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COMMUNICATIONS

! <o WIFQlESS

BROADCASTING COMPUTING
AUDIO I d VIDEO
OCTOBER 1982 wor Vol 88 No 1561

Front cover is John Linsley Hood's
new preamplifier, shown on the
power amplifier featured in June,
July and August: Photograph by

NEXT MONTH

Two-metre transceiver. Six-mode
design with microprocessor
control for mobile use. Nine
frequency memories are
committed by push buttons.

Robin Howes explores the theme
that many thoughtful people in
responsible positions are
concerned about the way
industrial societies are goingin a
two part article on engineers and
socizl responsibility.

instead of trying to ignore Planck’s
quantum hypothesis suppose we
afford it more than lip service;
what then? Dr Murray continues
Heretics Guide to Physics by
discussing the new situations that
would arise.

J. H. Buijs anaIJ'ses reproduction of
binaural recordings via
loudspeakers and gives a circuit
that also improves headphone
reproduction of stereo
programmes.

Current issue price 80p, back issues (if
availatle) £1, at Retail and Trade Coun-
ter, Umits 1 & 2, Bankside Industrial
Centre, Hopton Street, London SE1.
Available on microfilm; please contact
editor.
By posrt, current issue £1.23, back issues
{if available) £1.80, order and payments
to EEP General Sales Dept., Quadrant
House, The Quadrant, Sutton, Surrey
SM26AS.
Editorial & Advertising offices: Quad-
rant House, The Quadrant, Sutton,
Surrey SM2 5AS.
Telephenes: 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.
Telephcne 01-661 3500.
Subsciptions: Oakfield House, Perry-
mount Road, Haywards Heath, Sussex
RH16 ZDH. Telephone: 0444 59188.
Please motify a change of address.
USA: $39 surface mail, $98.30 airmail.
US subscriptions from IPC B.P., Sub-
scriptions Office, 205 E.42nd Street, NY
10017.
USA mailing agents: Expediters of the
Printed Word Ltd, 527 Madison Avenus,
Suite 1217, New York, NY 10022. 2nd
class postage paid at New York.
IPCezBusiness Press Ltd. 1982 ISSN
60€2.
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VISION OF THE FUTURE

MODULAR PREAMPLIFIER
y J. L. Linsley Hood

THE ETHER — AN ASSESSMENT
iy H. Aspuen

COMMUNICATIONS

CIRCUIT IDEAS

FA%[T@EFINDING IN MICRO-BASED SYSTEMS

ELECTRONIC COMPASS
M. Pollock

INTRODUCTION T0 V.D.Us
by C. P. Al

AUDIO OSCILLATOR WITH TONE-BURST
by J. 1. Tiernan

LETTERS

PARABOLIC ANTENNA DESIGN
ay M. L Chiistieson

PROGRAMMABLE GPIB-T0-SERIAL INTERFAGE
hy €. Jay

EPROM EMULATOR
@? P. Nigholis

NEWS

“v7  IMPACT OF THE PHOTON
hy W. A, gfsma_ [{ay
FLOPPY-DISC DRIVES
hyd. B Watlin _
7 METEOSAT HIGH-RESOLUTION IMAGES

M.LC on

SIDEBANDS: PAST, PRESENT AND FUTURE
by . A. Bell

NEW PRODUCTS



DCOL

lﬂeqd Trade Mork )

SOLDERING TOOL

TYPE 444

with
Electronic Temperature

Control Circuit

contained within ;
the handle 4

DESIGN
FEATURES

& NO MOVING
PARTS

& NO MAGNETIC
EFFECT

@ NO MAINS

SPIKING

O MINIMAL
MAINTENANCE
O FULL RANGE
OF PUSH IN
SOLDERING TIPS
OFAIL SAFE
CIRCUITRY

The Adcola 444 operates from 24VAC.
/ 50 VA. 50/60Hz. supply. Temperature
range normally factory set at 360°C is fully

/ variable between 220°C -420°C. The
control circuit is based on a specially designed
/ integrated circuit and uses a thermocouple
temperature sensor.

Full specifications and prices from

DCOL

(ﬂegd Trade Mork )

ADCOLA PRODUCTS LIMITED

ADCOLA HOUSE. GAUDEN ROAD, LONDON SW4 6LH.
Telephone: 01-622 0291/4 Telex 21851 ADCOLA G

WW - 049 FOR FURTHER DETAILS

PRINTED CIRCUITS

FOR WIRELESS WORLD PROJECTS

£4.25
£5.00
£4.25
€850
£4.00
£8.50
£€2.00
£3.50 |

Audio compressor/limiter—Dec. 1975—1 s.s. (stereo)
Cassette recorder—May 1976 —1 s.s.

Audio compander—July 1976 —1 s.s.

Audio preamplifier—November 1976 —2's's.

Additional circuits—October 1977 —1 s.s

Stereo coder—Aprit 1977—14d.s. 2s.s

Low distortion disc amplifier (stereo)—September 1977— s.s.
Low distortion audio oscillator —September 1977 —1 s.s.

Synthesized f.m. transceiver—November 1977 —2d.s. 1s.s. £12 00
Morsemaker—June 1978—1d.s £4.50
Metal detector—July 1978—1d.s £3.75
Oscilloscope wavetorm store —QOctober 1978 -4 d.s. £18.00

Regulator for car alternator—August 1978—1 s.s. . . £2.00

Wideband noise reducer—November 1978—14d.s. £5.00
Versatile noise generator—January 1979—1 s.s. £5.00
200MHz frequency meter—January 1979—1 d.s. az £7.00
High performance preamplifier—February 1979—1 s.s. £5.50
Distortion meter and oscillator—July 1979—2 s.s. £5.50
Moving coil preamplifier—August 1979—1 s s. £3.50

£35 00
-£4.20 each

Multi-mode transceiver—October 1979—10d.s.
Amplification system—Oct. 1979-3 preamp 1 poweramp . .

Digital capacitance meter—April 1980—2 s.s. TTE750°
Colour graphics system —April 1980—1 d.s £18.50
Audio spectrum analyser—May 1980—3 s.s. £10.50
Multi-section equalizer—June 1980—2 s.s. £8.00
' Floating-bridge poweramp— QOct. 1980 — 1s.s. (1 2V or 40\/) £4.00

Nanocomp 6802 or 6809 — Jan., July, 1981 — 1d.s. 1 s.s.. sy e £9.00
Cassetts interface — July, 1981 — 1s.s.
Eprom programmer ~ Jan., 1982 — 1 d.s.
Logic probe — Feb., 1981 — 2 d.s.
Modular frequency counters — March, 1981 — 8s.s.
Opto slectronic contact breaker {Deico) — April, 1981
CB synthesiser — Sept. - 1d.s. |
Electronic ignition — March, 1982 — 1 s.s. £4.00

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

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

WW - 016 FOR FURTHER DETAILS

PRODUCTION

TESTING POWER UNITS

Now available with
3 OUTPUTS

“O J

Type 250VRU/30/25

DEVELOPMENT

SERVICING

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

ALL
Continuously
Variable

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

WW — 017 FOR FURTHER DETAILS
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Electronic Brokers are Europe’s leading Second User Equip
equipment which is refurbished in our own service labora
When you buy used equipment from Electronic Brokers, |

production schedules. All equipment is fully guaranteed.
ANALOGUE VOLTMETERS OSCILLOSCOPES

Bruel and Kjaer
2409 TRUE RMS. Average and Peak 2Hz-
200KHz : .£250.00
Fluke
B845AB Null Detectar ...£810.00
883A AC/OC Oifferential Voltmeter
£615.00
Howlott Pncklrd
3400A True RMS Tmv-300V 10Hz-
10MHz e ... £6800.00
3406A 1mV-3V FSD 10KHz-1.2GHz
. 1 £850.00
Marconi.
TF2600A 1mV-100V FSD 10Hz-10MHz
. £245.00

Raca!l

9301 A RF Milivoltmeter
Rohde & Schwarz.
URV RF-0C Millivoitineter OC 50uV- 1050V
RF 10KHz-2GHz £9850.00

ANALYSERS

Hewlett Packard
3580A Spectrum Analyser 5Hz-50KHz

£525.00

950.00
1417/8552B/8555A 10MHz-1 BGHz
£8750.00
3324 Distortion Mecer SHz-600KHz
£495.00
8407A/8412A Network Analyser
IR ..... £1950.00
Marconi
TF2331 Distortion Meter 20Hz — 20KHz
£475.00
Solartron
1172 TFA. . .£4000.00
Tektronix
7D01/F2 Logic Analyser in 7704A
Mainframe . ....£4950.00
BRIDGES
Marconi
TM4520 Set of induetors ..£350.00,
Rohde & Schwarz.
LRT {BNB100) Inductance Meter. 1pH
100uH. 2.2-28B5KH: . £395.00
Wayne Kerr
B642LCRO.1% . £795.00
SR 268 Source & Dezector. . .. .. £875.00
DVM's AND DMM’s
Fluke

B8300A5% Di L DC anly 14V sensmvmy 5
ranges to 1100V 00
Phili

PM 2523 01 LED 3%2 Digit OMM . £95.00
Solartron.

7055 Micraprocessae DMM. Scale Length
20,000. AC/OC volts, resistance. 1uV
resolution. ... £495,00

FREOUENCY COUNTERS

1 QEOA with Option 13 9 Digit 1GHz
£750.00
Hewlett Packard

5340A 8 Oigit 10Hz-18GHz . .. £3750.00

See us at

23k 1}

TF221 3/1 +TK2214 X-Y D|splay and
memory . .£550.00

Phal :f'

234 Trye Dual Beam Stora
Dscdloscope 10MHz New CRT. %61750 00
PM 3244 50MHz 4 Channel Delay T"Base

...... 1500.00

Toktroml.
475 Dual Trace 200MHz Portable
.. £2000.00
7313 100MHz Scorage Mainframe
..... £2225.00
7603 100MHz Mainframe with 7A18N and
7B53N ... .. £3000.00
77044 200MHz Mannfreme c/w 7A22 Diff.
Amplifier, 7426 Ousl Channel, 7880
Timebase and 7885 Delaymg Timebsase

£4810.00
7904 500MHz Mainframe . 4500.00
S1 Sampling Head. As New £450.00

7014 Digital Counter plug-in 525MHz

.£850.00

434 Dpuon o1 Scorage Dscnloscope
SMHz .. .. ... .£2250.00
PBO1 5 HV Probe. .. £285.00

Tola(gn ment
torage Dsciloscope Fitted with
2 x V4 Pug-ins to give 4 Trace 1 5MHz

..... . £4350.00
CT 71 Curve Tracer .. ... ..... £450.00
Texscan.
puU12012" Display . .. £425.00
RECORDERS
Hewlett Packard
7045A X-Y Plotter T'Base Matric
. £1150.00
Wlunl
MCB416 Channel 250mm Chert Recorder
............. £1495.00
Yok-glw
3047 2 Channel 2 cm/HR — 60cm/MIN
..... £550.00
SIGNAL SOURCES

Howlett Packard.

4204A Decade LF Dscmator 10Hz-1MHz.
1mV-10Vinto 600§ . ... ... . ... £695.00
6068 AM Signai Generat,or S0KHz-
B65MHz. AM% ,,,,, £850.00
BOBF 1 0—455MHz AM/PCM Modulation

V-1Voutput .. ..oooo £600.00
B 1 8-4 GHz int or ext PCM/FM
V-0.224V .. 1000.00
B Test Dscnllar,or 10Hz-1 OMHz
gagav-a. BV . 2 . 00‘:14}:1500
A Freque nthesizer. P
13M LYY £895.00
861 BA Slgnal Generator 1.8 — 4.5GHz
........................ £2000.00

BBEOC + 852508 Sweep Dscitiator
8-12.4 .P.0.A
Marconl
TF144H/4 AM Signal Generator. 10KHz—
72MHz. 2uV-2V £7%0.00
TF20028B AM/FM 10KHz-88MHz

£4200.00
TF2170B Synchromzer ‘for TF20028

. £450.00

82 Stand J7

ment Comp
tories and cal

TFO95B/2 AM/FM 200K Hz-200MHz
.............. £695.00
TF2005R 2 Tone S»gnal Source. 20Hz-
20KHz. 0-111dBin Q 1dB steps . £295.00
TF2008 AM/FM_ 10KHz-51 MHz built in
sweeper. Dutput 0.2,V-200mV £3500.00
TF2016 + TF2173 Synchroniser AM/FM
£

10KHz-102MHz. .. . 2000.00
TF2169 Pulse Modulator for use with
TF2015 or TF2016 £200.00

TF 2000 AF Signal Source
TF2015 + TF2171 Generator &

£3865.00

Synchroniser £1850.00

Phitips.

PMB456 Stereo Generator .£250.00

Radiometer

SMG1 Stereo Generator £375.00

Telonic

1006A Sweep Dscilator 450 — B50MHz
.£750.00

TRANSMISSION

MEASURING EQUIPMENT

Siamens.

D2072 + w2072 Level Meter and
Dsciliator. 50KHz-100MHz. .. £2200.00
W2006 + D2006 Carrier Level Test Set.
10KHz-17MHz. —100to + 10dB
hiw. . bl £1650.00
W2007 + D2007 Carrier Level Test Set.
BKHz-18.6MHz, —120to +20dB
. £1800.00
Wande! and Golterman.
PF-1 Digital Ecror Rate Measuring Set.
Consisting of PFM-1 Oigital Error Rate
Meter and PrG-1 Pettern Generator
.. £2490.00
SPM-B and PS-6 tevel Maasuring Set.
BKHz-18.6MHz. —110dB to + 20dB.

Mains / battery operation £2450.00
MISCELLANEOUS
Brus! & Kjaer

2209 Sound Level Meter . .. £975.00

Dymar

2585 AF Power meter 20Hz-30KHz

10yW 50W i nnpuc imp 1.2-1000 @
£250.00

any. We carry large stocks of the ve
ibrated to meet the manufacturer’s sales specifications.
it can be yours in just days. No waiting for manufacturers lengthy

latest test

Ferrograph
RTS 2 Test Set.
Fluke
3010A Logictester. Self Contamned.
Portable. Full Spec. on Request . £8500.00
Hewiett Packard.

B403A Moduiator Ftted With 87328 PIN
MDCULATOR £1500.00
B8412A Phase Magnitude CRT dlsgia tor
network analyser é .00
B8482H Power Sensor 100KHz-4. EGHz AS
NEW £250.00
B745A S Parameter Test Set. Fitted with
116044 Universal Arms 0.1-2GHz

£355.00

£2750.00
59308A HP-iB Timing Generator. £300.00
Marconi.
TF2162 M F. Attenuator. 0-111dB
£135.00
TF 2202 RF Power Meter DC — 1GHz 10W
£525.00
TF2331 AF Distortion Meter
20Hz-20KHz .£475.00
TF2500 AF Power Meter. 7 ranges 100;4
watts to 25 watts £275.00
TMB8339 AC/OC mixer for use with TF2702
£250.00
Rohde and Schwarz.
MSC Stereo Coder. 30Hz-15KHz £500.00
Schatfner
NSG 509 Pulse Test Generator . . £785.00
Shacikman
Super 7 MKii Camera £275.00
Tektronix
141A PAL Test Signal Generator
£1750.00
1481CPAL TV Waveform Monitor
£2375.00

*191 Constant AmghLude Sig. Gen. 325§)KH2»

100MHz SmV-5 0.00
106 Square Wave Generator 1 nS risetime

10Hz-1MHz without accessories. £475.00
284 Pulse Generator 70pS risetime . £950
1502 TOR £3500.00
2901 Time-Mark Generator .£1985.00

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

([ Rl s Rl _:1
Electronic Brokers | ===

== -

= |l == | e
= | == = |
= = o1

Electronic Brokers Limited
61/65 Kings Cross Road

LONDON

WW — 200 FOR FURTHER DETAILS

CIX 9LN
Telephone: 01-278 3461
Telex: 298694 Elebro G

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




PORTABLE MAINS DISTRIBUTION

NOW WITH EARTH LEAKAGE

AND FOR MAXIMUM SAFETY

FOR INSTANT MAINS DISTRIBUTION IN
OFFICES, LABORATORIES, WORKSHOPS

' N13A/6 ‘
£23.40, £1.50 P&P + VAT

~ BEL5SW
£61, £2.25 P&P + VAT

foem gl -1
o ER RS
il - |

13A/6SW Sloping
£26, £1.50 P&P + VAT

TRO £38.75, £2.50 P&P + VAT

£44.50, £1.50 P&P + VAT

PEL3
£65, £2.25 P&P + VAT

13A/4SW
£22.40, £1.50 P&P + VAT

T13A/5
£21.75

£1.50 P&P
+ VAT

" N13A/3 -
£16.77, £1.50 P&P + VAT

DELIVERY EX-STOCK

FACTORY NO. 8,5-7 LONG STREET =

OLSON Eectronics Ltd. LONDON E2 8HJ Tel: 01-739 2343

Purs wweith Acoesm

137 Standard Ranges in a variety of
sizes and stylings available for 10-14
days delivery. Other Ranges and
special scales can be made to order.

Full Information from:

HARRIS ELECTRONICS (London)

138 GRAY’'S INN ROAD, W.C.1. Phone: 01/837/7937

Telex: 892301 HARTRO G.

Telex 32630 ANGLIA G

WW — 018 FOR FURTHER DETAILS

L)

1{1] g Ni-Cads!

Available from stock NOW!

1.0 FARAD 1.0 FARAD
SUPERCAP SUPERCAP
+

+
5101 1703 7507
C.MOS Programmable C.MOS
R.A.M. Tuner Chip  Microcomputer A
1 MONTH 1 WEEK 1 DAY c

Only part of the ‘
Anglia range of An Ila
NEC components
COMPONENTS

THE PARTS YOU NEED
~ fast!

1.0 FARAD

SUPERCAP
+

Burdett Road, Wisbech,
Cambs, PE13 2PS
Telephone 0945 63281

WW — 046 FOR FURTHER DETAILS
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New Fluke
4'/2 Digit
Hand-held

Basic dc accuracy 0.04%: 10uV. 10nA
and 10 mQ sensitivity

Display annunciators for low battery
[BT) and special functions. frequency
{kHz). dB. conunuity (=<1} and
relative reference (REL}

Autoranging M Q measurements from 2
MQ1o300MQ

Conductance functions for resistance
measurements to 10,000 M Q

Separate constant-current source diode-
test function fcr checking
semiconductor junctions

Fuit range capability for voitage. current,
resistance (20C uA," 200 mV and 2002
ranges)

Wideband Tru= RMS AC measurements
to 100 kHz

Overload protection to 750 VAC or
1000 vOC on voltage inputs and 500 V
on resistance. Protection on current
inputs provided by a 2A/250V fuse in
line with a heay-duty 3A/600V fuse
Sophisticated seif-diagnostics provided

I ‘ .
H | Lo MAST l for all range and furiction selections plus

h LCD display. battery and CMOS
SYSTEMS arcutry

x Fluke's 8062 A makes many of the same
measurements as the 8060A. at & iower
price
Continuity and relauve reference
functions identizal to 8060A
True RMS measurements to 30 kHz
Basic dc accuracy 0.05%. 10gV, 10.nA

P N E U M AT' C . and 10 m{ sensitivity
TELESCOPIC Fluke 8060A £275.00
Fluke 8062A £210.00
M AST s Fluke 8022B. With 2year warranty £95.00
Fluke8021B. With 2 year warranty £105.00
Fluke8020B. With 2year warranty £135.00
FlukeB8024B With 2 yearwarranty £165.00
Fluke 8050A MainsModel £275.00 MainsBattery €305.00

Fluke8012A MainsMode! €245.00 MainsBattery €270,00
Fluke8O10A Mains Model €£185.00 MainsBattery €215.00

ACCESSORIES

AB81-230 Battery eliminator £15.00
C90 Carry case for hand held £11.00
801-600 Amp clamp £75.00
80J-10 Current shunt 10A £24.00
80K-40H.V probe 40kV £62.00
80K-6 H.V. probe 6kV £44.00
80T-150 Temperature probe £79.00
80T-H Touch hold probe £40.00
83RF R.F probe | O0OMHz £44.00
8SRF R F probe 500MHz £76.00
Y8102 Thermocouple probe £45.00
Y8103 Bead thermocouple £20.00
Y8104 K type thermocouple termmnation £9.00
Y8133 Deluxe test leads £15.00
Full Specs. on Request.
The above prices do not Include carrlage
or VAT (15%).

Simply Phone or

Telex your order for
immediate dispatch.

Electronic Brokers Ltd
61/65 Kings Cross Road

D Telephone: 01-278 3461

phe SETSRSEEE)IC?A%Ygls:BDI?IEG_LA“r/\‘JADLDON ~ Telex: 298694 Elebro G
Tel. MALDON (0621) 56480 WW - 201 FOR FURTHER DETAILS
TELEX NO. 995855
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CX80 COLOUR T

MATRIX PRINTER £795 +v.aT

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-
Ltation of complex data or concepts.

Compatible with most microprocessors, prints in 7 colours — sophisticated internal

programme makes the CX80 easy to use.

Dot Addressable + 15 user programmable charact
characters in rom. Centronics interface with RS232
interface gives dot for dot colour dump. New viewdat
side by side in full colour. See Prestel 200650.

ers, 96 ASCIl and 64 graphics
and IEEE488 options. Apple |l
a interface prints out two pages

The CX80 is a product of our own desi

a British breakthrough in colour printer technology. Colour brochure on request. OEM

pricing available.

INTEGREX LIMITED

gn and development laboratories. It represents

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

IN VIEW OF THE EXTREMELY RAPID CHANGE TAKING
PLACE IN THE ELECTRONICS INDUSTRY, LARGE QUANTI-

RADIATION DETECTORS _

BE PREPARED |

VIEW THRU LENS »

TIES OF COMPONENTS BECOME REDUNDANT. WE ARE
CASH PURCHASERS OF SUCH MATERIALS AND WOULD
APPRECIATE A TELEPHONE CALL OR A LIST IF AVAILABLE.
WE PAY TOP PRICES AND COLLECT.

BROADFIELDS & MAYCO DISPOSALS

21 Lodge Lane, N. Finchley, London, N.12. 5 mins. from Tally Ho corner
Telephone 445 2713/0749 (9461)

WW — 071 FOR FURTHER DETAILS

Ideal for the experimenter
8 THIS DOSIMETER WILL AUTOMATICALLY
DETECT GAMMA AND X-RAYS
B UNIT IS SIZE OF FOUNTAIN PEN & CLIPS
ONTO TOP POCKET
B PRECISION INSTRUMENT
B MANUFACTURERS CURRENT PRICE OF A
SIMILAR MOOEL OVER £25 EACH
MO-5R
British design & manufacture
Tested and fully guaranteed. Ex-stock delivery.
As supplied to Fire Sarvices/Civil Defence

RECHARGE St RVICE
‘;REE AFTER PURCHASE

COMPLET
WITH DATA

Official Qsders welcome

01-723 10089

NEW OFF THE SHELF
QUALITY ENCODER DISCS

Veco Electroforming Photo-etching Limited, one of the
largest European suppliers of custom-designed
electroformed and photo-etched components is now
offering a range of “‘off the shelf” encoder discs.

These will enable small users to purchase at highly
competitive prices and larger users to carry out initial
development work and prototype manufacture prior to
purchase of production quantities. In addition, these “'off
the shelf” designs can also be supplied in larger quantities
for production with a relatively short delivery time.

»
s

7
e

©

The initial range is as follows:

1. Diameter 30mm 120 slots — Price 1-5 off £5 each
2. Diameter 60mm 120 slots — Price 1-5 off £7 each
3. Diameter 60mm 240 slots — Price 1-5 off £9 each
4. Diameter 80mm 360 slots — Price 1-5 off £12 each
Price reductions available according to quantity.
Specification: '

Material Hard Nickel 0.08 to 0.09mm thick.

Centre Hole 10mm + 20 microns.

Slot Width Tolerance + 7 microns.

Mark Space ratio 1to 1

Angular Tolerances + 20 seconds

General Tolerances + 20 microns.

Delivery is from stock.

Contact: VECO ELECTROFORMING/PHOTO-ETCHING LTD

36 Essendene Road
Caterham, Surrey CR3 5PA Tel: Caterham (0883) 46062

Please send Name___ = — Job Title. _
wirttr:wgl:tdetalls Company Name and Address S .
k obligation to = - _Tel. No. R J

WW-051 FOR FURTHER DETAILS
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S WILMSLOW

RAUDIN

The tirm for Speakers

\
Bigger and Better for 1982

the colourful Wilmslow Audio brochure
—the definitive loudspeaker catalogue!

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

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

Flatpack cabinet kits for Kef, Wharfedale and many others.

* Lowest prices — Largest stocks &
+ Expert staff — Sound advice *
+ Choose your DIY HiFi Speakers in the comfort of our *
two listening lounges
(Customer operated demonstration facilities)
+ Ample parking *

Send £1.50 for catalogue
{cheque, M.O. or stamps - or phone with your credit card number)

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

The firm for Speakers

=2
0625 529599

35/39 Church Street, Wilmslow, Cheshire SK9 1AS
Lightning service on telephoned credit card orders!

WW — 061 FOR FURTHER DETAILS

AUCTION

Appointed by the plant management we are auctioning modern pro-
duction equipment ot the Color-TV-Tube Manufacturing Plant of
Messrs.:

VIDEOCOLOR GMBH

D-7900 ULM-DONAUTAL, Graf Arco St. 3

Tuesd. Sept. 28, ’82
Wednesd. Sept.29,’82

starting from 9.30 A.M. each day

The following will be auctioned:

approx. 700 measuring and testing units electrical and mechanical, la-
boratory agitators, measuring devises, degreasing plants, ultra-sgnic
washing plants, kiln systems, automatic welders, continueus reduc-
tion furnaces, AEG-make, planishers, UNGERER RM 900 1/23, hy-
draulic drawing presses, continuous annealing furnaces, automatic
coating machines, autematic fail applicators, vacuum pump units, auto-
matic color-TV picture tube testers, solder applicators, rotary con-
veyors, fail and acetone reclaiming machines, fully automatic media pre-
paration and mixer systems, neutral ization piant, laboratory equipment,
centrifuges, goods wagons, lifting platform. palletizing and racking sys-
tems, office furniture and office machines, automatic lathes, machi-
ne tools, EDV-system AEG 8020/4 type and many other items
Inspection: on Monday September 27, 1982 from 10 AM.10 6 PM.
on auction days from 8 AM. to 9.45 AM.. Preliminary inspection of
large plant and equipment can be arranged subject to prior agree-
ment.

Please ask for our detailed catalogue.

HORST F.G.ANGERMANN
HAMBURG VEREIDIGTER U. OFFENTLICH

B BESTELLTER VERSTEIGERER
SCHATZER FUR

IMMOBILIEN, MASCHINEN UND INDUSTRIEANLAGEN
D-2000 Hamburg 11 - Mattentwiete 5
Telefon (040) 36 76 91-93 - Telex 02-13 303 - 02-15 272

WW - 079 FOR FURTHER DETAILS
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HM 203 PORTABLE
OSCILLOSCOPE

Dual Trace DC to 20MHz 8 x 10cm
display Risetime 17 5nS. Sensibvity
5mVv/icm-20Vicm. Timebase 0.545-0 28
x 5 magnifier X-Y operation Auto or
varable tagger Channel 1. Channel 2
line and external. Coupiing AC. or TV
low pass filter Weighs only 6Kg Size
[mm}H 145 W 285 D 380 £220.00

HM 307
OSCILLOSCOPE

Single trace DC to 10MHz Risetime
35nS 5mv/cmto 20Vicm Timebase

0 5u15-0.2S Built in component tester
LPS technique provides stable and
reliable triggering up to 30MHz £138.00

HM412-5

Dual Trace DC to 20MHz 8 x 10cm
display with internal graticule Rise ime
17 5nS Vandble input 2mv-20V/icm
Add and invert modes Timebase

0 5uS-0 25 with sweep delay 100nS-1S
x 5 expansion X-Y operationZ
modulation Trgger CH1. CH2. CHI1/2
Lineor EXT £350.00

Dual Trace DC-70MHz 8 x 10cm display
with internat graticule Risetime 5nS
Vanable input 2mv-20V Add and invert
modes 95nS Signat Delay Line

Timebase 50nS-1S/cm with Sweep delay
100nS-1S x 10 expansion XY

operanon Z modulaton. Trgger CH1

CH2 CHI1/2 ineor EXT £580.00

The above prices do not include carriage
or VAT (15%).

Simple Phone or
Telex your order for
immediate dispatch.

Electronic Brokers Ltd
61/65 Kings Cross Road
London WCI1X 9LN
Telephone: 01-278 3461
Telex: 298694 Elebro G

WW - 202 FOR FURTHER DETAILS
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+w POWER RESPONSE DC — 45KHz + 1dB.
* OUTPUT POWER IN EXCESS OF 1.5KW INTO 2.75 Ohm LOAD:
(CONTINUOUS RM.S.)

% D.C. OUTPUT 20 AMPS AT 100 VOLTS OR 2KVA.

% HARMONIC DISTORTION LESS THAN 0.05% DC-20KHz AT 1kW INTO 6
OHMS.

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

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

* OUTPUT MATCHING TRANSFORMERS AVAILABLE TO MATCH
VIRTUALLY ANY LOAD.

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

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

% INTERLOCK CAPABILITY FOR UP TO EIGHT UNITS.

% 3-YEAR PARTS AND LABOUR WARRANTY.

% UNITS AVAILABLE FROM 100VA-12KVA.

—_—

For full details on all Amcron Products write or phone Chris Flack 0 d e I

P.0. BOX 3 : -
wmeree. Analogue Associates

Tel: 0953-452477
PROFESSIONAL INDUSTRIAL ELECTRONICS

$T N e 3 il
WW - 027 FOR FUR_THER DETAILS |

2 A low cost tool forleaming, teaching & prototyping.

“'Micro-Professor is a low-cost Z80 based microcomputer which provides you withan
interesting and inexpensive way to understand the world of microprocessors and utilise

{by phonie or post|

Complete the coupon their unlimited potential.

today! - Micro-Professor is a complete hardware and software system whose extensive
Please allow 28 days for delivery. manual gives you detailed schematics and examples of programme code. A superb
Please send me:  Price  Qty p&p learning development tool for students, hobbyists and microprocessor engineers, as
Micro-Professor ~ £79.95 £295 | well as an excellent teaching aid for instructors of electrical engineering and computer

SSB-MPFboard  £69.95 £2.95 _srcier'w‘ce.cm;rses. ificatl

EPB-MPFboard  £84.95 £295 echnical specification _ 4 _

PRT-MPF board  £74.75 €295 | 280 CPU, 2K RAM, 2K monitor, 24 1/0 lines, LED display, cassette interface, CTC/PIO
Total facility, 2.25" speaker, three manuals, 36 keyboard. Options include, EPROM board,

speech board and printer board.

Please send or telephone for full details.

s — S £7995 .

FLIGHT ELECTRONICS LTD. Flight House, Quayside Rd, Southampton,
L —— . Hants SO2 8AD. Tel: [0703] 34003/27721, Telex: 477793.

wwio/ez Mail order only ® Trade enquiries welcome ® Bulk order discounts ® Prices include VAT

WW - 005 FOR FURTHER DETAILS
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THE MOST COMPREHENSIVE RANGE OF COMPONENTS, KITS
AND MODULES IN THE WORLD & THERE'S ONLY ROOMFOR A
FRACTION HERE, GET THE CATALOGUE AND FIND THE REST.

BAND 2 TUNERHEADS (Varicap Tuning)

EF5804

2 MOSFET of stages MOSFET mixer,

JFET IF preamp, with internaily ampli-
fied PIN diode AGC. Tuning voltage
'or 88-10BMHz is 2.8V. Buftered LO
output. AGC input
145 x 710 x 24mm,

1-24 25+
24.95 19.65

Stock No.
40-05804 Bt

7255 The latest complete FM
tunerhead from RF input to

stareo output. MOSFET RF

stages, HA11225 |F and

K B4437 stereo decoder. 7255 special offer prica

£30.00 plus VAT

911225A The 8112254 is the 7230
‘edited’ and shrunk into a scresned
metal 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 'Hyperti series decoder module

with the TOKO KB4437 pilot cancel
PLL IC birdy filter and the KB4438 muting stereo
audio preamp with 26/38kHz pilot tone filtering.
Stock No. 1-24 25+
40-04378  Built 19.95 1805

DFCMS500 Wide range digital frequency/
capacitance meter. Frequency ranges;;
0-1MH2, 1-50MHMz and 80-S00MHz. 8 digit
LED display, mains or Ni-Cad battery operation
Stock No. 1-24 25+
40-01500 Kit 95.95 86.50

AUTOBRIDGE

An Automatic power tracking VSWR and selt-
ranging power meter. Complete Kit: All PC8s,
board mounted components, maeters, case
{undrilleg}, transfarmer etc.

Stock No: 40-40400 £52.86 + £1.50 P&F

Sub D £2.15; D £3.05; PP3 £3.

FET DIP OSCILLATOR

An essential piece of test squipment for the RF
constructor. GDO or WM function covering 1 6
215MHz in five ranges. Audio and meter
indicetion. Kit inciudes, fibre glass PCB, all ccm-
ponei.ts, all hardware, punch, painted and scraen
printed case, wire etc. tor coils and printed scale
Stock No: 1-24 25+
40-16215 Kit 17.90 16.20

10.MHz SSB GENFRATOR
PCB, All componants, eight-pale crystal
filter.
Stock No. Price
40-10700 £29.65

R&EW PROJECT AND DATABRIEF PCBs
High quality glass fibre printed circult boarcs
for projects and Databriefs published in Radio

. ol & Electronics World.
27MHMz Deviation Metar £1.98
} PA105 £3.39
TV Pattern Generator £5.70
\3_ "I““ da MCIas s £257
2m Pre-a £0.97
| KB4417 (Undnllad) £0.60
0-30V PSU £3.92
2m PA Mk |1 £5.14
UL N3859 {Undrilled) .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 1.6d83,
i/p and o/p impedance, 50 ohm size; 34 x 9

x 15mm. From April ‘B2 R&EW.

Stock No 1-24 25+
40-14400 Kit 255 2.30

70cm PRE-AMP
Compact low-noise pre-amp. Gain at 433MHz:
13dB. /P and O/P impedance 500hms. Size

50 x 10 x 17mm. From March ‘82 R&EW
Stock No. 1-24 26+
40-07000 Kit 3.90 3.60

2m POWER AMP
20 watt 144MH2 linear power amplifier. 10dB
gain, 2W input — 20W output. Automatic
switched relay. By-passes power amp In rece(ver
mode. Oevaloped from original class C version
in Dec 81 R&EW. High powser output relay.
Pre-drilled 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 THEERE’S PLENTY MORE IN THE CATALOGUE 70p inc.

RETAIL SHOP OPENING HOURS NOW IN STOCK
Monday to Thursday 8.30-8.30 MF10 — National’s new Dual
Friday 8.30-8.30 Saturday 9.00-6.30 Switched - Capacitor Filter:

k {Access + Barclaycard orders accepted) Frige ~£5.08
ALL PRICES SHOWN EXCLUDE VAT. P&P 50p per order.

AMBIT INTERNATIONAL DEPT. WW

200 Narth Service Road, Brentwood, Essex

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

TELEPHONE (STD 0277) 230909 .TELEX 995194 AMBIT G  POSTCODE CM144SG

WW — 048 FOR FURTHER DETAILS
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Electronic Brokers
DEC SAl

a selection fromour huge stocks

All items reconditioned uniess otherwise stated

WORD PROCESSORS
SPECIAL PURCHASE DF THE BEST-
SELLING DEC WS78 WORD
PROCESSDRS
% VT78 32KB Video Data Processor
RX01 Dusl Floppy Disk Drive
Diablo Letter Quality Printer
Mounted in mobile unit with storage
cupboard
Includes complete WP Software
package £2,950

S8YSTEMS

PDP11V03 SYSTEM

11/03 32KB Processor including

Console Interface

RXV11 Dual Floppy Disk Drive and Control

Low Cabinet on Castors

RT11 Licence £1,525

PDP11/34A SYSTEM
11/34A 128KB Processor
RKB611 14MB Disk Drive and Control
RKOG Add-on Disk Drive
LA36 Console

H367 Rack Cabinet

PDP11/70 SYSTEM [NEW)
11/70 CPU 512KB MOS

Dual Data System Cab.

AWMO3 §7MB Disk Drive and Ctl
LA120 Console Printer

PROCESSORS
PDPBA-20532KWMOS[NEW] . ..
PDPBA-4008KW Core .
PDP11/0410% " 32KBMDS
PDP11/34A12BKBMOS
PDP11/34A256KBMOS . .
PDP11/4096KW Core, KT110 ...
PDP11/44256KBMOS . .. £1
PDP11XA44-CB256KB. TUSB . £12, 1750
PDP11/7051 2KBMOS[NEW] £43,000
KMC11A Auxiliary Processor . 5875

PRINTERS/TERMINALS
LA36 DECwriter l 20mA
LA36 DECwriter [IRS232
LA34 DECwriter IV
LA180-PD Paralle!
DECprinter [NEW
LA180-ED RS232 DECprinter

£11,750

£55,000

£295
£325
£425

£4985
£670
£199
£225

£485

N

{/T%\S/BECSCODE 20mA
VT50 DECscope RS232
VT55 Graphics DECscope
[NEW]

Manufacturer’s
surplus — ALL

BRAND NEW BOXED

ADD 15% VAT TO ALL PRICES

INTERFACES
DL11 W Asynchronous|/F .
DU11DA Sénchroncus \F .
DUP11 DA Synchronous I/F . .
KLBE Asynchronous BEI:J
KLBJA Asychronous BA
M7258Printerl/F{PDP11]
MB207 Printerl/F[LSI11]
MB342 Printeri/F [BE, BA]

PDPBA

PDPBA-205 Processor 10% ",

32KWMOS (NEW] .

PDPBA-400 Processor, KW

Core, KMBAA, OKCBAA .

KCBAAProgrammers Console

KMBAA Option Module . .

MMBAABKW Core Memory .

MMBAB 16KW Core Memory .

MSBCB 32KW MOS Memoar

RXBE Dual Roppy & CU[N .

RX28 Dual Floppy and Ctl [NEW] ...
DPTIONS

AR1116channel A/D

BA11FE expander box

BA1 1KFexpander box

BA1 1LFexpanderbox.

DH11AC Multiplexor

DH11AOMultiptexor . . . .

0J1 1AAMult|p‘exorE‘IA[NE\N] o

DL11 Serialinterface

DL11W Asynchronous Interface

DM11DA Line Adaptor

DR1 1K Digital /O

DU11DA Synchronous Intertace

DUP11 DAéynchronwslnberface

DZ11AMuluplexor

DZ118Multiplexor . .

FP11A RoatingPoint

FP11E Flioating Point[1 1/60]

H720Power Supply

H744 Power Supply .

H745 Power Supply .

H754 Power Supply

H775BBBatteryBack-up . .

H775CB Batr.ew Back-up(11/34].

H77508D Battery Back-up(11 /44]

KE11AExtended Arthemtic

KE1 1BExtended Arithmetic

KG11ACRCmodule

KIT11HBusInterface

KK11A Cache Memory

KT11DMemory Management[NEVV]

KW1 1L Real Tme Clocl

KW1 1P Programmable Clock

LP11 Printer Controimodule.

£225

.£1,750

£1,500
278

| g27%
. £500
 £995
£750
£995
£1,850°

Scoog purchase of factory
refurbished Anderson Jacobson
AJB32 daisy wheel printers
complete with full keyboard,
integral stand, and RS232
interface. Utilising the famous
RUME Printer Mechanism.

NOW ONLY £750

HAZELTINE 1510
(MLP £880).0nly£550

HAZELTINE 1520
(MLP £1050].0nly£6295
HAZELTINE 1552
(MLP £800].0nly£395
HAZELTINE 1410
[MLP £475]).0nlyE£E295
HAZELTINE 1420
(MLP £515).0nly £350

New Autumn '82 Catalogue now out.
Send for your FREE copy now.

Carriage and Packing extra

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

London WG1X LN. Tel:01-278 3461.Telex 298694
=S 122 12 = | ==

= =

I:d:l

Electronic Brokers | == |
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PANEL
SWITCHES DIL SWITCHES VEROBOARD 0 1in E%Boar% ;g 1DC CON':'CEE.TORf v es | METERS RELAYS
TOGGLE 2A. 250V [SPST) 4 way 70p; 6 way 85p; ciag plan | OF B0 144 b lsion Socket  Pins | FSD Minature. enclosed, PCB mount
SPST 33p | Bway90p: 10 way 145p. 212 - 314 80p  65p i 0 P pios Angl | o a6 x 35mm | Jur RL6 series
DPDT aap | (SPDTi4way 190p 212-5 9 - o oS g 6oy | 0-504A c
ROTARY SWITCHES 334~ 3324 91p — | PROTO DECs 2x5way  90p U p  65p i RL6-91 1701t coil. 7V5 to 12V D
SUB-MIN TOGBLE | (x5 siable Stop type) 3% .5 16p 87 | Veroblock Wsp| 2xBway 13p 180p 10p 78 | O100M 380V /6A AC. 1300VA/50W  210p
SPSTon/of  58p | {0012 10 12 way. 20/2 t0 6 way 33417 360p 232p | S Dec 350p| 2x10way 15p 166p 126p %0p | 0300 OPCO
SPDTc/over  60p | 5 01005 0 4'way. dp/2to3way  45p | 434~ 17  a70p - | Eurobreadboard  520p| 2x13way 175p 200p 150p 110p | O 1M 341 conl. 4V2-7V DC. 250V AC; 5A
SPDT centre off 85p Pkt of 100pins S0P | Bimboard | 575p | 2x17way 205p 2%6p 18%p 1%p | 09MA 1100VA/150W 218
SPDT biased both | ROTARY: Mains DP 260V 4 Amp Spotface cutter 1350 | Superstrip SS2  1350p | 2x20 way 220p 250p 130p 150p | O A ALE 111 1706 corl. BV-14V. 250V AC
BSBST .~ ‘%ﬁ on/ott 60 | Pininsertiontoo!l 178p | 2x25 way 23p 270p gp g‘sop 0 loB"mA SA 220p
aas =4 4
DPDT centre oft 88p | ROTARY: (Mak-a-swich) I 7EROWIRING DALD ETCH [xS0iwey ° “® | o-s00ma AL6 114 7500 col. 17v5:28V 20V
DPDT biased both [ Make a multiway switch. Shafting as- | pp ™ "gp o) 340p | RESIST PEN 0-1A ’
ways 145p sembly has adjustable stop Accom Spare Spool 750 . Sparetip 30p 0.-2A
DPBT 3 positions modates uo to 6 wafers Combs & EURO CONNECTORS 0-25v
oY e 1 {max 6 pole/12 way - DP switch} Female Sochct Maie Plug 0-50v AC PIEZO TREANSOUCERS
3-pole2way 205p | Mechanismonly 90p | FERRIC CHLORIDE uunnsov&c“ .:... A:uw ?" ango o-saoov AC
WAFERS: (make before break. 1 b bag Anhydrous TRANSDU s Pis o Pins UsT Type PB-2720 55p
SLIDE 250V the above sw:c:m:cg:ns:a 1o fi 195p + 50p P&P \ 40KHz 326 pr DINA1617 VU
DPB¥ }ﬁ 4 ;;p 1 poie/12 way: 2 pole/6 way; 3 pole/4 gm;{mz 180p 1850 496p each =
pP c/o ] y 4
DPDT 124 3o | SR eneieeZvey %% | COPPER CLAD BOARDS 23208 W My 26 M | coveraie BUIZERS, miniawre  solid-state
Fibre Single Double SRBP DiNA1612 6V 9V & 12V P
PUSHBUTTON 6A o glass swed s‘\d:d ) 0 f)maﬁ;vfg 32350;: Wy B 0 ?chbTS;(HI 50350
ROCKER: 6A/250V SPST 28, 6 6 90p 110p 95p x
with 10mm Button ROCKER. 1047250V SPDT 3 | 6 12 1sop 195p A48:C e 2y Tp | 200KH: 2681 LOUDSPEAKERS
SPDTlatching 93P | ROCKER: 10A/250vV OPDY c/off  95p —] A 275 .
DPDI latching 145p | ROCKER. 10A7250v DPST with neon DIL SOCKETS EDGE LL 75| Minawre 03w e w0
SPDTmoment 99p 85, Low Wire CONNECTORS DIL PLUG iHeadess) | | 9594, 251 an3iin2in 3 P
DPDT moment 1458 |y, MBWHEEL Mini front mounting Prof. Wrap i 156 | RIBBON CABLE Soider fDC| 1Z8MHz  392| 24in40:: 6attor 80U 80p
Mini Nor Locking Decade Switch Module 20p gpin  Bp 259 g* R a0 priceper oot | 14pin  44p  99p| gyt f
PushtoMake 16p | B.C.D.Switch Module 27150 14pin 10p  35p e Sk o Grey Cg‘zﬂ‘ 16pin 49p 105p| | ‘gaaon, 200 | ASTEC UHF MODULATORS
PushtoEreak 25p | Mounting Cheeks per pair 7P| 1o 10p 420 Sy an 20 1 10way Wp 220l 20pn 880 1780 5 on; 225 | Standard 6MH: 280p
o Wi ss’lzlp 2 % 25 way 25p 220p 20 vv::: ZSE 40p DD B 2.4576M 200 | Wideband 8MHz 250
JUMPER LEADS (Ribbon Cable Assembly) ggg:’; %g: 700 2% 28 way 210p 24 way 30 S0p | 2iF DIL 3278, 150 B
ETI Length 14 pin 16 pin 24 pin 40pin | 5400 250 T0p 2 x30 way 245p 34 way 48p 60p | SOCKETS 36864M 300 R
PROJECTS Single ended DIP (Header Plug) Jumper 28pin  28p  80p 2% 36 way 29p 40way 55p 750 | 24pin  575p 4 OMH2 180 | 'WEMON’ New Version
Westock | 24 inches p  165p 0pin  30p  99p 2 x40 way 315p 50 way 65p 90p | 28 pin 820 4 032MHz 290 | WATFORD'S
most of Double ended DIP {Header Plug) Jumper 2 x 43 way 395p 61way 85p 110p | 40pin  97Sp 2.80MH 200 N Moni Ic
the parts 6 inches 185p 205p 300p 465p 2% 75 way550p 4-]9430:'\4 00 Ultimate Monitor
12 gm:hes 198p 215p 315p 4%0p |— Solderco 4437619M 00
24 inches 210p 235p 345p  540p ANTEX SOLDERING IRON O 5.0MHz 160 | A 4K Monitor chip specially designed
36 inches 230p 250p 3I7T5p  S%p | C15SW  450p CX17W  475p | 8 © CONNECTORS: Miniature 5 186MH? 300 | 10 produce the best from your: Super
Il @ IDC Header Socket Jumper Leads 24" | CCN-15W 495p CX25W  500p S 9 way 15way25way3/way | 232500 300 | board Seres | & 0. Enhanced Super
20 pin 26 pin 34 un 40 5in | Spare tips, assorted sizes 65p 500 p‘ . Plugs 14 board & UK101. As reviewed by Dt A
Single ended 160p 200p 260~  300p | Spare Elements 210p 32‘5’ o Solder lugs  80p 110p 160p 250p | g'yaamp; 150 | A Berk in Practical Electronics, June
Double ended 2%0p 370p «Op 525p | Iron stand with sponge 1650 s Angle Pins  160p 210p 250p 3850 | g'ecami, 225 | 1981
W/ Wrap 150
AMPHENOL PLUGS  IEEE (24way) §75p T .y | PinS 1200 130p 195p 298p | 100 e | OPIY £10. 500 PaP
Centronic parallel (36 way)  550p VOLTAGE REGULATORS LM300::-I 1705 Sockets Voo 160p 210p 350p 7.68MHz 200 - !
e o Solder lugs D P 8.0MHz 150 B
TRANSFORMERS: prim 240v ‘ve o 1290 | Angled Pins 165p 215p 290p 440 | 305
6:06V:9.0 9V. 12.0 12V 100mA %p | 1A T03  Mewlcase ve TM3I03K 135y | W/Wrap 886723M 175 BBC MICRO
' 5V 7805 145p /905 20p | aioy Pins 180p 180p 240p 4200 |goomH, 150 RADE
pcb mounting. Miniature, Split Bobbin 12v 7812 145p 7912 200 | 317K o Cots 100p  95p 100p 110p |10 oMH: 175 UPG ) .
gv&;vzoxﬁ\[/;o 25A; 2x9V 0.15A; 2x12V O'L(ZwA‘ 15V 7815 148p 7915 220p | M3V s 10.24MHz 200 | (Our BBC Micro Upgrade Kits will
VA 2 P | 1Bv 7818 145 ; — 107 150 saveyou£sss )
gv‘,\s.v g,ﬂ/.o.SA, 2GV0IA, 202V025A | qa T0220 Plastic mggg:‘ g‘:gs 12 ONHz 7 | ek Memoyy |8 x4816AP)  £18
x15V-0.2 P casing LM326N 240, - 300 5 'Q Port Kit £8.20
i sy 7805 40p 7905 45p P | 25 way ‘D' CONNECTOR 143181aM 170 | Printer User 1/0 Port -
E:ITfiargxselﬂnoﬂgAblv)m;z%evro eh 212V 034 v 7813 400 7908 0p tmg; 17;; Jumper Lead Cable Assembly 16.0MH? 200 | SK10 with 36” Cable ; £2
2x15V-0 254 ) 20p | 15V 7815 40p 7912 45 sop | 137 long. Single end, Male 500 | 18.0mHz 180 | Complete Printer Cable 36"  £13
; P | gy 7818 49 7915 45y TAA550 P | 18" lang. Single end, Female 570p M 150 p €3
12VA: 2x4.5V-1.3A; 2x6V 1A, 2x9V-0.6A; P 1018 12n | T18AG25B 750 | 36" long. Dauble Ended. M/M  1025p | 15:432 SK9 with 36 Cable
2A12V.0 84 2615V.0/4A, 220V 034 2av. 7824 40p s sy | a2 1500 | 36" long. Double Ended. F/F 1050p | Zogecnn . 150 | Disc Interface Kit mf‘;;
p (35p p&p!} 78HO5 + SV/BA - . o d / i b
UVA. 26V15A DOVIZA 212V IA 100mA Ig?fg Plastic asop | 367 'ong. Double Ended, M/F - 935p 24.0MH: 170 ‘s\;\z:?fg lKu? Kit Sl
x15V 0.8A: 2x20V 0.6A 330p (60p p&p] i 12v/6A l . :
SOVA: 2x6V 4A; 2x9V 2 SA. 2x12V gA, 5. g& ;gtgg gv 7905 sop | 7BHIZ 412 580p gg gg:‘M :% ExpanSIOf; I(B:uilKnseu fG-i{g
1.5A; 2220V 1.2A; 2x25V 1A; 2x30V 0.8A 1 7BHG + 5V 1o + 25V SK11 with Cable
45p (60p ptip) | BY 78182 0o etz sop | 5A gey | £X8116K RAM PACK A 13 | SK12 with Cable 36" €3.75
T00VA 2x12V4A. 2x15V 34 220V 2.5A; | 12V 78L1Z e Jal1e  gon | 79HG225vi0 Fully built & tested. Plugs 33-6‘:,?6 170 | Range of Connectors & Cables
2x25V-2A° 2x30V 1 HA. 2x50V 1A 920p (75p 2 P P | 2avsA 785p ight onto ZX81 oM i SAE for list
&p cf ‘ straight onto 100.0MHz 295 available. Send or ki
pbp charge 10 be added over and above our nor £16.99
mal posial charge) Only . ) HG_EAH) EA_
4075 15
evosllned  ElEEe Al WATFORD’S BOOKSHOP CORNER
4001 W0 | 4077 18 | 4543 o0 | OPTO ELEC- COMPUTER CO_RNEF! . 80 col 6502 Applications Book 1020
4002 12 | 4078 18 | 4542 150 | TRONICS ® EPSON MXB8OT Printer 10” Tractor Feed, 9 x 9 matrix. Bco | 6502 Assembly Lang Programming 1250
4006 50 | 4081 16 | 4543 375 | LEDs with Clips umn, Speed 80 cps, Bi-directional, Centronics interface, Baud 6802 Ascembly Lang Subroutine 1200
33873 lg :ggg ;GJ :ggg f;g L2039 & rate 1109600 (RS232). 255 6502 Software Design 950
‘ TIL21T Gen 1 ) A .
4009 24 | 4086 52 | 4585 35 | TIL212 Yel. 14 ® EPSON MXBOFT/3 Printer Tractor & Friction Feed Has high Programming & Interfacing 6502 1240
4010 24 | 4909 125 | 4566 35 | TI(220 2" Red 12 resolution bit image graphics. Subscript & Superscript, lalics & Programmung the 6502 1120
Ao un "033 26| 3557 31 2" Green. Vellow or Underlining facility plus all the MX80T's features £325 6809 Assembly Lang. Programming 1350
2012 i :ggs '272 4559 :20 Amber 1 N 68K Assembly Lang. Programming 1290
:g}:da S S % :gg? lg gez(;/g» colour = ® MX100 132 Column pius alt the features of MXB0FT3. Value for 68K Microprocessor Handbook 7%
4015 80| 407 20 | 4562 4% | Green T 7 money. £489 gggg /Z80 Assembly Lang. Techniques gssg
4016 20 7 | 4566 165 | 0.2” Yui calour . o Printer, gives normal and dou Primer
4017 38 | 4098 110 | 4568 250 | ped/Green/Yellow 85 e Elglsgﬁr‘cﬁa?:&g?:\agC\:emag’g;" ,é;r:)“u'ign graphics. 10" Trac Acorn Atom — Getting Acquainted 800
4018 a5 | 4160 9% | 1569 175 | Wi Brghtness Red 59 taed. Parailel Intf Siandard £185 Apple Basic: Data File Program 990
48;8 S ::g; g :ggg 451.3 LED 2" ted 55 tor feed. Farallel intlace Apple Il User's Guide 1250
4 & R . .
w21 sol4163 . | 20 | gmaelfhs Red | e VIDEO MONITOR 9, B&w, Atwactively cased, Fully | Apple Machine Language 1090
4022 50 | 4174 93 | 4582 99 | Rectangle  Stackable guaranteed. Value for money at £69 | Beneath Apple DOS (Version 3.3) 1250
4023 16 (4175 106 | 4583 9 | LEDs Your Atari Computer 400/800 1250
4g§; ‘3§ :;g; ;gg :gg‘; g Red, Greenor Yell 18 ® ZENITH 12" Green Screen MONITOR €85 | strating Basic 390
4 Triangular LEOs Basi G 650
4408 790 | 1597 330 . asic Computer Games
:8%? ?3 4410 725 | 4598 2% gfgcn or yellow ;g ® SOFTY-2 As reviewed in PE Sept ‘81 by Dr A_A. Berk. The com More Basic Computer Games 690
2028 50 | 4411 675 | 1599 290 | 5271 Infra Red e plete micropiocessor development system for Engineers and A Bit of Basic 590
4029 60 | 4412 775 | 40085 90 | SFH205 Detector 118 beginners alike. New powerful instructions. Accepts any 24 pn 5V Basic Concepts {2nd Ed 1200
4030 0 | 4415 480 | 40097 45 | TIL321infra Red 58 single rail EPROM. Supphed fully built, tested. Enclosed in a black Basic Programs for Sci/Eng 1220
:gg; lg ::;g 27?8 :8(1)88 ;?g pL;g Detector % ABS case. Plug-in power supply included + Free 2532 £169 Basic Programming on BBC Micro 690
1L :
4033 126 | 4433 70 | 40101 130 | Tu1100 8 | @ TEX EPROM ERASER Erases up to 32 ICs in 16-30 minutes. £33 | 30 hour BASIC BBC C°’“““Ae' 23
03 TR0 w0 |y 1m | SARCRARM Red 10 o TEX EPROM ERASER with o safety switch e ||| Recioleda e BB lAton fea
segments 225 s 5 g C Programming Language
:ggg %"rso ::gg g :8:8; 15];3 ISOLATORS @ TEX ERASEK plus our Solid State ELECTRONIC TIMER fa4 CBASgIC User‘SGuidge ¢} 500
IL74 55 , /
4038 110 | 445) 30 | 40106 46 | | p74 99 e ELECTRONIC TIMER. Solid state. 15-30 min. Connects directly | CP/M Handbook with MP/M }%
4039 290 | 4490 350 | 40107 60| | 074 185 to above Erasers. Protects your expensive Chips from overcook Osborne CP/M User Guide
050 50| 4500 675 } 40108 450 | TiL111/2/4 %0 ing. Our timer pays for itself in no time £1 Using CP/M: Self Teaching Guide 900
O | | R i 125 Interfacing/S100 IEEE 696) Mcs 1130
4 4 )
2045 504503 a0 | 40114 240 | ermeeo® 1 | ® SPARE UV Lamb buib £8 | Intra to Pascal 2nd edition [
4044 50 | 4504 75 | 40161 194 7 Segment Dispiays ® 5V/5A Power Supply Ready-built & rested £25 Pascal from Basic N
4045 105 :ggg § :8:(32 g T™IH307 675 get E:::BEISFP 488 IB(\:Js - b2
4046 85 TH312 3" CA 105 i Micros et/ ersonal Computer Guide
4047 50 | 4508 130 | 10175 75 | TIL313 3" CC 105 ® MULTIRAIL POWER SUPPLY. Especially designed for 1:15;7 Programming the Pet/ CBM 1590
4048 20| 4510 46 | 40181 220 | Ti(321 5°CA 118 Tested output: + 5V, 125V atbA; + 12V, 12V, SVt VIC Revealed 1000
:Ogg g :g}; g :g}gg gg | R nr e = Learn Computer Prog. with VIC 195
4851 %4313 199 | 40193 68 gt;g‘; §~ gg gg ® ABS CASE Atuwactve, Beige/Brown for Superboard, UK101 3700 & other Micro Buses  Ze 790
4052 € | 414 Hg 10194 %0 | FND37 Red 50 NASCOM. or HOme brew (please state} £26 | 5 oramming the 280 3e 1250
4083 50 FNDS500 115 Asse ang. Programmin 1250
4054 8 | 4516 55 | 40244 195 | 3" Green CA 150 ® Stack-Pak Drawers including 10 ~ C12 Casseties 850p ggg Aiéez tang Program IS(gudem 570
4055 8 | 4517 275 | 40245 196 | 6" Green CA 215 ® C12 CASSETTES wn library cases 40P | Z80 User's Manual 1250
4056 g5 | 4518 0] 40257 195 3-.1RedCA 150 ® 81" Fan Fold paper {500 sheets) £5 500
4087 1915 | 4519 30 | 40373 240 | 37 . ) GreenCA 150 p 93,‘ Ean Fold (500 sheets) £5 ZX81 Basic Book
4059 480 | 4520 50 | 40374 245 | pymI76 1885 p Ay edfare] sheets Not only 30 progm/ZX81 1K 700
w60 60| a2 1w LCD 3} Digits 4% Mastering Machine Code ZX81 750
w6 B sz 10| oero LCDiDigls 330 FLOPPY DISC DRIVES Explorer’s Guide to ZX8 550
4063 B85 4527 65 | LS400C 255 ;ggaﬁ‘;’;‘f;‘f t 25 | @ TEAC Single FD-50A Cased with PSU £180 | Byleing Deeper Into yr ZX81 640
4066 30 | 4528 70 | oce7) 20 Red, Amber. Green 308 ® TEAC Twin FD-50A Cased with PSU £335 | Peek Poke Byte & RAM (ZX81 1K) 500
4067 245 | 4529 150 gaps‘ g REFLECTIVE Opucal ® TEAC Single FD-50E 80 track cased with PSU £238 Sinclair ZX81 Proy./ Real Applic 790
4068 16 | 4530 %0 IN5777 a8 Svachiype TIL139170p ® APPLE 1l Interface card for abcve £35 Texas TTL Data Book (revised edition) 935
d069 18 s 1% | Bexes 1es SLOTTED Opucal TTL Cook-Book 980
h p
4071 15| 4532 485 | 270 g:,:‘,z o il ‘°182§ N.B. Our printer prices include FREE 500 Sheets of Paper European CMOS DataBook (Comprehensive! 350
4072 15 :ggg 2?98 26 (p&p on most of the above items is extral CMOS Cook-Book 1050
4073 15
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" IEEE PROGRAMMABLES from TIME

9814 IEEE PROGRAMMABLE VOLTAGE STANDARD

A higher performance voltage standard with 4 ranges from 0.1 voit to 10 volt output. Accuracy is 0.01% and the
resolution of setting is 1 in 200,000. Output resistance is less than 0.01 ohms, and output current adjustable
20mA-200mA. Temperature coeff is less than 20ppm/°C and tong term stability better than 50ppm per year. Full
manual control is avaitable via front panel controls. Availabie for benchtop use or 19 rack mounting.

9816 IEEE PROGRAMMABLE VOICE

A high quality speech synthesizer which has a 280 word vocabulary. By suitable programming via the IEEE bus
it is possibie to output single words, phrases and sentences. The vocabulary has been chosen to be applicable
to many ATE applications.

9815 IEEE PROGRAMMABLE SCREWDRIVER

The unit has been designed to overcome the problems of adjusting large numbers of multi-turn trimmers in
ATE systems. The screwdriver is fully programmable via the IEEE bus with 3 speeds of rotation and 2 selectable

torque values available. The unit is supplied complete with a flexible drive shaft and drill chuck into which
various adjusting tools can be located.

9810 IEEE/PROGRAMMABLE POWER SUPPLY

0-33V in 0.1V steps. Local or remote (IEEE) operation. Fully programmable on the IEEE bus with 3 settable
current limits 1mA, 10mA and 1.1A. A dual version of the 9810 is also available. The unit is 3 Euro units high and
standard 19" rack mounting width.

9812 IEEE PROGRAMMABLE SWITCH

24 double pole changeover switches are available with full IEEE control. Each switch is rated at 1 Amp, 30V dc or
100V ac. Thermal emfs have been minimised to tess than 1uV per switch. All outputs are on the rear panel along
with the |EEE address selector switch and bus connector. Manual control of the switches is also provided via a
set of front panel switchas which also incorporate LED indicators.

9811 IEEE PROGRAMMABLE RESISTANCE

0-1 Megohm in 1 Ohm steps, fully programmable via the IEEE bus. Accuracy is 0.1% over most of the resistance
range. Resistors are rated at 1 watt each. An attractive feature is the option to switch to local operation when the
output resistance can be set up manually via front panel switches.

D ¢
D
N
LM
"N

—\)

i
. = — .’"T'I".""'-'.-'-“'T'-:= . E §
Transformers P N

o

The Stabilizer is a high quality frequency shifter for howl reduction on speech and music. It offers
variable shifts either up or down between 1 and 10 Hertz so allowing choice of the optimum shift
for the particular acoustics and sound sources involved in esch installation. Rack and box ver-
sions.

THE COTSWOLD
“BUDGET RANGE* OFFERS
BUILT-IN QUALITY COUPLED

+5 Hz FIXED SHIFT CIRCUIT BOARDS as WW July 1373 article but improved noise level, lower
distortion, adj free and IC kets: Mark 4. Small enough to be buiit inside the

e e i e e R S S o e i ol o o

{v"v'vv'vvvvv'

s . ~ cabinets of many amplifiers. Ci lete kit and board £40. Board built and aligned £58./ncludi
B 6&&"3? TO A R E LIABLE psu an; :15;:5 rrvansf:l;ner.sDEg'?g‘;iE;AIPPF:‘OVEI;’C.W.O. l::srs%li V.;.T.G‘I?‘:. ——
< w L% St Disc Amplifier 3 and 4 10 let Distribution A ifier * t ircui
"\ 1 p DELIVERY SERVICE and Evmos Tumtar Movermants - Inumimated BFM Bonmes ek b o fnd Drive Crcuts
\ o _— MOST l Y PES and aevianon Chart Recorders * Moving Coil Preamplifier * Broadcast Monitor Receiver 150kHz-
e s hading z.
e = 3 » - FROM STOC K SURREY ELECTRONICS LTD., The Forge, Lucks Green, Cranleigh, Surrey GUS 7BG
-, = Telephone: 0483 275997
- ',,, _— N N A N O P P N NS N NP NP NP NP P P o
IEC 65 -

VDE 0550

TO ORDER TV TUBE REBUILDING

Faircrest Engineering Ltd. manufacture a comprehensive

PHONE range of equipment for processing all types of picture tubes,
" TELEX, WRITE qo:]our and'monot Stapd'a(/(\i/ or custom t?gilt ‘gnits éorr] estab-
FOR DATA SHEET lished or new businesses. We export world-wide and have an

excellent spares service backed by a strong technical team.

AND PRICE LIST . yesions
Full training courses are individually tailored to customers
Budget Range Stockist requirements.
~ BARRIE ELECTRONICS LTD.
3 The Minories, London EC3N 1BJ.01-488 3316 For full details of our service contact Neil Jupp

Cotswold Electronics v FAIRCREST ENGINEERING LTD.

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

Tel: 0242-41313 Telex: 897106 4 Union Road, Croydon, CRO 2XX
01-684 1422/01-684 0246
WW - 045 Foil FURTHER DETAILS WW — 056 FOR FURTHER DETAILS
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HANDSOME!

Firstthere was the 130. Ahandheld D.M.M. which still sets the standards our competitors strive to match.
f Next came the 131. The introduction of the 135 saw 42 digits on a handheld D.M.M. for the very
irst time. ‘
And that same commitment to innovation has resulted in the latest additions to the range. The Keithley
128 D.M.M. with audio-tone and 870 Digital Thermometer with centigrade and fahrenheit readout.
The result is an unrivalled selection of handheld measuring devices. Each specification carefully
matzhed to a given need. With performance that looks pretty good on paper. And evenbetter in the field!

Model 131

12345

Model 130

Model 870 ® 0.025% accuracy @ Centigrade and fahrenheit readout ® Measures up to1370°C
@ G.1° resolution up to 200°C

Model 128 @ Audio-tone with adjustable threshold ® 25 ranges. 5 functions ® 10 amp span
Model 135 ® 0.05% accuracy ® Full overload protection ® ACU bandwidth to 20 KHz

Model 131 ® 0.25% accuracy ® 25 ranges: 5 functions ® 10 amp span

Model 130 ® 25 ranges: 5 functions ® 10 amp span @ 0.5% accuracy

All models are guaranteed accurate for one year. And built to the
high standards of quality expected of the Keithley name.

For mrore information simply fill in the coupon.

And learn about a range which will serve you . . . handsomely!

Keithley Instruments Ltd

1 Boul-on Road Reading Berkshire RG2 ONL
Teleptone (0734) 861287

Telex 847047

Also available from

|.T.T. Instrument Services, Tel. Harlow 29522

WW — 083 FOR FURTHER DETAILS




hand-held digital multimeters

28 Ranges, each with full
overload protection

10 amp AC/DC

SPECIFICATION 6010 & 7030

BATTERY: Single 9v dry cell. BATTERY LIFE: 200
hours. DIMENSIONS: 170 x 89 x 38mm. WEIGHT:
400g inc. battery. MODE SELECT: Push button. AC DC
CURRENT: 200uA to 10A. AC VOLTAGE: 200mV to
750V. DC VOLTAGE: 200mV to 1000V. RESISTANCE:
2004} to 20MQ. INPUT IMPEDANCE: 10MQ. DISPLAY:
32 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.

~ N - [ setizat Please add 15% to your order for VAT. Postage and
2 R packing is free of charge.
DC l'\v::%ll)JER';\?Ysg 1% S ¥ 11 Trade prices available on application.

£350; @@ Y| ARVON ELECTRONICS LTD

plus VAT : .‘.- - S Wembley, Middlesex HA9 8BH, England
O Y S Tel. 01-902 4321 (3 lines). Tix: No. 923985

This new addition to the Eddystone range
of diecast boxes is supplied with
interchangeable deep or shallow, close-
fitting flanged lids giving flexibility of
application with minimum stocking.
Please write or telephone for details of
the new, versatile 10758P box. And ask
about the whole Eddystone range of
strong, lightweight, corrosion-resistant,
diecast aluminium boxes, water-resistant
boxes and moulded ABS plastic boxes,

in a range of sizes to meet a thousand
applications. -

STOP PRESS!

The flexibility of deep/shaliow and
base lids has now been extended
to a number of standard sizes.

Eddystone Radio Limited

Member of Marconi Communication Systems Limited

Alvechurch Road. Birmingham B31 3PP, England
Telephone: 021-475 2231 Telex: 337081

A GEC Marcon Electronics Company

14
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BUILD A PAIR OF MICRO MONITORS!

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

The Wilmslow Audio Micro
Mor.itor will stand comparison
witlr any speaker o similar size
(at any price!). Don't take our
word for it — call for a
demmonstration!

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

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

. i

The firm for Speakers 0625 529599

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

Lightning service on telephoned credit card orders!

WW - 020 FOR FURTHER DETAILS

The new CES micropad

The microphone for mobile
radio, with D TM{ signalling
and gptional AN/, brings
greatzer system flexibility to

your “elecom network. Interface
Quartz
Devices
For further information contact the sole agents  Limited

z 29 Market Street
// ) \ Crewkerne
{ { ,/ Somerset Ta18 7ju
Crewkerne {(0460) 74433
Telex 46283 intace g

f‘\t

WW — 019 FOR FURTHER DETAILS
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MIDWICH HAS MOVED!

'OUR PRICES HAVE TOO — DOWN!

In order to maintain our standard of service and house our ever growing range

of stock, we've moved to larger premises. You can still use our oid telephone

number for a limited period, but please make a note of our new one and
our address.

To celebrate the move we have reduced our prices still further. We know this
will displease our competitors, but we’d rather please our customers.
NB - NO SURCHARGE ON CREDIT CARD ORDERS.

Be happy — move with Midwich. And remember, we always try to give you the
best deal and the best service. If we fail justlet us know — we will always tryto
make amends.

MEMORIES +» NEW LOWER PRICES »+
*2114 Low Power 200ns 080 | ~2732 350ns 440 { *4164 200ns (TN 4585
+2716 450ns (5V) 2.10 | *2532 450ns 380 | “4816/4516 100ns 325
+2716 350ns {5V) 359 | 4116 200ns 0.70 | *5516 200ns 938
2716 450ns (3 rah) 585 | <4116 150ns 1.10 | “6116P3 150ns 430
*2732 450ns 390 | -4118 150ns 338 | *6116LP3 150ns 5.75
BBC MICRO UPGRADE KITS ++« NEW LOWER PRICES »+
BBC1 4516/4816 X 8 100ns 25.50 | BBC21 Pnnter cable complete 13.00
BBC2 Printer/User 0 kit (106970 + PL9,10) 8.00 | BBC22 Connector for user port with 200

BBC4 Analogue input kit {IC73. 77 + SK6) 8.70 | BBCA44 36" cable )
BBC5 Seriat /0 ang RGB kit (IC74,75 + SK3,4)11.45 | BBCS5 Analogue input plug with cover 225
BBC6 Expansion bus and tube 825 5 and 6 pin DIN plugs for 099
kit (iC71, 72, 76 + PLI1, 12) BBC6 Senal /0 and RGB input
MOST KITS ARE NOW EX-STOCK! Connector for bus port with cable 350
«++« We've done it again! Massive price reductions on LPS and CMOS esee
Device Price | Device Price | Devics Price | Device Prics | Device Price
80 FAMILY *WD1391 KIT 4550 | CRYSTALS 09 011 245 089
-Z80CPU 3.15 | -WD1393 KIT 4550 | {MHZ 200 | 10 0.11] 251 028
*ZBOACPY 350 | -WD1395 KIT 4550 | 1.008MHZ 290 | 12 011} 257 034
*280CTC 275 | \WD1397 KIT 4550 [ 1.8432MHZ 220 | 13 0.15| 259 057
*ZB0ACTC 295 { (TS INCLUDE 36864MHZ 285 | 14 0.33 1 266 0.19
*ZBOADART  5.70 | Fp179X + WD2143 | 4MRZ 145 | 15 012 273 0.50
ZB0ADMA 1195 | + wD1691) 6MHZ 145 | 20 012 | 279 058
2Z80PI10 275 8MHZ 170 | 21 012 | 283 039
*Z80APIO 285 | mISC SUPPORT 26 0.12 | 365 029
“ZB0ASIO0  11.99 | cyips CMOS 40008 27 0.12 | 366 029
‘ZBOASIO-T 1189 | -Ay3.1015 200 | SERIES 28 0.12| 367 029
‘ZB0ASIC-2  11.99 | -av3-1270 7.5 [4001 0.0 | 30 012 368 0.39
*MK3886 100 | -aAy3-8910 509 | 4001 0.10 § 32 012 373 059
‘MK38864 1447 | -ay5.1013 299 | 4002 012 | 37 012 | 374 gﬁ
AYS-3600  7.95 (4007 0.15 | 38 012 | 377
6800 FAMILY -AYS2376 599 | 4011 011 | 40 0.12 | 3% 0.49
K800 298 | .hpesos 450 | 4012 015 | 42 027 | 393 044
o0 340 1 .mciass 055 [4013 024 | 47 034
(08030 12101 .yciag0 055 [4015 049 | 51 0.14 | DiL socksts lew
JO903 45 | .uCaage 295 4016 018 | 5 0.14
ee1s 112 | uShagn 425 |4017 037 | 74 018 | pis T Gold WW
E621 120 | .ytg0 795 |4020 049 | 75 019| 8 7 22 25
HOE40 385 1 .ySag7 295 {4023 015 | 76 017| 14 9 29
oo 875 | .uCiaats 684 4024 031 | 83 034| 16 9 31 35
:6850 140 | GCaa2 700 [4025 016 | 85 051 8 13 33 52
16880 107 | ooa'oeial 608 | 4027 023 | 86 015 20 14 35
16887 080 | 0355130 590 | 4028 040 | 90 028 22 17 40 70
;66488 an 4040 049 | 92 031 24 19 42 70
“6875 582 | pum cHIPS 4042 044 | B3 025| 28 25 54 80
2343?)0 l:g < 7NASOE 761 | 4046 0.54 1gg gg 40 29 81 99
5 1 .
88802 1911 | TZMS0KIT 1735 | 4047 R 035 | CiLJUMPERS
68821 229 | | eans 4050 024 | 125 024 ﬂngll; ended 24l 0
68810 200 | |M301aN 025 | 4051 044 | 128 025 | 1400 140
68840 4.70 LM308N 089 | 4052 058 | 132 0.39 Bl a8
68850 286 | \piiN 089 | 4060 050 | 136 023| 2PN L
LM319N 2.14 | 4066 029 | 138 0.31
9500 FAMILY (V324N 030 | 4069 015 | 139 031 [ o Ended 6
502 345 1 | vaasN 0.50 | 4070 014 | 148 050 | Doubl b
520 2909 | \yroen 016 | 4070 014 | 151 03| 14PN 1%
16522 319 | (Nesgen 045 | 4073 014 | 153 ozs | J6PN 28
16532 595 | [\7a1 8 PN 0.14 | 4075 014 | 155 034 | 24PN I
LM747CN 064 | 4081 0.15 | 156 0.34 -
BOSOIFAMILY LM748(8 PIN) .34 | 4093 0.25 | 157 025 | oo Ended 12"
80854 440 | u7ascn 20 | 4508 129 | 158 029 | Double 2
g U 4511 044 | 161 8381 6PN 2.15
‘8216 080 | REGULATORS 4512 049 | 163 034 160N Si28
*8251 3.19 | 7805 0.39 | 4518 0 164 039 | 2408 i1
-8255 285 1812 038 | 4520 049 | 165 054 0 :
1 .30 | 4526 0.89 . o
BUFFERS 7805 029 | 4528 089 | 173 084 | Doublo Ended 19
811595 080 | 78112 029 | 4541 099 | 174 040 {ON Ey
811597 080 | 7815 0.29 | 4543 079 | 175 04| 0 N S50
81Ls97 080 | 7905 055 | NG Other devices | 191 044 | 24PM B
811598 080 | 7912 0.55 | available 192 044
AN el e 1o 04% | zeno insEmoN
LM309K 4 I 194
8795 135 | (317K azo | JALSSEMES ol 1S 034 | FORCE SOCKETS
8T97A 135 | | M323K 495 | o1 0.1 | 221 0.54 et 71
8798 145 | (M338K POR | 02 0.41 | 240 084 0. 80
03 011 | 241 0.64
OATA CONVERTERS | yHF MODULATORS | 4 01| 242 084 | oo wavm
Mz 345 | gMHZUMI111) 370 | 05 o | 243 ogs| BWALE
za 599 | BuHZUMI233) 440 | 08 0.1 | 244 059 | JALEMALE 1015
7N428 475 [ .
N 13 MALE FEMALE 10.13
*ZN433 2590 c G £
*IN447/8/9  POA OUANTI I ' PRI lN (36" CABL
~UPD7002 435 MALE S ENDED 583
Special prices available for bulk purchases. 18" CABLE)
FLOPPY 0ISC | Tel. 0379-898751 for an inslant guote. FEMALES ~— 825
CONTROLLERS Large slocks held an many items' Engo ne
*FDI771 1712 3}
Data sheets available on asterisked items Please telephone for prices and detalls. 4‘
24 Hour Telephone order service for credit card holders
VISA All prices exclude VAT and carriage (0.75 on orders under £10 nett).
Official orders from educational angd government establishments. and
public companies accepted. Credit accounts available to others (subject to status).
All orders despatched on day of receipt Out of stock items will follow on automatically at our
discretion or a refund will be given if requested

NO SURCHARGE FOR CREDIT CARD ORDERS

MIDWICH COMPUTER CO LTD

Dept WW, Rickinghall House, Rickinghall, Suffolk P22 1HH
898751

Please make a note of our new address
& telephone number

WW — 007 FOR FURTHER DETAILS
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®

probably the most g P
versatile and rugged
insulating mounting system

ever developed

Transipillar insulating mounts hold heavy
sub-assemblies totally secure. Because they're
precision moulded from very tough Nylon.

Metric or Imperial versions are available,
with insulator lengths from %, into 2% in, and a
choice of metal screw or threaded insert end
fittings from 0 to 6BA.

If one of the preferred sizes won't suit your
application, the chances are we can make one
that will.

Write today for samples, full technical
details and prices of TRANSIPILLARS.

YA ¥ WK ELECTRONICS LTD

k Napier Road Bromley Kent BR2 9JA
Telephone: 01-464 4346 Telex: 896691 Extn WKE.

WW — 063 FOR FURTHER DETAILS

WRONG TIME? LASTCHANCE ATTHIS PRICE.

METALFILM RESISTORS 1% Tolerance, s Watt
e —

4180
IHANSIBIULRY

the patented insulating mount for s in
thick heatsinks. Eliminates the need for
power transistor mica washers.

MSF CLOCK is ALWAYS CORRECT — never gains or loses, SELF 100R i 10k 100K IONLY 3p EAClﬂ
SETTING at switch-on, 8 digits show Date, Hours, Minutes and hod m i 1208 b S e T T
Seconds, auto GMT/BST, leap year and parallel BCD (includ- IEI B 1 T S
ing WEEKDAY) output, receives Rugby 60KHz atomic time 10R 16 16k 160 A T o
signals, built-in antenna, 1000Km range, GET the RIGHT TIME, poorl a2 1o oo Minimum § pcs per value
£69.60. 2208 22 22k 220k 89 Values (E24)

60KHZ RUGBY RECEIVER, as in MSF Clock, serial date output for R M on VAT, p&p inclusive.
computer, etc., decoding details and ZX81 listing for local, S00A = o o
GMT and SIDEREAL time, £22.20, 30 36 36k 0 ER

Tunable Audio Notch Filter £16.40, Speech Compresser £15.30, ol B o A‘_ (ORS)
Antenna Noise Bridge £18.60, 10-150KHz Receiver £19.40. a70R a7 a7k 4706 on (890 RESIS

Each fun-to-build kit {ready made to order} includes all parts, o108 £l 2l 560k yorcs o EA 1

printed circuit, case, postage, etc., instructions, money back o208 o2 2% (3 £23-

assurance so GET yours NOW. 750R  7k5 76k /

820R k2 82k 820k
CAMBRIDGE KITS ™ 4 GOLDEN $SQ
45 (WK) Old School Lane, Milton, Cambridge. Tel: 860150 £R|0N SCIENTIFIC PRODUCTS LTD. LONDON Wi

WW — 057 FOR FURTHER DETAILS

2, THE TL100 HAS BEEN DESIGNED FOR THE PROFESSIONAL ELECTRONICS, TV OR

3%\ INSTRUMENT TECHNICIAN. CONSTRUCTED FROM HARD-WEARING ABS WITH

%, % ,\ STRONG ALUMINIUM FRAMES, TWIN HANDLES AND TOGGLE LOGKS. A
“4yr% N\ MOULDED TRAY IN THE BASE, A COMPREHENSIVE 2.SIDED TOOL PALLET

%, %\ THAT IS REVERSIBLE WITH SPACE FOR OVER 40 TOOLS. THERE IS SPACE

e, % o\ FOR DOCUMENTS AND A HEATSINK FOR A HOT SOLDERING IRON,
PO

S, Y202 %,,f'\\ ALSO AVAILABLE IS THE TL99 17in. X 12in. X 6in. £39.90

%, . % ‘9‘90)&%. & \\* DISCOUNT STRUCTURE FOR MULTIPLE USERS ONLY
Yo ‘oo",)} [} & IO/; %,
()

;. %,
%, Yx Yo N SIZE TL100 19in. x 14in. X 6in.
A . Ty N
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& _The B
Profesrional Choice

Al e

AMCcCron

Since the introduction of the DC300 in 1967, AMCRON amplifiers have
been used worldwide — wherever there has been a need for a rugged ard
reliable amplifier. Their reputation amongst professional users, throughout
industry, has made the name of AMCRON synonymous with power
amplification. For power you can depend on - choose AMCRON, the
professional choice.

For further details contact the UK Industrial distributor:

G.A.S. ELECTRONICS

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

WW — 025 FOR FURTHER DETAILS
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The lightweight
mast with
101 applications

EV88 — A low-cost evaluation system for
the 8088 microprocessor

EV88 is a single board microcomputer that is ideal for
evaluating the 8088 8-bit/16-bit microprocessor. EV88 can
also be used as a powerful controller, and, with a suitable
cross-assembler running on a standard microcomputer, and
an EPROM programmer, for low-cost development of 8088-
based systems.

EV88 is supplied fully assembled and tested, with compre-
hensive documentation, and a copy of The 8086 Book, by
Rector and Alexy. All you need is a 5V 1A power supply and a
terminal or a suitable microcomputer.

% 8088 microprocessor in minimum mode (software compa-
tible with the 8086 16-bit microprocessor).
Comprehensive monitor in 2K EPROM.
2K CMOS RAM.
Cassette interface.
24 lines of 1/0.
Eight levels of interrupt.
bRS-2)32 compatible serial interface (300 baud to 9600
aud).
Three-channel counter/timer.
Buffered data, address and control lines.
Double Eurocard.
Odn-b;)ard expansion to 16K EPROM/RAM (sockets pro-
vided).
Breadboarding area.
All bus signals available on 64-way DIN 41612 connector.
Single 5V supply.
% Price £300 plus VAT. Includes delivery.
8088/8086 design service available (software and hardware).

N

LFH Associates Ltd.
40A High Street
Stony Stratford
Milton Keynes
(0908) 564271

WW — 034 FOR FURTHER DETAILS

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

CIARK MASTS |

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

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

® Environmental - gas
sampling collector

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

u.K.

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

England PO33 3PA

Tel' Isie of Wight (0983) 63691
Telex. 86686

Belgium
Telefoon 011-380831
Telex 39354 Genant B

WW ~ 028 FOR FURTHER DETAILS

GREENWELD
] iu;g; Millbrook Road, SOut!lamnton, $01 OHX B

BULK BARGAINS |

All goods new fuil spec. Prices are for 100 or 1k of i
one type. Add £1 carriage and V.A.T. to all orders.
Send s.a.e. for bulk buyers lists, or 75p for fult
catalogue (free to schools, etc.).

VAW 5% Carbon Film Resistors —
The following values only: 4R7 5R1
6R2 6R8 8R2 13R 18R 27R 33R 39R
56R 68R 100R 180R 220R 270R 470R
1k 2k7 3k 4k7 12k 18k 22k 30k 33k
36k 39k 75k 200k 220k 240k 390k
560k 620k 680k 1MS all at
£3/1000.

T
45208 a9
DIODES | BRIDGES 45288 42 ALSO: 7 million Va/V2w. resistors
Type 100+ 1k+ | 100+ 4582 60 carbon/carbon film for sale as one
AA132 04 02 | WO1 15 | 40014 32 lot — £3000,
133 04 02 | w02 16 | 74C00 18
BA130 .04 02 | WO4 17 - -—
B ros won  hloed te | TantBeads: 2.2/16.04; 10/35 .16.
BY127 07 06 | 504 2 ITT PMT POLYESTERS: .01/400 02;
BY196 07 306 28 .22/100 .023; .33/100 .025; 47/100
BY197 07 PWOOS 39 m | 028; .68/100.04; 1/100 .055.
Béwa 08 152;oov 120 | Type 100+ |- - — — -
CG50H 03 .01 124200V .65 | 7400 08
DK14 04 02 | BBOC6OO .14 | 7401 08 | 400mW Zeners, 5% All £24 values
FA2001 .05 7405 .09 from 2V4 to 36V and 75V at .035; 1k
FA2008 .05 e 7408 10 (mixed 100s) .029.
HG5085 .04 7409 10 1.3W 5% Zeners: 3V6 3V9 4V3 7V5
0AZ201 .04 cMOS 7410 10 11V 12V 13V 16V 18V 30V 56V 75V
OAZ206 .04 7413 15 110V 180V at .06. 1k (mixed 100s)
SXG31 .04 Type 100+ 7417 .18 045
$X632 .04 03 | 40018 12 | 7420 10
SX753 40 4007A 10 | 7426 20 —
IN446 04 40118 12 7427 20
458 04 40128 a2 7430 08
459 04 401208 12 7437 19 TRANSISTORS
627 04 4013A 20 7 11
643 04 40138 20 7442 30 AC 127 16 BDI32 2
3062 05 40148 40 7445 39 AC128 16 BD246 30
3890 35 40158 40 7447 32 AD161/2 45 BD433 28
4001 03 02 | 4016A 22 | 7450 10 BC107 08 BD65A 45
4002 03 02 | 40168 25 7454 0 BC10BC 08 BD696A 45
4003 .032 022 | 4017A 29 | 7460 10 I BC109C BF173 16
4005 04 .027 | 4022A 30 | 7472 18 BC182B 05 BFI81 18
4006 .044 030 | 4023C 42 7473 20 BC1B2L 05  BF195 06
4007 048 032 | 4023A 12| 7478 15 | BC183 05  BF258 20
4148 02 013 | 4025A 12 7483 40 BC183L 05 BFYS50 17
4149 03 018 | 40278 26 7485 45 | BCI8d 05  BFY51 15
a447 03 018 | 40288 40 7490 20 Bguza 05 g;\ﬁé ;;
03 4029A 42 7491 36 BC213 05
4154 03 018 | 4035CP .50 7493 18 BC2148 .05  BU206 70
47424 .06 045 42 7496 39 | BCvaL 05 BU208 92
52438 .06 4042 a7 74107 16 | BC3088 05 OC35 70
%07 e waa | Ian 3 | Bome o meaw &
5403 09 l 40518 42 74123 25 BC338 06  TIP32A 21
5404 .10 085 | 40528 42 74150 45 BC547 05  TIPAIC 32
5406 11, | 40608 60 74151 30 | BC548 05  2N1132 16
5406 .12 4060A 60 74156 28 BC549 05 2N2222 10
1IS101 05 | 40698 12 74179 65 BC557 05  2N2369 12
410 10 40788 18 74180 45 | BC558 05 2646 0
423 25 | a085A 40 74181 80 C559 05  2N2926R .05
921 .05 032 | 4086 74182 50 BCY70 12 2N3053 16
1S8020A 07 05 | 45038 30 74190 | 8CY71 12 2N3055 30
50564 . 45118 42 | 74134 50 BCY72 12 2N3702-10 05
25G10 97 45188 39 74366 40 BO131 2%

WW-022 FOR FURTHER DETAILS
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A
: {
— = S— 47’%
3 \ ; NRDEF I \ A DR YOUR
ey T ER TEST EQUIPMENT CENTRES | i FiXivp
DISP
) ) UK C/P Single trace £3ea. Safgan £3ea.
DIGITAL MULTIMETERS il models complete with leads and batteries OSCILLOSCOPES s e o o
Hand Held Models3!, digit LCO TRIO CS1566A ]
and Held Models3!; digi Y )
(UK C/P65p) ! Bench Models 31, digit LCO 20 20MH2 11040 WZ Sy 01 o sn 8% 10em
KD25C 13 range 02ADC unless stated (UK C/P 90p) dual trace Iriggared display IHAMEG] £402.50
with carry ¢ £2650 2010A LED 31 range. 10A AC/ Dl T {Optional case £21.85)
KD30C 5 range 1A AC/DC DC basic 0.1% [Sabtronics} £81.50 | & mw",,n’;,',"""“' SC110A New Model 10 MHZ battery
200 Meg Ohm with carry case £31.50 TM353 LCO 27 range 2A AC/0C Limited offer WAS £363.40 uurlah]q:ll]mV 0.1 pSec. 2" trace.
KDS5C zgs range 10A Agoc basic 0.15% (Sinclair] £86.25 | NOW£320.00 (UK C/P£4.00) Al tacilities (THANDAR) £171.00
version of above £41.50 2015A LCO31 range 10A AC/0C HM307 Single race 10 MAZ S0 (OPtons: Carty case Gy
2033A 26 range push button basic 0.1% (Sabtronics) £89.50 micro sec. Plug buiftin component tester Nlmlsp £12.68
2amp AC/DC £3650 TM351 LCO29 range 10A AC/ ey £15870 631620 Dual 20 MHZ 2.5y 0.1 ySec.
188m/6011A 15 range + Hie OC basic 0.1% (Sinclair} £113.85 | 3039 Single race 15MHZ 505 micra D011 SHeSP- 140 i tbe IS0
tester pus 1 button 10A 0C £43.50 2001 LCO 28 range plus 5 range sec. Plus bullt in component tester 95mm CS15774 Qual 35 MHZ. ZmV.
189m 30 range plus Hie tester capacitance meter 10A AC/0C tbe. Trig. Io 20 MHZ CAOTECH) £172.50 [ WStc Staait sep ooty Lo o
Rotary switch 10A AC/ Basic 0.1% (Pantec) £108.00 | 3035 Singletrace 15MHZSmiTriga20 o ne: (TAOL .
y switch 10A AC/DC £69.95 L . €S1830018 Oual 30 MHZ. 2mV
2637A 28 range 0.1% 2A TM45% 44 d|g|( 0.03% basic all MHKZ plus buill In componen tester 0.2 pSec. 0.2 pSec {litiad delay line). Oelay
AC/DC +2 temp ranges facilities (Sinclair) £171.00 | !30mm Tube CROTECH] £188.75 yeep 140mm wbe (TAID) £626.75
push buton €700 1503A 4% digit LCD 30 ranges HM203 Qual 0MHZ Trigta 30 MHZ - HM705 Oual 70 MHZ delayed
129 2% r.inge 0.8% basic 10A i 10A AC/OC 4 MHZ counter. 4 KHZ m\:‘:l:.glmwm secs. 8 x10cm ulwgﬁ:i ) ;wlulp: %ﬂgl’:zs;ee‘;l:g:llyillm
o . 0/, - rgte - Zm¥: 0.1 micro
AG/0C rotary switches (Keithley) £78.35 05¢- 005% basic (Thuriby) E171.00 | ¢sis62a 0ual 10 MHZ 10mV. sor 8% 100 dlsplay (HAMEG]  £667.00
130 As model 129 but 0.5% basic £102.35 1503HA .As above but 25A and 1 pSec. 140mm tube [TRIO) £267.95 pange of low cost Qual Trace
ACCESSORIES 0.08% basic £189.75 | 3131 mwal oIS AT g o ML Sapes maisourat e UK o
mV: 0.5 micro sec. 130mm tube. ting standards. Available as 10 MHZ,
AC Adaptors (20104 & 2015A only) £5.69  Cases TM351/353 £6.84 | pius camponent ester £276.00 15 MWD ar 20 WHE Al feature i

P e
35} 2000 £7.50 1503 £20.45 Touch and hold probe THP20 £14.95 €$1575 Oual SMHZ Imv 05 sonsitivity, 0.5 micro sec. 6.4 x 8cm display
7 = = pSec. 140mm tube. Phase display ISAFGAN)
18 autio scope. (TRIO} £312.80 QPTIONS HM203/412/705

CS1560AN Dual 15 MHZ 10mV, View Hoods .
- 0.5 pSec. (TRIO) £341.55 Component Tester £28.75
3034 Baltery-maing dual trace 15 MHZ. 0T410 Ouai 10 MKZ £205.85
irig to 20 MHZ bullt in Nicads. 5mv.05 0T415 Oual 15 MHZ £217.35]
micro secs. [CROTECH] £414.00 DT420 Oual 20 MHZ £228.85

GENERATORS  1A6125 AsLrciz0Atulooze 50204 1 #2200 KNz TR e ) [t e ey oo

P - dist. (LEADER) £273.00 (SABTRONICS) £90. ot b - - =
-G Pulse’ unction- Kudio 20 HZ - 1 MH2 5 ba G 1 HZ2 - 100 KH2 mu u attery operated| 8 9 digit LEO 3 range 1000
(UKC/PEN pucts e L T eyl £90.85 ~ FREQUEN CY UK G MHZ Bench {SABTRONICS}
D.1% Sine/SQ{TRIO] £126.50 [THANDAR) PFMZOOA Pnckelsdlqnuﬂ 1
AN models 220/240V AC AF (All with Int/Ext mod. variable  T6102 0.2 HZ -2 MKZ COU NTERS 7000210 nvi THANTARI £67.50 1 T6040 8 iy .60 i 00
AUDIO 4band Sine/SQoutput  output] [THANDAR] £166.75 Max 50 50 MHz 6 digit MHZ with TP600) [THANOAR]
TE22D Max distortion 1% szﬂn 100 KHZ - 100 MHZ 6 PULSE :‘EU Pu:;:]l ISGS|[2!l 15200 8 - £|223'.]50
20H2/200K Hz £69.95 band (300 MHZ harm| £59.95 TG105 5HZ-5 MHZ Various B 'Max 5 digi digil range
LAG27 Max distortion 05-1%  LSG17 100KHz-150MHz outputs [THANDAR| £97.75 :Elnl ;:ckﬂnﬂ (ﬁscru £97.75 m m‘r«uz CIOUT) W
(LEADER] 10Hz- 1Mz £86.25 (450MHz harm) LEADER £71.30 4001 Uitra-variable AT bnch (ABTRONIS] £77.00 TPGOO 500 MAZprecaer
AG202A Max distortion 05%  S6402 100 KHZ-30 MHZ6band  0.5Hz-5MHz (GSCI_ £113.85 B610A 8ol LEO3 range 600 (THANOAR)
(TRID) 20Hz-200kHz ~ £78.20 (TRID| 68.00 MHZ Bench SABTRONICS) £94.00 mnnn 1GHz n'sscﬂ'e' f’”5
LAG120A 5band 10 HZ- 1MhZ. FUNCTION (All sine/SQ/ Max 100 5Hz.100MHz o m} NS Sl
Sine/S00.05-08% dist. £146.00  Triangle/TTLetc, 8 digit bench LEO 1GSC)  £97.75 0 ::;0(8 carry case i
- 86108 9 digit LEO 3 range 500 ‘B'llrls:n;:: Adaplors 9‘.5:&9
MHZ Bench ISAGTAONICS] £113.85 3 e E AR 2o
ANALOGUE 6740 Kv: 200/ voit
(]
ti0.40
NSULATION AND GLAMP METERS ELECTRONIC INSULATION TESTERS MULTIMETERS
Mulli-range clamps all with resistance range. carry Batery operated complele wilh carry case (WK C/PE1) (UK C/P £1.20) oscllloscoPE
case and feads. Mso digita and DC clamp in stock YFS01L 500V/100 Meg Plus 0-100 ohm  £65.00 All Isaluring AC/OC Volts/Curreni and Ohms PnoBE (UK C/P 50p per 1 to 3'
(UK /P 75p) X3103 BODV‘IUUDOV:]:; Pius 0 Z:&]uhm £109.00 ranges. BNC plug X1 £7.95
300A. 6000 K3106 500V & 1000V 1000 & 2000 Meg £119.00 MAJOR 20K 29 range 20k/V. X10 £9.45
:ggg 38?1! ﬁoooz iﬁ%ﬁ!‘;’. ifgﬁ 10 "‘5})"’)‘ ""’;"“’:;‘:‘;"“ L 1 294AOC. 12%5A AC 1;“”[51 £33.90 KITS ::60!'0 2}232
{Ophional temp. probe £13 80) 5mvnm“r‘4e NSy estes m.:n:cslghigélmqe S0K/V. 25A OC. — I
750 £77. ) !
K2903 900A 750V lD 8 sanges = K8031 110V/600V phase lesier PAN3001 P":‘ 'ng'ge 40K/V SAAC/OC nEcAnE BoxEs
' 50 Meg. {PANTEC|
AMATEUR RADIO AND CB TESTING i AsoSNKKZ SO0 iyt ector ,':s.n EATIEZLE L B
(Full lists send S.AE.| range cap. meter csnzo 20 Valus Cap. bux uu ot
EDM6 15 fo 250 MHZ 6 range DIP meter [illus| £47.95 ,”:}‘ﬁ’l;}n’;gﬂf 1 Meg QL oNACIOr A, 101 uF 100 |
FC1000 3 meters 0/10/100/1000 watts. SWR elc. 150 MHZ (NOTE 3001 & 3003 Electronic PORTABLE TV COLOUR
max. fiflus) £45.00 Protection Mirror Scales) GENERATOR 4
CB20 SWR/Pawer twin meter 10 30 MHZ_ 1KW |[illus] £8.95 K1400 26 range large scais 20K/Voll: 10A
HM20 20K/Vall multirange multimeter Plus SWR/Pawer AG/QC. 20 Meg ohm. 5KV AC/0C £85.00 § mMC101
nveter 150 MHZ Detachable Coupler £22.95 'Z(m ?mgﬂv 10 Meg. ahm inpul . ﬂ_m::r:t{gu:j:‘;l::‘: "E' Bulll.l'lan
LPMBB0 RF Power meter 5/20/120W. 1.8 500 MHZ £84.00 g y ’ ety VL0
LPMBBS SWA/Power 20/200/1000W 18 54 Whz sl A X o U "'“""“"'“;',‘&'_';2',"
HAVE A BANANA! STI03TR 21 range plus He test VARIABLE POWER SUPPLIES | piREcT READ TEMPERATURE
Low coet rallable meters (Al supplled with ~ 20K/Volt £16.95 Mains input - Volts/Amps meter (UK C/P £1) TH301 -50°C 10 +750°C. LCD
batts/lsads] (UK C/P 55p) AT1020 18 range Deluxe 2KV & PP241 0/12.12/24Valt / g ", readout. Complete with battery
BANANA 15 range packet 20K/ Volt Hfe Tester £17. 0/1 amp £35.00 / angtmermocoupte  £68.43
plus cant. buzzer (illus) £20.64 TMK500 23 range plus 12A DC g/';z:n?p 0/12.12/24 Volt. 59.95 J/ !
NHS5 10 range pocket plus cont. buzzer 30K/Volt  £21.50 . > | LOGIC PROBES/MONITOR
2K/Voit £5.50 PS1307S twin meter 8-15V2-7A £35.95 ) Sabtronics LP10 10 MHZ

168m 36 range large scale 10A 2
AC/DC 50K/Volt £28.50
AT21D 21 range 12A AC/DC
100K/Volt

360TR 23 range large scale 10A
AC/DC Hfe test 50 meg ohm. 1KV
AC/DC 100K/ Voit £34.95
Choose from UK’s largest range

£28.50

P = probe
® 6SC LP2 15MHZ probe £19.95
3 LEADER LOPOT76 50 MHZ {with
cas £66.90

3¢
ssc LM1 monHor (8 10 15 pin
£33.00

STS 17 range pocket 4K/Volt £6.50
NH56R 22 range pocket 20K/Volt
£9.

"'SCOPE ADD ON UNITS

LTC905 Semiconducter curve
lrmr |IIIu|| (LEADER)  £85.45
{UK C/P B5p)

HZ65 Component tester |HAMEG]
{UK C/PB5p) £27

95
YH36QTR 19 range plus Hfe test
20K/Vult £12.95
KRT5001 16 range 10 amp DC

range double 50K/Volt £16.50

 a—
5 =

| C's)
~ — SSC 0PI Digital pulser. Singls/
100 pps  £58.50

Order by Post
with CHEQUES/
ACCESS/VISA
or Telephone
your order

301 EDGWARE ROAD, LONDON W2 1BN,ENGLAND. TEL01-724 3564 | S\

Send large SAE
{ 20p UK)

Allow up 1010 days for Schools, Companies,
delivery {unless advised) | o1 Please writein.

ALSO AT HENRYS RADIO, 4047406 EDGWARE ROAD, LONDON W2
MA@CWIéDQWAW’CALL/N/WDWﬁQ YOURSELFS

WW — 011 FOR FURTHER DETAILS
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Sinclair ZX Specti

16Kor 48K RAM...
full-size moving-
key keyboard... e
colour and sound... | RS e
high-resolution | Lkl , =
graphics... | EaeiiE
From only " m |

First, there was the world-beating

Sinclair ZX80. The first personal computer W i
forunder £100. S S
Then, the 2X81. Withupto 16kRAM  Ready to use today, K
available, and the ZX Printer. Giving more easy to expand tomorrow Key features of the
power and more flexibility. Together, y p Sinc|a|r X Spectrum
they've sold over 500,000 so far, to make Your ZX Spectrum comes with a mains
Sinclairworld leaders in personal adaptorand all the necessary leads to ® Full colour-8colours each for
computing. And the ZX81 remains the connect to most cassette recorders foreground, background and border,
ideal low-cost introduction to computing.  and TVs (colour or black and white). plus flashing and brightness-intensity
Now there's the Z)l( Spectrum! With Employing Sinclair BASIC (now used control.
up to 48K of RAM. A full-size moving-key in over 500,000 computers worldwide) K ; ;
keyboard. Vivid colour and sound. High- the ZX Spectrum corEr)\es complete with g Sggﬂgngssgzgr:mand Wil |
resolution graphics. Andalow price that's  two manuals which togetherrepresenta P )
unrivalled. detailed course in BASIC programming. @ Massive RAM-16K or 48K.
. Whetheryou're a beginner oracompetent . .
Professional power- programnYIer, you'll fi?\d them both o?im- eyl mpyina= Sy aylboard==gl

keys at normal typewriter pitch, with

personal computer price! mense help. Depending onyour computer repeat facility on each key
experience, you'll quickly be moving ’

The ZX Spectrum incorporates all into the colourful world of ZX Spectrum @ High-resolution -256 dots
the proven features of the ZX81. But its professional-level computing. horizontally x 192 vertically, each
new 16K BASIC ROM drarnatically There's no need to stop there. The individually addressable for true high-
increases your computing power. ZX Printer—available now - is fully resolution graphics.

You have access toarange of 8 compatible with the ZX Spectrum. And _rew 3
colours for foreground, background and later this year there will be Microdrives for - Qﬁv(gl_%t;aslzggrrgg’:ervsmh upper-and
border, together with a sound generator massive amounts of extra on-line storage, )
and high-resolution graphics. plusan RS232 /network interface board. 8 Teletext-compatible -user software

You have the facility to support ) can generate 40 characters perline

separate data files.

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

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

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

orother settings.

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

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

WIRELESS WORLD OCTOBER 1982



INVERSE

RS232/network
interface board

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

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

ZX Spectrum

Available only
by mail order
and only from

[— (g | — |

Sinclair ResearchLtd,
Stanhope Road, Camberley,
Surrey, GU15 3PS

Tel: Camberley (0276) 685311

WIRELESS WORLD OCTOBER 1982

The ZX Printer-
available now

Designed exclusively foruse with the
Sinclair ZX range of computers, the
printer offers ZX Spectrum owners the fuil
ASCIi character set—including lower-case
characters and high-resolution graphics.

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

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

The ZX Microdrive -
coming soon

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

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

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

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

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

How to order your ZX Spectrum

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

Barclaycard or Trustcard.

EITHER WAY-please allow up to 28
days for delivery. And there's a 14-day
money-back option, of course. We want
you to be satisfied beyond doubt-and we
have no doubt that you will be.

’—To: Sinclair Research, FREEPOST, Camberiey, Surrey, GUIS 3BR. Order_]

| (—iy_ Item

Sinclair ZX Printer

Printer paper (packﬂof_s rolls)

Please tickif you require a VAT receiptl:\

: STncEifZ)(_gg_tactTJmT1GKRAMvergioﬁ '
~ Sinclair ZX Spectrum - 48K RAM version

~ Postage and packing: orders under £100 28
_ orders over £100 29

*| enclose a cheque/postal order payable to Sinclair ResearchlLtdfor£

*Please charge to my Access/Barclaycard/Trustcard account no.

asapplicable
|Signature
PLEASE PRINT
[Name: Mr/Mrs/Miss | |

|
Address | | | | | | | | |
|

|

|

|

|

|

|

|| *Please delete/complete L
|

|

|

| Lt
|
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N I N A S
(U S N O

~ i d -

Code IltemPrice Total |

£ £
100  125.00 — |
101 17500 _al
27 5995 |

16 1195

295 |
495 |
Total®& |
|
|
) o |
- |
n L |
1 |
I NN
WRW 810 | |
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M/AM 1000s with Spectrum
Analyser —we call it the SUPER—S

A portable communications service monitor from IFR,
light enough to carry anywhere and good enough for
most two-way radio system tests.

The FM/AM 1000s can do the work of a spectrum
analyser, oscilloscope, tone generator, deviation meter.
modulation meter, signal generator, wattmeter, voltmeter,
frequency error meter —and up to five service engineers
who could be doing something else!

A PRACTICAL TOP UP!
MM-100 MULTI-METER

Simply replaces the protective lid of the FM/AM 1000s. It
includes a modified probe, PB-114, and a built in speaker
unit with independent volume control for audible response
to signal measurement. This practical ‘top up’ will perform
the following functions.
Sinad: Measurements for 1 kHz

tone (+ 20 Hz)
Distortion: To 30%
DC Volts: Up to 300 volts and up to
800 volts when the X10 probe is used
AC Volts: 600 VRMS maximum for frequencies between
25 Hz and 25 kHz
Ohms: Using the modified probe, part number PB-114,
Ohms can be measured on scales X1 to X10 K
% AM Measured on the RF signal applied to the
FM/AM-1000 unit

OPTIONAL ACCESSORIES
A choice of R.F. power attenuators and protective
carrying cases.

For further information contact Mike Taylor

,@ Fieldtech

Hunting Heathrow

Fieldtech
Heathrow Ltd.
Huntavia House
420 Bath Road
West Drayton
Middlesex UB7 OLL

Tel 01-897 6446
Telex 23734

IFR precision simulators |-ccc

WW — 064 FOR FURTHER DETAILS

| i —
Minimum VA
» Order £1 IS INCLUDED .
A1065  1.40 ELB21 820 SC1/600 450 BANBA 250 12AU7 0.80 @145 4.96
293 8.00 ELB22 995 SP61 1.80 6AQ4 340 12AV6 0985 g1468 5.20
13.78 EM80 086 TT21  23.00 6AQ5 1.00 12AX7 065 6360 285
AR8 0.75  EMa7 130 TT22 1880 GAQSW 1.80 12BA6 090 6550 6.00
ARP3 0.70 EY51 096 U25 115 6ASE 116 12BE6 128 6870  14.00
ATP4 0.60 EY81 0.65 U26 1.15 6AT6 090 12BH7 195 8852 820
B12H 3.90 EY86/87 0.60 U27 1.16 6AUS 0.60 12BY7A 230 7199 208
cy31 140 EYs8 0.65 U191 0.85 6AVE 0.88 1 0.85 38P1 11.00
DAFS6  0.70 EZ80 070 U281 0.70 6AX4GT 130 12E1 1896 SFP7  16.00
DET22 2896 €281 070 U301 0.65 6AXSGT 1.30 12J5GT 056 4EP1  32.00
DF96 0.70 GM4 590 U600 1150 68A6 056 12K7GT  0.70 gg 14.00
DH76 076 GY501 130 U801 0.96 BBEG 0.60 12KSGT 0.80 ggl 14
DL92 0.60 G232 106 UBCAT 120 6BG6G 1.60 12Q7GT 0.80 Cvisze 16.00
DY86/87 0.66 G733 420 UABC80 0.75 6BJ6 130 125C7 068 PG1.32 34.80
DY802 070 GZ34 276 UAF42 120 688Q7A 0.85 125H7 065 DG7.38 36.00
ES5L 1490 Gz37 3.95 UBF80 0.70 6BR7 4.00 128J7 070 DPMgS-11 38.40
EBSCC  1.60 KT66 630 UBFB9 070 6BW6 620 1 145 D13-33GM
E88CC/01 3.10 9.20° UBL21  1.78 6BW7 0.90 125Q7GT 0.86
E92CC 2.0 KT88 8965 UCCB4  0.85 050 12Y4 070 «400cQ
E180CC 420 12.80° UCCBS 070 6C6 058 1303 0.70
E1B0F  7.70 MH4 250 UCFB0  1.30 6CH6 820 13D5 0.90
E182CC 6285 ML6 280 UCH42 185 6CLE 275 1306 080 o MeIcON
EA76 225 MX10/0121.50 UCHBI  0.78 6CX8 380 14S7 198 LeroaLF
EABC80  0.80 990 UCL82 098 6CY5 118 19A05 086 00l
EB91 0.60 0A2 0.70 UF41 1.36 606 070 19G3 1180 o000
EBC33 118 082 0.00 UFB80 0.96 G6F6 1.60 13G6 850 |0 T020R
EBCSO 090 PABC80 080 UF8S 09 6F6GB 110 19HS 3988 o 070N
EBFS0  0.80 PC85 078 UL84 0.96 6F7 280 20Dt 0.80
EBFE3  0.80 PCB6 085 UMSBO 090 6F8G 0.86 20F2 0.85
EB| 0.80 PCB8 090 UMB4 070 6F12 180 20E1 1.30 v
EC52 0.65 PC9? 125 UY82 0.70 6F14 148 20P1 068 L 000A
ECS1 4.40 0.90 UY85 086 6F15 1.30 20P3 08 X 5000A
ECS2 086 PCCB4 050 VRI05/30 126 6F17 320 20P4 128 oot
ECCB1  0.65 C89  0.85 VA150/30 1.35 6F23 0.78 20P5 1.35 183
ECC82 060 PCC189 0.86 X66 0.95 BF24 178 25L6GT o096 SN i
ECCB3 0685 PCFBO  0.80 X61M 170 6FR 1080 26246 orys VML
ECCB4 060 PCFB2  0.70 XR1-6400A 6FH8 420 0C15  0s0 b 1020
ECC85 060 0.78 82.90 186 30C17 080 (i o0
ECCB6 1.0 PCFB6 150 2759  19.00 6GHBA 096 30C18 245 GXUB
ECC88 080 PCFB7 050 Z749 0.75 8H6 1.80 30F5 118 ROy
ECC189  0.96 F. 145 Z800U 345 6J4 136 30FL2 140 V00
EC 090 PCF201 168 2801U 378 6J4wA 200 30FLT2 128 VI
ECFB0 0.6 0.50 2803U 16.00 6JS 230 2FL1a 218 BRI%Y
ECFB2 065 PCFB01 178 Z900T 245 6J5GT 0.0 30L15 110 o
ECF801  1.06 PCFB02 0.70 1A3 0.8 6J6 065 0L17 110 B
ECH34 226 PCFBO6 120 1L4 0.50 6J6W 09 P12 115 ML
ECH35 170 PCFB08 145 1R5 080 6JESC 296 PLI3 128 EUS00
2.10° PCH200 1.35 1S4 045 6JS6C 296 30PL14 245 MIL 5348/1754
ECH42 120 PCLB1 075 1S5 0.45 0.80 35L6GT 140
ECH8Y 070 pCLB2 096 174 045 6KD6 336 35W4 0.80
ECH84  0.80 L84 090 tU4 0.80 6LEM 290 3524GT  0.80
ECL8BO  0.70 L86 0.7 1X28 1.40 6L6G 250 50CS 1.1
ECLB2 076 PCLB05/850.96 2D21 110 BL6GC 210 50CD6G 1.36 SN5402N 028
ECLB3 140 PD500/5104.30 1.86° G6LBGT 128 75B1 126 SN5410F o.32
ECLBS 0.80 PFL200 1.10 2K25 1688 6L7G 0.68 75Ct 1.70 SN5470F 048
ECL8S  0.90 2.80° 24.50° 6L18 0.70 76 0.95 SN54196J 120
EF37A 215 PL36 110 2X2 1.18 6LQ6 298 78 095 SN7407N 029
EF39 125 pLB1 0.85 3A4 0.70 6.D020 070 80 1.70 SN7408N 0.18
EF80 0.65 PLB2 0.70 3AT2 240 BKGBA 270 85A2 1.40 SN7445P 0.86
EF83 1.75 PL83 0.60 306 0.50 6Q7G 1.30 286> SN74453P 1.10
EF85 0.80 PL8d 096 3022  23.00 BSA7 1.00 807 126 SN7453N 0.18
EF86 0.75 PL504 1.00 3E29  19.00 6SG? 1.18 1.90° SN74L73N 0.38
EF89 1.05 PL508 1.95 0.80 6SJ7 1.0 813 19.32 SN7474N 0.30
EFg1 1.50. PL509 320 4832 1828 6SK7 0.95 SN7485N 0.9
EF92 2.90 5.66° 58/254M 16.90 BSL7GT 0.86 8298  14.00 SN74LBSN 1.10
EF95 0.65 PL519 395 5B/255M 1480 6SN7GT 080 832A 8.90 SN7491AN0.32
EF96 0.60 6.10° 5B/256M 12.50 6SR7 1.10 B866A 380 SN74123N 0.42
EF1B3  0.80 PLB02 320 5C22  29.90 6SQ7 0.95 866E 625 DM74123N 0.38
EF184 080 PY33 0.70 5A4GY  1.80 6VEG 150 931A 1360 SN15836N 028
EFB12  0.75 PYS0 0.70 5U4G 0.75 6V6GT 096 954 0.60 cX4 0.95
EFL200  1.85 PY81/800 0.85 0.75 6x4 0.96 955 120 SN76013N 1.80
EH90 0.86 pys? 0.86 S5Y3GT 0.96 6X4WA 210 956 0.60 SN76003N 1.80
EL32 1.10 pvs3 0.80 150 6X5GT  0.86 957 1.05 SN76033N 1.3
EL34 1.80 PY88 0.60 524G 0.7 6Y6G 090 1625 1.80 MC6800P 5.80
2.90°  PY500A2.10 524GT  1.06 824 0.70 1629 1.85 MC68B00OP
ELBY 245 PYB0S 645 6/30L2 090 787 178 2051 2.90
ELB2 0.70 PYS801  0.80 6AB7 0.70 8BNS 295 5763 420 MC14511BA
EL84 0.80 QQV03/10 7.60 BAC? 1.18 902 0.70 5842 7.50
EL86 0.95  QQV03-20A 6AG5 0.60 906 290 5881 340 B1702AL 330
ELSO 1.00 21.80 6AHE 118 10C2 0.85 5933 6.90 MME300-1
EL91 420 QQv03-25A 6AKS 0.65 10F18 0.70 6057 2.20 3.]
EL95 0.80 .50 BAKS 0.60 10P13  1.50 6060 1.95 MCMB810AP
EL504  1.70 QQV06/40A 6AL5 060 11E2 19.50 6064 2.30 3.
EL803  8.90 16.10 6ALSW  0.85 12A6 0.70 5065 320 6340-1) 380
EL509 395 QV03-12 420 6AMS 420 12AT6 0.70 6067 230 MIC346.5D 028
ELB02 170 SC1/400 4.50 6AMSG 180 12AT7 065 6080 630 MIC936-5D 0.22
FIELD TELEPHONES TYPE “J".
VALVES AND TRANSISTORS 1500 |
Telephone enquiries for vaives, transistors, eatc: ropical, in metal cases.
re(ail7493934,t|:gt£ndexpon743%8'39. 1(())-Ilne MAGNETO SWITCH-
+D10" CABLE FIELD TELEPHONES BOARD. Can work with every
Geiger Mulier Tubes GM4, MX1 hers.
& be X12/0)sndlctier type of magneto telephones.
TEST SET FT2 FOR TESTING Transceivers A4Q,
ﬁ“n’ Aéz and CPRC26. PRICES MAY VARY
ARNESS “A” & “B” CONTROL UNITS “A” “R". POSTAGE: £1-£3 45p; £3-£5 65p;
“J1” “J2."” Microphones No 5, 6. 7 connectors, = 0 i
fvames.canievsets?etc. £5-£10 60p; £10-£15 80p; £15-
DRUM CABLE continuous connection YC 00433. £201 00p.
Signal Generators MARCON! TF 144H/4S; TF144H/85 10 kitz-72MHz
Prices on application
COLOMOR Tel. 01-743 0899 or 01-749 3934
(ELECTRONICS LTD.) Open Monday to Friday
170 Goldhawk Rd., London W.12 9a.m.-5.30 p.m.

SOUND INVESTMENT

~—
QUALITY REEL TO REEL & CASSETTE TAPE HEADS
FITTING A NEW TAPE HEAD CAN TRANSFORM THE PERFORMANCE OF YOUR TAPE RECORDER
OUR FULL CATALOGUE (PRICE 50p) ALSO INCLUDES TAPE TRANSPORTS, DISC DRIVES,
PRE-AMPLIFIERS AND ACCESSORIES

POPULAR U/I:HVERSAL CAS?ETTE HEADS TO EIAJ STANDARDS
.. £4.6

C21RPS18 MONOR/P . .......... Hole Centres 17mm Apart, 12mm From Head Face

B24-02 STEREORP............ £7.66 C42RPH20 STEREQ R/P SENDUST FOR
B24-07 STEREQ R/P FOR DOLBY CHROME/METAL TAPES.. £10.67
SYSTEMS .. ........... .. £9.05 CA2RPHO4 STEREO R/P GLASS FERRITE

THE ULTIMATE LONG LIFE,
HIGH PERFORMANCE HEAD £13.34
POST AND PACKING 40p EX STOCK DELIVERIES, ALL PRICES INCLUDE V.A.T.

The Manolith Electronics Co. Ltd., M D N D L'TH

/7 Church Street, Crewkerne.
electronic products

Somerset TA18 7THR
Tel: 0460 74321.
WW - 072 FOR FURTHER DETAILS
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C21€S18 MONO/STEREO ERASE
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THE

THE HEADSET
Y AHEAD OF

i A ; \:
q . .

DANAVOX HMT 808.

The Danavox HMT 808 is the most advanced headset of its kind that you can buy today.
Employing Danavox expertise and quality throughout, it offers many unique features at a
remarkably low price.

® Lightweight. Weighs only 35 grams

#® Comfortable and hygienic. Does not go in
the ear so it can be comfortably positioned
in seconds @Versatile. Can be worn under
the chin or over the head using single ear of
binaurally"@Multiple version microphone.
Available with either magnetic

microphone or electret with noise
cancelling feature and pre-amplifier for
matching into telephone systems

WIRELESS WORLD OCTOBER 1982

® Technically advanced. Pre-amp employs
latest thick film technology ®@Easy
servicing and repairs. Quick changing of
earphones, cords, earpieces and switches
@ Realistically priced ® Danavox quality
engineering and guarantee.

For full details contact
John Carter at Danavox.

DaNavox

DANAVOX (Gt. Britain) Ltd.,

1 Cheyne Walk, Northampton NN1 5PT
Tel: (0604) 36351 Telex 312395

WW - 012 FOR FURTHER DETAILS
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e
simple answer
to all your
power supply
problems.

.

As supplied to
International Telecommunications Companies
Uninterruptible Power Supplies - UPS CVT Reliability
125va to 50kva, 50 or 60hz.

Il STANDBY POWER. Invaluable for winding down a
computer programme on mains failure and wherever
continuous power is essential.

Il STABILISATION. 5% Vital to combat mains voltage
fluctuations and ensure the operation of equipment at

mains born interference (spikes).

prices.

For more information, cut the coupon.

Galatrek International, FREEPOST, Scotland Street,
Llanrwst, nr. Llandudno, Gwynedd LL26 OAL, BRITAIN,

Made and Designed in Britain by Galatrek.

peak efficiency. Frequency stabilised 4:0.1% 47 to 65Hz.
I TRANSIENT ATTENUATION. Provides suppression of

An unbeatable power package at a price to suit all budgets
from Galatrek International, UPS are DOWN to unbeatable

Tel No: 0492-640311/641298, Telex; 617114 A/B Galahu.

ALATREK %

I Please send me full details of your range of voltage

stabilisers, filters, cutouts, generatorsand CVT's
Please send mefull details of UPS

I Please send mearequirement checksheet
Consultation with Galatrek Engineer

I Name _ B o _

I Position e —— B
Compan'y . g —
I Address = . - .

__ TelNo_ Telex
Trade J OEM (J (please tick where appropriate) wW 21
R RS B SN AR O SR SN

WW — 010 FOR FURTHER DETAILS
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D..L MINIATURE
ON-OFF

SWITCHES .
Gold-plated contacts
Sealed base |deal for pro-
gramming. 6-position at
fess than half

~

manufacturer’s price
ONLY
75p 7

Wil fit into t4-pin dil
socket Ten at 65p ea.; per
100 55p ea

HONEYWELL PROXIMITY
DETECTOR integral
amplifier, Bv, D.C., £3.50 ea
PHOTO CONDUCTIVE
CELL, £125. High-power
Cds cell, B0OMW, for
contral circuits
Resistance 800 ohm to 4K
Max. volts 240. Size 112
N,

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

MULLARO MOOULES
PN LP1179
‘F. Strip AM.FM

Front end

Pair £5.75
Complete with Data

LP1157

Med. & Long
Tuner £2.50

CRYSTALS COLOUR TV

4433613 me/s £1.25
Miniature type sealed

ULTRA SONIC
TRANSOUCERS  40KC'S.
Complete on 18in
Screened  cable, f£1.75
each: pairs £2.95.
ULTRA SONIC
TRANSMITTER. Complete
unit {uncased requires
15v). £3.25

FOSTER DYNAMIC
MICROPHONES. 200 ohm
impedance. Moving coil
Complete on chassis. £1.75
pair.

UH.F. MODULATORS
Latest type, adjustable,
ideal for computers.
with data circuit
Size 3x212x1 inch
Onlv £3.50
In screened case

LM380 Amplitier
LM318N Hi-Stew Op Amp
£1.50

MINIATURE EOGE
INDICATOR METER

Amp. £120
LM311H High Perf Volt,
Comparator .£1.00

e
MINIATURE HIGH-
QUALITY FANS
“Whisper Modet” by Ro-
ton. Low-power consump-
tion {less than 10 watts)
Silent running. 115v. {two

STERED CASSETTE
Mechanisms 6 or 12 voit.
Complets with Heads +
Erase and Solenoid. Brand
new ... £5.50 08,

in series for 23Qv.)
S0/60Hz. Size 412 x 412 x

172i0. oMLY £6.50 EACH

TV CENDERGENCE POTS
(UN)

" y AT 50 ohm
With illuminated dial scale | LM384N, 5-watt Amp £120 Hal] (7
0-10. FSD 100 microamp. | LM393N Dual Com. . 60p BRAND NEW ;g g
Sire 112 x 112 x V2 deep. | 7905 Rag. —5v .. 75p | 50% less than manufactur- | £~ ™)
Only £1.65. er’s price 0 3
MONSANTO STERE) CASSEWEQTAI!"E HEWLETT-PACKARD EX-MOTOROLA
] uality DISPLA
Half-inch replacement for most VS m 5 + 5-WATT
+ | Display recorders with mounting 5082-7650 ! CAR
ngalnlev;)s"v plate. Record/Replay £2.80 HIGH STEREO
el MARRIOTT TAPE HEADS | EFFICIENCY
Common anade Quarter track AND vgnv BRIGHT| AMPLIFIERS
14 Pin Dil Package Troe Only/EV00/each “| Complete and tested units,
XRP518 Record/Aepiay :
h Set of 6 for £5 Medium and tong Wava.

BRIDGE RECTIFIER
800 PIV 35 amps
1¥2x 12 Van, £350

{eac
XRPS36 Record/Replay
{each), £300
XES11 Erase (each} . £100

Half-inch red common
enode will replace
OL70/14-pin Dil.

Supplied as two built units
¢ 2 Zin) with circuit
and data Only £5 pair.
tncludes pre-amp.

NATIONAL
P.8080A Chips ..
B216... ...,
IN4148 DIODES
Full spec. but no polarty
band. Per 1,000..............£10
MINIATURE MP.C.
POTENTIOMETERS. Model
M2 High-quality, 5%
tolesance, 2-watt, with lin
spindles.  All values, 47
ohms-47k only 60p each
per 10; 50p each per 100;
40p sach

o

RECHARGEABLE
BATTERIES
VARTA 36 volts DEAC,
M/AH 225 £150
DRYFIT B-volt. 45 amp.
£150

XTAL FILTER 107 mc/s.
12.50B separation,
12x1axtinch £7.00
100KC/S + 1 meg 3-pin
£200

“‘CHERRY"* ADD-ON KEYPAD

LIST PRICE
£2200
DUR PRICE

A compact 12-button
keypad suitable for use
with  Keyboard
extend its functions
nlus tour extra keys.

Supplied brand new

A 3 x 4 non-encoded
2 single mode keyboard

QUANTITY DISCOUNTS on ALL items {uniess stated), 15% per 10, 20% per 50, 25% per

100. All items BRAND NEW (unless otherwise stated).
DELIVERY from stock ~ Add post 35p per order.

Callers to: 404 EDGWARE ROAD, LONDON W2 1ED

EXPORT enquiries Transonics
invited Mono 1400
e

TELEX 262284

01-7231008/9

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

\O

\ORDER YOUR FAVOURITE
o\“ AUDIO ACCESSORIES BY MAIL

SEND FOR YOUR FREE COPY|
OF OUR 1982 CATALOG

PAGES

au
8l2 xi1

OVER 250 ITEMS

INCLUDING DIRECT BOXES, MIC-SPLITTERS,
SIGNAL PROCESSING, AUDIO MODULES,
TRANSFORMERS & MANY OTHER ACCESSORIES

WITH TECHNICAL DATA

& USE DIAGRAMS

SESCOM, INC.

RETAIL SALES DIVISION
1111 Las Vegas Bivd. North
Las Vegas, NV B9101-1197 U.S.A.

(702)384-09P3
(800)634-3457
TWX (910)397-6996

WW — 037 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!

£2.50 (30p) Developer.......... £0.30 (15p)
£0.60 (45p) Acetate Sheet ... £0.15 (15p)

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

Fotolak aerosol..
Ferric Chloride...

Copper-clad Fibre-glass Boards:

Pre-coated Fibre-glass Board:

8''x4%."...£1.75(25p) 16''x9"" ... £7 (60p)
8"x9" ... £3.50 (45p) 24''x12''..£13(£1.20)

24'x18" ...£18 (£1.70)
Eurocard £1.25 (25p)

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

WHITE HOUSE ELECTRONICS
P.0. Box 19, Praa Sands, Penzance TR20 9TF
Telephone: Germoe (073-676) 2329

WIRELESS WORLD OCTOBER 1982



Constructor Series Speakers

IT'S
SO
EASY .

Have fun, save
money, building

a Kef design

witha %
Wilmslow Audio

CS Total kit.

No electronic or
wocdworking
knowledge

necessary and

the end result s

a proven top

quatity design
thatyou’ll be proud of.
Each kit contains all cabinet components, accurately machined for easy
assembly, speaker drive units, crossovers, wadding, grille fabric,
terminals, nuts, bolts, etc.

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

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

Prices:CS1 (As 101) £110 pr.inc VAT, plus carr./ins. £ 5.50
CS1A(s mplified LS3/5A) £103 pr. inc. VAT, plus carr./ins. £ 5.50
CS3 (as103.2) £129 pr. inc. VAT, plus carr./ins. £10.00
CS5 (asCarlton i) £192 pr. inc. VAT, plus carr./ins. £15.00

CS7 (as Cantata)

(R WHMSLOW =
(i_ Em ) 0625 529599

The firm for Speakers

£250 pr. inc. VAT, plus carr./ins. £18.00

35/29 Church Street, Wilmslow, Cheshire SK9 1AS
1682 Catalogue — £1.50 post free
m Lightning service on telephoned credit card orders!

RADIOCODE
CLOCKS

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

Applications

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

Data logging and time recording.

Process and equipment control.

Broadcasting, Astronomy, Navigation.

Satellite tracking.

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

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

~ 015 FOR FURTHER DETAILS

Now, really reason
withIC’s

With the new LM2A logic monitor from GSC, you can see
just what’'s going on in an integrated circuit for only £75.*
The LM2A'’s sixteen LED indicators show the static and
dynamic logic states of all the pins on 14 or 16-pin IC
packages, and GSC’s unique Proto-Clip provides rapid,
reliable contact with the circuit.

You can use the LM2A with different logic families, too. A
front-panel switch lets you select TTL or C-MOS, and a variable
threshold control covers any voltage from +1V to +9V for other
logic levels. It's small and light enough to hold in the hand, and
operation is simplicity itself.

Take the logical course of action —fill in the coupon now.

* Price excluding P&P and 15% VAT.

GLOBAL SPECIALTIES CORPORATION [ 5 (e im0 o = o = s mm o s o o o o o o e oo

.S.C. (UK) Ltd., Dept. 7L, Unit 1, Shire Hill Industrial Estate, Saffron Walden, Essex CB11 3A

[ Model LM2A | | it pri 5 Qnt
I e LOGIC MONITOR | Unit price inc. P & P 15% VAT £88.5i- Regj{j_.‘

Name
I Address

G.S.C. (UK) Limited, Dept. 7L

Unit 1, Shire Hill Industrial Estate | enclose cheque/P.O for £

or debit by Barclaycard/Access/

Saffron Walde American Expresscardno. exp. date.

Teleohone: S rf]f' ESS\%‘ ?dB” 3AQ | FORIMMEDIATE ACTION - The G S.C. 24 hour, 5 day a week service. For FREE
p' coarran atden (0799) 21682 Telephone (0799) 21682 and give us your Barclaycard, Access, American cataiogue

Telex: 817477 Express number and your order will be in the post immediately tick box

WIRELESS WORLD CCTOBER 1982 WW — 077 FOR FURTHER DETAILS 25
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EP400

" DISTRIBUTORS REQUIRE
el il o B2 SR ST G nva, nu!
= = 5 TSP E

EPROM EMULATOR
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 EPROMs are programmed
with external modules.

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

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

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

3

— 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

ORT ENQUIRIES WELCOME

Tel: Plymouth (0752) 332961

GP Industrial Electronics Ltd. Telex: 42513

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

WW — 023 FOR FURTHER DETAILS
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P8000 — THE PRODUCTION PROGRAMMER

THAT HANDLES ALL NMOS EPROMS

2104
2108
2716(3)
2508
2758A
2758B
2516
2116
48016
2532
2132
2132A
68732-0

Checks, Programs, Compares up to 8 devices simultaneously
Handles all NMOS EPROMS up to projected 128K designs

with no personality modules or characterisers — See list
Easy to use, menu driven operation for blankcheck, program,
verify, illegal bit check, checksum, self-test

Constant display of device type, mode and fault codings
Individual socket LED indicators for EPROM status

Comprehensive EPROM integrity checks — lllegal bit check,

data and address shorts, constant power line monitoring
Full safeguard protection on all sockets

68732-1
68766
68764
21764

Automatic machine self-test routine
Powered down sockets

Cost effective price — £695 + VAT
Available from stock

2564
MK2764

Write or phone for more details

.

o
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GP Industrial Electronics Ltd. 722%™ 72 2"

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

IPEY

WW - 024 FOR FURTHER DETAILS
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Marconi
Type R1020

Hinged Antenna
Column.

Easy to raise
Easy to lower

Immensely strong, corrosion
R resistant MATHWEB* g.rp. column

I N\ in arugged steel tabernacle
SN % Lightweight, easy to install, and can
N be safely lowered by one man

—~ &~ ' % Cansupportanumber of VHF/UHF
NN antennas

« & * Column supplied in range of colours

Ty including ICAO orange/white, and
:3;:3 ‘ requires no painting or maintenance
:ii":f\ % Available in heights from 11 to

19.5 metres

il ]W il vn‘. ' Jl!;

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

oistered trademark of the BP Gro

For more information talk to Chris Pettitt, Marketing
Communication Systems
Antenna Systems Division

Manager, Antenna Systems Division.
barooni
Marconi Communication Systems Limited,

- MATHWEB
Lane Works, Waterhouse Lane, Cheimsford CM1 2QX, England

]
Marconi
Tel: 0245 353221 Telex: 99108

A GEC-Marcon: Electronics Company

WW — 008 FOR FURTHER DETAILS
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POPULAR FRONT
IN POWER
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Probably Europe’s most popular bench power supply
range. More than 50,000 in use. Nine models to choose
from {most with NATO stock numbers).

The Farnell L series feature large recessed meters,
constant voltage or constant current, overload and
short circuit protection, coarse and fine conirols, a
separate output switch and LED indicators for mains on
and current limit.

THEY'RE EX-STOCK T0O!
Models available:

150-05 0-50V, 0.5A
w4 0-30V,14
wo3e  o0v,3A
2 0-30V, 24
1305 0-30V, 54
Li2-10¢* - - 0-12v,10A
LT50-05 (twin) ! 2 x 0-50V, 0.5A
11301 (twin) 2 x 0-30V, 1
I130-2(win)  2x0-30V,2A

“with adjustable overvoltage protection

For quick delivery or specs. and prices contact

FARNELL INSTRUMENTS LIMITED
WETHERBY -WEST YORKSHIRE LS22 40H-TELEPHONE 0937 61961
TELEX 557294 FARIST G
or Harpenden (05827) 69071

WW — 088 FOR FURTHER DETAILS
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ONLY HB ELECTRONICS OFFER
SUCHAHIGHQUA ™" RANG
~ ATSUCH UNBEAT/.BLE Pr\CES

Whatever your requireents in .
soldering and desoldering equipment,§
you won't find better value at such ;

competitive prices.
Justtake alook /
at these:

—
e

—

SOLDERING ' DESOLDERING
ACCESSORIES SYSTEMS & ACCESSORIES

HANDLE (71 @, DESOLDERING PUMP (7872)
) t Laet IR “Lightweight Anodised
- 599 | Aluminlum -

T £585
ith
heat mh‘t”am EACH
secondary cord. (+ 88p VAT)

HEATER (76/77/78)

£“43(+ £1.72VAT)

Temperature Ranges 77 370°C (700°F)
76 315°C (600°F) 78 430°C (800°F)

TIPS Long Life interchangeable

Iron-clad, chrome plated £ -30

and pre-

finned. = (3 20p VAT)
<> 80.Long Screwdriver 3.177mm
I 81.Screwdriver 5.95mm
—_iI——== 82.Spade .79mm
L —> 83.Screwdriver 2.38mm
L ——= 84. Long Screwdriver 1.98mm

DESOLDERING KIT (50DK)

= Kitincludes: 95 Tip Adaptor 6948 Slotted DIP
8082 Spring loaded  Jesoidering
extractor ber tip

2 5013 Super-Wick
T.M.

\WWrey
@y,
n

EAT GUN (6966G) ~——

. tweight Heat
I 85.Stepped Spade 1.19mm “92“:;%% lete
L= 86.NeedleTip 1.19mm , g%h with stand and
—1L——- 87.Screwdriver __1.59mm / oJ pus:th?'o:
J——= 88. Long Screwdriver 1.19mm L . baffle
T —<o 9z.Screwdriver 317mm | N . “adaptors
= 93. Screwdriver .79mm ) \
—__— 94. Short Conical .79mm ,W L '
T——1_95. Adaptor B |

——,———

Please add VAT to prices shown
Post to HB Electronics (DEPT D.S.) Lever St, Bolton, Lancs.

QUANTITY [PRODUCT NO.| UNIT PRICE | TOTAL PRICE

: * For further details and comprehensive
‘ ' literature on all our products contact
, this number today 0204 386361

!
I
or fill in the coupon. |
I

CHEQUE[] POSTALORDER[_ TOTAL

HB Electronics I NAME

A Lever Street, Bolton, Lancs. | e
' o L ALL PRICES INCLUDE POST AND PACKING _Jj

WW - 042 FOR FURTHER DETAILS
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The over and outperformer

You simply can’t make jt
any clearer.

For the address of your nearest dealer together with full details of the Shure Microphone range. wiite to:
Shure Electronics Ltd. Eccleston Road, Maidstone ME15 6AU or telephone: 0622 59881.

WW — 082 FOR FURTHER DETAILS
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Vision of the future

Viewed dispassionately, broadcasting
information between fixed points on the
earth seems to be a nonsense — a little like
throwing a bowlful of sugar in the air in
the expectation that some of it will fall into
one’s cup of coffee.

The UK is about to take the step of
laying broad-band cables (optical-fibre and
copper coax.) to provide more television,
radio and interactive information services
in the home, at a cost of several thousand
million pounds. This use of cable is greatly
to be applauded — not necessarily because
yet more television will be provided, but
because it at least makes possible the
eventual use of the radio spectrum at v.h.f.
and u.h.f. up to 1GHz for communication
between mobile stations, which cannot use
alternative means.

But there is some doubt, at least, that
cable, used in the way recommended by
the Information Technology Advisory
Panel, is the best way of going about it.
Thirty channels, twenty of them for
entertainment, are proposed for the main
network of optical fibre, but a reversion to
copper in the form of coaxial cable for each
group of users will reduce the bandwidth
to around 35MHz — say four tv channels
and interactive information for banking,
shopping, alarms, etc.

There seems little need to institute a
new programme of cable laying to provide
not much more in the way of facilities than
already exists, particularly when the new
Telecom digital telephone network will be
able to handle the two-way information —
teletex, and the rest — quite adequately. If
there is a real need for tens of channels of
television — a need felt by viewers, not
that experienced by those hoping to see the
first Lord Thomson of Fleet’s remarks
about commercial television revived —
then a direct-broadcasting satellite is the
answer.

Given a commercial incentive, it seems
more than likely that small dish aerials and
down-converters could be manufactured at
a reasonatle cost, and the compromise
solution, microwave distribution of

satellite broadcasts, would possibly be
somewhat cheaper.

British Telecom are, after all, in the
business of cables, and have been since the
telephone; they would therefore seem to be
the best people to instal, and supervise any
system of communications using cable as a
medium. The BBC and IBA have
unrivalled reputations in the production of
programmes and in the technical business
of broadcasting. Who better, then, to
continue to do so?.

The ‘nonsense’ of broadcasting may not,
therefore, be quite as nonsensical as it
seems, so long as it can be kept well away
from those users who need radio
communication for other than
entertainment purposes — the real users of
radio.

The rush of information technology to
the head evidently being experienced by
the government could, if not regulated by
wise counsel, undo the years of effort by
broadcasters to provide superbly well-
engineered and programmed services.
There is no need for national cable
television: its popularity in the US is only
in part due to the proliferation of channels
it affords. US television suffers from two
handicaps vis-a-vis its UK counterpart —
its use of the NTSC standard and its
infestation with ‘sponsorship’. NTSC does
not take kindly to the kind of terrain US
cities provide — phase errors more or less
ignored by PAL create chaos in NTSC —
and the kind of programmes Americans
receive from broadcast transmissions are
not of the highest quality in the first place.
And yet only about a third of US homes
are connected to a cable. In the UK there
would be even less point in taking cable
signals, where almost everyone can receive
good signals and reasonably good
programmes.

Why the need for haste? It seems
unlikely that the increased export market
for programmes and services anticipated
by Kenneth Baker at Communications ’82
would materialize, and a sudden Cabinet
fascination with IT is not a good reason for
impetuous change in the name of progress.
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I0DULAR
IPLIFIER

A matching unit to the 80-100W power amplifier
described in the June, July and August issues of

Wireless World. Each circuit in the design is separate,

and can be included or omitted, as desired, or switched in and out from the front
panel. The design includes a noise blanker and image-width control

In the July 1969 issue of Wireless World,
and in a subsequent postscript in De-
cember 1970, I described a ‘Modular pre-
amplifier’ which I had built to drive a
Williamson (valve-operated) audio power
amplifier (subsequently replaced by a pair
of 10 watt, class ‘A’ transistor-operated
power amps).

This preamplifier was of modular form
almost by accident, in that it was intended
to fit, with the minimum of inconvenience,
into odd corners within the massive an-
tique oak ‘radiogram’ cabinet which cur-
rently housed the Williamson power am-
plifer, the turntable, a home-made
communications receiver, and the existing
valve preamplifier — together with a short
exponential-horn loudspeaker unit! To re-
move the valve preamplifier was too diffi-
cult a task, since it was integral with the
demodulator and i.f. stages of the radio
receiver, so its replacements would have to
fit in where they could. This necessitated
the assembly of the pre-amp. circuit from a
series of modules having a low output im-
pedance and a high input impedance, so
that they could be interconnected as re-

by J. L. Linsley Hood

quired by lengths of screened cable with-
out the need to worry about any audible
degradation of frequency response.

In the event, it became clear that a mod-
ular design of this type had many attrac-
tions for potential constructors, in that
they could use those bits which fitted their
needs, and ignore those for which they had
no requirement. The attractiveness of this
approach has remained with me, and was
very much in my mind when I considered
what type of signal conditioning stages I
should use to precede the 80-100 watt
power amplifier, if these were to be of
interest to anyone other than myself,

However, much has changed since 1969,
and it was apparent that in the fiercely
competitive and highly demanding world
of ‘Hi-fi’ of the 1980s, much more was

Fig. 1. Layout of modules in preamplifier
assembly, shown in the mode adopted for
normal input from a good quality record.

necessary than the types of circuit block
which were merely a large improvement on
a rather off-colour 1950 d.i.y. hotch-
potch. I have, therefore, tried to take a
new look at what could or should be pro-
vided in the way of signal amplification
and conditioning prior to the main power
amplifier stage, and to put together cir-
cuits which would meet these require-
ments with the greatest economy in circuit
design consistent with the type of perform-
ance now expected from such equipment.
The task of the circuit designer in this
field has been enormously assisted by the
availability of low-noise, low-distortion in-
tegrated circuit operational amplifiers of
the Texas Instruments ‘TL071-TL072’
series, and its equivalents such as the N§
‘LF351-LF353’.,* Under proper condi-
tions of use, these can give a total har-
monic distortion, over the whole effective
audio bandwidth, of the order of 0.01% at
10 volts r.m.s. output, and with an
effective input noise resistance of the order
of 2000 ohms or less. This makes it a

* An article by J.L.L.H. on these integrated
circuits appeared in WW, September, 1982.
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sensible proposition to envisage the pre-
amplifier modules operating at the 0dB
level (referred to 0.774V r.m.s. in 600()),
employing this type of op. amp. gain
block, to give both an adequate overload
margin and a negligible contribution to
total circuit noise and distortion. (The gain
characteristics of the power amplifier unit
were chosen to give maximum output at
0.774 V r.m.s. input).

I should, perhaps, explain at this point
that my decision to use conventional ‘au-
dio-oriented’ op=rational amplifiers, rather
than the many, often equally good, special-
purpose ‘consumer’ circuit blocks which
are readily available, is due mainly to
inward doubts on my part as to whether
such consumer ics, with their special cir-
cuit applications and their unique package
and pin configurations, have an adequate
guarantee of availability. Certainly some of
these introduced during the 1970s have
long since vanished, while the 8-pin dil or
T099-based 741 and its successors have
gone from strength to strength, as process
or technology improvements have been
incorporated intc 741 pin-compatible de-
signs — such as the TLO71!

Basic design philosophy
The intention of tne design is to handle the
signal, at all stag=s after the input-signal
amplification, at 2 low impedance — say
600 ohms — and a peak signal level not
greatly in excess of 0.774 V r.m.s. through
a series of optional, unity-gain, non-invert-
ing conditioning modules (there is one ex-
ception to this, to which I shall refer later).
They can be included or omitted as re-
quired without design problems, or indeed
— as in the case of the prototype — in-
cluded physically bHut omitted or selected
by means of a switch. This allows the sig-
‘nal handling chain to have as few elements
in its sequence as is necessary, while allow-
ing the inclusion of other stages as and
when these are thought to be useful. The
modules I have included in this design are:
a microphone ampliifier; a low-noise, low-
impedance head-amplifier intended
specifically for use with moving-coil pick-
ups; a two-stage ‘series-shunt’ RIAA-char-
acteristic pick-up input amplifier; and a
four-input, virtual-earth mixer stage. The
output signal level from this stage is at a
nominal 0.774V, €00 ohms impedance,
and the subsequent stages operate at this
level. These are: a noise-blanker stage to
minimize the annoying intrusion of ‘clicks’
due to scratches on records; a stereo
‘image-width’ control stage; a two-fre-
quency, variable-slope treble filter; an
eight-octave *+3dB additive lift or cut tone-
control stage; a rumble filter having a steep
cut (approximately —22dB/octave) below
30Hz; and a signal strength display meter.
For convenience in the use of the pre-
amplifier when recording on to tape from
the microphone inputs, I have also in-
cluded a separate, twin-output headphone
amplifier, in parallel with the switchable
output to the main amplifier. This allows
the preamplifier to be used on its own as a
very high quality system for private
headphone listening.
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Fig. 2. Circuit diagram of power supply. Toroidal transformer from RS Components.

These stages are all based, where practi-
cable, on the use of dual fet-input, low-
noise operational amplifiers (TL072 or
equivalent) operated from =*15V d.c.
supply lines, which are derived from a
conventional bridge-rectifier power supply
via a pair of positive and negative output
integrated-circuit voltage stabilizers
(7815/7915 series). This gives a signal line
which normally resides within 15mV of the
OV centre-line potential, and eliminates
clicks when stages are switched in or out of
circuit.

I have shown the layout of the prototype
preamplifier, in block diagram form, in
Fig. 1, though I expect that most potential
users would wish to employ a simpler com-
bination of these component modules.

With this last thought in mind, I have
described the modules, not in the sequence
in which they have been listed above, but
in their order of practical importance from
the point of view of the user wishing to
build the simplest of the possible useful
combinations.

Power supply unit {Fig. 2)

This is of simple and conventional form,
using a small, 10VA 20-0-20 volt p.c.b.-
mounted toroidal transformer, a bridge
connected rectifier, and a pair of inte-
grated-circuit voltage regulators giving a
smooth, reasonably ripple-free pair of 15V

(a)

(g PR1) Ry
Aux I o———o0 e AN ey
S2a 270n 470k 82k
1 C6 PR2 R2
AuxI o0—— —} PN VW
S3a 270n 470k 82k
I L1 PR3, R3
Radic 0— ——-"_z/,/,——aﬂ 1
Sta 270n 470k 82k
Gram o—o ——-“-_f A A
5a 2p 220k
Rg PR[,

CI

supply lines. In addition, a pair of less well
smoothed 25V lines are provided for the
headphone amplifier circuit, to avoid the
possible intrusion of undesirable high-cur-
rent signal components into the voltage
supply lines used to power the early, small
signal, stages.

Although small toroidal transformers
are substantially more expensive than their
‘E’ and ‘I’ cored counterparts, the very low
external magnetic field associated with
these toroids make it very much easier to
incorporate a power supply on to the pre-
amp. chassis, without hum problems.
Even so, care should be exercised in the
disposition of the wiring associated with
the inputs to the microphone amp., the
RIAA stage, and, particularly, with regard
to the moving-coil head amplifier. All in
all, I think the extra cost of the toroidal
transformer is amply justified.

Mixer stage (Fig. 3)

Although most normal usage of any pre-
amplifier will not require any form of sig-
nal mixing, nevertheless some form of in-
put amplification and impedance
transformation will be needed for most
likely external input sources if it is in-
tended to handle the signal through the
remaining stages of the preamp. at 0.77V
r.m.s. and a nominal 600 ohms line im-
pedance. Nothing will be lost, therefore,

Rj, PR“‘V Balance (see text}

(™ 270K . 170 |
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S
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Fig. 3. Input mixer and buffer stage is at (a) Careless wiring of balance control could
introduce stray capacitance, resulting h.f. lift configuration at (b).
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in economy or simplicity, if the input buf-
fer amplifier is arranged as a ‘virtual-earth’
mixer stage, which can operate equally
well with a single or with multiple inputs.

A minor inconvenience does arise,
however, in this context, due to what I
think of as the absurd DIN convention for
signal outputs from such things as radio
receivers and tape recorders. This stipu-
lates an output operating effectively as a
constant-current source, giving an output
voltage of 1mV for each 1kQ of load resis-
tance. This cannot give a decent signal to
noise ratio at load impedances much less
than some 100k(), and at this value or
above, care must be taken to avoid
electrostatically induced 50Hz ripple. The
need to cater for inputs of this type has
forced the adoption in this circuit of com-
ponent resistor values which are much
higher than I would otherwise have pre-
ferred. If the user intends only to use the
circuit with signal sources having output
impedances of 10k} or lower, all of the
resistor values in the circuit can be re-
duced, with advantage, by a factor of 10,
which will much reduce ‘hum’ pick-up and
similar problems. If this is done, however,
the capacitor values, with the exception of
Cy and Cyo should be proportionally in-
creased.

Only one channel is fully drawn in Fig.
3(a): the other channel is identical with the
exception of the connexions to the ‘bal-
ance’ potentiometers (PRy,) and PRygy)
which are reversed, so that one half will
increase in value as the other is reduced.
One point should be noted, however, in
wiring this potentiometer — screened
cable should only be used for this as a last
resort, if the siting of the mixer circuit
board makes it essential, since the effect of
stray capacitance will be to form the circuit
shown in Fig 3(b), which operates as an
h.f. ‘lift’ configuration. The purpose of the

Ry
Ein =—\A—2
=

—= Equt

€ R2

I ’

(a)

smalil capacitors (Cy and Cyg), of 5-10pF
value, is to preclude possible instability
due to this type of stray capacitance. An
ideal embodiment of this circuit would be
to enclose it within a small metal box,
within which the balance pot. could be
fixed, and short, unscreened leads used in
its wiring.

On setting up, the input potentiometers
(and the gain pots within the RIAA stage)
should be set so that the signal levels on all
the inputs peak at about the 1V level
(0dB+3dB).

Series-shunt RIAA equalizing
stage (Fig. 6)
Few aspects of audio engineering have
generated so much debate as that con-
cerned with the niceties of the frequency
response correction required for the repro-
duction of RIAA-standard gramophone
recordings. This debate is, I think, fully
justified since so many of the circuit con-
figurations employed to achieve this aim,
even when apparently quite well designed,
can be shown by mathematical analysis,
when all the appropriate circuit parameters
are included, to perform relatively badly.
The basic RIAA replay specification sti-

2122-1kHz

21:221kHz

Fig. 4. RIAA recommended equalization
characteristic (a). Curve at (b) shows
response of series-feadback circuit seen at
Fig. 5 (c).

%)
8] ‘—1

— R,

Ry
— A AA——e
Rin
in *—AAA—
Ein b—— Eqyt

oV

Eout

Fig. 5. Possible RIAA correction circuit arrangements: passive circuit (a}; shunt feedback
(b); series feedback (c); series feedback with h.f. correction RC; series plus passive network;

series/shunt feedback.
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pulates the response curve generated by
three time constants — 3180, 318 and 75
microseconds. This leads to the well-
known curve shown in Fig. 4(a) in which
the 3dB break points occur at 50.05Hz,
500.5Hz and 2122.1Hz, and in which the
response at 21.221kHz and the 1.f. asymp-
tote below 20Hz are respectively —20dB
and +20dB with respect to 1kHz. Part of
the performance shortcomings of even
well-known and prestigious commercial
units stem from the almost universal adop-
tion of the equalization circuit arrange-
ment shown in Fig. 5(c), which employs
series-connected feedback. This is done
because it allows a lower apparent input
noise component when measured under
input short circuit conditions, although
this advantage is lessened when measured
with pick-up cartridge inductance in cir-
cuit. The snag with the arrangement of
5(c) is that it has a gain characteristic
which tends to unity at high frequencies,
as shown in Fig. 4(b), which gives a tran-
sient response to the system which is signi-
ficantly different from that ideally re-
quired, and this difference is, in my
experience, quite audible.

The possible configurations which can

-20db .

be used to provide the RIAA characteristic
compensation are shown in Fig. 5. An
almost perfect approach to the required
curve is possible with the passive network
of (a) and the shunt feedback system of
(b). The difficulty in the case of (a) is that
some form of input buffer amplifier stage
is necessary, and this will work under non-
ideal conditions of high signal inputs at
high frequencies, leading to problems of
overload margins. For this reason it is sel-
dom employed commercially. The some-
what less good overall noise figure asso-
ciated with the circuit arrangement of (b)
has also ensured its neglect in commercial
designs, even though it has the merits of
simplicity and accuracy of frequency and
transient response. The inherent unity
gain at h.f. characteristic of (c) presents
the circuit designer with a problem, in that
the unwanted h.f. break-point depends on
the feedback factor. If a low closed-loop
gain is used, to allow a high measure of
n.f.b. in the interests of circuit linearity
and constancy of input impedance, the
upper break point will occur at a lower,
and more instrusive, part of the frequency
spectrtum. On the other hand, a high
closed-loop gain may not offer adequate
circuit performance.

A solution to this dilemma may be found
in the addition of a supplementary CR
time-constant, as shown in (d), to
straighten out the unwanted h.f. break-
point due to the amplifier reverting to
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Table 1
Gain of RIAA stage as a function of
signal frequency

FinHz) Gain
(dE)

10 60.23 due to input cougling ca-

gacntor and feedback d.c.

Iockmg capacitor (Cy,

and Cqq4)

20 61.25
30 60.64
50 58.95
100 55.05
200 50.06
500.5 44 47
1k 41.63
2122.1 38.81
3k 36.89
5k 33.41
10k 27.89
21.221k  21.67

Note. The recent amendment to the RIAA
recommended curve below 30Hz is in-
tended to take recognition of unwanted
v.l.f. components of signal output and is
redundant where ancillary rumbile filtering
is available.

unity gain. This, howcver, leaves the
query as to why, if a passive h.f. integrat-
ing time-constant is to be employed at all,
this should not have the 75us charactcnsnc
called for by the RIAA specification,
leading to the system of (e), which has
been used for some years by one or two of
the more thoughtful manufacturers. This
can have an almost ideal frequency and
transient response, and its only snag is that
the inherent attenuation of the output inte-
gration network requires that the output of
the amplifier A; must be fairly large at
h.f., which lessens the possible overload
margins of the system.

This difficulty can be removed if the
passive integration network is replaced by
an active stage, as shown in (f), which
results in a very satisfactory solution to the
various conflicting requirements of this
stage, and, in view of the ready availability
of high quality i.cs, having a satisfactorily
low noise component at the signal levels
associated with this second stage, does not

layout for RIAA stage.

Fig. 7. Printed-board pattern and component

substantially increase the cost of the
system in comparison with that of (e).
Moreover, the independence of the overall
performance, apart from gain, of the cir-
cuit in respect of the value of Ry allows
this to be used to set the overall RIAA
stage gain. In view of these many advan-
tages I have used this ‘series-shunt’, two-
stage configuration as the RIAA input
stage in this design. Because the target
noise resistance, referred to the input, was
500 ohms, which is lower than can be
obtained from currently available i.c.
operational amplifiers, I have used a
discrete component design for the input
stage. The circuit of this is shown in Fig.
6.

This is of conventional form, employing
an input long-tailed pair of low-noise p-n-p
transistors (Tr), Tr;) driving a current-
mirror load (Tr4, Trs). Transistors Tr; and
Tr; are constant-current sources for the

input long-tailed pair and the output class
A amplifier stage (Trg). The RC network
Ci4s Cis, Rys, Ryg, Ri7, Ryg, Ryg and Rys
provides the required frequency response
adjustment for the 10Hz-1kHz part of the
RIAA curve, while the network C,g, Ry
and R;; gives the necessary 75us de-em-
phasis to generate that part of the curve
from 1kHz upwards.

The input integration network Ry and
C2 lessens the possibility of radio signal
breakthrough, and the potentiometer PRs
allows the output signal voltage to be ad-
justed to a level adequately close to OV, if it
is desired to operate the amplifier in a
comple(ely direct-coupled mode to
minimize v.l.f. phase-shifts. The calcu-
lated frequency response of the RIAA
stage, for all the component values shown,
is given in Table 1. In this the 1.f. open-
loop gains of the two amplifier stages are
assumed to be 100,000 (which is close to
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Table 2 Performance of RIAA stage

Maximum output voltage swing 10V r.m.s.
Distortion at 10V r.m.s. and 1kHz 0.01%
Distortion at 10V r.m.s. and 20kHz 0.018%
Current consumption {two channels) 17mA
Distortion at 0.774V r.m.s. and 1kHz 0.003%
Input noise resistance 450 ohms
{Measured with first stage only, and with
feedback network adjusted to give a flat
response gain of 100x. Input s/c, mea-
surement bandwidth 250kHz, temperature
20°C.)
Mains hum components (50 and 100Hz)
—100dB ref. 0.774V
when fed from recommended power

supply.

the expected value), and a value of 10k(Q is
assumed for the total value of PRg+Rj4 —
this will only affect the gain, not the fre-
quency response. The conformity of the
frequency response to the RIAA standard,
using preferred-value resistors and capaci-
tors, is within 0.2dB over this frequency
range. In view of likely component
tolerances it does not seem profitable to
aim for a closer fit than this. The other
performance characteristics of the circuit
are listed in Table 2.

Since the layout of the circuit may be
critical to its performance, I am showing
the p.c.b. layout employed in the proto-
type in Fig. 7. Measurements on the per-
formance of this showed agreement with
the calculated results within the 0.5dB
level of confidence in the accuracy of test
instruments and signal sources.

To illustrate the differences in the tran-
sient response given by the various pos-
sible types of RIAA equalizing stage, Fig.
8 shows the output given by the system

Fig. 8. Response of equalizing circuits to
square-wave input. Passive circuit of Fig. 5(a)
produces curve (a); curve (b) is output of
system when conventional series-feedback
equalizer is used, series/shunt circuit chosen
and shown in Fig. 6 produces trace at (c).

when it is driven by an input 1kHz square
wave. That of a passive RC equalizing
network is shown at (a), that from a con-
ventional series-feedback system with an
upper gain asymptote of 25kHz at (b), and
that from the series-shunt feedback system
adopted in Fig. 6 in that of (¢c). This is very
similar in shape to that given by the pass-
ive network.

Overload margin

An important design characteristic in any
input stage, where this precedes any signal
level control, is its ability to avoid input
overloads. Typical moving-magnet and

variable-reluctance cartridges have output
signal levels in the range 0.5-2mV/cm/s
recorded velocity. The highest modulation
levels capable of being traced by the best of
modern cartridges are of the order of
40cm/s, but, in general, the maximum
groove velocities will be a good bit less
than this. These very high modulation
levels also only occur at frequencies in
excess of 1kHz — since at lower frequen-
cies there would be a substantial risk of
groove breakthrough. The first stage gain
at 1kHz is 28.58dB (26.85x) which would
give a worst possible output voltage of
2.15V at the collector of Trg. The clipping
level at this point is 10.2V r.m.s., which
gives an adequate margin for overload
avoidance. The gain of the second stage
can be made as low as necessary by adjust-
ment to PRg. The 47k} value suggested is
likely to cover all practical cartridge re-
quirements.
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Practical preamplifier system
Although the complete preamplifier, in its
prototype form, contains more modules
than this, a very satisfactory performance
will be given, under most normal condi-
tions, by the relatively simple system built
up from the units described above, com-
prising the RIAA input stage, the mixer
module, and the *15 volt d.c. power
supply unit, with the power amplifier stage
fed directly from a 10k{) log. dual-gang
pot connected to the output of the mixer
module, as shown in Fig. 1. Indeed, for
the bulk of my own listening, this is all I
leave switched into circuit.

The remaining modules and some con-
structional notes will be given in the fol-
lowing parts of this article. AT
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THE ETHER

— AN ASSESSMENT

Does the ether exist? Dr Aspden shows that Oliver Heaviside's insight could have pre-
empted Einstein’s success with the General Theory of Relativity and encouraged
investigations into the properties of the ether.

Though relativity has very little bearing
upon the practical problems of radio
transmission, it does preclude belief in the
ether and wave propagation as
contemplated by Maxwell, leaving us with
no tangible alternative. Until we have a
better understanding of the vacuum
medium and the way in which it regulates
electromagnetic wave motion, it is likely
that Einstein’s id=as will be questioned.

Essex, writing about relativity and time
signals (Wireless World, October 1978),
and Wellard, writing about the work of
James Clerk Maxwell (Wireless World,
March and May, 1981), both evoke this
controversy.

In fact, special relativity, which dates
from 1905, has very dubious support,
because alternative explanation of E =
Mc? and mass increase with speed is
available from textbooks on classical
electromagnetism'. Besides, the
transmutation of mass and energy, the
basis of E = Mc2, was recognized by
Jeans, writing in 1904, one year before
Einstein introduced his theory?. How,
then, can we have confidence in relativity,
when Essen demcnstrates so convincingly
the absurdity of expecting time to pass at a
different rate when perceived by different
observers in relative motion?

Einstein’s theory really depends, for its
acceptance, principally upon the success of
the later 1916 General Theory of
Relativity, which brought a slight
modification to Newton’s Law of
Gravitation. The successive elliptical
orbits of the planet Mercury were known
to have a progressive advance, part of
which was anomazlous, as judged from
Newton’s Law. E:nstein’s Law gave the
right answer and relativity was thereby
acclaimed.

Einstein made no reference to an earlier
paper by Gerber?, entitled ‘The Space and
Time Propagation of Gravitation’. It
appeared in 1898, eighteen years before
Einstein wrote on the subject, and gave
precisely the same formula for the advance
of Mercury’s perihelion as that presented
by Einstein. Gerber’s paper explained how
the anomalous perthelion motion of the
planet could be explained by recognizing
that gravitation propagated at the speed of
light. When Einstein’s paper appeared in
Ann. d. Phys. in 1916, a colleague of
Gerber arranged for the publication of an
updated version of Gerber’s work in the
1917 issue of this same journal. However,
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WIRELESS WORLD OCTOBER 1982

by H. Aspden*
Ph.D., B.Sc., F.I.E.E.

Gerber, then deceased, was unable to
defend his theory against attack. It was in
error; the direct propagation of
gravitational action between sun and
planet at the speed of light only gives a
partial account of the anomaly.

Meanwhile, as we may read from the
opening passage of Leon Brillouin’s book
‘Relativity Reexamined’, Heaviside, in
1893, had pointed out that ‘to form any
notion at all of the flux of gravitational
energy, we must first localize the energy’.
If this 1s taken to heart, it leads us to
recognize that the flow of gravitational
energy is not directly along the line
between sun and planet, but is, of
necessity, via a longer route. The energy
must flow from one of these bodies to the
surrounding field and then from the field
to the other body. This modifies the
resulting retardation of gravitational action
and affects the perihelion motion
accordingly. The result, as the author® has
shown, is in exact accord with that
originally predicted by Gerber. Einstein’s
Law of Gravitation, the only significant
consequence of his general relativity
theory, can be deduced by a simple
classical analysis, which exploits the
intuitive remark of Oliver Heaviside
dating from 1893.

This, :n itself, does not prove that
Einstein’s theory is wrong. We do,
however, have viable alternative theory
which is quite simple, and one must wait
for the experimental evidence to direct us
on the right course. This evidence is likely
to come from measurements evidencing
the properties of the ether. Already, in
1980, we have the experimental data of
Graham and Lahoz® showing that the ether
can assert a force, and supporting
Maxwell. Burrows (Letter to the Editor,
Wireless World, October 1981) asserts that
this is a one-off measurement needing
verification. It is nevertheless backed by
the discovery that the Earth’s cosmic
motion through space at a speed of some
400 km/s can be detected by measuring
anisotropy in the intensity of the 3K
background radiation. (See article entitled
‘The Cosmic Background Radiation and
the New Aether Drift’ in Scientfic
American, May 1978). Furthermore, as we
shall see below, it is supported by other
evidence on electromagnetic-wave

propagation suggesting that the Earth’s
West-East motion due to its rotation can
be directly measured as a linear velocity by
optical techniques.

On such a course, the ether is destined
for reacceptance and Einstein’s theory may
have to yield ground. There is, therefore,
purpose in reassessing the ether and its
properties, and in this quest we will again
be mindful of Heaviside. It is to his great
credit that he discovered how to design a
telegraph line capable of propagating
signals without distortion. The inductive
and capacitative properties of a telegraph
line cause the speed of propagation to
depend upon frequency. By appropriate
matching of these properties, as well as
resistance and leakance, the attenuated
signal can propagate without distortion.
Now, electromagnetic waves propagate
through the ether without distortion and,
though the ether is not subject to
resistance and leakance, it does have
inductance and capacitance, because there
are magnetic fields and electric fields in the
vacuum.

Nature, anticipating Heaviside’s
contribution to telegraphic
communication, has provided that extra
something in the ether to secure
distortionless signal propagation. This
becomes an important clue in our quest to
understand more about the ether.

According to its dictionary definition,
‘ether’ is ‘a medium, not matter, that has
been assumed to fill all space and transmit
electromagnetic waves’. With such
definition, the ‘ether’ remains valid
terminology. The problem which some
scientists have in accepting the existence of
the ether arises from a further assumption
that the ether cannot adapt to its
environment and so must regulate the
constancy of the speed of light in a
universal frame of reference. When motion
of the Earth about the sun could not be
detected by speed of light measurements in
the laboratory frame, the very existence of
the ether came under challenge. Yet what
logic is there in saying that A is believed to
have property B, but we cannot detect
property B, so A does not exist? Surely,
the only valid conclusion is that A may still
exist but it appears not to have property B.

Why bother? We have Maxwell’s
equations and we have relativity. The
latter tells us not to expect to detect
anything at all except according to physical
laws which adapt to the reference frame of
an observer. Without an observer, whether
real or hypothetical, there can, in
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relativity, be no definitive physical
phenomena. Hence we are supposed to live
in a somewhat abstract world and are
encouraged not to seek to understand the
universal and uniform nature of whatever
it is that permeates the vacuum and
regulates electromagnetic wave
propagation.

I have good reason for believing that a
great deal of opportunity is being missed in
scientific and technological research by
accepting doctrinaire theory and not
keeping an open mind on this ether
question. For example, it is to the credit of
those engaged in precision measurement in
fundamental physics that some constants
can now be determined to a few parts in
10'2. Such precision defies imagination if
related to the measurement tasks we
undertake domestically or in industry.
Yet, what is really fascinating is that
Nature is actually able to regulate physical
quantities universally and hold them stable
to such accuracy, notwithstanding
environmental fluctuations, wherever we
look in the universe. This surely suggests a
fundamental mechanisma and a reference
or control medium, having a universal
metric binding all matter together as part
of a common system. To me, this is the
primary role of the so-called ether, with
the light propagation characteristic
assuming secondary importance.

By postulating an electric but neutral
medium of the simplest possible kind and
analyzing its structure, as if it were a kind
of invisible and elusive crystal extending
throughout  space, the author’, in
collaboration with Dr Eagles of the
National Standards Laboratory in
Australia, has found it possible to deduce
fundamental constants (notably o« =
2nte/he) to the measured accuracy of less
than one part per million. It is this that has
committed me to a course of scientific
enquiry founded upon a positive belief in
the ether rather than a passive acceptance
of a rather sterile theory of relativity.

In the above expression, e is the electric
charge of the electron, h is Planck’s
constant and ¢ is the speed of light in
vacuo. Hence the dependence of o upon
the metric of the ether medium is very
closely related to electomagnetic wave
propagation, because E = hv, Planck’s
radiation law, signifies the energy of
quanta propagated as electromagnetic
disturbances at the speed of light and at
frequency v.

It is a relatively simple task to show that
this structured vacuum medium can
accommodate to the propagation
properties of electromagnetic waves, and
particularly on two basic counts. These
are: (a) the fact that the speed of
propagation is referred not to an absolute
frame but to one which can adapt to the
reference frame of an Earthly observer and
(b) the equally important fact that light
travelling in true vacuum suffers no
dispersion resulting from its speed varying
with frequency.

From the optical characteristics of ionic
crystals it is known that there is
dispersion, significant at frequencies in the
vicinity of the natural resonant frequency
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of the crystal. One should than bear in
mind that energy quanta of sufficient
strength can induce the creation of
electron-positron pairs in the vacuum.
This suggests that the ether sets a critical
frequency threshold vo and so may have an
electrical structure conforming with this
resonant frequency. Thus, in proposing a
kind of crystal structure for the vacuum
medium and establishing, as I have’, that
it has a natural frequency v, given by
mc?h, the Compton frequency of the
electron of mass m, one is led directly into
the question of dispersion.

Before dealing with this, consider first
the other problem. Michelson’s
experiments towards the end of the 19th
century have shown that the Earth itself
determines the local frame in which light
has a speed ¢ independent of direction.
This is not in the least surprising if we
admit the vacuum medium to be
electrically-structured. Lorentz has shown
that, according to classical electron theory,
the speed of light in matter depends upon
electron density and the oscillation period
of such electrons in material media.
Electron density does not depend upon
rotation, nor is it a vector. Therefore, the
speed of light (as opposed to its direction)
should be unaffected by rotation. Hence, if
there is any theoretical connexion or
analogy between this situation in matter
and what may govern the speed of light in
vacuum, the expectation must be that, in
the laboratory vacuum, the speed of light
is referred to the Earth’s inertial (non-
rotating) frame. An experiment aimed at
detecting the Earth’s rotation using optical
techniques referred to the vacuum should
give a positive result.

Such an experiment was performed by
Michelson in 1925, confirming the
classical expectation from ether theory by
sensing the Earth’s rotation. Earlier,
Sagnac had sensed the rotation of optical
apparatus by speed of light measurement,
a technique now applied in the ring-laser
gyro. It is assumed that detection of speed
of rotation accords with relativity, owing
to parts of the rotating apparatus having
motion relative to other parts. On the

other hand, if such experiments permit
comparison of the speed of light East-West
versus West-East and afford a measure of
linear speed difference, it is relativity that
is in difficulty. With the advance of optical
measurement techniques, it should soon
be possible to resolve this question.

For translational motion with the Earth,
the vacuum structure acquires a linear
displacement. Clearly, any displacement of
electric charge in the vacuum must be
transitory and oscillatory, unless it is
balanced by a matching counterflow or
reverse displacement of some of the charge
present. Otherwise there would be a steady
build-up of charge and an ever-increasing
electric field. One may, therefore,
visualize the vacuum as having two charge
structures capable of moving through one
another in opposite directions. This is
quite possible because there are no rigid
bonds between the charges, just electric
field interactions.

It is this dual structure for charge
displacement that is the key. The primary
structure moves forward with the Earth.
The secondary structure moves through
the primary structure in the reverse
direction and, by analogy with an optical
effect named after Fresnel, we expect this
reverse flow to affect the speed of light
through the primary structure. Fresnel’s
theory explains why the speed of light
increases in proportion to u(1-1/p?), where
u is the velocity of the disturbing medium
and p is the applicable refractive index.
This can be deduced from electron theory,
but it has been verified by experiments in
which the speed of light through moving
water is measured.

Applying this same theory to the
vacuum itself, and recognizing the counter
displacement, it is an easy matter to arrive
at the result discovered experimentally by
the Michelson-Morley observations.

Let there be N like charges, e, per unit
volume within an electrical continuum of
uniform but opposite charge density o.
Then:

Ne=o0 ey
Let Ny and N; denote the population

‘Being a physicist, Nurse, he may be allergic to ether, but ask him if he wants our high-
speed rejuvenation treatment. Oh, and the nearest Relativist to contact if it fails.
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density in the primary structure and the
secondary structure, respectively. Then:

N=N;+N; @
On electron theory, the pro gagation
velocity is proportional to (ne?/m)”, where

there are n charges e of mass m per unit
volume, also having a resonant mode at
frequency given by the angular velocity w:

o’ = 4nne¥/m 3)

From the properties of matter, we know
that the propagauon velocity in a
structured medium is given by (P/p)”,
where P is the pressure modulus of the
medium and p its mass density.

These considerations guide us to the
formula:

c1 = (P/Njm)” C))
for the speed of Light ¢; set by the primary
vacuum structure, where p becomes Nym.
P becomes the pressure or energy density
modulus of this primary structure.

Let v denote the velocity of the primary
structure and u the velocity of the
secondary structure in reverse flow. The
linear momentum of the vacuum has to be
zero unless there is a steady build-up of
electric field. Hence:

vN; +uN; =0 )

Even in the absence of matter, the
vacuum has a refractive index p referenced
on the primary structure and attributable
to the disturbing effect of the secondary
structure. This is simply:

u=cl ®

The speed of light in the frame of
reference set by (5), the rest frame, then
becomes c, the valae set by the combined
effect of the primary and secondary
vacuum structures, augmented by the
Fresnel drag of u(l—1/u?) caused by the
disturbance of the secondary structure.

From (4) and (6), u? becomes
proportional to Nl, with P constant, so
that, from (2), p? is 1-Nz/N and 1—1/p?
is —NZ/N 1. We then see from (5) that
1-1/p? becomes s:mply v/u. Thus the
Fresnel drag in the vacuum, which is
u(1—1/p?), is the velocity v of the primary
structure, proving, from simple classical
electron theory, that the speed of light will
be referenced on the vacuum structure
moving with the Earth, as was found by
Michelson.

We do not need 10 appeal to relativity
for an explanation of this basic
observation. The Michelson-Morley
experiment verifies that Maxwell’s electric
displacement can be a dual and reciprocal
phenomenon. Oscillations of the electrical
structure of the vacuum can occur at the
resonant frequency vy with no reverse
motion of the secondary structure or
counter-displacement. However, we may
expect light propagation at lower
frequencies to involve counter-
displacement and it is this that brings a
new and important dimension to
Maxwell’s theory. With it comes a solution
to the dispersion probkem.

Note that the frequency of an
electromagnetic wave has no meaning at a
point in space and time. Frequency
concerns rate of ¢hange and this
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information implies comparison of signal
strengths at two points in time or two
points in space. However, given dual
displacement at a point in space, as we now
have in the theory just presented, the
frequency can be codified by the relative
strengths of the two displacement
parameters.

The frequency of the signal is, in fact,
preserved in transit through the vacuum
medium, because the medium propagates
two electric displacement signals in anti-
phase, and the relative amplitude of the
signal strengths determines the frequency.
As we shall now see, this involves the
vacuum adjusting to the signal in transit to
adopt a locally-tuned condition having the
resonant frequency of the signal. The
frequency vo at which electron-position
pair creation occurs is the limit frequency
beyond which there is no counter-
displacement. However, the interesting
point is that there is no forced oscillation
and so no dispersion characteristic in the
vacuum, since the vacuum adapts to any
frequency and exhibits the properties of a
tuned LC system.

It is easily shown how the capacitance
and inductance of unit volume of the
vacuum can be evaluated. The capacitance
per unit volume is 1/47 and the inductance
per unit volume is fre?uency -dependent
and proportional to p/o‘, where p = Nm
and o = Ne.

The presence of an electric field of
strength V signifies imbalance between
displacement and counter-displacement,
represented by a displacement distance x,

where X is X; + X3, X; and x; being the
respective displacements of the primary
and secondary structures and x; being a
negative quantity. The restoring force on
charge e is then:

Ve = 4noex @)

The energy stored by this displacement is
2noex?, owing to the linear force rate, and,
in energy density terms, this becomes
2no®x?, which, from (7), is V¥8x, as
expected This is also ¥2CV2, where C is
the capacitance per unit volume, and so C
is 1/4m.

Under dynamic conditions, we can
equate the force given by (7) with mx; to
find a resonant angular frequency . (7)
becomes 4noekx,;, where kx, is x. Thus,
from (1):

o’= 47Nelk/m ®

At the threshold angular frequency 2ntvy
= wyp and this applies for the zero counter-
displacement condition for which x = x,
and k = 1. Thus, since k is 1 + x,/x),
(w/wg)? becomes 1 + xy/x;, showing how
the frequency w is codified by the ratio of
the displacements. (x; is negative.)

The value of the inductance L per unit
volume is readily found from (8), because
o? is 1/LC and C is 1/4n. We find that L is
(pla®)/k.

Such analysis assures us that the vacuum
medium does not forcibly respond to the
dynamic frequency characteristics of a
signal. It propagates the primary and
secondary displacements and the local
vacuum resonates at the optimum
frequency set by these displacements. In
this way the signal frequency is preserved
over vast distances.

The dual electrical displacement
suggested above greatly strengthens the
basis on which one can develop a
phenomenological ether theory supporting
Maxwell’s equations. More important,
however, it opens the path for new avenues
of research into the effects of energy
absorption from electromagnetic waves
and their mutual interference. Meanwhile,
note that Einstein’s E = Mc? law, the
keystone of special relativity and his law of
gravitation, the basis of his general relativ-
ity, have both succumbed to alternative
explanation 3-8

It is likely to be in the optical
measurement field, involving speed of
light tests in relation to Earth rotation, that
we may see the determining experiments,
crucial to relativity. The ether will surely
survive. \WVVWVi
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Falklands electronics

The fierce media criticism of inconsistent
censorship and the absence of any video
link with the British Task Force in the
South Atlantic (at least until the despatch
of Gresham Lion digital slowscan tv equip-
ment) has been followed by many reve-
lations of the improvisations that were
necessary to overcome operational prob-
lems and the absence of airborne early-
warning radar.

The satellite-carried speech links made
available to the reporters, but also pre-
sumably used for encrypted Service traffic,
certainly provided reliable and reasonably
good-quality communications (though this
would not necessarily be the case against
an enemy with more sophisticated jam-
ming or anti-satellite systems). Neverthe-
less it has been alleged that there remains a
serious e.m.c. problem that required radar
to be turned off during satellite transmis-
sions. It has also come as a surprise to find
the extent to which missile countermea-
sures still depend on the use of vast
amounts of “chaff’ — the “window” tech-
nique of World War 2 — with Aviation
Week reporting that Plessey Aerospace
were working a 24-hour-day, 7-days-a-
week producing the stuff. Chaff and heli-
copter decoys seem to have proved mod-
erately effective in diverting some Exocet
missiles away from their intended targets
— though one that was deflected from an
aircraft carrier promptly locked on to the
ill-fated Atantic Conveyor. There have
been rumours of attempts to recover
nuclear weapons from some sunken Royal
Navy vessels, though it is equally possible
that the work is aimed at recovering cryp-
tographic or other sensitive material.
Equally alarming are the reports that two
Russian Cosmos ocean surveillance satel-
lites launched during this period were
carrying nuclear electric-generators for the
radars and were similar to the nuclear-
powered satellite that caused so much pub-
lic concern when it came down over
Northern Canada on January 24, 1978. If
the Falklands have underlined anything it
is that we live in an extremely dangerous
world — to which advanced electronics
and communications contribute. It can be
claimed that the British electronics
systems were used defensively as well as
offensively, and mostly worked, though in
some cases not without considerable last-
minute improvisation.

Manpack satellite

The Special Air Service had its own com-
munications links back to the UK as well
as what was clearly a considerable number
of clandestine infiltration links between
the Task Force and the SAS reconnais-
sance and intelligence-gathering parties.
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There has been no public information
given on whether these communications
were effected via satellite or on h.f. or a
mixture of both. But at least one British
firm, Ferranti Electronics, has recently
announced the development of a manpack
portable satellite terminal “Mansat” that
has a shallow-reflector aerial built into a
rigid carrying module. It could, one
imagines, be used for infiltration commu-
nications. This equipment, working on
about 7.5 GHz, can provide a duplex
telephony link and a 50 bit/sec telegraphy
link using a standard QWERTY -type key-
board. It works from internal batteries,
and GaAs field-effect transistors are used
in both the receiver and transmitter chain.
Microprocessors take care of message
storage, encoding, display and alarm
monitoring. It is claimed that the equip-
ment can be positioned and in contact
within two minutes. But I rather doubt if
such equipment was used in the South
Adantic, and ‘‘old-fashioned” h.f. may
have provided the intelligence.

Wideawake Ascension

Back in 1967 I was lucky enough to be one
of a small party of journalists forming pos-
sibly the only press trip ever made to As-
cension Island. It was at the time of the
opening of the Cable and Wireless earth
station built by Marconi on the island as
part of the elaborate NASA Apollo com-
munications system. The island, even
then, was an amazing contrast between
modern communications, missile tracking
aerials, a BBC overseas relay station with
four 250 kW transmitters and an old-style
brass-instrumented telegraph cable station
(this was before the South African tele-
phone cable), giant turtles coming ashore
to lay their eggs and millions of wideawake
terns, all to a backdrop of a desolate,
crater-pitted, near lunar landscape. Water
was in short supply but whisky was 60p a
bottle, gin 25p and the temporary resi-
dents paid no income tax! And though I
recall well the computerized, air-condi-
tioned NASA tracking station and the
large futuristic “aerial farms” what really
remains in the memory is the pleasant
English farm at the top of Green Mountain
where, on behalf of Cable and Wireless, a
Somerset farm-manager looked after 2000
sheep, 300 pigs and 35 milking cows! The
island has been a natural communications
centre since the days when it was garri-
soned by the Royal Navy and Royal
Marines. Sadly, there are still the graves of
young sailors put ashore with yellow fever
in the nineteenth century. Landing a large
Britannia aircraft at Wideawake Airport
was quite an event for the island and one
wonders how much it has all been changed
by the furious burst of activity this year.

Whose light pipe?

British Telecom do not believe in hiding
their light under a bushel or burying their
talents in a napkin. Not only have they
instituted a prestigious Martlesham Medal
to give recognition to their own research
engineers but they recently put out a 1500-
word, seven-page press release to mark the
second such award to Dr George Newns
and Dr Keith Beales. This was for their
development of the double crucible pro-
duction process for optical fibres. I am all
for giving medals to engineers and full
credit to those whose work is seldom in the
public eye. But BT’s publicity boys do lay
it on a bit thick. Was it really BT who, to
quote the press release, “first took up the
challenge (of optical fibres) and began de-
voting time and resources to the enormous
problems of translating theory into
practice”’?

It is evident from the release that BT set
up its research team for optical fibres dur-
ing 1968. Yet I recall talking to Dr Kao at
STL at Harlow, early that year. He
showed me some of his continuing work on
optical fibres which had obviously been
started many months earlier. It was de-
voted to the very practical problem of
producing low-attenuation glass. He was
convinced this was possible and outlined to
me the role optical fibres could play in
telecommunications.

BT’s press release also recalls that the
first Martlesham Medal went last year to
Dr Tommy Flowers “the man who
invented Britain’s and possibly the world’s
first computer . . . Collossus (sic)”’. Again
Tom Flowers deserves the highest praise
for his important pioneering work on the
Bletchley Park cryptographic computers
but it would have been nice if BT’s public-
ity boys had included just a passing refer-
ence to Alan Mathison Turing — but then
Turing owed his allegiance to GCCS and
“C” of the Secret Service and not to the
inventive British Post Office!

Stormy ionosphere

Solar storms, sudden ionospheric dis-
turbances and blackouts, high levels of
polar cap absorption and intense auroral
conditions continued to dominate the h.f.
scene in July. In fact July 12-18 witnessed
one of the biggest proton flare events for
many years. A blackout on h.f. on July 12
lasted four hours. While this resulted in
generally poor h.f. conditions, v.h.f.
operators were able to take advantage of
the near-sensational auroral conditions
which unusually extended as far south as
the Mediterranean area. British and Irish
stations, for example were able on 144
MH2z to contact FEKAW/EA®6 in Minorca.

Although it is possible to trace a link
between solar storms and auroral condi-
tions, there still remains no positive way of
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predicting “‘sporadic E” openings which
are linked to wind shears in the upper
atmosphere. However Jim Stewart,
WA4MV1 has recently convirmed in a let-
ter to QST the growing belief that a link
can be shown between Sporadic E and
certain types of severe weather, particu-
larly severe thunderstorms. He notes that
apart from heavy rain and turbulence,
some thunderstorms appear to produce
wind shears and large static-electric
charges that play a significant part in the
process. Examination of hundreds of
weather maps and other data have
convinced the American that there is very
often a severe weather area roughly mid-
way between stations linked by sporadic E
propagation. Storm activity above 60,0001t
could result in 144 MHz openings,
whereas storms at around 40,000 ft tend to
result in 50 MHz openings. While his re-
sults may apply primarily to the large land
area of the United States, it is one of the
few ideas so far advanced that could lead to
prediction of Sporadic E openings.

LA\MATTEUTR
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Amateur satellites

So far attempts by Stanford University,
using a large dish zerial, to regain control
of the British UoSAT OSCAR satellite,
built by the team art the University of Sur-
rey — appear to have failed. As reported
earlier a “one-in-a-million” software error
caused both beacon transmitters to be
switched on simultaneously with conse-
quent desensitizing of the on-board re-
ceivers. At the time of writing it is still
hoped that control can be regained by a
strong command signal but hopes are

fading, and this experimental scientific

satellite remains virtually out of action.

A low-orbit Russian amateur radio satellite
“Iskra Two” which was ejected from the
manned Salyut/Soyuz orbiting space sta-
tion on May 17 re-entered the earth’s at-
mosphere early in the morning of July 9.
Although it carried an h.f. transponder
this was activated only for a brief period.

Amsat-UK (94 Herongate Road,
Wanstead Park, London E12 5EQ) has
published a new edition of its useful 16-
page booklet “Guide to Oscar Operating”
providing the basic information needed by
amateurs who wish to have a go at making
contacts through Oscar satellites and back-
ground information and practical exper-
iences since the first amateur satellite was
launched in October 1961.
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Here and there

I.A.R.U. statustics now put the total
number of licensed amateurs at over 1.1-
million of which about 200,000 are in Re-
gion 1 (Europe/ Africa), about 480,000 in
Region 2 (North and South America) and
about 470,000 in Region 3 (Asia and Ocea-
nia). Japan heads the table with around
450,000, U.S.A. 390,000, West Germany
42,000, U.S.S.R. and Argentina each
26,000. Then comes the U.K. with around
25,000 followed by Canada 21,000, Italy
17,000, Brazil 14,000 and Australia 13,000
though these figures may already be a little
out-of-date.

A Dutch enthusiast, Ryn Muntjewerff is
now known to have received 435 MHz
amateur television pictures in November
1979 from F1A]JD, Angouleme, France
over a distance of about 1000 km, thought
to be a record for this band. Among the
journals and newsletters devoted entirely
to amateur television are: CQ-TV of the
British Amateur Television Club, “AS
Amateur Television Magazine” (USA
monthly), “The ATVer” (Australia),
NBTV (Narrow Bandwidth Television As-
sociation, UK) and “Der TV Amateur”’
(West Germany).

Aerial pioneers

Two names that have become almost part
of the language of aerials — Beverage and
Kraus — have recently been reflecting in
the columns of QST on the continued
value of designs put forward in 1922 and
1937 respectively. Harold Beverage, ex-
W2BML first developed and described his
very long but low aerials 60 years ago when
working for RCA. He has revealed that
after becoming interested in radio as early
as 1912 he had two job offers on graduat-
ing from college: playing trombone at
Loews Theatre for ‘2 per week or
working for General Electric for $11.20 a
week. Such was his enthusiasm for radio
that he opted for G.E.! Apart from the still
famous Beverage aerial, he was co-inventor
with H. O. Pearson of the “diversity re-
ception system” for combatting fading on
h.f. Curiously the most complex diversity
systems these days — quadruple diversity
— are usually at much higher frequencies
for troposcatter or long microwave links
across sea paths.

Professor John Kraus, W8JK — for
many years a leading figure among Ameri-
can radio astronomers — made his name
initially when he adapted Dr George
Brown’s work on close-spaced medium-
wave aerials in order to produce the first
effective bi-directional rotary h.f. beams in
1937. This was a few months before
another leading amateur, Van Roberts,
similarly adapted Brown’s work on close-
spaced parasitic arrays to come up with the
aerial that has made Yagi’s name famous
throughout the amateur radio world. John

w

Kraus shows that a special attraction of the
original W8]JK-type of array is that it can
work effectively over a continuous fre-
quency range of more than 3 to 1 without
traps or loading coils and with non-critical
dimensions. The availability (so far in
some countries only) of 18 and 24MHz
bands makes the W8]K design particularly
attractive and its may well be heading for a
revival.

So far American amateurs have not been
able to make use of any of the new h.f.
bands (10, 18 and 24MHz) since the USA
have not yet ratified the WARC 1979
agreements. Japanese amateurs were
authorized to use the 10MHz band from
April 1, 1982. Maximum power is 500
watts for stations having a frequency mea-
suring instrument and 10 watts for those
without!

Heavy guns

The American FCC have been firing some
heavy guns recently in its efforts to stamp
out abuses of the American radio regula-
tions. A former Californian amateur in-
dicted of operating a station without a
licence and using obscene, indecent and
profane language has been facing, if found
guilty, a possible maximum sentence of 10
years imprisonment and a fine of up to
$70,000. Another Californian lost his ama-
teur licence after taking a licence examina-
tion on behalf of a candidate. The FCC has
refused to renew the licence of a former
amateur who two years ago was found to
have deliberately jammed an amateur re-
peater. Unlicensed operators facing
charges of putting out broadcast transmis-
sion on 7040kHz from Miami directed at
Cuba have been referred to the U.S. De-
partment of Justice with a request for
criminal prosecution which could result in
a $10,000 fine and/or a one year prison
sentence.

In brief

A reminder that many local adult centres
are starting RAE classes in the second half
of September. In Beckenham, Kent the
demand for morse classes in the London
area has caused a switch from RAE classes
to morse training . . . . Date of the Mid-
lands v.h.f. convention has been changed
to October 9 at The Polytechnic Wolver-
hampton. Reminder that Welsh Amateur
Radio Convention is at Oakdale Commu-
nity Centre, Blackwood, Gwent on Sep-
tember 26 . . . There are hopes that ama-
teur radio activities may be permitted
again soon in Poland. . . A “congress of
radio amateurs connected with the rail-
ways” (FIRAC - Federation Interna-
tional Radio Amateur Cheminot) is to be
held at Gunton Hall, Lowestoft from Oc-
tober 4 to 8 (details G. Sims, G4GNQ, 85
Surrey Street, Glossop, Derbyshire SK13
9A]).

PAT HAWKER, G3VA
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Static b.c.d.-to-binary
converter

Converters such as those used in synthesiz-
ers, where a decimal channel number
might have to be changed into binary form
to drive a p.l.1., might be in the form of a
relatively expensive and, perhaps incon-
venient prom, or as binary and decimal
up/down counters in parallel, which can
give carry and synchronizing problems, or
they may be made up using shift registers
with correction networks like the 74184.
The following is a static cmos converter on
similar lines.

For digits zero to nine, both binary and
b.c.d. forms are the same but the first
decimal carry, at 10, leads to problems at
the ‘tens’ A input, resulting in a binary 16
being interpreted. Therefore, six has to be
subtracted to return the original value, 10.
At the next carry, b.c.d. 20, binary 32 is
interpreted, and must be corrected by

Decoded!| Equi Added complement

ecoce uiv.

output | decmal |Subtraction 1G5 16
IG range value (BA)I B3 |B, |By [ B, [B3 By [B1

nae)es [32(16]8 16211

0 0-9 Yo X L 4 1 L Lt L
1 10-19 5 X H|H[H[H{L [H|L
2 20-29 il X|H{H|{H L | H]|L L
3 [3-39] 17 X I RtulLlnlulniL
4 40 - 49 23 X | HIHILUIHL|L L
5 50 -59 29 X I HIHILILIL IH L
6 60 - 69 35 x| HILIHIH 8L ]|L
7 070-79 @ x [HILIrlLlHln]|L
8 80 -89 47 x HICIHLL L L] | %=dontcare
9 90-99 53 X|HJL[LJH]IL]H|L

subtracting twice 6, and so on for each
successive decade. Here, rather than carry-
ing out subtractions, two’s complements
implemented by diode matrices are added
using two 4-bit full adders. A one-out-of-
10 decoder chooses the correction value as
represented in the table. B, of the second

Units bcd input
Ry W

adder is not used, but should be tied to
either rail. Nine of the 33 diodes may be
replaced by the inverter as shown. Expan-
sion of the circuit is possible.

Falko Kuhnke

Institut fiir Geophysik und Meteorologie
Braunschweig

Tens b.cd. input

- ——
Ay B G D Ao Bo Co Do
2°N
21
22
2| @
inary
e 0 |3 e |n ™ autput
A B C D
. 2
1(1 25
4028 .
. (1 out of ¥ decoder } 2/
3 Pefz [1511 .6 7 &
100k x4 jJL
3 Y ]
‘ 2
b 4 Y 3 }I '
. je 7 j{ .. 16 '
4 4 '
L ff 5 & f ___832. _B|&1§J
b 4
L ». 5 f éi{
L j( 4 f f
Pj[",g - 3
L _j(_ é 3 fj(‘ Decoded 0"
J W ] from 4028 (11;
b R 2V 3 3 Save 9 diodes
j 1 fjaj[ by using 1 inverter
l 0
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e o = Oscilloscope supply
I% Circuit shown provides around 850V at
:'g — 75pA and 300V at 2mA from a 15V
i —> WA A HT. Out supply. Insulation of the output transfor-
e Bv127 47k ' 10k I mer (an RS196 224) is flash tested to SkV
= 10kHz Dglkses _ R [V 2% 20y 15V but one could be specially wound using,
) 12 ~ A 2N3715 or A say, a Mullard FX2243 or Siemens 631 N
( ZN3055 27. The prototype was driven by a uni-
< 680k junction transistor oscillator and buffer
8109 circuit.
+ G. V. Whitney
201 2 Sale
> 10K
I Set HT Cheshire
3 [3
o . J F § -
¢
IN91L
) +Vs
Minimum-parts f r.l.
sequencer A Outputs
Combining a cmos decade counter with the Qg 3 o 1
555 timer yields s simple yet versatile ad- Start 1] 8 » [\]
justable-delay sequencer. Buffered outputs [l Q0 | .
to 9 are activated in succession as the - 4 ™~
4017 counter is clocked. Each output re- " a2 1 !
mains on for a duration proportional to the o U ity
values of R} to Rg respectively. 4017 9
A momentary high level on the start P L [ 5
input resets the counter, activates output 1 el iock |
and starts charging C, through R,, D, and as 6
Rjo. As Cy charges, the timer output goes N
high, causing a negative transition, due to Q6 B 1
the inverter, on the counter’s clock input, 5 N
which is ignored. When C) reaches 2/3 V,, Q7 .
the timer output goes low, clocking the 9 ™~ 9
counter, enabling output 2, setting R; low % L
while pulling R; high, and enabling Inhibit Qg Ry Output butters

another charge cycle on completion of
discharge through K.

The sequence coatinues until the ninth
count, when inhibit input (pin 13) is activ-
ated, preventing further clocking. Since all
charging resistors are deactivated, the
system remains inactive until start is
pulsed. A more elegant approach would be
to connect an extra inverter between the
junction of the 9 and inhibit outputs of the
counter and the reset (pin 4) input of the
timer. Keep in mind that upon power-on
or after the timer bas been reset (low on
pin 4), the first timing period will be ap-
proximately twice as long as the reset, due
to the capacitor having to charge from
ground instead of 1/3 V.

Many variations are possible. For
example, repetitive sequences of up to 10
steps can be obtained by grounding the
counter’s inhibit input and connecting an
extra resistor and diode to timer pin 7 from
the counter’s 9 output. A 4-bit binary
counter feeding a 4-to-16 converter (e.g.
cmos 14515) will provide up to 16 lines.
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Pin 5 of the timer, shown de-coupled to
ground through C;, can be used as a mod-
ulation input to compress or expand all
output times simultaneously, i.e. scale fac-
tor. Output buffers can be selected accord-
ing to requirements or omitted entirely if
driving other cmos logic.

Values of resistors R;-Rjq should be
kept as large as possible to minimize load-
ing of the cmos output stages during

charging. If potentiometers are used to
trim timing, R¢ should be at least 4.7k}
to minimize inrush current, should any pot.
be turned to zero resistance. The time
delay caused by the combination of R;
and C; adds a constant to the time that
each output remains high.

V. Labuc

Noranda Research Centre

Quebec



FAULT-FINDING IN
MICROPROCESSOR-BASED

The complexity of some systems ag
include the use of special equipmen
The author discusses some 0

During the last decade electronic systems
have changed substantially in conception
and complexity due to the introduction of
microprocessors and their accompanying
devices. Previously, such systems were de-
signed using families of integrated circuit
logic elements, the most complex of which
would probably have been a four-bit syn-
chronous updown counter. Fault finding
in sequential random logic systems
‘involved the use of logic diagrams anno-
tated with waveforms and timing sequ-
ences, and required that the fault finder
had a detailed understanding of the system
operation. The equipment required would
be a two-channel oscilloscope with various
trigger and sweep facilities, and possibly a
special test rig to provide signals to stimu-
late the printed circuit board, if it were
being tested remote from its system. The
time required to find a fault would depend
largely on the skill of the test or service
lengineer. Equipment in service could be
tepaired quickly by module or PCB re-
placement, but ultimately, fault finding
down to component level had to be un-
dertaken in the manner described above.

Systems designed around microproces-
sors are conceptually different in that they
are bus structured with data being trans-
ferred around the system in parallel. In
general, input data is read and processed in
the CPU to produce the output under the
control of the system software. When de-
bugging or fault finding on this type of
system, many lines need to be monitored

simultaneously and in synchronism with’

some derivative of the system clock.
‘Glitches’ and undefined levels on tri-state
busses at other times are of no conse-
quence.

Currently systems are being designed
using the fourth generation of micropro-
cessors with 20-bit address busses and 16-
bit data busses. Clock rates are up to 11
MHz; and multiprocessor systems, with
bus access time division multiplexed be-
tween processors under the control of a
master, are being implemented as solu-

tions to the demands of more processing -

power. All these advances in technology
and system compiexity aggravate the prob-
lems of fault location. To assist the de-
signer and test technician in overcoming
these problems various techniques can be
used, some requiring special equipment

and some utilising the power of the proces-
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gravates the problem of fault location. lechniques
t and the ability of the processor to diagnose itself.
fthe available equipment and techniques.

by Stephen Day

sor in self-diagnosis of faults. It is the
purpose of this paper to discuss the current
state of the art equipment and techniques
and indicate how they are applicable to
fault finding from design and development
through assembly and test to in-field ser-
vice.

Logic analysers

The logic analyser was the first of a range
of equipments designed specifically for
data domain analysis and was initially pro-
duced as an instrument for use in the
laboratory during the development phase
of a microprocessor implementation pro-
ject. Its appearance was similar to an
oscilloscope but having multiline data
probes. The data on each probe line could
be sampled under control of a system clock
which could be qualified typically to
sample once every processor instruction
cycle. The samples were stored in an in-
ternal memory with a capacity of up to
16x16-bit words, and the trigger word,
from which sampling was initiated, was set
up on a bank of switches.

More recently the ergonomics of logic
analysers have been significantly improved
and memory size has been increased up to
1000x20-bit words. The options available
for setting up the equipment are displayed
as a menu on the screen, with a cursor to
indicate the next input required. The key-
board is used to enter the information to
give the required operating sequence.
Typical of the options for trigger selection
are: clock source, edge polarity, trigger
word, clock cycles delay, trigger start or
end, block pattern recognition etc. Pos-
sible data display modes on the screen are:
(a) Table. A listing of the sampled data
states in binary or to some other numerical
base such as hexadecimal (Fig. la)

(b) Timing. Data is displayed across the
screen as several channels showing the HI-
LO activity (Fig. 1b).

(¢) Graph. The horizontal axis represents
analyser store addresses and the vertical
axis the numerical value of the stored data
(Fig 1c).

(d) Map. Each 16-bit sample is divided
into its upper and lower 8-bi. bytes. The
values of these produce the vertical and

horizontal deflection. (1d). The top left of
the display is address 0000 and bottom
right is FFFF. The map display will as-
sume some unique pattern depending on
the frequency of access of the various
address lacations being accessed by the
program being executed.

When monitoring the data on a
microprocessor bus it is possible to re-
convert the binary data back into its mne-
monic assembly language from automat-
ically and this feature, known as disas-
sembly, has been built into some
instruments. The analyser has a personal-
ity module according to the microproces-
sor in the system under development and
the table display can then be a list of as-
sembly language statements which are
more readily interpreted for program de-
bugging.

Remote access for initialisation and in-
terrogation can also be provided by
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connection to an instrumentation bus.
A further development of the logic state
analyser is the logic timing analyser. This
device samples the data input lines with a
clock which is asynchronous with the
system under test. In this way it is possible
to trap random events or ‘glitches’ as small
as 5 ns wide by using clock frequencies up
to 20 MHz. The display is usually presen-
ted as a timing diagram. One particularly
useful application for this type of instru-
ment is in trapping intermittent faults.
The technique is known as ‘babysitting’.
Having established what trigger condition
to use, a set of normal data is sampled and
transferred to the secondary or reference
memory. The user can now leave the in-
strument to monitor the system under test
and it will acquire new data each time the
pre-selected trigger point is encountered.
Any difference between the new data and
the reference data will cause the analyser to
stop sampling and indicate where the dif-
ference has occurred. On return the user
can step through the logic timing diagram
on the display and draw conclusions for
futher investigation of the fault.
in circuit emulation (ICE)
This is a technique for using a micropro-
cessor development system to debug both
hardware and software during the de-
velopmental phase of a project. Early
microprocessor development systems were
essentially for software development. They
had the usual suite of routines for editing
and assembling programs and it was pos-
sible to partially debug the software by
limited execution within the development
system. It was then necessary to commit
the software to eprom in order to transfer
it to the hardware of the system being
developed. For further debugging use was
made of a logic analyser to find out why
programs operated incorrectly or whether
the fault was in the hardware.
In-circuit emulation is created by addi-
tional hardware which allows the
microprocessor in the target system to be
emulated by a similar microprocessor in
the development system. The ICE module
connects to the target system by multi-way
umbilical cable terminated with a plug
which is inserted into the socket where the
microprocessor would normally reside. In
this way the resources of the development
system are extended to the prototype in
order to facilitate the hardware/software
integration. Figure 2 shows a typical
microprocessor development system with
ICE. Resource allocation is extremely flex-
ible in all modes of operation and will
depend to some extent on the state of de-
velopment of the prototype hardware. The
development system mass storage
medium, usually floppy disc, is used to
store the target system software in both
source and object form. Loading is quick
and errors can be patched out in the object
code to try modifications. These changes
can then be incorporated in the source
code and rapidly reassembled. Random
access memory and i/o facilities of the de-
velopment system can be used as though
they are local memory and i/o of the proto-
type system even before this part of the
hardware is built.
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Fig. 1. Block diagram of a logic analyser. Its
various mcdes of display are: a. a table; b.
a timing chart; c. a graph; and d. a map
(see text).

During emulation a breakpoint can be
specified which can be conditional on a
number of different factors such as
memory read, memory write, instruction
fetch or /o operation at selected addresses.
When the breakpoint has been encoun-
tered the internal registers of the processor
and any memory locations can be interro-
gated and modified as necessary before re-
starting emulation. It is also possible to
display the contents of the trace memory to
check the instruction sequence before the
breakpoint.

Another possible mode of operation is
single stepping. In this way more detailed

(a)

ABORTED:; KEr N* 70 S?ﬁRT

0ATA SOURCE 2.83
VERTICAL EXPANSION £4.16,
CENTRE CURSOR VALUE TEXECU

CURSOR POSN 30 Sez
KEY "GRAPH® TO CENJRE CURSOR POSN

+256.-§F-3 ON

64
TED

Lovw Utai? semh

(b)

information can be acquired by the trace
memory as the program is executed one
instruction at a time.

Probably the most important advantage
of ICE is the simple connection into the
prototype system. One cable is all that is
required with no need for circuit modifica-
tions or tempcrary jumpers. Early de-
velopment and debugging of the software-
enables completion of the total system in-
tegration in the shortest possible timescale.
Finally, the time consuming procedure of
using eproms to transfer programs under
development to the target system is elimi-
nated.
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Fig. 2. In-circuit emulation system.
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Fig. 3. Derivation of signature from data stream.

Signature analysis

If a piece of equipment is made to repetiti-
vely execute a certain sequence of instruc-
tions then it should be possible to identify
correct operation by monitoring the chang-
ing logic levels at each node in the circuit.
This would produce a mass of information
which would be completely un-managea-
ble in a test situation. In order to compress
this information into a more useful form a
technique known as signature analysis was
developed by Hewlett Packard Ltd. The
data appearing at a given node is sampled
for a known period, between start and stop
signals, by clocking it with the system
clock into a feedback shift register. The
residue at the end of the sampling period is
a characteristic of the activity at that node.
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Using a 16-bit shift register and arrang-
ing the feedback such that a maximal
length sequence is produced will give 65
536 possible residual states. The parallel
16-bit output from the register is used to
drive four hexadecimal displays and the
resulting number is termed the ‘signature’
of that node. Errors in the data stream will
normally cause a different 31gnaturc to be
displayed. It is possible to show!' that all
single bit errors will change the signature
and that the probability of multiple bit
errors being missed is less than 0.002%.
This is far better than the performance of
other techniques such as bit or transition
counting.

An example of how a signature is de-
rived is shown in Fig. 3. The data signal is
gated with the four feedback bits in a gate

which produces a logic one output only
when the modulo two sum of the inputs is
one. The clock is enabled during the
window between the start and stop pulses
and in this case samples the data 20 times.
The chart shows how the bits propagate
through the shift register and the resulting
signature is A682. Superimposed on the
chart is the result of introducing a single
bit error in the first bit. The signature
changes to F3AA. In a similar way it could
be shown that the signature would be 8E92
for an error in bit 8 and 2682 for an error in
the last bit. Thus it can be seen that a
single bit error even in such a short sequ-
ence will produce quite a dramatic change
in the readout from the signature analyser.
In a practical situation the window period
would be considerably more than 20 clock
periods and can be more than 2!° (thc cycle
length of the register) if appropriate.

Signatures for a given circuit are not
designed or calculated. What must be de-
cided at the design stage is how start and
stop signals can be produced and what
hierarchy of tests is required to fully
validate each node. This may involve the
use of special test sockets to break feed-.
back loops and isolate parts of the ciccuit
under test. Finally, when the design is
complete, the test routines are executed
and the signatures at each node in the
equipment are recorded. Documentation
is completed by adding the singatures to
the circuit diagram an example of which is
shown in Fig. 4. The handbook should
detail the sequence of tests and fixtures,
switches or jumpers that are required.

After proving the operation of the
system kernel a series of tests are run
which sucessively introduce a larger
percentage of the system until a signature
fault is found. Faulty components can be
located by backtracking until a device with
a correct input signature but erroneous
output signature is found.

Signature analysis is a very powerful
service aid and is also useful for final as-
scmbly tcsting The equipment is relati-
vely inexpensive and the extra design work
is minimal. Rctrospecuvc design into
existing systems is also an attractive propo-
sition.

Automatic test equipment (ATE)

This is the name given to usually large
equipment sets which allow the user to
test, thoroughly and quickly, complex cir-
cuit boards. They represent a considerable
capital investment and are essentially
fixed. Usually they can be justified only in
a production situation with a high
throughput although sometimes there is a
case for them in a repair and maintenance
department.

A typical ATE system is shown dxa-
grammaucally in Fig. 5. User communica-
tion with the system is via the console

“keyboard and v.d.u. Test routines are

stored either on floppy or rigid discs. The
processor controls setting up and runmng
of the tests. It communicates with the unit
under test (u.u.t) via the digital control
unit and the high speed read/write
memory. Connection to the u.u.t is made
in a number of ways including via its edge
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connector, through a bed of nails fixture
and through test clips and probes.

The usual test procedure involves the
stimulation of the input nodes of the u.u.t
with data in the form of arrays of sequen-
tial test patterns. The u.u.t is clocked at its
normal operating speed and response data
at all outputs and internal nodes is cap-
tured in the memory for comparison with
the correct response pattern. Input sequ-
ences up to 400C bits long are used and the

‘output comparison is done either on a bit
for bit basis or the response data is com-
pressed into a signature for each node and
then compared with stored signatures.

The imput tesz patterns are usually algo-
rithmically generated by the test procedure
in order to simulate some functional res-
ponse. Another possibility is to use
pseudo-random binary sequences as input
data providing a more exhaustive though
lengthy test. The correct response patterns
are assessed either by emulation or heuris-
tically. In the first case it is necessary for
the ATE to have detailed circuit informa-
tion of the u.u.t and also to store a library
of device models so that the correct res-
ponse can be calculated. - Functional
models of complex l.s.i devices such as
microprocessors are therefore required. In
the second case a known good unit is moni-
tored through all the tests and the correct

16K ram 16K prom 16K prom 16K prom Interruph
controller
c.p.u. System bus
Serial i/o Parallel ifo ey ok
interface interface

] L

L

{ ]

w Fig. 6. A typical micropro-
cessor system.

Printer

Keyboard

vdu

responses are learnt and stored for later
use.

The result of this initial testing is that
the unit is either good or faulty, and in the
latter case there is no information concern-
ing the possible fault location. A second
series of diagnostic tests then has to be
executed and these will involve the
operator following a set of simple instruc-
tions displayed on the v.d.u. The operator
is guided through the circuitry applying
either current or voltage probes until a
faulty component is found. A label is then

AD? — 1068 13 Fig. 4. Digital circuit annotated with
AD6 ——08F7 12 8 OFus signatures.
ADS AA26 10(02
9 1
c8
ADG JE94 =03 OF 68
2
AD3 o 1831 3y YoP—IE® o o
AD2 0o— 3298 2 A Yy 5—
G4 6 600C .
I e 073E 6 ; Y; pia0
NP = 3 928 0 Pozes | ¢ ll J00. o0
i 2FA8 01
0UT =—
10
Fig. 5. An automatic test equipment layout. Floppy disc
e m Rigid disc
vd.u
Processor [:
(P ]
Keyboard
Digital High speed
( control read write
unit memory

| 35

Tt

Pulse injector [D
Voltage probe )
Current probe [

Probe connector
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b.o.n. connector

Test clips

printed which can be attached to the unit
for return to assembly. :

Thus an ATE system is very compre-
hensive in its ability to fault find large
numbers of different circuits by having
different bed of nails configurations and
storing its programs and responses on disc.

It does suffer from the drawback that,
although the operator requires little skill or
training, it is necessary to program the
system in some considerable detail for each
new bosrd. Special high level languages
have been developed to make program-
ming easier, but there is no standard, and
usually a skilled ATE programer is re-
quired.

Portable diagnostic test sets

A diagnostic tester designed to fault-find
and validate a specific microprocessor
system can sometimes prove to be a cost
effective solution to provision of field ser-
vice maintenance equipment. It is portable
and versatile and is used to perform auto-
matic functional tests on the equipment
within its normal operating environment.

A typical microprocessor system is
shown in Fig. 6. It comprises 10 printed
circuit cards with connection to various
peripherals. The tester has access to the
system bus and the i/o sockets. One conve-
nient form of implementation is therefore
an extra circuit card which plugs into a
spare socket in the system rack and
connects to a hand held controller with an
alphanumeric display. The components
necessary for such a test set are shown in
Fig. 7.

The test programs are stored in prom on
the test card and the small ram is used as
stack, display buffer and workspace, so
that the main system ram need not be
operational. The u.s.a.r.t with its clock
divider chain producing clock rates for 110
and 1200 baud is used to test the serial
links. One p.i.a controls the display and
reads the keypad and the other is used to
test the interrupt system and the parallel
/0. The most convenient address at which
to locate the test routine will normally be
zero so that system reset will initiate the
test sequence. It will probably therefore be
necessary to have a switch on the main
system which will disable memory at
overlapping addresses while the test rou-
tines are executing.

47



Interrupt,

i .. am R # AT e =)
! ram '
| 128 bytes prom 4K I '
[ r _] i
- I J ] [ ] I
ress/ . |
data bus: Clock divider '
S | 11 571
] 1
| p.i.a p.ia usart 10 baud |
: 1200 baud I
T
1 |
|
il

Fig. 7. A test set consisting of a
p.c.b. and a control module.

Fault finding follows a logical sequence
of building up confidence in the operation
of the system components. The c.p.u of
the main system is used as the processor to
execute the tests. The address and data
busses and the c.p.u are confirmed as
operational if the tester initialises cor-
rectly. Memory tests consist of write-read
pattern checks on ram and checksum test
on prom. The serial inputs are tested by
lopping to the tester serial output. The
serial outputs are looped to the tester serial
input and known data sequences can be
sent out to assist with fault finding at the
peripherals. The tester displays diagnos-
tics for each test to indicate success or
mode of failure. In the case of proms and

rams the actual faulty chip can be indi-
cated. The fault, when located. can be
rectified by changing a circuit card; or a
series of lower level test can be executed in
order to fault-find down to component
level with the aid of scope and logic ana-
lyser.

In many systems validation routines are
an integral part of the software and are run
at inidalisation. However, they cannot
perform such comprehensive tests as this
type of portable test set with interaction of
a maintenance engineer. The operation of
the tester is straightforward and requires
minimum documentation. It is also readﬂy
acceptable as part of the maintenance engi-
neer’s kit.

Conclusions

Several techniques have been discussed in
this paper which make fault analysis in the
data domain a practical proposition. In a
design and development laboratory, use is
made of logic analysers and microproces-
sor development systems with in circuit
emulation. In production and field main-
tenance the choice is less straightforward.
ATE for assembly use appears to be the
best technique for thorough testing but is
costly both in initial equipment and in
programming. Equipment for service use
can be selected only when a maintenance
philosophy has been evolved depending on
the type of equipment, numbers in service,
ability and availabilty of field personnel,
acceptable down time etc.

Future developments will see the intro-
duction of 32 and 64 bit microprocessor
systems which will require even more
sophisticated techniques for fault finding.
Designs will become fault tolerant by the
introduction of both chip and peripheral
hardware redundancy. In the field there
will be greater use of remote fault analysis.
Faulty systems will be connected by tele-
phone lines to central installations, the test
routines being down loaded and results fed
back for analysis.

There will therefore be a continuing
trend towards improved system reliability
by increasing MTBF and minimising
down time on the occurrence of a fault,
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Regulated Power Supplies, (3rd ed.),

by I. M. Gottleib

423 pp., paperback

Prentice-Hall International, £13.95. ISBN 0-
672-21808-9

AN expansion of the earlier works, dealing in an
extremely thorough manner with a subject
+which is not often treated in isolation. Practice,
rather than theory is the approach, from a des-
cription of basic requirements to the implemen-
tation of linear and switching-type voltage and
current regulators. The author not only pro-
vides an exceptionally detailed treatment of the
subject, but does it in a literate manner.

Computing

Mastering Computer Programming

by P. E. Gosling

212 pages, hardback/paperback

MacMillan £8.95/£2.95

The title of this book is one result of its forming
part of the Master series, but the author lays no
claim to omnipotence. He has produced a very
‘accessible’ description of the processes involved
in writing programs, with a useful chapter on
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errors and a piece on Fortran, Cobol and Pascal
— Basic is used in the body of the book. The
writing is direct and easy to read.

Microprocessor Development and De-
velopment Systems

Edited by Vincent Tseng

202 pages, hardback

Granada, £16.00

In the development of most applications using
microprocessors, a ‘development system’ to aid
programming and testing is of great benefit.
The book, written by several authorities in the
field, describes a number of such systems and
their use and includes a chapter on emulators.
There is also a section on managing without
a d.s. The style is descriptive and ‘readable’.

Microcomputer Design and Troubleshooting

by Eugene M. Zumchak

350 pages, paperback

Prentice-Hall, £12.55

A rather more down to earth treatment of the
practicalities of design with micros than is
usually found at this level. A home-built de-
velopment system is described and further
chapter headings include read/write timing, in-
terfacing, hardware testing and software design.

Circuit Design Programs for the Apple II

by Howard M. Berlin

132 pages, plastic bound-

Prentice-Hall, £11.15

One of the Blacksburg series, this is a set of
Basic programs intended to take the labour out
of circuit design calculations, graph plotting and
signal analysis, mcludmg average and r.m.s.
values and Fourier series. Equipment needed to
use the programs is either an Apple II Plus or
Apple II with Applesoft card. A minimum of
32K ram is required, 48K being preferable.

Amateur radio

Amateur Radio Equipment Fundamentals

by A. D. Helphick, K2ZBLA

248 pp., hardback

Prentice-Hall International, £14.20. ISBN 0-13-
023655-1

The tradition of home-built amateur radio
eqmpment has largely given way to the opera-
tion of commercial gear. In an attempt to offset
this trend, Mr Helphick has provided a course
of instructions in the basics of design and con-
struction of transmitting and receiving equip-
ment, and has included two chapters of designs
for receivers, transmitters and a 100W linear
amplifier.
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ELECTRONIC COMPASS
USING A FLUXGATE

SENSOR

A device to fill the gap between the old-fashioned compass and expensive gyro-based
navigation systems — an all-solid-state, high-resolution magnetic sensor.

With the ready availability of micro-com-
puters, simple dead reckoning navigation
systems for boats and cars can be con-
structed, if suitable distance and direction
inputs are available. A ‘distance-travelled’
signal can usually pe obtained quite easily,
but the provision of a digital magnetic
heading is more difficult. It would be pos-
sible to arrange a servo pointer follower
and angle digitizer attachment for a con-
ventional moving magnet compass, but
this would be mechanically complex and
unattractive for amateur construction. An
inherently digital solid-state compass is a
much more elegant solution. A compass of
this type would be valuable in any applica-
tion where multiple output displays are
needed, a computer readable output is re-
quired or where the sensor will be subject
to high vibration or accelerations. In addi-
tion, the electronic nature of the sensor
permits its location far from large metallic
masses which can lccally distort the field.

All solid-state compasses operate by
sensing two or three resolutes of the hori-
zontal component of the earth’s magnetic
field and then perform appropriate trigo-
nometry with these resolutes to obtain the
resultant magnetic flux direction. Using
Hall-effect sensors, it is possible to
produce very simple arrangements'. Un-
fortunately, during preliminary testing
none of the low-cost, commercially avail-
able Hall-effect probes, including those
with integral ferrize flux-concentrators,
were found to have sufficient accuracy at
magnetic field levels appropriate for com-
passes. Even when extra flux-concentra-
tors formed by 2cm long Mumetal strips
attached to each side of the sensor were
added, increasing their output from
microvolt to millivoit levels, the tempera-
ture drifts were of similar magnitude to the
output produced by the earth’s field. The
disappointing results obtained with Hall-

“effect sensors forced the adoption of a flux-
gate sensor with its inherently greater cir-
cuit complexity.

The theory of fluxgate magnetometers
and compasses is beyond the scope of this
paper and interested readers are referred to
References 2 and 3. For a brief description
of the principle of operation, see box.

An initial prototype of a fluxgate sensor
used magnetic cores cut from Mumetal
sheet, but an inconvenient post-fabrication
annealing operation in a hydrogen atmos-
phere was required t obtain the desired
magnetic properties. To overcome this dif-
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ficulty, attention was directed to magne-
tometer designs which could be con-
structed using readily available com-
mercial ferrite components.

Circuit

The arrangement finally chosen (based on
a design intended for sounding rockets*),
uses a 14mm diameter Philips ferrite to-
roid type number 4322-020-97140 (grey
coating) or the equivalent uncoated toroid
4322-020-31390. Notes on adapting the
design to use other toroid types are in-
cluded later.

The circuit diagram and coil winding
details are shown in Figs 2 and 3. The
toroid is driven into saturation in alternate
directions at about 10kHz by a magnetic
multivibrator circuit of the type often used
in inverters.

Windings P; and P; are the drive prima-
ries while P3; and P4 provide the necessary

feedback to maintain oscillation. The two
secondary coils Sy and Sy are arranged so
that in the absence of an applied external
magnetic field they, at least in theory, ex-
perience no induced voltage. In practice,
due to imperfections in the toroid and
coils, voltage spikes are induced in the
secondaries as the toroid goes into and out
of saturation. These spikes have ampli-
tudes varying from barely detectable to
over one volt for different coil assemblies
(Fig. 4).

When an external field is applied in the
plane of the toroid some initial magnetiza-
tion is induced in it. This initial magneti-
zation results in one part of the toroid
being driven into saturation before the part
180° away from it during one half of the
oscillator cycle and the reverse situation
occurring during the other half cycle. This
non-symmetrical saturation of the core
produces a flux unbalance and an induced
voltage in the secondary windings. The
magnitude of this induced voltage is
closely proportional to the applied flux

Fluxgate magnetometers
There are very few means of measuring
absolute values of magnetic fields. The
most papular one is the Hall effect
sensor, but most commercial units are
designed for relatively high values of
field.

The fluxgate configuration can
measure very low field magnitudes by
using the chopper-amplifier principle.
Briefly, it is based on the fact that all
parts of an uniformly excited toroidal
magnetic circuit would be equally
magnetized in the absence of external
magnetic fields and therefore no
voitage would be induced into a coil
e_ncompassing the whole magnetic
circuit.

The introduction of external field in
the plane of the toroid would resuit in a
slight unbalance between the two
h;’-zlves of the magnetic circuit (see Fig.
1).

The flux at point A equals ¢pa=¢o+¢,
whereas point B, situated 180° away
would correspond to a flux ¢pg=¢o—¢,
Where ¢¢ is due to local toroid
excitation and ¢, to the external field.

Although the unbalance is very slight,
it can be measured through one of its
side effects: If we cyclically change the
local excitation so as to switch the
toroid between its two magnetic
saturation points, we find that due to

Lthe unbalance, one half would be driven

into saturation a short time before the
opposite half and the toroid as a whole
would, for a short period of time act as a
small magnet. The net resuit is that a
coil encompassing the complete
magnetic circuit would pick up an
induced voitage impulse, proportional
to the external field.

By mounting two such coils
perpendicularly to each other onto the
same toroid, we can resolve any
external field into its X and Y
components in the toroid plane.

T excitation

Fig. 1. Flux interference pattern.
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component perpendicular to the plane of
the appropriate secondary coil. In practice,
the effect of applying an external field is to
change the amplitude of the pre-existing
secondary voltage spikes. The amplitude
of these spikes is also quite strongly tem-
perature dependent. Figure S illustrates
how the effect of an applied field is
separated from the effect of temperature.
To perform the necessary arithmetic on
spike amplitudes, a phase sensitive detec-
tor and summing amplifier is used for each
secondary. The detector control signals:
(Fig. 6) are generated by differentiating,
half wave rectifying and attenuating the
primary drive voltages. The phase detector
outputs are summed and the resulting

Philips
4322-020-97140

90°,
A S
a0
] ®©

P1,P2— 2x50turns 30 Swg enamelled cu. wre
P3, P, — 2x10 30 .
Sg.Sy— 100 L0

Fig. 3. Toroid windings.
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Fig. 2. Fluxgate sensor circuit diagram.

mean voltages (outputs V; and V,) are
proportional to the sine and cosine of the
angle between the applied field and the
plane of the S; coil. In principle the com-
pass output is simply the arctangent of the
output voltage ratio. It is essential that the
coil assembly and the associated electron-
ics be located on the same circuit board
because the zero offset is very sensitive to
the relationship between the wires
connecting the coil to the electronics.

Construction details

The coils are the heart of the device and,
although they are relatively non-critical, an
effort applied to winding them carefully
and neatly will be well repaid. The prim-
ary drive windings P, and P; are wound on
the toroid first and fill it about 1V2 layers
deep. These two coils are bifilar wound,
that is they are wound with two wires side
by side to produce two closely identical
windings. The feedback windings P; and
P, are bifilar wound on top of P, and P;.
The two secondary windings can either be
wound on a tubular former with notches at
90° intervals, which fits around the pre-
wound toroid (Fig. 7) or wound separately
and then glued in place. If the latter
method is adopted it is suggested that each
secondary be wound around a 6mm by
16.5mm rectangle formed by four pins. On
removal of the pins the preformed rectang-
ular coil should be bound with another
piece of coil wire (taking care not to create
a shorted turn) so that is is bundled to-
gether. The two secondaries can then be

o

BEZ

Fig. 4. Primary drive voltage (lower trace)
and resulting secondary (Sx) voltage
spikes (upper trace).

placed around the toroid and secured with
quick-setting epoxy glue. However the
secondaries are wound, it is essential that
they are a neat fit and closely coupled to
the toroid. On completion of the windings
the toroid assembly should be glued to the
circuit board and the leads connected, be-
ing careful to observe the correct hand of
the Pl, Pz, Pg and P4 windings. All
windings should be securely glued to
prevent any relative movement between
them.

The remainder of the circuit is straight-
forward and a board layout and component
positions are reproduced in Figs. 8 and 9.
The use of metal-can transistors and inte-
grated circuits should be avoided, since
they could distort the applied magnetic
field.

If it is desired to use a toroid other than
the one specified, the following procedure
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is recommended. If necessary, change the
number of turns on the primary windings,
keeping the same ratio between drive and
feedback windings, so that the operating
frequency is in the range SkHz to S0kHz.
Change the value of C; and C; so that the
phase sensitive detector control pulses are
similar in length to the secondary spikes.
Alter the value of R;¢ and R;; to obtain the
desired overall sensitivity. Although they
have not been tried, their specifications
suggest that the following toroids could be
used with only minor component value
changes: Philips 4322-020-97060 (blue
coating); Philips 4322-020-31390 (un-
coated); Siemens B64290-K0045-X026
(coated); Siemens B64290-A0045-X026
(uncoated).

Performance

To facilitate calibration, the sensor board
should be taped to a 360° plastic protractor
which can be rctated inside a circle drawn
on a piece of paper placed on a wooden
table top. Care must be taken not to move
any ferrous or magnetic objects near the
compass sensor during calibration. The
author experienced inconsistent results
which were eventually traced to the effect
of his metal belt buckle. A typical cali-
bration chart is shown in Fig. 10. The V,
and V, outputs are usually within *1° of
best fit sine curves with zero offsets in the
range *2volts. A peak-to-peak amplitude
of about 1.2volts was produced by a hori-
zontal flux density of 2.2 X 107 tesla (we-
ber/m? — the value for Melbourne, Aus-
tralia). Similar outputs should be obtained

Klz -y V3

¥ Etfect of applied field ¢ Effect of femperoture change

To minimize temperature effects Vou'- V2 -‘-V3
[ Purety for convenience Vl and V, are not used )

Fig. 5. Effects of tamperature versus
applied magnetic field on secondary
waveform.

Fig. 6. Secondary output (Sx — IC1, pin 1 —
upper trace) and phase sensitive detector’s
control signals: middle trace: IC,, pin 5.
lower trace: IC; pin 6
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Fig. 7. Toroid with primary windings and
former for secondaries.

in Europe and the USA. In other parts of
the world the horizontal flux density varies
from zero at the magnetic poles to 4.13 X
107 tesla in the Bay of Bengal. If the sen-
sor is not horizontal, total flux densities
exceeding 6 x 107 tesla may be found.
The sensor peak-to-peak output voltages
are directly proportional to the field
strength in the plane of the toroid. For
carefully wound coils the phase angle be-
tween the two output voltages will be
within a few degrees of the desired 90°. It
is suggested that any departure from 90° is
treated as a correction in the angle compu-
tation, but if desired the coils can be bent
by trial and error prior to final glueing to
produce the desired angle between them.

Fig. 8. Fluxgate sensor p.c.b. layout.

The sensitivity of the sensor is quite
strongly temperature dependent (about
5% per °C) but since both outputs are
affected equally the indicated angle is un-
changed. The zero offsets vary by about
10mV/”C and for operation in environ-
ments which are not temperature
controlled, these changes would have to be
corrected for, if maximum accuracy was
required. The repeatability of the sensor
calibration is excellent with no measurable
change over a one month test period, and
presumably for much longer periods since
there is no obvious mechanism for long
term drifts. The sensor is very sensitive to
temperature gradients in the ferrite core
and it is essential that it be protected from
draughts. The sensor board draws 17mA
from the +9volt supply and 2mA from the
-9volt supply.

Installation

The sensor must be mounted in a horizon-
tal attitude if accurate results are to be
obtained. In a boat, where large attitude
changes are often experienced, the sensor
would have to be mounted on a set of
gimbals. In a land vehicle subject to large
accelerations but normally operating on an
approximately level surface, it may be bet-
ter to rigidly mount the sensor. If mounted
near large ferrous objects or sources of
magnetism, the sensor must be compen-
sated as for a normal compass®. Fortuna-
tely with the freedom to remotely mount
the sensor it is often possible to find a
location where compensation is not re-
quired and the small residual errors can be
treated as part of the calibration. If very
long connecting leads are to be used be-
tween the sensor board and readout
electronics, it may be necessary to include
1k(Q resistors in series with the V; and V,
outputs to decouple the operational ampli-
fiers from the cable capacitance.

Microprocessor readout system

In a microprocessor-based system the sen-
sor outputs V; and V, would be
multiplexed into an analog-to-digital

C10 R1o_ R20 Cig

Ve \\\

Fig. 9. Fluxgate sensor component positions.
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converter with a useful resolution of at
least 10 bits. An a. to d. converter like the
Intersil ICL.7109 would be the first choice
in this application since it could be simply
interfaced to most microprocessors using
parallel or serial data transfer. When the
digital values of V, and V, were read in,
the ratio R= (V;-V;)/(Vy-Vy,) should be
calculated, where V,, and V,, are the zero
offsets which should be varied with the
measured sensor temperature unless it is
placed in a temperature-controlled enclo-
sure. Using the value of R and the signs of
Vi-Vyo and V-V, it would be possible to
construct a look up table to give the
heading angle with 1° resolution. The ac-
tual sensor will resolve heading changes of
much less than 1° but when all sources of
error are considered there is little point in

aiming for greater overall resolution. Al-

ternatively, if a dedicated arithmetic chip
like the National Semiconductor
MM57109 was available, it may be more
efficient to take the arctangent of R and
apply any necessary corrections to the
computed heading later.

Hard-wired logic readout
In applications where a microprocessor is
not available, it may be desired to have a
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Fig. 12. Angle decoder: input circuitry and
vector rotator.

dedicated hard wired readout system. A
relatively simple, low cost, arrangement
which was used during the development of
the sensor is shown in block diagram form
in Fig. 11. The operation of this system
depends primarily on a vector rotator

9
8
10
7
t Xout
12
6 x 30k
1%
104515k 10 furn
- A Yout

which has as inputs two analogue voltages
X;, and Y, which are takenas the Xand Y
components of an input vector and a digi-
tal angle 6 (0 to 1024 for 0 to 360%). The
outputs X and Yo are the X and Y
components of the input vector rotated
through the angle 8. The heading angle is
given by the value of 6 which reduces the
X output to zero (ie. the angle through

18
| .
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T \\.\ /‘.“F—
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Fig. 10. Typical calibration chart.
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Fig. 11. Principle of
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which the input vector must be rotated, to
align it with the system Y axis).

When a reading is initiated by the 2Hz
update clock, the binary and b.c.d. coun-
ters start counting from zero. When X
passes through zero in a negative going
direction, a latch enable pulse is generated
which gates the current b.c.d. counter
contents into the display. The RS flip-flop
is needed to ensure that only the first zero-
crossing in each update clock cycle pro-
duces a latch-enable pulse. The 360/1024
ratio between F; and F3 produces an out-
put in degrees. Qutputs in other units, eg.
tenths of degrees or grads, could be pro-
duced simply by changing this ratio. For
this system to work correctly, the Xj; and
Yi, inputs must have the same sensitivity
and no offsets; this is achieved with a pair
of offset and gain adjustment amplifiers.

The circuit which is designed around a
simple vector rotator’, using a pair of
Analog Devices AD7533 low-cost
multiplying digital to analog converters, is
presented in Figs. 12 and 13. This circuit,
which has an overall decoding accuracy of
about *+1°, draws 15SmA from the +9volt

ﬂ Tareh.oiaEE decoder supply, 7mA from the —9volt supply and
’ 170mA from the + 5volt display supply.
The set up procedure, which consists of
adjusting offsets, sensitivities and balance
is as follows: with the sensor board not
connected, adjust Rjg; and Rjg; to set Xin
= 5volts and Yi; = 0. Remove the 4040
Fig. 13. Angle decoder: control logic and display.
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counter and ground its socket’s pins 2-7, 9
and 12-14. Adjust Rg and R g5 to set X,
=—You = 5/V2 = 3.54volts. Readjust
R101 and Rg; to obtain Xj; = Oand Yy, =
Svolt. Check that Xqu = You = 3.54volts.
This set up procedure for R4 and Rygs is
sufficiently accurate for most applications,
but if maximum accuracy is needed an
interative procedure* should be adopted.
Replace the 4040 and connect the sensor
board. While rotating the sensor board
through 360° set Rjg; to remove the V,
zero offset 50 Xin,max=—Xin,min- 3¢t Rigz
to remove the V, zero offset 50 Yiq max =
= Yin,min and finally set R;p3 to equalize X
and Y sensitivities so that Xi; mey = Yin max.
Since this circuit was developed pri-
marily for bench testing, no compensation
for changes in X and Y zero offsets with
temperature is provided. An enthusiastic
analog circuit designer could perform this
compensation with thermistors in resistor
networks around the input amplifiers.

Power supply

Since this system will normally be used in
mobile applications, it is desirable that it
should operate off a 12volt supply. A regu-
lated power supply suitable for this pur-
pose is shown in Fig. 14. Two alternative
methods, (1) or (2) of generating the
—9volt supply are shown. The Fairchild
nA78S40 universal switching regulator

was used for most of the development of

this project. However quite recently the
Intersil ICL7660 voltage converter became
available and proved to have equal per-

formance in this application with a consid-.

erably simpler circuit.

Magnetic compasses and the precautions
required for their effective use are complex
and it is strongly recommended that poten-
tial users read Ref. 3 and thoroughly check
the accuracy of their own installation be-
fore relying on it in circumstances where
life or property might be at risk. A\VVVV
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M. G. Scroggie — Fifty-nine years a WW author

There can be very few electronic engineers,
from this country or abroad, to whom the
nom de plume Cathode Ray is not part of
their education. For nearly sixty years
Marcus Scroggie has contributed articles
on wireless and other manifestations of the
mobile electron which have instructed,
entertained and humiliated more readers
than would probably care to admit to it.

His technique has often been to take a
‘simple’ circuit and concede that nothing
could be easier. The next step in the
process, to demonstrate that the apparent
simplicity is a snare and a delusion, would .
possibly have reduced the number of
engineers to a dangerous level had he not
quickly moved on to show that, if
approached in the proper manner, the
circuit was unlikely to bite.

M. G. S. is not adverse to an argument,
the most notable perhaps being the Affair
of the Arrow, his contention being that to
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put arrows on both ends of a vector/phasor
was akin to not knowing whether the
voltage is coming or going. He has also, on
occasion, been a touch professorial with
those who approach the Queen’s English
with evil intent. The editorial people in WW
have long been terrified of writing ‘d.c.’
(meaning zero frequency) or phrases such
as decoupling to earth’ in case M. G. S. saw
the piece and fired a broadside.

The first WW article under the name of
Marcus Scroggie appeared in the issue for
August 15, 1923 — a method of raising
800V for a valve transmitter, M. G. S. being
also amateur operator 5JX. But the pieces
which have contributed most to the stature
of WWisince the first article appeared in
1934 are the articles by Cathode Ray, for
which tens of thousands of engineers have
cause to thank him.

On his 81st birthday, we wish Marcus
Scroggie well.
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INTRODUCTION TO VDUs

A simple explanation for newcomers to computing of the characteristics of visual display
units, their method of working and control, and a description of some integrated-circuit

In the world of computers, the word ‘mo-
nitor’ has an unfortunate double meaning.
A software monitor is a program, perma-
pently resident in a computing system,
which can be used to test peripherals or
memory on that system and perform
simple program debugging. An electronic
monitor is almost a television set without
the receiver and loudspeaker: essentially it
is the tube, sometimes the power supply,
and the electronks required to produce a
picture. Instead of the aerial being the
signal source, an unmodulated signal has
to be provided — either composite video
or direct drive. The former is a single line,
whereas the latter is made up from three
lines — a video Line, horizontal sync. and
vertical sync. lines.

Composite video

Figure 1 shows some sample video wave-
forms. In the composite video signal, the
quiescent level is usually 0.3V, which cor-
responds to black level on the screen.
Synchronizing pulses are superimposed on
this black level, the short pulses forcing a
horizontal retrace and the long ones verti-
cal retraces. The majority of the time be-
tween horizontal sync. pulses can be used
for the display, the remaining time from
just before to just after the sync. pulses
being the blanking period, during which
the tube does a retrace. During blanking,
the signal must nat exceed the black level,
or the retrace will be seen on the screen.
The composite video signal rises to 1V, the
‘white level’ or brightest white on a white
monochrome set: since the signal varies
between 0.3V and 1V, the picture in-
creases in intensity through levels of grey.
The waveform shown would produce a
bright white dot at the left-hand end of
that scan line. A line impedance of 75
ohms is normally associated with compo-
site video signals.

Direct drive

The direct-drive waveforms, also seen in
Fig. 1, should produce the same visible
results as the composite waveform shown
above them. Direct-drive voltage levels are
not as well defined as composite video —
some monitors take signals from t.t.l. buf-
fers, while others nzed 1V signals.

Direct drive has the advantage that all
the drive signals are, normally, readily
available from the circuitry generating the
video signal; however, it is difficult to send
these signals over long lengths of cable.
This problem is avoided with composite
video, which can be transmitted down
metres of coaxial ceble without much of a
problem. Direct-drive signals can be
converted to composite video with a
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video-display controllers.

by Colin Carson

handful of components, but the reverse
procedure is not so easy. Generally, there
are more direct-drive t.t.1. monitors on the
market than the composite-video type and
the price of the former is normally slightly
lower.

Of course, a monitor is not essential: a
low-resclution picture can easily be pro-
duced on a television set, by connecting a
composite-video signal to a u.h.f. modula-
tor. The modulated signal is fed down
coaxial cable to the aerial socket on the
television receiver, which is then tuned to
the new signal on a spare channel.

Bandwidth

The picture is made up from discrete dots,
which merge together when viewed from a
distance. Only a finite number of dots can
be fitted into the display time available and
this number is limited by the bandwidth of
the monitor or television. If a monitor
possesses a bandwidth of 10MHz (1/f =
100ns), then the minimum width of a dot
must at least be equal to 1/f and preferably
double — that is 100 to 200ns. If this
constraint is not met, then the monitor will
be unable faithfully to interpret the video
waveform. Having decided upon a dot
width, its inverse is termed the dot-clock
frequency and is usually the highest fre-
quency needed in a system. When incorpo-
rating a video display into a system it is
always desirable to generate dot-clock,
processor clock and band rate from divid-
ers driven from a single crystal oscillator
— although this is not always possible.
Suppose a dot clock frequency of
10MHz is used with a monitor having a
horizontal scan rate of 15.625kHz (64
microseconds) with 48 microseconds of
that allowed for display, then it would be
possible to display x dots on each horizon-
tal scan line, where x equals the available

0-7v

time (48) divided by the dot width (0.1) —
that is 480 dots.

A domestic television set has a band-
width of between 4 and 8 MHz, whereas
monitors commonly have bandwidths up
to 20MHz, some up to 6SMHz.

Horizontal scan rates

The television standard of 15.625kHz has
the disadvantage that, to much of the
population, it is audible. There is a grow-
ing trend to increase this frequency so that
it cannot be heard, 18 to 20kHz being
common. Obviously, as this frequency in-
creases, so does the bandwidth necessary
to display the required number of dots.

Vertical scan rate/refresh rate

In the UK, the vertical scan rate is nearly
always SOHz, although an increase of SHz
or so can be useful for reducing screen
flicker. As soon as a monitor is run at
anything but 50Hz, care must be taken to
avoid hum loops.

Knowing the vertical and horizontal
scan frequencies, the maximum number of
horizontal scan lines can be calculated. A
frequency of 50Hz corresponds to 20 mil-
liseconds between vertical sync. pulses, of
which one millisecond might be needed for
vertical blanking. The remaining 19 mil-

Codes
0000 0100 O4H
0000 1010 OAH

0001 0007 11H
1T 1FH
0001 11H
0001 11H
0001 T1H

Fig. 2. Capital A formed ina 7 x 5 matrix,
with matrix patterns obtained from
character generator and hex. equivalents.

<— White level

Black level

Composite

video ——u : 0-3v
Horizontal

sync _J——I I |

display period (l horizontal " _vertical sync.
sync

Vertical sync

= he

Video I-I

Fig. 1. Video waveforms. Top is composite-
video signal, while other three waveformes,

fed separately, form the direct drive.
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liseconds is available for horizontal scan
lines, the number of which is calculated by
dividing this period by the horizontal scan
time, i.e. 19000/64 = 296 scan lines.

Characters

A character can be displayed on the screen
by illuminating specific dots within a small
matrix, 5 X 7 and 7 X 9 being common
matrix sizes. Figure 2 shows an upper case
‘A’ formed in a 5 X 7 matrix, which is
adequate for low-bandwidth applications.
Larger matrices improve character resolu-
tion, provided the monitor has sufficient
bandwidth. With a 5 X 7 matrix, an inter-
character spacing of one dot is acceptable,
so a scan line supporting 480 dots could
handle 480/(5 + 1) — i.e. 80 characters
horizontally.

The matrix patterns for each character
displayable by a video system are stored in
a prom or rom character generator and
make up what is known as the character
set. Each pattern has to be coded into
binary, using a 1 where the matrix is to be
illuminated and O elsewhere. Each hori-
zontal bit pattern in Fig. 2 is converted to a
byte and stored, scan line by scan line, in
the character generator, which is often a
prom, so that the character set can be
changed at will.

If 296 horizontal scan lines are available,
and a S X 7 matrix is being used with three
scan lines free between each row of charac-
ters, then 29 rows of characters could be
fitted onto that screen. This would not be
very readable and would not allow for
lower-case letters with descenders such as
‘g’ or ‘y’. They are accommodated by in-
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creasing the depth of the matrix or by
raising them into the matrix, which can be
strange visibly.

The character clock indicates the rate
that characters appear on the screen. If dot
clock is 100MHz and each character is S+1
dots wide, then the character clock rate is
10/(5 + 1) = 1.67MHz.

Cursor

The cursor is a block or bar of light, often
flashing, which moves around the screen
indicating the position where the next
character is to appear. As the screen is
filled with text, so the cursor moves along
covering each line in turn: carriage return
sends the cursor to the start of the next line
down. When the cursor reaches the end of
the bottom line on the screen, it is com-
mon for the text to scroll, which means
that each line of text moves up the screen
one line and the top line disappears.

Video ram

Figure 3 shows a typical, minimum visual-
display system.

Screen information is stored in an area
of ram known as video ram: in older de-
signs, this ram often has separate data in-
put and output pins. Each byte in the
video ram corresponds to a position on the
screen; for example, a screen having 16
rows of characters with 64 characters in
each row requires 16 X 64, i.e. 1024 con-
tiguous bytes of video ram. The first byte
corresponds to the first character on the
first row, the second to the second charac-
ter on the first row . . . the 65th byte to the

first character on the second row and so on
until the 1024th byte which corresponds to
the last character in the last row.

A code has to be stored in each location
to define what character will appear at the
allocated position on the screen. This code
is usually an ASCII seven-bit code; the
character generator is coded similarly. As
the video ram is likely to be eight bits
wide, and the ASCII code only seven, the
spare bit can be used for other purposes.

The video ram is accessible by both the
video control circuitry and the user’s
system — the latter may well want to read
the video ram as well as write to it. Exactly
how the circuitry arbitrates between the
two interested parties is a matter for some
care. In Fig. 3 a multiplexer is fitted to the
address lines feeding the video ram so that
they can be switched between the user’s
system and the video control circuitry,
which issues a series of 64 sequential video
ram addresses. At the top of the screen,
the first address issued is 000H, as this
corresponds to the first byte on the first
row, the next 001H and so on up to 03FH.
Suppose that 41H is stored in location
000H; shortly after the issue of that
address by the control circuitry, 41H
appears data output pins and this code is
presented at the input of the character
generator. The control circuitry also issues
a row address for the character generator,
which increments for each scan line of the
character. The display-enable line is active
except during blanking and the cursor line
at the time it is present on the screen.

Continued next month
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AUDIO OSCILLATOR WITH
TONE BURST

An audio signal generator, providing both sine and square outputs from 10Hz to 250kHz.
Switch-controlled logic circuitry provides a variable mark/space-ratio tone burst, and the
output can be switched to include a RIAA network

This article describes the design and con-
struction of a signal generator capable of
producing both sine and square waves in
the range 10Hz-250kHz. Comprehensive
tone-burst generation facilities are also
provided. The oscillator section is a con-
ventional Wien-bridge configuration,
using an RAS53 thermistor for amplitude
stabilization; and for those who have no
requirement for tone burst facilities, the
oscillator, associated attenuator, and out-
put amplifier may be used as the basis for a
good general-purpose sinewave generator.
The sine-wave distortion has not been
measured, but the distortion figure for this
type of circuit is usually claimed to be 0.5 -
1.0% over the 20Hz - 20kHz range. Also
included in the oscillator section is an oc-
tave switching arrangement (very conve-
nient for checking filter slope rates) and an
RIAA pre-emphasis network, which may
be used for tes:ing the performance of
magnetic pickup preamplifier inputs.

Circuit description
The oscillator, shown in Fig. 1 employs a
Wien-bridge network to determine fre-
quency and the oft-used R53 thermistor
stabilizes the oscillator output at about 1V
r.m.s. It is the simplest (and most reliable)
form of stabilization, its main drawback
being a relatively iong thermal time con-
stant which gives rise to some output-am-
plitude bounce or: changing frequency.
Variation of R5/Rp and/or C5/Cp control
output frequency: R; and Ry set the maxi-
mum frequency for a given value of C;
minimum frequency is determined by the

by J. T. Tiernan,
F.S.E.RT.

maximum value of Ry/Rg (plus, of course,
R; and Ry). In practice, the value of C;
also affects the lowest frequency that can
be obtazined — the larger the value of C;
the lower you can go.

A CA3140 op-amp is used as the active
element in the oscillator, with R; included
to help it sink current to the 0V line. With
out Ry, there is noticable clipping of nega-
tive half cycles of the output sinewave. A
741 may be substituted directly for the
3140, but the 741’s poor slew-rate per-
formance will limit the upper frequency
obtained to around SOkHz.

Frequency determination. Many signal gen-
erators have frequency bands spanning the
15-200 range; but that is not always conve-
nient, and this design works in bands of
10-150 via the secection of CA; 4 and CB)4
(Fig. 2). An additional and useful feature
is provided by capacitors CAj; 4 and CBy;.
4 in conjunction with S;, operation of
which effectively halves the value of the
selected capacitors and causes the output
frequency to be exactly doubled. It allows
for quick and convenient checking of filter
roll-off slopes.

The bandwidth of a given effect is
usually proportional to its centre fre-
quency, and this implies that it would be
appropriate to give more dial space to the

Fig. 1. Wien-bridge oscillator circuit with
output amplifier. Frequency determining
network shown in Fig. 2.

lower frequencies in order to keep band-
width vs frequency in proper perspective.
Many commercial signal generators for
serious audio work give approximately
equal space on the dial scale for each oc-
tave of frequency covered, and the (nearly)
ideal component for Rs/Rp is a dual
square-law potentiometer. Such compo-
nents are available but, besides the ex-
pense, they are wirewound, rather large,
and not well suited to high-frequency
operation. However, shunting the active
section of a log-potentiometer, as shown in
Fig. 2 (R32 and R33 across RA and RB)
produces a very acceptable result. Fre-
quency calibration holds good up to about
S0kHz, but above that there is a gradual
divergence leading to a —15% error at the
maximum output frequency.

The output from the oscillator at points
E and F of Fig. 1,is about 1V r.m.s. and is
fed to the tone-burst section (to be even-
tually returned to point G for output con-
ditioning). Those who wish to make use of
the oscillator section only may link points
E and G directly.
Attenuator. Resistors Ry 9, 10, in conjunc-
tion with S; and P}, form a simple decade
attenuator. The decade divisions are not
exact owing to the finite input impedance
(47K) of the output amplifier. The attenua-
tor is placed before the amplifier in order
to realise minimum output impedance,
and hence maximum drive capability at the
output terminal. If 600 ohm output im-
pedance is required it can be achieved by
bridging points M and N with a 600 ohm
resistor.
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Flg. 2. Components shown as Ca, Ry, etc in Fig. 1. Frequency is switched in decade steps

and S; doubles frequency.

Output section. The output amplifier is a
simple class B design with a gain of about
2.5, and it is capable of driving output
loads as low as 10 ohm (but at reduced
output, about 300mV maximum). There
are no discernible crossover effects and its
performance is far superior to that which
could be obtained by using, say, another
3140 op-amp. The d.c. levels have been
chosen to allow operation down to +7.5V
supply voltage (the lowest value at which
the battery supply can be considered
usable) at which the amplifier will deliver
2V r.m.s. before the onset of clipping.
This approach restricts the maximum po-
tential output which could be realised for
supply voltages above 7.5V, but it should
prove adequate for most test applications.
With the amplifier gain value chosen it will
always be possible to provide slight
overdrive at the maximum settings of S,
and P;; and the short circuit output cur-
rent is limited to S0mA r.m.s. with
Ris=R7 = 560ohms. Output rise and fall
times (square-wave input with C;;, =
18pF) are symmetrical and surprisingly
good for so simple a design.

The final bit of output circuitry is a
passive RIAA pre-emphasis network, ac-
curate to within 1dB, and useful for carry-
ing out equalization checks on magnetic
pickup preamplifiers. The attenuation fac-
tor of the network measures 31dB, and
output impedance 3k3 ohms, at 1kHz.

Tone burst generator

The ability to generate short but precisely
defined bursts of signal is a very useful
attribute for a piece of audio test equip-
ment; audio systems can be fed with test
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inputs which approximate to the real-life
situation, and the following applications
spring immediately to mind:

—amplifier peak power determination;
—visual inspection of amplifier transient
behaviour;

—measurement of noise reduction cir-
cuitry performance; (attack/release times
and frequency sensitivity)

—loudspeaker tone burst testing.

In the circuit to be described, c.m.o.s.
logic i.cs are used to generate the tone-
burst control signals. The design uses four
i.cs, and tone-burst timing is controiled by
the outputs of a single 12 bit counter,
clocked at the oscillator signal frequency.
An oscilloscope pre-trigger is produced
one half cycle before the start of a tone
burst.

Logic description. The circuit diagrams
for the control logic are given at Figs 4 and
5, but to aid understanding, an equivalent-
function logic version, with associated
waveforms, is given at Fig. 3. (The wave-
forms assume selection of the Q, and Q,
outputs — points G and H — from the
counter, to set the number of cycles in the
burst and the total sequence period respec-
tively.)

Referring to Fig. 3; the counter is run-
ning constantly, clocked via a squaring
amplifier and Schmitt trigger (note that
the counter advances on the negative
transition of the clock signal). Every time

sine

S,
(LK square
It 1, g
Osc. . Squarer Ctk Counter _ ofp
b /
(P)
; Trig
RAA
circutt
2 (P3) ¢ "Off’ signal
WN—
d)Sync.ouiL
A
{3/10) K
(09) @ 1 | I . L i I I
(Qp) H J
L2 ) l | 1 J
413 K | 1 | |
sy T L1 | I
s x L J 1

Sync. | __r‘_ '____'._)..-.\

P.=0

P —F‘,J*',_F/
square wave )

selected /
MZ V\/M\/'W\J\A/(\/\ﬂ'\/\/v\

Fig. 3. Basic circuit of tone-burst switching, with waveforms.
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G goes positive it will either set or maintain
toggle output J at logic 1. Each positive
transition of H will reverse the status of the
first toggle, but reset will occur as soon as
there is a positive transition at G.

Since the counter advances on the nega-
tive clock transition, the states of J and K
will not be transferred to X and Y urtil
half a cycle after they (J and K) have
changed: this system ensures there will be
no odd triggering effects due to counter
propogation delays, but it will provide a
convenient (and necessary, for some
’scopes) sync. waveform half a cycle before
the analogue gate ICs is opened for a tone-
burst transmission. During the X ‘on’
period, the upper gate of ICs transmits the
input signal to the output attenuator: cur-
ing the Y ‘on’ period it will pass whatever
is present at the input of the lower gate,
which is a d.c. level set by P4 (usually to
the centre level of the signal waveform on
the upper gate) on which may be superim-
posed the input sine wave from point A, at
an amplitude determined by the setting of
P;. The trigger control, P;, sets the
mark/space ratio of the Schmitt-derived
square wave, and hence either (a) the duty
cycle of the output waveform (square-wave
output selected) or (b) the point on the sine
wave at which the tone burst starts. Wave-

Fig. 4. Tone-burst gating. Inputs from
circuit of Fig. 1. (E and F) and output to G in
Fig. 1.

forms M;, M; and P give some idea of the
effects of P, P3, and Ps. Note that the
waveform lettering is correct in relation to
Figs 4 and 5 except those noted arbitrarily
as X and Y at the inputs to the analogue
gates.

Taking the real-world circuits and
dealing first with Fig. 4, Trs takes the
input sinewave, plus a 4.5V d.c. level,
from point F in the oscillator section and
raises it to a level suitable for operating the
Schmitt trigger ICy; Variation of P,
allows variation of the m/s ratio of the
resulting square wave between 0 and
100%. The Schmitt circuits invert the in-
put waveform, and thus S4 will select a

clock-pulse train which may be either in
phase or 180° displaced from the input
sinewave. The setting of S4 (INVERT)
determines the polarity of the output tone
burst, i.e. ‘n’ cycles, starting with a posi-
tive half cycle, or ‘n’ cycles starting nega-
tive. A third Schmitt, IC;/3, is used to
invert and buffer the square wave for input
to the analogue gate, and R;¢/C;; attenuate
it to approximately the same pk-pk ampli-
tude as the sinewave (but only at Vg1, =
9V; the square wave amplitude will vary
according to the actual supply voltage).
The square wave at point F clocks the
counter to produce division ratios 2, 4, 8,
16 . . .2048,4096attheQ0. § .Q]]
terminals, and the selected Q points are
fed to the ‘set direct’ and clock inputs of
IC42 (a D-type flip-flop with the D input
on pin 9) — refer back to Fig. 3 for the

T86/H10g)_ MMM ML LML UL

TBG/G(O3)
TBG/K

QsC/M

Fig. 6. Setting Sg in Fig. 5. to “PATTERN"’
produces this type of output.

2 4 8 4ig
SQ4 S0z SQ3- - - - - s o e o m o oo SQy
S8 ' | L
BST
PTN 186/0Qy 104 e 786/04
TBG/G TBG/H

Fig. 5. Switching for tone-burst gating. Circuit connects to G and H in Fig. 4.
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waveforms. Either the J or K output may
be selected to feed the D input of IC4,
and the position of Ss determines the tone-
burst /space relationship of the output se-
quence. For G=Q,, H=Q;, Ss=K, the
output will consist of sequences of eight
cycles of signal followed by 248 (=256-8)
cycles of ‘space’. With Ss = J and Qs
unchanged, the output sequence will be
reversed to 248 cycles of signal and eight
cycles of ‘space’.

For constant sine or square-wave output
(Se) the Q selection switches (Fig. 5) are all
set to ‘off” (J = 1 via Rys) and S, is set to
select K (REVERSE).

The sync. output is taken from either J
or K via Sgp) and buffered out via ICys
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and Ry3/Cyy4. In practicc, point M can be
connected directly to point L; Ss, is only
reqmred if your oscilloscope ‘prefers’ trig-
gering from a particular polarity waveform
when Ss3,) can be wired accordingly.

Q switching (Fig. 5). It is appropriate to
look at the counter switching arrange-
ments at this point rather than going im-
mediately to the circuitry around IC;/4 and
ICys. There are 12 Q switches, one for
each of the counter outputs Qy — Qy;, and
the interconnexions are such that, regard-
less of the total number of switches in the
‘on’ position, only the outer two are
effective and feeding Q signals to Sg. With
Sg in the BURST position, the generated
control signals are as depicted in Fig. 3.
The tme period contribution of an
‘effective’ Q switch depends on whether it
is the first (feeding G) or the last (feeding
H); the last switch sets the overall sequ-
ence time period in accordance with the
normal binary weighting of its Q input,
ie. Qo= 2,Q; = 4, Q; = 8 etc. The first
switch sets the burst-time period within
the overall sequence at a value equal to half
its binary weighting (Qp=1, Q;=2, etc).
Waveforms G, H, ] make the relationship
clear.

When Sg is in the PATTERN position,
the situation is rather different and the
operation cannot be seen from the simple
representation at Fig. 3. The waveforms
given in Fig. 6 show what happens when
G=Q; and H=Qy. When, say, G=Qg and
H=Q;, the output will consist of 128 cycle
sequence periods, within which there will
be four bursts of eight cycles spaced at
eight-cycle intervals. This option may have
no useful application, but the result is too
pretty to ignore, and it is the only option
which can produce 1:1 mark-space ratio in
tone-burst mode.

Turning now to the last two elements of
IC; (IC 24 and ICys); these are used to
form a ‘battery saver’ circuit feeding a
front panel led ‘on’ indicator (D3). With
the component values specified, Cjq
charges (via Rjg) and discharges (Trs and
D;) on a three-second cycle, causing the
led to flash appropriately. But with the led
buried in a plastic bung for panel mount-
ing, and in a well-lit room, the effect is,
frankly, disappointing; the led needs to be
reasonably openly mounted, and angled
upwards, for it to be worthwhile.

The resistor R3y and terminal AA are
provided to give constant led operation
when the generator is fed from an external
supply (see Fig. 7); but if a rise to 16mA
on battery operation can be tolerated, ter-
minal AA may be connected permanently
to the +9V supply line.

Finally, in this description of the tone-
burst logic, a couple of points about the
nature of the input to terminal A should be
mentioned. In order to exercise smooth
control of the m/s ratio fo the square wave
out of ICy, the input c1rcu1try for Tr4 has
been designed to accept a sinewave input
of about 1Vr.m.s. with a d.c. component
of about +4,5V, It is also worth mention-
ing that shunting P, (22k) with a 33k resis-
tor gives smoother control than the poten-
tiometer on its own. The signal inputs to
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Frequency range

Maximum output signal
{1KHz sine wave)

Amplitude/frequency
stability
*Square wave amplitude

Short-circuit output
{ current

Supply requirement

Specification
All measurements taken with battery supply, V=8.5V
10Hz-250kHz in four overlapping bands.

10-150 nominal band scale plus octave
multiptier.

Output waveforms 1. continuous sine wave

2. continuous square wave with variable m/s

ratio and symmetrical rise/fall times:
to70% 60ns
to 90%
at 7V pk-pk output and 10k Q2 Joad.

3. Sine-wave burst:

any binary figure {1,2,4,8 etc)
between 1 and 2048 cycles within

an overall timing sequence selectable
between 2 and 4096 cycles.

4. Square-wave burst, as for 3.

5. Either 3 or 4, but with variable-amplitude
sine-wave, interposed between the main
burst signals.

6. Group burst patterns

| 7. All the above but with RIAA pre-emphasis.

Ry =10k {1 2.5Vr.m.s.
Ry=600 € 2.25Vr.m.s. {+9dBm}
=100 1 1.5Vr.m.s.
R =10 0 300mVr.m.s.
+0.5-1.0dB, 10H2-250kHz (ref. 1kHz. 2V r.m.s.}
Variable up to 7V pk-pk
Lirnited at 50mA r.m.s.
7.5-9.5V at 10mA (internal b.:tteries) or
7.5-12V at 12-20mA (ext. si- Liy)

*set approximately equal to sine wave pk-pk output {with 3V supply)

250ns

et L e de A i

the analogue gates (ICs) must not go
outside the limits bounded by the power
supply feeds to the i.c. Slight overdrive
will result in clipping of the output and
severe overdrive may cause permanent
damage to the device. The output from
Point F on the oscillator fulfils both the
above, and if anyone wishes to make up
the tone-burst logic only, to be driven
from a generator with an earth-referred
output, a coupling network similar to that

8 to 12V

at Fig. 8 must be used for coupling to
point A (TBG/A) in the tone-burst logic.

continued on page 86
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10-20mA t ] A
—o Ext off Fig. 8. Circuit to allow the
use of the tone-burst
I . To- +9V generator alone.
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<« Fig. 7. Power supplies.
See text for
recommendations,
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TAPE VOICES

It is now more than eleven years ago that
Konstantin Raudive’s book, ‘“Breakthrough”
announced the discovery of the tape-voice phe-
monenon to the English speaking world. The
publication started what at that time was ex-
pected to become the greater challenge in the
field of parapsychotogy and electronics.

Wireless World also carried a detailed review
of the book “which I strongly commend to your
attention” (Vector, June 1971), and the com-
ment that “the preblem cries out for investiga-
tion”. For the sake of truth, it must be admitted
that some interesting investigations indeed was
carried out, and the results of some very
convincing tests (by Pye, Belling-Lee, and
others) were published. Also, a lot of articles,
radio and television programmes dealt with the
matter. But after a short time, the interest de-
creased, and today (to my best knowledge) all
research is done ourside Britain.

Can it really be true that British engineers and
technicians (I mean, of course, real technicians
and not modern black-box manipulators with
digitalized brains) have completely given up
this, “the greatest challenge”? I can’t believe
that this should be the case.

Anyhow, if there is somebody working on the
technical aspects of this matter, I should be very
glad to hear of it.

Peter Stein
3400 Hilleroed
Denmark

LM 109

In Appendix | of the interesting article “LLM
109 three-terminal voltage regular” (March
1982), J. L. Linsley Hood sounded hardly
convincing when he neglected the last two terms
of equation (1), as these are strongly tempera-
ture-dependent. I would like to propose a
simpler, but more credible solution.

The voltage across a forward-biased emitter
junction in silicon is approximately 0.6V and
decreases by 2mV per degree Centigrade.
Therefore Vgg=0.6 and aVgg/aT=—-0.002. On
the other hand,

where «; is the inverted common-base current
gain. As g and I are much greater than the
leakage current Igg and aj is in the order 0of 0.5,
it is reasonable to assume that

Ig—olc, |
Iro

T E—oqlc\
Vpe~"ia (7 210C
BETg Igo }

Imposing the coadition I¢;=10{¢; for two
identical transistors at the same temperature,

Iy _ley _To=oailci_,
Ig, Ic; Ip-ailc

kT (I
AVgep=- qn( Cl)
BET e
which is equation (3] in the article.
3 3 IC[)_AVBE
ST AVBES, '1"(1c2 =
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The reference voltage should be independent
from temperature:

Vou=VBe+0AVgE

s, oVpy _aAVgp
v
_0.002+2VBE

T
dAVEE=0.002T=0.6 volts for T=300°K.

Finally,
Vour= VBE+3AVBE=0.6+0.6= 1.2V,

which 1s the “band-gap” potential for silicon.
W. Falcene,

Department of Pharmacology

Leeds University.

CALCULATING
V.S.W.R.

I have stumbled upon a quick method of calcu-
lating v.s.w.r. when the reflection coefficient is
known and vice versa, which may be of interest
to Wireless World readers. This method is espe-
cially helpful for use with a scientific pocket
calculator. The theory behind this method is as
follows:

I+ir
v.s.w.r.(s)= :
1—|r|
where r is the reflection coefficient. This func-
tion has a minimum value of 1 when |r|=0, and
a maximum value of infinity where |r|=1.

A function with identical properties is tan
(45°+|x|) which is 1 for |x|=0 and infinity for
x|=45°. Expanding,

@s°+ |x)) tan 45°+tan(x| |+tan|x
tan [x)= ! = 1

*l 1—tan 45° tan|x| |-—tan|x
This leads to the conclusion that if

s=tan (45°+Ix|, |x|=tan""r

~tan 's=45°an|r

The method of calculating |r| from s is
therefore to convert s into an angle by taking the
inverse or arc tan on the calculator, subtract 45°
and then take the tan of the difference.

A. Marshall
Teddington
Middlesex.

DOUBLE-BLIND
LISTENING TESTS

IT would seem that the double-blind listening
test (d.b.l.t.) method has been primarily con-
cerned with measurement oriented methodo-
logy. Little, if any, consideration has been given
to the hearing processes and the listening behav-
iour involved in the design of the test method. 1
believe there is reasonable cause to doubt the
results of this test method.

The A-B d.b.l.t. is conducted in conditions
which do not represent the situation in which
we normally experience reproduced music.
Perhaps a test that more closely parallels condi-
tions in which audiophiles say they’ve heard

differences would be a step in the right direc-
tion. Those conditions include but, are not
limited to: aural familiarity with the equipment;
aural familiarity with the room; and both of the
above achieved through listening periods of an
extended length of time.

Consequently, for a valid listening test, the
person doing the test needs to be very familiar
with the system; all of its components together
in the partiuclar room in which the test is being
conducted. This would probably be the home
system of the person doing the test. A d.b.l.t.
which ignores the normal listening conditions
should be suspect.

Differences seem most noticeable (after long
familiarity with one unit) the first few moments
after a change is made. After changing to the
unit on which one heard a difference, the longer
one is exposed to only this new unit the less one
is struck by the difference between the two.
Long term listening periods (familiarity) are
necessary to hear differences that are most
noticeable when initially changed to another
unit.

Shortening the listening period (as d.b.l.t. are
now conducted) does not seem to lead to the
same degrec of noticeable difference. It seems
that as we shorten the listening period between
units the more alike they tend to sound. Carried
to extreme, if we switched between the two
units under test very rapidly there would be no
percieved difference at all. We hear a composite
of the two. Such qualities as imaging and related
sound field perceptions require careful long
term listening. In many cases only long term
listening comparisons will clearly reveal a dif-
ference between the two and what that dif-
ference is.

Audophiles spend many hours listening to
music via their own systems and develop a high
degree of sensitvity with those particular
systems. In many cases the equipment used
compliments their perceptual biases, which in-
creases the person’s enjoyment and sensitivity to
certain interests. Equipment changes are more
likely to be noticeable in this environment, and
it is in just this kind of environment that many
audiophiles sav that they hear differences.

The process ot subjecting an individual, or
worse, a panel of listeners, to only an evening of
d.b.L.t. in an unfamiliar acoustical environment,
with unfamiliar equipment and adding a rando-
mizing procedure to the testing, results in just
what one would expect — insensitivity and aural
confusion. Such testing to date has been rather
like an experiment where we design instru-
mentation to measure very accurately certain
parameters but we don’t understand the experi-
ment and therefore gather accurate garbage.

No method exists that can *‘prove’ either the
existence or non-existence of a given perceptual
phenomenon. Thus the astute audiophile will
note the claims and counter-claims and the con-
ditions that produced them, and will attempt for
himself to hear (or not hear) what was claimed.
He would be better served to listen for himself
rather than accept others’ biases and percep-
tions or the results of d.b.l.ts. As long as there
continues to be an interest in listening tests,
inquiry into the nature and behaviour of the
listening and hearing processes must be sought,
understood and appropriatelv incorporated.
Richard N. Marsh
Livermore
California, USA.
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TELETEXT DECODER

Mr Alan Pemberton’s letter on p.49 of February
1982 WW points out why the original erase page
circuitry does not work correctly with in-
terleaved magazines, as currently used on ‘Ora-
cle’.

Unfortunately, I found that the circuit he
suggested, while working fine on Oracle, caused
the loss of the first 4 rows of Ceefax pages
(following the header) on my decoder. In his
modified circuit, when 77,1 is high, the negative
strobe pulses from 71,3 pass through 77,6 and
clock IC7; on their positive going back edges.
When 77,1 is low, 78,11 is held low regardless
of 71,3.

However, as 71,3 is normally high, IC7g will
also be clocked when 71,5 goes high, and I
suspect that I was encountering unwanted load-
ing of ICg at this point.

The modification can be simplified by leaving
the feed to 78,12 unchanged from the original
design, while And gating 71,3 with Q (78,8)
instead of 71,5; so that once IC73 is set, the clock
is disabled until the bistable is cleared by the
next field sync. on pin 13.

As my decoder uses the whole of IC;; for
other purposes, the And gating was achieved by
inserting a germanium diode between 71,3 and
78,11 (cathode to 71,3); and adding a second
one from 78,11 to 78,8 (cathode to 78,8).

For the correct operation of the decoder with
interleaved magazines, it is essential to break
the link from 5,9 to 21,1; and to carry out the
modifications described on p.60 of February
1977 WW, which check the magazine number of
every row.

J. H. Hinton
Cambridge

I have received details from Humphrey Hinton
of his own modification, and now see the reason
for the odd behaviour of my modification in his
decoder. An earlier obscure modification of my
own had resulted in IC73 being clocked by posi-
tive-going pulses, and not negative-going as in
the original design.

A simple re-arrangement of the gates of ICy;
will ensure that ‘standard’ decoders will func-
tion correctly on both Oracle and Ceefax.

I thank Mr. Hinton for bringing this to my
attention and apologise to constructors who
have tried the modification without success.
Alan Pemberton

Sheffield
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I was pleased to see in the Letter Column (Ww
February 1982) that an interest on the WW-
Teletext decoder still prevails. T was encouraged
by Mr. Pemberton’s letter to modify the clear
page detection circuit enabling the decoder to
work with interleaved magazines. Alas, I could
not get it to work satisfactorily so I reconfigured
the two spare gates as shown below.

This works upon the simple strategy that
once a clear page bit has been correctly detected
by 78(8), it can only be reset by the frame sync.
pulses one field later, thus producing the re-
quired clear page action.

A few simple modifications which avid
teletext followers may find useful are: —

1) Reduce value of Cj¢ in the analogue board
from 4n7 to a value closer to 470 pF, particu-
larly if “missing rows” are experienced. This
increases the attack rate of the peak detector
such that during the framing code the slice level
changes by less than 5%.

1) A spare Nand gate (e.g. 49 (4,5,6)) may be
used to display rolling headers only from the
selected magazine, in order to prevent the
ITVATN characters twinkling during “roll
headers”.

iii) Of greater annoyance than (ii) are the
flashing time digits on Oracle, due to a dif-
ference (at present) between magazine 200 and
all other magazines. With a difference of one or
two seconds, the time display gives the illusion
of an incorrectly adjusted decoder, whilst
greater differences are simply confusing. The
cure is straight forward, 62(10) is taken from
80(4), but the time is only updated from the
selected magazine, which, for example, leads to

7,19 69,1

;-—Q—F_S

an update every 16 seconds on Ceefax 700 mag-
azine.

iv) If the ram disable pulse is used from
IC315(11) the page clearing function will not
clear those locations where the selected page or
time information is displayed. This can resufttn
the header row changing colour during page/
time selection due to the random bits stored in
the rams at these locations. This can be
overcome if IC3p9(9) is taken from 78(9) which
then ensures that Hamming bits are erased fol-
lowing roll or switch on.

Ken Drew
Nottingham

THE DEATH OF
ELECTRIC CURRENT

Oh dear! Ivor Catt’s latest letter (August) iden-
tifies him as a prime candidate for compulsory
reading of Dr Scott Murray’s series of articles.
Then, at least, he might not confuse theories.

Classical electromagnetism, as developed by
Maxwell in the 1860’s, makes no appeal to the
existence of the electron. For the case of a wave
guided by a pair of wires, the wires determine
the boundary conditions to the solution of the
equations. Electrostatic theory requires that
electric flux lines terminate on charges, but this
is not always so for the electromagnetic wave. In
any case, the classical theory of electric conduc-
tion imposes no limit on the speed of charges in
the conductors — that comes from relativity
theory. )

So, Mr Catt is muddling models, which
brings me back to the original point. Electric
current and electromagnetic waves are only me-
chanistic models of processes which are beyond
our comprehension — what Dr Scott Murray
calls miracles. Hence, to say that a model does
not exist is meaningless. If Mr Catt chooses not
to like the electric current model that is his
privilege, but it does not seriously devalue the
usefulness of the model, which is judged by
criteria other than credibility or personal prefer-
ence.

Incidentally, M. G. Wellard may wish to note
that the speed of light in water (refractive index
~ 1.33) is considerably less than that in
vacuum. Cerenkov radiation is the electromag-
netic equivalent of Concorde’s sonic boom. Its
existence (which is a fact) does not conflict with
relativity. Perhaps Mr Wellard will apologize to
Cerenkov.

R.T. Lamb
British Telecom
Milton Keynes

If Mr Cart’s difficulties with electromagnetism
are summarised by the example he gives at the
end of his letter of August 82 then perhaps he
can be helped.

WIRELESS WORLD OCTOBER 1982



As a pulse travels along the line the charge
that terminates the clectric field lines is pro-
vided by a current I. This consists of mobile
electrons of charge ¢ and if there are n such
clectrons per unit length of the line their veloc-
ity is v=Dne. Suppose that I=]1A and the
conductors are copper wires of | mm? cross
section then, ignoring the skin effect V is about
10?! per cm. Thus with ¢=1.6.10"1°C we have
V=6.10"2 cm 57! or 2.107" the velocity of
light. The skin effect, for a pulse of 1 ns risetime
might raise V to Z cm s~! and, if the conductor
is perfect and the electronic motion is solely
limited by inertia V might even be as high as 100
cm 8™, 3o that the electrons actually have to
acquire a kinetic energy of 2.5.107'7 ¢V from
the field.

F. N. H. Robinsoa
Clarendon Laborstory
Oxford

1 write in response to Mr Ivor Catt’s request in
his letter on “The Death of Electric Current”
(W.W. Aug. 1982).

The contradiction claimed by Mr Catt stems
from his assumption that the apparent velocity
with which chargs moves along a conductor is
the same as the velocity of individual electrons.
It is well known from the free electron model of
metals (see for example Solid State Physics:
Second Bdition: C. Kittel, Wiley 1956) that this
is not the case. The current density, ] (A/m), is
given by NeVp, where N is the number of
electrons per cu. metre, ¢ the electronic charge
and Vp the drift velocity of the electrons. The
drift velocity is the directed velocity component
resulting from an electric field and superim-
posed on the thermal velocities of the electrons.
The drift velocity is much less than the thermal
velocity except inn electric fields of very high
values. The curreat density may be interpreted
a8 qv, where q is the charge per unit length of
conductor to sustain the electric flux of the
TEM wave and v is the velocity with which the
wave moves. Hence,

vq = NeVp
and Vp/v = q@/Ne will be a small ratio in typical
conductors. The statement that “such electrons
would have to travel at the speed of light in a
vacuum” is thus wrong.
Dr J. Brown, C.B.E.
Technical Director
Marconi Electronic Devices Lid

PHASE-SHIFTING
OSCILLATOR

I read with great interest the February article by
Roger Rosens on a phase shifting oscillator as [
developed a similar oscillator recently. A feature
of this type of oscillator is that amplitude stabili-
zation can be much simpler than usual, and the
circuit exhibits no amplitude bounce as the fre-
quency is changed. As it is necessary only to
limit the amplitude of oscillation and not the
loop gain — which is constant with frequency
— it i8 not necessary to include a thermistor,
and the circuit shown has been found satis-
factory.

This circuit is used successfully in our new
high performance portable mixers, the 2000
series, giving 60Hz to 16kHz in a single sweep,
at a distortion of less than 0.8%, and I have had
the circuit working correctly at up to S00kHz.
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Finally, another feature of this circuit, as
developed by my colleague Steve Dove, is that if
the loop gain is kept below unity, the circuit
functions as a good bandpass filter!

Mike Law
Alice (Stancoil Ltd)

LOW-DISTORTION
WIEN OSCILLATOR

With reference to Mr Linsley Hood's ““New way
of using Wien network . . . . ,” in the Muy issue,
this ‘way’ was described in one of my originat-
ing British patents on RC oscillators about 35
years ago. An r.f. pentode amplifier was fol-
lowed by a valve phase splitter and a filament
lamp was used for amplitude stabilisation. Since
then, this oscillator has been continuously up-
dated by the use of bipolars, f.e.ts, and i.cs for
the amplifier, and thermistors, f.e.ts, i.cs, and
opto-electronics for the amplitude stabilizer.
We still think that this is the best ‘way’ to use a
Wien bridge and are grateful for Mr Linsley
Hood’s enthusiastic support. As he says, quite a
lot of harmonic distortion is produced at the
‘input’ of semiconductors and op. amps and this
is made worse when using the high driving im-
pedances that we prefer for other reasons. Our
measurements of distortion on TL 072 op. amps
at output voltages of about 2V are far worse than
those quoted for his oscillator and we have attri-

buted this distortion mainly to a non-true class-

A output stage, perhaps wrongly. It is a pity
that his curve of distortion against frequency is
limited by hum, as it would be interesting to see
whether the worsening at the lower frequencies
was mainly due to the time constant of the
thermistor or the increasing drive impedance.
As a ‘two for the price of one,’ the voltage-
controlled, variable-reactance device shown in
Circuit Ideas in the issue November 1980 was
described in my Briush patent, through the
NRDC, about 25 years ago. The main advan-
tages over variable-capacitance diodes are better
frequency linearity and larger frequency varia-
tion due mainly to the fact that variable positive
and/or negative reactance can be applied to a
tuned circuit. This system allows the use of
wideband swept oscillators with reasonably flat
amplitude responses. It is also particularly use-
ful for modulating the frequency of crystal-
controlled oscillators. We have considered the
use of this system in variable-frequency filters
and would be interested to know if our New
Zealand friends have also considered this.
F. G. Clifford
Wynberg
South Africa

CARTRIDGE
ALIGNMENT

The letter from Mr R. J. Gilson in our August issue
contained an error in the second sentence of the
second paragraph, which should read “. . . the
angular error 1o vary withradius . . .” — Bd.

AMATEURS AND
BAND 1

G. M. Pheasant (August, 1982, page 60) ex-
pressed the hope that radio amateurs would be
permitted access to the 50 MHz band when the
405-line television transmitters are withdrawn
from service.

The BBC acknowledges the valuable contri-
butions by radio amateurs to the study of propa-
gation and wishes to encourage such activities.
The Home Office and the BBC have recently
discussed a proposal that exceptional permission
could be given to a strictly limited number of
UK radio amateurs to operate outside broad-
‘casting hours in the 50-52 MHz band.

The BBC has no plans to continue broad-
casting in Bands I and III after the existing 405-
line television services have been withdrawn.
The future use of these bands is being urgently
considered by the Independent Review of the
Radio Spectrum from 30 MHz to 960 MHz.
P.A. Laven
Assistant Head
BBC Engineering Information Department

It will be a great shame if a small portion of
Band 1 isn’t allocated to radio amateurs when it
becomes available. This is a unique and valuable
section of the spectrum for experimentation.

I propose the section 48MHz-48.6MHz, giving
48 x 12.5kHz channels with the third harmonics
falling in the amateur 2 metre band, and making
them easily policed and identifiable. Any fourth
harmonics would fall on the IBA’s Ch.9 only.
(As a tv technician in North Devon, [ know only
of one customer using this channel.)

With careful avoidance of specific local radio
frequencies second harmonics shouldn’t be any
problem either.

These are my personal views and I welcome
comment or letters of support.

John Stacey G8BXO
South Molton
Devon



MODERN PHYSICS

“Nobody ever became sunburnt as a result of
exposure to a differential equation” remarks Dr
Murray (The Electromagnetic Analogy, Wireless
World August, 1982). No, but somebody may
have avoided sunburn by taking note of the
differential equations which describe the atte-
nuation of ultra-violet radiation in its passage
through the atmosphere and the reaction kinet-
ics of the ozone layer. Seriously, though, there
seems to be a basic misconception about the role
of mathematics in physics, for its role is essen-
tially predictive and in no way explanatory. One
feeds whatever data may be available into a
mathematical model and if the operation of the
mathematics at least declares the input data to
be mutually consistent and preferably also indi-
cates a future state of the physical system which
coincides with its actual evolution, then the
mathematical madel is regarded as a correct
representation of the physical system.

A more fundamental and problematic ques-
tion is whether every physical phenomenon can
be “‘explained” by a mechanical analogy in
which one can see a cause-and-effect
relationship between the parts, of the type
which occurs in the large-scale physical world
and can be appreciated by our five senses. The
answer appears to be negative, ever since the
development of quantum mechanics, which has
no parallel in ordinary large-scale mechanics.
One has only to cite the application of particle/
wave quality both to electrons and to photons;
but worst of all, there is even doubt whether
causation rules in the world of microphysics
which is represented by quantum theory. At
this point one has to admit that one cannot
“understand’’ the behaviour of elementary part-
icles in terms of mechanical models. But if one
accepts the logic of mathematics, one can accept
the logic of mathematical models.

D. A. Bell
Walkington
Beverley

By the end of the last century it was conceded
that space contained no unique reference point.

In a book on mechanics, published in 1888,
Oliver Lodge commented “No such thing as
absolute rest is known, but it is convenient, in
mechanics proper, to consider the earth as a
body at rest”. This is still the current practice
and as a result we have some very funny physics
and peculiar paradoxes. In his 1905 paper on
moving bodies, Einstein reiterated that there is
no absolute rest, adding that his theory would
not require an absolutely stationary space or an
ether. He then proceeded to invent his own
‘stationary’. He suggested we call a set of co-
ordinates the “stationary system” and then use
them to define the position and movement of a
point, employing rigid standards of mea-
surement, a completely impossible task since a
fictional reference point can only produce fic-
tional position and velocity.

In fairness to Einstein it should be mentioned
that every physics text extant uses the words
‘the velocity of a material point’ in a manner
which requires whimsical decision. We are told,
B has a velocity v with respect to A and so
travels from B to B’ a distance |, in time t, so
that 1=BB’ = vt. By a simple change of mind it
could be claimed with equal truth that A has a
velocity v with respect to B and moves a
distance ] = AA’. This dilemma is not solved by
introducing conjurers’ props like co-ordinate

[ ]
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systems or frames of reference, inertial or
otherwise,

The solution is simple. In space with no abso-
lute rest only the separation of material bodies
and the change of separation with time, can be
described. Individual velocity and distance tra-
velled must remain permanently indeterminate.

Mention whould be made of Einstein’s co-
operative myopic observers, without whose help
the theory would not have been possible. The
one sitting on an imaginatively moving plank,
claimed he saw a flashing lamp (A) screwed to
the end of it; the other observer, riding on the
declared stationary co-ordinates said he say the
lamp fastened to the x axis of his system.

Einstein’s science fiction was most successful
from his point of view; it earned him notoriety
and a better job. How relativity theory became
required reading in our universities is some-

CIRCUIT MODELLING
BY HOME COMPUTER

Further to my own article appearing alongside
Mr Weaver’s in the August issue I compared the
technique of my article using Mr Weaver’s
examples.

I enclose the resulting graph. It is interesting
to note that whereas Mr Weaver’s technique
takes 75 seconds for 15 points, the enclosed
graph of his Fig. 1 took 20 seconds to calculate
S0 points for the same circuit, and a further
minute to print the graph. This shows the
undoubted power of a compiler, although the
ladder technique is inherently faster than the
indefinite admittance matrix technique of my
article.

The ladder technique is normally superior for
passive networks, but for active networks the

thing I cannot understand. i : 7 ; ; f
g | car d indefinite admittance technique is essential.
Edwin Hill R. I. Harcourt
Stockton Orpington
Rugby Kent
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PARABOLIC ANTENNA

DESIGN

Guidelines for designing and constructing parabolic antennas are presented here.
Theoretical background, applications and how the prime-feed configuration is affected by
reflector parameters are discussed and emphasis is given to problems that arise when
constructing such an antenna using a minimum of facilities.

Within the past decade or two, de-
velopments in technology caused by the
demand for more frequency allocations
and the need to use frequencies where
background noise is less obtrusive have
allowed good use of the radio spectrum
above 1GHz to be made. At these frequen-
cies reflector-type antennas come into their
own. The parabolic-dish antenna —
symbol of the modern communications
world of satellites and microwave links —
is just one variety of reflector antenna, but
one with which high gains can be realized
in a modest physical space, provided that it
is correctly made and fed. This article
discusses the theoretical background to the
design and application of parabolic anten-
nas, and how a prime-feed configuration is
affected by reflector parameters.

The gain of a parabolic dish over an
isotropic antenna is given by

_4mAn

==

where G is the gain in real numbers (i.e.
not decibels), A is the area of the aperture,
A is the wavelength and 7 is the overall
efficiency of the system. 7 is always frac-
tional and an efficiency of greater than 0.5
is difficult to obtain.

Much information about theoretical per-
formance can be gleaned from this equa-
tion. Gain is directly proportional to area,
and therefore to the reflector-diameter’s
square, and is aiso inversely proportional
to the wavelength squared, so each time
the diameter is doubled, or the wavelength
halved, there is a possible increase of 6dB
in forward gain. A difficult figure to esti-
mate is efficiency. Apart from a reduction
in gain predicted by the equation, effi-
ciency is reduced as the wavelength be-
comes a significant fraction of the dish
diameter. Further reduction in efficiency
is caused by the presence of the prime
feed, which also obscures part of the dish
aperture.

For a given frequency there is a
minimum dish size below which it may
well be better tc examine other forms of
antenna. This occurs at around 10X al-
though that is by no means a sharp cut off.
It may be of interest to compare the dish
with another type of antenna which is
more common ai lower frequencies. The
obvious alternative to a dish is a mulu-
‘element Yagi. These are much used at
u.h.f. and there is no reason why they
cannot be used in the microwave bands. It

G

*Feedback Instruments Ltd
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by M. L. Christieson*

is very difficult to adjust a simple linear-
element Yagi to obtain useful gain, but
those with quad loops can provide excel-
lent gain in the 1-to-3GHz region. Yagis
that have more than 30 elements become
inefficient and it is normal practice tostack
several individual antennas’ Each time the
number of antennas is doubled a further
3dB is possible, but never realized, pri-
marily because of additional loss intro-
duced by the combiner. There is an upper
limit when additional gain from further
antennas is nullified by the ever more com-
plex combiner. Parabolic dishes do not
suffer from this drawback as they use a
single antenna, making them the simplest
type to design and adjust.

Highly directional arrays are generally
used for two reasons and the type of
paraboloid depends on which is more im-
portant in the particular application. The
reasons are to

— reduce unwanted signals from other
directions

— improve the signal from a very weak
source.

The two effects are inseparable but any
antenna may be optimized for one, usually
at the expense of the other.

A parabolic dish may be either deep or
shallow depending on the equation parame-
ters. A deep dish obviously has its focus
close to the surface while a shallow one has
its focus at some distance. Rather than
using the parabola equation to define

54203 /
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shape, it is more convenient to use the
focal-length-to-diameter ratio. This ratio is
very important in dish specifications.
Figure 1 shows two dishes with the same
diameter but with different f/d ratios. Note
that because the diameter is the same, the
maximum gain is the same. Dishes with a
low f/d ratio, of about 0.25, are usually
designed to give a high degree of side-lobe
suppression while those with f/d ratios of
about 0.5 are designed for optimum for-
ward gain. The main use of the former
type is in terrestrial microwave links where
signal levels are quite high. For amateur
work, good forward gain is usually more
uumportant and methods of optimizing this
are now to be examined more fully.
For a given size of dish, it is efficiency
that determines the system gain. Main fac-
tors which reduce total efficiency are

— spill-over

{— aperture efficiency
— phase errors
— blocking loss.

The first three are interdependent because
spill-over, the amount of energy lost when
the prime feed illuminates more than the
dish area, is reduced by tapering the radia-
tion pattern towards the edge of the dish.
This however reduces the aperture effi-
ciency which is greatest when the dish is
uniformly illuminated. Phase errors,
which may be caused either by a poor feed
or by errors in the shape of the dish, are
worse if no edge taper is used.

The first consideration of the dish
builder is accuracy of the paraboloid.
‘Clearly the nearer to the ideal shape the

8/ < |Focus

—go— 4

_

Fig. 1. Two dishes with the same diameter but with different focus-to-diameter ratios.
D/;hes_ with a low f/d ratio usually give a high degree of side-lobe suppression while those
with higher f/d ratios of around 0.5 are designed for optimum forward qain.
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better, but this is very difficult to obtain,
particularly for the amateur constructor. It
is generally accepted that little benefit is
realized by reducing peak errors to less
than +1/8 wavelength. Sometimes this is
quoted in terms of r.m.s. errors which
results in a much smaller figure and may
be off-putting. Peak error means that no
part of the structure should be more than
A/8 in either direction away from the ideal
shape, so the most serious type of error is
when the dish smoothly departs from the
true parabolic shape.

At 2GHz, for example, A/8 is nearly 2cm
so at the low end of the microwave spec-
trum there is considerable latitude for the
constructor. At higher frequencies, such as
those proposed for direct satellite broad-
casting at 12GHz, surface errors are more
of a problem.

Another factor concerning the surface is
the material from which it is made. Most
commercial dishes are made from spun
aluminium, and clearly a solid conducting
surface is ideal. For amateur purposes it is
permissible to make a dish from wire
mesh, providing that the holes are not too
large. A good approximation is that the
mesh size should not exceed A/10. This
means that various sizes of chicken wire
are satisfactory at low frequencies and
many good systems have been built for the
2-3GHz region using aluminium screening
material. Dishes designed for operation
above 10GHz should have a solid construc-
tion. The thickness need not be great;
aluminium foil on a fibre-glass backing
could be used. On large dishes a mesh
surface reduces the wind loading and
weight, although a build-up of snow or ice
can demolish an installation designed on
that assumption.

Feeds

Once the reflecting surface has been con-
structed the feed must be optimized. Re-
ferring to Fig. 1, to avoid wasting energy,

FRONT FEED

CASSEGRAIN FEED

OFFSET

Fig. 3. Basic front-feed parabolic antenna and two variations. Cassegrain feed is used for

-antennas with unfavourable f/d ratios, but subreflector obscures part of the dish, causing
problems with small antennas. The offset feed gives no blocking problems but is difficult to
construct as the dish is neither symmetrical nor parabolic.

the radiation pattern of the prime feed
should all be within a solid angle of 26°. It
is casier to visualize this in terms of a
transmitting antenna but the same applies
to a receiver, Ideally the radiation should
be uniform over that area and then cut off
sharply at the edge. This is impossible in
practice and the compromise often used in
amateur projects is a 10dB-beam width of
20°,

This is difficult to achieve for 26 angle
greater than about 150° because at that
point the horn aperture required becomes
smaller than the waveguide capable of
supporting wave transmission. A simple
dipole and splash plate (reflector disc)
could be used but it is difficult to adjust
and its performance never equals that of a
horn. It is convenient to arrange the 26
angle to correspond with the pattern from
the open end of a square or circular wave-
guide: this simplifies construction consid-
erably. There is a direct relationship be-
tween f/d ratio and 28 angle so that the f/d
ratio can be chosen to ease the construction
of an efficient feed. This type of work
cannot be exact without specialized test
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Fig. 2. Once the required f/d ratio has been judged, the dish’s 20 angle and the horn's L/\
ratio («) can be found from this graph. There is a direct relationship between f/d ratio and 20
angle so the f/d ratio can be chosen to ease construction of the feed. The feed is easiest to
make when the 20 angle chosen corresponds with the waveguide opening. Approximate
relationships between these parameters are shown here.

equipment, but it is surprising how effi-
cient a system designed using these rules of
thumb can be. Figure 2 shows the approxi-
mate relationships between these parame-
ters. There have been several good designs
for high-efficiency feeds developed by
amateur radio operators, some of which
are referred to at the end of this article.

Problems of feeding a dish with an unfa-
vourable f/d ratio can be reduced by using
a hyperboloid sub-reflector and feeding
the dish from behind. This is called a Cas-
segrain feed and is shown in Fig. 3. The
disadvantage of this is that the diameter of
the sub-reflector needs to be several wave-
lengths, depending on its position, and so
it obscures part of the dish area. This
blocking loss also occurs with front fed
systems and is a factor worth considering
when dealing with a small dish. Larger
dishes have much greater surface areas
compared with their associated sub-reflec-
tors, and Cassegrain feeds are common on
communication-satellite earth stations.

One method of preventing blocking loss
is to use an offset feed, also shown in Fig.
3. Although an improvement in efficiency
would be obtained using this method, it is
not easy to construct as the dish is no
longer symmetrical or paraboloid, which
makes it particularly unsuitable for ama-
teur construction.

Another loss which may occur is polari-
zation loss, where the polarization of the
incoming signal is not matched to that of
the prime feed. High loss can occur when
two linear polarizations are crossed. A
linear to circular mismatch will usually
result in a 3dB loss, but between left- and
right-hand circular polarization a high de-
gree of isolation is possible. This effect
may be exploited to re-use frequencies on
the same satellite. It is worth remembering
that, when reflected from the dish surface,
the sense of a circularly-polarized wave is
reversed.

The method by which the dish is
mounted depends on its use. In some ap-
plications it is not necessary to move it, as
in a ground microwave link for example.
Many dishes are used with geostationary
satellites which only move a small amount
each day. This small movement, which is
non-cumulative, is often within the beam-
width of the dish so a simple fixed mount-
ing will suffice. Where very-high gains are
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required it may be necessary to use some
form of automatic-tracking system. These
can be simple or complex and a decision
between performance and cost is not easy
to make.

Many methods have been used to con-
struct parabgloidal dishes and the exact
.method depends on the facilities available.
Most traditional methods rely on the ref-
lecting surfac: being supported by struts
or pulled into shape by nylon cord. These
struts can be made from metal or wood
providing thst it is well protected. A
method that is beginning to find favour,
particularly for higher frequencies, is a
glass-fibre sheil with a thin conductive sur-
face which is sometimes sprayed on. Once
a former has been made several dishes can
be cast, so it might be worth several indi-
viduals combining their skills. A fibre dish
has the overwhelming advantage of being
very light but it may need to be made with
a turn-over at the rim to prevent it distort-
ing when mourted.

Any system designed for outside use
must be protected against weather. Refer-
ence has already been made to the effect of

snow and ice, but excessive heat can be
equally damaging. At high frequencies,
dimensional changes due to temperature
can be a considerable problem as can
distortion caused by a gust of wind, but
these effects are not often noticeable on
small dishes. Front-fed systems can also
focus the sun’s heat on the prime feed. It
would be slightly annoying to see an ex-
pensive amplifier burst into flames on the
first sunny day. If the amplifier is located
at the feed the rain must be kept out of it
by using a sealed container, preferably
with a dessicator. My view is that if rain
cannot be kept out it is far better to have a
semi-open cover to make sure it runs out
again. Precautions such as mounting the
amplifier upside down so that water cannot
collect in it, and a supply of plastic dustbin
liners have kept several amplifiers opera-
tional for a number of years.

It is hoped that these ideas have
equipped readers with the knowledge to
start designing and building dish antennas
with a reasonable trade-off between per-
formance and economics. It is likely that
with the interest in satellite television

many more articles will appear describing
individual practical designs; they will
however all be based on the basic design
parameters outlined here. \VVV

Further reading

— The ARRL Antenna Book, American Radio
Relay League (latest edition)

— Performances of Fixed-Mount Earth-Station
Antennas, S. E. Dinwiddy, ESA Fournal 81/3

— Gain-Beamwidth Product and other Reflec-
tor-Antenna Relationships, A Saitto, ESA Four-
nal 81/3

— Tubular Radiator for Parabolic Antennas,
VHF Communications 4/1976, Verlag UKW.-
Berichte

— A Dish Anyone Can Build, Michael Brown,
73 Magazine, February 1982

— VHF-UHF Handbook, RSGB

— Pyramidal Horn Feeds for Parabolic Dishes,
‘D. Evans, Radio Communications March 1975

— Dish Antenna, D. Wardley, Break-in, May
1982

— Reference Data for Radio Engineers, Sec-
tions 25 and 27, Sams

PROGRANMMABLE GPIB-TO-
SERIAL INTERFACE

Development of an earlier interface with talker/listener capability to remotely program
functions within the instrument interface.

The original interface design (see panel)
was extended to accommodate a secondary
addressing feature to allow remote initali-
zation of the uart control register, the in-
strument data speed generator, load an
end-of-message byte into a latched com-
parator, and address the instrument as a
GPIB/RS232C interface. These remote
programmable facilities permit the de-
signer to dispense with some of the switch
packs used in the first design, adding a
degree of programmable flexibility.

On any one contiguous bus up to 15
devices are permitted, but the primary
address range is 31 talk and 31 listen
addresses using single byte addressing. A
controller may issue a primary address to
identify an instrument then issue a
secondary address to indentify a function
within that instrument. For example, be-
fore an instrumeni can be operated effecti-
vely it may require initialization and range
information, which could be programmed
into latches selected by unique secondary
addresses (Table 3 shows the range of
addresses). When the controller issues the
primary address over the bus the instru-

*Chris Jay was formerly with the Fairchild
Euro, ign Centre, Bristol and is now
working at Marion Electronics, in Stroud.
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by Chris Jay

The GPIB-to-serial interface featured
in the July 82 issue of WW was con-
ceived as a low-cost interface solution
for instruments with a serial data link
such as an RS232C port. When config-
ured to a keyboard and addressed as a
talker, characters typed on the keys
are converted by the interface from
serial to paraliel data and transmitted
over the bus data lines. A printer in-
terfaced to the bus is addressed as a
listener; data bytes received are se-
rially encoded and fed to the serial
input port of the printer. The interface
used 13 i.cs including a 96L5488 to
perform interface functions and mes-
sage decoding, an IM6402 uart for the
serial/parallel encoding of data, and
an MC14411 as a frequency reference
for serial transmission and reception
at four link-selectable rates. During the
talker-active state the interface could
automatically recognize an end-of-text
character, and assert the EOI line
concurrent with the transmission of
the final data byte in the character
string. A 74F521 octal comparator
achieved this by comparing the binary
data waiting for transmission with an
8-bit data pattern set with switches.

ment will be conditioned to receive a one-
of-four secondary address. For example,
my listen address followed by my
secondary address 1 (MSA 1) selects the
instruments contro! register, MSA 2
selects the instrument data rate register,
and MSA 3 selects an octal latched com-
parator so a unique end-of-text code may
by programmed '. MSA 0 is the secondary
listen address that selects the uart transmit
buffer register. When addressed into the
listener active state, data bytes sent to the
uart are serially encoded and transmitted
to the RS232C interface at a programmed
speed and in the character format specified

by the uart control register.

The 961.5488 may be configured for
extended addressing by wire-linking the
mode inputs MO-3 to the appropriate bi-
nary code as shown in Table 2 on page 72
of the July article. There are five choices of
extended addressing but for a talker/lis-
tener there are two choices of TE/LE low

1. The end-of-message latched comparator is
used when the interface is an active talker. A
string of data bytes may be sent over the bus,

-termunated by the unique end-of-text character,

When this character is transmitted the compara-
tor automatically recognizes the bit pattern and
asserts the bus end-or-identify (EOI) line to indi-

.cate end-of-message.
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speed, or TE/LE high speed. The choice
of high speed is selected for instruments
using three-state driver devices; in this
design the mode inputs M0-3 are all con-’
figured to V.

Table 4 illustrates a typical initalization’
procedure that should be completed by the:
controller-in-charge (c.i.c.) prior to the
interface becoming an active talker. It does
this by asserting the ATN management
line; any current active talker relinquishes
control of the bus lines. The first message
issued is the unlisten command to ensure
that unscheduled listeners do not receive
data bytes intended for the interface cir-
cuit. To address the interface the c.i.c.
issues the primary listen address (MLA);
after receipt the interface expects to see
one of its four secondary addresses. As-
suming that the uart control register is to
be initialized first, the controller sends
MSA 1. When selected, the register is cap-
able of receiving a data byte (DAB 1) over
the bus lines. The control register is a five-
bit latch in the 6402 uart; format of the
control-bit pattern is shown in Table 6a. If
the c.i.c. addresses itself as talker it can
release the assertion on ATN and send the
initalizing data byte to the instrument.
After sending DAB 1 it regains control of
the bus by asserting ATN.

It is necessary to un-address the control
register by sending the unlisten message
before sending the primary listen address
of the interface, followed by the secondary
address MSA 2 to select the data-rate gen-
erator latch. The controller releases the
true assertion of ATN and as an active
talker issues DAB 2 to program the correct,
speed code — Table 6b gives the format.
When the data byte has been sent, it re-
asserts the ATN line to regain control of
the bus and complete initialization. The
unlisten command is sent followed by
MLA and MSA 3 which selects the end-of-
message latched comparator. When selec-
ted the controller releases the true asser-
tion of ATN to send the end-of-message
byte DAB 3. When latched it re-asserts the
ATN line, sends the unlisten command to
unaddress the latched comparator and
then sends the talk address of the interface
(MTA), followed by the secondary address
MSA 0 of the receiver register. The
controller addresses the listeners by se-
quentially transmitting each listen address.
On completion of addressing the controller
releases the assertion in ATN, enabling the
interface to enter the talker active state
for transmission of data bytes®.

In the circuit configuration of the
programmable interface, the 9615488
handles the interface functions and mes-
sage decoding. An Intersil IM4602 uart
converts parallel data to serial and serial to
parallel and an MC14411 bit rate generator

2. Data is transmitted in ASCII, a seven-bit
code representation, with the eighth bit for par-
ity checking.

3. Both the MC14411 and IM6402 devices are
cmos requiring a VIH of V..—2 volts. The
74LS outputs have a guaranteed VOH of 2.7V
for a V. of 5 volts. To ensure good noise immu-
nity provide passive pull-up resistors of 2.2k()|
on each LS output that drives a cmos input.
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Table 1. Talk and listen address assignment

Primary listen address

DIOg DIO; DIOs DIOs DIO, DIOO; DIO, DIO;
X H L A Ay Ay A
X H L L L L v
X L H A Ay A; A
X L H L L L 1
X L L 8 S S 5

Ay

L Unlisten

A, Primary talk address
L Untalk

S

Secondary address

-

gives a wide range of frequencies for rate
generation®. Other logic circuits used are
74LS t.t.1. devices and two 74F i.cs, one of
which is an inverting bus driver to buffer
the cmos outputs from the uart onto the
bus data lines because it satisfies the 48mA
sinking requirement by the IEEE 488A
specification. The pAl1488 and wA1489
provide signal conditioning for RS232C
line driving and reception.

Addressing
Secondary addressing is acheived by the
quad two-to-one multiplexers of IC;;,
74LS157, which select the primary and
secondary addresses. The 9615488 ASEL
output is low when the primary address is
being received, and high for secondary
address selection. Address inputs Al-4 of
the 961.5488 are driven by the 74LS157
multiplexer outputs which select a one-of-
four binary code set by switches 2-5. Note
that AS is configured directly to switch 1;
this effectively reduces the secondary
address range to 496 but saves on
the multiplexing hardware. The primary
address range of the interface is therefore
configured on the switches 1-5. Secondary
addressing is acheived when ASEL drives
the select input of IC;, high. The bit pat-
tern on switches 6 & 7 routes through to
the inputs A4 & 3. Address inputs Al & 2
are derived from the bus data lines 1 & 2
respectively. So a one-of-four secondary
address will select the interface, putting it
into the talker or listener-addressed state.
On receipt of the secondary listen or talk
address the 9615488 outputs LAD or TAD
go low producing a rising edge at the out-
put of gate 1, connected to the clock input
of IC;, a dual D-type latch.

So the logic state on inverted data lines 1
& 2 is strobed into the 741574 latch when
the instrument is addressed. A one-of-four
logic condition is stored, enabling the in-
strument to receive a data byte which can
be sent to either the uart transmitter, uart
control register, bit rate generator latch, or
the EOI end-message comparator latch.
When statisized the information remains
programmed until the instrument is un-
addressed then re-addressed. The Q out-
puts of the 741.S74 latches are wired to the
address inputs of ICg, a dual one-of-four
demultiplexer 741.S139. Outputs of ICg,
route the RXST signal to the selected latch
or register; ICg, outputs O0 and O3 are
used as enable signals ENBL0 and ENBL3
Signal ENBLO  drives the S
input of IC,;, a quarter of 74L.S157, which
selects the correct handshake for the one-
of-four instrument functions. The ENBL3
ICg, output, selects the load function at
theS0 and S1 inputs of the 74F524 latched
comparator.

Table 2. Status codes

TAD LAD D/S/E State

H H L Offline

H L L Addressed to listen
{LADS)

L H L Addressed to talk
{TADS)

L H H Serial poll mode (SPM)

H L H Receiving end-message

(LACS

DRB goes low when the interface is in
talker active or serial-poll active state.

Status decoding

To perform the necessary interface status
decoding the 961.5488 LAD, TAD and
DRB outputs drive the A2, Al, A0 inputs
of a 74LS138, one-of-eight decoder, ICs.
Output O2 of ICy will be active low when
the interface is either in the talker active
state, or the serial poll active state, see
Table 2 for status codes. Gate 2 is enabled
by the D/S/E signal to provide a low output
when the instrument is talker-active. The
D/S/E signal when inverted by I3, provides
an enabling low for the input of gate 3.
The gate 3 output goes low when the in-
terface enters the serial poll active state.
These or-gate outputs and the output O5
of ICy are labelled TACSENBF,
SPASENBF and LACSENBF and used
as low enable inputs for the three-state
buffer-drivers. When talker-active the
6402 receiver buffer register outputs, buf-
fer devices IC4 and 1,3 (the EOI driver
circuit) are enabled. During the serial poll,
one half of IC)q is enabled to drive data
lines 1 to 3 with status bits and a second
EOI buffer driver is enabled. During the
listener active state the 74L.5240, IC; (in-
put buffer) is enabled. Appendix 2 gives a
brief description of serial and parallel poll.

Buffering

Although the 961.S488 data lines are con-
nected to the bus, it is necessary to use
buffer circuits (with hysteresis inputs
essential for the listener function) to pro-
vide a data path to or from the instru-
ment’s internal logic circuitry. An internal
instrument bus, eight bits wide, is isolated
from the bus data lines by inverting LS240
and F240, IC 3 & 4 respectively. It is also
necessary to use hysteresis buffering and
inversion to the address multiplexer ICy,,
acheived by the two inverters I, and I,, of a
74L.S14. The 741.8240 will be enabled by
LACSENBF, going low when the instru-
ment is listener active. In this state, the
octal inverter drives the internal instru-
ment bus with valid data. The IM6402
receive buffer register is disabled so no
data conflict occurs on the internal bus.
During the talker-active state, the IM6402
r.r.d. input is driven low by TACSENBF,
which also enables 74F240 buffer circuit.
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Mini - computer

Controtler
in charge

000000000 0!

1

GPIB/RS232C
interface

Interface Interface

Keyboard

Video terminal Printer

Table 3. Primary and secondary address of the interface.

MLA My listen address, primary listen address of the instrument

MSA 0 My secondary address for g.p.i.b. uart, to provide serial/parallel conver-
sion of data

MSA1 My secondary address for uart control register

MSA 2 My secondary addiess for bit rate generator latch

MSA3 My secondary adc'ress for end-of-message latched comparator

MTA My talk address, primary talk address for the g.p.i.b./RS232C instrument

MSA)0 My secondary sddress fcr g.p.i.b./uart, to privide parallel/serial conver-
sion of data

MSA1

MSA 2 Not used

MSA3

Table 4. Interface initalization procedure and talker addressing.

MSG
UNL
MLA
MSA 1
DAB 1
UNL
MLA
MSA 2
DAB 2
UNL
MLA

ATN
1

OO0 A AR aaaOaaalDa a2
Cc
4
[l

FUNCTION

Unlisten to clear the bus of listeners

Listen address of the instrument

Address of uart, control register

Issue the uart control register byte

Unlisten the control register

Listen address of the instrument

Address of data Speed control latch

Issue the data speed control byte

Unlisten the speed control latch

Send listen address of the instrument

Send address of the end-message latched comparator
Send end-of-message byte to the latched comparator
Unlisten the ‘'end-of-message’ comparator

Send talk address of instrument

Send secondary address of uart

Address listeners on to the bus.

Instrument addressed as a talker, sends first data byte.

This establishes the data path from the

RB1-8 outputs to

handshake through inverter Is,
multiplexer ICg, onto the STB1 input of
AG;. The output of AGj; drives the selec-

the data bus.

Loading registers from

internal bus

On receipt of MLA followed by MSA 1 the
Instrument latches the binary code of 01.
into IC;7 which drives the Al, A0 inputs of

ICs. Signal ENBLO drives the S input of
ICy; high, selecting the RXST to RXRDY
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ted input I} of ICyy, and the output Za
drives the RXRDY 96L.S488 input. This
local automatic handshake path is identical
for STB2 and STB3. In the acceptor data
state a data byte present on the data lines,
inverted by IC; onto the internal instru-
ment bus, is clocked into the uart control

Inferiuce

Other instruments

register, data bits one to five, as RXST
drives the control register load input high
via the path through Is, output O1 of ICg,
and inverter Ij;. The bit rate generator
latch is loaded in a similar manner. When
the interface receives UNL, MLA fol-
lowed by MSA 2, the binary code 10 is

GPIB

latched into IC;. The Al and AOQ address.

inputs of ICg select output Q2 of the de-
coders. In the acceptor-data state the rising
edge of the RXST output clocks the CP
input of IC,3, 74L.8374 through the path
Is, O2 of ICg, and I4. The RXST/RXRDY
handshake is acheived automatically, as
described for the loading of the u.a.r.t.
control register. Data present on the in-
ternal instrument bus, bits one to three of
IC,; are clocked through to the Q outputs
on the rising edge at the CP input. The bit
rate generator latch, IC,3, uses three of the
eight internal D-type flip-flops, the other
five latches are available for functional ex-
pansion. The latched code on QO0-2 out-
puts are used to select clock frequencies
for the u.a.r.t. and inputs. See Table 5b
for code input versus bit rate selection; the
frequency input is 16 times the data rate.
The QO output of IC,; selects either the F3
or F7 outputs from the clock generator
chip IC¢. When high, the clock output F3
is selected through the multiplexer circuit
comprising OG3, OG4 and AG;. When
low the F7 clock output is selected. The
Q1 and Q2 74L.S374 outputs select an in-
ternal divider in ICs, which provide the

clock outputs in Table 5 (part 2). To pro--

vide a good stable frequency source for the
MCI14411 it is necessary to connect a
1.8432 MHz crystal to the crystal inputs.

If the instrument is to be used as a talker
it will be necessary to load the EOI latched
comparator. The select inputs of ICs are
enabled high by the inversion of ENBL3,
the O3 output of 74L.S139 ICgy,. This out-
put goes low when MSA 3 is received.
Inverted by I;;, it drives the select inputs
SO and S1 of the 74F524 latched compara-
tor high.

To be continued
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EPROM EMULATOR

by Peter Nicholls, M.A.

Shown here is the software for the eprom emula-
tor featured on page 83 of last month’s Wireless
World. This emulator, based on the 8060
microprocessor, has its own hexadecimal key-
board/led display and uses two memory i.cs, one
rom and the other ram, a parallel-interface
adapter and three ‘LS’ t.t.1. devices.

These and a handful of other components,
including batteries for memory retention and
cassette-interface components, may be mounted
on a single-sided board measuring 233 X
220mm. Photo-copies of an overlay used to
produce such a p.c.b. can be obtained by
sending an s.a.e. to Wireless World Emulator,

08 C4 08 36 C4 00 32
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C4 17 33 3F C4 05 37
98 9C 02 90 FS C1 C1
9C F7 C1 C1 D4 98 E4
94 22 C1 21 1C 1C 1C
1€ 1E D4 FO0 C9 21 C1
20 36 20 A9 E4 18 9C
E4 14 9C OB C6& 01 C4
F 23 E4 18 9C OB Cé6 FF
1. C1 23 E4 19 9C 7A C4
“ 3F CL C1L D4 98 E4 98
3 C1 C1L E1 23 D4 07 9C
<} 90 ED 8F 01 C1 23 74
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o B9 FF FF OFF FF OFFOFF
“ FF FF FF FF FF FF FF
¥} FF FF FF FF FF FF FF
or C1 23 E4 1C 9C 7A C4
0 37 C4 A0 33 C4 08 36
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36
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Room L303, Quadrant House, The Quadrant,
Sutton, Surrey SM2 5AS. Fully etched but un-
dnilled fibre-glass boards, also single-sided, and
programmed eproms for the emulator are avail-
able from PKG Electronics, Oak Lodge,
Tansley, Derbyshire at £8 and £5 respectively.
Prices include vat, postage and packing.

Referring to last month’s article, Fig. 4, C4
should be replaced by a 100nF polyester type to
avoid leakage-current problems. In Fig. S,
R33.25 are 47k} and, of course, digits 2 and 6 are
not used and will confuse the display if connec-
ted. We apologize for these inaccuracies.
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UK nearer to US tv encryption

Racal Electronics plc and Oak Industries
Inc. of California are to form a joint com-
pany “to exploit the anticipated explosive
growth of pay television services following
the expansion of cable and satellite service
in the UK and Europe”. The new 50:50
company is formed in anticipation of Gov-
ernment support for the operation of cable
systems for television programme distribu-
tion before the end of the year.

Although based on the UK the new
company, Racal-Oak Communications,
will have a mandate covering the whole of
Europe,a nd in addition to producing
equipment the joing benture will also seek
to operate, license and supply pay televi-
sion systems.

Commenting on the announcement, Sir
Ernest Harrison, chairman and chief
executive of Racal Electronics, said: “The
potential in the UK alone is exciting, but
total European demand is huge. Oak’s im-
ported technology will provide an opportu-
nity to build a new and important export
business. The pay television business can
be measured in billions of pounds over the
next 20 years and the UK must win its
share”. Kenneth Baker MP, Minister for
information technology, said of the deal:
“There have been several contacts over the
years between QOak and the Government.
Most recently I met Mr Carter, Oak’s
Chairman and Chief executive, in June
when he told me of his interest expanding
Qak’s European interests. I am delighted
that he has decided to bring Oak’s techno-
logical expertise in encryption technology
to the UK.”

Founded in 1932, Oak Industries
evolved from a manufacturer of radio
switches and television tuners into a diver-
sified supplier of products and services in
electronics. In 1977, Oak’s first year in the
entertainment business, it started over-
the-air subscription television in Los An-
geles and now owns five systems in the US
with around 600,000 subscribers and a
turnover of $500 million. Oak developed
both the hardware and computer software
to manage the systems and later adapted its
software for pay cable television. It claims
to be the only cable tv manufacturer which
supplies all the software necessary for a
pay television operation, and produces
converters for American cable television,
computer-addressable converter and de-
coders and decoders for pay cable and sub-
scription tv.

It developed an encoding and decoding
technique for satellite television signals
called Orion, a more sophisticated version
of the encryption technology for sub-
scription tv. Over 8,000 Orion decoders
are already in use or on order in Canada
and deliveries have recently begun to Sa-
tellite TV pic (see “Cryptic satellite ).
Through a subsidiary it is also a major
supplier of programming for both pay
cable and subscription television, compris-
ing recently-released movies, sports,
concerts, comedy, dramatic productions
and other entertainment special events.

Last July, Oak filed an application with
the FCC to construct, launch and operate
communications satellites to eventually
serve all four US time zones.

Digital radio
outshines lightline

The fanfare surrounding BTs ceremonial
opening of its longest fibre route last July
was well justified. The BICC 8-fibre line
between London and Birmingham took
only nine months to install and is the long-
est BT fibre route at 204km. Though only

two fibre pairs are currently operating, at,

34Mbit/s, the other two pairs will be
brought into use next year at 140Mbius.
More significant perhaps is that it is the
first to operate at the long wavelength of
1300nm, using high radiance l.e.ds instead
of the more expensive lasers. At 1.5dB/km
loss they have lower attenuation than the
earlier 850nm systems and allow repeaters
at 10km intervals instead of 8km.

It’s interesting timing in view of the
Project Mercury London to Birmingham
announcement. But what BT didn’t sing
about was the fact that only the day before
GEC had announced the start of a multi-
million pound digital network with steam
radio, albeit using q.p.s.k. This was a
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Unlited Kingdom 11GHz 140Mbit/s
Digital Radio Network

Coinciding with the London to
Birmingham Mercury project, BT open
34Mbit/s optical fibre and 140Mbit/s digital
microwave links.

world first in being the first national
11GHz high-capacity digital link and yet it
was largely ignored in the press. The net-
work will cover routes from London to
various points in the UK including earth
stations at Goonhilly and Madley and
forms part of BTs plan to convert the en-
tire UK telecommunications to digital
operation by the early 1990s. Ironically, at
140M bit/s the capacity is far greater than
the new fuss-making light-fibre link of
34Mbivss.

Electronics for
peace

Two electronics engineers who are con-
cerned at the involvement of the electron-
ics industry in the arms trade and the
nuclear arms race are intending to do
something about it. They plan to set up a
network to link those in the industry who
feel that their skills should not be used in
the cause of war, nuclear or conventional.
Possible functions of this network would
be to encourage conversion of military
electronics research, development and pro-
duction to creative and socially useful pur-
poses; to stimulate discussion and where
possible disseminate information on mili-
tary electronics and constructive alterna-
tives, both within the industry and among
the general public; and to provide techni-
cal advice and information where appro-
priate to the peace movement.

They propose a preliminary meeting in
November, in or near London, to discuss
the aims and structure of the network.
Interested engineers should contact either
Tim Williams, Weir Cottage, The Dens,
Wadhurst, East Sussex or Steve Holmes,
151 Courthouse Road, Maidenhead, Berks
for further details of the meeting.

Forth they went,
together

The designers of Britain’s latest microcom-
puter have chosen the Forth programming
language in a bid to gain advantage in the
crowding micro market. They claim its
principles are so simple that newcomers to
computing need only a few minutes to
learn how to calculate, and at the same
time, it is easy to invent extensions to the
language. The two originators of the Ju-
piter Ace computer, Steven Vickers and
Richard Altwasser (see caption), both
discovered Forth at the same time (they
read the same issue of Byte) and immedi-
ately recognised it, they say, as the ideal
language for microcomputers.

Forth is fast and easier to write in as well
as more compact in memory because it is
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“Leacing computer designers with a reputation for pushing technology forwards’ is how
Altwasser and Vickers describe themselves in their pramotional copy for their new
computer. Vickers, left, who previously had joined a saftware consultancy near Cambridge
with a doctorate in algebra, adaptated the 4K ZX80 rom into an 8K for the ZX81. He wrote
the manual for the ZX81 as well as most of the Spectrum rom. Altwasser, an engineering
graduate, worked on the application of microprocessors in automation before joining
Sinclzir. He was soon made responsible for computer research which included the
hardware development of the Spectrum. “It’s about time someone got away from Basic”
says Vickers. Developed in 1965, it was then a lot easier to use than Fortran. "But it is hardly
the language of the future; our money is on Forth”’.

compiled, yet its compiled code is accessi-
ble to the user in the simplest way pos-
sible, say Jupiter. One gives each compiled
routine a name, a Forth word, and to run it
just type in the word.

Stringing old words together can define
new words, which process lies at the root
of Forth’s power and enables one to define
an infinite variety of one’s own words from
the standard words provided in the

firmware. Older languages make assump-
tions about how they will be used that
inevitably lead to a straight-jacket for the
programmer; Forth is not based on any
such assumptions they argue and allows
the programmer ‘“‘to do absolutely any-
thing”. If one doesn’t have exactly the
instruction needed in Forth, it is simply
invented.

Forth usually relies on disc-based virtual

First shown at last month’s Personal
Computer Show at London’s Barbican
Centre, this £90 mail-order computer
features full-size keyboard, user-defined
high resolution graphics, programmable
sound generator, upper and lower-case
ascii characters, 24x 32 flicker-free display,
1500baud cassette interface, and the Forth
language. Jupiter Cantab are at 22
Foxhollow, Bar Hill, Cambridge, t 54
80437.

memory for editing the source program
but the designers say unique editing facili-
ties operating on the compiled word defini-
tions mean that words can be defined,
listed, debugged, edited and redefined
without using any external storage. This
they say makes Forth even easier to use on
the Ace than on other implementations.

The memory saving coded form used to
store programs allows it to work much
faster than it would do in another language
the company say — typically in less than a
tenth of the time, which makes it ideal for
games. Capacity is 8Kbytes of rom and 3K
of ram but because of the language it is
more effective than, say, the 1K memory
of the ZX81. Expansion to 16K: (costing
£35) should be available by the yeir end, as
well as a printer interface board (costing
£25), and later next year a colo:i.r board.
By then, the company hop. *selling
3000 units a month.

Cost effective satellites

The postponed launch of the second
European maritime communications satel-
lite should take place while this issue is in
the press. Though European in origin, this
satellite’s station is over the Pacific ocean
and like its Atlantic partner will be leased
to Inmarsat for international telecommuni-
cation at sea.

The two Marecs satellites grew out of
the earlier, lower power Marots proposal
and had their frequencies reduced down to
4/6GHz for compatibility with installations
for Marisat, which they replace. The de-
lay, from April last, has given time for
modifications in the light of experience
with the interference from electrostatic
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discharge in the Atlantic satellite (see
News, May issue).

(Vienna. — According to Olof Lund-
berg, the director general of Inmarsat,
speaking at the Unispace 82 conference,
the number of ships and oil rigs fitting
earth stations for Marecs increased by 30%
in the first half of this year, to 1,350.)

Simultaneously with Marecs B, a second
Sirio satellite is launched, using Italy’s
spare model built as a back-up for a 1977
communication satellite. In addition to
providing meteorological data for the
African continent, the satellite carries re-
troreflectors and time markers for laser
pulses sent from ground stations. Object is

ey

to provide a laser-based ’ ! d: qg g-
distance synchronization of a™aic o ks
with sub-nanosecond accurac ol as
giving an opportunity of comparing both
laser and microwave time synchronization
methods, using information gained from
Sirio 1.

After the first six operational satellite
launchers — ordered back in 1978 — are
spent next year, the responsibility for
Ariane launches transfers from ESA to
Arianespace, a private company formed to
exploit Ariane in 1980 and ratified by ESA
last year. With a capital of 120 million
francs its shareholders are the 36 principal
European aerospace firms, 11 banks and
CNES, in 11 countries, with France hav-
ing the lion’s share of 60%, Germany next
with about 20% and the remainder having
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DATE NAME AUTHORITY
1982Sept Marecs B + ESA
Sirio 2 ESA
Nov  Exosat ESA
1983Jan ECS1 + ESA
Oscar 98 Amsat
Mar IntelsatV F7 Intelsat
May IntelsatV F8 intelsat
Jul/ ECS2or ESA
Aug Telecom1Aor France
IntelsatV F9 Intelsat
Oct IntelsatV F9or Intelsat

ECS 2 and/or SEA
Telecom 1A or B France

orECS 2 ESA
1984 Feb  Spacenet1 + Southern Pacific
Arabsat or Arabsat
Telecom 1B France
May GStarl + GTE
Telecom 1Bor  France
Arabsat 1 Arabsat
Aug GStr2+ GTE
Spacenet 2 Southern Pacific
Oct  Spot1+ NES
Viking Swedish Space
Corp
Dec  Slot available
1985Feb  SBTS 1 + Brazil

Spacenet 3 or Southern Pacific
ESA

Mar IntelsatVAF14 Intelsat
May TV-Sat1 Germany
Jun IntelsatVA F15 Intelsat
or TDF-1 France
Jul Giotto + ESA
STCA1 Satellite TV Corp
Aug Aussat1+ Australia
SBTS 2 Brazil
Sept TDF-1or France
Intelsat VA F15  Intelsat
Oct  Ariane 4-01
Dec Aussat2 + Australia
Anik D Canada

shares varying from 0.25 to 4.4% in similar
proportions to their ESA funding. Current
orders with Arianespace — see table — are
said to be worth 3,000 million francs at
1980 prices.

With competition in satellite launch
facilities on the increase cost per kilogram
in orbit has become a significant selling
point. Together with increasing mass of
satellites, this led to the dual launch expe-
