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DELTEK PC

UP TO 20% OFF
EXPANSION CARDS FOR IBM PC’S

Product RRP Deltek Price Description Source

HERCULES £450 £405 Mono Graphics Adaptor HERCULES
COMGRAPHICS £350 £280 Mono Graphics with Ports : COMWAY
KENTUCKY £320 £256 Mono Display with Refresh DELTEK
COLORADO £322 . £257 Colour/Mono Graphics DELTEK
COMCOLOUR : £225 £185 Colour Graphics with Ports COMWAY
COMTRONICS ) £395 £316 High Res Colour Graphics. COMWAY
PC MOUSE £205 £169 To be announced shortly
CAPTAIN .£335 £268 Multi 1/0 Calender/64K RAM TECHMAR
Also available in"128K or 256K or 320K or 384K forms) .
1st MATE £335 £268 Multi I/0 Calender/64K RAM TECHMAR
(Also available in 128K or 256K forms)
PORTLANO £296 £236 Multi 1/0 with Clock/Calender DELTEK
OHIO £199 £159 2 off RS232 170 Ports DELTEK
IOWA £89 £71 - Printer Card. Parallel Port DELTEK
_ OKLAHOMA ’ £352 £281 Multi 1/0 with 256K MEM DELTEK
SCRIBE MASTER £520 £416 High Speed 1/0 Ports inc Cables TECHMAR
SCRIBE TENOER £205 £164 Serial/Parallel Ports TECHMAR
MAESTRO £590 £475 Multi Function/Memory 128K TECHMAR
(Aiso available in 256K or 512K or 1MEG or 2MEG forms)
BOSUN XT £205 £164 Multi 1/0 Clock Short Slot TECHMAR
PIGGYBACK PLUS £295 £236 Slot-Saver MEM Expander COMWAY
(For use on Comtronics or Comgraphics Cards)
WAVE ‘XT £295 £236 64K RAM Expansion/Short Siot TECHMAR
(Also available in 128K or 256K forms) .
BUFFALQ £520 £416 512K of RAM Expansion DELTEK
BALTIMORE £360 £288 256K of RAM Expansion DELTEK
CMOS MEMORY £470 £376 32K High Speed MEM/Battery Back-up . TECHMAR
DETROIT, £130 £105 51" Floppy Disc Controller DELTEK
NASHVILLE £598 £479 Controller for Two Winchesters : DELTEK
IEE488 (GPIB) £429 £343 IEE488 (GPIB) Interface Talk/Listen TECHMAR
IEE488 (GPIB) £125 £100 IEE488 (GPIB) Software TECHMAR
DADI0 £415 £332 4 Ch D to A at 12 Bits Resolution TECHMAR
LAB TENDER £515 £412 32 Ch A to D at 8 Bit Resolution TECHMAR
STEP MOTOR £495 £396 Two Stepper Motor Controller TECHMAR
SHARER £550 £440 Lets 4 PC’s Share Printer/Inc Cahle TECHMAR
DEVICE MASTER £255 £205 Controis 16 Appliances/Ultransonicly . TECHMAR
DEVICE MASTER £50 £40 Software for Above TECHMAR
TIME MASTER £150 £120 Automatic Time/Date with Batteries TECHMAR
VAN GOGH £458 £366 Video Digitizer including Software TECHMAR
VIDEQ CASSETTE £520 £416 Video Handling for Sony SL2700 TECHMAR
SPEECH MASTER £525 £419 Voice Synthesizer with Software TECHMAR
VOICE RECOG £1,100 £880 Recognizes 200 word Vocabulary TECHMAR
VOICE MEMORY £310 ] £250 Upgrade Memory for full 200 words TECHMAR
HARD/DISC £2,195 £1,865 10MEG Hard Disc/Controller TECHMAR
HARD/DISC £2,528 £2,148 15MEG Hard Disc/Controller TECHMAR
HARD/DISC £3,289" £2,795 30MEG Hard Disc/Controller TECHMAR
HARD ADAPTOR £400 £320 Allows 4 PC’s to use One Hard/Disc TECHMAR
CHASSIS _ £945 £756 11 Slot Expansion Chassis/Supply TECHMAR
EXTENDER CARD £90 £75 Servicing Extender Card ’ TECHMAR
APPLE IEEE £219 £175 IEEE Controller for Apple N PHOENIX
PRINTERS ; COLOUR MONITORS
QUME 11/40 £1,499 £1,349 TECHMAR £800 £650
EPSON LX80 £265 £240 MICROVITEC/HI £560 £448
EPSON FX80 £438 £395 SANYO £560 £450

INSURE AGAINST “DATA LOSS” -
WE ARE NOW DISTRIBUTERS FOR “ELGAR?”. LINE CONDITIONERS AND UNINTERRUPTABLE
POWER SUPPLIES. CALL US FOR A QUOTATION

This is only a selection of our wide product ranée — if not here then call us. Price consists of introductory discount plus 5% cash with order. Offer
closes end November 1985.

DELTEK PC SUPPORT

We reserve the right to vary pric_es without notification.

High Street, Staplehurst, VAT at 15%
Kent TN12 0BH Postage and Packing for Board Products £5
(0580) 893229 : Securicor for Monitors and Printers £15

DEALER AGREEMENTS AVAILABLE ACCESS CARD FACILITIES AVAILABLE
CIRCLE 3 FOR FURTHER DETAILS. ’
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TEK oséuioscores

THE ANSWER
BY ANY MEASURE

Now!Tek quality
and expertadvice

arejustafree
phone caII away... ~

Tektronix 2236

Our National Order Desk line gets
you fast delivery of the industry’s
leading value/performance
portables...and technical advice
from experts!

The 60MHz 2213A, 2215A
and the 100MHz 2235 and 2236
offer unprecedented reliability
and affordability, plus the
industry’s first 3 year warranty
on labour and parts, CRT
included.

All 2200 series scopes
have the bandwidth for digital
circuits and sensitivity for low
signal analogue measurement.
The sweep speeds for fast logic
families, and delayed sweep for
fast, accurate timing
measurement. The top of the
range 2236 combines a
counter/timer/DMM with the
scope to provide fast, easy
measurements for voltage,
resistance and temperature.

These UK
manufactured ‘scopes are
obtainable through the
National Order Desk. Call us
to order or obtain literature,
or to talk to our expert on
‘scope applications.

The Company reserves the right to modify designs, specifications and change prices without notice.

talk
toPete

Dial 100 and ask for
Freefone Tek-scope

Tektronix UK Ltd

Fourth Avenue, Globe Park,
Marlow, Bucks SL7 1YD
Tel: (06284) 6000

Telex: 847277 & 847378

CIRCLE 1 FOR FURTHER DETAILS.

Tektronix

COMMITTED TO EXCELLENCE

ELECTRONICS &

esSSWor

over 70 years in independent electronics publishing
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Satellite receiver design 24
by J.F.C. Hastings

Through direct satellite tv broadcasts by Britain

may still be some way off manufacturers are
readying receiver designs.

68000 evaluation kit — 3 51
by R.F. Coates

Bob Coates outlines the circuit of a low-cost
computer board using 68000 microprocessor
with 16bit data bus.

Compact disc players — 2
by J R Watkuu".'onv 2 9
The ear’s acuity puts demands on audio

converter accuracy that eclipse those of almost

every other application.

Domestic microelectronic controller 58
by J.L. Gordon

Software arrangement of Itarlec: intelligent

alarm and partial control for electrical

installations.

The hidden message in Maxwell’s 35

equations
by L Catt

\bfih 'gt'eégg&l)mmc images broaden 62

A new theory indicates the cause of image
broadening and suggests how it can be avoided

Did Maxwell lodge with his bank the answer to
his mathematical bluff, Maxwell’s Equations,
with instructions to open and publish a century
later? And did the bank lose the envelope?

Breakmg the loop — Nyquist revisited G0

by A. Verimus
Usually formulated in terms of voltage loop gain,
Nyquist’s criterion for feedback amplifier stability
is extended to embrace power.

Polgphomc keyboard — 3 40

Greaves
Midi interface details for a versatile two-
processor keyboard instrument.

Modem survey 79
Sending data by telephone is becoming faster :
and cheaper, for business and home users alike.

Naiad training robot

by R.H. Bechegr 46
Dick Becker and Peter Well’s design for a micro
robot starts this month with a review of robot

types used in industry.

Eprom programmer softwar

b)"' N. Sgrgegnt v 85
Enhancements to July's listing for controlling

John Adams’ eprom programmer from the BBC
microcomputer.

REGULARS

News commentary 4 | Circuitldeas 73
Computers could bridge Supply-insensitive

class barrier current source

Digital control desk RS232 data recording

Acomn takes a risk Telephone recording on cassette
Community radio Shaft encoder counting

Radio data news

Improving converter efficiency

Fuel saver
I Voltage-controlled frequenc
Communications 9 divides i
cqmmemw Simple three-rail supply
Friendly r.f. Cable-core identifier
Two-way video
Technostress ‘
Amateur radio news Books 8 5
Report New products
Cor'r’l';nunica‘thlg with 15 VHF radio data link 87
submarines Pockfet frt_equency counter
, %A&ugsmﬁecomp“ter Cybernetic Applications’ Naiad

Feedback 19 DEf2 robot, whose description starts
Preamplifier design P on page 46, is a desk-top micro
Logic symbols Appointments 95 rohot designed to give
Light, distance and time experience in robotics, safely
g‘;leflgy transfer A and cheaply. Cover design by

ireless ndex to advertisers i "
B 104 | richard Newport

www americamadiohistory com

Editor

PHILIP DARRINGTON
Deputy Editor

GEOFFREY SHORTER, B.Sc.
01-661 8639

Technical Editor
MARTIN ECCLES
01-661 8638

_ Projects Editor

RICHARD LAMBLEY
01-661 3039 OR 8637

News Editor
DAVID SCOBIE
01-661 8632

Drawing Office
ROGER GOODMAN
01-661 8690

BETTY PALMER

Advertisement Manager
BOBNIBBS, A.C.1.1.
01-661 3130

MICHAEL DOWNING
01-661 8640

ASHLEY WALLIS
01-661 8641

Northern and Midland Sales
BASIL McGOWAN
021-356 4838

Classified Executive
LORRAINE BLACK
01-661 3033

Assistant Classified Manager
MIKE RATCLIFFE
01-661 8161

Classified Supervisor
IAN FAUX
01-661 3033

Advertising Production
BRIAN BANNISTER

(Make-up and copy)
01-661 8648

Current issue price 95p, back issues (if
available) £1.06, at Retailand Trade
Counter, Units 1 & 2, Bankside Industrial
Centre, Hopton Street, London SE1.
Available on microfilm; contact editor.
By post, currentissue £1.30, back issues
(if available) £1.40, order and payments to
EEP Sundry Sales Dept, Quadrant House,
The Quadrant, Sutton, Surrey SM2 5AS.
Tel.: 01-661 3378.
Editorial & Advertising offices:
Quadrant House, The Quadrant, Sutton,
Surrey SM2 5AD.
Telephones: Editorial 01-661 3614.
Advertising 01-661 3130.
Telex: 892084 BISPRS G (EEP)
Facsimile: 01-661 2071 (Groups II & IIT)
Beeline (300 baud): 01-661 8978
Type EWW to start, NNNN toend.
Subscription rates: 1 year £18 UK and
£23 outside UK. .
Student rates: 1year £10 UKand £12.70
outside UK.
Distribution: Quadrant House, The
Quadrant, Sutton, Surrey SM2 5AS.
Telephone 01-661 3248,
Subscriptions: Oakfield House,
Perrymount Road, Haywards Heath,
Sussex RH16 3DH. telephone: 04444
59188. Please notify a change of address, -
USA: $49.40 surface mail, $102.60
airmail. Business Press International
(USA). Subscriptions Office, 205 E. 42nd
Street, NY 10017.
USA mailing agents: Expediters of the
Printed World Ltd, 515 Madison Avenue,
Suite 917, New York, NY 10022, 2nd class
postage paid at New York. Postmaster —
send address to the above.
© Business Press International Ltd 1985.
ISBN 0043 6062.



r

RADIOCODE CLOCKS LTD |

SPECIALISTS IN ATOMIC TIME, FREQUENCY AND SYNCHRONISATION EQUIPMENT

 NEW PRODUCTS )

@ MINIATURE RUBIDIUM
OSCILLATOR MODULE
Lower power, fast warm up, optional
output frequencies, programmable

High performance, compact and
rugged instrument. 2U rack or , ATR

instruments, directly traceable to
N.P.L., precision ovened local
oscillator, comprehensive monitoring
and status information, real time

Instant operation, directly traceable
to N.P.L., self-contained portable unit,
no scheduled frequency changes,

24 hr transmission, real time
\ synchronisation J

@ Off-air frequency
standards

@ Intelligent time systems

@® Caesium/Rubidium based
clocks & oscillators

® Master/slave systems

@ Time code generators/readers

@ Record/replay systems

@ Intelligent display systems

@ Precision ovened oscillators

® Time/frequency distribution
systems

Radiocode
Clocks Ltd*

Unit 19, Parkengue,
Kernick Road Industrial Estate, Penryn,

Falmouth, Cornwall. Tel: Falmouth (0326} 760(ﬂ

(*A Circuit Services Associate Co.)

CIRCLE 45 FOR FURTHER DETAILS.

A range of telescopic towers in static
and mobile models from 7.5 to 36

metres with tilt-over facility enabling
all maintenance to be at ground level.

Designed in accordance with CP3 Chapter V; part 2;
1972 for a minimum wind speed of 140 kph in
conditions of maximum exposure and specified by
professionals world-wide where hostile
environments demand the ultimate in design, quality
and reliability.

Suitable for mounting equipment in the fields of:
Communications

Security surveillance — CCTV

Meteorology

Environmental monitoring

Geographical survey

‘Defence range-finding

Marine and aero navigation
Floodlighting

Airport approach lighting

Further details available on request.

P

STRUMECH ENGINEERING LIMITED
Portland House, Coppice Side, Brownhills

s

A

WBU 206

WBU 208

262 DMM - hand held 3} digit LCD. Measures voltage
(200mV-1KV dc & 200V —750V ac), current (20pA ~ 10R),
resistance (200QT — 2MQT). With 9V battery, test leads,
spare fuse, case & manual. 1 off £46.00 5 off £43.00

261 INSULATION TESTER — for use with 262, measures
up to 2000MQ. With all accessories. 1 off £36.30 5 off £34.00

BREADBOARDS - high quality, colour coded with silver
plateq phospher-bronze clips — withstands over 5000
insertions.

Mounted on aluminium base plate & rubber feet.
Insertion range 20-29 AWG. Three sizes:

1off §off
£18.40 £16.40 3 distribution strips (2X50 tie
points each)
2 terminal strips (1260 tie points)
3 terminal posts

WBU 204

£27,60 £25.60 5 distribution strips (2%50 tpea)
3 terminal strips (1890 tie points)
4 terminal posts

£37.30 £33:30 7 distribution strips (2X80 tpea)
4 terminal strips (2520 tie points)
4 terminal posts

Kingsfield Industrial Estate,

S——

COUNTERS & OSCILLATORS

LEVELL COUNTERS MET100/600/1000 £99/126/175
8 digit 0.5” LED display. 5Hz to 100:600:1000MHz.
Resolves 0.1Hz. Sensitivity 5mV up to 10MHz. Low pass
filter. Mains/rechargeable battery powered.

LEVELL FUNCTION GENERATORS TG302/3 £156/236
0.02Hz-2MHz in 7 ranges. Sine, square, triangle, pulse and
ramp 20mV to 20Vpp from 50Q). DC offset O 10V. TTL

LEVELL RC OSCILLATORS TG152D/DM £95/120
3Hz-300kHz. 5 ranges, acc 2% + 0.1Hz up to 100kHz,
3% at 300kHz. Sine or square <200uV to 2.5Vmns, Distn.

2% at 1MHz. Sine or square outputs <200uV-7Vms.
Distortion <0.05% 50Hz-15kHz. Sync output >1V. DMP
has output meter and fine frequency control.

_ANALOGUE METERS

LEVELL AC MICROVOLTMETERS TM3AB  £150/170
16 ranges 15uVfs/500Vfs, accuracy 1% + 1%fs+ 1uV.
- 20dB/ + 6dB scale. +3dB 1Hz-3MHz.. 150mVfs output.
TM3A: 83mm scale. TM3B: 123mm scale and LF filter.

LEVELL BROADBAND VOLTMETERS TM6A/B
£235/265

16 LF ranges as TM3A/B + 8 HF ranges 1mVfs/3Vfs,

accuracy 4% + 1%fs at 30MHz. +3dB 300kHz-400MHz.

LEVELL DC MICROVOLTMETER TM8 £130
23 linear ranges = 3uVA 300V and + 3pAA 300nA plus 2
log ranges for nulling. Output =300mV at fs.

LEVELL DC MULTIMETERS TM9A/BP £199/235
18 voltage ranges 3uV/1kVfs. Current ranges 3pA to 1A
(TM9A 1mA). Linear R ranges 3 to 1G(}.

LEVELL MULTITESTER TM11 £175
50uV/500Vfs ac, 50pA/500mAfs ac, 150uV/500VTs dc,
150pA/500mAfs dc, 0.200 to 100GQY, linflog null.
Diode/LED test. Optional RF, HV and Temperature.

LEVELL TRANSISTOR TESTER TM12 £195
Transistor, diode and zener leakage to 0.5nA at 2V-150V.
Breakdown to 100V at 1QuA, 10QuA, TmA. Gain at
1uA-100mA. Vsat and Vbe at TmA-100mA.

LEVELL INSULATION TESTER TM14 £210
Log scale covers 6 decades 10M(2-10 T} at 250V,
500V, 750V, 1kV; TM-1TQ) at 25V-100V; 100k-100GQ
at 2.5V-10V; 10k-10GY at 1V. Current 100pA-10QuA.

DIGITAL METERS

LEVELL DIGITAL THERMOMETER DT1K f£44

120°C/+ 820°C, acc 0.2%+1°C. 3 digit 8.5mm LCD.
A standard Type K thermocouple socket is fitted. Bead
couple is supplied. Battery life >3000 hrs.

THURLBY DIGITAL CAPACITANCE METER CM200£89
1pF to 250QuF, -acc 0.2%. 4% digit 9mm LCD. Fast
settling. 3 readings per second. Mains/battery.

THURLBY DMMs 1503/1503HA/1504 £169/185/199

4% digit LCD. Up to 1.2kVdc, 750Vac, 10A, 3ZM(.

4MHz. Resoln. 1V, 10nA, 10m(). Mains battery.
1503: dcV 0.05%. 1503HA: 0.03%. 1504: True ms ac.

THURLBY INTELLIGENT MULTIMETER 1905a  £349

LOGIC ANALYSERS

THURLBY LOGIC ANALYSERS LA160A/B  £395/495
16 data channels. Clock DC-10MHz (20MHz for B).
Binary, octal, decimal, or hex. formats. 2K word
acquisition memory. Non volatile ref. memory.

BENCH POWER SUPPLIES

THURLBY SINGLES PL154/310/320 £159/125/155
LED digital displays with resolution 10mV, 1TmA. <0.01%
change for 50% load change. Remote sense.

154; 0-15V 04A. 310: 0-30V 0-1A. 320: 0-30V 0-2A.

THURLBY DUALS PL3100MD/320QMD £269/339
Two 0-30V O-1A (2A on 320) with isolated, series
tracking, series or parallel modes of operation.

OSCILLOSCOPES

CROTECH SiINGLE TRACE 20MHz 3031/36 £195/216
2mV 10V div. 40ns-0.2s div. Component tester.
3031: CRT 1kV 5x7cm. 3036' CRT 2kV 8x10cm.

CROTECH DUAL TRACE 20MHz (@2mV) 3132 £312
2mV 10V cm. Ch1+Ch2. X-Y mode. Cal 0.2V 1kHz sq.
40ns-0 2s cm. Auto, normal or TV trig. Component
comparator. DC outputs. Z input. CRT 2kV 8x10cm

frequency offsets. output. TG303 aiso has a CMOS output and 6 digit
® RUBIDIUM FREQUENCY 10MHz counter with INT/EXT switch. B CROTECH DUAL TRACE 30MHz (@5mV) 3337/39
STANDARD T £425/570

5mV 50V cm. Ch1=Ch2. Signal delay. XY mode.
40ns-1s cm. Auto, normal or single shot trigger. Cal 0.2V
1kHz square. Z input. CRT 10kV 8x10cm.

case options. . i
<0.2% 50Hz-50kHz. DM has an ocutput meter. 3339: VDU mode. Component tester. DC outputs.
® INTELLIGENT OFF-AIR
FREQUENCY STANDARDS LEVELL RC OSCILLATORS TG200D/DMP  £130/165 HAMEG DUAL TRACE 20MHz (@2mV) HM203-5 £270
Microcomputer controlled 1Hz-1MHz. 12 ranges, acc 1.5% +0.01Hz to 100kHz, 2mV-20V cm. Ch2+ Ch1. X-Y. Cal 0.2V 2V 1kHz sq.

20ns-0.2s cm. Auto, normal or TV trig. Component test.
CRT 2kV 8x10cm. Long decay CRT £25 extra.

HAMEG DUAL TRACE 20MHz (@5mV} HM204-2 £365

y synchronisation LEVELL DECADE OSCILLATOR TG66A £330 1mV-50V cm. Ch2+Ch1. Sig delay. X-Y mode. Y out.
1 ¢ 0.2Hz-1.22MHz. 5 ranges. 4 digits, acc 0.3% 10ns-1.25s cm. Sweep delay 100ns-1s. Cal 0.2V 2V
o LOW COST MSF 6Hz-100kHz. Sine output <3QuV-5Vmms. - 2dB/ + 4dB TkHz TMHz. Z input. Comp. test. CRT 2kV 8x10cm.
FREQUENCY STANDARD and V scales. Distn <0.15% 15Hz-150kHz. Mains/battery.

HAMEG DUAL TRACE 60MHz (@5mV} HM605 £515
1mV-50V cm. Ch2= Ch1. Sig delay. X-Y mode. Y out.
5ns-2.5s cm. Sweep delay 100ns-Ts. Cal 0.2V 2V
TkHz 1MHz. Z input. Comp. test. CRT 14kV 8x10cm.

HAMEG DIGITAL STORAGE 20MHz HM208 £1300
TmV-50V cm. Ch2=Ch1. Single shot and X-Y modes.
20ns-0.25s cm. 20MHz sampling. Two 2K memories.
Plotter output O 1V cm, 10s cm. CRT 14kV 8x10cj11.

HITACHI BATTERY DUAL 20MHz (@5mV) V209 £680
TmV-12V div. Ch1+Ch2. X-Y mode. Cal 0.5V 1kHz.
50ns-0.5s cm. Auto, normal or TV trg. Internal
rechargeable batt. or mains. CRT 1.5kV 5x6.3nm.

HITACHI DUAL 20MHz Vv212/22/23 £299/395/450
1TmV-12V cm. 20MHz@5mV. Ch1xCh2. X-Y. Ch1
output. 100ns-0.5s:.cm. Auto, normal or TV trigger.
Cal 0.5V 1kHz square. Z input. CRT 2kV 8x10cm.
V222/N223: DC offset and alternate magnify.

V223 : Sweep delay Tus-100ms.

HITACHI DUAL 40MHz (@5mV) V422/23  £580/650
As V222223 but 40MHz, 20nsrcm and 12kV on CRT.

HITACHI QUAD 100MHz (@5mV) V1050F £1095
Ch1/Ch2: 0.5mV-12V/cm. Trigger Ch3/Chd: 0.2Vicm.
Dual tme bases 2ns-0.5s/cm and 2ns-50ms¥cm. Signal
and sweep delay. CRT 20kV 8x10cm.

HITACHI QUAD 100MHz V1070/1100A £1580/2390
Ch1/Ch2: 1TmV-12Vicm. CH3/Ch4: 0.1V-0.5V.<cm.
Dual time bases 2ns-0.5s/cm and 2ns-50ms-cm.
Digital display of set values.. CRT 18kV 8x10cm.
V1100A: Digital display of ACV, DCV, frequency.

HITACHI DIGITAL STORAGE 10MHz VC6015 £1350
5mV-12Vicm. Ch1+Ch2. Single shot and X-Y modes.
100ns-0.5s cm. 1MHz sampling. Two 1K memories.
Piotter output 1V cm, 5-10s cm. CRT 2kV 8x10cm.

HITACHI DIGITAL STORAGE 40MHz VC6041 £4400
1mV-12V cm. Ch1xCh2. Single shot and X-Y modes.
20ns0.5s cm. 40MHz sampling. Two 4K memories.
Plotter output 1V cm, 2-10s cm. CRT 12kV 8x10cm.

THURLBY 8 CHANNEL MULTIPLEXER OM358  £179

Increases any oscilloscope to 8 channels. Choice of trigger
from any channel. Response DC-35MHz.

LEVELL DECADE BOXES

C410 :10pF fo 111, 110pF, acc 1%=2pF £45
R401 (410) : 4 decades. 1(10)) steps, acc 1%  £45

Walsall, West Midlands WS8 7EX, England L 5% digit LED. Up to 1.1kVdc, 750Vac, 5A, 21M(). THURLBY TRIPLES PL310K/320K £275/345 RGO1 (610) - 6 decades. 1(10i() steps, acc 1%  £58
Telephone: Brownhills (0543) 374321 === Wirksworth, Derbyshire DE4 4BG, Resoln. 14V, 1nA, 1mQ). dcV 0.015%. Computing and  310K: 0-30V at O-1A, 0-30V at %A & 4V-BV at 3%A. RBO1S - 6 decades. 10) steps, ace 0.3%  £69
floleociiso2d SRRECE DISTRIBUTION LIMITED storage functions. RS232/IEEE interface options. 320K: 030V at 0-2A, 0-30V at TA & 4V-6Vat 7A.  R701 7 decades. 10} steps, acc 1% £66

FREE DELIVERY IN UK. VAT EXTRA., QUANTITY DISCOUNTS AVAILABLE.

Warehonse open Mon-Fri 9.30-4.30. We reserve the right to alter prices & specification without notice.

All prices quoted are for UK mainland, paid C.W.0. pounds sterling. VAT & Carriage extra. P&P £1.50
for first item and 80p/each additional item.

Minimum bona fide account order from Government Depts, Schools & Universities £28. Al other Hi
Line D Terms and C i of Sale apply — supplied on request.

Moxon Street, Barnet, Herts,, EN5 5SD, England
Telephone:01-440 8686 & 01-449 5028

.

ELECTRONICS LTD.

CIRCLE 80 FOR FURTHER DETAILS.
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Digital control desk

Neve’s computer-controlled all-
digital sound mixing desk has
been incorporated into.a BBC
outside broadcast vehicle.
Manufactured by Neve
Electronics the desk is the
result of collaboration between
them and the BBC’s
Engineering Research
department, whose Copas
digital audio processor has been
further developed by Neve and
forms the heart of the new
console. All its functions are
assignable and it has been
ergonomically designed after
extensive field trials with
operational staff. A large
number of experimental
features have been included in
the design particularly the
flexibility of configuration,
fibre-optic communication for
remote use, and digital
processing mixing and routing.
The desk has four different
configurations built in to it,
available at switch-on, It may
be used as two multi-track
desks, an outside broadcast
“desk or a studio desk. Further
arrangements can be
programmed, with the
configuration stored on disk to
be easily recalled. The 48
faders can be single or grouped
and once set up, can have their
settings transferred to any bank

of faders on the desk. Input
channels can be used in' stereo
pairs or monophonically. Any
imbalance can be corrected but
all other functions and the
faders are used in tandem pairs.
Each channel can be labelled
electronically and any
processing module assigned to
it will automatically receive the
same label which will follow it
even when moved about.

The desk is based on 16-bit
d-to-a and a-to-d converters,
but at various points the
dynamic range capacity varies.
The input channel is ranged
within an 18-bit ‘window’ by the
use of a system whereby the
channel fader also affects the
input gain. The main mixing
signals are 32-bits wide to allow
headroom for summing and
extremes of equalization. The
signal is reduced to 16-bits
before the output stage. A
maximum of 128 mixed signals
can be produced but, unless
processing is required
beforehand for the control of
specific groups, the mixes are

- not formed at all until the final

output stage.

Processing racks are mounted
permanently in the o.b. trailer
but the control panel can be
taken out and linked back to the
processor by up to 150m of

EER A

digital signal
processing (DSP)

desk is the first of its
type in the world. ‘It used a

fast audio-processing computer to
control up to 128 channels which may
be assigned to any part of the desk

optical fibre. The trailer has
expandable sides to incorporate
an acoustically treated listening/
control room with stereo
speakers, v.d.u. for the Neve
system, a tv monitor and
additional loudspeakers. A

. separate area contains two

Mitsubishi stereo digital tape
recorders with provision for two
further analogue recorders and
a digital multi-track machine.

" Neve have sold digital signal
processing (DSP) desks to CTS

Studios in Wembley, and for
disc mastering, to Tape One
Studios. A fourth is going to the
British Library National Sound
Archives and a fifth to WDR in
Cologne. “The application and
know-how incorporated into the
desks puts Neve and Britain
some years ahead of anyone
else in the field” says Laci
Nester-Smith, Neve’s m.d. “we
intend to ensure that Britain
keeps this lead.”

After being vandalised by burglars at the Greater London
Council’s welfare benefits office, this Husky Hunter computer
retained all its software. The Lc. display was smashed, the
main p.c. board levered out with a screwdriver, the inside
sprayed with ‘silver’ paint, and the computer appears to have:
been jumped on several times. Yet its stored program and
data were found to be still intact and could be downloaded
through the communications port. The central processor and
operating system were also found to be fully operable.

4

More time please

While welcoming the two-year
community radio experiment,
the Community Radio -
Association is critical of its
timetable and scale: “We are
delighted that genuine

| community radio will have a

chance to prove itself” says
Evan Jones, chair of the CRA.
“A third tier of broadcasting in
Britain is long overdue and we
are glad that the Home
Secretary’s announcements
seem to exclude the miniature
versions of ILR as practised by
pirate stations.

“We are asking the Home
Secretary to extend the deadline
for licence applications to the
first of December and to
increase the number of frequen-
cies available by introducing a
rolling experiment. We have
over 200 members nationwide,

yet areas as large as Scotland
are virtually excluded”.

" Ricky McCarthy of Brixton’s
Afro-Carribean Radio Project
says “Ethnic broadcasters are
disappointed both by the
number of experimental stations
permitted and by the limits on
transmission areas. We want to
be able to reach more than a
minority of a minority.”

The Association’s own code

“of practice defines community

radio as one that will “enable
the development, well being:
and enjoyment of their listeners
through meeting their
information, communications .
and cultural needs, and
encourage their participation in
these processes through .
providing access to training, -
production and transmission
facilities”.
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Computers could bridge
class barriers

Educational computers are
sadly underused, according to
E.D. Berman, chief executive
of the Inter-Action Trust.
“Everywhere you look in
education there is a waste of
the resources”, he says.
“Instead of dual use of
equipment between schools and
youth centres, there are micros
in schools sitting idle for 20 to
30 useable hours a week.
Instead of joint or voluntary
statutory projects, there is little
or no cooperation on a
systematic basis.” Yet by using
existing systems in various
ways it is possible for young
people who cannot afford to
have their own computers to
have the balance redressed,

“we are wasting money,
equipment and human talent
uunder the present system.”

Molly Lowell, director of the
Community Computers
illustrates Berman’s theme:
“We have visited 20 cities to
show the authorities how cost-
effective community computer
clubs can be set up at very little
extra cost: about 200 have been
started up over the past two
years”, she says “Our
computerized occupation-
matching system for careers
officers and young people
gives choices to those who at
present feel that they have no
choice.”

“The irony is”, adds Lowell,
“that only a few education

authorities on their youth
services have been willing to
look at the potential. There is
still great prejudice based on
ignorance or ‘techo-fear’ by
the generation in charge that
computers simply mean games
or science and maths.”

Inter-Action is a charitable
trust involved in the
development of youth training
and assessment schemes which
include the Occupation
Preparation Systems (OPS).
They give young people an
opportunity to try a specific
enterprise, for example making
badges, to give them a taste of
a cooperative business.

‘Community Computers offers
an at-cost service to local
authorities, national youth
associations and others
interested in the learning
potential of computer activities
across the educational i
spectrum.

Home-designed fault
tracer wins prize

v

. = B

Emie Huggins with the Mole locator, which can
accurately pin-point faults in telephone cables and save
money by reducing the number of holes to be dug. The
invention is estimated by BT to save them up to £10
million a year, of which they give Mr Huggins £2000 and
a silver salver as first prize in their New Ideas
competition. Huggins at 59 is a BT engineer and
developed the Mole in his spare time at home.
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Acorn
takes a
rsc

A 32-bit super-fast processing
chip developed over the last two
years has been sampled by

.. Acorn Computers since last

April. Called ARM for ‘Acorn
risc machine’, it has used as a
second processor for the BBC
Micro, but according to Acorn
this is purely for software
development and evaluation.
While they are expected to
produce a computer incorp-
orating this chip, Acorn say
they are interested in selling it
to independent manufacturers.

RISC (reduced instruction set
computer) architecture was
developed in the USA but has
not yet been implemented by
anyone else. The Risc
processor is very fast because it
incorporates a simple
instruction decoder. ARM has
many instructions which are
sub-divided into five groups. It
operates at 3 million instructions
per second and used as a BBC
second processor is said to
perform the standard bench
marks over ten times as fast as
the IBM PC-AT 16-bit technical
computer. It runs compiled
code twice as fast as a VAX11/
780 microcomputer.

|In brief...

Field tests for transmitting

data in addition to the normal
sound transmission of LBC in
London are designed to-show
whether either or both of two
different auxiliary data systems,
not unlike a form of teletext,
interfere with normal reception
of broadcasts. Early results
from the IBA investigation have
shown that few listeners noticed
the presence of the data signals
and this small number of
reports received are to be
thoroughly investigated.

One of the systems on trial is
the Radio Data System:
endorsed by the EBU which is
intended to provide listeners
with channel identification,
automatic receiver switching
and other facilities, as soon as
the necessary decoders become
available for domestic or mobile
receivérs. The other service -
could provide information to
specific interest ‘groups on a
subscription scheme.

The use of advanced
manufacturing techniques in
small companies in the
electronics industry is to be
investigated on behalf of the
DTI. The results will be used to
promote the greater awareness
of advancéd manufacturing in
electronics among small firms.
The DTI wishes to encourage
British electronics companies to
take advantage of computer-
aided manufacturing to-improve
competitiveness in international

.| markets, and believes that

small companies can benefit
from th use of new technologies
including c.a.d, automatic
handling and assembly, and
automatic testing. ’

The Institute of Acaustics have
developed a video course to
enable student in remote
centres to study for their
diploma in acoustics and noise
control. The scheme is based
on material recorded on 35
video tapes and incorporates
written assignments together
with a laboratory course
undertaken at a selected

.college. Students taking the

course take the same
examinations as those studying
conventionally.



The “Eleven-Q” puts you in control

The “Eleven-Q” is a high performance microcomputer
with features optimised for control applications.
Whether your requirement is to control machines,
processes or to log data, the “Eleven-Q’ will provide
the Zhort design cycle, low unit cost and flexibility you
need.

The “Eleven-Q” is based on the powerfull Rockwell
R6511Q (6502 compatible) microcomputer, which means

that a “single chip” solution is only a small step away,
making dramatic cost savings possible. j '

Features include:

* Extensive I/O........ccccoevoo..., 44 user available lines . :

% COMMUNICAHONS. ..o oo VIA RS232 port  1rC-S: MICROSYSTEMS LIMITED,
* Built-in clear brightdisplay........... .20character THE KINGS ARMS, '

* Battery Backed CMOS RAM 4K Bytes 141, UXBRIDGE ROAD,

* User available ROM space............. up to 8K Bytes HAMPTON HILL,

* De-bug monitor with auto-start for turnkey systems MIDDLESEX.

* Fast I/0 Operation TWI12 IBL

* Flexible interrupt system

* FORTH high level language option available Tel No. 01-979-2204

Telex: 8951470 RCS MIC

A number of low cost personal computers, including The RCS Mi i
AIM 65, Acom’s BBC, Apple and Commodore 64, are Rocskl\vc:l:{ (:lsizts:iel:l:of &

suitable as development systems for the “Eleven-Q”.
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UAE RADIO & TELEVISION
DUBAE

UAERTV Dubai invites applications from suitably experienced
and qualified “Hands On” Computer Maintenance Engineers
for the upkeep of a number of a number of computer based
systems located at Dubai TV Studio Centre. ‘ |

The automation of Arabic and English Language Network
Operatiops is based upon the PDP 11/23 of DEC. The Arabic
and English Teletext Senvice is also based upon PDP 11/23

and PDP 11/73 computers of DEC. -
Additionally a programme management and accountancy VISUAL MON'TORING OF ANYTHING, ANYWHERE, BY PHONE
computer will be introduced shortly. , IN SECONDS, WITH ROBOT 'PHONELI,NE TV , ’
salary: £26,b00/£28,000 PA — No Taxes Robot's COLOUR or monochrome high definition phone line TV systems

provide a low cost efficient solution to the problem of visually monitoring

CO""’f’Cfi 2 Years remote installations for security, traffic, weather, water levels, medical
Gratuity: 1 month salary per year of service Imaging or any subject large or small. The phone line TV works with standard
B ca et Furnished, provided free of charge CCTV equipment and converts the broad band video signal from the camera to
e = . narrow band audio tones for transmission via the telephone network or voice
; : onth annually grade radio, then to a video signal again for display on a monitor at the
Air Fares: Economy class up fo 4 dependents receiving end. The entire process takes as little as two seconds and costs only
Medical Treatment: Free at Government Hospital mgrzmn?:r?itt;ﬁ ;‘gng rt'i%rclgll'ors'n.ga.one 9 morf clfmera§ ca'rt1 be fed Ito ongor
; v - . : _ viewing seqyentially or simultaneously, an
Probation/Notice Period: 3 months period since the system can be fully automated, there is an almost infinite number of
) - — system configurations possible. Permanent storage is easily available and
QZE-I%?’;E Sth|d”f0“NGTd CY by airmail within 30 days of the Robot’s wide range of Slow Scan video equipment, some of which was
e advertisement to: recently used on the Space Shuttle, offers “state of the art” performance at
. reasonable cost. For fast, uncomplicated, inexpensive visual monitoring of
UAERTV pral ) any subject, anywhere, Robot Phone Line TV is the answer.
Mr Hussein Anani ROBOT (U.K.) LTD
PO Box 1695 0T (UK.)
Dubai RUIklingSIgs
_United Arab Emirates East Midlands Airport
) Derby DE7 2SA
Interviews to be held in London within 60 days of the date of Tel: (0332) 812446
the advertisement. All replies will be freated in_confidence. Telex: 37522
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FIELD ELECTRIC LTD

3 SHENLEY RD, BOREHAMWOOD, HERTS.
TELEPHONE 01-953-6009 ‘
B /OFFICIAL ORDERS/OVERSEAS ENQUIRIES WELCOME
OPEN 6 DAY’S A WEEK 9.00am/5.00pm THUR.9.00am/ 1.00pm

OLTRONIX B8/7 0/10VDC 7/7A METERED PSU 230VAC INPUT C/F 8.00 » £65.00
SPECIAL OFFER 9" GREEN PHOS. 75 COMP *VIDEO MONITORS IN CASE 240V £36.00

HIGH RES™ TESTED SIZE 10X9%X8%" C/P 6.50
SUPERIOR ELECTRIC SYNCHRONOUS STEPPING MOTORS TYPE MO62/FD/3280 1/7V 4/7ADC 6502

iN 200 STEPSC/P 1.25 £7.50

DATA TECHNOLOGY MODEL 30DVM C/W LEATHER CASE £85.00
DATA DYNAMICS ZIP DOT MATRIX PRINTER 230VAC WITH STAND £135.00
QUERTY KEYBOARD 58 KEY, ASC!l CODE NEW IN CASE C/P 2.00 £19.95

D/C SERVO MOTORS TYPE G16M4. 2350 RPM 60 VDC RATED 5/5A WEIGHT 7.5kg C/P 3.00 £10.00
NEWBURY TERMINALS TYPE 7003 WITH KEYBOARD ETC" 240V 4 ONLY. IN CASE £75.00
TELONIC TYPE 1019/013 SWEEP/SIGNAL GENERATOR £86.00

CLAUDE LYONS AUTO VOLTAGE STAB' CVR 360 INPUT 204/252v O/PUT 240+ 0.3% 1.5 AMP

C/P 5.00 -£36.00

FARNELL FAN COOLED PSU+5V 162 —5V 1a + 12V 4a —12V 1a - £26.00
GOULD/FARNELL 12vdc 10a S.M.P.S.U. 230V INPUT C/P 2.75 160 106/90m/m. £35.00
FARNELL 24v 5a 160/105/90m/m S M.P.S.U. C/P 2.75. £35.00
ADVANCE 5v 20a 1607105/80m/m S.M.P.5.U. C/P 2.75 £15.00
PLESSEY 2/4 MEGABYTE (MAX) GENERAL PURPOSE RADOM ACCESS MEMORY SYSTEM CAN BE

USED FOR MAINFRAME MINI MICRO NEW BOXED DATA C/P PLEASE RING £125.00
WP, REIGHT DISK DRIVE 40 TRACK 5 NEW AND BOXED. £65.00
YASKAWA ELECTRIC JKPM/16 2500RFM 28 VDC 5.7a C/F 3.00 D/C SERVO MOTORS £25.00
CATHODEN CRYSTAL OSC 20 MHZ WITH DATA £2.50
BRYANS XY RECORDER 25000 A4 : £300.00
PYE ETHER PEN RECORDER 230V 12X10X10" £75.00
MARCONI 20MHZ O'SCOPE 172204 D'TRAGE £195.00
T2HEWLETT PACKARD 53258 UNIVERSAL COUNTER £200.00
HEWLETT PACKARD COMPUTER 982a DESKTOP C/W 684/b MULTIPROGRAMMER 595008
MULTIPROGRAMMER INTERFACE. H.P.—iB INTERFACE. £2000.00
POLARAD WIDE DISPERSION SPECTRUM ANALYZER 10-63, 680 MC £490.00
ADVANGE HIGH POWER L/F OSCILLATOR 5 HZ/125 KHZ. £145.00
STC. HEADPHONES 200 NEW IDEAL FOR COMMUNICATIONS C/P 1.00 £4.50
TELEPHONE TYPE SOCKETS 2/1A 2/3A i £3.50
RACAL MODULATION METER TYPE 408 £200.00
7270712 TRANSFORMERS 240V, PRIM. 80a C/P 5.00 £16.90 J
SHARP PERSONAL COMPUTER MODEL MZBOA C/W MZ/80 AEU. EXPANSION UNIT £350.00

ALL PRICES INCLUDE VAT 15% UNLESS STATED.
PLEASE RING FOR C/P DETAILS NOT SHOWN.
WE ALSO BUY EQUIPMENT SURPLUS TO REQUIREMENT.
SEND UIST OR PHONE.
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- Instantly Identifies up to

Products

FOR ALL PROFESSIONAL TEST EQUIPMENT

Distributors & Stockists of Leading Brands,
Available at Very Competitive Prices!
Out Latest Products include:-

ROBIN MT1696RT ROBIN Digital RCCB
(ELCB) Tester

Complies with Latest
IEE Regulation & NiC

. ECA&ECAOS P
i m Recommendations! "\

W

Muttitrace Receiver &
Transmitter

96 Cables!

Cowromns, o nmtermesiavg 1

|

PANTEC CHALLENGER PANTEC CT 3300

Digital Clamp Multimeter
AC Amps: 0-199.9/

Analogue Multimeter
High Performance

New Slimline 1000A
Technology! AC Volts: 0-189.9/
1000V

Also Measures
Temperature &
Resistance

Low Cost but Measures
with Precision Accuracy!

e

Y

Hioki, Amprobe, Eagle Test Equipment to

name but a few. j

For further details on Our Products inc. Low Cost 4.5 Digit D.M.M.’s,
Send for Our Free Catalogue & Price List to:-

- Altek Products

48-56 Bayham Place. London NW1OEU Telephone: 01-388 7171 Telex: 27364

We also sell Fluke, Avo,
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2 m CONSTRUCTOR SERIES SPEAKER KITS

wadding, grille fabric, terminals, nuts, bolts etc.

CS1 £116 pair inc. VAT plus carr/ins £6

€S9 £383 pair inc. VAT plus carr/ins £18

.

Based on the famous Kef Reference Series, these three DIY designs give the home constructor the
opportunity to own an upmarket pair of loudspeakers at a very down—to—earth price!

With a Wilmslow Audio Total Kit it’s so easy — no electronic or woodworking > L]
skill is necessary. Each kit contains all the cabinet components (accurately machined Q,
from smooth MDF for easy assembly), speaker drive units, crossover networks, .

Mode! CS1 is based on the Reference 101, CS3 is equivalent to the Ref. 103.2
and CS9 is based on the Reference 105.2 {but in a conventionally styled encl.).

b A 3 We also offer a kit(less cabinet) ’
CS3 £138 pair inc. VAT plus carr/ins £10 for Elector PL301 : L

Lightning service on telephoned credit card orders!’ ‘
WIMSLOW AUDIO LTD.35/39 Church Street, Wilmslow, Cheshire SK9 1AS Tel: 0625 529599 DIY Speaker catalogue
Call and see us for a great deal on HiFi. (Closed all day Mondays) £1.50 post free (export $6) J

~

-

Baxciarcato
yra o
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 ELECTRONICS C.A.D.
“ANALYSER | & II”

PERFORMANCE ANALYSIS of LINEAR CIRCUITS using the IBM PC, BBC MODEL B
AND SINCLAIR SPECTRUM 48K MICRO'S. -
Simulates Resistors, Capacitors, Inductors, Transformers, Bipolar and Field effect Transistors, and
Operational Amplifiers in any circuit configuration.
Performs FREQUENCY RESPONSE ANALYSIS-on Circuits with up to 30 Nodes
and 100 Components, for Phase and Gain/Loss, Input Impedance and Output
Impedance. '

Ideal for the analysis of ACTIVE and PASSIVE FILTERS, AUDIQ, WIDEBAND and RF.
AMPLIFIERS, UNEAR INTEGRATED CIRCUITS etc., etc.

“ANALYSER" can greatly reduce or even eliminate the need to breadboard new designs.

USED BY INDUSTRIALAND UNIVERSITY R&D DEPARTMENTS WORLD WIDE.

VERY EASY TO USE. PRICES FROM £20 ACCESS OR AMERICAN EXPRESS

WELCOME...
For further details write or phone NUMBER ONE SYSTEMS LIMITED

TING
CAMBS. UK PE17 4EB
TEL: 0480s 61778 TELEX: 32339
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Toroidal
Transformers

as manufacturers we are able to
offer a range of quality Toroidal
Transformers at highly competitive
prices and fast delivery. -

93 { i)/
1SVII\‘II';aQi! %\r/d;ar Price List &Y
.92. 30VA 7.18. 50VA 8.86. 80VA 9.92. 120VA 10.59. 160VA 12.10. 22VA 13.69
300VA 14.77. 500VA 19.20. 625VA 22.09. 750VA 26.17. 1KVA 42.22. 1.2K T
1.5KVA 52.06. 2KVA 68.95. price includas p-+p & vat. So A

Available from stock in the following voita es:—6-0-6,9-0-9,12-0-12,15-0-15
18-0-18,22-0-22. 25-0-25, 30-0-30,35-0-%5,40-0-40,45-0-45,50-0-’ ]
50,110,220,240(max.10 amp). Primary 240 volt. .
Quantity Prices and delivery on request
(we also manufacture conventional E1 type transformers)

AIR L Airlink Transformers.
LINK Unit 6, The Maltings, Station Road, -

Sawbridgeworth, Herts. Tel: 0279-724425.
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rd
Display (As new)
Storage Scope
4 channel p/infor 180
_ Timebase p/in for 180
Tektronix

212 Portable Scope 500KHz

4658/DM44 Scope 1OONFHZ

475 Scope

485 Scope 350MHz

634/1/20 Monitor (As New) £950

4658 Scope 100MHz £1650

434 25MHz Storage Scope from £1950
Scope Mainframe £360

5223 0
03/D41 _ Scope Mainframe g 19
cope Mainframe 1
Scope M/F (Mint)
Storage Scope M/F
Storage Scope M/F
Scope Mainframe

Scope M/F-500MHz
FETP/In

DT ATF
600MHz Amp
TP/In
DTP/In
Timebase
Timebase
Timebase
Timebase
Digital Delay
525MHz Ditigal Counter
Delay Line

Sampling Plug In

TDR S_am[%ler
Sampling Timebase
Salmphng Head

S
4 =SB enerator Head . t200
ANALYSERS
Hewlett Packard »
332A £850
£

Distortion Analyser
1615A Logic Analyser
8559A Spectrum Analyser Plug-in

Marconi
TF2300A

Modulation Meter

TF2330A  Wave Analyser - c%gs
TF2331 Distortion Factor Meter . £695
55'%'/’0"1" v Data Anal
ata Analyser

308 Data Analyser g"z’ggg
7D01/DF2 Logic Analyser £1900
TR502 Tracking Generator £3500
TR503 Tracking Generator £4250
7D02%pt 01 Logic Analyser £3000
PM102 Personality Module £500
PM108 Personality Module £850
RF NAL GENERATORS

abs
1398 Pulse Generator 50MHz 10V £750
Farnell
88G520 AM/FM Signal Generator £1500

Electronic Brokers are Europe’s largest specialists in quality
second user test equipment. Established 17 years ago, we have
pioneered the second user concept in Britain, and many overseas
territories. To support our growth we have a skilled team. This includes
trained sales staff, whose role is not only to sell, but provide a helpful
information service to our many customers. Backing this team is our
own service laboratory where technicians monitor each item of
equipment we sell. Our maxim is service, and those who have dealt with
us will know that we endeavour to always live up to our reputation.

|=mis

—
[—

S—
[——

Electronic Brokers Second User Test & Measurement Equipment Division

THE SOURCE
OFALL GOOD USED

HoplosPackard
ulse Generator 100V 750
B612A UHF Generator 450-1230MHz £950
8011A Puise Generator £8e5
80078 Pulse Generator 100MHz £1 GEO
8015A Pulse Generator Dual 50MHz £1950
8018A Serial Word Generator 2000
8601A Sweep Generator £1950
B8600A Digital Marker £950
8616A v Signal Generator 1.8-4.5GHz £4000
TMFae"Sé’é'i\s AM/FM Signal G
b ignal Generator £950
TF2002B  AM/FM Signal Generator £950
TF2016A+ AM/FM Signal Generator +
TF2173 Synchroniser 120MHz £1350
w'l -
Hewlett Packard
4204A Decade Dsc (New) £595
Marconi
TF2000 Signal Source 20Hz-20KHz £450
TR
weep Generator £650
184 Sweep/Function Generator 5SMHz £750
166 Pulse/Function Generator 50MHz £1950
TEKTRONIXGP.T & M EQUIPMENT
AMS501 Dp Amp £300
DC508A Counter 1.3GHz £995
DC509 Gounter/Timer 135MHz £995
DD501 Dl'alltal Delay £500
DM 501/02 DMM £200
FG501 1MHz Function Generator £325
FG502 11MHz Function Generator £565
FG503 3MHz Function Generator £395
FG504 40MHz Function Generator £1650
MR501 X-Y Display £200
PG501 Pulse Generator £330
PG502 Pulse Generator £1650
PG505 Pulse Generator £450
PG506 Calibration Generator £1950
PG508 Pulse Generator 1250
RG501 Ramp Generator £250
SC501 Scope £500
SC502 Scope £900
SG502 Signal Generator £525
SG504 Signal Generator 245-1050MHz £2100
101 Time Mark Generator £1750
T™501 Mainframe £275
T™504 Mainframe £375

[COUNTERS & TIMERS |
Fluke
7220A Communications Counter 1.3GHz :
= (Quantities available) . £595
1800A Counter 80MHz £150
Hewlett Packard
ggzol 8 A Microwave Counter 10Hz-4.5GHz £1500
53058 Counter 1.3GHz £650
l2“433r “I: A 200MHz C £
z Counter 295
2437A 100MHz Counter/Timer £395
2438 520MHz Counter/Timer £650

Racal

9514 100MHz [EEE Counter/Timer £750
45;!@“ acDa_ ital LCR M\
Igita 't
4342A 'GgMeter P oy ggggg
TS @m :
'@ Mete £12
1945 . Oscillator ¢690
TF1247 Oscillator £650
TF1313A LCR Bridge £775
270 Bridge £350
TF2702 Inductor Analyser £1500
51 Ek,g Cal
alibrator £1650
887AB Diff. Voltmeter £1500
931B . Diff. Voltmeter £850
B P s DMM
stems
3465A DK/IM cggo
3468A DMM £495
3406A Sampiling Voltmeter £1500
8405A Vector Voltmeter 2000
67A Amplifer £725
11692D Direct Coupler £1500
Mo REPowerM
wer Mete £1500
TESSSE/B ?\f; gﬂilllivogmeter;‘ !2350
#Sggg: , ulse Generator £750
.L.M.S.
TF2807A  PCM Tester ggggg
TF2809 Data Line Analyser £950
i
igi nalys 1250
TF915  Data Montor £1200
e,
ntegrating Unit £8500
576 C_ur\?e Tracg:er £9000
178 Fixture £1500
577/D1 Curve Tracer £2500
177 Fixture (577) £250
AB901 Ground Isolation Monitor £275
HEWLETT PACKARD COMPUTERS
26318 Printer 145
72218 Piotter 51200
9825A Desktop 22950
9862A Plotter £750
98855 Disk Drive £950

URGENT - We need to
purchase modern Tektronix and
Hewlett Packard T & M Equipment
— For the best price contact us
and quote TD1185.

Electronic Brokers Guarantee

Unless otherwise stated, all test equipment sold by us carries a 12
month warranty. When you buy from Electronic Brokers you know the
equipment is in ‘top notch’ condition. It is refurbished in our own service
laboratories and checked to meet the original manufacturer’s sales
specifications. And it's serviced by our own highly qualified technicians.

_ All prices exclusive of VAT. Carriage and packing charges extra on

all items unless otherwise stated.

A copy of our trading conditions is available on request.

| — = [Electronic Brokers Ltd
~/140-146 Camden Street London NWW1 9PB

Electronic Brokers [Telephone 01-267 7070 Telex 298694
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Friendly r.f.

The long-drawn out controversy
about the possible non-thermal
biological effects of non-ionizing
electromagnetic radiation
continues in the correspondence
columns of The Lancet and in
the opposition of local residents
to the long e.l.f. antennas due
to be erected in Scotland. Less
attention however is being
given to the developing use of
electromagnetic energy for
theraputic purposes. This
includes not only r.f.-induced
hyperthermia which can
sometimes eradicate malignant
tumours but also the

increasing successful use of
pulsed 1.f. energy for bone
healing and experimentally for
skin and nerve healing.

According to a recent survey
by Robert Shupe and Ned
Hornback of the Indiana
University School of Medicine
(IEEE Spectrum, June 1985)
r.f. radiation for bone healing,
since the technique received
Food and Drug Administration
(FDA) approval six years ago,
is now widespread. It has
already been used by 6000
orthopaedic surgeons to treat
over 15,000 patients in the USA
with a success rate close to 8%,
although the bone fractures so
treated had previously failed to
heal over months or even years,
often despite repeated surgery.
Altogether it is claimed that
over 60,000 patients with bone
fractures have been treated by
r.f. radiation in the US, many of
these in the decade prior to
FDA approval.

Currently two pulsed
waveforms are favoured: one is
a train of positive pulses lasting
200ps followed by 28ps second
negative pulses for five
milliseconds, repeated at 15Hz;
alternatively a series of single
380us second pulses repeated

" at 72Hz; both applied externally

by inductive applicators. (For a
detailed history of the early
work see: The electrical
stimulation of bone healing, by
Joseph Watson, Proc. IEEE,
vol.67 no.9, September 1979.)
The reasons why weak pulsed
r.f. fields stimulate bone
healing and growth remain
obscure, even though it is
claimed that as early as 1841 it
was noted that electric currents
could sometimes help to heal
non-union fractures. Apparently
bones normally generate small
pulses due to the piezoelectric

effect and it has been claimed
that such natural pulseds form
part of a feedback system that
modifies the shape and growth’
of bones — and this can be
simulated by pulses generated
externally. Other researchers,
however, believe that, although
the clinical value of electrical
bone stimulation appears to be
beyond doubt, the fundamental
processes remain obscure.

In the UK, 65ps pulses of
27MHz radiation (peak power
975 watts, average power 11
watts) have been used
experimentally on animals for
nerve regeneration, although at
this power thermal effects may
have been involved. However,
in the USA, similar nerve
regeneration in rats has been
achieved with very weak, low
frequency pulses, similar to
those used for bone simulation,
where thermal effects would be
neglible.

RF hyperthermia

World-wide experimental
interest in the use of the
heating effects of r.f. energy to
raise the temperature of
cancerous tumours has shown
both the effectiveness (if carried
out at an earlier enough stage)
and the many problems of this
technique. It is difficult to
concentrate sufficient power on
the more deep-seated tumours;
proximity to larger blood
vessels tends to result in parts
of a tumour being cooled, with
the result that the necessary
temperature rise to kill the
tumours completely (42-45°C)
may not be achieved. This has
led to work on ‘whole-body
hyperthermia’ in which
temperatures must by
maintained above 40°C but
below 41.8°C and also to
elaborate computer modelling of
the heating process. The
combination of ionizing and
non-ionizing radiation is also
being used for localized heating.
There is also considerable work
being done on improved
applicators, optimum
frequencies (which are variously
put at about 430 and 700 to
900MHz) etc. At 2.4GHz it is
difficult to obtain sufficient
depth of penetration. At h.f. it
is difficult to concentrate energy
on to the tumours, unless these

_ are near the skin. Work is being

done in the UK although the
treatment is still considered
experimental.,
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Two-way video

The recent formal opening of
BTI’s public international video
conferencing service with West
Germany underlined both the
progress and the problems that
still surround the age-old dream
of the video telephone.

By using digital processing
BTI can put 625-line colour
pictures over a satellite link at a
digital rate of 2Mbit/s. The
quality, for talking heads, is
more than adequate, though
processed pictures degrade
considerably in the presence of
fast motion. Broadcasters tend
to think in terms of 35Mbit/s
for future international satellite
links for news or sports, and
over 200Mbit/s for studio
operation with component
rather than composite
waveforms.

Bringing pictures down to
2Mbit/s means in effect that
the transmission capacity is
reduced to about 30
simultaneous telephone circuits
compared with the 1000 or so
required for good quality
analogue pictures. For the
videoconferencing links with
North America the bit rate is
brought down even further to
1.5Mbit/s and BTI have also
used 768kbit/s.

For West Germany the
videoconference transmission
charges are £600 per hour, a
cost that is reasonably :
economic for large multinational

. businesses with factories in

both countries requiring
frequent video conferences. The
problem for the occasional user
is the cost of the digital
processing with the present
BTZI codec (manufactured by
GEC-McMichael) costing
£41,000 (or £15,000 annual
rental), significantly more than
the colour twin monitor cabinet
terminal (£29,500 six-shot,
£23,700 three-shot).

Telecommunication- \
companies, since the financial
disaster of the Bell Labs
Picturephone in the early
1970s, have lost faith in the
original concept of the
videophone but have insisted,
with little practical evidence to
support them, that there is a
viable future for video
conferencing — a television
linking of meetings between
individuals and groups whether
formal or informal, spontaneous
or pre-planned. .

The history of video phones

stretches right back to the
gentle drawings of Albert
Robida in the 1880s. In July
1936 public video boxes with
180-line 25-frame scanning
(500kHz bandwidth) were
opened between Berlin and
Leipzig using a new co-axial
cable and costing 3.50
Reichmarks for three minutes,
but were less than fully utilised
by the public despite being a
heavily subsidised facility.

The Bell Picturephone service
in the 1970s proved a major
marketing disaster, the 5-by-
5in, 1.5MHz-bandwidth system
gave a black-and-white talking
head at a three-minute cost of
$19.50 from New York to San
Francisco. British Telecom
abandoned this concept and
introduced instead their
analogue Confravision service,
though again this facility was
under utilised and must have
consistently lost money.
Perhaps the national and
international digital systems will
prove more successful —
otherwise the domestic
videophone and even Robida-
type public video cabinets may
prove just a pipedream.

Technostress

A few years ago the consumer-
electronics industry coined the
word “technofear” to describe
resistance to their high-
technology products. They
found that many people,
particularly the elderly, were
terrified by the arrays of knobs,
sliders and other controls,
welcomed by the young.

E.F. Schumacher, of “small
is beautiful” fame, asked “Can
we develop a technology which
really helps us to solve out
problems — a technology with
a human face?” An IBM vice-
president, however, was
convinced that: “People will
adapt nicely to (electronic)
office systems if their arms are
broken, and we're in the
twisting stage now.”

According to the Tokyo
correspondent of Nature, the
Japanese Ministry of Health and
Welfare has recently been
driven to launch a full scale
inquiry into “technostress” —
the stress-related and
psychosomatic disorders
induced by the introduction of
high technology, particularly
office automation.

Japanese workers, it seems,
are increasingly affected by the
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For the Leading Brands of Electronic
Test & Measurement Ec

From Philips, Fluke, Hameg, ICE, Thandar,
Thurlby, GP Industrial, Claude Lyons,

OSCILLOSCOPES

Philips PM 3206
15MHz, compact portable, dual trace, SmV
sensitivity, auto and TV triggering, variable time
base speed, Z modulation.

Hameg HM 203-5

20MHz, dual trace, add and invert, maximum
sensitivity 2mV, automatic and normal
triggering, X-Y operation, component tester.
Thandar SC 110A £175
10MHz, battery powered portable, bright ling
and economy triggering for battery conservation.
TV51‘6avme and line triggering. Sensitivity 10mV

to !
BENCH & HANDHELD

Philips PM 2519/01 £299
4% digit, LCD with analogue bar
raph, auto/manual rangmg,,l
requency to TMHz, true RMS, dB,
relative reference.

Philips PM 2518X/11 £199
4 digit, LCD with electroluminescent
display, auto/manual ranging, true
RMS, dB, relative reference, current
to 20A. PM 2518X/01 without
illumination £145.
Fluke 8010A £243
3%z digit, LCD, 10A current range, seven
functions include conductance, diode test, true
RMS, DC accuracy 0.1%. 8010A Ni-Cd battery
version £279.
Fluke B060A £306
4% digit, LCD. ten functions include
conductance, diode test, continuity, dB,
frequency, true RMS. DC accuracy 0.04%,
relative reference mode.
Fluke B0O62A £245
4% digit, LCD, seven functions include dicde
test and continuity, relative reference, DC
accuracy 0.05%, true RMS, self diagnosis test.
Fluke 80248 £22
3% digit, LCD, eleven functions include peak hold
on voltage and current, audible and visual logic
level detection, OC accuracy 0.1%.

‘| Fluke JF 25

0 | I.C.E. 6BOR £3

Fluke 80268 £172
3% digit, LCD, eight functions include
conductance, audible continuity, true RMS, DC
accuracy 0.1%, all 20 series DKAMS have 2 year
warranty,

Fluke 8020B £173
3 digit, LCD, eight functions include
conductance, diode test, audible continuity, DC
accuracy 0.1%, extensive over-load protection.

Fluke 80218 £139
3%z digit, LCD, seven functions include diode test
and high speed audible continuity, DC accuracy
0.25%, safety test leads provided,

Fluke 8022B £114
3% digit, LCD, six functions include diode test,
DC accuracy 0.25%, optional accessories
available to enhance all DMM measuring
capabilities.

Fluke JF 77 £110
3% digit, LCD with analogue bar graph,
auto/manual ranging, DC accuracy 0.3%, touch
and hoid facility, supplied with carrying holster.
Fluke JF 75 £88
3% digit, LCD with analogue bar graph,
auto/manual ranging, OC accuracy 0.9%, seven
functions include diode test and audible
continuity.
Fluke JF 73 £72
3% digit, LCD with analogue bar graph, auto
ranging, DC accuracy70. %, six functions
include diode test, all 70 series DMMs have 3
year warranty.

£193

3% digit, LCD with analogue bar graph, sealed

ruggedized construction, auto ranging, DC
accura%y 0.1%, touch-hold facility, extensive
overload protection.

Fluke JF 27 £216
3% digit, LCD with bar graph, ruggedized
construction, auto ranging, DC accuracy 0.1%,
touch-hold facility, min-max and relative mode
operation.

Thandar TM 351 £115
3% digit, LCD, 29 ranges of measurement, DC
accuracy 0.1%, diode test, battery life typically
IAOch)O hours, complete with batteries and test
eads.

Thandar TM 451 £195
472 digit, LCD display with function fegends,
auto/manual ranging, OC accuracy 0.03%,
sample/hold facifity on all ranges, audible
continuity.

Thandar TM 355 £85
3% digit, 0.5” bright LED, 29 ranges of
measurement, DC accuracy 0.25%, battery or
mains operation, diode check, supplied withtest
eads.

ANALOGUE
MULTIMETERS

Philips PM 2505 £165
62 measuring ranges, 10Ma input impedance,
linear resistance ranges, audible continuity,
automatic polarity indication, low power
consumption.

80 measuring ranges, sensitivity 20Kn/V, DC

ipment

Coline, Compact Instruments

I.C.E. 680G £25
48 measuring ranges, sensitivity 20Ka/V, DC
accuracy 2%, 10cm mirror scale, overload
protection.

I.C.E. M8B0 £19
40 measuring ranges, sensitivity 20Ka/V, DC
accuracy 2%, wide range of accessories extend
measuring capabilities.

PULSE, FUNCTION,
PATTERN GENERATORS

Philips PM 5503 £155
Pattern generator, 5 test patterns for mono and
colour, video autput for CCTV and monitors, RF
output in VHF and UHF range, 1kHz tone for
sound checks.
Thandar TG 101 £110
Function generator 0.02Hz to 200kHz, sine,
square, triangle, variable DC offset, TTL output,
e;(():cejmal sweep, 10Vpp output into variable

0.

[

Thandar TG 102 £160
Function generator 0.2Hz to 2MHz, sine,
square, triangle, TTL output, variable DC offset,
external sweep, 20Vpp output into variable 500.
Thandar TG 105 £105
Pulse generator SHz to 5MHz, 10nS, amplitude
0.1Vt 10Vinto 500, free-run, gated or
triggered modes, TTL output, pulse width
variable 100nS to 100mS.

Thandar TG 501 £295
Function generator 0.005Hz to SMHz, sine,
square, trlan?le. rarl‘-tn}), pulse, TTL, variable DC
offset, variable start/stop phase, 20Vpp into
variable 500.

COUNTERS &
COUNTER/TIMER

A ey s
== L

Thandar TF 200 £175
Counter, 10Hz to 200MHz, 8digit LCD, batter
powered, 10mV sensitivity, time average erioJ,
totalize and reset. TP 60 %r&scaler, OMHz
to B0OMHz available at £45.

Thandar PFM 200A £76
Counter, 20Hz to 200MHz, 8 digit brght LED,
battery powered, 10mV sensitivity. resolution
0.1Hz, selectable gate times, mains adaptor and
TP 600 pre-scaler available.

POWER SUPPLIES

Thurlby PL 154 £159
Oto 15V, Oto 4A, bench power supply, twin
LED displays meter voitage and current, high
stability and resolution, remote sense facility.

Thurlby PL 320 £155
0to 30V, Oto 2A, bench power supply, constant
current or constant voltage, precise current fimit
control and monitor system, ripple and noise

<imV.
Thurlby PL 310 £125

2| 0to 30V, Q%o 1A, bench power suppl&. meter

accuracy 0.1%, resolution 0.01V and Q.001A,

accuracy 1%, 12cm mirror scale, overfoad
pratection.

Electronic Brokers are leading suppliers of electronic test & measure-
ment equipment. Our Distribution Division handles the major names in the
industry and all products are stocked in depth in our spacious new premises
at Camden Town, ready for prompt despatch to all parts of the country.

Electronic Brokers offer full technical support and expert advice on all
aspects of electronic test and measuring.
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Electronic Brokers Test & Measurement Instrument Distribution Disvision

MISCELLANEOUS

PRODUCTS ’
o

Thandar TH 302 £80
Thandar digital thermometer, LCD display of °C
and °F, range —40°C to 1100°C. resolution
Q.1° and 19 for use with type K probes [bead
supplied}.

Thurlby OM 358 £179
Thurlby multg)lexer expands any oscilloscope to
8 channels, displays analogue or digital signals,
triggering from any channel, band width 35MHz,
precision calibrated attenuator.

Rcrumrmmmscst™

Thuriby CM 200 £89
Thuriby digital capacitance meter, 4z digit LCD,
1pF to 2500.F range, accuracy 0.2%, fast

settling, battery or mains operation.

B

Tachaprobe = £70
Compact tacho-probe for use with DMMs or
fr‘eguench:ounters, 2 speed ranges from 100
to 20,000 RPM, accuracy 1%, non-contact

range 1m

EBSO £7
x 1 oscilloscope probe. .
EB91 £10
x 10 oscilloscope probe. b
EB95 £13
x 1and x 10 oscilloscope probe.

LINE CONDITIONERS
Claude Lyons LVC 250 £271

2.5A, BOOVA rating. line voltage conditioner,
fast response (typically 12 cycles), isolated
input/eutput, compact and portable for easy
instaltation.

Claude Lyons LVC 65 £186
0.B5A, 156VA rating, line voltage conditioner,
unaffected by frequency variations, transient
and noise suppression. All LVC units have 2 year
warrantly.

EPROM PROGRAMMERS
GP Elsctranics UV 141 £as

EPRDM eraser, variable electronic timer.,

DC output switch, load regutation <0.01% f
50% lotgd change. 2 . =

powerful UV source, up to 14 device capacity,
convenient tray loading with safety interlock

Visitors are welcome to our showrooms where all products are on
display and demonstration. For customers wishing to order by phone, we
offer a 24 hour answering service.

All prices are exclusive of VAT and correct attime of going to press.
Carriage and packing charges extra on all items unless otherwise stated.
A caopy of our trading conditions is available on request.

Electronic Brokers Ltd
140-146 Camden Street London N1 9PB
Telephone 01-267 7070 Telex 298694
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stress of working at rhythms
dictated by computers,
spending hours looking at video
monitors, and suffer severe loss
of self-esteem if they are unable
to master new equipment or
find their working skills
replaced by a matchbox-sized
microprocessor. Medical
practitioners and hospitals are
finding that a high proportion of
patients are suffering from
stress-related diseasés. The
Japanese inquiry is directed .
towards finding out how stress,
including “technostress”,

affects the incidence of disease
at different stages of the life-
cycle and the degree to which
stress contributes to high blood
pressure, ulcers, heart attacks
and even cancer.

RDS in Sweden

The EBU-standardized radio
data system (RDS) is being
launched this autumn in Sweden
as an operational service,
initially carrying only fixed
information such as programme
and service identification and
alternative frequency codes. In
the UK the BBC is committed
to introducing RDS. The IBA
recently tested RDS
simultaneously with an
American SCA-type digital
system on the LBC 97.3MHz
transmissions to ascertain the
extent to which both systems
might affect stereo reception.
During the first two weeks the
presence of the data signals was
not publicly announced and only
a handful of listeners reported
data buzz; even after LBC
began announcing the tests the
number of complaints remained
low and appeared to be confined
mostly to listeners using
specific types of stereo decoder,
though this remains under
investigation. While RDS is
seen as useful for such
purposes as station
identification, automatic
switching, the SCA-type
system, could provide, possibly
on a subscription basis,
financial or other information
services. Subcarrier systems
could also be used for wide-area
paging services.

No-fault liability

As a result of Parliament
recently recommending the
adoption of an EEC Directive,
the UK is committed to
introducing tougher consumer

protection legislation within the
next three years. For the first
time the UK will impose “strict
liability” on manufacturers.
This implies that, for example,
manufacturers of radio and
television products could be
sued by users under the ‘no-
fault’ liability already enforced
in some countries should the
products prove defective and
cause damage or injury. While
manufacturers could put
forward the defence that thay
had taken all reasonable steps
to avoid defects, having regard
to the current state of the art,
— the onus of proof will be on
them. This is very different
from the existing situation in
the UK, where, if the damage
or injury is not sustained by the
person who actually bought the
goods, it is up to the user to
prove “negligence”.

Consumer protection thus
seems bound to be considerably
strengthened in the UK within
the three year limit of the EEC
Director. The existing Sale of
Goods Act, which insists that
goods should be of
merchantable quality and
reasonably suitable for the
purpose for which they are
sold, permits the actual
purchaser to sue for breach of
contract but does not extend to
third parties.

Developments

Hughes Aircraft have developed
an h.f. frequency-hopping
system — “short term anti-jam
(STAJ)” — as a retrofit kit for
its existing standard tactical
radio military communications
systems.

West Germany is to begin-
to transmit video programme
system (VPS) signals that
enable unattended domestic
video recording machines
automatically to record wanted
television programmes without
dependence on actual time of
transmission, based on teletext-
type coded signals.

Philips Research Laboratories
have developed an experimental
153MHz radio-paging receiver
as a single chip plus 11 discrete
components using direct
conversion. Unlike the earlier
one-chip direct-conversion
pager developed by Ian Vance
at STL, the Philips design
incorporates the audio-
frequency channel-selection
filters on the chip using
gyrators. It is claimed that
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direct-conversion chips can
provide the necessary
selectivity and dynamic range
needed for professional pagers
and are better for this
application than the miniature
one-chip superhet integrated
circuits developed for consumer
products. Direct conversion
also eliminates the i.f. circuitry.
Meanwhile Motorola have
added a 12-digit numeric liquid
crystal display to its small pen-
sized Sensar pager. The display
provides the telephone number
to be called and eliminates the
need for the user first to call his
office to obtain the number.
The complete pager weighs only
1.75 oz complete with battery.
Tone and numeric-display
pagers have become a major,
fast-growing market in the US.

Amateur
Radio

DTl guide

First copies of the new 32-
page booklet ‘How to improve

‘television and radio reception’

began to roll off the presses at
the beginning of September and
copies should be available, free
of charge, in the main Post
Offices shortly. Part 1 is
directed specifically at the
householder and Part 2 and the
nine appendices is “For the tv
and radio dealer” called upon to
identify, trace and cure
problems. The booklet, which
has been prepared by the Radio
Investigation Service of the
Department of Trade and
Industry is likely to prove
particularly useful to radio
amateurs, c.b. operators and
also to short-wave and
television “long-distance”
enthusiasts. While emphasis is
on the high percentage of
problems due to deficiencies or
faults in radio and television
sets, aerial leads or aerials, it
does include sound advice on
dealing with the problems of
radio-frequency interference
which arises both from
domestic electrical appliances
and strong local transmissions,
including details of toroidal
chokes, a combined braid-
breaker and high-pass filter,
and the fitting of ferrite beads
and r.f. bypas$ capacitors.

The cures suggested should
be fully adequate for coping
with interference from legally-

operated c.b. transmitters.
Higher-power amateur
transmissions nowadays tend to
present problems mainly. to
audio equipment, video cassette
recorders and electronic
telephone amplifiers than with
u.h.f. television, but the advice
given in the booklet should
prove useful for all but the most
difficult cases of interference to
radio and television reception.

28MHz opens

Sunday, October 27 is the 50th
anniversary of the Sunday,
October 27, 1935 when the late
Miss Nell Corry, G2YL became
the first person to contact
amateurs in all six continents
on 28MHz on the same day,
heralding the approach of the
1937-38 sunsport maximum. A
few long-distance contacts,
including North America and
India, had been made on
28MHz in- 1928 in the declining
phase of the earlier sunspot
cycle but the band then went
virtually dead for five or six
years. At 9 a.m. she contacted
VU2LJ Assam; at 10.30 a.m.
VK4BB Queensland, Australia;
at 11 a.m. CX1CG Uruguay;
and then Europe, Africa and the
USA all before 3.30 p.m.

In brief

The next Radio Amateur’s
Examinations are being held on

" December 2, 1985 and May 12,

1986 although applications must
be made about three months in
advance of these dates. City
and Guilds have dropped the
third (March) RAE

introduced to cope with the
very large number of candidates
in the early 1980s..

The holding of official BTT*
Morse Tests at popular amateur
radio events has become well
established, although the long-
term future of the Morse Test
remains obscure. Both RSGB
and City & Guilds showed
interest in taking over _
responsibility for the tests when
BTI was anxious to give them
up, but BTI have now also put
forward proposals to continue
providing them. The 1985
National Amateur Radio and
Electronics Exhibition,
organized by the Leicester
Amateur Radio Show ,
Committee is at Granby Halls,
Leicester on October 25-26.

*The former Post Office tests are
organized by British Telecom International.
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- GENERALRADIO Capacitancebridge 1617A

TEST EQUIPMENT ‘

HEWLETT-PACKARD LOGIC ANALYSER 1602A £250+VAT
KNIGHT SWEEPGENERATOR 3-220MHz £150+VAT
BAUSCH & LOMBMETALLURGICAD MICRDSCDPE . £500+VAT
AIRMEC 20KVIONISATION TESTER 209 ... £150+VAT
BRUEL & KJOER DEVIATIONBRIDGE 1504 £ 95+VAT
WAYNEKERR Autobalance Universal BridgeB641. . .. £250
SULLIVAN Inductance bridge R400. Measures L to'11.11H discn-
mination.002uH . E875+VAT |
£125+VAT.
Electronic Visuals Wavetorm monitor & Vectorscope.

% STEPPER/MOTORS # 4

Brand new stock of "ASTROSYN' Type 20PM-
AUSS5 stepper motors. 28V DC. 24 steps per rev.
15 oz-in torque (@ 100PPS. Body length 2%,
diameter 2", shaft Y4’ diam x 4% spirally
threaded. Weight 160z. Price each £11.50(p&p
50p). Connections supplied. INC VAT,

DRYFIT BATTERIES ]

Brand-new, un-used, Sonnenschein Dryfit A300 sealed
lead-acid re-chargeable batteries at a surplus price. 12V
1.8AH (RS No.:591-866 £17) OUR PRICE £8.50 inc vat.

DSCILLOSCOPES'

TEKTROMNIX 454 dual —trace 150MHz
TEKTRONIX475dual —trace 100MHz. . . .
TEKTROMNIX T932Adual —trace 35MHz
HEWLETT—PACKARD 17074 dual 75M
DYNAMCOD7100 dual — trace 30MHz
GOULDOS1D00B dual —trace20MHz. . ..
TELEQUIPMENT 3 — trace D63 15MHz
.SOLARTRON CD1740 Dual trace 50MHz

(ppL1). ;
Also available small quantity of automatic standby units re
incorporating the above battery. Inbuilt mains-failure
change-over; charger, ideal for burglar alarm systems etc.
£25 each (pp£2).

ESCAP DC MOTORS

Swiss-made precision 6V DC motors with 70.1 reduction gearboxes
giving final drive sneedcof 1RGRPM @ BY. Diameter 2'5cms x 4cms
long. PRICEINC.VAT&CARRIAGE. . . . ............... £5.25 H Y
(Ex equip. tested & guaranteed) . * SWITCH-MODE POWER SUPPLIES
Fully tested and guaranteed switch mode power
supplies by Gould/Advance, Farnell etc.

WAVEFORM MONITOR

Vectorscope and Wavetorm monitor combined in one 13" rack
mount ¢ igh. 12Volts ¢ 154,

5Volts = 60AMpS . . .
19Volts « 15A.

ELECTRONIC VISUALS Lt Model EV4020 VEctor Monitor and
Madel 4040 Waveform Monitor,

Two 10x8cm. CRT displays. Littie used condition and calibrated.
£1100 + VAT,

* %« CROSS—HATCH GENERATORS * *

LABGEAR COLOURMATCH CM6004PG.
UHF television pattern generators
giving cross-hatch, dot and greay scale
patterns. Fuily tested and guarameed
NOW JUST £2D inc VAT & pdp.

§V ¢ 100A.

3BV @ 10A a0

Multi-rail, SVAA& +15V w 175A€a. . . ... .. 030
NB.: THESE PRICES ARE VAT & POST INC.

DISPLAY SCOPES

Airmec/Racal 4-channel display oscilloscopes for
colleges, educational etc. 17* CRT. DC — 10Knz. Futly
£125+VAT

MAINS CONDITIONERS

Constant-voltage transformers:
GOULD1.5KW 220V, £125+VAT(pp£10)
CENTRONIC REG UVOLT 220V 2KW . £200+

VAT
CENTRONIC REGUVOLT220V3KW . . £350
VAT (pp £15)

RALFE - ELECTRONICS

10 CHAPEL STREET, LONDON, NW1 TEL: 01-723 8753

H & HPROFESSIONAL AUDIO POWER AMPLIFIER MODEL 8500-D available ex-stock in superb, little-
used condition at vastly reduced price. Specification includes: Dual-Channel 500+500W. THD
0.005% IMD 0.02%. Qutput impedance 2.5-16ohms. Frequency response: +1db 10Hz-20KHz
{NB. For industria! applications these amps’ can be configurad to DC response). Forced air cooled |
dissipators for reliability and cool operation. Size 13" Rack mount x 3.5" Ht.

PRICE ONLY £295. — INC VAT AND HANDBOOK (pp £5)

£650 + VAT

£300+VAT

|

* COMPUTER PERIPHERALS *

1.6MB 8” FLOPPY DISC DRIVES — New
Stock

BRAND NEW At a surplus price, Fully Shugart compatible ‘MFE
CORPORATION’ Model M-700 DOUBLE-SIDED industry standard 8*
Floppy disc drives. Double densny u{: 10 1. 5MBytes Power
requirements +5V and + 1A, AC S50Hz.
LOWEST PRICEEVER, £160 — INC VAT CARRIAGE& HANDBOOK.

DRE 4000A DRIVES

Data Recording Equipment Model 4000A 5+ 5 MB Tap-
loading disc drives in stock. Brand new including full
technical manual. Few remaining £250 each + VAT.

* MULTI-RAIL LINEAR PSU’s »

Racent stock of brand new COUTANT ESM-Series Power Supplies at
surplus prices, Model ESM15.2 giving regulated, stabilised DC
outputs 5V @ 154 and +12V to £15V @ 1.5A each and an un-
stabilised 24V @ 2A. 240V AC input. Measures 5x8x11". Fully

£2K + VAT
325+ VAT
650 + VAT
200 + VAT
200+ VAT
275+ VAT

enclosed. In original cartons with handbooks. £45 each + VAT +
carriage £5}

ST506 WINCHESTERS

We have in stogk genuine SEAGATE ST506 5% Winchester disc
drives sold in little used, fully functional condition complete with
OEM manual. Formatted capacity 5MB.

PRICE:£225 inc. VAT, carriage and manual.

Also available 10MB version  £275 inc.

(NB.: List price over £700.) (Small quantites orly. dont delay!)

MARCONI
TEST
EQUIPMENT

8" SHUGART DISC DRIVES

GENUINE SHUGART MODEL
SA800. Soft-sectored single-
sided industry standard 8"
floppy disc drives. 800kB
storage. Supplied in excellent
condition, little-used. Removed
from fully functional equipment.
Price including VAT, carriage
and Zerox of handbook — £95

WAYNEKERR Au(obalence Universal bridge Model B641. 225%

Fully re-conditioned test equipment,
90-day guaranteed.

TF2000 Audiosig/gen/attenuator . . £200+
VAT

TF2700 Universalbridge .. £250+VAT
TF1313 %% Universal bridge . . £250+VAT
TF868 Universal bridge £125+ VAT
TFB93A AUDIO POWER METERS TO 10W

SULLIVAN Inductance brldge Model R4000 Measures L lo 11 11H
with dnscnmmanonofo 002uH. +VAT

* INSTRUMENT COOLING FANS *

TF2905 STINE SQUARED PULSE & BAR
A £250
TF2604 ELECTRONIC VOLTMETER  £150

;7nggﬁrconz qmnl;!lniggthigm zceivers
overing 19-165MHz &£150 .
770072 Covering 150-500MHz £135 "1 Vat.(pp + €54

All fans available ex-stock and GUARANTEED

230V 10W 5-Blade 3{x3{x1" NEW
115V 13W 5-Blade 3mx3;x1” NEW

Small quantity available only of AVO 8MKV analogue
multimeters in little-used condition fully tested and
calibrated. £75 EACH + VAT. CARRIAGE + £4.

ranty. For our mail-order customers, we offe

PLEASE NOTE: Ali our used equipment is sold in full working condition and carries a 90 day war-
r a money back if not satisfied guarantee.
DFFIGIAL ORDERS ACCEPTEQ FROM GOVERNMENT BOQIES ET

115V 4ixd}x1}" 5-Blade NEW
115V 7W 4" 3-Blade WHISPER
230V 40W Papst 350M/Hr. Ex-equip.

All peices include VAT {pp + 50p)

CIRCLE 105 FOR FURTHER DETAILS.

nascom-2

Still the most outstanding, single board
computer with thousands of satisfied
users in industry and the home.
Full range of extensions and add-ons
also available.

'Phone or write for further details now!

Lucas Control Systems :

Lucas Control Systems Limited
Welton Road, Wedgnock Industrial Estate, Warwick CV34 5PZ.
~ Telephone: 0926 497733. Telex: 312333.
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CIRCLE 91 FOR FURTHER DETAILS.

ELECTRONIC POWER UNITS
FOR XENON ARC AND MERCURY ARC LAMPS

Lamp housings and lens systems manufactured as standard off the shelf models or to
specific design.

] W
v o r i
s @
3 34807
LI 1
/]
[ 4

% |m

K. T. Manners Design Ltd.

. P.O. Box 936, London, W4 4NW Telephone: 01-9384 7155, Telex: 28604

CIRCLE 22 FOR FURTHER DETAILS.

N

Keep tabs on those
valuable back issues the
easy way with purpose-
designed binders. They're
stardily made in a black
finish with gold blocked title
 on spine. Each one holds six
issues of Electronics and
 Wireless World

£3.45 each (including
postage) from Sundry
Sales, Room 1605,
Quadrant House, The
Quadrant, Satton,
Surrey SM2 5AS.
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From submarine
to satellite

Equipment for communication with
submarines from v.Lf. to e.h.f. was on show at
this year’s naval equipment exhibition.

Communication with
submarines has always
presented a major challenge to
naval communicators. Radio
signals at normal m.f., h.f.,
v.h.f. communication
frequencies do not penetrate
seawater to any useful depth.
However, the energy absorbed
by seawater decreases at lower
frequencies.

British submarines curréently
receive transmissions at v.1.f.
from Rughy (GBR) or Criggion
(GBZ) in Wales. At these
frequencies bandwidth and data
rate present problems. Naval
equipment uses four-channel
minimum-shift keying to allow
the simultaneous transmission
of four 50 baud teleprinter
channels on one carrier. Even
at v.1.f. penetration of the sea
water is not very deep. Extra
low frequencies in the range
30Hz to 3kHz are needed if
penetration is to be sufficient to
allow the submarine to remain
at a safe depth while receiving
radio signals.

The Admiralty recently
announced that it was looking
at a site in Scotland to build an
e.l.f. station. At e.l.f. antenna
lengths are measured in miles:
two e.l.f. installations currently
being installed in Wisconsin and
Michigan have antennas 28 and
56 miles long! For the Scottish
e.l.f. station, the Admiralty is
proposing to use a 12 mile-long
antenna mounted on four-metre
poles. At 100Hz wavelength is
3,000km. Classical ray theory
radio wave propagation is no
longer valid at these low
frequencies. Even antennas
measured in miles represent
only a minute fraction of a
wavelength at e.l.f. Global
coverage can be achieved at
e.l.f. with only a few tens of
watts of radiated power, but
because of the extremely low

radiation efficiencies, several launched in the mid-70’s as
hundred kilowatts of transmitter Marconi Fast Tune (MFT).
power are needed to achieve Today’s MFT2 range consists
this. of an h.f. drive, and 10kW
amplifiers, and the new
receiver. The H2542 has a 1Hz
read-out and can be used for
c.w., a.m., f.s.k., s.s.b. and
i.s. b

Marconi also launched a
naval marine transceiver called
Swordfish designed to meet the
v.h.f./u.h.f. communications
requirements of smaller naval
and para-military vessels.

Swordfish covers 30 to
400MHz in the three ranges 30
to 400MHz in the three ranges
30-88MHz, 108-175MHz and
225-400MHz and has an output
of 100W on f.m./s.s.b. and
90W on a.m. Optional modules
include continuous watch
keeping facilities on the 121.5
and 243MHz distress
frequencies.

Typical naval installations
couple several transceivers
together into one antenna, and
to avoid interference from one
set to another the transmitter’s
spurious noise output has to be
very low. Marconi claim that
the transmitter output at just
1MHz away from the 100W
carrier is 160dB down on the
main carrier.

Higher frequencies

In the past, h.f. communication
have played a key role in naval
operations. Today h.f. radio
communication provides a
degree of operational
independence not available
with satellite systems.

The lastest version of
a wideband h.f. warship
communication system was
shown at the exhibition, which
allows a number of different
h.f. drive transmitters to feed
into a common wideband
‘power-bank’. The equipment,
Marconi’s ICS3, has been
selected by the US navy for
use on its new Wasp class
(LHD1) assault ship — the US-
Navy evidently appreciates that
satellites are more vulnerable to
attack than more traditional h.{.
communication system.

Marconi introduced a new
h.f. receiver, the H2542,
covering 15kHz to 30MHz and
which is a development of
Marconi’s family of fixed station
h.f. equipments, originally

Redifon’s R800 v .1f. multichannel receiver covers the range

10 to 200kHz and is primarily designed for naval use. As part
of a contract to up-date the RN’s v.Lf. facilities, Redifon are
also supplying new v.Lf. transmitter drive units. EWW 300
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by Nigél Cawthome-

MEL introduced their new
ultra-compact h.f./v.h.f.
tactical transceiver, the UK/
PRC 319. The basic unit
measures only 30 by 20 by
11cm and contains a 50W
transceiver covering h.f. and up
to 40MHz in the low v.h.f.
range.

Satcoms

The launch of the UK’s new
defence satellite, Skynet 4, by
the Shuttle in the summer of
1986 will mean that the UK will
no longer need to rely entirely
on US and NATO satellites

for its satellite defence
communications.

Skynet 4 will be carrying
s.h.f. transponders for the full
500MHz of the military satcom
bands at 7.25-7.75GHz
(downlink) and 7.9-8.4GHz
(up-link) as well as u.h.f. and
e.h.f. facilities. To investigate
propagation at around 45GHz
there will be an e.h.f. up-link
facility on Skynet 4 which will

* be cross-strapped to 7GHz for

the down link.

The UK’s previous defence
communications satellite
(Skynet 2) recently celebrated
its tenth birthday in service.
(Skynet 3 was cancelled by the
government of the day before
completion).

Skynet 4 will consist of three
satellites, all three of which will
be in orbit. Early Skynets had
only 50MHz of transposer
bandwidth, but Skynet 4 will
access 135, 85, 65 and 65MHz-
wide segments in the 7/8GHz
band for use as earth cover,
wide beam, narrow beam and
spot beam applications
respectively. There will also be
a u.h.f. facility at 250-260MHz
(up-link) and 305-315MHz
(down-link).
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Powertran’s
“Hebot II” and
“MicroGrasp” kits
offer unrivalled
value for money
to

colleges,
schools and
individual enthusiasts.

Put the kit together. plug into
your micro and off'you go!

Hebot™ can perforg a bewildering
vanety of actio der the ¢

simple BASIG#Program. Featur
independen

flashing “eye
retractable p
Complete kit £39.95 + VAT

Universal compdter interface
board kit £5.50 +%AT

lﬂﬁ_

Powertran’'s range of quality audio
products offers top quality at Iow L

Stereo keyhoard mifer with
3 aux seftds on each of its 6
inputs. £38.00 T+ VAT

{metal workand PCB's only)

Headphone Amp

2 x 3 sets of stereo phon8s
from either one or two
inputs £20 + VAT >
(metalw
PCB’

nly)

trol of a

include Powertran%ijts are completqpown
ontro! o whéekls, to thas last and bolt, with easy-
" two-t hooleranda  to-f ass@mbly instructiond.

Top ms FROM_

MicroGrasp
is a fully
programmable

Rob ith
po supply
€158+ VAT

Universal
interface
board kit
£42 + VAT

\

Cortex Il. 16 Bit. 16 Coilour.

Cortex il offers the speed and power of
true 16-bit processing at the same price
that you might pay for some of the 8-bit

electric robot arm with closed games‘machines on the market.

foop feggbggh foros ~e”The standard kit has interfaces for TV,

o eirom cassette and RS232 - others are
| mi available as optional extras. Add disc
drives, printer and a monitor for a fully-
fledged business system. Price:
£199 + VAT

MPA 200 100 watt mixer- amM

Complete kit £40 + VAT

SP2 200 2-channeb100'watt am
Complete kit £50 -+ VAT M

CIRCLE 81 FOR FURTHER DETAILS.

WWW amerieamradi:
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Chromatheque 5000
5-channel light show controw.
Complete kit™ £40 AT
g Digital Delay Line udio quality effects
to 1.6s delay. £9 VAT
%° patcéhbay 16 pairs of ja#&ks - for stadio
or sta@ £20 HVAT
Our Doppier Radar Alarm candetect”
intruders early enough«(andoud
enough) to offer.your home real
protection. ~Standard kit including
two transmitters €70 + VAT
MCS-1 MIDI-contrelled sampling unit ~ Pair of'extra transmitters €23 + VAT
doubles as a high qualilyeifects ecial offer. extended kit including
Complete kit £290 + VAT four transmitters €84 + VAT
Send for dentonstration tapefto sample some of the sounds available£2.50 +VATA ;
- ey cmm en e Wy -— aas e Y ¥ I X X 2K 2 0
] fl.‘-t;-l"-owertran Cybernehcs L|m|ted Portway Industrlal Estate, Andover Hampshire SP10 3
" PI e the followmg kits s
-t e Cheque/Postal Order, value £ (Don’t forget to add V.A.T.)
G Address e
! e o
' Please allow 21 days for delwery. Offers subject to availability. Prices apply to UK only are exclusive of V.A.T. &
L and correct at time of.&ogto press. O\‘Er-s:ﬁ :::swe_rs- pleasicw?_m'%— E’fﬂ?ﬁ)ﬁme—m---- P v womm _."
Access/Vlsa cardholders save time - order by phone: 0264 64455, r

DATAMAN

Lombard House, Cornwall Road,

micro engineering

DORCHESTER Dorset DTl 1RX
phone 0305 68066 telex 418442
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AFFORDABLE ATE

Diagnoses kus troukles
Helps mend micro koards
Z80, 6502, 6800, 8085
All covered by one product
Disassemblers .included
Plugs into micro socket
Hand-held proke identifies
ADDRESS, DATA and CONTRIL

lines at a touch,

Prints a memory map
of an unknown system
showing ROM, RAM, 1/00

and EMPTY ADDRESSING SPACE

——————\FIST PROM PROGRAVMER

Copies eight EPRIOMS ot o pass
all 23 and 27 series up to 27256
EPROM type is set by switches
erasure is checked automatically
control is simple - two keys
Alpha liquid crystal display
checksum facility 6 hex digits
FAST or NIORMAL progromming
PLUS VERSION also has:
serial RS232 program & check
CTS or DSR handshake
ASCII, SIMPLE HEX, INTELHEX
MOTOROLA S or TEKHEX
395

GANG—OF—-FIGHT
GANG—QF—-EIGHT plust 445

180 TUTOR

Designed for Schools Council
to teach Z80 machine code

MENTA uses TV for display

shows STACK & PROGRAM in HEX

EPROM EDITOR

Displays HEX on standard TV
with text-editing facilities
inserts ond deletes
shifts and copies
bytes and blocks of code
EMULATES EPROM in circuit
using romulator lead supplied

Editing facility includes
direct keyboard ASSEMBLER
RS232-output DISASSEMBLER

Used to write & debug
short machine-code routines
MENTA is a complete
controller with 24 bits of I/0

used for ROBOTICS

TEACHER’s GUIDE, PUPIL READER
MDDULt‘.S (eg A tc D2 avcailcbie

|MENTA £99
COMPUTER BARGAINS

7 Uplouds——und downloads
using serial and parallel
routines - RS232, Centronics

PROGRAMS & EMULATES
2716 - 2732 2532

Useful for development
particularly for piggy-back

single—-chip micraos

Adaptor is available
to program 2764 & 27128

LOGS cll tests and responses
on PRINTER and ALPHA LCD
Non—volatile memory
retains test sequences
CHECKSUMS, RAMTESTS,
READS/WRITES MEMORY & I/0
Reports location of SHORTS
on ADDRESS and DATA busses
Prints out memory contents
in ASCII, HEX or SOURCE CODE

You cannot expect to mend

microprocessor products with
a meter and a scope.

How many repairs would
pay for your SuperDOC?

SuperDOC.. £ SIS

“"Our expensive equipment
stays on the shelf
Jor weeks — bwut SOFTY
is used every day”
~ says big—budget customer

SIONEEX £79 5
ADAPTOR... £ 25

less postal expenses, if goods

VAT must be added to

PRODUCT IS USUALLY IN STOCK
TODAY DESPATCH IS POSSIBLE

PHONE FOR A LITE'RATURE‘ PACK

-ring for our BEST OFFER

| OLIVETTI MZ1, M24
| with 10MB hard disk if reaq.
| AUTO-CAD & M24 created this AD

also FPSON PX8
EPROM ERASERS from 9

(BUY [T AND TRY [T

REFUND GUARANTEED

turned intact within 14 days
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The technology of television won't stand still: satellites, videotext systems, cable, video,
equipment interfacing.... Follow developments month by month in this unique magazine.
Each issue includes in-depth servicing articles on TVs and VCRs. Other regular features
include test reports, also vintage and DX TV. The magazine for all those interested in the

technology of domestic TV and video.

Inside the November issue
OUT NOW

* Servicing with a Logic
Probe—fault finding in

logic circuitry.
* Transistor Field Timebase
Circuits—review of circuit
techniques.

% Servicing Hybrid Colour
Sets— Decca Bradford and
ITT CVC5-9 series.

HENEVISION

SERVICING-PROJE

CTS-VIDEQ -DEVELOPMENTS

SECUR

A COMPLETE SECURITY

SYSTEM

FORONLY

£39.95 +var.

contains:

Control Unit CA1250

Enclosure& mechanical ﬁxingsw .

5205':“”‘ CHL KSL?O‘ * Adjustable range up to 250,

5%" Horn Speaker HS 588 * 3lgvels of discrmination against false atarm

* Crystal controlled. .
* Low-consumption 12V operation.
* Built-in delays & fixed alarm time.

4 high quality surface mountin;
Maghetic Switches

S 1025

With only a few hours of your time 1t is possible 1o assembla and install aneffective security system
10 protect your family and praperty, at the amazingly low cost of £39.95 + V.A.T. No compromises
have been made and no corners have been cut. The outstanding value results from volume
peoduction and direct supply. Asserbly is straightforward with the detailed instructions provided.
When installed you can enjoy the peace of mind that results from a secure home. Should you wish
to tncrease the level of security, the system may be extended at any time with additional magnetic
witches, i Don'twaituniilit'stoo late - order today.
Order Code: CS 1370

automatic light switching and industrial applications.

FYTREES

UK. orde
EXTENDED SYSTEM CS 1480 Price £62.50 + VAT. :
i ins, in addition to the CS 1370, type USS063 + i ! Units on
::I:ddi(ianal» horn speaker and a(?l:rlhev 2 magnetic switches. This system represents outstanding Suitable metal encloSure
L/alue for maney for the high leve! of secunty provided. Order Code: CS 1480 £295+VAT. saturday
CIRCLE 7 FOR FUR

An advanced ultrasonic mavement detector which employs digital
circuit techniques to provide a superior performance for security,

export postage at cost

Shon hours 9.00 to 5.30 p.m.
Closed all day Wednesday E

" - W

INFRA-RED
SYSTEM
IR 1470

The heart of any afarm system is the control unit. The CA 1250 offers

every possitls feature that s likely to be required when constructing

an installation ot simply controlling a single magnetic switch on the

front daor

* Built-in electronic siren drives 2 loud speakers

* Provides exit and entrarice delavsloge:hev with fixed atarm time

N -up Wi i 3 " "

E gmm?:f‘: B T ds, ult icorLR. The 1R 1470 provides an invisible beam of light which, when
ur’\’:s interrupted energises a bmn-i'nn refay in order to o'p:erm e;:_emal

* Anti- ic facili switches or equipment. Ideal for use in security, photographic, o
e industrial applications.

* Stabilised output voltage £
* 2 operating modes full alarmvanti tamper and panic facifity Price only £25.61 + VAT
* Serew connections for ease of instaflation

* Separate relay contacts for external loads

* Test loop facility 3
Suitable enclosure for CA 1250 as shown in
Complete Security System - HW 1250

Price £9.50 + VAT

V.A.Y. to all prices Write or telephone for full

rs at 750 P&P, details of our complete range

Please allow 7 days for delivery
Order by telephone or post

using .L“]

your credit card

* Oparates over distance up to 50f1.
+ {ED indicator for easy slignment.
*12V low current operation.

" Single hole mounting.

Suitable power supply and |-

#®.  timed switching unit for use
L& with [R 1470, etc.

ol Price £13.95 + V.AT,

o
: Dept EE34. N
¥ 51 Poppy Road.
RlSCOMP Princespmsbmough.
Bucks. HP17 90B.

LiMiTED Princes Risborough

(084 44) 6326

demonstration

9.00 to 1.00 p.m

HER DETAILS.

IN VIEW OF THE EXTREMELY RAPID CHANGE TAKING
PLACE IN THE ELECTRONICS INDUSTRY, LARGE QUANTI-
TIES OF COMPONENTS BECOME REDUNDANT. WE ARE
CASH PURCHASERS OF SUCH MATERIALS AND WOULD
APPRECIATE A TELEPHONE CALL OR A LIST IF AVAILABLE.
WE PAY TOP PRICES AND COLLECT.

R.HensonLtd.

21 Lodge Lane, N. Finchiey, London, N.12. 5 mins. from Tally Ho corner
Telephone 01445 2713/0749
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CIRCLE 39 FOR FURTHER DETAILS.

Lynwood GD1 VDUs! Intelligent Green micra_contralled, -
RS232, printer port, 101 key k/b. Full Video
enhancements. .................. ONLY £149+£15P&P (S/H)
Burroughs MT686/7/TD710: Intelligent Green 12" VDU with
3micros and 64K store. RS232. Programmable. ..Only €199
new ar £149 S/H + £15 P&P
Open Chassis Video Monitors fromabaveVDUs ..............
................................................. £40+7.00 p&p .
Multirail Switching PSUs from abave 5v4A 12v +%42\g o2 o B

Data General 6012 VDU'’s very attractive display working RS232

with integral 73 key k/b either dumb terminal mode or page

buffered. .....................oel . Only£120.00+ £15.00 p&p

Centronics 306 Line printers: Professianal fast (120 cps),

superb quality 80 column printer. Paralleti/t. ... ONLY £99+ £15.00 P&P
Oshorne Executive Portable CP/M system with oodles of software. Twin floppy
CLVED oo o paa0s hondoomooaeaoans s o a Ga0 660 o0 Btk ABREIN00E £900+£15p&p
Diablo 630 Daisywheel printer. OEMi/f................. NEWE599+£15P&P
Calcomp 565 Drum Plotter, 10thousteps. .............

BECKENHAMPERIPHERALSLTD ...

01-466 5582 redundant peripherais
34 Rodway Road, Bromley 3
Kent BR1 3JL

Callers welcome
by appointment

- . CIRCLE 41 FOR FURTHER DETAILS.
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FEEDBACK

PREAMPLIFIER
DESIGN

I would like to accept the
challenge offered by Mr Self
(WW, October 1983) on the
question of distortion in
electrolytic capacitors.

Both tantalum electrolytic and
ceramic capacitors can be
measured directly with a Sound
Technology or equivalent
distortion analyser.'? The only
important factor to consider is
scaling the RC time constant (R
being an external load resistor)
to be near the measurement
frequency within an order of
magnitude. If one considers
warp-generated frequencies
below 10 Hz, many designs can
be compromised by poorly
chosen time constants and
component selection.

Another test method uses an
asymmetrical pulse of 1 to
20ms in length driving two
identical RC time constants,
except that one ‘C’ is an
electrolytic and the other is a
film such as polypropylene.
When the outputs of these two
RC time constants are
subtracted from each other
using an instrumentation-type
op-amp (in-amp) and the
remainder viewed on an
oscilloscope, one can find up to
7.5% of the original pulse height
that is not nullable, even after
adjusting for differences in
capacitance, inductance, and
series resistance between the
two capacitors. This test may
also be performed on a Sound
Technology because it has an
in-amp input.

Generally the remainder will
lie between 0.1% and 4%,
depending upon capacitor
construction, dielectric, the
presence of d.c. bias, pulse
width, loading and other
factors. This residual is not
level dependent, so any
reasonable pulse amplitude
between 0.5 and 10 volts can
be used. Alternatively, one can
use pink noise or music as a
source.

Use of an Analog Devices
AD524 instrumentation op-amp
in a X100 gain configuration
allows one to use an
oscilloscope directly without
need for further amplification.
The remainder is primarily due
to dielectric absorption®
although other sources of error
are probable. With the AD524,
differences between capacitor
types and brands can be

RC = 1-6ps
——\ Cref R
R =50 (Tefton)

}

Output fo
oscilloscope

—0
200 to Sk

-y 1
())—43
9

Inputs from
bridge (Fig.1)

2R}

.13
L 2
i

e e il

Shown with
K =100

Q
V-(-15V)

Vs {(+15V)
O

Differential amp.
with a calibrated
gain of 'K’

To oscilloscope

O
Diff. gain"K' | Aq jumpers
10 3-—-13
100 3—12

1000 3—1

measured to less than 0.001%,
allowing various film caps such
as polyester and polycarbonate

to be compared with

polystyrene and polypropylene.
I hope that these test
procedures will help debunk the
myth that capacitors behave
close to the ideal model that

many engineers have chosen to
accept without question.
John Curl

Berkeley

California

USA

(Letter received in April, 1984
— Ed).
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I would like to thank Mr Self for.

the details provided for the
Sound Technology unit he uses
for distortion tests, and for the
well-reasoned letter in April
WW. For the sake of all, it is
probably not worthwhile arguing
about connector quality — you
either believe in ‘good’
connectors or you don’t. In
this regard, I notice that the
telephone supplied me appears
to be full of gold flashed
contacts and recent electronic
watt-hour reference standards
used in the calibration of
electricity meters use silver
bearing solder connections
everywhere rather than any
mechanical contacts. The latter
was explained to me as
necessary in order to obtain
repeatable performance
characteristics at the level of +
0.04% uncertainty from true.
(Sangamo Type A-6 and A-7,
which also features rather
wonderful wire crusher
thumbwheels for connection to
the external world.)

As a last point, I should
mention that I built a WW
project some three years ago —
the Linsley-Hood head
amplifier. Being a single-ended
design, it certainly needs
coupling capacitors and I used
the usual inexpensive
Matsushita electroytics at first.
This is a very good head amp.
and its characteristics
suggested that a parts upgrade
might produce superb results. A
year of searching around and
cajoling manufacturers led to
the procurements of some top
quality Sprague 673D
electrolytics, all of which I
bypassed with Sprague
polypropylenes in a second
unit. Since the circuits are
identical, it is a laugh to
compare the two pre-amps.
They measure the same -and
sound completely different to
even the most casual observer, .
and no, the inexpensive unit is
not better. Nor is it even close.
So here is a case where a
difference exists even between
electrolytic capacitors, as .
common sense would expect at
a 20 to 1 price differential. If it
is not a distortion difference of
some kind, then what is it?

~ Since the best capacitor is no

capacitor at all, I look forward
to my next winter’s project,
which is to build Mr Linsley-
Hood’s designs from January
1985 WW. I fully expect the
results will be marvellous.

In the meantime, Mr Self
should not feel so threatened by
what he regards somehow as
attacks on his integrity. He
would occasion less :
argumentative discussion by not
appearing so pedantic in print,
which is what caused me to -
respond to the original article
and led to the current letter-
writing saga. However, seeing
that this epic has stimulated
someone of Mr Curl’s stature to
examine the subject in detail,
then all of us will have been
well served.

W.M.B. Armstrong
Armdale
N.S. Canada

BEEB CUTS

Your article in the September
issue of Wireless World on BBC
plans to save money was
interesting but not, I submit,
entirely relevant to your
readers.

I understand that the bulk of
the cuts to be made in BBC
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FEEDBACK

Central Services will fall on the
engineering department, and in
particular on the Studio Capital
Projects Department. In
common [ am sure with many
others, I have had many
passages of arms with this
department, cursing them for
being over-cautious and
swearing at them for over-
specifying! Nevertheless I
believe that they do an essential
job in maintaining that technical
excellence on which a large part
of the BBC’s international
reputation rests, and it is
difficult to see how the Director
of Engineering is effectively to
carry out his responsibilities for
technical standards under such
conditions.

A viable option would surely
be to ‘privatize’ the Designs,
Architectural and Capital
Projects Divisions, possibly
under the auspices of BBC
Enterprises, and encourage
them to undertake paid outside
work — studio design, both
architectural and technical,
technical assessment, etc. —
as well as making, on a
properly accountable basis,
equipment recommendations to
the user groups within the BBC
itself. One of the most
frequently asked questions to
an exporter is “Do the BBC use
it?”, and it would seem a waste
not to capitalize on this
reputation. Surely,
manufacturers and importers
would be prepared to pay for
assessments which could lead
to an “approved for use within
the BBC” label?

Undoubtedly, as in any large
organization, there are
economies to be made in
operation and improvements in
productivity. The present
proposals however are more
reminiscent of “throwing the
baby out with the bath-water”.

- P.W. Granet

Managing Director:
Granet Communications Ltd.

VALVE DISC
PREAMPLIFIER

With reference to recent
discussion (e.g.Lewis,
Feedback, August 1985) your
correspondents may like to
pursue a reference in “High
Quality Sound Reproduction” by
James Moir (Chapman & Hall
1958). In this classic textbook,
he describes in Chapfer 3 the

20

experiments performed to
measure the sensitivity of the
ear to phase distortion, and
states that with a 400Hz square
wave reproduced firstly
unaltered and secondly with all
components above 400Hz
reversed in phase but still with
their amplitudes unaltered, “the
change from one signal to_
another could not be detected
by any member of a test group

of 100 subjects, even when the .

waveform change was
simultaneously presented on a
cathode-ray tube and a
reproducing system of the
highest standard was
employed”

The original work by Lane
was reported in Bell Syst.
Tech.J. in July 1930, and was
completely confirmed by Moir
in 1955 on up to date
equipment, and reported in
Wireless World in April 1956.

While not wishing to infer
another explanation, I feel it is
necessary not to fall into the
trap of assuming a theory,
especially when original
published work exists.

It may be that work designed
to measure group delays and
non-linear phase characteristics
in the recording/reproducing
chain would throw some
interesting light on this
problem. Moir does point to
Steinberg’s work on phase
distortion on telephone quality
reported in the same volume as
Lane’s work, implying a
different effect on sound quality
between linear and non-linear
filters.

P.W. Small

Cambridge Automation
Haverhill

Suffolk

LOGIC SYMBOLS

With all the recent letters
regarding the shape of gates
and flip-flops, I am surprised
that no one has commented on
the use of mixed logic notation
in circuit diagrams. Leaving
aside the debate on the shape, 1
have used four different
systems in my brief career:
using mixed logic can decrease
the complexity and turn a
circuit diagram into a logic
diagram.

The de Morgan translation
of gates is carried out
automatically as mixed logic is
used and the circuits’ logic
becomes easily understandable

as it is reduced to its basic And,
Or and Not components. Thus
the diagram’s main function is
to communicate the logic flow
of signals between gates and
not the interconnection route of
wire or p.c.b. tracks.

One disadvantage is that a
Nand gate, for example, could
adopt an Or shape but any good
circuit diagram should contain
device type and p.c.b. reference
number.

So come on, Wireless World,
set an example and lead the
way, adopt mixed logic
convention and, at the risk of
more readers’ letters, the new
rectangular shapes!

A.G.H. Sibley
Abingdon
Oxfordshire

The proof of the pudding is in
the eating. Have you tried to
quickly sketch out a new circuit
using them? Life is too short.
They only convey useful
information after all the
numbers and letters are filled
in. This is not necessary with
the old curvy pointy symbols
with knobs on, or with say a
latch or monostable since the
map is the message. (Apologies
to the late great McLuhan.)
Long may the wiggly resistor
reign over the boring box!

The old symbols are practical
for real use. A circuit can be
recognised at a glance (if
reasonably laid out), and only
when exact diagnosis is
required does one need the pin
numbers.

The new ones are only good
for plotting on cheap v.d.us and
dot matrix printers with limited
graphics programs, they are not
usually easy to read because all
information is presented at the
same level and the reader
suffers rapid brain fatigue.

On another tack, I thoroughly
applaud your “Every word a
pearl?” in the August issue.
Most people use too many
words and kill the meaning with
cleverness (I know, I do it
too!). Then again too many
people seem to take a
mantifacturers. application note,
maybe two paras and a circuit,
dress it up with a box and
lights, and then publish with
two pages of waffle. So please
keep up the supply of genuine
pearls!

R.F. Stevens
Ickenham
Middlesex
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WIRELESS? -

Mr John Beud (Letters,
September) has an ally here.
Although I cannot claim his
length of experience, I have
derived much pleasure and
great fascination from wireless
for some thirty years, starting
as a youthful enthusiast of
eleven or twelve. ;

It seerhs to me that the
subject of your masthead has
now divided itself naturally into
two separate areas, and I would
add a strong plea for those of us
who still remember ‘real’
wireless not to be forgotten. I
have long had a growing
suspicion that the move
towards totally semiconductor
electronics has involved a
certain general and self
deception. I do not for a
moment deny that many
hitherto inconceivable wonders
are now possible, and I
regularly use several of them,
but I believe that there has
been a certain discharging of
babies along with the
bathwater, and that we have
lost much in terms of
simplicity, efficiency and plain
old-fashioned quality.

Mr Beud selected
communications receivers for
comment. Apart from totally
agreeing with his comments, I
find it interesting that the same
issue reviewed a number of
contemporary receivers. I could
afford none of these, except
possibly the little Sony, and in
fact I have its predecessor, the
ICF2001, which I find a
disappointment. When I recall
spending £2 in 1955 on a
ninety-ninth-hand Hallicrafters
S38 my disappointment
smoulders into frustration. This
little set, modest even in its
day, would let me work just
about every part of the globe —
and all on 50 feet of aerial
between the apple trees. I still
occasionally produce a small
valve receiver for some latest
plot, and they never disappoint

me in their results. Looking at
the prices of those receivers
reviewed as being useful to the
enthusiastic amateur, I am
finally convinced that a small
company producing good simple
a.m./f.m./s.s.b. valve
superhets to sell at a realistic
price would soon flourish. Any
offers of help to launch it?

In other areas too, we neglect
thermionics to our own loss. I
recently rediscovered the space-
charge electrometer valve, and

was delighted to find how very

good it is compared with the

f.e.t. and how much more

gnvironmentally tolerant it can
e.

Pat Hawker (Communications
Commentary, Sept.) mentions
growing enthusiasm for old
style transmitters. Mr Beud and
I are shouting the praises of
old-style receivers. Perhaps we
should all start the Campaign
for Real Wireless. Certainly
some editorial fodder for the
more traditional souls would be
welcome. Best of all, it might
do much to remove the ‘black
box’ attitude prevalent among
many of today’s younger
constructors, and encourage a
genuine and intelligent interest
in the fundamentals of wireless,
as opposed to semiconductor
theory. Sealing wax and string
are out of fashion now, but it is
salutory to remind ourselves of
the many great discoveries and
discoverers associated with this
approach, where the apparatus

rather than the understanding
was improvised.

Jeremy Ahern

Ystradgynlais

Powys

The letter from John D. Beud
in the September issue
highlighted the difficulty not
only of obtaining some quality
valved communications
receivers of yesteryear but also
the problem encountered in
obtaining relevant technical
information. An example of my
own experience may be of -
interest to readers.

When I wished to obtain a
manual for the US military
R388/URR receiver of 1952
vintage I wrote to two specialist
suppliers. The first, who
advertises in the amateur press,
quoted a figure of £9.95.
However, it was stated that
delivery could be as long as a
month and if the item could not
be located a search fee of £1
would be deducted from the
refund. My second inquiry
resulted in a quote of £3 for the

- official manual plus 70p postage

and it was supplied within a
matter of days. -

Technical information for th
BRT 400 is available for £3.25
plus postage as above from A.J.
Brooks, 5 Farrant House,
Winstanley Rd, London SW11
2E].

I am searching for anyone
who can supply parts for the
apparently defunct Ferrograph

series of recorders. If any
information is to hand there
may well be others who are in
the same position as myself and
who would welcome the
publication of a supplier’s name
and address.

Hilary Humphries

Newmarket

Suffolk

Parts for Ferrograph equipment
can be obtained from Audio
Video Marketing, Units 20/21;
Royal Industrial Estate, Jarrow,
Tyne and Wear. NE32 3HR —
Ed.

RELATIVITY —
and NOSTALGIA

Since I have been mentioned by
name, [ think I should respond
as best I can to the question
about relativity, but the letter
from George Lewin stirs some
ancient memories. While still at
school I was given a stack of
back numbers of Wireless
World (long ago disposed of),
so I should be interested to
know when it first appeared.
Professor Townsend was a
great man in his day, which was
probably 1915 when his book
on Electricity in Gases was
published, but I do not think he
would ever have been interested
in relativity: he disliked
thermionics and vacuum
techniques and goodness knows
what he would have made of
out present solid-state
technolgy. The lecher wire
oscillator was run at 900 volts -
because, so it was said,
someone thought 1000 volts
would be dangerous!

Various formulae of relativity
theory have been confirmed
experimentally. The increased
inertial mass of a particle
moving at a velocity comparable
with the velocity of light is
sufficiently apparent from work
with particle accelerators and
the interchange of mass and
energy from nuclear reactions.
The “curvature of space’ in the
presence of matter, which is
predicted by general relativity,
is said to be confirmed with an
accuracy of 0.3% by bouncing a
radar signal off a planet as it is
about to pass behind the sun.
There has been the experiment
of sending an atomic clock .
round the world from West to
East in a high flying jet aircraft
while a similar atomic clock was
flown round from East to West.
The two showed a small
difference in time after the
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experiment, a difference which
agreed approximately with that
predicted by relativity.
Einstein’s general theory of
relativity, as well as some other
post-Newtonian theories of
mechanics, postulates the
existence of gravitational waves
which several laboratories are
looking for but none is believed
to have found as yet. (There is,
however, indirect evidence from
astronomical observations,
namely that the loss of orbital
energy from a certain binary
star could be accounted for by
energy carried away in
gravitational waves). That is all
I know about relativity, so may
I now pass the buck to Dr L.

- Essen, formerly of NPL, who

has taken much more interest
in relativity than I have.
‘D.A. Bell

Walkington

Beverley

ENERGY
TRANSFER

Since Ivor Catt has questioned
the normal view of electric
current, I would like to mention
a problem which has troubled
me since my student days,
relating to the Hall effect in p-
type semiconductors.

A charge Q moving through a
magnetic field B experiences a
Force F = BQ vsin{ where
is the velocity of the charge and
is the angle between the
velocity and the field, with the
direction of F given by
Fleming’s left-hand rule.

It follows that when a
negatively charged electron is
moving along a wire through a
perpendicular magnetic field, it
will be forced to one side of the
wire as shown in Fig. 1, where
a current-carrying wire acquires
a Hall voltage. Once this
voltage is established, the
electrostatic force balances the
magnetic force. This works
equally well in the case of n-
type semiconductors. However,
in the case of p-type
semiconductors the measured
Hall voltage is reversed. This is
said to be because the majority
charge carriers are positive
“holes” moving in the opposite
direction, as shown in Fig.2.
My problem is that no positive
charges actually move; it simply
appears that they do, in the
same way that a “free seat”
appears to move backwards
along a doctor’s waiting-room
queue, as patients (electrons)

8 field info paper
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move one place forward when
the space (hole) is immediately
in front of them. In fact, the
patients are moving forward and
nothing is moving backwards. A
force cannot push against
nothing. i
~ Even if one believes that a
force can act upon a massless
“hole” (which Newton would
find difficult), whenever the
hole moves one step one way,
an electron would automatically
be moving the other way at the
same speed, therefore
presumably experiencing the
same force, the two effects
cancelling and the nett Hall
voltage being zero.

My interpretation of the
established theory doesn’t agree
with experiment.

R. Petzeratt
Brighton

#7] |

Following the debate in WW
concerning the nature of €electric
current, Ivor Catt has shown
that the establishment
explanation of electric current,

consisting of moving electronic

charges, is anomalous.
However, it may be that the
reluctance of many readers to
accept these anomalies is due to
this explanation being so closely
associated with the model of the
atom with which we have all

‘grown up. If the established

theory of electric current is
indeed inextricably linked to
this model of the atom, so that
if one fails the other collapses,
it might be useful to look back
again at the roots of this view of
the atom.

Following Dalton’s atomic
theory of 1803, the atom had
been regarded as the smallest
possible particle of matter.
However there was a
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disagreeably large number of
types of atoms (elements) on
the Periodic Table, and it
seemed sensible to look for
something more fundamental.
Simple atomic structures were
devised, starting with the “plum
pudding” atom, and later the
“nuclear” atom of Ernest
Rutherford in 1904, according -
to which all atoms were built of
a nucleus containing protons
and electrons surrounded by a

~ system of orbitting electrons.

The attractiveness of this
atomic model was largely due to
its overwhelming simplicity. It
replaced more than ninety
“starting points” with just two.
The theory won over the
establishment, so that later,
despite modifications of
structure by Nils Bohr and
others, the two particles
remained.

Armed with this model,
physicists soon investigated the
atom further, and found that
various loose ends didn't quite
tie up. In order to save the
theory, just as Thomas Kuhn
describes in “Structure of
Scientific Revolutions”, extra ad
hoc hypotheses were added to
the original theory. Physicists
made their names by
discovering new fundamental
particles, behaving as scientists
in the Kuhnian “Normal
science” mode, each particle
being just right to plug its
particular gap. Today, on top of

~ the original two, we have

collected a veritable zoo,
including neutrons, photons,
positrons, neutrinos, pions,
muons, nuons, and other -
strange particles which refuse

to behave as they ought, plus

all their anti-particles, not to
mention the speculative
gravitons and tachyons, giving
us a total of well over thirty.

If Rutherford had originally
proposed this many
fundamental paticles with such
peculiar properties, however
well it performed, it would have
been rejected as absurd, and

‘physicists would have sought a

better answer. More recently,
dissatisfied physicists have
made somewhat abortive
attempts to build these
“fundamental” particles from
even more fundamental
“quarks”, but seldom has
anyone seriously questioned
whether Rutherford’s basic idea
could have been wrong.
Oliver Fish

Hove

Sussex |
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One notices how many
contributors to Mr. Catt’s
enquiries into the existence, or

otherwise, of electric ‘current’,

have been folk steeped in line-
transmission knowledge. And
who as such have been able to
clearly distinguish between R
pure and simple, and the R+jx
aspect of practival transmission
system. -

The question which has been
lodged in the writer’s mind,
ever since Mr Catt lauched his
views, is “what is the behaviour
of a long line when subject to
low-temperature super-
conduction conditions”? always
supposing any source of an
applied e.m.p. is sans either ‘R
or ‘R+Jx’. One imagines the
velocity of propagation would be
equal to that of free space, but
what of phase ange
considerations?

First go to Mr Catt please.
Ouida Dogg
Hurstpierpoint

Hassocks

West Sussex

LIGHT, DISTANCE
AND TIME

While I hate to add to your
magazine’s no doubt lengthy
correspondence on special
relativity, Alex Jones’ letter
(Sept. 1985) calls for a reply.
Whilst I wholeheartedly agree
with Mr Jones’ sentiments
concerning some of the basic
errors present in “standard”
relativistic theory, and feel he
should be congratulated on
correctly dealing with most of
them, there are a few points

-that he omitted, notably the

flaw in Einstein’s second

~ postulate.

Not only is it impossible to
satisfactorily explain why or by
what mechanism the velocity of
light should choose to remain
constant in all frames of
reference, but a cursory
examination shows that
Einstein, apart from showing an
understandable topological
naivete seems to have forgotten
what a velocity actually is.

The velocity of light in a
given direction, as opposed to
its speed, has never been
measured and it is probably a
basic law that it never can be,

~ certainly not by the there-and-

back experiments performed at
the end of the last century to
determine the existance of the
aether. These measurements

could only give an average of
two opposed velocities that
would be a constant whatever
the relative motion of the aether
(which can be used to equate
energy with length, yields new
equations of motion for the
regions where the abbreviated
E~0.5mv? is no longer accurate
enough, and allows for the
expansion of space by radiated
energy).

The other fatal flaw is (as Mr
Jones nearly says) in Einstein’s
use of Cartesian geometry to
formulate his equations. Using
a polar system more suited to
coping with observations made
from a given point and
discarding his incorrect use of
the Lorentz transformation
(which relies on a fixed velocity
of light), the result is a simpler
equation for the time-dilation
effect, which has it that clocks
moving towards the observer
run fast, clocks moving away
run more slowly, and that those
that are “stationary” or moving
at constant distance from the

‘observer stay in sync. — -
" exactly the same results that

you would obtain using
temporal perspective, The
Doppler-Fizeau effect or plain
‘common sense to calculate the
“apparent”, and “non-
relativistic” time-shift on
moving objects.

E. Baird

Isleworth

‘Middlesex .

CAUSALITY

Although somewhat belated
(February 1985 issue of EWW)
this is an acceptance of a
challenge made in that issue.

. if there are readers of this
journal who can see a way .

. around the strongly held view

that “the necessary connection”
exists only in the human mind.

- (News Commentary, p.6.) This

issue concerned the existence
or non-existence of necessary .
connections between physical
events in nature such as a
force-e.m.f. and a current
flowing in a wire. The present
view of Hume-Ayer etc. is that
there is no such a link between
separate events and that only a
constant conjunction of such
discrete events is observed.

A concrete example of a
necessary connection between
an e.m.f. and a resultant
current flow illustrates this.
The physical necessity lies in

-two forms in such a case: (1)

that of the physical link
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between an e.m.f. and the
current flow; and (2) most of all
in the form of mathematical
laws governing the whole casual
chain of physical events. In

the first form modern quantum
theory shows that a physically
real, detectable photon of
radiation links the external
electromagnetic field to the flow

of a current, usually as a flow of

free electrons (this is debatable
as to the nature of current).
This secures the physical bond
between cause, external e.m.f.,
and effect, current flow in the
wire. But a Human could reply
here that there is just a finer
cause-effect relationship here,
i.e. e.m.f. -Photon-electron
motion. And this is where the
reply of (2) in terms of
mathematical laws is crucial.

It is a historical fact that the
extreme empiricism of Hume-
Ayer etc. is limited both in its
reliance on common experience
and especially on the logic of

ordinary language. And here is .

where that school makes its

- gravest error re scientific law. It

assumes with Aristotle that
laws are of the form, ‘If A,

B’ or equivalently ‘All A’s are
B,’ the generalizations of logic.
But as Galileo pointed out and
Newton repeated, nature
follows and laws of mathematics
and not the sterile tautologies of
philosophers. In the language of
mathematics as applied to
nature one finds that necessity
not found in mere tautologies,
and which binds events into a
net of necessary relations. It is
only when the philosophers of
tautology go to work on the
notion of natural necessity with
their a priori logical model that
nature gets bifurcated into an
irrational constant conjunction
of events, on the one hand, and
a series of empty tautologies,
on the other hand. This is the
fatal divorce that makes so
much of modern philosophy of
science into an empty
scepticism or a hopeless
relativism of language systems.
G. Glondeau

Canmet, E.M.R.

Ottawa, Ontario

Canada

Letters

Letters for publication are
always welcome, but the
shorter and pithier, the better. I
try not to edit original letters,
but sometimes they are far too
long, and therefore cut, and the
writers upset. Please keep your
letters short.

Imhof-Express gives you a 24-hour delivery
of the most comprehensive range of small
diecast boxes available anywhere.

They are ideal for the hobbyist who

- wants strong metal boxes with good
screening properties.

To order you simply phone your Access
or Visa card number and the goods will be
despatched within 24 hours.

For details on these and all our many
other products. ask for our latest
catalogue.

Imhof Express
Riverside Way. Uxbridge IE-I

Middiesex UB8 2Y X

‘S (0895) 72247/8/9 and 72261/2/3/4

0895 72247

CIRCLE 42 FOR FURTHER DETAILS.

ST EQUIPMENTX
COMPUTER PRODUCTS

* Fully guaranteed

* Performance to original mom
specification

* Wide range of instruments
& computer products

t
Ring for lates
stock information

99, Waldegrave Road, Teddington, Middiesex TW11 8LL.

ELECTRONICS LTD. Telephone 01-943 4477. Telex 23920 (Euhire)

Used test equipment and computer specialist
CIRCLE 8 FOR FURTHER DETAILS.

W

SATELLITE TELEVISION
RECEPTION EQUIPMENT

ANTENNA
1.8m dia aluminium petal dish complete with potar mount 45.4 dB gain
at 11.45GHz £609 + VAT (carriage included)

- 1.8m to 2.25m dia solid aluminium dishes prices from £580 + VAT
(carriage included)
SATELLITE TELEVISION RECEIVERS ~ ]
suitable for 4GHz and 12GHz I.F. input 430—930MHz £399 + VAT
(carriage included)
LOW NOISE CONVERTER
10.95t0 11.70GHz £560 + VAT (carriage included)

Get to know more about the latest technology by reading ‘Tomorrows
Television Today' by Michael J Stone. This well iliustrated book is a
comprehensive guide and covers all aspects including the fundamental
theory of sateliite television reception. Price: £9.95inc p+p

11GHz SATELLITE TV RECEIVING EQUIPMENT
LNA’s LNC’s RECEIVERS, FEED HORNS ETC.

Dealer enquiries welcome
For further details contact

HARRISON ELECTRONICS
22 MILTON ROAD, WESTCLIFF-ON-SEA, ESSEX SS0 7JX Tel: (0702) 332338

SATELLITE TECHNOLOGY SYSTEMS LTD
3 Thicket Road, Staple Hill Bristol BS16 4LW
Telephone: 0272 573878 Telex: 449752 CHACOM G ATTN: STS

&V |
(/] r
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Under the World Administrative
Radio Conference plan of 1977,
forty channels are assigned to the
800MHz-wide band extending
from 11.7 to 12.5GHz. Each
country taking part is provided
with a service area tailored as far
as possible to suit the country
concerned and the plan has been
so arranged that the channels
allocated to any one country

(usually five) all fall within one"

half of the band. This means that
the tuning range of the receiver
need only cover 400MHz,
although in some cases the full
800MHz might be desirable

- because reception of transmis-

sions intended for other areas
might be required.
The satellites occupy a number

John Hastings is a senior
engineeer with Thorn EMI
Ferguson’s advance study group.

Fig.1. These figures relate to
the expected signal level at
the edge of the services area.

wore e Satellite receiver design

Through direct satellite tv broadcasts
by Britain may still be some way off
manufacturers are readying receiver

designs.

of positions in the equatorial
plane, but the transmissions
intended for any one country all
come from a satellite at one posi-
tion. The receiver can therefore
operate from a fixed antenna
without need for tracking.

Receiving system

Although other types are poss-
ible, it is likely that the antenna
will take the form of a parabolic
reflector and waveguide feed.
The first part of the receiver
will be bolted directly onto the

antenna, avoiding the inconveni- -

-ence of a long waveguide into the
building. This part will consist of
a down-converter changing the
signal to a frequency in the range
1 to 2GHz. It may then be fed via
inexpensive coaxial cable to the
remainder of the receiver, usually
known as the indoor unit.

The present state of the art dic- .

tates that the oscillatorin the first
frequency changer is fixed, so
that the signal fed down to the

indoor unit must occupy a band at

least 400MHz wide. Station
selection will be accomplished in
the indoor unit, where a further

The level of —89.1dBW frequency conversion takes
corresponds to 303uV at 75Q2.  place.
Antenna

700mm
dia.
12 GHz

¢ 2108w

—

Down
tonverter

X

) )
Gain 35dB
noise figure 4dB

Ve

Cable loss
12 dB

;')...
= Indoor
3 unit
Signal 89-1dBwW "%
noise 103:-6dBW [
r g
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Antenna sighting

The boresight of the antenna
must point directly towards the
satellite and a line of sight to it
must exist. Because the satellite
is placed in the plane of the equa-

tor, the elevation angle becomes

lower for positions farther north
on the earth’s surface. Both ele-
vation and azimuth angles
depend on the angular position of
the satellite. The Table shows
elevation and azimuth angles for
0°W and 51.5°N (roughly corre-
sponding to London). The UK

“satellite position is 31°W giving

an elevation of 24.35°. For loca-
tions farther north this reduces,
and a typical figure for Northern
England is 22°.

The antenna does not have to
be on the roof as is often
assumed. Despite the low angle,
it will be possible to mount it on a
south-facing wall in many cases,
provided that the diameter does
not exceed the 0.9 metre maxi-
mum envisaged for domestic
installations.

It may also be possible to

mount it on the ground, although
precautions would have to be
taken to avoid damage by child-
ren or others. Even a small dent
would seriously affect the per-
formance: the contour must be
maintained to a small fraction of
the wavelength (25 mm).

Noise performance requirement

First of all, it is necessary to con-
sider the carrier-to-noise ratio

| required by a discriminator. Fora

normal type of limiter and discri-
minator combination without
threshold extention, this is about
10dB for a satisfactory standard
of performance. To allow for
impairment due to errors, and
atmospheric conditions, it is
more usual to assume 14dB in
practice. -
Considering a matched source
and load, the noise power in the
load is kTB, where k is Boltz-

mann’s constant, T is the abso-
lute temperature (normally
290K), and B is the bandwidth.

‘This is valid where the load gen-

erates no noise of its own. In a
practical case T is taken as an
inflated figure calculated from the
antenna temperature and noise
figure of the down converter as
follows: '

T=T,+F— 1T,

where T, is the antenna tempera-
ture, Fis the noise figureand T, is
the reference temperature of
290K. A practical antenna tem-
perature is 160°K and a typical
noise figure is 4dB or 2.5 times,
giving a T value of 595°K. Trans-
lating this and the other units into
decibels relative to the units con-
cerned gives

temperature 27.7dBK
Boltzmann’s const —228.6dB
27MHz bandwidth  74.3dBHz

 —126.6dBW
Signal power

It is clear that the signal power
must be —112.6dBW, i.e. 14dB
stronger. According to the
WARC plan, a minimum power
flux density of —103dB relativeto
1W per square metre (usually
written as —103dBW/m?) should
be provided in the service area.
Assuming a suitable size of para-
bolic reflector for home use is
70cm, and an efficiency of 50%,
the signal power may be calcu-
lated as follows:

Power flux density—103dBW/m?

area 0.385m? —4.1dBm?
efficiency —3 dB
errors —2dB

signal —112.1dBW

This is 0.5dB greater than the
figure calculated above, but as
discussed later, the carrier-to-

noise ratio is further degraded by
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noise from the indoor unit.

Figure 1 shows the levels
according to the calculations
made so far. An overall gain of
35dB is assumed for the down
converter, provided in part by
gain at the first level. The cable
loss of 12dB corresponds to
about 20 metres of normal 5mm
diameter coaxial cable.

In spite of the gain of the down
converter, the signal level is only
—77.1dBW, making the system
susceptible to interfering signals.

Choice of firsti.f.

The danger of interference means
that the choice of 1st intermedi-
ate frequency is important. It is
essential to avoid frequencies
occupied by terrestrial tv trans-
mitters, which means that it must
be placed above 860MHz. On the
other hand, if the frequencies
chosen are too high the design of
the indoor unit may be unneces-
sarily difficult. This places the
upper limit at about 2GHz bearing
in mind the need for a relatively
inexpensive indoor unit.

A band of 950 to 1350MHz has
been proposed, and this should
be satisfactory except at sites
near to powerful radar transmit-
ters operating in this band. Here,
a higher frequency may be neces-
sary and 1410 to 1810MHz has
been proposed.

»?unublve:
bond pass

134-26 MHz
A

Oufput
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YIB-26 to 1886:26 MHz
o 154426 o 194426 MH2

P-D- Limiter pwwedDe mod. ----\—

\

'Fig.2.High-pass filter at the
input prevents breakthrough
by terrestrial radio signals.

| Frequencies assume the use of

a second i.f. of 134.26MHz.

cable, the effect on the overall

carrier-to-noise ratio will be only
10 log (1/1.1) = —0.4dB, which

is considered to be an acceptably -

low figure. The noise arriving
from the down converter is
—103.6dBW.. The noise gener-
ated by the indoor unit must be
one tenth of this or 10dBdown,
i.e. —113.6dBW. )
The noise power from an
amplifier alone is P, = kTB(F/1)
where F is the arithmetic noise
figure of the system, sowithP, =
—113dBW or 10~11-3¢

10-11.36
_ kTB
=41.4 or 16.2dB,

which is not difficult to.obtain. As
the effect on the overall ¢/n ratio
would be extremely small, there
seems to be little point in striving
for lower noise figures than this.

Indoor unit

Choice of second i.f.

Shown in skeleton form in Fig.2,
the indoor unit consists of a wide-
band amplifier at first level by a

“high-pass filter to prevent inter-

ference from strong terrestrial
signals. This is followed by a
tuned band-pass filter, mixer,
second i.f. amplifier, a surface-

wave filter giving the required .

27MHz bandwidth, a further i.f.
amplifier, limiter and demodula-
tor.

The technique of placing sur-
face-wave filters between two
amplifiers avoids the use of a
single high-gain block with
attendant stability problems, as

the loss of the filter is around

25dB.

Noise performance

The noise contribution from the
indoor unit should be a very small
part of the total. If this is
achieved, the overall noise per-
formance will be virtually the
same as that of the down conver-
ter. If the noise power generated
by the indoor unit is one tenth of
that arriving at the end of the

The second i.f will normally be in
the range between one and
several hundred MHz and must
be chosen with care. If too low a
frequency is chosen, there will be
second channel interference
problems. If too high, istability
problems may arise, as well as
difficulties with the design of the
demodulator. To avoid interfer-
ence between neighbouring
receivers, it is advisable to
ensure that the second oscillator
never coincides with a wanted

‘signal at first i.f. level.

The WARC plan has been so
devised that the wanted signals in
any particular area are separated
by an even multiple of the channel
spacing of 19.18MHz. The condi-
tion mentioned above can there-

. fore be achieved by choosing a

second i.f. which corresponds to
an odd multiple and the solution
assumed in the diagram is seven
times the channel spacing or
134.26MHz.

As bandwidth is 27MHz, the
band covered will extend from
120.76 to 147MHz. There is a
danger of interference due to
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Tabie 1. Reception angles at longitude 0°, latitude
51.5°N. For more notherly locations the angles will

be lower.

Satellite

position 37W 31w ww o 10°
Elevation 21.8° 24.3° 28.5° 31° 30.3°
Azimuth 43.9W 37.5W 23.7W O 12.7°E

direct breakthrough at secondi.f.
from terrestrial services, includ-
ing the 2-metre amateur band.
For this reason, it will be neces-
sary to thoroughly screen the
indoor unit and to provide an effi-
cient high-pass filter at the input.

Automatic frequency control

mitted with reversed Osand 1s
on consecutive lines. Intergrat-
ing these gives a level corre-
sponding to the centre of the pass
band. Of course, the sync. word
must first be identified and the
receiver synchronized, but this
should be possible even with con-
siderable mis-tuning.

The range of signal levels at
which the receiver will have to
work is not very large and will in
most cases not exceed 16dB. It is
quite possible to design limiters
to cope with this variation with-
out undesirable effects, so that
a.g.c. will not be necessary.
However, it is felt that some kind
of indication will be helpful as a
tuning aid and for antenna align-
ment.

But a.f.c will almost certainly
be a necessity. Remember that
the down converter will be sub-
jected to wide temperature varia-
tions at frequencies in the region
of 10GHz: drift figures up to +
5MHz may therefore be
expected. Where the drift is low,
+ 1MHz for example, it may be
possible to accommodate the var-
iation be simply widening the
pass band of the i.f. filter. Other-
wise a.f.c. must be provided, but
this is not easy in an f.m. tv sys-
tem because there is no constant
relationship between the fre-
quency at which maximum
energy occurs and the centre of
the pass band.

The answer lies in the use of a
gated system which samples the
signal when it is at a known con-
stant level. In MAC systems this
may be done by sampling during
the sync data word which is trans

Signal output

The output signal from the dem-
odulator will in many cases have
to undergo further decoding and
processing depending on the sys-
tem used. In the case of a MAC
system a decoder will be neces-
sary for both the vision and digital
data signals. The display unit
should ideally have a YUV input.
A PAL-encoded output may be
required if, for example, a video:
recording is to be made on an
existing recorder.

Background reading

Freeman, K.G., Jackson, R.N.,
Mothersole, P.L., & Robinson,
S.J. Some aspects of direct televi-
sion reception from satellites,
Proc.IEE vol.117 no.3, March
1970, pp.515-520.

Rainger, P., and Phillips, G.J.
Direct broadcasting by satellite
for the United Kingdom BBC
Engineering no.115 September
1980 pp.3-14. See also Wireless
World October, November 1980.

Lucas, K., and Windram,M.
Standards for broadcasting satel-
lite services, IBA Technical
Review no. 18 pp. 12-27.
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A powerful 6502 single board

and training applications.

Processor

The 6502 single board computer
will find widespread applications
in industrial and laboratory
control.

/

Full

The resident monitor program
and optional Hex keyboard and
display also make it ideal for
education and training
programmes.

High lity Z.1.F. socket
computer for laboratory, control High qualty ZLE socke

battery backed CMOS
RAM can be supplied.

6502 ——

expansion connector
also for optional Hex
keyboard and display.

g

Resident monitor in 4K ROM

Gives usual keyboard/display and de-bugging
facilities plus serial communication routines.

__— On board 5V regulator —
no néed for special power

2 user ports —
pin-for-pin compatible
with BBC ‘B’s user port

supplies.

Power supply
connector

and data can be

available.

Bi-directional R5423
serial link. Programs

transferred to and from
the BBC ‘B’ Microcomputer.
Professional assembler

ﬂl

ALSO

8 bit digital

CONTROL INTERFACE BOARDS
— for use with user ports of a
‘wide range of popular
microcomputers.

4
)

harve

For free brochures write or phone:

Data Harvest Limited
28 Lake Street
Leighton Buzzard Leighton Buzzard
Beds. LU7 8RX (0525) 373666

Telephone:

DC Motor Driver for
motors up to 5 amp.
Forward/backward and off.
Manual over-ride facility.

£52.00

EEE EEm =
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to analog

converter with power amplifier
output stage driving up to 1 amp into load.
Switch selected unipolar/bipolar operation.

£60.00

8 bit, 10 microsecond

analog to digital

converter; switched
input ranges * 25V,
+ 2.5V, £ 250mV.
Connector compatible
with BBC ‘B’ user port.

£41.00

Stepper Driver

Onboard PROM

£47.00

Prices exclude VAT and carriage.
B N K FFFFF¥FENEENEES

for 4 phase motors
up to 3 amp/phase.

contains code sequence
for single, dual, and
single/dual modes.

B ‘P\W VHF QRP contest —
now the results!

B ‘PW’ reader questionnaire —
detailed analysis.

B TRIO TS940S transceiver
in-depth review.

NOVEMBER ISSUE
OUT NOW

@ EUROPEAN SATELLITE PROJECTS

MANUFACTURERS OF:
Superb performance equipment including: Precision Spun ‘Aluminium

Dishes, Scalar Horns, Transitions, Video Devices, etc.

COMPLETE SYSTEMS
FULL BAND . FULLBAND
PROFESSIONAL SYSTEM
1.8m MK 1i SPUN 1.8m MK | SPUN

ALUMINIUM DISH complete

with base structure and feed.
“Maspro” L.N.B. <2.3dB

noise figure.

Fully Tuneable, 800 MHz wide, .
Rack Mount Professional Receiver
AVAILABILITY EX STOCK

ALUMINIUM DISH complete
with base structure and feed.
Full band, low noise L.N.B.
Including choice of

high specification

Tuneable Demodulators
QUANTITY DISCOUNTS AVAILABLE ON SYSTEMS AND COMPONENTS

UNIT M22, STANNINGLEY INDUSTRIAL (ENTRE
VARLEY STREET PUDSEY, LEEDS L528 7XG
TEL: 0532 555555 (EXT. 222) TELEX: 557296 CABEX G

ESP services L1p.
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Satellite
TV System

Satellite TV is now available in the UK. This

heralds the start of a new television era.
Connexions have now available the first low

cost satellite signal receiving system designed

for the consumer market.

With this equipment up to fourteen new
channels of entertainment and information are
available to the consumer — whether private
Full Band satellite systems are available at £1395 plus VAT & carriage.
Trade and dealership enquiries welcome.

home, pub, club, disco, hotel, restaurant or

educational establishment.

Tahl

Start of a comprehensive four-part series
| on broadside and endfire antenna
systems for radio enthusiasts by F.C. Judd

s 955 1
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Bmadstde & Endfii
Antenna Syste::::

ANTENNA SPECIAL!

Anglia Industrial
Auctions

Specialist Auctioneers to the Radio and Electronic Industry

Do you have large stocks of surplus materials?

Do you have your surplus stored in expensive
warehouses?

Do you waste expensive man hours trying to sell your
surplus?

If the answer to the above questions is ‘YES’ why not let
us handle your surplus stocks.

The goods can be sold from your premises or they can
be delivered to our warehouses for disposal.

The goods can be offered for sale by public auction. We
hold auctions regularly.

Or we can offer the good for sale by competitive tender.
! Tenders are also held regularly when goods are available.
We have a mailing list of over 1,000 potential customers
including a number of overseas buyers

With over 20 years experience in the electronic surplus

2 , business we know the buyers and how to place the
4 goods to get the best possible price for your surplus.
of So don’t waste your time trying to sell your surplus give
¥ us a ring now.

If you are interested in buying the auction catalogues are
available on a yearly subscription of £10. The tenders are

The ch ls currently a
broadcasting a wide range of top

material including current cinema films,
national/international and minority sports, pop
videos, childrens programmes, news channels

and general entertainments.

are sent out free, so please let us know your requirements.
quality )

5 Station Road,
Littleport, CAMBS.
Phone: ELY (0353) 860185

Connexions Satellite Systems Limited

11 Western Parade, Great North Road, Barnet, Herts, EN5 1AD
Telephone: 01-441 1282 (5 lines) Telex: 295181 SMC G.
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OSCILLOSCOPES
HP. 1715A Dual Trace 200MHZ  Delay
Sweep .. ....... £1,800

gEKTRONIX 465 Dual Trace 100MHZ  Defay
weep
TEKTRONIX 7403N with 7A18N & 7853N Dual

Trace 50MHZ Delay Sweep £600
TELEOUIPMENT 075 Dual Trace 50MHZ Delay
.£350

ep £350
TELEOUIPMENT D67 Dual Trace 25MHZ Delay

£250
COSSOR 'CDUT50 Dual Trace 35MHZ Deiay
Sweep ARG o e £200
S.E LABS SM111 Dual Trace 18MHZ AG or external
DCo]p £150
gEK RONIXSA?DualTraceSOMHZDelayTB Delay

weep
TELEQUIPMENT043 Dual Trace 15MHZ . ‘£100
TEKTRONIX 434 STORAGE. Dual Trace 25MH2£800
GOULD 054000 with 0u|pu| Unit 4002 Dual Trace

- £700

GENERATOHS
H.p. SWEEPOSCILLATORGQim 2GHZ .. £400
Oth: ies avarlable
HEWLETT PACKARDG1GB 1.8-4.2GHZ . £350

RACAL 9081 SYNTHESIZED AM/FM. 5.
520MHZ SR e 1,
MARCONI TF1066B/1 AM/FM 10MHZ
A70MHZ. ... ... £37!
MARCON!  TS995A/5 1.5-220MHZ.  Narrow
Deviation B DR, £2

250
ADVANCEtypeSG63EAM/FM4 230MHZ . . £150
ADVANCE type SG62BAM 150KHZ — 220MHZ. £70
MARGONITF144H/410KHZ-72MHZ ... .. ... £65
WAVETEK Function Gen 1620.001HZ-30MHZ £500
H.P TESTOSGILLATOR 651A 10HZ-10MHZ . £160
RADFORD  LDO3  10HZ-100KHZ  0.002%
DiStOrtiCn N i P £300

300
FARNELL Mndular Pulse Generator System 1HZ
TOMHZ o T T Lot £50

MUI.TIMETERS
FERROGRAPH Test Set RTS2with ATU .. .. £400
RADFORD DISTORTION MEASURING SETSeré%S“i;
H.P. DISTORTIONANALVSER BIA .. .£400
H.P.4342A Q" Mets .£1,250
MARCONi Q' Meler TF1245wm\ 1F12460r TF1246

CURAY ool Bipaans-oade  oods? £500
aP POWER METER 431C with Thermlslor
O UN TR

10MHZ-1

MARCOND UNIVERSAL .BRIDGE  TF2700.
Baticry R R R £250
Operated

MARCONi RF MILLIVOLTMETER TF2603 50KHZ-
1500MHZ: 1mV-3V.FSD ... .. ....... £175
MARCON| VALVE VOLTMETER TF2600 10HZ-
1OMHZ: imV-300V.FSD ...... ........ . .. £40

lllTEI:N SPECTRUM ANALYSER Model 707 1MHZ
12GH £4,500

PHILIPS DIGITAL MULTIMETEHS

4 digit. Auto ranging. Un-used. compiete with
batteries and leads (P&P £5)
TypePM2517X(LC.D.) .......,.1.. .. .£95
AVOBsandAVO9strom ... ... .. £50
AVO Modei 73. Pocket Multimeter (Analogue) 30
ranges. Complelewwth batteries & leads .

PROFESSIONAL 9" GREEN SCREEN MONITORS
made by KGM for REUTERS

Gives quality 80 column x 24 line display
({)omposnevudeulr Cased. Good Cendition. ONLY
40 each

NEW EQUIPMENT
HAMEG OSCILLOSCOPE 605. Dual Trace GOMHZ
Delay Sweep. Component Tester . . . . £51
HAMEG OSCILLOSCOPE 203 5. Dual TraceZUMHZ
Component Tester . .

BLACK STAR FREQUENGY COUNTERS P&P £4
Meteor 100 —100MHZ . .. ... .. £99

Meteor600 —600MHZ .. .. .. ... . EIZG
Meteor 1000 —1GHZ. . ... ...... ... ...

BLACK STAR JUPITOR 500 FUNCTION
GENERATOR Sine/Square/Triangle 0.1HZ —
500KHZ.P&PE4..... ... ... ... £110

HUNG CHANG DMM 6010. 3. digit Hand held 28
ranges including 10 Amp AC/DC. Gomplete with
batteries &leads. P&PE4 .. ... ... ... £33.50

5%” FLOPPY DISK DRIVES
TANDON | Helght Brand New
Single Sided Double Density .. gl
Double Sided DoubleDensity . ........... £100
MPI Type 92. Double Sided Double Density. 80
Track. Un-used ... ........... .. 1
DISK DRIVE PSU. 240V In: 5V1.6A + 12V 1 5A Out.
Size W125mm: + 75mm, D180mm. CASED. Un-
S S0PV PP S ONLY £15eachp&p£2.

HEWLETT PACKARD LOGIC ANALYSER

16005 -32bits ....., ... ... £450
(Consisting of HP1600A and HP1507A - can besold’
separately). Specification on request

COMPUTER INSTRUMENTATION BARREL

- PLOTTER —-36 inch WIDTH TWIN PEN. ... €500

This IS A VERY SMALL SAMPLE OF STOCK, SAE Or
Telephone tor LISTS

Please check availability before ordering.
Carriage ail units £12

VAT to be added to Tolal of Goods & Carriage

CIRCLE 73 FOR FURTHER DETAILS.
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STEWART OF READING Telephone: 0734 68041
255 110 WYKEHAM ROAD, READING, BERKS R66 1PL =%

Callers welcome 9 a.m. to 5.30 p.m. Monday to Saturday inclusive

CIRCLE 101 FOR FURTHER DETAILS,
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DESIGN, DEVELOPMENT AND MANUFACTURE
OF RF COMMUNICATIONS EQUIPMENT

RESEARCH COMMUNICATIONS LTD.

UNIT 3, DANE JOHN WORKS, GORDON ROAD, CANTERBURY, KENT CT1 3PP
TELEPHONE: CANTERBURY (0227) 456489

FREQUENCY CONVERTERS

In the range 30-1000 MHz.
TYPE 9118 Receiving. With mains power

TYPE 9113 Transmitting. With phase locked

supply unit. ............... £44.50 + €4 p&p

loop frequency control . ... ... £242 + £5 p&p

t)}
e TYPE 9002 TYPE 9035

GASFET RF PREAMPLIFIERS. Aligned to your specified frequency in the range 30-1000 MHz.
Masthead or local use.

TYPE 9006 N.F.0.6dB. Gain 10-40dB. variable. in the range 30-250 MHz. ... £65 + £2 p&p
TYPE 9006FM As above. Band1188-108 MHz . . ........................... £65 + £2 p&p
TYPE 9004 UHF two stage Gasfet preamplifier. N.F. 0.7 dB. Galn 25 dB. adjustable. High Q
filter. Tuned to your specified channelsinbandsIVorV.................... £85 + £2 p&p
TYPE 9035 Mains power supply for above units £24.50 + €3 p&p
TYPE 9010 Masthead weatherproof unit for above amplifiers .............. £9.50 + £2 p&p

TYPE 8034 TYPE 9105
TYPE 8034 PHASE LOCKED SIGNAL SOURCE using low frequency reference cryslal
Specify output in the range 1-600 MHz. Output 10 mW. + 10dBm ....... £84.50 + £2 p&p
TYPE 9182 FM EXCITER + 75 KHz. deviation. Output 10mW.............. 2105 —+ £5 p&p
TYPE 9086 FM TRANSMITTER 88-108 MHz. 50 watts RF output. 24V.+ supply. Complete
G E | aTAS Y/ S 1 T e . TR e £480 + £30 p&p
TYPE 9087 As above with integral mains power supply unit. .............. 2540 -+ £40 p&p

PLEASE ADD 15% V.A.T. ON TOTAL

, TYPE 9152 TYPE 9159

TELEVISION LINEAR POWER AMPLIFIERS Tuned to you specified channels in bands IV
or V. (or 400-900 MHz).

TYPE( 9061 150mV. input, 10mW.output . ........... ... £140 + £10 p&p
TYPE 9152 10mW. input, 500mW. output .. £180 + £10 p&p
TYPE 9159 500mW. input, 5 watts output ... £210 + £10 p&p

TYPE 9051

TMOS WIDEBAND LINEAR POWER AMPLIFIERS 4/10/20 watts RF output. Without tuning.
Power gain 13dB. (X 20). 24V + supply.

TYPE 9046 100KHz.-100MHz. dwatts .............................. £89.50 + £3.50 p&p
TYPE 9051 15MHz.-200MHz 4watts. .............................. £89.50 + £3.50 p&p
TYPE 9171 15MHz.-200MHz. 10watts. ..................c.ooieeinn.. £140 + £20 p&p

TYPE 9172 As above with integral mains power supply unit. ...£210 + £30 p&p
TYPE 9174 15MHz-200MHz. 20 watts .................... ... £255+ £20 p&p
TYPE 9175 As above with integral mains powersupply................... £325 + £30 p&p

TYPE 9155 TYPE 9157
TMOS RF LINEAR POWER AMPLIFIERS. Tuned to your specified frequency in the range
10-250MHz.
TYPE 9105 10mW. input, 3 watts output. 24V.+supply................... £160 + £15 p&p
TYPE 9155 3 watts input, 30 watts output. 24V.+supply ................. £240 + £25 p&p
TYPE 9156 As above with integral mains power supply unit. ...£320 + £30 p&p
TYPE 9106 100mW input, 10 watts output. 24V.+ supply...... ...£180 + €15 p&p
TYPE 9158 10 watts input, 80 watts output. 24V.+ supply .... .. £320 + €25 p&p
TYPE 9157 As above with integral mains power supply unit £400 + £30 p&p

CIRCLE 84 FOR FURTHER DETAILS.

Ammated Digital Dlsplays

|
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A STANDARD DIGITAL DISPLAY HAS HIGH RESOLUTION AND
FREEDOM FROM READING AMBIGUITIES, BUT AN ANALOGUE
DISPLAY CAN PROVIDE AN OPERATOR WITH AN IMMEDIATE
IMPRESSION OF TREND, MAGNITUDE AND STABILITY. THE
MITRE ‘ANIMATED DIGITAL DISPLAY’ PROVIDES BOTH THESE
FEATURES IN THE ONE DISPLAY FORMAT.

THE UNIT ILLUSTRATED ALLOWS FOUR D.C. INPUT VOLTAGES
TO BE DISPLAYED SIDE-BY-SIDE AS VERTICALLY MOVING
SLUGS, WITH THE CORRESPONDING DIGITAL VALUE OF EACH,
WRITTEN IN SILHOUETTE FORM WITHIN. CONTACT MITRE
ELECTRONICS LTD. WITH YOUR APPLICATIONS, AND LET 'ME’
CONVERT YOU TO ANIMATED DIGITAL DISPLAYS THAT CAN
SHOW ANALOGUE MOVEMENT WITH DIGITAL PRECISION.

MITRE ELECTRONICS LTD.

56, MAYBURY ROAD, WOKING,
SURREY. GU21 4BQ

CUSTOM BUILT INSTRUMENTS AND TEST GEAR

CHOICE OF PROFESSIONALS

COMPACT LATTICE TOWERS and
" SLIMLINE TUBULAR MASTS

TELESCOPIC—TILTOVER, FIXED—MOBILE FROM 6m UP TO 36m

Suitable for a wide range of civil and military
| applications such as:

RADIO COMMUNICATION
SURVEILLANCE & CCTV
| METEOROLOGICAL MONITORING
K| AMATEUR RADIO
A AERO & MARINE NAV AIDS
5 FLOODLIGHTING, ETC.
| Purpose designed using 4.5m and
X 3m section modules for low )
o retracted heights and cost
ffef(ive shipment. Engineered to /
B.S.1. Standards and hot dip
galvanized to BS729 for protection.
%l Wind loads are based on
B.S.C.P.3. Chap V. PT2, 1972 for
wind speeds up to 100 mph/160 f
kph. y

RELIABILITY QUALITY KNOW HOW

/
B (W

WE DESIGN, WE MAKE.
WE SELL DIRECT

PRICES RANGE
° '4 FROM £253.00 incl.
/. VAT. & UK
» DELIVERY
“\," SAE FOR MORE
DETAILS, PLEASE _

Allweld Engineering Normally
Factory 6, 232 Selsdon Road, despatched
& South Croydon, Surrey, CR2 6PL, G.B. within
Tel: 01-680 2995 (24 hr) 01-681 6734. 7 days
A
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The ear’s acuity puts demands on audio
converter accuracy that eclipse those of

almost every other application

There are two major ways of

obtaining an analogue signal from -

binary data. One is to control
binary weighted currents and
sum them, theotheristo usedata
to control the length of time a
fixed current flows into an inte-
grator.

Both methods, contrasted in
Fig. 1, appear simple, but in
these forms are of no use for
audio because of practical limita-
tions. In (c) the binary input is
about to have a major overflow,
and all of the low-order currents
are flowing. In (d) the binary
input has increased by one, and
the most significant current only
flows. This current must equal
the sum of all the others plus one
least significant bit to an accuracy
of rather better than one l.s.b. In
this simple four bit example, the
necessary m.s.b. accuracyis bet-
ter than one part in 16 (2%), but
for a 16-bit system this becomes
one part in 65,536 or about
0.0015%. This -degree of accu-
racy is very hard to achieve in the
face of component ageing and
temperature change.

The integrator-type converter
in this four bit example (e)
requires a clock for the counter
which allows it to count up to
maximum in one sample period.
This will be more than 2* times
the sampling rate. However, in a
16-bit device, the clock rate must
be 21 times the sampling rate,
which for CD this would be 2.9
GHz! Clearly some refinements
are necessary to allow these con-
vertors to be used in digital audio.

Dynamic element matching

A method of producing highly
accurate currents is dynamic ele-

ment matching. Fig. 2(a) shows a
current source feeding a pair of
resistors of nominally equal

. value. The two will not be exactly

the same due to manufacturing
tolerances and drift and thus
divide the input current approxi-
mately between themselves. A
pair of changeover switches
places each resistor in series with
each outpuit. The average current
in each output will be identical
provided that the duty cycle of the
switches is exactly 50%. This is
readily achieved with a d1v1de—by—
two circuit.

Current averaging is by a pair of
capacitors which do not need to
be of close tolerance or even of
equal value. By cascading these
divide-by-two stages, a binary
weighted series of currents can
be obtained, as in Fig. 2 (b). In
practice, a reduction in the num-
ber of stages can be obtained by
using a more complex switching
arrangement!. This generates
currents of 1:1:2 ratio by dividing
the input current into four paths
and feeding two of them to one
output, shown in Fig.2 (c).

A major advantage of dynamic
element matching is that no cali-
bration is required, making it
attractive for mass production.
This Philips invention was first
used in the TDA1540, a 14-bit
device with ; 1.s.b. linearity, and
subsequently in 16-bit devices.

Dual integrators

The integrator approach is: pre-
ferred by Sony, and the solution
adopted is to have two current
sources operating simultane-
ously, with a ratio of precisely
256:1. Clearly if the larger cur-
rent flows for one clock period,
the effect will be the same as ifthe

ELECTRONICS & WIRELESS WORLD NOVEMBER 1985
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smaller current source operated k].l]
for 256 clock periods. Thus the by J.R. Wat son

least-significant eight bits of the
input sample control the larger
control. The clock frequency now
only needs to be in excess of 28
times the sampling rate, or about
11MHz. As the output is a ramp,
the clock must run faster than
this to leave time during the sam-
ple period for the analogue vol-

Re
msb. / /1sh.
81 A1 Zlé 1%
{a)
71
Ls.b.
Vout
II Tnmer fldf [
Binary in I
&)
81 'vouf
i
1
1
|
i
l.l —nnnnnauonnaonnn .
( d) 15 cycles - J

Fig.1.Two main methods of obtaining analogue signal from
binary data are the weighted current converter (a), and the
timed integrator (b). In (¢) the binary input is 0111 while in -
(d) it has increased by one bit, so a minimum accuracy is 1 in
16 for this four-bit converter, and would need to be 1 in
65,536 for a 16-bit converter. In the integrator technique (e),
15 clock cycles are counted for 1111 input and for a 16-bit
device the clock rate would need to be 2! times samphng
rate! 4
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Fig. 2(a). Current division
can be more accurate than
the tolerance of resistors
when this switching
arrangement is used.
Accuracy then depends on
the duty cycle of switching.

Fig. 2(b). Cascading the
current dividers of (a)

produces

Fig. 2(c). More complex
dynamic matching systems.
Four drive signals (1,2,3,4)

of 25% duty cycle close

switches of corresponding
number. Two signals (5,6)
have 50% duty cycle,
resulting in two current
shares going to right hand

tage at the top of the ramp to be
transferred to the circuits that
follow.

The critical features of this
approach are that the current
ratio must be precise or the

the capacitor must have low die-
lectricleakage to prevent non-lin-
earity. It is only the ratio of cur-
rents which must be correct, the
absolute accuracy of an audio
converter is quite unimportant
compared to the linearity require-
ment.

Fig. 3 shows a simplified dia-

a binary weighted
series of currents.

the two current sources. This
device will operate at twice the
sampling rate of CD. In the CDP-
101, it is driven at a clock rate of
35MHz, and alternately converts
samples for both left and right

DIGITAL AUDIO

device will not be monotonic, and -

gram of the Sony CX-20017 with |

output. Division is
thus into 1:1:2.

30 -

channels. This results in a saving
of components and a time dis-
placement between channels of

1/(2x44100) = 11.3ps, the

equivalent of one loudspeaker
being displaced by 3.5mm,
assuming a typical value for the
speed of sound. People who habi-
tually listen with their heads in a
vice can detect this and the unit
has attracted some unjustified
criticism. In fact, it is just poss-
ible to tell the difference between
the presence and absence of the
delay but almost impossible to
say which is which.

The only problem with any
foundation occurs if the two out-
puts dre converted to mono by
analogue addition; this results in
h.f. roll-off. With this exception,
other factors have a much greater
bearing on subjective sound qual-
ity than the use of multiplexed

‘d.a.cs.

'Reconstruction

The output of a converter cannot
be used directly; filtering is
necessary. The converter output
produces a spectrum shown in
Fig.4, the result of amplitude
modulating an infinite pulse spec-
trum (sampling frequency and
harmonics) with a baseband
audio spectrum. Although the
sidebands above 20Hz are inaud-
ible, the slightest non-linearity in
subsequent stages would result
in intermodulation distortion, to
say nothing of possible dissipa-
tion problems in amplifiers. The
reconstruction filter has a sharp
roll off above 20kHz. A perfect
low-pass filter has an impulse
response that is a sinx/x wave
shape, and if the filter repsonseis

one half the sampling frequency,

one impulse will have a value of

zero at the position of the next.
The various impulses add
together to recreate the original
waveform, Fig. 5. In practice an
analogue filter cannot be made to
have such an ideal impulse
response, and the phase linearity
of such filters will be less than
perfect and certainly audible 2.
The reconstruction process
only aperates correctly on
genuine, impulses of negligible
duration. Where a zero-order
hold (staircase) signal is supplied
from a d.a.c. this is the equiva-
lent of impulses whose width is

aqual to ,the sample period. A .

low-pass filtering effect takes
place, and the amplitude
response will be a sinx/x curve
falling to zero at the sampling
rate. This gives a loss of about
4dB at the Nyquist limit.

The effect can be reduced by
resampling, which narrows the
impulses from the d.a.c. This
approach is highly compatible
with the integrator type of con-
verter, because the resampling
switch simply passes the peak
voltage of the the ramp after the
current sources have turned off.
Fig. 6 shows an example of sucha
system.

Oversampling

One approach to improving the
phase linearity of converters full
out is to use oversampling, which
means using a sampling rate
greatly in excess of that required

—
¢ l—“

RESET

b—n Out

W 8 bit counters,
lafchsles, shift register

Low order /I

ST g

Hiah order

]

3

Negative
supply

Serial
input clock . start

i R

Strobe  Counter  Cenversion

Fig. 3. Simpified diagram of sony CX-20017 having the high
and low order current sources and associated timing
circuits. The necessary integrator is external. Output

needs to be resampled at peak of ramp (see Fig. 6).
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by Nyquist. This results in a
spectrum shown in Fig. 7. As
there is now a large separation
between baseband and side-
bands, the reconstruction filter
need only have a gentle roll-off
and phase linearity will be
improved.

Over sampling by factors of
two and four is used in CD play-

ers. It is necessary to provide an

increased sample rate using sam-
ples from the disc as input. The
samples lying inbetween must be
computed. The method is a digi-
tal simulation of the process of
analogue reconstruction. The dif-
ference is that in the digital
domain the impulse response can
be made arbitrarily close to the
theoretically perfect. The contin-
uous analogue signal is the sum of
sinx/x waves due to each of
several adjacent samples, as Fig.
5 shows. Because a sinx/x wave
stretches to infinity in both direc-
tions, its extremities must be

neglected. By calculating the

value of the wave versus dis-
tance, a point will be reached
where the error caused by neg-
lecting a distant impulse is less
than system noise. This corre-
sponds to taking account of some
12 samples either side of the
point of interest.

Figure 8 shows how an inter-
mediate sample is calculated in a
X2 oversampling system. The
impulses immediately left and
right are multiplied by 0.64 and
those next farthest away are mul-
tiplied by —0.21, and so on, and
the products added to obtain the
intermediate value. The next
intermediate . sample will be
obtained by moving allinput sam-
ples one place relative to the coef-
ficients and one old sample will be
lost on the right, and a new input
sample will arrive on theleft. This
movement of data across the
multipliers as if in a shift register
gives rise to the term ‘transversal
filter’, also known as a finite
impulse response filter.

The process can be extended
for X4 oversampling, Fig.8 (b).
There are now three intermediate
values to compute between input
samples, thus three sets of coeffi-
cients will be needed. In practice
the output sample which coin-
cides with the input sample is
passed on unchanged by using a
set of coefficients where one is
unity and the others are zero.
These four sets of coefficients will
be presented to the filter in turn
while the input data are held,
then the data will shift one place
and the process repeats. In this

Reconstruction
filter respanse

——
N
———

@), i

Fig. 4. The baseband signal (0 - Fy) appears symmetrically
about the sampling frequency (F,) and its harmonics. The
resconstruction filter has to reject everything except the
baseband. ’

Resef

Resample

v [ -%
s pam.
lll“_LLLLl_LLI_WOVE |

e
e S

i

j

Resample Reset Integrator output

11

Fig. 6. In an integrator, the
output level is only stable
when the ramp finishes. An
analogue switch is necessary
to isolate the ramp from
subsequent circuits. The
switch can also be used to
produce pulse amplitude
modulated signal which has
a flatter frequency response
than a zero-order hold
(staircase) signal.

Fig. 5. Each impulse entering
a low-pass filter sinx/x wave.
These add to produce a

continuous signal.

way the output sampling rate will
become four times the input rate.
Following multiplication in the

filter, the sample wordlength will
have increased greatly beyond 16
bits, and will be rounded off in Full2E
some way. The required word- 2
length is not immediately O
obvious. ’
An example of information
transfer where four-bit codes are
transmitted at a rate F is shown at
Fig. 9 (a). A four-bit code con-

p.a.m.

tains 2* possibilities, so theinfor- g

mation rate is 16F. The same
information rate is obtained in
Cb), where half as much informa-
tion is transmitted twice as often.
As each code now only needs an
information content of eight, only
three bits are now needed. By
transmitting four times as fast,
only two bits are needed, (c).

'..\\/ impulse responses
4

Transferring this result to the
CD system, oversampling by two
allows the use 15-bit data, and
oversampling by a factor of 4
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Sum of all
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Filter response

TRt

(1 I

0 W1 882
(Fy)

23 1k
{F,)

Fig. 7. In this X4
oversampling system, the
large separation between

baseband and sidebands
allows a gentle roll-off
reconstruction filter to be
used.

allows the use of 14-bit data,
provided that the reduction in
wordlength is done in an opti-
mum fashion. This is not implicit
in-the definition of oversampling,
and an additional mechanism is
necessary to obtain these results.

Simple truncation of a sample
stream is the same as if the orig-
inal audio had been quantized
into fewer levels. For every bit
lost, a given level of quantizing
distortion will be reached at a
level 6.02dB higher. Simple trun-
cation, then, will not allow us to
obtain the results predicted by
information theory.

The round off mechanism used
with oversampling spreads the
harmonic distortion due to trun-
cation over the entire oversampl-
ing spectrum, thus distortion
power within the baseband is only
a fraction of the total. The frac-

B +0-64xB
e e G
From - / 1
sample C f C
+0-64x li l
™ =
A4 N/
: S : }
‘ / l o
From ﬁ
sgmple D /'-'—
=0-21xD
Interpolated
sample value

==0-21A+0-64B+0- 64C—0-2ID

Input s e
samples I 1{

- M
- O

A -0-18 -021-0-12

9064 03

AT,
Phase 0____ ¥

z0xA+1xB+0xC+0xD Phase 3 =-0-12A +0-3B + 0-9C—-0-18D

Phase 1
=~0-18A +0-9B+0-3C-012D

Phase 2 = 0-21A +0-64B+0-64C- 021D

Fig. 8(b). In X4 over-

sampling, for each set of input samples, four phases of
coefficients are necessary, each of which produces one of the
oversampled values.

__ Typically 24 stages

Coeffs,
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Fig. 8(a). To compute an intermediate smaple, the input
samples are imagines to be sinx/x impulses, and the
contributors from each at the point of interest can be

calculated. In practice rather more samples either side need

to be taken into account.

Fig. 8(c). Practical implementation of digital filter. Shift
register at the top provides access to several samples
simultaneously. Multipliers produce contributions from each
sample according to the coefficients. In X4 oversampling,
there will be four coefficient phases and four output values
before data at top shifts one place. Lateral data shift gives
rise to name of transversal filter.
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tion is in fact the reciprocal of the
oversampling factor. For exam-
ple, X4 oversampling allows two
bits to be neglected, which poten-
tially raises the level of harmonics
by 12dB; the round-off system
spreads these harmonics over a
spectrum four times as great,
thus the distortion within the
baseband is reduced by a factor of
four, or 12dB.

The process of rounding up or
down according to the value of the
bits to be lost is well known, but
in an extension of this technique
the error caused by the previous
roundoff is carried over to the
current roundoff so that the aver-

age error of the two can be made .

small. As the sampling rate is
much higher than normal, this
averaging process does indeed
take place, because equal and
opposite errors at F, = 176 kHz
produce a signal at 88 kHz, which
will not pass the filter or be aud-
ible. As shown in Fig.10, the
accumulated error is obtained by
using the bits that were neglected
in truncation and adding them to
the next sample.

An example is given of a X4

oversampling system where two
bits are to be lost. With a steady
input, the system will produce
01110111.... If this one-bit sig-
nal is filtered, it will result in a dc
level equal to the duty cycle of 2,
which is precisely the level which
would have been obtained by con-
verting the input code. Thus the
resolution of the output is
unchanged even though two bits
have been lost.

The process is often referred to
as noise shaping, but this is a
misnomer, since failing to per-
form these steps results in har-
monic distortion.

The oversampling system used

OUTPUT (dB)

T T

0 10 20

40+ : |
[ %
) 'v Wv
60 !
A LA Ll T L
0 4 S0 6 70 8

FREQUENCY (kHz}

90

Fig. 11. Amplitude response of digital filter in Philips }
oversampling system. The small rise to 20kHz offsets the
sinx/x aperture effect of zero-order hold d.a.c. Ripple in the
stop band is due to truncation of coefficients. (Diagram
courtesy of Philips Technical Review).

by Philips® takes advantage of the
aperture effect by using zero-
order hold on the d.a.c. which
oversamples at X4. The small
h.f. loss in the baseband is comp-
ensated in the digital filter, whose
impulse response is that of a per-
fect filter which rises slightly up
to the cut-off frequency. The
amplitude response is shown in
Fig. 11; ripples in the stopband
are due to using filter coefficients

which are quantized to finite .

accuracy.

The final stage of reconstruc-
tion is to use an analogue third-
order Bessel filter. The overall
phase linearity of such a systemis
much better that that ofa conven-
tional steep-cut filter, and contri-
butes to subjectively improved

sound quality. As the necessary
hardware can be conveniently
integrated, it is expected that a
number of manufacturers will
adopt the system.

The digital recorders used for
mastering Compact Dics are
described in the next part of the
series.
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Fig. 9. Information rate can
be held constant when
frequency doubles by
removing one bit from each
word. In all cases here it is
16F. Bit rate of (c) is double
that of (a). Data storage in
oversampled form is
inefficient.
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Fig. 10. By adding the error
by truncation to the next
value, the resolution of the
lost bits is maintained in the
duty cycle of the output.
Here, truncation of 011 by
two bits, would give
continuous zeros, but the
system repeats 0111,0111,
which after filtering will
produce a level of three
quarters of a bit.
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Designed for Disco, theatrical uses, stc.
Apurox 16 joules. Adjustable speed. Price £45 « £2 p&p (Total inc.

VAT £54.05; Case and reflector price €15 « £2 p&p (total inc. VAT 200W, 1A M.

1.
€19.55]: Foolscap SAE for further details including Hy-Light and 0:5KVA 2 QAM“
indusirial Strobe Kits. ;I'R/’: 18: I\lc'::

ULTRA VIOLET BLACK LIGHT IKVA 15A Max.

En 4 wart E300 - 50p p&p (E4.02 inc VAT)
230V AC Ballast Kit for either 6in, 9in or 12in tubes £5.50 p&p 559
1£6.96 inc. VAT).

For 13in. & 18in. Tubes €6 p&p 75p (€7.76 inc. VAT}
For 12V DC op. 12in & 13in. tubes only £5.50 p&p 75p {€7.18 inc.

VAT).

175 WATT SELF-BALLASTED BLACK LIGHT MERCURY BULBS.
Available for either B.C. or £.S. fiting, price £10.80 - p&p £1.25 (total
inc. VAT £13.85).

400W UV LAMP & BALLAST complete — £48.80 + £3.50 (£60.15
incl VAT)

400W UV LAMP only, £20.00 + p&p £2.50 (£25.88 incl. VAT).

2KVA ¢ £40.00. 3KVA © £60.00.

"SUPER HY-LIGHT STROBE KIT | VARIABLE VOLTAGE TRANSFORMERS

INPUT 230, 240\1 a.c. 50/60 OUTPUT 02260:0

Comprehensive range of TRANSFORMERS L.T. ISOLATION & AUTO
(110-240V). Either cased with Amencan socket and mains lead or open
frame type availabie for inmediate delivery. Leaflet on request.
Special offer: Brand new safety Isclation Transformers.

Primary 0-104-110-120—V. 0-104-110-120V. ~
Secondary 0-104-110-120V. 0-104-110-120V.

4KV A with 0-110V. secondary only & £80.00.
+ Carriage and V.A.T. 'Phone for further details.

SINGLE DIAPHRAGM COMPRESSOR NMS
Max. 20 PSI. One CFM approx. 240 volts A.C. £18 + £2 p&p (£231nc. VAT

£21.00

FLUORESCENT TUBES 5KVA 25A Max. £98.00
ah 40 wart £1044 (£1200 inc VAT) 10KVA 50A Max. g;;g ORI ULtz U002 )

2h 20 watt £7.44 - £125 p&p (£9.99 inc VAT) 15KVA 75A Max. AT - P P&p ( g )

180 15 watt £5.00 « 75p p&p (BB.61 inc VAT) All V.V.Ts plus carriage an Ofos
130 10 watt £400 « 75p p&p (£5.46 inc VAT) 3-PHASE VARIABLE VOLTAGE TRANSFORMERS  !deal for above Rheostas 30p ea. +

120 8 wan £360 « 50p p&p (EAT1 nc VAT) Dual input 200-240V or 380-415V. Star connected ‘-

9n 6 wan £300 - 50p p&p (fA.02 inc' VAT) 3KVA. 6KVA. 10KVA. availabie. Phone for details. -

LT TRANSFORMERS

ROBOT ENTHUSIASTS

The following two Motors are ideally suited for experimenters in
this field:

1. ESCAP precision Swiss-made ironless rotor, 6V DC geared
MOtor with 70-1 gearbox. 6V DC - 16 r.p.m. 3V -8r.p. m amazing
power; no load current; only 10 ma. approx. Size: 4 2V2 cm. Ex-

equipment, tested and guaranteed ONLY £4.50 . 50p p&p (total
inc. VAT £5.75).

2. 12/24V D.C. Reversible Precision built motor factured by
Escap - will operate from 24V down to 2V OC — Current consump-

EPROM ERASURE KIT

and circuit,

Why waste money? Build your own EPROM ERASURE for a
fraction of the price of a made-up unit. Complete kit of parts less
case to include 12, 8 watt 2537 Angst. Tube. Ballast unit, pair of
bi-pin teads, Neon indicator, safety microswitch, on/off switch

LESS CASE: Price £13.60 + 75p p&p (Total inc. VAT £16.50).
i Tube used in this circuit is highly dangerous to the
eyes. Unit must be fined in suitable case.

VAT £21.60). NMS

{Total nc_VAT £12.99).

tion negligible. A range of speeds between 2 to 36 r.p.m. obtain-
abje. Approx. half manufacturers price: £15.00 p&p £2.00 — total
inclusive of VAT £19.55.

MICRO-SWITCH =

Button type 10amp /o contacts. £6.90 for 10 post paid. inc. VAT.

VORTEX BLOWER & SUCTION UNIT

Powerful multi-stage dynamically balanced totally enclosed rotors,
112in. inlet and outlet, 110V AC. £22.00. Switchable transformer for

12V D.C. BILGE PUMPS

(£10.35 inc. VA
(£14.95 inc. VAT).
(£19.26 inc. VAT),

400 G.P.H. 15ft. head, 3amp, £8.00
T).
100 G.P.H. 10ft. head, 3.5amp, £11.50 + £1.50 p&p
1750 G.P.H. 15ft. head, 9amp, £15.00. + £1.75 p&p -

+ £1.00 p&p

Black Silver Skirted Knab calibrated in Nos 1-9, 1%2in. dia. brass bush.

~ Test to LE.E. Spec. Rugged metal construction
suitable for bench or field work onstant speed
clutch. Size L 8in,, W 4in, H 6in. weight 6ib.

500
B VAT). 1000V 1000MO £55 + p&p £2 (£65.55 inct.
'.. [ VAT) SAE for leaftet.

“Special Offer” 0-6.3V-0-6.3V at 10 Amp (12V 0 10 Amp or &V at 20
Amp) Price £9.00 pp £2.00 - inclusive of VAT £12.65 NM.S.
GEARED MOTORS
§ rpm 240V AC MK, by Carier, £6.05 £1 p&p (£8.11 inc. VAT. NMS,
mrpm 115V AC Synchronous torque approx. 80Ib/in. £20.00 + £4 p&p (Total inc.

TRANSFORMER 240 operation, £3.15 ¢ £2.00 p&p (Total inc. VAT £12.82).
28 rpm Torque 20bun, reversmle 1/80th h.p 110V AC. Price’ £9.50 4 p&p £1.80

Suitable TRANSFORMER for 230-240V AC operation. Price: £520 + p&p £1.40
(Total inc. VAT £759). NM.S

38.8 rpm GEARED MOTORS Torgue 351b.in. reversible 115V AG inc. start
capacity. Price: £11.55 + p&p £2.00 (Totat inc. VAT £15.58). N.M.S. J
\Slxllahie TRANSFORMER 230V AC operation. Price £5.20 + 50p p&p (£6.56 incl.

CROWN 37 rpm 2000ib.in. approx. HUV AL, reversible geated motor Price: £35
p&p £450 (£45.42 inc. VAT). NM.
Suitable TRANSFORMER for above £10 p&p £1.50 (£13.22 inc. VAT}

Superior Quality Precision Made |

EW POWER RHEOSTATS

New ceramic construction, heavy duty brush

assembly, continuously rated.

25 WATT 5/10/25/50/100/150/250/300/500/ 1k$)

1.5kQ £4.25 + 30p p&p. (£5.23 incl. VAT).

S0 WATY 250Q £6.50 + 50p p&p (£8.05 incl. VAT).

100 WATT 1/5/10/25/50/100/250/500/1 kQ/1.5kQ/2.5kQ/3.5kQ

INSULATED TESTERS NEW!

V. 300 meg ohms £49 p&p £2 {£58.65 incl.

A

57 rpm 240V 1/22 hp. continuously rated REVERSIBLE 50ib.in. manul. by
Wynstruments. New. Ideal for garage dooss, curiains etc. ONLY£12.00 + £200
p&p (incl. VAT £16.10}, inclusive capacitor,

£

My e

240V AC £8.00 p&p £3.00 - total £34. 50 inc. VAT,

VBL4 CENTRIFUGAL BLOWI

240V AC powerful 1/50 h.p. 0.23A molor £18.00 + £2.00 p&p — total

ECWATE23.00 JNIS: AC GEARED MOTORS
R N

12/24V DC CENTRIFUGAL BLOWER DC MOTORS SMALL

0.4A d 30 cu.ft. €72.5¢ + £1.00 -

ot VAT RS 78 g MICROSWITCHES

COOLING or EXTRACTOR FAN RELAYS SRR

o e i SOLENOIDS AC. or D.C
¢l AN ..

2B b total e, VAT £6.62. NS, (P PROGRAMME TIMERS

HEAVY DUTY SOLENOID

mE. by Magnetic Devices 230V. A.C. Intermittent operation. Approx.

FROM STOCK AT PRICES
THAT DEFY COMPETITION

WIDE RANGE OFf XENON TUBES
WRITE/PHONE IN YOUR ENQUIRIES

(Totat inc. VAT £7.59). N
24¥ DC 200 rpm101b/in M.
inc. VAT £10.93)

C.F. BLOWERS

STROBE KITS
FLASHTUBES
CONTACTORS
SYNCHRONOUS
MOTORS

£10.64)

20Ib pull at 1.25 in. Ex.-equip. Tested. £10.00 + £1.50 p&p (total
mel. VAT £13.23).

Ample parking space
Showroom open

Monday-Friday ‘B‘

SERVICE TRADING CO

57 BRIDGMAN ROAD, CHISWICK, LONDON W4 5BB. Tel: 01-995 1560
ACCOUNT CUSTOMERS MIN. ORDER £10

T1 rpm Torque 10Ib.in. reversible 1/70th h.p. 110V AC motor. Price: £950 + £1.80

p&p {Total inc VAT £12.99)

Suitable TMHSFOIIMEI lor 230-240V AC operation. Price: £5.20 + p&p £1.40
MS.

2v2 AL svecuuounus,zrpm_s.pm,srev per day. Any type. £480 + 50p
Al PACITORS 0&p (Total inc VAT £6.30],

sy CHECK METER

230/240 AC 40 amp, fully reconditioned £7.50 + £4.75 p&p (Totat inc. VAT

ANGAMO WESTON TIME SWITCH
'vau $251200/250 A.C. 2 on/201f every 24 hours. 20 amps contacts with
override switch. Diameter 4*x3”. Price £9.50 + £1.50 p&p (12.65 inc. VAT &
p&p). Also available with solar dia R&T. Other types available from stock.

by Cartér. Ex-equip. tested. £8.00+ £1 50 p&p (Total

N.M.S. New Manufacturers’ Surplus
R&T Reconditioned and tested
Goods normally despatched within 7 days.

Personal callers only. Open Saturdays
9 Little Newport Street
London WC2H 7JJ
Tel: 01-437 0576

CIRCLE 31 FOR FURTHER DETAILS.

AFFORDABLE ACCURACY"
‘QUALITY MULTIMETERS ARMON

A comprehensive range
of Analogue and Pushbutton
(or Rotary Switched) Digital Models.

HM 102BZ HC7030

10ADC Range, 20kQVDC, Buzzer, Battery Test Accuracy Standard Model £39.50
EFAS 0 conos 0 S8 fotootoaon00 0060000 £13.00 HC-6010 0.25% Accuracy, Standard Model

19 measuring ranges £33.50
HM402R HC-5010T 0.25% Accuracy. TR Test Facility’

Low end voltage & current ranges, Jack for Audno £39.50
@O VEETE0 0 00 00 000 ce 0066 goac 00000 oo £11.00 DM-105 0.5% Accuracy. Pocketable

20 measuring ranges £21.50
HM-1015 All models have full functions and ranges and

feature:

‘h digit 0.5"LED display

Low battery indication

Auto zero & Auto polarity

ABS Plastic Casing

DC AC 10 amp Range (not DM-105)
Overload Protection on all ranges.

Battery, Spare Fuse, Test Leads and Manual.

FULL DETAILS ON APPLICATION FROM:—

ARMON ELECTRONICS LTD

DEPT. A HERON HOUSE, 109 WEMBLEY HILL ROAD, WEMBLEY, MIDDLESEX HA9 8AG
TELEPHONE 01-902 4321 TELEX 923985
PLEASE ADD 15% to your order for VAT. P&P Free of charge. Payment by cheque with order
Offer applicable to mainland UK only
Please allow 28 days for delivery

Rugged, Pocket size meter, for general purpose

(33 5 w06 oo 0 6 0586 090 0009660 IO o o o ag £7.50
16 measuring ranges

Battery, Test Leads and manual inciuded with each
model.

Trade enquiries invited

ewraa

.

19 inch Rack Mounting enclosures
complete with chassis and top and bot-
tom covers. Front, Sideand Rear panels
arg aluminium andflat for easy machin-
ing. These panels are located with
heavy duty aluminium extrusions.
Front and Rear panels are satin ano-
dised. Covers are finished in cream.

NEWRAD INSTRUMENT CASES LTD
Unit 19, industrial Estate, Gore Road

New Milton, Hants BH25 6SJ
Tel: New Milton 0425 621195

HEIGHT DEPTH PRICE

= 10 250 £18.84
1U 300 21.35

. 20 250  22.05
20 300 24.69

3u 250 2522

3U 30 27.99

4U heights and depths of 400mm are
ava||able in minimum quantities of 10.

PRICES ARE EXCLUSIVE OF VAT P&P £2.50.

CIRCLE 89 FOR FURTHER DETAILS.

CIRCLE 95 FOR FURTHER DETAILS.
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* |deal for students, or as a target board
for development

* Currently in use in Universities,
Technical colleges, and Government
departments

| * 4K/16K/32K/64K RAM, up to 32K
EPROM, on board

* 24 paraliel 1/0 lines, RS232 serial

Andelos Systems

Assembler/Disassembler in EPROM, plug in, includes monitor
Cross assembler for Z80 hosts/Assembler for 68000 hosts.................. s phone

Andelos 68000 SBC

* Expansmn interface

* Low cost EPROM Programmer — simply
plugsin

* True 16 bit, 10MHz, for high speed
processing

* Comprehensive monitor (optionally with
assembler) in 2764 EPROM

* Assemblers and cross assemblers

interface available for 68000 and ZBO hosts
10MHz 68000 SBC with 4K RAM, Monitorin 16K EPROM. ...................... £295 + VAT
10MHz 68000 SBC with 16K RAM, Monitor in 16K EPROM . LR ....£305 + VAT
10MHz 68000 SBC with 32K RAM, Monitor in 16K EPROM .......... £415 + VAT
10MHz 68000 SBC with 64K RAM, Monitor in 16K EPROM .................... £435 + VAT
EPROM programmer card, pIugin. ... ......oiiueoieiinine e £95+ VAT

Telephone: (0635) 201150

Solina, Buckiebury Aliey, Cold Ash, Newbury, Berkshire RG16 9NN

CIRCLE 78 FOR FURTHER DETAILS.
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The hidden message in
Maxwell’s equations

Did Maxwell lodge with his bank the answer
to his mathematical bluff, Maxwell’s
Equations, with instructons to open and
publish a century later? And did the bank lose

the envelope?

Historically, the theory of elec-
trodynamics grew out of the the-
ory of static fields, electric and
magnetic. These static fields
resulted from steady electric cur-
rents and static electric charge.
Maxwell wrestled with the para-
dox of the capacitor’”?, and this
led him to reassert Faraday's idea
of “the propagation of transverse
[electro] magnetic [waves]®.” So
the concepts of electric charge
and electric current preceded the
concept of a transverse electrom-
agnetic wave?, and it is generally
agreed (but not by me) that the
t.em. wave follows from the prior
postulation of electric charge and
current!2,

A strong case can be made for
the view that the t.em. wave is a
more fundamental Primitive, or
starting point, for electromag-
netic theory than electric charge
and electric current.’

® When light and heat reach us
from the sun, it is by the
mechanism of a t.em. wave,
not electric charge and cur-
rent.

® Kip® says that the energy dissi-
pated in a resistor entered it
sideways, and was transported
into the resistor by the t.em.
wave.

o In 1898 J.A. Fleming® wrote
that ‘although we are accus-
tomed to speak of the current
as flowing in the wire, . . ., (it)
is, to a very large extent, a pro-
cess going on in the space or
material outside the wire.’

® In Wireless World, May 1985,
page 18, in a reply to G. Ber-
zins, | showed that the t.em.
wave, not the electric current,
must be the mechanism by
which energy is transferred.

The last two argements are even
more powerful and fundamental.

® We all adhere to the underlying
primitive  ‘conservation of
energy’. Now energy is trans-
ported by the t.em. wave, not
by electric charge and electric
current.

® We all adhere to the underlying
relativistic  primitive,  ‘no
instantaneous action at a dis-
tance’. While electric charge
could be argued to be located at
only one point in space-time,
this is not true of an electric
current, some of which is
necessarily located at the same
time at points which in the lan-
guage of Minkowski are “else-
where’ to itself.

Catt’s equations of motion for ataper-
ing wooden plank

Consider a plank of wood tapering
to a point at the front, travelling
at velocity v. The aspect ratio of
the wood’s cross section is z.
Height and width at any point are

Since we have stated that at any
point, h/w =z, we can substitute
for h in equation 1:

dh z 9w
Ix  vot’

Again from first principles, we
can write

aw 19w *
9x  vot’

In the same way as we substi-

tuted for h in equation 1 to get

(2), now substitute for w, to get’
1 oh

ow
9x  vzat’ 4

Equations 2 and 4 we define as
Catt’s Equations of Motion for a
wooden plank. Note that they
hold true for any type of taper,
and even for a straight portion of
the plank, when both sides of the
equations are equal to zero. The

A

%2

denoted by h and w. Within the

tapering section, the ratio of

height to width remains z.

The velocity of the plank is the
factor which relates the change of
height with forward distance to
the change of height at a point
with time, so from first pinciples,
we can write

Oh _ _ 10hsers78). 1
ax v Ot
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only imposed limitation is that h
remain proportional to w.

Catt’s equations of motion for a thick
warm plank

We postulate that a thick plank of
wood travels forward with veloc-

ity v. At every point within the

* For explanation of the minus sign, see
ref.9.

by Ivor Catt

plank, we postulate that the tem-
perature T is proportional to the
density of the wood p, so that
T/p=z. (Topicture this, think of
spontaneous combustion.)

Catt’s equations 2 and 4 now
become

9T _ _z9p .
dx vt
9p__ 10T '
Ix vz Ot

These.equations remain valid for
two thick short planks moving
forward side by side.

Maxwell’s equations compared with
two thick short planks

Let us first review two of the
many extant versions of Max-
well’s Equations for a vacuum.

9E _ 9B
dx It 7
gH_ _dD
%~ T 8

The version above has been
obscured by the introduction of
alternative symbols B and D to
denote magnetic - and electric
fields. Our purpose is more easily
served if we use dnother of the
many versions that litter the text
books (ref. 2):

OF__, ot :
ax 6t
aH JE
ax = E(,a g 10

Our problem is that whereas the
equations for planks have con-
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MAXWELL’S EQUATIONS
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stants v for velocity and z for
ratio, Maxwell’s Equations have
the obscure symbols p, and ¢,.
However, this problem becomes
trivial because it is known from
experiment that

— the velocity of light or a t.em
waveisc=1/y 1, €,

— the ratio between E and H at
any point, described by the
symbol Z,, has been found by
experiment to be equal to the

constant ./ (/¢ ).

By algebra, we find that p, = Z /c
and € = 1/cZ, (ref.10). We can
now see that equations 9 and 10
are in fact 5 and 6, Catt’s equa-
tions for two thick short planks,
and contain virtually no informa-
tion about the nature of electro-
magnetism.

The hidden message in Maxwell’s

equations

In general, Maxwell’'s Equations
tell us only the obvious truisms
about any body or material mov-
ing through space. It is the
obscurantism of the fancy maths
in which they are dressed that has
for the last century caused scho-
lars to think that they contain
significant information about the
nature of electromagnetism (but

see refs 7 and 9). Most versions

are far more messy and obscuran-
tified than the two comparatively
clean versions (7) through (10)

" listed above. Other versions tend

to contain a mixture of integrals,
divs, curls, and much more, lead-
ing to a head-spinning brew, see
for instance refs 1,13. (For the

Inscrutable Ultimate, see panel

for Chen-To Tai.)

Two questions arise:

— do Maxwell’s Equations con-
tain any information at all
about the nature of electro-
magnetism? i

— why do academics and practi-
tioners generally believe that
Maxwell’s Equations are use-
ful?

The answer to one of these
turns out to be much the same
as the answer to the other.

Returning to equation 1, this is
only valid if the constant in the
equation equals the velocity of
propagation v. When we then mix
together h and w to produce the

- hybrid equations 2 and 4, they

only remain true if h and w are
always in fixed proportion z. So
we find that Maxwell’s Equations
9 and 10 are only true if at every
point in space E is proportional to
H, and also if the velocity of elec-
tromagnetism has the fixed value
¢. So the only information about
electromagnetism contained in
the apparently sophisticated equ-
ations 9 and 10 is about the two
ruling constants in electromag-
netism: the fixed velocity c, and
that E,H at every point are in
fixed proportion Z,. The remain-
ing content of Maxwell’s Equa-
tions is hogwash.

We have to conclude, with
respect, that what Maxwell and
his sycophants do not say about a
tapering, disappearing plank of
wood isn’t worth saying.

Now move on to the second
question, “Why do academics
and practitioners  generally

What did Maxwell do? What did
he say that he did? Today, what
do scientists believe that he did?

Did Maxwell postulate ‘The
Extra Current’, now called Dis-
placement Current, to resolve an
anomaly which arose from the
capacitor in a closed circuit? Or
did he later falsely claim it as his
reason? Or is it merely the false
reason given in the history
books? It is possible to argue that
for my purpose these distinctions
are unimportant, because if
unknown, they do not influence
the contemporary scene. (All the
same, I believe that the true his-
tory of scienceis very important. )

Generally, I attemp to bypass
these niceties, in order to create
an uncluttered discussion of the
technical flaws in today’s sci-

ence. By contrast, historians,

Histori»é.-arl backgr‘o‘ruhd reading

lacking proficiency in electrom-
agnetical theory, assume that
today’s situation is sound, and

the only problem is that there are |

errors in our knowledge as to how
we reached it.

This difference — that I am
concerned with flaws in the con-
temporary body scientific and
less concerned with historical
detail — creates an uneasy rela-
tionship between the historians
and me. As a result, [ both do and
do not want to point the reader to
historical analysis of Maxwell
exemplified by the following:
Chalmers, A.F., Maxwell and the
displacement current, Physics Education,
vol.10 1975, p.45
Gee, B., Models as a pedagogical tool:
can we learn from Maxwell? Physics
Education, vol.13, 1978, p.287. .

Tai, Chen-To, On the Presentation of
Maxwell’s Theory, Proc.IEEE, vol.60,
no.8, Aug.1972, p.936.
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believe that Maxwell’s Equations
are useful?” The answer to this
question, deriving from the pre-
vious discussion, is extraordi-
nary. We have already seen that
Z, and c are the only items of
information buried in Maxwell’s
Equations. We resolve the para-
dox by pointing out that

Z, is not available as a concept to
the whole of the fraternity called
‘modern physics’.

The only way they can use such a
necessary constant in their work
is by taking on board with it all the
meaningless rubbish in Max-
well’s Equations which shrouds
this valuable nugget.

In September 1984, in a paper
delivered to a learned confer-
ence'! and in that month’s issue
of Wireless World, 1 wrote: “It is
noteworthy that Einstein himself
and also the whole post-Einstein
community who call themselves
‘modern physics’ never mention
the impedance of free space

/1 /€,, although it is one of the key

primitives on which digital elec-
tronic engineering is based. The
reader is encouraged to look for
reference to it in the literature of
‘modern physics’.” Since then,
no one has pointed out any case
where it is mentioned in the liter-
ature. It follows that

The only purpose served by
Maxwell’s Equations is as a pack-
age to deliver the constant Z, to the
theorist and to the practitioner. *

If they lacked another source for
it, could also be accessed via
Maxwell’s Equations, but I think
that to some extent c is available
via other routes, although uni-
versity lecturers remain muddled
and vague about the velocity of a
t.em. wave. Curiously, they are
much more sure that the velocity
of light equals the constant c.
Did Maxwell lodge with his
bank manager the answer to his
mathematical bluff, Maxwell’s

‘Equationst, with instructions to

open and publish a century later?
Did his bank lose the envelope?
Should we say to Maxwell now,
as he sits laughing, or perhaps

* A bit like burning down your house to get
roast pig.

T The meticulous student might like to fol-
low up the assertion by H. J. Josephs that
Heaviside, not Maxwell, wrote Maxwell's
Equations. Is it true that Maxwell's writ-
ings do not contain Maxwell's Equations?
This issue does not effect the discussion.
Certainly my hero Heaviside fell hook, line
and sinker for Maxwell’s Equations.
Nobody’s perfect. According to Dr D.S.
Walton, “The physical substance is in Max-
well’s writings, but the formal expression
that we are familiar with is due to Heavi-
side”.
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smarting, on Cloud Nine, “Now
pullthe otherleg?” No. I am sure
that Maxwell was sincere, and

‘did not knowingly shroud the

very heart and soul of science,
Electromagnetism, in confusion
and nonsense for over a century.

Appendix

It is worth repeating here from
ref. 7 that the following two source
equations, from which Maxwell's
Equations are derived, have never
been mentioned in the literature:

OE_ _, , OE
aX ooat
OH _ uoH
dx Z,0t -

These are similar to equations 9 and
10. The alternative form is

E_ __ 9D
T L
dH 1B
Jx Z,0t "

These are similar to equations 7,8.
The cross-linkage of electric and mag-
netic fields E and Hin Maxwell's Equ-
ations only obscures the issue. There
is nointeraction between E and H. (Si-
milarly the width of a brick does not
interact with its length.) They are co-
existent, co-substantial, co-eternal
(refs 12,14). i
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A PC/XT COMPATIBLE THAT WON'T GO BY
THE BOARD

Prices exclusive of VAT

OUR COSTAR 2000 fully iIBM PC/XT
compatible single board computer and
peripherals is most advanced highly
integrated and cost efficient system
available.

ADVANCED DESIGN

The CS-2000 Mother Board is a highly
integrated state of the art design, with a
unique software controlled dual processor
speed system. Enabling all PC software to
be run uninterrupted at high processing
speeds.

When used with the CS-2000 Multi
Function Card, you get a very advanced,
compact system, with all the facilities of a
fully expanded PC/XT

COSTARS rationalisation of board
numbers has resulted in cost saving,
reliability and reduced installation time
benefits.

NOW

COSTAR 2000

STANDARD FEATURES

* 8088 — CPU, 7TMHZ/4.77MHZ
Software Toggle control
8087 Co-processor optional
8K custom BIOS in ROM
6 EPROM SOCKETS
8 expansion SLOTS
Hardware Reset
PC/XT Form, Fit & Functions

* 256K RAM, 640K max

NO RISK TRIAL OFFER

If, after purchasing one of our boards, you
are not satisfied, we will refund your
money (minus post and packing), provided
the board is returned, intact, within 15 days

of shipment.
TO ORDER

Please include your remittance with your |
order. Access and Amex welcome.

Credit Card purchases may be

telephoned. Dealer and O.E.M. enquiries

welcome.

FOR
£1195

CS 2000 PLUS. A complete IBM PC/XT
compatible computer in a kit. Requiring
only a slotted screw driver and 1-2 hours
to assemble and run. Price and compare
our system with others and you will find
most other systems’ options are
standard on ours.

PC DOS version 2.X
256K parity checked RAM
expandable to 640K

8088 CPU

Custom 8K bios w/hard disk drivers

Tape back-up interface (option)

IBM compatible keyboard w/function

keys

12" high resolution monitor green/

CO-STAR LIMITED

18 MONTH WARRANTY
Our stringent production quality controls
and the high reliability of our boards, has

enabled us to give an 18 month warranty.

and a 6 month exchange program for
defective units.

STANDARD FEATURES

* Floppy Disk Controller

» Real Time Clock, with battery backup
» Dual Serial Port, one optional

*» CENTRONICS paraliel printer port

* RAMDISK

* Printer SPOOL

amber
2 slimline 5.25 floppy disk drives 360K
storage each
Power-supply is hard disk compatible
110-220 VAC, 50-60 Hz
Centronics printer port
Serial/modem port
RTC, CAL w/batt back-up
“Case and cables :

321Bridgegate House, IRVINE, Ayrshire, KA12 8BD

Price exclusive of VAT

Tel: 0294 76252
Easy Link No. — 9289001
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TRACER - A new Robotic

Teaching System from LJ

The new LJ TRACER Robot provides a cost-
effective introduction to the world of
Robotics.

This ruggedly constructed XYZ robot
features both stepper motor and
closed-loop servo motor drive. The
TRACER can be driven by any
microcomputer with a suitable TTL level
I/0 facility.

The TRACER is supplied with a pcb
Assembly Task Kit (as
shown) and a 3 colour
pen-plot kit.

LOGIC ANALYSERS

- TA2080
8 channels, 20MHz, timing and state. 252 byte data and reference
memories. 23 bit riggering with trigger delay by events and/or clocks.
Compare and search facilities. Composite video output.
Microprocessor disassembly (Z80, 6800 and 6502) and RS232 option.

TA2160 . }

16 channels, 20MHz, timing and state. 252 word data and reference
memories. Can be configured as two independent or linked 8 channel
analysers with separate clocks and independently set parameters. 34
bit triggering on two levels with trigger delay by events and/or clocks.
Powerful compare and search facilities. RS232 interface, composite
vidéeo output, Microprocessor disassembler options for Z80, 8085, 6809
and 6502. 1

Both analysers can display data either as any 8 channels in timing
diagram format, with cursor, window and expansion facilities, or in state
format with cursor, memory compare and word search features. All
inputs are high impedance and variable threshold.

Optional accessories include the TA232P serial data (RS232) pod and
TPS5 video printer.

For further information contact:-

Thandar Electronics Ltd, London Road, St Ives,
Huntingdon, Cambridgeshire PE17 4HJ
Telephone: (0480) 64646. Telex: 32250.

27 thandar
ELECTRONICS LIMITED |

CIRCLE 11 FOR FURTHER—DETAILS.

LJ Electronics Ltd

Francis Way
Bowthorpe Industrial Estate
Norwich, NR5 9JA. England

Tel: (0603) 748001
Telex: 975504

For full details of this
and other LJ products
send for our catalogue

CIRCLE 59 FOR FURTHER DETAILS.
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pantechnic E.M.S. POWER Happy Memories
Part type 1 off 25-99 100 up
Y L. BTG 2000 et d U .. 1 1255
m design manufacture and supply AT SPECIAL 126 o TGS 5% a0
INTRODUCTORY PRICE / 2114 200ns Low Power ................ 175 160 1.22
BB 150NS ..o 1.99 1.80 1.65
POWER AMPLIFIERS 6264 150ns Low power................ 5.00 4.45 4.00
HIGH POWER ASSEMBLIES 2716 450nS 5 VoIt ... 383 345 330
2732 450ns Intel type.................. 4.7 2 :
CONTROL CIRCUITRY 2764 300ns SuitBBC.................. 2.95 2.65 2.50
‘ 27128 300ns SuitBBC................. 3.9? 2‘55 ggg
i i i - ; . i 27256 250NSEIERNTIS. (SRS, 755 ° 6.95 .
n AfOI' application in | Solve all your Power Problems by contacting
INDUSTRY E.M.S. Low profile IC sockets: Eins 8131612%)32%833
‘ : E.M.S. specialise in systems to eliminate ppc 12Ul %
PUBLIC ADDRESS ] pb] 4 you Available now — The ROAM BOARD for the BBC Micro. Reads
HI-Fi B =L Propioms, Roms via a Low Insertion Force Socket and saves their
Products range from 35VA switched square wave contents as files, then reloads a file into its sideways Ram as
} . 2 3 required. Full details on request.
W available Power Packs to 1KVA fully uninterruptible sine
; wave systems. ' 74LS series TTL, wicfle stocl5<s at low &rlices witthIY c#isclounts
' 1 starting at a mix of just 25 pieces. Write or 'phone for list.
NS OFF THE SHELF E.M.S. also manufacture chargers which range up 2

to 60 amps. ; Please add 50p post & packing to orders under £15 and VAT to total.

T - CUSTOMISED B Access orders by ’phone or mail welcome. i
TO BE CRYSTAL CLEAR CAD DES|GNED . e It il please Wy . Non-Military Government & Educational orders welcome., £15 minimum.
AEIA CRYSTALS LTD

E.M.S. Manufacturing Limited

tel. 01.361.8715 132 High Road A - Chairborough Road : HAPPY MEMORIES (WW),
GATWICK HOUSE - HORLEY - SURREY - RH6 9SU telex 266 873  New Southgate High Wycombe -~ Newchurch, Kington,
TEL: 0293 785353 TELEX: 87116 AERO G PANTEC G LONDON N11 1PG. Bucks Herefordshire HR5 3QR.
CAA approved Tel: (0494) 448484 Tel: (054 422) 618
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by D.J. Greaveé B.A

Midi interface back panel.
The 6-pin dil i.c. is a
medium-speed opto-isolator
for receiving data at 31.25
kilobaud from a 5mA current
loop. A 741504 i.c. buffers
received data driving the
‘through’ socket and serial
data from the 8088 processor
for the ‘out’ socket.

Polyphonic keyhoard

part 3

Midi interface details are included in this third
article on a versatile keyboard mstrument
using two processors.

Software for the 8088 micropro-

cessor was written in assembly
language and programmed into a
2764 8Kbyte eprom. There are
two devices in the processor
memory map, this eprom with
addresses between E000 and
FFFF and a 2Kbyte cmos ram
with battery 'backup- using
addresses from zero to 7FF.

As mentioned last month, the
processor accesses the whole of
the rest of the instrument in an
address space of 16 parallel
ports. Names and functions of
used ports are given opposite.

From the user’s point of view,
there are two main aspects to
controlling Digipoly. First is
operation of the front panel con-
trols for setting up the instu-
ment’s sound and performance

characteristics, and second is the -

response of the keys when

40

pressed, i.e. music.

Communication between these
aspects relies on a set of global
variables in the 8088 memory
map known as voxcons. These
voxcons are stored in a 32byte
array containing all information
about the current sound of the
instrument. Operating the front
panel controls changes some of
the voxcons in specific ways and
playing the instrument uses them
to create sounds.

Part of the random-access
memory forms a library of sixteen
sets of voxcons which are
retained by means of battery
backup while the main power is
switched off. Save and recall
functions issued from the front
panel copy the current voxcons to
a position in the library and back
respectively. Two other similar
variables, for fine and coarse
pitch settings, are not saved in
the library. It is important that
these too are saved when the
main supply is switched off.

When power is applied, the
8088 is given a power-on reseet
which causess it to start execu-
tion at address FFF0, which is in
the eprom. First it initializes var-
iables in its own memory map and
then sends the table of squares to
the t.t.l. processor. The volume
registers are all zeroed and all
voxcons are set to default values
giving a simple reed organ type
sound, i.e. a triangle wave,
abrupt envelope and all other fea-
tures off.

The software then enters the
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main polling loop which, in out-

line, performs the following: -

— scan keyboard, turning on or
off notes that have changed
since the last scan.

— send values to the d-to-a con-
verter influence register.

— advance each envelope regis-
ter phase

— inspect the Midi bus queue for
commands

— scan front panel controls

— read control knob if enabled

When there is no work to be

done, the polling loop takes just

under 1ms. Advancing of enve-
lope phases only - takes place
every fifth time around the loop,

i.e. once in about 4ms.

Midi bus

Midi, short for musical instru-
ment digital interface, is a stand-
ard interface used on nearly all
modern keyboard instruments. It
can be used for controlling sound
generation sections of one musi-
calinstrument from the keyboard
of another. Drum computers and
sequencers can also be intercon-
nected using the bus and there
are Midi adaptors which allow
instruments to be controlled by
computer.

Three 180° five-pin DIN sock-

ets are fitted to the instrument -

‘Midi-in’, ‘Midi-out’ and ‘Midi-
through’. Data is transmitted on
pins four (positives) and five
using a 10mA current loop to
drive opto-isolators at the receiv-
ing end. Cables used are shielded

twisted pairs with the shield con-
nected to pin two at both ends;
this pin is only earthed at the
transmitting end. The connector
chasis is not connected and pins
one and three are unused.

Data is transmitted serially at
31.25 kilobaud. One start bit of
zero is sent then eight data bits
with the least-significant bit first
followed by a stop bit of one.

Midi commands are normally
three bytes long. First is the com-
mand byte with its most signifi-
cant bit is set on. Represented in
the least-significant four bits of
this byte is a channel number, n.
Subsequent bytes specify para-
meters and have values between
zero and 127.

The bus is logically divided into
sixteen channels, referred to as
one to sixteen, but of course the
bit pattern of the n field in the
command byte has values from
zero to fifteen. Channel numbers
that a particular instrument uses
and responds to are set from the
front panel of the instrument and
Digipoly is no exception. Using
diferent channel numbers allows

several instruments to chained
together using the Midi ‘through’
sockets and independently con-
trolled from a single computer or
sequencer.

In some commands, the sec-
ond byte is ‘kk’ which corre-
sponds directly to a key on the
instrument keyboard. Byte kk is
zero for lowest Cand 3Cfortop C.
If a number greater than 3C (60
denary) is received then the
instrument will play that note as
though the keyboard were con-
tinued to the right, provided that
this is still within the instru-
ment’s pitch range. The ‘actual
highest value will depend on how
the keyboard is currently trans-
posed.

One restriction on Digipoly is
that the Midi ‘out’ socket cannot
be used at the same instant as the
in’ socket. This is because datais

serialized and deserialized in sof-

tware and not using a uart'(uni-
versal asynchronous receiver and
transmitter) i.c. The only prob-
lem that this causes is that the
useful loop test involving con-
nec@i_ng the ‘out’ and ‘in’ sockets

of the same instrument will not
work.

Midi output

If transmit-on mode is selected
on the front panel (Tx on), then
information from the keyboard is
not interpreted by Digipoly but is

transmitted on the Midi ‘out’ |
The channel number

socket. :
must also be selected from the

front panel. Commands that may |

be transmitted are ( 9n, kk 40)
which notifies any device on
channel n that key kk has just
been pressed on the keyboard,
( 8n kk 40 ) which notifies any
device on the channel that key kk
has just been released,( Bn Op vv )
used to adjust sound-generating
parameters of other instruments
and (91 04 ) sent as a continuous
stream of double bytes on the
Midi ‘out’ socket.

In the third command, adjust

parameter, the parameter to be
modified, p, is a value ranging
from zero and 15 selected on the
front panel. On selection of this

Names and functions of parallel ports used on the 8088 ‘microprocessor.

BUTTONS, port 3,contains a
bit-mapped image of front-
panel control buttons.

LEDS, port 4, has various bit
patterns written to it to control
front-panel indicator leds.

BUT1, port 6, is a bit-mapped
image of general-purpose
buttons 1-8.

BUT2, port 7, is a bit-mapped
image of buttons 9-16. All of
these buttons are push-to-
make and produce a zero blt
when pressed.

CONTDAC, Port 8, when
written to latches an eight-bit
control word for the auxiliary
d-to-a converter. This’
converter determines various
analogue parameters. The
same latch is used for
scanning the clavier
keyboard.

STATUS, Port 9, is a read-
only port with bit ﬂags as’
follows.

Bit seven, reflecting output of
the oscillator is used for
arpeggio (TBASE), and is

available to clock a’
sequencer-which could be
added as a software
extension.

Bit 6 is one if voltage from the '
rotary control potentiometer
on the front panel is higher

than that of the control d-t0-a

converter. In conjunction with

CONTDAUC, this bit allows
analogue-to-digital
conversion under software
control so that the 8080 can
read the knob position.

Bit 2 is zero if the sustain foot
switch is pressed.

Bit 1 is one if the clavier key
indexed by the value last
written to CONTDAC is
currently held down.

Bit 0 reflects the state of the
Midi in serial-data line.

INFLUTE, port 11, when
written to causes the voltage
on the control converter

~output to be stored on a

sample-and-hold capacitor.
There are five of these
capacitors. Writing numbers
zero to four has the foIIowmg
effects.

Code 000 sets the track
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oscillator frequency. The
track oscillator produces a
sinewave for tremolo and
vibrato and can be varied
from about 0.2 to 10Hz.
Code 001, vibrato depth,
varies coupling of the track
oscillator to the master clock
to change the degree of
vibrato in the sound by
frequency modulation.

Code 010, tremolo depth,
varies coupling of the track
oscillator to the multiply input
of the main audio d-to-a
converter. This changes the
amount of tremolo in the
sound by amplitude
modaulation.

Code 011, fine pitch, varies
the steady frequency of the
master clock to the t.t.l.
processor and so pitches the.
whole instrument.

Code 100 sets the TBASE
oscillator frequency over a

‘range of about 0.2 to 10Hz.

HOSTREG, port 12, has its
most significant bit inverted
and connected directly to the
Midi out socket at the back of
the keyboard for
communication with other

instruments and computers.
Other bits in this port address
regions of the t.t.I. processor
main memory. Values
correspond directly to values
of- m in‘the microcode
instruction set.

INDEX, port 13, is similar to

the previous one, except that -

it provides the offset address

within a memory region. *

DATATX, port 14, is used for
writing data to the t.L.1.
processor. Values are set up
in HOSTREG and INDEX
first, then the required data is
written to this port for passing
on to the t.1.l. processor when
it next executes a HOST:
instruction. Completion of the
last operation can be’
detected by the 8088 using a
handshake on its test input.
The 8088 has a WAIT -~
instruction which causes the
processor to wait until the test
input goes low; it is normaily
advisable to execute 4 WAIT
instruction before updating
ports 12 to 14.
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POLYPHONIC KEYBOARD
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ranges from zero to 127. In the
final command, used as a hard-
ware diagnostic aid, the two byte
transmission is repeated about

socket will be retransmitted on
the ‘through’ socket. If the data is
one of the following commands, it
will also be interpreted by Digip-
oly. Since the keyboard has no
touch-sensitivity software, the
third byte of these commands
need not be present for correct
operation. Normally, the com-

and ( FF ) for repeating the
power-on reset sequence.

While using the first command,
the keyboard remains functional

commands that may be sent. The
command for selecting a preset
voice has the same effect as using
the play button on Digipoly's
front panel and the turm-all-
notes-off command has the same
effect as sending note-off com-
mands to all current notes.
With respect to the Omni

Software availability

Digipoly can be built for around
£175 excluding case. Software is
available in various forms from the

related files is £4 (single density).
Programmed 2764 eproms con-
taining the 8088 object code and a
bipolar prom containing the t.t.l.
processor code are £6.50 and £4
respectively. Please include £1 for
UK postage and make cheques
payable to D.J. Greaves. Brave
readers can obtain a copy of the
hexadecimal listing by sending a

.5 'nlrs
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N : 28 = Pogs Digipoly’s main board
o s e o oy e o e “Q =2 =il parameter, the main controlknob 40 ) which has the same effect as BLPOIgS\maInMYAC,
EREEEEE A\ : : - : The t.t.l. processor is in the
N an T el is enabled and any change in its releasing key kk on the keyboard, thier it Erea Microcolle
ICF — setting causes the adjustparame-  ( Cn Op 00 ) for selecting a pres- II')op:n ey ia = s 8
. ‘g = ter command to be retransmitted ent voice in the range 0-15, ( Dn gec od’erp 100ns re i,s tel:'
: < with a new value of vv. Valuevv 7B 00 ) for turning all notes off : g

memory and the two a.l.us
are in the top row of i.cs.
Analogue circuits to the
lower right include the output
low-pass filter, vibrato and

; =N b presing ey kil Bve 1. e oy ety Sp0 | tremolo (note the lass
» & o . effect until the key is released, gax. A 50 page listing of the 8088 enca}psulated themistor)
/Q\ /“\ 7 '\ Midi input when it will silence the note. Nor-  source program is £3 and a 40- sections and the d-to-a
o b2 [ - —mal polyphonic restrictions apply  track disc for the BBC microcom- converter influence sample
~ =] ) & Any datareceived onthe Midi ‘in’ regarding the number of these puter holding source, object and and hold circuits. To the right

is a small perpendicular
board holding the 10MHz
master clock and at the left,
a 14-pin keyboard socket and
two 25-pin sockets for the
8088 board and front-panel
controls.

Control-processing circuit
(left) with battery-backed

o ity i mand will be interpreted as soon  and Poly modes of the Midistand- arge stamped addressed enve- ram for storing user-defined
‘ = S 1 as the first two bytes are ard, Digipoly always behaves as '0P€ and achequefor£1.35toour | yojces when the power is
] % (AR | received. Commands are ( 9n kk  though Omni is off and Poly is on. gﬁ:o[::l O:';ifé féegjgi'?;z‘;eptg:s removed. The 8088 micropro-
p 2 3 40 ), note on command, which Inte(r]natigngl. cessor controls all instrument
) . g -3 - plays a Digipoly note exactly asif The t.t... and 8088 processor functions through 16 eight-
g D F a £2 "3+_ —i a key had been pressed, ( 8n kk circuits are described next. bit parallel i/o ports.
5 3 e EL
: —AAA— - [ bl £2
3 i & | 38
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clamp
down on
production
problems

With PANAVYISE you securely
position your work exactly where
you want it. PANAVISE tilts, turns
androtates andthe range includes
interchangeable heads and base
mounts.

Inthis range of professional robust
bench tools there is a unit to fit
your every requirement.
Alsoillustratedis a small selection
of Oryx Inserters and Extraction
tools.

(/]'74 - advanced design at an ordinary price

GREENWOOD ELECTRONICS DISTRIBUTORS

Toolrange 0734 22245 Reading. ST.C. Electronic Services 0279 26777 Harlow. Verospeed 0703 641111 Eastleigh. Electroplan
0763 41171 Royston. Hawnt Electronics 021 784 2485 Birmingham. Engineering and Electronic Supplies 0639 54162 Wales.
Cobbies 01-699 2282 London. Buck & Hickman U.K. Anglio Components 0945 63281 Cambridge. E.I.C. Lid. 0727 36311
St. Albans. Willowvale Electronics 0734 860158 Reading. Longs 09328 41241 Surrey.

Please telephone or write for further information to:

- Portman Road, Reading, Berkshire, RG3 1NE
Greenwood Electronics 7/ Reading 0734 595844, Telex: 848659
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Introducing

Featured in
WIRELESS WORLD
November issue

System from

£765.00

A

< {ni-'ad water nymph}

DESK TOP MICRO
HYDRAULIC ROBOT

Available as kit or ready built. B 6 Axis, 500 gm capacity, 500 mm reach,
8 bit control system. B Seif contained system controlled by BBC,
Apple 11E, C64 computers. @l Supplied with extensive software. Bl Many
FMS (Flexible Manufacturing System) work cell additions also available.

-—-ﬁg
n () Please phone for brochure: 0264 50093
yhernatic

4@ West Portway Industrial Estate, Andover SP10 3wWw/
pplicatlons A private and independent company giving prompt. personal service.

MAINS ISOLATORS
Pri/Sec 120Vx2
(60-1000VA Tap Secs)

A 0A
* 115 or 240V sec only.

400/440 to 200/240V CT
Price P&P

60 9.98 1.90
100 11.88 2.10
200 1647 2.36
250  19.92 2.52
350  24.64 2.84
500  30.69 3.10
1000  55.65  4.20

2000 8638 5.50
3000 12114 0A
6000 258.77 0A
24/12V or 12-0-12V
2x12V Secs, Pri. 240V
12V 24V Price P&P
0 15 253 90
05 3.45 1.30
1 4.46 1.36
2 515 1.70
3 807 176
4 943 182
5
6
8

-

@

@

14
ISISTSTSTNY
@owoo
dwad

30 46.67 4.50
83 41 53.76 550

96/48V. Pri 2x120V

Secs 2x36/48V
60,72,84,96,36-0-36

or 48-0-48V
72/96 36/48V Price  P&P
1 2 938 152
2 15.42 2.31
3 6 18.68 252
4 8 23.84 2.60
5 10 33.84 3.36
6 12 4238 3.68
8 16 46.23 3.98

50/25V or 25-0-25V
2x25V Tap Secs Volis
availahie 5, 7,8, 10, 13,
15, 17, 20, 25, 30, 33, 40.
20-0-20 or 25-0-25V
50V 25V Price P&

0.5 1 434
1 2 528
2 4 912
3 6 10.36
4 8 14.80
6 121891
8 16 26.75

10 20 31.74

12 24 37.99

60/30V or 30-0-30V
Pri 2x120V. 2x30V Tap
Secs. Volts availahle
6,8, 10, 12, 16, 18, 20,
24, 30, 36, 40, 48, 60,
24-0-24 or 30-0-30V.
60V Price P&P
493 1.

[=]
o

NOED B W =
=]
n
=3
=
=

7.51 1.

1.58
1.60
2.00
2.10
2.31
2.36
2.78
3.20
3.47
3.68

Iy

MINIATURES

SecV Amp  PriceP&P
3-0-3v. 0.2 3.26 .96
6x2 1Ax2  3.121.30
0-09 0.1 272 .96
9x2 0.33x2 253 .96

5x2  3.531.30
8-9x2  1Ax2 4.482.31
15%2 2x2 253 .96
12-0-12 .05 31 .96
20x2 152 3.551.30

15-27x2 .5 5.881.70
15-27x2 1A 7.66 .50
0-CTx15V.5 2,66 .96
0-CT-15V 4A 7.281.08

Valve oulput & matching
types available

WINDING SERVICES
3VAto 15KVA 1 0r3
hase Plus Toroidals
tock items by return.
EDUCATIONAL METERS
Finger screw terminals
0-10A or 0-30V DC
78x98mm £3.98 each +
50p P&P.

P 30V 15V Price
0 1 .

30/15V or 15-0-15V
2x15V Tap Secs. Voits
available 3, 4,5,6,8,9,
10, 12, 15, 18, 20, 24, 25,
27, 30 or 15-0-15V

AUTOS
105, 115, 220, 230, 240V
For step-up or down
d P

VA Price P
80 5.08 1.49
150 -~ 7.36 1.69
250 8.96 1.76
500 13.96 2.34
1000 23.84 2.90
1500 2958  3.35
2000 4434 420
3000 75.22 5.10

CASED AUTOS

240V Cable {nput

USA socket outlets
VA Price P&P
20 7.57 1.5¢
80 9.81 1.69
150 12.70 1.99
250 15.47 2.78
500  25.38 2.90
1000 3543 397

2000 6349 476 4

3000 9114 0A

PLEASE ADD 15% VAT T0
ALL ITEMS AFTER P&P
P&P 50p

INVERTERS

2000W ..., £636.00
4000w .. £1215.20

CONSTANT VOLTAGE
TRANSFORMERS 1%
Spike-free stable mains
250VA ... .. £198.000/A
S500VA ... .. £201.930/A
1KVA ... ... £380,500/A
2KVA ... .. £590.950/A
3KVA ... .. £951,050/A
4KVA ... .. £1173.000/A
SKVA ... .. £1470.000/A
6KVA .. ... £1697.560/A
7.5KVA. .. .£1796.750/A
10KVA .. ..£3480.000/A

AVOs & MEGGERS
8 MK6 (latest) £152.50
TT169 Transistor
Tester £65.20
Megger Crank  £83.70
Megger Batt  £125.80
Full range of AVQOs,
Meggers & Taylor
Instruments.

WW MODEM PROJECT
Transtormers T1, T2
£6.90 pair inc VAT, P&P

'METAL OXIDE %W
5% RESISTORS £1/100
12, 20, 33, 47, 75, 390,
430, 510Q, 560, 1k, 1k1,
1k3, 1k6, 1k8, 2K, 3k,
3k9, 15k, 16k, 24k, 27k,
39k 56k, 82k, 100k
110k, 120k, 130k, 150k,
2001, 220k, 270k, 300k,

P&P 20p.

BRIDGE RECTIFIERS
400V 32
2A 200V .52

35A 100V £3.00
1254 500V £3.62

NUN J

LA
1 Workshop

Un Stratfc

A NEW CONCEPT IN TEST EQUIPMENT

oo 2

AB.I. Electronics Ltd.,Unit 21 Aldham 1.E.,Barnsley. S.Yorks, S73 8HA
Telephone: Barnsley (0226) 751639

* Identifies and tests over 1000 devices
from TTL, CMOS, Memory & Interface families

* No programming necessary — in "CHIP SEARCH"
mode even the device number can be omitted

* Highly cost-effective design ensures
maximum benefits at minimum cost

TheA.B.l. Digital IC Tester

Telex: 547376 CEAG G (for A.B.l.)

CIRCLE 21 FOR FURTHER DETAILS.
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METER PROBLEMS?

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

Full Information from:
HARRIS ELECTRONICS (London)

. Phone: 01-837 7937
138 GRAY'S INN ROAD. W.C.1 Telex: 892301

CIRCLE 13 FOR FURTHER DETAILS.

TIMERS

From £239 (+ VAT)

The latest products in the
Black Star range of quality test
and measurement instruments.

N V% Designed and
PN manufactured in Britain

COUNTER

Colour leaflet with full specifications and prices available from:
BLACK STAR LTD, 4 STEPHENSON ROAD,
ST. IVES, HUNTINGDON, CAMBS.

PE17 4WJ, ENGLAND.
Tel: (0480) 62440 Telex: 32762

FREQUENCY TO 100MHz
TIME INTERVAL

SINGLE PERIOD
AVERAGE PERIOD
TOTALISE

RATIO

STOP WATCH

RPM

® FREQUENCY MULTIPLIER ® LOW
PASS FILTER @ TRIGGER LEVEL
CONTROL @ SLOPE CONTROL @ INPUT
ATTENUATORS
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STEREO CODERS

MPX1 An elegant adjustment free switching design giving <—70dB distortion with
presentable channel separation: 1kHz 50dB; 100Hz-10kHz 40dB; 20Hz-15kHz
25dB, and including green and red true peak deviation indicators. Board
requires regulated +15V. Meets FCC and UK requirements. Components cost
about £10. Circuit board with full design information and component listings

£13.

A completely updated 1985 version of the Wireless World April 1977 coder by
Trevor Brook. Still the highest quality design around and forming the heart of
current BBC network coders. Channel separation 20Hz-15kHz 55dB with low
.out of band products. Mains input. Audio signal generator and scope
essential for alignment. - .
Circuit board, double sided with original article reprint, design information
and component listings £23.

19kHz crystal £15; 1495 multiplier, selected £6, Transformer and mucan £15.

Cheque with order less 5%. Add 15% VAT. P&P free. .
Broadcast and Communications Receiver 2 150kHz-30MHz * Advanced Active Aerial *
Twin PPM Box * PPM2, PPM3 and 20 pin DIL PPM5 drivers and Ernest Turner
movements * Stereo Microphone Amplifier * Stabilizer and Frequency Shifters *
Stereo Disc Amplifier 3 and 5 * Moving Coil Preamplifier * 10 Outlet Distribution
Amplifier 4 * Peak Deviation Meter and Chart Recorders.

SURREY ELECTRONICS Ltd
The Forge, Lucks Green, Cranleigh,
Surrey GU6 7BG. Tel 0483 275997.
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ROBOTS
for
EDUCATION
TRAINING
and
INDUSTRY

system 2.5kg capacity.

held simulator {modet
nose’ method.

‘i i iyl t'nli £

MENTOR DC servo desktop robot; 8 bit
control system; 300gm capacity, 420 reach.

NEPTUNE I/TI 6/7 axes 8/12 bit control

. 1120mm reach.

SERPENT I/I1 S axes 12 bit control system
2 kg capacity 400/650mm reach.

Robots pragrammed from keyboard or hand-

robot).

Robots may also be taught by ‘lead by the

personal service.

MENTOR
-System
from
£495

featured in
Practical Electronics
~. Sept.issue

SERPENT
System front
£1515

Extensive saftware Is supplled free with

each robot.

Leads available for connection to BBC,
ZX Spectrum, Apple lle, Commodore 64

and VIC 20.

Most other micros are also easily usable with

these robots.

Robots available as kits or ready built.

FMS {Flexible Manufacturing System} work

cell additions aiso available.

Please phone for brochure: 0264 50093.

West Portway Industriat Estate, Andover SP10 3WAV,
A private and independent company giving prompt,

CIRCLE 53 FOR FURTHER DETAILS.
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Designed by Dick
Becker (his 10th
robot design) and
Peter Wells of
Cybernetic
Applications

Naiad robot
trainer

Each of the various
combinations of linear and
rotary movement has its
advantages and
disadvantages when applied
to Industrial robots, as has the
means of applying power —
pneumatics, electric motors
and hydraulics. Each of these
is demonstrated by the Naiad,
a desk-top robot designed
specifically to provide
experience in robotics, safely
and cheaply. The hydraulics
system uses tap water to
ensure clean operation and
perspex is widely used to
enable students to see the
working parts. The series of
articles describes the
electronic control system ds
well as the mechanics and
explains its operation by
inicrocomputer.

46

Naiad training rohot —
an introductory review

Dick Becker reviews the types of robot used in
industry, to be followed by description of a
micro robot designed to give low-cost hands

There is no such
thing as a universal
robot configuration
There is a wide
variety of means of
achieving the re -
quired result, thatis,
to accurately manipu-
late a tool or gripper at a
distance. The movements
can be accomplished by
either linear or rotary-acting
mechanisms or a combination of
them. The number of joints or
actuators vary and there are
many ways of delivering energy
to the joints or actuators.
Despite the large number of
possible ways of building a robot,
industry has generally settled for
four configurations which, with
some variants, are illustrated in
this article. At the working end of
the arm the tool or gripper may be
directly fitted, but frequently this
is preceded by a multi-axis wrist,
not shown in the diagrams.
Figure 1 represents a rectan-
gular or cartesian coordinate
robot which has three linear axes,

each a degree of freedom, and .

consist of a rotary joint or linear
actuator. Each of the axes of the
rectangular coordinate robot has
a linear action, the power coming
from hydraulic or pneumatic
cylinders or alternatively by lead-
screw driven by servo or stepper
motor.

The tool position is readily
transferable to world coordinates
and straight line movement of the

tool (particularly along its axes)is |

quite easy to achieve. Constant
speed of the axes will automati-
cally give straight line motion
until one axis has reached its
intended coordinate. If the
speeds are proportional to the
distance to be moved, then each
axis will stop at the final point
resulting in a straight line for the

on experience in robotics.

whole of the path. The working
envelope, which is the volume of
space in which the end of the arm
is capable of reaching, is rectan-
gular in all three dimensions. The
ability of rectangular coordinate
robots to work simply in straight
lines makes them very suitable
for welding regular shaped work-
pieces and for assembly work,
particularly where there is a
matrix of positions such as on a
printed circuit board.

A variant of the rectangular
robot is the gantry robot on which
the z-axis becomes the final axis,

Fig. 2. Being intended for work-
ing over a large area, the x,
y-axes are supported at each end
and slide on rails mounted above
the work area.

Figure 3 is a cylindrical coor-
dinate robot similar to the rectan-
gular coordinate configuration
except that the x-axis linear
movement is replaced by a rotary
axis. This gives the robot a much
wider work envelope but at the
price of increased complexity in
determining the tool position in
world coordinates and the control
of the axes for straight line

Fig. 1. Three sliding members are tightly confined to their
respective freedoms-of-movement x, y and z. This gives an
operating envolope which is a solid rectangle. The
manipulator can be positioned at any distance between zero
and y from the rectangle x«z. Applications include automated

car assembly.

ELECTRONICS & WIRELESS WORLD NOVEMBER 1985

Fig. 2. Further example of the solid rectariglé configuration. Manipulator covers area Xy with
the manipulator height over work area variable between zero and z. Uses include machine
tools, heavy plant assembly and transferring parts within workcells normally outside the

reach of the more conventional robet.

Fig. 3. Cylindrical coordinate
robot operates within a
volume similar in shape to a
horseshoe. Smaller radius is
equal to fixed arm length,
which increases by the
dimension t to give larger
radius. Dimension z governs
height at which manipulator
operates above base.
Manipulator position is often
specified in terms of R
(radius of operation from
vertical axis) and angle
(theta-degree of rotation
around vertical axis). z
remains a linear coordinate
defining operating height of
manipulator. °

ELECTRONICS & WIRELESS WORLD NOVEMBER 1985
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Fig. 4. Versatile yet basic
configuration is capable of
operation at any point inside
the volume described by two
concentric hemispheres
whose maximum radius of
operation is the length of the
fixed arm plus y. This 5
configuration is particularly
suitable for robots of heavy
load carrying capability.

motion. The working envelope is
usually a partial cylinder as wiring
or pipe-work generally prevents a
full 360° of rotation. )

Cylindrical coordinate. robots
are widely used for. pick-and-
place operations such as taking a
finished component out of a press
and placing it on a conveyor belt.
If the belt is running parallel to
the front of the press then the
rotary axis will be -moving
through about 180°. A rectangu-
lar coordinate robot is unable to
pick up a component in front of it
and then transfer it to behind
itself.

The turret or spherical coor-
dinate robot is like the cylindrical
robot but with the linear z-axis
replaced by a rotary joint —
see Fig. 4. This permits vertical
movement without the necessity .
for a centre column taller than the
movement required. When mov-
ing large loads there would be a
huge tilting force on a tall column
resulting in very heavy engineer-
ing being required. With the tur-
ret the gripper can be lifted well
above the main body of the
machine although it is unusual to
have lifting capability of more
than about 30° above horizontal.
Their main application is the relo-
cation of very heavy components
such as engine castings and sacks
of cement.

With their two rotary axes and
one linear axis the working enve-
lope of a turret robot is that of a
partial spherical shell. Generally,
a hydraulic system is necessary
for providing the power to the
axes. of these robots.

The most versatile configura-
tion is that of the articulated or
jointed arm robot, Fig. 5. This
has similar features to the human
arm. Axis alpha corresponds to
the human elbow, axis beta to the
shoulder and axis theta to the
waist. The versatility, however,
results in a complicated rela-
tionship between axis angles and
world coordinates, and it is often
most practical to program such
robots by teaching them on-site
by leading the arm through the
required positions using human
eyesight as the means of esta-
blishing that the gripper or tool is
at 1s correct location, Data corre-
sponding to those axis coordi-
nates which resulted in that final
position is then stored. .

The leading-through of the arm
may be accomplished in a number
of ways such as by switches on a
control pendant, computer key-
board or by manipulation of a
model of the robot, called a simu-
lator. This last technique is parti-
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ROBOT TRAINER
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Fig. 5. Articulated joints of this robot mean it ‘reaches the
parts other robots cannot reach’, making it suitable

for many and varied applications from automated welding
stations to remote closed circuit tv inspection systems.
Operating in a similar manner to the human arm this is the
most versatile and widely used type of robot.

cularly popular for programming
a paint spraying operation.
Another technique on-site pro-
gramming is ‘leading by the
nose’, a term derived. from the
farming community. Moving a
bull to a different herd of cows
would be a difficult task were it
not for a ring in its nose. A short
rope on the ring will enable two
tons of ‘beef-on-the-hoof’ to be
lead easily by the nose.

Some small robots can be
moved around by hand, but on
larger machines it is necessary
for software to put the arm in a
state of balance or else use touch
sensors which when activated
lead to the corresponding axis
being incremented.

As a means of simplifying the
control and off-line programming
of articulated arm robots, there
are some machines built with an
additional member fitted to the
lower arm, Fig. 6. One of the ver-
tical members is powered as
usual whilst the other is simply
pivoted. The top section of the
pantograph structure remains

parallel to the base irrespective of

shoulder movements, hence the
forearm angle with respect to the
workpiece changes only when

- required rather than as a side

effect of rotation at the shoulder.
Articulated-arm robots come
in manysizes ranging from capa-

- cities of hundreds of grams to

hundreds of kilograms. The
smaller machines are powered by
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servo or stepper motors whilst
hydraulics are necessary for

" those of long reach and high

capacity. Pneumatics have also
been used, but the difficulties of
achieving servo control of a sys-
tem with a fluid as springy as air
has made such machines
unusual. :
Another variant of the articu-
lated robot is the scara, Fig. 7, an
acronym for selective compliance

- articulated robot arm. This may

sound impressive, but in reality
they are like articulated arms
turned on their side and with the
multi-axis wrist replaced by alin-
ear actuator operating vertically.
There is also a rotary axis for'
turning the vertical axis. Selec-
tive compliance comes from the
inherent ‘give’ in the rotary joints
and occurs in any continuously
operating servo system. A bang-
bang servo system will not have
the ideal type of compliance,
where displacement of the joint
depends on force, but will usually
still have some ‘give’ from back-
lash sloppiness.

The compliance of a scara per-
mits a component to be pushed
into its correct place even if the
arm position is not quite right,
provided  that the component
and/or the housing is suitably
tapered. As there are no verti-

- cally moving rotary joints there is

no vertical compliance — hence
‘selective’ in the acronym. Verti-
cal compliance, if present, could

lead to tilting of the component
leading to jamming.

Like gantry robots, scaras
operate mostly on the horizontal
plane with simple vertical move-
ments and find most use for pick-
and-place work and assembly
operations where more versatil-
ity is not required. To simplify
their application further, the
wrist is usually mechanically cou-
pled to the waist with a pair of
belts to keep the angle of the
wrist, with respect to the work-
piece, constant irrespective of
articulation of the arm except
when specifically. programmed to
rotate.

Being used only for relatively
smallloads scaras are powered by
servo or stepper motors except

the measured position and the
desired position. It therefore fol-
lows that the axis will be at rest
when there is no difference
between measured and desired
position and the rest position will
depend on the data or signal
which defines the desired posi-
tion.

In a non-servo robot the rest
positions are set by fixed end-
stops. The axis is driven continu-
ously and simply stalls when the
stopisreached. This technique is
widely used on pneumatic robots
where thie cylinders receive full
air pressures at one of the ends.
Whilst automatic end-stops can
be fitted to an axis, the move-
ments of the robot will remain
very simple and such machines

NI

for the vertical axis where pneu-
matics are generally favoured for
speed of action.

Robot categories are further
sub-divided according to their
control system which may be
either servo or non-servo. A
servo control system is one
where a sensor measures the
position of the driven axis and
uses it to modify the drive to that
axis. Position sensors used
include potentiometers, linear
variable differential transfor-
mers, resolvers and optical
devices such as shaft encoders.
The power to the axis is depend-
ent upon the difference between

are generally confined tolong-run
pick-and-place operations. The
stops have to be reset manually
for each new program so it cannot
be said that such machines arere-
programmable.

According to the British Robot
Association ‘an industrial robot is
a reprogrammable device that is
designed to both manipulate and
transport parts, tools, or special-
ized manufacturing implements
through variable programmable
motions for the performance of
specific manufacturing tasks.’ It

follows that non-servo devices.

are not true robots, but justas the
technician who repairs a washing

Axis © O

(a)

Fig. 6. Pantograph coupling on an articulated arm robot
ensures the manipulator or power tool may remain
perpendicular to the work station when the shoulder

axis is moved.
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machine is incorrectly referred to
as an engineer, non-servo pick-
and-place machines are unlikely
to lose the title of robot. The Jap-
anese do not discount such non-
servo units as robots, so the title
‘robot’ is bound to appear in sales
literature. Rather than become
involved in a losing battle regard-
ing titles, I think it better to use
the non-ambiguous titles of
‘servo-controlled robot” and
‘non-servo robot’.

Whilst the non-servo robot can -

operate rapidly by virtue of
always being under full power and
can operate accurately by virtue
of the lack of drift, backlash or
dead-band problems, as posi-
tions are determined by mechani-
cal stops, theirinability to change
under computer control limits
their application in computer
integrated manufacture.

The energy source for non-
servo robots is generally pneu-
matic, using air compressed to
between six and eight bar (abaris
14.5 1b/in? or 0.1MPa) applied
via solenoid-operated valves to a
cylinder from which energy
transfer is via the piston. The
force from the cylinder is propor-
tional to the area of the piston
(less the area of the piston rod on
double-acting cylinders). Dou-
ble-acting cylinders can be driven
in either direction, whilst single-
acting ones rely on springs or
gravity to return the piston.

Hydraulic power could also be
used for non-servo robots, but as
they normally handle only small
loads the high energy capability of
a hydraulic system is not neces-
sary. _

Hydraulic systems are, how-
ever, used for powering thelarger
servo-controlled robots. With
working pressures of up to
250bar huge forces will be gener-
ated in the cylinders which are of
similar, but heavier, construction
to those used for pneumatics.
Hydraulic literally means ‘using
water’ (Greek hydor = water)
and the earliest hydraulic sys-
tems used water extensively. The
new private telecommunications
company Mercury is now install-
ing fibre optic cables in a wide
network of ducts under London
through which until only a few
years ago The London Hydraulic
Company was supplying high
pressure water for use in manu-
facturing industry and for raising
hotel lifts.

Most hydraulic systems how-
ever now use mineral oil or water/
oil emulsion which contains
about 5% of oil. The problem with

water is that it is not a very good .

lubricant, limiting the speed at
which a piston can move without
overheating of the piston seal at
the point of contact with the
cylinder wall.

A recent development in
hydraulics called the rolling
diaphragm (Fig. 8) has solved the
problem of friction and hence ren-
ders pure water a suitable fluid for
use in servo-controlled hydraulic
systems. Hydraulics therfore
becomes suitable for use in clean
environments as required for
food handling, radioactive iso-
tope preparation and for laborat-
ories where spillage of hydraulic
oil would be unacceptable.

A conventional hydraulic seal
consists of a ring of resilient
material such as rubber, rubber
impregnated fabric or p.t.f.e.
This fits into a groove around the
piston and has a diameter slightly
larger than that of the cylinder.
Inside the cylinder, the ring com-
presses and the resilience causes
it to firmly fill the gap between the
piston groove and the cylinder
wall. It is this necessary resili-
ence which leads to the force on

the seal/cylinder contact point -

and hence the friction.

A rolling diaphragm is a top-
hat-shaped rubber moulding
reinforced by a fabric that will
stretch widthways but not length-
ways. The diaphragm is clamped

to both the top of the pistonand to -

part way down the length of the
cylinder. There is a gap between
the piston and the cylinder down
which the diaphragm fits and
when under pressure it clings to
the walls of both the cylinder and
the piston. When the piston
moves, the diaphragm simply
rolls on and off it without friction.

P

©g motor

Z axis pneumatic
| actuator &

©1motor

Pneumatic
gripper - U/é)

Fig. 7. Scara robeot is ideally suited to pick and place type of
assembly work. It is capable of a high degree of accuracy and
high speed of operation. Figure shows the true scara concept
with the interesting feature that the wrist rotation (theta 2) is
controlled by a motor fixed at the column clamp end. The
wrist is then driven by toothed belts. This arrangement
always keeps the workpiece in the gripper orientated in the
same direction irrespective of positions of theta 1 and theta 2.

The lack of static friction allows
very small and slow piston travel
without juddering or jumping,
making very accurate servo con-
trol practical. An additional ben-
efit of the rolling diaphragm is
that it fully seals in the hydraulic
fluid. With a conventional seal
some leakage is inevitable some-
times referred to as self-lubri-
cant.

A hydraulic system has' the
overhead cost of a high-pressure
pump, accumulator (hydraulic
pressure reservoir which acts like
a capacitor), an oil cooler and
expensive control valves. On

Zero leakage

Rolling diaphragm

Connecting, rod

Piston

- -—
Pressure

Split cylinder

Fig. 8. Diaphragm is clamped between two parts of cylinder
and attached to the piston forming totally leakproof yet fully
flexible chamber. As pressure is increased within the
chamber, piston is pushed along the cylinder and diaphragm
rolls along between the piston and cylinder wall. As well as
being leakproof the system offers very low friction, and robot
arms operated by this type of actuator have very smooth
control — particularly important when small movements are

called for.

ELECTRONICS & WIRELESS WORLD NOVEMBER 1985

WwWww americanraliohietory com

small robots, where heavy load
carrying is not sought, energy
input to the axes via electric
motors is adequate.

Both stepper and servo
motors, which may be either d.c.
or a.c., are useable for driving
robots. Stepper motors have an
even number of windings of
which at any one time 50% have
current passing through. The
fixed magnetic flux holds the
motor shaft stationary until a dif-
ferent combination of windings is
switched in and the shaft moves
to a different position. On
sequentially switching between
the windings the shaft will step
through a constant angle for each
switching transition.

Whilst stepper motors are
widely used in machine tools,
such as on the slide of a lathe
where thére is only moderate
acceleration and deceleration,
they are used much less than
servo motors on articulated arm
robots - on which the rapid
changes of position and loading
can cause steps to be missed.
Steps are missed when inertia or
static loading prevents the motor
shaft from reaching one stable
position before the next transi-
tion occurs and, even with careful
control of the rate of stepping it is
still necessary to use a shaft
encoder. or resolver to confirm
that steps of position of the shaft
have actually occurred.

To be continued
49



L % Y

L RSN SO

HOBBY ROBOT

REEKIE ROBOTS

Beaufort Works, Beaufort Road, Richmond Road,
East Twickenham, Middlesex, TW1 2PQ.

Please allow 28 days for delivery

OFFICIAL ORDERS accepted from approved industrial or educational
establishments, otherwise terms strictly CASH WITH ORDER

IRCLE 27 FOR FURTHER DETAILS.

DESIGNER APPROVED KITS
AVAILABLE FROM

A complete kit of approved parts for the construction of
the RUR HOBBY ROBOT as featured in PE
is available as follows:

BASIC KIT £249
plus 15% VAT

ADD—ON ARM & ELEVATED

TRAY £280
plus 15% VAT

CARRIAGE EXTRA Please write for a quotation

(0299)

NEW EQUIPMENT made by PYE.

SSB TRANSCEIVERS 130M, 2 Channel 4-8 Mc/s
SSB TRANSCEIVERS 130M, 4 Channel 4-15 Mc/s

“ PSU for above 12V DC/230V AC.

Remote control for above sets.

SPARE PARTS FOR
Linear Amplifier A200, Olympic M202, 100T SSB, Tx
Type T100 FM VHF, W15 FM, Rx Type R17/R18 VHF
FM, SSB 130 M & F.

DECCA KW 2000 CAT SSB RADIO TELEPHONE
2-12 MHz with PSU 230V AC with Messenger (Mobile)
DTR 2002, 2-18 MHz supply direct from 12V battery.

VEHICLE MOUNTING (3-18 MHz) Flexible glass fibre
protected rods Type HFA (Separate rod and base
assembly available).

POWER SUPPLY UNITS 230V AC input, 750V-100V +
12V, A300V output is obtained from a centre tab of
the 750V. : :

CHARGING SETS 300 watts, 15V made by BSA.

IN STOCK ALSO

Large quantities of Switchboards ‘'F & F' Magneto 10
line, Telephone Type '), 'L’ and ‘F’, Field Telephone
cable D10, MARCONI signal Generator TF 144 H.

COLOMOR (ELECTRONICS LTD.) 170 Goldhawk Rd, London W12
Tel. 01-743 0899 or 01-749 3934. Open Monday to Friday 9 a.m.-5.30 p.m.

PINEAPPLE SOFTWARE

Programs for the BBC model 'B' with disc drive with
FREE updating service on all software

DIAGRAM

® A program _which allows you to store very large diagrams - up to 39 mode 0
screens -and view or edit them by SCROLLING thecomputer screen around over any
part of the diagram. 4 i

" FEATURES

® Draw diagrams, schematics, pians etc.,
in any aspect ratio, eg. 10*3, 2*12
screens.

® Access any part of the diagram rapidly
by entering an index name, e.g. TR6, RS
etc,, to display a specific section of the
diagram, and then scroil around to any
other part of the diagram using the
Cursor keys.

@ Up to 128 Icons may be predefined for
each diagram, e.g. Transistors, resistors
etc., in full mode 0 definition, up to 32
pixels horizontally by 24 vertically.

® Hard copy printouts in varying print sizes up to18mode 0
SCreens on an A4 size sheet, compatible with most dot matrix
printers. Se

£28

alt inclusive
supplied only on @ Many other features including, selectable display colours, |
disc - 40T/80T comprehensive iine drawing facilities, TAB settings, etc.
com i . 3 9
T ;:332 ® Disc contains sample diagrams and two versions of the
sent by return program, orle of which will work from a 16k sideways RAM.
of post. . ® Comprehensive instruction manual. -

PINEAPPLE SOFTWARE, 39 Brownlea Gdns.
Seven Kings, liford, Essex IG3 SNL

01-599 1476.
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CIRCLE 60 FOR FURTHER DETAILS.
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68000 hoard — 2

Bob Coates describes the circuit of Kaycomp — |

a 68000 microprocessor board with G64-bus
option that can be built for £100.

Kaycomp is a low cost computer
board using a Motorola 68000
microprocessor with 16-bit data
bus. It is designed for use either
as an evaluation/educational tool
or as the processor board of a

larger system, connecting to a -

wide range of readily available
peripheral cards through its G64
bus. This second article
describes the circuit. .
Address decoding is performed
by a three-to-eight-line decoder,
IC,of Fig.1.(over)The three most-

significant address lines A, ,,

are decoded, splitting the
16M byte memory map into eight
2Mbyte blocks. Five outputs
select eprom, ram, 68681 dual
universal asynchronous receiver/
transmitter (duart), 68230 peri-
pheral interface/timer (p.i.t.)
and the G64 bus.

None of these five devices
actually requires a 2Mbyte add-
ress space; the duart only needs
32 bytes. As aresult, each device
is repeatedly addressed through-
out its 2Mbyte block — address-
ing for the duart is repeated

65 000 times! This may seem a_

waste of addressing space but for
a small system such as Kaycomp
it allows adequate memory
capacity while greatly simplifying
address decoding. Figure two
shows the memory map.

Eprom and ram outputs are
further gated with the upper and
lower data strobe signals, UDS
and LDS, by IC,, for defining
upper and lower-byte eproms and
rams. The three enable inputs of
IC, also qualify the output
strobes.

Address strobe AS allows an
output to be enabled only when a
valid address appears on the add-
ress bus. To ensure that the out-
puts are only selected when the
date bus carries valid data, the
two data strobes are combined in
IC, at pin eight.

Valid datais indicated by one or
both of the data strobe signals
being low, which occurs later in
the cycle than AS. This is to
satisfy timing requirements of

the 68230 p.i.t. -which needs
valid data on the chip-select sig-
nal leading edge during a write
cycle, rather than on the trailing
edge transition as with other
devices. .

Finally, IC, pin six inhibits out-
puts during an interrupt acknowl-
edge cycle during which the pro-
cessor sets A,_,, high. Without
the inhibit signal, in the case of
user-vectored interrupts output
seven would be selected to cause
reading of the G64 bus at the
same time as the interrupting
device is placing its vector on the
data bus.

Data acknowledge

To satisfy the requirements of
asynchronous bus transfers, an
acknowledge signal — DTACK
— must be sent by the memory
or peripheral back to the proces-
sor to informit that the transferis
complete. If necessary, the pro-
cessor inserts wait states in the

cycle until it receives the
acknowledgement.
Peripheral devices in the

68000 family have DTACK open-
drain outputs which are directly
connected to the processor
DTACK input along with a pull-up
resistor. Eproms and rams how-
ever do not have such an output
so an equivalent signal must be
created. On more expensive

" boards DTACK is normally simu-

lated using either a multi-tap
delay line or an active delaying
device such as a shift register
driven by the processor clock to
produce a delayed chip-select
signal for the DTACK input.
There are often different circuits
for each type of device and the
delay is selectable so it may be set
to the optimum required for each
type of device on the board.

To keep things simple on Kay-
comp, the chip select signals are
applied directly to DTACK which
means that no wait states are
inserted and the memories must
be fast enough to allow this.
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Eprom and ram select outputs of
IC, are combined in ICq at pin
eight and then inverted by the
open-collector inverter IC; at pin

eight, pulling DTACK low if

either select output goes low.

Outputs one, three and six of
IC, are not used. If the processor
tries to access a vacant part of the
memory map no DTACK signal
will be generated and so the pro-
cessor will insert wait states
indefinitely. Resetting is neces-
sary to recover the situation.

One output from IC, which
does not result in DTACK being
generated is the G64 bus select
signal. This signal requires a syn-
chronous bus transfer. To initiate
this transfer, the processor input
VPA (valid peripheral address)
and not DTACK must be
asserted. A ten clock-cycle syn-
chronous transfer then takes
place, no acknowledge being
required. Output pin seven of
IC, going low pulls the 68000
VPA input low through IC,, pin
eight.

Memories

In a 16bit system, byte-wide
eproms and rams are used in
pairs. Memory IC, is the lower-
byte eprom, IC; the upper byte
eprom, IC, the lower byte ram
and IC; the upper byte ram.
Lower byte device data buses
connect to the processor Dy_,
lines and upper byte devices to
the D,_,; lines. Address pins
connect to the processor address
outputs but as there is no A, out-
put, A, goes to A, on the memo-

ries, A,toA andsoon. Pins 1, 26 |

and 27 of the eproms go to link
one which is wired according to
the size of eprom used. Similarly
ram pins 23 and 26 go to link one
and are also linked to suit the
device in use.

Chip enable (CE) pins of each
device are driven from the appro-
priate output of IC,. Output
enable (OE) pins connect to the
read/write line, inverted at IC,

by R.F. Coates

Fig. 2. Kaycomp system
memory map. Simple address.
decoding means a cheap
system allowing sufficient
memory for most computer-

board applications.
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Fig. 1. Full circuit of Kaycomp with G64 bus

interface and both 68000 peripheral i.cs connected.
All these components fit on a double Eurocard sized

board included in the kit described last month.
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pin 10 so that the output buffers
are disabled during write cycles.
The read/write signal to the
memories is the processor read/
write output gated with the add-
ress strobe.

G64 bus interface

Circuits IC,;,_,; buffer on-board
signals to the G64 bus, which can
support a wide range of per-
pheral cards. The G64 bus speci-
fication allows a portion of the
memory map (normally 1Kbyte)
to- be dedicated to peripheral
cards, the reset of the memory
map being available for memory.

Which area is being accessed
by a particular bus cycle is indi-
cated by either ‘valid memory
address’ or ‘valid peripheral add-
ress’ being asserted low. These
names are not to be confused with
the 68000 pins of the same name.
To avoid confusion I will call them
G64-VMA and G64-VPA .

As Kaycomp is not designed
to use the G64 bus for memory
expansion, the G64-VMA line is
pulled high by resistor R,. The
G64-VPA memory block is only
1Kbyte long so only address lines
A,_, are needed. Once again the
lack of an A, line means that the
(64 address lines are driven by
the next higher 68000 address
line and so the block becomes
2Kbyte in size.

Although G64 bus has 16 data
bits, most peripheral cards only
use eight bits and so IC,, buffers
justD,_,totheexternal bus. Asa
result, only odd addresses have
any meaning when accessing the
G64 bus. A byte read or write to
an even address causes the pro-
cessor to use Dy_;; which are not
connected. In the 2Kbyte block,
we therefore have 1024 odd
addresses on the G64 bus. This
may- sound a little complicated
but it will become clearer later
when programs for using the G64
bus are discussed.

The direction of transfer
through IC,, is controlled by the
read/write line and the buffers are
enabled by the VMA’' signal,
which is also used as the G64-
VPA signal after buffering by
1C,;.

Slgnal VMA' is derived by logic
associated with the processor
FC,_,, VMA and VPA pins. This
section also generates the inter-
rupt acknowledge, IACK, signal.
If an address is generated by the
processor which accesses the
G64 bus, IC, pin 7 goes low. This
takes IC; input pin 10 low, the
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output of which takes VPA low,
initiating a synchronous bus
cycle.

Durmg this synchronous cycle,
the processor takes VMA low for
use as the G64-VPA signal for
selecting the relevant G64-bus
peripheral device. First though,
VMA is qualified by IC,, outputs
11 and 3 which only allows VMA
if IACK is high that, is, it is not
an interrupt acknowledge cycle.
This is because an ‘auto-
vectored’ interrupt acknowledge
cycle also asserts VMA. The rea-
son for all this gating of signals
will become clear later when
interrupt handling is discussed.

As mentioned last month,
there are two types of interrupt
on the 68000, user vectored,
where the interrupting device
provides a vector number on the
data bus, and auto-vectored
which is similar to that on the
6800 in which a vector address
is fetched from memory. Two
interrupt pins, IPL, and IPL, are
connected to G64 bus NMI and
IRQlines. The third, IPL,, is con-
nected to the duart IRQ output
and may be optionally connected
to the two interrupt outputs of the
p.i.t., PIRQ and TIRQ.

When the processor recog-
nises an interrupt on one of these
lines, it starts an interrupt-
acknowledge bus cycle. A func-
tion code of all ones appears on
FC,_, outputs which causes pin
six of IC, to go high. This signal is
inverted by open-collector buffer
IC, at pin 2 to give a low level
IACK during this cycle. When pin
6 of 1C; goes high, if IPL, is also
high indicating that this is not the
source of interrupt, IC; pin 11and
IC; pin 8 go low to force VPA low.
The same occurs when forcing a
synchronous bus cycle.

If VPA is taken low during an

interrupt acknowledge cycle, the

processor interprets this as
meaning a request for an auto-
vectored interrupt and not a syn-
chronous bus cycle. It responds
by also taking VMA low, which is
why VMA' is disabled if IACK is
asserted, VMA and VPA serving

dual purposes. Thus an interrupt’

onIPL,orIPL,(NMI orIRQ) gen-
erates an auto-vectored inter-
rupt, but an interrupt on IPL, (a
68000 peripheral) does not cause
VPA to go low and so generates a
vectored interrupt. Why there
are two types of interrupt is
explained in a later article.
There are three other lines
driven on the G64 bus, E which
is the 6800 type synchronous
clock used to time synchronous

bus transfers, read/write and

reset.

Halt/Reset

A full processor reset is applied to
the 68000 when both halt and
reset pins are taken low, either at
power-up or when the two reset
pins are shorted. At power-up or
after opening the reset contacts,
the level at IC; pin 5 rises to V.,
slowly due to charging of C,
through a resistor. While pin five
is below its input threshold vol-
tage, output pin six is high and
the two sections of IC, hold the
halt and reset inputs low. As vol-
tage across Cg rises, 1C; output
pin 6 will go low, aSchmitt trigger
gate here ensuring clean switch-
ing. Halt and reset inputs then go
high at the same instant allowing
the processor to start.

A two-pin printed circuit
mounting plug is provided with
the kit, which may be connected
to a push-switch if required. If
‘Kaycomp’ is not mounted in a
case, squeezing the two pins
together provides a crude but
effective switch.

Dual uart

The 68681 is a dual asynchronous

receiver/transmitter  providing
two independent serial ports, a
data rate oscillator and a number
of general purposei/o pins. Con-
figuration of the serial interfaces
and data rate setting is under
software 'control.

Interfacing to the processor is
quite simple as the 68681 is a
68000 family peripheral. It is an
8bit peripheral, so only D,_, are
used, along with the four lowest
address lines connected to regis-
ter select pins RS,_,, thus the
device occupies 32 bytes of mem-
ory space (16 registers at odd
addresses).

Read/write, DTACK and
RESET lines connect straight to
the appropriate processor pins,
CS connects to output four of IC,
and IACK s driven from the inter-
rupt acknowledge generating
logic. Interrupt request output
IRQ s taken to the processor IPL,
input, thus the duart can gener-
ate alevel two vectored interrupt.

According to manufacturer’s
specifications the duart internal
data rate generator requires an
external 3.6864MHz crystal,
XL,. However, not far away from
this frequency is a cheap
3.5795MHz US colour-tv crystal.

ELECTRONICS & WIRELESS WORLD NOVEMBER 1985

These have been found to work
satisfactorily despite that the
data rates are slightly off fre-
quency.

When receiving a serial charac-
ter the duart, with a clock fre-
quency of 16 times the data rate,
first detects the leading edge of a
start bit, then counts eight clock
periods to align itself in the mid-
dle of the start bit. Subsequently
every 16 clock periods the duart
reads the input level a number of
times, up to nine (eight data bits
plus one parity bit) according to
the data format configuration.

Ideally, each bit is read at its
middle point, but with a slow
crystal the reading point gradu-
ally drifts later in the bit. This is
alright provided that the drift
doesn’t accumulate to the point
where it reads over the boundary
into the next bit. With a worst-
case configuration of eight data
bits, one parity bit and one start
bit, ten bits are read over 160
clock periods. The distance
between the middle of a pulse and
the start of the next is eight clock
periods, so drift allowable before
an erroris 8 in 160, or 5%; the dif-
ference between the two crystal
frequencies is only 2.9%.

This assumes a clean signal
which should be the case unless
long serial leads are used or the
environment is electrically noisy.
The kit printed circuit board
accepts both colour tv and
HC18/U crystals.

Crystal output at pin 32 may
also be used to drive the proces-
sor clock if processing speed is
not important. For this, XL,, C,,
C,, and R, are omitted and a wire
link used to connect IC,; pin 32 to
IC,, pin 10. Gate IC,, does not
now have to be an HCT version.
An LS version will suffice.

On the peripheral side of the
i.c. there are two each of serial
outputs and inputs plus eight
general purpose t.t.l. outputs
and six general purpose t.t.l.
inputs. Optionally two of the

inputs, IP,,, may be used as.

RS232 CTS (clear to send) inputs
and two of the outputs, OP, }, as
RS232 RTS (ready to send) out-
puts. Outputs and inputs for each
serial interface are buffered by an
RS232 line driver IC,; and line
receiver IC,; respectively.
There is one problem when
using RS232 — every computer,
terminal and modem manufac-
turer seems to have its own inter-
pretation of the standard and one

continued on page 64
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@@M@ILETE SINGLE @@A@@ COMPUTER & SUPPORT..

Now you can weald the power of the 805l using BASIC.

Based on the Intel 8052AH single component Microcontroller the CPU comes complete with a
unique implementation of the BASIC language enabling direct access to the special function
registers, timers and interrupts available on the 8051 device.

The new Cavendish Automation 7030 CPU is one of a complete range of Eurocards providing
complete systems capability to OEMs. Support includes static MOS RAM boards (to 128K), Power-
Down Control boards, Decoder boards, providing further address line decoding, watchdog, realtime
clock/calendar plus additional output flags and [/0. Mass storage devices. Backplaines. PSU and
battery packs. Drive boards offering power output, signal conditioning and externally gated outputs.
Multi channel DAC/ADC. Remote switch modules for power switching, sound or V.1.S. of vision.

Comprehensive documention is supplied with each CPU and the 7030 CPU card refuires only a +5v
supply and dumb terminal for operation. Many unique featurés are incorporated and the system
allows very fast interactive development of user software for super easy deployment in the target

CPU Card Advantages:
* On card EPROM programming with single instruction & auto-start option
* 16K User EPROM/ROM plus 8K User RAM on card
* Twin Serial ports independently configurable (300 - 19,200 baud)
* 9 x 8 bit parallel 1/0 ports on card
* Full floating point arithmetic
* BASIC utilities may be called from Assembler
* Interrupts handled by BASIC or Assembler
* Very fast tokenised interpreter drastically reduces sbftwere development time

* 11 MHz operation as standard

FOR R@@T!JCS“EN]WR@NMWA& CONTROL.. PROCESS CONTROL..

For further information on the CA 7000 Series Controller contact:
Cavendish Automation Limited. 45 High Street, St Neots,Cambs, PEIQ 1BN. Tele(0480) 219457 Telex 32681 CAVCOM G.

* low cost * customised options on low quantity

CIRCLE 24 FOR FURTHER DETAILS.

RUGBY TIME?

MSF CLOCK is EXACT

MSF CLOCK is ALWAYS CORRECT — never gains or loses,

SELF SETTING at switch-on, 8 digits show Date, Hours, Minutes and
Seconds, automatic GMT/BST and leap year,

EXPANDABLE to Years, Months, Weekday and Millieseconds, or use
as a STOPCLOCK to show when something happened, paral-
lel BCD (including Weekday) COMPUTER or ALARM output
and audio to record and show time on playback, decodes
Rugby 60KHz atomic time signals, 5X8X15cm, built-in
antenna, 1000Km range, ONLY £89.80, get the TIME RIGHT.

NEW! SOUND METER, only £27.20, 40-120dB(A), built-in calibrator,

) data output for flash photography etc.

Each fun-to-build kit (ready-made to order) includes ALL parts,

‘case, pcb, by-return postage etc and list of other kits.

CAMBRIDGE KITS

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

"RF  U.s. supplier of RF POWER DEVICES.
Prices LOWER than current domestic prices.

POWER Query us for immediate needs.

A quality source for a complete range of RF POWER devices — From 2-
30MHz, SSB 12.5V 7 28V transistors — 14-30 MHz CB/AMATEUR 27-50
MHz, low band FM — 66 — 88MHz, mid band FM — 66 — 88MHz, mid band
FM —156 —162MHz VHF MARINE RADIO FM — 130 — 175MHz HI-BAND
VHF FM — 108-152MHz VHF AIRCRAFT AM — 225 40MHZ UHF 28V —
407 — 512 UHF CATV/MATV CLASS A linear transistors — A SMALL
indication of types are listed below. SEND FOR OUR FREE BROCHURE
AND/OR CONTACT FOR IMMEDIATE QUOTES.

MRF450 MRF453 MRF646 BLY88BA BLY90 BLY93A
.2N3553 .2N4933 .2N5109 .2N3375 .2N5016 .2N5589
.2N4128 .2N5070 .2N5591 .2N6080 .2N4427 .2N5090
.2N5634 .2N6083 .2N4431 .2N5102 .2N5918 .2N6084

| 1 TAE Semiconducior nc.

18 WEST 21st STREET NEW YORK, N.Y. 10010 U.S.A,
TEL: (212) - 675 6722 TELEX: 284564 TICS UR

CIRCLE 20 FOR FURTHER DETAILS.
ELECTRONICS & WIRELESS WORLD NOVEMBER 1985

. .
www americanradiohistorvy com

to supply the fme ' f]
range of test & f/&ss

FREE 44 PAGE
* PRICED AND

@ multimeters

ILLUSTRATED

CATALOGUE ON ,':f""ﬁs
REQUEST @ signa

@ Over6000items stocked generatorsetc.

ELECTROVALUE LTD 28 St. Jude's Road, Englefield Green, Egham,
Surrey TW20 OHB Phone Egham (0784) 33603. Telex 264475
North Branch, 680 Burnage Lane, Manchester M19 1NA

Telephone 061 432 4945
Please mention this publication when replying

BRITAINS FOREMOST QUALITY COMPONENT SUPPLIERS
CIRCLE 57 FOR FURTHER DETAILS.
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BBC Computer & Econet Referral Centre
BBC B Plus £409 {(a) Model B £299 (a); B+DFS £346 (a);

Mode! B+Econet £335 (a); B+Econet+DFS £399 (a);

Acorn 2nd Processors: 6502: £175 (a); Z80: £348 (a)

TORCH UNICORN: Z80 Card: £299 (a); Z80 Disc Pack: £550 (a)
TORCH Graduate G800/2 £869 (a) . : .
META-ASSEMBLER. Both an Editor and Macro-assembler. Meta can
assemble 65X X, 68XX/63XX incl, 00, 01, 02, 03, 05, 6809, 65816,
8048 series 8080/8085, Z8, Z80. o
Free upgrades coming soon inciude 68000, 8088/8086 Z8000.
Features include: Macros and.|IF/ELSE/ENDIF conditional assembly
(nestable), Global/Selective Search, error detection, Complex
expressions, two parts assembly. Code may be sent to disc, sideways
RAM, user/printer port, RS423 etc. g
META-ASSEMBLER includes 16K Eprom, disc and comprehensive
manual, £59 (c) !

We stock the full range of ACORN hardware and firmware and a very
wide range of other peripherals for the BBC. For detailed
specifications-and pricing please send for our leaflet.

Single Drives: -
1 X 100K 40T SS: TS100
1 X 400K 80/40T DS: TS400

Dual Drives: (with integral psu)
Stacked Version: y

PD200 2 X 100K 40T SS
PD800 2 X 400K 80/40T DS .

01-208 1177 Tecnsowanc L 01-208 1177

DISC DRIVES

TECHNOMATIC drives are fitted with high quality slimline mechanisms and are available with
or without integral mains power supply. The dual drive power supplies are switch mode type
and are generously rated. All drives with integral power supply are fitted with a mains indicator.

Alidrives are supplied with all the necessary cables, manual and a formatting disc. Alldrives
are capable of operating in single or double density modes.

With integral psu.

£85(b) PS100

£125(b) PS400

Plinth Versions
£190(a) PD200P
£265(a) PD80OP

£120(b)
£145(b)

£215(a)
£289(a)

3.5" Drives: TS35 1 X 400K 80T DS £99(b) TD35 2 X 400K 80T DS £175(b)

5%/ DISCS
40T SS DD £13(c)
80T SS DD £22(c)

40 TDSDD
80 TDS DD -

3M FLOPPY DISCS

Industfy Standard floppy discs with a lifetime guarantee Discs in packs of 10.

£18(c)
£24(c)

3% DISCS
80 TSSDD £30(d)
80T DS DD £38(d)

| PRINTERS e
EPSON: RX80T+ £210 (a); RX100+ £345 (a); FX80+ £315 (a);
' FX100+ £430 (a);JX80 Full Colour Printer £475 (a)
X80 £219 (a); Optional Tractor Feed (c)

Single Disc Cable £6 (d) .
10 Disc Library Case £1.80 (d)

30/40 Disc Lockable Box £14 (c)

FLOPPICLENE DRIVEHEAD CLEANING KIT
FLOPPICLENE Disc Head Cleaning Kit with 28 disposable cleaning discs
ensures continued optimum performance of the drives. £14.50 (b}

DRIVE ACCESSORIES

Dual Disc Cable £8.50 (d)
30 Disc Storage Box £6 (C)
100 Disc Lockable Box £19(c)

KAGA: KP810 (80 col) £235 {a); KP910 (156 col) £339 (a) MONITORS
BROTHER: HR15 £310 (a); JUKI 6100 £299 (a). sk B £'q|sc5R(O)VI1T4E3(1: kﬂn. & 20in RGB
P es a); p std Res PAL/Audio £205 (a);
SEIKOSHA SP-1000 £189 (b) 1451 Med Res £240 a; 14f51’AP Med Res £280 (a); 1441 Hi Res £389 (a);
: wivel Base for Plastic 14"Microvitecs £20 (c)
, ACCESSORIES 2030CS Std Red £380 (a); 2040CS Hi Res £685 (a)
‘A'wide range of accessories, interfaces for above printers available from stock. Please " Plinth for 14in. Monitors £8.50. K
send for detailed price list, | i Microvitec Monitors with TTL/Linear Inputs also available.
Plain Fanfold Paper with extra fine perforation (Clean Edge): SANYO CD 3125 NB 14in. RGB Std Res £159 (a)
2000 sheets 9.5 X 11 £13(b) 2000 sheets 14.5” X 11” £18.50(h) < — . KAGA TAXAN 12in. RGB
Labels per 1000s: Single Row 337 X 1 7/16" £5.25(d) Triple Row 2-7/16" X 1 7/16" £5.00(d) Vision Il Hi Res £225 (a); New Vision il plus £330 (a); Supervision Il plus £275 (a)
T Mitsubishi 14" RGB Med Res. LBME BBC Compatible £299 (a)
MODEMS . Green Screens;S KAGIAS1 2G £f99 (a); SANYO DM811 12CX £95 (a);
. ) wivel Stand for Kaga Green £21 (c) .
BUZZ BOX - . ; BBC Leads: KAGA RGB £5 Microvitec £3.50; Monochrome £3.50 (d) 1
This pocket sized BT approved modem complies with V21 300/300 baud and i |
provides an ideal solution for communications between users, with mainframe " UVE.BASERS - PRINTER BUFFER
" - i x L X UVIT Eraser with built-in timer and mains indicator. The buffer offers a storage of 64K. Data from three
computers and bulletin boards. Suitable for use with Open University computer. Built-in safety interlock 10 avoid accidental exposure computers can be loaded into the buffer which wil
Battery/mains powered. . It?cgfh*;'(;?;uu';x sfzx‘l)srbms am v continue ac"cepting g?ta until itis full. uTlhetbuﬁertwill
3 t e erage i i next as
3‘[’57\ gfé s&ig g;)olglams Adaptor £8 (d) BBC Data Lead £8/(d) grasing i of bout 20 mins. £50-+ £2 pap. Zg :g;%n:}stIl(i:s:ltyc:vr:::)(inerr%rgs?:mcigipall?t[s 3;25.)( The
i as above but without the timer. b 1 ilabl 1 . L e
The world standard BT approved modem covering all standard CCITT and For ndusirial Users, we ofr UV140 & UVT41 erk- | araph nelcmes merory 0sage, Simple pushbuton
BELL (outside UK onl : : Al ith serswith handlingcapacity of 14 eproms. Uv141 has control provides. REPEAT, PAUSE' end RESET
ELL (outside UK only) standa‘rds upto 1200 baud. Al!qws communication wit a builtin timer. Both offer full built in safety features functions. Integral power supply. £199 (a).
virtually any computer system in the world. Expandability to-Auto Dial and Auto UV140£88, UV141 £85, p&p £2.50. ) ) .
Answer with full software control enhance the considerable features already Serial Test Cable Serial Mini Patch Box Serial Mini Test '
provided on the modem. Mains powered. WS 2000 £129 (c) Auto Dial Board/ Serial Cable switchablé at both ends Allows an easy method to Monitors RS232C and GCITT
Auto Answer Board (awaiting BABT approved) £30 (d) Software Control Kit £10 | ailowing pin options to be re-routed or reconfigure pin functions V24 Transmissions,
(d) I , linked at eith|er end — mak:ng it possible without Jrewmng the c;lble | m(;jlg:ansg S;a;ﬂ%wr:gsdtual
r 1 n b 3 t A n S coour
NEW WS-3000 RANGE — the new professional series. All are intelligentand ‘C‘:,ﬁ;,‘;?,‘:;:;’g;’;;“”a" 4 . andreosed " g22(d) | significant ines. Gonnects in |
‘Hayes’ compatible, allowing simply ‘English’ Available as M/M or MIF  £24.75 (d) : Line. £2250 (d) ;
commands to control its many features. All i , :
models feature Auto-Dial with 10 number : CONNECTOR SYSTEMS : : 2
memory, Auto-Answer, Speed Buffering, v : ; ‘ AMPHENOL RIBBON CABLE ‘
printer port, data security option etc. All .D. CONNECTORS . ED%E ORS I C|ONNCECTOBS N (grey/metre): f
1 © (Speedblock T way plug Centronics . & Tk 180
models are factory upgradeable. . o of (SEoedblock Type) CONNE TM S o | ol Bop o0 arep LG e L
WS3000 V2123 (V21 & V23 + Bell) £295 (a) wiys D Ug | aclegiconn. 2-:G-way (commodore) — 300p | 36 way skt Centronics . 20-way  85p  S0-way  200p
WS3000 V22 (as above plus 1200 baud full 20 s i2p  18sp 2010 o 0p | (solder) 850p (IDC) 500p 2way  120p - 64way  280p
duplex) £495 (a) % i Wacs 240p + FEe T 5‘715‘;&(); 6)&1;94%? (soider) , 2
WS3000 V22bis (as above plus 2400 baud 20z goop e | SXEBWIENOD 05 20 | 24 way skiIEEE (solden) DIL HEADERS
full duplex) £650 (a) - - e T $xguayspectum 2000 = | OO Mty Akt A Pin Soder  10G
A X 36-way p = il .
The WS3000 range all have BT approval. DCO N NECTORS e 260 = |24 way700p 36 way 750 }g g:: gs }?gg .
b 7Y sy | i B e | wmomens (B 8 O
2 x 50-way{ onn; P = way D type f |
SOFTY Ii MALE: o s 24 pin 100p 150p
This't intelligent \ 2716, 2516, Ang Pins 120 180 230 350 . - 28 pin 160p 200p
Dloycos nelgeronon poganercarsgan 275 516, | 805 89 '68 139 55 | EUROCONNECTORS | Masomele .......£10 | 300 2
page TV. — 'has a seral and . par IDC 175 275 326 — DIN 41612 1 AL S8 Female to Female .. ... .. —
allel /O routines. Can be used as an emulator, cassette interface. FEMALE: - g ; gg :vvgz ‘S\L gPI'r;'n ggg ?zgg C
g 2t ol R T | Aernis 190 30 219 390 | 3x3wayStPin  260p 300 RS 232 JUMPERS ATTENTION
B o ey e e e . W £25.00 " 1 goider 90 130 195 290 IaDé gi wAay ABng Pin %gp 400p (25 way D) N AI:‘prlces in this dougle ptatge
- R DC 195 325 375 — tA+ p 24" Single end Mal 500 | advertisment are subject to
SPECIAL OFFER StHood 90 95 100 120 IDC SktA +GC 400p 24+ Single ena Femate €525 [ - change withotit nofice.
Screw 130 150 175 — e e 133 | ALL PRICES EXCLUDE VAT
» 0 (d): 27128-25 £3.20 (d)' (= . .F°f2 X ?2 way please specify 24" Male Male £9.50 L
.2764 25 £2.40 (d); 27 -20 (d); o spacing (A + B, A +C). 24" Male Female £9.50 |  Please add carriage 50p
6264LP-15 £4.50 (d) : TEXTdOL o e DL SWITCHES unless indicated as follows:
s . 3 MISC -
‘ INDUSTRIAL PROGRAMMER | SOCKETS 24-pin £7.50 21 pin Scart Connector 200p 4-way  90p 6-way 105p (a) £8 (b) E%f%(()c) £1.50(d)
| ACORN IEEE _'NTE,HFACE 2 - EPB000£605 (a) - | 28-Pin £9.00 * - 40-pin £12.00 8 pin Video Connector - 200p. g-way 120p 10-way 150p |- = :
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TECHNOLINE VIEWDATA SYSTEM. TEL: 01-450 9764

Using ‘Prestel’ type protocols. For information
and orders — 24 hour service, 7 days a week
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0.90
74L892 0.35
741593 054
7418958 0.75
74LS96 0.90
74L8107 0.40
74LS109 0.40
74LS112 045
74LS113 0.45
74LS114 0.45
74L8122 0.70
74L5123 0.80
7415125 0.50
74L8126 0.50
74LS132 0.65
748133 0.55
74L8136 045
7415138 0.55
745139 0.55
74L.5145 0.95
74L8147 1.75
745148 1.40
74LS151 0.65
74L8152 2.00
74LS153 0.65
74L5154 1.60
74LS155 0.
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74LS194A
74LS195A
745198
74L8197
7418221 0.
7418240 0.

1

7418248 110
7418249 110
74L8251 0.75
7418253 0.75
74L5256 0.90
74L82457A0.70
74LS258A 0.70
74L5259 1.20
74L5260 0.75
74LS266 0.60

745299
748373
748374

748387 - 2.

748273 1.25
7418279 0.70
745280 1.90
7415283 0.80
7415290 0.80
7415292 9.00
7415293 0.80
7415295 1.40
7415297 9.00
7415298 1.00
7415299 2.20
74LS321 3.70
74L5322A 3.90
74L8323 3.00
74L8324 3.20
7415348 2.00
74L8352 1.20
7418353 1.20
74L8356 2.10
74LS363 1.80
7415364 1.80
74LS365 0.50
74LS366 0.50
74LS367 0.52
74LS368 0.50
74L8373 0.90
74LS374 0.90
74L8375 0.75

7418377 1.30 | 74C161
7418378 0.95 | 74C162
7415379 1.30 | 74C163
7415381 4.50 | 74C173
7415385 3.25 | 74C174
74LS390 0.60 | 74C175
7415393 1.00 | 74C193
7418395 100 | 74C194
7418399 1.40 | 74C195
7415445 1.80 | 74C221 250
7418465 1.20 | 74C244 2.00
7415467 1.20 | 74C245 2.25
7415490 1.50 | 74C373 2.25
7418540 1.00 | 74C374 2.25
7418541 1.00 | 74C902 . 1.20
7418608 7.00 | 74C311 9.00
74L861019.00 | 74C912 4.50
7418612 19.00 | 74C922 6.00
7418624 3.50 | 74C923 6.50
7418626 2.25 | 74C925 6.50
7418628 2.25 | 74C926 7.50
7415629 1.25
7415640 2.00
74LS640-1 3,00
7418641 1.50 | 741500 0.45
7418642 250 | 744, 502 0.45
74L5642-1 3.00 | 7441504 0.50
745643 250 | 7441508 0.50
74L5643-1 3.00 | 7441510 0.45
7418644 3.50 | 731500 0.45
7418645 2.00 | 7441532 0.45
7ALSE45-1 400 1 7471574 0,70
74LS668 0.90 | 74515139 1.
7415669 0.90 | 74p 5139 1
74LS670 1.70 | 7415244 4100
74L8682 250 | 750 045 475
7418683 3.00 | 74a15573 260
7415684 3.50 | 74a18574 450
74L8687 3.50 | 7451580 2560
7415688 3.50 d
7415783 21.00 [
»
4000 0.20
0.24
025
0.70
74500 050 0.25
74802

74C SERIES
74C00  0.70
74C04 0.50/
4069
74C08  0.70
74C10  0.70
74C14_ 0.50/
4016 4584
74C20 0.
74032 1.00
74Ca2 150
74C48  1.50
74C73 1.0
74C74  1.20
74C76  1.00
74C83  2.00
74C85 225
74C86  0.50
74090  1.90
74093 1.50
74C95 160
74C107 1.00
74C150 5.00
74C151  2.00
74C157 2.50
74C160 1.80
1.80
1.80
1.80
1.00
1.50
150
150
1.50
1.50

coocooC00000
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MAIL ORDERS TO: 17 BURNLEY ROAD,. LONDON NW10 IED

4076 0.65
o oaz
7 -25 | AD7581 1200 | Lm710 0.48 *
e 0z | et Raa e MEGIED 2
. AM79100C 25.00 0.60 1802CE 6.50 | TMS9302 5.00 .
:832 g-gg AN-1-5050 1.00 3.00 | TBASI0 . 2650A 10.50 | TMS9911 18.00 52}22‘355"3338 3212‘1’ §~23 AY52376 11.50
s AY-3-1350 3.50 0.65 | TBA2 . 6502 = 4.50 | TMS9914 14.00 | »530 450 | 75162 4.00 | AY536007.50
109 oda | Av-s-e00 49 0.22 | TBAB20M 075 | 65C02-2MHz | . 2532-30 550 | 75172 3.00 | 74C922 5.00
& e AY-3-8912 5.00 0.70 | TBA920 2.00 | - 12.00 | 280PI0 250 | 2564 800 | 75182 000 | 74C923 6.00
4094 : CA3019A 1.00 0.30 | TBA9SO 6502A 650 | ZB0APIO 2.75 e 75188 060 |
4095 0.95 | £A3020 3.50 4.80 | TC9109 65028  8.00 | Z80CTC 2.50 | 5708 450. | 75189 0.60 X .
4096 0.90 || CA3028A 1.10 150 | TCA210 6800 250 | Z80ACTC 275 | 271645V 350 | 75365 1.50 AUD R
4097 270 | CA3046 0.70 3.00 [ TCA220 6802 ~ 3.00 | Z8ODART 650 { 571635 5.50 | 75450 0.80 (?ENERAM
4098 075 | CA3059 3.25 250 | TCA270 6803-2 12.00 | Z80ADART7.00 | 5732 450 | 75451 0.50
4099 0.99 | CA3060 3.50 3.00 | TCA940 1.75 | 6809  6.50 2732A-2 9.50 75452 0.50 | MC14411 7.50
4501 0.36 | CA3080E0.70 3.00 ; TDA1004A 500 | 6BOSE 10.00 | Z8ODMA 7.00 § 75453 0.70 | COMB1166.50
4502 055 | CA3085 150 6.00 | TDA1010 225 | 68B09. 10.00 | ZB0ADMA 7.50 | 2732a.30 6.00 | 75454 0.70 | 40728 7.50
4503 0.36 | CA3086 0.60 450 | TDA10224.50 | G8BOSE 12.00 2732A-35 550 | 75480 150 H
4504 0.95 | CA3089E 2.50 3.00 | TDA1024 110 § 68000-LB 36.00 | Z80ASI0/0/2/9 | 2764-25 2.60 | 75491 0,65 femm
4505  3.60 | CA3090AQ 375 0.90 | TDA1170S 3.00 o 700 | 27064-25 10.00 i
ggg‘r g.g gAgwng 0.90 0.80 TDA200§3~25 8035  3.50 | Z80BPIO 5.00 ’ i VAR D
- A3130T 1.30 1.00 | TDA20031.90 | 80C35 6.00 | Z30BCTC 5.00 3 5
408 120 | Gadlaok 0.8 180 | ToAZ0022.40 20 | Z0060AT .00 | 5715025750 | 815 120 | AvsioraP 50
4510 055 | CA3140T 1.00 350 | TDA20063.20 . 27256-25 2000 | BT95  1.20 | COMEOT7 3.00
4511 055 | CA3146 225 3.40 | TDA20203.20 27256-30 2000 | 8T9%  1.20 | IM6402 450
4512 055 | CA3160E 1.50 340 S0 | 8085A. 3.00 g . 8797 1.20 y
4513 150 | CA3161E 2.00 1.50 80CB5A 7.50 27512 P.O.A | 8Tes 120 /
4514 110 | CA3162E6.00 | M51513L 2.30 8086 22.00 X TMS27165.00. | 81LS95 1.40 -
4515 110 | CA3189E 2.70 f 8088  17.50 X = SISIEENT  MODULATORS
B o | SepcEtes TDA7000 3 3 i g1LSe7 140
E 3. A70003.50 | 8741  15.00 s. ONT] a0 | 6MHz 375
4518 048 | p7oo2- 6.00 TEA10027.00 | 8748 16.00 | 2111A-354. CONTROLLER I R v
4519 0.32 | DAC1408-8 3.00 TLO61CP 0.40 2. CRT5027 18.00 i 9. @ )
4520  0.60 | DAC08003.00 TLOB2 0. TMS1601 12.00 3. CRTS5037 1200 | 9602  3.00 |um
4521 115 | DAC0B8083.00 TLO64 TMS9980 14.50 CRTE545 9.00 | 3636A  1.60
4522 0.80 1 DG308  3.00 TMS0995 12.00 | 2147  4.00 | EF9364 8.00 | 9637aP 1.60
4526 070 | HA1366 1.90 { MC3401 0.70 . EF9365 25.00 K
4527 0.80 | |CL7106. 6.75 | MC3403 0.65 280 4116 2.00 | EF936625.00 | oe38 1.0
4528 0.65 | (Ci7611 095 | MFIOCN 4.10 ZBOA 4116-20 1.50 | EF9367 36.00 y
4529 1.00 | |CL7650 4.00 | MK502409,00 2808 MC6845 6.50
4531 0.75 | (CL7660 2.50 MK50398 11.0D Z8OH 41256-207 0.50 | MC6845SP 6.50 CRVYSTALS
4532 0.65 | |CLB0O38 4.00 | MLSO2 5.00 | 41256157 0.50 | MCE847 6.50
4534 3.80 | ICM7216B22.00 | ML922 4.00 - SFF96364 8.00 32.768KHz 1.00
45 32 2.50 | ICM7217 7.50 | wmm6221A 3.00 0.50 4164-15T1 3.00 | TMS9918 15.00 1.00MHz 2.70
45 0.75 | ICM7555 090 | NES29 2.20 | TL430C 1.20 00 | 4164 200 | TMS9928 10.00 1.6432MHz 2.25
4539 0.75 | |CM7556 1.40 UAA1003-3 935 .00 | 4164-20 2.00 | TMS9929 10.00 . 2.00MHz 2.25
2213 g-gg 3.00 UA759 3.20 .50 | 4416-15 3.50 - 6843 . 2.45760MHz(L}
). UA2240 1.20 00 4532:20 2.50 8271 P.O.A 2.00
4551 1.00 UAA170 1.70 50 : © | 2.45760MH2(S)
:ggg g.gg UCNA4801A 4.00 ‘50 | 4B16AP/3 2.00 FD1771 20.00 2.50
eocatl forss ULN2001A 075 .80 | 5101/5501 4.00 FD1791 20.00 } 2.5MHz 2.50
o ULN2002A 0.75 .00 | 5514/5114. 4.00 FD1793 20.00 | 25862MHz 175
pif 1.40 ULN2003A 0.75 5516 6.00 FD1797 22.00 3.276MHz 150
] WL ULN2004A 075 | ggoy 59 | 5517AP 6.00 3.5795MHz 1.00
S ) ol 02190 | ggo9° 4250 | 6116P-3 3.50 | Am25LS2538350 . 4194MHz 200 B
) PR ULN28031.80 { ggan  3.75 | 6116LP-33.50 | AM26LS31 1.20 4.43MHz 1.00
ge - & ULN28041.90 | ggp40 600 | 6264-1212.00 | AM26LS32 1.20 4.9152MHz 2.50
4584 048 UPC575 275 | ggeq .60 | 6264P-157.50 | AM7910DC 2500 5.00MHz 1.50
ded 049 u;csgzn g.oo 68850 2.50 | 6264LP-15 5.00 | DACBOCEI-V : 5068MHz 175
a2 HE UpgﬂSGH 00 | ges2 250 2.00 6.00MHz 1.40
W, i UPC1IB5H 5.00 | ggcy  gi5p [ 6514-45 4.00 | DM8131 6.00 [ESTGIN(ER 6144MHZ1.40
12412 7.50 XR210 400 | ggpss oo | 6810 160 | DPg30s 350 MKEALLLMLENN 7.00MHz 150
14416 3.00 XR2206 450 | gg75 5ioo | 745189 180 | DS3e9r 350 [ 7.16MHz 175
X XR2207 3.75 748289 2.25 | DS8830 140 92513UC 750 | gl00MHz 1.50
14419 260 XR2211 5.75 ) RO32513LC 7.00
T A 8154  8.50 ) DS8831 1.50 8.867MHz 175
ras0fgerz 220 | XR2216 6.75 | gz 378y | 93415 6.00 | Dsse3z 150 10.00MHz 175
145000 6.50 §50240 9.00 | XR2240 1.20 | gi55  3gg f 93L422 7.50 | DS8833 2.25 10.50MHz  2.50
4 - SAA1900 16.00 | ZN404  1.00 93425 6.00 | DSB836 1.50 10.70MHz  1.50
14599 2.00 SFF96384 8.00 | ZN414  0.80 | gon5 905 oo DSB838 2.25 B 11.00MHz 3.00
22100  3.50 SLas0  3.00 | ZN419P 175 | g5 550 8. | 12.00MHz 150
22101 7.00 SN76013N 3.00 | ZN423E 1.30 | g5 Y50 0. 14.00MHz 1.75
22102 7.00 SN76023N 3.00 | ZN424E 1.30 | g554 poa X MCE818P4.00 | 14.31MHz 1.60
40014 0.48 ZN425E83.50 5 4.5 5 3 . )
0TS JR0E SN76033N 3.00 . 8226 4.25 | ogLop  4.00 | MC3446 250 | Ms8I7AN 9.90 | 14.756MHz 2.50
. LM3BON 1.50 | SN7611SN 2.5 | ZN42GEB3.00 | g555 550 | 54850 250 | MC3459 4.50 | MSMS832RS350 | 15.00MHZ 2.00
40097  0.36 | {M381AN1.70 | SN764894.00 | ZN427E86.00 2 s MCS3470 ‘475 A Y .00
40098 040 | [M383 325 nN4o8EB 450 | S243 280 | 185030 2.00 :
. SN76495 4.00 g 8250 9.50 MC3480 8.50
20100 1.50 . 1BSA030 2.00 i
LM384 220 | SN76660 1.20 | ZN429EB2.25 748188 1.80 | MC3486 225 |__
40101 125 | [M3geN-1 100 | SPO256AL27.00 | ZNAATE 9.00 | gosin 325 | 743087, 208 | MC3487 225
40102 130 | |M387 270 | SPBS15 7.50 | ZN449E 3.00 | Socan s 35p | Tacoas 155 | MG4024 S50 ISl
28183 ﬁ-gg LM389  1.89 | TA7120 1.20 | ZNASOE 7.50 } woocacs 320 | 743587 2125 | MCA0a4 5.50 DECotEn
20108 1o | LMI 180 | TA7I30 140 | INASSCP 380 | go56 “15.00 | gogp3 150 | MC14411 9. SAA50206.00 | 24.000MHz 1.75
20108 oap | /LM392N 110 § TA7204 1.50 | ZN1034E2.00 | 535705 5400 | grg123 150 | MC144127.50 | SAA50307.00 | 48.000MHz 175
. LM393  0.85 { TA7205 0.90 | ZNA10406.60 43 853129 175 | 75107 0. SAAS041 16.00 | 116MHz 2.5
40107 0.55 | |M394CH 4.00 | TA7222 1.50 | ZNA1MJ 2300 | gocgc 54,00 ’ 75108 0. SAA50509.00 | PX01000 12.00
40108 320 § {M709 0.35 | TA7310 1.50 | ZNA234E9.50 8271 P.O.A 75109 - -
40109  0.80 8575  29.00 75110
40110 2.25 VOLTAGE REGULATORS 8279C-5 4.80 75112
40114 225 o > Please note:
40147 2:80 R2STNS OO o i
20163 1.00 1A FIXED VOLTAGE PLASTIC TO22! i A 75114 All prices are subject to
40173 120 +VE SV 460 | NS0 o | oI change without notice
40174 1.00 5V 7805 0.45 7905 0.50 \ 9306 256bits . ;
40175 1.00 6V 7806 0.50 7906 0.50 (16x16) 450 | yo1095. 1. Only current prime grade
40192 1.00 6V 7808 0.50 7908 0.50 2 components stocked.
40193 1.00 12V 7812 0.45 7912 0.50 ERS
40194 1.00 15V 7815 050 7915 0.5 LED,
:85:; }-gg eV ;gm 00 7918 0.50 2N5777 0.50 | g 4950 0.2
. 4V 7824 0.50 7924 0.50 BPX25 1.80 | O 3 Wi
40257 1.80 1A FIXED VOLTAGE PLASTIC TO92 Bhwe: 280 |REDTIL20002 | mew o5 | Wealsostocka wide
40373 1.80 5V 78L05 0.30 5V 79L05 0.45 OCP71 1.0 |'GRNTIL211016 | Tizz2 018 range of:
doore 35| ev7sios 030 12V 79112 0.50 ORP12 120 | YELTIL212020 | Tizes 022 Transistors,
e g 8V 78L08 0.30 15V 79L15 0.50 ORP60 1.20 | RectLEDs " ; q
80C98  0.75 2VATBL120.30 Qe 20 s:%G(/aY)c e Qlocgifueth seagtic:
A B K i colou: a e
15V 78L15 0.30 AR 100 | 74C925 6.50 Bridge Rectifiers,
TIL78 055 | 10 LED 74C926 6.50 i
OTHER REGULATORS e, O DI G g Thyristors and
TILB1  1.20 | Red 2.25 | 7216B  22.00 Zenors.
TiLioo 0.75 | Green 225 ZN1040 6.70 y
Please phone for
MAN66102.00 | | M3914 3.50 ils.
BRI NSB5851570 | LM3sls 3.50 det,a N
.~ | ™1t 650 | (M3916 3.50 .
LM305AH FND357 1.00 E'ﬁ;ggo }'83 HB{:S‘&“ S50
LM317T TQ-220 . FNDSO0/TIL730 | MANBY10 1.50 ULNZ&,Q%:S‘.; MBSO BLO:TS OIATORS IR
LM317K TO3 . 1.00 | MANB940 250 | ULN20040.90 B
LM337T FNDSO7/TILT2S ULN20682.90 | D74 130 | TiC111 070
LM350T 10A+VAR . .. 1.00 APV ULN28021.90 | 1LQ74 220 | TIL112 070
LM396K 10A+VAR | . MANTA/DL707 LU Uinoos3 180 | MCT26 1.00 :
LM723N 1.00 [NEEES ULN28021.90 [ MCS2400 190
78HHO5KC BASV,.. MAN3640 175 | 9368 450 | 75491 g.70 | MOC3020 150
78HGKC 5A+VAR , . MAN4640 200 | 9370. 450 {75492 ' 0.70
78GUICC 1A+VAR . : = — e — e
79HGK SA~VAR . . LOW PROFILE St T IRE WRAP BYTi
79GUIC TA—VAR ..ottt 2.50 QELESQCKELR BT GGEHPAL SECKETS
I S 2 8pin 9p 18pin 16p  24pin 24p 8pin  25p 18pin 50p  24pin 7Oy
WTCHING RECULATIONS g -y & & oo pin 10p 20pin 18p 28pin 26p | t4pin 38p  20pin 60p  28pin B0p
563524 i = 16pih . 1lp - 22pin° '20p  40pin 30p { 16pin 40p  22pin 65p° 40pin 100p
TL494 - .
%g% TURNED PIN 8pin. 25p  16pin 35p  20pin 45p  28pin” 65p
ACatas LOW PROFILE SKTS. 14pin 30p  18pin° 40p  24pin S5p - 40pin 90p

LINEAR ICs

SHOPS AT: 17 BURNLEY ROAD. LONDON NW10

(Tel O1 208 11

4 himes) Telesn: 922800

305 EDGWARE ROAD. LONDON W2
CIRCLE 96 FOR FURTHER DETAILS.

www americanradliohicstorvy com
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COMPUTER COMPONENTS

PLEASE ADD 50p p&p & 15% VAT
(Export: no VAT, p&p at Cost)

Detailed Price Li

st on request.

Orders from Government Depts. & Colleges etc. welcome.

Stock items are normally by return of post.

Minimum ‘T'cleph

one Order £5
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Domestic microelectronic
controller

by J.L. Gordon

Software for Intarlec: intelligent alarm and
partial control of the electrical installation

Software for the unit described
(September) is installed in a 2K
eprom and initiated on reset of
the microprocessor. A complete
listing of a typical working pro-
gram and program description is
available for those with a particu-
lar interest. This text however
considers the general arrange-
ment of the loop-type program
being used.

A flow diagram shows general
construction of the software, but
this may be modified to suit an
individual requirement. The gen-
eral construction of the program
is that of a basic loop which pro-
vides the following functions :

Table 1. Intarlec labels.

contacts

Labels
Set Clear Registers
. Port A Page 09 Peripheral Zero Page
BitO LANMT
1 TOSMT
2 BOSMT
3 Input from HALMT
4 contacts ALMMT
3 FDOOR
6 ‘ BDOOR
T KITSEN KITCON
Port B Page 09 : -
Bit0 Landing light LANLGT LANLGO Timers
1  Stairs light STALGT STALGO lines
2 Hall light HALLGT HALLGO 20 to 60
3 Kitchen fight KITLGT . KITLGO
4  Outside light OUTLGT OUTLGO
5
6
7
PortA Page OE
Bit0O 0 - KEY
TS Keyboard KEY 1
2 2
3  Keyboard test ] ]
4 Clock CLKS CLKC
5 Data DATS DATC
6 Lightlevel ‘ LISEN LIGHT
7 Testpulse PULSEN PULSEO
PortB Page OE
Bit0O 0 Timer
-} Alarm output “ALMTM”
2 2
3
4 " DOORBL DBELL
5 Input from BELCN BELCON
6 .
=

L3
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Inputs with no peripheral label are addressed through the port address

SET-UP REGISTERS
!
READ IN DATA

!
TEST ALARM AND MODE OF
OPERATION

TEST LIGHT LEVEL
| TURNON IF REQUIRED
| TURN OFF WHEN TIMEOUT
PROCESS KEY INPUT IF ANY

!
UPDATE TIMING REGISTERS
AND PERIPHERAL TIMERS
= SeaTam g |

The main loop will be executed
about 800 times per second,
depending on the precise nature
of the software implemented.
This provides for more than ade-
quate interrogation frequencies.
There are various other sub-rou-
tines that are required from time
to time to supplement the main
loop. In the main, these are
pulled into the loop when needed
and dropped from the loop when
not required. This does alter the
loop timing but as the routines
are used infrequently it doesn’t
cause a major upset. The excep-
tion to this is the edit routine
which does stay active and will
upset the timing of events such as
light-on times. Again, the editor
is intended as a system diagnostic
aid and will therefore hardly
every be used. '

Of these subroutines, the rou-
tine which scans the display and
looks for key presses is called on
each pass of the loop. ‘Scan’ puts

the mode and last-contact-in

information onto the display once
every 240 routine - calls, as
decided by a constant in zero
page, and produces a slight
flicker on the display- which is
noticable if it is looked for closely.
The ‘scan’ routine also calls a fur-
ther routine which reads.a key
press from the keyboard and
stores the active key number in a
reserved location.

If a scan is to he performed
then a display drive routine is
available which can convert a
number into the correct seven-
segment alphanumeric form and
send this serially to the display.
Part of the routine may also be
used to send any pattern to the
display if required.

The edit routine may be pulled
into theloop if the editor has been
called. Location ‘editon’ is used
to indicate when the editor is
required. This routine is called in
place of the scan routine and
allows editing of zero-page regis-
ters and the rapid testing of the
simulate light table. The editor
will automatically cancel when its
timer reaches zero, or it may be

%

cancelled immediately by press-.

ing key 6.

The editor routine was simply
included to allow initial setting up
of a system and as an aid to peri-
pheral fault location. Many con-
stants may require changes to
suit a particular installation,
these may be corrected using the
editor before the final program is
installed. Light timer constants
etc. are values which may need
modification. The key functions
in edit mode are described in the
users literature. Key 7 allows the
table of data used for the simulate
routine, to be tested rapidly.

A keyboard input may be per-
formed to indicate to the pro-
gram, the required mode of
operation. A location called
‘alamen’ (alarm number condi-
tion) contains zero if no alarm has
been requested, a positive num-
ber when the night only mode is
required and a negative number if
there is no person in the house. If
an alarm condition is detected in
mode 3, the routine ‘alac’, which
is responsible for sounding the
alarm when the premises are
empty. ‘Alac’ starts with a delay
and retest of the alarm call to
remove false calls. If the call
proves valid, the house lights are
flashed and a two tone internal
sound is generated. This proce-
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Set up registers
& tables

[

Send pulse
to reset circuit

Get data from
input devices

Get key
information
& scan display

Is edifor
required?

Yes

Editor l

JSR simulator I
Test all points

Yes
Simulator No
on?

Test all points

Alarm
condition

Internal proc

Alarm
condition Alarm act,
Clear
Turn off section
when called
e Override

key command

Update timers
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dure continues whilst retesting
the contacts, for about 30 sec-
onds. If the call still proves valid,
the outside alarm is activated
along with the internal tone and
the flashing lights. After several
minutes, the alarm is cancelled
and deactivated for a few seconds
before retesting in mode 3.

Tests for simulate and silent
entry are also made in mode 3. If
the location ‘simul’ is not zero
then the routine ‘sim’ is required.
‘Sim’ performs one operation
when ‘simtim’ (simulate timer)
reaches the next value held in the
data table ‘simtab’. The table of
data starts at zero-page 80 hex
and can continue to page one if
required. The last item of data in
‘simtab’ must be 00 so that the
routineis cancelled until the next
evening. Data is used in blocks of
3 bytes as follows.

Byte 1 When to turn on the
next light. This hex. number is
compared with simtim + 1 which
is a timer that starts at 00 and
clocks up. Lower numbers
should appear first in the table.

Byte 2 is a number from 1 to
the number of lights controlled
and indicates which light is to be
turned on.

Byte 3 is a hex. number repre-
senting the length of time that the
lightis to remain on. This number
is incremented to zero so FF hex
is a short time (about 6 min.) and
FO hex is over 1 hour etc. Num-
bers to 01 hex. may be used.
Lights are turned off by another
part of the program.

When ‘simtim’ equals byte 1
then the 3 bytes are read and exe-
cuted.

The subroutine ‘enter’ de-
codes presses on the front door
bell for entry during mode 3. The
caller gets aresponse through the
internal sounder system, one of
which is situated behind the front
door. If the code used is correct,
the alarm is deactivated for about
50 seconds, and the stairs and
kitchen lights -turned on. Silent
entry can be achieved with time
to turn off the alarm in the pre-
scribed manner.

When the alarm is set in mode
2, mats outside bedroom doors
are tested first, if they are acti-
vated before any other, the alarm
will be deactivated for about five
minutes. The stairs and kitchen
lights are turned on during deacti-
vation to allow movement about
the house. After five minutes,
and presumably when the house
occupants are back in bed, the
alarm will automatically restart
and the lights will go out. If the

time is too short the alarm must
be cancelled and reset before
retiring again. Any other contact
in mode 2 will cause the internal
alarm to sound and all lights
under computer control to be
turned on. A buffer against spuri-
ous noise setting the alarm off is
provided, a wait of about one fifth
of a second is performed before
retest. If the retest is positive the
alarm will sound. There are five
lights under computer control in
this arrangement of the system.
The 8154 p.i.a. provides two
addresses for each bit in the two
ports as well as addresses for the
whole port and data direction
registers. This simplifies the
setting, clearing and reading of
peripheral data from within the

‘program. To set or clearabit, it is

simply necessary to set up the
required bit address on the add-
ress bus and the job is done.
Reading individual bits is also
possible from either of the set or
clear addresses. The bit value is
placed in the most significant bit
position on the data bus so that it
may be tested from the negative
flag. Table 1 contains a list of the
peripheral addresses and their
label used in an assembly listing.

At the start of the main pro-
gram the registers are cleared,
tables and constants set, stack
initiated and port directions set.
Mode 3 is set and the alarm tem-
porarily deactivated.

Pulses are sent to the auto
reset circuit at the start of the
main loop. The peripheral data is
then read by the ‘datagt’ subrou-
tine. This routine reads all the
relevant port bits and deposits
the data in registers in zero page.
In this particular implementation
the ultrasonic detector is aver-
aged-to reduce the possibility of
false calls. Registers containing
the frequency at which the detec-
tor is read and the average value
to be reached which causes ‘kit-
con’ (kitchen control byte) to
become negative may be edited
for optimum working. The con-
stants mentioned are ‘intmen’ for
the frequency of reading, and
‘mean’ for the average value.

This routine also places the
number of the contact last acti-
vated, into a register called ‘las-
tin’. This register is used by the
scan routine to display the last
contact on one of the two dis-
plays. ‘Astate’ (alarm contact
state) also contains the contact
information in the form of an 8 or
16-bit word for use in the alarm
test section.

In the loop section performed
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ALARM SYSTEMS
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The central controller can
service up to eight mains
lights, 12 inputs from
various sensors, a five-tone
internal sounder and special
connections such as light
level and auto reset prevention.
Six port bits are used for user
interface, allowing a
reasonable length connection
cable to the controller.

in mode 1, the light level is
checked: if it is dark, the turn-on
section is performed which turns
on each light and sets its timer if
the appropriate contact register
is set. If it is light, the turn-on
section is skipped and the turn-
off section is performed. This
section turns the peripheral (light
or alarm) off when a timer is zero.

The key command section exe-
cutes the key command as con-
tained in the register ‘key’, and
"Key will be executed for values
between 1-8, but not it ‘key’ is
zero. The key command section
will also not operate if the alarm is
set but has not been deactivated,
this will reduce the possibility of

an intruder cancelling the alarm. -

Each key function is described
in the users literature.

Key 8 calls the ‘overid’ (overide
light) subroutine, which is
responsible for turning on any

light at keyboard request.

‘Overid’ uses the ‘wait’ sub-rou-
tine for time intervals between
key presses. The routine lights
‘NO’ on the display, asking for the
number of the light required.
When the number is read ‘OK’ is
sent to the display before the rou-
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tine ends. Timing of lights turned

‘on by ‘overid’ may be edited

through aregister ‘overtm’ (timer
constant for light extensions).

The last routine in the main
loop is the time update section,
which  increments  program
timers until they became zero.
Timers are not incremented each
time round the loop, the incre-
menting takes place when aregis-
ter ‘time3’ becomes zero. Regis-
ters timel, 2 and 3 are used to set
the main timing of the program,
and in turn are set by zero page
constants ‘maintl’ ‘maint2’ and
‘main3’ which can be edited if cor-
rections are to be made. Three
timers are used for flexibility, any
increase in the constants will
cause all timed events to be
quicker, and a decrease will make
them slower. Most of the timers
that are incremented are two byte
timers which gives an approxim-
ate value for byte two of 225 X 6
min. or about 1 day in the system
described.

The only subroutine not dis-
cussed is ‘wait’, which is a delay
routine used by many other parts
of the program. It also sends
pulses to the auto-reset circuit
since it may be used for long
delays. ‘Wait’ is 0.077 seconds
long which makes it useful to call
before verifying contact calls.
This subroutine is not called
when the loop is simply running
free without any diversions.

Summary

The unit described represents a
working system that has proven
to be both reliable and pleasant in

use. The final system has been
working for over two year, but
the unit has been working in test
form for over 12 months before
this. Automatic to get use to, but
every aspect of the system is now
taken for granted.

Many alterations to the system
are clearly possible. The point
mentioned in the introduction
about contact masking under
fault conditions was not however
included. Nevertheless, regis-
ters may be included like ‘oldst’,
to allow this option. It would sim-
ply be necessary to keep a record
of the calling contact and time
between calls to recognise the
faulty position. This position
could be masked from the alarm
routine.

Other alterations are also poss-
ible, the addition of a real time
clock and computer control of a
socket outlet would make early

‘morning alarm calls and hot water

for tea possible. A control bit for a
999 caller could be activated by
the routine ‘alac’ if required.

The low-cost control hardware
should make units that are more
sophisticated than this available
to a large number of househol-
ders in the near future.

Testing the unit over long peri-
ods has shown that although
design may include more elabor-
ate peripheral control, simple
interface techniques do prove
reliable. Almost any type of con-
tact which can be bought for an
ordinary alarm system, may be
used with this system. The point
to remember is that the unit
needs to know which area a per-
son is in and not necessarily

‘which door is open. Pressure
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" mats are given a limited life but

those used with the original sys-
tem have now functioned cor-
rectly for over two years, and
some for much longer than this.
One exception was a pressure
mat which was carelessly fitted
under a carpet so as to be dis-
turbed each time a door was
opened, this was replaced after
twelve months and alterations
made to the door height.

It it is now possible to buy pas-
sive infra-red movement detec-
tors at reasonable cost. These
have been included in later imple-
mentations of the system and
have given long trouble-free
operation. The ultrasonic unit
used in the original system
required software averaging to
eliminate false calls. Although
this averaging was successful,
some of the original problems
were later linked to the method of
d.c. supply by long cable. The
use of sensors which require a
d.c. supply should be carefully
considered although supply from
the main unit need not be ruled
out.

It would be tempting to include
another level of signal processing
at the main unit to remove noise.
However this would add to the
complexity and cost of the sys-
tem. Noise reduction, which was
previously firmly in the domain of
the hardware designer, may be
transferred to firmware once the
source of the noise has been
identified. Of course this does
assume that the controller board
itself is noise-free. Averaging
input signals has proven to be an
effective way to eliminate most
noise from periferals, which may
be particularly evident if screened
cable is not used.

Finally, making low-voltage
control connections to the mains
must be done with the utmost
care. If the unit is to remain in
service over long periods thought
must be given to the occurrence
of infrequent events such as
decorating, burst pipes etc. More
expensive options for mains con-
trol do exist but the method
described should prove cost
effective providing mains isola-
tion is assured.

Software

A program listing is
available in response to a
large stamped and
addressed envelope sent to
the editorial office and
marked ‘Intarlec’.

HM208 £1300.
Dual Trace, Digital Storage 2mV —20V/cm
20 MHz Bandwidth  Algebraic Add, invert
X-Y, 4 x |k Stores, 20 MHz Clock,
Roll, Refresh, Pre-trigger

HM605 £515.
Dual Trace 1mV-—20V/cm
60 MHz Bandwidth  Algebraic Add, Invert
X-Y; Single Shot Delay Sweep,
VarHold-off Component Tester, 14kV CRT

HM204-2 £365.
Dual Trace 1mV-20V/cm
20 MHz Bandwidth  Aigebraic Add, invert
X-Y; Single Shot Delay Sweep,
Var Hold-off Component Tester
HM203-5 £270.
Dual Trace 2mV-—-20V/cm
20 MHz Bandwidth  Algebraic Add, Invert
X-Y Component Tester
2 Year Warranty
Prices U.K. list ex. VAT

HARAMEL=S

FOR THOSE WHO COMPARE

74—78 Collingdon St. Luton, Beds, LU1 1RX
Tel: (0582) 413174 Telex 825484

MORE THAN JUST ONE STEP UP
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... that there is a real difference at Cricklgwood Electronics.

That's why you should never be without the FREE CRICKLEWOOD ELECTRONICS
COMPONENTS CATALOGUE, for sheer variety, competitive prices and service
from the U.K.’s number one 100% component shop. No gimmicks, no gadgets or
computers, just components, millions of them, all easily available by mail order,
calling or credit card telephone orders. Just pick up the phone (or a pen} to get yourt
FREE copy now {no SAE required). You have nothing to lose.

CRICKLEWOOD ELECTRONICS LIMITED
40 Cricklewood Broadway, London NW2 3ET

Tel: 01-450 0995/01-452 0161
Telex: 91 4977

CIRCLE 40 FOR FURTHER DETAILS.
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FORTH COMPUTER

Build the TDS900 into products.
Programme it with a VDU and your forecasts
become fact.

@Single board computer.

12K RAM 8K ROM (expandable)
@All C-MOS for low power
@Fig-FORTH high level language. Compiled and fast.
On-board screen-editor, compiler and debug facilities.
@Easy connection with serial & parallel channels, A/D,
D/A converters, triacs, printers, keyboards and
displays.

Triangle Digital Services Limited
100a Wood Street. Walthamstow. London £17 3HX
Tel: 01-520 0442 Telex: 26284

Disiributed by: Semiconductor Specialists {UK)Ltd.
Tel: West Drayton (08954) 45522/46415

CIRCLE 44 FOR FURTHER DETAILS.
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by F.O. Edeko

F.0. Edeko obtained an M.Sc. degree
in Sound Electronics from Len-
ingrad’s Institute of Motion Picture
Engineers in 1979. He joined the Uni-
versity of Benin, Nigeria, asa lecturer
in 1980 and is presently researching
in multichannel sound reproduction
at Sheffield University, where he has
recently submitted a thesis for the
degree of Ph.D.

Fig.1 Stereophonic system
geometry (W = 2.3m,
H = 2.0m)

Why stereophonic
images broaden

As an image moves away from stage centre
its width increases for frequencies up to
300Hz, while above this frequency range the
reverse starts to occur. A new theory indicates
the cause of broadening and suggests how it

can be avoided.

An ideal sound reproduction sys-
tem is one which is capable of
reconstructing the wavefront
from a given sound scene in an
exact form over a region in space
occupied by the head of a listener.
The use of two spatially separated
loudspeakers imposes restric-
tions on the ability of stereo-
phony to reconstruct the correct
acoustic field so that a sharp
image can be perceived. Such a
system can provide a well-
defined image for a centrally
located listener mainly at low fre-
quencies, depending on the
geometrical displacement of the
speakers relative to the listener?.

It has been observed previ-
ously that images tend to broaden
as they are displaced along the
stage width?. The problem of cor-
rectly reproducing images has led
to the development of many theo-
ries of localization® and several
ways of improving stereophony
have been proposed*~’. How-
ever, not much success has been
achieved when one compares

W
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reproduced sound scenes with
live performances.

This report provides a new
approach to the assessment of
stereophonic image broadening
and it is hoped that this will lead
to ways that could be employed in
loudspeaker design, geared tow-
ard generating well-defined
stereophonic images.

What causes image broadening?

The answer to this question can
be found by considering stereo-
phony as a wavefront recon-
structed process. This approach
of looking at sound reproduction
is not limited in angle and encom-
passes the case of a general sound
scene which could completely
surround a listener.

The plane-wave component of
the wavefront reconstructed by
two spatially-located speakers
around a listener’s head provides
the fundamental direction infor-
mation of the apparent source
producing that field.! Other com-
ponents of this reconstructed
field tend only to degrade the
definition of localization, which is
what gives rise to image broaden-
ing.

Thus the residual obtained by
removing the plane-wave compo-
nent of the wavefront from the
reconstructed field reveals the
contributions present due to
other auxiliary sources in space.
The main image is defined by the
plane-wave component and the
auxiliary sources create the
mnpression of spreading of the
main source. This is broadening.

The wavefront reconstructed
by two speakers in Fig.1 along
the x-axis can be expressed as

ELECTRONICS & WIRELESS WORLD NOVEMBER 1985

xZ

2R
(jkxsin@,) + Rexp
(—jkxsine,) },

F(x) = expjk[ R + I{ Lexp

where R and L are the amplitudes
of right and left channels respect-
ively and k = 2n/A. Ignoring the
common multiplicative term, as
it carries no directional informa-
tion, leaves

F(x) = 2Lcos(kxsin8,) + (R ~L)
exp(—jkxsing,). 48]

The phase ¢ (x) of wavefront F(x)
is of interest because it is this
which determines image direc-
tion.

The wavefront F(x) contains a
linear phase term as well as other
harmonic components. The har-
monic components cause image
broadening. The ratio of the
r.m.s. of the harmonic compo-
nents to the magnitude of the
plane-wave component provides
an indication of how much the
main image suffers degradation,
which in essence is a measure of
how the image will broaden.

To find this measure of image
broadening, it is necessary to
decompose the wavefront F(x)
mnto its spatial components. For
simplicity, consider the case of
equally driven speakers, that is
R=L. Under this condition equa-
tion 1 simplifies to

F'(x) = 2Lcos(kxsind.)). (2)

To decompose F’(x) into its har-
monic components, F'(x) can be
defined as a repetitive function
F'(x)* MI(x/2X ) so that the Fou-
rier series expansion can be
applied, where * denotes convo-
lution and ITI(x/2X) is a comb

function with period 2X, equal to
the head width?®.

Under this condition the head
will still sense only F(x) alone
because of the band-limited
nature of the process.

For —X, <x <X, the series
expansion of F'(x) is

2LsinAT n 4LAsinAT >
Ar T

/1y a1 cos(nxm/X )
nzl( sl nZEeyAZ )
where A = (2X_ sin6,)/A. (Inte-
ger values of A lead to simple
solutions). The constant term of
this equation decreases as fre-
quency increases. The harmonic
components that are responsible
for image broadening will
increase in value as frequency
rises.

For an on-axis image there-
fore, it is expected that an
increase in frequency will bring
about increased image spread
and a loss of central image defini-
tion.

A measure of image broaden-
ing, termed the image width fac-
tor, can therefore be expressed
as

r.m.s. of harmonics
IWF =

r.m.s. of plane wave

In dealing with the image width
factor for on-axis images it is suf-
ficient to consider only the first

and second harmonics of equa- -

General approach for finding image
width factor

The use of equation 3, to deter-
mine IWF is limited to on-axis
images. To examine image
broadening for any image posi-
tion along the stage width it is
necessary to develop another
version of equation 3 for the case
when R+L. The derivation of
such an expression is, cumber-
some and unnecessary. -

- A simple and convenient
approach is by software. The
computer simulation involves

generating the wavefront F(x)

over a region of =X =<x=<X,.
No assumption need be made in
generating F(x). By least-square
methods the best-fit phase slope
is fitted into the phase of the
wavefront F(x). The average of
the amplitude of the generated
wavefront for all sampled points
along the x-axis and the fitted-
phase data are then considered as
the amplitude and phase of the
plane wave component of F(x).
By the method of complex sub-
traction the plane-wave signal is
removed from the generated field
at each corresponding sampled
point. The r.m.s. of the residual
signal is then calculated as the
square root of the sum of the
squares of the real and imaginary
parts of the residual signal for all
sampled points. Ther.m.s. of the
plane-wave is found in a similar
way. The generation of F(x) is

tions ininput levels to the left and
right loudspeakers. Using this
approach the image width factor
can be found for any image posi-
tion determined by the interchan-
nel intensity ratio at any given
signal frequency.

Such a scheme has been imple-
mented in software for a typical
head widht of D = 14cm using
the layout geometry in Fig.1.
Results of computer simulations
of measure of image-width varia-
tions with image positions are
shown in Figs 2a, 3a and 4a. The
image position for a given inter-
channel intensity ratio can be
found by deducing the spatial
direction of the fitted-phase
front!. The image position is
expressed as image linear dis-
placement off-centre divided by
the stage width. (The velocity of
sound has assumed to be
343ms™1.)

Several -interesting things are
seen in these graphs. Results of

computer simulations for differ- -

ent frequencies show that for fre-
quencies up to 300Hz, the image
width factor increases as image is
displaced away from stage cen-
tre. The case of f=250Hz is
shown in Fig.2a. As frequency
increases to about 500Hz, the
image width undergoes a transi-
tion where the width factor is
virtually  constant.  Further
increases in frequency makes the
image become less broad as it is
displaced away from stage cen-
tre. This is in agreement with

Fig. 2(a) Computer simulation
of image width factor varia-
tion with image position (f =
250Hz) '

Fig. 2(b) Practical results of
image width variation with
image position (1/3 octave
pink noise, 250 Hz, 10
subjects)

Fig. 3(a) Computer simulation
of image width factor varia-
tion with image position

(f = 500 Hz)

Fig. 3(b) Practical results of
image width variation with
image position (1/3 octave
pink noise, 500 Hz, 10 sub-
jects)

Fig. 4(a) Computer simulation
of image width factor
variation with image position
(f = 1250 Hz)

Fig. 4(b) Practical results of
image width variation with

image position (1/3 octave

pink noise, 1250 Hz, 10

tion 3. implemented to allow for varia- equation3  which  suggests | gypjects)
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broader on-axis images with
increases in frequency. j

Listening tests

Practical tests have been carried
out to validate the theoretical
predictions made above. The
tests involved subjectively deter-
mining image width using the
geometric arrangement in Fig.1.
The tests were carried out in an
anechoic chamber with reverber-
ation time of less than 0.25 sec-
onds for all frequencies down to
125Hz. The signal used was 3-
octave band limited pink noise
produced by a random noise gen-
erator i conjunction with a band-
passfilter set (Bruel & Kjaer type
1402 and 1611). Each loud-
speaker cabinet housed a single
type 8P unit produced by Good-
mans Loudspeakers Ltd. Ten
subjects took part in the tests. -
- Each subject, occupying a cen-
tral position, was asked to keep a
fixed head position and looking
directly toward the stage centre.
The listener was then told to state
the location of the image and its
width using the dimensions on a
bar placed along the stage width.
The tests were carried out using
250, 500, 1250Hz, as centre fre-
quencies of the j-octave signal.
Average practical results of
image width versus image posi-
tion in terms of stage width as
shown in Figs 2b, 3b and 4b.
Comparison between theoreti-

STEREOPHONY

cal and practical results shows
good agreement. The practical
curvein Fig.2b forthe central fre-
quency of 250Hz shows that
image width increases asimage is
displaced away from stage cen-
tre. This is in good agreement
with theoretical predictions in
Fig.2a. Fig. 3b, 500Hz, shows an
almost constant image width.
This compares very well with the
theoretical results in Fig.3a. At
high frequencies, 1250Hz, Figs
4a and b, both practical and the-
oretical results show that image

width decreases as the image

moves away from stage centre.

How to overcome image broadening

Image broadening will always
exist in a two-loudspeaker sys-
tem. This is because the quality
of the plane-wave signal deterio-
rates with increase in frequency.
At low frequencies the broaden-
ing of the image may not be
adversely perceived because the
image width factor is consider-
ably less than the —20dB level
which corresponds to the mini-
mum perceptible change in the
effective source distribution®.
However, at high frequencies the
image width factor exceeds the
—20dB level and image defini-
tions will worsen and can now be
obviously perceived.

To overcome image broaden-
ing it is necessary to increase the
quality of the plane-wave compo-

nent of the reconstructed field as
frequently increases. The best
way to achieve this is to use an
array of speakers. The number of
speakers in such an array will
depénd on how much of the high
frequency band one needs to cor-
rectly reproduce.

An array of speakers is gener-
ally regarded as an excellent form
of stereophonic sound reproduc-
tion®. However, the cost and
inconvenience of having many
speakers makes this approach
uninviting. Quite a lot of methods
of improving image quality have
been proposed while retaining
the convenient two speakers sys-
tems*—®. While these methods
may help to improve the accuracy
of localization and naturalness of
stereophonic images, they do not
solve the fundamental problem of
image broadening. The use of
video cassettes, which have the
potential for storing many audio
channels may help reduce the
cost of having an array of speak-
ers and thus facilitate the use of
such a system which is the only
real way of solving the problem of
mmage broadening, or indeed of
overcoming the general problem
of fidelity and usable listening
areain stereophonic sound repro-
duction.

68000 board

continued from page 54

manufacturer’s computer won'’t
couple directly to another’s term-
inal without juggling of connec-
tions. Hence the proliferation of
‘break-out’ boxes to help when
configuring new arrangements,
withleds to show what’s happen-
ing and patch-links to let you try
every combination until it works!
Rather thanadd another interpre-
tation to the standard I have
added link areas two and three to
allow any signal to be connected
to any pin on the interface con-
nector as required.

Plugs two and three for the
serial ports are 20-way insula-
tion-displacement  type plug
headers. Pins have been chosen
so that if the standard RS232 25-
way D-type connector is used,
say on an external panel of a box
that Kaycomp is fitted in, then if

64

insulation displacement type
connectors are used at each end,
a straight through ribbon cable
may be used between the two.

On the circuit diagram, pin
numbers shown against plugs
two and three are those of the 20-
way connector while those in
brackets give corresponding 25-
way D-type pin numbers and
their function. Only pins 1 to 8
and 20 are used, 1and 7 going to
0V, the remainder to link areas
two and three. Finally, the
remaining general purpose i/o
pins (IP,_. and OP, ;) are
brought straight out to plug
seven, a 10-way insulation dis-
placement  connector  plug
header.

Construction is discussed in
the next article.
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BTs 5895 | EB9L 150 | EL34MUL 400 | KITWeél 250 | PCHS2 Ls0 | RG4125061.60 18500 | 5Y3GT 250 | 63N 275 | 2489 6725 | 3763 450
BI17 18500 | EBC33 250 | EL36 250 | KIWe2 250 | PCF86 250 | RG4-300099.45 | XR1-1600A 523 400 | eHe. 300 | 30Cls 200 | S8M4A 400
BI19 4405 | EBC41 250 | EL4l 280 | Krwe3 250 | PEEE7 200 | RR3-250 40.00 535 | szag 250 | el 550 | 30C17 200 | S840 4.0
Br29 34915 | EBCSI 150 | EL42 250 | M80o79 1234 | PCR200 325 | 'RR3-12504575 | XR13200(1000 | SzeGT 230 | eJs 893 | 30c18 200 | 3842 1200
BY69 35480 | EBCO0 125 | EL8L  S25s | Msoso 825 | PCE20L 325 | SUE1Z. 6500 | XR1-3200a 630L2 175 | 617 475 | 3065 160 | 3876a 3150
BI95 12990 | EBE - 150 | EL83 600 | Msost 9.8z | PCKBOL 250 | SI30 600 | XRi-6400 6ABS 175 | 66 750 | 30FL12 138 | 5879 500
cilal 400 | EBEe3 175 | ELs8¢ 225 | msos2 9.5 | pCrsoz 250 | S0P 600 15000 | eaB7 300 | 6keN 250 | 3orLl2” 1s0 | 886 17.50
CL3 400 | bBRed 150 | EC8é 275 | msos3 1025 | pcEsos 170 | STV28040 YDIL20 39500 | 6AC7 300 | 6K6GT 275 | 3OFLI4 200 | 593 250
CY¥sl 300 | EBL3 1000 | ELSO 325 | M8091 1043 | PCEs0s 170 2 1400 | YDI240 490.00 | eAF4A 425 | K7 300 | 3o0Li 1.50 | 593 350
CIK 2000 | ECo0 125 | ECO1 739 | mso96 .80 [ pCrsgs 170 | sTv2seso 803U 2500 | 6AGT 300 | 6KB 300 | 3o1s 200 | s00s 225
C3A 2200 | ECot 800 | ELss 200 | mso9r 810 | rcisz 200 7100 | %9 3500 | eAde 500 | 6kDs 70 | or17  Zoo | eoal 450
CiA 2200 | EGe2 175 | ELiss 3000 | Ms0%8 815 | PCLsy 300 | sust  soo | zMIooo 800 | 6AKS 599 | 6L6G 300 | 0us  Zso | 6057 1235
DAl 2500 | EC157 44000 | EC60 @50 | msoos w00 | PCLss 200 | Sud2 1000 | ZMI0OI 800 | eAKS 250 | si6GA 330 | 0ri9 230 | cos8 1234
DAz 1570 | ECC33 450 | ELSo0 300 | M8i00 1030 | PCLSs 250 | TDO3-10 3500 | ZMI020 900 | ALS 130 | 6LGC 575 | oeLI 300 | 6059 600
DAFOI 175 | ECC35 4350 | ELSOS 1000 | Msile 1L75 | PCLss ~ 230 | TDo3-l0¥35.00 | 2ZMm1021 9.00 | 6AM4 400 | 6L6GT 300 | 30PLle 180 | 6061 600
DAKSs 175 | LCCed S50 | EL82l 1300 | mBis7 1225 | PCLBOS/ES250 | ITIS 5000 | ZMI022 800 | 6AMS 969 | 617 250 | 30bLls 180 | 6063 375
DET22 3500 | ECCBl 175 | EL&2 1397 | M8i40 600 | PDS00 600 | T2 3000 | ZMi023 900 | 6AMe 602 | éN2e 230 | 3swé Lo | e0s4 105
DET 4900 | ECCS2 175 | ELLSO 1900 | M8L4l 650 | PEOs40N45.00 | TT22 3750 | ZMI040 1936 | GANS 475 | eN3p 230 | socs  1se | 6067 1075
DE9l 175 | ECCBS 175 | EM3¢ 800 | Msl42 &75 | PFL200 250 | TTI00 60.00 | ZMIOAL 1666 | 6ANsA 3.5 250 | 7561 60s | 6072 600
DFos 175 | ECCs4 175 | EMBO 250 | MSl4s  7.50 | PLI6 250 | TYa12s 65.00 | ZMI042 1777 | 6AQS  3.25 N7 300 | 75c1 450 | 6080 1400
DK91 175 | ECC8s 175 | EMSBL 250 | M8l4> 650 | PL81 175 | TY4400 8400 | IBIGT 3.00 | 6ASe 866 | 6r225 400 | 85A1  7.50 | 6097A 23500
DK92 200 | BCC8s 250 | EMS4 200 | Mslél 935 | PL8IA 200 | TY450011000 | 1824  25.00 | 6AS7G 875 | Q7 375 | 85A2 645 | 60978 200,00
DK% 175 | ECC88 350 | EMSS 275 | M8l62 1175 | PL82 150 | TYs500225.00 | IB3SA 4800 | 6AT6 125 | eR7 325 | 90AG 2000 | 6146A 1200
DL92 200 | ECC89 200 | EMS7 250 | M8163 825 | PL83 250 | TY680022000 | IB63 6400 | 6AUSGT 5.00 | 6RHHS 6KNS 90AV 20,00 | 61468  12.00
DIss 175 | ECCol 893 | EN32 2500 | M819 500 | PLs4 200 | TY65000A IRS 175 | eAUs 2550 1000 | 90Cl . 600 | 61598 1500
DL9% 175 | ECC189 210 | ENSI 650 | M819s 10085 | rLs04ss 250 | s15.00 | 1S3 175 | 6AvsGa 430 | esaz 300 | dcG ' 1434 | 6189 950
DISI0 1400 | ECC807 175 | EN92 69 | Mstse 750 | rLsos 550 | TYe-s0008 IT4 175 | eave 130 | esc7 275 | %cv 1545 | 6201 1140
DLS1S 1250 | ECCsos 300 | EYsl 275 | M4 705 | PLSOS 600 | 0 28515 1050 | 6AXSGT 300 | 6SE7 250 | 92AG 20,00 | e442 20,00
DISis 1250 | ECFe0 1so | Eysl 250 | Ms2lz 1037 | PLS19 600 | TYeso00w | 2C39A 6000 | 687 . 325 | 6SH7 300 | 93AV 2000 | 6550 800
DLSIS 1250 | ECEs2 150 | Eyss 250 | mez23 600 | piRol 150 | 4 243 7000 | 6b8 325 1 6S]7 35 | 95AL 845 | 63838 1250
DM70 200 | ECF8s 250 | EYS&4 924 | M824 630 | PL802 600 | TY000A | 2D21 325 | 6BA6 150 | eSK7 350 | 150B2 650 | €973 400
DM71 200 | ECH3S 300 | EY86 175 | Ms22s 450 | pys 250 | $s200 | 226 835 | emA7 500 | SK7GT 300 | 15083 835 | 705 oo |
DMI60 475 | ECHaz 350 | EYs8 175 | Ms248 1403 | DbYS1 150 | Tyr6000W | 2542 9800 | 6BASA 400 | 6SNIGT 300 | 150C2 325 | 7027A  8.00
DY$7 150 | ECH81 300 { EYsooa 300 | MD2oo1115.00 | Pys2z 150 | . 55200 | 2055 24500 | 6BC4 400 | 6SQ7 340 | 150C4 00 | 7551 625
Dysoz 150 | BCHE 250 | EYSiz 175 | MUl 250 | pyss 25 | Toeo 2500 | 270A 3300 | eske 150 | eSkr 400 | all o 3500 | 7se 100
ESSL 5000 | ECHss 230 | Ez35 175 | mMx119 sso0 | -pyss 200 | U1820 350 | 2j708 336.00 | 6BHe 250 | 6SS7 275 | 723AB 12500 | 7587  23.00
EROCC 1500 | ECL80 150 | Ez40 250 | MX(23 7600 | Pysoea 400 | uUis_ 1375 | 2Ka5 12500 | eBJ6 225 | 6USG 350 | 803 2500 | 7609  36.00
ESOCF 1127 | ECLel 175 | Ezet 250 | Mx145 5670 | pysoo s | U2s 250 | 3e00z 10500 | 6BK4 450 | eUsa 225 | sos  s00 | 788 600
ESOF 1419 | ECL82 150 | Ezgo 150 | mxist 1725 | pvsot 150 | UZ 230 | 35002 100.00 BL6 850 6V6GT 425 | 807 375 | 7895 1200 |
EBOL 1373 | ECL85 300 | E£81 150 | MXIS2 13125 | QrsL 8250 | U7 1200 | 3AS - 300 | 6BLIGr 430 | ex4 200 | suA 1833 | o 1400
ERICC 800 | ECL84 150 | E£90 300 | MXiel 15225 | QQUo26 3400 | UABCSO L25 | 3B24 1100 | eBMe 115.00 | 6XSGT 175 | 812A 3500 | 8136 250
ESIL 1327 | ECL8S 150 | FWa-s00 3.50 | MXi63 2025 | QQv03-1025.00 | UAF42 250 | 3828 1535 BN6 200 | 787 250 | 813vaive 65.00 | 8417 600
EB2CC 810 | ECL86 175 | FW4-800 3.50 | MXI64 2552 | QQVo3-20A uB41 300 | 3329 2005 | eBQIA 350 | 7cCS 400 | 833 19306 | 18042 1153
E83CC 840 | EF37 500 | GL37IK 3500 | MXI66 147.00 48, UBC4t 225 | 3B240M 1750 | eBR7 600 | 7Cs 250 | 86A 2003 | 18045 1049
E86C 825 | Er39 275 | GSSIK 1200 | MXi68 5000 | QQUO6-40A UBF89 150 | 3B24IM 1750 | 6BR8A 350 | 7H7 400 | 8724 2000 i
ESSC 825 | Erd0 500 | GI802M 1750 | N78 1500 4600 | Uccss L7 | 323 2500 | emsT 600 | 7w 425 | 922 6.00 e
EBSCC 1033 | EFdl 350 | G2402D 1200 | OAz 325 | Qavor- UCCss 185 { 3C45 2450 | esws 600 | 757 350 | 93la 1850 st
E9OCC 947 | Er42 430 | G4001K 17.50 | OA3 250 | s0e9.74QQr20 | UFCso 200 | 3CX100a47.00 | eBW7  rso | 794 225 | 14 400 | mckqupment
R En i3 mTUR s @ | AR R 8| BT Be s W e | AT
facc 57 | et 3% | Gste. 1660 | oB) 250 | qusz 1250 | ucLez 175 | 3va 175 | eca 125 | 12AH8 500 | 4212 30000 | Large stocks
EOSF 910 | Erso 175 | oric’ 2500 | Ocz 435 | Quos-z 680 | UCLS3 275 | 465A 6000 | 6CBeA 254 | I2AT6 150 | 4212H 300.00 Prices on
FI30L 1850 | Ers3 400 | GUSO 2000 | OC3 250 | QU047  3.50 4125A 6000 | 6CD6GA 500 | 12AT7 175 | 5548  110.00 application
EFSS 170 | GUS1 20,00 QV08-100188.00 12AU6 250
INTEGRATED CIRCUITS 7483 0.48 74119 150 | 74156 0.8 74199 2.20
BASES CRT Mes  om | 70 015 | galse L7s | TAAsio 1S
5 7486 054 | 74121 052 | 74170 120 | TAAe30S L7
S ; S SADPL 85,00 { VCRSUB10.00 | 000 o146 | 7416 048 | 7440 046 | 749 072 | 74122 070 | 74172 400 | TAA700 3.00
B7G Unskirted 0.40 | 28P1L 850 | 5CP1 1000 | VCRSITC1000 | Ju65  g35- | 7417 048 | 7441 048 | 7491 036 | 74123 060 | 74173 072 | TBA480Q 1.50
o G0 || B Rt el | e 7400 036 | 7420 048 | 7442 125 | 7492 054 | 74125 060 | 74174 060 | TBAS20Q 1.5
AN nskirtcdRN0S0SRYIR P11 2 00BN S ERL SA Ry 5LQ0RIRCR Tfeockets 7402 036 | 7422 © 036 | 7450 030 | 7498 054 | 74126 054 | 74175 100 | TBAS30 150
B9ASkited 050 | 3DPL 500 | SUP7  25.00 | Priceson 28 B2 ey e G eR. | e & B Al | S i
FoD 0o 5 G 10.00R R DG 7. SR 3 2 Yegplicacon 7404 042 | 7425 036 | 7453 030 | 7495 065 | 7413 070 | 74180 - 148 | TBASG0Q 1.7
layOcl OB (22 LA S COR MG 7; BRSO 7R INC eckers 7405 042 | 7427 036 | 7454 © 030 | 74% 060 | 74141 046 | 74190 - 120 | TBA6T3 . 1.75
Coctsl PSR IRAG LI C O0RRDG T3 2056 O7Q (Nl exesh - 7406 048 | 7428 036 | 7460 030 | 7497 390 | 74145 130 | 7s91 20 | TBA70D 150
Nuvistor base  2.00 3Pl 8.00 | DG7-36 65.00 | low profile g a gl 3
: ; 7407 055 | 7430 036 | 7470 048 | 74100 084 | 74145 072 | 74192 120 [BA72Q 175
Valve screening 3jr2 8.00 DH3-91 56.83 | 8pin 10p -
g : 7408 036 | 7432 036 | 7472 030 | 74107 036 | 74147 1,50 | 74193 060 IBA750Q 1.50
cansallsizes ~ 040 | 3JP7  10.00 | DH7-IL 11312 | tdpin  0p | oy §3¢ | 7433 036 | 7473 048 | 74109 0354 | 74148 140 | 7419¢  L10. | TBAS0D  1.00
KPL 1500 | VCRI3E 1200 | 16pin  10p | 5406 g36 | 7437 036 | 7474 036 | 74110 048 | 74150 160 | 7ales 072 | TBA920 L75
R O R o L3eAr 250 7411 040 | 743 036 | 7475 065 | 74l 051 | 74151 036 | 7419% LoD | TBA9Q 150
ER U0 CON] VCRUB 2ARE 0 7412 042 | 7439 o036 | 7476 048 | 7416 150 | 7154 140 | 74197 100 | TCA270Q 1.00
7413 036 7480 032 | 7408 120 | 74155 060 | 74198 220 | TCA760A 125
Terms of business: CWO, Postage and packing valves and semiconductors 50p per order. CRTs £1,50. Prices excluding VAT, add 15%. Telephone 01-677 2424/7
Price ruling at time of despatch. . Telex 946708
In some cases prices of Muilard and USA valves will be higher than those advertised. Prices correct when going to press. E. & O.E.
A t facilities ilable to app d with mini order charge £10. Carriage and packing £1.50 on credit orders. Obanto i nday-Frida AR
Over 10,000 types of valves, tubes and d in stock. Q i for any types not listed. S.A.E. P ¢ ’Iers Monday y 9 am.-5p wwi
CIRCLE 86 FOR FURTHER DETAILS.

www americanradiohistory com

ELECTRONICS & WIRELESS WORLD NOVEMBER 1985

65



BROADBAND CABLE T.V.
REPEATER AMPLIFIERS

S

e

AMPLIFIERS and SYSTEMS

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

prices.

Fylde

Electronic
49/51 Fyide Road Preston L?b?ratones,
PR12XQ Limited.
Telephone 0772 57560

66
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.
Application other than Cable T.V. mcludes C C.T.V. (up to 26 Channels 8MHz
wide on V.H.F. Repeaters, and up to 65 Channels 8MHz W|de on UH.F./

V.H.F. Repeaters). Suitable for outdoor mounting.
FREQUENCY - GAINDB MAXIMUMOUTPUT FAEQ. RESPONSE INTERNAL POWER
RANGE MHz ADJUSTABLE dbmy FLATNESS SLOPEADJUSTMENT | REQUIREMENT
[rscaoe0 * 40-300 1030 60tB (1000mv) +or-.5dB SdB 214V VA~
Irscaoeosm - 40300 1030 60dB(1000mv) +or-.508 dB 2545v VA~
rsCa660 40-300 10-30VHE 60dB (1000mv} +or-.5d8 508 VHE 2742V 18VA~
470-860 16-36UHF — UHF )
[TSCa6605M 40-300 10-30VHE 60dB (1000mv) +or-5dB 5dB VHF 2645V 13VA~
470860 16-36UHF — UHF
Irscases 40-300 10-30VHF 60dB (1000mv) VHF +or-.5d8 548 VHF 2442V 24VA~
470-860 16-36UHF 6548 (1800 UHF — UHF
[FSCasessm 40-300 10-30VHE 60dB (1000mv) VHF +or- 508 SaBVHE 2545V 18VA~
470850 16-36UHF 65dB (1800 ) UHF
Variations of the abave sre available on request, i.e. 240V mains ; 54-84V line powered; trunk
distibution amplifier with one trunk line and one d-gnbmnon line out
INTEANAL PLUG IN EQUALISERS (DFTIONAL}
FREQUENCY ATTENUATION | ATTENUATION FAEQUENCY ATTENUATION | ATTENUATION
[TYpe RANGE _MHz 40MHz 300MHz TYPE RANGE MHz 470MHz BEOMH2
E7v6 40-300 6d8 1d8 €2U6 470-860 6dB 1d8
EZve 40-300 908 1d8 E2U8 470-860 sdB 1dB
*a,: o Zv1z 40300 1208 1dB E2U12 470-860 12d8 108
TYPE COAXIAL CABLE CONNECTORS
A | scPig Screw-on coaxial piug for 14mm Outside Diameter cable.
A sl B SCle Screw-on coaxial plug for 10mm Outside Diameter cable
: ¥~ C | SCP . Screw-on coaxial plug for 5- 9mm Outside Diameter cable
n D | SAC Screw-on right angled connector
TAYLOR BROS (OLDHAM) LTD EiiE N (= e
F | smc Screw-on maleline connector
BISLEY STREET WORKS, LEE STREET e R A ke
OLDHP% ENGL?N D. B TR 6RO HSVI0_ | Heatshrcksleovetor S0
CIRCLE 47 FOR FURTHER DETAILS.
7 rﬁ oPTO UoCuPs 3
CT1000KB* Clock/Timer 1740 | yom red 9 Smmied ] 5% 21 MLI% 1.80
CT6000° t Programmabte dnmgreen 12 Smmgreen 12 | 56 0 M7 1.80
Timer 3900 §dnmyehow 12 Smmyeow 12| 741 2 MLz 1.80
) XK114 Relay Kit for above 390 | Rectangular. square, arrow or 74 » M9 130
D XK101 Electronic Lock 11.50 ¥ yyignguiar tat face) ADS30 330 MM74CS11 6.50
XK102° 3hote Door Chime 550 | Red 15 - Green 18 Yeliow 18] AYE9I0 390 MMMCSIs 86
¥ XK104 Saiid State Switeh 280 | piolowr 65 Fashng Red 0 CA3080 B MMUOIZ 1%
XK112 Mains Wiring Remote Tricolows Red! (‘ASI% : xgg;{x:ﬁ ;1 go
Control 20 CA3
TR AN SD UC E R and R ECO R D E R XK113 MW Radio 5.50 ::‘:\gullv :g Boas ICL7107 900 S5668 220
XKI26 DVM/Thermometer 1550 | y7amiin 55 Mocae  1.q0f U1 B0O . SE%6D 220

DLI00OK &Ch Lighi Craser 1595 | 74 )
DLZ1000K 4Ch Light Chaser 885 .!'gp” ";g mgﬁ?‘ﬂ :
DLA/1 Opto Input for above n Seven Segment LED Drsplays i
DLOOK 3Chsond ot 1255 | e T aDgiEe | VB 70 SWl 1%
TDSD0K + J00W Touchdimmer 175 § ppsopsca 85 OIRECT DAIVE
TS3I00K + 00W Touchswitch 776 i

LDI0OK+ 300W Lightdimmer 395 § (V02075 ca 85 Dsolav 106 |y g5 tRAEN 70
TOR300K + (R Remote Controlled  {REHVAVR £27F: Yok - | M3z 120 TBABIAS %0
Lightdimmer 14.95 LM339 4 TDAIA 120
MKG* IR Transmitter for A - 9 o 50 | M8 5 TDAZ0 198
TDR300K & MK7 450 ! LA 850 |M3%6 - 48 TLOG 9
TOE/K+ Touchdimmer Ext. 250 | BAisolated 65 ° 16A 9% | m3B) 120 TL02 50
TSA3D0K t Time Defay Touch * = 258 210 § (M3®1 140 TWOBE 130
Switch (300W) 5.00 | BAsensitive 66 Diac 18 § (m382 1.10 137; g
MK1 Thermostat 4.60 LM386 88 TLO7

MK2 Solid State Relay Il | SPECIAL OFFERS [ BT -0 T/ B 5 |
MK4 Proportional Temperature 2116 310 Z80APIO 1.99 LM1458 34 TLo8t »
Controller 550 | FIZBREVIRPITXCIIRET] | (M2317 190 Ti0E2 ®
MKS Mains Timer 150 | BRI 140 I WTVES ] T8 100
MK7 Single-channel IR Receiver 27128 7.50!! LM3909 & TL70 50
{2409 10.50 : MBI 175 TS 120
MK3 4 way Keyboard [E'B ICOMPONENT PACKS bl:llﬂ:l g.gg mg:g: :552
MK10 16-way Keyhoard 5480 - 3815 2. .
MK11 10 channel 1+3 analogue ',%sge?efa'fl:"m o MG 100 UAZI) 145
olp IR Receiver 1350 |5 o"I60 Becvoivies 010005 | LS00 476 UNAO3 7S
MK12 16-channel IR Recewer 13,80 | 0 " 325 | 5720 275 A 75
MK13 11.way Keyboard CEN (5% B st 260 MW &

3 60~ Polyester Capacttors
0.01 1uF 250V 5 values

4 45 Presets 100R 1M

5 30 Low Profile IC Sockets

MK14 AC Power Controller 5.20
MK15 Dual Latched SS Relay ~ #.50
MK16 Mains-powered IR

Transmitter 3.50

o5 | MHOC 29 M 3
jolvez  i® an sm
v MB 450

INICAE  1.80

5 8 146 16pn
MK17 Single-channel {R . SPO2S6AL2 4.15
Receiver (12V) 1050 6 25 Red LEDs (5mm)
MK18 Coded IR Transmitter 6 .80 W stock: VERO,
MK19 DC Controlled Audio VELLEMAN KITS, .
Amplifier 1070 | PANTECKITS, 2 “'”""’"“’9"6‘:“ AL
“Includes box. tIncludes frontpanel. |  ANTEX IRONS. leptcosCruer s ACCoRs R Baeey
All kits include PCBs, components BOOKS FROM m 01-567 B90(24Hrs)
and assembly instructions. BABANI, T 1. i NineTon
For further details send S.AE. ANO ELEKTOR.

- ORDERING INFORMATION: ALL PRICES EX-
CT ON'CS CLUDE VAT. FREE P&P on orders over £20 {UK
RN YO AN LWCIOM only) otherwise add 750+ VAT. Overseas P& Furoge
(RO VI Yo L\ R L AWM 275 Bsewhere f6.50. Send chequeiPOiBardaycadi
Tet Drders 01567 8910 Access No. with order. Giro No. 529314002
ENQUIRIES 01579 9794 LOCAL AUTHORITY AND EXPORT ORDERS
[TTATIOT Y S WS INI  WELCOME. GOOOS BY RETURN SUBJECT TO
Sat 10am dgim AVAILABILITY. )
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TERMINAL CARD

Full colour 40/80 column Teletext video display
Serial interface RS422-423

Centronics printer interface

User definable characters — double height, width
Hardware scroll capability

Optional Genlock to external video signal
Supports — underline, flashing, reverse video
Enhanced teletext character set

Stroke set — Pixel graphics

Full colour - foreground/background and pallet
Occupies only 32 Bytes of system memory

8K Video memory expandable to 16K

Software drivers written in PL9

@ Onboard VIA Input/Output Port

A9

/%vewe/‘l‘ag/”f

~ r
) ‘ 44a Hobson Street Cambridge
r “m Cambridge CB1 1NL Microprocessor
J (0223) 324141 Systems Limited
—? -

_ FULLCOLOUR 40/80 COLUMN VIDEO ____
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Sowter
Transformers

With over 45 years' experience in the design and manufacture of several
hundred thousand transformers we can supplv:

AUDIO FREQUENCY
TRANSFORMERS OF EVERY TYPE
YOU NAME IT! WE MAKE IT!
OUR RANGE INCLUDES

Microphone transformers (all types), Microphone Splitter/Combiner transformers.
Input and Output transformers, Direct Injection transformers for Guitars, Multi-Secon-
dary output transformers, Bridging transformers, Linetransformers, Line transformers
to B.T.isolating Test Specification, Tapped impedance matching transformers, Gramo-
phone Pickup transformers, Audio Mixing Desk transformers (all types), Miniature
transformers, Microminiature transformers for PCB mounting, Experimental transfor-
mers, Ultra low frequency transformers, Ultra linear and other transformers for Tran-
sistor and Valve Amplifiers up to 500 watts, Inductive Loop Transformers, Smoothing
Chokes, Filter, Inductors, Amplifier to 100 volt line transformers {from a few watts up to
1,000 watts), 100 volit line transformers to speakers, Speaker matching transformers
(all powers), Column Loudspeaker transformers up to 300 watts or more.

We can design for RECORDING QUALITY, STUDIO QUALITY, HI-FI QUALITY OR P.A.
QUALITY. OUR PRICES ARE HIGHLY COMPETITIVE AND WE SUPPLY LARGE OR
SMALL QUANTITIES AND EVEN SINGLE TRANSFORMERS. Many standard types are in
stock and normal dispatch times are short and sensible.

OUR CLIENTS COVER A LARGE NUMBER OF BROADCASTING AUTHORITIES, MIXING
DESK MANUFACTURERS, RECORDING STUDIOS, HI-FI ENTHUSIASTS, BAND
GROUPS, AND PUBLIC ADDRESS FIRMS. Export is a speciality and we have overseas
clients in the COMMONWEALTH, E.E.C., USA, MIDDLE EAST, etc. Send for our ques-
tionnaire which, when completed, enables us to post quotations by return.

E.A. Sowter Ltd.

Manufacturers and Designers

E.A. SOWTER LTD. (Established 1941): Reg.No. England 303990
The Boat Yard, Cullingham Road, Ipswich IP1 2EG. Suffoltk
P.O. Box 36, Ipswich, IP1 2EL, England
Phone: 0473 52794 and 0473 219390
Telex 987703G Sowter

VISUAL MONITORING OF ANYTHING, ANYWHERE, BY PHONE,
IN SECONDS, WITH ROBOT PHONELINE TV,

Robot’s COLOUR or monochrome high definition phone line TV systems
provide a low cost efficient solution to the problem of visually monitoring
remote installations for security, traffic, weather, water levels, medical
imaging or any subject large or small. The phone line TV works with standard
CCTV equipment and converts the broad band video signal from the camera to
narrow band audio tones for transmission via the telephone network or voice
grade radio, then to a video signat again for display on a monitor at the
receiving end. The entire process takes as little as two seconds and costs only
the amount of a phone call. Since one or more cameras can be fed to one or
more monitoring stations for viewing sequentially or simultaneously, and
since the system can be fully automated, there is an almost infinite number of
system configurations possible. Permanent storage is easily available and
Robot's wide range of Slow Scan video equipment, some of which was
recently used on the Space Shuttle, offers “state of the art” performance at
reasonable cost. For fast, uncomplicated, inexpensive visual monitoring of
any subject, anywhere, Robot Phone Line TV is the answer.

ROBOT (U.K.) LTD
[ROBOT]

East Midlands Airport
Derby DE7 2SA

Tel: (0332) 812446
Telex: 37522
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The Archer 780 SBC

The SDS ARCHER — The Z80 based single board
computer chosen by professionals and OEM
users.

* High quality double sided plated through PCB
* 4 Bytewide memory sockets — upto 64k

* Power-fail and watchdog timer circuits

* 2 Serial ports with full flow control

* 4 Parallel ports with handshaking

* Bus expansion connector

* CMOS battery back-up

* Counter-timer chip

* 4 MHz. Z80A

OPTIONS:

* SDS BASIC with ROMable autostarting user code
* The powerful 8k byte SDS DEBUG MONITOR

* On board 120 / 240 volt MAINS POWER SUPPLY
* Attractive INSTRUMENT CASE — see photo.

* 64k / 128k byte DYNAMIC RAM card

* 4 socket RAM — ROM EXPANSION card

* DISC INTERFACE card

Sherwood Datadystems Iid

Sherwood House, The Avénue, Farnham Common, Slough SL2 3JX.Tel. 02814-5067

i
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We are the leading suppliers of R.F.Power
Transistors and Electronic Tubes for the
communications and industrial markets.
With our parent company we represent
all the major manufacturers and from our
nine million pounds worth of stock we
can supply virtually any form of tube or
RF.Transistor of American manufacture
or its European equivalent. We can
normally dispatch your requirements

on a same day service.

Send for further information to

Dean Road,Outer Circle Road Industrial Estate Lincoln, England LN2 4DV

Tel:0522-42631 Telex: 56175 REEL UK
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Breaking the loop
— Nyquist revisited

Usually formulated in terms of signal voltage
loop-gain, the Nyquist criterion for the
stability of a feedback amplifier is extended to
emphasize the power aspect.

When, in the late 1950’s and early
1960’s, a new logic gate circuit confi-
guration seemed to appear every few
months there was much discussion at
meetings devoted to the subject of
‘noise margins’ and ‘noise immunity’.
Noise voltage margins were usually
given some prominence but relevant
impedance levels were not always so

readily supplied by those proposing -

the new schemes. A correspondent *
recently re-activated the discussion
in comparing the relative merits of
t.t. and c-mos logic. This triggered
me into writing these associated

thoughts that have been lying dor- -

mant for some years, and deal with an
area of a subject that has not, as far as
I am aware, been covered in a satis-
factory manner in standard electron-
ics textbooks. 1
When the concept of feédback was
first proposed by Black — a flash of
inspiration on an American ferryboat
on his way to work — vacuum-tube
voltage amplifiers, with their attend-
ent distortion, were all the rage in the
design of telephone repeaters. Later,
a wealth of elegant mathematical
knowledge was built up, notably by
Nyquist and by Bode, on the ‘stability’
of amplifiers using these devices hav-
ing near-infinite input resistance.
Unfortunately, a basic difficulty aris-
ing in practice is that many feedback
problems are not directly solved by
using the simple idealized block sche-
matic forms and associated ele-
mentary assumptions encountered at
the introductory level. To quote one:
the bipolar transistor, for many years
the basic amplifying device, has an
incremental input resistance which in
most applications just cannot be

_regarded as infinite.

The problem then, for those
intending to use practical devices in
proposed designs, is how to interpret
the Nyquist criterion in its simplified
received forms.

*PLogic noise margin’, T.Hartigan.
Wireless World (Correspondence) March -
1984, p.52.

Consider Fig. 1 which shows a sim-
ple, conventional, voltage-amplifying
circuit, comprising a single-loop sys-
tem employing the type of feedback
usually met with in an introductory
treatment. Amplifier A and network
are assumed to be unilateral, non-
interacting blocks. Thus signal flowis
from le