
much more than a guarantee in the long
run.

User groups

Finally, find out if there is an independent
computer users group for the computer
you intend to buy. A good user group can
be invaluable and will continue to provide
you with information long after the manu-
facturer has lost interest in you.

Common interfaces

and buses

Manufacturers, having designed a pro-
duct, naturally want to keep buyers at-
tached to them and in the computer field
they often attempt to do so by introducing
their own expansion bus. For companies
like Hewlett-Packard, developer of the
IEEE-488 bus, this has worked on a grand
scale — the company not only designs
computers for controlling the IEEE-488
instrument interface but also produces the
measuring instruments controlled by it.
But many other buses introduced by com-
puter manufacturers, despite their quality,
have not been so widely accepted.

Buying one’s first computer is probably
the biggest step and in the enthusiasm one
will naturally choose the computer with
the most impressive technical specifica-
tion. If time stood still this would be the
best buy, but as time goes on, one wants
one’s computer to do more. Manufacturers
disappear and change direction but if you
have a computer with a widely used in-
terface it can be updated despite the whims
of its manufacturer or the shareholders.

One of the commonest interfaces
mentioned in computer specifications is
the RS232 serial interface. It is neither fast
nor particularly efficient in microprocessor
terms but it is widely adopted and one can
find many peripherals that suit it. Many
microcomputers intended for serious use
also have parallel buses but many of these
conform to no standard other than the
manufacturer’s own. Below we describe
some of the interfaces most commonly
found.

RS232/RS422/RS423/ RS449/EIA

RS232C, defined by the Electronic Indust-
ries Association (American EIA) is the
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most commonly used serial interface stan-
dard and is almost identical to the CCITT
V.24 interface standard. It will eventually
be replaced by a group of three standards
— RS449, RS422 and RS423. RS449 de-
fines functional and mechanical character-
istics of RS422 and RS423 which are
electrical standards for balanced and unba-
lanced serial interfaces respectively. These
new standards allow longer cables and
higher data rates.

Only electrical/mechanical characteris-
tics of the interface, functional descrip-
tions of interchange circuits and standard
configurations including synchronous and
asynchronous communications are defined
in RS232C (RS is recommended standard
and suffix C indicates revision number).
Signal coding is not defined. The standard
defines a 25-pin connector but not a type,
although a D connector is widely used, and
the number of lines used for an ‘RS232
interface’ varies from computer to compu-
ter. Cable lengths of up to 15 metres may
be used. In an RS232C signal, logic one is
anywhere between —3 to —25V and logic
zero is between +3 and +25V; cable load-
ing is also specified as is a maximum data
rate of up to 20kbit/s.

For the simplest bidirectional serial in-
terface, only three connections are re-
quired; transmit data, receive data and
ground. Hand-shaking is possible using a
further two signals called clear to send and
ready to send (CTS and RTS). Other sig-
nals on the 25-pin connector are for mo-
dem and terminal control. Many printers
may be driven using an RS232 serial in-
terface which means that they may be posi-
tioned a long way away from the
computer, but circuits required to change
from parallel-to-serial and back again add
to the price.

Data sent through the RS232 interface
may be in any code but ASCII is widely
used for communications. A flexible serial
interface will have the following options:-

® 5-to 8-bit data word length
@ parity-bit enable/disable

@ even or odd parity

@ one or two stop bits

which are selected ideally by software but
possibly by switches where a hardware
serial interface is used. Data rates, nor-
mally expressed in baud, should be altera-
ble either by software or by switches. Most
modems operate at 300 baud or 75/1200 for
Viewdata systems such as Prestel. Binary
or b.c.d. words might be used in data-ac-
quisition applications.

Adding a rudimentary serial interface to
a computer is simple. If a parallel port is
available, one may convert parallel words
to serial and vice-versa in software and
convey the serial words through one bit of
the data bus to and from the outside world
using suitable buffers. But this means
quite a lot of work for the processor. Addi-
tion of a universal-asynchronous re-
ceiver/transmitter (uart) takes the job of
timing and parallel/serial conversion away
from the processor and allows selection of
bits/word, parity checking, etc. Software
for controlling such an interface may be
simple; it becomes a little more difficult if
you want programs interrupted on receipt
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of.data. Efficient software for fully control-
ling a telephone modem can be difficult to
write.

Communications

interface

This term applies to an RS232 interface
with a full set of modem and terminal
control signals, as opposed to a commu-
nication interface which is a high-speed
port allowing a computer to communicate
with, say, a mainframe. Some ¢omputers
have an inbuilt modem which is also a
communications interface.

IEEE-488/GPIB/HPIB

This parallel bus is mainly used for
controlling electronic measuring instru-
ments and sometimes printers and other
peripherals. Hewlett-Packard developed
the bus and hence call it the HPIB. Others
call it the general-purpose interface bus,
GPIB, or the IEEE-488 interface after the
standard which defines it. To add to the
confusion, Ellefsen tells us in his article
describing IEEE-488 in the June/July 1980
issue of WW that two other names are also
used — IEC bus and ASCII bus. As with
RS232, data coding and interpretation are
not defined in the IEEE-488 standard;
however, cable and connectors are.

Twenty-four lines are - sed, eight for
grounding and shield” 1 16 carrying
t.t.l.-level signals. Ea  .: up to 15 devices
connected to the bus recognizes its own
address (or addresses). Seven of eight bi-
directional data lines usually carry data in
the form of ASCII words and the eighth
may be used as a parity bit (binary or other
codes may be used). All variable informa-
tion, including addresses and control sig-
nals, is carried on the asynchronous data
bus. Five of these lines carry addresses. In
addition to the data bus there are three
hand-shaking lines and five interface-man-
agement lines.

Statuses of connected devices vary; they
may be ‘talkers,’ ‘listeners’ or controllers,
or any combination of these three. A com-
puter would normally be classed as a
controller, talker and listener whereas a
signal generator would paradoxically be a
listener and a meter a talker since it would
normally only talk to controlling devices.
Cable length is up to twice the number of
devices connected in metres or 20m,
whichever is less, and the maximum data
transfer rate is 1M-byte/s, although this
speed is rarely approached in practice.
Adding an IEEE bus to a computer is not
easy. Special-purpose i.cs such as the TMS
9914 are available for IEEE-488 control.

$100 bus .

This is a large bus — the 100 of S100
represents the number of lines used — and
having been designed for an 8080-based
system it has been around for some time. It
has recently been revised for use with 16-
bit processors and defined as IEEE-696.
Until now, no recognized standard existed
for S100 with the result that slight varia-
tions have appeared, especially from
manufacturers producing boards and
systems based on processors other than the

8080. Widely used in industry, this bus is
well established and there are many S100
boards available with functions ranging
from memory expansion to speech
recognition.

The original S100 bus has separate
eight-bit data input and output lines,
which means that eight-bit processors have
to have their bidirectional data-bus divided
into input and output to make them S100
compatible. In the IEEE standard, these
assignments are retained for eight-bit
processors but when 16-bit devices are
used, these 16 lines become bidirectional.
Eight address lines have been added,
bringing the total to 24 which represents
an addressing capability of 16M-bytes. Al-
though certain control lines have been
added and others removed, the control bus
is still well suited to 8080/A80-based
systems. Sixteen-bit processors such as the
28000 have multiplexed address/data lines
which have to be separated externally.
After separation, these buses connect
directly to the S100 system.

The IEEE standard specifies a maxi-
mum data rate of 6MHz, bus length of
635mm and a maximum of 22 boards con-
nected to the bus. Three spares lines are
left for user options and four for future
use. Some processors lend themselves to
$100 busing. If you are thinking of adding
an S100 bus to your computer after buy-
ing, it pays to look carefully at how the
control signals of the computer processor
compare with those required for S$100.

Floppy-disc interface

There are interface standards for both 8
and 5%in floppy disc-drives. As few com-
puter manufacturers also make disc drives,
their disc interfaces invariably conform to
these standards to allow their product to
accept any make of drive. The computer
operating system usually determines
whether 8 or Sin drives or both may be
connected. There is no such standard in
the ‘3in’ microdrive world yet — even the
sizes of the discs vary — and there is little
‘off the shelf” software on microdiscs.
However, most microdrives can store as
much if not more information than a SVain
drive and they are faster and rapidly be-
coming cheaper.

SASI/SCSl interface

Usually associated with hard-disc drives,
the SCSI i/o bus started life as the Shugart
Associates System Interface (SASI) but
became the Shugart Corporation System
Interface (SCSI) when the company res-
ponsible for it changed its name. Now the
standard has been adopted by ANSI which
has given it a new title — Small Computer
Systems Interface. Perhaps by coinci-
dence, the initials SCSI still stand. Flexi-
bility is the main claim for the SCSI
interface. Housekeeping, error correc-
ton/detection, formatting, etc., are carried
out by the interface. To suit changes in
storage media, designers and buyers only
have to modify the interface; hardware and
software in the computer remain the same.
Connections between the interface and
processor never change either. Because of
this flexibility, SCSI is already widely used
on microcomputers for hard-disc and
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floppy, rigid and streaming tape interfac-
ing. It will probably survive since it is
equally suitable for use with optical-disc
storage media. The port uses a 50-pin
connector. Even-numbered pins 2-18 carry
data and odd-parity signals and pins 32-50
carry control signals.

Centronics

Specifically a parallel-printer interface de-
signed by a printer manufacturer but
widely adopted. Connectors vary, al-
though a 36-way Delta socket is often
found on the printer, but signals used are
consistent. There are seven t.t.1. level data
lines representing an ASCII word and
data-strobe, acknowledge, busy, select,
fault and demand signals for control and
hand-shaking. Centronics supply a printer
cable of just over three metres, which
seems quite long for t.t.l.-level signals.
Converters for changing RS232 serial data
to Centronics parallel are freely available
but often quite expensive. Although this
interface was designed to drive a printer,
the port is a convenient means of transmit-
ting data to any device since driving soft-
ware is invariably included in the compu-
ter.

Processor bus

If you intend designing your own in-
terfaces you should look for a computer
that allows you easy access to all the pins
on the processor. As an experimenter you
will find that this feature becomes more
and more important as time goes on. In-
puts for isolating address, data and control
buses from the processor should be avail-
able. .

D.m.a. channel

A direct memory-access channel allows
peripheral devices to gain direct access to
memory without involving the processor.
In this way, data can be transferred be-
tween peripherals and memory at very
high speeds. Coordination of the channel
requires use of a high-speed device called a
d.m.a. controller, although some modern
processors have the facility built in. d.m.a.
may sound simple but in practice it is not.

Other buses

Buses described below are common, but
are mainly encountered by designers and
experimenters since they are used for
connections inside a computer rather than
outside. There is a manufacturer’s ‘in-
house’ bus standard for every microproces-
sor family and if you intend experimenting
it might be worth finding out how the
computer you intend buying is assembled
internally. Circuit diagrams of the inside of
a computer are notoriously difficult to get
hold of, but without them modifications
are tricky to say the least.

Multibus is an 86-line bus developed by
Intel for its SBC range of boards but now
used by a number of manufacturers, espe-
cially in the US. It is an extensive bus and
can accommodate connection of multi-
function boards.

STD is a bus developed by Pro-Log and
Mostek for smaller single-function boards,
allowing a system with a specific function
to be developed, as opposed to Multibus

which allows a more general system to be
assembled. Again, a number of manufac-
turers now produce boards using the STD
bus.

Further reading

E. G. Brooner and P. Wells, Computer
communication techniques, Sams.
(Discussions of computer networks from
the smallest to Viewdata and Ethernet).

E. C. Poe and J. C. Goodwin, The S100
and other micro buses, Sams. (Descrip-
tions and pinouts for $100, STD, IEEE-
488, STD, Versabus and other buses pecu-
liar to microcomputer popular in America
such as TRS80, Apple I & II, Pet, T199/4,
Atari and LSI 11).

P. T. H Roberts, A microcomputer bus

standard at last, Wireless World, December
1983 (§100).

Table guide

The table (see over) includes details of a
selection of computer boards, which the
reader may like to compare with the ready-
packaged computers we described last
month. These computer boards are usually
supplied without keyboard, display or
power supply.

As with the ‘complete’ computers, many
manufacturers offer a series of models and
in these cases we have selected basic ver-
sions to represent the range. We have indi-
cated important upgrades and features of
alternative models separately. Options
mentioned (open circle or brackets) are
only those available from the manufacturer
of the computer.

Processor. This column lists the main
processor or processors, and optional co-
processors are indicated in parentheses.

Languages. These are a little more diffi-
cult to tabulate. In some cases, operating
system and Basic (or other language) are
combined and how much rom or ram each
section takes is not always clear — or even
important. What is important in most 8-bit
microcomputers is the total amount of rom

‘in the system because it often limits the

amount of memory-address space left for
user programs. Basic is the most popular
language for the smaller microcomputers,
hence the number of B’s under the heading
language, but there is one computer which
uses the more efficient language Forth (F).
Many computers designed for use with
disc-operating systems only use rom dur-
ing the initialisation so the rom size is not
significant.

Operating system. More expensive com-
puters use disc operating systems and pro-
vided that the operating system is a
common one, very many languages will be
available. Again, the amount of rom that
any operating system uses reduces the
amount of directly addressable program
space.

Storage. Ram is often called main
memory. Eight-bit processors can directly
address 64K -bytes of memory so the maxi-
mum amount of directly addressable ram

is 64K less however much rom is used.
Memory can be arranged in pages, but
paged memory takes longer to access so
processing is slowed down. Sixteen-bit
processors have varying numbers of add-
ress lines but nearly always more than 16.

Under the heading Disc, a computer
with an open-circle entry can use a disc
interface supplied by the manufacturer but
disc drives are not fitted as standard on the
model concerned. Where a filled circle
appears, the computer is fitted with one or
more disc drives. The same applies to cas-
sette recorder entries.

Interfaces. The most popular interfaces
are included in the table shown which of
the popular interfaces each computer
offers; again a filled circle indicates that
the feature is included as standard and an
open one that an option is available from
the manufacturer.

Computer‘boards'

For those who want a microcomputer
tailored to suit an application or to build
into their own equipment, we have in-
cluded this section on computer boards.
These boards are outside the scope of the
survey, but this list of some of those avail-
able will give you an idea of how specifica-
tions, interfacing capabilities and prices
compare with those of ‘complete’ compu-
ters. They do not usually have a power
supply, keyboard or display facilities.

Arcom ARC: range of Eurocard single-
board microcomputers includes ARC40, a
small Basic computer for developing Z8
programs (includes eprom programming
facility) for use with the Arc42 Z8 proto-
typing board. Arc8000 is a Z8001 VME-
bus ¢.p.u. board with CP/M Z8000 cross-
assembler option. Analogue and digital i/o,
IEEE-488 and eprom-programmer/cas-
sette-interface boards are available for use
with both boards. The 4 or 8MHz Arc8000
has two RS232 interfaces. WW 501

Control Universal Cube series: main c.p.u.
Eurocards are identical except for the
processor, which may be either 6502 or
6809. Memory boards, i/o interfaces,
floppy-disc controllers, eprom pro-
grammers and software supplement the
range. These c.p.u. boards include two
serial i/o channels, 20 digital i/o channels
four 32K-byte memory sockets for rom,
ram or eprom and a battery back-up circuit
for non-volatile rams. The company also
manufactures a range of boards allowing a
modular BBC-computer compatible
system to be built. Further boards include
expansion for the BBC computer. WW 502

Fulcrum Computer Products S100
boards: this company distributes a large
number of S100-compatible boards for
processing, interfacing and data storage,
such as an 8MHz 68000-based unit for
which software includes CP/M-68K and
Forth. Other S100-compatible ¢.p.u.
boards use Z80, or 8085/6/7/8/9 proces-
sors. Among the many memory, i/o and
disc-controller boards is a 512-by-640 pixel
colour-graphics interface providing 16 out
of 4096 colours, shaded black/white, light-

Continued after addresses
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Addresses

For more information on the
computers described this month

_ and last, contact the manufacturers
and agents listed here.

ABS Computers
North Street
Portslade
Brighton BN4 1ER
Tel. 0273 413211

Orb

Acorn Computers Ltd
Fulbourn Road
Cherry Hinton
Cambridge CB1 4JN
Tel. 0223 245 200

Electron, BBC computer

Act International Ltd
111" Hagley Road
Birmingham B16 8LB
Tel. 021 454 8585

Apricot, Sirius

Action Instruments Europe Inc.
StJames Works

StPancras

Chichester

West Sussex PO19 4NH

Tel. 0243 774022

PAC

Advance Computers
8a Hornsey Street
London N7 8HR °
Tel. 01-609 0061

Advance 86a, 86b

Alpha Microsystems (GB) Ltd
Berkshire House

56 Herschel House

Slough

Berkshire

Tel. 0753 2821922

AM1000 series
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Apple Computers
Eastman Way
Hemel Hempstead
Hertfordshire

Tel. 0442 48151
IIE, Ill, Lisa

Aston Technology Ltd
Aston Science Park
Love Lane .
Birmingham B7 48
Tel. 021 359 4861

Crystal 68000 systems

’

Atari International
Railway Terrace
Slough

Berkshire

Tel. 0753 33344

Atari 400, 600, 800

Bleasdale Computer Systems
Francis House

Francis Street

London SW1P 1DE

Tel. 01-828 6661

BDC 680A

BMC International

Encotel Systems Ltd

7 Imperial Way

Croydon Airport Indust Est
Croydon

Surrey CRO4RR

Tel. 01-686 9687 & 01-680 6040
(six lines)

BMC if800
Televideo TS1603H/TS1603

British Micro

Penfold Works
Imperial Way

Watford

Hertfordshire WD2 4YY
Tel. 0923 43956

Mimi

Bromcom

Bromiey Computer Consultancy
417-421 Bromley Road

Bromley

Kent BR14PJ

Tel. 01-697 8933

Superstar

Camputers

33A Bridge Street
Cambridge CB2 1UW
Tel. 0223 315063

Lynx 48K/96K/128K

Ceedata Ltd

Glebe House

Armfield Close

West Molesey Trading Estate
East Molesey

Surrey

Tel. 01-941 4889

8200 series

CGL (Computer Games Ltd)
CGL House

Goldings Hill

Loughton

Essex IG10 2RR

Tel. 01-508 5600

CGL M5

Comart Ltd

Little End Road

Eaton Socon

St Neots

Huntingdon
Cambridgeshire PE19.3JG
Tel. 0480 215005

Comart CP100/1000 series
Communicator

Commodore Bus. Machines
675 Ajax Avenue

Slough SL14BG

Tel. 075374111

Commodore 64PC, 700 & VIC20

C/WP Computers
108 Rochester Row
London SW1P 1JP
Tel. 01-828 9000

C/WP Cortex

Datac

Tudor Road
Altrincham
Cheshire

Tel. 061-941 2361

MC series

Digital Equipment Corp. (DEC)
PO Box 110

Reading RG2 OTR

Tel. 0734 868711

Professional 300 series
DECmate Il
Rainbow 100

Dragon Data Ltd

Kenfig Industrial Estate
Margam

Port Talbot

West Glamorgan SA13 2PE
Tel. 0656 744700

Dragon 32

DVW Microelectronics Ltd
PO Box 135

345 Foleshill Road
Coventry CV6 5RW

Tel. 0203 668181

Husky

Eaca

Lowe Electronics Ltd

Bentley Bridge

Chesterfield Road

Matlock

Derbyshire DE4 5LE

Tel. 0629 2817/2430/4057/4995

Colour Genie

Elan Computers Ltd
31-37 Hoxton Street
London N1 6NJ
Tel. 01-739 4282

Elan Enterprise 64/128

Epson

Dorland House

388 Wembley High Road
Wembley

Middlesex HAS 6UH

Tel. 01-900 0455

HX20 portable, QX10

Flight Electronics Ltd
Quayside Road
Southampton
Hampshire S02 4AD
Tel. 0703-34003/27721

Microprocessor MPF1 Plus

Future Computers Ltd
PO Box 306 °

Purley

Surrey

Tel. 01-689 4341

FX range

Haywood Electronic Associates
Electron House

Leeway Close

Hatch End

Middlesex HAB 4SE

Tel. 01-428 0111

Haywood 9000 series

Hewlett Packard Ltd
Nine Mile Ride
Wokingham
Berkshire RG11 3LL
Tel. 0344 773100

HP-75C portable, 858, 86B, 150,
200, 16A

HH Microcomputers
Viking Way

Bar Hill

Cambridge CB3 8EL
Tel. 0954 81140

Tiger

Hotel Microsystems
69 Loudoun Road
London NW8 0DQ
Tel. 01-328 3737

Minstrel

Hytec Microsytems Ltd
Sandy Lane West
Oxford OX4 5JX

Tel. 0865 714545

Prelude range

IBM PC Enquiry Centre
Rockware Avenue
Greenford

Middlesex UB6 ODW
Tel. 01-578 4399

IBMPC

ICL
ICL House
Putney



London SW15 1SW
Tel. 01-788 7272

ICLPC

Immediate Business Systems
3 Clarendon Drive

Wymbush

Milton Keynes MK8 8DA

Tel. 0908 568192

Fieldwork 50

Integrated Microproducts Ltd
Number One Industrial Estate
Medomsley Road

Consett

Co Durham DH8 6SY

Tel. 0207 583481

IMP-68

ITCS

2 Kingston Road
Staines

Middlesex TW18 4LP
Tel. 0784 63211-3

Andromeda range

lotec Ltd

Bowling Back Lane
Bradford BD4 8TF
Tel. 0274 731509

lotec 64CD

Jarogate Ltd
197-213 Lyham Road
London SW2 5PY
Tel. 01-671 6321

Jarogate MP5 series (and JPU
processor board)

Jupiter Cantab
Cheshunt Building
Bateman Street
Cambridge CB2 1LZ
Tel. 0223 313479

Jupiter Ace

Kemitron Industrial and
Scientific Computers
21-23 Charles Street
Hoole

Chester CH2 3AY

Tel. 0224 21817

K2000E

LSi Computers Ltd
Copse Road
StJohns

Woking

Surrey GU21 18X
Tel. 04862 23411

Octbpus

Leenshire Ltd
Moorside Road
Winnall

Winchester
Hampshire SO023 7RX
Tel. 0962 64175

VCT 6900 series

Logica VTS Ltd

64 Newman Street
London W1A 4SE
Tel. 01-637 5171

VTS Vitesse

Matte! Electronics Ltd
Mattel House

North End Road
Wembley

Middlesex HA9 0AB
Tel. 01-900 0311

Aquarius, see Radofin
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Memotech Ltd
Station Lane

Witney

Oxfordshire OX8 6BX
Tel. 0993 2977

MTX series

Micronix Computers Ltd
Suite 2

26 Charing Cross Road
London WC2

Tel. 01-240 0213/0271

MX400/800/1600/2400

Modcomp

Sun Computing Services Ltd
Concorde House

St Anthony’s Way

Feltham

Middlesex TW14 ONH

Tel. 01-890 1440

Zorba

Modus Systems Ltd

Park Drive

Baldock

Herts SG7 6EW

Tel. 0462 894848 (4 lines)

Tensor range
MD3A

Motorola

Crellon Microsystems
380 Bath Road
Slough

Berks SL1 6JE

Tel. 06286 4300

Motorola Exorcet 100 & VME/10
Syntel MC 02, MP 09 & 68K8

NEC Business Systems Europe
Computer Division

164/166 Drummond Street
London NW1 1YP

Tel. 01-388 6100

Advanced PC, PC 8000/8800
series

Newbrain

Brainwave Software Ltd
Tilbury-juxta-Clare
Great Yeldham
Halstead, Essex

Tel. 0787-237831

Newbrain

Oric Products International Ltd
Coworth Park

London Road

Ascot

Berks SL5 7SE

Tel. 0990 27641

Oric

Osborne Computer Corp. (UK)
38 Tanners Drive

Blakelands North

Milton Keynes MK14 5LL
Buckinghamshire

Tel. 0908 615274

Osborne Executive (future of
company uncertain at time of
writing but stock still available)

Philips Business Systems
Electra House

2 Bergholt Road
Colchester CO4 5BE
Tel. 0206 675115
P3000/3500

Phoenix Systems
2nd Floor
Buckingham House
42 Princess Street
Manchester 1

Tel. 061236 1172
Stratos

Plessey Microsystems Ltd
Water Lane

Towcester

Northants NN12 7JN

Tel. 0327 50312

PMM68K Multibus board
System 68
Miproc

Portico Technology
South Bank House
Black Prince Road
London SE1

Tel. 01-7358171

Miracle

Positron Computers Ltd
Unit 16

Deacon Trading Estate
Newton-le-Willows
Lancashire WA12 9XQ
Tel. 09252 28828

Sage
Positron 900 series

Powertran

Portway Industrial Estate
Andover

Hampshire SP10 3NN
Tel. 0264 64455

Powertran Cortex kit

Radofin Electronics
4th Floor

Hyde House

The Hyde

London NW9 6LG
Tel. 01-205 044

Aquarius

Rediffusion Computers Ltd
Kelvin Way

Crawley

Sussex

RH10 2LY

Tel. 0293 31211

Teleputer 3

Research Machines Ltd
PO Box 75

Mill Street

Oxford

Tel. 0865 249791

RML 3802
Link 4802

Rockwell International
Electronic Devices Division
Heathrow House

Bath Road

Hounslow TW5 9QwW

Tel. 01-759 2366

Aim series

Seed

Strumech Eng. Electronic
Developments Ltd
Portland House

Coppice Side

Brownhills

Walsall

West Midlands WS8 7EX
Tel. 05433 78151/4321

Seed System 19 series

SBC

Lambart Micro Computers Ltd
52 Moorbridge Road '
Maidenhead

Berkshire SL6 8BN

Tel. 0628 72037

Duet 16

SemiTech Microelectronics
145-147 Ewell Road
Surbiton

Surrey KT6 6AW
Tel. 01-390 6177

Pied Piper

Sharp Electronics (UK) Ltd
Thorp Road

Newton Heath
Manchester M10 9BE

Tel. 061 205 2333

MZ80

Sinclair Research Ltd
25 Willis Road
Cambridge CB12AQ
Tel. 0223 353204

ZX81
ZX Spectrum

Sirton Computer Systems Ltd
Unit 14

29 Willow Lane

Mitcham

Surrey CR4 4NA

Tel. 01-640 6931

Midas MPS

Sord Computer Systems Inc
Samuel House

St Albans Street

Haymarket

London SW1Y 4SQ

Tel. 01-930 4214

Sord M23/203/223/243/416

Southwest Tech Prods (SWTP)
12 Tresham Road

Orton Southgate
Peterborough PE2 0SG

Tel. 0773 234433

SWTP FO9/509/S+

Stirling Microsystems
241 Baker Street
London NW1 6XE
Tel. 01-486 7671

Dennis 6809 kit

Tandy Corporation
Tameway Tower
Bridge Street
Walsall WS1 1LA
Tel. 0922 648181

TRS80 models 1,4 & 100
PC2

PC4

Portable

Tashki Computer Systems
24 Logan Road

Wembiey

Middlesex HA9 8PX

Tel. 01-904 4467

OM8064

Televideo

Encotel Systems Ltd

7 imperial Way

Croydon Industrial Estate
Croydon

Surrey CRO4RR

Tel. 01-686 9687 & 01-680 6040
{6 Lines)

Televideo TS1603H/TS1603
BMC if800

Texas Instruments
Data Systems Division
Manton Lane

Bedford MK41 7PA
Tel. 0234 67466

TI99/4A
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Addresses continued

Torch Computers
Abberley House
Great Shefford
Cambridge CB25LQ
Tel. 0223-841000

Triumph Adler (UK) Ltd
27 Goswell Road
London ECTM 7AJ

Tel. 01-250 1717

Alphatronic
PC/P2/P3/P4/P30/P40

Transam

51 Theobalds Road
London WC1X 8SF
Tel. 01-405 5240

Tuscan

Tycom Corporation
Burdett House

40 New Bridge Street
London EC4V 6BE
Tel. 01-248 4800

Microframe

Videcom Ltd
Newtown Estate
Henley-on-Thames
Oxfordshire RG9S THG
Tel. 04912 78427

Apollo

Wessex Microcomputers
Northdown

Corton Deham
Sherborne

Dorset DT94LT

Tel. 0963 22402

Wessex Wyvern

Windrush Microsystems Ltd
Worstead Laboratories
North Walsham

Norfolk NR28 9SA

Tel. 0692 405189

6800/6809 systems

Zenith Data Systems
EuroMicro Ltd
EuroMicro House
Coleridge Lane
London N8 8ED

Tel. 01-341 2447

2100 series

Interface

Video output
Real-time clock
Analogue

Other parallel
$100

IEEE-488

Serial

Processor access

Communications

Storage

Cassette

Disc(s)

Ram (K}

Printer

Other interface

Centronics

Computer Board addresses

Arcom Control Systems Ltd
Unit 8
" Clifton Road
Cambridge CB14BW
Tel. 0223 242224

ARCB8000, 40 and 80 series

Control Universal Ltd
Unit 2

Andersons Counrt
Newnham Road
Cambridge CB2 9EZ
Tel. 0223 358757

Cube range

Fulcrum (Computer Products)
Europe

Valley House

Purleigh

Essex CM3 6QH

Tel. 01621 828763

$100 boards

Measurement Systems Ltd
Mill Reef House

9-14 Cheap Street
Newbury

Berkshire RG14 5DD

Tel. 0635 45420

Trojan
System 96

Micronix Computers Ltd
Suite 2

26 Charing Cross Road
London WC2
Tel.01-240 0213/0217

Plessey Microsystems Ltd
Water Lane

Towecester

Northants NN12 7JN

Tel. 0327 50312

PSM range

Pronto Electronic Systems Ltd
466-478 Cranbrook Road
Gants Hill

liford

Essex 1G2 6LE

Tel. 01-554 6222

VME systems
Pronto Z80 Eurocard system
STD-bus compatible s.b.c.

Protel Computer Systems Ltd
Waterford House

Erftstadt Court

Denmark Street

Wokingham

Berkshire RG11 2YF

Tel. 0734 785440

Model 2000

Rade Systems Ltd
290A High Road
Willesden

London NW10 2EU
Tel.01-451 4414/5/6

Rader 150

Syntel Microsystems
Queens Mill Road
Huddersfield HD1 3PG
Tel.048435101/2
68-series boards

Systime Computers Ltd
Millshaw Park

Leeds LS110LT

Tel. 0532 702277

Systime 8300 series
Triangle Digital Services Ltd
23 Campus Road

London E17 8PG
Tel. 01-520 0442/1468

Forth computer board

0.S.

Rom/disc

Type/size

Languages

Others

Rom size

Included

Processor

Speed

Bits

Type

No. of boards

Basic price (£}
excluding v.a.t.
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Model

Maker |

CP/M
CP/M 68K

059
O | UNIXIII

16K

Z80A
MC68000L
68000

6809

3
3

1

System 96
VME-SYS/

80HD
PMME8K

- »
£
I
-
27
>
(72 ]
—
c
I
£
[
=
>
@
©
@ .
=



pen interface and RGB or composite-video
outputs (£3400). The company also has
S100 to IEEE-488 interface and eprom
programming boards. WWwW 503

Measurement Systems Ltd System 96:
modular approach intended for ‘research,
educational, industrial and commercial ap-
plications’. Memory may be up to 1M-byte
and the system organized for ten users
simultaneously or for one user with up to
256 independent tasks in order of priority.
Virtual memory, floppy and Winchester-
disc options are available and up to 12
serial ports may be added for multiple
users or external communications. The
c.p.u. board has four direct memory-
access channels, one of which is normally
allocated to the disc controller to allow
data-transfer rates of up to 2M-bytes/s.
Languages running under the ‘Unix-like’
operating system, OS89, include Basic09,
i.e. Basic with Pascal features, Pascal, CIS
Cobol and a C-language compiler.

WW 504

Micronix 80HD: Single-board microcom-
puter includes Z80 counter-timer, serial
and parallel i/o peripheral i.cs with
Western Digital floppy-disc controller and
Texas c.r.t. controller. Has SASI-bus for
hard-disc or cartridge storage, two serial
and parallel ports and Z80 i/o bus. CP/M is
current language but CP/M+ and MP/M2
are planned. Maximum ram size is 128K
(2K video ram separate) and sockets are
‘included to add 8K-bytes of rom, exclud-
ing 4K system monitor eprom. Keyboard
port is ASCII parallel. WW 505

Plessey PSM range: 68000-based boards
using IEEE-796 bus (Multibus). Range
includes ¢.p.u. board with Intel 8232 float-
ing-point processor, two 512K-byte dy-
namic ram boards (one with parity
checking, the other with error detection
and correction) a 64K non-volatile
memory board with battery and a 64K
dynamic ram board. The processor board
has three programmable 16-bit timers, two
uarts, seven interrupt levels and built in
fault diagnosis which is monitored through
a separate port. One RS232 port is for
console and the other includes modem-

control lines. WW 506

Pronto VME systems: this company pro-
vides 68000-based VME boards from two
companies — Mostek and Thomson CSF.
Mostek boards include c.p.u., 256K-byte
dynamic ram, serial communications and
floppy-disc and SASI interface units: these
are intended for products designed from
the ground up. Pronto expect that a multi-
user system using Unix system 3 will be
available before the end of this year. One
of the Thomson VME c.p.u. boards in-
cludes a port adapted for use with the G64
interface which allows over 50 existing in-
terface memory and control boards to be
used with a VME-based system. As op-
posed to the Mostek boards, these pro-
ducts allow VME boards to be used with
systems already in use. Pronto also have a
set of Z80 Eurocards intended for use in
equipment to be manufactured on a small
or medium scale. WW 507

Protel Model 2000: described as being
‘particularly suited to process control, in-
dustrial, educational and certain computer
functions’ these 68000-based units use the
VME bus and are built on extended
double-Eurocard boards. The c.p.u. board
has RS422/RS232 serial ports, seven in-
terrupt levels and 32K-bytes of static ram
or 64K-bytes of eprom. Dynamic ram
boards for up to S12K-bytes with parity
checking and serial i/o boards with eight
RS232 or RS422 ports and dynamic-
memory access are included in the range.
Also available are Comspeed local-area net-
work boards based on the Cambridge ring
principle for data transfer at up to
10Mbius. WW 508

Rade Systems Rader 150: this unit is des-
cribed as a single-board computer with
options and is mainly intended for manu-
facturers who want to put someone else’s
computer in their own equipment. The
single board computer includes 64K-bytes
of ram, floppy-disc interface, direct
memory-access controller i.c., timer/
counter i.c. and eight expansion connec-
tors. An eight-bit keyboard port is
standard, as are t.t.l. video outputs for a

‘c.r.t. and a light-pen input; a serial key-

board interface is available. Optional -
boards that plug into this main unit pro-
vide dual parallel ports, dual serial ports,
cassette interface, ram/rom expansion,
hard-disc interface, hardware real-time
clock and analogue conversion. ~ WW 509

Syntel 68-series boards: some 20 Eurocard-
form boards based on 6802, 6809 and 6800
processors are offered by this company.
They include IEEE-488, analogue and
graphics interface boards. One of the
boards has two 6821 parallel-interface
adapters and a 6840 counter/timer i.c. to
provide 32 general-purpose /0 lines, eight
interrupt/handshake lines, nine timer i/o
lines and three counter/timer channels. All
of the boards are compatible with the G64
bus used by Thomson CSF (see Pronto
VME systems). Some development soft-
ware is available from Syntel. WW 510

Systime S300 series: these boards are cased
and with power supply and either floppy-
discs or a combination of Winchester and
floppy disc drives. An 8087 64-bit nu-
meric-data processor may be used as co-
processor for the 8080. Five RS232 serial
lines provided by four uarts allow up to five
users. Other peripheral-i.cs on the proces-
sor boards include an interrupt controller,
8203 dynamic-ram controller and three
counter timers, one of which is spare. Ini-
tialization and diagnostic software are con-
tained in 16K-bytes .of eprom and the
c.p.u. board has room for 512K-bytes of
ram. IEEE-796 bus (Multibus) allows use
of up to 1IM-byte of ram. WW 511

Triangle Digital Services TDS900: des-
cribed as a ‘Forth computer to build into
products’, this board is intended to act
both as development tool and as an ele-
-ment of the finished product. Programs
developed using Forth are held in eproms
in the final design. These boards are suit-
able for use in battery-powered equipment
since they consume about 28mA. An appli-
cation note describes a sound switch for
the severely handicapped which allows
mains appliances to be controlled using
whistles. WW 512 YW

continued from page 60.

points which are physically distant in real-
ity may not be necessary at all in our
machine, although this is pushing the
point rather far.

A further requirement of our machine is
‘that updating, or interaction, capability
‘between points in physical reality and the
related points in our machine where the
digital analogue for that region of physical
reality is stored, should be as efficent as

" possible.

The task of the machine architect is to
exploit the potential of his technologies to
meet these requirements. I believe I have
done the best compromise in the Property
1 a invention?, but it is not ideal, consid-
ering the above criteria. The above criteria
are not merely a post hoc rationalization

72

Effects move from one place
to adjacent place (s)

., Locations in physical
Ag_ _——»B reality e.g. A.B

R Machine output operates
Update of on {manipulates) the
marhine's nhysic 2! reality

ata
: Memory locations in

e —_ 4
p° the machine e:3. a,b

Machine predicts future
real ituations by mimicking
the sideways flows between
A and B on an accelercted
time scale

tending to show that my architectures are
the best.

From the point of view of the above
analysis, the reigning computer architec-
ture theorists are doomed to failure. They
(e.g. Petri nets) concentrate on the mech-
anism of computation in the machine, the
bottom horizontal lines between a and b.

However, this has no value if the thinker
does not bear in mind the dualism; that the
arrows between a and b are a reflection of
arrows between A and B; that computation
only has value to the extent that it mimics
events which occur in the real world. (This
relates to my statement in the fourth
paragraph above that the ‘broad range of
application’, by which I mean the main
field of application for our machine, and
therefore the paradigm which should
control their architecture, is directed to-
wards practical rather than intellectual ap-
plications.
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2. For Property 1 a invention, see “Wafer Scale
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Tone control

Several advantages over the Baxandall con-

figuration are claimed for this tone control.

Interaction does not occur because control
potentiometers are terminated by a virtual
earth. High and low-frequency turnover
points are adjustable and response gives a
true shelving characteristic with exact mir-
ror images for lift and cut. Being non-

inverting, the
passed.

NE5534 op-amps give best results, but
an HA460S quad op-amp i.c. saves space
with little degradation. The single-pole

filters may be

filters to give full parametric control.
B. E. Porter
Kings Lynn
Norfolk

stage may easily be by-

replaced by state-variable

S0k anti-ltog.
low frequency
select

2k2

High frequency
select

T0ut
22p L
1V 47k

¥

B
Bk ik

: E’RGOI! 20k

154
o 285

i ﬂO
&
" P50
Approcimate freguency
caliration

Note: Litt and cut is sef

Auto-zero with offset

Many a-to-d converters including popular
7106 and 7126 i.cs have an auto-zero
facility but this otherwise desirable feature
is a limitation when a digital meter is
required to display zero for a non-zero
input. This circuit solves this problem and
can be used for displaying for example 0 to
1600rev/min from a 4-20mA signal.

For clarity, the modified external circuit
is illustrated for OEM-2/OEM-2p digital
voltmeters which incorporate 7106/7126 a-,
to-d converters with 31/2-digit l.c.ds,,
decimal-point drivers and auxiliary
components” for a *£199.9mV full-scale.

+9v
(Floating wrt. inpuf;r

Rt Y00

ROH
RFL gEM2
ROL or

INLO d.vm.
IN
HI Vg

1.

d.v.m. As shown in the modified circuit Rg
converts the 4-20mA signal into an input
voltage of between 60 and 300mV. R;
provides full-scale calibration control and
is adjusted to give a 40 to 200mV input. A
40mV offset derived through R; from the
stable 100mV reference at ROH is injected
between COM and INLO. The differential

—_——

4 to 20mA
input

+

by Ry and Rp .
R {4k7 gives approximately voljage between INLO and INHI now
8 10db) gives the desired display range of Orev/min
10k lin. 101 IC7 - NESS34 at 4mA/40mV rising to 1600rev/min at
Teebie ~ IC3  : NESS32 20mA/160mV input. -
Peter Rummer
Anders Electronics Ltd
London
~45V Oscillator A
. . output
Fuel-level indicator e e .
v 10k
When connected to a frequency counter, o In-5F Corpartube Le P
this circuit using a capacitive transducer raao Outer i -.._'.A
made from copper central-heating pipe in- = | _1; 3
dicates the level of diesel fuel in a tank. L2 LEMN L3 LU A 14 10 C‘iﬁ“;o:’:::eers
Half of the 7413 is an oscillator (A) used to Vee 20 2¢ 28 24 v Veo Rexw Cext AU
trigger the 74121 mqnos;ablq i.c. How 7413 EXT 7121 touching =
long the monostable i.c. is triggered for . BE
depends on the capacitance of the level A '8 't 0y GND A1 A2 B 0 GND ey
transducer. While the monostable i.c. is 12 I" 5 6 |7 3 b JS 6 |7 :
triggered, pulses from the gated 7413 oscil- ! Diesel. petrol | i
lakx]mrf(B) lpassl to the output and represent “_330_‘ Bl b i
the fuel level. —— ——
100n 220 o
John Alisebrook T L. P
Loughborough _L N i :
Leics 7 e
. evel marker ¢
Oscillator B . . P AT
autpat JUUI :
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Hard/soft
sector selector

Many soft-sectored mini-floppy disc
systems do not use the index-hole detector
output from the disc drive so hard-sec-
tored discs may be interchanged with soft-
sectored types. But in soft-sectored disc
systems where the index hole is used,
waveforms produced by extra index holes
prohibit the use of hard-sectored discs, see
timing diagram. ]

Soft-sectored discs have only one index
hole which produces one pulse per revolu-
tion (200ms). Either 10 or 16 extra holes
are used on hard-sectored discs to indicate
the start of each sector to the controller.
These extra pulses may be removed by
inserting this circuit between the index
line of a floppy-disc drive and a system
designed for use with soft-sectored discs.
The monostable i.c. is triggered by the
trailing edge of each sector hole. If another
hole is detected during the monostable-
triggered period, it must be the true index
hole and is signalled as such through the
NAND gate to the controller. The two
switches for selecting between hard or soft

Matchbox switching
regulator

Intended for a plug-mounted power
supply, this small switching regulator
gives 5V at 1A using an input voltage from
7 to 18V. The prototype uses a dil power
mosfet (International Rectifier) as switch-
ing element and measures 27 by 36mm.

Control signals provided by the 555 to-
tem-pole output are ideal for driving a fet.
Off time of the output device is deter-
mined by values of C; and R4 and is fairly
constant but on time is governed by the
discharge rate of C; through the bipolar
current-source transistor. This current is
switched through the 555 discharge pin,
mainly to simplify calculations. Forward-
path gain of the unit (A to B) depends
heavily on the supply and at 18V is only in
the region of 140 (calculated). Line regula-
tion is therefore low but may be improved
by inclusion of an op-amp or a feed-for-
ward resistor between the supply and point
A on the diagram.

In the feedback network, C, improves
transient response and C; filters high-fre-
quencies from the output. Some 30 turns

Ry,
. —_—,,
(3 o0 -

(8]
Tr2
L1

-
=

o

sectored discs and 16 or 10 holes could nected to one drive.

easily be combined into one three-position D. J. Greaves
switch. In multi-drive systems, it is prob- St Johns College
ably desirable that the selector is only con- Cambridge
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of 0.5Smm wire wound on a Neosid 14mm
powdered-iron toroid was used for the
prototype output choke. Copper on the top
surface of the p.c.b. is soldered to the fet
drain terminals to act as a heat sink.
Shown separately, the bipolar alterna-
tive to the fet output device uses a tapped
choke to keep the output transistor as near
to saturation as Rs/D4 permit. Resistor Rs
is a trade-off between dissipation in the
output device and collector current in the
driver. The choke tap provides nominally
between one and two volts across the

driver; Rs ¢ are calculated using worst-case
supply. voltage and drive requirements of
the two transistors. Other component
values are determined by experiment.
Richard Aston

Northwich

Cheshire
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Smaller filters cover
more frequencies

The range of standard helical r.f.
filters from Toko has been revised
and extended to include coverage of
the 800 to 1000MHz band and to
provide smaller low-profile versions
of the 7THW types. The THW filters
are widely used in communications
equipment including cellular radio.
Over 15 types are available,
offering a combination of
selectivity, accurate matching and
stability covering commercial,
public service and amateur band
frequencies in v.h.f. and u.h.f.
Ambit International, 200 North
Service Road, Brentwood, Essex
CM14 4SG.

WW301

Thin transformers

The latest transformers from Avel-
Lindberg are claimed to be the
World’s thinnest. The 0.8VA
version in the OB range is 10.5mm
high, which enables it to be
mounted in a p.c.b. frame and may
be added to equipment within the
existing space, if there are extra
power requirements. Dual primary
windings for 120 or 240V mains
a.c. are complemented by centre-
tapped secondaries which give 10 to
48V in series or 5 to 24V in parallel.
The transformers are tested to 5kV
up to a maximum operating
temperature of 120°C and conform
to Class 2 specifications. The
connecting pins may be soldered
directly to a p.c.b. and extra
mechanical strength can be
provided by bolting the
transformer down through the
holes provided in the moulded
plastic casing. Others with 2, 4, 6,
8, 10 and 14VA ratings are
available. Avel-Lindberg Ltd,
South Ockenden, Essex RM 15
5TD.

WW302:

WWw301

Circuit design on
home computer

A linear circuit analysis program,
designed to run on the Acorn/BBC
micro-computer is available from
the designers, who originally wrote
it for their own use as electronic
design consultants. Circuits of up
to 16 nodes and 60 components can
be analysed. The program can
simulate resistors, capacitors,
inductors, transformers, bipolar
and fet transistors, and operational
amplifiers in any combination and
analyse the circuit for input
impedance, output impedance,
gain and phase. The designers
claim that considerable time can be
saved in prototype breadboarding

_which in some cases may be
omitted altogether. Versions of the
program are being prepared for use
with different computers. £35
inclusive from Number One
Systems, 9A Crown Street, St Ives,
Huntingdon, Cambs PE17 4EB.
WwWw303

High street disc-
drives

Computer peripherals are just
beginning to follow computers into
the high street shopping centres.
An attack is being launched into
this market by Cumana with their

N

/ E’

. o /
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half-eight drives for 5.25'" flexible
discs for use with the Acorn/BBC
and or the Dragon home computer.
The drives are available with 40 or
80 tracks and single or double-
sided. Each drive comes with a user
manual and a formatting disc, as
well as the appropriate firmware
operating system and interface.
Cumana Ltd, Pines Trading Estate,
Broad Street, Guildford, Surrey
GU3 3BH.

WW304

Linear-digital u.l.a.
Many electronics applications
require analogue and digital
circuitry together. This
requirement can be satisfied by the
Micronas MAS 7850, a c.mos
integrated circuit containing both
analogue and digital elements. The
digital section of the circuit
contains 48 D-type flip-flops which
are already wired in to optimize
performance and minimize silicon
area. There are also 92 uncomitted
logic elements, giving the digital
section of the chip the equivalent
total of 494 two-input gates.
Circuitry at the 30 i/o pads can be
configured to give various
interfaces; ¢.mos or t.t.1. levels, tri-
state, analogue switches, inputs
with or without protection diodes
etc. There are also 8 npn emitter
follower transistors which may be
connected in Darlington pairs.

The linear section of the chip  #
contains four op.amps, two

comparators, an eight-bit resistor
ladder, auto-zeroing circuitry, a
+5Vto —5V d.c. tod.c. converter
and some i/o circuitry. Each of the
op.amps can be wired into different
modes to optimize performance and
power consumption. Unused
op.amps are ‘switched off” and
consume no power. The
comparators have high gain with a
slew-rate of 10V/us. They can also
be configured as additional
op.amps. Applications for the
circuit include switched capacitor
filters, modulators and
demodulators, a-to-d and d-to-a
converters, and many other uses in
instrumentation and process
control, wherever both analogue
and digital signal processing is
required. Coole Marketing Services
Ltd, 26 Pamber Heath Road,
Pamber Heath, Basingstoke, Hants
RG26 TG.

WW305

Eprom programmer
An enhanced version of the Elan E2
eprom/eeprom programmer has
been made available which can
directly interface with development
systems. Two communications
modes may be used: an R§232C
link to a computer to provide a
memory dump, or remote control.
Any of eight serial formats are key
selectable as are data transmission
rates up to 9600b/s. The remote
operation is defined for most
development systems and is
compatible with Data O 20B
routines or most equivalents. This
allows the device selection and
programming function of the E2 to
be controlled from the keyboard of
the development system. Once the
data has been transmitted, the
programmer may be disconnected
and used as a stand-alone editing
programmer/copier. The E2 is
supplied with 16K bytes of ram as
standard and this may be expanded
to 32K. A wide range of editing
functions can be down loaded from
the host system so that it can be
released to continue other tasks.
The editing instructions include:
byte string search and automatic
amendment, automatic block
changing of data, and the splitting
or merging or programs. Single
bytes may be programmed
instantaneously and the contents of
smaller eproms may be combined
to be transferred to a single larger
device. All currently available
single-rail devices may be
programmed and an optional socket
is available for use with
microprocessors that have on-chip
eproms. Because the E2 is software
controlled it may be configured to
cope with any new device, or
programming algorithm that may
be developed in the future. Elan
Digital Systems Ltd, 16 Kelvin
Way, Crawley, W Sussex RH10
2TS.

WW306
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Radio telephone
tester

An integrated test system for radio
telephones has applications in land
mobile, marine and aeronautical
services. The RTT system
incorporates eleven test modules
which, although linked internally,
can be operated independently. As
only two leads are needed to
connect the system to the test
tranceiver, testing time is short and
fault diagnosis is made simple. The
instrument can measure
automatically pilot tone
transmission and reception and can
provide selcall encoding and
decoding for individual
identification display. The p.1.1.
signal generator has low noise,
harmonic content and leakage to
allow sum-microvolt sensitivity
testing. Sinad measurement and
a.f. monitoring are included. The
r.f. power meter can measure in
seven ranges up to 300W, and
transmission frequency can be
measured to as little as 1Hz, which
is useful for quasi-synchronous
testing. One feature, amongst
others claimed to be unique, is the
ability to test receive and transmit
at the same time. This enables
checks on full duplex receiver
desensitivity. The unit is portable
and can be operated from a 12V
d.c. supply, which makes it
suitable for field use. Other options
include 1.5GHz testing, adjacent
channel power measurement and
off-air measurement. RTT,
Enterprise House, Central Way,
North Feltham Trading Estate,
Feltham, Middx TW14 ORX.
WWw307

Low cost micro-
controller

Designed for use in industry, to
add a controller to a product, the
Xanar 680 microcontroller is also
suitable for hobby and educational
use. Typical applications include:
printer controllers, games, digital
voltmeters, digital weighing scales,
a telephone timer, clock, car
computer and eprom programmer.
The controller is based on the
Motorola 6802 processor with
either a 6821 p.i.a. for 18 i/o lines,
or 26522 v.i.a. with the same
number of lines and a shift register
and two 16-bit timer/counters. The
board includes a 5V.regulator and a
3.5MHz crystal. The controller
holds its program in a 2716 or 2732
eprom (not supplied). The
controller needs to be used with
some external hardware, such as a
keyboard (a 16-key hexadecimal
keypad) and a display. It can also
be programmed through a host
computer with a rom emulator,
such as the Softy II. When found to
be operating correctly the program

76

is transferred to eprom. Other
methods for programming the
controller are by using the
Greenwich Instruments’ ‘Instant
Rom’ or by trial-and-error eprom
programming (not really
recommended!). In kit form, the
Xanar Controller costs £19.95 for
the 6821 p.i.a. version or £21.85 for
the 6522 v.i.a. version. Itis only £3
more to have them ready-built.

Xanar, 20 Baldwin Road, King’s

Lynn, Norfolk PE30 4AN.
WW308:

IC tester

An instrument from British
designers to test most t.t.1. logic
i.cs is offered at a price of £895,
about half the price of the nearest
competitor in the Far East. Itis
programmed in rom with test
patterns for 14, 16, 20 and 24 pin

devices from all t.t.1. families. The
z.i.f. socket used for the devices is
automatically powered down when
released so testing can be very rapid
and safe. The tester ¢an
differentiate between the various
output configurations, such as open
collector or tri-state. Iterative test
loops can be used to find
intermittent or temperature
sensitive breakdown. Physically the
instrument fits into a sturdy case
and is suitable for field service use.
A 12-key keypad is used to enter
the device number and a push of
the ‘test’ key is all that is required
of the operator. A pass or fail result
is indicated on a led display.
Testing rates have been found to be
about 360 devices per hour with
mixed components rising to 800 per
hour with identical devices.
Optional extras include software to
test c.mos logic devices, an
interface with additional software
for ribbon cable testing, and
another interface for in-circuit t.t.1.
testing ABI Electronics, 2 Nostell
Fold, Dodworth, Barnsley,

S Yorks S7 3SR.

Ww309

Build your own
modem

When assembled according to easy-
to-follow instructions, the MD1
modem will allow a computer to
communicate over a telephone line.
The completed modem is CCITT
compatible, operates in full duplex
over a telephone line, powered
from the phone line but optically
isolated from it, and may be switched
between originate and answer
modes. It is directly connected to
the telephone line without an
acoustic coupler. The kit is
available for £39.95 inclusive from
Racom Ltd, 81 Cholmely Road,
Reading, Berks RG1 3LY.
wWw3lo

Printer buffer

Suitable for Epson dot matrix
computer printers, is the range of
printer buffers from Electroplan.
They offer considerable saving in
time as they can store the text of a
print-out and direct it to the
printer, thus freeing the computer
so that it can carry on computing
without having to wait for the
printer. A buffer will take seconds
to load, compared with the minutes
taken to print. Models are available
with Centronics or R§232
interfaces and with memory
capacities of 16K, 32K and 64K
bytes. As a gauge, 16K represents
240 lines of solid text, about four
pages of A4, or 8 to 12 pages of
program listing. Electroplan Ltd,
PO Box 19, Orchard Road,
Royston, Herts SG8 SHH.
wWWw3ll
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LINSLEY-HOOD

300 SERIES AMPLIFIERS

30 Watt Complete Kit .

35 Watt Complete Kit. MosFet O/P

45 Watt Complete Kit. MosFet O/P

Reorints of 30 Watt Article from ‘Hi-Fi News'
Reprints of MosFet Postscript to above..

P.W. WINTON’ TUNER AND AMPLIFIER

LINSLEY-HOOD 100-WATT MOSFET
POWER AMPLIFIER

The very latest amplifier design, published in ‘Wireless World
by the renowned John Linsley-Hood. This may now be taken as
the standard by which the rest are judged! Our kit, approved by
the designer, has massive heat sinks and powe: supply and
includes all components needed to build. Case size 412mm
wide, 264mm deep and 145mm high. Automatic switched
speaker protection is included as standard. Cost of all parts is
over £120. Our complete stereo kit price £105.50.

THIS MONTH’S SPECIAL OFFERS

DOLBY ‘B’ NOISE REDUCTION IC LM1011
Marvellous opportunity for home experimenters, build your
own noise reduction system. Supplied complete with cicruit
showing typical application. Absolute knockout price only
£3.50 for two inc. VAT and post. )

COMPLETE STEREC CASSETTE DECK
Brand new high gquality 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 £18.34 inc. VAT and
post.

COMPLETE STEREC TUNER MODULE

HIGH QUALITY REPLACEMENT
CASSETTE HEADS

Do your tapes lack treble? A worn head could be the problem.
Fitting one of our replacement heads could restore performance
to better than new! 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 tower
prices for prime parts. Compare us with other suppliers and seel
The following is a list of our most popular heads, all are suitable
for use on Dolby machines and are ex-stock.
HC20 Permalloy Stereo Head. This is the standard head fitted as
original equipment on most decks i £8.11
HMS0 High Beta Permalloy Head. A hard-wearing, higher per-
formance head with metal capability .. ” £8.06
HS16 Sendust Alloy Super Head. the best head we can find.
Longer life than Permaltoy, higher output than Ferrite, fantastic
frequency response - e

HQ551 4-Track Head for auto-reverse or quadrophonic use. Full
ea 40

1 record and playb d £7.
Please consult our list for technical data on these and other
Special Purpose Heads.

Three band LW/MW/FM Stereo Tuner fully assembied on PCB
165 x B5mm. Supplied with Ferrite rod aeral and band switch
fully wired. Facility provided to drive tuning meter and sterec
LED. Only needs 12v DC supply. FM sensitivity. 2.5uV. Price
only £7.99 inc. VAT and post.

HART TRIPLE-PURPOSE TEST
CASSETTE TC1

One inexpensive tast cassette enables you to set up VU level.
head azimuth and tape speed. Invaluable when fitting new
heads. Only £4.66 plus VAT and 50p postage.

Tuner. C
Ampifier. C.

Amplifi in
UL LR . d HALF HEIGHT 54" FLOPPY DISK

SOLENOID CONTROLLED HI FI/DIGITAL
CASSETTE MECHANISM

Tape Head De-magnetiser. Handy size mains operated unit
prevents build up of residual head magnetisation causing noise
on playback o - . =

Curved Pole Type for inaccessible heads . ... - .£4.85

COMPONENTS
We now list a wide range of individual components many of which
are not available elsewhere. Send for your copy of our latest list
which also gives further information on our Kits.

Latest MPU controlled 80 Track Drives., support single or Please add part cost of post, packing and insurance as follows:
double densnY Fully compatible with Teac, Shugart and
many other full and half height drives INLAND

80 Track. Single side. £179 Orders up to £10 - 50p

80 Track. Double side . £225 Orders £10to £49 ~ £1

Fult manual for each type £14.50. No VAT Orders over £50 — £1.50

OVERSEAS
Please send sufficient to cover

Surface or Air Post as required.

Front loading deck with full solenoid control of all functions
ncluding optional read in fast wind modes. 12 volt operation.
Fitted 3-digit memory counter and Hall IC Motion Sensor. Stan-
dard erase and stereo R/P Heads. Cheapest price ever for all
these features. Only £38.90 plus VAT. Full technical specification

inclu':ed - - I I — e PLEASE ADD VAT
ersonal ca
ers are always very welcome but please note that we TO ALL PRICES

are closed all day Saturday
(0691) 652894

New Models!
immediate delivery!

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

Hitachi Oscilloscopes

performance, reliability, value

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 (0480) 63570,

Reltech Instruments, 46 High Street, Solihull, W, Midlands. B91 3TB

WW — 010 FOR FURTHER DETAILS

APOLLO 68000 SYSTEM

Powerful 68000 runs at 10MHz without wait states. 16KB
EPROM and 4KB fast static RAM, expandable 24 line
programmable parallel 1/0 port. RS232 programmable serial
port. Comprehensive monitor in 2764 Eproms. Optional
plug-in Eprom programmer card. Cross Assemblers for 280
based microcomputers. Code can be developed, downline
loaded to 68000, debugged, and then written into Eprom.

% 10 MHz 68000 CPU Board ... £295+VAT
w EPROM PROGRAMMER card. £95+VAT
% CROSS ASSEMBLER for Z80 hosts from............ £655+VAT

APOLLO SOFTWARE. Tel: (0635) 201150

The Alley, Cold Ash, Newbury, Berkshire RG16 9NN

AMBISONIC
SURROUND SOUND DECODERS

Ambisonic surround sound gives a realism in the reproduction of
music that is hard to describe without using hackneyed expressions
like ‘natural’ and 'being there’. Positioning of the performer becomes
obvious and the acoustic of the original environment comes through
to the listening room. The Minim decoders also provide enhanced
results from conventional stereo material. We can now supply UHJ
encoded records, tapes and compact discs.

And don't forget our other products:

PROGRAMMABLE WEEKLY TIME SWITCHES
TELEVISION SOUND TUNERS

Please send me information on Timeswitches/Television
Tuners/Ambisonics

) Mlnlm Electronics Limited, Lent Rise Road
Burnham, Slough SL1 7NY. Tel. Burnham 63724

WW - 058 FOR FURTHER DETAILS

WW - 063 FOR FURTHER DETAILS
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LANGREX SUPPLIES LTD

Climax House, Fallsbrook Rd., Streatham, London SW16 6ED
Tel: 01-677 2424 Telex: 946708 RST

27 | GEXS4l OAZ207  1.50 | + OC205 0.21 | 2N1671  5.00 IN38IS  0.30
o | BDIZ 048 .27 | GPM 150 | OCl6 250 | OC2 024 | 2NIs93 032 N80 039
0 [AS21spr 1120 o3 | BDI 040 .28 | GMo03rsa 1.75 250 | OC207 025 | 2N2147  4.00 IN3§23  0.60
. A5zl gy 938 | BDs 040 034 | KSI00A 0.45 230 | OCPTL . 005 | 2N2148 375 IN3866  1.00
. Sz 028 | BDII7 0.4 033 | MIE340 0.60 400 | ORPIZ  1.00 0.09 | 2N2218 0.2 IN3%04 017
. ASZX i o BD138 0.48 0.36 MJE370  0.73 3.00 R2008B 2.00 0.06 IN2219 0.32 2N3905 0.17
. SZZITS o1l | BDize 048 400 | MJE37TL 071 100 | R2009 225 0.06 | 2N220  0.20 IN9%06  0.17
| AUL e 911 | BDIO 050 225 | MJES20  0.47 150 | R2010B  2.00 006 | 2N2221  0.20 2N4058  0.20
. akrnlso A o1l | BDla 200 020 | MJES21 073 2.00 1IC4 027 0.07 | 2N2222 020 2N4059  0.20
. BALSSTNO L o1y | BDisl 120 0.20 | MJE2955 1.30 2.00 { TIC226D 120 0.09 | 2N2223 425 N4060  0.16
I BAIS4 010 oinl || BRI 080 057/ {110 150 | TIL209 016 0.1 | 2N2368 0.5 | 2INagel  9.16
. 5 011 | BD21z7 054 09 | MPFlo2 035 150 | TIP29A  0.43 0.12 | 2N2369A 0.25 IN4062 016
| 3}}, o1l | BDa 034 030 | MPFI03 035 090 | TIPIA 045 0.07 | 2N2484  0.25 IN4124 016
0. oy o911 | Box10 08l | | 030 | MPFlo4 035 090 | TIP3IA 033 0.04 | 2N2646  0.50 IN4I26  0.16
Agmx 03 | BAwez 003 | BoWn o BDX32  2.00 030 | MPFI0S 0.35 150 | TIP32a 036 013 | 2N29%4 032 INa286  0.15
Acm 028 | BaX1d 0% | Bowr  on BDY20 1.50 | BFX88 030 | MPSA06 0.26 | OC44 085 | TIP33A 054 | INS401 013 | 2N2905 0.3 IN4288 018
ACHIK 0. BAXl6 006 | BGR7 041 | BDY® 27 BFYS0 025 | MPSAS6 028 | OC45 065 | TIP¥MA 0.67 | 1544 0.04 | 2N2906  0.21 N489  0.18
030 | Bloroe 4 B oz | BEIS 035 | BFYS] 025 | MPSUDI 0.3 | OC7I 0.55 | TIP4lA 0.4 | 15920 0.08 | 2N2%07 0.1 N on
Agm o2 | BClog 016 | BEHT 043 BFIS2  0l6 | BFYS2 025 | MPSUGs 065 | OC72 100 | TIPA2A 042 | 15921 0.09 | 2N2924 0.26 2Ns401 011
ACIHB 028 | Beles ol | BGW7 oz BFIS3 0.6 | BFYé4 030 | MPSWS6 0.69 | OC73 1.00 | TIP29SS 0.70 | 2G3m 100 | 2N2925 0.2 N4z o
AcYl7 130 | BCIB 0\ B 01 BFIS4 017 | BFYso 095 | NESSS 045 | OC74 070 | TIP35S 0.56 | 2G302 1.00 | 2N2926 015 INS457  0.32
ACYI8 }.15 Bola  O1s | BEPR o | BEIS 017 | BSXIS 027 | NKT401 3.50 | OC75 0.65 | TIS43 043 | 2G306 1.00 | 2N3053 0.2 INS458  0.32
ACY19 l.}o Belis 018 | B&yh  1so | BEMO o1 BSX20 027 | NKT403 250 | OC76 100 | 25140 025 | ZNso4a 130 | 2N3054 055 INS459  0.32
cy2 1'12 Bcle 019 | ROV 1s | BFIGT 024 | BSX21 029 | NKT404 220 | OC77 100 | 28170 0.21 | 2Ne%s  0.32 | 2N30s5  0.65 25017 10.00
Ac 1 . BCLITR 23 32 180 | BEIZ 030 | BTl 120 | OAS 120 | Ocsl 065 | ZS178 054 | INe97 032 | 2N3440 070 25019 12.00
ACYly 250 | BCl 0.1 BBCCYY ¥ M0 | BE7 035 | BTY79400R OA7 060 | OC81Z 120 | 28271 0.23 | 2Ne9s  0.32 | 2N3441  0.85 25026 25.00
ADl9 075 | BCIZS 18| BCYl it | BEI® 0.35 200 | OAlo 0.55 | OC82 0.90 { 25278 057 | IN705 125 | N2 125 25103 150
ADI6l  0.35 | BCL 018 | BCY®  Jm | BEID 03 BU205> 130 | OA47 012 | OC83 100 | ZTX107 012 | 2N706 025 | 2N3614  2.20 25302 2.00
ADle2 035 | BCLS - Os | RGO 30 | BEISO 0.28 | BU206 150 | OA70 0.25 | OC84 080 | ZTX108 012 | 2N708 025 | 2N3702 011 25303 1.50
AF106 gsg Boe  ob RS o BFIs1 028 | BU208  2.00 | OA79 012 | OCi22 275 | ZTXles 0.2 | 2Ne3p 025 | 2N3703 011 25322 350
AF114 .7 e o BCves k19 BF182 0.30 BY100 0.40 0A81 017 | OC123 2.00 ZTX300 0.13 | 2NII31  0.30 2N3704  0.11 28324 3.50
AFLIS 075 | BCl7 12| BCYe o | BEISS 028 | BY126 013 | OA8S 017 | OCI39 300 | ZTX30l 0.4 | 2NII32 030 | 2N3705  0.11 2870 200
AElle 075 | BCL 012 | BCYI0  o03 | BEIs 028 | BY127 014 | OA% 008 | OCl40 400 | ZTX302 018 | 2N1302 120 | 2N3706  0.11 257454 0.95
A | BlY 03 |Barm oap | BRI 0% | EXSL ob | GRS Gl [ SGm 1R | Zhow o | by dse | s oo | TR 0%
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el dm | ae A BB LD B w |Gt e | oML, 1B G 82| ERER MM N 0 N iR
Mziz o 4% | B ol | BDIZe 200 | B3N 035 | CReveo 090 | OAZ20l 150 0% ik | Thowm ons | WBR 1% N Lé
ASY27 090 BCI72 0.1 | BDI31 044 | BF244 028 | GEX66 3.00 | OAZ206 150 | OC204 _ 3.00 | ZTXS03 0.9 | 2Nl613 032 | 2N3773 1.80
VALVES | EuoL_ 1850 [ EFss 175 | GUSt © 20.00 | OD3 250 | QY365 59. UF41 200 | 4250A 80.00 | 6CG7 250 | 12AX7  L75 | sed2 9.00
EI80CC  10.50 | EFS6 175 | GXUl 1535 | Oz4 3.50 | QY3125 66.00 | UF42 210 | 4-400A 87.00 | 6CHe  13.00 12AY7A 4.0 5654 3.00
gk | B NR ) mm o an | Guowm [me opa| ook (R R aw AR s G0 R0 8 5 I
- EIS2CC 1325 | El E - PC88 . § 3 . 6CW4 .00 | 1ZBA6 .50 .
A2134 1750 | Ejge 150 | EF92 637 | GXUs 4450 | pCos 175 | QY4-400 7420 | UF89 2.00 | 4CX250B 40.00 | ¢D2 1.50 | 12BE6  2.50 | 5675 28.00
A2293  16.00 | piggcc 891 | EF93 150 | GXUSso 20.00 | PC97 1.75 | QY5-500 175.00 | UL4l 3.50 | 4CX350A 73.00 | 6DK6 3.00 | 12BH7 275 [ 5687 6.00
A2426 1875 | paef 2251 | EF% 250 | GYSOL 3.0 | PC%00 175 | QY5-30004 UL84 175 | 4XI150A 60.00 | 6DQeB  4.75 | 12BY7  3.00 [ 569 4.50
Azs2l - 250 | Eagicc 12.00 | EF9S 599 | Gz 400 | POCR4 150 42000 | UMS0O 200 | 4XISOD S$6.00 | 6EAS 3.00 | 12E1 2000 | 5718 7.50
A2900 2250 | EzsCC  17.50 | EF98 200 | GZ33 475 | pPOC8sS 150 | Qz06-20 32.70 | UY4l 225 | SB24M  35.00 | GEBS 250 | 1ZEIITT170.00 | 5725 5.50
ﬁ”’ 45.00 | Easy 3225 | EF183 200 | GZM4 300 | PCC88  2.00 | RIO 6.00 | UY85 2.25 | SB25SM 35.00 | 6EWS6 225 | 12El4 3500 | 5726 137
AZ“ 255 | EA% 250 | EFiga 2000 | GZ37 475 [ pccgs 175 | RI7 3.00 | VLS63l 1500 22 160.00 | 6F6 300 | BEL 2000 | 5727 7.05
AU, e | EABmo 135 | ERms azon | KTol 308 | POCle S0 RIS O | XGLao S0 | SME O | SR 14 | B bR | I 4k
a4 15535 | EACY 3% | Eliso. 175 | KT77GoidLin | PCCage 160 | R20 250 141, i 3o | ey s | umy. &2 | ¥e 4.50
BN, e | EAmO zeo | Bk %0 | 200 | FOEED 00| ROMID G | NGy s | VAR 3N | ol MR | ik |8
3 EB41 4.00 132 d - 2 - - 5 - G6H2N 8 d g
BS810 2032 EB91 1.50 EL33 4.00 KTW61 2.50 PCF82 1.50 RG3-1250 59.50 162.00 SY3IGT 2.50 6HIN 2.75 30C18 2.00 5842 12.00
BT, % | Ecn 1% | EDewul 3w | KTWe 2| RRse 18| KGR S® | KRIOOA L\ Ee % | Ge % | Mk 13 | En Sk
Y EBC41 .50 5 g 8 8 b o 6J4 .50 - d
BTIS 405 | EpCal 150 | ELAI 280 | M8079 1234 | PCF200 3.25 | RR3-250 40.00 | XR1-3200 8197 | SZ4GT 250 e{s 893 | 3FLI2 180 | 58%6 15.00
Do wa | EBR 1m | Ez 2% | WER Of | PRI OB | Sl G | e U I I VBt 1% | B8 3%
Bros 12900 | tored 10 L ES eo0 | mso 9.9 Poree 230 | sio Go0 | TRIEO o | ABY IR0 | KN B2 | s Zoo | eons 2.5
gﬂ—;l :ﬁ EBF89  1.50 | EL84 225 | Msos3 858 | PCFs0s 170 | S130P 6.00 | YypDII20 395.00 | 6AC7 300 | ¢k7 300 | 30L17 200 | 6021 4.50
il 3100 EBL3l  4.00 | EL86 275 | M8091 1043 | PCFS06 1.70 STV280-40 YDI1240 351.00 | 6AF4A  4.25 | 6K8 3.00 | 30P4 2.50 | 6057 10.23
&R e | EC% 125 | EL%0 225 | Ms0% 680 | PCF308 170 ) 14.00 | 2759 2500 | 6AG? 300 | 6KD6 200 | 30P19 2% | 6058 1254
S pu el ww | M v wam o mm o im ) oToew,,, | gmme el G 8 dml G| G, GRG0 o
X ) ! ] . . . - - 6L6GA . - -
Gl i | Edm owe | EEs nm | Memoog KM IR ) B4 gk AR 0% | WS % ass R w” 1R B0 g%
- . . ) - - . . 6L 3.00 g .
gﬁ;}?l "l‘;g ECC35 450 | ELS00/504 3.00 | M8l13 1023 | PCL86 250 | TD03-10 35.00 | ZMI022 9.00 | 6AM4 400 | 6L7 2.50 | s0CS 150 | 6067 10.23
D) 1% ECC40 4.50 EL509 7.00 M8137  10.23 | PCL80S/85 2.50 QOHDF gg.% ZMI1023  9.00, | GAMS 9.69 | 6N2P 2.50 75B1 6.05 6072 6.00
DETM 25 26 35700 ECC81 175 EL821 13.00 M8140 6.00 PD500 6.00 'l'l‘g B ZMIO40 19.36 SAM6 6.00 &N3P 250 75¢1 4.50 6080 14.00
DET24  49.00 ECC82 175 EL822 13.97 M8141 6.50 PE06-40N 45.00 . ZMI04l 16.66 6ANS 4.75 6N7 300 85A1 7.50 6097A  235.00
g ECCS83 1.75 EM34 5.00 M8142 8.75 | PFL200 2.50 TT22 23.00 | ZM1042 17.77 | 6ANSA  3.50 | P25 4.00 85A2 4.45 60978 200.00
gm {;2 175 | EMS8o 2.50 | Msis4  7.50 | PL36 250 | TTi00 NSJ-W IBIGT  3.00 | 6AQS 25 | 6qQ7 375 | WAG 1296 | 6l46A 8.25
DKol % ECC8S  1.75 EMS1 2.5 M8149 6.50 L8] 1.75 TY2-125 €5.00 | 1B24 25.00 | G6AS6 8.66 | GR7 3.5 90AV 12.96 6146B 8.25
D Lo 250 | EMs4 200 | Mslel 935 | PLRIA  2:00 | TW4400 7140 | 1B35A 48.00 | 6ASIG  8.75 | ¢SA7 300 | 90CI 600 | 6159B  19.00
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DL92 200 | EG §",’2 gﬂ 1;'2 ﬂﬁ}% ?53 ;tg %gg ‘{Yvi;ég"% 332'2?, l1sRs5 Hg MggG i g'g e §38 92AG };;2 2525 Y%
- 91 X f . : - . B 6SH7 X - -
3346 };g ECC189 210 | EN91  £7.05 | M8I9s  10.85 | PLS04/5 250 | TY6-5000A T4 1.75 | 6AVSGA 4.50 | 65]7 325 | 92AV 1296 | 68838 17.4
DLSI0  14.00 ECC807 175 EN92 6.96 M8196 7.50 PL508 2.50 490, 2AS15 11.50 6AVE 1.50 6SK7 350 95A1 8.45 6973 4.00
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I X ) X . . . 6UsA ¥ - -
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Dysoz Moo | EcHss 250 | EZ3 175 | MXll9 5500 | PYs8 200 | Tza0  25.00 | K25 12500 | 6BH6 2.50 | 64 200 | 807 3.75 14.00
2 : ECL80 1.50 EZ40 2.50 MX123 72.00 PYS00A  4.00 Ui8-20 3.50 34002  85.00 6BJ6 2.25 6XSGT 1.7 811A 18.33 8122 90.00
EwcC  ss | ECLAL 17 | B2 1% | MEIE s | B L% bl UG | pwz B0 K 3% | el il st i | My &%
ESOF 1419 | ECL83  3.00 | EZ81 150 | MXI1S2 131.25 V026 3050 | U2 250 | 324 1100 | 6BL7GT 4.50 ;EZ iﬁ 8334 19316 18042 11.53
ES0L 13.73 ECL84 1.50 EZ%0 200 | MXI16l 15225 | QQV03-10 20.50 u37 12.00 3B28 15.35 6BM6 115.00 | 7H7 4.00 866A 20.03 18045 10.49
ERCC 800 | ECLEs L | EWes a0 | MXle) 108 | VoA | VARG 3o | mnawm b | o sw | X 4R 1R % Tested
B S| B Lw | SR e ok owm cowel | @ 3w BN NS Gy o | A oua ) Bagen
X EF39 275 | i : F . 3C23 25.00 S84 3.50 X 1624 4.00 0B
E86C 8.25 EF40 500 | G180.2M 17.50 | N78 15.00 | QQVo7-soeséd | UBFs9 150 | 3C45 2450 | 6BS7 6.00 {lzég si,% 1625 350
EHC 3% | B 3% | Ghedp M0 | O 3B | QiR | Dedks 1w | MM, | Gwr 1w | bam 0% | i e
E;O’?CFC 313‘7, e 250 gﬁ( 9.00 8/\; ::gg 833;12 131;2 ucrso gig IE29  45.00 | 6BX7GT giog jzaTe 132 | Qin 33(;12
- EF54 5.00 44 9.00 B! 1 S $ . 354 2.00 | 6BZ6 7 1 5544 J
E9IH 6.25 EF5S 3.50 GS16 16.00 OB3 250 | QVo47  3.50 UCHS1 2.50 V4 1.75 6C4 1.25 {%ﬁﬂ? %‘_;2 5545 102.00
E92CC  8.75 EF80 175 | GTIC 1500 | OC2 435 | QVos-100 UCLS2 175 | 465A 60.00 | 6CB6A  2.50 | 12AV6e  2.50 | S3SIA  114.90
ESF 9.10 EF83 400 { GUSO 2000 | OC3 250 155.70 | UCL83  2.75 | 41254 60.00. | 6CD6GA 5.00 | 12AV7  3.50 | 55524 15535
. 7495 0.73 74136 0.51 74175 1.62 TBAS2 2.30
INTEGRATED CIRCUITS AR R R g,\5330 5
7400 016 | 7423 0.33 | 7460 0.18 - . 74178 1.36 A540Q 2.30
BASES CRTs SADP1  35.00 | 'VCRS17B 10.00 | 74p) 017 | 74235 030 | 7470 038 | 74100 154 | 14143 260 | 74179 13 | TBAsS0Q 3.22
SCP1 10,00 | VCR517C 10.00 74107 0.45 | 74144 2.60 2
B7G unskirted .22 | 2API 8.50 | SCPIA  40.00 m; o "§7 0'30 47 8§’ 4109 0.73 | 74145 1.00 31{38 } 2 ’ 3.22
" . i - 0.17 | 7428 0.43 | 7473 .38 g : Bt s
BiGuared 030 | IRED 000 | fEEBA 1a00 7404 018 | 7430 017 | 747 038 | 74110 051 | 74147 200 | 74191 10 | TBA6T3 2.20
B9A skirted 030 | 3DPI 5.00 DGl;IS 6332 7405 0.18 7432 0.30 7475 0.54 | 74111 0.71 74148 1.76 74192 1.90 | TBA700 1.52
Int Octal 035 | 3EGI 1000 | DG7:31 5807 | TubeBases ;‘03 83 833 ged Al Bl e Talis }53 DA 0% 7% e gﬁ;ﬁ% XS]
- Y - - 40 . 7437 . 7480 . : - . -
w{ base 37555 gGPl 2:% g%gzl ;2.1;’; Prices on 7408 020 | 7438 032 | 7482 075 | 74119 1.54 | 74154 1.80 | 74195 1.20 | TBASGO 1.20
) uin‘sDolrL o 1 3 8160 DH7-ll i application 7409 0.20 7440 0.32 7483 1.00 74120 0.83 74155 0.90 74196 1.35 TBA920  2.90
8pinDIL oo | 3E] oo 113 7410 017 | 7441 090 | 7484 105 | 74121 0.43 | 74156 090 | 74197 1.35 | TBA920Q 2.90
e Sl %3 1000 | veRIe 1300 7412 029 | 7442 072 | 7486 039 | 74122 0.62 | 74157 075 | 74198 2.70 290
16pia . . P 1% | weri 120 7413 032 | 7447AN 127 | 7450 060 | 74123 118 | 74159 220 | 7419 230 | TCA270Q 2.90
rescreening ) SR B0 vcﬂss: 25 7416 032 | 7450 018 | 7491 082 | 74125 0.58 | 74170 240 | TAAS70 230 | TCA760A 1.38
cans &l sizes -3 3wl 20,00 b 9 H 7417 0.32 7451 0.18 7492 0.60 4126 0.58 74172 4.4 TAA630S 3.50
) VCRS17A 10.00 7420 018 | 7453 018 | 7493 060 | 74128 0.63 | 74173 142 | TAAT00 3.90
7422 0.20 7454 0.18 | 7494 0.82 | 74132 0.72 | 74174 1.60 TBA480Q 1.
Terms of business: CWO. Postage and packing valves and semiconductors 50p per order. CRTs £1.50. Prices excluding VAT, add 15%. Telephone 01-677 2424/7
Price ruling at time of despatch. . . . X Telex 946708
In some cases prices of Mullard and USA valves will be h.lghpr than those advertised. Prices correct when going to press. . E.&O.E.
Account facilities available to approved with minimum order charge £10. Carriage and packing £1.50 on credit orders. Open to callers Monday-Friday 9 a.m.-5 p.m
Over 10,000 s of valves, tubes and semiconductors in stock. Quotations for any types not listed. S.A.E. ol
type: WW-11
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472, 14' COLOURTV with TELETEXT %5

S % and FULL REMOTE CONTROL!
ﬁ't SHARP PC 1500 PORTABLE COMPUTER!

HOW TO ENTER: BUY JUST ONE OF THESE PRODUCTS TO RECEIVE YOUR ENTRY
FORM — BUT HURRY — CLOSING DATE IS 31.1.844 — AND YOU CAN'T BUY BETTER!

INCREDIBLE!
A high quality daisy wheel printer with RS232 interface,
3KB character buffer, and a host of other features like
full WordStar tunction suppon dual colour {red/black)

DON'T WASTE MONEY! _
ON OTHER COMPUTERS: COMPARE THE TD8
WITH OTHERS — COME TO US LAST!!

(E‘F&?:ﬁ"f"??r?m) For dual 250KB disk system with 25x80

PHILIPS 12" VDU 26x80 char.  char. VDU, 93-key keyboard, user defi-

display nable char. set, 128KB RAM {no upper
limit to expansion, due to our unique
bus structure. This also allows CPUs to
be mixed). 4KB ROM with M/C monitor,
bootstrap, dual RS232 ports to 19.2K
baud, software controlled. Unique
‘stackable’ option modules allow easy
- and cheap expansion of your system —
the first rational development from S-
100 bus based machines!

ONLY £475 (ex VAT + £12 carr)

COME 10 US LAST!!

CDC DISKETTES AT CRAZY PRICES!

T ofg

STATE SOFT 10 OR 16 SECTORED TD8 SYSTEM CP/M80 £139. CP/M86 £225. 8086/7 with SPECIAL OFFER UNTIL JANUARY 1, 1984
PROC. .SSOR 128KB £495 extra gives you THE most FREE DATA CABLE WITH EVERY BROTHER HR15!
Code Type _ . Dual Serial : powerful machine in its class. un Use this printer with the low-cost TD8 micro for the
TD15%' 40 TRK single sided. Ports  £99 could spend £6,000 for a machine of this ultimate in low-cost WP systems

TD25%'" 40 TRK double sided....
TD3 5%’ 80 TRK single sided.
TD4 5%’ 80 TRK double sided....
TD58'* 40 TRK SS-SD..

TD6 8 40 TRKSS-DD .........
TD7 8’ 40 TRK DS-SD ...

TD8 8" 40 TRK DS-DD ...

10 per box. Prices per diskette quoted. Discounts for quantity
ADD 15% VAT + £1.50 P&P

10MHz specification.
y Other options include: 64KB RAM ex-
=l pansion £135. 192KB RAM £249. |EEE488
Dual 250KB £97.50. Sync comms £78. Dual Parallel
Drives Ports £59. Dual RS232 £59. 68000 CPU
4 £TBA. 16032 CPU £TBA. Ato D and D to
X A converters, high res. graphics, floppy
}\‘ _ and hard disk controllers and drives,
i w88 tracker ball, real-time clock/calendar
TD8 Keyboard with BBU and more on the way!
CHDOSE YOUR SOFT- SOFTWARE: WordStar, Mailmerge, D
WARE F/RST THEN Base il, Personal Pearl, MBasic,
COMPARE OUR CBasic, Pascal 2, MT+, Fortran, CIS
HARDWARE Cobol, C, Cardbox, FMS, Datastar,

FHUM £1 2 MADE %Avmncsﬁgzlitif SHELF

TALK ABOUT CHEAP!
PHILIPS 12'' VIDEO
MONITOR — 25x80
GHARACTERS, P31
GREEN PHOSPHOR

MINIMUM ORDER FOR PAPER = 5 BOXES
LARGE RANGES OF PAPER AND RIBBONS AT

GREAT PRICES gaIcStar,. Ssupercalc, MathPemagic,

e.g.: Listing Paper eachtree Sales Nominal, Purchase
Code Typ s 2 £ Ledgers, Inventory Management, A"nAcTIVE cASE
TD9 ll“xB‘A" 60 GSM Plain........... secveper 1000 £3.75 Payroll, etc, ADA, Charger, Ratfor, Act
TD10 11°"x3%%'" 60 GSM Perf'd Margins...................per 1000 £3.95 80, Act 65, 68, 63, 86/88, Tran8, Catchum

and much more!

PHONE TO ARRANGE DEMO
01-965 0627

24 HOURS — SEVEN DAYS

TD11 117'x14Y2"" 70 GSM Music Ruled
TD12 11°/x450mm 60 GSM Music Ruled.
RIBBONS: 10 off EPSON FX-80...........
10 off EPSON FX-100.
{Refill for metal Canndges)

ADD 15% VAT + £1.50 CARR. PER ITEM (PAPER) OR BOX OF 10
RIBBONS. DELIVERY 10-14 DAYS

MANY MORE AVAILABLE — PHONE FOR DETAILS NOW!
01-965 0627

KEEP RUNNING OUT OF SPACE?
BDOS ERRORS? ADD AN EXTRA DISK

Complete TD8 system (as itlust.) with Keystar, Enson DRIVE TO YOUR MACHINE

RX-80, disk filing box, CPM 2.2 and WordStar, YOU and ey New LSIs make
keyboard AND & E B3 the FD-55 Series

il , better than ever
ONLY £1885!
ADD £19 carr. Does notinclude desk unit. Price is ex. VAT & carr

OR with ums Daisy Wheel — £1995
(ex. VAT, £14 carr)

SINGLE BOARD COMPUTER . . .

Very powerful and versatlle, from Rade Systems the R150

multiprocessor SBC £385!! (ex. VAT + carr). Amazing spec. Look

what you get: Z80A at 4MHz with 64K RAM 5%/8'" disk control-

ler, ZBUéRCTEC' ZBO/; DMA, Z80A P10, memory mapped VDU uses SCALE COPY OF KEYSTAR KEYBOARD

M6845 , got 26x80 char display, you can use all the TD8

option cards to build your own powerful system, or build your S EFUNCTIONS BROVIDED NQ MORE FUMBLING
own TD8! Suitable power supply £95. Keyboard from £85. Cased FOR THE ‘CONTROL’
Video Monitors from £95. Supplied with full technical documen- KEeY!

tation. Demand for this excellent machine is high! Order now!
Power requirements: +5V @ 1.5A, +12V (@ 25A. —12V required
for RS232 option — available on our standard PSU.

FD-55 features:
BBC COMPATIBLE @ Half the height of conven-

CASED - NO PSU: tional drives

250KB SS 40 TRK @ Capacity from 125 KBytes

500KB DS 40 TRK to 1.6MBytes

500KB SS 80 TRK @ Perfect disk registration

1MB DS 80 TRK.. @ Brushless DC direct drive

1.6MB DS 80 TRK... motor

2 drive PSU Modute....... @ High-speed data access

4 drive PSU modute....£99 @ Low power generation (4.9
W, operating)

@ LEO/photo sensor system

DUAL DRIVE UNITS WITH PSU

g Twin 250K $S 40 TRK ... £299
ONLY £189.5 o, VAT & car. Add L K i i
SUITS MOST MACHINES: The answerto all your Twin 500K SS 40/80 TRK . . £425
KeyStar's friendly keyboard allows WP problems!! If you Twin TMB DS 40/80 TRK.. » ; £495
you to work more efficiently saving use WordStar, KeyStar Twin 1.6MB DS 80 TRK.... .£000
time and mistakes! Oemand is high will aliow even those 3.2M8B IMB
for this amazing addition to the unfamiliar with WP to . vies
world’s most popular WP package, use the system straight £675' £l‘95'
S0 ORDER NOW! away! inc. case a.nd PSU inc. case and PSk.J
01-965 0627 Telex: 24708 ex VAT ex VAT Carr. £4
F R R _=R__B_1
Post now to. TELEDIGITAI. COMPUTERS 42 GORST ROAD, PARI( ROYAL INDUSTRIAL ESTATE, I.ONDON NW10 61D
Description 2t + VAT & Carr | *“lencioss cheque
Name__ Please send me
B bins - b B b aes gt P ® 3D
Address. “My Access/Visa
Phone us if you require more s
T — informationonanyofthe (L L L T
above o
01-965 0627 3'.'?.:’.""":: :::' "
A Y t:
Tel m\ VISA I e e
oy el ]: *Deiets whare applicable.
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LOGIC ANALYSERS

Thandar's comprehensive range of professional specification instruments now includes 8 and 16 channel logic analysers to expand your
test capabilities. Both analysets feature DC to 20MHz sampling rates, synchronous or asynchronous clocking and 16ns glitch capture

in latch mode. There is also a powerful compound trigger delay by event and/or clock (two level triggering on TA2160), selectable
trigger position, variable trigger filter and clock qualifier and arm facilities. All inputs are high impedance with TTL or variable

threshold. Both have a composite video output to drive an external display or video printer and offer disassembler

options for common microprocessors. Accessories are available for serial data capture and hard copy record printout

TA2080 {8 CHANNEL) Full system information always shown in display; 8 bit data and reference memories,

both 252 bytes deep; 23 bit triggering (8 data bits, 15 trigger bits); Timing display shows all 262 bytes of the
8 data channels in timing diagram format with x2, x4, x8 expansions available; State display shows 24 /
sequential bytes in either binary plus ASCIi or hex plus octal plus ASCII; Automatic or manual compare
between recording and reference memories for equality or inequality.

TA2160 (16 CHANNEL) 16 bit data and reference memories, 2562 samples deep; Both data and
reference memories configurable as 16 bit x 2562 samples, 8 bit x 504 samples, or 2 x 8 bit x V74
samples; 34 bit triggering (16 data, 12 trigger and 6 qualifiers); Independent clocks and clock
qualifiers in 2 x 8 bit modes; Sample or latch assignable on a per pod basis; Timing display
shows 252 bytes of any 8 channels in timing diagram format

with x2, x4, x8 expansions available; State display shows 16
sequential store iocations of any 4 memories in 4 columns; each
memory can be displayed in either binary, hex, octal, decimal,
ASCII, or EBCDIC; Automatic or manual compare between any
part of any two memories for equality or inequality; TTL or
variable threshold assignable on a per pod basis; RS$232 interface
permits dumping and loading of reference memories and EL
system parameters.

Thandar Electronics Ltd, London Road, St. lves,
Huntingdon, Cambridgeshire, PE17 4HJ.
Telephone (0480) 64646, Telex 32250.

A= thandar

ELECTRONICS LIMITED THE LOGICAL CHOICE
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Versatower:

A range of telescopic towers in static
and mobile models from 7.5 to 36

metres with tilt-over facility enabling
all maintenance to be at ground level.

Designed in accordance with.CP3 Chapter V; part 2,
1972 for a minimum wind speed of 140 kph in
conditions of maximum exposure and specified by
professionals world-wide where hostile
environments demand the ultimate in design, quality
and reliability.

Suitable for mounting equipment in the fields of:
Communications

Security surveillance — CCTV

Meteorology

Environmental monitoring

Geographical survey

Defence range-finding

Marine and aero navigation
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AMPLIFIERS T

Over the last few years we have received feedback via

the general public and industry that our products are
from Taiwan, Singapore, Japan, etc... |LP are one of

the few ‘All British’ electronics Companies manufacturing
their own products in the- United Kingdom. We have proved
that we can compete in the world market during the past
12 years and currently export in excess of 60% of our
production to over twenty different countries — including
USA, Australia and Hong Kong. At the same time we are
able to invest in research and development for the future,
assuring security for the personnel, directly and
indirectly, employed within the UK. We feel very proud
of all this and hope you can reap some of our success.

I.L.Potts — Chairman

WE'RE INSTRUMENTAL
IN MAKING A LOT
OF POWER

In keeping with ILP’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 |LP
are recognised as world leaders.

BIPOLAR MODULES MOSFET MODULES

Module | Output Load DISTORTION Supply Madule | Output Load DISTORTION
Number Power |Impedance | T.H.D. LM.D. Voltage Number | Power | tmpedance| T.M4.D. 1.M.D. Voltage inc.
Watts 0 Typat  60Hz/ Typ Watts i) Typat  60Hz/ Ty VAT
rms 1KHz  7KHz 4:1 rms TKHz  7KHz 4:1
HyY30 15 - 0.015% «0.006% t18 76 x 68 x 40 MOS 128 60 4-8 <0.005% «0.006% 1 45 120 x 78 x 40 A20] 1 30.11
HY60 30 - 0.015% <0.006% + 25 76 x 68'x 40 MOS 248| 120 4.8 <0.005% <0.006% 165 120 x 78 x 80 BhLHU| t 30.86
HYE060( 30 + 30 - 0.016% <0006% | 25 |120x 78x 40 MOQS 364 | 180 4 <0.005% <«<0.006% | +55 [120x 78 x 100 | 1025 146,51
HY124 60 0.01% <0.006% + 26 120 x 78 x 40
HY128 50 0.01% <0.006% +35 120 x 78 x 40 Protection:  Able to cope with complex loads without the need for very special
HY244 120 001% <«D.006% | 35 |120x 78 x 50 protection circuitry {fuses will sutfice).

HY248 120 0.01%  <0.006% * 50 120 x 78 x 50 Slew rate:  20v/ps. Rise time: 3ps. S/N ratio: 100db
HY364 180 0.01%  <0.006% +45 | 120 x 78 x 100 Frequency response |-3dB}: 16Hz — 100K Hz. Input sensitivity: 500mV rms

HY368 180 0.01% < 0.006% + 60 120 x 78 x 100 Input impedance: 100K €. Damping factor: 100Hz > 400.

Protection: Full ioad line. Siew Rate: 15v/ps. Risetime: 5us. S/N ratio: 100db. ‘NEW 1LP' In f
Frequency response (- 3dB) 15Hz — 50K Hz. Input sensitivity: 500mV rms. to L I Ca' En‘e'tamme"‘s

Input Impedance: 100K {1 . Damping factor: 100Hz >400. c15
Mono Power Booster Amplifier to increase the output of your existing car radio

or cassetie player 10 a nominal 15 watts rms.

PRE-AMP SYSTEMS
Very eas: se.

Madule Module Functions Current | Price inc. v ey tou g

Number Required VAT Robust construction. £9.14 (inc. VAT)
HY6 Mono pre amp | Mic/Mag. Cartridge/Tuner/Tape/ 10mA £7.60 Mounts any where in car.

Aux + Vol/Bass/Treble Automatic switch on.

HYB6 |Stereo pre amp | Mic/Mag. Cartridge/ Tuner/Tape/ 20mA £14.32
Aux + Voi/Bass/Treble/Batance
HY73 |Guiar pre amp | Two Guitar (Bass Lead) gnd Mic + 20mA £15.36
separate Volume Bass Treble + Mix
HY78 |Stereo pre amp | As HYE6 less tone controls 20maA £14.20

Output power maximum 22w peak into 41

Frequency response {—3dB} 15Hz to 30KHz, T.H.D. 0.1% at 10w 1KHz

S/N ratio (DIN AUDIO) 80dB, Load Impedance 341

Input Sensitivity and impedance (selectable} 700mV rms into 15K §1 3V rms into 8L
Size 95 x 48 x 50mm. Weight 256 gms.

Most pre-amp modules can be driven by the PSU driving the main power amp.
A separate PSU 30 is available purely for pre amp modules if required for C1515
£5.47 tinc. VAT). Pre-amp and mixing modules in 18 ditferent variations. Stereo version of C15. £17.19 (inc. VAT)

Please send for details,

Mounting Boards Size 95 x 40 x 80. Weight 410 gms.
For ease of construction we recommend the B6 for modules HY6—~HY 13 £1.05
{inc. VAT} and the 866 for modules HY66—HY78 £1.29 (inc. VAT)

POWER SUPPLY UNITS (Incorporating our own toroldal transtormers)

Model For Use With Price inc. 1 Modet For Use With Price inc. Model For Use With Price inc.
VAT Number VAT Number VAT

1or2HY30 £11.93 PSUB2X | 2xHY124 £17.07 PSU 72X [ 2 x HY248 2700

Tor 2HYBO, 1 x HYB060, 1 x HY 124 £13.83 PSU 53X | 2 x MOS128 £17.8¢ PSU 73X [ 1 x HY364 y

1 xHY128 £15.90 PSUB4X | 1 x HY248 £17.8¢ PSU 74X |1 x HY368

1 x MOS128 £16.70 PSU 55X [ 1 x MOS248 £19.5- PSL 75X [ 2 x MOS248, 1 x MOS368

2x HY128, 1 x HY244 £17.07 PSU 71X | 2x HY244 £2 7;

Please note: X in part no. indicates primary voltage. Please insert “O"" in place of
X tor 110V, “1"" in piace of X for 220V, and ‘2" in place of X for 240V.

ILP Electronics Ltd. _ caerbury Cra i Kom Englne
i L , Kent, Englan
e ° TeI:phgnel: (0227) 54778, Telex: 965780

WW - 036 FOR FURTHER DETAILS
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- PRACTICALLY ALL THE WIRELESS
qm I PARTS YOU'LL EVER NEED, GATHERED
TOGETHER IN ONE CATALOGUE...
INTERNATIONAL
Coils, crystals, filters
TOKO cails, filters chokes. UNI crystals, filters,
P NTK and Murata ceramic filters. Probably the
. - -t P broadest stock ranges of these types of
h'- e g? ,*“ component in the world, and a full service

s from AMBIT INDUSTRIAL MARKETING to
%{. bl o _#8 support the OEM with custom requirements.

L, !

High Performance Coax Relays, switches
etc. PC and connector relays engineered to the
highest standards, plus a broad range of
electro-mechanical support including push,
toggle, and keyboard switches, rotary
switches, plugs sockets etc.

"

Semiconductors for radio communications

ICs, Varicaps, FETS, MOSFETS, RF Power for HF,
VHF, UHF. A broad selection that will meet the
majority of requirements in receiver and
transmitter designs

Test Gear and Tools e 3 p—
New Black Star Frequency L= _ Q ‘
counters, Weller and Antex 1 =, q
soldering tools, plus a wide b 7

selection of all types of equipment
and tools for home and work.

m{
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Communications %y,
Technology

for the enthusiast
(and professional)

200 North Service Road, Brentwood, Essex CM14 45G
Tel: Consumer (0277) 230909. Industrial (0277) 231616
Telex: 995194 AMBIT G.

Data: (0277) 232628 REWTEL» (300 baud duplex)

v REGIONAL SALES COUNTERS % SPRING CATALOGUE
Solent Component Supplies, 53 Burrfields Road, Parts, Project Packs, Test Gear
Portsmouth Broxh = Info and 3 x £1 discount vouchers!
Broxlea, Park Lane, Broxbourne, Herts ORDER NOW for FEB Shipment — 80p

WW — 046 FOR FURTHER DETAILS
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THE NEW
MPF1PLUS.

)

BOARD

The MPF1 PLUS
incorporates the Z80 — the most
widely used 8-bit microprocessor
in the world, to form a Single
Board Computer (SBC).
Packed in a plastic bookcase
together with three
comprehensive manuals and
power supply (to BS3651
standard), the MPF1 PLUS is a
microprocessor learning tool for
every application.

FLIGHT

Electronics Ltd.

Teaching you in a step-by-
step method the MPF1 PLUS
helps the user fully understand
the Software and Hardware of a
microprocessor easily and
conveniently — as opposed to
micro-computers that aim to
teach high-level languages
instead of microprocessor
systems fundamentals.

Notonly is the MPF1 PLUS
a teaching tool but with the
available accessories it can
also be used as a low-cost
development tool or simply for
OEM:s.

Quayside Rd. Southampton, Hants SO2 4AD. Telex 477793. Tel. (0703) 34003/27721

Micro-Professor is a trade mark of Multitech industral Corporation. 280 is a trade mark of Ziog Inc.

THE MPF1PLUS

Just look at the specification.-

Technical Specification
CPU: Z80A — 158 instructions

Software:

® 780/8080/8085 machine code

@® 780 Assembler, line and 2 pass.

® 8K BASIC interpreter (Extra)

® 8K FORTH (Extra)

ROM: 8K Monitor (full listing and
comments

RAM: 4K CMOS (2 x 6116)
Input/Ouput: 48 system /0 lines
Speaker: 2.25" coned linear

Display: 20 character 14 segment green
phosphorescent

Expansion:

® Socket for 8K ROM

® Cassette interface

® Connectors 40 way, complete CPU bus
Keyboard: 49 key. Full “QWERTY" real
movement good tactile feedback
Batteries: 4 x U11 for memory back-up
(batteries not included)

Serial Interface: 165 baud for read/write
via audio cassette

Manuals

1. User's Manual. 8 chapters.
1. Over view and Installation.
2. Specification (hardware and
software). 3. Description of
Operation. 4. Operating the MPF-1
Plus. 5. 44 Useful Sub-Routines.
6. The Text Editor.
7. Assembler and Disassembler.
8. Systemn Hardware Configuration.
2. Experiment Manual. 16 experiments.
3. Monitor Program Source Listing with
full commenting.
4. Also available the MPF-1 Plus Student
Work Book (self-learning text).

Accessories

® PRT-MPF-1P: 20 character printer.
Ready to plug in. Memory dump.

® EPB-MPF-1P: Copy/list/verify
1K/2K/4K/8K ROMS. Ready to plug in.

® SSB-MPF-1P: Speech Synthesizer.
Inc. 20 words and clock program.
1200 words available.

® SGB-MPF-1P: Sound Synthesizer
Board.

® /O — MPF-1P: Input/output board

! Yes! | now realise that! need an MPF1
| PLUS and that itis the lowest cost Z80
SBC available with all these features.

lenclose £165.00 (£140.00 + £21 VAT
plus £4 carriage). Overseas P.O.A.

Cheques payable to
FLIGHT ELECTRONICS LTD.

]
]
1
]
]
]
]
1 Please debit my e
1 Barclaycard/Access \é O @
: Account No.

[

]

1

.- ]

An invoice will automatically be sent.

1 Name____ S
: Address _

Signature _—
Date —

L}( .............. ww
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TEST EQUIPMENT

£
Feedback VPO 602 Variable Phase Osci 65
Marconi TF 20028 AM/FM 10KHz-88MHz 795
Fluke 8600A 4172 digit DMM 150
Fluke 8020A 32 digit DMM (New) 80
Case for above (New) 12
GEC Super 50 30
Philips PM2354 AC Millivolmeter 0-2MHz TmV-300V 75
Sullivan AC Test Set 150
H.P.71008 2 Pen ChartF 350
H.P. 5000A Logic Analyser 185
Philips 2522A 4122 digit DMM 145
Sanwa Multi S 10
Pantec Electro Multimeter 20 «
25A/600V Clamp Meters 10 .
Houston DP10 | | XY Plotter 175

Iwatsu Dual Trace 20MHz Scope. 195
Advance 0S4000 10MHz Digital Storags Scope 950

Advance 0510008 Dual Trace 20MHz Scope 195
Leader LBOS10B 4MHz Single Channel Scope {new) 95
Scopex 456 6MHz Single Channel Scope. 80
Telequipment CT71 Curve Tracer 325
Telequipment DM64 10MHz Tube Storage Scoge 350
Telequipment D75 50MHz Dual Trace Delay T/B Scope. 375
Scopex 30-4D Dual Trace 30MHz Scope Dual Channel 175
Hitachi V-302 30MHz Dual Trace Scope 225
Advance 053500 60MHz Scope with DM3010 DMM option 675
Advance 05255 15MHz Dual Trace Scope 175
Tek. 564 Storage Scope 195
Tek. 7403 75MHz Mainframe with 7853 and 7A18 plug-ins 750
Leader L¥R 560 Frequency Response Recorder. 565
J. J, Lloyd PL100 X-Y Plotter with spare Amp 295
Radiometer SMG1 Stereo Generator 195
H.P. 9815A Desk Top Computer 250
H.P. 776D 940-1300MHz Directional Coupler (New) 150
Systron Donner 62 Set Timer Counter BCD output 135
Systron Donner 7344A 412 digit DMM IEEE interfaced 185
Pecker 5000 prom prog 5 350
Tek. 191 C onstant Amp. Signal Generator 100MHz 115
Tek. 106 Square Wave G 95
Tek. Amplitude Calil 95
3 Phase Variac 6A, 80
Tek. Type M Plug-in 50

Tek. Type 1A6 Plug-in 50
Tek. 454A 150MHz Scope. 695
Tek. 575 Curve Tracer 95
Yaesu Musen YC1000L Data Logger 600MHz Timer Counter, DMM, Thermometer and Printer all in one
box (New) 450

AP A e i 2
.P. u ignal Generator 450- z H — Tet)
Telequipment D67 25MHz Dual Channel Delay T/B Scope 235 : welght real 1stic
Telequipment D67A 25MHz Dual Channel Delay T/B Scope 255 t pr ices
Marconi TF 801/D 470MHz AM Signal Generator 75 p .
Data Dy ics Teletyp 40 .
R & S SMAF AM/FM Signal Generator 300MHz 195
Philips PE4808 35V/20A Variable PSU metered 75
Philips PE4807 35V/10A Variable PSU metered 80 Fy|de
et 2 D
ugart 8'' floppy disc drive ]
H.P. 18034 Differential plug-in 95 . Electror“c
DE-LP.182‘IAT/1B pllég-in i gg Laboratories
lectrohome 19" B/W X-Y Monitor:
Tek. 113 Delay Cable 49/51 Fylide Road Preston ..
Philips 3244 Scope 4 50MHz 795 L|m|ted
Wier 30V/2A, 60V/1A P .

SU .
Carriage additional. All prices exc. V.A.T.

94 ALFRISTON GARDENS, SHOLING, SOUTHAMPTON SO2 8FU
TELEPHONE: 431323 (0703}
! Access/B B

(FVLQ]E

.PR12XQ

WW — 038 FOR FURTHER DETAILS

TRANSDUCER and RECORDER
FIERS and SYSTEMS

T

~

reliable high
performance &
practical controls.
individually
powered modules—
1 “mains or dc option
" single cases and up
.to 17 modules in
‘standard 19"’ crates
'small size—low

Telephone 0772 57560

Y

WW — 030 FOR FURTHER DETAILS
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DESIGNERS AND MANUFACTURERS OF B
HIGH QUALITY CCTV VIDEO PROCESSORS & COLOURISERS

{7 SELF CONTAINED SELF CONTAINED VIDEO
[ (11 BLACK & WHITE COLOURISER
LA VIDEO PROCESSOR
@ AUTOMATIC /MANUAL GAIN
@ AUTOMATIC/MANUAL
ke
® LE EDGE
INSIGHT ENHANCEMENT
VISION @ 3 STAGE VARIABLE @ ACCEPTS 1 VOLT COMPOSITE VIDEO
SYSTEMS TRANSFER FUNCTIONS @ COLOUR SEQUENCE (8 STEPS)
LIMITED @ REINSERTION OF NEW BLACK BLUE CYAN GREEN
B T g SYNCS & BLANKS MAGENTA RED YELLOW WHITE
Hanley Road, Malvern. @ 8 STEP GREY SCALE @ 1 VOLT PAL ENCODED RGB OUTPUT
Worcs WR13 6NP, England INSERTION ©® SWITCHABLE RESOLUTION 7.5/1.5 mHz
Tel (0684) 310001 e @ VARIABLE SHADING @ CASED OR EUROCARD VERSIONS
Telex 334480 INSIGT'G’ ETIETTIE  CORRECTION Contact Andrew Smith on (0684) 310001

-
WW — 062 FOR FURTHER DETAILS
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M communications receiver
and made several well-thought-out modifications to provide a receiver for re-
broadcast purposes or checking transmitter performance as well as being suited
to communications and news gathering use.

PRINCIPAL MODIFICATIONS: Radically redesigned front end stages yielding
improved noise figure and overload levels. TOIP —2dBm {originally —21dBm) %

[
{
4
[
[

-

We have taken the synthesised all mode FRG7 1
4
¢
¢

Flat audio frequency response on both AM and SSB8 % Lower AM distortion % :
1
4
4
4
¢
4
[
4
¢

Balanced audio line output % Buffered IF output for monitoring transmitted
modulation envelope on an oscilloscope % Mains safety improvements.

The receiver is available in free standing or rack mounting form and all the
original fea_tures are retained. The new am detector board achieves exceptionally
low distortion: THD, 200Hz-6kHz at 90% modulation —44d8B, 0.6% (originally
—20dB, 10%). Reviewed Broadcast Sound, Jan/Feb 1984.

Stereo Disc Amplifier 3 and 4 % Peak Deviation Meter % Programme and Devia-
tion Chart Recorders % Stabilizer % Frequency Shift Circuit Boards % 10 Outlet
Distribution Amplifier % Peak Programme Meter llluminated Boxes, Circuit
Boards and Ernest Turner Movements % Stereo Microphone Amplifier.

SURREY ELECTRONICS LIMITED

The Forge, Lucks Green, Cranieigh, Surrey GUS 7BG. Tel: 0483 27589’

Ny R e N

PP P PP PP POV PO OOV WV OW W N

PP PP N -~
M s s s s e R e N T e

I 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

WW — 011 FOR FURTHER DETAILS
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CARBON FiLM
5% HI-STAS
LOW NOISE
10Q 10 10MQ

2WE24 12p
METAL FILM
ULTRA STABLE
0.4WEXTRA
LOW NOISE
109 to M@
2% €24 Sp
19 E24 6p
LOW OHMIC

WIREWOUND
QN CERAMIC
E12 SERIES

PRESETS
ROTARY POTS
LOW NOISE
% " SPINDLES
“E3SERIES
4K7t02ZMLIN s

4K 7 10 2M LOG
38

As above with
DPMains Switch

]
As above stereo
tna switch} 90p
PRE-SETS PINER
{CUSTPROOF}
£31001 to 10MQ
Mini Vertical 15p
Mini Honzontal
15p
Standard  Vert
8p
Standard Honiz.
18y
CERMET 20
RN

PRECISION
PRE-SETS
% “E3SERIES
50¢ to 500K 89p
CERAM.IC 100V
DISC (PLATE}

€12 MICRO MINE
TYPQCA

1pF to 1DnF k3
POLYCARB §%
SIEMENS 7.5mm
MINIBLOCET2
nF to 6nF 7
8nF to 47nF E
56nF to YSOnF

100V
100nfF 10 150nf

1p

1800 to 270nF
14p

330nF 10 390nF
20p

470nF to 560nF
6

P

680nF 30

14F (10mm) 35p
POLYESTER

250V RADIAL

(C280)

10nF. 15nF,
220F, 33nf,
479F. 6Bnf,
100nF 7
150nF, 200nF

10p
330nF. 470nF

13p
680nF 1ap

1.5.F 39p
39p

FEEDTHROUGH
nF 500V 7p

HIGH VOLTAGE
Capacltars
please enquire
many types in
stock

TANT BEADS

100/ 10v 559

ELECTROLYTICS
Mainty
Niatsushita
{Panasonic) &
Siemens
AXIALS (Wires
each end)

JuFd v
a7 63  8p
47 100 9p

47 350 30p
1 63 8p
1 100 9p
1 500 40p
2.2 25 8p
22 63 9p

47 63 26p
47 100 28p
00 16 t4p
100 25 16p
100 40 22p
100 63 25p
100 100 30p
20 10 16p
220 16 17p
220 25 22p
220 40 25p
220 63 30p
220 100 40p
470 16 22p
470 25 28p
a70 40 33p
470 63 a3p
470 60p
1000 16 30p
1000 25 38p
1000 40 46p
1000 63 85p
2000 16 40p
2200 25 63p
2200 40 70p
2200 63 134p
4700 16 75p
4700 25 89p
RADIALS (PC8
wires one end)
Matsushita only.
uFd v

10 16

22 0 6p
22 18

a7 10

a7 16

100 10

100 16
220 10
220 16
470 0
470 16
1000 10
1000 16
2200 0
2200 16
3300 10
3300 16
4700 10

FORMERS

All zaov Primary
6.06V.9.09V,
12.0 12V,

15,0 15V
|00mA 95p
265
200 20v

2.65
12 o av
SOVA 5.25

950

These goods are
heavy send extra
P & p. We will
credit any
difference.

DipBoard 390
Track Cutter 1.48
PinInsertor 1.79
100PIns 55p
Verobloc 3. 99
Vero Wiring
Pen +Spool 3.35
Spare Spoo! 75p
m 6p

FERRIC
CHLORIDE
Quick dissolving
Enough to make

=y
hl

154
420 = 195mm

i
420 « 245mm

295

DALO ETCH
RESIST PEN
+ sparenlb 1.20

PHOTO
SENSITIVE PCB
1stClass Epoxy
Glass. For better
results than
spraying. Exposa
to UV.

Single sided 202905
100 x 160  2.10 §2N29054
100 x 220 2.50]2N2906
203 x 114 2 40§2N2906A
233 » 220 520] 2N2907
Double Sided 2N2907A
100 < 160 2.20| 2Nn2920
100 » 200 2.80| 2n2923
203 - 114 2.90] 2N2924
233 x 220 5.90| 2N2925
Developer for 2N2926
above {do not 2N3053
use Sodium
Hydroxide}

500 mi 2,95

PRICES PER | 3n3440
METRE N3441
Solid connectng | 2N3442
N3445
MAINS/SPEAKER | 23446
Twin 1 Amp 14pf 2N3447
Twn2's Amp  R2n3448
16pfan3468
3Core 2% Amp J2N3812
18pf2N3553
3Core6Amp  |2N3638
pl2n36384
3Core 13Am; 9N3702
P12N3703
SCREENED [ 2N3704
Single 14p] 2N3705
Stereo 27p| 2N3706
Mini Single  12p] 2N3707
Mini Stereo  15p 283708
4 Core 4 Screens gm;;?g
a4, 3
4Core. Single | 2N3711
Screen 54p| 2N3712
BCore B61p|2N3713
12Core 80p|2N3714
Heavy Duty 2N3715
Mike Gunar 2N3716
Lead 25p|2N3773
AERIAL 2N3819
502RG58A 25p | 2N3820
750 UMF  29p|2N3821
750 VHF 28p[2N3822
300QF(a1  14p ZNgagg
RAINBOW 3
RIBBON
Prices per foot
way p
16 way 3gp | ZN3906
20 way a8p § 2N4030
24 way 62p
30 way 75p
32 way 82p
40 way 88p
64 way 1.49)

RECHARGE
BATTERIES

Top quality.
Don't throw
these batteries
away — they
charge up 1o
1000 umes!
HP2(1.2AH} 2.39
HP2(4AH] 4.75
HP7{%AH) 99p
HP11{1.2AH) 2.29

PP3(1|OmAH)

Churgars
TYPEH
Ad|usled to 6of
any HP type
Above £15.59
TYPEM
As above but
faster charge for
4AH £25.95
TYPE P

TYPE
HP7IUD|043|3
time} £5.85

£5.50
2|

ANTEX SOLD-
ERING JRONS
€240 15W) 495

X$240 (25W)
5.25)2
tron Stand
Elemerts
IS1ate Iron} 2.05
C240 Bits.
No 2 {Small) BSp
No 3{Med.} 85p
No. 6 (Micro) 85p
X5240/X25Buts
No. 50 (Small}

85p
No. 51 {Med.}85p
No 52 iLge) BSp
SOLDER 126gms
18swg
22swg
PLUGS &
SOCKETS
onnactors
75 Way Solder
Male 1602
Female  2.09

over Tinre 1.690 508 Wive-Wrap
ETCH RESIST | Mate 1.60
TRANSFERS {Female
1. Thin lines Covers 1.00
2. Thick lines Phono Plugs
3. Thin bends Blk. Red. Grn,
4. Thick bends {Wtor Yell 15p
5. DIL pads Ling Skts  1.20
6. Transistor Chas Skix1 20p
pads Dual
7. Dots + holes |Quad 40p
8 01" adge
connectors, TRANS
9. Mixture,
Any sheet of ISTORS
above  35pf
GRADE ONE
GLASS PCB
SINGLE-SIDED
178 x 240mm

2N2369A
2N2904A

40411
40412

BCS556B

3.95

All products first grade franchised source. All items available through
(1) MAIL ORDER (2) CALLERS (3) TELEPHONE/CREDIT CARD i.e.
Visa, Adcess, Barclaycard, American Express. (4) OFFICIAL ORDERS

from Schools, Govt Depts, Local Authorities etc.
All in stock items despatched same day.

U.K. please add VAT at 15%. No VAT for overseas orders but min
£2.00p&p- Stocking parts other stores cannot reach!

o
S

WNO AW, SN pWW
PBONLON =D

MPSUS7

RELEASED
NEW ILLUSTRATED

CATALOGUE

00 inc. p&p

SCR's,
TRIACS
DIACS

THYRISTORS
4,88 12Amps
Texas 70220
Suffix: A= 100V

B

C = 300V

D =400V

M= 600V
TIC106A
TIC 1068
TIC 106C

Yy
TIC106D 49p
TIC106M 68p

46p
47p

TIC116A
TIC1168

66p
68p

8a
TIC116C 71p
TIC116D 73p
TIC116M 80p
TIC126A 72p
TIC1268 72p
24

TIC126C 73p
TIC126D 77p
TIC126M 96p

TRIACS

Texas 400V
70220 Case

TIC2250(6A) 7400
TIC236D1124)
95 1,
TIC24601(16A)
P 1.
TIC253D120A4)
o 1.9
TIC263D125A)

P 2.1
DIACS
BR100 29p
sT2 29p

ZENER'S

400 -50Umw
E24Seres
2447 7p

48
pL

TiC206D (41660 ¢
TIC 226D(BA 1 88p| -

BRIBDGE

{PIV shown in

brackets}

1% amp type
WO011100) 28p
W021(2001 3ap
W04 1200
WOB {800) 50p|
2 amp type
Square with hole
$01{100)
$021200!

ZTX 650

04 {4001
S08 {800}

6amp 1ype
Square with hole:
PWO1
PWO2 {200} 99p;
PWO4 1400113

55p|
66p|

0
PWO6 (60011394

25amp type
Metal clad with

2,62
KQ21200) 2.75
K04 14001 3.25
K06 (600) 4.10
BY 4

354400V 4.50

LED LAMPS
R - Red
G - Green
Y - Yellow
Large Diffused
1+50

RSD  9p 7p
GSO 15 12p
¥5D 15p 12p

Smallmuused
R2D
G2D |zp 10p
Y2D 12p 10p
Micro0.1°
R1D  25p
GID 27p
YD 2w 2
Large clear
R5C  12p
GS5C  17p
YsC  17p
Super bright
high efficiency
Large (100 times
brighter)
38p 29p
G5U  42p 34p
Y5U  42p 34p
Rectangular
Stackables LEDs
17p
G6L 18p

RSU

LINICS
AY1-5050 95p

LM33s52
LM348N
LM349N
LM350K
LM3795 5
LM380N14

11001 95p7

TDAI010A
TDAID22
TDA2611A
TDA 7000
TJLOB1
TLOB2
TLOB4
TLO71
TLO72
TLO74
TLO81
TLO82
TLOB4
UAA170
UAA180
ULN2003
UPC575C2
UPCTIS6H
XR2206

Pl zn409

ZN414
ZN1034

7415251

7415253
74L5257
7415258
7415259
74182861
7415266
7418273
7415275
7415279
7415280
7415283
7415289
74L5290
7415293
7415295
7415298
7415299
7415323
74L5324
7415325
7415326
7415327
7418347
7415348
7415352
7415353
7415362
7415365
7415366
7415367
7415368
7418373
7418378
7415386

74L8641

39p

4585 59p
oo |
CPUs

802 6.50

MEMORIES
2114{200n5)99p
2532 3.25
2564
2708
27161(5v)
2764
41 16(200175)999
41183 3.2
4164 a. 5
5101(450n5)1.89

2

6.25
3.50
265

MISC LOGIC ICs

ADCO0804 4.40
ADCOB16 14.95
ADCO817 10.39
INS1671 20.00
INS1771 14.50
RO2513LC 7.50
RO2513UC 7.50
SAAS5000 3.00
SAAS5010 7.10
SAA5012 7.10
SAA5020 §.50]
SAA5030 9.00]
SAA5040 15.00

ZBOACTC 2.60
2ZBOADART 5.50
ZBOADMA 6.70
ZBOAPIQ  2.70
IN425E8 3.39

Positive

78L24A  29p
13 amp 10220

78247
Negative
100 mA T092
79L05
79U12
7915

1Amp. TOZZO
790

ZIF SOCKET

24P 4.35]

SWITCHES
TOGGLE (MINI)
sPST 49p

seor 59p

DPDY C OFF 79p
PDT
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CHILTERN ELECT

W

9inch VIDEO MONITORS

Once again we are able to offer these
superb Motorola monitors at a fraction
of the list price.

Mains and composite video input,
ideal for any micro. High-resolution
80 column display, complete with
circuit. Used but tested OK.

£34 +var

Carr. £6.50

LAB. POWER SUPPLIES

Professional heavy duty power units
from mainframe computers, beautifully
made.

Outputs bv 33a, £12v 4a, £156v 4a.
Mains 240v input. Fully regulated

and protected.

List price over £300. Used but fully

tested.
£34 + VAT

Carr. £8.50

DRI-30 DISK DRIVES
(2.5Mb)

These famous disks are well known for
their reliability and high engineering
standards. Cartridges easily
exchangeable, standard disk interface.

Untested but believed working OK.

Our price to clear £120+ VAT

Carr. £10

MAINS FILTER UNITS

(BRAND NEW SURPLUS)

These compact units consist of

heavy duty 12amp filter and circuit
breaker, and |EC socket. We also
supply long mains lead with 1EC plug.
Ex-mainframe system, ideal for
protecting TV/Micro etc.

{Cost £60 +!)
Our price £6 + VAT

or 2 for £10 post free

DEC PDP-11/03
COMPUTERS

We have a few surplus PDP 11/03’s
complete with box power supply, and
LS!I 11/1 Processor card. A real 16-bit
computer that usually costs thousands
of pounds. Not used but BRANDNEW.

“E““CEA%‘- £270
10 O at onlymg + VAT

Carr. £10

QUME DAISY-WHEEL
PRINTERS

The Sprint-30 is the Rolls-Royce of
daisy wheels, and originally cost £1.5K+,
Ours are used but fully tested, with
PSU for 230v. RS232 input, complete
with full data. While stocks last.

10 CLERR: Onlym+ VAT

Carr. £13
Tractor feed option £25 extra

ASCIl KEYBOARDS

Scoop purchase allows us to offer
a real professional keyboard (49-key
ASCI!I), with Hall-effect keys and
attractive case for aridiculous price.

Circuits supplied. Used but tested.
Cost £300+.

Only £15 + VAT

Carr. £1.85

ZENTEK VDU
TERMINALS

Beautiful 8080 — controlled terminals
that can also function as stand-alone
micro. Large 14’ screen, attractive case,
detachable keyboard with numeric pad,
2 pages of 25 lines/80 char.

List £2K+. Ours our sold "as-is’”’ but
probably OK. With circuits.

only £99 +vat

Carr. £14.50

MICRO-POWER
SUPPLIES

Compact bv 3amp regulated power
supplies, mains input.

Used but tested OK.

only £11+ vat

Carr. £1.20
Also available bv 6a version at

£16 + VAT Carr. £2.40

COOLING FANS (230v)

Brand new surplus:- twin 4 inch
whisper-quiet extractor fans, mounted
on rack panel (19"} with mains lead.

Ideal for cooling your micro; save
£50 +

Our price £ll + VAT

Carr. £1.20

TWIN-CASSETTE
DRIVES

DEC TAIl twin digital cassette drives,
intended for PDP11 but adaptable
for use on micros.

Complete with circuits. As new.

Only £99 + VAT

Carr. £9

RIBBON CABLES

40-way standard ribbon cable, 8 foot
long, complete with two Berg
connectors at either end.

In sets of three cables. As new.
Save £10 or more!

£10+vatfors

Carr. £1

WE ALSO STOCK FULL RANGE OF DEC SYSTEMS AND SPARES, FROM PDP11/03 TO
PLEASE PHONE FOR OUR DEC CATALOGUE.

TO VAX 11/780.

HIGH STREET, CHALFONT ST. GILES, BUCKINGHAMSHIRE HP8 4QH
We accept personal cheques or telephone your Access Card No.

Telephone or send your order to Gary Kent.
All items despatched within 24 hours

TEL: 02407 71234

86
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Raohde & Schwarz Enograph Type BN 18531, £60.

Ra'!l\decﬂn Schwarz Sweep Signal Generator Type BN 4242/2, 50 kHz to 12
MHz, £85.

Rohde & Schwarz U.H.F. Signal Generator Type BN 41026, 1000 to 1900
MHz, £125.

Rohde & Schwarz Group Delay Measuring Equipment indicator, £50.
Rohde & Schwarz Group Delay Measuring Equi Modulator/D
lator, £50.

Rohde & Schwarz Power Signal Generator Type BN 4105, 30 kHz to 300
MHz, £125.

Rohde & Schwarz U.H.F. Millivolt Meter Type BN 1091, 20mV to 10V, £50.
Airmec Modulation Meter Type 210, 3 to 300 MHz, £95.

Hewlett Packard S.H.F. Signal Generator Model 618 B, 3.8 to 7.6 GHz, £120.
Bryens X-Y Plotter Model 1806, £50.

Hewlett Packard Square Wave Generator Mode! 211 A, £60.

Solartron Pulse Generator Type GO 1005, £40.

Pye 12V Power Unit Type AC 15, £25.

‘Wande! Golterman Carrier Frequency Level Meter, Type TFPM 76, £60.
Rohde & Schwarz Video Skop Type BN 4241, £250.

Schomantol Frequency Meter Type FD1, 30 to 900 MHz, £50.

Tektronix Delay Cable Type 113, £50.

Bruel & Kjoer Vibration Meter Type 2502, £50.

Advance Pulse Generator Type PG 54, £40.

Systron Donner LF. Spectrum Analyzer Model 805, 200 Hz to 1.6 Mhz, £550.
Ministry Oscilloscope Type CT 436 Dual Beam D.C. to 6 MHz, £85.

Marconi Signal Generator Type TF 9954/3/S {CT402), £95.

M i 100-Watt 7db Type TM 5280, 150 1o 185 MHz, £40.

Pye Aerial Tuner Unit Type ATU 4, 210 9 MHz, Pre-set, £15.

A.LM. Electronics Pulse Generator with Clock Generator, £65.

Marconi V.H.F. Signal Generator Type TF 1064B/5M, £125.

Marconi Tx & Rx Output Test Set Type TF 1065, £85.

Marconi %% Universal Bridge Type TF 1313, £220.

Tektronix L-C Meter Type 130, £65.

Heathkit Harmonic Distortion Meter Type 1M-12U, £20.

£Nz|;‘r]coni Sanders Microwave Sweep Generator Type 6600A, 10 to 15 GHz.

d

Pye Vanguard Type AM 25 B, High Band Less Control Gear, £10.
Rohde & Schwarz Polyskop 11 Type BN 425/50, £350.

A.EW. Process Cycling Oven, £600.

Twin Ciothes Lockers, nests of 2 with keys, £20.

Louvred Lin Bin Paneis, 4' 6'' x 4" 6", £20.

Kodak Rell Film Drying Cabinet with Hangers, £150.

Potter Line Printer Type LP 3000, £150.

PDP-8/L Computer System, Dectape Units and Interface Unit, £650.
Digital Decwriter 11 Printer with keyboard, £100.

Rohde & Schwarz Z-g Diagraph Type BN 3562, 300 to 2400 MHz, £85.
Tektronix Rack Mount Oscilioscope Type RM 45, £50.

Marconi V.HF. Alignment Oscilloscope Type TF 1104/1, £150.
Tektronix Sampling Oscilloscope Type 661 with 452 plug in, £120.
Avo Valve Tester Type CT160, £30.

Advance Oscilloscope Type 0S25A, DC to 3MHz, £120.
Telequipment Oscilloscope Type D43, DC to 10 MHz, £100.
Telequipment Oscilloscope Type S43, DC to 10 MHz, £85.
Telequipment Oscilloscope Type S51, £75.

Telequipment Oscilloscope Type $324, DC to 3 MHz. £65.
Tektronix Rack Mount Oscilloscope RM17, OC to 10 MHz, £85,
Tektronix Oscilloscope Type 317, DC to 15 MHz, £120.

Marconi R.C. Oscilloscope Type TF1101, £65.

Airmec Millivolt Meter Type 301A, £75.

Advance Audio Generator Type H1, £20.

Tektronix Oscilloscope Type 543A with Type B plug in, £160.
Tektronix Oscilloscope Type 531A with Type H plug in, £160.

Pye Base Station Type F27, A.M. Low Band, £50.

Sander Oscillator Type CLC 2-4, 210 4,5 GHz, £95.

Bruel & Kjoer Microphone Amplifier Type 2604, £50.

Bruel & Kjoer Microphone Amplifier Type 2603, £50.

Labgear Compak 8 Transceiver less mike, aerial, etc., £50.

EMI Oscilloscope Wide Band Amplifier Type 7/1, £25.

Airmec Sweep Signal Generator Type 352, 20 Hz to 200 kHz, £45.
Belix Variable Power Unit, 0 1o 50V at 2 amp, £40.

BTR Silvertown Anti-Static and Conductive Footwear Tester, £25.
Dawe True RMS Valve Voltmeter Type §12A, £20.

Rohde & Schwarz Power Signal Generator Typ.e BN41001, 0.1 10 30 MHz, |

Marconi Distortion Factor Meter Type TF142F, £85,

Marconi A.M. Signal Generator Type TF144H/4S, £125.
Tektronix Time Mark Generator Type 180A, £125.

Marconi F.M. Signal Generator Type TF 1066B/1, £280.
Marconi F.M. Signal Generator Type TF 1066B/6, £300.
Marconi Carrier Deviation Meter Type TF 791 D, £95.

Airmec Modulation Meter Type 409, £120.

Marconi Universal Bridge Type TF 868, £50.

Marconi A.M./F.M. Signal Generator Type TF 995A/5, £230.

M iV Tube Vol Type TF 1041 C, £25.
Marconi R.F. Power Meter Type TF 1020A/4, 300W, 75 ohm, £65
Marconi R.F. Power Meter Type TF 1020A/1, 100W. 50 ohm, £65.

B. BAMBER ELECTRO

post paid.

ICS

PYE POCKETFONE PF1
UHF RECEIVER

440-470 MHz, Single Channel, int. speaker
and aerial. Supplied complete with re-
chargeable battery and service manual, £6

each plus £1 p.p. plus V.AT.

GARRARD CAR CASSETTE
PLAYER MECHANISMS

12-Volt motor, stereo head, brand new,
£2,50 each plus 50p p.p. plus V.A.T.

~ BASF CHROMDIOXID
VIDEO CASSETTE TAPE

for use with Philips N1500/1700 VCR.
LVC30 + 5, 36min. long play, £5 each plus
50p p.p. plus V.A.T. 10 for £35 plus VAT

_

RADIOSONDE RS21
METEGROLOGICAL BALLOON
TRANSMITTER

with Water Activated Battery, contains all-
weather sensors, fully solid state, £5 each
plus £1p.p. plus V.A.T.

CHARLES AUSTIN TWO-STAGE
AIR PUMP

Type 65 DEH, complete with pressure re-
gulator, 240 vac., chassis-mounted with
hoses, etc., brand new and boxed, £45 pius
£5p.p. plus VAT,
P. & P. or Carriage and V.A.T. at 15%
on total must be added to all orders.
Callers very welcome, strictly be-
tween 9 a.m. and 1 p.m and 2 and
5 p.m. Monday to Friday inc.

Barclaycard and Access taken
Official orders welcome  wwzr

5 STATION ROAD, LITTLEPORT, CAMBS CB6 1QE

PHONE: ELY (0353) 860185
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HEAVY DUTY POWER AMPLIFIERS

STANDARD MODULES
B MAX.O/P  SUPPLY  VOLTAGE
I TYPE POWER PE MAX.
P CE 608 B0W/8(1 * 35 + 40
o CE 1004 100W/4() + 35 + 40
L CE 1008 120W/8() + 45 * 50
A CE 1704 200W/4() + 45 + 63
R CE 1708 180W/8() + 60 + 63
- CE 3004 320W/49) + 60 + 63
o FE 908 90W/8Q) + 45 + 60
s FE 1704 170W/40 + 45 + 60

Ali prices include V.A.T., Post and Packing {quantity discounts available).

To order send c.w.0. or quote Access/Mastercharge card no. All modules are available from Bradley
Marshall Ltd., 325 Edgware Road, London. Export: Please write for a proforma.

CRIMSON ELEKTRIK STOKE

PHOENIX WORKS, 500 KING STREET, LONGTON
STOKE-ON-TRENT, STAFFS. - Tel: 0782 330520

r—-—_—_—_—_—_—-
Please send me details on—
| ] POWER AMPLIFIER MODULES

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.

] 19IN. RACK MOUNTING P.A. AMPLIFIERS

PRICE INC.
THD TYP V.A.T. & POST.
< 01% £21.50
< 016% £25.00 | ] HIFIKIT AMPLIFIERS
< 01% £28.00
< 015% £35.50
< .01% £35.50 ienclose a S.A.E.
< .02% £49.50
< .01% £30.00
< .025%

i
£39.00 |
i

................................................................ .. WW/1/84

Send to:

g Trent.
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Crimson Elektrik Stoke,
| Works, 500 King Street, Longton, Stoke-on-
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Until now, finding out about home
computers was about as simple as

focusing your right eye here

and your left eye here.

ARG %5 OIS S £06 7L TR TN

%

Mind boggling isn't it? But now there’s Computer Choice, special Buyers Guide on micros under £200, a comparison
anew monthly magazine that gives you the facts and advice o S5 of the Oric, Spectrum and Sord and a report on what Oric
you need to choose your first home computer. — R o «F »

And when you've bougnt your computer it also helps u - 3
you get the most out of it 27

owners like and dislike about their computers and software.
/\\\‘{& As well as an article on how to learn Basic and reviews

’ W Q\.&S of all
e is out now for 60p and includes our i —

the latest games and software. Plus lots more to make
choosing a computer easy. And owning one fun.

1S
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£1
PER
POINT

approx.

-
FOR CABLE LOOMS, BARE PCBS, ETC.
{Picture shows 1, 144 Point tester, measuring 105 x 11.76x 1.6
inches}
To check an array of n connection points, \n-1) + (n-2} + (n-3}) +1
tests are required. Simplify this formula to n{n-1)/2 and calculate that
you will need 653,796 tests to check a PCB with 1,144 compo nent
pads. Not exactly a quick or easy job with an ohmmeter! Defective PCBs
waste hours of premium labour
DATAMAN ICT will perform these 653,796 tests in
seconds; making the results into a standard ASCII file, listing what-is-
connected-with-what, and transmitting the file in serial (RS$232) or
parailel (CENTRONICS} format
Simply connect any standard printer — and compare
listings. Or add a computer for intelligent manipuiation of data e.g. GO/
NO GO testing

ve
’
.
-
-
L)
-
-

Plugs into microprocessor socket, reads and writes to system ROM,
RAM and 1/0.

Prints memory contents in HEX, ASCI| or ASSEMBLER MNEMONICS.
Prints MEMORY MAP of addressing space.

Performs CHECKSUMS. TESTS RAM, prints addresses and bits which
default.

Tests data lines for SHORTS to rails, other data or address lines.

Tells engineer of address/data faults impossible to find with other tools.
Easy to program: retains sequences for testing up to fifteen different
products in permanent memory.

Microdoctor i1s supplied in Z80, 6500, 6800 and 8085 format with
appropriate disassembier {say which you want)

MICRODOCTOR . . A £295.00
Conversion card & ROM (Changes configuration and disassembler e.g.

Z80 to 6500 say which) . o £35.00
Clip-over PROBE (only needed if uP is soldered-in). £35.00
10 Rolis Thermal Paper .. .. . T jo0o 0 TiarTaa .. £9.00

WE HAVE COMPUTERS, LOGIC ANALYSERS, PRINTETR_S, SOFWVARE IN STOCK
INCLUDING QX10,HX20,TA2080 ... £ call us for a good deal.
THANDAR TA2080 — DATAMAN ADDS RS232 OUTPUT AND
DISASSEMBLERS

12K of retrofit ROM and interface board allows printing complete D or R store in STATE or TIMING
diagrams — also DISASSEMBLES in 780, 6502 or 6800 MNEMONICS on-screen or to printer

You fit or we fit — no fiting charge but you pay carriage £295
OLIVETT( TYPEWRITER INTERFACES
For ET121 and ET221 machines which permit the typewriter to be used as a DAISY WHEEL
PRINTER for computers implementing the RS232. IEEE 488 (PET) or
CENTRONICS PARALLEL busses. almost all computers in fact. Great for word processing and
letter-writing! Same price. fitting free if requested (you pay carriage on typewriter if we fit) £195
ULTRA-VIOLET EPROM ERASERS from T S £39
DATA 8 PROD AR D D D D O O
ORLD R PA PHO R A A ering
O RIP-O ARA
0 B OUT Q 0 PROO R 0 4 DA H
A 00D A 0 ARR A ABO

£99

£395

+ VAT

A4

[ ag@,.w
i ]i "

Seres /48 078 0
LS YA LM AT
LI WAL avHIAL M 3

3 1o7 TATa

ity
Taali ™

Dataman

GANG-OF-EIGHT

The FAST eprom programmer

mastor i 2 3

NINE TEXTOOL ZIPDIP SOCKETS

LCD ALPHA DISPLAY

PROGRAMS ALL SINGLE RAIL EPROMS TO 27256

80% CUT IN PROGRAMMING TIME USING MANUFACTURERS' SUGGESTED
ALGORITHMS (e.g. 2764 takes 1.25 mins not 7 mins typical)
SWITCH-SELECT OF EPROM TYPE (NO MODULES)

v -aqn ,
D cp oy D e 1
-Q('.E) ! i
MENTA ~ 2R o5

GIVES REAL INSIGH ST

~ TV DISPLAY of program, register and stack.

Outstanding editing, debugging, single-step,

set breakpoint etc. Very useful on-line ASSEMBLER —
also DISASSEMBLER to serial output. Cassette interface.
24 1/0 ports. Good for ROBOTICS.

Designed for British schools-council to teach micro-control — appears in GCE syllabus.
MENTA complete with power-supply. leads, manual etc. . o . £99
Module for Course in Microprocessor control

Teachers’ Guide ... .. . .£2.50
Pupil Reader .. . ... (na £3.00
Universal 1/0 Module . £21.00
Analogue to Digital Module £18.00
Digital to Analogue Module £14.00
D.C. Motor & control Module. ............ £12.00
Switched Input Module Analogue/Digital. . .£10.00
Complete set of all above including MENTA . £160.00
DROC PRO =N, - [y o]

SOFTY programs
i 2716,2732 and 2532 EPROMS
Will copy any EPROM to any other — same
type or different. Uses TV for display of
HEX MEMORY MAP with many code inserting, deleting, shifting and editing
features. Has standard serial and parallel 1/0 routines for communication with
computers and printers — and cassette interface.
Aiso popular as in-circuit ROM emulator for product development.
2764,/128 ADAPTOR for SOFTY
With 28 pin Zero-Force Textool socket.

Rotary switch selects bank to be programmed £25.00

NEC HijjH TIGER?:

7, / %
OMBARD HO % 7/
ORNWALL ROAD
DORC R. DOR D = ‘
plepnone: Do g 8 1K{1 b800bOL
418442 DA
:'...l . :'l'l." Q D Ord
» Red t 0 0 0.00
ould be added Add 0
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31 FLANN SIGNAL GEN type 501 P 5.0575-3GH2  £175
IRANSTEL 00T MATRIX PRINTER Compact, Senal | 32 BRADLEY DSCILLOSCOPE CALIBRATOR tyoe 196 £138
B o Loo® | 33 ELLIOT TRANSISTOR CURVE DISPLAY type o100 £150
AT ORVC Sec0. NonTS o i i ] FENLO\QI SPECTRUM ANALYSER SA4 03Hz-25kHz ;v‘.;v;
B Plotter P4
f20 each
12 MONITOR. Cased. Non-Standard. with info 36 ADVANCE AM/FM SIG GEN SG63F.4-230MH2 125
fl5cach | 38 ADVANCE SIG GEN SG628. 150kHz-220MHz. CW Mod
AZTEC 20" Black & White Montor. Video In £50 each > £60
TV Style 20" MONITOR Black & White. Video In 39 ADVANCE SIG GEN E2 100kHz-)00MHz CW/Mod  £40
F30each | 40 WAYNE KERR UNIVERSAL BRIOGE CT930 (B221A} with
COSSOR VOU with KEYBOARD type COD3000 12 LOW IMPEDANCE ADAPTOR Q2214 £125 TBAB4TAT2 1.95
Green Screen ¥24:20MA or TTL compatible, with info 41 WAYNE KERR SIG GEN type S121. 10Hz-120kHz £40 -
i TAT120P 1.65 260 | TDA2524 1.95
£55 each 42 BRYANS X-Y RECORDER type 24000 A3 size. With 2.50 MC1358  1.58 TA7130P 1.50 TBAB41BX1 TDA2530 1.95
CENTRONIC 704 BOT MATRIX PRINTER RS232 Upper manual £150 250 MC1295  3.00 2105 300 | TDA2832 195
& Lower case Variabie paper width f0 | 43 g/:}i?”\';v'l’m";gmr Model 565. Step size Imm. 12 g.sg MC1436 1.26 TAT176AP 295 | TBA651 175 1DA2540 1.25
__ 44 TEKTRONIX TIME MARK GENERATOR type 184 .£125 i MC14011BCP TA7203 295 | TBAGSIR 250 | TDA2541 2.15
R e M VE GEN ype 170 e 3550 0.32 TA7204P 2.15 | TBA720A 2.45 | TDA2560 2.15
) TEKTRONIX475 Scope 200MHz Oual Trace. Detay 4o KT R oo Tes with Ieads (PGP 350 | MC145106P TA7205AP 1.50 | TBA750Q 2.65 | TDA2571 £1.95
Sweep fi600 £¥ID STOR WO WALD IR (TR L ggs e 7.35 TAT2224P 1.80 TBABOOS 0.89 TDA2581 2.25
2 TEKTRONIX 453 Scope 50MHz Oual Trace. Oelay 35 1723 0.50 TA7227P 4. TBAB10AS 165 | TDA2593 2.5
Sweep i ool 7[AVDVALVE TESTER wpe CTURD 22 Vae baseg -0 CA1352E 175 | MC3357 275 | TA7310p 180 | TBABIOP 1.65 | TDA2600 550
3 TEKTRONIX 6474 Scope 100MHz Dual Trace Delay 49 FOSTER INSTRUMENTS PORTABLE POT Model 3156E, Caes 048 L2318 175 TA7313AP 295 | TBAS20M 0.75 | TDA2610 2.50
Sweep 450 | M i TA7321P 225 | TBA820Q 145 | TDA2611A 1.95
4 MARCONI TF2210 Scope 100MHz Oual Trace Duat T8 50 BRANDENBURG POWER SUPPLY Model 374SEL 1k Ha 1377 350 MSMS807 6.78 TA7609P 315 | T8 250 | TDAZGAO0 2.60
Delay Swee| £ d 2 | TA7611AP 295 | TBA920 165 DA2680A 2.75
5 PRILIPS PhI3234 Storage Scope with Memory 10MHZ  5) MUIRHEAD K134.A WAVE ANALYSER 3Hz-300kHz ﬁ;g HA1551 295 SAA500A 3.50 TAAS50 0.25 TBA920Q 1.66 TDA2690 2.45
Dual Trace £17200 52 AIRMEL WAVE ANALYSER type 248, 5-300 MHz 140 1A1230 115 SAA1026 7.25 TAAS70 195 | TBA950/2X 2.35 TDA3560 3.95
& TEKTRONIX 549 Storage Scope 30MHz Oual frace. Dual 33 ‘EKTRON'XT‘F{”:EQ"‘;“K GEN type 180A T LA4102  2.95 SAA5010 6.35 TAAG21AXI TBAQ70 295 UPCS66H 2.95
TB. Delay Sweep gagp 54 ROBAND NSISTORISED P.U type e LA4250 295 SAS5605 1.75 3.50 TBA990 1.49 UPC575C2 2.75
7 TEKTRONIX 5648 Storage Scope 10MHz. Dual Trace Metered OH-30V. 0-2A e rl £ LA4400  4.15 SAS5705 1.75 TAA6618B 1.20 TBA990Q 1.49 UPC1025H 2.50
Delay Sweep 395 95 CROP'COVREERSP‘:?E‘:%;E%HDMETER B S 22 250 SAS580  2.85 TAA700 170 TBA1441 215 UPC1028H 1.95
8 SOLARTRON CO1600 Scope 15MH; Dusi Beam £30 3% TINSLEY VERIER FOTENT METER el X & [C7120 325 | SL90IB 485 | TBA120B 095 | TCA270 110 | UPCI032H 1.50
9 COSSOR COUISO Scope 35MHz Dual Trace Oefay 37 PYE PRECISION eI LC7130  3.50 SL917B  6.65 TBA120C 115 | TCA2705Q 1.10 UPC1156H 2.75
Sweep £195 58 ADVANCE STAB “A"“ UPPLY e \7‘0 ;‘e\rd LC7131 550 SL1310  1.80 TBA120T 1.05 TCA650 250 UPC1158H 0.75
11 TELEQUIPMENT 543 Scope 26MHz Single Beam  £85  Scaled 0-500/0-50mA, 0-1000/0-250v 0-600V:; 0o 2009 t%‘zazN g.ig gt%;o Hg TBA120U 1.go TgABoo 2.15 UPC1167C2
12 8 & K BEAT FREQUENCY OSCILLATOR type 1013~ £225 } 1 3 TBA231 125 | TCA940 165 ;
13 B & K RANDOM NOISE GENERATOR type 1402 £125 52 MARCON) DOUBLE PULSE SEN TF14008 with WGGO“&] LM38ON 095 | SN76003N 1.95 TBA395 150 | TDA440 2.20 | UPCT1B1H 1.25
14 B & K ELECTRONIC VOLTMETER type 2403 2Hz-200kHz L e e LM383T  2.95 SN76013N 1.95 TBA396 075 | TDA1001 1.95 UPC1182H 2,95
g0 60 MARCONI TE) 99’13"‘425” B e e M51513L  2.30 SNT6023N 1.95 TBA440N 255 | TDA1004A 220 UPC1185H 3.95
15 MARCON| SIG GEN TF144H/S 10KHz-72MHz £175 BIAIMECIMILLIVOL R e 2 UL M51515L 2.95 | SN76033N 1.95 TBA480Q 125 | TDA1006A250 | UPC1191V 1.50
16 MARCONI WIDE RANGE OSC TFI3J0A 10K \OMHe B2 VARIACBame. Cased GEICURIS. i M51521L 150 | SN76110N 0.89 TBAS10 250 | TDA1010 215 | UPC1350C 2.95
Sine/Square 10 100kHz £g5 63 AUTO TRANSFORMER 1 and New s MB3712 200 | SN76115N 1.25 TBA510Q 2.50 | TDA1035 250 | UPC1353C 2.45
17 MARCON FM AM S1G GEN TFa95A735. 15-220MHz B4 TELEQUIPMENT S54A Scope JOMHZ Single o MC1307P 1.00 SN76131N 1.30 TBAS20  1.10 TDA1037 1.95 UPC1365C 3.95
AWEM Mod fisp  Sofid State £1 MC1310P 150 | SN762260N 1.55 TBAS20Q 110 | TDA1170 195 | UPC2002H1.95
18 MARCON: R . POWER METER TFI020A 1 S00hm €75 65 AIRMEC Sig Gen type 204 1-320MHZ A/:MFM Mod ﬁg MC1327  0.95 SN76227N 1.05 TBA530  1.10 TDA1170S 1.95 555 0.35
19 MARCONI SIG GEN TF1060/2, 4501 200MHz Late style 66 FARNELLSTAB P U. TSV30/SEC. 30V 5 & MC1327Q 0.95 SN76533N 1.65 TBAS30Q 1.10 TDA1190 215 | 856 0.42
£150 67 ROBAND TRANSISTORISED P.U T133. Twin 50V 58 £60 MC1330P 0.76 | SN76544N 1.95 TBA540 125 | TDA12700 385 | 723 050
20 MARCONI R POWER METER TF1152 Range 50ohm 68 MARCONI CIRCUIT MAGNIFICATION METER "g;g MC1343P 1.20 SN76570N 1.00 TBA540Q 1.35 TDA1327 1.70 741 0.35
£50 with TF1246 MC1350P 0.95 SN76650N 1.15 TBAS50Q 1.45 TDA2002 1.95 747 0.50
21 MARCONI SIG GEN TF2002A/S AM/FM 10kH2-72MHz MC1351P 150 | SN76660N 0.80 TBAS60C 145 | TDA2020 245 | 748 5
£47 TRECUTNE TELEPHONES — PUSH BUTTON MC1352P 125 | TA7061AP 3.95 TBAS60CO 145 | TDA2030 280 | 7805 0.60
22 MARCON! SIG GEN TF2002. As above AM oniy £250 Py . . MC1357 2.35 TA7108F 1.00 TBAS70  1.00 TDA2522 1.95
23 MARCDN) POWER METER TF893A 20Hz-35Hz. £75 | Many functions including 10 number memory: repea - -+
20 MARCONI UNIVERSAL BRIDGE TFB68 £50 | daling.etc Will connect 10 PO System Brand New. SEMICONDUCTORS BD1BE 085 |y BEsk2i g 0tas 20056 g7
5 each. P&P £4 : . ]
» :,am{clo:m%g‘llnvs VALVE VOLTMETER TF2500. 10K £25 each. P&P ATz 228 38;33 o0 B8 070 Br36a B ons8l 1 FIr20i0a g
; i 2 i I 8F3%4  0.19 ' | R2323  0.66
7 HEWLETT PAGARO DVM 30404 wah Automatic Rared AC127 020 | BC174A oo0s | BD202 065 | BFazz 032 | R25a0  2.48
27 H.P VHF SIG GEN 608C. 10-380MHz £150 EQUIPMENT IN WORKING OROER ﬁg:gSK 3‘28 SS}ZQ 8'}2 ggggﬁ g';g 5:457 FEH e oeond
29 HP CALCULATOR PLOTTER 91254 with Extended  pigase check avaitablity before ordering. Carriage ali units AC1a1 Dgg BC185 010 BD222 048 SF428 ggg RCA16335 0.80
Memory 9101A and Cal Buffer 91024 £250  £7: VAT 1o be added to total of Goods and Carriage. S.AE E b BD2 048 459 8 SKESF  1.45
30 FLANN MICRUWAVE SIGNAL SOURCE type PCLS 1- 5, LiSTS AC141K  0.34 BC182LB 0.10 D223 - BF595 0.23 TIP29 0.40
y i e ot lo: AC142K  0.30 BC183  0.10 BD225  0.48 BF597 025 | TIP23C  0.42
- AC176 022 BC183L  0.09 BC232  0.35 BFR33 023 | TIPIC 043
STEWART OF READING AC176K  0.31 BC184LB 0.09 8D233  0.35 BFR40  0.23 TIPIC 042
28178 0.28 sc284 81g gg%gg gig B:RIH 8,28 TIP32C 0.42
3 187 0.25 2078 .1 . BFR81 .25 TIP33B 0.75
% 1"‘ WYKEHAM ROAD, HEADINB, BERKS RBG lpl AC187K  0.28 gg;oga g.g gg;gg g-z BFR88 0.30 TIP34B  0.75
4 025 1 ! " BFRS0 150 | TIP41A 045
Telephone: 0734 68041 oo 025 | BC212L o0a | BD241 040 | BFR1 175 | TIPa1C 045
.
) ) AD142 079 BC212LA 0.09 BD242  0.50 BFT42 028 | TIPa2C 047
Callers welcome 9 a.m. 10 5.30 p.m. Monday to Saturday inclusive AD143  0.82 BC213  0.09 BD246  0.60 BFT43 028 TIPa7 0.65
RIS ADlS 070 BC213L  0.09 BD376[ls2 BFW92 085 | TIP120 060
. FU 161 0.39 BC21a_ 0.09 I BFX29 030 | TIP125 065
WW - 039 FOR FURTHER AD162 039 BC214C  0.09 BD434 055 BFX84 026 | TiP142 175
—- AD161/2 0.90 BC214L  0.09 BD437 0,50 BFX85 032 | TIP146 275
— Fl1a 1508 BC237  0.10 Bl 0.60 BFX86 030 | TIP161 295
AF124 034 BC237A  0.09 BD506  0.50 BFX88 025 | TIP2955 0.80
* Jb AF125 035 BC237B8  0.09 BD508  0.40 BFYS0 021 | TIP3055 0.55
‘ 4 AF126 032 BC238  0.09 BD520  0.65 BFY5S1 021 | TIS91 020
\ 1 AF127 032 BC239 0.2 BD538  0.65 BFYS2 025 | TV106/2 150
§ "* AF139  0.40 BC251A 0.12 BD597  0.75 BFYSD 077 | 2N2219 028
% 3 . AF178 195 BC252A  0.15 BD67  1.10 BLY48 175 | 2N2305 0.40
AF239  0.42 C258 0.5 BD69  1.10 BR100 026 | 2N3053 040
AUT06 2,00 BC258A  0.39 BD707  0.80 BR101 030 | 2N3054 059
AUI07 175 BC284  0.30 BDX32 150 BRC4443 0.85 | 2N3055 052
IBM GOLFBALL PRINTERS from £70 EACH + V.A.T gt B R ARl R
oHebe AUTI3 2195 BC301 030 BF115  0.35 BT108 183 | 2N3703 0.12
ngn 0.11 agao:& 0.26 g;:g g.}; BT116 1.20 2N3704 0.2
BC1078 011 BC307  0.09 L BT119  1.65 | 2N3705 0.12
INTERFACE FOR IBM GOLFBALL £40 + V.A.T. BC108 010 BC307A 009 griss 022 B0 1 | aN3Is 0z
» ~ _ BC108A 0.1 i ! BUtOS 1. 2N3708 012
BRAND-NEW LA36 DEC WRITERS —SALE £200 EACH + V.A.T. R Beore 0% | Brier 024 BUSGSL el 2ol ge2
CENTRONIC 779 PRINTERS—£325 + V.A.T. BC103  0.10 BCazs 010 | BF173 022 BUI24 125 | 2N3792 1.3
BCi098 012 BC337 010 | BF177 038 BUI25 £125 | 2Nad27 150
CENTRONIC 781 PRINTER—£350 + V.A.T. BC109C 012 cue 009 BFI’E 026 | BUIZG 160 N 115
f ¥ __ 18 oM BC347A 0.3 ! BU204 155 | 2N5294 0.42
POWER UNITS, 6-VOLT 6-AMP—£20 EACH BC116A 015 BC461 035 | BF180 029 BU205 130 | 2N5296 0.48
FANS, PCBs, KEYBOARDS AND LOTS MORE Bci7 0d9 BCra 020 | BEIE1 02 | BUmE 13 | Nk om0
y : ! ] 2N5496  0.85
8-INCH IBM FLOPPY DISC DRIVES. BC125 025 BC547 010 | BF183 029 BU326 120 | 2SA715 0.60
BC139 0.20 BC548 0.10 BF184 0.28 BUA4Q7 1.24 2SC495 0.80
COME AND LOOK AROUND BC140 0.31 BC543A  0.08 BF185 0.28 BUSO0 226 25C496  0.80
BC141 025 BCsso  0.08 | BF1s4 011 BUS26 190 | 25C1096 0.80
BCi42 021 Css7 008 | BFI95 011 BUY698 170 | 2SC1172Y 220
SALCOTT MILL, GOLDHANGER ROAD sCla3 024 BCos7A 008 BF1%6 0.1 Mioo 198 | 251173 118
0.09 08 ! MJ 040 | 25C1306 1.00
HEYBRIDGE, MALDON, ESSEX sCiars 008 BCsse 010 | BEISE 018 | Mieszo 048 | ZSC107 150
1 09 . I MPSA12 020 | 25C1a49 0.80
PHONE MALDON (0621) 57440 BC1488  0.09 B01]5 030 | BF200 040 | MPSAI3 020 | 251678 125
BC149 0,09 BD116 060 | BF241 015 MPSA92 030 | 25Ct945 2.10
BC157 0.2 80124 059 BF24s 0.0 MRE4SDA 1250 | 25C1953 00
— FURTHER DETAI BCi58  0.09 1 X i MRF453 1750 | 2SC1957 0.80
WW — 045 FOR HER LS BC189 009 | BD132 035 | BF2S6/LC 028 | MRFa5a 2350 | 25C19%9 195
— BC160  0.28 BD133 040 | BF257  0.28 MRF475  2.50 25C2028 1.15
8C16t  0.28 BD135  0.30 BF258 028 MRF477 1000 | 25C2029 1.95
Al Y4, BC170B  0.15 BD136  0.30 | BF259 028 150 | 25C2078 145
N )1 A y BC171 009 80137 032 | BF271 0126 oce2 085 | 25Cz01 088
: BC171A  0.10 BD138  0.30 } 0C44 075 | 25C2166 1.
S Quick s neat andeasy. BC171B  0.10 BD139 032 | BF33% 034 | OCas 055 | 25C2314 0.80
C17 0.10 BD120  0.30 BF337 029 OC70 045 | 25D23a 050
It's so easy and tidy with the Easibind binder to file your copies away. Each binder is designed gg:;gg g':g gg:é‘; (‘)-%g g;ggg g':;?, 82;: g-;g 3N211 185
to hold six issues and is attractively bound and blocked with the WIRELESS WORLD logo. i . . e i .
Price U.K. £4.30 including postage. packing and V.A.T. BY199 0.40 IN40O4  0.05
Overseas orders add 35p per binder. DIODES BY206 0.14 IN4QOS  0.05 CRT TUBES
Nat. Giro No, 5157552, —— | BY208-8000.33 | IN&O06  0.06 : e o
f AAT19  0.08 | By210.800033 | INa07 006 | A selection available.
Please allow 3/4 weeks for fuifilment of order. = BA102 0.17 BY223 030 INa148  0.02 i
Payment by ACCESS/BARCLAYCARD/VISA. Send coupon below detailing credit card no. and BA11S  0.13 BY298.400 0.22 Naas8  0.10 Prices on request.
signature. BA145  0.16 BY299-800 0.22 INS401 012 3 £1350 D10-210GH £45
Why not place your order now? Send the completed coupon below with remittance payable to: BAle AT | Bvxio ol 20 | a2 014 DBGP7|_32 Qg DH7-91 £53
s - BYX36-150R i
Easibind, 42 Hoxton Square, London N1 6NS BA155 013 YX361 INs403 812 | ppg 6" g£35 DP7-11  £35
b 0.20 IN5404 092
B N BA156 0.5 BYX38-600R IN5405 013 | SE4DP?7 £45 95447 £135
¢ Il BN BN =R = . El [ galsr 030 060 | INbdos 0.13 M17-161GVR  £220
e foe BYX55-600 030 IN5407 0.6 —
Order Form WIRELESS WORLD BBIOSE 030 | Diaecd 980 | NS oae DATA & EQUIV. BOOKS
. BT151 079 ; - .
1 enclose P.0./cheque value...........c.ccccoeriimnnnns for. ... binders BY126  0.10 gﬁg) g:g :}-TTZ(Z)SZ g::g
Years required . e BY12) 1,00 0A91  0.06 . 1.C. DATA
0.15 & Transistor Dat.
BLOCK LETTERS PLEASE : oass 006 [ | [raneistorgata BOOKS
045 | 0a202 010 Books includ- | TOWERS £9.95
[\ F: 11 1 |- RS E R . 1,§g INS14 0.04 74LSPS§RIES ing Ja pTa_n ] e '
Q. rices ese types. Two i
AGHFESS ... oeoieeree e : 0,55 g'z ! available books,  £8.50 ‘ﬁg‘ﬁaﬁg\'/:ﬂng
......................... @ 035 bos | onreausst | pai £438 ‘sach
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P. M. COMPONENTS LTD

W77 5.00
w729 1.00
w739 150
X24 1.00
495
1.95
3.50
1.50
1.50
0.50
250
1.50
1.50
2.50
1.50
XNP12 250
XNP28 2.50
XP1002 29.00

XR1-1600A
.50

XR1-3200A

XR1-6400A
99.50
XS8G2-0  3.00
Y63 1.50
Y65 6.95
Y602 12.00
YJ1060 265.00
YL1020 29.00
YL1070 115.00
YL1071 109.00
YL1370 550
YL1371 8.50
r4 1.20
Z302C 12,00
Z303C 9.00
25055 15.00
Z520M 4.00
Z521M 8.00
Z700U 3.00
2749 0.60
Z759 19.85
2800V 3.00
2801V 3.00
Z803U  1B.95
ZA1000 1250
ZA1001 150
ZA1002 150
ZC1040  8.00
ZM1000 12,50
ZM1001  5.00
ZM1005  8.00
ZM1020 8.95
ZM1021  8.00
ZM1023  7.95
ZM1041  14.00
ZM1050 14.00
ZM1082  9.00
ZM1084 10.00
ZM1177  9.00
ZM1202 5500
ZM1263  4.00
ZM1612  3.00
1ACE 1.20
183GT 1.95
185 250
1822 10.00
1824 14.95
1B35A  29.50
1 1.20
1C5GT 1.00
1D5 1.00
1FD1 0.90
1G3GT 1.00
1L4 0.60
L6 1.50
1LAE 1.00
INSGT  2.50
182 0.55
1T4 0.45
1Us 1.00
1X28- 1.156
piora 1.00
2C39A 2350
2C39BA 39.50
2C40 37.00
2C40A  55.00
2C42 28.50
2C43 29.50
2C51 0.76
2C53 32.00
287 1.50
2021 0.95
2021w 2.50
E26 7.95
2J42 93.00
2K25 24.95
3A/1078 12.00
3A/1098 11.00
3A/1108 12.0C
3A/141K 11.50
3A/147)  7.50
3A/167M 10.00
3A2 3.95
3A3A 3.85
3A4 1.10
3AL! 0.95
3AT2 3.35
3AW2 3.35
382 3.00
387 4.50
3B24 7.50
3828 12.00
3C4 1.00
3C45 24.00

SELECTRON HOUSE, WROTHAM ROAD
PHAM GREEN, MEOPHAM, KENT DAI3OQY PMCOMP

3CN3A
3CX3

3D21A 2950
3D22 19.50
3J1B7E 398.00
3J187G 398.00
3W4GT 250
4B551B '115.00

2.50
2.50

4C28 .
4CX250B1.T.T.
37.50
4CX250B
EIMAC  58.00
4CX2508
surplus ex-
government
12.50
4CX2508
tested ex-
equipment
6.
4CX250R 48.50
4CX350A 71.50
4GS7 2.25
4GV7 225
4J52 75.00
4X150A  25.00
5A152M  9.00
S5A163K  10.00
5A170K  6.25
SANS 120
5AR4 2,00
5AU4 1.50
5B8.110M 10.00
6B-254M 14.50
6B-255M 14.50
5B-267M  9.00
5B-258M 14.50
5C22 40.00
S5R4GB  2.80
5R4GY 2.80
5U4G 1.00
5U4GB 250
5v4G 1.25
5Y3GT 0.80
524GT 0.85
6/30L2 0.70
6A/203K  9.00
6A8G 150
6AB7 0.60
6AB8 0.66
6AC7 2.00
6AF4A 250
6AGS 1.50
6AG7 1.95
BAH6 1.50
6AJ4 2.00
6AJ7 2.00
6AKS 1.00
6AKE 2.00
6ALS 052
6AM4 3.25
6AMS 6.00
6AM6 120
BANS 3.95
GANBA 215
6AQ5 1.20
6AQ8 0.85
6ARS 2.00
6ARS 2.00
6ASS5 1.50
6AS6 1.50
6AS7G 7.50
BATE 0.75
6ATE 1.75
6AU4 2.00
6AUG 0.85
6AVE 0.72
2.95
50
.69
.50
.50

1

0
6BAGW 1
6BA7 4.
6BABA 3.50
6B8C8B 1.00
6B8D4 1.50
6BD6 1.00
6BE6 0.72
6BF5 1.60
6BG6G 1.25
6BH6 1.95
6BH8 1.50
6B8J6 1.20
6BK4 4.00
6BK7A 1.95
6BM8 0.58
6BN4 165
6BNG6 1.65
6BN7 4.50
6BN8 275
6BQ5 0.75
6BQ7A 0.72
6BL7GTA 3.95
6BL8 0.65
6BR5 0.70
6BR7 4.15
6BR8 215
6BR8A 215
6BS7 4.50
6BS8 2.50
6BW4 1.50
6BW6 5.35

1.50
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1.10
1.00
150
1.20
:-;g 30P12
. 30P18
0.80 | 39p39
1.20 | 30PLY
0.85 | 30PL13
0.69 | 30PL14
0.80 | 31)S6A
1.95 | 3585
1.75 |+ 35L6GT
150 | 35Wa4
085 | 3573
150 | 38HE7
0.80 | 40KO6
1.00 | 47
0.96 | 5085
050 | 50CS
1.00 | 50CD6G
225 | 50JY6
200 | 52KU
175 | 61SPT
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105 [ PCL86  0.85 | RK2K25 62.50
A SELECTION FROM OUR Sioal JRebaug 1e0 .
STOCK OF BRANDED VALVES 350 | PCL8OS 0.30
a 3.50 350
.A1714 1850 EAF42 1.20 EF732 1.80 3.50 3.65
A1998  11.50 EAF801  1.40 EFB00  11.00 0.70 2.00
A2087 1150 EB34 1.50 EFB04S  11.50 150 200 i
A2134 1495 | EB41 3.00 EF805S 13.50 3.50 2.50 RR3-250 37.00
A2293 650 EB91 0.52 EF806S 14.50 4.00 3.00 RR3-1250 65.00
A2521 2100 EBC33 250 EF812 0.65 1.00 3.00 RS61
A2599  37.50 EBC41 1.95 EFL200  1.50 3.00 200 54.95
A2900  11.50 | EBC81  0.85 | EH90 0.72 85.00 126 52.15
A3042  24.00 EBC30 075 EKS0 0.72 45.00 250 5.95
A3283 2400 EBC91 0.75 | EL32 0.95 7.00 125 28.95
AC/HL/DD 4.00 EBF33 2.50 EL33 5.00 350 PL36 0.95 S11E12  38.00
AC/THI  4.00 EBF80 0.50 EL34 2.25 2.00 PL38 1.50 S§30/2K  12.00
ACT22  69.75 | EBFB3 050 | EL34 Philips 400, PL81 0.72 | S104/1K 10.00
AC/VPZ  4.00 EBF85 0.95 3.15 4.00 PLB1A 0.72 $109/1K 15.00
AC/S2PEN 8BS0 | EBFB9  0.70 | EL36 1.50 KT63 200 |~PL82 0.60 | S13 5.95
AH221  39.00 | EBF33  0.95 | EL37 9.00 | KT66USA 7.15 | PL83 052 | S130P 595
AH2 39.00 | EBL1 250 | EL38 6.00 KT66 GEC14.95 | PL84 0.65 | SC1/800 5.00
AL6O 6.00 EBL21 2.00 EL41 3.50 KT77 Gold Lion PL88 1.00 SC1/1200 5.00
ARP12  0.70 EC52 0.75 EL42 2.00 9.50 | PL95 175 $C1/2000 9.00
ARP34 ~ 125 EC70 0.75 | EL81 6.95 KA1 7.00 | PL302 1.00 SP2 1.50
ARPI5  2.00 | ECBO 425 | EL82 0.58 KT88 USA 8.00 | PL345 1250 | SPa7 5.00
BL63 2.00 EC81 450 L84 0.75 KT88 Gold Lion PL500 0.95 SP42 3.00
BS450  67.00 EC86 1.00 ELSS 4.50 15.95 PLS04 0.95 ST 1.50
BS810  55.00 EC88 1.00 EL86 0.85 KTWé1 2.00 PL508 1.95 STV280/40
BS814  55.00 ECS0 1.10 | EL90 1.25 KTW62 200 L509 4.85 1.9
CIK 16:00 | EC91 7.00 | EL91 6.00 KTW63 200 | PL519  4.95 | STv280/80
C3JA  16.00 | EC92 125 | EL95 0.70 KTZ63 250 | PL802 595 19.95
c110 55.00 EC93 0.80 EL153  12.15 63 120 | PLBO2T  3.50 Su42 4.95
C1134 32.00 EC95 7.00 EL183E 350 L102/2K  6.95 PL820 295 TB2.5/3000
C1148A 11500 | EC97 110 | EL183P 350 L120/2K 12.00 | PLS557 29.50 60.00
C1149/1130.00 | EC8010 6.00 | E(360  7.95 M502A  95.00 | PY32 0.60 | TB2-300 45.00
C1150/1135.00 | ECC32  3.00 | EL500 1.40 MS37A 9500 | PY33 050 | TD1-100A
C1534 3200 | ECC33  3.50 1504  1.40 M5143 155.00 | PYs1 0.70 19.00
cca 260 | ECC35 350 | EL509  5.26 M8079  8.00 | PY82 0.70 | TDO3-10D
CCaL 0.90 ECC40 3.00 EL519 6.95 M8082 750 | PY83 0.70 35.00
CL33 2.00 [ ECC8t 095 | EL802 3565 MB083 326 | Pyss 0.65 | TDO3-10E 28.00
CV Nos Prices ECC82 0.55 EL821 8.50 M8091 7.50 PY500A  1.85 TDO3-10F
on request ECC82 Brimar/ EL822 12.95 M8096  3.00 | PY80O 0.79 28.00
3 1.20 Mullard.... 1.35 EM1T 9.00 M8098 550 | PYBO1 0.79 TD3-12  4.00
DAFS1 045 | ECC82 Philips EMa 9.00 MB0SS  5.00 | Q13-110BA TP25 1.50
DAF96  0.85 1. EM35 150 M8100 550 47.50 T5P4 7.00
DC70 1.75 ECC83  0.65 EMB0 0.70 M8136  7.00 | QB3-300 30.5¢C T 1.50
DC90 120 | ECC83 EM81 0.70 M8137 550 | QEO3.10 350 TT15 3495
DCX4-1000 Mullard/ EMB4 1.65 M8161  6.50 | QEO8.-200 hardl 2350
12, Brimar UK. EM85 1.10 M8162  6:50 145.00 TI22  23.50
DCX4-5000 135 | EM87 250 M8163 650 | QF40  65.00 TY2-125A 60.00
25.00 £CC83 Philips EN10 8.00 M8190 4.50 QarP2s 1.00 TY4-400 70.00
DET22  28.00 150 | EN32 1350 M8195 650 | QQE02-512.75 TY6-800 185.00
DET24 39.00 | ECCB4 050 | EN31 1.10 M8196 550 | QQE03-12 6.50 TY7-6000A
DET25  22.00 ECC85  0.60 EN92 4.50 M8204  5.50 | QQEO3-20 365,
DF91 070 | ECC86 275 | EY51 0.80 M8223  4.50 27.00 TYB-600W
DF92 0.60 ECCB8  0.85 EY81 1.50 M8224  2.00 | QQE06-40 365
DF96 0.65 | ECC91 200 | Evs3 150 M8225  3.50 39.50 TYS2/250
DF97 1.00 | ECC180 0.72 | EYB4 6.95 ME1401 2950 | QQVO2-612.75 375.00
DH63 120 | ECC183  0.78 | EYB4W 10.00 ME1402 2950 | QQV03-10550 uU1820 278
DH77 0.90 ECC801S 3.50 EYB6/87 0.50 ME1501 14.00 | QQVO3-20 u19 11.95
DH79 056 | ECC803S 350 | EYss 055 H4 3.50 18.50 u24 2.00
DH143 200 | ECC804 0.60 | EY91 5.50 MHLDE  4.00 | QQV03-208 U2 0.90
DK91 0.90 ECC807 250 EY500A  1:50 MS4B 5.50 32.00 u26 0.90
DK92 1.20 ECC2000 12.00 EY802 0.70 MU14 1.50 | QQVOs-40A u3? 9.00
DK96 250 ECF80 0.85 EZ35 0.75 N37 1250 18. uat 6.95
DL35 1.00 | ECF82 085 | EZa0 215 | N78 14.95 [ QQv07-50 uso 2.00
DL63 1.00 [ ECFBS 170 | EZ41 215 | OA2 0.85 63 us4 450
DL70 250 ECF200 1.85 EZ80 0.60 0A2WA 150 | QQZ03-20 uB2 3.00
DL73 250 | ECF202 185 | EZ81 060 | OA3 2.50 42.50 U191 0.70
DL91 1.50 ECFB01  0.85 EZ30 0.96 0B2 0.85 | QQ206-40A U192 1.00
DL92 0.60 ECF804  6.00 F6064 2.95 oB2wA  1.25 4525 U193 0.85
DL93 110 | ECF805 250 | Fw4/800 200 | OC2 250 | QS72/20 150 U281 1.00
DLS4 2,50 ECF806 10.26 G1/371K 30.00 0oc3 150 | QS75/40 3.00 u2n 0.60
DL96 250 ECH3 2.50 GS5/1K  9.00 oD3 170 [ QS92/10 5.00 U801 0.75
DLS10 1350 | ECH4 3.00 | G180/2M 9.00 OM4 1.00 | QS95/10 4.85 UABCBO  0.85
DLS18  10.00 ECH35 1.60 (G240/2D  9.00 OMSB 3.00 QS108/45 4.00 UAF42 1.00
DM7¢ 110 | ECH42  1.00 | G400/1K 14.00 | OMS6 175 | QS$150/15 5.00 UBF80  0.60
DM1€0 275 | ECH8Y 058 | GC10B 17.50 | OM9 4.00 | QS150/30 1.15 UBC41 175
Y51 1.00 ECHB3  0.78 GC10D  17.50 ORP43 250 | QS150/45 7.00 UBC81 150
DY86/87 065 | ECHB4 069 | GC10/4B 1750 | ORP50 3195 | QS1200 3.95 UBFBI  0.60
DYBO2 072 | ECH2000 1.50 | GC10/4E 1760 | P61 250 | QS1202 395 uBL21  1.75
EBOCC  7.00 | ECLBO  0.60 | GC12/4B 17.50 | P41 250 | QS1203 4.15 uCe2 1.20
EBOCF  30.00 | ECL82 065 | GDBSW 6.00 | PABCSO 050 | QS1206 3.95 uccsd 070
EBOF 1350 ECL83 2.50 GDT120M 5.00 C86 0.75 S12 1.05 uccss  0.60
EBOL 3150 | 'ECL84  0.74 | GEO 9.00 | PC88 0.75 | QS1207 0.30 UCF80  1.00
EBICC 350 | ECL85 069 | GN4 6.00 | PC92 350 | Q51208 0.90 UCH21 120
81L 1200 | ECL86 074 | GN10_ 1500 | PC97 110 | QS1209 200 UCH41  1.20
E82CC 350 | ECLBOS 0.69 GR10G  4.00 PCB00 1.10 [ Q51210 150 UCH42 135
E83CC 350 | EF37A 200 | GR10J 400  PCO00 075 | Q51211 150 UCHB!  0.85
E83F 5.50 | EF3g 1.00 S10C 1650 | PCC84 040 | QS1212 320 UF85 1.20
EB6C 950 | EF41 3.50 GS10H  12.00 PCCBS 054 | QS1213 500 UFa1 1.15
E88C 7.95 | EF42 3.50 GS12D  12.00 PCC88 070 | QS1215 2.10 UF42 1.15
EBBCC 260 | EF50 2.50 GTIC  17.00 PCC8S  0.70 | QS1218  5.00 UF80 0.80
E90CC  5.00 | EF55 350 | GTICS/S13.00 | PCCIBY 070 | QU37 9.50 UF83 250
E9OF 795 [ EFN 150 | GTE175M 8.00 | PCC805 0.70 | QU37 1150 uL41 3.50
ES1H 4.50 EF72 1.20 GTR150W 1.00 PCC806  0.80 Qv03-12 495 uLs4 0.85
E92CC 225 | EF73 1.00 | GuU20 70.00 | PCEB2 0380 | QVO5-25 1.75 uus 250
E99F 6.99 EFB0 0.55 GXU1 1350 PCF80 0.65 Qv06-20 29.50 uu7? 8.00
E130L  19.95 | EF83 350 | GXU3 2400 | PCFB2  0.60 | QvD8-100 uus 9.00
E1BOCC 850 EF85 0.50 GXUS50SS PCF84 0.65 145.00 uy41 3.50
E182CC  9.00 86 125 1450 | PCF86 120 | QY3-125 54.95 uyYss 0.70
E180F 6.50 EF86 Special GYS01 1.20 PCF87 0.40 QY4-250 65.00 V339 3.50
E186F 850 guallty 250 | Gyso2 100 | PCF200 1.80 | QYa-400 71.95 V2351AK 249.50
E280F  19.50 F89 0.85 | G230 100 | PCF201 180 | R10 4.00 VLS631  10.95
E283CC 10.00 | EF91 125 | Gz31 1.00 CF8 0.40 | R16 12.00 VP4B 450
E288CC  13.50 EF92 2.50 G232 1.00 PCF801 1.35 R17 150 VP133 2.00
EB10F  16.00 | EF93 068 | GZ33 450 | PCFBOZ 060 | Rig 2.50 VR75/30 3.00
E1148 1.00 | EF94 0.85 GZ34 215 | PCF805 125 | gqg 6.95 101 2.00
E1524  6.95 | EF95 1.00 | Gz37 as0 | PCFBO6  1.00 ‘| R2o 1.20 VR105/30 1.50
EAS0 1.00 Fa7 0.90 | HAA91 100 | PCFB08 126 | RG1.125 495 VR150/30 1.05
{EA76 1.95 | Erag 0.90 HABC80 090 | PCH200 110 | RG1-240A V152 250
EA79 1.95 | EF183 0.65 BCY! 07 PCL82 0.80 4.50 vu3g 1.50
EAAS" 060 | EFiga o065 | HBC91 089 | PCL83 250 | RG3.250A 350 VX6120  5.00
EABCBO 0.68 | gF730 1,80 HF93 0.75 L 0.85 RG3-1250A VX9133  5.00
EAC91 250 | gry3s 1.80 | HF3a 060 | PCL8S 080 52.50 VX9181  5.00
WIREWOUND RESISTORS BASES ETC. ZENER DIDDES
A e
PREFERRED VALUES B7G 015 BZX61 0.
4R7-1K8  0.15 B7G 5""‘9% - 6V2 7V5 8V2 9V1 10V 11V 12V 13V
2K2-6K8 0.18 88G 070 15V 16V 18V 20V 22V 24V 27V 30V
h 'a“ . 33V 36V 39V 47V 51V 56V 68Y 75V
10K 0.24 BYA 0.20
B9A Skirtad BZY88 0.07
R47-4K7 0.18 0. 2V7 3V 3V3 3V6 3v9 4V3 4V7 5V1
5K6-12K 0.19 8108 0.18 5v\</s fvz s;/e V5 8(‘,’5 gw 10V 11V
138 0. 12V 13V 15V 18V 20V 24V 27V 30V
7 wa“ 15K-22K 020 gp;n DILL o_?g
8 14PinDIL 0.15
1 RASK 0.2¢ 14PInDIL/Q THERMISTORS | BATTERIES
1T Walt oo 02 030 - -
16 Pin DIL 0.17 VA1040 023 7V Power Mike
1R-10K 0.28 OCTAL 0.35 VA10565 0.23 batteries
'7 wau o CANS 027 VA1104  0.70 | TR175 £1.40 ea
: 15K-22K 028 B9APCB 0.1 VAB650  0.45 other prices on
85 0.75 VA1097 028 request
B9G 0.38
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' CALLERS WELCOME

% ENTRANCE ON A227
50 YDS SOUTH OF MEOPHAM GREEN

CAR PARKING AVAILABLE

UK ORDERS P&P 50p PLEASE ADD V.AT. AT 15%
EXPORT ORDERS WELCOME. CARRIAGE/POST AT COST

WW - 035 FOR FURTHER DETAILS

OPEN MONDAY TO FRIDAY 9a.m.-5.30p.m.

% 24 HOUR ANSWERPHONE SERVICE %
ACCESS AND BARCLAYCARD ORDERS WELCOME
% MANY OTHER ITEMS AVAILABLE %
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1000's OF
BARGAINS

COMPUTER WAREHOQUSE st

THE 'ALADDIN'S' CAVE OF COMPUTER AND ELECTRONIC EQUIPMENT
HARD DISK DRIVES HOT LINE DATA BASE COMPUTER ‘CAB’

Fully refurbished DIABLO/DRE series 30 2.5 Mb disk drives. All in one quality computer
DE RK?‘:’&‘N%:Q'gséggﬁg%ﬁ’f;g%oum cabinet with integral switched . !
: . mode PSU, Malns filtering, and twin fan cooling
E:‘.CQSSS?Q{‘} :,mqu'az Icljcai‘rlzv;\oval) Originally made for the famous DEC PDP8 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

£550.00
£295.00
£125.00 THE ORIGINAL FREE OF CHARGE dlal up data base.
1000's of stock items and one off bargains.

ON LINE NOW - 300 baud, full dupiex CCITT tones, 8 bit

DIABLO/ORE 44-4000A/B 5+5 ex stock from £995.00

1000's of spares for S30, 4000, 3200, HAWK ex stock. ’

Plus in house repair, refurbishing service.

Calil for detaiis or quotation.

CALCOMP PLOTTERS

936 3 colour digital incremental, 37" drum, paralle!

interface and accessories

£2,51
7184 colourdigital8 x5 FEET flatbed & controEII’e;

(cost 25,000) 1 only at
Viewing by appointment.

word, no parity. 0 "67 .
MA RS
Cure those unnefving hang ups and data glitches caused
by mains interference
SD5A As recommrnded by ZXB1 news letter, matchbox
50.00 size up to 1000 t load E5.95

: L2127 compact completely cased unit with 3 pin fitted
socket Up to 750 watts £9.99

00.00

Keep your hot parts COOL and RELIABLE
with our range of BRAND NEW professional
cooling fans.

ETRI $9XUOI Dim. 92 x 92 x 25 mm.
Miniature 240 v equipment fan complete with
!irger uard €9.95.

GOULD JB-3AR Dim. 3" x 3" x 2.5" compact
very quiet running 240 v operation. NEW £6.95
BUHLER 69.11.22. 8-16 v DC micro
minlature reversible fan. Uses a brushless
servo motor for ex"eme!g high air flow,
almost silent running and guaranteed 10,000
hr life. Measures only 62 x62 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 v at
£6.25 or 110 v at £4.95 or BRAND NEW 240v

at £10.50. 1000's of other fans Ex Stock.
alf for Details. Post & Packing on all tans £1.60

A, BRAND NEW CASED
e WORD PROCESSOR

’Q‘ KEYBOARDS

Made by the famous ‘KEYSWITCH’
corporation, for a well known computer
company's top of the range word processor at a
price of over £200.00"! Constructed around an
internal INTEL 8048 cpu this superbly styled 106 key
keyboard was intended to interface with a main computer via
TTL serial interface. Standard HALL EFFECT long life switches
are utilised on an XY matrix, buffered by 74 series TTL ic's t0 the eight bit CPU
port enabling simple modification to your own custom decoding logic via an
EPROM etc. Many other features for the most exacting user include: numeric
keypad, cursor control pad. ten clear top function keys, LED indicators,
single 5v supply on-off lock switch etc. Supplied BRAND NEW and boxed
with circuit diagram. ONLY £49.95 + £2.00 P&P

SAVE
¢ —=£250
S

K

—

S 1

SUPER PRINTER SCOOP

CENTRONICS 739-2

The "Do Everything Printer” at a price that will NEVER be
repeated. Standard Centronics intertace, full graphics,
4 type fonts with high definition & proportional
spacing for word processor applications, 80-132
columns, single sheet, roll or sprocket paper handling plus

" much more. Available only from DISPLAY ELECTRONICS
at a ridiculous price of only £199.00

- Options: carriage & insurance £10.00

Intertace Cable £10.00

TERMINALS ", wer
/FROM £198 + CAR. + VAT

. —/
Fullytledged industry standard ASR33 data
terminal. Many features including ASCII
keyboard and printer for data I/O auto data
detect circuitry. RS232 serial interface. 110
baud, 8 bit paper tape punch and reader for
off line data preparation and ridiculously
cheap and reliable data storage. Suppliedin
good condition and in working order
Options: Floor stand £12.50 + VAT
KSR33 with 20ma loopintertace £125.00 +

Sound proof enclosure £25.00 + VAT

|

SOFTY &

The amazing SOFTY 2. The complete “toolkit”
tor the open heart software surgeon. Copies,
Displays, Emulates ROM, RAM and EPROMS
ofthe 2516,2532 variety. Many otherteatures
include keyboard, UHF modulator. Cassette
interface etc. Functions exceed capabilities of]
units costing 7 times the price! Only

£169.00 pp£1.35 Data sheet on request

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 2B “Hackers Special” fully fledged
up to 300 baud full dupiex, ANSWER or CALL
modes. Data i/o via standard R$232 25 way
‘D’ socket. Just 2 wire connection to comms
line. Ideal networks etc. Complete with data,
ready to run £85.00
MODEM 20-1 Compact unit tor use with
MICRONET, PRESTEL or TELECOM GOLD
etc. 2 wire direct connect. 75 baud transmit
1200 baud receive. Data i/o via RS232 ‘D’
socket. Guaranteed working with data £49.95
MODEM 20-2 same as 20-1 but 75 baud
receive 1200 baud transmit. £/30.00
MODEM 20-3 Made for data rates up to 1200
baud in full duplex mode over 4 wire Circuit or
haif duplex mode over 2 wires. £130.00
MODEM 13A compact, async, same size as
telephone base. Up to 300 baud, fuli duplex
over 2 wires, but call mode only £75.00
DATA PUMP MODEM compact unit up to
1200 baud full dupiex over 4 wires or haif
duplex over 2 wires, BELL specification with

| data i/o via RS232 25 way D socket, remote
test etc. 240 v operation. Supplied compiete
with data £65.00 carr. £4.50.

For more information or details of other types
of ex. stock modems contact sales office.

Carniage 13A £4.50. 28/C & 20 £9.50.

92

QUALITY INTERFACE CABLES & CONNECTORS

18/3B D25S to 10 18 way £4.90 22/2C D255 to 16h 22 way £6.50
22/2A D25S to 3ft 22 way £2.9¢ 22/3C D255 to D25P 151 22 way £11.50
22/3B D25S to D25P 9ft 22 way £8.50 1014B D15P 10 12ft 15 way (BBC} £2.9¢
25/08 25 way cabie 5ft long 95 12/15 10 way cable 12 long £1.

D25$ ex equip 60p D25S socket new£1.25 D25 spiit shells £1.00

SUPER DEAL? NO — SUPER STEAL"

The FABULOUS 25CPS TEC Starwriter
Daisy wheel printer at a fraction of its original cost.

—_-=

RAND W AT ONLY £4
4

+ VAT==
7707777077
Made to the very highest -
spec the TEC Starwriter
FP1500-25 features a
heavy duty die cast
chassis and DIABLO type
print mechanism giving
superb registration and
print quality. Micro-
processor electronics
ofter full DIABLO/QUME
command compatability
and full control via CPM Wordstar etc.
Many other features include bi directional =——
printing. switchable 10 or 12 pitch, tull width 381 mm paper handling with upto
163 characters per line, friction feed rollers for single sheet or continuous paper,
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 offlce 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.

66% DISCOUNT -2

COMPONENTS
EQUIPMENT

Due 1o our massive bulk purchasing progrgmme which enables us to bring you the best possible
bargains. we have thousands of 1.C.'s. Transistors, Relays, Cap's. P.C.B.'s, Sub-assemblies,
Switches. etc. etc. surplus to our requirements, Because we don't have sufficient stocks of any
one iter to include in our ads. we are packing all these items into the "BARGAIN PARCEL OF A
LIFETIME". Thousands of components at giveaway prices! Guaranteed to be worth at least 3
times what you pay. Unbeatable value!! Sold by weight.

Skis £5.90 + £1.80

2.5kis £4.25 + pp £1.25
10kis £10.25 + pp £2.25 20 kis £17.50 + £4.75

PRICES PLUS VAT

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 - suppiled for
240y 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 16"w
Also available L
19"w. 16"d. 10.5"h.£19.98. Carriage & insurance £9.50.

10.5"h 11.5"d. !
ESS PSU, with FANS etc. Internal dim.

DRE 7100

8" Disk Drives
New £225 + VAT

VJIDEO MONITORS

12 CASED. Made by the Brltish KGM Co.
Designed for continuous use as a data
display station, unit is totaily housed in an
attraciive brushed aluminium case with ON-
OFF, BRIGHTNESS and CONTRAST
controis 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 tor
linearity etc. The monitor accepts standard
75 ohm composite video signal via SO239
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 compiete with circuit. 240 volt AC
operation. ONLY £45.00 PLUS £9.50 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 18" 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.

ONLY £55.00 PLUS £9.50 CARR & INS. _

SEMICONDUCTOR
‘GRAB BAGS'

Mixed Semis amazing value contents
include transistors, digital, linear, I.C's triacs,
diodes, bridge recs, elc. etc. All devices
uaranteed brand new full spec. with manu-
acturer's markings, fully guaranteed,
50+ £2.95 100+ £35.15.
TTL 74 Serles A gigantic purchase of an
“across the board" range of 74 TTL series
|.C's enables us 1o offer 100+ mixed
“mostly TTL" grab bags at a price which two
or three chips in the bag would nnormally
cost to buy. Fully guaranteed all L.C.'s full
spec. 100+ £6.90 200+ £12.30 300+ £19.50

DEC CORNER

MOSTEK CRT 80E Brand new dual
eurocard, 280 based V1100 PLUS
emulator with graphics etc
BALL-MB 3.5" Box, LTC, PSU
RK05-J 2.5 Mb.disk drives
PDP1105 Cpu, Ram, i/0. £450.
DILOG DO100 RKOS LSI 4 x RKOS disk
controiler £450.00
LAXX-NW LA 180 RS232 serial intertace
and buffer option £230.00
LAX34-AL LA34 tractor feed £85.00
LA 34 Keyboard assembly £75.00
BCO5W-15 intertace cables £28.00
H3178 intertace adaptor £295.00
1000's of spares EX STOCK
for DEC POP8 PDP11 PDP15
+ peripherais call for details.
ALL types of Computer
equipment and spares wanted
tor prompt CASH PAYMENT

All prices quoted are for U.K. Mainland, paid cash with order in Pounds Stirling PLUSVAT. Minimumordervalue£2,00,MinimumCredit
Cardorder£ 10,00 Minimum BONA FIDE accountorders from Government depts. Schools, Universities and established companies
£20.00 Where post and packing not indicated please ADD 60p + VAT Warehouse open Mon-Fri 9.30 — 5.30. Sat. 10.15 — 5.30.
We reserve the right to change prices and-specifications without notice. Trade, Bulk and Export enquiries welcome.

32 Biggin Way, Upper Norwood, London
Telephone 01-679 4414 Telex 27924

WW - 060 FOR FURTHER DETAILS

SE19 3XF
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Appointments

DISPLAYED APPOINTMENTS VACANT: £17 per single col. centimetre (min. 3cm).
LINE advertisements (run on): £3.50 per line, minimum £25 (prepayable).

Advertisements accepted

jp 1o 123 nofon }'ugsday, BOX NUMBERS: £5 extra. (Replies should be addressed to the Box Number in the advertise-
aRuary b otr ¢ eoruany ment, c¢/o Quadrant House, The Quadrant, Sutton, Surrey SM2 SAS).
vatlable ¢ ¢t to space .PHONE: IAN FAUX, 01-661 3033 (DIRECT LINE)
' Cheques and Postal Orders payable o BUSINESS PRESS INTERNATIONAL LTD. and crossed.
= E e R S

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 hundreds of opportunities in: Design; Test; Sales and
Service for Engineers and Managers

Y Act now: Just dial 100 and ask for FREEPHONE JOBLINE or send
your C.V. (no stamp needed) to:

ELECTRONIC COMPUTER AND MANAGEMENT APPOINTMENTS LIMITED {1926)
Freepost, Barkway, Royston, Herts SG8 8BR

= = === - - ---------ql =
i

|
1 T CAPITAL APPOINTMENTS LTD 1 | CUSTOMER SERVICE TECHNICIAN
: , THE UK's No. 1 ELECTRONICS AGENCY | £6,000-£8,500
If you have HNC/TEC or higher qualifications and are I N . . )
i looking for a job in design, test, customer service, tech- | Due to continuing expsan5|pn,Da vacancy exists for a first-class
- nical sales or similar fields: - technician in our busy Service Department.
The successful applicant will be engaged primarily in the repair
——— W Telaphone now for our free Jobs list and calibration of our range of premium voltmeters and cali-
| @ have vacancles In all areas of the UK | brators, and will be prepared to undertake site visits in support
I Salarles to £15,000 pa i of our systems activities.
| . - He or she will have practical experience in the repair to compo-
I 01-637 555(;4?0.;2)1 636 9659 | nent level of precision analogue and embedded microprocessor
l l ::ég:uitry. Some (ijderstanding of high level programming and
|EEE 488 BUS is desirable.
] CAPITAL APPOINTMENTS LTD | Relocation assistance will be offered where appropriate. Please
] 29-30 WINDMILL STREET, LONDON W1P 1HG I apply in writing for an application form to:
(291) David Marsh, Customer Service Manager
[ e ————— J DATRON INSTRUMENTS LIMITED

Hurricane Way, Norwich Airport
Norwich NR6 6JB (2365}

WAYNE KERR

ANALOGUE/MICROPROCESSOR ASSISTANT MAINTENANCE ENGINEER
DESIGN ENGINEERS required for our busy film/video company in the West End.

Duties involve maintenance of a wide variety of film dubbing
Do you have analogue design skills but feel you are missing out on the equipment {16mm and 35mm) and video equipment (1in and U-
microprocessor revolution? Wayne Kerr have opportunities for analogue I Matic standards).

design engineers who want the challenge of interfacing with the

microprocessor. The resulting ATE and Bridge products are in the fore- Someone with lots of enthusiasm and some relevant electronics

front of their fields and you could be part of this exciting environment. experience will have the opportunity to develop their skills and
Our company, part of a rapidly expanding international group, offers work without the boss looking over their shoulder all the time.
competitive salaries with associated benefits and pleasant working con- Write, explaining why you fit the bill, to:

ditions in the South of England.

If you are interested and would like further details, please write to: BRIAN HICKIN
Miss Jo Hall, Personne! Officer, Wayne Kerr Limited, Durban Road, South ROGER CHERRILL LIMITED
Bersted, Bognor Regis, West Sussex PO22 9RL. Tel: (0243) 825811 65-66 DEAN STREET, LONDON W1V 5HD

(2393) (2361)
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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 youn §
ary and career prospects, UK and overseas, contact:

@ “lechnomark_

Lngmneeving & Tochineal Recrnaiment

11 Westbourne Grove, London W2. Tel: 01-229 9239
(

TEST ENGINEERS

The Micro Consultants Group is a world leader
in the design, development and manufacture of
interactive video imaging systems and data
acquisition equipment.

Experienced Test Engineers are needed to
perform both card and rack testing on these
pieces of equipment, faultfinding to component
level and conducting acceptance tests prior to
despatcii. As assistance may be required in the
production of test procedures, the ability to de-
velop such procedures and additional test rigs
would be an advantage.

Candidates with at least three years’ relevant
experience together with a full TEC qualification
or equivalent, should write or telephone for an
application form to:

The Personnel Officer, Micro Consultants Group,
17 West Mills, Newbury, Berkshire. Tel:
Newbury (0635) 48222. (2365)

MICRO CONSULTANTS GROUP 4% 4&

A B Elecrronic Products Group PLC

L

WOLSEY ELECTRONICS LIMITED
SALES ENGINEER, CABLE TELEVISION &
ELECTRONIC COMMUNICATION SYSTEMS

Wolsey Electronics, market leaders in the U.K., is a company within
the AB Electronic Products Group PLC °

Wolsey is the leading U.K. manufacturer of MATV and Cable Televi-
sion distribution equipment and digital “Warden Call” alarm systems
for the elderly and infirm. Expansion in these and allied fields, includ-
ing Direct Broadcast Satellite systems and fibre optics, has created a
further requirement for an experienced Sales Engineer to operate in
London and South East England.

Based at home, the applicant appointed will have the full backup
facilities of Wolsey’s London Planning Office and Depot.

Salary and conditions of employment will be competitive and commen-
surate with the applicant’s experience, who will probably be aged 25 to
40 years.

A company car will be provided.

Werite or telephone for an application form to:

(2357)
The Personnel Manager,
AB Electronic Products Group PLC, Abercynon,
Mountain Ash, Mid Glamorgan. CF45 4SF.
Telephone No.: (0443) 740331

HUNTINGDON HEALTH AUTHORITY
Hinchingbrooke Hospital

Medical Physics
Technician |

(Technician in charge of bio-medical equipment
support unit)

We require an experienced technician, who will be in
charge of the Bio-Medical Equipment Support Unit,
which provides the technical service support for
Anaesthetics, Electro-Medical and associated equipment
within the Health Authority.

The post will be based at the new Hinchingbrooke
Hospital, the District General Hospital, although the
duties of the post will extend to all hospitals and units
within the district. :

Salary scale: £8,910 to £10,398 per annum.

Application form and job description from: District
Personnel Officer, Huntingdon Health Authority, District
Headquarters, Primrose Lane, Huntingdon, Cambs PE18
6SE. Tel: Huntingdon 50571 Ext. 32.

Closing date for applications: 11th January, 1984.
Previous applicants need not re-apply. (2378)

SENIOR DEVELOPMENT
ENGINEER

Location: West London

An appointmént exists within a long-established
electronic data capture company for a Senior
Development Engineer.

The following requirements associated with this
appointment are: > o

% Knowledge of microprocessor based data
capture equipment.

% Development of customised interfaces and
software applications.

% Customer liaison.

The successful applicant would probably be quali-
fied to HNC level, and have at least three years’
experience in the electronic industry, preferably
in data processor type equipment, and have
experience of microprocessors and data com-
munications interfaces.

Normal large company benefits . . . + company car.
Salary commensurate with experience.

Please write or telephone in first instance for an
application form to Miss Carol Cox, Kimball
Systems (A Division of Litton Business Systems),
113/117 Gunnersbury Avenue, Ealing, London
W5 4LR. Tel. 01-993 5934.

(2362)
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Telecommunications for the future
Maintenance Engineers

London, Birmingham and Manchester

£10,000 - £13,000 plus allowances

Mercury operates a new independent digital communications network for voice/data and T\ transmission in the UK. using the latest

technology and techniques.

Service Centres are being established in London (Park Royal), Birmingham {Solinull] and Manchester and field maintenance engineers are

required to expand our existing workforce.
Suitable applicants will have a sound knowiledge of digital and analogue techniques as applied to the telecommunications field.

In addition they will have had several years experience on either maintenance and repair or commissioning of customer equipments in at

least one of the following areas:—

Mercury

COMMUNICATIONS

i} Microwave point to point or point to muiltipoint systems.

il PCM/TDM multiplex systems.

iii} High speed data communications systems.

Salary will be dependent on age and experience and is negotiable in the range £10,000 ~ £13,000 p.a.
The London posts carry an additional weighting of £1,200 p.a. An estate car will be provided and applicants
should hold a clean driving licence. Staggered working hours and call out duties will be necessary for
which additional payments will be made.

These are outstanding career opportunities offering the chance to make a significant personal contribution
to the success of one of the most exciting developments of the 1980's.

Please write or telephone for an application form to: Mercury Communications Ltd, Ninety Long Acre,
London WCZE 9NE Tel. 01-836 2449 stating which location you are interested in.

Appointments

(2371)

BORED ?

Tken change your job!
1) Office Automation Systems

Repair engineer working to component level on
microprocessor-based equipment, £ neg.
Berks

2) Radar & Pulse Technique

Test Engineers required to work on electronics
components and equipment to military stan-
dards. To £9,000. Middx.

3) Fleld Service Engineer

With good electronics background to work on
medical/X-Ray equipment. c. £7,000+. Berks.
Feld Engineers with a knowledge of graphic
displays, plottars and associated peripherals,
based on PDP 11.£ neg + car. Bucks.

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) £500 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
* Hundreds of other Electronic
and Computer Vacancies to £12,500
Phone or write:
Roger Howard, C.Eng., M.L.E.E., MLER.E,

CLIVEDEN CONSULTANTS

87 St. Leonard’s Road, Windsor, Berks.

Petty-Ray Geophysical Division of Geosource is one
. of the leading companies in the field of oil exploration
, and require single personnel, in the age range 21-35,
who are looking for a varied and interesting career
working overseas.
You should be educated to ONC/HNC in Electronics
or C & G Radio and TV Technician level, and on
appointment you will be assigned to one of our field
crews either in AFRICA or the MIDDLE EAST for
| on-the-job training in the operation and maintenance
of digital seismic recording equipment.
Candidates must be in possession of a current driving

licence.

Windsor (07535) 58022 (5 lines)
{1640)

We offer a good starting salary which is paid NET,
food and accommodation will be provided and rest

| leaves are generous.
‘ If you would like to have more information about

[ these positions please write giving brief career

LOGEX
ELECTRONICS
RECRUITMENT

Specialists in Field & Customer Engineering appoint-
ments, all locations and disciplines.

Logex House, Burleigh, Stroud
loucestershire GLS 2PW

0453 883264 & 01-290 0267
(24 hours)

| detailsto:-
The Personnel Officer, Petty-Ray Geophysical Division
of Geosource, 3-5 The Grove, Slough SL1 1QG, Berks.

(2358)
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ERENE i R

EMC/EMP assessment on
high technology equipment

At Frimley, we have an international reputation for our work on the design and

development of sophisticated electronic systems and equipment for both civil and

defence applications. Owr multi-discipline teams of engineers, both men and

‘ women, are engaged in an expanding programme of advanced projects in which
extensive use is made of state-of-the-art techniques in the solving of complex

problems.

Within our Technology Group, we are looking for experienced RF Engineers, with
qualifications to degree/HNC level, to provide specialist support to teams engaged
| in equipment design. This will involve carrying out theoretical and experimental
assessments of system electromagnetic compatibility (EMC) or vulnerability to
nuclear electromagnetic pulse effects (EMP).

These positions call for a sound electrical/electronics engineering background and
specific experience of at least one of the following: electromagnetic analysis,
computer-based mathematical modelling, development of HF equipment including
HF/VHF transmitters and receivers, and EMC measuremernts.

All appointments will provide exceptional opportunities to work in a particularly
stimulating technological environment and make a significant personal contribution
to our work. If you have the necessary innovative ability and professional expertise,
you can look forward to a really challenging future with ample scope for career

| development.

| We offer a competitive salary together with an attractive range of fringe benefits.

Write with details of experience and qualifications to Margaret Perceval,
Personnel Department, Marconi Space and Defence Systems, Chobham Road,
Frimley, Surrey GU16 SPE. Or telephone Camberley 63311 for an application form.

- Marconi D

Space & Defence Systems

(2389}

COMMUNICATIONS POSITIONS
TO MAKE YOU THINK A LITTLE FASTER

Below are a number of positions that will up the pulse and make the grey matter
churn round a little faster. . L
Telephone Paul Hecquet or write to him to discuss these and many other positions
we have within our Communications Division.

c£12,000  South East

Systems Engineer/Proposals — on site work

The job will be to carry out complete systems appraisals/evaluations, generate a
proposal for predominantly civil/civilian duty VHF/UHF users. Ref: 2/135.

TV Design Engineers £8 to £14,000 Wales
To work in the R & D area of consumer colour TV. Ref: 12/19.
Cable TV Design Engineers  £9to £16,000 South East

Experience in television engineering, VHF/UHF techniques and/or Data Comms would
be useful to this Cable TV systems provider. Ref: 3/260.

Studio (TV) Management
& Technical Staff Salaries from around £9,000 South East

For technical and-engineer level people to around £17,000 for supervisory staff. You
must have experience with a TV Broadcasting organisation though not necessarily UK
based. Ref: 1/241.

The Electronics
Recruitment Company

Temple House
25/26 High Street, Lewes
East Sussex BN7 2LU

Tel: Lewes (07916) 71271 (2313)

PETERBOROUGH
HEALTH
AUTHORITY

Are you looking for an interest-
ing and challenging new posi-
tion? Are you qualified to at least
ONC level with practical
electronics experience? Then
why not come and join an ex-
panding electronics department
in Peterborough?

We are looking for a technician

to maintain X-ray, radio therapy

and ultrasonic scanning equip-
ment

Salary £6,132 to £7,926 per
annum by seven annual incre-
ments

Ring Allan Edwards on Peter-

borough (0733) 67451, ext. 250

for details and application forms
or write to:

District Works Department
Peterborough District Hospital
“Eastlea’’, Thorpe Road
Peterborough

Closing date for applications:
28 December, 1983

(2399}

UNIVERSITY OF LONDON
INSTITUTE OF EDUCATION

ELECTRONICS
TECHNICIAN

(Grade 5/6)

Required for Child Development and
Educational Psychology Department.
Duties include maintenance of Audio,
Video and Psychological Equipment,
and the development of the use of
Microcomputers in Education and Re-
search. Good knowledge of Analogue
and Digita! Electronics and the ability to
design, construct and service apparatus
essential. Knowledge of Microcomputer
programming an advantage.

Applicants should have HNC/HTEC or
eguivalent and seven to 10 years’ exper-
ience.

Salary within range £7529-£9852 inclu-
sive.

Please ring Mary Griffin, Personnel Sec-
tion, University of London Institute of
Education, 20 Bedford Way, London
WC1H OAL, 636 1500 ext 254, for further
details and application form quoting ref
15-6/CDEP. Closing date 31 January.

(2391)

Degree status
Satellite communications
experience preferred
Two-year Essex contract
£12 per hour

Telephone
Graham Williams
(0920) 5921
STAFFHIRE LTD.
80-82 High Street
Ware, Herts
(2400)

CINE LINGUAL SODUND STUDIDS LTD.
Due to expansion we require an

EXPERIENCED
ELECTRONICS
ENGINEER

for the maintenance of our film
dubbing theatres
Salary up to £10,000
For further information contact
Lynne Robinson on 01-437 0136
{2368}
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ELECTRONICS
ENGINEER

Auditel Systems Ltd. specialises in
the manufacture of conference
communication systems and de-
signs equipment for specific appli-
cations. The company is small but
expanding and an opportunity
exists for an Engineer with a
degree or H.N.C. in electronics to
assume wide ranging technical
responsibilities with the chance to
become involved with the com-
pany's future. The position covers
technical liaison between design
and production, systems design
and documentation, testing and
commissioning. Candidates
should have a background in
audio and digital electronics with
some microprocessor experience.
Salary negotiable, area £9,000 p.a.

Please apply to J. M. White
AUDITEL SYSTEMS LTD
78 Asheridge Road
Chesham, Bucks HP5 2PY

(2357)

THEWAY

UP!!

Surrey £15K ++

Leading consultancy offers
truly unique position to
Electronic or Software Engi-
neers

Call Richard Butcher

01-549 6441 (Day)

01-337 4900
(After 7.30pm) (30,

Different skills,
nara samerewards- | °
£22,7 00 fax—free for

two years in Saudi Arabia.

ab [executive (kingstan) ttd

SpecialistsIn Recruitment

TOWNLEY EMPORIUM

Bargains for callers
or send for catalogue

ELECTRICAL, ELECTRONIC &
MECHANICAL COMPONENTS

Vast range of surplus test equipment;
Diodes; Thyristors; Resistors;
Terminais; Switches; Relays; Screws;
ICs; Tools.
Harehill Street off Burnley Road,
Todmorden, Llancs OL14 5JY
2

GERMAN WW2 TUBES: RV2P800 £3,
RV24P45 £3. 50 RE084K £2, RL12P45 £4. All
brand new in “Wermacht” Orlgmal boxes. Alf

It takes a lot of different skills to help maintain
Saudi Arabia’s integrated air defence system. It
takes confidence and the ability to communicate
your knowledge to train Royal Saudi Air Force
personnel, which is the main task Lockheed are
tackling in Saudi Arabia.

But whatever your technical background,
the rewards are the same, and they're high.

They don't stop at that tax-free, two-year
salary, either.

Lockheed's benefits package gives you
free bachelor accommodation; free food, work
clothing and laundry; free return flights to the UK

on your three paid leave periods a year; medical
and life insurance; excellent sports and recrea-
tional facilities.

If you've a C&G or its forces equivalent,
and at least seven years experience on the
equipment areas we've specified, it's well worth
your while getting in touch.

Because with us, your skilis could reaily
make a big difference.

Talk to Larry Mulhearn on 01-574 5000, or
write to him at IAL, Recruitment Consultancy,
Aeradio House, Hayes Road, Southall, Middx.
UB2 5NJ. Please quote Ref. L229.

= rlockheed I

Thunstrom, Kallvagen 2, 5-61053 Enstaberga,
Sweden. (2366) (2373)

SCOTTISH OFFICE
DIRECTORATE OF TELECOMMUNICATIONS

WIRELESS TECHNICIAN
(£6,251-£8,450)

Applications are invited for the above post based in East Kilbride
near Glasgow

Candidates must have a soupd theoretical and practical knowledge of
Radio Communications Systems both fixed and mobile, in the frequency
range HF to 2GHz. They must also be able to use test equipment and
simple machine tools. A sound basic knowledge of digital technlques
would be an advantage. They should have a minimum of three years’
appropriate experience and should hold an Ordinary National Certificate
in Electronic or Electrical Engineering or a City and Guilds of London
Institute Certificate in an appropriate subject or a qualification of higher
or equivalent standard. Some assistance may be given with re-location
expenses.

A valid UK driving licence is essential.

Application forms and further information are obtainable from Scottish
Office Personnel Division, Room 110, 16 Waterloo Place, Edinburgh EH1
3DN (quote ref. PM(PTS) 1/4/83). (031-556 8400 Ext. 4317 or 5028.)

Clo%mg date for receipt of completed application forms is 12 December
(2367)

WEST YORKSHIRE METROPOLITAN COUNTY COUNCIL

An Equal Opportunities Employer

RADIO TECHNICIAN

Post Ref ES 20 206/F28
£7,191-£7,896

Based at Chantry House, Wakefield, duties involve the provision
of an effective service of operation, maintenance and repair of
the radio telephone system. Network consists of approximately
650 vehicle-mounted radios, 5 VHF transmitter sites and numer-
ous land lines.
A TEC/ONC level qualification in electrical, electronic or radio
engineering or a similar discipline is required, and experience in
the maintenance and repair of radio communication equipment
is essential.
Mr R. Mackey (Wakefield 367111, Ext 3519) will answer queries.
Closing date: 30 December 1983.
Application forms are available from, and should be returned
to, the Director of Manpower Services, 8 St John's North,
Wakefield WF1 3QA (Tel. 367111, Ext. 2840). (2379)
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Sudsa Jewm 637
€. 4

Are you an inventive electronics person
with good, old-fashioned horse-sense?

We are looking for someone to join us in N.E. Sur-
rey in a small but busy and creative team designing
electronics for a range of laboratory and industrial
measurement equipment.

We use analogue and digital circuitry and
6800/6809, and have recently started to make use of
FORTH. There is plenty of opportunity for brain-
stretching, and scope for the contribution of ideas
from outside the electronics field.

It this sounds as if it might suit you, or that you
might adapt to it, then get in touch.

We would expect that the successful candidate will
have experience in nitty gritty electronics and prob-

ably be HNC/Degree level but qualifications are of
much lower importance than actual ability.

Telephone Tania Thompson (Chertsey 62671) or
write for an application form to:

KENT INDUSTRIAL MEASUREMENTS LTD.
Hanworth Lane, Chertsey, Surrey KT16 9LF

(2385)

e

98

National Heart and Chest Hospitals
Brompton and London Chest Hospitals

Medical Physics

Technician
ELECTRONICS

A vacancy exists for a technician with hospital
experience to join the team of technicians in the
Department of Medical Electronics. The department
provides a comprehensive maintenance and
development service to two busy Cardiothoracic
hospitals. The technician will be based initially at the
London Chest Hospital E2, but he/she must be willing
to also work at Brompton Hospital SW3,

The post is as MPT4 but prospects for promotion to
MPT3 do exist.

For further information contact Mr P. Butler, Chief
Technician, 01-980 4433. Ext. 340.

For a job description and application form contact
Miss J. A. Jenks, Personnel Manager, Brompton
Hospital, Fulham Road, London SW3 6HP. Tel: 01-352
8121. Ext. 4357. Closing date: 13th January, 1984,

{2390}

R.T.T. SYSTEM
RADIO TELEPHONY

R.F. ENGINEERS - DESIGN AND SALES
We are a Division of a highly successful Electronics Group with considerable ex-
pertise in Control Systems: this new Division is invoived with Radio Telephone Test
Systems and has a major technical expansion programme ahead.
To assist in these exciting projects we require additional R.F. specialists to work with
our small team designing. producing and selling to ali markets.

DESIGNER/PROJECT CONTROLLER
Must have sound theoretical background in circuit design applied to a practical
understanding of R.F. Engineering to 1.6 GHz or above. Must have degree level in
Electronics and several years’ experience in design, development and project control
possibly using outside consultants. Must be highly seif-motivated and results
orientated. Being a Radio enthusiast would be a bonus.

SALES ENGINEER
Must have considerable experience of customer liaison and selling test equipment
preferably associated with R.F. communications.
Sales are direct to end users in private and public industries. The company therefore
expects a high degree of professionalism in both planning and application.
ideally the sales engineer should be qualified with practical training in electronics/R.F.
Must be prepared to stay away from home occasionally.
Applications only from people wishing to enjoy the freedom and opportunity to
exercise your personal innovativeness with prospects of growing with the company
Benefits include: company car, substantial salary, bonus, plus normal benefits asso-
ciated with progressive company.
Send your career details or phone for an application form to: R. J. West (01-844 1811)
R.T.T. (Division of Hanworth Enterprises), Gresham House, Twickenham Road,
Feltham, Middlesex TW13 6HA. (2394)

=31

(A

Marine Electronics

5200

L €5/617 [7A7

Engineer

Duties: To join a British team
working with Ecuadorian
counterparts on the assessment
and efficient utilisation of
Ecuador’s fisheries resources.
The expert will be required to
run and maintain the specialist
electronic equipment on a
modern fisheries research
vessel, particularly echo-
sounding and sonar equipment.
He/she will also advise other
team members on the efficient
operation of the equipment and
assist in the training of
Ecuadorian staff. Considerable
sea-time will be involved.

Qualifications: Applicants,
who should be British citizens,
should possess relevant profes-
sional qualifications and
experience and be capable of
technical improvisation to meet
changing needs in the develop-
ment of the survey programme.
A working knowledge of:
Spanish is preferable.

Appointment: Two years.
The salary in the range
£9,950-£12,800 will be
paid commensurate with
experience and qualifica- &S
tions, and subject to

ECUADOR

o]®yV:.Y Giasgow G758EA

OVERSEAS
DEVELOPMENT

United Kingdom Income Tax.
In addition, a tax-free variable
Foreign Service Allowance in
the range £105-£645 per annum
and a supplementary allowance
in the range £325-£1,580 per
annum, both dependent on -
salary and marital status, are
payable.

The post is wholly financed
by the British Government
under Britain’s programme of
aid to the developing countries.
In addition to basic salary and
overseas allowances, other
benefits normally include paid
leave, free family passages,
children’s education allowances
and holiday visits, free accom-
modation and medical atten-
tion.

For full details and applica-
tion form please apply, quoting
Reference AH 312/L/AJ,
stating post concerned, and
giving details of age, qualifica-
tions and experience to:
Appointments Officer,
Overseas Development
Administration,

Room AH 351,
Abercrombie House,
Eaglesham Road,
EAST KILBRIDE,

BRITAIN HELPING NATIONS
TO HELP THEMSELVES  (2339)

home computer.

DESIGN
ENGINEER

Earn over £20,000 p.a.

We are looking for an outstanding design engineer
to join the team that created the Elan Enterprise

The successful applicant will have several years’
experience of digital design techniques, as well as
great creative flair and boundless enthusiasm.

The situation is based in Central London and an
extremely attractive salary will be negotiated.

Please write, enclosing full c.v., to:

David Levy
INTELLIGENT SOFTWARE LTD. (DEPT. WW)
21 Store Street, London WC1E 7DH

(2375)
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It's more by design than accident
that Honeywell is ahead in
advanced instrumentation
worldwide. The Test [nstrument
Division based at Bracknell, is
responsible for ensuring the
effective operation of Industrial
Tape Systems, Video Graphic
Camera Systems and Oscillographic
recorders countrywide in industrial,
medicaland R & D establishments.

We now need experienced
Electronics Engineers, who after a
brief product familiarisation period,

will be able to work to maximum
effectiveness in trouble-shooting hi-
technology equipment. Ideally, you
will have a minimum of three years
experience in fault-finding and
maintaining ‘state-of-the-art’
equipment.

The position also involves a high
defree of customer contact and you
will be expected to work on your
own initiative to assist in expanding
our customer base.

By joining us you can expect all
the rewards of working for a highly

successful International company,
and in addition to an excellent
salary, company car and worthwhile
fringe benetits, there is every

opportunity for career advancement.

Write with full career details to
Richard Gould, Personnel
Department, Honeywell Control
Systems Limited, Honeywell House,
Charles Square, Bracknell,
Berkshire RG12 1EB. Telephone:
Bracknell (0344} 24555.

Please quote Ref WW/84/TID.

A

P8
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NEW [:HALLENGES FOR ELECTRONICS ENBINEERS

INDUSTRIAL PRODUCTS GROUP - TEST INSTRUMENTS DIVISION

Honeywell

(2343

TEST ENGINEERS
(AUDIO)

We are a world leader in the design and
manufacture of Computer-assisted sound
mixing Consoles for the Record and
Broadcast industries. To meet increasing
demand we require experienced Audio
test engineers to expand our existing test
facilities.

Applicants should have at least two years’
relevant experience and have the enthu-
siasm to work in a self-motivated environ-
ment. A knowledge of digital circuits
would be useful.

Please write or telephone for an applica-
tion form to

Solid State Logic
Churchfields Stonesfield
Oxford OX7 2PQ
Tel. 099 389 8282

Solid State Logic]
Stonesfield-Oxford-England)

(2335)

ELECGROSONIC

SYSTEMS ENGINEER/
MANAGER

£7K-£12K + Car

The Systems Engineering Division of ELECTROSONIC wish to recruit an experienced
Project Engineer/Manager to be responsible for a wide range of projects both in the
UK and Overseas.

The Company, which has extensive manufacturing facilities, produces a wide range
of lighting, audio and audio visual products and is a world leader in its field.

The Systems Division is responsible for the design and production of special projects
which include industrial and commercial dimming, TV and Theatrical lighting, hotel
and conference low voltage systems, audio and audio visual systems, including
video.

The ideal candidate will be qualified to HTC/HND/Degree level or equivalent and will
have experience in one or more of the above fields; but of equal jmportance will !.‘Je
his/her practical design and manufacturing experience, together with drive and ability
to take a project from the drawing board to final commissioning on site. A vacancy
may also exist for a Junior Engineer who is able to demonstrate the above potential.
The salary offered will depend upon experience, but will be in the range of £7,000 to
£12,000 p.a. A company car is also offered and other fringe benefits will include an
overseas allowance.

Applicants should telephone or write to:

R. D. GORTON
Divisional Manager — Systems Engineering
Electrosonic Ltd, 815 Woolwich Road

London SE7 8LT. Telephone: 01-855 1101 -

ANALOG o R

CONSULTANT
REQUIRED

Interesting short-term projects for
good Analog Engineer, preferably
with some telecommunications
experience. Work at home or our
tabs. Cash if required. Please
phone:

DEREK ROWE ON 328 7145
(2344)

Studio Engineer/Radic Worker

for community radio project, S.E. London. 172
hours p.w.; pay approx £8,000 p.a. pro rata.
Initiatly for six months. G.L.C. funded. To main-
tain studio, orgamise and teach courses in pro-
gramme production and basic electronics. par-
ticipate in admin of project.

Phone 7019010 or 703 0415 for details
(2347}
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MAINTENANCE ENGINEER

and an experienced

Trainee Broadcast TAPE GPERATOR
Engineers waSoROUGE

Recording Studios

We are responsible for broadcasting the programmes of Independent Television, Please write with full details to:

Channel Four and Independent Local Radio. The continued growth of our Tony Taverner, 2 Wansdown Place
broadcasting services means we have a number of vacancies for Trainee Fulham Broadway, SW6 1DN
Broadcast Engineers who, on completion of their training, will workina 287!
challenging and secure environment.

The selected candidates will embark on our 18-month residential training course ARTICLES FOR SALE

which commences in June 1984. It will be conducted at our Training College, in

Devon, and also at the Newcastle Polytechnic. The course is designed to giveyou a RADIO ANDTV
training in Broadcast Transmission Engineering that is second to none. It SERVICING
demands a high standard of understanding and personal commitment from those

selected to undertake it. During the course we will pay you a salary and in addition, 1982-83 MODELS

all your fees, accommodation and meals. by R. N. Wainwright Price £23.50
Applications are invited from men and women who are qualified or about to THE ART OF ELECTRONICS by
qualify to First Degree level in Electronic/Electrical Engineering or related Horowitz Hill Price £16.00
disciplines.

INTEGRATED ELECTRONICS by
Millman-Halkias Price £11.25

PRINCIPLES OF INTERACTIVE
COMPUTER GRAPHICS by

Consideration will also be given to applicants holding an HND/HNC/HTEC in
Electrical or Electronic Engineering or the City and Guilds Telecommunication
Technicians Full Technological Certificate, and who have appropriate industrial

experience. William M. Newman Price £12.50
Your salary while training will be £6,652 per annum. On the satisfactory BASIC PRINCIPLES AND
completion of training, your salary will be £8,421 and will rise by annual PRACTICE OF MICROPROCES-
increments to £10,461 per annum; further progression to £12,966 per annum is SORS by D. E. Heffer Price £6.50
possible. VHF UHF MANUAL 4th Ed. by G.
Employment benefits include a free life assurance and personal accident scheme, R. Jessop Price £10.00
a contributory pension scheme, generous relocation expenses and subsidised INTERNATIONAL VIDEO YEAR-
mortgage facilities. BOOK 1983/84 Price £26.00
,4& DOMESTICE VIDEOCASSETTE
INDEPENDENT oty RECORDERS by Steve Beeching
IB BROADCASTING Price £15.00
1983 THE RADIO AMATEUR'S
AUTHORITY l HANDBOOK Price £10.00
*An Equal Opportunities Employer* 1983 TOWERS' INTERNATIONAL
For a fully illustrated booklet and application form, please write to Mike Wright, e 7D, {OTHBR' [
Personnel Officer - Engineering Regions, IBA, Crawley Court, Winchester, Hants. v Brice £10.50
S021 2QA. Or telephone the Personnel Office between 9 am and 4 pm Monday to
: 4 ALL PRICES INCLUDE POSTAGE %
Fnd?y on Winchester 822574 or 822273. * i
Application fi st Friday 20th January 1984.
pp n forms must be refurned by Friday 20th ] ry - THBEO%E %%RN

BRITAIN'S LARGEST STOCKIST
of British and American
Technical Books

19-21 PRAED STREET

WOULD YOU LIKE TO WORK LONDONWMNP
IN A HIGH TECHNOLOGY Pesss allo 14 dov o
AEROSPACE COMPANY AS A ‘ ==

PRODUCTION TESTER? S

{2245)

Resistors — ideal for making into packs or just to
increase stocks at a very low price. We'ra selling

R = ew, full lead length resistors in original b /
Do you have the following knowledge and experience? el ey arcipEe ks LN
}housands (some are 100s) vou;ll need (vo b‘ilv a
% Aminimum of ONC in electronics or equivalent experience | {J%i;‘/’ﬁ{'ri.'%i?d%e&?x':ésn?{é?aL’:L‘l”f'%?S’zogfa‘n
% The ability to test or learn to test units containing Logic, Digital, Analogue and L] o o £a8ce % mlhon £950. Al
Timing Circuits | ] prcesinduste chclo ampler ieatHE
g . . U s, TODO3r L
% The capability to diagnose faults to component level | bulk
% Can you use automatic and semi-automatic test equipment and l PC ELE o g
instrumentation? ROMSEY ROAI\)ﬁmITng?;AZRSIgH, SALISBURY
% Do you have a questioning and practical mind, using your own initiative with the | (2380)
minimum of supervision? —
% Canvyou work in a manufacturing team? P
% Are you willing to learn about and constantly update your knowledge of test THE FOWBERRY ENERGY SAVER
equi d d ) {Patent Pending)
qUIp'ment and proce t_‘”es‘ . . As described in the December Issue of
If you think all this describes you, and would like to work for an established and . . Wirglessdwt:rlld N
A g rinted Circuit Board, fully silk-screen
successful company, then please contact me, enclosing personal details, at the pritod with componsrt postianeecomy
following address: Mrs Karen Elton, Personnel Officer, Lucas Aerospace, Maylands ponent ‘specifications and_sources of
H supply; assembly instructions; dril ing
Avenue, Hemel Hempstead, Herts HP2 4SP, or ring me on Hemel Hempstead (0442) e for Bowiid: window. material,
42233, extn 112. (2372) and self-adhesive label, fully printed.
Board to fit Bimbox 2006.
£7.50 inc. p;s:;{gTe and \éAT
MacHARG NERSHIP
Lucus AEROSPACE Fowberry Tower, Wooler
A Northumberland NE71 6ER
(2382)
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SITUATIONS VACANT

BUCKS, BERKS
W.MIDDX, OXON

INSTALLATION MANAGER £15K + Car
Required to take responsibility for the instal
lation, test and acceptance of the cellular
radio system in the U.K. Applicants should be
aged 30-40 years, educated to degree stan
dard in electronics or telecommunications
BERKS

ARINCIPAL ENGINEER f14K
Total responsibility for the technical n
erface with British Telecom. including the
arovision and specification of link circuits,
2mergency services, signalling systems and
wransmission plans Electronics degree and
2xperience of public telephone systems an
advantage. BERKS

SENIOR ENGINEER {Radio) f12K
To be involved in the lhaison with supplies of
subscriber equipment, including type ap
oroval testing, and providing a systems engi
neering support in relation to cell site RF
equipment and antenna systems. BERKS

For more details contact Stephen Salt, 2
Eton Court, Eton, Windsor (07535) 54256.

SURREY, HANTS
KENT, SUSSEX

RF DESIGN ENGINEERS/MANAGERS £8-15K
Engineers seeking either design/devt or pro
tect/technical management roles with RF ex
perience or voice and data communications
are sought for a number of companies in
Surrey and Hampshire

DES DEVT ENGINEERS c. £10K
| have vacancies to interest persons with
experience of the following: industnial mom
toring, ATE, 8086, 8080, PDP11, Coral, Basic,
Assembler, Z80, simulation, maths modelling,
radar, VHF, UHF, quality Surrey, Sussex,
Hampshire

TECHNICIANS £6-8K
Young electronic Technicrans are sought for
digital, analogue and micro fault finding of
systems and sub systems. Opportunity to
build on good basic knowledge, interesting
products, some mechanical Involvement
Weybridge/Woking

For more details contact Keith Hardy, Shaw
House, 2 Tunsgate, Guildford {0483) §5565 or
out of hours {0252) 870588

HERTS, ESSEX
BEDS, N.MIDDX

RFELECTRONICS ENGINEERS c. £14K
i medwm-sized consultancy requires a
number of strong radio frequency circuit
design/systems professionals for various in-
dustrial, commercial and military projects
You will have total project control, with client
contact. Herts
TEST EQUIPMENT DESIGNERS c £11K
This 'blue chip’ company, working in the
forefront of communications systems re
quires a number of experienced Designers
Essential to have solid R/F background
{(HFVHF Ranges) and ability to control a
team. Ess:
TES‘I’/SERVICE ENGINEERS

c. £9K + overtime
Positions available tor Junior and Senior

l ARTICLES FOR SALE

B&T ELECTRONICS

13 TANNERS HILL
DEPTFORD, LONDON, S.E8
TEL: 01-692 1441
1.000s ELECTRONIC, ELECTRICAL
MECHANICAL ITEMS

Xenon Tubes. Type XBLU 50/00 Eclatron £2.50
each, P&P 60p Quantity discounts. P 0.A.
Xenon Flashers. Complete panel with dual flash

rate, 12-18 voits DC, inc. Tube, Base, Fuse +
Holder. 10 metres connecting wire. Full instruc-

tions. 3 months’ guarantee. Complete package
onfy £10 + £1.80 P&P. Discounts. P.0.A.
Enamelled Copper Wire. .090, .080, .180 MM £5
per tkg Reel + £1.80 P&P

AVO B Movements. Mk 3 plus spares, pius
damaged Meters. P.0O.A. Will sell as one lot.
£400.

Measured Pressure Transducers £25 each.
S.AE. LISTS.

Meters Mcoil, dc plastic, as used in Japanese
and 10 units, app. size 5.5mmx4.5mm. We have

Power W. V.U. Signal, or Battery level. 100 or

200 micro amp fsd. £1.50 each. P&P 60p.

Management Personnel

Recruitment Selection & Search

WINDSOR GUILDFORD ST ALBANS

BRAIN TEASER

Our opinion of what motivates a design engineer to
move is: 1) Location; 2) Tie between money and
job satisfaction; 3) Chemistry

What is your opinion?

DOES THIS ATTRACT YOU?

LOCATION — London’s Green Belt. Easy access to rural
Essex and tube to central London. Housing nearby to suit
all tastes, local market towns, new towns, villages,
suburbs and listed Georgian terraced houses ripe for
conversion by anyone with basic engineering skills.

MONEY circa £11,500

JOB SATISFACTION. In this company you can design a
complete system — average project 3-18 months. Partici-

Staft with either City and Guilds or HN.C
(2296}

qualifications in electronics A good digital, — —=
analogue or micro-processor background Is e ——
particularly relevant. Products range from
communElcanons equipment to medical MULT'TURN
systems. Essex
For more details contact Alan Gall 105 St CERMET TRIMMERS % INCH
Peter’s Street, St Alhans {0727} 35116 or out
of haurs {07073} 23623, Make Allan Bradiey 100 1K+

Type 94P non transparent £22p llp

Type 95P transparent £22p
Values 10-470R. 2K-500K. 1M, 2M, 2MZ, 18 pln
low profile 1.C. socket 10p

Piease phone or telex
DIW MARKETING
3 Whitney Avenue, liford, Eulx
Tel: 01-445 6645/550 477

Telax 896 559 An. mw
{2324}

ARTICLES FOR SALE

USED ELECTRONIC INSTRUMENTATION

MARCONITF.2951 RADIO TEST SET .......ociiviiiiiinieiinereineeee
MARCONI TF.995A AM/FM SIGNAL GENERATOR
SOLARTRON 7051 PROGRAMMABLE S5Y%-digit Digital Multimeter with
maths pack RS.232 £650

LYONS PG2 PULSE GENERATOR .
H-P 1332A X-Y DISPLAYS £250
H-P T.141 SPECTRUM ANALYSER with 8552B L.F. Plug-in and 8553B R.F.

PIUB-IN. e e e e £3250

VAT& CARRIAGE EXTRA

MARTIN ASSOCIATES
PARTHIA HOUSE, BECKHAMPTON
NR. MARLBOROUGH, WILTS
TELEPHONE: AVEBURY (067 23) 219

(2396)

pate in project management and create with the real
world in mind — your systems have to withstand a
rugged environment and anticipate the foibles of the
human mind. Systems, broadly speaking, are passive
surveillance systems incorporating electro-optics,
anmalogue and digital signal processing, displays and the

INVERTERS
High-quality DC-AC; also ‘‘no
break’' (2ms) static swllcll 19in.
rack. Auto Charger.

company backing.

application of computer power to small instruments.
CHEMISTRY. Small company atmosphere with large

FOR FURTHER DETAILS PLEASE CONTACT

Charles Airey Associates

Tempo House, 30 Fairfield Street, London SW18 1DW
Telephone: 01-870 4504

(2381)

COMPUTER POWER SYSTEMS —

interport Mains-Store Ltd.
POB 51, London, W11 3BZ

Tol: 01-727 7042 or 0225 310916 g,

ARTICLES FOR SALE]

MARCON!I POWER METER 6460, 0.01-
12.4GHz with 6422 head, new and unused, cali-
brated and warranted Marconi 90 days 4 Octo-
ber, 1983, £600. Collins 51S]1 receiver RE,
virtually new, £850. Wanted KWM2A S/N 39000
plus. Shrewsbury 81425. (2356)

CROMEMCO high resolution colour graphics
system, complete. 760x340 Pixe! system with soft-
ware. Ideal system for most serious graphics ap-
phcauons Good support for Cromemco in the
U.K. New cost over £3,500. Offers around
£2,000. (0224) 572933. (2364)

RACAL RA1792 Receiver, 30MHz, synthesized,
current production £3, 000 £6,000+ new. Ap-
prox. 1& months old. 0422 822075 W. Yorks.
(evenings). (2253)

WIRELESS WORLD JANUARY 1984

VACUUM EQUIPMENT for encapsulation.
Degassing of silicons and resins. CRT regunning
plant, b/w and colour. Barretts, Mayo Road,
Croydon CRO 2QP. 01-684 9917. (9678)

\\\ \@}Hﬁmﬂs

Private enquirres. send ! 3p wn stamps for brochure

THE QUARTZ CRYSTAL CO.LTD.

Q.C.C. WORKS, WELLINGTON CRESCENT

‘NEW MALDEN. SURREY  01-942 0334 & 2988

Autograf 2D X-Y recorder £79. Solartron
Multiphase signal generator £89. Lab
Variac, cased, 15A, £38. CES Television
Sweep Generator, eight pre-selectable [F
crystal markers, master crystal, etc., £69.
Matching oscilloscope £89 (large cali-
brated screen). Rank Precision Wow &
Flutter Meter £79. Record chart recorder
1mA £35. Variac 8A, £29. Avo Universal
20,000 ohms/volt DC £69. Solartron Sta-
bilised PSU, 0-30v, 3A, metered, £59.
Tektronix 160, 161, 162, 163 Waveform &
Pulse Generator set £75. Mullard High
Speed Valve Tester £75, cards 20p ea.
{min. 100). pH electrodes £10. Centrifuge
£49. Extraction/Ventilation fan 250 cfm,
3-phase £29. Smaller, single-phase £10
ea. Bell & Howell 16mm sound projector
£89. Precision colormeter £75. Myron
Conductivity Meter {(water testing) £35.
instrument 8& watch cleaner £35. Single
10 three phase converter £95.

0403 76236

(2016}

6802 MICRO COMPUTER

This micro is designed for control applications
both in industry and the home. Two models are
available, PIA or VIA. Both are crystal
controlled and have a 5V reg, 128bytes of Ram,
18in/out lines + 2 input lines. The via also has
two 16-bit timers and a shift register. The
programs are held in EPROM (not included).
Types 2716, 2516 and 2732 are accepted, 6802
via kit £19.95. 6802 via kit £21.95. Assembled
add £3. Discount available on 5+ qty.

Orders to: Xanar, 20 Baldwin Road, King's
Lynn, Norfolk PE30 4AN. . {2363}
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SITUATIONS VACANT

Laboratory

of electronic equipment at our transmitting stations.

The person we appoint will be responsible for maintaining laboratory
equipment and preparing practical equipment displays to meet the needs of

teaching demonstrations and equipment training tuition.

Apj}licants should be qualified to HNC level (or equivalent) in electronics

and have previous experience involving the use of electronic test equipment.
Experience of maintaining television equipment would be an advantage.
Salary will be on the range £8.450 - £10,490 according to qualifications and
experience. Relocation expenses will be paid where appropriate.

INDEPENDENIL
I BA BROADCASTING
AUTHORITY

An Equal Opportunities Employer *

Please write or telephone for an application form quoting Ref: WWw/828cc to
Glynis Powell, Personnel Officer, IBA, Crawley Court, Winchester,

Hampshire SO21 2QA. Telephone 822270.

Technician/Demonstrator
(Broadcast Engineering)

The 1BA Harman Engineering Training College in Seaton, Devon, runs
courses for Broadcast Engineers who operate and maintain the widerange

{2376)

BRITISH ANTARCTIC SURVEY
Electronic Engineer

The British Antarctic Survey requires an Electronic Engineerto
join a team using a computer and microprocessor controlled
high frequency radar, known as the Advanced lonospheric
Sounder {AIS), to study the high latitude ionosphere. The
successful candidate will be required to maintain and operate
the equipment at Halley, Antarctica (76°S, 27°W). He will also be
encouraged to contribute to the research programme.

The engineer will be responsible for maintenance of the system
hardware, encompassing a mini-computer, microprocessors,
high power RF transmitter and a variety of instrumentation
using both digital and analogue techniques. He will also need to
be able to understand and modify the system software. The

ARTICLES

TO0 MANUFA

ELECTRONIC COMP

TELEPHONE:

BROADFIELDS & MAYCO DISPOSALS
21 Lodge Lane, North Finchiey, London, N.12

{5 minutes from Tally Ho Corner)
ey ——

CTURERS, WHOLESALERS
BULK BUYERS. ETC.

LARGE QUANTITIES OF RADIO. TV AND
ONENTS 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, SI\EI:EIE%NS’ NUTS, CHOKES, TRANSFOR-
, etc.
ALL AT KNOCKOUT PRICES — Come and pay us a visit ALADDIN'S CAVE

| ARTICLES FOR SALE

THE SCIENTIFIC WIRE COMPANY

811 Forest Rd, London, E.17. Tel. 01-531 0574

ENAMELLED COPPER WIRE
11b L

SWG 2 402 202
Bto 34 £363 £209 £1.10 £0.88

351033 £382 £231 £1.27 £0.93

4010 43 £6 00 £3.20 £2.25 £1.61

#1047 £8.67 £5.80 £349 £215

a8 £15.96 £9.58 £6.38 £369

SILVER PLATED COPPER WIRE
141030 £9.09 £520 £293 £1.97
TINNED COPPER WIRE
141030 2397 f241 £1.33 £0.94

Fluxcore Solder  £5.90  £3.25  £182  £0.34

Prices include P.&P. and VAT. Orders under £2 add 20p.
S.a.e. for list of copper and resistance wire. Dealer
enquirias welcome. (3063)

MILLENIUM MICROSYSTEM DESIGNER
with 8086 personality module, price £1,600 0.n.0.
Also Powertran PSI80 microcomputer and moni-
tor, price £120. Tel. 041-644 3455 or write Clark,
54 Woodbank Crescent, Clarkston, Glasgow G76
7DR. (2398)

CHEAP COMPONENTS. Full spec items at
unbelievable prices, also kits for magazine pro-
jects, and design, prototype manufacture of con-
sumer and industrial systems. Piplet Marketing,
Two Bridges, Blakeney, Glos. (2395)

FOR SALE

445 0749/445 2713

{1613)

project team works in close co-operation with university and
government groups, both in the UK and abroad, some of whom
have their own equipment alongside the AIS {e.g. Fabroy Perot
interferometer, all sky camera, riometer array).

As the stationis isolated for most of the year, the ability to work
without detailed supervision and to solve problems as they arise
is paramount. The engineer will be expected to be adaptable
and to take his share of the general base work.

The appointment will be for a period of approximately 39
months commencing in April 1984. After an initial period of
hardware and software training in Cambridge, the successful
candidate will sail for Antarctica in October 1984 to spend two

LINSLEY HOOD DESIGNS

75Watt and 100W amps
Audio Signal Generators

75Watt amp p.c.b. .
100Watt Mosfet p.c.b.

p&p 50p
S.AE. forleaflets

TELERADIO ELECTRONICS
325 Fore Street, London N9 OPI% T
176.

RACAL COMMUNICATION RECEIVERS

500Kc/s to 30Mc/s IN 30 BANDS 1Mc/s WIDE — RA17 MX1Y
RATTL — E150 - RATJE — £225 NEW METAL LOU-
VERED CASES FOR ABOVE £25 EACH. ALL RECEIVERS ARE AIR
TESTED AND CALIBRATED IN OUR WORKSHOP SUPPLIED
WITH MANUAL AND DUST COVER. IN FAIR USED CONDITION
AACAL SYNTHESISERS (DECADE FREQUENCY GENERATOR)

MAYSDE  SOLID STATE FOR USE WITH MA79 - RATI?
RA21T - RAI217. ETC. £100 to £150 — MA250 — 1 6Mc/s 10
316Mcis — E100 to E150 MA2536 PRECISION FRE-
QUENCY STANDARD SMc/s 100Khz £100 to £150
EDDYSTONE RECEIVER TYPE EC9647X SOLID STATE -
SINGLE CHANNEL - SSB — MAINS OR BATTERY POWERED
15 to 27.5Mc/s AND 400 — 535Khz — £100 WITH MANUAL
REDIFON SSB RECEIVER TYPE R4S9 SOLID STATE 10
FIXED CHANNELS  RANGE 1.5 TO 30Mc/s AND 255khz 10
525Khz — POWER MAINS OR BATTERY COMPLETE WITH

1SB ADAPTOR ARUI0A - £100 WITH MANUAL REDIFON TT10
0R TT11 AUDIO TELEPRINTER CONVERTOR — SOLID STATE

Antarctic winters at Halley station. After completion of the
Antarctic tour he may be required to spend a period from May
1987 in the United Kingdom undertaking development work.
Candidates should be graduates in Electronics, Electronic
Engineering, Computer Science or Physics preferably with some
relevant experience.

Salary: From £6,830 per annum plus annual increments.

Applicants should be physically fit, aged between 21and 35
years and must be male as the nature and location of the work
will require the successful candidate to live in premises
provided by the British Antarctic Survey which are only

TESTED WITH CIRCUIT — £25 CREED TYPE 75 TELEPRINTER

TRANSPORTABLE HIGH
TENSION TRANSFORMER
General Electric Model 152 Type 1
100 milliamps, 100 kV. Kenotron recti-
fiers. Fan motor cooling unit. Complete
with covers and handle. Comprehensive
instruction manual included. Realistic
offers.

Mr M. Wright
75 Cherry Road, Enfield, Middx

01-443 1465 (2386)

50 AND 75 BAUOS FOR USE WITH ABOVE CONVERTOR — £25.

0SCILLOSCOPES

7435 DUAL BEAM OSCILLOSCOPES — BMc/s — £45
TEKTRON1X 647, 100Mc/s — DUAL TRACE - SOLIO STATE

£350 WiTH MANUAL. MARCON! TF995 SIGNAL GENERA-
TORS FROM 2Mc/s OR 15Mc/s TO 220Mc/s AM - FM AZM.
£80 A3 £80 - A5 £150 — WITH MANUALS TF2606 OIF-
FERENTIAL OC VOLT METER — 0 TO 1100 voits ~ £100 TF2002
AM SIGNAL GENERATOR 10Ke:s TO 72Mc/s £300
TF2002AS - FM AND AM SIGNAL GENERATOR — 10Kc/s T0
72Mc/s - £600 TF21708 DIGITAL SYNCHRONIZER FOR ABOVE

£350 TF10668/6 — FM  AM - SIGNAL GENERATOR
10Mc/s TO 470Mc/s -~ £300 TF1245 CIRCUIT MAGNIFICATION
METER AND TF1246 0SCILLATOR - £200 H.P. SIGNAL GENER-
ATORS - 6208 — 770 11 GIGS — £150 608 - 10 — 420Mc/s
£70 B12A - 450 1200Mc/s -~ £200 MARCON! AF WATT
METER CT44 NO1 ABSORPTION - 200 MICROWATTS T0 &
WATTS — IN 10 RANGES SWITCHEQ - 2150 Ohms - £45

T AF WATT METER — | MILLIWATT T0 10 WATTS
25 Ohms TO 20K Ghms IN 48 STEPS — £65 THYRISTOR TEST

equipped for male accommodation.

Low income tax. Clothing, messing and canteen are provided
free on base and free messing on the voyage.

For an application form and further details, please write to:
The Establishment Officer, British Antarctic Survey, High Cross, l
Madingley Road, Cambridge CB3 OET.

Please quote ref: AS 3/84
Closing date for applications: 19th January, 1984.
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NATURAL ENVIRONMENT RESEARCH COUNCI(Iz.a )

€TSS VOLTAGES UP TG 2KV — £100. TEKTRONIX

DEC FPP8-A
Complete “Fortran |V Accelerator
Package” for PDP-8/E or 8/A, in-
cluding very fast FP Processor, 12
siot Exp. Box and all 0S8-F4 soft-

ware
Price: £1,800 (0.n.0. schools only}
Tel: Brussels 02-218 45 20 between
26 (2392)

SET
20027 GRAPMIC COMPUTER TERMINAL WITH JOYSTICK
£400 TEXTRONIX 4601 HARD COPY UNIT FOR USE WITH
ABOVE - £150 - BOTH UNITS FOR — £500. RACAL DIGITAL
COUNTERS. TYPE 801M — 125Mcis — £50 RACAL 836 COUN-
TER - 35Mc/s - £50

V.AT. AND CARRIAGE ON ABOVE ITEMS EXTRA
ALL ITEMS ARE BOUGHT DIRECT FROM HM GOVERNMENT,
BEING SURPLUS EQUIPMENT PRICE IS EX WORKS. S AE. FOR
ALL ENGUIRIES. PHONE FOR APPOINTMENT FOR DEMON:
STRATION OF ANY ITEM

'S RADIC
WHITEHALL WORKS, 84 WHITEHALL ROAD EAST
BIRKENSHAW, BRADFORD BD11 2ER
TEL: {0274} 684007

WANTED REDUNDANT TEST EQUIPMENT RECEIVING

AND TRANSMITTING EQUIPMENT VALVES PLUGS AND
SOCKETS - SYNCHROS, ETC {B48)
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CAPACITY AVAILABLE

Consultancy,
Service.

CIRCOLEC
THE COMPLETE ELECTRONIC SERVICE

Artwork, Circuit Design, PCB Assembly, Test & Repair Service, Q.A.
Prototypes, Final Assembly. Full PCB Flow Soldering

Quality workmanship by professionals at economic prices.
Please telephone 01-646 5686 for advice or further details.

TAMWORTH MANOR
302-310 COMMONSIDE EAST, MITCHAM

(1391)

ANALOG COMPUTERS LIMITED
CAPACITY NOW AVAILABLE FOR:

Design & Development, Complete Artwork Service, Camera
Work, Prototype thru to Production PCB Manufacture/Assy.

§ Cork Street, Eccles, Maidstone, Kent, ME20 7HG
TELEPHONE (0622) 79987 TELEX 965633

chartpak
stockist

{2348)

TW ELECTRONICS LTD
THE PCB ASSEMBLERS

More and more companies are investi-
gatin? the advantages of using a profes-
sional subcontractor. Such an undertak- |
ing requires certain assurances.

TW 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 (1468)

FOR THE BEST PCB SERVICE
AVAILABLE

% Circuit Design & Development
Digital and Analogue

* Artwork Layout
Wwork cf the highest standard by experienced
draughtsmen. No minimum charge.

* Board Manufacture
Prototype to semi-production, excellent rates,
24-hour prototype sarvice from filmwork.

* Wiring & Assembly
PCB assembly, wiring and cable forming by
qualified staff.

* Test
Full test facilities available. ¢ |

One or all services avail-
sble, no order too small.
Please telephone Chalms-
ford (02?_5) 357935, or write

to HCR . The In-

dustriaf Unit, Parker Road, '

Cheimsford. (1169]
—

Thamescity Limited

Electromc {Analog and Digital), electro pneu-
matic and control systems, R. & 0. faciiities for
long or short run assembly and test to your
design cr ours at our new Maidstong facility. |

1

48 Souttwark Street
London SE1 1UN
Tel. 01-407 7441
Telex: 8954665

2281}

DESIGN AND CONSULTANCY of micropro-
cessor, digital and analogue equipment. Complete
service from feasibility and design to prototype
and commissioning. Advice on test and design of
dedicated test equipment or ATE. DPM
Electronics, 24 Timbermans View, Basiidon,

Essex. Tel. 0268 558831. (2295)

{
)‘ TURN YOUR SURPLUS Capacitors, tran-

|-

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 (2902)

MENDASCOPE LTD

Repair and recalibrate
oscilloscopes
All makes — all models
MENDASCOPE LTD
Otter House, Weston Underwood
Olney MK46 5JS

Tel: Bedford (0234) 712445
(2230)

sistors, et¢, into cash. Contact COLES-HAR-
DING & Co., 103 South Brink, Wisbech, Cambs.
0945-4188. Imm- Jdiate settlement. We also wel-
come the opporunity to quote for complete fac-
tory clearance. (9509

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)

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

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: 01-993 1852/3660

{2203)

PCB's

W WYY

Printed Circuit Boards
to your specification

from artwork through to b
finished board.

-
QUICK DELIVERY -~
COMPETITIVE PRICES

ks

R A

LT

35 Grosvenor Road
Twickenham, Middlesex
TEL.01 8911923/1513 Telex: 295093

FREE PROTOTYPE of the finest 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 assembd}
to sample or drawings. McDeane Electricals 1.,
19b S:ation Parade, Ealing Common, Lcadon

WS. Tel: 01-992 8976. (169

ARTICLES WANTED

SURPLUS

We offer good prices for test equipment,
components, redundant computers,
PCB's connectors. Immediate settle-
ment.

TIMEBASE

94 Alfriston Gardens
Sholling, Southampton SO2 8FU

Telephone: {0703) 431 323
(1832)

ANTIQUE RECEIVING
VALVES

Unused and boxed
In large quantity

Tsutom Yoshihara

} €1-105, Deguchi-cho 34
Suita-shi, Osaka 564
JAPAN {2055)

WANTED

Scrap and re-usable mainframe
computer and industrial electronic
equipment.

E.M.A. Telecommunications Engi-
neers, Orford, Woodbridge, Suf-

folk. Tel. 039-45 328.
{1720)

BOX NOs.

Box number replies should be
addressed to:

Box NO.....covvevnnn
c/o0 Wireless World, Quadrant House
The Quadrant, Sutton, Surrey SM2 5AS

ARTICLES FOR SALE

BRIDGES, waveform/transistor analysers. Cali-
brators, Standards. Millivoltmeters. Dynamome- I
ters. KW meters. Oscilloscopes. Recordzrs. Sig-
nal generators — sweep, low distortion, true |
RMS, audio, FM, deviation. Tel. 040 376236.
VALVES, PROJECTOR Lamps, 6000 types, list
75p, world wide export. Cox Radio (Sussex) Ltd.,
The Parade, East Wittering, Sussex. Phone (024
366) 2023. (1991)

LAMPS AND CABLE. Large 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)

WIRELESS WORLD- JANUARY 1984

ENCAPSULATING EQUIPMENT FOR coils,
transformers, components, degassing silicone
rubber, resin, epoxy. Lost wax casting for brass,
bronze, silver, etc. Impregnating coils, transfor-
mers, p Vacuum equip low cost,
used and new. Also for CRT regunning metallis-
ing. Research & Development. Barratts, Mayo
Road, Croydon CRO 2QP. 01-684 9917. ~ (9678)

EX WD Radio equip and test equij

Over 500 sets in stock from £8. Send 50p for
illustrated catalogue (including £1 voucher).
Weirmead Lid. 129 St. Albans Road, Watford,

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 8RU. Tel. 01-405 4127/0960. (9797)

Herts. Tel: Watford (0923) 49456. (1974)

PX25, PP5/400, PX4, PP3/250 VALVES, new or
used, high prices offered. All other valves con-
sidered for purchase, small or large quantities.
Vintage Wireless Co., Cossham Street,
Mangotsfield, Bristol BS17 3EN. Tel. 0272
565472. (2360)

l

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 & B RADIO

86 Bishopsgate Street
Leeds LS1 4BB
0532 35649

PHONE YOUR
CLASSIFIEDS TO
IAN FAUX ON
01-661 3033

10:



28 RANGES
EACH WITH
FULL

OVERLOAD
PROTECTION

v

0%, g
oy £30 95 d §

OTHER features: Auto polarity, auto zero,
battery low indicator, ABS plastic case
with tiit stand, battery and test {eads in-

Lcluded, optional carrying case. _;/

o T | ANALOGUE HM1028Z WITH CONTENUITY
6010 & 7030 MODELS ‘dr = ‘P‘ BUZZER AND BATTERY SCALE
SPECIFICATION { : HM";gw * DCVoltage: 05,1, 35,10, 25 10
¥ i 50, 1 volts 20,
T JampACOC o f P ;é, £13 g 82 ohms/volt
ﬁ:smary, single 9V drycell Lfe : 9 -00 * AC Voltage: 0-10, 25, 100, 250, 1000
+ Dimensions: 170 x 89 x 38mm A o VSO
; . Dacibels: 20to +22d8
* Weight: 400g inc. battery * DC Current: 0-50, 500uA, 0-5, 50
L S mant, B0uA 1> A somatoa <
E urrent: to E *
: gg\\’,"ll?ge: %%%mll‘toz%%\év . Chmmeter (rlansge'\:egohms in 4
bltage: o i 3
* Resistance: 20002 to 20M() ! . SQohms CentrgSCaley
Power Supply: One 15V size ‘A
* Input Impedance: 10MQ L battery lincl)
L s .

Display: 3% Digit 13mm LCD
* Ofload Protection: All ranges o

ARMON ELECTRONICS LTD.

Cottrell House, 53-63 Wembley Hill Road

Wembley, Middiesex HA9 8BH, England
Telephone: 01-902 4321 (3 lines). TELEX No. 973985

Accurate Digital Multimeters at Exceptional Prices

e

* Size & Weight: 135 x 91 x 38mm,
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

ﬁ or % accepted y

——
WW — 008 FOR FURTHER DETAILS
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P8000 — THE PRODUCTION PROGRAMMER
THAT HANDLES ALL NMOS EPROMS

2704
2708
2716(3)
2508
2758A
27588
2516
2716
48016
2532
2732

ueT 2732A
68732-0

Checks, Programs, Compares up to 8 devices simultaneously 68732'1
‘Handles all NMOS EPROMS up to projected 128K designs

with no personality modules or characterisers — See list 68766
Easy to use, menu driven operation for blankcheck, program,

verify, illegal bit check, checksum, self-test 68764
Constant display of device type, mode and fault codings

Individual socket LED indicators for EPROM status 2764
Comprehensive EPROM integrity checks — lllegal bit check,

data and address shorts, constant power line monitoring

Full safeguard protectic;n on all sockets 2564
Automatic machine self-test routine

RS232C interface supplied as standard M K2764
Powered down sockets VAT

Cost effective price — £695 +

Available from stock 251 28

Write or phone for more details 271 28

B e

GP Industrial Electronics Ltd,  toiix¥es" 72 =%

Unit E, Huxley Close, Newnham Industrial Estate, Plymouth PL7 4JN
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FERRANTI £ZNA45
EVALUATION KI

g RN Ll = T NI 1]

T
3 2.

If you're the sensitive type,

checkoutthe new ZN451 DVM

Measuring microvolt signal levels is
easy with the new ZN451 DVM IC. It’s the
first DVM that auto-zeroes external signal
conditioning circuits to give full-scale
readings as low as £1.999 mV with no zero
adjustment.

Two logic outputs are provided to
control external analogue switches, allowing
op-amps and other circuits tobe put inside the
auto-zero loop and have their offsets
cancelled by the ZN451’s digital auto-zero
system.

Use the ZN451 with pressure
transducers, thermocouples, strain gauges or
any low output transducer.

Tomakeiteven easier there’s the ZN451
Evaluation Kit, which contains everything *
you need to make a2mV DVM, available from
your Ferrantidistributor price £29.50 inc. VAT.

X,

1980 * Batteries not included

Distributors:
Celdis, Reading, Tel: 0734 585171
Famnell Electronic Comps,, Leeds,
Tel: 0532-636311
Intel Electronics, Henlow,
Tel: 0462 812505
STC Electronic Services, Harlow,
Tel: 027926777
Midwich Computer Co,, Bickinghall,
Tel: 0379 898751
Semicomps, Keighley, Tel: 0535 65191
Semicomps, Kelso, Tel: 0573 24366
Swift-Sasco, Crawley, Tel: 0293 28700

Ferranti Electronics Limited,
Fields New Road, Chadderton,
Oldham OL9 8NP, England.

Tel: 061-624 0515 and 061-624 6661
Telex: 668038

FERRANTI

Semiconductors

WW-003 FOR FURTHER DETAILS




