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TEK MULTI-PURPOSE SO ADVANCED
OSCILLOSCOPE THEY COST YOU LESS

The ’Scope.
60 MHz.

Bandwidth

— - o
(" Vektronix | ) 2215 60 Mz 080ALOBCOPE

Tektronix 2215

2200 SERIES
The new price/performance Improved manufacturing I REE
standard. techniques have made this possible
Two new 60 MHz, dual trace without sacrificing quality, or A 36 page book on the
oscilloscopes offer unprecedented reliability, after all it carries the XYZ's of using a 'scope
value in both initial and life cycle TEKTRONIX brand. and our Portable’s Broadsheet.
costs. Already listed as a “product of UK & Eire onl
the year”, these instruments provide  Lightweight (13.51bs) y
ideal general purpose scope 60 MHz bandwidth Name
characteristics at a Dual trace EEEIiER
price/performance previously Full feature triggering -
unachievable. Aiternate delayed Sweep (2215) Company
ENIMADE INJB = —
' X Telephone
To: Publicity Dept.

Tektronix UK Limited -
PO Box 69, Harpenden, Herts. ALS 4UP Mtronlx®
Tel: Harpenden 63141  Telex: 25559

COMMITTED TO EXCELLENCE

Regional Telephone Numbers: Maidenhead
0628 73211, Manchester 061 428 0799,
Livingston 32766, Dublin 850685/850796
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DETOHES WM CARRRERTOR! RIGIRI SR D

Computer-generated image of
robot arms generated by Alan
Barr of Raster Technologies Inc.
of North Billerica (represented
by Sintrom Electronics in the
UK} using their model One/20
colour graphics controller.

NEXT MONTH

Scott Murray takes the lid off the
wave theory of matter as it was
developed by the Copenhagen
School. Physics and metaphysics
must be distinguished and kept
separate. Schrodinger’s “wave
mechanics” has nothing to do with
mystical “matter waves'': that was
the second great philosophical error
of 1930’s physics.

Bob Coates looks at microprocessor
registers from a programming point
of view in a tutorial article
introducing assembly-language
programming.

It has been postulated that power
amplifiers with high open-loop
output impedance and large
feedback factor are more likely to
produce intermodulation distortion
at the loudspeaker interface. With
the aid of computer simulations,
this possibility is examined for
contemporary amplifier circuits.

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.
Please notify a change of address.

: $44 surface mail, $98.30 airmail.
US subscnptlons 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.

IPC Business Press Ltd. 1983 ISSN
0043 6062.
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PCI1 1002 IEEE THERMOCOUPLE CONVERTER

The PCI 1002 is a 12 Channel |IEEE compatible
thermocouple converter having two input ranges
of £ 10mV or +100mV  F.S.D. selected by an
internal switch. It has 12 Bit resolution of the A
to D converter giving a resolution of 0.06 deg.C
on 10mV range and covers all common
thermocouple types.

Cold Junction Compensation is provided giving a
resolution of 0.2°C on 100mV range and 0.02°C
on 10mV range.

Linearising software in Basic using optimised
coefficients for ranges and thermocouple types.

Two other channels are provided via BNC input
sockets on the front panel. Input ranges are |/V
for 10 mV range and + 10V for 100mV range.

CIL MICROSYSTEMS LTD
DECOY ROAD, WORTHING, SUSSEX.
. TEL: 210474,
( MICROSYSTEMS LTD
N/
. WW_ 008 FOR FURTHER DETAILS

PRODUCTION

UM POWER UNITS

Now available with
3 OUTPUTS

DEVELOPMENT

SERVICING

Type 250VRU/30/25

OUTPUT 1. 0-30v, 25A DC
OUTPUT 2 0-70v, 10A AC
OUTPUT 3 0-250v, 4A AC

ALL
Continuously
Variable

Valrodio

VALRADIO LIMITED, BROWELLS LANE, FELTHAM
. MIDDLESEX TW13 7EN
Telephone: 01-890 4242/4837

WW — 033 FOR FURTHER DETAILS

m
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 worid-wide and have an
excellent spares service backed by a strong technical team.

Full training courses are individuaily tailored 1o customers
requirements.

For tull details of our service contact Neil Jupp

FAIRCREST ENGINEERING LTD.

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

WW — 037 FOR FURTHER DETAILS

CLEF eLecTRONIC MU*S;I_(_:.

PIA os SPECIALISTS SINCE 1972 T Kit "~ BAND-BOX

N DOMESTIC OR STAGE £314 An Electronic Backin

L e SIXOR 7Y OCTAVES Méd EF:‘ISND:\:]Z\(S;UB;SE:M.
g & KITS OR MANUFACTURED £439  User Programmable

VOCAL & INSTRU- for 50-100 scores,
The most advanced MENTAL SOLOISTS! using Microprocessos.
form of touch-sensi . 1
tive acton simulat- MASTER RHYTHM

1ng piano key ineria I User Programmable
by patented tech- § DRUM MACHINE
nique Twenty-four patterns.
Eight parallel tracks.
Four mixable veices Twelve instruments
for seripus tone § Seauence operation
variatign plus
electronic chorus
and flanger etfects.

£19 KIT £119 BUILT

Write or Phone for full details of our range qf
high quality Kit and manufactured Electronic
; Musical Instruments. Prices include VQ;RCCLaA\rI
& Ins. and we operate Telephone -
DOMESTIC PRICES Comporent Kits in- ¥ CARD/ACCESS 4
£ SIX " clude Keyboard | Competitive EXPORT Quotations given
4

Com T o | 2m5 |l s furher o CLEF PRODUCTS (ELECTRONICS)

tain. Cabinets, Har- LIMITED
Full | 398 | 442 ness, Power Amp Dept. W, 44a Bramball Lane South

QFD 620 - 695 FRE Brambhall, Stockport, Cheshire SKﬂy
= 061-439 3297
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of allgood usedtestequipmen

Electronic Brokers are Europe’s leading Second User Equipment Company. We carry large stocks of the ver

Iatet 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,

production schedules. All equipment is fully guaranteed.

ANALYSERS

Hewlett Packard
1417/8552B/8555A 10MHz 18GHz

£9750.00
332A Distortion Meter SHz-600KHz
£495.00
35824 Spectrum Analyser
0 B2Hz-25 5KHz £6350.00

5420A Dugucal Signal Analyser c/w Digite
Fiter 544708, A/O Converter 54410A
P.O.A.
8407A/8412A Network Analyser
£1950.00
85574 Spectrum Analyser 0 01 350MHz
£3000.00
Marconi
TF2331 Distortion Meter 20Hz 20K Hz
£475.00
Solartron
1172 TFA
Tektronix
491 Spectrum Analyser 10MHz 40GHz
£7000.00
492 (opt 01, 2. 3] Spectrum Analyser
SOKHz 220GHz £14000.00
482P [0pt.01. 2, 3] Programmable Version
of 492 £20000.00
7L5 Soectrum Analyser 20Hz SMHz
£5650.00
7L12 Spectrum Analyser 100KHz 1 8GHz
£5750.00
7113 Spectrum Analyser 1KHz 1 8GHz
£7600.00
70114 Spectrum Analyser 10KHz 1 8GHz
£9450.00
7118 Spectrum Anaiyser 1 SGHz-60GHz
£9850.00
TRS02 Tracking Generator (for 7112, 13 &
14 £3200.00
TR503 Tracking Generator [for 432/496
seres) £3250.00
5L4N Spectrum Analvser 20Hz 100KHz
£2350.00
7001/F2 Logc Analyser in 77044

£4000.00

Mainframe £4950.00
BRIDGES

Marconi

TF1313A0 1% LCR Bridge £775.00
TF2700 1% LCR 8ridge £345.00
TMA520 Set of Inductors £350.00
Wayne Kerr

8642 LCRO 1 £795.00
SR 268 Source & Detector £875.00
DVM’s AND DMM's
Datron

1041 Multifunction VM with options
01-True RMS AC 02 4 Wire chms
B01-BCS output £550.00
1059 Bench OMM 5 1/2 digit OC and True
RMS AV volts and current + resistance
£700.00
Solartron.
7055 Microprocessor OMM  Scale Length
20,000 AC/OC volts, resistance 1,V

resolution £495.00
FREQUENCY
COUNTERS

Hewlett Packard

5340A 8 Digit 10Hz 18GHz £3750.00
Marconi

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

Hewlett Packard

1827 Storage Mainframe £1400.00

1808A 100MHz 4 Channel Piug In
£2000.00

WIRELESS WORLD JANUARY 1983

1821A Timebase Plug in £1000.00
Philips
PM3232 Dual Beam 10MHz £495.00

PM 3234 True Dual Beam Storage
Oscilioscope 10MHz New CRT  £1750.00
PM 3244 50MHz 4 Channel Oelay T'Base

£1500.00

Tektronix.
213 Miniscope/DMM Batzery 1MHz

£975.00
305 Portabie battery scope/GMM, O T
5MHz £975.00
7922 01 15MHz OT Scove Diff mnput

£515.00
200C Troley for 400 Ser-es £120.00

7313 100MHz Storage Mainframe
£2225.00
7603 100MHz Mainframe £1300.00
5440 50MHz Mainframe £1000.00
5441 50MHz Variable Persistance Storage
Mainframe £1800.80
7104 1GHz Scope Mamnframe
£10000.00
7704A Scope OC 200MHz Mainframe
£1950.00
78613 Storage Scope Manframe
OC 100MHz
7834 Storage Scope Mamnframe
OC-400MHz £7000.00
7854 Waveform Processing Scope

£2600.00

DC-400MHz £8250.00
7904 500MHz Manframe £4500.00
51 Sampling Head As New £450.00

7014 Digital Counter plug-in 525MHz
£850.00

P6015 HV Probe £295.00

Telequipment

OMG 3 Storage Oscilloscepe Fitted with

2 x V4 Plug ns to give 4 Trace 15MHz

£1350.00
RECORDERS
Hewlett Packard
70404 X-Y Recorder 1 Viinch POA
70454 X Y Plotter T'Base Metric
£1150.00
Watenabe.
WTR 281 6 Channei Chart Recorder
£950.00
SIGNAL SOURCES

Hewlett Packard.
4204A Decade LF Dscillstor 10Hz 1MHz

TmV 10V into 600 £695.00
506B AM Signal Generator SOKHz
65MHz AM 0-95% £850.00

616B 1.8-4 2GHz int or ext PCM/FM

0 1.v-D224V £1000.00
5518 Test Dscilator 10Hz 10MHz
0 1mVv-3 16V £415.00
3320A Frequency Synthesizer 0.01Hz

13MHz £995.00
86 16A Signal Generator 1.8 -~ 4 5GHz
£2000.00
Marconi.
TF144H/4 AM Signal Gererator 10KHz
72MHz 2.V 2V £750.00
TF20028 AM/FM t10KHz 88MHz
£1200.00
TF2120 0 0008Hz 100KHz Waveform
Generator £900.00
TF2170B Synchronzer for TF2002B
£500.00

TF2008 AM/FM 10KHz 510MHz buit in
sweeper Dutput O 2,V 200mVE3500.00
TF2016 + TF2173 Synchroniser AM/FM
10KHz 102MHz £2000.00
TF2168 Pulse Modulator for use with
TF2015 or TF2016 £200.00
TF 2000 AF Signat Sourre £575.00
TF2015 - TF2171 Generator &
1-h ser £1850.00

TF2950 Mobile Rarfio Test Set [65-84

84108 138 180 420 47DMHZJI
£1550.00

Philips.

PMB458 Stereo Generator £250.00

Racal

9081 AM, FM, Phase and Pulse Synthesized

5-520MHz £2200.00

Radiometer

SMG 1 Stereo Generator £375.00

TEKTRONIX PLUG INS

5448 Dual Trace Amp OC 50MHz

£400.00
5842 Delay Timebase £600.00

7413 Oiff Comparator Amp DC-105MHz
£1500.00
7A16A Single Trace Amp DC-225MHz
25.00
7A18 Dual Trace Amp DC-75MHz
£450.00
7822 Oitt Amp OC 1MHz 10.V/Div
£525.00
7429 Dual Trace Amp DC 1GHz
£1250.00
7B53A Duat Timebase f or use n 7600
series £485.00
7BS2A Dual Tmebase For nse n 7900
series £1500.00
7014 Digital Counter 525MHz  £850.00
7M11 Dual 50¢ Qelay Line £575.00
7514 Dual Trace Oelayed Sweep Sampler

DC-1GHz £3250.00
S1 Sampiing Head [unused) £450.00
TEKTRONIX TM500
SERIES
OMS02A True RM S 3= digit MM
£200.00
DC503A 125MHz Counter £450.00
DCS05A 225MHz Counter £600.00
0D501 Digital Delay £495.00

FG501 Function Generator O 00 1Hz
TMHz £375.00
FG503 Function Generator 1Hz-3MHz
£275.00
FG504 Function Generator O 001 Hz
40MHz £950.00
PG508 Pulse Generator 5Hz-50MHz
£800.00
SCS502 15MHz Dual Trace Scope
£1000.00
SC504 BOMHz Dual Trace Scope
£1250.00
SG503 Sinewave Generator 250KHz
250MHz £950.00
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Electronic Brokers | ==

it can be yours in just days. N waiting for manufacturers lengthy

SG504 Sinewave Generator 245MHz

1050MHz £1650.00
TGS0? Timemark Generator £950.00
TMB515 Manframe (S wide) £350.00
TEKTRONIX TV TEST
EQUIPMENT
141APAL Test Signal Generator
£1750.00
148 PAL insertion Test Generator
£4000.00

T43ANTSC TV Test SigGen  £5750.00
1481C PAL Waveform Monitor £2500.00
1485C PAL/NTSC Dual Standard
Waveform Monitor £2950.00
65THR 12 PAL Colour Monitor [Mln%
£3250.00

655HR-1 TV Colour Picture Monitor

NTSC + PAL + RGB| £3800.00
S6HRPAL/SECAM Monitor ~ £3900.00

1411R TV Generator Various Systems

avalable POA

MISCELLANEOUS

Bruel & Kjaer

2209 Sound Level Meter £975.00
Ferrograph

RTS1 Test Set £295.00
Fluke

883 AC/DC Differenual £615.00
845 A8 Null Detector £610.00

30104 Logctester Self Contained

Portable Full Spec onRequest £8500.00
Hewlett Packard.

8403A Modulator Fitted With 8732B PIN

MOOULATDR £1500.00
B8482H Power Sensor 100KHz-4 2GHz AS
NEW £250.00

B8745A S Parameter Test Set Fitted with

11604 A Unwversal Arms O 1-2GHz
£2750.00

58308A HP-18 Timing Generator .£300.00

Marconi.

TF2162 M F Attenuator 0-111dB

£165.00

Schattner

NSG 509 Puise Test Generator  £785.00

Tektromx

106 Square Wave Generator 1nS risetime

10Hz 1MHz without accessores £175.00

284 Puise Generator 70pS risetime

£950.00
832 Oata Comms Tester £925.00
833 Data Comms Tester £1350.00
2901 Time-Mark Generator £195.00

Please note: Prices shown
do not include VAT or carriage

L
W
il
iy

Electronic Brokers Limited

61/65 Kings Cross Road
LONDON WC1X SLN
Telephone: 01-278 3461
Telex: 298694 Elebro G

Latest Second User Test Equipment Catalogue

now o.t. Send for your FREE copy
WW - 200 FOR FURTHER DETAILS 3.
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DESIGNED AND MANUFACTURED T0 HIGHEST INTERNATIONAL SPECS

Fully Synthesised

10Hz or 100Hz steps
Continuously Tuned 50KHz to 30MHz
Modes LSB/USB/CW/AM/FSK
Stability +1 partin 107°C
Tuning Keypad/Spin/Decade

Power Supplies

110V/240V AC and 24V DC

SEND FOR TECHNICAL BROCHURES TO:

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

TELEPHONE: (0344) 885656

{a) SR 520 To meet new C.E.P.T. Spec for Ships Main Receiver.

{b) SR 522 with Preselector for Point to Point/Transportable.

{c) SR 530 As (a) above but MICROPROCESSOR/KEYPAD controlled,
200 channel memory, Scanning.

(d) SR532 As (c) above but for Point to Point/Transportable.

OPTIONS. Full Remote Control by VHF Radio or Telephone Line, Dual

HF COMMUNICATIONS RECEIVERS
POINT TO POINT/TRANSPORTABLE
MARINE SYSTEMS

WE ANNOUNCE NEW MODELS

Diversity, FSK Demodulator and 600 ohm Line Amphfners

TELEX: 849769 VIGCOM G

WW - 014 FOR FURTHER DETAILS

D.LL MINIATURE
ON-OFF

CHES o
Gofd-plated contacts
Sealed base Ideal for pro-
gramming. 6-position at
less than halt

manufact\_ﬂer's price
ONLY
75

Will fit nto 14-pin di
socket. Ten at 65p ea.; per
100 55¢ ea

—

_DETECTOR

HONEYWELL PROXIMITY
integral
amplitier, 8v. D C., £3.50 e2
PHDTO CONOUCTIVE

CELL, £1.25. High-power

Cds cell. 600MW, for
contrel circuits
Resistanca 800 ohm to 4K
hzax volts 240 Size 12 x

RIBBON  MICROPHONE
with pre-amp. on chassis.
£1.75

MULLARD MOOULES
P11 LP1179
'F. Strip
Frontend
Pair £5.75
Complete with Data
LP1186
LP1157
Vancap  wed & Long
£5.00 Tuner £2.50

AM, FM

CRYSTALS COLOUR TV

4433619 me/s £3.28
Miniature type sealed

ULTRA SONIC
TRANSDUCERS ~ 40KC'S,
Complete on 18Bin.
Screened cable, £1.75
each; pairs £2.95.
ULTRA SONIC
TRANSMITTER. Complete
unit luncased requires
15V), £3.25.

FOSTER OYNAMIC
MICROPHONES. 200 ohm
impedance. Mowing coil
Complete on chassis £1.75
par

U.H.F. MODULATORS
[atest type, adrustahls
ideal for computers.

_wuh data circuit

Sne 3x1‘/§x1 inch

Only £3.
In screansd “case

MINIATURE EDGE

LM380 Amphifier 85p
LM318N HlPSlew Op. Amu
1.50

LM323K, 5v. 3-amp, veg B

LM.’HDN Volt, Follower
1

L Am 20
LM3|1H High Perf. Volt

e ————
MINIATURE HIGH-
QUALITY FANS
“"Whisper Model” by Ro
ton. Low-power consump-
tion (less than 10 watts)
Silent running. 115v (two
in series for 230v.)
50/60Hz. Size 42 x 412 %

1V2in. oNLY £6.50 EACH

STEREO CASSETTE

Mechanisms 8 or 12 voit
Complete with Heads +
Erase and Solanoid. Brand
NOW _....ooovcccnr.. £5.50 08,

TV CENDERGENCE POTS §
(UN)

_.__INDICATOR METER Comparator. £1.00 >
‘With iluminated dial scale | LM384N, S-watt Amp £120 incl VAT ?(()nohm AL
0-10. F.S.0. 100 microamp. § LM333N Oual Com.... . 60p- BRAND NEW w0 P
Sue 1V2 x 172 x V2 deep. § 7905 Reg. —5v....... Tsp § 50% less than manufactur- § o°" g
Qnhy £1.65. er's price " ~
MONSANTO SIERED “SSETTEGYAIP; HEWLETT-PACKARD EX-MOTOROLA
uali ISPLAYS
Hatt-inch 1 reulacemenl tor most 5 + 5-WATT
+ 1 Display recorders with mounting 5082-7650 CAR
Hngch‘lnler;'slty plate. Record/Replay £2.80 HIGH STEREO
setof 46350 MARRIOTT TAPE HEADS § EFFICIENCY
Common anade Quarter track AND VERY BRIGH AMPLIFIERS
14 Pin Dit Package )T('BF;S‘B Record/Repla CLOZALICT | Complete and tested units.
—= o NY Set of 6 lor £5 Medium and Long Wave.

BRIDGE RECTIRER
BOO PIV 35 amps
1axivaxain. £3.59

leach} i
XRPS3G Record/Replay
{each .00
XES11 Erase (each)  £1.00

Half-inch red common
ancde will replace
OL70/14-pin Ofl.

Supptied as two built units
(5 x 2 x 2n.) with circuit
and data. Owly £5 pair.
Includes pre-amp.

NATIONAL
2 RECHARGEABLE
A 3 BATTERIES “CHERRY" ADD-ON KEYPAD
INlﬂi ‘DIODE ) VARTA 36 volts DEAC n \2butt
Full M/AH 225 . compact t2-button
b:nds%’ae )E‘x‘) " pnlamy LIST PRICE xeypad suitable for use -

MINIATURE MP C

POTENTIOMETERS. Model
M2 High-quality, 5%
tolerance, 2-watt, with lin.
spindles  All values, 47
ohms-47k only &0p each
per 10; 50p each per 100;

40p each.

DRYFIT 6-volt, 4. 5 amp
£150

XTAL FILTER 10.7 mc/s.
12.5DB separation,
1hax1vax1inch €1.00
100KC/S + 1 meg. 3-pin

E £2.00

4 2w
Sl DR PRICE

with  Keyhoard
extend s functions
olus four extra keys

Supplied brand new

A 3 x 4 non-encoded
3 singte mode keyboard

OUANTIW DISCOUNTS on ALL items {unless stated), 15% per 10, 20% per 50, 25% per
100. All items BRAND NEW (unless otherwise stated).
DEUVERY !rpm stock — Add post 35p per order.

Callers to: 404 EDGWARE ROAD, LONDON W2 1ED

EXPORT enquiries
invited

TELEX 282284
Transonics
Mono 1400

01-723 1008/9

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

EUROPEAN
ADAPTORS

MARCO TRADING

These very high quality British made two-pin European adaptors are
ideal for driving radios, cassette recorders, TV games, calculators, etc.
The adaptors fit the UK shaver socket.

REF. DC Voltage Current 1+ 10+ 100+
EOB 45v 200m/a S0p 45p 32p
EM3 6V 200m/a £1.00 80p 55p
EO9 v 400m/a £1.50 £1.26 85p

We have substantial quantities of the above adaptors and can offer the
most competitive prices available on large quality orders either for the
U.K. market or overseas. Please write or telephone stating your require-
ments.

This advert is only a fraction of our range, send 26p foi our (atest catalo?ue Please add 35p P&P to all

L0

orders. (Free over £5}. Add 16% VAT to tota

MULTIMETER SPECIAL

Complete with rschargeable celis and leads, etc.
Russian type U4324 2

DC Voltage: 06, 12,3, 12, 30, SO 120 600, 1200.
AC Voitage: 3, 6, 15, 60, 150, 300, 600,

DC Intensity M/A: 0.06, 0.6, 6, 60, 600 3000.

AC Intensity M/A: 0.3, 3, 30, 300, 3000.

DC Resistance: 0.2, 5, 50, 500, 5000K.
geleveldB: 10to + 12.

Special Price £12 + £1.50 P&P + 15% VAT
{Air/Sea mail at cost). Quantity discounts available

All Orders to MARCO TRADING, DEPT. WW12, HIGH STREET, WEM, SHREWSBURY SY4 5EN. TELE-
PHONE 0939 32763

WW — 041 FOR FURTHER DETAILS

P.&R. COMPUTER SHOP *%.
IBM GOLFBALL PRINTERS from £70 EACH + V.A.T.

*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 AROUND

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

WW — 042 FOR FURTHER DETAILS
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ambit’s new
autumn/winter
catalogue
is

ouT

ALL THE ‘USUAL’ BITS
(Rs, Cs, Tr’s, ICs etc)

/0)p

at all good
+ ALL THE newsagents
TRICKY BITS or direct

—
————

TOKO COILS, INDUCTORS, LC FILTERS
PCM FILTERS, VHF/UHF HELICAL FILTERS
UNELCO CAPACITORS

PCI INTELLIGENT LCD MODULES

TOKO SWITCHES : F SERIES/R7000 SERIES
ALPS POTENTIOMETERS AND
KEYSWITCHES

TOYO-TSUSHO COAX RELAYS FOR TX/RX
CRYSTAL FILTERS, CERAMIC FILTERS
WELLER SOLDERING IRONS

COOPER TOOLS

TEST EQUIPMENT

BOOKS, MANUFACTURERS’ HANDBOOKS
HARDWARE, CASES, PANELWARE, ETC.
MODULES, R&EW KITS

RF POWER DEVICES

—
r—
*
*
*
*
*
*

* * % * * * * ¥ *

ORDERS SUBMITTED USING STOCKCODES
DESPATCHED WITHIN 8 WORKING HOURS

i

* PHONE ORDER SERVICE — (NO MACHINES!)

PLEASE NOTL OUR NEW PHONE SYSTI'M AUTOMATICALTY STACKS CALLS
INORDER OF ARRIVAL SO PLEASE WAIT IH NOT ANSWI RI D IMAEDIATI LY

8 AM — 7PM MON — SAT
0277 230909

* COMPUTER ORDER SERVICE — ‘REWTEL’
6 PM — 9 AM 300 BAUD/RS232

(IT MAY BE 24 HRS BY THE TIME YOU READ THIS)

L 0277 230959

J

200,NORTH SERVICE ROAD —

b t BRENTWOOD ESSEX
Gm I INTERNATIONAL: ’;L'.::%;SSTZL«E.?"E“ =

WW — 007 FOR FURTHER DETAILS
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Electronic Brokers
C SALE

a selection from our huge stocks

All itemns reconditioned unless otherwise stated

DIGITAL WS78 SERIES
WORD PROCESSOR
8pecification
\/'?78 word processing video terminaf
System performance 3
Digital's WS78B word/data processing system
is a powerful stand-aione, video display word
processor. The WPS-8 word processing
software provides the WS78 user witha
sophisticated yet easy touse text editing
capability Operating the video terminal is
similar to using a standard office typewriter
The "Menu Based’ system allows the operator
to choose from an extensive, clearly fisted
range of options and the automatic prompting
features help the operator to learn how to use
the system with only minimal training

£2,950

RX01 diskette storage subsystem

PDP-8 control processor

Diablo 1345 letter quality printer producing

540 words per minute with wheeled storage

cabinet.

Bi-directional tractor feed fitted as standard

Features

e Inexpensive stand-aione text editing

e Smple to use—prompts the operator
autornatically

o Letter quality printer with choice of print wheels

e Simultaneous editing and printing

e Powerful fist processing package

e Flexible communications capability

SYSTEMS PRINTERS/TERMINALS

PDP 11/23 SYSTEMS LA36E DECwriter Il 20mA £29%
11/23 CPU, 128KBMODS, Dual RLO2 and LA3E DECwriter | RS232 £32%
Control OLV11J and DUV11 Interfaces, LA34 DECwriter IV £42%
Cabinet, VT100 Console NEW £11,500 LA180-PD Parallel
POP 11/24 S8YSTEM DEC rinter (NI £495%
11/24 CPU, 256KB MOS, Dual RLO2 and 0-ED 823 DECprinter
Control, Cabinet, VT100 Console NEW?) £870
NEW £18,000 VT50 DECscope 20mA £199
POP 11V03 SYSTEMS VT50 DECscope RS232 £22%
11/03 CPU, 64KB MOS. Console Interface, VTS5 Graphics DECscope (NEW) £495
Duai RX01 Floppy Disk Drive, Low cabinet on INTERFACES
castors DONLY £1,525 DBL11 W Asynchronous i/F £395

DISK DRIVES 88;} PSAS nchronous I/F/F £525
RX11B0 AX01 + Unibus Ctl £995 yrchronous | £750
RXV11BD RX01 + LSI Gt gags | (LBEAsynchronous(BE) £175
AXBE AXO1 + PDPB Ct) £995 prraec i m’?A] =
RX21 18D RX03 + Unbus Ct! g1q50 | M7ESBErintery ] £325
BX28 RXO2 + PDP8 Ctl £1450 | MB207Pmnterl/FILSI1) £175
AKOB 1AMB Add.on £1500 MB342 Printer|/F [BE, BA] £225
RK611 RKO6 + Ctl £3250 PDPBA
RKO7 28MB Add-on £3500 PDPBA-205 Processor 10% "
RK711 RKO7 + Ctl £5250 32KW MOS [NEW) £1,750

Scoop purchase of factory
refurbished Anderson Jacobson
AJB32 daisy wheel printers
complete with full keyboard,
integral stand, and RS232
interface. UuI|S|ng the famous
QUME Printer Mechanism.

NOW ONLY £750

Hazeltine 1420

Special purchase of Hazeltine VDUs
— manufacturer’s surplus —
ALL BRAND NEW BOXED

All 128 ASClHl Codes
94 Displayable Characters mcludmg
Lower Case
High resolution using 5 x 8 Oot
Matrix
Typewriter-Style Keyboard Layout
15-Key Numeric Pad inciuding [ + ),
[-) and Enter
User-defined Video Presentation-
Hi/Lo Intensity, Bink, or Non-Oisplay
Cursor Addressing and Sensing
EIA Interface
E|8ht Transmission Rates up to

00 Baud
Twelve Operator Function Keys
Non-Glare Screen

*
*

*

Also available from time to time
HAZELTINE 1410 £295
Self Test HAZELTINE 1510 £550
ONLY £350 HAZELTINE 1520 £625

New Winter '82/83 Catalogue now out. Send for your FREE copy now.
ADD 15% VAT TO ALL PRICES Carriage and Packing extra

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

!.ogd_t'm W[IHX ILN. Tel: 01-278 3461.Telex 298694
E-l

* % % *** * k%
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Wayne Ker;“_.AMS1 > A /

1. Freq. Counter, 2.Oscillator, 3. Noisemeter, 4. Wow & Flutter meter, 5. Level Meter, 6. Distortion,

7. Phase, 8. Power, 9.Drift, 10. Rumble.

Already in use from the small service workshop to Audio Equipment

manufacturers to professional studio to IBA Broadcast station to the “BBC”".

AMSI provides the solution.

Saves time, saves space, saves capital equipment cost, saves earthing
problems. Transportable and easy to use. This low cost comprehensive audio
workshop meets the latest specifications for Audio Measurement with accuracies

equivalent to many of its stand alone counterparts.
10 Instruments, 15 Measurements
for the price of One. That's the AMSI...
fromWayne Kerr.

Belgium — Simac Electronics SPRL. Tel: 022192453, Telex: 23662. France
Tekelec Airtronic. Tel. 5347535. Telex: 204552, Netherlands — C.N. Rood B.V

Tel 996360. Telex: 31238, Sweden — Scandia Metric AB. Tel: 20400. Telex: 10766
West Germany — Keithley Instruments GmbH. Tel: 7144065. Telex: 5212160

Italy — Telav International SRL. Tel 4455741, Telex: 312827 Spain — Unitronics SA
Tel 2425204 Telex: 22596. Eastern Europe, USSR, China — Data Loop Ltd

Tel: 0306 81166 Telex 859417. South Africa - Telkor Pty Limited. Tel 011 489740
Telex: 4-22171

'WAYNE KERR

WKR Limited Durban Road
Bognor Regis

West Sussex PO22 9RL England
Tel: (0243) 825811 Telex: 86120

THE POWERFET
SPECIALISTS

POWERFET AMPLIFIER MODULES

MODEL POWER RANGE TYPICAL LOADS PRICES (one off)
{Continuous RMS)
PFA 100 50W-150W 40, 8Q2 £11.35
PFA 200 100W-300W 40, 8Q) £2387
PFA 500 250W-600W 202, 402, 8Q) £42.00
PFA HV 200W-300W 441, 8Q), 1602 £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/uS typical)

@ QUIET — Signal to noise ratio 120dB

@ BRIDGEABLE — Without extra circuitry

@ STABLE — Unconditionally

® LOWCOST — 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
or power) low-cost customising is often a possibility. Alternatively entirely new
boards can be produced.

S0—
PAN 20— Ultra-low-noise/distortion, mono preamp board, £6.76
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

ilable from P. b i

This is just a fraction of the new products
—check us out!

Prices exclude V.A.T.

Carriage 75p

HN
WOOLTO

US 78 848 )1-800 bbb

WW - 063 FOR FURTHER DETAILS

WW - 022 FOR FURTHER DETAILS

INSTANT PRINTED CIRCUITS!!

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

Fotolak aerosol £2.50 (30p)
Ferric Chloride............ £0.60 (45p)

Copper-ciad Fibre-glass Boards:

Developer £0.30 (15p)
Acetate Sheet £0.15 (15p)

Single-sided.......... £2 ft. sq. (45p)
Double-sided....£2.25 ft. sq. (60p)

Pre-coated Fibre-glass Board:
8''x4%.'"....£1.75(25p) 16"'x9"" ... £7(60p) 24''x18"' ... £18(£1.70)
8'x9" ... £3.50 (45p)  24''x12"'...£13(£1.20)  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 with tube) ............................ £6 (£1.20)
Kit Form: ............. £5(£1.20). Inverter Transformersonly: ............ £1 (30p)

WHITE HOUSE ELECTRONICS Praa SANDS, PENZANCE TR20 STF
Telephone: Germos (673-676) 2329

PICOTUTOR & ANaLocue
ASSEMBLY LANGUAGE TRAINER

The ideal way to learn machine language and become acquainted with the new
"smgle chip’’ control oriented microprocessors. 1.8K of

EPROM, 20 1/0 lines, 112 bytes of RAM and a timer all in |
a single 28-pin I.C. As featured in this, and subsequent | ANALOGUE
issues of WW. lNTERFACE
COMPLETEKIT£39.87 |  py
. PCB and all
PCB, Programmed 68705 and all parts | components

PCB only £1.73

PCB only £4.35 ALL PRICES | "™7 7T "
Prog. 687052198 | 'NOUDEVAT T Jumper
Data £1.95 | POSTAGE Lead £2.35

MAGENTA ELECTRONICS LIMITED (W13)
135 Hunter Street, Burton-on-Trent, Staffs. DE14 28T, 82-83-65435

WW - 65 FOR FURTHER DETAILS
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LANGREX SUPPLIES LTD

Climax House, Fallsbrook Rd., Streatham, London SW16 6ED
RST ~Tel: 01-677 242 708

SEM'CONDUCTORS 0.4 0.27 1 1. 2.75 0.21 2N1671 5.00 2N3819
e S e o 0.48 g% 50 2 275 024 | 2NI893 032 | 2N3820 039
AAYI0 o ASZ16 110 | BCI73 o011 0.40 034 45 2. 3% 05 | Mol 3% | W I
AAY30 b ASZ17 100 | BCI77 028 0.40 033 60 4 1.00 009 | N218 032 017
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. . b 0.48 4.00 71 d
AAZI? b 250 | BCI®2 0.1 0.50 225 47 3 3% 00 5:%? 03 020
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DM70 2000 | ECH35 3.00 | EY86 175 | MD2901 60.00 | PYs) 1.75 303.60 | 2J70B  336.00 | 6BES 150 | 6V6GT 225 | 805 4500 | 8005 11049
DM71 2.00 ECH42 3.50 EY88 1.752 MUI4 2.50 PYS2 1.50 TZ40 25.00 K25 125.00 6BHé 2.50 6X4 ! 2.00 807 3.75 8068 14.00
DMI60 475 | ECH8I  3.00 | EYS00A 3.00 | MXII9 55.00 | PYs3 250 | U820 3.50 | 3.400Z 8500 | 6BJ6 225 | 6XSGT 175 | 8nA 183 | 812 90.00
DY87 150 | ECH83 2:50 | EYso2  L75 | MX123 7200 | pyss 200 | (9 1375 | 3500Z 85.00 | 6BK4 450 | 7B7 250 | 8124 1 8136 250
DY802 150 | ECH84 250 | EZ35 175 | MX145 5670 | PYS00A 300 | ps 250 | 3AS 300 | 6BL6  85.00 | 7Cs 400 | 13 s | s 6.00
ESSL 2200 | ECL&0 150 | EZ40 250 | MXIS1 o 17.25 | PYBOD 150 | [ 250 | 3B24 11.00 | 6BL7IGT 450 | 7¢% 250 | 833A 19316 | 18042 1153
ES0CC  8.81 ECL81 1.75 EZ41 2.50 | MXI152 131.25 | PYs0I 1.5 | (37 12.00 | 3B28 1535 | 6BM6 115.00 | 7[17 400 | 866A 20003 | 18045 10.49
ESOCF  11.27 ECL.82 1.50 EZ80 150 | MXI6l 15225 | QQV02-6 16.50 | [JABCS0 1.25 3B29 20.00 6BN6 200 | 7R7 4.25 872A 20.00 )
ESOF 1358 | ECL83 300 | EZ8l 150 | MX163 202 QQVe3-20A UAF42 250 | 3B240M 17.50 | 6BQ7A 350 | 757 350 | o2 6.00 Tested
ESOL 1337 | ECL®4 150 | EZ% 200 | MXie4  25.52 48.38 | (B4 300 | 3B24IM 1750 | 6BR7 6.00 | 7y4 225 | 93lA 18.52 Ex-Equipment
ESICC  8.00 ECL85 1.50 FW4-500 3.50 | MX166 147.00 | QQVie-40A UBCH4) 2.5 3C23 25.00 6BR8A 350 | 774 2.00 1624 4.00 ACX250B6.50
E8) 12.57 ECLS86 1.75 FW4-800  3.50 MX168  48.00 48.38 | UBF89 1.50 45 24.50 6BS7 6.00 11E3 55.00 1625 3.50 )
ES2CC  8.10 EF37A  5.00 GI.371IK 3500 | N78 15.00 | QQVO7-5066.90 | (CCg4 175 | 3CXI00AS 6BW6 6.00 | 12aH8  5.00 2050 17.46
E83CC 8.40 EF39 2.75 G5S1IK  12.00 | OA2 3.25 | QQZ06-40A UCCsS 1.85 i 47.00 6BW7 1.50 12AT6 1.50 1212E 3.00
E86C. 8.25 | EF40 5.00 | GI0.2M 17.50 | OA3 250 2.20 | (CFs0  2.00 | 3E29 45.00 | 6BXIGT 500 | 12aT7 175 | 4212H  300.00
E88C 8.25 EF4] 3.50 G240.2D  12.00 OA4 6. U37 12.50 UCH42 250 384 2.00 6BZ6 275 | 12AU6 250 5544 81.97
ES8CC  8.00 EF42 450 | G400.1K 17.50 | OB2 435 | QVo3-12 680 | pCHS1  2.50 | 3v4 175 | 6C4 L35 | 12A07 175 | 5545 10200
E%CC 861 | EF50 250 | GN4 9.00 | OB3 2.50 V047 350 | CL82 175 | 465A  60.00 | 6CB6A 250 | 12AvV6 250 | 3351A  114.90
E%F 9.90 EF54 5.00 | GNd4A 9.00 | OC2 435 | Qv08-100 i ) 6CD6GA  5.00 . .
UCL83 275 | 41254  60.00 12AV7 350 | 55524 15535
E9Iil 6.25 EF55 3.50 GS16 16.00 oc3 2.50 136.85 UF41 2.00 4-250A  80.00 6CG7 2.50 12AX7 1.75 5642 9.00
E92CC 8.75 EF80 1.75 GTIC 15.00 OoD3 2.50 QY365 54.26 UF42 2.10 4£400A  87.00 6CH6 13.00 12AY7A  4.00 5654 3.00
EF 910 | EF83 400 | GUso 2000 | OZ4 3.50_‘ QY3125 60.40 | (Fgo 175 | 4BR2 2000 | 6CL6 375 | 12B4A 350 | 5651 445
7495 0.73 74136 0.51 | 74175 1.02 [—TBAJKOQ 1.84
| lNTEG RATED C'RCUlTS 7496 0.82 ;4141 0.89 ;41;68 1.16 TB:SgOQ z.ag
VCRSI7A 10.00 | 7400 0.16 7423 0.33 | 7460 0.18 | 7497 3.15 4142 2.30 41 136 | TBAS30 L.
BASES CRTs | ;gg"‘ .’3'23 VCR317B 10000 | 7401 017 | 7425 0.30 | 7470 0.38 | 74100 1.54 | 74143 2.60 | 74179 136 | TBAS40Q 2.30
B7G unskirted  0.22 | 2API 850 | 30| 10.00 VCR517C 10,00 7402 0.17 7427 0.30 7472 0.33 74107 0.45 74144 2.60 74180 1.20 TBASS0Q 3.22
B7G skirted . 030 | 2BPI 900 | Chia  too0 7403 0.17 | 7428 043 | 7473 038 | 74109 0.73 | 74145 1.00 | 74190 1.90 1 TBAS60CQ
B9Aunskined 022 | 3BF1 1000 | SFPISA 1500 o O 1777+ S o' |7 11O, TR 71147 £ 00 (17315 1R 1 %0 i
B9A skirted 0.30 3IDP!} 5.00 25.00 7405 0.18 7432 0.30 7475 0.54 74111 0.71 | 74148 1.76 74192 1.90 TBA673 2.20
o Oy 035 | IEGI 1000 | Drs 2339 | funeB 7406 0.43 | 7433 040 | 7476 042 | 74116 1.85 | 74150 1.80 | 74193 1.9 | TBAT00 152
Tearl 055 | IFPT 6.00 DC731 S807 II’“' ases 7407 0.43 7437 0.32 7480 0.56 74118 1.00 74151 0.94 74194 1.25 I'BA720Q 2.30
Nuvistor base 075 G 6.00 IX;?-JZ 58'07 nclcsm_l 7408 0.20 7438 0.32 7482 0.7% 74119 1.54 74154 1.80 74195 1.20 TBA750Q 2.07
DL o | am 500 | Doh32 3807 | application 7409 020 | 7440 032 | 7483 1.00 | 74120 0.83 | 74158 09 | 7419 135 | TBASOO 120
14 pan DIL. 015 | 3jP2 800 | DI Ly o 7410 017 | 7441 0.90 | 7484 1.05 | 74121 043 | 74156 090 | 74197 135 | TBA920 2.9
16 pun DIL o1 | 3P 10000 | Serey a2 7412 0.29 | 7442 0.72 | 7486 039 | 74122 0.62 | 74157 0.75 | 74198 2.70 | TBA920Q 2.90
Valve screening IKPL 1500 | \CRyss 1aoe 7413 0.32 | 747AN 117 | 7490 060 | 74123 118 | 74159 220 | 74199 230 | TBA90Q 2.9
cansallsizes 030 | IRPI 3500 | VCRI3SA 1590 7416 0.32 | 7450 0.18 | 7491 0.82 || 74l2s 0581 M170 240 | J6013N 176 ] TCA270Q 2,90
WP 2000 | VCRI39A 500 7417 0.32 7451 0.18 7492 0.60 | 74126 0.58 74172 4.40 TAA570 230 TCATo0A 138
A8, 7420 018 | 7453 018 | 7493 060 | 74128 0.63 | 74173 142 | TAA630S  3.50
_ L B | 712 0.20 7453 018 | 7494 0.82 | 74132 0.72 | 74174 1.60 | TAA700  3.90
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. Telex 946708
In some cases prices of Mullard and USA valves will be higher than those advertised. Prices correct when going to press. E&OE
Account facilities available to approved comp with mini order charge £10. Carriage and packing £1.50 on credit orders. . o
Over 10,000 types of valves, tubes and semiconductors in stock. Quotations for any types not listed. S.A E. Open to callers Monday-Friday 9 a.m.-5 p.m.

WW - 047 FOR FURTHER DETAILS
WIRELESS WORLD JANUARY 1983 7



1 i | jectroni , brand d full eed. Mail order b

H E M M l N G S ELECBFE%!:}‘(':’S IT-\QIFI‘JS _:n:f?uf::"oof".{ot%‘t‘.. e o o Huniier s, raft with ordes. payabls to) Hemmitigs
By ¥ with Actm ectroni L

16 BR AND ST WitH UTER Oﬂ'lci::";?dors from schools, colleges and universities welcome. Trade and export enquiry

welcome.
HITCHIN Tel: (0462) 33031 P.&P. add 45p to all orders under £10. Telephone your Access orders, using our 24-hr.
HERTS Shop open Mon.-Sat. 9 8.m.-5.30 p.m. Ansaphone service. Please send SAE for full price list.
Closed all day Wednesday VAT — Al prices exclusive of VAT — Please add 15% to total cost including P.&P.
SGS5 1JE No VAT on export orders or books.

3 60p | TIP35C  186p | 2N3773 2B0p | 2N4321  10Bp ALFAC ETCH RESIST MITTING DIODES (LED|
20p 12p 80p | TIP36  170p | 2N3819  28p | 2N4S22  96p TRANSFERS 31;'“?“";; TiL208 o d m),,
B0 [ 5746 210p 15p 86p | TIP36A 17Bp | 2N3821 120p | 2N4823  98p | Make your own Printed Circuit| amm Green LD37C 1%p
340p |54, 380p 12p 24p | TIP36B  186p | 2N3822 120p | 2N5190 T5p go rds with our PCB tuns'er% .| Panel Clip 4p
209 {2732 (ol 1% 24p [ TIP36C  199p | 2N3823  96p ) 2N5191 Top fawlivousgacworkioniol 3mm Chrome Bezel 36p
4800 | 5176 "'7;" 90p 12p #sp | TPa1 80p | 2N3824  96p | 2N5192  7Sp rid Smm Red CQY40L op
34850 | 4464 wo: 390p 18p 30p | TIP41A  50p | 2N3866 90p | 2N5193  90p | [ranstor to copper board| goim Green, Yollow 15p
8489 |6116 400p %0y 15p 28 | TP41B  60p | 2N3903  18p | 2N5134  90p |  using carbon paper el e -
1380p 51161 230p 9% 20p | TIPAIC  B0p | 2N3904 18p | 2N5195  90p | A Burnish the Alfac transfers to | cSTRIS P oo g o4
1296p 4500 40p » %5 | P42 58p | 2N3905 18p | 2N5400 40p | the board using a spatula| TSl AR 25p
1200 | UINEARICs 60p % 80p | TIP42A  60p | 2N3906  15p | 2NS401  40p | using carbon marks to assist| " Goan Yellow 30p
180p | AY-3-1270 98p 250 80p | TIPA2B  TBp | 2N4123  28p | 2N5415  86p injaccuratelalignment Tri-colour VB18P 700
68821 216p T25p 30p 2%5p S50p | TIP42C 86p | 2N4125 28p | 2N5416  90p | % Use Alfac chemical eraser to | p Flashing CAX21
390p | AY-3-1350 50p 25p 90p | TIP47 50p | 2N4331 70p | 2N5457 ®p correct mistakes 3Hz 8t 5V sp
68B40 80p Wop 00p 10p 9p | TiPas 50w | 2N4392  70p | 2N5458  3p * Etch in Forric Chloride WNFRARED
6844 2980 x 2N4400 2N5459 )
6845 175;: o 3-8810‘“’ z ::: g ﬂﬁg Eg; 2N4401 2'.; 2N5460 :: £€300/10.1** Edge Connector TIL32 Emitter S54p
6850 140p | AY-38912 9%Bp 10p 88p | TIP110 30p | 2N4402  2Bp | 2NB551 40p |EC902/1 0.12’316"_ dge Connector | TIL38 Emitter . 45p
6852 250p 820p 149p 10p asp | TIP11Y 75 | 2N4a03  28p | 25C495  60p EC9400.016'' Lines TIL78 Photo transistor S54p
6854 680p | AY.51230 10p 290p | TIP112  80p | 2N4410  4Bp | 25C1306 96p |ECI410.031" Lines TIL100 Photodiode 70p
6875 490p 450p 109 2p | TIP11S 40p | 2N4416  96p | 25C1678 108p |EC9420.039" Lines 3 SAXOoETT T
8T26A 1209 | 709 38p 10p 30p | TIP116  73p | 2N4856  80p | 252028 TBp |EC3430.0497Lines et LT S 3
8128 120p | 7418pin  26p 10p 30p | TIP117  4Bp | 2N4BST  80p | 2SC2078 106p |EC9440.061" Lines
8795 o0p | 741 14pin 25p BC2128  10p | MPSAD6 20p | TIP120 39p | 2N4818  96p | VNIOKM 85p £C9450.079' Lines 80 Characters per Second,
8796 800 | 7415 56p VOLTAGE BC213A 10p | MPSA12 3%p | TIP121  80p |2N4319 120p | 40673 96p |ECI480.100' Lines Friction and Tractor Feed, High
8797 %0p | 747 ep LATORS | BC213C 10p | MPSA13 20p | TIP122  78p | 2N4g20  130p £€947]0.124,5Lineg Resolution 960 Dots/Line, Auto
8798 90p | 748 3Mp BC214 10p | MPSA14 20p | TIP125 46p EC950/10.031" 90° Bends Underlining, Subscripts and
8035L  340p Ve 100mA | goiac  top | MPSAIS 20p | TIPI26  80m LIQUID CRYSTAL DISPLAY E£C950/2 0.061'' 90° Bends Superscripts £335
8033L  290p %% 2‘; T6L05 3% | 92374  12p | MPSAZ7 48p | TIP140  130p MODULES EC952/1 0.0317 30°, 45°, 60° Securicor 8
8080A  380p | (Aad422 2989 78L08 300 | go37c 12p | MPSA42 28p | TIP141  140p PCIM177 Frequency Counter ends
B085A  4BOp | LFash.  sop | 1012 3098 5Co33 12p | MPSASS 28p | TIP142  180p | SDigits, 0.35'FM, SW MW, MHz | EC952/2 00617 307 457 607 DRAGON 32K COLOUR
8155 460p | (F356  90p | °U'° 3% | pCo3aA  12p | MPSAE3 30p | TIP145 14op | KHzAnnuncistos Bonds COMPUTER
8212 156p | LF357  100p 500mA BC2388 12p | MPSAS4 48p | TIP146  180p | Sample and Hold Capability ECI0B0/063 g Rads 6809E Microprocessor
8216 100p | M301A 26p | 78MOS  40p | BCo3sC  12p | MPSA77 80p | TIP147  170p | HesetCapebili £C9100.084" Pads 32K Rap Standard
8224  160p | (m307  Sop | 78M06 88D | 239 q2p | MPSA92 30p | TIP2955  7op | 25 Solectable F Offsets £C9110.189" Pads Extended Microsoft Basic
8226 1980 | |'m 95p 78M08 86p | BC30OTA  15p P29 3%p | TIP0SS  Top Prescaler Avaitable EC960/1 TO-5 Transistor Pads Advanced Graphics and Sound
8228  250p | (M311N esp | 78MI12  50p | BC307C  18p | TIP29A  3Bp | TISA3  30p | Incandescont backlighting £C993/11C Pads Professional Quality Keyboard
8243 210p | | M324 35p 78M15 50p | BC308 159 TIP298 B8p | TISBBA asp Supply Voltage Sv EC997/1 IC Pads with tracks £199
8251  300p | mM33s  Sop | J8MI8 58P | BCi08A 18p | TIP29C  40p | TISISY  sop | Operating Current4ma between pads Securicor  £6
8253 480p | (M348 TS 78M24 55p | BCI08B 18p TIP30 50p 2N1813 %0 ) £17.15 | 5identical sheets in sealed pack
20p [ (M358 60p 1A BC30BC 18p | TIP30A  3p | 2NI7I1  Z8p IM 176 Digita! Meter Module o 196p | vic-20 COLOUR COMPUTER
8257 480p | | M380 9%p | 7805 48p | BC309 15p | TIP30B B0p | 2N18e3  3sp | 3 /2digits, 0.5 Individual sheets 45p  SPECIAL OFFER &
8259 450p | |M381  180p | 7806 65, BC309C  18p TIP30C 4Op | 2N221BA 4Bp | .- and Decimal Point Spatula AR4 for burnishing  45p | vic-20 Colour Computer
8279  480p | [M393  90p | 7808 op | BC327  18p | TIP31A  40p | 2N2219  28p | 200mV Full Scale input Alfacknite 180p | C2N Cassette Unit
75451 66p | (M3903  86p | 7812 a5 [ BC328  18p | TIP31B  42p | 2N2221  3op | TrueCifferential Input Spare Blades (pack of 10)  280p | [ntroduction to Basic (Part I}
75452 68p | MC1310P 210p | 7815 e5p | BCI37  18p | TIPAIC  &Bp | 2N2221A 30p | Suaranteed O’ Reading Alfac Eraser VIC Reference Manual
75491 70p | MC1455  68p 7818 e6p | BC338 18p P32 80p | 2N2222 2%5p Singte 9v Operation Alfac Precision Grids: Polyester | Demonstration Tape
75492 70p | MC1456 138p 7824 #6p | BCAT7 28p TIP32A 46p 2N2222A  28p Power Consumption 20mW film, matt finish 0.14mm | 1g8lank Cassettes
AY-3-1015D MC1458  35p BCY70  18p | TIP32B  @0p | 2N2369A 20p | Accuracy0.15% +/- 1Count thickness, 20 lines/in VIC Computing Magazine
300p | MC3242A 630p -Ve 100mA BCY?1 20p | TIP32C asp | 2N2904A 28p Temperature drift 80ppm/C A3 199p A4 100p £215 inc. VAT
AY-5-1013A MC3202  985p 79L05 35p | BCY?2 20p P33 85p 2N2905 26p Low Battery Indicator Doubie Sided Fibreglass Board
300p | MC3340 120p 78L12 3%p | BD13S 42p TIP33A 8Bp | 2N2905A 26p Incadescent Backlighting 1/16"' thickness, 10z Lopper COMMODORE 84 COMPUTER
MC1408 295p | MC3401 6sp | 79L'5  35P | BD136  46p | TIP3IB  T0p | 2N2308A 28p | .. FeleTs Baxd SRpR. 8 64K RAM, 26K ROM
MC1488  6Bp | MC3403  70p 1A BD133  40p | TIP3IC  8p | 2N2907A 28p | Al ""};’“'95 are supplied with # ELECTRONICS HOBBIES 25 Lines of 40 Characters
MC1489  5Bp | MC3456 107p | 7905 sop | BD140  40p | TIP34 78p | 2N3053  30p [ _dotasheet. FAIR 16 Colours, 512x266 Graphics
265p | MC3480 580p | 7906 70p | BD165 46p | TIP34A  T8p | 2N3054  70p FIBRE OPTIC POLYMER November 18th to 21st Options-VIC Peripherals
2ZB0ACPU 350p | MC34001 58p | 7908 70p | BD166 5p TIP348 9p | 2N3055  46p CABLE Visit us on stand 414 opposite Alternative Languages
ZBOAPIO_  300p | NES5SS 16p | 7912 o0p | BD169 &5p | TIP3AC  90p | 2N3439 80P | A 10m coil of imm coreoptical | the “Blue Bar” where we will be Second Processor
ZBOACTC 300p | 5565CMOS 90p | 7915 sop | BD170 45p | TIP3 160p | 2N3440 80P | fiphe cable sheathed in black exhibiting a selection from our KEYNET Network
ZBOADART NES56 s5p | 7918 sop | B 9p | TIP5A  188p | 2N3771  180p | ) athylene for protection large range. Do not miss the £299
T50p | NES6S 158p | 7924 6o0p | BDET? 80p TIP358  170p 2N3772 180p £4.95 many bargains on offer. Securicor £6
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Happy Memories | ANGLIA

4116 200ns 88 72 ' INDUSTRIAL AUCTIONS

4116 250ns 75 65 .60 S {F .
4816 100ns For BBC comp 245 210 195 Specialist Auctioneers to the
4164 200ns 495 445 4.20 Radio and Electronic Industry
3114 450ns Low Power 112 1% % ||| 5 Station Road, Littleport, Cambs. CB6 1QE
4118 250ns 325 285 265 Telephone: Ely (0353) 860185
6116 150ns CMOS 370 320 295
2708 450ns 260 225 2.10
2716 450ns 5-volt 260 225 2.10 AUCTION SALES
2716 450ns three-rail 5.75 5.00 4.65
2732 450ns Intel type 375 325 3.00 _of over 700 Lots
2532 450ns Texas type 375 325 3.00 ‘ Electrical Components & Equipment
Z80A-CPU f£4.35  Z80A-PI0O £3.25 ZBOA-CTC £3.25 Large and Small Quantities
6522 PIA £3.98  7805res 50 7812res 50
Low-profile IC q Forthcoming sales to be held on the following
sockets: Pins .

8 14 16 18 20 22 24 28 40 dates:

Pence

9 10 11 14 15 18 19 25 33 12th January, 1983; 16th February, 1983; 23rd
goﬁ;‘sggtsooreg;!%gpy discshpgégg ig glzasticﬁbrarzggggz o March, 1983; 27th April, 1983; 1st June, 1983;
-inc . 6-incl 19.25 5-inc 1.00 . .
8nch SSSD £19.25  8.inch SSDD £23.65  81inch DSDD £25.50 6th July, 1983; 10th August, 1983; 14th Sep-
74LS Series TTL: Large stocks at low prices with D.LY. tember, 1983; 19th October, 1983; 23rd No-
?isc;punts starting at a mix of just 25 pieces. Write or phone vember, 1983.
or list.

Please add 30p post and packing to orders under £15

VAT to ol Catalogues available 10 days prior to sale,

price 60p inc. p&p or for each sale for a year

Access and Barclaycard welcome : 24-hour service on i £5
054-422 618 :
Government and Educational Orders welcome A A i
C£15 minimum Entry forms on application. Although entries

for cataloguing may be received up to 17 days
before the date of the sale, customers are
advised to enter early.

Trade accounts operated : Phone or write for details

HAPPY MEMORIES (WW)
Gladestry, Kington
Herefordshire HR5 3NY
Telephone: 054-422 618 or 628
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% -POWER RESPONSE DC — 45KHz + 1dB.
% OUTPUT POWER IN EXCESS OF 1.5KW INTO 2.75 Ohm LOAD
(CONTINUOUSR.M.S.)

¥ D.C. OUTPUT 20 AMPS AT 100 VOLTS OR 2KVA,
% HARMONIC DISTORTION LESS THAN 0.05% DC-20KHz AT 1kW INTO 6

JHMS.

¥ PLUG-IN MODULES: CONSTANT VOLTAGE/CURRENT, PRECISION
OSCILLATORS.

% UNIPOLAR AND BIPOLAR DIGITAL INTERFACES, FUNCTION
GENERATORS, AND MANY OTHERS.

% DUTPUT MATCHING TRANSFORMERS AVAILABLE TO MATCH
WIRTUALLY ANY LOAD.

* FULL OPEN AND SHORT CIRCUIT PROTECTION GUARANTEED STABLE
INTO ANY LOAD.

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

s INTERLOCK CAPABILITY FOR UP TO EIGHT UNITS.

s 3-YEAR PARTS AND LABOUR WARRANTY.

% UNITS AVAILABLE FROM 100VA-12KVA.

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

Model — M600
weone. Analogue Associates

Tel: 0953-452477
PROFESSIONAL INDUSTRIAL ELECTRONICS

WW - 013 FOR FURTHER DETAILS
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t WHAT ARE YOU DRIVING?

INDUCTION LOOP TRANSMITTERS
VIBRATOR/SHAKERS
SERVOMOTORS

MAGNETS

CRIMSON ELEKTRIK POWER AMP MODULES HAVE DONE IT ALL

CHOOSE our acclaimed Bipolar Modules for the best in Hi-Fi. These modules have been
widely used by professional bodies. They are high slew, low t.h.d. devices without need
for the output fuses that spoil fidelity. They have instantly resetable ‘electronic fuse’ and
are L-bracket mounting for flexi installation.

CHOOSE Our Mosfet Modules for the most difficult loads. These modules are rugged and
make ideal line step-up transformer drivers. They respond down to d.c. and make excel-
lent servo-driving devices. They have low d.c. offset drift due to j fet inputs.

MAX. O/P SUPPLY VOLTAGE PRICE INC.
1 TYPE POWER TYP. X. THD TYP. V.AT. & POST
CE 608 60W/8(2 + 35 + 40 < .01% £21.50
o CE 1004 100W/4Q) + 35 * 40 < .018% £25.00
L CE 1008 120W/8(2 + 45 * 50 < .01% £28.00
A CE1704 200W/4() + 45 + 63 <.015% £36.50
R CE1708 180W/8(2 * 60 + 63 < .01% £36.50
M CE 3004 320W/40) + 60 + 63 < .02% £49.50
o FE 908 0W/8Q t 45 + 60 < .01% £30.00
S FE 1704 170W/4Q + 45 + 60 <.026% £39.00

Export — no problem. Please write for quotation or quote your Visa/Master Charge card
number.

Crimsonkiekirik

FREEPOST, 9 Claymill Road, Leicester, LE4 7JJ, England

WIRELESS WORLD JANUARY 1983
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1 BF245 30 MPSUS56 60| 2TX326 30 | 2N3822/3 45
] e 0| BF256A  35|MPUI3Y  52)7TX3a1 30| 2N3824 65 ey B4
: 35 10 | BF2568 45 |0C26 170| ZTX451 23 | 2N3866 90 [ 25C2547 30
, B DR Boasw Mol U oman o B &
- . 10 | ZTX501/2 15 | 2N3903/4 15
C:ﬂRDIFFROAﬁ,WATFORD;ENGLAND 2 et w@locie s 1 e 15|38
" X504 25| 2N3 17
2 AlL ORDER, QQLLERS WELCOME: A bt 14 Brael el Aoess Baes HEER &
el. Watford (0923]'40588/9. Telex: 8956095 ACYI7/ B R70 16|BESS/s  30/0C7a/75 50\ 2TX6co 28| 2N 4025485 228
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Quartz Crystals

Stocks of standard items
exceed a quarter of a million.
Individual units to the tightest

specification made to order. Interface
Quartz
Devices
This technology is available now from Limited
7 29 Market Street
/ / Crewkerne
l\, 7 Somerset TA18 7ju
f Crewkerne (0460) 74433
Telex 46283 inface g

WW - 027 FOR FURTHER DETAILS
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TRANSDUCER and RECORDER \

AMPLIFIERS and SYSTEMS

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

SN/ TLDJ= ahevone

49/51 Fylde Road Preston Laboratories
_PR12XQ Limited.

WW — 034 FOR FURTHER DETAILS

IN VIEW OF THE EXTREMELY RAPID CHANGE TAKING
PLACE IN THE ELECTRONICS INDUSTRY, LARGE QUANTI-
TIES OF COMPONENTS BECOME REDUNDANT. WE ARE
CASH PURCHASERS OF SUCH MATERIALS AND WOULD

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)

APPRECIATE A TELEPHONE CALL OR A LIST IF AVAILABLE.

WW — 035 FOR FURTHER DETAILS

TIME WRONG?

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 (includ-

% Weekday) output, receives Rugby 60KHz atomic time sig-
nals, buiit-in antenna, 1000Km range, TIME RIGHT, £69.60.
60KHz RUGBY RECEIVER, as in MSF Ciock, serial data output for
computer, etc, decoding details and ZX81 listing for LOCAL,
GMT and SIDEREAL time, £22.20.

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

EXCITING 100-600KHz? Converter to 3.5-4MHz £18.70.

Antenna Noise Bridge, 1-150MHz, 2-1000 ohms, £18.60.

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 (WN) Oid School Lane, Milton, Cambridge

LDW CDST PRDFESSIDNAL TEST INSTRUMENTS

Belemiclj

Hand Held
Analogue and
Digital
Multimeters

16 Models
from £18.75

FREQUENCY METERS
100MH_, 600MH_, and1GH; Models

from £67

FREQUENCY METERS
ANALOGUE MULTIMETERS
DIGITAL MULTIMETERS
FUNCTION GENERATOR
OSCILLOSCOPES

POWER SUPPLIES

LOGIC PROBE

% % % % % % % %

SCOPE PROBES

Write or phone for illustrated

test instrument catalogue and price
list

Black Star Lid.

9A, Crown Street
St. Ives, Huntingdon
Cambs. PE17 4EB
Tel: (0480) 62440 Telex 32339 J

[Bllaed S,

WW — 028 FOR FURTHER DETAILS
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The firm for Speakers J

\
Bigger and Better

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.

(-t

L J The firm for Speakers.

Sy
0625 529599

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

B Lightning service on telephoned credit card orders! W

WW — 025 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-controlied Radiocode
Clocks.

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

WW - 029 FOR FURTHER DETAILS
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DIGITAL MULTIMETER

¥ A —
TEMPERATURE?
The answer is almost certainly no, unless you've got
your hands on a brand new Keithley 132C.*

The latest addition to a trend-setting range of
handheld units from Keithley Instruments, the
132C s a 3'/2 digit meter with TRMS, TEMP and
0.25% DCV accuracy.

Key features include
@ AC and DC amps from 1uA resolution to 2 amps
full scale
@ Ohms from 100m(2 resolution to 20M(}
@ DC Volts (£0.25% reading + 1 digit)
® TRMS AC Volts from 45— 500Hz range
(1% reading + 9 digits)
@ Temperature Range: —20°Cto +150°C
(£3% + 1digit), 150°C to 1370°C (+3% of
reading), Type K non-linearized, 1°C resolution
For moreinformation getin touch now. You'llfind it
pretty hot stuff!

*Model 132F available for those requiring fahrenheit scales

KEITH LEY Bt st ey
T 0734 861287

Telex 847047
WW - 012 FOR FURTHER DETAILS
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Introducing two new
hand-held digital multimeters

28 Ranges, each with full
overload protection

10 amp AC/DC

e

SPECIFICATION 6010 & 7030

BATTERY: Single 9v dry cell. BATTERY LIFE: 200
hours. DIMENSIONS: 170 x 89 x 38mm. WEIGHT:
4009 inc. battery. MODE SELECT: Push button. AC DC
CURRENT: 200uA to 10A. AC VOLTAGE: 200mV to
750V. DC VOLTAGE: 200mV to 1000V. RESISTANCE:

20042 to 20MQ. INPUT IMPEDANCE: 10M(). DISPLAY:
3%z Digit 13mm LCD. O/LOAD PROTECTION: All
. | ranges.
OTHER FEATURES:
Auto polarity, auto zero, battery-low indicator, ABS
plastic case with tilt stand, battery and test leads
included, optional carrying case.

‘ s \, Please addC]S% to yourforderffor VAT
: e | L Postage and packing is free of charge
DC &%%E‘LA??% 1%Z. i ;g B Trade prices-available on application g
=5 B

 £359s S = =1 ARMON ELECTRONICS LTD. 7~

. Cottrell House, 53-63 Wembley Hill Road
plus VAT _ = Wembley, Middlesex HA9 8BH, England
x/ i el Tel. 01-902 4321 (3 lines). Tix: No. 923985
YN,

WW - 017
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I | RADFORD|

Audio Measuring Instruments, !

Audio Amplifiers, Loudspeakers and

Loudspeaker Components for the
professional and enthusiast

BE PREPARED | it thu Lens

Ideal for the experimenter
THIS DOSIMETER WILL AUTOMATICALLY
DETECT GAMMA AND X-RAYS

® UNIT IS SIZE OF FOUNTAIN PEN & CUIPS [~ ;
ONTO TOP POCKET FREE ﬁé‘:ﬁ&ﬁéﬁi‘%”c‘l i
@ PRECISION INSTRUMENT i

B MANUFACTURERS CURRENT PRICE OF A
SIMILAR MODEL OVER £25 EACH

B0-5R 81 & Pack
Tsé:;ﬂ:!dae;gnhil':;nl;:‘:x(:ed. Ex-stock delivery. COMPLET ) RAD FORD AU DIO LTD.
As supplied to Fire'Services/Civil Defence WITH DATA 10 BEACH ROAD

WESTON-S-MARE, AVON BS23 2AU
TEL. 0934 416033

Ofﬁciil —Ei' eers weicome
01-7231008/9 }

CALLERS: 404 EDGWARE RUAD, LONDON W2 1£D
. Mail Orders/Export Enquiries to: 11-12 Paddi Green, London W2 : - .
= A WW — 038 FOR FURTHER DETAILS

—ee——

% DISCOUNT STRUCTURE FOR MULTIPLE USERS ONLY _

= TLW4

TLW4 TOOLWALLET MEASURES 11''x14"'x2%:"" WHEN CLOSED. MADE
FROM REINFORCED PVC WITH A HEAVY DUTY INDUSTRIAL ZIP

TOOLS NOT INCLUDED

WW — 031 FOR FURTHER DETAILS
" WIRELESS WORLD JANUARY 1983
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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 15 metres, the QTM mast can provide the ideal answer
for:

® Mobile Radio Telephone

® Police Mobile HQ (UHF)

® Field Telecommunications
# Floodlighting

® Anemometer and Wind
Measurement

| CLARK MASTS

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

#® Environmental - gas
sampling collector

® High level photography
® Meteorology
® And a host of other uses

U.K.

CLARK MASTS LTD .(WW)
Evergreen House, Ringwood Road,
Binstead, Iste of Wight.

England PO33 3PA

Tel Isle of Wight (0983) 63631
Telex 86686

EUROPE

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

Belgium

Telefoon 011-380831

Telex 39354 Genant B.
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MIDWICH COMPUTER COMPANY LIMITED

FAST EX-STOCK DELIVERY OF MICROCOMPUTER COMPﬂN!NTS AT UNBEATABL! PRICES

SPECIAI. DFFEHS MEMORIES 2716 450ns 6116 73 150n 13
2114 Low Power 3 Ral g5 4118 1501s 6116 LP3
2 99 200ns 0.80 | 2732 350ns 8 4164 200ns T} 150ns 5.75
299 2708 450ns 279} 2732 450ns i 4164 200ns
XN 2716 450ns 2532 450ns - NEC
299 +S\g 210 | 2564 45Qns . 4516/4B16 * SPECIAL LOW
435 2I716 50ns 2764 450ns § 100ns 225 PRICES FOR
a50 NSV 358 |, 4116 150ns . 5516 250ns  9.38 QUANTITIES »
1 ice |
MIOWICH NOW APPOINTED OFFICIALACORN | Device Price | Dovico Price | Device price
BBC MICRO OEALER | %Q gegggg%gmg‘ 4512 049. 51 29
MEMDRY UPGRADE FOR SPECTRUM ¢ ot 114 253 o0
VM CHIPS oo 14| 257 o
* Increases Memory to 48K | Zn450E 61| 4016 54 58 g:’;
e Just Plugs in Nas0 KT 1735 | 4218 38| 28 -
# Suitable for Later Blue Keyboard | UNEARS | 4520 a9 | 266 19
Machines only LM301AN 025 | 457 100 | 273 59
Bx-stock 2095 | [M0BN BES 4520 124| 279 3
BBC M|crowm(?utar Upgrades LM319N 14 zggg .69 88 57
 Mermory U s M324N 30 | 45% oo | 203 a0
-Prnter & User 10 kit (BBC?, 7.60 LM348N 59 | 425 891 29
“F Disc intertace inc DOS (BBC3)  70.00 (M555N 18 | 45 69 66 29
- Avalogoe k't (B8C) 870 | LM556CN 45 | 424 991 300 29
*Senal 1/0 & RGB kit {BBCS) 725 LM741 (8 PIN) 0.14 | 4553 “9 | 68 29
- Expansion bus & tube kit (BBCE) 5.05 I MA74CN 84 | goe% 3 73 59
“Printer cable nc Amnnenol plug LM748 (8 PIN} 0.34 45:6 .50 % '84
U s ot & cabk (8822 V300 | esouen 20| s 7 | 37 89
“User port connector (BBC22) 2. g
o k0 & Cove (BBCra) 225 | TESULATORS | MR Diher devices | 378 kB
*5 pin IN plug for senialmt (BBC111)  0.60 781 39 | VA le 386 34
-6 pn DIN plug for RGB it (BBC109)  0.60 7815 39 | 741S SERIES ‘ 390 40
*7 pin DIN plug for cassette (BBC141) 0.60 7805 29 | 00 10| 393 a1
'Coﬂnec(u hor bus & cable (BBC66) _ 3.50 78112 29 1| 625 21
. nqle disc drve IOOK\ (BBC31)  225.00° 78015 29 02 n ’
disc drves (BBC32 500° 7905 55 | 03 11 | OIL sockets low
'Games Paddles (pec pav BBC45) 1130 7912 .55 | 04 11 | proflle
*Prices on these tems are likely to change please 791 55 | 05 11 | pns T Gold W/W
conlact sales office betore orgering. | LM309K 99 8 11| 8 172 5
As some llems arte on extended deivery rom Acorn | | 317K 20 | 09 11| 4 9 20 35
olease cneck avaiabiity before ordening items | LM323K 495 | 10 11| 16 g I3 5
marked © —| Lm338K POA }; 13118 13 33 52
EPROM PROGRAMMER FOR UHF MOOULATORS | 5 J11 20 14 25 80
BBC MICROCOMPUTER | 6MHZUMTT11)370 | ;5 g | 22 17 40 70
* Programs 2516 27162532 2732 8MHZUM1233) 440 | ¢ 291 24 10 42 10
Industry Standard EPROMS | CRYSTALS 2 121 28 25 54 80
+ No external power supply equired TMHZ 280 | 51 32140 29 81 09
w Plugs straight nto expansion socket 1 00BMHZ 260 5o "g 0L JUMPERS
ﬁ Easyt yuse Inciudes All Software requureu 18432MHZ 220 12 s'"”"’ ended 24"
ogamme!lK 9.95 ) 4576MHZ 245 27 12 | 1.40
EPROM PROGRAMMER {Assembied) 57 95 | 36864MHZ 295 8 12 \ 16 slm ;gg
IMHZ 145 30 92 | 24 Pl
e rEn A 1 L
BMHZ 17101 3 14 | pouble Ended 6
 Controls 1 or 2 Joysticks 96804MHZ 185 | 37 12 | 1 PN 000
# Fire Bution Facility (1 or 2 CMOS 4000 B 38 .12 16 PIN 2.05
* Easy lo use SERIES 4 112 | 24 PIN 310
* Plugs straight ino Expansion Slot 4001 10 | 42 .27 | 4p PIN 485
* Edge Connector provided for RAM Pack 4002 12 | 47 0.34 i}
Oiscs etc 4006 65 | 48 045 Oouplltr!qe Ended 12 e
Joystick Controller {kity 1495 ca 2'(;01( %g g? 3?2 26 PIN %15
Joystick Controtler {Assem) 19.95 Pt 34 | 54 ‘14 | 24 PIN 325
Jovsticks 695 ez | 4010 39 5 15 | 40 PIN 5.10
(AN Kits supplied with tull assembly instruclions) ‘;‘ 1 1 0}; 7 }g nouhle Ended 18"
Oevice Price | Oevice Price 41 '2a | 15 g | ! le %gg
Z80 FAMILY 81264 120 | 4014 49 | 76 17 | 2‘; PIN 340
ZB0CPU 295 | 81284 120 4015 a3 | 78 24| 40 PIN 5.25
Z80ACPU 345 | 8795 1.35 4016 19 | 83 .34 ZEROD lNSERTION.
0CTC 264 | 8T97A 1.35 4017 137 | 85 47 FORCE SOCKETS
BOACTC, 288 8798 145 4018 67 | 86 015 | PO o0
. 4( .41 90 .
R0ADMA 1195 | SATA CONVERTERS | 4020 49 | O 80 | 28 PI a0
Z80Pi0 2.75 | 7N4%6 300 402! 69 | 92 .31 . .
Z80APID 295 | 7N427 599 | 4022 065 93 25 | 24 WAY 0
780ASI0-0  11.88 | 7pa 275 | 4023 015 | 95 40 | CONNECTORS
Z80ASI0-1 1199 [ 7Na%g 270 | 4024 031 109 27 | Male-Male
280AS102  11.99 | 7432 1300 4025 016 | 112 20 (36 Cabe  10.13
K3886 11.00 | 7N477 2500 | 4026 129 | 113 20 | Male-Female
MKIBB6-4 1447 | Na35 240 | 4027 023 114 22 | 136" Cable)  10.13
ZB0BCPY 715 | jpO7002 435 40 049 122 35 M?lg"sc £ ; .
0BCTC 795 | 2Na47 729 4031 169 123 35 | Foroai o Ehded o
( i . .
ZB0BPIO 7.5 | ZN448 546 4033 184 | 125 24 | e 625
Z80BSI0-0  23.82 | ZN449 255 4034 1.90 }%6 ﬂgg able .
RSy BE M Bt 8 comeeon
085102 23.82 | FLOPPY DISC S 491 13 123 \p-=1IDC CONNECTORS
6800 FAMILY NTROLLERS 4042 44 | 139 29 SNROUDEIJ HEADERS
6800 299 | FD1771 14.75 4043 ‘89 | 145 '70 , MIT
802 .49 01791 2078 ynai 64 148 69 nghl Angle PCB Gw
6803C 12.10 | FD1793 2275 4045 169 | 157 '3g | 10°PIN
6809 45 | FD1795 2175 4040 ‘64 | 157 98 | 14 PIN 1_2
6810 12 | FD1797 2175 647 49 | 15 34 | 16 PIN 1.34
821 20 | WD1691 1087 4048 54 | 156 34 | 20 PIN 16
840 95 | WD2143 877 | 4048 34 | 157 25 | 26 PIN 178
845 75 | MISC SUPPORT 4050 54 | 158 29 | 34 PIN 2.08
850 4D | CHips 4021 44 | 180 '35 | 40 PIN 232
880 07 | AY31015 298] 408, 59 | 162 35 | 50 PN 270
H, A Bl mon e
475 82 | A5 1013 299 008 R ot e
843 13.09 | AY5-3600 798| 4080 59 166 63 P g
8800 30 | DP304 450 4003 98 | 173 81 | 19 PN 182
8809 1911 | MC1488 055 4066 29 | 174 40 | 16 PIN 210
58821 20 | MC1489 055 | 4088 21 | 175 44 | 20 PN 548
68B10 00 | M(3446 295 4069 15 | 181 90 | 56 PIN 324
68840 470 { M(C3448A 425! 4070 14 | 190 36
. g 34 PIN 380
68850 286 | MC3480 785 407 119 a4 | 30 piN 150
500 FAMILY ME3487 288 4077 g 192 44 | 50 pIN 548
g% g;g mgm}; g-gg 4073 14 l S 44 | 20 PIN 838
592 29¢'| R03-2513L 6.99 jg;g lg 195 :ﬁ VIOEGC MONITORS
535 595 | R03-2513U 888 4077 25 | 198 45 | NEC GREEN SCREEN
5080 FAMILY 6402 445 4o7g 25 | 197 a5 oo
4702 745 23 1 05y i 9" Office for
085A 4.40 4081 .15 .54 -
7660 258 | 4 540 28 | 127 poceand
212 155 4002 20 .
516 080 | LF3%BN 558 oc5 84 | 241 85 deal
251 A 319 VOLTAGE 4086 51 | 242 .64 | CP INDUSTRIAL
D554 285 REFERENCES | 4003 25 | 243 864 | EPROM
ZN404 245V 049 | 4502 89 | 244 59 | Programmers &
BUFFERS IN423 126V 100 | 4507 38 | 245 60 | Erasers
11595 080 | 7n5gg 245V 1.08 | 4508 29 | 247 40 | EPA000 54500
1L597 090 | 7NRef025249v184 | 4510 248 40 | P4000 545.00
11598 0.90 | 7 Rel 040410V 1,60 {4511 44 | 249 68 | Lv141 78350
AT 24 Hour Telephone order service for credit card hoiders.
VISA All prices exclude VAT and camiage (0.45). ;
Official orders from educational and government establishments, and
public companies accepted Credit accounts available 1o others (subrect to status).
Al orders despatched on day of receipt Out of stock items will follow on automatically at our
discretion or a refund will be

F(ven If requested.
NO SURCHARGE FOR CREDIT CARD ORDERS

MIDWICH COMPUTER CO LTD

DEPT WW, RICKINGHALL HOUSE, RICKINGHALL, SUFFOLK IP22 1HH
TELEPHONE (0379) DISS 898751

WW — 055 FOR FURTHER DETAILS
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EP400

 DISTRIBUTORS REQUIRED
GP Industrial Electrnmcs Ltd.

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, 2532 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 EPROMSs 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 =
f98; @ 2732A Programming adaptor —
£39; @ 2764 Programming adaptor — £64;
® 2564 Programming adaptor — £64; "

™

— 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 - 019 FOR FURTHER DETAILS
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P8000 — THE PRODUCTION PROGRAMMER

THAT HANDLES ALL NMOS EPROMS

2704
2708
2716(3)
2508
2758A
2758B
2516
2716
48016
2532
2132
2132A

Checks, Programs, Compares up to 8 devices simultaneously 68732-0

Handles all NMOS EPROMS up to projected 128K designs -
with no personality modules or characterisers — See list 68732 1

Easy to use, menu driven operation for blankcheck, program,
verify, illegal bit check, checksum, self-test 68766
Constant display of device type, mode and fault codings

Individual socket LED indicators for EPROM status 68764
Comprehensive EPROM integrity checks — lllegal bit check,

data and address shorts, constant power line monitoring

Full safeguard protection on all sockets 2764
Automatic machine self-test routine

E:\%é“;leéfsf?c‘gf’vﬁ’;ﬁ‘éé';ftéegs + VAT 2564
vailable from stoc MK2764

Write or phone for more details
R T g

~ DISTRIBUTORSREQUIRED @  EXPORT ENQUIRIES WELCOME
GP Industrial Electromcs L, Jopoe orsassse

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

20000 000 ¢ €%

WW - 020 FOR FURTHER DETAILS
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Audio compressor/ limiter—Dec 1975—1 s.s_ (st ONENTS SPECIALISTS
iazs_ene recorder—May 1876—1s.s . {stereo) £4.25
_Audio compander—July 1976 — ) : £5.00 SN76666N 0.70
Audio preamphif N D=1 an :aGs INTEGRATED CIRCUITS| Jarsiarsss TBABIIAIZ 1%
Addi phfier—November 1976 -2 s s : TA7108P 1.00 250 TDA2523 1.96
S itional circuits—October 1977 —1ss £8.50 | TA710P 185 USRS ToAz524 19
Stereo coder—Apri 19771 d s 2.5 ' o £4.00 AN124 250 | MClaotieck | s I ToAsar a1 ooy | TDAZSI? 198
sz d|stort!on disc amplifier (stereo) —September 1977 —1 . £8.50 R B (TSEFR 0.32 TA7203 ju TBAGS1 1.75 TDA2540 1:§
o istortion audio oscillator—September 1977 —1 5.8 £2.00 ANs1z 298 | MCdiy 278 | varsoear ise Teaz20n 245 | TBAT The
ynthesized f.m. transceiver—November 197 $s . £3.50 AN7150 2.95 ML231B8  1.75 }:7205AP 1.50 8 R%00 2,66 u A2! 2.8
Morsemaker— e 7—2ds tss BA521 3.35 ML23 7222AP 1.80 0.89 DA2581 1.15
aker—June 1978—1d.s £12.00 ETT6016 1.75 ML23§3 1,78 TA7227P 4.25 TBAS10AS 1.35 TDA2530 2.96
(’\)/letzlul detector—July 1978—1ds ) £4.50 Hatseow 196 | ML2388 5 || BEE AL TeAB200 148 ToAZSS! 258
scill > 230 115 - 313AP 2.95 AB90 250 93 2.96
e Iosco[f)e waveform store—October 1978 —-4 d s £3.75 LA4031P  2.70 m%ﬁfgw :.;z TA76 1T BEg295 U IDA2500083/50
gulator for car alternator—August 1978 —1's ) £18.00 LA4102  2.96 PilogA 5-7: 0.25 g:szoo 1.66 TDA2610 2.50
\\;Vndepand noise reducer—November 1978—1 dss i £2.00 T AA1025 7.25 5 TBASS0/2X 2.8 ToAse0 280
ersatile noise generator—January 19791 5.5 ) £5.00 oo i sie SAASO00A 3.06 2o TBA990 149 TDA2690 1.3
2QOMHZfrequency meter—January 1979—15.; e 00 tc7130 350 ::SAgg‘;g 2;3 350 %g:ﬁi’? ke %MAMSGOO Heed
g!gh performance preamplifier —February 1979i'1 o ... £7.00 T HE SAS570S 178 £ TcA270 110 Upcasen 298
istortion meter and oscillator — .S £5.50 LM324N 045 SAS580 2.86 0.70 TCA270SQ 1.10 UPC575C2 2.78
M July 1979—25ss M L9018 4.85 TCA650 2 UPCY
oving coif preamplifier—August 1979—1 s.s : £5.50 LM%SS? gg 19178 8.65 ‘o.n TCAB00 2-?2 UPc|8‘z)é: g:
‘M_Liln_—r_v_\ode transceiver—October 197910 d.s ' £3.50 LM330N  1.95 Hg;g b 1% ¥82§335 14 UpciozsH 198
Ampllfccauon system—0ct. 19793 preamp 1 poweramp £35.00. M?,}g}gt g: 113270 110 :2_,:, ;é‘: 3%”2@222.75
Digital capacitance meter—April 1980—2s s oo -£4.20 each MBJ71 282,00 SN7G0TaN 1.95 075 | TDAIooeA 3o UPC s
§°|9”'9'aph'cs system—April 1980—1ds. i ... £7.50° MSEHe B SN76013ND’ 1% | mawm 1% UPCI167H 298
udio spectrum analyser—May 1980—3 s s . .. £18.50 ME132 098 | snisozan o Yso | DAt 250 UPC1185H 3.95
;Mulll-SeClIOr\ equalizer—June 1980—2s.s ) E10°50 MC13300 078 SN702N 188 i DAl 13 UpCocon 195
" —2s. ) .76 o . - 02H 1.
Floating-bridge power amp — Oct. 1980 — 1 iy Sy MCI3% 120 | SN7GI3IN130 Tio | ToAmzesis | HEY 0%
Nanocomp 680 ss. (12Vor 40V) £4.00 MC1350P 076 | SN762 ¢ 110 90 215 555 0.35
¢ 1p 6802 or 6809 — Jan., July, 1981 ~ 1d.s. 1 S MCI3STP 150 | SN7e2p7N 108 Vo | Toaa ss | 3% 0%
assotte interface — July, 1981 — 8.5, R £9.00 MC1352p 125 N N iizs | D412 70 723 0.50
Eprom programmer — Jan., 1982 — 1 d.s. £150 MC1357 235 | SN76533N 168 13| DAl om | 247 o
Logic probe — Feb., 1981 - 2d.s. £4.50 MC1285 300 | Sreceon 11 Yes | Toagoz 1s | 740 0.3
glodularfreqqency counters — March, 1981 — 8s.s £6.00 MC14%8 125 | SNiceeoNoBd i TDA3030 280 T0s om0
Cgto elsctronic contact breaker (Delco) — April 1981-2 ................................... £20.00 -00. .
synthesiser - Sept. — 1d.s. b 8.5 oo £4.00 SEMICONDUCTORS govse  oss | mra o | Raom
gecironlc ignition — March, 1982 — 1s.s £6.00 T - - Bg:gg g.% g;gﬁ 0.38 R201og :773
: N £4. BC1738  0.10 8D i 020 | R2322 i
Boards and glassfibre roller-tinned and driled. Prices incl do BE O ER s By iR Em i EE B
va JK'postage. Airmail add 30%, Europe add 10 S AC18 020 | BCi77 08 BD20z 088 | B4 03 | RCATe3M &
ance 10%. Remittance with order to: P %. In- Ak 032 | BCi7a 015 | 80204 gkl G5ed R || RS 080
M. R. SAGIN, NAN ' ACraik o34 ||| BS182 N0l Bnaas  oes 1 oree g || B8 H
.F. SAGIN, NANCARRAS MILL, THE LEVEL dax i) fme tR ) BB ) &8 ) e i
i ; - 39 023 i
ACITe 922 | BCied 009 BC232 038 TP 0.43
ANTINE, FALMOUTH, CORNWALL ‘S8 3Ll Bt B
Ao M | e 33:3 BDo% o048 | brmes e | MEm o
WW — 030 FOR FURTHER DETAILS ACiax o3 | 62l Gps | e oM | brra im | WA ok
s o) B B8 | R B8 || B 0z | TeaC 048
AD143 070 Bea2 0.09 BD242 0.50 BFW32  0.86 TIP42C  0.47
ADida om | B3 oos | B2ds 080 | BEXZ o || s, B
AD162 039 e 0.09 BD376  0.32 BFX84 029 1_':120 0.80
AD1E1/2 090 | BCa14C 5 D410 R0 s N arXas Jois2 Teias 1%
AH;;’ 0.75 BC214L 009 BD437 8-3 BFX86  0.30 TP14s 178
0.34 BC237 0. 8 BFX88 0.28 TP
Atias 034 | 8oy oto | BDA®  0s0 | grveo 021 o A
AF126 032 0.09 BDS06  0.50 BFYS1 TIP2955  0.80
AfiZe 02 | ecze ame | 806 049 | FYR2 g8 e 2
AF133  0.40 L BO520 065 | BFY90 020
- AF150  0.42 gggg?A i B 0.65 BR100 gg ;x;oe/z e
Quick, neat and / e es ehnai e Nen Sl NiE ) B s
5 anaeasy. Aule 200 | gcoss  o0zs | BDe% 110 BRC4%3 06 | N3 040
m wies | e aalini ae | e
It's so e . . BC107 530 | Beaos SN | BME o3 | Bris 1 | nares 0.12
] asy and tidy with the Easibind Boiora o19 | Bl X | BRI 024 | BTix 1% | N 0%
binder to file your copies away. Each sCio7e on | By 009 Brsa  ou | el 1Z | e o
binder is designed to hold 12 issues and is BCloe8 012 o R e g [ ceen:
attractively bound q BC I 8C327  0.10 BF173 BU125  £1.28 2N3773 TS
and blocked with th 100 010 | BC3m 02 | BUIZ 180 ‘
e BC1098  0.12 0.10 BF177 0.38 d 2N3792 1.3
WIRELESS WORLD logo. B 011 | Gina ags | 7S ose s U i U
4 omn BC3sIA O .34 BU208 139 -
1 i . BC1 0.13 BF180 . E 2N5296 0.48
Price U.K. £4.30 including posta BClIeA 018 | BCa61 o35 | BFIST o | B a8 ‘ 2N5298 0,80
i d p ge, pack- BC113 0 8Ca78 020 | BF1B2 029 26 120 | 2N 0.65
ingand V.AT 024 | BC527 BU326A 142 | 2SA
5 £ 42| oo Ee 2 e b nE R
0.31 - 0.28 BU&OT 124 y
Overse . BCl0 031 | pCeas  0tp | BFISS 028 | B 25 0.80
as orders add 25p per binder Be o BCsisa 0s | BRiss o1 Buso 228 | 25C1086 080
H 024 - .11 i
Nat. Giro No. 5157552. sty $e | BS. 0% | B on Mikoo 1 | SCie 1%
478 0.09 | BC5578 0. by MJE340 040 | 25 i
Ple . R 38| EEE & | B BRI MEE 048 C1307 150
ase allow 3/4 weeks for fulfilment of BC1488  0.09 BEYIIA ?';3 3;199 0.14 MPSA12 0.20 %3813?3 0.80
order 8C149 008 | BDVIS 0. 200 040 | MPSA13 020 s
' EF o o e e g R
58 009 | BDi24P 0. .30 | MRFASOA 1150 3 G
BC 089 F246 g 2SC1957 0.
Payment by ACCESS/BARCLAYCARD/ S oo | B3 o3 | Bz om | Meris s | 2ciw 1%
VISA. Send coupon below detailing credit e, o4 | im0k BrzsT 08 | MREa7s 280 T I
card no. and signature B owe | BOVR 030 | B ozs a T | e i
' BOTIA 010 | BD13 o3 B o3 | Op dm | e 1
0.10 L 013 i 1
Why r|10t glace your order now? Send the B2 ol | ebim ox | ony oz 0l os | 23023 030
completed coupon belo Hho : 10 | BD140 i b oc70 0.45 N g
w with remitt BC172C 010 | ap 0.30 BF. 0.32 6671 K 211 180
payable to: ance e 9% | R 0% | Oca o
. BY193  0.40 |
Easibind Ltd.,4 Uxbridge St DICOESHEL o Mo N 85 CRT TUBES
L . PYVEPS BY208-800 0.33 IN4OOS  0.06 |
ondon. W8 75Z 7 .08 | BY210-8000.33 IN4O06 0,06 | -
’ . a2 g.g BY223 090 insoo IR oioe A selection available.
R —— ~ BA1es Ca | Do LR o Prices on request.
I~ £l 148 017 BYX10 020 : 38P1
- BA154 008 . IN5401 012 £10 D14-210G
Order Form WIRELESS WORLD BATSs 013 BYX3E150R | INsaz 014 ggHPn £35 D14—12006HH
0.15 3 -
I enclose P.O/cheque value _ BAISE 018 | BYXISGOR | NS4 0.1z 135':; £30 D14-260GH
Years required.................... binders BAX1Z 004 | Byxcreco 030 | NS4 on £35 95447GM
BL oK \ETTERS PLEAGE ™ B Baic-e oS0 | g;v";;g)o‘l 3‘32 :25407 0.18
Name .. griei o7 | oadr 009 INcios 016 | DATA & EQUIV. BOOKS
NS o T R e 0.10 OA0  0.08 7923 01
g“g; o 0431 0.08 1TT2002 o'1:
Date ...... 2 BY184 g:g ! 8::?32 g(:: - ;ran:istor Data Lc DATSA
........................ B . p . ooks i L BOOK
p . Registration No. 307469 BYE 120 | INgw 0o 74LS SERIES ProKS pewd- | UN 1 covering
= T ¥ N ¥ BS BE | Mo os | e, | gt | RS
- am . 2 0o books, 80 | Blt lmare
on request pair. 2:%Iators
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PHONE

0474 813225 :
3LINES MEOPHAM GREEN, MEOPHAM, KENT DAI3OQY WESTSTG

P. M. COMPONENTS L
SELECTRON HOUSE, WROTHAM

TELEX

ROAD 965966

1.00 0.65 QY4-250 6. uLs4 0.85 z:;g g; ;}g 1.95 };:
A SELECTION FROM OUR 190 Ges | aveseo Fret 32.00 215 o0 6.50
STOCK OF BRANDED VALVES 450 1.20 15, 350 150 450 128 1.50
2.15 0.40 | Q20620 0.70 0.95 250 075 :‘cg
A1714 1850 €1148 1.00 EF34 0.55 450 1.35 R10 3.:50 ;g ;gg ;:50 oo
A1998 1150 | EAS50 1.00 | EFgs5 1.00 1.00 135 12,50 RE o 250 Al
A2087 11.50 EA76 1.95 EF97 0.90 0.90 0.40 4-50 17'50 4'00 1_00 o0
A2134 1495 EA79 1.95 EF98 0.90 0.75 1.35 & L o irog S
A2293 650 | EAA91 080 | EF183  0.65 0.80 0.60 ;'50 750 0.48 85 200
A2426 1750 | EABCBO 088 | EF184  0.65 0.75 1.48 qu z 000 350 B'oo 800
A2521 21.00 EAC91 250 EF731 1.80 0.60 1.00 RG -125A VP41 .50 % & 5. o 2]
A2599 37.50 EAF42 1.20 EF732 1.80 1.05 125 RG1-240 VP133 2.00 o 23 0.8 hsie
A2900 1150 | EAFBOT 140 | EFgo0 1100 3.50 0N n VRS > 098 080 i 4.00
A3042 24.00 EB34 1.50 EFS04S  9.8% 4.00 0.80 G3-250. gﬂg?/ao 3.3 o oo oo b
283 24.00 EB41 3.00 EFBO5S  9.86 350 250, 2 :5 VR101 0 335 150 0.65 2.00
AC/HL/DD 4.00 | EB91 052 | EF806S 9.85 3.50 0.75 RG3-1250. 10 2.00 33 50 oles a0
CP 4.00 EBC33 250 EF812 0.65 3.50 0.80 52! VH105530 1.50 A 2% = 5100
AC/PEN 400 | EBCAT 195 | EFL200 150 0.70 0.65 RK2K25 62.50 VR150/30 1.06 4150 2150 3,55 2
AC/THI  4.00 EBC81 0.85 EM90 0.72 1.50 1.60 RG4-1000 :I/TSZ 2.50 H o 0.8 8
AC/VP1  4.00 EBC90 075 EKS0 0.72 3.50 0.80 10.00 VU39 150 382 200 e oled o
AC/VP2 400 | EBC91  0.75 | EL32 0.96 4.00 0.80 RK-20A  12.00 X6120  5.00 ICAII00 o Lo 5100
AH221  39.00 EBF33 2.50 EL33 4.00 1.00 3.50 RL16 1.50 VX9133 5.00 i s 1= I o
AM238 39.00 EBF80 0.50 EL34 1.95 3.00 365 RPL16  12.00 VX9181 5.00 e e HES 250 s
AL6O 8.00 EBF83 0.50 EL34 Mullard 7.00 2.00 RPY13 250 w77 5.00 . d 4.00 oo
3.50 2,00 RPY43  2.50 w729 100 | 3D21A 29.50 10.35 195 55,
oy ol BER (5 Gl 56 | 3D22 1950 | 6CL6 350 20 12.95
AL ESE” g || B oy ig 550 ::;82250 3;3 o 150 | 197 33300 | 6Cisa 200 oS 18.50
ARP’ 2,00 93 d EL37 9. . . - ! . 1 g .
AZS‘?S 200 | EBLI 150 | £L38 6.00 4.00 3.00 RR3-1250 65.00 X79 350 g\x%? 39;3 ggglss a.gg 150 123‘3
BL63 2.00 EBL21 2.00 EL4Y 2.2 4.00 2.00 RS613  45.00 XxC12 1.50 pwaGTgma s o o L.;.o 2
BS450 67.00 EBL31 3.95 EL42 2.00 3.50 1.25 RS685 54.95 XC15 1.50 ¢25%A o) a3k K= 0.70 oiod
BTS 49.50 EC52 0.75 EL81 3.95 2.00 2.50 RS688 52.15 XC25 0.50 S e iod xS 4 275 o
Bl || o i | B e % 1% | R mn | o 1B RW | ke 1% | e 550
BT 12.50 1 s EL84 0.69 . . : I - . .
C.Kg I:.OO EC86 1.00 £L85 450 KT67 5.00 1.50 S11E12  38.00 XFW47  1.50 ﬁiggg: 3;:3 ggg; g:g gg 147 zgg g g-g
CaJA 18.00 EC88 1.00 EL8E 0.85 KT77 Gold Lion 0.72 530/2K 12,00 XFWS0 1.50 S 63-75 o 2'50 12H27A 3% 0.90
Clio8 5500 | EC90 070 | ELSO 0.82 9.50 072 $104/1K 10.00 XG5-500 22.50 e 34 || & 250 | 1HGIA 395 | A D90
o 2| B2 4 || B 99 | KieBusa 700 08 | A% eS| ke s | v 7% | eeos 175 | 1oke o0 | 205 8.95
C1148A 60.00 2 . EL95 0.70 i X . Y i ]
cusn B KB x| i | Koy b S, R | ERoim ) S owm)omm | ger dm ) a9
1 3200 | E 7. EL183P 350 : . . d . ! .
83?31 200 | EC97 110 | EL360 795 | KTwel 2.0 1.20 SC1/1200 5.00 XP1002 29.00 gﬁ]gg& 13.2 g:ﬁg :gg BQZ?TT 0.50 glgc :.g
CCA 2.60 EC8010 6.00 ELS00 1.40 KTw62 2.00 1.00 SC1/140012.00 XR1-1600A A 1.20 B 3400 12§H 'GT 1.00 sei2 3.20
Cl30 200 | ECC32 300 | EL504 140 | KTW63 150 12.50 SC1/2000 9.00 49.50 sANg 20l gerL 200 125.(; 100 | sest 3.20
CLa3 2.00 ECC33 350 ELS08 1.90 KTZ63 250 0.95 SP2 1.50 XR1-3200A AU o ey e 25k (1,400 ] e
CMG25 9.00 ECC35 350 EL509 3.75 L63 1.00 0.95 SP41 5.00 79.50 Bty s g3y i 123#{7 T 1.2 e i
Eates || Bt B | EBR &= L120/2% 13,00 e | S8 | 0 s0 | iosem 140 | or1s  oas | a0 T % | %w 350
S ap| o g x| il 13 M gm ) v, o am ) Samum g iR om & iR
DAF91  0.45 110 | EL822  10.36 - . . - . . X X
DAESG 065 | ECC82 055 | EM1 400 | LCH200 135 | PLB20 235 | STV280/80 Y802  12.00 gg-zzzsaM ::.:g ggi g.:g Sg; "?'w g;;g gg
DC70 1.75 | ECC82Philips EM4 900 | LF184 100 | PY32 0.60 19.95 YJ1060 285.00 c22] aloall| ek 24 ez 00 | 572 o
90 1.20 110 | EM34 750 | LFL200 136 | PY33 050 | Sua2 4.95 YL1020 29.00 | S| $ : ar25 2 5E 100 | 5726 B
DCX4-1000 ECC83  0.85 | EM35 150 | LYS00A 175 | PYB) 0.70 | TB2.5/3000 YL1060 15.00 5R4% zg £28 125 | 17Dwea 125 | 5727 B
1200 | ECC8Mullard | EMBO 070 | MS502A 13500 | PY82 0.70 YL1070 115.00 5u4GB ors | sy g0 :uza 180 | 5749 250
DCX4-5000 1. EM81 070 | MS37A 160.00 | PY83 0.70 | TB2-300 45.00 YL1071 109.00 53:6 2isol)[GRGS Bgpss 1323 1'?" S75 200
2500 I e BB '&33?3 15600 PYe00 2% To1-1008 ¥H§3‘3 8% 2v3eT o080 | coke  1ea 13H9 ® 22'92 5763 350
TI0  6.00 1.10 | EM8S 110 : . y : . ; X
Srpodm | sow B8 G IR e lm ) am wm | Tover,, | S ) c e e R m ) A i3
SR G| Eom e | BN SR ) wmm gm ) ontoen | omee tm | zocoam | e am ) sy ) an ol e s
1 070 | ECC88 075 | EN32 11.95 i i d X d i i I
BES; 080 | ECCO1 200 | ENSI 110 | MB098 320 | QB3300 3050 | TSP4 7.00 25055 15.00 gﬁg; g.z g:lfGT ﬁg ggt‘rs g‘g ssgglA 3;.:3
DF96 0.65 ECC180 0.72 ENS1{SQ) 2.50 M8099 4.00 QED3-10 3.50 TT11 1.50 2520M 4.00 e 980 o 1 2013 % e 950
DHE3 120 | ECC189 078 92 450 | M8100 285 | QEDB-200 TTI5 3496 Z521M  8.00 N, B G 1% | o g'oo 5899 4150
DH7Y 090 | ECC801S 350 | ES1500 11500 | MB136  7.00 13000 | TT21 1950 Z700U 3.0 SARY 25 | 6l or | e 080 | 563 200
OH79 056 | ECC803S 350 | ET1 1100 | M8137 $50 | QP25 100 | TT22 1950 Z749 0.60 BAGH G 92 | 25 108 | o068 23
DH149 2.00 ECC804 0.80 EYS1 0.80 M8161 5.50 QQEO2-5 12.75 TY2-125A 2759 19.85 A 3 Seos 3o 0 5 8.0
DK91 090 | ECCB07 196 | EY81 080 | M8162 650 | QQEO3-12 6.50 45.00 2800U  3.00 5 R EE B s f% 60600512 =
DK92 1.20 ECC808 2.95 EY83 1.50 M8163 3.85 QQE03-20 TY4-400 85.00 2801V 3.00 Sﬁjg 200 s HEl e ] ek el
DK96 250 | ECC2000 12.00 | Evs4 695 | MB1%0 386 27, TY6-800 186.00 Z803U  18.95 o) 2io0f] J6S6 25 §9c1 A7 | eont 39
o i Eg:gg 8 'S B B 33132 32 OQEOGM:E 50 m-sooo;s %% 2'3 6AK6 200 | 6KDS 450 | 30 285 | 6059 375
1.00 - EY86/87 0.50 : . : : I
83?) 250 ECF86 170 EY88 0.55 MB204 2.00 QCV02-6 12.75 TY8-600W 2A1002 150 225’4 0:!2;52 gﬂg gg 308 0.70 60660602 lg
DL73 250 ECF200 1.85 EY9N .50 M8223 2.00 QQv03-10 5.50 385, 2C1040 8.00 CAVE : £ KT o ggmg, 0.40 o6a 200
DLSY 1.50 ECF202 185 EYS500A 1.50 MB224 2.00 QQavo3-20 TYS2/250 ZM1000 7.50 e 1.20 e 1415 S0c 23 s 3.25
DL92 060 | ECFS01 085 | Fyso2 070 | MB225 200 18.50 375.00 ZM1001  5.00 AMg iizaly [Relen e | 2a 148 | coes 3z
DL93 1.10 | ECFBO4 800 | E235 075 | ME1400 4.00 | QQV03-20A U120 275 ZM1005  8.00 G, B2 || GEE g Sl 0ss | s067 e
DL96 250 FBO5 280 | E240 126 | ME1401 2950 17, u19 11.95 ZM1020  8.00 EANS o0 | S 880 | e 0 Ylistze 420
DLS10 800 | ECFBO6 1025 | Ez241 128 | ME1403 2950 | QQV03-208 u22 1.00 ZM1021  8.00 eaas 2 el % |2 % 1. 0B0 M=+
DLS16  10.00 ECH3 2.50 EZ280 0.60 ME1501 14.00 32.00 u24 2.00 ZM1023  7.96 o g.w T 298 FL12 0.95 o K
DM70 1.0 | ECH4 300 | Ezst 080 | MS4B 550 | QQVOG-40A U256 0.90 ZM1041 1400 | 6ARS 1 NG 150 | 30rL13 130 | 609 2
DM160 275 | ECH35 160 | Ezg0 096 | MUia 150 8. u26 0.90 ZM1050 14.00 GASg 200 | 6p15 980 | FL14 125 | 613 0190
DYS1 00| ECH42 100 | Fwa/500 200 | N37 1350 | Q020320 u3y 9.00 ZM1080 1250 eAss || G2 3% ggt15 045 | 6136 250
DY80 1.20 ECH81 0.58 FW4/800 2.00 N78 14.95 42. (V23] 0.70 ZM1082 9.00 AR I 7.50 i 1.20 0L17 0.60 e 5.“
DY86/87 055 ECH83 0.78 G1/371K 30.00 0A2 0.60 QQZ06-40A us0 2.00 ZM1084 10.00 oA 18 oL ey 3 " g,oo s S
DY802 0.80 ECH84 0.69 G55/1K  9.00 OAZWA  1.5%0 4525 us4 4.50 ZM1177  9.00 GAU‘Z o em o 30P1M .00 oo 250
E1T 9.00 | ECH2000 150 | G180/2M 9.00 | OA3 250 | QS72/20 150 | U82 3.00 ZM1202  55.00 S go 817 190 gg; 2 100 | 6211 3
EssL 2150 | ECLBO  0.80 | G240/2D 9.00 | 082 080 | QS75/40 3.00 | U191 0.70 ZM1263  4.00 e 0. 7; esc) 50 P}a 060 | 6257 150
E80CC 700| ECLB2 065 | G400/1K 14.00 | OB2WA 125 | Q592/10 5.00 | U192 1.00 ZM1612  3.00 Gﬁw N o,95 o567 120 | 30k 100 | 8350 o
£80CF 10,00 | ECL83 138 | GC10B 1750 | OC2 250 | QS95/10 485 | U193 0.5 2T1011  29.00 gB BA 2. oz p 129 doeLi 250 e
E8OF 950| ECLB4 074 | GC100 1750 | OC3 150 | QS108/45 400 | U251 1.00 1ACE 1.20 26 1.50 psiz 120 | Sopita 0.0 66386545 450
E80L 950| ECLB5  0.6% | GC10/4B 1780 | OD3 170 | QS150/15 5.00 | U291 0.60 1B3GT 195 GBAGW 0.50 6SK7 L 080 | SpLia 175 | 8345 8150
E81CC 350 | ECL86 0.74 GC10/4E 17.50 OoM4 1.00 QS8150/30 1.15 U301 0.56 188 2.50 GgAG 150 d 31JS6A 296 R 100
€810 12000 | ECLBO5S 0069 | GC12/48 1750 | OMSB 300 | QS150/45 7.00 | U801 0.75 1822 1000 | 6 A;A 450 | 6SLIGT 0.72 AS 450 | S350 H
EB2CC 380 EDS100 360 D86W 600 | OMS6 175 | Q51200 395 | UABCBO 0.86 1824 1495 SSC 3.3 6SN7GT  0.69 | 35L6GT  2.00 ol sToe
EBICC 350 | EF22 250 | GDT120M 5.00 | OMS9 400 | QS1202 395 | UAF42  1.00 1C1 120 | 6BC8 1. 65Q7 080 | 3BW4 070 75933025 Sico
E83F 350 EF37A 200 | GEl0 900 | ORP43 250 | QS1203 4.15 | UBFBO  0.60 1C5GT 1.0 | 6BD4 150 | 6557 195 | 3523 185 | 20 i
Eoar a0 EF39 100 | GN4 600 | ORPSO 395 | QS1205 3.95 | UBCA1 175 105 100 | 68D6 100 | 6U4GT 175 | 38HE7 450 | 1027 100
E88C 800 EFa1 350 | GN10  15.00 | P61 250 | QS1206 105 | UBC81 150 1FD1 0.90 | 6BE6 072 | 6USG 150 | 47 soo | 7032 £
ES8CC 260 EF42 350 | GR10G 4.00 | P41 250 | QS1207 080 | UBFBY  0.60 1G3GT 100 | 6BF5 160 | 6UB 0.80 | 5085 150 | 7058 150
£o0C 2%0| EFs0 150 | GR10J 400 | PABCBO 050 | Q51208 090 | UBL21 178 e 080 | 6BG6G 125 | 6UBA 150 | 50C5 095 | 7189 120
E90F 795| EFS5 225 | Gs1woC 1200 | PCse 0.75 | QS1209 200 | UC92 120 1L6 150 | 6BH6 195 | BV6GT  0.80 | 50C 115 | 7799 B
E91H a50| EFT 150 | GSi10H 1200 | PC88 0.75 | Q51210 150 | UCCB4 070 1LAG 1.00 | 6BHB 150 | 6X2N 1.00 | 52KU 200 | 7247 ks
€a2cC  225| EF72 120 | GS120 1200 | PC92 120 | QS1211 150 | UCC8S  0.60 INSGT 250 | 6BJ6 120 | 6Xa 0.96 | 61SPT  45¢ | 7360 o
E99F ga9| EFI3 1.00 TIC 1700 | PC97 110 | QS1212 320 | UCF80  1.00 182 055 | 6BK4 4.00 sxse;v 050 | 75B1 150 | 7479 ooy
E1i0L 1480| EF8O0 055 | GT1CS/S1300 | PCBO0 110 | QS1213 500 | UCH2! 120 174 045 | 6BK7IA 195 6§52 1.00 | 75C1 135 | 71 %0
E180CC 680 EF83 350 | GTE175M 8.00 | PC900 078 | QS1215 210 | UCH4i 1.20 1U8 100 | 6BMB 058 | 6X8. 225 | 76 150 | 7358 %0
E1826C  900| EF85 050 | GTR150W 1.00 | PCCB4 040 | Q51218 500 | UCH42 135 1X28 115 | 6BN4 185 1 7A7 200 | 83A1 700 | 7381 Hs
EigOF ~  8.80| EF86 095 | GU20 7000 | PCC8S 054 | QU37 1150 | UCHB1  0.65 2AS15A 10.00 | 6BNE 185 | 7AD?7 175 | 84 300 | 7586 900
E186F 880 EF86Mullard GUS0O 1500 | PCCs8 070 | QVD3-12 350 | UCLB2  0.80 2C21 1.00 | 6BN7 450 | 787 140 | B85A% es¢ | 7591 e
E280F  19.50 180 | GXU1 13550 CBS 070 | QVO525 1.75 | UF4) 115 2C39A 1895 | 6BNS 275 | 7C5 3.00 | 85A2 200 | 7868 Faiog
£sR3cC  780| EFE9 0.85 | GXU3 2400 | PCCi89 070 | QVO6-20 2950 | UF42 115 2C39WA 2950 | 6BQS 069 | 7Cs 250 | %0av 1000 | 5072 4
E2836C 1350  EF91 125 | GXUS0 15.00 | PCC805 070 | QV08-100 UF80 0.80 2C40  37.00 | 6BQ7A 072 337 z.g 90C1 230/ | 8136 100
£810F 1800 EFS2 250 | GYS01 120 0.80 1850 | UF89 1.50 2C40A 5500 | 6BLS 0.65 7 2. %0CG 1350 | 8298 o
- EF93 08 | GYs02 100 | PCE82 080 | QY3-125 5435 | UL41 350 { 2C42 2950 | 6BRS 070 | 757 300 | 91AG 9.00 | 8417 o)
9006 0.90
WIREWOUND RESISTORS BASES ETC. ZENER DIODES 18042 7.50
CAL 5 N
PREFERRED VALUES g;g smeg'm BZX61 0.15
4R7-1K8 0.15 6V2 7V6 8V2 9V1 10V 11V 12V 13V
2K2-6K8 018 e 3'38 15\\; 16V 18V 20V 22V 24\\; 27V 30V % ENTRANCE ON A227
. W
4Watt o oz B8 ol e zves ooy Y 50 YDS SOUTH OF MEOPHAM GREEN
BIA Skirte f
R47-4K? 0.8 . 2V7 3V 3V3 3V6 3VQ 4V3 4V7 5V1
5K6-12K 019 om & 5V6 62 6VB 7V5 8V2 9V1 10V 11V CAR PARKING AVAILABLE
7 Watt B138 050 Y TR 57 107 0 2239 FRAY €87 OPEN MONDAY TO FRIDAY 9a.m.-5.30p.m.
JsKz2K 020 Srnel, O 8 % 24 HOUR ANSWERPHONE SERVICE #
L1R10K S0 20 14 Pin DIL/Q THERMISTORS | BATTERIES ACCESS AND BARCLAYCARD ORDERS WELCOME
TTWalt o oz 0.30 , * MANY OTHER ITEMS AVAILABLE 4
: - 16 PinDIL 0.15 vmmos g.g v ;ot\:/er_ Mike AT AT 15°%
1R-10K 0.26 OCTAL  0.35 VA10565 0. atteries
17 Watt CANS 027 VAN 070 | TRIZS €140es UK ORDERS P&P S50p PLEASE ADD VAT, o
- . 4 X other prices on
1ek2zK 028 ggA Fee g ;g 52?333 0.25 reguest EXPORT ORDERS WELCOME. CARRIAGE/POST AT COST
WW-2 B9G 0
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Koo Hose
londacks CLEAN

BY USING A

DIACROM
SPATULA

PORTABLE
COMPUTER

| - EPSON S NEWBRAIN
’ , Covvrar MODELS FROM £199 | |

| OSBORNE

Manufactured in France

", / REVOLUTIONARY PC1500 \
British Patents applied for WITH BATTERY OPERATED D’I\g‘(\:"‘éigggg}BFngE

SYSTEM 11250

No other cleaner has all these advantages: —
1. Only 100% pure. natural diamond grains are uthsed

2. Blades are treated with hard chrome to reintorce the setting of the diamond grains, to
obviate loosening or breakaway during use This process also prevents clogging of the
diamonded surface by residues resulting from use

3. All diamonded biades are rectified to ensure an absolutely smooth surface by eiiminating T A
diamond grains which may rnise above the surface. This eliminates all excessive \ T:ABA%OB?LF:EEE)IQF';I%E(P)NDAPV microcomputers and
scratching during use \ R \\_ accessories. Portable - /
4. All diamond grains are rigidly calibrated to ensure a perfectly uniform grain size of either —— ‘:‘r— battery operated and 1
200. 300 or 400 5 HEWLE I I I} efficient.
5. The chrome gives a very weak co-efficient of friction and the rigidity of the nylon handte 15 PACKARD \ )/ / TO"’IFH"H. for people
calculated to permit proper utilisation and yet pliant enough to avoid undue pressures on HP75 PROFESSIONAL/ \ / on the move with no
highty deli 1 o a
ighty delicate relays / SCIENTIFIC COMPUTER compromises”
® Grain size 200. thickness 55/100 mm.. both faces diamonded. For quick cleaning of industriat ( I COMPLETE 1728 L=
relays and switching equipment. etc e Wi e - v T —T_j” F ﬁ . 3 2
® Grain size 300, thickness 55/100mm. both faces diamonded. For smaller equipments. Itke = 2 B ey e

1elephone relays. computer relays. etc.

® Grain size 400 thickness 25/100 mm. one face diamonded For sensitive relays and tiny
contacts. Two close contacts facing each other can be individually cleaned because only one
face of the spatula is abrasive

Sole Distributors for the United Kingdom
SPECIAL PRODUCTS (DISTRIBUTORS) LTD
‘81 Piccadilly, London W1V OHL. Phone: 01-629 9556

As supplied to the M.O.D., UK. A EA. C.E.G.B. British Rail and other Public Authorities; |
also major industrial and el ic users throug the United Kingdom.

WW — 024 FOR FURTHER DETAILS

Transam

Microsystems Limited

59/61 Theobailds Road,
London WC1. Tel: 01-405 5240

WW - 045 FOR FURTHER DETAILS

by Orr R DI Price: £28.00 REcHARGEABLE
VIDEOTAPE RECORDING ) - o
by Robinson Price: £13.00 ‘
SERVICING WITH THE OSCILLOSCOPE ]
by King Price: £8.00
RADIO & TV SERVICING 1981-82 MODELS ) ! b
by Wainwright Price: £21.00
RADIO & ELECTRONIC LABORATORY H/B . |
by Scroggie - oNY Price: £23.50 PRIVATE & TRADE ENQUIRIES WELCOME
A Price: £39.50 Full range available to replace 1.5 volt dry cells and 9 volt
by Ballard Price: £33.50 PP type batteries, SAE for lists and prices. £1 45 for
TRONICS gy ; "
wilggrw?;/%/%c onie Price: £15.50 booklet, ”’Nickel Cadmium Power,” plus catglogue.
PUBLIC ADDRESS H/B 2nd ed. Price: £8.70 # New sealed lead range now available &
by Capel rice: £8. )
vhepe + PRICES INCLUDE POSTAGE & PACKING # Write or call at:
THE MODERN BOOK CO. SANDWELL PLANT LTD.
Specialist in sciantifiignd$£w4agoks 2 Union Drive, Boldmere
PHONE 934038106 Ciowad SATURDAY 1 p.m. Sutton Coldfield, West Midlands, 021-354 9764
Please allow 14 days for reply or delivery After Hours 0977 616913
WW — 005 FOR FURTHER DETAILS WW -~ 039 FOR FURTHER DETAILS

ORDER YOUR FAVOURITE
o\“ AUDIO ACCESSORIES BY MAILE

SEND FOR YOUR FREE COPY
OF OUR 1982 CATALOG

OVER 250 ITEMS
INCLUDING DIRECT BOXES. MIC-SPLITTERS,
SIGNAL PROCESSING, AUDIO MODULES. 2
TRANSFORMERS & MANY OTHER ACCESSORIES §

PAGES WITH TECHNICAL DATA
8li2'x11 & USE DIAGRAMS

A compact mains-powered unit with one
balanced input and ten a.c. and d.c. iso-
d Iated floating line outputs.
nlsTnlBuTloN ¥ Exemplary R.F. breakthrough speci-
fications giving trouble-free operation
in close proximity to radio telephones
AMPLIFIER 3

* Excelient figures for noise, THD, static
and dynamic IMD

* Any desired number of outlsts may be
provided at microphone level to suit
certain video and audio recorders
used at press conferences

% Meets IEC65-2, BS415 safety and
1.B.A. 'signal path’ requirements

Also available as a kit of parts less the

case and all XLR connectors for one or

ten outlats.

Broadcast Monitor Receiver 150kHz-

30MHz % Stereo Disc Amplifier 3and 4

Moving Coil Preamplitier % Hlluminated

PPM Boxes % PPM Drive Boards and

Ernest Turner Movements + Stabilizer

and Frequency Shifter Boards % Peak

Deviation Meter & Programme and De-

viation Chart Recorders & PPM5 20 pin

DIL hybrid.

SURREY ELECTRONICS LIMITED t
The Forge, Lucks Gresn
Cranieigh, Surrey GU6 7BG
Tel: 0483 275957

B oz asIURERRREeS IR ¢

We Ship the fastest & most convenient way for youl Most Shipments From Stock

SESCOM, INC.

RETAIL SALES DIVISION (702)384-0903
1111 Las Vegas Blvd. North (800)634-3457
Las Vegas, NV 88101-1197 U.S.A.  twx (910)397-6996

PP P PP PP PP P PP PO W W O PN
NI N I TN NN N NN NN

20 WW - 040 FOR FURTHER DETAILS WIRELESS WORLD JANUARY 1983



ALL MODELS ON DISPLAY TEST EOUIPMENT CENTRE

CALL IN AND SEE FOR YOURSELF
OPEN SIX DAYS A WEEK

RETAIL e MAIL ORDER © EXPORT @ INDUSTRIAL ¢ EDUCATIONAL

TRIO 20 MHZ DUAL TRACE 'SCOPES

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

€S1820 Delayed sweep: 0.2psec to
0.5 sec sweep.

Modes CH1. CHZ DUAL and ADD.
List Price  Qur Price
£539.00 £420.00
inc. VAT inc. VAT
(UKC/PL4)

CS 1566A NOR. AUTO. VIDED:
0.5psec 100.5 sec sweep:

sl‘“'\ \g_

Modes CH1. CH2. ALT. CHOP and ADD:

100 KHZ TO 30 MHZ
6 Band Trio RF Generator.

Int/Ext MOD. Variable 0/P to 100mV
Am int 400HZ M0O.
SPECIAL PRICE

£5995

inc.

(UKC/P£2) yaT

AG202A matching
20HZ to 200 KHZ
Audio Generator
£78.00 inc. VAT
(UK C/P £2)

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

UK C/P65p all models

“KD25C 13 Range 0.2A OC 2 megohm
(SW) £26.50
“KD30C 26 Range 1A AC/0C 20
megohm (RS)

*KD55C 2B Range 104 AC/0C 20
megohm (RS] £41.50

‘601 26 Range 2A AC/0C 20 megohm
(PB) £36.50

LOW COST DIGITAL MULTIMETERS
37 DIGIT LCD HAND HELD DMM's:

-
188m 16 Range 104 OC INO AC)
2 megohm plus Hle (TRANSISTOR)
tester {RS) £43.50
189m 30 Range 10A AC/0C 20 megohm
nIus Hie Tester (AS] £69.95
*DM2350 21 range miniature auto
ranging [SW) £55.

fL:ISIBPr‘l?e Our Price E

o £299 w 5 VEAR GUARANTEE] o e

(UK C/P£4) inc. VAT Optional probes - see below MULTIMETERS
DIGITAL MULTIMETERS '

Hand Held Models 3/, Digil LCO
{UK C/P 65p)

129 25 range 0.8% basic 10A AC/DC
rotary switches (Keilhley)
130 as model 129 but 0.5 "sbasic
|Also see above]
Bench Models 3, digit LCD unless
staled (UK C/P 90p)

£79.35
£102.35

ANl models complete with leads and

batteries

2010A LED 31 range. 10A AC/0C

basic 0.1% [Sabtronics) £81.50

TM353 LCO 27 range 24 AC/0C

hasic 0.15% (Sinclair)

2015A LCD 31 range 1DA AC/DC

basic 0.1% [Sabtronics) £89.50

TM351 LCO 29 range 10A AC/0C

hasic 0.1% (Sinclair) £113.85

2001 LCD 2B range plus 5 range

capacitance meler 10A AC/DC

basic 0.1% (Pantec) £108.00

TMA451 4% digit LCD every facility

and lunction 0.02% basic | Thandar]
£171.00

15034 43, digit LCD 30 ranges

10A AC/DC MHZ counter 4 KHZ osc.

0.05% basic [Thurlby) £171.00

1503HA As above but 25A and

0.03% basic £189.75

-

PROFESSIDNAL RANGE (UK C/P £1.20)

HM307 Single trace I0MHZ 5mV-05
micro sec. Plus built in component tester
6x 7cm display {HAMEG) £158.70
Optional Case £18.40
3030 Single trace 1SMHZ SmV:0.5
micro sec. Plus builtin componen| tester
95mm tube. Trig. to 20MHZ (CROTECH)
£172.5

HM203/3 Dual 20MHZ: Trig. to
30MHZ 5mV: 0.5 micro secs. B x 10cm
display (HAMEG) £253.00
HM203/4. As above but 2mV +
Algebraic add (HAMEG) £276.00
CS1562A Qual 10MHZ 10mV.

ANALOGUE MULTIMETERS - GENERAI. RANGE

Low cost reliatie meters (ANl supplied
with batts/leads) (UK C/P 55p)

BANANA 15 range pocket 20K/ Volt
plus cont. buzzer (illus)

£20.64

ET102 14 range 2K/ Vol pocket £5.95

ST5 11 range pocket 4K/ Volt
NH56R 22 range pocket 20K/ volt

£6.50

£10.95

YN360TR 19 range plus Hie test
20K/ Volt

KRT5001 16 range 10 amp DC
range double 50K/ Volt
ST303TR 21 range plus Hle Test
20K/ Vol
AT1020 18 range Jeluxe 2KV :nd
Hfe Tester

£12.95

£16.50

£16.95
7.50

TMKS500 23 range plus 12A DC plus
cont. buzzer 30K/ Voll

168m 36 range large scale IOA
AC/DC 50K/ Voit £
360TR 23 range large scale 104
AC/DC Hfe test 50 meg ohm.
1KV AC/0C 100K/ Volt

Choose (rom UK's largest range

28.50

£36.95

All teaturing AC/DC Voits/Current
and Ohms ranges with Batls/leads
MAJOR 20K 29 range 20K/V.
21,ADC 12',A AC (PANTEC)  £33.90
MAJOR 50K 29 range 50K/ V.
2/,ADC 12'%A AC (PANTEC)  £40.25
PAN3001 34 range 40K/V.5A
AC/DE 50 Meg. [PANTEC) £59.80
Also S00KHZ - 500MHI signal injector
and 3 range cap. meter
PAN3003 42 range 1 Meg/V. 5
AC/DC 1 pAFSD (PANTEC) £66.70
NOTE 3001 & 3003 Electronic
Protection Mirror Scales)
PORTABLE TV COLOUR
GENERATOR
MC101
8 patterns/dots/lines elc Buill in
nicads. Pal B UNF only. Complels
wilh charger. case and leads
£147.00
VARIABLE
POWER
SUPPLIES
Mains input - Volts/
Amps meter (UK C/P £1)
PP2410/12 12/24 voll
0/1 amp
PP243D/12.12/24 Volt.
0/3 amp

59.95
PS|307S twin meter B-15V 0/7A
£35.95

fsec. 140mm tube {TRI0) £276.00
3131 Dual trace 15MHZ trig. to 35MHZ
5mv: 0.5 micro sec. 130mm tube plus
componenl tester £276.00
3034 Battery-mains dual trace 15MHZ
trig. to 20MHZ builtin Nicads. 5mV 0.5
micro secs (CROTECH) £414.00
(Eliminator charger optional  £36.00)
HM204 New model with component
tester Dual 20MHZ delayed sweep: trig
to 40MHZ. 5mV D.1 micro sec 8 x 10cm
display [HAMEG) £419.75
(Dptionai case £21.85|
SC110A New mode! 10MHZ battery
portable. 10my 0.1 gsec 2" trace.
Al facilities (THANDAR) £171.00

(OPTIONS:

Carry case

AC Adaptor

Nicads

CS1577A Qual ISMHZ. 2mV

0.1 psec. Singie sweep lacility.

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

C£S183011 Qual 30MHZ. 2mv

0.2 psec (fitted delay line] Oelay sweep

140mm tube [TAIC) List £665.00
Our Price £570.00

HM705 Oual TOMHZ delayed sweep:

Single sweep: Delay line: Trig to

70MHZ: 2mV:0.1 micro sec

Bx 10cm display (HAMEG] £667.00

C£S2070 70MHZ 4cm 8 trace

List £965.00 Our Price £918.85

Also stocked

Trio Qual 100MHZ Thandar Channel

logic analyser GSC B Channel scope

adaptor.

Salgan all models 5mV sens 0.5 micro

sec 6.4 x 8cm display

£8.63)

DT410 Dual 10MHZ £205.85
DT415 Qual 15MHZ £217.35
DT420 Dual 20MHZ £228.85

Scope probes all models — see below

GENEHAT“RS R-C = Pulse » AF Function = Audio

(UK C/PE£1)
All models 220/240V AC

AUO0I0 4 band Sine/SQ output
TE22DMax distorlion 1% 2042/
200KHZ £
LAG27 Max distortion 0.5-1%
(LEADER) 10HZ-1MHZ
LAG120A 5 band 10HZ-1MHZ
Sine/SQ 0.05-0 8% dist.
LAG125 As LAG120A but 0.02%
dist. (LEADER) £2
AG203 10HZ-1MHZ 5 band § 1%
Sine/SQ (TAIG) £129
RF (Al with Int/Ext mod. variable
output]

59.95

£86.25
£146.00
73.00

TEZOO 100 KHZ - 100 MHZ 6 band
9.95

{300 MHZ harm)

LSG17 100KHZ - 150MHZ
(450MHZ harm) LEAQOER
FUNCTION |Ail Sine/SQ/Triangle/
TTL eic.)

£71.30

50204 | HZ - 200KHZ [SABTAGNICS)
£90.00
TG100 1HZ- 100KHZ (THANDAR)
£90.85
TG102 0.2HZ - 2MHZ [THANDAR)
£166.756

—
VIsA

FUPET—

TR0 ted
PULSE
TG1055HZ - 5SMHZ Various
outputs (THANDAR) £97.75
4001 Ultra-variable 0.5HZ
5MHZ (GSC) £113.85
Also in stock
LOM 170 20HZ-20KHZ distortion

meter £281.75
LFG1300 0.002HZ-2MHZ sweep
lunction generator £377.20
LSG231 100MHZ FM signal generator
£211.60

LCR740 RES/CAP/IND Bridge
£171.35
LVT72 FET. mullimeler and transistor
checker £147.20
LTC907 Signal injeclor/tracer and
fransistor checker £17

Order by Post with CHEQUES/ ACCESS/
VISA or Telephone your order. Allow up ' 1N

to 10 days for delivery (unless advised)

DIRECT READ
@ TEMPERATURE
N

LCD readout. Complete

TM301-50°Cto+750 C

(UKC/P£1)
PFM200A Pocket B digit LED

BNC plug X1

Lo 200MHZ 1DmV [THANOAR]  £67.50
\\/> ey N 6g.a3 | Max 50 SOMHZ 6 digit LED
U - Pocket (GSC) 56.35
DIRECT READ HV PROBE | Max 550§ digit LED
(UKC/P65p)  0/40 KV-20K/Volt ;‘;”I“;'“'Ges[? £97.75
£18.40 igit LED 2 range. II)OMHZ
; Bench (SABTRONICS) £77.00
8610A 8 digit LED 3 range 600MHI.
Bench (SABTRONICS) £94.
Max | 100MHZ 8 di
OSCILLOSCOPE PROBE | oot 120 facc 299" o725
KITS uxc/P5opperite3 86108 9 digil LED 3 range SOGMHZ
7. Bench (SABTRONICS) £113.85

FREOUENCY GOUNTERS . a1 models battery operated)

8000B 9 digit LED 3 range 1000MHZ

Bench (SABTRONICS) £178.00
TF0408 digilLCO 40MHZ
(THANDA £126.50

R
‘I’F200 B digit LCD 2 range 200MHZ
(THANDAR| £166.75
Thandar prescalers for any counter

SCOPE ADD ON UNITS

LTCI05 Semiconductor curve tracer

x10 £9.45

X1 - X10 £10.50

X100 £16.95
DECADE BOXES

RS82 32 value Resis. box. t ohm
to 4 Meg. £18.
68820 20 value Cap. box. 470 pl

to ) yF £21.00

(itlus)(LEAGER) £95.45
T, ‘_‘b'\ (UK C/P 85p)
ot @ | HZB5 Component tester
pooes v b oo (HAMEG) £27.95
v — (UK C/P65p)

CLAMPMETER
ST300 0/300A: 600V AC:

0/1K ohm: 9 ranges £28.50

[} RH

fi

RAVIU. 404 /400

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

ROAU [

WE ARE CFEN 6MWAW—CALLWM/D5&'&2 YOURSELFS,

WW — 006 FOR FURTHER DETAILS
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Send large SAE (20p UK)
Schools, Companies, etc
Please write in.

up to 200MHZ

TP600 60DMHZ £43.13
TP1000 with P/S 1GHZ £73.00
OPTIONS

TF series carry case £6.84
AC adaptors (TF Series) £5.69
‘B series AC adaptors £5.69
All models probe kits £7.95
LOGIC PROBES/
MONITOR

Sabtronics LP10
\?’\ 1OMHZprabe  £28.50
= GSCLP2 1 5MHZ probe
£19.95
LEADER LOPOTE SOMHZ lwm;:csasel

. GSCLM1 monitor (810 16
pinliCs) £33.00
GSCOP1 Digital pulsor

- Single/ 100 pps £58.50




CX80 COLOUR Newlow price

MATRIX PRINTER £795 1 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. J

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

Dot Addressable + 15 user programmable characters, 96 ASCII and 64 graphics
characters in rom. Centronics interface with RS232 and |EEE488 options. Apple |l
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.

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

—— g i Skl - S - T 0 ST
. METALFILM RESISTORS 1% Tolerance, ¥z Watt
| 2111 2
1T 5 o = [ONLY 3p EACH]
120K 2 12K 20K High Quality High Stability,
150R K5 15k 150k Huge Strength.
:gg: ::g lg: :%: Mimimum order £20
200R 2 20k 200k Mimimum 5 pcs per value
220R 2k2 22k 220k 89 Values (E24)
240R 2ka 24k 240k
270R 2k7 27k 270k VAT, p&p inclusive.
300R 3k 30k
330R 33 33k 330K
3608 36 36k
390R K9 39K
430R a3 a3k
470R a7 47k a70x
510R 5k1 51k
560R 5k6 56k 560k
620R 6k2 62k
680R 6k8 68k 680k
750R 75 75k
TR o 60 s
16 Orange Street
ORION SCIENTIFIC PRODUCTS LTD. london WC?

WW — 043 FOR FURTHER DETAILS =

FAST FOURIER TRANSFORM _

for the PET and Apple microcomputers
Machine code subroutine permitting high-resolution
frequency analysis at an unprecedentedly low cost.
Suitable for research and O.E.M. use.

137 Standard Ranges in a variety of : 'c'gﬁfa:(isfitfe%?‘s;icnfSgtzf{c?; .
lees adnd' _styhngsO a'\:allagle for 10_13 * 80ddeynamic rgnge orag
ays delivery. Other Ranges an 4 .
special scales can be made to order. * Ea{séoéms 23& F;))%Ii:ttz Ii:‘:gg(;%ggrids
Further details from:
Full Information from: Strzl%c;{l:::d ngt_wafe
car Drive
HARRIS ELECTRONICS (London) Eastham, Wirral
138 GRAY'S INN ROAD, W.C.1 e TAXY) L ROAL DUz
ot Telex: 832301 i Please specify PET, Apple Pascal or Apple BASIC
WW — 64 FOR FURTHER DETAILS f WW _ 044 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 superb pair of compact
loudspeakers for about half the
price of equivalent ‘assembled’
models.

The Wilmslow Audio Micro
Monitor will stamd comparison
with any speaker of similar size
fat any price!). Don’t take our
word for it - call 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, veicro,
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

({ =
n.,..,m ,0, sp.m 0625 529599

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

WW — 026 FOR FURTHER DETAILS
e

FIRST iN THE WORLD

The ICM-12, synthesized, marine
hand-portable radio

FEATURES:

@ 12 channels — 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
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
IC410A 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 ask for Dave

Stockley.

Thanet Electronics [€3

143 Reculver Road, Herne Bay, Kent
Tel: 02273 63859. Telex 965179

required,

WW - 032 FOR FURTHER DETAILS

WIRELESS WORLD JANUARY 1983

The Keithley 179A

RELHEY] V794 TRMS MTULTMETER

Specification . .. Versatility . .. Accuracy . .

Price. In almost every major area the new -
179A—a 4'/2 digit bench/portable DMM -
from Keithley Instruments sets some pretty
impressive standards:

@ 20 amp capability ‘@ Full function: 27

ranges including true RMS AC Measurement
@ Year'sguaranteeonspec @ 0.04% DC
accuracy @ IEEE option @ Large display
and 10u V dc resolution.

Forthose requiring 10 times more sensitivity
and an analogue output there’'sthe 177, a
unit with similar specification to the 1 79A.
Both models are part of a vast range of test
equipment from one of the world’s leading
manufacturers.

For more information fill in the coupon at the
bottom of the page.

&2® Alternatively, phone our Instant
Information

Serviceon

0734864784 now.

Keithley instruments Ltd ™

1 Boulton Road Reading Berkshive Rf‘2 ONL
Telephone (0734) 861287

Telex 847047

I'd like to know more.. . .
Name
Position
Company
Address

Telephone

WWwW/1/83

m--mm----mmmnm‘

WW — 011 FOR FURTHER DETAILS
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D @ & Modular
Amplifiers

the third generation

Due to continous improvements in components and design |LP
now launch the largest and most advanced grneration of
modules ever.

WE'RE INSTRUMENTAL
IN MAKING A LOT
OF POWER

In keeping with ILP’s tradition of entirely self-contained modules
featuring, integral heatsinks, no external components and only 5
connections required, the range has been optimized for efficiency,
flexibility, reliability, easy usage, outstanding performance, value
for money,

With over 10 years experience in audio amplifier technology ILP
are recognised as world leaders.

BIPOLAR MODULES MOSFET MODULES

[ To T Load | N | | [ To | T oistorT v | sn I

| Module | Output | Load DISTORTION Supply Size WY | Price Module |Output Lead DISTORTION Supply Size WT | prce |
Number | Power [tmpedance | T.H.D.  tM.D. Voltage mm | ams | nc | Number | Power | Impedance| T H.D. I.M.D. | Voltage mm ams | e |

Watis 0 Typ at 60H2/ Typ VAT Watts 0 Typ at 60Hz/ Typ VAT |
rens * TKHz  TKHz 41 * rms TKHz  7KHz 41
_ L . _— — 4 e - e L
'] < 8 6 » 68 x l Y < < | 'i
[ 0 I B < 25 x 6 40 240 | (¢ M < <
6t . ’ a8 | <0 t 2 2 3 x 40 1 ' [Mos 16 |< < |
< t x ag £ T - — — T B _ T
& < 6% t . . Protection  Able ta cope with complex loads without the need tor very spe
a | 2 & <0 006% 135 0 0 | 520 [£25.47 protection circuitry {fuses will sutfice)
‘ <0.006 L 50 Slewrate  20v/ps. Rise ime 3ps. S/N rato 100db
L ‘ 8 SnETS atrool ' Frequency respanse (—3dB) 16Hz — 100KHz. Input sensitivity 500m / rm
! <0 6 » 1_{ nput impedance 100K YL Damping factor: 100Hz > 400
i L - e

Protection Full 10ad line. Stew Rate 15v/ps. Risetime: Sus. S/N ratio” 100db ‘'NEW to ILP’ In Car Entertainments

Frequency esponse {—3dB} 15Hz — S0KHz. Input sensitivity 500mV rms

Input Impedance 100K f1  Damping factor 100Hz >400. c15

Mono Power Booster Amplifiec to increase the output of your existing car rad

PRE.AMP SYSTEMS or cassette player to o nominal 15 watts rms

— S —————— — Very easy 1o use.

| Module Module Functions Current | Price inc
Number | Roquired | VAT obust construction £9.14 {inc. VAT)

{ t i | MM )v' e T (7.60 _| Mounts anywhere in ca

| : T N

1 © e Outpul power maxymum 22w peak nto 401
& M 6 Frequency response (- 3dB) 15Hz 10 30KHz, T H D. 0.1% at 10w 1KHz
M S/N ratio (DIN AUDIO! 80dB. Load Impedance 302
Input Sensitivity and impedance (selectablel 700mV rms into 15K 3V rms a0 8L
- e L L — — Size 95 x 48 x 50mm. Weight 256 gms.

Most pre-amp modules can be driven by the PSU driving the main power amp — — —— — -— —

A separate PSU 30 s availahle purely for pre amp modules «f required for €161

£6.47 linc. VAT Pre-amp and mixing modules in 18 different variations S e & GI18 £17.19 {inc. VAT)

:,":‘:‘f::ds::'r::“ > Size 95 x 40 x 80, Weight 410 gms

For ease of construction we recommend the B6 for modules HYE—HY 13 £1 05 - ———-
sc. VAT and the B66 for modules HY66- HY78 £1.29 linc VAT)

POWER SUPPLY UNITS (in atng our ow: ans
—_- — — —_— ! —T — ——

[ Modet For Uss With Price inc Modsl Price tnc. Model | For Use With Price inc
Number l VAT _l I_Numbor B N _\LLT Number - o . VAT |
PSU 21X | 1 or 2 HY30 3 7 I LT e CYRE SRR —

PSU 41X |1 1 x HYBOBO, 1 x H 8 PSU 53X MOS128 17.8 X 1w |
PSU 42% |1 SU 54X ¥248 | 1

PSU 43X |1 ! F 5X ¢ £19 PS X x 4 | t
|PSUSIX [24 HY128 1 x HY244 | l;. i) £21.7 |

L= 1" L - 1 - — _ S 1 L — —— -

Plesse note: X in part no. indicates primary voltage. Piease insert 'O’ in place of

X for 110V, "1 in place of X for 220V. and """ in place of X for 240V
h_ L=l H

WIRELESS WORLD JANUARY 1983
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PROFESSIONAL HI-F THAT EVERY ENTHUSIAST
CAN HANDLE. .. "

Unicase

Over the years 1LP 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 @ compact
aesthetic unit. By this method construction can be achieved in
under two hours with little experience of electronic wiring
and mechanical assembly.

Hi Fi Separates

UC1 PRE AMP UNIT: Incorporates the HY78 to provide a
“no frills’’, low distortion, (<< 0.01%), stereo control unit,
providing inputs for magnetic cartridge, tuner, and tape/
monitor facilities. This unit provides the heart of the hi fi
system and can be used in conjunction with any af the UP
Unicase series of power amps. For ultimate hum rejection the
UC1 draws its power from the power amp unit.

POWER AMPS: The UP series feature a clean line front pane!
incorporating on/off switch and concealed indicator. They are
designed to compliment the style of the UC1 pre-amp.
Performance for each unit which includes the appropriate
power supply, is as specified on the facing page.

!! - POWER AMPLIFIER  NMOS60

TO ORDER USING OUR FREEPOST FACILITY

Power Slav es Fill in the coupon as shown, or write details on a separate sheet of paper,

i - quoting the name and date of this journal. By sending your order to our
QOur 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 clearty shown on the envelope, you need not stamp it. We pay postage for

L s . . . you. Cheques and money orders must be crossed and made payabte to I.L.P.
addition to the hi f',se”es' front pan,e{ 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 to TOTAL value of order.
lowest cost, slave on the market in this format.

PAYMENT MAY BE MADE BY ACCESS OR BARCLAYCARD IF

REQUIRED ‘
UNICASES GEE EE EE sw WY EN I EN G IS S S = am =

| '\)/r::— ne: Post to ILP Electromics Ltd., Freepost, 5

| HIF1 Separates S A S — - . Graham Bell House, Roper Close

\UC] reamp £29.95 % w Canterbury CT2 7EP. Kent. England

| LP1x 30 + 30W/4-80) Bipolar  Sterec £54.95 l Teiephone (0227) 54778 |
UP2X 60W/4LL Bipotar Mono H.F £54.95 Technical (0227) 64723.

| UP3X S0W/861 e Nt o £54.95 ELECTRONICS LTD | ., 965780 i

{UPA)( 120W/441 Bipo Mon HiF £74.95 I .

i UP5X 120w/8£1 Mon HiF £74.95 | Please send me the following —
UP6 X 60W/4—-841 M Mon HiF £64.95 p

UP7X 120W/4- 800  MOS Mono  HF  £8495 Total purchase price ___————————  — i
Power Staves I | enclose Cheque[___] Postal OrdersD Int. Money OrderD

USTX BOW/4Lr  Bpolar  Power Slave  £59.95 . .
Us2x 120W/4 L Brooar  Power Slave  £79.95 I Please debit my Access/BarclaycardNo.
US3X 60W/4-8fL  MOS Power  Slave  £6996 § Name. o o - - 1
US4 X 120W/4--8L% MOS Power  Slave £89.95

o - . Address o I — '

Please note X in part number denotes mains volitage. Please insert "0 in place of i

X tor 110V n place of X for 220V (Europe). and ‘2’ in place of X fo 240V —— - e — - RSN
(U.K.) All units except UC1 incorporate our own toroidal ransformers, Signature '

_ AN W oo MM I N WD E D O S e e
WW — 018 FOR FURTHER DETAILS
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The Green, Harefield
Middlesex UB96NP
England

Tel: Hareheld (0895 82) 2771
Telex:938527 EPICEN G

The SM81 has been quite a shock to me, not only from when
I first tried it out, liked it, and decided to buy a
pair, but also a year later when I discovered from the

brochure that the mic. was an electret.

Shure Brothers have always had a good name for robustness
and reliability, and electrets are usually thought of as
a low cost alternative to regular capacitor mics. with

some sacrifice in sound guality.

With the SM81 Shure have produced an unique combination -
together with a transparency of sound and freedom from
coloration, distortion and noise comparable with other
manufacturers' traditional condenser models costing a
lot more. The switchable bass roll-offs and attenuator are
heloful extras as well, and missing from my other
favourite choice of cardioid costing around double the
price.

s N
Recording classical music is a tough test for microphones
and my SM8ls earn their keep successfully as very useful
additions to my kit of mics., both for distant and close

pickup if required.

Tony Faulkner
Audio Engineer

VAT No 225514681

Tony Faulkner is a leading freelance independent fecording eﬁgineer
based in London who records around 50 classical music albums each year.

. - .
You simply can't make it
For the address of your nearest dealer together with full details of the Shure Microphone range, write to:

any Clearer. Shure Electronics Limited. Eccleston Road, Maidstone ME15 6AU or telephone: 0622 59881.

WW - 015 FOR FURTHER DETAILS
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Early link or

cemented future?

The UK’s desire not to lose out in the
broadcast satellite export market in the
mid-1980s has resulted in a proposal of
“elegance and ingenuity”” with the
potertial of a world standard being thrown
out by both Sir Antony Part’s advisory
panel and the Government.

Of the only contender beside the BBC
and IBA, the panel’s report says “We are
particularly attracted by the elegance and
ingenuity of this proposal and we recognise
that the authors of it have relevant
technical experience. However, we have
concluded, with some regret, that the time
available between the presentation of this
Report and the autumn of 1986 is much
too short to allow for the further
evaluation, development and international
negotiation that would be required to
make it a practical proposition in time for
the projected start of DBS.” And that’s
about as much space as the £35,000 report
gives to the idea.

This appears to have been said because
prototype equipment is not developed to
the same degree as that of the other two
contenders, the BBC and IBA. But
Plymouth Polytechnic’s scheme —
outlined on the next two pages — could
have been brought to readiness very
quickly given the money says its proposer
Martin Tomlinson (News, page 34). The

techniques are already in use in military
satellites (Dr Tomlinson has himself
worked on Skynet 4 until recently) and
equipment could presumably have been
quickly adapted had there been enough
enthusiasm for it.

We do not think the matter should rest
there. As the EBU will try to settleon a
European standard soon this year, they
should make certain they have proper
information on how quickly such a system
can be evaluated. The EBU has so far
shown a broadminded attitude over sound
coding. Last September it resolved in
favour of a Type A coding — the
equivalent of six sound channels
multiplexed onto a subcarrier — but they
had agreed, as the Report points out, to
keep open the door for reconsidering the
merits of a Type C coding “if it could be
shown within the timescale to be
preferable in technical performance and to
be in an adequately advanced state of
development.” (The IBA finalised on the
C-type t.d.m. between-picture coding for
MAC; besides its eight-channel capacity
and superior technical performance it also
has a 20Mbit/s capacity when pictures are
not required.) The EBU should do the
same for Plymouth, even though it’s not a
member.
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Satellite tv system
has digital-analogue

phase modul

ation

Last month the government’s advisory panel on technical transmission standards for
satellite broadcasting came down in favour of the IBA’s multiplexed analogue scheme.
But a third proposal, described by the panel as elegant and ingenious, was rejected
because four years was “much too short” to make it a practical proposition. That
proposal, unlike those from the IBA and BBC, was excluded from the panel’s report and is

published below for the first time.

Being a hybrid digital/analogue method
this proposal combines the advantages of
digital and analogue transmission. The ad-
vantages that accrue due to digital trans-
mission are limited impairments due to
noise, straightforward implementation of
time-division multiplexing, and the pos-
sibility of encryption which may be re-
quired for a subscriber type of service.
Transmission of an analogue component
ensures bandwidth efficiency and a demo-
dulated signal-to-noise ratio that improves
as the transmission signal-to-noise ratio is
increased.

The standard proposed here provides
4.7MHz of luminance bandwidth and
1.9MHz of colour difference bandwidth. It
is assumed that the colour difference chan-
nels alternate on each line so that the verti-
cal resolution is equal to half that of the
luminance channel. In addition, the stan-
dard provides a 2Mbit/s sound channel and
a 2Mbit/s data channel allowing for expan-
sion or new applications in the future.

The demodulated luminance and chro-
minance channels have equal signal-to-
noise ratio and, unlike f.m. PAL signals,
suffer equal degradation during impaired
transmission conditions. Sound and data
channels have the same error rate and pro-
vide a small margin over the luminance
and chrominance channels. Output signal-
to-noise ratio offers an improvement of 4
to 6dB over standards based on analogue
frequency modulation.

The transmitted signal is on a single
phase-shift-keyed carrier which can be
transmitted through a saturating satellite
transponder without impairment. Al-
though phase modulation is a departure
from currently used methods for satellite
tv transmission, digital phase-shift-keyed
carriers are commonplace on satellite data
links. Moreover the increased bandwidth
that is provided for luminance and chromi-

Martin Tomlinson B.Sc. Ph.D. M.1.E.E. is head
of the communication engineering department
at Plymouth Polytechnic
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nance channels is of benefit for higher
definition receivers. Additional signal
processing is required in the receiver but
this is not excessive when compared to the
signal processing that is carried out in
domestic video cassette recorders.

by M. Tomlinson

The method is believed to be original
and a provisional patent application is cur-
rently being filed by Plymouth Polytech-
nic.

Transmission method

For transmission efficiency the luminance
and chrominance signals are each coarsely
quantized into 16 amplitude levels and
coded as in p.c.m., although the error
signals from the quantization process are
retained for transmission as well. Thus the
important information is binary coded into
four-bit p.c.m. words and these are
transmitted digitally to the receiver. The
quantization error signals are transmitted
as analogue quantities simultaneously with
the digital data. Sound channels are
transmitted entirely digitally in a compo-
site six-channel 2Mbit/s stream, and an
additional 2Mbivs digital stream is pro-
vided. Luminance, chrominance, sound

Advantages of the proposal ‘

@ Increased luminance bandwidth
@ Increased chrominance bandwidth
@ Increased output signal-to-noise
ratio |
@ No crosstalk between luminance and |
chrominance signals '
@ 2Mbit/s composite sound channel
@® Encryption easily provided .
l
|

@ Equal luminance and chrominance
s/n
@ Provision of a spare data channel.

and any data signals are time-division
multiplexed as a composite 60Mbit/s digi-
tal stream. The analogue quantization er-
ror signals from the p.c.m. process are
time-division multiplexed and phase mod-
ulated on the carrier at low level along with
the digital data, so that the analogue and
digital information are simultaneously
transmitted using the same carrier. As the
analogue modulation is at low level, no
errors are caused to the digital informa-
tion.

At the receiver, assuming no transmis-
sion errors, the p.c.m. components of the
luminance and chrominance signals are
faithfully reproduced noise-free into one of
16 amplitude levels. The analogue signals
produce the fine detail information and
although these are not received noise-free,
the effect of this noise is limited to low
levels. When the fine detail signals (plus
noise) are added, the noise voltage at maxi-
mum can only be 1/16th of the total maxi-
mum signal reconstituted in the receiver,
as shown in Fig. 1. Consequently if the
analogue information is received at 11dB
signal-to-noise ratio, the output reconsti-
tuted ratio is improved by 24dB
(20l0g1016) to become 35dB.

Signal format

The transmitted signal consists of a carrier
that is eight-level phase modulated at a
symbol rate of 20Msymbol/s, bandlimited
so that it may be transmitted without un-
due distortion in the satellite transpareter.
The symbols are transmitted in ten symbol
frames as shown in Fig. 2; the frame
length is 500ns corresponding to a 2MHz
rate. Each frame contains five luminance
symbols and two chrominance symbols.
Each of these carries three bits of the four-
bit p.c.m. samples plus a phase modulated
analogue component limited to the range
+1/16 radians. These symbols have the
state space diagram shown in Fig. 3. The
three symbols remaining in the frame carry
the sound and spare data bits plus the
remaining luminance and chrominance
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Level 1000

[

Fig. 1. Encoding the transmitter illustrating
formation of a hybrid representation of the
signal amplitude at a sample point.

bits time multiplexed. These carry no anal-
ogue information and have the state dia-
gram shown at the bottom of Fig. 3.

To summarise symbols 1, 3, 5, 7 and 9
carry luminance analogue and digital in-
formation. Symbols 2 and 6 carry lumi-
nance and chrominance digital information
time multiplexed, plus chrominance anal-
ogue information. Symbols 4 and 8 carry
luminance and chrominance digital in-
formation.” Symbol 10 carries, the lumi-
nance, sound and spare data channel digi-
tal information.

In the receiver, Fig. 4, each 500ns frame

TN
N |/
° .l °

Fig. 3. State diagrams illustrate different

phases of phase modulated carrier. Digital
diagram bottom, analogue/digital diagram,

top.

is demodulated and the digital information
fed to a digital demultiplexer and the anal-
ogue information to an analogue demulti-
plexer. The luminance and chrominance
data bits are gathered together and the
appropriate four-bit words fed to d-a
to form 16
samples. Analogue quantization error sig-

converters

level

p.a.m.

nals from the analogue demultiplexer are
added to the p.a.m. samples to form lumi-
nance and chrominance p.a.m. samples.
Luminance samples at a rate of 10Msam-
ple/s are filtered to a bandwidth of
4.7MHz. Chrominance samples at a
4Msample/s rate are filtered to a band-
width of 1.9MHz. The digital demulti-
plexer also has sound and data channel
output ports at 2Mbit/s.

The initial phase reference for the phase
demodulator is provided by a short trailing
signal at the beginning of each line.
Thereafter, phase tracking is done on the
symbols on each frame that carry no anal-
ogue information. With these symbols, the
data information is stripped off and the
residual phase error used for tracking.
Frame and symbol timing is provided at
the beginning of each line by the training
signal.

One potential source of crosstalk is in-
ter-symbol interference if the overall am-
plitude and phase response goes outside
specification. The system can be readily
designed so that the receiving earth sta-
tion, which is the one most likely to be
outside specification, has a minimal effect
on the overall response. Even so, it may be
prudent to rearrange the order of the lumi-
nance and chrominance symbols so that
symbols 1-5 are luminance symbols carry-

30 /30 3
%\A\ 5 6/ 7\8\ 9 10 /
OO oD 010

L_31J L— 31%2

ing analogue information, symbols 8 and 9
are chrominance symbols carrying anal-
ogue information separated by symbol 6
which carries sound data and symbol 7
which carries only digital information.
Symbol 10 carries only digital information.
In this way the possibilities of crosstalk
intersymbol interference are minimized.

WA

\—31—l L—31—] ‘—31—]

Fig. 2. Structure within each 500ns frame of digital bit stream formed at the encoder.

-
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Luminance e
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encoder
Oigital
multiplexer o
Chrominance Phase L .
 o——m|
encoder modulator
L" Analogue
multiplexer I

Before joining Plymouth Polytechnic in
May 1982, Martin Tomlinson was in the
satellite communications division at the
Royal Signals and Radar Establishment,
Malvern. His work there invoived R&D
in spread-spectrum modems for
satellite communication and e.c.c.m.
satellite signal-processing
transponders, later followed by
development of requirements and
specifications of NATO IV and Skynet IV
satellites. Prior to RSRE he worked for
Plessey Telecommunications Research,
Maidenhead, on satellite
communications system modelling,
R&D of advanced digital modems and
modulation techniques for data
transmission.

Phase

S B O

—0
—0

demodulator Digital

demuttiplexer

Analogue

demultiplexer

Fig. 4. Each 500ns frame is demodulated and fed to digital and analogue demultiplexers.
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Matching tuning

diodes

The usual criterion for matching variable capacitance diodes in f.m. receiver r.f. stages is
that appropriate capacitances at certain voltages should be as close as possible. Good
results may be achieved using a computer, especially when characteristics of diodes do

Variable capacitance diodes are widely
used as tuning devices. The BB104 is a
typical device for f.m. receiver front ends
but the manufacturers’ specifications do
not fully describe characteristics of the
diodes. For example, the BB104B is de-
fined as

Casv=34...39pF
Cav/Cyy=2.5...2.8

Using this data it is impossible to predict
the mistuning of circuits. The results ob-
tained during tests carried out on eight
samples of BB104B and seven samples of
BB104G show that mistuning may be esti-
mated at 500kHz, see Table.

not seem to be matched.
. ——— — — ____—— -]
by A. Maciejewski, M.Sc.

The other criterion for diode matching
assumes that capacitance ratio differences
should not exceed a certain value, say 0.03.
For the case discussed here:

CY Cy Gy’
=2 —a(1 e k) -

Clll a( ) CZII CSI’

o(k)— a(n)<0.03 for k,n=1,2,3.

«(2) =u(3)

Theoretically, maximum mistuning of cir-
cuits using diodes matched in accordance
with this criterion is D/2=375kHz and

occurs for o«(1)=1, «=(2)=1.03 and

x(3)=1.

Front-end alignment

Assume that the tuning voltage and the
desired frequencies range between 3 and
20V and F;=88 and F3=108MHz respec-
tively, that the intermediate frequency
I1=10.7MHz, and that the BB104 capaci-
tances Cy, C; and C3 (treated as resultant
capacitances of two serially-connected ca-
pacitors) will be measured at 3, 8, 20V
respectively. (The BB104 is a common-ca-
thode double capacitance device. An op-
posing connection is used to reduce capaci-
tance variation versus r.f. signal.)

defined in equation

| - . -
33 I it Detector
amplifier ;l Mixer | ampiifier 1 & LEamp
Cs ﬁ[#} ey Cs |~ //lft\ Cr |L
- E-.. 3 el & e  pp———
2 ¢ |
Oscillator
Contral voltage AA
. —y Circuit arrangement of oscillator, counter and
AL regulated supply provides data for program to
;i,\ 5 calculate 3, 8 and 20V capacitances (below).
2 il o ) ::" Normally, circuit alignment is achieved at points
BB104 \3 '{// in between the extremes of frequency range, so
— —01 the difference in F, for matched diodes is redu-
oscillator J ced(below left).
s Curve for alignment at
w \ dges
S e <% 27
hallol] B \
gwolz I\ \’\1 [olr;?rol /;#’f\ (o 100k
= 92 1046 108 voltrage A\ ] L
%] Curve for alignment =* points 3,8,20v
b

v |
ST
[ e ]

Frequency
& counter
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_ Symbols used in program and text
o o ‘test generator intrinsic capacitance
. £1,C,C3  dinde capacitances for 3, 8, 20V respectively
Gy G not used
: r.f. amplifier paraflel capacitance for ahgnmem
L - points Fy and F3
Cy ~ oscillator parallel capacatance for alignment
- points H; and H,
Db difference between resonant frequencies F, for
T ; alignmaent points.F, and F3
b as above, but for alignment points defmed in the
e equation(3)
by - test oscillator frequency for circuit without diode
T but with capacitor Cp
- Fi,F; lower/upper receiver frequencies or alignment
. points
- F; r.f. amplifier resonant irequency for diode capacn~
tance equalto C, :
-~ Fy  notused
Fs,Fe,Fy; . test oscillator frequenctes with a diode for 3 8
. .. 20Vrespectively
~Hi,H3 lower/upper oscillator frequency
H, oscillator frequency for diode capacitance equal
to C2 i
-1 intermadiate frequency
I o current index
L quantity of diodes+2
M - .. program switch
o PKY index written for the case of diode no. K
QXK r.f. amplifier resonant frequency F, for diode no.
Bt K
R(K) “oscillator frequency H, for diode no. K
202,25 intermediate data storage
1), «(2), o(3) capacitance ratio of two capacitances for 3, B, 20V
' respectively
|

Thompson’s equation says

F=1/2nVLC

so one can calculate Cy.,/Crpin ratio in the

oscillator circuit, as
me_C7+C]_ (F3+I>2
Cmin C7+C3 \Fi+I

and the resonant circuit parallel capaci-

tance C;in Fig. 2
Ci . (Fi+I)?—C3(F3+1I)?

c, =9 (Fy 2) 3( 32 ) (160)
(Fs+D)*=(F1+D)
(160 is line number in the Basic program).

n

The same value of C; is always achieved as
a result of the circuit alignment no matter
what method has been applied. However,
the method mentioned above is easily rea-
lized by computer.

Calculations for the r.f. amplifier are

similar,
C5+C1 (F)
CotCs \F @
C. F] -C;. F3?
d =

Thus we have the r.f. amplifier and the
oscillator circuits exactly adjusted at the
ends of the range. Now the most important
question is what is going on with the fre-
quencies at around the middle of the
range. On calculating Cs and C; we can
easily find the resonant frequencies for
tuning diode capacitances equal to C; by
rearranging the equations (1) and (2) for
the oscillator and the r.f. amplifier respec-
tively.

WIRELESS WORLD JANUARY 1983

For the oscillator

97+(_:_1_ 2+I>2
C7+C2— Fi+1
Fo+I=H,=(F, +1) ‘+C_7, (180)

and for the r.f. amplifier
C5+C1 (F)
C5+C2 F,
1+Cs
F;= F‘\/gﬁcg (170)

On having calculated the frequencies F,
stored as Q(K) we have to sort them in
increasing order so that the best set of
diodes is easily chosen. The less the dif-
ference among the F, frequencies the bet-
ter is the set for the r.f. amplifier; also the
frequency H; for the oscillator should be

as close to F+1 as possible.

One thing must be taken into consider-
ation: normally an r.f. stage is aligned not
at the edges of the range but at points, say,

F;+0.2(F3~F,) and F3—0.2(F;—F)) (3)

(in our case it makes 92 and 104MHz), so
the difference in F, for matched diodes is
reduced by half. Mistuning curves shown
for the alignment methods mentioned
above justify this statement.

Practical results

The data required for the calculations of
Cy, C; and C; are measured in the test
circuit shown, using the Hartley oscillator,
frequency counter and regulated voltage
source for measurements. Oscillator fre-
quencies F, F; and F; for different diode
voltages, together with the other data
(program lines 80 and 40), are used by the
Basic program to calculate C;, C; and C;
(program lines 110-130). Values of C, and
C; are then used to align all LC circuits
and to determine parallel capacitances: Cs
for the resonant circuit and C; for the
oscillator (program lines 150-160). Calcu-
lated values of Cs and C; together with C,
determine resonant circuit frequency F,
and the oscillator frequency H, for the
diode capacitance C;. This way the three
diode capacitances C;, C; and Cj3 are trans-
ferred into the single parameter F;. (Dif-
ference between H, and F; is approxi-
mately constant.) After sorting F, into
increasing order (program lines 230-310)
we get the print-out of desired data.

The Basic program shown prints the
order number, diode index, selective cir-
cuit resonant frequency, difference in kHz
between the current frequency F; and the
preceding frequency F,, and the oscillator
frequency H;.

Advantages of the method

1. The method enables presentation of
capacitances measured in three points in
the form of the single parameter.

2. The method makes selection of diodes
possible which would otherwise be re-
jected by the use of the proportion crite-
rion. This may not be clear at first glance
so censider the following case:

Two diodes have nearly the same capaci-
tance versus voitage characteristics. The

continued on page 33

Diode = ¢ s A Q(K)=F, D R(K)=H,
number
1 1916 18395 13225 3623 9.7050NE+D4 ] 9.729007+04
2 1796B 18198 13093 858 9.70790%+N4 21 S.722105+04
8 1108 18593 13325 8579 9.70969%-92 26 9,72470%+04
4 1128 29858 14250 9€2} 9.71<20T-N4 <7 9,73149%49s
5 1038 18277 13728 8540 9.7252NT-04 98 9.74910F+04
6 1118 21418 15195 978¢ 9.731907+%4 29 9,7470NT+04
7 195G 13793 13292 879 9. 73 £ENE+LT A 27 9.74S705+24
8 1156 18573 13192 QK92 9.7375NT+N4 29  9.7580€0F+04
9 I07 B 23773 14581  S449 9.739505+04 21 9.754708+04
10 1088 21245 14933  9€99 9.74N60%+04 1t 9.755705+04
11 1146 13793 13258 8€79 9.74110%+04 £ 9,75830F+N4
12 1026 1S114 13458 8750 9, THOSNTEN /A 14 $.757705+04
13 10SB 21575 15020 9€99 9.7687NT+04 <] 9.7rsg:;+nn
1 & 113G 19114 13391 8734 S.74950F+74 S 9.7F47 r*:d
L5 1746 1935% 13093 356€% §.8082NTLN: 593 9.82400%+34

Capacitances in femtofarads, frequencies in kHz
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Eprom development

aid

It would be much simpler if program being developed for the Nanocomp eprom could be
developed in those memory locations in which it is to reside.

Used in conjunction with the eprom pro-
grammer described in the January issue,
this device was developed as part of a
system based on the Nanocomp.

When a program is being developed for
inclusion in the Nanocomp eprom, it is
normally necessary to develop it a little ata
time, and burn it progressively using the
programmer. Thanks to the ability of the
6809 to support position-independent
code, this is a workable method, at least
with the 6809 version of the Nanocomp.
However, it would be much simpler if the
program could be developed in the
memory locations in which it is to finally
reside, and this is the purpose of the de-
velopment aid.

The device is used as follows. First the
monitor eprom is transferred from the Na-
nocomp to the socket on the development
aid. The 24-pin plug on the aid is then
plugged into the Nanocomp in place of the
eprom. It is also necessary to connect a
probe to a read/write signal: pin 10 of a

24 pin dil plug
:(pinned as rom)

by G. A. C. Bettridge

2114 is a suitable point. Then, with the
switches S3 & S, in their original position,
all read operations access the eprom, and
all write operations access the ram. If a
2516 eprom is in use with a Nanocomp
board wired for a 2532, then S; must be
used to short pin 18 of the eprom to
ground so that it will respond to the higher
2K block of addresses.

It is then a straightforward matter to
copy all or part of the eprom into the ram.
The Nanocomp then needs to be put into a
continuous loop so that it is not addressing
the device, and then switches S; & S, are
changed over so that all operations access
the ram. The program can then be de-
veloped, and burned into eprom using the
programmer.

Gerald Bettridge is in the Physics Department
at Eton College

Circuit description

The circuitry is fairly simple. All the lines
from the 24-pin plug (and the probe) are
buffered, as eight 2114 chips and the
eprom might well overload an unbuffered
system. The address bus is buffered by
two 74L1.S367 hex buffers, permanently
enabled. The data bus is connected to a
7418245 octal transceiver chip, which is
enabled by the chip select signal, the direc-
tion being controlled by the read/write
line. Finally, the control signals read/write
and chip select are buffered using a
74L.S04, inverters being chosen since the
read/write signal needs to have its comple-
ment available.

Address lines Ag to Ag go to all the ram
chips. Lines Ajp & A;; go to a 74L.S138
decoder, where they are gated with a select
signal to provide chip select signals for the
four 1K blocks of ram. The eprom is con-
nected directly to the buffered address
lines, except that provision is made to
short pin 18 to ground for use with 2516s.

The chip select signals to the 74LS138
and to the eprom are switchable. In the
ram only position, the 74L.S138 is fed

2
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directly from the buffered chip select sig-
nal, and the eprom chip select line is held
permanently high. In the other position,
the 7415138 is fed from chip select gated
with read/write so that the ram only res-
ponds to write cycles; and the eprom is
similarly fed from chip select gated with
the complementary read/write signal so
that it only responds to read cycles. A
741532 is used for this gating. Lastly, the
data lines are simply connected to the data
pins of both the ram and the eprom.

Construction

The device was built using wire-wrapping
on a 3.75 by Sin piece of plain matrix
board. Twenty-gauge tinned copper wire
was used for the power supplies, ground
on the bottom of the board and +5V on
top. This ensures a low impedance for the
supply lines and the device has worked
perfectly up to now with only one 10uF
tantalum capacitor decoupling the power
lines, though it would doubtless be better
practice to provide some disc ceramics as
well. Connections to the system are via the
24-pin plug, except for the read/write
probe which is an RS miniature clip-on
probe to enable connection to be made to a
convenient i.c. pin. The board is mounted
on a plywood base with four 4BA screws,
using plastics tube as spacers, which is
both cheap and fairly shakeproof. The
switches are all on a dual in-line package: a
compact arrangement, but remember not
to switch S3 without S4 — though no great
harm is likely to result from a failure so to
do. Switch S, is not used.

Although the device was developed with
the Nanocomp mainly in mind, it has been
used with an Acorn Atom as well, again
using the Nanocomp programmer. In this
way programs for the Atom user-rom
socket can be developed easily; and any
other way would in fact be difficult, since
the 6502 processor does not support posi-

The nanocomp in the photo
has been doctored to take an
extra 6522 j/o device. This
raises some subtle timing
problems with the chip
selects, so the G; input to

the 74LS138 is no longer supplied from E but tied high.
It would be better still to supply it from O+E but this would need
an extra chip, and it seems to work correctly without doing this. I

g ¥

Iy

tion-independent code.

The copy program is very simple, but
may be of interest; when testing the device
for the first time it is helpful to know that
the software works.

START LDX  #3$7000

LoorP LDA X
STA X+
CMPX  #38000
BNE LOOP

STOP BRA  STOP

This assembles as follows: 8E 70 00 A6 84
A7 80 8C 80 00 26 F7 20 FE. The
“dynamic stop” at the end is important: it
ensures that the microprocessor is not

addressing the monitor when the switches
are changed over. If this precaution is not
taken corruption of the memory is likely to
result, and the hardware might be unjustly
suspected of being faulty. To copy part of
the monitor only it is of course sufficient to
change the addresses 7000 and 8000.

It ought to be a simple matter to adapt
this program to the 6802 version, but ex-
perience makes me wary of guaranteeing
even the simplest program I have not actu-
ally tried.

Finally, it is a good idea to set all unused
bytes to FF, as further programs can be
added later wnhout the need to erase the
chip. ;
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continued from page 31

only difference is that C'’ is, in the whole
voltage range, 1pF less than the capacitance
C'. If for 3 and 20V the C;’ and the C;’ are
20 and 10pF then C;'’ and C3’’ will be 19
and 9pF respectively. Dividing C'/C'’
gives o(1)=1.05 and «(3)=1.1, i.e. the
difference of ratios is 0.05. According to
the previously described ratio criterion it

sumption it is enough to add the fixed
capacitance of 1pF (it can be realized by
Cs'" — Fig. 1) and the ideal alignment of
circuits incorporating C' and C'’ will be
achieved.

3. Usage of two identical diodes for the
r.f. amplifier and for the oscillator gives
mistuning of

D/2=(H;—1-F;)/2=(97.200—97.050)/2

(data from the Table, diode no. 1).

The method makes possible selection
diodes for the r.f. amplifier and the oscilla-
tor. From the Table we can select diode
no. S for the r.f. amplifier and diode no. 3
for the oscillator; that allows a mistuning
D/2=1.5kHz. Note: exchanging diodes
between the r.f. amplifier and the oscilla-

tor results in a mistuning of
D/2=(97.401—97.096)/2=150kHz.

makes the pair unmatched. From our as- =75kHz
10 REM xxxxx Froorazm for matching cspacitance diodes 210 REM x¥xx Start of sorting
20 FILES g = LFR, & = CRD 220 IF K o< 4 GOTO 330
30 DIM FO100), QC100), RC100) 230 LET M=o
40 IMFUTES  F1, F3, I, FO, GO 240 FOR ¥ 2 TO L - 2
50 LET Hi = F1 4+ I3 W3 = F3 + I 250 TF 0 QeKrLY CLTO 290
60 LET K = 260 LET M Tom F(KY) ZZ Q(KY; Zo = HH
70 FEM ¥xxxx¥ Read in data, last data is 0, 0, 0, O 270 LET F oKy Faeny s oan “’”_'1_) I : gy
80 INFUTHEL  F(KY, FS, Fé&, F7 280 LET B 713 QoMLY FOet)
100 IF FOR 0 GOTO 220 290 NEXT K
110 LET Ct o= COXCFOXFO- FEXFS)/(FhRFE) A00 EEM owex¥ To sorting covpleted
120 LET Co o= COXCFOXEN-FOXFE) /(FOXF &) 310 TF M= 0 GODTO 239
130 LET CA = COR(FOXFO-F7RF7)/(F7xF7) 320 REM wxxx Frint out et
140 FEM wrxx Co . ) o ) 330 LFT 0cte 02y

2 ount-selective eircuit s oscillator 340 FOR K= 2 70 Lt

freauencies a0 LFT D o= TNTCL000¥ QM -Qe1-1)) ¢

1591 LE ce (CIXFIXF1-COYF2REDY/(F3XF3-F1AF 1) 340 REM *xX¥ For btetter resdsbrlity (.f subdb r oo ted
160 LFT c7 CCURHL R - CORHIRHD ) / CHEXH-H1xH1 ) from R
170 LET F2 = RO)=FIXGAR((CT +C5) /(02+C51) A70 FRINTIS © -~ 1. F (b Quy, DL R
180 LET FOZ) = HARGORCCIACTY /(C2 07 ) 380 NEXT 1%
190 LEY 1 Kl e 390 €108
200 TF 100 ROTO 80 400 END
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Satellite tv standards

The Part report, recommending that UK
satellite broadcasting should use the IBA’s
Mac transmission encoding method, has
had a cold reception from the BBC. “Our
worry”’, says BBC engineering director T.
B. McCrirrick, “is that the UK will end up
being the only country using Mac, but we
do not criticize the system.” On the other
hand, the IBA say that being a totally new
system Mac could lead to the design of a
domestic satellite-tv adaptor common to
the whole of Europe. “The start of direct
broadcasting by satellite”, says the IBA,
“is a logical time to introduce a standard
capable of satisfying tv requirements well
into the future.”

Despite the long-term attractiveness of
Mac and its potential as a world-wide stan-
dard, the BBC say its introduction could
diminish the financial viability of direct
satellite broadcasting. Germany and Spain
use Pal and the French plan future tv sets
capable of processing both Secam and Pal
so the short-term prospects of Enhanced
Pal in Europe are good from a program-
ming point of view.

Sir Antony Part’s advisory panel not
only commends the technical quality of
Mac but also considers it commercially
attractive to both consumers and manufac-
turers. The BBC claim that acceptance of
Mac would increase the cost of sets, reduce
the potential market for British manufac-
turers and slow down the introduction of
satellite broadcasting into Europe.

Both Mac and Enhanced Pal can be
transmitted using f.m., thus conforming to
the WARC 1977 plan for satellite broad-
casting, and have the potential for at least

it was the primary UK standard, proving
that changing standards is a slow process.
Recent market research shows that cabling
Britain in the near future could be expen-
sive and the Part report sees satellite and
cable tv working hand in hand. Satellite tv,
being a means of linking commercially
viable cable tv areas with the added attrac-
tion that unviable areas will still have an
improved tv service, may be insurance for
the early acceptance of cable tv with the
assurance that existing broadcast organiza-
tions will have at least some say in pro-
gramming.

The British Radio and Electronics

Equipment Manufacturers’ Association is-
sued a statement soon after saying that it
welcomes the Mac recommendation. They
say that medium-term prospects of a pan-
European satellite-broadcast standard
based on British technology — with the
possibility of the rest of the world fol-
lowing suit — must be attractive to the
country at large.

In muitiplexed analogue component,
luminance and chrominance signals are in
component or non-composite form, com-
pressed and transmitted in time-division
multiplex. For luminance the 53us active
line is compressed to 40us, increasing
base-bandwidth by 4/3 times maximum
v.f.; chrominance compression ratio is 8/3
increasing the 3dB bandwidth from 1.3 to
3.5MHz.

Part rejects ““‘elegant and
ingenious’ alternative

Claims in the Part report that an “elegant
and ingenious” alternative to Mac and E-
Pal is a non-runner because of the 1986
deadline are rejected by project leader of
the only other contending system, Dr Mar-
tin Tomlinson. Speaking on behalf of Ply-
mouth Polytechnic’s department of com-
munications engineering, Dr Tomlinson
said, “Given the funds, I have no doubt
that we could meet the deadline and offer
the UK a system that could put us ahead of
the world in satellite tv broadcasting long
into the future. Most of the technology
required for our system already exists.”
The IBA’s main argument for their Mac
system is that its long-term future benefits
outweigh the advantages of a compromise

in the transition period, and it seems that
Plymouth Polytechnic’s digital/analogue
system offers an even better long-term
future and an equally attractive short term
compromise.

Asked about time scales, Dr Tomlinson
said, “We could be carrying out satellite
broadcast tests within three months, given
the incentive”. The Part report admits that
the team has the relevant technical exper-
ience, so that leaves more than three years
for further evaluation development and
international negotiation — a time scale
that could have been reduced had the
Polytechnic received positive recognition
earlier. “Besides being the most forward-
looking of the three systems involved, ours

Machining small batches of components on its own using robots, computers and numeri-
cally-controlled machine tools, this so-called unmanned factory is the first of its kind in
Britain. The idea for this 600 Group factory at Colchester, opened late in November by
Industry Secretary Patrick Jenkin, was approved by the Callaghan Government in 1979.
Costing £3M, more than half of which came from Government sponsorship, this unit is at
present a 'show factory’ illustrating automation, but it will eventually run around the clock
with only a skeleton staff in the unsocial hours.
" 3 %

six sound channels using a digital modula-
tion. Teletext is possible with both
systems, but multiplexed analogue compo-
nent (Mac) signals lend themselves to f.m.
transmission and provide better high-defi-
nition pictures on large screens given that
suitable receivers are used, and recording -
studios continue their trend towards digi-
tal signal processing.

Initially, Enhanced Pal is attractive
through its compatibility with existing Pal
decoders — an antenna and down-
converter are all that is required to receive
pictures. Mac will require a more elaborate
converter including a decoder with r.g.b.
outputs to provide pictures better than
current ones; a cheaper compromise would
be a converter with a Mac-to-Pal circuit
and r.f. modulator driving the set’s an-
tenna input. Future sets will have their
own decoders.

The IBA warn that by the time the cur-
rent 405-line television service is wound
down it will have been in service longer
after the decision to abandon it than when
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offers 100% secure encryption for sub-
scription tv — being digital — and should
not impede the introduction of cable tv”,
he adds.

Dr Tomlinson, formerly a main element
in the design team of the UK’s latest de-
fence satellite Skynet 4, was first made
aware of prospects of a new DBS system
while working at RSRE, Malvern when
the Department of Industry approached
the Establishment for their ideas. With the
experience of intensive work on Skynet 4’s
signal processing transponder, he says
“Designers of telecommunication systems
have long since seen the merits of digital
transmission, so many of the techniques
required to implement our system already
exist.”

During investigations by the Part advi-
sory panel, Plymouth polytechnic received
a phone call saying that an evaluator would
look into their proposal during November,
but further contact was not made. They

were not invited to demonstrate their
system alongside the other two, perhaps
because their lack of funds and experience
in public relations tempted them to imply
that setting up a demonstration might be
impractical. An impartial investigation
into the best long-term solution for satel-
lite broadcasting would ignore these in-
cumbencies. On 29 November, a week
after the Part report’s publication the only
information Dr Tomlinson had about re-
sults of the report was through us; after
contacting the Dol he was allowed a free
copy.

Had E-Pal been proposed, one could
have seen reasons for a lack of interest in
Plymouth Polytechnic’s proposal but the
panel’s interest in Mac implies that this
system has not had the airing that it de-
serves.

@ Details of the new satellite tv system are
reparted exclusively on pages 28 and 29 of
this issue.

Delay for cellular radio?

One of three main contenders for the cellu-
lar-radio licence claims that if Ferranti or
Racal win, the supply of equipment may
be restricted. Chairman of Cellular Radio
Ltd, Lord Orr-Ewing, said “We believe
that to grant a licence to a radio manufac-
turer would be a mistake . . . to substitute
the present monopoly with another form of
monopoly is contrary to the Government’s
declared intention. Absolutely fundamen-
tal is the right of all companies capable of
manufacturing to be free to tender for cel-
lular radio work.”

Of the three, only Cellular Radio Ltd is
not an equipment manufacturer. Though
Plessey have applied for an exclusive
agreement with AT & T to manufacture
AMPS equipment, they are not applying
for an operating licence.

The Government is expected to an-
nounce who wins the second licence by the
end of this parliamentary session, but a
report commissioned by the Dol evaluat-
ing the rival applicants had still not been
delivered at the time of writing.

CRL are committed to the AMPS

system, developed by AT&T and which is
in trial use in Chicago. AMPS is compara-
tively easy to adapt for use in the UK, says
CRL who have obtained a full specifica-
tion of the system, as it would be adapted,
from AT&T. They feel that AMPS is the
only system worth considering and they
have said they will pull out altogether if it
were not adopted. They pour scorn on the
MATS-E system which they point out is
still only on paper, though it is the system
selected by the Ferranti-led group and
backed by Pye Telecom and Philips and by
CIT Alcatel. MATS-E is criticized for
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using an off-air queuing method which
contacts the caller when the connection is
made. In an extreme case this could result

‘in answering machines in conversation

with each other. Such a queuing system
has been used by the Deutches Bundespost
in its Metz-C system. MATS-E supporters
claim that AMPS uses poor spectrum man-

agement and that the “easy adaptation” for
UK use would require major redesign of
the system. They also claim that MATS-E
is the most efficient system and is the only
one capable of handling the projected
23,000 subscribers in London by 1990.
They say that the system is most in line
with CEPT proposals which could lead to a
pan-European 900MHz system (CEPT are
not expected to complete the definition of
a European system until the end of 1986).
Racal with Millicom have developed their
own system and a fourth system, Nordic,
developed in Sweden, has no backers in
the UK yet but has much European
support and is thought to be the system
that BT are looking closely at in their
evaluation. The successful applicant will
have to negotiate with BT over the system
to be used.

The cellular system could provide every
car or mobile user with a telephone. Areas
are divided into cells of about a square
mile, each having its own transmitter with
frequencies mutually excluded from those
in adjacent cells. Computer-controlled
switching at the transmitter/receiver hands
on calls between cells and automatically
selects the frequencies to connect the calls.
Proposed band is 900MHz which will not
be free from Government use until 1985
when cellular radio is due to start. There
could be as many as 1,000 telephone chan-
nels with 25kHz spacing. The American
system uses 30kHz spacing, hence the
need for adaptation.

A nose for ideas

Through many years sniffing, mammals
have developed a highly sensitive olfactory
system capable of discriminating between
many odours. Using what may be a similar
system, researchers at Warwick University
have developed an electronic nose to test
their hypothesis that to make fine distinc-
tions between complex odour mixtures
without the need for highly specialized
receptors, the olfactory system has feature
detection using broadly-tuned receptor
cells organised in a convergent neurone
pathway.

The electronic simulation relies on prin-
ciples of pattern clarification derived from
artificial intelligence work. The sensing
elements, which do not have to be highly
specific receptors, are semiconductor gas
sensors made to have overlapping odorant
response distributions by varying doping
levels. Outputs from three Figaro TGS
sensors are arranged in a circuit so that the
ratio of their outputs can be derived and
passed to memory circuits via a window
comparator.

The device responds to a wide variety of
odours but has to be calibrated by expos-
ing it to various odours and locating the
response in the memory. Using three

transducers the system can mimic the
discrimination of the mammalian olfactory
system at a gross level, but a nose that can
make fine discriminations should be of
interest as a quality control device in in-
dustries concerned with flavours,
perfumes and odours, according to K.
Peraud and G. Dodd. Their findings are
described in volume 299 of Nature, 23
September 1982, pages 352-5.

My FIFTH SENSE
TELLS ME TM GOING
TO REGRET THIS
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lllegal transmission

Amendments to the Wireless Telegraphy
Act put forward in the recent Telecommu-
nications Bill provide for a limited police
power to arrest illegal radio transmitter
users without warrant. Members of the
Radio Interference Service, as well as the
police, would have the power to seize ap-
paratus for the purpose of proceedings,

and the Secretary of State would control-

the sale and possession of specified wire-
less telegraphy equipment.

In their summary of wireless and
telegraphy provisions in the November
Bill — intended to rationalize and update
penalties and introduce powers to enable
more effective law enforcement — the
Home Office say “the opportunity to
implement the Government’s decision to
abolish the Advisory Committee on Radio
Interference has also been taken.

“To reduce or prevent interference, the
Secretary of State will have the power to
control the sale and possession of specified
equipment, as well as current powers
allowing prohibition by order the manu-
facture and importation of such equip-

clamp-down

ment.”” The Home Office claim that this
will help curb illicit ¢.b. apparatus but do
not comment on further aspects of this
form of control.

Other than for two offences made triable

either way, increased penalties for existing
offences are not proposed, but under the
Criminal Justice Act of 1982 the maximum
fine for unlincensed use of a transmitter
will be raised to £1000 from £400. Pro-
posed powers of seizure will enable police
or the RIS to apply to the court through a
civil procedure for ‘the forfeiture of
illegally possessed apparatus, offering an
alternative to conviction in some cases.

... and POUNC may lose

telecoms

Embedded in the Telecommunications Bill
— intended to “give effect to the Govern-
ment’s policy of creating a new structure
for telecommunications and further the
introduction of competition” — are plans
to restrict the Post Office Users’ National
Council to dealing with complaints
concerning postal matters.

According to the Bill, the POUNC have
been criticized for “lacking teeth” but

Peacefu!
electronics front

Formation of a steering group and a set of
aims, including encouraging industry to
convert from military to civilian produc-
tion, are results of the first Electronics for
Peace meeting on 20 November. Action
coordination, linking like-minded engi-
neers and providing technical information
for those working towards disarmament
complete the set of aims, which are still
open to discussion. The steering group is
now busy organizing a larger meeting in
London for March. Tel: (Ascot) 21167.

Leads for cable tv

Total expenditure on US cable tv advertis-
ing is less than that of a single daily
newspaper in Los Angeles. As a percen-
tage of the national total it amounted to
less than 0.1% in 1981, according to a
report forecasting the cable tv advertising
market until 1987 by Knowledge Industry
Publications.

The figures are likely to expand slowly
with a small boost in subscribers when
more than 20 national programming ser-
vices start up, delivered by satellite to the
local cable systems, but by 1987 advertis-
ing revenue will only represent about 1.5%
of all advertising expenditure. A further
forecast to 1990 sees that figure rise to only
2% of the total expenditure. As the adver-
tising revenue will not pay for the services
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for many years to come, many cable pro-
gramme providers will cease to operate.

A big rival to advertising-supported
cable services is the subscription channel.
One pay-tv service, Home Box Office,
with more than 9 million subscribers,
spends more on productions than all the
advertising-supported networks com-
bined. In addition cable viewing even to
those homes wired up for cable isonly 10%
of the total viewing audience, most pre-
ferring the broadcast networks. The 10%
must be divided up amongst all the cable
services. There may be some lessons here
for potential British cable services. The
report, Cable Television Advertising Mar-
ket, 1982-87, is available in the UK from
IP1, 134 Holland Park Avenue, London
W1l1.

Micro money

To further encourage microelectronics in
industry, the Dol’s MAP project is to re-
ceive a further £30m spread over three
years. Kenneth Baker MP, Minister for
Information Technology, making this an-
nouncement said “in only a few years,
microelectronics has moved from being a
laboratory curiosity to being a basic in-
dustrial tool essential to commercial survi-
val. Map has been a significant factor in
this achievement, but a lot more needs to
be done.”

The extra funds will continue Map’s
momentum for three years after the end of
last year when the £55m previously allo-
cated runs out. The scheme’s main inten-
tion is to raise the awareness of microelec-

rather than giving them dentures, the Gov-
ernment wants to replace them by the new
Director General of Telecommunications
who will have the power to provide reme-
dies when investigation of user complaints
discloses unsatisfactory performance by
licencees.

POUNC, who have often provided in-
formation supplementing reports from BT
concerning fragile matters, finds gaps and
confusion in the Bill and wonders how the
new Director can possibly be judge, jury
and advocate representing the small user.

tronics in industry by providing funds for
projects and consultancy. Since its start in
1978, Map awareness events have attracted
160 000 attendees and over 2 200 consul-
tancies have received aid.

Corrections

Digital polyphase sinewaves, by N. Dar-
wood in the November issue, page 65, con-
tained some misprints. The first paragraph
of column 3 should read:

For a 5-phase program, N=5, and ® =
2n/5. This makes I = sin2n/5 — sin2.2n/5
+ sin3.27t/5 — sin 4.27/5 which totals 0.73.
f may be found by selecting a step size. As
the step size is I.f, suppose that we would
like to make this 1°, i.e. 360 steps per cycle.
1.f is then 0.075 radians and as we have
established that I is 0.73, f is 0.024.

And in Table 4 the —f* and £ terms in
the sin row should be displaced one column
to the right.

Binaural recordings and loudspeakers, No-
vember issue, contains errors in the cap-
tions for Figs 2 & 11; in the last, “loud-
speaker” should be for “headphone”.

The transformers in the Simple low-fre-
quency oscilloscope design of September
were from Radio Components Specialists
(see advertisement), using two 6.3V
windings in series and RadioSpares, using a
4.5V transformer stock number 207267,
flash tested to 2kV, for the tube heater.
The author advises us that the x and y drive
transistors may need heat dissipators, and
that the sawtooth timing capacitor should
be 10nF value. Resistors in the tail tran-
sistor base circuit should be interchanged
in the x-amplifier, not the y-amplifier as
given on page 77, November issue.
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Logic and computer
languages

If logical connectives are regarded as functions rather than operations, mechanization is
simplified. Logically, all one needs to cover the field is the NAND or NOR operation. Using
two computer languages Basic and Forth, some implications are examined together with

The very first lesson that we have a right to
demand that logic shall teach us is, how to
make our ideas clear; and a most important
one it is, deprecated only by minds who stand
inneed of it. — C. S. Pierce

All that simple logic — the logic embodied
in machines that perform arithmetic — can
be reduced to one basic form. The two
logical connectives with which we are most
familiar are AND and NOT, where the
compound

PANDQ

is only true if both P and Q are true, and
the compound

PORQ

is only false is if both P and Q are false.
These two forms are related by De Mor-
gan’s rules

P OR Q equals NOT
(NOTPANDNOT Q)
P AND Q equals NOT

(NOTPORNOT Q)

and so either AND or OR is superfluous,
in the sense that one can be expressed in
terms of the others. All one needs is NOT
(i.e. NOT TRUE is FALSE, and vice
versa).

The four key logical connectives are nor-
mally taken to be AND, OR, the CONDI-
TIONAL, and the EQUIVALENCE or
BI-CONDITIONAL. The compound

P EQUALSQ

is only true if both P and Q are true or if
both P and Q are false; whereas the only
time the conditional

PIMPLIES Q

is false is when P is true and Q is false. In
other terminology, the conditional is true
if P is a sufficient condition for Q. For
example, if one has a monitorless compu-
ter, one must have a television, but if one
has a television one does not have to have a
monitorless computer. The various ways
in which these connectives are related to
the truth or falseness of P and Q are shown
in Table 1, where 1 indicates true and 0
indicates false.

We can create our own rules to relate
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some correspondences.

by Boris Allan

L == =i

these other two connectives to AND and
OR:

P EQUALS Qequals PAND Q OR
NOT (PORQ)
P IMPLIES Q equals NOT POR Q

and it is easy to see that wherever there is
an AND, one could substitute the equiva-
lent expression using OR, and vice versa.
Note, however, the ubiguitous NOT, and
so it seems that all is needed to construct
any logical formula is one connective, and
the negator (NOT). It seems that if we
could in some way derive the negator from
one of the connectives, we could reduce all
of logic to just that one connective.

Charles Pierce found such a connective
in a paper written circa 1880; a connective
which meant ‘neither . . . nor. . ., known
usually as NOR, and is defined in one way
as

PNOR Q equals NOT (POR Q)
equals NOT P AND NOT Q

(the last from De Morgan’s rules). The
truth table for NOR is simple, the only
time P NOR Q is true is when both P and
Q are false. The possibility of a reduction
was rediscovered by H. M. Sheffer in
1913, but Sheffer used a different connec-
tive which meant not P or not Q, usually
known as NAND, defined by

P NAND Q equals NOT (P AND Q)
equals NOT P ORNOT Q

Table 1. Key logical connectives

P Q AND OR |[IMPLIES EQUALS
1 1 1 1 1 1
1 0 0 1 0 0
0 1 0 1 1 0
0 0 0 0 1 1

Table 2. Basic logical connectives

NAND NOR
0 0

OO a-mT
OC20=0
—_—— -
=00

(see De Morgan’s rules). Pierce chose his
symbol for NOR “|”, called Pierce’s
dagger, and Sheffer used *“/”” for NAND,
Sheffer’s stroke.

Why are these two connectives so
powerful? What do they have which means
that they can be ‘more basic’ than the other
connectives? If you examine Table 2, you
can see that if P and Q are both true then
the result is false, and if P and Q are both
false then the result is true. Remembering
that the use of OR or AND required the
use of NOT (and NOT could not be de-
rived from these two connectives), then
when it is stated that

NOT P equals P NOR P
equals P NAND P

all you need is NAND or NOR.
To complete this section

P AND Q equals NOT (P NAND Q)
P OR Q equals NOT P NAND NOT Q
P NOR Q equals NOT
(NOTPNANDNOT Q)

or

P AND Q equals NOT P NOR NOT Q
P OR Q equals NOT (P NOR Q)
P NAND Q equals NOT
(NOTP NORNOT Q)

and this is the reason why logical circuits
can be constructed merely out of NAND
or NOR gates. As NAND and NOR gates
are usually the simplest gates to fabricate,
and as all other gates can be derived from
either of these two it is easy to see why
theory and practice have — in this case —
meshed. Nicod in 1917 showed that the
whole of logical calculus could be based on
a single axiom using the Sheffer stroke as
the only symbol; and in the second edition
of Principia Mathematica (1925) Bertrand
Russell suggested that Nicod’s formulation
be substituted for the original formulation.

Set of basic routines

Instead of writing P NAND Q we could
write NAND (P, Q) just as we write
NOT(P), though often we lose the
brackets in the last-mentioned case. This
might seem rather pointless, but at least it
emphasizes that logical connectives are
really functions, functions which produce
a value. The programming language Lisp
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Table 3. Notational equivalences
FULL SHORT
NAND

NOT

AND

2

o

e
-xXxo0o0oQw3u

IMPLIES

used in artificial intelligence is a functional
language, in that the language is merely a
set of functions which can be used to de-
fine other functions. Lisp is — we are told
— a very useful and flexible language, but
not readily available on most small compu-
ters, and so I will use Spectrum Basic to
obtain similar results.

Spectrum Basic differs from some other
Basics in that when a function is being
defined, the function can have more than
one parameter (the function NAND(P,Q)
has two parameters, P and Q). But as all
function names can only be identified by
one letter, we have to rename the logical
connectives. Table 3 shows the equiva-
lences to be used; most are self-explana-
tory except d for NOR (from Pierce’s dag-
ger) and s for NAND (from Sheffer’s
stroke), and XOR is the only new connec-
tive. XOR stands for exclusive-or and ex-
ists as a connective in some Basics, and
most machine codes; XOR(P,Q) is true if
P and Q differ (i.e. one is true and the
other is false) and is the opposite
of EQUAL (i.e. EQUAL(P,Q) is
NOT(XOR(P,Q)).

To give a feel for this new form of nota-
tion, consider De Morgan’s rules.

OR(P,Q) equals
NOT(AND(NOT(P),NOT(Q)))
AND(P,Q) equals
NOT(OR(NOT(P),NOT(Q)))

which shows the structure well, and then
try the new one-letter method (without the
brackets)

oPQ equals nanPnQ
aPQ equals nonPnQ

and finally try to relate this to the original
formula

ePQ equals 0aPQnoPQ

This extremely concise and readily mecha-
nized method was invented by the Pole J.
Lukasiewicz and is called Polish notation.
That this method is easily mechanized is
shown in List 1, which consists of a series
of definitions of logical functions using
NAND as the primitive functions (i.e. s,
i.e. FN s). NAND is a primitive because
it is the only function which has to be
given a value from outside the system — in
this case a simple multiplication (true is 1,
false is 0). To assist in the interpretation of
these functions, here they are in a more
expanded form — except NAND —

20 NOT(P)is NAND(P,P)

30 AND(P,Q)is NOT(NAND(P,Q))

40 NOR(P,Q)is
ANDNNOT(P),NOT(Q))

50 OR(P,Q)is NOT(NOR(P,Q))

60 EQUALS(P,Q)is
OR(AND(P,Q),NOR(P,Q))
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70 XOR(P,Q) s
NOT(EQUALS(P,Q))
80 IMPLIES(P,Q)is OR(NOT(P),Q)

and for those who feel that the use of a
multiplication to give values for FN s(P,Q)
(i.e. NAND(P,Q)) is not quite right, it is
possible to substitute line 10, and add
another line at, say, S

5 DIM a(2,2) : LET a(1,1)=1: LET
a(1,2)=1:a(2,1)=1: LET
a(2,2)=0

10 DEF FN s(P,Q)=a(P+1,Q+1)

In arithmetic machines we would not even
need to have such a definition of s
(NAND) if it was wired for logic.

To calculate a truth table for a new logi-
cal formula, for example, the hypothetical
syllogism

((PIMPLIES Q) AND (Q IMPLIES R))
IMPLIES (P IMPLIES R)

(If Gf P then Q) and (if Q then R) then (if P
then R) is a more familiar way of express-
ing the syllogism), we could start

IMPLIES(AND(IMPLIES
(P,Q),IMPLIES(Q,R)),IMPLIES(P,R))

and turn it into
1aiPQiQRiPR

Boris Allan . . .

is a sociologist who writes about the
implications of the newer and older
technologies, with special emphasis on
computing. Trained as a scientist in the
1960s, he has taught at many levels
from remedial maths in secondary
modern schools to Fortran
programming in universities. At present
he lectures in the Department of Social
Science, Manchester Polytechnic.

if you wish, and then — in immediate
mode —

PRINT FN i(FN a(FN i(P,Q),FN
i(Q,R)),FNi(P,R))

for various values of P,Q,R.

Reversing the notation —

going forth

Suppose that instead of writing the defini-
tion for equals (line 60) in a Polish nota-
tion, we reversed the notation, left out the
brackets and commas, and produced

PQEQUALSisPQNORPQANDOR

in what is naturally called reverse Polish
notation. In evaluating this formula (on
the right-hand side) we would take the

parameters in order, and as we reached a
function use the parameters for that func-
tion. In this new notation the hypothetical
syllogism becomes

PRIMPLIES QR IMPLIESPQ
IMPLIES AND IMPLIES

but, weask, to what purpose?

If the hypothetical syllogism is studied,
we can notice first of all the utter simplic-
ity (all we do is move down the line) and
wonder if this simplicity could be used to
some advantage, just as Lisp uses the func-
tional form to advantage). Lisp is rarely
implemented on small computers, but
lately a language which uses the reverse
Polish form has become reasonably com-
mon. The language is Forth, and Listing 2
is a set of basic Forth words, equivalent to
functions, which covers the same ground
as the program in List 1.

I will not give a detailed explanation of
Forth, but I'll pick up points as I go
through. Line 0 defines a new set of func-
tions which will be called by the generic
term logical, and line 1 is no more than a
remark. Lines 2 & 3 define two constant
values, that is true has the value 1 and false
has the value 0, these values being un-
changeable. Lines 4 and 5 define two
words (DUP2 and UNDER?2) which mani-
pulate items on the stack - the stack is the
place valves such as P or Q are stored
before operating on them by the func-
tions/words such as NAND. For example
consider the hypothetical syllogism: place
P and Q on the stack, and then apply the
function IMPLIES leaving the result on
the stack (but losing P and Q); then place
Q and then R on top of the result, use
IMPLIES on Q and R, another result (that
is two results); do it yet again for P and Q
(three results); the function AND is then
applied to the top two results (there are no
parameters to put on the stack); finally use
IMPLIES on the results of the AND, and
the first IMPLIES. In the colon definition

List 1

10DEFFNsP,Q)=1 - P*Q

20 DEF FN n(P) = FN s(P,P)

30 DEF FN a(P,Q) = FN n{FN s(P,Q))

40 DEF FN d{P,Q) = FN a(FN n{P}, FN n(Q)}
50 DEF FN o(P,Q) = FN n(FN d(P,Q))

60 DEF FN e(P,Q) = FN o(FN a(P,Q), FN d (P,Q))

70 DEF FN x(P,Q) = FN n(FN e(P,Q))
80 DEF FNi(P,Q) =FNo(FN n{P),Q)

List2

SCR 201
0 VOCABULARY LOGICAL
1 (LOGICAL CONNECTIVES BASED ON
THE NAND RELATIONSHIP)
1 CONSTANT TRUE
0 CONSTANT FALSE
: DUP2 OVER OVER ;
: UDER2 ROT ROT ;
- NAND * 1 SWAP — ;
:NOT DUP NAND ;
:AND NAND NOT ;
:ORNOT SWAP NOT NAND ;
10 : NORORNOT;
11 : XOR DUP2 OR UNDER2 NAND AND ;
12 : EQUALS XOR NOT ;
13 : IMPLIES SWAP NOTOR ;
14 :ISIF.“TRUE"” CRELSE.”
FALSE " CRTHEN ;
15 ; S (VERSION 3)

CONOTRWN
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(lines 6 to 14) the word being defined is the
first in the string (for example NAND in
line 6) and the remainder up to the semico-
lon defines what it is the word does — in
line 6, takes the top two numbers off the
stack, multiplies them together, puts a one
on top of the stack, swaps the one with the
result (so the result is on top), and
subtracts the top of the stack from the
second on the stack (i.e. subtracts the re-
sult of the multiplication from one). Apart
from lines 11 and 14 the instructions
should be obvious in their intent — line 14
looks at the number on top of the stack,
and if it is one, TRUE is printed, else
FALSE, and then the next thing is done.
For example, these words would enable
you to ask

TRUE FALSE IMPLIES
and be told
FALSE
OK

and in a similar manner for more complex
formulae.

In the Basic listing, the order in which
the functions were defined followed closely
the order given in Forth. In Forth,
however, NAND had to be defined before
any other word used it, and NOT had to be
second, because to use a word before it is
defined is inadmissable. In Basics gener-
ally the order in which the functions are
defined is immaterial, which means that
one can define IMPLIES before one
knows how to define NOT or OR (though
they must be defined at some point).

Functional v Elemental

Lisp and Basic proceed in a functional
manner in the manipulation of logical
connectives, exemplified in the expression

FUNCTIONAL

f Implies
o

i
_ELEMENTAL® P

for the hypothetical syllogism

IMPLIES(AND(IMPLIES(P,Q),
IMPLIES(Q,R)),IMPLIES(P,R))

When coming to interpret the meaning of
this expression the language analyser will
encounter IMPLIES, a function it will
recognise as having two parameters — it
will store this information for later use,
probably on a stack. The analyser will then
encounter the first of the parameters,
which is itself a function AND, so it stores
this information, and finds that the first
parameter of AND is another IMPLIES,
store that away. This latest IMPLIES can
operate immediately on two real parame-
ters P and Q, and that result now becomes
the first real parameter for the AND, the
second real parameter is the result of IM-
PLIES on two parameters Q and R, and so
on...
This is a tedious process to go through,
though easy enough on a computer, and
requires two stacks: one stack to store the
functions, and one to store the parameters
and results. In the Fig. the hypothetical

Implies

llmplies e Implies
a R Pl q

syllogism is decoded into a tree, and a
functional language goes through the tree
from the top downwards — this is the way
in which normal, non-computer languages
work. It is easier to work from the bottom
upward?

An elemental language such as Forth
works from the bottom line upwards — see
diagram for example

PRIMPLIESQRIMPLIESPQ
IMPLIES AND IMPLIES

and only needs one stack, because the user
has already decoded the order in which the
functions are to be applied. This is also
why a word in Forth can only be defined in
terms of words already known to the
system,; it makes it far easier for the system
even if more tedious for the user.
Finally, a concrete example of the

hypothetical syllogism:

IF ((If Boris then human) and

(If human then mortal))
THEN (If Boris then mortal)

W

January 4-7

Noise, its measurement, analysis and control;
four-day course at the City University,
Northampton Square, London ECI1. Details
from Dr J. S. Anderson at the University, 01-
254 4399 ex. 4203.

January 5-14

Five two-day short courses on PetCBM
microcomputers, at Department of Electronic
and Electrical Engineering, University of
Salford, Salford M5 4WT. Tel. 061-736 5843
ex. 248.

January 5

Microwave tube or solid state device? IEE
Colloquium, Savoy Place, London WC2. Tel.
01-241 1871.

January 6

Seecing with long-wavelength eyes. 18th
Appleton Lecture by Prof. A. P. Anderson.
IEE, Savoy Place, London WC2.

January 7

Superconducting generators. IEE/IoP
Colloquium at 14.00h, Savoy Place, London
wC2.
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January 10

Non-linear control system design techniques
in attitude control. IEE Colloquium, 10.30h,
Savoy Place, London WC2.

January 11

Reliability of automotive electronic systems
and components. IEE Colloquium, 17.30h,
Savoy Place, London WC2.

January 11

Electronic revolution comes to your car. IEE
Lecture by M. H. Westbrook, 19.30h, SEB,
Waterloo Road, Uxbridge, Middlesex. Details
from R. M. Bennett, Tel. 01-567 5621.

January 12

Short range communications systems and
techniques. IEE Colloquium, 17.30h, Savoy
Place, London WC2.

January 12

Higher definition graphics for UK teletext.
IEE Lecture by D. Brockhurst and M. Dyer,
17.30h, Savoy Place, London WC2.

January 12

Field emission of ions from liquid metals. IEE
Discussion Meeting, 14.00h, Savoy Place,
London WC2.

January 12

Telecommunicate or travel. IEEIE Lecture by
R. C. Smith, 19.00h, Oxford Polytechnic,
Headington, Oxford. Details from IEEIE 01-
836 3357.

January 13

Man/machine interface using GKS, the new
graphical standard. IEE Colloquium, 10.30h,
Savoy Place, London WC2.

January 13

Computer recognition of speech. IEE younger
members’ lecture by R. Bell, 19.00h, at
Marconi Avionics, Airport Works Site,
Rochester, Kent. Details from G. F. Simms,
Tel. 0444 457301 ex. 31.

January 14
Testing custom devices. IEE Colloquium,
17.30h, Savoy Place, London WC2.

January 17-21

Visodata 83, Audio visual media and data
systems for education and communication.
Congress and exhibition. Details from
Miinchener Messe- und Ausstellungs GmbH,
Messegelande, Postfach 12 10 09, D-8000
Miinchen 12, Germany.

January 18

The Photon Connection. IEE Faraday Lecture
presented by STC. Kelsey Kerridge Sports
Hall, Cambridge. Two presentations, 10.30h
and 19.00h.

January 18
Millimetre waves. IEE Colloquium, 17.30h,
Savoy Place, London WC2.
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Radio in cells

The recommendation of the Merriman
Committee that the Home Office should
make available to the land mobile radio
services virtually all of the prime interna-
tional television broadcasting v.h.f. bands
seems oddly out of phase with the current
developments in the advanced ‘‘cellular”
systems for mobile radio. Within a few
years these will be exploiting the very large
chunks of spectrum space made available
for the mobile services at WARC 1979.
Using the more advanced techniques now
being planned, the spectrum above 860
MHz can provide two-way communica-
tions for hundreds of thousands of users.

Indeed if the present applications to de-
velop large cellular systems are granted,
there will be room for vastly more two-way
mobile communications than by expand-
ing the current private mobile radio chan-
nels using individual base stations working
on fixed channels to relatively modest
numbers of mobiles over ranges up to
about 20 to 35km. Several British firms
and consortia, including British Telecom/
Securicor and Air Call, intend to operate
large cellular systems. Motorola say they
will manufacture suitable equipment at
Basingstoke.

Overseas, considerable experience of
cellular systems has been gained both in
the field trials run by Bell Laboratories in
Chicago since about 1978 for AMPS (Ad-
vanced Mobile Phone Service) and the
operational system made by NEC for the
Japanese telecommunications agency NTT
in Tokyo. Another contender is the Nordic
Mobile Telephone system.

Claimed in 1980 as the “world’s first
cellular system”, the Japanese system uses
a number of base stations sited in regular
cells or lattices throughout the city and
suburbs of Tokyo using frequencies above
800MHz. Each base station is designed to
have coverage to about 10km in the
suburbs. Iniually the service covers 23
districts of Tokyo.

The distinctive feature of all cellular
systems is that they are arranged so that a
vehicle remains linked to the normal tele-
phone system with coversations continuing
virtually uninterrupted when the vehicle
crosses a cell boundary and is automat-
ically re-assigned new frequency channels.
Unlike the long-established “‘extended-co-
verage” systems on v.h.f./a.m. and fre-
quency off-sets, the base stations operate
on entirely different frequencies.

In the NTT system the vehicles auto-
matically transmit location registration sig-
nals which are stored at the electronic
switching centre (that is to say the mobile
telephone exchange) so that vehicles can be
called selectively by the base station in the
cell in which they are actually travelling.
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Base stations have 25 watt transmitters and
mobiles 5 watt units.

The Chicago field trials of AMPS were
based on ten cells covering about 2100
square miles of downtown and metropoli-
tan area of Chicago. The system was tested
by about 100 Bell System employees over a
period of several years. When a vehicle
crosses a cell boundary a command signal
from the switching centre reassigns the
channels, making full use of microproces-
sors and fast-acting frequency synthesiz-
ers.

The attraction of cellular or lattice
systems from the viewpoint of frequency
spectrum management is that the use of
u.h.f. in compact areas permits the use of
the same radio channel many times over
within a single large city, allowing much
more intensive use of the spectrum.

Spectrum saving

Cellular techniques for improving spec-
trum use also form a crucial part of
the 10.5GHz microwave multipoint local
distribution plans for the Mercury digital
network being set up in the UK for voice
and data transmission for business users.
For the 2Mbit/s cellular networks within
cities, digital equipment is being supplied
by Telettra of Italy. The main Mercury
inter-city networks will make use of digital
fibre optics. Two main cable rings based in
London, Birmingham and Bristol in the
south of England, and Leeds, Manchester
and Liverpool in the north, together with
expected satellite links to North America
form part of this first major “private” tele-
communications network.

There can be little doubt that UK mo-
bile radio is still far from the end of its
growth potential. By 1980 there were some
15,300 p.m.r. licences covering 18,500
base stations and over 260,000 mobile
units, with a growth rate of about 10% a
year. For comparison, over 350,000 c.b.
licences were issued in its first year, each
covering a maximum of three units, and
with a large number of non-licensed users.
Although British industry appears to have
largely abandoned hopes of competing
with imported 27MHz equipment, a 934
MHz transceiver, priced at about £250, is
being marketed by a Mildenhall firm.

The Merriman Committee interim re-
port dismisses the value to mobile radio
frequencies above 600 MHz and curiously
makes no reference to the potential of cel-
lular systems, using frequencies interna-
tionally available to the land mobile ser-
vices. Key factor seems to be price; for a
small organisation making heavy use of
two-way radio in a local area it is still
usually cheaper to run an independent
base station — but wasteful of spectrum.

Careersin e.m.c?

It was probably the coming of v.h.f. televi-
sion in the 1930s that first really brought to
prominence the many problems of what
has now become known as electromagnetic
compatibility or e.m.c. — basically the
difficulty of mixing together different
types of electrical and electronic equip-
ment without creating mutual problems.
Topics that come together nowadays to
form the “buzz” topic of e.m.c. are igni-
tion interference, suppression of radiation
from electrical motors and thermostats,
harmonic radiation or direct breakthrough
from local transmitters, simultaneous
operation of transmitters and receivers
from the same ship or vehicle or site, close
proximity of complex electrics in space-
craft effects of the electromagnetic pulse
(e.m.p.) following a nuclear explosion in
the upper atmosphere, protection against
lightning and other transient overvoltages,
effective shielding or screening of equip-
ment, and biological responses to non-io-
nizing electromagnetic radiation. Already
you can make a career of being “‘an electro-
magnetic compatibility specialist engi-
neer”.

As might be expected this new discipline
already has its own international confer-
ence circuit. I am reminded, for instance,
that the fifth symposium and technical
exhibition on electromagnetic compatibil-
ity is being held at Zurich on 8-10 March,
1983 with a formidable three-stream pre-
sentation of no less than 110 high-level
scientific and technical papers plus five
workshops. In an opening session on the
“environment’’ the Polish Institute of
Telecommunications is to report on an
m.f. composite radio noise survey in Po-
land; Sheffield University has a paper
“Ariel-4 observations of power-line har-
monic radiation over North America and
its effects on the magnetosphere”; fol-
lowed by a Japanese university paper on
“charge neutralization for a space shuttle”
and a Canadian paper “Impact of lightning
beams on a tall structure”. Sessions on
interference models, propagation and wave
coupling, nuclear e.m.p., bioclogical effects
of exposure to r.f. radiation, power
electronics, e.m.i. in microelectronics,
spectrum management are all included in
this crowded three-day event. Indeed one
can think of very few people in commu-
nications and electronics whose work is not
affected by one or more of these topics.
And that is where questions begin to rise
— should we encourage an all-embracing
topic such as e.m.c. to become a highly
specialized discipline of its own? Or would
it not be better to aim at greater awareness
of e.m.c. among all design engineers?
Many of the current problems in consumer
electronics, for instance, have known solu-
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tions, but still appear to be disregarded.
When these excellent Swiss conferences
began e.m.c. was still considered an inte-
gral part of electronic design. It would be a
pity to see them becoming too specialised
or too academic.

Too public a key?

Some time ago, I surveyed developing
techniques for message and data encryp-
tion, highlighting the furious debate that
arose over the security of the National
Bureau encryption standard (“Electronic
cryptography”, September 1980 issue,
pages 44-9). Based on a non-linear algo-
rithm, 56bit main key, 18 data manipula-
tion stages and 16 internal coding keys, it
was generally considered that a 56-bit key
— though secure for normal commercial
purposes — could not be regarded as com-
putationally secure against a really deter-
mined attack.

The alternative, and then still not fully
developed, “public-key” systems were be-
ing advocated as providing greater secur-
ity, as well as offering considerable opera-
tional advantages not available from more
conventional systems.

Since then public-key systems have be-
gun to be marketed amidst a growing spate
of suggestions that not all are as secure as
originally thought. A recent issue of
Electronics Letters (14 October 1982) con-
tained a strong warning from Belgium in
respect of the Markle-Hellman public-key
knapsack algorithm, including doubts
whether there are useful knapsacks or
conversely whether all useful knapsacks
can be cracked. As long as this question is
not answered positively the use of the
knapsacks, even with interative transfor-
mations, is not recommended for crypto-
graphy. The same issue however included
a new fast decipherment algorithm for
RSA public-key systems from Philips in
Belgium, and also a technique for the im-
plementation of digital signatures for RSA
from Israel. A. Shamir, the “S” of RSA
has also raised the question of breaking
the Merkle-Hellman cryptosystems. There
does now seem a cloud over some of the
public-key techniques.

In Brief

US Navy is to renew development of e.l.f.
systems for communicating with subma-
rines using a 28 mile underground aerial
and a new 56 mile above-ground aerial.
Previous work was halted when residents
complained of possible radiation hazards .
.. RCA have developed the first commer-
cial communications satellite with a solid-
state transponder. Each of 28 transponder
amplifiers has an output of 8.5watts from
gallium arsenide devices . . .
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Incentive licensing

An increasing number of British amateurs
feel that the licensing system in the UK
does not encourage licensees to continue
theoretical or practical study of commu-
nications technology beyond the level re-
quired to obtain a pass mark in the Radio
Amateur’s Examination, as currently ad-
ministered by the City & Guilds of London
Institute. Formerly, home construction of
transmitters and ancillary equipment, with
the subsequent problems of debugging and
maintaining them, meant that many ama-
teurs not employed in the electronics in-
dustry acquired considerable practical
know-how, to a degree not necessarily ac-
quired in operating factory-built and pro-
fessionally-serviced equipment.

While formerly most amateurs favoured
the British once-and-for-all type of exam-
ination, today more are prepared to con-
sider seriously the various incentive
systems found in many overseas involving
graded examinations that provide addi-
tional frequencies and facilities.

In the USA for example there are five
grades: novice, technician, general, ad-
vanced and extra classes each requiring
technical examinations at different levels.
In the USSR many listeners begin by
operzation of club stations, but many obtain
a “novice” licence for c.w. s.s.b. and a.m.
on 1850-1950kHz with not more than
Swatrts input (EZ prefix). Such a licence
can be obtained at 14 years of age. At 16
they can apply for a v.h.f. licence for all
bands above 30MHz (in practice 144MHz
upwards) but also covering 1.8 and
28MHz (R prefix). Neither novice nor
v.h.f. licence involves a Morse test al-
though one finds many R prefix stations
using c.w. on 28MHz often with good
operating standards. For the main h.f.
licences there are three separate categories
involving different restrictions on power,
bands and modes. The first-class licence
covers all h.f. bands but requires special
permission to use r.t.t.y. Power limit is
200 watts input. Another grade has a
power limit of 40watts.

A feature of the Russian system is that
examinations are taken at the nearest re-
gional radio club where “qualification
commissions’’ consists of experienced local
amareurs selected by the local radio sports
federation. It is even possible to become a
“Master of Sports of the USSR” via ama-

teur radio contests! The problem of how
accurately to judge true “champions” is
currently the subject of much earnest de-
bate. There can be little doubt that the
Russian system is designed to encourage
both technical and operating skills. A great
deal of Russian amateur equipment is
home-built, often to designs in Radio mag-
azine — but one also has the impression
that considerable store is set on building
up a large reserve of first-rate cw
operators. Indeed, despite the number of
articles having political or military orienta-
tion in Russian and East European radio
journals, it often appears that this part of
the world is closest to the traditional in-
terests of amateur radio.

RSGB move

After almost 40 years in Bloomsbury, cen-
tral London, first in Little Russell Street
and then in Doughty Street, the RSGB has
moved its headquarters to larger premises
at Alma House, Cranborne Road, Potters
Bar near Barnet, Herts (Potters Bar
59015). In its annual report to June 30,
1982 the Society records a membership
increase of about 10% from 29,337 to
32,215. However there were signs that as
the year ended the rate of increase is fall-
ing, with a higher than usual drop-out rate
perhaps reflecting the economic recession.

Here and there

The Ariel Radio Group, comprising radio
amateurs working for the BBC, is cur-
rently celebrating the 50th anniversary of
the start of BBC External Services on 19
December, 1932. Club stations using the
special callsigns GB2BBC, GB3BBC and
GBSBBC are all working from central
London, G3BBC in west London and
GB4BBC from Caversham, near Reading
throughout December.

In filing application with the FCC to
operate two geostationary communications
satellites an American firm, Cablesat Gen-
eral Corporation, is proposing to include
an amateur radio network transponder in
each satellite. Uplink frequency about
5.6SMHz, downlink about 3.4GHz. North
American amateurs with 2m dish aerials
and 10watt r.f. power would be able to
work through the satellites. APRL have
been asked to co-ordinate their use. If the
FCC approves application a 1985 launch is
planned.

SA-AMSAT has been conduciing the
balloon tests to obtain practical experience
in airborne transponders and telemetry
beacons and this project is not directly
concerned with possible future satellite
projects. PAT HAWKER G3VA
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Two-metre transceiver

These two sections of Tim Forrester’s multi-mode transceiver are frequency
demodulation and synthesizer modules. A further circuit diagram — for the power section
constituting module 3 — concludes last month'’s article.

Rounding off last month’s article, the cir-
cuit below shows the main power supply
and transmitter output stage of module 3.
Some modules have their own regulators
fed from the main supply on this board.

Module 4, the f.m. i.f. section, has the
smallest board but carries out the fol-
lowing functions,

f.m. signal demodulation

s.s.b./f.m. gate and squelch

S-meter drive for f.m. receive
noise-blanking on s.s.b.

audio power amplification

s.s.b./f.m. routing to the audio power
amplifier.

Despite the number of functions the board
carries out only one adjustment is re-
quired, for the f.m. discriminator. With
the exception of the LM380 a.f. power
amplifier, IC4;, the circuit is fed from a
TO92-packaged 8V regulator, IC40s.

An SL6600, IC40, carries out f.m. de-

by T. D. Forrester, G8GIW

modulation. This device has a mixer to
convert 9MHz down to around 100kHz
and provides adjustable squelch but re-
quires no tuned circuits. The squelch out-
put on pin six of thisi.c. goes low when the
phase-locked loop f.m. demodulator locks;
the signal-to-noise ratio at which it locks is
determined by a mute control on the front
panel. Fast time constants of this device
allow it to be used for both f.m. and s.s.b.
muting.

In the prototype, a 9.09MHz crystal was
used for the second conversion oscillator
giving a second i.f. of 90kHz. The p.l.1.
f.m. demodulator is set to 90kHz by ad-
justing Cso4. Around 100kHz is preferred
for the second i.f. although limits are be-
tween 80 and 500kHz. Choosing a fre-

quency other than 90kHz will mean that
the timing and loop-filter components
Ca03,404,40s and Rypo 401 will have to be
changed.

Only three parts of the quad analogue
switch, ICy;, are used. Two form a single-
pole change-over to select the source for
the a.f. power amplifier and the thitd is
used as a squelch gate to cut off the audio
output when no signal is present.

The receive-converter input signal on
9MHz is split two ways on this board; part
of the signal is fed to the f.m. demodulator
and the rest goes to a 9MHz r.f. amplifier
consisting of IC403 404, then to a diode rec-
tifier, Dygo401, used to convert the r.f.
signal into d.c. to provide this amplifier’s
a.g.c. and to drive the S meter.

When s.s.b. is selected, Try; drastically
shortens the time constant of the f.m. $
meter and s.s.b. noise blanker feed and the
output is used to drive the receive-
converter noise blanking gate. The a.f.

+12V
Start relay Tr302 BD132 Tr3g05 BD132 Regulated 10V to
R3gs R3g5 synthesizer, tone
330 2k2 | bursts and a.t.
0303] preamplitier.
R300 @-—‘
Tl‘30k 10V
BC108 BC108
Tr3p0 Tr306
BC108 BC108
Ott/on R301 R
(Mode { R306 470 e
+12V to pproc, To p-tt line +10V switched to +12V switched
Tx p.a., displays, Tx converter &pa. to Rx converter
B0 ST ___b_"fs_f‘_‘ie”ul ClES Module 3 is the transmit converter. This circuit,
BTG Y e\ described last month, contains the transmitter
L304 final stage, the main power relay and some of
From 10V - R3g9 the power change-over circuits. Broadband
switched 78L08 4 i .I. choke L34 is not critical and was made using six
10 C C (30q == or seven turns on a T37-6 toroid.
e R L 304 == -305 306
R3y0 3n 302 i Tion ] 100n
L303 c3°§,> 15 watts output to aerial
[1NL001 AT changeover relay.
G309 . 22p _rC309
} —@ 1308 T P D37 Rap
C Nz
18 wuf;:rﬁp 2N6083 307 ;:\‘0" hA To S meter
input trom 2 D36 (31022
Tx converter INO14 T
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j. From 78L08
c1.1SI1oon -T- +12v
Cupr 'E100n
' c Sk7 1 |
CI.OZ 100n zknozs Ic C[.21 =
it 17 -];6 15 401 % 4700
input = 4g [re— IC402
‘cwo ) SL6600 8
0n
(y) 3 7,01 )
RN G G 7 1 o6 | @PCY 1 gl LM380
XL400<=9-09 R403 RL04 6 Curg |
MHz 47K 22k c1.112 q 9
p [ A70)J
G407 Cao9 22 T
27p $3)n2 Ry0s Rios  |Ruos |* |7 P Ru11 S22k B
10K 15k 15k = Ca9 Riti
Cuos| | Cuog) L Cagf [ Cen _L—— c Ci7 | 202 100 470k
N
100n 100n 100n 10n €3 SRu07 242 Russw | Loz
T 04 < Ské =
. D402 R
D . »l 412 >3k9
Note:--402 is not MLETTTY
mounted on p.c.b. L ' J
Mute control To Rx conv. pwr (x) SSB/tm To
input (+12V switched) select loudspeaker
. L. . SSBaf To vol. To busy a.f pwr amp input
power amplifier is simple, using an LM380 input control lamp & yproc from C1008 in
module 10

i.c. to provide an output of around 2W.

To align this module, Cyo4 is adjusted to
obtain the best audio quality. If the busy
lamp (to be discussed) will not light, i.e.
the f.m. demodulator will not lock, the
v.c.o. frequency may be adjusted by
changing Cy93 and fine tuned by changing
the value of Ryg;.

Any quartz crystal of around 27.3MHz
working at its fundamental frequency of
near 9.09MHz should be suitable for the
second conversion oscillator. In the proto-
type a 27MHz crystal intended for remote-
control applications was used.

A diode, Dy4; is connected between the
power feed for the receive converter and
the mute-control input to mute the re-
ceiver immediately after the transmitter is
switched on.

Part of module 4 — £.m. i.f. mute and a.f. switching circuits with the audio-power amplifier.

IC 400 carries out f.m. demodulation qnd ICa01,
pole change-overs to select the audio source,

used.

a quad analogue switch, forms two single-
and a squelch gate. The fourth gate is not

Synthesizer logic — module 5

This module is designed around an
SAA1058 32/33 prescaler and SAA1056
(Mullard) or LN1031 p.l.l. synthesizer
which is a dual-modulus device with serial
control. As the 1058 is only guaranteed to
125MHz, a further faster e.c.l. device, the

To SL6600, 4016 etc.

P——— 412\
78008 input
Cu24 == 100n Cazs iwon
; Z CLZB
IC403 Ic 100n

404
423
ﬂ s
100p
1

This 9MHz amplifier and rectifier circuit
drives the S meter on f.m. receive. On
s.s.b., Tragz shortens the output’s time
constant and the signal is used to drive
the receive-converter noise-blanking
gate.
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Ry17 222k
To SSB noise blanker To S meter  £m./SSB
switch ganged with  for fm mode select

volume control and
100Hz select.

(x)

MC10231 dual flip-flop, divides the in-
coming signal by two.

SAA1056 is a programmable divide-by-
N counter, with reference oscillator and
programmable divider, phase comparator
and lock detector, currently costing under
£5. To program the SAA1056, a 17-bit
serial-data word with clock and a DLEN
signal are necessary; this presents no prob-
lem due to the microprocessor controller.

The synthesizer works in 10kHz steps at
135MHz, with a means of pulling the re-
ference oscillator to give continual cove-
rage in 100Hz steps. Since a divide-by-two
pre-scaler preceeds the main programma-
ble counter, the reference frequency in the
SAA1056 is SkHz. With a 4MHz reference
crystal it is necessary to divide by 800 by
setting the reference-select input, pin 3, to
a 1 (+5V) on ICsp;, and the reference-
control bit to a 0 (O0V). Through changing
these two signals it is possible to select any
of four dividing ratios shown in the table.

The output of the SAA1056 phase com-
parator is buffered by Trsg; 502 While ICsq3,

Control Reference Dividing Reference

bit select ratio frequency
(kHz) with
4.00MHz
clock
1 1 100 25
1 0 400 10
0 1 800 5
0 0 8000 0.5
43



Reference crystal

vxo. input from microprocessor

rﬂ»] LMHz

M{ 10231 SAA1058 CN1031 2N3702 0r 7 TLO8Y
—
—-———MS—B-’MHZ 2 Prescaler +32133 - +N,reference Transistor —,\‘\ i L
input osc. ¢ comp. buffers Integrator
' ol | L Modulus control
U compone“ts o +15V{from microprocessor dc-dd)
Resistors i Synthesizer block .EC:' g § Q Q a. o g
400 6.1k ] ) gl =] S Transistor 500 is the transmit-inhibit
401 33 - dfa%ralmf_— device, operated from the lock-detect out-
40% , 414 :;Ok E_‘\’d due-eb "_’:ﬂ-/o Filter board put of the phase comparator. Variable-ca-
404,411,417 22k St prescsie’ lowers pacitance diodes Dso,s01 pull the reference
405 ‘517, 518 519 S inButifrequency * frequency by about 400Hz which is just
2 10k 29 to SAA1058 as +5v  enough to give continual coverage; the set-
406 408 418 15k ; % this device is To transmit  ting for this is made on the microprocessor
2(1’(7} ggg - g_g: § o only guaranteed Y converter board to be described. Pulling the refer-
412 3.9k 3 to 125MHz. From microprocessor ence crystal just enough to give 9.9kHz
413 10 shift at 13SMHz results in the synthesizer
415,523 56:: i Rs30,523 and (‘1518 form the loop ﬁltqr. Input being pulled too much at 137MHz due ton
Eg‘]’g 505 5Ok 808 27 i ;_-u current required by the TLO81 is much in the loop changing but this is not a prob-
513 1k A lower than that required by the 741 usually lem in practice.
F501 13k v, used, resulting in more effective filtering Emitter-coupled logic i.cs draw consid-
ggg 504 ?gg s of the reference frequency. erable current so the 5V regulator, ICsgq,
508,509 33k 5
510,511,516,522 = 12k
512 . 10M = g i e
: " 4 oo § Reference | Haal
514,515, 524 100k z Leodi : ki E
all 1/4W, 5% ; Ber ot WL A B .l
Capacitors 4
400,411, 422,427 la) \ e J\
‘ i
g?g' AL 10n disc ¥: . 10 bit data. 5 bit data
401, 402, 406, 408 o programable divider swatlow counter
4;2, 415,419, 420 = :
1424, 425, 428, 506 o
50:7; 509, 515 1!1)8n disg. TEEEy 16384 8192 4096 2048 1024 512 256 128 6k 32 16 8 b
30, 470p 3 : = = - = :
fs04 ~ 6Optrimmer 1] 1 G S T Y T S B 0| 1 1 L Bl
405 S ) %}nﬁ%isc _E.g.é” . : T
d 8C e =

407
h#OQ 412,416,417

414
418, 421

423,426,511,512
500, 501, 502, 504
514

|516,519

517 &

518

Transistors

400, 402, 500

401

501

k02

Diodes

400, 401, 402

£00, 501 i
Integrated clrcults
400

C:ystnls
400
500

Transtormer
800

Inductors
500, 501, 502, 504
503

. 4.7utantalum, 16\(

2. 2p. tantalum, 15V
10u tantalum, 15V
_notused o
473;1 electroiytic

100p disc

indise f
22u tamatum, 16\1

47n papst

BC‘IDQ e
8CY71 Ko d
2N3702 e
2N3707

1N914 i
MV1660 vancap

SL6600

4016 y
LM380
sL1612
78L08
MC10231
SAA1058
LN1031
TLO81

7805

9.09MHz HC1BU
or near frequency
4MHz HC18U

2turns primary,
7 turns secondary
on T37-12 toroid

10u sub-min. ﬁxea:'
47u sub-min. fixed

-

3 3

{b)

3 <} |

8 | A

To produce 135MHz, the synthesizer is programmed with a 17-bit word, (a). The first
binary word for 67.5MHz (though a divide-by-two prescaler) divided by 5kHz shown in
(b) is for 135MHz and the second for 137MHz.
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Input from BV rohm
line on _L

microprocessor

I ELTO 10503
n n 10utant
I . T

From TRs00 —f?)lg)bj'b'\ i

transmit l l To R202

inhibit n 1n  ftransmitter
conv

From pP board JQ%U\

ICgpo pint l To1C502

Im pin 6
10u

From pP board
1Cgpopin15

From uP board
1Cgp9 pin30 ! To 10502
Im pin S

The filter board was mounted on the lid of
module five’s metal case directly above the
synthesizer control logic. These
components do not appear in the list.

should be mounted off the p.c.b. on the
side of the metal case; the tab of this device
is OV so an insulating washer is not re-
quired. The TLO81, ICsq3, is powered
with a 15V supply from the microproces-
sor board to allow an output swing of
around 13V.

For the synthesizer i.c. to produce
135MHz, it needs to be programmed with
a 17-bit binary word as shown in the dia-
gram.

For example to produce 135SMHz, then
as the swallow counter sees 67.SMHz, due
to the divide-by-two prescaler, n needs to
be 67.5SMHz/SkHz=13500

Note that the SkHz is the channel spac-
ing divided by two. Although there are two
separate counters in the device, as shown
above, it is convenient to consider them as
one 15-bit counter.

So, to cover from 135-137 MHz only the
9 least significant bits needs to change, and
this fact is used to advantage in the
microprocessor, which also drives the
control lines of the synthesizer.

The threshold of ICsy is adjusted by
Rso1, to set the input at about mid-logic
level so any signal coming in from the
v.c.o. through Tsgo will toggle this device;
ideally an e.c.l. pre-amplifier could be
used here, but due to size restriction this is
not possible.

Data inputs to the synthesizer (Data,
Clk, Dlen), along with the regulated +15V
feed and the transmit inhibit line, all pass
through a filter board, which is attached to
the lid of the metal box. This is necessary
to give greater filtering, and due to lack of
space on the end of the metal box for
usual 1000pF lead-through capacitors.
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The Electronic Industries Association
catalogue of EIA and JEDEC Standards is
available in the UK from American Tech-
nical Publishers Ltd, 68a Wilbury Way,
Hitchin, Herts SG4 0TP. WW 400

Thyristors and triacs in TO-220 packages
is the self-explanatory title of a short-form
catalogue from Siemens Ltd, Siemens
House, Windmill Road, Sunbury-on-
Thames, Middlesex TW16 7HS. WW 401

Programming roms is explained in a book-
let from Data IQ. Various devices are des-
cribed in some detail, which makes it a
useful reference source as well as the data
range of apparatus for rom programming.
Booklet is available from Microsystems
Services, 11 Duke Street, High Wycombe,
Bucks HP13 6EE. WW 402

SEI publish a list of feerrite cores and
accessories which gives their equivalents
for the Mullard range. Salford Electrical
Instruments Ltd, Times Mill, Heywood,
Lancs. WW 403

Handbook for television subtitles, 2nd edi-
tion, published by the IBA in association
with Oracle Teletext and the University of
Southampton includes experiences gained
from regular Oracle subtitling and the oc-
casional subtitling of live programmes. Re-
sults of further research at Southampton
by Robert Baker and Andrew Lambourne
are included (WW News, September
1981). The Handbook is available free
from IBA Engineering Information Ser-
vice, Crawley Court, Winchester, Hants
SO21 2QA. WW404

WIRELESS WORLD JANUARY 1983

Catalogue of Babani Books oincludes
something for nearly everyone in electron-
ics, from the beginner to some useful refer-
ence books such as books of transistor
equivalents and substitutes, and one on the
6809 microprocessor. Bernard Babini
(publishing) Ltd, The Grampians,
Shepherds Bush Road, London W6 7NF.
WW405

The MEDL Microwave Materials and
Components, catalogue has nine sections
including coaxial and wave-guide circula-
tors and isolators; waveguide loads, gas-
kets and load transitions; ferrite and die-
lectric materials; substrates; and ferrite
Torriductor cores. Marcont Electronic De-
vices Ltd, Doddington Road, Lincoln
LLN6 OLF. WW 406

Lane Components Catalogue is in two sec-
tions, the first deals with fuseholders, fuse
links, potentiometers, ferrites and resis-
tors, but the second, and longer, is entirely
devoted to connectors from a variety of
manufacturers and includes a large
number of multi-pin and edge connectors.
F. C. Lane (Components) Ltd, Slinfold
Lodge, Horsham, W. Sussex RH13 7RN.
WwW407

Two design catalogues for mosfets are
available from Siliconix. One deals with
the Mospower range and the other with
fets in general. Both include data sheet
specifications and application notes. Silico-
nix Ltd, Morriston, Swansea SA6 6NE.
WW408

Crar:field Product Engineering Centre,
part of the Cranfield Institute of Tech-
nology, has designed or redesigned a
number of products which have led to
reduced costs or improved sales. Their
service and facilities are outlined in a
glossy brochure from CPEC, Cranfield,

Bedford MK43 0AL. WW 409
Equivalents for a wide range of Motorola
linear i.cs are listed in a booklet which
gives direct replacements having identical
connections, packages and electrical char-
acteristics. Also listed are ‘similar’ replace-
ments which may differ in package, pin
connections or specification, but perform
an equivalent function. Booklet compiled
by Axion Electronics L.td, Turnpike Road,
Cressex Estate, High Wycombe, Bucks
HP12 3NR. WW 410
Consumer Integrated Circuit Handbook is
a collection of data sheets for all the Ples-
sey i.cs used in radio, tv and for remote
control. The 220-page book is available
from Plessey Semiconductors Ltd, Cheney
Manor, Swindon, Wilts SN2 2QW. WW
411
Educational kits from simple circuitry to
microprocessor applications are described
in a catalogue from ELE Ltd. They use
plug-in breadboards for the components in
a series of modules which lead the student
to complex analogue or digital circuits.
Educational Division, ELE L.td, Eastman
Way, Hemel Hempstead, Herts HP2
7HB. WW 412
The Register of Engineering Designers has
been launched by, but will be independent
from, the Institution of Design Engineers.
It is intended to list those engineers who
“by their skill, creativity, knowledge and
experience, should be recognised as being
at the spearhead of this nation’s drive to
create wealth and prosperity for the con-
tinuance of our culture and way of life . . .
it is not an endorsement or recognition of
institutional membership or of qualifica-
tions obtained, academic or otherwise”.
Institution of Engineering Designers,
‘Courtleigh’, Westbury, Wilts BA13 3TA.
WW 413
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Modular preamplifier

The first two parts of this article (October and November) described the basic system, tone
controls, filters and a head amplifier. This part continues the development into a complete

unit, including the ‘scratch’ reducer

THE first two sections of the article des-
cribed the general philosophy of the design
and the major circuit modules such as the
gramophone pick-up equalization and the
tone-control circuitry. There remain,
however, several other parts of rather more
specialized interest which I will deal with
now, together with some comments on
points which arose during the building of
the prototype.

Microphone amplifier

Having the facility to mix the several in-
puts to the preamp. leads to the possibility
of, for example, adding a spoken commen-
tary to a tape accompaniment to a slide
show, in addition to the more straightfor-
ward possibilities of taping direct from
microphone. A low-noise microphone am-
plifier makes a very useful addition to the
system in such cases.

Although a balanced-input circuit, using
an input long-tailed pair as in the RIAA
circuit, offers the possibility of a very low-
distortion configuration, a straightforward
single-transistor input arrangement can
give very acceptable results, and I have
shown such a circuit — very similar in
general form to that which I had described
in an earlier cassette recorder® but with
‘one or two small changes, aimed mainly at
reducing intermodulation effects due to
wide-bandwidth noise components — in
Fig. 17. This fits easily on to small
printed-circuit board, which can be
mounted close to the microphone input
terminals. In the prototype preamp., these
are mounted on the bottom left of the front
panel so that the incoming cables shall be

as convenient as possible to the right-
handed person. I have also chosen this as
the main chassis earthing point, to lessen
the possibility of mains ‘hum’ pick-up at
this very sensitive point.

A four-pole change-over switch is used
to route the output of the microphone am-
plifier into aux.2 input, and to earth the
inputs to both channels when the mic.
amplifier is not in use: two gain options

by J. L. Linsley Hood

(x50 and x100) are provided by the
switch S3;. If different gain levels are more
appropriate to the microphones in use, Rg;
is adjustable over the range 10-100k{)
without ill effect. The output trimmer pots
PR7,.1, are provided to allow the d.c. out-
put level to be set sufficiently close to OV
to permut switching without clicks. The
t.h.d. of the circuit is less than 0.03% at
the threshold of clipping (approx. 10V
r.m.s.) and the equivalent input noise re-
sistance is around 700 ohms, which should
be entirely adequate for this application.
The current consumption is of the order of
3mA/channel.

Moving-coil head amplifier

There is a growing preference among the
seekers after perfection in the reproduc-
tion of gramophone records for moving-
coil type pick-up cartridges as the input

Fig. 17. Microphone amplifier.

+15V

Wie S27a Rgs (53 .
. O, T.
input ~ 10k 100p @7 "
—t Rg?
C51 100n [ ]
T 1 e {
C5pmm 1004 L
LT (s Set d.c. zero
BL214C Rgs S 1k
S27b
R 1k
Rg3 <100k & $320 560 — To
{(Guin) mixer stage
L o 1
AuxTinput
PR
NN
R4 < 100k
15V

transducer. From personal observation,
the reason for this preference appears to be
a somewhat greater dynamic channel
separation, which leads to a rather more
‘three-dimensional’ quality to the repro-
duced sound. Also, there is undoubtedly a
greater difference in sound quality
between differing makes of pick-up car-
tridges than there is, say, between dif-
ferent power amplifiers of comparable
quality, and some of the m.c. pickups are
indeed very pleasing to listen to.

However, by comparison with the nor-
mal moving-magnet or variable-reluctance
type of cartridge, the normal m.c. unit has
a very low output signal voltage, typically
in the range 50uV to 200uV/cm/s groove
modulation velocity, and require a low
output load impedance — typically 50
ohms. For these reasons, some form of
‘head amplifier’ or step-up transformer is
normally required as an interface between
the m.c. cartridge and the RIAA input
stage of the amplifier. Transformers can be
quite good, and offer the lowest noise al-
ternative, but they are often prone to in-
duced mains hum pickup problems, and
are felt by some to give some loss of musi-
cal detail.

To be adequate in this application, a
separate head amplifier should have an
input noise resistance which is preferably
less than 30 ohms. Since a typical small-
signal transistor, in an optimized circuit
configuration, would have an equivalent
input noise which is probably around 300
ohms, one early approach to the solution of
this problem was to design the input stage
so that there were ten (or more) input
transistors connected in parallel, each with
its own input capacitor, emitter and base
bias networks. However, this seemed a
rather clumsy way of resolving the diffi-
culty, and recent designs have, in general,
relied on the use of single transistors hav-
ing an adequately low effective input-noise
resistance. In this context, it will be found
that many of the 4-5 ampere medium-
power transistors in the TO-126 and TO-
220 encapsulation make very satisfactory
input devices for this type of circuit,
though some experimentation to deter-
mine the best value of collector current is
worthwhile if this area is explored.

The circuit shown in Fig. 18 is based on
the use of a Motorola BD435, and the
measured input noise resistance, with the
input shorted, was within the range 20-25
ohms, at the maximum (X 60) gain setting.
The lower gain (X30) is selectable by the
switch S;3 and will probably be appro-
priate for most of the m.c. cartridges in the
upper range of output levels. T.h.d. of this
circuit is of the order of 0.03% at 100mV
r.m.s. output, and very much less than
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this at the typical output levels in use.
Very great care is necessary in the layout of
the wiring to this unit, from the input
sockets to the selector switch, and thence
to the head amp. board, if SOHz induced
hum is to be avoided. This will manifest
itself as a hum-free output when the inputs
are open but an annoying buzz when the
low impedance cartridge is connected
across these. The simplest answer would
be to make the unit a separate add-on
assembly, but it is practicable to build it
in, if care is taken with the layout.

For similar reasons, and also to avoid
including any unwanted noise currents in
the input circuit, it is strongly recom-
mended that single-point earthing is used,
and a suitable p.c.b. layout is shown in
Fig. 19. The input 5V regulator prevents
supply-line signal components from caus-
ing difficulties at the high-gain RIAA stage
input. Because of the very low circuit im-
pedances, no specific screening is neces-
sary, though prudence suggested, in the
prototype, that it should be mounted on
the far side of a vertical metal plate from
the remainder of the preamp. circuitry.

Stereo image-width module

It has been argued in these pages* that for
the optimum enjoyment in headphone lis-
tening some degree of blending of the two
stereo channels is desirable, and there are
other circumstances, such as the transfer
of an original ‘stereo’ signal on to a single
track of tape, where some mixing is neces-
sary. There are many ways by which this
could be done, but the circuit arrangement
of Fig. 20(a) will work, and will give unity
at all settings, and also a constant, low,
output impedance.

The thought has long been in my mind
that it would be an interesting experiment
to try to enhance the image separation
between a pair of stereo channels, in that
this might make the same difference as an
extra amount of money spent on a more
carefully engineered pickup cartridge. The
rather sinful thought was also in my mind
that it might allow some entertaining
effects, though these were not in the minds
of the programme producers.

The type of circuit shown in Fig. 20(b)
has long been known to instrumentation
engineers as a means of reducing ‘common
mode’ signals, and it would work, in the
form shown, as a means of enhancing
channel separation. The circuits of Figs.
20(a) and 20(b) could therefore be com-
bined to give the variable blend ~ separate
arrangement shown in Fig. 21, and this
does indeed work as intended. The chan-
nel width control pots, PRg,.p, are ganged
so that both channels move inwards in
synchronism, and the resistor Rjqg is in-
serted between the mid-points to prevent
an excessive degree of separate signal en-
hancement. If a spare switch contact was
available, this could be switched across in
the ‘blend’ position to allow a true mono
output.

The resistors Ryo1, 1025 105, 106 are to
prevent the op-amp inputs from being
open circuited during switching, and the
resistors Ryg3, 104 and capacitors Cg;, ¢ are
included (they have no effect on the per-
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Fig. 18. Moving-coil pickup head amplifier. See text for advice on wiring.
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Fig. 18. Board layout for circuit of Fig. 18.

formance of the circuit otherwise) to
prevent the capacitance to earth of the
necessary screened leads, leading to the
‘channel-separation’ potentiometer and
‘blend/separate’ switch, causing IC;; to
become unstable at certain settings of PRg.

In use, the circuit has proved quite in-
teresting in the modifications which it has
allowed to the channel separation ‘as re-
ceived’. On an f.m. radio signal, it is found
that a noticeable reduction in background
noise can sometimes be obtained by a small
degree of blending between channels,
without a major loss of ‘stereo’ effect. On
the other hand, the increase in image
width causes an increase in f.m. back-
ground noise, as expected. On records, or
other low-noise programme sources (and
my reactions to f.m. radio are somewhat
influenced by the fact that my best ‘local’
station is 90 miles away) an increase in
channel separation can have some quite
dramatic effects, especially on ‘pop’ music
(where the indignation of the purists will
be deflected) and on ‘electronic’ music
where a large degree of channel separation
is often specially desired. Somewhat to my
surprise, even with some degree of separa-
tion enhancement, the central image is still
retained, apparently unaffected, even
though the off-centre instrument locations

Ein(R)

Eout(R)

Eout (L)

Eout (R)

(b} 'Sepurufe‘

Fig. 20. Circuit to blend or separate stereo
channels. Circuit at (a) mixes two channels,
while (b) enhances separation.
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are more definitely spread out, as the
sound-stage is widened. It also makes my
moving magnet cartridge sound rather
more like my more expensive moving-coil
unit.

Impulse-noise blanker module

Among my l.ps there are some, dating
from the early to mid-1950s, which have
acquired surface scratches which generate
sufficiently loud ‘crashes’ from the
speakers that the known advent of certain

damaged areas on the disc discourages the
playing of otherwise artistically satisfying
performances.

A commercial unit for ‘eliminating’
record scratch noises made a brief appear-
ance some years ago, and stimulated my
own interest in such a device. Having
played with these circuits, my appreciation
of the possibilities is now more firmly
based, and is the reason for the inverted
commas above (and perhaps the lack of
commercial success of the equipment mar-
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Fig. 21. Circuits in Fig. 20 combined to form complete ‘image-width’ module.

keted). There are many problems in this
field, but perhaps the chief one is that
there is no such thing as a standard scratch
width. One consequence of this is that
there is no universally appropriate length
of time during which the signal feed
through the amplifier should be
suppressed.

Measurements on a number of scratched
records (including one which was deliber-
ately vandalized ‘in the interests of
science’) showed noise pulse lengths rang-
ing from about 0.3-7 ms. Most of the
minor, relatively low-amplitude ticks due
to dust in the groove, or small groove wall
blemishes — many of which were due to
the impact of the stylus on a dust particle
on a previous playing — lie within the
range 0.3-1 ms duration. However, these
are a lesser problem than those groove inju-
ries which cause the loud and disconcert-
ing bangs and crashes. These lie in the
range 2-7 ms, or sometimes even longer. If
the system adopted is chosen to interrupt
the signal path for the duration of the noise
pulse, the question then arises as to what
should be substituted for the signal during
this period. If the length of noise blanking
was, for example, 0.3 ms, then it would be
feasible to hold the signal waveform at the
point prior to the noise pulse to fill in the
gap, but if the blanking duration were
extended to 8 ms in order to cope with the
worst-case noise pulse, which would by

‘definition be the one that the user would

most wish to avoid, then it would be very
improbable that the signal waveform level
would still be at the same point 8 ms later,
which could give a larger discontinuity on
restoration of signal than if a zero level had
been substituted.
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It will be appreciated from the foregoing
that it is an unrealistic expectation to
suppose that all noise pulses from this type
of source can be excised silently and unob-
trusively, unless one tailors the equipment
to deal only with a certain very narrow
class of minor defects. Within this limi-
tation, however, it is possible to make a
useful contribution to the comfort of the
listener during the playing of records with
this type of surface damage.

The circuit adopted, after a certain
amount of experimentation during which
my intentions were modified by exper-
ience, is shown in Fig. 22. In this, ICjsis a
straightforward unity-gain, inverting am-
plifier with a junction fet acting as a switch
in the input limb. Because of the very low
signal voltages present at the ‘virtual earth’
input to the inverting amplifier, there is no
significant signal modulation of the gate-
source potential. Also, the small non-
linearity of the f.e.t. conducting resistance
is swamped by the 33k input limb resistor
(Ryys). For these reasons, the harmonic
distortion of this circuit arrangement is
very low (less than 0.01% at 10V r.m.s.
output). The input signals from both chan-
nels are passed, via an input differentiating
network (Cgs, 6 and Ryge, 110) into the fast:
mixer IC,4,, whose output is again dif-
ferentiated and d.c.-restored across Dyg.
Because it cannot be specified in what
phase the interfering noise pulse will
occur, the input mixer IC)4, is followed by
an inverter IC4p, whose output is coupled
through a similar differentiating network
to the d.c.-restorer diode Dyo.

These two positive-going noise spikes
are added in the first Or gate of ICs (a
c.m.o.s. quad-Or), and fed to the second
gate circuit which acts as a positive pulse
generator, in which the output, once
tripped by the input signal, is held high
during the discharge cycle of Cg9 and Ryy7.
The values chosen will give a pulse dura-
tion of about 8 ms, but this could be al-
tered, at the discretion of the user, by his
choice of the RC time-constant. This posi-
tive-going pulse is applied simultaneously
to the gates of the f.e.t. switches (Trs, 16)
in both channels, since it is improbable
that only one channe] will be affected by
groove damage. However, this again is a
decision the user may wish to make for
himself, since a completely independent
dual-channel unit with, perhaps, a variable
blanking pulse length by adjustment to
R117, is certainly perfectly feasible.

As I had mentioned above, the question
of what one should use to fill the excised
gap in programme, is debatable. However,
within the circuit, as it stands, there is the
possibility of making the op-amp ICis
store a signal voltage level at the point at
which it stood at the moment when the
f.e.t. was made open-circuit (by the +15V
positive pulse applied to its gate), by re-
turning the resistors Ryj3, 119 to the points
labelled P and Q in Fig. 22. This will make
the 470pF integrating capacitors have an
‘effective time-constant, for holding the in-
put signal voltage, of several seconds. This
approach, though, may be without benefit
except on short pulse excision times.

The question of whether it would be

WIRELESS WORLD JANUARY 1983

useful to have some type of signal delay in
the line, to allow the pulse generator to
operate prior to the arrival of the noise
spike on the signal line, was decided,
mainly on grounds of cost and signal
distortion, in favour of the simple integra-
tion capacitor across the inverting ampli-
fier, which somewhat ‘slugs’ this in com-
parison with the noise pulse detection
circuits built around ICy4. The threshold
trigger level is adjustable by PRy, and for
best results should be set so that the circuit
will just trip on the incoming noise pulse.
The third Or gate is used to drive an led to
give a visual indication of the action of the
circuit. To make the flash more readily
visible, this gate is also connected to act as
a pulse-lengthener, giving an output pulse
length of about 200 ms. This led also
allows the user to check that the pulse-
blanking circuit is not operating at un-
wanted times on legitimate signal tran-
sients.

After all this, the question must be
asked: How effective is it in use? I must
confess, after a lot of experimentation, that
I was a little disappointed that it was not
possible to make a circuit which will re-
move all clicks unobtrusively. It is cer-
tainly possible to remove some of them, in
that the led will occasionally flash, when
the circuit is in use, without the cause
having been audible at all. On the other
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hand, even while dealing with a contin-
uous range of scratch widths, which is
typical of any normal scratched record, a
correct trigger setting will give a substan-
tial improvement. For example, on an
early record of the Sibelius 2nd symphony
— rather badly affected by the passage of
the years — with a volume control setting
chosen so that the maximum peak signal
levels, as determined by a commercial In-
stantaneous Peak Drive Indicator, lay be-
tween 1-3 watts, some of the noises asso-
ciated with scratches gave rise to peak
drive levels in the range 10-30 watts, which
although brief in duration, were predic-
tably disconcerting to listen to. With the
noise blanker module in use, at the same
volume control settings, the peak noise
levels registered were less than 1 watt, and
were occasionally quite inaudible, at trig-
ger level settings which were chosen so
that no spurious triggering occurred on
programme.

After the construction of this preamp,
and the subsequent completion of the cir-
cuit description given above, it had been
my intention simply to sit back and enjoy
the use of it as a rather better and more
versatile addition to the domestic record
playing equipment, while I returned to
other more pressing, if less enjoyable,
domestic tasks. However, an unresolved
question still remained as to whether,
within the limitations of the relatively
simple circuit arrangement shown in Fig.
22, it would be possible to organize the
circuit time-constants so as to remove the
minor, but irritating, ticks and pops due to
dust, or the imprints on the groove walls of
former particles trapped during previous
playings, which measurements had indi-
cated would lie in the 0.3-1ms duration, so
some further experiments were made.

By making Rjj7 a variable resistor, it
was practicable to provide an adjustable
blanking period, with the input ends of
Ry1s and Ry connected to points ‘P’ and
‘Q’ so that the signal level was held during
the noise pulse at the previously existing
potential.

The problem then remained of ensuring
that the trip circuit would trigger on the
arrival of the unwanted noise pulse due to
the dust particle, without triggering on
wanted signals.

To be continued

o]
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Philips have appointed Electronic Brokers as their
UK Distributor for a range of Philips Electronic
Test & Measuring Instruments. As a company with

§narc1iy I33'ea1rs experience in the Test & I‘f/f[ea;tlllrement El tr o B k L o = d
ield, Electronic Brokers are able to offer full

technical support as well as demonstration facilities ecuonc ° YORers lm"te
on the premises. The Philips range is offered in 61 / 65 ng‘s Cross Road
addition to our existing Fluke, Hameg and ICE

products. All orders are despatched promptly. London WC lx 9LN

Contact us for full details (24 hour telephone Tel: 01_218 3461 Telex 298694 Elebro G

answering service), or send off the coupon.
WW - 202 FOR FURTHER DETAILS
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Tracking digital filters
for servosystems

Synchronous generation and filtering provides accurate feedback conditioning

For a discrete-time filter algorithm, the
frequency response effected is necessarily
relative to the sampling frequency, which
need not remain constant. This is in-
herently exploited in ‘“data processing”
but its potential in real time to achieve
tracking of frequency response to frequen-
cies of interest is rarely mentioned. In
cases where tracking filters have been em-
ployed, the appropriate variable sampling
rate has usually been generated artificially
by circuitry specific to the application.
The weakness of this approach is that
small deviations in the sampling frequency
can often cause unacceptably rapid phase
changes in a sharp filter response.
Outlined below is a generalized system
philosophy for use in servo-control wher-
ever the driving signal is periodic and rela-
tive feedback conditioning is desirable.

Fig. 1 depicts the generalized synchro-
nous-generation-and-filtering type of ap-
proach. The master clock frequency may
vary with time in any fashion — linear,
logarithmic, repetitively, randomly swept
or even stepped — according to the appli-
cation. This clock defines both the period
of the driving waveform and the sampling
rate of the feedback filter, thus guarantee-
ing accurate tracking of the effective filter
frequency response with the driving fre-
quency spectrum over a range limited only
by hardware capability. Careful design of
the filter algorithm permits any form of
harmonic cut or particular harmonic
selection in the feedback signal. Most not-
ably, many servosystems are driven by
sinusoidal functions and generate harmon-
ics which cannot be removed and are un-
wanted information in the feedback path.
SGF permits precision feedback of only fj
components, but anti-aliasing filters must
be included with some degree of low-
tolerance tracking depending on the range
required.

over wide frequency range.

The potential is illustrated by the fol-
lowing example.

Application to seismic vibrators

In one form of seismic survey, several hy-
draulic servosystems are simultaneouly vi-
brated over a swept frequency range of 7:1
or more. Closed-loop phase compensation
is necessary within each vibrator due to the
considerable errors introduced by the com-
pressability of hydraulic fluid and by drift-
compensation mechanisms. Problems arise
in that non-linear couplings between each

by J. J. Tait

servo and the ground being driven cause
heavy harmonic distortion in the mechani-
cal output and plague attempts to keep the
fundamental component in phase using
any ordinary phase detection technique.
The second and third harmonics are parti-
cularly troublesome and obviously cannot
be removed by fixed filtering.

Distortion in itself is not a problem as
reflected signals are later correlated against
the “pilot” signal, but it is imperative that
each vibrator’s fundamental component
remain accurately in phase with this pilot.)
An SGF filter is thus used to block har-
monics in the feedback path over the entire
sweep range, with the master clock input-
ting samples to an interrupt-driven,
microprocessor-based type of low-pass
digital filter.

implementation
Fig. 2 depicts the filter system for seismic
vibrators and similar servosystems. Fig.3

Fig. 1. In this “synchronous generation and
filtering”” approach the clock frequency
defines sampling rate of feedback filter.
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Fig. 3. Non-recursive interrupt-driven filter
program with cyclic sample storage in ram.

Fig. 2. An SGF filter block harmonics in the »
feedback path over the sweep range.

The inherent consistency of phase and
amplitude response as the fundamental
sweeps and the absence of regular cali-
bration make digital filtering a far better
prospect than any sophisticated anal-
ogue equivalent. There are doubtless a
multitude of applications in control en-
gineering, research, design and testing
where this general system concept will
prove to be an extremely useful tool.
Possible applications include impulse
response measurement within noisy
systems by correlated frequency inser-
tion, start-up and subsequent phase-
matching of synchronous motors to
mains supplies, variable-speed tape
decks, as well as frequency coding, nu-
merical control and power generation.
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1s a typical non-recursive, interrupt-driven
filter program with cyclic sample storage
in ram. It is important that the latest out-
put sample only be released on arrival of
the next input sample, creating a fixed
additional phase lag equal to 2mm/n
radians at fy where n/m is the number of
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Fig. 4.Filter response is calculated to give
phase lead of 2xm/n, to cancel lag in Fig. 3.

filter samples per fundamental period.
(Immediate release of the latest sample
would give a fixed time delay between
input and output of the filter, constituting
a sampling frequency-dependent phase lag
significant at high frequencies.) Careful
calculation of filter response to give a
phase lead of 2wm/n at fy yields zero
overall phase change. This is generally
very much easier to do with non-recursive
algorithms and there is the bonus of guar-
anteed stability. Fig. 4 shows such a res-
ponse calculated for n/m=20, i.e. a phase
lead of 18 degrees at f;, derived from two
ideal band-passes and limited to 26 coeffi-
cients by application of a Hamming
window. Also tabulated are the coefficients
for 16bit operation. Second and third har-
monics are cut by 28dB and 35dB respecti-
vely, and the simple phase detection cir-
cuitry is then able to maintain phase
accuracy of the mechanical output to the
order of a few degrees.

Any microprocessor’s operating speed is
severely limited by multiplying algorithms
and a parallel array multiplier such as the
MPYB8A] from TRW is needed as an
addressable device. For example, working
in 16bit arithmetic and with 20 filter coef-
ficients a Z80A alone could only handle
sampling rates up to about 100Hz, useful
for frequencies up to, say, SHz. With an
addressable multiplier its capability is ex-
tended to well above 1kHz sampling. Stult
higher rates require micro-programmable
logic, possibly with a microprocessor to
handle power-up loading, house-keeping,
normalization and transient pick-up. Low
sample rates can be enhanced by use of
linear interpolation circuitry as shown in
Fig. 5; this is itself a discrete-time anal-
ogue ﬁlter and its frequency response must

be taken into consideration. WV

Sample clock U {>$ JL
mﬂfo

y

Y% TLOTA

-—{_ %:om_

|
}

Y, TLOTA

J
RC>>(1—) ,__»Fi =
2 \fo/max Y
Y 4016 Y 4016 SRR

Master clock nfy

JLTIgL

)
Y% TLOTG [ LS YRR
r_% [1 I 1/L TLOTA G
Lo

A
l - i‘i |

Y2 Ye-1 Yk Yket

Fig 5. Low sampling rates can be improved on by linear interpolation circuit, itself a

discrete-time analogue filter.
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Electronic
breath
analyser

A new instrument can give a breath
analysis which is as accurate in its estima-
tion of the alcohol blood level as a
laboratory tested blood sample. It has the
advantage of giving a virtually instant re-
sult.

It uses an absorption line in the infra-
red, and the various steps in the mea-
surement sequence are controlled by a
microprocessor. There are four fundamen-
tal steps, two measurements on the
subject’s breath and two on a mixture of
inert gas and ethanol at a reference concen-
tration. The measurements are in-
terleaved, so the instrument is in effect re-
calibrated for each measurement, and the
effect of any zero drift is eliminated. The
microprocessor ensures that the absorption
chamber is purged with clean air between
the steps: it also receives signals that satis-
factory samples have been taken, and if
not, lights a warning lamp so that the step
may be repeated. Apart from this the
whole sequence is effectively automatic,
and the instrument does not require a
medically or scientifically trained operator.

The infra-red radiation passing through
the sample is chopped with a rotating sec-
tor plate, and filtered to a narrow band
around the absorption line. The detector is
followed by an amplifier and synchronous
(i.e. phase-sensitive) detector, and the rec-
tified analogue quantities obtained passed
to an a-to-d converter and stored. The
stored numbers are then manipulated by
the microprocessor to give an answer in the
desired units. Accuracy throughout is up
to that of eight-bit arithmetic.

The answer appears on an l.e.d. display
and also as hard copy as a print out on a
strip of paper, a form free from human
error and therefore suitable for presenta-
tion as evidence in court. Normally four
copies of the print-out will be provided.
An internal quartz clock allows the print-
out automatically to carry the time and
date. The instrument is mains-driven and
will normally be left switched-on contin-
uously: an internal secondary battery gives
a 4-hour carry over of time and date in-
formation if there is a mains failure.

Marshall Wood of Croft-on-Tees, Dar-
lington, are the design consultants for the
project, and will be manufacturing the
units for Camic, of North Shields, a firm
of automobile gas analysers. :

® The manufacturers said recently that

they expect every police force in the

country will have such a device by the end

of the year. This statement was considered

reasonable by the Home Office who add

that Lion Laboratories, as well as Camic,

have approval to supply these “evidential .
breath-testing devices’’, not to be confused

with electronic screening devices currently

used.

WIRELESS WORLD JANUARY 1983



Ry = Ry =10k

,=0= 100n

Vad

36k

100n

Dividing by fractions
Main feature of this circuit for dividing by
fractions is its wide frequency range. It
uses two 4722B programmable timers and
a 4046B phase-locked loop i.c. allowing
direct multiplication of the input fre-
quency by a fraction. The timer section is
connected for harmonic synchronization.
Output frequency of the first timer f,; is

for = fin

T
M+ 1
where 1<m=10 is the harmonic number
tand 1<<M=255 is the programmed counter

modulus. For the second timer

m
for = g p Fou
As f,; = f,; is a function of the p.1.1.,
N +1
fou = 3 11

So the input signal is multiplied by a frac-
tion (N + 1)/(M + 1) and 65 025 is the
number of possible frequencies.

Kamil Kraus
Rokycany
Czechoslovakia

Electronic contact
breaker

.Using the on-state characteristic of vmos
fets to provide a constant-current source,
this circuit provides dynamic ballast and
eliminates the need for a ballast resistor.
This means that the optimum primary-coil
current is adjusted automatically to com-
pensate for supply voltage variations which

current through the coil at high engine
speeds is inherent, as vinos devices present
a low on-resistance until a preset current
limit is reached, hence reducing the drop
in spark voltage. This ability to maintain a
high spark voltage at high engine speeds is
also a feature of capacitor-discharge
systems but these have the disadvantage of
increased complexity. Suitable vmos de-
vices are, however, still fairly expensive.

is particularly useful when starting with an M. J. Hooper
almost flat battery. A faster build up of Coventry
- - O +12V (through
ignition
To distributor switch )
680 ; 1 I ‘%
{
[ 3x 25K312_ ¢ i
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Bicycle lighting

A simple circuit combines battery and dy-
namo bicycle lighting and uses the high
internal inductance of the dynamo to give
good current regulation when driving a
low-resistance load. Measurements on a
Lucifer dynamo* with a nominal and nor-
mal output of 6V, 3W gave characteristics
shown in the graph. Together with the
non-linear bulb resistance, this gives a

VOLTAGE (Vrm.s]

0 02 0b 06 08
CURRENT (Arms }

fairly constant load current of about 0.5A
50 a slightly smaller front-lamp bulb using
100mA less current allows a NiCd back-up_
battery to be charged.

The dynamo is isolated from the bicycle
frame by, say, a piece of rubber tubing and
the battery, designed to be charged contin-
uously at 100mA, supplies the lights for at
least 30min when fully charged. The
double-pole switch prevents excessive
charging which would occur when the
lights are off and the dynamo running.
Open-circuit bulbs should be replaced
promptly and shorting of the cells is to be
avoided; a fuse will protect cells from acci-
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dents occurring when they are fitted.
Increased efficiency can be obtained by

replacing the four diodes shown in the

bridge by Schottky types such as BYV19s.

This system has been used for an hour a

day for several months without problem.

R. J. Grover

Manchester

* Measurements of speed vs voltage for a Miller

dynamo are included in the first of two letters, in the

October 1978 and Fanuary 1979 issues, discussing
B. ¥. Pollard’s circuit idea of Fune 1978.
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Multiple-line telephone
indicator

Incoming calls are indicated using this mo-
nitor circuit which detects bell voltages
greater than 3V alternating on any line. An
audible alarm and light-emitting diode in-
dicate an incoming call while other l.e.ds
indicated which line the call is on. Alarm
signals are held by the circuit for a few
seconds to help the operator identify the
line concerned. Six lines are used in the
prototype, each with an identical input
circuit and individual opto-coupler to iso-
late the circuit from the lines. Parallel
connection of the lines with possible signal
detereoration and loss of privacy is not
required.

Each input has a 2uF blocking capacitor
and 10k{} resistor to reduce line shunting.
This results in a low opto-coupler transfer
ratio — compensated by a 10MQ resistor
on the output transistor collector. Delayed
switching is provided by a 1uF capacitor
over the opto-device output transistor to
continue the indication for about 10s after
the incoming signal ceases. Less than half
a second passes before the circuit responds
to an incoming signal. Light-emitting
diodes indicate the incoming signal, the
delay period and the presence of a signal
on any line at the output of the gate.

Simple expansions envisaged are in-
creasing the number of input lines, using
the output to drive a relay switching bells
and/or lamps, and battery back up.

H. T. Wynne
Glasgow
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idden short

Short-circuit locator
with navigation aid

On complicated circuit boards especially
those using buses, only half the job of
short-circuit location is finding on which
track the fault lies. Where the short is not
visible the only way of finding it may be to
cut tracks until the node concerned is iso-
lated. This circuit is the simplest and most
effective solution found while attempting
to locate such a fault without cutting
tracks.

To use the probes, current must flow
through the tracks containing the short,
see diagram. Where tracks are arr‘anged as
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a grid, as on memory boards, a voltage
applied to any two tracks on the array is
sufficient; with open-ended tracks, the
supply is connected to each end of the
track. The probes are placed on the track a
short distance apart and the l.e.d. indica-
tions noted. When the voltage of probe 1 is
higher than that of probe 2, the red diode
lights and when the polarity of the voltage
across the probes is reversed the green
diode lights; equal probe voltages may
cause both to light. Shorts are located by
moving the probes along the track and
observing where the indication changes.

Experiments with 25um-thick copper
layers on p.c.bs with a standard reflow
solder thickness showed that 0.38mm-
wide tracks have a resistance of about
15.7mf/cm. A current of between 40 and
50mA through the track provides suffi-
cient voltage to operate the indicator with
probes about lcm apart. Solder layer I use
is about 15um thick and has 11.5% the
conductivity of the copper. Calculated
value for bare tracks of 12.2m{/cm and
measured value of 15.7m(}/cm with solder
suggest that this layer may be neglected.
Suitably modified, either the probe supply
or a SV source from the board under test
may provide the test voltage.

Within two minutes, this method loca-
ted a short on a 32-i.c. memory board
which eluded all attempts using standard
methods.

J. E. Tully
Stourbridge
Worcs

ﬂ

O
L-bit O
bingry
input O
O
4585 4 - bit magnitude comparator Vgg 16
4008 & -bit full adder Vs 8
BlnaI'Y'tO'aSCII Binary input is fed to a 4008 four-bit full
converter adder, the output of which is equal to the

Unable to locate a miniature four-digit
hexadecimal display, I devised this circuit
to convert four-bit hexadecimal words into
their seven-bit ascii equivalent to drive
displays such as the DL414.

Z80-based 2516
programmer

Grayson noticed that the software he sent
us for an eprom programmer to attach to
the Wireless World scientific computer
(Circuit Ideas, November 1982) was an
early version and has a basic error despite
the fact that it was given in assembly lan-

01 00 10 LD BC, 1000
21 00 60 LD HL, 6000
0A LD A, (BC)
FE FF CP FF

28 01 JRZ, 01

77 LD(HL), A

BE CP(HL)

28 04 JRZ, 04

CD 80 03 CALL 0380
c7 RST 00

03 INCBC

23 INCHL

78 LDA,B

FE18 CP18

20EC JRNZ, EC

c7 RST 00
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guage. The subroutine at 0380 assumes
that DE contains the current screen loca-
tion, but this location is used as the ram
pointer.

This routine uses BC as the ram pointer
and checks data for FF bytes which need
not be programmed. Verification is per-
formed to ensure that the eprom location
has been properly erased i.e. reads FF.

Start of ram
Start of eprom

Get byte from ram

Isif FF?

Yes, skip programming
Otherwise program byte
Verify eprom byte

OK, jump

Otherwise CR and print HL
Return to monitor

Point to next ram byte

Point to next eprom location
Get high byte of ram pointer
Finished?

No, loop

Otherwise return to monitor

input for values of less than nine. Three
‘upper bits of the ascii word are provided
by a 4585 magnitue comparator, whose
outputs change from ascii three to four
when the input exceeds nine. At the same
time the two’s complement of nine is
added to the input resulting in the subtrac-
tion of nine from the four low-order output

bits (see table).
I. Macalindin
Cupar
Fife
Input ASCII Hex
word output display
0000 30 0
0001 31 1
1001 39 9
1010 41 A
111 46 F

Don’t waste good ideas

We prefer circuit ideas with neat drawings
and widely-spaced typescripts, but we:
would rather have scribbles on “the back
of an envelope” than let good ideas be
wasted.

Submissions are judged on originality or
usefulness — not excluding imaginative
modifications to existing circuits — so
these points should be brought to the fore,
preferably in the first sentence. Minimum
payment of £20 is made for published
circuits, normally early in the month fol-
lowing publication.
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Theories and miracles
Electromagnetic analogy
Impact of the photon

A more realistic duality?
Quantization and quantization
Waves of improbability
Limitation of indeterminacy
Haziness and its applications
State of physics today

Quantization and
quantization

The discussion broadens to encompass “matter” in addition to “radiation”, by examining
what the term quantization means. Dr Murray discovers a novel and important method of
distinguishing between science fact (physics) and abstraction (metaphysics).

I am in favour of realism in physical
thinking, and against twentieth-century
mysticism. The doctrine of the duality of
light as currently taught to physics stu-
dents — that light consists sometimes of
waves and sometimes of particles or
“‘quanta’’, even though its wave particle
forms are incompatible and mutually ex-
clusive — strikes me as mysticism of the
most blatant kind. I have suggested resur-
recting an alternative view, attributable to
Einstein, that light ‘“waves” as inferred
experimentally are manifestations of
systematic variations in space and time of
the density of photons: that is to say parti-
cle-like entities carrying energy and mo-
mentum’ and travelling at the speed of
light. The proposal leads to simple expla-
nations of many well-known phenomena of
light, but one is not surprised to find it in
sharp conflict with electromagnetic theory.

Whether or not this particular alterna-
tive to electromagnetics and the duality
doctrine, which may be called the photon-
waves concept, will stand up to meticulous
scientific inquisition is not at this moment
of very great consequence since other alter-
natives are to hand, although perhaps none
has quite the same appeal of simplicity.
The concept could be tested experimen-
tally and it would be prudent to speculate
no further until the suggested experiments
have been performed. I propose now to
leave the paradox of the duality of light
and to refer to it only in the context of its
effect on the remainder of modern physics
— in particular in the context of the conse-
quential and even more mystical postulate
of the duality of matter.

From now on in this review the terms
quantum theory, quantum mechanics, and
quantization will appear frequently, so it
would be convenient to begin by defining
what they mean. Unfortunately that is not
easy, because they mean different things to
different people and sometimes — shades
of duality! — they even mean different
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things to the same person at different times
or even at the same time. We are about to
enter territory where ‘‘double-think” is the
rule rather than the exception, and my
purpose is, so far as I am able, to hack a
path of old-fashioned scientific realism
through a mystical jungle of confusions,
non-sequiturs, and straight logical impossi-
bilities. There are at least three different
current uses of the word quantization, and
we shall be philosophically safer if we un-
derstand what each of them means, how
they differ from each other, and why.

——

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

The first “quantization” to see the light
of print was probably the one connected
with Planck’s original quantum hypothe-
sis. It can be discussed in terms of a
famous thought-experiment that we shall
return to later in another context.
Visualize, if you please, a beam of light
falling to a half-silvered mirror set at an
oblique angle to the beam. Of the light
which falls on the mirror, some is reflected
and enters a detector which we may con-
sider to be an ideal photoelectric cell; the
rest passes through the mirror and contin-
ues straight on indefinitely, into deepest
space beyond our ken. The question being
asked is, how much of the light is reflected
into the detector, and how much is
transmitted away and for ever lost to us?

For so long as light was believed to con-
sist of electro-magnetic waves in an ether
fluid there was no problem here; there was
no restriction on the relative heights (am-
plitudes) of the reflected and transmitted
wave crests. The reflected wave could be
increased and the transmitted wave could
correspondingly be decreased by any
amount desired; in particular, there was

nothing to prevent an adjustment being as'
small as one chose to make it. In mathe-
matical terms we say that the light inten-
sity, being the square of wave amplitude,
could be changed continuously. By way of
contrast, if light energy is really packaged
into quanta as the experimental evidence
so clearly demands, then the smallest ad-
justment that can be made is when one
quantum, which was otherwise to have
been transmitted and lost, is now reflected
(and therefore detected) instead. The
smallest possible change is now finite —
one quantum — and we say that such
changes are mathematically discontinuous.

Now if the light beam is bright enough
to be visible, so that millions of quanta are
being detected every micro-second, the
gain or loss of one quantum isn’t going to
make much practical difference: the
change of intensity is still effectively con-
tinuous. That is no longer so however in
cases where quanta are in short supply (as
in very weak light or in the case of very
energetic quanta such as gamma rays). In
the ultimate case, if there is only one quan-
tum present the question of whether it is
reflected or transmitted is unequivocal:
either it is reflected and detected or it isn’t,
1 or 0, yes or no. This is quantization type
one. It arises because light comes in the
form of discrete particles or quanta and is
not wavelike. There is nothing indetermi-
nate or hazy about it; it must be one of the
most precise processes we can possibly
imagine. :

We can, if we insist on doing so, muddy
these clear waters with a fog of irrele-
vances: we can say, truthfully, that the
outcome is in doubt before the event, be-
cause we cannot predict before the evenmt
whether that particular quantum will be
reflected or transmitted by the mirror,
From this it is usually argued, according to
established physical doctring, and I hold
— utterly in error — that our inability to
predict the outcome is proof that the
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mechanism of the reflection of light by the
mirror is fundamentally “indeterminate”.
For the moment I will suggest two
thoughts to ponder on this issue, one old
and one new.

The older thought is that we cannot
predict which way a particular quantum
will go because we don’t know about the
conditions of its encounter with the mirror
surface in sufficient detail; for instance, we
don’t know beforehand whether it will hit
one of the silver atoms or pass between
them. As we shall discover when we come
to discuss Heisenberg’s “indeterminacy
principle”, there are good, non-mystical
reasons why we cannot predict whether or
not it will hit a silver atom; but broadly
speaking, and without yet defining too
tightly what we mean by hitting and miss-
ing, it is reasonable to say that those
quanta that hit will be reflected, and those
that miss will pass through. There would
seem to be a fairly obvious causal connec-
tion here between hitting and bouncing, or
missing and penetrating. The mere fact
that we humans cannot predict the
outcome in a particular case — because we
are unable to measure its initial conditions
— does not imply that the reflection
process at the mirror surface is imprecise
or indeterminate in any way. How could it
imply that?

The new thought I introduce (at any rate
I believe it to be a new thought) is this:
there is no indication anywhere in physics
that Nature ever makes a prediction! The
whole idea of prediction is foreign to
Nature and introduced by Man. It is in the
nature of living matter — at all levels — to
build enzymes, protein-coats, nests, aque-
ducts and aeroplanes for its own conve-
nience. It does this by decreasing entropy
locally at the expense of its environment
(eg. energy profligacy, pollution), without
violating the second law of thermodynam-
ics overall. The desire to make predictions
as an essential element in the management
of one’s surroundings is seen to be merely
one aspect of this characteristic of life.
Decisions which follow are not necessarily
rational, nor are consequent actions always
“determinate”’.

In clear contrast to this, all the evidence
of observational and experimental physics
tells us that inanimate Nature, the Nature
of the physicist, takes no account of the
future or of the past but “lives only for the
present”. The outcome of a physical inter-
action would seem always to be the strictly
causal result of the integration of the
conservation laws (expressed in terms of
physical forces) over the ever-changing
total situation at time now. The futuristic
concepts of “will”, “purpose”, “intent”,
and also “prediction”, are non-physical
attributes of living matter, and physical
Nature is not concerned with them. In line
with ordinary linguistic usage we may
properly call concepts of this kind meta-
physical — transcending physics. This is
the sense in which I shall use the word
metaphysics from now on.

Once we have understood that predic-
tion, the greatest aim of all science, does
not in fact form part of the working of the
kind of Nature with which physical science
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is concerned, a major source of confusion
is identified and dealt with. It becomes
easier to put our inability to make certain
kinds of prediction, especially in the
microphysical domain, into its proper
perspective. Nature can get on very well
without us! Overwhelming experimental
evidence supports the view that the princi-
pal denizens of this smallest domain,
atoms and molecules, protons and neu-
trons, electrons and light quanta (or pho-
tons), are quantized in the sense used
originally by Planck: they are discrete,
physical entities having real, free-standing
existence independently of each other and
of any observer, human or deputy.
Moreover, the fact that an electron is so
light that we cannot measure exactly where
it is without disturbing it does not mean
that the electron’s location is not precisely
defined; nor does it require that there must
be anything indeterminate about the
electron itself as a particle, or about its
interactions with other particles. A lot of
nonsense has been written about such
things, by people who should have known
better.

I have been labouring these issues be-
cause conventional doctrine takes the dia-
metrically opposite view of every one of
them. We shall discover the reasons for
this when we come to review the origins of
the quantum-mechanical theory. The
point we have picked up here is that the
word ‘determinate” is not synonymous
with “predictable by mankind”. The arro-
gant assumption that it is has given rise to
much philosophical trouble in physics. Let
us be clear about our own humble position
in the scheme of things: we may not be
able to predict the reflection or transmis-
sion of any particular photon, but there is
every reason to suppose that the behaviour
of that photon is determined, and precisely
determined, by causality and the conserva-
tion laws. Certainly there is no experimen-
tal evidence to suggest that it is not, what-
ever current doctrine, dogma, or “theory”
may say.

So there we are. We have examined one
meaning of the word quantization and
found that it has to do with the essential
granularity of microphysics. Electrons and
photons behave like very tiny particles.
Either you detect them or you don’t: you
never detect half an electron or three-quar-
ters of a photon. That is all there is to it.
Whether or not one can predict the
outcome of a microphysical event is a com-
pletely different ball-game; the limiting
accuracy of our predictions has nothing to
do with whether light consists of particles
or of waves. There really is nothing mysti-
cal here, and we need not be confused
about it unless we choose to be.

The second historical meaning of quan-
tization arose out of a famous piece of
fundamental work by Niels Bohr. Visiting
Manchester as a young exchange student,
he came across the experiments and
reasoning that led to Rutherford’s atomic
model — negatively-charged electrons cir-
culating perpetually like tiny planets
around a heavy, positively-charged nu-
cleus. He also found that Rutherford’s
very clever and competent research team

were stuck on two points which threatened
to wreck their pretty model. There seemed
to be no reason why the electrons should
circulate in those particular orbits whose
frequencies corresponded to the observed
spectra of the light emitted by the atoms;
and there seemed to be nothing to prevent
an atomic system from running down like
an unwound clock, as the electrons
radiated their orbital energy away into
space. The last-mentioned effect was
predicted by the all-powerful electromag-
netic theory on the grounds that a circulat-
ing electron is an ‘“‘accelerated point
charge”, which according to that theory
must radiate continuously. (Between our-
selves, you may recall, we have grounds
for believing that electromagnetic theory
may have been wrong on that point, but
that wasn’t suspected in 1912 and we
needn’t go into its consequences until we
are ready.)

Bohr was unusually well-placed to tackle
these problems because he had recently
made an advanced study of Planck’s still-
new quantum hypothesis, which said that
(contrary to another statement of electro-
magnetic theory) the evidence of experi-
ment is that light energy is not radiated
continuously but in discrete packages.
Bohr applied this as-yet unexplained
hypothesis to the Rutherford atom, but in
50 doing he also applied a completely new
and additional postulate of his own.
“Light energy is quantized into packages;
how would it be if all energy were quan-
tized into packages?’’ he generalized.

As a first shot one could postulate that
the energies of electrons in atomic orbits
were quantized in this way, by assuming
that only certain discrete energy-levels or
states were permitted inside the atom. In-
evitably, this postulate enabled the atomic
spectra to be explained in principle; but
the explanation was a brute-force one, ad
hoc and untidy, since the packages of
energy turned out to be of differing, awk-
ward sizes. Bohr then examined the other
properties of these permitted orbits and
found that their angular momenta pro-
gressed evenly, in equal steps; always and
for all atoms the step size was the same
curious quantity h/2n. (For the specialist 1
will remark that this h is Planck’s con-
stant, as derived in his quantum hypothe-
sis, while the 2w converts the dimensions
of h from those of “action” — erg-seconds
— to those of anular momentum). Atomic
spectra could now be calculated from the
Rutherford atomic model on the basis that
the angular momenta of the planetary
electrons, rather than their orbital ener-
gies, were quantized into systematic,
discrete values. No explanation was
offered by Bohr as to why angular momen-
tum should be quantized: the assumption
was to be justified by its spectacular re-
sults.

There can be no disputing the brilliance
of this piece of work by Bohr in the year
1913, and what I next have to say must not
be construed as detracting from it. That is
not my intention. I wish merely to pin-
point what Bohr actually did.

Planck’s quantization (type one) we have
already found to mean simply that light

ontinued on 73
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IDEAS FORUM

On a number of occasions I have found that no-
one makes quite the component I would have
liked for an application, and that the design
solution turns out to be disappointingly compli-
cated for no other reason. Often in such a case
the device could be a Schottky t.t.l. or c.m.o.s.
i.c. and would simply be a rearrangement of on-
chip components or gates already well-proven.
This means that development of the chip should
not pose any serious problems and the device
could be manufactured easily enough.

This letter has been triggered by one such
example. I am currently designing some equip-
ment involving logic working from a +5V
supply, and some audio circuits. To keep costs
down, the audio circuits use £5V supplies, re-
quiring only the addition of an extra fairly small
—5V supply derived from the same centre-
tapped transformer secondary. The logic con-
trols the audio by ¢.m.o.s. switches, either 4016
or 4066, with Vpp and Vgg at + 5V and —5V.

Now the rub is that level shifters are needed
to translate Schottky t.t.l. signals to 5V logic
swings needed by the analogue switches. This is
not terribly hard; a p-n-p transistor and three
resistors do the job (Fig. 1), but this niggles the
switches themselves, and the number of them
— four transistors and 12 resistors per switch
package — increases manufacturing costs.

What makes the situation most frustrating is
that the i.c. manufacturers have themselves al-
ready solved the problem elsewhere in the 4051,
4052, and 4053. These i.cs are cheap, and con-
tain 4066-type switches and level shifters which
do exactly the job I need done. They also con-
tain a few gates, but that is not too relevant to
this point, except that gates can also be included
easily.

The conclusion is obvious. Take a 4066. Put
it in a 16-pin package instead and add the third
VEgg power supply pin and level shifters. This
leaves one pin spare, and the only remaining
question is what to do with it (leaving pins
unsued is in my view a crime). It is not neces-
sary to look very far for a solution to this! Some
of my switches are controlled directly by
microprocessor output port bits. If the switch
i.cs also contained transparent input latches
with the remaining pin as a strobe (active low to
connect directly to the address decoder), they
could interface directly with the data bus and
save me the cost of a port register as well! For
situations where the switches are to be
controlled directly by the input lines, the strobe
is simply tied permanently low.

Thus arose my invaluable but cheap, and
unfortunately imaginary, analogue switch i.c.
(Fig. 2), with d.c. specification basically those
of the 4051/2/3. They’d sell millions, and I
could have been happier.

All this brings me to wonder how often other
WW readers have had comparable thoughts in
different applications, and whether WW could
usefully serve both i.c. manufacturers and users
by providing a forum for such ideas, perhaps as
an extension to the Circuit Ideas columns. I
would love to hear comments from WW.,* its
readers, and the manufacturers on this.

Finally, in fairness to Analogue Devices, |
must point out that the AD7590 does pretty well
exactly the job mine does, but compared with
4000-series switches it is a relatively expensive
high performance device capable of operating
from £ 16V supplies.
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Alan Robinson

London N11

* We will gladly collect together readers prob-
lems, and solutions where proffered, in a regu-
lar way given encouraging response — ed.

CLASS S

Mr Allinson’s interesting letter (December)
raises several points. I deal with them under his
numbering.

1. Another altogether different class S may have
been invented by B. D. Bedford in 1932 but
neither I nor anyone I know had heard of it. As
recycling and conservation is now in fashion I
suggest that we recycle Mr Bedford’s class S and
associate the name with my circuit on the
grounds of under-utilization!

From Mr Allinson’s description the Bedford
circuit sounds like class C with a filter added,
hardly worth a class name to itself.

2. A2 may be a variant of the Howland circuit
but it is novel, although the really novel feature
of the scheme is the paralleling of the voltage
and current drives to a load for the first time.
However as now appears the voltage amplifier,
far from being irrelevant, is vital.

3. Because the voltage source with its very low
impedance is connected directly to the non-
inverting input (my Fig. 4), A2 has no positive
feedback applied to it. It is thus inherently sta-
ble.

4. Mr Allinson’s figures of an improvement of
280 times or 49 dB runs counter to his general
argument and strongly support the worth of the
scheme. It is quite true that during the cross-
over region the load seen by Al drops to about
that of the load proper. But provided that the
voltage amplifier can handle this i.e. that its
output impedance is low, a quite achieveable
target, the spikes can be negligable. There is of
course nothing to stop A2 being designed with
less crossover distortion. Contrary to the belief
of British industry’s managers, we design engi-
neers have to pay our telephone bills in cash and

even eat sometimes and so commercial consider-
ations stop me publishing an improved and
more practical class S circuit!

5. This in the conventional sense is not a
multiloop amplifier. Finally I stand by my equa-
tions which clearly show that the problem of
distortion can be pushed onto the voltage ampli-
fier with all the advantages this has.

A. Sandman

London NW3

FREE SATELLITETV?

When satellite television finally arrives, and I

point my dish skywards, and only watch foreign

broadcasts, will I still need to take out a licence?
Logic tells me “No, of course not”, but a

lifetime’s experience of paying taxes on this

sceptred isle makes me hazard a guess that I'll

be required to take out not one — but two of

them!

Douglas Byrne

Ryde, IoW

HERETICS GUIDE TO
MODERN PHYSICS

I would like to echo M. G. Wellard’s approval of
the open-minded attitude taken by Dr Murray
in his articles. I think, though, that he (Wellard)
is being somewhat hard on Cerenkov and, for
that matter, the Nobel Award Committee, my
understanding of the situation is this. The speed
of light is
1

V Holtr€ o€y

For light in free space, u, and €, are unity. This
is the value for c used in the calculation for
relativistic mass, and so on.

In the case of a medium other than free space
u; and €, are greater than unity resulting in the
speed of light through that medium being re-
duced.

This means that a particle can travel through
that medium faster than light can without vio-
lating relativity.

It seems straightforward to me, or is this kind
of idea going to come under the scrutiny of Dr
Murray?

B. D. Runagle
Burton on Trent

Several readers rose to the defence of the “crank
Cerenkov”, and I must apologise for drawing
them into my private war with the Estab-
lishment. They all gave the official explanation
of why the Cerenkov effect does not invalidate
special relativity. B. G. Bainbridge, B. J. C.
Burrows, F. MacAlister and K. Woed all wrote
briefly. J. S. Lindfoot hopes being a heretic will
not exempt contributors from the standard of
competence expected from others. D. Rawson-
Harris dealt at some length with Dr Murray’s
Heretic’s Guide.

My letter was a reaction to a book I had read
through several times very carefully. The book,
Fiction Stranger Than Truth, is published in
Australia by N. Rudakov. The Fiction of the
book’s title is Einstein’s theory of special relativ-
ity. Rudakov has dissected Einstein’s 1905
paper with the skill of a surgeon, phrase by
phrase, sentence by sentence, and equation by
equation. His book is not suitable reading for
ardent Relativists. He begins with a comprehen-
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sive analysis of the Establishment’s success in
repressing all forms of criticism of its heroes and
their theories, and he has collected, over a
period of many years, more than enough evi-
dence to show that the physics Establishment is
in the hands of ideological extremists. Rudakov
cites a review of H. Aspden’s book, Modern
Aecther Science: Aspden is a crackpot, it says,
and his book should not be acquired by libra-
ries.

As Rudakov mentioned the Establishment’s
treatment of the late Herbert Dingle, I have
since read Dingle’s book Science at the Cross-
roads. This is a chronicle of Dingle’s failure to
extract from individual members of the Estab-
lishment, a simple answer to a simple question.
His last failure was recorded in Wireless World
July 1981 under the name of Wilkie. I first
suspected the Establishment might be exhibit-
ing symptoms common to all totalitarian states
when I read in Relativity and Time Signals by
L. Essen (Wireless World, September 1978)
“The theory is so rigidly held that young scient-
ists who have any regard for their careers dare
not openly express their doubts.” McCausland,
in his comments accompany Dingle’s article
(October 1980) mentioned the “special provi-
sion” of editors of journals swearing allegiance
to the Establishment, and quoted an article by
Davies “Why Pick on Einstein” published in
New Scientist. The New Scientist later published
a short article summarising letters arising from
Davies’s article, headed Einstein 6, Cranks 1.
We are the Greatest! I have deduced from a
study of the behaviour of the Establishment ofa
country under the control of political extrem-
ists, that suppression of criticism is scientific
proof that the theory — that the man in charge
is there for the benefit of his charges — is
seriously flawed, and I can only assume that the
physics Establishment is suppressing criticism
for the same reason, and is not defending a
scientific theory at all. Herschel and Babbage
formed the British Association in 1833 to des-
troy the corruption of the Royal Society. A
repeat performance is overdue. Wireless World is
now the only outlet for criticism of modern
theory.

I have already given a simple mathematical
analysis of special relativity based on Fourier’s
theory of dimensions, in my appreciation of
Maxwell. Maxwell began his Treatise with an
explanation of Fourier’s theory, and in his chap-
ter headed Dimensions of Electric Units, he
analysed his electric and magnetic units, their
products and ratios, into the three fundamental
units of mass, time and length to show that the
number of electrostatic units in one electromag-
netic unit had the dimensions of a velocity, the
velocity of light in free space. I cannot see how
Maxwell could have developed his equations
without the assistance of Fourier’s theory.
Using Fourier’s theory, every quantity and
equation of relativistic dynamics is absurd, and
at least one third of Nobel Prizes for physics
were awarded for theories and discoveries that
cannot possibly fulfill Nobel’s motive for his
endowment. Cerenkov discovered his effect in
1934, but he had to wait 24 years for his prize
because he was dismissed as a crank until some-
one amended Relativity.

Einstein attempted in his theory to justify
Michelson and Morley’s interpretation of their
experiment, which implied that light did not
obey Newton’s laws of motion. Helmbholtz had
proved mathematically that the law of the
conservation of energy could be derived from
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Newton’s laws of motion. This is why Maxwell
insisted that electromagnetism was a dynamic
science, and why he succeeded in constructing a
mathematical working model of his ether using
the equations of dynamics. Therefore Maxwell’s
equations predict that light obeys Newton’s
laws of motion. But Michaelson and Morley
implied that it didn’t, and they also implied that
light did not obey the law of the conservation of
energy. The simplest way to avoid conforming
to Newton’s laws of motion is to vary the dimen-
sions of the fundamental units of time and
length.

There are two possible explanaticns of
Michaelson and Morley’s interpretation of their
experiment. Either light suffers a temporary
loss of kinetic energy when passing an observer,
or the observer loses kinetic energy when pass-
ing a wave of light. As Einstein could only
predict the velocity of light he chose the first
explanation. His measuring rod represents the
dimensions of the fundamental unit of length
and the time between each tick of his clock
represents the duration of the fundamental unit
of time. There is a reason why he chose to
multiply the dimensions of the fundamental
unit of length by Lorenz’s factor Vi-ivic),
which is less than one when you move, and
divide the duration of the fundamental unit of
time by the same factor. A velocity has the
dimensions of L/T, and if Einstein reversed his
mathematical operations, the velocity of light
would increase. Special relativity is a very
simple theory. An observer is forbidden to tra-
vel at a velocity in excess of that of light, be-
cause light would then travel backward.

The formula given by B. D. Runagle is due to
Maxwell. The value of the quantity € has been
inverted in the SI system of units. Maxwell
would have ex?ressed this equation (squaring
both sides) as c°=¢€/p in free space. € is the ratio
of the electromative intensity E, to the corre-
sponding electric displacement D. Maxwell
called this ratio “the coefficient of electric elas-
ticity of the medium” (Art. 60 of his Treatise).
This coefficient varies inversely as the specific
inductive capacity, k. The electromotive inten-
sity E is by analogy the stress in an elastic
medium which produces a strain, the electric
displacement of the medium, D. The ratio
E/D=¢ is the electrical equivalent of the
mechanical ratio, stress/strain=Young’s mod-
ulus of elasticity. p is the ratio of the magnetic
induction B to the magnetic force H, and repre-
sents the density of the electromagnetic
medium. Magnetism is a flywheel effect of the
medium with an electric current as its axle, and
any change of the medium’s density would
change the flywheel moment of inertia. The
equation ¢%= €€l tells us that the square of
the velocity of light is directly proportional to
the electromagnetic medium’s elasticity or
pressure, and inversely proportional to its den-
sity, just as the square of the velocity of a sound
wave is directly proportional to the air pressure
and inversely proportional to the air density (see
equation 4 of Aspden’s Ether article, October
1982). The energy of the air at every point of a
sound wave is half kinetic and half potential. In
Art. 792 Maxwell proved mathematically “that
at every point of the wave the intrinsic energy of
the medium”’ is half kinetic and half potential.
Presumably Maxwell as a crank.

I cannot understand the scientific meaning of
the phrase “a medium other than a vacuum’’, if
there is no medium in a vacuum. If light passes
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through a vacuum under the influence of a nega-
tive electrostatic field, light’s velocity exceeds
that of its ‘constant’ velocity in a vacuum, and a
vacuum under the influence of a positive
electrostatic field reverses this effect. If light
passes through a hollow electromagnet in a
vacuum in the same direction as the flow of the
magnetic flux, the apparent velocity of light is in
excess of its ‘constant’ speed. If light is directed
against the flow of magnetic flux, its apparent
velocity is below its ‘constant’ speed. This is a
Doppler effect caused by the kinetic energy of a
moving medium. Both € and p are ratios. Why
then should the suffix r apply to a medium, and
the suffix o apply to nothing, when their dif-
ference merely depends on changes of E, D, H
and B? Maxwell said in Art. 428: “Magnetic
induction is a directed quantity of the nature of
a flux, and it satisfies the same conditions of
continuity as electric currents and other fluxes
do.” The equation of continuity was discovered
by mathematicians investigating the motions
and strains of liquid media. To legitimately ap-
ply an equation of continuity to a system, a
scientist should first be satisfied that a system
has a continuous supply of a medium. The only
medium to satisfy Maxwell’s conditions is Asp-
den’s continuum of positive electrostatic poten-
tial energy, if the word ‘positive’ is used to avoid
all ideas of negative quantities.

Fiction Stranger Than Truth is available from
the publisher, N. Rudakov, PO Box 723, Gee-
long, Vic. 3220, Australia. Price, including p&p
Australian $12.

M. G. Wellard

IMPACT OF THE
PHOTON

Dr Scott Murray (Impact of the photon, WW
October) believes that a single photon of radia-
tion is unable to produce interference with a
later arrival. He might be right. No doubt the
experiment of G. I. Taylor would be worth
repeating with modern equipment.

However, 1 see no reason why successive,
single, photons shouldn’t produce interference
effects. To produce interference one uses an
interferometer (or a simple doubly-reflecting
systemn) in which the two interfering beams have

(a) zero longitudinal displacement
(b) zero lateral displacements
(c) zero time displacement.

it is well-known that interference between
two beams of radiation can still be obtained if (a)
isn’t quite satisfied, namely, if the two beams
aren’t quite the same lengths. In the case of
light, the interference fringes look ‘washed out’
the blicks aren’t quite black and the whites
aren’t quite white.

It is not so well-known that interference can
still be obtained if (b) isn’t quite satisfied,
namely, if the two equal beams are laterally
displaced. In the case of light, the fringes again
look washy.

It doesn’t appear to be known whether in-
terference can take place if (c) isn’t quite satis-
fied, namely, if any two photons don’t arrive at
their rendezvous at the same instant. My guess
is that when Taylor made his experiment the
disturbance of one photon lasted long enough to
cause interference with its following photon.

In my opinion, if the above interference expe-
riment were repeated with a stabilized laser as
light-source, and sufficient time was allowed for
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a single photon’s disturbance to die away before
the arrival of its successor, then and only then
will Dr Murray’s prediction come true.

A. H. Winterflood

London N10

Ideas about the fundamental nature of e.m.
radiation, electromagnetism, the ether, elemen-
tary particles and so on become ever more dif-
fuse. Contributions to WW over several years by
Jennison, Wellard, Aspden and others are all
fascinating but leave many of us lesser mortals
more confused than ever. So many of the con-
flicting views seem eminently reasonable, at
least until the next one comes along!

The latest by Aspden and Scott-Murray,
(WW October, 1982), are likely to fuel the fires
of the duality argument, i.e. waves vs photons.
A unifying theme might possibly arise from
phase-locked cavity research at the University of
Kent, (WW June, 1979). Professor Jennisons’
enormously impressive work does however
seem to require an acceptance of relativistic
concepts which may be claimed by some physic-
ists to involve paradoxes which are difficult to
resolve.

Perhaps someone (possibly Prof. Jennison?)
might agree to draw the threads together and
show in summary form how these differing
ideas could be reconciled or, at least, how they
may have common ground. The last may be the
most important; quite possibly each of the
learned contributors has glimpsed a little bit of
the truth. For example it does seem possible
that phase-locked cavities could co-exist with
Aspden’s ether, the last mentioned perhaps
providing a reason for the finite and specific
value of the velocity of e.m. propagation in
space. Adopting a “Machian” approach, should
we not after all suspect that “c” can only be due
to the presence of space and therefore to some
property it must possess?

If one accepts the remarkably elegant and
persuasive arguments for p-1 cavity electrons, is
it not probable that all fundamental particles are
similar, though presumably having differing
trapped radiation frequencies? In this event the
inertia of matter and what we call mass (i.e. the
inertial behaviour of matter), are both explaina-
ble in terms of the internal mechanistic proper-
ties of the constituent particles. Where then
does this leave gravity? That delightfully vague
concept of the distorting effects of mass on the
enveloping space no longer seems tenable. Mass
as such is not even real any more, it is simply a
symptom of inertia which is an inevitable
property of a p-1 cavity!

Thus p-1 cavities perhaps need ether so that
the trapped radiation fields can somehow in-
teract with the surroundings to generate distor-
tions which the relativists would presumably
regard as distortions of space (the ether?),
caused by the presence of mass. If these distor-
tions could be shown to propagate, that may be
gravity!

The possible existence of a family of p-| cavi-
ties having differing though specific sizes also
needs to be explained. Does the presence of one
size cause interations with the surroundings
which will give rise to another size; the specific
sizes perhaps being influenced by whatever de-
termines the specific value of “‘c’’?. Finally,
with a family of p-I cavities, do we say that the
smallest must be the ultimate fundamental part-
icle?. It would be ironic if this turned out to be a
photon!.

All this is very amateurish and speculative
you may say. But then, can you do any better?
If I have to believe in an expanding universe, I
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would at least prefer whatever is expanding to
have some definable properties!

M. G. T. Hewlett

Midhurst

W. Sussex

ELECTRONIC IGNITION

Following recent correspondence on CD igni-
tion systems, readers may be interested in my
experience. I built a kit (Jermyn Industries) in
1973 and fitted it to my Vauxhall Victor FD,
then one year old. I have had no faults or
failures. Starting has always been at first touch.
Hence batteries have lasted well, my third being
bought last winter.

No electronic or electrical maintenance has
been needed. A garage once replaced the
contacts by mistake so I am on set number two.
From time to time I reset the gap and check
timing. The gap needs no cleaning and shows no
wear. Plugs also last well but have been replaced
after an estimated 20,000 miles use.

The real message after nine years is reliable
starting requiring virtually no maintenance for
an outlay of around £10.

J. M. Osborne
ILEA South London Science Centre

With reference to electronic ignition, the ques-
tion of misfiring at certain engine speeds has
been mentioned from time to time.

I found misfiring was due to the inverter
oscillator locking in frequency, at various
multiples of the ignition firing occuring when
the oscillator would “pull” no more and
changed, or tried to lock to the next notch. At
these specific speeds the oscillator tended to
“hunt” and spikes in the system degraded the
firing pulse.

I used mostly 40506 thyristors in the few
units I built, and theoretically a very small capa-
citor can couple enough energy to fire these.
However, given a cause I up-rated the coupling
values until the problem disappeared. I trust
this may be of some help to others with the same
problem.

+12V

S

220n Contact
390 breaker

&
capacitor

G. Pirie
Craigavon
County Armagh

Mr Watkinson could not be aware of all the facts
when he wrote his letter (WW November). I
should be obliged for the opportunity to set the
record straight and to correct some false impres-
sions.

I had not hitherto regarded main distributors
as normal retail channels of supply; nevertheless
I extended my enquiries to them for the
specified i.c. These included Quarndon
Electronics who offered 54L.S01J in lieu of
SN5401]J within a reasonable minimum order
value of £5. It was soon apparent to me however

that to buy the i.c. on its own (I had already
acquired TIL31 and TIL81) would make it a
relatively expensive component. Taken together
with the cost of catalogues, postage, etc.” in-
curred during my enquiries (expenditure which,
incidentally, would have enabled me to replace
the conventional points several times over) I
concluded the opto-electronic contact breaker
could not be a cost-effective addition to my 4-
cylinder car. It was a simple economic decision
to abandon it (for the present at any rate) and
did not imply any criticism of the author’s
choice of the component.

On the other hand, if Mr Cooper’s ignition
unit was to remain cost-effective, as he ob-
viously intended it should, I considered it advis-
able to find a source for the transformer he
specified without the hassle and expense
involved in shopping for the SNS5401]. It
seemed at the time to be a sensible action to seek
this timely direction. In the light of the reaction
it has provoked I am now not so sure. Needless
to say, Mr Cooper was unstinting in the help he
gave. I was particularly gratified to learn that he
at least appreciated the difficulties in procure-
ment that can sometimes confront the non-pro-
fessional.

In the case of the opto-electronic contact
breaker, it made little sense to me to publish a
circuit in April 1981 and then to follow it up ten
months later with a deal of further information
in response to ‘“‘several enquiries” which, in my
humble opinion, could have been anticipated
having regard to the universal appeal of a circuit
with an automotive application. Moreover, if
what was stated in February 1982 needed to be
said at all, it would have been better, and indeed
more helpful, to have said it when the circuit
was presented to readers. But as Mr Watkinson
so rightly comments, you cannot satisfy
everybody all the time. I do hasten to assure
him, however, that I was not among those who
would presume to question his judgement about
components which he regarded as crucial to the
reliable operation of the circuit in the hostile
environment intended for it. I am sorry that asa
result of my letter he should therefore feel it
incumbent on him to defend it yet again.

J. E. Stevenson
Purley
Surrey

TAPE VOICES

With reference to Mr Stein’s letter in the Octo-
ber issue, the existence of these voices has really
been attributed to known physical effects, such
as broadcast breakthrough, and people’s ability
to find form in random noise.

David Ellis has researched the subject at great
length under a scholarship awarded by a Cam-
bridge college, and reluctantly found very little
evidence for any paranormal happenings. His
researches are available in a book The
Mediumship of the Tape Recorder (ISBN 0
9506024 0 X) for £2.25 from him at Fernwood,
Nightingales, West Chiltington, Pulborough,
West Sussex RH20 2QT. The book includes
practical details which enable readers to
perform their own experiments.

Another reference on this subject is by
Professor W. R. Bennett, in Scientific and Engi-
neering Problem Solving with the Computer (Pren-
tice Hall 1976 ISBN 0 13 795807 2). This is
really a book an computing. He mentions the
Voices, in an exercise on non-linearity, but an
earlier section on generating random text mes-
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sages from “probability sieves” is extremely
interesting. You type in one or two pages from
works by a certain author, and the computer
produces pages of random letters with a similar
probability distribution. When the book was
written, it was only possible to get a third-order
matrix. Even so, quite a few words were ob-
tained, and those words were similar to those
favoured by the author chosen. If someone were
to adapt these techmiques using a micro
equipped with hard disc, then considerably
more striking results could be achieved than
those available to Prof. Bennett using two 16K
minis working together. No doubt someone
unaware of this work may one day decide that
his computer is in contact with the dead.

John de Rivaz

Truro

Cornwall

THE RIGHT FORMULA

In reply to Ronald G. Young’s letter, November
issue, the answers to the questions he posed for
me are

1) a theory which does not predict practical
results has no practical use

2)R = E/ I by definition.

As to his third paragraph, I would assurc him
that by the word ‘instrumentalist’, (see his book
“Conjectures and Refutations”, RKP, 1963,
pl00,) Karl Popper does not mean people who
use instruments like oscilloscopes and compu-
ters. The brilliant Wireless World editorial of
July 1981 mentions instrumentalism, and puts
Young’s position into historical perspective.

As to my bitterness about instrumentalists, I
give good reason in my September 1982 letter.

Those college professors, institution officials
and Nobel prize winners who (unlike me) get
salaries, expense accounts and fringe benefits
from electromagnetic theory — I understand
that the dinners for potentates in the IEE are
very lavish — are seen in the recent Wireless
World debate entitled “Dispacement Current”
and “Death of Electric Current” to be
abysmally ignorant of their subject, and yet
those same people as referees of learned jour-
nals, have for ten years exercised their power by
preventing me from publishing my results in
any learned journal in Britain or the USA, in-
cluding journals of the IEE, IEEE, Inst. Phys.

Some Wireless World readers will be surprised
to learn that during 25 years of work, I have
never succeeded in publishing any of my work
in any British learned journal. The defences
against new information are particularly strong
in Britain. The Inst. Phys. broke their contract
with us to publish the paper. “The History of
Displacement Current” (later published in
Wireless World March 1979) when they disco-
vered that it contained new information. If one
did not become bitter over such a scenario,
when would one?

The arrogance of the ignorant power brokers
in our society seems limitless when it comes to
suppressing scientific advances by Catt, Heavi-
side, Galileo etc. The ability to manoeuver one’s
way to the top of the IEE or Inst. Phys. is no
justification for suppressing advances in the
disciplines which generate the financial base of
those institutions. If these people resent their
good faith being questioned, then I look for-
ward to being invited to publish in their journals
and lecture in their halls.

Further reading
1. T. Jaynes, Foundations of Probability Theory and
Statistical Mechanics, from Delaware Seminar in the
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Foundation of Physics, ed. Mario Bunge, Springer-
Verlag Berlin 1967. (Library of Congress mo. 67-
16650). First chapter ‘“What makes theories grow?”
pp. 77-83.

2. O. Heaviside, Electrical Papers Vol. 1. Macmillan
London 1892, pp. vii-x. Heaviside discusses the way in
which his publications were blocked. It includes
“Perhaps it was thought that official views were so
much more likely to be right that it was safe to decline
the discussion of novel views in such striking opposi-
tion thereto. There seemed also to be an idea that
official views, in virtue of their official nature, should
not be controverted or criticised . . .

Ivor Catt

C.A M. Consultants

AMATEURS...AND CB...

I see from “Letters” in November’s WW that
Mr Wood, of the Home Office, announces that
nine stations were traced and closed down for
illegal broadcasting in 1981. Is he trying to disa-
ble us all with mirth? Really Mr Wood, this
must represent the precentage of offenders who
turned themselves in because of a guilty con-
science. There must be many more “pirates”
than that in the London area, per square mile,
mostly using sections of the ten and two-metre
bands. In my limited experience, the HO
couldn’t catch a mouse in a mouse trap.

Here is an example; a mini-cab firm, based at

a garage at the Circle, Carshalton, controls its

cars with modified citizens band sets on
28.00125MHz. At least two amateurs notified
the Home Office with the details, including the
address. A month or so later, an official paid a
visit to the garage, but as luck would have it,
none of the 18 or so drivers were working, and
the controller was using his set on the legal UK
CB frequencies. The offical told him to change
his illegal high-gain aerial for a regulation one,
and left. An amateur friend of mine called at the
garage to inform the owner that he was illegally
occupying an amateur frequency. The man said
he did not realize that that was the case (I have
heard amateurs informing him of this fact on
two occasions) and promised to have all his rigs
modified to go below the CB frequencies. He
also claimed to have been arrested twice for
using a linear amplifier; he is still using it and,
three months on, still using 28.00125MHz.

If cases as blatant as this are difficult to bring
to justice, then I can only conclude that the HO
has its hands tied with absurd requirements for
“conclusive” evidence. Meanwhile, I often hear
CBers make reference to the “6.6MHz band”
and “the a.m. channels” as if they were a
natural and legal alternative to the UK system.

So, Mr Wood, if you need a lead to begin
clearing the airwaves of pirates, ask the ama-
teurs; they must each know of the whereabouts
and the activities of more illegal stations than
the HO prosecuted in 1981.

J. Baldwin
Ashtead
Surrey

...ANDBAND1...

The letter by Mr Laven (page 65, October is-
sue), and recent broadcasts by the RSGB’s
GB2RS news, is most gratifying if only offering
a crumb to we v.h.f. people. The recommenda-
tions of WARC viz a viz v.h.f. as a definition
should put 4m (70MHz band) and/or 6m
(50MHz band) within the group of all Class B

licence holders. That some very experimental

outside-broadcasting-hours-only licences are, or
have been, issued (to Class A holders only) is at
least a step in the right direction.

e e

However Mr Stacey, G8BXO, in the letter
following the above-mentioned suggests 48 to
48.6MHz, on the very worthy grounds of har-
monic interference. Whilst I must agree with
some form of 6m activity, and concede his
grounds for his choice, I say that it’s less than
the 50 to 52MHz band mentioned by Mr Laven
(haven’t we lost enough?), and that because i’s
the third harmonic into 2m band, it should not
be used. Anyone who has used the 23cm
converters (i.f. output on 2m band) in a contest
will know the problems. Furthermore, if we
were on 48 to 48.6 we’d not be able to do serious
tropospheric work over the Atlantic — I under-
stand that the USA uses 50-52MHz.

D. R. Coomber, GRUYZ
Leeds
N. Yorkshire

... AND BALLOONS

Having read a news item which stated that a
South African radio-ham club was about to
launch a balloon carrying a relay station
powered by solar cells. The increase in cost over
an orbiting relay at 100km when compared with
a 200mb drifting balloon at under 13km is not
much, but the launch is so much cheaper, and if
Ghost-type balloons are used a stay in the air of
two years or more is possible. Its tracking is
easier as it will appear stationary in the short
term and one could get away with pre-set aerials
and not need continual tracking as for a satellite.
My idea is to use the balloon not only to carry
the relay but also to carry Ghost experiments for
the Met. Office. Not only would the worldwide
Weather Watch get data but the hams would get
a reduced launch cost. There would be chance
of more launches worldwide with possible bal-
loon-to-balloon links to increase range. The
Weather Watch would gain from reduced
launch costs if the relay had its cost split, or
even better if amateurs did the data receiving
using an add-on to their normal receiver, storing
data on compact cassette and then sending them
onto a central Met. Office. The more receivers
the better as this would cover data losses. Hav-
ing many disadvantages this is nevertheless a
good way to build up experience until standby
jump space becomes cheaply available from
Nasa or ESA. (Has anyone ever tried the Rus-
sians?)
G. A. Cockburn
Edinburgh

STICKY WINCHESTER

I suppose there will always be more than one
explanation for the origin of any nickname, so
here’s another one for Winchester (in connec-
tion with “Disc drives” WW Sept. issue), from
an article in the American magazine:

“The Winchester nickname for rigid
drives comes, as does much of the
technology, from the trail-blazing IBM
which in 1973 brought out its mode!
3340. It was a dual drive with planned
twin storage capacity of 30 megabytes
each. The 30-30 configuration
reminded some of the rifle; though
IBM soon upped capacity to 35 and
then to 70 megabytes, the name
stuck.”
Electronics 10 Feb 1981, page 98.

R. Camp

Brentwood

Essex
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CARTRIDGE
ALIGNMENT

What an unfortunate misunderstanding. In no
way did I contradict R. J. Gilson’s articles on
Cartridge Alignment. May I take each of the
paragraphs in his August 1982 letter in turn?

1. All the information on my June 1982 dia-
gram came from several space-consuming

sketches. It does make a difference to the’

geometry (mis-quoted) — by simplifying. For
instance, C/L and the sin O equation can lite-
rally be seen in the diagram if the omitted lines
2. One or two popular magazines suggest the

use of lengthy formulae for determining track--

ing errors and distortion for arms of different
length. A short cut is provided by taking C/L

and (p + q)/2L and then fixed proportions into-

account.
3. I thought it might be interesting that

whenever B, the innermost groove radius, is-

greater than p in my diagram it must appear to
the left of the datum line. Knowing only Gil-
son’s figure off the cuff, I used it as an example.
No difference in status is implied.
4. pq = 213? — 2007 = 5369. O from his
formula 4b = 21.9° (Again I treated this as an
example — no proposal has yet been universally
accepted — and have to assume here that 4380/c
is not known) sin 21.9° x 2 x 213 = 159 (sin
O2L = p + q) so the troublesome pq/p = (p +
q) — p becomes 5369/p = 159 — p. For the less
rusty this yields+49 dnd 110 (rounded off). Thus
at the very least we have a supportive proce-
dure.
5. Subject to the points already made, I could
not agree more here.

An example of the possibilities that are
opened up with the new visible facts is the

formula B = VL2 — xZ — VD? — (x — A)?
where A and B respectively represent the 15.5
and 7mm dimensions on Gilson’s gauge, L =
eff. length, D = spindle to pivot dist. and x =
(p + q)/2. The constructor is able from this to
mark out a hole in just the right place to suit his
turntable and ‘“‘any required overhang rule” —
(from Gilson’s penultimate paragraph Nov. 81).
The validity of this formula can be checked by
letting A =porgq.

I have superimposed the outline of the gauge
on a copy of my first diagram where even this
becomes clearer.

P. E. Cryer
Thornlie
Western Australia
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THE DREAM OF
OBJECTIVITY

Your Editorial comment on my letter in last
December’s issue suggests that my criticism of
your Editorial could be quite mistaken since I
am using the word ‘phenomenon’ incorrectly.
Also, a further letter in the February issue
equally misconstrues my argument (from M. J.
Walker).

Now the words ‘phenomena’ and ‘phenome-
non’ are not very widely used these days. They
belong more to the vocabulary of the early empi-
ricist philosphers like Locke, Berkeley, Hume
and Kant, who were fond of using such words as
‘mind’, ‘ideas’, ‘impressions’, ‘intuitions’ and
‘apperceptions’, etc.

These philosophers operated by using a pén,
desk, books and chair. They were attempting to
describe our knowledge, or perhaps better said,
understanding of the world and universe, onl
by contemplation, i.e. without actually making
any experiments at all, with objects, to discover
how these behaved under various circum-
stances, and thus obtain clues as to their consti-
tution, and the natural laws which they could
demonstrate. As the modern sciences have
shown, though, they grossly over-simplified the
situation. Thus Berkeley, for instance, highly
critical of scientists and their ‘insensible parti-
cles’ became firmly and too easily convinced
that we can properly say that we only really
know or perceive our own perceptions (for
which he considerably altered the meaning of
the word ‘idea’) which he considered to be enti-
rely mental or ‘in the mind’. He then simply
concluded (as also did Ronald Knox, in M. J.
Walker’s letter) that when we were not perceiv-
ing the ‘ideas’ of an object, they must be a
collection of ‘ideas’ being perceived in the mind
of God. This conclusion, which I, for one,
would not draw today, whilst giving good
support to the Establishment, traditional theo-
logy and morality, did not at all advance our
understanding of the constitution and behaviour
of objects at all, i.e. develop any vocabulary to
help us master our environment. It is also non-
sense to write or talk of seeing or perceiving
perceptions. As Ryle has said ‘““a person cannot
talk of ‘seeing looks’, since ‘look’ is already a
noun of seeing”. In fact, it was not until men
began to experiment more systematically with
objects that the sciences began to develop, and
our vocabuiary for dealing with the objects
around us began to acquire deeper foundations.

I do not think, then, that there is any special
problem about subjectivity or objectivity, espe-
cially regarding the application of scientific
method. Subjectivity is only the expression of
an individual viewpoint, and provided that nor-
mal observers are able, and are permitted, to
exchange viewpoints, they can always move to-
wards a greater objectivity, and thus broaden
their understanding. This procedure should
only be limited by abnormalities in the observer,
such as colour blindness, etc., and these can
usually be detected and allowed for.

We mostly tend to deal, nowadays, with
words which are the result of operating with
some quite sophisticated objects in specialized
laboratories. It is, in my opinion, partly through
the use of such words, developed by scientific
experiment, theory, and sound engineering
practice, that we, as human beings, can come to
have more thoroughly objective and honest
dealings with each other.

Peter G. M. Dawe
Oxford

MODULAR
PREAMPLIFIER

I found part 1 of J. L. Linsley Hood’s descrip-
tion of his modular preamplifier very interest-
ing. I like his modular approach, and I agree
with his comments on the various possible ar-
rangements for equalization. However, there
seems to be a discrepancy somewhere in the
discussion of the noise level of his equalization
module. With the input to the circuit of Fig 6
short-circuited, the base of each input transistor
sees 270 ohms to OV at audio frequencies (R g,
Ri6), and there is 220 ohms between the emit-
ters (PRs), This makes a total of 270 + 270 +
220 = 760 ohms series resistance between the
externally-applied short-circuit and the two
base-emitter junctions of the input transistors.
The input noise resistance of the stage (with
short-circuited input) must always be greater
than this actual resistance of 760 ohms. Yet
Table 2 quotes a measured input noise resis-
tance of 450 ohms, which is impossible with the
circuit of Fig 6. (The change from “RIAA”
equalization to the flat response used for the
measurement would not alter the input noise
resistance significantly if R;¢ remained un-
changed.)

I suspect that the measurement may have
been made without R and PRs, and possibly
with a lower value of Rj. But in any event, the
noise of the circuit will be adequately low in
practice — given good components. (To avoid
the risk of PR going noisy, it would be better to
omit it and obtain adjustment of the output
voltage — if necessary — by injecting an adjust-
able current into the junction of Rg and Cy4;
say through 10M(} from a preset connected
between the +15V and — 15V supplies.)

I'm sure your readers would wish to know
that the illusive BC447/BC448 transistors Mr.
Linsley Hood has used in many of his recently
published circuits have Jedec equivalents —
2N2907A/2N5551.

G. Dagnall
Four Oaks
Sutton Coldfield

I must apologise for the somewhat misleading
text of my article of October 1982 (pages 35 and
36), in which I referred to the noise resistance of
the discrete component configuration I had em-
ployed as the amplifier stage for the equlization
module.

. My target and measured noise figure referred
to the gain block itself, with the base of TR,
connected to the zero volt line, and the equaliza-
tion network (Rys.19 and Rys and C,s) replaced
by a 10k/100 ohm feedback arrangement. A
number of LF351 and TL07] operational am-
plifiers tested in the same circuit configuration
gave effective noise resistance values (with in-
puts short-circuited) of the order of 2.0 to 4.5
kilohm for the same measurement conditions,
which I felt was less good than one might wish
for this particular application, though quite ade-
quate for later stages.

Obviously, whatever gain block one employs
will be influenced by the external resistor ele-
ments connected to its input or feedback termi-
nals, and, fortunately in the case of an equaliza-
tion network, by its bandwidth characteristics.
J. L. Linsley Hood
Taunton
Somerset
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Data acquisition

on a Pet

Interface circuits and programs for reading both analogue and digital data using a Pet
microcomputer, together with brief specific descriptions for 12, 10 and
eight-bit analogue-to-digital converters.

Main factors that determine choice of an
analogue-to-digital converter for data-
acquisition are accuracy and conversion
speed. An increase in accuracy means an
increase in the number of bits in the
digital-word output and hence an increase
in the time taken for the conversion. If an
analogue multiplexer is used before the
converter input to capture a set of data, the
overall conversion time is multiplied by
the number of variables to be monitored.

If the amount of data to be acquired is
small and the computer random-access
memory is small, it may be necessary to
transfer the incoming data directly into a
back-up memory for later processing by
the computer.

Although 16-bit a-to-d converters are
available, they are expensive and line-
shielding and power-supply requirements
for them are rigorous and add considerably
to circuit costs/complexities. For the
majority of a-to-d applications the readily
available and inexpensive i.c. converters
discussed here suffice.

Precise a-to-d conversion
Twelve-bit converters such as the Intersil
7109 provide the greatest precision of the
devices examined but have the slowest
operation. The maximum sampling rate
for this device is about 1/30s per channel.
But this long conversion time means that
computer programs for acquiring the data
may be written in a high-level language
such as Basic without the need for
additional delays to allow the converter to
catch up with the computer.

With the CBM Pet computer a user port
attachment and small machine-language
program allow the 7109 device to be used.
This machine language, List 1, sets bits 6
and 7 of port ES10 as outputs. Lines at
ES84F are inputs in the default condition so
it is not necessary to set them using a
program.

Output lines are data request, high byte
and low byte; data request is also used to
change channels. Inputs are eight data
lines and a zero-channel indicator. Figure
1 shows the circuit diagram, in which the
clock line is used to reset the multiplexer.
This set up is most convenient when the
converter i.c. does not have its own clock.

With twelve-bit converters the analogue
multiplexing method shown in Fig. 1 is
only appropriate when slow sampling rates

The authors are in the School of Engineering at
Trent Polytechnic.
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by E. D. Harvey
and D. A. Hills

are involved. For higher speed multiple-
channel operation, it is possible to use a
converter for each channel and digital
multiplexing, taking a simplified version
of the section of circuit shown in Fig. 1.

List 1. Routine for setting up user port when using a 7109
analogue-to-digital converter with a Pet microcomputer.

78
AE L1
(23
8D 11
AD 10
09

8Dd 10
8E 11

58
A? EC
8D aC
60

Eg

E8
E8

E8
E8

£

SET

LDX4EBILL

LDA¥$IB

STASESLL
LDASEBLD

OrRAE$CO

STHBEBLO
STX%EBL1

CL.I

LDASSEC

STABEBAC

RTG

-o we

- -

- we

interrupts
control register

disable

preserve
bring in direction register
et up two most sianificant
bits as ouvtputs

usual status to
reqgister
fimished

as output

restore
cortral
routine
sel CE2

rowtine ends

List 2. Program called by USR function for use with a
Ferranti ZN433 analogue-to-digital converter and CBM 3032

computer.
380 20
383 A9
389 8D
388 A9
386 8D
38D A9
38F 8D
392 A9
394 8D
397 20
394 A9
39C 8D
39F 2
342 88
3A3 DO
3A% 18
386 AD
3A9 29
3aE  2ZA
3AC  2ZA
34D 2
3AE AC
3JeL 20
3E4 A9
3e4a 8D
39 40
A
8%
8%
Cé
Do
Cé
Do
60

D2
10
e l=
9F
4A
00
48
FE
40
BEA
F7
40
BEA

DE

10
ca

D&

E£8

8

E8

E8
03

£8
C3

E8

EQ
D2

E8

JGR
LDA
STA
LDA
STA
L.DA
STaA
L.DA
STh
JER
L.DA
STA
JSR
DEY
ENE
CL.C
LDA
AND
ROL.
RQIL.
ROL.
LDy
JER
1.DA
STéh
RTS
L.DA
STA
STA
DEC
BN
DEC
ENE
RTS

$D&6DY
410
$EB4E
FEOF
$E844
$¥400
$E343
FHFF
$EB340
$ 036 A
F$F7
$EB340
$03EA

$383

$EB10
F$C0

SEBAF
$D26D
600

SEBAE

$404A
SEF
$C0
$C0O
$30C0
$EF
$30C0

(initialize

(imitialize clock

(imitialize clock

(form-—-fixed number)

clock pulses)
pulses)

pulses)

(ciata request)
(il av)

(remove request)

(reasd high byte)

(reasd low byte)
(caonvert

to floating point no)d

(remove clock)
(estit)
(cfelay subroutine)



On a similar basis, it would be possible to
use a group of converters with a single
analogue input to provide more rapid
sampling rates. The practicality of these
multiple converter circuits is realizsed
when the cost of faster precision converters
is compared with that of the Intersil 7109.
Ten-bit devices such as the Ferranti
ZN433 i.c. offer more speed and less
precision. As these devices require clock
pulses from the computer, a versatile

interrupt line is required. On the CBM
computer this is easily provided by the
CB2 signal of the 6522 v.i.a. To reduce
other line requirements for a multiple
system, channel change and data request
signals may be combined, as it is
inconceivable that it would be required to
visit a channel without reading data. The
ZN433 samples continuously, and a single
frame can be obtained when requested. If a
reset to zero channel is required, this can

be provided by including a monostable in
the clock-pulse line; by turning off the
clock and waiting for a short time, the
monostable then resets the multiplexer to
zero channel. The circuit shown in Fig. 2
includes this addition.

The Basic USR function is useful in
connection with this type of converter and
a program in 6502 machine code is given in
List 2. It is capable of sampling the
converter in about 10ms, but a more

+5V
Analogue
nputs
70~
50—
2 20
9 8 e
o . 22 19 EEEn
23 18 —
" Lot 46 4 3 100k 24 n e
12 s 0p 25 16 :
© 13 IS .“_J 26 15 -
0o 1wy 3 —02 10
10— = - 1 l" 27] 14 03 N
20 7 10n B —04 1
2 —OS or
G 7109 In
—Q 6 pol
LO- 10 —07
60 J — 08
8
sl 7 7
9 s 35 6
10§ 15 P 36 5
37 e
L gl By <~
\ 12 13 25k == 38 3
;o oy > ol
i 1 L 40 1
LS
—O 0V
ara
request
7y O (lock
+5V Fig. 1. Analogue multiplexing using 12-bit 7109 analogue-to-
digital converter is suitable for slow sampling rates. The clock
Analogue i th Itipl
- ine resets the multiplexer.
70
50— . . .
Fig. 2. Circuit offers greater speed but less precision than that of
. Fig. 1 by using ten-bit a-to-d converter in which 4047
monostable multivibrator in the clock line resets the multiplexer
7 to channel zero.
11 6
[ y A
30— 12} > 1 28
13 4051t 1,
00 . — % ——_7_———2
1% 3 - Data bits
10 -~ 3 27
o ik Z 4 26 1
d i A - - —02
< : 2k4 2 03
Xe 1 - : N
7
i IN433 o))
6 O—— 22
T | [ B
8] 7 w_,v}(/\/_m::) 20 08
i 1 1
9 ; 15 2 19 o
1k 1
. P —n— 1 | o0
W AL & X T [ 620 13 HER
13 2
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-Repeated-
{bits 3-8)

Computer port

Bit I

Clock 19 Data ready Data request
| b A ]
. |
e

. A s I 1 1
2 n ' 15
& 10 ' 16

1C, z ; Ity
> 4027 13 [ 4555 L
7 5
8 1 B . i 3 n
9 5 A 2 7

— J ! K
i & 6§ 7 ) i 7)1 k)
4 . 2 9 2 7

3 b 7-segment 14 1 5
1 8 8 3

1t - 0 T
6 1 [ 12 ! 15 12 2
2 f ' 6 11 6 1 11 b
5 g S 10 5 10 14 6
&3 All 150 ! 5 j , 4 :3 8 10

YO0 0 @]

0000 ——»
Source order

Arithmetic routines used appear at dif-
ferent locations in the various CBM compu-
ters as follows.

Basic version 1 2/3 4
fixed point DB6D D6D2 C92D
floating point D278 D26D C4aBC

appreciable delay occurs due to the
machine conversion routines used. Before
entering the sequence, the USR function
must be set to the starting byte. Data may
then be obtained by the Basic statement,

A=USR (channel):PRINTA.

High-speed devices

Eight-bit converter i.cs such as the
National Semiconductor ADC0804
provide high speed conversion with lower
precision, but it is unusual to require both
precision and speed. A conversion time of
30us is possible, and the connection to the
computer port is greatly simplified. A
built-in clock facility is desirable and some
8-bit devices can be interfaced directly to
the address and data buses of the
microcomputer without a peripheral-
interface adaptor. This is especially useful
when other commercial computers without
p.i.a. facilities are used (e.g. Apple II,
TRS80).

The machine-code program is now
important, and it must avoid the use of
involved subroutines, e.g. USR function
calls and floating-point arithmetic. Data
must be stored in a protected region of
memory which is most conveniently
addressed by the indirect facility of the

continued on page 78
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Bit 2 Data ready

Input data sources

(
Data request

Fig. 3. In a transient-recorder application of this digital multiplexer with handshaking,
computer requests data byte then resets recorder’s data-ready flag. Computer than
requests next byte, and so on, taking about 200ms for 1Kbyte of data using a machine-
code program.

| List 3. Program for taking data from a free running source
using a 6502 computer with CBM 2/3 Basic.

350 78 SEX

951 AD  4F  E®  LDA  $EBAF (computer data port)

3% FO 16 BEQ  $34C

354 2 08 LDX  #%$08

358 D& E8 DEC $EB, X

354 AD  4F  ER LDA  $EBAF

35D 81 E® STA ($EB, XO

IsF 20 EBEC 03 JSKR delay $3EC

3462 EBS  EBES LA sk, X

364 DO F2 ENE 4358

3646 CaA DEX

367 CA DEX ]
363 0O EE BN $358 |
360 58 CL.I 5
368 &0 RTS '
36C  AC 12 E8® LDY $EBLZ (stop key address)

36F (8 INY

379 FO DF BEQ $301

372 58 CL.Y

373 &0 RTS

Qptional delay subroutine

386C A9 60 L.DA  #%00

3BE 8% DD SThA  $DD

3C0 A0 01 LDY 3s01 (adjustable)

3C2 88 DEY

33 DO FD ENE $3C2

3CS Cé6 DD DEC $DD

3C7 CO0 F7 ENE  $3C0

30 &0 RTS L
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Introduction to

v.d.us

James Tully looks into operational conditions, especially ergonomic, and into health and
safety questions of display units. A previous article in this series, by Colin Carson, dealt

As an increasing number of people begin
to use display units in their everyday work,
certain problem areas become apparent.
An awareness of these areas leads to often
simple avoidance measures and greatly im-
proves the effectiveness with which a
v.d.u. can be used; factors affecting reada-
bility are reflection, glare, flicker, focus,
brightness and certain distortions of the
image.

Reflection and glare

Glare may be caused directly by, or may be
reflected from, the c.r.t. face. Direct glare
is usually caused by the brightness or
contrast controls being adjusted too high,
or to a fault condition. Reflected glare can
present considerable problems because of
the height and angle of the c.r.t. face rela-
tive to the viewer.

Direct and reflected glare are affected by
ambient lighting conditions in different
ways. Acceptable screen brightness under
high lighting conditions may seem too
bright under reduced lighting conditions
and reflected glare may disappear alto-
gether under conditions of very dim illu-
mination. Screen brightness and contrast
can often by adjusted without too much
difficulty to match the average illiumina-
tion level of the room (300 to S500lux
recommended!). Reflection, however, is
more difficult.

There are a number of techniques for
the reduction of reflective glare. The sim-
plest and least expensive is to position the
v.d.u. until the reflected glare disappears.
If this results in the operator facing the
light source then direct (contrast) glare will
result due to the contrast ratio between the
light source and the v.d.u. screen, and this
will not be acceptable. A detachable key-
board may help, since screen and keyboard
positions may be adjusted independently,
allowing good body posture to be main-
tained. Alternatively, a variety of filter
methods may be used on the c.r.t. face
including polarizing filters and etching.
These can produce good results but are
expensive. A third method is to surround
the equipment with a baffle to shade the
screen from direct light.

Flicker

One of the most serious effects upon long-
term viewing of a v.d.u. monitor is that of
flicker. The effect is more pronounced
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with internal control.

during certain fault conditions but may be
noticed under normal operation.

Electron bombardment of screen phos-
phor in a c.r.t. system exhibits the charac-
teristics shown in Figure 1 (ref. 2).

Screen illumination increases to a maxi-
mum or saturation value during electron
bombardment of the phosphor (fluores-
cence) and decays either exponentially or
hyperbolically after bombardment  has
ceased (phosphorescence). The ‘persis-
tence’ of the phosphor is the decay time to
10% of the peak value.

In a raster scanned system, where exci-
tation consists of short pulses at regular

by J. E. Tully

time intervals, the peak illumination level
will not occur as a result of a single pulse,
but a gradual build up occurs over a period
of time (the “accumulation process”). This
build up leads to a stable state where the
illumination level is represented by a saw-
tooth waveform with a constant average
value, Fig. 2.

This periodic variation in luminance ex-
hibits itself as flicker and its magnitude is
defined by

F:h‘!&i‘_l‘m
Lave

where Ly,e=/ L(t)dt and T=1/f,, with f,
the refresh frequency.

From this it can be seen that flicker may
be reduced by either:

— using a longer persistance phosphor,
or

— increasing the display refresh fre-
quency.
Short-persistence phosphors with refresh
frequencies around 30 to 40Hz inay
produce flicker effects which interact with
the natural oscillatory movements of the
eye to give apparent movement effects’.
Long-persistence phosphors produce a
smearing effect when an image is moved
from one part of the screen to another.
These phosphors are also associated with
shorter tube life. Further information on
common phosphors is given in the Table.

Flicker, in addition to causing rapid
fatigue, can trigger seizures in those who
suffer from epilepsy. Not all epileptics are
affected in this way but it should be deter-
mined from medical sources whether the
person is subject to seizures before
working with this type of display.

The effect of interlace, whilst allowing
more information to be displayed on the
screen, is to increase flicker unless the
correct phosphor is used. Most of the com-
monly used phosphors are not suitable for
interlaced use (see Table).

Direct health considerations

Since the introduction of the v.d.u. into
the office environment there has been
concern as to health and safety aspects
associated with working with v.d.us. over
a prolonged time period; and many ques-
tions have been asked regarding long-term
viewing. Foremost among operator fears is
probably the question of eye damage of
one form or another. The most sensitive
part of the eye is the fovea, a small area
(Imm?) at the centre of the retina con-
taining only cone cells which each corre-
spond to a unique nerve fibre. The action
of the eye is to rotate the eyeball until the
desired image is centred on the fovea. Be-
cause the fovea is so small, the eye scans
the area of interest with tiny oscillatory
movements to keep moving the image
across the fovea. This relative movement
of the image on the retina is essential*
(although we are not aware of it) and if
artificially stopped, the image disappears
after a few seconds. Another involuntary
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Fluorescence Phosphorescence

Fig. 1. Fluorescence builds up during
electron bombardment until it reaches
saturation; phosphorescence decays after
the bombardment has ceased.
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Chardcteristics of common phosphor types in monitors (ref. 8)

Type Colour Persistence Remarks

P4 White Med/Short (60n) Low cost, good focus, objectionable
flicker during interlaced operation

P31 Green Med/Short (38u) Good focus, may be easier to view for

P39 Yellow/-

Green Long (150 ms)

long periods, objectionable flicker dur-
ing interlaced operation.

Poor focus, suitable for interlaced
operation, moving cursor appears to
smear.

movement of the eye is a result of rod cells
around the periphery of the retina which,
in daylight, act as movement detectors
around the extremes of the visual range
and act as a trigger to rotate the eye toward
an object which enters the visual field,
centering the image on the fovea. Colour is
perceived by a number of different types of
cone cells which respond to blue, green
and red light.

Fatigue and “eye strain”

The v.d.u. does subject the eye to un-
natural stresses which are likely to result in
fatigue of the eye and in general tiredness.
V.d.u. operators occasionally complain of
such things as burning sensations in the
eye, impaired vision, twitching of eye mus-
cles, headache, etc. These symptoms,
which may collectively be called ““fatigue”,
are afftected by lighting conditions of the
room, general stress level of the person,
brightness of the screen, boredom, noise
level and posture. Eye fatigue does not,
therefore, necessarily indicate that the
source of the problem is visual.

If distractive movement takes place be-
yond the c.r.t. screen but within the field
of vision, the eye will involuntarily rotate
to investigate. This involves a change in
focal length and fatigue will result if persis-
tent visual interruptions occur. The effects
of visual distraction are made more serious
when the c.r.t. phosphor produces light of
a prime colour only, since during the
distraction other cone cells are activated
temporarily.

In common with most electronic display
devices the v.d.u. relies upon generated

A
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light rather than reflected light as used by
more conventional display systems (e.g.
ink and paper). This raises new problems
relating to the long-term visibility of the
display and its effects on the viewer or
operator. Because of the nature of the
image produced and the thickness of the
glass at the face of the c.r. tube, the image
appears to take on a certain “depth”.
Coupled with the characters having
slightly fuzzy edges compared to printed
material, this forces the eye to continually
adjust its focal length, searching for the
correct focal plane. This is an unusual and
unnatural stress for the eye and is tiring
after 2 prolonged period. The problem is
further affected by an estimated 20 to 30%
of the population having inadequately-cor-
rected visual defects’.

Other factors affect the rate at which a
person tires when operating a unit, includ-
ing the difference in illumination levels
between the characters on the c.r.t. and z
printed page to be copied or compared,
screen effects such as brightness, focus and
flicker, and room environment conditions
such as temperature and humidity.

Radiation and implosion hazards
It is true that dangerous voltages are ap-
plied to and are generated by a v.d.u. It is
also true that ionizing radiation may be
generated internally in some c.r.ts. This is
mainly in the case of colour tv monitors
where the extra energy associated with
higher final-anode voltages may produce a
certain level of leakage x-ray radiation.
The radiation is confined to a screened
area within the monitor section around the
line output transformer or voltage
multiplier. Measurement of radiation
levels at the outer screen have been shown
to be minimal and below general back-
ground radiation levels due to natural
sources. Other, non-ionizing radiation in-
cluding ultra-violet have been shown to be
similarly insignificant®.

Early c.r.t. monitors and television re-
ceivers employed a separate implosion
guard between the viewer and the tube
face consisting of either a thick toughened
piece of glass or a thinner sheet of perspex,
or sometimes a thin flexible plastic
material bonded between two pieces of
glass. Problems encountered with this
system were dust entering behind the
guard, loss of transmitted light; and ref-
lected light from both surfaces of the
guard. Modern monitors generally use a
plastic membrane attached to the front of
the c.r.t. or a bonded faceplate, ensuring
adhesion to national safety standards.

Rest periods are essential to a person
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Fig. 2. Flicker associated with raster-

scanned screens is caused by this
sawtooth variation in illumination.

involved in continuous v.d.u. viewing, and
should be taken away from the screen to
enable the eye to focus on objects of vary-
ing distances, particularly long distances
and to allow normal colour variations to be
viewed. However, it has not been deter-
mined for precisely how long a display unit
should be viewed before a rest period
should be taken; this is a question cur-
rently being asked by representative of
various industrial bodies®, and is the
subject of extensive international debate.

Environmental considerations
Lighting. The reading of a printed image
is usually helped by the increased contrast
associated with high illumination levels,
while v.d.u. reading requires lower illumi-
nation due to the self luminous nature of
the display. As both reading sources are
usually required in the same room, a basic
incompatibility exists requiring special
precautions to be taken.

General lighting should be indirect with

direct local lighting of printed material. If
fluorescent lights are used, they should be
parallel with the sides of the unit (not
parallel with the screen) and should be
fitted with diffusers. If ambient lighting
levels are too high, increasing screen
brightness in an attempt to maintain
visibility will result in reduced resolution
making viewing very difficult.
Immediate surroundings. The area behind
the screen on the far side from the viewer
should be free of movement and if possible
should be of an illumination and colour
which roughly approximates to the average
of the screen’.

The equipment should be positioned
such that reflected glare and the effects of
dazzling light sources are minimized. It
would be useful to mask any unwanted
light sources if no better method could be
found.

Although some background noise is in-

evitable in a room with a number of
people, it should be minimized in the in-
terests of reducing the number of distrac-
tions with associated loss of concentration
and refocusing of eyes.
Room temperature and humidity. In a
room containing numerous pieces of
electronic equipment, the room tempera-
ture may easily rise above comfortable
levels if inadequate attention is not paid to
air conditioning and ventilation.

In general it is preferable for equipment
to produce low heat levels and to be placed
in a position allowing natural convection
rather than to introduce forced cooling
into a room, as this is noisy and may cause
draughts. A slight air movement may,

continued on page 72



Picotutor assembly-
language trainer

Versatility of this small assembly-language training aid is demonstrated in showing how
Picotutor can be used as a digital voltmeter by adding a small analogue i/o board.
Construction and operation of the main board and a description of the analogue board are

Ease of construction for the Picotutor was
considered of paramount importance and
for many readers the component-position
illustration and parts list given last month
should suffice. Most of the following tips
are peculiar to the Picotutor assembly and
should be read before construction.

The processor — the last component to
be mounted — is sensitive to static charges
and should be mounted in a socket, partly
because it is the most element of the cir-
cuit.

Resistor networks used have a spot on
them to indicate the common pin. If pre-
ferred, each network may be replaced by
eight individual resistors mounted on end
with their tops connected together and
taken to the pin one position.

Only 16 connections on the display are
used. The left-most connection, when
viewed from the front, is unused. A 12mm
length of tinned-copper wire is soldered to
each display connection before mounting.
When mounted on the board using these
lengths of wire, the display may to tilted to

a suitable viewing angle, but care must be’

taken not to damage the display or lift the
p.c.b. tracks. This component should be
mounted next to last.

When construction is complete, a d.c.
supply of between seven and ten volts may
be connected to the supply terminals.
Successful construction will result in a
dash on the display at the sixth digit from
the right; this is the right-most digit used
on the Picotutor. Supplies of up to 30V
may be used but the three-terminal regula-
tor may require a heat sink.

Operation

At switch-on and atter pressing the reset
button S;, the monitor program will res-
pond with an indication that the system is
ready to accept a command from the
operator by displaying a dash at the left-
hand side of the display.

Command keys are two and three-letter
keys on the keypad. Memory open, or mo,
is used to open a memory location and
allow the operator to examine or modify
data in it. Pressing the mo key will result
in a memory-open sign in the form of an M1
at the right-most position on the display.
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included in this second article.

The system is now waiting for a address to
be entered.

The 68705P3 can address up to 2048
locations in the hexadecimal range 000 to
7FF. Hexadecimal keys on the Picotutor
are indicated by single characters in the
range 0 to F. Random-access memory loca-
tions in the 68705 are from 010 to O7F.
Addresses 010 to 023 are used by the moni-
tor program and an area at the top of the
ram must be allowed to store a small group
of microprocessor registers called the
stack. Operator programs may occupy
memory locations between 024 and about
OBF.

by R. F. Coates

After pressing the mo key, enter the
address 024, and the data contents of this
address will be displayed on the two right-
most digits of the display. These two hexa-
decimal digits represent one byte (8 bits) of
data. After switch on, data in the ram will
be random so the number displayed may
be any between 00 and FF.

Pressing a hexadecimal key will now
result in its value being entered into the
system and shown on the display as the
right-most data digit. The original left-
most data digit is shifted out and disap-
pears from the two-digit data display. En-
tering a second digit will shift the first digit
entered to the left and a data byte consist-
ing of the wwo digits entered will be
displayed with the last entered digit on the
right.

A depression of the key with an arrow
pointing to the mo key — the step-up key
— will open the next memory location and
allow it to be altered on command and
pressing the key with an arrow in the op-
posite direction, the step-down key, will
open the previous memory location;
pressing either of these keys will result in
an according change in the display address
indication. If any other key is pressed
while in command mode, the mode will
change and the dash prompt will reappear.

When an address-location alteration is
made the monitor program checks that the
memory responds to the change, which
should always be the case when ram altera-
tions are made. An attempt to alter an
unalterable eprom location (try 100) will
result in an error message on the display;
pressing any key will return the dash
prompt required before all commands.

Now enter the following test program
byte-by-byte by entering two digits then
pressing the step-up key followed by the
next byte, and so on, while in memory-
open mode. The starting address, entered
first, is not important but if in doubt use
030.

9C 4F AE 23 83 4C 20 FC

When program entry is complete, press
any command key or the reset key to re-
turn the dash prompt.

The next step is to run the program,
‘which entails passing control from the
monitor to the program just entered, for
which the go key is used. When pressed,
this key causes a G prompt on the right of
the display which is an indication that the
program starting address is requested. On
entry of the last digit of the starting
address, in this case 030, the program
runs.

Seemingly instantaneously, the program
runs and control is passed back to the
monitor by a software-interrupt instruc-
tion resulting in the return of the dash
prompt. This program clears the c.p.u.
accumulator and places the value 23 in the

With the switch toward the terminal block,
the board acts as a digital-to-analogue
converter. A 5V supply is provided by the
regulator on the main board through a
separate lead. The ribbon-cable connector
is plugged into the switch socket on the
main board with the display removed.
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index register. Pressing the register-
display key, marked reg, displays the
processor-register contents when a soft-
ware-interrupt instruction is encountered.
This program-debugging function can be
used to check that the program entered has
run successfully.

The first register displayed holds condi-
tion code and isn’t important in this arti-
cle. Pressing the step-up key will display
the accumulator, signalled by an A on the
right of the display, which should hold 00.
Another step up will signal the index regis-
ter and display its contents, which should
be 23. The next step up will show the
program-counter value, which should be
35, and a P on the right of the display.
Press step up again to return the dash.

Now press continue, abbreviated con on
the keypad, and the program will run from
where it left off resulting in an increment
of the accumulator. Again a software in-
terrupt passes control back on the moni-
tor. On examining the registers, 01 should
be found in the accumulator. This process
of incrementing and looping can be re-
peated indefinitely.

Remaining keys are marked hdh, repre-
senting the number-base conversion func-
tion, and bc which is used for calculting

branches. These keys are programming

aids. The first converts hexadecimal
numbers to decimal and vice versa as fol-
lows.

Press hdh, which results in blanking of
the display, and enter a four-digit decimal
number on keys zero to nine with leading
zeros as required. Now press the step-
down key and the hexadecimal equivalent
of the number entered will be displayed.
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As shown, the analogue interface circuit operates as a digital-to-analogue converter.
Software in the Picotutor converts values entered on the keypad into analogue output
voltages up to 5.1V. Using the switch and an external connection (see text), the circuit acts
as an analogue-to-digital converter. Software included demonstrates how the system can

be used as a digital voltmeter.

Any key will return the prompt.

For hexadecimal-to-decimal conversion,
press the hdh key and enter a four-digit
hexadecimal number using keys zero to F
then press the step-up key to obtain the
number’s decimal equivalent.

The conversion routine can handle
numbers in the decimal range 0 to 9999;
numbers outside this range and decimal
numbers containing digits A to F will re-
sult in an error message.
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Analogue interface components

ZNA425E (Ferranti)

CA3140 (RCA)

10k, 1/8W or greater

10k presets

220n electrolytic, 10V

1u electrolytics, 35V

Single-pole changeover p.c.b.-
mounting switch with 0.15in
pin spacings.

16-way dil jumper lead connector

8-pin dil i.c. socket

5-way vertical p.c.b.-mounting
terminal connector with 0.2in
pin spacings

PICOTUTOR
ANALOGUE CARD

copyright
1982

RFCootes

i)

.
AOUT +5 AIN O V+

Key b initiates a routine for calculating
the two’s complement offset required for
branch instructions and will be described
later.

Analogue interface

This small circuit board is connected to the
processor A port using a ribbon cable
plugged into the switch socket and can be
connected to function as either an anal-
ogue-to-digital or digital-to-analogue
converter.

n



Construction is straightforward: IC; is a

static-sensitive device and mounted in a
socket. Main connections between the two
boards are through a 16-conductor ribbon
cable with insulation-displacement type
connectors on each end. Ready-assembled
cables are preferred as clamping the plugs
to the cable requires a special tool. The
plug may be either soldered directly onto
the anaolgue board or used with an i.c.
socket. Component positions are shown in
the photograph.
Voltage generation. A program for gener-
ating analogue voltages is included in the
Picotutor software and may be used to
check the operation of the interface board
as follows.

Two wires link the Picotutor 5V output
and analogue board 5V input and connect
the main supply to the V+ terminal on the
analogue board. Ground connection is
made through the ribbon cable, the plug of
which fits into the switch socket on the
main board. The processor should be cap-

able of driving the bar display but if prob-
lems are encountered, the display may be
removed (pin one on socket and plug
mate). Set the analogue-board switch in
the d-to-a position, i.e. with slider towards

the terminal block, and connect a volt-

meter between Ay, and ground terminals
on the interface block.

Switch on the power, which results in a
dash on the display, and key in go O0CE
which is the starting address of the voltage-
generator program. The display should
now show 0.00 and the voltmeter should
read OV. Key in 510, which should appear
on the display, and calibrate the analogue-

board output using Rj to give 5.1V on the
meter. Voltages between 0.00 and 5.10 can
now be set on the keyboard and repre-
sented on the display. Pressing reset will
break the program.

Digital voltmeter. Software is included in
the picotutor to allow it to be used as a
digital voltmeter with the interface connec-
ted as an analogue-to-digital converter.

Set the interface in its a-to-d position
and link terminal positions Ay, on the
interface and int on the main board. Ter-
minals A;, and +5V on the interface board
should al# be linked and R; turned fully
clockwise. Switch on and key in go 0CB to
initiate the voltmeter program, causing the
display to read 0.00. With these connec-
tions, R; may be used supply a variable
input voltage to aid testing to give readings
of up to 2.55V. Accuracy of the readings is
determined by the tolerance of the ZN425
conveter reference voltage.

With the interface link between termi-
nals Aj; and +5V removed and R; turned
fully anticlockwise, any analogue signal
from 0 to 2.55V between terminals 0 and
Ajp will be shown on the display. Pressing
the reset button stops the program.

A tutorial series introducing assembly-
language programming will explain basics
hardware and software design and include
descriptions of various instruction sets.
How to write programs to perform mathe-
matical operations, convert codes and
drive peripheral lines and interface devices
such as the 6821 p.i.a. will be discussed,
and operation of the analogue board and
Picotutor detailed. Subroutines for binary-
to-decimal and decimal-to-binary conver-
sion, multiple-precision multiplication,
division, addition and subtraction — and
for simulation of the 6800 DAA instruc-
tion not available on the 6805 — will also
be explained. VWV

A hexadecimal list of software for the
Picotutor can be obtained by sending an
s.a.e. to Wireless World Picotutor, Room
L303, Quadrant House, The Quadrant,
Sutton, Surrey SM2 5AS. Complete kits or
separate parts are available from Magenta
Electronics (see advertisers’ index).

O Correctly adjust contrast and bright-
ness controls. Suggested method:
reduce contrast to minimum, adjust
brightness then increase contrast.
Black level should be just below
threshold.

O Attention to room lighting. Do not
use very bright lighting. Use desk
lamps for illumination of printed
material. Run fluorescent lamps
parailel with v.d.u. sides and fit dif-
fusers.

O Position v.d.u. for minimum ref-

lected glare but avoid operator fac-
ing a light sourse. Choose antireflec-
tive coating on c.r.t. whenever
possible.

O Select phosphor persistance for de-

sired application.

Avoid visual distractions within

operators field of vision.

O Select keyboard, desk and chair for
good posture. A detachable key-
board is useful for this.

O Take rest periods away from the
v.d.u. if possible.

O

continued from page 69
however, be beneficial as higher than nor-
mal dust concentrations can build up be-
tween the viewer and the screen, due to the
high static charge at the c.r.t. face.
Temperature and humidity are impor-
tant factors if only because continuous
concentration at a v.d.u. screen can reduce

72

the blink rate — this is especially impor-
tant with contact lens wearers. Suggested
room temperature is 22 to 26°C, with a
relative humidity of 50 to 55%. WV
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continued from page 59

The mystical concept of duality in light
was paralieled in 1925 by the even more
mystical postulate of a particle/wave
duality in matter. in this area confusion
and “double-think’’ now reign supreme,
and clarification is long overdue. Three
completely different meanings are as-
cribed impartially to the single word
“quantization’'. In its first sense {(Planck)
it refers to the natural consequences of
the fact that the physical world is granu-
lar on the microphysical scale: both
matter and radiation behave as if they
were composed of independent, indi-
visible particles. Quantization in this
sense means simply that a photon is
either reflected or not reflected at a mir-
ror surface ~ yes or no, definitely and
without half-measures. The question of
whether or not the outcome of the en-
coumter can be predicted before the
event is not related to quantization. That
question has two important philoso-
phical branches: (8) accurate prediction
depends on detailed knowledge of the
exparimenta! conditions, and (b} predic-
tion is never indulged in by inanimate

energy comes in packages which have all
the experimental characteristics to be ex-
pected of discrete particles; on the scale of
atoms and photons the physical world is
granular in its nature. Bohr’s quantization
(type two) is totally different: it does not
have to do with microphysical entities as
such, either as to their size or their particu-
late form, but refers to the apparent
restriction of a mechanical working
parameter, in this case angular momen-
tum, to certain universally-discrete values.
One quantization acknowledges that

Interpretation of the “quantum” concepts

--Jﬁ

Nature, but on the contrary is an activity
characteristic of living matter only. This
much-ignored truth enables one to
distinguish between physics and meta-
physics, and also between inanimate
dete-minism and predictability; failure
to maintain such distinction was the
first serious philosophical error of mod-
ern physics.

The second historical meaning of
quantization” referred to the postulate
{Bohr, 1913) that mechanical working-
parameters such as energy and mo-
mentum may also be in some way gran-
ular, and that they may be exchanged
between physical entities only in steps
of discrete size. An attempt to
rationalise this postulate by attributing
quantization to the action of "matter-
waves’’ proved abortive, but by conven-
tion that failure is not normally admit-
ted or taught. The third common
meaning of the word may be taken to
refer to a mystical mechanism offered
by way of “explanation” of any pheno-
menon by the wave theory of matter.

microphysical entities are discrete, self-
contained and indivisible; the other postu-
lates that the laws of mechanics are essen-
tially discontinuous in their operation. The
only connection between these two com-
pletely different meanings of the word
quantization is that thinking in terms of
the one led Bohr’s imaginative mind to-
ward the concept of the other.

In retrospect Bohr’s proposal was far
more earth-shaking than Planck’s, because
while Planck’s could be accepted by the
overthrow of a theory, painful though

that might be for the theory’s supporters,
Bohr’s has never been explained. The
conclusion was drawn generally, and I
shall suggest prematurely, that ordinary
mechanics had failed and that a new quan-
tum mechanics in which energy, momen-
tum, and angular momentum were in some
mysterious way quantized must take its
place. How else could the orbital electrons
in the Rutherford atom be prevented from
eradiating away their energy and coalesc-
ing with the nucleus? (Might there not be
an alternative explanation?).

As I have said, no satisfactory explana-
tion of Bohr’s quantization has ever been
forthcoming. Current doctrine adjures one
to accept the outcome without explana-
tion, on the grounds that ““for fundamental
reasons” it cannot be explained. '

In the microphysical domain of atoms
and electrons we physicists are to deal
henceforth in miracles: for a miracle is a
physical occurrence for which we can offer
no physical explanation. Inventing “mat-
ter-waves” in an attempt to provide a
rationale was an abject failure, but it led to
a third common meaning of the word
quantization, unconnected with the other
two; we may define it as “A panacea which
purports to explain any microphysical phe-
nomenon, indiscriminately, in terms of the
mystical tenets of the wave theory of mat-
ter”’. T'he subornment of physical thinking
during the 1930’s to the beliefs of the ad-
herents of this theory is the final incredible
tale I have to tell, but first I shall have to
describe what the theory is about and ex-
plain where it came unstuck, and why.
That in itself makes a fascinating story.

NWAAAS

AAN

Architecture of an electronic book

Rapidly increasing paper cost and ad-
vances in semiconductor and software
technologies are prompting practical alter-
natives to the wood, glue and dye-based
objects we know as books. Books intended
to be read serially can conceivably be
stored in a central bank and the informa-
tion in them disseminated through net-
works similar to the ones currently being
used as up-to-the-minute newspapers. But
data manipulation necessary for electronic
reference books, educational text books
and technical manuals may require a dif-
ferent approach, mainly due to the need to
search for information within them and
because of their often specialised nature.

According to a recent proposal,* such
books would be contained in plug-in roms
and read on a flat-screen display. Perhaps
anticipating the question, “Why not use an
optical disc?”’, its authors remind us of the
recent implementation of a 4Mbit wafer-
scale rom which could be ready for manu-
facture in the mid-1980’s.

“Current state-of-the-art flat-screen
display technology suggests that it will be
possible to house the display, keyboard,

*Architecture of an electronic book, J. M. Murray
& K. F. Klingenstein, IEEE Transactions on In-
dustrial Electronics, vol. IE-29, Feb. 1982,
pp.82-91.
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system-processor chips and a substantial
number of rom structures each containing
text and graphics for an entire book will fit
into a package approximately the size of a
conventional book,” but the authors don’t
speculate on a possible introduction date.
Apart from saving trees, the book en-
visaged will also provide an efficient means
of accessing information and make search-
ing for concepts embedded in the text pos-
sible. In search mode, the processor
thumbs the pages and presents the desired
information either page by page or as page
numbers with or without an extract of text

from the page concerned.

Word-based encoding techniques give a
factor of between three and five reduction
in the amount of memory required over
character-based encoding and straight-line
approximation methods used allow engi-
neering drawings and text-book illustra-
tions to take up the same amount of
memory as text, page-for-page. Roms of
the type envisaged that lend themselves to
storing high-resolution pictures are not ex-
pected to be available in the 1980’s but the
optical disc is suggested as a possible alter-
native.
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Memory systems

Read-only memory provides non-volatile data storage, making it indispensable to
microprocessor. This two-part introduction to the characteristics and application of
memories to microprocessors by L. Macari concludes with manufacturers and user-
programmable rom.

Read-only memories receive data only
once or a small number of times compared
with the number of read operations. It
provides non-volatile data storage, which
makes such memories important parts of
microprocessor and digital systems. Some
of these memories, which are all of the
random-access type, must be programmed
at the manufacturing stage, while others
can be programmed by the user.

A simple example of a read-only
memory is the diode matrix, shown in Fig.
5 (a). Although it is not used in today’s
computers, its basic principles are clearly
illustrated, making this type of circuit a
good introduction to the concept of fixed
data storage.

A cell in the diode matrix shown consists
of a diode or a space, representing 0 and 1
tespectively. The diagram shows an 8-bit
X 4-bit array in which each vertical data
line is a diode-resistor And gate. Since only
one of the horizontal word lines will be
pulled low at any instant of time, the pres-
ence or absence of a diode will determine
the state of the data line.

Two examples of cells of semiconductor
roms are shown: fusible-link rom, (a), and
the mask-programmable type at (b).

The fusible-link rom is supplied with all

The author is with _Lhe Microelectronics
Educational Development Centre at Paisley
College of Technology.
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links unbroken: the programming proce-
dure is to apply suitable voltages to the
device to bregk the links, producmg the
necessary pattern of ls and 0s in the
memory.

Where large quantities of the same
program are required, the mask-program-
mable device is of value. This type of rom
has the data placed on it as part of the
manufacturing process, the result of which
is to produce some mosfet devices with
thick insulation between the gate and the
active device. Normal-thickness insulation
gives rise to a device which can switch as
usual, whereas the device with thick insu-
lation will not switch when voltage is ap-
plied to the gate. This is therefore the
means of producing 1s and Os in the
memory.

UV-erasable memories. These roms are
user-programmable and, as the name sug-
gests, can also be erased and repro-
grammed instead of being discarded when
it is discovered that the stored data is in-
correct. The devices are widely used and
lend themselves particularly to the de-
velopment stage of any microprocessor
system.

Each memory cell consists of a single,
insulated-gate fet. In this case there are
two gates, both electrically isolated from
one another and the semiconductor
material. If a voltage of the order of 25V is
applied across the substrate and either the
source or the drain, so that the avalanche
effect takes place, high-energy electrons
can be injected through the insulating
medium to charge up the gate electrodes.
This causes a change in the operating point
of the transistor and since the charge is
stored in a good insulator it does not leak
away, providing the cell with a charge
which is seen as a logic-level change when
that cell is addressed.

Applying the high-intensity ultra-violet
radiation to the transparent window in the
i.c. package provides the necessary stimu-
lation of the insulation structure to permit
the charge to disperse. Repeated exposure
to the u.v. source not only causes the
stored charge to disperse but causes the
impurity atoms in the semiconductor
material to disperse a little and change the
characteristics of the fet. This makes the
device more difficult to program and there
is eventually a stage where it becomes im-
possible to reprogram the device at all.

Programming roms

Fusible-link roms. An example is the
745288, shown in Fig. 6, whichisa 32 x 8
bit rom with tristate outputs. When un-
programmed, all bits are set to zero, so the
programming procedure open-circuits the
required links to change those bits from
zero to one. If a particular bit has not
been changed, it can be altered at a later
date, but bits cannot be altered once they
have been programmed. In this device the
links are made of titanium-tungsten wire.

The i.c. package has the normal address-

and data lines and an active-low select line.
No other signas are required for the pur-
pose of programming. The programming
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Fig. 7. Programming 2716 u.v.-erasable rom.

procedure is carried out one bit at a time at
each address, passing over bits which do
not need to be altered. While the
SEL line is high, the required data
line is pulled low, and all other data lines
connected to +5V through 3.9k resistors.
The V¢c supply to the i.c. is now altered to
+10.5V. The SEL line is now
brought low and held low for the program-
ming time, as indicated on the diagram.
Before carrying out any further program-
ming, one can check each bit.

UV-erasable roms. A typical example of
this type is the 2716 in Fig. 7, which is a
2K X 8 bit rom. In addition to the usual
address data and select line, this device has
an output-enable pin and a programming
supply pin: the chip enable CE serves as a
programming pin. This type of rom has all
bits set to 1 when delivered from the
manufacturer, and programming changes
the required data bits to 0. Erasure, using

a u.v. source, resets all the bits to 1 as
before. The advantage of the 2716 rom is
that, except for the programming supply,
the other signals required during program-
ming are standard t.t.1.-level signals.

In this case, the procedure can be used
to program simultaneously all bits which
have to be changed at one address. The
Vp pin is connected to +25V instead of
+5V, which is its normal operating level:
output-enable, OE, is set to a logic 1.
On setting up the required address, the
data is applied to the data pins and the
CE line is now taken high for a
period lasting from 50 to 55 ms.

The data can be checked and the pro-
gramming pulse applied again, if the data
has not been entered correctly. Usually,
the more the rom is erased, the more diffi-
cult it is to reprogram the memory and
some limit would be placed on the number
of attempts made to write data into the

memory. YN
75



Data integrity

In disc drives

Eighth part of this series details hardware and software required to ensure that data
stored can be retrieved without corruption. Growing impact of computer technology on
everyday life means these considerations have never been more important.

A typical disk drive has circuitry not essen-
tial to the normal processes to detect fault
conditions. The most common kinds are:
O Write current without write gate — if
current passing through any head is de-
tected when no write function is taking
place, there is an error. Heads are re-
tracted and write circuitry disabled.
O Write gate and no transitions — current
reversals in the head are monitored during
writing and their absence indicates an er-
ror.

This error detection circuit has to be
disabled during an address mark write —
see part 7 for definition.

O Multple head select — by forward
biasing isolating diodes in the matrix, as
shown in part 2. Bias current can be mea-
sured to ensure that only one head is selec-
ted at any one time.

O Incorrect write current — (Part 2
showed that it was necessary to program
the write current as a function of the cylin-
der address to compensate for change in
the head flying height) — current is mea-
sured to ensure it is as specified.

The consequences of these errors vary
from system to system, but typically the
immediate function would be aborted, and
the error bits would be made available to
the host system. Many drives have an ‘un-
safe’ indicator which would illuminate un-
der these circumstances. No further func-
tions would be possible until a drive clear
is sent to reset the error conditions.

The subsystem contains parity generat-
ing and checking circuits which ensure
that any corruption of data between drive
and memory is detected. Again the detec-
tion of such an error would abort the cur-
rent function, but a controller clear might
also be required to recover, depending on
where the error was found.

The latest microprocessor-based drives
contain extensive diagnostic circuitry and
firmware which checks out all functions
every time the drive is run up. Some have
dedicated tracks on the disk called field
engineer cylinders, to verify the write and
read capabilities of the heads before the
drive comes on-line. These cylinders are
beyond the address range of the positioner
in normal operation. On a Winchester-
type drive where the disc is not normally
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removed, this is the only way that the drive
can be tested without overwriting cus-
tomer data on the stack.

Media integrity

In the same way that magnetic tape is
subject to dropouts, magnetic discs suffer
from surface defects whose effect is to cor-
rupt data. The shorter wavelengths — em-
ployed as disc densities increase — are
affected more for the same size of defect.
Attempts to make a perfect disk suffer
from a law of diminishing returns, and

by J. R. Watkinson M.Sc.

eventually a state is reached where it be-
comes more cost-effective to expend capi-
tal in a subsystem which can handle de-
fects.

There are four main methods of hand-
ling media defects, whose common goal is
to make their presence transparent to the
computer user. These vary in cost of im-
plementation, and each find application on
subsystems of different complexity. More
than one of the techniques described here

may be combined in a particular applica-
tion.
Bad-block files. When a particular disc is
first made known to an operating system, a
process is started which writes known pat-
terns everywhere on the disc, and verifies
the surface by reading them back. Fol-
lowing this the system labels the disc with
a volume name, and sets up a directory
structure which keeps a record of every file
subsequently written. The physical disc
address of every block which fails to verify
is allocated to a file which has an entry in
the disc directory. In this way, when the
first or subsequent genuine data files come
to be written, the bad blocks appear to the
system to be in use storing a fictitious file,
and no attempt will be made to write there.
Some discs have dedicated tracks where
defect information can be written during
manufacture or by subsequent verification
programs, and these permit speedy con-
struction of the bad-block file. Field engi-
neers take pains not to overwrite these
bad-block tracks when using test
programs. Software prevents the system
attempting to write files there.

In association with bad-block files,
many drives allocate bits in each header to
indicate that the block is bad. If a data

Fig 1. Before writing ona AT lelolololo]
disc, the block usage bit map : e 7 BT
is searched for contiguous ajojojojojojo ! ! [N
free space equal to or larger AN AR RN R R ER R
than the cluster size. The RERERERERERE] DR olololo]l b
first available space is the el T alololo
second cluster shown at (a)
in the bit map but the next 0{0[0]0)j0j0fO]Ofetc—
space is unusable because — o
the presence of a bad block (b) destroys the contiguity
ofthe cluster — one bad block causes the loss of a cluster.
L = .
“ i
LIy I B H H F
1 1 [l 74 [ i [l ' 0 1
b0 1 2 i=—Logical—= iSkipped! 28 1 29 *+ 30
) . : ' i ; PTG B S I U
4 ' ! ' ' g [ R
0§ 1 2 e—Physical— 27 28} 29 ' 30 , Spare !
L H ' H H ' . H

Sector address

Fig. 2. The bad block in this example has a physical sector of 28. By setting a skip sector
flags in the header this and subsequent logical blocks have a one added to their sector
addresses, and the spare block is brought into use.

WIRELESS WORLD JANUARY 1983



Comparison of media integrity techniques.

Data loss
Technique per defect Software overheads Hardware overheads Application
Bad block One cluster Simple. Bad blocks are allocatedto  No extra hardware required thus it  Traditional approach.
files a fictitious file. can be used on any equipment. Reliable.
Most smarter techniques revert
to this when capacity exceeded.
Sector One block Special verification program re- Slight increase in disc control logic  Useful for new medium capa-
skipping quired to write skip headers. complexity, but no incompatibility city drives for use on existing
Reverts to bad block files if skip  with existing buses and protocol. bus system.
capacity exceeded.
Defect Part of Special verification program re- Highly complex disc control logic Complexity rules this out except
skipping block quired to format disc. Greater de- requires microsequencer forimple- on very large capacity high
fect capacity than sector skipping mentation. speed units intended for exist-
before reverting to bad block files. ing bus system.
Revectoring One block Process has considerable software Drives remain relatively uncompli- Requires complete integration

requirement, may be transferred to
firmware in intelligent controlier
subsystem.

cated. Complex controller required
but only one for several drives.

of controller, bus and drives
plus firmware, thus only suit-
able for ab initio subsystem de-
signs. Very powerful.

transfer is attempted at such a block, the
presence of these bits causes a ‘bad sector
error’, which aborts the function. Properly
used, this technique gives excellent protec-
tion against media defects. The only
drawback is the amount of storage wasted
by one defect. Part 7 showed that contigu-
ously addressed blocks only require one
function to be issued for a multi-block
transfer and for this reason the system

header, and the number of bytes from the
first defect to the second defect, and so on
up to a maximum in this example of four
defects, Fig. 3. Each defect contains a
fixed number of bytes of normal preamble
code (all zeros for m.f.m. or 33hex for 2/3
code — see part 2) followed by a sync byte.
The skip is positioned so that there is suffi-
cient undamaged preamble between the

defect and the sync byte to re-synchronize

the data separator v.c.c. Each defect
lengthens the block, causing the format of
subsequent blocks to be placed further
along the track. A space left at the end of
each track allows a reasonable number of
skips to be inserted.

The position of defects is purely physi-
cal, and the sector in which a given defect
may show up depends on the format used
on the disc. To store the position of defects

associates contiguous blocks into clusters:
the presence of one bad block prevents the
use of a whole cluster. Fig. 1 shows how
blocks are formed into a bit map which is

searched to find free space.
Sector skipping. When this principle is

n

implemented, space is allocated at the end {a)

Skip Data Skip

Data Skip

of every track for a spare data block, which
is not normally accessible to the system.
Where a track is found to contain a defect,

the affected block becomes a skip sector.

(b
In this block, the regular bad block bits ’

Data

will be set, but in addition, a bit known as
the skip sector flag is set in this and every

subsequent block in the track when the () |

I

I

Il | I

| S | I |

block with the skip sector flag is encoun-
tered the effect is to add one to the desired

T

Skips Skips

sector address for the rest of the track, Fig.

@ [ ]

|

| N

(1 B |

| O |

2. In this way the bad block is unused, and
the track format following the bad block
has effectively slid along the track, which
will eventually bring the spare block into
use. All blocks subsequent to the bad
block need the skip sector flag set to cater
for a data transfer which begins after the

bad block. Using this approach, the pres-
ence of a bad block does not cause the loss

1

Fig. 3. in block containing three defects, the header contains parameters which specify how
much data is to be written before each skip (a). To allow for lengthening over an error-free

block (b), the track contains spare space at the end which is an error-free track (c). Four skips
have caused the spare space to be used up in {(d).

of a cluster, but it does require some extra

a

Hi

hardware. A second defect in any one

track, statistically much less likely, would
cause the system to revert to the regular

tdr

Displaced

A

header

bad block file protection, described ear-
lier.

W |

|

I

Defect skipping. The two techniques des- p

cribed so far have treated the block as the

INEnIisE.

“8

LT If

0

smallest element. In practice, the effect of

[ Tl |

|

[

a typical defect is to corrupt only a few
bytes. The principle of defect skipping is
that media defects can be skipped over
within the block so that a block containing
a defect is made useable. The header of
each block contains the location of the first
defect in bytes away from the end of the
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Fig. 4. The track descriptor record keeps a record of defects independent of disc format
{top). Positions of the defects stored are used by the formatter to establish the positions
relative to the format used. With the middle format, the first defect appears in sector 5, but
the same defect would be in sector 4 for the bottom format. The second defect falls where a
header would be written in top example so header is displaced for sector 10. The same
defect falls in the data area of sector 8 in the bottom diagram.

2 3 3 5 6

7 8 9
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Fig. 5. The first bad block  (—
ineach track is

Bad 1 Bad 2 Spare
= &_ s (/77

revectored to the spare
block at the end of the
track. Unlike skip
sectoring, subsequent

7 i)

Bad1!

good blocks are ‘

o 2
Bad 2 Spare

replacement block is read
out of sequence. The

unaffected, and the r

second bad block on any

one track is revectored to
one of a number of spare
tracks.

independently of format, a track descrip-
tor record is written at the beginning of
each track, which contains information
about the position of defects relative to
index. The t.d.r. is written by a special
engineers program (a ‘‘scanner’”) which
verifies the disc a track at a time. The
formatter program must then refer to the
t.d.r. to find the defect positions and cal-
culate their positions relative to the
format.

Fig. 4 illustrates the principle. Once the
disc is scanned and formatted in this way
defects are transparent to the system, un-
less there are more defects in one track
than the skipping mechanism can handle,
in which case the system reverts to the bad
block file mechansim. This is rarely neces-
sary in practice.

On reading a block containing a defect,
data are read until the count specified in
the header is reached. The data transfer
then pauses until the sync byte at the end
of the skip is detected, when it resumes.
During a write, the skip has to be written
during the interruption of the data
transfer.

The disc control logic in a defect-skip-
ping drive needs a good deal of agility to
cope with such a flexible format and the
use of conventional combinational logic
would not be feasible. One successful im-
plementation of defect skipping uses a
microsequencer constructed from bit-slice
chips.

Revectoring. A refinement of sector skip-
ping which permits the handling of more
than one bad block per track without the
loss of a whole cluster is revectoring. A bad
block caused by a surface defect may only
have a few defective bytes, so it is possible
to record highly redundant information in
a bad block. On a revectored disc, a bad
block will contain in the data area repeated
records pointing to the address where the
data displaced by the presence of the de-
fect can be found, the spare block at the
end of the track will be used to replace the
first bad block in a track. In this case the
spare block will be read within the same
disc revolution. Unlike sector skipping,
however, the block is read out of sequence
which puts extra demands on the control-
ler. In the less frequent case of more than
one defect in a track, the second and
subsequent bad blocks revector to spare
blocks available in an area dedicated to the
revectoring process. Fig. 5 shows the prin-
ciple. In this case a seek is necessary to
locate the replacement block. The low
probability of more than one bad block. per
track means that the delay caused by
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4 is beneficial because it gives rise to

Spare track

Error Mechanisms

Mechanisms responsible for data cor-
ruption in disc storage fall into three
categories — failure or marginal per-
formance of components, of the disc
medium, and of the environment. These
mechanisms may combine to cause er-
rors, which may be either "hard or
“soft’”’: a hard error is a failure which
can be duplicated at will be repeating
the conditions which gave rise to the
error, while a soft error is a failure
which cannot be duplicated at will and
_which contains a statistical element.
1 Any or all of the three mechanisms may
combine to cause errors, as the fol-
lowing example illustrates. The read
preamplifier of a disk drive has a drift-
ing component which is starting to
lower the gain of the circuit. First
thoughts suggest that the process
would continue until the drive would
' suddenly cease to work - a hard error
by definition. in practice this does not
- always happen. The presence of noise
in the system means that as circuit gain
falls, probability of data corruption
rises. The observed effect is that soft
errors occur and increase in frequency
as the hardware deteriorates.

A certain amount of noise in a system

symptoms prior to total failure. Each
error found is entered into the system
error log, and in many cases regular
study and correlation of the soft errors
in the error log allows repair before the
failure becomes total. in this example
the error log might show that soft errors
on a particular drive were affecting the
even-numbered heads but not the odd-
numbered heads. An engineer familiar
with the drive would replace the head
matrix which connects to heads on one
side of the T-block, as this is the most
likely failure. This replacement can thus
be made during scheduled mainten-
ance rather than disrupt normal opera-
tion of the system, which continues run-
ning with only a slight speed
degradation owing to the error recovery
process.

|

revectoring seeks has an insignificant
effect on overall system speed. The use of
an intelligent disc controller is highly de-
sirable for this kind of approach, as the
operating system is then relieved of a signi-
ficant software overhead.

All of these techniques can prevent data
corruption caused by known disc defects.
The Table compares the resources re-
quired by each technique.

As disc technology advances, manufac-
turers often introduce new drives which
are plug-compatible with existing mass

storage buses and require minimal soft-
ware changes so that customers’ invest-
ment in both hardware and software is
protected. In this context, sector skipping
and defect skipping are attractive, as both
are transparent to the operating system
once the format of the tracks is estab-
lished; both however, add to the complex-
ity and cost of each drive. Where a totally
new bus structure is to be designed, revec-
toring is the natural choice, as all of the
intelligence 1s controller resident and the
dumb drives required must be less expen-
sive. For less powerful machines, the
controller intelligence can be transferred to
operating system software to give a lower
capital cost.

To be continued

Data acquisition
on a Pet

continued from page 67

6502 microprocessor. After acquisition,
these data may be processed in the usual
way, as timing is no longer critical.

An example of such a program is given
in List 3. The requirement here was that
the program should not start sampling data
until the first non-zero byte had been
obtained. Then 1 Kbyte of memory is filled
as indexed indirectly by bytes BA to Cl1. If
multiple inputs are required, analogue
multiplexing is appropriate.

Reading digital information

Many instruments will provide a digital
output, either in b.c.d. or pure binary
form. Automatic transfer of data from
instruments to a microcomputer such as
the CBM avoids much labour, permits fast
data-transfer and eliminates errors. An
example of an application where this is
needed is when a rapidly varying signal
initially in analogue form, needs to be
captured and the rate of change is too rapid
for an 0804 converter i.c. under computer
control, to provide correct data. In such
cases, the event must first be recorded on a
transient recorder. The authors have used
two transient recorders to capture rapidly
varying parameters In an impact test.
When the test was completed, information
from each recorder was transferred to the
computer for processing. The circuit used
for this is shown in Fig. 3 and its extension
to a variety of other applications is
obvious. A four-input digital multiplexer
is shown, designed to interface with
Datalab type DL901 recorders, which
require handshaking at each data-frame
transfer.

This technique requires the computer to
issue a request signal for the first byte of
data and to reset the data ready flag of the
transient recorder after the byte has been
received. The computer may then request
the next byte and the process is repeated
for 1Kbyte. This transfer of data is usually
accomplished in about 200ms for the
1Kbyte transfer using machine code. YWY
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AMATEUR TEXT
TRANSMITTER

Amtor contains everything needed
to convert an amateur radio station
and personal computer into a fully
operational data communications
system. It contains an f.s.k. modem
together with a microprocessor to
handle the data transmission. It
uses its own seven-bit code with 35
characters that have constant-ratio
combinations, i.e. the same
number of positive and negative
elements. This allows for simple
error detection by testing the ratio
on each character. Error correction
is also provided in its A-mode by
including a ‘request for repeat’
signal if the information is received
incorrectly.

An RS232/ASCII interface
connects Amtor to the computer, or
ASCII terminal. It can be used to
transmit and receive standard rtty,
to transmit morse code, and as a
modem to connect computers
directly. Transmit tones are crystal-
controlled frequencies of
1,445(mark) and 1,275Hz(space).
Full control is available through the
computer, so there are no front
panel controls on the unit. Amtor
costs £275 inclusive from ICS
Electronics Ltd, PO Box 2,
Arundel, West Sussex BN18 ONX.

WWw301

VIDEO COLOUR-
BALANCE METER

The VCM7-700 enables video
cameramen to accurately contrel
exposure with the use of
oscilloscopes or waveform
monitors. It also enables the
operator to check and adjust the
colour balance of the camera
without elaborate test equipment.
The meter can provide greater
accuracy and is more practical than

AMTIOR raummear owir

S

Ww3ol

an oscilloscope, it is claimed, and
with its internal filter system the
meter can measure light levels in
the presence of colour information
or high frequency nocise. The VCM
7-700 can also be used as a quality
check the operation of video links.
Invotron Ltd, 2a Brookfield
Avenue, Blackrock, Co. Dublin,
Eire.

WW302

THYRISTOR WITH
MOS GATE

High impedance and fast switching
of a power mosfet are combined
with regenerative latching action in
Motorola’s t-mos thyristor.
Derived from the vertical structure
of t-mos with the substrate doping
changed from n+ to p+ to give a

LI

Motorola’s suggestion for
t-mos thyristor symbol

n-p-n-p layer structure, it is ‘
equivalent to a two-transistor
analogue of a thyristor controlled
by an n-channel mosfet. Designed
for high-speed switching of high
current the device may be used for
logic control of power supplies, and
fluorescent lighting. The first
device to be introduced, MCR 1000,
controls voltages up to 600V with a
gate trigger of 3V, Current rating is
15A r.m.s with a surge capability of
90A. Switch-on speed is 200ns and
switch-off, 6uns. Motorola Ltd,
York House, Empire Way,
Wembley HAY OPR.

WWw303

PCB MAKER

In the CM1000 Circuit Maker a
film positive master, which
produces a positive image of the
circuit without a negative, is placed
over the circuit layout in a frame

and exposed by a photoflood bulb.
The film is developed and a similar
process used to transfer the image
to a copper surface of the p.c.b.
using paint-on photoresist. The kit
includes 12 sheets of ‘autopositive’
film, a frame, photoflood bulb,
developing dishes, thermometer,
six double-sided p.c.bs, chemicals
and solder flux which also acts as a
protective lacquer, cost £59.95,
which works out at £5 for each
board produced. A replacement kit
for the consumable products means
that further boards halve that price.
Electrolube Ltd, Blakes Road,
Wargrave, Berks RG10 8AW.

WW304

SNAP MOUNTING
PCB SWITCHES

A rotary “pre-set’ (!) switch, snap-
mounted onto a p.c. board and
turned by screwdriver, measures
only 10mm dia. and 3.5mm deep.
The switch may be operated from
either end of the rotor and so may
be switched from outside the
equipment through an access hole
in the casing. Two and three-
position models are available, rated
at 100mA, 50V. For small
quantities the switches cost about
8p each from NSF Ltd, Keighley,
Yorkshire BD21 SEF.

WW305

INSTANT BNC

The TwistOn r.f. coaxial
connectors could not be easier to
fit. After the cablie is trimmed and
stripped, one end is inserted into
the connector and the connector is

screwed onto the cable. No
crimping or solder required. The
idea is used for BNC plugs,
‘bulkhead or panel-mounted
receptacies and u.h.f. line jacks. (A
u.h.f. plug needs to have the nose
-of the centre conductor crimped
but still uses no solder.) Prices for
the BNC connectors are £2.05 each
.and for the u.h.f. £1.92, from
Intime Electronics Ltd, Colemans
Bridge, Witham, Essex CM8 3HP.

WW306

PROGRAMMABLE

CRYSTAL
OSCILLATOR

Fifty-seven different frequencies
can be generated within a single
device housed in a standard 16-pin
dual in-line package. Frequencies
range from 0.002Hz to the basic at
crystal frequency; three models

have crystals base frequencies of
600kHz, 768kHz and IMHz.
Calibration tolerance is + 100ppm
with a temperature stability of
+150ppm from — 10 to +70°C.
Two outputs, the crystal frequency
and the programmed divided
frequency, are available
simultaneously and both are
compatible with bipolar or c-mos
circuits. The device may be used
for such applications as data rate
generators, in modems, timers and
as computer clocks. IQD Crystal
Electronics Ltd, 29 Market Street,
Crewkerne, Somerset.

ww307
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RC SUPRESSOR

The compact PMR209 series of
suppressors are made in such a way
that the resistor element is an
integral part of the capacitor, being
formed in the processing of the
metallised layer of the capacitor
winding. Values in the series range
from 47 to 470nF. They are

designed for protection and
supression in 50 or 60Hz a.c. mains
or pulse circuitry. RIFA AB,
Market Chambers, Shelton Square,
Coventry.

WW308

LOW-COST LOGIC
ANALYSER

A self-contained logic analyser
bridges the gap between a simple
logic monitors and expensive multi-
feature analysers. The LA-12 hasa
16-word memory that captures the
state of the 16 logic events before or
after the trigger event. Trigger and
clock may be qualified to comply
with user’s system requirements.
Once captured each data word can
be stepped through the 20-segment

l.e.d. display and can be analysed
in terms of a 12-bit binary code, a
hex code or a decimal code, as well
as a timing diagram. Clock rates of
10MHz or over can be used. As the
unit measures 190 X 65 X 150 mm
and weighs less than 0.5kg it may
be fitted into a toolkit or briefcase.
The LA-12 costs £279 + vat from
Reltech Instruments, Coach Mews,
St Ives, Cambridge PE17 4BN.

WwW309

AC CIRCUIT
MODELLER

AC/MP is a software package for
solving the simultaneous linear
equations associated with circuit
design. Suitable for use with any
CP/M microcomputer the

programme includes files, file
editing, search and plotting
capabilities for frequency response.
Functions include gain, phase,
input and output impedances, and
bandwidth. Frequency response
curves, log/log scaled, are printed
on a normal printer. All passive and
active components can be
incorporated into circuit models
with up to 32 nodes, typically an
eight-transistor circuit. Processing
speed is enhanced by optimally
coded inner loops using macro-
assembler. The c.a.d. package is
available for £125 inclusive from
Harcourt Systems, 9A Keswick
Road, Orpington, Kent BR6 0EU.
(See also “Circuit modelling by
microcomputer,” WW, August
1982.)

WWw310
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The wider public has not yet been
convinced of the need for the
information and services (currently put
at well over 200,000 frames-full of
uneven range and variable datedness)
. . . and many of those who have
toyed with the idea have not found the
cost structure suffictently attractive.
Commerce and tndustry, however,
used as they are to the costs of other
electronic information and
communication services, and more
confident that the “product’ of the
service can meet their needs, have
increasingly seen the value of the
system tn either public or private
Sforms.

O The company whose computers
are at the heart of the London
Stock Exchange’s Topic videotex
systermn with well over 1000
terminals, Modecomp, used the
exhibition to launch ViewTracs —
a new mainframe transaction
processing system via viewdata.
This enhancement for the
Modcomp ViewMax private
videotex system extends the
information display and entry data
facilities at the terminal by allowing
interaction with a transaction
processing system running in an
external computer. In this mode
Viewtracs provides the facility to
front-end an existing complex
mainframe application. WW500

O A new VME version of ICL’s
Bulletin private videotex system is
announced for use on its larger
mainframes. Bulletin has a window
facility to enable viewdata users to
access normal data files and
applications on their viewdata tv
sets. Improvements to the Bulletin
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system include messaging facilities,
improved editing, and what is
called ‘interactive up-date’ enabling
up-dates to be passed automatically
between data files and the viewdata
base. WWS01

O On the o.e.m. level, Mullard
showed visitors how its Lucy unit
has been joined by Lucinda (New
Products, December) to reduce the
number of integrated circuits
needed in a viewdata decoder.
Lucinda is an n-mos device which
as well as replacing a number of
filters and limiters, replaces six i.cs
and many discrete components
needed for coupling the dialling
pulses to Lucy. Between them they
cut the number of i.cs needed by up
to 25. WW502

O Switzerland’s videotex service is
planned to start in Bern and
Zuiirich in September next year,
Digital Equipment Corporation
reported the details of its share,
with STR (the Swiss ITT company)
and the Canadian Infomart
organisation, it will be equipped
with two VAX11/780 at each
centre, and feature keyword search.
WW503

O A live demonstration of British
Telecom’s next generation Picture
Prestel used a 4065 system on GEC
Computers stand. Other
demonstrations included the Zycor
MicroView, an intelligent package
to provide viewdata, Dialcom, PSS
Databases, Euronet and Dialog
facilities, and the Infotron
Supermux 790 network
concentrator designed to make the
most efficient use on data
communications. WW504

SYSTEMS
DEVELOPMENTS

O Equipments and systems which
are the basis of Aregon
International’s worldwide sales of
videotex were on show. As well-as
the basic IVS-3 product there was
also the recently announced IGS-1
gateway systern, Salescom and
Officecom for viewdata office
communications, including
mailbox, display of hand-written
input and management graphics
using geometric displays. Aregon
also took part, along with Telidon
company Infomart of Canada, on
the stand of the Digital Equipment
Company to show their combined
videotex opportunities. WWS505

O Among companies with IBM-
related products was Brown’s
Operating Systems Services, the
“Brown’s Box” viewdata interface
with IBM mainframes firm. New
lines are the BDU, a full-colour
asynchronous terminal enabling a
viewdata user to switch between a
standard 24 + 80 character screen
and 20 + 40, for viewdata operating
mode, and the VPM, a mainframe
viewdata package which ai.ows the
presentation of existing mainframe
information in a viewdata/Prestel
format. It provides a viewdata
editing interface to store
information on a page database,
including sub-routines to retrieve
the data pages and to merge the
information with customer data.
WW506
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O Also with an IBM tie, the
Maidenhead-based systems firm
MicroScope, unveiled two new
systems. One, called Videogate, is
an intelligent network concentrator
said to provide all the tools required
for users of IBM systems to
implement, cost effectively, any
size of interactive private videotex
system. It emulates Prestel gateway
and interfaces to the IBM systems
via standard IBM X25 software
under NCP. The other is Space
Agent, a micro-based videotex
reservation and accounting system
for the operators or for others in the
travel, tour or holiday sector. Using
a four-port controller called
Teleport, Space Agent provides a
service for typically 80 or more
travel agent terrinals. WW507

O A first sight of the latest version
of its PVS-990 private viewdata
system was provided by Mars
Group Services. The system, which
runs on the Texas Instruments
DS990 range, now has an 80-
column option and claims enhanced
electronic mail facilities, kept
within the user-friendly area by
naming the features by familiar
self-explanatory names like
““carbon copy” and “recorded
deliver”. WW508

O Computex Systems, with its
private videotex system of the same
name, had new software, including
support of a high resolution
graphics microcomputer as a
terminal device, as well as Teldir, a
telephone directory system and
Crxmail, a new electronic mail
system. WWS509

TERMINAL &
ADAPTERS

O At the terminal end of the
market, the Plessey integration of
the normal telephone function with
that of Prestel or private videotex in
one unit, first revealed in its Vutel
instrument, has been updated in a
Mk I version by addition of a
detachable full alphanumeric
keyboard and printer interface.
The new model continues with the
5%4-in monochrome screen, built-
in numeric pad, two-page memory
and several telephone
sophistications. (Plessey also has its
IBIS integrated business videotex
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system package based on the

PDP11 processor, to provide
keyword search, strong security by
password control, and access
regulation.) WW510

O Viewdata Electrenics (VEL)
presented the Comptex 80
intelligent terminal offering
programmable autodialler,
automatic frame access, bulk
update, tele-software transcoder
and extensive off-line editing when
used with the VEL intelligent
keyboard. The internal magazine of
up to 100 pages forms a carousel
which can be cycled, for display
purposes, at mixed speeds and with
different effects under the control
‘of a menu program. WW511

O Cameron Communications,
handling Barco products in the
UK, reinforced its line-up of
general videotex products for
professional and business use with
some custom-designed item. There
was for instance the CV33
Telidon/Prestel unit, shown
accessing several of the Canadian
services such as Faxiel complete
with alphageometric graphics.
Another was a CV33 terminal with
the ‘Simplicty’ touch-screen keying
facility, and a third was a CV33
40/80 unit able to access the Dow
Jones service from the US. WW512
O Tandata improved their styling
and design for the alphanumeric
viewdata adaptor, TD1100, at £225
plus vat can make up a package
with a colour monitor and printer
to suit many business needs, says
the firm. It has a qwerty keyboard
as before but with greater spacing,
more keys and improved keys
layout. WW513

O From its South Wales plant Sony
previewed its viewdata adaptor,
designed to link up with the
‘recently-launched KX20PSI
monitor in the firm’s Profeel
modular television system, to give
this concept a viewdata facility.
The 14 inch KTX1400UB terminal
has been upgraded so it can be used
with a wider range of message and
edit keyboards. A new Sony printer

SM1-7020UB can produce up to six
frames in black-on-white paper on
one A4-sheet. WWS514

O Datawand seeks to do away with
number and character dialling by
replacing them with specially
developed bar code. Pre-selected
pages are printed in a directory of
barcodes and the electronic wand
gives the signal with a simple stroke
of the tip across the wanted page’s
code. The wand plugs into the
standard keypad socket of the
terminal. The suppliers, Ubaward
Ltd, claim that this is not only 50
times faster than keying but gives a
dramatic reduction in line and
connection charges as a result.
WWs15

O Integrex, the company with the
first colour printer for viewdata,
demonstrated its follow-up black-
and-white version, the VMX80.
Two-page store (in both models)
leaves the terminal free for use
while the printing-out is under
way. WW516

FINNISH
DIMENSION

O The Finnish private system,
Mistel, is available in the UK from
InterCom Data Systems, who
distribute it here under licence
from Bell Information of Antwerp.
It runs on DEC’s range of
mincomputers and on VAX and has
also been developed for the
Honeywell Level 6 range. As well
as Prestel it can support
alphageometric and photographic
frame generation and it allows
service programs (calculations,
frame generation from non-
videotex bases, interaction with
other systems etc) to be connected
to the videotex pages. InterCom
also has a Nokia terminal which,
with Mistrel, can display the
mosaic, geometric and
photographic images —
“sometimes all three on the same
frame.” WW517

_
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O Another launch with a Finnish
cohnection at Wembley was the
Systel system, presented jointly by
Datema, the UK bureau and
systems company, and Perkin
Elmer. Systel Oy of Finland
developed the software for the
system on Perkin Elmer
equipment, jointly with Viewdata
AB in Sweden. It runs in a mult-
programming environment and can
operate concurrently with other
applications software. Access to
IBM and other mainframes is made
possible via a variety of emulators,
including IBM 3270. Special
features include automatic bar
chart generation, keyword search,
and ‘picture building’ with
dynamic curser control, and there
are other options. WW518
O Denmark’s Christian Rovsing
company, whose CR80 is the basis
of the Danish Teledata videotex
trial, has announced the extension
of its private videotex system to
enable it to handle Telidon, the
Canadian standard. The Danish
system uses a form of keyword
search and, in the CR80XX 25
packet switching package,
connections can be made not only
to British Telecom’s PSS but also to
international systems such as
Euronet, as well as to Prestel and
other systems via gateways. Its
modular design philosphy enables
the CR80 system to be expanded
on-site to keep pace with growth
requirements. WW519
O Telidon, described as the North
American PLP Standard is the
basis of products handled in Britain
by Poulter Computervision
Systems, who showed the Image
Creation Terminal spotted by WW
earlier this year (May issue, page
40). It claims a ‘palette’ increased to
35,000 colour combinations with 16
of them able to be used
simultaneously on the screen while
creating data. The compatibility
with PAL tv enables quality
graphics to be transferred toa
variety of presentations such as
35mm slides, videotape, solid-state
“slides”, etc. New from Poulter
was the GC100 stand-alone
computer, designed for the
marketing, advertising and
communicators industry. Its
functions include graphics and data
creation based on the 709E/AT&T
standard, dual terminal handling
both Telidon and Prestel, computer
terminal able to access other
databases, and word processing
ability — all for £8750. WW520

One thing was very clear at the
Viewdata 82 Exhibirion, while
progress on the residential market side
of Prestel may be sluggish — recent
ininatives may change this — there is
no sign of slackening in the pace of
bustness equipment developments and
sophistications. — Owen Ascroft.
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THE WEAKEST LINK

They now have an intelligent telephone
exchange in our office building: I think BT
call it the Monarch. It is very impressive,
with a great many facilities that must be
extremely useful to anyone who knows
how to drive it.

For a start it has a push button keypad
instead of a dial so that one’s fingers no
longer suffer. Its attractive features in-
clude the ability to remember the last
number you keyed in, and this can be re-
selected by pressing a single button. Very
useful if the number is engaged and you
are trying it at intervals. There are all sorts
of other facilities, such as the ability to
transfer your calls to someone else’s exten-
sion without even picking up your hand-
set; or, conversely, you can pick up a call
intended for another extension without
leaving your desk if nobody else answers
it. Moreover, the switching system is soft-
ware controlled, so that each installation
can be programmed to suit the subscriber’s
requirements.

But the snag is that there are no plain
language instructions on the instrument.
So it is only the enthusiast who really
knows how to take advantage of all the
goodies. Indeed the facilities provided can
lead into mild trouble. One of my col-
leagues remarked that he was wondering
why nobody rang him up one morning,
when he discovered that a glowing l.e.d.
beside the ‘sounder’ button means it is
switched off not on. The light flashes to
indicate a call, but he did not notice that.

One is led to the conclusion that these
intelligent telephones are just another
example of the way in which the advanced
technology makes life more complicated,
not simpler. But it could be that we are ata
halfway stage, where the technology has
not yet advanced enough.

There was a programme on television
the other day about computer-controlled
speech synthesis systems; and I have
written articles myself about systems cap-
able of interpreting human speech. I must
admit that they were somewhat restricted,
with a vocabulary of only about sixty sylla-
bles; but great things develop from small
beginnings.

Perhaps the day will come when such
devices are developed to the degree where
the spoken word becomes the normal way
of communicating with computers. And
perhaps British Telecom will adopt such
systems on a grand scale. Instead of a com-
plex instrument with its l.e.d.s and push
buttons, the telephone on your desk will
be a simple compact unit with no manual
controls.

When you lift the handset there will be
no dialing tone. Instead a synthesized
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voice will say, ‘“Number please?”” You ask
for a number anywhere in the world and
the computer system connects you in-
stantly. Or, if it happens to be engaged,
you simply tell the system to keep trying
and call you back.

Of course, we all know that such sim-
plicity will never be introduced in reality.
High technology warrants visible evidence
when the subscriber is paying for it, and it
is certain that the equipment on your desk
will get more elaborate rather than
simpler.

Actually I do not have an intelligent
telephone on my desk. By and large I am
quite happy with my stupid one. I would
be glad, however, if we could do away with
‘that irritating cable between the instru-
ment and the wall connection. It seems a
pity that signals that have been carried by
such advanced multiplex systems, with
microwave links, satellites and fibre optic
techniques to preserve their integrity,
should finish their journey (or start it) on a
grotty bit of wire lying on the office floor,
tripping people up.

This is the weakest link in my system,
and if it could be replaced by a radio link,
electromagnetic coupling or some similar
channel I would gladly do without the
magic computerized switching systems.

LISTEN TO THAT SPEC!

Do you remember when the term “high
fidelity” described the quality of the sound
that came out of the loudspeaker? When
we played gramophone records on high
quality instruments in cabinets designed to
look like pieces of furniture?

It’s not so long ago as you might think.
We have such a machine in our sitting
room. It employs all-solid-state electron-
ics, it plays stereo or mono records and it
can receive a.m. or stereo f.m. wireless
waves. It also has a special socket at the
back that enables you to connect it to the
stereo cassette recorder in our portable
radio to make illicit tapes from borrowed
discs without paying royalties. Quite mod-
ern really. But you won’t see many in the
shops like it now.

They call ’em music centres now and
they’ve gone all technical. At a recent press
reception to announce a big share issue for
an electronic engineering company the
stock broker, who had a much better
speaking voice than the engineers, was
explaining the finer technical points of the
equipment to the non-technical city jour-
nalists. He referred to a rack mounted
u.h.f. transmitter as “that thing like glori-
fied hi-fi”’ and everyone understood.

He was right. Domestic audin equip-

ment nowadays is a bit forbidding, with
‘moving coil meters on brushed aluminium
panels, and all those knobs and switches.
Sales literature often contain technical per-
formance specifications that you wouldn’t
expect members of the general public to
understand. (Come to think of it, even
experienced engineers find a lot of it not
too meaningful).

I suppose that there are still those
among us who like their canned music to
have a “lovely mellow tone”’, as my Aunt
Kitty used to say, but there is clearly a
fashionable status advantage in owning a
rack mounted quadraphonic system with a
megawatt peak music power output (what-
ever that is). They sell them opposite my
office in a shop boasting an anechoic
demonstration room on the first floor. I
ventured into this chamber the other day
in a desperate search for an assistant to sell
me a calculator battery. He turned out to
be a zealot, dedicated to the conversion of
humanity into a race of audio enthusiasts.

“Do you like music?” he asked, “Try
these on.” He steered me to a confortable
chair and fitted an enormous pair of stereo
headphones over my ears.

I listened to superb quality jazz piano,
Count Basie I think, but only for a about
ten seconds because he pressed a button
which switched from tape to disc, and I
heard a tiny fragment of the last movement
of Beethoven’s Pastoral Symphony, then a
few bars of some deafening rock and roll. I
removed the ’phones (why do they call ’em
cans), and explained that I just wanted a
calculator battery.

As he led me downstairs to the shop he
told me of the wonders of his audio equip-
ment. “Thirty watt amplifiers with less
than 0.001% distortion,’ he claimed.

“How do you measure it?”’ I asked. He
answered by slapping the sales leaflet on
the shop counter and pointing to the rele-
vant clauses of the performance specifica-
tion, translated from the Japanese. Ah
well, ask a silly question!

“But the loudspeakers must introduce
about two per cent distortion,” I said.

He gave me a long suffering look and
held up the leaflet. “This equipment does
not include the loudspeakers.”

He handed me my battery and change
for a fiver in silence. I left the shop with
the feeling that his true hi-fi buffs do not
actually listen to the music. Perhaps they
enjoy looking at the stereo waveforms on

-double beam oscilloscopes.

Incidentally, I noticed that the upper 3
dB frequency limit of these amplifiers was
specified as 20 kHz. Not much use to us
humans but probably fascinating for that
HMYV dog. Is that what the trade mark is
all about?

WIRELESS WORLD JANUARY 1983



IndustiialiDatatSystems

CR4002
Communications

Logging
Recorder

The latest advances in micro
processor technology provide
the CR4002 with on board
inteligence to automatically
test and rectify system, tape
or operational errors. 24
hours continuous recordin
for tape of between 4 and 4
channels of communications.
Built in user selectable self
checking pilot tone and voice
operation and multi-lingual
talking clock. Modular
construction with single or
dual tape transports to meet
the most stringent security
requirements.

Industrial Data Systems, ik UL
Unit F.28 Regeneration House, :

School Road, Acton, & 1
London NW10 6TD ] ...... ‘!mg!“!
Telephone 01-861 4289,
Telex 21879G. Tk
AH = Industrial
£ = é = Data
~_H = Systems

WW — 056 FOR FURTHER DETAILS
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B B B Micro Computer All mating Connectors with Cables in

{ il Full f ACORNSOFT, PROGRAM
Please phone for availabiliy SR sl AT ilé &E%n 9 6ff AEOIEIag, LT
(B”?g ’\\/‘/ZCTj'?ICBarfrsfgg/ Phone or send for our BBC leaflet
unit BBC FLOPPY DISC DRIVES
Model A to Model B Single Drive 5%’ 100K £235+£6 carr.
upg rade kit £50 Double Drive 5V’ 800K £799+£8 carr.

Fitting charge £15

e B e BBC COMPATIBLE DRIVES
T NALOGUE PORTKIT These are drives with TEAC FD50 mechanism
MEMORY UPGRADE ﬁ; 73 SK%%7.30 and are complete with power supply
8x4816 AP-3 100nS £21.60 RS423 & VDU Port Kit
F.D. INTERFACE KIT £10 80 SINGLE: 100K £190; 200K £260; 400K £340
1C77-78 £70 ‘ DUAL: 200K £360; 400K £490; 800K £610
PRINTER & U?-ER P%R'I;_’:)(IT
IC 69,70, 71 PL9, 10 £9.
Bus & Tube Port Kit £6.50 OFFICIAL (4 DEALER
CASSETTE RECORDER MONITORS | ® ACORNATOM &
B OB Input 18 MHz Bandwidtn ' Colour Monitor RGB input | (Care 3 per i) oo ?
g‘g?opfuot:e; g?ﬁtﬁiﬁqso each Antiglare screen £99+£6 carr. Composite Videolead £3.50 gﬁf,}’enfrgsﬂﬁheﬂ,fiL‘]',%Sc"ﬁf,ﬁaﬁgt
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e G oao3 BE — C PRINTERS 100F/T3

Logic Seeking, Bi-
directional, !
Forward and Reverse
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Line Feed, ¥ Full ASCII & Graphics Logic Seeill(i%'nsgc%lis—
Proportional Spacing, § 10" wide paper directional
Auto Underline, Now only £175+£6 carr. Bit image Printing 9
Hi-Res and Block Ask for details on GP 250A x 9 Matrix
Graphics, Greek Char. i . Auto Underline
Set. Parallel Printer lead for BBC/Atom to most printers £13.60 MX 80 F/T3 £325

Variety of interfaces, ribbons in stock.

Only £320+£8 carr.
2,000 fan foid sheets 92" x 11" £13.50 x £3 p&p

(£8 Carr/Printer)

e L T T
., BUGBYATOMICCLOCK D JUMPER LEADS AMPHENOL | HIBSON
is micro controlled clock/calendar receives coded |
time data from NPL Rugby. The clock never needs to be CONNECTORS 24" Ribbon Cable with Headers S(I:PENEPPTORS (Grey!
reset. The facilities include 8 independent alarms and for (Speedblock type! Tdpin 16pin  24pin  40pin EXTRL l!lrc vr&funi:ulype) 5509 oy o
each alarm there is a choice of melody or alternatively these w’ of H,',f“' R‘:c':“' cEd","’ | end W5p 165 240p 380p 36 way Solder Socket :; ::; :
can be used for electrical switching. A separate timer allows gp ;\: ;3,‘ “"d;‘n Rib:;:p(:abm m’k,l:‘w 3 way 10¢ picSnronix type} biad 20 way 1050
recording of up to 240 lap times without interrupting the 0 Usp 12p 20p 20pin 26pin Mpin  40pin oY e ntronix type) 500p 2% way 140p
count. Expansion facilities provided. 322 175 :SOp 300p 1 and 160p 210p 270p 300p 24 way Solder Plug — %::Y g
b . v
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MICROTIMER | RSZRRCONNS EDGE
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6502 Based Programmable clock timer with 24" Single end Male..... £5.50 | CONNECTORS CONNECTORS
+* 224 switching times/week cycle No.of ways 24" Single end Female £6.00 {indirect Edge Conn ) ) .
A 9 15 2% 31 | 24" Female-Female..... £11.00 01" 0.156
% 24-hour 7-day timer MALE 24’ Male-Male ..... ! 2x18 way 140p
* 4 independent switch outputs directly interfac- | Sodsr Sy 1xw 180 200 | 24 pMale-Female ] DNt way P o | 2x22way 2000 170
ing to thyristor/triacs o ) - 41617 31 way wp  10p | 2X23way 210p >
* 6 dlglt 7 seg. display to indicate real time, ON- FEMALE DIL HEADERS 41612232 way zop Wy | IXWBway 25  220p
/OFF and Reset times Solder 110p 160p 210p 350p | Angled2x32way X% I | Ixd43way 260p -
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Full details on request. Price for kit £57 \ Apin - 100p  150p B AIRG S100 Con\:\ 600p
40pin  W0p 7S¢ :
L 1
S— =
[
SOFTY Il INTELLIGENT PROGRAMMER * ﬁ
MICRODOCTOR £295 The complete microprocessor development system for Engineers and SPECIAL OFFER
Hobbyists. You can develop programs, debug, verify and commit to 2114 80p
This is not a logic analyser or EPROMS or use in host computer by using softy as a romulator. Power- 2716 (+5v) 250p
i ful editing facilities permit bytes, blocks of bytes changed, deleted or 2532 350p
an oscilloscope. It tests a
ol e - d 2 inserted and memory contents can be observed on ordinary TV. 41162 80p
JCrosySIommaD Ive sy Accepts most +5v Eproms g}?‘sﬁ} ;ssg
printed fepf'm_ on R_A , RQM Yo e Softy Il complete with PSU, TV Lead and Romulator lead £168
and i/0 it will print P
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memory map, search for I [
code, check dataline shorts i N Bvch'ésm)
and operates peripherals. F— DESTES IR S P
Microdoctor complete with § UV ERASERS TRAINER KITS Eaﬂpcsoi?%ﬁlg:’al/(éé
psu, printer probe cable il g UV1B up to 6 Eproms £47.50 | 6502 Junior Computer.......£85 | Programming the 280 .
and two configurat 2 2 i
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il . | )41 with Timer £78 280 Ment pplications ....
i (Carr £2/eraser) l enta 6502 Software Design . X
Al erasers are fitted with | (fully builtand 6502 Games................... v £10.25
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tertocks. Full details on request ing books, books on BBC, etc in stock.
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™
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PLEASE ADD 40p p&p & 15% VAT
(Export: no VAT, p&p at Cost)

Orders from Government Depts. & Colleges etc. welcome

Detaijled Price List on request.
Stock items are normally by return of post.
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400p CONTROLLER CRYSTALS
400p 811.595/96
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x 700p DS8838 AY5-2376 700p | 1800 200p
200p 800p LF13201 74C922  500p | 18432 150p

Sop :;73; mc1m 74C923N  500p 23‘888 ;33:
Pisd 3%60p e SRR | 24.00 2

m’“"" :Aﬂmcwe GENERATORS gg?g ;ggg
110p MC3486 MC14411 700p | 38.6667 175p
100p MC3487 COMB116 800p | 48.0 175p
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24V DC

240V AC  200p
6or12vVDC
Coil SPDT 10A
24V DC

240V AC 225p

2.7V-33V
400mW -
W 15p




For PURE SOUND our dynamic trio
is unbeatable~and so is the price!

These superb digital audio components
are manufactured by a respected British
company — just look at these star points:-

@ Extremely low cost

@ 96dB dynamic range

@® 16 bit resolution

@ Completely self-contained (no adjustments)
® Micro-processor compatible

1 Audio Digitiser 2 Audio Deglitcher 3 Audio D-A Converter

For further information write or telephone the manufacturers:

Delta Music (1) Ltd, Decoy Road, Worthing, Sussex BN14 8ND Tel: Worthing (0903) 210626

WW — 070 FOR FURTHER DETAILS

CHILTERN ELECTRONICS

HIGH STREET, CHALFONT ST. GILES, BUCKS. - Telephone 02407 71234

VIDEO MONITOR
AND PRINTER BARGAINS

Motorola 9-inch Monitors

Once again we are able to offer these beautiful little monitors at a fraction of usual
price. |deal for a micro-composite video input, mains operation, and a wide band-
width that will display a crisp 80 characters per line or more.

FREE Bonus—5-volt 2-amp reg.

ONLY £34 plus V.AT.
power supply with every monitor!

Carriage £7.50

Daisv Wheel Printers

g::gl(;) Hy Type Daisy Wheel Printers in excellent condition but no outside case. Cost

Our price £300 + VAT. Carr. £20

Professional ASCIl Keyhoards

84-Key Keyboards as used on large mainframes:

* Inductive/Hall Effect Switches.

W Parallel TTL ASCIl out.

* Numeric and cursor control keypads.

% Full ASCII set—ideal for home system. Full data.

Only £30 plus V.A.T. Postage £4

Centronics Printers

We have a few of the famous Model 101 line printers available at a fraction of original
cost. Standard parallel interface, print speed 165 cps.
Only £200 + VAT

Our new retail shop is now open six days a week, with thousands of items
avallable at a fraction of original cost. Monitors, Printers, Power Supplies, Proto-
type Cards, Computer Desks and much more.

MANUFACTURERS & DISTRIBUTORS

MATSUSHITA high quality 12 voit D.C. Cassette Drive Motors. Size 30mm dia. x
20mm high, drive shaft 7mm long x 2mm dia approx. No load current 40 M/A. £13.50
for 50 + VAT, £24 for 100.+ VAT, £108 for 500 + VAT, £190 for 1,000 + VAT £875 for
5,000 + VAT, £1,600 for 10,000 + VAT. Sample 10 sent for £3 + P&P (£4.60 inc. VAT).

AUTONNIC Push-button Tuner. 4 x MED Wave 1 x Long Wave plus manual control.
Overall Iength 14cm, Depth Scm, Height 33mm. Excsllent unit for the manufacture of
a competative car radio. £15 for 10 + VAT, £68 for 50 + VAT, £125 for 100 + VAT, £565
for 500 + VAT, £1,020 for 1,000 + VAT, £2,300 for 2,500 + VAT. Sample sent for £2 +
£1 P&P /£3.45 inc. VAT).

FRIEDLAND No. 30-37 10 inch 200/250V a.c. Underdome Ball. Coil 2850 ohms current
consumption 0.04 amps. £45 for 5 + VAT, £85 for 10 + VAT, £155 for 20 + VAT, £280
for 40 + VAT. Sample sent for £10 + £2 P&P (£13.80 inc. VAT).

MICROSWITCHES V3 Type. We have in stock over 50,000 of various types i.e. Button,
Lever & Roller, Low Force or Standard allow us to quote against your requirements.

RADIO/TUNER KNOBS. Pointer Type. Push on for 0.25in shaft with standard flat.
19mm dia. x 20mm high. Latest design in silver with silk touch finish. £16 for 200 +
VAT, £37 for 500 + VAT, £70 for 1,000 + VAT, £325 for 5,000 + VAT, £590 for 10,000 +
VAT. Sample 10 sent for £1 + 50p P&P (£1.73 inc. VAT).

STEREO CASSETTE FRONT LOADING REPLAY MACHANISM. For in car entertain-
ment. Complete with motor and pre-amplifier. Manut. in UK under licence of STAAR
S.A. £45 for 10 + VAT, £205 for 50 + VAT, £375 for 100 + VAT, £1,700 for 500 + VAT.
Sample sent for £5 + £1.50 P&P (£7.48 inc. VAT).

HUNTS CAPACITOR TYPE L551/1/. Fixed paper dielectric discharge 10 mfd. £10%
250V a.c. WKG —30° +70°C. £10 for 10 + VAT, £23 for 25 + VAT, £43 for 50 + VAT, £78
for 100 + VAT, £355 for 500 + VAT. Sample sent for £1.25 + 50p P&P (£2.02 inc. VAT).

HUNTS ZS28 MOTOR START & RUN CAPACITOR. 2 mfd. +15% 440V a.c. Cont, Rated.
£15 for 10 + VAT, £35 for 25 + VAT, £65 for 50 + VAT, £120 for 100 + VAT, £325 for
300 + VAT. Sample sent for £2 + 60p P&P (£2.99 inc. VAT).

REVERSIBLE GEARED MOTOR. Manf. by CROUZET * RPM 240 volt 50Hz with uni-
versal T drive. £35 for 10 + VAT, £162 dfor 50 + VAT, £300 for 100 + VAT, £1,250 for
500 + VAT. Sample sent for £3.75 + 75p P&P (£5.17 inc. VAT).

Terms C.W.0. Please add 5% to all orders for carriage plus 15% VAT. Export enquiries
welcome. Wae find itimpossible to advertise ali we stock. Please telephone or write for
further enquiries. Personal callers always welcome.

ELECTRONIC EQUIPMENT C

SPRINGFIELD HOUSE
TYSSEN ST, LONDON E8
TEL 01-243 5217

» TELEX 8953906 EECO.G

WW — 062 FOR FURTHER DETAILS
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ALU

¢ 24 HOUR NORMAL DESPATCH TIME

® ESTABLISHED 1965

® ALLGOODS GUARANTEED BRAND NEW AND
TO SPECIFICATION

o APPOINTED SIEMENS DISTRIBUTORS

CAPACITORS

Polystyrene, Siemens @
5% Tolerance 160V

€,7,10,12, 15, 18, 22, 27, 33, 39pF 15p;
47, 56, 68, 82, 100, 120, 150, 180, 220,
270, 330, 390, 470, 560, 680, 820pF, 1n,
1n2, 1n5, 1n8, 2n2, 2n7, 3n3, 3n9, 4n7,
10p: 5n6, 6n8, 8n2, 10n. 13p

Ceramic Very small 1.8, 2.2, 2.7 etc, up to

1n 5p each. 1n5, 2n2, 3n3, 4n7, 6n8, Sp;
1.Cs — COMPUTER & ANALOGUE CRYSTALS 15 0 0 S35 o
. tin MH2} 433 128 Polyester, Siemens Layer Type 7.5mm
COMPUTER | Z4L8161 377413 74157 X | 408y 14 | LM382N 115 | TABI041W 187 0032768 102 4915 157 lead spacing 100V
74L5163 3 | 7414 m 74130 48 | 4082 1 | (M3300N 50 | TBAI20AS 62 0.100000 453  5.000 157 1n, 1n8, 2n2, 3n3m Bp; 4n7, 6n8, 8n2, 10n
74 74LS164 43 | 7420 15 | 74192 48 | 4093 20 | LM3914N 200 | TBAI20U 72 1000 453 5.026 128 12n. 150, 18n. 22n, 330, 47n, 7p 56n, 68n
LS 7405165 80 | 7430 14 | 74193 48 | 4510 %6 | (M391SN 200 | TBA400 100N 1.8432 20 6.000 157 7p: 82n, 100n, 9p 120n, 150n, 15p; 180n.
741500 1| 7408166 90 | 7420 14 | 74393 % | 4511 46 | NESSSV 23 | TBABOO 75 2.000 268 6144 157 220n, 12p; 270n, 330n, 330n. 390n. 470n,
74L502 n 7418173 55 | 7442 k-] 4511 120 NESS56A 45 | TBA10S 75 2.4576 268  6.5536 128 15p; 560n, 680n, 24p; 10mm spacing 1uF
741504 12| 7405178 45 | 7443 s | CMOS 4516 53 | NES6IN 104 | TBAB20 75 32768 188 8.00C 188 2p. 15mm spacing 2u2 35p. 22.5mm
741505 12 | 74LS175 40 | 7444 60 | 4000 10| 4518 40 | RC4151NB 80 | TBB1458 62 3579 128 8.867 128 spacing 1uF 400V 50p. 3.33uF 100V 69p; in
741508 12 | 7419191 50 | 7447 38 | 4001 10 | 4520 60 | SO041E 290 | TBB14588 40 4.000 102 10.000 157 depth stocks o ’
74LS10 12 | 7415193 40 | 7448 40 | 4002 12 | 4543 120 | S041P 121 | TCA105 120 4194 128 18432 188
748N 12 | 7415195 329 | 7460 14 | 4006 50 | 4583 130 | S042E 364 | TCAI058 108
74514 30 [ 7415196 48 | 7451 1 | 4007 " 5042P 138 | TCA1086 140 | ELECTROLYTICS
740520 12 | 7418197 60 | 7453 14 | 4008 40 | Alf above prices | 589 11.23 | TCA250A 166 THERMISTORS 1/63 %0 1000/10 19
741530 12 | 7418221 51 | 7454 14| 4009 24 | gre NET and | S1788  31.00 | TCA205k 200 K164 22/28 13 1000/16 26
740532 4| 7415240 55 | 7460 14| 4010 24 | showninpence | S187 1328 | TCA335A 66 Disk type, 5mm 2%/63 ‘y0 1000725 3%
741537 M| 74US241 55 (7470 24 | 4011 12 56668 214 | TCA345A 109 dia Resistance | | o oo oo 49/63 11 1000/40 44
74LS38 16 | 74LS242 75 | 7472 2 | 4012 15 S576A 23 | TCA3asw 177  at 20°C; 6RS, EAKERS Va7 00 4 1000/63 76
741542 28 | 7415243 75 | 7473 26 | 4013 2 $5768 2% | TCAB71 13 10, 22, 47,100, 6 8740 :n 2200/6 09
741547 56 | 7415244 60 | 7474 23 | 4014 46 S576C 2% | TCA780 21 220, 470, 1K, . 1076 13 220016 44
741551 W | 7405245 @6 |7475 B | 4015 40 { ANALOGUE | ss7ep 25 | TCAB71 14|  2K2, 4K7, 10k, [ 1i°diadi 70 oos Jo  2200/25
74U573 18 | 7408251 85 | 7476 » | 4016 20 | 709C5 49 | 51469 468 | TCA9sS  228| 22k, 47K 100k | 2}"dia80 70 0740 W 220040 7
741574 18 | 7413253 43 | 7480 ¥ | 4017 % | 709C14 44 | SABO600 302 | TCA965 136 each 18p ' 2} dia6all 70 10763 4700116 72
741875 22 | 7415267 % |7482 86 | 4018 46 | 723C14 36 | SAB3209 497 | TCA965K 170 10,100 15 470025 90
741576 19 | 7415259 84 | 7482 8 | 4019 % | 741C5 57 | SAB3210 311 | TCA97) 2 22/10 10
741585 48 | 7405266 2B | 7483 38 | 4020 a2 | 74108 18 | SAB3211 168 | TCA991 80| o 22/25 1
740586 20 | 7405273 80 | 7485 50 | 4021 4 | 741C1a 47 | SAB3271 32 | TCA991k 100| P W% el S 22/40 14 TANTALUM
741590 27 | 7415279 40 | 7485 20 | 4022 ¥ | 747C14 6 | SAB4209 497 | TDA2002 120] 3 oo b Cueswan? 22/63 15 BEARS
741592 32 | 7415299 250 | 7489 169 | 4023 14 | 748C8 3 | SAB8256C TDA2003 126 ¢4 B B 22/100 16 0.1/35 13
741593 24 | 7415367 34 | 7490 28 | 4024 2 | 1458C5 ] %.40 | TDA2030 150 | sume  mp ONC 10 1 500 50 873 03 022/35 13
74L5107 40 | " 7415368 24 | 7491 % | 4025 14 | 1458C14 40 | SAD1024 15.50 | TDA40508 144 | to Pluq UGBY 47/10 1 0.47/35 13
7415112 22 | 7418373 84 | 7492 2 | 4026 80 | 7106 450N | SAJI31 238 | TDA4290 169 o e ey 47/25 12 1.0/35 13
7418123 38 | 7415374 68 | 7493 % | 4027 22 | 7107 600N | SAJ141 24 | TDA4600 184 | JACKPLUGS, SKTS o soi 47/40 15 2.2/16 k]
74LS126 29 | 741S378 60 | 7494 3% | 4028 39 | 555 23 | SAJ205 810 | TDA4700A 546 | MONOE= P ] u 47/63 17 2.2/38 6
7418126 27 | 7415393 60 | 7495 % | 4029 4 | 7555 8 | SAS231W 260 | TDA4718A 435 | wacr: b 1o 2 u‘i.",""?f”;f:’.“”" = 47/100 18 4778 16
7408132 40 7496 40 | 4030 16 | 556 45 | SAS251 142 | TFA1001W 262 | STeReo & 100/3 03 4.7/35 18
7405136 25 | 7400 74100 80 | 4041 a4 | CA3046 76 | SAS580 196 | TLO7ICP 45| o w o 5"“,,;‘&"“ “ 100/10 13 68/16 16
7415137 110 | 7400 11 | 74104 40 | 4042 40 | CA3080E 86 | SAS590 196 | TLO72CP 75| oplesicPd @b 15% b oni  secn  Bfor 100/16 14 6.8/25 24
7415138 0 [ 7401 1 | 74107 2 | 4043 40 | CA3130E 99 | SDA5680A TLO74CN 120 | are 18 5 0 * J{SOIN] 100/25 15 10/6.3 1%
7405139 3% | 7402 12 | 7411 24 | 4044 40 | CA3140E 55 6.5 | TLOBICP 48| Swo 2w @ 1o = 55 100740 15 10/16 8
74LS145 70 | 7403 12 | 74123 40 | 4046 46 | LM301AN 26 | TAA761 104 | UAA170 165 | D-sewmes i %5 10N 100/63 20 10/25 18
7405148 89 | 7404 13 | 74125 34 | 4049 23| (M308N 60 | TAA76IA 43 | UAAIZ0L 182| 5 m we = o M 12N 100/100 27 22/6.3 18
74LS151 40 | 7405 15 | 74126 33| 4050 23| (M317K 321 | TAAT6SA 62 | UAAIBD 165 | 5 W Wb % u  zp  4x;n 220/10 Y% 22/16 £
7415153 40 | 7406 20 | 74141 51 | 4060 4 | UM324N 45 | TAABS! 103 | UAAI90 141 3 o0 Ze Lo oz e 220/16 16 22/25 30
741153 40 | 7407 20 | 74151 40 | 4069 1| LM348N 65 | TAAS65A 59 | XR2206 520 | iDC Comnacions N e 220725 18 33/63 24
7418155 38 | 7408 14 | 74154 60 | 4070 4| | M38ON 75 | TAA2761A 72 | ZN4l4 &% o Pusnc sciew 15A several col 220740 20 33/10 0
74LS156 36 | 7409 14 | 74155 39 | 4071 4 | M330NE 104 | TAA4761A 113 | ZN424P 99| 15l W S ammiccre bt 220{25 28 47/63 X
745157 30 | 7410 14| 74156 20 | 4072 | (M38IN 146 | TAA4TE5A 120 | ZN42SE 380 | Mo Pradmm 1 220/100 42 100/10 %0
PARALLEL e T Mg & & e=g 470/10 19 For full ranges
lug KU PC Moumtng  tarminal 470/16 19 of very many
s w0
BOXES METERS Large range of types in stock; also probes,| 2 CI T . o ey Do € war 470/25 13 other LYoeS)
leads, accessories, iwn T3 B8y B 86p 10 ey R0 470/40 7 please see Cat
PANEL MOUNTING in 50, 100, 5004A: 1, 5. 10, 50, 100, - 470/63 4 82 andior cur
High quality Black ABS plastic or die 500mA; 1A aither model. ::‘3;:::;3"‘ Socken a 20000 B e e i
cast dlain or stove grey. = e £ 00'3“’!‘" e
" stvle 64 250V Masns connecior - block fus
s0 "0 25 S so0ie aop e e MU Rangs| Cora 5w % | SOLDERING IRONS
100 60 25 2002 96p 5002P 117p 5002 164p 50 x 45mm )
1 ;3 gg 31 2003 108p 5003P 143p 5003 184p cs POTENTIO :«:sv?ce;a'gfce?s%cg :: D
a21 40 2004 V15p 5004P 1 ; Sy
B 3 DrE msﬁ 5305P 2%: % gao: METERS ANTEX C-240V  £460N; X.25.240V
192 113 61 200€ 236p 5006P 314p 5005 40p Carbon Rotary [P20) 100chms — 4M7 ki 'éf"i"z‘xc%%" £5ASN. XSBP £5.56N; ST4
N, Lan .
VERO RANGE plastic boxes MULTIMETERS 2200hms — 2M2 log. Rp each w.switch| ORYX 50 watt temp. controlled £13.75N
L W D G RANGE professionat instrument NH56A YN38OTR 87p. Dual gang (JP20} 4K7 — 1M2 lin, or SOLDER 500gm/18SWG £7.60N: Desolder
72 a7 25 21024 51 Cases NEW Y 20K0/ V. log 96p w.switch £1.50 braid 1 5m 54p
120 50 35 21330 g 134 90 44 21089 £7.28N 20KQ/V AC/DC/R/
1oe 110 S5 a1 e 24 140 64 21090  £IT0N AC/DC/- = 8/ Tronss B | | SLIDERS
P 302 176 84 21091 £14.96N RES/dB d ;""sf‘ 58mm, low cost 10K 1M log only 29p. Std
in23 T 1K 58mm mono 4K7 — 1M Iin. or log 74p |  SWITCHES
VEROBOX CASES ranges: ; m"r]\ges' stereo matched £1.25. Graduated bezels 34p
yE JA LAVED 1303; 88 x 145 x 96 x ;'ncehén Type CK—1P/12 way, 2P/6 way, 3P/4
progecy, - e e el professonal finf fo 8 much valied 1 £16.45M Min10mm dia. Hia. or Vort 1000nms — | 82t ey R S 01 3P0
ABS, light grey top; dark grey bottom + 2 snodised panels : R armet rectiinear type 89P 100shm | £1.84 $7203 DPDT 96p; Push Button min
208 9 a e B gg::L @ | Brhasd4r B | Eawg 78 P—rels:: Ec‘émulgmm dia. Horiz. or Vert 8531 okelB8a3 treak Bap; 6229 DPOT
14 . b )
% 10 Sioe o BC23sC 03| orres’ 1s £ "% | 1000hm 290 DUA:L::.'II%E./E&? s o 26 4052
205 140 110 21036 £6:54 BC239C 03 | BFT66 12 | mJ29s5 90 | "lesseyu MPW T moulded carbon 470NMS | ge,. 4p 5pSa 96; 6P SDS6 £1.38; 8P SDS8
180 120 39 21037 £4.11 8C2588 09 | BFX29 24 | MJE340 56 M2ietelench, £1.67; 10P SDSO £2.10. Low cost D-I-L 4P
180 120 66 21038 £4.40 BC2678 16 | BFX84 24 | MJE2955 96 DNS04 86p; DNSO8 £1.00
180 120 90 21039 £4.89 BC300 2 | BFX85 24 | MJE30SS 70 RF Chokes LATEST PRICE LIST
155 85 39 21040 £33 8C301 24 | BFX87 28 | MPF102 40 1, 1.1, 4.7. 10, 47:H ea includes many new additions to items in our
155 85 60 21041 £3.31 8C303 30 [ BFX8B 28 | MPS6E531 40 42p, 100, 22uH catalogue.
155 85 80 21042 £4.30 8C327 18 | BFY50 24 MPS6534 42 4704H, 1mH 73p. CATALOGUE incl 70p refundable voucher,
125 65 30 21047 £2.% 8328 1| BFYS51 24 | MPSA12 3 70p post free with price list
126 65 39 21048 £2.99 8C337 4| BFY52 24 | MPSA63 38 Large S.A.E. brings price list only FREE
125 65 50 21049 £3.37 BC338 1 | 8FY90 143 | NAS206S5 81 PANEL LAMPS SV filament ’
gg::g g ggg: 1:3 0A47 12 LED chrome,  3015F8mA 256
SEMICONDUCTORS BO146 0N | BC477 = BRvas 4 | oAl o " SOTSF 1S o RESISTORS
1 ¥ 5992023 on ggsas 0| BSX20 2 | 0A% ois LED yellow o KNOBS black
547 09 reaen : 1
now  m|meme @l awe wlBER B[ 3SR B EmE S8R R | B G | UIRIEZee e
NS4 0 [ ol | Aarie 13| BAS4003 38 | BCS49 0 | 8T106 147 | 0oc29 ] Fitament inred, 5 [] 2% Mullard metal film 5.1 ohms — 300K Sp
ACIZS5 25| BAS7003 41 | BCS50 10 | BTIO8 136 | 0C35 7 amber, green or
1N4007 06 | 2N3904 6| AC127 | BAT14-036 BCBS6 10! 8uros L% o i Eiear K2 as K1, 35mm each, 10 of one value 40p
1N4148 03 | 2N3906 18| acizs » 175 BCBS7 09| BUI2S 5 ocad b 6V 60 mA ™ 21 5% wire wound IW or 7W, most E12 values
1N5402 14 | 2N4036 46| AC151R 8 | BB409 n BCE58 o | BU208 180 BRI 7 14V40mA 54 K3 pointer 15 1.20hms to BK2 9p each 10 for 70pN
INS5407 18 4 2N058.62 08| ACIS3K 20| BC107AB 16 | BC559 08| BUX26 36ON | PNTO o LED's (Gt
2N697 23 [2Nar2e x| acize 26| BC108A.B.C 16 | BC560 10| BUX28 545 | pN72 [ Smmred 10 %2
2N706 18 |2M126 26| ACY17 186 | BC109B.C 18 | BC879 38| BUXBT 744 | Q4006LT 104 yellow 19 KBasKT +skn
2N930 20 [2N4284 30| ACYIZ 120 BCI2IW 30N | BCs8 43 | BUXB5 249 | Q4010LT 115 green 18 '
2N1932 23 | 2N4286 18| ACY19 99| BC122Y 100 | BCY31A 167 | BUZIOA 478 | Q4025h 450 Mountings, B6S CREDIT CARD ORDERS can
2N13C2 110 | 2N4288 23| ACY20 % | BCI125 20 | BCYS8 8| BUZIS 1227 | T2700D 189 3 | be sccented via Mail Order or ‘Fesrcng
2N1303 68 | 2N4291 24| ACY21 86| BC125 20 | BCYZ0 18 | BUZD 523 | To800D 104 DISPLAYS RECHARGEA- | Tolephone ' Giro Alc  no. ‘
2N1304 62 [2MN4292  21{ ACY3S 170 | BC140 % | BCY71 18| BUZZI 787 | TAG3400 100 7-segment BLE CELLS [38 Axyac02
2N1305 62 | 2N3991 &2 ACY4) 10| BC141 2 | BCY72 18| BUZ24 1250 | TAG209-400 86 Common ApaTIeNCIaZiD =
2N1306 90 | 2N5062 32| ADI36 53| BC147A 10 | BDIZ 46N | BUZSZ 628 | TAG09.000 anode P Ige HA RN T e Iienin
2N1307 67 | 2N5192 110 | AD142 90 | BC149 10 | 80131 48 | BUZ3 844 130 MAN72A red 75 PP3 cell {7-2v FREE POSTAGE and packing on UK
2N1308 147 | 2N5195 108 | AD149 88 | BC154 % | BD132 48 | BUZ4IA 637 TIC106D @ MANB2A yeliow 41 C.W.0. orders value £6.75 linc. VAT) and
2N1309 99 | 2N5457 32 | AD161 3% | BC160 30 | BD135 77 | BUZ44A 9.67 TIC106M 56 110  PP3 charger upwards. Under £5.75 add 40p linc. VAT)
2N1599 100 | 2N5458 2| AD162 % | BCI6I 0 | o136 77| BUZa5 1276 | TiC1260 o4 MANS2A green 496N DISCOUNTS on orders over £23.00 — 5%
2N1613 2% | 2N5459 38 [ AF114 37 | BC167A 09 | BD139 30 | BUZ48  18.94 TIC206D 54 110 CHARGER . - 10%
2N1711 26 | 2N6050 380 | AF115 37 | BC167B 09 | BD14g 2 | BUZSOA 783 TIC226D b Common FOR ABOVE Not applicable (o ‘Net’ items (shown by
2N1893 2 |2N60ST 37 | AFlN6 57| BCIGSA 09 | BD644 N | BUZSAA 2143 | TIC236D 96 cathode D leare SR Gorn il
2N2218A 31 | 6F40 182 | AF117 110 | BC1688 09 | BDE79 6 | BUZBO 73 | TIC246D 106 MAN74Ared 86 AA, Cor D No
2N2213A 25 | 16F40 166 | AFI124 AF12637 | BC1698 09 | BD680 64 | BUZBZ 1129 | TIF3IA % MANB4A ygliow  NC1230 820N
2N2222A 2% | 40HF40 226 | AF126 37| 8C16C 8 | griys = | BUZB3A 198 | TiPa2a 36 "110  BUZZERS e e IMENTIONITHISHUOU R
2N2369A 21 | 40361DIS AF127 37| BC1778 16 | grygy £ | BUBA 1275 | wbaaa o MANS54A green 615V solid NAL  WHEN ORDEAING OR
2N2484 25 | 40362 % | A 10| BC1788 16 | af19s % | Byles @ | TPl e 10 state 7 CLiul ) LG
2N2646 4 | 40406 71 | AF239 14 | BC1798 18 | gri77 = | C106D1 4% | TiPa2A “®
gzgmA = osos = A9 —= || 52 % | srze 2 | C0326 480N4 | Tipa2C €
N | BC182L 490N4
aman B |dews MMM B |bom & | E2Ms e oo ew | T 3 ELECTROVALUE LTD
2N3053 23 | 40594 123 | AFY180 310N | BC183L 0 | grosg 14 | C0546 126N1 TIP3055 5 Head Office, Mall Order Dept. and Shop
2N3054 65 | 40595 123 | AFY1BE615N BC184 09 | grazo 31 | €162 ®© | Tisa3 50 | 28A St. Jude’s Road, Enoloﬂdd Green, Egham, Surrey TW20 OHB. Telephone Eghsm
2N3065 48 | 40636 147 | AFY42  46IN | BC184L 0 | gr42y 34 | Cla06 | u7e3 50 | (STD 0784; London 87) 33603; T. 7%
2N3405 64 | 40673 146 | AU106 240 | BC202Y 120 | pra57 3% | D4 clp for VNIOKM 3 Also in & folf»ersonal hoppers at:
2N3663 16 | A9303 18 [ AUNIT  (use | BC212 09 | Bracs » | Cra06 and | VNABAF 83 Lane, B Manch M19 INA
I | AANI3 13 | AUTIE) BC212L 0@ | gracg % | E2506 10 | VNG6AF 106 Telephone: 081432 4845
2N37T1 180 | AAYIE 13| AUY22  10.95 | BC213 09 | grsgy 12N | D1046 8 | yvngsar 123 | Computing Shop North:
2N3794 2 | AANI7 13 | BO140 26N | BC213L 09 | grR3aA B4 | E1110 7 2 25 | 700 Burnage Lane, Manchester. Telephone: 081-431 4568 WW-8
WIRELESS WORLD JANUARY 1983 =



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, ]
thanksto I.L.P., PRICE. =

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

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

Tvee | SERES ECOHDARY Cms —— Y 294 TYPES TO CHOOSE FROM!
No folts urreny
e Teaml o6 1| o v ORDERS DESPATCHED WITHIN 1
70%30mm | 1x011|  9+9 166 | £5 1 2 DAYS OF RECEIPT FOR SINGLE OR
0.45Kg | 1x012( 12412 | 125 N SMALL QUANTITY ORDERS
Regulation | 1x013| 15415 0 /D! 04
18% | 1x014| 18+18 | 083 AT %2
Rl el || B s vr 5 YEAR NO QUIBBLE GUARENTEE
1016 25+25 | 060
1%017] 30+30 | 050
= I ype [SERE NDARY| RMS I
50vA | 2x010| 646 | 416 No Voits  |Curcent
80x35mm [ 2x011 | 9+9 277 |
0.9Kg |2x012| 12412 08 225VA |6x012| 12412 | 938
Reguiation | 2x013 | 15+ 15 66 £5 70 110x45mm| 6x013 [ 15415 | 750
1% |2x014| 18.18 | 138 . 22Kp |6x014] 18+18 | 625
2015 | 22+ 22 13 0 Regulation | 6x015 | 22422 | 511
25016 | 25+25 | 1.00 g 7% 63018 25425 | 4.50 .
2:017| 30430 | oss | 6x017| 30430 | 375 | oprece
2x028| 110 045 " 6x018 35435 | 3.21 R
22029 220 022 6x026| 40+40 | 281 y
| 2x030 | 240 | 02 6x025| 45445 | 250 | TOALTIZE8
‘ i 6x033| 50+50 | 2.25
BOVA |3x010| 6+6 | 664 ex028| 110 204
| e | o
x 0 6x030| 240 093
feguiation | 3x013 | 1515 | 266 £6.08 g
12% | 3x014] 18418 | 222 o 300va |7x013| 15415 |10 gg
1 2 I 4 110 % 50mm{ 7x01a | 1818 | 8
g:g»g gg:gs oI [ 26Kg nots| 22-22 | 682 1
3x017 | 30+30 133 Regulation | 7x016| 25+25 6.00 .
3028 [ 110 072 6% | 7x017 +30 | 500 ;
| w029 | 220 036 7x018| 35+35 | 428 D
|3x030| 200 | 033 t| @ | g o
| LEY
| 120va |ax0r0] 6+6 |10 eo33| sovse | 300
90x40mm | 4011 {  9+9 666 | 70281 110 272
2Kg {4ax012| 12412 | 500 | 7e0291 220 136
ulation | 4x013 | 15415 4
| 1% A:ou 18+18 333 £6 90 500 030 20 i e
ax015 | 22.22 | 272 BERE va |8x06| 25+25 |10.00
ax016 | 25+25 | 2.40 | T ) 140x60mm | 8x017 [ 30430 | .33 £13 53
4x017 | 30430 | 2.00 . 4Kg  |8x018| 35435 | 714
4018 | 35435 | 171 Regulation | 8x026| 40+40 | 625 el
| 4x028 10 109 1% %025 | 45+45 555 N
| ax029 220 054 Bx033{ 50+50 500 BEJ
|4x030| 240 050 BxD42| 55+55 | 454 | 10MAE%
4,54
160V [sc01| 8.3 | aa ol I3 4l 55
110% 40mm | 5x012 | 12412 666 8x030 240 208
8Kg [5x013| 15415 [ 533 |
flegulation |5x014 | 18+18 | a4a | £7_g1 625vA |9x017| 3 1041
l 8Y 5015 | 22422 | 363 o 140 x75mm| 9x018 | 35435 | 892 £1613
5x016 | 25+25 | 320 i SKg  |9x026| a0+40 | 781 X
| 5x017 . 266 ATE 88 Regulation | 9x025 [ 45+45 | 694 S
5x018 | 35+35 [ 228 | romrvo a% x033 . 825
5:026 | 0430 | 200 ‘ 9x042| 55455 | 568 | vwwen
5x028 | 110 145 9x028| 110 568 | romee @
5x029 | 220 7 9x029| 220 284
5x030 | 240 0.66 9:030 | 240 260

TOROIDALS

IMPORTANT: Regulation — All vottages quoted are FULL LOAD. Please add requlation figure to
secondary voltage to obtain off load voitage.
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 type 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 if you address to
Freepost. Cheques and postai 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 for
single and small quantity orders.

Aiso available at Electrovalue, Maplin and Technomatic
W sk aeSee TS SRS

Please send
Total purchase price
| enclose ChequeD

Postal Orders[:] Int Money OrderD

Debit my Access/Barclaycard No.

Name

Address

Signature
Post to. 1LP Electronics Ltd., Freepost 5, Graham Beli House, Roper Close
Canterbury GCT2 7EP. Kent, England
Telephone Sales (0227) 54778 Technical (0227) 64723 lelex 965780
{a division of

. l P piUgelectonics i)

TRANSFORVIERS
CHEED NS CEREED BN SN SN

WW - 010 FOR FURTHER DETAILS

\

88

Toroidal
nsformers

THE COTSWOLD
“BUDGET RANGE' OFFERS
BUILT-IN QUALITY COUPLED

. g TO A RELIABLE
- DELIVERY SERVICE

MOST TYPES

g FROM STOCK

—

IEC 65
VDE 0550
BS 415

TO ORDER

PHONE
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 - 023 FOR FURTHER DETAILS

TRANSFORMERS

TYPE 1 PCB MOUNTING — SPLIT BOBBIN
6VA, 240V INPUT, 12-0-12V OUTPUT
PRICES: 1-25 at £1 each 26-99 at 75p each
100-249 at 67p each 250+ at 65p each
TYPE 2 PCB MOUNTING — SPLIT BOBBIN
35VA, 240VINPUT; QUTPUT 1 - 15Vat1A
QUTPUT 2 — 20V at 1A
PRICES: 1-25 at £2 each 26-99 at £1.80 each
100-249 at £1.68 each 250+ at £1,54 each

PRIiCES SHOWN EXCLUSIVE OF VAT

The items are available from STOCK

P&P ORDERS UNDER £20 PLUS £2
ORDERS £20 to £250 PLUS 10%
ORDERS OVER £250 POST FREE

Available from:
VANDERHOFF COMMUNICATIONS LIMITED
Bermuda Road, NUNEATON, Warwickshire
Telephone: 0203-341111

WW - 068 FOR FURTHER DETAILS

2K x 8 NON-VOLATILE RAM

DON'T WASTE TIME & MONEY ON EXPENSIVE EPROM
PROGRAMMERS & ERASERS
DON'T LOSE YOUR PROGRAM EVERY TIME YOU SWITCH OFF

wo 2776 “ WD 2716 & WD 2516
are directly pin com-
patable to 2716 & 2516
EPROMs

% Built-in 10-year Li-
thium Power Source

% Three modes select-
able by top link
Read/Write

£14.95 plus 60p p&p. Read only
an all-British product. Write only

WARWICK DESIGN GROUP, 12 ST. GEORGE'S ROAD
LEAMINGTON SPA CV31 3AY. (0926) 34311

WW - 069 FOR FURTHER DETAILS

a
-4

> 2K X & Norr

Y Voratite RAM
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Volume purchase from Acorn
brings massive savings for you!

e S

We recently made a bulk
purchase of over 800 Acorn
Atoms for sale overseas.
The deal fell through!

We are now offering

those Atoms to you at

the price we paid for them.

The Atom normally retails at £174.50 inc.
VAT we are offering it to you at a mail order price
of only £115 inc. VAT - an incredible saving of
£59.50 plus a free power supply and software
worth over £20.

The Computer

The Atom has 2K of RAM and 8K of ROM
but of course this car. be boosted enormously.

The computer has a full sized keyboard laid
out in a conventional way. To use it just connect

the power supply and a cable into the aerial socket

of a TV set. _ .
As well as integral sound output and direct

cassette and TV interface, a wide range of
additional interface boards are available to fit inside
the casing. Extra 64K RAM, Colour, Printer,
Laboratory, Cassette, 6522, 80x25 VDU, Analogue,
Econet etc etc allowing the user to build a very
sophisticated application machine. Full details of
all uccessories, disc pack, software etc are supplied
with each machine.

The fanguage used by the ATOM is BASIC,
the language used by most personal computers.

The Atom’s version is very fust, making it
ideal for real time applications.

Cas ou!
Over £50 offan Atom Microcomputer

Real time applications

Word Processing

It has all the normal functions you would
expect plus many powerful extensions making it
very easy for you to operate and write your own
programs.

The Atom is fully guaranteed. There are 80
nationwide authorised service centres. Just clip the
coupon below or ring 01-930 1612 with your credit
card number. Computer Marketplace Ltd,

20 Orange Street, London WC2H 7ED
[ To Computer Marketplace Ltd. 20 Orange Street, |
| London w21 70D
Please send me
Total ¢
I I enclose my cheque.

(qty) Acorn Atoms at £115 including p&p/ins.

Please debit my Access/Barclaycard
LITITTTTTTITITT]

|
|
|
I Block Letters Please l
|
|
|
|

I NAME: ——
I ADDRLSS: —

WW - 058 FOR FURTHER DETAILS
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TAC

The best route for

data communications

New, low-cost Terminal Access Controller (TAC) caters for
multiple service requirements and growing user needs with no
disruption or replacement of existing services and equipment
With TAC you can patch dozens of terminals into just a few
ports.

TAC SERIES 3 for micro-networking
TAC SERIES 4 for the higher volume user

Fully field expandable in multiples of 16 channels, TAC
provides full data communications capability, with inteligent
switching, protocol conversion, multiplexing and coupling as

For further information contact
Xtec Limited. High Street, Hartley Wintney
Basingstoke, Hampshire RG27 8PB

required.

Tel Hartley Wintney 4222/4233/4344 Telex: 849286 CAVAC

WW - 056 FOR FURTHER DETAILS

- -
CL

ja: =E= Continental Speciatties Corporation

3 O
OOMHZ

TOMORROW'S TOOLS TODAY

GLOBAL SPECIALTIES CORPORATION

5] —

G.S.C. (UK) Limited Dept 7D

Unit 1, Shire Hill Industrial Estate
Saffron Walden, Essex CB11 3AQ
Telephone: Saffron Walden (0799) 21682
Telex: 817477

==

g
O 0w '

100 MHZ Frequency Counter

Instant frequency indication from 5Hz to 100MHz; no range selection problems; a
brilliant 8-digit LED display; mains or battery operation; an accuracy of 4 parts per
million +1 count; and totally automatic operation — all this for only £105 with
GSC’s new Max-100 frequency counter.

Just take a look at our spec. Where else could you find anything similar at the price?
*Frequency range 5Hz-100MHz *Input impedance 1M shunted by 10pF *Sensitivity
30mV from 1KHz up to gOMHz; 120mV r.m.s. over full frequency range *Timegase
accuracy *4 parts in 10° (from 5 to 45°C) *Maximum aging rate 10 parts in 10° per
year. *Over-frequency indication *Low-battery-power alarm *Operates from dry or
rechargeable cells, an external 7.5 to 10VDC supply, or a car battery {via an adaptor)
*Dimensions: 45 x 187 x 143mm *Options: 12V adaptor; battery eliminator; r.f.
antenna, low-loss r.f. tap, carrying case.

Fill in the coupon for further details . . . *price excludes post, packing and VAT
r___-———_————__ - S G G e -

G.S.C. {UK) Limited, Dept. 7D, Unit 1, Shire Hill Industrial Estate, Saffron Walden, Essex CB11 3AZ

l MAX 100 FREQ. COUNTER Unit price inc P&PTS%VAT€124.20J' I
Name S S
Address

or debit my Barclavcard/Acéess_/
exp date__

| enclose cheque/P.O. for £
American Express card no. _

FOR IMMEDIATE ACTION — The G.5.C. 24 hour, 5 day a week service For Free
I Telephone (0799) 21682 and give us your Barclaycard, Access, American catalogue
Expiess number and your order witl be in the post immediately tick box |

WW — 061 FOR FURTHER DETAILS
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300 SERIES AMPLIFIERS

A Y
These latest designs from the drawing board of John Linsley-
Hood, engineered to the very hiihe;t standard, represent the
very best that is available on the kit market today. The delicacy
ang’nansparenw of the tone quality enable these amplifiers to
outperform on a side-by-side comparison, the bulk of ampfifiers
in the commerciml narket-place and even exceed the high stan-
dard set by his earlier 75-watt design.
Three versions are offered, a 30-wett with Darlington output
transistors, and a 35- and 45-watt, both with Mosfet output
devices. Ail are of identical outside appearance which is de-
signed to matct and stack with our Linsley-Hood cassette re-
corder 2.
As with all Hart kits the constructor’s nterests have been looked
gfter in 2 unique way by reducing the conventional {and boring)
wiring almost to the point of extinctio .
Any of these kits represents @ most cost-effective route to the
very highest saund quality with th3 extra bonus of the en-
joyment of building a sophisticated piace of equipment.
“0-watt Darlingtan amplifier, fully intagrated with tone controls
&nd magnetic p ck-up facility. Total cost of all parts is £81.12,
Special offer price for complete kits is £72.
35-watt Mosfet amplifier. Total cost ot parts £98.41. Special offer
for complete kits £67.40.
¢5.watt Mosfet amplifier. Total cost of parts £104.95. Special
offer price for complete kits £94.80.

{Reprints of originz| Articles from Hi-“i News 50p Post free. No
VAT

Repfin(s of MOSFET article 25p. No V.AT. Post free.

‘P.W. WINTON’ TUNER AND AMPLIFIER

Snszzy matching slimiine tuner and amplifier in beautiful
wooden cabinets These Ted Rule desijns are for the enthusiast.
Tuner covers LW, MW, SW, FM and T\ sound| Digital frequency
readout with clock and timer features. FM has g section front
end and switchable bandwidth for ex:eptional fringe area per-
formance. Ampli‘ie- has Toroidal transformer, Mosfet output
stages, 50 watts per channel and got a cracking review in Practi-
cel Wireless.

Tener. Compiste <it........
Amplifier. Complete Kit

LINSLEY-HOOD CASSETTE RECORDEBS

fisg

]

‘SUPER-SUIM
FLOPPY DRIVE’

Very latest low-consumption 54" Disk drive. Fit two in the
space previously taken by onel Only needs 12v at 0.3A and 5v at
0.55A. Capacity up to 250KB single side single density. Supplied
with tech vical data. Knockout price £153 while stocks last.

VERTICAL FRONT LOADING CASSETTE
DECK VFLS10

This deck is used in our Linsley-Hood Cassette Recorder 2 and
has eveny possible feature to ensure top notch performance.
Recently #eatured in this magazine in a “Digital Multi-Track Tape
Recorder”™ by A. J. Ewins,

12v DC Servo Feedback Motor.

VFL910 Deck. Fitted with HS16 Sendust Alloy Super Head £31.99

FEED YOUR MICRO BYTES WITH OUR
SOLENOID CONTROLLED CASSETTE
DE(_:,'S.

Front Joading deck with full solenoid control of all functions
including optional read in fast wind modes. 12 volt operation.
Fitted 3-digit memory counter and Hall IC Motion Sensor. Stan-
dard erasa and sterao R/P Heads. Cheapest price ever for all
these features. Only £38.90 plus VAT Full technical specification
included.

LINSLEY-HOOD 100 WATT POWER

HIGH QUALITY REPLACEMENT
CASSETTE HEADS

Do your tapes lack treble? A worn head could be the problem.
Fitting one of our replacement heads could restore performance
to better than new! Standard mountings make fitting easy and
our TC1 Test Cassette helps you set the azimuth spot-on. We are
the actual importers which means you get the benefit of lower
prices for prime parts. Compare us with other suppliers and see!
The following is a list of our most popular heads. all are suitable
for use on Dolby machines and are ex-stock.

HC20 Permalloy Stereo Head. This is the standard head fitted as
original equipment on most decks ... ... £4.25
Hi High Equ Permalloy Head. A hard-wearing, higher per-
formance head with metal bili £6.20
HS16 Sendust Alloy Super Head. The best head we can find.
Longer life than Permalloy, higher output than Ferrite, fantastic
frequency response ..
HQ551 4-Track Head for auto-reverse or quadrophonic use. Full
specification record and playback head ... ... ... £7.40
Please consult our list for technical data on these and other
Special Purpose Heads.

SPECIAL OFFER

Rveplacemem heads for SONY machines.
Flrs:( Quality Stereo head with special base to fit Sony
lecks.
These are only available while stocks last, so buy now to
keep in. Only £5.95.
& Trade price available on 10 or more

HART TRIPLE-PURPOSE TEST
CASSETTE TCt

One inexpensive test cassette enables you to set up VU levei,
head azimuth and tape speed. Invaluable when fitting new
heads. Only £3.80 plus VAT and 50p postage.

Tape Head De-magnetiser. Handy cassette size mains operated

unit prevents build up of residual head magnettsation CBUSIr&g
noise on playback . £3.

CASSETTE MOTORS

Brand New Governed 12v DC Tape Drive Motor Type MMI-
BAZLK

As used in SF925 and many other decks. 40mm Dia x 36mm
tong, Shaft 10.5mm long x 2mm Dia. 6 x 2.6mm Mounting
Holes on 26mm PCD on shaft end face. Anti-clockwise rotation
at rated speed of 2200 RPM. Free run current 25mA. £4.85 sach.

Lenco CRV/FFR.

We have a small quantity of spare motors for these decks at £6
each complete with drive pulley. Spare belts for FFR or CRV 90p
{Large), 30p (Small).

Full details of the entire range of HART products is contained in
our illustrated lists.

Ask for your FREE copy NOW.

Enquiries for lists are also welcome from overseas but please let
us have three IRCs to cover the cost of surface post or 5 IRCs for
airmail.

In a hurry? A telephone order with credit card number placed
before 3 p.m. will be despatched THAT DAY!

Please add part cost of post, packing and insurance as follows:

OVERSEAS
Postage at cost plus £2
documentation and handling

INLAND

Orders up to £10 - 50p
Orders £10to £49 - £1
Orders over £50 ~ £1.50

ALL PRICES PLUS VAT

We have done two kits to this desi3n, one using the original car
cassette mechanism and the new?2r version using a very hig
| quality front Inading deck. This new deck has an excellent W & F
performance and fitted with our latest Sendust Alloy Super
Head gives an incredible frequency range {with good tape you

can see 23KH: on ours!).
Linsley-Hood Cassette Recorder 1

AMPLIFIER

Our comp ete kit for this britliant new design is the same size as
our Linsle /-Hood Cassette Racorder 2. Kit includes all parts for
two power amplifiers with large heatsink area, huge power
-supply ani speaker protection circuit. Total cost of alt parts is
£114.46 but our special introductory price for all parts bought

Linstey-Hood Cassette Recorder 2
Reprints of “"WW"™ Articles ...

together is only £105 50.

Telephone: Oswestry (0691) 2894

note that we are closed all day Saturda

Personal callers are always very welcome but please

%t DEVELOPMENT LAB
UVIT

Powerful, compact unit to
erase up to six EPROMs
quickly and safely. 1¢-60-min-
ute electronic timer.

£59.13 + V.A.T.
UVIB

As above but without timer.
£46.95+ V.A.T.

Carriage paid (U.K.)

Send cheque or official order
for prompt delivery.

ERASERS

IN USE IN DESIGN
LABS & EDUCATIONAL Also available in London from:
ESTABLISHMENTS Technomatic Lid

Henrys Radio

AROUND THE WORLD Ambit International
_ NORTHERN ELECTRONICS ﬁ
S1 Arundel Street, Mossley, Lancashire  Tel: Mossley (04575) 4119

WW - 060 FOR FURTHER DETAILS
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COMPONENTS IN TAMWORTH

Our new showroom is now open in Tamworth for callers requiring personal service.
In-depth stock on many types of resistors, compacitors and semi-conductors, etc.

1983 catalogue due out, February/March
Order your copy now, 70p post paid
Foto PC13 specialists list available S.A.E.
Red leds 3mm or 5mm £7 100 (Mullard)

BARGAIN PACKS
12 Assorted Panel Mtd Pots £1.10. 20 Assorted Electrolytic Caps 65p. 7 Assorted Blob
Boards £1.10. 30 Assorted Min. Ceramic Caps 70p. 9 Assorted 4,000 Series CMOS
£1.10. 20 Plastic-type BC109 Trans 75p. Push-button SPDT 15p each or 10 for £1. 12
Assorted Presets 50p. 30 Assorted Silver Mica Caps 90p. 5 Assorted Relays £1.10. 30
Assorted C296 Polyester Caps 80p. 250 Assorted Preformed Resistors 75p. 8 Assorted
Switches 90p. 1 Electrolytic Can 1500 uF 25V 70p. Micro SPOT 10p each or & for 50p.

Post and packing 50p per order {free over £10}. Please add V.AT. at 15%. Telephone
orders welcome. Access or Barclaycard

Lightning Electronic Components

Showroom & Maii Order Distribution Centre
18 Victoria Road, Tamworth, Staffs. 879 7HR. Tel: 082765767

9N
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‘ambit .....con

THE 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.
BAréJ?sZBOT:JNE RHEADS {Varicap Tuning)

2 MOSFET of stages MOSFET mixer,
JFET IF preamp, with internally ampl:
fiec PIN diode AGC. Tuning voltage
for 88-108MHz 1s 2-8V. Bufferad LO

output AGC nput

145 x 70 x 24mm

1-24 25+
2495 19.65

Stock No
4005804 Bit

7255 The latest complate FM
tunerhead from RF input to
stereo autput. MOSFET RF
stages, HA11225 IF and

K BA4437 stereo decader. 7256 special offer price
£30.00 plus VAT

911225A The 9112254 is the 7230
‘edited’ and shrunk into a screened
matal case, 97 x 56 x 24mm. The
unit is ideally suited to use with
synthesised tuner systems.
Stock No 1-24 25+
40-91225 Built 20.82 16.25

944378 ‘Hyperfi’ saries decoder module
with the TOKO KB4437 pilot cancet
PLL IC birdy filter and the KB4438 muting stereo
audio preamp with 26/38kHz2 pilot tone filtering
Stock No. 124 25+
40-04378  Built

12.95

DFCM500 Wide range digital frequency/
capacitance meter Frequency ranges;
0-1MHz, 1-50MHz and 80 500MHz. 8 digit
LED disptay, mains or Ni-Cad battery operation
Stock No 1-24 25+
40-01500 Kit 95.95 86.50
AUTOBRIDGE
An Automatic powaer tracking VSWR and self
ranging power meter. Comptete Kit- Al PCBs,
board mountad components, meters, case
{undrilled), transformer etc.
Stock No. 40-40400 £52.86 + £1.50 P&P

FET DIP OSCILLATOR

An essential prece of test equipment for the RF
constructor GDO or WM function covering 1.6
215MHz in five ranges. Audio and meter
indication. Kit includes; fibre glass PCB, all com

ponents, all hardware, punch, painted and screen
printed case, wire etc. for coils and printed scale
Stock No 1-24 25+
40-16215 Kit 17.90 16.20

10.MHz SSB GENERATOR
PCB, All components, eight-pole crystal
filter
Stock No. Price
40 10700 £29.65

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

27MHz Deviation Meter £1.98
PA105 £3.39
TV Pattern Generator £5.70
&l "““ MC145151 £2.57
2m Pre-am £0.97
KB4417 (Undrilled) £0.60
0-30V PSU £3.92
2m PA Mk 1) £5.14
ULN3859 (Undrilled ) £0.84
SSB Exciter £3.37
HA12017 £2.16
Up Converter £4.75

2m PRE-AMP

Very compact low-noise MOSFET 2m pre-
amp. Gain 22dB. Noise figure; less than 1.5d8,
i/p and o/p impedance, 50 ohm size, 34 x 9

x 18mm. From Aprii ‘82 R&EW.

Stock No 1-24 25+
40-14400 Kit 2,55 2.30

70cm PRE-AMP

Compact low-noise pre-amp. Gain at 433 MHz,;
13dB. I/P and O/P impedance 50ohms. Size
50 x 10 x 17mm. From March ‘82 R&EW
Stock No. 1-24 25+
40-67000 Kit 3.80 3.80

2m POWER AMP

20 watt 144MHz linear power amplitfier. 10d8
gain, 2W input 20W cutput. Automatic
switched relay. By-passes power amp in receiver
mode. Developed from original class C version
in Dec B1 R&EW. High power output reiay.
Pre-dritlad 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

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

RETAIL SHOP OPENING HOURS NOW [N §TOCK

Monday to Thursday 8.30-6.30 MF10 — National's new Dual
Friday 8.30-8.30 Saturday 9.00-5.30 N ertdhiial
\. _(Access + Barclaycard orders accepted) X

ALL PRICES SHOWN EXCLUDE VAT. P&P 50p per order.
AMBIT INTERNATIONAL DEPT. WW

200 North Service Road, Brentwood, Essex

TELEPHONE {STO 0277) 230909 TELEX 995194 AMBIT G POSTCODE CM144SG

WW - 052 FOR FURTHER DETAILS
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sounP ElGInTY
TIRIREE

FEBRUARY 22, 23, 24

1983's premier exhibition of sound reinforce-
ment, public address, communications equip-
ment and services.

CUNARD INTERNATIONAL
HOTEL
Hammersmith, London, W6

10a.m.to5p.m. Admission free

See the latest in Amplifiers, Microphones, Loud-
speakers, Mixers, Equalizers, Intercoms, the
finest of Public Address systems, Background
Music, Paging, Hotel and Hospital communica-
tions systems . . .

*Plus — a series of practical seminars to assist
all users.
Organised by:
ASSOCIATION OF SOUND AND COMMUNICATIONS

ENGINEERS LTD, 4 Snitterfield Farm, Grays
Park Road, Stoke Poges, near Slough SL2 4HX

Telephone: 0753 39455

O s
WW - 067 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:

Siemens 100 MHz Reflection Coefficient R273 £850
Siemens Pegamat Systems/Part Systems/Spares P.O.A.

Anritsu Attenuator MN54A 75 Ohms £425
J.J. Lioyd Wheatstone 4 Dial BR2 £150
Hewlett Packard Digital Voltmeter 3480A £250
Marconi Sensitive Voltmeter TF2600 £150

Unit 10, Dunstall Estate
Crabtree Manorway
Belvedere, Kent DA17 6AW
Telephone: 01-311 9657

WW — 049 FOR FURTHER DETAILS

4 RETARDED ACTION-AT-A-DISTANCE )
The Change of Force with Motion
G. BURNISTON BROWN

Ampere’s laws and radio experiments are used to find the velocity and
acceleration terms in the force-formula for two charged particles. When this is
applied to uncharged particles in a spherical Universe, the origin of Newton's
First and Second Laws. the force of inertia, the gravitational red-shift, and the
perihelion advance of the planets is made clear. At very high speeds. the
corrective term found by Bucherer to be necessary tor agreement with
experiment. is used as a factor in the force-formula. In this way a unification of
dynamics and electromagnetism is attempted

This book promises to be one of the most profound new ireatises on the

fundamenuals of physics in this generation ... a totally new approach 1o physics,
one that returns physics to the business of the “causes of sensible effects”.

THOMAS ;. BARNES,

Professor Emeritus of Physics. University of Texas

Hard Back. 150pp, 33 Figs. ISBN No: 0 904378 14 4 Price £9.95
Obtainable from
Cortney Publications. 95-t15 Windmill Road. Luton, Beds. or any Bookseller

WW — 050 FOR FURTHER DETAILS
WIRELESS WORLD JANUARY 1983
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COMPUTER WAREHOUSE

THE ‘ALLADINS' CAVE OF COMPUTER AND ELECTRONIC EQUIPMENT

HART

DISK DRIVES

Diablo/DRE Series 30 2.5 mb. fully refurbished DEC RKO5
media and software compatable. Front load £550.

Top load £298.
PSU for 2 drives £128.

Diabio -Dre 44 A-4000A or 4000B 10 mb 5+5 removable

pack new and refurbished from £995.

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.
For more information on controllars, expansions and readyto
go sub systems contact sales office.

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.

7 MISS THOSE BARGAINS
DON'T MIZZ (L NOW, IT'S FREE

01-883 1133 wex siim

per day

Originall

COOLING FANS

Keep your “Hot Parts” cool and reliable with our
range of professional fans.
E‘?RI 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 eq[t;ipmen!, life in excess
of 10,000 hours BRAND NEW manufactures
“ice £32.00 our Rricet 12,95
UFFIN/CENTAUR cooling fans DIM 120 x
120 x 38 mm tested ex equipment 240v £6.28
115vE4 95 + p&p£1.90
KOOLTRONICS Powerful snail type blower
gives massive air movement with centrifugal

ac working ONLY £9.98 + £1.90 p&p

s

| ’J/ L n,om DISK Dms

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 manufacturing quality. The 7100 single sided & 7200
double sided drive accept hard or soft sectoring. IBM or ANS! standard Fglrvigx a
massive 0.8 MB(7100) 4 1.6 MB (7200&0! storage. Absolutely SHUGART, BASF,
SIEMENS etc compatable. Supplied BRAND NEW with user manual and 90 day

warranty.

7100 single sided. £228.00 + 9.50 +vat
7200 double sided £293.00 + 9.50 carr +vat
full technical manual £20.00 alone £9.00 with drive, refund of difference on purchase

of drive.

Removed from working equipment but untested. SA120 Alignment disk's £9, 95

rotor DIM as a cube 8" x 8" x6" airaperture 2.5" x " (e
2.5 with flange fixing. BRAND NEW 1 10v 50Hz SHUGART s/h 800-2 8" Drive's 110v £0Hz motor£160 + £9.50 carr.

=

| ==
\ e )

1e”

.

e

SUPER SCOOP

The “Do everything Printer” at a price that will NEVER be
repeated. Standard Centronics interface, full graphics, 4 type
fonts with high definition & proportionai
spacing for word processor applications, 80-132
cotumns, single sheet, roll or sprocket paper handlin%)lus
much more. Availableonly fromDISPLAY ELECTRONICSata
1 ridicutous price of only £299.00
Options: carriage & insurance £10.00
Interface Cable £10.00
RS232 Converter£45.00

"
1/0 TERMINALS 1 s >

FROM E£195 + CAR. + VAT © ', il
Fully fledged industry standard ASR33 data
terminal. Many features including ASCII
keyboard and printer for data I/O auto data
detect circuitry. RS232 serial interface. 110
baud, 8 bit paper tape punch and reader for
oft line data preparation and ridiculously
cheap and reliable data storage. Suppliedin
good condition and in working order
Options: Floor stand £12.80 + VAT
KSR33 with 20ma loop interface£ 125.00 +

Sound proof enclosure £28,00 + VAT

SAVE
£250

SOFTY 2

The amazing SOFTY 2. The complete “toolkit”
for the open heart software surgeon. Copies,
Displays, Emulates ROM, RAM andEPR
ofthe 2516,2532 variety. Manyotherteatures
include keyboard, UHF modulator. Cassette
interface etc. Functionsexceedcapabilities of
units costing 7 times the price! Only

169.00 pp€1.95 pata sheeton request

| MAINS FILTERS

RECHARGEABLE
BATTERIES

CYCLON type DOO1 sealed lead acid
maintenance free 2v 2.5 ah. will deliver

Professional type mains filters as used by
“Main Frame” manufacturers. |deal for curing
those unnerving hang ups and data glitches —
fit one now and cure your problems.

COMPUTER ‘CAB’

Al in one quality computer cabinet

with integral switched mode PSU.

Mainsfiltering andtwinfancooling.

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 deliver 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
filtering, trip switch, ‘power on’ and 'run’ LED's, aluminium
front panel and rear cable entrys. Give your system that
professional finish for onl{li”.” +£9.50 carr.— Dim. 19"
wide 16”deep 10.5" high.

Unitsare in good but usedcondition2400r110vworking—
complete with data Large stocks of PDP 8 spares — enquire.

sablearea16”w.10.5"h.11.5"d.

9" Monitors

DT10 Monitor >

an attractive metat

case DIM ox

10" deep 16" wide and 11"

high. The monitor has a 75 ohm composite
video input with a bandwidth of 18 mhz A
seperate internal PSU delivers 5v dc for
external useand 12 vDCforvideomonitor. The
case has sufficient room inside for mounting
other units such as 5" disk drives etc. Internal
pots give full controt overall monitor functions.
Supplied in a tested, as new or little used
condition. 240v AC operation£38.00 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” x9” x 9". Supplied
complete with mains and input lead. |deal
ZX81 etc orgiving the tele back to the family!!

Suppression Devices SASA

upto5ampload £5.95

Corcom Inc F1886 up to20 amp load £9.50
Corcom Inc F1900 upto 30 ampload £12.25

over 300 amps on short circuitl! Brand new
atonly£2.98

SAFT VR2C size ‘'C’' 1.2v 2 ah. nickel
cadmium £1.50 each 10 for£11.50

Black and White phosphor£3%.00 +£9.00 Carr.
Mixed Semis amazing value contents
include transistors, digital, linear, |.C.'s
triacs, diodes, bridge recs,, etc. etc. All
devices guaranteed brand new full spec
with manufacturer’s markings, fully
(1;_li|_aranteed, 50+£2.95 100+ £5.18

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 normally cost to buy. Fully
uaranteed all |.C.'s full spec. 100+£6.90
00+ £12.30 300+ £19.50

TANGERINE OHIO ETC,

Straight from the USA made by the worid
famous RCA Co, the VP800 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 ASCI1 128 character set, user
definable keys, upper/lower case, roliover
protection, single 5V rail, keyboard impervious
toliquidsanddust, TTL orCMOS outputs,even
an on-board tone generator for keypress
feedback and a 1 year full RCA backed

3uarantee. )
P801 7 bit fully coded output with delayed
strobe, etc. £43.95
VPE11 Same as VP601 with
numeric pad
VP508 Serial, RS232, 20MA and TTL
outputwith 6 selectable Baud Rates
VP616 Same as VP606, with
numeric pad £84.3:
Plug and cable for VP601,VP611£2.25
Plug for VP608, VP616 £2.10

Post, Packing and Insurance £1.9%

ORDER NOW OR SEND FOR DETAIL

£64.26

WIRELESS WORLD JANUARY 1983

D.C. POWER SUPPLY SPECIALS
Experimentors PSU Ex-GPO unit all silicon electronics. Qutputs give +5v@ 2 amps.
+12v@800ma.-12v@ 800 ma. +24v @ 350 ma.5v @ 50 ma. ﬁoating. Dim160x120x
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.
CUSTOMPOWERCOS55 5v@ 3 amp. Very compact unitdim. approx60x90x 190 mm.
Semi open chassis, full crowbar overvoltage protection. Tested Ex Equipment.
£11.9%5 +ppe1.25
MiNI SYSTEM PSU Ex equipment unit ideal for the small micro. Outputs give 5v @
3 amps. +12v @ 1 amp and -12v @ 300 ma. Crowbar overvoitage protection and
iuér;g})limit. Fully tested. Dim 70 x 165 x 320 mm. Complete with Circuitonly£12.98
.00 pp.
PERIPHERAL SYSTEM SUPPLY. Fully cased unit supplied in a Brand new or little
used condition. Outputs gjve S5v@ 11 amps, “+" 15-17v@ 8 amps. “-" 15-17v @ 8 amps
and “+" 24v @ 4 amps. Al outputs are crowbar protected and the 5 volt output is fully
regulated. Fan cooled. Supplied tested, with circuit£5%.00 + £8.50 carr.
MAIN FRAME SUPPLY. A real beefy unit designed for MINI or MAINFRAME use
outputs give 5 volts @ 50 amps. +12v @ 5 amps. -12v @ 10 amps. All output are fully
regulated with crowbar overvoltage protection on the Sv output Supplied with circuit
' andtested Ex-Equip. 110v AC input. Only £49.98 + carr. £10.50.

66% DISCOUNT gouroren:

COMPONENTS

& EQUIPMENT
Due to our massive bulk purchasing programme which enables us to bring you the
best possible bargains, we have thousands of 1.C’s, Transistors, Relays, Cap's, P.C.Bs,
Sub-assemblies, Switches, etc. etc. suriplus to our requirements. use 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 plus we always
include something from curads. for unbeatable value! Sold by weight.

2.5kis£4.28 + pp £1.25 5kls £5.90 + pp £1.80
10kis £10.25 + pp £2.25 20kis£17.50 + pp £4.75

300 BAUD
DATA MODEMS

Join the communications revolution with our
standard EX GPO 2a/bdata MODEMS.
Modem operates on standard CCITT tones
with full auto answer facilities. Will switch to
ANSWERorORIGINATE. Standard RS232i/0
connections. Ideal networks. DISTEL etc.
Complete with data. Untested but good

condition£5F, 00 carr. £8.50.

12300 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 hatf
duplex (2 wire circuit). Features inciude
remote test facilities. RS232 i/o lines etc.
Supplied with data in working order, but less
case cover £63,00 + £4.50 carr.

Compiete input outnut terminal with integral 8
hole paper tape punch and reader. Unit
operates at 150 baud in standard ASCI|. Ideal
asa cheageprinter fora MICRO etc. 120
columns, Serial data i/o. Supplied complete

with data, untested, unguaranteed £65.00
+ £11.50 carr.

Allprices quoted are for U.K Mainland, paid cash with orderin Pounds Stirling PLUS VAT. Minimumordervalue£2.00, Minimum Credit
Card order£10.0€. Minimum BONA FIDE account orders from Government depts, Schoots, Unlversities and established companies
£20.00 Where post and packing not indicated please ADD 60p + VAT Warehouse open Mon-Fri 9.30 — 5.30. Sat. 10.15 — 5.30.
We raserve the right to change prices and specifications without notice. Trade, Bulk and Export enquiries welcome.

4-66 Melfort Road, Thornton Heath, Near Croydon, Surrey

-689 7702 — 01-689 6800 Telex 27924
WW - 071 FOR FURTHER DETAILS

www_americanradiohistorv com

(]

93



ELECTRIC
SHOCK

2 WAYS TO RECOVERY

Display the ELECTRICAL
REVIEW shock first aid
chart (356x508mm) supplied
in thousands to destinations
world-wide. Recent
deliveries include
consignments to companies
in Papua New Guinea,
Dubai, United Arab
Emirates, The Philippines,
apart from UK commercial
and industrial, educational,
Central Government, Local
Authorities’ orders.

ACT AT ONCE — DELAY IS FATAL

ELECTRIC SHOCK

Carry the ELECTRICAL
REVIEW pocket-size shock
card (92x126mm) designed
to help safety and training
officers, medical and
welfare personnel; all who
might find themselves
called to save a life. Always
pocket your card; there’s a
useful two-year calendar on

GET IT - READ IT - PRACTISE 1-4
BE READY TO SAVE A LIFE.

SOMEONE MIGHT SAVE YOURS. the back.

ACT AT ONCE—DELAY IS FATAL!
—T;PC_EI_e—ctri—ca;Ie—ctr;ic_l;re—ss L—td,— - _Pl_e_;s—e—s;d._.—. — c;;—)y;c—op_i;s:s ;d;t; 1

gggﬁ:azlossfles Department, Pocket Card @ 70p each inc VAT 3

Quadrant House,
Sutton, SM2 5AS,
Surrey,

England.

Company registered in England
No 677128. Registered Office

Quadrant House, The Quadrant,

S