ECTRONICS COMPUTING COMMUNICATIONS BROADCASTING  AUDIO AND VIDEO

ireless
world

DECEMBER 1982 80p

Picotutor

o
—
-~ “d
-

- ' —
- = Te he
¢ 3 e
N s o o
‘* , “_ L -
4 <
2

Software crisis

Computg' €
Dlgltdrecordmg

F '|
Compact disc A,
- . USA $375 . I

U l
4 any DM, 7.00 |
r n DRA. 19000
“ Holland DFL. 850
ltaly L 3700

New Zealand NZ$ 3.00
N rwayNKR 2600




Directional power meter TVIIO
leads by a head

© | Famell [ .




|

FLECTROMCS CONPUTING COMMUMCATIONS BROADCASTING ALDIO AND VIOED

Photographed by Michel Mathieu,
the front cover shows a Thomson-
CSF laser diode for fibre
communication systems.

NEXT MONTH

J. Tait discusses tracking digitai
filters for servosystems in which
synchronous generation and
filtering provide accurate feedback
conditioning over wide frequency
ranges.

Program development for the
Nanocomp eprom is simplified by
a method for developing software
in the locations it is intended for,
shows G. Bettridge in Eprom
development aid.

Data acquisition on a Pet, by two
authors involved with education,
describes circuits and software for
reading analogue and digital
signals on a microcomputer
widely-used in research and
teaching.

Matching tuning diodes by A.
Maciejewski gives a program for
selecting variable-capacitance
diodes for use in critical circuits
such as the r.f. and oscillator u.h.f.
receivers.

Current issue price 80p, back issues (if
available) £1, at Retail and Trade Coun-
ter, Units 1 & 2, Bankside Industrial
Centre, Hopton Street, London SE1.
Available on microfilm; please contact
editor.
By post, current issue £1.23, back issues
(if available) £1.80, order and payments
to EEP General Sales Dept., Quadrant
House, The Quadrant, Sutton, Surrey
SM2 5AS.
Editorial & Advertising offices: Quad-
rant House, The Quadrant, Sutton,
Surrey SM2 5AS.
Telephones: Editorial 01-661 3500. Ad-
vertising 01-661 3130.
Telegrams/Telex: 892084 BISPRS G.
Subscription rates: 1 year £14 UK and
£17 outside UK.
Student rates: 1 year £9.35 UK and
£11.70 outside UK.
Distribution: Quadrant House, The
Quadrant, Sutton, Surrey SM2 5AS.
Telephone 01-661 3500.
Subscriptions: Oakfield House, Perry-
mount Road, Haywards Heath, Sussex
RH16 3DH. Telephone: 0444 59188.
Piease notify a change of address.
USA: $44 surface mail, $98.30 airmail.
US subscriptions from IPC B.P., Sub-
scriptions 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.
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CX80 COLOUR Taslowiprica

MATRIX PRINTER £795 VAT

At last a low-cost Colour Matrix Printer for
Text, Graphics, Histograms, Colour VDU
Dumps, etc.

Colour printout is quickly assimilated, | |
makes graphics more understandable | |
and is an ideal medium for the presen- |
tation of complex data or concepts. |

Compatible with most microprocessors, prints in 7 colours — sophisticated internal
programme makes the CX80 easy to use.

Dot Addressable + 15 user programmable characters, 96 ASCIl and 64 graphics
characters in rom. Centronics interface with RS232 and IEEE488 options. Apple Il
interface gives dot for dot colour dump. New viewdata interface prints out two pages
side by side in full colour. See Prestel 200650.

The CX80 is a product of our own design and development laboratories. It represents
a British breakthrough in colour printer technology. Colour brochure on request. OEM
pricing available.

Portwood Industrial Estate, Church Gresley
Burton-on-Trent, Staffs DE11 9PT
Burton-on-Trent (0283) 215432, Telex: 377106

3 i W '
LOW DISTORTION LASTCHANCE AT THIS PRICE.
Aunlo SIGNAI. GENERATOH q METALFILM RESISTORS 1% Tolerance, V4 Watt
4N
& -
100R 1k 10k 100k
110R 1kl 11k 110k IQNLY 3p EACH]
— j20n 2 a2k B High Quality High Stability,
L] = g DISTORTION .002%h(1Khz) :Zgg }:g :g: :653: Huge Strength.
L L % Range 10hz — 100 khz Mimmum order £20
b S5 QUi v (600 hrms) B2 I @ | e,
e |- Sine/Square . 220R %2 22k 220k 89 Values (E24)
o , Coarse/Fine Attenuation 240R 2k4 24k 240k
e \, ‘ 270R 27 27k 270k VAT, p&p inclusive.
= N 300R 3k 30k
£41.60 0’ - 3308 3k3 33k 330
(P&P £2.25) L =9 o | 360R 3K6 36k
. - . GO | 390R 3k9 39
Eg““f—-w*’""“ Based on a Linsley Hood design :‘;g: ﬁ; :‘;: 4708
510R 5k1 51k
Also available in kit form and alternative versions, i.e.: battery or mains. With or without { | ggg: g:g gg: 560k
frequency meter. 3 680R 6k8 68k 680k
Literature on these units, R.F. Sig. Gen., T.H.D. meters, MVMT, Function Generators and § | ;;’8: Z{? ;2: 820k
many other instruments is available on request. I 910R 91 91k ™ 4 GOLDEN SQ
TELERADIO ELECTRONICS, 325 FORE STREET, LONDON NS OPE | T !
Telephone 01-807 3719 Closed Thursdays | ORION SCIENTIFIC PRODUC s LTD LONDON W1

WW -~ 072 FOR FURTHER DETAILS
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?§\THE TL100 HAS BEEN DESIGNED FOR THE PROFESSIONAL ELECTRONICS, TV OR
. %\ INSTRUMENT TECHNICIAN. CONSTRUCTED FROM HARD-WEARING ABS WITH Mﬂvm‘- .-
Yoy %&\ STRONG ALUMINIUM FRAMES, TWIN HANDLES AND TOGGLE LOCKS. A
‘“o,,v %, \, MOULDED TRAY IN THE BASE, A COMPREHENSIVE 2-SIDED TOOL PALLET
. A’@e 2 % N THAT IS REVERSIBLE WITH SPACE FOR OVER 40 TOOLS. THERE IS SPACE
6'%:460"(9 N\, FOR DOCUMENTS AND A HEATSINK FOR A HOT SOLDERING IRON.

) o, €,

& O el
” (@;ooo Q;%O’\-\ ALSO AVAILABLE IS THE TL99 17in. X 12in. X 6in. £39.90
R Y, Ko, 4 N\

“g, \* DISCOUNT STRUCTURE FOR MULTIPLE USERS ONLY

%, %,

S
T b B, B0 e, S SIZETL100 18in. X 14in. X Gin,

WW — 036 FOR FURTHER DETAILS
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Electronic Brokers are Europe s leading Second User Equipment Company. We carry large stocks of the very latest test
equipment which is refurbished in our own service laboratories and calibrated to meet the manufacturer’s sales specifications.
When you buy used equipment from Electronic Brokers, it tan be yours in just days. No waiting for manufacturers lengthy
production schedules. All equipment is fully guaranteed.

ANALYSERS

Hewlett Packard
3580A Spectrum Anslyser SHz-50KHz

................ .£2950.00
1417/85528/8555A 10MHz-18GHz
.......... $750.00
3324 Distortion Meter SHz-600KHz
£495.00
3582A Sé)ecu*um Analyser
0.02Hz- . .£6350.00
S5420A Digital Elnal Analyser ¢/w Dn%rm
Filter 544708, A/D Converter 5441 OA!
B407A/B412A Network Analyser
..... £1950.00
B8505A Network Analyser S00KHz-1.3GHz
.£21500.00
8557A Spectrum Anaiyser o} 01 Z35C)MH(Zm
Marconi
TF2331 Distortion Meter 20Hz — EDKHz
5.00
8o|nrtron
1172 TFA. £4000.00
Tektronix
7001/F2 Logic Analyser in 7704A
Mainframe ..£4950.00
BRIDG ES
arconi
TF1 245/TF1246 G Meter 4OKHZ~50KHz
................ 0.00
TF1313A0.1% LCR Bridge . 5775.00
TF2700 1% LCR Bridge £345.00
TMA4520 Set of Inductors £350.00
Rohde & Bchwarz.
LRT [BNG6100] Inductance Meter. 1pH-
100;4H 2.2-2B5KHz . £395.00
Wayne Kerr
BB642LCR0C.1% .£795.00
SR 268 Source & Detector, ... .. £875.00
DVM’s AND DMM’s
Datron

1041 Multifunction DVM with options
01-True RMS AC 02-4 Wire ohms.
B801-BCS ouLBUL .£550.00
1059 Bench DMM 5 1/2 digit DC and True
RMS AV volts and current. + resistance
£700.00

BSDOA 5% DI%IL DC only 1uV sensmwty 5
ranges to1 00

PM 5”23 01 LED 3% Digit DMM . £95.00
Solartron.

7055 Microprocessor DMM. Scale Length
20,000. AC/DC volts, resistance. 1.V

resolution. . . . .£495.00
FREQUENCY
COUNTERS

Hewlett Packard

5340A 8 Digit 10Hz-18GHz ... £3750.00
Marconi

TF2431 8 Oigit 200MHz Unused. £200.00
TF2432 B Digit 520MHz. .. .. .. £275.00
OSCILLOSCOPES

HMA.% 20MHz Time Base Delay AS NEW

CONDITION .£300.00
Hewistt Packard

1821 StcraO%A e Mainframe. .. . £1400.00
1B0SA 100MHz 4 Channel Plug in

........ céooo 00
1B821A Timebase Piug In .£1000.00
Philips

PM3232 Dusl Beam 10MHz ... £495.00

PM 3234 True Dual Beam Storage
Oscdlcscope 10MHz New CRT. . £1750.00
M 3244 50MHz 4 Channel Delay T'Base
1500.00
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Tektronix.
475 Dusl Trace 200MHz Portabie
ce....... £2000.00
485 350MHz OT Delay Portabie
,,,,,,,,,,,,,,, .£4250.00
792201 15MHz DT Scope Diff. \ngut
15.00

200C Trolley for 400 Series .. ... £120.00
73131 OOP\XHZ Storage Mainframe
- , X £2225.00
7603 100MHz Mainframe. . . . £1300.00
5440 S0OMHz Mainframe . £1000.00
5441 50MHz Variabie Persistance Storage
Mainframe £1600.00
7104 1GHz Scope Mainframe
. £10000.00

7904 500MHz Msinframe ... . 4500.00
S1 Sampling Head. As New . .. ... £450.00
7014 Digital Counter plug-in 525MHz
850.00
cass 00

PE015HV Probe.
Tsiequipment
DMB3 Storage Oscilloscope Fitted with
2xV4 Plug»ms to grve 4 Trace 15MHz

..... . £1350.00

Texscan.
DU120 12" Display .£425.00

Hewlstt Packard

7040A X-Y Recorder 1V/inch .. .. PDA

7045A X-Y Plotter T'Base Metric
.... £1150.00

Wntannbe

WTR 281 6 Channel Chart Recurder

SIGNAL SOURCES

Hewiett Packard.

4204A Decade LF Oscilliator. 10Hz-1MHz.

1mV-10V into 6008 .... .E£695.00

6068 AM Signal Generator. 50KHz-

65MHz. AMD-95 £850.00

60BF 10—455MHZ AM/PCM Modulation
........... .£600.00

GHz int or ext PCM/FM

£1000.00

950.00

0 1mV-3 16V £415.00
3320A Frequency Synthesnzer 0. O‘I Hz-

13MH 95.00
861 SA S|gnal Generator 1.8 — 4. 5GHz
,,,,,,,,,,,,,, .£2000.00
BBEOC + 882508 Sweep Oscnlator
B-12.4 .P.C.A.
Marcom

TF144H/4 AM S:gna| Generator. 10KHz-
72MHz. 2uv-2Vv T 0.00

TF20028 AM/FM 10KHz- BBMHz
,,,,, £1200.00
TF2120 0.0008Hz-100KHz Waveform
Generator .£900.00
TF21708B Synchromzer for TFEODEB
........................... 450.00
TF2008 AM/FM 1OKHz-5‘IOMHz built in
sweeper. Output 0.2,V-200mVE3S500.00
TF2016 + TF2173 Synchroniser AM/FM
10KHz-102MHz. .£2000.00
TF2169 Pulse Modulator for use with
TF2015 or TF2016 .. .£200.00
TF 2000 AF Signal Source . . . .. .. £365.00
TF2015 + TF2171 Generator &
Sznchronlser . ....£1850.00
TF2120 Waveform Generator 0.0008Hz-

100KHz Sine, square, triangular and ramp

....................... £850.00
TF2950 Mobile Badio Test Set 65—84
84-108, 138-180, 420-470

550 00
TF9958/5 AM/FM EOOKHZ-QQCIMHZ
- .£695.00
Phlll 8.
PMBASS Stereo Generator. .£250.00

Racal

9081 AM, FM, Phese and Pulse Synthesized
. 2200.00

5-520MHz
Radiometer

SMG1 Stereo Generator
Telonic

1006A Sweep Dscillator 450 — BSOMHz

Waveatek

145 20MHz Pulse/Function Generator
£850.00 149ANTSC TV Test Sig Gen .

TEKTRONIX PLUG INS

5A48 Oual Trace Amp OC-50MHz

5842 Delay Timebase.

7413 Diff. Comparator Amp. DC-105MHz

7A18 Dual Trace Amp. DC-75MHz
7A22 Diff. Amp. DC-1MHz 104V/0iv
7A29 Dusl Trace Amp. DC-1GHz

7850 Timebase . . ..

7853A Dusl Timebase For use in 7800
7829A Dual Timebase For use in 7900

series . ...

7014 Digital Counter. 525MHz EBSO 00
..£575.00

7M11 Duai 509 Delay Line

TMS01 Mainframe {1 wide
TM515 Mainframe (5 wide]

£150.00
£350.00

TEKTRONIX TV TEST
£373.00 EQUIPMENT

50.00

141APAL Test Signal Generator
£1750.00

148 PAL insertion Test Generator

1421 PAL Vectorscope

.£1500.00

Bruei & Kjaer

.£4000.00
£5750.00
£1250.00
1481C PAL Waveform Monitor £2500.00
1485C PALNTSC Dusl Standard

£400.00 Waveform Monitor £2950.00
..£600.00 655HR-1 TV Colour Picture Monitor
[NTSC +PAL + RGB] £3800.00

5.00 MISCELLANEOUS

450.00 %209 Sound Level Meter £975.00
mar
525.00 2085 AF Power meter 20Hz-30KHz
10uW-50W input imp 1.2-1000 2
 £1250.00 : " £250.00
.£275.00 errograp
RTS1 ?est Set £295.00
5.00 RTS 2 Test Set £355.00
5‘8“:‘3(“ C/0C Diffy | £615.00
Al ifferential o
i aao0i00 845 AB Nu|| Detector £610.00
Seff  Contained.

3010A guester,

$1 Sampling Head {unused) . .. .. £450.00 EOFH:!’JLG: ;ull 5
aw! ac 8"

TEKTRONIX TM500

SERIES MODULATOR

OMB02A True RM S 3% digit DMM
DC503A 125MHz Counter. . -

DC505A 225MHz Counter
DDS01 Digital Delay

FG501 Function Generator 0.001Hz-

1MHz

FG503 Function Generator 1Hz-3MHz

ZGOSOA Function Generator 0.001Hz-
PG508 Pulse Generator SHz-50MHz
...£800.00

SC502 15MHz Dusl Trace Scope,

SC504 80MHz Dual Trace Scope

SGSOS Snnewave Generator 250KHz-

250M

SGSOA Sunewave Generator 245MHz-

1050M|
TG501 Tlmemark Generator

...£950.00

.. £950.00

Btés\?H Power Sensor 1 OOKHz—4 EGHz ‘AS

pec on Request . £8500.00

B8403A Modulator Fitted With 87328 F’IN

52750 00

) gggggg 8745A S Parameter Test Set. Fit,bed wmh
'£800.00 11604A Universal Arms 0.1-2G|
.£495.00

. £375.00 Marc
. £275.00

Rohde and Schwarz

Schaffner

£1000.00
Tektronix
.£1250.00
100MHz 5mv-5
.£850.00

£1650.00

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

e e e

- =

Electronic Brokers | == =
Electronic Erokers Limite

= | == =
| == = - |
- o

61/65 Kings Cross Road

LONDON

C1X 9LN

Telephone: 01-278 3461
Telex: 298694 Elebro G

Latest Second User Test Equipment Catalogue
now-out. Send for your FREE copy

WW - 200 FOR FURTHER DETAILS

TF21 82 M F. Attenuator. 0-111 dB T
TF2502 RFPower Meter OC

NSG 508 Puise Test Generator
191 Constant Amg:hr,ude Sig. Gen 350K

Y
oy

|
d

‘IGHz 1DW
£5

59308A HP-IB Timing Generator. £300.00

5.00
5.00

MSC Stereo Coder 30Hz 15KHz £500.00

£785.00

106 Square Wave Generator 1nS rnseume

10Hz-1MHz without accessories . £175.00
284 Puise Generator 70pS risetime . £950
2901 Time-Mark Generator

£195.00




AUTUMN '82 WR&E
@ MORE PAGES

@ MORE COMPONENTS

@ MORE TOOLS

@® MORE TEST GEAR

@ MORE DISCOUNT
VOUCHERS (3x£1)

€@ MORE BOOKS

Now 128 pages of
components, modules, sub
assemblies from the leading
exponent of components.

WW — 015 FOR FURTHER DETAILS

AT YOUR NEWSAGENT
OR DIRECT

-
RUDID

L The firm for Speakers

Bigger and Better for 1982
the colourful Wilmslow Audio brochure
—the definitive loudspeaker catalogue!

Everything for the speaker constructor — kits, drive units,
components for HiFi and PA.

50 DIY HiFi speaker designs including the exciting new
dB Total Concept speaker kits, the Kef Constructor range,
Wharfedale Speakercraft, etc.

Flatpack cabinet kits for Kef, Wharfedale and many others.

* Lowest prices — Largest stocks *
* Expert staff — Sound advice *
* Choose your DIY HiFi Speakers in the comfort of our %
two listening lounges
(Customer operated demonstration facilities)
* Ample parking *
Send £1.50 for catalogue
(cheque, M.O. or stamps — or phone with your credit card number)

* Access - Visa — American Express accepted »
also HiFi Markets Budget Card.

0625 529599

35/39 Church Street, Wilmslow, Cheshire SK9 1AS

Lightning service on telephoned credit card orders! @@

WW — 048 FOR FURTHER DETAILS

& MORE COILS

& MORE FILTERS

@ MORE HARDWARE

SEMICONDUCTORS

@ MORE INFO

@ MORE INNOVATION
WITH A TELEPHONE
ACCESSIBLE COMPUTER
ORDERING FACILITY

(AMBIT INTERNATIONAL
BRENTWOOD ESSEX CM14 486G

Telephone

Telex

10277)230909 986194 AMBITG

REWTEL

data RS232/300 baud

102771230959

=
DAL MINIATURE
ON-OFF

SWITCH! .
Gold-plated contacts
Sealed base. ldeal for pro
gramming  B-position  at
less than halif

manulac(uvar s prce =
ONLY
T5p

Will fit Mo 14-pin dit
socke* Ten a1 65p ea.; per
100 55p ea.

HONEYWELL PROXIMITY
DETECTOR integral
ampllher Bv.D.C. £35S0 ea
PHOTO CONDUCTIVE
CELL. £1.25 High-power
Cds cetl, 600MW, for
control circuits
Resistance B0 ohm (o 4K
Max voits 240 Size 112 x
in

RIBBON  MICROPHONE
with pre-amp, on chassis,
£1.715

R, P
MULLARD MODULES
P P79
'F Strip AM. FM
From end
Pair £5.75
Complete with Data
LP1186
LP1157
vancap  ped & Long
£5.00 Tuner £2.50

CRYSTALS COLOUR TV

4433619 me/s £1.25
Miniature type sealed

ULTRA SDNIC
TRANSDUCERS  80KC'S.
Complete on 18in

Screened cable. £1.75
each; paits £2.95
ULTRA SONIC

TRANSMITTER. Compiete
unit {uncased requires
1.5V}, £3.25.

FOSTER DYNAMIC
MICROPHONES. 200 ohm
impedance Maving coil
Compiete on chassis £1.75
nait

e
UHF. MODUWATORS
Latest type, adjustable,
ideal for computers
with data circuit
Size 3x2)2x 1 inch
Only £3.50
In screened case

MINIATURE EOGE

LM380 Amplifier .. B5p
LM318N Hi-Slew 0p. Amp.
£150

LM323K, 5v. 3-amp, reg
LM31ON Voit, Foliower
£1.20

mp.
LM3i1H High Perf Voit.

el e
MINIATURE HIGH

QUALITY FANS
"Whisper Model”™ by fo-
ton. Low-power consump-
tion (less than 10 watts)
Siient running. 115v. {two
in senies for 230v )
50/60Hz Size 4¥2 x 412 x
1Y2 gnLy £6 50 EACH

STEREQ CASSETTE
Machanisms 6 or 12 volt.
Complete with Heads +
Erass and Solenoid. Brand
new . £550 o2

TV CENDERGENCE POTS
(uN}

_ INDICATOR METER Comparator £1.00 inch VAT 50
With illuminated dial scale | LM384N, 5-wati Amp £120 - 100 ALL
0-10. £.8.0. 100 microamp L{M393N Dual Com 60p BRANO NEW m S
Size 12 x 112 x V2 deep. | 7905Reg. —%v .. 759 | 50% tess than manufactur- | g°~ =
Only £1.65. er's pnce . .
MONSANTO STEREQ CASSETTE TAPE | WEWLETT-PACKARD EX-MOTOROLA
uahity
Half-inch veplacemenx lor most 5 + 5-WATT
| Display recorders with mounting 5082-7650 CAR
H’QE']'"W"S“V plate Record/Replay £2.80 HIGH STEREO
T MARRIOTT TAPE WEADS }  EFFICIENCY
1 Quarter track AND VERY BRIGHT, AMPLIFIERS

Common anode
14 Pin Qul Package

smnsz‘nzcnnm
PIV 35 amps
‘ﬂx)‘ax‘ﬂm £350

Type
XRPS18 Record/Replay
{each| £2.00
XRPS36 Record/Beplay
(each) £3.00

XES1! Erase leach} . £1.00

Only £1.00 each

Set of 6 for £5
Halt-inch red common
anode will replace

DLI0/14-pin Dl

Complete and tested units
Medium and Long Wave.
Supplled as two built umits

2 = 2n) with circuit
and data Only £5 paw.
Includes pre-amp.

NATIONAL E

Pmchlps e £2.98
f1rs

IN"“ DIODES

Fulb spec but no polamy

band. Per 1,000.

MINIATURE MP C

POTENTIOMETERS. Model
M2. High-quality, 5°

tolerance, 2-watt, with 1in
spindles. Al values, 47
chms-47k only 60p each
per 10; 50p each per 100,

40p each

RECHARGEABLE
BATTERIES
VARTA 36 volts DEAC.
MIAH 225 £150
DRYFIT B-volt. 4.5 amp
£150

XTAL FILTER 107 mc/s
12.508 separation
1lax1laxtinch £7.00

100KC/S + 1 meg. 3-pin
£200

“GHERRY"" ADD-ON KEYPAD

A compact 12-button

[CANLIN eypad suitable for use

| with  Keyboard
“extend s funcuons
pius tour extra keys.

Supplied brand new

A3 x 4 non-encoded §
B single mode keyboard§

QUANTITY DISCOUNTS on ALL items (unless stated), 15% per 10, 20% per 50, 26% per
100. All items BRAND NEW (unless otherwise stated).
Add post 35p per order.

DELIVERY from stock

Callers to: 404 EDGWARE ROAD, LONDON W2 1ED ===

EXPORT enquiries
invited

TELEX 262284 |
Transonics
Mono 1400

01-723 1008/9

g
y

ALL MAIL ORDERS/EXPORT ENQUIRIES 11/12 PADDINGTON GREEN, LONDON, W2
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0

TELESCOPIC MASTS

Pnéumatically operated telescopic masts.
25 Standard models, ranging from 5 metres
to 30 metres.

e

_____12"(
Lo

Hilomast Ltd

THE STREET HEYBRIDGE — MALDON
ESSEX CM9 7NB ENGLAND
Tel. MALDON (0621) 56480
Telex No. 995855

K ) e

Electronic Brokers

O U o Q O
D 0
PRO D DA 0
D D o
0 A 8
DRD PRO D A B
RQ 8 PhP
D D A 0
deo Da ; 8
RX01 D oppy Disk D 2
Diablo Le Q PBA-205 Proce 0
ed s
..... 5 400 Proce
BAA, D
Progrs
A Op
AB 0
B
0 RLO kK O
0 erface D 0pp
00 D and
op
A/D
DS, D 0 bo
00 Co 0
B
S S D
0 BMO D D
D 0 Disk D D
3 D
0 D
D D e
DR Digitall/D
R RX0 8 D
BD RXO g 0
B 01 +PD g D
BD RXO q D
B RX02 + PDP 4 Hoa
06 14MB Add o — 0
611 RKOB OPowe
0 B Add e
0 e
-
H BBa
A36D 0 BBa
A36 0BDB
A D e
A O-PD o
DECprinte R
A180 B
00 0 D
0D A

DAISY WHEEL PRINTERS

NEW LOW PRICE

)] s

HAZELTINE VDUs
SAVE UP TO 51%

> : e : (]
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4
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The European name of Aerosol
KON IAKT Excelience. Special cleaners for all
electrical contacts and switches.

Kontakt 60

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

Kontakt 61

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

Sprax Wash WL

A rapid cleaner for reliable wash-
ing and degreasing of electrical
equipment and components. For
removal of dirt,dqrease, oil, solder-

ing residues and other impurities. 1.0 FRRAD 1.0 FARAD 1.0 FARAD

- e SUPERCAP  SUPERCAP SUPERCAP
+ +

Available from stock NOW!

ALSO AVAILABLE: 5101 1703 1507
C.MOSs Programmable C.MOs
A COMPLETE RANGE OF INDUSTRIAL AEROSOL SPRAYS R.AM. Tuner Chip Microcomputer A
SK10 Soldering Lacquer, K75 Cold Spray, K70 Plastic Spray, K88 Oil Spray, K701 e A SRR ey T AT
Vaseline Sprae KQS Video Spray, K33 Graphite Spray, K100 Antistatic Spray, 1 MONTH 1 WEEK 1 DAY
K101 Fluid Spray and, of course, Positiv 20 positive photo resist for printed i e

circuis Only part of the
Anglia range of n I‘a
Dotails from: NEC components

Special Products Distributors Ltd. ;
81 Piccadilty, London, W1V OHL Burdett Road, Wisbech, COM PONENTS

Tel: 01-629 9556. Telox: 26500 {answerback RACEN). Cables: Speciprod, London, Cambs, PE13 2PS
w1

Telephone 0945 63281 THE PARTS YOU NEED
Telex 32630 ANGLIA G — fast!

WW - 061 FOR FURTHER DETAILS
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ZX81 MACHINE CODE ?

ZX.ASZMIC rom transforms ZX81 into an

s FULL~-SCREEN EDITOR

Sixteen shift keys take you into a world with a word processor feel. A blink cursor
moves at your command to control insertion, rubout, line or string deletion, auto-
scroll & page flip up or down. Text block operations. Ultra-fast editing.

e MULTI-FILE SYSTEM

Declare as many files as you like, with any names you like, & they are automatically
handled by the Operating System. Merge them, delete them, print, save & load them,
& edit them by name. Superb flexibility with a simple but powerful system.

s TOTAL ASSEMBLER

Full Z80 mnemonics, unlimited length labels, ORG & EQU directives, proper assembly
listings with errors flagged on screen or printer. Relocatable object code & options to
facilitate cross-assembly. Interpretive immediate execution available.

s POWERFUL DEBUG

All the usual dump, modify, fill & copy commands; plus breakpoints, single stepping,
context control, the convenience of interpretive execution mode, full use of the names
in your program, Command Macros, autodump, and full operating system interface.

e HI-RES GRAPHICS GComprocsys rimited

255 x 144 resolution under program control to give you truly convincing graphics.
With the power & flexibility of assembler you can really use this high definition.

a3 MUCH , MUCH MORE NAIMER | oy, g e s wrtne < Eoaaaon o s st o0 s S mwls] W ETSE:

Repeat function on all keys. Double height titling on printer. Lots of extras. But more AdAressits adn . o s as el 8 4l s sen . D
important than all these features, attractive though they are, is the fact that ZX. ASZMIC
is an integrated development aystem in which everything fits together to give you a tool
which can satisfy the professional programmer by simplifying all stages of the program
development process. It is excellent for those who are taking the first steps into real
programming but the more expert you become the better you realise just what ASZMIC
can do for you. If you are at all interested in machine code it will be worth your while to
find out more,

S

Aok okod ook o o ol ok b ok ook b oKk ol ok ook ok sk ol ok ol b sk ok ok ok ok 5 ok R

T enclose £39.95. Please rush me ZX,ASZMIC + manual

Sole UK agents:- CAPITAL COMPUTERS LTD.
1 Branch Rd, Park St, St Albans ALl 4RJ .
Phone: 0727 72917. Chequea payable to COMPROCSYS/ASZMIC A/C ‘
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In research, development, testing or production
if you need controlled L.F. power, we can help.
With Amcron amplifiers there’s a choice
of rugged, reliable units, tried and tested in
industry and backed by the service and support
you need.
Just circle the enquiry number, write or
telephone — we’ll be pleased to tell you more.
Amcron products, G.A.S. support — The Control Force.

G.A.S. ELECTRONICS

16, ST. ALFEGE PASSAGE, LONDON SE10
TELEPHONE: 01-853 5295
TELEX: 923393 LASER G
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METER PROBLEMS?

137 Standard Ranges in a variety of
sizes and stylings available for 10-14

days delivery. Other Ranges and
special scales can be made to order

Full Information from:

HARRIS ELECTRONICS (London)

138 GRAYS INN ROAD. W.C.1 Phone: 01/837/7937%
Telex: 892301 HARTRO G

TV TUBE REBUILDING

Faircrest Engineering Ltd. manufacture a comprehensive
range of equipment for processing all types of picture tubes,
colour and mono. Standard or custom built units for estab-
lished or new businesses. We export world-wide and have an-
excellent spares service backed by a strong technical team.

Full training courses are individually tailored to customers
requirements.

tor full details of our service contact Neil Jupp

FAIRCREST ENGINEERING LTD.

4 Union Road, Croydon, CRO 2XX
01-684 1422/01-684 0246

WW - 067 FOR FURTHER DETAILS
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WRONG TIME?

MSF CLOCK IS ALWAYS CORRECT — never gains or loses,
SELF SETTING at switch-on, 8 digits show Date, Hours,
Minutes and Seconds, auto GMT/BST, leap year and
parallel BCD (including Weekday) output, receives Rugby
60KHz atomic time signals, built-in antenna, 1000?(m
range, RIGHT TIME, £69.60.

60KHZ RUGBY RECEIVER, as in MSF Clock, serial data output
for computer, etc., decoding details and ZX81 listings for
LOCAL GMT and SIDEREAL time, £22.20.

V.L.F.1 EXPLORE 10-150KHz, Receiver £19.40.

200KHz Converer, for any Medium Wave receiver, £19.80.

Signal Generator, 10Hz-200KHz, sine, square, £19.70.

Each fun-to-build kit {ready made to order) includes all parts,
printed circuit, case, instructions, postage, etc., money back
assurance so GET yours NOW.

CAMBRIDGE KITS

45 (WM) Old School Lane, Milton, Cambridge. Tel: 860150

{by phone or post)

Complete the coupon
today!

Please allow 28 days for delivery.

| enclose cheque/P.O.forg. ...

WW12/82

’ A low cost tool forlearning, teaching & prototyping.

“Micro-Professor is a low-cost 280 based microcomputer which provides you with an

interesting and inexpensive way to understand the world of microprocessors and utilise
their unlimited potential.

Micro-Professor is a complete hardware and software system whose extensive
manual gives you detailed schematics and examples of programme code. A superb
learning development tool for students, hobbyists and microprocessor engineers, as
well as an excellent teaching aid for instructors of electrical engineering and computer

280 CPU, 2K RAM, 2K monitor, 24 1/0 lines, LED display, cassette interface, CTC/PIO
facility, 2.25" speaker, three manuals, 36 keyboard. Options include; EPROM board,
speech board and printer board.

Please send or telephone for full details.

£7995....

FLIGHT ELECTRONICS LTD. Flight House, Quayside Rd, Southampton,
Hants SO2 4AD. Tel: (0703) 34003/27721. Telex: 477793.

Mail order only @ Trade enquiries welcome @ Bulk order discounts @ Prices include VAT

Please send me: Price Qty p&p
Micro-Professor  £79.95 £2.95
SSB-MPF board £69.95 £295 | science courses.
EPB-MPFboard  £84.95 £295 | Technical specification
PRT-MPF board  £74.75 £295

Total

WW - 052 FOR FURTHER DETAILS
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Alessonin
ergonomics
from AVO

—

1

[THORN EMI|

AVO DIGIMINOR 2000

An ideal tool for maintenance
applications. An economically
priced instrument with

a special buzzer socket for
simple continuity testing
without reference to the
display.

WIRELESS WORLD DECEMBER 1982

AVOMETER 2001

Features a socket specifically
for current testing.
Comprehensive ranges, with
unit and mode displayed on
LCD. Ensures a valic current
measuring mode is selected —
any discrepancy is signalled
by an alarm

THORN EMI Instruments Limited
Archcliffe Road, Dover, Kent CT17 9EN. Telephone: 0304 202620. Telex: 96283

AVO VEHICLE TEST 2002

Designed with co-operation
from a world leader in vehicle
manufacture and service
Accessory kit allows
temperature and charging
current testing. Heavy duty
test leads and comprehensive
handbook available.

The AVO 2000 Series is the hand
held dmm range you'd design for
yourself, incorporating a combina-
tion of design features unmatched
by any manufacturer in the UK.

There are direct entry prod
facilities which, combined with the
weight and size of the instruments,
allow for true one-handed
operation. The 3'2 digit LCD is
located at the base of the instrument
to make the most of the available
light. And positive slide switches
are incorporated to give simple,
dustproof, range selection.

The lead set is fully shrouded at
both plug and socket end for
improved safety and there is a special
hook for PCB testing in the
standard set. Heavy duty test leads
are also available. The 2000 Series
incorporates athree position stand,
non slip safety pads and can be
supplied in either a ‘Test and Carry’
case or a ‘Walk and Work’ harness.

It takes Britain’s leading dmm
manufacturer to appreciate the
needs of the dmm user...worldwide.
AVO 2000 Series is the result.
Contact us or your usual distributor
for further detailed information.

The test of ability

WW — 009 FOR FURTHER DETAILS



. ] OR BF245 30 MPSUBE 60 ZTX326 30 | 2N3822/3 2S5C2166 165
‘ BC2121 10 |BF256A  35|MPU13T  B2|ZTX341 30| 2N3824 65 |25C2335 228
BC213 10| BF256B 45 (DC26 ZTx451 23| 2N3866 90 |25C2547 30
: NI BC213L 10| BF257/8  32/0C28/35 220ZTX500 14| 2N3870 150 | 25C2612 228
BC214 10 BF259 35 |0C36/41 76/ ZTX501/2 15 | 2N3903/4 15 | 25D234 74
Reis Bezie 1o|BF27a 42|0C42/44 75 ZTX503 18 | 2N3905/6 15 | 25K45 90
CARDIFF ROAD, WATFORD, ENGLAND 2 BF336/7  40/0C45/70 40| ZTX504 26| 2N3906 17 |25K288 226
LCOME. AC188 BCZs1® 1% |erast 35(0C71/72 40/ ZTX531 25| 2N4037 48 | 25y83 228
MAIL ORDER, CALLERS WE s BE30T8  1%|Brossass 3007475 so|7TXER0 28 sl 40 Zes s
Tel. Watford (0923) 40588/9. Telex: 8956095 ACY18/20 BC2r/a 15 |BFR39/0 23 /0C76/77 50| oNGSY 23| ZNd0S8 10|32 n
BFR41/79 23(0C81/82 80| 2NEI8 40 INT40 112
DES. | acval/z2 B3/, 1SIBFREO/SY 25(0CB3/84 40| 2Ne3s 48 | 2N 15 20097 120
ALL DEVICES BRAND NEW, FULL SPEC. AND FULLY GUARANTEED. ORDERS g 3%7/ 35 BFRS8 105 [0C170/71 50| 2N706A 19| 2N 45 | 40250 95
BY RETURN Of POST. TERMS OF BUSINESS: CASH/CHEQUE/ BFX29 28 |0C200 50| 2N708 19 | 2N4220 78| 40311 80
PATCHED BY - 120 (BC516/7 40 2N4234/6 48
ER OR ACCESS. GOVERNMENT AND EDUCA- BFX81 45 | TIP29A 32| 2N918 35 | 2Na. 40313 130
P.Os OR BANKERS DRAFT WITH ORD PTED. TRADE AND EXPORT IN. D|BC47/8 12 pexas  28|TIP2SC 38| aNTi3i/2 24| 2NA264 24 | 40315 B0
TIONAL INSTITUTIONS’ OFFICIAL ORDERS ACCEPTED. INDIEIORT I 4218Coa9C  MIGEXESc T3 lTioson 38| amieoy? 28| INsse 8 doms me
QUIRY WELCOME. P&P ADD TO ALL CASH ORDERS. OVE apiez g gcsggg :: BFY18 56 | TIP30C 37| 2N1303 65 | 2N4a289 18 [ 40317/20 80
POSTAGE AT COST. AIRSURFACE. ACCESS ORDERS WELCOME. Al A e Bhen 3 iNnde @ et N @
: AF124/26 70 |BCY34 86 7 80
i ly. Unl tated otherwise, BFY53 32 |TIP31C 39| 2N1308 88 | 2N442 40326/7 70
VAT S e e i 21"5?1'“:‘5,?53 e KO cost Including P& P, AF139 401BCY3S  80\prves/e 32 TIP32A 38(2N1613 30| 2N4B59 78 40347 0
A S B ‘i ituated behind Watford Football Ground. | AF178 75 |BCY39/40 86| gy 35|TIP32C 42/ 2N1670 150 | 2N4871 8540348 120
We stock thousands more items. It pays to visit us. We are situated behin F186 70 | BCY41/42 14 Frst 120 | TIP33A 65 IN16718 180 2N4838 135 | 40360 80
Nearest Underground/BR Station: Watfard High Streat. . EE AF239 55 | BCY4S 50 EFYSO 80 | TIP33C 78 §N2160 135 2N4%01 175 | 40361/2 70
Open Monday to Saturday: 3.00am to 6.00pm. Ample Free Car Parking space available. 3(5:221 1?3 B8CY58/59 35 s 40| TIP3A 74| SN321 46| 2N4921 86 | 40407/8 o
107 BCY70/71 16 N4922 70| 40811 288
ELECTROLYTIC CAPACITORS: (Values in uF} S500v: 10uF 52p; 47 78p; 63V.0.47,1.0.1 5,22.3.3,4.78p: 2 BSC20 29 | TIP34C 88| 2N221BA 25
1010p. 15 22 12p; 33 15p; 47 12p; 68 20p. 100 19p: 220 26p: 1000 70p; 2200 99p; S0V: 66 20p; 100 170:220 | peyon®  12[BCY72  2015S¥oe/20 34|TIP3BA  110| sN3210A o8| 2N5135/6 20| 4odrs g
24p; 40V: 6.8 150: 22 9p: 33 12p: 330, 470 22p; 1000 48p: 2200 0p; 5V 1.6, 4.7 10, 22, 47 8p; 100 1%0: | peigen 1z agnz 125 | BSX78 4 H;ggg :g 2N22§<1J: 28 2mg:§g :: mA 12
150 12p: 220 15p: 330 2p: 470 Fp: 680, 1000 34p; 1500 42p; 2200 50p; 2200 S0p; 3300 7hp; 4700 £2p; | G108 L 2 |BSY26 30 2N22 2
16V: 47,68, 100 9p; 125 12p; 330 16p; 470 20p: 680 34p; 1000 Z7p: 1500 31p; 2200 I6p; 4700 79p. bovoom  ojjpoizny Kes BSyssa  ZiTesec  140) anz2zaa z INSNs % aoswe 106
C109C 12| BD131/32 48 N5190/1 75
TAG-END CAPACITORS: 64V: 2200 139p; 3300 198p; 4700 245p; 50V: 2200 110p; 3300 154p; 40V: 4700 | pe11a/s 291 Doas o> o BU20s 190 TIPAIR 82 anza03 & Moo 7 wz T
160p; 25V 2200 90p: 3300 98p; 4000, 4700 98p; 10,000 320p. 15,000 345p; 16V: 22,000 350p BC117/8  20(BD135 4515208  200| TIP428 68| 2N2369A 18| 2N5305/8 30
— IEMENS pcb | Boisae  oo|SD136/37 Mlaivesc  225(TIP120 70| 2nzavs 80| 2NB457/E 30
POLYESTER CAPACITORS: Axial Lead Type SIEM pe BC137/9 40| BD138/39 40(p .oy 260 TIP121/2 73| 2N2483/4 27| 2N5459 30
400V: 1nF, 1n5, 2n2, 3n3, 4n7, 6n8 11p; 10n, 16n, 18n, 22n 12p; 33n, 47n, 68n 140 30| BD140 40 MD8001T 260/ TIP141/2  108] 2N2646 45 | 2N5485 36
16p; 150n 20p; 220n 30p; 330n 42p; 470n 52p; 680n 1uF 68p; 2u2 82p Type Miniature | BC142/3 30| BD144/45 198 MJ490 90| TIP147 120| 2N2846 80 | 2N5777 45
160V: 10nF, 12n, 39n, 100n Hp 150n, 220n 17p: 330n, 470n 3W0p: 680n380 1uF poly. Capacitors BC147 9| BD158 55 491 175| TIP2955 80! 2N2904/5 28 | ZN5879 190
Q2p; 1u5 46p; 2u2 48p; 4u7 58 BC1478 101 BD205/6 110|o0ce 70| Tips05e 80| ansseely 3| 2NG0? a8
1000V: 1nF 17p; 10nf 30p: 15nwp 22n 36p: 33n 42p; 47n, 100n 42p. 250V: 148 9| BD222 85| NE170  180| TISas 32( 3N2907A 28 | 25A671 280
Ing an3: fma: |BCia8B  q0|Bozas  45|ENELO  lgo|Tisasss 45| oncesen 9| 2SA715  eg
POLYESTER RADIAL LEAD CAPACITORS: 250V FEED-THROUGH | 3n3. 4n7, 6n8. | gC149 9/80378 70| WEIS0 1891 T4 & N 2| 25Cass 70
n, 27n 6p; 33n, 47n, 68n, 100n 7p; 150n, 2200  CAPACITORS 10n, 15n TP | B8ClaC 10/ 8 55 236496 10
10n, 15n, 22n, 27n 6p; 33n, MJE370 100 TIS48 50| 2N3053 26
10p: 330n. 470n 13p; 680n 19p; 1u 23p; 1u5 40p: 2u2 46p. 1000pF/450V  6p ;g: 3;: 27n,3g; gg:g%g fz gggA 1g MJE37)  100| TIS59/74 50| 2N3054 &g | 25C1061 2850
- . 50 25C1096 88
TANTALUM BEAD CAPACITORS B e vary: Crbon. | 39nB6n 125 (BC1S3 11/ BOS96A 126 |MIESZ0 9 L P 4225C1162 30| AF
B0 IuF 022, 033 o 4T s | L O & e (Lnear oriy) Singie | 82100 11 BCieoa o BDYSE  180|\yergss  98|uCTas 68| sNa2es e |25C1173 128 CHOKES
10,15 6p: 22,33 180; 4.7, Ssﬂsnfo Gang Bp | 100V: BC16SC 10| BF11s 39 |MJE3055 70| VK101 80| 2N3302 30 |25C1306 100 | painiaciire
10 28p: 16V: 2.2, 3.3 16p; Single GangLog & Lin ~ 30p | 100n,120n  10p MPE102 40/ VNIOKM 88| 2N3441/2 140 | 25C1307 150
18p; 15, 36p; 22 30p; 33, 47 40p; 100 | SKQ- o o [, 78 | 150n,180n 12p | BC16IC 10/ BF164/8 25| okt 30l UNaeAF 78 2N3614/5 199 | 25C1449 85| PCB ty
Top: 10v: 15, 22. 260: 33, 47 %p: 100 | SKAZMA Single Carlo DIPSwitch 00 | Joom370n 185 | 8170 WIBEIET  Zimprica 30| VNGSAF 80 2N3663 1% |25C1678 40| TuH. 2,
| S6p: 6V: 100 42p. 3on 3000 20p | BENIZ WIBRITE 2iprios 30 VNBSAE 34| 23702/ 10 |2SCIETS 10| 4u7. T0u. 22u.
W, | BN | SR B (e Rion RS BURE Manl $RaE m R
100V: I1nF, 2, 4, 4oF, 3 . . . 28C1953 90 u, u
300, 40n, 471 Jo: S6n, 100n, 200n 391 | SKI 500K 200 gine | Mhe B (BCm  m|Bhae Ja(MTSA®  ZIpae 12l angoen 10|23 xp
SONIIONG 120, Self Stick Graduated Bezel “0p Biga”  10|BEISH/S  38upsass  30|ZIX00 13| 2N3N3 | 140 2501009 maolmimby, it
CERAMIC CAPACITORS S0V oof, | PRESET POTENTIOMETERS Toleghonsofders 1gCisaL  To|BFiser7 12 (MESABS 30| ZTX301 18 T 11 135C20%8 210! Jomi ;
Range: 0-5pF to 10nF dp. 150%; 220F. | w500 5MQ Miniature oo ooty |BC183L 10| BFisaie 18 MPSUOZ  58)ZTX302 18 U 25C2078  170| 22m,  33m,
33nF; c?ar: Sp. 100nF/30V 7p. Vertical & Horizontal | 1%: nho:ovgur:v;l:r C184L 10| BF200 80 MPSUOG 52| F1xs 3 %mgmg 22 2562091 85| 43m s0p
200nF/6V 8p. 0-25W 1000 3-3MQ horiz. larger rough, w BC186/7 26| BF22dA 25 25C2314 85| 100m Top
S 0-25W 2000 4-7MQ vert. 10p rest 8C212 10| BF22a8 29 |[MPSUS2  68|ZTX314  25/2N3820 38 R
POLYSTYRENE CAPACITORS: NE534 150 TLO74CN 100 | 7473 26 | 74196 46 | S475 g25|LS173
10pF to 10F 8p; 1.5nF to 12nF 10p COMPUTER | 8253 ] | LINEAR T N | (v S (e ] 7474 20|7a157 40 |S571 620\ L5174 %0
RAM 1Cs 8256 s |ICs LF353 96 | NE544 210 | TiOB2CP 45 (7475 25| 74198 80 - tg:g? e~
SILVER MICA (Values in pF) 1702 350 | 5282 400 | 555CMOS 80 | |F3ss 85 | NESS5S 186 | TLOB3CP 75 (7476 25 |74199 84 |74LS )
2,33.4.7.68 82,10, 12, 15, 18, FOR | 1so2ce &80 | 2207 398 | 702 75| LF35e 95 | NESS6 45 | TLOBACN %0 | 7480 48 |74221 84 |1S00 11 LS183 180
22,27, 33,39, 47, 60, 56. 68, 75, B2, BBC | 2114L-300n 90 | 8258 £38 [70%C8pin 38| IF357 110 | NES60 325 | TLO9ICP 5 | 7481 120 |74246 120/1S07 11 151000 &
865,100, 120, 150, 180pF 15p each 2114L-200n 95 | o0 385 | 710 48 | | F398 475 | NE561 398 UAZ2240 120 | 7482 65 | 74247 120 LS02 1 (5192 45
200, 220, 250, 270, 300, 330, 360, | MICRO | 2147 425 | 5oes 360 | 7418pin 14| M0 325 | NES62B 410 | UA78540 230 7483 38| 74248 120(LSO3 12 1o3l fa8
390,470.800, 800,620 ‘Tlpesch | gerenp | 2532-450n 360 | 9250 £10 | 747C14pin 66 | | M3n1AO zo| 564 420 | UAMIIO 170 | 7484 7074249 120(LSo4 12/ L5133 48
1000, 1200, 1800, 2200 30p each 2 £12 250 | 748CBpin 38 | pM307 S| NESESA 120 | UAAIBO 170 | 7485 80| 74251  &s|1Sos 13| LS14 36
3300, 4700pF 6peach | 100ns | 2708 225 | 2FO30 99 | 7538Bpin 186 | [M308T 95 | NES66 155 | UAAI003/3935 | 7488 20 | 74253 150|LS08 12 e
He. G EE @G0 B NeR R Ny B UGRTE e % an WiE ik
; n LM318N 150
MINIATURESTRIMMERSIC apacitors 2764 99 || IZ0A 120 L AV-11320 225 | [M31g 299 | NESTI 400 | ULNaoeS 1o | jage 20| 74273 180|510 13| LS200 278
250 2:100F 220: 2:250F. 5:600F 30p: | 796, 242 890 | T30 %50 | AY-1.5050 98| Lmian 30 | NESS3aA 150 | UPCaie 36 |jagy  So|ldze zo1sn 1 NS202278
1018BeR%0. 4816-100nS 8T97N 90 | AY-1'051 160 | |M33az7 90 | OM335 750 | UPCI025H 375 | 7433 28 | 74279 50 1S3 0| 1372 &
TR s G | s |V | i vm| RGHD 8| Uncne 3% e o Tems  sollSie ae|iSK0 &
RESISTORS — Carbon Film Migh Stwbifity. 5% | 9942 | Y8 | %602 20 | Av31350 360 | Lnises &) | Sceen’ o2 | UpGiisH 230 7496 38 | 74285 1885|1520 13| LS242 %6
Miniature} RANGE VAL 39700+ 41162000 w0 | AMIBLSIIC | avi3aa10 370 | TMass 198 | SAB320 425 | Xnosse see | ass 3 (74280 18e|lSz0 a3l ofd o
‘(4w 2€12-4M7  E24 2 1p 4118-250 326 | \\1oc) coo Booklet for AY- | | M358 80 | SAB3210 326 | XR2207 375 | 74100 80 | 74293 so|LS22 ' 13]LS244 o4
lw 202-4M7  E12 2p 1p 4164-200n 500 890 180 | IM377 176 | SAB3271 485 | XR2211 576 | 74104 g | 74297 23611526 14 tg;g F44
w 212-4M7  E12 Bp 4p 4334-3-CMOS . | Av.31015 300 | AY-38912 626 | [M379 480 | SABA203 595 | XR2216 675 | 74105 55 | 74298 100| LS27 13 15248 88
2% Metal Film E24 6p 21143 325 | Av.5.1350 388 | AY-5-1230 460 | | mas0 75 | SG3402 296 R22 360 | 74107 20 | 74351 196 LS28 14 2 4
1% Matal Film E24 8 | 4816-100nS AY.62376 800 | AY-E-1317A LM381IN 145 | SLdS0 380 | ZN4id4 80 | 74109 25| 74365 30(1S30 13| LS9 5B
100+ prico applies to Resistors of each type not 28 | LSBT e 830 | |M.82 116 | SN76003N 350 | ZN4ISE 190 | 74110 35 | 74366 30| LS32 13 =N
_mix 4864364k 800 | Covay1g 70 | AY-51350 388 | |M384 140 | SN76013 350 | ZNA23E 135 | 74111 88 | 7430 30| LS33 18 o i
RESISTORS Network S I.L 51015450 Szzo OM8131 275 | CA3011 130 | |Mm3g6 20 s~;so1g~ ;:: %wggg :1“32 74112 170 | 74368 30 tgg; :: 258 36
7 Commoned: (8 pins) 100, 6801, 1K 2k2, 4K7, | 6116-150nS390 | OMEIIL CA3012 175 | (M387 120 | SN7602 4 746 88 |7a30  78/1538 1355 58
10K, 47K 100K o 6116L-120 560 | pacohall 20 | CA3014 278 | \m3se 95 | SN76023ND ZN426E 300 74118 55 | 74393 80| L 13f15259 %
8 Commoned. {9 pins} 15011, 1800, 2702, 3300, 1K, | 6117-100n 480 275 | CA3018 88| 1M393 100 N gg ZN:ZgE u:g 74119 60 74490 96 t§§ g 18267 100
2k2, 4K7, 10K, 22K, 47K & 100K  26p. 6502CPU 325 § rn1y79  g1s5 | CA3019 80 | M725CN 328 | SN76033 2ZNa2 410 | 74120 L3566 20
6503 800 CA3020 210 | LM733 70 | SN76115N 215 | ZN429E 210 | 74121 26 | 74C LS48 46
6504250 550 | D171 B2 Gnn 210 | SN76131 125 | ZN459 570 | 74122 35 | 74C244 196| LS49 80| LS273 54
os5 ' e00 | EDVS3 3| CA3028A 95| Lmisy 38 | SN76ZIN 95 | ZNIOME 200 | jaiZs 15 |74C2ed 1%|LSas sl |o3ve 128
esaoria 100 | [D1%S BB | Cazods 288 | LMro7 a6 | SN7ea77 420 | INIoac e | jo123 38 |74c245 1%8| LS5t mf1SPe '%0
DIODES BRIDGE M 2 w00 {[DUEY, BRI CAN3E 20| LMaa) 24 | SN7oss 480 | ZNACME a0 | Joily 38 [ 140373 240|1s% 14 e B
AT % |RECTI- ||| 6522viA 300 } (ear> 30 | CA3043 275 | |m3g7 45 | SN76660 120 4128 35 | 74C922 420 1S63 120 b3
ARIZS X | Ene " 6530 £11 | |NSao6oN 1060 | CA304S 385 |mssg 75 | SPEs29 299 | TTL 74 74132 30 4 LS73 s LS284 48
AAY30 p5 6532RRIOT 570 CA3046 70| |M3302 75 | TA7204 200 | 7400 1174136 28 | 74L LS74 18
8Al00 15 [1A/s0Y 8 ATC 899 | NETISN B3| Cazgag 220! Masos g | TaAsz % 74181 86 |7 1§75  20[LS293 40
BAX13 20 | 1A/100V 20 MC1488 55 . 3 TA7205A 7401 1 400 ee o 1g)LS295 75
oor] 125l 6551ACIA 880 | iciage  og | CA3059 286 | m 80 7205A 225 | J400 1| 74142 175 | 7304 s t4]
8Y100 241 | |H4V00 TS SERIES || 6s02pC €20 CA3075 213 LM3311 125 | TA7210 150 74143 210 | 74130 so| LS78 18] L5238
BY126 12 | 1A/600V 34 MC14411 890 7403 12 LS299 150
1 / 30| 7510778 6800 25 | MC14412 790 | CA0B0E 70 | 1mM3914 200 | TA7222 150 | ja0n 13 (74144 210 | 74147 30| LSB3 36 78
Y127 22850 %1 78110 ® 5802 250 | MCiaat CA3081 190 | LM3s15 200 | TA7310 180 | 7405 15| 74145 "0 | 74175 45| L585 42| L3300 T
CRO33 250 400y 46| 7511475 150 ({6803 80 | MC3447p 315 | CA3086 48| IM3916 250 | TAAGBTIA 190 | 7400 20 | 74147 75| 74185 349| LS86 16 200
0A9 40 | 24/40 7512172 130 | | 6804 180 CA3089E 215 | |M13600 110 | TAA7T00 275 74148 60 | 741121 185| LS90  28) LS320
0A47 12 [ 247600V 651 50 125 | | 6805 670 | MK3B86-2M €7 | < 5s0aa 375 T 395 | 1307 X 74150 80 LS91  eo; L8323 195
0A70 12164100V B3 22154 150 || esoa s20 | MM17028 300 | CA3723E 166 | mascron  oo0 | Tabloo  jeg | 1908 16174150 ag |[01B 3| o5 3|LS32a 168
0A79 15 | 6A/400V 95 MM5280D 695 M2524A 625 7409 14 LS325 296
126 | 75182/3 99 || 6809 630 | \y CA3130 90 | M253AA 1150 TBA120S 70 7410 1474153 40 | 748 LS93 26
0A8} 20) ||64/800Y 75188/9 55 |l 6810 118 { MMS303 - 835 | Ca31a0 4o 1 TBA540G 275 4154 55 1595 40| LS326 240
0A85 15 | 10A/200v 215 { 73170 120 || 282 100 | MMS307 1275 | &A3100 P M5}5 3L 230 TBAS50Q 330 | 241 1 74185 4 | 14500 38 o025/ LS327 240
0490 S| 32A/500v 34075326 0 |[esa0  ays | MMe3era a7 | CAMIS0 38| MeisisL s | TBASSoq HE la 74158 a0 |397  3IiStoy aof 15347 8
0A91 8 | 2541200V 2901 35361/3 150 || 6843 £12 | MVSEITS 770 | Cazteae 480 | mbsria sae | orBXil 2e0 | 2413 Wl7a1e7 309|593 30|i3i00 2g|LSmB %0
0Ag5 8 | 25A/600v 3% 50365 150 || Gads ses | MM74C922 CA3189 200 | MB3756 440 | TBAES! 190 | Jaie 30 74130 0|30 &I 57 Ze|iSm2 &
0A200 Of (LA %1 75450 86 || 6846 e85 20| HA16W 240 | Mcizoq  3e0 | TBA 80 | 7417 20| 74160 60 | 395 LS113 22| L9383 &2
0A202 8 VMIBDIL  50) 360512 52 || eadr o | 1O3I005. %% | Haims 288 | Mc1a07 39 | TBAsto 85 | 4V i5 (74161 60| 300  §Si1Sia 2g|LS32 78O
TN914 4 ase - |lgeso 10 [ROSBL T ici006 T80 | MC1303  ss | TBAB20 80 | 1420 w7462 a0|S3  o|iS1zz 3| L5363 150
nole s 7549112 & || 6352 230 lpoaonyyy’ | ICL7107 975 | MCi304p 260 | TBAS20Q 200 | 102) 2074163 401574 75| L9123 [ o5y Ty
1N4003 s | ZENERS | o851 5o oo | ICL7611 98| MCi3iop 150 TBASE0 300 | 7423 20 74164 48 1sss 85| 13124 M| 535 ;@
1N4004/5 6 | Range, 217 to 68000 £78 | STTOEI04E 800 | \Kloinnec 300 | MCI4ei06 con | TBARaG. 279 | 1925 187006 48|32 TS m|lSE
1N4008/7 7 | 30VaOOmW | SCR 7aco22 420 | TMSZIEIV | Cion11a 180 | mciacs s P32 | ToAdsy % | 1926 1 Tie 1| Sne 881010 ZliSws =
1N4148 4 8p each | THYRISTORS 8080A 280 728 0eA Mc1:‘§g 3 | TCazroa 3e0 | 1427 18 4170 1285132 m0| 2SS 30|LS373 88
INs401 15 | Range: V3 to | saa0y || gfn 50 osouy e 150 | MC1464 o094 | TCA280A 230 o i 7a72 20| 318 Bl u e &
4 1 . 5A 400V 40
RES BT e Do 8|l opUNes Biowsy R NS S| IO TR M2 QN R e min s @
INsa0s 19 DT b 128 | SEDI002 4401 \Chiraiea) MCisoe- 208 | TDATops 299 333 2z o Sise s s
1544 ' 1960 TDA1008 310 LS147 100
15921 9 12at00v 78 || 815 %0 29|\ opm72168 MEroeac 5 | TDaloi ja e Z | Te Qs 15 |Ls148 oflS38e 23
GA/100v 40 | yoiACS oy 13a || BiLsss  Tmo | 280ACRU4 300 1950 | MC3302 90 | TDA1022 499 7178 80| 3198 LS5t 4o 13385 730
6a/400v 50 | TRI sq |12800v 78 || RSS2 30 Ze0CTC 28af . MC2 %0 | TDAlz 499 | haay %7478 2|sies 76| 1313 1S3 s
6a/800v 68 | JA200V BTI06 150 || g1 597 so | XBOACTC 260 1950 | MC3360P 120 | TDA1034 350 | 1432 2 |7ala0 a0 |ST) 3O/ Sios ogf L5333 &
— A Gloso  mi|enses s 12008, §T°| ioM7217A 790 | Mcad0) a8 | TDAlaso 328 | 2943 % (74181 118 |S225 8101iciee e e N2
. NOISE 8A 400V 69 | Tican 24 || 8202 £25 | 780ADART 550 Igmnu 786 | MC3403 75 {ngi ig 7445 85 174182 80 | 5251 70 tg:gz g LS445 100
Diode 8aBOOV 115 | [icyd = || 8298 228 | Jo0DMa  o78 | ICM7280 300 | MC3405 180 TDAZ004 495 | 7446 80 74188 905557 280 |15150 30| 3477 g2
i Jesp | 124700y 78 | TIC45 = |te2 428 | Z30DART ess) IcM7sss 80 | MCMZ3 180 | TDAZ020 320 | 7447 %185 % Sk, 860 |LSI0 32| 1ce0 200
124400 82 |\, B 4281 200p10  280| ICM7556 150 | MCaoie 00 A2030 295 | 7448 45 | 74186 §287 300 |LST61 38| 5541 120
124800V 135 | 2NS092 2718 Z80AP10  275| LA3350 280 | MFC6040 75 | TDBO 7450 18 74133 250 skes 210 L8102 | 156e0 1m0
VARICAPS 16AT00V 103 | Haaaus 130 || 8216 100 ! 7805101 860 LA4031P 340 | MKS50398 335 TL170 50 | 7451 18 74190 48 (5239 196 5 LS641 180
BA102 16A 400V 106 8224 110 | 780AS10 9s0 LA4032 296 | ML924 TLOGICP 40 | 7453 16 ]74191 48 15307 380 t :g g LS645 180
B ioen [0 16AB0OV 220 | 8226 250 | £000 e @0 | MSwsszs s | TLOGZCP 80 | Jesy 18 7412 48 (say 30 L8180 e 1z
88106 40 | 25v 500V 220 8228 220 LC7120 300 | NES1S 275 | TLOG4CN 98 | 7450 1874193 46 |5470 328 b ool 1Sess 120
BB10SE 45 | 254 800V DIAC 8243 270 LC7130 340 | NE529 228 | TLO7ICP 24 | 7470 35 | 74194 40 15477 820 S1§8 LS670 100
MVAMZ 165 | T28000 120 ST2 - szs? fed LC7137 396 | NE531 140 | TLO72CP 46 | 7472 24 [ 74195 40 1547, 1180 [LS170 TS
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e —————
Q Board 180 IDC CONNECTORS 'PANEL RELA
SWITCHES DIL SWITCHES VEROBOARD 0 1in e cad! 50 PCB Plugs Female ETERS ELAYS
P <l h Header M | d, PCB mount
TOGGLE: 2A. 250V (SPST} 4 way 70p. 6 way 85p; clad plain Vero Strip 374 with latc! FSD Mirmature, enclosed,
SPST 33p | 8way90p. 10 way 145p. 212 - 3'a sop Pins Pins Plug 60 x 46 x 35mm Our RLG series
DPOT 4ap | ISPDT)4way 190p. 225 alp - 5 S’tgp A"’g": a0 0-504A gL’; o) odl5y [BE:
CIE I 1 | =] PROTO DECs wa coil,
SUB-MIN TOGGLE | FOTARY SWITC e, PO 15 870 | yereoock w05p l6way 130p 150p  110p o 380V/6A AC: 1300VA/S0W  210p
SPSTon/off  54p : 2 3s .17 380p 232 0way 146p 18ep 125 poo0id D.PCO
SPDT o &04 1pole/210 12 way. 2p/2 to 6 way; 3 p P | S.Dec 350p 150p 0-1mA |, V2.7V DC. 250V AC, 5A:
7 4., -
SPDT contre off 85 | 3role/210d way. 4172103 way  45p dla. a1 470 sop | Eurcbreadboard  520p E mm" mm, 169p 0-5mA 100V AT 150w 218p
¥ u
SPDT biased both | ROTARY: Mains DP 250V & Amp O imp g:;:z;;‘ssz 13;2: Oway 220p 250p 190p OgtomA BLET11 1700 corl 8V-18V: 2500 AC
ornem el oniat 58P | Pinnsertiontool 178p S0way 236p 270p  200p 0-100mA m o  17vs.20v 25?’?/
S . - m
OPOT contre off 88p ;‘AOIA"V {Maka sych) p— [ VERO WIRING DALQ ETCH, oy, 8'?‘3\0'"“ T 222
DPDT biased both ake a multiway switcl afting as- PEN 9 340 RESIST PEN -
ways ' 145p sembly has adjustable stop Accom- Spau;spsg;oo 75: Plus spare tip 90p EURO cgt?sgongm — 0-2A
DPDT 3 positions modates up to 6 wafers Combs 6p S o 0-25V A
ler1 . op h) 0-50v AC PMENOL PLUGS
on/on/on 185p (max 6 pole/12 way switcl Pins  Phs  Pine Pl A |EEE 24 W 0
3-pole2way 205p | Mechanismonly 30p | FERRIC CHLORIDE ULTRASONIC DING1617 0-300v AC s
! 1 Ib bag Anhydrous TRANSDUCER S entromcsPsrallelGG Way solder 530
WAFERS: (make before break) to fit ] Y 31way 1 = - 1% U Centronic Paraliel 36 way [DC 550
SLIDE 250V h 195p + 50p P&P 40KHz 326 pr ING1612
DPDT 1A 14p the above switch mechanism. lZJN32 Mo Vo e Me 495p sach
1 pole/12 way, 2 pole/6 way. 3 pole/4 x32A+8B g "
T 1Ac/off 15 . -
Bror 124" 158 | wovs ¢ poter3 wav:6./2 way % | COPPER CLAD BOARDS Dind1612 e
Mains DP 4A Switch to fit 45p £ e TS - o 2x32A+C M0p 2400 N0p BTy s
Spacers 4p. Screen bp LS g'e oo ) DIN416123 x32 . PIEZO TRANSDUCE| 56p
, glass sided sided 95 -85 A+B+C o 20p 40p | CRYSTALS
PUSHBUTTONBA | | gocker sa/250v SPST 2 | 6 -6 9p  110p g5y 32768KHz 100 | T GUDSPEAKERS
gggT‘f’a':‘C':fg“mggp ROCKER. 10A/250vV SPDT 38p 6 .12 150p 195p ;%an g
! ROCKER: 10A/250v DPDT c/oft  95p KHz i
OPDT jatching 148p | ROCKER: 10A/250V DPST with neon EDGE roms DIL PLUG {Header) 455KH a0 | Givaere 030 B0 oop
SPDT moment  99p 85p DIL SOCKETS CGNNECTO! Soider  IDC RIBBON CABLE TMHz 775 5] AT o
DPOT moment 1455 | y,,\)MBWHEEL Mini front mounting Low  wire oo oS Nl 0% e price par foot | 1.008M 0 il
Mini Non Lockin Decade Switch Module 220p ) Prof Wrap 3 145p L Grey Color 1.28MHz
PushtoMake  15p | B.C.D. Switch Module ) 2750 gon % Zp 20 :g:,zg 2000 ﬁg;: z;:g g 1wy 120 2p | 1EMHz 3 SASTEC UHF MODULATORS =
PushtoBreak 25p.  Mounting Cheeks {per pair) Sp t4pin  10p P 2223 way190p — 16 way 18p 32p 1.8NHz tandard 6MHz p
16pin :22 ;sz 2 %25 way 225p mp 20 way 25p 40p ;.gﬁgM g Wideband BMHz 426p
18pi p OMHz 2
JUMPER LEADS (Ribbon Cable Assembly) 23:;:: 00 &0p 2 x 28 way 210p :g&';m 2 il ﬁ: 3’; 2.4576M 200 i
ETI Length 14 pin 16 pin 24 pin 40 pin 22pin  22p 66p 2 %30 way 245p — 24pn 57%p 20 way S5p 7Sp 3.2786M 150 ,
PROJECTS Single ended DIP fHeader Plug) Jumper 2apin  2p 70p 2x36 WEV?‘?’ — el Jaod 50 way 85p 30p | 35794M % | 'WEMON' New Version
peeiper || 28inches D b 28pin  28p  BOp Fxi3 way sy = 20pin 97 64way 8p 110p | 3.6864M 300 | WATFORD'S
most of Double ended DIP {Header Plug) Jumper a0pn  30p p 2% 43 way 396p - [ P 4.0MHKz 150 H Ic
M iR ot - By oy iy e
nches p 4 iz
24 inches 210p 23p MSp 540p ANTEX SOLDERING IRON sKL : 4134304M 200 signed to produce the best from
36 inches 20p 250p 3I7Sp 595p 15W CX17W  475p Socket D CONNECTORS: M‘lstﬂltllg P 4.433619M 100 Kom Super board Serias | & II. En-
':|||i E I IDC Header Socket Jumper Leads e CCN T5W4%p  CX5W  500p | 0.1 pitch way 15 way 25 way Y | s.oMHz 180 |  hanced Super board & UK101. As
0 pin 26 pin 34 pin 40 pin | Spare tips, assorted sizes &p 20 way Plugs 1 280p | 5185MHz 300 reviewed by Dr A, A Berk in Practi-
Single ended 160p 200p 260p 300p Spare Elzmepts ?? osp xlgdlzr‘:::‘q: ‘g ;:zﬁ.&? oo | s2e288m %0 cal Electronics, Juna 1881,
Doubie ended 290p 370p 480p 525p iron stand with sponge P - W/wrap pins 120p 130p 196p 296p g:?n’::m :g only £1o
Sockets 5536MHz 226
TRANSFORMERS: prim 240v . VOLTAGE REGULATORS Solder lugs 110p 160p 210p 60p | S553cMHz - 228
; 6-0-6V; 9-0-9V, 12-0-12V; 15-0-15V @ lastic casing Angled pins 186p 215p 200p 440p | L oo, BBC MICRO
100mA 98p *’“ =ve SOLDERCON PINS W/wrappins 150p 180p 240p 420p | oo 200
$¥v w2 e 7 sop o iTemneSt) Cowx %P ey | sown %o RADE
mounting Miniature Split Bobbin or ockets IDC 25 way Plug 33M 396
VA Vo soA. SXVOToA, 2xr2v. | v 7815 p B2 % oping 0| S “n | 8352 3% | (Our BBC Micro Upgrad Kits
0.12A; 2x15v 1A 200p ioy) 78 m L 8y S00pins 350p 3.00MHzZ 150 will save youfsss
EVA: 2x6V-0.5A; 2x9V-0.3A; 2x12V-0.25A; 24V o7 P14 oy T 10.0MHz 175 | 16K Memory (8x4816AP) £18
A 270p B o e, 1024MHz 200 | Printer User 1/O Port Kit £8.20
Plasti kage YVax2' 25 way ‘D' CONNECTOR 10.7 150 SK10 with 36'* Cable £2
Standard Split Bobbin type 100mA 1%982 astic p_ace g :g 4,(%1/1': 1? Jumper Lead Cable Assambly 12.0NHz 175 Comple(e Printer Cable 36"
BVA: 2xGV-0.5A; 2x3V-04A; 2x12V-0.3A; ; P | 18" long, Single end. Male p | 12.528M 300
2x15V-0.25A v ger0s|  a0p) “75C05 80 acaxz - 108p 18" long, Singie end, Famale 5259 | 14.3:614M 179 o £12
J2VA: 2x4.5V-1.3A; 2X6V-1A; 2xSV-0.6A; 6y, 78:‘_% 2p — gxaxzia” 120p 367 long, Double Ended, M/M  1025p 16.0MHz 200 SK3 with 36 Cable £3
2x12V-0.5A; 2x15V-0.4A; 2“%??5 ot | T2V WUz 3p iz eep Sl 1205 | 367 1ong, Double Ended, F/F 1060p | 1e.omMH: 180 | Disc Interface Kit £41
P pUp o - ded, M/F 996p 18.432M 150 i
24VA: 2x6V-1.! _rz,A 2Xx9V-1.2A; 2x12V TA’ 15V 78L15 30p 79L15 80p g:gg::;‘lg’ 122 36" long, Double Ended, ZS_O%AHI = é:ral:? /u(;,:(/'(‘) Kit g g
2x15V-0.8A,; 2x20V-0.6A . X 19.968MHz 150 f - g
SOVA: 2xevaA IXOV25A BAIN | (MaooH  17ep 6adx2” 120p Zaomu© 1w | ExpansionBusKit  £8.50
2x15V-1.5A; 2x20V-1.2A; 2X30V-0.8A LM304H 170p TDA1412 150p 6xdx3” 150p 24.930MHz 325 | SX11 with Cable 36 £3
- 488p (60p p&p) mﬁr :g 7sn05 +5V/5A gfg:g ;g 26.69M 150 | SK12 with Cable 36" £3.75
ly wound for B 27.648M 170 r m
Psu- sovA giving: +5V/vA +1zv +25v) mg:;zp 32.:: 78H12 +12V/5A :g:;:g §47g= ® SPECIAL OFFERe® A e &%rgs'le‘:\n:ou a§|d§ Kit fre om
—12Vx1A 4
100VA: 2X12V4A 2x15V-3A DAIOVEER! | LMIZIK  40n  TBHG +5voeh 12x6x3" 260p TEX EPROM ERASER pbioaeqm @ Comgle(e range of Connec-
2x26V-2A; 2x30V-1.5A; 2x50V-1A $20p 337 175p + 25V/5A  599p 24x8x3 295p Only 100.0MHz 295 | tors & Cables available. Send
{75p p&up charge to be added over and above LM723var.  38p JOHG + 2.25V to £29.95 116.0MHz 250 SAE for list.
our normal postal charge). 50p 24V5A 886p
CMOS w5 13| a1 OPTO ELEC- COMPUTER Cgl;l:ER o T & Friction fesd.9x 5
4000 10 | 4076 50| 4541 TRONICS @ MX80FT/3 EPSOI INTER. 10"’ Tractor & Friction feed, 9>
4001 10 | 4077 13| 4543 %0 LEDs with Clips matrix, 80 column, speed B0cps, Bidirectional, Centronics NEC PC8023BE-C PRINTER
402z 4078 1% 4544 TR0 | 7209 Red 10 Interface standard, Baud-rate 110-9600 (RS232), Hi-Res, Bit Europe’s most popular printer
e Nl 1) e s ngues Y image graphics. Subscript & Superscript, Italics & Underlin- 100CPS bi-directional, Logic seeking, 80 column,
4008 32 | 4085 BO| 4563 245 TIL220 .2" Red 12 |n§?am? lus 500 sheets of paper FRE” Only £324 + cam. 7 x 9 Dot matrix head, true _des;en %rs |r_Jn_ Iov\;:r
4009 24 | 4086 00| 4554 190 2" Green, Yellow or Printer, 136 Column, 15"’ carriage, plus all the case, Superscript & Subscript nderlining fa-
410] aaje0es mimjass 0B Amber features of MX80FT/3. Plus FREE 500 sheets of paper. cility. Proportional spacing, Forward & reverse
prid 18 | 4034 g gg? n‘é e2gBilcoiou Only £425 + carr. line feed, Tractor or friction feed, Hi-res & block
3::24 ;; 4095 6 4558 120 2‘,’;’,,’,?,’32.’.‘% % @ SEIKOSHA GP100A Uni-hammer Printer, gives normal and graphics. Auto underlining. Plus FREE 500 sheets
ana 48 | 4096 70| 4559 396 0.2% Tri colour double width characters as well as dot resoiution graphics. of Paper. .
4015 40 | 4097  290| 4560 180 Red/Green/Yellow 85 10" Tractor fead. Parallel interface Standard. FREE sheet Price: Only £295 + £7 carr.
4018 20 | 4098 1:‘0 4561 &f Hi-Brightness Red 69 paper £175
o7 ;| e 10| e i Flaching red Py VIDE% mon 9", B:(‘w, Attractively cased. Fully guar. S DRIAGC%N .
4018 2% | 4161 9 | 4568 Square LEDs, Red, antee: alue for money o Fami! mputer
4020 42| 4162 98| 4563 178 Groen, Yellow SOFTY-2. As reviewed in PE Sept. ‘81 by Dr A. A. Berk. The This 6809E Mlcroprocesysor basepd Computer has
4021 40 | 4163 9| 4572 30 Rectangle Stackable 8 Microprocessor devel ment system for Engineers 32K xpandable to 64K. The other fea-
gg b ar e prea) p-rd e vel 18 ““d geglnners alike. New ul instructions. Accepts any turesr:‘:g'mw it
4024 32 | 4194 106 | 4582 [ $z§,’|g‘:§"&b: 24 pin 5V single rail EPI M Supplied fully built, tested. ® Nine éolours
4025 13| 4408 790 | 4583 99 Red 8 Enclosed in a black ABS case. Plug-in power supply in- @ 5 Resolution Graphics from 16 x 32 to 256 x
0% M UN M x 8| cremoryeow z cluded+Free 2532 z B minmes"“ 92
1 Infra Ri 81 L :
L R4l R AR B e | STHETMAST el £ | § Sotemdod Mimonst Colour Basc
TIL32 Infra Red
4030 15| 4415 480 | 45106 598 | 175 Coractor & ° TEX EPROM ERASER with a safety switch & ELecmoﬁg ® 5 Octave Sound through TV Speakers
4031 lg ﬁ;g % 4008.‘; z TIL38 45 ® TEX qEX € EPROM ERASER plus our Solid lale @ Full Editing-Insert, Delete, Amend
4032 4009 TIL100 80 ;
4033 125 ( 4433 770| 40098 183 BARGRAPH. Red 10 @ ELECTRONIC TIMER. Solid state, 15-30min. Connects d,mcﬂy @ Conventional Full QWERTY Keyboard -
A0 gaolpiass [Nl a0, 1218 segments = to above Erasers. Protects your expensive Chips from @ Simple Plu 'E" type connections for Joysticks,
4440 999 | 40101 130 . g . 3 i assette
D% 2| M0 | 02 140 1SOLATORS overcooking. Qur timer pays for itself in no time............... £15 Cartridges i
4o “27% 1674 5 3 bulb £8 @ Centronic Parallel Printer Po
116 | 4451 360 | 40103 178 D74 99 @ SPARE ‘UV’Lamb bu - Fogll @ 160 page ‘BASIC' Manual
110| 4490 360 40104 96 ILaze % ©® POWER SUPPLY. Regulated with Overload protection. Varia- All you require is a colour TV or Monitor & mains
4039 250 | 4500 675 40105 110 TIL111/2/4 90 ble output, 5V to 15V at 4A. Professionally finished. £38 y
4040 40 | 4501 28| 40106 46 TIL117 2% ® P wergu ply. Ready-built & tested £25 supg‘ and your DRAGO%us Hgffmg“&(grfﬂng)
4502 80 | 40107 80 o : . ’ unnin nly: £173 carr
©Q 4| 4503 | 008 480 s Ao 1 | © MULTRAIL POWER SUPPLY KIT. Especially designed for ing. y:
4043 40 ( 4504 75| 40109 100 7s.gm.m m.pa.y. Micros. Tested output: +5V/5A; +12V; +25V; —12V of 1A
ld 0s| 406 | wona zee | I3 bosrd, Uk1o1
4045 106 | 4506 4011 TIL3V2 3" CA 105 ABS CASE. Atractive, beige/brown for Superboar:
o % ie 10| W e I LR i ° NASCOM or Home brew (please state) - £26 ULTIMUM
e mLel  Sl.ov K| miozsice  we) | @ STACK PAX Uniquestackable) ewiny diaiver, racking ’Ys:;'," WATFORD'S own most versatile MICRO EXPAN-
4049 25| 4511 48| 40175 T8 | 5003 ¢ ag for storing cassettes. 5 drawers (10 sections) including labels SION SYSTEM. Ideal for interfacing with APPLE,
4050 | 412 a0l aiel & | o707 3°Ca 9 and 10xC12 Computer grade cassettes .. ATOM, DRAGON, PET, RESEARCH MACHINE.
05 wm| i el s s | FNoIEA 12 | @ C12COMPUTER GRADE CASSETTES in iibrary cases 4 | SPECTRUM. SUPERBOARD, VIDEG GENIE, 2X81"
4053 B0| 4515 116 40193 68 3" Green CA 150 b4 ‘V‘,, Fan Fold paper (‘IOOOSheets} b £7 etc. Low Cost, High Spec. As published in Practical
4054 % g]l‘; zg 3?‘; g .6 Green CA 215 @ 9% Fan Fold paper (1000 sheets) .. Electronics starting from November 1982.
4055 L] 3"+ 1Red CA 150 Send SAE for details.
“w e8| 418 40| 4z 18 | LG ca %0 | FLOPPY DISC DRIVES
:855; ‘:;: 220 50 | 40257 196 DVM176 1885 @ TEAC FD50A Single Uncased 40 track single sided. 128
4060 45| 4521 110 | 40373 240 LCD 3} Digits 495 @ TEAC Single FC- A Cased with PSU
4061 1195 | 4522 125 | 40374 245 LCD 4 Digits 530 @ TEAC Twin FD-50A Cased with PSU ..
4062 996 4526 70 LCD 6 Digits @ TEAC Single FO-50E 80 track cased with PSU.
4066 ] g% g ?;B%c 2% NEONS > @ SIEMENS FDD 100-5 Drive, cased, head, motors, track zero
priv-J o4 [ S R 3 i ee S B microswitch & motor control PCB with read, writa & control
4068 14| 4530 90 | ORP12 86 REFLECTIVE  Optical electronics plus cable. Ideal for Apple Microcomputer £215
4069 18| 4531 130 | ORPS1 86 Switch type TIL139 170p @ APPLE N interface card for above ..
10 MR BRI & | swime Opiical | @ 5.25" Single Sided D/D VERBATIM Diskettes in packs of 10!13
W2 1| 4% | oewg s | Swieh smisr o RS | @ g gingle Siied D/D VERBATIM Diskeftes in packof 10 £27
4073 15| 4538 90 | BPX65 270 ) (P&P on some of the %ll:ove items is extra)
—
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Multimeters.
what price
excellence?

.. . certainly less than you think. A bulk
purchase has enabled us to offer these
superb, fully auto-rangin?, 32 digit
multimeters at a special lo

w price

8 ""o:," 2
Su. g
%110 ""‘t.’..

) 4Ac
inc. VAT and p&p y %/1770,‘
» - Q’~7(
v

£ Supplied complete
with batteries, test
leads, spare fuse and
instruction manuai.

g

Full auto-ranging on both voltage and resistance
Current measurement up to 10A DC and AC

Unit and range automatically displayed

Auto polarity and auto zero

Only 5mW dissipation—200 hours continuous use
Zero adjust key to correct for test leads

Audible continuity test function

Range hold function

Audible over-range indication

0oOOooOoOn

WEST HYDE

West Hyde Developments Limited

Unit 9, Park Street Industrial Estate

Aylesbury, Bucks HP20 1ET

Telephone: (0296) 20441, Telex: 83570 W HYDE G
R E L GO N AN U UE OED AN R e e
Please send me_SK-6110 Multimeters.
l enclose d cheque/POforg
Please debit my Access/Barclaycard Account No. :

(T TTTTTTITTITTTT1]

Signature:

Name:
Address: -

Credit card or account customers may telephone orders.

WW - 039 FOR FURTHER DETAILS
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} Audio preamplifier —November 19/6—2 s.s

L Low distortion audio oscillator—September 1977 —1s s

PRINTED CIRCGUITS

FOR WIRELESS WORLD: PROJECTS

£4.25
£5.00
£4.25
£8.50
£4.00
£8.50
£2.00
£3.50
£12.00
£4.50
£3.75
£18.00
£2.00
£5.00
£5.00
£7.00
£5.50
£5.50
£3.50
£35.00
- .£4.20 each
£7.50
£18.50
£10.50
£8.00
£4.00

Audio comoressor/limiter—Dec 1975—1 s.s. {stereo)
Cassette recorder—May 1976—1s.s
Audio compander—July 1976 —1 s.s.

Additional circuits —October 1977 —1ss
Stereo coder—April 1977—1d.s. 2ss
Low distortion disc amplifier (stereo)—September 19/7—1ss

Synthesized f.m. transceiver—November 1977—2d.s. 1ss
Morsemaker —June 1978—1d.s.

Metal detector—July 1978 —1d.s .

Oscilloscope waveform store—October 1978—4 d s
Regulator for car alternator —August 1978 —1s.s

Wideband noise reducer—November 1978 —1d s

Versatile noise generator—January 1979—1s.s

200MHz frequency meter—January 1979 —1d.s

High performance preamplifier—February 1979—1 s.s
Distortion meter and oscillator —July 1979—2 s s

Moving coil preamplifier—August 1979—1 s.s

Muiti-mode transceiver—October 1979—104d.s.
Ampilification systern—Oct. 1979—3 preamp 1 poweramp

Digital capacitance meter—April 1980—2 s.s

Colour graphics system —April 1980—1d.s

Audio spectrum analyser—May 1980—3 s.s

Multi-section equalizer —June 1980—2 s.s

Floating-bridge power amp — Oct. 1980 — 1 5.5 (12V or 40V)
Nanocomp 6802 or 6809 — Jan., July, 1981 — 1d.s. 1s.s

| Cassette interface — July, 1981 — 1s.s.......

Eprom programmer — Jan., 1982 - 1d.s. 3
Logic probe — Feb., 1981 — 2d.s. ...l
Modular frequency counters — March, 1981 — 85s.s. ......

§ Opto electronic contact breaker {Delco) ~ April, 1881 — 2s.s...........

CB synthesiser — Sept. — 1d.s...........
Electronic ignition — March, 1982 = 1 8.8........c.ocovvveiroooroeoececenn £4.00

Boards and glassfibre roller-tinned and drilled. Prices include
VAT and UK postage. Airmail add 30%, Europe add 10%. In-
surance 10%. Remittance with order to:

M. R. SAGIN, NANCARRAS MILL, THE LEVEL
CONSTANTINE, FALMOUTH, CORNWALL

_ WW - 059 FOR FURTHER DETAILS
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ConstructorSeries Speakers

IT'S
SO
EASY

Have fun, save
money, building

a Kef design

with a

Wilmslow Audio

CS Total kit.

No electronic or
woodworking
knowledge

necessary and

the end result is

a proven top-

quality design

that you'll be proud of.
Each kit contains all cabinet components, accurately machined for easy
assembly, speaker drive units, crossovers, wadding, grilte fabric,
terminais, nuts, bolts, etc.

The cabinets can be painted or stained or finished with iron-on veneer or
self adhesive woodgrain vynil

Easy foolproof assembly instructions supplied. Set of constructor leaflets
sent free on receipt of large S AE

Prices:CS1 {As 101) £110 pr. inc. VAT, plus carr./ins. £ 550
CS1A (simplified LS3/5A) £103 pr. inc. VAT, plus carr /ins. £ 5.50
CS3 {as 103.2) £129 pr. inc. VAT, plus carr./ins. £10.00
CS5 {as Carlton If) £192 pr. inc. VAT, pius carr./ins. £15.00
CS7 {as Cantata) £250 pr. inc. VAT, pius carr./ins. £18.00

(S WILMSLOW) -
i

iy

T@m\for Speakers 0625 529599

35/39 Church Street, Wilmslow, Cheshire SK9 1AS
1982 Catalogue: — £1.50 post free

Lightning service on telephoned credit card orders!

WW — 049 FOR FURTHER DETAILS
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Who but the people who made the micro possible
could help you understand it?

e Jexas Instruments
Electronic Library.

An in-depth series in understanding today’s world of electronics.

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 to understand. As
informative for the electronics buft 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 introductory offer
and choose the book, or books you want froni the titles below.
You'll find whole neww worlds of advanced technology untolding
before you.

Everything you've always wanted to know about:

L. Understanding Electronic Control of Energy Systems.
Ist edition. Ref. LCB 6642. Covers motor, generator, power distribution,
heating, air conditioning, internal combustion engine, solar and nuclear

systems. Softhbound 272 pages. £3.95.
2. Understanding Electronic Security Systems.

1st edition. Ref. LCB 7201. A complete guide covering the basics of hard
wired, photosensitive, infrared, ultrasonic and microwave systems and their

use in different applications. Softhound 128 pages. £3.95.
3. Understanding Solid State Electronics.

3rd edition. Ref. LCC 3361 The principles of solid state theory. It explains
electrical moverment, with intermediate tuition on the applications of solid

state devices. Softhound 282 puges. £3.95.

4.Understanding Digital Electronics. Ist edition. Ref. LCB 331L
Describes digital electronics in casy-to-follow stages. 1t covers the
main families of digital integrated circuits and data processing systems.

Softbound 260 puges. £3.95.

5. Understanding Microprocessors. Ist edition. Ref. LCB 402 3.

An in-depth look at the magic of the solid state chip. What they are, what

they do. Applications of 8-bit and 16-bir microprocessors; and design

from idea to hardwarc. Softhound 288 puges. £3.95.

—

WATER FRESERVOIR
(POTENTIAL ENERGY)

ater
g t d Wa
Potentiot Enwerdd of Elentt
.x"
e
o o chemical ¥

6. Understanding Computer Science. Ist edition. Ref. LCB 5471
This book tells you in everyday English how today’s computer has
been developed, what goes on inside it, and how you tell it what to do.

Softhound 278 pages. £3.95.

7. Understanding Communications Systems.
1st edition. Ref. LCB 4521 An overview of all types of electronic communi-
cations systems. Softbound 282 pages. £3.95.

8. Understanding Calculator Maths. Is: cdition. Ref. LCB 3321
Brings together the basic infommtion_—formulae, facts, and mathematical
tools—you need to “unlock” the real power of the hand-held calculator.

Softbound 230 pages. £3.95.

9. Understanding Optronics. Ist edition. Ref. LCB 5472.
Optronics is the application of light and electronics to perform a wide
range of usetul tasks. From car headlights to missile guidance systems.

Softbound 270 pages. £3.95.

10. Understanding Automotive Electronics.

Ist edition. Ref. LCB 577L Learn how electronics is being applied to
automohiles. How the basic mechanical, electrical and electronic functions
and the new microprocessors and microcomputers are being applied in
innovative ways for vehicle drive train control, motion control and
instrumentation. Softhound 288 pages. £3.95.

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

2. Calculate total order value. 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.
Allow 30 days tor delivery.
i
TEXAS 'I U
INSTRUMENTS

| To: Texas Instruments Limited, PO Box 50, Marker Harborough, Leics.

Please send me the following publications:
REFERENCE NO QTY._| [REFERFNCENO QTY.
1
7

—
—lé
9
10

Lo [ ] J

Free title choice: Understanding

Name

Company (if any)
Address

| 5 | i |
| [ enclose a chegue tor & k

Registered office: Toxas Instruments Lid, Manton Lane, Bedtord MK41 7PA. f
I Registered number: 574102 England. W l

e TR TN T T — S
{Po00 061;’ iy
-
A

(24
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Introducing two new
hand-held digital multimeters

| 28 Ranges, each with full
| overload protection

s W 10 amp AC/DC

e g A SPECIFICATION 6010 & 7030
™ A BATTERY: Single 9v dry cell. BATTERY LIFE: 200
20M0 . hours. DIMENSIONS: 170 x 89 x 38mm. WEIGHT:

\ 400g inc. battery. MODE SELECT: Push button. AC DC
1 ' CURRENT: 200uA to 10A. AC VOLTAGE: 200mV to

st A 750V. DC VOLTAGE: 200mV to 1000V. RESISTANCE:
ate . 2001) to 20MQ. INPUT IMPEDANCE: 10MQ. DISPLAY:
g 200V 32 Digit 133mm LCD. O/LOAD PROTECTION: All
200m N ranges.
s OTHER FEATURES:
‘ 20 Auto polarity, auto zero, battery-low indicator, ABS
st o . plastic case with tilt stand, battery and test leads
oo 2008 included, optional carrying case.
2 BARCLAVCARD
| 90 B 0 . Please add 15% to your order for VAT o
MODEL 7030 ~ /. . uv ! Postage and packing is free of charge E
DC ACCURACY 0.1% inv $ Trade prices available on application Tioes

/@ ARMON ELECTRONICS LTD,

x;nag" 9y ~ Cottrell House, 53-63 Wembley Hill Road
- : Wembley, Middlesex HA9 8BH, England
g Tel. 01-902 4321 (3 lines). Tix: No. 923985

£35.95

plus VAT

MODEL MODEL

CT210 CT210

% APPROVED TO MPT 1301 % MADE IN UK.
% MODULAR CONSTRUCTION % COMPETITIVE PRICE
Y RANGE OF ACCESSORIES % MULTI-CHANNEL CAPABILITY

Hand Held Equipment also available

Export and Dealer Enquiries Welcome

Com-TEK (MIDS) LTD. 506 Alum Rock Road - Birmingham B8 3HX
Telephone: 021-326 6343 Telex: 337000

WW — 044 FOR FURTHER DETAILS

l .

STEREOQ DISC AMPLIFIER 4

THE MOST THOROUGHLY RESEARCHED DISC AMPLIFIER THERE IS
for Broadcasting, Disc Monitoring and Transfer

ReSPORSE VARIABLE FILTER

STEREQ DISC AMPLIFIER 4

Supersedes Stereo Disc Amplifier 2. Unique Response Variable Filter which
provides, through a single control knob, a 3dB turnover frequency variable be-
tween 13 and 4kHz but always with an appropriate phase and amplitude charac-
teristic for psychoacoustic considerations. Ring or write for full specifications:
SURREY ELECTRONICS LTD., The Forge, Lucks Green, Cranleigh

Surrey, GUE 7BG - Telephone: 0483 275997

TO BECRYSTALCLEAR
Tel. 029-34-5353 Telex 87116 Aero G
MOD approved CAA approved

WW — 068 FOR FURTHER DETAILS [
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The lightweight
mast with
101 applications

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 16 metres, the QTM mast can provide the ideal answer
for:

® Mobile Radio Telephone

® Police Mobile HQ (UHF)

# Field Telecommunications
® Floodlighting

@ Environmental - gas
sampling collector

® High leve! photcgraphy
® Meteorology

® Anemometer and Wind ® And a host of other uses

Measurement

CIARK MASTS |

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

UK.
CLARK MASTS LTD (W.W}
Evergreen House, Ringwood Road,
Binstead, Isle of Wight,

Engtand PO33 3PA

Tei: Isle of Wight (0983) 63691
Telex B6686

EUROPE

GENK TECHNICAL PRODUCTS N.V (W.W))
Woudstraat 21, 3600 Genk,

Beigium

Telefoon 011-380831

Telex 39354 Genant B

WW — 032 FOR FURTHER DETAILS
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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 recognise the advantages toroidals
offer in size, weight, lower radiated field and, i
thanksto L.L.P., PRICE. "

Our large standard range is complemented by our SPECIAL
DESIGN section which can offer a prototype service within

7 DAYS together with a short lead time on quantity orders which
can be programmed to your requirements with no price penalty.

[ e SERIES|SECONDARY] AMS | pruce Y 294 TYPES TO CHOOSE FROM!
No Volts  |Current |
- ' ORDERS DESPATCHED WITHIN 1
30va | 1x010] 66 250
70%30mm | 12011 | 949 186 £5 1 2 DAYS OF RECEIPT FOR SINGLE OR
045K |1x012] 12-12 | 129 N SMALL QUANTITY ORDERS
Reguiation | 1x013| 15415 100 ~0/pEl 0e . N IBBLE GUERENTEE
18% 1x014| 18418 083 ~VATE0 92
llx0‘5 zgm olss & v § YEAR NO QUIBBLE GUAR
12016 | 25+25 | 060
| 12017| 3030 | 050 |
- zxom 5.5 i | g ‘ssmzslszco~omv| AMS e
X * No Volts Current
80x35mm | 2011 |  9+9 2 |
09Kg |2x012| 12+12 | 208 225va |6x012| 12-12 | 938 |
Regulation | 2x013 | 15415 166 £570 110%45mm| 620131 15415 750
3% . | 2x014| 18438 | 138 3 22Kg (6x014| 18418 | 625
2015 [ 22422 1.13 ~pipEl X Regulation | Bx015| 22422 | 5 £g 20
2x016 | 25425 | 100 rao 7% [ 6:006| 25.25 | 45 a
25017 30+30 | 083 ot 62017 30430 | 3.75
2x028 10 0.45 gxgz‘g gg*gg | 3 s: ATE1 68
2029 | 220 0.22 x o ,
2:030 240 0.20 62025 45445 | 0 Ld
6x033| 50+50 5
BOVA |3x010| 6+6 6.64 6x028| 110 4
90%30mm | 3x011 | 9+9 444 | 6x029 102
TKg | 3x0t2] 12412 | 333 6x030 40 093
Roguiation | 3013 | 1515 | 266 2608 —— 7‘0‘3 el o
128 3:3}2 ;SI}? ffﬁ CEDE 110%50mm| 75014 ] 1818 | 833
3x016| 25¢25 | 160 | pYATENE 26Kg | 7x015| 22422 | 682 17
3x017 | 30430 133 TOTAL £8 91 Reguiation | 7x016| 25+25 6.00 .
35028 | 110 072 6% | 7x017| 30430 | 500 -
3029 | 220 036 7x018| 35+35 | 428 i
3030 | 240 { 03 | 7x026| 040 | 375| wos
7025 | 45+45 | 333 00
120vVa [4x010| 6+6 |1000 | | el i | 3w
90x40mm | 4x011 | 9+9 6.66 7028|110 272
1.2Kg 42012 12+12 500 7x029 220 13
o 0| e | 3% | £6.90
x .
4x015 | 22+22 | 272 /08167 500vA |8x016| 25+25 | 1000
boe| 28 |18 | won | e sed) 21|00 |£13,53
x . N + i
4x018 | 35435 | 171 o Regulation | 8x026 | 40+40 | 625 X
4x028 10 109 % 8x025 45+ 45 555 "
44029 | 220 054 8x033| 50+50 | 5.00 JEHE)
4x030 | 240 050 8x042 95455 | 454
" 454
160VA [ss011 | 9e3 | 889 | caozenl o e |
Gl a0d) 0 |8
Regulation | 5¢014 | 18+18 | 444 £7 91 625 va 9;011] 30430 | 1041
8%  |5¢015| 22+22 | 363 i 140x75mm | 9x018 | 35-35 | 892 £1613 |
5016 | 25+25 | 3.20 seie el 5Kg  [9x026] 20+40 | 781 .
52017 | 30430 2.66 SWATED 44 Reguiation | 9x025| 45+45 694 /€250
5x018 | 35+35 | 228 | romLen 4% |9<033| 50+50 | 625 "
5x026 | 40+40 200 | 9xD42 | 55+5% 568 il
5x028 | 110 145 9x028( 110 568
5x029 | 220 0.72 9¢029| 220 284
5x030 | 240 0.66 | 9:030{ 240 2.60

IMPORTANT: Regulation — All vottages quoted are FULL LOAD. Please add regulation figure to
sacondary voltage to obtain otf load voltage.

The benefits of ILP toroidal transtormers

iLP toroidal transformers are only half the weight and height of their laminated
equivalents, and are available with 110V, 220V or 240V primaries coded as follows:
For 110V primary insert 0" in place of "X" in type number
For 220V primary (Europe) insert “1"" in place of “X" in typa number.

For 240V primary (UK) insert 2" in place of "X" in type number
How to order Freepost:

Use this coupon, or a separate sheet of paper, to order these products, or any
products from other ILP Electronics advertisements. No stamp is needed it you address to
Freepost. Cheques and postal orders must be crossed and payable to ILP Electronics Ltd
Access and Barclaycard welcome. All UK orders sent within 7 days of receipt of order tor
single and smail quantity orders
Also available at Electrovalue, Mapiin and Technomatic.

s EEEEEE wecRey DENEE) GEIENS EEAED GEEDEN SRS SCERMEEE

Please send
Total purchase price = =

| enclose Cheque[:] Postal Orders[:]

Debit my Access/Barclaycard No - = ,

Int. Money Order[:]

Name _

Address

|
Sy

Signature e [ —
Post to: ILP Electronics ktd., Freepost 5, Graham Bell House, Roper Close
Canterbury CT2 7EP, Kent, England

Telephone Sales (0227) 54778 Technical (0227) 64723 Telex 965780
{a division of

- ll F SR /

TRANSFQRVERS
15

WW 085 FOR FURTHER DETAILS



16

EP400

EPROM EMUILATOR
PROGRAMMER

The microprocessor controlled EP4000 will
emulate and program all the popular
EPROMs including the 2704, 2708, 2716(3),
2508, 2758, 2516, 2716, 25632 and 2732 de-
vices. Personality cards and hardware
changes are not required as the machine
configures itself for the different devices.
Other devices such as bipolar PROMs and
2764 and 2564 EPROMs are programmed
with external modules.

The editing and emulation facilities,
video output and serial/parallel input/out-
put provided as standard make the EP4000
very flexible to allow its use in three main
modes:

— As a stand alone unit for editing and
duplicating EPROMs.

Items pictured are: @ EP4000 Emulator
Programmer — £545 + £12 delivery; @
BSC buffered simulator cable — £39; @
MESA 4 multi EPROM simulator cable —
£98; ® 2732A Programming adaptor —
£39; @ 2764 Programming adaptor — £64;
® 2564 Programming adaptor — f64; @

e T e B A g e

 DISTRIBUTORS REQUIRED @

GP Industrial Electronics Ltd.

— As a slave programmer used in con-
junction with a software development
system or microcomputer.

— As a real time EPROM emulator for
program debugging and development
{(standard access time of the emulator
is 300ns).

Data can be loaded into the 4k x 8 static
RAM from a pre-programmed EPROM, the
keypad, the serial or parallel ports and an
audio cassette. Keypad editing allows for
data entry, shift, move, delete, store,
match and scroll, and a 1k x 8 RAM allows
temporary block storage. A video output
for memory map display, as well as the
built-in 8 digit hex display allows full use
of the editing facilities to be made.

BP4 (TEXAS) Bipolar PROM Programming
module — £190

Also available (not shown): @ VM10 Video
monitor — £99; ® UV141 EPROM Eraser
with timer — £78; @ GP100A 80 column
Printer — £225; @ PI100 interface for

EP4000 to GP100A — £65.
VAT should be added to all prices

EXPORT ENQUIRIES WELCOME

Tel: Plymouth (0752) 332961
Telex: 42513

Unit E, Huxley Close, Newnham Industrial Estate, Plymouth PL7 4JN

WW - 045 FOR FURTHER DETAILS
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P8000 — THE PRODUCTION PROGRAMMER
THAT HANDLES ALL NMOS EPROMS

20000 000 & 00

Write or phone for more details

Checks, Programs, Compares up to 8 devices simultaneously
Handles all NMOS EPROMS up to projected 128K designs
with no personality modules or characterisers — See list
Easy to use, menu driven operation for blankcheck, program,
verify, illegal bit check, checksum, self-test

Constant display of device type, mode and fault codings
Individual socket LED indicators for EPROM status
Comprehensive EPROM integrity checks — lllegal bit check,
data and address shorts, constant power line monitoring

Full safeguard protection on all sockets

Automatic machine self-test routine

Powered down sockets

Cost effective price — £695 + VAT

Available from stock

=R A SRR O R TR

B A, ff'f??‘_‘gv e

Ul
bzt =

‘\

2704
2108
2716(3)
2508
2758A
2758B
2516
27116
48016
2532
2132
2132A
68732-0
68732-1
68766
68764
2764
2564
MK2764

REQUIRED @  EXPORT ENQUIRIES WELCOME

GP Industrial Electronics Ltd.  Toi'oers" 0752332

Unit E, Huxley Close, Newnham Industrial Estate, Plymouth PL7 4JN

WW — 046 FOR FURTHER DETAILS
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INTERNATIONAL

rTHE MOST COMPREHENSIVE RANGE OF COMPONENTS, KITS
AND MODULES IN THE WORLD & THERE’S ONLY ROOM FOR A
FRACTION HERE, GET THE CATALOGUE AND FIND THE REST.

BAND 2 TUNERHEADS {Varicap Tuning)
EF5804
2 MOSFET of stages MOSFET mixer,
JFET (F preamp, with internally ampii
fied PIN diode AGC. Tuning voltage
for 88.10BMHz is 2-BV. Buffered LO

output. AGC input
145 x 70 x 24mm.
— Stock No. 1-24 25+
40-05804 BIt 24.95 19.65
i =4

e T 7255 The latest complete FM
* ;;.ii

tunerhead from RF input to

stereo output. MOSFET RF

stages, HA11225 | F and
KB4437 stereo decoder. 72565 spacial otfer price
£30.00 plus VAT

]

911225A The 9112254 Is the 7230

‘edited’ and shrunk into a screened

4 metal case, 97 x 56 x 24mm, The
unitis ideally suited to use with

synthesised tuner systems.

Stock No 1-24 25+

40-91225 Built 20.82 16.25

944378 'Hyperfi’ series decoder module
with the TOKO K B84437 pilot cancel
PLL 1C birdy filter and the KB4438 muting sterec
audlo preamp with 26/38kMz pilot tone tiltering.
Stock No. 1.24 25+
40-04378  Built 19.95 18.05

DFCM500 wide range digital frequency/
capscitance meter. Frequency ranges;
0-1MHz, 1-50MHz and 80-500MHz. 8 digit
LEO display, mains or Ni-Cad battary operation
Stock No. 1-24 25+
40-01500 Kit 95.95 86.50
AUTOBRIDGE
An Automatic powaer tracking VSWR and seff-
ranging power meter. Completa Kit: All PCBs,
board mounted components, meters, case
{undritied), transformer etc.
Stock No: 40-40400 £52.86 + £1.50 P&P

Sub D £2.15; D £3.05; PP3 £3.7

’

FET DIP OSCILLATOR

An essential piece of test equipment for the RF
constructor, GDO or WM function covering 1.6-
215MHz in tive ranges. Audio and meter
indication. Kit includes: fibre glass PCB, all com
ponents, all hardware, punch, painted and scraen
printed case, wire erc. for cqgils and printed scale.
Stock No 1-24 25+
40-16215 Kit 17.90 16.20

10.MHz SSB GENFRATOR
PCB, Alt components, eight-pole crystal
ite
Stock No. Price
40-10700 £29.65

R&EW PROJECT AND DATABRIEF PCBs
High quality giass fibre printed circuit boards
for projects and Databriefs published in Radio

m
—. ey Loy & Electronics World
Voo b \n 27MHz Deviation Mater £1.98
PA10S £3.39
TV Pattern Generator £5.70
e MC145151 £2.57
2m Pre-amp £0.97
( KB4417 (Undritied) £0.60
0-30V PSU £3.92
t 2m PA Mk (1 £5.14
Cd ULN3859 (Undrilted} £0.84
SS8 Exciter £3.37
HA12017 £2.16
) Up Converter £4.75
2m PRE-AMP

Very compact low-noise MOSFET 2m pre-
amp. Gain 22d 8. Noise figure: less than 1.5dB,
i/p and o/p impedance; 50 ohm size; 34 x 9

x 15mm. From April ‘82 R&EW.

Stock No 1-24 25+
4014400  Kit 2,55 2.30

70cm PRE-AMP

Compact low-noise pre-amp. Galn at 433MHz;
13d8. I/P and O/P impedance 500hms, Size
50 x 10 x 17mm From March ‘82 R&EW
Stock No. 1-24 25+
40-07000 Kit 3.90 3.60

2m POWER AMP

20 watt 144MMHz linear power amplifier. 10dB
gain, 2W input 20W output. Automatic
switched relay. By-passes power amp in recaiver
mode Oeveloped from original ctass C version
in Dec B1 R&EW. High power output relay
Pre-drifled heatsink, optional RX pre-amp. Kit
only.

Stock No. 1-24 25+
40-14421 Less Preamp 28.50 25.65
40-14422 with Preamp 30.40 27.36

REMEMBER — THE LOWEST PRICED NICADS : AA 80p; C £2.35

AND THERE'’S PLENTY MORE IN THE CATALOGUE 70p inc.

RETAIL SHOP OPENING HOURS NOW N STOCK
Monday to Thursday 8.30-6.30 MF10 — National’s new Dual
Friday 8.30-8.30 Saturday 9.00-5.30 Rt eat LY

{Access + Barclaycard orders accepted) Price 4 587
ALL PRICES SHOWN EXCLUDE VAT. P&P 50p per order.

AMBIT INTERNATIONAL DEPT. WW

200 NorthService Rood, Brentwood, Essex

TELEPHONE (STD 0277) 230

WW-—086 FOR FURTHER DETAILS
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BUILD A PAIR OF MICRO MONITORS!

Just a few hours easy and
interesting work and you'll have
a sunerb pair of compact
loudspeakers for about half the
price of equivalent ‘assembled’
models.

The Wilmsiow Audio Micro
Monitor will stand comparison
with any speaker of similar size
{at any pricel). Don’t take our
word for it - cali for a
demonstration!

The Micro Monitor kit contains all the components needed — a pair of
cabinets in flat-pack form — accurately machined for easy assembly, all
drive units, crossover networks, acoustic wadding, grille foam, velcro,
nuts and bolts, etc. No electronic or woodworking knowledge required -
simple, foolproof instructions supplied. The cabinets can be stained,
painted or finished with iron-on veneer. Dimensions of assembled
cabinet: 32x24x20cms. Suitable for amplifiers of 20 — 50 watts.

Price: £112.95 per pair including VAT. Carriage and insurance £5.50

. i

The firm for Speakers 0625 529599

35/39 Church Street, Wilmslow, Cheshire SK9 1AS
1982 Catalogue — £1.50 post free
B Lightning service on telephoned credit card orders!

TELEX 995194 AMBIT G POSTCOOE CM144SG

WW — TAILS

Sowter
Transformers

With 40 years’ experience in the design and manufacture of several hundred
thousand transformers we can supply:

AUDIO FREQUENCY
TRANSFORMERS OF EVERY TYPE
YOUNAMEIT! WE MAKEIT!
OUR RANGE INCLUDES

Microphone transformers (all types), Microphone Splitter/Combiner transfor-
mers, Input and Output transformers, Direct Injection transformers for Guitars,
Multi-Secondary output transformers, Bridging transformers, Line transformers,
Line transformers to G.P.O. Isolating Test Specification, Tapped impedance
matching transformers, Gramophone Pickup transformers, Audio Mixing Desk
transformers (all types), Miniature transformers, Microminiature transformers for
PCB mounting, Experimental transformers, Ultra low frequency transformers,
Ultra linear and other transformers for Transistor and Valve Amplifiers up to 500
watts, Inductive Loop Transformers, Smoothing Chokes, Filter, Inductors, Ampli-
fier to 100 volt line transformers {from a few watts up to 1,000 watts), 100 volt line
transformers to speakers, Speaker matching transformers {all powers), Column
Loudspeaker transformers up to 300 watts or more.

We can design for RECORDING QUALITY, STUDIO QUALITY, Hi-FI QUALITY OR
P.A. QUALITY. OUR PRICES ARE HIGHLY COMPETITIVE AND WE SUPPLY LARGE
OR SMALL QUANTITIES AND EVEN SINGLE TRANSFORMERS. Many standard
types are in stock and normal dispatch times are short and sensible.
OUR CLIENTS COVER A LARGE NUMBER OF BROADCASTING AUTHORITIES,
MIXING DESK MANUFACTURERS, RECORDING STUDIOS, HI-FI ENTHUSIASTS,
"BAND GROUPS, AND PUBLIC ADDRESS FIRMS. Export is a speciality and we
have overseas clients in the COMMONWEALTH, E.E.C., USA, MIDDLE EAST, stc.
. Send for our questionnaire which, when completed, enables us to post quota-
“tions by return.

E. A. Sowter Ltd.

Manufacturers and Designers
E.A. SOWTERLTD. (Established 1941) : Rag. No. England 303990
The Boat Yard, Cullingham Road, lpswich IP1 2EG, Suffolk
P.0O. Box 36, Ipswich, IP1 2EL, England
Phone: 047352794 and 0473 219390
Telex 987703G Sowter

WW — 064 FOR FURTHER DETAILS
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il

rhandar’s uno=atable price/per-
‘ormance combinaticr means
avery engineear, serviceman and
‘echnician can erjoy the benefits
5f full performance portable test
nstruments.

Auality and reliability has been
prougnt to a wide range of low
tost instrumentation From multi-

meters through to logic analysers
Thandar have applied the know-
ledge gained through a historv of
innovative electronics to give you
robust instruments with profes-
sional specifications versatile
enough for bench or field use at
prices that are hard to beat.

Most of the products in the range

can be combined with acc essorles )
which expand applicat ons

beyond the realms of iow cost
testing. Mains or batte-y oder-
ation anc low w=ight make them
truly the most portablzs instru-
ments available taday.

All Thandar instruments carry a
one-year warranty.

PUTTING THE BEST WITHIN YOUR GRASP

® MULTIMETERS

® FREQUENCY
METERS

® PRE-SCALERS

e FUNCTION
GENERATORS

e PULSE
GENERATORS

EEaCColf

ﬁjlmmﬁ

m

M e

'\\ e THERMOMETERS
w 1 e OSCILLOSCOPES

| ® LOGIC ANALYSERS
'l e DATA PODS

| e VIDEO PRINTER

e VIDEO MONITORS
e ACCESSORIES

‘ﬁ@'-

——=—-’\”\«A—/ thandar:

0!\3

X364
(11}

tLECTRdNJCS LIMKTED.

006 FOR FURTHER DETAILS

tandor Road, St Ives,
'\S‘ﬁerJ“:' ire-PE1
: (0480) 64646 1elex-32

Huntingdon,
IHJ England.
50



VERTICAL RANGE FROM 3-10 SOCKETS
ALL EX-STOCK!
SPECIALS TO ORDER

HORIZONTAL OR L

OLSON ELECTRONICS LIMITED

WW - 021 FOR FURTHER DETAILS

IT COMES
TO POWER
FOR RACKS
« 1T MUST BE OLSON

5-7 LONG STREET LONDON E2 8HJ
TEL: 01-739 2343 TELEX 296797

Toroidal
nsformers

THE COTSWOLD
- “BUDGET RANGE" OFFERS
I BUILT-IN QUALITY COUPLED

" TO A RELIABLE
N, NELIVERY SERVICE
MOST TYPES
4% FROM STOCK

IEC 65
VDE 0550
BS 415

TO ORDER

11 PHONE
&9 TELEX, WRITE

FOR DATA SHEET
AND PRICE LIST

Cotswold Electronics L.

Unit T1, Kingsville Road, Kingsditch Trading Estate, Cheltenham GL51 9NX

Tel: 0242-41313 Telex: 897106

Sales Office in U.S.A.

AVEL LINDBERG INC.

Peacock Alley 116, 1 Padanaram Road, Danbury, CT 06810 U.S.A.
203-797-8698. Telex: 710-456-9984

WW - 040 FOR FURTHER DETAILS
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THE RELAY RACE
IS ON!

We have relays of all types, to cater for most
of your requirements. Listed is a selection.

PLUG-IN (BPO 3000), BPO 1000 MINIATURE
LEVER KEYS, TRADLE TYPE DIL REED, PC
SERIES 65 POWER RELAY MR16 SERIES, PCB
MOUNTING RP SERIES, SR26 TYPE, B15
TYPE, 07 + 12 SERIES, KL SERIES, 5G SERIES,
35 SERIES CRADLE TYPE, 29 SERIES.

SAFEBLOC 250V. A.C. (single phase mains)
ONLY £5.45 — NO EXTRAS!

Contact us for detailed stocklist

Trade and Export enquiries welcome

WARCL AT NS Access and Barclaycard et i
wn I N
B A Y D I s 7 William Street

Herne Bay, Kent
WW — 041 FOR FURTHER DETAILS

Tel: 02273 64586
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%o JK 7
40 5%, 7
Carston;: Carston:« sy © W MIDWICH COMPUTER COMPANY LIMITED
FAST EX-STOCK OELVERY OF MICROCOMPUTER COMPONENTS AT UNBEATABLE PRICES
SPECIAL MEMORIES 2716 450 4116 200ns
- ns 6116P3150ns 3.85
CROTECH Oscilloscopes oreens  [RTRRAS o L I AR
g 200ms 0.80 | 2732 350ns 4164 200ns T, 150ns 575
s égl-f('m 2708 450ns 278 | 2732 450ns 4164 200ns
These are brand-new instruments N ; aiedsos | 353 450 N s * VB« seecuvuow
3030 15MHz 1 T N Hiesons "0 | 2764 430m 1000 260  PRICES FOR
MHz 1 Trace N (+5V) 350 | 4116 150ns 5516 250ns  9.38 |  QUANTITIES +
5mV built-in _— T
component tester £150 MIOWICH NOW APPOINTED OFFICIAL ACORN Device Price | Devico Prics | Device Price
BBC MICRO OEALER OVM CHIPS 4512 049 [ 25} 29
3033 15MHz 1 Trace IN450E 761 | 4514 1.14 | 253 .30
5mV battery R s ﬁoun ATOM UPERADES prica | ZMS0KIT 1735 gg: g l.;: gg gg
operation “Aiom 0t pack AQEO% 00°° m‘;&% 5 | 48 39 g? ;;g
tom colour card {AAHO7) 39.25* 4519 .28 g
3034 15MHz 2 Trace 4K Atom DOS (AAS41) 0+ | (M308N 89 | 4520 49 | 266 19
5mV battery = -4K FP ROM [AAS22) 2000 | LM3TIN 69 | 4521 09} 273 59
operation N -BBC ROM Set {XXXX) 4995+ | LM3I9N .14 1 4522 124 | 279 .59
N 88C Microcomputer Upgrades N 30| 5% 89 | 283 -
3131 15MHz 2 Trace N Menory Upgrade (BGT) 2150 | IMEEEN 18 | &2 84 | 230 i
SmV built-in N\ ~Prnter & User I/0 kit (BBC2 780 | [MEeRch as) 8 09 i
*F Disc intertace o 20.00 % 4532 09 | 365 .29
component tester £240 9 it kl;‘c(a%osu‘ﬂ S Lw7a1 (8 PN 014 | dsad 99 | 366 29
- Seri ; : 4543 .79 | 367 29
T c0MHz2 Trce St e, 6R |PaielE HIR i3
5mV with signal *Printer cable inc Amgféeno! piug 5 =2 :ggg 30 ;2 ﬂ
delay £395 {ot assembied) (BBC21) 1300 | REGULATORS Ao 50 | 372 r
“User pont connector & cable (BBC22) 2.0 05 39 | 2o AR R ¥
3N - Analogue Input piug & cover BBCM} 225 7812 .39 el h" devices 79 85
Battery eliminator  £32 5 pin DIN piug for senaiint (BBCT11) 060 [ 7815 3g | avaftable e 5]
CRMMTRInGG IR (M M| wewes (8
;. L *7 pn or cassette | 0 . ¥
Prices exclude delivery SN\ Camneetor lo bus & cabee (BBCE6I 350 | 78L15 79 | 07 |3 il
gaann and VAT, S 'Swgle disc dnve (I00K) IBBC31Y  225.00* [ 7905 .55 | 02 1
COXKERGop00n “Dud disc drives IBBC:!?{ 345.00° 7912 55 | 03 11 | 0IL seckets low
LXXX]3 LR ; -Games Paodles (per par) (BBC45)  11.38 7915 .55 | 0 .11 | profile
A 4 i - Prices on these items are tikely to change please | LM309K .99 [ (5 11 | pins Tin Gold W/W
Now, m contact sales nifice before ordenng LM317K 20 | 08 s
ore than 8 122 25
vipm ever. the purchase of used some items ar-¢ on extended delvery fom Acom | LM323K 485 | 09 11 [ 14 9 28 35
PmMent can make more sense th et please check availability before (,«&um) tems | LM338K POA | 10 11 (16 8 31 35
even rental. Our wide choice, lowe. 1 buying new or Diaked UHF MOOULATORS | | 13 | 18 13 33 52
guarantee arrangements ca - lower prices, and our EPROM PROGRAMMER FOR 6MHZIUM1111) 3.70 ;? ~}' ’ 20 14 25 60
G n satisfy many of your BBC MICROCOMPUTER BMHZIUM1233) 440 | 13 52 e
gent needs, NOW no waitin # Programs 2516 2716, 2532 2732 CRYSTALS i5 28124 19 42 10
Although we also sell old o Industry Standard EPROMS TMHZ 200 | 20 1228 25 54 8D
of our inven S €r models, a large proporti # No external power supply requred 1 00BMHZ 200 | 51 noay 5297181 408
tory is represented b portion # Plugs straight Into expansion socket teatomnz 220 | 22 13 | OIL JumeERS
currently fi Y manufacturers’ # Easytouse # Inciudes all Sottware required L Single ended 24"
Y listed models. Send for our full i EPROM Programmer {Kit) 49.95 QLI 5? } TP 140
g 5 £PROM PROGRAMMER (Assembied) 5788 | 3uy 1e il 12 (1600 ;g‘s’
; - B & R JOYSTICKS AND CONTROLLER FOR | 6MHZ 145 | 10 2
Our current stock list includes: 2XBY AN SPECTRUM e 0B G o P
AUDIO & ACOUSTIC MULTI-METERS * Contols 1 or 2 Joysticks N 12 L 14PN -
ANALOGUE METERS NETWORK ANALYSERS ¢ WD G VR R o CMOS 4000 '8 o 12 116 PIN 205
BRIDGES OSCILLOSCOPE 2 (S SERIES p 32 |22 PN 310
CHART RECORD - S N3 * Phugs straght into £ »panision Stot 4001 0.10 | 4 .27 | 40 PIN 485
ERS PHASE METERS AN * Edge Connector peovder! for RAM Pack 4002 012 | 47 34 ,
CABLETEOING P ENT S WER SUPPLIES N i~ 4000 R o | 2o o oo
u RN 4007 015 | 4 60 L
COMMS. TEST EQUIPMENT  PULSE GENERATORS -~ povsterontler il mos e | G0 80 | 51 14 | 26 PN 218
COMPONENT TESTING SIGNAL GENERATORS ol 19805 | oo 34 | o | 2P 3z
COMPUTER EQUIPMENT  STORAGE OSCILLOSCOPES oysticks 5.5 ea | 4010 39 |3 15 |40 PN gl
DIGITA i 7
oiotT At ;E%;i%‘é';g‘éggs gc&&}“gx‘é\wgggns (AIl Kits supplied wath [l assembly mstructions) :8::2’ 1 (L i el e
DISTORTION METERS TV. TEST EQUIPMENT Device Price | Device Price ] 4012 049 | 76 gt | B e
31?1'1‘1%’2;"52525 TAPE “(E:CORDERS 780 FAMILY OATA CONVERTERS | 4015 048 = 22 %o i
U.V. RECORDERS Z80CPU 295 | ZN425 345 | 4016 18 - -
DATACOM TESTING VOLTAGE SREAKDOWN TESTERS Z80ACPY 345 | ZN426 300 | 4017 37 | 85 A7 | ZERD NS
FREQUENCY COUNTERS VIBRATION MEASUREMENT 280CTC 284 | ZN27 599 | 4018 67 | 86 35 1 24 PIN 595
FUNCTION GENERATORS  VOLTMETERS ZBOACTC 285 | 2428 418|408 A & 28 120 v 740
4020 49 | 9 80
LOGIC TESTING WAVE ANALYSERS 780ADART 570 | ZN429 210 4020 ol 80 jaopn 880
MAINS SUPPLY TESTERS  X-Y RECORDERS AND MORE Z00DMa 1195 | 232 2500 | ango 85 | O 25 | 24 WAY D
cmnnuumou METERS 7B0APIQ 295 Nﬂ‘a 5 440 3853 ; ? ?ﬁ “;9 hcﬂgvmgguns
j ; j 760ASI0-0 1189 | UPDT00 435 . .
urrent and refurbished discontinued models too! a0t 1o | Haar 728 | 4125 | 12 20 | 136" Calel 1015
70ASI02 1189 | ZN448 5.46 | 4026 29 | 113 20 | Male-Feraile
k3886 1100 | ZN449 255 | 4027 23 | 114 22 | (6 Caokl 1013
MK3886-4  14.47 | ZN440 56,63 | 4028 49 | 122 35 M?'g. chggm
6300 FAMILY 3 188 | 1% 3 | e 252
FLOPPY DISC 4033 16a | 125 024 | Female’S Ence
Zggg 299 NTRO 2034 190 | 126 025 | 118 Canie 6.25
N 349 | FD1771 1475 | 2035 084 | ! 0.
AN 6803C 1210 | FD1791 21.75 {4040 49 | 136 023 0C CONNECTORS
AW 6809 8.45 | FD1793 2275 | 4021 77 | 138 27
She g8 112 | FD1/% 2175 | 4047 44 | 139 20 | SHROUOED HEADIRS
20 | :
6840 395 V\P[;17ege)71 %Zg 38:): '2 }ﬂg og | (Rat Ange PCB NJW
gggg 6.75 | WD2143 5.77 | aga5 69 | 151 139 }9 gm l;l-g
6880 189 | misc suppor 048 £4 | 123 28 1 16 PN '
6887 30 | CHiPs T oz 49 | 138 34 1 20 PN Tie
68488 W | Avsitis 2 | doag R 34 | % piv 176
8803 S8t Aaee0 Lo 00 24 | 158 20 | 30 piy in
63800 RSl 398|405 43 | 160 33 [ 50 Pin 5]
88609 191 | Av53600 785 | ans [0yl 162 35 | 60 pin 3;
88827 PR30 aso| 4% e 3o
88810 &0 | Mciass 055 4825 .84 16 54 10C Sockets inc 36~
85840 70 | MC1a89 055 A 33 | Ribbon Cable
35 | 406 59 | 166 63 | 10 PIN
68850 2.86 | MC3446 285 | 406 99 | 173 64 | 14 PIN 182
6500 FAMILY MCadBn 423 1 aope 29 | 172 40 | 15 piN 210
AT S F B AR L
6522 T8 1 mcrays 684 4070 14| 190 36 | 55 b 32
e 49 I mCiaa2 799 a7 14 | 101 24 | 29 b 320
ey | BG2L B8y 39 | 192 4 | 500N o
PP I T Ay YRR 44 | o PN o8
BUEIE Rl w e e
82514 339 | (F5Sen -1 25 | 157 b Tel Saie
82354 205 53| 076 25 | 197 451 o G tor
- o lER AR E e mel
408 20 55
090 | S5 Ritinences | 406 241 65 deal
090 | Ms3ioey voo| doe: 5 [ 3 54 | Ernom-
ERE i S T sl
2 et 02 A 4 . X ers
EE i B I
d | 4510 .4 S y
145 | ZNRef 100 196v256 | 4511 08 | 24 68 | Uv1di 7850
24 Hour Telephone order service for credit card holders
O/:fn pr:ce%excl‘ude \Z;T and ca:nage (0.75 on orders under £10 nett)
cial orders from educational and government establishments, and
used ual'anteed test e ui ment public companies|accepted. Credit accounts available to others (subject to status).
3 g quip A Al orders despatched gn day;pl receipL'Oug o'lﬂ)o:k items' will 1oUIowdon automatically at our
- v & ar K] iscretion or a refund wi iven if requeste:
calibrated to manufacturers’ original specification. NG SUACHARGE FOR CreDh Camp OEpERS
Carston Electronics Ltd., Shirley House, 27 Camden Road, Mi DW | C H CO M PUTE R CO LTD
London NW19NR. Tel: 01-267 5311.T8|8X2.23920(HOUIS Mpnday to Friday DEPT WW, RICKINGHALL HOUSE, RICKINGHALL. SUFFOLK 1P22 1HH,
9.30am to5.00pm — lunch 1-2pm). Prices exciude delivery & VAT. TELEPHONE (0379) DISS 898751

WW — 020 FOR FURTHER DETAILS
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LDW CDST PRDFESSIDNAL TEST INSTRUMENTS

e e &

FREQUENCY METERS
ANALOGUE MULTIMETERS
DIGITAL MULTIMETERS
FUNCTION GENERATOR
OSCILLOSCOPES

POWER SUPPLIES

LOGIC PROBE

SCOPE PROBES

® Multimeters b ) .
sabtms g ) o Write or phone for illustrated

test instrument catal ogue and price

(Belemic

Hand Held
Analogue and
Digital

%% % % %% % %

Cambs. PE17 4EB
Tel: (0480) 62440 Telex 32339 J

FREQUENCY METERS 16 Models ; : b e L
100MH;, 600MH_, and1GH; Models from £18.75 - - - 9A, Crown Street  B1acT YK
from £67 : 5K a4 St. ives, Huntingdon

WW - 016 FOR FURTHER DETAILS - -

e OAAMLLSA!  XLR CONNECTORS

Line Fernale A3F, . £159 Chassis Femnale O3F t2.03
Line Male A3M £136 Chassis Male D3M £1.19

4.5, 6 and 7-pin versions and large selection audio adaptors available

NEUTRIK XLR CONNECTORS

BE PREPARED [\ thau Lenss

Ideal for the experimenter

Latch NC3-FZ. £0.67 Latchl Chassis Male NC3-MZ £0.59
R THIS DOSIMETER WILL AVTOWATICALY s s ng Lo
. Fernale Chassis NC3-FP £1.65 Chassis Male NC3-MP £0.87
n gNlT {S SIZE OF FOUNTAIN PEN & CLIPS 4,5-pin, PCB and black versions and large selection of audio adaptors available
NTO TOP POCKET
B PRECISION INSTRUMENT R XLR LN£E33'1VIA"X\!R§NEECIES €376
® MANUFACTURERS CURRENT PRICE OF A XLR LNE 32c £2.89 XLR LNE 31 £414

SIMILAR MODEL OVER £25 EACH
m0-5R

BELCLERE AUDIO TRANSFORMERS

British design & manutacture 3 ENG422 Ratio + 1.2 +. 2 Freq. 40MHz-35KHz. PRI 150/60012, sec. 600/2.4K0.
g ENG423 Ratio 1 + 1:6.45 + 6.45. Freq. 40HZ —25KHz. PRI 150/6001). sec. 6.25
Tested and fully guaranteed. Ex-stock delivery. COMPLETE SKT-723 MuMetal Screening can, 33dB reduction 50H1 ext. field ...........
As suoplied to Fire 'Services/Civil Defence WITH DATA Trade enquiries : quantity di le. Al prices sub‘ect o VAT wi
——I— i | telephone. Minimum urdev £10. Please add £2 postage. Access, Amex, Barclaycard.
Otficial Orders welcome o o = .
01-723 1008/9 f

i 28 POWIS TERRACE, LONDON W11 1JH
(10 vt o] 01-727 1046/0780

WW-089 FOR FURTHER DETAILS

CALLERS: 404 EDGWARE ROAD, LONDON W2 1ED
Mail Orders/Export Enquiries to: 11-12 Paddington Green, London W2

Superb attaché cases
atno~nonsense prlces !

With a saving of £10 on normal retail price this is a :
reader offer you just cannot afford to miss! = , £ EXPANDER CASE

The *Expander’ is illustrated opposite (1712 "x12> " i :
X 4'2")and s available in a choice of three prestigious B £17 95
colours. e o

The cover is tough, easy to clean ‘poly’ which is S ' EXECUTIVE CASE
stitched and welded for durability. b

The interior is fully lined and pocketed in a matching
colour.

Maximum security is offered by the
dual combination locks.

The ‘Executive' (172" x 122"
X 32 ") is identical in every respect
except the deletion of the expander

facility. This offer carries a ‘no-quibble’
money back guarantee.

QUALITY ATTACHE CASES FROM

HUNTER -~

\6""

WW - 079 FOR FURTHER DETAILS
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is an alternative to AUTOMATIC TEST EQUIPMENT which can be very expensive.
MICRODOCTOR is perfectly adequate for diagnosing fautts in microp-ocessor
boards or computers in the REPAIR SHOP or on the PRODUCTION LINE. Reports
are PRINTED on the integral thermal printer. Tests supported are CHE CKSUM,
RAMTEST, WAIT, READ, WRITE, /O READ, VO WRITE, DUMP IN HEX, DUMP IN
ASCll, TEST DATA LINES (for shorts between data, address and rails}, SEARCH
(for two specified bytes), MAP (print a memory map of ROM. RAM, VO and EMPTY
SPACE). Supports both multiplexed and non-multiplexed address/da‘a. Standard
software will also DISASSEMBLE in Z80 mnemonics — other disassemblers cost
extra. Programs for board-testing can be written in MINUTES - and re:ained for
MONTHS even if the power is switched off (CMOS RAM is backed-up with

1 rechargeable battery). Capacity is 15 different

programs of 12 tests each. Included ere two

PROBE CONFIGURATION CARDS (Gne Z80, other

uncommitted), PROBE with 24 inch cabie and

40-pin DIL plug - and POWER SUPPLY. Extras
available are 6502 disassembler retrofit . . . £35,
Clip-over PROBE (only needed if uP is soldered-
in)...£35.

Goodies o a2

Olivett: Typeaniten Tnterfaces

for ET121 and ET221 machines which permit the typewriter to be used as a
DAISY WHEEL PRINTER for computers implementing the R$232, 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). £195.00

Tbandan Logic Analyoen Enliancements

The THANDAR TA2080 LOGIC-ANALYSER was NOT designed by DATAMAN -
but we like this instrument and use it for product development. Wher writing
software we use SOFTY for ROM-EMULATION, following the prograra-flow on
the TA2080 screen. We modified our TA2080 to make it more useful; adding an
RS232 OUTPUT TO PRINTER - also Z80 and 6502 DISASSEMBLERS. Now we
can follow program operation in MNEMONICS on-screen and print TIMING or
STATE DIAGRAMS and DISASSEMBLED CODE. Cost of this RETROFIT kit (12K
of program ROM, socket for RS232, interface board, instruction sheet) is, if
fitted by us and purchased with a TA2080 £195.00

it purchased as a kit without TA2080 £295.00

Softy luith PSU

Yes, we still have a few old faithful 3 rail EPROM PROGRAMMERS around, as
seen in Kensington Science Museum, if you are still using 2708’s get yourself

this fine old classic at a bargain price £95.00
Uttna Tioler Eprom Enasers from £33.00
7,
U
f (A

///‘ ’//

uses the MOST POWERFUL LANGUAGE OF ALL - direct

ASSEMBLER MNEMONICS. MENTA has VISUAL AIDS to program

development which the big systems lack: a TV display of PROGRAM,
REGISTERS and STACK; single-step operation (watch the cursor move from
instruction to instruction, see the register-contents change, observe stack
operations, etc.) BUGS can be flxed immediately without reassembling. Full
speed operation Is supported too - with or without BREAKPQINTS. Designed
originally for the Schools' Council ioteach microprocessing, MENTA is a
complex CONTROLLER in its own right, like any other Z80 sy stem, with practical,
commercial applications in ROBOTICS. Features include CASSETTE
INTERFACE, ASSEMBLER/EDITOR, serial

DISASSEMBLER (now included as

standard), 24 bits of VO - also TV FLYLEAD,

POWER SUPPLY and COMPREHENSIVE

MANUAL with SOURCE-CODE LISTING.

+yAT

SOFTY has functions equal, at least, to equipment which sels for over £500.
SOFTY EMULATES AND PROGRAMS 2716, 2516, 2732, 2532 ZPROMS. (The type
is selected by a personality switch. SOFTY will copy any of these EPROMS to
any other). SOFTY has a HEX KEYPAD, a fast CASSETTE INTERFACE, a
MEMORY MAP TV DISPLAY with powerful editing — such as INSERT, DELETE,
SHIFT-BLOCK and many other facilities — too many to list here. R$232 SERIAL
and CENTRONICS PARALLEL routines for INPUT
and OUTPUT are standard. The price includes TV
FLYLEAD, POWER SUPPLY and ROM
EMULATOR CABLE WITH 21 PIN DIL PLUG,
SOFTY is used as a DEVE _OPMENT
= SYSTEM for new products or just as a
,\,\IP\ STAND-ALONE EPROM PROGRAMMER.

OMBARD HO 7
ORNWALL ROAD

l.';' R, DOR » R ‘
plepho p: DO g g D30 8000

WW — 007 FOR FURTHER DETAILS
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An Approved Professional Source.

' T
We supply Power Valves, CRT’s, Microwave Tuzes,

Semiconductors anc ndicators for use in Electronic Warfare,
- Radio and Satellie Communication, Radar anc Industrial
Heating Sys-ems. - e : :

As an MO Contractor with an‘in-house micraofiche based
sourcing service covaring current and ‘out of production’
NATO, CV anc -Cormwmercial Part Numbered devices we

£ could be Your Azproved Professional Source.

AR ron

1

(I

(il
i

S gy

il

il

(T RHINT
I

Hall Ebectric Ltd., Electron House, Crzy Avenue, St Mary Cray, Orpington, Kent BRS 3PN, England.
: Telaphone: Orpimgton (0689) 27099. Telex: §96141.
WW — 075 FOR FURTHER LETAILS
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Quartz Oscillators

DIL compatible configurations

CMOS and TTL outputs

Wide temperature ranges

Frequencics one pulse per day to 6o MHz

Many standard frequencies from stock Interface
Quartz
Devices

More details of specifications trom Limited

Crewkerne (0360) 74433
Telex 46283 inface g

29 Market Street
il Crewkerne
/ Somersct Tai8 7ju

WW — 058 FOR FURTHER DETAILS

RADIOCODE
CLOCKS

are powerful and comprehensive instruments which receive, decode
and analyse time-coded standard frequency transmissions to provide
accurate, secure and completely automatic time/calendar or synchro-
nisation systems.

Applications
Automatic master clock and slave controller.
Synchronisation of separate equipment and events.
Programmable energy management system.
Computer clock/calendar with battery backup.

Data logging and time recording.

Process and equipment control.

Broadcasting, Astronomy, Navigation.

Satellite tracking.

If you have a time or synchronisation problem,
write or phone for further details of our portable
and new microcomputer-controlled Radiocode
Clocks.

Circuit Services, 6 EImbridge Drive
Ruislip, Middlesex. Ruislip 76962

WW — 042 FOR FURTHER DETAILS
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Sinclair ZX Spect

16Kor48K RAM...
full-size moving-
key keyboard...
colour and sound...

CYAN YELLOW

<2 <>
fa ER
R\ AN

CLOSE # MOVE

GREEN
INV. VIDEO

MAGENTA
TRUE VIDEO

=N
N\
N\

LINE

RED
CAPS LOCK

&

OPEN #
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high-resolution

graphics...
From only

£125!

First, there was the world-beating
Sinclair ZX80. The first personal computer
for under £100.

Then, the ZX81. With up to 16K RAM
available, and the ZX Printer. Giving more
powerand more flexibility. Together,
they've sold over 500,000 so far, to make
Sinclair world leaders in personal
computing. And the ZX81remains the
ideallow-costintroduction to computing.

Now there’s the ZX Spectrum! With
up to 48K of RAM. A full-size moving-key
keyboard. Vivid colour and sound. High-
resolution graphics. And alow price that’s
unrivalled.

Professional power-
personal computer price!

The ZX Spectrum incorporates all
the proven features of the ZX81. But its
new 16K BASIC ROM dramatically
increases your computing power.

You have access toarange of 8
colours for foreground, background and
border, together with a sound generator
and high-resolution graphics.

You have the facility to support
separate datafiles.

You have a choice of storage capa-
cities (governed by the amount of RAM).
16K of RAM (which you can uprate later
to 48K of RAM) ora massive 48K of RAM.

Yet the price of the Spectrum 16K
isanamazing £125! Even the popular
48K version costs only £175!

You may decide to begin with the
16K version. If so, you can still return it later
foran upgrade. The cost? Around £60.

Ready to use today,
easy to expand tomorrow

Your ZX Spectrum comes with a mains
adaptorand all the necessary leads to
connect to most cassetterecorders
and TVs (colour or black and white).

Employing Sinclair BASIC (now used
in over 500,000 computers worldwide)
the ZX Spectrum comes complete with
two manuals which together represent a
detailed course in BASIC programming.
Whether you're a beginner ora competent
programmer, you'll find them both of im-
mense help. Depending on your computer
experience, you'll quickly be moving
into the colourful world of ZX Spectrum
professional-level computing.

There’s no need to stop there. The
ZX Printer—available now - is fully
compatible with the ZX Spectrum. And
later this year there will be Microdrives for
massive amounts of extra on-line storage,
plus an RS232 /network interface board.

RN

N
G

MERGE

THEE

LLIST

M

Key features of the
Sinclair ZX Spectrum

@ Full colour-8 colours each for
foreground, background and border,
plus flashing and brightness-intensity
control.

& Sound -BEEP command with variable
pitch and duration.

# Massive RAM-16K or 48K.

® Full-size moving-key keyboard - all
keys at normal typewriter pitch, with
repeat facility on each key.

@® High-resolution-256 dots
horizontally x 192 vertically, each
individually addressable for true high-
resolution graphics.

@ ASCll character set-with upper-and
lower-case characters.

¥ Teletext-compatible - user software
can generate 40 characters perline
orother settings.

@ High speed LOAD & SAVE-16K in 100
seconds via cassette, with VERIFY &
MERGE for programs and separate
datafiles.

@® Sinclair 16K extended BASIC -
incorporating unique ‘one-touch’
keyword entry, syntax check, and
report codes.

WIRELESS WORLD DECEMBER 1982
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ZX Spectrum software on
cassettes —available now

The first 21 software cassettes are
now available directly from Sinclair.
Produced by ICL and Psion, subjects
include games, education, and business/
household management. Galactic
Invasion...Flight Simulation...Chess ...
History...Inventions...VU-CALC...VU-3D
...47 programs in all. There's something
for everyone, and they all make full use
of the Spectrum’s colour, sound and
graphics capabilities. You'll receive a
detailed catalogue with your Spectrum.

RS232/network
interface board

Thisinterface, available later this
year, will enable you to connect your
ZX Spectrum to a whole host of printers,
terminals and other computers.

The potential is enormous. And the
astonishingly low price of only £20is
possible only because the operating
systems are already designedinto the
ROM.

=irnci=ir

Sinclair Research Ltd, Stanhope Road,
Camberley, Surrey GU15 3PS.
Tel: Camberley (0276) 685311.

WIRELESS WORLD DECEMBER 1982

The ZX Printer-
available now

Designed exclusively for use with the
Sinclair ZX range of computers, the
printer offers ZX Spectrum owners the full
ASCIl character set—including lower-case
characters and high-resolution graphics.

A special feature is COPY which
prints out exactly what is on the whole TV
screen without the need for further
instructions. Printing speed is 50 charac-
ters per second, with 32 characters
perline and 9lines per vertical inch.

The ZX Printer connects to the rear of
your ZX Spectrum. A roli of paper (65ft
long and 4in wide) is supplied, along with
fullinstructions. Further supplies of paper
are available in packs of five rolls.

The ZX Microdrive—
coming soon

The new Microdrives, designed
especially for the ZX Spectrum, are set to
change the face of personal computing.

Each Microdrive is capable of holding
up to 100K bytes using a single inter-
changeable microfioppy.

The transfer rate is 16K bytes per
second, with average access time of 3.5
seconds. And you'll be able to connectup
to 8 ZX Microdrives to your ZX Spectrum.

All the BASIC commands required for
the Microdrives are included on the
Spectrum.

Aremarkable breakthrough ata
remarkable price. The Microdrives are
available later this year, for around £50.

How to order your ZX Spectrum

BY PHONE -Access, Barclaycard or
Trustcard holders can call 01-200 0200 for
personal attention 24 hours a day, every
day. BY FREEPOST -use the no-stamp
needed coupon below. You can pay by
cheque, postal order, Access,

Barclaycard or Trustcard.

EITHER WAY-please allow up to 28
days for delivery. And there's a 14-day
money-back option, of course. We want

you to be satisfied beyond doubt-and we

have no doubt that you will be.

|—:o: Sinclair Research, FREEPOST, Camberley, Surrey, GUI5 3BR. Ord:‘

| Qty item - Code Item£Price Toéal |

| ‘Sinclair ZX Spectrum-16KRAMversion 100 12500 B |

| ~_ Sinclair ZX Spectrum -48K RAM version 101~ 17500 l

I ~_Sinclair ZX Printer - B 27 59.95 |
~ Printerpaper (packofSrolls) 16 1195

I ~ Postage and packing: orders urtder £100 28 295 I

| ~ ordersover£100 29 495 |

Total £

I Pl'easetickifyourequireaVATreceipt[] l

I *| enclose a cheque/postal order payable to Sinclair Research Ltdfor& _ |

l *Please charge tomy Access/Barclaycard/Trustcard account no. l
*Pleasgdelete/complete | L] I |

l as applicable o - . I

| Signature B
PLEASE PRINT

| \Name:MrMrsiMiss | | | 11| || Ll

| Address | | | | |1 1 i L1 Ll ULl 1

T o Lt

|L_J_l 1 S (S N s () Y S _L\ALBMJZ._J|

WW - 010 FOR FURTHER DETAILS
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POWER RESPONSE DC — 45KHz + 1dB.

{CONTINUOUSR.M.S))
% D.C. OUTPUT 20 AMPS AT 100 VOLTS OR 2KVA.

OHMS
OSCILLATORS.
' GENERATORS, AND MANY OTHERS.
VIRTUALLY ANY LOAD.
INTO ANY LOAD.
% INTERLOCK CAPABILITY FOR UP TO EIGHT UNITS.

% 3-YEAR PARTS AND LABOUR WARRANTY.
% UNITS AVAILABLE FROM 100VA-12KVA.

P.0.BOX 3
ATTLEBOROUGH
NORFOLK NR17 2PF
Tel: 0953-452477

% TWO UNITS MAY BE CONNECTED TO PROVIDE UP TO 4kW.

*
% OUTPUT POWER IN EXCESS OF 1.5KW INTO 2.75 Ohm LOAD

% HARMONIC DISTORTION LESS THAN 0.05% DC-20KHz AT 1kW INTO 6
% PLUG-IN MODULES: CONSTANT VOLTAGE/CURRENT, PRECISION

J UNIPOLAR AND BIPOLAR DIGITAL INTERFACES, FUNCTION
% OUTPUT MATCHING TRANSFORMERS AVAILABLE TO MATCH
% FULL OPEN AND SHORT CIRCUIT PROTECTION GUARANTEED STABLE

MUSCLE

o

—_—

Model — M600

For full details on all Amcron Products write or phone Chris Flack

Analogue Associates

PROFESSIONAL INDUSTRIAL ELECTRONICS

WW — 031 FUR FURTHER DETAILS

DECEMBER ISSU

JELEVISION

SOME RECENT TV CHASSIS

Servicing notes on the Thorn TX9 and Hitachi NP8CQ chassis.

A VINTAGE TV RESTORATION
How an HMV Model 905, dating from
1938, was restored to working order.

TEST REPORT

A review of the Manor Supplies Mk. V
test pattern generator.

MILLER ON WORKSHOPS

Service departments vary from the
mythical to the abysmal.
ChasE. Miller on some he’s worked in
or visited over the years.

QUICK CHECKS —PYE 725 CHASSIS

How to tackle basic faults on this and related
Pye solid-state colour chassis.

PLUS ALL THE REGULAR FEATURES

28
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INSTANT PRINTED CIRCUITS!!

Make your own — to professional standards —~ within minutes using
gither “Fotolak’ Light-sensitive Aerosol Lacquer or Pre-coated board. No
Darkroom or Ultra-violet source needed!

Fotolak aerosof £2.50 (30p) Developer................. £0.30 (15p)
Ferric Chloride............£0.60 (45p) Acetate Sheet............. £0.15 (15p)
Copper-clad Fibre-glass Boards: Single-sided .......... £2 ft. sq. (45p)

Doubte-sided....£2.25 ft. sq. (60p)

Pre-coated Fibre-glass Board:

8''x4%2" .. £1.75(25p) 16'x9" ... £7(60p) 24"'x18" ... £18(£1.70)
24''x12"" ... €13 (£1.20)

8'x9" ....... £3.50 {(45p) Eurocard £1.25 (25p)

Double-sided Board (all sizes) add 20%
Postage individual items in brackets. Maximum charge £2 per order

12V FLUORESCENT LIGHTING! FANTASTIC BARGAIN!

21'" 13-watt Batten Type (complete withtube)........................... £6 (£1.20)
Kit Form: ... £5 (£1.20). Inverter Transformersonly: .............. £1(30p)

WHITE HOUSE ELECTRONICS praa sanps, PENZANCE TR28 STF
Teiephone: Gormoe (873-676) 2329

¥ |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 — 069 FOR FURTHER DETAILS
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ALL MODELS ON DISPLAY TEST EOUIPMENT CENTRE

CALL IN AND SEE FOR YOURSELF
OPEN SIX DAYS A WEEK

RETAIL ® MAIL ORDER © EXPORT e INDUSTRIAL © EDUGATIONAL

TRIO 20 MHZ DUAL TRACE 'SCOPES

140mm Tube: OC to 20 MHZ: SmV
Sensitivity: CH2 Invert:

€S1820 elayed sweep: 0.2usec to
0.5 sec sweep.
Modes CHY. CH2 OUAL and ADD.
List Price  Our Price
£530.00 £420.00
inc. VAT inc. VAT
[UK C/P£4)
CS 1566A NOR. AUTO. VIDEO:
0.5psec 100.5 sec sweep:
Modes CH1. CH2. ALT. CHOP and AD
Ii.:lséal’rlce Qur Price

368.00
inc. VAT £299
{UK C/P £4) Inc. VAT

2 YEAR GUARANTEE

Optional probes - see below.

100 KHZ T0 30 MHZ

6 Band Trio RF Generator.
Int/Ext MOD. Variable 0/P to 100mV

Am Int 400HZ MOD.
£5995

SPECIAL PRICE
(UK C/P£2) vn

20HZ to 200 KHZ
Audlo Generator

[UKC/P £2)

AB202A matching

£78.00 inc. VAT

(SW = slide switch; PB = push-button:
RS = rotary) (models * with carry case}

UK C/P 65p all models

*KD25C 13 Range 0.2A OC 2 muguhm

(SW)
*KD30C 26 Range 1A AC/0C 2[!]
megohm (RS) £37
*KDS5C 28 Range 10A AC/0DC 200
megohm [RS] £

*601 26 Range 2A AC/DC 20 megohm
|PB) £36.50

LOW COST DIGITAL MULTIMETERS

31, DIGIT LCD HAND HELD DMM’s:

188m 16 Range |BA DC (NO AC)

2 magohm plus He ITHANSISTOHI
tester (RS)

189m 30 Range 10A AC/DC 20 mogohm
plus Hia Tester [RS) £69.95
*DM2350 21 range miniature auto
ranging [SW] £55.

186y |lu|llllll03

)

Hand Held Models 3, Digit LCO
(UK C/P 65p)

129 25 range 0.8% basic 10A AC/0C
rotary switches {Keithtey) £79.35
130 as model 129 but 0.5 “sbasic

[Also see above) £102.35
Bench-Models 3% digit LCO unless
stated (UK C/P 90p)

DIGITAL MULTIMETERS

All models complete with leads and

batleries

2010A LED 31 range. 1DA AC/DC

basic 0.1% (Sabtrenics) £81.50

TM353 LCD 27 range 2A AC/DC

baslc 0.15% |Sinclair] £86.25

2015A LCD 31 range 104 AC/DC

basic 0.1% {Sabtronics) 9.50

TM351 LCD 29 range 10A AC/DC

basic 0.1% (Sinclalr] £113.85

2001 LCO 28 range plus 5 range

capacitance meter 10A AC/DC

tasic 0.1% (Pantec) £108.00

TMA451 4Y% digit LCO every facility

and function 0.02% basic (Thandar]
£1

71.00
15034 4%, digit LCO 30 ranges
10A AC/0C MHZ counter 4 KHZ osc.
0.05% basic (Thuriby) £171.00
1503HA As above but 25A and
0.03% basic £189.75

ANALOGUE
MULTIMETERS [g

HM307 Single trace 1DMHZ 5mV:0.5
micro sec. Plus built in component tesler
6 x 7cm display (HAMEG) £158.70
Optional Case £18.40
3030 Single trace ISMHZ 5mv:0.5
micro sec. Plug built In component tester
95mm tube. Trig. to 20MHZ {CROTECH)
£172.5

HM203/3 Oual 20MHZ: Trig. to
30MHZ SmV: 0.5 micro secs. 8 x 10cm
dlsplay [HAMEG) 253.00
HM203/4. As above bul 2mV +
Algebraic add (HAMEG) £276.00
CS1562A Dual 10MHZ 10mV.

ANALOGUE MULTIMETERS - GENERAL RANGE

Low cost reliable meters (All supplied
wilh batts/teads) (UK C/P 55p)

BANANA 15 range pocket 20K/ Volt
ptus cont. buzzer (itlus) £20.64
ET102 14 range 2K/Voll pocket £5.95
ST5 11 range pocket 4K/Volt  £6.50
NHS56R 22 range pocket 20K/ Volt
£10.95

0
YN36OTR 19 range plus Hle test
20K/Vall £12.95
KRT5001 16 range 10 amp OC
range double 50K /Volt £1
ST303TR 21 range plus Hie Test
20K/Volt £1
AT1020 18 range Oeluxe 2KV and
Hie Tester £17

6.50
6.95

TMK500 23 range plus 124 OC plus
cont. buzzer 30K/Valt £23.95
168m 36 range large scale 10A

AC/0C 50K/Volt £28.50
360TR 23 range large scale |0A

AC/DC Hfe test 50 meg ohm.

1KV AC/0C 100K/ Volt £36.95

Choose trom UK's largest range

1 ‘HEC. 140mm tube (TRIO) £276.00
3131 Oual trace 15MHZ trig. 1o 35MHZ
SmV: 0.5 micro sec. 130mm lube plus
component tester. 76.00
3034 Battery-mains dual trace 15MHZ
trig. to 20MHZ builtin Nicads. SmV 0.5
micro secs (CROTECH) £414.00
(Eliminator charger optional  £36.00)
HM204 New mode| with component
tastar Oual 20MHZ delayed sweep: trig
to 40MHZ, 5mV 0.1 micro sec 8 x 10cm
display (HAMEG) £419.75
[Optional case £21.85)
SC110A New model 10MHZ baltery
portable. 10mV 0.} psec 2" trace.

All lacilities [THANDAR) £171.00

OSGII.I.OSGOPES (UK C/P Single trace £3 &

Safgan£3 ea. Dual trace£4 ea. SC11D£1 ea]

(OPTIONS:

Carry case

AC Adaptor

Nicads

CS1577A Oual ISMHZ. 2mV

0.1 psec. Singie sweepfacility.

140mm tube (TRIO)  List price £540.00
Our price £475.00

CS183011 Oual 30MHZ. 2mV

0.2 psec (fted dslay tine) Deiay sweep

140mm tube (TRIQ) List £665.00
Our Price £570.00

HM705 Oual TOMHZ delayed sweep:

Single sweep: Oetay tine: Trig to

70MHZ: ZmV.0.1 micro sec.

8 x 10cm display (HAMEG]

CS2070 70MHZ 4cm 8 trace

List £965.00 Our Price £918.85

Also stocked

Trio Qual 106MHKZ Thandar Channel

logic analyser GSC 8 Channel scope

adaptor.

Saigan all models 5mV sens. 0.5 micro

sec 6.4 x 8cm display.

DT410 Oual 10MHZ £205.85

DT415 Oual 15SMHZ £217.35

0T420 Qual 20MHZ £228.85

- Scope probes all madels — see betow

£667.00

GENERATORS R-C * Pulse * RF Function x Audio

(UKC/P£1)
All models 220/240V AC

AUD10 4 band Sine/S{ output

TE22DMax distorlion 1% 202/

200KHZ £5

LAG27 Max distortion 0.5-1%

(LEAOER) 10KZ-1MHZ £86.25

LAG120A 5band 10HZ-1MHZ

Sine /S 0.05-0.8% dist. £146.00

LAG125 As LAGI20A but 0.02%

dist. (LEADER) £

AG203 10HZ-1MHKZ 5 band 0.1%

Sine/SQ (TRIO) £1

RF (All with Int/Ext mod. variable

output)

TE20D 100 KHZ - 100 MHZ 6 band

{300 MHZ harm) £49.9%5

LSG17 100KHZ - 150MHZ

[450MHZ harm) LEADER £71.30

FUNCTION (All Sine/S@/Triangle/

TTL etc.)

50204 tHZ - ZOOKHIISABTRONICSI
£90.00

TG100 tHZ - 100KHZ (THANOAR)

73.00
29.95

£
TG102 0.2HZ - 2MHZ (THANOAR)
£166.75

PULSE

TG105 5HZ - SMHZ Various
outputs (THANDAR) £97.75
4001 Ultra-variable 0.5H2

SMHZ {GSC) £113.85

Also in stock

lDMI70 20HZ-20KHZ distortion

mete £281.75

L rmaoo 0.002HZ-2ZMHZ sweep

functlon generator £377.20

LSG231 100MHZ FM signal generator
£211.60

LCR740 RES/CAP/INO Bnidge
£171.3

LYT72 FET. multimeter and transistor
checker £147.2
LTC907 Signat injector/tracer and
transistor checker £173

(UKC/PET)

. PFM20O0A Pocket 8 digit LEQ
200MHZ 10mV (THANOAR}
Max 50 50MHZ 6 digit LEQ
Pocket {GSC)

£67.50

(UK C/P 65p)

£56.35
Max 5503]0&9“ LEO
Pocket (GS £97.75
8110A 8 digit LEO 2 range. 100MHZ.
Bench (SABTRONICS) £77.00
8610A 8 digit LED 3 range G00MHZ.
Bench (SABTRONICS) £94.00

All featuring AC/DC Volts/Current
and Ohms ranges with Batis/leads

215A DC 1215A AC {PANTEC)

MAJOR 50K 29 range 50K /V

£40.25

PAN3001 34 range 40K/V. SA

AC/0C 50 Meg. (PANTEC) £59.80

and 3 range cap. meter

PAN3003 42 range 1 Meg/V. 5A

(NOTE 3001 & 3003 Electronic

Protection Mirror Scales]

GENERATOR

mciot

nicads. Pal B UKF only. Complate
with charger. case and leads

VARIABLE

POWER

Malns Input - Volts/

Amps meter (UK C/P £1)

0/1 amp £35.00

PP2430/12.12/24 Voit.

9/3 amp. £59.95
DIRECT READ
TEMPERATURE

LCG readout. Complete
with battery and

DIRECT READ HV PROBE

0/40 KV:20K/ Vol
0SCILLOSCOPE PROBE
KITS uxc/P5opperito3
£7.

PROFESSIONAL RANGE (UK C/P £1.20)
MAJOR 20K 29 range 20K/V.
£33.90
21,A0C 12'A AC (PANTEC)
Also S00KHZ - SDOMHZ signal injector
AC/0C 1 pA FSO [PANTEC) £66.70
PORTABLE TV COLOUR
8 patterns/dots/lines etc. Bulittn
£147..00
SUPPLIES
PP2410/12 12/24 Vol
PS1307S twin meter 8-15V 0/7A
£35.95
TM301 -50°Cta+750 C
\~<"  thermocouple £68.43
%lﬂ.w
BNC plug XI

X10
X1-X10
X100

Max 100 SHZ-100MHZ B digit
bench LEQ (GSC) £97.75
86108 9 digit LED 3 range S500MHZ

Bench {SABTRONICS) £113.85

FREQUENGY GOUNTERS [AHl madels baitery operated]

N

80008 9 digil LEQ 3 range 1000MHZ

Bench (SABTRONICS) £178.00

TF040 B digit LCO 40MHZ

(THANOAR} £126.50

TF200 B digit LCO 2 range ZMMHZ

(THANOAR) £166,

Thandar prescalers for any counler

up to 200MHZ

TP600 600MHZ £43.13

TP1000 with P/S t6HZ £73.00

OPTIONS

TF series carry case £6.84

AC adaptors (TF Series) £5.69
£5.69
£7.95

.75

‘8" series AC adaptors
All models probe kits

SCOPE ADD ON UNITS

LTGI05 Semicanducior curve tracer

DECADE BOXES

RSB2 32 value Resis. box. 1 ohm
to 4 Meg. £1
CSBZO 20 value Cap. box. 470 p!
101 pf £

{IltusNLEADER) £85.45
:5'3 | (UK C/P 85p)

| HZ65 Camponent tester
£27.95

I8 e (HAMEG)
(UK C/P 65p)

LOGIC PROBES/
MONITOR

~ Sabtronics LP10

10MHZ probe  £28.50
+6SCLP2 1. 5SMHZ probe
£19.95
LEADER LDPO76 SOMHZ (with gml

CLAMPMETER
ST300 0/300A: 600V AC:
0/1K ohm: 9 ranges

301 EDGWARE ROAD, LONDON W2 1BN. ENGLAND TEL: 01-724 3564

radio and CB test
equipment. TV pattern
generators Pal and Sec amin
stock. - Ask for details.

Cubegate
Limited

IC

GSCLM1 monllor[Bto 16
piniC's} £33

| 6scoP1 oigitat pullur
Single/ 100 pps  £58.50

Send large SAE (20p UK)
Schoo!s, Companies, etc.
Please write in.

Order by Post with CHEQUES/ ACCESS/
VISA or Telephone your order. Allow up
to 10 days lor detivery (unless advised)

ALSO AT HENRYS RADIO, 404/406 EDGWARE ROAD. LONDON W2
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No matter how much or how little you've spent on
your audio system, upgrade the cartridge and youl
upgrade the sound you get.

But with so many cartridges to choose from, how do
you solve the problem of making the best choice?

Simple —with ‘the Shure Solution!

In the Shure range you'll find a cartridge perfectly
matched to your hi-fi; a cartridge that will improve the
performance of even the very best system; and a cartridge
priced so that you can spend whatever you think your
audio’s worth.

- DHU
=utU

A BETTER CARTRIDGE-A BETTER SOUND.

For a personal recommendation contact:
Shure Electronics Ltd,, Eccleston Road, Tovil, Maidstone, Kent ME15 6AU. Tel: 0622 59881,

WW - 080 FOR FURTHER DETAILS
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A STEP BEYOND EXTRAORDINARY
V15 TypeV

Lowest effective mass ever using new Beryllium
Technology for unsurpassed fidelity. Features include
hyperelliptical stylus tip, dynamic stabilizer, electrostatic
neutralizer. side-guard protection and Duo Point
alignment system for cptimum music retrieval from all
your records.

M97HE

Top of the line features and

excellent performance at an

intermediate price. Features SHUR
include hyperelliptical tip i
dynamic stabilizer, electrostatic neutralizer, telescoped
shank and side-guard protection.

M97E)

Features as MOTHE but designed for systems requiring a
heavier tracking force and equipped witha biradial styld
tip

-~ o

M9SHE

Outstanding performance in a
mid-priced cartridge. Features
hyperelliptical stylus tip, hi::h
trackability. flat frequency
response and low loss/high
output rnagnetic pole pieces.

M7SHE Type 2

High trackability and excellent
performance for the péerson on a
budget. Lowast ever price for a
hyperelliptical tip cartnidge.

M75ED Type 2

High trackability and performance for low cost.
Specification as M75HE but with nude biradial tip

M75E) Type 2

Optimum trackability and performance combined
with elliptical tip and heavier tracking force for systems
with this requirement Realistically priced.

M75-6S

Ever popuilar, easy clip-on feature,

fitted as standard by manufacturers &4
of music systems and record players

all around the world. Spherical

diamond tip stylus.

M70E)

Modestly priced with truly noteworthy
performance at 11.2to 3 grams

tracking force. Biradial stylus i
M70B

Outstanding performance at an economical price
Tracking force of 11 to 3 grams. Spherical tipped stylus

A/

B

See your mgﬁ
o
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Factories of the future

As IT82, the government focus for
information technology, expires amid
mixed feelings, Britain is faced with the
question of what action to take, if any,
over its place in the market for
microcomputer-based information
processing systems. Market share in this
area is surely set to fall, particularly when
the Japanese collaborative programmes in
electronics and computing technology
begin to take effect; one source suggests
that UK trade deficit could be as high as a
billion pounds by 1990. To reverse this,
protect the jobs of the existing 1.t.
industry, and insure against restrictions in
the supply of high-technology components
on the right terms by overseas competition
(compounded by reported secrecy in US
v.l.s.i.c. work), ]J. Alvey and a committee
of eleven urge speedy implementation of
their Programme for Advanced
Information Technology. The study,
commissioned by the Dol, was catalysed
by the competitive threat of Japan’s “Fifth
generation” computer programme.

Taking evidence from 115
organizations, the committee identify the
“enabling technologies” that designers
need to interface machines with humans,
to organize and process information, and
to build them in a way that is competitive
in the market place. To create more
powerful information processing systems
with more effective human interfaces that
at the same time are easier to build and
use, requires a strong domestic capability
in software engineering, advances in
v.l.s.i. and human interface technology,
and “intelligent knowledge-base systems™
that use inference to apply knowledge.

The committee focuses on the supply of
computer systems — hardware and
software — to provide tools for producing
i.t. systems using software engineering
techniques that will put the UK into
position as a world software leader by the
end of the 1980s. Automatic software
production, c.a.d. for v.l.s.i. data or
knowledge bases of available hardware and
software, and both local and wide area
networks to collaborating teams, all go to
form a so-called Information Systems
Factory. To obtain sufficient expertise,
collaboration between industry and
research bodies is essential, requiring
government support and direction (a
directorate within the Dol is likely). But
the chief task is recruitment.

Too many courses in tertiary education
do not match industry’s need for highly

skilled engineers having a wide
appreciation of computer science and
knowledge of both hardware and software
(a point Ivor Catt makes elsewhere in this
issue). The supply of graduates with the
relevant skills needs increasing by at least
1,200 and 90 teaching jobs, and both
polytechnics and the TEC must step up
training. At the postgraduate level, new
courses and teaching jobs are required for
studentships and fellowships (250-300 a
year). As well as strengthening courses at
the masters level, the committee
recommends 50 studentships at the
doctorate level to enable industry to
sponsor students on four-year sandwich
courses. And for people already on the job
a case is made for on-site instruction via
the proposed communication network,
with the potential of development into a
“distributed college” linking industry with
the academic sector.

This skilled work force could be built up
rapidly for the programme; but Britain
does not have the people in anywhere near
the numbers and skill levels required to
translate it into products. The key to this is
action in the educational sphere. It is no
good just providing schools with
microcomputers; that merely produces a
generation of poor Basic programmers,
says the committee — Universities are
already having to give remedial education
to entrants with A-level computer science.
The languages taught must be chosen with
the future in mind.

The programme recommends spending
£70million for software engineering,
£90million for v.1.s.i.c.s (excluding
radiation-hardened v.h.p.i.cs for defence

_work), £58million on prototype
demonstrators, £44million on human
interface technology, £26million on
knowledge-base systems, £25million on
c.a.d., £19million on a communications
network, and £20million on education and
training. This totals £352million pounds
over five years and on the basis of a 100%
government funding for academic support,
90% industry funding where wide
dissemination of results is required, and
50% otherwise, the government is being
asked for roughly two thirds funding.
(Industry will have to find much larger
amounts as results are translated into
marketable products.)

A start date of 1 April 1983 is
recommended for the programme, but the
costings reveal a more immediate sense of
urgency — two million pounds is allocated
to education and communications for
spending this year. Will the government
fund it? And how quickly will academia
respond?
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A MIORE REALISTIC
DUALITY?

Instead of trying to ignore Planck’s quantum hypothesis because it conflicts with
electromagnetic theory, suppose we were to afford it more than lip-service — what then?
New situations would arise that could be tested by experiment.

I have suggested that an experiment in the
interference of light which was first per-
formed as long ago as 1909 might
profitably be repeated with modern pho-
ton-counting light detectors. Its purpose
would be to explore whether or not a
simple alternative concept might be
offered in place of the currently-accepted,
but philosophically dubious, doctrine of
the wave/particle duality of light. The ex-
periment is neither expensive by modern
standards nor particularly difficult, but it
would require great care; it would require
tests to ensure that the apparatus was
dealing with single photons rather than
with naturally-radiated bunches of pho-
tons forming coherent wave-trains. Of the
various phenomena in light which could be
chosen for test, interference in a space
interferometer would seem to afford the
greatest facility for detailed analysis and
the least scope for dissentient arguments.

It would be very wrong to pre-judge the
outcome of this experiment, and we should
be careful to avoid doing so. We should
-also remember that there may be other
conceptual alternatives to the duality doc-
trine to be considered besides this one.
This one seems to be the simplest, but that
doesn’t mean that it is necessarily correct;
we may have to try several before Dame
Nature smiles on us. For these reasons I
have said that I cannot yet offer an alterna-
tive doctrine, at any rate with confidence.
We really must have recourse to experi-
ment here. Nevertheless it is interesting
and quite exciting to speculate as to how
the subsequent developments might go if
the concept were upheld that light radia-
tion consists of photons travelling at veloc-
ity ¢, and light “waves” consist of periodic
variations of photon density, as Einstein
once auggested. Without commitment, we
may explore some of the consequences
which might follow if that concept were
true.

The first point to be cleared up is the
business of light travelling happily in a
vacuum, where — by the Michelson-Mor-
ley experiment — there is no physical
ether medium for light waves to undulate

32

by W. A. Scott Murray,
B.Sc.,Ph.D.

in. Waves of the newly-postulated type,
which are statistical manifestations of vary-
ing photon density, do not require a medium
for propagation. Sound waves in air, on
the microphysical scale, consist of varia-
tions of the density of gas molecules above

and below the mean air densitg and it is
this mean density which esta fishes ‘the

velocity-zero of the “medium” through
which, we say, the waves travel. In the
case of light there is no mean density; even
within a solid crystal such as a diamond the
photons are travelling by direct or devious
routes through the space (that is, the
vacuum) between the adjacent crystal ions.
On this concept, then, a wave crest would
correspond to a maximum of photon den-
sity, while at a wave trough there would be
no photons.

The number of photons involved in a
light-wave is staggering to comprehend. In
a typical medium-wave radio broadcast
transmission one half-cycle of radiation —
a millionth of a second’s worth — will
contain about 10?° photons. It is not sur-
prising that with such numbers of photons
around their average density adds up to a
very smooth and precisely-defined wave-
shape indeed. That is why the wave theory
provides such an accurate description of
the behaviour of radio radiation and even
of ordinary, visible light. On the other
hand, as we move up through the spec-
trum past the ultra-violet and into the x-
ray region, individual photons become
heavier and contain more energy, so that in
consequence there tend to be fewer of
them. In the end there are no longer
enough photons present for their average
density to establish a reasonably accurate
wavelike shape; in such cases x-rays and
gamma-rays are found to behave like parti-
cles and to show no obvious wave charac-
teristics, and we say that such situations
“require quantum treatment”. Now we
can begin to see why.

This experimental observation is enti-

rely consistent with the photon-waves
proposal, but diametrically opposed to the
continuity concepts of electromagnetic
theory. The proposed mechanism is very
different from that of sound waves. At
sufficiently high altitudes the effective
continuity of air as a wave-propagating
medium breaks down and sound is no
longer transmitted; individual air mole-
cules are still present and travelling at tre-
mendous speeds, but their motions are
random. By contrast, the photons of
natural light are generated and travel to-
gether thereafter in a systematic way,
whose statistical effect is that of a partially-
coherent wave system. In this manner the
photon-waves concept is able to explain —
not just to describe — the wavelike behav-
iour of light in those low-energy situations
where the electromagnetic analogy works
to a high degree of approximation, and it is
able to explain equally well the particulate
behaviour of light in situations where
electromagnetic theory fails. There would
seem to be a prima facie case for taking the
concept further, and for performing some
of the fundamental experiments that
would be required in order to test it in the
laboratory.

The celebrated wave-like properties of
light which led to the general acceptance of
the wave theory in the 19th century are
principally those of refraction, diffraction,

-and interference. According to the photon-

waves concept all these phenomena are
manifestations of group behaviour — that
is, of the behaviour of photons in quanti-
ties so large that the wave theory is valid as
an approximation. Greater detail is not
appropriate here, except perhaps to say
that it seems a distinction can be made
between pure diffraction, due to the def-
lection of photons in the near vicinity of
material objects such as prisms, slits or
gratings, and pure interference, due to
“exclusion” forces acting between indi-
vidual photons in space. Practical situa-
tions tend to involve combinations in vary-
ing amounts of the effects of pure
diffraction and pure interference. Because
their mechanisms would seem to differ,

WIRELESS WORLD DECEMBER 1982



ithe possibility arises that suitable experi-
ments might be able to separate the two
effects and thereby quantify both.

Such experiments would be quite new.
Although we now have photoelectric de-
tectors that can record the arrivals of indi-
vidual photons, the general acceptance of
the duality doctrine has effectively in-
hibited a systematic re-exploration of this
area. Suffice it to say that even if they have
been performed, no such experiments have
ever been reported in ihe published litera-
ture. Perhaps we should not be too sur-
prised at this. The particular experiments
that we have been considering would
constitute steps towards determining the
size and physical structure, if any, of a
photon, and few suggestions would be
more likely to excite ridicule in the scien-
tific hierarchy than a proposal to investi-
gate the physical properties of an entity so
fundamental as a photon! Such a proposal
would cut right across the accepted dogma
of modern physics, which holds that be-
cause of the “completeness” of the quan-
tum-mechanical theory we already know
all that we shall ever be able to know about
these fundamental matters . . .

Now: what do we know about photons?
By the harsh discipline of expernment —
before fundamental experiments became
unfashionable — we have been taught that
light is radiated in packages or quanta.
From the photoelectric experiments in
particular we realise that these quanta do
not dissipate in flight but remain complete
as units, as if they were particles. As parti-
cles, we call them photons. From the same
experiments we deduce also that photons
carry physical energy and physical mo-
mentum, the amount of this energy and
momentum determining the colour of the
photon. To our surprise we conclude (be-
cause both photons and “waves” travel at
the same velocity and therefore must have
constant relative phase) that an individual
photon does not possess a frequency or a
wave-length — which is not what we were
taught at school! And we note as a point of
great significance that the only means by
which we can detect light (in the retina of
ur eye, on a photographic plate or film, by
photocell, or by photosynthesis in plants)
is by some variant of the photoelectric
effect. Summa: we deduce the wavelike
properties of light, sometimes; whenever
we detect light we seem to be detecting
photons.

It is photons, not electromagnetic
waves, which eject electrons from light-
sensitive materials, and it is worthwhile to
ask a few “improper” questions about the
photoelectric process. (This, of course, is
new and heretical work not approved of by
the hierarchy.) If one considers the colli-
sion of a single photon with a single, iso-
lated electron and takes the standard,
accepted expressions for the energy and
momentum of each, and then equates pho-
ton energy with electron kinetic energy,
photon momentum with electron momen-
tum after collision — that is, if one applies
the Conservation Laws to the encounter as
if it were an ordinary mechanical collision
— then the sum does not work out. A
single line of working within the compe-
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tence of any sixth-form physics student
leads to the result that, whatever the
energy of the photon and whatever the
mass of the electron (or other particle), the
velocity of the electron after the collision

‘must always be twice the speed of light.

Clearly that result is nonsense. We have
two choices. On the one hand we can
accept the verdict of conventional doc-
trine, that the question was an “improper”
one that should never have been asked —
that is, that photons and electrons are mys-
tical, hazy entities, amorphous and
structureless, and that one cannot envisage
an encounter between them as if it were an
ordinary mechanical collision. “Ask a silly
question, receive a silly answer” is the
kind of supercilious comment that one
might expect. On the other hand we can
hold fast to the conservation laws — for it
is the conservation laws, and not
mechanics, that conventional doctrine is
seeking to by-pass here — and say that the
result of our very simple calculation is
correct: the situation cannot happen, and
we are to interpret the result to mean that
an encounter in which an isolated electron
absorbs the entire energy of any photon cannot
take place.

The reason why it can’t take place is as
simple as the calculation itself: a photon
carries far more energy per unit transla-
tional momentum than any ordinary
“material” particle can contain kinetically.
A third object must be present to absorb
the excess energy and allow the mechanical
energy and momentum equations to bal-
ance. What would happen if no material
particle besides the electron were present?
Energy and momentum must still be
conserved in the encounter, and the ob-
vious way for this to happen is for a second
photon to be radiated, from the point of
impact, to carry away the excess energy.

By now probably someone is screaming
that I am giving free rein to fantasy, or at
least inventing in a thoroughly unscientific
way. How can I dare to treat photons and
electrons as if they were ordinary mechani-
cal particles when “everybody knows” that
both photons and electrons are wave
systems that just don’t behave like that? I'm
sorry ta be so tiresome about it, but they
really are particles, you know, and accord-
ing to experiment they do behave like that.
I have been describing to you a com-
monplace phenomenon known as the
Compton effect. A. H. Compton applied
this same, purely mechanical reasoning to
the encounters of gamma-ray photons with
electrons in 1923 — after Planck, but be-
fore the Copenhagen school got going with
their doctrines of matter-waves, statistics,
and haziness — and his calculations were
confirmed exactly by experiment. There is
no indication whatever of wavelike proper-
ties of either photons or electrons in the
Compton effect. Also, the conservation
laws are obeyed.

Thus far the discussion has concentrated
on checking the photon-waves concept
against various aspects of the experimental
evidence, and I assure you that it can be
submitted to, and pass, many other such
tests that I don’t have space to go into
here. I would like to go forward now to

report on two new developments that fol-
low from the concept. They suggest alter-
native interpretations of two details fami-
liar from electromagnetic theory, and
represent two differing degrees of conflict
with that theory.

The Compton effect as Compton treated
it involves the collisions of photons with
‘free electrons, but at the temperatures we
normally encounter very few electrons are
truly free; almost all of them are “bound”
in one way or another — usually by electri-
cal forces — to individual atoms or within
the general crystalline structure of a
conducting or semi-conducting material.
When a photon collides with an electron in
the presence of a third, massive body (and
the minimum such body is a proton, nearly
2000 times heavier than the electron), no
secondary photon need be radiated to bal-
ance the books. The third body enables the
excess energy to be absorbed and the
Conservation equations to be satisfied,
subject to two very interesting mechanical
conditions: one is that almost all the pho-
ton’s energy must be absorbed by the
electron, which takes off at very high
speed and leaves the heavy supporting

structure almost standing still; the other

condition is that the direction of the
electron’s motion must be ar right-angles
to the incident photon’s track to within a
few hundredths of an angular degree.
Those results constitute an entirely
straightforward, new explanation of the
photoelectric effect, calculable to any ac-
curacy one pleases on the purely mechani-
cal basis that both photons and electrons
are particles whose interactions obey the
conservation laws. It is truly and literally a
quantum-mechanical calculation. Since no
light waves or matter-waves are involved
the conventional “quantum mechanics”,
so called, will have none of it. It does not

Continued on page 87
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i Summary
Aithough it would be wrong to pre- |
judge the oUtcdme of modern low-light-
level experiments it is legitimate to
“speculate on the consequences of @ po-
._sitive result, The wave-like behaviour of
- “photon-waves” can be accounted for
* by making a small number of working
| assumptions which can themselves be
tested by experiment {not discussed in
detail). Their particle-like behaviour can
be explained by purely mechanical
arguments - by applying the conserva-
tion laws to coliisions between photons
and electrons treated as particles. The
highly successful work of Compton in
. 1923 can be extended to provide new
and simple explanations of the photoe-
lectric effect and of the ionization of the
atom (the latter again is not discussed
in detail). These arguments raise con-
flicts with electromagnatic theory, as is
to be expected; but the crucial conflictis
. raised by the statement of the new
theory that an isolated electron — a
“point charge” — does not radiate
energy when accelarated, as electro-
magnetic theory has always asserted
.that it must. This particularly important
. issue could also be put to experimental
- test. I




IMPROVING THE “VIEWING
EXPERIENCE"”

Digital signal processing finds ways of getting better quality television pictures without
sacrificing system compatibility. In this report Tom Ivall looks at some of the papers
presented at IBC82, the recent international broadcasting convention at Brighton.

Channel 4 arrives like a cheeky young gate-
crasher at Auntie Beeb’s sixtieth birthday
party, where everyone pretends not to no-
tice, while outside a threatening-looking
gang of satellites, cables and videos peer
through the window, grinning in anticipa-
tion of the havoc they are going to make of
such dignified occasions. The broadcasting
engineers and manufacturers — highly
sophisticated operators who know the dif-
ference between a video and a v.tr. —
look on at this little scene with restrained
amusement, secure in the knowledge that
they can supply whatever technology is
necessary to keep the audio-visual fodder
flowing smoothly into the great maw of a
consumer-happy public.

Or so it seems, to judge from the stream
of new ideas presented by engineers at the
recent International Broadcasting Conven-
tion — held, appropriately enough, in
that fairground of evanescent pleasures,
Brighton. With the strong likelihood that
artistic talent will be spread even thinner
in the promised multi-channel future and
that programme standards will, on the
whole, decline, the broadcasters have fal-
len back on the safe thought that they can
always stimulate the jaded palate of the
viewer by prosthetic means. What the
public now needs, in the words of one IBC
contribution, is “the enhanced viewing ex-
perience”. This does not mean ‘the smel-

by Tom Ivall

lies’ or ‘the feelies’ — yet — but simply
improving the quality of the pictures and
the sound.

The big question is, how can this be
done compatibly, without having to re-
place hundreds of millions of tv sets all
over the world working on the established
NTSC, PAL and SECAM transmission
standards?

A big step was taken, it appears, when
digital coding standards for television stu-
dio equipment were agreed and formalized
by the CCIR earlier this year. Briefly, this
means keeping the video information in
the component, as against composite, form
of a luminance signal (Y) and two colour-
difference signals (U and V) and sampling
these at rates of 13.5MHz for Y and
6.75MHz for U and V. The samples are
digitally encoded at eight bits per sample
and all of this results in a serial bit stream
of 216Mbits/s (see page 41, May issue).

This standardization agreement is not
merely a matter of making things better for
the broadcasters by improving the per-
formance and simplifying the operation of
their equipment. It opens a window to a
whole new vista in television engineering.
According to C. P. Sandbank, head of the
BBC’s research department, it brings

about a new approach to television systems
practice by allowing “‘the processing and
storage of tv programmes in a way not
constrained by the limitations of the
broadcast standard” and is a timely trend
when many new forms of tv distribution
are emerging as alternatives to conven-
tional terrestrial broadcasting.

The constraining “‘broadcast standard”
is, of course, NTSC, PAL or SECAM,
according to area. In the view of F.H.
Steele and K. R. Barratt of Sony Broad-
cast, a serious constraint is due to the
composite nature of the video signals.
Although effective and robust for
transmission purposes “it is now generally
accepted that NTSC, PAL and SECAM
composite signals not only add their own
impairments — particularly cross colour
and cross luminance — but also greatly
inhibit much of the desirable picture
processing”. And, in a reference to video
developments outside of broadcasting, “it
is entirely possible that the broadcaster,
remaining dependent on composite sig-
nals, may well find himself alone in this
respect by the end of this decade”.

In short, picture quality for the viewer
can almost certainly be improved by digital
signal ‘pre-processing’ at the transmitter,
using compatible techniques that do not
interfere with existing transmission stan-
dards. Other IBC speakers made it clear
that digital signal ‘post-processing’ could
also be added compatibly to the tv re-
ceiver, to improve the picture by overcom-
ing cross colour, cross luminance, large-
area and inter-line flicker, line crawl and
the obtrusive visibility of the raster.

One of the major IBC contributions in
this area was from the Philips laboratories
in both the UK and the Netherlands. A
group of six researchers described a range
of experiments and equipment intended
for examining many possible improve-
ments, from cleaning up the present
European 625-line transmissions to high-
definition transmissions on 1249 lines with
a wideband transmission medium. (See
also November’s News, page 76.)

To clean up the existing transmissions
the Philips people are addressing them-
selves to two main problems: first, the
picture impairment due to luminance and
chrominance band sharing (cross colour,
cross luminance, loss of detail due to filt-
ers); and secondly, impairment due to
large-area flicker, inter-line flicker and line

4 aliasing.

The approach to luminance/chromi-
nance separation in the receiver is based on
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comb filters employing one or more field
delays. These give good results on station-
ary pictures but do not eliminate cross
colour resulting from motion effects,
where possibly some kind of movement-
adaptive process could be used, with the
decoder reverting to a notch filter at cer-
tain levels of motion. An optimum solu-
tion, according to the researchers, appears
to be a line-delay comb filter in the en-
coder at the transmitter and a field-delay
comb filter at the receiver. For best results
the encoder filter would only be inserted
when movement occurs.

Their technique for removing large-area
and inter-line flicker is based on the use of
picture stores. An experimental receiver
includes two fields of storage. Luminance
and chrominance signals are fed into the
store at the normal 50Hz rate and fed out
to the display at a 100Hz rate. Results so
far show that “excellent reduction of large-
area flicker is obtained without serious
impairment of motion portrayal’’. Remov-
ing inter-line flicker is not so easy, as the
use of the store results in jerking effects on
moving scenes, but here movement-adapt-
ive switching between sequences may
prove to be effective.

Work on removing line aliasing and the
Kell factor effect is not so advanced but
the researchers think it is worth pursuing.
Results so far suggest that signals could be
originated on a 1249-line standard and “fil-
tered as part of the down-coding process
such that the compatible signal has re-
duced aliasing components’’.

This idea of standards conversion within
the existing transmissions is the next step
up in the Philips programme for picture
quality improvement. Obtaining the de-
sired “enhanced viewing experience”,
however, depends on having at the re-
ceiver a large-area display (about 1m?) on
which the human eye would be able to
resolve about one million elements — an
improvement in resolution capability of
about three times. Present experiments are
based on originating a 1249-line, 50 field/s,
2:1 interlaced picture with a 2SMHz video
bandwidth. And of course the large-screen
display would have a similar definition.

The big question, however, is whether
these signals could be compressed into the
bandwidth of the existing television chan-
nels. To give full information about every
element the transmission would have to
exceed the Nyquist rate for the normal
8MH:z channel. However this would not
be necessary as coding systems could be
devised to take advantage of the redun-
dancy in the picture, either spatial or tem-
poral.

Such possibilities for reducing band-
width requirements for colour television
signals are being investigated by the IBA,
and their G. J. Tonge presented some as-
pects of this work at the convention. The
present approach is based on the principle
that the spatio-bandwidth properties of a
typical television system are not well
matched to those of the human eye. For
example, the spatial resolution available
for a moving image is the same as it is for a
stationary image — but the eye doesn’t

need this. Also, if the sampling in each
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field is orthogonal then the resolution at-
tainable on diagonal frequencies is greater
than it is on horizontal and vertical fre-
quencies, but the properties of the eye
favour the opposite.

The technique used to exploit these
characteristics is based on “three-dimen-
sional” digital filters — meaning filters
which not only limit bandwidth horizon-
tally in the picture, as do ordinary anal-
ogue filters, but vertically and temporally
as well. So the useful bandwidth can be
represented diagrammatically as a volume.
The shape of this volume is therefore cho-
sen to match the properties of the eye. For
example, on the criteria mentioned above,
the spatial resolution is arranged to reduce
with increasing temporal frequency and
the diagonal resolution to be slightly worse
than the horizontal or vertical resolution.

The three-dimensional digital filters
constructed so far incorporate two field
delays, four line delays and 35 coefficient
taps. The system requires pre- and post-
filtering and first experiments have been
made from component Y, U, V signals
sampled at 13.5, 6.75 and 6.7SMHz res-
pectively. Mr Tonge reported that “the
results obtained indicate that commencing
with 18MHz luminance sampling an ex-
tended definition signal should result from
this sampling”’.

However, if such attempts at bandwidth
compression based on redundancy and the
properties of the eye do not prove
successful in practice, the Philips workers
have another plan up their sleeves. They
suggest that two normal television chan-
nels should be used to provide the higher
information rate needed for a single “high
fidelity” tv programme. This could be
done in such a way that one of the two
channels would carrya completely compa-
tible signal for all standard tv receivers.

The information to be transmitted could
be separated into the two television chan-
nels in terms of space, time or video spec-
trum. So far the work has concentrated
mainly on spectral separation. In this res-
pect it coincides with similar work by the
BBC’s research department on improve-
ments to the PAL system to give higher
quality pictures for future direct broad-
casting by satellites. The essence of “‘ex-
tended PAL”, as the BBC call it, is that in
the encoder the spectrum of the luminance
signal is split and the high frequency part
of this is shifted up in frequency so that it
no longer shares the chrominance band.

Details were given at Brighton by P. A.
Ratliff and A. Oliphant. In the encoder the
chrominance modulation is the same as in
a conventional encoder. The luminance
signal, however, is split into two frequency
bands, Y, below about 3.5MHz and Y,
above 3.5MHz, by a complementary band-
splitting filter. The Y, signal is added
directly to the modulated chrominance sig-
nal. The Y; signal is frequency-shifted by
multiplying it by the colour subcarrier fre-
quency and high-pass filtered to remove
unwanted components near zero fre-
quency. The shifted signal is then added to
the low-frequency and chrominance com-
ponents to give the complete extended
PAL signal, which occupies a bandwidth

of about 10MHz.

This frequency-ghifting process can also
be thought of as suppressed-carrier single-
sideband modulation of the Y, signal onto
the the colour subcarrier. Other frequen-
cies could be used for frequency shifting,
but the colour subcarrier is particularly
convenient because it is available with ac-
curately known phase in both the encoder
and the decoder. It is also a frequency
chosen for minimum visibility, so that any
residual subcarrier in the modulated signal
causes little impairment. Furthermore the
use of only one subcarrier frequency
precludes the possibility of intermodula-
tion occurring between two subcarriers,
which could produce visible low-frequency
beat patterns on the decoded picture.

In the receiver’s decoder the chromi-
nance is demodulated in the conventional
way. The composite signal is low-pass fil-
tered to give the low-frequency luminance
Y; and high-pass filtered to give the
shifted high-frequency luminance Y,. This
signal is shifted back to baseband by
multiplying by the subcarrier frequency and
low-pass filtered to remove unwanted com-
ponents near 3f,.. The two components Y;
and Y are then added together to reconsti-
tute the complete luminance signal.

The ‘extended PAL’ signal is compati-
ble with conventional PAL and can be
received on existing colour tv receivers; its
main advantage is the reduction of cross
colour. However, the Philips two-channel
experiments in spectral separation differ
from the BBC’s scheme in that the higher
frequency part of the luminance band is
not restricted to about 2MHz and is not
transmitted in the same channel.

In one system reported on by Philips the
separation point was at 3.8MHz. This
enabled a low-band quasi-compatible PAL
signal with colour-out-of-band to be
formed. The high-band signal was then
transposed by mixing with a 2f, reference
to occupy the 0 to SMHz region of the
second channel. At the receiver the low-
band signal is decoded in the normal way
to produce Y,U,V components with
substantially reduced cross colour. The
signal from the second channel is mixed
with 2f to reproduce the high-band lumi-
nance component. Finally the two Y com-
ponents are combined to form a single
wideband luminance signal.

In this type of approach the quasi-com-
patible signal gives “a significant reduction
of cross colour”. But it is also causes a

.noticeable loss of resolution and this is
permanent as far as standard receivers are
concerned. This could be overcome in the
two-channel approach by changing the
configuration so that the low-band signal
has a completely normal PAL specifica-
tion. In this case the luminance informa-
tion would be transmitted through both
channels. It would therefore be possible to
use the second chrominance-free compo-
nent to achieve separation of luminance
and chrominance, with consequent reduc-
tion of cross colour in a high-fidelity re-
ceiver.

These experiments suggest, according to
the Philips workers, that “two-channel
systems are possible in which one channel
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carries a signal that is compatible with the
PAL (or other standard) specification”.
This compatible signal could not only be
handled by any existing receiver but could
also be processed to give an enhanced qual-
ity image by the methods outlined above.

Professor B. Wendland of the Univer-
sity of Dortmund, Germany, discussed the
possibility of improving picture quality by
getting rid of some of the deficiencies of
conventional television scanning. For
example, interlacing produces heavy
aliasing in moving parts of the picture, bad
vertical resolution, inter-line flicker and
line crawl. One way of avoiding these
problems would be to use sequential scan-
ning. At the same time the main advantage
given by interlacing, namely reduction of
large-area flicker, could be retained by the
use of digital picture stores.

In this proposal the picture is sequen-
ually scanned with 1250 lines and the re-
sulting video signal is two-dimensionally
band-limited by a digital filter. It is then
converted to a 625-line jnterlaced picture
by a scan converter using a digital store.
This signal is transmitted and is compati-
ble with existing 625-line television re-
ceivers. In any tv receivers designed for
the new system, however, the 625-line sig-
nal is re-converted by a scan converter and
interpolating two-dimensional filter into a
sequential 1250-line picture. By means of
the digital store in the receiver the picture
is displayed at twice the normal rate so that
large-area flicker is prevented.

The first practical result, according to
Professor Wendland, is a “fairly high im-
provement’’ of picture quality with no line
crawl or 25Hz flicker. Scanning is free
from aliasing and picture detail reproduc-
ton is good, especially for details with
horizontal contours of high contrast. In
addition Professor Wendland described a
system of “offset sampling” (in which the
sample positions are offset in adjacent
lines) which, with pre- and post-filtering,
“gives an impressive improvement of reso-
lution for fine vertical structures”.

With so much digital signal processing
in the air for television broadcasting, one
thing that seems almost inevitable is the
microprocessor-based television set. But
what could it do any better than an ordi-
nary tv set? Well, apart from any de-
velopments at the transmitting end, it
would seem from an IBC paper by H. M.
Jacobsen, of the Technical University of
Braunschweig, Germany, that improve-
ments might be made to the received pic-
ture quality by adaptive digital signal
processing under programmed control.
His idea is to introduce variable equaliza-
tion in the composite video signal channel
and adjust this automatically according to
reception conditions causing picture im-
pairment (noise, reflections, propagation
anomalies etc.).

The received composite video signal is
digitized and passed into a digital signal
processor under the control of a micropro-
cessor. Luminance and chrominance com-
ponents are first separated and then passed
through equalizers which, when ordered
by switching signals, can sharpen up rates
of change in this video information. For
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example, Mr Jacobsen suggests that ‘‘it
seems reasonable to sharpen the chromi-
nance edges if the rise-time exceeds

500ns”. The microprocessor program
causes the signal-to-noise ratio to be mea-
sured during blanking intervals and also
obtains information on the properties of
the signal source. From this data the qual-
ization process is controlled adaptively.

If television is a strong contributory fac-
tor in child illiteracy, as recent studies
suggest, it is faintly ironic that the broad-
casters are bending all the might of their
technology to refine the appearance of text
presented on the tv screen. “You may not
be able to read it but at least we’ll make it
look nice for you” would seem to be the
policy. Of course, the graphic designers
employed by broadcasters have an in-
fluence here. Apparently those in the BBC
don’t care for the jagged kind of text pro-
duced by electronic character generators
and prefer to stick to conventional televi-
sion typography based on artwork. Not to
be outdone, the engineers of the BBC’s
research department have come up with an
answer to the problem of electronic coarse-
ness, and the results were demonstrated at
Brighton.

Apparently, master data on type founts
is available from many type foundries in
high-resolution digital form. This master
information has been filtered and sub-
sampled, using BBC software, to produce
fount data for characters of reduced resolu-
tion in sizes appropriate for television —
for example 20 to 50 picture lines for a
capital ‘M’. The filtered characters are re-
presented by a range of grey-levels which
reproduce edges as smooth transitions be-
tween the background and the character,
rather than the abrupt changes usual with
electronic character generators. As a direct
result the typographic integrity of a parti-

cular fount is maintained even at small
character sizes. Fine serifs are accurately
reproduced and inclined strokes and
curves are free from jagged edges. All
practical character sizes can be derived
directly from the master data.

The next step, perhaps, is to try and
make these beautiful shapes actually mean
something to the illiterate. Can technology
do anything for semiology?

To return to the original topic of digital
standards for studio equipment, one of the
latest examples of such digital equipment
was shown in the exhibition and described
in a paper: a ‘line array’ telecine machine
just introduced by Marconi Communica-
tions Systems. In this machine the camera
tubes or flying-spot scanners of earlier
technology are replaced by three (red,
green, blue) c.c.d. image sensors in the
form of linear arrays. These devices pro-
vide a very simple method of scanning film
because the vertical scan is produced enti-
rely by continuous motion of the film.
Horizontal scanning in each line array of
1024 photosensitive elements is obtained
by digitally controlled stepping of a shift
register.

During a television line a charge accu-
mulates in each charge element proportio-
nal to the light falling on it. In the subse-
quent horizontal blanking interval the
charge from each element is transferred to
a corresponding location in a shift register
by momentary operation of a gate. The
contents of the shift register are then
clocked out serially during the active line
period, in the form of analogue sample
pulses at 19MHz clock frequency. After
clamping, the signal from each sensor is
applied to a 5.5MHz low-pass filter to
produce a continuous video signal and eli-
minate the 19MHz components. Then
each signal, R, G & B, passes to an a-d
converter in readiness for digital proces-
sing.

Here the R,G,B signals are first
converted to parallel digital signals of 11
bits per sample — 11 bits providing the
necessary amplitude resolution for gamma
correction. Subsequently the coding is the
standard eight bits per sample mentioned
earlier. Gamma correction and masking
are performed by logarithmic conversion,
multiplication/matrixing and exponential
conversion. After this process the R,G,B
signals are matrixed to give a luminance,
Y, and two colour difference signals, B—Y
and R~Y, each of eight bits per sample.

The scanning process of the machine
produces complete frames sequentially
scanned. These are converted to pairs of
interlaced fields in four field stores — two
fields for Y and two shared by B—Y and
R—Y multiplexed. Digital vertical and ho-
rizontal aperture correction is applied to
the Y signal, followed by d-a conversion of
all three signals. Finally, R,G,B signals are
formed by de-matrixing to feed out to a
standard PAL, NTSC or SECAM en-
coder. According to R. Maichell of Mar-
coni, this digital telecine provides ‘the
highest picture quality combined with
predictable drift-free performance which is
maintained from day to day without the
need for routine line-up”. NV
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Focus on standards

A local area network standardization pro-
ject teamn recommends that there should be
“massive”” Government support for a
three-year project to develop UK capabili-
ties in lans. Local area networks usually
serve large organisations with possibly
many distributed computers and worksta-
tions, interlinked so that they may share a
database and communicate with each
other.

The three main approaches to lans are
the extended bus, typified by the
Ethernet, the ring system as used in the
Cambridge Ring, and the star system used
in conjunction with digital private tele-
phone exchanges. The lan report,
submitted to the Focus committee of the
Dol, suggests that the Department should
sponsor pilot installations involving in-
terconnection between current examples of
data and text-oriented lans with wide-area
networks, with similar internetworking
being tried between pabx systems and both
Ethernet and Cambridge ring networks.

There are not yet any formally recog-
nised standards for “integrated service”
local networks. The report suggests that in
this area “the UK could be established as a
world leader in the manufacturing, mar-
keting and use of integrated service net-
works,” and that the Dol should invite
suppliers to bid for parts of a combined
technical and marketing activity towards
that aim.

The Dol is recommended to further ac-
tivities on lan standards. It is considered
vital that standards be developed in
accordance with the requirements of the
open-system interconnection model of the
International Standards Organisation (one
of the functions of the Focus standards
committee has been to fund delegates to
attend ISO meetings and those of the
IEEE 802 committee, both of whom are
investigating standards for lans).

The lan project team were reporting to
the Focus Committee set up by the De-
partment of Industry in April 1981 to iden-
tify areas in information technology stan-
dards and related work which are of
“strategic” importance to the UK. The
Committee identified 14 significant areas
for attention but there are three paramount
topics on which the others depend: open-
system interconnection (OSI), local area
networks (lans) and videotex.

Perhaps the most crucial area for stan-
dardizing is the open system communica-
tion, the concept that any data processing
system should be able to communicate
readily with any other. The committee
suggests that standards for such systems
must be international and need to be
adopted by all parts of the computer and
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telecommunications industries. To ensure
that this can happen, the standards need to
be developed in a non-partisan form and
be in the public domain. The only way that
these requirements can be realistically ful-
filled is through such international bodies
as the ISO.

Applications for open-system intercon-
nection cover data communications
standarization and processing support ser-
vices, which would ensure that the various
services required could be supported by
networks. Typical uses for o.s.i. systems
include text processing, electronic mail
and such open-access systems as
electronic fund transfer and accommoda-
tion or airline reservations.

The advantages of agreed standards for
o.s.i. are legion. Economic efficiency for
the user is one. A user will be able to
purchase whatever computer system that is
appropriate to suit his needs, confident
that it will be able to communicate with
other systems within or outside the user’s
organisation. Suppliers of equipment will
be able to specialise without running the
risk that their equipment might become
outmoded by another communications
system. This could give a boost to the
computer and telecommunications indust-
ries.

In teletext, the problem is not so much
which standard to adopt but which stan-
dard other countries will adopt. The US
offer a giant market for a prestel-like
system. However, the telephone company
AT&T have announced that they have
adopted a system similar to Telidon.
Grandly titled the ‘“North American Stan-
dard”’, Prestel marketing countered it by
promoting the “World System” on the
pretext that Prestel has now been selected
for a dozen countries around the world.

If the US market is ‘open’ then Prestel
has a very good chance of successful sales
as the hardware is a lot less expensive than
that for Telidon.

The Committee has initiated an in-
formation technology standards unit which
has already commissioned a survey of user
needs in o.s.i. to help identify the priori-
ties for specific tasks in supporting and
developing the use of IT standards in in-
dustry and research establishments. Four
broad subject areas have been chosen, each
with its own manager: communications
and switching standards; application-
support standards such as presentation,
file transfer, terminal handling and stan-
dards not specific to any application; appli-
cation-dependent standards such as office
automation, electronic fund transfer and
other standards specific to a task; and lan
standards. The unit will operate for the
next three or four years.
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NEWS

Words into pictures

Computer graphics is one of the fastest
growing segments of the microcomputer
software market according to the recently
appointed director of Digital Research’s
renewed European assault Paul Bailey. In
response, the company plans to make its
graphics-based software as successful as its
word-based CP/M operating system, des-
pite informed and aggressive competition
in the same field.

If the plan succeeds, presumably the
equivalent of the current 3000 CP/M-com-
patible programs will be available in
graphics form and all conforming to one
standard. It is not claimed that these pro-
ducts will comply with ISO and ANSI
standards, but they “will incorporate
emergent graphics standards” laid down
by these two organizations.

Contracts with Honeywell and ICL for
their CP/M system have no doubt helped
to incite the company’s Europezn offensive
but at the conference announcing the
plans, the emphasis on computer graphics
was hard to miss. Reading between the
lines, computers of the future intended for
productive purposes will not give prompts
in words, but will present the operator
with easily assimilated images which will
speed up reaction time and theoretically
increase productivity.

Brokers break new
ground

The second-user test gear company
Electronic Brokers, claimed by its manag-
ing director Peter Fraiman to be the largest
of its kind in Europe, has taken another
step in its diversification into new product
marketing by acquiring the sole franchise
for a range of Philips test equipment.
Equipment to the value of around
£200,000 will be stocked by EB at the
Kings Cross Road warehouse and show-
room.

EB is now 15 years old, having started in
the classic ‘one man and a dog’ manner to
buy, recondition and re-sell test gear.
During the last 10 years, the emphasis has
shifted to professional instruments and, in
the last five, to the computer field. The
company is now at the point where it inha-
bits its own offices, showroom, workshop
and warehouse in Central London, and
supports its own standards room under the
wing of Mike Jones, technical director.

The original suggestion that EB should
handle Philips equipment came from
Philips themselves — a compliment to the
company’s performance and management.
EB intend to concentrate the new products
side of their range on Philips. “A distribu-
tor” said Peter Fraiman, “should under-
stand a maker’s equipment intimately, and
to achieve that you need to specialize”.
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COLOR DISPLAY CRY

One of the more
informative displays
seen at the recent
Computer Graphics
exhibition showed how
a raster-scan colour
graphics system works.
The Ramtek 6211
terminal used for this
diagram can show 16
colours from a palette
of 64 but a technique
used by Bradford
University showed
simply how additional
tones of these colours
could be produced by
omitting colour
elements to enhance
the display.

Stereo tv experiments

The BBC has at last admitted they have
been running tests for stereo sound on
BBC2 tv channel from the Crystal Palace
transmitter. The method they have selec-
ted transmits a second discrete sound
channel in addition to the main channel,
similar to that used in Germany. The main
channel consists of a sum of the left and
right signals and the second channel the
right-hand channel information only. A
control sub-carrier included in the main
channel identifies the type of transmis-
sion — stereo, mono or two seperate chan-
nels which could be used for two different
languages. The additional f.m. sound car-
rier was set at various frequencies around
300kHz from the main carrier.

Earlier tests using the system caused a
certain amount of interference which in-
cluded buzz on both sound channels, in-
terference from the second sound channel
on the main channel and patterning on the
picture. To minimize these effects and
provide a signal compatible with ordinary
receivers they needed to reduce the main
sound carrier to 10 to 13dB below the
vision carrier level; the second sound car-
rier was reduced even further to between
16 and 22dB below the vision carrier. The
trouble with this was that viewers in fringe
reception areas could not receive a suffi-
ciently strong second sound signal.
Another drawback to such a low level for
the second sound carrier is that the design
of a suitable receiver becomes more diffi-
cult.

The principal rival to the two-channel
sound approach is the f.m./f.m. system
developed by NHK, with an f.m. main
carrier, f.m. subcarrier and a.m. control
subcarrier. For stereo the f.m. subcarrier
is used for the difference or ‘S’ component.
Under some conditions there can be a
severe degradation of the signal/noise ratio

though there is very little impairment to
the vision channel.

The selection of one system over another
seems to have political rather than techni-
cal overtones. As the PAL patents run out
there could be an inrush of cheap Far-East
tv sets and one way to overcome it was to
incorporate some new system into the PAL
set; the Germans have a number of patents
on the two carrier sound system. If the
f.m./f.m. system were to be adopted, there
would be no restrictions on Japanese
manufacturers.

The BBC point out that they are still at a
very experimental stage and there is no
commitment to introduce stereo sound for
the BBCs terrestrial tv service or to adopt
any particular system, but the results of
the current investigation should assist the
BBC in its future planning.

Electronics for peace

The inaugural meeting of the Electronics
for Peace network is on Saturday No-
vember 20th at Langley Hall, Church
Road, Bracknell, Berks, starting at 10.30
in the morning. Details are available from
Anne Yarwood, a founder member of
Electronics for Peace, who is investigating
the impact of the link between electronics
and arms on the Berkshire community,
telephone: 0990 (Ascot) 21167. The one-
day meeting will have wide-ranging discus-
sions dealing with possible ‘conversion’ of
military electronics to peaceful and pro-
ductive purposes.

@® Concerned about the massive and in-
creasing involvement of the electronics
industry with military projects, Steve
Holmes and Tim Williams, both electron-
ics engineers who themselves once worked
on defence equipment, started Electronics
for Peace, along with Anne Yarwood.
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Private BT — Good, says Jenkin. Bad, says Stanley

In answer to criticism about the denational-
ization of British Telecom, Patrick Jenkin
said that unprofitable services such as tele-
phones and call boxes in rural areas would
be continued. In a paper distributed to
MPs to explain the Government’s propo-
sals, Industry Secretary Jenkin confirmed
that the sale of 51% of the shares in BT
would be an election issue and no final
decision would be taken until after a gen-
eral election. “BT’s licence will ensure that
everyone who has access to telephone ser-
vices at present will continue to have
access in the future” say the paper.

On the profits from the service Mr Jen-
kins sidesteps the issue of whether the
money would be reinvested in the Cor-
poration by saying that giving BT freer
access to private capital means that cus-
tomers would not have to bear such a large
proportion of cost of new investment.
Other issues such as the maintainance of
the 999 emergency service and provision of
new services to the most remote areas are
“being considered at the moment”.

Strongest criticism of the scheme has
come from the Post Office Engineering

Union. Bryan Stanley, it general secretary,

has said that the privatization of BT is

“divisive and against the interests of the

community as a whole”. Despite Mr Jen-

kin’s assurances, Mr Stanley still believes

that rural areas are threatened with a

‘telecom blight’ which could have serious

implications in development areas, reflect-

ing back on the business community by
reducing their market penetration and
affecting decisions on business location.

Mr Stanley claims that according to in-
formation leaked from a government
‘think tank’ meeting, it is the Govern-
ment’s intention to cut the workforce of
BT by 20% or nearly 50,000 workers, and
that this is one of the main purposes of
getting BT into the private sector. He said
that “far from being ‘freed’ by privatiza-
tion, BT is set to be shackled so that its
competitors can have a free rein to plunder
its most profitable services. It is ludicrous
for an expanding industry to have to re-
duce its workforce when customers are
demanding more and better services”.

According to the leaked papers, BT
would only be allowed to expand if it:

— had the finance to do it (Government
controlled)

— achieved a target rate of return (Gov-
ernment controlled)

~ had the employees to do it (after the
20% cut)

— meet other criteria (determined by the
Government and enforced by an office
of Telecommunications).

If the corporation were to act on a purely
commercial basis it would no longer be
obliged to buy British, warns Mr Stanley,
and there could be further losses to the
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British information technology industry.
“It is by no means certain that the attempt
to private BT will succeed. If the at-
tempt faiied or went badly, BT would be
left in an even worse position in the future
in a permanent state of uncertainty. But
whatever happens ultimately, the Govern-
ment is ensuring that BT and national
telecommunications policy, will be in a
state of flux for many crucial years to
come”.

One-line telecine

Though charge transfer devices, long set
for use in domestic tv cameras, have not
found a place in broadcast quality cameras,
they can now be used as line sensors in
telecine equipment. A full two-dimension-
al array requires half-a-million elements,
but a single-line sensor needs only about
1,000 picture elements, with the motion of
the film past the sensor providing the ver-
tical scan.

Such a scheme has been held up in the

past by the lack of a suitable line-array
sensor. Another difficulty has been that
lines are scanned sequentially but need to
be displayed interlaced, so a standards
converter with a large memory is needed.
But the rapidly falling cost of electronic
storage and the availability of control
microprocessors has made a charge trans-
fer line-array telecine at last viable accord-
ing to Rank Cintel, who are making
machines under licence from the BBC.

An advantage of such a system is that
film can be run at various speeds without
loss of picture quality (except at the ex-
treme of viewing the film at 400 frames a
second). A fourth optical channel, in addi-
tion to RGB signals, that is sensitive to
infra-red light, can be used to detect dirt
particles on the film. Such noise can then
be eliminated from the transmitted image.

@ The BBC/Rank Cintel telecine uses
analogue signals with digital contro!, but
another system using totally digital video
system is described in our IBC report,
page 34.

News in brief

Blumlein biography. The 40th anniver-
sary of the death of Alan Blumlein has re-
awakened interest in the pioneer inventor
who was much involved in the early
history of television and in stereo sound
recordings through his work at EMI. F. P.
Thomson has been writing a biography
now for nine years and there has been
some criticism of the delay in getting it
finished. In answer, Mr Thomson has told
us that he has found some very interesting
material about Blumlein’s father and ma-
ternal grandfather who had much in-
fluence on him. His research into the
family has taken F. P. Thomson into such
fields as mediaeval tapestry when he found
the coat of arms of the Blumlein family of
Strasbourg in a 500-year-old tapestry. All
this has taken time, he says, and the illness
of both Mr Thomson and his wife has also
caused delays. The biography is now ex-
pected to be published in mid-1984.

A “‘support information retrieval system”
is being developed by Systems Designers
Ltd, for use in London’s air traffic control
centre. The system will be capable of
providing several hundred pages of text
and graphics information in 16 foreground
and background colours for up to 300 ter-
minals. The information includes meteoro-
logical conditions, runway allocation, com-
munication frequencies, aircraft holding
patterns and much more. The network is
doubled so that two pages are available to
each operator and still provide a single
channel in the event of a failure. The
system will be run from a continuously
operating Tandem minicomputer which

will also have access to other computer
databases including that of the Met
Office. Fibre optic cables will transmit the
data to each display position, chosen for
their immunity from electrical interfer-
ence, and freedom from radiation. The
complete system will take two years to
install.

Sessions on design principles, customer
needs and case studies are part of the first
UK seminar on semi-custom i.c. applica-
tions at the Ashridge Management Centre
‘on 19 & 20 November. According to the
organizers, Academic Media Inc, main
emphasis of the seminar is on practical
aspects of semicustom i.cs and aims are to
give consultants the background required
to assess the impact of technological de-
velopments, advances in design techniques
and new application areas. The organizers
can be contacted on 01-947 4069.

IBA have designed microprocessor-
based test equipment to measure the phase
noise and the purity of signal from a uhf tv
transmitter. Maintenance automatic test
equipment or MATE incorporates a
specially developed frequency synthesiser
and precision u.h.f. demodulators to pro-
vide accurate measurements of broadcast
transmitters. Compact, portable MATE is
to be marketed by Continental Microwave.
The APT 140 numerical control coumputer
system for machine tools, developed by
British Aerospace, is to get commercial
exploitation by Compeda. Capable of
controlling five-axis machining, it com-
bines the advantages of interactive graph-
ics with the best features of the a.p.t. com-
‘puter language.
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DISTORTION IN DIGITAL
RECORDINGS

Physical measurements fo_r su_bjective assessments of reproduced sound obtained by a
new method enable distortion in p.c.m. processors to be compared with that of analogue

This article presents measurements of
non-linearities in analogue and digital
recordings with comments on the sound
qualities of both recordings.

Some pulse-code modulation recorders
now in use are inexpensive compared with
professional analogue tape recorders and
even commercially available for the hi-fi
market. In a similar way to the debates
about valve and transistor amplifiers, the
sound qualities of analogue and digital
recordings are currently the talk of
recording engineers. What data are there
for quantifying such qualities?

A new method is used for measuring
non-linear distortion in analogue and digi-
tal recordings. The method uses composite
rectangular pulses as the test signal that
permits transfer-function shapes to be
predicted directly from non-linear distor-
tion figures given by the measurement!.
Before going on to the description of
such distortions in digital and analogue
recordings, the non-linear distortion
(n.1.d.) figures and the predicted transfer

tape recorders.

by Yoshimutsu Hirata

function shapes in transistor and valve am-
plifiers are presented so that readers may
appreciate the measurement method.

Fig. 1 shows typical examples of the
distortion figures of top-class transistor
amplifiers. Amplifier A shows an s-type
non-linearity, subjectively judged as “soft
or glossy”. Amplifier B shows a bow-like
non-linearity, subjectively judged as “live
or strong”. Amplifier C shows a relatively
small non-linearity and is subjectively
judged as “clear or definite”.

For comparison Fig. 2 shows the distor-
tion figures of valve amplifiers. One can
see s-type non-linearities in these ampli-
fiers. The amount of distortion in these
valve amplifiers is large compared with
that in the top-class transistor amplifiers
used for Fig. 1. Soft distortion, as repre-

Dr Hirata is now an independent researcher
working in Tokyo.

sented by the s-type non-linearity, makes
music sound “rich”, “round” or “fat”,
which though likely to appeal to some
people is unlikely to appeal to the hi-fi
purist. One can also observe crossover
distortion in amplifiers E and F, usually
only found in push-pull type amplifiers —
a remarkable result for such small input
signal levels.

In listening to music the input of an
amplifier can be either the output of a
pickup cartridge which traces the wave-
form in the groove of a disc surface or that
of a replay head which picks up the flux
waveform recorded on magnetic tape.
Usually, a signal being recorded in a disc
or tape has passed through a master tape
recorder, often considered to be the weak
link in the current sound record/reproduce
system?”. Distortions in analogue recording
depend on both tape speed and coating.

Distortion figures of three types of anal-
ogue tape recorders are given in Fig. 3, the
Ampex A80, an open-reel type for profes-
sional use, the Sony TC-5550-2 open-reel
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Fig. 1. Non-linear distortion figures of transistor pre-main
amplifiers together with transfer function shapes. W,=V4/16
where V, is defined by the peak voltage of the output signal.
Top(A) is for the Revox B750 MKII, middie(B) for the Yamaha
CA-S1and bottom(C) for the Trio KA-9900.
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Fig. 2. Non-linear distortion figures of valve amplifiers together
with transfer function shapes. Top(D) is for the Marantz 88K
(EL34 push-pull), middle(E) for the Hall Independence MKIlI
(KT88 push-pull, triode mode) and bottom(F) for the Conrad
Johnson (6550 push-pull).
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type, intended for battery operation, and
the TC-K555 cassette type, using metal
tape. As the desirable level of input voltage
for these analogue tape recorders is not
uniform, the abcissa of the distortion
figure is given by different scale, viz. input
voltages V; are given by the number indi-
cated on the abcissa multiplied by the
values of K shown. A common feature in
the form of the non-linearities in these
analogue tape recorders is the s-type non-
linearity, which is typical of soft distor-
tion.

The distortion in analogue tape re-
corders is principally generated by the
magnetic saturation of tape coatings such
as gamma-phase iron oxide (Fe;O3),
gamma-phase ferric oxide with small
amounts of cobalt and other metals, chro-
mium dioxide (CrQO,), metal, and so on.
There are variations between nominally
similar tape coatings, but details are kept
secret by tape manufacturers.

Distortion figures relating to tape coat-
ings are shown in Fig. 4. In the mea-
surement a cassette tape recorder Technics
M77 was used with the bias point for tape
coatings being tuned. As seen, the metal
tape is superior to others. The sound of a
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metal tape is subjectively judged as “clear
or cold” in contrast to that of metal oxide
tapes. It should be mentioned that the
distortion depends also on the instrument
being used, provided that a tape speed and
coating are the same. Thus, the rank of
distortion figures for metal oxide tapes
may change when a tape recorder is
changed.

In the process of digital recording, an
analogue signal is converted into digital
form by using an analogue-to-digital
converter prior to recording. In the replay
process, the recorded data are converted
into analogue form using a digital-to-anal-
ogue converter. When recorded data are
not missed, due to drop-out in the
recording medium for example or when
the error correction system is complete,
the input of a d-to-a converter is the same
as the output from an a-to-d converter.
Thus distortions in a digital recording are
reckoned to be from the p.c.m. processor
which consits of input and output low-pass
filters, a sample-and-hold circuit, and
converters.

Fig. 5 shows the distortion figures of
four p.c.m. processors, the PCMF1 (made
in 1981, 14bit and 16bit linear), PCM100

(1979, 14bit linear), DN035R (1979, 16bit
linear) and XD60 (1982, 12bit floating
point, 14bit output). The amount of
distortion in A (16bit mode) is very small,
which competes with the top-class tran-
sistor amplifier in linearity. Generally
speaking, distortion due to the conversion
error or quantization error increases with
decreasing input signal level, which is
similar to the crossover distortion in push-
pull amplifiers. Such distortions are easily
detected and disliked.

At present, sound qualities of digital
recordings are widely spread: some are
superior and some are inferior to that of
analogue tape recording using professional
equipment. The reduction of distortion in
analogue tape recording depends on the
development of tape coating material and
one of the answers is metal tape. In digital
recording, distortion could be reduced by
the efforts of i.c. designers. Vi
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LOGIC MAPS - FROM
LULL TO KARNAUGH

The progress of methods of showing logical truths, from a 13th century monk, by way of
Lewis Carroll, to the Marquand/Karnaugh map used by logic designers today.

We begin in the Thirteenth Century. The
Spanish monk Ramon Lull wanted to
demonstrate religious truths, and began a
chain of events by enclosing attributes of
God in circles. He then showed the combi-
nations: God is merciful and wise, kind
and wise, all-knowing and merciful etc., as
lines on a diagram, as in Fig. 1. It was an
original idea for finding combinations of
things, and the diagram had the added
attraction that it “perplexed disbelievers”.
About 1600, realising the importance of
Lullian diagrams, Liebnitz dreamed of an
. algebra by which disputes would be re-
solved by calculation. Lullian diagrams
were used as part of natural science for 500
years, until Euler.

Euler

In 1760 Euler overlapped appropriate cir-
cles, which by now were also used to en-
close classes of non-pious things. For in-
stance, if all four-legged animals were
herded into circle A of Fig. 2 and all things
that fly were in circle B, then the Euler
circles, because they did not overlap,
demonstrated that there are no four-legged
flying things. Figure 2 also demonstrates
the conjunction — all Bs are C and, some
Csare B.

Lewis Carroll! wrote “‘Apparenty it
never occurred to him (Euler) that some-
thing that hasn’t the attribute cannot be
shown on this diagram”.

Venn

In 1850, Venn? solved this problem and
with the same stroke united all the circles
into one. The gist of the method is to
overlap all the circles and shade the empty
areas. Figure 3 (a) corresponds to Fig. 2.

Figure 3 (b) shows that the Venn dia-
gram of two circles, i.e. for two classes A
and B, has four areas-

AB (Not A and B)

AB (A and Not B)

AB (Not A and Not B)
AB (A and B)

Lewis Carroll wrote of the Venn diagram
“After shading some areas, the class
AB, outside his diagram, is allowed
the rest of infinite space to wander around
in. However, when the class is empty, Mr
Venn evades shading this area by a
footnote — (‘I have not troubled’). My
solution is to enclose the diagram in a
square box, the enclosure then represents
the Universe.”

The Venn diagram usually uses overlap-

by N. Darwood

ping circles. It is easy to draw three
overlapping circles to show eight areas.
But to show 16 areas by overlapping four
circles A, B, C and D is a puzzle the reader
may care to try. Venn resorted to ellipsis.
Even so, for five classes A to E, a sixth
ellipse was needed, which had to be drawn
inside all the others. It represented the
outside of one of the classes. Lewis Carroll
wrote “For six classes A to F, Mr Venn
suggests “the best plan would be to draw
two such five (A to E) diagrams, one for F
and one for Not-F”’. This, however, would
give one area which two classes would,
somehow, have to share. Above six Mr
Venn does not go”’.

Carroll

He then explains how the diagram of Fig.
4 may be constructed for eight classes.
Figure 4 (a) is for four; for eight Fig. 4 (b)
is drawn in each compartment.

Marquand and Boole
In 1881 the torch was passed to Alan Mar-
quand® who published the Logical Map
shown in Fig. 5 (a), which is the one used
today. It is now called the Karnaugh
Map*, but then empty squares were
shaded, whereas in Fig. 5 (b) and (c) non-
empty squares are shaded.

In 1884 Boole published his Algebra

Fig. 1. Diagram due to Ramon Lull, who
evidently enjoyed a comprehensive
understanding of God.

which fulfilled Liebnitz’s dream. Boole
was a professor of Probability Theory and
in probability the values range from 1 (for
true), through all the fractional values less
than 1, to O (for false). For example, the
probability of drawing an ace from a pack
of cards is 1/13. On drawing two cards the
probability of drawing an aceand a 4 is

11 1

1313 169
The mystery (the explanation is nowhere
in the literature, and electronic engineers
often wonder) why Boole used + for or,
evaporates when we consider the probabil-
ity of drawing either an ace or a 4, which is
1/13+1/13.

He began his algebra by allowing only
the two extreme truth values, true or false,
i.e. 1 or O for statements. The variables A,
B, C etc., now stand for Boolean state-
ments. A Boolean statement is a statement
which can only be true or false. Nowadays,

AR

AB’

(A) (B)
b

Fig. 3. Three overlapping Venn circles, with
empty areas shadded, are equivalent to
Fig. 2. At (b) two-class Venn diagram
shows four areas, including universe
outside.

Fig. 2. Euler circles.
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we employ the Laws of Thought’ to mani-
pulate compound Boolean statements.
Some laws, because they are based on lan-
guage, are obvious — consider the com-
pound And statement: it is raining (A) and
it is not raining (A). This is written

C
C
K
[ A
ofo
8|8
(a}
; EFGH’
C /i
-y
E
H|H E
FIF

(b}

Fig. 4. Lewis Carroll’s Logical Map for four
classes at (a); for eight, (b) is drawn in each
square.

A a a
C C C C
BOD
Bd
b0
bd
(@) Marguand
A A A A
B B B B
)
(o
D
(D

(b) Karnaugh

0

00

10

01

(c) Veitch

Fig. 5. Three modern logic maps.
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algebraically AA. Obviously, the truth
value of this And statement is always false,
i.e., zero. Hence the law, AA=0. This
law has a name; in fact, all the laws have
names. For instance, the Idempotent Law
states that the following two statements are
equivalent:

“It is raining and it is raining”

“Itis raining”’

Hence A.A=A.

Some laws only appear obvious because
they are based on mathematics: e.g.
0+A=A, similarly 0.A=0, also 1.A=A.
Another instance is A(B+C)=AB+AC.
Now having learnt the rules, to simplify
A(A+B) we proceed as follows

A(A+B)=AA+AB

and few ever, feel at home with the final
law

A+BC=(A+B)A+C)

However, by substituting A for C, it
gives

A+BA=(A+B)(A+A)=(A+B)]
=(A+B)

Now althiough A+BA=A+B, we can-
not subtract A from both sides, because
having done so would result in BA=B;
e.g., It is Tuesday and not raining = It is
Tuesday, which is only true if it never
rained on Tuesdays.

Finally, out of the four basic arithmetic

=0+AB functions, +, —, X and divide, this leaves
=AB fractions to consider. We may define
We all feel at home with A+A=1; for A/BasA+B
instance, it is true that it is raining (A) or it then A/A=A+A=]
is not raining (A). But no one at first, also A/l=A+1=A+0=A.

B 0 0 1 1 B 0 0 1 1 B 0 0 ) 1
o0 1 1 0 VI 1 1 0 e 0 1 1 0
00 1 00 1 1 00 1 1
01 1 01 1 1 01 1 1
1 1 11 1
10 1 10 10

(o) AB (b} 80 () AD’

B 0 0 1 1 B 0 0 1 1
oc 0 1 1 0 N0 1 1 0
00 1 1 1 00 1 1 1
01 1 1 1 01 1 1 1
11 1 10 1
10 1 11 1

{d) AB+BD+AD le) AB+AD

Fig. 6. Simplification of AB+BD+AD into AB+AD by means of Karnaugh map. This diagram

used for up to four variables.

Varigbles N Total number Marked
of patterns cells
None 1 -
AB
AB
A 3 n
AB ‘] 1 Fig. 7. New
AB | diagram showing
- R T A ) oon oo 09 00000 number of patterns
sl in Karnaugh map
ABC 27 A for n variables and
A number of marked
ABCD PR 81 B’ (true) cells.
B ~
ABCOE | 32 80 80 40 10 243 a4
T2 48 16 32 A A
Pattern size 1n marked cells | B
r
B
L
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00| 0000 | 0001 ] 0011 | 0010
011 0100} 0101 0111 ] 0110
11100 1110f 1111{ 1110
10 1 1000 ] 1001 | 1011 | 1010
(a)
DCBA Cell no
DCUBA 0000 0
DB A 0001 1
OcCBA 0010 2
ocBaA 0011 3
OcCeA 0100 b
Dcga 0101 5

(b)

(4]
Fig. 8. Completed Veitch map. Map at (c) is
decimal version of (a).

This seems promising, especially when we
derive
1/A=1

Perhaps, by analogy with A.A=A we
could tolerate the cancellation law, which
is

AB A

B B

but, unfortunately, to expand the simple

expression
( )
C

we multiply the numerator and divide the

denominator, by A. This means that the -

fraction becomes more complex.

In summary, values are restricted to 0
and 1, addition and multiplication is valid,
subtraction is meaningless and fractions
are no help at all.

Using the Karnaugh map

To show the use of the map, consider
simplifying o
AB+BD+AD
Here, there are three terms to plot, i.e.,
AB, BD and AD; see Fig. 6 (a),
(b) and (c). Superimposing these three pat-
terns, Fig. 6 (d), gives the plot of the
original expression from which it can be
seen that the plot is equivalent to

AB+AD
See Fig. 6 (e).

N
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) (?
2) \/é’}m € )
Clo /5 /7 6
_ A Y U
Fig. 8. Back to Lull. ) ) )
A five-variable BA B'A BA BA
Veitch map.
% 7 ~ e
8 r \8\29/ bC & D)\@
'y e
12 13 15 14
_/ T\ iﬂ K
o I S I N
el Yadll'

O
:
3

» re " — -
Hence, AB+BD+AD=AB+AD. The
reader may care to show by plotting the
expressions, that AD+BC+BD+DC sim-
plifies to AD+B+DC.

Five variables. Now a pattern consists
onlyof 1, 2, 4,8, 16 . . . squares; hence, if
the map contains say five marked squares
then it consists of a combination of two or
more patterns. How many patterns are
there for n variables? The triangle in Fig.
7, published for the first time, tabulates
the results. The analogy with Pascal’s
Triangle is that an element is formed from
the sum of twice the element above plus
the element to the left of it. A row of
Pascal’s Triangle sums to 22, which is the
number of squares on a map, whereas a
row in Fig. 7 sums to 3 which is the
number of patterns on that map.

On a Karnaugh map, the position of the
variables around the map is chosen so that
as we move along an axis only one variable
at a time changes (corresponding edges are
joined together). By using this arrange-
ment, which is binary Gray code, all recti-
linear abutted cells on a four-variable map
form a pattern. One would assume all pat-
terns are of this form: however, for a five-
variable map two four-variable maps are
drawn along-side each other in the manner
of Venn. And the idea falls down.

To further the story, we need to com-
plete the Veitch Map of Fig. S (b) by first
entering the minterm of each cell as shown
in Fig. 8 (a) and (b). Then convert binary
to decimal as shown in Fig. 8 (c). This
diagram differs from the Cartesian co-ordi-
nate plane since, in the Cartesian plane,
two numbers X and Y are required to
specify a point on the plane, whereas one
number on the Veitch map is unique to
one point; conversely every integer corre-
sponds to a unique position.

Now ever since Euler, logical maps have
consisted of areas of different shapes and
sizes, depending upon whose map it is.
But, having arrived at the notion of the
Veitch Map we can now construct a dia-

gram which allows logical truths to be
more readily demonstrated, as in Fig. 9.

The diagram is, of course, Lullian.
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Underground radio
communication

Leaky Feeders and Subsurface Radio
Communications, by P. Delogne. 283 pp,
hardback, Peter Peregrinus (for IEE), £28. 0-
906048-77-X.

Underground radio propagation has been a
vexing subject of investigation since the early
1920s, but it was not until 1956 that the
breakthrough of this communications barrier
came with the demonstration in the USA of
what is now known as the “leaky feeder”
principle for artificially propagating vhf signals
through tunnels. Even then, it was another ten
years before further progress was made, with
the commencement of separate scientific studies
in Belgium and the UK. In a short while
powerful American effort, which had been
concentrating on direct “through the earth”
propagation at low frequencies for possible mine
rescue applications, was alerted to the new
developments and was making important
theoretical contributions.

By 1978 in UK mines alone there were over
100 underground radio systems installed using
leaky feeder principles, and still no text-book
referred to the subject or even gave more than a
passing reference to the problems of
underground radio communication in general.
Then one of the two leading theoreticians in the
work (Prof J. R. Wait, then of Boulder,

‘Colorado) suggested to the other (Prof P.
Delogne, of Belgium) that he should remedy
this unsatisfactory situation. It is a blessing that
Delogne agreed to undertake the task, for this
very commendable book is the outcome.

The prospective reader with a practical or
“systems-oriented” interest should not be
daunted by the academic background of the
author. Abstruse mathematical treatments there
certainly are, drawing on the publications of
himself and Wait (and their respective co-
workers) and necessarily so in such a serious
work. But these are confined to a single (the
longest) chapter which the reader is invited to
skip if he does not feel up to it. Even so, the
theoretical derivations are interspersed with
important conclusions and discussions which
should be noted by any serious reader; these
sections are helpfully indicated by asterisks.

The book commences with an introductory
chapter which effectively summarizes its whole
scope. “Through-the-earth” as opposed to
tunnel propagation is not to be treated, nor are
surface applications of leaky feeders — two
points that might be in doubt from the title. A
brief historical survey concludes this chapter.

There follows the main theoretical chapter —
almost half the text of the book — dealing
primarily with propagation in tunnels either
bare or containing simple axial conductors. The
coupling of dipoles, both electric and magnetic,
into these fields is also considered here.

This leads on naturally to a chapter on mode-
conversion, the essence of leaky-feeder and
associated techniques. The concluding two
chapters are more practical, dealing separately
with applications in the HF and VHF / UHF
bands. It becomes clear here that the author is
not only a theoretician. The systems he
describes in most detail are naturally those that
he himself has engineered, using his patented
techniques of discrete mode converters or of
““leaky sections” instead of continuous leaky
feeders. Further useful material on mobile
aerials is included here, and advice on the
positioning of leaky feeders. On the
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investigative side, the final chapter cites an
obscure but remarkable student thesis
describing work carried out in the Paris Metro
in which 15 different types of leaky feeder were
studied over a range of frequencies.

Although the author does not claim to
introduce a great deal of unpublished material,
even the (rare) knowledgeable reader familiar
with all the literature will find a new
enlightenment in his commentaries; he has
reconciled differing theoretical approaches and
finally resolved any confusion in terminology
that remained.

The very full bibliography lists 180 references
up to 1980, including 27 from the Belgian
school and an astounding 51 out of Boulder. It
possibly includes every paper of significance
published up to 1979.

If there is a weakness it is in the treatment of
repeater systems. This aspect receives only ten
pages, even though repeater symbols feature
prominently in the dust-cover design; but the
author may rightly feel that this is a subject for a
separate work. His explanation that such
techniques are disfavoured in continental
Europe for their dependence on the continuity
of mains power ignores the fact that every UK
coal-mine system has an endurance of three days
against such failure on the insistence of the
Inspectorate of Mines and Quarries. On the
important question of cumulative repeater
noise, he is mistaken in suggesting that fewer
repeaters of higher gain are preferable; the
opposite is generally the case, because of the
over-riding effect of span loss. On the associated
question of cumulative intermodulation effects
he contents himself with (rightly) disagreeing
with one paper cited, whereas a fuller analysis of
the problem by himself would have been most
valuable.

An unfortunate optical illusion in Fig 3,11
may at a cursory glance confuse the fact that the
curves actually cross, and so rob the author of

. the valid point he is making about the advantage

of the leaky-sections technique.

This book is essential reading for the systems
engineers of all manufacturers and undertakings
concerned with practical leaky feeder
communication. Equally, every academic
involved in research in this or related fields will
need to have it to hand for constant reference.
And the subject will, one hopes, now find its
rightful place in student curricula. Paul
Delogne has fulfilled his task admirably.

D. ]J. R. Martin

Computing is Easy by David Parker and
Martin Hann, 113 pages. Butterworth Group,
£3.95 paper cover.

Beginner’s Guide to Microprocessors by E. A.
Parr, 218 pages. Newnes £3.95 paper cover.

Control in Hazardous Environments by R. E.
Young, 111 pages. Peter Peregrinus £12.00
paper cover.
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Tolstoy, 184 pages. Canongate Publishing £9.95
hard cover.
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Recoor. Babani £0.65 paper cover.
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Uncertainty by M. J. Ashworth, 246 pages.
Wiley, £15.50 hard cover.

Electronic Servicing — 1 by Rhys Lewis 278
pages. Macmillan Press £5.95.
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by David J. Smith, 243 pages. Macmniillan
£15.00 hard, £8.95 paper cover.
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Pengelly, 470 pages. Wiley £15.50 hardcover.
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pages. Butterworth Group, £2.95 hardcover.
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pages. Butterworth Group, £3.50 hard cover.

International Video Yearbook 1982/83 by
Angus Robertson, 731 pages. Blandford Press,
£25 hard cover.

Electronic Equipment Reliability — 2nd
Edition by J. C. Cluley, 177 pages. Macmillan,
£6.50 paper cover.

Energy in Electromagnetism by H. G. Booker,
360 pages. Peter Peregrinus, £25 hard cover.

Electronic Music Circuits by Barry Klein, 302
pages. Prentice Hall, £12.70 paper cover.

Digital Logic Circuits by Robert G. Middleton,
308 pages. Prentice/Hall, £12.70 paper cover.

Microprocessor Systems Design by Edwin E.
Klingman, 349 pages. Prentice/Hall, £22 hard
cover.

Microcomputer Design and Construction by
Alan Clements, 520 pages. Prentice/Hall,
£18.95 hard cover.

How to Get Your Electronic Projects Working
by R. A. Penfold, 81 pages, Babani, £1.95 paper
cover.

Designing Microprocessor-based
Instrumentation by Joseph J. Carr, 323 pages.
Prentice/Hall, £17.55 hard cover.

30 Solderless Breadboard Projects — 1 by R.
A. Penfold, 149 pages. Babani, £2.25 paper
cover.

Fiber Optics by Waldo T. Boyd, 221 pages.
Prentice/Hall.

Amateur Television Handbook — 2 by Trevor
Brown, 97 pages. BATC Publications, £2.40
paper cover.

Supervisory Remote Control Systems by R. E.
Young, 195 pages. Peter Peregrinus, £12.75
hard cover.

Understanding Digital Logic Circuits by
Robert G. Middleton, 392 pages. Prentice/Hall,
£12.50 paper cover.

Electronic Components and Systems by W.
H. Dennis, 258 pages. Butterworth Group,
£12.50 hard cover.

Phase Noise in Signal Sources by W. P.
Robins, 321 pages. Peter Peregrinus, £28 hard
cover.

Integrated Circuits by William C. Till and
James T. Luxon, 462 pages. Prentice/Hall,
£24.70 hard cover.

Alphanumeric Displays by G. F. Weston and
R. Bittleston, 194 pages. Granada, £16.50 hard
cover.

Handbook of Semiconductor and Bubble
Memories by Walter A. Triebel and Alfred E.
Chu, 401 pages. Prentice/Hall, £18.70 hard
cover.

Radio Handbook by William I. Orr, 1200
pages. Prentice/Hall, £24.45 hard cover.
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Radio and Television Servicing 1981/1982
models by R. N. Wainwright, 738 pages.
Macdonald, £19.50 hard cover.

Tools of the Mind by V. Stibic, 297 pages.
North Holland Publishing, $35 hard cover.

Computer Programming in Cobol by Melinda
Fisher, 202 pages. Hodder & Stoughton, £2.95
paper cover.

Understanding Digital Electronics by R. H.
Warring, 156 pages. Lutterworth Press, £6.95
hard cover.

Public Address Handbook — 2nd Edition by
Vivian Capel, 238 pages. Keith Dickson
Publishing, £7.95 hard cover.

Wind/Solar Energy by Edward M. Noll, 264
pages. Prentice/Hall, £9.05 paper cover.

UK CB Handbook by Alan C. Ainslie, 150
pages. Newnes, £3.95 paper cover.

Microshop Series vol 8 (index) by Trevor
Toms, 207 pages. Phipps Associates, £9.95
paper cover.

Radio Control for Modellers by R. H.
Warring, 132 pages. Lutterworth Press, £6.95
hard cover.

Aerial Projects by R. A. Penfold, 84 pages.
Babani, £1.95 paper cover.

Servicing Radio, Hi-Fi and TV Equipment by
Gordon J. King, 205 pages. Newnes, £5.95
paper cover.

Apple Personal Computer for Beginners by
Seamus Dunn and Valerie Morgan, 257 pages.
Prentice/Hall, £6.95 paper cover.

Microprocessor Data Book by S. A. Money,
264 pages. Granada, £16 hard cover.

Practical Handbook for Valve Radio Repair by
Chas E. Miller, 221 pages. Newnes, £13 hard
cover.

Interfacing to Microprocessors and
Microcomputers by Owen Bishop, 147 pages.
Butterworth Group, £4.95 paper cover.

Microcomputer Experimentation with Mos
Technology Kim — 1 by Lance A. Leventhall,
467 pages. Prentice/Hall, £14.35 paper cover.

Microprocessor Circuits vol. 1 by Edward M.
Noll, 109 pages. Prentice/Hall, £7.45 paper
cover.

Microshop Overview vol. 1 by John Phipps,
140 pages. Phipps Associates £9.95 paper cover.

Software Development 2nd Edition, 1127
pages. Texas Instruments, £12.90 paper cover.

Influence of Microelectronics on
Measurements Instruments and Transducer
Design (conference proceeding), 296 pages.
IERE, £37.50 paper cover.

Fibre Optics (Conference proceedings), 200
pages. IERE, £27 paper cover.

Video and Data Recording (Conference
proceedings), 405 pages. I[ERE paper cover.

Electromagnetic Compatibility (Conference
proceedings), 322 pages. IERE., £35 paper
cover.
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Digital Circuits — Ready Reference by John
Markus, 162 pages. McGraw-Hill, $12.50 paper

Communications Circuits — Ready Reference
by John Markus. McGraw-Hill, $12.50 paper
cover.

Special Circuits — Ready Reference by John
Markus, 234 pages. McGraw-Hill, $12.50 paper
cover.

Popular Circuits — Ready Reference by John
Markus, 216 pages. McGraw-Hill, $12.50 paper
cover.

Electronics Projects — Ready Reference by
‘John Markus, 181 pages. McGraw-Hill, $12.50
paper cover.

Electronics TEC Level II by D. C. Green, 150
pages. Pitman, £4.95 paper cover.

Transmission Systems TEC Level II by D. C.
Green, 148 pages. Pitman, £4.95 paper cover.

Electronics TEC Level III by D. C. Green, 207
pages. Pitman, £5.50 paper cover.

Essential Electronics — an A-to-Z Guide by
George Loveday, 257 pages. Pitman, £5.95
paper cover.

Information Technology & People, vol. 1, 299
pages. Citech (Uxbridge), £20 hard cover.

November 23-25

2nd International Conference on Semi-custom
ICs. West Centre, London SW6. Details from
Prodex (Seminars) Ltd, 79 High Street,
Tunbridge Wells.

November 25

Fibre Optics Forum. ERA Technology are
investigating the potential market for short
range fibre optic systems, particularly sensors
for automation and process control. Details
from Robert Stafford 0372 374151.

November 25

Chemicals in the Electronics Industry:
IMRA/IEE Symposium at the Cafe Royal,
Regent Street, London. Details from IMRA, 11
Bird Street, Litchfield, Staffs WS13 6PW.

November 25

Hi-Fi TV — Bigger, Better Pictures: Royal
Television Society Lecture at IBA, 70
Brompton Road, London SW3, 7pm.

November 26-28

Pie in the Sky? A Royal Television Society
symposium examines impact of satellite and
cable distribution. At BBC Broadcasting House,
Manchester.

November 26-December 5

International Exhibition of Inventions, also
Special Techniques. New Exhibition and
Conference Centre, Geneva. Secretariat:
International Exhibition of Inventions, 8 rue du
31-Decembre, CH-1207 Geneva.

November 29

British Aerospace Industry. Lecture at the
Institute of Mechanical Engineers, 1 Birdcage
Walk, London SW1. Details: Fellowship of
Engineering, 2 Little Smith Street, London
SW1.

November 29-30

Robotics and Artificial Intelligence;
information from State-of-the-Art Ltd, Victoria
House (M9), Southampton Row, London
WCI1B 4EF. Also in Paris, Nov 25/26.

November 29-30

Fibre-optics and Lasers; conference sponsored
by Technology Transfer Society and the
Technical Marketing Society of America.
Russel Hotel, Bedford Square, London WCI.
Details from State-of-the-Art Ltd.

December 2

Prestel: Lecture by | B Millar of BT. Room 612,
Ashby Building, Stranmillis Road, Belfast.
Details from IEEIE, 2 Savoy Hill, London
WC2R 0BS

December 7

Photon Connection: IEE Faraday Lecture,
presented by STC as part of their centenary
celebrations. Great Hall, Unversity of Exeter.
Three presentations at 10.30am, 2 and 7.30pm.

December 8-9

IT 82 Conference review, Barbican Conference
Centre. Online Conferences Ltd, Argyle House,
Northwood Hills, Middlesex HA6 1TS.

December 9

Technical Picture Quality: Royal Television
Society discussion. 7pm at IBA, 70 Brompton
Road, London SW3.

December 9

Word Processors in the Microchip Office:
IEEIE Lecture, Norfolk College of Art and
Technology, Tennyson Avenue, King’s Lynn,
7.30pm.

December 13-15

Automatic Testing and Test Instrumentation:
International conference and exhibition. The
conference is devoted to CADMAT systems.
Metropolitan Convention Centre, Brighton.
Network Exhibitions Ltd, Printers Mews,
Market Hill, Buckingham MK18 1JX.

December 14
Electronics in Motor Vehicles: IEEIE Lecture
at IEE, Savoy Place, London WC2, 6pm.

14 December

50 Years in Communication: IEEIE lecture by
E G W Miller of BBC Scotland. At SSEB, 75
Waterloo Street, Glasgow, 7pm.

December 14

The Photon Connection (see December 7) two
presentations at The Dome, Brighton, 2.30 and
7pm.

December 15-17

Remote Sensing and the Atmosphere: Annual
conference of Remote Sensing Society at the
University of Liverpool. Details from Dr A
Henderson-Sellers, Geography Department,
University of Liverpool, PO Box 147, Liverpool
L69 3BX.
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THE NEW BUREAUCRACY

Three anti-technology forces in society — the bureaucracy, management and the pure
scientists — are coming together under the banner of software in their rearguard battle
against the rising power of technology and the technocracy.

What is the nature of the relationship
between the manager and the technocrat?
Do they, hand in hand, mutually trusting,
mutually supporting, venture bravely into
a prosperous future? Does the manager
never doubt his technocrat’s loyalty? Does
the technocrat never doubt his manager’s
loyalty?

My twenty vears’ experience in ten
companies in Britain and the USA
indicates that there is deep hostility and
fear between manager and technocrat.
Currently the manager holds the upper
hand and fights a nervous rearguard action
against the rising technocrat.

In the early days, a factory was owned
by the man who managed it, controlled it
and understood all the details of its
operation. But later, in the industrial
revolution, business and industry became
larger and more complex, and the owners
began to lose detailed knowledge of their
operation. The introduction of the joint
stock limited liability company allowed
ownership to be fully divorced from the
understanding. A professional managerial
class developed which knew all the details
and was therefore able to make the crucial
decisions.

Power passed from the owners to the
management, because as J. K. Galbraith
says in The New Industrial State, power is
where the most complex decision making
is. Whereas nominally the owner, the
stockholders, still had control, in reality
because of their ignorance they could only
“ratify” the decisions made by the
management. In his book The Practice of
Management Peter Drucker describes how
Henry Ford behaved like an industrial
Canute when he tried to keep power out of
the hands of his professional management,
virtually bankrupting his company in the
process. Today, as Henry Ford showed,
stockholders can only obstruct the actions
of company management, nothing more.

The latest shift is in high technology
industry, where most complex problems
and decisions are technological, so that
power should now move from
management to the technocracy. We can
see bitter battles during the transfer of
power, re-enacting what had happened in
the Ford company during the previous
transfer of control from owner to manager.
For example, during my first year in one
computer company, employees within the
design department who had more than
four years of design experience were
driven out of the company. Also, it was
common to categorise those engineers

This article is an expansion of the New Bureaucracy
theme of the February 1981 leader, developed for
“The Software Crisis”, last October’s conference orga-
nised by the Netherlands software association, ASL
New material has been added for this article.
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above a certain level of qualification and
experience as temporary (contract
engineers), the idea being that a manager
can have someone working for him at more
than his own salary provided he is
described as temporary.

The generally near-bankrupt conditions
of most high technology industries can be
attributed to the Canute-like rearguard
action by management against a new rising
power elite called the technocracy.
This bankruptcy is both financial and
technological. High technology industry
not only loses money at an unprecedented
rate; it also fails to innovate to any
significant degree. We must look through
the barrage of propaganda to the reality in
order to see this.

The Henry Ford syndrome affected only
some companies during the previous
transfer of power. The reason why the
present transfer from management to
technocracy is so much more acrimonious
is because management, already badly paid
in Britain, look forward to a greatly
circumscribed role in the future, short on
money and prestige; very much the role of
the doorman at the swank hotel.

According to Galbraith, after a transfer
of power to the new group who make the
most complex decisions, the old, declining
group can only act obstructively. For
example, Henry Ford obstructed the work
of his rising managerial class. Today,
similarly, the declining managerial class
obstructs the work of the new, rising
technocracy.

In the past, management would wax

enthusiastic about simplistic pseudo-
technical questions — for instance the
alleged brilliance of the technically
ignorant Weinstock, head of GEC,
Britain’s biggest high technology
company, when he demanded of his chief
engineer that he reduce the number of
valves in the television they manufactured
from three to two. As background to the
story, it did not need to be said that the
chief engineer, being technical, would not
know, first that two valves cost less than
three, and secondly that a cheaper
television would sell better.

Onto the scene of this rearguard battle
comes software, a simplistic new pseudo-
technology with no technical content,
administered by programmers who are as
ignorant as management when it comes to
engineering. There are virtually no so-
called ‘computer science’ degree courses in
this country containing any physics or en-
gineering. The arrival of software is a
heaven-sent aid to management in its
battle to limit the work of technocracy,
particularly because software, the modern
clerk’s job, is in fact low level management
work.

It is in the interest of both management
and of programmers to play down and
limit technology, and they do this by
developing the myth that software s
technical, possibly the new technology,
putting around such false phrases as
“software engineering” and ‘‘information
technology”, although software has no
engineering content and the information
industry has no technical content, and
employs almost exclusively programmers
with no knowledge of engineering or even
of school physics.

THE SHIFTING CENTRE OF POWER

Feudal -
agricultural - county”
power base

19th century
mass-production
industry

High - technotogy
industry

Owners

Conservative .
Conservative

|
|
|
[
|
i
I
|

I No potitical representation
(perhaps five engineers

in partiament)
No political inftuence

workers
Socialist

EuntemporurL/

politics

Both arms of government, Conservative
and Socialist {and SDP) will use
software to infiltrate and subvert the
new growing power-base, high-technology

Struggle of the future
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It is a simple matter for the new
management-programmer axis to ensure
that no new product will be allowed which
does not contain at its centre a general
purpose (von Neumann) computer, so
ensuring that every product or activity in
the future will mimic the data processing
systems of the past on which both today’s
managers and programmers cut their
teeth. As the cost of such a machine falls,
the technically ignorant programmer,
egged on by the technically, ignorant
manager, infiltrates deeper and deeper into
the design of the engineer and freezes it
into one particular structure — a structure
which is expensive in software overhead, is
unreliable, and also runs slowly. Since the
machine runs slowly, having at its core a
slow microprocessor, more and more
engineering activity has to be off-line
rather than real-time and the divorce from
physical reality, always the objective of the
bureaucrats, gathers pace. As in the past
the bureaucrat would function in a false,
simplistic model of reality, so the new,
slow, off-line machine functions in a false,
simplistic model of reality. Pressure is then
put on reality to conform, and this
pressure is exerted by programmers
without knowledge of reality, that is,
without knowledge of either physics or
engineering.

Software is the weapon which the
bureaucracy uses to infiltrate into the heart
of technology in order to control it and
stop it from developing.

In Britain, after many years of inaction,
the government recently pumped large
amounts of money, into what it called the
microelectronics revolution. Virtually all
of this money has now been subverted into
teaching a whole generation how to
program, always in the language called
Basic, the language most far divorced even
from the reality of the old von Neumann
computer. But none of the government
intended subsidy of the microelectronics
revolution found its way into hardware or
engineering.

By “von Neumann computer” I mean a
machine where one instruction is obeyed at
a time and the use of content-addressable
memories, also called associative
memories, is not allowed. In a content-
addressable memory you can call up words
of a certain type, rather than having to call
for a word by its physical location, as in
ram.

Most software techniques turn out to be
devices to make up for the defficiency of
content-addressable memory. In the
1940s, unlike today, it was technically very
difficult to build a content addressable
memory, so the von Neumann team did
not include one in their machine. Today
we refuse to use them because the ancients
did not use them.

* * *

So far, we have seen that the bureaucracy
and also management in industry join
forces with software in order to subvert
and control technology and stop it from
advancing.

Up to the present time another quite
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MANAGEMENT-TECHNOCRACY GUERILLA WAR

Management
(+software)

Manoging director

&
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Technocracy

distinct battle has been fought between the
pure scientist and the technocrat. You will
all be familiar with this battle, between
sacred scientific search after truth on the
one hand and profane technological search
after profit on the other. In the range from

sacred

to profane, pure mathematics

stands at the most sacred end of the
spectrum, then comes applied math, then
physics, then engineering. Now the
mathematicians, being divorced from the
profit motive, found it difficult to make a
living. However, a decade or two ago,
some of these technology-free individuals

Pyramidal battlegro

Properly, the technocracy should form a pyra-
mid with the older, more experienced techno-
crats at the apex and the new, bright young
graduates at the bottom.

Bright young things

The True Technical Hierarchy

Overall control and direction will properly
come from technically well-qualified engineers
with ten to twenty years of design experience.
The mature engineer will not only control the
way in which major modules in the system are
interconnected, but will also direct the detailed
design within each module. (A module may be a
computer memory, or a correlator, etc.) Man-
agement properly becomes merely a service in
high technology industry, much as the share-
holders do not figure very much in the opera-
tion of companies today. Management, like
security or health care in a company, is impor-
tant but not pre-eminent. This is the back-
ground against which the present confused real-
ity in high technology industry can be viewed.

Because management maintains the myth that
it is still in control, a structure develops as
shown.

unds

£25,000p.a

It is mandatory that a
manager profess to
technical ignorance

/ Traditional
/ management structure

The top technocrats must
be classified as temps
{contract engineers)so
that 1t is possible to
pay them more than
their superrors,fy
lowest level of — //
management " /

It is mandatory
thata technocrat
profess fo no
managertal
prowess

Technocracy

/
/

/
£L,000pa ya

I once worked in a reasonably small project ($5
million spent in two years, some 40 years em-
ployed in it) which because of the above farcical
structure had six levels of authority in the admi-
nistrative tree. One company in Los Angeles at
the time, with less than 200 employees, had 12
levels in its heirarchy. This kind of situation
results from a defunct management structure
trying to sit on top of the real high-technology
hierarchy.

In large projects in Britain today, the attempt
to make the above structure look more reason-
able takes the following course.

@ The work of the technocracy is (incorrectly)
broken up into
— The interconnection of major modules.
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stooped to programming in order to earn a
crust. They discovered that a lack of
knowledge of physics and engineering
was no handicap, that programming had
no technical content, so, reassured, they
called themselves computer scientists (al-
though programming is not a science) and
talked -about such things as “‘cybernetics™,
the “information revolution”, and so
forth. Without realising it, they were
exploiting the fact that the limited tech-
nologies of the 1940s and 1950s had led
to a very awkward machines, the von
Neumann computer, which required the
services of large numbers of clerks (pro-
grammers) to get useful work out of it.

The fact that many out-of-work
mathematicians took up programming
meant that software ended up on the side
of pure science in its century-old battle
against profane applied science.

Programmers managed to get inside the
colleges both in Britain and the USA,
something digital electronics has still today
failed to do, and set up departments in
what they called computer science, which
must be a false name because in such
“departments no science or computer
hardware is taught, only programming.
Further, entrants to such university
departments are not required to have any
qualification in physics or engineering.

In Britain, the bureaucracy is populated
at its upper levels by the old pre-industrial

e

 BATTEE_FOR PURITY IN SCIENCE
{sometimes thought to be the battie
- for ncadumt freednm) :

Pure maths @
 Applied mths

Saftwure

i 'Physm

~ (The profane}

ruling class, and by tradition they despise
management in industry. However, the
class origins of the bureaucracy are
widening, and both the bureaucarcy and
management in industry see software as a
useful weapon to fend off the growth of
technology.

Software unites three previously
separéﬁ groups, the bureaucracy,
industrial management, and the pure
scientists, all of whom are opposed to
technology.

If we want to prevent such a powerful
anti-technology axis from developing, we
must ensure that at least the upper levels in
the programming industry have some
knowledge of technology so that they will

This is then called systems engineering, or
just “systems”.
— Design within one module. This is called
engineering, or “design”.
There is a grain of truth, but little more, in
the idea that the interconnection of large
modules is a more sophisticated engineering
task than the microscopic design within one
module.
@ The technocracy is then truncated, and the
upper Systems portion taken down and laid
alongside the Engineering portion

Management

A / Engineering \

@ Presumably because it is thought that the
interconnection or large engineering modules
involves only paths through which information
flows, nothing more (it being believed that we
live in the information age); the Systems
triangle above is populated with young pro-
grammers with no engineering competence,
while the engineering competence is relegated to
the Engineering trapezium on the right.

@ Management, because it identifies with soft-
ware and indeed contains many programmers
within itself, then attempts to control (curb) the
technocracy, Engineering, at second hand, via
Systems. Communication through the danger-
ous, abrasive interface between Engineering and
Management is reduced to a minimum.

Management

Systems Engineering

Following a divide-and-rule policy, manage-
ment presides over a field of battle, where each
individual in Systems has been allocated a
sparring partner in Engineering. One pair will
do battle over the autopilot, another pair over
the computer, etc. At the top, the head of
Systems fights a major battle for control with
the head of Engineering. Since obviously little
product of value results from all this, the head
of one unit has to be fired as scapegoat
periodically, say once per year. Again paradoxi-
cally, this is usually the head of Systems, the
senior programmer, since the head of Engi-
neering controls the real machine rather than
merely sheafs of hopeful paper specifications.
However, in some projects the pattern is one of
alternately firing the head of system and the
head of engineering, who dutifully fight to the
death as required.

None of this pervasive madness within our
major high technology projects is ever discussed
or admitted. The cost in human misery is incal-
culable, while the direct cost to Britain in waste
in major weapon and other projects runs in
billions of pound per year rather than hundreds
of millions.
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come to think in terms of using it rather
than merely fearing it as a threat. In the
British context, this would be achieved by
legislating against any college giving a
degree in computer science if the course
contained no scientific or technological
material, as is the case in virtually all
computer science degrees today. There is
no possibility that the present industry,
containing as it does personnel 98% of
whom have no knowledge of technology,
will be able to exploit the gigantic potential
of digital electronics into the future.

The nature of information

In 1964 Marshall McLuhan discussed the
massive increase in the flow of electronic
information, and developed the idea that
in the future this information would be an
important commodity to be bought, sold
and processed. For him, information was
any signal of any kind. However today, the
so-called information industry restricts
information to verbal information, a
sequence of words and numbers. This
restriction in the type of information we
are willing to handle cuts us off from the
massive potential service that digital
electronics offers.

To illustrate the point, I shall ask a
question. Suppose that a flying aircraft
sends out radar pulses which bounce off
other aircraft, or the ground, and return.
Are the returning pulses information? If
they are, it follows that an information
technologist or computer scientist must be
qualified in technology, or else the
industry will not be able to relate to its
potential. If however the returning pulses
are not information, then we need to set up
a new industry, an “electronic signals”
industry, which will have far greater
prospects in the future that the small,
bureaucratically structured information in-
dustry.

In general, electronic signals will cause
machinery to act, and only rarely will these
signals be verbalized and put into a form
which can be fed into a line printer
and processed by a von Neumann-type
computer program. Our present insistence
that signals should all be of the von
Neumann computer-input and computer-
output form is hampering our develoment
and turning our industry into a mere
adjunct of the bureaucracy. AVVVV
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Tetrode klystron

It has been said that it was after the advent
of steam that the greatest progress was
made in the design of sailing ships. Be that
as it may, it is interesting to note that at the
1982 International Broadcasting Conven-
tion at least two of the most interesting
new developments were in the form of
thermionic devices. Thomson-CSF des-
cribed their new TH539 tetrode for m.f.
broadcasting that is capable of delivering
no less than one megawatt of carrier
power. And if you still think in terms of
receiving-type valves it may be a shock to
lean that the TH539 has a heater taking
30V at 900A and an anode current of 90A
at 13kW!

But a more fundamentally radical de-
velopment is the new single-cavity u.h.f.
“klystrode” developed by Varian. This, as
the name implies, is half klystron and half
tetrode and offers the possibility of de-
veloping a high-power, Class B, linear am-
plifier for vision or sound transmissions, as
a means of improving overall conversion
efficiency. Early power klystrons in vision
service were only about 25 per cent effi-
cient at peak sync. output. Since collector
current remains unchanged regardless of
the input waveform the true conversion
efficiency, in terms of kilowatts consumed
from the supply mains related to output,
was only a few percent. Since then consid-
erably higher efficiencies have been
achieved both in the basic klystron design
and by the use of pulsers to reduce col-
lector current at other than sync. periods
(EEV devices tested on the BBC Crystal
Palace transmitters have achieved 70 per
cent, measured on the basis of peak sync.
output) but the klystrode appears to be the
first klystron-type device to offer the pos-
sibility of Class B operation. But already,
for m.f., all-solid-state sound radio trans-
mitters are now available up to 10kW out-
put.

All digital?

While in the communications field the
main emphasis — as noted at Racalex 82
— is on the extension of digital techniques
into the analogue domain, it was evident at
IBC82 that the vogue phrase now is not
“all digital” but “component coded”. The
separation of luminance and chrominance
signals is the key feature of the new gener-
ation of integrated camera/recorders using
lsinch M-format (VHS) tape or the 2-
inch Beta-format or the Bosch prototype

unit with Y4-inch CVS cassettes. At IBC82
most of these equipments were working on

the 625-line standard.

Component-coding is also the key to the
IBA’s MAC (multiplexed analogue compo-
nent) system that resulted at IBC in many
BBC-IBA clashes at a not particularly en-
lightening level. Philips showed what can
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be done with 625-line PAL when you have
three field stores in every receiver but so
far even this fails to overcome cross-effects
on movement, though certainly in other
respects the digital processing overcomes
flicker and interline flicker and provides a
really excellent still picture. But for true
wide-screen, high-definition television one
had to go to the closed-circuit demonstra-
tion of the Sony system working on the
proposed NHK standard of 1125 lines,
60Hz, 5:3 aspect ratio. Magnificent, near
cinema-film quality, but little hope of
finding spectrum space for its 30MHz or
so of component-coded video, at least in
Europe. I came away from Brighton feel-
ing that priority should be given in Europe
to raising the field rate on all transmissions
to at least 60Hz — it is only when you see
50 and 60Hz systems working side by side
that you realise that, as brightness of
colour pictures increases, large area and
interline flicker are becoming more and
more obtrusive.

Excess radio officers

The original Wireless World, then under
the title The Marconigraph, was directed
primarily towards the many young radio
officers who have been carried on all large
sea-going merchant ships since before
World War I. It is remarkable how many
of the pioneers of radio communications
began their careers as brass-pounders.

Today, radio and electronic officers are
facing something approaching a crisis. Not
only are owners seeking to change the pre-
sent regulations relating to the compulsory
carrying of ROs on coastal ships of more
than 1600 tons, but also there has been a
dramatic decline in the number of ships,
what with the recession and the rise of the
super-tanker and the container vessels.
Many newly-trained ROs are finding it
near impossible to obtain berths and are
often taking jobs not requiring Morse
operating skills. Yet Morse remains
supreme for low-power and emergency
communications. I was reminded of this
talking to Lady Virginia Fiennes, base
operator of the three-year Transglobe ex-
pedition at Racalex 82. Both in the Arctic
and Antarctic, the notoriously poor radio
propagation, with polar cap absorption,
multipath and other effects, meant that
most of her contacts with her husband Sir
Ralph Fiennes and co-explorer Charles
Burton were made using hand Morse sent
slowly to counter the worst polar condi-
tions. Yet her long-distance contacts with
Cove Radio and Portishead Radio, using
relatively high-power and good aerials,
were on s.s.b. In an emergency or when
portable it is still often more useful to have
a Morse key than either a microphone or a
gwerty keyboard.

Spectrum share-out

Odd things indeed are happening in the
field of r.f. spectrum management these
days. The interim report of the Merriman
committee has not only recommended giv-
ing to “land mobile” all and more than
they could possibly have sought — deny-
ing to British viewers the entire Bands 1
and 3 — but it is being claimed that cellu-
lar radio, tried and tested in Japan and the
USA, is some entirely new form of tech-
nology that will be the responsibility of the
Department of Industry rather than the
Home Office.

While it can be argued that the present
broadcasters have less need than the com-
munications industry of v.h.f. (interna-
tionally recognized as economically and
technically the most suitable band of fre-
quencies for terrestrial television broad-
casting) past experience underlines the in-
advisability of one country departing so
radically from the ITU frequency table —
even though footnotes inserted at WARC
1979 enable this to be done. Police and
ambulance communications were prema-
turely put into the radio broadcasting
band. East Europe has sound broadcasting
around 70 MHz. Australia originally used
Band 2 for television and that delayed
v.h.f./f.m. radio and led to other prob-
lems.

Transmitter manufacturers will find it
more difficult to sell v.h.f. transmitters
overseas where these bands will most cer-
tainly continue to be the prime television
bands. The British public will have no
chance of any future development of new
standards or systems for terrestrial broad-
casting with the four u.h.f. networks al-
ready allocated. Educational channels,
local community channels, higher defini-
tion channels cannot be fully met by satel-
lite or cable. In the past the introduction of
new systems has depended upon the
availability of alternative bands of frequen-
cies. It will be said that broadcasters have
an axe to grind but the fact remains that
the public’s benefit from the use of a
natural resource will be far less in the UK
than in almost any other country in the
world. Most people would agree that in the
past the balance has been weighed too
heavily in favour of the broadcasters — but
if the Merriman report is accepted it is the
land mobile service that will have more
than it needs.

Pulses on m.f.

A number of interesting papers on com-
munications and broadcasting topics were
presented by guest speakers at a recent
two-day antenna symposium run by C&S
Aerials. For example J. H. Bote (Birming-
ham University) described work on auto-
matic, microprocessor-controlled aerial
matching units based on simple L net-
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works, suitable for use with any whip
aerial over the range 1.6 to 30 MHz. Un-
like a comparable system described last
year by Dr M. J. Underhill (MEL) in
connection with his “quiet tuning”’ system
and using a two-stage pre-matching tech-
nique, this is a single unit device, having
larger values of L and C (up to 250uH and
9500pF).

Another presentation, by Professor E.
D. R. Shearman, was on sea-state detec-
tion using radio echoes from sea waves and
ships from an installation in Wales, using
the active-loop receiving aerial array de-
veloped by C&S Aerials. The system has
proved able to detect echoes from sea-
waves and ships at much greater range
than conventional microwave radars. He
believes the system may come to be used
quite widely for ship tracking.

—
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Early in the morning of September 21,
big-dish signals from the American Stan-
ford installation finally broke through into
the UoSAT command receivers and
control of the satellite was re-established.
For five months UoSAT would not res-
pond to commands due to the simul-
taneous activition of both beacon transmit-
ters desensitizing the receivers. All
systems appear to have survived and it is
hoped to re-activate the full experimental
programme of scientific studies, including
the use of the c.c.d. television camera.

Propagation study

September proved a month of exceptional
propagation conditions on v.h.f. and u.h.f.
but with some correspondingly disturbed
h.f. conditions. Although the high peak of
solar activity of cycle 21 lasted unusually
long, at least 2V years, critical frequencies
this autumn are averaging about 1.5MHz
lower than in 1981, representing an aver-
age lowering of maximum usable frequen-
cies for ionospheric reflection of roughly S
MHz. The extremely good tropospheric
propagation conditions during the second
half of September has resulted in CCIR
study group S seeking information through
the RSGB propagation studies committee
of contacts of more than 1000km on
144MHz, S00km on 432MHz and 250km
on 1296/2304MHz. There were massive
auroral events on September 6 and 26 and,
on the 22nd, critical frequencies remained
below about 4MHz.
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Microwave record

An Italian amateur, Nicola Sanna, IOSNY
on a visit to the Valencia area of Spain is
believed to be the first amateur to break
the 100km barrier on the 10GHz band
while making three super-refraction
contacts over the largely-sea path to the
Rome area last July. First contact was with
IOYL1 over a distance of 1101km followed
by a contact with IWOBFZ (1117km).
Then a second contact with IWOBFZ was
made from a high location to the west of
Valencia over a 1166km path.

A group of microwave enthusiasts from
Oxford University took their equipment to
Alderney, Channel Islands and succeeding
in making mainland contacts on 1.3, 3.4,
5.7 and 10GHz. Attempts to span the sea
path on 24GHz were not successful.

Rain-scatter contacts have now been
made by Clive Elliott, G4MBS on 5.7GHz
but appear much rarer than on 10GHz.

The new h.f. bands

Restricred use of the new 18 and 24MHz
became possible on October 1 and a few
British stations have been heard. The
10MHz band which was opened last Jan-
uary is proving an excellent band for short,
medium and long-distance contacts though
one finds, in the evenings, that only a few
windows remain usable by amateurs
among the many high-power “fixed-ser-
vice” and Russian coast radio stations.
Such stations are not due formally to quit
the band for several years yet built seems
unfortunate that 10,100 to 10,150kHz
seems even more heavily occupied than the
neighbouring frequencies, a situation
which has encouraged New Zealand ama-
teurs to seek an extension to 10,200kHz
with the object of making the band width
wide encugh to accommodate s.s.b. as well
asc.w./r.t.ty.

Using a home-built 25-watt transmitter
in a band in which “‘dx pile-ups” are rare, [
have found it easy going with a simple
long-wire aerial to work Canada, Guada-
loupe, Australia, Antartica and Japan
though one notices that skip distances
change rapidly and signals may suddenly
fade out or build-up rather quicker than
usually experienced on 14 MHz.

50MHz?

Amateurs, if not broadcasters, have reason
to be grateful to the Merriman Committee
which has firmly recommended that an
allocation somewhere between 50 and
SOMHz should be made available when
Band 1 television ceases. The committee
also recommends that closure of the 405-
line televison services should be brought
forward to 1984 rather than 1986. This
augments the earlier announcement that
some British amateurs are being granted

permission to use SOMHz outside of
broadcasting hours.

This will be extemely good news to
those enthusiasts who have made so many
long-distance cross-band contacts with
North and South America during the peak
of sunspot cycle 21. It will ensure that
British amateurs will be watching for un-
expected ionospheric-reflected openings
and/or transequatorial propagation (t.e.p.)
at all phases of the sunspot cycle.

Nevertheless the new band, if the
recommendations are accepted, will have
the drawback that it cannot, in Region 1,
be an international allocation and is un-
likely to be available in many other
European countries. This could mean that,
as for 70-MHz, the Home Office may be
unwilling to make the band available to
Class B licensees.

Russian licences

Several of those who argue that h.f. bands
should be open to British amateurs with-
out a Morse test, regardless of interna-
tional regulations to the contrary, have
been suggesting that code tests have been
abolished in Japan. This is not the case,
only restricted low-power h.f. licences are
code-free and these are justified under in-
ternational regulations as being unlikely to
cause interference outside of the Japanese
islands. Indeed, many Japanese amateurs
are fine c.w. operators.

There is, curiously enough, a viewpoint
that the traditional approach to the hobby
is now to be found mainly in the USSR,
where the vast majority of amateurs still
use home-built equipment, including
many multi-band transceivers. Russia has
several classes of licence, including a
“novice” licence (EZ-type prefix) for
c.w./s.s.b./a.m. operation with S watts in-
put on 1850-1950kHz available at the age
of 14. There is a v.h.f. licence (prefix be-
gins with an R) for all bands above 30MHz
but also allowing use of 28 and 1.8MHz.
Although no code test is required, many of
these stations use c.w. on 28MHz for
world-wide contacts. The regular h.f.
licences include no less than three cate-
gories with technical and Morse examina-
tions taken at the nearest regional radio
club. Russian amateurs are among the
most skilled c.w. operators of any national
group. The USSR has about 30,000 ama-
teur stations, including club stations, and
roughly some 100,000 short-wave listen-
ers, many of whom regularly operate from
the club stations. Many eagerly seek tech-
nical information from other countries and
I have been surprised on a number of oc-
casions to learn in the course of contacts
that at least some Russian amateurs regu-
larly read Wireless World and other British
amateur and professional journals.

PAT HAWKER, G3VA
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PICOTUTOR
ASSEMBLY-LANGUAGE

TRAINER

Machine-code programs run hundreds of times faster than their Basic equivalents and take
up significantly less memory space, but they are difficult to write. Assembly language
simplifies machine-code programming by allowing hexadecimal-form microprocessor
instructions to be written as mnemonics. This simple and economical trainer — designed to
illustrate assembly-language programming — can be used for simple control applications.

Most home computers are programmed in
what is known as a high-level language,
usually Basic, which is fairly consistent
between different types of computer and
relatively easy to learn as it uses English-
like words. But high-level languages are
not the native languages of microproces-
sors and they require a program called an
interpreter or compiler to convert English-
style language into binary words that can
be used by the processor concerned.

There are many applications, particu-
larly in the field of process control and
microprocessor-based consumer products,
where high-level languages are not used.
In these applications, where control rather
than computing is the main concern, pro-
gramming in high-level language can be
much more difficult than programming in
machine code; but the difficulty of pro-
gramming using binary numbers remains.

To make machine-code programming
easier, a low-level assembly language is
used. This enables the programmer to
work with English-related instructions, or
mnemonics, which can be converted
directly into the equivalent machine-code
instruction. Conversion is preferably car-
ried out using an assembler program, but
it is possible to assemble by hand using a
conversion table when working on a shoe-
string.

Programs written using assembly lan-
guage are much more efficient, use signifi-
cantly less memory space and run faster
than equivalent programs written in any
high-level language. This can be very im-
portant in real-time applications, where
even a millisecond can be a long time.
Assembly language programming is best
learnt by writing programs on a microcom-
puter and watching them operate. These
programs will initially be from existing
examples, but later you can generate your
own.

The unit described is designed for use
with a series of tutorial articles intended to
teach assembly language from the ground
up and containing many such examples.
Each microprocessor has its own specific
assembly language and hence for practical
reasons the planned articles will be based
on the Motorola 6805 used in the Picotu-
tor, but will also refer to the Intel 8080,
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by R. F. Coates

Zilog Z80 and other eight-bit microproces-
sors in the Motorola range. Examples
written in a general form should allow
them to be run on any microcomputer
system provided that it has facilities for
machine-code programming and is based
on one of the microprocessors mentioned.
The Picotutor is designed with price and

ease of construction in mind. Only three
i.cs are used on the main single-sided cir-
cuit board, and one of these is a voltage
regulator. Construction should present no
problems, even for readers with no
previous experience. A second and equally
simple circuit board demonstrates how a
microprocessor can generate and read anal-
ogue signals.

One of the microprocessors of the latest
generation was chosen for the Picotutor

Elements of a micro

Microprocessor operation is sequential,
i.e. instructions are taken from memory
and executed one by one, and some means
of timing the sequence of operations is
required. The clock used for this is usually
controlled by a quartz crystal because of
the accuracy required; frequencies vary
between about 500kHz and 10MHz, de-
pending on the type of processor used.

Temporary data storage is provided by
random-access memory. Data in this type
of memory may be modified by the c.p.u.
and is lost when the power is removed.

the program are stored in a read-only
memory. Some roms are programmed irre-
versibly, others may be erased using ultra-
violet light and reprogrammed. Both types
retain data when the power is removed and
every computer requires a memory of this
type even if it only contains a program to
tell the processor how to load the main
program into ram from a storage medium.

ram c.p.u

Clock

L]

Crystal

The sequence of instructions that form

Finally, one has to be able to read and
modify data within the microcomputer,
hence the input/output or /o section. This
may be a keyboard input and tv-screen
output in the case of a home computer, or
simply logic-compatible lines for reading
switches and driving relays, etc.

All of these elements have to be connec-
ted together so that data can be transferred
between them and that is the purpose of
the collection of interconnections called
the system bus.

For a microprocessor trainer such as
Picotutor all five of these elements are
required; ¢.p.u., clock and i/o are essential
in any system; ram is required not only for
holding temporary data but also for storing
programs that the operator will wish to
write and run; and eprom is required to
hold a monitor program. This tells the
microprocessor how to read the keypad,
drive the display, store programs entered
and run them when requested.

rom /eprom

input /output

R
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because the number of components re-
quired would be as low as possible, hence
the resulting unit would be easy to con-
struct and physically small. Microproces-
sors of this type containing rom are much
cheaper than those containing eprom but
the rom has to be programmed during the
manufacture of the device so tooling
charges levied by the manufacturer make it
unviable in quantities of less than about
1000. The Picotutor uses an eprom-based
processor. This means that once the unit
has fulfilled its original purpose, it may be
modified for other applications.

The device finally chosen, a Motorola
MC68705P3, is a member of the 6805
family of microprocessors with a pruned
6800 c.p.u. Extra instructions are included
to improve its performance in control ap-
plications and it has 1.8Kbyte of eprom,
112 bytes of ram and 20 pins that can be
individually programmed as inputs or out-
puts.

Circuit description
Referring to the circuit diagram, IC, is the
68705 microcomputer. As a special pro-
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grammer is required for this device, it is
assumed that the processor contains the
monitor program (see components list) and
that the 21V programming-voltage input is
tied to the positive rail regulated at 5V by
ICs.

A crystal is normally used to control the
clock but with this microprocessor a resis-
tor may be used in its place. Many applica-
tions do not require the accuracy of a
crystal so the reduction in cost outweighs
the 10% loss in timing accuracy in this
case. The resistor concerned is R; and a
value of 15k(} gives a clock frequency of
about 800kHz.

The reset pin is used 1o start processing
from a known point at switch-on and to
regain control if a programme has an error
and crashes or runs out of control. An
internal resistor from reset to V. and the
capacitor Cj3 cause the reset pin to be held
low momentarily at switch-on to cause the
reset function to take place. When reset
approaches V., as Cj is charged up, the
c.p.u. starts to run the monitor program.
When operating, pressing S; will have the
same effect.

8x270

Circuit diagram of Picotutor’s
main board. The regulator, IC3,
can withstand inputs of up to
30V, but with inputs above 10V,
the device may need a heat
dissipator. A resistor replaces
the expensive crystal normally
used as a timing element as
accuracy is not so important for
this application.

Interrupt (int) and timer pins are used
for interrupting the current program to
run a program of higher priority, and to
time or count external events. These are
not used in the basic unit but are tied to
+5V through R;3 and brought out to
external pins.

This leaves the 20 input/output lines.
Eight of them are not used by the monitor
-and go straight to two spare i.c. sockets.
These can be used to connect the lines to
external circuitry such as the analogue in-
.terface described later, or an led array and
dil switch can be plugged into them to
demonstrate input/output techniques. A
10-element led array is used here, as these
are commonly available, but only 8 ele-
ments are used.

The other 12 lines are used to interface
to the keypad and display. Twelve though
is not enough so IC; is added to increase
the number of lines available. Pins PCq 3
are programmed by the monitor to be out-
puts and drive the four inputs of IC;. This
is a t.t.l. 4-to-10 line decoder with ten
outputs normally at a logical 1. However,
one of the outputs will be at a logical 0.
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Which one, is determined by the four-bit
binary number on IC;'s inputs. If this
number is 0000 then output 0 will be low,
for 0001, output 1 will be low, and so on
up to output 9. So the four input lines are
expanded to 10 output lines.

Consider first how the processor reads
the keypad. When the monitor program
wishes to read the keypad, the 8 lines PBy
to PB; are programmed by it to be inputs.
The resistor network pulls all of the inputs
to a logical 1 (+5V).

1C4

Ry—g (under display) —— !

Bisplay

Key pad

R R17C3R18S1

Picotutor assembly-
language trainer with its
analogue interface.

The keypad is manufactured with its
keys arranged as a matrix of six columns

and four rows, giving 24 keys, and when a

key is pressed a short occurs at the co-
lumn/row intersection for that key. Any
one of the rows can be taken low by the
appropriate code from PCy 3 and if a key
on that row is pressed, the output from IC;
overrides the pull-up resistor and takes the
PB input low.

If the processor now reads the PB lines it
will find one of these low, indicating that a
key is pressed. By knowing which row is
activated and which column is being
pulled low, it can determine which key is
being pressed.

By activating each row in turn, the com-
plete keypad can be scanned.

To drive the display, the other six out-
puts of IC; are used and PBy.; are pro-
grammed by the monitor as outputs. The

01 Q2

(]

Ro-16
Led array

$2

1C2

As the microprocessor Lc. used in the Picotutor has its own ram, rom and i/o section, the
only other components required are a keyboard, a voltage regulator, a four-to-ten-line
decoder, display/drivers and a few passive components.
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display contains eight or nine digits, de-
pending on the type used, of seven seg-
ments and a decimal point. Only six of the
digits are used in this design and the com-
mon cathodes of each digit are connected
to the six outputs of IC;. The segment
anodes of the digits are multiplexed to-
gether on the display and the eight connec-
tions (seven segments and decimal point)
are taken to PBy.;.

To light up a digit, the appropriate ca-
thode is taken to 0V depending on outputs
PCy.3. If PBy.7 are all logical 1 outputs, the
anodes will be connected to +5V through
the current limiting resistors of R).g and all
the segments of that digit light. The PB
outputs can only source a very small cur-
rent when at a 1 and so have no effect.

If any of the PBy; outputs are pro-
grammed to a 0, they are capable of
sinking sufficient current through the re-
sistor to pull the anodes nearly to 0 volts,
so there will be no current through that
segment and it will not light. Therefore a
digit can be made to light the appropriate
segments to form an alphanumeric charac-
ter. This can be done for each digit in turn
according to the code from PCqy 3. Clearly
only one digit at a time can be displayed
and the keypad cannot be read when the
display is lit.

If each digit is lit in turn, the keypad
read, and the process repeated at high
speed, the whole operation appears contin-
uous to the operator, except for a slight
flicker apparent from the display.

Circuit IC; provides a regulated +5V
supply from an external power source
which should be greater than +7V d.c.
and capable of supplying 200mA. The re-
gulator is capable of taking +30V on its
input but if the input voltage is higher than
10V, IC; will probably require a heat sink.

To be continued

WIRELESS WORLD DECEMBER 1982



ENGINEERING AND SOCIETY

Technological choices facing the UK in the regeneration of society, and the part engineers
have to play, was discussed in the first part of this article. This final part is concerned with
the legacy of humanism and the possibilities of social reform to attain a ‘sustainable

Peter Hartley has discussed in fairly gen-
eral terms the issues of engineering educa-
tion and social responsibility'>. He has
found that humanism, which involves the
‘conquest of nature’ is the dominant ideo-
logy of modern times; it exists in both
capitalist and socialist societies, and its
agent is engineering. In engineering, un-
like the other learned professions, the
practitioner bases his professional judge-
ments not on ethical but on technical crite-
ria. The engineer thus fails to take full
responsibility for the consequences of his
professional activities. To correct this, it is
not sufficient to broaden the engineering
curriculum by adding extra courses, it
must be radically changed. This change
would involve the use of systems analysis
to deal with the social effects of engi-
neering; the aim being to design a perma-
nently sustainable social system.

Dr Hartley uses the term humanism to
represent the philosophy behind the
conquest of nature. I prefer the term
‘scientism’, a word coined by C. S. Lewis
to denote the uncritical acceptance of
scientific aims and methods as good in
themselves. He attacked scientism in his
science fiction trilogy Out of the Silent
Planet (1938), Perelandra (1943) and That
Hideous Strength (1945), and his philoso-
phical position underlying the trilogy is
given in The Abolition of Man (1943).
Here he says ‘“Man’s power over Nature
turns out to be a power exerted by some
men over other men with Nature as its
instrument”. This is quoted by Hartley
and is central to Hartley’s whole argu-
ment.

Humanism as a ‘religion’ of our time has
been analysed by‘ Ehrenfield, one of
Hartley’s references. It involves a supreme
faith in human reason to solve human
problems by both rearranging the world of
nature and the affairs of men. The use of
the word humanism causes confusion since
it is not necessarily connected with being
humane nor with the study of the humani-
ties. Its historical origin lies in the belief
that the natural world has been arranged
by God for the benefit of man. In the
Renaissance, humanists were those who
studied Greek and Roman classics, God
became dethroned and man exalted. Orga-
nised religion in the West with its talk of
our “dominion over all the earth, and over
every creeping thing that creepeth upon
the earth” (Genesis 1:26), finally brought
forth godless humanism.

The Jewish and Christian view that
nature is there for the sole benefit of man is
discussed in a ‘classic’ ecological paper by
Lynn White!*, “Our present science and
technology are so tinctured with orthodox
Christian arrogance toward nature that no
solution for our ecologic crisis can be ex-
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future’.

by R. W. Howes
M.Sc., M.Ed., M.I.E.E.

pected from them alone. Since the roots of
our trouble are so largely religious, the
remedy must also be essentially religious,
whether we call it that or not. We should
ponder the greatest radical in Christian
history since Christ: Saint Francis of
Assisi, who was so clearly heretical that the
Franciscan Order tried to suppress
accounts of their founder’s beliefs. He be-
lieved in the virtue of humility — not
merely for the individual but for man as a
species. His view of nature and of man
rested on a unique sort of pan-psychism of
all things animate and inanimate, designed
for the glorification of their transcendant
Creator, who in the ultimate gesture of
cosmic humility, assumed flesh, lay
helpless in a manger and hung dying on a
scaffold”.

The exploitation and abuse of ‘Brother
Ox’ and other animals has always existed
but it has taken the 20th century to
produce species extinction on a massive
scale by destruction of habitat and by
hunting, to use millions of animals in
laboratory experiments, and to replace the
traditional husbandry of the mixed farm
by the mass production techniques of fac-
tory farming. We all want cheap food, but
on what terms? Tristan Beresford, a
farmer and a writer on farming affairs, has
commented on factory farming ““A sweated
pig, an abused fowl, a shorn sheep sent
over a mountain pass, suffer as all animals
suffer — as wild animals suffer, even to
death, with none to relieve the pain. But
their sufferings are not cumulative. They
do not suffer for one another. But man
exploiting animals, and other men by their
acquiescence keeping exploitation going,
degrade themselves. This degradation is
cumulative and indelible. By condoning
exploitation we do ourselves an injury. We
harden our hearts. We assert the primacy
of greed for gain, of ends rather than
means. We arrogate to ourselves mastery
over life — nothing higher than we. We
have the technology and we are the mas-
ters”!15,

This example shows that humanism is
not necessarily humane but that it is also
an article of faith for most people in in-
dustrial societies. Its main tenets are that
all problems are soluble, either by tech-
nology or by social or political means
(‘social engineering’), some resources are
infinite and those that are not have substi-
tutes, and that, whatever happens, human
civilisation will survive. To flavour these
tenets at their optimistic best the book The
Doomsday Syndrome by John Maddox is
recommended, or the ‘no limits to growth’

science journalism of Adrian Berry.

If the humanist tenets are correct, why
is Utopia so long in arriving? The usual,
but humanistically inadmissible, answer to
this is that the delay is due to faults in
human nature, which become aggravated
in the large scale technologies and central-
ized control of industrial society. As
Professor John Gofman, formerly with the
US Atomic Energy Commission, pointed
out in 1970 “The environmental crisis is
not really a diversion from what might be
regarded as the truly important issues of
our time — poverty, war, racism, Man’s
general inhumanity to Man. Rather, itis a
manifestation of the ultimate retribution
that faces a society which, at best, can be
charitably said to be free of a system of
human values and, at worst, possessed of a
grossly inverted set of values centering
around human greed and human power
over other humans. There is an unbridled
Madison Avenue hucksterism bent upon
the creation of products and the diversion
of energies into activities, both of which
are totally unrelated to worthwhile human
needs and goals”.

Scientism and its effects
Both scientism and humanism are terms
for a belief shared by most people, whether
pro- or anti-technology, in industrial socie-
ties. Scientists are not necessarily believers
in scientism and being on the ‘inside’ of
science may be in a better position to reject
it. A major analysis of scientism has been
presented by Professor John Ziman'é. As a
leading figure in the SISCON/STS move-
ment, he is concerned with STS (Science,
Technology and Society) education, or
rather the lack of it. “In the absence of
any deliberate discussion about science,
science education is naively ‘for’ science,
without qualification or limitation as to its
reliability, scope or relevance. More by
what it leaves out than by what it actually
says, science (as taught) is deeply imbued
with scientism. It reinforces without ques-
tion or comment, the widespread senti-
ment that science should be the only
authority for belief and the only criterion
for action”. Ziman argues that this has led
science to take on the trappings of a reli-
gion, complete with its high priests — the
technocrats — who provide the only relia-
ble advice. But the scientist, as scientist, is
ill equipped by his science to make res-
ponsible decisions on political and social
matters. “Every form of social action is
constrained by imperfect knowledge of the
situation, the short time available for cogi-
tation, and the multitudinous possibilities
of wickedness and folly”.

Since all engineers get basic education in
science, and are taught engineering as an
applied science according to the Finniston
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Report, they are likely to be imbued with
scientism. They also have to contend with
a popular view in which science is seen as
creative and humane, like pure mathemat-
ics, whereas science-based technology is
often seen as debased and destructive
(in terms of TV programmes ‘Tomorrow’s
‘World’ versus ‘Horizon’ perhaps).
‘However, as an engineer’s experience on
the job increases, he starts to appreciate
how little science can tell him about com-
plex systems and their interactions, how
varied are the technical options in any
given problem, and how intractable are the
ethical dilemmas associated with interven-
ing in the real world. Far from being a
technocrat, he probably feels ‘on tap,
rather than on top’. Technologists are
needed by society, of course, as were
scribes or blacksmiths in earlier ages. In
positions of high responsibility in industry
or government there are few technologists
compared with people trained in law, ac-
counting and business. Real power lies not
with the technologists but with the rich,
the bold and the clever — and their friends
— just as it always has.

Science is taught as if it had a high
intrinsic worth but is otherwise morally
neutral and value free, but this is no longer
how it and its products are seen. For
young people especially, physics is the
bomb, chemistry is pollution and biology
is germ warfare. Others still see pure
science as neutral but liable to be abused
when it is applied. Yet others see tech-
nology as still neutral but liable to produce
bad unforseen side-effects. Many feel that
progress cannot be stopped and that what-
ever technically can be done, will be done.
This is illustrated by the remark by J.
Robert Oppenheimer on the atomic bomb
‘It was technically sweet, so we had to go
ahead and doit’.

The Manhattan Project should remind
us that science and technology cost a great
deal of money and that you get what you
pay for. For example, what do we pay for
in the UK? In the UK R and D budget for
1982 more than half the money goes to
defence, and of the remainder more than
20% goes to the AEA for civil nuclear
power. Most industrial nations would
show a similar breakdown, with the bulk
going to defence, space and nuclear R and
D, and what is left going mainly to econo-
mically motivated research. Health, wel-
fare and environmental protection do not
tend to get much R and D funding. It is
not surprising that with these financial
inputs we get appropriate outputs — out-
puts characterized, as Professor Steven
Rose points out, “by the continued escala-
tion and technological innovation of the
arms race, the technological gigantism of
such projects as the space race and
Concorde, and by the lop-sided economic
and social development which character-
izes almost every country in the world”.
Since society, or rather certain groups in
society, can decide on the outputs, this
means that science loses its moral neu-
trality and technology loses its inevitabil-
ity. Science and technology are planned
and if we do not like the results, it is time
we got in on the planning act. Isn’t this
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what a democratic society is supposed to

be all about?
In 1961, in his farewell speech to the

nation, President Eisenhower warned
about the influence of the military-indust-
rial-complex (MIC). Its activities in the
electronics field have been the subject of
lively debate in the editorial and corre-
spondence columns of Wireless World dur-
ing the last four years. A recent book!” by
Lord Zuckerman, formerly Chief Scien-
tific Advisor to the British Government,
places much of the blame for the un-
controlled exploitation of new scientific
knowledge on the technologists, who did
not simply act as the servants of politicians
and military chiefs but themselves initiated
new developments and created new de-
mands. As current examples of the
weapons technologists pre-empting politi-
cal decisions he gives Chevaline, the Pola-
ris missile updated to defeat a Soviet ABM
system which did not exist, and Trident,
the Polaris replacement. He concludes: “A
new future with its anxieties was shaped by
technologists, not because they were con-
cerned with any visionary picture of how
the world should evolve, but because they
were merely doing what they saw to be
their job”.

The activity of the MIC in developed
countries tends to distort developing
countries whose leaders are often military
dictators who are firmly plugged into an
overdeveloped world of electronic surveil-
lance systems, computer printouts and
helicopter gunships. Arms sales to the
Third World and to all the oil rich states of
the Middle East provide a vital source of
revenue and employment to Western and
Eastern governments, suggesting that
modern industrial societies need, or at
least choose, the Cold War and the arms
race as ways of absorbing their surplus
production.

The civilian equivalent of the MIC is
found in large-scale capital-intensive com-
plexes, usually subsidized by the taxpayer,
such as nuclear power and road transport.
John Tyme!® argues that the scale of these
technocracies is now such that there are no
effective checks or balances on them
within the UK system of government.
This characteristic of our age he calls the
technological imperative. Its component
parts are the technology itself, the firms
who invest in and build and use the
‘hardware, the technologists who provide
the expertise and whose careers are de-
pendent on the industry, a ‘lobby’ based
on the industry to influence MPs and
others in government, an ‘interest section’
within the relevant government depart-
ment which co-operates with the lobby so
that decisions are made in its favour, and
finally those journalists who attempt to
persuade their readers with repeated slo-
gans in favour of the lobby such as ‘Road
haulage is efficient, being door-to-door,
while rail haulage is inefficient’ or
‘Electricity generated from nuclear power
is cheaper than that generated from any

other source’. In spite of reports by House

of Commons and House of Lords Working
Parties and Select Committees on the
mode of operation of these complexes, the

professional lobbyists can still get to work,
prating about freedom and sheltering their
profligacy behind the excuse of consumer
demand, to flatten all protest.

These features of modern industrial
society manifest the scientism, in its naive
form of materialism, that has been evident
since the Industrial Revolution. Lord
Clark!® in his chapter entitled Heroic
materialism quotes Wordsworth’s poem on
the arrival of the night shift:

Within this temple, where is offered up

To Gain, the master idol of the realm,

Perpetual sacrifice.

Clark comments: “Lots of squalor, and,
in the luxury, something parasitical. One
sees why heroic materialism is still linked
with an uneasy conscience. It has been
from the start”. A recent critic echoes this
when he says: “In the nominally Christian
West the political establishments, which
for centuries have openly worshipped
money and profit and ignored the funda-
mental teachings of Jesus, do in fact sense
in Marxism a moral challenge to their shal-
low and corrupted values and it makes
them very uncomfortable”.

However, as I pointed out in a letter to
Physics Bulletin (December 1979), the state
capitalism of the East shows a face even
less acceptable than the individual capital-
ism of the West. Both these forms of capi-
talism are wasteful and exploit natural re-
sources beyond the limits of sustainability,
and are committed to giant industrial
systems beyond the limits of human scale.
The Soviet experiment in socialism went
off the rails long ago and in the rush to
become a major industrial power after
1917 the USSR embarked on a large-scale
experiment in ‘social engineering’ which
involved death and misery for millions of
its subjects. Perhaps there is no genuine
conflict based on ideology (‘freedom’ ver-
sus ‘socialism’) between the two superpow-
ers who represent the two forms of capital-
ism. Each needs the other as an excuse for
holding together its sphere of influence
and for justifying the activities of its MIC.

The problem of reform

It is easy to criticize, but very difficult to
reform industrial society. A change to-
wards a sustainable society with reduced
input of energy and resources and reduced
output of goods will involve a reduction in
the material ‘standard of living’, although
it could increase the ‘quality of life’.

In considering changes in technology it
is important to separate out those sectors
of society which are likely to benefit and
those which are likely to suffer ‘disbene-
fit. To give one example only, the
majority of the UK population does not
have the discretionary use of a car, as even
now less than 60% of households are car
owning. A curtailment of private transport
in order to improve public transport would
reduce the standard of living of the car
owners. This is unlikely to be accepted
voluntarily because the decisions in society
are made by car owners who are quite
prepared to inflict the disbenefits of their
use of cars on others. Even those without
cars will say they want cars because they
wish to enjoy the advantages of mobility
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and convenience. Disbenefits, including
the fact that UK road casualties are equiva-
lent to those produced by a continuing,
medium-sized war, are not seen as rele-
vant. This collective degradation, which
results from a large number of individuals
trying to maximize their own advantage, is
an example of what Garrett Hardin calls
“the tragedy of the commons”, the phrase
originating from the overgrazing of com-
mon land. Hardin argues that such prob-
lems, which also include the arms race,
cannot have a technical solution and can
only have a social one, such as ‘mutual
coercion mutually agreed upon’. This last
tends to work in small village-sized com-
munities but not in large urban ones.

If change towards a sustainable society is
uniikely to come about by democratic
means, it might be enforced by circum-
stances. It could even be imposed by an
anti-technology totalitarianism — some
sort of neo-feudalism arising from the de-
vastation of nuclear war. Stemming from
scientism, there is the widespread assump-
tion that the future is under our control.
We believe that we can reshape the envi-
ronment, cure the ills of the human body
including cancer, manipulate human be
haviour and even the human brain, by-
pass evolution, and, when spaceship earth
will serve us no more, move out into new
habitats in space. But in fact our power to
control the future is very limited. Circum-
stances may well arise which will force us
in directions we do not regard as accept-
able. Even if nuclear war is avoided, re-
source scarcity and structural unemploy-
ment could lead to a polarization of
society, both within the UK and also be-
tween developed and developing countries
which will lead to conflict. Rather than
wait for a catastrophic change later, it is
advisable to start a planned reduction in
Inputs now.

The scope of systems analysis
Hartley sees systems analysis as necessary
to the design of a permanently sustainable
social system. Certainly there is a need to
think creatively about the system as a
whole, but the engineering discipline of
systems analysis tends to be used to opti-
mize a partial system model. The systems
analyst decides on the system boundaries
and sees himself set apart from the prob-
lem which he investigates as a neutral ob-
server, using standard techniques such as
PERT (Program Evaluation and Review
Technique) and CBA (Cost Benefit
Analysis).

The Club of Rome report ‘Limits to
Growth’ used a systems approach for their
‘world dynamics model’, but as their
critics pénted out the model was too
highly aggregated (e.g. no one can starve
unless everyone starves) to be a valid
prediction. However, the model was in-
tended to produce changes in policy to
avoid its more unpleasant scenarios, and
many of its critics all too obviously had a
vested interest in ensuring that no such
policy changes were made. The system
boundary in this model was presumably
intended to include the policy makers.

, Failures in man-made systems have
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shown that it would be arrogant to think
we can manage and plan systems whose
total structure is not understood, many of
whose interactions are completely un-
known, and of which we form a part. If we
look for sustainable systems, living orga-
nisms and eco-systems provide examples.

‘These do not operate by a linear chain of

cause and effect but by cyclical patterns of
feedback loops. Homeostasis and har-
monious interaction rather than continued
growth characterize their behaviour. The
continual economic growth of our indust-
rial systems would correspond to cancer.

The instabilities in industrial society are
increased by those who are able to use
technology to promote their own short-
term interests at the expense of the long-
term interests of the society as a whole, as
the ‘tragedy of the commons’ shows. The
problem is how to control large-scale
technologies, and how to build into the
process systemic checks and balances.
This will not be easy. In the infancy of a
technology, e.g. the internal combustion
engine, it is difficult to predict its social
impact; and in its maturity it is difficult to
change, as society and other technologies
have adapted to it.

Some suggestions have been made ear-
lier which may be relevant. These include
a much more open decision-making
process, more citizen participation in
planning, a reduction in scale of new pro-
jects and, of course, a new sense of social
responsiblhrg by the technologist. David
Collingridge*” has developed a theory of
decision making in which a decision about
technology made under conditions of ig-
norance should still be reversible even
when the technology is fully developed.
His case studies include aspects of the
arms race and also the lead-in-petrol issue.
The problem of the continued monitoring
of advanced technologies has been consid-
ered by the Council for Science and
Society. Experts available are seldom, if
ever, impartial, and should be considered
instead as committed advocates. At Walter
Patterson, spokesman on nuclear matters
for Friends of the Earth, has said, “I am
sometimes accused of being emotional in
opposing nuclear power, but you should
just see the emotional commitment of the
nuclear lobby”’.

Systems analysis clearly does not go far
enough if genuine participation in techno-
logical decision-making is required. The
system analyst is still an external expert
and the analysis itself is a logical process
which is not entitled to make value judge-
ments, even though science is often used to
disguise or legitimize biased decisions (of-
ten in favour of some ‘technological impe-
rative’). Such a decision is not acceptable
to those people on the receiving end, sim-
ply beczuse they played no direct part in
reaching it. Decisions involving value
judgements are thus political, not techni-
cal, and should be recognized as such.

Current measures in engineering

education . .
From the late 1960s onwards, various uni-
versity courses were started in the USA
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dealing with STS issues. A good example
is the work done by the College of Engi-
neering at the University of Utah?!. This
book includes in its extracts ‘The tragedy
of the commons’ by Garrett Hardin.

The interdisciplinary courses of the
Open University are justly famous and the
following are particularly relevant: The
technology foundation course T 101
which, from its first tv programme ‘Facts
are not enough’, stresses the importance of
values in technological choices (its prede-
cessor T 100 pioneered the study of ‘not
just the how, but the why and should of
technology’); T 263 (originally T 262) on
design and technology; T 361 on the
control of technology. Many other QU
courses are relevant, including several
systems courses.

The Science in a Social Context (SIS-
CON) project was set up in 1973/4 among
several umiversities and polytechnics. It
has produced a large number of course
units and is coordinated by the Depart-
ment of Liberal Studies in Science at Man-
chester University. Some teaching material
has also been produced by the General
Education in Engineering (GEE) project
(Bath University). SISCON’s extension
into Colleges of Further Education,
schools and elsewhere is planned via its
progeny the STS Associaton (STSA)
which was inaugurated in 1979. The STSA
Support Centre is at Newcastle-upon-Tyne
Polytechnic. These projects have found
" that there is still resistance to STS studies
from some single-subject specialists. The
latter tend to fall into two groups, the old
fogies who oppose from conservatism and
the young thrusters who oppose because of
their total confidence in their discipline
and complete dismissal of anything outside
it, i.e. from scientism.

The Engineering Responsibility Forum
was set up in 1978 by some IEE members.
It has now become the Engineering and
Society Group of the Management and
Design Division of the IEE. Its scope is
convervation of resources, responsibility to
the community, the image and role of the
engineer, the impact on the environment
including aesthetics etc., the implications
of change, and national engineering man-
power requirements.

Several UK engineering courses are con-
cerned with the design and practice of
appropriate technonology, often in a Third
World context, e.g. Department of Engi-
neering, Warwick University; Depart-
ment of Engineering, Reading University;
Department of Mechanical Engineering,
Queen Mary College (University of Lon-
don); School of Engineering Science,
Edinburgh University. Several others are
doing research work on renewable energy
sources, e.g. University College Cardiff,
Brighton Polytechnic.

Mention should also be made of the
following organizations, even though some
of them are not directly connected with
engineering: The Conservation Society,
Friends of the Earth, The Council for
Science and Society, Social Audit, Inter-
mediate Technology Development Group,
Industrial Common Ownership Move-
ment, Parliamentary Liaison Group for
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Alternative Energy Strategies, Science in
Society Project (Association for Science
Education), Society, Religion and Techno-
logy Project (Church of Scotland), Society
for Social Responsibility in Science.

Conclusions

This article has discussed some of the is-
sues raised by the statement by C. S.
Lewis ‘Man’s power over Nature turns out
to be a power exerted by some men over
other men with Nature as its instrument’,
and has considered the implications this
has for the professional activities of engi-
neers. Several quotations have been given
which show that ‘many thoughtful people
in positions of responsibility’ realise that in
the long-term industrial societies are not
sustainable on this planet and that
worldwide industrialization will lead to a
further degradation and possible destruc-
tion of the biosphere. What was once the
province of ‘subversive’ eco-freaks is al-
most becoming the new conventional wis-
dom. A recent OECD (Organisation for
Economic Cooperation and Development)
report entitled ‘Economic and Ecological
Interdependence’ warns of impending eco-
logical disasters resulting directly from
economic exploitation, and asks “If short
term advantage destroys the resource base
what could be more uneconomic? In the
UK, there have been reports such as
the 1981 Monopolies Commission report
which was highly critical of the CEGB
forecasts which were being used to justify
the massive nuclear power programme.
However, although politicians may give
lip-service to the slogan Small is beautiful,
the proposal that industrial societies
should drastically reduce their energy and
resource inputs is dismissed as Utopian.
The problem of confronting the powerful
vested interests that benefit from' the pre-
sent system and that oppose any funda-
mental institutional change has yet to be
faced.

This raises the question of the values
underlying industrialization, in particular
the fact that we get the science and tech-
nology we pay for, and so can choose our
possible futures. Because of this, science
cannot be considered as morally neutral
and purely objective, and technology is not
an unstoppable juggernaut. In the large-
scale technologies and the centralized
bureaucracy of a modern industrial state,
participation by the citizen in decision
making is minimal. Using a ‘whole-system’
approach, we need to explore the untidy
and unpredictable middie ground between
old large scale industries and AT village
size communities, where participation
tends to be effective. In the medium-term
some of the former might end up by being
almost fully automated (e.g. mining, steel
production), small-scale technology-based
industries may continue to thrive, but
the structural unemployment among the
unskilled and the young will remain a
problem. Two aspects of RAT philosophy
may help here. The need exists for labour-
intensive activities, such as repair, recy-
cling, reclamation of land, restoration of
buildings for food production. Secondly,
we should think of new concepts of work,

far removed from the philosophy of the
Manpower Services Commission, possibly
in the form of initiatives such as those
recommended by the Council for Science
and Society. We need to heal the disas-
trous divorce between brain, hand and
heart which seems to characterize the 20th
century. This may involve an entirely new
relationship between man and the rest of
nature, which will be an essentially reli-
gious one.

Looking at the short-term future, we
must realise that most people are not will-
ingly going to see their standard of living
fall. A major drive towards a softer-tech-
nology future carries within it the possibil-
ity of an eco-Fascism (soft technology with
hard politics). We should recognize that
most people, even if they had the option,
prefer life in high-rise flats and office
buildings to the rigours of hill farming,
and like spending their money on cars and
electric tin openers. We should remember
that past ages when people lived more in
tune with nature were also characterized
by callous brutality, unrelievable pain and
the ever-present threat of untimely death.
Today such horrors tend to be localized,
for those of us in the UK, to repressive
regimes far away.

The engineer should realise that if he
refuses to concern himself with the social
implications of his work because this is
being ‘political’, such a refusal is still a
political stance because it constitutes a de-
fence of the status quo. The implicit politics
of energy consumption is shown by Ivan
Illich’s remark “If you tell me how fast you
travel, I’ll tell you who you are”.

"To alleviate the problems of industrial
societies and those of the Third World,
and to move gradually towards more sus-
tainable futures, we are going to need
more, but different, technology rather
than less. As Robert Pirsig has told us,
“The flight from and hatred of technology
is self-defeating. The Buddha, the God-
head, resides quite as comfortably in the
circuits of a digital computer or the gears
of a cycle transmission as he does at the top
of a mountain or in the petals of a flower.
To think otherwise is to demean the Bud-
dha — which is to demean oneself”. AR/
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TWO-METRE TRANSCEIVER

These transmit converter and power-amplifier/regulator modules are part of a multi-mode
two-metre transceiver. The m!croprocessor-controlled design comprises ten modules, the
first of which was described in the November issue.

The transmit converter, module 2, is
similar to the receive converter in that it
uses the same type of helical filter and an
MDI108 mixer. It would have been pos-
sible to use the same mixer and helical
filter for transmitting and receiver but des-
pite the extra cost I decided to keep them
separate to avoid the risk of instability
caused by transmitter r.f. being fed back
through the receive path and into the
‘transmitter amplifier.

The 9MHz transmitter i.f. signal from
module 7 yet to be described is amplified
from —30dBm to —5dBm by a class A
amplifier based on a 2N3866. Should the
synthesizer lose its lock, this amplifier can
be turned off, so disabling the transmitter.
The amplified 9MHz signal is then passed
through a —6dB pad to the MDI08
transmit mixer.

An amplifier similar to the one used in
the receiver feeds the mixer, through a
—6dB pad, with +7dBm of local oscillator
drive at 135MHz. The mixer output pro-
vides approximately —25dB of local-oscil-
lator rejection so the local-oscillator level at
the mixer output is approximately —20dBm
while the wanted signal is —18dBm (see
transmitter block diagram).

Local oscillator and difference signals
(126MHz) are removed by a helical filter
which also limits the transmitter band-
width to the two-metre band and makes it
impossible to accidentally tune the
transmitter to the difference frequency due
to the relatively low bandwidth of the
filter.

In between the mixer and helical filter is
a class A amplifier, Tro;, which provides
+14dB gain to compensate for the filter
loss and present a reasonable level of
—10dBm to the next stage.

Transistors 202 and 203 are both 12dB
class A amplifiers whose collector currents
are set to 40mA each by the 1k( poten-
tiometers, Rz13 and Ryj7, in the base cir-

by T. Forrester, G8GIW

cuits. Tryo; has a broad band-pass pair
before passing the signal on to Trzg4 and
Tryes, whose quiescent collector currents
are 7mA adjusted by Ry and Rza; the
output power of Trzgs is around 1% to 2
watts.

Power for the transmit converter is a
10V regulated supply from the power
change-over circuits, module 3. Bias for
Tr0s and Tr;o4 is further regulated at 5V
before being fed to the bias diodes, D20,
201, which are mounted in thermal contact
with their respective transistors.

This unit is the most difficult to align
due to the number of trimmers etc. It
could be replaced by a ready made mod-
ule, but at the time of writing their cost is
prohibitive and they tend to be class-C
types which are unsuitable for s.s.b.

The ideal instrument for aligning this
unit is a spectrum analyser but this type of
equipment is not likely to be available to
the average constructor; the simplest alter-

native is to use a diode probe and gradually
move down the amplifier chain, tuning for
a peak. A second alternative is to a use
receiver with an adjustable attenuator, etc.

Although these are not particularly
scientific techniques, they should be suffi-
cient, providing that care is taken not to
introduce instability during tuning by the
presence of the probe. If trouble with
instability is experienced when using a
diode probe an absorbtion wavemeter may
be loosely coupled to the stage being
tuned.

The prototype was initially aligned
using a spectrum analyser and found to be
stable, regardless of trimmer adjustments
etc., so little trouble should be exper-
ienced.

Transistors 200 and 204 have clip-on
heat sinks fitted, while Tr;os is attached to
a copper heat-sink. Components associated
with Tr;g4, Tr0s are assembled in a point
to point manner to keep lead lengths as
short as possible.

Circuit-board mounting methods and
filtering techniques used for module 1
apply here also.

Power section—module 3

“This module contains the transmitter final

stage, the start relay (a relay which feeds
the power to the entire transceiver), and
some of the power change-over circuits.
Transistor switches are used to change the
power feeds over from the exciters to the
receive sections, while a 12V feed to the

Fig. 1. Transmit-converter block diagram.
The helical filter and Schottky-diode mixer
used in the receive converter are
duplicated here as switching them
betwean circuits may cause instability due
to r.f. feedback through the receive path to
the input of the transmit amplifier.

transmitter power amplifier is permanent
because a transistor switch here would lead
to inefficiency.

Two regulated 10V power lines are pro-
vided from this unit, one switched, Trap
etc., and one unswitched, Tr3gs etc. The
unswitched 10V line is used to power the
synthesizer, tone burst and a.f. pre-ampli-
fier, while the switched 10V line is used to
power the transmit converter, final stage
power-amplifier bias and antenna change-
over relay. The 12V rail direct form the
start relay, RL3g, is switched by a single
transistor, Tr3g4, to the receive converter.

Transistor 300 associated with the start
relay is to overcome a problem associated
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pad
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with using a wafer switch with a break-
before-make action and diode Dsgy pro-
vides reverse-polarity protection. When
the transceiver is turned off the base of the
relay transistor is shorted to earth, so
turning the transceiver off, but when the
mode switch is in any position other than
off, Trip is turned on and the relay
operates, leaving the switch earth pole free
to inhibit the 1750Hz tone burst in other
modes, when the tone burst is not re-
quired.

The main relay-switched 12V supply
also feeds separate regulators on the
display and microprocessor boards.

The power-amplifier stage is a conven-
tional 2N6083 transistor, Tr3gg, with for-
ward bias to give 10mA collector current
which is set by adjusting the 22() resistor,
Rs10, in the bias chain. Output power is
indicated on an S-meter driven by the cir-
cuit around diodes 306, 307.

On the prototype, a three-position
switch marked scan, high and low was
included to adjust the output of the power
amplifier. This switch operated a minia-
ture relay controlling a 10dB pad between
the driver and power amplifier stages.

Power distribution and switching for the
s.s.b. exciter/receiver and f.m. exciter is

L
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7805

handled by separate regulator units and
switches on the voltage-controlled oscilla-
tor board, module 6. This section is
permanently powered by an unswitched
12V supply from the f.m. if. board of
module 4.

Capacitors 300, 301, 307 and 308 are used
to tune the power amplifier. This amplifier
is best tuned using a two-tone signal in the
s.s.b. mode but good results can be ob-
tained by tuning for maximum power on
f.m.

Transistor 308 is mounted on a heatsink
attached to the p.c.b. Diode 305 makes
contact with the heatsink — made from
4in sheet or extruded aluminium in an
85mm-long L shape — to stabilize the
operating point. A small cut-out, the
length of the heatsink, is made on one side
of the p.c.b. to allow clearance for the
vertical side of the sink.

When the power regulators have been
constructed, it is a good idea to check their
regulation and output-voltage capabilities.
A load resulting in about 250mA current
should be connected to each output in turn
and the voltage monitored. Changes in
voltage between load and no-load should
be less than SmV.

Transistors 302 and 305 should be
mounted on the side of their metal shield-
ing box with mica washers and insulating
bushes, otherwise they will overheat.

To be continued



DEATH OF ELECTRIC
CURRENT

In August 1982, page 60, I discussed a serious
anomaly in classical electromagnetism which, if
unresolved, must force us to reject the conven-
tional view of the subject as invalid. I asked
eight leading experts to comment. Three did,
but one of these asked that his comments re-
main unpublished. The second reply, by Profes-
sor Abdus Salem, was as follows;
“Dear Dr Catt, I am sorry I cannot write to
the Journal as you suggest, since you seem to
be having a private discussion in which it
would be fruitless to enter for an outsider.
With kindest regards, Yours sincerely, Ab-
dus Salam.”

I am very grateful to Professor J. Brown,
CBE for the third reply, Letters, October.

Brown does not seem to grasp the problem,
which is that 1/30 nanosecond after the state
shown in the diagram, electric charge must have
reached a distance 1 cm further to the right,
ahead of the wavefront’s position shown in the
diagram. To get there, the charge must travel at
the speed of light in a vacuum so as to be in
place to sustain the newly appearing electric
flux. It is not good enough for ten times as much
charge to travel at a tenth of the speed; the
correct charge would have to travel at the full
speed.

The letter from Dr J. Brown, CBE, was pub-
lished in Wireless World, October 1982, along
with a letter from F. N. H. Robinson, who
makes the same elementary error, which is that
if I have promised to deliver one dozen eggs to
Oxford, one hour from now, Oxford being 100
miles away, there is no point in despatching ten
dozen eggs in a vehicle which travels at only 10
mile/h. I must find a way to transport eggs at
100 mile/h.

Today, 80% of electronics is digital, and the
primitive in digital electronics is a logic step
travelling from one gate to the next. The reign-
ing theory must cope reasonably with this,
Theory C (Wireless World, Dec. 1980) does so
perfectly, and no other theory does.

* * *

In answer to R. T. Lamb’s letter, WW Oct
1982, I never attributed the existence of the
electron to Maxwell. The four axioms that I
stated in my August 1982 letter do not mention
the electron. Later on in my letter I adopt
conventional parlance, which embraces the
electron. However, the content of what I said
remains equally disastrous for the conventional
view if for “‘n electrons” you read “n coulombs
of charge”.

“Classical electromagnetism” is not Maxwell
taken out of deep freeze. Rather, it is the Max-
well view embellished by later luminaries.

Lamb goes on to write, “Electrostatic theory
requires that electric flux lines terminate on
charges, but this is not always so for the electro-
magnetic wave.”’ By this statement, he sets him-
self apart from the whole tradition in electro-
magnetic theory. Can he supply any reference or
expert to support this extraordinary statement,
that a line of electric flux does not have to
terminate on electric charge?

Ivor Cart
St Albans
Herts
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Although Ivor Catt has again been rather
dropped on (Letters, October), he should re-
gard that as a small price to pay for the privilege
of being instrumental in exposing the shortcom-
ings of our current physical theories.

Almost everyone’s picture of the behaviour of
a radio dipole is of electrons rushing from one
end of it to the other, and back again, once in
every r.f. cycle; it is easy to see that in order to
travel anything like two half-wavelengths in one
r.f. cycle the average velocity of the electrons
would have to be something like c, the velocity
of light. But if one does the sums the result
turns out to be not like that at all. A heavy
electric current — one that makes a copper wire
too hot to touch — corresponds to an electron
flow of only about one millimetre per second,
irrespective of the gauge of the wire.

So it would seem that the rapidly-moving
“lines of force” of Heinrich Hertz’s radiation
field cannot be connected to the real electric
charges that are carried by real, slow-moving
electrons. They must terminate instead on
imaginary charges which oscillate at the speed of
light, or at least at velocity v where, as Dr
Brown says, “v is the velocity with which the
wave moves”, which is as near to ¢ as makes no
matter. Nobody at my school told me that the
“charges” of electromagnetic theory, which give
rise to the electromagnetic radiation field, were
imaginary charges . . .

The feature that I find amazing is that your
correspondents do not seem at all disturbed by
the difference — only a factor of 10'? or so! —
which they agree exists between the values of
the charge velocity according to the two theo-
ries. It isn’t a matter of mixing models or of
likes and dislikes; one at least of the theories
must be wrong. So why not be honest and admit
it?

Scott Murray
Cloughton
Yorks

I have followed Mr Catt’s correspondence about
his new theory of current flow with great in-
terest, even if without a full understanding. As
indeed I have the sentiments of those who think
it possible that Einstein was not quite right in
some of his conceptions. And moreover have
often wondered myseif.

It is extraordinary how mankind has made so
much of his progress starting from ideas that
later were contended to be quite wrong. For
instance, how the ‘flat earthists’ of long, long,
ago, went on their voyages of discovery and all
came out right in the end. But, all based on
notions that experience subsequently showed
were not quite right. So with this in mind I am
working hard to get into such mental state as
will allow me to follow Mr Catt’s new thinking.

Brought up as I was in the days of the gold-
leaf electroscope, I can imagine how a source of
potential can be applied to a conducting surface
and spread out over it. As one can drop oil onto
water and watch it spread out. I expect the new
theory explains this, but that I have failed to
graspit.

Where I have failed miserably, in Mr Catt’s
terms, is to be able to visualize (because for such
as myself, visualization is the only tool) how
charges originate and subsequently dispose
themselves, where both the surfaces concerned
are non conductors. In other words. I go back as
far as rubbing the ebonite rod with the cat’s fur.

What is it that comes from where, and, what is
sitting on what?
How I wish simplicity still ruled.
Ouida Dogg
Hurstpierpoint
West Sussex

THEORIES AND
MIRACLES

Wellard (August 1982, p.57) appears to claim
that the phenomenon of Cerenkov radiation
contradicts special relativity. His fallacy lies in
confusing the speed of light in a medium (ex-
ceeded when emission occurs) with that in vac-
cum, which is greater and which cannot be
exceeded according to relativity.

T.B. Tang

Cambridge

ELECTROMAGNETIC
ANALOGY

Dr Murray’s very interesting article in the
Heretic’s Guide series, implies that scientific
opinion was opposed to a null-result from the
Michelson-Morley experiment of 1880.

It should be remarked that while the fringe shift
reported then could be dismissed as experimen-
tal error, Miller’s more refined measurements in
1933, confirming the shift, had to be assigned to
an ‘unknown disturbance’ in order to invalidate
them.

A null result appears to have been not merely
acceptable but mandatory.

H. Wright

Northampton

FOIL LOOP ANTENNA

I was interested to read in your September issue
of the use of a small loop antenna at 3.5MHz as [
have been using a smaller single-turn unba-
lanced loop to replace the rod antenna on a Band
II portable f.m. receiver. This has resulted in a
marked reduction both in distortion from
standing waves and body capacity effects. In
this area, which is near the Wrotham transmit-
ter, cross-modulation splashing is common on
Radio 3 but can be removed by a second, loo-
sely-coupled loop tuned as an absorption wave-
trap.
130

[

To chassis To rod input
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The loop can be made in any convenient way
and have sufficient bandwith to make variable
tuning unnecessary. Mine, cut from cooking
foil, was stuck to the polythene lid from a food
carton. The tuning capacitor is a short strip of
foil on the reverse side below the gap in the
loop. Output can be taken from two taps on the
loop. The whole assembly is mounted on the
back of the receiver.

H. S. Ffennell
Gravesend
Kent

WHY REPEATERS?

1 would like to report an interesting phenome-
non observed recently on the 2 metre band:

For some time now the local two-metre re-
peater and its nearest neighbour have been off
the air for a variety of reasons, technical and
otherwise. Bad news, one would think, for the
average 144MHz f.m. operator, but tuning
through the top half of the band reveals quite
the opposite to be true. What were once lifeless
simplex channels are now buzzing with activity,
operating standards have improved drama-
tically, the need for increased simplex range has
prompted many amateurs to improve both their
antenna systems and equipment performance
and the misbehaviour often heard on repeaters
has disappeared from the band. While never
doubting the technical splendour of our repeater
network I cannot help asking myself: what do
repeaters really contribute to amateur radio?
Paul Russell, G4BWQ
University of Sussex

Brighton
THE ETHER

It is a pity that even radical scientists such as
Drs Aspden and Murray (October 1982 issue)
hold to the conventional but quite erroneous
view that the Michelson-Morley result means
that Maxwell’s ether cannot exist as a universal
frame of reference. There is in fact no require-
ment for Dr Aspden’s ingenious special terres-
trial rest-frame, and it is likely that the existence
of some kind of “ether” has an important
bearing on the duality problems raised by Dr
Murray.

Einstein was the first to state that if the (Poin-
caré) principle of relativity was to be universal,
then all kinds of physical interaction had to have
the same upper limiting propagation velocity as
that of light, and so would obey the Lorentz
transformations. Few would now argue with
that conclusion, though it was a very bold one at
that time. Illogically, he then threw out the
causal baby with the ethereal bath-water by
claiming that the concept of a unique, universal
frame of reference was “not required”’: this was
like announcing that where Ohm’s law rules
supreme, physical conduction mechanisms are
not necessary! It is implicit in this denial of
causality that relativistic effects are only arte-
facts of observation, which leads to the paradox-
ical consequences described by Dingle, Essen
and others.

Einstein later saw his mistake: “More careful
consideration teaches us that special relativity
does not compel us to deny the ether . . . ” (1),
but 1920 was already too late: the ether had
gone the way of caloric and phlogiston and was
fit only for ridicule. The mere mention of the
name now produces hysteria in an audience of
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physicists. Nevertheless, the (almost ignored)
publications of Ives, Builder and Prokhovnik
(2, 3, 4) show in detail how the principle of
relativity and all its consequences follow
necessarily and solely from the concept of a
single, universal frame of reference with its at-
tendant upper limiting velocity for energy
propagation.

It is open to speculation whether the mechan-
ism of the “ether” is a Machian one involving
the aggregate of matter in the Universe, or a
Newtonien one involving some structured
property of an underlying ‘“‘absolute’ space as
favoured by Aspden, or some quantized-general
relativistic fusion of the two, or indeed some-
thing else. What is quite certain, however, is
that there is no conflict whatsoever between the
principle of relativity and the concept of a
unique substratum as reference frame for all
energy transfer: the latter is a necessary and
sufficent physical, causal basis for the former.
W T Morris
Teddington
Middlesex
(1) Einstein, A; Relativity and the Ether —
Lecture at Leyden, May 5, 1920 — English
trans. by G B Jeffery & W Perrett; Sidelights on
Relativity (Methuen, 1922)

(2) Turner, D & Hazelett, R; The Einstein
Myth and the Ives Papers (Devin-Adair, 1979)
— A complete collection of Ives’s papers and
other material.

(3) Builder, G; Ether and relativity, Australian
Fournal of Physics, vol. 11, pp. 458-480, 1958.
(4) Prokhovnik, S J; The Logic of Special Rela-
tivity (Cambridge University Press, 1967: 2nd
Edn. by New South Wales University Press,
1978)

Einstein’s theory precludes belief in the ether by
making the observer, rather than the ether it-
self, the frame relative to which all physical laws
are to be formulated. W T Morris challenges
this and says that ether and relativity are compa-
tible. He refers to Builder’s 1958 paper ‘Ether
and Relativity’, for example, a paper which sug-
gests a causal physical process by which clocks
are retarded in dependence upon their speed
relative to an absolute frame of reference. The
conclusion is that the ether and relativity are
mutually permissible.

Yet, if this is so, Nature provides the ether as
the fundamental physical reality and man pro-
vides relativity as the philosophical veil which
clouds what is there and makes it difficult to
discover the causal basis of other phenomena by
reference to the ether.

W. T. Morris says ‘there is no requirement
for Dr Aspden’s ingenious special terrestrial
reference frame’, though he concedes that an
ether may have an important bearing upon the
wave-particle duality problem raised by Dr
Murray. Yet, my theory is based on the fact that
this special lattice-structured ether frame plays
an essential role in determining the photon
mechanism. Nature surely does not offer us
alternatives. The doctrine of the wave-particle
duality needs to be reinterpreted. This is pos-
sible if we accept electromagnetic wave theory
without assuming energy to be transferred by
the wave process. The ether is a sea of energy, a
resource which can be topped up or tapped
anywhere as statistical photon events involving
the lattice are triggered under the constraint of a
balance of momentum. Non-radiation of energy

by electromagnetic waves, a direct contradiction
to the Larmor process, is the very characteristic
which permits us to have a quantum theory.
Indeed, it was the assumed non-radiation of
energy by the electron, when accelerated, that
allowed Einstein in his earliest writings to corre-
late E=Mc? and the relativistic increase of mass
with speed. We cannot have duality, as W T
Morris suggests. There is no room for compro-
mise in Nature. If technology is to progress and
if this depends upon the choice between ether
and relativity, then we must march firmly under
the ‘ether’ flag.
H Aspden
Southampton

CLASS S

1 would like to make a few comments on A. M.
Sandman’s article “Class S, a novel approach to
amplifier distortion” (Wireless World, Sep-
tember, 1982).

It seems strange to refer to the amplifier as
Class S, as this classification is usually reserved
for r.f. switching amplifiers similar to the bet-
ter-known Class D amplifiers, except that the
switched voltage waveform is applied to a low-
pass filter which allows only the d.c. and very
low frequency components to appear at the
load. As far as I am aware Class S was invented
by Bedford in 1932 (US Patent 1874159).

Certainly, lower distortion can be achieved
for a given voltage swing by employing high
impedance loads, hence the long established
use of ‘“‘bootstrapping” and constant-current
sources to give high a.c. loads in voltage ampli-
fiers. These techniques are not, however, the
substance of Mr Sandman’s article. The voltage
amplifier based around A, is essentially irrele-
vant and the power amplification is achieved by
the differential trans-admittance amplifier A;.
This circuit is a variant of the well-known
Howland current source.

These circuits are fairly simple examples of
the use of multi-loop feedback, and often find
application in active impedance matching which
eliminates the noise contribution which would
result from the use of passive terminations. In
this case, an ideal balanced *“bridge” does tend
to give rise to an infinite input impedance.
However, as might be expected the use of posi-
tive and negative feedback loops poses a prob-
lem of amplifier stability when the frequency
dependent open-loop gain and common-mode
input impedances are taken into account. Un-
less very high-quality amplifiers are employed,
such methods are usually only successful at very
low frequencies.

Re-drawing Mr Sandman’s circuit as Fig 1,
where the distortion D is introduced as a dis-
turbance input after the op-amp, we obtain the
following relationship (assuming that the op-
amp is ideal, with the open-loop gain A being
very large)

RL(R1+R2)V R

V=BT

R
AR D

where R=R1R2+R1RL+R2RL

Hence the voltage transfer function only ap-
proaches unity as Ry approaches infinity. Using
the values given in Fig 4 of the original article,
V. =0.82 V,+3x10%.D, which does appear to
give an improvement in distortion of =~ 280
times over a single-loop negative feedback am-
plifier (i.e. using a reduction factor of 1/1+AB).
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'However, when the amplifier is taken as being
less than ideal, that is finite common and dif-

ferential imput impedances, and a finite cmrr,

arc taken into account, this improvement is

greatly reduced. The wide discrepancy between.

these very low distortion figures, and those
achieved in practice are due to two factors.
Firstly, the inherent time delays in feedback
‘systems (hence the advantage of feed-forward
systems), and secondly the application of
analysis based on linear models, whereas cross-
over distortion is a non-linear effect. To a
simple approximation, in the Class B cross-over
region the open-loop gain of the system falls to
zero, and no amount of feedback is going to
stabilize the system. Also during the cross-over
region, the collapse of feedback around A,
causes the input impedance of the traps-im-
pedance amplifier to drop from infinity to a low
value. This will have a detrimental effect on the
voltage amplifier A;, resulting in voltage spikes
which would be absent if A was driving a pass-
ive load. When these effects are taken into ac-
count Mr Sandman’s circuit offers little advan-
tage over conventional single-loop amplifiers.

O~

Vs

LOAD

Fig.2

Owing to the finite slew rate (another
example of a non-linear process) of the op-amp
the use of a simple Class B emitter followers at
the amplifier output gives rise to noticeable
cross-over distortion even with feedback. It can
be reduced considerably by inserting a resis-
tance (50-100(2) between the bases and emitters
of the transistors. Even so, with 741 op-amps, a
large-signal bandwidth of only about 1 kHz is
attainable. A better approach is to use comple-
mentary common-emitter output stages, as in
Fig 2. In this way, for small output currents, the
output transistors are turned off, and the op-
amp provides all of the output current. At
higher output currents, the external transistors
conduct, and the contribution of the op-amp is
limited to approximately 0.7/Rg. The quiescent
current of the op-amp biases the external tran-
sistors, and hence greatly reduces the range of
crossover.

A study of multi-loop amplifiers and their
possible effects on reducing amplifier non-linea-

rities would no doubt prove useful, since it is an
area which seems relatively uncharted, and I
hope that further work will attempt to present
solid theoretical and experimental evidence of
their advantages.

N. M. Allinson,

University of Keele,

Staffordshire.

CABLE vs RADIO
FOR TELEVISION

In your editorial in the October Wireless World
you cited the release of radio channels as one
advantage of cable TV. But the closing down of
the present broadcast TV service would have to
wait (I hope) until substantially all of the coun-
try had been provided with the cable system. I
live in a village within 10 miles of a substantial
city but in which there is no gas supply — how
long would it be before cable TV comes here?
Another point which is usually overlooked (or
suppressed) is that the development of modems
for data transmission has made it possible for
the ordinary telephone line to handle the other
services such as electronic funds transfer
(shopping at home), communication with a
computer (working at home) and remote meter
reading. The mention of such services as a
reason for installing broad-band cable is
therefore spurious.
D. A. Bell
Beverley
North Humberside

COST-EFFECTIVE
ELECTRONIC IGNITION

Since 1965 I have used a Lucas TAC unit (cir-
cuit similar to that of D. J. Cope, ‘Letters’ Dec.
1980). It gave good service for 130,000 miles in
a Rover 2000 and then, with another distribu-
tor, a further 25,000 miles in an Austin Maxi.
During its time in the Rover the same points in
the original distributor were used with oc-
casional minor (1 or 2 ‘thou’) adjustments for
heel wear; spark plugs were changed — only
after persuasion by service manuals — three or
four times in the 130,000 miles; suppressor
leads were not changed. The same performance
pattern was being followed with the now two
years old Maxi until it recently failed to start!
The fault was traced to an open circuit resistor
in the first transistor collector (and high-voltage
transistor base) circuit due, it appears on exam-
ination, to corrosion. Replacing the resistor res-
tored the sparks. However, confidence then im-
paired, I arranged, as Mr Cooper suggests, for
quick change reversion to conventional ignition.

Certainly the electronics schemes are kind to
contacts, but if correct timing is to be main-
tained, heel wear still needs occasional check-
ing; surface finish on the cam lobes must be an
important factor in the rate of heel wear. Inci-
dentally, the conventional system’s contacts
dealing with several amperes results in ‘pitting
and piling’ as tungsten is transferred, thus de-
feating d.i.y. checking with feeler gauges, but if
timing and dwell are adjusted correctly the need
for contact set replacement may not be as fre-
quent as garages would like us to believe.

As correspondents have suggested, the ordi-
nary car user is unlikely to notice any perform-
ance advantages for complex ignition equipment

because the conventional system can provide
adequate energy for even moderately main-
tained engines although sophisticated ones, or
even transistor-assisted contacts, may cope bet-
ter with difficult conditions. My recent exper-
ience, when time and chemistry combined to
leave me sparkless, made me wonder whether
even this modest addition of components to
assist the contacts is warranted — three resistors
and two transistors to fail in the unkind environ-
ment of a car’s eagine compartment. Is the
possible failure of extra components too high a
price to pay for less frequent timing and dwell
checks? Nevertheless, after 17 years of reliable
service I shall keep the TAC unit installed to
save anxiety over that molten tungsten at the
contact breaker.

Alan A. Tomkins

Stourbridge

West Midlands

The various articles and many letters on
electronic ignition which have appeared in Wire-
less World over the years prompts me to seek an
opinion from readers on their use in modern
engines fitted with emission control systems. I
refer in particular to the Land Rover in which
up to three independent and separate systems
may be met, depending on the market for which
it was produced. In general, the devices used re-
cycle the gases from the crankcase, petrol tank
and exhaust system back through to inlet mani-
fold to reduce atmospheric pollution. Part of the
system design means that the tick-over speed is
higher than usual and a special distributor is
fitted with a wider variation in ignition timing,
giving a 6° retard at tickover and normal centri-
fugal advance at higher engine speeds. One of
the special features of the distributor appears to
be a 57° dwell angle with a small variation
tolerated.

In the past, on older models, a capacitive
discharge unit built from a Sparkrite kit has
been used without any problems, but reliable
starting in hot wet or dry weather overseas and
the usual cold climate of the UK. The unit was
capable of being switched from electronic to
Kettering and appeared to cause the engine to
run much more smoothly using the former with
less burning of the contact breaker, but I would
not like to express an opinion on any petrol
consumption improvement.

However, I have no wish to argue the pros
and cons in this context, but as these emission
control devices are probably incorporated in
many modern cars to meet local or overseas
regulations, I would be interested to know if
there is any problem using electronic ignition
particularly in respect of the unusual retarded
ignition, the close tolerance dwell angle and if it
would degrade or perhaps improve the polution
caused by an internal combustion engine.

N. L. Smith
Stoke-on-Trent
Staffordshire

LEAKY FEEDER RADIO
SYSTEMS

Dr Martin in his interesting article on Leaky
Feeder Communication, WW June 1982, refers
to work carried out in South African mines
around 1978. In 1960 the SA Chamber of Mines
asked the undersigned to design and produce
prototype transceivers for use with the Protea
rucksack-type rescue appliance. I proposed a
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:s.5.b. system, operating at about 70kHz, and
jpredicted that conductors, in particular railway
lines, would greatly extend the range. S.s.b. was
chosen because it is most efficient with regard to
battery power, and ‘amplitude’ radio noise is
much lower underground. In the event of an
emergency, machines generating such noise
could be shut down. Frame aerials are cumber-
some, as Dr Martin states, but were no problem
since the slave sets had the frame wound round
the rucksack and the SA Chamber of Mines
«came up with the bright idea of putting the
-frame wires in a large inflatable rubber tube that
‘wedged itself in the tunnel walls at the master
istation. This allowed rail and pedestrian traffic
ito pass through the loop. The relative number
of turns of wire in the slave and master frame
.aerials was adjusted to present approximately
‘the same impedance so that the slave and master
‘transceivers were identical, an important point
-under emergency conditions.

The transceivers used some cunning circuitry
.and s.s.b. filters and were very simple, the low
radic frequency used greatly assisting the filter
design. Subsequently models were produced
using ferrite rod aerials and the s.s.b. ‘phasing’
method and gave a similar performance. The
transceivers provided a p.e.p. of about 6W and
a s/n ratio of 10dB with an input signal of about
0.6uV.

The SA mines are more extensive than those
in most countries and tests were carried out in
both gold and coal mines. Mainly due to the
presence of conductors, particularly railway
lines, clear speech was obtained over distances
up to a few miles and no nulls were noted when
rotating the slave frame aerials. This led us to
suggest that in tunnels where there are no rail-
way lines suitable conductors should be pro-
vided to assist in propogating the signals. Also
direct injection of the signals into the railway
lines at the master station could well be advanta-
geous.

Subsidences and rockfalls in mines do not
usually break railway lines or, if they do, the
broken ends of the lines are usually near to-
gether and the transmission loss is not greatly
increased. However leaky feeder cables are rela-
tively fragile and easily broken and considerably
attenuation is introduced at a break. This is a
serious disadvantage since a rockfall causing an
emergency could disrupt the communication
system required for such an emergency.

F. G. Clifford
Wynberg
South Africa

The article by Dr Martin in the June 1982 issue
of Wireless World was most interesting to myself
and my employer. We have been involved in the
application of radio in an underground environ-
ment for the last three years. During this time
we have installed radio equipment in 50 coal and
metalliferous mines in Australia and New Zea-
land. One installation in particular, covers a
length of 10 miles from the portal to the coal
face. The results that have been achieved lead us
to believe that in time, radio will become the
preferred method of underground communica-
tions.

The type of leaky feeder used by this com-
pany is 300 ohm ribbon in a sheath. No particu-
lar attention is paid to the placement of the line.
Water on the leaky feeder is the worst problem,
having the effect of reducing the system range.
Up until the present time we have not used a
coaxial feeder; however, it is being considered
for future installations.
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Our equipment operates on 27 MHz a.m. for
voice mode and 40 MHz f.m. for control mode,
typical powers used ranging from 0.5W to 5W.
Using this equipment the distance over which a
hand-held unit base station can communicate
reliably is 2000 yards. Hand-held to hand-held
units use the feeder in the parasitic mode over a
distance of 800 yards.

Experience has taught us that no two sites
perform the same and that there is much more
“art”” than “science” involved in the application
of radio in an underground environment. Al-
though many phenomena appear to defy expla-
nation, the usefulness of the system has been
proved. This company is engaging in research to
improve operation of underground radio; we are
investigating the use of repeaters instead of
multiple base stations and are examining dif-
ferent modes of modulation.

D. Hughes

Illawarra Communications
Wollongong

NSW

POOR DEAL FOR
AMATEUR RADIO

I object, as many pre-1947 A-licence holders
will, to Mr Reay’s Sept. 1982 view that I have
my Nov. 1938 amateur radio transmitting
licence under false pretences. Mine was granted
under the regulations then in operation, which
included the compulsory passing of the Morse
code test. Luckily I have been able to respond to
the annual invitation to renew ever since. I
should add that my experimental receiving
licence was first granted in Dec. 1920 in my
father’s name, on account of my youth (now
77). Pre-WW2 we had of necessity to build and
learn to use our own equipment if only because
commercial equipment was almost unobtainable
and certainly out of most people’s price range.

The majority of professional radio engineers,
however exalted, regard amateur radio as their
hobby to be shared with others “suffering from
the same disease from which there is no cure”
(my definition of amateur radio) and they will
bend over backwards to help the “pure ama-
teur”’. Unfortunately, during the years, I have
come across — and suffered from — at least
three profesional radio engineers whose boast
was that they had individually come into ama-
teur radio just to show us twerps ‘“‘how it should
be done properly.”

If the Editor decides to use this letter may I
take the opportunity to ask who in the UK
started the use of the American 1938 amateurs’
habit of asking “What is your handle, Old
Man?” Since 1947 and certainly of recent years,
no v.h.f. band QSO — even the first — seems
considered complete without the question being
asked “What is your handle OM for the log?”’
This information seems more important than, to
me, the information in the original CQ call of
the QTH cf the caller and the direction in which
the beam is pointed, or the direction from which
replies to that call are expected or hoped for.
Some do give the ‘“‘square” from which the CQ
call is originating, but not the beam direction; if
they did an awful lot of time and frustration
would be saved and avoided. 73s & CU all on
animated colour s.s.t.v.

R. F.G. Thurlow G3WW
Wimblington

March

Cambs.
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SOLENOID FIELDS

I feel that I must pass comment on the article
“Electric Fields in a Solenoid Coil” from the
August issue. Whilst I agree with the result, I
must dispute the arguments used.

The use of ‘voltage’ is incorrect in this case.
Voltage is the scalar potential of the electric field
vector E, and its existence is conditional on the
curl of E (V XE) being zero, which is only true
for time invariant fields:

VxE=—a£ @
at

B is magnetic flux density vector, which is only
zero for a time-invariant field.

The result given in the article can be arrived at
by:

@ Noting radial electric field =0. This can be
seen by considering the integral of E over a
closed, cylindrical surface which shares its axis
with the solenoid. Neglecting end effects, axial
field will be constant along length of solenoid so
that applying Gauss s theorem (which is a corol-
lary of Maxwell 2: VxH=J+D) with net
charge equal to zero, we conclude that radial
electric field is zero.

@ Circumferential field obtained by applying
Maxwell 1 (integral form ¢ E.dl=[B.ds) to
circular loop contained within surface of sole-
noid:

Ey2na=jod )

with a as coil radius, d the separation between
turns, using nomenclature of the article.

@ Noting that the conductor forming the coil
(assumed perfect, infinitely thin, close wound)
constrains the electric field to be normal to the
windings (no electric field can exist at surface of
a perfect conductor), and from above the
electric field is tangential to the solenoid sur-
face, hence

E /Ega=coty 3
coty=2mna/d

which is equation 1 from article.
From equations 2 and 3 we can determine the
axial electric field at surface of coil:

E..= (coty)jwd/2na
E.=jwd/2a ()

It is easy to develop equations for electric
field at a radius less than that of the coil.

The authors state that it is difficult to define a
unique terminal voltage for the coil if it is loo-
sely wound. This is an understatement — it is
impossible to define the terminal volts for any
coil carrying a.c., since voltage, by definition,
does not exist. What happens, is that the
‘voltage’ perceived using a voltage measuring
device becomes more sensitive to the mea-
surement technique if we use a loosely wound
coil.

I do not suggest that the field vectors E, D, J,
B and H really exist (see the excellent article
“The Electromagnetic Analogy” from the same
issue), but if we are going to use this model, we
must abide by the rules.

P. Bramley

United Peripherals Ltd
Winsford

Cheshire
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NON-BINARY LOGIC

CIRCUITS

Non-binary integrated circuits that increase processing capability of bipolar I.s.i. circuits
could have considerable impact in situations where the number of pin connections is
limited. By using both multiple quantized current and voltage levels information capacity

Increasing demands on the capability of
logic circuits to provide multi-function
operation using the minimum number of
connections has produced some interesting
alternative concepts. Practical non-binary
integrated circuits increase the information
processing capability of bipolar l.s.i. de-
vices perhaps four to ten times. Other
areas of application, especially process
control and systems requiring some posi-
tive indication of mode, are described
showing the extreme flexibility of the non-
binary concept.

Non-binary techniques using multiple
quantized current levels or voltage levels
can be considered ““first-kind”’ non-binary
systems. The subject of this article is a
combination of both — perhaps it may be
considered ‘‘second-kind”’ non-binary.
But before looking at non-binary tech-
niques, compare a typical tri-state device
and its function with non-binary, because
the tri-state circuit can be modified to
work in a simple non-binary mode.

In a tri-state device, two of the states are
the normal logical 0 and 1 conditions and
the third is a high-impedance or off condi-
tion, allowing the output to be controlled
by some other source, by parallel or bus
operation. Alternatively, the output could
be taken to a mid-point bias level via some
suitable current source so that the third
state is designated, and the chip will pull
up or down from that mid-point. Here we
are, back to a ‘three-designated levels’
system, converting as it were from binary
to non-binary using a bias network. Figure
1 shows a simplified switching arrange-
ment for a tri-state device and a typical
integrated circuit. Non-binary techniques
are particularly useful and economic where
multichannel process or mode controls are
required, the object being the use of a
single conductor for each channel plus a
single common connection, with excellent
noise immunity and positive mode indica-
tion. In general, it is usually convenient to
use a non-binary converter to return the
commands to multifunction binary logic
within the confines of the active machine
O Processor.

The basic concept of a second-kind non-
binary system is shown in Fig. 2: the same
method is used for both the digital data
application (a) and the process control ap-
plication shown in (b). The basic com-
mands are voltage levels on line x—x and

Clive Ross, MIERE, works with Normalair-
Garrett Ltd, Yeovil.

can be increased by up to 18 times.

by C. W. Ross

the required feedback of information (sta-
tus or data) exists as current changes
within that line.

Circuit V, establishes voltage levels for
the line and I, detects current flow in that
line, for the transmitting end. At the re-
ceiving end, circuit V,; detects and
translates these voltage levels back into
binary format. A programmable current
sink circuit I, produces the current level
changes in the line to form a feedback
signal (positive status indication or data).

One of the interesting features about
non-binary techniques is that the active
elements are basically simple and easy to
implement in integrated form. There are
obviously limitations to the number of
increments of current and voltage that can
be used. As an introductory exercise con-
sider two current levels and three voltage
states as a basis for discussion.

Digital data application

From a purely digital point of view there
are a great many options for the non-bi-
nary concept using a single wire per chan-

nel and a common earth.

Figure 3 shows a simple configuration
using two converters, a comparator and
two-state current sinking. Obviously there
could be multi-state current sinking and
multiple comparators, but let’s keep it
simple here to properly demonstrate the
features of the non-binary concept.

The two-bit digital-to-analogue con-
verter and the a-to-d converter can be im-
plemented very simply using a minimum
of readily available integrated circuits.
Looking from left to right in Fig. 3, the
two-bit converter plus the offset buffer
generate four distinct voltage levels for
the control line V.. The offset buffer con-
veniently applies some low potential to the
line for zero input bits to allow the current
sink to operate properly for all states. The
comparator detects current changes in the

“line by using a reference input derived

from a constant current network.

On the receiving end of the line, the
discrete voltage steps are level shifted and
fed to a simple a-d converter which feeds a
two-to-four decoder and four gates. The
data inputs are enabled by the binary out-
put of the a-d converter, one of the data
lines being selected according to the

Bus driver
& Datg Output
Disable
°_o—
% Vee
Lo

Data O ’(

Disable

§ Out

Fig. 1. In a tri-state device the third
state is an off-state to allow the
output to be controlled by another
source. An alternative non-binary

approach is to use a mid-point bias
level as a third state.
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Fig. 2. Basic commands in a multistate data application (a) or process-control (b), are
voltage levels on the line selected by V, and detected by V., while status or data feedback is

provided by 1,, detected by I,.

voltage state of the line V.. The constant-
current sink switches at data rate and the
selected data appears at the left hand end
of the line at the output of the comparator.
In this case, four sets of data can be in-
terrogated in sequence and read out remo-

tely, at the end at which the selection is

_programmed using a single line plus com-
mon.

Process control application

Consider a typical case for non-binary
control logic. A magnetic tape recorder
system has three operational modes and up
to 24 channels. The bias current in the
head circuit during the record mode needs
to be detected at some convenient thres-

of
bu

DataselE 2bit d-to-a

Fig. 3. In this simple multistate circuit, four sets of data can be interrogated and
read remotely over a single line plus common. The four voltage levels can be

fset
ffer

T

Constant
current
sink

hold and the information fed back as a
positive indication at the remote control
box. The three operational modes are

— playback (normal)

— record

— playback from record head (sync.)

while the self-test mode is

— h.f. bias current in head circuit to ex-
ceed a pre-determined threshold, and
control lamp at sending end as a positive
record indication.

In a 24-channel system, 24 conductors and
one common are required, one conductor
per channel for the four modes and a com-
mon conductor serving all channels. For
high noise immunity, 10 volt command
increments may be used.

V[ >>VR

Command
line

Fiasher

@Green
bus

Fig. 4. Three voltage states and two current
states are used in this tape recorder control
system. This voltage sending end senses
the current states.

0 volts=normal playback
+10 volts=playback from record head

+20 volts=record.
For the positive indication in record mode

there are in addition to the voltage states,
two current states:

0 to 0.5 mA=record bias current zero or
below required value

and 5.0 mA=record bias current normal
or above.

Therefore, in this case, five conditions are
satisfied using a single controf line. Ob-
viously more options are available if two
current states are available for two
voltages, say.

Look now at some circuits to perform
these functions, first the sending end. A
three-state voltage and two-state current
system is shown in Fig. 4. At the sending
end, a switch selects the voltage level ap-
propriate to the function required, and a
current sensor with two states determines
the acknowledgement signal.

In this example, when the highest po-
tential of the command group is selected
the acknowledgement signal at the receive
end changes the terminating impedance of
the line and the current sensor at the
sending end detects this condition and pro-
duces a visual indication. A 1 Hz supply
alternating between 0 and +20V is used
for the lamp, producing a flashing warning
indication.

Offset

buffer

w\,—T—— ------

Comparator

Data output

—( w

decoded on the right to enable data to be returned back down the line.

WIRELESS WORLD DECEMBER 1982

=

2 bita-to-d

2
Decode

4

L Data buses




When the record position is selected
(20V) the flasher bus is connected via the
diode to the indicator lamp. When the
command line current rises due to a logic
decision at the receiving end terminating
the command line with a low resistance,

the transistor pulls up and saturates, ap-
plying a steady voltage to the lamp. The
diode allows independent operation of the
flasher supply during this condition.

At the receiving end, a circuit is re-
quired that will translate the voltage levels

A Binary , g
Vee
WS Y w
By
)
Nonbinary >} —
controt line Binary
€
R
R‘| Trz TI'3 3 TI'A ) ‘]’r5
S
R R
2 4
i 2
I “Final
AC  event
D —
2 :
& J: }
T—i
Function V[oﬂ:l‘O[ I A 8 ( D
| Pluy, normal 0 o 1 0 1 0
Play {rec hea2}l 10 0 0 1 1 0
Record ? 20 0 0 0 0 1
Recur! OK 20 t 0 0 0 1 |

Fig. 5. This receiving end uses simple comparators to translate the voltage levels back to
binary form and a final current acknowledges command completion.
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Fig. 6. Very simple system with two-colour leds has three voltage levels and three current

combinations.
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back into binary form. Again there are
many ways of implementing the conver-
sion. A set of fairly simple comparators is
required and a means of applying a binary
current sink, controlled by some final
event to acknowledge that the chain of
command is complete. Figure 5 shows a
typical circuit for the receiving end.

The ratios of R;, R; and R, R4 are
chosen so that Tr, and Tr, saturate at
control line potentials of 10 and 20V res-
pectively. (These transistors actually start
to switch at lower potentials but proper
saturation is attained at the control poten-
tials used.) The diode has the important
function of avoiding ambiguity of output B
when Try and Trs function. The tran-
sistors are a dual in-line array for conve-
nience, their function is a crude form of
twin comparator. When the record com-
mand is received (+20V) the bias current
in the record head circuit rapidly rises to
operational value and Tr; is turned on
using the half-wave rectifier network de-
tecting record head current. Transistor
Try turn-on provides the current sinking
action on the control line.

An interesting variation on these circuits
is shown in Fig. 6, where the sending end
circuit is extremely simple. In this version
there are three potential states and three
current conditions, giving additional capa-
bility for positive indication. The l.e.d. isa
dual bi-colour type, red/green, one of the
most useful configurations available.

Where pure logic functions are required
the concept is similar, but the actual cir-
cuits at each end will be designed to fit the
particular application. Non-binary systems
need not be unidirectional in terms of cur-
rent and voltage, but the application will
often dictate the configuration.

At the present time when conventional
binary logic devices are in such wide use,
along with a sprinkling of tri-state, non-
binary devices could have considerable im-
pact in those areas where there are obvious
limitations to the number of pins used in
medium and large-scale integrated cir-
cuits. A practical second-order non-binary
system could have over 18 times the in-
formation capacity of its binary coun-
terpart — something that will bring a smile
to the system engineer’s face but dismay to
the trouble-shooters! AV
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MORSE DECODING
BY MICROCOMPUTER

_Using a 567 tone decoder and a seven-bit clock to time incoming signals, Morse code is
interfaced to a ZX81 via a Z80A p.i.o. chip. Machine code routines use this data to provide

The ZX81 uses the Z80A microprocessos
for both the servicing of the television
display and for computing. The display is
handled on an interrupt driven basis,
which means the processor is unavailable
for computing for a large proportion of the
time. Since the decoding procedure re-
quires reasonably accurate timing of the
Morse signals, the use of a software timer
would introduce an unacceptable level of
timing errors because of the necessity to
regularly service the display. A hardware
clock was therefore implemented, which
required an interface between it and the
ZX81. Of the several purpose-built chips
available, a Zilog Z80A p.i.o. chip was
chosen because the necessary compatible
signals are available directly from the edge
connections on the ZX81 p.c.b. Software
to accomplish the decoding is based on the
flow diagram by Kyriazis*.

Although Sinclair are unwilling to
disclose details about the duration and fre-
quency with which the display is serviced,

up to nine lines of decoded text.

by J. P. Sargent

earthed screen between the primary and
secondary. The ZX81/Z80A p.i.o. combi-
nation produced a great deal of r.f. in-
terference, about which more will be said
later. Signals are amplified using a 748 op-
amp with manual gain control and fed to
the 567 tone decoding chip. With the com-
ponents selected, the chip has a bandwidth
of approximately 14% of the centre fre-
quency of the tones; for 1000 Hz the
acceptance bandwidth is approximately
140 Hz. For reliable decoding the receiver
should have comparable stability.

Timing. A clock implemented using a RS
components programmable timer operated
to provide a seven-bit binary output. Each
of the bits are then sent to both a mark
latch and a space latch, to provide a tempo-
rary store for the binary output from the
clock, and are enabled by the mark signal
and the space signal respectively. The

this must be dictated by the British tv
standards. Thus an interrupt must be is-
sued with a frequency of 50 Hz, and the
time required to service this interrupt
must be less than 20 ms. This places a
maximum rate of S0 tone/no-tone transi-
tions on the incoming Morse signals, de-
coding then taking place during the
periods normally reserved for computing.
As the processor may be in the interrupt-
ing routine when a transition occurs, the
clock timing when either a mark or space
has finished must be stored until the
processor is free to read the data. This is
achieved by latching the clock reading.
The circuit consists of three main sec-
tions.
Tone decoding. Output from the
recording socket of the receiver feeds into
a miniature a.f. transformer which has an
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speed at which signals are decoded de-
pends or the clock period. Although an
automatic software speed control was in-
corporated by Kyriazis, decoding was less
prone to error if a manually-selected speed
control was used by varying the period of
the clock.
Interfacing. A Zilog Z80A p.i.o. chip
takes the seven bits of data from each of
the latches, plus one bit to indicate
whether a mark or space is present, to the
p.i.o. ports A and B respectively. The chip
requires two lines to address it as an input-
/output port and one line for the chip ena-
ble. The i/o request line, clock, RD and
M1 are already present on the ZX81 p.c.b.
edge connections.

The ZX81 does not fully decode the i/o
port addresses internally and address lines
A7, A% and A’ may be used directly for the

*Morse decoding’ by N. Kyriazis. Wireless
World, February 1981, page 44-6.
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J. P. Sargent is at the H. H. Wills Physics
Laboratory, University of Bristol. )

addressing of the p.i.o. chip. In this con-
figuration, A’ is used for the chip enable
(CE), A% is used for port B/A select (B/A)
and A’ is used for command/data select
(C/D). Thus for example, sending OFFH
to port 9FH selects the command register
of the p.i.o. chip, port A, mode 3 opera-
tion, and at the same time the remaining
bits A*-A? stay high which should deselect
any of the ZX81 internal ports. The Z80A
p.i.o. chip is used in its mode 3 configura-
tion with all the port data bits as inputs.
Refer to the appropriate Zilog technical
manual for further details about the chip.
It is then a simple matter of addressing
ports 1FH or SFH to read in data from the
mark or space latch respectively.

Software

So that the computer has the necessary

speed and compactness to fit into 1K of

memory the program was Wwritten in

machine code. It is based on that given by

Kyriazis with important modifications to

accommodate

— the display routines of the ZX81

— the hardware configuration of the
ZX81/Z80A p.i.o. combination

— the hardware timing routine

— and the deletion of the automatic speed

control.

The program starts displaying on line nine

and gradually fills the screen upwards,

scrolling each time a new line appears.

Character printing is accessed by execut-
ing a RST 10H instruction with the A
register of the processor containing the
character to be printed. The SCROLL and
PRINT AT routines are accessed by call-
ing addresses 0COEH and 08F5H respecti-
vely, details in ““Understanding your ZX81
rom,” by I. Logan (Melbourne House,

1981).

The flow diagram of Kyriazis is mod-
ified by replacing all references to the Test
Input routine by a call to two important
subroutines which read in the data from
their respective latches. Each of which
waits until the end of a mark or space is
detected before returning with the timing
of the mark or space to the main body of
the program. As the latches are activated
by the mark/space rising edges, data are
only held for a period which depends on
the length of the following space for the
mark data, and the length of the following
mark for the space data. Therefore the
program must read this data in before new
data arrives; this is the main factor limiting
the rate at which Morse can be decoded.

It is not known how long the RST10H,
SCROLL or PRINT AT instructions take.

n
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With the Z80A running at 4MHz the long- 4 INPUT X which should be poked into memory
est non-interrupted section of the program S POKELX beginning at address 16514.
excluding these routines will execute in 6 NEXTI

less than 1 ms.

The program may be entered into the
ZX81 using the following:
1 REM 000... 367 ZEROS...00000
2 LETL=USR 16514
3 FORI = 16514 TO 16879

and executing a GOTO 3 instruction.
After entering, program lines 3-6 may be
deleted and the program saved in SLOW
mode. The machine code occupies 366
bytes, leaving room for about nine lines of
text for the display of the Morse code. The
table contains a list of the bytes in decimal

062
033
184
124
024
065
254
065
220
025
000
049
219
122
127
226
127
024
019
186
045
061
026

255
000
056
133
003
103
001
103
010
056
024
000
031
040
095
219
095
010
048
122
046
062
008

159
024
024
046
089
203
006
203
046
197
197
126
230
115
048
203
121
004
060
071
048
029
019

211
045
232
000
065
063
205
063
000
229
229
215
127
209
002
127
024
005
062
085
049
030
015

159
205
205
024
133
188
010
188
151
205
213
209
095
225
198
032
205
008
063
082
050
031
014

211
061
089
222
111
056
065
048
024
014
121
225
150
201
128
250
001
025
047
055
051
032
025

223
065
065
124
203
035
205
244
144
012
001
193
048
229
254
024
006
018
039
000
052
033
017

211
132
133
203
063
125
010
151
121
006
050
014
002
213
121
006
023
013
035
000
053
034
011

223
103
111
063
203
140
065
024
028
008
000
001
198
033
048
219
021
015
033
038
054
035
023

205
203
120
184
063
111
046
157
254
014
033
201
128
236
006
031
011
002
032
039
055
036
000

021
063
203
203
184
038
000
120
001
000
136
229
254
065
203
203
003
014
046
040
056
037
148

065
203
063
017
048
000
038
203
032
205
065
213
121
219
122
127
029
030
106
041
057
028
160

001
063
189
038
017
024
000
063
021
245
237
033
048
095
032
040
009
012
045
042
058
020
166

001
203
056
000
205
227
205
128
123
008
177
236
042
087
237
250
031
022
076
043
059
027

015
063
007
151
061
121
061
189
254
030
001
065
203
230
024
230
007
020
053
044
060
024
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Construction

The ZX81/Z80A p.i.o. combination pro-
duced a great deal of r.f. interference and
careful precautions had to be incorporated
to reduce interference to the incoming sig-
nals. The most important steps were the
use of a shielded audio transformer in the
input stage and having the entire assembly
housed in an earthed metal box. In addi-
tion it was necessary to ensure that the
ZX81 was provided with a good earth to
the box.

Connection of the Z80A p.i.o. to the
ZX8] was achieved by means of a 50-way
ribbon cable terminated with a S0-way
Speedbloc edge connector. These were
subsequently cut down to 46 ways to fit the
edge connections on the ZX81.

Operation

Hardware timing of the Morse signals is
the only practicable method by which the
ZX81 could simultaneously decode the
Morse and maintain a continuous display.
Although this makes decoding more vul-
nerable to interference than when using
software timing where digital filtering
techniques can be used, it was found that
the 567 was very efficient at locking onto
even weak signals. Effective suppression of
locally generated r.f. interference and the
narrow bandwidth of the 567 combined to
give accurate decoding under most condi-

tions. WV,
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HOW WILL THE COMPACT
DISC AFFECT AUDIO

DESIGN?

The nature of disc-playing equipment has always affected the design of related
equipment. As the Compact Disc has different characteristics to the analogue disc, the
design of the rest of the audio chain may be affected.

Whereas low frequencies in analogue discs
are limited to those for which groove space
is available, and to those which are not
filtered out for lack of it, the situation with
the Compact Disc is that far more bass
range is generally possible. Most of the low
frequency content of analogue pickups is
noise and so a rumble filter is employed,
particularly where reflex loudspeakers are
used. A Compact Disc (CD) will achieve
more wanted signal and less noise in the
range below 50 Hz, and one would not
wish to lose signal because of a rumble
filter. However if a bass reflex loudspeaker
is employed without rumble filter, the bass
driver coil could be driven out of the linear
region of the magnetic gap, as large
amplitude low frequency signals can now
reach it. This is already true for at least one
“digital” AD, where the cannon shots
recorded during a rendition of the
Tchaikovsky 1812 overture with a low
fundamental of 6 Hz cause bass reflex
loudspeakers to “bottom”, producing a
most unrealistic sound, even at moderate
pressure levels. Thus far from being a
large power handling device at low
frequencies, the reflex system becomes an
embarrassment. Therefore the closed box
loudspeaker will, in my opinion, become
more favoured as a result, and the rumble
filter will die out.

Larger loudspeaker systems capable of
reasonable sound pressure levels at low
frequencies are presently the exception
rather than the rule, possibly because of
the filtering out of low frequencies
recorded onto the AD by recording
engineers and thus a general lack of good
low frequency signals. The greater signal
and lower noise of CD will cause more of
these larger loudspeakers to be designed
and sold, and a change in design of those
presently available. Apart from bass reflex
becoming anathema, steep cut-off rates or
‘high-order alignments’ will also be less
favoured, because bass transient response
suffers. 1 believe that the closed-box
equalized active woofer (e.g. refs 1) will
become more favoured, and that the sub-
woofer market will increase.

The effective dynamic range of CD
depends on the number of bits used to
encode signal levels; 16 bits is presently
favoured as a maximum, for while 20, 22
and 24 bits have also be mentioned, the
limitations of present technology restrict
the choice to 16 or below. Sixteen bits in
the binary system represent numbers 0-
65,535. The least signal is that signal
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represented by alternating Os and 1s, and
the greatest that represented by alternating
0Os with 65,535. Thus the ratio of greatest-
to-least signal is 65,535:1, or a range of 96
dB. The likely, more common, 14bit
system has a dynamic range of 12dB less,
or 84dB. The dynamic range of the power
amplifier and loudspeaker system should
therefore be increased for maximum
fidelity. In the power amplifier, the signal-
to-noisz ratio is often less than even 84dB,
let alone 96; but it should be a simple
matter to improve on the figure. Whether
such a range is in fact achieved will depend
on the audible range in the listening
environment, and on listener preferences.

There is presently some debate as to the
lower limit of sound pressure level which is
“audible as a signal in the presence of
ambient noise, and whereas the ambient
noise level in a living room may be 40dB
s.p.l. or more, recent work has suggested
that the “cocktail party” effect enables the
ear to hear as low as 4 dB s.p.l. in such an
environment (ref. 2). This establishes the
minimum desired maximum s.p.l. from a
CD system as 84+4=88dB. Such a figure
is achieved at present. The same criterion
applied to a 16bit system would require
s.p.Is of 96+4=100dB, and larger present-
day systems can achieve this figure, using
reasonably efficient loudspeakers. If the
criterion is in fact that the minimum s.p.l1.
is the ambient figure, then even a 14bit
system requires 40+84=124dB spl as a
maximum, which is not often presently
attained. The truth will depend on market
reaction, and will lie somewhere between
these extremes; there will be those who
would consider that a large dynamic range
was undesirable and “too loud” in a living
room. Thus there will be some demand for
a general uprating of amplifier power —
possibly the instanteous/continuous power
ratio will increase — of loudspeaker
efficiency, and of drive unit power
handling.

Lack of noise in a conventional sense
distinguishes CD from AD; there is no
surface noise nor is there any rumble.
However errors can occur in the digital
chain, due to extraneous factors such as
impulsive interference or surface damage
to the record. It is possible for these to
cause brief, high-amplitude transients, or
even extended high-amplitude noise, and
these could be severely damaging to the
loudspeaker tweeters. Better CD

electronics will include error correction
and interleaving to eliminate the effects of
surface damage to the signal, but this may
not be universally true. Only experience
will tell, but it may be that loudspaker and
amplifier designers will have to take steps
to prevent damage caused by uprating
components, and to prevent discomfort by
shutting down the signal. Of course this
should best be done within the digital
electronics of the CD player, but poorly
designed players may exhibit the problem.

There is an additional noise problem,
namely that the operation of a CD player
in the vicinity of a broadcast receiver will
most probably cause interference to
reception. That digital electronics can
interfere with reception is well known by
those readers who have operated a home
computer while trying to listen to a
portable radio in the same room. However
the simple cure for this is to turn off the
CD player when listening to the radio.
More serious may be interference picked
up by a tape recorder while recording from
CD. I expect the record industry will be
delighted if this happens.

With a larger dynamic range, adequate
shielding of the input-stage electronics
from interference will take on a new
importance, especially with the broadband
modulated pulse spectrum of digital
interference. The present difficulty of
many home computer manufacturers in
shielding digital electronics from causing
excessive spurious radiation is a guide
here, and the solution will lie in part with
the amplififer design, not just with CD
player shielding. To the phenomena
“fridge plop”, “hf burble” and broadcast
TV breakthrough will now be added “CD
whistle” if designers are not careful. The
problem will be the rectification by input
stage base-emitter junctions of
electromagnetically induced noise, and
while the solutions should be well known,
they are not always present in current
designs. \WWWj
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COMPUTER NETWORKS

It will soon be feasible for every home to contain a computer system interlinked via local
area networks to ground stations and then to satellites. In principle, such an arrangement
could provide a social communication medium far more powerful than

The range of computer systems that can be
constructed increases substantially as soon
as the designer starts to replicate any of its
basic components, memory, processor or
/o subsystem. It is quite common to find
computers containing two, three or even
more central processors linked together in
ways that enable particular types of com-
putational task to be undertaken. A twin
processor system might use one for con-
ventional processing and a second to act as
a controller for a memory management
system. Similarly, a computer designed for
vector processing might contain 50 to 100
interlinked c.p.us. Such an arrangement
would enable many computations to be
performed simultaneously, vastly improv-
ing the speed at which computer data
processing can be achieved.

Producing interlinked computing facili-
ties often requires connecting together
many different types of hardware unit.
The methods used will obviously depend
on the geographical proximity of the ele-
ments to be connected, the way in which
their activity is to be coordinated, and the
architecture of the systems involved. Now-
adays, proximity doesn’t really present
any significant problems because by means
of satellite communication networks it is
feasible to link together computers distri-
buted anywhere on the earth’s surface. At
the other extreme, through the use of inte-
gration technology, t'.¢ production of
single circuits containing many central
processors is a realistic possibility. Be-
tween these two ends of the spectrum a
variety of other types of interconnection is
possible.

The detailed nature of the connection
made between individual processing ele-
ments within multiple processor configu-
rations depends criticically on separation.
This enables four basic categories of
system to be distinguished.

Geographically distributed — as in a
conventional distributed computer net-
work with elements separated by signifi-
cant distances — perhaps thousands of
miles.

Locally distributed — linked by means
of short-haul communication systems
called local area networks, residing in
the same building or site.

Proximally distributed - located
within the same laboratory or room, or
within a single machine. Office automa-
tion systems, robots and multi-dimen-
sional process control applications are
common examples.

Closely connected — on the same

Dr Barker is in the department of computer
science at Teesside Polytechnic.
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any of its speech counterparts.

by Philip Barker

printed circuit board or within the same
integrated circuit.

As well as micros, minis and mainframes,
computer systems technology embraces
super-computers' based on the highly
parallel interconnection of many process-
ing elements to produce multiple c.p.u.
configurations and array processors. The
latest trend in this domain is the use of
“ultra-computers?®”’ consisting of thou-
sands of interlinked elements. The motiva-
tion for connecting computing elements
together, of course, lies in the exception-
ally high speeds of computation through
parallelism, greater reliability through re-
dundancy, and more flexibility as a result
of dynamic sub-task allocation. Computers
linked together in this multiprocessing
way are usually located within close prox-
imity, often within the same room.

A distributed processing system is an
interconnection of many geographically
dispersed digital sub-systems, see diagram
on page 75, each has certain processing
capabilities and communicates with other
sub-systems through the exchange of mes-
sages of various sorts — a more rigorous
list of criteria has been given elsewhere’.
Within such a system each host node may
have its own local operating system and
applications software, which may be
unique to that node. The various hosts will
communicate with each other using com-
mon message-transmission protocols.

The term computer
networking describes
digital systems
interconnection over
substantial distances.
The geographical
distribution of computers
or nodes in the network
— its topology — will
usually not influence its
operation or the
functions it is designed to
perform. Thus, computer
A might be located in
London, Bin Paris, C in
New York and D in Oslo.
Sometimes there will be
more than one direct link
between given nodes as

Two commonly used techniques for
transmission of information around a net-
work — message switching and packet
switching — are described in more detail
later.

An important feature of the network is
that the route information takes from an
originating node to destination node is not
guaranteed; it will be influenced by the
state of the network at any time. To the
user the system will present a common
command language through the network
operating system. This will usually pro-
vide a set of high-level commands that
enable the user to control the services and
facilities that the network offers — for
example Create, Send, Fetch, Find to
control the manipulation of files of stored
data, Database XYZ to establish connec-
tion with a particular remote data base
system, and so on.

There are many factors that must be
evaluated in order to choose the most suit-
able topology — the arrangement of links
and nodes within a network. One factor
likely to influence this choice is the type of
participation required by each of the
nodes. Thus it is possible for a node to act
exclusively as a consumer of resources,
exclusively as a provider of resources, or as
both a consumer and a provider of re-
sources, or as both a consumer and a pro-
vider of network resources. Depending on
the likely resource utilisation and the way
in which nodes need to communicate with
each other, about half-a-dozen different
types of network topology are commonly
used, diagrams at the top of page 75.

Computer
A

Computer
C

.

Computer

Computer
D

in the case of A and D to provide greater overall system reliability. In

distributed computing the computational tasks to be performed are serviced by the
resources of the network as a whole rather than those associated with any particular node.
Laboratory data collected by an acquisition system attached to computer D could be
transmitted to computer A for processing, and the results sent to computers B and C for
storage. Retrieval requests for inspection of particular items of data could arise from users
of any of the four computers. Distributed processing of this type offers high availability,
greater reliability, improved work throughput and response time, distributed processing
storage and retrieval, load levelling and resource sharing, greater security, and system

modularity.
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In the point-to-point arrangement of A the link may
be either a private wire or a shared line, as in the
public switched telephone network. The multi-
point system requires that several nodes share the
same link, one designated as the controller and the
others as tributory stations, B. The controller
manages network traffic by polling, i.e. inviting
other stations to send messages in turn, usually
over non-switched leased lines. In a centralized star
system all users communicate with a central point
with supervisory control over the system, C.
Peripheral nodes can only communicate with each
other via the central controller which provides a
central message switching service for other nodes.
In supervising real-time process monitoring
applications a hierarchy of computers controls
various processes, synchronizes them and reports
their status D . Both microcomputers and
minicomputers can occupy the lower levels of the
tree structure with perhaps a mainframe or large
minicomputer at the top. A loop or ring
arrangement is economical when several remote
stations and host processors are located near to
each other — e.g. within the same building or plant,
E. When stations are dispersed over long distances
and line costs too expensive a multi-star network is
often used in which there are several supervisory
or exchange points, each having a local cluster of
attached nodes, F. Properly designed, distributed
networks can increase reliability as a failure at one
node does not affect the rest of the configuration.
Where continuous communication is important, a
fully distributed network in which every point is
connected to several neighbouring ones may be
preferred, G. Detailed traffic analysis determines
where links are required.

Mainframe

Minicomputer

Heme computer

Dish
antenna

GS  Ground station
(P Communications processor

Minicomputer l

PSN  Public switched network

T Interactive terminal
LAN Locat area network
u Bus interface unit
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The network structures shown represent
the most common types of discrete net-
work architecture. Using these as building
blocks, two, three or more networks hav-
ing topologies similar to that shown in
diagram G may be interconnected to form
a highly distributed arrangement of nodes.
Logically, such an arrangement would
appear as two separate networks linked at
particular points, but because the indi-
vidual networks require to retain various
attributes of autonomy, and because they
differ considerably from each other in their
characteristics, special modes of intercon-
nection are required. Nodes used to in-
terlink networks of different types in this
way are called gateway nodes, whose de-
sign has been described by a number of
people*. In particular, Ball® describes one
such gateway that connects the University
of Rochester to the Arpa network in the
USA.

Computer networks are classified by any
of a wide range of possible attributes: by
topology (star, tree, loop) control disci-
pline used (centralized or distributed),
type of information carried and the mech-
anisms for transmitting it (message or
packet switching), data links employed
(cable, twisted pair, optical fibre, radio
etc), and the nature of the computers. Of
the many different kinds of network that
currently exist, those that depend on con-
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ventional telecommunication links are
probably the most popular some
examples of this category are discussed
next.

Message and packet switching
networks

Of the three basic methods of routing com-
munications traffic from a source to a des-
tination within a computer network —
circuit switching, message switching and
packet switching — circuit switching is
similar to the public switched telephone
network, where the switching centre estab-
lishes a direct connection between nodes in
the network. Once established these may
then carry on one-way or two-way commu-
nication. There is then minimal delay be-
tween the transmission of a message and its
arrival at its destination. When commu-
nication is complete, the switching centres
disconnect the circuit and restore the
system in readiness for other connections.
Circuit switching often requires long
connect times and ties up transmission
capacity for long periods because of a fun-
‘damental property of circuit switching —
once a path is determined through the
network nodes, all traffic between a source
and destination pair then follows the same
path.

An alternative mode of transmission
which does not require a fixed route be-
tween source/destination could have many
advantages. Two possibilities exist — de-
pending on the volume of data to be
transmitted: message switching and packet
switching. In message switching, each
item of data is sent into the network as a
discrete unit and then routed to its destina-
tion. A message makes its way through the
network to the destination whose address
is specified in the header. Each station in
the network uses an appropriate routing
algorithm to decide which node the mes-
sage has to go to next to reach its destina-
tion. As some stations may be busy, a
message may often have to be stored at
intermediate nodes before it is passed on.
For this reason, an arrangement such as
this is often called a store and forward
system.

Packet switching is similar to message
switching and is used when large volumes
of information are to be transmitted. At
the source station a large message is subdi-
vided into a series of fixed-length segments
called packets of size 1,000 to 8,000 bits.
Each packet has a unique number asso-
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ciated with it which enables the recon-
struction of the complex message at the
destination, and whose format is not un-
like that of a message, as shown in the
format diagram.

Each packet is treated individually and
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forwarded along the route with shortest
transmission delay. Packets are checked
for errors at each node along the way by an
error-checking field contained in the
packet. When errors are detected packet
re-transmission is requested. Because long
messages are broken up and sent over dif-
ferent routes, it is possible for them to
arrive at their destination more quickly.
Furthermore, because intermediate nodes
in a packet-switched network only have
access to segments of the whole, they are
unable to assemble the complete message.
Thus if data encryption is not being used,
transmission by this technique ensures
greater privacy of data.

Videotex networks

Originally introduced to provide low-cost
public data and information retrieval net-
works based on either broadcast television
signals or switched telephone links,
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videotex systems are intended primarily
for use as public information utilities, and
are thus designed around a single tree-
structured data base®. Modified television
sets implement a variety of menu selection
techniques to facilitate information retrie-
val operations.

The information providers’ terminal is
responsible for entering data into the data
base and ensuring its correctness. The ar-
rangement of components is essentially a
star network with the computer at the
centre and the terminals and videotex data
base attached as peripheral nodes. This
type of equipment is used for the provision
of in-house information systems — for a
laboratory, operations room or sales office.
In addition to their prime use as retrieval
tools, the two-way communication capabil-
ity of many of these systems enables the
implementation of a wide variety of
electronic mail and electronic publishing
facilities. On a larger scale such systems
provide global or national information util-
ities.

Local area networks

Normally, the distances involved in local
area networks fall in the range of 0.1 to 10
kilometres.” Unlike the two kinds of net-
works described previously, local area
systems do not use any of the global com-
mon-carrier communications resources —
except by way of special gateway nodes.
Furthermore, most lan transmission tech-
niques attach little, if any, priority to data
privacy. Instead, messages and data are
publically broadcast over the data link at
high speed. The intended recipient’s
address accompanies this data. In prin-
ciple, only the addressed receiver should
then listen-in to the transmission, but
there is no easy way of enforcing this
selectivity. If a high level of privacy/secu-
‘rity between partners is required, then
appropiate cryptographic techniques must
be employed to achieve this. As in the case
of conventional networks, gateway nodes
can be constructed to permit the intercon-
nection of several local nets. These may be
either of the same type or of a different
kind. Gateways also provide the means
whereby local area systems can be attached
to global common-carrier data links.

Local area networks employ one or
other of three basic types of topology:

— shared bus architecture

— ring structure, or

— star configuration.

The first two are undoubtedly the most
common. A number of schemes employ
the bus or multidrop topology of case B —
Z-net, Wangnet, Perinet, Cluster/One and
Econet are typical examples but probably
the most well-known network of this type
is Ethernet® produced by Xerox, Intel and
DEC.

Ethernet implementations use a single
shielded coaxial cable to transmit data at
rates up to 10Mbit/s using baseband sig-
nalling. Because all devices communicate
through this single cable, the problem of
access priority arises. Simultaneous trans-
mission by two or more devices is
prevented by means of an access control
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protocol called carrier-sense multiple
access with collision detection. Before
transmitting, each device inspects the sta-
tus of the data link; if it is clear then
transmission takes place, otherwise the de-
vice tries again later. Should two devices
attempt to transmit simultaneously, their
messages will obviously collide. If a colli-
sion takes place then a flag is set at each of
the network nodes to indicate this state of
affairs. After delaying for a randomly de-
termined duration, each of the transmit-
ting devices involved in the collision then
attempts to re-transmit its message. The
structure of the information packets
transmitted along the cable carried in the
packet is variable and can be much larger
— usually from 46-1500 bytes®.

The other popular approach to local area
networking is the ring structure, for
example Transring, Polynet, Xinet, and
Toltec, all with a topology similar to that
illustrated in case F. One of the most well-
known pioneering implementations of this
type of network was developed at Cam-
bridge University'®. Each node in the
Cambridge ring contains three basic items:
a repeater, a station unit and an access box.

Data flows unidirectionally between the
network nodes as a train of packets, each
of total size 38 bits, as depicted in the ring
diagram. Each one contains a framing bit
(which is always set to one), two address
fields, 16 data bits and various indicator
fields. Bit 2, for example, is used to reflect
whether a packet is full or empty.

The simplest implementations of this
network system are based on standard
twisted-pair cables (two pairs) to connect
adjacent network nodes. Cables of this
type permit data rates up to 10 Mbit's to be
achieved fairly easily; signal repeaters loca-
ted at each node are separated by intervals
of approximately 100 metres. These are an
integral part of the station units through
which devices access the ring. The func-
tion of a repeater is to extract phase-en-
coded signals from the ring and demodu-
late them into clock and data signals that
are then passed to the station logic. The
‘repeater also accepts signals from the sta-
tion hardware, combines them with in-
coming data and then modulates the result
onto its output lines. The station unit is
responsible for handling data packet fram-
ing logic, receive/transmit logic, parity

CAMBRIDGE RING

Node structure

Ring cabling

| Monitor station

|~——1OO metres————————‘

Packet structure

Repeater Repeater -
3
Y
Station unit Station unit
A 3
v
Access box Access box
A 3
A L
Attached device Attached device

1 [A 12 20 36
! Destination Source Data Data
Aid s
\ \Monitor bit
Full /empty bit Response
Start bits
Parity bit
Bit 2 Response bits

0 Packet empty 11 Destination absent
1 Packet full 0 Packet accepied

10 Destination deaf
00 Destination busy

77



checking and delay logic. In addition, it
also provides facilities for configuring the
ring, for example station address assign-
ment. One station, the monitor station,
has special significance; it continuously
checks the status of the network and res-
ponds in an appropriate way to error con-
ditions and systems failures. Its other
functions include specifying the number of
data packets circulating in the ring and
.keeping statistics on network performance
and loading. The repeater/station units are
the same for each node in the system.
Different devices are accommodated by
means of the access box, of which the host
side is tailor made for each type of device.
Three types of interface are supported:
polled, interrupt driven and d.m.a. (direct
memory access).

The access control mechanism used by
the Cambridge ring is based on the empty
slot principle. When a transmitter wishes
to send data to a destination it has to wait
for an empty data packet or slot. The
transmitter station must thus scan bit 2 of
incoming packets to locate an empty one.
When it finds an empty packet, the data to
be transmitted is transferred into bit posi-
tions 20 to 35. Source and destination
addresses are then added, the response bits
each set to one and the packet then marked
as full (bit 2 is set). The packet then flows
around the ring to its destination mode
where it may be flagged (bits 36 and 37) as
accepted, ignored, busy or rejected, as in
the diagram. It then travels on around the
ring back to the source station from which
it was originally sent. The transmitter can
then mark the packet as empty. If the
destination was busy, the sending station
can attempt to retransmit its data after a
suitable time delay.

Both the Cambridge ring and the
Ethernet system represent two similar but
different approaches to local area network-
ing, their essential differences lying in the
topology and access control methods em-
ployed; ultimately, these determine the
applications for which they can be used.
They are similar in that they are both digi-
tal baseband systems, but this is also one of
their major limitations. As demand for
office automation, security and image
processing systems increases there is grow-
ing interest in local area networks capable
of carrying video signals. These cannot be
handled by baseband systems and so re-
quire the use of broadband technology.

The difference between baseband and
broadband technologies is the way in
which data is carried between the network
nodes. Broadband systems encode data on
one of several existing carrier signals
dispersed across the bandwidth of the
coaxial cable, about 400MHz. In contrast,
data carried in baseband networks uses its
own carrier and the cabling used usually
has a lower bandwidth, about S50MHz.
Thus a broadband lan can carry many data
signals, perhaps hundreds simultaneously,
while baseband networks support only
one. Furthermore, broadband operation
can support both analogue and digital in-
formation transfer in parallel bands. Thus,
video, voice and conventional digital data
can be transmitted over the same circuit
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should an application require this.

An example of a broadband local area
network is Wangnet, using 350MHz coax-
ial cable. Two cables are used: one for
transmitting and a second for receiving.
Like Ethernet, Wangnet employs a bus
topology and carrier sensing with random
re-try to resolve signal collisions. Several
parallel channels (or bands) are available.
In the Wang band — for linking together
Wang equipment — speeds of up to
12Mbit/s can be used. Within the intercon-
nect band, primarily intended for connect-
ing other manufacturers’ devices to Wang
processors, transmission speeds ranging
from 300bit/s up to 64kbit/s are available.
In addition to these there is a third band
which is allocated 42MHz of the available
bandwidth for video channels.

Despite the growing interest in broad-
band local area networks, it is unlike Wt
in the short term they will become s
popular as baseband systems — even
though they offer significantly greater po-
tential. However, many producers of lan
systems are able to cater for both require-
ments; Ungermann-Bass, for example,
offer Net/One in compatible baseband and
broadband forms.

Physical data links

When a distributed computer network is
constructed the locations of the nodes have
to be specified and connected together be-
fore data transmission takes place. These
physical data links may be constructed
from a variety of communication media.
Three obvious approaches to data link con-
struction are based on metallic conductors,
optical fibres or wireless transmission.
Simple twisted pair cables as used for digi-
tal PABX telephones, can sustain a band-
width of about IMHz. Coaxial cables used
in baseband local area networks (for
example 50 ohm RGS8C/U cable) can
achieve bandwidths up to about SOMHz,
while those used for broadband systems
(such as 75 ohm RG59/U cable) are capable
of extending this limit to about 400MHz.
Although metallic cables have been the
most widely used medium for the con-
struction of physical data links, the optical
fibre is now becoming popular.

Although there are many advantages to
optical fibre cables, for computer data net-
works, there are some disadvantages. One
of these is their limited scope within net-
works having the case B multidrop topo-
logy. Such networks require the availabil-
ity of inexpensive T-taps and optical
mixers to facilitate low energy-loss fibre
interconnection. Unfortunately, currently
available devices rarely permit the connec-
tivity of a multidrop network to exceed a
value of about ten devices. Because of this,
fibres have most often been used for high

-speed point-to-point applications. Optical

fibres are also being employed in local area
networks, but their greatest use is in star
and ring systems.

Of the wireless types of links that have
been used for computer data transmission,
microwave examples are probably the most
well known, though extensive use has been
made of infrared techniques.!? One of the

most rapidly developing types of data link
for computer communications is on the use
of satellites.!? An interesting experiment 4
currently underway in the UK, project
Universe, is designed to combine ground-
based Cambridge rings located at six dif-
ferent sites with satellite links. Its aim is to
produce a high bandwidth data channel for
computer interconnection. Each of the
sites is to be equipped with a ground sta-
tion containing a 3m dish aerial, a 14GHz
radio transmitter and 11GHz receiver to
provide a two-way link to a satellite
operated by the European Space Agency
positioned in the geostationary orbit,
36,000km over Gabon. The local area net-
works at each site connect together the
computing devices and link them to their
associated ground station. This arrange-
ment enables every computer at a particu-
lar site to communicate with any other
computer at that site via the lan; compu-
ters at different sites can also communicate
with each other via the satellite links.
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723-based regulator
goes down to 0V

Low-voltage power supplies for experi-
mentation and design are often required to
give outputs lower than 2V. For such ap-
plications the 723 regulator in its standard
configuration is disqualified despite its
versatility and accuracy. The configuration
shown provides outputs down to around
0V and offers improved linearity.

The second amplifier, normally connec-
ted as a voltage follower, is used as an
inverter. Output and reference voltages
fed to the inverting input through Ry, Rs
are compared with the reference voltage at
the junction of R; and R3. Consequently,
the output voltage increases as the voltage
at B decreases and reaches its greatest
value when the voltage at B is zero.

Alternatively, the output voltage is zero
when the voltage at B reaches a predeter-
mined value. Taking the ratio of the actual
and total values of R as K and the maxi-
mum output voltage as V.4, networks Ry,
R; and R4, Rs may be calculated. Where

+26 to b0V

.
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Vier = 7.15V and K = 0.95 as the first 5%
of the potentiometer track is usually inac-
curate and therefore discounted, C =
Vmax/Vrer and

R3; = Ry/(14+1/C+1/K)

and Rs = R4 C/K.
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Component values shown provide 1.8A
up to 25V. Maximum output current may
be altered by changing the value of R;
where 1., = 0.6/R;. Capacitor C, im-
proves the frequency response.

P. Pazov
London

Wow and flutter
reduction in video
players

Wow and flutter performance of v.t.r. au-
dio channel is usually poor because of the
mechanical nature of the replay system.
Synchronization of the video head to the
video track on tape is achieved with the aid
of a 25Hz control signal recorded on a
separate track. The basis of this idea is to
synchronize this signal to a stable reference
and apply correction to the audio signal
from the tape.

Block diagram shows the audio and
control-replay heads advanced along the
tape path by the same amount of time as
the delay lines 1 and 2 to retain lip synch-
ronization. The control signal from tape is
passed through delay-line 2 to one input of

a phase detector. The other input is fed
from a stable 25Hz reference. Output of
the phase detector is fed to a v.c.o. to drive
the delay lines. A phased-locked loop is
thus formed from the output of delay line
2, the reference, and the delay-line drive.
As the audio signal is passed through a
similar delay line this will also be synchro-
nized to the reference.

Soft synchronization, shown as a broken
line, may be needed for long-term correc-
tion of the reference speed to that of the
speed tape. No circuitry exists, but delay
line 1 would be an analogue charge transfer
type and, as the control signal is a square
wave, delay line 2 would be a shift register.
The v.c.0. and phase detector would be a
p.l.l.i.c.

W. K. Todd
Colchester
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Accurate 555 control

Theoretically, this circuit works over a
10%:1 frequency range using normal CR
values and gives linear frequency control
over a range of 2:1. Temperature changes
within the device operating range have
little effect on the output.

The secret lies in setting the fixed-resis-
tor ratios, for which Rc=nRja, Rg<Ry
and Ry<<R¢. Resistor Rp is low enough to
drive two t.t.l. loads, while

L0

[ —
n
CRA(n+1>

with frequency in Hz, resistance in M)
and capacitance in uF.

J. A. Fryer

Bristol
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Hall-effect keyboard
with serial output

Mechanical keyboard switches do not
stand up to prolonged use without giving
some problems. As contacts become dirty
and oxidized, switch bounce increases but
this can be avoided by using sealed gold-
plated switches or reed switches or, for
little more expense, Hall-effect keys with
integral i.cs. Each key has four connec-
tions, ground, power and two open-col-
lector outputs. When keys are operated the
outputs pull low either intermittently or
for the duration of the key depression de-
pending on whether pulse or level Hall-
effect i.cs are used.

The circuit scans 14 lines all of which
are normally held high by pull-up resis-
tors. When a key is pressed two of these
lines are pulled low. The four-bit binary
address of each is latched in the two
741575 i.cs. The upper line of the pair, as
shown in the diagram, is latched in latch
A, the lower one in latch B. The rom code
depends on the coding of the keyboard
switches and for this reason is not given.

Three extra address lines on the rom can
be connected to level rather than pulse
keys and used as modifier inputs with a
suitable rom program, eg; shift, control or
function.

A serial interface is included. Extra ex-
pense is justified by the reduced number of

+SV§

é

connecting wires and increased flexibility.
The RC oscillator is set to 16 times the
required data rate; the minimum rate is
governed by the hall-effect i.c. pulse-width
as the encoder circuit is driven by the same
clock. The maximum bit period of the
serial interface must be less than the pulse
width to ensure correct key detection. As
the pulse width is usually Ims or more,
any rate over 1200 baud can probably be
used.

Time delay introduced by R; and C,
must be longer than the Hall-effect i.c.
pulse width to ensure that each key depres-
sion gives only one encoded output.
P.N.C. Hill
Chichester
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Automotive thermostat
control

This otherwise familiar circuit uses a coil
of copper wire as a temperature-sensing
element to electronically control an electri-
cal cooling fan and thus improve engine
efficiency.

In my case, water constantly circulates
through the hot-water supply to the car
heater so this was the best place to fit the
sensor, which is made from 92 metres of 32
s.w.g. enameled copper wire securely
wound round the 25mm copper water pipe
in three layers. On the prototype, the coil
was 66mm long and gave a resistance of
about 68 ohms at 25°C. Power for the
circuit may be taken from the generator/
battery supply as the sensing circuit is a
bridge.

Under cold conditions the bridge is un-
balanced and the voltage drop across R, is
less than that across R; so the i.c. input is
positive and the output thus off.

As water temperature increases, the re-
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sistance of R, increases at the rate of
0.4%/°C. When the voltage across R; is
greater than that across R;, the i.c. output
changes state, energizes the relay, and
turns the fan on. Resistor Rs sets the tem-
perature at which the fan turns on and R¢
reduces hystresis.

Negative feedback through C; and de-
coupling capacitors C; and C; help to re-
duce the effects of interference. Resistor
R; and the zener diode provide transient

protection.
D. A. Fownes

Wolverhampton

Smoke detector

Resistance changes due to smoke in io-
nized air are detected by a mosfet in this
sensitive circuit. Two radium-226 tablets
are used to ionize air gaps; one gap is a
detector and the other a reference. Ionized
air has a lower resistance than non-ionized
air so an n-channel mosfet may be used to
detect resistance changes.

When smoke enters the detector gap,
the air resistance increase raises the mosfet
gate, and hence source, voltage until the
comparator turns on and is held on by the
clamping diode D. In this case a relay is
used to drive an alarm and a potentiometer
is used to set the switching level.

M. R. Mirabedini

Memory-write
protection for the Z80

Many of the new generation of 16-bit
microprocessors incorporate some form of
memory protection for systems software.
This crucial software is often placed in ram
to make the system more versatile. In the
event of a program failing to operate cor-
rectly due to a software bug the processor
will be interrupted if it tries to overwrite
the system memory area. With older
processors such as the Z80, no such pro-
tection exists. A total system crash will
probably occur, unless of course this use-
ful circuit has been incorporated.

If the Z80 tries to write into a protected
block of memory, a non-maskable in-
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to jump to the interrupt service routine at
0066 (hex). The routine can then return
control to the system monitor to allow one
to investigate the cause of the error. 0066
should be in the protected area of ram, or
in eprom, otherwise the service routine
could be corrupted.

A. C. Dickens
Cambridge
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DISC-DRIVE CONTROLLERS

Data buffering and enhancements are main topics of the second of two articles in which
John Watkinson describes disc-drive controllers and how their two main elements —
data-handling and drive coordination sections — are controlled by sequencing logic.

Error-checking circuits insert check words
at the end of data words written onto the
disc. Following this a ‘postamble’ of zeros
is written to protect the data block on the
disc from transients caused by the write
current turning off.

The data-circuit clock is derived from
incoming data during reading but when
writing the data clock may be crystal
controlled, in which case the disc’s rotatio-
nal speed will be critical. This problem is
.reduced in a servo-surface disc drive where
the data clock may be phase-locked to the
servo track.

Data buffering. Words read from a disc
appear at regular intervals and must be
transferred to the memory as they are read
since the disc cannot stop. Similarly, dur-
ing writing, the drive needs to be supplied
with data words exactly when it demands,
or the disc format will be incorrect. Should
either of these processes fail, a ‘data-late’
error will occur.

In a realistic computer system, the de-
mands on memory come from many
sources. The c.p.u. requires instructions,
and there may be many different d.m.a.
devices, such as tape drives and commu-
nications units, between which the system
must arbitrate. In these circumstances it is
impossible to guarantee immediate access
to the memory by the disc subsystem so
error-free operation is ensured by using a
data-buffering silo made up of first-in-
first-out arrays. Figure 10(a) shows the silo
configuration during a disc read and Fig.
10(b) that during a disc write. Multiplex-
ers are used to reconfigure the silo.

The system takes advantage of the time
required by the drive to read preambles
and headers. Figure 11(a) shows the silo
contents during a read, which starts with
the silo empty and Fig. 11(b) shows the
silo contents during a write, which must
start with the silo full. The sequencer
fetches data from the memory before
allowing the drive to start writing.

As the silo contains a variable amount of
data, it is necessary to have two word-
count registers, one which counts d.m.a.
transfers with the memory and one which
counts words transferred to or from the
drive. This is of no consequence to the
programmer, as both registers are loaded
simultaneously by hardware and only the
memory word count can be read by the
system. When the memory word count
overflows no further memory access is
necessary, and when the drive word count
overflows the drive function is about to
terminate. Referring to Fig. 11, these two
events take place at different relative
times, dependent on the function.

With modern high-density disc drives,
the data rate can be so high that even with
a silo the host c.p.u. cannot cope. In this

by J. R. Watkinson, M.Sc.

case, sectors on the disc can be interleaved
so that every other block is used in a con-
tiguously addressed transfer, and two
revolutions are necessary to transfer one
track. Figure 12 shows an interleaved
track and the associated silo action. Disc
interleaving should not be confused with
memory interleaving, which is designed to
make memory faster; if a disc drive is to be
run with non-interleaved sectors, the
memory may have to be interleaved.

A typical four-bit f.i.f.0o. is shown in
Fig. 13. In every cell, together with data,
is a validity bit which when set indicates
that the cell contains data. Each cell also
has logic which monitors the state of its
own valid bit and the one of the cell above.
Data is presented to the input and clocked,
to load the first cell and set the first valid
bit. Logic associated with the second cell
senses that its own valid bit is clear, but
that the one in the cell above is set. Under
these conditions only, the second cell
latches the data from the first, sets its own
valid bit and clears that of the first cell.
The third cell now senses the same condi-
tions and so on until the data has arrived at
the last cell. The valid bit of the last cell
acts as a data-ready signal and the valid bit
of the first cell acts as an input-ready signal
(data valid = input not ready).

Light
{ memory usage

( Start )

Sync byte
det?

CRCC good 78S

CRCC good?

Header
compare
error

Header fonnd Hecder CRC

error

Fig. 9. Position confirmation is carried out
according to above flow-chart. The
decoder of Fig. 8 detarmines when the
output of the serializer, Fig. 7, contains the
appropriate words from the header which
are then compared with the contents of the
disc address registers in the subsystem.
Only if correct header is found and read
will data transfer take place.
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Fig. 10. To guarantee that the drive can
transfer data in real time at regular
intervals (determined by disc speed and
density) the silo provides buffering to the
asynchronous operation of the direct
memory access process. At (a) the silo is
configured for reading from a disc and at
(b) for writing on a disc.

If a second word is clocked into the
input, it will ripple down as far as the
penultimate cell, because the last cell al-
ready has valid data. As soon as the first
word is clocked out, the second will move
down to the output. The time taken for
data to ripple through the silo is apprecia-
ble, and depends on the number of cells
which is typically 64 or 128. This time is
not important if the rate at which data can
be loaded or read is higher than the data
rate of the drive.

Silo chips are connected in parallel to
make a data buffer of the appropriate
word length. As no two silo chips will
ripple down at the same speed, it is neces-
sary to AND together all of the input and
output-ready signals. Figure 14 shows an
18-bit silo with two parity bits constructed
from four-bit f.i.f.0. devices.

Figure 15 is a block diagram of a typical
disc controller which can be split into two
areas — one consisting of d.m.a. logic and
the other drive-control circuits designed
around the structure and format of the disc
drive. Where a manufacturer offers a range
of disc drives and c.p.us., the cost of de-
veloping for each drive-type a controller
for each type of c.p.u. would be prohi-
bitive. The solution is to separate the
controller circuits into drive-dependent
and host-dependent circuitry with a stan-
dard interface between them. The dividing
line is shown dotted in Fig. 15.
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Each family of c.p.u. has a d.m.a. and Input
silo unit close to the memory bus, and each
type of drive has a local set of control logic.
As shown in Fig. 16, there is a standard
mass storage bus linking the components. v
Some of the subsystem control registers
will now be in the drives, and a section of t l
the mass storage bus is required to select Riopi
and communicate with them, in addition l;gip(e
to that required for data transfer. With t l
such a system it becomes relatively easy to
add an arbitration unit between two or v
more standard buses and a drive, resulting
in a dual- or multi-port drive. Arbitration t ;
is such that while a drive is performing a Rioo
function for one port, the other is locked lo'gﬂe
out. When the port using the drive has
finished, a port-release function is issued, 1 ‘
which allows the drive to enter a neutral
state where it will then lock to the port
issuing the next function. An overriding
hardware switch will release the port auto- t l
matically a few seconds after the last func-
tion in order to prevent the drive locking
indefinitely to a failed system. Most multi-
port drives have an operator control which 1 ‘
allows the arbitration to be overridden so
that the drive permanently locks to the
selected port. This would be used for
example where two non-related computers
share a dual-port drive solely as backup for
their own drives in case of a failure.
Enhancements. A basic disc controller
can be enhanced in a number of ways
where performance is more important than
the extra complication and cost.
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l memory use l
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1V

Clock Output D3 D2 Dt DO
out ready

Fig. 13. The action of a four-bit first-in-first-
out device with relevant input/output
signals. Each cell carries four data bits and
one data-valid bit.
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Scatter-gather data transfer. Swapping
techniques are used in a time-sharing
system whereby programs in use are
temporarily put on disc to make room in |
immediate memory for programs being \ Register-select bus |
executed. In a real system, the incoming
program will not necessarily be the same
size as the outgoing one, and the memory
management unit may have to map the
program to non-contiguous memory
pages.

A conventional disc controller with its
automatically-incrementing memory-
address register can only address contigu-
ous memory with one function, so a
separate transaction is required for every
area of physical memory, Fig. 17(a). The
solution is to provide the disc controller
with a memory-management unit, so that
the automatically incrementing register
generates a virtual address which is con- o Drive Drive
tiguous and relocated to non-contiguous '
physical addresses if necessary.

[ O select bus -\

_ Register-data bus

C.p.u
specific
logic

[
i
|
7
: Standard bus
)
{
|
|
|

Computer

Disc-specific Disc-specific
logic logic

If memory pages of the main c.p.u. Fig. 16. This configuration, whereby processor-specific logic is implemented once only for
memory-management system are the same several drives, is achieved by separating diagram of Fig. 15 along the dotted line. This
size as blocks on the disc, the same set of makes for a mora cost effective system. Only one drive can transfer data at a time but this is
relocation constants can be loaded into the adequate for many microcomputer configurations. Where the main processor can tolerate
disc controller, to swap in or out a high data rates two buses may be used in conjunction with dual-port drives.
program, and into the c.p.u. to execute it.
The process whereby the disc controller I
takes non-contiguous memory data and :
makes it contiguous on disc is known as Memary

scatter-gathering. Fragmentation of physi-
cal memory by time sharing different sized )
programs ceases to be a problem, as both /1 Usera
disc and c.p.u. have contiguous virtual / | Poge?
memory for each program, regardless of
the physical code distribution, Fig. 17(b).

User A
‘Intelligent’ controllers. The disc control- Page 1
ler described so far has required the physi-
cal disc address of stored data to be
specified, whereas programmers request cpu
data in the form of named files. The
conversion process relies on an area of the
disc known as the directory, which is a Contiguous Non - contiguous Contiguous
cross reference table between file names virtual physical disc transfers
and physical addresses, as well as a protec- oddresses addresses (two needed)
tion system that only lets authorised users
access .files. A part of the disc-operating
system known as the device drifer uses the
directory to provide requested files. In the \,_,_/s/
case of frequently used information, the
memory may contain a copy of the direc- Memory
tory to reduce access time. The device
driver has to know the physical structure
of each drive type, i.e. the number of cyl-
inders, tracks and sectors, and must satisfy
the protocol required by the drive when
issuing functions.

In large systems it may be more effective
-to relieve the main c.p.u. of extra proces-
sing needed for file handling. The disc
controller now becomes a computer in its
own right, dedicated to the transfer of disc
files, and the main c.p.u. asks for files by
me or_lly._ The I!CXI ax?d final topic in the Contiguous Non -contiguous Non -contiguous Single
disc series is data integrity. e ] physical contiguous

addresses addresses addresses disc transfer

Disc

Relocation
subsystem

unit

(a)

UserA
Page 2

User A b
Page 1

Disc
relocation
unit

Disc
subsystem

Relocation

cpu unit

d Fig. 15. Block diagram reviewing disc-
control logic. Logic can be split into two L Same relocation parameters
sections, one d.m.a. logic and data silo
designed to suit the memory bus of the !
main processor, and the other drive- Fig. 17. In (a), where a particular program becomas non-contiguous in memory a separate
control circuits designed around the disc transfer is required for each contiguous section. In (b), the addition of a relocation unit
structure and format of the drive to the disc subsystem allows a single disc transfer to be mapped to non-contiguous
concerned. memory.
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INTRODUCTION TO VDUs

In the second part of his primer, the author discusses methods of gaining access to the video
ram while maintaining a flicker-free display, and describes some of the integrated-circuit

In the simple video system described last
month, there is bound to be conflict over
what has access to the video ram. If the
user’s system can gain access at any time
then, during that time, the video circuitry
is unable to do so. The result of this is a
noticeable flash on the character generator.
The problem becomes severe when the
user writes several lines of text or a whole
screen in one go. In all but the lowest-cost
systems, this form of free access is unac-
ceptable and there are several ways round
it.

Access during blanking. The easiest
method to use is to give the video
circuitry access to the video ram all the
time it needs it, and restrict user access to
the horizontal and vertical blanking
periods. With this technique, the user has
access for less than 25 per cent of the time.
The actual implementation can be done by
the video hardware or the user’s software:
with the latter, the display-enable line can
be taken to a pin of an input port on the
user’s system. When the system wishes to
access the video ram, it has to poll this
input line until it is in a blanking state,
when the ram can be addressed.

This has the advantage that, when a big
output to the screen is required and the
flash can be tolerated, it can be done with-
out hardware alteration. To implement in
hardware is more difficult: one method is
to force the user’s system-ready line inac-
tive on attempted video-ram access, until
blanking starts. Careful design is needed to
avoid synchronization problems.

Shared access. It is possible to arrange the
hardware so that the user can access the
video ram at all times (Fig. 4) by sharing
the time taken for each character clock
between the video and the user. If the
character clock has a period of 600ns,
300ns can be allowed for each of the two
users. The negative edge of the character
clock is used by the control circuitry to
increment the video ram address, which is
ready before the next positive edge of the
clock. At that point, the multiplexer
switches so that this memory address is fed

to the address pins of the video ram. This

switching takes a maximum of 27 nanose-
conds for a 741L.S157 device. If the video
ram has a maximum access time of 150ns,
then the data will be ready at the output of
the video ram 124ns before the next nega-
tive clock edge. When the latter occurs,
this data is clocked into the video latch,
where it remains until the next negative
edge — i.e. for a full 600ns. During the
first half of this period, the user has access
to the video ram, having 283ns to write
data in, or clock data out into a user latch.

video-display controllers available.

by Colin Carson

Shared access needs faster rams and, be-
cause the characters out of the character
generator are delayed by 12 character
clocks, the cursor and display-enable sig-
nals have to be equally delayed. Shared
access must be used for video systems
where flash on screen and delays in pro-
cessing cannot be tolerated.

Control circuitry

Until recently, the control circuitry
was normally built up from t.t.l. coun-
ters and gates, the screen format being
fixed. With the advent of l.s.i., the c.r.t.
controller came onto the market to replace
the majority of the control logic. The first
chips, such as the Thomson 96364, still
had a fixed format, but the newer chips are
fully programmable. Three different
controllers will be considered here.

Thomson 96364. This chip has a fixed
format of 16 lines of 64 characters, and
runs at standard UK scan rates. Ten
memory address lines are available to drive
the 1024 bytes of video ram required to
make up the chosen screen format, and
three row address lines to drive a 5 X 7
matrix character generator, with one free
scan line between each row of characters.
Horizonta! and vertical syncs are mixed
internally and would have to be split for
direct-drive monitors. Although there is an
on-board oscillator driven by a crystal,
character clock has to be provided and

Fig. 4. shared
access to video by
time multiplexing.

turned off whenever the INI pin requests.
Normally the 96364 will scroll text at the
bottom of the page, although by doubling
the video ram, a two-display page system
can be employed. The cursor flashes at
2Hz and can be moved in all four direc-
tions by issuing a code onto the cursor
control lines. By strobing data into these
pins, the 96364 can erase a page or line, as
well as moving the cursor. Available for
under ten pounds, the Thomson chip is
now a little dated.

Intel 8275. this is a buffered video control-
ler, its video ram being part of the user’s
system memory. There are two buffers
inside the controller, each eighty bytes
long. When the c.r.t. controller starts to
generate a picture, it sends an interrupt to
the user’s processor which instructs the
latter to fill up one of the buffers with the
bytes from video ram which correspond to
the first row of text. If there are 64 charac-
ters per row, then 64 bytes have to be
written into the buffer. The c.r.t. control-
ler proceeds to reissue each byte at charac-
ter clock rate, for each of the scan lines
making up the row of characters. Before
the last scan line is reached a further in-
terrupt ensures that the second buffer is
filled with the bytes for the next row.
Hence, each character row on the screen
uses alternate buffers. Apart from buffer
refills, the video ram and hence the user’s
bus is free — it is up to the user to ensure
that the buffers are filled in as short a time
as possible. The video interrupts have a
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Character clock I l I

«—Video—>

«—User—

Valid video ram address

valid

f
Delay due to
multiplexer

Valid data out of video ram

Data clocked into video latch

Data clocked into user !atch for a user read

clock

Character l

Video coatrol
crcuitry

User’s address

Deluy/‘
due toram

Latches

Multiplexer [ ’

Video

Video ram

Address
Data

User

WIRELESS WORLD DECEMBER 1982



high priority: the 8275 is programmed to
know how many bytes it is expecting from
each refill and, if this number is not
achieved, the screen goes blank. The 8275
does have five programmable registers, but
the waveforms it generates are not as flex-
ible as those produced by a 6845.

Because it is up to the processor to fill
the buffers, the processor can decide
where to get the bytes from. Normally the
software will keep a table of pointers, with
the first pointer being the start address of
the block of video ram making up the first
line on the screen, the second pointer for
the second line and so on. Changing the
pointers is one easy way of scrolling, and
setting all the pointers to be the same
would generate a picture with every line on
the screen the same.

Character and screen attributes.An ‘attri-
bute’ is an enhancement, such as un-
derline, which can be added to characters
or the whole screen. Typical attributes
are reverse video (where all that is black
becomes white and vice versa), underline,
varying intensities or colour, flash and
combinations of these. The 8275 can
implement most of these attributes auto-
matically by recognizing special codes in
the video ram. They are often called field
attributes because all the characters fol-
lowing the attribute have that enhance-
ment until a new field attribute is encoun-
tered. Suppose part of a text displayed was
“A CAT” where cat was to flash, but all
succeeding text is normal — the bytes cor-

responding to this might be:

41H 20H F4H 43HA4IH S4H F$H

A SPACE FLASH C AT NORMAL
ATTRIBUTE ATTRIBUTE

When the c.r.t. controller recognizes an
attribute, in this case by bit seven being
set, it puts them into separate buffers. The
software must ensure that the main buffers

get their full quota or suffer screen blank-

ing.

Motorola 6845. Unlike the Thomson
chip, this c.r.t. controller can be pro-
grammed to run at scan rates other than
that of standard television. Like most
modern peripheral chips, its programm-
ability is via internal registers, rather than
pins on the chip, and is compatible with
the 6800 processor bus. The simplest ver-
sion of the 6845 has nineteen internal re-
gisters, mainly write-only, one of which is
an address register. To access register five,
say, S is written onto the address registers.
Until that is changed, all further commu-
nication is with register five. On power-
up, it is up to the user’s system to initialize
all the registers and, for this reason,
programmable c.r.t. controllers can be
clumsy to use in a system which does not
use a microprocessor. Such a situation
would need additional hardware, such as a
small prom and counter which, on reset,
loads bytes into the controller’s registers,
and would severely limit flexibility to what
is in the initialization prom. The 6845 is
extremely versatile — in the horizontal
scan, the frequency, sync. width, number
of characters and the time from end of
sync. to start of video are all programm-
able. So are the number of rows, vertical
sync. rate, time from the end of sync. to
video and the number of scan lines per
row. Two of the registers define the posi-
tion of the cursor on the screen, and there
is programmable height and flash rate.
There is also a light pen input to the chip
which, when activated, copies the contents
of the memory address lines into two read-
only registers.

Scrolling. The 6845 has twelve video-ram
address lines and so can access 4K of
memory, enough for two large pages of
text. Bearing this in mind, scrolling can be
implemented in two ways. Firstly the
user’s processor, on detecting that the
screen is full, can copy each byte on the

screen into a new video ram position —
equivalent to the text scrolling up one line.
This, however, places a heavy burden on
the processor and should really be avoided.

The second technique is to tell the c.r.t.
controller to start taking bytes from a dif-
ferent block of video ram rather than the
block right at the beginning. Imagine that
blocks of 80 characters were positioned in
video ram, with the first byte of each row
having the addresses 000H, 050H, 0AOH,
etc. Before a scroll occurred, the c.r.t.
controller would start taking bytes from
address 000H at the top of each page. After
one scroll that first address would become
050H, and so on. The 6845 can handle
this, having two registers defining the
address of the first byte. This considerably
reduces processor overheads: to imple-
ment a scroll, four bytes (two address, two
data) are issued to the c.r.t. controller.
The video ram is considered as a sphere
with the screen being a window on the
surface of the sphere, movable in the
north/south direction. Occasionally the
microprocessor will have to clear areas of
video ram, when a new clean line is needed
for a scroll. The 6845 cannot be used when
each line on the screen can be a number of
contiguous bytes in the video ram. To cope
with this, a different type of c.r.t. control-
ler is needed, such as the Intel 8275.

Several manufacturers make the 6845
and updated versions which offer more
facilities, and recently the price has
dropped below £15 for one. It should be
remembered that it is not easy to use the
6845 without a processor controlling it,
and calculating the bytes with which it is to
be loaded is not straight-forward.
However, I consider the 6845 the most
programmable and useful of all the c.r.t.
controllers I have considered.

Although there are now a handful of
c.r.t. controllers on the market, for a one-
off design of a fixed format screen, discrete
logic is still cheaper. VWV

W

Continued from page 33

require the obscurely transverse waves of
“electric force” of electromagnetic theory
to account for the observed behaviour of a
radio dipole or television H-aerial, but it
explains the transverse induced current —
that is, the transverse motion of photoelec-
trons — in a simple and natural way. The
reception of radio energy, like the detec-
tion of all light, is seen to depend on the
mechanical photoelectric mechanism; in
accord with experiment there is no indica-
tion anywhere that light in transit in vacuo
is influenced by electric or magnetic fields
or that photons are electromagnetic.
Finally, when the mechanism is applied to
the Rutherford/Bohr/Sommerfeld model
of the hydrogen atom it provides, for the
first time, a mechanically-plausible des-
cription of what happens when an atom
absorbs or radiates a light quantum.

As early products of the proposed pho-
ton-waves concept these examples may be
thought to represent substantial successes..
But one can’t make scientific omelettes
without breaking scientific eggs and we are
now going to shatter an egg that has been
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around for a very long time. That same
logic of particle mechanics and observance
of the conservation laws which once ex-
plained the Compton effect, and which has
now described the photoelectric mechan-
ism of the detection of light and radio
energy, leads equally surely to the inverse
statement: a photon cannot be radiated by an
isolated electron, but only by a “Planckian
oscillator”. This is likely to lead to a first-
rate argument, because according to the
electromagnetic theory an isolated “point
charge” (ie, an electron) must radiate
electromagnetic energy when it is acceler-
ated, while according to the tale I have
been telling you it does not and cannot.
This very long-standing prediction of
the electromagnetic theory has never been
tested in the laboratory, although the
means for testing it have been available for
half a century. The radiation due to
electrons being accelerated in an ordinary
electron gun (as in a television picture
tube) should be detectable with a sensitive
radio receiver — in fact it might be ex-
pected to interfere with radio reception —

but no such interference has ever been
reported. (To forestall a probable objec-
tion, let me say that neither the so-called
synchrotron radiation nor man-made x-
radiation seems to be due to the accelera-
tion of isolated electrons.)

An experiment on these lines could be
performed quite easily, and it might be
thought very important. It would provide
an opportunity to test the mechanical
quantum concept against electromagnetic
theory on an issue unclouded by the mysti-
cal arguments of wave/particle duality. If it
should turn out that an electron circulating
mechanically around an atomic nucleus
has no tendency to lose energy and “run
down” — as electromagnetic theory has
predicted that it must run down — then
one of the founding premises of modern
quantum theory would turn out to have been
a. false lead.

It is time we took a look at quantization,
which by itself is easy to understand, and
at some of the very odd ideas that grew out
of it when Alice re-visited Wonderland,
during the years 1925 to 1930. \VVVVE
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ROBOTICS

I've just returned from one of those IERE
lectures, this time on Robotics. Of course,
real-life robots (if you will pardon the ex-
pression) are far removed from the science
fiction, super intelligent, “Metal Mickey”
facsimile of a human being. It also became
evident that they are totally ignorant of
those laws of robotics about not hurting
human beings, etc.

The industrial robot is, in fact, usually
more nearly comparable with a single
human arm and possibly hand, operating
under microcomputer control. It is,
therefore, a fairly versatile system, capable
of handling a variety of tools, ranging, for
example, from a paint spray gun to a weld-
ing torch (with obvious distinction be-
tween light and heavy-duty types). Inci-
dentally, it seems that the Japanese define
the robot differently from the Europeans,
including any computer-controlled or n.c.
machine; perhaps that is how they claim to
have more robots.

The lecture included several films of
robots in the automotive industry. They
were shown doing paint spraying and spot
welding jobs, as well as carrying out more
skilled functions such as precision cutting
of glass-fibre panels, the fettling and shap-
ing of castings and precision drilling of
sheet metal pressings.

In each of these last three modes of
operation the robot is programmed to
perform its routine alternatively on work
pieces in two separate work stations. The
unused station is unloaded and reloaded by
hand while the robot exercises its skill on
the work piece in the other station.

During the course of the lecture and
subsequent questions it became apparent
that the major cost in setting-up the robot
is that of getting the computer software
just right. This can take a very long time,
mainly in the correction of inertia errors
when the system is run up to full speed. It
seems that, in the later stages of proving
the system, it is necessary to drive the
robot at full speed with engineers/pro-
grammers in close attendance — inside the
safety barriers.

In the event of a timing error in the
digital feedback circuit or some similar
malfunction, the robot arm may be waving
a highly dangerous tool about at some
speed and with superhuman strength. And
remember, when you’re inside a safety
barrier it becomes an obstruction that
makes escape more difficult. One may
conclude, therefore, that essential qualifi-
cations for a robot programmer include
considerable physical, as well as mental,
agility and more than a fair share of cour-
age.

As electro-mechanical devices, the ro-
bots are quite remarkable, simulating the

action of a human arm and hand to a fasci-
nating degree. But, compared with an ac-
tual human (or even a chimp) they show a
marked lack of dexterity and versatility;
moreover the human can be repro-
grammed in a few minutes by simply
persuading him or her to do something
else. Is it not, therefore, something of an
anomaly that the only human operators we
saw in the films were doing the labouring
jobs, such as loading and unloading work
stations, while the skilled jobs were being
done by the robots?

And here comes the punchline. Al-
though we have machines that can perform
almost any of the precision operations re-
quired in engineering production, de-
signing a robot capable of grabbing a cast-
ing from a random barrow load, turning it
.round the right way and shoving it into the
fettling jig is just a bit too difficult for the
present state of the art.

From our lecture it would appear that
personnel for the robotic production unit
are the brave, athletic programmers and
the labouring jig loaders. But, surely, the
programmer’s job finishes when the
labourer’s job starts. Are they the same
chaps?

THE CASHLESS
SOCIETY

‘We used to call them credit cards, but now
‘they’ve been fitted with magnetic stripes it
seems that there is no limit to what can be
done with a plastic card and a computer.

We’ve become accustomed to the facility
for drawing cash from the bank with a
card-operated dispenser and the use of the
magnetic stripe in point of sale operations;
so nobody is surprised to see those frus-
trating card-operated pay ’phones at rail-
way stations and airports — easily distin-
guished as the only ones available for use
without queuing. We can obviously expect
all sorts of card-operated vending
machines and other automatic trading
systems in the near future.

Until recent developments, however,
possible electronic forgery has been a
major problem, for the re-programming of
two inches of tape track is child’s play to
those young computer wizards knocking
about everywhere. Foreign systems have
been announced with laser-readable data
stores or embedded semiconductor
memories based on ccd, eprom, ram, ewe,
dog, cat or whatever initials take your
fancy. But the highly secure card actually
in your pocket is more likely to employ a
special magnetic stripe based on a British
system for permanently encoding an iden-
tity number in the mag. tape during its
manufacture.

And it is these cards that are going to
bring us the cashless society. I know that’s
s0 because Eddie Spinks explained it to me
as he drove through a world famous tunnel
now equipped with the very latest compu-
ter-controlled gate system.

“I’s called a stored-value card,” he
said, taking the familiar-sized plastic rec-
tangle from his waistcoat pocket and
handing it to me.

“When you buy it, they stick it in an
encoder,” he went on, “and they load it up
to the value you pay for. That one was
twenty quid.

““At the toll gate you shove it in a slot at
the front of the card reader, and the
machine grabs it and checks both the
permanent identity code and the stored
value. If they are OK it deducts the toll
charge from your card, indicates the new
stored value on the led readout, gives you
your card back and opens the gate.”

I was going to ask what happens if the
card runs out of money, when we rounded
‘a bend and I realized that we were rapidly

- approaching the toll gates. Now for a

demonstration.

My companion selected the ‘automatic’
bay with the shortest queue, and we ap-
proached the toll gate at an intermittent
crawl as each car stopped to pay the toll.
The driver in front of us overshot the card
terminal and had to reverse. He then posi-
tioned his car more than an arm’s length
from the slot, so that he had to open the
door, release his seat belt and lean far out
to reach it. He inserted his card, which was
returned to him in a second or so, and the
toll gate opened. He thankfully drove off.

I could imagine myself in the same
predicament. But not Eddie Spinks; he
had already opened his window and was
exactly on course. As we rolled slowly for-
ward I proffered his card, with the convic-
tion that he would stop in precisely the
right position. He ignored the card, and
the car did not actually come to standstill
at all. With one smooth movement he
tossed a handful of coins forward into the
huge cash hopper beside the card terminal
and the toll gate lifted just before the car
bonnet reached it.

“As long as you throw in the correct toll
«charge the computer sorts it out,”” he told
me as we accelerated away, “but it doesn’t
give change.”

I felt cheated.

“But, what about this card?” I asked,
handing it back to him more positively. He
took it and returned it to his pocket.

“Sorry,” he said. “Cash is quicker. I
bought the card because I do occasionally
get caught without change — and anyway
it might help me develop the patience that
we’ll all need if that cashless society really
happens.”
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- ELECTRICAL
CONNECTORS FOR
FIBRE-OPTIC LINKS

These connectors splice dual fibre-
optic cables with transducers
embodied within them and mate
with nine-pole sub-miniature D-
type connectors providing an
optical link with electrical
input/output. Depending on the
version of connector used, the two
plastic fibre-optic cables may
transmit, receive or operate as a
duplex line. According to the
manufacturers, the connectors
split, cut, finish and align the cable
in a process taking about 30s for an
untrained person. A key supplied
with the connector then locks the
reusable assemblies. A version of
the connector without transmitters
or receivers is also available.
Thomas and Betts Ltd, Sedgwick
Road, Luton, Bedfordshire L. U4
9DT.

wWw3o01l

TELEPHONE-TO-
VIEWDATA IC

Further integration of Mullard’s
viewdata system is provided by an
i.c. for converting analogue
telephone-line signals for use with
their Lucy microprocessor
peripheral i.c. Including an eighth-
order receive band-pass filter,
carrier-detection high-pass filter,
fourth-order post-detection filter
and transmit low-pass filter, this
nmos device replaces six i.cs, 52
passive components and three
transistors claims the
manufacturer. As aresulta
viewdata decoder conforming to
UK Prestel and CCITT V23
standards can be made using two
i.cs — Lucy and this device dubbed
Lucinda. Mullard Ltd, Mullard
House, Torrington Place, London

WwWWw3ol

TEST EQUIPMENT

Mobile transceiver, videotext and
video test equipment has recently
been added to the range offered by
Rohde and Schwarz. First are the
SMFP2 and SMFS2 mobile
transceiver testers for performance
checking, adjustment and repair of
a.m., f.m. and p.m. sets. Fourteen
measurements may be made on
transceivers from 0.4MHz to 1GHz
either manually, on the SMFS2, or
under computer control through
the IEC bus on the SMFP2,
Videotext signal parameters such as
eye height, half-eye height and
amplitude — measurements
required for the quality assessment
of videotext signals — may be
measured on the DZF tv-data
distortion meter. Finally, two
video-signal generators with v.i.t.s.
inserters have been introduced to
test studio tape recorders, domestic
video recorders and tv sets. The
first is the SPF2 model 8 for
manual use and the second the
SPF2 model 9 for automatic
measurements. Rohde and Schwarz
UK, Roebuck Road, Chessington,

MINIATURE ICS

Eleven pepular dual and quad op-
amps and comparators and the 555
timer i.c. are manufactured in
miniature packages by Raytheon.
These devices may be used for
hybrid circuits with the advantage
that they are fully tested, as
opposed to unencapsulated chips
which are only partially tested in
wafer form. They have preformed
leads and lend themselves to flow-
soldering techniques. Seven dual
op-amps, two quad op-amps, tWo
dual comparators and the timer
mentioned above are currently
available. Raytheon Semiconductor
UK, Howard Chase, Pipps Hill
Industrial Area, Basildon, Essex
S$S143DD.

WW306

HAND-HELD
THERMOMETER
WITH NEEDLE
THERMOCOUPLE

Readings between —50 and
+500°C are given on a small
temperature meter from
Thermocouple Instruments which

‘costs around £50 (excluding vat)

WCIE 7HD. Surrey KT9 ILP complete with a needle-type probe.
WW302 WW303 304 305 Model 505 gives readings to within
WW303 WW307

1% on a 31/2-digit l.c.d. for about
600 hours between changes of the
PP3-type battery used. Optional
thermocouples include ones for
measuring air temperature and
flexible types for surface
temperature measurement. Also
included in the price is a “strong,
purpose-designed cardboard
storage case”. Thermocouple
Instruments Ltd, Pentwyn, Cardiff
CF2 7X].

Ww307
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TORQUE METER

Telemetry techniques are used in
Torgtel, transmitting data from
strain gauges clamped on the shaft
to an adjacent antenna. Designed
by Loughborough consultants, the
set consists of clamp-on torque
sensors, transmitter and battery
packs and a telescopic receiving
antenna and receiver with analogue
meter. Outputs for tape and chart
recorders are provided. RDP
Electronics Ltd, Grove Street,
Heath Town, Wolverhampton
WV100PY.

WW308

FUNCTION
GENERATOR

Arbitrary-form, sine, square and
triangle waves from 1mHz to
20MHz can be generated on the
Hewlett Packard HP3314A. Inputs
are provided for amplitude and
frequency/v.c.o. modulation and
the output may be phase-locked to
areference. The signal may be
continuous or gated and bursts of
up to 2000 waveforms in integer
steps made. Microprocessor control
provides automatic calibration, self
test, and coordination of either
manual or HP-IB control.
Arbitrary waveforms, set manually
using one knob and a external
oscilloscope, are compiled using up
to 150 vectors which can be
individually modified. Hewlett-
Packard Ltd, Nine Mile Ride,
Easthampstead, Wokingham,
Berkshire RG11 3LL

WW309

INTERFERENCE
FILTERS

Mains born interference
suppression is provided by a series
of IEC sockets with filters intended
to protect electronic equipment.
Versions of the FN326 filters are
available for 1, 3, 6 or 10A loads
and with solder tags, flying leads or
blade tags. Lyons Instruments,
Ware Road, Hoddesdon, Herts
EN119DX.

WW310

SAMPLE-AND-
HOLD IC

Acquisition time for this 12-bit
accuracy sample-and-hold i.c. is
lus for a 10V signal. The 14-pin
HAS5320, from Harris
Semiconductor, includes a hold
capacitor and costs £7.51 in
quantities of 100 or more for
commercial applications. Harris
Semiconductor, 153 Farnham
Road, Slough, Berkshire SL1
4XD.

WWw3ll

Ww3i12

ELECTRONIC
FILTERS

Two modules in the Barr and
Stroud EFS5 range can be combined
in one frame to act as independent
high or low-pass filters or as one
band-pass or band-stop filter.
Current modules, on which
high/low-pass filtering is switch

selectable, cover digitally-selected
frequencies from 0.01Hz to
99.9kHz with either Butterworth
48dB/octave or elliptic 80dB/octave
responses. An adapter for
controlling all functions through
the IEEE-488 bus is available. Barr
and Stroud Ltd, 4 Saville Row,
London W1X 1AF.

Ww312

LOGIC SWITCHES

Enclosed rotary switches with
contacts representing binary and
binary complement words are
available from NSF with a variety
of terminations including solder
connections, pins for p.c.b.
mounting, pins for wire wrapping

anda standar?d&Scotch-ﬂex
connector. Model CBS switches,
with 3VA resistive-load ratings, can
be obtained in 12, 16, 24 or 32
position form and stops may be
adjustable or as specified by the
customer. NSF Lid, Keighley,
Yorkshire BD21 SEF.

Ww313

Single-pole 10-way dil switches are
available from ERG Components.
These are break-before-make
switches with contact ratings of

7.5VA, which may flow soldered
and cleaned with solvents. ERG
Components, Luton Road,
Dunstable, Bedfordshire LUS 4L].

WwWwii4

OP-AMP WITH
VMOS OUPUT

Inductive and capacitive load-
driving capabilities are claimed for
the 1461 vmos-output op-amp from
Teledyne Philbrick. A slew rate of
1.2kV/us and 115dB open-loop

§ voltage gain make the device

suitable for use as an accurate audio
amplifier and in video applications
including yoke driving and signal
distribution. Output voltage and
current ratings are +34V and
+750mA respectively; maximum
input-bias current is 100pA. The
amplifier unity-gain bandwidth is
15MHz. Teledyne Philbrick,
Heathrow House, Bath Road,
Cranford, Middlesex TWS 9QQ.
WW315
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Marconi PORTABLE COMPUTERS

The most powerful pocket computer on earth?

Type R1020 suae [l

PC-1500

[
inged Antenna [
Computer o e —————
co‘umn 16K ROM extended BASIC. 3.5K RAM (expandable). QWERTY key-
n board. Dot matrix display. With clock, calendar, alarm and around 30

scientific functions. CE-150. 8K ROM graphics BASIC. 4-colour

printer/plotter and cassette interface. Prints virtually any drawing with
- 360° control.

aS to ra lse PRICES, including V.A.T and FREE software voucher

PC-1500 Computer plus £20 voucher ....... eeennn. £169.95

CE-150 Colour Printer plus £20 voucher............... .£149.95

CE-155 BK RAM Expansion module plus £10 voucher ............... £79.95
We CE-159 BK RAM/ROM with battery back-up plus £10 voucher  £89.95
CE152 Custom Cassette Recorder plus £5 voucher .
T

CE-153 140-key Software Board plus £10 voucher...

g *® Immensely strong, corrosion CE-158 RS-232C Interface plus £20 voucher .............
& resistant MATHWEB* grp column Sofeware Voucher on request with order on!
in a rugged steel tabernacle CE-15A ApDlications Program Tape ............c.coooerrcorrersecee £14.95
. . ) MiCROL 1500 EXECUTIVE ready-to-run, full-feature Database, plus a
% L|ghtwe|ght, easy to mstall, and can wide range of customising features enabling you to create your own
be safely |OW€f€d by one man bqsmteesss applications prograr.ris {e.g. stock control, mailing “2;59)9'2
* Can Support a number of VHF/UHF tions and analyses trends........ ne ers SR qu?s-
antennas MiCROL 1500 STATIX Adds sta . £9.95
. . 1982/3 catal f Casio watches, calculators and musical
s Column supplied in range of colours O strumants available on request
: including ICAO orange/white, and
‘3;:3.\ requires no painting or maintenance
et % Available in heights from 11 to CASIO FX-801P
e 19.5 metres The future has arrived
ONLY £349

High-speed computer with integral
micro-cassette data control and
hard copy printer monitoring

Everything you need, in an area smaller than this page. This truly
portable, complete SYSTEM needs no peripherals on lengths of
cable. Batteries last 2560 hours {only display), or 5,000 lines (display
and printing). Typewriter-style QWERTY keyboard, plus all the ad-
vanced functions of the FX-702P.

CASIO FX-702P £79.95 [~ -
Plus FREE MiCROL Professional o i b i e et R XD R KD
Programming Pack, worth £9.95 zéxétt::z:"::g

BASIC programming. Up to 1,680 Soo
program steps, up to 226 memories, St
all protected.
65 scientific functions. Subroutines, 10 fevels. FOR/NEXT looping, 8
levels. Edit, debug and trace modes. 240 hours battery life. 17 X 165 x
8mm. 176g.

FA-2 cassette interface/adaptor £19.95. FP-10 hard copy printer

Tl

'

oL ) S R B R S B

£44.95. MiCROL 702 PROCOS 'Visicalc type’ system, on tape £24.95.
I - CASIO FX-700P
Qi £79.95

TRULY POCKET SIZE. BASIC pro-
gramming. QWERTY keyboard. Up

OTHER MARCONI SUPPORT STRUCTURES to 1,568 pro;;ram steps, up to 222 memories, up to 10 program areas,

| I} tected.
Include the MATHWEB* Lattche Antenna Mast Type ;5 Es::(i)ei(:ifeic functions. Subroutines, 8 levels. FOR/NEXT looping, 4
R1010, and the Triangular Section Tubular Steel Self Ieye{s. %gs o pE 71mm. 118g. FA-3 cassette interface £22.95. FP-12
printer b .

Supporting Tower Type R1060.
For more information talk to Chris Pettitt, Marketing BASIC FOR BEGINNERS

Manager, Antenna Systems Division. EGAQS;g PB-100 ceum

* MATHWEB ts a registered trademark of the BP Group - = L L
Learn As You Go t%ll;LFEL_aD\._C!_C.-:i-
k ® - Now you can enter the exciting d:té%tg‘é%t:--
arconi world of computers with this easy- L
n. Ll to-understand system and fully instructive manual.
LEARN with this easy-to-follow introduction to personal computers.
. . FOLLOW the step-by-step examples and USE the programs supplied,
Commumcanon SYSIemS or write your own. QWERTY keyboard. Up to 544 program steps, up
to 94 memories, expandable to 1(,)568 steps{ﬂzzz memoriéas, :E‘:I
e protected. 9.8 X 165 X 71mm. 116g. OR-1 1K RAM expansion £11.95.
'l\\AntennaCSystems_ D{Y'S'gn t imited FA-3 cassette adaptor £22.95.
Marconi Communication Systems Limited, Prices include post and packing. Delivery normally by return of post.
Lane Works, Waterhouse Lane, Chelmsford CM1 2QX, England Send cheques, P.O., or phone your Access/Barclaycard/Visa card
Tel: 0245 353221 Telex: 99108 number to:

A GEC-Marconi Electronics Company T E M Dept. WW, 38 Burlo(igh Street
Cambridge CB1 1D
P Tel: 0223 3128686

WW — 018 FOR FURTHER DETAILS ° WW-030 FOR FURTHER DETAILS
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01-4521500 Tecuzomaric Lo 01-450 6597 |
BB@ Micro Computer sAtl(l)crc‘ating Connectors with Cables in

Please phone for availabiliy Full range of ACORNSOFT, PROGRAM

KSXYLEA%& BUGBYTE SOFTWARE
(Blr?gi %Qrc;e.l B £399 Phone or send for our BBC leaflet
(Carr £8/unit) BBC FLOPPY DISC DRIVES
Model A to Model B Single Drive 5%'' SSSD £235
upgrade kit £50 Double Drive 5Ya’" 800K £799+f£8
S —— Fitting charge £15 carr.
MEMORY UPGRADE ANALOGUE PORT KIT PRINTER & USER PORT KIT
8x4816 AP-3 100nS £21.60 IC 73, SK6 £7.30 IC 69, 70, 71 PL9, 10 £9.50
F.D. INTERFACE KIT RS423 & VDU Port Kit Bus & Tube Port Kit £6.50
1C77-78 £70 £10.80
Phone or send

for our BBC leaflet OFFICIAL [7(:](9 DEALER
CASSETTE RECORDER MONITORS & ACORN ATOM &

Sanyo Computer Grade Recorder BMC BM1401 14" Colour Monitor ~ MICROVITEC 1431 M/S 14" Basic Built £135. Expanded £175
£24.50 + £1.50 Carr RGB Input 18 MHz Bandwidth Colour Monitor RGB input (Carr £3 per unit)

Cassette Leads £3.50 £240 + £8 Carr £269 + £8 carr, Atom Disc Pack £299 + £6 Carr
Computer Cassette £0.50 each Sanyo 12'' Green Monitor RGB lead for BMC £8 3A 5v Regulated PSU £26 + £2 Carr
£4.50 for 10 + £1 carr. Antiglare screen £99 + £6 carr. Composite Videolead £3.50 Phone or send for our BBC Atom list

EPSOM MX 80 and
ﬁgc%s?&ggsz B0E S s PRINTERS 100F/T3

Logic Seeking, Bi- MX 80 80CPS 80 cols
directional, SEIKOSHA GP 100A MX 100 100CPS

Forward and Reverse *

; 80 cols 30 CPS . 136 cols
Line Feed, ‘ Fult ASCIl And Graphics Logic Seeking, Bi-
Proportional Spacing, 10" wide paper . directional,
Auto Underline, Now only £175 + £6 carr Bit Image Printing, 9
Hi-Res and Block : xsgdagrix
grfphlcs, Gresk Char. Parallel Printer lead for BBC/Atom to most printers £13.50 Me(ué% g/%eg;g

Variety of interfaces, ribbons in stock.

et.
Only £325+ Carr £8 2,000 fan fold sheets 9% x 11" £43.50 x £3 p&p

MX 100 F/T3 £430
(£8 Carr/Printer)

CONNECTOR SYSTEMS RIBBON

RUGBY ATOMIC CLOCK 1D
This Z80 micro controlled clock/calendar receives coded CONNECTORS 2.‘!‘,{,,“,,"5,,',‘, &,Eﬁ.?,?,, (%rey)BLE
time data from NPL Rugby. The clock never needs to be (Speedblock type) ,m,, 16pin  24pin  A0pin DIL HEADERS 10 way [
reset. The facilities include 8 independent alarms and for | No of Haader Recsp- Edge 1and WSy 165 y 14 way [
each alarm there is a choice of melody or alternatively these ol ‘“." m Zends  Yiey Dy Mg Sy Soldec_IoC Bway
can be used for electrica] switching. A separate timer allows N use 1Sy 209 24" Ribbon Cable with Sockets i Tg i oy ,:
recording of up to 240 lap times without interrupting the % 1e 150 My 1 ond z‘n"" 2".‘." Upin  40pin |sg:,, oy ity ym 2%
count. Expansion facilities provided. U Ay 15y Wy 2ends s = : 2pn 10p  1SBp 40 way 25
See July/August ETI for details. Complete Kit £120 + £2 p&p 4 ey 19y S5 Ribbon c.ol-mucom. 40pin 209 50 way b
0 % 2y Wy 25-way Maie S0, Fomals S0y Biwey TNy
MICROTIMER DCONNECTORS | RS 232 CONNS EURO EDGE
6502 Based Programmable clock timer with No.of CONNECTORS CONNECTORS
Y 224 switching times/week cycle e (25way 0) (Indirect Edge Conn.}
% 24-hour 7-day timer MALE 01" 0.158"
¥ 4 independent switch outputs directly interfac- Solder v ‘1% e TSy 24" Single end Male Frdi s I 2% 18 way B
ing.tq thyristor/griacs L . So:.d :F:AAE : : 8.0 ::2:51:&:; 5 & ;:gm zi.o.' g
- or X 32 wi
w ?Oc::lglt 7 sReg. display to indicate real time, ON Tooe T ey e T w“mu;v" o o f:u::: g o
and Reset times . Hoods Sy %o % 12 416123xway e My 2x03way WSy -
% QOutput to drive day of week switch and status i Angled 3xT2way -y xS0 way - -
LEDs. g—:lylgglrmmcl’::n Gonn. %; sz:rzriglzc :+oi:rfy:+h onﬁ' lsfgl?“ s -
Full details on request. Price for kit £57 A v v T
e
SOFTY IINTELLIGENT PROGRAMMER * ECIAL OFFER *
MICRODOCTOR £295 The complete microprocessor development system for Engineers and SP
Hobbyists. You can develop programs, debug, verify and commit to 2914L 20p
e . EPROMS or use in host computer by using softy as a romulator. Power- 2716 {+5v) 250p
This is not a logic analyser or ful editing facilities permit bytes, blocks of bytes changed, deleted or 2532 3%0p
an oscilloscope. It tests a i inserted and memory contents can be observed on ordinary TV. a ;ig &
microsystem and gives a L i Accepts most +5v Eproms 6116P 3%0p
printed reprint on RAM, ROM ! Softy Il complete with PSU, TV Lead and Romulator lead £169
B
and I/0 ~ it will print 4 o e = 3 -
m%mory map, search for o BOOKS
code, check dataline shorts v A No VAT p&p £1
and operates peripherals and PlrraBasier N B uv ERASERS TRA'NER KITS CMOS COo‘k Book P } 17
even disassembles the ROM. \ ) CRT Controller H/Boo .. £5.96
Microdoctor completewith: = = * - UV1B up to 6 Eproms £47.60 | 6502 Junior Computer.......£85 | g/ ramnr:'gng the 280 £11.50
; UV1T with Timer £60 6802 Nancomp ... £80 | 780 Microcomp Hand .. £6.95
psu, printer probe cable omp)

i ; UV140 up to 14 Eproms | 6809 Nancomp Il Programming the 6502 .. £10.25
and two configuration e B2 T | £s1.50 1802 Micro Trainer 8507 Assy. Lang £12.10
s & Uvia1 with Timor €78 £80 Menta el 6502 Applications .. £10.20

arr £2/eraser ; = 6502 S Design .. £9.05

All erasers are fitted with | {fully builtand 2202 Gamaare Leslg g1028

H\Bi'\ls :witches and safety gol(l:l:jme"llted) ; Large selection of databooks, interfac-

int ¢ ult details on reques i in stock.

. NEW COMPREHENSIVE CATALOGUE AVA"..ABI.E JuuCEs q K\gkl')g:)::,rlﬁggks on BBC, etc in \:Ix‘-:!z
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! EEEEE | 714198 60p | 7415260 20p | 4041 40p
300 np | T4z % | T3 son | 4043 prid
Ty N | J%5s  toop | 7415275 22p | doss 4o 20p |SN76115N TR -
a0 135 | 74285 asp | 74LS2z7a 30 | 4045 06p o | s LI TMS2716 780p 20p
7404 12p | 74273 120p | 7415280 100p 4046 Sop 150p e 25p CAY 20p op
7405 15p | 74276 90p | 7415283 40p | 4047 45p 60p 450p €12 CONTROLLER 90p CRYSTALS |
2406 16p | 74278 100p | 7415290 4Bp | 4048 50p 100p |SN76488 450p %0p J 90p
7407 18p | 74279 aop | 7415293 4op | 4049 24p 300p |SN76660 120p 500p 00p 80p 32.768KHz100p
7408 14p | 74283 s0p | 74LS 90p | 4050 24p 38p g#gw 400p %0 0p e 00w
7409 14p | 74284 180p | 74LS297 900p | 4051 45p 50p 400p 250p 20p K DoRH
7410 14p | 74285 160p | 7415298 90p | 4052 80p 70p |SP8515 750p 80p 160p lnl 290p
7411 j6b | 74250  75p | 74LS29 180p | 4053 s0p 300p |TA7120 150p 02 360y | Freain Mz
7412 14p | 74293 80p | 74LS323 160p | 4054 90p 60p |TA7130 160p 02 asop (10 zmp
© | 742908 100p | 74LS324 150p | 4055 90p 18p | TA7204 200p %0p € T5p
7413 16p P TA7205 -8 15 450p
7414 18p | 74381 150p | 74LS348 90p | 4046 90p 600; 709 7 90p 300p s00p TN
7416 18p | 743654  30p 745352 80p | 4059 450p | CA30284 120¢ 38p |TA7222 150p 280p i Op
117 i6p | 723684  30p | 745353 eop | 4080 B5p | CA3019  80p 150p |TA7310 150p 3s0p 2.00 2%
7420 190 | 743674 30p | 7415356 260p | 4063 %0p | CA3046  TOp 300p | TBAB4IAXY £3 245760 210p
7421 18p | 743684  30p | 74S363 140p | 4066 27p | CA3048 220p 260p | TBAB41BX1 £4| TMS995  £12 25, B
2422 20p | 74376 100p | 74LS364 1e0p | 4067 228p | CA3059 286p 40p |TBABOO  #0p! TMS9S80 €20 3276 1
2423 H 74330  75p | 74LS365 27p | 4068 14p | CA3060  350p 40p |TBASI0 100p| 25 355795 105::
7435 00 | 7433 s0p| 7 27 14p | CA3080E  70p 700p |TBAS20 80p| 780 250p Ehren o
moomns B m I E o OE R us e mas B = I
L 18 JaS373  Bsp p | CA3090A0 Tep |TC9109 %000 | zgogs 12 . Eayod
Ja b l7asc0 11| Jarsyrs prad L %y [TCAZ20 3000 SUPP((:JR;' e
3 CA3130T 11 128p | TCA270 360p DEVICE i
Bz o @ s B R OB SRR e e B e "2
7415390 40 -
J4B T 7a54 12| pria Yo | CAZT00E 1000 22%p | TDAI00MA 450p 1280 | IETEE] | 6° 150p
T o |jase 1) asie wp 5 | CAziote 1505 1105 o IR c:veraross fEPIE S
7415393 1 AJI62E 450p 230p -
Jaa v | 7409 12 | jarSass 1000 175y | CATIGsE 3000 500p 550p COM8116 800p | RO3-2513 jes, 1789
30p | 74LS10  12p | 7aUS490 200p 24p | CA32406 110p 200p 550p D7002  480p | U.C 800 178
jas e s 1% | jasasr sop %0p | CA3780G 200p | MB3730 400p s0p DACBO €28 | (. 886 178
Yred P | 741512 12p | 7415540 90p TSp | D002 480p | MC1310P 150p 100p DMB131 278p | OMaeses €12 | 1900 1739
“ 741813 15p | 7415541 80p 70p | DAC1408-8 MC1413  78p 20 250p | MCs6760 TBOp | 105 2%
s 741514 40561 290p 200p MC1445 250p £1280 DS3691  400p : 107 150p
JaaTa 38 | jals1s 12 ;4!.5622 3: 90p | HA1366 198p MC1458  36p s DS8830  140p Smwzm?m 1200  180p
5] 450 [ 741520 12p | 7415629 90p | 4099  100p | HAI388 270p MCI4S3 100p 600p DS8831  140p 14318 175
741821 12p | 745640 100p | 4500 5780 | ICL7106 700p | MC1495L 380p 110p pses32  2s0p | RALILLDE | 14756 280p
7451 1% | 741822 12p | jaSe41 100p | 4502  60p | ICL7660 200p | MC1496  70p 208p DS8s33 2280 | AN | 1200 2000
s 15p 1 741526 12p | JaISe43 100p | 4503 a5p | ICL7611  95p | MC3340P 120p 280p DS8836  150p 1600 200p
454, g 74127 13p | 7415644 100p | 4504 75p | ICLBU38 300p | MC3401  50p 7000 228p | AY5.2376 700p | 1800 200p
4680 Bp | 741528 14p | 74(S645 100p | 4505  400p | ICM72165 £16 | MC3403 TSp 900p LF13201 450p [ 74C922 500p | 18432 150p
7470 30p | 741S30  12p | 7415668 120p | 4506 ®p | ICM7217 750p | MFID  280p 5T0p MC1488 SBp | 74C923N 500p | 19968  T50p
2472 Zp 13p | 7 120p | 4507 38p | ICM7565 80p | MK50938 636p %0p MC1483  86p 2000 2009
473 Z5p | 74LS33  14p | 7415670 140p | 4508  130p | ICL7G6I1  90p | MLS20  800p B0p Vo OSTRE T ] BAUDRATE JRSed o]
e Bp | 7asy Wb | jaSers esop | 4510 4Bp | LCT120 300p | MMS7160 TUC :0p asop | MC3ue 300p | [IMINALY] | 2060 15w
e | TASS: WX | e |4 e Aoy | UAzzao  tuop| B212 e 30p | MClino Soop | Mclaart Toop | SseE7 178
8 e | asy pr R I R A N 42 R 800 | Mcana g | o028 7eop | S5 4008
o i T S| s WP New o |bmer B ER SR ihs R NOUM Bt | RN | Re 23
741854 p 50p { LF13331 100p | NESES  120p | ULN2802 200p| 8243 290p MC14412 750p z
7485 80p | 741555 1ep | 74504 30p o4 N2804 8250  #50p 7% AY;3.10155
7486 18p | 7al563 120p | 74305 S0P o YL 2%0 Netey  teon pcaTot Teb| 8251 2s0p | 2516(+5v) 713012 1000
7489 170p | 7al573  18p | 74508 &0p ®p | LM310 120p | NE570  &Top | UPCS92H 200p| 8253  390p 75114115 180p | AY51013P MK3805 £TBA
T s it oy & ®p | (M311  70p| NE571  400p | UPC1156H B ap | 252 3bp 75121722 1409 | comeo'7 300 | MMS8174
7 IoB178 I
Jeza 250 76 17p | 74320 Yo i e NEsoase 1900 | upcigsH 8257  400p | 2708 250p | 2124 1adp N850 4505, | IMSMS32700p
7493A 24p tS83  38p ;:222 50p LM32a 30p | NESE34AP UPC1185HZ 400p | 2716(+5viz50p | 75182 90p 3000 TELETEXT
7494 35p | 241585  48p 30 4p poxid 3347 1 8271 €36 | 2732 (350nS) | 75324 3
74954  3p | jaisss  1sp | 74532 7% .:2 maasz ,m a1 u’:’.; XR2206 300p] 8279 440p 12303 1& ZIF SKTS DECODER
2498 3p | jass0 zp | 23337 8P 700 | (M333_ '50p| ACA136 60p | XR2207 378p| 8284  380p | 2716(350ns) 75363 150p | (TEXTOOL) SAA5020
7497, 2p | 7ats1  eep | J302 Sop 78p | LM343  e8p | RC4151 200p | XR2211 578p| 8288 011 75365  180p | 2apin  600p | SAAS030 900p
Hio e s | S 4 2ty | LMo oop| ssea  zzsp | XRazie 8756 €8 [R50 | 7546172 Tp | Zpin  80m | SAASMT 18
1900 XA2240 120p| 9902 TS0p [ 75453/4  72p | 40pin SAA5050 900p
74105 55p | 731395  4op | 745112 90p ¥p | LM377 1759 = v
e Zp | jases  see | A3NE 3P 005 | LMIBIAN Tao | SAD1024A €0 | ZNA1SC o0
B S S o Ik R ARl (OW PROFILE SOCKETS BY T WIRE WRAP SOCKETS BY Tl
P 160p | LM386 90p | SL49C  3BOp | ZN4A24E  130p
74111 55p | 7atS112 sop | 745132 110p I | ] ;
74112 179 | 7a(s113 20p | 748133 &0p Fivdl pin o9n 18pin 180 2pin 2p | g 25 1gpi 24pin 7
e Tiw | J4ST3 Z®| uSide 120p "% ' VOLTAGEREGULATORS ZNa2GE 300p| Moim 10 20pin 189 Mpin Mo | (gD s T e
ga18 % 7418122 28p | 745139 gg: 0p FIXED PLASTIC INazBE at0p| P i1 Pin 30p | i6pin 40p 22pin 66p 40pin 100p
7415123  34p ’ N1 E— M By N N W
80p | 7aS124 90p | 743158 195 s L = INGeor sy BrRTS “5p 40410 100p
2p | 7408125 24p | 745163 300p o 7905 4bp | 70,150 ezh| BFRBO/ “0p awssa 1200, GG
v | jasi26 2sp | 245174 2500 os [y JB06 4% 7906 45p | Jnao3s BFRI6 1 700 ases 20| MEGILS
¥ | a1z 3ap | 245175 320p fesdll R 7808 4 7308 45p ) Z %% Bexs o0p 40873 1o LARNE
0p | JaSiaa 26y | 745134 320 45p [12v 7812 44p 7912 asp Brx29 22
30p | 7415136 78p | 745195 500p 140p [15V 7815 48p 7915 46p | QUEUEIICLE] | £rx84/5 1209
36p | 7als138 27p | 145225 S10p ron]iey 1818 480 7918 450 | anyey)2 BFX86/7 120p 1
Sop | JAS18 Ze | 3200 300p 110p |24v 7824 7924 abp | HOISI/2 50| orvee i %
moade mh B 88 & ReadbEAN D 0N B Be il B
55, 745251 2 m
7S | JatSias oep| 745257 20 2750, [N6VI00mAYTEL 083509 s ‘| BRval2 'S
200p | Jarsiei  4on | 745258 250p 60p (12v 100mA 78112 3Gp 79L12 60p %! orvee 20p
200p | Jatoies aon | 745260 70p S0p 15V 100mA 78L15 300 79015 60p | BS165 .. 19| Brveo e 4op
4p | 7aiS154 sop | 745261 S0P o OTHER BC1%9 .~ 19| BAY3 o5p %0
b | 7a515s 200 2o 196p REGULATGRS BClec  12p| BSX19/20 24p 1800 700p
S0p | Jatoiey Jen | 745378 a00p 1985 (M309K 1A 5V 140p TBHGKC 8000 | BC177/a 17b| BUT0S 1909 7% =5
36p | 74158 30p | BEEIRES 180 (LM317K T03  328p 73HOSKC 80P [ pC 10| BUIE  250p o0p 27
36p | ja1S160 38p 1%p (LM317T  200p 73GUIC 200p| pc1gz/3  10p | BUT0Y  Z2Bp 120p | 2N4125/6 27
50p | 741S161 36p | 4000 10p 1900 (LM33rT 225 73GUIC 2280 | gC %! BUize  10p 120p | IN4aO/3 26p
36p | 7aLS162 38p | 4001 10p 300p || M323K 3A 5V 450p 73HGKC 700p P | BUIBCA 120p 78p | 2N4427  90p
40p | 745163 38p 12p 2P [LM723N 305 (L7660 200p | /3 115 | BU205 200 70p | 2N4871  SOp
30p | 7415164 40p 80p m’” TL4S4 T.497 1:5 BU208  200p 30p | 2N5087  27p
750 | 7415165 1 TLag7 LM305AH 250p BU40S 1 1 5089
40p ;4!.3166 “59: 3:: 290p 178540 78H12  600p :2 BUXB0 & 1§: gmsnz g:
m 74.5168  85p gdp 78P05 $33624 300p 18p 2;11\:’6% 350p 45p 90p
4 SR T0) o * OPTO-ELECTRONICS 255 | MJsoz o 1o o
P | 74L5173 16p BCA77/8 M.I2501 226p 18p
450 | 415178 % 20p 2N5777 4p Ti32  58p | pC516/7 u"f"; 2955  90p 58p :3:
7 ocP71 80p TA78  S8p MJ3001
1 74LS175  40p 48p ORP12 1200 TL3IA BCS4A78 14p 28p 60p 36p
1;29 7415181  90p 40p a 120p 12p | MJ4502  400p 70p 250p
mv 120p 20p | 2N ORP60 120p TRU% 90p 18p | MJE340  60p 2p 30p
P 36p azp ORPE1 120p 750 | pCs578  14p | MJE2956 100p 60p 300p
o s » " QPTO-ISOLATORS Bcssec 160 MiE e o = %
i x R s [ AR 2 = = o | Ty AL
P .
asp prig MCS2400 190p TH'13  70p foid
70p prid 9 | ~ | MScz0 tsp Ttie 0o P sop = 100 | B | 6or12voc
70p a5p 32p | 4way Op 4 2400 «0p S0p | 2NS30  18p 150p Coil SPDT 2A
40p 50p 13p [ Sway  Sep 02" B “0p S0p | 2N1131/2 38p 90p | 1A 50V Mp | 24VDC 160p
115 85p 80p way 90p TH220Red 10p 0p 50p | 2N1613  28p 150p | 1A 100V 20p | 6or12VDC
x 5p & 10wsy 148p %125,"Red . Ruzzs;rl 122 op g: 25p 80p :: gs 3 Coil DPDT 5A
1209 L228 Yol 1 24VDC
90p :: 45p TH211Gr  12p Rectangulsr 22 S0p “7:: m: 50V 30p | 240VAC 200p
;;gp 55p 15p TiL212 Yol 18p 60p 40p 25p 200p g: lgo% & 60r12V DC
o 700 125p [ isriave | 83p 25 200p Coil SPDT 10A
e i a ) e (S St o b AEE
4Sp s5p 140p 'co':.“y 40p T8p 40p 110p | 4A 100V 96p
45p 0p asp | rotsm ol post xp 380 s 110p | 4A 400V 100p
0 05 27% | Asktor our sop o oy ARV ZENERS
30p 110p detailed 90p 32p 3sp 25p 2500 P
40p 3%p 119p ica b MAN3640 200p 0p 40p 9p 75p
40p s5p 290p pricelist | \aN4640 28p 40p 25p 90p
80p | 7415261 138p NSB5881 28p 45p §5p 100p

PLEASE ADD 40p p&p & 15% VAT

TecuNomatic Lo

‘MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW16 1IED Orders from Government Depts. & Coljeges etc. welcome.

SHOPS AT: 17 BURNLEY ROAD, LONDON NW10 Serailed Fice kist 00 scqib.
1Te;ﬂg1]5-;)5(2;\1‘512%31];:)52[6)5,9[?0{?56\9’2\%8200) L) Stock items afe normally by return of post.
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® 100% Frequency Setting Accuracy 2
# External Frequency Measurements to -
100 MHz e
@ Compensation against Environmental
conditions

Response Analysing Capabilities

® Sweep with Precision Start/Stop settings
Microprocessor measurements with
Trigger and Gate

Pulse Generator Performance

AM and FM Mod., internal & External
Phase for Servo and Control Tests

SineZ (Haversine) Waveforms

"One Shot" facility

&
1§ oannodwos

é

o © 5 o »

PLUS they are also FUNCTION GENERATORS
with: 0.002 Hz to 11 MHz bandwidth — 20V p—p
O/P with 90 dB of attenuation — Sine, Square,
Triangle, DC O/P and Offset, Burst and Pulse with

1Y oduvuLio)rod

Symmetry control — 1: 1000 VCO - Coarse/Fine :;
tuning. =

—

-
Fully Guaranteed for 1 Year and comes complete 'E
with Manual and Mains Lead. -
FREE Data and Prices on Request —
NEWTRONICS Prices from less than £300. =

House of Instruments

Clifton Chambers, 62 High Street
Saffron Walden, Essex CB10 1EE
Tel: {0799) 24922 Telex: 818750

p— Extended
= ey e i %
available

com |)('l itive hi? House of Instruments Ltd

hi? reliability hi?! service hi! performance hi? reliability hi?! service hi! performance hi! competit
[ J

e
(R )

WW - 053 FOR FURTHER DETAILS

EUROPEAN
FLOPPY DISK
DRIVES AT
ATTRACTIVE
PRICES

+ 2/3 height 5.25 inch drives
All reconditioned, as new, with 3 month warranty
Single-sided £100 + £3 carriage + VAT = £118.45
CWO ea.
Double-sided £160 + £3 carriage + VAT = £187.45
CWO ea.
+ 8'’ floppy drives, reconditioned, as new with 3
months’ warranty
Single-sided £210 + £6 carriage + VAT = £248.40
CWO ea.
Double-sided £270 + £6 carriage + VAT = £317.40
CWO ea.
+ Also a few US made 5%’ single-sided floppy drives
at £60 ea. + £3 carriage and VAT = £72.45 CWO ea.
Note all prices are CWO and cheques/POs should be
made payable to: “WW READERS ACCOUNT”
Manuals are £20 ea. post paid or £5 if ordered with
drives
Circle enquiry number below for details

MELKUIST LTD

35A GUILDFORD STREET
LUTON. BEDS.
TELEPHONE: LUTON 416028 TELEX: 825828
MLKST-G
WW - 047 FOR FURTHER DETAILS

ScheTronics Limited

For repair and calibration of test equipment.
We also have selected pieces of second user LF/HF equipment
for sale, including:

Hewlett Packard Vector Voitmeter 8405A £1,950
STC Sweep Set Audio/Broadcast plus recorder £300
STC Psophometer CCIT Telephone Filter £210
W & GEPM12Z=750hms £825
Anritsu Attenuator MNG4A £425
Siemens Level Osc. 3W 231/233/234 varEiggg

Siemens Pegamet spares

Unit 10, Dunstall Estate
Crabtree Manorway
Belvedere, Kent DA17 6AW
Telephone: 01-311 9657

WW - 070 FOR FURTHER DETAILS

QUAI.ITY REEL TO REEL & CASSETTE TAPE HEADS
FITTING A NEW TAPE HEAD CAN TRANSFORM THE PERFORMANCE OF YOUR TAPE RECORDER.
OUR FULL CATALOGUE (PRICE 50p) AL SO {NCLUDES TAPE TRANSPORTS, DISC DRIVES,
PRE-AMPLIFIERS AND ACCESSORIES

POPULAR UNIVERSAL CASSETTE HEADS TO EIAJ STANDARDS

C21RPS18 MONO R Hole Centres 17mm Apart, 12mm From Head Face

B24-02  STEREO R/P .......... £7.ee C42RPH20 STEREO R/P SENDUST FOR
82407  STEREO R/P FOR DOLBY CHROME/METAL TAPES .. £10.67
SYSTEMS . .. £9.05 C42RPHO4 STEREO R/P GLASS FERRITE
C21ES18  MONO/STEREQ ERASE THE ULTIMATE LONG LIFE,
HEAD ... .............. £2.13 HIGH PERFORMANCE HEAD £13.34

POST AND PACKING 40p EX STOCK DELIVERIES, ALL PRICES INCLUDE VAT

MONOLITH

electronic products

WW - 071 FOR FURTHER DETAILS
WIRELESS WORLD DECEMBER 1982

The Monolith Electronics Co. Ltd.,
6/7 Chureh Street, Crewkerne.
Somerset TA18 7HR

Tel: 0460 74321.

Telex: 46306 MONLTH G.
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BOXES High quainy !!acl ABS plasuc or diecast plan or stove
w 0

(Y ABS PLAIN STOVE GR
S 50 2 S001P  8S0p 500) 123p
100 80 25 2002 %8p S002P 117p 5002 154p
13 63 31 2003 108p 5003P 143p 5000 184p
121 & 40 2004 V15p 5004P 162p 5004 210p
152 82 S0 2005 t3p S005P 216p 5005 208p
192 13 61 2006 Z3bp S006P I4p SO006 401p
VEROQ RANGE olastc boxes G RANGE protessional Instrument
L w [ Cases
n a7 25 2104 Slp 134 S0 44 21089 £729N
2 %0 ¥ 2130 83p 24 180 64 21090 £11.02M
w1 % am 151p 302 170 84 21081 E14 96N

to give a completely professional
vERoBox CASE finish to @ much valued project
ABS, light grey top; dark grey
botiom + 2 anodised panels
L D N TYPE PRICE

205 140 40 21034 £4.52
205 140 75 21035 £4.02
205 140 110 21036 £6.54
180 120 39 21037 f4.11
180 120 65 21038 £4.40
180 120 90 21039 £4.69
155 85 38 21040 £3.31
1556 85 60 21041 0a.n
155 85 80 21042 £4.30
125 65 30 21047 £2.36
126 65 38 21048 £2.99
125 65 21049 £3.37

SWITCHES — ..o,

e
Type CK — 1P/12 way; 2P/6W; 3P/4W; gwawtao.
MIN. TOGGLES - S7101, SPOT §7p; 57201 DPOT 87p; $7301 3PDT
£1.84; S7401 4PDT £2.75; 7211 1P3W £1.40; Centre off 57103 SPDT
71p; S7203DPDT 98p.
Push button min 8531 make/B533 break 82p; 8225 DPDT £1.34
DUAL IN LINE ERG colour coded 0.3 'x0.1°" format, On/Off single
throw 2P SDS2 S4p; 4P SDS4 95p; 6P SDS6 £1.36; 8P SOSB £1.87;
10P SDSO £2.10.
LOW COST D-I-L 4P DNSO4 80p; 8P DNSO8 €1.

METERS

Large range of types in stock. also probes,
lesds, accessories, etc.
PANEL MOUNTING in 50. 100, 50004, 1. 5. 10, 50, 100

500mA; 1A either model

I T Range MU Ronge

60 x 45mm 50 x 45mm
£€5.95 [>3"]

MULTIMETERS
NHSEA N YN 36TR

NEW S 20K07V e
WKON: = AC/DC/R/ LCD 3% dn

AC/DC/ — dB/Transis- "“9:”'
RES /0B E i tor Test Pg h butt

in 23 | R 2 ranaee
ranges: ) ranges 170 ':n%sl

130 x 88 x 145 x %6 x 38mm
37mm 45mm £32 900
£11.208 £18.5N

ELECTROVALU

| MORE IC SUPER SAVERS |

A & PENCE 15p; 390n, 470n 17p: 560n, 680n 24p: 10mm spacing 1ufF 26p; 15mm
7400 7489 189 741538 15 74185193 40 4015 40 | spacing 2,2 3p: 22.5mm spacing 1uF 400V 47p; 3.3uF 100V 89p; In-
7400 y | 1489 28 741542 28 7418195 33 4016 2 | depth stocks
1, 74791 3 | 74LS47 56 | 7415196 48 4017 B
7401 1| 7402 2 | 74L851 14 | 7418197 60 | 4018 45 | ELECTROLYTICS NON-potar {for LS X-overs) 50V peak 2uF : 4uf
P uF 28p; dul
;:gg g 7493 2% | 741573 18 | 74LS221 51 | 4019 2 | 28p; 6,8, 10, 16uf 32p; 25uF 37p; 40, 60F 59p; 100uF 69p.
2404 1| 7494 ¥ | 741574 18 | 7415240 B :gg“’ 42 | POLARISED, SIEMENS OR MULLARD (4F/V) 1/63, 2.2/63, 4.7/63,
2405 [ ;:gg i ;:tg;g g ;:tgg:; § 2027 : 6.8/40, 10/25, 22/10, 10p; 10/40, 22/25,47/10 V1p: 47/25 12p; 100/10
a1 13p. 10/63, 22/40, 100/16 14p; 22/63, 47/40, 100/25, 100/40 15p:
7407 a0 | 74100 % | TASES 8| 7ALS4S 1| 2033 3 | 220710.220/16 160 220/25 18p: 230/4G 20p; 470/10, 470/16, 470/26
2408 | J40 B Jaisee o | Jasaes o s e :ggbuygﬁp;%%%o,100911@27;:; 1000/25 38p: 1000/40, 2200/16 44p;
S M| 7em2r 2| 7as®2 m | 726 5 sze] W 6p: 40.4700/16 73p
74123 40 | 74LS93 24 | 74LS253 43 PLUGGABLE SIEMENS
7413 18 single ended
a1 | 2125 M| T8I0 A | T B S & | 1/63,2.2/63,4.7/6310p: 10763, 22/63 8p; 22/40, 47116 10p: 47/40 129
7420 151 Ja1ey 81 | 74(S123 3B | 74Ls266 28 | 4030 * |47)63 10p; 100/16, 100/25, 100/40 10p; 100/63 20p; 220/10 13p;
7430 W j0i5) s | 74US125 29 | 74(S273 60 | 404) a4 | 220/16,220/25 13p; 470/6.315p; 470/10 16p; 470/16 18p; 470/25 22p;
7490 M) jaise e | 7415126 27 | 745279 40 @z | 470/40 26p: 1000/10 22p; 1000/16 23p; 1000/25 40p
e Bloem 3w e agem| 09 8| ancecans sitmens
7444 80| 74120 30 | 7408137 110 | 7415368 24 | 4046 46 | 2200/63 £1.77; 4700/40 E£1.78; 4700/63 £2.96; 4700/100 £554:
7447 3 54090 4 | 7408138 30 | 745373 84 | 4049 23 | 10000/16 £1.93; 10000/25 £2.78; 22000716 €3.20: 22000/25 £4 73,
;:453 901 74192 s | 7415139 B | 7415374 68 | 4050 2
4| 74193 48 | 74LS145 70 | 7415378 60 | 4060 45 | TANTALUM
25 1] 74393 %5 | 7415148 89 | 741393 60 083 1 0.1/35. 022/35 047/36, 1/35, 2.2/16 13p; 2.2/35, 2.2/16 13p;
74L5151 40 2.2/35, 4.7/16 16p; 10/6.3 16p:4 7 /
7450 | AT rasis o | ICILCEM | so7r e [ 3503316 50/56 35010 4vie s ago/s a0y U 16 22/63. 10728
;2’?8 ;: 74L500 11 | 74LS155 38 | 4000 10| 4072 " ’ ! ’ ! ’
7472 2 | Jarees 1| JAS1se B | A0 12| tm3 14 | LOWLEAKAGE Al single ended
7473 8| Jatsee b | Jmsier 3 l.400 4093 20 | 0.1/50,0.22/50,0.47/50, 4.7/35 V1p; 1/50, 2.2/50, 4.7/50 11p: 10/16.
7474 B | 7ais08 12 | 7415163 3% | 4007 14| a510 46 | 22/6 11p; 10/35. 22/10, 22/16. 22/35, 47/6. 47/10 12p; 47/16, 100/6
7475 R | 740510 12 | 74L5164 43 | 4008 a0 | 4511 % | 12p
7478 30 | 74LST1 12 | 74L5165 60 | 4009 24| 4514 120 — — —
7480 3 | 741514 0 | 74S166 90 | 4010 24 | 4516 CATALOGUE 70p POST FREE INC. 70p REFUND VOUCHER
;:gg : 741820 12 | 74LS173 % 401; g :g;g g J— — —_— —
74Ls30 12 | 7418174 45 | 400 ORDERS CAN
7485 60 | 741532 14 | 7415175 40 | 4013 20| 4543 120 ACCEPTED BY MBEIL
7486 2| 741537 4 | 7418191 50 | 4014 4| 4583 130 OR TELEPHONE

RESISTORS

Y4,11, 12, Ja want - al) 2p each, 10 of one value 15p.

2% Mullard metai film 5.1 ohms — 300K 8p each. 10 of one value 40p.

?:)G':ire wound 3W or 7W, most E12 values 1.2 ohms to 8K2 9p each.
r 70p.

LARGE SAE BRINGS LATEST 16p ENLARGER PRICE LIST FREE

CAPACITORS ... oo

5,7.10, 12, 15,18, 22, 27, 33, 39pF 12p; 47, 56, 68, 82, 100, 120, 150,
180, 220, 270, 330, 390, 470, 560, 680, 820pF; 1n, 1n2, 105, 1n8, 2n2,
2n7, 3n3, 3n8, 4n7 13p, 5n6, 6n8, 8n2 10p

CERAMIC Very small. 1.8, 2.2, 2.7, etc. up to 1n Sp each. 1n5, 2n2,
3n3, 4n7, 6n8 5p; 10n, 22n Bp. 33n, 47n 7p; 100N Bp.

POLYESTER, SIEMENS LAYER-TYPE 7 5mm lead spacing 100V

1n, 1n5, 2n2, 3n3, 6p; 4n7. 6n8, Bn2. 10n, 12n, 150, 18n, 22n. 27n, 33n,
39n, 47n 7p. 82n, 100n 9p; 120n, 150n 11p; 180n, 220n 12p: 270n, 330n

Please mantion this magazine when ordering or writing

® VAT — additional at 15% on all UK orders

® FREE POSTAGE and packing on UK CWO orders £5.75 inc. VAT and up-
wards. Under add 40p inc. VAT, Normal despatch in 24 Hours

® DISCOUNTS CWO orders over £23.00 —5%, over £67.50 - 10%

Discounts do not apply to "Net’ items (shewn by N after the price, or to

POTENTIOMETERS

Carbon rotary (P20) 100 ohms —4M7 hn, 220 ohms —2M2 |
w._switch ~ 90p; Dual gang (JP20)/4K7- 2M2 lin. or log

switch £1.44.

SLIDERS 58mm, low cost 10K 1M log only 29p, Std $8mm mono
4K7 —1M lin or log 36p, stereo matched £1.25. Graduated bezels 36p,
PRESET nun. 10mm dia. Horizontal or vert. 100 ohms — 1M ea13p,Cermet
10mm dia Honz. or Vert. 100Q- 1M ea 24p, Cermet rectilinear type
10092 1M ea £1.06. PLESSEY MPW moulded carbon 470-2Ms ea 59p.

35¢p or

of w.

® Normal Despatch within 24 hours.

orders paid for by credit c_ardl

Headquarters for mail orders and shop

ELECTROVALUE LTD

28A St Jude’s Road, Englefield Green, Egham, Surrey TW20 OHB
Telephone Egham (STD 0784; London 87) 33603; Teiox 264475,
Northern Branch | l sh onty)

630 Burnage, Manchester M19 TNA.

Computing at:

700 Burnage Lane, Manchester (061-431 4866)

i MARKETING Ltd.

' SERIES 600

The D&R SERIES 600
range of professional
mixing consoles has found
its way into hundreds of

(hospital) broadcast studios,
i discotheques, clubs, entertain-

systems and recording studios.

ment and outdoor Public Address

Available in 6, 12, 18 or 24 channel A
configuration with, as standard, separate
balanced mic. and line inputs, insertion points,
gain, three band tone controls, two auxiliar lines,

SERIES 600/12
CONSOLE

| pan-pot and linear fader, plus pre-fade-listening and overload LED
per channel. The output section includes four master faders, echo
return and phones controls and two large V.U. meters.
Optional XLR-3 connectors, 48 voli phantom powering, stereo
channels with R.I.LA.A. correction, talkback, fader controlled start
switches, balanced outputs and 24 volt D.C. mains powering are

available.

D.S.N. MARKETING LTD, Westmorland Road, London NW9 9RJ
Telephone: 01-204 7246. Telex: 895 4243. ‘
Trade, Wholesale, O.E.M. & Export enquiries welcome.

WIRELESS WORLD DECEMBER 1982

WW — 051 FOR FURTHER DETAILS

D&R Electronica was founded over 10
years ago with the aim of deveioping and
manufacturing high quality mixing
consoles for the studio and entertainment
Industry with a special emphasis on value
for money design engineering. The result
is a range of five basic models with a
large number of channel configurations
and options. All models are highly flexible
in use and give the best quallty possible
at todays state oftechnology.

SERIES 200 — A small mixer specially
deslgned for four track recording.

SERIES 600 — A range of mixers for live
ampllfication, broadcast studios and two
track recording.

SERIES 400 — ‘In-Line” mixing consoles for
budget 4, 8 or 16 track recording.

SERIES 1000 — A range of comprehensive
‘In-Line’ consoles for professional
recording studios.

SERIES 8000 — Top of the range ‘In-Line’
consoles with integral patch bay for top
recording studios. A large number of
ancilliary signal processing units
complement the D&R programme.

Please complete this coupon for futher

detalls:-
[ID&R Series 200 [JD&R Series 600
CID&R Serles 400 [ 1D&R Series 1000
“JD&R Series 8000 [ID&R Anciiliary
Equipment

“IBULLET loudspeaker components
COVITAVOX loudspeaker equipment
CJHELIOS mirror balls

NAME
ADDRESS __ : -

WW/12/82
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FUNCTIOM GENaRATOR TYPR TG 3aq

m ouTFEY

NO SPECIAL OFFERS'!
NO PRICE REDUCTIONS !
STILL BEST VALUE !

FUNCTION GENERATOR
TYPE TG301 £156

FREQUENCY 0.02Hz to 2.1MHz in 7 decade ranges
WAVEFORMS Sine, Square, Triangle, Pulse and Ramp
DC OFFSET Variable up to +10V from 502

MAIN OUTPUT 60mV to 20V peak to peak from 500 source

VCF (EXT. SWEEP)

1000:1 frequency ratio by application of 10V p-p

Send for full technical specification together with details of our Voltmeters,
Oscillators and other test instruments. The price is ex works excluding V.A.T.

LE VE L L BTN

MOXON STREET, BARNET, HERTS., EN5 5SD.  TEL: 01-449 5028.

WW-017 FOR FURTHER DETAILS

YC1000L

WITH THE YC1000L DATA
LOGGER

This new laboratory grade instrument features
microprocessor control for increased versatility. Its
many functions include — a frequency counter
(0.02ppm accuracy), a precision AC/DC volt-
meter, a thermal sensor and a programmable
timer. The test results may be read direct from the
digital display or recorded on the integral logger.
Price £725+VAT

PMR HIGHBAND ge==
n\‘-i

“COMPACT SMC1015L1”

The SMC1015L1 ““compact’’ VHF highband
transceiver is currently available ex-stock at realis-
tic prices. Why pay more? We are satisfied that our
standard of construction matches or exceeds that
of the leading names. Models available: Single
Channel, Multi-Channel and also Hand-Held Unit.
Write for details:

BASIC ELECTRONICS

by Grob
COMMUNICATION CIRCUITS, READY, REF, MANUAL

b{ Markus

ELECTRONIC PROJECTS, READY REF MANUAL
by Markus Price: £10.50
POPULAR CIRCUITS READY REF. MANUAL

Price: £9.00
Price: £10.50

b“Markus Price: £10.50
ENCYCLOPAEDIA OF INTEGRATED CIRCU(TS
by Buchsbaum Price: £18.00
DIGITAL INTEGRATED ELECTRONICS
by Taub Price: £10.00
INTRO. TO PASCAL 2ZND EDITION
’ta/ Welsh Price: £9.00

IACHINE CODE AND BETTER BASIC
by Stewart Price: £8.50
PXICROPROCESSOR DEVELOPMENT & SYSTEMS

Price: £17.00

)

ICROPROCESSOR SYSTEM DESIGN VOL Il

by Kiengiman Price: £23.00
Y PRICES INCLUDE POSTAGE AND PACKING %

THE MODERN BOOK CO.

Specialist in scientific and technical books
15/21 PRAED ST., LONDON W2 1NP
PHONE: 01-402 9176 - Closed SATURDAY 1 p.m.
Please allow 14 days for reply or deslivery

WW - 093 FOR FURTHER DETAILS

South Midlands Communications Ltd.
== S SM House, Rumbridge Street

/’/((h\ RN Totton, Southampton SO4 40P
W AL England
NNEFEEeET Tel: Totton {0703) 867333

Telex: 477351 SMCOMM G

~ WW — 060 FOR FURTHER DETAILS

A4 {ORDER YOUR FAVOURITE
5 o\“ AUDIO ACCESSORIES BY MAIL
O

SEND FOR YOUR FREE COP¥
OF OUR 1982 CATALOG

OVER 250 ITEMS
INCLUDING DIRECT BOXES, MIC-SPLITTERS,
SIGNAL PROCESSING, AUDIO MODULES,
48 TRANSFORMERS & MANY OTHER ACCESSORIES

RAGES| WITH TECHNICAL DATA
8lz2'x11 & USE DIAGRAMS

We Ship the fastest & most convenient way for you! Most Shipments From Stock |

SESCOM, INC.

RETAIL SALES DIVISION (702)384-00¢3
1111 Las Vegas Bivd. North (800)834-3457
Las Vegas, NV 89101-1187 U.S.A.  1wx (910)397-6996

WW - 073 FOR FURTHER DETAILS
WIRELESS WORLD DECEMBER 1982



'0 obtain further details of any of
1e coded items mentioned in the
ditorial or Advertisement pages
[ this issue, please complete one
r more of the attached cards
atering the reference number(s).
‘our enquiries will be passed on to
1¢ manufacturers concerned and
ou can expect to hear from them
irect in due course. Cards posted
rom abroad require a stamp.
‘hese Service Cards are valid “or
ix months from the date of

ublication.

‘lease Use Capital Letters

fyou are way down on the
irculation list, you may not be
etting the information you
equire from the journal as
oon as you should. Why not
1ave your own copy ?

lo start a one year’s subscription
-ou may apply direct to us by
ising the card at the bottom of
his page. You may also apply to
he agent nearest to you, their
iddress is shown below.

OVERSEAS SUBSCRIPTION
AGENTS

wastralia: Gordon &
ioteh (Australasia) Ltd.
80 Lonsdale Street,
Aeibourne 3000, Victoria

leigium: Agence et
Aessageries de la Presse,
Rue de la Petite-1LE
jrussels 7

samada: Davis Circulation
\gency, 153 St. Clair
\wveriue West, Toronto 195,
Intario

Syrpmus: General Press
\gency Ltd, 131 Pro-
lromou Street, P.O. Box
1528. Nicosia

Jernmark : Dansk
3laddistribution,
{ovadvagtsgade 8,
)k. 1103 Kobenhavn,

‘inland: Rautairja OY,
Loivuvaarankuja 2,
1640 Vantaa 64, Finland.

=rance: Dawson-France
3.A.. B.P.40, F-91121,
alaigeau

Sermany: W. E. Saarbach
GmbH, 5 Koin 1,
Follevstrasse 2

Greecs: Hellenic
Distribution Agency,
P.O. Bax 315,245
Syngrau Avenue,
Nea Smyrni, Greece.

Holland: Van DitmarN.V,,
Oostelijke Handeiskade 11,
Amsterdam 1004

India: International Book
House, indian Mercantile
Mansion Ext, Madame
Cama Road, Bombay 1

iran: A D.A., 151 Khiaban
Soraye, Tehran

Israei. Steimatzky's
Agency Ltd, Citrus House,
P.O. Bos 628, Tel Aviv

italy : Intercontinental
5.a.8. Via Veracini 9,
20124 Mifano

Japan: Western Publica-
tions Distribution Agency,
170 Nishi-Okubo
4-chome, Shinjuku-Ku,
Tokyo 160

Lebanon: Levant Distii-
butors Co.. P.O. Box 1181,
Makdesi Street, Halim
Hanna 8idg, Beirut

Mataysia: Times
Distributors Sdn. 8hd.
Times House,

380 Kim Seng Road.
Singapore 9, Malaysia.

Malta: W. H. Smith
Continental Ltd,
18a Scots Street, Valleta

New Zealand: Gordon &
Gotch (New Zealand) Ltd,
102 Adelside Road,
Waellington 2

Nigeria: Daily Times of
Nigersia Ltd, 3 Kakawa
Street, P.O. Box 139,
Lagos

Norway: A/S Narvesens
Kioskompani, Bertrand
Narvesens vei 2, Oslo 6

Portugai: Livaria
Bertrand s.a.r.|
Apartado 37, Amadora

South Africa: Central
News Agency Ltd, P.O.
Box 1033, Johannesburg

8pain: Comercisi
Atheneum s.a, Consejo de
Ciento, 130-136 Barcelona
1]

Sweden : Wennegren
Williams A B. Fack S-104,
25 Stockhoim 30

Switzerland: Navllie &
Cie SA, Rue Levrier 5-7,
CH-1211 Geneve 1
Schmidt Agence AG,
Savogelstrasse 34,

4002 Basle

U.S.A.: John Barios,
IPC Business Press,
205 East 42nd Street,
New York, N.Y. 10017

Postage
will be
paid by
Licensee

Do not affix Postage Stamps if posted in
Gt Britain, Channel Islands, N Ireland
or the Isle of Man

BUSINESS REPLY SERVICE
Licence No 12045

WIRELESS WORLD
Reader Enquiry Service
429 Brighton Road
South Croydon

Surrey CR2 9PS

D NS SN SUTES D SUTES S SR SRS eamms S om CUT HERE am mnams s S SEEe S S S SE " —

Enquiry Service for Professional

Readers

WIRELESS WORLD Wireless World, December 1982 WW 8272

Please arrange for me to receive further details of the products listed,

WW....

wWw. ww.... the appropriate reference numbers of which have been entered in the
WW .. WW . .. .| spaceprovided.
WW . ww LN 1 Y= IR
Ww.. ww.. Name of COMPAany . . .. ..ottt e ey

/X Lo L= -1 R 1
WW .. WiV o0 (e P s o P BRIR RCo L AN . T
WW °0 WW cr s Telephone Number ... .. . ... ........ ... ... ey
Ww. WW....

PUBLISHERS

WW.... WW....|| Use onLy G
WW. . Ww.. ..
WW . wWw o POSItion in COMPANY . . . .. ..ttt e e e e e e e e e e
WW . ww . Nature of Company/Business . . . . . . . .. .. vttt e
WW.. WW . ...l No.ofemnloyees at thisestablishment..........................
wWw. . ww. ... I wish to subscribe to Wireless World D
ww. WW.... VALID FOR StX MONTHS ONLY
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Wireless World:
Subscription Order Form

To become a subscriber to Wireless World
please complete the reverse side of

this form and return it with your
remittance to:

Subscription Manager,

IPC Business Press,

Oakfield House, Perrymount Road,
Haywards Heath, Sussex RH16 3DH,
England
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Please arrange for me toreceive further details of the products listed,
the appropriate reference numbers of which have been entered in the
space provided.
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Postage
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paid by
Licensee

VALID FOR SIX MONTHS ONLY

Do not affix Postage Stamps if posted in
Gt Britain, Channel Islands, N Ireland
or the Isle of Man

BUSINESS REPLY SERVICE
Licence No 12045
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Wireless World

WIRELESS WORLD
Reader Enquiry Service
429 Brighton Road
South Croydon

Surrey CR2 9PS

Subscription Order Form  Wireless World, December 1982 WW 8272

UK subscription rates
£14.00

1 year:

Overseas

1 year:

USA & Canada subscription rates

1 year: $39.00

£17.00 |

Please enter my subscription to Wireless Worid for 1 year

| enclose remittance value. ... ... ... made payable to

IPC BUSINESS PRESS Ltd.

...................................................................................................................................................
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OVERSEAS ADVERTISEMENT
AGENTS

Hungary Mys. Edit Bajusz, Hungexpo
Advertising Agency, Budapest X1V,
Varosliget — Telephone : 225 008 -
Telex: Budapest 22-4525 INTFOIRE

italy Sig. C. Epis Etas-Kompass, S.p.a. —
Servizio Estero, Via Mantegna 6,

20154 Milan - Telephone 347051 —
Telex: 37342 Kompass

Japan Mr. Inatsuki, Trade Media - IBPA
(Japan), B212 Azabu Heights, 1-5-10
Roppongi, Minato-Ku, Tokyo 106 -
Telephone : {03) 585-0581

United States of America Ray Barnes
*IPC Business Press 205 East 42nd Stree
New York, NY 10017 — Telephone :

(212) 689 5961 —Telex:421710

Mr. Jack Farley Jnr., The Farley Co.,
Suite 1548, 35 East Wacker Drive,
Chicago. |llinois 60601 — Telephone
(312) 63074

Mr. Victor A Jauch,

Elmatex International,

P.0. Box 34607,

Los Angeles Calif. 90034 U.S.A.
Telephone: (213) 821 8581

Telex: 18 —1059.

Mr. Jack Mentel, The Farley-Co., Suite 60
Ranna Building, Cleveland, Ohio 4415
Telephone: (216) 621 1919

Mr. Ray Rickles, Ray Rickles & Co.,

P.O. Box 2008, Miami Beach, Florida
33140 - Telephone: (305) 532 7301

Mr. Jim Parks, Ray Rickles & Co.,

3116 Maple Drive N.E., Atlanta, Georgia
30305. Telephone : (404) 237 7432
Mike Loughlin, IPC Business Press,
15055 Memorials, Ste 119, Houston, Texa
77079 - Telephone: (713) 783 8673

Canada Mr. Colin H. MacCulloch,
International Advertising Consultants Ltd.,
915 Carlton Tower, 2 Carlton Street,
Toronto 2 - Telephone (416) 364 2269

*Also subscription agents
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MAINS ISOLATORS 30 VOLT RANGE SCREENED MINIATURES Pn 240V | BRIDGE AVO TEST METERS
Pri 0-120; 0-100-120V. Sec 0-CT-115Vx 2.} Sec volts aveilable 3, 4, 6,8, 8,9, 10, 12,15, 8 Mk. 5 Latest Model £122.10
Ref. (Watts) £ P&P 18, 20, 24, 30V or 2X SECS or 18V-0- 16V 238 200 3.0 3 3. 11 _90 | RECTIF'ERS 71 (Handy £49.30
07% 20 5.32 150 Ref. 30v_ 18v £ P& 22 141A 08,08 3.45 1.20 | 200v 45p | 73 portable size) £68.90
149 60 384 1.60 112 05 1 319 1.20 | Y13 100 9.0'9 259 .80 (1400v 2A 55p | MMS Minor £43.60
150 100 10.08 184 79 1 2 432 1.40 | 235 330,330 0-9,0-9 2.41 .90 [100v  25A+ €2109 DA211 LCD Digltal £58.50
151 200  13.69 212 3 2, 4 6.99 160 | 207 500,500 0-8-8,0-8-9 338 120 (100v 36A  £2.60p [ DA212LCD Digital  £81.90
162 250 186.31 284 20 3As 810 185|708 1A, 1A 0.8-9,0-8-9 427 140 [200v  4A 65p | DA116LCD Digitsi  £131.30 | /2
163 350  20.34 2.12 21 4M 8 9.67 190 | 235 200,200 0-16,0-15 241 .90 [400v  4A 85p [DA117 AutorangeLCD | &
154 500  25.02 2.80 (61 5 p10 1196 200/239 50MA  12-0:12 311 90 [400v 6A  f£140p | £187.00 | O
165 750 3891 OA Y17 6 & 12 1382  2.02 1214 300,300 0-20,0-20 338 120 {500v _ 12A  £2.85p liMegger 70143500v_ £101.50 [ =
166 1000 45689 OA 88 8816 1810 226|231 700(DC) 20-12-0-12-20 413 1.20 P&P 20p. VAT 15% lMeggerBeneryBM7 €71.80 | Q
157 1500 8052 OA 89 10 20 2088 224 508 1A 1A 0-15-20,0-15-20 8.60 1.60 Avo Cases and Accessorles
168 2000 7243 OA 90 12 24 2320 OA303 500,500 0-16-27,0-1527 4.83 1.50 | Send20pforcaulogus, PaPEYS0 s VAT 8% |12
16, G000 oes on g 16 % 280 300|204 TAIA 0162701527 730 160 P et : (=]
X118 or 240 2.;&%' . State volts 80 VOLT RANdE ;*J AUTO TRANSFORMERS Y MAIN% BA'ITlEnvl ELIMINATORS ‘g
required. . Volteges avaiiabie 105, 116, 190, 200, 210, 220 it A AR AR A o e ‘
Pri0-120Vx2 | 8,7.6V,9,12vDC A £5. . (]
12 or 24-VOLT RANGE | 230 tappestoiss vckn avatiapie | 230 240-For step up or step down. VAT 15% @300mA LSO+ E120P8P+ I F
2% 12V windings Pri 220-240V | 8.8, 10,1218, 18, 18, 20, 24,30, 38,40, | R, VA (w-m; TAPS £ P&P 'S
Ref. 13v  24v ap | 46.60V.0r24V-0-34Vor V030V | yyg 0-10-115-210-240V 239 1.20| ANTEX SOLDERING IRONS 15W cc~240 or ces :
242 3 150mA241 90 |Ref. 60v 30v £  P&P | g4 BO 0-10-115-210-240V 484 140 Safety stand.... £1.75 25W X25 '("n"
213 1 05 319 120 | 124 05 1 470 150 4 150 0-10-115-200-220-240V 6.48 1.60 12V 25W car soldering kit........ £530 )
71 2 10 425 120|126 1 2 795 150 g7 500 0-10-116-200-220-240V  18.30 2.24 P&PS0p + VAT T ' <
18 4 20 49 160 (127 2 p 4 920 190 84 1000 0-10-115-200-220-240V  22.70 2.80 17,
8 5 25 678 150 125 3 o0 6 1331 2021 93 1500 0-10-115-200-220-240V  28.17 OA Precision De-Solder Pumps — Spring loaded |
70 8 30 769 140 123 4 8 1545 228 | 95 2000 0-10-115-200-220-240V  42.14 OA quick action button relsese for one hand e
108 8 40 898 164 | 40 5 P 10 1918 224 | 73 3000 0-10-115-200-220-240V  71.84 OA working. Large £5.88 P&P 35p+VAT. Small £5.17 (]
72 10 50 982 180 [120 6 ¢ 12 2188 284! g) 2000 0-10-115-200-220-240V  98.01 oA P&P  B0p+VAT. Replacoment fips: Small  ['Q)
116 12 60 1089 180 | 121 8 18 3072 OA | 57 5000 0-10-115-200-220-240V 108.30 O sSp+VArpurgeup+ VAT. B
17 16 80 1297 212 }gg }g 2 ﬁ-;g 8ﬁ L - = @
115 20 100 17.48 244 : i CONSTANTVOLTAGE- Teioph Trimphone £2: 1.20 p& "
187 30 150 2169 264 i - TRANSFORMERS Malns Voltage l esiophones: Trimphone £28 + £1.20 p&p + VAT. Desk
296 80 300 4448 OA comnuOus | For ‘clesn’ mains to ,. TABILSER! phor;s;;&pi_:‘l\&() + £1.20 p&p + VAT. Wall phones £14.50 [.¢f)
RATINGS computers, peripherais. s (A""" tap-changing)| * E
50 VOLT RANGE 2x2sv l 400VA i
tapped secs, Vohts svailable B, 7, 8, 10, 250VA £137.38 + 3 PANEL METERS, Signal, Injector, Budget Multimeter, wide range of| 1¥
13,18, 17, 20, 28, 30, 33, 40 or 20V-0-20 CASED AUTOS | 5OOVA £159.43 c&g, £87.50 transmitting and receiving Vatves, Magnetrans and Klystrons. I
or 26V-0-26V 240V cable nput USA 116V outiets | TKVA  £213.12 )% VAT .+ .+ £2p8p + VAT 8
BUDGET METERS. 20,000 oh DC
T %05 Wby T | D BS 175 sow | CABLE&WIRE E40% oy +URT T I T M gy
103 1 2 5.03 1.40 80 £8.35 150 64W Instrument
:gg g g 1:,: 1,% ;% :}3;2 } gg sgw cosv):lcr:'bl TRANSFORMER CASES. Grey finished steel. Most sizes available. U')
! 1. : o, -
106 4 8 1410 212 | 500 £2294 224 6IW screened 400/440V ISOLATORS (L]
107 6 12 1801 184 | 1000 £3374 280 84W singles, etc. 4007440 10 2007240V CUSTOMER POWER SUPPLY 3
1:8 18 128 2482 2.070 2000 £6047 OA 95W | Many types availabie VA Ref. £ Pa&P NOW ON OFFER =
1 0 30.23 A 60 243 811 150
109 12 24 3618 OA B d,II\IIXIEIRTERSV 250 246 1607 OA o
ase nput 240V sa.c., 350 247 ! A H H
METAL OXIDE RESISTORS E1/100 + VAT |  15'armp ckatoutor 1000 | 300 a8 2477 o METIAUR STl C I RR S
Special Offer TR4 5% Electrosil {100s only). Use in ?Iace continuous (tool rating 1000 250 5053 OA 3 THE MINORIES, LONDON EC3N 18J
o 0")"%70 750 - 1'(80"(236(1)23 319'?8 1:&0‘12'( o 150W). mp&‘rfzi'VAT. 2000 252 7478 OA TELEPHONE 01-488 3316/7/8
3K - 18K - 20K - 22K - 24K - 27K - 47K - B2K - 100K - 110K - 24V input an 250W, 500W, 3000 253 104.88 OA NEAREST TUBE STATIONS: ALOGATE & LIVERPOOL ST
120K 130K - 180K - 220K - 270K - 300K. P&P 30p + VAT 1000W available. 6000 254 207.92 OA WW-6

ELECTROSIL.RESISTORS A V Os — SOLDERING IRONS — CABL

WW — 014 FOR FURTHER DETAILS
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*price excluding P&P and 15% VAT
GLOBAL SPECIALTIES CORPORATION I'-G'oba| spec_

G.S.C. (U.K.) Limited, Dept. 7HH
Unit 1, Shire Hill Industrial Estate

Saffron Walden, Essex CB11

Tel: Saffron Walden (0799) 21682 Telex: 817477

)01 sweeps the board
atonly £110

Get all the waveforms you need-1Hz to -1 MHz in five
overlapping ranges: stable, low-distortion sine waves,
fast rise/fall-time square waves, high linearity
triangle waves — even a separate TTL square
wave output. Plus high- and low-level
main outputs.
An applied DC Voltage at the Sweep input
can shift the 2001's frequency: or sweep
up to 100: 1 with an AC signal.
A pushbutton activates the DC Offset control,
which shifts the output waveform up
or down on command.
For value for money the 2001 sweeps the rest off the board.
For immediate action — The G.S.C. 24 hour, 5 day a week service
Tel: (0799) 21682 and give us your Access, American Express, Barclaycard
number and your order will be in the post immediately or just clip out the coupon.
Goods despatched within 48 hours.
————————--——
ialties Corporation {(UK) Limited, Dept. 7HH -l
Unit 1, Shire Hill Industrial Estate, Saffron Walden, Essex CB11 3AQ

— ——— . .
' Model 2001 Sweepable |'£129.95 (inc. P&PI Qnty For FREE qatalogue I
I Function Generator | and 15% VAT) | Reqd | | tick box I
I NamMe i 54 Tommmmey i Bée 2 Address '
4 | enclose PO/Cheque for €. .. ... or debit my
Barclaycard/Access/iAmerican Express No exp date l
G TR G I IR GE D o DS ouD GEm | NN N —-—

WW — 081 FOR FURTHER DETAILS
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Y COMMUNICATIONS TEST EQUINPMENT w
MARCONI TF2002. AM Signal Generators.
10KHz-72MHz. Also 2002A/S avaitable AM/FM
10KHz-72MHz.

1 TF995A. 2-216MHz. AM/FM £200
MARCONI TF10888/1. AM/FM Signal Genera-
tor. 10-470MHz 0.2uV-200mV output. FM De-
viations up to +100KHz from 30Hz-15KHz £550
MARCONI . AM/FM Signal Generator.
Narrow deviation model 995 covering 1.5-
220mHz £450
MARCONI TF10848/5. FM Signal Generator
covering in three ranges 68-108, 118-185 and
450—470%AH1. Modulation FM fixed deviations
of 3.5 and 10KHz. AM fixed 30% £225
MARCONI TF791D. FM Deviation meter £185

 ‘DOLBY’ NOISE WEIGHTING FILTERS 4

Cat. No. 38A. Noise weighting filters for CCIR/ARM

L-:!'?

* 0SCILLD
SOLARTRON CD1740 System.

‘JDC-50MHz Sweep Delay

Timebase £375

TRIO CS1577A. 35MHz, new £375
TEKTRONIX 565, Twin Timebase
c/w two 2A63 Y-Amps (DC-

ALFEE
L STREET, LONDON, NW1

h handbook. £195 -y
= S

signal-to-noise ratio measurements. As new units.
£40 each (+£1 p&p).

BECKMAN TURNS COUNTER DIALS
Miniature type (22mm diam.). Counting up
to 15 turn “Helipots”. Brand new with
-mounting instructions. Only £2.50 each.

KAY SONA-GRAPH

Model 7029A Audio frequency spectro-
raph. 5-16000Hz. C/w type 6076C Scale
agnifier plug-in unit. In good working con-

300KHz. TmV).

SPECIAL PURCHASE OF TEKTRONIX
454 PORTABLE OSCILLOSCOPES

i Tektronix 454 DC-150MHz dual-beam ¥
joscilloscopes in stock now. 5mV/cm Y-am-
|plifier (1mV cascaded). 2.4ns risetime.
Calibrated sweep delay. We can offer
'thess units in first-class opsrational condi-
,tion complete with three months’ guar-
\ antee, for a once only price of £750.

% DCPOWER SUPPLIES  «
1. APT.10459/8. Stabilised Regulated supplies. New
stock arrival hence LOWER PRICES. Available in
preset output voltages betwsen 6 and 30V DC (state
requirements) 4V approx. Three sizes available,
5A, 712A & 10A. Prices £20, £25 & £30 respectively
(plus postage £2, £2.50 and £4).
2. Mullard Dual supplies. Pos/Neg 12V @ 1A &
0.4A. Dimensions 9x4x 5. £10 ea. ?+£1 p&p).
3. Farneli Current limited, 13-17V DC @ 2A. £1S. 27-

LECT

i 32VDC @ 1A. €15 (+£1 p&p).

Y 4. Lambda LXS Series supplied 110V AC Input. 5V

. @ 14A. £20 (+£2.50 p&pﬁ Various other voltages
SCOPES available from stock in small quantity.

DYNAMCO D7200. Mains/battary
portable. DC-15MHz £250

COSSOR CDU150. DC-35MHz
£200

5. cCo)umm 5/6V @ 5A. Small size (7x5x3"'). £20
+

1).
6. Variable 0-30V @ 1A. Volt-metered. £30.
7. Farnell 5V Switching. 60A. £85.

* RF SIGNAL GENERATORS +
ADVANCE Type E2. 100KHz-100MHz. Internat
AM & Audio O/P. 1uV-100mV output. Price
each £50 inc. VAT.

TAYLOR Type 68A/M. 100KHz-240MHz. In-
ternal Modulation. £60 inc. VAT.

All of these units are in full working condition
and carry our usual 90-Day Warranty. In both
cases please add £2 each for carriage. j

TELEQUIPMENT D53 £150
TEKTRONIX 454. DC-150MHz
£750

Jc MILLI-VOLT MEASUREMENT, ANALOGUE /|
MARCONI TF2600. Twelve ranges 1mV-300V F5D.

dition y . 0

+  AUDIO WATTMETERS & »
Switchable 1W & 10W FSD. internal 3.5 & 8 Ohm
load impedances. Housed in grav enamslled case
6x6x3”. Large easy to read 3'' sq. meter. Scope
output provision. £10 {(+£1).

HEX‘}JM IT Model AW-IU. Internal load switchable
3, 8, 15 & 600 Ohm. Mster scaled 0-50W (+dB
scale). 5 Ranges from 5mW-50W FSD. Mains
owered. £25 (+£1).
RCON! TF893A. 1mW-10W Full scale in 5
ranges. Impedances 2.5-20K Ohm in 48 steps.
Direct calibration in Watts and dBm. £85 (+£2).

GPO JACK SOCKET STRIPS. 20-WAY Typs 320 (3-

MARCONI Component
TF1313 and TF2700 in stock.

AC £55

i WAYN|

TOKIDATA CORP Series 3300
Disc drives. Brand new surplus
sstock at fraction of list price.

Bridges.
{ ADVANCE VM77D Millivoltmetsrs. 156Hz-4.5MHz. 1mV Full scale —~300V igh Sensitivity from 300uV.
b Hhvoltmeters. 2 m Nl

"WOELKE ME104C. Wow & Flutter Meter £95
. AVO Type 1 LCR Componant Bridge.
EPKERR AF Signal Generator Type $121 £75
{ AIRMEC Wave Analysers Models 853 and 248A,
- CENTRONICS P1 Printer, one only. AND Type 663 Printer.
.1 ROHDE & SCHWARZ SDR Signal Generator. 300MHz-1GHz.
[ P, C Signal Generator. 10-480MHz AM.

" o
Models ]_

iWide-band to 10MHz.
MARCONI TF2803. Frequency range 50KHz-1.5GHz.

. Electronic Multi-meter. AC/DC
[§300mV Full scale to 300V (1kV DC). Resistance]
i ranged. AC Frequency range 20Hz-1500MHz.

* BRUEL & KJOER
Model 2006 Heterodyne Voitmeter. AM/FM/Voltage
measurements to 240MHz.

EHT POWER SUPPLIES
HUNTING HIVOLT. 0-15KV @ 2mA. Volt and
Current metered. £125,

BRANDENBURG ALPHA-SERIES. Regulated

& Ll
MICROFICHE VIEWERS
Type SR5. Screen size 9x5’’. Re-
cent small quantity now avail. £65

pole) £2.50 ea. Type 520 (3-pole with switching TALLY model 2200 Line * TEXSCAN SWEEPERS w 0-30KV. Volt-metered output. £125.
contacts) £4 ea, Please include 35p each foi ¢f o : A Texscan Model VS40 Sweep Gen- - _— - —
h Printers. BASF Single disc

postage on these. GPO type 316 jack glugs for cartridges erators. 0-300MHz. Internal 3 ROTRON INSTRUMENT

above 20p ea. (10+ post free). Plus VAT please. 8030 Markers. Also available Texscan

.Also recant stock of new, mint condition 720 Type, |... . _| .DU-88 X-Y Monitor. . ) . . _l:ﬂlll.lNG FMIS i P
_.£6 each. PLEAdS_E NOTE. AII<| (hhe pre-owneddequip?en( shown has been carefully § #§ tseus?;)cllled in excellent condition, fuily w
- tested in our workshop and reconditioned where necessary. It is sold in i 3

PHILIPS Model PM8456/01 FM STEREO GENERA. { .- i gl A b 115V, 4.5X4.5x1.5'" £4.50. 230V £5. A

TOR. RF Output frequency. 1MHz Standardisec ﬁlrjs;;glnu‘seseogeratlonal condition and most items carry a three months b .

Stereo multiplex output signal. As new with y A

or our mail order customers we have a money-back scheme. § # 115V, 3X3X1.5" £4 + postage ea. 35p.
epairs and servicing to all equipment at very reasonable rates. PLEASE § o Also brand new 230V at £6 ea. 10
ADD 15% VAT TO ALL PRICES. ~ L2
e -

MANUFACTURERS & DISTRIBUTORS

SNAIL BLOWERS manufactured BY SMITHS INDUSTRIES. Average air output 150
C.F.M. complete with G.E.C. 4 pole 220/240V A.C. cont. rated motor. Approx. 8ize of
blower 11%"* x 7'’ duct output size 7'’ x 4’' approx. £115 for 10 + VAT, £520 for 50 +
VAT, £350 for 100 + VAT, £4,300 for 500 + VAT. Sample sent for £12.50 + £2.50 p&p
(£17.50 inc. VAT).

150 WATT HINCHLEY DROP THROUGH TRANSFORMER. Input 220/240V A.C. Output
30-0-30 with 14V tap. Width 96mm x 80mm x 54mm deep, inc. winding, etc. 30mm.
Approx weight 2.7 kgs. £75 for 10 + VAT, £350 for 50 + VAT, £620 for 100 + VAT,
£2,800 f_ch)r 500 + VAT, £5,100 for 1,000 + VAT. Sample sent for £9 + £2 p&p (£12.65
inc. VAT).

60 WATT HINCHLEY DROP THROUGH TRANSFORMER input 220/240V A.C. output 25-
0-25V with 15V tap width 85mm x 71mm x 35mm approx. total depth inc. winding, etc.
78mm. Wasigg( 1.5 kgs. £45 for 10 + VAT, £205 for 50 + VAT, £370 for 100 + VAT,
£1,700 for + VAT, £3,100 for 1,000 + VAT, £11,200 for 4,000 + VAT. Sample sent
for £5 + £1.50 p&p {£7.48 inc. VAT).

BICC CAPACITORS 15 MFD +5% 350V R.M.S. WKG 50Hz — 40 + 70°C with internal
resistor £10 for 10 + VAT, £42 for 50 + VAT, £76 for 100 + VAT, £350 for 500 + VAT.
Sample price £1.20 + 50p p&p (£1.95 inc. VAT).

50 WATT FINNED HEAT SINKS 83mm long x 39mm wide x 30mm high drilled to take
BD 2508 or similar device £18 for 50 + VAT, £33 for 100 + VAT, £150 for 500 + VAT,
£270 for 1,000 + VAT, £1,200 for 5,000 + VAT. Sample 10 sent for £5 + £1 p&p (£6.90
inc. VAT).

N.E.C. TANTALUM CAPACITORS. 6.8uF @ 16V +20% £45 for 1,000 + VAT.

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

DIN SOCKETS 5 pin 180° chassis mounting. £60 for 1,000 + VAT.

MINIATURE OSMOR REED RELAY. 12V D.C. coil. N/O reed pull in current 200 m/a. £20
for 100 + VAT, £180 for 1,000 + VAT, £800 for 5,000 + VAT, £1,450 for 10,000 + VAT.
Sample 10 sent for £2.50 + 50p p&p {£3.45 inc. VAT).

RADIALL BNC 75R standard plug. Gold plated centre contact £34 for 50 + VAT, £62 for
100 + VAT, £280 for 500 + VAT. Sample 10 sent for £7.50 + 50p p&p (£9.20 inc. VAT).

DR & -‘[;-[I

x U
ASSEMBLY LANGUAGE TRAINER

The ideal way to learn machine language and become acquainted with the new
"single chip” control oriented microprocessors. 1.8K of

EPROM, 20 /0O lines, 112 b f RAM and a ti allin
a single 28-pin |.C. As faatn‘l%iioin this, :rr‘ld stjlg‘szl;:ue:\t ANAI‘OGUE
issues of WW. INTERFACE
£9.39
COMPLETE KIT £39.87 PCB and all
PCB, Programmed 68705 and all parts components

PCB only £4.35 pupmces | POBonlyELIS
Prog- 68705 £21.98 ADD 45p 16-way Jumper
Data £1.95 POSTAGE Lead £2.35

MAGENTA ELECTRONICS LIMITED (W12)
135 Hunter Street, Burton-on-Trent, Statfs. DE14 2ST7, 02-83-65435

WW — 055 FOR FURTHER DETAILS

DO YOU NEED :- Electronic components, Tools, Test Equipment,
Cases, Cabinets and Hardware etc. IN A HURRY ?
THEN YOU NEED :-

LIGHTNING Electronic Components.

WHY ?
Because LIGHTNING Strikes out where others fail:-
Express Despatch All Low Prices In Depth Stock
ANl New Guaranteed Goods from Leading Manufacturers

Terms C.W.0. Please add 5% to all 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 ST, LONOON €8
TEL. 01-248 5217
= TELEX 8953906 EECO.G

WW - 077 FOR FURTHER DETAILS
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With all that going for us, going to you can you really afford to be
without a copy of our brand new exciting CATALOGUE?

Many Prices Reduced — Many More Stock Lines
Send for YOUR Copy Now, ONLY 70p Post Paid

LIGHTNING ELECTRONIC COMPONENTS

18 Victoria Road, Tamworth
:’ﬂ Staffs. B79 7HR (NOTE New Address)

P 1 wth Acre
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U.K. RETURN OF POST MAIL ORDER SERVICE, ALSO WORLDWIDE EXPORT SERVICE

BSR DE LUXE AUTOCHANGER £18

Plays 12!, 10"’ or 7"’ records,
Auto or Manual. A hlg

quality unit backed by BSR
reliability, Stereo Ceramic
Cartridge. AC 200/250V. Size
13%x11%in. 3 speeds.

Above motor board 3%in.
Below motor board 2V2in.

Cut out Mounting Board £1 extra

HEAVY METAL PLINTHS

Post £2
Cut out for most BSR or Garrard decks.
Silver grey finish, black trim. Size 16x13%in. £4
DECCA TEAK VENEERED PLINTH. Post £1.50
Superior finish with space and panel for £5

small amplifier. Board is cut for B.S.R.
18%in. x 14Vain x4in. Black/chrome facia trim. Also with
boards cut out for Garrard £3. Tinted plastic cover £5

TINTED PLASTIC COVERS Post £2
177%x 13 x 3Vain. 18Yax12V%x3in.

17Yax 9% x 3V%in. £3 1438x12V2x 274in. £5
16%2x 15 x4Vain. £5  16%x13x4in, £5
17x12%x3%in. £! 14V2x 13Vx2%in. £5
22%x137%x 3in. £5 17Yax 13% x4 V&in. £5
21V2x 14Vax 2V%in. £5  21x13%x4%in. £5
23%ax 14 x3%in. £5  30%x13%x3Vin. £5
BSR SINGLE

PLAYER DECKS

BSR P170 RIM DRIVE £20
QUALITY DECK

Post £2:
Manual or automatic play.

Precision ultra slim arm.
Black with silver trim, stereo ceramic canrldge

BSR P204 SINGLE PLAYERS SPECIAL OFFERS
Two speed 33/45 r.p.m. hi-fi decks with stereo
cartridges, cueing device and snake arm.

Ceramic — 240V AC£15 or 9V DC £18 Post £2
Magnetic — 240V AC £20 or 12V DC £24 0
THE “INSTANT” BULK TAPEERASER  £9.50 Post 95p

Suitable for cassettes and all sizes of tape
reets. AC mains 200/250V. Hand held size ~
with switch and lead (120 volt to order).
Will also demagnetise small tools and
computer tapes.

Head Demagnetiser only £5.

BATTERY ELIMINATOR MAINS to 9 VOLT D.C.
Stabilised output, S voit 400 m.a. U.K. made in plastic
case with scraw terminals. Safety overload cut out. Size
5x3Vax2%in. Transformer Rectifier Unit. Suitable
Radios, Cassettes, models, £4.50. Post 50p.

DE LUXE SWITCHED MODEL STABILISED. £7.50. PP £1.
3-6-774-9 volt 400ma DC max. Universal output plug
and lead. Pilot light, mains switch, polarity switch.

DRILL SPEED CONTROLLER/LIGHT DIMMER KIT. Easy
build kit. Controls up to 480 watts AC mains, £3. PP 65p.
DE LUXE MODEL READY-BUILT 800 watts. Front plate

fits standard box, £85. Post 65p.

EMI 137x8In. LOUDSPEAKERS ' .

Model 450, 10 watts R.M.S. with
moving coil tweeter and two-way

crossover; 3 ohm or 8 ohm. i
“‘Final Clearance”. Sale Price £8 il
SUITABLE BOOKSHELF CABINET Post £1.50 ]

£6.50. Size 18> 11x6in. Post £1.50.

RELAYS, 6V DC 95p. 12V DC £1.25. 18V£1 25.24V £1.30
BLANK ALUMINIUM CHASSIS. 6x4—-£1.45; 8x6—£1.80;
10x7-£2.30; 12x8-£2.60; 14x9-£3; 16x6-£2.90;
16x 10—£3.20. 14 x3 £1.80. All 2'%in. deep. 18 swg.

ANGLE AL). 6x¥sx34in. 18 swg. 30p.

ALUMINIUM PANELS, 185wg 6x4—45p; Bx6-75p;
14x3-75p; 10x7—95p; x8-—-£1.10;  12x5-75p;
16x6—£1.10; 14x9—£1.45; 12x12—£1.50; 16x10—-£1.75.
ALUMINIUM BOXES. 4xax 1% £1. 4x2%x2 £1. 3x2x 1 £1.
6x4x2 £1.60. 7x5x3 £2.40. 8x6x3 £250. 10x7x3 £3.
12x5x3 £2.75. 12 x8x 3 £3.60. All with lids, (inch sizes).
BRIDGE RECTIFIER 200V PIV 2a £1. 4a £1,50. 6a £2.50.
TOGGLE SWITCHES SP 40p. DPST 50p. DPDT 80p.

gzmeemn 7 MINI-MULTI TESTER NEW
De luxe pocket size precision moving
coit instrument. impedance + Capacity
— 4000 o.p.v. Battery included.
11instant ranges measure:
DC volts 5.25, 250, 500.

AC volts 10, 50, 500, 1000.  £6.50

Post 50p

NEW PANEL METERS £4.50
Stereo VU meter

K1 OF PARTS £19.50, LESS CABINET £15
Disco Lights, Edison Screw. 6 for £8, or 12 for £7.50. Post
fication 10W per channel; size 9%2x3x2in. SAE details.

50ua, 100ua, 500ya, —
b, J
0C vty ‘
3Yax 1% X lin.
Disco bulbs 100 watt, blue, green, yellow, red, amber,
£1.50. Suitable panel mounting holders 85p.
Full instructions supplied. 240V AC mains. Post £1.

NEW | baker| Star sound

“high power full range
quality loudspeakers
British made
axceptional
reproduction. ideal for
Hi-Fi, music P.A. or
discotheques. These
loudspeakers are
recommended where
high power handling is
required with quality
results. The high flux
ceramic magnet ensures clear response.

\

MOOEL INCHES OHMS WA'ITS TYPE  PRICE POST
MAJOR 12 4-8-16 HI-FI £14 £
DELUXEMK N 12 8 ‘IS Hi-F 14 2
SUPERB 12 816 X HI-FI 24 £2
AUDITORIUM 12 8-16 45 HI-Fl i 2
AUDITORIUM 15 8-16 60 HI-FI N 02
GROUP 45 12 4816 5 PA £14 £
GROUP 75 12 4-8-16 5 PA f18 £
GROUP 100 12 8-16 100 Guiter £24 £2
01SCO 100 12 816 100 Disco £24 £2
GROUP 100 15 8-16 100 Guitar £32 £2
0ISCO 100 15 8-16 100 Disco £ £2

NEW PA150 MICROPHONE PA AMPUR ak.]

| DC amps 0-250uA, 0-250mA. Post 50p
Resistance 0 to 600K ohms.
Do Luxe Range Doubler Model,
!50 0000 o.p.v. £18.50. 7x5x2in. Post€1
1ma, 5ma, 50ma, 100ma,
500ma, 1 amp, 2 amp
25 valt, VU Meter.
2Yax2X1Va
RCS SOUND TO LIGHT CONTROL BOX
Complete ready to use with cabinet size 9x3Xx 5in.£27
3 channel, 1000 watt each. For home or disco
Input 200mV to 100 watt. AC 200/250V. Post £1.
screw or bayonet £1.85 each. Post £1.50 per six.
Rope I|9hts 4 channel, 11ft with controller £33. PP £1.
“FUZZ” lights, red, blue, green, amber, 240V AC. £23.
200 Watt Rear Reflecting White Light Bulbs. Ideal for
RCS “MINOR” 10 watt AMPLIFIER KIT £14
This kit is suitable for record players, guitars, tape
glayback electronic instruments or small PA systems.
'wo versions available: Mono, £14; Stereo, £20. Speci-
RCS STEREO PR;E -AMP KIT. All parts Ito build this
pre-amp. Inputs for high, medium or low imp
per channel, with volume control and PC Board £2 95
Canbe Qanged to make multi-way stereo mixers Post 65p

4 ch | 8 inputs, dual impedance, 50K-600 ohm 4 channel
mixing, volume, treble, bass. Presence controls, Mastar volume
controf, scho/send/raturn socket. Slave sockets, Post £3.

BAKER 150 Watt AMPLIFIER 4 Inputs £89

MAINS TRANSFORM ERS Post
250-0-250V BOmMA, 6.3V 3.5A, 6.3V 1A £5.00 £2
350-0-350V 250mA, 6.3V 6A CT £12.00 £2
220V 25ma 6V lamp £2. 220V 45ma 6V 2 Amp £3.00 £1
250V 60mA, 6V 2A £3.75 £1

AUTO 115V to 240V 150W £9. 250W £10. 400W £11. 500w £12.00 £2

'GENERAL PURPOSE LOW VOLTAGE

11x8%x7in, 16 watts
50 to 14,000 cps. 4 ohm or 8 ohm
PUS TWO 15x 10Y2Xx7%in 25 watt
2-way system £39 pair. Post £3

LOW VOLTAGE ELECTROLYTICS Wire ends 10p
1mf, 2 mf, 4 mf, 8 mf, 10 mf, 16 mf, 25 mf, 30 mf, 50 mf, ‘IOO
mf, 250 mf. Al 15 volts. 22 mf/6v/10v; 25 mi/6v/10v; 47
mf/lOv 50mf/6v; 68 mi/6v/10v/16v/25v;

100 mf; 10v; 150 mf/6v/10v; 200 mf/10v/16v; 220

Tapped cutputs available Price Post
2amp.3,4,5,6,8,9,10, 12, 15, 18, 25 and 30V .00 £2
1amp. 6,8,10,12,16, 182024303640 £8.00 £2°
2amp. 6,8, 10 12 16, 18, 20, 24, 30, 36, 40, 48,60 £1050 £2
3amp. 6,8, 1 2,16, 18, 20, 24, 30, 36, 40, 48, 60 €12.50 £2
5amp 8.8, 0.12 18, 18, 20, 24, 30, 36, 40, 48, 60 £18.00 £2
5-810-16V. V2amp.  £2.50 80p 15-0-15V. 2 amps £3.75 £1
6V. Y2 amp. £2.00 £1 20V 1 amp £3.00 £1
6-0-6V. 112 amp. £3.50 £1 20-0-20V 1 amp C £3.80 £1°
9V. 250ma. £1.50 80p 20-40-60V 1 amp £4.00 £2
9V.3amp £3.50 £1 25-0-25V 2 am £4.50 £1
9-0-9V. 50ma £1.50 80p 28V 1 amp Twice £5.00 £2
<] 10-0-10V. 2 amps £3.00 £1 30V 1l2amp £350 £1
10-30-40V. 2 amps €350 £3 30V 5 amp and
12V.100ma £1.50 80p 170-17 2a £4.50 £2
12V. 750 me £2.00 BOp 35V 2 amps £4.00 €1
12V 3 amps £350 £1 TOROIDAL 1)—030V
12-0-12v.2amps  £350 £) and20-020V V2a  £10.00 £2
Post RECTIFIERS Post
612 volt 2a £1.10+80p)]
6-1 +

For Di Vocal, Public Address, Threa speaker outlets
for 4, 8 or 16 ohms. Four hlgh gain inputs, 20 mv, 50K chm.
Individual volume controls "Four channel” mixing. 150 watts 8
ohms RM.S. Music Power. Slave output 500 M.V. 25K.ohm.
Response 25 Hz — 20kHz + 3dB. Imaqral Hi-Fi preamp separate
Bass & Treble. Size — 16''x8""x Wt — 14lb: Master
volume control. British made. 12 months guarantee. 240v A.C.
mains or 120V to order. All transistor and solid state. Post £2.
MOND SLAVE VERSION £75. 100 Volt Lino Model £104. Post £2.
New Stereo Slave Model 150 + 150 watt £125. Post £4.

BAKER £69 rostc2-
50 WATT
AMPLIFIER

Ideal for PA systems, Discos and Groups. Two inputs,
Mixer, Volume, Controls, Master Bass, Treble Gain.

RCS offers MOBILE PA AMPUFIERS. Dutputs 4-8-18 ohms
20-watt RMS 12v DC, AC 240v, 3 inputs. 50K £46 PP £2.
40-watt RMS 12v DC, AC 240v, 4 inputs. 50K £75 PP £2
Mic 1; Mic 2; Phono; aux. outputs 4 or 8 or 16 and 100v line
60-watt RMS, Mobile 24 volt DC & 240-volt AC ma nputs 50K.

i 00 volts PP £2

= e
Battery only Portable PA Amplifier 10w max. Includes mike and'
speakar, DK for mastings, crowd control, stalls, fetes, traders,
pames otc. Batteries included {6 of U2) £27.50 post £2.

bu
VALVE AMPLIFER
4 Channel mixing. Master
trebte, bass and volume
controls. § Speakar outlets,
suits 4,8, 16 ohm. Disco
group. £125. Carr. & ins. £15.

FAMOUS LOUDSPEAKERS
"SPECIAL PRICES"

WATTS OHMS PRICE POST
.50

MIN| mi/4v/10v/16v; 330 mf/av/10v; 500 mt/6v; 680 S TWEETER Mu 50 s £9. £1
RES.'Q%,',‘E?.S?,}E(?NS."‘,:W ,9;?,33"2,, 2W 10p. mf/6v/10v; 1000 m#/2.5v/4v/10v; 1500 mi/6v/ GOODMANS TWEETER 325 8 £ £1
HIGH STABILITY. 2w 2% 10 ohms to 1 meg. 10p. 10v/16v; 2200 mf/6v/10v; 3300 mf/6v; 4700 mf/4v. AUDAX TWEETER 4in X ] £6.50 £1
‘WIRE-WOUND RESISTORS 5 watt, 10 watt, 15 watt 20p. 500mF 12V 15p; 25V 20p; 50V 30p. 1200mF 76V 80p. SEAS MID-RANGE 4in 50 8 £150 £1
PICK-UP CARTRIDGES SONOTONE STA £2.50. 1000mF 12V 20p; 25V 35p; 50V 50p; 100V 70p. SEAS MID-RANGE Sin 80 ] £12 £1
BSR Stereo Cerarnic SC7 Medium Output £2. SC12 £3. 2000mF 6V 25p; 30V 42p; 40V 80p; 1500mF 100V £1.20. SEAS MID-RANGE  4Yin 100 ] £1250 £
PHILIPS BLUGIN HEAD. Stereo Ceramic. AU1020 (G306 -  2200mF 63V 90p. 2500mF 50V 70p; 3000mF 50V 85p; GOODMANS HIFAX  Thxd% 100  AW16 €27 £
GP310- GP233 -AG3306, £2. A.D.C., QLM 30/3 Magnstic £5, 4500mF 64V £2. 4700mF 63V £1.20. 4700mF/30V 76p. GOODMANS WOOFER sin 5 M 850 £
GOLDRING G850 £6.50, GB0O £8.50. STYLUS most popular  Hior VOLTAGE ELECTROL : N Moy i je= & R0 [
Acos, Sonatone, BSR, Garrard Phiiips Diamond £1.20ea. +16/350V 90p  8+8/500V 3

LOCKTITE SEALING KIT DECCA 118 . Complete £1, 8/450V  45p 100+100/275V 65p 8+16/450v  75p  AUBAX o WOOFER  1n %0 8 - 8. 9
VALVE QUTPUT Transformers (small) 900. l:'Medlum £1.50 16/350V  45p 150+200/275V  70p 16+16/350V 80p GOODMANS  HPG 1Zin 120 vi5 2950 2
SUB-MIN MICROSWITCH, 32/500V 96p 220/450V 95p 32+32/350v 85p  GOODMANS GR12 1Zia %0 05 2150 £
ANTEX S OUDE RN GIRON 5“:"’ ;x‘g'e pole cnangeover, 32/350V 50p 32+32+32/325V 75p 32+32/500V £1.80  GOODMANS HPD 12in 128 #15 (8950 £
JACK PLUGS Mono Plastic 25; Met‘a'lagdﬁz'sw e 50/450v_98p 50+50450/350v 86p 50+50/300v  sop  SOODMANEGED 1820 : & L

CAPACITORS WIRE END High Voltage

SPEAKER COVERING MA ~Samples Large SAE.
1001, .002, .003, .005, .01, .02, .03, .05 mfd 400V Sp. GMATERIALS SamplesiLargs SAE

JACK PLUGS Stereo Plastic 30p; Metal 35;;. BAF. LOUDS £ CABINET WADDING 15imavid 350 1t

JACK SOCKETS Mono 25p. Stereo 30p.

FREE SOCKETS — Cable end 30p. Metal 45p. IMF 200V 5p. 400V 10p: 600V 15p. 1000V 25p. MOTOROLA PIEZO ELECTRIC HORN TWEETER, 3%in. square _£5
. %&mﬁ :é“é 83;5\&\: #3% SOCKETS 25p. Plugs 25p. ig,m; ?ﬁg\; fp G%X\/zgg; %\\; ggg ]Zgg{’, :gp [ 100 watts. No crossover required. 4-8-16 ohm, 7%x3%in. £10
Sockets 3-pin, 5-pin 13, Free Sockets 3-pin, 5-pin 25p. TRIMMERS 30pF, 50pF, 10p. 100pF, 150pF 20 p, 50 500pF 30p. CROSSOVERS. TWO-WAY 3000 ¢/s 30 wart 8 £3. 100W E4, -
Pl 3 iy : Speaker pl 25p; Sockets 1 MICROSWITCH SIN LE POLE CHANGEOVE 3-way 950 cps/3000 cps. 40 watt rating. £4. 3 way 60 watt £6. 100W €8.
Plugs Spin 20p; Spin 290 Spoaker plugs 25p; Sockets 159 1wiN GANG, 120pF £1. 500+200pF £1. LOUDSPEAKER BARGAINS

B o R e ey Plugs26p.  GEARED TWIN GANGS 25pF 95p. 3 ohm, 5in, 7 4in, £2.50; 6Y4in, 8x Sin, £3; 8in, £350. 10in, £5.

200 ohos IR RIBBOMN FEEDER 100 vél GEARED 365-+ 365 +25+ 25pF £1. 8 ohm, 254in, 3in, £2;5X3in, 6 4in, 1 &in, 5in, £2.50; 6%, B 5in, £3;

TRANSISTOR TWIN GANG. Japanese Replacement £1
SoLID DIELECTRIC 100pf £1.50, 500pf £1.50

TING ELEMENTS, WAFER THIN (Seml Flexible|

300 ohm to 75 ohm AERIAL MATCHING TRANSFORMER £1.

U.H.F. COAXIAL CABLE SUPER LOW LOSS, 26p yd.

COAX PLUGS 30p. COAX SOCKETS 20p. Lead Sockets 85p.

NEON INDICATORS 250V, round 30p. Rectangular 45p. Size 11x9x 4in. Operating voltage 240V, 250W approx.
3 Suitable for Heating Pads, Food Warmers, Convector

POTENTIOMEI'ERS Carbon Trgck | Heaters, Propagation, etc. Must be clamped between ﬁ

5k() to 2Mf. LOG or LIN. L/S 50p. DP 90p. Stereo L/S two sheets of metal or ceramic, e
£1.10. DP £1.30. Edge Pot 5K. SP 45p. ONLY 30p EACH (FOUR FOR £2) ALL POST PAID,

RADIO COMPONENT SPECIALISTS

Radio Books and Comp ts Lists 31p P ge 50p.) A
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8in, £4.50; 10in, £5; 12in, £5.

15 ohm, 2V4in, 3'4in, 5 3in, 6x4in, £2.50.

25 ohm, 3in, £2; 5% 3in, 7 x 4in, £2.50. 120 ohm, 3Y4in dia. £1.

CAR CASSETTE MECHANISM. 12V Motor Stereo Head £5

R.C.S. LOW VOLTAGE STABILISED

POWER PACK KITS £3.95. Post 65p

All parts and instructions with Zener diode printed circuit,

malns transformer 240V a.c. Output 6 or 7%2 0r 9 or 12V d.c.
00mA or less. Please state voltage required.

Dept 1737 WHITEHORSE ROAD, CROYDON

Open 9-6. Closed all day Wed. Open Sat. 9-5.
or Barclaycard Visa. Tel: 31-884 1665 for SAME DAY DESPATCH. Cash prices include VAT




CHILTERN ELECTRONICS

HIGH STREET, CHALFONT ST. GILES, BUCKS. TEL. 02407 71234

Our new Computer Shop offers the largest range in Europe of Computer Peripherals

MOTOROLA 9in. MONITORS

Once again we can offer these
beautiful little monitors at frac-
tion of usual price. Ideal for a
| micro—mains in, standard com-
posite video, and very wide
bandwidth for 80 ch/1 or more.
Free with each unit a 5 volt 3
amp regulated psu, mains in-

NEW 12in. GREEN SCREEN

A brand new 12in. green screen
monitor of the highest profes-
sional specs. Bandwidth better
than 15 Mhz. Very high engi-
neering standard.

Mounted in attractive anodised
aluminium case.
Mains/Composite video inputs.

KEY-EDIT VIDEO DISPLAY

A beautiful 12in. green screen
monitor and unencoded
QWERTY keyboard all mounted
in compact attractive VDU case.
Built to highest standards for
mainframe systems — mains/
composite video inputs.

Video bandwidth better than 14

DEC WRITERS LA35/6

Now at last you can add a pro-
fessional printer terminal to
your micro at a})rice of a cheap
import. These famous printers
cost £1,000+ from manufac-
turer. RS232 serial 300 baud.
Print speed 60 ch./sec U/L case.
Almost new ex-demo with inte-

Professional 84 key keyboards
from mainframe systems. In-
ductive switch keys. Full ASCII
set, with parallel TTL output.
Numeric and cursor cont!. clus-
ters. Full circuits included.
£30 + VAT

A few available brand new with
case for £45 + VAT. Postage £4.

Standard single sided 8in.
floppy disk drives ex-IBM equip-
ment.
We regret we have no informa-
tion on these, hence the ridicu-
lous price.
£65 each + VAT
Carriage £7.50

At last — these well-known in-
dustry standard line printers at
a price you can afford.
Parallel ASCIi in, 165 cps, heavy
duty for large volume print.

Model 101A. £200 + VAT.
Fully overhauled with stand.

For callers only.

put. Extra PSU for keyboard. Mhz. gral stand.
Only £34 + VAT Original cost £300+. A real bargain, these are almost £220 + VAT.
Carriage £7.50 Our price NEW £80 + VAT. new. Also available with keyboard
With technical manual. Carriage £12.50 £100 + VAT. £300 + VAT.
ASCIli KEYBOARDS I1BM FLOPPY DISKS CENTRONICS PRINTERS DRl 5 Mb DISK DRIVES

These are the later version of
the famous Series 30. Capacity
is increased to 5.6Mb per car-
tridge, exchangeable. Standard
interface, RK05 compatible.
Usual price £3,000+.
Our price band new only
£420 + VAT.
DRI 3029 PSU +/-— 15v. for
above drives, new £50 + VAT.
Carriage extra.

PERTEC MAGTAPE DRIVES

The bargain of the year — these
industry standard 9-track units
include psu and all read/write
logic and easy to interface to a
Micro. Up to 22MBytes of sto-
rage!

Cost new £2,200. Ours are in
E])si(ed condition but guaranteed
Callers only.

Only £90 plus VAT.

Some 1600 cpi Phase Enc
models for £199 + VAT.

ODDS AND ENDS

Centronics Aphenol 36w. plugs.
£10for 6.
£100 for 100.
RS232 25-way Cannon pl. with
cable top.

Male or female £10 for 5.
Teletype paper rolls, and paper
tape rolis £2.

New reels certified.

Mag Tape full size £8.

Add VAT and postage.

REGULATED POWER SUPPLIES

LAMBDA. All 230v. input.
5volts.8amp.........cccceeeenn. £1
5volt10amp.....
12volt10amp...
12volt15amp...
24volt1damp......ccocueueeee.

LOW COST BARGAINS
5volt3amp...... £8 + £2 postage
5volt6 amp...£10 + £3 postage

LOWEST PRICES IiN U.K.!
ADVANCE SWITCHMODE
S5volt10amp.....cccceuvvvvnnnen. £25

5volt20amp.. 2

5volt60amp......

5volt100amp...... [P £60

DISK DRIVE PSU

New DR} 3029 output +/—, 15

volts8Bampsreg.........c.......... £50
TRANS. 500 VA 230/110v.

Brand new, cased.................. £12

Please add 15% VAT. Phone for carriage costs.

Thousands of one-off bargains also available for callers — we are o
systems and spares from PDP11/03 to VAX 11/780, ali available i
catalogue. Access Cards accepted.

For further information on any of above items or carriage cost call Chris Kinsey on 02407 71234.

pen 6 days a week 9 a.m.-5 p.m. We also stock full range of DEC

mmediately ex-stock. Please telephone for details or ask for our

100
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Minimum VALVES VAT |
Order £1 IS INCLUDED _4
A1065  1.40 ELB2] 820 1121 2300 6AQ5 100 12AT7 065 6067 230
A2293  8.80 EL822 995 TT22 1850 gAQSW 1.80 12AU7  0.60 6080 5.30
A2900 13.75 EMBO 085 U5 115 6AS6 115 12Av6 095 6146 4.96
AR8 0.75 EMB7 130 U26 118 6AT6 090 12AX7 0685 61468  £.20
ARP3 0.70 EY51 0.95 U27 1.15 . 6AU6 080 12BA6 090 6360 2.86
ATP4 0.60 EY81 085 U191 0.85 GAVE 085 12BE6 128 6550 6.60
B12H 390 EY86/87 060 U281 0.70 BAX4GT 130 12BH7 196 6870 14.00
CY31 1.40 EYB8 0.65 U301 0.85 gAX5GT 1.30 12BY7A 230 6973 4.40
DAF36 070 E280 070 UB00O 1150 6BA6 0.86 12C8 0.65 7360 10.80
DET22 2850 E281 0.70  UBOI 090 6BE6 0.60 12E1 18.95 820
DF96 0.70 GM4 5§90 UBC41 120 6BG6G 1.60 12J5GT 0.56 38P1 11.00
DH76 0.75 GY501 130 UABCS0 0.75 6BJ6 1.30 12K7GT  0.70 5FP7 18.00
DL92 0.60 G232 105 UAF42 120 6BQ7A  0.85 12KBGT 0.80 4EP1 32,00
DYB6/87 0.65 GZ33 420 UBFE0 0.70 6BR7 480 12Q7GT 0.80 14.00
DY802 070 GZ34 275 UBFBY  0.70 6BW6 620 12SC7 066 88L 14.00
ES5L 1490 Gz37 396 UCC84 0.86 6BW7 180 12SH7  0.85 CV1526 16.00.
EBBCC  1.80 KT66 630 UCCBS 0.70 6Ca 050 12S)7 070 DG7-32 34.80
£88CC/01 3.10 9.20° UCFBO 130 6C6 056 125Q7 _ 1.45 DG7-36 36.00
E92CC  2.80 KTs8 8.95 UCH42 185 6CH6 820 12SQ7GT 0.8 DPMS-11 38.40
E180CC  4.20 13.80° UCHB1 075 6CL6 275 12Y4 070 D13-33GM
E180F  7.70 MH4 250 UCLB2 096 sCW4 850 1303 0.70
E182CC 628 ML6 250 UFa1 138 6Cx8 380 1305 090 *specQ
76 2.25 MX10/01 2150 UF80 0.95 6CY5 1.15 1306 0.80
EABC80 0.80 N78 990 UF8s 0.96 6D6 0.70 1457 1.16 PLUMBICON
EBYY 0.60 OA2 0.70 UL84 0.95 G6F6 180 19AQ5  0.86 P8003LF
EBC33 115 0B2 080 UMB0 030 6F6GB  1.10 19G3  11.50 P800IR
EBCS0 090 PABCS80 0.0 UMB4  0.70 6F7 280 19G6 $.50 P800IB
EBFS0  0.80 PC85 078 UY82 0.70 6F8G 085 19H5 3985 XQ1020R
EBFE3  0.60 PC86 0.85 UY85 0.85 6F12 150 2001 0.80 XQ10208
EBFB3  0.80 PC88 090 VR105/30 126 6F14 115 20F2 0.96
EC52 0.65 PC97 1.25 VR150/30 1.35 6F15 1.30 20E1 1.30 SPECIALV
EC91 440 PC00  0.90 X66 0.95 6F17 320 20P1 0.65 4CX 1000A
EC92 085 PCC84 050 X61M 170 6F23 0.75 20P3 0.75 4CX 5000A
ECC81  0.65 PCC8Y  0.85 XR1-6400, 6F24 175 20P4 125 BM25L
ECC82  0.60 PCC189 0.85 125.00 6F33 1050 20PS 136 BW153
ECC83  0.85 PCFB0  0.80 2759 19.00 6FHB 420 25L6GT 096 OM25L8
ECC84 0.80 PCF82 070 2749 0.75 6GAS 195 2524G  0.75 YL 1420
ECC85 060 PCF84 075 Z800U 3456 6GHSA 096 30C5 050 YL 1430
ECC86 170 PCF86 150 28010  3.75 6H6 180 30C17 050 YL 1440
ECC38  0.80 PCF87 050 2803U 16.00 6JUS 5.86 30C18 245 GXU6
ECC189 0.96 PCF200 1456 2900T 2456 6J4 136 30F5 115 CV1597
C 0.90 PCF201 185 1A3 0.85 §JAWA  2.00 30FL2 1.40 CV2116
ECF80  0.85 PCFB0C 050 1L4 050 6US 230 30FL12 126 BR189
ECF82  0.85 PCF801 1.75 1RS 0.60 6J5GT 090 30FL14 218 BR179
ECFBO1  1.06 PCF802 070 154 045 6J6 0.85 30L15 110 Cv6131
ECH34 225 PCF806 1.20 1S5 045 6UBW 0.90 30L17 110 GMU 2
ECH35 170 PCF808 145 1T4 045 GJEGC 296 30P12 118 TY4-500
210° PCH200 1.35 1U4 080 6JS6C 296 30PL13  1.26 BK485/5552A
ECH42 120 PCL81 0.75 1X28 140 6K7 080 30PL14 245 MIL5948/1754
W ECH8T 070 PCLB2 095 2D2% 110 6KD6 450 3I5L6GT  1.40
ECH84 080 PCLB4 090 1.85° 6L6M 280 35W4 080 IC
ECLB0O 070 PCL86 078 2K25  16.96 616G 250 3524GT  0.80 SN5402N 0.28
ECL82  0.75 PCL805/850.96 24.50° 6L6GC  2.85 SOC5 118 SN5410F 0.32
ECL83 140 PD500/5104.30 2X2 118 6L6GT 1.28 S0CD6G 1.38 SN5470F 0.48
ECL8S  0.80 PFL200 1.10 3A4 070 6L7G 0.65 7581 126 SN54196J 120
ECL86 090 2.80° 3AT2 240 6118 0.70 75C1 170 SN7407TN 0.29
EF37A 215 PL36 1.10 306 0.80 6LQ6 296 76 096 SN7408N 0.18
EF39 125 PLBI 085 3D22 2300 6LD20 070 78 096 SN7445P 0.85
EF80 0.86 PL82 0.70 3E29 19.00 6KG6A  2.70 80 1.70 SN74453P 1.10
EF83 1.75 PL83 0.60 354 0.80 607G 1.30 85A2 1.40 SN7453N 0.18
EF85 060 PL84 095 4832 1826 GSA7 1.00 2.56° SN74L73N 0.38
EF86 075 PL504 1.00 5B/254M 16.90 §SG7 115 807 126 SN7474N 030
EF89 1.05 PL508 240 5B/255M 1450 6SJ7 1.06 1.90* SN7485N 0.98
EF91 150 PL509 440 5B/258M 1250 6SK7 0.96 813 19.32  SN74L85N 1.10
EF92 2.90 505° 5C22 2990 GSLIGT 0.6 8850° SN7491AN 0.32
EF95 0.65 PLS19 490 5R4GY  1.80 6SN7GT 0.80 8298  14.00 SN74123N 0.42
EF96 0.60 8.10* 5U4G 0.75 BSR7 110 832A 8.90 DM74123N0.38
EF183  0.80 0.70 5v4G 078 65Q7 0.96 BE6A 3.80 SN15836N 0.28
EF184  0.80 PYBO 070 5Y3GT 098 6V6G 150 866 626 cX4 0.96
EF812  0.75 PYB1/800 0.86 150 6v6GT 096 931A  13.80 SN76013N 1.80
EF 186 PY82 0.68 078 6X4 0.96 954 0.860 SN76003N 1.60
EH90 0.85 PY83 0.80 5Z4GT  1.06 6X4WA 210 955 120 SN76033N 1.38
EL32 1.10 PY88 060 6/30L2 090 6X5GT  0.65 956 0.60 MC6B0OP 5.80
EL34 1.80 PYS00A 210 6AB7 0.70 8Y6G 0.90 957 1.06 MC68B0OP
290° PYS0S  6.45 BACY 118 624 0.70 1625 1.80 6.40
ELBY 245 PY801  0.80 6AGS 0.60 787 178 1629 186 MC14511BA
EL82 0.70 QQV03/10 7.50 6AH6 1.15 8BNS 296 2051 2.90
ELB4 0.80 QQV03-20A 6AKS 0.86 9D2 0.70 5763 420 B1702AL 3.30
EL86 0.95 2150 6AKS 0.80 90§ 290 5842 7.50 MM6300-1J
EL90 1.00 QQV03-25A 6ALS 0.80 10C2 0.86 5881 3.90 i
EL91 4.20 50 6ALSW  0.86 10F18  0.70 5933 690 MCMBS10AP
EL95 0.80 QQV06/40A 6AMS 420 10P13 150 6057 220 .40
EL504 1.70 16.10 6AME 150 11E2 19.50 6060 196 6340-1J  3.60,
EL803 590 QV03-12 420 BANBA 280 12A6 0.70 6064 230 MIC345-5D 0.28
EL509 395 SP61 1.80 6AQ4 340 12AT6  0.70 6065 320 MIC936-5D 0.22

MANY OTHER ITEMS AVAILABLE

_VALVES AND TRANSISTORS r;néw ‘II'ELEPHO:\IES TYPE “J".

elephone enquiries for valves, transistors, etc: ropica B in metal cases.

retail 749%&:%4 trade and export 743 0899Es 10-line MAGNETO SWITCH-

BOARD. Can work with every

type of magneto telephones.
PRICES MAY VARY

POSTAGE: £1-£3 45p; £3-£56 55p;

Geiger Muller Tubes GM4, MX12/01 and .others.
Beta-Gama Probe with B12H (L314).

TEST SET FT2 FOR TESTING Transceivers A40,
Ad41, A42 and CPRC26.

NJA‘RNEfS :A & “B” CONTROL UNITS “A” "R”
“J1” “J2.” Microphones No 5, 6, 7 connectors, _ . » N _
i 2 o e £5-£10 60p; £10-£15 80p; £15
DRUM CABLE continuous connection YC 00433. £20 100_0.

Signal Generators MARCONI TF 144H/4S; TF144H/65 10 kHz-72MHz. Receivers AR-880 and Spares
avalisl
Prices on application

Tel. 01-743 0899 or 01-749 3934

COLOMOR

(ELECTRONICS LTD.) Open Monday to Friday
170 Goldhawk Rd., London W.12 9a.m.-5.30 p.m.
e e —myn
EUROPEAN  MAARCO TRADING

These very high quality British made two-pin European adsptors are
ideal for driving radios, cassette recorders, TV games, calculators, etc.
The adaptors fit the UK shaver socket.

REF. DC Voitage Current 1+ 10+ 100+
EOB 4.5v 200m/a 50p 45p 32p
EM3 6V 200m/a £1.00 80p 55p
EO9 8v 400m/a £1.50 £1.25 85p

We have substantial quantities of the above adaptors and can offer the
most competitive prices available on large quality orders either for ghe
U.K, market or overseas. Please write or telephone stating your require-
ments.

This advert is only a fraction of our range, send 25p foi our latest ca(aloFue. Please add 35p P&P to all
orders. (Free over £5). Add 15% VAT to total.
£
§ A
K

MULTIMETER SPECIAL

Complete with rechargeable cells and leads. etc.

Russian type U4324 20,0000.P.V.

DC Voitage: 06, 1.2, 3, 12, 30, 60, 120, 600, 1200.
3, 6, 15, 60, 150, 300, 600, 900.

AC Intensity M/A: 0.3, 3, 30, 300, 3000.
DC Resistance: 0.2, 5, 50, 500, 5000K.
gelevel dB: 10to + 12.

Special Price £12 + £1.50 P&P + 15% VAT
{Air/Sea mail at cost). Quantity discounts available

All Orders to MARCO TRAOING, DEPT. WW12, HIGH STREET, WEM, SHREWSBURY SY4 5EN. TELE.
PHONE 0939 32763

WW — 082 FOR FURTHER DETAILS
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70 YOU
TS JUST A
POWER VALVE

But to us it is probably the key component within
a Radio Communication, Radar, Broadcast,
Electronic Warfare, or Industrial Heating System.

By utilising our advanced testing and strict
quality control facilities we can supply MOD and NATO
approved items to DEF Standard 05-29and 05-31.

As a major MOD Contractor holding £0.5 mitltion of
stock we can supply almost any power valve.

For the difficult to locate devices, we have an
of Production’ sourcing service linked to an
in-house NATO, CV and Commercial Part Number
microfiche system.

Contact us with your power problems.

Zaerix Electronics Limited
Electron House, Cray Avenue, St Mary Cray,
Orpington, Kent BR5 3PN England
Telephone Orpington (0689) 27099 Telex 896810 ZANDI G

WW — 034 FOR FURTHER DETAILS
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LINSLEY-HOOD
~300 SERIES AMPLIFIERS

(\r(\r!‘f'O

These latest designs from the drawing board of John Linsley-
Hood, engineered to the very highes! standard, represent the
very best that is svailable on the kit market today. The delicacy
angtransparency of the tone quality enabie these amplifiers to
outperform on a side-by-side comparison, the bulk of amplifiers
in tK: commaercial market-place and even exceed the high stan-
dard set by his earlier 75-watt design.

Three versions are offered, a 30-watt with Darlington output
transistors, and a 35 and 45-watt, both with Mosfet output
devices. All are of identical outside appearance which is de-
signed to match and stack with our Linsley-Hood cassette re-
corder 2,

As with all Hart kits the constructor's interests have been looked
after in a unique way by reducing the conventional {(and boring)
wiring almost to the point of extinction.

Any of these kits represents a8 most cost-effective route to the
very highest sound quality with the extra bonus of the en-
joyment of building histi piece of i t.

30-watt Darlington umpriﬁer, fully integrated with tone controls
and magnetic pick-up facility. Total cost of all parts is £81.12.
Special offer price for complete kits is £72.

35-watt Mosfet amplifier. Total cost of parts £98.41. Special offer
for complete kits £87.. X
45-watt Mosfet amplifier. To‘st‘al cost of parts £104.95. Special

offer price for complete kits .80.

(Re?rinls of original Articles from Hi-Fi News 50p. Post free. No
VAT,

Reprints of MOSFET article 25p. No V.A.T. Post free.

‘P.W. WINTON' TUNER AND AMPLIFIER

Snazzy hing _slimii tuner and plifier in

wooden cablnets. These Ted Rule designs are for the enthusiast.
Tuner covers LW, MW, SW, FM and TV soundl Digital frequency
readout with clock and timer features. FM has g section front
end and hable bandwi or ional fringe area per-
formance. Amolifier has Toroidal transformer, Mosfet output
n.lw 50 watts per channel and got a cracking review in Practi-
cal

al Wireless,
Tuner, C £163.00
£109.00

lote Kit
Amplifier. C Kk.

LINSLEY-HOOD CASSETTE RECORDERS

-8

rformance and

can see 23KHz on oursl).
Unsley-Hood Cassetts Recorder 1.
Linsiey-Hood Cassette Recorder 2
Reprints of “WW" Articles ....

We have done two kits to this design, one using the original car
. cassette mechanism and the newer version using a very high
* quality front loading deck. This new deck has an excellert W & F
itted with our latest Sendust Alloy Super
lead gives an incredible frequency range (with good tape you

LINSLEY-HOOD
PEAK DRIVE INDICATOR

A very useful device, connected to loudspeakers giving a 4 light
readouts of peak power delivered for the protection of both the
louc and p ived quality of sound. Gives instant
indication even for pesks of only five microseconds’ duration.
Unit uses CMOS technology, Is self-contained and battery
powerad. Complete Kit except batteries.
Only £17.40 plus VAT.

Reprint of Article 25p. No VAT. Post free.

VERTICAL FRONT LOADING CASSETTE
DECK VFL910

This deck is used in our Linsley-Hood Cassette Recorder 2 and
has every possible feature to ensure top notch performance.
Recently featured in this magazine in a *'Digital Multi-Track Tape
Recorder” by A. J. Ewins.

12v DC Servo Feedback Motor.

VFL910 Deck. Fitted with H516 Sendust Alioy Super Head £31.99

FEED YOUR MICRO BYTES WITH OUR
SOLENOID CONTROLLED CASSETTE

_DECK.

Rer i

Front loading deck with full solenoid control of ali functions
including 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 technicsl specification
included.

LINSLEY-HOOD 100 WATT POWER
AMPLIFIER

Our complete kit for this brilliant new design is the same size as
our Linsiey-Hood Cassette Recorder 2. Kit includes all parts for
two power amplifiars with large heatsink area, huge power
supply and speaker protection circuit. Total cost of all parts is
£114.48 but our special introductory price for all parts bought
together is onty £105.50.

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 'ormance
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 iower
g‘im for prime parts. Compare us with other suppliers and see)
e following is a list of our most popular heads, afl are suitable
for use on Dolby machines and are ex-stock.
HC20 Plormlloy Stereo Head. T:j: is the standard head fitted ss
original equipment on most dec! £4.25
m\fso MEQ‘L gotn Permalioy Hea:
formance head with metal bili
HS18 Sendust Alloy Super Head. The best head we can find.
Longer life than Permalloy, higher output than Ferrite, fantastic
£8.20

T
HQS51 4-Track Head for auto-reverse or quadrophonic use. Full
specification record and playback head................................. £7.40
Pleasa consult our list for technical data on these and other
Special Purpose Heads.

, higher per-
£6.20

SPECIAL OFFER

Replacement heads for SONY machines.
‘Fjlmks()uality Stereo head with special base to fit Sony
lacks.

These are only available while stocks |ast. 50 buy now to
keep in. Only Eﬁ v
Trade price available on 10 or more.

HART TRIPLE-PURPOSE TEST
CASSETTE TC1

One inexpensive test cassette enables you to set u? VU level,
head azimuth and tape speed. Invaluable when fitting new
heads. Only £3.80 plus VAT and 50p postage.

‘I’.po Head De-magnetiser. Handy cassette size mains opereted
unit prevents build up of residual head magnetisation causin.
noise on playback noﬂ

CASSETTE MCTORS
mlhw Governed 12v DC Tape Drive Motor Type MMI-

As used in SF925 and many other decks. 40mm Dia x 35mm
Long, Shaft 10.5mm long x 2mm Dis. 6 x 2.5mm Mounting
Holes on 26mm PCD on shaft end face. Antl-clockwise rotation
at rated speed of 2200 RPM. Free run current 25mA. £4.85 sach.
Lenco CRV/FFR.

We have a small Tan!'r!y of spare motors for these decks at £6
each complete with drive pulley. Spare betts for FFR or CRV 80p
(Large), {Small).

= s

Telephone: Oswestry (0691) 2894
Personal callers are always very welcome but please
note that we are closed all day Saturda

Full details of the entire range of HART products is contalned in
our illustrated lists.

Ask for your FREE copy NOW.

Enquiries for lists are also welcome from overseas but please let
us hsylta three IRCs to cover the cost of surface post or 5 IRCs for
airmail.

In a hurry? A telephone order with credit card number ptaced
before 3 p.m. will be despatched THAT DAY|

Please add part cost of post, packing and insurance as follows:

OVERSEAS
Postage at cost plus £2
documentation and handling

INLAND

Orders up to £10 — 50p
Orders £10 to £49 — £1
Orders over £50 — £1.50

ALL PRICES PLUS VAT

4 Sandy Lane, Stockton Heath
Warrington, Cheshirg, WA4 2AY

sabtronics &)
FREQUENCY METERS
8 digit:

% Convenient single input
for entire range
% Big easy to read LED display
% Excellent sensitivity
% 10MHz crystal controlled timebase
% Battery or mains operated
% 3 switch selectable gate times
Y Leading zero suppression

220222024

9 digit:

% 9di it resolution for more precise

readings
Excellent 30mV sensitivity up to 1Ghz
3 switch selectable gate times

10 MHz crystal controlied timebase

2 separate inputs for added versatility
Front panel sensitivity control
‘Battery or mains operated

8110A......... 20Hz-100MHz .
8610A......... 20Hz-600MHz .

£67 |

86108...... 10Hz-600MHz ......£99
8000B.... 16Hz-1000MHz.....£155
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2000V, DC i
10AmpsDC |

Add 15% VAT on all prices
correct at 1-5-82 E & OE

cash with order or credit card
Carriage £1 for all orders
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LOW-NOISE GASFET PREAMPLIFIERS
RF LINEAR POWER AMPLIFIERS

TYPE 9002 TWO-STAGE GASFET PREAMPLIFIER Nonse factor 0.7 dB. Gain 10-35
dB. variabie. Ch. group A21-34, 49-68, Masthead/local

USO)y. . st

=g
88

TYPE 9004 TWO-STAGE GASFET STRIPLINE PREAMPLJFIER N.F. 0.6 ¢B. Gain
10-35 dB. veriable. Aligned to spocmed 1requency in the range 260-

500 MHz. masthead/iocal use.. e
"POST AND PACKING

TYPES026FM  BAND II. 88-108 MHz. N.F. 1.0 dB. Gain 10-30 dB. veriable. masthead/
localuse. 15V. + DC at30ma ...
POST AND PACKING

TYPE 9026 RF PREAMPLIFIER. Aligned to your specified frequency in the range
1-250 MHz. N.F. 1.0 dB. Gain 10-30 dB. variabie. Masthead/locsl u
POST AND PACKING
TYPE 9031 WIDEBAND RF PREAMPUIFIER. 1 KHz-100 MHz without tunlng N F.
3.0 dB. Gain 40 dB. Increases sensitivity of |nﬂrumsnu:‘
D PACKING

TYPE 9058 1500 MHz. FREQUENCY DIVIDER BY 10. Divides input fraquencies in
tha range 100-1500 MHz. by 10. May be used ahead of fraquency
metars and counters to increase the frequency of measurement.
Enables UHF oscillators to be phase-locked to s lower frequency

high-stability reference ......
POST AND PACKING
TYPE 8033 PHASE-LOCKED SIGNAL SOURCE using low-frequency reference
rggml. Specify output in the range 1-800 MHz. Output 10 m#¥. + 10
m

POST AND PACKING

TYPE 9045 VMOS WIDEBAND LINEAR POWER AMPLIFIER. 30 KHz-60 MHz with-

out tuning. 4 watts max. AF output. Power gain 10dB.............cccoocvcnene,

POST AND PACKING

TYPE 9050 VMOS WIDEBAND LINEAR POWER AMPLIFIER. 30 MHz Hz

without tuning. 4 watts max. RF output. Power gain 10d8. ..

POST AND P, NG

TYPE 9053 LINEAR POWER AMPLIFIER. Television bands IV and V. 4 watts RF
output. 3-stage. 50 mW. input . SIS

"POST AND PACKING

TYPE 9064 VMOS LINEAR POWER AMPLIFIER. 20 wm RF output. Aligned to
your specified frequency in the range 1-400 M
POST AND PACKING

TYPE 9057 VMOS LINEAR POWER AMPLIFIER. 80 watts RF output. Aligned to
your specified frequency in the range 1-400 MHz. Integral mains

POWET SUPDHY ..o
POST AND PACKING
TYPE 9084 VMOS WIDEBAND LINEAR POWER AMPLIFIER. 20 watts RF output.
10 KHz-60 MHz without tuning. Power gain 10 dB. Integral mains
POWRE SUDDY ..o e e ess s sttt srrsnsas s e s sans e
POST AND PACKING
TYPE 9085 VMOS WIDEBAND LINEAR POWER AMPLIFIER. 20 wstts RF output.
30 MHz-200 MHz without tuning. Power gain 10 dB. integral mains

power supply ...
POST AND PACKING
TYPE 9082 FM TRANSMITTER. B8-108 MHz. 50 watts RF output
POST AND PACKING
TYPE 9083 FM TRANSMITTER. B8-108 MHz. 50 watts RF output with integrat
mains power supply
POST AND PACKING
PLEASE ADD V.A.T. 15% ON TOTAL

RESEARGH COMMUNICATIONS L1D.

UNIT 3, DANE JOHN WORKS, GORDON ROAD, CANTERBURY, KENT CT1 3PP
TELEPHONE: CANTERBURY (0227) 56489
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Happy Memories

Part Type 1off 25991 0 O
up

4116 200ns .83 72 .66
4116 250ns .75 .65 .60
4816 100ns For BBC comp 245 210 1.95
4164 200ns 4.95 445 4.20
2114 200ns Lower Power 1.1 1.00 .90
2114 450ns Low Power .95 85 .80
4118 250ns 3.25 285 2.65
6116 150ns CMOS 370 320 2.95
2708 450ns 2.60 225 2.10
2716 450ns 5-volt 2.60 225 2.10
2716 450ns three-rail 575 5.00 4.65
2732 450ns Intel type 3.75 325 3.00
2532 450ns Texas type 375 325 3.00
Z80A-CPU £4.35  Z80A-PI0 £3.25 Z80A-CTC £3.25
6522 PIA  £3.98 7805 res .50 7812res .50
Low-profile IC Pins

EOKtE: 8 14 16 18 20 22 24 28 40

Pence

9 10 11 14 15 18 19 25 33
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
8-inch SSSD £19.25 8-inch SSDD £23.65 8-inch DSDD £25.50
74LS Series TTL: Large stocks at low prices with D.LY
?ls?ounts starting at a mix of just 25 pieces. Write or phone
or list

Please add 30p post and packing to orders under £15
and V.A.T. to total

Access and Barclaycard welcome : 24-hour 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
Telephone: 054-422 618 or 628

WIRELESS WORLD DECEMBER 1982

T0 YOU
TS JUST A
MICROWAVE

But to us it could be the energy source of a Radar.
Radio Communication, Electronic Warfare,
Satellite Communication or Industrial

' Microwave Heating System.

Our advanced testing facility ensures strict quality
control which enables us to supply MOD and NATO
approved items to DEF Standard 05-29 and 05-31

As a major MOD Contractor holding £0.5 million of

stock we can supply almost any Microwave tube.

Our NATO, CV and commercial Part Number

microfiche system, together with our ‘out of production’

sourcing service, enables us to locate most devices.
Contact us with your requirement.

Zaerix Electronics Limited
Electron House. Cray Avenue. St Mary Cray.
Orpington. Kent BR5 3PN England
Telephone Orpington (0689) 27099 Telex 896810 ZANDI G

WW - 024 FOR FURTHER DETAILS
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Professional quality electronic components, brand new and fully guaranteed. Mail order gy I

ELECTRONICS AND

P\ S return of post. Cash/Ch
5 oque/POs or Banker's Draft with order, payable to Hemmings
HEMMINGS Hicrocompurers ol
16 BRAND ST Officlal orders from schools, colleges and universities welcome. Trade and export enquiry
welcome.
HITCHIN }"?l . ‘0465) 3323‘ 19 e P.&P. add 45p to all orders under £10. Telephone your Access orders, using our 24-hr.
op open Mon.-Sat. 9 a.m.-5. . Ansaphone service. Please send SAE for full price list.
HERTS Closed all day Wadnesday VAT - All prices exclusive of VAT — Piease edd 18% to total cost including P.&P.
No VAT on export orders or books.
8 ' B0p | TIP35C 1886p | 2N3773 280p-f 2N4921  108p ALFAC ETCH RESIST
21140 %0p 12p 80p | TIP36 170p | 2N3819  28p | 2N4922  98p TRANSFERS 3m m.dW|m m"‘%’,
6602 B0p | 5710 210p 18p 0p | TIPIBA 178p | 2N3821 120p | 2N4923  $8p | Mske your own Printed Clreuit 3mm Green LD37C 18p
8522 M0p | 5535 300p 12p 24p | TIP3GB  188p | 2N3822 120p | 2NB190 8 %76!63 with our PCB lrlnmra “J Panet Clip 4
2% 1273, 00p 18 24p | TIPIBC  19p | 2N3823  96p | 2N51B1  78p. rew your artwork on .14 3 /%) ime Bezel *®p
88800  4B0p |4ija bt 12p 86p | TIP41 80p | 2N3824 98p | 2N5192 78p gvld | 6mm Red CaY40L 10p
6802 348p | 41ca w: 189 0p | TIP41A  80p | 2N3B86  80p | 2NBI 00p |k Transferto coppor board| g M Re8 CAA0L | b4
8809 8 8118 400p 18p 20p | TIP41B 00p | 2N3903 16p | 2NG194 90p using carbon paper Panel Clip ' 4
68809  1380p |ay1a. 0p ”% 20p | TIPAIC  80p | 2N3304  1Bp | 2N6196  80p | Burnish the Alfac transfers to | (7o' Chrome Bezel p
6809E  1298p 40p [ ] 98p | TIP42 88p | 2N3905 159 | 2N5400 40p the board using & spatula &mm Square Red 280
8310 1200 | LINEARICs %0p % %0p | TIPAZA  80p | 2N3808  1Bp | 2NSAD1  4Op | Using cerbon marks to asslst| “TGE NUCh O %0p
8821 180p | AY.3-1270 98p 280 [Y¥] 80p | TIPA2B Top | 2N4123 28p | 2NB41B 8p In accurate slignment Tri-colour VE18P 70p
68821  218p 280 0p 2/p | MJESO 80p | TIPA2C  88p | ZNA125  285p | 2NB418  90p | Use Alfac chemical eraser to| oo Fleshing COX21
3Wp | AY.3-1360 50p 28p | MJE3SO 80p | TIPAT7 B0p | 2N4391  P0p | 2N5457  38p correct mistakes 3Hz 8t BV a8p
saet 1200 W Toat 'mb | Sla o | Mim s | e M | N4 Mo el | WEwhinFardcChionde ~
AY-3-8910
8845 80 438p | TLO82 4Bp B8C1829 10p MJE2966 90p | TIPSO m 2N4401 28p | 2NB480 Mp |ECHO0/10.1" E,d e Connector TIL32 Emitter S4p
6850 140p | Av.3-9912 TLoB4 ~ %8p | BC18IA  10p | MJE30SS B8p | TIPII0  30p | 2NA402  28p | 2NSB81  40p |ECS02/10.168" Edge Connector | TIL38Emitter 8p
8862 250p €20p | UPCE76 149p BC1B3C  10p MPF102  48p | TIP111 78p | 2N4403 289 | 2 80p |ECS400.01 0” Lines TIL78 Photo translstor Sdp
8864 000p | AY.5-1230 UPC1167 158p | BC184 10p MRF476 290p | TIP112 B0p | 2N4410 48p | 25C1306 #8p | ECH41 0-03‘“ Lines TIL100 Photodioda 70p
Mo I 4| U, |M0WC 8| Mioe | TN ) Ad B o emenyind o
709 MPS53840 nP11e 049"
a128 1200 | 7418 pin :’6 UPD7002 480p | BC212A 13 MPS3648 30p | TIP117 E 2N4867  90p | 25C2078 108p |ECD440.081" Lines PRINTER
BT96 900 | 74114pin 28p BC2128  10p | MPSAD6 20p | TIP120  3%p | 2N4918  98p [ VNIOKM @8p |ECS450.079" Lines 80 Characters per Sacond,
8796 p | 7415 8¢ VOLTAGE BC213A  10p | MPSA12 38p | TIP121  80p | 2N4919 120p | 40673  96p. |EC8480.100" Lines Friction and Tractor Feed, High
M B B weuomw Gl B M R R B AR R AT e | S SR A
8 BC214 MPSA14 1 me1 031" nds nderlining, Subscripts an
0L 240 | e b ageroema | S o | MesAls b i Teizs o [ UGUID CRYSTAL DISPLAY EC980/20081" 90" Bands Superscripts
00A  eop | CAaiceE T | Teios  30p | BCINA lfp | MESAZT Ml | TEMO 10 | ooy petenrcouner |Gl OO ¥4 o il A
8085A  480p | LF3s5 oop | JoL12 3 | 5C238°  12p | MPsase 28p | TIP142  1s0p | BDigits, 0.35'FM, SW, MW, MHz, |EC852/2 0.061" 307, 45%, 60° DRAGON 32K COLOUR
8166 480 | (rass  mop | °U'S WP | gCoaea 125 | MPSABS 20p | TIP1es  leop | KHzAnhuncletors Bends , COMPUTER
8212 1880} 1F357  100p BC2388 12p.| MPS, 48p [ TIP14s  180p | Semple and Hold Capebility EC90B 0.063"" Pads 8809€ Microprocessor
8218 1000 | (M301A 28p | 78MO5  40p | gCo3aC 12p | MPSAT7 60p | TIP147  170p | ResetCapablli £C8100.084"' Pads 32K Rap Standard
8224 180p | (M307  S0p | 78MOS B8P | §Co39 125 | MPSAS2 30p | TIP2ess  J0p | 25 Selectable IF Offsets €C8110.189* Pads Extended Microsoft Basic
8228 196p | (M308A g8p | 78MOS 88p [ aC307a 18p | TIP29 Bp | TIP3056 70p | Prescaler Avallable EC960/1 TO-5 Transistor Pads Advanced Graphics and Sound
8228  MOp | (M31IN 68p | 78M12  S0p | BCag7C  18p | TIP29A  38p | TiSa3  d0p | Incandescent backfighting ECooa/NlIClRaca Professional Quality Keyboard
8243 2100 | (M324 38p | 7SM16 SO0 [ BChe  qgp | TIP2DR  B8p | TISE3A 48y | Supply Voltaga by EC997/1 IC Pads with tracks Z190
81 B%|iMim  sop | OB Mp | 8C06A 1p | TIPRC  &0p | TISIEY  sap | OperstingCurrentams Prbasgnpeds  sied back Securicor €8
. ant » 3 in s8a AC!
st 2m0p v o A BCa080 ::: TP30A g: NI ﬁ 1M 176 Digital Meter Module AR COLOUR COMPUTER
8257  4BOp| {M380  98p | 7806 48p | BC309  18p | TIP0B  60p | 2N1B93  3ep | 3 /2digits, 05 Individual sheets 48p % SPECIAL OFFER #
8259  480p | (M381 180p | 7808 ®8p | BC308C  16p [ TIPIOC  40p | 2N2218A 48p | 1.~ 8nd Decimal Point Spatula AR4 for burnishing 48 | vic.20 Colour Computer
8278 4B0p (M323  90p | 7808 8o ( BC327  18p | TIPIIA  40p | 2N2219  28p | 200mV Full Scale Input Alfec knife 180p.| C2N Cassette Unit
75481 5o | iM30s  86p | 7812 p | BC328 1k | TR 42 Nz2z1 e fiue :’,"'(':".';')gf}i';‘al’(;i,:‘g Share Blades (3ack of 10) Z%0 | Introduction to Basic (Part
1
;&1 ?.: Mc:i;gp Z:z ;3:: :: BC338 1:: P32 x gn%z :: Single 9v Operstion AHec Preclsion Grids: Potyester g',c,::,f:,',',';fgn”#‘,"‘,‘;"
75492 70p | MC1456 138p | 7824 e6p | BCAT7 2% TIP32A 48p | 2N2222A 28p Powsr Consumption 20mw film, mett finiah 0.14mm 10 Blank Cassettes
AY-3-1015D MClats o acgo p nmg 00p | 2N2369A 20p ?ﬁf&’;ﬂtg}lﬁﬁé&p; rg%"l thickness, 20 ""%"; 9 A4 1 VIC Computing Magezine
avsr0 | MEk2a2A 05 | ol Lol Bovrr | De3c  gee | nzoaa 22 | tow Banery Indicator Double Sided Fibregiaes Bosrd E1S]IncIVAT,
300p | MC3340 120p | J9L12 z BO135  42p | TIP33A  @8p | 2N2905A 28p | Incedescent Backlighting 118 hickpess: 1o Ehoper COMMODORE 84
MC1408 298p | MC3401 BD138  48p | TIPIB  70p | 2N2906A 28p . ] LLY ol 64K RAM, 26K ROM
MC1488  88p | MC3403 %{: 1A BO139  40p | TIP33C  7Bp | 2N2307A 28p | All modules are suppiied with HOBBIES 26 Lines 6140 cﬂ,.m
MClas  Sop | MC 1 | 7908 0. i sl nead T | N8 > dataishest Noveml AN K 18 Colours B12x266 Graphics
ABRE OPTIC YMER lovember 1021mt -VIC Peripheral
ZBOACPU 380p | MC34001 88p | 7908  70p | BDISS  48p | TIP4B  98p | 2N30S5  48p ASLE Visit us on stand 414 oppe i onerals
ZgAg‘% 300p | NESES 180 | 7912 90p :8:89 48p "’_I'lgC 1'09 2N3439 80D | 4 10m coil of Imm core optical | the “Blus Bar” where we will be Second Processor
%w:DARTm 655CMOS 80p | 7915 00p o 70 4Bp b 90p | 2N3440 1np fibre cable sheathed In black exhibiting a selection from our KEYNET Network
NE666 88p | 7918 80p | BD638 8p P35A  188p | 2N3771 180p potyethylene for protection large range. Do not miss the 29
T80p 565 138p | 7924 80p | BDE77 80p TIP35B  170p | 2N3772 180p £4.96 many bargains on offer. Securicor £8
o g 5 s A o AR S e 1
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4 4 —ee . e e = “
86 High Street, Bletchingley, Redhill, Surrey RH1 4PA - Tel: Godstone (0883) 843221
POP 11/10 COMPUTER SYSTEM comprising 28KW processor with switch console, 3 x RK05/J 2.5 me: abyte  IBM Selectric (goifball) terminal. Keyboard printer similar to Model 735, but complete with keyboard and
:emtl)vabla disc drives with RK11.D, 2.)( Model VTSO‘\’IQI'L'J' Yor;‘nilnlll (12 lines x 80}, TALLY M?‘(’iel ?O%O 208 lenoid driver el ics.... . £128
pm line printer, bx and card. The whole system is contained in two four foot DE g 7 inli i 2450
bl andisin} it dition. includes RT11, BASIC, FORTRAN, etc. Manufactured 1977 B?AQB}?_%A:YIYW;:::&);:: ::Y:,O»:;m:r:r‘ion’l:vrnh e
POP 11V03 MICRO COMPUTER SYSTEM comprising LSI 11 processor in BA11 MF box with 64KB memory,  SPERRY-REMINGTON Word Processors. Comp 8 dual cassette tape drive together with an IBM
DLV11J quad serial interface REV11 bootstrap and diagnostic ROM card, RX01 dual floppy disc drive,  Selectric {golfball} 1/0 typewriter. offers advanced facilities at low cost. Prices from ... £19%0
SYSTIME VOU Terminal with 24 x 80 U/L csse diaplay and cursor addressing, Mode! LA120 OECwriter (120 A g, DICK Word Processor Mode! MAGNA II. Microprocessor based magnetic card system (compatible with
cps bi-dlrectional U/L case). The groceum and disc drives are contained in a8 24-inch high DEC cabinet.  |gMm) using QUME printer and single line LED displa . Very ite f i are ible with
Egmlméf;:ggﬂeagg;;ggcv?‘:ﬂ“ B::I o ~£1980  new generation word processors such as OLYMPIA ES Series. Printing speed ls 45 cps £796
NCR Model 8130 MICROCOMPUTER SYSTEM. INTEL 8560 based machine with G4K8 memory (snd battery” FagIT Mode! 4070 high speed (75 cps) paper tape punch with paralle! TTL interface .
back up), twin dusl-density fioppy disc drives, VDU and keyboard, Model 4501 180 cps bi-directional nine 014070. As above, but BRAND NEW and In orlginal packing .......... £350
wire matrix printer and facilities for reading bar coded ledger cards. The system is under 2 yvars old and full  FACIT Model 4020 Paper Tape Reader. Companion to Model 4070 punch. 300 ¢ps, paraellel interface ..... £250
software and maintenance support is Hable from N £950  OIABLO Series 30 removable Disc Drive. 2.5 megabyte with industry standard interface. Thesa drives are
RAYTHEON Model PTS100 System. Comprising 16-bit processor with 84KB MOS memory, 2 VDU terminals,  noted for their reliabllity and easy maintenance. Hardwarse, software and media compatible with the OEC
assetltoog;ivo an? numakmht.l‘s o;:tion. ler‘ng;naal multiplexor and interface cards. A test set is included. ss%)-egnsnégnil’lfgs'amgailtble for DEC Unibus, O-bus, NOVA, S1000 and other machines at Low cost.... £296
ntalned in a six foot rack. Manufactured e e e a or above...
DEC Model VT50 VDU. 12 lines x 80, upper case only. With 20mA current loop interface to 9600 Baud .. £165  WANGCO T1000 Series Oisc Drives. Various models from . - g
MEMOREX Model 2278 VDU. EBCDIC coded VDU, 24 lines x 80. These modern {1979} VOUs are particularly ~ WANGCO 9 Track Tape Drives. NRZ and PE Models fully ref .. €480
suitable for rebuilding around s single board computer or as a low-cost terminal. Each attractively cased  SYSTIME RKOS UNIBUS CONTROLLER complete with a DIABLO Series 30
unit comprises: & detached Micro Switch inc, keyboard with single chip encoder, either of a standard type  CALCOMP Mods! 563 AO Drum Plotter. Step size 0.1mm. Immaculate conditi
MOTOROLA or BALL BROS. 12'" monitor, Microprocessor (8008) 1 | ics with fi in  ADLER Correspondence quality 1/0 typewriter
2708 EPROM, and power supplies (5V at 15A, + 8nd ~ 12V 8 3A) ..o oo £85  Pleass note: VAT and carriage extra on all items.

DAROM SUPPLIES Dert AW - Tel: (0925) 64764
4 Sandy Lane, Stockton Heath, oscILLOSGOPEs

Warrington, Cheshire WA4 2AY
SAFGAN British Made Scopes THE FUTU R E SERIES

A range of high-performance, Aoy LADER
economically priced scopes & Dual Trace e
featurmg: w Dual Trace % 6-inch rectangular CRT
* 5mV/div Sensitivity % Max. sensitivity 500uV , _
: XY F(alcility : I\L/%Vt. TV-H sync. LBO'522 20MHz........ £298
Z Modaulation rigger LBO 523 35MHz...... . £425
Solid Tri ith % Hold OFF variable .
X e N X XY Faciiny LBO 524 35MHz
rtable/Lightweigh reset Sync.
o R % Z Modulation Add 15% V.A.T. on &ll prices — prices
DAy otz ... £11300 | 5 Includes 2 XI/XIO Probes correct at 1-5.82 — E&OE cash with
DT 420 20Mhz. ... £198.00. ' LBO 524 features Delayed order or credit card — Carriage £5 for

Express Delivery

X1—REF-X10 probe......£11.50' Sweep and Dual Time Base

WW - 092 FOR FURTHER DETAILS
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LANGREX SUPPLIES LTD

Climax House, Fallsbrook Rd., Streatham, London SW16 6ED

RST Tel: 01-677 2424 Te 946708

0.44 G, 0 U 0C205 2.78 .21 6 .0
SEM|CONDUCTORS 0.48 0.27 1.50 2.58 2.75 24 | 2IN1893 03 0.39
AAL19 100 | ASZ1S 120 | BC17. 0.11 0.40 0.28 178 2.50 2.50 .25 | 2N2147 400 0.60
AAY0 017 | .ASZ16 110 | BCI73 0.11 0.40 0.4 0.45 2.50 .00 .05 IN2148 375 1.00
AAY30 017 | Asz17 Lo [ BC177 0.28 0.40 033 0.60 4.00 1.00 09 | 2N2218 032 g};
AAZI3 018 230 | BCI78 028 0.48 0.36 0.73 3.00 2.00 06 | 2N2219 g;g o4
AAZIS 018 250 | BCI79  0.28 0.48 4.00 0.71 1.00 2.2 06 | 2N2220 29 o
AAZIT 015 2.5 | BCIS2 0.11 0.50 2.25 0.47 1.50 2.00 06 | 2N2221 0. 2
ACI07 058 3.00 | BCIS3 0.1l 2.00 0.20 0.73 .00 0.27 07 | 2N2222 020 0.
ACI2S 028 3.00 | BCI4  0.11 0.20 1.30 2.00 1.20 .09 4.28 g}:
ACI2s 028 0.13 | BC212 0.11 0.97 110 1.50 0.16 11 0.2§ oitg
ACI127T 028 0.15 | BC213 0.11 0.9 0.35 1.50 0.43 12 0.25 il
AC128 030 010 | BC24 0.11 . 0.30 0.35 0.90 0.45 .07 0.25 0.16
AC141 0.28 011 | BC237 0.11 0.91 0.30 035 0.0 0.33 04 0.50 0.16
ACMIK 035 0.0 | BC238 0.11 2.00 | BFX87 030 035 1.50 0.36 .13 0.32 0.15
ACI42 028 0.05 | BC30I 0.33 1.5 | BFX88  0.30 0.26 0.85 0.54 1 032 0.18
onaE o ot | Bo%r am 83 | B o3 o5 05 o4 o8 071 o3
22}{2 gﬁ;g BC107 0.16 | BC308 011 | BFIS2 0.6 | BFYS2 025 | MPSUO6 0.5 | OC72 1.00 | TIPA2A  0.42 | 18921 0.09 | 2N2924 026 | 2N%438 0.2
AClg8 028 | BClO8 0d6 | BC327 0.12 | BFIS3 0.16 | BFY64 030 | MPSUS6 0.69 | OC73 1.00 | TIP29sS 0.70 G 30 1.00 | 2N2928 g.zz 2N5439 18';121
ACY1?7 130 | BCl09 0.6 | BC328 0.12 BFI54  0.17 | BFYS0 095 | NE55§ 045 | OC74 0.70 | TIP30s5 0.5% | 2G302 1.00 | 2N2926 .15 25017 00
ACY18S 115 | BCI3 0.15 | BC337 012 | BFI59 017 | BSXI9 027 | NKT40l 23.50 | OC7S 065 | TIS6 043 | 2G306 100 | 2N3053 026 28019 12
ACY19 1.10 BC114 0.15 BC338 0.12 BF160 0.17 BSX20 0.27 NKT403 2.50 0oC76 1.00 25140 0.25 | 2N404 1.30 2N30S4 055 25026 25.00
ACY20 110 | BCuS 018 | BCY0 125 | BF1§7 0.24 | BSX21 029 | NKT404 220 | OC77 1.00 | 28170 0.1 | 2N69 0.32 IN30SS  0.68 25103 %.a
ACYIl 118 | BClieé 019 | BCY3l 1.5 | BFI73 030 | BTI06 .20 | OAS 1.20 | OC8l 0.65 | 25178 0.54 | 2N697 032 | 2N3M40 o.72 25302 1%
ACY39 2. | BCI17 023 | BCY32 150 | BF177 035 | BTY79/400R OA7 060 | OC8lz 120 | ZS271 0.23 | 2Ne9s 0.32 IN344l 0.8 25303 &
ADl49 075 | BClIS 018 | BCY33 110 | BFI78 0.35 200 | OAl0 0.55 | OCB2 050 | Zs278 0.57 | 2IN708 1.25 N3#2 125 28322 ;zo
ADl6l 035 | BCI2S 018 | BCY4 100 | BFI79 035 | BU2S 130 | OA47 012 | OCs3 080 | ZTX107 012 | IN706 0.25 | 2N36l4 220 25324 5
ADI62 035 | BCl26 018 | BCY3 340 | BFis0 028 | BU26 150 | OA70 0.25 | OCB4 0.80 | ZTXI08 012 | 2N708 0.25 | 2N3702 g.u 28701 3.’5
AF106 0.35 BC133 0.15 | BCY40 2.80 BF181 0.28 BU208 2.00 OA79 0.12 0OCl122 2.75 ZTX109 0.12 | 2N930 0.25 2N3703 .11 2S745A o
AFl14 075 | BCI36 0.19 | BCYA2 030 | BFIS2 030 | BY100 040 | OAsl 017 | OCI23 2,00 | ZTX300 013 | 2N1131 030 | 2N3704 011 28746A .95
AF11S8 075 | BCI137 0.19 BCY43 0.30 BF183 0.28 BY126 0.13 OA8S 0.17 0OC139 3.00 ZTX301 014 | 2NI132 030 2N3708 0.1
AF1l6 078 | BCl47 012 | BCYS8 019 | BFisa 028 | BYI27 014 | OA% 0.08 | OCI40 400 | ZTX302 018 | 2NI1302 1.20 | 2N3706  0.11
AF117 078 | BCl4s 012 | BCY70 0.7 BFI188 030 | BZX6l 017 | OA91 0.08 | OCl4l 425 | ZTX303 018 | 2NI1303 080 | 2N3707 0.1l
AF139 033 | BCl49 013 | BCY7TI 0.8 | BFIo4 0.14 ey 0A9S 0.08 | OCI70 128 | ZTX304 020 | 2N1304 1.20 | 2N3708  0.10
AFl86  1.00 | BCIS7 013 | BCY?2Z 017 | BFI9S 012 | BZYss 010 | OA20 05 | OCI71 125 | ZTX31l 013 | 2N1305 1.00 | 2N3709 0.1
AF239 039 | BCIs8 013 | BCZI] 175 | BFI% 0.13 | Series OA202 015 | OC2 1.50 | ZTX314 035 | 2NI36 150 | 2N3710  0.10
AFZIl  4.00 | BCISY 0.13 | BDIIS 0.4 BPI97 0.4 | CRSI40 060 | OA211 150 | OC201 2.5 | ZTXS00 0.4 | 2N1307 1.10 | 2N3711  0.10
AFZ12 400 | BCl67 011 | BDI2I 170 BF200 040 | CRS340 0.75 | OAZ200 1.5 | OC202  2.75 | 2ZTXS0l 0.14 | 2N1308 175 | 2N3771 140
ASY2s 1.40 | BCI70 0.1 | BDI23 2.8 BF224 0.25 | CRS360 0.90 | OAZ201 150 | OC203  3.00 | ZTX502 018 | 2NI309 120 | 2N3772 160
ASY27 0.90 BC171 0.11 { BDI24 2.00 BF244 0.28 GEX66 _ 3.00 OAZ206 150 | OC204 3.00 ZTX503 _ 0.19 2N1613  0.32 2N3773 180
Vv ALVES EI30L  18.5 | EF8S 175 US1  20.00 | PC86 2.50 | Qy4250 7315 | UF8s 175 | 4C38 78.00 | 6CW4 8.00 [ ,12BA6  2.50 | 5670 4.50

EIS0CC 10:50 | EF86 175. | GXUl  1535. | PC88 250 | QY4400 76.80 | UF89 2.00 nxz;o: ;o.% 6D2 1.5 12BE6 250 | %7 u.z
Al834 9.00 | EI8OF 9.9 | EF® 250 | GXU2 30.00 | PCYS L75 | QYS-500 175.00 | UL41 3.50 4cx53 R “3'.00 6DK6 :gg 12BH7 150 | 3687 :.w
A2087  13.50 | EI820C 13.25 Eg; :;3 g§$ ﬁ.g PCY7 ”2 QYs.;oool’\” . 8}(4?0 ;‘7“5) :§} sgD it ggAQ:B Hi };g}n zg.g g% o
ﬁg; }Z:SS %}:ggc 3% | Em 150 | GXUSO 2000 | PCC84 150 | Qzos-20 3270 | UY4l 2.25 | SB2S4M 35.00 | 6EBS 250 | 12ENTT 17000 | 8728 550
e Mp ) meomm B L3 G0 R RS G| G3 | Dn, 4% BPY AR & R M ER W
ﬁ?;tzx% glss: ggggc }%so EF98 200 | GZ313 475 | PCC8Y  L75 | RIS 3.00 | XG1-2500 45.80 | SJIBOE 1650.00 | 6F23 1.60 19H4 2750 | $749 2.5
A3343  45.00 | EAS2 32.25 EF183 2.00 | GZ34 W; PCCI89 2.5 | RI9 9.24 | XG2-6400 SR4GY ;.3: 6F28 1.3 19HS 47.50 | $751 :.g
AZ3] 1.75 | EA76 2.0 | EFI84 200 | Gz37 4.7 PCC80S 160 | R20 2.50 141, U4G X 6F33 33, 24B9 67.25 | 3763 b
AZ41 2.60 | EABC80 1.25 EF804S  12.00 | KT6l 5.00 | PCC806 1.60 | RG3-250 32.68 | XGS-500 2660 | SU4GB 250 | ¢HI 14.00 30C1$ 2.00 | SBI4A 4.00
BK448 114.90 | EACO1  3.50 EF80sS  9.80 | KTé6 8.00 2 2.00 | RG3-250A 32.68 | XG2-6400 VAG 2.50. | 6H2N 2.75 30C17 2.00 4.00
BK484 15538 | EAF&2 250 | EH% 175 | KT88 1100 | PCF80  2.00 | RG3-1250 $9.50 1 SY3GT 250 | 6HIN 275 | 30C18 2.00 12.00
BS90 55.00 | EAF801 2.00 | EK%0 150 | KTW6l 250 | PCFS2 1.5 | RG41250 61.60 | XRI-1600A Z3 4.00 | gHe 3.00 | 39FS 160 | SB76A  31.50
BS4S2  60.00 | EB41 4.00 EL32 25 | KTW62 2.5 | PCF86 2.5 | RG4-3000 99.45 53.7 S24G 2.5 | o4 5.50 30FL12 138 | 5879 5.00
BS810  60.00 EB9l 1.50 EL3) 4.00 KTWeé3  2.50 PCF§7 2.00 RR3.250 40.00 | XRI1-3200 81.97 SZAGT 25 | )6 2.93 PFL12  1.80 $886 12.50
BTS $895 | EBC33  2.50 EL34MUI 3.00 | M8079 1234 | PCF200 3.25 | RR3.1250 45.75 | XR)-3200A &30L2 195 | ¢f7 475 | 30FL14  2.00 | $963 2.50
BT17  151.00 EBCAL 2.5 EL36 2.50 M8080 8.25 PCF201  3.25 SI1E12  65.00 | XR1-6400 6AB4 1.75 6K4N 2.50 39L1 1.50 5965 3.50
BT19  44.05 | EBC81 150 ELAL 280 | MS8081 %82 | PCFSOl 2.5 | S§130 6.00 102.00 | 6AB7 3.00 | 6K6GT 2.78 30L1S 2.00 | 6005 2.2%
BT29 349.15 | E 125 | Ela 250 | Mg0s2 9-g PCF802  2.50 | S130P 6.00 | YDI1120 395.00 | 6AC7 a.m; 6K7 3.00 | 30L17 2.00 | 6021 4.50
BT69 354.80 EBF80 1.50 EL81 5.25 MB083 3 PCF380% 170 STV280-40 YDI1240 351.00 6AF4A 4.2 6K8 3.00 30P4 2.50 6087 10.23
BT9S 129.00 | EBF83  L78 EL$3 6.00 091 1043 | PCF806 1.70 14.00 |- 2759 25.00 | 6AG7 ;.3 6K D6 7.00 0P19 250 | 6058 u.%
CBL31  4.00. | EBF89 150 ELS84 2.25 | MB80% 6-:'1 PCF808  1.70 | STV280-80 ZM1000  8.00 ‘MEG 300 6L6G 3.00 30PL1 3.00 | 6059 6'00
CL33 4.00 | EBL31  4.00 EL86 2.75 | Mso97 a.lg PCL82  2.00 21.00 | ZMI001  8.00 sz 710 | sLeca 2.25 | PLI4 180 | 6061 : 3
CY3l 3.00 | EC% 1.25 EL90 225 | MB8098 °'oo PCL83  3.00 | SU4L 5.00 | ZM1020 9.00 | 6A B 6L6GT  2.25 30PLIS 180 | 6063 .7
CIK 2000 | EC91 8.00 EL91 9.69 | M80%9 8. L84 2,00 | SU42 10.00 | ZM1021 9.00 | 6ALS 150 | 6L6GC 225 38W4 1.00 | 6064 8.58
C3A 2200 | EC92 178 EL9S 200 | MSI00  9.52 | PCL8S 250 | TD03-10 3500 | ZMI022 9.00 | 6AM4 400 | 6L7 2.50 | 50CS 150 | 6067 10.23
C3JA 22.00 ECIS7  325.40 ELIS6  25.00 Mg136  10.23 1.86 2.5 TDO3-10F 35.00 ZM1023  9.00 6AMS .69 6N2P 2.50 75B1 6.05 6072 6.00
DA41 2500 | ECC3 4.5 L3s0  8.50. | M8137 1023 | PCLB0S/8S 2.0 | TTIS 3500 | ZMI040 19.36 | 6AMS 600 | 6N3IP 250 | 75C1 3.5 | 6080 14.00
DA42 1870 | ECC35  4.50 | ELS00/S04 3.00 | MS140  6.00 DSO0  6.00 | TT21  23.00 | ZMI0O4l 16.66 | 6ANS 4.;‘5' 6N7 3.00 | 8SAl 7.50 | 6097A  235.00
DAFYl 175 | ECC40  4.50 ELS09  7.00 | MSI4l  6.50 30.00 | TT22 2.0 | ZMIo42 17.77, | 6ANBA 3.” 6P25 400 | 85A2 4.45 | 6097B m.tg
DAF% 175 | ECC81 L7 EL821 13.00 | M8l&2 875 | PFL200 250 | TTi00 60.00 | 1B3GT 3.00' | 6AQS 2. Q7 375 | 90AG 1296 | 6146A s.
DET22 35.00 ECC82 175 EL822 13.97 M8144 7.50 PL36 250 | TY2-125 60.00 1B24 25.00 6AS6 8.66 6R7 3.25 90AV 12.96 6146B 8.28
DET24 49.00 ECC83 175 EM34 5.00 MB149 6.50 PL81 175 TW. 71.40 1B35A  48.00 6ASTG B.75 6SA7 3.00 90C1 3.20 61598 19.00
DFYI 1.75 C84 175 EMS80 250 | Ms161 935 | PLSIA  2.00 | TY4500 98.35 | 1Be3 64.00 | 6AT6 1.8 | 6sC7 275 | 90CG 1454 | 6189 9.5%
DF% 175 | ECC8S 175 EM8] 250 | Mslez 1040 | PL82 150 | TYS-500 175.00 | IRS 175 | 6AUSGT 500 | g5F7 2.50 15.45 | 6201 11.40
DK91 1.75 C86 250 | EM84 200 | Msle3 825 | PL83 2.50 | TY6-800 188.00 | 1S5 175 | 6AUS 2.9 | eSHY 3.00 | 92AG  12.96 | 642 20.00
DK92 200 | ECC88 210 | EMss 275 | M8IS0  5.00 | PL84 200 | TY6S000A 1T4 1.75 | 6AVSGA 4.50 55{(7 325 | 92AV 1296 | 68538 174
DK 175 | ECC8s  2.00 EM87 2.50 | M819S  10.85 | PLSO4/S  2.50 175, JAS1S 1150 | 6AV6 150 | SK7 350 | 95A1 8.45 | 6973 40
DLS2 2.00 Co1 893 | EN32 1746 | MEI% 750 | PL508  2.50 | TYs-5000B 2C319A 6000 | 6AXSGT 3.00 | 6SK7GT 3.00 | 150B2 6.50 | 7025 3. 4
DL94 175 | ECCI8 210 EN9I 7.50 8204  7.05 | PL505  6.00 2 70.00 | 6B7 325 | 6SN7GT 3.00 150B3 835 | 7351 6.2
DL9% 1.75 807 1.7 EN92 6.96 M8212 1137 PLSI9 6.00 TY6-5000W 2D21 3.25 6B8 3.25 65Q7 3.40 15 3.2 7586 12.00
DLSIc 14.00 | ECC808 3.50 | EYSI 275 | Msu23 600 | PLS0I 1.50 325.00 | 2E26 8.25 | 6BAS 1.5 | 6SR7 4.00 | 150C4 4.05 | 7587 u.g
DLSIS 12.50 | ECF80 155 | EY8l 2.50 | M8224 630 | PL802  6.00 | TY7-6000A 2J42 98.00 | GBA7 s.g 6857 275 | 21 35.00 | 7609 S6.
DLSls 1250 | ECFs2 1.5 | EY83 250 | Msns 450 | PPV03.10 14.00 374, 253 175.00 | GBARA 4. 8USG 3.50 | 723AB  125.00 | 7868 6.00
DLSI19 1250 Fg6 250 | EY84 9.24 | Msas  14.03 Y33 250 | TY7-6000W 2]70A  383.00 | 6BC4 ﬁ 6UBA 225 | 803 25.00 | 7895 “'2°
DM70 2.00 H3S  3.00 EY86 1.75 | MD2901 60.00 | PY81 1.75 3.60 | 2J70B  336.00 6BES 1. 6V6GT 225 805 45.00 | 8005 110.49
DM71 200 | ECH4 350 | EYss 1752 | MUl4 250 | PYs2 150 | Tze0 25.00 | 2K25  125.00 | 6BHé 150 | 6X4 200 | 807 375 | 8068 14.00
DMI60  4.75 | ECH8;  3.00 EYS00A 3.00 | MX119 3500 | pys3 250 | U1s-20 3.50 | 3.400Z 85.00 | 6BJ6 225 | 6XSGT 175 | 8l1A 2833 | 812 90.00
DY$7 1,50 | ECHs3 250 | EY802 175 | MX123 72.00 | PY8s 200 | yl9 1375 | 3500z 85.00 | 6BK4 4.50 | 7B7 150 | 812A 2833 | 8136 2.50
DYS02 1.5 | ECHs4 250 | EZ38 175 | MXI45  56.70 | PYS00A 3.0 | {25 2.50. | 3AS 300 | 6BLé 8500 | 7Cs 400 | 313 125.86 | 8417 °‘°§
ESSL 2200 | ECL80 150 | EZ40 250 | MXISI 17.25 | PYso0 150 | U2 250 | 3B24 1100 | 6BL7GT 4.5 | 7Cs 250 | 833A 19316 | 18042 11
ESOCC  8.81 | ECL81 175 | EZ4l 250 | MXIS2 13125 | PYs0I 150 | y37 12.00 | 3B28 15.38 BM6  115.00 | 7H7 4.00 | 866A 20.03 | 18045 1049
ESOCF 1127 | ECL82 150 | EZ80 1.5 | MXI6l 15225 | QQV026 16.50 | UABCSO 1.25 | 3B29 2000 | 6BN6 §.oo 7R7 425 | 812A 20.00
e BRI mm e B Le | MG RE GO Juee dmmen 02 B0 @A 38 B 48 | adite
ESICC 800 | ECL8S 150 | FW4-500 3.50' | MX166 147.00 | QQV0640A UBC4l 225 | 3C23 2500 | 6BRSA  3.50 | 724 2.00 1624 4.00 | 4CX250B 6.50
ESIL 12.57 ECL86 1.75 FW4-800 3.50 MX168  48.00 48.38 UBF89 1.50 S 24.50 6BS7 6.00 11E3 £5.00 1625 3.50
E82CC 8.10 EF37A 5.00 G1.371K  35.00 N78 15.00 QQV07-50 66.90 UCCs4 1.75 3CX100AS 6BW6 6.00 12AH8 5.00 2050 17.46
E83CC 8.40 EF39 2.75 GSSIK  12.00 0A2 3.25 | QQZ0s-40A UCCss 1.88 47.00 6BW7 1.50 12AT6 1.50 $212E 3.00
E86C 8.25 EF40 5.00 G180.2M 17.50 OA3 2.50 62.20 UCFs0 2.00 3E29 45.00 6BX7GT 5.00 12AT? 1.7% 4212H  300.00
E88C 8.25 EF41 3.50 G2402D 12.00. | OA4 6.00 Qu37 12.50 UCH42 2.50 354 2.00 6BZ6 2.75 12AU6 2.50 S44 81.97
E88CC 8.00 EF42 4.50 G400.1K 17.50 | OB2 435 | QVo312 680 | UCH8I 150 3V4 1.75 | &4 1.25 12AU7 1.75 5548 102.00
EOCC 8.1 EF50 2.50 | GN4 9.00 | OB3 2.50 VO4-7 356 | UCLS2 175 | 465A 60.00 250 | 1DAV6  2.50 | 55514 114.99
E%F 9.90 EF54 5.00 GN4A 9.00 0C2 435 | QV0s-100 UCL83 275 4125A  60.00 | 6CD6GA 5.00 12AV7 3.50 S582A  155.35
E9IH 6.25 EF5S 3.50 GSl16 16.00 0oc3 2.50 136.85 UF4) 2.00 4.250A  80.00 60G7 2.50 12AX7 1.75 5642 9.00
E92CC 8.75 EF80 1.75 GTiC 15.00 0oD3 250 | QY365 5426 | | uRs2 210 4400, 87.00 6CH6 13.00 12AYIA  4.00 654 3.00
E9F 9.10 EF83 4.00- | GUSO 2000 | OZ4 3.50 QY3125 60.40! { UFso 1.75° { 4B32 20.00° { 6CL6 3.75 12B4A 3.50- 1 -5651 445
0. 74136 0.51 | 74175 102 | TBA480Q 1.84
INTEGRATED CIRCUITS |72 & [ 7 o3 | i 1% | e i
. . h 7497 315 | 74142 2.30 4 . .
BASES CRT SADPL  35.00 | VER3I7A 1000 T ol | hm o [ poss o1 | Jil00  isa | 7143 Ze0 | 74179 136 | TBAS4Q 2.3
; S SBP1 10.00 | C 10000 | 7402 017 | 7427 0.30 | 7472 0.33 | 74107 0.45 | 74144 2.60 | 74180 120 | TBASS0Q 3.22
B7G unskirted  0.22 | 24F1 850 | scpl 1000 | VORSITC 10 7403 017 | 7428 043 | 7473 038 | 74109 o | 74145 Too | 74190 1390 | TBA30CQ
BIGEKIAIR  Dotimibil  Ahol{mchlh oo 7404 0.18 | 7430 017 | 7474 038 | 740 OSL | 77 200 | 7L L | R

SAumkined 022 | 3B 500 | oA 1300 7405 018 | 7432 0.30 | 7475 054 | 71l o7l | 74l8 L7 | T4z L0 | TBACTS 2.0
LAt ol ecl  holoolth iy | 25 7406 043 | 7433 0.40 | 7476 042 | 74116 185 | 74150 L R g Lt e
Tkt 055 | 3F97 oS lp) (6332 hRTubciBuscs 7407 043 | 7437 032 | 7480 056 | 7418 100 | 74ISL 0.4 | T4l L] BA20q SR
oo - : DG7-31  58.07 | Priceson 7408 020 | 7438 032 | 7482 0.75 | 74119 154 | 74154 1.80 | 7419 y 0Q 2.07.

uvistorbase  0.75 | 3GPI 6.00 | DG7-32  58.07 | application 7409 0.20 | 7440 032 | 7483 100 | 74120 0.8 | 74158 050 | 7419 135 | TBA&oO 1.20,
St G S .00 | DH3oL s6.83 7410 017 | 7441 050 | 7484 105 | 7421 043 | 4156 080 | 7417 135 | TBASK 250

oD R RaRCHED s 7412 029 | 7442 0.72 | 7486 039 | Mz o0& | M7 035 | 749 2 9200 2.90
lpnDILY . CIEE PR cRy ) 12t 7413 032 | 7447AN 117 | 749 o0 | 74123 LI8 | TS 2.0 | 741 230 | TBASNQ 2.%
e e v 5| et S 7416 032 | 7450 018 | 7491 oz | 743 0S8 | Ml 240 | TN 176 o) 150
cans all sizes 30 RPL 3500 | VCRI3SA 12.50 7417 032 | 7491 018 | 7492 060 | 74126 0.58 | 74172 4.40 ;AA 7 1 B TCA760A 1.

20| VER139A [8:00 7420 018 | 7453 0.18 | 7493 060 | 74128 0.8 | 74173 L& | TAACKS 3.5
{ 7422 0.20 | 7454 0.18 | 7494 0.82 | 74132 0.72 | 174 1.60 AA700 3.
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. . i . i Telex 946708
In some cases prices of Mullard and USA valves will be higher than those advertised. Prices correct when going to press. o E&O.E.
Account facilities available to approved panies with imum order charge £10. Carriage and packing £1.50 on credit orders. - MG -
Over 10,000 types of vaives, tubes and semiconductors in stock. Quotations for any types not listed. S.A.E. pen to callers Monday-Friday 9 a.m.-5> p.m.
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 Modular
Amplifiers
the third generation

Due to continous improvements in components and design [LP
now launch the largest and most advanced generation of
modules ever,

WE'RE INSTRUMENTAL
IN MAKING A LOT
OF POWER

In keeping with 1LP’s tradition of entirely self-contained modules
featuring, integral heatsinks, no external components and only 5
connections required, the range has been optimized for efficiency,
flexibility, reliability, easy usage, outstanding performance, value
for money.

With over 10 years experience in audio amplifier technology ILP
are recognised as world leaders.

SEe

BIPOLAR MOODULES

MOSFET MODULES

Protection Full load line, Slew Rate 15y, ks Risetime: Sus. §/N ratia: 100db.
Frequency sesponse {-3dB) 15H2 — SOKMz. Input sensitivity. 500mV rms.
Input Impedance: 100K f1 . Damping factor. 100Hz >400.

PRE:AMP SYSTEMS

Aux ¢+ Vol/Bass/Treble/Batance
uitar pre amp | Two Guitar (Bass Lead) ang Mic +

separate Volume Bass Treble + Mix
Sterew pre amp | As HYE6 tess 10ne co

HY73 |

HY78

Most pre-amp modules can be driven by the PSU driving the main power amp
A separate PSU 30 is available purely tor pre amp modules if required tor
£5.47 {inc. VAT). Pre-amp and mixing modules in 18 ditferent variations

Piesse send for details,

Mounting Boards

For ease of construction we recommend the 86 for modules HY6—HY 13 £1.05
tinc. VAT) and the B66 for modules HYS86—HY 7B £1.29 {inc, VAT)

wos | 2oma |

Dy 3 — Very easy to use
| Moduta Module | Functions Current T_Priecmc_] v
Number ] Required | VAT Robust construction,
et T R T ) 'r oma | TI60 Mounts anywhere in car
| Aux + V s/T | Automatic switch on
HY66 | Stereo pre amb | Mic/Mag. Cartr dge/Tuner/Tape, 2 | €

Module | Output I Losd DISTORTION Supply Size WT | Price Module | Output Load OISTORTION | Supply T Size WT T Price
Number Power |Impedance| T.H.O. 1 M.D. Voltage mm gms e Number | Power | Impedsnce| T.H.D. I.M.D. Volitage mm gms ne.
Watis Typat  GOHz/ Tvp VAT Watts 0 Typat  6OH2/ Tyve | VAT
ms TKHz  7KMza1 | rms KMz 7KMz 4:1
i l a8 <0.006% | +18 | 76 x 68 x 40 240 { t8.40 MOS 128 60 2t <0 <0. I I
1Y 30 4.8 <0.006% +25 76 x 68 x 40 240 | £9.55 M 3 1 A < < x Ll
1Y )] 30+ 3¢ 4.8 <0.00 t 25 120 x 78 x 4l 420 | £18.69 M 64 80 <( <0.006% | 1] J
124 6u 4 <0.006% + 26 120 x 78 x 40 410 }€20.75 = 1 — )
6 | . <0.006% 235 120 x 78 x 40 | 410 {€20.75 Protection:  Abie to cope with complex loads without the need for very spec
4 > a o1 <0.006 + 35 120 x 78 x 50 520 | £25.47 protection circuitry {luses will suffice).
28 | | 8 0.01%  <0.006% | £50 |120x 728x 50 | 520 | £25.47 Stewrate.  20v/ps. Rise time 3us. /N ratio 100db
HY64 180 a4 0.0 <0.006% 1 45 120 x 78 x 100 | 1030 | £38.41 Frequency response (-3dB): 154z — 100KHz. Input sensitivity. 500m/ rms
68 e <0006% | 260 |120x 78x 100 1030 c3.a1 | Input impedance: 100K £2. Oamping factor 100Mz > 400

‘NEW to |Q’ In Car Entertai Vs

c1s
Mono Power Booster Amplifjer ta increase the output of your existing car rad
or cassette player 10 a nomunat 15 watts rms,

£9.14 (inc. VAT)

Output power maximum 22w peak into 3/L

Frequency response (—-3dB) 15Hz 1o 30KHz, T.H.D. 0.1
S/N ratio {DIN AUDIO) 80dB, Load Impedance 30}
Input Sensitivity and impedance [selectabtel 200mV rms into 15K £ 3V rm:
Size 95 x 48 x S0mm. Weight 256 gms

at 10w 1KHz

e 841

C1515
Stereo version of C15.

Size 95 x 40 x 80. Welght 410 gms.

£17.19 (inc. VAT)

POWER SUPPLY UNITS (Incorporating our own toroidal ransformer
ARl — e —— - . _— =— —

Model | For Use With Trrice inc. | [ modet For Use With Price inc. | Modal For Use With [ Price inc. |

Number | | var_| Number | VAT | | Number N VAT
PSU 21X [1or 2HY30 IIEEEER PSU 52X | 2x HY 124 [ ti7o7 | [PSU 72X |2 » HV248

PSUAIX [1or 2HYBD, 1 x HYBOBD, 1 x HY124 | £13.83 PSU 53X | 2 x MOS128 £17.86 | l PSU 73X | 1 x HY36 |

PSU 42X |1 x HY128 £15.90 PSU 54X | 1 x HY248 £17.86 74X ]\ x ’ |
PSU 43X {1x MOS128 | £16.70 PSU 55X | 1 x MOS248 £19.52 , 5X VIS 368
:Psu S5tX [2x HY128, 1 x HY244 | cv7.07_ PSLI 71X 2_x Hyz44 j _21.75 L | =
Please note: X in part no. indicates primary voltage, Please insert "0 in piace of

X for 110V, “1" in place of X for 220V, and "'?" in place of X for 240V.
flest i o J
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ELECTRONICS LTD

CAN HANDLE. .

Unicase

Over the years | LP has been aware of the need for a complete
packaging system for it's products, it has now developed a
unique system which meets all the requirements for ease of
assembly, adaptability, ruggedness, modern styling and above
all price.

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

Because of |LP’s modular approach, "‘open plan’’ construction
is used and final assembly of the unit parts forms a compact
aesthetic unit. By this method construction can be achieved in
under two hours with little experience of electronic wiring

and mechanical assembly.

Hi Fi Separates

UC1 PRE AMP UNIT: Incorporates the HY78 to provide a
I “no frills”’, low distortion, (< 0.01%), stereo control unit,

providing inputs for magnetic cartridge, tuner, and tape/
monitor facilities. This unit provides the heart of the hi fi
system and can be used in conjunction with any of the UP
Unicase series of power amps. For ultimate hum rejection the
UC1 draws its power from the power amp unit.
POWER AMPS: The UP series feature a clean line tront panel
incorporating on/off switch and concealed indicator. They are
designed to compliment the style of the UC1 pre-amp. .
Performance for each unit which includes the appropriate Ol it i e
power supply, is as specified on the facing page.

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

quoting the name and date of this journai. By sending your order to our

Our power slaves, which have numerous uses i.e. address as shown at the bottom of the page opposite, with FREEPOST
instrument, discotheque, sound reinforcement, feature in C'ea"é shown on the envelope, you need not stamp it. We pay 907‘399 |f°L' 5

s s . : . you. Cheques and money orders must be crossed and made payabie to 1.L.P.
addition to the bi f',se”es' front par?eI. input jack, level Electronics Ltd. if sending cash, it must be by registered post. To pay C.0.D.
control, and a carrying handle. Providing the smallest, please add £1 10 TOTAL value of order

lowest cost, slave on the market in this format.
PAYMENT MAY BE MADE BY ACCESS OR BARCLAYCARD IF
REQUIRED

UNICASES =T ----_----------d
rice inc.
Post 1o ILP Electronics Ltd., Freepost, 5

HIE[Separates VA - ' Graham Bel! House, Roper Close §
ucit Preamp £29.95 . l F Canterbury, CT2 7EP. Kent. England.
LP1X 30 + 30W/4-84) Bipolar Stereo HiF £54.95 I Telephone (0227) 54778. I
UP2X 60wW/40) Bipolar Mono HiF £54.95 Technicat {0227) 64723

UP3X 60W/881 Bipolar Mono HiF £54.95 ELECTRONICS LTD Telex 965780 I
UP4X 120W/40) Bipolar Mono HiF £74.95 ! .

UP5X 120w/882 Bipolar  Mono  HiFi £74.95 I Please send me the following - S— l
UPBX 60wW/4-882 MOS Mono  HiFi £64.95 i

UP7X 120W/4-880  MOS Mono  HiFi £84.95 Total purchase price = i
Power Slaves i | enclose ChequeD Postal OrdersD Int. Money OrderD

US1X 60W/4 (1 Bipolar Power Slave £59.95 .

us2x 120W/4 01 Bipolar  Power  Siave £79.95 B Piease debit my Access/Barclaycard No. i
US3X 60wW/4-8LL MOS Power Slave £69.96 Name ) o — I
US4X 120w/4 -804 MOS Power Slave £89.95

s Address __ _ -

Please note X in part number denotes mains voltage, Please insert 'O’ in place of l I
X for 110V, "1" in place of X for 220V (Europel, and ‘2" in place of X for 240V — -

(U.K.} All units except UC1 tncorporate our own toroidal transformers. ' Signature l

= amm vwe W G GME IS N DD G N GIN UM P ED Em -

WW - 011 FOR FURTHER DETAILS
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(ELECTRONICS) LTD.

9-10 Chapel Street, Marylebone

London NW1 5DN

21-23 Bell Street, London, NW1
01-262 5125 & 01-723 7851

SONS

MUFFIN FANS
SPECIAL OFFERIt

F

14Qv fans
Vx4 V2118 £5.78

SPECIAL OFFER:

VARIABLE TRANSFORMERS
Brand new, boxed, input 240V, output
0-265 volts 5 amps. Base or panel mount-
ing with calibrated dial 0-265 volts and
contro! knob. Price £28, inc. carr. and
VAT,

{ Servalco. 60v D.C. WKG 5.5 am

inc. VAT +

Radiospares price
14.50111

PLEASE ADD 15% TO ALL ORDERS INC. CARR.

SPECIAL OFFER:
HIGH POWER AMPLIFIER TRANSFORMERS
Pri tapped 120-240V sec tapped 34-29-0-29-
34V 6 amps and 46V 1A. Open frame type. Tag|
cogn\?%_on. Size 5x42x4ins. £9 inc. postage
an .

SPECIAL OFFERI!
Printed Circuit Board Motors manufactured by
ps, 2350 r.p.m.
Continuqus torque 1400z, in extremely
powaerful ¥4in. output shaft (keyed). List price
E1anpprox. Our Price only .80 inc. carr.
VAT,

BLOCK PAPER CAPACITORS
8 MFD 1000v DC WKG £3. P&P £1. 8 MFD 350v
DC WKG. £1. P&P 50p, 6 MFD 350v DC WKG.
£75. P&P 25p. 6 MFD 300v AC WKG. £1.50.
P&P 50p. 4 MFD 350v DC WKG . P&P 25p.
2 MFD 350v DC WKG 40p. P&P 20p. 1 MFD
1000v DC WKG. 50p. P&P 20p.

LATEST PURCHASE. COMPUTER GRADE

CONSTANT VOLTAGE TRANSFORMERS

SPECIAL OFFER HEAVY DUTY
TRANSFORMERS

Pri 240V sec 50V 15 Amps. Twice will
give 100V CT or 50V 30A. Open frame
type. Terminal block primary. Sec heavy
wire leads. Frame size 8)/2x7x5 inches.
Screen winding between pri and sec.
Brand new, fraction of list price. £32,
carr. £5, VAT £5.55.

HEAVY DUTY LT C CORE
TRANSFORMERS
Pri 110-220-240V. Secs 14V, 3V, 112V, 1v.
Separate windings. All at 40 Amps. 14-

15-1512-17-18-1812-19-1912V can be ob-
tained. €28, carr. £4, VAT £4.35.

We have a wide selection of CVTs, all made by

3 TRAN g i 3 WOLF DRILLS
12 or 24 VOLT 30 VOLT RANGE p,im.ﬁm%@sov,Cﬂ':e1ws"§éf'¥7\'f§%i, ;\'/l famous makers for many varied applications. | Heavy dllv type 12in chuck. We have a small
Ref. 12v  24v £ € Ref. . Amps £ £ 15V 12A x 2. Separate windings. £5.50, | Please ring for details. "‘.‘::"be' ‘L fWo.I:' D;'"“ some running, some
111 05 025 242 1.00.112 0.5 319 1.00 | P&P £1.50. wi ’"“fvﬁu . Fantastic value at £15 inc.
213 10 05 318 100 79 10 432 1.00 ?;. 2 sec. tapped 26-31-36V, 11.2A £12. P&P Howay 7 PE(%LJ wen - - -
g g . X -way 7-contact ack Fields in perfect
A 2 1 42 100 3 20 699 1.20 Y NG 3 soc 36V 6A £8.50. P&P £1.50. condition, 8% new. A raal bargain at only 68 50 L 200 AMP JUMP LEADS
ég g 225 ;.;; :-gg g‘l) 2-8 8.10 :ig No. 4 sec. av 3a £475. PUP £150. inc. carr. and VATI1! Vorshi qsggs'ymﬁmsi#";‘;é m rubber
. I . d \ d 0. 5 sec. 24) .75, P&P £1.25.
70 6 3 769 120 51 5.0 1? g 1.40 || No. 6 sec. 27.5-0-27.5V 1.2A and 7-0-7V 0.75A GPO TOOLBOXES coded leads. Would normally seil for £25.30.
108 8 4 1.30 117 6.0 N 1.50 [ £3.50. P&P £1.25. Made of Samsonite type material, extremely | Our price £13inc. carr. and VAT.
8.98 . ; 13.52 d No. 7 17V 1A €2 P&P 75p. tough and durable with carrying handle and
72 10 5 982 150 88 8.0 18.10 1.80 § N3 613V 34 and 15V 1A €350 P&P £1.25 chramed latches. Dimensiong 1 x6x52in. A SPECIAL OFFER OF ERIE
1:? :g g :g.gﬁ; :-gg gg :g-g 20.88 l% zo. 9 18V z;\ £2.50. PAP £1. 7 | snip at £8.50 inc. postage and VAT. ELECTROLYTIC CAPACITORS
d o d 23.20 ! 0. 10 sec. 29-28-27-0-27-28-29V 350 M/A “C” 22,000 MFD 63V WKG £4.50 inc. -ostage
115 20 10 , 160 91 15.0 4.00 | Core £3. P&P £1. __ISOLATION TRANSFORMERS d VAT. 6800 1
187 30 JT48 g 2060 No. 11 sec. 10-7-07-10V 0.6A and 29-21-0-21- | Pri tapped 220-240V sec. 240V 500 wats. | frd VAT, o and. Clsg.mov D 36 el
15 2168 170 92 200 3584 400 3600 MFD 150V DC
E 29V 0.37A £3. P&P £1. Open frame type, top panal connections. Ex- | Wik G280 ine stage and VAT. 10,000
226 60 30 4445 200 No. 12. 27V 1A 22V 1A 10V 1A 10V 1A, 4 § equipment, but in perfect conditions. £15, MFD 16V DC WK €250 inc.
sopar di “C" core type, £4.95. P&p § carr. £3, VAT £2.70. stage and VAT. 4.7 MFD 50V DC WKG 10
50 VOLT RANGE 60 VOLT RANGE | 15,13 65 14 and 1824 124 £a35. pae EN T, TRANSFORMERS bon’B'é' WKET 1ol 250 fnc. cime rg
Ref. Amps £ € Ref. Amps £ £ No. 14. Tapped 12-15-27V 1A €2, P&P 75p. § High-grade EH.T. Tranny, PRI 240v. sec. AT,
102 0.5 413 1.10 124 05 4.70 1.20 J No. 15. 6.3V 600M/A 6.3V 330M/A 6.3V 20 M/, 1‘0.00'&!. 18 M/A. Probably used for boiler igni- I NIVERSAL ISOLATION TRANSFORMERS
103 1.0 5.03 1.10 126 1.0 7.15% 1.20 8V 500 M/A 50V 40 M/A £2. P&P £1. tion but with 101 other usest!! GPO spec, open frame, terminal block connec-
104 2.0 8.69 1.30 127 2.0 9.20 1.40 | No. 16. Tapped 14-15-16V 2A £2. P&P £1. €5 inc.carr. - VAT, tions. PRI tapped 100-110-200-210-220-230-
30 0 150 125 30 1331 1.50 [ No- 17. Tapped 36-37-38-39-41-42-43V 1A ""C" e —— 240950V, SEC. tapped 220-230-240V 600
108 20 14i0 180 123 40 1515 1,70 |°o° 275 PaP £1. DC WKG BLOCK CAPACITORS watts. Can be used in reverse. Weight 19Ib.
: : i : ) i 8 MFD 1000V DC WKG. £3_ P&P £1, VAT 60p. § £15. Carr £2.80 += VAT £2.6
107 6.0 18.01 1.70 40 5.0 1916 170 HEAVY DUTY ISOLATION MFD 350V DC WKG £1.25. P&P 50p. VAT 26p. |
118 8.0 24.52 2.00 120 6.0 21.86 2.00 TRANSFORMERS 6 MFD 350V DC WKG £1. P&P 50p, VAT 22p. 4 PARTRIDGE OPEN FRAME
119 10.0 30.23 4.00 121 8.0 30.72 3.00 240-240V ex-computer equipment. Large MFD 500V DC WKG £1, P&P 50p, VAT 22p. 2 TERMINAL BLOCK CONNECTIONS
109 12.0 36.18 4.00 122 10.0 35.76 4.00 selection available 10-15 amps. Fraction MFD 600V WKG. 80p, P&P 20p, VAT 12p. 1 | PRI tapped 0-110-115-120-220-240V. SEC 240V
’ : ’ 189 12.0 41.22 4.00 of maker price. Telephone for further de-  § MFD 1000V DC WKG 60p, P&P 20p, VAT 12p, 1 | 1500 watts. Can be used in reverse.

tails.

VOLTAGES OBTAINABLE
30vrange 3,4, 5, 6,8, 9,10, 12, 15, 18, 20, 24, 30v, 12-0-12v or 15-0-15v. 50v range
5,7,8,10, 13,15, 17, 20, 25, 30, 33, 40v, 20-0-20v or 25-0-25. 60v range 6, 8, 10, 12,
16, 18, 20, 24, 30, 36, 40, 48, 60v, 24-0-24 or 30-0-30.

INDUSTRIAL 12v/24V
20-AMP BATTERY CHARGERS
AC input 240V 50Hz. DC output 20A.
Built-in steel case, size 15x12x8)2ins.
C lete with battery leads, £86 + VAT,

AUTO STEPDOWN TRANSFORMERS
FOR AMERICAN EQUIPMENT
240/110 Volts. 80-2250 watts. Regular stock line. Types 80-1500 watts are fulty
shrouded. Fitted with American two or three pin socket outiets and 3-core 240v
mains lead. Types 1750 and 2250 watts are steel cased with two American socket
outlets. Neon indicator, three-core mains lead and carrying handle. Send SAE for
price list and further details. American sockets, plugs, adaptors also available.

Callers only.

MFD 600V DC WKG 5 for £1.50, P&P 50p, VAT

£28.50, carr £4 + VAT £4.88

30p. 0.25 MFD 500V DC WKG. 5 for £1.25, P&P
"3, VAT 16p. 0.1 MFD 1500V DC WKG 5 for
£1.25, PRP 50p, VAT 16p, 2 MFD 100V DC
WKG, 10 for £1.50, P&P 75p, VAT 33p. Tubular
metallised paper caps 20 MFD 350V DC WKG
with clip £3, P&P 50p, VAT 52p.

SPECIAL OFFER:
HINCHLEY MAINS ISOLATION TRANSFORMERS
Prim 240v. Sec 240v 250 watts. Open frame type. Tag connactions. Fused
input, £10, P&P £2, VAT £1.80. Parmeko pri tapped 115-220-240v. Sec 240v 6

amps. Fully shrouded top panel connections.
120V, £25, carr. £5, VAT £4.50.

ec can be wired to give 120-0-

SPECIAL OFFERII|
PARVALUX GEARED MOTORS
Cap start 240V AC RPM 44. Torque 4ib./ins.,
fitted with small cog on output shaft. Ideai for
garage door opener or curtain puller. Our
price £6.95 inc. carr. and VAT.

MONITORS
Ultronics 12' monochrome monitor 750 ohm
Video in Video out circuit breaker protected,
housed in stylish case with side mounted con-
trols. A must for home computer users. Only a
few leftit £45 inc. VAT. Callers onty.

LOW CURRENT LT

BERKSHIRE TRANS CO.
Totally enclosed with 2 American 3-pin sock-
ats mounted on front panel. PRI 115-220-240V.
SEC 115V, 1,000 watts. Can be reversed. Suit-
able for recording studios, laboratories,
workshops, using 115V USA equipment.
£25, carr £3.50 + VAT £4.28.

TRANSFORMERS

Open frame clamped type, split bobbin.
All primaries 240V No. 1 sec tapped 12-
15-20-24-30V 750 M/A £4. No. 2 sec. 9-0.
9V 1A and 6.3V 200 M/A £2.50. No. 3 15-
0-15V 600 M/A and 6.3V 200 M/A. No. 4
sec. 12-0-12V 750 M/A and 6.3V 200 M/A
£4. No. 5 sec 13V 12A £1.50. No. 6 sec. 8V
V2A 6.3V 600 M/A, 6.3V 300 M/A 50V 40
M/A £2.50. No. 7 sec 17V 12A (DC) £1.75.
No. 8 sec 16.5V 124 x 2 £1.75. No. 9 sec
18V 2A £4. No. 10 sec. 24V 2A £4.50, No.
11 sec 15V 2A £3.50. All prices include
postage and VAT.

LATEST PURCHASE COMPUTER GRADE T
TRANSFORMERS. All primaries 240V. No. 1
sacs, 26V 6A £8.50, carriage £1.50.

No. 2 sec. tapped 26-31-36V, 11.2A £12,
P&P £2.

No. 3 sec. 36V 6A £6.50. P&P £1.50.

0.75A £3.50. P&P £1.25.
No.717V 1A £2. P&P 75p.
No. 813V 3A and 15V 1A £3.50. P&P £1.25,
No. 818V 2A £2.50. PAPET,
PLEASE ADD VAT

WW — 026 FOR FURTHER DETAILS

PRODUCTION
TESTING

DEVELOPMENT

SERVICING

ALL

Continuously
Variable

POWER UNITS

Now available with
3 0UTPUTS

Type 250VRU/30/25

OUTPUT 1 0-30v, 25A DC
OUTPUT 2. 0-70v, 10A AC
OUTPUT 3 0-250v, 4A AC

P——

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. Finchiey, London, N.12. 5 mins. from Tally Ho corner
Telephone 445 2713/0749

(9461)

WW - 066 FOR FURTHER DETAILS

ANY MAKE-UP
OR COPY
QUERIES CONTACT
BRIAN BANNISTER

01-661 8648

VALRADIO LIMITED, BROWELLS LANE, FELTHAM
MIDDLESEX TW13 7EN
Telephone: 01-890 4242/4837

WW - 063 FOR FURTHER DETAILS
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QPUS SUPPLIES
DISC DRIVE DISCOUNTS % STOP PRESS %

8'' Dual side, dual density
1.2 M.Bytes formatted FD650

OININE R )] + carriage and VAT

5%4'' Dual side, dual density
350 K.Bytes formatted FD250

OINIRE HL:L] + carriage and VAT 12'" RGB Colour Monitor
Unbelievable savings on these high quality industry standard disc [OINIR@AEEELY + carriage

drives. Manufactured in the U.S.A. by Pertec Corporation. These

factory fresh drives are supplied with a 90-day warranty and are and VAT

ideal for use with most current microcomputers subject to the

availability of suitable disc drive controllers. Limited quantity available
We are sorry that these details are so brief — but we have only just Superb resolution
bought the drives — do telephone us for further details — you will Precise colour registration

not be disappointed! Call for details

. RGB COLOUR MONITOR w.cuumror

LIMITED QUANTITY =
AVILABLE -

FOR USE WITH
B.B.C.. MICRO,

APPLE,
WITHR.G.B.
COLOUR CARD,
etc.

Specification: The VMC
22 Colour Monitor is de-
signed to meet the high
reliability and perform-
ance standards asso-
ciated with the games,
data and computer
colour graphics industries.
Input levels: Video-TTL compatible either +ive
or —ive going for RGB (IC37416 —ive going
7417 +ive going).

Composite Sync: TTL compatible either +ive or
—ive going set by PCB link. Separate sync:
(Frame and line) TTL compatible +ive going =
video response 10 MHz.

Deflection: Scanning systems, 625 line 50 Hz and
525 fine 60 Hz.

gcan linearity: Errors less than 5%.
can geometry: Errors less than 3%. Overall sizes: Height 40.3 cm, width 51.0
High voltage: 25KV. cm, depth 39.5 cm {inc. tube neck P.C.B.}.

X radiation: Less than 0.5MR/h. Weight 19 kgms.

After months of negotiation we have finally secured the computer user’s dream. We have bought the complete manufacturer’s production of these
superb British made R.G.B. Colour Monitors and can offer them to you at this unrepeatable price. This offer, available to readers of “Wireless
World” also includes a FREE isolating transformer. So with a little of your time and our buying power — you can save pounds. For shipping

purposes the C.R.T. and scan coil assembly are separate from the chassis. The lugs of the C.R.T. allow it to be mounted in a standard 22"’ colour TV
cabinet or a unit of your own design. The unit is assembled by pluggin? the wires from the chassis to the tube, soldering the input connector,
power connector and isolating transformer. The monitor has been fully tested and adjusted prior to packing thus simplifying assembly. A

comprehensive instruction sheet will be supplied with each unit.
HOW TO SEE US AT THE NORTHERN COMPUTER FAIR
ORDER BELLE VUE, MANCHESTER. NOV. 25-27, STAND 426

Carriage should be added to prices at the following rates: Monitor £10; 12 Monitor £7; Disc Drivas £7. Please add carriage as applicable and then VAT at 156% to total and
"to Dept. W.W., Opus Supplies, 10 Beckenham Grove, Shortlands, Kent BR2 0JU. Telephone ordar Hotline: 01-464 5040

send Cheque/P.Order payable to “Opus Supplies nt '
{24-hour service) or 01-464 1598. Access and Barclaycard accepted. If you are not compietely satisfied return the goods within 14 days and your money will be refunded.

CARRIAGE & VAT

ISOLATING
TRANSFORMERS
WHILE STOCKS LAST

A fabulous 22 inch
colour monitor.
Featuring: Mullard
22 inch 110°C.C.R.T.
/ Controls: Brightness, RGB video
amp bias, height, width, vertical

hold, horizontal hold, linearity,
east-west correction, phase, focus,
H.T. adjust, beam cut-off switch,
convergence controls.

De Gaussing: Automatic on switch on.
Power requirements: 155 VAC, 44-60Hz
120VA (isolated supily).

Temperature: Storage —10°C to +70°C.
QOperating 0°C to 50°C.

2~

TRADE ACCOUNTS OPERATED — GOVT. AND EDUCATIONAL ORDERS WELCOMED [——

WW - 076 FOR FURTHER DETAILS
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FIRST IN THE WORLD

The ICM-12, synthesized, marine
hand-portable radio

FEATURES:

® 12channels — 6 and 16 fitted as standard.

@ No waiting for crystals, can be diode pro-
grammed between 156-164MHz.

@ Automatic semi-duplex for private and
link calls.

@ Slide-on nicad pack recharges from mains

F or12v.

@ Lots of options, speaker mics, alternative
battery packs, 12V leads, and desk charg-
ers.

@ Complete with nicad battery pack, mains
charger, belt clip, earphone, rubber
antenna.

@ Home Office type approved. RTD HP 105.

#® PRICE £199.13 + VAT. Free carriage.

Trade enquiries very welcome — Ask for Phil
Hadler

We can also supply
the ICOM IC100E and
ICA10A VHF & UHF.
PMR Base and Mobile
transceivers. Fully ap-
proved, very compact,
built-in CTCSS and at
very competitive
prices.

Also the first synthesized hand portable —
ICH2. Two channels, high band, Simplex or
Duplex. Dealers, forget your crystal problems!

Dealer outlets required, ask for Dave
Stockley.

Thanet Electronics @3[ICOM]

PM COMPONENTS LTD

VALVE & COMPONENTS SPECIALISTS

143 Reculver Road, Herne Bay, Kent

Tel: 02273 63859. Telex 965179 H
e

WW — 062 FOR FURTHER DETAILS

FOR PEOPLE
WHO DON'THAVE
MONEYTOBURN

MEM PROGRAMME DEVELOPMENT CENTRE

Very cleverly, our PDC helps you spot any bugs in
£499 programmes before you bum up to 4 EPROMS at a
time. (It accommodates 2k (2716 family),

4k (2532 family), 4k {2732 family) EPROMS and E 2PROM (HITACH 480 16).
Very surprisingly, it's all yours for the break-through price of £499. Send
this coupon for the full story and details of your nearest dealer. And stop
wasting time and money.

FEATURES INCLUDE: EPROM or host computer loading through
RS232 interface to 4k battery backed RAM; pre-programmed
instruction menu; Hexidecimal, Motorola 6800 assembly language
or ASC11 code: interactive editing and simulation; interfaces
through 20mA or RS232 loop link to any peripheral.

- ®

Name

DELTA

Company
Address.

Birmingham B16 8LA. Tel: 021-454 9679. WW 1/82

L Post to MEM Electronics Division, Regency House, 101 Hagley Road,

WW - 028 FOR FURTHER DETAILS'
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TBAG41A12
INTEGRATED CIRCUITS .
3.00
AN124 250 | mc1a0118CP 21500
AN214Q 260 0.32 TBA720A 248
AN240P  2.80 MC1723 050 ) TBA750Q 2.68
ANG12 218 MC3357 228 3 TBABOO  0.89
ANT150  2.96 ML231B 178 I TBABIOAS 136
BA521 338 ML232B  1.78 d TBA820Q 1.45
ETT6016 1.75 ML237B  1.96 i TBAS90 2,50
HA1366W 1.95 ML238B  4.20 . TBA920 168
LA1230 118 MLS20  4.12 i TBA20Q 1.6
LA4031P  2.70 MSM5807 6.78 TAAS60  0.25 T 238
LA4102 296 PLLO2A  5.75 TAAST0  1.96 TBASS0/2X 2.38
415 SAA1025 7.26 TAAG6TB 1.20 TBA990 149
A4422 250 SAA! 3.06 TAA700  1.70 TBAS90Q 1.49
LC7120 328 SAAS010 8.35 TAA6305 350 TBA1441 215
LC7130  3.50 SAS! 1.78 TBA1208 0.98 TCA270 110
LC7131 850 SAS570S 1.78 TBA120S 0.70 TCA2705Q 1.10
LC7137 650 AS! 285 TBA120SA 0.70 TCAB50  2.50
LM324N  0.45 SL490 1.96 TBA120SQ 0.70 TCAB00 218
LM38ON  0.96 SLS01B 4.5 TBA120T 1.06 TCAS305 1.40
LM383T  2.96 SL9178  6.65 TBA120U 1.00 TCAS40  1.66 UPC1156H 2.75
LM39ON  1.96 SL1310  1.80 TBA231 128 TDA440 220 UPC1167C2
MS1513L 2.30 sL1327 110 TBAS 150 TDA1004A 2.20 1.16
M51515L 2.96 SL1327Q 1.10 TBA3%6 0.75 TDA1006A 2,80 UPC1182H 2.96
MB3712  2.00 SN76003N 1.96 TBAG4ON 2165 TDA1010 2.16 398
MC1307P 1.00 SN76013N 1.95 TBA480Q 128 TDA1035 2,80 298
MC1310P 150 SN76013ND TBAS10  2.50 TDA1037 196 195
MC1327 096 196 | TBA5100 250 TDA1170 1.98 0.50
MC1327Q. 0.95 SN76023N 1.66 TBA520  1.10 TDA117GS 1.96 038
MC1330P 0.76 SN76033N 1.66 TBAS20Q 1.10 TDA1190 2.18 0.42
1349 1.20 SN76110N 0.89 TBAS30  1.10 TDA12700 398 0.50
MC1350P 0.76 SN76131N 1.30 TBA530Q 1.10 TDAI327 170 0.36
MC1351P 1.50 SN762260N 1.86 TBAS40 128 TDA1352B 1.43 050
MC1352P 1.25 SN76227N 1.06 TBA540Q 135 TDA1412  0.66 0.35
MC1367 236 SN76532N 140 TBA550Q 1.45 TDA2002 196 0.50
MC1358 158 SN76533N 1.68 TBAS60C 1.45 TDA2020 2.45 0.60-
MC1495  3.00 SN76544N 165 | TBAS6OCO 146 TDA2030 2.89
MC1496 128 SN76650N 1.18 TBAS70 1,00 :
0 BD159  0.86 BF362 038 | R20088 1.70
SEMICONDUCTORS 80166 085 | BF363 038 | Rz20lB 170
E BD179  0.72 BF371 020 | R2322 088
AAY12 028 BC1738  0.10 BD182  0.70 BF394 019 | R2323  o0.68
AC126 o022 BC174  0.09 BD201 063 BF422 032 | R2540 248
AC127 O BC174A BD202  0.86 BF457 032 | RCA16334 0.90
AC128 020 8C177  0.18 80203  0.78 BF458 028 | RCA16335 0.80
ACI28K 032 BC178. 018 BD204  0.70 BF4SY 036 | SKESF 148
AC141 028 8C182  0.10 BD222  0.48 BFS95 023 | TP23 040
AC141K  0.34 BC182LB 0.10 BD223  0.48 BF597 028 | TP29C 042
AC142K 030 0.10 BD225  0.48 BFR39 023 | TPI0C 043
AC176 o2 BC183L  0.09 BC232 038 8 023« | MPIIC 042
AC176K 031 8C1B4LE 0.08 BD233  0.3% BFR41 028 | TIP32C  0.42
187 028 0.10 BO234  0.36 BFR8S 030 | TIP3IB 0.7
AC187K 028 BC2078 013 BO236  0.45 BFRO 1850 | T 0.78
AC188 028 BC2088 0.13 BD237  0.40 BFR91 176 | TIPATA 048
AC1B8K  0.37 BC212  0.09 BD238  0.40 BFT42 028 | TIPAIC 048
AD142  0.90 BC212L  0.09 BD241  0.40 BFT43 028 | TIP42C 047
AD143  0.82 BC212LA 0.08 BD242  0.50 BFW92 086 | TIPa7  0.68
AD149  0.70 BC213  0.09 BD246  0.60 BFX29  0.30 TIP120  0.80
AD161  0.39 BC213L 009 80376  0.32 BFX84 028 | TIP125 0,68
AD162  0.39 BC21a  0.09 BD410  0.56 BFX85 032 TP1a2 1.7
AD161/2 0.90 BC214C  0.09 BD434  0.56 BFX86  0.30 TIP146 178
AF115  0.75 BC214L  0.09 BD437  0.50 BFX8S 028 TIP161 2.8
AF124 034 BC237  0.10 BD438  0.60 BFYS0 021 0.80
AF125 038 BC237A 0.09 BD506  0.50 BFYST 021 n 0.56
AF126 032 BC237B  0.09 BD508  0.40 BFY2 028 TS91 0.20
AF127 032 { BC238 008 BD520  0.65 BFYS0 0.7 TV106/2 150
AF1 0.40 BC239 012 B 0.65 BR100 028 | 2N2219 028
AF150 0.42 BC251A  0.12 BD597 0.78 BR101 0.30 2N2905 0.40
AF239  0.42 BC252A  0.15 BO697  1.10 BRCA443 0.86 2N30S3  0.40
AUYOE  2.00 BC258 028 B 110 BT106 122 | 2N3054 089
AUY0T 178 BC258A 0.39 8D707  0.80 BT108 122 2N30S5  0.62
AUIO 2,00 8C284 030 BDX32 150 BT116 120 2N3702 012
AUVIZ 186 BC300 030 BF115 036 BT119 188 2N3703 012
BC107  0.10 BC301 030 BF127 024 BT120 1.6 2N3704 012
BC107A 0.1 8C303 028 BF154 012 BUI0S 122 2N3705  0.12
BC107B  0.11 BC307  0.09 BF158 022 BU10E 1.9 2N3706 012
BC108  0.10 BC307A 0.09 BF160 027 BU124 128 | 2N3708 0.12
BC108A  0.11 BC3078  0.09 BF167 024 BU125 €126 | 2N3773 178
BCI08B 012 | BC327 o010 BF173 o022 BUI26 180 2N3792 138
BC109 010 | acaz8 o010 BF177 038 BU204 188 2Na427 150
BC1098 012 | BC337  o0.10 BF178 028 BU205  1.30 2N5294  0.42
BC10oC 012 | B338 o009 BF179  0.34 BU208  1.39 2N6296  0.48
BC114 0.1 BC347A  0.13 BF160 029 BU20BA 182 2N5298  0.80
BC116A  0.16 BC461  0.35 BF181 029 BU328 120 2N5496  0.66
BC117 019 | B8C478 020 BF182 029 BU326A 142 2SA715  0.80
BC119 024 | BC527 020 BFI83 029 BU326S 1.90 2SC495  0.80
.BC126 026 | BC547 010 BF184 028 BU407 124 25C496  0.80
BC140 031 BCs48  0.10 BF185 028 BUS00 228 2SC1096  0.80
8C141 028 | BCsesa o.08 BF194 0.1 BU526 190 | 2SC1172Y 2.20
BC142 021 C550  0.08 BF195  0.11 BUY6SB 1.70 25C1173. 1.18
BC143 024 | BCss7  o.08 BF196  0.11 MJ3000 1.98 25C1306  1.00
BC147 009 | BCS557A 0.08 BF197 0.1 MJE340  0.40 25C1307 150
BC147B  0.08 | BCSS7B  0.08 BF198 016 | MJE520 048 25C1349 0.80
BC148A 009 | BCsse  0.10 BF199  0.14 | MPSA12 020 25C1678 128
BC148B 009 | BCY3A 1.60 BF200  0.40 MPSA13 020 25C1945 210
BC149 009 | BD1IS 030 BF241  0.18 MPSA92 0.30 25C1953 0.98
BC157 012 | 8D116  0.60 BF245  0.30 MRF4S0A 1180 | 25C1957 0.80
BC158 009 | BD124P o059 028 MAF4S) 1380 | 25C1969 1.98
BC159 009 | BD131 032 BF256/LC 028 MRF454 17.50 25C2028 1.16
8C160 028 | BDI32 038 BF257  028' | MRF475 280 | 25C2029 1
BC161 028 | 8D133 040 BF258 028 | MRF477 10.00 | 25C2078 146
BC170B 016 | Bp13s 030 BF259 028 | OC23 150 | 25C2091 086
BC171 009 | Bp136 030 BF271 028 088 | 25C2166 198
BC171A 010 | gp137 o3 BF273 013 OC44 0885 | 2SC2314 080
BC171B 010 | gpy13s 030 BF336 034 0OC45 088 | 25D234 080
BC172 010 | @py13e 032 BF337 029 OC70 046 | 3N211 150
8C1728  0.10 BD140 0.30 BF338 0.32 ocn 0.40
BC172C 010 | BD1as 110 BF355  0.37 0C81 050 |
8Y199  0.40 INADO3  0.04
DIODES 8Y206  0.14 IN4004  0.06 CRT TUBES
T BY208-800 0.33 IN4OOS  0.08 - ~
AAIIS 008 sz10ng,‘3’ ::400‘0067 g.: A selection available.
BA102 017 8Y223 ! . i
BAIe o °§ Iz““ g_% Prices on request.
BAl4S 016 BY299-600 0 - 3BP1 £10 D14-210GH
BA148 017 BYX10 020 IN5401  0.12
BAIS4  0.08 BYX36-150R INs402 014 | 5BHP11 €35 D14-1200GH
gmg g.:: e 0 NS g~:§ 5BKP1 £30 D14-260GH
BAIS7 030 080 | INsss 013 | 13BP4  £35 95447GM
B ok | mmmem | e o
BAX1E  0.08 BYXT1 ! . s
881058  0.30 036 | INS408  0.18 DATA & EQUIV. BOOKS
BT151 079 0A47  0.09 ITT44  0.04 EQ 00
BY126  0.10 0AS0  0.08 117923 0.18
8Y127 0.1 0A91 0.08 ITT2002  0.10 Ty W 1.C. DATA
8Y133  0.15 0A95  0.08 Books inclug. .
048 | 0a202 010" | Ly ggemes ing Japan. | BN covering
120 | INS14 004 A sy Soe DOUAT i -
0.63 IN40O1  0.04 available books. . £8.50 kl thlor:'mo
I . U 1ato!
0.35 IN4002  0.04 ORISR pase. Reguiators
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PHONE P.M. COMPONENTS LTD TELEX

0474 813225 SELECTRON HOUSE, WROTHAM ROAD 965966
3LINES MEOPHAM GREEN, MEOPHAM, KENT DAI30QY WESTSTG

GY501 120 PCC189  0.70 Qv06-20 29.50 0.86 50 ar 10GKE 1.98 50
188 | 10P4 250 100
A SELECTION FRO'\Q/?E\?ES | oo fiea Pecae 030 | VO %ag Fyet % 130 | 10P1B 078 50
RANDED ] 080 | QY3125 30.50 350 .00 450 | 10LD11  1.00 00
SIOCKOKERA S 066 | QY4250 86.00 0.70 00 o8 e %
Al714 S | EN4E 100 | P93 088 e v | Gvese = 1200 %0 048 6.00 100
A1998 1150 | EAS0 1.00 EF94 0.5 215 120 7% g0 300 .88 iso
A2087 150 | EA76 196 | EFSS 1.00 150 040 | Qz0620 3250 i 3.00 200 150 00
A213¢ 1780 | EA79 196 | EFS7 090 1.00 g ez 480 3% 2% 5o 0
A2293 880 | EAAS] 080 | EFSS  0.80 o 138 | R16 2.50 1.10 095 059 100
A2426 1780 | EABCBO 0.80 | EF183 068 e 040 | RY7 250 0.96 0.80 066 00
AZ521  21.00 | EACHT 250 | EFi4 068 e 135 | R18 200 175 050 250 00
A2599 37.50 | EAF42 120 EF731 1.80 0.75 80 R1g fiso Side 128 50 800
A2900 1150 | EAF801 1.40 EF732 1.80 0.60 Tee R20 120 o0 Sto0 250 i8S .00
042 2400 | EBM 180 | EFS00 1109 e 100 | RG)-125 380 150 450 250 0.60 45.00
AC/HL/DD400 | EBL1 200 | EFS0ds 9.8 oo 125 | RG1-240A VRID! 2,00 750 2.50 1.00 2.00
AGP 400 | £891 052 MIEES K 50 110 175 | VR105/30 150 12.00 0.60 0.06 10,00
AC/PEN 400 | EBC33 250 & 5 2o 080 | RG3250A VR150/30 1.05 1.00 450 250 1.50
AC/THI 400 | EBCA) 118 | EFSIZ 0.83 ice 250 00 | vis2 2580 1250 150 400 6.00
AC/VP1 400 | EBCB1 086 | EFL200 150 Ty 075 | RG31250A VU3 150 250 4.00 1.50 .00
AC/VP2 400 | EBCSO 075 | EM0 072 oo 0.80 8250 | VX6120 5.00 250 150 0.90 1850
AC2/PENDD EBCO1 078 | EKSO 072 eo 066 | RK2K25 6280 | vX9133 5.00 24.00 0.35 1.06 59.50
ooy | [EBEy 23 || i P o 180 | RG41000 VX9181  5.00 398.00 350 150 15.00
AH221 3900 | EBFBO 050 | EL33 400 4.00 1% 1000 500 w00 10 1% 80
ANzss) [avioo) | [EBEeRY 080 [ Edimmmrmg ] 080 | RK-20A 12.00 100 250 160 0.70 16,00
ALGO 600 | EBFB5S 095 | EL34Mullard 3.00 sisogl] [AK20s 1200 120 2% Jieo on 18100
ARP12 070 | EB 070 2% 1 365 | RPLIG 1200 1.00 36.50 7.50 120 6.50
ARP34 126 | EBF33 096 | EL36 150 e 200 | RPY13 280 350 25.00 1.00 18.95 0.50
ARP35 200 | EBL1 180 | E37 900 o 200 | RPY&Z 280° 150 | 4C28 2500 2.00 2800 090
Az1 200 | EBLZ1 200 | EL33 0.00 s 250 | RPYS2 280 150 | 4CX2508 37.80 0.86 395 0.90
Bes] ool (ECSH S | e Er % 300 | RR3-250 37.00 050 | 4CX250R 4850 230 395 0.80
Bsto @700 | FCRO 4% | Ea 3% 3% | PENAEDD 300 | RR3-125086.00 135 | 4CX350A 8378 2% 070 7%
BT19 3250 | ECB6 1.00 | EL82 088 | KT63 200 | PENE 200 | RS613  46.00 280 | 4087 228 280 1% 400
8T79 1250 | EC88 ron T B e PR B Py I | Roess sz 150 | is0a 1898 5. 110 4.00
0.70 i . b L ] X
oK, 10 B 0% | Else  eso | KTe7  1se0 | P33 12 | SeF17 900 950 % 12 050 350
Crioe 600 | ECS2 128 | [EL8S 08 | KT77Golon | B33 08 | 3, 300 i 625 2.00 1.00 196
Ci134 1780 | ECO3 080 | ELS 242 350 | a1 o072 | S30rK 1200 250 120 150 100 350
C1148A 80.00 | EC95 7.00 EL91 8.00 | K781 7.00 PEIA 072 S R oTo0 2180 50 300 280 16.00
C1149/1 89.00 | EC97 110 | ELS5 0.70 | KTBBUSA 7.00 | F18) oes | 21081k 18.00 00 150 1.00 186 | 5687 350
C1534 3200 | ECB010 600 | EL183E 350 | KTBS8GEC Pz 080 | S109 : L% 1% 18 | o7 ase
CBlat 200 | ECC32 300 | EL1EIP 350 11.50 82 | s130 3% 1000 300 Vsl semz ko
= 200 | EC 380 | ELI60 795 | KTESGoldLieh Piss 100 | Scirze 500 1450 0.48 320 | 5718 850
Cl3o 200 | ECC36 380 | £ 14 2% | plos 100 | SC1/140012:00 9.00 250 1600 | 5725 250
Cl33 200 | ECCA0 200 | 1504 140 | KTWE) 280 | pos, 100 | SC1/2000 $.00 14.50 070 100 | 5726 150
CMG25 9.00 | ECC81 .66 EL508 190 | KIwe2  2.00 Pas 1260 2r HE ] olo 48 oo 2927 o0
CV Nos Prices ECC81 Muliard EL509 3785 | KTwed 1.5 P00 s SPa1 .00 %0 125 n 2744 350
Onirequest 100 | ELSs 480 | KTZ63 1A | Lo ose | spaz 3.00 1.50 2.30 128 180 | 5750 2.00
D63 120 | ECCR2 085 | £L802 149 5 PLSO8 175 | ST11 150 12,00 078 125 160 | 5751 150
parst| - [ods]) ECcozerilioer [} (EHE2) Ho% LI K 1300 | PIsos a0 | STvso/aosion 265,00 250 11200 070 | 5763 380
patsel 1 y ; i PLS1S 495 | STV280/80 29.00 075 150 2396 | 5814A 278
7 1.75 | ECC83 0.85 EM1 4.00 LCF801 1.38 g . i ; i
550 im | EQwasy | f d% | loe tx o 3E | o, 3% ke ] e fules he=
bl 4 i i ! i 5879 3.0
22 ECCSIEhilles M3 el | LEise 1% | VR ome | % T T | S | 6Gvy 280 | 20ba 178 | oasta  em
0CX4-5000 110 | EMso  a7o | P00 1% . T 45.00 YL1371 850 | 6ABG 180 | 6H3N 070 | 20LF6 380 | 5834 3950
200 | ECco4 080 | EMsi o7 | Lvion 17 | BV 030 | [RRIO0, bold 120 | 6AB7 o080 | 6HE 138 | 2001 096 | 5899 450
DET10  6.00 | ECC85  0.80 EMB4 1.10 | M502A 135.00 Pves o7 o 1 L. o | Sass oise 6HBGT 120 | S0P ies 2063 o0
DET22 28.00 | ECC86 1.45 EMSS 1.10 | MS537A 160.00 Y & 1003-10F B 1250 | hay oo a 110 | 2op3 N 9cs 3%
OET2e 3900 | ECCes 065 | EME 110 | Mos e8| BUER 090 00 | Z303C 9.00 | GAF4A 120 5 195 | 204 106 | 5993 800
DET25  22.00 | ECCB8Mullard EMMB03 280 | MBOTS 800 | 0200 068 | TD3-12 400 | 25055 1500 | 6AG5 180 | BJSGT 078 PS 118 | 6005 350
DF91 045 1% | ENl0 - 800 | M80B2 730 | LvBoi oes | TP25 150 | 7520M 400 | BAG? 120 | 8J6 085 | 256GT 178 | 6012  8.00
OFsz 060 | ECCO) 200 | EN3z 1050 | MENE3 22 A TSP4 700 | 2521M 800 | 6AM6 100 | 6JB6A 398 | 258Q5 175 | 6021 3%
OF96 065 | ECCI80 0.7 91 o 0% | Maoss 16 D3I 60 | T 18 | ZJ00U 300 | 6AJ4 200 | BJE6C 380 | 28C1 180 | 6057 250
DHE3 120 | ECCI89 078 | EN9T(SQ) 250 | MBO96 390 | iy 3y | TT21  14E0 | 2749 o080 | GAJ7 200 | 6JSEA 380 | 30 286 | 6059 378
DH77 090 ECCE01S 3.50 92 480 | MOS8 320 | QEO3M0 380 | TT22 1480 | 7759 1986 | 6AKS 100 | 6JS6C 350 | 30c1 070 | 6060 180
DH?9 056 | ECCB03S 380 | ES1500 118.00 | M 3% | aeos200 TY2-1258 700U 300 | BAKS 200 | 6KIG 070 | 30C15 o040 | 6062 450
DH149 200 | ECCBO4  0.80 | ETI PLC e ] 130.00 4500 | 801U 300 | BALS 082 | 6KD6 450 | 30C17 040 | 6063 200
DK91" 00 | ECCB07 196 | Evs1  0.80 | ME136 188 | o) U0 | tvaaoo 500 | Z803U 1896 | GAMa 250 | 6L1 280 | 30C18 148 | 6064 328
Oksz 120 | ECCBOs 228 | EEl 080 | MEWT B8 | Gopngsaa78 | TY7.6000A ZA1000 900 | 6AM5 800 | 6L6GC 250 | 30F5 096 | 6067 180
DKgé 250 | ECCz000 1200 | Eves 150 | M1l 880 | SSRGRSICT 250, ZA1001 180 | 6AM6 120 | 6L6GT 116 | 30FL1 096 | 6072 420
D 22 (W ARG 800 | Mele2 588 | adEos2 TY8-600W ZA1002 180 | BAN5 300 | 6LD20 060 | 30FL2 096 450
DLg3 100 | ECFe2z  0.00 | Evaaw 1000 | MG 3% 2100 250 ZC1040 800 | 6ANBA 2.5 | 6LF6 296 | 30FL12 110 | 608OWA 850
pizo 250 | ECFse 128 | Evse/7 080 | MBI 2 | 0qe0640 TYS2/250 ZM1001 500 | 6AQ5 082 | 6LQ6 296 | 30FL13 110 2.5
DL73 250 | ECF200 185 | EY88 060 | M8195  3.00 39.50 00 2M1005 800 | 6AQ8 085 | 6N7GT 150 | 30FL14 126 | 6132  10.00
DL9T 150 | ECF202 186 | Evol = 380 | MBISE 328 | (0, o008 | Uts20 200 | zM1020 800 | GARS 200 | 6P15 080 | 3001 045 | 613  250°
Ols2 060 ECFBOT 086 | Evsoon 180 | MBZ04 290 3108 19 1196 | ZM1021 800 | 6ARE 200 | 6P25 300 | 30l15 060 | 61a8A 499
D3 110 | ECF04 600 | Eysoz o070 | Mez3  zo0 | SOVERONSSO | ) 180 | IMioss 600 | 6ASs  1go | 628 200 | 30L17 060 | 6laes 4
DL96 250 | ECFBOS 250 | Ez3s 080 | MBZZY 200 1700 | U2 200 | ZM1041 1400 | 6AS6 180 | 6Q7 120 | 30PaMR 100 | 6201 550
OLS10 800 | ECFB06 10.28 | EZ40 128 | M o | cavoazoa’ u2s 0.68 | ZM1050 14.00 | 6ASTG 780 | 6S7 10 | 30p12 100 | 6211 250
DLS16 1000 | ECH3 250 | E241 125 | ME1400 4.00 208 | Uz 088 | M50 1400 | BASTG T80 | 897 10 | XPiZ 10 | S i
DM70 110 | ECHe 300 | Ezso  o78 | MELAOL 2860 | 00 037 900 | 2M1084 1000 | 6AUS 200 | 6SC7 120 | 30P13 100 | 6350 2.00
OMigo 275 | ECH3s 180 | EZa1 08 | BRI403 79.00 = Ul 070 | ZM1202 88100 | 6AUG 055 | 65G7 120 | 30PL1 280 | 6360 450
Oys1 100 | ECHaz 100 | EZ0 086 | MEISO) 1880 | 0yo6aga Us0 200 | ZM1263 400 | BAV6E 072 | 6SH7 120 | 30PL13 060 | 6386 1450
DYBO 120 | ECH81 058 | FW4/500 200 | MS4B 550 w |02 200 | Zwizes oo |save o | ST 120 | pUis 080 | e 14E
Dvse/s7 086 | ECHSI 078 | Fwa/00 200 | MAS  1EE | no0550 Us2 300 | 2TV 2900 | 688G 078 | 6SK7 080 | 31JS6A 296 | 6550  7.00
DY802 060 | ECHBA 089 | G1/371K 3000 | N7 1350 a2 o | Ys2 3% | zrion aoe | sac 07w | G789 Jea 296 | 650, 700
il 900 | ECH2000 180 | Gss/IK 800 | W78 1888 | 070640 Ule2 100 | 183GT 180 | 6BA6W 180 | 6SL7GT 072 | 35L6GT 200 | 6870 1150
E55L 2150 | ECLBO  0.80 G180/2M 9.00 | 0A2 0.60 25 U193 0.86 185 250 | 6BAY 450 6SNIGT 0.69 EW 0.70 68838 1050
EBOCC 700 | ECLB? 065 | G240/2D 9.00 | OAZWA 159 2/20 180 | U281 100 | 1822 1000 | 6BABA 380 | 65Q7  0.80 | 3523 186 | 7025 218
ESOCF 10,00 | ECLB3 115 | G400/1K 14.00 | OA3 3% | &7 300 | U291  060- | 1824 1000 | 6BC8 100 | 6SS7 1850 | 38ME7 480 | 7027A  4.08
EBOF 950 | ECL84 074 | GC10B 1750 | Of o0 | QS7eao seo | Uz oeo - T2 o | secs 1eo | 6557 1% | 3 aso | TomA  4m
EBOL a0 | EClss o | GCroo 1780 | Omawa 125 | Q3310 Rg8 | bgy 075 1C5GT 100 | 6BD6 100 | 6USG 180 | 5085 150 | 7059 250
ESICC 350 EClLBe 074 | GCl0MB 1750 150 | QS108/d5 400 | UABCBO 086 | 105 100 | 6BES 072 | 6U8 060 | 50c5 095 | 7189 280
EBIL 1200 | ECLBOS 089 | GCI0/E 17.80 180 | §S150/15 6.00 | UAFS2 100 | 1FD1_ 00 | 6BF5 110 | SUBA 150 | 50CDEG 1.5 | 7199 320
€62cC 350 | EDSI00 38 | GCi2/4g 1780 | OD3 179 5150/30 1. UBFB0 080 | 1G3GT 100 | 6BG6G 126 | 6VEGT 080 | 52KU 2000 | 7247 200
E83CC 380 | EF22 280 o o 1% | QS0 700 | Uca 128 | 1ia 060 | 6BF5 180 | 6X2N 100 | 61SPT 450 | 7360 7.50
€83F 380 | EFyA 200 | ODTi2om 500 | OMSB 300 | 00 Jo | Uscey 100 | 16 1% | gBHE 180 | 6X4 096 | 7581 150 | 7475 5.00
EB6C 950 EF39 100 | GEl0 900 | OME A | 5150, 395 | UBFes 060 | ILAS 100 | eBHS o0 | 6X5GT 080 | 75C1 138 | 7561 450
EBSC 800 | EF41 38 | GNa 800 | OO 480 | 551003 4y | uslz 128 %o | e 108 | exsGTy 100 | 78 1% | 788 1iso
£83CC 260 EF42 280 | GN10 1500 | ORP43 280 . UBLZL 128 | INsGT  280° | 6B i OEGTY 109 |7 10 | o ide
E0CC 500/ EFS0 180 | GRIoG 400 | ORPsO 286 | G100 IR | URas 070 | )1a 088 | SBksa 1m0 | a7 200 | 84 300 | 7586 .00
ES2CC  200| EFSS 228 | GR10) 408 25 | as1z0r o0 ccas 080 | ) : SBme.  ose | 7AD7 175 | ssa1  aso | 7591A  3.00
ESORy S0, ERM 150 | GstoC 1200 | Pt 280 | G317 o0%0 | Ucre 1o | 15 198 [GeNe 128 | 787 140 | B5A2 200 | 7868 380
EIHL, 9SOy ER1Z 139 104 1200 | PABCR0 080 | Q31000 900 | UGHZI 120 | JasdsA 1080 | GaNS 130 | 75 300 | 90Av 1000 | 8012 420
E92CC 280 | EF73 1.00 GS12D  12.00 | PC86 0.7% A Iehs 1z 2AS15A  10.00 GENG 1 7ce Siga] || fooay 9 s oo
Elao. 1300| Erso o8 | GTIC. 1700 | PCe8 075 | OS12io 180 | UCHal 120 | Zcz 1o | GBN7 380 | G0 200 | 39C6 1320 | 8238A 498
E180CC 650 | EF83 350 | GTICS/S13.00 | PC92 086 | QA1 180 | LUEHET  ose | oA des | aAde gee | a7 200 | 914G 900 | 8417 4.00
El92cC  900| EFss 080 | GIEiioM 800 | PO 110 Go1a13 840 | Uclsz om | a0 " 37w |ceara o7 | 787 30 | 9246 1 | %01 0.
£1806 ; : : i i i : i 7v4 150 3006 i
HE IR Em.n ) OMUME AR SR W IR b ous BE 8 N 1R BV ORR R B
€2 i i i i i FB) 080 4§ 2043 1700 | 6BR7 378 | 10C2 070 | 108C1 180 | 18045  10.
E283CC  7.501 EF89 0.86 GXU1 1380 | PCC85 054 [ QU37 1150 u - £ . 1062 v 1% 1%
288G i pcCes 070 | QVO312 380 | UFBS 110 § 2c5)  o7s | eBR8 150 I i
anrc ::i:: E:g; ;3 g;ﬁﬂ;o f;.gg PCCB 070 | QVO535 178 uL4t 228 2C53 3200 | 6BRBA 150 | 10F1 075 | 150C2 180
WIREWOUND RESISTORS BASES ETC. ZENER DIODES CALLERS WELCOM E
PREFERRED VALUES g;g Skineg»“ V2 v 882)9(\/6’1 08.113 1V 13v
4R7-1K8 . 0.15 6V2 7V5 8V2 8V1 1
2K26K8  0.18 g 2130 15V 16V 18V 20v 22V 24V 27V 30V % ENTRANCE ON A227
Awatt o o BOA 020 3OV 0V B2vES 007 50 YDS SOUTH OF MEOPHAM GREEN
B9A Skirted !
R&74K7 018 0.30 2V7 3V 3V3 3V6 3V9 4V3 aV7 5V1
5K6-12K 019 Bl10B 018 5V6 6V2 6V8 7VS5 BV2 9V1 10V 11V CAR PARKING AVAILABLE
7 Watt B138 050 12V 13V 15V 18V 20V 24V 27V 30V OPEN MONDAY TO FRIDAY 8a.m.-5.30p.m.
A wpde S ~ = % 24 HOUR ANSWERPHONE SERVICE %
L y
pwan T | B | newss [ e AR R e
e o2e 16PinDIL 015 valoso 023 [ 7V Powsr Mike DD VAT AT 15%
- TAL 0.35 .. atteri
17 Watt e Cans  om VATIO4 070 | TRIZS £140ee UK ORDERS P&P 50p PLEASE ADD VA.T.
3 . other prices on
JLiscals LU ggA Pee g;g x:?ggg g g regues( EXPORT ORDERS WELCOME. CARRIAGE/POST AT COST
ww-2 B3 0.38 - '
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Hitachi Oscilloscopes performance, reliability, exceptional value
T N and immediate delivery!

Hitachi Oscilloscopes provide the quality and performance that you'd expect from
such a famous name, in a'newly-extended range that represents the best value for
money available anywhere.

V-152F 15MHz Dual Trace V-353F 35MHz Sweep Delay

V-202F 20MHz Dual Trace V-650F 60MHz Dual Timebase, Trigger View
(illustrated) V-1050F 100MHz Quad Trace, Dual Timebase

V-203F 20MHz Sweep Delay V-209  20MHz Dual Trace, Mini-Portable

V-302F 30MHz Dual Trace V-509  SOMHz Dual Timebase, Mini-Portable

V-352F 35MHz Dual Trace V-134 10MHz Tube Storage Oscilloscope

Prices start from under £250 (ex. V.A.T.) including 2 high-quality probes and a
2-year warranty. We hold the range in stock for inmediate delivery.

For colour brochure giving detailed specifications and prices ring (0480) 63570.
Reltech Instruments, 46 High Street, Solihull, W. Midlands, B91 3TB

WW-090 FOR FURTHER DETAILS
SPECIALISTS SINCE 1972 P Kit

: )
. P.&R. COMPUTER SHOP “%. 1
IBM GOLFBALL PRINTERS from £70 EACH + V.ALY. porntt (R e B

e £439  Ugor Programmable
VOCAL & INSTRU- for 50-100 scores,
The most advanced § MENTAL SOLOISTS| using_microprocessos.

form of touch-sensi-

tive action simulat- § MASTER RHYTHM

ing piano key mertia | User Programmabie
by patented tech- § DRUM !\gACHINE
nique Twenty-four patterns.
Eight parallel tracks.
Four mixable veices [§ Tweive instruments
for serious tone § Sequence operation. £79 KIT £119 BUILT
varlation plus 3 -
slectronlc chorua f§ Write or Phone for full detalls of our range o

and flanger affacts high quality Kit and manufactured Electronic

*BRAND-NEW LA36 DEC WRITERS—SALE £200 EACH
*BRAND-NEW LA180 DEC WRITER—SALE £300 EACH
CENTRONIC 779 PRINTERS—£325 + V.A.T.
CENTRONIC 781 PRINTER—£350 + V.A.T.

POWER UNITS, 5-VOLT 6-AMP—£20 EACH

FANS, PCBs, KEYBOARDS AND LOTS MORE

COME AND LOOK AROYND OOMESTIEPRES  cumpns s - " 400 e oot Tampions SARCLA:
7 ' ¢ Keybosrd; Competitive EXPORT Quotations given.
SALCOTT MILL. GOLDHANGER ROAD | R N7 o CLEF PRODUCTS (i
¥ rrvan WY or con- ELECTRONICS)
HEYBRIDGE, MALDON, ESSEX Comp | zac | zse | it s con e
PHONE MALDON (0621) 57440 ol §f 388 | 442 | E:E'sp.’a‘if,'.' Am Dept. W, ‘.“,B"'IE!" Lane South ‘
MFD § 620 .0 695 Bramhall, Stockport, Chashire SK? 1AH

" WW-025 FOR FURTHER DETAILS QLa302207
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ANGLIA
INDUSTRIAL AUCTIONS

Spe_cialist Auctioneers to the
Radio and Electronic Industry

5 Station Road, Littleport, Cambs. CB6 1QE
Telephone: Ely (0353) 860185

reprints

If you are interested in a particular article/
special Feature or advertisement published in
this issue of

WIRELESS WORLD

why not take advantage of our reprint service.

Reprints can be secured at reasonable cost to
your own specifications providing an attractive
and valuable addition to your promotional
material. (Minimum order 250.)

For further details contact

Michael Rogers, IPC Electrical-Electronic Press
Ltd. Phone 01-661 3036 or simply complete and
return the form below.

AUCTION SALES

of over 700 Lots
Electrical Components & Equipment
Large and Small Quantities

. Forthcoming sales to be held on the following
| dates:

1st December, 1982: 12th January, 1983; 16th
February, 1983; 23rd March, 1983; 27th April,
1983; 1st June, 1983; 6th July, 1983; 10th
August, 1983; 14th September, 1983; 19th

— e G e e G S G S Gmm G E— g
To  Michael Rogers, Reprints Department
Quadrant House, The Quadrant

Sutton, Surrey SM2 5AS October, 1983; 23rd November, 1983.
| am interested In ... . copies of the article/ ‘
advertisement headed RESEREEE featured in ‘ Catalogues available 10 days prior to sale,
WIRELESS WORLD ] price 60p inc. p&p or for each sale for a year
on page(s) in the issue dated £5.

Please send me full details of your reprint service by
return of post

Entry forms on application. Although entries
for cataloguing may be received up to 17 days

Name | befc_>re the date of the sale, customers are
Company ‘ advised to enter early.
Address

Tel No.

gl WW — 054 FOR FURTHER DETAILS
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THE POWERFET
SPECIALISTS

POWERFET AMPLIFIER MODULES

MODEL POWER RANGE TYPICAL LOADS PRICES (one off)
{Continuous RMS)
PFA 100 50W-150W 4Q, 80) £11.35
PFA 200 100W-300W 4Q, 80 £23.87
PFA 500 250W-800W 21,40, 80 £42.00
PFA HV 200W-300W 4(), 841, 1600 £34.30
Key features:
@ RELIABLE — Powerfet freedom from thermal runaway and
secondary breakdown
@ LINEAR — TID zero, IM/THD < 0.01% full power {mid-band THD
down to 0.0015%)
@ FAST — Slew rate >30V/uS (45V/ES typical)
@ QUIET — Signal to noise ratio 120d
@ BRIDGEABLE — Without extra circuitry
@ STABLE — Unconditionally
@ LOW COST — 10 watts to 20 watts per £, depending on model and

quantity

As they stand these modules suit most P.A. and industrial applications and satisfy
all foreseeable audiophile requirements. (The HV is aimed at digital audio.)
Where aspects of performance fail to meet specific requirements (e.g. in speed
of powaer) low-cost customising is often a possibility. Alternatively entirely new
boards can be produced.

ALSO-

PAN 20—Ultra-low-noise/distortion, mono preamp board, £8.76

PAX 2/24—2-way active crossover board (24dB/octave) plus regulators, £9.70
THE HEAT EXCHANGER—New, super-efficient heatsink; handles 300W or 1.2kW
when blown; 7in. X 4in. x 2%in., £7.50

This is just a fraction of the new products avaliable from Pantechnic
—check us out!

Prices exclude V.A.T, Carrisge 75p

Price and Delivery
PANTECHNIC (Dept WW12)

Technical Enquiries
contact

174 WOOLYON STREET Phil Rimmer

LIVERPOOL L25 5NH
Tel: 051-428 8485

WW-074 FOR FURTHER DETAILS

The NEW
KEF Constructor

Series

A new generation of drive units from KEF is now
available to the home constructor.

KEF's drive units have been improved in terms of
reducing audible colouration as a result of the detailed
analysis of speaker vibrational characteristics, using
computer aided techniques.

Now the improved units and complete technical data on
them are available to you to build a system to your own
design or to use in any prescribed combinations to
complete a system designed by KEF.

DRIVE UNITS

T27.A
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L |
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Melinex dome high freq; y unit with ded Low colouration dome high frequency unlit with
frequency response and wide dispersion. oxtended frequency response.
B110eA
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TEST EQUIPMENT

TeK. 575 CUNVE Tracer.......c..ccvueiiiiiiiieceecin e eeenee e £95
R & S 12MHz Sweep Generator..
Radiometer Stereo Encoder ...
Tek. 547 Mainframe..........
Tek. 1A1 Plugin .........
Tek. 535A Mainframe
Tek. CAPlugin................ IS
H.P.140A, 1425A, 1411APlug Ins .
H.P.5245L + 5253B P.I. ...............
H.P. 6262A Time Int. Unit..
Tek. 549 Storage Mainframe ..
Tek. Type M4 Channel P i........
H.P. 1432A 4GHz Sampiing Unit ...
Tek. 564 + 3A6, 3B3 Storage Scope ..
Cosser 4100 75MHz Scope..........
Tek. 463 (75MHz 465) ........
Tek. 453 50MHz Portabile...
Tek. 611 Storage Monitor ........
Telequipment D83 Large Screen
ASR33 Teletypes ......................
Hedin —20°to 150° Furnace....................
Marconi TF6700A/6766A 12GHz Sweeper .
H.P.5300/5302 Counter ..................
525/625 Line Monitor Servicing Gens.
Aluminium Storage Cases 15 x 13 x 26
Hitachi ex-dem. 100MHz Scopes 2 year w
Hitachi 15MHz Dual Trace (New) Special Offer.....
Fiann X Band 0-90dB Rotary Attenuator (New) .
Marconi 18GHz Waveguide Isolators
Marconi 4GHz Wavemeters (co-axial)

All prices exc. VAT. Carriage extra

TIMEBASE

94 ALFRISTON GARDENS
o SHOLING, SOUTHAMPTON
S02 8FU
TEL: 431323 (0703)

Callers welcome

Access, Barclaycard
Telephone your order

WW - 078 FOR FURTHER DETAILS
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Compact, bass/mlid range unlt,

sultable for use in elther a compact full range
systemn, or as 4 speclalised mid renge unit in a
multi-way system.

Long throw basa/mid range unit, suitable for use
in elther a compact full range system. or as a
speclalised mid range unit In a multi-way system.

B139¢B
S 8
= ——
o) +
e "
Low freq y unlt with foll d ded  Low/mld renge unit with visco-elastic demped

polystyrene diaphragm and highly compliant
surround, suitabie for totally enclosed box. reflex,
transmisston line, horn and other specialised low
frequency applications.

Bextrene diaphregm and high temperature volce
coll assembly, sultable for use where low
distortion and high power handling are required.

KEF

The Speaker Engineers

KEF Electronics Ltd., Tovil, Maidstone, Kent ME15 6QP.
Telephone: (0622) 672261. Telex: 96140.

Please send me complete technical data of
KEF Drive Units

I Name: g}

Address:

e

WW — 037 FOR FURTHER DETAILS
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Dlablo/DRE Serles 30 2.5 mb. fully refurbished DEC RKOS
media and software compatable. Front load £550.

Top load £295.
PSU for 2 drives £128.

Dlablo -Dre 44 A-4000A or 4000B 10 mb 5 +5 removable

pack new and refurbished from £9985.

CDC 80 mb removable pack DEC RMO3 media and software

compatible brand new from£2, 950.

Honeywell 5+5 10 mb drives £450 good s/h condition.
Formore information on controllars, expansions and ready to
go sub systems contact sales office.

COOLING FANS

Keep your “Hot Parts” cool and reliable with our
ra_Fge of professional fans.
ETRI 99XU01 Miniature equipment fan 240
vac working DIM 92 x 256 mm BRAND NEW
complete with finger guard. Makers price £16
our price £9.95
BUHLER 69.11.22 micro miniature 8-16 vDC
reversible fan. Measures only 62 x 62 x 22 mm.
Uses a brushless DC servo motor almost silent
running ideal portable equipment life in excess
of 10,000 hours. BRAND NEW manutfactures
Rﬂrice £32.00 our price£12.98
UFFIN/CENTAUR cooling fans DIM 120 x
120 x 38 mm tested ex equipment 240v £6,28
115vE4 98 + 0&521.90
KOOLTRONICS Powerful snail type blower
gives_massive air movement with centrfugal
rotor DIM as acube 8" x8" x 6" airaperture 2.5” x

WA
DISTELO

The UK's FIRST free of charge, 24 hr. public
access data base. Get information on 1000’s
of stock items and order via your computer
and credit card. On line now, 300 baud.
CCITT tones, full duplex, fully interactive.

T MISS THOSE 8A
Do CALLNOW, IT

Unbelievable value the DRE 7100 & 7200 8"
disk drives utilise the finest technology to

give you 100% bus compatability with most drives available today, the only difference
being our PRICE and the superb manutfacturing quality. The 7100 single sided & 7200
double sided drive accept hard or soft sectoring. IBM or ANS! standard giving a
massive 0.8 MB(7100)& 1.6 MB (7200&01 storag\;ev. Absolutely SHUGART, BASF,
SIEMENS etc compatable. Supplied BRAND NEW with user manual and 90 day
warranty.
7100 single sided.
7200 double sided
fL;II technical manual £20.00 alone £9.00 with drive, refund of difference on purchase
of drive.

SHUGART s/h 800-2 8" Drive's 110v 50Hz motor£ 160 + £9.50 carr.

2,57 with flange fixing. BRAND NEW 110v 50H
acwﬁ:kingggﬁL$Z‘€,,+g1_go pap vounz i Removed from working equipment but untested. SA120 Alignment disk's £9. 95 '

CENTRONICS 739-3

The “Do everything Printer” at a price that will NEVER be
repeated Standard Centronicsinterface, fullgraphics.4 type
fonts with high definition & proportional
spacing for word processor applications, 80-132
columns, single sheet, roli or sprocket pa
muchmore. Availabie onty from DISPLAY ELECTRON

ridiculous price of only£299.00

Options: carriage & insurance £10.00

Interface Cable £10.00

RS232 Converter£43.00

\ M

.9

FROM £195 + CAR. + VAT J\ T
Fully fledged industry standard ASR33 data
terminal. Many features including ASCII
keyboard and printer for data I/O auto data
detect circuitry. R§232 serial interface. 110
baud, 8 bit paper tape punch and reader for
off line data preparation and ridiculcusly
cheap and reliable data storage. Suppliedin
good condition and in working order
Options: Floor stand £ 12.50 + VAT
KSR33 with 20ma loop interface£125.00 +

Sound proot enclosure £25.00 + VAT

r handlin%ﬂsu;a

SOFTY 2

The amazing SOFTY 2. Thecomplete “toolkit”
for the open heart software surgeon. Copies,
Displays, Emulates ROM, RAM and EPROMS
ofthe 2516,2532 variety. Many otherfeatures
include keyboard, UHF modulator. Cassette
interface etc. Functions exceed capabilities of
units costing 7 times the price! Only

169.00 pp£1.95 pata sheet on request

EHOUSE
ADINS' CAVE OF COMPUTER AND ELECTRONIC EQUIPMENT
| COMPUTER ‘CAB’

Allin one quality computer cabinet

with integral switched mode PSU.

Mainsfiltering and twinfan cooling.

Originall made for the famous

DEC PDP8 computer system costing 1000’s of pounds,
and designed to run 24 hours per day. The PSU is fully
screened and will detiver a massive +5v DC at 17 amps,
+15vDC at 1 amp and -15v DC at 5 amps. The unit is fully
enclosed with removable top lid, twin fan cooling, mains
fitering, trip switch, ‘power on’ and'run’ LED's, aluminium
front panel and rear cable entrys. Give your system that
professional finish for only £49.98 +£9.50 carr. — Dim. 19"
wide 16" deep 10.5” high.Usablearea16"w.10.5"h.11.5"d.
Units are ingood butusedcondition240 or 110 vworking—
complete with data. Large stocks of PDP 8 spares— enquire.

9’’ Monitors

DT10 Monltor g
acomplete

MOTOROLA 9”

video monitor

housed in

an attractive metal

case DIM approx

10" deep 16" wideand 11"

high. The monitor has a 75 ohm composite
video input with a bandwidth of 18 mhz A
seperate internal PSU delivers Sv dc for
externaluse and 12 vDC forvideo monitor. The
case has sufficient room inside for mounting
other units such as 5" disk drives etc. Internal
pots give full control over all monitor functions.
Supplied in a tested, as new or little used
condition. 240v AC operation£55.00 Carriage
and Insurance £10.50

MOTOROLA 9” open chassis monitor.
Standard 240 v AC with composite 75 ohm
video input, bandwidth in excess of 18 mhz
Monitors are ex equipment and although
unguaranteed they are all tested prior to
despatch, and have no visible burns on the
screens. Dim approx. 9" x 9" x 9”. Supplied
complete with mains and input lead. Ideal
ZX81 etc or giving the tele back to the famity!!

MAINS FILTERS

Professional type mains filters as used by
“Main Frame” manufacturers. Ideal for curing
those unnerving hang ups and data glitches —
fit one now and cure your problems.
Suppression Devices SASA

upto5ampload £5.95

CorcomInc F1886 upto20 ampload £9.50
Corcom inc F1900 upto 30 amp load £12.2§

RECHARGEABLE
BATTERIES

CYCLON type DOO1 sealed lead acid
maintenance free 2v 2.5 ah. will deliver
over 300 amps on short circuit!! Brand new
atonly£2.95

SAFT VR2C size'C' 1.2v 2 ah. nickel
cadmium£1.50 each 10 for£11.50

Black and White phosphor £35,00 + £9.00 Carr,
SEMICONDUCTOR
RAB ¥

]
Mixed Sean amazing value contents
include transistors, digital, linear, 1.C’s
triacs, diodes, bridge recs., etc. etc. All
devices guaranteed brand new full spec
with manufacturers markings, fully
g_ti_aranteed, 50+ £2.95 100+ £5.15
L 74 Series A gigantic purchase of an

“across the board” range of 74 TTL
series |.C's enables us to offer 100+
mixed “mostly TTL" grab bags at a price
which two or three chips in the bag
would normall§ cost to buy. Fully

uaranteed all 1.C.'s full spec. 100+ £6.90

00+ £12.30 3004+-£19.50

RCA FULLY CASED
ASCII CODED KEYBOARDS

10€AL
TANGERINE OHIO ETC,

Straight from the USA made by the world
tamous RCA Co, the VP60O Series of cased
freestanding keyboards meet all requirements
of the most exacting user, right down to the
price! Utilising the latest in switch technology.
Guaranteed in excess of 5 million operations.
The keyboard has a host of other features
including full ASCII 128 character set, user
definable keys, upper/lower case, rollover
protection, single 5V rail, keyboard impervious
toliquidsanddust, TTL or CMOS outputs, even
an on-board tone generator for keypress
feedback and a 1 year full RCA backed
guarantee.
VP801 7 bit fully coded output with delayed
strobe, etc. £43.95
VP611 Same as VP601 with
numeric pad £54.95
VP508 Serlal, R$232, 20MA and TTL
outputwith6 selectableBaudRates  £64,26
VP616 Same as VP606, with
numeric pad £84.3
Plug and cable for VP601, VP11 £2.25
Plug for VP606, VP616 £2.10
Post, Packing and Insurance £1.95
ORDER NOW OR SEND FOR DETAILS

[ ] :“‘.
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D.C. POWER SUPPLY SPECIALS
Experimentors PSU Ex-GPO unit all silicon electronics. Qutputs give +5v@ 2 amps.
+12v@ 800 ma.-12v @800 ma. +24v@ 350 ma.5v @ 50 ma. floating. Dim 160 x 120 x
350 mm. All outputs fully regulated and short circuit proof. Removed from working
equipment, but untested. Complete with circuit. Transformer guaranteed. Only
£14.50 +£2.50 pp.

POWER ONE CP143 super compact unit giving continuous output of 5v @ 5 amps.
dim. 215 x 67 x 80 mm. BRAND NEW and guaranteed Only £21.00 + £1.50 pp.
CUSTOMPOWERCO555v@ 3 amp. Very compact unitdim.approx60x90x190mm.
Semi open chassis, full crowbar overvoltage protection. Tested Ex Equipment.
£11.95 + pp£1.25

MINI SYSTEM PSU Ex equipment unit ideal for the small micro. Qutputs give 5v @
3 amps. +12v @ 1 amp and -12v @ 300 ma. Crowbar overvoltage protection and
cuir:reggimit. Fully tested. Dim 70 x 165 x 320 mm. Complete with Circuitonly£12.98
+ £2.00 pp.

PERIPHERAL SYSTEM SUPPLY. Fully cased unit supplied in a Brand new or little
used condition. Qutputs give S5v@ 11 amps,"+" 15-17v @ 8 amps. “=" 15-17v @ 8 amps
and “+" 24v @ 4 amps. All outputs are crowbar protected and the 5 volt output is fulty
regulated, Fan cooled. Supplied tested, with circuit£35.00 + £8.50 carr.

MAIN FRAME SUPPLY. A real besfy unit designed for MINI or MAINFRAME use
outputs give 5 volts @ 50 amps. +12v @ 5 amps. ~12v @ 10 amps. Ali output are fully
regulated with crowbar overvoltage protection on the Sv output Supplied with circuit

300 BAUD
DATA MODEMS

Join the communications revolution with our
standard EX GPO 2a/b data MODEMS.
Modem operates on standard CCITT tones
with full auto answer facilities. Will switch to
ANSWEROrORIGINATE. StandardRS232i/0
connections. Ideal networks. DISTEL etc.
Complete with data. Untested but good

condition£35. 00 carr. £8.50.

1200 BAUD
DATA PUMP MODEMS

Compact unit for use with private or "Dial up
lines” Designed to work in pairs at any baud
rate upto 1200 fullduplex(4 wirecircuit) or half
duplex (2 wire circuit). Features include
remote test facilities. RS232 i/o lines etc.
Supplied with data in working order, but less
case cover £65.00 +£4.50 carr.

' and tested. Ex-Equip. 110v AC input. Only £49.95 + carr. £10.50.

66% DISOOUNT ELECTRONIC

COMPONENTS
& EQUIPMENT
Due to our massive bulk purchasing programme which enables us to bring you the
best possibie bar%ains, we have thousands of I.C's, Transistors, Relays, Cap’s, P.CB's,
Sub-assemblies, Switches, etc. etc. surlplus to our requirements. £cause we don’t
have sufficient stocks of any one item 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 play pius we always
include something from our ads. for unbeatable value!! Sold by weight
2.5kis£4.25 + pp £1.25 5kis£5.90 + pp £1.80
10kis £10.25 + pp £2.25 20kis £17.50 + pp £4.75

01-689 7702 — 01-689 6800 Telex 27924
WW 088 FOR FURTHER DETAILS

OLIVETTI

TE300
REDUCED TO CLEAR®™

Completeinput outputterminal withintegral8
hole papertape punch and reader. Unit
operates at 150 baud in standard ASCIl.deal
as a cheap printer fora MICRO etc. 120
columns, Serial data i/o. Supplied complete

with data, untested, unguaranteed £685.00
+£11.50 carm.

All prices quoted are forU.K Mainland, paid cash with order in Pounds Stirling PLUS VAT. Minimum ordervalue£2.00, Minimum Credit
Card order£10.00. Minimum BONA FIDE account orders from Government depts., Schools, Universities and established companies
£20.00 Where post and packing not indicated please ADD 80p + VAT Warehouse open Mon-Fri 9.30 — 5.30. Sat. 10.15 — 56.30.
We reserve the right to change prices and specifications without notice. Trade, Bulk and Export enqulries weicome.

64-66 Melfort Road, Thornton Heath, Near Croydon, Surrey

(]
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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 85 mph 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 & aero navigation
Floodlighting

Airport approach lighting

Further details available on request.

Strumech Engineering Limited,
Portland House, Coppice Side,
Brownhills, Walsall, West Midlands,
WS8 7EX, England.

Telephone: Brownhills (05433) 4321.
Telex: 335243 SEL G.
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The NEW

KEF Constructor
Series

The ideal design of a loudspeaker system involves
the detailed and scientific study of the enclosure,
drive units and crossover network. By applyin
computer aided techniques to the questions o%
enclosure volume, band width, efficiency, power
handling capacity, probable system location and
required directional characteristics, KEF have
prepared detailed designs for the home constructor.
All this experience is now available to you - to
help you build your own system - successfully and
at the right price.

LOUDSPEAKER DESIGNS
|Gt d- | Model CS5
T T Jel | This floor standing
: g S loudspeaker, based on
Sl o o Ay the KEF Carlton, can
# g\ ER provide remarkably sharp

& b

a200s | NSO

By 74 - stereo imaging due to a
,,,,,, (1!l :#i novel method of
L 1 4! minimising inter-unit time
Nl B r delay, and will produce a
’ full frequency range with

outstanding clarity and
low distortion.

| Model CS7

. . ) A new three way design
[”'Cm”wt:/ M%-—-‘ incorporating the B139,

Gl FHRIEE O [ i which was the world's first

i flat diaphragm loudspeaker.
The system offers an
extended bass response and
excellent power handling
I capability, with the three
¢ drive units being combined
« through a computer
designed crossover network
;| to give a very smooth
frequency response
: = ; characteristic with finely
ST ot detalled reproduction of

critical mid-rangeinformation.
Making it together
KEF Electronics Ltd., Tovil, Maidstone, Kent ME15 6QP.
Telephone: (0622) §72261. Telex: 96140.

L 8 N N B B N N § |

Please send me details of KEF Systems Designs

i

WW -~ 038 FOR FURTHER DETAILS
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START 1983 WITH
'S IN CIRCUIT

FILES WELL-PLUGGED

WIRELESS WORLD CIRCARDS last year benefited many ‘new generation’
readers who bought at 1976 bargain prices + 10°% discount for 10 sets!
Most sets are stiil available although companion volumes

N\ sets of 127 x 204mm

wireless world circard

Set 14:

Digital counters—1

Circatt sporacien
The bistable circuit s a T-type
“flp-Blop” in which the ouIpul
changes stale for a negative:
going ransion al the
ingper-mput If thse basedrive
current Is arranged %0 that Tt,
5 tn saturation, ite collector
voltage wilt be about 02V
Ths i 100 10w 10 forward-tuas
the base-emitier Janctios of
Tr,, sbout 0.7, sod hence Tr,
will b= off This means itz

Frequency 100LH. typwcally
Trigper npot = 4V
Triggee input width < i

collector emitier voltage is high.
depending on R, and R, and
the base-drive current for Tr,
fows through R, end R,
Hence the terminals identificd
(arburanty) a1 Q and Q sre
Tow and high mapecirvely

(0 and 1 for binary coding)

Sear sround the vegatverpog
puhe-adgc 1 stocred 10 Tr, base

us D, is forward-biased The

Tr,. This causes Tr, coliector
voltage 10 drop and Tr, base
current decreases CAUSINg &
further mncrease i Tr, collector
voltage The process continues
until the other slable siate, Tr,

et 1o s previous state. It
producea one outpul pulse for
every (wo Imigger puises
The intercannecton of these
bhstable circuils 10 give & binary
ripple counter demands that the

Qoutpul of peciou fip-fop
s conneted (o the 1Ny

for T3 input of he neat
fip-flop. This pves a natural
count of 2* whers a is the.
number of stages, and 2* is the
number of sistes through
which the countes progresses

Circull modifcation

Range of R,, R, 4.7k 10 47k
Fraquency variation: 130 to
WOkHz

Range of C,. €, 330 to 3300pF
Frequency varation 140 to
90w Hz

Increase turn-on speed with
capacitor across resisions R,
and R, iypecally § (0 20 of
e

Increased frequency of
peration possibie with
adduions | diodes connected

S

1 Basic Active filters 2 Switching Circuits, comparators and Schmitts (But these gaps cannot be filled)
6 Constant current circuits 7 Power amplifiers
12 Wideband amplifiers

gates

amplifiers — signal processing

amplifiers — measurement and detection
22 Amplitude modulation and detection
oscillators —2 27 Linear cmos — 1
multipliers 32 Transistor arrays 33 Differential and bridge amplifiers 34 Analogue gate applications — 1

applications — 2.

13 Alarm circuits

e e e e e e e ot — — — — — —— - — — — —— —— — — o — — — s o m— e — e e e

To IPC Electrical-Electronic Press Ltd.,
Qeneral Sales Department,

Room 108,

Quadrant House,

Sutton,

Surrey, SM2 5AS

Company registration in England
Quadrant House, The Quadrant,
Sutton, Surrey SM2 5AS
Reg. No 677128

8 Astable circuits 9 Optoelectronics

14 Digital Counters
17 Current differencing amplifiers — signal generation
19 Monostable circuits 20 Transistor pairs 21 Voltage-to-frequency converters
23 Reference circuits
28 Linear cmos—2 29 Analogue multipliers 30 Rms/log/power laws 31 Digital

The Offer stands,
so order now your

cards in plastic wallets.
These unique circuit
cards normally contain
descriptions and
performance data of

10 tested circuits,
together with ideas

for modifying them

to suit special needs.

10 Micro power circuits 11 Basic logic
15 Pulse modulators 16 Current differencing

18 Current differencing
24 Voltage regulators 25 RC oscillators—1 26 RC

35 Analogue gate

Please send me the following sets of

Circards:. . . ...... ... ... ........... £2 each,
£18 for 10 post free.
Remittance enclosed. ... ...... .. ... payable

to IPC BUSINESS PRESS LTD.
Name (Please print). . . . ....................

Address (Please print). .. ............. ... ...
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Appointments

Advertisements DISPLAYED APPOINTMENTS VACANT: £15.50 per single col. centimetre (min. 3cm).
accepted up to 12 noon LINE advertisements (run on): £3 per line, minimum £20 (prepayable). )
Tuesday, November 2nd, BOX NUMBERS: £3 extra. (Replies should be addressed to the Box Number in the advertise-
for December issue, ment, ¢/o Quadrant House, The Quadrant, Sutton, Surrey SM2 SAS).

PHONE: JAN FAUX, 01-661 3033 (DIRECT LINE)

subject to space being
available. Cheques and Postal Orders payable 1o IPC Business Press Lid.
e

ALWAYS AHEAD WITH
THE BEST!

£5,000-£18,000

% Experienced in: Mini/Microprocessor hardware or Software; Digital and
Analogue circuitry; RF and Microwave techniques?

% Where does your interest lie: Image processing; Automation;
Datacomms; Radar; Nav-Aids; Video; Medical: Telemetry; Simulation;
Satcom; Local Area Nets; Computers; Weapons; Communications?

% There are opportunities in: Design; Test; Service: Sales; Systems;
Production; Quality and Research at engineer and management level.

% First call: Contact MIKE GERNAT on 076 384 676/7 (usually until 8 p.m.)

ELECTRONIC COMPUTER AND MANAGEMENT APPOINTMENTS LIMITED (1883)

148-150 Hiah St.. Barkway. Royston, Herts SI38 8EG.

R

R.F. DESIGN ENGINEER

J}Oifw R.F. System Components are supplied to
leading Companies in the Aerospace, Communica-
tions and Defence industries. The continuing expan-
sion of our product range demands a capable
Electronics Engineer to be involved in New Product
Design and Development, from initial conception to
final production.

A sound theoretical background is required, together
with a practical understanding of R.F. Engineering to
1GHz or above. It is anticipated that the successful
candidate will have a degree in Electronics and at least
three years’ experience in a development and manu-
facturing environment. Such experience should
include:

Active and passive analogue circuit design from dc-

1GHz.

Construction and testing of R.F. circuits.

R.F. measurement using spectrum and/or network

analysers.
The company offers a substantial benefits package
including attractive salary, free life cover, contributory
pension scheme and private patients plan. Where
appropriate, assistance with relocation will be con-
sidered to an area which offers the combination of
City, Country and Coastal life.
For an application form please write or telephone:

Mrs P. A. Haxby

Personnel Officer

W & G Instruments Limited
Burrington Way

Plymouth, Devon PL5 3LZ
Telephone: Plymouth (0752) 772773

WIRELESS WORLD DECEMBER 1982

TEST EQUIPMENT
ENGINEERS

Rediffusion Consumer Manufacturing design and
manufacture a full range of advanced specification
colour television receivers and monitors,

We are looking for experienced Test Equipment Engi-
neers to help us maintain our industry lead in sophis-
ticated computer-controlled test gear for production
testing of our new products. Future test equipment will
be an interesting mix of digital and analogue circuitry
aimed at both simplifying and speeding the production
testing operation,

If you are experianced in both digital and analogue
testing techniques, particuiarly with a television back-
ground and are seeking an exciting future in a stimulat-
ing engineering environment, we'd like to hear from
you.

These positions are based in our Chessington Engi-
neering Centre but some visits to our factories in the
North-East and Lancashire will be required at infre-
quent intervals. Salaries are obviously dependent on
qualifications and experience, but will reflect the im-
portance of future test gear projects to the company’s
long-term development.

Interested? . . . Then write or phone:

Harry Brearley

Rediffusion Consumer Manufacturing Ltd.
Fullers Way South

Chessington, Surrey KT9 1HJ

Telephone: 01-397 5411

£.9 REDIFFUSION
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Appointments

At HM Government Communications Centre,
we're applying the very latest ideas on electronics and

o
other technologies to the problems of sophisticated
n lne erS communications systems, designed to enable and protect
the flow of essential information.

The work is of the highest technical challenge,

o o offering full and worthwhile careers to men and women of
high ability, on projects covering the following areas of
. | f - interest: —
- - RADIO - from HF to microwave, including
advanced modulation systems, propagation
£9 ’ 126 studies, applications of Microcircuitry.
MAGNETICS SIGNAL ANALYSIS

SYSTEMS ENGINEERING

Applicants, under 30 years of age, should have a
good honours degree or equivalent qualification in a
relevant subject, but candidates about to graduate may
also apply.

Appointments are as Higher Scientific Officer
(£6,840-£9,126) or Scientific Officer (£5,422-£7,399)

¥, Communications R & D... gﬁg(s);(iicllgto qualifications and experience. Promotion
- ...theleading edge

For an application form, please write to the (1589)
Recrultment Otficer, (Dept. W/W12), HM Government
Communications Centre, Hanslope Par/
Milton Keynes, MK19 7BH.

MAINTENANCE

ENGINEERS
Salary in the range BROADCAST ELECTRONICS ENGINEER

b The BBC's Engineering Training Department is situsted in the Worcestershire
£14,000 to £17,800 countryside and includes modern well-equipped Radio and Colour Television
. L. . Studios. There are excellent weifare and club tacilities.
independent Television News Limited has vacancies for exper-

ienced VTR Maintenance Engineers in their Central London Stu- Duties: Maintaining a full range of professional radio and television broadcasting
di | equipment. This includes modifications to and commissioning of broadcast
10S. . - X equipment, the rorair and racalibration of sophisticated instruments. (Appro-

The successful candidate will join an expanding team of priate guidance will be given to candidates who are unfamiliar with BBC equip-
specialists responsible for the maintenance of VPR2B, ACRZSBd, ment), A ] i) Lo | e T oo

f i i Requirements: A good technical knowledge of audio and/or video equipment.
VR1200C and. .BVUSOO machines, terther with associate One of the following qualifications is essongal:
control and edmng systems. Adegree from a British University in electronics or electrical engineering.
The salary upon appointment will be dependent upon the de- (e el ol o e e
gree of relevant experience on the equipment listed. Previous content).
maintenance experience with C-Format machines is, however, C&G Full Technological Certificate in Telecommunications.
essential. SlaI:r‘lyé‘;:e h?td}\’l‘lg upon experience, in the range of £6,524-£7,114 rising to £8,839
Excellent conditions of service including generous pension g e P .
scheme and free life assurance ansionable post. R:,I'(;canon e:penug considered.

' o “We are an Equal rtunities Empioyer”’
Please telephone the Personnel Office, on 01-637 3144 for an qualBppo ploy

application form, quoting reference number 302015.

Further detalls: If you would like to hear more and receive an application form,

(1847) please send a stamped addressed envelope of at least 9''x4"’ to Head of Technical

Operations Training Section, Engineering Training Department, Wood Norton,

Evesham, Worcs. WR11 4TF, or telephone {0386} 45123 extn. 226, quoting refer-

ence number 82E4075/WW. Closing date for return of application forms, ?4 days
after publication.

(1876)

FIELD MAINTENANCE

ENGINEER ‘ INNER LONDON EDUCATION AUTHORITY
Bacchus are the world’s leaders in the supply of high quality '
discotheque sound and lighting systems to International s TELEV|SION CAMERA OPERATOR
hotel companies. Due to expansion, a vacancy exists for a The Television Centre prod a range of educationsl programmes distributed
highly competent, resourceful electronics engineer who will : mfom_oﬂ “:o ssettes, sound i klﬁ!o'lsmm mméon h.;. eoNl:vur
have total responsibility for the first-class maintenance of P pr fonal standards (Lin cameras, Cox mixer, Neve
discotheque installation in Europe, Middle East and Scandi- r""d""""A PexVpiZis eee) Simobisuin snqbeiory portebis-
Ravie vacancy has arisen for s television camera operator to work principaily in the
ﬁ‘db bu:.lh:nh.t'?: monoehro:n. tnll'v;ldng :tudlt:& lcvl&ecﬁon video recording,.
eyt . . . e mobile u , when other
Based in London, the position necessitates exte;mve fc&r(ejugn technical sections. not required to wo comeras, with
travel for a great deal of the year. The successful candidate Applicants should have had some f of training and preferably practical
will most probably be under 30 years old and single. experience. me form aining =
Remuneration will be at least £10,000 p.a. plus profit sharing. Qurther detalte.of (o bost re avaliable from the Chief Enginesr'a Office at the
Please apply, in writing, to David Payne, Managing Director, Application forms from the Educstion Officer (EO/Estab. 1B), Room 365, The
: . : County Hall, London SE1 7PB. Please encloss a sta nd addressed
gac%hllx_s Ir:jternsa\t;v(qrsal Slscotheque Services, 64-66 Glentham i Conated foris 10 b omamesi by 14t IO
oad, London ‘ ILEA is an Equal Og)oﬂmmyE yer.
(1848) Salary range (ST 1/2) £5,214 to £7,974 plus £1,284 London Weighting Allowﬂ\:nso)
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Respiratory Care, Ultrasound imaging,
Cardiovascular, Patient Monitoring,
Computerised Patient Management Systems,
Perinatal Monitoring—just some of the vital
medical instrumentation product applications
that have made Hewlett Packard a rnarket
leader.

Andit'sthat range of high technology products
that makes the role of the Customer Engineer
attractive,

We currently have two vacancies—one based
onManchester covering the North and one
based onWinnersh in Berkshire, forthe South.
Both positions will be responsible for
providing an on-site maintenance serviceto

(D

Electronics Engineers

put yourselfin a Customer Engineering
role with the market leader in
Medical Instrumentation...

HEWLETT
PACKARD

Appointments

customers. ldeally you'll be qualified to HNC/
TEC/C&G and will have some sound relevant
experience in instrumentation servicing.

We offer: ® Good salary
® 2litre GLcar
® Christmas bonus
@ Profit sharing
® Non Contributory Pension
® Freelife insurance

And good career opportunities

For eithervacancy please write or phone for an
application form to: The Personnel Department,
Hewlett-Packard Ltd, Trafalgar House,
Navigation Road, Altrincham, Cheshire,
Tel: 061928 6422.

(1866}

TV STUDIO
PROJECT
ENGINEERS

Our Systems Division is responsible for the
design and construction of studios and OB
vehicles for customers throughout the world. To
cope with the increasing demand for these pro-
jects, we urgently require another two project
engineers.

You should have experience in television broad-
casting, either from the engineering or opera-
tional aspect.

Occasional travel is involved home and over-
seas.

Very competitive salaries are offered together
with free permanent health insurance, contribu-
tory pension scheme and generous relocation
assistance where necessary.

For further information please contact our Per-
sonnel Department either in writing or by tele-
phone on Andover (0264) 61345,

232 Addington Road
(1870) L K B Selsdon, South Croydon
Surrey, CR2 8YD
L l N K Walworth Industrial _Estate, Tel: 01-6515313
Andover, Hampshre, England Telephone. Andover (0264] 61345
| ELECTRONICS j CaT

INTERNATIONAL SERVICE
MANAGERIN A
MULTI-NATIONAL COMPANY
BASED IN SWEDEN

LKB-Produkter AB require an English-speaking SERVICE
MANAGER to co-ordinate service aspects and implement
gerv(ijce Policy for the LKB Group, based at the Head Office in
weden.,

Applicants should have a sound knowledge of digital and
analogue electronics, together with experience of microcom-
puters, interfacing and tge setting of Service Policies. One or
more European languages an advantage.

The successful candidate will have line service personnel
reporting to him, making field and man management exper-
ience essential. He will report to the manager of the Bromma
Division in Stockholm. International Service training and the
p_rbqtlz!uction of Service documentation are part of the respon-
sibility.

Conditions of employment are commensurate with the posi-
tion. Please give brief details of experience when requesting
an application form from:

Mrs. D. Duff
LKB INSTRUMENTS LIMITED

WIRELESS WORLD DECEMBER 1982
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v /.Physicist/
Microwave
Engineer

a 2.0 GeV high current electron storage ring is in operation
at the Daresbury Laboratory of the Science & Engineering
Research Council in North Cheshire. It is used as a source of
sychrotron radiation by a wide range of scientists from British
and Overseas universities.

A physicist or an engineer with experience of high power
radio frequency systems and who has an interest in
accelerators is required to join a small team which is
developing the electron storage ring and studying its
behaviour. The storage ring uses a S500MHz, 2560 kW rf system
and the injector includes a 300MHz electron linac.

The work will consist of experimental and theoretical
studies of instabilities in the electron beam and interaction of
the beam with the rf system, and also will include development
of new or modified rf devices to improve the intensity of the
electron beam.

The appointment will be made in the grade of Higher
Scientific Officer or Professional and Technology Officer
Grade II. The salary range for HSO is £6,840 — £9,126 and
PTOII £6,868 — £8,241.

Applicants (male or female) should be below 30 years of
age, have a good honours degree in physics or electrical/
electronic engineering and at least two years relevant post-
graduate experience. The successful candidate with an
engineering background will be appointed as PTO 11, or with
scientific background as HSO. There is a non-contributory
superannuation scheme, a generous leave allowance and a
flexible working hours scheme.

CLOSING DATE 29th November 1982

For further information please write or telephone
Mr. V. P. Suller on. Warrington (0925) 65000 Ext. 209

Application forms may be obtained from and
should be returned quoting reference number
DL/802 to:

The Personnel Officer,
Daresbury Laboratory,
Science and Engineering
Research Council,
Daresbury,
Warrington,
Cheshire, WA4 4AD.

(1865)

.\‘ g - _ -
Lo

¢il IN ENEE N I Ny
Technicians in
Communications

GCHQ We are the Government Communications
Headquarters, based at Cheltenham. Our interest is R
& Din all types of modern radio communications —
HF to satellite — and their security.

THE JOB All aspects of technician support to an
unparalleled range of communications equipment,
much of it at the forefront of current technology.

LOCATION Sites at Cheltenham in the very attractive
Cotswolds and elsewhere in the UK; opportunities for
service abroad.

PAY Competitive rates, reviewed regularly. Relevant
experience may count towards increased starting pay.
Promotion prospects.

TRAINING We encourage you to acquire new skills
and experience.

QUALIFICATIONS You should have a TEC Certificate in
Telecommunications, or acceptable equivalent, plus 2
years’ practical experience.

TRAINEE RADIO TECHNICIANS Persons suitably
qualified and under 22 but with no practical
experience may apply for our training scheme.

HOW TO APPLY For full details on this and information
on our special scheme for those lacking practical
experience, write now to

Recruitment Office

GCHQ, Oakley, Priors Road, Cheltenham

Glos. GL52 5AJ

or ring -—

0242 21491 -
- (GCHY

ext 2269
o [ ]
" B E B EAY.

\ =’

ELECTRONIC DESIGN
ENGINEERS

We are a small highly successful manufacturing company
specialising in RF communications, digital and low fre-
quency analogue equipment.

We require young highly motivated engineers wishing to
develop their experience. The ideal candidate must have
complete confidence in his ability.

— Starting salary £10K + (neg).

— 37V hour week. Overtime available.
— Pay reviews every 6 months.

— Pleasant working environment.

— Location near City of London.

Contact Keith Penny
on (01) 250 0894

(1869)

NATIONAL BROADCASTING SCHOOL

: DEPUTY CHIEF
ENGINEER

The national broadcasting school, which provides training
for IndeBendent Broadcasting under the auspices of the IBA,
seeks a Deputy Chief Engineer.

The Engineering Department, as well as maintaining the
schools six broadcast capable studios and ancillary areas
teaches engineering and technical operations.

We are looking for applicants aged between 25 and 40, with a
recognised technical qualification, several years experience
in operating and maintaining modern sound broadcasting
equipment and the ability to pass on this knowledge.
Previous experience in local radio and teaching would be an
advantage.

Applications, in confidence, to the chief engineer, NBS, 14

Greek Street, London W1.
(1877)
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cUT THIS OUT!

Clip this advert and you can stop hunting for your next
appointment. We have a wide selection of the best
appointments in Digital, Analogue, RF, Microwave, Micro-
processor, Computer, Data Comms and Medical Elec:
tronics and we're here to serve your interests.

Call us now for posts in Design, Test, Sales or Field
Service, at all levels from £6,000-£16,000.

@ “lechnomar

Engineering & Technical Recruitment
11 Westbourne Grove, London W2. Tel: 01-229 9239
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_£25000? |

1. RADIO SYSTEMS ENGS

Pianning and design of line-of-sight, tro-
poscatter and satelllte communications
systems, Several companies. To £14,000
— Essex/London/Hants/Dorset/Berks.

2. DESIGN ENGINEER (+25)

} With working knowledge of optics and
fibre optics for microprocessor-based
{Z80). defence system. Small company.
. To £12,000 - Surrev.

3. DESIGN ENGINEERS (--25)

2
PM, FM and roadcast transmit-
ters using a wide range of technologies
from MF to UHF. To £12,000 — Essex.

4. SOFTWARE ENGINEER

For graphics and lmuqlng display
.systems using LS| 11 and 8086"
microprocessors. To £12,000 — Berks.

- 5. INSTALLATION AND
COMMISSIONING ENGS

For radio and TV broadcast transmitters
and com&u(er systems. To £15,000 over-
seas, to £9,000 UK

6. CONTRACT DESIGN ENGS

Long, lucrative contracts for RF, Anal-
ogue, Digital, Microwave and software
engineers. Up to £400 per week — many
1 8reas. i
Hundreds of other electronic and com-
puter vacancies to £25,000.

Phone or write: Roger Howard

C.Eng., M.L.E, R.E., M.LE.E.

CLIVEDEN CONSULTANTS
87 St. Leonard's Road Windsor, Berks.
Windsor (07535) 5781 8/53022(1 640).

24-hour service

P e e e

P.C. WERTH LIMITED
AUDIOLOGY HOUSE
45 NIGHTINGALE LANE
LONDON, SW12 8SU

ELECTRONICS
ENGINEER

Interesting occupation in
friendly working environment,
for an Electronics Engineer to
service microprocessor-
controlled acoustic equipment.
Ability to work unaided and
knowledge of digital systems
essential.

For more information contact:

Mr. Ritchie, 875-5151
(1863)

P.M.R.
FIELD SERVICE
ENGINEERS

Vacancies exist for qualified
engineers with at least five
| years’ experience in this
field. Based in Croydon, our
company services most
major manufacturers’ equip-
ment in London and South-
East England. Competitive
salaries offered.

Please ring
Mr J. D. Mathews
on 01-680 1585

(1851)

PART-TIME
MAINTENANCE
ENGINEER

Required for Country
Recording Studios

Please ring (08675) 77551
(1881)

WIRELESS WORLD DECEMBER 1982

Appointments|

If you're
on our list...

COMMUNICATIONS DESIGN West. Elec. D-2000)

DRAUGHTSMAN RADIO ENGINEERS

Telemetry, Microwave, O/S plant Microwave, HF/ VHF/UHF systerns
COMMUNICATIONS TRAINERS DATA TRANSMISSION SYSTEMS

8-10 years’ experience in administration ENGINEERS

and co-ordination, development and CCTV AND SURVEILLANCE SYSTEMS
evaluation of training programmes (Arabic ENGINEERS

speaking helpful) RF ENGINEERS

LEPHONE SWITCHING ENGINEERS Frequency planning and Computer Aided
10 years’ experience in special apg)axatus/ Interface Analysis
exchange equipment (GTE No. 2 EAX, C-1, OUTSIDE PLANT/LROPP ENGINEERS
G TX-400, North Telecom SL-1, SG-LA and

../make sure
you read this Iist...

High tax free salaries Our client is a well established Service
One year renewable contracts Organisation who has been operating
Free food throu.ghout the Eastemn Province of Saudi
Bir-conditioned Arabia for many years. If you have the

required experience and a degree, or other

accommodation e

h A, relevant qualifications, send a
Medical and life insurance comprehensive C.V. to Peter Jenson, or
Regular fare paid UK leave telephone 01-637 3185 for an application
Wide range of leisure form quoting ref: 1039/ WW.
facilities OXON Moxon Dolphin and Kerby Ltd.
Sterling salary 178-202 Great Portland

q)()LPHl N Street, London. W IN 5TB.
& @BY LTD
INTERNATIONAL RECRUITMENT (1873)

Electronic Engineers-

What you want, where you want!

TJB Electrotechnical Personnel Services is a specialised appointments
service for electrical and electronic engineers. We have clients throughout
the UK who urgently need technical staff at all levels from Junior Technician
to Senior Management. Vacancies exist in all branches of electronics and
allied disciplines - right through from design to marketing - at salary
levels from around £4000 to £12000 p.a.

If you wish to make the most of your qualifications and experience and
move another rung or two up the ladder we will be pleased to help you.

All applications are treated in strict confidence and there is no danger of
your present employer (or other companies you specify) being made aware
of your application.

TJB ELECTROTECHNICAL
PERSONNEL SERVICES,

12 Mount Ephraim, . NAMEL srtpinn vz ¢
Tunbridge Wells, X
Kent. TN4 8AS ...... E 2 M. ul . bk Waals! . Ma see e

Tel: 089239388 Cqdgy &
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Appointments

Service Engineer
£9,000 plus Company Car
and Annual Bonus

W & G Instruments Limited are among the
world leaders in the supply of
Telecommunication Measurement and Test
Equipment.

To maintain their high level of customer
service in an expanding business, they need
more Test and Service Engineers based at
their Greenford Office.

Applicants should have an HNC/HND or
equivalent plus a minimum of 4 years’
experience in fault diagnosis and repair of
analogue and digital equipment.

The position will involve some travel to
custpmers’ installations in the U.K. for
service and calibration work.

Good working conditions and opportunities
for career development.

Apply to
Mr. H. Jones. Service Manager.
W & G Instruments Limited,
Progress House.
412 Greenford Road.
Greentford,
Middiesex UB6 9AH §
A member of the Wandei & Goltermann Group of Companies

(" )
Video Engineers

Engineering
Technicians

CBS/Fox Video, a world leader in the pre-recorded video cassette
market, has established the largest tape duplication facility outside
the USA at Perivale, West London.

Significant growth has created additional openings for video
engineers and technicians. Initially, you will be involved in the
maintenance of ¥z " video recorders but can expect to move on to
broadcast standard equipment. Training, both on-the-job and external,
will be given where necessary.

Salary will be negotiated in line with qualifications and experience.
You could be a recent college leaver who has completed an
ONC/HNC in electronics or a similar subject, a television

repair engineer, or an experienced video engineer. nge

Please send a detailed cv, including a telephone numper for
contact purposes, to Harry Lister, CBS/Fox Video, Unit 1,

LPerivale industrial Park, Greenford, Middlesex UB6 7RU.

TRINITY HOUSE LIGHTHOUSE SERVICE, LONDON

ELECTRICAL ENGINEER

GRADE PTO Il SALARY £9,021-£10,328 p.a.

Applicants must have had a sound training in radio and light current work asso-
ciated with UHF, VHF and MF communications, remote monitoring and contro! systems.
Experience in detailed planning, preparation of procurement specifications and
drawings, manufacturers’ acceptance testing, field trials and commissioning is essen-
tial.

Some knowledge of fandline signalling technigues, simple computer programming
and micro-technology would be an advantage. ) _ _

Possession of a degree in electronics/radio engineering or equivalent is required.

Generous leave allowance, pension scheme and flexible working hours. _

Apply to The Establishment Officer, Trinity House Lighthouse Service, Tower Hill,
London EC3N 4DH or Telephone 01-480 6601 Ext. 289.

(1812)

An exceptional opportunity exists immediately for two
engineers to join a new company based in modern
premises at Slough that is about to launch a new and
unique signa! conditioning product.

Our client has secure financial backing from a well-
established electronics group and the growth prospects
both for the company and its employees are substantial.

ANALOGUE DESIGN ENGINEER
to £12,500

This position will appeal to an engineer who whilst
having a good knowledge of analogue circuitry (DC-
300MHz) to Degree/H.N.D. level, enjoys a practical hands
on approach and is highly self motivated. He will be
responsible for the support of the existing product and
the development of new products that contain a high
degree of innovation.

PROTOTYPE TEST ENGINEER
to £10,500

An experienced engineer who will not only build and test
the prototype models but must be capable of identifying
any design problems as they occur. Although academic
qualifications are not important it is unlikely that the
successful applicant will be under 30. A top-grade
analogue technician, ready to move into development
work will probably handle this demanding task.

Initial interviews will be held at our Windsor office and
therefore in the first instance write or telephone

Roger Howard, C.Eng., M.I.E.E.
CLIVEDEN CONSULTANTS
87 St. Leonard’s Road, Windsor, Berks, SL4 2BZ
Windsor (07535) 58022 (5 lines) 57818 (2 lines)

(1887)

LASER-SCAN
LABORATORIES LTD

We are among the World Leaders in the
manufacture ot Computer Controlied Laser
Deflection Systems and have won the 1982

Laser-Scan Queen’s Award for Technology.

We invite applications for the following post:

IN-HOUSE
COMMISSIONING ENGINEER

Required to work in a team testing and aligning the Company’s precision
laser plotters and digitisers. A working knowledge of TTL is essential, and
knowledge of microprocessors an advantage. industrial experience ot both
digital and analogue circuitry is necessary and experience in the use of lasers
and associated optics would be useful. Education qualification to a minimum
of HNC in Electrical and Electronic Engineering is required.

To the successful applicant we can offer pleasant working conditions, com-
petitive salaries, non-contributory sickness scheme and other fringe benefits.

Application forms obtainable from:

Personnel Officer, Laser-Scan Laboratories Ltd, Cambridge
Science Park, Milton Road, Cambridge CB4 4BH. Telephone:
(0223) 69872. St
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Young, enthusiastic video

Post Production
Engineer

required to be our number two
engineer on weekly Channel Four
alternative news programme. We
are looking for someone with an
interest in computer technology
and graphics, in addition to
previous television engineering
experience at same level.

ACTT rates will apply
Contact:
Sally Randle
Diverse Production Ltd.

6 Gorleston Street, London, W.14

Telephone: 01-602 4102
(1878)

LOUGHBOROUGH
EEI!'! UNIVERSITY
‘ W OF TECHNOLOGY
Workshop Technician

Applications are invited for this new
post in the Department of Computer
Studies. The successful candidate
should have HNC, HND or equivalent,
and 6-10 years’ experiencs in the field
of microprocessors, electronics or
digital systems.

Salary on Grade 6 scale £6532-£7802
(under review). The appointment is for
three years.

Requests for further particulars and
application forms to Dr C. H. Machin,
Department of Computer Studies, Uni-
versity of Technology, Loughborough,
Leics. LE11 3TU.

Loughborough Laicestarshire

ELECTRONICS
OPPORTUNITIES

Development Engineer £8,500
Design for production, data com-
munication systems, small com-
pany with planned systems

Design Engineer £8,500
Machine to control systems.
Microprocessor interface
Develogment Engineer £9,000
Digital hardware and micro-soft-
ware design
For further information ring
Ken Hoare — 03843-4436
Jonathan Les
Technical Recruitment
62 Hagley Road, Stoutbrid(qgw

e

LOGEX
ELECTRONICS
RECRUITMENT

Specialists in Field & Customer Engineering appaint-
ments, all locations and disciplines.

Logex House, Burleigh, Stroud
loucestershire GL5 2PW

0453 883264 & 01-290 0267
{24 hours)

R & D OPPORTUNITIES. Senior level vacan
cies for Communications Hardware and Software
Engineers, based in West Sussex. Competitive
salaries offered. Pleasé ring David Bird at Redif*
fusion Radio Systems on 01-874 7281, . (1162

UNIVERSITY OF LEEDS. Electronics Techni-
cian Grade 3 required in the Department of
Physiology. The person appointed would be re-
quired under the supervision of the Electronics
Engineer to assist in the construction and main-
tenance of electronic equipment associated with
research and teaching of biological studies. Must
be capable of working from circuit diagrams and
sketches. Applicants should hold ONC or equiva-
lent qualifications and have relevant experience.
Salary is in the range of £4672-£5473 p.a. (under
review), according to qualifications and exper-
ience. Applications stating age, qualifications and

experience, together with the names and
addresses of two referees should be addressed to
Mr. E. French, Departmental Superintendent,
Department of Physiology, Medical and Dental
Building, Leeds L.S2 9N%).’

SITUATIONS VACANT

PROGRAMMERS
MICROCOMPUTER APPI_ICATIONS;

Classified

£7200710 £107200

ACCORDING TO EXPERIENCE, OXFORD BASED

Research Machines is a leading UK
manufacturer of microcomputer
systems, selling mostly to the education
and scientific market sectors.

We are expanding the groups which develop
new products for our chosen market areas,
and wish to recruit programmers with first
hand knowledge of at least one of those
areas. The successful applicants will work on
the implementation of new application-related
software tools for our current and future
microcomputer systems. General
requirements are:

L] at least 2 years programming experience,
preferably on microcomputers;

[ experience of at least one high-level
language (e.g. Pascal) and assembler;

L] successful completion of at least one
software implementation project;

[ degree, or equivalent desirable;

U understanding of microcomputer hardware
would be an advantage.

Specific vacancies, and their particular
requirements, are:

Education Products
(please quote Ref. EP5)

Two vacancies exist for people interested and
experienced in the use of microcomputers in
schools and colleges. We will be developing
further our range of software tools to assist
the growing number of people producing
educational software as well as providing
software for use in the classroom. Knowledge
of BASIC and teaching experience is
desirable.

Laboratory Products
(please quote Ref. LP5)

We have two vacancies for people interested

and experienced in laboratory applications of
microcomputers. We will be developing new
software and hardware to help satisfy the
needs of our research and laboratory
customers.

Graphics Applications
(please quote Ref. GP5)

Our microcomputers have a high-resolution
graphics capability. We will be developing
software to support its use in a variety of
applications, and developing interfaces to a
number of graphics peripherals.

Knowledge of assembler essential, and of
BASIC or FORTRAN desirable. Experience
of peripheral interfacing desirable.

CP/M Packages
(please quote Ref. CP5)

Since our microcomputers run the industry
standard CP/M operating system, there is a
wide variety of software packages available
from other suppliers. They often require
tailoring to make the best possible use of the
features of our computers. The job comprises
surveying the field of available packages,
selecting the best available, implementing
them and subsequently supporting them. A
desire to see good solutions for a range of
applications, from information retrieval to
spreadsheets, is important for this job.

We offer a particularly attractive range of
benefits, including good salary,

25 days paid holiday, free BUPA, life and
disability insurance, pension scheme, and
help with relocation expenses where
relevant.

If you are interested in one of these
vacancies please contact Pat Kember by
‘phone or letter for an application form,
quoting the appropriate reference. (1572

RESEARCH MACHINES

| MICROCOMPUTER SYSTEMS

RESEARCH MACHINES LTD Mill Street, Oxford OX2 0BW, Tel: (0865) 726136

RIBBON CABLE, PLUGS AND
CONNECTORS

The very best quality. Proven manufac-
turer. Plugs and connectors sold singly
or in quantities. Cable sold by the metre

or by the roll

Ring or write:

T.A.D. SUPPLIES
5-10 Eastman Road
London W3
Tel: 740 0058

(1840)

ARTICLES FOR SALE

ENCAPSULATING EQUIPMENT FOR coils,

formers, p d i silicone
rubber, resin, epoxy. Lost wax casting for brass,
bronze, silver, etc. Impregnating coils, tragsfor-
mers, components. Vacuum equipment, low cost,
used and new. Also for CRT regunning metailis-
ing. Research & Development. Barratts, Mayo
Road, Croydon CRO 2QP. 01-684 9917.  (9678)

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)

TELERADIO

For low cost instruments. Freq meters,
audio & RF generators. Distortion ana-
lysers, etc. Assembled & kits. {llus-
trated lists sent on request.

325 Fore Streot, Edmonton
London N9 OPE

Tel: 01-807 3719
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SITUATIONS VACANT

COMMUNICATIONS

MCL provide a wide range of microwave link
equipment for the UK-and export markets. We are

A part of the M/A COM GROUP of companies who have
sales in excess of $800 million and are specialist

l suppliers to the broadcast companies,public utilities
and security organisations botg in the United
Kingdom and overseas.

Due to continued expansion we are able to offer many
interesting and challenging opportunities to
experienced engineering
personnel.

DEVELOPMENT
Senior Circuit Design
Engineer - ideally mid
20’s to mid 30’s with a
minimum HNC level
qualification - must
have several years
relevant design
experience in Baseband
IF and RF circuitry. Some
experience in digital tech-
niques would be advantageous.
Salary would not be a limitation for
24 the right applicant.

< Junior Circuit Design Engineers
with minimum of 18 months experience
in industry designing baseband IF or RF
circuitry. Salary c. £7-10k

| OPPORTUNITIES< = W A
WITH MICROWAVE PRODUCTION \\

Production Engineers with several years experience
of production problems on Video and or Telephony
Microwave Systems. Experience with production
control methods would be an advantage.

Salary c. £8-10k

MARKETING

Marketing Engineers to prepare and submit

quotations for Microwave Video and Telephony

Equipment. Training will be given in System

Engineering and there are excellent career develop-

ment prospects with opportunities for overseas travel.
Salary c. £7-10k

All the above posts will carry excellent fringe benefits
including free BUPA and assistance with relocation if
required.

Please apply with brief career summary to date,
quoting reference BM 3’82

To: VILMA NYSS b
PERSONNEL MANAGER N
MICROWAVE COMMUNICATIONS LIMITED
DUNSTABLE LU5 45X BEDFORDSHIRE L
TEL: 0582 601441 u

If you would like to know more about these oppor-
tunities or our company, please telephone our Chief
Engineer Tony Tooley on 0582 872385 or our
Marketing Director Brian Meade on 044285 470,
outside office hours.

(1871)

MICROWAVE

e

)

—. COMIMUNICAT! IDNE/

WANTED YESTERDAY IF NOT SOONER!
DESIGN/APPLICATIONS ENGINEER

For a new computer aided engineering system — a system which can embody
your design in VLS| ~ indeed the design engineer’s personai computer. London.

To £20,000.

DEVELOPMENT TECHNICIAN
To construct, test and modify equipment used in advanced instrumentation
including isolation amplifiers. Good all round experience. Analogue equipment
from DC to several hundred MHZ. Berks. To £10,000.

DESIGN TEAM

including Manager and Technicians for new generation of security systems
incorporating 16-bit computers. RF&Y Microwave technology. Berks. To £16,000.

R.F. ENGINEERS
For'groupdﬂoor opportunity in well-established company breaking into the com-
petitive field of mobile radio. Many new projects including marine and aircraft LF-
UHF. Bucks. To £10,000.

) SYSTEM TEST REPAIR ENGINEER
For third party maintenance company. High flying well-qualified young engineer
prepared to tackle all makes of micro for which there is adequate documentation.

Whatever your experience ring or send your c.v.

Charles Airey Associates

Tempo Houss, 15 Falcon Road, Battersea, London SW112PJ
Tel: 01-223 7662 or 228 6294

(1357)

ACRON VIDEO

Due to continued expansion at our modern premises in
Bracknell, an additional

QUALITY CONTROL ENGINEER

is required to handle all aspects of checkout and inspection
including goods inwards. Applicants will probably be a?ed
between 25 and 30 years; ONC level with preferably five
years' experience in a QC environment. Some knowledge of
professional broadcast TV is desirable. Salary negotiable.

Applications should be addressed to: Mr. R. Brownic_g,
Acron Video, Unit 3, Lovelace Road, Bracknell, RG12 4YT.
Telephone: Bracknell 55625,

{1874)

CAPITAL HOUSE
29-30 WINDMILL
STREET

CAPITAL g

APPOINTMENTS LTD  TEL: 01-637 5551
THE UK's No. 1 ELECTRONICS AGENCY

Design, Development and Test to £14,000
Ask for Brian Cornwell

SALES to £15,000 plus car
Ask for Maurice Wayne

FIELD SERVICE to £12,000 plus car
Ask for Paul Wallis

Wae have vacancies in ALL AREAS of the UK.
Ask for a Free Jobs List
Telephone: 01-637 5551 (3 lines)

INSTRUMENT BARGAINS

New, Bankrupt Stock. SAE for details.

DEW-POINT HYGROMETER, non-opti-
cal. Originally over £1,000........ only £295
PLAT. RES. THERMOMETER, Hand-held,
L CD, 3 wire. Half-price at................... £55
DPM P.R. THERMOMETER with integral
lineariser, PSU, case. 3wire............... £50
3% dig. LED DPM. 2V. with

Printer
Stand pss

| % Handsomely
crafted in
6mm tintad
Perspex

PSS model tor Microline 80/82/83, Epson MX-80, Shes-

kosha GP 100, etc. £15.95+ VAT L .
 PSL tor Microlins 84, Epson MX82, etc. mssivn and temp. OptioN................ e £35
9 dig. 7-seg. mux-ed LED displays. Com.
CaAth: oegourms ammomisansi s nnge e oS each £1.50
ALSO:

APPLE PADDLE

Scalamp Multi-range Galvo .............. £15

Micrometer DIELECTRIC MEA

Marconi
£75

+ Male connector to Apple slot with 12" colour coded
cabies for proto boards, external units, etc. £5.95 inc.

Lad

NEW BUT FAULTY RADIOS, cassette re-
corders, watches, etc., for dlspou] at

prices. — For detailed lists write to: Walker Au-
dio, P.O. Box 711, Edinburgh, EH4 1PR.  (1850)

SUREMENT jig, Teak case.
T 2238 civemanvsgsesstiesoses lmmamanas
Quartzmarine CHRONO
Transatiantic voyage) £3
7-seg. LEDs. C.C. 0.43"" HP DL7653. All
eSO ... each 85p
Please add 5% P&P
‘Instruments’, Old Hall, Thriplow
Royston, Herts. SG8 7QY
Tel. Fowlmere (076-382) 440 (1330)

CAMBRIDGE MICROELECTRONICS LTD.
One Miton Road, Cambridge CB4 1UY
a4
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ARTICLES FOR SALE SITUATIONS VACANT

Perforated Metals -
Screens, Plastics, Wire
Meshes, Sifting Media,
Cable Tray, Gratings, direct
from Manufacturer’'s Stock.
We can cut to size.

We specialise in one-offs or
large quantities.

GRAEPEL PERFORATORS

Unit 1-B, CHARLES STREET Dept WS,
WALSALL, STAFFS WS2 9.2
Tel. 0922 611644/611414. Telex 335291

POWER V MOS-FET
TECHNOLOGY

We specialise in all aspects of this important

subject. A comprehensive service is offgred to

individual or OEM users, including:

»w Hitaﬁhi Supertex and RCA V MOS-FET from
stock.

% V MOS-FET power modules from stock.

* Competitive prices (120 watt modules
£15.45, 1 off).

 Printed circuits and kits.

% Data books and application notes.

% Design, evaluation and advice service.

Catalogue/sample data sent free (50p stamp

appreciated towards post and packing).

Phone 02514 22303 and ask Richard Waish

about your application requirement or write:

Wireless Technicians

Openings in servicing and maintenance
Up to £8,058

Our business is to install and maintain
the communications equipment used
by the Police and Fire Brigades in
England and Wales — some of the
latest you’ll find in operation
anywhere. :

We now have a number of vacancies
at our Service Centres in various
parts of the country, for Wireless
Technicians with practical skills in
locating and diagnosing faults in a
wide range of equipment, from
computer-based data transmission to
FM and AM radio systems.

The work provides excellent oppor-
tunities for extending your technical
expertise, with specialised courses
and training to keep you up-to-date
on developments and new equipment.
There are also opportunities for day
release to gain higher qualifications.

You would be based at a Service
Centre in one of the following
locations: Harrow, Middlesex; Wigan;
Bridgend, Mid Glamorgan; New-
market, Cranbrook, Kent, Basingstoke

Tyne;  Halesowen,  Birmingham;
Bridgwater, Somerset; Nottingham;
Colwyn Bay, Clwyd, Tavistock,
Devon, Bishop's Cleeve, Cheltenham;
Andover, Hants.

Applicants, male or female, must be
qualified to at least City & Guilds
Intermediate Telecommunications
standard, and possess a current
driving licence. (Some travelling will
normally be involved.) Registered
disabled people can, of course, apply.

Salary will be on a scale of £5,972 -
£8,058, with generous leave and non-
contributory pension scheme.
(Unfurnished rented accommodation
may be available in certain circum-
stances.) Good prospects for
promotion

If you are interested in working with
us, please write or telephone for
further details and application form
to: Miss M. Andrews, Home Office,
Directorate of Telecommunications,
Horseferry House, Dean Ryle Street,

AUDIO TECHNOLOGY Leeds,; Marley Hill, Newcastle upon London SW1P 2AW. Tel: 01-211 8515.
Freepost, Church Crookham {1868)

| Ald:nhot‘ Hants. GU13 OBR |

THE SCIENTIFIC ‘;'ﬂ : %/ @ y
WIRE COMPANY 'VF 5 S CONE %ﬂ

P.0.Box 30, London, E.4

ENAMELLED COPPER WIRE

20z

60

0

80

1.8

2.50

368

SILVER PLATED COPPER WIRE
14t030............. 650 375 220 140
TINNED COPPER WIRE

“LIKE HENS’ TEETH"

So our clients commented recently in relation to RF Engineers —

338 2% 14 %
Prices include P&P, VAt and Wire Data. SA
tor list Dealer enquiries weicome.
Reg Office: 22 Coningsby Glrder(v;osa)

INVERTERS
High quality DC-AC. Also “no
break™ (2ms) static switch,
19’ rack. Auto Charger.

We agreed that good RF Engineers are indeed in short supply — by the same token
they can command high salaries and therefore be rather discerning when choosing
a new career.

The client in question are not actually involved in the field of poultry detection, but
do offer some excellent opportunities in job content and value and in remuneration
and benefits.

Their unique technical environment covers a muititude of diverse disciplines
working together in small project teams.

COMPUTER POWER SYSTEMS

Interport Mains-Store Ltd.
POB 51, London W11 3BZ

Tel: 01-727 7042 or 0225 310916 (gy01)

BRISTOL

Established 30 years
TV, Video and Elec. Bus. £15,000
inc. f. and f., vans and w/s equip.
Lease or freehold. 3,500 sq. ft.
1,000 colour, 30 video. S.A.V. and
r. stock.

If you are an RF Engineer who would like to get out of the run and into a free range
environment, telephone Paul Hecquet on 044 46 47301 or write to him with brief
C.V. quoting Ref: 5/48.

{1629)

The Electronics Recruitment Company
18 Station Road, Burgess Hill, West Sussex RH15 9DE

04446 47301/2/3/4

Box No. 1856
(1856)
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Classified

distribution systems.

SITUATIONS VACANT

MATV

Systems Engineer
£9000 plus car

As one of the country’s foremost retailers of consumer electronics, we have
strong technical and commercial interests in television and video. With new
branches opening as part of a steady expansion programme, we need to ensure
the best TV reception at every location. The chief responsibility of this post
will be to visit branches determining local conditions, specifying and designing
aerial distribution systems to meet the appropriate standards. The successful
applicant will also be responsible for remedial and maintenance work on
existing installations, liaising with sub-contractors where necessary.

We would expect a C & G or equivalent qualification in
Electronics, and at least 4 years experience in the design of complex aerial

This is an important new position for which self-motivation
and initiative are essential - you will be working unsupervised and away from
the Stevenage base for the greater part of a 39 hour, 5 day week.

If you wish to relocate, we will provide generous assistance as
part of an attractive benefits package which also includes a company car and
discounts on all products.

For more information or an app
Linda McBreen, Dixons Photographic UK Ltd.,
Camera House, Cartwright Road, Stevenage,
Herts. Telephone Stevenage (0438) 437L

{1886)

lication form, please phone

Dixons

ELECTRONIC TEST
ENGINEERING

Having infroduced an extended new product range many
7 of which are micro-processor based, Marconi Instruments
has once again contirmed itself as Europe’s leading
stems and automatic test
ng throughout the world to
leading users in the electronics and aerospace industries
and we are naturally developing further innovated designs.
A key role in our organisation is that of test engineering,
where a group of professional engineers are responsible for
the development of sophisticated methods and software for
the manufacture of our products. We are now looking for
experienced Engineers and are particularly interested if you
have experience in the following disciplines:

IEEE Bus Control Systems ® ATE Programming
Test Techniques
Whatever your level of experience we would fike to hear
from you. We can offer an excellent salary plus a wide
range of company benefits, including relocation expenses

manufacturer of measurement s
ec:uipmem. Our products are sel
al

where appropriate.

For furtﬁ
Manager, Marconi
Instruments Limited,
Longacres, St. Albans, Herts.
Telephone: St. Albans
(0727) 59292 ext. 369.

l

er details contact Mr. J. Prodger, Recruitment

marconi
instruments

—

NEWBURY 7004/5 VDUs R$232/Current Lopp.
Printer Port, complete with Data and power
cables plus terminators. Page/scroll mode, edit
mode. fine page transmission, as new. List Price
£895. Our Price £399 only plus VAT. Many other
Screens, Printers and complete systems available,
$.U.S., Sydney Road, Birmingham 02l-77la§§§;

NEW ELECTRONIC ORGAN KeyeriGenera-
tor IC. Greatly simplifies construction of quality
organs. Very economical. Also various very cheap

surplus organ . — S.AE. deuils: Ron
Coates, 2 ill Nurseries, Boxhill Road, Tad-
worth, Surrey, K20 7JP. (1864)

126

ICLES FOR SALE
GWM RADIO LTD., /42 Pordand Rosd,
i 34897). Marconi televi--

LINSLEY-HOOD ncw 80-100 watt amplifier,
and PC board available now. er

Worthing, Sussex (Tel: |
sion effects: Amplifier, B00-3733-01; pattern gen-
erator, B00-3434-01. Input timing equalizer,
3739-01; power distribution unit, 3738-01;

generator control panel, B01-3734-01.
Quantity 3 each item. Apparently unused
Apply for further details.

(1855)

kRiDGEE. waveform/transistor analysers. Cali-

modules to follow. Sae for literature. Teleradio,
325 Fore Street, Edmonton, London N9 OPE.
807 3719. (1822)

brators, Standards. Millivoltmeters. Dynamome-
ters. KW meters. Oscilloscopes. Recorders. Sig-

COMPONENT CLEARANCE: resistors, capa-
citors, relays, transistors, ICs, hardware, etc., etc. [
5 Kgs. £5.75. 10 Kgs £9.50. 20 Kgs £15.50. Post’
free. Transformers: 12V 4 amp twice £6. P&P £2.
Access, Barclaycard. Weirmede Lid, 129 St Al-
bans Road, Watford, Herts. Tel. Watford (0923)
49456. (18324

nal — sweep, low distortion, true
RMS, audio, FM, deviation. Tel. 040 376236.(1627

XWD RADIO EQUIPMENT over 500 sets in
stock from £8. Send SOp for illustrated catalogue
(including £1 voucher). Weirmede Lid, 129 St
Albans Road, Wartford, Herts. Tel. Watford
0923) 49456. (1831)

ARTICLES FOR SALE
#n
RACAL COMMUNICATIONS
RECEIVERS

500 Kc/s — 30Mc/s 1Mhz wide. RA1L — £175.
RAT7E — £225. A few sets available as new at
£75 extra. All raceivers are air tested and cali-
brated in our workshop, supplied with full
manual, dust cover, in fair used condition. New
black metal louvred cases for above sets £25
each. RASSD — ISB — S$SB — £75. RAZIS
$SB — ISB and fine tune for RA117 — £50.
TRANSMITTER DRIVE UNIT RA7S. 1.5mc/s —
30mc/s — SSB — ISB — 0SB — FSM — CW —
£150. AERIAL TUNING UNIT and protection unit
MA1978 — £25 to £50. DECADE FREQUENCY
GENERATOR MAJS0B Solid state synthesiser
for MATS or RA117 - RA217 — RA1217 - £150
to £200. MA250 — 1.6mc/s to 31.6mc/s — £150
(New). MA259G — precision frequency stan-
dard — Smc/s Imc/s 100khz — £100 to £250.
RACAL MA152 — Standing wave ratio indica-
tor. FX2me/s — 25mc/s Power up to 1000watts
— 50 ohms — Auto trip switch — Transistor
mains 100 — 250AC, new and boxed — £40.
RACAL COUNTER B36 (3036) 32mc/s TTL circuit
design — tested with manual — £50 to £75.
0SCILLOSCOPES COSSOR COU150 — 35mc/s —
Twin Beam — Solid State — £175 with manual.
TEXTRONIC OSCILLOSCOPE 647 and 647A Solid
State — 50mc/s and 100mc/s bandwidth — £250
and £350. Tested, circuit and instructions.
RACAL COUNTER 801 M-125 Mc-S £50. ]
IMAGE INTENSIFIERS — Mullard — G.EC. or
E.E. Type XX 1060 very high gain self-focusing
image intensifier assembly for night vision
y . Minil lumi gain 35,000
Supplied as received from Government
supplies in original box {used) with data shests
~ £12 ea. {P&P+VAT=£5.25).
All items are bought direct from H.M. Govern-
ment, being surplus equipment. Price is ex-
works. SAE for all enquiries. Phone for appoint-
ment for demonstration of any item. John's
Radio, Whitehali Works, 84 Whitehall Road
East, Birkenshaw, Bradford BD11 2ER. Tel
'0274) 684007. V.AT. and Carriage extra,  (848)

VIDED 3 AURAO EQUIPMENT

+r 20' Colour Monitor — R, 6, B + SYNC Inputs. Open
frame chassis needs mains isol. 1/P.165 vA. £99.95 ea.
* 14’ Colour Monitor — R, G, B + SYNC Inputs. Cased,
needs mains isol. 1/P.120 vAC. 00 sa.
v Transtormer for sbove monitors £129% ea
% PAL Decoder — Pal lnput — R. G B + SYNC
outputs. Suitable for use with above monitors — full
instructions for ﬁttmg £29.95 0.
w Low Voltaxo ower Supply +12v @ 1A, +5v @ 5A,
-5v @ 1A. Mains input. £29.95 ea.
* Hifi Speakers, 30 Watt, walnut cab. with black
cloth front — 2-way. 612" base, 2" tweater,
£29.95 per pair — 5 Watt 4'' Speaker Units.
£1.50 9a.
% Programmeble sound generator board:
based on Gl AY-3-8910 Trigger input, will
play pre-programmed tunes from Prom. Full
instructions provided. £29.95 ea.

All prices include 15% VAT ~ Postage and pack-
ing extra — cash with order — 28 days delivery.

Sashlight Ltd., Santa Fe Buildings
Stoke Orchard, Bishops Cleeve
Cheitenham, Glos. GL52 4RU
For further details T one:

Cheltenham (0242

=R

—_—
e m——— T

Hewlett-Packard 130.C oscillo-
scope, £135; Kodak automatic
print processor, £95; micro-
meter-calibrated large-stage
microscope, £125; quality office
photocopiers, £115/£75; key-
cutting machine, £15; audio
waveform analyser, £75; H-P
distortion meter, £85; 12in.
VDUs, £35; keyboards, £15; Sul-
livan, Muirhead, etc.; standard:
capacitors, resistance boxes; FM
deviation test set, £65; Marconi
FM/AM generator, £85, mutual
and self-inductance bridge, £65;
microwave mitliwattmeter;
uitrasonic teak detector, £55;
oxygen analyser (air) £49, water,
£75. PSU +5, -5, +14, -14,
25v., £35; PSU +5, -5, £20.

040-376236
(1857}

ELECTRONIC AND MECHANICAL
SUB-CONTRACTING SERVICES

We are a small organisation with qualified staff
offering the following:

+ Circuit desi%n and development

+ PCB Assembly - large or small quantities

+ PCB layouts

+ Prototype facllities

+ Tt;%guulity at sensible prices

+ G delivery times

For further informatlon contsct: DEREK
WLER 3500& A NAIAD GARDENS,

Telephone: 024-389 3677
(1879}
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"ARTICLES FOR SALE 3

TO MANUFACTURERS, WHOLESALERS
BULK BUYERS, ETC.
LARGE QUANTITIES OF RADIO. TV AND
ELECTRONIC COMPONENTS FOR DISPOSAL

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. 7
ELECTROLYTIC CONDENSERS, SPEAKERS, CONNECTING WIRE,
CABLES, SCREENED WIRE, SCREWS, NUTS, CHOKES, TRANSFOR-
MERS, etc.
ALL AT KNOCKOUT PRICES — Come and pay us a visit ALADDIN’'S CAVE
TELEPHONE: 445 0749/445 2713

BROADFIELDS & MAYCO DISPOSALS
21 Lodge Lane, North Finchiey, London, N.12

_ (5 minutes from TaII‘ Ho Corner| . :‘I 613)

Canada.

the lot.

BANKRUPT STOCK

Approximately 150 19 inch XY black and white
monitors, manufactured by Electroholme of

Brand new, in their original cartons. New cost
over £150 each. Open to any sensible offer for

Telephone: 0604 858075

PHASEMETERS

@ 0.1Hz to 100KHz in one range.

@ 1°resolution, 3° sccuracy.

@ Differential inputs.

@ Wave shape tolerant (Sine to pulse).

@ Centre zero or LH zero scale options.

@ 0-5V recorder output, Synch. output.

@ Smallsize, inexpensive

@ Write or phone for information and prices.

JELVALE LTD.
104 Marshalswick Lane
St. Albans, Herts
St. Albans (0727) 89437

(1888)

CAPACITY AVAILABLE

Prototypes, Final Assembly.

CIRCOLEC
THE COMPLETE ELECTRONIC SERVICE

Artwork, Circuit Design, PCB Assembly, Test & Repair Service, Q.A. Consultancy,

Quality workmanship by professionals at economic prices.
Please telephone 01-767 1233 for advice or further details.

1 FRANCISCAN ROAD
TOOTING, LONDON SW17

Cost elfective specialist layout and
master artwark

WILLIAMS ARTWORK, GRAYS LANE,
MORETON -IN - MARSH, GLOS. (1gg7)

0386-840121-to9pm,
LAYOUT DESIGN
WQUALITY ARTWORK

&

FASY DELIVERY - REASONABLE RATES -
PHONE FREOS ARTWORK SERVICE
01-607-3169

DESIGN AND DEVELOPMENT. ANAL-
OGUE, DIGITAL, RF AND MICROWAVE
CIRCUIT AND SYSTEM DESIGN. Also PCB
design, mechanical design and prototype/small

Using Temp. Res., Hot mslt? If not — why not?
No mixing, indefinite shelf-life, low-cost
efficiency. Used by the largest refurbishing
companies. Lower material cost than any hot-
melt manufacturer. For H.M. Guns/Slugs. Write
or phone for quote.

"JAMES' BOND Adhesives
Prestwick Carr Farm
Pontsland, Newcastie on Tyne, NE20 9UB
Telephone: 0661-23086 ]
1885)

STOIN(]) RADIOS t_(scvcn). Less crystals. Bat-
teries included plus five spares, thres chargers;
lots of spare parts. Good working order and con-
‘dition, used until recendy — now surplus. Bids
are invited for this equipment. — Please ring A.
Clement on 0642-546411 (Teesside) for full de-
tails. (1874)

TW ELECTRONICS LTD

THE PCB ASSEMBLERS

More and more companies are investi-
gating the advantages of using a profes-
sional subcontractor. Such an undertak-
ing requires certain assurances.

TW are able to satisfy all of them -
quality, competitive pricing, firm delivey
and close co-operation with the cus-
tomer.
Asgsembled 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:
Blenhelm Industrial Park
Bury 8t. Edmunds
Suffolk IP33 3UT

Telephone: 0284 3931 (1466)

ELECTRONIC DESIGN SERVICE. Immedi-
ate capacity available for circuit design and de-
velopment work, PC artwork, etc. Small batch
and prototype production welcome. — E.P.D.S.
Lud., 1A Eva Road, Gillingham, Kent. Tel: Med-
way (0634) 577854. (96675

BATCH PRODUCTION PC ASSEMBLY to
sample or drawings any quantity. S.C. (Electron-
ics) Lid., Unit 7, Carew St. Ind. Estate, Cam-
berwett SES 9DF. 01:737 1422. (1815)

BATCH PRODUCTION wiring and assembly
to sample or drawings. McDeane Electricals L.,
19b Station Parade, Ealing Common, London

WS. Tel: 01-992 8976. (169

PHONE
YOUR
CLASSIFIEDS
TO
|AN FAUX
ON
01-661 3033

(1827) batch production. — Adenmore Limited, Unit

= = 103 Liscombe, Bracknell, Berks. Tel: Bracknell
- 52023. (656

Bo"n'"e " 'ﬂxis m WBES7 SMALL BATCH PCBs produced from your art-

work. Also DIALS, PANELS, LABELS. Cam-
era work undertaken. FAST TURNAROUND.
Details: Winston Promotions, 9 Hatton Place,
London ECIN 8RU. Tel. 01-405 4123/0960;9794‘

§ )

TURN YOUR SURPLUS Capacitors, tran-
sistors, etc, into cash. Contact COLES-HAR-
DING & Co., 103 South Brink, Wisbech, Cambs.
0945-4188. Immediate settlement. We also wel-
come the opportunity to quote for complete fac-
tory clearance. (9509

{1391)
™5 |
Luilligms
PCB Artworks FOR THE BEST PCB SERVICE
FAST TURNROUND | | | scranomr VALABLE

Digital and Analogue

#r Artwork Layout
Work of the highest standard by experienced
draughtsmen. No minimum charge.

#r Board Manufacture
Prototype to semi-production, exceltent rates,
24-hour prototype service from filmwork.

#r Wiring & Assem
PCB assembly, wiring and cable forming by
qualified staff.

7 Tost
Full test facilities available.

One or all services svail-
able, no order too smatl.
Please telephone Chelms-
tord {0245) 357935, or write
to HCR Electronics, The In-
dustrial Unit, Parker Road,

Chelmsford. (1189}

BOARDRAVEN LTD.

PRINTED CIRCUIT BOARDS

Manuf =

ed to your Single/dou-
bie sided. Very speedy deliveries on prototypes
and quantity. Ble:slsr layouts if required.
Contact:

J. K. Harrison, Carnaby industrial Estate, Brid-

lington, North Humberside YO15 3QY. Tele

phone: {0262) 78788. ( )
1168,

DESIGN SERVICES. Electronic design de-
velopment and production service available for
digital and analogue instruments. RF Transmit-
ters and receivers, telemetery and control
systems. 20 years’ experience. R.C.S. Electronics,
Wolsey Road, Ashfl;d, Middlesex. Phone Mr

Falkner 53661. (8341

ARTICLES WANTED

WANTED!

all types of scrap and
REDUNDANT

ELECTRONIC &
COMPUTER
MATERIALS

with precious metal content

TRANSISTORS
& PRINTED

CIRGUIT BOARDS
TO COMPLETE
COMPUTERS

THE COMMERCIAL
SMELTING &
REFINING Co. Ltd.

171 FARRINGDON ROAD
LONDON EC1R 3AL
Tet: 01-837 1475
Cables: COMSMELT, EC1
Works: ALECKNEY, Nr. LEICESTER
(205)

SURPLUS

Top prices paid for surplus, redundant
and obsolete test equipment, factories
cleared.
Also quantities of components.
Immediate settlement. We will call any-
where in the United Kingdom.
TIMEBASE
84 Alfriston Gardens
Shailing, Southampton S02 8FU
Teiephone: (0703) 431 323

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

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. oy
2

WANTED: Redundant test equipment — re
ceiving and transmitting equipment — valves
lugs and sockets — syncros, etc. Phone: John’s
dio, 0274 684007, 84 Whitehall Road East,
Birkenshaw, Bradford B[»11 2ER. (1723)

WANTED FOR CASH: 7F7, 7N7, 53, 6L6
metal, 304TL, 4CX1000A, all transmitting,
special purpose valves of Eimac/Varian. DCO,
INC, 10 Schuyler Avenue, North Arlington, New
Jersey 07032, USA. (1625
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CROTECH OSCILLOSCOPES EwtAngis ..
arshion Electronics pawic
NATIONWIDE AVAILABILITY  giack ster Lt St. Ives
LOCAL TO YOU.
London & Home Counties Midlands & North
Audio Elsctronics London W2 Tel: 01 724 3564  Northern Instruments Ltd  Leeds
Carston Electronics Ltd London N1 Tel: 01 267 5311 Burdon Industrial
Kentwood Electronics Ltd  Reading Tel: 0734 698040  Instrumentation Ltd Newcastle-under-
RT. &I Lt London E11 Tel: 01 539 4986 Lyme
Precision Instruments Electronic Measurement
Laborstory Ltd London SE15 Tel: 01 639 4461 Services Manchester
Radio Telephone Service  Derby
Wales & West Scotland
Glevum Instruments Ltd  Gloucester Tel: 0452 31620  Datascan Ltd Inverness
[ ] .t d
Crotech instruments Limited 2. 0734 sceass

5 Nimrod Way - Elgar Road - Reading - Berkshire - RG2 OEB

Tel: 0473 75476
Tel: 0480 62440

Tel: 0532 791054

Tel: 0782 616631

Tel: 061 273 4653
Tel: 0332 41235

Tel: 0463 222876

Telex: 847073 POWLIN G

WW - 027 FOR FURTHER DETAILS
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Made to professional standardas

SU1 Soidering Station

safe 24 voit temperature controlled mintature
dering. variable tip temperature 85-430°C,
uistatic earth connection, with XSTC-40 watts of
TC-30 watts.  R.R.P. £40.50 el

Model ST4 Stand
RR.P.£1.80

SK6 Soldering kit

Contains model XS230 iron - 25
watts general purpose soldering,

1 metre of Cored Solder, a booklet
‘How to Scider’ and the ST4 stand.
RR.P.£68.35

SK5-BP and SK6-BP
Soldering kits fitted with safety plugs
SK5-BP RARP £710
SKB-BP RRP £720

SK5 Soldering kit

ntans model CS230 ron -
watts, miniature soldering.

1 metre of Cored Solder.

a booklet ‘How to Solder” 4
and the ST4 stand ,’
RRP. £6.25 4
’
’
’
’
“.\ Model SK1 kit g
§ A complete kit for ’/
miniature work contams V4 &
MLXS - Auto-Reparr kit R\ Model C rron fitted with a No 104 bit 22 & C
Contains Model XS-25 watts \ Y A\ plus 2 alternative bits, a ree! of solder 4 Ko
Works well from a 12 voit battery \} Heat Sink and a booklet 'How to Solder’ ¢ <
fits any car. boat or caravan 1% All fits into a piastic base with a é\
The iron 1s fitted with two transparent cover RRP £7.00
heavy gauge crocodile clips, \ )
1 booklet ‘How to Solder’. All pack > A-
H into a durable plastic wallet | Model CCN-15 Watts Q)e'
Ly RR.P. £550 Ceramic shaft &
only 240 volts
RRP. £500
Model CS5-17 Watts 4
\ Minature saldering &
Model C- 0 Model xs-25 watts 240 and 115 volts / &
15 Watts | General purpose soldering RRP. £4860 Vs X $ &
Stainless steel 240 and 115 volts S0. 24 and 12 volts R4 v g G
shaft anly RRP. £4.70 RAP £4.80 o0 € £ &
240 and 115 volts 50, 24 and 12 volts RIS T o S L E
RRP. £4.80 RRP £480 VRN %Q RN
50 and 24 volts ,’ Q? @ < N o.% \Qf g 2
RAP £480 S ea‘:bg \\)(};\Q’ébo\)&(\oo
N O y, ’ O
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the new name in qUCIIiI'y solder
- Now there is another choice in high quality solder. The new Oryx resin cored solder. Try it and you will find it spreads
easier than the solder you are using.
Specially formulated for fast precision solder work, itis 60% tin, 40% lead alloy with quality flux construction and melts at 183°C.
Two gauges are available—18 SWG (1.2mm) and 22 SWG (0.71mm) in 2.5 Kg, 500g, 250g and 100g reels. Pocket size

dispenser with 10 feet of Oryx 1mm solder is also available at only 68p (+VAT).
Oryx is competitively priced — write now for details and technical information.

Greenwood Electronics

Greenwood Electronics Limited, Portman Road, Reading, Berkshire RG3 INE. Telephone: (0734) 595844. Telex: 848659

The TC82-a significant
~ development in
temperature
controlled

soldering

—m PR
1

The new OryxTC 82 has features unique to any
temperature controlled precision soldering iron.
Available in24 V, 50V, 115 V.and 210/240 V models,
the TC82 has afacility allowing the user to accurately
dial any tip temperature between 260°C and 420°C
by setting a dial in the handle without changing tips.
This eliminates the need for temperature
measuring equipment. You getfaster and better soldering.
For 24 V models a special Oryx power unit connects directly to the iron and contains fully isolated transformer to BS3535, a
safety stand, tip clean facility and illuminated mains socket switch.
The Oryx TC 82is also extra-safe. Removing the handle automatically disconnects the iron from power source. l
Other TC 82 features include: Power-on Neon indicator in handle; burn proof cable; choice of 13 tip styles.
And more good news
The Oryx TC 82iron costs only £13.00 (+ VAT) and the power unitfor 24 V operation £23.00 (+ VAT),
The TC82 240 voltis also available as a 30 watt general purpose iron at only £4.95 (+VAT). l

Greenwood Electronics |

Greenwood Electronics Limited, Portman Road, Reading, Berkshire RG3 INE. Telephone: (0734) 595844. Telex: 848659 _I
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