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INSTRUM

2440 Microwave Counter
® Wide frequency coverage: 10 Hz to 20 GHz
® Fast acquisition time: only 200 ms typical

& High-stability oven- £3650

controlled crystal oscillator
2305 Modulation Meter
® 50 kHz to 2.3 GHz frequency range
® Exceptionally fast auto-tuning, with low

£5392

® Modulation analysis, inclu-
ding frequency and power

HAMEG

ENTS

2955 Radio Communications

Test Set

® 11 test functions, including full
duplex radio test

® 38 instrument settings in non-

volatile memory
e Revolutionary design:
fast and easy to use £5750
2022 AM/FM Signal Generator
e Wide frequency coverage: 10 KHz to
1000 MHz
e Simple push button operation, large LCD

display. '
S oaia e £2950
B e e’ £18950
S e RS votmeter 025z £1200

£4530

2019A AM/FM Signal
£4300

Generator to 1040 MHz

2018A AM/FM Signal
Generator to 520 MHz

OSCILLOSCOPES

HM 208 Digita! Storage Oscilloscope

e Real time or digital storage to 20 MHz

® Low frequency event storage ~ max
sensitivity 1mV

® Special background memory useable with
main memory

o Chart plotter output at
variable readout speeds

HM 208 Digital Storage
'scope with [EEE

£1300
£1550

HM 205 Digital Storage

Oscilloscope

® Real time to 20 MHz, storage
to 100KHz

® Resolution of 1024 x 256
points on X and Y axes

® Single and re-fresh modes

® Active video trigger for
stable TV triggering £448

HM 203-6 20 MHz

Standard Oscilloscope £2 85

HM 204-2 20 MHz

Muitifunction Oscilloscope £365

HM 605 60 MHz Oscilloscope

e Dual trace and sweep delay

® Maximum sensitivity 1mV

® In-built component tester

& Z modulation and

X-Y operation

£515

THE UK's
A N \
|

TEST EQUIPMENT ;
DISTRIBUTION COMPANY | I

LARGE SAVINGS ON
PHILIPS COUNTER/TIMERS

UNTIL 31st OCTOBER 1986

PM6670/01 High resolution
counter/timer, to 120MHz,

10mV sensitivity £590
PM 6671/01 Enhanced features
unit, to 120MHz, with

trigger level output £660

PM 6672/01 Higher frequency

meter, to 1GHz, £845

10ps resolution

PM 3055 50MHz Dual Time

Base Oscilloscope

® Auto-set for amplitude, timebase
and triggering

® Multi-function menu driven soft keys

® LCD panel displays settings and

status
£895

PM 2534 Complete System
True RMS Multimeter

e |EEE interface fitted as standard
e 32 digit to 6'2 digit modes

e Up to 100 measurements/second

® Accuracy to 0.005%,
£843

resolution to 100nV
e CRT 16kV acceleration
voltage

FLUKE DIGITAL
MULTIMETERS

JF 37 Bench Portable DMM

® 3 digit LCD with analogue
bar graph

® Auto/manual ranging

® 0.1% basic DC accuracy,

® Touch-hold facility £187

JF 52 Dual Point Digital
Thermometer

® 0.1% resolution

® Scanning and recording capability

® Min/max storage £1 33

® Touch-hold facility
JF 51 Single Point Digital
Thermometer £95
JF 77 Multifunction Hand-Held
£216 oW £110
JF 75 Fuil-feature analogue/
digital meter

JF 73 Hand-Held DMM with
simplicity and value

JF 27 Ruggedized Hand-Held DMM

® 32 digit LCD with Bar graph

® Ivin/Max and relative mode operation

® Touch-hold facility and auto
renging

@ DC accuracy 0.1%

JF 25 Sealed and
ruggedized hand-held DMM £1 93

£88
£72

For the full stories, also latest news on
Grundig, Thandar and Thurlby, contact:
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Electronic Brokers

140/146 Camden Street, London NW1 9PB
Tel: 01-267 7070. Telex: 298694. Fax: 01-267 7363
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This is just a sample of our huge inventary — contact us with your requirements

OSCILLOSCOPES SIGNAL SOURCES 9862A Platter £500
Hewlett P 9915A Computer £750
ackard Hewlett Packard

180 TR 100MHz Scope M/F (Mint) £1500 214A Pulse Gene~ator £750 GENERAL PURPOSETE&EM
1715A opt 101 200MHzScope £1950 4204A Digital Dscilator £395 Farnell
Philips 80078 Pulse Generator £950 SSG 520 + TTS 520 Transmission Test Set £4275
PM3295 350MHz Scope £4455 B8011A Pulse Generator20MHz £550 Fluke
PM3540 LoglcAnal/Scopée £1500 B01BA-07 Serial Dats Generator £1650 S5200A/5215A ACCalibrator £7500
Tektronix 8601A Sweep Generator £1750 7220A Comms, Freq. Counter £350
465B/0M44 100MHz Scope DMM £2000 8614A Signal Generator £3950 G. P. Industriat

100MHz Scope £1450 B86260A Sweep Ger. Piug-in12.4-18GHz  £3500 MFL 373 Fault Locator, MINT £395
475A 200MHz Scope £1950 86408 001-002 AM/FM Signal Generator £4500 Hewlett Packard
475A/DM44 200MHz Scope/DMM £2500 86908 Sweeper NV ainframe £950 36A Power Meter £1200
485 350MHz Scope £4500 Marconi 4B67A Amplifier £600
608 Monitor £1500 TF 20028 AM/FM Sicnal Generator £995 3403C True RMS Voltmeter £1850
634 0pt 1,20  DisplayMonitor £750 TF 2006 AM/FM Sicnal Generator 1GHz £1950 340BA Sampling Valtmeter £1250
2445 150MHz Scope £2550 Tektronix 3437A High SpeedD.V.M. £1250
2465 300MHz Scope £3450 SG 503 Signal Genarator, 250MHz £1500 34B65A 4% DigitD.M.M. £350
5223 Scope Mainframe (Mint) £3600 Wavetek 42718 Digital LCRMeter £2500
7104 1GHzScope M/F £16000 166 S50MHz Puse/Function Generator  £1500 5006A Signature Analyser £500
7603 100MHz Mainframe £1950 184 S5MHz Sweep Generator £650 5300B +53058 1300MHzCounter £495
7704A 200MHz Mainframe £2850 185 Sweep Generator SMHz £595 5381A B80MHzCounter £225
ggg‘és Faosot Storage Scope M//F; g:‘ISOg 1080 1GHz Sweeper £1750 B8447A Amplifier £400

100MHz Rack MNTM 95! /| 84470 Amplifier £600
7854 400MHz M/F Scope £10500 ngtdws%%gl]; g-ﬁgolsgbgp COMPUTER ?1 750 Marconi i
7904 S00MHz Scope M/F £5500 150 TolbhecTer £600 TF 1246 Dscillator £500
A large selection of 7000 series plug-ins available at up to 50 Tolcheereen £750 TF1313A LCRBridgeQ.1% £750
600% saving on list. Please call for quotations. 2631B0opt005,017.019 >rinter £650 TF2173 Synchroniser for 2016 £450
ANALYSERS 2673A Thermal Printer £925 TF 2603 RF Millivoltmeter £495
Hewlett Packard 69408 Multiprogrammer £950 TF 2604 Voltmeter £425
334A-01 Distortion Analyser P/In £1150 7470A0pt001/002 AdPictter £600 e~ Jhosqriigiser e
3580A Spectrum Analyser £4750 7475A0pt001/002 A3Pictter £1250 TF 5315 0 Urje Jenerator £$2°°
3585A SpectrumAnalyser £14500 7910H opt 015 DiskDrive £1200 ArcEle S onod
4193A ImpedanceAnalyser £5250 82913A 12inchMenitor €125 Y 2 A T £7500
8557A SpectrumAnalyser P/In £3500 82937A HPIBInterface £250 550A T i n?r\}%?:] s
Marconi B82938A HPILInterface £225 PEO1S He\c/ gr‘sgope £400
TF 2330A Wave Analyser £850 B82939A Serial Interface £260 1421 Wavy fro eM " £1650
TF 2337A Automatic Distortion Meter £450 82940A GPIDInterface £350 81 & e IP"';‘ = egr SE=0
TF 2370 110MHz Spectrum Analyser £9650 868 Microcomputer £1000 s Tl oo
Radiometer 91210 Single-sidedDiscOrive €600 92 pa e otor Saaws
BKF 10 Automatic Distortion Analyser 98165 Personal Computer £3500 26901 i cinellinie | nlecl

+RECB1 Plotter £1500 solation Monitor £275
Tektronix 4041 SystemController £8800
7L12 SpectrumAnalyserP, In £6000 EM 102 Personality Module £500

‘ M 107 Personality Module £675

7L14 SpectrumAnalyser P, in £10500 PM 108 Pe li £
308 DataAnalyser £1500 rsonality Module 650
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LATE EXTRAS

t is quite possible that the subject of AEW (Airborne Early Warning) is now so

emotive that rational discussion is difficult. Sums of money of the order of nearly a

billion pounds are unimaginable to most of us and simply register as rather a lot of

cash to pay for something which we have not yet got and which might not be what we
need anyway. Whether Weinstock’s Wonder or the Grumman Gizmo or any of the other
bits of expensive ironmongery is chosen for the RAF, it has all gone on so long that the
original requirement itself is now suspect.

What the RAF wanted., all those years ago, was something to give warning of the
approach of hostile aircraft — large ones — so that they could go and intercept them. This
requirement can be met, even by the AEW Nimrod, albeit with some reported difficulty,
but military hardware has advanced in ingenuity in the last twelve years and bombers do
not drop things any more. What they do (or are intended to do should the occasion arise)
is to lurk about at a sensible distance and launch quite smali cruise missiles.

Both u.h.f. and S-band radars are proposed for the RAF system, either of which in its
ownwaywould be adequate for the task of detecting large aircraft more or less precisely,
dependingon the radar beamwidth. But neither of them would find a cruise missile,
which is relatively minute with vestigial wings, amongst a lot of land and sea clutter.

Of course, the real question is —why try? What is a defending force going to doabout a
swarm of tiny objects, each of which could devastate acity, if not several? Launch its own
swarm? The very same question could have been posed twelve years ago and received very
much the same answer, which is to the effect that the development has been a grotesque
mishandling of public resources, but that politics has made it necessary.

Almost any development carried out at the behest of the military exhibits all the
identifying characteristics of a lead balloon, so far as its capability of successful flotation is
concerned, at least in the UK. There are one or two notable exceptions, but experience
indicates that the military specifiers state what they would like to have if the world were
built out of sugar icing and marzipan, their wishful thinking becomes enshrined in a
Specification, the manufacturer takes it on without pointing out to the military that pie in
the sky is often tricky to design and can come expensive, and he is not tough enough to
discourage the military from thinking up simple-sounding but enormously expensive
modifications every other Thursday.

The result is inevitable: the development has gone on so long that it has already been
out of date for about eight years. Not much modern equipment is built from
twelve-year-old designs, using even older components. [t would have been more sensible
to give the £900 million to the Soviets as Danegeld.

Or, perhaps, we could have used the money for something a little more rewarding, like
education, the health service or the rebuilding of industry.

NEW-STYLE EWW

As we promised last month, here is the new Electronics and Wireless World. The editorial
is now slanted rather more than in the past towards the working engineer who forms the
majority (over 80%) of our readership. Many of the suggestions that came out of our
recent survey have been incorporated, and we are confident that you will like the result.

The offer of a year’s subscription for £11.70 remains open until the end of November:
take advantage now and save £6.30 on the normal £18 p.a. subscription or £11.70 on the
cost of buying twelve issues from a newsagent.

Electronics & Wireless World is published monthly USPS 687-540 Current issue price £1.95, back issues (if available)
£2.10 at Retail and Trade Counter, Units 1&2. Bankside Industrial Centre, Hopton Street. London SE1 Telephone:
01-928 3567. By post, current issue ‘£2. 25, back issues tif availahle) £2.50. Order and payments to 301 Electronics and
Wireless World, Quadrant House, The Qu wdrant, Sutton, Surrey SM2 5AS. Cheques should be payable to Business
Press International Ltd. Editorial & Adve r(lslng offices: EWW Quadrant House, The QQuadrant, Sutton, Surrey
SM2 5AS. Telephones: Editorial 01-66! 3614. Advertising 01-661 3130 01-661 8469 Telex: N92084 BISPRS G
(EEP) Facsimile: 01-661 2071 (Groups 11 & 111) Beeline: 01-661 8978 or 01-661 8986. 300 baud, 7 data bits, even
parity, one stop-bit. Send ctrl-Q, then EWW to start; NNNN to sign off. Subscription rates: 1 year £18 UK and £23
outside UK. Student rates: 1 year £11.50 UK and £14.50 outside UK. Distribution: Quadrant flouse, The Quadrant,
Sutton, Surrey SM2 5AS. Telephone 01-661 3248, Subscriptions: Oakfield House, Perrymount Road. }ldywwds
Heath, Sussex RH16 3DH. Telephone 04144 59188. Please notify a change of address. USA: $48.40 surface ma 4il,
£102.60 airmail. Business Press International (USA). Subscriptions Office, 205 E. 42nd Street, NY 10117. Overseas
advertising agents: France and Belgium: Pierre Mussard, 18-20 Pluce de la Madcleine. Paris 75008. United
States of America: Jay Feinman, Business Press [nternational Ltd, 205 East 42nd Street, New
York, NY 10017. Telephone (212) B67-2080 Telex 23827. USA mailing agents: Expediters of the
Prmu,d World Ltd, 515 Madison Avenue, Suite 917, New York, NY 10022, 2nd class postage paid at
0043 606k Postmaster — send address to the above. ©Business Press International Ltd 1&86 ISBN
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SPECIALISTS IN ATOMIC TIME, FREQUENCY AND SYNCHRONISATION EQUIPMENT
 NEW PRODUCTS )

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

® RUBIDIUM FREQUENCY
STANDARD
High performance, compact and
rugged instrument. 2U rack or '/, ATR
case options.

® INTELLIGENT OFF-AIR
FREQUENCY STANDARDS
Microcomputer controlled
instruments, directly traceable to
N.P.L., precision ovened local
oscillator, comprehensive monitoring
and status information, real time
synchronisation.

® LOW COST MSF
FREQUENCY STANDARD
Instant operation, directly traceable
to N.P.L., self-contained portable unit,
no scheduled frequency changes,
24 hr transmission, real time

A \ synchronisation
@ Off-air frequency ® Time code generators/readers Rad | OCOd e
standards @ Record/replay systems C l 0o Ck S Lt d *
@ Intelligent time systems @ Intelligent display systems
& Caesium/Rubidium based @ Precision ovened oscillators Unit 19, Parkengue,
clocks & oscillators @ Time/frequency distribution 'F<e""°k Road Industrial Estate, Penryn,
® Master/slave systems systems almouth, Cornwall. Tel: Falmouth (0326) 76007

(*A Circuit Services Associate Co.)

7
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19" RACK MOUNTING CASES

' " A range of lightweight aluminium 197 rackmounting. cases at
competitive prices, avoilable in the following sizes.

- Lo o K AH EAD s Height Depth Price
WITH MONOLITH MAGNETIC TAPE HEADS iRy 89mm gg.gg
DOES YOUR VCR GIVE WASHED OUT NOISY "I IP) RU zsemm o 2900
PICTURES - ITS PROBABLY IN NEED OF A NEW r n 2RU 153mm 31.75
HEAD- FAST FROM OUR EX-STOCK DELIVERIES. ! g ot el
SAVE £££'s ON REPAIR CHARGES. ggg ‘z?,im gggg
Our replacement video heads S ' i
fit most models of VHS or Front panel, 3mm extrusion finished in dawn grey, all other panels 16 SWG
Betamax VCR's. Following our clear anodised oluminium. It should be noted thot no constructional

fixings are visible on the front panel.

For finishes or sizes different from above, or for detoils of our ronge of
blank panels, vent panels, audio ond video jackfields, panel punching and
prototype manufacturing services, please call.

Please add 3.00 P& +15% VAT
[an P. Kinloch & CO. Ltd
75 Milford Road, Reading, Berkshire, RG1 8LG
Tel: (0734)598867 & 599773
CIRCLE 7 FOR FURTHER DETAILS

VIDEO TERMINAL BOARD
Y 80 characters X 24 fines W

Requires ASCIl encoded keyboard and monitor to
make fully configurable intelligent terminal. Uses 6802
micro and 6845 controller. Program and character
generator (7 X 9 matrix with descenders) in two 2716
EPROM:s. Full scrolling at 9600 baud with 8 switch
selectable rates. RS232 interface.

Bare board with 2 EPROMS and program listing —
£48 plus VAT. Assembied and tested — £139 plus VAT
= = Send for details or CWO to:

replacement guide and with a
practical ability, you can do the
whole job in your own home

with our head replacement kit.

VMC-02 KIT ONLY £19.95 inc. VAT. d-;- £2.50 p&p

{Kit- does not include video hea
TELEPHONE US NOW FOR INFORMATION OF THE
REPLACEMENT HEAD FOR YOUR VIDEO RECORDER.
CATALOGUE: For our full Catalogue of Replacement
Video and Audio Cassette/Reel to Reel Heads, Motors,
Mechanisms, etc. Please forward 50p p&p.

THE MONOLITH ELECTRONICS CO.LTD.
5-7 Church Street, Crewkerne, Somerset TA18 7HR, England.
- Telephone: Crewkerne (0460) 74321 Telex: 46306 MONLTHG ‘

EEERRRRLLL L e nnnnnannn
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MG

CORTEX CONTROLLERS

50 St Stephens Place. Cambridge CB3 OJE
— Telephone (0223) 68000 J
CIRCLE 75 FOR FURTHER DETAILS
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MATURE, FRIENDLY EPROM PROGRAMMER

GANG-OF-EIGHT

BY
vATAMmAN
Redesigned to Your
Specification
GANG-OF-EIGHT is a successful
product, because of its perfor-
mance and unbeatable price.
Since the launch we have taken
careful note of comments made
by engineers who have called us.
This gave us a wish-list of extra
features and revisions to work by.
The result is an improved G8

which should suit you even better
— it is just what you asked for.

25 and 27 Series to 512K
G8 will handle 2516, 2532 and
2564 EPROMS, as well as all 27
series from 2716 to 27512.

FAST and SLOW

Programming Method
You can use a FAST, intelligent
algorithm to fgrogram larger
EPROMS, which speeds up the
programming operation by a fac-
tor of five, at least. G8 will also pro-
gram the old-fashioned way, with
50ms pulses.

Voltage Selection
There are three diferent voltages
selectable (by switches) and
these are each resettable (by
potentiometers) over a wide
range. The factory-setting is 25
volts, 21 volts and 12.5 volts.

Liquid Crystal Display
G8 shows the EPROM type, the
Program-Method and the Pro-
gram-Voltage anc changes the
display when you reset the
switches. You always know whatis
happening with G&.

TOOLS

MICRO ENGINEERING

Two Key operation

G8 has only two keys — START
ard RESET — simple to operate,
yet it does all the useful things you
need. Before every programming
cycle it checks that you have not
programmed any of the EPROMS
already, reporting any which
match the master. Then G8 tells
you if any are not blank, so that
yod can erase them. Only if the
EFROMS pass these tests does
@G8 start programming (but G8 will
try to program unerased
EPROMS, if you ignore the ERASE
message and press START again
— something else you asked
for].

Checksum Facility
G8 will calculate and display a 6-
digit checksum of your master
EPROM, when you press START
and RESET at the same time. This
helos you to identify EPROMS

which are unlabelled, and pro-

vides a simple check on the
integrity of your data.

Tuneful, too

G8 provides audible feedback, to
avoid the necessity for constant
monitoring — that is, it makes
noises so you don’t need to watch
it: rising and falling arpeggios as
the program starts and finishes;
occasional tones to remind you
that your EPROMS are ready.
Data is audible when uploading
and downloading.

Option — Steel Case
G8 normally comes in a plastic
case, which is light and durable.
However, some of you want your
@G8 in a steel case, and this option
is available now.

—— e —

' GANG-OF-EIGHT |

EPROM programmer

CIRCLE 60 FOR FURTHER DETAILS
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Option — Bidirectional
RS232 Serial Interface
G8 was intended as a fast, lcw-
cost prcduction copier, but f-e-
quent enquiries made us think
again and design a version which
could be used for development
purposes, capable of uploading
and downlcading in a variety of
serial formats: INTELHEX,
MOTOROLA S, TEKHEX, ASCII-
HEX anc BINARY. Links on yaur
serial ceble select the format.

Quick delivery
We knowyou don't want to wait, so
we keep ‘ots of Gang-of-Eight pro-
grammers ir stock. If you are ina
real hurry telephone us — we will
save your time and arrange the
fastest delivery possible.

No Risk Trial:

Refund Guaranteed
Without any questions asked, ycu
get your money back if you do not
get along with your G8, provided
you return the product within 14
days.

(we subtract only
expenses).

carriage

Terms
Chegque with order or credit-card.

Datamar

Lombard House, Cornwall Road,
Dorchester, Dorset DT1 1RX
England

Telephone: (0305) 68066

Telex: 418442 DATAMN G

add for RS232 option f50.0c
add for steel case option f£35.00

g)Atf)‘laé‘icOF-ElGHT £395¢00

postage is frae BUT please add VAT in UK
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BEST PRICE COMPONENTS — SAME DAY DESPATCH

- All the latest fastest devices as used by industry. Do not confuse with slower old stock offered elsewhere. We only stock components
produced by established manufacturers whose products have been subjected to long-term U.K. testing, datasheets available on all
items at £1 each.

MEMORIES Our extremely

| popular ex-equipment

memories !

DRAM Sv NMOS 150nS

Goldstar top quality
74LS TTL Logic

T4HC High Speed For Standard CMOS and
CMOS Logic Linear Pricing Phone

(Not Texas) 74LS00 20p  T74LS158 40p | 74HCO00 25p 74HC125 55p 74HC243 9p
4164 Bakx 1 £0.90 | Guaranteed UV erased, cleaned | 74LS02 20p  74LS161 55p | 74HCO2 26p T4HCI32 49p T4HC244 89p
41256 256k x 1 £220| 1 iocted. 741304 20p  74LS163 58p | 74HC04 25p 74HC138 49p T4HCT244  95p
4416 16kx 4 £2.80 ; : , 741505 20p  T4LS164 56p | 4HCUO4  25p T4HCI39 49p T4HC245 %p
41464 B4k x 4 £5.90 | 1000s sold to delighted cus- | 741508 200 74LS165 60p | 74HCO8 25p T74HCISl  59p T4HC257  55p

tomers 74LS09 20p  74LS166 60p | 74HCI0 25p T4HCI53 59p T4HC259 0p
SRAM 5v NMOS 150nS 4116 16kx1 DRAM  60p | 74LSI0 200 74LS174 40p | T4HC11 25p  T4HCI57 55p T4HC213 89p
2114LP lkx 4 £150(27]6 2kx8 EPROM £1.50| 74LS1] 200 74LS175 55p | 74HC14 40p 74HCI58 55p T4HC354 85p
2128LP 2kx8 £250|2732 4kx8 EPROM £1.50 | 74LS14 2P 7415193 60p | T4HC20 29p 74HCI61 55p T4HC365 59p

2764 8kx8 EPROM £1.50 | 74LS20 200 7405194 50p | 74HC21 29p T74HCI163 55p  74HC367 56p
SRAM 5v CMOS 150nS | 74LS2) 200 7415240 650, | 74HC2T 2Tp T4HC164 55p T4HC373 95p
6116LP e 10% DISCOUNT BBz 200 qa1500] ng 74HC32 3/p T4HCIE5S  T5p T4HC374  95p
6264LP 8kx8 £2.30 741532 0P 741044 g5 | 74HCE2 49p T4HCI166 60p 74HC393 69p
62256LP 32kx8 gasjon all orders over £25| 741551 0p 4o 80" 74HC51 25p T4HCI73 55p T74HC4040  69p

regardless of mix add |74LST4 Wp g lce sos 74HCT4 39 74HC174 55p T74HC4060  69p
EPROM 5v NMOS 250nS 15% VAT sent nost FREE., | 741586 20p 74HC85 59p 74HCIT5 55p 74HCS573  £1.20
2716 2kx8 g270] 19% entp | 741593 45p  T4LS2I3 85p | 741c86 49p T4HCI93  T8p T4HCST4 £1.20
2732 4kx8 £265| Orders under £25 add|74Lsios gop ~ 14LS280 0| 74HC107  49p 74HC240  89p T4HCE40 £1.25
2164 8kx8 £1.90] 15% VAT plus £1.00 p&p. | 74LS125 40p  T4LS365 40p | 74HC113  49p T4HC241 79 T4HCB43 £1.25
27128 16kx8 £2.10 o A 7415138 40p  74LS367 40p | 74HCI123 55p  74HC242 19p 74HC6H88 85p
27256 32k x8 £3.40 Everseasé— 2 74LS139 40p T4LS3T3 65p T

UIrope .4 p&p 74LS153 45p  74LS374 65p 8 NE RD Rs
EPROM 5v CMSO 250nS Elsewhere £5 p&p 74LS154 85p 7415393 60p LEPHO O E
21C64 8kx8 £350| (np VAT) 74LS187 40p 7415395 80p | Phone between 8.00am & 12.00 noon banker's
icie et 2ol cheque card holders only who are telephone

) : , ;

EEPROM 25008 Educational establishments, Gov't depts. subscribers. Components sent same day by
2816A 2kx8 £13.50 P ; ; first calss recorded post with 7 day invoice.
2864A 8kx8 £45.00 Send OfﬁCIal OIdeI fOI 1nVOlced despatCh £1 surcharge to cover validation & recorded post

MICROKIT LIMITED

Blakesley Towcester, Northants NN12 8RB.

Telephone

0327 860130
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JCOM introduces the IC-R7000, advanced technology, continuous coverage
communications receiver. With 99 programmable memories the IC-R7000
covers aircraft, marine, FM broadcast, Amateur radio, television and weather
satelhte bands. For simphfied operation and quick tuning the IC-R7000 features
direct keyboard entry. Precise frequencies can be selected by pushing the
digit keys 1n sequence of the frequency or by turning the matn tuning knob
FM wide/FM narrow/AM upper and lower SSB modes with 6 tuning speeds
01,10 5 10 125and 25kHz A sophisticated scanning system provides instant
access 1o the most used frequencies By depressing the Auto-M switch the
IC-R7000 automancally memorises frequencies that are in use whilst 1t 1s 1n the
scan mode, this allows you to recall frequencies that were n use. Readout 1s
clearly shown on a dual-colour fluorescent display. Options include the RC-12
infra-red remote controller, voice synthesizer and HP-1 headphones

lName___ o —

[
|Add.ress — — _m— = :
I

l _Tel _
I Post to: ICOM, Thanet Electronics Ltd., Dept W W, FREEPOST,
l_ﬂerne Bay, Kent CT6 8BR. (no stamp needed). Tel: 0227 363859. J
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QUALITY FIRMWARE FOR ACORNS

THE MATRIX ROM
BBC ‘B, '‘B+’ and ELECTRON

Written with the co-operation of Southampton University this ROM uses
BASIC commands to perform matrix operations and the solving of linear
simultaneous equations. An indispensable tool for Engineers, Scientists and
Mathematicians.
£36.00 (plus VAT) includes Manual. (Quantity discount.)

REPLAY — Tape to Disc Transfer.

BBC ‘B’ and ‘B+' (Most DFS types).
The only transfer system which has been acclaimed by independent
reviewers, Best transfer system available. Mid-play ‘stop and save’. Pause
facility. Most disc-to-disc. Displays a ‘stopped' screen ready for printing.
£35.00 (incl. VAT) Please state DFS type when ordering.

THE ADDCOMM ROM
BBC ‘B’ ‘B+' and ELECTRON
A Toolkit/Graphics utility adding 40 extra BASIC commands. Brifliant
programming and value for money.
£28.00 (incl. VAT) includes Manual.
WRITE-PROTECT SWITCH
Acorn ‘Master’ only

A small module which plugs into the computer and offers write-protection to
the Sideways RAM banks.
£8.95 (incl. VAT) Simple fitting instructions included.

BBC “B+ to B" CONVERSION KIT

BBC ‘B+’ only.

Enables BBC ‘B’ tapes to be used on the ‘B+' computer. (0.5.1.20 ROM
necessary.)
£15.95 without 0.S.ROM — £21.95 with 0.S.ROM.
{Both prices include VAT.)
Leaflets giving further information and reviews, where available, sent on
request.
All items direct and post paid from:

VINE MICROS, MARSHBOROUGH, Nr. SANDWICH, KENT CTI3 OPG

Eﬂ Telephone: 0304 812276 %

or through your local Dealer.
17663
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WHY STRUGGLE WITH ALLTHIS?

engirrl;eeae?ilrilggi]seélﬁicetir?grising MODES
challenge, and cumbersome DIGITAL STORAGE SCOPE
equipment or outmoded with a maximum
methods can make it even sampling rate of 500KHz
more of a struggle. Despite its outstanding
Now, AB European features and enormous flexi-

bility, the system is extremely
cost-effective (equivalent to
savings of between £5,000
and £12,000). The quality of
| its performance, within the
ciure THeATRE®  parameters set specifically
otsoviaee  for use in education
<wcrotee  establishments, matches
: that of the most expensive
s equipment available today.
« Developed by ELECDATA
, TECHNOLOGY LTD the
ETL 3800A Digital Signal
Processor is only available
from ABEuropean Marketing.
Andyoudon'tneed to
, struggle to obtain more infor-
/ mation about it —just fill
_ in the coupon below and
* send it to ABEuropean
.. Marketing, Forest Farm
: / rJndustrial Estate,
f‘ Sy N Whitchurch,

Marketing is introd ucing one
small innovation that will
make a very big impact on
lecturers and students alike.

Thenew and ingeniously
designed ETL 3800A Digital
Signal Processor fulfills a vital
need in universities,
polytechnics and technical
colleges. In conjunction with
the BBC computer, this
compact and versatile instru-
ment provides excellent
facilities to demonstrate the
many fundamental principles
of electronics.

Because the processor is user
friendly, no experience of computer
programming is necessary. Interactive
projects may be set up allowing the
study of electronics in a modern and
thought-provoking manner.

Alogical learning process may
be followed at the student'sown pace [ =
with a minimum of supervision. L Or telephone Cardiff

This without doubtis an integral (0222) 618336.
part of the teaching revolution which
is altering the emphasis of

education today.
The ETL 3800A can be
used in three modes:
s —  CAN GET
CONVOLUTION
this feature performs the HOLD OF ONE
convolution of two
signals.
voDE2 OF THESE.
SPECTRUM ANALYSER
frequency range DC

to 100KHz and a dynamic
range greater than 45dB

Please send me more information about the ETL 3800A. EWW 11/86
Name. e e e— ——— University/College I
Address_ - S = l l

Telephone Number -
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Mobile radio’s
many options

Changing economics and increased awareness have
made mobile radio one of the largest growth areas

t is wise to recall that
Imobile radio activity, just

as broadcast radio and
television, is carefully regula-
ted to avoid chaos on the air-
waves, and all use of radio
must be licensed. While the
regulations, which are admini-
stered by the Department of
Trade and Industry (DTI), are
more liberal than those in
some other countries, the
amount of radio spectrum
available for private radio is
limited. As a result, new users
will find they must justify
their proposals, and applica-

in communications

MARK NELSON

B

Messages up to 90 characters long can be received on this
display pager, which has a memory capacity of 512 characters. A
built-in clock time-stamps each item.

Private mobile radio
(p.m.r.) or two-way radio is
the most common type of busi-
ness radio and gives a private
channel of communication be-
tween mobiles and a base
station. Systems range in size
from a taxi radio net covering
a small town to national
schemes employed by large
undertakings. Both private
companies and the nationali-
sed industries use p.m.r. Fire,
police and ambulance authori-
ties have similar systems;
these are technically not
classed as p.m.r. although the

tions which could be satisfied
with the use of landlines or the normal
telephone network are unlikely to suc-
ceed. In many districts acute frequency
shortages already exist and new users
may well be asked to share with existing
ones. It was this shortage of airspace
which led the government to turn over
the v.h.f. channels formerly used for
black-and-white tv broadcasting to mobile
and other radio purposes.

EQUIPMENT CONSIDERATIONS

As well as a licence most radio equipment
also requires type approval. This is granted
by the DTI and indicates that the sets meet
certain technical and reliability standards
and will not cause interference to other
users of the airwaves. Private radio users are
not trained radio operators and need to use
equipment which requires neither regular
adjustment nor special technical skills to use
it.

Type approval is normally undertaken by
‘the manufacturer or importer and is not a
hurdle enountered by the end user. Most
mobile radio equipment is supplied by spe-
cialist dealers (listed in Yellow Pages) and
these will normally assist with licence ap-
plication as well.

There are several British manufacturers of
mobile radio equipment, such as Philips
(Pye), Marconi and Burndept/Dymar, while
other equipment is imported from the USA,
New Zealand, Scandinavia and Japan and
sold either under the original manufactur-
er’'s name or with a more familiar British
label.

While channels may be shared, the actual
equipment resources are normally owned
(or leased) exclusively by the user. An excep-
tion is the aerial site, which must be promin-
ent for good radio coverage. Users may well
rent space on a shared radio tower; this
solves potential planning permission prob-
lems as well.

Another principle is that connection into
the public telephone network from mobile
radios is not normally permitted (except of
course from sets which are radiophones); on
the other hand many private radio users can
dial into internal private telephone systems.

Few business radio systems can guarantee
security of speech and users requiring total
confidentiality will have to fit additional
scrambler devices. The new cellular and
trunked services are difficult to eavesdrop
effectively, however, because of the dynamic
reallocation of channels as mobiles move
around.

techniques are identical.

Transport firms and service engineers all
make extensive use of p.m.r. and the demand
grows as more firms realize the economies
which can be made by better use of their
fleets and personnel. Most equipment sup-
pliers will demonstrate costed examples of
the savings achievable by the use of p.m.r.

Most p.m.r. operation has been on v.h.f.
up to now, but the use of u.h.f. is increasing.
The public utilities are located in mid-band
v.h.f. but are starting to move to new
allocations in high-band; the bulk of private
business radio is in v.h.f. high-band, with
some on low-band.

Increasing demands on the radio spec-
trum are forcing new users into u.h.f. (below
the tv broadcasting channels), which in turn
is displacing the fixed point-to-point links
previously accommodated here.

A variety of modern sets is available from
the manufacturers; many incorporate mod-
ular components and design techniques,
simplifying maintenance and the change of
band if necessary. Hand portable sets (HTs or
handy-talkies) are obtainable, as well as
mobiles, for those applications which re-
quire them.

While frequency synthesizers have re-
placed individual crystals for each frequen-
cy, channel selection is manually switched



to conformwith DT] regulations.
Awide selection of mobile and fixed aerials
is also supplied.

RADIOPHONE AND
MESSAGE-HANDLING

Another form of mobile radio, not necessari-
ly an alternative to p.m.r., is public
radiophone. This is not a British Telecom
monopoly, although the British Telecom
v.h.f. system is the only direct-dial system
with virtually national coverage. But there
are several other networks with connections
handled by operators, for example Securicor
and AirCall. Most of these systems allow
phone calls to be made and received on the
move, just as from a normal phone.

Other systems — without ‘interconnect’ —
operate on a message-handling basis and
direct conversation with the telephone sub-
scriber is not possible.

In metropolitan areas demand for v.h.f.
radiophone service was until recently high
and the lack of additional channels for
expansion led to long waits for joining the
service and to make a call; it also increased
the pressure for the introduction of the new
cellular systems and plans for additional
private v.h.f. systems. The availability of
cellular radio (mentioned next) putan endto
these problems and the capacity of v.h.f.
systems now more closely matches demand.

Despite the availability of the cellular
alternative there is still a distinct market for
the v.h.f. services, which is being stimulated
by aggressive pricing of the subscriber
equipment.

THE CELLULAR SOLUTION

Cellular radio is a specialized form of
radiophone operating on much higher fre-
quencies (900MHz), above the v.h.f. televi-
sion broadcasting band. The shorter cover-
age of transmissions at these frequencies is

This synthesized ratiotelephone from Zycomm has a microprocessor-based selective
calling system. Among the first users is the Northern Ireland Electricity Service.

exploited by making the areas covered (cells)
much smaller and re-using the same fre-
quencies at other locations. This gives the
system greater capacity and another by-
product is much improved speech quality.

Sophisticated computer control techni-
ques are employed to ensure that the call is
not lost when the user moves from one
transmitter area into another, and if a set
(cellphone) is temporarily not in use a caller
can be informed of this and diverted if
necessary to an answering service or conven-
tional wireline telephone.

The cellular system also caters for data
transmission, allowing the use of portable
computers and telex and fax machines out in
the field, although preferably when the
vehicle is static. Cellphones are now starting
to be introduced for use as payphones on
trains and long-distance coach lines, and
within the cellular service areas they provide
better results than their high-band v.h.f.
predecessors.

Another specialized application is cell-

phones with outward dialling restricted to
one or more predetermined numbers: the
fixed telephones are linked by direct line to
the cellular exchange and the total system is
a form of national p.m.r. without the cost of
setting up a national network.

CELL COVERAGE

There are two competing cellular networks,
both connected to the public telephone
network. One is operated by Securicor in
partnership with British Telecom: this is
known as Cellnet. The other system, run by
Racal, is known as Vodafone.

Despite minor technical differences, both
networks offer comparable facilities at simi-
lar prices and have broadly the same cover-
age areas. Transmitters cover virtually all
towns and cities of significance, together
with the motorways linking them and much
of the countryside in between. Coverage has
also been extended to coastal regions and
cellphones work for considerable distances
out to sea; for instance, across the English

Not just for breakers: the Delta 1 from telecomms. Users of 934MHz equipment include even BT, which has bought some tor

its maintenance engineers at Goonhilly.
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New budget price mobile ~ UKV62 Series

B British Designed
and Manufactured

B Low Cost

B 25/35 Watts

B Internal Speaker

B Infinite VSWR Protection

_I Reverse Polarity Protection

B Optional CTCSS

B Optional Repeater Lockout
VISIT OUR STAND AT COMEX ‘86 STAND No. A7/8/9 ™ Rueeedand Reliable
The UKV62 is a single sacrificing quality or W Easy to Service
channel FM Mobile reliability. On its own or fitted :
Transceiver; totally British with some of our signalling Available Now
designed & built to compete options, the UKV62 will fit UKV62/4 160-175MHz
in tomorrow’s world of into the smallest or the L
innovative communications. largest of new or existing UKV62/9  420-470MHz
The UKV62 was formulated to systems with equal ease.
provide a low cost solution to COMMUNIQUE UK LTD.
‘everyday’ communications D e HOUSE
requirements without LONDON NW2 1SB

TEL:01-4509755 TLX: 298765 17632

QUALITY QUARTZ
CRYSTALS QUICKLY

Up to 80 channels, multipile CTCSS, scan,
5 Tone and numerous options VHF hiband
handhelds and mobiles both dash and
trunk mount all UK type approved at a price
that you can afford.

For further details contact:

School Close, > SR
Chandlers Ford Industrial Estate | ({1 Vor )
Eastleigh, Hants. SO5 3BY S
Tel: (04215) 55111 Bt =i

Tix: 477351

Fax: (04215) 63507

Our frequency ranges are:

M.P.U. Crystals 1
;M,P.U. Oscillators p

oL L ] L i L - ¥ '

L LS L] |  § L] LB 1
10kHz 50kHz 100kHz 500kHz 1MHz 100MHz 250MHz 360MHz
1 Professional Crystals T

We also supply quartz crystal filters,
oscillators of all types and
communication antennae.

Webster Electronics e

ILMINSTER, SOMERSET TA19 9QA. ENGLAND S
TEL: (046 05)5166 TELEX: 46571 FRONCY G
FAX (046 05) 5865
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DISTRIBUTION
AMPLIFIERS AND FILTERS
for mobile radio applications.

A range of reliable, high performance,
products from

beronheath limited

Applied Radio Frequency Technology

Bradworthy, Holsworthy, Devon EX22 7TJ
(0409 24) 548. Telex 42513 Sharet G




Channel at its narrowest point.

Both networks are well ahead of schedule
of their quoted expansion plans and user
take-up has far exceeded expectations. Even-
tual coverage is planned to include 90% of
the population and 64% of the UK land-
mass, but there will not be the same degree
of national coverage as on the v.h.f. systems.

Cellular offers for the first time pocket and
briefcase size hand-portable radiophones
and the facility to receive dialled calls from
overseas. Other innovations are continuity
of conversation when transferring from one
transmitter area to another (known as hand-
off) and speech quality which, at its best, is
far better than on previous public
radiophone systems.

PAGERS ANDPINPOINT

Apart from p.m.r radiophone and cell-
phones, there are radio systems intended for
other specific uses which- may offer an
alternative. These are radiopagers and per-
sonal or citizens’ band radio.

Radiopagers or bleepers can be short or
long range: local on-site systems are nor-
mally privately-owned for staff location pur-
poses and cover just one building or area.
Wide-area networks, on the other hand, can
cover a complete city or the whole country
and are operated by organisations such as
AirCall and British Telecom. In some cases
users can be alerted by dialling a special
telephone number and the actual call may be
a bleep or a spoken message. There are also
Pocket Telex or Message Master pagers
which display a complete message which can
be sent by an operator or by any person with
access to a data terminal connected to the
telephone. The largest national network is
operated by British Telecom and is linked to
the public telephone network, so that a user
may be paged with a free call from any
phone.

This system is for tone or display messages
only: it cannot handle spoken messages. On
the other hand the pager units (bleepers) can
give up to four distinctive tones which can be
assigned to different messages (ring home,
call the office, etc.). Group call —for instance
to alert a complete sales team — is also
possible.

In all cases people who have been paged
can make a phone call to receive a message,
and this may be an acceptable substitute for
mobile radio.

An innovative use of radiolocation is
Pinpoint, a tracking system for vehicles
provided by British Telecom initially in the
London area. Vehicles equipped with the
system signal to the base station their
location, which is determined by a combina-
tion of dead reckoning techniques and
checking by low-power radio beacons. The
cost of the system has restricted its use so far
to vans carrying high-value loads.

THE CITIZENS’ ALTERNATIVE

A relatively unsophisticated but low-cost
alternative to p.m.r. is 934MHz personal
radio or u.h.f. citizens’ band.

Far removed from the ‘breaker, breaker’
image which taints the 27MHz c.b. system,
this band is relatively under-used and is ideal

The Tele-Niros v.h. hand-portable is sup-
plied with up to four channels and with
open or selective calling (Tele-Nova Ltd).

for short-range, non-essential communica-
tion (up to 5 or 10 miles). Professional
quality radio equipment made in Japan is
now available at around a third of the cost of
p.m.r. and speech quality is as good as
cellular radio.

As the band’s 20 channels are used mainly
for leisure purposes they are largely empty
during business hours, and in rural areas
this is already being exploited by veterinary
surgeons and taxi firms.

A more sophisticated variant, currently
under examination by the DTI, is a system
known as PRS (personal radio service) or
SRR (short range radio). Based on Japanese
experience and already in operation there
and in Switzerland, it uses similar 900MHz
frequencies but with the addition of selective
calling and dynamic channel and allocation.

To use the system the calling station keys
in the number of the set required and presses
the push-to-talk key. The digital code of the
desired set is sent on a shared data channel,
which is monitored by all idle sets. If the
called station is switched on it replies auto-
matically, causing the sets to scan the
channels available to find an unused one for
the conversation. All this is achieved in an
instant.

The combination of these features and the
f.m. system give privacy and an absence of
interference.

Sets for this type of system cost around
£400 in Switzerland and offer a potentially
attractive system for small business and
leisure users alike. As no repeater transmit-
ter its used the range is limited, however, to
around three to five miles and the system is
no substitute for wide-area mobile radio.

CORDLESS PIRATES

Cordless telephones — sometimes confused
with cellular radio — do not come into our
consideration sincé these are purely short-
range {(about 300 feet) extensions of fixed
telephones. Although high-powered and
mobile versions exist these are not licensable
in the UK and their use is likely to end in
grief, as well as causing interference to

legitimate users of the frequencies pirated.
For this reason the government is introduc-
ing strong penalties to curb their sale and
use.

CHANNELS CRISIS

Whilst all the sectors of mobile radio are
growing, it is p.m.r. which shows the
greatest expansion as users find it more
affordable and essential. A problem is the
shortage of frequencies: recently it was
asserted that in the spectrum between
30MHz and 1GHz the allocation to p.m.r.
was only 8% and that of this only 20% was
usable.

Partly to counter criticism that too much
spectrum is allocated to defence uses, a
three-man team of eminent authorities has
been appointed by the government to carry
out a study of the military’s use of radio
frequencies. The first stage of the study,
which is due for submission by December
1987, will concentrate on the frequency
range 470-3400MHz.

Another study group is examining the
potential for more commercial pricing of
available spectrum, with the possibility that
frequencies would be sold to the highest
bidder. No such system is employed any-
where else in the world, and it has clear
dangers. In the meantime, however, fees for
some mobile radio licences have been raised,
in some cases substantially.

Of Britain’s 300,000 or so vehicles fitted
with two-way v.h.f. or u.h.f. radio, some
50,000 are in London, with a waiting list of
18 months for frequencies. Several solutions
to the frequency shortage are now being
developed, involving both new frequencies
and new techniques, both separately and in
combination.

TRUNKING TECHNIQUES

In Band HI (v.h.f. high-band) the govern-
ment has indicated its intention to reallocate
channels to new national private mobile
radio networks, as well as to public utilities
displaced from Band 1l channels required for
the extension of f.m. broadcasting.

The new national systems will offer the
advantage of a ready-made p.m.r. service on
which users can rent as many channels as
they require, without the need to set up their
own system. Sophisticated selective calling
systems will ensure that users receive only
messages intended for them and do not
interfere with or overhear other users. Li-
mited interconnection with the public tele-
phone network may be permitted (in off-
peak hours).

The service is likely to open in January
1987 and will offer both voice and data
services provided by two operators, GEC and
a consortium of Pye, Racal'and Securicor.

Trunking techniques, already widespread
in North America but new to Britain, will
enable a larger number of uses to share a
pool of frequencies. Radio sets pick the first
free channel from the pool, which is control-
led by a computer: users are connected
automatically and are unaware of the actual
channel being used, which will vary from
occasion to occasion in a similar way to
cellular radio.
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A number of trunked systems are now in
operation, though user take-up has not
entirely matched expectations, probably be-
cause the offerings do not share the glamour
(or the amount of media exposure) cellular
radio has achieved. Another factor may be
the higher cost of the sophisticated equip-
ment, even though it is offset by the econo-
mies possible and the opportunity to beat the
waiting list.

COMMUNITY REPEATERS

Alower-cost solution, which also uses scarce
radio resources more economically, is the
community repeater or base station. Fre-
quencies are shared by a number of users
and tone-squelch systems are employed to
prevent overhearing. Light signals indicate
whether the channel is free or in use, and
calls between mobiles and the various users’
base stations are relayed by a well-sited
communal transmitter or repeater station.
Other new techniques currently under
investigation aim to make better use of
frequency resources, and include
transparent-tone-in-band and tone-above-
band systems for shared speech and data. In
addition there are revertive and overlay
paging systems which can be added to
existing p.m.r. systems to alert mobile users
toa call when they are away from the vehicle

SATELLITE POSSIBILITIES

Looking to the longer term, future mobile
radio systems may rely on satellites to give
wider area coverage and to increase the
number of users accommodated. A number
of schemes have been presented for consid-
eration.

In the United States, papers have de-
scribed how a geostationary satellite could
extend cellular radio service into rural and
remote areas which are either impossible or
uneconomic to cover by terrestrial transmit-
ters on account of low user density. Fixed
telephone service to isolated homes could
also be provided at lower cost by satellite
than conventional wireline.

A British proposal by a number of UK
universities and the Rutherford Appleton
Laboratory envisages a satellite paging sys-
tem whereby cellular telephone users are
paged by satellite when a fixed telephone
caller wishes to get in touch. Such a satellite
system would also have advantages in situa-
tions where terrestrial radio systems were
not yet harmonized or standardized,
although potential frequency clash may rule
out this solution in Europe. Geographical
and economic considerations make this
scheme more likely to take off in North
America, although even there the sub-1000

MHz frequencies desired for this kind of
service are unlikely to be allocated.

Any eventual service is more likely to be
accommodated around 1.5GHz, with corres-
ponding higher equipment costs.

THE PROSPECTS
FOR MOBILE

Mobile radio is now the most dynamic sector
of the telecommunications market, and user
awareness is greater than ever before.

Opportunities for manufacturing and
sales are being seized aggressively. Current
ly the British market is served irain'y by
British and associated European producers,
with a growing percentage of USA and
Japanese imports. Three firms, however,
have set up plants for the manufacture of
cellphones, which augurs well even if large
numbers are still imported from Japan. With
luck, the continuing boom in demand will be
matched by a supply situation which satisfies
the best interests of all concerned.

This article is an expanded and updated
version of one which originally appeared in
The Mobile Telecommunications Guide ‘86,
edited by Adrian Morant and published by
IBC Technical Services Ltd.

Wide-area binary paging

Many mobile communication requirements can be
satisfied by one-way data transmission. And as the
prospect of spectrum pricing looms, attention is turning to
paging networks as an effective low-cost alternative to
radio telephones. This artile explains how a radiopaging

wide area paging system, almost by
Adefinition. needs many radio transmit-

ters to provide the high field strengths
needed for an effective service. The antennas
inside pagers are not as efficient as vehicle
antennas, and so more transmitting sites are
required to provide coverage similar to that
of p.m.r. systems.

Nevertheless, at many locations within a
zone, pagers will be receiving signals from
more than one site. If each transmitter were
to tramemit its message in sequence, not
only would most pagers receive duplicate
calls, but valuable air time would be wasted
because subsequent calls would have to wait
until the previous call had been transmitted
at each location.

Quasi-synchronous operation (or more
simply, simulcast) is the solution. This
technique allows transmission from all loca-
tions within the zone simultaneously; but
care must be taken to ensure that when a
pager receives signals from more than one
source, the signals combine in a beneficial
manner. This can be achieved by careful
system design.

Radio signals in the proximity of buildings
are reflected, causing interference patterns
with non-reflected signals resulting in small
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system works.
J.C.KIRBY

(less than half-a-wavelength) areas where no
signal is received (nulls). Users of hand-
portable radio sets will be familar with the
effect a movement of only a few inches can
make to the strength of a warited signal in an
urban environment.

Introduction of signals from a second
transmitting location creates another pat-
tern of nulls. The areas of no signal are now
only those where nulls from both sources
coincide. Small movements of the receiver
now have less effect on the strength of the
received signal.

Correct quasi-sync operation occurs when
the modulation from all transmitters in the
system is identical, both in phase and ampli-
tude. The level of the modulation, whilst
very important for voice quasi-sync systems,
is fixed for binary data. It may take only two
possible values, +5 or —5kHz of the oper-
ator’s frequency. During normal operation,
the transmitter never actuallv radiates on
the centre frequency, that which appears in
the licence!

Absolute synchronization of the carrier
wave is not required, but a high-stability
frequency source should be used to maintain
constant low-frequency offsets between
adjacent sites.

Surprisingly perhaps, simulcast proves
easier to implement for the transmission of
data than voice. Let us consider why.

PHASE-DELAY TOLERANCE

Human speech transformed into an electro-
nic signal gives a complex waveform. Analy-
sis of this waveform reveals a mixture of
frequencies at differing amplitudes with
different phase relationships. Voice frequen-
cies range from 40Hz to 15Hz, but only
frequencies between 300 and 3000Hz are
required to provide reasonable speech
quality for private radio systems.

Consider a voice signal divided into two
channels, one of which is delayed by 1ms. All
speech frequencies at 1kHz on the delayed
channel will be 360° behind the undelayed
channel. A 360° phase difference is, to the
human ear equivalent to no phase differ-
ence; and so the 1kHz part of the speech
would sound undistorted if the channels
were re-combined. Frequencies of 2kHz and
3kHz with 720° and 1080° phase difference
would also sound undistorted.

However, those components of speech at
500Hz will be 180° out of phase and will try
to cancel each other. Components at 1.5kHz
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TABLE 1: delays in a typical system configuration
with landline distribution

1200 baud modem: 180us
Radio link transmitter: 140us
Radio link receiver: 200ps
Lanfiline: A 10us/mile v ‘-13 Adjusted for
Paging transmitter: 140us S0ps delay
Paging transmitter rise-time: 250us :
Delay equalization unitrange: min.30us
max.50ms

Line A delay =170us
and 2.5kHz with 540° and 900° phase differ-

encewill also try to cancel, and the ear would
certainly notice differences at these frequen-
cies.

Speech systems demand not only that
delay differences are minimized between
sites, but also that any variation of delay over
the frequency band (the group delay) must
also be constant. Data occupies less band-
width than speech and so the group delay
problem is less significant.

Data must therefore be radiated from each
site on the system in phase. But how can this ~ An office viewdata terminal can be used to send calls to radiopagers or to retrieve
be done when these sites are varying dis- stored messages.
tances from the paging exchange, and longer
landlines mean longer delays? Let us now
discover how closely this data must be
synchronized between transmitters.

Line B delay = 220ps

Fig.1. Typical system configuration: landline distribution.

DELAYS

Tests show that the maximum delay differ-
ence which can be tolerated on a voice
channel is about 10% of the period of the
highest modulating frequency (3kHz),
which amounts to 33 microseconds.

The same calculation can be applied to b, Poruy Y*919-Fes 3.5
binary signalling. The maximum bit rate is 1 92300 :
512 bits for current generation radiopaging
code and tests in Japan during 1977 found
that at low signal levels there should be no
more than 25% confusion period in any one
bit. (The confusion period is the time be-
tween transmitter 1 changing from binary 0
to 1, and transmitter 2 changing from 0 to
1.) The maximum delay difference in
seconds is therefore 1/512x25%, or 488
microseconds. BERUY o

If the pager is not midway between two w-h

Fig.3. How voice-messaging works. Instruc-
tions and warnings to the caller are in
speech form too.
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Link path A -

propagation
delay of 15us

H—“H 0
Link path B -

propagation
delay of &5us

Fig.2. Typical system configuration: link distribution. Delay is essential for quasi-synchronous working.

transmitters, yet is receiving signals from
both, then the user is introducing more
confusion time by virtue of location. For
example, if site 1 is 20km away and site 2 is
10km from the user, the path difference is
10km. Since radio signals propagate at
3.34us/km, the speed of light, the signals
arrive at the pager with a delay difference of
33.4ps. As the path differential increases,
the likelihood is that the signal from the
nearer transmitter will completely capture
the receiver, and effects from the more
distant site will be eliminated.

Equipment used in distribution and trans-
mission of the data introduces additional
delay. Some typical values are given in Table
1.

The delay equalization unit is an essential
part of any guasi-synchronous system. It
compensates not only for variations between
modems and transmitters due to manufac-
turing tolerances, but also for different
landline or link path lengths.

Usually the most remote site exhibits the
greatest distribution delay, and is taken as
reference. Other sites having less delay now
have to be synchronized with the reference.
The delay equalization unit is made to
introduce additional delay such that delay to
all sites is equal. Only then can the benefits
of quasi-synchronous operations be realized
fully.

Suitable binary delay units are not readily
available off-the-shelf and at least three of
the network operators produce their own
units in-house.

ACCESSMETHODS

Often callers telephone the system oper-
ator’s message bureau, are answered by an
operator, quote a pager number, leave a
message and ring off. The message is entered
by means of speech or keyboard usually by
the operator who answered the call. This
method occasionally resembles ‘Chinese
whispers’, especially with the handling of
technical or coded messages. In addition, all
callers must remember two numbers: the

telephone number to ring and the pager
number to ask for.

If the numbers can be combined into a
ten-digit telephone number, the ’'phone
number itself then indentifies the pager.
And, because the paging exchange has a
database, the number also indentifies which
service the caller expects. Changes of pager
or extension of service need not mean a
change of ’phone number.

Digital Mobile Communications operate
such adirect dial service; all numbers are ten
digits long. The first five digits route the call
from any telephone in the UK into Digital’s
PX2000 radiopaging exchange. Digits 5 -10
(99 999 numbers) are presented to the
paging exchange on up to 32 trunks. The
PX2000 responds according to the service
allocated to that number. Services are:

e tone-only paging

e tone-and-voice paging

® message paging

@ voice messaging

e retrieval of voice messages

enumber not allocated (returns ‘number
unobtainable’ tone to caller)

Following a call to a tone-only pager, the
phrase “call accepted” is spoken automati-
cally. A call to a tone-and-voice pager is
answered by the exchange which announces
the number dialled and invites the caller to
leave a message. It is reassuring for the caller
to hear a human voice rather than bleeps.
Fewer calls are abandoned because of confu-
sion or the “I don't like talking to a machine”
syndrome.

The length of a voice paging message is
restricted to fifteen seconds, after which the
caller hear the words “call accepted”. The
message is sent immediately to the pager,
but remains stored in a digital form on disc
in case the user wants to retrieve it again
later.

Display-pager calls are diverted to an
operator, and at the same time the pager
user’s details are sent on to the operator’s
v.d.u. The operator answers the call, usually
with the user’s company name, and takes a
message.

Voice mailbox calls (Fig.3) may or may not
initiate a page. On answering, the voice of
the mailbox subscriber (stored in digital
form on disc) is played to the caller. Callers
are usually invited to leave a message, by
speaking after a tone. A linking feature
within the exchange automatically informs
the subscriber, by means of paging, that a
message has been taken.

A time limit of 30 seconds is placed on
voice mailbox calls. If they exceed it, callers
are informed, and told that the first part has
been recorded. Mere pips could never ex-
plain that!

Retrieval calls are also routed to the
paging exchange. Only the subscriber knows
his retrieval number, and incoming calls are
played back automatically. Some of Digital’s
subscribers want a higher degree of security
on collection of messages, and so a touch-
tone pad is available to give password inden-
tification. The exchange speaks the words
“Please enter your password” on answering.
Use of a d.t.m.f. pad allows the subscriber to
change or re-record the answer phrase as
required.

OPENACCESS

The use of data terminals over public tele-
phone lines is ever increasing. At last,
viewdata is gaining popularity in the busi-
ness world, and the choice of terminals is
growing. Digital find that many subscribers
with a dozen pagers or more are likely to
have a Viewdata terminal in the office
already, probably to access Prestel or some
similar service.

Subscribers are often surprised to learn
that the terminal can also be used for
sending calls to message and tone only
pagers. Retrieval of messages is another
facility offered to Viewdata users.

To be continued.

Chris Kirby is technical manager of Digital
Mobile Communications Ltd, which oper-
ates one of the four wide-area binary paging
networks in the UK.
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Viewing the p-esent. Modern cameras at the Royal Wedding.

BBC television looks back
—and forward

It is 50 years this month since the world’s first high-
definition television service opened. Pat Leggatt reviews

iftv is a nice round number and a good
Fbasis for Golden Jubilee celebrations.

But this vear sees several different
anniversaries of the BBC's association with
television. the first being an even more
venerable Diamond Jubilee.

It is just over 60 years since, in July 1926,
television signals were first radiated from a
BBC transmitter. The brief experimental
transmissions. from the medium wave 2LO
on the roof of Selfridges. carried 30-line
vision signals supplied by Baird.

Next in line is the 57th anniversary of the
start of the regular experimental transmis-
sions, again from the BBC’s 2LO station, in
August 1929. The programmes came from
the Baird studio at Long Acre but. since only
one transmitter was available, the audience
could be offered pictures or sound but not
both at the same time. A few months later, in
March 1930, simultaneous vision and sound
was radiated from the new twin transmitters
at Brookmans Park.

We must now note the 54th anniversary of

progress and looks ahead.

D.P.LEGGATT

the BBC Television Service. In August 1932 a
BBC television studio in the new Broadcast-
ing House took over programme production
from Baird (still on 30 lines) and the BBC
Television Service was born. It started with a
staff of one, in the person of the engineer
Douglas Birkinshaw, who supervised the
installation of the studio equipment sup-
plied by Baird.

Passing over the closure of the 30-line
service in 1935, we come finally to the 50th
anniversary of the world’s first regular high
definition television service. The BBC 405-
line service from Alexandra Palace was for-
mally opened on November 2nd 1936, alter-
nating each week with the Baird 240-line
system until February 1937. when 240-line
transmissions ceased. Even this 50th
anniversary date must be slightly hedged, in
that a 10-day preview of the service had been
transmitted for the Radiolympia show from
August 26th, followed by trial programmes
on an irregular basis during September and
Octaober.

Despite the carlier events, regular televi-
sion of real entertainment value started in
November 1936 and it is to this date that the
BBC now looks back.

THE PRE-WAR YEARS

Things started on a fairly modest scale. In
Alexandra Palace in the earlv days there were
two 2000 sq. ft studios., each with three
Emitron cameras: studio sound and lighting
control equipment; two telecine machines
comprising intermittent-motion projectors
with Emitron cameras:; and the vision and
sound transmitters. Although not lavish,
this complement oftered the essential tools
for production and a good range of program-
ming was achieved, including outside broad-
casts in the grounds of the Palace as far as
the weather and the 1000ft camera cables
allowed.

In early 1937 the Post Office installed a
balanced-pair vision cable from central Lon-
don to Alexandra Palace, enabling the first
major outside broadcast to be undertaken on
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the occasion of the Coronation in May 1937.
Soon after this the BBC acquired two 3-
camera o.h. vehicles and v.h.1. radio links. so
that awide variety of outside events could be
covered. A considerable advantage for out-
side broadcas! work was the introduction in
November 1937 of the Super Emitron. In
this camera tube the photo-electric emission
function was separated from the mosaic
target and the photo-electric efficiency
could he considerably increased; further-
more, this tube gave electron-multiplication
by secondary emission from the scanned
target. The Super Emitron was about twenty
times as sensitive as the Emitron, directly
useful in poor lighting conditions and useful
also in its potential for increasing the depth
of field of the camera.

On the telecine tront. the Emitronwas not
a very good tube for the purpose: and indeed
the quality of film reproduction was about
the only aspect inwhich the Baird apparatus
had been superior to the Marconi-EMI sys-
tem. The spurious shading signals (tilt and
bend) of the Emitron proved very difficult to
correct in the film scanning application
where abrupt changes of scene lighting
balance could be expected: and because the
telecine system involved a brief flash expo-
sure during the scanning flyback period. the
resulting large Emitron “photo pulse”
proved troublesome. This latter difficully
was later removed by replacement of the
intermittent-motion projector by a Mechau
film transport in which successive tilting
mirrors produced a stationary image from
continugusly moving film. The Emitron
could therefore be exposed for the full
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television field period, avoiding the “photo
pulse” and incidentally taking advantage of
the tube’s storage capabilities to reduce the
required illumination.

The Marconi transmitters. with antennas
on the roof of the Palace. gave 34kW vision
e.r.p. and provided a good signal to London
and about 30 miles around. The audience
was, of course, slow to build up at first and by
August 1939. after which the service closed
down for the duration of the war, there were
some 23.000 licensed receivers.

POST-WAR 405-LINE
DEVELOPMENT

Towards the end of the war, the Govern-
ment’'s Hankey Committee decided that the
television service should re-open on the
original 405-line standard. British television
therefore returned in June 1946, the first
service in Europe to re-open.

Transmitter coverage. There were many
things to be done. perhaps the most urgent
being to spread coverage bevond south east
EEngland and make the service a truly nation-
al one. By 1952, four new high-power
(100k\V e.r.p.) transmitters had been built at
Sutton Coldfield, Holme Moss, Kirk
O'Shotts and Wenvoe, extending coverage to
81Y% of the population. Five medium-power
stations followed, including one in Northern
Ireland and one in north east Scotland,
giving 93.5% coverage by 1955. The Alexan-
dra Palace transmitter was replaced in 1956
by one at Crvstal Palace with an e.rp. of
200KkW.

A number of low-power relays were added

in succeeding vears, many in the forin of
frequency transposers (with no demodula-
tion to baseband) specially developed by the
BBC. The last transmitter for the 405-line
service was installed in 1970, the population
coverage finally achieved being 99.5%.

Nearly all the BBC 405-line transmitters
were inv.h.f. Band [, with a few in Band I11.
Only five television channels were available
in Band I. and considerable ingenuity and
care with geographical locations, choice of
channels and polarizations was needed to
achieve the final virtually countrywide
coverage. The adoption of vestigial-sideband
operation for all stations other than the
original Alexandra Palace transmitter was
valuable in reducing channel bandwidth
requirements.

Programme-origination. On the
programme-origination front there was also
an urgent post-war need for expansion and
enhancement. It was outside-broadcast faci-
lities that first received attention, with im-
proved cameras using CPS Emitron tubes in
1947; zoom lenses in 1949, with only 2:1
range but still an important advance on lens
turrets; and a car-mounted Roving Eve
camera unit in 1954.

Studio availability was expanded with the
acquisition of Lime Grove in 1950, the
Shepherds Bush Empire theatre in 1953 and
the Riverside studios in 1956. With an eve to
the future. a 134 acre site at White City had
been purchased by the BBC in 1949 for a
comprehensive new Television Centre.
although it was not until 1960 that the first
studio came into service there.



Regional studio facilities were not neg-
lected of course, starting in a modest way
with a converted chapel in Manchester used
on a drive-in basis with equipment tempor-
arily demounted from an o.b. unit. Later
regional expansion saw provision of major
production centres in Glasgow, Belfast, Car-
diff, Manchester, Birmingham and Bristol,
with smaller studio centres in a number of
other areas.

Studio equipment steadily improved, with
the old Emitron cameras replaced by the
CPS Emitron (orthicon), Photicon (image
iconoscope), and 3in and 4%2in image orthi-
con. Twin-lens flying spot telecine replaced
the Emitron camera types. Special effects
systems such ds the BBC-developed inlay
and overlay offered new production
opportunities.

Video recording. In 1947 the first attempts
were made to provide the much-needed
facility of video recording. With a vision
bandwidth of 3MHz, waveform recording
was not then practicable and only image
recording on photographic film seemed
feasible. Using a conventional
35mm intermittent-motion film
camera directed at a television
c.r.t. display produced rather in-
different results, since the time
which had to be allowed for film
pull-down meant that only one
television field in each picture
period could be recorded. The re-
sulting 2024 line structure pro-
duced obstrusive alias com-
ponents when rescanned on tele-
cine.

This suppressed-field system
was later much improved by the
application of vertical spotwobble to the
displayed picture, thereby removing the line
structure; but a further advance was made by
storing the “lost” field in the form of afterglow
in the display tube phosphor and presenting
both fields simultaneously to the film during
its stationary period. The stored-field tech-
nique gave good results with stationary
pictures, but the long-persistence phosphor
gave rise to considerable blurring of moving
parts of the scene. This shortcoming was
eased by use of a special fast pull-down film
mechanism which, while not achieving pull-
down within the 1.4 millisecond field blank-
ing period, at least left only a few lines at the
top of the picture to be recovered by storage
ina shorter-persistence phosphor.

Another approach was to use the Mechau
continuous film transport to immobilize the
television image on the film frame. This also
produced quite acceptable results, but the
mirrors on the Mechau drum required fre-
quent and very careful adjustment to avoid
inter-frame exposure variations and move-
ment jitter.

These film recording methods were of
course largely superseded by the introduc-
tion of the Ampex video tape recorder in
1958. In company with other broadcasters,
the BBC has followed the succession from
2in quadruplex to lin C-format and other
helical-scan standards. The BBC has made
original contributions in the way of sophisti-
cated video tape editing systems.

Standards conversion. Another important
post-war development of BBC television was
the introduction of international operations.
The first live programme from overseas was
in 1950 when pictures from a BBC 405-line
o.b. unit in Calais were radio-linked back
across the Channel. In 1952 a French-
produced television programme from Paris
was standards-converted for UK viewers; and
1954 saw the first large-scale European
exchange with eight countries taking part.
For these early international exchanges,
optical standards converters were employed
in which a display on the incoming standard
was exposed to a camera on the outgoing
standard. The performance of these optical
systems left much to be desired and inves-
tigations were later undertaken into purely
electronic methods. In 1963 the BBC de-
veloped the world’s first all-electronic line
store converter, for interchange between
standards with the same field rate. Not only
did these converters give greatly improved
quality for European exchanges, but they
were ready to play a vital role in the mixed
405/625 economy which was to start in the

30 lines, 405 lines, 625 lines,
1000+ lines: where will it all end?
The BBC looks forward, not to the

end, but to the centenary of
television, with the next 50 years as
full of progress and excitement as

the last.

UK in 1964. A few years later, in 1967/68,
another BBC first was scored {and a Queen’s
Award earned) with the all-electronic field
store converter for programme exchange
between 50 and 60Hz field rate systems.

THE 625-LINE ERA

U.h.f. transmitter planning. Matching the
general movement in Europe, it was decided
in the early 1960’s that British television, by
then including ITV as well as the BBC
service, should adopt 625-line standards
transmitted in the u.h.f. Bands [V and V. A
new BBC service, BBC2, opened on 625 lines
in black and white in 1964; while BBC1 and
ITV waited for their 625-line debuts until
they went into colour in 1969.

Development of u.h.f. transmitter net-
works was, and still is, undertaken as a joint
BBC/IBA project. Planning was for country-
wide coverage of two BBC and two commer-
cial services with co-sited transmitters
radiating all four services from a common
aerial at each site. The ownership and build-
ing of the stations is shared equally between
the BBC and the IBA, each being landlord at
half the sites and tenant in the other half.
With this co-operative system, the viewer at
home needs only a single aerial to receive the
four services.

With only eleven 4-channel frequency
groups available in Bands IV and V, very
sophisticated frequency planning is needed

to secure maximum coverage without in-
terference between UK transmitters, or be-
tween the UK and neighbouring countries.
The comprehensive computer-based system
has achieved better than 99% population
coverage of four services, a record unequal-
led on u.h.f. in any other country.

The coming of colour. Although the BBC’s
opening on BBC2 in 1967 was the start of the
first colour service in Europe, the United
States had been operating in colour for many
years and the Europeans’s late entry gave
them a valuable opportunity to build on
American experience.

Up to this point the American operations
and the British experimental work had been
conducted with three-tube image orthicon
cameras. The image orthicon was not well
suited to the task of producing three sepa-
rate colour signals matched in grey-scale
and geometry; and of course the large tubes
resulted in a very unwiedly camera. Fortu-
nately the Philips Plumbicon appeared just
in time to enable the BBC2 colour service to
start with cameras of excellent performance
and reasonable size. To begin
with, both the British manu-
facturers, EMI and Marconi,
produced 4-tube cameras; but as
designers mastered the art of
tube registration, the necessity
for a separate luminance tube
disappeared and 3-tube cameras
became standard.

Although the development of
colour studio equipment and
techniques required much ex-
pert and dedicated work, perhaps
the most innovatory aspect of
colour television was the coding
system, The American NTSC was well estab-
lished and there was a strong movement in
the BBC for its adoption in the UK. In
Europe the French SECAM and German PAL
derivatives of NTSC had been proposed and
the CCIR recommended that European
countries adopt one or other of these. The
UK, and the majority of other Europeans,
opted for PAL.

The March of the Digits. Fommany years the
BBC has been prominent in the application
of digital techniques to broadcasting. In
1972 the BBC developed the sound-in-syncs
system whereby the sound content of the
television programme is carried within the
vision waveform as digital pulse code mod-
ulation during the line synchronizing
periods: this development was more or less
coincident with that for distribution of
stereo radio programme in p.c.m. form to
the v.h.f.-f.m. transmitter network.
Sound-in-syncs signals are decoded at the
transmitters and radiated in normal ana-
logue form: the first actual transmission of
digital signals to the viewer came with the
introduction of the teletext service in 1974.
Digital teletext signals are transmitted dur-
ing four or more otherwise unused lines in
the field blanking period, and control a
character generator in the receiver. Recently
the system is being used to carry computer
programs which may be directly loaded into
a computer rather than displayed as screen
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Looking back. Remembrance day, 1946. Television cameras at the Cenotaph.

text; this application is termed telesoftware.

In the distribution of vision signals in
digital form, the BBC has done, and con-
tinues to do, significant work on bit-rate
reduction. Digitally coded 625-line PAL has
been successfully compressed into a 34
Mbit/s channel; and good progress had been
made. in reducing the requirement for 625-
line component signals from the basic
215Mbit/s down to 68 Mbit/s.

Perhaps the most significant attribute of
digital operation is the ease with which
digital signals may be stored and subse-
quently manipulated. A relevant application
is standards conversion, where new lines and
fields can be synthesized from a digitally
stored input signal: the IBA’s DICE conver-
ter of 1972 was a notable archetype; and the
BBC ACE equipment, storing four fields, is a
current leader in the market. Other BBC
exploitations of digital storage are the televi-
sion noise reducer. in which random noise
in successive fields is averaged out while
coherent picture signals are preserved; and
the BBC-designed still picture storage
manufactured and marketed worldwide by
Rank Cintel as “Slide File”.
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THE NEXT FEW YEARS

As might be expected, virtually all develop-
ments in the foreseeable future are likely to
be rooted in digital technology.

Television signal distribution, interna-
tionally, within the country, and within
studio centres, will increasingly be in digital
form with optical fibres providing an approp-
riately wideband medium. Already there are
signs of success in the search for methods of
switching signals in optical fibres without
intermediate conversion to electrical form.

The digital video tape recorder has been
seen in experimental form znd is almost with
us as a commercial product. No doubt video
tape editors will soon find reason to go to one
hundredth generation dubbings!

Direct broadcasting by satellite will at last
emerge from its protracted gestation,
although not initially as a BBC service. [t will
probably use one form or another of the
[BA’s MAC system, in which the vision
components are analogue, but which qual-
ifies as a digital development since the time
compression and expansion processes are
effected with the signals in digital form.

Stereo sound is of course a feature offered
by MAC; but we should quite soon be
enjoying stereo with existing terrestrial tele-
vision. BBC development of digital sound on
a second carrier within the 8MHz transmis-
sion channel offers stereo or dual-language
sound without the interference between
sound and vision which can be a shortcom-
ing of second-carrier analogue systems.

Looming largest, perhaps, is the prospect
of h.d.tv; not the “high definition” television
of 1936, but with something more than 1000
lines. The choice of h.d.tv standards is a
matter of international controversy, focus-
sing mainly on acceptance or otherwise of
the Japanese 1125/60 field proposal. It is
generally agreed that this system gives excel-
lent pictures, but many countries currently
on 50Hz field frequency have doubts as to
the acceptability of a 60Hz cuckoo in their
nest. It now seems that the problems of
impairment-free 60-50 fields standards con-
version will be overcome to an acceptable
degree, but anxieties remain in such areas as
the 10Hz difference between 50Hz lighting
supplies and a 60Hz field scanning rate.

Two other outstanding problems made it
sensible for the recent CCIR Plenary meet-
ing to postpone a decision on h.d.tv stan-
dards, pending further development work.
First, there is as yet no domestically conve-
nient high-quality picture display device
capable of giving the large picture which is
needed for h.d.tv to be seen at its best. C.r.ts
of 36in or more seem unduly cumbersome;
and projection systems of adequate quality
and stability could be bulky and expensive.

The second problem arises from the large
bandwidth requirements of h.d.tv. In the
absence of special measurements, more than
30MHz is needed and this could not be
accommodated in the presently-planned
satellite broadcasting channels. Still pic-
tures present no difficulty —a 1Hz bandwidth
will suffice if you don’t mind waiting some
time for the picture to build up! It is moving
scenes that require high information rates
and the solution will probably lie in passing
additional information to the receiver to
enable its electronic processing to handle
moving areas in the best way.

The Japanese MUSE system transmits
signals limited in bandwidth to about 8MHz,
together with motion vectors related to
moving areas. A more advanced develop-
ment is the BBC’s digitally assisted televi-
sion (d.a.t.v.) proposal in which a similarly
bandwidth-limited signal is accompanied by
digital data to assist receiver processing
towards the optimum treatment of indi-
vidual moving areas within the picture.

HISTORY OF TELEVISION

The Institution of Electrical Engineers (IEE)
is to hold an international conference on
‘History of Television — from early days to the
present’ from 13-15 November, 1986. The
conference, which will be held at the IEE,
Savoy Place, London WC2 will commemo-
rate the 50th anniversary. IEE tel. 01-240
1871x222.

I am grateful to the Director of Engineering
of the BBC for agreement to publish this
article.




RF LINEAR POWER AMPLIFIERS

WIDEBAND AMPLIFIERS

Ideal for laboratory work where large instantaneous bandwidths are required at high power output. Suitable also for increasing power output of
transmitters etc quickly and easily without tuning or adjustment. RF output levels of 4, 20 or 40 watts. 24V + DC supply.

100 KHz-100 MHz: Type 9046 4 watts, Gain 13dB (x20) . . . £89.50 + £4 p&p. Type 9176 4 watts, Gain 26dB (x400) . . . £210 + £6 p&p.
15-225 MHz: Type 9051 4 watts, Gain 13dB (x20) . . . £89.50 + £4 p&p. Type 9177 4 watts, Gain 26dB (x400) . . . £210 + £6 p&p. Type 9174
20 watts, Gain 13dB . . . £255 + £20 p&p. Type 9172 40 watts, Gain 10dB (x10) . . . £510 + £25 p&p.

HIGH GAIN TUNED FREQUENCY AMPLIFIERS

Aligned to your specified frequency in the range 10-250 MHz. Provide higher power gains and spurious rejection over limited bandwidths. 24V
+ DC supply.

Type 9105 10 mW input, 1 watt output . . . £190 + £12 p&p. Type 9106 100 mW input, 10 watts output . . . £235 + £15 p&p. Type 9155 1 watt
input, 30 watts output . . . £270 + £15 p&p. Type 9158 5 watts input, 70 watts output . . . £370 + £20 p&p.

TELEVISION LINEAR POWER AMPLIFIERS

Tuned to your specified channels in bands IIf, IV or V (or in the range 175-950MHz) 24V + DC supply.

Type 9261 100 mV input, 10 mW output . . . £180 — £10 p&p. Type 9252 10 mV input, 500mW output . . . £210 + £10 p&p. Type 9259
500 mW input, 3 watts output . . . £240 + £10 p&p. Type 9263 2/3 watts input, 15 watts output . . . £330 + £15 p&p.

MAINS POWER SUPFLY UNIT

Capable of providing power for one or more of any of the above amplifiers up to a current consumption of 5 amps.

Type 9235. £120 + £12 p&p.

TYPE 9105 TYP_E 9158/9235 TYPE 9252 TYPE 9263

Comprehensive range of Gasfet RF preamplifiers, frequency converters, signal sources, FM exciters, and FM transmitters also available.
Complete amplifier and retransmission systems supplied with connectors.

Full technical information available on request.
Please add 15% VAT on total for UK sales. Please contact sales office for overseas post and packing rates.

RESEARCH COMMUNICATIONS LTD
UNIT 3, DANE JOHN WORKS, GORDON ROAD, DES“;C;%,U[::E\VCETLSRPEM(??Eé\ND
CANTERBURY, KENT CT1 3PP
TELEPHONE: CANTERBURY (0227) 456489/712000 COMMUNICATIONS EQUIPMENT
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Quadrant Communications Ltd
in association with
Lenson-Heath Ltd
present a 1 day
Satellite TV installation workshop.

® Pneumatic A 1 day intensive course in the

@ Hydraulic Ram theory and practical installation
Operated of Satellite TV systems for domestic
: and commercial use.
@® Winch Operated
To be held at the

Gatwick Penta Hotel,
30th November.

Price: £48 + VAT.
Inclusive of 3 course lunch,
morning coffee and afternoon tea
and extensive set of
bound course notes.

HilomaSt Ltd Phone or v:)rriézéc;rcfttdllsfjetails and
t QUADRANT COMMUNICATIONS LTD

THE STREET ~ HEYBRIDGE — MALDON WICKHAM HOUSE, 10 CLEVELAND WAY,
ESSEX - CM9 7NB — ENGLAND LONDON E1 4TR

Tel: (0621) 56480  Telex: 9958535 Tel: 01-790 2424 Extension 374

CIRCLE 42 FOR FURTHER DETAILS
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@ ITT SCRIBE Il WORD PROCESSING SYSTEMS

ITT SCRIBE Il WORD PROCESSOR. Dual processor (Z80H & Tl 9995)
machine with 128K memory, expandable. QUME printer interface. With
dual 5%" floppy disc drives {double density, double sided); high resolution
green-screen monitor & low profile keyboard. Excellent professional word
processing software with many advanced features including extensive
help files, slow scrolling, mail-merge, information retrieval, integrated data
base etc. is included in the price together with BASIC. (Originally selfing at
over £5000.00). BRAND NEW. £295.00

ITT SCRIBE Il WORD PROCESSOR as above, but with half height
Miniscribe Ill 10MB Winchester, hard disc drive & single
floppy. £595.00

ITT SCRIBE Il as above with 10MB Winchester. 256K & NEC Model 7700
SPINWRITER 55cps daisy wheel printer. All BRAND NEW. £1200.00

Plug in board and comms. software for SCRIBE Il enabling full (RS232)
terminal emulation and communication with Telecom Gold. Available at
£95.00

@ PYRAMID MICROCOMPUTER SYSTEM

PYRAMID Model 501 CP/M MICROCOMPUTER. With 4mHz Z80A
processor, 64K memory & twin TEAC Model FD-55F DSDD 80 track half
height 54" floppy disc drives (total 1.5 MB). With senal RS232 &
CENTRONICS parallel interfaces & provision for a second serial interface
{requires 1 additional 8251 chip). These very compact(2%" high) machines
are S-100 based {with one spare slot), and are software compatible with
NORTH STAR HORIZON. CP/M Ver. 2.2 1s included in the price. BRAND
NEW or ex demo condition (requires terminal}. £195.00

® MA c

MATMOS PC. Available without disc drives only. 64KB Z80A based
machine with RGB, composite video outputs & UHF modulator. Serial,
parallel cassette & peripheral bus interfaces are provided. MICROSOFT
BASIC is in ROM. {A terminal emulation ROM will be available shortly at
£20.00). £49.00

@ HITACHI DISC DRIVES

HITACHI Model 3068 3" disc drives. With SHUGART compatible interface
(34 way edge connector) & suitable for BBC with DFS. AMSTRAD 664/6128.
TATUNG EINSTEIN & many others. Unformatted 250K (double density) per

side reversible; 40 track; standard power connector for 12V & 5V; overall
power consumption typically 3.7W. Supplied BRAND NEW with connector

pin-out details etc. but uncased and without connectors. £29.95

HITACHI Model 305D double sided 3" disc drives. As above, but double

sided: Unformatted 500K accessible without turning disc over. £39.95
Not suitable for Amstrad range.

@ HITACHI COLOUR MONITORS

HITACHI COLOUR MONITOR. Model 1480P. High resolution 14" monitor
with RGB input at TTL levels. Resolution is 640 x 200. IBM compatible.
BRAND NEW. £175.00

UNCASED HITACHI MONITORS. We have a quantity of NEW mono & high
resoultion colour monitors available from £18.50 (mono), £95 (colour.
Please enquire for details.

@ SAMURAI COMPUTER SYSTEM

SAMURAI S-16 MSDOS COMPUTER 8086 based machine with high-res
green screen: 128K memory (expandable to 51 2K); twin DSDD 8" floppy
disc drives (total 2.3MB); CENTRONICS parallef interface; 2 X RS232
interfaces; VICTOR/SIRIUS format compatible. We have very low cost
applications software available for WP, comms. etc. Supplied BRAND NEW
with MSDOS & manuals. £299.00

Also, quantity of test equipment (Tektronix scopes etc) — enquiries to
Canterbury.

Please note: *VAT & CARRIAGE must be added to all items. Carriage is
£2.00 + VAT for 3" disc drives, and £10.00 + VAT for all other items.
*A complete stock list is available on request.
Available only from
MATMOS and

COMPUTER APPRECIATION

Visa & Access accepted

= EX

[islatmos and ComputerAppreciation

MATMOS LIMITED, 1 Church Street, Cuckfield, W. Sussex RH17 5J2:

COMPUTER APPRECIATION, 111 Northgate, Canterbury, Kent CT1 1BH.

TEL: (0444) 414484 454377

TEL: (0227) 470512 TELEX 966133 COMPAP
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AFFORDABLE ACCURACY

Quality Multimeters from

Cirkit

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

ANALOGUE DIGITAL
HM-102BZ — 10ADC Range. 20k{}/VDC, HC-7030
Buzzer, Battery Test Scale . .£12.50

0.1% Accuracy. Standard Model ...... £39.50
19 measuring ranges HC-6010
HM-102R - Low end voltage & current
ranges. Jack for Audio o/p voltages £11.00  HC-5010T
20 measuring ranges 0.25% Accuracy. TR Test Facility ...... £39.50
HM-1015 — Rugged, Pocket sized meter, for DM-105
general purpose use ............... £7.50  0.5% Accuracy. Pocketable .......
16 measuring ranges

0.25% Accuracy. Standard Model ... £33.50

... £21.50

All models have full functions and ranges
and feature 32 digit 0.5” LCD display — low
battery indication — auto zero& auto polarity

ABS plastic casing — DC AC 10amp range
(not DM-105) — Overload protection on all
ranges — battery, spare fuse, test leads and
manual.

Full details and specification from:

Cirkit Distribution Ltd

Park Lane, Broxbourne, Herts EN10 7NQ
Telephone (0992) 444111 Telex 22478

TRADE ENQUIRIES WELCOME

Battery. Test Leads and Manual included
with each model.

Please add 15% for VAT
and 70p for p&p

EN

STEREO MICROPHONE AMPLIFIER

@50 or 200 Ohm balanced

: ’ ; i microphones to balanced

STEREC MICROPHONE AMPLIFIER lines

@ Variety of low frequency
characteristics for improving
the clarity of recordings

@ Inputs filtered against radio
interference

. @ Complete boxed unit or

Lrs
(8 GRANLEIGH ENGLAND

- double mumetal screened
amplifier module alone. Suits
direct connection to digital
line inputs

Surrey Electronics Ltd., The Forge, Lucks Green, Cranleigh,
Surrey GU6 7BG England. Tel: 0483 275997

Valradio

TACKLING POWER SUPPLY
PROBLEMS SINCE 1937

[T] DC-AC Inverters (Transvertors)

SINE/SQUARE WAVE INVERTERS 30 t0 1000  valradio Inverters are used to
watts, 50 (or 60) Hz, 115/230V, single phase provide an aiternative AC Mains
AC. From 12, 24, 50, 110 or 220 Voits DC. RowstlfromDEISaurces

[]DC-DC Converters

[] AC-DC Power Supplies

[T] AC-AC Frequency Changers
For details:

VALRADIO POWER LTD

LAWRENCE ESTATE, GREEN LANE, HOUNSLOW TW4 6DN, UK.
Tel: 01-570 5622 —

[T] Battery Chargers
[T] Standby/UPS Systems
[T] Line Conditioners

CIRCLE 58 FOR FURTHER DETAILS
22

CIRCLE 8 FOR FURTHER DETAILS




Eleven years
in the ionosphere

An investigation by ionosonde of a complete cycle of
sunspots, showing by means of an original graphical
method their effect on the F2 layer variations and
maximum usable frequency.

KURT FELDMESSER

he other day | had to explain the
I function of the ionospheric observa-
tory to our local contractor. The exist-
ence of the ionosphere proved a stumbling
block, but eventually his face brightened and
he commented: “You mean it’s like a natural
communications satellite?” Although, of
course, this view is quite correct, it is
chronologically inverted — but then we
describe ionosondes as ‘atmospheric radars’
even though radar was invented because
engineers were familiar with the technigues
of ionospheric echo sounding.

Like all natural resources the ionosphere
is a highly variable commodity whose vagar-
ies are still the subject of continuing re-
search world wide, about one hundred
observatories contributing to a global pic-
ture of ionospheric variation.

The generally accepted record, standard-
ized in the literature', is a graph of apparent
echo range versus frequency, called an iono-
gram. The ‘apparent’ range is plotted on the
assumption of a constant velocity of prop-
agation equal to the velocity of light. But
once the exploring radio pulse enters the

www._americanradiohistorv.com

ionosphere, it is slowed down due to the
effect of the ionization: the deeper it pene-
trates, the greater is the delay it experiences
and the greater the ‘apparent’ range.

The process is illustrated in Fig. 1. A
ground-based transmitter emits a series of
pulses at radio frequency, the transmitted
frequency being increased with each succes-
sive pulse, the repetition frequency, how-
ever, remaining constant. Common p.r.f.s.
are 50 or 100 Hz and sounding frequencies
would typically cover from 0.5 to 20 MHz,
depending on conditions in the ionosphere.
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A normal sounding sequence lasts about =
one minute. The sound of an ionosonde
picked up on a radio receiver is quite
characteristic, though the signal lasts only
long enough for the ionosonde to sweep
through the passband of the receiver. lono-
sondes are thus no great source of interfer-
ence.

As the sounding frequency increases, the
transmitted pulse penetrates each ionos-
pheric layer in turn until the so-called
critical frequency of the F2 layer is reached.
All higher sounding frequencies are not
reflected but pass out into space. By plotting
the delay of each returned echo with respect
to the corresponding instant of transmission
the ionogram is obtained. Mathematical
analysis then allows the true height profile of
electron density to be derived. - —

The graphs are, of course, plotted auto- _1_?“ k) / II ]
matically nowadays, the techniques having : :
kept pace with the advanice of technology,
from the manual in the early thirties to the .
automatic qnalogqe, to thg computer- W"' :H(H' [ E‘ 3
compatible digital with synthesized frequen- e

i )

cy stepping, producing a database extending ; { /
over 55 years. : m
The equipment currently in use in the . TR

oldest ionospheric observatory at Slough is: S :
shown in Fig.2. Designed by the University M%W!YW, jq i
of Lowell® it is a totally programmable M ! L
instrument, every sounding parameter

being under program control.

Several typical ionograms are shown in Fig.7. Eleven-year chronagram cycle, with daily sunsport number graphs.
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Fig. 3. They illustrate the great variability of
the ionosphere and the consequent need for
experience and a measure of skill in the
interpretation of records. Although the F2
layer is the most useful for long-distance
communication, as can be seen from Fig.4,
of the three recorded layers (E,F1 and F2), it
is the least predictable; a feature which gives
amateur radio one of its challenges and the
professional still obliged to use the ionos-
pherehis perennial problems.

This article presents a method of visualiz-
ing the F2 layer variations, using a graphical
method published a few years ago’. The
method proved so extremely useful that [
decided to call the resulting diagram a
‘chronogram’. It is basically a graph of the 24
hours as ordinate versus the 365 days as
abscissa with the parameter under investiga-
tion plotted as one of a sequence of colours
much like a contour map. The colours follow
the resistor colour code in megahertz steps
as far as 8 MHz, modified thereafter to give
another sequence up to 17 MHz (the highest
echo frequency ever recorded at Slough).
Although 1 MHz steps may appear crude, if
we plot hour to hour variations, the changes
caneasily exceed 2 MHz.

The chronagram has the basic shape of the
sunrise and sunset graph of Fig.5. If the F2
layer were totally controlled by solar illu-
mination it would simply have the shape of
that figure. The parameter represented in
the present chronagrams is the intensity of F
layer ionization as measured hy the highest
vertically incident — frequency of radio pulse
returned as an ordinary ray echo; the critical
frequency. This can readily convert to the
maximum usable frequency.

It is the departure from the basic shape of
the sunrise/sunset graph that throws much
light on the nature of the F2 layer. The curve
of sunrise is outlined well enough by the
sudden increase of ionization at F2 layer
dawn (about two hours before that at sea-
level).

The level of ionization persists well after
sunset. However, it does so variably and is
frequently correlated to sunspot number.
Although not measured by normal iono-
sondes directly, we do know from other
measurements that. like the E and F1 layers,
the D layer (the lowest layer of ionization —
highly absorbing to h.f. waves) de-ionizes
after sunset. Thus h.f. signals, freed from D
region absorption, still meet an efficient
reflecting region at a respectable height
some hours after sunset, giving excellent
propagation conditions — a phenomenon
well known to short-wave listeners.

In the small hours (or a little earlier
during sunspot minimum) the F2 region
ionization begins to decay, seen as a decrease
in critical frequency and reaching its lowest
value just before dawn. In mid-latitude
winter the short days do not allow a pro-
longed energy input to the ionosphere and
so the lowest values of ionization are seen
during winter nights. As we near the spring
equinox the daytime ionization tends to a
maximum and persists more and more into
the night. With the approach of summer two
new factors make themselves felt. Firstly,
during the height of summer (about six
weeks around mid-summer in southern
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Fig.6. Annual mean sunspot numbers over 375 years. Comparison with Fig.4 suggests that
solar activity and therefore ionospheric propagation could yet have a few surprises in
store.
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Fig.2. Modern ionospheric observation
equipment at the Rutherford Appleton
Laboratory at Slough.

Fig.3. Representative ionograms. The split-
ting of the trace (seen especially in the F
region) is due to double refraction in the
presence of the earth’s magnetic field.
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Fig4. The most useful layer for communications is the F2, but its short-term variations make itthe least predictable.
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Fig.5. Flayer variation with solar illumination — the basic shape of a chronagramin the absence of other influences.

England) the ionosphere remains in con-
stant illumination throughout the 24 hours
—resulting in a more or less constant level of
ionization, depending on sunspot number.
Secondly. the F1 layer becomes more and
more marked. It has been shown® that the
total electron content of the ionosphere
varies much more slowly than the electron
density of the individual layers. Whilst
broadly speaking, electron content modifies
the apparent height of the layer as the pulse
passes through the plasma, the local density
determines the critical frequency.

The F1 layer, being controlled by intensity
of illumination as measured by the height of
the sun above the horizon, ionizes in-
creasingly with the rising sun and behaves as
if it derived its free electrons at the expense
of the F2 layer, which in mid-summer rarely
achieves the levels of ionization of spring or
autumn when again the F1 layer is less
intense. This can also be seen in summer on
a smaller scale, where on cessation of the F1
layer in late afternoon, there appears a
sudden brief increase in the F2 layer ioniza-

tion before its settles down to the evening
values.

To the communicator the presence of the
F1 layer with its highest critical frequency at
about 5 MHz puts a limiting value on the
highest usable frequency well below what he
could reasonably expect from the F2 layer.
Days when the Fl layer dominates the
ionosphere curtail the shortwave spectrum
drastically and since everybody has to cm-
ploy lower frequencies, cause congestion.
Fortunately, such days rarely persist for
more than three or four consecutively and
they stand out clearly on the chronagrams.

As autumn approaches and the F1 layer
weakens, the F2 layer reaches a second
maximum of ionization, generally a little
after the equinox. These equinocial maxima
are particularly interesting since they are a
ready pointer to solar activity. If, for inst-
ance, the spring maximum following the
autumn maximum exceeds the latter then
solar activity is on the increase and if lower
than the one in autumn then solar activity is
on the decline.

The sequence of eleven chronagrams
(Fig.7) of F2 layer critical frequency plotted
for the years 1973 to 1983 illustrates the
changes in F2 layer ionization. The graphs of
daily sunspot number plotted to the same
base demonstrate the manner in which the
lonization intensity follows changes in sun-
spot number.

Sometimes the correlation is very evident,
at other times perhaps less so. It is this factor
aswell as the diurnal and seasonal variations
that have bedevilled statistical attempts to
correlate sunspot number and ionization
intensity. However, examination of the
chronagrams will amply repay the time
spent, by revealing many relationships that
can be applied in the study of F2 layer
propagation. There are years in the sunspot
cycle when correlation with sunspot number
is clearly very good (e.g. 1973 and 1974), and
during any year in the period around the
equinoxes. On the other hand in the summer
of solar maximum years correlation is best
found after sunset, perhaps because the high
general level of ionization tends to obscure
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Fig.8. A coronal ‘hole’, pictured by Dr L Golub. {Science Photo Library)

Fig.9.Solar coronataken by a ground-based telescope duringthe total eclipse of March 7,
1970 {Nationa! Center for Atmospheric Research USA/Science Photo Library).

the variation in energy input until the sun is
low in the sky. I feel one ought to bear in
mind that sunspot number is only the most
readily observable indication of solar activ-
ity. It is because of this observability that we
have sunspot records extending for 300 years
—since Galileo's time. in fact (Fig.6) — with
sporadic reports of non-instrumental sight-
ings even much earlier.

Which feature of solar surface activity is
connected with terrestrial effects is the
subject of intense research, nowadays great-
ly aided by numerous satellites and orbiting
laboratories. Some of the candidates for
investigation regarding effects on the iono-
sphere are. heside sunspots, foci of X-ray
emission. coronal "holes” (Fig.8) and the
corona itself (Fig.9) with its exceedingly
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high plasma temperature. Direct UV and
X-ray emission reaches the earth simul-
taneously with visually ohservable changes
(as from a solar flare during a Dellinger fade
out), but charged particles emitted during
suchan event will-reach the Earth some time
after the emitting region has passed the solar
meridian. the delay being a function of the
rather variable velocity of emission.

During a solar flare shown in the heading
picture and — following the Dellinger fade
due to intense ionization of the D region
over all the illuminated half of the earth’s
surface — these particles reach the ionos-
phere several hours later, producing vet
further disruption of radio signals. Since the
particles travelling earthwards are electri-
cally charged. they can only enter our

atmosphere via the polar regions. hence the
‘northern lights” — and only then does their
effect penetrate to mid and lower latitudes.

An ionospheric disturbance observed in
the north of Scotland may take twelve to
twenty four hours to affect the ionosphere in
the south of England and generally with
considerably less severity. In the polar re-
gions. on the other hand. severe com-
munication blackouts occur under these
conditions. affecting all signals traversing
the Arctic circle.

The advent of satellite links has tended to
obscure the existence of large sections of
users of traditional h.f. radio. even in the
cognizance of the protessional engineer.
Because INMARSAT exists. it is assumed to
be in general use. or just about to be. In fact.
only a fraction of the world's shipping is so
equipped and there are some problems for
the smaller vessel. The cost of about £20.000
for an installation has to be justified, whilst
fitting a 200 kg stabilized platform at the
highest point of the vessel poses problems of
stability. Oddly enough, though. the fitting
of such installations to the ‘motherships’ of
fishing fleets has proved very popular with,
for instance, Japanese ships fishing off New-
foundland. by providing good quality voice-
links with Japan which are difficult to
achieve by h.f. radio for the reasons given
above.

The boost to crew morale is an important
selling point and so is the secure com-
munication provided in the traditionally
secretive fishing industry. On the other
hand, the ionosphere is free and there are
few problems, either structural or financial,
with the use of h.f. equipment. Only the
expertise required to use the ionosphere
effectively presents a major obstacle. It is
hoped that this article has helped to dispel
some of the mystery. Much work in many
quarters is directed towards that end and the
author readily acknowledges the help re-
ceived from colleagues over the years.
However the opinions expressed are the
author’s own and do not necessarily repre-
sent anyofficial view.

Kurt Feldmesser recently retired from the
Science Research Council, where for the last
fourteen years he has been concerned with
ionospheric observation at Slough and
South Uist ror the Rutherford Laboraton.
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Heatsink simulation on a
ersonal computer

Take a cool look at your next heatsinking problem with this

istributors’ catalogues nowadays
Doffer a bewildering variety of heat-

sinks, ranging from tiny clips similar
in size to the device on which they are fitted,
to massive aluminium extrusions with pro-
vision for forced air cooling. The material,
shape and surface finish are chosen to
conduct heat away from the attached devices
and dissipate it to the surroundings in an
efficient manner. Selecting such a compo-
nent is usually a simple task: the maximum
acceptable thermal resistance is calculated
by dividing the heat load in watts by the
temperature gradient in degrees C, and a
heatsink with a similar or slightly lower
resistance can be picked out of the cata-
logue.

This approach is adequate when the desig-
ner feels a stock item is satisfactory but it is
often worth considering alternative methods
of heat removal. A frequent possibility is to
use the metal case of the equipment, though
any metal component has potential as a
heatsink. Unfortunately the average equip-
ment enclosure is not designed with heat
transfer in mind, and thermal resistance is
not usually quoted in the specification. The
properties of a thin metal sheet are substan-
tially different from a professionally de-
signed heatsink of similar area.

Although the only certain way of assessing
a heatsink system may be to actually manu-
factureand test it, advantage may be taken of
modern technology to narrow the range of
possibilities. This article develops a mathe-
matical model of a simple plate heatsink and
shows how a personal computer may be used
to solve the resulting set of equations.

MATHEMATICAL THEORY OF HEAT
TRANSFER

Of the three ways in which heat is transfer-
red only conduction is relevant within the
bulk of the metal heatsink, and the other two
are responsible for the removal of heat from
the surface. The quantity of heat transferred
is directly related to the temperatures of the
components and their physical properties.

The fundamental relationship that de-
scribes the steady-state temperature dis-
tribution T(x,y) across a uniformly conduct-
ing plate, Fig.1, is the Laplace equation:

&, T
5

=0,
e ay
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Fig.1. Mathematical model is based on a thin
plate which gains heat from devices at
several points on its surface. This heat is
distributed throughout the plate hy conduc-
tion and removed by radiation and convec-
tion.

Wi Tiey,
\ i
LA ) L v R
hx|
T, H{Tij)

Fig.2. Numerical method treats the plate as a
patchwork of small tiles joined by imperfect-
ly conducting glue. Smaller tiles give greater
accuracy but require more computer time
to solve.

This is modified in our case by the pre-
sence of one or more heat sources W(x,y) and
the effect of heat lost to the surroundings by
convection and conduction, H(x,y,T). The
conductivity of the metal, k,,, is also intro-
duced now to give

Z
k.. [—Lﬂ +W-H=0

As no heat is lost from the narrow edges of
the plate the boundary conditions along all
edgeswill be

_ T
y=0 dy

_dT
X=0 E’x

_ T

= =0
y=ymax ay

X=XXmaXx

ax

These equations constitute a complete
mathematical description of the problem,

but they do not have a known analytical
solution, since the loss term H is a non-
linear function of temperature. However, a
numerical solution is still possible if we
divide the plate up into a rectangular grid
and derive the corresponding set of finite-
difference equations.

This is equivalent to assuming that the
plate is actually built up from a number of
perfectly conductive tiles which have been
joined at their narrow edges with imperfect-
ly conducting material, Fig.2. As the tiles
become smaller, the finite-difference solu-
tion approaches the true one. For a section
which does not lie on the edge of the plate:

(TH]:) 2T +T, ].j)hx+(T|J+l 2T +T1] I)h +
W, ~H(T;;)=0

where  h,=k,zAy/Axand h,=kAx/Ay.
The boundary conditions are introduced by
modifying the above equation for sections
which lie on the edges, to remove the terms
which represent the temperature difference
beyond the plate edges.

The Stefan-Boltzmann law, which relates
the temperature of a surface to the radiated
heat loss, can be used to find the correspond-
ing part of term H. The convective loss part
is more difficult to determine, since it
depends on the size, attitude and shape of
the surface. An empirical relationship for
small rectangular vertical plates has been
chosen as the most useful case:

HT)= [k (T4 Ty +273)* = (T +273)1) +
ko T+Tmn) *JEAXAY.

NUMERICAL SOLUTION OF THE
EQUATION SET

Each grid point of the plate has one equation
associated with it, and the temperature
profile is the simultaneous solution of all
these equations. The distribution of un-
known variables (temperatures) within the
equations and the presence of nonlinear
terms forces us to adopt an iterative scheme.
In this, we guess a temperature distribution
and gradually improve on it until all the
equations are satisfied. Naturally the guess
and improvements are the result of some
fairly complex computations, which are de-
rived next.

Rewriting the equation set in matrix form,
at the solution




At+w—h(t)=0,a
and at a point dtaway from it,
A(t+dt)+w—h(t+dt)=e.

Here, A is a matrix with positive constant
terms h, and h, appearing symmetrically
about the leading diagonal and the negative
sums of these terms along this diagonal, and
t, w and h are the vector forms of the
respective terms in the earlier paragraph.

Taking the first term of the Taylor expan-
sion of h and subtracting the two equations
we obtain the relaxation of the iteration
scheme. This will determine the step dt
which should reduce e to zero:

dB,
“a) e
To solve this equation, the matrix (known as
the Jacobian) does not need to be inverted
but still needs to be factorized, that is,
reduced to lower and upper triangular fac-
tors. This is a lengthy process which, if
repeated at each iteration, would add greatly
to the task. Fortunately, the only term which
changes from one iteration to the next is the
derivative of h, and in practice a small error
in its value makes little difference. Conse-
quently, a good estimate at the start will
suffice for all subsequent iterations and the
same factorization-can be used repeatedly.
The initial guess for the temperature
profile is found by assuming the whole plate
is perfectly conducting and applying a crude

dti=—(A

STEADY STATE HEATSINK SIMULATION

1 . ALUMINIUM
2 . COPPER

3 . BRASS

4 . MILD STEEL

SELECT MATERIAL (1-4) 2 3
EXPOSED SURFACE RATIO (0.5-4) 2 1.2

ENTER O TO FINISH
HEAT INPUT (WATTS) ? 11.92
GRID LOCATION (1- 3 ,1- 5') 2 1 1

HEAT INPUT (WATTS) ? O

STEADY STATE HEATSINK SIMULATION

PLATE DIMENSIONS

LONG EDGE (MM) ? 262

SHORT EDGE (MM) ? 114
MATERIAL THICKNESS (MM) ? .9

Factorising Jacobian
Solving Equation Set

At iteration 1 Error in T = 33.1598
At iteration 2 Error in T = 1.8099]
At iteration 3 Error in T = .181643
At iteration 4 Error in T = 2.01621E-02
At iteration 5 Error in T = 2.48715E-03

STEADY STATE HEATSINK SIMULATION

BRASS HEATSINK IN AIR AT 25 DEG C
SIZE = 262 BY 114 BY .9 MM
WEIGHT = 223.114 GRAMS
HEAT SOURCES (WATTS)
11.92 0 0
o - 0 0
[s} o] 0
0 o] [s}

[s} o] s}
TEMPERATURE DISTRIBUTION (DEG C)
114.62 77.94 63.87
64.97 57.38 52.6
45.74 44.04 42.69
37.34 36.93 36.57
34.02 33.9 33.78

Break in 1480

substitution algorithm. The derivative term
then follows from the change in H for a unit
increaseinT.

PROGRAM DESCRIPTION

The solution method described above in-
volves a great many repetitive calculations.
and is only practical when programmed into
a suitable machine. To this end, a program
has been written in Microsoft Basic for use
on a personal computer (actually an IBM
PC), but special care has been taken to avoid

machine-specific features, so it should run-

with little or no modification on a wide range
of machines.

The program starts by setting up the data
structures and constants it will need later.
The most important of these is the size of the
grid used to build the set of finite-difference
equations, preset by Nx.xv to 3 by 5 There is
nothing to stop this being altered except that
the computation time increases as the cube
of the product of xx and ~v. The values above
will give computation times of around half a
minute onan IBM PC or similar.

The next part of the program is concerned
with reading and validating the problem by
asking the user a series of simple questions.

SYMBOLS IN EQUATIONS

A Matrix of heat transfer coefficients
heh

dt Relaxation step int; residual error in t

E Exposed surface ratio

e Vector of residual errors in equations

J Grid indices along short and long
edges

Hix,y,T) Heat loss from unit surface area

h(y) Vector of surface heat losses from
each grid point

Coefficient of convective heat loss
perunitarea
Heat conduction coefficient of plate

material

k, Coefficient of radiative heat loss per
unit area

Ny, Number of grid pointsinxandy
cirections

T(x,y) Temperature above ambient, deg C

t Vector of temperature profile

- [Tl‘] 'Tnx nyj

Wixy) Heat input-per unit surface area

w Vector of heat sources to each grid
point

X,y Positions along short and long edges

Ax, Ay Grid spacing along short and long
edges

z pate thickness
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Reporting of errors by the program has
deliberately been kept to a minimum to
reduce program length but this is easily
remedied.

Any number of heat sources may be
specified in any order. The answers should
be self-evident apart from the ‘EXPOSED SURFACE
rati0’. This parameter enables the user to
allow for the effect of surface finish and
exposure. A single thermally black surface is
treated as 1.0, a heavily finned surface would
be around 2.0, and a highly polished metal
surface, 0.5. If both surfaces of the plate are
exposed, the ratio should be doubled.

Once the data has been collected the
numerical algorithm can begin. The solu-
tion method described above has been im-
plemented, and to speed up the process,
given an understanding of popular Basic
interpreters, a number of intermediate vari-
ables have been introduced. rem statements
in the listing explain the principal sections.
A subroutine is used to find the heat loss H
on one grid rectangle at temperature T.
Step-by-step progress reports are included
for verification purposes and can be deleted
if required. The algorithm terminates when
a weighted average of the step vector or falls
below 0.02°C.

Finally a summary of the problem and the
table of temperatures at the centre of each
grid point are printed. The weight is in-
cluded as a convenient check that the plate
dimensions are reasonable.

PROGRAM VERIFICATION

To check the results of the simulation
program a practical test was conducted. The
conditions were chosen to exaggerate the
known weaknesses of the solution method,
so it may be regarded as an extreme case.

A bright, unpolished brass plate was
marked off with the appropriate grid and a
power transistor mounted in the centre of a
corner rectangle. Fourteen small transistors
were press-fitted into holes at the centre of
each remaining rectangle for use as temper-
ature sensors, and a 15th fitted to one side of
the power transistor. This equipment was
run for 30 minutes under the specified
conditions to reach a steady state and the
temperature distribution measured. The re-
sults are shown in Table 1.

Table 1. Temperature profiles deg C

63 60 50 41 39
81 66 52 43 39
104 74 52 43 40

64 58 46 38 35
80 62 47 39 35
98 68 46 38 35

64 53 43 37 34
78 57 44 37 34
114 65 46 37 34

Horizontal piate

Vertical plate

Simulation program

Tabie 2. Test conditions

Plate material: 70/30 plain brass sheet
Plate dimensions: 0.9 by 262 by 114mm
Heat sources: 11.9 watts into grid point, 1,1
Exposed surface ratio: 1.2

Apart from the hottest corner, the vertical
plate temperatures show fair agreement
with the simulation. The horizontal attitude
was tried to determine the validity of the
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10 REM HEATSINK MODELLING PROGRAM

20 REM J.M.HOWELL JUNE 1986

30 DEF FNA(X)=INT(X*100}/100

40 NX=3:NY=5:N=NX*NY

50 TAMB=25:KR=5.14E-14:KC=1.98E-06

60 DIM W(N),T(N),A(N,N},E(N),DT(N)

70 RESTORE

80 DATA "ALUMINIUM",0.230,2.7, "COPPER",0.377,8.9
90 DATA "BRASS",0.112,8.3,"MILD STEEL",0.052,7.8
100 GOSUB 1490

110 FOR I=1 TO 4

120 READ M$,X,X
130 PRINT I;".
140 NEXT I
150 PRINT

160 INPUT "SELECT MATERIAL (1-4) “:M

170 IF M<l OR M>4 THEN GOTO 160

180 INPUT “EXPOSED SURFACE RATIO (0.5-4) ":E
190 IF £¢.5 OR E>4 THEN GOTO 180

200 WI=0

210 PRINT:PRINT "ENTER O TO FINISH"

220 INPUT "HEAT INPUT (WATTS) ";W

230 IF wW<=0 THEN GOTO 340

240 PRINT “GRID LOCATION (1-";NX;",1-";NY:") "
250 INPUT I,J .

260 IP 1<l OR I>NX OR J¢<l OR J>NY THEN GOTO 310
270 K=I+J*NX-NX
280 W(K)=W{K}+W
290 WI=WI+W

300 GOTO 320

310 PRINT I:",":J:"
320 PRINT

330 GOTO 220

340 GOSUB 1490
350 PRINT “PLATE DIMENSIONS"“
360 INPUT “LONG EDGE (MM) ":Y
370 INPUT "SHORT EDGE (MM) 1 X

380 INPUT “MATERIAL THICKNESS (MM) ";Z

390 PRINT

400 IF Z>0 AND X>=Z AND Y>=X THEN GOTO 430

410 PRINT “PLEASE ENTER IN CORRECT ORDER"

420 GOTO 360

430 REM Determine Heat Transfer Properties

440 RESTORE

450 FOR I=1 TO M

460 READ M$,KM, RHO

470 NEXT I

480 HX=KM*Y*Z/X*NX/NY

490 HY=KM*X*Z/Y*NY/NX

500 REM Define Dissipation Coefficient constants
510 B4=(273+TAMB}" 4

520 S=X/NX*Y/NY*E

530 REM Find average plate temperature

540 T=50 -

550 FOR I=1 TO 5

560 GOSUB 1540

570 T=T+WI-NX*NY*H

580 NEXT 1

590 REM Find slope of heat loss curve

600 COSUB 1540

610 HO=H

620 T=T+!

630 GOSUB 1540

640 DHDT=H-HO

650 REM set up jacobian matrix

660 FOR I=1 TO NX

670 FOR J=1 TO NY

680 K=I+J*NX-NX

690 A=DHDT

700 IF I>1 THEN A(K-1,K)=HX:A=A+HX

710 IF I<NX THEN A{K+1,K}=HX:A=A+HX

720 IF J>1 THEN A(K-NX,K)=HY:A=A+HY

730 IF J<NY THEN A{K+NX,K)=HY:A=A+HY

740 A(K,K)=-A

750 NEXT J

760 NEXT 1

770 PRINT "Factorising Jacobian"”

780 REM perform LU decomposition an jacobian
790 FOR I=1 TO N-1

"iM$

IS BEYOND EOGE OF PLATE"

800 FOR J=1+1 TO N

810 A=-A(I1,J)/A(I,1}

820 A(I,J)=A

830 FOR K=I+1 TO N

840 A(K,J)=A(K,J)+A(K, I)*A

850 NEXT K

860 NEXT J

B70 NEXT I

880 PRINT "Solving Equation Set"”
890 L=0

900 REM Main iteration loop start
910 REM Find error term

920 FOR I=1 TO NX

930 FOR J=1 TO NY

940 K=I+J*NX~NX

950 T=T(K}

960 GOSUB 1540

970 E=-H+W(K)

980 IF I>1 THEN E=E+HX"(T(K-1)-T)
990 IF I<NX THEN E=E+HX*(T(K+1)-T)
1000 IF J>1 THEN E=E+HY®*(T(K-NX)-T)
1010 IF J<NY THEN E=E+HY" (T{K+NX)-T)
1020 E(K)=E

1030 NEXT J

1040 NEXT 1

1050 REM solve matrix equation for DT
1060 FOR 'I=1 TO N-1

1070 FOR J=I+l TO N

1080 E(J}=E(J)+A(I,J)*E(I)

1090 NEXT J

1100 NEXT I

1110 POR [=N TO 1 STEP -1

1120 DT(I)=E(I}

1130 FOR J=N TO I+l STEP -1

1140 DT{I1} =DT{I}-DT(J}*A(J.1}

1150 NEXT J

1160 Dr{I1)=DT(1)/A(I, 1)

1170 NEXT [

1180 REM compute norm of DT and update T
1190 bL2=0

1200 FOR 1=1 TO N

1210 D2+=D2+DT{1}*DT(1)
1220 T(1)=T(L)-DT(I)

1230 NEXT 1

1240 DT=SQR(D2/NX/NY)

1250 REM Loop monitoring
1260 L=L+l

1270 PRINT “At iteration ":L;"
1280 IF DT>.02 THEN GOTO 900
1290 REM Output Results
1300 GOSUB 1490

1310 PRINT M$;” HEATSINK IN AIR AT";TAMB;" DEG C"
1320 PRINT “SIZE =";Y;"BY":X;"BY";Z;"MM"

1330 PRINT “"WEIGHT =";X*Y*Z"RHO/1000; "GRAMS"
1340 PRINT:PRINT "HEAT SOURCES (WATTS)"

1350 FOR J=1 TO NY

1360 FOR I=1 TO NX

1370 PRINT TAB(I*12-11);FNA(W{I+J*NX-NX)):

1380 NEXT [

1390 PRINT

1400 NEXT J

1410 PRINT:PRINT “TEMPERATURE DISTRIBUTION (DEG C)"
1420 FOR J=1 TO NY

1430 FOR I=1 TO NX

1440 PRINT TAB(I*12~11};FNA{T(I+J*NX-NX)+TAMB)
1450 NEXT I

1460 PRINT

1470 NEXT J

1480 STOP

1490 REM Print title

1500 CLs [

1510 PRINT:PRINT "STEADY STATE HEATSINK SIMULATION
1520 PRINT

1530 RETURN

1540 REM Find heat loss H for temp rise T

1550 A=T+TAMB+273

1560 HR=KR* (A*A*A*A-B4)

1570 HC=KC*SQR{SQR(ABS(T+TAMB)))*T

1580 H=(HR+C)}"*S

1590 RETURN

Error in T =";DT

empirical convection equation under such
circumstances. The discrepancy in the hot
corner is probably due to the relative posi-
tion of the sensor, which lay midway be-
tween the grid centre and the plate edge.

The simulation results can of course be
used to verify the program after it has been
typed in. For this reason the screen output
for a complete run is included, and the
output from any Microsoft-type Basic should
agree very closely with this. Any deviation
indicates a typing error or some non-
standard aspect of the Basic interpreter. An
example of the latter is the BBC computer,
which executes all ror-Next loops at least
once, even if the loop range is actually nil.
This introduces a bug which makes the
program take many more steps than are
needed. For correct operation in this inst-
ance an extra line is required: 112517 I=N THEN
GOTO 1160,

USING THE PROGRAM

The main benefit of a program of this nature
is that a large number of possibilities can be
considered at an early stage of a project and
the non-starters eliminated without wasting
effort on them. The program has been
written for flat metal plates and if lower
accuracy can be tolerated any shape or

structure may be analysed as a plate of
similar thickness and area. The effect of
mounting several devices on the same heat-
sink can also be studied.

The results need to be tempered with a
degree of engineering judgement. For exam-
ple, the individual rectangles of the grid are
assumed to be perfectly conducting, and if
an exceptionally thin or poorly conducting
plate is modelled then this assumption will
not be valid. In consequence the tempera-
ture of the centre of each hot rectangle is
appreciably higher than predicted by the
model. To overcome this problem a finer
grid must be used. A more powerful compu-
ter may then be needed, or the Basic pro-
gram could be compiled, to avoid long run
times.

Despite the limitations, many will find
this program a valuable addition to their
software library.

Dr. Howell worked as chemical and systems
engineer for various companies, and is pre-
sently control engineer at ICI, Billingham. He
gained his Ph.D. for research into optimal
control of large chemical process networks,
and has interests in electronics, computing,
and amateur radio.



LOGS AGAIN

Flushed with success at demystifying decibels, Joules
Watt has not yet finished with logarithms...

short while ago 1 commented upon
A\rlvhat might be called slovenliness,
egarding the use of decibels '

1f not slovenliness, at least loose thinking
about such matters causes confusion for the
poor student. This has become true for
novice radio amateurs as well. One confided
to me, “It struck a little fear into nearly all
the RAE class, when the mysterious dB arose
in transmitter power discussions”. T hope my
short discourse earlier helped dispel some of
the mystery.

But we are not out of the wood yet,
because two colleagues took me to task with
criticisms. One said, “You got no further
towards helping anyone see the meaning of
response curves. Are the 6 dB per octave
slopes a drop-off in power gain or voltage
gain?” The other fellow suggested [ too was
being a little slovenly, in that doubling the
power is not exactly 3 dB up, therefore four
times is not exactly 6 dB, and so on. He is
right, of course, but the differences are very
small, as Table 1 shows.

Much of all this argument appears to rest
on the properties of logarithms. Long gone
are the days when we slaved away looking up
columns of figures in tables for something
called the mantissa and something else
called the characteristic — or are they?
Nevertheless, it was only when we arrived at
the integral calculus that we discovered a
mysterious “irrational” number called e. As
with  before it, we were told that “it has an
unending, never repeating decimal part,
which arises naturally...”

It soon became obvious that logs arise
from this number e, as well as via the laws of
indices generally. A logarithmic result to the
base e is obtained when the area under a
rectangular hyperbola is sought by using the
integral

y=j%=lnx (1)

The symbol “In” reads “The natural logar-
ithm of...” and is also written “log,”. The
common logs to the base ten (written log,
or just log for short from now on), cropped
up recently in the discussion of decibels’.
Log to the base 2 (log,) is seen in discussions
concerning information and communica-
tions theory.

When physical quantities, instead of pure
numbers, become involved in this kind of
calculation, trouble tends to arise. Pure
mathematicians avoid all that by claiming
that they work with pure numbers only.
Dimensions never come into things. En-
gineers, on the other hand, are always

JOULES WATT

talking about so many amps, volts, newtons,
watts and the question is asked as to whether
the unit is inside the symbol — or attached
separately. In other words, is the quantity R
a number complete with dimensions ohms
within it, or should it be written R ohms,
where R is a pure number?

From the integral (1) y is certainly dimen-
sionless, because if x has dimensions, the
small bit of it, dx, has the same dimensions,
and these cancel in the ratio. But if x does
have dimensions, say watts, then the ques-
tion is whether log of watts can equal a
dimensionless number? This is not a real
problem, because I have neglected the fun-
damental need for a constant to add on to
any integration. In this case (for example) we
can say “let x = p watts when y = 0” so that
the constant is —1n p and the complete
answer is:

X
=1n=
=30

and everyone is happy, as we have a pure
ratio of watts over watts again.

But this is not so for the ‘quantity-
calculus’ people 2**, who argue that the
symbols of the units can be handled and
juggled just like numbers. You can square

them, divide, take logs of them. And so, as
you might expect, a fairly hot controversy
has raged over the claim to do this.

After considering these arguments, | in-
cline towards the old view that quantities
cannot have logs taken of them —or the sine,
tangent and so on, for that matter. We can
only use ratios of same-dimensioned quanti-
ties in the arguments of the transcendental
functions. Of course, all the modernists will
label my stand as reactionary.

In practice there is no trouble, because
the measure of quantities is really a ratio in
every case. A voltmeter reading 20 volts is
really saying, “The basic unit (volt) goes into
the value being read (20 volts) 20 times. i.e.,
20 volts/volt equals 20 times.” Therefore if
we take logs of a power in watts, we are really
taking cognizance of a number of times a
quantity is in a ratio to the basic unit.
Therefore 101og P is really 10log P(watts)/
watt or so many dBW.

If we are told that the comparator unit is
milliwatts, then the operation can be written

10°P(milliwatts)
milliwatt

P(watts)
milliwatt

10log =10log

dBm = (30+dBW)

TABLE 1
P,/P, 10log (P,/P,)  Usually taken as:
2 3.0103 3dB
4 6.0206 6dB
8 9.0309 9dB
10 10 10dB
64 18.0618 18dB
100 20 20dB
2749x10" 114.3914 114dB
(30 doubfings)
( ¢ “OVyg

Fig.1. This typical j.fet resistance-capaci-
tance coupled amplifier stage is typical of
all such active device gain blocks, (with
appropriate attention to input and output
impedances). The unmarked components
are assumed not to affect the frequency
response. In other words, C. dominates at
the low end, while the strays can be lump-
ed together as C, to limit the performance
at the highend.

THE PLOT THICKENS
(at least towards the high values..)

Displaying data logarithmically to expand
the detail at the low end of the scale and
compress it at the high end enables a huge
range of information to be shown on one
sheet of graph paper. This explains why log -
log and log — linear graphs are so ubiquitous
in engineering reports and scientific papers.
You can get log paper in so many cycles
(decades usually) along the two axes. One
consequence is that the true origin goes off
to infinity downwards and to the left along
the axes. (Log 0 =).

Another reason why log plotting is so
useful is that many phenomena vary logar-
ithmically, which means many data
measurements produce straight line plots
on log—log paper. Other “laws” which would
produce curves on linear-only paper, will
produce straight line plots on log — lin paper.

Again, to overcome the “worry” about the
meaning of units along the log axes, we
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think of the numbers as ‘so many units per
unit’ of the quantity, so that you are never
taking the log of anything but a pure ratio. (A
ratio is a pure number, but a rate is a
quotient of different quantities — like ‘miles
per hour’.)

ITBODES WELL

By measuring the power output of an ampli-
fier and (with the same power meter) the
power input, we can take their ratio and thus
write down the power gain in dB. Whether
this is the available power gain, or the
transducer gain, or matched power gain and
$oon, is another confusion, as it dawns upon
us that different people define power gain
differently. Nevertheless, the ratio of two
powers to give decibels is now basically
simple.

The question might arise as to relative
gain over, say, the frequency band of an
amplifier. It might also be asked for in terms
of the voltage gain. But we sigh with relief
because the relative gain will be measured at
the same point (the output terminals) and
therefore across the same impedance,
assumed to be a non-reactive load for in-
stance. This means that voltages can be
measured for the decibel levels.

All amplifiers suffer shunting-capacitance
losses as the frequency rises. These strays
cannot be eliminated, so gain falls off some-
where at the high end. Many amplifiers have
series coupling capacitors (except d.c.
amplifiers) so however large these are, even-
tually the gain will drop off towards the low
frequency end as the magnitude of the
reactance increases beyond the resistance
values. In other words, all amplifiers are
bandpass circuits. The bandwidth B is the
frequency interval between the “3 dB down”
points. Of course, specialized amplifiers
might depart from this simple scenario.
Baxandall tone control stages would do so,
for example. Figure 1 shows how a simple
voltage amplifier fet stage appears.

Figure 2 shows the well known equivalent
generator circuit for such a stage incorpo-
rated into the mid-frequency range, where
the capacitances have no effect; the low
frequency region, where C. dominates, but
the shunt strays do not; and at the high
frequency end where the total shunt capaci-
tance C; dominates, but C. does not. These
notional independent regions are the usual
assumptions made about a fairly wide-band
amplifier, but for narrow-band cases other
methods have to be used.

The mid-band voltage gain is simply the
voltage-controlled generator current multi-
plied by the total equivalent resistance at the
output:

\Y
Amid:iz_nguq
_ raRgRy
\Vhere Re“_rde+rdRL+RdRL
In order to see the effect of C, at high
frequencies, it is added in shunt to R, as
shownin Fig.2(b)

v

Ahzf: _ng
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therefore: i= 1
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This can be written W
1+jo;

But

where

The ratio of the high-frequency gain to the
mid-frequency value, is called normalization
— in this case, normalizing to the mid-
frequency gain as a reference. It is as though
we have set the mid value to unity, but
normalization does more than that, it re-
moves any dimensions of the quantities in
the ratio, (although in this case, the As are
already dimensionless).

The result derived for the normalization
voltage gain is a complex number. You
probably remember such numbers have real
and imaginary parts. Because I introduced
phase shifts resulting from the circuit react-
ances by using the operator j, the complex
result arises naturally. It has the advantage
that when written down in the polar form,
the amplitude (or magnitude) and the phase
angle are immediately given. In the present
context, these two pieces of information tell
us all we want to know about the amount of
amplification on the one hand and the shift
in phase of the output relative to the input,
atany given frequency, on the other.

{—tan "w% ®

I have written this result using the rather
out of fashion notation for amplitude A, and
angle/_ ©, but which has merit and perhaps
we should rehabilitate it a little.

Returning to Fig.2(c) where I show the
equivalent circuit for the low-frequency end,
the effect of C; is now negligible, but that of
C. rises into prominence. The generator
current divides into ry and Ry in parallel as
one path, and C. in series with R, as the
other. [ have combined the result of ry and R4
in- parallel as Ry, and, using the current
divider formula, the current through R, can
be written down. Knowing the current
through the load resistor will give the
voltage across it, namely, v.,.

1 1

. u): 2
g l+(:T§

_—RpgmviRy
YO Rp+R,_jX,

1
wC,

where X.=

The algebra can be re-arranged to givea 1 +j
term in the denominator to make it look like
the first result:

——=rh———
InmYi [

o— l o Rd RL %
O -0
{a)

Req
= ———
: : g . o
ImY [ -[
O Yo
T l 4 %Rd Ry G
v T
O 4
(b}
EC
1
1
ImYi
O————a l rd Rd RL Yo
v T
o= -0

{c)

Fig. 2. In (a) the mid-band equivalent circuit
is shown. The ‘mid-band’ can be defined as
Wmig= Vowz. At (b) is the effect of C,
which shunts the output circuit. The “3 dB
down” frequency is that at which the
magnitude of the reactance of C, becomes
equal to R.,. This frequency, also known as
the ‘high-frequency cut off point’, is de-
noted w; where w; is 2uf, f, is the
frequency in hertz.

The low-frequency case shownin (c) is a
little more awkward, in that C, is in series
with R_ and this is in shunt across the rest
of the resistive components. w, is the cut
off frequency at the low end and it occurs
atthe frequency where the reactance of C,
has a magnitude equal to R, summed with
the resultantof ry and R4 in parallel.

!9: —RngRL — _Rqum j(RD+RI.)
Vi Rp+R —jX, Ry+R," X
; 14+j Rl
) Xe
';chgmmﬂl
. I+igr

Where Ry, is the same as before.
Writing the final line for the normalized
gain at low frequencies, we obtain:

AL

w
! ks tan2
14 {' ]
Amld 1+Jw1 '\/’14_7‘“_2 !
Wy

This time w; stands in for 1/(Ry+R.)C,. and
is another cut-off point — the low frequency
one. These values, w; and wy, are also called
“break” frequencies. The reason for these
terms becomes obvious when we get back to
logs shortly.

Before taking logs of the amplitude of the
low and high-frequency gain variations, I
have plotted in Fig.3 the linear amplitude
versus frequency result as an instructive
illustration of a direct attack. This turns out
to be less useful than at first thought. A log —
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Fig.3. A very lop-sided result occurs if
linear plots are attempted for frequency
response. Also such curves accord very
badly with subjective results, considering
the logarithmic response of the ear.
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Fig.4. A Bode plot such as that shown here
for the high-frequency response, is a very
" convenient way of using a logarithmic
presentation to give a rapid overview of
data quickly.
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Fig.5. A similar plot at the low-frequency
end of an amplifier’s response gives simi-
larinformation just as conveniently.

log plot (on log — lin paper, because decibels
are used on the vertical axis) is much more
fruitful. The log plots turn out to be “piece-
wise linear” and they are all associated with
the name Hendrik Bode®. These Bode plots
are a very quick way of seeing the frequency
characteristics of an amplifier, once the
complex gain equations have been derived
and the logs taken.

Consider the high-frequency end of the
amplifier response 1 have discussed above.
We take common logs of the normalized
gain expression (equation 2):

2
20log;—" = —2010g\/(1+%2,

Am1d=2010g

_ 1
\v/1+~95
w3

Taking twenty times the log is no mistake —
as we now have the normalized voltage gain
in decibels to plot against the log of the
frequency.

If vou take a look at the log equation above
with w<<w, then the right-hand side
approaches log 1, which is 0. Therefore, on
the log plot there is a horizontal line at 0 dB
which corresponds to the normalized mid-
band value. Now consider w>>w,. The “1”
can be neglected now in the bracket of the
logargument:

' Ay ones
” (Amm)dB_ ZOIOgmz

Ploiting this on Fig.4 gives a straight line
with a slope of —20 units for every factor of
ten times w increase. The units here, of
course, are decibels. The two asymptotes
have a common point at w=w,. Therefore on
the log plot, an approximation to the ampli-
fier response has been obtained with a sharp
“break” point at ws. You can see that in
practice, at w=uw,, the argument of the
logarithm is V2, and the actual response is
down 3 dB at this point. When the frequency
is at twice the cut off value, then the actual
response is 201ogV5 = 7 dB down. This is
one decibel lower than the asymptote at the
2w, point. Similarly, at half w, the response
is again one dB lower. This means we can
sketch the actual smooth response curve
quite accurately. The last notable comment
to make is that the slope of the response
curve approaches “6 dB per octave”. We now
have all the ‘jargon’ commonly met in these
discussions. The “3 dB down” point; “6 dB
per octave” or “20 db per decade”; “break
point” and so on.

This kind of response is fypical of a
“one-pole system”, where the pole is at the
frequency which makes the denominator
zero in equation 6. The lower break point is
obtained in the same way, except that there
is a “zero” in the numerator (see equation 3)
as well as a pole at w;. [ will “leave it as an
exercise for the student” as the saying goes,
to sketch the Bode plot at the low end. You
should get a curve such as that in Fig.5. |
have also left out of the discussion the plot of
the phase angle from the tan™ ' information.
For completeness this should be done and
readers can do it themselves, if interested.

I have mentioned poles and zeros. They
have arisen naturally in logarithmic discus-
sions of response curves via Bode plots. But
any further look at them is a whole topic, and
suffice it must be for now to hope that I have
answered my critic’s point about “what does
it mean about 3 dB down on response
curves?” and in doing so might have pointed
up for you a few of the mysteries of these
curves...
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System X
speedup

he benefits of digital switching came

I to a further 3500 telephones in the

City of London when this System X

exchange went into service at the end of
August.

A panel from the 600 exchange is demons-
trated here by lan Vallance, British Tele-
com’s chief of operations. The new equip-
ment forms one of two exchanges housed at
Wood Street and it replaces two floors of
39-year-old Strowger electromechanical
switches. The other exchange, 726, will be
commissioned shortly.

All telephone users should benefit from an
improvement in the quality of service. But
System X offers many new features to
suitably-equipped customers, such as direct
digital interfacing.

BT’s System X programme has been lag-
ging some 15 months behind schedule be-
cause of supply problems. But over 70
System X local exchanges are now in opera-
tion nationwide and new digital exchanges
are entering service at the rate of one every
working day. By the end of the decade, half
the BT network and all its trunk circuits will
be digital.

Even rural communities are gaining the
facilities of System X with the introduction
of the smaller UXD5 digital exchange: some
200 are now in use and a further 300 are
being installed or are on order. But seven
million subscribers will remain on analogue
TXE4 systems.

The switch-over at Wood Street took place
at lunch-time on a Friday, which is reckoned
to be the quietest time in the City. With
military precision a squad of exchange staff
completed the conversion in a two-minute
operation: tugging on handfuls of string
festooning the distribution frame, they dis-
connected the old system by pulling out
thousands of liny plastic wedges. On a
further command, with more string-pulling
they switched in the new.
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F REQUENCY DISCRIMINATOR

Analogue techniques like the charge-pump
and level detector are usually used for
frequency discrimination. These require a
d-to-a converter to make them digitally
programmable and suffer from a limited
operating range.

Digital discriminators count pulses and
then periodically compare the count with a
reference, giving a large threshold range but
requiring an amount of software that rises
with increasing input or reference fre-
quency.

This discriminator uses a programmable
timer configured as a monostable device (the

below indication. Extra software is not re-
quired and the threshold is programmable
overal:2'% range.

Input leading edges trigger the mono-
stable device. If input is slower than the
monostable’s timing, a high level is lat¢hed
inthe 7474 and if input is faster a low level is
latched. )

Pulse widths from 1 to 2! multiples of the
input clock can be programmed. Other
timers in the same i.c. package can be used
to generate the clock. This provides a very
wide range of threshold frequencies.

Adrian Godwin

TOUCH-OPERATED SWITCH

Resistive and capacitive touch switches can
give problems. When distorted by only light
finger pressure, the piezo-electric transdu-
cer produces quite a high signal which can
be passed through a Schmitt trigger to give a
clean switched output.

I used a 23-by-0.3mm piezo-electric buz-
zer element. To completely isolate the trans-
ducer, it may be glued to the inside of a
plastic container. Turning the transducer
over reverses the switch action.

G. Sullivan
Redditch
Worcestershire
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CIRCUIT 1

O Vout
TLOTC

{b)

Ve

DEAS

VOLTAGE-CONTROLLED
STATE-VARIABLE FILTER

There is a lack of a combination of transcon-
ductance amplifier and voltage op-amp on
one chip. An application for such an i.c. is
this voltage-controlled filter shown using
discrete components.

Compared with widely used switched-
capacitor networks, this design has a wider
dynamic range, higher upper frequency and

Vout

Low

SINE WAVES WITH FAST AMPLITUDE STABILIZATION

Output of this oscillator stabilizes very rapi-
dly because the feedback signal requires no
filtering. Any ripple fed back is due to
multiplier non-linearities, integrator
component mismatch, offsets and op-amp
open-loop gain limitations.

Circuits IC, 5 form a quadrature oscillator
similar to the one presented by Filanovsky et
al. Multipliers ICs g square the output; ideal-
ly, the summed output contains no ripple
(cos®x+sin?x=1). This output is compared
with the reference by IC; to produce an error
signal for controlling gain of ICq.

With frequency set to 1kHz and output at
maximum, adjust the gain-match potentio-
meter for minimum ripple at output of IC;.
Set the gain-adjust potentiometer so that
output of IC; is closest to OV. The level
potentiometer is set to give 5V r.m.s. output
and C,; is adjusted to give the flattest fre-

Level range

LF3SIN
Low leakage

quency response to 100kHz.

Output amplitude is up to 5V r.m.s. and
amplitude variation with frequency is within
0.3dB using ganged potentiometers mat-
ched to better than 1%. Distortion is about
0.2% at 1kHz.

Decoupling is needed and stray capaci-
tance should be avoided, particularly around
the LM318 inputs and outputs.

Paul W. Chisholm
Maidenhead
Berkshire

Reading

Applications of operational amplifiers, J.G.
Graeme, McGraw-Hill.

Fast amplitude stabilization of an RC oscillator,
I.M. Filanovsky et al, Wireless World, July 1982,
pp. 52,53.

+15V

Level LF351N N9
0-SVrms
10
10k 100k

gives no errors due to clock feedthrough and
aliasing.

Output voltage of the voltage-controlled
op-amp, V,, is given by V,/F where F, the
scaling factor, is 2VyR/AR,. Voltage V, is
26mVandAisl+RH/RA. .

Integrator output voltage is given by

Vour=—{Vi/F)1/,CRV,).

The resistor feeding the integrator inverting
input may be seen as a linear voltage-
controlled resistance.

With this integrator, shown schematical-
ly, the Kerwin-Huelsman-Newcomb 'state-
variable second-order active filter with three
op-amps may be altered to make a voltage-
programmable filter as shown in the third
diagram.

Resonance frequency wo and Q factor of
this filter are given by

VJ/F

o=
*" CRVRyR;
Q: V R4R3
R,

and

Any value of resonance frequency can be set
using control voltage V. and R, alone deter-
mines the Q factor.

Grain of various filter types is Ro/VR3Rs
for band-pass, Ro/R; for low pass and Ro/Ry
for high pass. Bandpass operation gives
negative output voltage; otherwise output
voltage is positive. '
Kamil Kraus
Rokycany
Czechoslovakia
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SPEECH CONTROL FOR THE SP0-256

CIRCUIT IDEAS

By replacing the usual 3.12MHz crystal
clockwithav.c.o., four programmable levels
of inflexion and manual pitch control can be
added to most speech processor circuits
using the SPO-256AL2 chip.

As the 256 only holds 64 allophones it only
has 64 memory locations and therefore only
needs six address/data lines (Dg 5). Lines Dg ;
can control a two-bit d-to-a converter, out-
put of which feeds the LS124 v.c.o. through
an inflexion-depth potentiometer. This gives
four inflexion levels. Pitch range is set on a
second potentiometer.

Mel Saunders
Leicester

150k
Inflexion
depth

————=-To SPO - 256
clock input

SWITCHING SERVO AMPLIFIER USING INTEGRATION

In radio control and robotics, so called
digital servos are normally used because
they are readily available and give good
performance not easily matched by simple
analogue servos.

This improved analogue servo amplifier is
simple, yet it performs as well as the digital
servo and allows deadband and drive-pulse
width adjustment for fine tuning. Output
switches. The trick is to combine an inte-
grating gain stage with a symmetrical
double-trigger output stage.

With a TL062 error amplifier, standby

NESE2 -

or LM358
=5V

current is about 2.5mA, most of which flows
through the servo potentiometer. By increa-
sing the value of Rq, supply voltages down to
about +2.4V can be used. The ratio of R:R;
sets the dead band.

Error measurement is done during the
motor-off period so the circuit is noise-
resistant.

J.M. Piednoir
Le Rainey
France

STEREO PHASE AND LEVEL
DISPLAY

In October’s circuit ideas, the ground line at
the bottom of the stereo phase and level
display circuit fell out of view of the printer’s
camera. The three unterminated points at
the bottom of the drawing connect to
ground.
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T TRANSFORMERS EX-STOCK [t
12/24V DC to 240V AC
zao . CON ROL - zao MAINS ISOLATORS 50125V or 25-0-25V a01sVor 15015V s00W o
Pri'Sec 120Vx2 2% 25V Tap Secs Volts 2x15V Tap Secs. Volts a0 £316.05
(60-1000V A Tap Secs) available 5,7.8,10,13, available 3,4,5,6,8,9, 1000W '£445.20
CARDMASTER CPU VA Price  P&P  15,17,20.25,30,33,40. 10,12,15,18,20.24, 0000 o
7.06 218 20-0-20 or 25-0-25V 25,27,300r 15-0-15V. 7000y £1275.75
® 46MHzZ80CPU 0 1151 231 S50V 25V Price P&P 30\?0/115;'3r1i-q415va
g 100 1343 259 05 5.01 176 e CONSTANT VOLTAGE
© CP/M compatible 200 1003 370 1 2 609 190 05 1386 141 GonpEANT MOLTACE
® User transparent MULTI-TASKING 250 23.01 3.24 ga g :gg: ggg ; 3 g-f; :;g Spike-free stable mains
© Upto 32K EPROM & 16K RAM PO WA 32 UP B 1716 25 3 6 982 210 Zo0vh o
® Watchdog crash protection 1000 e428 462 B s 2 ga-g; g:g ke B S gg? 1KVA £380.50 ,
® RS232 & RS422 Comms ;ggg gg:gg g_gg 10 20 36.66 380 g g lg ;?_gg ggg g:m _Egg?jggj;
v i 12 24 4387 380 95 2.
T K RARAAS RS o
! 9 "1150r 240V/CT seconly. o, B30 OF 00 N o 12 28 2807 298 gya £1743.35,,
® Power-on jump hardware ri2X120V.2x30V Tap 15 20 3166 351
» 400/440 10 200240 CT Secs Voltsavailable 20 40 43.22 595 ay0s & MEGGERS
® Euro-card construction 1000VA Tap S 6.8,10,12,16,18,20, 8MK6 (latest)  £160.10
NOW FROM £99 + VAT V(go 0 Pri . e‘;‘-'ss)‘P 24,30,36,40.48,60, AUTOS TT169 In-Circuit Transm;
0 11st 231 240200130030V 105.115,220230240  poq £68.40
) 60/30V or 30-0-30V For step-up or down i
CUB MICROCONTROLLER oo 1343 259 gy 30v Price PAP VA Price Pap heddrBatey (8030
- g 05 1 569 1.85 80 586 170 |vedgertran :
o 780 CPU LT 2 867 191 150 849 1g5 | uliangeAvOs Meggers
: ' 350 i o 2 4 1115 220 250 1034 198 uke. £dg
® 4 x 780a PIO’s (64 O lines) S00m  R95d5 3 3A 6 1612 234 500 1692 2.68  \ww MODEM PROJECT
1000 6428 462 ol R
e 780aCTC 1500 82.92 5.95 ?, g 13 ;ggg g‘;’g :ggg §2Zg ggg Transformers T1, T2
© 4K Battery backed RAM (2K sup.) gggg S Ggﬁ 6S 12 2650 3.02 2000 “5109 a6z |T7-39palrincVATEAR
® 4K EPROM (2K MCV2.0sup.) 5000  298.89  OA 13 S janes S8 2009 1?3-% 56/75 METAL OXIDE VaW
h 37 3. I . ;
o Powerful monitor (MCV2.0) e capia 12 24 49.98 465 5000 13133 OA 152/ ;‘OESég‘TCiRﬁ ?2";88,
e Eurocard construction 2012V so Pl 240V SPLITBOBBINTYPES 7900 20271 OA 430 5190, 560, 1K, 1K1,
oS T0KVA  239.53 OA  1Kk3 “1ke. 1K8, 2K. 3K
12v 24y Price &P GVAILO LOOVA ech 3KI. 15K, 16K, 24K, 27K,
osts o = o ezoosg\:;’: 210 give 6V of CASED AUTOS 39K, 56K, B2K. 100K,
05 025 308 777 eg.08YX2I0s 240V Cable Input T10K. 120K, 130K. 150K,
NOW FROM £86 + VAT 3 o i o 45V X 2;6V 2 115V USA socketoulels 2001, 220K, 270K. 300K,
4 2 594 1.90 7.5V x 2;9V x 2 fICE) 10 values mixed  £1/100
STARBURST V1.31 CMR16 NOW FROM g4 3 gamgo  USLBENX? G 0% 15 amocenectiens
LER‘ FOR £165.00 iole o Wiye o VA Price Pap 150 1467 3'32 1A 200V .32
. ey 5 j 28 200V 52
A CROSS ASSEMB : (6] - : : 5os 5 1573 260 gVA ggg ! gg 220 el " 2 T
CP/M80 covers four major Bare PCB'’s Avaitable 2 19 gl‘;:‘; g'?o e 306 160 1000 4020 434 1257 500V £362
i f i ; LTI, : ‘90 2000 7333 528
families of single chip uP’'s and 1+ 10+ 4 20 3756 777 28 I 300 3000 10526 OA  VARIABLEAUTOS
utl's Cc/MCPU 28.50 25.65 gg 3? gggg ggg “100VA 917 220 110 75A Enclosed
* 8048 inc. 8741/2 8748/9/50 C/M /O 28.50 2565 “hot 4 5V - 210254%3(:'!’ARL|MARY Calibrated 0-250V
» 8051 inc. 8031/2 8751 8744 cuB 23.50 21.15 96/48V. Pri 2x 120V ACSONALVEMAINS] 14,8.0,8,14V SEC PLEASE ADD 15% VAT TO
6801 i 6800/1/2/3 68701 : : Secs 2x 36/48V OUTPUT & MATCHIN 20VA £3.45 .98PP ALL ITEMS AFTER P&P
* INE. CMR16 40.00 36.00 60.72,84.96.36-0-36V TYPES
* 6805 inc. 68705 63705 . or 48-0-48V Stock tems by etun BARRIE ELECTRONICS LTD
: ) 72/96 36148V Price P&P
Supplied with a complete set of Manuais on request v o Kot o BVATOTSKVA 1 OR 3
R R 2 A 4 1696 254 phase Pius Toroidals B
. A%emsgg;a\‘;?n 2"‘225 o0 ! (IENLC ELE%TRONIFQS ) VI gy Unit 211, Stratford Workshops,
. 5 itt ton ad, 4P 8 2622 289 Finger screw termmals
TARB 3 s e IOPIONHIO 55 10 3722 370 1-10A or 0-30V DC Burford Road, London E152SP
+ VAT Thelnetham, DISS 1P22 1JN. 6 12 4661 3.99  78x89mm £3.98 each ;
Requires Z80 CPU Tel: 0379 898313 8 16 5085 420 50p PAP Tel: 01-555 0228 (3 lines)
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POWER SUPPLIES

The TS3021 and TS3022 are Single and Dual
Laboratory Quality Linear power supplies
incorporating the following features:

0 to 2 Amps at 0 to 30 Volts (Dual on TS3021)
Dual 0.5" LCD display (Quad on TS3022)
Constant current mode

Switched DC output

Coarse and fine controls

Output protection against forward and reverse
voltages

Load and line regulation better than 0.01%

@ LCD display ensuring minimal RFl and
interference

TS3021 £150 + VAT TS3022 £280 + VAT

For further information contact:

Thandar Electronics Ltd., London Road, St. Ives,
Huntingdon, Cambridgeshire PE17 4HJ.
Telephone: 0480-64646. Telex: 32250.

ELECTRONICS LIMITED

CIRCLE 12 FOR FURTHER DETALILS
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PINEAPPLE SOFTWARE

Programs for the BBC models ‘B’ with disc drive with FREE updating service on all software

DIAGRAM

Still the onty drawing program available for the BBC micro which gives you the ability to draw really large
diagrams and scroli them smoothly around the screen stopping to edit them at any time if required

Pineapple’s unique method of storing the dragram information on disc means that the size of diagrams is
limited only by the free space on disc, and not the amount of computer memory you have available, (A blank
80 track disc will allow up to 39 mode 0 screens of diagram).

The superb print routines supplied with the program enable large areas of the diagram to be printed in a
single print run in a number of different sizes and rotated through 90 deg. if required. Full use can also be
made of printers which have a wider than normal carriage available

The program is fully compatible with the Marconi Tracker ball described below

PLEASE STATE 40 0r 80 TRACK DISC & WHETHER STANDARD BBC or MASTER VERSION ISREQUIRED
PRICE £25.00 + VAT

DIAGRAM UTILITIES

Asuite of six utility programs which add additional features to the ‘Diagram’ drawing program. The utilities
include the saving and loading of areas of diagram to and from disc. The ability to display the whole of your
large diagram on the sCreen at one time (in either 4%4 or 848 screen format). The addition of borders and
screen indents to diagrams, and the ability to shift a whole diagram in any direction.

PRICE £10.00 + VAT

PCB

This new release from Pineapple is a printed circuit board draughting aid which is aimed at producing
complex double sided PCB's very rapidly using a standard BBC micro and any FX compatibie dot-matrix
printer.

The program is supplied on EPROM and will run with any 32k BBC micro {including Master series). Aiso
supplied is a disc containing a sample PCB layout to demonstrate the programs features

By using an EPROM for the program code the maximum amount of RAM is available for storing component
location and ASCHl identification files etc. (Up to 500 components and 500 ASCII component descriptions
may be stored for a given layout). These is no limit to the number of tracks for a given PCB, although the
maximum size of board Is restricted to 8" % 56"

Using a mode 1 screen, tracks on the top side of the board are shown in red, while those on the underside
are biue Each side of the board may be shown individually or superimposed. A component ptacement screen
allows component outlines to be drawn for silk screen purposes and component numbers entered on this
screen may be displayed during track routing to aid identitication of roundels.

The print routines allow separate printouts of each side of the PCB in a very accurate expanded definition
1:1 scale, enabling direct contact printing to be used on resist covered copper clad board

This program has too many superb features to describe adequately here, so please write or ‘phone for more
information and sample prinouts

PRICE £85.00 + VAT

MARCONI TRACKER BALL

This high quality device comes with it's own Icon Artmaster drawing program and utilities to enable it to be
used in place of keyboard keys, joysticks, or with your own programs.

PRICE £60.00 + VAT p&p £1.75
PRICE INCLUDING ‘DIAGRAM’ SOFTWARE £79.00 + VAT p&p £1.75

CONVERTER LEADS

Converter leads to enable the Trackerball to run mouse software and the mouse to run trackerbail software
(inc. DIAGRAM). Please state which way round when ordering.

PRICE £8.00 + VAT

TRACKER BALL for MASTER series

The Pointer ROM is supplied instead of the Icon Artmaster disc and enables the Tracker bali to work
directly with the MASTER series computers. (e.g. to use with TIMPAINT etc ). Prices are the same as for the
standard tracker ball

BASIC COMPILER

Use our Basic Compiler to produce direct 6502 machine code programs and ROMs for your own Basic
programs. Speed increases of up 10 25 times are achieved.

PRICE £25.00 + VAT

POINTER

The Pointer Rom is available separately for people already owning tracker balls, and comes with
instructions for use with the MASTER computer.

PRICE £12.50 + VAT

39 Brownlea Gardens, Seven Kings, llford, Essex 1G3 9NL.

ALL ORDERS SENT BY
RETURN OF POST

= Tel: 01-599 1476
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Digital Decwriter Type LA30P £80
Cintel Mutual & Self Inductant Bridge Type 1854 . £40
Marconi  Programmable FM/AM  Modulation Meter

Pye Base Station Type F30AM High Band & Low

and. £220
Pye Base Station Type F30FM High Band & Low
Ban 250

Type TF2301 .. £140 Pye Base Station Type F401 AM High Band & Low
Marconi Suppressed Zero Voltmeter Type TF1377 £20 B8and £300
Telequipment Oscilioscope Type D31, .. £45 Pye Reporter  Type MF5AM ngh Band & l;:%vs
?;ggg ;ﬁ:{ Channel instrumentation Recorder ggg Pye Olymplc Type M201 AM ngh O IE%V;
Phiips  Transistor Leakage Curren( Meter Type Pye Mo(oione Type MF5AM ngh Band & Tou
PM6509.. . £55 Band. £45
Telequipment Oscilloscope Calibrator Type CI £30 Pye Westminster Type W15AM High Band & Low
Wayne Kerr DC Differential Voltmeter Type M40 £85 Band. 550

Pye Westminster Type W15AM Mid Band,
Pye Westminster Type W15AM Arr Band Crystaled 3
channels, complete.

Ferrograph Senes Seven Stereo Tape Recorder ....£95
Rohde & Schwarz Frequency Indicator Type

BN47051 o £50 Pye Base Station Type FOU UHF . £90
Rohde & Schwarz Selektomat Type BN15221/2 ... £50 Pye Base glanon Ppe ’F:QAé/I High BBandd £90
Rohd Schwarz Times Ten Frequency Multiplier Pye Base Station Type F25FM HighBand ... ... £90
To EBNB:,M(;; 2 Dasrequencystiy p€50 Pye Base Station Type FA12UHF .. .. £200
ype : Pye Base Station Type F414 UHF. . €200
Marconi Programmabie RMS AC/DC Volitmeter Type e Base Station Type F461 UHF. ,290
TF2607A . £30 ! T Base Station Type 30LRU43A UHF ...
Heathkit R-C Bridge Model C-3U €15 Pye Pocketfone Type PF2FM High Band & Low Band
Schwarz P thesizer 0.01 Khz - 120 Less Mike, Battery & Aerial
R pa COI SVt e 2er g Pye Pocketfone Type PF2AM High Band & e
Khz.SSN . - ..£200
Band, Less Mike, Battery & Aerial . £25

Philips Voit/Ohm Meter TVDE GM600" - £20 Pye Pocketfone Type PF2UB UHF Less Mike, Banery
Hewlett Packard Oscilioscope Type 183A £250 & Aenal.. ..
Hewiett Packard Logic Analyzer Type 5000A. .. €120 Pye Pocketfone Type PF5 UHF Less Battery ... £25
Tektronix Storage Oscilloscope Type 5648 £150 Pye Pocketfone Type PF8 UHF Less Battery. ..... £45

i i Pye Pocketfone Type PF9 UHF Less Battery. ... £45
Krohn Hite Oscillator Model 4141R . .. £45 %

d Pye Pager Type PG1 AM High Band .£35
Avo Universal Bndge Type B150 £85 Pye Mains Power Unit Type AC200 . £1 20

Rohde & Schwarz Polyskop 1 Type BN4344 . £100 £85
Advance Power Unit Type BRM 40-05, 0-40v amp £60 Pye Wesiminster Type W30AM Low Band Compiete

A d P nit T BRM 40-30, 0-40v with control gear .. 45
" ower Un by £120 Pye Westminster Type LW15 FM High Band Less
£30

Pye Controller Type PC1

30amp

control gear
Avo Transistor & Diode Tester Type TT537 .........£35 Pye Westminster 2dvolt to 12volt converters . £12
Teleguipment Oscilloscope Type D43 £85 Pye Pocketfone Receiver Type PF1 UHF Less
Texas Silent 700 printer £40 Batte: £6

ry -

Tektronix Display & Keyboard Unit Type 4010-1 .. £100 gyg Pocketfone Type PF1 Rx/Tx with manual \gzsg
attery

Weather proof mobiie P.A. speakers 9" with mountmg

bracket, 8 ohm 15 watt

‘DIGITALKERS’ Aitech UHF Filter Duplexer, 3 Cavny Type Model
8 Bit Parrel Input. Mains 240v, Complete with data £10 M450-3A/14 £25
PLEASE NOTE itis illegal to operate a transmitter with

outalicence

Ex. Equipment Instrument Fans 412" 110 vac £2 each

IN VIEW OF THE EXTREMELY RAPID CHANGE TAKING
PLACE IN THE ELECTRONICS INDUSTRY, LARGE
QUANTITIES 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. Henson Lid.

21 Lodge Lane, N. Finchley, London, N12 8JG.
5 mins. from Tally Ho Corner

Telephone: 01-445 2713/0749
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240 vac £4. each
Diodes 1N5406 10p each, 100 off £5, 1000 off £30

Screws Pack of nuts, washers, tags self taps etc Sold
by weight £2 00 per Kilo

Secondhand Pye equipment does not meet DTI
approval. Al sets are sold less crystals, mikes,
speakers, power leads efc. unless otherwise stated
CARRIAGE on RT equipment — Mobiies £2.00 each,
Base Stations £15.00 each Please add VAT to the
total order including carriage.

B. BAMBER ELECTRONICS
5 Station Road, Littleport, Cambs CB6 1QE.

Telephone: Ely (0353) 860185

Callers welcome by appointment Mon-Sat until 8 pm.

N
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LOW COST UNIVERSAL PROGRAMMER
EPROMS EEPROMS MICROS

® Completely seli contained unit ® Eproms

® No personality modules required 2508/16/32/64

® Controlied via RS232 sena! interface 2758

® Supports Intel, Motorola and Ascit 2716/32/32A/64/64A/128,
nex data formats 128A/256/512/513

® Easily controlled by most computers 27C16/32/64/128/256/512

® Fast and standard programming modes 68732.64/66
® Low and high byte programming for 16 bit data
® Byte bilock and chip erase for Eeproms ® Eeproms

B 2816A/64A 52B13/23/33 48202

Micro Concepts

2 St Stephens Road -

® Micros
8748/48H/49/49H

Tel: 0242 510525

Cheltenham - Glos + GL51 5AA

CIRCLE 28 FOR FURTHER DETAILS




C-mos failure
mode
confirmed

Recent work at BT Research
Laboratories at Martlesham
confirms a theory about how
c-mos integrated circuits break
down when they are subject to
electrostatic discharge. The
assumption has been that such
transients drive the protection
diodes into second breakdown
where heating melts silicon and
produces a conductive channel
which then shunts the gate in
question. This can happen either
as the result of a single high-
energy transient or cumulatively
from a number of lesser static
discharges whose total energy
exceeds a certain value. In this
last case the junction behaves as
if each current pulse causes the
defect to grow a bit further, likea
sort of filament.

Confirmation that this is
indeed the mechanism has come
now from a mathematical model
that predicts the behaviour of
real circuits under different
transient testing regimes. Two
methods are used: one in which
fixed pulses are applied to a
c-mos gate until failure occurs,
the other using a sequence of
progressively higher voltages to
the same end. Chip failure is
arbitrarily defined as a leakage
current greater than 1pA.

The BT group predict from
their mathematical model that
there ought to be a clear
relationship between the results
of the two different methods of
i.c. testing. Not only that, but it
ought to be possible to precisely
predict the conditions under
which any particular i.c. type
would fail. Experiments in which
dozens of circuits were carefully
and systematically written off
have demonstrated that this is
the case. They have also shown
beyond reasonable doubt that
c-mos circuits break down in
exactly the way that had been
assumed.

Uncluttered
radar returns

As part of a programme to de-
velop its Blue Vixen doppler
radar Ferranti engineers have
found a new way to get rid of

unwanted reflections from the
ground. It was such reflections
from objects like cars that lead to
severe problems with the Nim-
rod early warning system.

Ferranti are employing a new
approach to software develop-
ment, historically the most diffi-
cult part of complex radar de-
velopment. Instead of taking an
aircraft aloft each time a test run
is needed, the Ferranti team have
brought the radar scene down to
earth using high-density recor-
ders. Developed by Ampex, these
machines record data during a
test flight at 20 Mbyte/s which
can then by played back on the
ground to exercise the radar soft-
ware as often as desired.

The software validation pro-
gramme has paid attention to the
problems of land/sea interfaces
and the need to reject echoes
from fast moving vehicles. In
conjunction with the Royal Sig-
nals and Radar Establishment at
Malvern, Ferranti are accumu-
lating a design archive which will
not only validate the software for
their own Blue Vixen doppler
radar project —as used on the Sea
Harrier — but also accelerate the
design of a new radar for the
European Fighter Aircraft (EFA).

World’s
strongest
magnet?

A research team at the Mas-
sachussetts Institute of Techno-
logy has produced what is
claimed to be the world’s most
powerful magnetic field. The sta-
tic in question is 336,000 gauss,
that’s getting on for 700,000
times more powerful than the
earth’s magnetic field.

This phenomenal magnetic
field is in fact the product of two
electomagnets in one. The first is
a more-or-less conventional unit
with water-cooled windings. It
consumes a mere nine mega-
watts of power. The second mag-
net uses niobium wire, rendered
superconducting in liquid
helium. The two fields are com-
bined and concentrated in a
3mm gap between two rods of
holmium.

The purpose of the device is
not to break records but to study
the properties of electrons in
semiconductors as part of a re-
search programme into new

'RESEARCH NOTES

materials. Professor Lawrence
Rubin, who heads the work, is
now determined to make an even
bigger magnet, though not
simply to break records. Three
millimetres is a very small space
to do much in the way of experi-
ments, so it’s now necessary to
construct a unit with the same
magnetic field operating over a
larger volume. This next genera-
tion super-magnet may not ex-
ceed the record gauss rating, but
at $2 million it could well be the
world’s most expensive magnet.

Solar cell costs

Every month sees the announce-
ment of some development that
pushes the efficiency of solar
cells a little bit nearer the magic
25%. But for the end user the
cost per watt still remains obsti-
nately high. A new development
from the University of Erlangen-
Niurnberg in Germany now
promises to combine improved
efficiency with low fabrication
costs to bring the price down by
half.

The cell consists of a layer of
silicon dioxide grown onto a p-
doped silicon substrate from
which aluminium contacts ex-
tract the powder. These are ap-
plied using an inexpensive
mechanical mask. The real key,
however, to the low cost is a
vapour-deposited silicon nitride
layer. This gets round the usual
lengthy high temperature diffu-
sion process necessary to create
the p-njuction. The nitride film,
when chemically treated with a
caesium solution, forms a sort of
‘induced’ p-n junction, at the
same time as protecting the cell
from corrosion and ensuring
maximum absorption of light.

At present the electrical effi-
ciency of these polycrystalline
cells is about 14%, a figure which
the Erlangen group think can be
improved to about 17%. They
also hope to see the cells in
commercial production some
time next year.

Fluorescent
lamp u.v.
radiation

Research al the UK’s National
Radiological Protection Board

. has recently dispelled anxieties

about possible health hazards

arising from long exposure to
fluorescent lamps. These lamps
generate their light from phos-
phors which act as wavelength
converters, absorbing the neces-
sary energy from ultraviolet
radiation produced in a low
pressure mercury vapour dis-
charge. It has been known for a
long time that u.v. radiation
especially of short wavelength
can lead to photokeratitis (arc
eye) and malignant melanoma
(skin cancer). Concern has
therefore centred on the fact that
fluorescent tubes inevitably emit
a small amount of u.v. radiation
in addition to the wanted visible
light. NRPB scientists tested a
whole range of different fluores-
cent tubes, selected at random
from different production batch-
es. The same tubes were also
tested after 100 hours’ use.

With all tubes there are inevit-
able peaks of u.v. output at the
mercury spectral lines of 313nm
and 365nm. though ‘warmer’
coloured tubes generally have a
smaller output than ‘cool’ ones.
For most tubes the u.v. output
appears to decrcase with age
faster than the loss of visible
light, possibly due to a photo-
chemical reaction which makes
the glass less transparent in the
u.v. region.

At no time, however, does the
u.v. output of any tube come
near the limits adopted in the UK
for occupational exposure. This
appears to be so even at the
lighting levels recommended for
machine shop areas (1000 lux). It
can therefore be assumed that no
danger exists from any visible-
light fluorescent tube under nor-
mal conditions of use.
= ]

Locating
lighting strikes

To evaluate protective measures
against lightning the Electricity
Council’s Research Laboratories
at Capenhurst have devised a
systemn that plots the occurrence
of lightning strikes in real time.
It makes use of the fact that
lightning generates powerful
electromagnetic pulses in which
the bulk of the energy is concen-
trated at frequencies between 1
and 100kHz.

Three special d.f. stations lis-
ten out on a frequency of 2kHz
for the characteristic ‘signature’
of a lightning strike. Each sta-
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tion uses a combination of loop
antennas to compute the bearing
of the strike to within 0.05 de-
grees. This information is then
fed by telephone line to a compu-
ter at Capenhurst which gener-
ates a ‘fix’ by combining the
information from all three sta-
tions. Strike data arriving within
any 2.5 ms window are assumed
to relate to the same event.

The output appears on av.d.u.
as a series of crosses superim-
posed on an outline map of the
UK from which it is possible to
watch a storm as it develops and
moves across the country. The
information will be available
directly to local electricity
boards and also archived for
future reference.

Laura Scott, who heads the
project, says that the informa-
tion will make it safer for lines-
men working up pylons and may
also allow power to be diverted
away from a line that is
threatened by a storm.

Lightning costs the electricity
supply industry £1 million per
year in damaged equipment and
lost revenue.

Fusion — ‘when’
rather than ‘if’

Another step in the race to
generate a useful amount of pow-
er by nuclear fusion was taken
recently by a research group
working at Princeton University
in the USA. In their tokamak
reactor they generated a temper-
ature of 200 million degrees cel-
sius for a third of a second. That
is ten times hotter than the
centre of the sun and the highest
temperature ever recorded in a
laboratory. Such temperatures
are necessary to make hydrogen
atoms fuse together to produce
helium and, in the process, re-
lease energy. (Solar fusion can
occur at lower temperatures due
to the huge gravitational force).
During the short time the Prin-
ceton reactor was able to sustain
the high temperature, an esti-
mated 10 x 10*2 hydrogen atoms
fused, releasing about 10kW of
energy. Had the experiment used
a deuterium/tritium mixture,
this might just have topped
IMW.

Although nuclear fusion did in
fact take place, the overall effi-
ciency of the reactor is still far
below unity. The hydrogen plas-
ma had to be heated ohmically,
by r.f. energy, and by the injec-
tion of energetic particles. This
last method alone consumed
17MW of power. Yet fusion scien-
tists are now talking about
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‘when’ rather than ‘if’. The Euro-
pean tokamak reactor at Culham
in Oxfordshire still holds the
record for the longest sustained
plasma confinement — a factor
just as important as ultimate
temperature.

So if safe, clean, inexhaustible
fusion power isn’t just around
the corner, it is at least making
the sort of steady progress that
justifies the confidence of those
working in the field.

Auto speed trap

Over a hundred years ago the
first traffic lights — gas powered —
blew up. Fifty years later they
made a comeback, then electri-
cally powered and controlled by
pressure pads set in the road.
Now work at the University of
Manchester Institute of Science
and Technology, the University
of Sheffield and the Transport
and Road Research Laboratory-is
on the verge of creating a third
generation of traffic control sys-

tems.

Instead of pressure pads, a
system has been devised which
enables information to be taken
from a video camera so that
passing vehicles can be counted
automatically and their speeds
measured accurately. If a com-
mercial manufacturer can be
found, the image anlaysis of Trip
(traffic research and image pro-
cessing) should lead to greatly
improved traffic control. Team
leader Dr Michael Hartley of
UMIST anticipates that this
might well require a venture
capital sum of over £2 million.

The work so far has involved a
system to analyse pictures from
tv cameras mounted on motor-
way bridges and high buildings.
This research has thrown up
many problems associated with
variations in lighting and a high
data rate. Trip has nevertheless
now reached a stage where it can
recognise even small motorbikes
under the foulest weather condi-
tions.

Film \'rs' h.d.tv

Although the Japanese 1125-line
60-Hz h.d.tv system failed to
achieve world-wide acceptance
at the CCIR meetings last May, it
has succeeded in wakening up
the film industry to the need to
consider new technology and
techniques that could provide in
cinemas greatly improved pic-
ture and sound quality. Last year
the Society of Motion Picture &
Television Engineers (SMPTE)
set up a powerful study group to
consider the possibility of chang-
ing the frame rate of cinema and
television films from the long-
established standard of 24 frames
per second to the 30 frames per
second already used for some TV
film commercials in the USA.

The use of 30 frames (60 im-
ages or “flashes” a second) per-
mits much brighter and crisper
pictures without introducing
any perceptible flicker. At pre-
sent British cinemas rarely use
screen brightness levels more
than about 12 foot-Lamberts,
compared with the 16 ftL of
many American movie-houses.
One result is that British film
producers admit that their films
look better when shown in the
USA. The adoption of 30 frames
would permit screen brightness
to be raised to over 20 ftL.

The SMPTE have also been
studying the possibility of multi-
channel digital sound recorded
on compact discs (or digital au-
dio tape?) electronically tied to
the film bty the adoption of the
television \'"TR-editing technique
of time-coding each frame. With
this system the sound would not
lose sync. even if the frames had
been cut from the film or reels
projected out of sequence.

For European tv, a 30 f.p.s.
film standard would end the
practice of running 24 f.p.s. film
at 25 f.p.s. to facilitate the use of
flying-spot telecines, but at least
some television engineers would
welcome 30 f.p.s. film though
opposed to a 30 f.p.s. (60 Hz) tv
production standard.

World’s smallest
windmill?

According to a press release issued
by the Department of Energy, two
major wind energy projects are un-
der way. One is a 3mW (sic) 60m
diameter horizontal-axis machine
in Orkney whilst the other is a novel
25m vertical axis machine at Car-
marthen Bay. Negotiations are said
to be well advanced for a ‘1 mW
stretched version’ at Richborough
in Kent. Should be enough to power

about three pocket calculators.



FFT

David Gibson (Letters Sept.86) is
being unfair to the Fourier trans-
form! The Fourier transform,
put simply, is a mathematical
tool which can transform or
‘map’ from one domain to its
inverse. Frequency and time are
inverse domains, and so the
Fourier transform can be used to
map from one to the other. There
are limitations to what the trans-
form can handle, (many of which
are overcome by using the La-
place transform — but that’s
another story), but low-pass fil-
ters whether real or ‘perfect’ are
not among them.

A non-repeitive frequency do-
main function, such as low pass
filter (1.p.f.) whose frequency re-
sponse never quite reaches zero
at any frequency, has a finite-
length time-domain transform.
This is the realm of real filters. As
a filter approaches perfection,
and has more and more ultimate
attanuation, the time-domain
response last longer and longer
(the filter ‘rings’) and in the
limit, a perfect filter with infinite
attenuation in the stop-band
would have an infinitely long
time-response (it would ‘ring’ for
ever). The Fourier transform of
such a frequency response is
sint/t where t is the reciprocal of
the filter bandwidth.

A feature of all time-domain
transforms is that they are sym-
metrical about t=0, and so there
is apparently as much response
before t=0 as afterwards.

This leads to the realisation
that the ‘well known phe-
nomenon’ mentioned by Mr Gib-
son that the Fourier transform
predicts that a perfect L.p.f. hasa
time response which begins be-
fore the impulse at t=0 is going
to be true also for real l.p.s. So
what has gone wrong?

The answer is that this is a
misapplication to the transform.
The process of predicting a fil-
ter’s time-domain response re-
sulting from an excitatory im-
pulse involves convolution. It
would need a complete article to
satisfactorily explain what con-
volution is; however the salient
features of convolution are as
follows:

a) it runs tor the time interval
required for the resulting im-
pulse response to die away to
zero. Let us call this time

interval t.

b) as the convolution proceeds,
the excitatory impulse is scan-
ned from 0 to t in the time
domain, while the filter’s
time-domain response* is
scanned backwards from t to 0
Fourier transforming the con-

volution gives us

FIf(t)*h(t)]=Ff(r).Fh(t-7)
=F(w).H(—w")

where T runs from 0 to t (1)
during the convolution

F represents the Fourier trans-
form, and * represents convolu-
tion.

If f(t) is the vanishingly short
unit impulse, and h(t) is the
wanted response to this impulse,
then the L.H.S. of equation (1) is
simply equal to h(t). On the
R.H.S. of the equations, Ff(t) is
unity, and so we can rewrite
equation (1):

h(t)=H(-w’) (@)

What equation (2} says is that the
impulse response is given by the
inverse Fourier transform of not
H{(w) (the frequency response)
but H(—w’), the frequency re-
sponse run backwards, with an
offset of t. Now t is simply the
time required for the impulse
response to delay to zero, so we
take the inevitably symmetrical
H(w), reverse it, and move it so
that t=0 correspondents with
the point where the response
reaches zero.

As the 1.p.f. response becomes
steeper, t becomes longer, and
tends towards an infinitely large
value for a perfectly steep filter.
This accords with experience,
which is that the sharper the
wanted filter cutoff, the more
elements the filter requires, and
the larger the group delay be-
comes. The mystical perfect fil-
ter would need infinitely many
elements, t would be inifinite,
and so the filter would never
given any output (thereby never
having a chance to ‘ring’ inde-
finitely as suggested earlier in
the analysis)

BrianJ Pollard
Watford

*i.e. the time response to a
vanishingly short unit impulse —
the response we are interested in
deriving.
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Relativity

Professor Butterfield has pre-
sented a welcome and delightful-
ly simple approach to explaining
the seeming oddities of relativ-
ity. 1 am. I confess, still not fully
convinced of the “correctness” of
the whole concept (Butterfields’
article aside).

The invited assumption that
“energy has inertial mass” is not
at all straightforward (like the
reasons to assume ¢ is constant).
[ would suggest the only reason
it seems to be more acceptable is
that from experience we know it
is worse to be hit by a fast moving
object than by a slower moving
object. To hedge a ‘little’ extra
mass on top of this is, I suppose,
more easily grasped. However, to
explain it (this small extra mass)
one needs the results based on
this assumption! (equation 5).

The evidence in favour of re-
lativity is overwhelming, con-
sidering observed effects in nuc-
lear physics (e.g. particle decay
times) and astronomy (gravity
lens), yet | feel sure most people
would agree that although re-
lativity gives a possible (and
quite usable) explanation for
observed events, it does not give
a reason and is far from com-
plete.

Indeed, if one were to assume
our hypothetical observers were
blind, and must use sound to
transmit and perform the neces-
sary logical steps, we see that
these poor observers believe
their object has disappeared
upon reaching (or passing) the
sound barrier: all talk of aether
and such aside, no convincing
could persuade our blind friends
that the object was still there.

Despite my allegiance to re-
lativity, P'm still anxious to know
whether anyone has tried, for
example, weighing a spinning
centrifuge rotor or a very large
charged capacitor to measure
any weight differences between
the high and low energy states.
Other relativistic ideas which
bother me are, I'm sure, often
suggested brain teasers, such as
“What happens to a top spinning
at a high angular velocity?” or
what happens to the magnetic
field of a superconducting ring as
it is lowered into a black hole?”

[t seems gravity is inextricably
invoived, and will remain a dark
horse until a grand unified

theory is put forward. I fear, that
by then, the mathematics will be
quite incomprehensible to this
humble reader. Meanwhile, time
has once again won by eluding
true definition, and quietly slip-
pingby.

Michael J Snoswell

Adelaide, 5067

South Australia

Professor Butterfield is being
fishily eel-like with his shoals of
evidence, and apparently cannot
digest the worm which he nib-
bles at. In all my letters over the
past couple of years or so [ have
never doubted Einstein, and my
attack has been an effort firstly to
enlighten those who do not
understand the matter, and
secondly to enable the specialists
of the world to understand it
better than they do, and that
without inaccurate presump-
tion.

Before wielding my two-edged
fishing rod with its horse’s head
handle, let me congratulate the
Prof. upon coming up with crea-
tion and catastrophe as a vital
part of the picture (poor Albert)
even if he only did it subliminally
with a Freudian slipping clutch
like the monetarist snake!

The Prof. states: “Since a pack
et of energy should not be instan-
taneously movable from A to B as
we see it, then it must have
inertial mass!”

NOT SO, Prof.: if the energy is
carried by a wriggling device
which has inertial mass, it will be
similarly delayed. Can’t you see
that? Such a device is the LSM,
the basic postulate which Ein-
stein seems to me to have had at
the back of his mind when he
stated that he could not conceive
an empty space with nothing in
it, a postulate which he found
difficult to communicate to the
specialists of the world because
he had not completed his con-
cept. | say again, back to the
drawing board, Prof.!

The concept at which I believe
Einstein would have arrived, had
he had enough time, is in the
hands of Mr Editor who might
publish it when and if he sees fit,
or may not because it is better for
improvement of mind to come
from within by personal solving
of the puzzle, rather than from
without: logic which is a part of
personal experience i1s more easi-
ly believed than that which is
provided by others.
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I recommend that Prof. But-
terfield differentiates again in
order to clarify his mind by
separating energy from mass, so
making it an individual entity: he
might then learn something to
his advantage (which simplifies
his envisaged mind-boggling
rules) and discover how Einstein
evolved out of Newton without
denying him. A second further
differentiation will bring him to
time alone, and there is nothing
simpler than that.

Finally, 1 congratulate Prof.
Butterfield in recognising (if
again subliminally) that 1 am a
Leo, but crouching in his den
and lying in wait!

James A. MacHarg
Wooler
Northumberland

In his June article ‘Relativity
Simplified’ Professor Butterfield
attempts to derive Special Re-
lativity by considering acceler-
ated motion rather than uniform
motion (i.e. motion in which no
internal stresses are generated).
By so doing he completely
obscures Einstein’s major
achievement. That achieverment
was to realise (with some assist-
ance from Minkowski) that the
contemporary view that in a
vacuum electromagnetic effects
propagate as waves in an ether
could be replaced by the view
that in a vacuum the propagation
of electromagnetic and gravita-
tional effects is determined by
the geometrical structure of the
space-time continuum. This
view takes some swallowing, but
I do not believe that any consis-
tent picture of Special Relativity
can be developed without it.
Generalisations which attribute
increasingly elaborate structures
to the space-time continuum
underlie not only Einstein’s very
successful theory of gravitation,
but also the much more recent
developments in the theory of
the early history of the universe.
In all these theories the idea of
simultaneity (i.e. of a universal
time) has to be abandoned.
However Special Relativity re-
tains reasonably close links with
classical physics because in its
simultaneity remains a valid
concept in any particular inertial
frame. The weakness of most
presentations of the theory is
that no attempt is made to find
an explicit expression for the
effect of simultaneity break-
down, and Professor Butter-
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field’s is no exception. 1 have
given the required expression
elsewhere'”. His statement, at
the beginning of the section
‘Simultaneity and measuring
rods’, that ‘the length of an ob-
ject must be defined in terms of
simultaneous measurements at
the two ends’, is therefore incor-
rect. Instead this is merely a
convention, and a bad one at
that, since it leads to all the
familar difficulties with the
assertion that the length of a rod
changes as a result of its motion,
even though it is free from inter-
nal stresses.

In the section “Light and the
‘Impact Theory™ the moving
clock can be regarded as passing
two distinct clocks at rest in the
L, frame at the positions x; and
X5. These encounters remain dis-
tinguishable events in the frame
L, of the moving clock however
fast it moves, even though in that
frame the measured time inter-
val between them may be very
small. Thus all his conclusions
about ‘impact theory’ are simply
special pleading. It is true that
the ‘interval’ in space-time be-
tween any two events on the
world line of a photon is zero, but
in this complex four-
dimensional space the statement
turns out to embody Einstein’s
hypothesis about the invariance
of the velocity of light.

[ have little doubt that the key
to understanding Special Re-
lativity is to concentrate on un-
accelerated motion and on
events. Accounts in terms of
such concepts as time diltation
(time intervals), and especially of
the so-called Lorentz-Fitgerald
contraction (space intervals)
tend to run into difficulties,
which can usually be resolved as
soon as one takes the trouble to
specify the events involved.
C.F.Coleman
Grove
Oxfordshire

Reference
C.F. Coleman, Eur Jour. Phys.
4(1983)240-247

In view of the interest in relativ-
ity shown by many Wireless
World contributions, it is oppor-
tune to draw attention to the
experimental discovery reported
by E.W. Silvertooth in the 14th
August issue of Nature. His find-
ings are important because they
clearly invalidate Einstein’s
Principle of Relativity. I have had
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the opportunity of discussing
this experiment at some length
with Mr Silvertooth and offer the
following comments on its sig-
nificance. ’

Essentially, it has been found
that the spacing between nodes
in a standing wave set up by two
oppositely-directed light rays
from the same laser source varies
with orientation of the appar-
atus. The effects observed, which
were monitored over several
months, indicate a detection of
the Earth’s motion relative to the
preferred frame in the direction
of constellation Leo, at a speed
indicated by a typical measure-
ment to be 378 km/s. This should
be impossible according to Ein-
stein’s theory.

The feasibility of the experi-
ment, which was sponsored by
the US Air Force, depended upon
the prior development and fab-
rication of a special type of stand-
ing wave sensor, described in
Applied Optics in 1983°. This
could scan through the laser
beam and detect the position of
the standing wave nodes with
high precision.

Crucial to the justification for
the experiment was the realiza-
tion that the null finding of the
19th century Michelson-Morley
experiment is not a conclusive
test of light speed anisotropy. It
merely tells us that the round-
trip transit of a light signal over a
given distance is invariant with
motion or change of orientation
of the apparatus. Though consis-
tent with isotropy, this can
equally be consistent with ani-
sotropy, meaning that the light
speed in opposite directions
along any diven orientation of
the light path and referenced in
the preferred (ether) frame can
be the same, but that it might
vary with the orientation. There
could be physical interactions
between the two waves that set
up the standing wave system,
modifying the common light
speed in the preferred frame.

An example of such a condi-
tion is provided by a resonant
spherical cavity of fixed radius R
moving through the preferred
optical frame. It can sustain ra-
dial oscillations of fixed round-
trip duration 2R/c in a direction
of a motion-component velocity
v given by:

R/(¢'—v)+R/I(c'+t)=2R/¢c
provided the light speed in-

creases from ¢ to ¢’ equal to
¢(1+v%c?). The conventional in-
terpretation of the Michelson-
Morley experiment is that ¢’
must equal ¢, but this need not
be the case if we accept light
speed anisotropy.

In reality one can suppose that
the properties of the ether are
regulated by resonance effects
which account for the null of the
Michelson-Morley experiment.
However, the properties just de-
scribed must then show up in an
experiment which measures the
spacing between the standing
wave nodes and this is exactly
what the Silvertooth experiment
accomplishes. In effect, over the
test length L. he measures the
difference:

L/(c"=v)—L/Ac"+Vv)
=2(L/c")v/c)

and so determines the v with
first-order precision.

The fact that the test gives a
positive result and not a null
confirms the existence of an
ether and disproves Einstein’s
theory. It sustains an argument
by Ives” that the Sagnac effect, by
which rotation is sensed optical-
ly as if there were an ether, need
not depend upon a rotation of the
apparatus to justify its operating
principle. Indeed, Silvertooth
claims that his experiment is a
linear adaption of the principles
of the Sagnac experiment.
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The vector equation below gives
the magnetic field H associated
with an electric field E moving
with velocity V in free space of
permittivity e:
H=eVXxV

IfE is due to an electric charge of
mass m, its magnetic energy in
free space of volume > and per-

meability u, can be equated to
the kinetic energy to obtain

Vou [H?dv=VueV* [eE?dr=1omV"
which gives E,,= ¥4mc”

where E,=Vse [E%d7 is the elec-



trostatic energy of the charge
and c={ue) " is the speed of
light in free space.

1 would be grateful to have
readers’ comments on the dis-
crepancy, by a factor of V2, be-
tween the derivation made here
and Einstein’s law E,=mc”

M.D. Abdullahi,
NCATC,

Zaria,

Nigeria.
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Mathematical
Rake’s Progress

In the September letters, D. Gib-
son states that, if Fourier trans-
forms are used to calculate the
response of an ideal low-pass
filter to a pulse input, the calcu-
lated output begins before the
input pulse itself. Since he fails
to mention the phase response of
the filter, it seems that he has
arbitrarily assumed that the fil-
ter has no affect on the phases of
the components of the spectrum
of the input signal.

However, in the frequency do-
main one cannot make an arbit-
rary choice of the amplitude re-
sponse as a function of frequen-
¢y, and then go on to do the same
thing for the phase response,
without running the risk of de-
scribing a physically unrealisable
waveform filter, and that is what
he has succeeded in doing. An
amplifier with a pass band
stretching from d.c. to a sharp
high-frequency cut-off can be
regarded as a kind of low-pass
filter. It is notorious that the
sharper the cut-off is made the
more rapid is the phase variation
near cut-off, and the more ring-
ing one sees on the leading and

trailing edges of square-wave |

pulses passed through it. If Mr
Gibson carries out a calculation
using realistic values of the
phase shifts produced by his low-
pass filter he will find that the
response to any feature of the
input waveform comes after that
feature, as it should.

The conditions under which a
filter transfer function may rep-
resent a physically realisable fil-
ter have been expressed in terms
of Hilbert transforms (see
Bracegirdle’s book on Fourier
transforms). It is worth remark-
ing that Fourier transforms can
be applied to functions of spatial
coordinates as well as to func-

tions of time, in which case the
preferred direction given by
‘time’s arrow’ does not exist, and
the entities analogous to filter
transfer functions are subject to
no such limitations. Entities of
this kind are widely used in
image processing.

C.F.Coleman

Grove

Oxfordshire

Reference
R. Bracegirdle, The Fourier Trans-
form and its Applications, McGraw-
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gineering Series, McGraw-Hill, New
York, 1965.
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S5/8

In reply to Mr Hayward’s letter in
the September issue, 1 agree that
international standardization is
desirable and has always been a
goal | have sought to achieve,
and will continue to seek after
$5/8 becomes a British Standard.

Criticizing the quality of DIN
connectors is as pointless as
praising the quality of D-type
connectors. Any connector for
which there is a volume demand
will attract the attention of the
‘cheap and nasty’ manufacturers
and | have seen atrocious exam-
ples of both D-type and “Centro-
nics” type multiway connectors
as well as very poor guality BNC
and UHF coaxial types. Judging
DIN connectors by the worst
available is a gross injustice.
There are high quality metal-
shell versions available, such as
those maufactured by Futters (as
sold by RS and Verospeed), that
are quite satisfactory for both
home and office use. Bevond
that, | am confident that Belling-
Lee would be pleased to inform
you of the industrial and military
success of the Bleecon DIN
range. The already popular DIN
connector is all set to become
even more widely used for data
interconnections, with the in-
evitable trend toward serial
transfer.

Beyond quality of construc-
tion, how much performance 1s
one to expect from a connector
fitted to an item of IT equipment
with a three or five year life? Just
how many insertions and with-
drawals is it likely to experience?

The question of hipolar sig-
nalling is a non-question. It is
nothing more than a historical

|+
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hangover from polarized tele-
printer magnets and has no place
in modern, low-power, single
supply equipment. The choice of
Epson portable equipment, as an
example, for the use of RS-232 in
a battery-operated environment
is interesting, as it proves my
argument. Yes, Epson have put
an RS-232 interface into all three
of their portable computers.
However, in the PX-8, the RS-
232 interface adds over 55 com-
ponents and such a significant
battery drain that a software-
controlled switch circuit is used
to disable it when not in use, to
save power. Epson first used this
approach in their HX-20, where
turning on the RS-232 interface
roughly doubles the battery con-
sumption. The lower the power
consumption of the processor,
memory and display, the worse
the problem becomes.

The use of RS-232 voltage
levels by Epson to communicate
with their PF-10 battery disc
drive is particularly pointless. It
is a non-standard interface, com-
municating in a non-standard
protoco!l at a speed outside the
RS-232 specification, and solely
dedicated to Epson equipment,
yet they felt it necessary to go to
considerable expense to use
bipolar signalling in units that
will never be called upon to
interface with RS-232 equip-
ment and where there is no
technical justification whatever
for using d.c.-to-d.c. converters
to generate bipolar voltages to
send data down one metre of
cable.

There is no question that dif-
ferential, balanced signalling,
such as RS-422, or the newer
RS-485 party-line system, offers
better data transmission, but at a
financial and power cost which
has rendered it less popular. RS-
449 was not exactly a runaway
success and, more recently, the
SCSI standards offers the choice
between single-ended {open-
collector) or differential inter-
faces — guess which most manu-
facturersare implementing!

The MC3486 receiver and
MC3487 transmitter are out of
the question for battery-operated
equipment, together having a
worst case power consumption
of 190 milliamps, a value embar-
rassing even in mains equip-
ment, with devices such as the
highly capable 64180 containing
processor, memory manager,

dual uarts, bit-rate generators,
dual timers, interrupt control-
ler, dual d.m.a. controller and
clock generator, all consuming
only 20 mA maximum at 4MHz.
The days of “200mA doesn’t mat-
ter” thinking in equipment de-
sign are over. Also. I do not
consider the MC3486/7 pairing
as low-cost. It costs at least three
times as much as 1488/9 com-
bination and over five times as
much as an HC14 gate, not tak-
ing into account the cost of
providing that 200mA and venti-
lating the heat dissipation
thereof!

Finally, to achieve a “plug-
and-run” interface (the goal of
$5/8 and, | suspect, the goal of us
all), a standardized data struc-
ture is essential. Eight-bit work-
ing is now the norm and there is
no point in accommodating
shorter word sizes by changing
the framing. Lateral parity is also
questionable. It is seldom possi-
ble to organize retransmission
on a per-character basis and
block error detection is much
more efficiently performed using
CRC, or similar, techniques and
does not impose a 10% burden
on the character frame.

On the question of the data
signalling rate, the increasing
use of microprocessors in de-
vices removes the need to match
the data interchange speed to the
physical restrictions of the
attached device. 9600 bauds is
already a de-facto standard with
IBM, DEC and Intel and is being
incorporated into new standards
including the ISO Standard
‘smart cards’.

A.S. Hardie
Technical Director
Oval Automation Ltd
Littlehampton
Sussex.

Having reviewed the early prop-
osals for S5/8, and contributed,
along with many others (all un-
heralded), to the development of
a useful idea into a proposed
standard, [ read Mr Hardie’s arti-
cles with interest and waited for
the criticism. So far, you have
published only one letter (from
L. Hayward, September, p.13}
and, as expected, his criticisms
miss the point in all except one
area: the lack of international
agreement.

Mr Hayward objects to using
DIN circular (audio) connectors
on the grounds that they are not
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robust enough for office use.
Some cheap DIN connectors are
indeed of very poor quality, but
others are very acceptable. Why
else would IBM use them as
keyboard connectors on the PC
range, or Hewlett-Packard on
bar code reader wands? We
purchase cast-body 5-pin DIN
connectors for 50p each — com-
pare that with a 25-pin D plug
plusa good quality cover (i.e. one
that stays in place and clamps the
cable properly and provides r.f.i.
screening) for around £1.50.
And DIN connectors are at least
rewireable, unlike telephone-
type connectors.

Unipolar signalling with a
ground reference has been used
successfully for many years in
small computer systems snd
computer terminals. The t.t.l.
level Centronics printer inter-
face is one example, micro-
computer disc interfacing is
another, and many computer
keyboard interfaces are t.t.l. In
some cases, the equipment at
both ends of the signal cable is
mains-powered, yet well de-
signed interfaces performly reli-
ably. S5/8 follows this long line
of development.

S5/8 is a very low-power sys-
tem. The recommended S5/8 cir-
cuitry consumes only micro-
watts of power. RS232 consumes
about 50mW, RS422 more like a
174 watt. S5/8 is intended for use
in lightweight battery-powered
equipment, Yes, [would prefer to
see a bipolar system, if only
because S5/8 cannot interword
with RS423 (as used, for exam-
ple, in the BBC micro), but S5/8
is a case of ‘horses for courses’.

S5/8 is intended to be a ‘plug
in and go’ system. Hence the
fixed signalling rate and word
structure. No configuring, no
debugging, no technicians, no
test gear — just buy it and use it.
The increasing use of ‘intelli-
gence’ (i.e. an on-board micro-
processor) in items of equipment
which would use S5/8 means
that Mr Haywards ‘differing re-
quirements’ will be catered for by
software in each product.

New RS8232 interface circuits
are making designers’ lives
easier — e.g. the MAX232 from
Maxim., incorporating two trans-
mitters, two receivers, and *+
10V charge pump generators in
one 16 pin i.c. —but there is still
no easy way of designing a very
low power bipolar interface. C-
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mos circuitry implementing a
high impedance version of
RS423 (with receiver input
threshold voltage control so as to
allow interfacing with S5/8 or
t.t.l. transmitters) would be a
great step forward, as long as a
transmitter and receiver could
be packaged in one i.c. running
off a single 5 volt supply. Semi-
conductor manufacturers please
take note.

Peter W Tomlinson

Managing Director, [OSIS

Do 0 e e R
British Telecom

and the amateur
morse test

In September 1986 issue of your
magazine the reference in ‘Com-
munications Commentary’ to
BT’s activities in connection
with the amateur morse tests
contained inaccuracies which [
should like to correct.

[t was the Department of
Trade and Industry (DTI) which
decided to put to competitive
tender the contract for conduct-
ing the amateur morse tests. BT
have never given notice, formally
or otherwise, of a desire to relin-
quish its involvement in the
tests. Therefore your statements
that BT first decided to give up
the tests and then changed its
mind are quite untrue.

Also, 1 should like to explain
why BT issued a notice to its
employees to seek advice from
the appropriate Department be-
fore committing themselves to
assisting RSGB in running
morse tests. (BT did not ‘order’
its employees to take no part in
running the RSGB tests as stated
in your article). The reason for
this was that due to the loss of
contract an additional redundan-
cy was created in a small special-
ized workforce which is already
having to be reduced due to
other factors outside our con-
trol. BT hopes to have the oppor-
tunity of re-tendering for the
work in future and would not be
acting in the interests of its staff
if it supported the provision of
unpaid examiners to replace a
job.

No directive was ever issued to
our employees to give up their
existing RSGB activities such as
teaching morse or providing
equipment at test centres; [ hope

they will avail themselves of the
enquiry facility included in the
notice before assuming that they
cannot participate in any RSGB
activity connected with the
amateur morse test.

F.R. Barnfather

British Telecom

p=

o
bandwidth

In his stimulating article on ‘Q’
(E&WW July 1986 pp51-3) Dr
Smith omits to mention a fre-
quently overlooked fact concern-
ing a series-resonant circuit in
which frequency (w or f) is the
variable — the ‘approximate’ rela-
tionship between Qg, the re-
sonant frequency w, and Aw the
frequency range between the
—3dB points is exact. An outline
proofis given here.

Z=R[1+jQf(w)] (1)
where f(w)=[({w/w,) - (w/w)] (2)
The ~3dB points occur at wy
and w; for which
Qof(u)H)=—Qof(wL):1 (3)
From (2) and (3), after some
algebraic reduction,

W o=wyHwy, (4)
andAw=(w”—w1)=(wo/Qo) (5)
Note that the derivation of (5)
does not require Q, to be ‘large’
or Aw<w,

B.L. Hart

Leigh-on-Sea, Essex

bR P Ll e
Uncivil
Servants

In a letter (July, 1986) John C.
Rudge remarks “If any civil ser-
vants in the British Standards
Institute...”. No government de-
partments are called Institutes.
Certainly the Federal Bureau of
Standards is a government de-
partment in the States but the
British Standards Institution is
independent.

I’'m reminded of a note in that
amusing publication “The Col-
lapse of Flats at Ronan Point,
Canning Town” which blamed
the Institution for a Standard it
had not even contemplated pro-
ducing, on the robustness of
tower blocks, without appreciat-
ing that the Institution had abso-
lutely no responsibility to any-
body in these matters.

Bernard Jones
London W1

Q

As the author of an article with
the above title in your issue of
July 1949, perhaps I may be
allowed to comment on ‘Q’ by Dr
K.L. Smith in a more recent
issue (July 1986). As Dr Smith
starts his discourse by referring
to a student using a (presumably
direct-reading) Q-meter, [ was
surprised he didn’t go on to point
out that an instrument of this
kind (unless unknown to me it
has been radically redesigned)
does not read Q unless the tun-
ing inductor has negligible self-
capacitance. For Q = Q' (C +
C,)/C, where Q' is the meter
reading, C, is the self-
capacitance and C the added
capacitance. And that is not the
only cause of error in these
meters.

And although the Q of a reaso-
nant circuit can be correctly
measured from a resonance
curve (Dr Smith’s Fig. 3), it is
perhaps desirable to mention
that resonance curves come in
many kinds, as [ explained in
January 1953. Admittedly, the
differences are negligible unless
the Q is less than about 5.

Q is often equated with the
magnification factor m, but
again it is only for small values
that the differences can be
appreciable.

Cathode Ray

The author replies

Cathode Ray is quite correct in
pointing out the effect on Q
when an inductor with a self
capacitance c, is measured. | did
not concentrate on methods of
measuring Q in my review article
on the topic, but any interested
reader could very well look up
Cathode Ray’s original article, or
his books on laboratory tech-
nique.

One other interesting applica-
tion that 1 omitted from my
article, is the Q of space itself.
Lossless empty space has an infi-
nite Q, so an EM vibration prop-
agates for ever without losing
any energy — it is just dispersed
according to the inverse square
law. On the other hand, a lossy
region, such as the ionosphere,
has a Q given by the ratio of the
magnitude of the displacement
current density to the conduc-
tion current density

we
Q_O'



OSCILLOSCOPES

CROTECH SINGLE TRACE 20MHz 3031/36 £195/216
2mV-10V/div. 40ns-0.2s/div. Cal 0.2V. Component test
3031: CRT 1.5kV 5x7cm. 3036: CRT 1.8kV 8x10cm.

CROTECH DUAL TRACE 20MHz (@2mV) 3132 £286
2mV-10V/cm. Ch1+Ch2. X-Y mode. Cal 02V
1kHz sq. 40ns-0.2s/cm. Auto, normal or TV trig.
Component comparator. DC outputs. Z input. CRT 2kV
8x10cm.

HAMEG DUAL TRACE 20MHz (@2mV) HM203-6 £285
2mV-20V/icm. Ch2+Ch1. X-Y. Cal 0.2V/2V 1kHz sq.
20ns-0.2s/cm. Auto, normal or TV trig. Component test.
CRT 2kV 8x10cm

HAMEG DUAL TRACE 20MH: (@5mV) HM204-2 £365
1mV-50V/cm. Ch2+Ch1. Sig delay. X-Y mode.
Y out. 10ns-1.25s/cm. Sweep delay 100ns-1s.
Cal 0.2V/2V 1kHz/1MHz. Z input. Comp. test. CRT 2kV
8x10cm

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

LEVELL ELECTRONICS LTD.

LEVELL

HAMEG DIGITAL STORAGE 20MHz HM205 £448
2mV-20V,cm. Ch1+Ch2. Single shot and X-Y modes.
20ns-0.2s/cm. Auto, normal or TV trig. Component test
Cal 0.2V/2V 1kHz/1MHz Z input. Two 1K memories
100kHz sampling. Y out. CRT 2kV 8x10cm

HAMEG DIGITAL STORAGE 20MHz HM208 £1300
1mV-50V/cm. Ch2+Ch1 Single shot and X-Y modes.
20ns-0.25s/cm. 20MHz sampling Two 2K memories.
Plotter output 0.1V/cm, 10s/cm. CRT 14kV 8x10cm.

HITACHI DUAL 20MHz V212/222/223 £299/395/450
1mV-12V/icm. 20MHz at 5mV. Ch1+Ch2. X.Y. Ch1
output. 100ns-0.5s/cm. Auto, nomal or TV trigger
Cal 0.8V 1kHz square. Z input. CRT 2kV 8x10cm
V222: 2lus DC offset and attemate magnify function
V223: As V222 plus sweep delay 1us-100ms.

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

HITACHI QUAD 100MHz (@5mV) V1050F £1095
Ch1/Ch2: 0.5mV-12V/cm. Trigger Ch3/Ch4: 0.2V/icm.
Dual time bases 2ns-0.5s/cm and 2ns-50ms/cm. Signal
and sweep delay. CRT 20kV 8x10cm

THURLBY 8 CHANNEL MULTIPLEXER OM358 £179
Increases any oscilloscope to 8 channels. Choice of tngger
from any channel. Response DC-35MHz.

LOGIC ANALYSERS

THURLBY LOGIC ANALYSERS LA160A/B £395/495
16 dara channels. Clock DC-10MHz {20MHz for B). Binary,
octal, decimal, or hex. formats.

CIRCLE 29 FOR FURTHER DETAILS

COUNTERS & OSCILLATORS

COUNTERS MET 100/600/1000/1500 £39/126/175/199
8 digit 0.5" LED. 5Hz up to 100/600/1000/1500MHz.
Resolves 0. 1Hz. Sensitivity 5mV up to 10MHz. Low pass
fitter. Mains/rechargeable battery powered.

LEVELL RC OSCILLATORS TG152D/DM £99/125
3Hz-300kHz. 5 ranges, acc 2% +0.1Hz up to 100kHz,
3% at 300kHz. Sine or square <200uV to 2.5Vims. Distn.
<0 2% 50Hz-50kHz. TG152DM has an output meter.

LEVELL RC OSCILLATORS TG200D/DMP £139/175
1Hz-1MHz. 12 ranges, acc 1.5% +0.01Hz to 100kHz, 2%
at 1MHz. Sine or square outputs <200uV-7Vrms.
Distortion <0.05% 50Hz-15kHz. Sync output >1V
TG200DMP has output meter and fine frequency control.

LEVELL DECADE OSCILLATOR TG66A £330
0.2Hz-1.22MHz. 5 ranges. 4 digits, acc 0.3%
6Hz-100kHz. Sine output <30uV-5Vims. - 2dB/ + 4dB and

V scales. Distn.<0.15% 15Hz-150kHz. Mains/batiery

LEVELL FUNCTION GENERATORS TG302/3 £136/236
0.02Hz-2MHz in 7 ranges. Sine, square, tnangle, pulse and
ramp 20mV to 20Vpp from 5052. DC offset O/+10V. TTL
output. TG303 also has a CMOS output and 6 digit 10MHz
counter with INT/EXT switch.

OTHER INSTRUMENTS AVAILABLE - FREE DELIVERY MAINLAND UK - QUANTITY DISCOUNTS - VAT EXTRA

Moxon Street, Barnet, Herts., EN5 55D, England
Telephone: 01-440 8686 & 01-449 5028

Versatower:

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

metres with tilt-over facility enabling
all maintenance to 9e at ground level.

Designed in accordance with CP3 Chapter V; part 2;
1972 for a mirimum wind speed of 140 kph in
conditions of maximum 2xposure and specified by
professionals world-wid2 where hostile
environments demand tte ultimate in design, quality
and reliability.

Suitable for mounting ecuipment in the fields of:
Communicatians

Security surveillance — CCTV

Meteorology

Environmental monitorirg

Geographica: survey

Jefence range-finding

Marine and zero navigation

fioodlighting

Airport appreach lighting

Further details available on reque/s(

&/,

STRUMECH ENGINEERING LIMITED
Portland Ho use, Coppice Side, Brownhills
Walsall, West Midlands WS8 7EX, England
Telephone: Brownhills (0543) 374321

Telex: 335243 SEL.G.
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* FORTH

| MODULARFORTH

* MULTI-TASKING, Floating Point and many more
features

* AN INNOVATIVE FORTH

* £475.00 + VAT

83 in Modules
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* £65.00

FORTH 83 FOR ATARI ST
* WITH COMPLETE GRAPHICS

+ VAT
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Tel: 0703 780084

LY nll«‘\\-v

MicroProcessor
Engineering Ltd

21 Hanley Road, Shirley
Southampton SO1 5AP

Our dependable Work-Forth

* Takes the hard work out of Forth
EXTRAS: Floating Point £35.00 + VAT
Source level De-bugger £35.00 + VAT
Price: £55 + VAT
and AMSTRAD £49.95 inc VAT

JTELLETIE |
|
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. VESTIGIAL SIDEBAND
TELEVISION MODULATOR C.C.L.R/3

CRYSTAL CONTROLLED OSCILLATOR
19” RACK MOUNTING, tu HIGH, 205mm DEEP

C.C.L.R/3 SPECIFICATION

Cp;verlRequiremem — 240V 8 Watt {available in other voltages)
it 1 -
e elines [Nl o G CHANNEL COMBINER/FILTER/LEVELLER
F.M. Sound Sub-Carrier : — 6MHz (available 5.5MHz) to combine outputs of modulators
Modulation Negative
LLE. Vision 38.9MHz TCFL2 2 Channel Filter/Combiner/Levelier. Insertion Loss 3.5dB
I.LF. Sound 32.9MHz {available 33.4MHz) TCFL4 4 Channel Filter/Combiner/Leveller. Insertion Loss 3.5d8
Sound Pre-Emphasis 50us TSKO Enables up to 4x TCFL2 or TCFL4 to be combined
Ripple on |.F. Saw Filter .6dB
Qutput tany channel 47-860MHz) 6dBmV (2mV) 75 Ohm
Vision to Sound Power Ratio 5t 1
Intermodulation Equal or tess than 60d8 0 0 0
Spurious Harmonic Output 40dB (80d8 if fitted with TCFL1_Filter or com- TAYL R BR s LDHAM LTD
bined via TCFL4 Combiner/Leveller BISLEY STREET 0 s LEE STREET
> Uu Iu{ 1] ’
C.CILR./31 Specification as above but output level 60dBmV OLDI{AM, ENGLAND.
1000uv . .
TELEPHONE: 061 652 3221 TELEX: 669911

CIRCLE 16 FOR FURTHER DETAILS

DATA GENERAL MINICOMPUTER
PARTS AND SYSTEMS

Does your application need those muiti-user megabytes but your
budget stretch only to a PC? Or is your old DG mini flat on its
back? Need an upgrade? Second printer? Hardware support? As
traders in commercial systems, we always have stock of older
(and newer) equipment. We also deal jn second-hand and surplus
micro systems. Large SAE for current catalogue.

Sample stock: Nova 4X 16-slot chassis (valid for MV7800 upgrade) with
CPU & memory board — £2000; Eclipse $120 256KB CPU board — £1200:
50MB 6067 Zebra drive subsystem £2,500: Eclipse S130 with 256KB —
£1000; Eclipse CS/100 with 128KB — £900; 10/12.5/20/25MB drive
subsystems £800 each; 6125 tape streamer — £3500.

SILICON GLEN LTD

Moray Street, Blackford, Perthshire, Scotland
Callers & Overseas Enquirers welcome
or Telephone: 076482 315 or 464
Telex: 295141 TXLINK G quoting MBX 076482315 on first line
Bulletin Board Sales Catalogue (Prestel Standard) or 376482465

CIRCLE 64 FOR FURTHER DETAILS

RF U.S. supplier of RF POWER DEVICES.
Prices LOWER than current domestic prices.
POWER Query us for immediate needs.

1.C's

SEMI CONDUCTORS A quality source for a complete range of RF POWER devices — From 2-
TOOLS « COMPONENTS 30MHz, SSB 12.5V 7 28V transistors — 14-30 MHz CB/AMATEUR 27-50
ACCESSORIES MHz, low band FM — 66 — 88MHz, mid band FM — 66 — 88MHz, mid band
METERS FM — 156 — 162MHz VHF MARINE RADIO FM — 130 — 175MHz HI-BAND
FREE POSTAGE ¢ DISCOUNTS VHF FM — 108-152MHz VHF AIRCRAFT AM — 225 40MHZ UHF 28V —
407 — 512fUHF CATV/MATV CLASS A linear transistors — A SMALL
indication of types are listed below. SEND FOR OUR FREE BROCHURE

52 PAGE CATALOGUE FREE ON REQUEST AND/OR CONTACT FOR IMMEDIATE QUOTES.
) X MRF450 MRF453 MRF646 BLY88A BLYS(0 BLYS3A
ELECTROVALUE LTD 28 St. Jude's Road, Englefield Green. Egham, 2N3553 2N4933 2N5109 2N3375 2N5016 389

Surrey TW20 OHB Phone Egham (0784) 33603. Telex 264475
North Branch, 680 Burnage Lane, Manchester M19 1NA
Phone 061432 4945
Please mention this publication when replying

2N4128 2N5070 .2N5591 .2N6080 .2N4427 .2N5080
2N5634 .2N6083 .2N4431 .2N5102 .2N5818 .2N6084

TIC Semiconductor bnc.

18 WEST 21st STREET NEW YORK, N.Y. 10010 U.S A.
TEL: (212) - 675 6722 TELEX: 284564 TICS UR
CIRCLE 27 FOR FURTHER DETAILS
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Active op-amp compensation

This general method for simulating non-inverting
voltage-controlled voltage-source building blocks

reveals several new structures, all with negligible phase

he non-inverting voltage-controlled
I voltage source is a basic building block
in active filters and oscillators. Unfortu-
nately with the exception of some very low
frequency applications, the assumption of
ideal behaviour cannot always be sustained
and in particular the complex nature of the
voltage gain must be accounted for. It is
well-known that the finite gain-bandwith pro-
duct of the operational amplifier degrades
both the phase and the magnitude of the
conventional v.c.v.s. building block'. Most
recently, active-compensated v.c.v.s. net-
works using two and three op-amps have
been reported in the literature 3.

This paper presents a method for generat-
ing the generalized active-compensated
non-inverting v.c.v.s. structures employing
three op-amps. Several novel actively-
compensated networks are given. The prop-
osed compensated non-inverting amplifiers
have negligible phase and magnitude errors
up toan extended frequency range.

Figure 1 represents the generalized
active-compensated non-inverting amplifier
employing three op-amps. The basic circuit
equations are represented by the matrix
equation 1, where a; and b;; are real coeffi-
cients having magnitudes <1, and 4; is the
open-loop gain of the op-amp, which for all
practical applications is represented by the
single-pole model®, Ai(s)= w/s, (i = 1,2,3)
and where w, is the gain-bandwith product

and magnitude error.

AHMED M. SOLIMAN

of the op-amp. Without any loss of generality
let Vg4 represent the output of the compen-
sated non-inverting amplifier as shown in
Fig. 1. From equation 1 the generalized
expression for the transfer function of the
circuit, equation 3, can be written in the
form T(s) = (C/B) .E(s), where E(s) is an

Vo2 4

Resisfive
network

P Vo3

Fig.l. This generalized compensated non-
inverting amplifier uses three op-amps. By
writing the transfer function in the form of
an error function and equalizing the s and s
terms of its numerator and denominator
three classes of phase-compensated ampli-
fier are identified - Figs 2to 5.

Vio—

b OVo1

TABLE 1. The signs of transfer function coefficients a;, b;; fori,j = 1,2, 3.

error function and which ideally must have a
unity magnitude and a zero phase. It is
well-known that to reduce the phase and the
magnitude errors to negligible limits, the
coefficients of the s and s® terms in the
numerator and denominator (equation 7)
must be identical *%.

In the next section phase-compensated
non-inverting amplifiers are classified
according to the signs of coefficients a; and
by (i,j=1,2.3).

Class 1 non-inverting amplifiers: In this
class the compensation conditions are inde-
pendent of the gain-bandwith of the three
op-amps employed in the circuit. From
equations 6 and 7 it follows that byy = by =
bas bys = 0. Without any loss of generality,
take bapy=0 and by;#+0. The compensation
conditions for this class are

and it is thus not necessary to use matched
op-amps with this class of amplifier.

Examining the transfer function for this
class the coefficient signs are obtained and
given in Table 1. Fig. 2 represents a class 1
non-inverting amplifier generated from the
coefficient signs. This circuit is a special case
from the Geiger-Budak zero second derivative
finite-gain amplifier* after removing one re-
sistor, also reported in ref. 7. Table 2 includes
the compensation conditions and normalized
compensated phase and magnitude errors
assuming matched op-amps are used. Nor-
malized phase and magnitude errors are
defined as:

Class ay az ag by by byz bz baz  bag by byy by
1 + - - - - - + 0 + + 0 0 Wy . w :
24 + 0 0 0 - 0 + 0 - 0 o+ - =G arg E(jw), ya= (5) " (E(jw)-1)
2B + 0 0 0 = 0 + 0 + 0 = — v
3 + 0 0 0 - 0 + - = = + 0 Class 2 amplifiers: Herea, = 1and ay = a3 =
by; = b3 = ba; =by, = 0 and the compensa-
TABLE 2. Compensation conditions, normalized magnitude errors, where 7,= K+ 1)/w;,i=1,2,3 HOUCOI Rl EY-
Normalized Normalized m al—: ——b‘)— L: L
Class Compensation conditions phaseerror  magnitude error biaba) wy 2by3bsr we w3
O i Th ted transfer function for thi
1 Fig2 K,—K.-K+a (K +1PKK, (K, + 1) KK, e FRURCIRIC TUGElSr neHORTIor THS
A 5T K +1\" K 41} 1+2ps,+2p’s?
Fig.3(a e 2( : ) 4(—‘~) To(s)= n n
g.3(@) Ko+l 2 Ko+ 1 K,+1 2(s) Pl+2ps, +2p%2 +2p°s°
2A
- T 4 bysbs:
Fig.3(b) N=y =T 2(K,+1) HK+D) where p=——2332 ands,= —
T’ b1abyibss @y
2B Fig4 TKHKe =K K, ™ 21K, + DKK, ] 41K, + DK:K,) For this class the product byy bsy must have a
negative sign. Thus two types are defined for
: (KytD) 2~ Ky . o t:is class and are classified as types 2A and
3 Fig5 TR, 1) B R (Rt 1) Kt DK (K + 10K, 2B with coefficient signs as given in Table 1.

It1s assumed that w, =wp=wz=wand w < w,

Fig. 3 represents two circuits which belong
to class 2A and Fig. 4 represents a class 2B
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Fig2:class 1

circuit. It is worth noting that the circuit
reported in reference 3 belongs to a different
type since it has negative b,y and b,y coeffi-
cients.

Class 3 amplifier. Fig.5 represents a new
circuit whose properties are given in Tables
land 2.
It is worth notlng that the circuits re-
ported in reference 7 do not belong to either
class 2 or 3 defined in this paper.

Dr Soliman is chairman and professor in the
electrical engineering department of the Un-
ited Emirates University at Al-Ain, UAR. He
graduated from Cairo University and received
M.S. and Ph.D. degrees from the University of
Pittsburg.
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Fig.3: class 2A
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Fig.4: class 2B

Fig.5:class 3

e
Equations
The basic circuit equations are represented by the matrix equation
Vo
A_ll a byibiabys Vol
V,
A_Dz =l a, [Vit] byibubay Vo2 (1)
2
Voz
A_Z az . ba1b3sbis Vs

where a, and b;; are real coefficients having magnitudes <

op-amp which for all practical applications is represented by the single-pole model (ref.6):

AG)=—2 (i=123)

1. A, is the open-loop gain of the

2)

where w, is the gain-bandwidth. From equation 1, the generalized expression for the transfer

function of the circuit is

Vo NG)
TE=y D)
where N(s)=a;B,;+a,B5;+a;B;;+ A

2
B, By, B

D(s)=—b;;By1—bs By~ bsle*f f+f_
and By =bg,bsy—bysbss By =by3b3a—bysbys

822:b11b33—b13b3, B:;;s:bnbzz*blzbm

a3bw—albss+azblz—31bzz a;

A AyAq
bl 1 b22 b33 1

MATAA AA T AAA
By = b12b23_b13b22

Using equations 2 to 5, the transfer function of the circuit can be written as:

B=—(b;;B11+bz By, +b3,B3,),

2

T)=gE(s)  where C=a,By+a,By+a;By,
L [ asbiz—aibss azblz ale’
1+C [( w2 + Pt ‘”u‘”ls

E(s)=
( ) Bll BZ'.:‘ B:SB bll b22

b33 2 1 3

1+B [( m12+ﬂ)]§)5+

(wlzwu; Wy g ‘1’(1‘1’12)

S
Wy Wipthg

®3)

4)

(5)

(6)

Q)
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, THREE INTO ONE WILL GO— WITH THE GROTECH 3132

1 SCOPE: 2 Active Component Comparator
DC — 20MHz Bandwidth (for checking Transistors, diodes and
2mV/div Sensitvity 1.C’s etc)
40ns — 0.2s/div Sweep Test Voltage: 8.6Vrms (28mA)
14 Trigger Functions
Including active TV trigger on line
& frame.

3 Triple Output DC Source

All for the price of a scope at
£285*

n.-. i +5V (1A); —ve grounded “(Excluding Delivery and VAT)
";\ 2 i1 oV (22)0mA) Common Floating Correct at time of going to press ANE')EO':':EV;S
-

=%~ Lrotechnstruments Limied ===
g 3 2 Stephenson Road, St. Ives, Huntingdon, Cambs. PE17 4WJ B
- Telephone: (0480) 301818

Also available from Audio Electronics & Henry's )

CIRCLE 46 FOR FURTHER DETAILS

METER PROBLEMS?

Toroidal & E.l.

Transformers

As manufacturers we are able to offer a
range of quality toroidal and faminated
transformers at highly competitive prices

Toroidal Mail Order Price List
prices inclusive of VAT & Postage

15va 7.95, 30va 9.18, 50va 10.16, 80va 11.36, 120va 12.07, 160va 14.20, 225va
15.21, 300va 17.04, 500va 22.10, 625va 24.66, 750va 28.75, 1000va 44.82.

Also available 1k2, 1kS5, 2k, 2k5, 3k. Prices on request.

Available from stock in the following voltages: 6-0-6, 9-0-9, 12-0-12, 15-0-15, 18-0-
18, 22-0-22, 25-0-25, 30-0-30, 35-0-35, 40-0-40, 45-0-45, 50-0-50, 110, 220, 240.
Primary 240 volt.

Quantity prices and delivery on request

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

Full Information from:

HARRIS ELECTRONICS (London)
138 GRAY'S INN ROAD, W.C.1 Phone: 01-837 7937

AR Air Link Transformers
%ﬂﬁx

Sawbridgeworth, Herts. Tel: 0279 724425

Telex: 892301 HARTRO G

Unit 6, The Maltings, Station Road,
CIRCLE 63 FOR FURTHER DETAILS

CIRCLE 65 FOR FURTHER DETAILS
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Fifty years of
computer science

An appraisal of A.M. Turing’s paper

“On computable numbers” published in November 1936

separated from computer

technology, it can fairly be
said to have started halfa century
ago, it November 1936. This was
when a young Cambridge math-
ematician. Alan Mathison Tur-
ing, published his now famous
paper “On computable numbers,
with an application to the Ent-
scheidungsproblem”.

Written as a contribution to
pure mathematics. this paper
nevertheless described. as a
central part of its method, the
essentials of the modern, auto-
matic, stored-program digital
computer. Although the ar-
rangement described was a
purely abstract, theoretical com-
puting machine, and Turing
apparently had no engineering
considerations in mind at that time, it was
nevertheless a feasible system. It had to be,
because a requirement of the paper was to
make concrete in the imagination a finite.
physical construction that would perform
systematically a sequence of logical steps
equivalent to those going on in the mind of a
human computer. It was a sort of ‘thought
experiment’. Turing showed that the mental
operations a human can perform can be
analysed into sequences of the very simple
‘mechanical” operations that his theoretical
machinewas capable of going through.

A highly significant aspect of ‘Turing
machines’, as these theoretical
constructions later became known, was that
their internal functioning was entirely
described by groups of symbols. The
concreteness of a Turing machine existed

If computer science can be
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not in any particular form of mechanical or
electrical hardware but in a precise,
complete description of its rules of operation
—a"standard description” as Turing calls it —
expressed entirely in letters or numbers.

Rules of operation expressed in symbols
are what we now call instructions, and a
particular selection of these is what we call a
program. Since these rules of operation are
not permanently set in the machine as a
particular arrangement of hardware but can
be altered at will simply by changing the
symbols, the Turing concept was essentially
that of the stored-program computer. It was
Turing who first demonstrated that the
actions of computing machines, as well as
the data processed by these machines. could
be specified in the abstract form of
mathematical symbols. You could say he
invented software.

With the benefit of hindsight
this imaginative concept may
not seem all that remarkable.
But those who have lived
through the half century of de-
velopment of the digital com-
puter appreciate it fully. And
apart from the engineering per-
spective, Turing’s whole idea of
introducing a theoretical but
workable machine into a paper
on pure mathematics was quite
novel to the academic establish-
ment of that time. As Norbert
Wiener, the American math-
ematician, remarked in his book
Cybernetics, Turing was perhaps
“first among those who have
studied the logical possibilities
of the machine as an intellectual
experiment....”

MATHEMATICAL BACKGROUND

To understand how Turing’s paper came to
be written, we have to digress slightly into
the history of the philosophy of pure
mathematics. First, the title of the paper
requires a quick look. Here the process
implied by “computable” means computing
in the broadest sense at that time — as done
mentally by human beings, perhaps with the.
aid of mechanical desk calculators. Forget
electronic computing at this stage. When
Turing refers toa “computer” in his paper he
means a human computer.

The term “computable numbers” in the
title means numbers like 7 or e which can be
computed from well known formulae. More
generally. Turing explains, “The
‘computable’ numbers may be described
briefly as the real numbers whose

’



expressions as a decimal are calculable by
finite means... According to my definition, a
number is computable if its decimal can be
written down by a machine.” Such numbers
include, for instance, the real parts of all
algebraic numbers.

The term “Entscheidungsproblem” in the
title can be translated as “decision problem”.
It was written in German because this was
the name of a particular problem occupying
a group of German mathematicians at the
end of the 19th century. Prominent among
these was David Hilbert (1862-1943). Some
readers may already know him from the
Hilbert transform or the concept of the
Hilbert space (a multidimensional space). In
the paper, Turing refers specifically to the
“Hilbertian Entscheidungsproblem”.
Broadly, the Entscheidungsproblem is a
problem in logic: that of finding a definite
method or algorithm that can be relied on to
decide whether a mathematical proposition*
canbe proved to be true.

Hilbert was a formalist in his approach to
investigating the fundamental basis of
mathematics. (Other approaches are based
on logic and on intuition.) In other words,
he proposed that mathematics was a kind of
game played with symbols, in accordance
with a set of rules. It should not be regarded
as necessarily true, apart from these formal
considerations.

But the formalist view of mathematics
could be strengthened and validated if the
whole system could be proved to be
internally consistent, that is, free from
contradictions, and complete, in the sense
that every mathematical statement could be
either proved or disproved. This was
Hilbert’s ‘programme’, as it was called. He
and a group of other mathematicians
embarked on this project in the early 1900s.

The method adopted for the programme
was to justify the whole of mathematics,
including arithmetic and set theory, by
putting it in a formal system and proving
that this system was self-consistent. This
was to be done by the simplest and most
concrete methods of reasoning.
Mathematical statements were to be
represented by strings of symbols in formal
logic systems. Then proofs were to be given
of a consistency of such systems so that they
would be shown to be correct in describing
meaningful mathematical statements.

But the proofs were the difficulty. A
procedure was necessary to decide whether
consistency (lack of contradiction) was in
fact provable — what was called a decision
procedure. Finding a decision procedure was
called the decision problem, or Ent-
scheidungsproblem. And this had been re-
cognized as a problem in logic since the late
19th century. (Note that George Boole, the
originator of Boolean algebra, had published
his famous book The Law of Thought in
1854.)

But in 1931 Hilbert’s programme received
a fatal blow from the now famous Godel
theorem?. The Czech mathematician Kurt
Godel showed that it is impossible to prove
the consistency of a formal system within
the system itself. Mathematics was not
complete. Every mathematical statement
could not be either proved or disproved.

Head for reading,
writing and
erasing

Tape can be moved to left
or right, one division at o time

Machine copoble of having o finite number of

.m configurctions

Divisions on tape
some containing

symbols, some blank

Fig.1. Essentials of the compufing machine described in Turing's paper.

By 1936 the Godel theoremwas, of course,
well known to Turing. He refers to it in the
paper, saying that “conclusions are reached
which are superficially similar to those of
Godel. These results have valuable
applications. In particular it is shown... that
the Hilbertian Entscheidungsproblem can
have no solution.”

Nevertheless it was the Entscheidungs-
problem which stimulated Turing to
consider a kind of left-over from the Godel
theorem: whether there could be some
definite procedure for distinguishing
provable from unprovable mathematical
statements. As related by Andrew Hodges in
an excellent biography of Turing,® this
happened as a result of his attending a
course of lectures at Cambridge on the
foundations of mathematics.

The lecturer was M.H.A. Newman, who, as
it happened, had taken part in an inter-
national conference in 1928 at which Hilbert
had renewed his call for a project to
investigate the foundations of mathematics
on a formalist basis. Hilbert’s notion that
there might be a definite method for testing
mathematical statements, as discussed
above, was interpreted by Newman as the
possibility of a “mechanical process” that
would churn out answers.

This idea of a possible mechanical process
apparently became firmly lodged in Turing’s
mind. It started him thinking specifically
about machines that manipulate symbols —
for example, typewriters. He conceived a
computational answer to Hilbert's decision
problem in 1935, when he was only 23, and
this led to the writing of his paper “On
computable numbers” in the ensuing
months,

TURING MACHINES

Figure 1 shows the essentials of a Turing
machine (though there is no such diagram
in the paper itself). This is described by
Turing as follows:

We may compare a man in the process of
computing a real number to a machine
which is only capable of a finite number of

conditions qy,4z,...qg wWhich will be called
“m-configurations”. The machine is
supplied with a “tape” (the analogue of
paper) running though it, and divided into
sections (called “squares”) each capable of
bearing a “symbol”. At any moment there is
just one square, say the r-th, bearing the
symbol S(x) which is “in the machine”. We
may call this square the “scanned square”.
The symbol on the scanned square may be
called the “scanned symbol”. The “scanned
symbol” is the only one of which the
machine is, so to speak, “directly aware”.
However, by altering its m-configuration the
machine can effectively remember some of
the symbols which it has “seen” (scanned)
previously. The possible behaviour of the
machine at any moment is determined by
the m-configuration g, and the scanned
symbol S(r). This pair q,, S(r) will be called
the “configuration”: thus the configuration
determines the possible behaviour of the
machine. In some of the configurations in
which the scanned square is blank (i.e. bears
no symbol) the machine writes down a new
svmbol on the scanned square: in other
configurations it erases the scanned symbol.
The machine may also change the square
which is being scanned. but only by shifting
it one place to right or left. In addition to any
of these operations the m-configuration may
be changed. Some of the symbols written
down will form the sequence of figures
which is the decimal of the real number
which is being computed. The others are just
rough notes to “assist the memory”. It will
only be these rough notes which will be
liable to erasure.

It is my contention that these operations
include all those which are used in the
computation of a number. The defence of
this contention will be easier when the
theory of the machines is familiar to the
reader.

Turing then goes on to say that he is
concerned specifically with automatic
machines. He defines an automatic
computing machine as one in which its
motion at each stage “is completely
determined by the configuration..” (in the
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Museum, South Kensington, London. (Crown copyright)

-

Pilot model of the ACE computer built at the NPL as an outcome of Turing’s work there. A part of this machine can be seen atthe Science

above sense). The complete configuration at
any stage is described by the number of the
scanned square, the complete sequence of all
symbols on the tape, and the m-
configuration. In other words it is the
information itself which pushes the machine
along - not some external agency — so that it
becomes automatic.

Then Turing explains that the behaviour
of such an automatic machine can be
described by successive rows of symbols and
abbreviations in a table. This table has the
column headings:

finalm

m
configuration symbol operations configuration

The first column contains code letters: the
next contains tape symbols as defined above.
The ‘operations’ column contains
abbreviations like ‘R’ which means the
machine moves one tape square to the right
and scans that square. The ‘final m-
configuration’ column contains code letters
belonging to the same alphabet as in the first
column and having the same meanings.

In each row of the table the first two
columns describe a machine configuration.
For this, the operations indicated in the
third column are performed in succession
and the machine moves into the final m-
configuration in the last column. In the
contest of the paper, this table is the
machine.

Turing then gives examples of how
different machines based on this general
principle can be mentally constructed to
compute different sequences of digits. He
actually uses the binary digits 0 and 1 in the
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examples, but this has nothing whatever to
do with the fact that binary notation was
later used in practical computers to suit
two-state electrical and electronic devices.

MACHINE ACTIONS AS NUMBERS

After mentioning that the m-configuration
tables can be abbreviated for convenience in
performing frequently used, standard
processes, the paper goes on to demonstrate
that the rows of a tuble can be encoded as
letters of the alphabet. A group of these code
letters is a “standard description” of a
machine. What this describes is not some
arrangement of hardware but the rules of
operation of the machine.

Finally, Turing says, the letters can be
further encoded into decimal digits. As a
result “we shall have a description of the
machine in the form of an arabic numeral.
The integer represented by this numeral
may be called a description number... of the
machine.” 1t determines the standard
description and the structure of the machine
uniquely. Further, there is a description
number for each computable sequence.

Thus at this point the paper is dealing with
certain computing machines (‘Turing
machines') which are automatic and have
input, output and memory. This kind of
machine has an instruction code in the sense
that a given machine action is determined by
a code consisting of a symbol on the tape and
symbols representing the current machine
configuration. It has a program — though
fixed and not an alterable stored program in
todav’s sense — in that it carries out an

ordered sequence of steps to perform a
computation. But so far these machines are
special-purpose ones: each is mentally
constructed to compute one particular
sequence and that alone.

UNIVERSAL TURING MACHINES

The crucial point about the special-purpose
machines is that each machine is completely
described — that is, evervthing it does in
computing its particular sequence — by a
code number: its description number. Thus
machine operations are encoded as
numbers, and as far as the machine is
concerned there is no distinction between
the numbers of the sequence being
computed and the operations performed on

those numbers: they are all just symbols.
Through these operation numbers the tables
can be put on the tape.

But in addition to the particular special-
purpose machines described, a table could
represent the behaviour of any machine. It
follows that a single, general-purpose
Turing machine could be made to simulate
the actions of a variety of other, special-
purpose machines. Turing calls this all-
purpose device a “universal computing
machine”. It is possible, he says, “to invent a
single machine which can be used to
compute any computable sequence.” If this
machine is supplied with a tape at the start of
which is written the standard description of
some particular computing machine then it
will compute the same sequence as the
particular machine.

In elaborating this general idea the paper



goes on to say that the universal computing
machine would have the rules of operation of
the special-purpose machine written
somewhere inside it. Then “each step could
be carried out by referring to these rules.” In
modern terminology, the universal
computing machines has a stored program.
And the concept of such a stored program
being alterable is introduced by the words
“We have only to regard the rules as being
capable of being taken out and exchanged for
others...,” Remembering that the rules are
expressed as symbols, we see that Turing is
here talking about what we now call
software. There follows a detailed account of
the universal computing machine, all in
terms of symbols in tabular form.

MATHEMATICAL CONCLUSION

The second half of Turing’s 36-page paper is
devoted to its main mathematical purpose:
to prove that there is a class of quite
elementary arithmetical questions for which
there is no decision procedure. As the author
states, the results obtained in the paper “can
be used to show that the Hilbertian Ent-'
scheidungsproblem can have no solution.”
Having given a proof of this, he concludes:
“Hence the Entscheidungsproblem cannot
be solved.”

LATER DEVELOPMENTS

Despite the purely abstract nature of the
computing machines discussed in the paper,
Turing did go on in later years to build
experimental electrical and electronic sys-
tems for mathematical purposes. Moreover,
during the course of his brilliant code
decipherment work at the Government Code
and Cypher School in the 1939-45 war he
was in close contact with the building and
operational use of the Colossus, an electro-
nic cryptanalytic machine constructed with
thermionic valves. As a result he acquired a
certain amount of electronic engineering
knowledge.

He learnt even more about the possibili-
ties and limitations of the current electro-
nics technology when he joined the then
new Mathematics Division of the National
Physical Laboratory at Teddington. He had
been invited there specifically to work on a
project officially described as “Investigation
of the possible adaptation of automatic tele-
phone equipment to scientific rumputing”
and “Development of electronic counting
device suitable for rapid computing.” The
Division was familiar with Turing’s 1936
paper. It was also very much aware of
current American work in computing
machines, such as the Automatic Sequence
Controlled Calculator at Harvard University
and the ENIAC (Electronic Numerical Integ-
rator and Calculator) at Pennsylvania Uni-
versity.

At the NPL Turing worked for three years
on its computing project, producing what
became in effect a specification for the ACE
(Automatic Computing Engine). This was
eventually built, first as the Pilot ACE and
later, in 1958, as a full-scale machine.
Meanwhile Turing moved to Manchester
University to do similar work there. The
Pilot ACE was later produced in commercial

form by English Electric under the name
DEUCE, while Manchester University’s
machine was similarly developed into the
Ferranti Mark | computer. So Turing played
some part in the research which led to the
founding of the British computer industry.

There has been a good deal of discussion
about the relative contributions of Turing
and von Neumann to the concept of the
stored program digital computer. It was
John von Neumann, the Hungarian-
American mathematician, who became an
adviser to the ENIAC project and was associ-
ated with the idea of introducing a stored
program to replace the ENIAC’s original
plug-and-socket method of setting up in-
structions. Von Neumann and Turing knew
each other. They were together for a while at
Princeton University and had discussions
there. Furthermore von Neumann had read
and was aware of the significance of Turing’s
1936 paper. Commentators have therefore
suggested that Turing’s paper provided the
fundamental idea of a program stored as
symbols which von Neumann later picked up
and utilized, consciously or unconciously,
for a practical purpose.

For example, Donald Davies of the NPL
has written: “Probably few of the early
pioneers had read the remarkable paper
(Turing's) but without doubt one man knew
it and understood fully its significance -
John von Neumann. His comments to Eck-
ert and Mauchly when he first saw ENIAC,
and afterwards his own work with Goldstine,
led to the flowering of the stored program
computer in the USA, while in Britain
several influences were at work and one
influence was Turing himself.”.

Other authorities hold that von Neumann

was the direct originator of the stored-.

program concept, and probably from this
view comes the term “von Neumann
architecture’ in general use today. Indeed it
is so firmly established that departures from
the principle are now being called ‘Non-von’
computers.

But this discussion about priority in no
way diminishes the fact of Turing’s 1936
paper and its undoubted originality. Perhaps
the only way to assess its significance and
contribution to present-day computer
science/technology is to read it onself and
make up one’s own mind. ’
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Two-dimensional
Fourier Transform

Weysel Omer follows up his article in the
June issue and describes the
transformation of two-dimensional data on
the BBC computer. The results can be
applied to image processing in applications
such as LANDSAT image analysis,
magnetic resonance imaging and filter
design.

Electronic encryption

Brian McArdle explains the protection of
data using the US Data Encryption
Standard and describes interfacing
betweena DESi.c. and a Z80
microprocessor

Hard disc interface

Byte-for-byte, hard-disc storage is around
ten times cheaper than floppy-disc storage.
John Adams discusses interfacing a hard-
disc drive toa microcomputer with the

aid of a practical example.

68000 processor family

Descriptions of the 68020 coprocessor
interface and pipelining are included in
David Burn's overview of the 68000-series
16/32 bit microprocessors

Equipment enclosures

There is a vast range of cases, racking and
boxes in which to house electronic
equipment. Ifyou need a ‘reach-me-down’
enclosure and have no house-style
requirements, our survey will assist in
making a choice.
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«The ORIGINAL FREE OF CHARGE dial up datay
*base. Buy, browse or place YOUR OWN AD for,
+goods or services to sell. 1000's of stock items, *
* spares and one off bargains. Updated daily.
¢ ONLINE NOW. CCITT, 8 bit word, no parity.
. For 300 baud modems call 01-679 1888
L]

For 1200-75 baud modems call 01-679 6183
PO O 00O OSSOSO S SOOI PP OPIRAOPANOPISIOIPSIIOIOIS
FREE only £24.95 it becomes a SUPERB

HIGH QUALITY * COLOUR™* TV SET |
Thefabulous TELEBOX an INVALUABLE MUST for the owner of
ANY video monitorwith a composite input. colour or monochrome,
Made by a major UK Ca as a TOP QUALITY, stand alone UHF
tuner and costing OVER £75 to manufacture, this opponum(¥ to
give your monitor a DUAL FUNCTION must not be missed” The
TELEBOX consists of a compact. stylish two tone charcoal
moulded case, containing ALL electronics tuner, power supply etc
to simply plug in and convert your previously dedicated computer
monitor into a HIGH QUALITY COLOUR* TV SET. giving a real
benefit to ALL the family!! Don't worry if your monitor doesn't have
sound- THE TELEBOX even hasan integral 4 watt audio amplifier
fordriving an external speaker, PLUS an auxiliary output for superb
quality television sound via your headphones or HI Fl system etc
Other features inciude Compact dimensions of only 1575 w x
75 dx35 h latest technology, BRITISH manufacture, fully -
tuneable 7 channelpush buttontuner, Auto AGC circuit SAW filter,
LED status indicator, fully isolated 240v AC power supply for total
safety. Mains ON-OFF switch etc Many other uses
LIMITED QUANTITY - DON'T MISS THIS OFFER!!

ONLY £24.95 OR£19.95 if purchased with ANY of our
video monitors supplied BRAND NEW with full instructions and 2 YEAR
warranty, Post and packing £3.50 *When used with colour crt.

COLOUR & MONOCHROME
MONITOR SPECIALS

‘SYSTEM ALPHA’ 14 COLOUR MULTI INPUT MONITOR

Your monitor from its computer!! For

system this monitor has all the features to suit your immediate and future
requirements. Two video inputs: RGB and PAL Composite Video. aliow direct
connection to BBC/IBM and most other makes of micro computers or VCR's
including our very own TELEBOX An internal speaker and audio amp may be
connected to computer or VCR for superior sound quality. Many other features:
PIL tube, Matching BBC case colour, Major controls on front panel Separate
Contrast and Brightness - even in RGB mode. Separate Colour and audio
controls for Composite Video input, BNC plug for composite input, 15 way ‘D'
plug for RGB input, modular construction etcetc
This Must Be ONE OF THE YEAR'S BEST BUYS. PC USER

Supplied BRAND NEW and BOXED, complete with DATA and 9C day
?uarantee ONLY £149.00 as above OR IBM PC Version £165.00

5 Day ‘D skt £1.00, BNC skt 75p BBC interface cable £5.50
DECCA B0 16" COLOUR monitor. RGB input.
Little or hardly used manufacturers surplus enables us to offer this sFemaI
converted DEéCA RGB Colour Video TV Monitor at a super low price of only
£99.00, a price for a cotour monitor as yet unheard of! Our own interface
safety modification and special 16" high definition PiL tube, coupled with the
DECEA 80 series TV chassis give 80 column definition and quality found only
on monitors costing 3 TIMES QUR PRICE The quality for the price has to be
seen to be believed! Supplied complete and ready to plug direct tc a BBC
MICRO computer or any other system with a TTL RGB output. Other features
are: internal speaker, modular construction, auto degaussing circuit, attractive
TEAK CASE. compact dimensions only 52cm W x 34 H x 24 D, 90 day
%uaramee Although used. unis are supplied in EXCELLENT condition.

NLY £99.00 + Carriage.
DECCA 80, 16° COLOUR monitor. Composite video input Same as above
model but fitted with Composite Video ! gut and audio amp for COMPUTER,
VCR or AUDIO VISUAL use. ONLY £99.00 + Carr.

REDIFFUSION MARK 3, 20' COLOUR monitor. Fitted with standard 75 ohm
composite video input and sound amp This large screen colour display is ideal
for SCHOOLS, SHOPDS, DISCO'S CLUBS and other AUDIO VISUAL appli
cations Supplied in AS NEW or Iittle used condition ONLY €145.00 + Carr
BUDGET RANGE EX EQUIPMENT MONOCHROME video monitors.

All units are fully cased and set for 240v standard working with composite video
inputs. Units are pre tested and set up for up to 80 column use. Even when
MINOR screen burns exist - normal data displays are unaffected 30 day
$uarantee

2" KGM 320-1 B/W bandwidth input wiil display up to 132 x 25 lines £32.95
12" GREEN SCREEN version of KGM 320-1 Only €39.95
9" KGM 324 GREEN SCREEN fully cased very compact unit Only £49.00

Carriage and insurance on ail monitors £10 00
) 144 \&
) fl » ] i ,

GOULD OF443 enciosed, compact switch mode supply with DC regulated
outputs of +5v @ 55a +12v @ 05a —12v @ O 1aand —23v @ 002a Dim 18 x
11 x6cm 110 or 240v input. BRAND NEW only £16.95
GOULD G6-40A 5v 40 amp switch mode supply NEW £130.00
AC-DC Linear PSU tor DISK drive and SYSTEM applications. Constructed on a
rugged ALLOY chassis to continuously supply fully regulated DC outputs of +5v
2 3 amps. —5v @ 0.6 amps and +24v @ 5 amps. Short circuit and overvoltage
protected. 100 or 240v AC input Dim 28 x 12.5 x 7 cm NEW £49.94

Carriage on all PSU's £3.00

»

B
/ )
A i al, Manutacturers BRAND NEW surplus.
DEC LA34 Uncoded keyboard with 67 -quality gold plated switches on X-Y
matrix - ideal micro conversions etc. £24.95
AMKEY MPNK-114 Superb word processor chassis keyboard on single PCB
with 116 keys Many features such as On board Micro, Single 5v rail, full ASCII
coded character set with 31 tunction keys, numeric keypad, cursor pad

)t and 9600 baud SERIAL TTL ASCII QUTPUT! Less than half price

\Only £69.00 with data Carriage on Keyboards £3.50

PC2000 System
with CPM Etc
COST OVER £1400

|
|

Made by the famous REDIFFUSION Co. for their own professional computer ‘

PREJ' TEL - VIEWDATA - TELEX

OMPUTER WAREHOUSE

DON’T MISS THE CPM Deal

1000’s OF
BARGAINS --
FOR CALLERS

OF the CENTURY
ULOUS CPM TATUNG P

BE BEATEN"

A cancelled export order and months of negotiation enables us to offer this professional
PC.CPM system, recently on saie at OVER £1400, at a SCOOP price just over the cost of
Y the two nternal disk drives! Or less than the price of & dumb terminal!

Not a toy. the BIG BROTHER of the EINSTIEN computer, the DUAL PROCESSOR
PC2000 comprises a modern stylish three piece system with ALL the necessities for the
SMALL BUSINESS. INDUSTRIAL. EDUCATIONAL or HOBBYIST USER. Used with
the THOUSANDS of proven, tested and availlable CPM sottware packages such as
WORDSTAR, FAST. DBASE2 etc. the PC2000 specification, at our prices. CANNOT

The central processor plinth contains the 64 K. Z8OA processor, DUAL TEAC S55F5Va

Double sided 40/80 track disk drives (1Mb per drive), PSU, 4K ot memory mapped screen RAM. disk controiter, RS232,
CENTRONICS and system expansion ports and if that's not enough aready to pluginto STANDARD 8" DRIVE port for uptoFOUR
8 diskdrives either in double density or IBM format The ultra slim92 key. detachable keyboard features 32 user definable keys,
numeric keypad and text editing keys, even its own integral microprocessor which allows the main ZBOA to devote ALL its time to
USER programs, eliminating “lost character” problems found on other machines. The attractive, detachable 12" monitor combines
agreen antrglare etched screen. with full swivel and tilt movement for maximum user comtort Supplied BRAND NEW with CPM
2.2, user manuals and full 0 day guarantee. Full data sheet and info on request

PC2000 Business System with CPM
and ‘Ready to Run’ FAST Sales and
Purchase ledger. supports up to
9000 Accounts, VAT etc
COSTOVER£1700

PC2000 Wordprocessor System
with CPM and TEC FP25 daisywheel
printer

NOW only £799

SURPLUS SPECIALS ON

PLESSEY VUTEL, ultra compact unit, shghtly Iar%'er
than a tefephone features A STANDARD DTMF
TELEPHONE (tone dal) with 5 CRT monitor and
integral modem etc for direct connection to PRESTEL
VIEWDATA etc Designed to sell to the EXECUTIVE at
over £600" Our price BRAND NEW AND BOXED at
only £99.00 1
DECCAFAX VP1 complete Professional PRESTEL
system in slimhine desk top umt containing Modem
Numerc keypad. CPU. PSU etc. Connects direct to
standard RéB colour monitor
nclude. Printer output. Full keyboard input, Cassette
port etc BRAND NEW with DATA A FRACTION OF
COST only €55.00
ALPHATANTEL. Very compact unit with integral FULL
ALPHA NUMERIC keyboard. Just add a domestic TV
recewver and you have a superb PRESTEL system and
via PRESTEL the cheapest TELEX service to be
tound" Many features CENTRONICS Printer output.
Memory dialling etc. Supplied complete with data and
DIY mod for RGB or Composite video outputs. AS
NEW only £125.00

Post and packing on all PRESTEL units €8 50

EX-STOCK INTEGRATED CIRCUITS

4164 200 ns D RAMS 9 for €11 4116 ns
£150 2112 £1000 2114 £250 2102 £2.00
6116 £2.50 EPROMS 2716 £4.50 2732 £3.00
2764 £4.95 27128 £550 6800 £2.50 6821 €1
68A09 £8 6BB09 £10 8085A £5.50 8086 £15
8088 £8 NEC765 ©£8 WD2793 £28 8202A
£22 8251 £7 8748 £15 ZBOA DART £650
ZB80OA CPU £2.00. Thousands of IC's EX STOCK

| send SAE for list

DISK DRIV :

Japariese 5% half height. 80 track double sided disk
drives by TEAC. CANON, TOSHIBA etc
Sold as NEW with 90 day guarantee ONLY £85.00
TEC FB-503 Double sided HH 40 TRK NEW £75.00
SUGART SAQ00 SS FH 35 TRK £55.00
SIEMENS FDD100 SS FH 40 TRK £65.00
carnage on 5% " drives £5 50
Brand NEW metal 5% DISK CASES with internal PSU.
DSKC1 for2 HH or 1 FH drive £29.95 +pp £4.00
DSKC 2 for1 HH drive £22.95 +pp£3.50
DKSC 3 As DSK1 LESS PSU £12.95 +pp£2.50
DSKC 4 As DSK2 LESS PSU £10.95 +pp£2.00
8" IBM format TESTED EX EQUIPMENT.
SHUGART 800/801 SS
SHUGART 851 DS £250.00 +pp £8.50
TWIN SHUGART851°s2 Mbtotal capacity in smart case,
comglete with PSU etc. £595.00
MITSUBISHI M28394-63 8" DS 1 Mb equiv. to SHUGART
SAB850R. BRAND NEW at £275.00 +pp £8.50
DYSAN 8" Alignment disk £29.00 + pp£1.00
Various disk drive PSU's Ex Stock SEE PSU section.
HARD DISK DRIVES
DRE/DIABLO Seres 30 25 Mb front (oad £525.00
Exchangeabie version £295.00. ME3029 PSU £95.00
DIABLO 44/DRE4000A, B 5+5 Mb from £750.00
CDC HAWK 5+5 Mb£795.00. CDC 9762 80 MbRMO3
etc £2500.00.
PERTEC D3422 5+5 Mb £495.00
RODIME 5" Winchesters ex-stock from £150 CALL
Clearance items - Sold as seen- No guarantee.
ICL 2314 BRAND NEW 14" Mb Removable pack hard
disk drive, cost over £2000 with data  ONLY £99.00
BASF 8172 8" 23Mb Winchesters £199.00
Unless stated,all drives are refurbished with 90 da
guarantee Many other drives and spares in stock - call
sales office for details. .

Many other features |

£175.00 +pp£8.50 |

Join the communications revolution with our super
range of DATA MODEMS. prices and specifications
to suit ail applications and budgets ..

BRAND NEW State of the art products.

DACOM DSiL2123 Multi standard 300-300. 1200-75
Auto answer etc £268.00
DACOM DSL2123AQ Auto dial, smart modem with
muiti standard AUTO SPEED detect. and data bufter

| with flow control etc. £365.00
DACOM DSL2123GT The CREAM of the intelligent
modems, auto dial auto call index_ buffer
etc etc £4

98.00
Steebeck SB1212 V22 1200 baud FULL DUPLEX,
sync or async, optional auto dial £465.00

RANSDATA 307 A Acoustic coupler 300 baud full
duplex, originate only, RS232 interface £49.00

Ex BRITISH TELECOM full spec, CCITT, ruggedised.,
bargain offers Sold TESTED with data Will work on
ané MICRO or system with RS232 interface.

MODEM 13A 300 baud unit. only 2" high tits under
phone CALL mode only £45.00.
MODEM 20-1. 75-1200 baud. Compact unit for use
as subscriber end to PRESTEL, TELECOM GOLD,
MICRONET etc. £39.95 +pp £6.50
MODEM 20-2 1200-75 baud Same as 20-1 but for
computer end £65.00 +pp £650
DATEL 2412. Made by SE Labs for BT this two part
unit is for synchronous data links at 1200 or 2400
baud using 2780/37&0 protocol etc Many features
include 2 or 4 wire *vorking, self test, auto answer etc
COST OVER £€820. Qur price ONLY £199 +pp £8.00
DATEL 4800, RACAL MPS4800 baud modem, EX
BT good working order, ONLY £295.00 +pp £8 00

SPECIAL OFFER
MODEM TG2393. Ex BT, up to 1200 baud, full
duptex 4 wire or half duplex over 2 wire line. ONLY
£85.00 PER PAIR +pp £10.00
For more information contact our Sales Office.
» » »

| SPECIAL BULK PURCHASE of these compact. high
speed matrix printers. Built in Japan for the Hazeltine
Corporation this umit features qualty construction
gwving 100cps bidirectional. full pin addressable
graphics. 8 type fonts. up to 95 single sheet or
tractor paper handing, RS232 and CENTRONICS
parallel interface Many other features BRAND NEW
and BOXED. COST £420. Our price Only £199.00

I RECHARGEABLE BATTERIES

Dry Fit MAINTENANCE FREE by Sonnenschein
& Yuasa.

A300 07191315 12v 3Ah NEW £13.95
A300 07191312 6v 3Ah NEW £9.95
A300 07191202 6-0-6v 1. 8Ah TESTED Ex

Equip £5 99

Standard VDU data entry terminais
at give away prices!!

QUME QVT108. gurrem product, state of the art
terminal with detachable keyboard, 12° Green screen,
2 page RAM, TVl 925 Hazeltine, ADMSA emulations.
software setup. 25 x 80, Clock, Swivel and tilt base.
| Printer port. Function keys etc. BRAND NEW and
| BOXED AT ALMOST HALF PRICE Only £425.00

AJ510 - EX RENTAL, Z80 controlled, 15 green
|screen 24 x BO display. graphics, cursor_addressing,
| printer port etc. Very good condition TESTED complete

| with manual only £225.00
ADDS 520 - Dumb terminal, used, 12" b/w screen
RS232 interface and printer port. TESTED.

ONLY £125.00. Carriage on terminals £10 00
100's of other terminals in stock, CALL for more details.

32 Bigg

I~ Telephone 01

inW

All prices quoted are for U.K Maintand. paid cash with order in Pounds Sterling PLUS VAT Minimum order value £2.00.
Minimum Credit Cardorder£10.00. Minimum BONAFIDE account orders from Government Depts.. Schools. Universitiesand
established companies £20.00 Where post and packing not indicated please ADD £1.00 + VAT Warehouse open Mon-Fri
9.30-5.30. Sat 10.30-5.30. We reserve the right to change prices and specifications without notice. Trade. Bulk and Export

y, Upper Norwood, London SE19 3XF
-679 4414 Telex 894502 Data 01-679 1888

]
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SUPER DEAL? NO - SUPER STEAL
THE FABULOUS 25 CPS “TEC STARWRITER”
L

Made to the very
highest spec the TEC
STARWRITER
FP1500-25 features a
very heavy duty die cast
chassis and DIABLO
type print mechanism
giving superb
registration and print

da i g .« =5
quality. Micro-processor \' \fracuon of its original cost //
electronics offer full :

DIABLO/QUME command compatability and full control via CPM WORDSTAR

ETC. Many other features include bi-directional printing, switchable 10 ar 12 pitch
fult width 381 mm paper handling with up to 163 characters per line, friction feed
rollers tor single sheet or continuous paper, internal buffer, standard RS232 serial
interface with handshake Supplied absolutely BRAND NEW with 90 day guarantee
and FREE daisy wheel and dust cover Order NOW or contact sales office for more
information. Optional extras RS232 data cable £10.00. Tech manual £7.50 Tractor

TELETYPE ASR33

DATA 1/0 TERMINALS

Industry standard, combined ASCI|
110 baud printer, keyboard and 8
hole paper tape punch and reader.
Standard RS232 serial interface.
ldeal as cheap hard copy unit
or tape prep. for CNC and NC
machines. TESTED and in good
condition. Only £250.00 floor
stand £10.00. Carr & Ins. £15.00

- EXNEWS
SERVICE PRINTERS

Compact ultra retiable quabty built unit

Feed £140.00. Spare daisy wheel £3.50. Carriage & Ins. (UK Mainland) £10.00

NOW ONLY £499 + VAT

made by the USA EXTEL Corporation.
Often seen in major Hotels printing up to
the minute News and Financial inform-
ation, the unit operates on 5 UNIT
BAUDOT CODE from a Current loop,
RS232 or TTL serial interface ‘May be

DIY PRINTER MECH

connected to your micro as a low cost
printeror via a simple interface and filter
to any communications receiver to
enable printing of worldwide NEWS.

Brand New surplus of this professional
outstanding opportunity for the Student,
constructor to build a printer - plotter - digitiser etc, entirely to their
own specification. The printer mechanism
aligned and pre tested but WITHOUT electronics. Many features
include all metal chassis, phosphor bronze bearings, 132 character
optical shaft position encoder, NINE needle head, 2 x two phase 12V
stepper motors for carriage and paper control, 9.5 Paper platten etc.
etc. Even a manufacturer's print sample to show the unit's capabilities!!
Overall dimensions 40 cm x 12 cm x 21 cm.

Sold BRAND NEW at a FRACTION of cost ONLY £49.50 + pp £4.50.

TELEX and RTTY services.

Supplied TESTED in second hand
condition complete with DATA, 50 and
75 baud xtals and large paper roll.

printer chassis gives an
Hobbyist or Robotics

is supplied ready built, | TYPE AE11
50 Column ONLY £49.95
Spare paper roil for AE1 1 £4.50
TYPE AF11R 72 Col
+ Ribbon £65.00
TYPE AH11R 80 Col.
ASCII/BAUDOT £185.00

Carriage and Insurance £7.50

20,000 FEET OF ELECTRONIC
AND COMPUTER GOODIES

ENGLAND'S LARGEST SURPLUS STORE - SEEING IS BELIEVING!!

DEC CORNER

MAG TAPE DRIVES

PDP 1140 System comprising of CPU, 124k
memory & MMU 15 line RS232 interface
RP02 40 MB hard disk drive

TU10 9 track 800 BPi Mag tape drive, dual
track system. VT52 VDU, etc. etc. Tested and

running. £3,750.00
BA11-MB 3.5 Box, PSU, LTC £395.00
DH11-AD 16" x RS232 DMA

interface £1,900.00
DLV11-J4 x EiA interface £350.00
DLV11-E Serial. Modem support  £190.00
DUP11 Synch. Serial data i/o £650.00

DQ200 Dilog - multi RK controiier £495.00

DZ11-B 8 line RS232 mux board £650.00
KDF11-B8 M8189 PDP 1123

PLUS £1,100.00
LA30 Printer and Keyboard £80.00
LA36 Decwriter EiA or

20 mA loop £270.00
MS11-JP Unibus 32kb Ram £80.00
MS11-L8 Unibus 128kb Ram £450.00
MS11-LD Unibus 256kb Ram £850.00
PDP11/05 Cpu Ram. i/o etc £450.00
PDP11/40 Cpu. 124k MMU £1,850.00
RT11 ver 38 documentation kit £70.00
RKOS5-J 2.5 Mb disk drives £650.00
KL8 JA PDP 8 async i/o £175.00
M18E PDP 8 Bootstrap option £75.00
VT50 VDU and Keyboard

- 20 mA £175.00
VT52 VDU and RS232 interface £250.00
T T LT PP TS
. Give your VT100 a Birthday"! :
: Brand New VT100 Keyboards 3
H only £85.00 b

1000's OF EX STOCK spares for PDP8. PDP8SA
PDP11, PD P1134 etc. SAE. for list. or CALL
sales office for details.

ALL TYPES OF COMPUTER EQUIPMENT AND
SPARES WANTED FOR PROMPT CASH
PAYMENT.
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Many EX STOCK computer tape drives and spares by
PERTEC, CIPHER, WANGO, DIGIDATA, KENNEDY
etc. Special offer this month on DEIl Cartridge tape
drives ONLY £450.00 each.

CALL FOR DETAILS

COMPUTER/SYSTEM CABINET & PSU

All in one quality computer cabinet with integral

switched mode PSU, mains filtering, and twin fan

cooling. Originally made for the tamous DEC PDP8

computer system costing thousands of pounds.

Made to run 24 hours per day the psu is fully

screened and will deliver a massive +5v DC at 17 amps, +15v DC at
1 amp and ~15v DC at 5 amps. The complete urit is fully enclcsed
with removable top lid, filtering, trip switch, power and run leds
mounted on ali front panel, rear cable entries, etc. etc. Units are in
good but used condition - supplied for 240v operation complete with
full circuit and tech. man. Give your system that professional finish
for only £49.95 + carr. 19" wide 16" deep 10.5" high. Useable area
16"w 105"'h 11.5"d.

Also available less psu, with fans etc. Internal dim. 19w, 16"d, 10.5"h.

£19.95. Carriage £8.75

6% DISCOUNT ~ s
DISCO”NT eN EQUIP?AENT

Due to our massive bulk purchasing programme, which enabies us to bring you the
best possible bargains. we have thousands of ICs, Transistors. Relays, Caps, PCBs,
Sub-assemblies. Switches etc. etc. surplus 1o OUR requirements. Because we don't
have sufficient stocks of any one item to include in our ads we are packing all these
items into the BARGAIN OF A LIFETIME. Thousands of components at giveaway
prices. Guaranteed to be wcrth at least 3 times what you pay. Unbeatable value and
perhaps one of the most cansistently useful items you will every buy't Sold by
weight

2.5kis £5.25 + pp £1.25

10kls £11.25 + pp £2.25

S kis £6.90 + £1.80
20klis £19.50 + pp £4.75
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CIRCLE 62 FOR FURTHER DETAILS

GE TERMIPRINTER

g

3

A massive purchase of these desk top
printer terminals enables us to otfer you
these quality 30 or 120 cps printers
at a SUPER LOW PRICE against therr
onginal cost of over £1000 Unit
~omprises of full QWERTY. electron:
keyboard and printer mech with peant
face simiar to correspondence quality
typewriter Vanable forms tractor unit
enables full width up to 135 120
column paper. upper lower case
standard RS232 serial intertace. internal
vertical and hornzontal tab settings
standard rnibbon adjustable  baud
rates, quiet operation plus many other
features Supplied complete with manual
Guaranteed working GE30 £130.00.
GE1200 120 cps £175.00

Untested GE30 £65.00 Optional floor
stand £12.50. Carr & Ins. £10.00

SEMICONDUCTOR

__'GRAB BAGS'

Mixed Semis amazing value contents
include transistors digital. linear. IC's
triacs. diodes. bridge rec¢s. etc et

All devices guaranteed brand new full
spec with manufacturer's markings. fully
guaranteed

50+ £2.95100+ £5.15

TTL 74 Sernes. A gigantic purchase of an
‘across the board” range of 74 TTL senes
IC's enables us to ofter 100+ mixed
“mostly TTL" grab bags at a price which
two or three chips In the bag would
normally cost to buy Fully guaranteed al
IC's full spec. 100+ £6.90, |
200+ £12.30, 300+ £19.50

MAINS FILTERS
CURE those unnerving hang ups and data
glitches caused by mains interference with
professional quality filters. SDSA match-
box size up to 1000 watt 240 V
Load ONLY £5.95. L12127 compact
completely cased unit with 3 pin fitted
socket up to 750 watts ONLY £9.99.

EPROM COPIERS

The amazing SOFTY 2 The "Complete |
Toolkit" for copying. writing. moditying and
listing EPROMS of the 2516, 2716.
2532, 2732 range. Many other functions
include integrai keyboard. cassette inter-
face. senal and parallel /o UHF modulator
ZIF socket etc

ONLY £195.00 + pp £2.50

“GANG OF EIGHT" intelligent 280
controlled 8 gang programmer for ALL
single Sv rail EPROMS up to 27128 Will
copy 827128 inONLY 3MINUTES. Internal |
LCD display and checking routines for
IDIOT PROOF operation. Only £395.00 +
pp £3.00

"GANG OF EIGHT PLUS" Same spec. as
above but with additional RS232 seral
interface for down line loading data from
computer etc. ONLY £445.00 + pp £3.00

Data sheets on request

COOLING FANS §

Keep your hot parts COOL and RELIABLE with our range of
COLING FANS ETRI 126121 240v 5 blade equipment fan
0. 80 - 80 « 38Bmm £9 95 ETRI 39XUOI 240v Shrline
Dim 92 « 92 - 25mm equpment gfan, NEW £9.95
GOULD JB-3AR Dim 3 3 w2 ompact very quiet
runring 240v operation NEW £6.95. MUFFIN-CENTAUR
BOXER siandard 120 - 120 - 38mm fans Order 110v OR
240v 3 or 5 blade, NEW a1 £10 50 os 1ested EX EQUIPMENT
£5.50. Low Voltage DC Fans BUHLER 69.11.22. 8 16v DC
micro minaidture reversible  Uses brushiess servo motor
almost silent runming. guaranteed 10.000 hr life Measures
only 2 « 62 % 22mm. Current cost £35 00 QUR PRICE
ONLY £13.95 complete with data, 120 + 120 - 38mm (4
DC fans). PANSONIC FB-12C12H 12v DC 5 blade £18.00
PAPST 4124X 24 28v DC 5 biade £18.00.
100’s of other fans Ex Stock
Call for Details Post & Packing on al! fans £2 0D
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'APPLICATIONS SUMMARY |

LOW-LOSS REGULATED SUPPLY

Voltage drop in conventional
three-terminal regulators is
above 1V. In this circuit, one of
11 described in Siliconix’ ‘Ap-
plications No 1’, no voltage drop
occurs provided that input diode
voltage remains above the zener
voltage plus the product
! ><RDSon

Voltage is doubled by the 7660
then regulated by the op-amp
and mosfet. For Ip of 50mA.

Vm V'(IDXRDSon'
=52V+(0.05%1.2)

5.26V

So as long as input voltage does
not drop below 5.26V, output

will be as close to the zener
voltage as the op-amp common-
mode offset voltage allows.

By selection of the zener
diode, supply current is greater
than 100mA. Qutput voltage is
adjustable up to the input limit
of the converter used.

The other ten circuits in the
eight-page note are a stepper
motor drive, high-voltage mosfet
totem-pole, current regulator,
two-channel video switch, j-fet
op-amp input, memory mapped
interface, simple a-to-d conver-
ter, bipolar d-to-a converter, a
sampler and a processor-
controlled multiplexer.
EWW300 on reply card

DISPLAY CONTROLLER
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Hardware and software for turn-
ing parallel data into video-form
alphanumeric characters are de-
scribed in Motorola note AN851.
The design includes a micro-
processor for display manipula-
tion and interfacing.

Main componenis are a 6808
microprocessor and a 6845 c.r.t.

controller. The microprocessor
responds to special character
codes to give automatic scroll-
ing, carriage return, line-feed,
paging, screen clearing and cur-
sor manipulation.

Eight-bit character data,
taken sequentially from screen
ram, is turned into 7X9 dot

Address bus

display characters and posi-
tioned on the screen by the c.r.t.
controller. Shift-register dot
clocking and sync generation is
also done by the controller.

The circuit and software pro-
duce 24 lines of 80 alphanumeric
characters but modifications are
outlined for graphics and semi

graphics displays. Assembly-
language software for the screen-
manipulation functions is given
and described but both hardware
and software for parallel or serial
interfacing are left to the user.
EWW301 on reply card
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HALL-EFFECT
1.CS

Comprehensive magnetic-
interfacing and characteristic
details for Hall-effect i.cs are
given in Sprague’s CN207 ap-
plications booklet but there are
also one or two simple output-
conditioning circuits, such as
this one for s.c.r. driving.

On-state output current from
the Hall-effect switch is low so a
transistor amplifier is used to
step the 9mA output up to 80mA
toturnon thes.c.r.

The 40-page booklet tells how
the Hall-effect i.cs work and in-
cludes sections on rotary activa-
tors, ring magnets, current sen-
sors, magnet selection and oper-
ating modes.

EWW302 on reply card

AubIio DELAY
DEVICES

Circuits for chorus, vibrato and
reverberation are given in Pana-
sonic’s BBD data/application
catalogue for bucket-brigade de-
vices. No circuit details are given
but the catalogue includes full
technical specifications of a
range of delay i.cs that directly
replace Mullard types.

The MN3005 is a 4096-stage
device with 75dB s-to-n ratio for
delays from 20.48 to 205ms. This
100ms reverberation circuit is
accompanied by a p.c.b. foil pat-
tern.

EWW303 on reply card

+12v

-==15Vto
230V

SURFACE MOUNTING

Lower manufacturing costs and
smaller board size are the main
benefits of using surface-
mounted components but there
is also a significant electrical
benefit.

An MF Electronics’ note main-

ly outlining the commercial
advantages of surface-mounting
technology for p.c.b. manufac-
turers points out that because
surface-mounted components
are closer together, propagation
delay and r.f. emission are re-

duced. Surface-mounted devices
also have shorter legs than con-
ventional ones, which further
reduces these problems.
EWW304 on reply card
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Stereo tvin US
wins award

Zenith Electronics Corp. in the
USA has won an Emmy award for
its Multichannel tv sound (MTS})
stereo tv system. The system
allows hi-fi stereo sound to be
broadcast with the tv signal. The
second channel can also be used
to broadcast a simultaneous au-
dio programme which could, for
example be another language for
translations. According to
Zenith, more than 87% of the
continental US population is in
range of a stereo tv signal. More
than 300 stations are equipped
with the MTS system. The federal
Communications Commission
authorized stereo tv broadcasts
in 1964, following the endorse-
ment of the Zenith system by the
Electonic Industries Association.

PDATE

Euro
information
exchange

Millions of trade documents
could be virtually eliminated by
the adoption of ODETTE (Organ-
isation for data exchange by tele-
transmission in Europe). The
documents will be replaced with
electronic traffic carrying the
same content but travelling
much faster than post and requi-
ring no manual processing.
Odette was devised by a num-
ber of motor manufacturers and
suppliers with the aim of cutting
the cost of paperwork in vehicle
production and of improving bu-

siness methods, to provide ins-
tant response to a change, like
the Japanese ‘just in time’ sys-
tem. They key to the system is
the Interbridge data standardiza-
tion package. This translates do-
cuments into and back out of
standard formats on the United
Nations’ Guidelines for Trade
Data Interchange. The scheme
has just been adopted by the
Society of Motor Manufacturers
and Traders and the systems will
be installed by Systems Design-
ers, of Fleet, Hants.

Electronic bus
data collector

Well actually it’s a clipboard co-
vered with barcodes and is being
used by transport authorities
anxious to make their bus ser-
vices efficient. Survey staff can
interview passengers and use a
portable terminal to record the
answers. Each clipboard has the
relevant details of the bus route
encoded on it. So a simple wipe
of the optical pickup provides
details of the stops, time, pur-
pose of journey, use of travel
cards and the like. When the
terminals are plugged into a
computer, directly or remotely
through a modem, the results
can be transferred immediately
without any human interfe-
rence. Merseyside passenger
transport executive are to get 32
terminals from GE Electronics
and are planning to survey 1200
routes.

In brief

The 1986/87 series of IEE Fara-
day Lectures, designed to inform
and educate young people, are to
be presented by ICL who will use
the title “The opportunity of a
lifetime” to promote the idea
that “information and its effec-
tive use can be the key to survival
and prosperity of Britain as an
individual nation.”
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Some logic array chips are programmed by lasers severing 2um
links in the metal interconnection circuit. Siemens Production
engineers have developed a grey-shade image processing system
which can distiguish 256 different brightness values, locate the
exact position of a connection point within 30ms and position the
laser with an accuracy of 0.2um. Such a positionis indicated by the

middle axis in the picture.
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MEETINGSAND
LECTURES

30 October
Clock recovery and synchroniza-
tion in digital radio. IEE collo-
quium at [EE, Savoy Place, Lon-
don WC2. Tel: 01 240 1871 Ext.
269.
31 October
Future printer and plotter tech-
nology. IEE colloguium. As
above.
3 November
Millimetre wave component de-
sign. [EE colloquium. As above.
System required and system defi-
nition. IEE discussion meeting.
14.00h. Further details as above.
4 November
Adaptive man-machine inter-
faces. IEE colloquium. As above.
3D tv — solid future? IEE lecture
by Dr R Borner. As above.
5 November
High integrity systems — theory
and practice. IEE colloquium. As
above.
6 November
Designing on silicon — the chal-
lenge for power engineers. IEE
Lecture by D. H. Roberts (GEC).
As above.

Nerve activity measurement
and analysis. IEE/IPSM collo-
quium. As above.

6 November

Creative digits — the impact of
digital technology on tv produc-
tion. Royal Television Society
1986 Shoenberg Memorial lec-
ture. At the Royal Institution,
Albermarle Street, London W1.
1900h. Details from the Society,
Tel: 01387 1970.

7 November

The Domesday project — engi-
neering aspects. IEE collo-
quium. As above.

11 November

Small terminal satellite commu-
nications systems. IEE collo-
quium. As above.

Sub-marine telecommunica-
tions. IEE lecture by Dr. T.
Rowbotham (BTRL). As above.

12 November

High definition tv —the technical
challenge. IEE lecture by T.S.
Robson (IBA).

17 November

Giotto — the mission accomplis-
hed. IEE lecture by R. Jenkins
(BAe) Electromagnetic Interfe-
rence: practical design and
construction techniques. IEEIE/
IEE symposium. City Confe-
rence Centre, Mark Lane, Lon-
don EC3. Details from IEEIE,
Tel: 01-836 3357 Ext. 212.



Wafer
fabrication in
Scotland

Production has begun in Glen-
rothes at a new factory for diffu-
sed silicon wafers. Sememlab,
who manufacture transistors on
wafers supplied by other manu-
facturers, have set up the factory
to produce power mos-fet and
bipolar transistors with a
3micron geometry. Most of the
products will be used by Semem-
lab themselves but there will be
enough capacity to supply wafers
to other manufacturers for tran-
sistors or mos i.cs compatible
with the processes available.

....and in
France

Construction work has begun in
the South of France of the
construction of a very large fac-
tory for the production of inte-
grated circuits using direct
electron-beam lithography to
provide rapid turnaround for the
devices.

European Silicon Structure
(ES2) is a result of collaboration
between several leading systems
manufacturers in Europe inclu-
ding Philips, Brown Boveri,
Saab, Bull, Olivetti, British Ae-
rospace and Telefonica.

The factory is specifically desi-
gned to produce application-
specific i.cs which would be too
specialized for the large manu-
facturers to tackle with their
conventional production
methods. Design stages will be
developed on a silicon compiler,
a software system that reduces
design time dramatically.

The shell of the building is to
be complete and equipment ins-
talled next spring; the first pro-
ducts toemerge in summer.

New pinouts for
new logic

The joint development of adv-
anced c-mos (a.c.1) by Philip/
Signetics and Texas aims to pro-
duce the speed of advanced bi-
polar logic with the low current
consumption of c-mos. The a.c.l.
devices will be three times as fast
as existing high-speed c-mos
logic i.cs while offering 24mA of
output drive current, which

PDATE

Take-away domestic satellite receivers are to be introduced by
Rediffusion Radio Systems. Two building blocks, RSR-30 receiver
and RKU-10 low noise block, form the basis for both domestic and
commercial systems. 1.2, 1.5, and 1,7m dishes are available and a

basic home instaliation is expected to retail at under £1000.

gives considerably more fanout.
In order to take full advantage of

these advancements, it was’

necessary to rearrange the power
and signal pins. These will help
to reduce noise and overcome
the effects of simultaneous
switching within the devices.
Other changes will reduce the
self inductance encountered
with some i.cs. The principal
changes will be that the supply
voltage and ground pins will he
in the middle of d.i.l. Package
instead of the ends. Inputs will
surround the supply voltage pins
and outputs will be near the
ground pins with control signals
at the ends.

Acorn back in
the black

Acorn Computers achieved an
operating profit of £298k in the
first half of 1986, compared with
a loss in the previous six months
of £97k and the disastrous £10m
loss at the beginning of 1985.
The turnaround has been achie-
ved despite the expense of laun-
ching new products and maintai-
ning the same level of r & d
expenditure. Brian Long, Acorn
managing director puts the suc-
cess of the Master series at the
top of his list to explain the
recovery. There was also the sale

of a licence to VLSI Technology
the produce the Acorn RISC
chip; the successful expansion
into specialist markets, such as
health care and doctors’ records,
and o.e.m. sales to major custo-
mer for inclusion in their own
products. Long also points out
the loyalty of customers who can
continue to exploit their existing
investments by getting the latest
upgrades. Acorn’s commitment
to continuity has played a crui-
cial role in users’ loyalty, he said.

How safe are
VDUs?

There have been allegations of
adverse effects of working with
computer screens for pregnant
women. The second internatio-
nal meeting to examine the alle-
gations of reproductive hazards
fromv.d.u.sis to take place at the
Cumberland Hotel, London on
25th and 26th November. Spea-
kers, mostly medical experts
from Scandinavia, North Ameri-
ca and Europe, will present the
results of their studies. The mee-
ting is organized by Humane
Technology, a consultancy spe-
cializing in the human aspects of
computer systems. Further de-
tails from HT, Telephone: Not-
tingham (0602) 475563

In brief

Finland is to become an associate
member of the European Space
Agency. It will participate in the
science programme and in the
Earth observation preparatory
programme. This latter is a five-
year programme to prepare Eu-
rope’s activities for a further ten
years.

The International Train, Bri-
tish Rail Engineering’s attempt
to sell new rolling stock abroad,
has lots of electronics on board.
There is a cellular payphone lin-
ked to Cellnet. A prototype seat
reservation system transmits de-
tails to the train before depar-
ture. This and other information
can be displayed to the passen-
gers, individually or collectively.
The screens can also be used to
show films and tv programs.
British Telecom has provided all
this and is also proud of its
control and monitoring systems,
developed specifically for railway
applications.

CONFERENCES &
LECTURES

4-7 November 1986

Radio relay systems. European
conference in Munich. Details
from Dr P. Guls, ANT Nachrich-
tentechnik GmbH, Gerber-
strasse 33, D-7150 Backnang,
FRGermany.

13-15 November 1986

The history of television. IEE and
others. International conference
at [EE, Savoy Place, London
WC2.Tel: 012401871 Ext. 222.
18-22 November 1986
Computers in the city. Confe-
rence and Exhibition. Barbican
Centre, London. Online, Tele-
phone 01 868 4466.

22-23 November 1986
Hands-on show Music recording
exhibition, with seminars.
Strand Palace Hotel, The Strand,
London WC2. Organized by Tur-
nkey, Telephone 01-202 4366.

2-3 December 1986

Satellite Communications.
Conference. Tara Hotel, London
Online, Tel: 01 868 4466.

2-5 December 1986
Technospace International space
industries and technologies ex-
hibition. Bordeaux-Congres,
Bordeaux, France. Details: Tech-
nospace, 12 Place de la Bourse,

33076 Bordeaux Cedex, France.
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Still in the
picture

Television South has acquired
two systems for the storage of
still pictures on optical discs.
The pictures are stored in EBU/
SMPTE format and a com-
plimentary database system
keeps a comprehensive record of
the contents of each disc. Each
optical disc can store over 1000
full-sized broadcast quality pic-
tures. An add-on option is Pic-
ture File which allows the stills
to be viewed in full frame or it is
possible to get 30 pictures onto
one screen for comparison.
Other options include video
manipulation of the pictures so
that they can, for example, be
flipped, changed in size, be crop-
ped or repositioned: Art File pro-
vides a video “painting” system.
The Gallery 2000 system is pro-
duced and supplied by Logica.

DTI look into
parts of the
spectrum

The Department of Trade and
Industry has commissioned a
short-term study on spectrum
planning for fixed terrestrial
radio services in the unexploited
frequency range of 30 to 60GHz.
The study will review the future
of existing and potential micro-
wave fixed links. It will pay par-
ticular attention to the competi-
tive position of UK equipment
manufacturers and the likely de-
velopments in technology over
the next five years.

Outline planning for this band
has been completed but the DTI
would welcome contact with
those with an interest in this
frequency range. Comment
should go to the consultant, Gra-
ham Taylor, Ewbank Preece
Consulting Ltd, Prudential
House, North Street, Brighton
BN1 IRE.

Meanwhile, in another part of
the spectrum, more frequencies
are to be made available for cellu-
lar telephones in central Lon-
don. The frequencies immediate-
ly below those presently used for
cellular radio are allocated to the
MoD. They have agreed that,
subject to certain restrictions,
these frequencies may be used by
cellular radio operators in Lon-
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Crest awards for young pople

At work on his Swamp Rat air
boat is 18-year-old Christopher
Cox, who designed it as a pilot
project for the Crest Award
scheme. Crest stands for Creativ-
ity in Science and Technology;
and the aim of the scheme is to
do for young people’s scientific
and technical awareness what
the Duke of Edinburgh’s award
has done for overall personal
development.

Launched by the British Asso-
ciation for the Advancement of
Science at its 1986 meeting in
Bristol, Crest offers awards at
gold, silver or bronze level for
knowledge, problem-solving
ability and perseverance.

Young people aged 11 to 18

can take part either as individ--
uals or as teams. And their entries

may consist of straightforward
scientific investigations or de-
sign and construction studies.

W

Prospective gold award win-
ners are to be encouraged to
form links with industry and
higher education for help and
advice. The scheme will un-
doubtedly give job-hunting
school leavers a useful record of
achievement to supplement
their examination results. But
the organizers hope it will en-
courage scientific and tech-
nological activity among all
secondary school pupils and in
doing help to reduce Britain’s
present shortage of skilled en-
gineers.

Financial backing for Crest
has come from Philips Electro-
nics, BP, the Wellcome Founda-
tion and the Department of
Education.

For more details, write to
Crest at the British Association,
Fortress House, 23 Savile Row,
London W1X 1AB.

don. Initially a further 200 chan-
nels will become available to
each operator — compared with
the current 300. If the demand
justifies it, a further 120 channel
each could become available.
The MoD restriction is that the
area of operation should be li-
mited to a 6-mile radius around
Charing Cross.

Yet more news from the DTI is
that they have published a con-
sultative document on the possi-
bility of establishing an indepen-
dent third-party quality assur-
ance scheme within the radio
communication industry. This
in effect could lead to a self
regulating radio frequency spec-
trum, devolved from the RRD.
The scheme could also reduce
the number of international

assessments needed for type-
approval. Manufacturers who are
certified to certain levels of pro-
duct conformity will produce
better goods. If the responsibility
for type approval is put directly
on the manufacturers and im-
porters, the loophole, that allows
illegal good to be sold legally
would be closed. Copies of the
document, full title of which is
“Proposal for the establishment
within the radio communica-
tions industry of an independent
third party quality assurance
scheme under the aegis of the
National Accreditation Council
for Certification Bodies” are
obtainable from the DTI, Room
409, Waterloo Bridge House,
Waterloo Road, London SEI1
8UA.

CONFERENCE
& EXHIBITIONS

3-4 December 1986

Satellite Broadcasting. Confer-
ence. Tara Hotel, London
Online, as above.

9-11 December 1986

Videotex International Confer-
ence and exhibition. Wembley
Conference Centre, London.
Online, as above.

23-27 February 1987

Fiarex 87 international electro-
nics trade fair. Rai Exhibition
Centre, Amsterdam. Rai
Gebouw, Europaplein, Am-
sterdam.

3-6 March 1987

International Open Systems
Conference (and a MAP seminar,
4 March). Barbican Centre, Lon-
don. Online, as above Semicon,
Europa 87 exhibition of semi-
conductor equipment and mate-
rials. Zuspa Convention Centre,
Zurich. Enquiries to Cochrane
Communications, Tel: 01 353
8807.

24-26 March 1987

Cadcam 87 exhibition. NEC
Birmingham.

EMAP int. Exhibitions, Tel: 01
6081161.

25-26 March 1987
Instrumentation Bristol 87 Ex-
hibition. Bristol Crest Hotel. Tri-
dent Int. Exhibitions, Tel: 0822
4671.

6-8 April 1987

Offshore computers conference
and exhibition. Heathrow Penta
Hotel, London. Offshore Confer-
ences, Tel: 01 549 5831.

28-29 April 1987
Cellular and mobile communica-
tions Conference. Barbican Cen-
tre, London. Online, as above.
Value-added network services
(VANS) Conference. Barbican
Centre, London. Online as
above.

28-30 April 1987
City communications exhibi-
tion. Barbican Centre, London.
Online, As above.

18-20June 1987
Television measurements, Third
international IERE conference.
Montreux, Switzerland. IERE
Tel: 013883071.



Broadcast radio-data

As the BBC and IBA prepare RDS services for next
year’s start, this review describes radio-data on both

v.h.f.and L.f.

D.T. WRIGHT AND S.M. EDWARDSON

or more than a decade, broadcasters
Fhave been adding auxiliary data signals

to their normal radio and television
transmissions in such a way that they go
unnoticed by viewers and listeners not
equipped to receive them. Probably the first
application of this kind, which barely war-
rants recognition as a one-bit data signal,
was the addition in the early 1960s of a
23kHz tone to BBC monophonic v.h.f./f.m.
radio broadcasts to control the powering of
unattended relay transmitters.

For some years after that, attention in the
BBC was focused on television. Insertion
Communication Equipment (ICE) was an
in-house system designed in the early 1970s
to add data signals to an unused line in each
field blanking interval for such applications
as the control of opt-out switching at region-
al centres, the synchronization of television
waveform generators at remoté sources, and
to provide low-speed teleprinter channels.

Teletext, a public information service
which came into use in 1974, made much
more ambitious use of the field blanking
interval by cramming into each line 40
useful bytes of information, corresponding
to one row of characters. Using two data
lines per field and 24 rows per page, this
allowed a magazine of 100 pages of text to be
transmitted in a cycle lasting no longer than
25 seconds. Teletext facilities were included
in 20% of television receivers sold or rented
in the UK during 1985 and use of the system
is widespread abroad. It has been extended to
provide for the transmission of computer
programs (telesoftware) and, by means of
Datacast, for the delivery of specialised
information to closed user-groups.

Meanwhile, the possibility of using radio
broadcasts also as a means of conveying
extra digital information was being investi-
gated.

Around 1978, work was started on a
means of adding data signals to v.h.f. radio
transmissions. It soon became evident that
an additional data-modulated subcarrier
offered the best promise. The main aim was
to assist in the operation of v.h.f. receivers by
providing identification of the transmitter
and the programme service; but other uses
were envisaged, such as the conveying of
brief messages which would appear on a
display built into the receiver.

International discussions resulted in an
EBU Radio Data System (RDS) specification'
which has also become a draft CCIR recom-
mendation.

The BBC intends to operate a regular RDS
service from late 1987. Sweden began a
service earlier this year and the Federal
Republic of Germany plans to start in the
spring of 1988.

This development prompted the search
for a companion service for use on L.f. and
m.f. radio, but it was eventually realized that
it would be both more convenient and
cheaper to include information relating to
Lf. and m.f. broadcasts in the v.h.f. data
signals. However, by this time a data channel
for Lf. and m.f. had been devised which,
though of limited capacity, could have a
number of useful applications particularly to
closed user-groups. The UK electricity supp-
ly industry uses L.f. radio-data regularly for
various uses in its Radio Teleswitching elec-
tricity load management system. Other uses
are foreseen.

RDSONV.H.F.

In the v.h.f. radio-data system®, a subcarrier
at 57kHz is added at low level to deviate the
main carrier by approximately +2kHz. The
data signal modulates this carrier using
double-sideband suppressed-carrier mod-
ulation. The overall bit rate of the data
stream is 1187.5 bit/s (1187.5=57000/48)
which, with biphase encoding and the speci-
fied data-shaping filtering, gives an overall
bandwidth after modulation of 4.8kHz.

The data is structured in 104-bit groups,
each comprising four 26-bit blocks. Each
block contains 16 message bits and 10
protection bits. Two kinds of message are

carried by the data blocks — short ones
repeated rapidly for automatic tuning and
longer ones repeated less often for display to
the user.

OTHER SYSTEMS

A number of specialist information systems
are in operation in the USA. For example, a
service called Telerate provides a data chan-
nel using the SCA subcarrier at 67kHz
frequency-modulated by data at 4800baud. If
this system were used in Europe, its higher
bit-rate might prove incompatible with
many older receivers. Moreover, because of
the high spectral density of v.h.f./f.m. trans-
missions in some parts of Europe, the
question of adjacent-channel interference
would need careful study.

RADIO-DATAONL.F.

At about the same time as work on 1.f. and
m.f. radio data systems was beginning to
succeed, the UK electricity supply industry
(ESI) approached the BBC expressing in-
terest in a low bit-rate data channel with
national (1.f.) coverage.

The requirements for radio-data on 1.f.
and m.{. called for the same balance between
compatibility (existing reception not im-
paired) and adequate ruggedness of the data
signal. In addition, for I.f. operation there

BBC plans for RDS

he B3C intends to provide RDS radio-
I data signals on all v.h.f. transmissions
in England by September 1987. The
initial service will include
® PI— programme identification
® PS — programme service name
® AF — alternative frequencies
® ON — frequencies for other networks
® CT— clock time and date
These data items are the simplest to provide
at the programme source, yet at the same time
are those which give the greatest help with
receiver tuning, both automatic and manual.
In this way, the initial service represents the
most economic way of encouraging the de-
velopment of advanced receivers which make
use of the new signals.

PI codes enable the receiver to distinguish
between countries and areas in which the
same programme is transmitted, and identify
the programme itself. The code is assigned to
each individual programme, to distinguish it
from all other programmes. One application of
this information would be to enable the
receiver to search automatically for an
alternative frequency in case of bad reception:
the criterion of change-over to the new fre-

quency would be a better signal having the
same PI code. This code is not intended for
direct display.

PS codes provide text of up to eight characters
for display on the receiver to tell the listener
what programme is being broadcast by the
station to which it is tuned. An example of a
name could be “BBC R4”. The length of this
name is restricted to keep down the cost of the
receiver. The programme service code is not
intended to be used for automatic tuning.

AF codes list the frequencies of transmitters
broadcasting the same programme in adjacent
reception areas. Receivers equipped with
memory can store the list and use it when
switching to an another transmitter, as a
faster alternative to searching. Up to 25 fre-
quencies can be transmitted. This facility is
particularly useful in the case of car and
portable radios.

ON codes can provide up to 25 alternative
frequencies for each of up to eight other
networks. The relation to the corresponding
programme is established by means of the
relevant Pl code.
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Inpu. du+u sequence'

AN
WATAT uv

* Bnphuse coded dufu sequence

'22-5"-

-225°

Phase retard  Phase advance

Fig.1. Radio-data modulation of an If. car-
rier as a function of time. Above is the input
sequence; below, the same sequence
biphase-coded.

Time code block ~

Prefix

Prefix

Fig.2. Arrangement of data blocks on the
BBC'’s 200kHz Lf. service. Block O begins
exactly on the clock-time minute.

was the special problem of the use of a
synchronized group of transmitters whose
carrier frequency was used as a standard.

Accordingly, the basic phase-modulation
parameters already shown to be suitable for
use on m.f. and 1.f. were further developed
specifically for use on the BBC's 200kHz
Radio 4 UK Lf. network®, which uses only
three transmitters to cover the whole of the
British Isles. This development as carried
out under a collaborative agreement be-
tween the BBC and the ESI. }

Because the 200kHz transmissions are
used as a frequency standard, the data was
biphase-encoded to ensure that there would
be no d.c. component in the phase-
modulation (Fig.1). The symbol rate was
50baud and the data rate 25 bit/s.

The data is divided into 50-bit blocks each
lasting two seconds. Of the 50 bits, one is a
synchronizing prefix, thirteen are used for a
c.r.c. check (which also plays a part in the
synchronizing process) and four are in effect
a packet address, identifying the block as
belonging to one of 16 data channels. The
remaining 32 bits in each block yield an
overall useful bit rate for addressed data
channels of 16 bit/s.

Since each block takes exactly two
seconds to transmit, there are 30 blocks per
minute; and the block boundaries are phased
so that one of them occurs exactly on the
clock-time minute (Fig.2). The block im-
mediately before the minute carries a data
and time code and is identified as channel 0.
The remaining 15 channel numbers, or
packet addresses, can be used arbitrarily in
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any of the other 29 time-slots in each
minute.

RADIO TELESWITCHING

Although this system is a closed user-group
application rather than a broadcast service,
it is described here because many of its
techniques are likely to be relevant to other
broadcast applications.

The ESI’s interest in the data channel is
primarily for the remote control of elec-
tronic time-switches. These switches, which
are known as radio teleswitch receivers, are
expected to become increasingly cost-
effective replacements for the mechanical
time-switch driven by a synchronous motor
with a clockwork (spring) reserve. The elec-
tronic time-switch possesses the great
advantage of automatic time resetting,
which is especially valuable during changes
between winter and summer time. More-
over, after a mains failure, the clock is reset
automatically from the time code.

In addition to their use of the time clock,
the ESI have contracted with the BBC for the
use of up to five of the remaining 29 data
blocks in each minute. Each such block can
be used to set a group of radio teleswitches
with new on and off times. This service has
been running with duplicated transmission
equipment since 1 April, 1985.

TRANSMISSION CHAIN

Where two or more transmitters carrying
the same modulation share a common car-
rier frequency there are areas of of mutual
interference, known as mush areas, between
the transmitters where the field strengths
are almost equal. The mutual interference
can give rise to severe distortion and a loss of
service area, particularly where near-
cancellation occurs. Timings of the modula-
tions from the transmitters involved are a
very important consideration and ideally
should be coincident at all frequencies. This
condition is difficult to achieve in practice,
particularly at high audio frequencies which
demand a timing accuracy of about *30us,
but a useful improvement is nevertheless
obtainable®.

A similar requirement applies to timings
of the data signal modulations. Both data
content and timings must match: any differ-
ence in the phase modulations can give rise
to phase-to-amplitude-modulation (p.m.-to-

m.) conversion, which can be heard on a
normal a.m. receiver. Fortunately, because
the data waveform contains only low fre-
quencies, timing requirements are much
less stringent than for the audio signals. The
required tolerance in data signal modulation
between any two transmitters is *1ms.
Provided this is achieved, interference from
the data signal is found to remain inaudible
even in the worst nulls of the mush areas
where the programme may be severely dis-
torted. Recovery of the data itself if substan-
tially unaffected by modulation timing
errors less than about 5ms.

The clock frequency of the source data is
locked to a rubidium reference and so the
transmitted time code is suitable for use as a
time standard provided that the means are
available to monitor its continued accuracy.

Given such monitoring, the transmitted
clock time could be guaranteed accurate to
within 5ms at any point in the UK. At present
the absolute accuracy is +0.5s (but the error
value is very stable!).

SIMILAR SYSTEMS

For many years a system developed by the
Barry Research Corporation of Palo Alto,
California, has used phase modulation to
carry teleprinter signals on h.f. broadcasts.
Certain local electricity supply authorities in
the United States use a nearby m.f. transmit-
ter to carry control data connected with
electricity metering® and, in East Germany,
RFZ at Dresden use a transmitter to carry
asynchronous data at up to 100bit/s®. This
four-fold increase over the BBC system is
possible because the transmission is not a
frequency standard and hence there is no
need to use biphase encoding; and because
there is no insistence on avoiding disturb-
ance to existing receivers under worst-case
mush area conditions.

WEATHER INFORMATION

Several other uses for the remaining unused
capacity of the Lf. radio-data channel have
been considered but none has yet been
implemented.

The most likely use is for coded weather
forecast information for sea or land areas.
Such a service conveyed by a data channel
would make possible an automatic gale-
warning alert for boat owners who might not
be listening to the radio when the spoken
warning was given. It would be possible to
code a complex gale warning for a single sea
area in no more than two data blocks (64
bits) which could be transmitted in only 4s’.

A possibility which makes slightly less
efficient use of the data channel but offers
the prospect of completely automatic opera-
tion is dictionary encoding of already-
existing forecast texts. A five-minute fore-
cast could be retransmitted in dictionary-
encoded form at least once per hour.

This paper was presented at IBC, Brighton in
September
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Programmable logic

design

This decoder for 68020 dynamic bus sizing is an example
of how one programmable logic device can replace a

he M68020 is the first full 32 bit

I implementation of the 68000 microp-

rocessor family. It has a 32 bit address

bus and 32-bit-wide data path. Data-bus

transfers of 32-bit long word, 16-bit and byte

width, Fig.1, are possible using the proces-
sor’s dynamic bus sizing capability.

When the 68020 writes data it drives all 32
data lines and when reading data it assumes
that the port, whether memory or peripher-
al, is 32 bits wide. The processor receives
acknowledgement of the size of the port
through two data-size acknowledge inputs,
psacky and psack,. These signals correspond
to the pscax input of the 68000 microp-
rocessor, Table 1.

The one-of-four binary code at the psack
inputs indicates whether the port currently
being accessed is byte, word or long-word
width, or whether wait states should be
inserted.

DYNAMIC BUS SIZING

Operands may be accessed on any byte
boundary but op-code alignment is res-
tricted to even-byte boundaries for execu-
tion efficiency. Aligned-word operands com-
mence on even-byte boundaries and aligned
long words reside on even word boundaries.
Any misplaced operands from a base address
are considered misaligned.

TABLE 1. psack codes and results.

Insert wait states in current bus cycle
Complete cycle — data-bus port 8 bits
Complete cycle — data-bus port 16 bits
Complete cycle — data-bus port32 bits

~-xzx
~Txezx

TABLE 2. Address offset encodings

A Ag Offset, bytes
0 0 +0

0 1 +1

1 0 +2

1 1 +3
TABLE 3. size output encodings.

S|_zl SiZg Size

0 1 Byte

1 0 Word

1 1 3byte

0 0 Long-word

number of standard logici.cs.

CHRISJAY

During each bus cycle the port size is
indicated to the microprocessor via the nsick
inputs, so the processor can dynamically
determine the port size during bus accesses.

During execution, optimum performance
is achieved when all operands are aligned.
Misaligned operands can cause additional
bus cycles which degrade overall execution
efficiency.

During a processor read cycle the 68020
latches the logic states of all 32 data-bus bits,
initially assuming that the port is 32-bits
wide. If the data-size acknowledge input
reports that the port is long word, operation
continues with the next cycle.

If the port is 16-bits wide, two read cycles
are produced, the first word followed by the
second. A byte-wide port is read over four
separate cycles. Data bus allocation for long
word is-on data lines 31 to zero, for word
transfers 31 to 16, and for byte transfers over
31to 24.

Multiplexing for routing or duplicating
any operand bytes is shown in Fig.2. Normal
aligned placement for ory would be b3 54,
but in a misaligned transfer ory could be
routed to any other byte boundary.

Addressing can be considered to be long-
word addressing through address lines a5 3
with g ; providing a four-byte location offset
from the long-word base address, Table 2.

DATA ROUTING

Long words are subdivided into four bytes on
the data bus, or.,. Normal data routing
assigns ory to data lines 3 vy, or) t0 D316,
OPy to 115 and org to p;g. This would be the
case for aligned data transfer.

To allow misaligned transfer, data bytes
org.3 may be routed to any byte section in the
32-bit wide data bus. The microprocessor's
size outputs sizy; and address outputs Ay,
can be decoded to route data bvtes to their
appropriate positions on the data bus. Table
3 shows the size output encodings for long-
word, three-byte, word and byte transfers.

The encoded state on sizy ; indicates how
many bytes are to be transferred on the next
bus cycle. Numerical encoding of the size
outputs will be equal to or greater than the
number of bytes to be transferred. For
example if a long-word port is read and a
transfer to a word-wide port is executed,

Long-word | OP0 | OP1 [ OP2 | oP3 |
operand 3 0
Word operand 0P2 0P3
15
Byte operaond 0P3
7 0

Fig.1. Internal operand representation.
Data-bus width of the 68020 can be ad-
justed dynamically.

MC 68020
OPo OP1 0P2 0P3
Internal
source/dest. \ \ / /
Multiplexer Rouhng and duplication ]
External IDB1-DZL D73-Dy¢ D4s5.0g D7.D0J
data bus
Address  n+0 [ Bytep | Byte 1 |Byte 2 | Byte3 |
32-bit port
Address n+0[Byte( |Byfe1 16-bit port
n+2|Byte2 [Byte 3
Address n+0|Byteg | 8-bit port
n+1|Byte1
n+2 1Byte 2
n+3|Byte 3

Fig.2. 68020 interface to various port
sizes. When a byte-wide port size is
selected, bytes pass sequentially.

Long-word operand

lopo]oryfora]ors]

3 0
Dato bus

031 D

Word_memory_ MC 68020 Memory control
msh Lsb SIZ1 SIZg A1 A o|DSACK1 DSACKO
OP0 | OP1 0 0 0 0 L H
OP2 | OP3 10 1.0 L H

Fig.3. Exampie of long-word transfer to
word bus with control-signal states.
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sizg,, outputs will indicate a four byte trans-
fer, but only two bytes will be moved.

An example of this is the transfer of data
from a long-word port to a word port, which
occurs over two cycles with the most-
significant word first. Initially, and while
transferring the most-significant word, the
sizé outputs indicate a long-word transfer
and indicate a word transfer when the
remaining least-significant word is transfer-
red, Fig.3.

Figure 4 shows the condition of the size
outputs and states of a,, in a long-word
transfer to an eight-bit port. Table 4 shows
conditions required for an internal-to-
external data-bus multiplexer. If an aligned
long-word to byte transfer is performed the
long word is latched into the data inputs.

Writing to a byte port is performed in four
cycles. Firstly state 1 in Table 4 is performed;
sizy o and A, o are all low as ory is written to
D3y 24. Next, state 2 indicates three more
bytes to be transferred at an address offset of
one, i.e. 1101 on siz; and Ay outputs.
Operand op, is placed on lines b3 4.

In the third cycle, state 3, siz; ¢ and a4
contain 10x0 respectively and op, is placed
on data lines 13 »4. In the final cycle, opy is
sent to data lines by »4, with siz) gand A; g in
the logic condition of 01xx, as in Table 4,
state 4.

MISALIGNED TRANSFERS

Misaligned data can occur for word or
long-word operands. Examples of mis-
aligned tranfers are words transferred to
odd-address boundaries and long words
transferred outside the four-byte boundary
of along word.

Figure 5 shows a long-word transfer to a
word-wide port, the psack outputs indicating
a word-wide port. Three cycles are required.
The word boundary is even but opy must be
routed to an odd byte boundary, to the l.s.b.
Contents of the m.s.b. must remain un-

Long-word operand
[ oro | ory | oPz | oP3 |
3t 0

Data bus

D31y D2 MC 68020 Memory control

Byte memory 517,751z A1 Ag|DSACK 1 DSACK g
G 0 0 00| H L
0P 1 1 01| H L
P2 t 0 10| H L
oP3 0 1 11| H L

Fig4. Example of long-word transfer to
byte bus.

Long-word operand

| 0P | opy [ 0P2 | 0P3 |

il 0
Data bus

O3 D1g

Word memory MC 68020 Memory control
msb Lsb SIZ1S1ZgA2 A1 Ag{DSACK1 DSACKD
xxx | OPp 0 0 001 L H
OPi | OP2 1 1010 L H
OP3 | xxx 0 1 100 L H

Fig.5. Misaligned long-word transfer to

word bus example.
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TABLE 4. 68020 internal-to-external data-bus multiplexer.

Source/destination,

Size Address external data-bus connection
Transfer size siz; siZg Ay Ag D31.04 D2316 Disg Dy.q
Byte 0 1 X X [ oP3 I OP;3 [ OP3 | OP3 —[} State 4
1 0 3 0 OP, OP: OP, OP.
Word L z l 2 | 2 1 2 ! State 3
1 0 X 1 Lopz Topz [ oP3 I oP, |
1 1 0 0 bpl I 0P, l 0Py I op," I
1 0 1 op op op
3byte r|on Lo, [ors | State 2
1 1 1 0 [ oP, I oP, I oP,; [ OP, ’
1 1 1 1 Lo, Jor,  Tors  Jor, |
0 0 0 0 [ 0Py ] oP, | op, l oP; _]
0 0 0 1 oP, op p P |
Long word 2 l ° l o | o ) State 1
0 0 1 0 [ oPy l oP; ] oPg Lopl
0 0 1 1 l 0P, l 0Py l opy* l 0P, _]
*On write cycles this byte is output, ignored on read cycles
x = don’tcare
OP labels on the external data bus refer to a partiuclar byte of the operand
that will be read or written on that section of the data bus.
TABLE 5. Data-bus activity for byte, word and long-word ports.
Data-bus active sections
Transfersize siz, siZg Ay Ay D324 D23.16 Disg Dyo
0 1 0 0 B.w,L - - -
0 1 0 1 B WL - -
Byte 0 1 1 0 BW - L -
0 1 1 1 B w - L
1 0 0 0 B.W,L W,L - -
1 0 0 1 B w,.L L -
Ward 1 0 1 0 B.W w L L
1 0 1 1 B w - L
1 1 0 0 B.wW.L W,L L -
. 1 1 0 1 B w,L L L
Three-byte 1 1 1 0 B.W W L L
1 1 1 1 B w - L
0 0 0 0 B.W.L W,L L L
§ 0 0 0 1 B WL L L
Long-word 0 0 1 o B.W W L L
0 0 1 1 B w - L

Note, B are byte, W are word and L are long-word ports.

TABLE 6. Fuse-plot output from the PALASM assembler for the PAL12L6 bus-size decodet, see Fig.8.

1 oun o un

0123 4567 8901 2345 6789
8 EX=3 =——n o= = =
9 X— X=X = =>
10 XX X— X = —
16 =g == = — =
17 X— — — — =
24 X— — = — X
25 —X  x— =X = =
32 —X  X— =X — —
40 —%- - — — =
48 —X  X— =X = —
49 XX —— X = =
50 K= K== =X == sec
51 XY= X— X = =

X = fuse notblown (L.N,0), - = fuse blown (H,P,1)

j Number of fuses blown = 384

2222
0123

2222
4567

2233
8901

AO*Al

S120°/S1Z1*/A1
/A1*/A0*SIZ1*/SIZ0

A0
Al

Al

S120*/SIZ1*/A0

SIZ0*/SI1Z1*/A0

AO

$120°/A0*/SIZ1
SIZ1*/A0*/Al
SIZ0*/A1*/S1Z1
AQ*/A1*SIZ1*/S1Z0



LIST 1. Bus-sizing logic design specifications from the
'PALASM assembler.

CHIP DECODE PAL12L6
AOA1SIZOSIZ1 NCNC NCNCNCGND
NCNC LLD UD LD UMD UUD LMD NC VCC

EQUATIONS
/UUD = A0 + Al
/UMD = Al + SIZ0*/SIZ1*/A0
/LMD = AO*Al + SIZ0*/S1Z1*/A1 + /A1*/A0*SIZ1*/SIZ0
/LLD = SIZ0*/A0*/SIZ1 + SIZ1*/A0*/A1
+ SIZ0*/A1*/SIZ1 + AO*/A1*SIZ1*SIZ0

/UD = A0

/LD = S1Z0*/SIZ1*/A0
SIMULATION
TRACE-ONAO A1 SiZ0 SiZ1 BUD UMD LMD LLD UD LD
SETF/A0/A1 SIZ0/SIZ1
SETF A0/A1 SI1Z0/SIZ1
SETF/A0 Al SiZ0/SIZ1
SETF AO A1 $1Z0/SiZ1
SETF/A0/A1/S120 SIZ1
SETFAO0/A1/S120SIZ1
SETF/A0 A1/S1Z0 SIZ1
SETFAOA1/S1Z0SiZ1
SETF /A0/A1 SIZO SIZ1
SETF AO/A1 S1Z0 SIZ1
SETF/AOQ A1 SI1Z0 SIZ1
SETFAQ A1SI1Z0 SIZ1
SETF /AO/A1/SIZ0/SIZ1
SETF A0/A1/SIZ0/SIZ1
SETF/AQ A1/SIZ0/SIZ1
SETFAOQA1/SIZ0/SIZ1
TRACE-OFF AO A1 SIZ0 SIZ1 UUD UMD LMD LLD UD LD

Note: In PALASM, oblique replaces the negating bar
and the asterisk replaces the multiplication sign.

changed during the data transfer. Lines sizg
indicate a long-word transfer.

The next cycle transfers or; 5 with sizg
indicating a three-byte transfer. The final
cycle indicates the transfer of opy to the
m.s.b. with the contents of the .s.b. remain-
ing unchanged. Outputs sizg  indicate that a
single byte is being transferred,

Aligned and non-aligned transfers are
further detailed in the 68020 user’s manual.

DATA-SELECT GENERATOR

Hardware for decoding size and address
information, Fig.6, must comply with the
requirements of the data-bus activity shown
in Table 5.

The decoder can be constructed from a
number of And and Or gates designed to
decode the 68020 address and size outputs or
alternatively the logic may be condensed
into programmable-array logic (pal) - which
reduces the number of packages required
from about six 14-pin packs to one 20-pin
d.i.l. pack. Reliability is also improved due to
fewer packages and interconnections.

This implementation, Fig.6, consists four
true and complement inputs, derived from
68020 lines Ay ; and sizg ;, feeding an array of
internconnections. These drive a sum of
products configuration.

Decoded outputs uup, uMp. LMp, and Lip are
used for accessing 32 bit ports and are
designated upper-upper data, upper-middle
data, lower-middle data and lower-lower
data. Upper and lower-data lines unand thare
used in accessing 16-bit wide ports. The
relationship of these signals is shown in
Table 5.

PAL CONSIDERATIONS

To select a pal to perform this or any other
combinational function, digital designers

> uuo
>7 i! > UMD
\ LMD
LLD
up
RN "
Ao I‘ 1~
A ° UUD Upper upper data (32:bit port)
l | >O UMO  Upper middle data "
S1Zp LMD Lower middle data "
[__DO LLD Lower fower data
S1Z1 UD Upper data {16-bit port)
[,_.D(y LD Lower data "

Fig.6. Byte data-selectlogic for 16 and 32-bit ports.

need to make two initial observations about
the logic circuitry. -

First the number of inputs and outputs to
and from the circuit should be fewer than or
equal to the number of inputs and outputs of
the pal itself. This constraint is imposed by
the number of pins on the d.i.1. package.

Secondly the number of product terms or
And gates available in the pal device and,
equally important, their distribution to the
summation or Or gates must be considered.

Figure 7 is a simplified view of a pal device.
Inputs are connected to true/complement
buffers, outputs of which drive a large fuse
array. In bipolar devices, the array consists
of titanium-tungsten fuses whereas in c-mos
types, floating gates are used.

The fuse array connects to And gates or
‘product terms’, each column representing a
discrete input to the product term. Output of

the product term drives a non-
programmable interconnecting array con-
nected to ‘sum terms’ (Or gates) which drive
the output pins through buffers. Using a pal
programmer, the logic designer removes all
unwanted fuses in the array.

The byte data-select generator for 16 and
32-bit ports shown in Fig.6 is an ideal circuit
for encoding into pal. One potentially suijt-
able device is the PAL12H6. There are 12
inputs to the 12H6, only four of which would
be needed for microprocessor outputs ag
and sizg ;. All six outputs of the 12H6 would
be needed for decoded outputs signals vup.
UMD, LMD. LLD.up and Lp.

Signals Lo and wvp require four product
terms each and ump and 1 both require three
product terms. Of the six outputs, two are
the summation of four product terms and
four are the summation of two product
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'OR'array
{fixed)

"

) v v
v W W ) N\

'AND" array
{programmable)

{i

8 input AND gates §7 :7

By Dy 0y Mg

Fig.7. Simplified programmable.array logic. The And gates are referred to as product
terms and the Or gates as sum terms. Equivalent logic for the true/complement buffers

driving the fuse array is shown separately.

Fig.9. States of the dynamic bus sizing
logic generated using the PALASM2 pal
assembler.

VTRACE output generated from test
vectors.

Test vectors are derived from the PAL
design specification by running the
simulate option in PALASM2

terms each. This means that the product
term allocation of the 12H6 is unsuitable for
this application.

Using Karnaugh-map manipulation to re-
duce the number of product terms though, a
12H6 device with active low outputs — the
1216 —is suitable, Fig.8.

COMPUTER-DESIGN

Fuse plots of earlier pals can be assembled
using a program written in Fortran called
PALASMI. A more advanced assembler writ-
ten in Pascal for both newer and older
devices — PALASM2 — is currently under
development. This new software runs on
IBM p.cs under PC-DOS, or VAX under the
VMS operating system.

From the original design specification
shown in List 1, PALASM2 automatically
converts the Boolean statements into a fuse
plot as shown in Table 6. Positions marked x
on the fuse plot remain intact and positions
marked — are programmed. Numbering at
the fuse-array column heads relates to indi-
vidual jnputs to each product term. In the
1216 there are 32 inputs to each product
term. Row numbering on the left-hand side
of the fuse array indicates the individual
product terms. Here, only product terms
with programmed fuse inputs are shown.
Although there are only 16 product terms in
a 12L6, the numbering system assigned to
the array is general for a range of pal devices
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with a varied distribution of product term
input and product term distribution.

In PALASM, the original design specifica-
tion is entered as a Boolean entry design file,
List 1. First comes a documentation field
giving the user information about the de-
sign. After the reserved word cmip the
assembler expects to see a single description
word, in this case pecone followed by the pal
type, PAL12L6.

Next is the pin assignment or input-
constant declaration section. Any string
constant equations may also be declared
here, but no string constants were used in
this specification. The assignment section is
terminated by reserved word equations.

All the Boolean equations are written in
the equation field up to reserved word
sivuation. From these equations PALASM
generates a fuse plot and Jedec* output file
This file can be transferred to a pal prog-
rammer through an RS232 serial interface
using a software-programmable interface
package. The Jedec fuse-plot standard is
favoured by most programmer manufac-
turers.

To generate .test vectors automatically
from the design, the designer can write a
simple simulation program to exercise set

*Joint Electronic Device Engineering Council’s
‘Standard data transfer between the data prepara-
tion system and programmable logic device prog-
rammer’.

and reset functions on some or all inputs of
the pal. When running the simulator, logic
inputs and outputs can be traced using the
TRACE ON option to verify whether or not a
design will function correctly before com-
miting it to the pal’s fuse array.

The hardware analogy is the logic analyser
where probes are tied to nodes in the circuit
and a multiple signal trace is produced on a
c.r.t. With PALASM, test vectors are gener-
ated as logic high or low conditions in a
tabular form. Using software called vTrace a
graphical waveform output can be gener-
ated, Fig.9.

All possible input combinations, shown in
Table 5, are generated in the simulation
section of the design specification as ser and
RESET (more accurately st and INvERSE) opera-
tionsonag; and sizg ;.

Running PALASM2 on an IBM p.c. or
compatible system is quite straightforward.
The program is menu driven and prompts
the user for commands.

Once the designer has created a design file
with a text-editor package, the file may be
assembled into a fuse plot as shown in
Table 6.

If a simulation section is included in the
specification file, then selecting ‘simulate’
from the menu results in the generation of a
further three files containing test vectors.
One file is the Jedec programmer file with
the test vectors appended to the end of the
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fuse-plot information. The second is a trace
file containing all test vectors generated for
input and output pins that are qualified by
the trace o8 command. Thirdly, a history file
containing a full test-vector plot of logic
high and low conditions on every signal pin
in the pal is produced.

Test vectors are appended to the end of the
Jedec file so that the pal may be functionally
tested after programming has taken place.
The programmer sequentially exercises in-
puts from the individual vectors and com-
pares the actual pal output conditions with
those logic states supplied by the current
testvector.

Writing of the simulation to generate test
vectors is similar to writing commands in a
high-level language program. Logic condi-
tions to input pins can be set high or low by a

seTr command; setr a will set input a high
and conversely seTr/a sets it low.

For repetitive events, a ror Loop directive
may be used; <FoR N:=17T0 16 D0> causes a
statement or statements between seciN and
END to be executed 16 times. Conditional
branching or control is possible with ir or
whiLE directives. A more comprehensive
guide on writing programs for test vector
generation is given in chapter five of the
MMI Programmable logic handbook men-
tioned later.

With the data-byte selector design,
PALASM? has provided a route from logic
design to silicon and the simulator gives the
designer confidence in the functional in-
tegrity of the design. Using a pal in this
application has saved approximately six dil
packages and simplified printed-circuit
board, layout.

Further reading

Programmable-logic handbook. MMI, Lynwood
House, 1 Camp Road, Farnborough, Hampshire.
M68020 32-bit microprocessor user's manual,
Motorola, 88 Tanners Drive, Blakelands, Milton
Keynes MK14 5BP.

Chris Jay is with Monolithic Memories.
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CIRCLE 44 FOR FURTHER DETAILS

Powerhouse

Hnoonno e e

on the standard bus

An 8MHz 80188 processor,
256 kbytes dynamic RAM, serial 1/0
and PROM — for £680! It can run
concurrent CP/M 86, and it interfaces
to the STE bus, the new IEEE P1000
standard for instrumentation and
systems designers. STE is a modern
alternative to buses like STD, but
with many advanced features:
processor-independence, 1 Mbyte
memory addressing, 4 kbytes of I/0
space, and multiprocessor
facilities. It's equally cost-effective in
single-processor designs or
high-performance systems that many
would consider VME for.
Call for details.

(Qrcom

CONTROL SYSTEMS LTD

Arcoin Control Systems Limited
Unit 8, Clifton Road, Cambridge, CB1 4WH
Phone (0223) 242224

Distributors:
Dage (0296) 33200, New-Tek (0223) 211211

CIRCLE 49 FOR FURTHER DETAILS




" for high performance
on STE

Control Universal, the largest UK manufacturer

of single Eurocard products, have established the
CUBE range as the most popular choice inindustrial
and laboratory applications.

Control Universal have now designed Celeste to
maximize the real-time performance of the new
generation of 16/32 bit processors on the STE bus.

Celeste/188

Hardware:

80188 8MHz

8259 PIC

825¢ MUART

128K bytes EPROM

64K bytes- -SRAM ek a5
Full system tentroller/bus — -

leste/008

—arbjterintesrupt manager_- - - - ; ~Hardware:

~ - “De

Control Universal Limited

137 Ditton Walk

Cambridge CB5 3QF

Telephone (Sales) 0223 244447

CIRCLE 37 FOR FURTHER DETAILS




STE

ard Eurocard b

Applications of Standard Eurocard bus
range from simple control to multi-processor
systems —and all boards are interchangeable.

Stand us

n low-to-medium complexity designs,
ISTE bus suits the kinds of applications

that buses like STD are currently used
for, but with performance, security and cost
advantages.

Being based on the DIN connector and
Eurocard, STE can be used with other buses
to form relatively low cost multiple-bus
svstems. And, inrelation to edge connectors,
the DIN connector is more reliable.

Although designed for eight-bit databuses
STE can be used with the latest generation of
8/16-bit processors. The bus was first speci-
fied in 1982, and the first boards were
available in mid 1984. Since then, it has been
widely adopted by board manufacturers.
There are now hundreds of processor,
peripheral and signal-conditioning mod-
ules. Moreover STE is a standard backplane
bus and so you can mix boards from any
sources.

Processing units now available span a
broad application range, with microp-
rocessors from the popular Z80 to newer and
more powerful devices like the 80188, Fig.1.

In the UK so far, STE has an estimated 100
users and at least 18 companies manufactur-
ing boards, backplanes and packaging. Ap-
plications range from software development,
through real-time control, to laboratory
computing.

BUSES ARE CHANGING

As more complex v.ls.i. circuils become
available, backplane buses have grown in
importance helped by their recent improve-
ments in qualily. Most growth is in the
high-performance 16-bit buses such as VME
and Multibus-II, which include advanced
features and are based on the Eurocard
standard and DIN connector.

If you are looking for a standard at lower
performance levels. however. choice is li-
mited. Two current popular choices. STD
and S100, are edge-connector based, with
outdated signal schemes originally designed
for a single 8-bit processor family. Although
they have been modified to take account of
more advanced processors and large memor-
ies, the patches are showing.

The situation is similar with Eurocards.
There are dozens of single-Eurocard buses
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but almost all are designed for a single
processor family and intended for simple
one-processor systems. Here, none has
emerged as a standard with worldwide use
and support.
A typical exariple is G64, which uses
Motorola 6809 signals. The G64 bus has now
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sors, often at the expense of compatibility
with earlier designs.

STE was originally conceived as a Euro-
card replacement for STD. It is similar to
VME., and can be viewed as an 8-bit version of
that standard but. unlike VME, STE has been



designed from scratch to be an independent
bus, suitable for a broad range of processors
and tasks.

BUSATTRIBUTES

The STE signal scheme may be summarized
as an eight-bit data path, with 1M-byte of
memory space, 4K-bytes of i/o space, asyn-
chronous data transfer, board position-
independence, multiple master capability
and inter-module flags for interrupts or
d.m.a. Using Eurocard form boards with
64-way (rows A/C) DIN connectors makes
STE reliable.

An eight-bit data path is used, but this is
not a disadvantage. There are already good
bus standards for 16-bit data paths like VME
but there is no standard eight-bit Eurocard
bus. Also, STE goes beyond most existing
eight-bit buses in two respects. First, it can
accommodate the latest generation of eight-
bit processors, and of course, most 16-bit
processors are also made in eight-bit ver-
sions. Secondly, the bus has multiple-
master capability; up to three processors
may work in a system. Another point worth
noting is that almost all peripheral i.c.s are
designed for eight-bit operation.

The bus is equally at home in simple
systems with a single processor and a few
expansion modules. Used as a vehicle for
systems using familiar and popular proces-
sors like the Z80, it suits applications for
which STD is currently being used.

Another advantage of STE over STD is the
expansion potential given by the Eurocard
packaging. The bus can be used alongside
VME as a low-cost i/o channel for instance,
or asa local bus for processing.

Many systems are hampered by the res-
tricted addressing ranges of earlier buses,
which were generally designed around pro-
cessors limited to 64K-byte. STE provides
two separate addressing fields; 4K-byte of i/o
locations and a 1M-byte memory addressing
space.

Processors like the Z80 can switch the top
four address lines with a latch. This form of
bank switching is used to advantage in
operating systems like CP/M-plus, which
uses this extra memory to speed up disc
operations by a significant amount.

Input/output capability is similarly large.
Twelve i/o address lines provide 4096 i/o
locations, enough for most conceivable
small-to-medium systems. Processors with
no i/o space, like the 6809 pr 68008, can set
aside a 4K memory block for bus i/o accesses.

Asignificant problem with nearly all buses
is their inability to work with boards de-
signed later in the standard’s life. This is
primarily because most buses use synchro-
nous operation.

Data from a peripheral board, for example,
must be available to the c.p.u. within the
defined time. Processor speeds are currently
doubling every four or five years, and
peripherals may not be able to keep up.

To overcome this lifetime limitation, STE
uses asynchronous handshaking. For exam-
ple, slave boards need to acknowledge that
they’ve received data from a master. This has
two main advantages. It makes it easy to
interface devices of differing speeds, and
provides technology independence. As better
devices become available, they will still work
with boards based on earlier technology.

STE compared with other popular backplane buses.

Feature STE STD G64
Signal lines 64 56 64
Address range 1M-byte 64K-byte” 64K-byte
Data path 8 bit 8bit 8 bit
1/0 space 4K-byte 256-byte” 1K-byte
Multiple masters upto3 off-bus yes
connection required

Error checking error line none yes
Primary board size 100x160mm 114x165mm 100x160mm
Connector DIN Edge DIN
*various expansion schemes

CONFIGURING STE MASTER SLAVE

Users of only modest experience should be
able to assemble systems successfully. STE is
free from ‘levels of compliance’ which means
that all boards are compatible with all other
boards and no slots are reserved. Boards are
truly position-independent.

Another feature is STE’s multiple proces-
sor or multi-master ability. Up to three
processors may reside on the bus, taking
control of the common bus resource after
going through an arbitration procedure.

Typically, masters are c¢.p.u boards and
d.m.a. devices. A bus slave must be able to
respond to bus signals to produce an ack-
nowledge signal when addressed.

The bus is used for communicating be-
tween boards, for example to transfer data or
handle interrupts. Often, if there is enough
circuitry on one board, a master can do its
processing locally, freeing the STE bus for
other masters to use.

For example, the Arcom SC88D board
includes an 80188 processor, 256K-byte
ram, and serial i/0. It only needs to use the
bus to program an eprom or, say, read a
value from an a-to-d converter module.
Simultaneously (within a microsecond or
so) another ¢.p.u. could be processing the
converter values stored in ram on a common
memory board.

Using multiple processors allows highly
fault-tolerant designs to be made or reduces
the cost of high-performance systems by
allowing several simple low-cost masters to
take the place of an expensive state-of-the-
artc.p.u. board.

The STE specification permits up to three
bus masters, one default and two others
termed ‘potential’. A default master is a
board with a bus arbiter and a master, for
example a c.p.u. The bus arbiter deals with
requests from the master on its own board
and from any other potential masters in the
system.

Activate address lines

assert ADRSTB after ts

-

Decode address

Activate command lines

ossert DATSTB after ts

—

Becode tommand

ts ~set up time l

Activate data lines
assert DATACK after ts

[____l

Accept data
release ADRSTB and DATSTB

Releose address lines
release command lines

"Disable data bus drivers
srelease DATACK within th

[—_ th —hold time

Begin next operation

DATA TRANSFER

An important feature of STE is asynchronous operation which increases a system's useful lifetime by
allowing mixing of devices of different generations and operations speeds for example. An example of
aread operating illustrates how this works in practice.

Data transfers from a slave to a master are designated read sequences. First, the master places the
address of the memory or i/0 location to be selected on the address lines. After a set-up time, during
which the address lines become valid, the master asserts the address strobe aorste. The master then
activates the command lines to indicate the type of transfer, i/o or memory read, asserting datsts after
an appropriate set-up time, thus indicating that it is ready to accept data.

The addressed slave now enables its bus drivers, placing the requested data on the data lines, then
asserts baTack after a set-up time to indicate that data is available. In response to this signal, the master
accepts the data and then releases aorsts and arste. When the slave sees this operation, it disables its
data bus drivers and releases parack to indicate a completed sequence.

No time restrictions are placed on this operation, but designers have the option of specifying an 8 s
timeout value, which serves to notify the c.p.u. of a board failure.
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Bus arbitration works at high speed so
that if the bus is free the master requesting it
will be granted access without unnecessary
delay, typically 125ns. If the bus is busy,
there may be a delay of a few hundred
nanoseconds while the new master takes
control, and the arbiter ensures that no
contention takes place during this process.

A system error signal provides integrity of
data transfer. This is asserted by the system
controller if an acknowledge is not returned
within a reasonable period of time. The
signal can also be asserted by a slave should a
local error occur during a transfer.

Integrity of the bus is also aided by careful
layout of the signal lines on the DIN connec-
lor to facilitate connection while minimiz-
ing crosstalk. Ground lines are evenly distri-
buted across the connector. Another contri-
buting factor is increased reliability com-
pared with edge-connected arrangements
through use of the two-part DIN 41612
connector (64-way, rows a/c).

There is an intricate system for dealing
with inter-modular communication, using
up to eight ‘attention-request’ lines. Such
communication usually occurs when inter-
rupts or d.m.a. signals need to be processed,
although the STE bus specification does not
limit designers to these.

Interrupts can be processed in several
ways. At the simplest level, no dcknowledge
is necessary (a power-fail interrupt for exam-
ple), and an attention-request line is
asserted (pulled low) by the interrupting
module. With a common interrupt, the
interrupting module is acknowledged by a
read or write operation on one of its regis-
ters; this is also easy to arrange.

Bus-vectored interrupts are the most
powerful. Here, an interrupt handler uses
the command modifier lines to indicate an
acknowledge cycle and puts the encoded
attention-request line number onto the
address bus as a three-bit address. The
module which interrupted on this attention-
request line can then put an interrupt vector
onto the bus, which the handler reads in the
acknowledge cycle.

PACKAGING

Boards for STE can be either single or double
Eurocards. though the single card is the
preferred size, and is expected to be used by
the majority of suppliers Board depth is
160mm and extended versions are not
accommodated. Small boards allow a high
degree of system partitioning, i.e. they allow
boards performing a narrowly-defined func-
tion such as digital i/o, serial i/o, memory
etc. to be used which conceptually simplifies
the system and eases fault-finding.

However some modules, especially pro-
cessor boards, can be very high-density. This
allows the board to work with few bus

Standard progress

Specification of STE is nearing completion. The
P1000 Working Group, formed at the request of
the IEEE Microprocessor Standards Committee,
recently voted to accept draft 3.2, and the
standard is now awaiting final approval. We
should see publication in late-1986.
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STE BUS PIN-OUT

awnte) sgral TFERR S USed if data from a slave is wrong.

Below is the 64-signal STE bus pin-out defined on rows a and ¢ of a DIN41612 connector. Address fines
Ag.19 provide 1M-byte of main-memory addressing. Depending on the cycle, Ay, are used to address
the 4K-byte of i/0 space and A, , provided a three-bit ackowledge address.

Lines Dy, are the eight bit data bus. Signals aorste and Gas7e are address and data strobes. Lines
CMo. define the type of bus cycle in progress, i.e. whether it is memory or i/0 read or write, or an
acknowledge; three codes are free for future expansion.

Request lines &Uskdp ; are for use by temporary masters, aUsrg, being higher priority. The bus is asyn-
chronous and DATACK iS asserted when a master accepts data (on aread cycle) or when its data is valid (during

Signals xiNrgy ; are attention-request lines and svscik and &vsret are for 16Mkz system clock and reset
functions. Remaining lines are for power with fully distributed grounds.

accesses, avoiding the potential bandwidth
limitation that any bus imposes and thereby
increasing system-throughput potential.

Most users buy boards off-the-shelf, but in
some cases specialized i/o is required. With
STE bus, making special i/o is relatively
simple because the majority of protocol
conversion circuitry required for interfacing
is concentrated on the master c.p.u. boards.
These boards are the ones most likely to be
bought off-the-shelf and designed by a spe-
cialist board maker.

To interface a simple slave i/o board is

relatively easy. A design has been published

by the STE manufacturers and users group,
and prototyping i/o boards, are available
from Arcom.

APPLICATIONS

Where will STE be used? The answer is in all
areas from data-acquisition and control to
information-processing applications. These
areas range from those currently catered for
by STD to many of the less demanding VME
applications.

Simple data acquisition and control sys-
tems are a first example. Being single Euro-
card, STE allows the same kind of system
partitioning as STD, but it can be used for
simple control as well as for advanced 8-bit
processor and multi-processor systems. An
example is a Z80 c.p.u. running a disc
operating system such as CP/M Plus on the
same bus as a secondary Z80 board doing
real-time process control; both these boards
are available.

Data processing systems are another ap-
plication for STE bus. Reliable rapid move-
ments of large data blocks are possible using
d.m.a. transfers and STE has a large memory
addressing range.

For example, Arcom’s SC88 cin access
IM-byte of memory on the bus directly, and
uses the on-board d.m.a. system to transfer
data from the floppy and s.c.s.i. controllers
at high speed, powerful operating systems
like Concurrent DOS from Digital Research
can be used.

Being capable of accommodating adv-
anced processors and having other advanced
design features, STE will certainly take some
of the lower-level applications for which
VME is often considered. It goes a step
further, however.

Eurocard compatibility means that desig-
ners will be able to mix buses in a system for
the best cost/performance ratio.

By selecting STE as an i/o channel for
instance, you can cut costs by removing the
unnecessarily complex bus-interface circuit-
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ry of VME which also increases the system's
effective bandwidth by removing slow or
lengthy i/o transfers.

Boards with dual-bus interfaces for this
new kind of architecture have been appear-
ing for around two vears and vou can now
buy a VME-to-STE interface board for dual-
bus systems. You will probably soon see a
VME board with secondary STE bus interface
on the second connector.

Anthony Winter is with Arcom Control
Systemns in Cambridge.



As you'd expect from a company with BICC-VERO's
reputation, we're supporting fully the increasingly
recognized STEbus architecture.

We offer you STEbus backplanes, terminators,
extenders, and prototyping boards with interface,
all complying fully with IEEE Standard P1000, Draft 3.2.
And — better still — our comprehensive range of STEbus
support products includes all the additional hardware, fully
compatible with STEbus, you need to build your STEbus
system. The range includes:—

Power supplies: Single or multi-output plug-in
modules, or open frame switchers, up to 500 W.

Prototyping boards: A wide range of general
purpose boards, plus PTH microboard and Speedwire with
STEbus interface.

Cardframes: Choose from the well-known industry

CIRCLE 73 FOR FURTHER DETAILS

COMPREHENSIVESTE bus HARDWARE SUPORT

standards, KM6 or KM7.

Racks and enclosures: Of all types, to suit your
STE application.

Connectors: An extensive selection of two-part IEC
603-2 (DIN 41612) connectors, including pressfit.

Contact us now for more information on our STEbus
hardware support products.

For immediate action, phone: 04215 60211 (South)
or 0744 24000 (North). Or write to:

BICC-VERO Electronics Limited, Flanders Road,
Hedge End,
SOUTHAMPTON, SO3 3LG.
Tel: 04215 66300.
Fax: 04215 64159. Telex: 477984.
LEADERS IN STEbus TECHNOLOGY

A MEMBER OF THE STE MANUFACTURERS AND USERS GROUP

ELECTRONICS




VIDEO FRAME STORE

With this versatile unit, video images can be captured,
processed and displayed. Later articles will introduce the
rapidly developing field of image processing and analysis.

any future developments in robotics
Mand industrial automation will involve

the application of image analysis tech-
niques. Image analysis is becoming necessary
because the limitations of dumb sensors and
mechanical actuators in the current genera-
tion of industrial robots restricts their use to
only the most basic of repetitive, well-ordered
tasks.

The addition of vision sensors with inter-
active computer image processing dramati-
cally increases the range of useful tasks a
robot can accomplish and enables it to com-
pensate for the disorder of the real world.

An ability to acquire and process images
electronically is useful in many other fields.
For example, an image can be stored, manipu-
lated and transmitted over an ordinary tele-
phone line at a rate the limited bandwidth of
today’s analogue telephony circuits can hand-

76

D.E.A. CLARKE

le. Thus, an X-ray picture can be digitized and
transmitted from one hospital to a specialist at
another for diagnosis, and the image en-
hanced using computer techniques to bring
out relevant features and mask unwanted
ones. Similar techniques are useful for remote
surveillance and finger-print matching, for
example.

Once a computer has the means to acquire
and process an image and to display the result,
these and many other exciting applications
become possible.

APPLICATIONS

The original impetus for this project came
from an idea for fund-raising at z Christmas
bazaar. The scheme was to use a tv camera, a
frame store and a computer to print portraits
on a standard dot-matrix printer.

The prototype frame store was constructed

WWW.americanradiohistorv.com

and a program written to print portraits such
as that in Fig.1. Experiments with dot pat-
terns for simulating grey scale and pixel dither
for smoothing contours proved interesting
and [ shall discuss these techniques in a later
article.

Weather satellite pictures are transmitted
in the 136-138MHz band by polar orbiting
satellites. Decoding methods for these broad-
casts have been described in Electronics &
Wireless World and construction kits are
available: but the full range of grey levels
cannot normally be displayed on a low-cost
computer.

Displaying the received pictures on a
monochrome monitor using a frame store is
an attractive alternative. The full range of 256
grey levels gives a high quality tv picture
suitable for photography, such as the example
shown in Fig.2. The computer can be used to



enhance certain features and a colour look-up
table may be programmed with a suitabie
range of colours for display on a colour
monitor.

Figure 3 shows an X-ray plate which was
captured with an inexpensive tv camera. The
contrast has been boosted and the result
stored on disc, along with the original image,
for future reference.

3-D DISPLAYS?

Commercial units are now appearing which
exploit the dual image nature of interlaced
raster-scan displays to produce pseudo-three-
dimensional effects. The principle is simple:
each of the two fields which constitute a frame
is arranged #0 be a separate view of the object,
as would be seen by each eye of the viewer. The
viewer wears liquid crystal spectacles which
blank each eye alternately in synchronism
with the field scan of the tv monitor, thus
producing a 3-D illusion flickering at 25Hz.
With the enhanced frame store in 512x512
(interlaced) mode and a pair of the special
l.c.d. spectacles plus scan interface, the user
could try interesting experiments with
-computer-generated 3-D images.

Another possibility (which I have not tried),
might be the generation of 3-D illusions with
alternate fields in different colours (say red
and blue). Cheap spectacles with appropriately
coloured filters for each eye (such as those
issued for recent 3-D broadcasts on tv), may
give a similar illusion. To implement this

Version shown here (on top of monitor) has the colour palette fitted.

Fig.1. This 16-level image was reproduced by a dot-matrix prinvter.

wwWwW.americanradiohistorv.com

77



scheme, the colour palette hoard to be de-
scribed in a later article would be used to
switch colours netween successive lields.

These applications are a few | have ex-
perimented with; others such as slow-scan tv,
surveillance, picture processing [ leave (o vour
ingenuity.

TYPICAL INSTALLATION

Asmall system (Fig. 4) might comprise a basic
frame store (with or withoul a colour palette),
a black and white tv monitor (or a domestic tv
plus u.h.f. modulator) and a computer with an
eight-bit parallel output port and a bi-
directional eight-bit parallel port. The frame
store could then be used to display weather
satellite pictures, slow-scan tv pictures or
high quality computer generated images.

However, any source capable of providing
1V peak-to-peak video would be suitable: this
could be a tv camera or even a video casselte
recorder. Images couid then be captured,
stored, manipulated and displaved.

With the colour palette option, spectacular
colour effects can be achieved on an r.g.b.
(t.t.1. or 1V p-p) colour monitor.

The unit has a manual freeze switch, so it
could even he used without the aid of a
computer to produce amusing strobe effects
with a tv camera, for example.

Second-hand tv cameras can now be easily
obtained for well under £100 and are the ideal
video source for experimenting with image
processing.

The frame store described here is of the
variety commonly referred to as a frame
grabber. The frame grabber is distinguished
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Fig.5. This prototype system is buiit on single-height Eurocards.

video sources

Frame store

Monitor

vi
5 o ideo
]
Control {8 Data 48 -
i
| 1N
- Computer {optional)

Manual
freeze

Fig.4. Layout of a basic picture-processing system. The frame store can instantaneously
capture apicture from any standard video source.

by its ability to acquire a tv image in a single
frame inlerval. Other less versatile designs use
slow analogue-to-digital converters with
sample-and-hold amplifiers, and acquire the
image over several seconds. Thev have the
disadvantages of slow capture rate with conse-
quent loss of definition on moving or unstable
parts of the picture.

The present unit sutfers from none of these
disadvantages and vet is simple (o build,
operate and expand. Two key developments
have made it possible:

the arrival of cheap, high density (64K and

256K) static rams, which has simplified

control circuitry, reduced power consump-

WWW-americanradiohistorv. com

tion and eased computer interfacing.

the recent introduction of low-cost ‘flash’
analogue to digital converters {a.d.cs) and
fast digital to analogue converters (d.a.cs)
with high resolution (7/8 bits) at video
rates.

COMPONENTS

A kit of semiconductors for this project will be
available from Technomatic Ltd, 17 Burnley Road,
London NW10 1ED.

The video converters (PNA7518 and PNA7509)
have proved popular because of their low prices
and may be in short supply. it would be advisable to

order these parts eatly.




FEATURES

O single frame acqursrtron from tv camera vcr
. etc. ; :
@ résolution (64K ram) Wi !
256% 256 128-bits e AT
- (8bitsdisplayed) Ll
@ resolution (256K ram): LA .
_a)512x512interlaced
 b}512x313noninterlaced
. variable sampting frequency {to over llMHz)
withvariable sampling window.
@ computer mterface for read/wrne access to

tramememory
® colourpaietteoptlon o
: '~16coloursfrom palette of 4096 e
 —tthrgboutputs 1& .
—leprgb outputs i 1

—externalr.gb. mputs for programmable .
colour-keying on mam pvcture ]

@ dualimage storage in 512% 512 mode X, B

@ modular conétructron allowmg retrospectwe
‘enhancement. et e

Link options enable strarghtforward upgrad!ng to
256K ramsowhen their cost becomes reasonagte,,

i i e

o

o
<

Fig.2. Weather satellite plcture from NOAA-9 (1 August. 1986), showing a large weather

The latter has been brought about by develop- system directly over the UK. France and the Bay of Biscay are visible at bottom right.

ments in digital television technology and the
need to produce low-cost digital signal proces- .
sing circuitry for the new generation of tv sets. it

&Y

CONSTRUCTION

The basic unit can be constructed on five
single-height Eurocard breadboards as fol-
lows:

1 Data conversion and signal conditioning
board with an on-board video test gener-
ator.

2 Control and computer interface board.

3 Static ram hoard: 64K-bytes, upgradeable Sy IS

to 256K-hytes. ] : — T— ! .

Colour palette board (optional) Fig.3. Image processing applied to an X-ray plate: the original image {left). and (right) a

contrast-enhanced version. Note extra detail atbottom right.

B

5 Power supply board (optional)

The frame store is shown as a block diagram
in Fig. 6. The colour palette can be added at  gjg 6 Block diagram of the frame store. The colour palette option offers 16 colours from
any time after the basic system is constructed. arange of 4096.

Spectacular real-time video effects can be 5V 410V

achieved with simple devices such as adders RGBS £ video
and shifters connected to the video bus. ( RGB 1V peak fo peak
Alternatively. extra memory, an arithmetic ——— RGB video
logic unit and control circuitry could be added ,_M-_:?}: Colour Overlay video
to achieve real-time image manipulation or ] palefte &
time-averaging for noise reduction. Such —*“_—j
enhancements will be the subject of a further 5V
series of articles. ) f
The host computer interface consists of Video i/p e fe—— +10v
eight control lines which would typically be ———— converter < %
connected to an eight-bit output port. Data 1s T
transferred to and from the memory via an 7Y
eight-bit bidirectional port. A push-button (enie! | Syne 8
freeze control has been found very useful for ) : sy Data
setting-up and operating the unit. 8 5 Contral
Control Freeze
To be continued }4
Hast
computer Addressi, ¢ |Control —

Don Clarke is an electronics engineer in the Oata

] . . o 7 il R Memar [ i——
telecommunications industry. Atter study- ¢ 8 > Mmék N )
ing for an HNC at Colchester Institute whilst ~——— Y ac.input
working as a trainee technician, he went on
to Essex University where in 1981 he gained J I
an honours degree in computer systems. e A Sy +5V
Leisure interests include preserving historic i Video i 800mA Power
buildings, the technical side of theatre. and ! effects h . supply
politics. O e A (low ripple)

wwWW.americanradiohistorv.com.



INDUSTRIAL

> TE

INTERFACES
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1 -8
Kemitron's new range of STE boards is a
real breakthrough. Each one is packed with
features which reduce the board count and
increase reliability. Our rear termination
method eliminates yards of ribbon cable
and allows boards to be withdrawn without
disturbing plarit wiring. Just some of the
new range include:

SPC-180 Processor

HD64180 CPU (280 code compatible) 6MHz.
768Kb RAM/ROM with DMA and 2Mb addressing. 4 Serial,
RTC, timers, watchdog, maths processor. Floppy disk
controller, hard disk intertace. STE bus

SDC-180 Digital /O

32 User configurable input/output/counter/timers
Opto-isolated I/O, Darlington drivers, feedback sensing
10 Channel programmable CTC, opto-isolated, |lMHz
max. Front panel LED indication ot all channels.

SAN-180 Analogue I/0

64 Single ended or 32 ditterential analogue inputs.

8 Independent analogue outputs. 12 bit plus sign DAC
12 Bit plus sign ADC, 12.5usec conversion speed Sample
and Hold, programmable gain, currentin/out. Front panel
LED indication ot channel, status, etc.

For full detalils of the range of boards,
systems and software available from
Kemitron - call us now.

KEMITRON

INDUSTRIAL & SCIENTIFIC COMPUTERS

Kemitron Limited,
Hawarden Industrial Park, Manor Lane,
Deeside, Clwyd CHS 3PP
Telephone: (0244) 536123 (6 lines) Telex: 61471

Analytical
Software for
Electronic
Engineers
from “Those

Engineers”

THOSE ENGINEERS,
formerly Seasim

Engineering Software,

have moved. Please note
our new address: Those
Engineers Ltd, Unit D1,
Fairoaks Airport, Chobham,
Surrey GU24 8HX.

Tel: Chobham (09905) 6565

FOR MS DOS COMPUTERS (256k+ RAM recommended)
(state computer type when ordering)

ECA-2's 1986 edition expands the analytical power of the originai to include Fourier
analysis and sweep commands and adds graphics output to include Bode plots, DC transfer
curves and transient timing diagrams. ECA-2 is now the most potent analogue circuit
simulator available. It offers friendly interactive control and an optional batch mode. A
proper diode madel, temperature effects, bias & operating point analysis, a transmission
line model, non-linear effects wherein polynomials (to any order) or piece-wise linear
characteristics are supported. Tolerances are used to compile worse case and Monte-Carlo
analyses. Macro-models, complex models (eg capacitors with inductance and resistance)
may be used. Voltages. currents, dissipations and power volts (a useful transistor
secondary breakdown indicator) may be looked at anywhere in the circuit. Simitar flexibility
is offered for the input to a circuit which may come trom a file or the output of a previous run.
Sparse matrix techniques allow ECA-2 to model typically 500 nodes in a circuit (depending
on memory available}. Price: £465 + VAT incl. p&p. Updating service avaijable, please ask
for details.

EC-Ace is a subset of ECA-2 also offering AC, DC and transient analysis and high quality
graphics output. Although it lacks some of the more advanced features of ECA-2, it can
accommodate a very useful 100 circuit nodes and is available at the irresistible price of £110
+ VAT incl: p&p. Upgrade to ECA-2 available.

For the BBC MODEL B, B+ and MASTER

(State 40 or 80 track when ordering)

Microspice. This is a remarkable suite of programs for simulating DC and AC analogue
circuit behaviour including non-linear effects. Features such as its transistor modelling (20
parameter Ebers Moll) and an excellent manual have been quietly earning this program a
reputation as the most useful ever produced for modelling small circuits. Price £99 + p&p”
+ VAT. ("€£2 UK or £5 overseas.}

Orders accepted from existing customers and educational bodies. Otherwise please send
cheque with order to our new address. You may prefer to contact us through our One to One
mailbox which can also be accessed by telex. Telex no. is 8950511 (ONEONE G) and our
mailbox number which should be quoted at the start of the text is 23332001

CIRCLE 72 FOR FURTHER DETAILS
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Happv Memories

Part type 1 off 25-99 100 up
4164 150nsNot Texas........c...ccce.... .95 90 .87
41256 150ns................ ..2.25 215 2.05
2114 200ns Low Power ................... 1.75 1.60 1.55
6116 150ns Low Power .................... 1.40 1.25 1.20
6264 150ns Low Power .. ..2.40 2.15 2.05
2716 450ns 5 volt......... ..2.75 2.60 2.45
2532450NS........cciiiiieee 5.40 4.85 4.50
273245008 ... 2.60 2.40 2.25
2732A250ns ........ ...3.30 2.85 2.75
2764 250ns Suit BBC... ..2.45 2.20 2.05
27128 250ns Suit BBC.... .2.75 2.60 2.40
27256 250NS ... 3.70 3.45 3.30

Low profile IC sockets: Pins 8 14 16 18 20 24 28 40
Pence 5 910 11 12 15 17 24

Please ask for quote on higher quantities or items not shown.
Data free on memories purchased, enquire cost for other.

Write or 'phone for list of other items including our 74LS series
with DIY discounts starting at a mix of just 25 pieces.

Please add 50p post & packing to orders under £15 and
VAT to total. Access orders by 'phone or mail welcome.

Non-Military Government & Educational orders
welcome for minimum invoice value of £15 net.

HAPPY MEMORIES (WW),
FREEPOST, Kington,
Herefordshire HR5 3BR.
Tel: (054 422) 618

CIRCLE 70 FOR FURTHER DETAILS




Remote controlled
oscilloscope

An infra-red remote controller,
similar to that used with tv sets has
been added to the 350MHz Philips
PM3295 to produce the PM3296. The
remote unit permits the selection of
up to 25 front panel settings
(optionally expandable to 75). Each
setting must be preset manually or
through the GPIB, rather like tuning
the tv, and a ‘save’ button on the
hand unit is pressed to store the
selection. Each setting can then be
recalled by dialling the appropriate
number on the remote controller.
This facility is useful when there is no
need for an external controller, for
routine measurements, particularly
in conditions where it may not be
possible to touch the instrument.
Examples are in climatic chambers
orin high-voltage environments.

To make this possible all the
internal controls on the oscilloscope
have been digitized, including the
rotary potentiometers. The
instrument, like its predecessor has
two input channels, real and delayed
timebases, trigger view and versatile
triggering.

220 onthe reply card
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Digital pulse and
delay generator

Five picoseconds is the claimed
resolution of the Stanford DG535
delay/pulse generator. It has four
separate defay channels each with a
1000s range. The internal trigger can
be operated in single-shot or burst
modes and is programmable from
0.001Hz to IMHz. The output levels
are continuously adjustable to
precise settings but can also be seen
toselect standard levels such ast.t.1.
ore.c.l. Both high and low
impedance loads can be driven witha
slew rage of 1V/ns. The four outputs
can be programmed directly through
the front panel with confirmation of
all settings on the display. Delay
levels can be entered individually or
linked to follow each other in any
desired sequence. A non-volatile ram
can hold up to nine instrument
settings which can also be set by
computer through the GPIB.
Available through Lambda
Photometrics.

218 onthe reply card

“"NEW PRODU

20MHz oscilloscope

Latest in the Hameg 203 series is the
203-6 a dual-trace oscilloscope with a
20MHz bandwidth and a maximum
sensitivity of 2mV/division. It is
possible to display the sum and
difference of two signals. Triggering
facilities include h.f. (up to 40MHz)
and d.c. aswell as line and tv sync
triggering. The time resolution is
20ns/div. includinga 10X

magnification. The c.r.t’s internal
graticle gives parallel-free viewing
over awide angle. The instrument
has a built-in component tester with
test voltages and currents at a
suitable level; for in-circuit testing
and semiconductors. The
oscilloscope was designed for general
purpose use and it ease of use makes
it suitable for training.

215onthe reply card
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Audible logic probe

In addition to the standard green/red
leds, the 610B logic probe offers an
audible bleeper to indicate high or
low state, pulse state and pulse trains

ki . i
. el & o
above and below 200kHz. Suitable

for both t.t.1. and c-mos circuits, the
minimum detectable pulse width is
30ns. Exclusively inthe UK from
Globat Specialities.

360 on reply card

www.americanradiohistorv. com

Multifunction
calibrator

Datron has produced the 4700
Autocal calibrator which offers direct
and alternating current and voltage,
and resistance ranges of a suitable
accuracy to calibrate mid-range 5.5
and 6.5-digit d.m.ms. It can be used
by itself or automated intoa
calibration system. Also from Datron
is arange of pulse generators and
waveform analysers.

237 on reply card

Microwaves
counters “%/3
competitors price”

The Systron Donner division of
Thorn-EMI have a new signal/sweep
generator which can be externally
programmed for automatic testing.
Two new microwave frequency
counters operating are also being
introduced, to be sold at “two-thirds
the prices of competitive
equipment.”

Also new is the Model 1720
microwave signal synthesizer which
provides precise signals between
50MHz and 18GHz from a single
output connector. Automatic
internal and external levelling
control provides “extremely flat
response over the full frequency
range.” Accurate control, from — 100
to +10dBm, is provided by a step
attenuator and vernier control.

236 onreply card

=
Precision
capacitance bridge

Eight-digit accuracy with a
resolution of 1ppm or .5attofarad is
possible with the 2500 capacitance
bridge, from Lyons Instruments.
Stability is 10ppm/year.
Measurements are made at 1kHz
over the range —0.015uF to
+0.15uS (microsiemens). Eight
digits are displayed but up to nine
can be sent to a remote device.

The instrument is a true ratio-
transformer bridge incorporating a
fused-silica reference capacitor. Four
different loss units plugs deviation
measurements are provided,
averaging time and maximum test
voltage are selectable. RS232, GPIB
and scanner interfaces are provided
and allow internal corrections and
calibrations against an external
standard to be performed
automatically. Apart from its use in
metrology and component
measurement, the instrument can be
combined with the appropriate
transducers to measure a wide range
of physical phenomena.

219 on the reply card
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ADVANCE ANALOGIC
BRYANS T
INSTRUMENTS

Advance Bryans brings you the best of all worlls in oscitloscope
operation! The DS- 1520 series has a 20M11z bandwidth for normal
dual-channel real time applications. as well as an advanced 2MIHz
digital storage specification. The mamy sophisticated technical
features - some unique — resull in outstanding performance and
versalility {or an instrument in its price range.

Four versions are available giving hard copy vutput to Alvance
Bryans XY recorders or digital plotlers as appropriate.

atal Storage Oslioscop

D5-1520 sern
CIRCLE 34 CIRCLE 55
FOR FURTHER DETAILS. FOR FURTHER DETAILS.

Analogic announces a new catalogue of data conversion froducts as
part of its programme (o remain a world leader in high speed-high
accuracy data conversion products. exemplified by the Adam 826 a
16-bit half megahertz A/D converter which sells for approx £600.
The company inlends to be aggressive and has appointed distri-
butor Consort Electronics to provide increased service to cus-
tomers.

MS
COMPONENTS
LTD

The latest edition of the MS components catalogue features 1.000
new product additions. Bringing the tola! to 10.000 line ilems. All
products are priced. In stock and despatched on the day of order.
The 316 page catalogue details batteries, power supplies. books,
cable. capacitors connectors. fuses. ¢ircuit breakers, hardware.
indicators, melers. instruments, modems. opto. relays, resistors.
security, semiconductors, service aids. soldering, suppressors,
switches. tools and transformers.

CIRCLE 56
FOR FURTHER DETAILS.

P.S.P.

P.8.P. Electronics have updaled thelr free short lorm literature
which includes photographs and information about their complete
range of connectors.

The Hiterature is in full colour. includes stock range additions
such as the Sounau 851 scries, and can be obtained by circling the
number of the Free Product Information card.

P.S.P. is a franchised distributor for ITT Cannon. Thomas &
Betts, Transradio, ITT Pomena Efectronics. Panduit and Souriau
and, as always. P.S.P. are able 10 provide technical advice and ser-
vices 1o meet clients’ particular needs.

Manufacturers’ catalogues with full product specifications can
also be supplied on request.

CIRCLE 66

FOR FURTHER DETAILS.

ELECTRONICS & WIRELESS WORLD
DATA BANK

let your brochure do the selling

Databank is the small space with the big selling opportunity.

It gets your sales brochure seen in precisely the right place — inside the
covers of Electronics & Wireless World.

And for only £250, you can take an eighth page advertisement in full
colour, showing vour latest brochure together with up to 60 words of
description and its own individual reader enquiry number, and reach
over 120,000 potential purchasers.

At less than Y5 of a penny per reader, it's guaranteed to be the most
cost effective way of reaching your potential customers.

Or, as a special offer, book 3 or more insertions and the cost will be just
£200 each. Whichever you choose, it's an incredible offer.

If you want to get your product information into the right hands fast,
call Ashley Wallis on 01-661 3130, or return the coupon.

DATA BANK

Order Form

Name

Position

Address

I Company

Postcode

Date

Telephone Telex

Signed

Please telephone to discuss my requirements

Please reserve Yath page in DATABANK forthe ..., issue,
and telephone to confirm
I am interested in the special offer.
Please book 3 insertions for the
and telephone to confirm

issues

Published by Business Press International, Electrical-Electronic Press Division, Quadrant House, The Quadrant, Suttori, Surrey SM2 5AS. Telex 892084 BISPRS G.

E ELECTRONICS & WIRELESS WORLD
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Ultrasonic wire
tracer

A diagostic tool from Cablecheck
helps to overcome the risk of damage
to senstive components by using an
ultrasonic method of tracking wires,
indentifying and locating open or
short circuits. Ultratrace consists of
two instruments, transmitter and
receiver. The transmitter is attached
to a suspect wire by a alligator clip
and the receiver scans the wire, the
system works through walls and
under floorboards and can trace
cables through metal sheets or other
materials.

216 on the reply card

“Lowest priced
d.s.0.” —Hameg

Paxton Instruments distribute the
Hameg range of oscilloscopes
including the HM203-6 dual-trace
oscillosope which has all the features
ofthe HM203-5 but adds an active tv
sync separator and two probe kits all
for £285 (+tax). Also making its
debut is the HM205 digital storage
oscilloscope which offers 20MHz
real-time readings and 100KHz
digital sampling. Complete with
probe kits for £448 (+tax) it is
claimed to be the world’s lowest
pricedd.s.o.

235 onreply card

Dynamic board
testers use d-mos

Dynamic testing of both analogue
and digital products is possible with
the Spea Digitest 100AD. Using easy
to programme multi-mode
architecture, the instrument is
claimed to offer considerable cost
saving in test program generation
times. With the use of very high-
speed d-mos electronics, there isa
great reduction in transmission time
delay which eliminates the need to
‘descew’ the software. The
instrument uses a single-chip driver
as opposed to the driver circuitry of
rival automatic test instruments.
Landis & Gyr Communications.

238 onreply card

"NEW PRODU

Modular meter

The Jay range is claimed to have the
unique ability to accept a series of
plug-in modules to turn the main
instrument intoad.m.m,
temperature, strain or other meter

Scanney/switcher

Upto512 analogue inputs can be
scanned and switched between the
transducers and analysed/logging
equipment with the Kite Series 16
scanner. The channels are scanned in
a user-programmed sequence in
unitsof 1,2, 4,8 and 16 output to the
analysis system for further
processing. The instrument can be

and also accepts calibration and
simulation modules. The carrving
case includes a pack of batteries,
re-charged through the instrument.
CIL Electronics Ltd.

261 onreply card

controlled at the front panel or
through an RS232 port with a local
display to echo the all setup
information including which
channels are currently active.
Applications include machine health
monitoring, noise and vibration
signal aquisition, testing of
electronics systems and laboratory
multi-way signal routing. Kite
Developments Ltd. 263 on reply card.

Lab power supply

New from Thurlby Electronicsisthe
PLK series of laboratory bench power
supplies. Each has three independent
outputs; a high current 5V output
which can bevaried between 4 and 6V
and which incorporates a crowbar
over-voltage protection; The other
two are fully variable between () and
30V and canbe fully isolated and
independently adjustable or can
track each otherso that one control
adjusts both outputs together.
Digital metering hasanaccuracy of

10mV or ImA. All outputs are
current limited and protected
against overloads and short circuits.
One of the outputs has fully variable
current controls and can be used as a
constant current source. Line and
load regulation offers less than
0.01% change for a 10% line change
and 0.02% for 100% load change.
Remote sense terminals ensure the
maintenance at the load point
regardless of lead impedance. 60W
and 120W version are available

217 on the reply card

RS232 monitor

A pocket serial monitor, the
Cablefaker from Compondex, can be
attached to any RS232¢ port to
monitor the signals. A liquid crystal
displays the line status and the
instrument features a breakout and
patch field together with pulse catch
and positive or negative logic
monitoring. The instrument is
powered from the line and needs no
batteries.

214 onthe reply card

Surface mounted
asic oscillator

In our picture, the circular crystal
has been removed to show the
ceramic substrate of the M1000 clock
oscillator. Thei.c. includes links to
select the frequency from between 4
and 48MHz, with guaranteed
stabilities of 0.01, 0.050r 0.1%. The
devices consumes less than 55mA,
and the oscillators deliver a4V
square wave output, capable of
driving upto 10 t.t.l. loads. The
output has better than 60/40
symmetry and the oscillator begins
lcock-pulse generation within 10ms
of power up. All is included in a 4-pin
J-lead surface mounting package.
From MF Electronics Corp in
America.

266 on reply card
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The Archer 780 &SHBC

The SDS ARCHER — The Z80 based single board

computer chosen by professionals and OEM users.

* Top quality board with 4 parallel and 2 serial ports,
counter-timers, power-fail interrupt, watchdog timer,
EPROM & battery backed RAM.

* OPTIONS: on board power supply, smart case,
ROMable BASIC, Debug Monitor, wide range of [/O &
memory extension cards.

from £185 + VAT.

CIRCLE 35 FOR FURTHER DETAILS

The Bowman 68000 &SHC

The SDS BOWMAN — The 68000 based single board

computer for advanced high speed applications.

* Extended double Eurocard with 2 parallel & 2 serial
ports, battery backed CMOS RAM, EPROM, 2 counter-
timers, watchdog timer, powerfail interrupt, & an
optional zero wait state half megabyte D-RAM.

* Extended width versions with on board power supply
and case.

from £295 + VAT.

CIRCLE 36 FOR FURTHER DETAILS

Sherwood Datadystems Lid

Sherwood House, The Avenue, Farnham Common, Slough SL2 3JX. Tel. 02814-5067

SATELLITE TELEVISION

LINSLEY HOOD 300 SERIES AMPLIFIER KITS Buy direct from the manufacturers, low cost full
Superb, HART designed, integrated amplifier kits derived from band Sate”lte TV SyStemS

Linstey-Hood's articles in "HiFi News
Complete satellite receiving system from

Ukra easy assembly and set-up with sound quality to please the
most discerning listener. Ideal basis for any domestic sound

systems if qualty matters to you. Buy the complete kit and save oo
pounds off the individual component price £49500 + VAT
§300-35. 35 Watt, Discount price for Complete Kit . . £98.79
300-45, 45 Watt. Discount price for Complete Kit . £102.36 i i i
RLH4&5. Reprints of Original Articles from ‘HiFi News' . . £1.05no VAT erte or telephone for detalls’ or Ca” n at our
LINSLEY-HOOD SYNCHRODYNE AM RECEIVER faCtory Showroom .

Very high quality kit for this recent design featured in ‘Wireless World. Advanced construction
system, approved by the Author, uses 3 double sided PCBs in a stacked layout for total stability, ease O S

of cFonstrucltiohn and minimal wiring. This module will form the AM section of an ultra high quality NETW RK ATELLITE
AM/FM switched bandwidth tuner to match our 300 series ampiifiers. Power supply and tuning gan

will be included with the FM section 153 SYSTE MS LTD

K450 JLH Synchrodyne Kit. Special Price £59.95

LINSLEY-HOOD CASSETTE RECORDER CIRCUITS Units 7—8
Complete very high quality tow noise signal handling stages for any stereo cassette recorder. . .
Separate record and replay sections for optimum performance. Switched bias and equalisation to NeWbUrn Brldge |ndUStr|a| EState
cater for chrome and ferric tapes. Very easy to assemble on plug-in PCBs. Complete with full
instructions. _ Hartlepool, Cleveland TS25 1UB
K800 Complete Stereo Record/Play Kit . . £33.70
860X Stereo Mic Amp Kit to suit. . 3 £8.70 9
RLH 1 & 2 Reprints of Original Articles........ . .75p no VAT Te' (0429) 274239 or 869366
—= =
HIGH QUALITY REPLACEMENT CASSETTE HEAD CIRCLE 26 FOR FURTHER DETAILS

Do your tapes lack treble! A worn head could be the problem. Tape
heads are constantly improving and fitting one of our latest

replacement heads could restore performance to better than new!
Standard mountings fit most decks and our TC1 Test Cassette will s : SMALL SELECTION ONLY LISTED — RING US FOR YOUR
make it easy to set the azimuth spot on. As we are the actual ,g - REQUIREMENTS WHICH MAY BE IN STOCK

importers you get prime parts at lowest prices. All our heads are
suitable for Dolby machines Racat S;Aifz‘s;at:/‘Cﬁmm?ndi.c_-tiond Recei- Tele(phc;ne sgegs typte‘; g ande - Iarge‘yquanti%’
HC20 Permalloy Stereo H 1 I . vers — — Mechanical digit readout 1 in stock — o lepending on type and
oo M ot gatl CoodlfopaliyMstardaidNteadMiiegNastonginal Satipmertffon e SOMC/S €300 Racal RATZL Communi | quanily POR. Don 10 Telephone Cable —
& - i R i KC/S /S in 30 half I t . Night
HSjG Sendusj.t Alloy Super Head. Quite simply the best Longer life than permalloy, higher output than gg‘,,'g;‘ 1Mf;3§'vvs"§e 503175 A(|7| ,322?&,5; ;,e gi, v?ew"r.ng'e ic:'r:;ised &8 a;'}?;iopes 2207 '3,1"
ferrite, tantastic frequency response. . . .£14.86 tested and calibrated in our workshop - eyeplece - 24 volt DC supply - £100. EA
HQ551 4-Track head for auto-reverse or quadrophonic use. Full specification record and play head supplied  with  dust cover operation Original cost to Government over £11,000. EA.
£14.60 instructions — circuit in fair used condition Static Invertors — 12 or 24 volt input — 240 volt
Special Offer Stereo R/P Heads £2.49 Racal ?y;\‘tzgss‘i)sers1 6M(E:)lescatde81 e"i%?sncy Q(v: spiTe‘v‘vave ouépu( vanousd wattages. P.O.R.
4-Track Auto-Ri enerators - 1 (o] B otters an pen recorders — various -
HSQS(;O274031e$;§rsDeCPé?gsze:edad 53'50 g!OO. MA1350 for use with RA17 receiver P O.R. Signal Generators — various — P.O.R
HQ751E 4/4 E ble wi 6.70 £100. MA259G - precision frequency standard TF 893A Power meter £50, Racai
rase compatible with HQ551 -£39.70 SMC/S — 1MC/S - 100KHz — £100 to £150. RA137 frequency counter type 836 — £50. Tektronic
Full data on these and other heads in our range are contained tn our free list and RA37 — LF convertors 10 to 980KC/S — £40 plug-ins — 1A1 £50 1A2 £40. 1A4 £100 M £50.
to £75. RA98 SSE-ISB convertor — £50. RA121 Al tems are bought direct from HM
HART TRIPLE-PURPOSE TEST CASSETTE TC1 SSB-ISB convertor — £75. Plessey PR155G Government being surplus eqgulpment. Price is
One inexpensive test cassette enables you to sel up VU (Dolby} level, head azimuth and Solid State receivers — 60KC/S — 30MC/S — £300. ex works S.A ig: for enquines. Phone for
tape speed without test equipment. Vital when fitting new heads. Complete with instructions .. . £4.66 Transtel Matrix Printers AF11R - 5 level appointment for demonstration of any items;
baudot code — up to 300 bauds - for print out on also availability or prce change V.AT. and
gend for your FREE copy of our lists with full details of our complete range of Kits, Components, PCBs, plain teleprinter paper - £50. Army Field | carriageextra
assette Heads and Decks: — Overseas please send 5 IRCs for Awmail Post.
EXPORT TRADE AND QUANTITY DISCOUNTS
Please add VAT to all prices. Postage on orders up to £10 - 50p. £10 to £49 - £1. Over £50- £1.50. JOHN RADIO HITEH LL WORK
S , W A S,

84 WHITEHALL ROAD EAST, BIRKENSHAW,
BRADFORD BD11 2ER. TEL NO: (0274) 684007

WANTED: REDUNDANT TEST EQUIPMENT — VALVES - PLUGS - SOCKETS,
SYNCHROS ETC. RECEIVING AND TRANSMITTING EQUIPMENT

ELECTRONIC KITSLTD
m 1, Penylan Mill, Oswestry, Shropshire SY 10 9AF
24 hr SALES LINE (0641) 652592 Please add VAT
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Al and p.c.b.
autorouting

We often read about RISC processors
and what a marvellous contribution
they will make to our futures. Now
we have a practical example: The
Novix Forth processor is being used
inthe Calay c.a.d. system for p.c.b.
design. Itincludes an expert system
artifical intelligence program for
autorouting tracks and can take into
consideration the requirements of
high-density boards with new
component and soldering methods.
Boards with over 1000 connections
can be automatically routed and
optimized ‘overnight’. The Calay
systemusesaDEC 11/73 ¢.p.u. and
the Novix processor is incorporated
into a co-processor board plugged
into the Q-bus. A five-fold bus
structure enables five operations to
be carried out in parallel. A designer
is not restricted to a standard set of
design rules and can set up any rules
fora particular board. A special rules
memory hold these and an inference
calculator derives the precise
instructions for the router. A single
pass then implements the
instructions in the layout. It is also
possible to generate automatically
several different versions of the same
layout and select the best or the best
combination to achieve the optimum
layout. The RPR-3 hardware
accelerator can be retrofitted to any
Calay system. UK agents are
Automation Systems Ltd.

222 onthe reply card

Board designer for
Atari ST

Aninteractive, computer-aided
design systemf ro p.c.bs has been
developed to run onthe Atari 520ST
or 104ST. It s facilities includes
autorouting of tracks, rerouting and
redrawing if required. The program
is intended for the smaller business
orindependent electronics
engineers. Available from First
Publishing Ltd. 264 on reply card.

STE-bus industrial
computer

Based on the Hitachi HS64180, an
enhanced Z80 processor, the
Kemitron STE/RIO computer, offers
an STE connector on each circuit
board but also connects through the
company’s own rear input/output
connector. The c.p.u. board offers up
to 512K d-ram, 256K eprom, or 96K
s-ram. Direct memory managment
for up to 2Mb. There are four serial
channels, three timers, a watchdog
timer, real-time clock and battery
floppy and hard disc interfaces and an
STE-bus controller. All is housed in a
standard rack unit. 265 on reply card.

'NEW PRODUCTS

Logic analysis on the PC

An interface package and software
allow the Thurlby LA160 logic
analyser to be linked to an I3M PC.
Data is taken from the 16 or 32-
channel logic analyser and loaded
into the computer through the
RS232 port. The control program
produces colour graphics on the
computer screen and makes full use
of the computer’s facilities to provide
stored records on disc and print-outs
ifneeded. The screen can display the
timing of 16 channels vertically with
either 64, 256 or 1024 samples
horizontally. The channels can be

named and displayed in any order.
The screen also shows the value of
the cursor and pointer positions and
the difference between them.
Another display mode lists 32 words
of the logic state, rapid scrolling,
word search and comparisons with
test patterns are all possible.

The LA-PC Link consists of a rom
program for the analyser and
software on disc for the computer. A
cable is provided to connect the serial
ports.

221 onthe reply card
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Chearest clone (so far)

Claiming to be IBM PC compatible
and running MS-DOS (not PC-DOS)
the Amstrad PC 1512 starts at only
£399 (+ tax). The basic model is
monochrome with one disc drive and
512K of ram bug at the top of the

| range come a 20MByte hard disc

g

model in full colour at less than
£1000. There is not intention to
produce an AT-compatible model
(yet) and any future IBM
developments are to be ignored for
someyears.

224 onthereply card
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32-bit workstation

The new Clipper 32-bit processor
from Fairchild is implemented on
three chips and can work at a rate of 5
million instructions/s. It is
incoroporated in the 32C desktop
workstations from Intergraph and
claim to be faster than most multi-
processor microcomputers. InterAct
32C has two screens for full-time
production environments, the more
compact InterPro has one screen for
the normal office environment. Both
have high resolution graphics and
can show 32 colours at one time from
apalette of 4096.

223 on the reply card

New BBC

Taking a leaf from Amstrad’s book,
Acorn have come up with the BBC
Master Compact. This is a cut-down
version of the BBC Master but comes
with abuilt-indisc drive and a
monochrome or colour monitor.
Another departure is the division of
the keyboard from the power supply
and the 3.5in disc drive which is
housed in a separate box. It lacks
some the of the expansion facilities of
the Master and has less built-in

-sofctware, some of which is included

on the Welcome/utlities disc. It is
aimed at primarily schools and the
home market. £500 (+ tax) for the
colour version.

225on reply card

D.S.P. with
program memory

The latest digital signal processor
tfrom Motorola offers 10.25mips and
56hit operation. The DSP56001
features 512 words of on chip
program ram, two preprogrammed
data roms, two 256, word data rams
and special on-chip bootstrap
hardware to allow easy loading of
user programs into the program
ram. Without the need for pre-
programmed roms, the device
becomes an off-the-shelf product. It
offers no contention over the use of
the memory bus. Programs can be
changed dynamically.

The on chip x and y rams come
preprogrammed with A-law and Mu.
law-to-linear conversion tables and
with a sine table for waveform
generation, discrete and fast Fourier
transformation. The chip has a wide
range of communications interface
ports and seven buses. Applications
include speech and other
communications, instrumentation
and control, image processing and in
navigation. Available for sampling
early in 1987, the device comes in an
88-pin ceramic grid array package. A
software package of simulator and
macro cross-assembler is available
now. 267 on reply card.
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Telephone-radio
interface

Atelephone and radio inconnect
system, the 27A300 Phone-patch
from Racal Acoustics, connectsa
simplex radio set with the public
telephone network. The instrument
can monitor the radio and telephone
lines and can link them. [f either line
offers poor reception the operator
can manually dial the radio.
Automatic keying of the radio is
achieved by a voice operated switch.
Racal cite search and rescue
operations as being a specially useful
application where radios at the scene
of an accident can access the public
telephone system, giving a greater
range.

208 on the reply card
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Professional c.b.
radio

Telecomms claim to market the only
934MHz citizens' band tranceivers
available in the UK. The Nevada
range of equipment includes
transceivers and all related
equipment. Several transceivers
have been purchased by BT for
communications at the Goonhilly
satellite station.

Telecomms also have a wide-band
aerial for use with cellular radio. The
855 t0 955MHz beam aerial can be
used to access cellular radio from
areas that are not within the cells.
205 on the reply card
[~ —— ———————

Encoders for mobile
radio

Plug in panels for Storno two-way
radioequipment offer c.t.c.s.s.
encoding and decoding. With the
CTL Radiocom panels installed, the
radio has the added facilities of p.t.t.
timer, hookswitch monitor, busy
lockout, with or without a warning
toneand p.t.t. duration limiter. All
the additional options can be
defeated by links, operated from a
rocker switch assembly thus
enabling the host radio to be applied
to many varying system parameters.
206 on the reply card
e————————p

Low cost radio-
phone

Asingle-channel mobile radio, the
UKV62 from Communique (UK), is
designed and made in the UK. At
presenmt it is available in the v.h.f.
160 to 175MHz band but a u.h.f. 420
to 470MHz version will be available
soon. Various signalling options are
available including c.t.c.s.s.
encoding and lockout, selcall and
base-station adaptors enable the set
to be integrated into new or existing
systems.

207 on the reply card

"NEW PRODUCTS

Where the smallest antennae are
desired. the FB-1 range of low-noise
block-converters (1.n.bs) can be used
toreceive satellite tv signals. The
1.n.b. is positioned at the focal point
of adish antennaand can collect.
convert and amplify the satellite
signal. Particular care has been taken
over the tuning of the gas-fet stages
to offer greatly improved
performance over previously

Satellite receiver front end

available systems, with noise figures
as low as 1.8dB at 20°C and a
guaranteed noise level of <2,1dB
over the entire frequency band and
temperature ranges covered. Special
versions, for data communications,
offer highly stable oscillator circuits
with phase noise eliminated.
Available through Space
Communications {Sat-Tel) Ltd.

262 onreply card

Radio test sets

Two instruments fram Farnell make
testing easier. The PTS1000 s a
portable transmitter test set that
operates from abattery pack, a
vehicle battery or a.c. main power. It
has an operating frequency up to
1GHz. It integrates all the
instruments normally required to
check the performance of a
transmitter up to 100W continuous
rating: r.f. counter, modulation
meter, r.f. and a.f. power meter, a.f.
voltmeter, distortion analyser,
weighing filters and r.f. power load.
It can also measure aerial efficiency
using an optional remote directional
power head. Combined with a signal
generator the set can be used as a

complete transceiver test set with
only four connections to the device
under test. This facility adds
frequency, distortion and sensitivity
measurement of a receiver.

Another set for communications
testing is the CTS520, designed for
the service or production testing of
simplex or duplex radio transceivers.
This adds synthsized r.f. and a.f.
signal generators, a sinad meter and
ac.t.c.s.s. tone generator to the
facilities incorporated in the other
instument. The synthesized signal
generator offers the henelits of drift-
free measurement, absolute setting
accuracy, lowr.f. leakage and direct
offset frequency measurements.
211 onthereply card

Hand portable radios

The Landmaster Il from Pace
Communications is supplied with
one channel already crystalled, a
flexible aerial, 500mAh battery and a
trickle charger. V.h.f. and u.h.f.
models are available. Manufactured
in Japan, the sets are claimed to be
designed and constructed toa high
specification and yet remain
competitively priced.

209 on the reply card
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...and at sea

All 55 international marine channels
are fully synthesized in the Sealine
M(-56 hand-held v.h.f.
radiotelephone from Shipmate. Also
included is the UK Marina channel.
The Coastguard channel "0’ can be
added for authorized user and
Channel 16 can be selected instantly
by push-button. The set includes a
dual-watch facility and comes with a
battery charger. The output power is
selectable between 1 and 3W.

210 on the reply card

Marconi test set

Designed for bench and field work,
the Marconi 2955 radio
communications test set can test all
types of amplitude, frequency and
phase-modulated mobile radio
equipment, Applications include
low-power hand portables and
mobiles using selective calling, full
duplex radio telephones, base
stations and repeater equipment.
Facilities include r.f. and a.f. signal
generators, r.f. frequency and power
meters, modulation, sinad and s/n

| metersandana.f. frequency meter.

The integral digital storage
oscilloscope offers single or
repetitive sweep in transmitter,
receiver and audio test modes,
calibrated for a.m. f.m. and p.m.
Selcall encoder/decoder facilities are
available as is a GPIB interface. Buy
from Electronic Brokers, 212 on the
reply card, or hire from Electroptan
Hire, 213 on the reply card.
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@ Hltach| Oscilloscopes the highest quality ~ froni £299

, the most competitive prices +VAT

Hitachi Oscilloscopes provide the gquahits and pertormance that vou'd
evpect Trom such a famous name, with aonewy entended T4 model range
that represents the best vidue tor money available anyvwhere
V-212,222 20MH/7 Dual Trace V680 GONITZ Dual Finichase
V-223 20MHz Sweep Delay A0SO TOONHE Quad Frace
(iltustrated) A 10700 TOONMH/Z Four Channel
N2 2ONHAZ M- Portable N Lo TOONTHLZ DNINE Counter
Vo422 HONTH Y Dual Trace AR TONTH 7 Tube Storae
Vo423 JONTHZ Sweep Delin NC-601S 10N, Draital Storage
\SOY SONMHZ NMin-Portable Vo641 0N Digital Storaee

Prices start at £299 plus vat (20MHz dual trace) including a 2yr. warrant
We hold the range in stock for immediate delivery.

For colour brochure giving specitications and prices ring (04801 63570
T'hurihy Electronics Lid, New Road, St. bves, Cambs, PEI7 4BG

the new Thurlby PL-GP series

30V /2A and 15V/4A single and twin units
Constant voltage or constant current operation
Programmable to 10mV and 10mA resolution
Readback of current demand via the bus

Twin units have fully independent outputs
Remote sensing terminals provided

Bench mounting or 19” rack mounting

® Singles £395 + vat, Twin units £5698 + vat

Thurlby Electronics Ltd i Za
New Road, St. Ives, Cambs. PE17 4BG /II Thur’byia’;g e —

Tel: (0480) 63570 designed and built in Britain

000000

CIRCLE 52 FOR FURTHER DETAILS

The world’s most advanced low -cost bench multimeter!
Thurlby 1905a £349.var

A complete high performance bench DMM

® 5% digits; 0.015% acc; 1uV, ImQ , 1InA.

® Full ac and current functions as standard

A sophisticated computing and logging DMM
® Linear scaling with offset; null/relative

® Percentage deviation; running average

® dBV, dBm general logarithmic calculations

® Limits comparison; min and max storage

® 100 reading timed data logging

® RS232 and IEEE-488 interface options

Thurlby Electronics Ltd - A Za
New Road, St Ives, Cambs. PE174BG // Thurlby ZIhN
Tel: (048-0) 63570 designed and builtin Britain
CIRCLE 53 FOR FURTHER DETAILS

Now Thurlby makes loglc analysis affordable ! from
| the new Thurlby LA-160  £395 +vat

e 16 channels, expands to 32 e 2K word acquisition memory
e Clock rates up to 20MHz e Non-volatile reference memory
e State and timing displays e Search and compare facilities
e Selectable display formats e Hard-copy data print-out

% An oscilloscope and logic probe are not enough to unravel the complexities
of today’s electronic equipment. A logic analyser is as essential for
observing digital signals as an oscilloscope 15 for observing analogue
signals, and now Thurlby puts one within every engineer’s reach.

Contact us now and get the tull technical data.

Th Ib N 2 Thuriby Electronics Ltd
uri y ZIhN New Road, St.lves, Huntingdon,

designed and built in Britain Cambs. PE17 4BG, England. Tel: (0480) 63570

CIRCLE 54 FOR FURTHER DETAILS



Graphics design kit

A complete package providesa
comprehensive full-colour bit-
mapped graphics capability. Six
chips comprise the kit which canbe
interfaced with almost any
microprocessor to provide screen
resolutions from 256 to 256 pixels up
to 4096 by 4096. The Texas
TMS34061 video system controller
eliminates the need for separate text
and graphics systems. A video palette
offers almost unlimited colours and
the kit is completed by two 64K by 4
video rams two 4-bit shift registers
anda 68-pin socket for the
controller. Full documentation,
application notes and data are
provided. We have had identical
notices of the kit from two sources;
VStand Online.

234 on the reply card

Miniature d.c.
converters

5, 12 and 15V versions of the Newport
d.c./d.c. converters are as smatl as
integrated circuits. NM0505i, 1212i
and 1515i produce their respective
voltages (plus and minus) at 750W
from a 5V supply. Input-to-output
isolation is 500V. With high
efficiency and awide operating
temperature range, the modules can
be used at points of load on p.c.bs,
elminating complex power bus
tracks.

231 onthereply card

Single-chip data
system

An analogue-to-digital peripheral i.c.
is claimed by Texas Instruments to be
acomplete data aquisitionsystem on
single chip. It includes an internal
systemis clock, sample-and-hold, 8-
bit a-to-d converter, data register and
control logic. It is designed as a serial
interface for a processor or
peripheral through a three-state data
output and an analogue input. The
on-chip systems clock operates
typically at 4MHz and allows the
device to work independently of
serial input/output data timing. Used
inconjunction with the i/o clock this
allows high-speed data transfer and
sample rates of 40 000 cycles/s.
Suggested applications include
engine and machinery analysis.
remote sensing, analogue-to-digital
controls such as joysticks in
computer applications, and in
battery-operated portable
instruments. The conversion
accuracy is 0.5 of the 1.s.b. in less
than 19us, while power
consumption of the c-mos device is
typically 6mW.

234 onthe reply card

ECL/TTL logic arrays

Difterent logic families; e.c.l. ort.t.1.
or hoth can he combined on a single
chipwith the AMCC Q3500 series of
logic arrays. Three devices have the
equivalents of 1300, 2400 and 3500
gates and support respectively 76, 98
and 120 input/output pins with a
typical gate delay ot 0.275ns. The
arrays use 3-level series gating
techniques to provide both density
and speed improvements.

The QM1600 series can provide up
to 1600 equivalent gates ine.c.l.
coupled to 1280bit of e.c.l. ram
which may be organized to any hit,
byte or word configuration . Suitable
design software for modelling and
testing the devices runs on most
c.a.e. workstations. Exclusive
distribution is handled by Hi-Tek
Electronics.

227 onthe reply card

Switch-mode control chip

Switch-mode power supplies with
increased efficiency and simplified
design are made possible by Rifa’s
new control circuits; RL.3525 for
voltage mode and RL3846 lor current
mode. All functions of a high
performance controller are
integrated, needing only a small
number of external components to

complete the supply. Included are
dual totem-pole outputs with high
drive capability, soft start, under-
voltage control, p.w.m. and voltage
references. Wide operating voltage
range and high switching frequency
range increase the areas of
application.

229 onthereply card

BBC or IBM control
system

A Eurocard-based control system for
laboratory or factory is produced by
Paul Fray. The system is designed to
run with Spider, the real-time
software package that uses BBC Basic
to program complex control
sequences. A five-card rack connects
to the BBC IMHz bus through an
expansion card. Alternatively a 6502
processor card running BBC Basic
and Spider software can be
connected with up to nine interface
or memory cards and built-in disc
drives. This system is self contained
but can be programmed through its
serial port by a terminal, either a
BBC oran IBM PC. The 5-card
version can also be used with the
terminal’s discs and printer used for
recording/storage of data.Spider is
now available as a plug-in rom
cartridge for the BBC Master.

226 on the reply card

Toroidal
transformers

Designed and made in the UK, these
toroidal transformers come in a
range of five power ratings from 15 to
130VA, 48 to 6011z. Maximum
ambient temperature is 55°C.
Intended for applications requiring
low magnetic field and low
temperature rise, the transformers
incorporate a copper screen between
primary and secondary windings.
High efficiency ratio with low weight
and small size make them useful in
many applications.

233 onthe reply card
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32-bitsand 12.5
mips

Motorola's 25MHz version of the
MC68020 32-bit processor and the
20MHz version of the MC68831
floating-point co-processor have
been produced. The new processor
canoperate in bursts of 12.5muillion
instructions/s but a more realistic
figure is a sustained throughput of
5mips; seven times as fast as the
16-bit 68000. It owes its speed to the
on-chip cache instruction memory,
the three-stage instruction pipeline,
the instruction set and the
addressing modes. It is constructed
in high-speed c-mos with 1.5micron
geometry. The maths co-processor
offers ove 40 floating point functions.
It handles full extended precision
(80-bit) for trigonometry,
hyperbolics. logarithms, square
roots etc. all in hardware. The co-
processor works concurrently with
the c.p.u. and is transparent to the
systems programmer.

230 0on the reply card
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01'208 1177 TECHNOMATIC LTD 01'208 1177

BBC Computer & Econet Referral Centre

AMB15 BBC MASTER Foundation computer 128K ! . £395 (a)
AMB12 BBC MASTER Econet computer 128K {only ANFS) £319 (a)
AMCO06 Turbo {65C — 02) Expansion Module. ... . . ~.£105(b)
ADF13 Rom Cartridge . . £13¢(b) ADF10 Econet Module .. L......£43 (c)
ADJ22 Ref. Manual Part 1. .£14.95 (¢) ADJ23 Ref. Manual Part!l.........£14.95 {¢)
ADJ24 Advanced Ref. Manual s . - ..£19.50 (¢)

BBC MASTER COMPACT

A free packet of ten 3.5 DS discs with each Compact

SYSTEM 1 128K, Single 640K Drive and pundled software £385 (a)
SYSTEM 2 System 1 with a 12" Hi Res Mono Monitor £469 (a)
SYSTEM 3 System 1 witha 14 Med Res RGB Monitor £599 (a}
Second Drive Kit £99 (¢) Exiension Cable for ext. 5.25" drive £10 (d})
View 3.0 User Guide £10 (d)

BBC Dust Cover £4.50 (d)

ADFS ROM (for Bwith 1770 DFS & B Plus) £26 (d)
ACORN Z80 2nd Processors £329 (a) .
MULTIFORM Z80 2nd Processor £299 {b)
TORCH Z80 2nd Processor ZEP 100. .£229 (a)
TZDP 240: ZEP 100 with Technomatic £ D80OP dual dnve with built-in monnor stand ......£439 (a)

META Version Il - The only package availabie in the micro market that will assemble 27

- Viewsheet User Guide £10 (d)
1770 DFS Upgrade for Model B £43.50 (d)
... 64K Upgrade Kit for B plus £35 (d)
ACORN 6502 2nd Processor £179 (b)
ACORN IEEE Interface £269 (a)

DISC DRIVES
5.25" Single Drives 40/50 switchable:
TS400 400K/B40K ...,
PS400 400K/640K with integral mains power supply ...
5.25" Dual Drives 40/80 switchabie:
TD800 800K/1280K
PDB800 800K/1280K with integrai mains power supply.
PD800P 800K/1280K with integral mains power suppty and monitor stand..
3.5" BOT DS Drives:
TS351 Single 400K/640K .
PS351 Single 400 K/640K
TD352 Dual 800K/1280K
PD352 Dual 800K/1280K with integral mains power supply ..

3M FLOPPY DISCS
Industry Standard floppy discs with a lifetime guarantee Discs in packs of 10.
5" DISCS 314" DISCS
40 TSS DD £10.50 (d) 40T DS DD £12.75(d) 80 T SSDD £20.00 (d)
807 SS DD £16.50 (d) 80 T DS DD £16.50 (d) 80 TDS DD £27.00 (d)

FLOPPICLENE DRIVEHEAD CLEANING KIT

different processors at the price offered. Supplied on two 16K roms and two discs and
fully compatible with all BBC models. Please phone for comprehensive leaflet £145 (b). FLOPPICLENE Disc Head Cleaning Kit with 28 disposable cleaning discs
. ensures continued optimum performance of the drives. 54" £12.50 (d)

We stock the full range of ACORN hardware and firmware and a very wide 3'4"£14.00 (d)
range of other peripherals for the BBC. For detailed specifications and pricing

please send for our leafiet.

PRINTERS & PLOTTERS

DRIVE ACCESSORIES

Dual Disc Cable £8.50 (d)

30 x 5' Disc Storage Box £6 (¢)
100 x 5% Disc Lockable Box £13 (c¢)

Single Disc Cable £6 (d)
10 Disc Library Casae £1.80 (d)
50 x 514" Disc Lockable Box £9.50 (¢)

EPSON gm NL10 égaral:el Imr('erfac)e). MONITORS

EPSONLX-86......... ..£229 (a) AR NL10 (Serial Interface)....

Optional Tractor Feed LX80/86 .£20 (c) BROTHER .

EX85 (B0 0oh e &515 §i e T Ve ey 2998 | 1431 Std Res £179 (a) TAXAN 12 CI-RES

FX105 (136 col} £449(a)  COL OUR PRINTERS 1451 Med Res.... ..£225(a)  KX1201G green screen £90

LQ800 (80 col) .. _£459(a)  EpsonJX80 £420 (a) : :

LO100(§ (136 ():ol). £659 (a) Icr:\tegre)’(:’jet St "5333 @ 1441 HiRes . £365(a) KX1203A amber screen ... . £98
: i 5

TAXAN: iy . j (2 MICROVITEC 14" RGB/PAL/Audio PHILIPS 12" HI-RES

KP810 (80 col) £219 (a) ‘ggg'o"r}fe‘r’:lohfé ciomto 1431AP Std Res.... ...£195 (a) Em;ggg g:ﬁggrsscgfeee"n - gg

KR I{I56IC0 e aNAGLP oo e £28(d) 1451AP Std Res.... ... £260 (a) i

JUKI PLOTTERS All abovle monitors available in plastic HANTAREX HX12 .o £69

6100 (daisy wheel)................... £249(a)  Epson HI-80 (Ad) . £325 (a) or metal case.

ACCESSORIES
Microvitec Swivel Base
Taxan Mono Swivel Base wi

Hitachi 672 (A3) ...
Graphics Workstation
(A3 Plotter)..

TAXAN SUPERVISION ii

12" — Hi Res with amber/green options.
W |BM compatible ... £279 (a)
Taxan Supervision it .. ..£329 (a)

NATIONAL PANASONIC
KX P1080 (80 col)

..£159 (a)

PRINTER ACCESSORIES

We hold a wide range of printer attachments (sheet feeders, tractor feeds etc)

Philips Swivel Base ..
BBC RGB Cable

A . h ; . MITSUBISHI Microvitec

in stock. Serial, parallel, IEEE and other interfaces also available. Ribbons XC1404 14" Med Res RGB. IBM & BBC Taxan £5 (d). .Monochrome 23.50
available for all above plotters. Pens with a variety of tips and colours also compatible............ £229(a) Touchtec—501 ....................... £255
available. Please phone for details and prices. UVERASERS pRlNTER BUFFER

Plain Fanfold Paper with extra fine perforation (Clean Edge):
2000 sheets 9.5" X 11” £13(b) 2000 sheets 14.5" X 11" £1B 50(b)
Labels per 1000s: Single Row 3" X 1 7/16” £5.25(d) Triple Row 2-7/16" X 1 7/16” £5.00(d)

MODEMS

MIRACLE WS 2000 - The world standard BT approved modem covering ail standard
CCITT and BELL (outside UK only} standards up to 1200 baud. Allows communication
with virtually any computer system in the world. Expandability to Auto Dial and Auto
Answer with full software control enhance the considerable features already provided on
the modem. Mains powered. WS 2000 £102 (c), Data Cable £7 (d), Auto Dial Card £26
{d), Auto Answer Card £26 (d).

UVIT Eraser with built-in timer and mains indicator.
Built-in safety interlock to avoid accidental exposure
to the harmful UV rays.

Itcanhandle upto 5 eproms at atime with an average
erasing time of about 20 mins. £59 + £2 p&p.

UV1 as above but without the timer. £47 + €2 p&p.
For Industrial Users, we offer UV140 & UV141 era-
sers withhandling capacity of 14 eproms. UV141 has
a built in timer. Both offer full built in safety features
UV140 £69, UV141 £85, p&p £2.50.

Serial Test Cable
Serial Cable switchable at both ends
allowing pin options 1o be re-routed or
linked at either end — making it possible
to produce almost any cable

The buffer offers a storage of 64K. Data from three
computers can be loaded into the buffer which will
continue accepting data until it is full. The buffer
will automatically switch from one computer to
next as soon as that computer has dumped all its
data. The computer then is available for other uses.
LED bar-graph indicates memo usage. Simple
push button control provides REPEAT, PAUSE and
RESET functions. Integral power supply. £199 (b).
With 256K £275 (b).

BBC Cable Set £30.

Serial Mini Patch Box
Allows an easy method to
reconfigure pin functions
without rewiring the cable
assay. Jumpers can be used

Serial Mini Test
Monitors RS$232C and CCITT
V24 Transmissions,
indicating status with dual
colour LEDs on 7 most

WS 3000 RANGE — the new professional series. All are inteliigent and 'Hayes’
compatibie. altowing simply ‘English’ commands to control its many features. All models
feature Auto-Dial with 10 number memory, Auto-Answer, Speed buffering, printer port,
data security option etc. All models are factory upgradeable.

configuration on site and reused £22(d) | significant lines. Connects in
WS3000 V21/23 (V21 & V23 + Bell £295 (a). WS3000 Available as M/M or M/F £24.75 (d) Line. £22.50 (d)
V22 (as above plus 1200 baud full duplex £495 (a).
v\ggo(gc); V22bis (as above plus 2400 baud full duplex) CONNECTOR SYSTEMS
£
\’l:\gsgiéﬂ(ii provides 1200/12u3C baud full dupiex operation. I D CONNECTORS E DG E AMPHENOL RIBBON CABLE
s . CONNECTORS {grey/metre)
WS3024 provides 2400/2400 baud fd only. £570 (b). No of SPesdblock nge) - CONNECTORS (3560 ‘vcng g&% (ﬁl%nér)oz;%s‘: 10-way 40p  dd-way  160p
. 017 0156 16-way 60p 40-wa 180,
GEC Data Cable for WS3000 £7 (d). Data Cables for R R M ooy 2% 6-way (commodorel — 300p | 36 way skt Centronics e o s
other micros available. The WS3000 range all have BT 20 145p  125p  195p 2% 10-way 150p — (solder) 550p (IDC) 500p 26-way 120p  64-way 280p
approval. 26 175p  150p  240p 2x12- wav (vic 20) —  350p 24 way plug IEEE (solder)
) 34 200p 160p  320p g" ;g T = LR 475p (IDC) 47sp
GEC DATACHAT 1223 - An economically 40  220p  190p  340p e WY ( ‘259 2289 24 way skt IEEE (solder)
priced BABT approved modem complying with §0 2% |200p "3%0p 2% 28-::; (Spectrum) zoog = 500p (IDC) 500p DIL HEADERS
720017505 and 151 500098 An 1200/ 3008 o R ke L 140 Sop 100
ps an ps an ps 1x 43-way P = 24 way 700p 36 way 750 pin P
pseudo full dup:ex. ltis line powlered, do?esc;\ot D CO NN ECTO RS g:fg::; 532: = Y Rl "2t 16 pin 50p 110;‘:
require externai power source. It is suppiie! No of Ways = 18 pin 60p -
with software suitable for connecting to 9 15 25 37 ;; ;(7) :ay(SH)Oconny 6883 2008 GE';[;E;;;:?:;‘;ERS 20 pin 75p -
PRESTEL, Micronet 800, Telecom Gold and a MALE: i 24 pin 100p 150p
host of bulleting boards. Special Offer £49 (b). Ang Pins 120 180 230 350 EURO CONNECTORS Male to Male £10 28 pin 160p 200p
Solder 80 85 125 170 40 pin 200 225
SOFTY i DC 175 275 325 - | ONabr2 Pug sk | MaleloFemale O A 3
This low cost intelligent eprom programmer can program 2716, 2516, FEMALE: 2 x 32 way St Pin 230p 275p 0 Female
2532, 2732, and with an adaplor, 2564 and 2764. Displays 512 byte StPin 100 140 210 380 2X32wayAngPin  275p 320p ATTENTION
page on TV — has a seral and par Ang Pins 160 210 275 440 3 X 32 way St Pin 260p 300p RS 232 JUMPERS R
giqul;f routines Can be used as an emulator, cassene;g{segg::gi Solder 90 130 195 290 IaDé gi(vf);ﬁksng Pin %gp 400p 25 way D1 Altprices in this double page
X 10C 195 325 375 — | P 24" Single end Mal ¢s.00 | advertisment are subject to
e oy s StHood 90 95 100 120 IDC Skt A +C 400p 2 EEE&Z end Famale £5.25 change without not]ice.
Screw . 130 150 175 For 2 X 32 way please specity Ll omaleihemale 199 | ALL PRICES EXCLUDE VAT
SPECIAL OFFER spacing (A + B, A +C). 24" Male Female £9.50 | Please add carriage 50p
2764-25 £2:00(d); 2 unless indicated as follows:
. . TEXTOOL ZIF MISC CONNS DIL SWITCHES
27128-25 £2:50(d); (a) £8 (b) £2.50 (c) £1.50 (d)
SOCKETS 24-pin £7.50 21 pin Scart Conneclor 200p 4-way 90p 6-way 105¢p
6264 LP-15 £3:40(d); 28.5n£9.10 40.pin€12:10 8 pin Video Connector  200p g-way 120p 10-way 150p £1.00

Using ‘Prestel’ type protocols. For information
and orders — 24 hour service, 7 days a week

TECHNOLINE VIEWDATA SYSTEM. TEL: 01-450 9764
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74151A
74153
74154
74155
74156
74157
74159
74160
74161
74162
74163
74164
74165
74166
74167
74170
74172
74173
74174
74175
74176
74178
74179
74180
74181
74182
74184
74185A
74190
74191
74192
74193
74194
74195
74196
74197
74198
74199

74C SERIES
L (S U : COMPUTER COMPONENTS

0.30 | 74278 170 | 74LS280 1.90 4078 0.25 [AD75B1 12, 7 BAB41BX1 4.
0.30 | 74279 090 | 74LS283 0.80 | 74C00 070 | 4081  0.24 [ ADC0BOB 11.90 t%}? %g 4- miéig? 1;’% s L :Ecg%:’::
0.30 | 74283 105 | 740S2900.80 | 74C04 050 | 4082  0.25 | aM7si0BC25.00 | Lm723 060 I 1802CE 650 | TMSe002 so0 | 2516+5v 350 | 75159 2.20
030 | 74742 320 | 740S29214.00 . 74C08 070 | 4085 060 | ANa3 200 | |M725CN 300 %0 | 26505 1050 | TMS9911 1a.00 | 2516-35 550 | 73160 5.00 |AvS2376 1150
0.36 | 74290 0.90 | 74LS2930.80 i 74C10 .70 | 4086  ©.75 | AN-1-5050 1.00 | |'M733 (.65 ! 6502 4.50 | TMSeais 1400 | 2532 450 | 75161 650 } Av53600 7.50
0.30 | 74293 090 | 7405295 1.40 | 74C14 050 | 4089  1.20 | AY-3-1350 350 | w721 022 % 65C02-2MHz - 2532-30 550 | 75162 7.50 | 74C922 5.00
0.40 | 74298 180 | 74U529714.00 | 74C20 070 | 4093  0.35 | AY-38910 490 | m7747 070 12.00 | z8opio 250 | 2564 8O0 | 79172 400 | 74C923 6.00
040 | 74351 2000 | 74U5298 1.00 | 74C32 100 | 4094 090 | AV-38912 500 | m7s8 030 I 6502A 650 | Z8BOAPIO 2.75 25182 090
0.30 | 74365A 080 | 74US299 220 | 74C42 150 | 4095  0.95 { CAIDI9A1.00 | pio11 4. . 63028 800 | z80CTC 2.50 | 2708 _ 450 | 79188 060 QEEINURIY
030 | 74366A 0.80 | 74LS321 3.70 | 74C48 150 | 4096  0.90 | CAIM20 350 | |mi014 . 6800 2,50 | Z80ACTC 275 | 2716+5v3s0 | 75189 .60
030 | 74367A 080 | 745322 390 | 74C73 100 | 4097 270 | CA®2BA 110 | |migor 3 Y 6802  3.00 | 2800ART 680 | 2716-35 550 | 73365 150
030 | 74376 160 | 7405323 3.00 | 74C7a 1.20 | 4098 075 | CAM46 0.70 | m1g30 2. I 6803-2 12100 | Z80ADART 700 | 2732 450 | 75450 080 ¢ o ub g
030 | 74390 110 | 74US324 3.20 | 74C76 100 | 4099  0.98 | CAGD59 3.25 | |pyig7y 75 | 6809 650 ® | 273242 950 | 79451 050 | [COMBIGES0
050 | 74393 1.20 | 74US348 2.00 | 74C83 200 | 4501 036 | CAGD60_3.50 | [mig72 3. X 6809E 10.00 | Z8ODMA 7.00 75452 050 | g0T20 TED
0.70 | 74490 1.40 | 7415352 1.20 | 74C85 2.25 | 4502  0.55 | CAIDBOEO.70 | 186 6. TDA1010 2. 68800 10.00 | Z80ADMA 7.50 75453 070
0.36 74US353 120 | 74086 0.50 | 4503 036 | CAZD85 150 | |'\iigag TDA1022 450 | 68BOSE 12.00 : 7RAN 600 | 75454 0.70
0.40 7405356 210 | 74C90 190 | 4504  0.95 | CA2086 0.60 i TDA1024 110 | 68000-LB 36.00 | zBoasi/orry | 232A-35 550 | 78480 150 [
0.30 | 7405363 180 | 74C93 150 | 4505  3.60 | CADBIE2.50 T TOATI70S 3.00 } 25 | 276425 2:00 | 75491 065 § AYIOISE 300
060 WRLEEUTIIN 7405364 180 | 74005 160 | 4506 090 | CA3430AQ 375 i TDA20023.25 | 8935 350 | ype oo | 27Cee2s B0D | 75492 s | AR A0
0.36 74U5365 0.50 | 74C107 1.00 | 4507  0.35 | CAZ130E 0.90 d TDA2003 190 | 30535 &0 | Zumperc s ae0s 450
036 | 74LS00 0.24 | 7415366 0.50 | 74C150 500 | 4508 120 | CAZ130T 1.30 ] TDA20042.40 | £039 420 | ZEOBCIC SO0 | o712g.052.50 | 8726 120 | IMG402 450
040 | 74LS01 024 | 7405367 052 | 74C151 200 | 4510 055 | CAJ140E 0.45 i TDA20063.20 | S0C39  7.00 : 77256-26 a0 | 8728 120
040 | 74502 024 | 7408368 0.50 | 74C157 250 | 4511  0.55 | CA3140T 1.00 i TOA20203.20 | 8980A  4.20 2705630 2000 | 8795 120 [ERREi gl
032 | 74US03 024 | 74US373 070 | 74C160 180 | 4512 055 | CA3146 2.25 TDA20302550 | 80834 300 |[NNNEENRMENEN 17256 11208 | 8796 120 [T TR OS
043 | 74US04 024 | 7415374070 | 74C161 180 | 45'3 150 | CA3160E 1.50 TDA25935.00 | SOCBSA 7.50 27512 poA | 8797 120 | BMRZ 273
0.30 | 740505 0.24 | 74US375 075 | 74Ct62 180 | 4514 110 | CAGI6IE 2.00 TDA26537.00 | 8088 2200 O T ao0 | 27512251400 | 8798  1.20 2 gt
0.35 | 74LS08 0.24 | 7405377 130 | 74C163 180 | 4515 110 | CAJ162E 6.00 d TDA35607550 | 5087 120 ) 5,1 g0 | IMS27iesoo | B1LSS 140 SOUND &
030 | 74LS09 024 | 74,5378 0.95 | 74C173 100 | 4516  0.55 | CAGI89E 2.70 200 | TDA3810 7550 | 8088 1730 | S, 2so BIGo08 Mg VISION
0.30 | 74LS10 0.24 | 74.S379 1.30 | 74C174 1.50 | 4517 2.20 | CAG240E1.50 150 | TDA70003.50 | 8741 15.00 | 21078 5.00 Qi
040 | 74(S11 024 | 74US381 450 | 74C175 150 | 4518 048 | CA3280G 3.00 075 | TEA10027.00 | 8748 12.00 | 2111A-354.00 T el
040 | 74513 0.34 | 741535 328 | 74C193 150 aote|  [oraz forcost, sl 045 | TLOGICPO.40 54 250 | cavser oo | CoIS120 450
40 | 741514 050 | 7405330 060 | 74C194 150 . -8 3. TL062  0.60 2 3 ’
090 | 74US15 024 | 7408393 100 | 74Cig5 150 [ 4521 115 | DAGO08003.00 690 | Tloss 050 | Tssan e | X 35O | AT 200 | seoe 300 AL
070 | 74LS20 0.24 | 74LS39A 1.00 | 74C221 250 | 4522  0.80 | DAC0B083.00 200 | TLO71 0. THS9995 1800 | 2147 400 | EF9364 BD | caasAP 1eo
100 | 74US21 024 | 74LS399 140 | 74C244 2.00 | 4526 070 | DGi08 070 | TLO72 0. ) | Eroaes 2s.00 | TOTAP 60 | sarenkrz 100
110 | 74LS22 0.24 | 74LS445 1.80 | 74C245 2.25 | 4527 080 | HA1366 065 | TL074 1 4116 200 | EF9386 25.00 16432MHz 2.25
0.70 | 74LS24 0.50 | 7415465 1.20 | 74C373 225 | 4528  0.65 | ICL7106 410 | TL081 O i 4116-20 150 | EF9367 32'00 9638 190 {5 00MHz 225
100 | 74LS26 0.26 | 7418467 1.20 | 74C374 2.25 | 4529 1.00 | (CL7611 0. 9.00 | TLOB2 0. N ) F 1200 | ZN4TE 9.50 [ 245760MHz(L)
100 | 740827 024 | 7408490 150 | 74C902 120 [ 4531 075 | ICL7650 4. 500 | TLOB3 0. 50 | a1os615 200 | Scaess 2% - 2.00
1.00 | 74LS28 0.24 | 74LS540 1.00 | 74C9n 9.00 | 4532  0.65 | ICL7660 2. 400 | TLOB4 1. - 41256207 050 | MCB84SSP 6.50 2.45760MH2(S)
0.36 | 74830 024 | 74US541 1.00 | 74C912 450 | 4534  3.80 | ICL3038 4.00 00 | TLo9s 200 WSS LI (2200 020 | MOS Pt MR 2.50
0.35 | 74LS32 0.24 | 74L5608 7.00 | 74C922 6.00 | 4536  2.50 | ICM7555 0.90 220 [ TL430C 1.20 i i 4164-15 150 | SFF96364 8.00 ICs 25MHz 250
0.38 | 74LS32 0.2a | 74LS61025.00 | 74C923 6.50 | 4538 0.75 | ICM7556 1.40 1.20 | UARI003-39.35 F6a15T 300 | T Y [ 3
0.38 | 741S33 0.24 | 7418612 25.00 | 74C925 650 | 4539 075 | LC7120 3.00 1.90 | UA759 3.20 . 4164 2.00 59528/ 10.00 { 765A  10.00 N I
0.55 | 74US37 024 | 7405624 350 | 74C926 750 | 4541 0.90 | 1CT130 3.00 022 -30 20 A L Gea ool e esMuzk 0
050 | 74LS38 0124 | 74LS626 2.25 4543 070 | LCT131 3.50 060 | UCNS30TA 6.00 : Aras B - 4.00MHz 1.50
045 | 74.S40 0.24 | 74LS628 2.25 4551 1.00 [ LC7137 350 400 | ULN2001A 075 i 4532-20 250 M aT00
045 | 74US42 050 | 7405629 1.25 4553 240 | LF347 120 120 | ULN2002A 075 : FD1771 2000 | FadMHz 1.00
050 | 74LS43 150 | 74LS640 2.00 4555 0.36 | LF351 0.60 150 | ULN2003A 0.75 : 4816AP/3 200 | AD758115.00 | FD1797 20.00 oMLz 50
060 | 74.S48 0.90 | 74L8640-1 3.00 4556 0.50 | LF353 0.90 1.2 | ULN200:A 0.75 N e x50 | ApCosos 11.90 | FD1793 20,00 | Sooriz 1.50
045 | 740849 1.00 | 74US641 1.50 | 7a4a 500045 | 4057 240 90 4.0 | ULN20682.90 v da soy | ADS6122000 [ FD1767 2200 | oo a9
065 | 740551 0.24 | 7405642 2.50 | 74 502045 | 4560 140 10 300 | ULN28021.90 ' 5516 6.00 | AM25S10 350 ’ & vadmmizr 40
180 [ 740554 024 | 7456021 300 | Jenrooagag | 4566 140 00 090 | ULN2803 1.80 SooAr ooy | AM25U82521350 | wDis9115.00 | & heniz}-20
105 | 74US55 024 | 7405643 250 | 14nioos 050 | 4368 240 .00 150 | ULN2804 1.90 y i AM25LS2538350 | WD214312.00 | 5 one 138
1.25 74LS73A 0.30 | 74LS643-1 3.00 - 4569 1.70 .50 160 | UPC576 275 ! AM26LS3! 1.20 - | 7.16MHz 1.75

74ALS10 0.45 E 6116P-3 3.50 s WwD2793 27.00 | 8.00MHz 1.50
110 | 74LS74A0.35 | 74LS644 3.50 4572 0.45 -30 UPCS92H  2.00 3. AM26LS32 1.20

74ALS20 0.45 20 6116LP-3 b WwD2787 27.00 | 8g67TMHz 175
042 | 741875 0.45 | 74.S645 2.00 | 74a 832045 | 2983  0.90 45 . UPC1156H 3.00 . 6264-12 12.00 | AM79100C 25.00 i
210 | 74US76A 036 | 7486451400 | Taniaraoro | 4584 048 75 UPCH185H 5.00 80 | Gogipana.ey | DACOCEI-V L
055 | 740578 0.42 | 7415668 0.90 | 7enisias 150 | 4585 060 25 XR210 100 : 6264LP-15 3.40 e
070 | 7ALSB3A0.70 | 74L5669 0.90 | 7sasi30 1m0 | 4724 150 60 XR2206 4.50 - ) DM8 131 CHARACTER 1%
070 | 740885 075 | 7415670 170 | neaoas 0| tadri 7150 50 XR2207 375 650 | g514-45 400 | DPB304 GENERATORS P
055 | 74LS86 0.35 | 745682 250 | 74pyspes 475 | 4412 750 80 X2 IS 7S] 8.00 | gg10 200 | DS3E9 3 i =
130 | 74US90 0148 | 74US683 300 | Jenisers 26 | 19416 300 0.45 XR2216 6.75 | 6875  5.00 | 745189 180 | DSE830 1. RORSTIUCTS0 | 1 oons Tog
060 | 74LS91 0.90 | 74LS684 3.50 | Jenicoye g0 | 14419 280 115 | xR2240 120 . T 350 | Dses3t 1 ROISIALC 700 | 1431MHz 160
080 | 741592 035 | 7418687 3.50 | 74a 5580 280 | (4490 420 1.30 1600 | ZN404 1, 815 8.50 i DS8832 1. 14.756MHz 2.50
290 | 740593 0.54 | 74LS688 3.50 60 | 12495 450 160 | Srrogdes g09 | ZN414 0. 8155 3801 amis 600 | DS8E33 IS O0ME, 2,00
1900 | 745958 075 | 7415783 16.00 145000 6.50 040 | Siago a0 | ZN4I9P 1. 8156 380 | O ke 790 | DS8836 6 00MH2g2,00
050 | 74LS% 0.90 14599 200 0.60 | Sn7eotan 300 | ZN423E 1. a3325° 400 | Dssa3s 17.73uM0z 150
0.75 | 7415107 0.40 22100 3.50 0.50 | Sn7e02aN 300 | ZN424E 1. 8205 2.25 6 D7002 TELETEXT 18.00MHz 1,50
075 | 7405109 0.40 zziol] 7o 300 | sn7ecaan 300 | ZN425E83.50 (. MC 1488 LI 18 e02vhz 150
055 | 74LSt12 045 i -8 1. 1o | ZN426E83.00 : ! !
170 | 7405113 045 JEEEEEELI 55 | 40014 o048 b oo | zna27EsE00 | 8224 POA SAAS0206.00 | 20 000MHz 150
110 | 74(S114 045 4006 070 | 40085  1.20 SN7ea054.00 | ZN428ES4s0 | B226 425 ) 28L22  4.00 e sl e T 0
170 | 7408122 0.70 050 | 4007  0.25 | 40097 0.36 SN76660 120 | ZN429EB2.25 | 5228 550 | 24510 - 2.50 SARS0500.00 | (L0OMHz 1T
100 | 74S123 00 | 74502 050 060 | 40098  0.40 SPoseALz 700 | ZN447E 9.00 | 8203 260 | 185030 2.0 : vewnz 24 {1
0.55 | 74US125 050 | 74504 0.50 0.45 | 40100 150 SPasis 780 | ZN4s8 750 | 8250 1200 | 185030 2.00 PX01000 12.00 |
0.70 | 74LS126 0.50 { 74505 050 060 | 40301 1.25 JA7120 1. ZNA449E 3.00 745188 1.80
080 | 74LS132 0.65 | 74508 050 024 | 40102 130 TA7130 140 | ZN4SOE 750 | 82314 328 | 745267 220
065 | 7415133 0155 | 74510 0.50 025 | 40103 2.00 TA720a 150 | 2MSSCP 300 | 2G-S 350 | 745288 180 Please note:
055 | 7405136 0.45 | 74511 075 036 | 40104  1.20 TA7205 g.90 | ZN1034E2.00 | BSACS 320 | 74S387 2.25 Al bect
0.55 | 74US138 0.55 | 74520 050 060 | 40105 150 Taz222 150 | ZNAI040660 | D255 1500 | 2523 150 prCES arels-pieciio
075 | 74,5139 055 | 74522 050 070 | 40106  0.48 TA730 1. INA134H 23 8257C-5 $4.00 | 825123 1.50 change without notice.
070 | 7408145 095 | 74530 050 03 | 40107  0.55 ZNA234E9.50 oo | B2512° 175 | 75107 080 | Only current prime grade
090 | 745147 175 | 74532 0.60 055 | 40108 320 d 75108 O, ts stocked
250 | 74LS148 1.40 | 74S37 0.60 0.60 | 40109 080 LOA 75109 . components stocked.
130 | 74LS151 065 | 74538 .60 060 | 40110 225 o 7510 0. We also stock a wide
2&3 ;:tglgg 3.00 ;3240 0.50 0.80 Zg:““; g-gg 4.00 t75112 1. range of: Transistors,
39 0 Zness 1-28 74521 g-ig 3'?3 horss Kigo 1A FIXED VOLTAGE PLASTIC TO220 ;gm - Diodes. Triacs Plastic,
140 | 74LS155 065 | 74574 070 030 | 40173 1.20 +VE -VE 460 [ 2816303590 | 73155 1 Bridge Rectifiers,
175 ;:ste 0.65 74255 550 0.48 jg:;g :-gg 5V 7805 0.45 7905 0.50 %% 9306 256bits 75121 i Thyristors and Zenors.
070 LS157 0,50 | 74586 1.00 24 ] BV 7806 0. i p 751 . :
0.80 | 74LS158 0.65 | 748112 150 8_§o 40192 1.00 6V 7808 g.gg ;ggg g.gg c.00 ] (1616} 4.50 7g!§gP , Glesseiphoneiiofdelails
1.40 | 74LS160A 065 | 745113 1.20 0.40 | 40193  1.00 12V 7812 0.45 7912 0.50
080 | 74S161A 0.75 | 745114 1.20 060 | 40194 100 15V 7815 0.50 7915 015 OPTO-ELECTRONICS
0.90 | 74L5162A 075 | 74S124 3.00 0.75 | 40244 150 18V 7818 0.50 7918 0.50 2N5777  0.50
080 | 745163 075 | 745132 100 035 | 40245 150 24V 7824 0.50 7924 050 gpx2s 10 | 0125 - 3.00
225 | 74LS164 0.75 | 745133 0.60 125 | 40257 1.80 1A FIXED VOLTAGE PLASTIC TO92 BPW21 2.80 | REDTIL209012 | Twz2o 015 3.00
110 | 7eLsi658 110 | 745138 180 100 | 40373 180 5V 78105 0.30 5V 79L05 0.45 OCP71 1.80 | GRNTIL211016 | 222 018 100
0.80 | 74LS166A 1.50 | 745139 1.80 .25 | 40374 1.60 BV 78106 0.30 12V 79112 0.50 ORP12 120 | YELTL212020 | Tw226 o022 o
140 | 74LS168 1.30 | 745140 1.00 250 | 80C95  0.75 v 7 i i ORP60  1.20 | Rect LEDs . 1500
110 | 74US169 100 | 745151 150 070 0.75 e PRI : R/G/Y) 0.30 MANZEDLZOY 2500
120 | 74LS170 140 | 745153 1.50 250 0.75 o EE I | W MANAUDCI0W 1500
110 | 74LS173A 100 | 745157 2.00 110 i5Y 78113 €.30 o oo 100 | 7acezs 650 R %00
1.40 Z4LS174 0.75 745158 2.00 1.00 OTHER REGULATORS TIL78 0.55 10 LED 74C926 6.50 1 8 1:20
400 | 7a1S175 075 | 745163 3.00 060 TIL318 120 | BarGraph 74928 650 | mehESI008 229
2.00 | 74LS81 200 | 745169 5.50 0.55 FIXED REGULATORS TIL8! 120 | Rea 225 | 72168 22.00 PEreis 120
T30 | 748100 075 | 748178 320 - e v TLI00 075 | Green 225 | ZN100 670 | grhis0s »
¢ 3 d 0.60 -
110 | 74US191 075 | 745188 180 0.60 78HOSKC 5A5Y . Ui
105 | 74LS192 0.80 | 745189 1.80 1.00 78H12 5A 12V . DISPLAYS MAN66102.00 |, LM3914 3.50 TIL7E
100 | 74LS194A 075 | 743194 3.00 0.60 78P05 VAV ... LI ibgots [ors) TiLas
1. 74L5195A 0. y E LM391! .5
150 | 7iiSio om0 | 745108 350 952 | vammsLEREGULATORS T729 100 | Ubnehsazo | 110
100 | 7418197 0.80 | 745200 4550 036 iy T0:250 i FND3S7 100 | TIL7300 100 | UDN61843.20 1N
340 | 74.S221 090 | 745201 3.20 0.35 gt N : FNDSOO/TILTS0 | MANBS1O 150 | ULN20030.90 OPTO-ISOLATORS
140 | 7415240 080 | 745225 5.20 0.65 VR : 190 | MAN8SE 250} ULN20040.90
180 | 7415241 0.80 | 745240 2.00 0.60 o3 : FND507/TIL729 ULN2068 2.90 T 0.70
180 | 7as242 090 | 745241 400 0.60 EM3SOT LOARWAR . i DIBFLAY ULN2go2 190 | LQ74 130 L2 070
130 | 7405243 0.90 | 745244 400 oloo LM396K 10A+VAR .. d MAN71/DL707 DRIVERS ULN2083 1.80 | MCT26  1.00 & 1i(113 o070 M)
130 | 74US244 070 | 745251 250 0.80 Lhz2a - 100 Con 50| ULN2sod .90 | MCS2000 130 | TiLiie 070
110 | 7415245 090 | 745257 230 i85 78HHOSKC SA SV . K MAN3640  1.75 75491 070 | MOC3020 1.50 | gNi37 3. t
115 | 7408247 110 | 748258 250 0.70 LBLIGKE SANVARE : Manass0 200 | 3370 75402 o070 | Q74 220 feNizg 175 W
110 | 74LS248 110 | 745260 100 085 T HARARE -ur f - = y
0.80 | 7405249 110 | 745261 3.00 0.40 Ll Shav ARl - g L LOW PROFILE SOCKETS BY T WIRE WRAP SOCKETS BY TI
1.30 | 74US251 0.75 | 745283 2.70 230 VAR o 250
110 | 7408253 0.75 | 745287 2.25 0.25 SWITCHING REGULATIONS Bpin  9p 1Bpin 16p 24pin 24p | 8pin  25p  18pin 50p  24pin  70p
2.20 | 7405256 0.90 | 745288 2.00 0.24 ICL7660 ... L....250 14pin 10p  20pin 18p  28pin 26p | i4pin 35p  20pin 60p  28pin 80p
2.20 | 741524574 0.70 | 745289 2.25 024 5G3524 L L...300 1Bpin  11p  22pin 20p  40pin 30p | i6pin 40p  22pin 65p  40pin 100p
to | 7asasen 070 | 745200 450 24 TL494 P 300
1, 7405259 1. 7 4 4 gl - “
el Boneere e ooy Atod S T6sa TURNED PIN 8pin  25p  16pin 35p  20pin 45p  2Bpin 65p
0.80 | 74US266 0.60 | 745387 0.24 RC4195 LOW PROFILE SKTS. 4pin 30p  18pin 40p  24pin 55p  40pn  90p

PLEASE ADD 50p p&p & 15% VAT
_ (Export: no VAT, p&p at Cost)
MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NWI10 1IED Ocders from Government Depts. & Colleges etc. welcome.

SHOPS AT: 17 BURNLEY ROAD. LONDO? Detailed Price List on request
Tel: 01-723 0233 4 lines. Telex: 922’809 Stock items are normaily by return of post.
305 EDGWARE ROAD. LONDON W2 Minimum ‘I'ciephone O N

CIRCLE 38 FOR FURTHER DETAILS

91



BRUEL & KJOER 2409 voitmeters. . £60
PHILIPS PM6307 wow & flutter meter .. £325
STC attenuators DC-1MHz 0-100db = £25
ROHDE & SCHWARZ SWOB polyscop 400MHz
£150
ROHDE & SCHWARZ USVH selective uV-meter

HUGHES spot welding supplies 100W/sec
STODDART NM52A interference receiver
i1/ G  Z e o e T s e Tt £350
EDDYSTONE EC958 communications receiver
£650
SYSTRON-DONNER frequency counter 6050
50MHz... . £95
SYSTRON-DONNER frequency counter 6051
200MHZ....o ... 8195
RADIOMETER FRA3 Audio wave analyser £250
AIRMEC 10KV ionisation tester.............. €85
BOONTON 77B capacitance bridge....... .£150
SIERRA power meter 1-50W 144-470MHz.
KORTING 82512 colour pattern gen
CITRONIC 900W audio power amp V2-price
BRYANS X-Y-T Plotter type 22020 .
FARNELL pulse generator system.
BPL Component comparator ..........
VALVE TESTER made for US Navy type TV1ODU
£125
TEKTRONIX 7L5 spectrum analyser P.l. SMHz
£2K5

* * STEPPER MOTORS » »
Brand new stock of ‘ASTROSYN’' Type
20PM-A055 stepper motors, 28V DC, 24
steps per rev. 15 oz-in torque ( 100PPS.
y length 24", diameter 2", shaft 14” diam
4" spirally threaded. Welghl 160z. Price
each £11.50 (p&p 50p).
supplied. INC VAT
PHILIPS CONTROLS CORP. 14V 48 Step per
Rev 4-phase 2.75" diameter. £5 each + VAT
p&p 50p

ESCAP DC MOTORS

Connections

RALFE - ELECTRONICS

10 CHAPEL STREET, LONDON NwW1 TEL 01-723 8753

TEKTRONIX 7A18 Y-Amp
TEKTRONIX 442 35MHz
TELEQUIPMENT D83 3-trace 15MHz
TELEQUIPMENT D85 50MHz
TELEQUIPMENT D75 50MHz.
TELEQUIPMENT D67A 25MHz
TELEQUIPMENT D66A 15MHz .£200
TEKTRONIX 7613 100MHz  storage
main-frame £2.500
HITACHI V422 40MHz £395
TEKTRONIX 5103 main rames .£350
Also scopes by Trie, Hameg, Hitachi etc
Stock  continually changing.  please
phone.

H ETT-PACKARD
EQUIPMEN

3490A digitai multi-meter. £350
8733A pin modulators. £650
851B/8551B spectrum analyser £L£1K5
4204 audio oscillator . ..£250
8552A |.F. unit £1KS
8553L R.F. unit 110MHz £1K5
202H AM/FM sig. gen £150
8701A/2A/3A link analyser £350
B557A/182T Spectrum analyser .£4,500
80078 Pulse generator. ...£400
8555 spectrum analyser unit ... £2.750
8556 spectrum analyser unit £1,750

CONSTANT VOLTAGE
TRANSFORMERS

ZENITH 240V Qutput 240W £35
ZENITH 240V Output 500W £65

£250 HaIE650
e ——

MARCONITEST EQUIPMENT

TF2300 moduiation meter £400

TF144H 72MHz signal generator .£75

TF868 univeral bridge ...

TF2301 modulation meter 50

TF1066B sig. gen AM/FM to 47OMHz
£350

TF995B/5 sig. gen. AM/FM to 220MHz
£300

TF995A/5 sig. gen. AMIFM 1.5-220MHz
£200

TF2604 electronic mutti-meter ... £145
TF893A audio power meter £75
TF2330 audio wave analyser £250
TF2002 signal gen. to 72MHz. ..£400
TF791D deviation meter ... £100
TF2606 differentiat DC voltmeter... £125
TF1152A RF power meter 50 ohm 25W
£65

TF2612 attenuator £100
TF2430 80MHz frequency counter E125
TF2700 universal bridge.

2540 Communications receiver . 22 500

Invitation to tender for your surplus to requirement
electronic test equipment, computer gear etc. Please
send list or phone our buyer.

SMOKE DETECTORS

IONIZATION type smoke detectors 'ZITON' model
type Z310-1M. Brand new units supplied complete
with mounting plates. Similar to RS type 300-473.
List price £32 each. OUR PRICE £7.50 (p&p 50p)
inc. vat.

BRUNM
OM

Hewlett Packard model 182T fitted with type 8557A
350MHz spectrum analyser plug-in. £4,500.

RUN
M
'H

Hewlett-Packard  spectrum  analyser
system comprising 8553L 0-110MHz RF
unit, 8552A |.F. unit installed in a type
140B main frame. Excellent condition,
with manuals. One off only E2,95$
VA

WE HAVE IN STOCK A WIDE RANGE OF POWER SUPPLY
UNITS, AVO MULTI-METERS. INSULATION TESTERS,
COMPUTER PERIPHERAL EQUIPMENT ETC. ETC. WE
WOULD BE PLEASED TO RECEIVE YOUR ENQUIRY
REGARDING ANYTHING ELECTRICAL OR ELECTRONIC.

DRE 4000A DRIVES

Data Recording Equipment Model 4000A5 + 5MB
Top-|oadin? disc drives in stock. Brand new
including full technical manual. Few remaining
£250 each + VAT.

SPECTRUM ANALYSER

HEWLET PACKARD spectrum
analyser 0.01-350MHz plug-in
unit type 8557A fitted in type
1827 main-frame. Immaculate
condition. very little used

With manuals ... £4,500 + VAT

CLAUDE-LYONS 220V 550W sine-
wave, new £125 PLEASE NOT% Al ou; ﬁqum;mer;y s Isold |3

excellent condition, fully functional an
géz\ygmgi ::g gﬁ:::g:::ggﬁw g}g?, guaranteed for 90-days. Mail orders wel-

comed, please telephone for carriage quote on
CLAUDE-LYONS 220V 6KW servo any e%u\pmem ALL PRICES ARE PLUS VAT
type, new. £250 PLEA!

Swiss-made precision 6V DC motors with 70m reduc-
non gearboxes giving final drive speed of 16RPM @
iameter 22cms x 4cms long. PRICE INC. VAT

CARRIAGE
{E-equip tested & guaranteed).

£5.25

CIRCLE 80 FOR FURTHER DETAILS

AFFORDABLE ENGINEERING SOFTWARE

ONLY SN N 704 QO 1 || LOCIPRO oottt Root Locus
nomiy AN 2N LLZT NP || ACNAP e AC Circuit Analysis
\\ ........................................................................ DC Circuit Analysis
o 11 CWONN RN ETL M ] SPP e Signal/System Analysis

..Active Filter Design Analysis
.. Static Thermal Analysis

V;f\‘\\ 4WAY EXTENSION N

KN PN

o (\\WITH LEAD & 13A PLUG : 8 2
Matrix Manipulation

ELECTRICAL | 12V RECHARGEABLE UNIT PLOTPRO............. e Scientific Graph Printing
13A PLUG 46P AN ENCAPSULATED PACK OF 10 x D D i i
2-WAY ADAPTOR 90P SIZE NI-CAD X A PERU®TI2A. 2w st i st i, PC/XT ngh Res. Graph|cs
LASWITCHEDIDANBTESOCRENESAS | R aIpERIESIN RIGHTWRITER ... Proof Reader and Style Analyzer
JJoansstors T ics = %‘%g‘ﬂ?&m Just £70 each plus VAT and £2.00 p&p
*Cl28 305 . -
A6 300 | Unseora ey | QUILETSOCKET N ALL the above Programs are for PC/MSDOS, SOME are also
AC .88 28p 1 {XLR TYPE} AND FUSE HOLDER. THIS UNIT a .
D161 4o | LM1458N 98 | WHEN CHARGED GIVES 12 VOLTS OUTPUT. available for CP/M-80; please enquire.
28 B 2T B | Minpnaies
BC107 10 v
58}83 }85 Z‘gLS o lleszEE[}\ AF\’E gnghznﬁsL D %LLSi 5lN TORCHES, TOYS ETC. ALSO AVAILABLE
. X X
BC182 10p 02 24p PRICE £5.99 ~ £1.85p&p +Tg‘]’/oVAT. . LOW COSTRF. deSIgn Software .ST.AR 1.0 g
P I e 24 | CANONPLUG TO FIT ABOVE UNIT £150ea. utilizes S parameters to analyze and optimize Amplifiers,
oS 2 24p Filters, Oscillators, Matching Networks etc. {Available for
: 38 545 | N-CAD BATTERY CHARGER
) % sty | THS BATTERY CHARGER s SurABLE PC/MSDQS only).
o , AA, C, NI A
4011 = o %0 | CHARGING AND CAN COPE WITH UPTO 4 An unbeatable buy at just £100 + VAT and £2.00 p&p.
2017 530 138 asp | OFEACH AAA AA C&DPLUS 1 x PP3
AT ANY ONE TIME. AND MICRO
£450 . ] AP .
e e e R Analyses and designs Micro Strip Circuits, Lowpass, Highpass,
e £33 | NORMALLY £5.17 Bandpass Filters, Impedance Transformers, Coupled Strips etc.
172 5 EACH mtﬂé‘%&’ f?;g Contains Fringing Corrections for accurate “real world” results
. : RECHARGEABLE BATTERIES (NI- i i
LW SIEACKIVATUEN365) £1625 | O O NICKEL CADWILM BATTERIES e s
2W 5 EACH VALUE (365) £1970 | WHICH WILL REPLACE DRY BATTERIES £200 + VAT and p&p.

CAN BE QUICKLY AND EASILY RECHARGED
USING THE ABOVE NJ-CAD CHARGER.

Runs under MSDOS.

PORTABLE GAS SOLDERING IRON

FCZ(;_::) £1390 | & Cobmn  lrdnan
SPARE TIPS £450 EACH B e QUADRANT COMMUNICATIONS LIMITED
SIZES - 2.4, 3.2 AND 4.8mm
MARCO TRADING T o sereovs WICKHAM HOUSE, 10 CLEVELAND WAY, LONDON El 4TR
PG STREET Wi ALTINGS. | HOUR e | SECONDARY SOCKET 2764 it Telephone: 01-790 2424 - Telex: 24224 (Ref W6I11)

4-WAY LINE PLUG 4314 30 630

SHROPSHIRE SY4 SEN D
LINE JACK CORD WITH PLUG £125
CIRCLE 10 FOR FURTHER DETAILS

TEL: (0939) 32763 TELEX 35565

CIRCLE 22 FOR FURTHER DETAILS

SERVICE
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Charge-coupled device
technology

Extensive development of a charge-coupled
pick-up device has led to a high performance
camera that should be ideal for electronic news

KATSUMI SHINODA AND E. TAMURA

he last two or three years has seen
I application of charge-coupled devices
in consumer products in quantities
exceeding a million per year. Sony’s c.c.d.
chip production now exceeds 100,000 per
month. The benefits of use of such massive
production enables excellent yields of qual-
ity c.c.d. chips for professional use.

The most suitable and effective ways in
which c¢.c.ds can be used are those in which
the advantages of not only small size, low
power consumption but also high sensitiv-
ity, low lag, reduced sticking are most
important. The most obvious broadcast ap-
plication is for e.n.g. particularly for light-
weight combined camera and v.t.r. in which
mobility and handling ability can be drama-
tically improved.

The currently available c.c.d. still has
some practical limitations however com-
pared with conventional tubes, and special
care is needed in the camera design to
compensate for these drawbacks and at the
same time make good us of the c.c.d’s
beneficial characteristics.

DESIGN GOALS

@® Compact, lightweight, low power con-
sumption without any sacrifice of reliability
and robustness.

@ High picture quality. The c.c.d. chips
used are of the best that can currently be
made but the number of pixels in the hori-
zontal direction and the dark current are
limitations in comparison with tubes. Va-
rious strategies can be applied to realize
comparable picture quality.

@ Ergonomic design. Much experience
has now been obtained from previous tube
modules including user advice and opinion.
This enables the camera to be a well-
balanced rigid mechanical design.

The main chip characteristics are shown
in Table 1 and the physical structure in Fig.
1. The parameters are typical values, there
being some spread in practice. However, a
large production quality enables selection of
chips specifically for high quality broadcast
applications. The three main criteria are
freedom from blemishes, low dark current,
and high saturation capability.

Three devices are used and several
methods are available to implement an
imaging system. After careful consideration
the conventional beam-splitting prism was

gathering
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Fig.l. This c.c.d. imager comprises m.o.s. photosensors arranged as rows of 500

elements and columns of 582 elements.

In the inter-line transfer technique both

photosensor and vertical shift register are “interlined” on the same chip in about half the

size of the frame transfer type chips.

used on which the three chips are attached.
Thus RGB signals are available in line with
tube practice.

Furthermore, as shown in Fig.2, the
fixing of the G and the R,B devices are
horizontally displaced by half a pixel pitch
from the nominal position. Each device has
510 elements in the horizontal direction and
spatial offset allows a higher luminance
resolution to be obtained than normally
expected from this number, at the same time
maintaining satisfactory chrominance re-
solution.

Other advantages are:

— High efficiency in the input light handling
enabling good sensitivity to be achieved.

- Colour rendering can be controlled by the

prism block design and existing know-how

O ) = SG, SR, SB are
aliasing components
of G R B
ccd-?
(G Base band
4
ced-1 > SG
@ 4
~FREQUENCY ¢}/
ced- Na k
b s,
! SR+SB
—] ol
7

Fig.2. To increase horizontal resolution a
spatial offset technique is used that shifts
pitch by half an element. Resolution of 550
tvlinesis achieved.
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Fig.3. Errors in registration between the three primary devices are reduced by bonding
them to three faces of a prism block. The dominant influence on registration, the G-R
component, is very low at the unnoticeable level of 0.02%. Diagram shows consistency

over three temperature cycles.
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Table 1. Charge-coupled chip param

Item Spec. (typical)
Image format 2/3in
Sensitivity, 1000/lux* 160mVv
Saturation 530mv

Dark signalt 14mV

Dark Shadingt 3mv

Smear 0.01%
Gamma 1

Lag Notvisible

* 3200K with infra-red filter

tat55°C

TABLE 2. Tentative specification

Pick-up device
Picture element

Sensitivity
Minimum illumination

Signal-to-noise ratio
Horizontal resolution
Registration error
Filter

Power consumption

Three-chip2/3inc.c.d

510(h) x 492(v) (NTSC),
500(h) x 582(v) (PAL)

2000in F5.6 (NTSC), F5.0 (PAL)
15lux (NTSC) (+18dB)

20lux (PAL)

58dB (NTSC), 55dB (PAL)

550 tv lines

0.05% (all zones)

Clear, 5600 K+ 1/4ND, 5600K,
5600K +1/16ND

10.5W

0/9/18dB or 0/9/24dB

Fig4. Whereas a conventional three-tube camera normally has a signal handling
capability of 400%, the c.c.d. camera has a dynamic range of up to 600% by virtue of the
automatic knee control scheme shown. Non-additive mixer detects only the highestievel

fromR,G,B, inputs.

from conventional tube practice effectively
applied.

— Errors due to the optical system can be
easily compensated and the necessary total
characteristics more easily obtained.

It is often assumed that the use of c.c.ds
implies that registration is free from the
need for adjustment. But the use of multiple
chips has its own requirement for accurate
initial registration. Additionally, highly
stable mechanical positions must be main-
tained for all three chips, in particular the
half pixel offset must be permanently estab-
lished.

These considerations led to a design in
which the chips are bonded directly to the
faces of the prism block using a specially
made mechanical locating device. With this
method excellent stability can be maintained
for variations in temperature and humidity
and also against mechanical shock.

Fig. 3 shows some typical data in which
the registration drift is plotted against
ambient temperature. The dominant influ-
ence on registration, the G-R component, is
very low, being an unnoticeable level of
0.02%.

Sensitivity, s/n ratio and dynamic range
are closely related to each other; with the

94

c.c.d. chip selection process the final para-
meters are as shown in Table 2.

Sensitivity is about half a stop better than
conventional 17mm (2/3in) plumbicon tube.

Signal-to-noise ratio. A correlated double-
sampling method suppressed the noise
generated at the output stage. A newly
designed heat dissipation and cooling sys-
tem limits the temperature rise so reducing
the increase in dark current noise which
occurs with a rise in temperature. Finally,
optimization of RGB spectral characteristics
gives an overall benefit in the signal-to-noise
ratio.

Dynamic range. A conventional three-tube
camera normally has a signal handling
capability of up to about 400%. The c.c.d.
camera, on the other hand, has a dynamic
range of about 600% because of an automa-
tic knee control circuit in the video proces-
singamplifier as shown in Fig.4.

The major parameters given in Table 2 are
for both PAL and NTSC models. The PAL
version is slightly less sensitive because the
effective sensor area is made narrower by the
increased number of pixels in the vertical
direction.

There are still several drawbacks which

Gainup
Operating temperature —20to +45°C
Weight 3.2kg (without lens)

must be improved for the future high quality
broadcast colour camera, particulary in re-
spect of number of pixels in the horizontal
direction, dark current, spectral response
and the smear characteristics.

The methods presently used for measur-
ing tube cameras may be inappropriate for
the c.c.d. camera. For example, the mea-
sured maximum resolution is below the
value obtained for a tube camera, but the
subjective sharpness is higher, particularly
for the PAL version.

We expect development to continue to-
ward producing higher quality c.c.d. chips
for broadcast use. In the meantime, both
tube and c.c.d. cameras have their individual
uses, the first for high quality studio use, the
last fore.n.g.

Further reading

High resolution c.c.d. image sensors with re-
duced smear by S. Ochi et al. IEEE Trans-
Electron Devices, vol.ED-32, no. 8, Aug 1985 pp.
1451-1456.

Katsumi Shinoda is deputy general manager
in product management at Sony Broadcast
Ltd. Previously he was general manager
(broadcast) at Hitachi Denshi GmbH, and
before that, senior technical general mana-
gerat ABC-TV, Osaka. Mr Shinoda graduated
from Hiroshima University in 1954.

E. Tamura is manager of Sony Corpora-
tion's c.c.d. camera division. He joined as tv
camera designer from Shiba Electric Co in
1972, where he went after graduating from
Gonma Technical College.



BBC Datacast —the
transmission system

A similar process to that used in the teletext system is used
to transmit data-lines which are independent of the

normal teletext system.

J.P.CHAMBERS,MA.,C.Eng.,, M.LE.E

hen the specification of the British
Wteletext systeml was written, over

ten years ago, the prime purpose
was to carry pages of text in a fixed format
suitable for display on a domestic television
receiver. This was to be done efficiently,
reliably, ruggedly and at low cost; an objec-
tive generally reckoned to have been
achieved. There are now over ten million
receivers world-wide equipped for this
system.

Data is carried on otherwise unused lines
in the television field-blanking interval. Its
service started with two lines per field used
for teletext, but now six or seven are in use.
The specification allows for up to 16 lines per
field to be used, but there are practical
limitations caused by the need for compati-
bility with existing receivers: the use of lines
too early in the field interval can cause the
data to be displayed on screen during the
vertical flyback period on some receivers,
and using later lines can cause a flared image
at the top of the picture. This problem varies
between countries and some already use
more lines for teletext.

Teletext was designed for receivers cap-
able of storing only one page. It is necessary
to repeat all pages frequently to allow users
freely to choose and acquire pages. So a
resource capable of sending 40 000 pages per
hour is currently used to send perhaps 300
different pages at any one time. Now that
mass semiconductor storage is so cheap it is
possible to think of data bases being updated
by teletext, only new material being sent
with occasional complete replenishments.
Even a small portion of the total capacity
allocated to such a function could provide
very many valuable new dataservices.

During 1985 the BBC was approached by
several organizations interested in the possi-
bility of using teletext data lines for carrying
data for commercial purposes.

Anticipation of Datacast. When the teletext
specification was written in 1976, 75% of the
address codes at the start of the data lines
were allocated, but the other 25% were
reserved for future use by requiring that the
decoders initially produced should ignore
them.

First hamming~ coded byte
001 23 &5 67 8 9 A BCDE F
ol T These codes define
the boundaries between
1 pages of a magazine
L These codes relate
3 to the currently trans—
mitted page of a magazine
B 4
&
©
3 6
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Sollellel el el e elenel g eenenelenels
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R e e R e B O e O
ol 2212 =l === = = =)= (=) ===
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&
B
C
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E /particulur pages within
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F / \
1 /2 \
Television service Four codes used These codes relate to
data-line code for data broadcasting independent data-lines

Fig.1. Allocation of the 256 codes available within the first two Hamming-coded bytes

of ateletextdata line.
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This is the only safe way to allow for
exgansion; new data services using different
clock rates, modulation systems or framing
codes would always be liable to interfere with
one another, particularly if decoders are not
designed with knowledge of all the possible
systems. Such problems may remain dor-
mant for many years and then suddenly
appear when particular combinations of data
begin to be used. The only safe way toallow a
teletext-like system, with an audience of
millions, to develop safely is by reserving
codes in the data channel and using them to
introduce new services. Ideally these in turn
still preserve the potential for further de-
velopments.

A transmission system, based on the use of
data-lines which were independent of the
normal teletext service, was defined and
experimental broadcasts began on Septem-
ber 10th, 1985. The BBC Datacast service
was announced on October 3rd, 1985 and

the first equipment built specifically to
originate these signals was installed at BBC
Television Centre on March 10th, 1986.

INDEPENDENT DATA-LINES

Each data-line in the teletext format starts
with a clock run-in sequence (cw1) and
framing code (rc). The next two eight-bit
bytes, known as the magazine and row
address group {Mrac), are Hamming-coded
and each carries four message bits. In the
page-organized teletext application, these
eight message bits are interpreted as a
three-bit magazine number {in the range
1-8) and a five-bit row address (in the range
0-31).

The 1976 specification requires that data-
lines with row addresses in the range 24-31
be ignored. Subsequently it was decided that
row addresses 24 and 25 represent an exten-
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sion to the page, intended to be stored with
the page and included in its cyclic redundan-
cy check. Row addresses 26,27 and 28 are
used, possibily more than once in each page,
to carry additional information to over-write
characters or to provide special display attri-
butes.

All of these row addresses are still associ-
ated only with the current page of their
particular magazine. Row address 0 (the
page header) is used to define the boundaries
between successive pages of a magazine.

The data-lines of different magazines can
be mixed in any way in the transmission
sequence, as the decoder should see each
magazine as a separate data channel. This
independence is only broken by the use of
the serial magazine transmission mode
which allows all incoming page headers,
regardless of magazine, to be presented as
they arrive and so puts an obligation on the
broadcaster to maintain a meaningful se-
quence when all the page headers are taken
together.

Row address 29 is reserved for applica-
tions where information relating to an entire
magazine is being sent. Only row addresses
30 and 31 remain for applications unrelated
to the page and magazine structure of
teletext. Taken together with their eight
‘magazine numbers’ these provide 16 mrac
combinations which can serve as the addres-
ses of 16 independent data channels. These
can be used in any way at any time regardless
of the content of the teletext service without
interfering with the normal operation of a
conventional teletext decoder operating
according to the specification.

One of these addresses is used for the
television service data-line® and four others
are currently being used with BBC Datacast
transmissions, although other formats of
signal can also be used here without interfer-
ing with Datacast.

It is possible to depict the above allocation
of magazine numbers and row addresses on a
diagram with eight columns and 32 rows.
Unfortunately this leads to confusion when
it is pointed out, for example, that magazine
8, row 30 does not belong to any magazine
and neither is it row 30 of any page! An
alternative diagram is given in Fig. 1, where
the 256 possible mMracs are presented in terms
of the contents of their first and second byte.
It will be seen that the 16 combinations
corresponding to the independent data-lines
are selected by the first byte, the second byte
having the fixed message bits 1111, So a test
of the second mrac byte is sufficient to
separate all the independent data-lines from
those relating to a normal teletext service.

DATACAST PACKET STRUCTURE

The self-contained nature of the Datacast
data-line within the teletext multiplex
makes it appropriate to refer to it as a
Datacast packet.

The Datacast packet format is organized
in eight-bit bytes as shown in Fig. 2, which
emphasizes how certain information in the
early part of the packet influences the inter-
pretation of the later part. Moreover, each
packet stands alone and it can be interpreted
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without reference to others. Both these
points, which are not generally true of
page-organized teletext, simplify both the
generation and the reception of Datacast
services in applications where several
teletext-based services are multiplexed
together onto a single video signal. It will be
seen that the overheads have largely been
arranged so that they are only incurred when
they serve a function.

The function of the bytes of a Datacast
packet are now considered in sequence.

Data channel group. The first byte of the
mrac of a Datacast packet identifies four
possibilities. These can be used to distin-
guish between Datacast services arising at
independent sources, such as regional con-
tributions. This makes it possible for the
same addresses to be used by more than one
source without contention, there is no need
for overall control of address allocation.

The data channel group is analogous to
the magazine number of conventional tele-
text; the same page numbers can be used in
different magazines and they can be origin-
ated independently before combining onto a
single video signal. Similarly, the data chan-
nel group number is a component of the
complete information necessary uniquely to
specify a Datacast service.

The second Mrac byte of a Datacast packet
carries the Hamming-coded message bits
1111, indicating an independent data-line.

Format type byte (FT). This Hamming-
coded byte controls the interpretation of
later bytes of the packet. The four message
bits, in transmission order, are:

—0if Datacast format applies,

—liftheribyte is used later,

—lifthecibyte is used later,

—1lifthepLbyte is used later.

If the first of these bits is set to 1 then the
meaning of the other three is not defined,
neither is the meaning of any subsequent
data in that data-line. This allows new
formats for use with independent data-lines
to be defined without requiring the use of
other data channel groups.

Packet address length (AL). The first three
message bits of this Hamming-coded byte
indicate how many immediately following
bytes are Hamming-coded and allocated to
the packet address. The minimum is none,
the maximum is six, giving a 24-bit address.
The 111 state is reserved to extend the
address capacity in away not yet defined.

The last message bit is set to 0 when the
access to, decoding and interpretation of this
particular Datacast service is to be protected
from interference by any other teletext-
based services. This facility is provided in
anticipation of some proposed uses where
teletext and Datacast services may be used to
control access to other services, including
the option of turning off the decoders.

Packet address bytes. Up to six Hamming-
coded address bytes, as signalled by the aL
byte, follow the ai.byte. The least significant
bytes are sent first. The least significant bits
within each byte are sent first.

Packet repeat indicator byte (RI). The ribyte
is only present if signalled by the rr byte.
Only then can the packet be repeated un-
changed, noting that the ri byte itself does
change.

The first four bits are set to 0 when a new
packet is sent and this number is in-
cremented modulo-16 on subsequent re-
peats of the identical packet. The next three
bits are not yet defined. The last bit is set to 0
to indicate that no further repeats of that
packet should be expected, but setting to 1
does not necessarily indicate that there will
be a further repeat. This last bit is intended
to assist certain decoder strategies.

Packet continuity indicator byte (CI). The c!
byte is only present if signalled by the rrbyte.
It is an eight-bit number incremented
modulo-256 with each new packet of the
same data channel group, address length
and address bytes. It does not change during
repeated transmission of the same packet.

If a ¢ byte is not signalled, the eight-bit
continuity indicator number is used to mod-
ify the crcbyte, so there is always a continui-
ty indicator of one type or the other.
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six bits are a binary number defining how
many’ of the immediately following bytes
(including dummy bytes) constitute data for
delivery to the user. The last two bits are not
yet defined.

The pLbyte is used when it is necessary to
send an incompletely filled packet in order
not to delay the transmission of data. Any
remaining bytes before the cyclic redundan-
cy check are not defined but are still subject
to the crc. A b byte may be set to 0000 00XX
(in transmissionorder) to keep a data service
open without sending data for delivery.

User data byte group. The remaining bytes
in the packet, excepting the last two, and
further limited by the pL byte when present,
and excluding any dummy bytes, constitute
the data carried for the users of that packet.
There are generally between 28 and 36 user
data bytes in a Datacast packet. There is no
restriction on the coding of the user data
bytes.

Byte transparency. Although there is no
restriction on the coding of the user data
bytes, it is, at present, necessary to eliminate
long strings of 0s and 1s from the transmit-
ted data to ensure that it is regenerated and
decoded reliably. If within any user data byte
group, taken together with any ciand L
bytes, a sequence of eight consecutive 0000
0000 bytes or a sequence of eight consecu-
tive 1111 1111 bytes occurs the broadcaster
will (except where there is no remaining byte
in the user data byte group) insert a follow-
ing dummy byte which forms part of the crc
but which is otherwise ignored by the decod-
er. The use of dummy bytes reduces the
length of the user data byte group, but only
in applications where complete bit-sequence
independence is required in the user data.
When the data is enciphered it is, in general,
very unlikely that such sequences will occur.

The function described above may later be
not required. It is therefore recommended
that decoders be equipped with a simple
method of disabling it at a later date.

cyclic redundancy check on any crand oL
bytes and all bytes of the user data group,
including dummy bytes. The data to be
checked, with bits in transmission order is,
in effect, applied to the circuit shown in Fig.
3, the register having previously been filled
with 0s. The gates are modulo-2 adders
{(“exclusive-or”). When the feedback path is
disabled the basic 16-bit ckc in transmission
bit-order is produced at the output.

It will be apparent that if the basic crc is
appended to the input data, the process will
compare the calculated ckc with the incom-
ing cre and fill the register with 16 0s. This
indicates how real-time hardware can be
used to check the cre, although it is current-
ly more usual to conduct the operation in
software.

When the c1 bit is set, and an explicit
continuity indicator is sent, the basic crc is
sent. When the ¢ bit is not set, the eight-bit
continuity indicator is sent by modifying the
basic cre. This modification is done at the
sending end in such a way that the above
comparison results in the register contain-
ing the eight-bit continuity indicator re-
peated twice, with the least significant bit at
the right-hand end of the bytes in the
register. A decoder can then extract the
continuity indicator from the crc and use a
‘flywheel’ technique to allow it to interpret
the cre correctly during occasional errors or
even during packet loss.

This use of a 16-bit crc in every Datacast
packet assures, with high confidence, that
any errors will be detected. The decoder will
be able to indicate whether data is right,
suspect or absent. The extent of the suspect
or absent data can be indicated and, where
packets are repeated, there is the possibility
of recovering some of it.

Over a year of practical experience with
Datacast transmissions shows that under
normal conditions fewer than one received
packet per million fails the crc check. No
corrupted packet has yet been seen to pass
the erc check.

Datacast can be added to a video signal at a
different point to teletext without any flow of
information between the two although, of
course, the same television line numbers in
any one field-blanking interval cannot be
used! Because there is sometimes a neces-
sary redundancy in the normal teletext
output it would be more efficient to combine
the two in a device that recognizes this
redundancy, but this makes the operation
considerably more complex.

Figure 4 shows a block diagram of a
typical early use of Datacast, indicating the
broadcaster’s area of responsibility. The
Datacast transmission equipment is a single
unit per network, with reserve available. The
reserve can be selected in such a way that
data in course of transmission is not lost.
The unit accepts inputs from six sources,
usually viamodemns over leased lines. Source
B is shown with conditional access equip-
ment (encipherment, key distribution and
decoder addressing) used before the signal is
sent to the broadcaster and after it has been
received. Source C comprises three sub-
services, each with conditional access,
which are combined before sending to the
broadcaster along a single line. These sub-
services may have different addresses or they
may contain a sub-addressing facility within
the data carried by a service using a single
address.

The transmission equipment includes a
unit for monitoring the input data: in
particular it counts the number of user bytes
and packets being sent against time of day
together with measures of peak bit rate and
delay through the system. Off-air reception
can also usefully be analysed. This informa-
tion is, of course, the raw material used in
charging the users of the service.

DATACAST RECEPTION

Because the data transport mechanism is
that of teletext, many of the existing teletext
chips can be used directly or adapted for
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Datacast reception. The BBC Design and
Equipment Department has produced a de-
sign which is being licensed to manufac-
turers.

Much of the development work on Data-
cast in the BBC has been done using the BBC
microcomputer together with its teletext
adapter as the receiving device.

DATA SECURITY

Although it is possible to imagine freely
available services being broadcast by Data-
cast, the majority of the applications are
likely to be of a commercial nature where it
will be necessary to prevent a casual user
from understanding the message.

There are already techniques available for
enciphering data over a one-way telecom-
munications link and any of these may be
used on a Datacast channel. Methods of
embedding individual codes within decoders
in such a way that they can be uniquely
addressed, enabled and disabled have been
developed for direct broadcasting by satellite
and adapted for Datacast applications”.

BBC Research Department has developed
particular designs of equipment for Datacast
security. One provides data scrambling with
modest security without needing any extra
data signalling capacity. The other offers
greater security and allows control of indi-
vidual decoders and the possibility of credit-
ing charge units and then debiting them on a
pay-per-item basis.

TARIFF POLICY

With such a unique resource it is important
to exploit it in the best possible way as a
public service. It would be very easy to sell
the bulk of the capacity to a few users who
could afford to pay for using the system
inefficiently and thereby deny access to
many small users whose modest needs can-
not be met in any other way. The specifica-
tion has been designed to support an almost
unlimited number of individually address-
able services and it is hoped that means will
be provided for handling such uses without
undue technical and administrative over-
heads.
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Repair risks

Electrical and electronic dealers
have been expressing concern at
some of the proposals contained
in the White Paper (Cmnd 9712)
“Intellectual Property Rights and
Innovations” with a Bill prom-
ised for the next session of Parlia-
ment. These include far-
reaching reform of the copyright
law including the legalisation of
the use of home video and audio
recorders (but with a 10 per cent
levy on blank audio tape), ex-
tending copyright to cover trans-
missions from distribution satel-
lites etc. But the point that is
worrying the trade concerns the
special pattern parts found in
many appliances and equip-
ments. In other words any com-
ponents or fittings specially or
fittings specially designed for a
particular model.

It has long been common
practice when repairing ap-
pliances to buy spares from firms
other than the original manufac-
turer. This has been regarded
virtually as standard practice not
to be confused with deliberate
counterfeiting or “passing off”
doubtful equipment as coming
from well-known brand names.

But if the White Paper propos-
als become law, they give the
original maker and automatic
monopoly on all special pattern
parts for five years from the date
of manufacture and a right to
demand a royalty for another five
years.

What most worries the trade is
that the proposals include a right
to search premises and seize
goods allegedly in breach of con-
tract, together with the possibil-
ity of imposing unlimited fines
and/or up to two years’ imprison-
ment on conviction. What may
come to worry consumers is that
it seems to leave the way clear to
manufacturers to charge even
more exorbitantly than at pre-
sent for their pattern spares and
so bring near the era of throw-
away electronics as repairs be-
come increasingly uneconomic.

Some American commenta-
tors believe that their own elec-
tronics industry will soon be
facing a crisis on the quality of
after-sales service they offer. As
W.H. Davidow, author of
“Marketing High Technology”

puts it: “Quality of service is
about to become the decisive
factor in corporate survival. The
cost of technical service on high-
tech products now runs an esti-
mated one per cent per month.
That’s nearly one-half the price
of the product in just four years
and that doesn’t count the cost of
down time in lost productivity.”
Actually his figure seems low in
comparison with often quoted
estimates of maintaining milit-
ary communications equipment.
Over an operational lifetime this
can amount to anything up to
ten times the initial cost. But in
many fields the reputation of
firms, whether they realize it or
not, depends on their ability to
rectify faults quickly and at
reasonable costs.

Mobile safety

A few months ago one began to
heav strong rumours that the
Liepartment of Transport, which
forms part of the enormous De-
partment of the Environment,
was planning to introduce into a
revised Highway Code a new
recommendation aimed at driv-
ers using hand-held mic-
rophones and telephone hand-
sets while driving.

It has recently been confirmed
that the draft revision of the
Highway Code, currently before
Parliament, has a new “Rule 49a
— Do not use a hand-held
microphone or telephone hand-
set while your vehicle is moving,
except in an emergency. You
should only speak into a fixed,
neckslung or clipped-on mic-
rophone when it would not dis-
tract your attention from the
road. Do not stop on the hard
shoulder of a motorway to

COMMUNICATIONS

answer or make a call, however
urgent.”

This new Rule will, if
approved, clearly have a major
(one is tempted to say devastat-
ing) effect on the current prac-
tices of the vast majority of cellu-
lar radio users and also most
other users of mobile two-way
mobile radio, including c.b.
operators and many radio
amateurs. Although the RSGB
has for many years recom-
mended amateur radio driver/
operators not to use hand mic-
rophones or double headphones,
the majority of mobile transceiv-
ers are sold with hand micro-
phones.

The Highwdy Code, issued
under the Road Traffic Act, sets
out rules for safety on the road.
The Secretary of State is em-
powered to revise the code from
time to time in such a manner as
he thinks fit, subject to the
approval of Parliament. Failure
to observe a provision of the code
does not, of itself, render a per-
son liable to criminal proceed-
ings but a failure to observe it
may be used in either criminal or
civil proceedings to establish
liability.

The possible driving hazards
represented by use of the re-
latively large and bulky handsets
currently provided for virtually
all models of cellular and many
other radiophones has been
noted before the “Communica-
tions Commentary”, as has the
curious anomally that a driver
seen using an electric razor
while driving is liable to prosecu-
tion, but the basically similar act
of using a hand-held microphone
does not constitute an offence.
On the other hand it has been
pointed out that one-arm drivers
are permitted and that the smal-

ler hand-held microphones with
coiled leads can be safely dropped
when both hands are needed.

Whichever way your sym-
pathies fall, there is little doubt
that the revised Highway Code
could present a major problem to
the mobile radio industry.

Cutting
sky-waves

In the medium-waveband, it is
well recognised that the service -
area of broadcast stations tends
to decrease dramatically between
the approach of dusk until some
time after dawn when the D-layer
regains its capacity to absorb
signals. Service areas, these
days, «re almost invariably li-
mited by interference rather
than signal strength. Apart from
the few very high-power stations
used for external broadcasting or
which attempt to provide nation-
al coverage by blasting their way
through co-channel interfer-
ence, the absence of an effective
D-layer after dark and the cons-
quent reflection of the skywave
signals is regarded as a hindr-
ance rather than a help. What
most a.m. broadcasters would
like is an antenna that would
radiate maximum vertically
polarized ground-wave signals,
minimum-possible skywave
signal.

The conventional mast-
radiator unfortunately radiates
only about 15 per cent of its
energy along the ground, nearly
85 per cent is radiated above the
horizon, representing lost power
in daylight and unwanted in-
terference to listeners hundreds
of miles away at night.

The American National Asso-
ciation of Broadcasters, urged on
by their medium-wave broadcas-
ters who have been steadily los-
ing audiences to their f.m. rivals
and also by the FCC which would
like to see a revival of interest in
medium-wave broadcasting
which will soon extend in Region
2 up to 1705 kHz instead of 1605
kHz, is now planning a trial of
two new experimental antenna
systems designed to put more
power along the ground, less
towards the sky.

Experimental antennas are ex-
pected to be field tested in Lees-
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COMPLETE SINGLE BCARD COMPUT

Now you can weald the power of the 805I using BASIC.

system.

»

Based on the Intel 8052AH single com
unique impiementation of the BASIC
registers, timers and interrupts available on the 8051

CPU Card Advantages:
* On card EPROM programming with singie 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

11 MHz operation as standard

FOR RCBOTICS. ENVIRONMENTAL CONTROL.. PROCESS CONTRD!L .

The new Cavendish Automation 7030 CPU is one of a com
complete systems capability to OEMs. Support includes static
Down Control boards, Decoder boards, providing further addre
clock/calendar plus additional output flags and 1/0. 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.I.S. of vision.

“ BASIC utilities may be called from Assembler
" Interrupts handled by BASIC or Assembler

* low cost

language enablin

ponent Microcontroller the CPU comes complete with a
g direct access to the special function
device.

Comprehensive documention is supplied with each CPU and the 7030 CPU card requires only a+5v
supply and dumb terminal for operation. Many unique features are incorporated and the system
allows very fast interactive development of user software for su

" Very fast tokenised interpreter drastically reduces software development time

-

For further information on the CA 7000 Series Controller contact:

Cavendish Automation Limited. 45 High Street, St Neots,Cambs, PEI9 1BN. Tele(0480) 219457 Telex 32681 CAVCOM G.

R & SURPRORT,,

plete range of Eurocards providing
MOS RAM boards (to 128K), Power-
ss line decoding, watchdog, realtime

per easy deployment in the target

customised options on low quantity

CIRCLE 85 FOR FURTHER DETAILS

SPECIAL OFFER - BAVE CCES

" Tektronix 2215 Oscliloscope
60MHz Dual Trace. Detay Sweep With manual.

ONLY £478 sach

COMMUNICATION RECEIVERS
RA (71 $00RH: YW with mar s oney 1140 sar
DOYSTOME 730 4 480RMI-JMH; wi™ Tl OMY {110 sacr

0SCILLOSCOPES
TEXTROMX 576 CUAYE TRACER

TELEGUIPMENT DE7 Db Trace 250112 Dewy Sweec
COSSER COU50 Dot Trace 35MH: Dewy Swees:

SE LABS Sh111 Dua Trace 18tz AC of Extemas OC Opurason {150

MULTIMETERS
AVO § MM I0wIKa b AVO B Med Dl aas Shewnth Cormprete with
Baneros § Laacs 1]
AVO § M2 Compmne wer bafle- s § s s
Adove 8™ ¢ GOOD WORR MG ORCER  acoswance nut A1 hevoe the

e
AVO TEST SET M 1 iMatary se'se of AVO 8, Commete wit Dalterses
WA 8 CarrynG CAse [153
AVO Mude T3 Poorel Mutmetet Atangues X0 ranges Comgmele enir
Lanerws § wads i

PROFESSIONA. 9 GREEN SCREER MOR “ORS maoe by KGW It Fousmy
Goves Quaity B coume - 24 e Drspray Composte Yom 1 Cave Good
Conomor MOW OALY €37 cacr

SAMSONS

9-10 Chapel Street, Marylebone

London NW1 5DN
01-262 5125 & 01-723 7851
WE WILL MANUFACTURE PROTOTYPE
OR PRODUCTION RUN TRANSFORMERS

AT COMPETITIVE PRICES
HIGH GRADE RODIME 10 meg 3%
TRANSFORMERS Winchester drives. Brand
No 1 30.0.30v @ 4a 8v 2a | New £150.00

£11.75inc vat & carr.

No 2 26.0.26v @ 3a 8v
£10.00 inc vat & carr.

No 3 22.0.22v @ 2a 8v 2a
£9.00 inc vat & carr

TEKTRONL 547 Duap Trace SOMAZ Desay T8 Dedy Seoag 140
TELEQUIPMENT D43 Dub Trace 5z €100 DISa DRIVE PSU 2400 10 104 3 2% 13A0U Srei2omm, [10es
TEATROMX 434 STORAGE Dual Trace 25Mry 1500 [ELY
GOULD DSA00C wa Ousput Une 4302 Dua Trace 10Mrz 400

DERTY af vBORT Thiw Fao'wrant Cases ONYIS-o

GENERATORS r

MAACON! TF 2950 loose RADIO Teet Sex £1.200 AVO TRARSISTON “ESTEE T116y mardwe GONIGO 1o v 51, hestig
MARCOM! TF2006 FM 10- 1000M-2 0.I% e Dale e tedy a0 W NOW oMLY €12
MARCIBU TF2006 iS008 £1.000 450,
P SWEEP OSCALATOR 610 1 2GHu €400
%pmgqﬁ 1.84 26m PHILIPS COLOURBAR GEto RATOR Tvv w301 1280 £8) €100
WARCON: TF 2008 AMFW 10K -5 10MMZ PHUIPS COLOURBAR GENERATOS trw 5506 VoSO Oul Many
MAACON: TF 1066 B. 1 Al P 10M-7 4 70y . ) 0
WARCON: TFIOAS 1 5 220MH7 Narrow Oeviation GAUNDIG COLOUR GENERATOR FO8E Moy Rvions 02
ADVANCE type SGEIE AMFM 4 230MH:
ADVANCE tyoe SGA2B AM 150%Mz- 20Mrz
MP TEST TOR 6514 10ry- 10MM7 NEW EQUIPMENT
FARNELL Mo Prise Gervor ior sybiorm |- 10MY HAMEG OSCILLOSCOPE 605 D.a' Trace 60MHz

Delay Sweep Component Tes e {515
HP 43400 Mew HAMEG OSCILLOSCOPE 203 € D.a Trace 20Mnz
MARCON] O/ MewriTE 1245 ] TF 1246 01)TE 1247 Component Tester with two prones £285

M P POWE R METER 4310 wetr tharmisior Mount 10MA-10Ge; or

12 4180m

MARCON) RF Wi, VOU TME TER TF 2603 S0mry- 1 500Mry

MARCON! ING TU UNVERSAL BRIOGE TF27g™
MARCON: UNvE RSA. BROGE "F270C Baner, Opar shec
MARCON! UNIVERSAL BRIDGE TF 5680

H P BROADGAND SAMPLING VOL TME TER 340bA 1 0Rr
MARCON AF SIGhAL SOURCE TF 2000 20m:- 202

AP RE MW VO TMETER 4114 S00KMZ S500M
LEVELL TRANGSSTOR AC MICROVOL Tt TER T
KEITMLEY ELECTROMETER type 6108 wit Acaptr €108
SOUARTRON TRUE RMS VOLTIME TER M 1484

NP TRUEt AMS vOL TMETER 34004 10RG- 1 3MMy

X0y

RACAL 1M UMVERSAL COUNTER TIMER fype 83
Lol 27

ISOLATING TRANSFORMERS

243V nou-240V output
S00vA
100vA

(15 eacn pdo 05
8 each o 2

All other models avanadie

BLACK STAR COUNTER TIMERS 108 €5)

APQLLO 10 100MHz Raio Peiud Time Interval e £219
APOLLO 100- 1008112 (A5 a0 ve witn more lunClons) £285
BLACK STAR FREQUENCY COUNTERS ipaz £4

Meteor 100 100Mr; 99
Meteor 600-600WH? 126
Meteor 1000 1GHz 0
BLACK STAR JUPITOR 500 f Utie 13t GENLRATOR

Sioe Square Tuange § 1M Suians phr 4 o

HUNG CHANG OMM 677 3 . 2o
nciuaing 10 Amp AC DC

R heic 28 ranges

Compiele witn La'enes & 10acs pas 4 £33.50
OSCILLOSCOPES PROBE § Sw iches X1 X15 £
pap L2

HIGH GRADE
CAPACITORS
No 1 22000mfd @ 63vdc
33.5a ripple current
complete  with  mounting
clip size 105mm x 65mm
£4.95inc vat & carr.
No 2 22000mfd @ vdc
screw terminals with single
base bolt fixing £3.00 inc
vat & carr.

DAVID Jnr 1l control card.
£100.00.

Both  these items are
offered at a fraction of their
cost.

Please ring for detalils.

| adjusting

15 AMP ISOLATION
TRANSFORMERS BY
FAMOUS MAKERS
These high transtormers
are as new and were
manufactured for a top U.K.
electronics  company to
extremely high standards.
Each transformer has a
large range of tappings for
inputs and

outputs.

Size approx 37kgs. Qur
price £95 inc. VAT. Ring
For Carriage Details.

Used EQuomen - aer 30 0ays Quaraniee Maras ipoeed ( pOSSOR Ths B very $7di 1amum: 0° Skaa SAL O lewrne 1y LISTS Pease Chows as dnaDnty
Deiore oroevyg Camage o ures £12 VAT i 0 200€ K ol 00 Goodh 3¢ Carfiaa

CONSTANT VOLTAGE
TRANSFORMERS

By Famous Maker. 3KVA.
A very sturdy unit size 270
X 240 x 500mm these units
will  control the mains
fluctuations from —20% to
+10%.
Output 220 or 240v + or
1%

ONLY AFEW LEFT
SPECIAL PRICE £295.00
inc vat & carr.

TWIN 8 DISK DRIVES
Brand New Magnetic
Peripherals with PSU ring
for detaits ONLY £100 inc
vat & carr.

Let us tender for your
redundant  or  surplus
stock.

Best prices
amounts considered.
Test equipment also
tendered for.

paid. Any

GOULD/FARNELL 13.8v
15amp switch mode
P.S.Us. These robust and
versatile supplies will
power up radioc amateur
equipment nicely.

£55inc vat post.

GOULD  ADVANCE  5v
60amp switch mode
P.S.Usg45incvatcarr.

19v  15amp switch mode
P.S.U.s £45inc vat carr.

FANS
MUFFIN 472" 110V ... £4.00
WOODS 6" and 8” 240V
£9.50

WE HAVE A
LARGE STOCK OF
2716 EPROMS
FOR SALE
PRICE ON
APPLICATION

SAMSONS  now  manu-
facture  transformers  for
industry or private use
from 6va to 3kva. From one
offs to large production
runs.

Please ring for details or a
visit from one of our reps to
call  and discuss your
requirements.

STEWART OF READING Teiephone: 0734 68041

a——
[2:¥]
-

110 WYKEHAM ROAD, READING, BERKS RG6 1PL

S~

Callers welcome 9am to 5.30pm. MON-FRI. (UNTIL 8pm. THURS)

CIRCLE 86 FOR FURTHER DETAILS
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E.H.T. TRANSFORMERS
High-grade E.H.T. Tranny.
PRI 240V, sec. 10,000V, 18
M/A.  Probably used for
boiter ignition but with 101
other uses!!! £5 inc. carr &
VAT.

Precision made Swiss D.C.
motor running on -9v dc
these motors have a 70:1
gearbox and are extremely
powerful.  Size 26mm
45mm 3mm output shaft.
Normal cost over £20 our
price £4.95 inc VAT &
postage.

L.T. TRANSFORMERS
Parmeko Atlantic  Series
potted type. Pri 220-240v.
Sec tapped 2-6v 1.6A and
14-42Av 1.6A. The
following voltages can be
obtained  2-4-6-8-12-14-28-
36-40-42-44-48v @ 1.6A
conservatively rated £7.50
inc VAT & carr.

CIRCLE 100 FOR FURTHER DETAILS




burg, Virginia and Beltsville,
Maryland. At Leesburg, a design
by Richard Biby will have a series
of short vertical radiators placed
around the base of a convention-
al monopole antenna. The theory
is that with correct phase and
amplitude distribution the short
elements will increase ground-
wave radiation while cancelling
out much of the skywave.

The Beltsville installation,
based on a design by Ogden
Prestholdt, will use a combina-
tion of vertical, horizontal and
diagonal elements to accomplish
a similar radiation pattern.

Provided that FCC and FAA
approve the trials, it is expected
the new antennas will take a year
to build, followed by a year of
field trials. There has been sur-
prisingly little fundamental work
on medium-wave antenna design
since the classic work on direc-
tional antennas by Dr George
Brown of RCA in the 1930s.

(((({.,)))»

Camel mobiles

It always comes as a surprise to
learn that Australia has the
largest number of wild camels in
the world, the result of bringing
in camels from the Middle East
in the nineteenth century to
provide transport in the dry in-
terior regions of that vast coun-
try. Today, numbers of feral
camels roam wild in several re-
gions of Australia with even a
flourishing business in exporting
the sturdy Australian camels to
the Middle East for racing and
breeding.

According to Electronics Au-
stralia a current study of the feral

camels being undertaken by Syd-
ney University’s School of Biolo-
gical Studies is using American-
made radio-tracking collars.
These carry both a small v.h.f.
transmitter which can be tracked
directly over distances of 20-25
km and a one-watt transmitter
that is received on low-orbiting
weather satellites. The data is
recovered and processed in
France, from where it can be
communicated and displayed on
the screen of a personal compu-
ter in Sydney.

Similar tracking collars have
previously been used to track
polar bear and caribou in the
Arctic, but are regarded as too
heavy for that other Australian
bilogical curiosity, the kangaroo.
But is also raises the question of
whether satellite tracking, as
well the established v.h.f. track-
ing “bugs”, is becoming a prac-
tical possibility for long-range,
secret surveillance of suspect
motor vehicles or vessels sus-
pected of being engaged in the
international smuggling of
drugs.

Using 10.1
MHz

The ITU World Administration
Radio Conference of 1979,
among its many recommenda-
tions affecting amateur radio,
formally allocated 10,100 to
10,150 kHz to the amateur ser-
vice on a secondary basis, with
the fixed (point-to-point) sefvice
remaining the primary user.
Although most frequency
changes above 10 MHz were sub-

ject to a “transfer” period of five-

years from July 1, 1984 (below 10
MHz the transfer period is ten
years) for changes not involving
transfers, the operative date for
the new regulations was January
1,1982.

The Home Office, then in
charge of the Radio Regulatory
Division, was one of the first
national administrations to con-
firm that amateurs were free to
operate in this narrow segment
from January 1982. Because the
band was so narrow and
arnateurs were only the secon-
dary users on a non-interference
basis, the RSGB and later the
IARU recommended that opera-
tion should be confined to the
narrow band modes of c.w. and
r.t.t.y. This recommendation,
which is non-mandatory, has
been the subject of considerable
controversy in the UK, Australia,
South Africa, although it is evi-
dent that most of the relatively
small number of British

amateurs currently operating on
the band are in favour. Almost
everyone agrees that the amount
of operation on the band is at a
level far below the crowded 7 and
14 MHz assignments, even
though radio propagation char-
acteristics of 10 MHz are well
suited to the present sunspot-
minimum period.

Reasons for the low activity
inciude the fact that transceivers
and transmitters of the 1970’s or
before made no provision for
either reception or transmission
on this band; that many popular
transmitting antennas are not
suitable for 10 MHz; that the
majority of h.f. operators prefer
s.s.b. to c.w., yet have no wish to
flout the RSGB/IARU recom-
mendations; and that the num-
ber, strength and modes of the
many high-powered fixed sta-
tions {(by no means all of them
registered with the International
Frequency Registration Board)
active for many hours each deay
reduce the usable frequencies to
just a few narrow gaps for most of
the time.

Recently, after an interval of
three years, | have been spending
some time on this band using a
c.w. transmitter with the re-
latively low output power of 15 to
20 watts in the form of a home-
built v.f.0., a paramilitary “Mark
123" valve transmitter of the
1955 to 1970s era and a random
length long-wire antenna pass-
ing through the roof space to a
tree in the garden.

Despite the low power and low
activity it has proved surprising-
ly easy to contact stations in
most European countries (Rus-
sian amateurs are apparently not
yet permitted to use the band)
although the skip distance, even
at noon, is seldom much below
500 miles. Low-power signals
near the m.u.f. tend to build-up
or fade-out very rapidly as the
boundary of the dead zone
fluctuates. When conditions are
favourable, long-distance trans-
missions come through well.

But there remain long periods
when few, if any, amateur signals
can be heard. For much of the
time the high-power commercial
stations occupy about 40 of the
available 50 kilohertz. With
some exceptions the amateur op-
eration is largely confined to
frequencies below RMP, a Soviet
Navy coast station in Kaliningrad
on 10,118 kHz. This uses c.w.,
but most of the others send
streams of multiplexed r.t.t.y. or
facsimile signals that spread over
several kilohertz. Band-sharing
between low-power and high-
power services seems more suc-

cessful on the 3.5 MHz band
where the gaps are (usually)
wider.

Inbrief

The first Japanese amateur radio
satellite, JAS-1, now renamed
“Fuji” was launched successfully
on August 12 on a Japanese H-1
launch vehicle along with two
other satellites.

The 1987 RSGB National
Amateur Radio Convention is to
be held at the National Exhibi-
tion Centre near Birmingham on
March 28 and 29.

EMC problems

The increasing concern with
electromagnetic compatibility
e.m.c. which now affects virtual-
ly all forms of communciations
and electronic equipment prac-
tice is well illustrated in the
range of the papers due to be
presented at the IERE confer-
ence at York before these notes
appear. The term e.m.c. is taken
to cover such diverse topics as
the potential biological and
ignitition hazards of non-ionized
electromagnetic radiation; com-
patibility between v.h.f/f.m.
broadcasting and the aeronautic-
al service in the adjacent band of
108 to about 118 MHz; problems
of harmonic radiation from mic-
rowave ovens (something that
may well prove a major problem
when 12 GHz DBS begins); in-
terference arising from the inter-
modulation products at
multiple-transmitter sites, etc.
One of the first services to
experience serious e.m.c. prob-
lems was the amateur radio ser-
vice which began to encounter
tv-interference situations as
soon as Alexandra Palace opened
its 405-line tv service exactly 50
years ago on November 2, 1936.
Then it was found that the third-
harmonic from 14 MHz trans-
mitters would need much more
attentuation by shielding and
filtering than had even previous-
ly been found necessary.
Techniques to overcome in-
terference to v.h.f. television
were however successfully de-
veloped well before the change to
u.h.f. tv brought at least tempor-
ary relief from the relatively few
remaining cases of interference
to valve-type receivers. Unfortu-
nately the widespread introduc-
tion of solid-state devices (parti-
cularly r.f.-susceptible c.m.o.s)
into so many domestic ap-
pliances, combines with the
phasing out last year of the free
assistance to viewers and listen-
ers previously given by the DTI's
Radio Investigation Service. has
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TRANSISTORS:
TYPE: LIST:
£
2N3375 10.90
2N3553 1.60
2N3632 12.95
2N3733 12.95
2N3866 1.20
2N4416 0.75
2N4427 1.40
2N5090 10.90
2N5109 195
2N5160 3.00
2N5589 7.60
2N5590 7.90
2N5591 9.50
2N5641 6.95
2N5642 9.30
2N5643 11.85
2N5913 250
2N5944 7.85
2N5945 10.10
2N5946 10.80
2N6080 6.65
2N6081 8.40
2N6082 10.50
2N6083 11.20
2N6084 12.00
258C1729 12.50
25C1945 3.45
25C1946A 16.00
25C1947 8.50
25C1969 1.80
25C1970 1.40
28C1971 3.50
28C1972 9.50

RAEDEK ELECTRONICS

SERVING THE COMMUNICATIONS AND ELECTRONICS INDUSTRIES

TYPE: LIST:
£
25C1978 6.40
25C2053 0.80
258C2237 6.00
25C2287 9.60
25C2290 20.00
MRF240 20.70
MRF245 33.00
MRF247 33.30
MRF433 9.00
MRF449A 10.15
MRF450 11.50
MRF450A 13.80
MRF454 17.25
MRF454A 17.25
MRF455 16.50
MRF458 17.20
MRF475 230
MRF476 2.15
MRF644 22.50
MRF646 27.00
MRF648 32.70
MRF901 275
SD1013 9.75
SD1019-STUD  23.10
SD1019-5 22.80
SD1127 3.10
SD1134-1 225
SD1136 11.90
SD1143 9.40
SD1219 14.70
SD1272 10.95
SD1278 13.75

VALVES:

INDUCTION AND DIELECTRIC HEATING SPARES

INCL.

CERAMIC CAPACITORS
VACUUM CAPACITORS
GRID LAMPS

CARBON FREE HOSE
WATER FLOW SWITCHES

SOLID STATE RECTIFIERS

RECTIFIER VALVES

OSCILLATOR VALVES
COOLING FANS/FILTERS

elc. etc.

KT88
ML8536
ML8741

NL SERIES
QQv02-6
QQvO3-10
Qv03-12
QY3-65
QY3-125
QY4-250
RG1-240A
RG4-3000
XG1-2500
XG5-500
XR1-3200
XR1-6400
OA2

LIST: TYPE: LIST: TYPE:
£ £
2.00 OA3 2.50 BAUSGT
1.60 oB2 2.50 6AZ8
1.90 oB3 2.50 6BA6
1.80 0C3 250 6BE6
1.40 2C39A 3990 6BH6
390 2C39WA 4200 6BJ6
2.30 2021 2.00 6BK4C
1.60 2E26 7.50 6BN8
210 2K25 114.00 6826
770 3-400Z 78.00 6C4
995 3-5002 85.00 6CB6A
13.75 3828 15.00 6CJ3
16.25 3C45 24.50 6Cwa4
2.00 3CX100A5 35.00 60C6
1.60 4-65A 52.50 6E5
1.50 4-125A 60 00 6EA8
1.50 4-250A 76.00 6GK6
2450 4-400A 80.00 6HF5
160.00 4-4008 80.00 6HS6
15.00 4-400C 80.00 6JB6A
45.00 4B32 30.50 6JE6C
2.10 4C35A 135.00 6JS6C
900 4CX2508 EK7
8.75 EiM AMP 55.00 6K11
24.95 4CX250B 6KD6
275.00 NAT 48.00 6KD8
265.00 4CX350A 87.00 6L6GC
4X150A 33.70 6LQ6
22.00 5AR4 2.10 6Q11
530 5AS4A 210 6SL7GT
7.00 SR4GYA-B 350 6SN7GTB
57.50 504GB 2.10 6UBA
63.00 5VaGA 250 12AT6
69.80 6AHE 2.30 12AU6
10.00 GAKSW 250 12AV6
90.00 6AKE 195 12BA6
52 50 GALSW 1.80 12BA7
24.50 6AQ5A 175 12BE6
72 50 6AQ5W 1.80 12BY7A
120.00 B6AS6 2.40 12BZ6
2.00 6AS7G 4.30 120W7

Tel: 021-474 6000
Telex No: 312242
MIDTLX G.

102 PRIORY ROAD, SCRIBERS LANE, HALL GREEN, BIRMINGHAM B28 0OTB. ENGLAND.

LIST:
£ £
3.70 813 30.00
380 934 18.00
1.50 935 41.20
1.95 2050 4.80
215 2050A 4.80
2.00 5544 81.00
4.50 5545 95.00
3.50 5557 24,50
2.50 5559 52.50
1.95 5727 295
1.80 5867A 140.00
230 5879 6.15
6.30 5965 220
2.45 5991 32.00
4.20 6130 24.50
225 6146A 9.00
250 61468 9.00
425 6360A 4.95
395 6550A 7.25
4.20 68838 870
6.25 6973 3.95
4.70 7027A 6.50
250 7199 4.20
225 7247 3.20
5.90 7262A 26.00
2.00 7360 12.20
3.90 7586 11.50
6.25 7587 35.00
225 7591A 465
225 7815AL-GE 48.00
3.05 7815R 53.00
2.00 8122 101.00
1.50 8906AL 55.00
1.70 15082 6.50
2.00 5728 52.00
1.80 807 2.90
2.35 810 75.00
2.00 812A 36.85
2.70
3.70 WE ALSO SUPPLY
3.75 EIMAC TUBES AND

ACCESSORIES

1000's of VALVES/TRANSISTORS/IC’s INSTOCK. PLEASE ENQUIRE ON TYPES NOT LISTED.

TYPE: LIST:
£

AH211A 137.50
AH2511 90.00
AH2532 31.50
BT5 52.50
BT5B 52.50
BT17 142.00
BT17A 130.00
BT95 125.00
C3J 30.00
C3JA 30.00
E55L 56.00
E80CC 14.00
E8OL 2100
E88CC 3.90
E90CC 7.50
E130L 21.25
EB91 1.35
EBC9t 1.10
EBF89 1.35
EC90 1.25
ECC32 325
ECC81 1.60
ECC82 1.60
ECC83 1.60
ECC85 1.85
ECC88 2.00
ECC91 2.00
ECC189 2.00
ECF80 1.50
ECF86 1.65
ECF801 1.80
ECH81 230
ECL82 190
ECL86 1.60
EF80 170
EF85 3.00
EF86 230
EF89 2.30
EF91 295
EF92 220
EF93 1.50
SERVICE AIDS
CONTACT CLEANER - 1.00
FREEZE IT AEROSOL - 1.25

I HEATSINK COMP. (100g) — 1.50
SILICONE GREASE - 1.50
LARGE RANGE OF SOLDERING IRONS AND ACCESSORIES

PRICES - CORRECT AT TIME
OF GOING TO PRESS

TERMS - PLEASE ADD £1.00
P&P AND VAT @ 15% to orders

CIRCLE 59 FOR FURTHER DETAILS
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FIELD ELECTRICLTD.

3 Shenley Road, Borehamwood, Herts WD6 1AA. 01-953 6009

Official Orders/Overseas Enquiries Welcome/Telephone Orders Accepted.
Open 5 days. 9am/5pm. Please ring for C/P details not shown. All test
equipment carries warranty. All prices inc. 15% VAT unless stated.

TRANSFORMERS ALL 250V PRIM.

SPECIAL OFFERS

POWER SUPPLIES 240V INPUT

EN

12-0-12V2A x 2 £3.50 1nc C/P

Fixed Hard Disk Drive

6-0-6V 20A £23.00 inc C/P

240V New

9-0 9V 1A £2.75 inc C/P

VAT and C/P

Woden 11V 80A £42.00 inc C/P

Quantum (Winchester) 8°
.10

Me%
Ex-Equipment Boxed with
Data. Q2000 £75.00 inc

P.C. Card P.S.U 240V 115V Input New 5V
1A Regulated 107x100 £7.50 inc C/P

Gould Switch Mode 5V 20A 603 x87 x 105mm
£14.95CP275

Videlec 6 Digit L.C D

Woden 27V 30A C/P Please Ring

Displays. New with Fixing
Facia. Mounted on P.C

7.6V 120A £40.00 C/P Please Ring

ciw 12 Rocker

Farnell G-65M 6V 5A Swiich Mode
145%88x33£20.00C/P 1.75

Gould PM A47 12V 3A Linear . S0 £15.00
CP275

Switches 1 240V Min

22.000u1 25V NEW £1.75 Computer
Grade Caps inc C/P

Rocker 4x4 Stack Led
Dlspla( Mufii-Calour +2

811 Waterproo! Speaker Unit £12.50
C/P 2 50

40 Wag
Jumper Leads £6.95 inc
C/P + Data

Gould Type 379 5V 40A-12V4A + 15V 11A
Swiich Mode £60.00 inc C/P

Coutant Linear P.S U New & Boxed with Data
G.P Series 15-18V 10A £46.00 inc C/P

Bardic/Chlonde Satety Handlamp c/w
Sealed Alkaline Batt -~ Charter Pack
24V DC inpui New £38.75 inc C/P

Bulgin’Rendar 250V 6A
1EC Filter Plug Units
Chassis Mount with
Integral Mains Filter

NCR Micro-Fiche 390X 279 x 189mm
New Portable 240V AC 24/12DC Input
£75.00inc C/P

£3.50 inc C/P

Farnell Fan Cooled P S.U Switch Mode +5V
10A-5V 1A + 12V3A-12V 1A £28.00 C/P
275

ACDC 24V 4 8ALinear P S U New & Boxed
227x123x70£19.95 C'P 3 50

P.CB.9x2532JL 45

Marcon: TF144H Signal Generator 10
KC/72MHz £195.00 CP Please Ring

Eprom 4K x 8 Bits New
£12.95

Gould 24V 15A Switch Mode New & Boxed
Data 215x72+89 £57.50C/P 2.75

Voltex Co +12V 1.54

Marcon TF 1370 Wide Range Oscillator
0/10MHz £89.00 C/P Please Ring

+5V30A 12V 10A
Linear P S, 240V
17x14x434" New

Sibata P3 Dust Level Meter £50.00

£25.00 C/P 5.00

Data Recording Fan Cooied Linear P S.U
15V- 16V 8A « 2 New £30.00

4+11GHz SATELLITE TV RECEIVING EQUIPMENT

RECEIVERS, LNB’s, LNC's, FEED HORNS,
ANTENNAS, ANTENNA POSITIONERS,
POLOROTORS, LINE AMPLIFIERS, ETC.

For further details contact

HARRISON ELECTRONICS

Century Way, March, Cambs. PE158QW Tel: (0354} 51289

Lambda Metered P S U. 0-4V 0-1A x 2
125.00

Singer Alfred Spec-Anatyzer MFS/AL2
20H2z/35KHz £580.00

ITT 444 Teleprinter New

cw Reladv Set efc
£100.00 Buyer Collect

Coutant New & Boxed 5V 2.7A -
750M/A£17.25C/P 275

15V

Lambda Linear P S U 20V 5.2A 225x 120x
65mm £25.00C/P 275

Tektronix 611XY Display £50.00 C/P
Piease Ring

12V DC Relay 10A 2 Pico
n Plastic Box
100x75x40mm £3.50

Tekironix 613XY Disptay £75.00 C/P
Piease Ring

inc C/P

Coutant Linear P.5.U. New Boxed 6V 7A
£19.95CP2.75

COPPER CLAD BOARD

12V DC Audible Warning

Wavetek 142 HF Vohage Controlied
Gen £325.00

Device Single Tone Soiid
State £1.95 nc C/P

Wavetek Voltage Controlled Generator
111£225.00

Plastic Boxes 76x
100x40mm 6 for £5.00
inc C/P

Single Sided New Inc C/P

508x380x3No 1 £7.00 457x305x3 No 2
£7.00. 380x 254 X3 No 3 £6.00. 254 x 177 x
15N04£2.50 178x126x1.5N05 £1.50
Quantity - discount

Wier 403 0-30V 0-3AP S.U £69.00
C/P Please Ring

Builgin Pointer Knobs
Black Plastic with Metal
Bush Grub Screw Fixing.

Marconi VSWR Amp - MKI( £375.00

Stor £1.00

Double Sied New Inc C/P. 508x380x3 No 6
£7.50 457x305%3 No 7 £7.50. 380x254 %3
No8£5.75 Quantity - discount All boards
are epoxy glass.

Acos Sound Level Meter £90.00
C/P5.00

Stepper Motars 4.5V 1 44
2 Deg Steps Sanyo Step:
Syn £8.50 inc C/P

Farnali Switch Mode + 510A +24V 4A +12V
500M/A 5V 1A New Ex-Equip. Data £27.75
nc CiP

Comark RPM Meter £75.00 C/P Please
ing

12V DC 23RPM 1.2 Watt
Permanent Magnet DC
Motor with Integral

Hewlett Packard 301 Pen Recorder
£125.00 Portable Case Type

Gearbox £6.00 inc C/P

Gould 5V 60A Switch Mode 320x 125x 142
£12.50C/P 3 50

AV;Dre Cast Boxes 114 x 64 x30mm £2.50 inc
Cl

Sonnenschein A200 Drytit

Croydon PW2 Whetstone Bridge
£115.00C/P 5.00

Batts: New & Boxed 12V
DC 5.7Ah ABS Case
£16.95inc C/P

Printer Mecs = c/w Audible Warning Device 2
Stepper Motors 1x 10V DC 1x17V DC with
Control Electronics Dot Matrix Head with 12V
DC Geared Mator Chain Drives etc. Approx
Dia 11x12'2x7 12 £15.95 inc C/P

CIRCLE 24 FOR FURTHER DETAILS
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If you have no house style requirement and can use a ‘reach-me-down’
case, our December feature will help you make a choice.
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put e.m.c. back as a major con-
cern to UK amateurs. This has
been raised still further by the
DTI threat to introduce varia-
tions to the licence in respect of
power and frequency bands in
really difficult cases.

The RSGB has announced a
“11-point plan of action” to com-
bat e.m.c. problems, though one
cannot help feeling that several
of the proposals including the
establishment of a formal “code
of practice” and changes to the
syllabus of the Radio Amateurs’
Examination could well cause
controversy. The society also has
the ambitious plans of estab-
lishing a database listing case
histories for all known radio and
television receiver models. It is
also going to have a job to con-
vince some of its more prickly
members that very few amateurs
can expect to be lucky enough to
be able to run 400 watts (p.e.p.)
into a high-gain 144 MHz anten-
na located just a few feet away
from the neighbour’s tv antenna
without causing some interfer-
ence.

Solar power
growing

Five or six years ago interest
began to grow in Europe, the
USA and Japan on the use of solar
power or, alternatively, hybrid
wind/sun generators as natural
energy sources for such applica-
tions as terrestrial broadcasting
and communications. It has al-
ways been more difficult and
more costly to generate electric-
ity than to convert an existing
supply intor.f. power.

Following experiments by the
French broadcasters, both the
IBA and BBC mounted pilot ex-
periments, with UK weather con-
ditions favouring the hybrid
wind/sun systems. For a couple
of years the IBA kept a small
four-channel television relay sta-
tion at Bossiney, on the north
coast of Cornwall and serving
about 300 viewers, on the air in
this way. It was hoped that such a
system might prove economical-
ly attractive at sites remote from
the public supply main, although
in practice the Bossiney site was
connected to the public supply.

Although the system provided
the amount of power it was de-
signed to give and with the aid of
large storage batteries was able
to keep the station running suc-
cessfully, it was found that the
system required a considerable
maintenance effort compared

dc. ac conversion Changeover
eguipment (45kVA) switch
csfrisfs £85s
Sc & Soce 5<
SSsS SRt Battery b - i
coSEsNE sl controller M
Sl s S T Private
SESE S 1Y T 1 T dwellings
1
= — 1 Battery 1 II .
| charger | i
Solar cell modules ' ) \
(50kWp) Uil ! Diesel 1
i b GD \ generator 1
1 |
| T 0 T i
e ia] | AR -
- — ﬁ 1 . ) f— _____
\ ' [
1 1 A
T P Alarm
1 controller
==
T
Batteries
Oata
(300kwh) logger
Undersea
C cable
Existing
diesel generators: Other
300kWx3 loads
320kWx1
S00kWx1

with a normal mains-powered
relay; this was particularly the
case with a mechanical wind-
generator while the large bank of
storage batteries also needed
considerable attention.

Work on medium-power
photovoltaic generators, how-
ever, continues elsewhere in-
tended primarily for remote
areas enjoying more and stron-
ger sunshine that the UK. Under
a Japanese government-funded
“Sunshine Project” considerable
efforts have been made for sever-
al years to increase practical uti-
lization of solar energy for elec-
tric power generation by de-
veloping lower-cost, higher-
efficiency solar cell modules.

One such praject has involved
the use of a large array of solar
modules, capable of about 50 kW
peak output, to provide an elec-
tric power supply for the small
island of Zamami in the Ryuku
Islands. Since October 1985 an
prototype system developed by
Mitsubishi Electric has been sup-
plying power to 14 private dwell-
ings, well pumps and other
loads. Normally the many small
and remote Japanese islands use
small- or medium-power diesel
generators with the disadvan-
tages of substantial initial and
running costs, comparatively
heavy maintenance and often
uncertain transport and de-
liveries.

In the prototype system, solar
cell modules are used to charge a
bank of 136 tubular-type lead-
acid batteries with a total storage
capacity of 305 kWh and able to
provide roughly one day’s re-
serve of power. An existing diesel
generator is available as a back

up. A 45 kVA d.c./a.c. solid-state
conversion equipment is self-
commutated and of the pulse-
width modulated type. The sys-
tem is designed for automatic,
unattended operation.

A parallel d.c. connection with
the diesel generator reduces the
time during which the diesel
runs when the reserve battery
power falls. With a parallel a.c.
connection the diesel, once trip-
ped on due to extended overcast
or rainy weather conditions,
would run until the battery is
fully charged.

Monocrystalline silicon solar-
cell modules each have a nomin-
al output of 52 watts peak (22.4V,
2.32A d.c.) under standard con-
ditions (1 kW/m?, 28°C, 1.5 air
mass). The modules are series-
connected in groups of 15, with
65 such circuits in parallel.

A description of the system in
the Mitsubishi Electric journal
“Advance” (June 1986) suggests
that the operational prototype
will lead to systems providing
greater supply stability, lower
energy consumption and im-
proved resistance to and greater
safety under the environmental
extremes found in these islands.

Midnight
hi-jack

In April this year, a written mes-
sage appeared for about ten mi-
nutes on the American “Home
Box Office” satellite-distributed
cable tv channel: “Good evening
HBO from Captain Midnight.
$12.95 a month? No way!
Showtime/Movie Channel be-

ware.” Viewers had little difficul-
ty in identifying this message asa
protest at the introduction of
encryption on the premium HBO
film channel coupled with the
increase in fees.

Until encryption, it had been
estimated that about 1.5-million
viewers using their own C-band
(4 GHz) satellite receiving ter-
minals were watching HBO free.
The encryption of HBO and sub-
sequently some of the other pre-
mium film channels decimated,
at least temporarily, the sales of
large-dish home satellite re-
ceivers. The USA has had no
Ku-band (11 GHz) DBS since
1984.

The intrusion of Captain Mid-
night’s message into the Galaxy 1
distribution satellite transpon-
der sparked off deep and wide-
spread concern among the cable
programme providers and the
users of satellites for private or
business communications. Was
it possible that anyone equipped
with a dish and a medium or
high-power microwave trans-
mitter could play havoc with a
satellite with little fear of being
caught?

However, this has proved to be
a challenge to which the FCC,
working with field agents of the
Federal Bureau of Investigation,
has proved equal. On July 22. it
was formally announced that
“Captain Midnight” had been
identified as a John MacDougall
of Oscala, Florida. He had used
for the purpose not a private
up-link but the facility of the
Central Florida Teleport where
he “moonlights” as a technician.

PAT HAWKER, G3VA
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Printed-Circuit board connectors. We look at the morass of
types that are used to connect printed circuits to backplanes, to
each other, to flat cables and to the outside world.

Instrument read-outs. Numerical displays are now used on
the humblest of equipments. This feature examines the
characteristics of liquid-crystals, fluorescent, plasma and other
types and lists those available.

Production soldering and re-working equipment, with
reference to the techniques used in the surface mounting of
components. We include all types from the ordinary soldering
iron to flow-soldering machines.

Spectrum analysers. Advances in the application of
microprocessors to these instruments have opened up a wider
area of use. Those on the UK market are listed and new
techniques examined.

For further advertising details please ring Ashley Wallis on: 661 8641
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Modern Relay Technology, ed.
Hans Sauer, 2nd edition, SDS-
Relais Ltd (17 Potters Lane, Kiin
Farm, Milton Keynes MKI1I
3HF), 357 pages, hard covers,
single copies free of charge to
engineers and students. Encyc-
lopaedic handbook of relay
know-how, from A for Absolute
Dielectric Constant to Y for
Yoke. No sign of a commercial
message, not even in the tables of
relays on the market, to which
other manufacturers have gener-
ously been invited to contribute.
There is an interesting applica-
tions section with many detailed
examples and a glossary of 665
technical terms and phrases with
their equivalents in French, Ger-
man and Italian. Would you have
known that “organe de comman-
de d’excitation” translates as
“processing unit”?

Confidential Frequency List, by
Oliver P. Ferrell, 6th edition.
Duckworth (Gilfer Associates
Inc.), 336 pages, soft covers,
£12.95. Frequency-by-frequency
directory of the h.f. spectrum
from 4MHz to 28MHz, excluding
only the broadcast bands, com-
piled from ITU lists and from
observations by monitors in both
the US and Europe. Entries, a
proportion of them inevitably
incomplete, include news agen-
cies, weather stations, naval, air-
traffic control, diplomatic, and of
course spook stuff. There is

f«‘mmt“““\ :
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much to intrigue the curious:
how about President Reagan’s
frequency, 13.440MHz l.s.b.,
used by Air Force One in flight?
An introductory section surveys
radio-teleprinter codes, includ-
ing Cyrillic, and lists commercial
Z-code abbreviations.

RECOGNITION

ELECTRONIC
SPEECH
RECOGNITION

TECHNIQUES TECHNOLOGY AND APPLICATIONS

Electronic Speech Recognition,
ed. George Bristow (of STC Net-
work Systems). Collins, 395
pages, hard covers, £30. Techni-
ques, technology and applica-
tions described by 20 authors
from industry and the academic
world.

Introduction to Knowledge Base
Systems, by R.A. Frost (Uni-
versity of Glasgow). Collins, 698
pages. soft covers, £18. Textbook
of Al theory and practice for
computing science students at
graduate or final-year under-
graduate level.

BOOKS

32-bit Microprocessors, ed. L.J.
Mitchell (CAP Scientific Ltd).
Collins, 248 pages, hard covers,
£25. Details of current and fu-
ture devices, including the
68020, Z8000, 80386, the Inmos
Transputer, AT&T’s WE32100;
plus an examination of RISC
architectures.
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TV Antennas and Signal Dis-
tribution System, by M.J. Salva-
ti. Pitman Publishing (Howard
W. Sams & Co.), 256 pages, soft
covers, £10.95. Survey of broad-
cast receiving techniques for
v.h.f. and u.h.f. Unfortunately
much of the information relates
to products available only in the
US and to American installation
practice. However, some of the
more exotic antenna designs
have yet to cross the Atlantic,
and these could be of interest to
aerial experts over here.

TVAINILINNAS
and SiGNAL
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Radio and Television Servicing,
1985-86 Models, ed. R.N. Wain-
wright. Macdonald, 795 pages,
hard covers, £25. Circuits and
abridged servicing information
for various UK models by British
and foreign manufacturers.
Radio section includes clock
radios, cassette recorders, car
audio and personal stereo sets.

Introduction to
Data

Communications

and
LAN Technology
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Introduction to Data Com-
munications and LAN Technolo-
gy, by Ed da Silva (of the Open
University). Collins, 159 pages,
soft covers, £14.95. How the
various interfaces and protocols
work, and some practical case
studies. Clear explanations and
helpful diagrams.

Working with Microprocessors,
by lan Sinclair. Collins, 142
pages, hard covers, £25. Hard-
ware aspects of microprocessors
and other programmable chips,
aimed especially at designers
more accustomed to analogue
circuits. A case study deals with
the Chameleon controller de-
veloped by the Electronics Cen-
tre of Essex University.

Modern Electronic

Test
Equipment

Ko
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Modern Electronic Test Equip-
ment, by Keith Brindley. Heine-
mann Newnes, 134 pages, soft
covers, £6.95. What’s on the
market, what it can do and how it
works: guide for students and
others to the main categories of
modern test gear, including
meters both analogue and digit-
al, oscilloscopes, counters, sig-
nal generators, spectrum analys-
ers and a.t.e. llustrated with
many diagrams and product
shots.
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NEW OR USED?

Large companies often choose to buy second-user test
equipment, which has been serviced and re-calibrated, in
preference to new instruments. Cost saving is not the only reason

and measurement products was esti-

mated at $5000 million, of which 55%
was accounted for by the US market. In
recent years, the US share of the test and
measurement market has been gradually
decreasing due to faster growth in both
Japan and Europe. [t has been estimated that
the European proportion of the market now
represents about £750 million and the UK
alone accounts for £270 million. Excluding
sales to the British defence market and
indirect sales for export, the British market
for test and measurement products (defined
as equipment such as oscilloscopes, signal
sources, and digital voltmeters that is sold to
UK companies) is currently estimated at £40
million per annum.

Hence, assuming this figure of £40m per
annum to be, at worst, static over the last
seven years, there is at least £300 million
worth of test equipment being used by
British industry at the present time. It is a
moot point how much of this equipment is
gathering dust on the shelf, either because it
was purchased to fit the specification of a
particular project, or because the service
manager finds that he now needs more
sophisticated and accurate instruments.

Estimates show that 15% of this total pool
of £300 million worth of test and measure-
ment equipment is updated annually. The
trend is nowadays for test equipment manu-
facturers to bring out new models more
often — mainly because of the increasing
speed of technological innovation. British
industry is now beginning to replace its
older test and measurement equipment
much earlier in its life cycle. When Electro-
nic Brokers started business over 19 years
ago in the second-user market, it was not
unusual to find that companies were using
equipment which was in some cases 20 years
old and they were fully prepared to buy more
of the same. This trend is slowly changing:
nowadays manufacturers replace test and
measurement equipment when it is 7-10
years old and, for the future, a replacement
period of 3-7 years is expected.

SECOND-USER MARKET

The buying and selling of second-user equip-
ment has been an established part of the test
and measurement market for some time.
Without doubt, the second-user market is
here to stay. Second-user suppliers acquire

In 1985, the total world market for test

PETER FRAIMAN AND DAVID PRICE

A DEC VAX computer undergoing refurbishment at Electronic Brokers’ headquarters.

and re-sell mainly high-end professional
products, many of which, because of the
trend described above, are only a couple of
yearsold.

Ar important feature of second-user sup-
pliers is that they deal in ‘blue-chip’ pro-
ducts, such as are manufactured by Tektro-
nix, Marconi Instruments, Hewlett Packard
and Philips. Interestingly enough, the cus-
tomers for second-user equipment are also
to be found at the ‘blue-chip’ end of the
industry.

Another major feature of second-user
suppliers — and one that distinguishes them
from the traditional second-hand stockist —
is that the former do considerably more than
just buy and sell equipment. Once acquired,
a piece of equipment undergoes a complete
electrical and mechanical refurbishment
and is then fully re-calibrated to the original

specification laid down by the manufacturer.
Reputable second-user suppliers will also
offer a full 12-month warranty, as effective as
if it had come from the original manufactur-
er, and continuing after-sales support and
service even well outside the warranty
period. Before a sale is made they will be able
to offer impartial advice on equipment types
and, where practicable, will even advise on
applications.

ADVANTAGES OF BUYING
SECOND-USER PRODUCTS

Several advantages accrue from buying fest
and measurement equipment from a
second-user supplier. Cost is an obvious
advantage. Buying second-user equipment
from a reputable supplier gdives the user
guaranteed ‘as-new’ equipment at a fraction
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of the cost of the manufacturer’s list price.
Let us examine the question of costs in
more detail, and, with particular reference
to oscilloscopes, which are one of the most
important measuring tools for any engineer.
They account for by far the largest propor-
tion of any capital expenditure on test and
measuring instruments, not necessarily by
value, but in terms of number of units.

PRICE PERFORMANCE

The last 10 years has seen an unprecedented
change in the design and cost effectiveness
of the lower bandwith oscilloscopes.

As a typical example, in 1976, the Tektro-
nix 545 had a second-hand value of £275. If
we look at the price of the equivalent model,
bought new, for example the Hameg HM203,
we find that the price is only £270.

This relationship is shown diagrammati-
cally in Fig. 1. As can be seen, in 1976, there
was a tremendous saving to be made by
purchasing second-user. By contrast in
1986, a saving of only £50 on the new price
of £270 could be realistically expected, not a
real incentive to pursue the second-user
route.

If we now turn to the higher bandwith
oscilloscopes (Fig. 2), it can be seen that the
classic example of early 100MHz oscillo-
scope technology, the Tektronix 465, had a
second-user price of around 60% of the retail
price and in 1986, the modern equivalent,
the Tektronix 2235 has a retail value of
£1430 and a second-user value of approx-
imately 65% of this value.

From this it can be seen that the higher
bandwidth models are of comparatively
similar prices and enjoy a similar saving if
bought on the second-user market.

The indicator here, then, is that the
higher the technology, the higher the price
and therefore the greater the savings can be.

Extrapolating this relationship upwards
to, for example, high-frequency signal
sources and spectrum analysers, we find that
it does indeed hold true.

If we take as a specific example, the
Hewlett Packard 8640B option 002 1GHz
signal source, the story is plainly clear as
shown in Fig. 3. In 1976, a cost saving of

The Tektronix 2235, an example of larger cost saving in higher-priced equipment.

-
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one-third could be realised in purchasing
second-user; while in today’s market, sav-
ings of 50% are quite common.

The reason for this can be traced to the
fact that technology has not moved as fast as
in the oscilloscope market, but also because
the same instrument is still being produced
10 years later: obviously there are some
older models available at greater savings
than would otherwise be possible.

Consequently, it would seem a fair
assumption to make that in the lower,
cheaper end of the test equipment market,
because of the advent of newer, better but
cheaper models, it seems wisest to choose
the new machine; however, in the higher
technology part of the market, large savings
on capital investment can be realised in the
wise choice of good, high-quality second-
user instruments.

Cost is not the only consideration in
buying second-user test equipment. A pur-
chaser may want an instrument that is no
longer in a manufacturer’s current cata-
logue but nevertheless is still in perfectly
sound working order. Instrument manufac-
turers are always under a great deal of
pressure to adopt the latest technology in
new products — a trend which is on the
increase, as discussed above. Because of this
pressure, it is harder for the manufacturers
to service the demand for older products
even though, in many instances, there is a
very real need for them.

A further advantage from buying second-
user test and measurement equipment is
that the supplier will often be able to supply
equipment which, because of the required
delivery date, could not be supplied by the
manufacturer.

How, then, is the potential user to estab-
lish whether his requirements can be met by
buying from a second-user supplier? The
obvious answer is “Ask”. Suppliers con-
tinually receive inquiries about availability,
often for particular models of instruments
fitted with specific options. General in-
quiries are also very common — “How can 1
measure this?”. Reputable second-user sup-
pliers should be able to cope with all types of
questions and are often in a very good
position to give an unbiased answer, because
the very nature of his business relies on a
good network of contacts among sellers and
buyers of used equipment. ldeally, the
second-user supplier will maintain a com-
puterized database of possible sources of
equipment and individual users' require-
ments, thereby enabling a speedy response
toan inquiry.

The second-user market is today a well-
established sector of the electronics and
computing industries. As has been discus-
sed, many advantages accrue from buying
test and measurement equipment from a
reputable second-user supplier. In essence,
it makes sound business sense to consider
the second-user options when specifving test
and measurement equipment. The writers
welcome comments from people in the
industry.

Peter Fraiman is Managing Director of Elec-
tronic Brokers Ltd and David Price special-
izes in the sale of second-user equipment.
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" . ' beingtriggered by the opening o hitst intended provides an invisible modulated
o Audble emry&exn waming. clos:%g clgan external loop Iovg ) lighting applicat gr’\ss,e(chl:::;ym( s beam over distances of UDUIO 50h
switch The built-in 12V 250mA surtable tor ighting patios. ‘DS'E:INQ a ’f‘ag w';en the beam
power supply is available for pathways and gard, c s broken Intended far use in
®  Alam Sounded memory. operaling external sensors Supplied com;?re:ewirflsoow secutity systems, but also idea
. L Priced only £13.95 - VAT Suitabie lamp, priced only £14 95 . VAT for photographic and
® 2 separate loop inputs - 24Ar circults. plastic enclosure. £2 85 - VAT Protective grill, £195 - VAT measurement application
S$17¢ 80 - 50 + 35mm
® Built-in electronic siren. - X . — "
. HW 1250 f E"f|°5“’eo& fixings §  Control Unit CA 1250 Digital Ultrasonic
® Easiy installed, fullinstructions supplied. or CA125 Detector US 5063
This brand new control panel provides - i o
effective and reliable control of all types of o X -
security installations. Using advanced 4 . N i
electronics, the unit automatically checks the loop circuits every time that it is -
switched on, thereby reducing the possibility of false alarms and incorrect . only £13.95 + VAT
operation. Using a simple on/off key switch, it is easily operated by all members Price £19.95 + VAT sagilevelsiodiselunnsiof
. . . S °n|y £9.50 + VAT agamst false alarms
of the family. Additionally, 24hr personal attack and anti-tamper protection is . This taed and Lested control unit e Crystal control for greater
provided irrespective of whether or not the unit is switched on. Housed in a 1 . represents the finest value for stability
. [ N . . - . s attractive case s designed t money in cantrot systems,
strong, attractive steel case, the unitis supplied with full operating instructions house the control unit CA 1250, providing the following features ¢ Adjusiable range up to 25t
and 2 keys. Supplied fully built and tested ready for installation. logether with theappcopriate LED | il o GRS
A . . indicators and key switch ® Built-in electromc siren drives ® 12V operation
Also available in kit form Sl ey 2 loud speakers This advanced module uses
N . . . * Provides exit and ent digital signal processing to
with fuIIy built-in electronics front panel. the unit1s given a delays(og;:I e?wﬁrr: :Tecde provide lghe highest Iew,g of
g;‘:}'::i‘g:ﬁiigze:r:ggc}::;f’ alarm time sensitivity whilst disciminating
J o t potent,al fal !
£39.95 + var Swze 200 - 180 - 700mm . ?::r;fev’:?ﬁk‘:p with tricki il

* Operates with magnelic

RiISCOMP LIMITED rdr by ‘phone or mail Individual Enclosure SC5063 swiches, pressure pads Complete

or call at our showroom . o Antitamper and panic faci
Dept. WW 61 el . xR e Gt systems
51 Poppy Road, A : * 20perating modes ful from only
Princes Risborough, UNITS ON DEMONSTRATION sl o ampe, anc panc
BUCKS. HP17 DB . °"|Y £295 + VAT ® Screw connections tor ease of
Tel: (084 44) 6326 Monday to Friday 9.00-5.00 p.m. Suitable metal enclosure for instaliation a .
= Saturday 9.00-1.00p.m. housing the ultrasonic module ® Separate relay contacts for
Please add 15°% VAT and 75p P&P to all UK orders type US 5063 SUDD'*"] with the external loads + VAT
Export no VAT - postage at cost :;cee‘::aev‘ycmoummg piiargan ¢ Testloop facinty For full information of systems and
= accessories, send or call for details.

QR ed s 4 OFF AIR FREQUENCY STANDARD
- F— A ———

" T i Il MMz W0OMHr N Rx 3 .
AR 0 A
[ T o .iun a ﬁ %

-

I B

. 4::] (TR Y Model 2A OFF AIR FREQUENCY STANDARD
L] I - .

1 - . S

o

[0 Provides high accuracy TMHz & 10MHz for frequency calibration

If you use Counters [ Timers [ Frequency Meters
Signal Sources & Generators or Radiotelephone Test Systems

L* = 0 M<zaium term accuracy 1:10° Long term 2:10" without additional drift
EEEEEEE ageing or temperature coefficient [ This new design on CAD PCB
H— i:‘—: accommodates present & 1988 standard signals

———— DARTINGTON FREQUENCY STANDARDS
[ = ;j_. MOOR ROAD, STAVERTON, DEVON TQ9 6PB ENGLAND
T Telex 42928 A/B WETRAV G (Quartzlock)

Ff Emaa FIRST CLASS/NEXT POST DATA SERVICE 080 426 524

CIRCLE 99 FOR FURTHER DETAILS
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PHONE

0474 60521
4 LINES

SELECTRON HOUSE, SPRINGHEAD ENTERPRISE PARK

P. M. COMPONENTS LTD

SPRINGHEAD RD, GRAVESEND, KENT DA11 8HD

TELEX

966371

TOS—PM

STKOIS  7.95 TBA540 TDA2523 I iy o e
INTEGRATED CIRCUITS STkozs 1195 | TeAsscq TDAZ524 | CATHODE RAY TUBES Please add £3 additional carriage per tube.
gmoaa 15.50 TBAS500 TDA2530 |
TKO78  11.95 TBA560C TDA2532 DG7.32 45.00 MaB-122GW 65.00
AN124 " MCio7P 100 | STKaas 595 | TBAasoCQ TDA2540 | s B Cot FesTao MEhGoTA oeTo0
AN214Q  2.50 MC1310P  1.50 STK435  7.95 TBA570 TDA2545A i ¥ " 00
AN240P MC1327 170 STK 1 CME1428GH 45.00 DH3-91 55.00 M38-142LA 65.
ey By j I8 pagsin CME1428W 39.00 DH7 91 45,00 M38-341P31 65.00
ANB12 2.15 MC1349P  1.20 STK439  7.95 TBA720A $
E CME1523W 39.00 DP75 35.00 M3g-344P39 65.00
AN7116  1.50 MC1351P  1.50 STK461  11.50 TBA7500 d g 2700 \Tiot oon eoTo0)
AN7140  3.50 MC1357 235 TAT0B1AP  3.95 TBAB0O CME1431GH 39,00 - -
CME1431W 39.00 DN13 78 35.00 M43-12LG/o1 65.00
AN7145 350 MC1358 158 TA7108P TBABI0AS
ANTISO 295 MC1495  3.00 TAT120P TBAB!OP CME202GH 45,00 F16-101GM 75.00 Md4-120LC 65.00
BA521 335 MC1496 125 TA7130P TBAB20M CME2024W 45.00 F16-101LD 75.00 Ma4-120GR 65.00
CA1352  1.75 MC145106P7 TAT176AP TBAB20Q CME2325W 45.00 F21-130GR 75.00 M50-120GH 65.00
CA3086  0.46 7.95 TA7203 TBAB90 CME3218W 45.00 F21-130LC 75.00 M50-120GR 65.00
CA3123E 150 MC1721 050 TA7204P TBAS20 CME3132GH 45.00 F31-10GM * 75.00 M50-120GV 65.00
HA1366W  3.50 MC3357 275 TA7205AP TBA950/2X CME3155W 45.00 F31-10GR 75.00 mzo-vggw gs.gg
HA1377 350 ML231B  1.75 TA7222AP CRE 1400 25.00 F31-10LC 75.00 1-120W 5.
HAT156W  1.50 MSM5807  6.75 TA7227P TCA270 Cva29 89.00 F31-10LD 75.00 SE3AP31 40.00
HA1339A  2.95 PLLO2A 575 TA7310P TCA270SQ CV1450 35.00 F31-12L0 75.00 SE4D/PT 45.00
HA1398 275 SAAS00A  3.50 TA7313AP TCAS50 UPC575C2 CV1526 19.00 F31-13GR 75.00 SE42BP31AL 55.00
HA1551 295 gAé ; ggg 725 TA7321P TCAB00 UPC1025H Cv2185 15.00 F31-13LD 75.00 SE428P31 55.00
LA1230 .95 A 75 TA7146P TCA940 UPC1028H V2191 19.00 F31-13LG 75.00 SESFP31 55.00
LA4G3TP  1.96 SASS70S 175 TA7609P TDA440 UPC1032H Svm 15.00 F41-1231.C 185.00 T948H 65.00
LA4102 295 SAS580  2.85 TATE11AP TDA1001 UPC1156H Cvs119 85.00 F41-141LG 185.00 V5004LD 59.00
LA4140 295 SLe178  7.50 TAA310A TDA3002A UPC1158H 0. Svsazo 8500 F41-142LC 185.00 V6048CAL 59.00
LA4400 4.1 511310 1.80 TAA320A TDA1006A ugg 157C2 Cvx3se olos M7 120W 19.00 V6048) 49.00
LA4420 1.95 SL1327 1.10 TAA350A TDA1035 UPC1181H : = -
LAa422 250 SL1327Q  1.10 TAAS70 TDA1037 UPC1182H D9-110GH 39.50 z;d‘fgggM l‘g-% xgggg’:f‘ oy
LA4430 250 SN76003N  3.95 TAAGEIB  1.95 TDA1074A UPC1185H D10-210GH 45.00 - - -
LA4461 395 SN76023N  3.95 TBA700  1.70 TDA1170 UPC1191V 010-210GH688 65.00 M14-100LC 45.00 VEO70P31 65.00
LC7120  3.25 SN76033N  3.95 TBA120AS/BIC TDA1190 UPC1350C D10-230GH 35.00 MI17-151GVR 175.00 V7030 59.00
LC7130  3.50 SN76110N  0.89 AISBITAU TDA1270Q UPC1353C D10-230GM 35.00 M17-151GR 175.00 V7031GH 59.00
LC713) 5.50 SN76115N  1.25 TBA395 UPC1365C 010293-GY/90 55.00 M19-100W 45.00 V7031/67A 59.00
LM324N  0.45 SN76131N  1.30 TBA296 UPC2002H D13-30GH 49.50 M19-103W 55.00 V7035A 43.00
LM380N8 150 SN76226DN 2.95 TBA440N D13-51GL/26 85.00 m§g| :?(Lz[r)-o ggg x;ggzg: 2 g£
LM380N14 175 SN76226N 1. TBA480Q D13-51GM/26 85.00 -1 X !
LM383T 295 SN76533N  1.65 TBA510 D13-45GH/01 55.00 M23-112GM 55.00 VBOO6GH 65.00
LM3900N  3.50 SN76544 265 TBA510Q D13-600GM 59.00 M23-112GV 55.00 VB010A 65.00
M51513L  2.30 SN76570N  1.00 TBA520 D13-610GH 59.00 M23-112GW 55.00 VCRI139A, 11.50
MS515L  2.95 SN76650N 1.5 TBAS20Q D13-511GH 59.00 M23-112KA 55.00 38R 11.50
Ms1521L  1.50 SN76660N  0.80 TBAS30 D13-611GM 59.00 M24-120GM 59.00 3DP) 11.50
e STKO14 - 7.95 TBAS300 D13-630GH 59.00 M24-120LC 59.00 IHOBM 55.00
D14-150GH 75.00 M24-120WAR 59.00 WPl 18.50
80232 0.35 BFRO1 175 RCA16335 0 80 D14-150GM 75.00 M24-121GH 55.00 4EPI 30.00
SEMICONDUCTORS BD233 0.35 BFT42 0.35 SKESF 1.45 D14-162GH/84 59.00 M28-12GH 55.00 58PI 9.00
BD234 0.35 BFT43 035 TiP29 0.40 D14-172GR 55.00 M28-13LC 49.00 58HP1 30.00
AAY12 0.25 BC182 0.10 ggg‘g g:g ggvz-‘f g-g5 ;:?98 g-‘2 D14-172GV 55.00 M28-13L.G 49.00 SBHP1FF 30.00
AC125 0.20 BCi82l8  0.10 4 -30 301 43 D14-173GH 55.00 M28-13GR 49.00 5BHP31 30.00
AC126 045 BC183 0.10 BD238 0.40 BFX84 0.26 TIP31C 0.55 D14-173GM 5300 M28-131GA 55.00 sCPI 10,00
AC127 020 BC183L  0.09 BD242 . §FX85 0.32 JiEdee” 942 D14-173GR 55.00 M28-133GH 55.00 5T01A 15.00
aC128 028 BC184LB  0.09 BD246 0.75 BFX86 0.30 TIP33C 0.95 ) P/ 39.00
R s e BD376 . BEXES olas TIP34B dlgs D14-181GH/98 65.00 M31-101GH 55.00 6t ;s .
1 - b - - - b g ? 135
AC141 028 BC2078  0.13 BD410 0.65 BFY50 0.21 TIP41A 045 D14-181GJ 55.00 M31-182GR 55.00 13BPY 3.50
- Ca088 h BD434 065 BFYS? 021 TIP41C 045 D14-181GM 53.00 M31-182GV 53.00 138PA4 17.50
ACT42K 045 G208 a1 i : : D14-181GMS0 59.00 M31-184W 65.00 17DWP4 25.00
AC176 022 BC212 0.09 BD437 0.75 BFY52 0.25 TIP42C 0.47 o o iy Eo00 T 53700
AC176K 031 BC212L  0.09 BD438 0.75 BFY90 0.7 TIP47 065 D14-182GH 59. . - 360/895/690/80L 500
AC187 0.25 BC212LA  0.09 80520 0.65 BLYA8 175 TIP120 0.60 D14-200BE 89.00 M31-184P31 65.00 15.
AC187K  0.28 213 0.08 BD538 0.65 BRY39 045 TIP125 0,65 D14-200GA/50 85.00 M31-185W 69.00 1273 39.00
AC188 0.25 BC213L 0.09 80597 0.95 BR100 0.26 TIP142 1.75 D14-200GM 75.00 M31-190GH 55.00 1564 45.00
ACIBBK 037 BC214 0.09 BD589 0.45 BR110 0.49 TIP161 295 D14-210GH 75.00 M31-190GR 5:.33 ;22251 gg.gg
ACY17 1.45 BC214C  0.09 aDn701 1.25 BR103 0.55 TIP2955 .85 D14-270GH50 75.00 M31-190LA 55. !
AD142 0.79 BC21aL 0,09 BD702 1.25 BRC4443  1.15 TIP3055  0.55 D14-310W 110.00 M3t-191GV 55.00 95447GM 75.00
AD143 0.82 BC237B 0.09 80707 0.90 BT100A/0 20.85 71891 0.20 D14-320GH/82 85.00 M31-220W 59.00 95449GM 75.00
AD149 0.70 BC238 0.09 BDX32 150 BT106 1.49 TV106/2 1.50 D14-340GH/KM 45.00 M31-270GY 65.00 7709631 78.50
AD161 0.39 8C239 0.12 SEHS 0.35 BP‘G ;-20 gx;wﬂ 1.35 D14-340KA 45.00 M31-271P31 65.00
AD162 0.3% BC251A  0.12 119 0.35 BT119 -15 219 0.28 D16-100GH 65.00 M31-271GW 65.00
AD161/2  0.90 BC252A  0.15 g:: ;_9, g-gg gLTJ"%g :-gg gxggg@ g-fg 016-100GH-65 69.00 M31-271W 65.00 WIREWOUND
AF106 0.50 BC258 0.25 k d g D16-100GH/67 65.00 M36-141W 75.00
AF114 195 BC258A  0.39 BF 154 0.20 BU108 1.69 2N3053  0.40 D16-100GH/79 69.00 M36-170LG 75.00
AF115 295 BC2284 030 BR158 022 Bu124 1.25 2N3054 059 D16-100GH7 65.00 M38-101GH §5.00 RESISTORS
AF116 295 8C300 030 BF 160 0.27 8U125 1.25 2N3055 052 ToacH
BF167 027 BU126 160 2N3702 012 DIggI50CH! 62700 M8 035G 8500
AF117 295 BEd0) N B e BU204 on NI70 s 021-10GH 65.00 M38-120W 65.00 4 watt 2R4-10K 020
AF121 060 BC30on  NOZ6 g g o DG7-5 55.00 M38-120WA 65.00 7 watt R47-22K 020
AF124 0.65 BC307B  0.09 BF177 0.38 BU205 1.30 2N3704 042 3
Y 0B7.6 35.00 M38-121GHR 65.00 11 watt 1R-15K 0.25
AF125 035 BC327 0.10 8F178 0.26 BU208 1.39 2N3705  0.20 Veabol 55700 17 wak TR15K 030
AF126 0.32 BC328 0.10 BF179 0.34 8U208A 1.52 2N3706 0.12 0B7 36 $5.00 138-121LA : al .
AF127 0.65 BC337 0.10 BF 180 0.29 BU208D 1.85 2N3708 0.12
AF139 0.40 BC338 0.09 BF 181 0.29 BU3276  1.20 2N3733 950
VIDEO SPARES & HEADS
AF178 1.95 BC461 0.35 BF183 0.29 8US00 2.25 2N3792 1.35 3
AF239 0.42 BC478 0.20 Sg:gg g.gg 38222’* :-gg 2N4427 1.95 .
AFZ12 3.75 BC527 0.20 b d 2N4444 1.4
ASY27 0.85 BC547 010 BF 194 0.11 BUSBOY 225 ON5294 0‘42 VIDEO BELT KITS
AU106 450 BC548 0.10 8F195 0.11 BUYS9B  1.70 ON5296 0.4
AU107 230 BC349A  0.10 BF196 011 MJ3000  1.98 o 0B Akl ME8500/9500/ Sanyo VIC 5500... . 3.75
AUT10 350 BC550 0.14 BF197 0.11 MJE340 0.40 . VIDEO HEADS 9800 375 Sanyo VTC 9300 3.75
AU113 450 BC557 0.08 BF198 0.16 MJES20  0.48 gzg‘:gg g'gg 3HSS Surtable for Most JVC and Ferguson 3V16 4.50 Sanyo VTC 9300P.. .. 3.90
BC107A 0.1 BC5578  0.80 BF199 0.14 MPSA13  0.29 25 9 Ferguson models 29.50 JVCHHR 3330/3600 4.50 Sharp VC 6300 375
BCio7E o1 BC358 . BF200 040 MPSAZ>  0.30 15 060 3HSS(H) Suitable for Hiact: JVC HR 3360/3660 . 4.50 Sharp VC 7300 375
BC108 0.10 BCY33A  1.60 BF241 0.15 MRF237  4.95 25C485 080 VT5000, VTB00D, VT6000, VT8500 Panasonic NV 300 4.00 Sharp VC 8300 375
BC108A 011 BD115 0.30 8F245 0.30 MRF450A 13.95 25C496  0.80 VT7000 33.95 Panasonic NV 20008 3.75 Sharp VC 9300 375
BCi0BB  0.12 BO124P  0.58 BF257 0.28 MRF453  17.50 25C1096  0.80 4HS$ Suitable for most Nationat Panasonic 30008 3.75 Sony SL 30008. 375
100 010 BD131 042 BF258 0.28 MRF454  26.50 25C1106  2.50 Panasonic Models 32.95 Panasonic NV7000  3.50 Sony SL 8000/8080 . .4.50
BC1098B 0.12 BD132 0.42 ggg;? g.gg ms::_slg 1;.32 ggg: : ;:2;\1 ffg 4HSS(UIN) Suitable for Panasonic gg:xmg”wesoos/ 2 1S_0ny SLC7u7 4.00
BC108C 012 BD133 0.40 . g - Modets 370 and 380 33.95 b oshiba V5470 4.50
BC114 0.11 BD135 0.30 BF273 0.18 MRF477  10.00 25C1306  1.40
;. BF33 034 MRFB38  13.95 25C1307  2.95
g?:: 7 gﬁ:g SB:%? g.gg BF:!:rs/ 0.29 OC16W  2.50 25C1364  0.50 PsaaB(ngxguxgi?ofggsam SANYO ORIGINAL VIDEO PARTS
BC119 0.24 80138 0.30 BF338 0.32 ocas3 1.50 25C1449  0.80 Toshiba 5000 Series and NEC SANYO ORIGINAL
BC125 0.25 BD139 0.32 SEGSZ o 8252 1.50 25C1678  1.25 PV2400 39.50 PART NUMBER MODEL  DESCRIPTION
BC139 020 BD140  0.30 20 38 2.2 25C1909  1.25 RSY-2:0 Sutablofor Sony 516000 4-529-108008 VTC5150  Reel Motor 3.6W 9.95
BC140 0.31 BD144 1.10 BF363 0.65 0QCaz 2.25 25C1945  2.65 5277 -
80 BFa71 025 0G4z or d L8080, SLD7ME 50 4-527T-23501 VARIOUS  Motor Assy. 9.75
g(c:: 4 ; g-gf BD: ggc gvgg Brag4 gire o otrd gsg:ssa 0.95 DSR-10-R Suuable for Sony SL55 4-527V-51000 5150  Capston Motor 29.95
e 0z B0y e o o e ois SC1957  0.80 SLC6. SLC 50 143-0-4904-00900 FVHP615  Gear Idler Assy 5.95
L e os BFasy 32 ocTo oz 25C1969  1.95 Sanyo Head for 143-2-457T-05900 VTC9455  Stopper Reel Base 0.55
b ; atach e ocn oiss 25C2028  1.15 VTC9300/9500 41.50 143-0-545T-01701 VARIOUS  Pinch Roller Assy 8.95
BC1478 0.2 BD179 0.72 0 2502029 198
BC148A 0.09 BD181 0.45 BF459 0.36 ocT2 0.85 B Sanyo Head for VTC 143-0-545T-01700 VARIOUS  Pinch Roller Assy. 1.95
BC148B 009 BD182 0.70 BF467 0.68 ocTs 0.95 25C2078 145 530015000 41.50 143-0-551T-VTC9300 idter Assy 0.95
BC149 0.09 BD183 0.70 8F494 0.45 0ocs1 0.50 ggggggg ggg ::gggg ; 1-03900 VARIOUS  Loading Roller 0.95
BC157 012 BD20% 0,83 BF495 0.45 oc171 3.50 - -0-662T-01201 VTC5150  Reel Drive Puliey 8.50
BC158 0.09 BD202 0.65 8F595 0.23 R2008B 145 gggg; ?‘2 ‘1) -:: 143-0-9974-00100 FVHPE15  Mod Kit IC BAB304A 1.85
BC159 0.09 BD203 0.78 BF597 0.25 R2010B 1.45 . = - -
BCiize 009 ooty oo gasg O Hes2 e goay Mo Video Head Cleaning Tape (VHS Automatic wet/dry) 6.50 | VIDEO ALIGNMENT TAPES
BC174A .09 22 0.46 ! X . ;
86177 0.5 BD223 059 BFRBS 030 R2540 248 3aN211 295 Video Head Aerosol Cleaner pap— 0.85 | sopColourBars30min.  49.50
BC178 0.15 BD225 048 BFRZ0 1.50 HCA16334  0.90 3SK88 0.95 Video Copying l.ead and Connector Kit ‘Z/V 7.95 S-3P Stairsteps 30 min 49.50
Bv208800 033 [ Naoo1 0.4 EHTMULTIPLIERS VARICAP TUNER
DIODES | &viioseo o | micos oo | LINEOUTPUTTRANSFORMERS s PUSH BUTTON UNITS
——md  BY223 0.90 IN4D04 0.05 ITT CVC20 635 | ELC1043/05 MULLARD 865 DECCA. {TT, CVC20 6WAY 7.95
BY298-400 0.2 IN400S 0.05 ITTCVC30 635 | ELC1043/06 MULLARD 8.65 ITT VCV5-7-WAY 10.49
Q;:: :g g.t‘!g g:fg%ﬂm g.gg :ml‘)% g gg DECCA 100 7.95 PHILIPS GB.550 6.96 U321 8.25 PHILIPS G8 (550) 6-WAY 14.49
. . . DECCA 1700 MONO 995 RANK T20A 6.91 U322 8.25
BA145 0.16 BYX36-150R IN4448 0.10 DECCA 1730 8.95 THORN 3000/3500 7.57 U324 11.00
BA14p 017 e R o) o DEGCA 2230 825 THORN 8500 800 200MA QUICK BLOW FUSES
151 0.08 2 0.14 GEC 2040 8.95 THORN 9000 8.00
BAIS6 015 0.60 IN5403  0.12 GRUNDIG 1500 15.45 UNIVERSAL TRIPLER 545 THERMISTORS JOOMA 8p each
BA157 0.30 BYX55-600 0.30 IN5406 0.13 GRINDIG 510-6010. 2222, 5011-6011 200MA - 5 AMP 5p each
BAX13 0.04 BYX71-600 1.10 IN5407 0.16 3.45 VAT020 ri=
BAX16 006 BZY95C30 0.35 INS408  0.16 ITTCVC20 620 REPLACEMENT VA10565 023 20MM ANTI SURGE FUSES
881058 0.30 CS18 4.50 ITTa4 0.04 ITT CVC30 8.25 VA1104 0.70
BT151 079 CS108 845 ITT923  0.15 PHILIPS GB as0 | ELECTROLYTICCAPACITORS | vassso 0.45 | 100MA-BOOMA 15p each
BY126 0.10 0Aa7 0.09 ITT2002 020 PHILIPS G9 8.99 VA1097 0.25 1A-5AMP 12p each
S:‘g; gl 1 8230 g-gg PHILIPSG11 13.99 DECCA 30(400-400/350V) 2.85
1 .15 1 - PYE 725 10.95 DECCA 80/100 (400/305V) 2.99
grict  ods | onss oo SIE(;‘IEEHS RBM T20A 12.40 DECeA 1700 ! SPARE & AIDS
! i - TANDBERGE 90" 1115 (200-200-400-350V) 355
8Y179 0.63 IN21DR 5.00 TELEFUNKEN 711A 11.15 GEC 2110 (600/300V) 2.25 HEAT SINK COMPOUND ~ 1.00 PUSH PULL MAINS SWITCH
67182 0.55 IN238 3.00 BZX61 Seies THORN 1590 9.50 ITT CVC20 (200/400V) 1.80 FREEZE IT 0.95 {DECCA, GFC, RANK, THORN
By184 0.35 IN23C 5.00 015 THORN 8000 23.50 PHILIPS G (600/300V) 225 SOLDA MOP 0.64 ETC) 1.02
BT199 0.40 IN23ER 5.00 BZY88 Seiies THQRN 9000 9.95 PHILIPS G {2200X63V) 1.19 SWITCH CLEANER 0.85 PYE IF GAIN MODULE 6.99
3Y206 0.14 IN23WE  5.00 0.10 THORN 9600 22.40 PHILIPS G11 (470/250V) X wD30 175 ANODE CAP (27kV) 0.69




PHONE

0474 60521
4 LINES

A SELECTION FROM OUR
STOCK OF BRANDED VALVES
1714 24.50 EBCY1 0.90 EL153 1215
1834 7.50 EBF80 0.85 EL183E 3.50
1998 11.50 EBFB3 0.95 EL18P 3.50
2087 11.50 EBF85 0.95 EL360 6.75
2134 14.95 EBF89 0.70 EL500 1.40
2203 6.50 EBF93 095 EL504 1.40
2426 35.00 EBL1 250 EL509 5.25
2599 37.50 EBL21 2.00 ELS19 6.95
2792 27.50 ECs52 0.75 EL802 3.65
12900 11.50 EC70 175 EL821 8.50
3042 24,00 ECB1 7.95 Em?? 12.95
3283 2400 | EC86 1.00 Em g-gg
\C/HDD  4.00 ECB8 1.00 i o0
CITHI 4.00 EC90 LI =i e
«CT22  59.75 ECo1 5.50 EMBa Tes
H221 39.00 EC92 1.95 EMBS5 3oz
\H238  39.00 ECo3 1.50 EM87 2.50
AL60 6.00 EC95 7.00 EN32 15.00
ANt 14.00 EC97 1.10 ENG1 1.95
\RP12 0.70 EC8010  12.00 ENS2 450
ARP34 1.25 ECC32 3.50 EYS51 0.80
\RP35 2.00 ECC33 3.50 EY81 235
Zi1 4.50 ECC35 3.50 EY83 150
AZ31 2.50 ECC81 1.15 EY84 5.95
3L63 2.00 ECC81 Special EY86/87  0.50
35814 5500 | Quality 2.25 EYE8 0.55
SIK 19.00 ECCB2 Phitips EY91 5.50
23E 22.00 1.95 EYB02 0.70
S3JA 20.00 ECC83 0.65 EX35 0.75
SBA 20.00 ECCB3 Brimar EZ40 2.75
S1108 65.00 135 | EZ4 ]
4 EZ80 0.75
1134 3200 | ECC83Philps
S1148A 11500 1es | EZ81 oS
) EZ90 1.50
511491 195.00 ECCE3 Siemans s s
S11501 13500 2.50 PAEE Wooe
31534 32.00 ECCB3 Tungsram el Ko
=t 2350 150 1 Gisoem 695
caL 0.90 ECCB4 0.50 G240120  9.00
SK1006  3.50 ECC85 0.75 GC10B 17,50
CV Nos prices ECC88 2.75 GC100 17.50
on request £CCes 0.85 GC10/48  17.50
33A 2750 | ECCo1 200 | GCioE  17.50
63 1.20 ECC180 072 | GC1z4B 1750
JA41 2250 | ECCiBs 195 4| GD8sW  6.00
JA42 1750 | ECCB01S 350 | GDTI120M 5.00
DA% 4.50 ECCB03S 495 | GN4 6.00
DA100 12500 | ECCBO4 060 GN10 15.00
JAF91 0.70 ECC2000 12.00 GR10G 4.00
DAF96 0.65 ECF80 1.15 gg: gg 123‘3
DC70 1.75 ECF82 1.15 !
DCY0 1.20 ECr8s 170 Gs12D - 12.00
DCX-4-5000 Ecr00 185 | GI'C 00
2500 | ECFo02 185 | GTICS/S 1300
GTN175M  8.00
DET16  28.50 Ecrsor  oss | crnilal SO0
DET18  28.50 ECFB05  2.50 s RST00
DET22 3500 | ECFBO6  10.25 GUS0 e
DET23 3500 | ECH3 250 | Gy o
DET24  39.00 ECH4 300 | Exua 24.00
DET25  22.00 ECH35 3.50 GXUS0SS  14.50
DET29  32.00 ECH42 1.50 GYS501 150
DF91 1.00 ECH81 1.00 GY802 1’50
DFg2 060 | ECH83 1.00 GZ30 1.50
DF96 0.65 ECH84 1.00 GZ31 1.50
DF97 100 | ECH2000 1.50 Gz32 1.50
DH63 1.20 | ECL8O 0.60 GZ33 4.50
DH77 0.90 ECL82 0.79 GZz34 2.15
DH79 0.56 ECL83 2.50 G237 4.50
DHi49 2.00 ECL84 0.74 HAAQT 1.00
DKot 0.90 ECL85 0.69 HABCBO  0.80
DK92 1.20 ECLB6 0.95 HBC90 0.75
DL3S 2.50 ECLBO5  0.69 HBC91 0.80
DL63 100 | EFaza 250 :';gg ?-;g
oL70 2.50 EF39 1.50 Fes s
DL73 150 | EFa0 4.50 Filoy fiae
DLY2 095 | EF41 3.50 fens Koo
DL93 110 | EFa2 3.50 A 350
DL94 250 | EF50 2.50 L4200 350
DL96 250 § EF55 495 HLso 270
DLS10 1350 | EF70 1.20 HLgz 1.50
OLS16  10.00 EF71 1.50 HL133%DD 3.50
DM70 1.95 EF72 1.20 HT2 200
DM160 350 | EF73 1.00 HY90 1.00
DY51 1.50 EF80 0.55 HVR2 3.00
DY8e/87 065 | EF83 395 | JPI.7A  60.00
DY802 072 | EF8s 0.50 K3118  85.00
E80L 29.50 EF86 2.25 KR6/3 45.00
E8IL 1200 | EF86Mullard KT8C 7.00
£82CC 3.50 45 KT33C 3.50
£83CC 350 EF89 1.50 KT36 2.00
EF sM | H 2% | ke aco
E:SS 3;22 EF93 0.95 KT61 5.00
E880C 350 EF94 0.95 2.00
E88CC Stemans EF95 1.95 KT66 USA 9.95
Grear] oo EF97 0.90 KT66 GEC 17.50
Eaoce e EF98 090 | KTe63p Yellow
: EF183 065 | Spot 19.50
3007 795 | Eriga 065 | KT67 9.00
E9TH 450 | erra0 180 | KT77Gold Lion
£82CC 395 | Er73 3.50 10.95
E99F 6.99 EF732 3.50 KT81 7.00
E130L 18.50 EFB00 11.00 KT88 USA 10.95
E182CC  9.00 EFB04S  19.50 KT88 G Lion
E180F 6.50 EFB0SS  13.50 18.95
E186F 850 } EFBO6S  14.50 KTW61 2.50
E188CC  7.50 | EF812 065 | KTwez 250
E1T 15.00 EFL200 1.50 KTW63 2.00
E280F 19.50 EHS0 072 | KTZ63 250
E283CC  10.00 | EK90 0.95 L102/2K  6.95
E288CC 1350 | EL32 0.95 L102/2K 1200
EB10F 2050 | EL33 5.00 LB7-20  95.00
E1148 1.00 L34 225 LS9B 6.95
£1524 695 | EL34Mullard/ M502A  60.00
EAB0 Yoo | Phiips 4.50 M537A  60.00
EATG yo5 | EL38 1.95 M5143  155.00
e orss | o em | s e
Eﬁgg‘so o | e 350 | Me0s3 3.25
T o EL42 2.00 M8091 7.50
- EL81 6.95 M8096 3.00
EAFBOT 200 | g3 595 | Msoss 550
EB34 150 | Elgagrmar 0.95 | M8ogg 5.00
EBa1 3.95 EL84 Mullard 2.95 M8 100 5.50
EB91 0.85 EL85 4.50 M8136 7.00
EBC33 2.50 EL86 1.25 M8 137 7.95
EBC41 1.95 EL90 1.75 MB161 6.50
€BC81 1.50 EL91 6.00 M8 162 5.50
E£BC90 0.90 EL95 1.75 M8163 5.50

P. M. COMPONENTS LTD

SELECTRON HOUSE, SPRINGHEAD ENTERPRISE PARK
SPRINGHEAD RD, GRAVESEND, KENT DA11 8HD

M8190 4.50
M8195 6.50
M8196 5.50
M8204 5.50
M8223 4.50
MB224 2.00
Mg225 3.95
ME1401  29.50
ME1402  29.50
ME1501  14.00
MH4 3.50
MHLE 4.00
ML4 4.50
MS4B 5.50
MU14 3.50
MZ1-100 125.00
N37 12.50
N78 9.85
QA2 0.85
OA2WA 250
OA3 2.50
QB2 0.85
OB2WA 250
Qcz2 2.50
oc3 1.50
oD3 1.70
OM4 1.00
OMSB 3.00
OM8 175
ORP43 2.50
ORP50 3.95
P61 2.50
P4y 2.50
PABCB0  0.75
PCB6 0.75
PC88 0.75
PCY2 3.50
PC97 1.10
PCB00 1.10
PCO00 1.25
PCCBA 0.40
PCC8S 0.55
PCC88 0.70
PCC8Y 0.70
PCC189  0.70
PCC805  0.70
PCC806  0.80
PCEB2 0.80
PCF80 0.65
PCF82 0.60
PCFB4 0.65
PCF86 1.20
PCF87 0.40
PCF200  1.80
PCF201 1.80
PCF800  0.40
PCF801  1.35
PCF802  0.60
PCF805  1.25
PCF806  1.00
PCF808  1.25
PCH200  1.50
PCLE2 0.85
PCL83 2.50
PCLB4 0.75
PCL8S 0.80
PCLE6 0.85
PCLE0O  0.80
PCL805  0.90
PE1-100  69.00
PEN25 2.00
PEN4DDD 250
PEN45S 3.00
PEN450D  3.00
PNE46 2.00
PECS-40N  42.00
PFL200  0.95
pL21 2,50
PL36 0.95
PL38 1.50
PLE1 072
PLE1A 072
PL82 060
PL83 052
PL84 078
PLE8 1.00
PLSS 175
PL302 1.00
PL345 12.50
PL500 1.10
PL504 115
PL508 175
PL509 4.85
PL519 495
PLBO2T  3.50
PLB20 2.95
PLESS7 2950
PY32 0.60
PY33 0.50
PYB1 070
PY82 0.70
PY83 0.70
PY88 0.65
PY500A  1.95
PY800 079
PY801 0.78
QB3-300 54.95
QB3-1750 139.50
QB5-3500 495.00
QE03-10 495
QE08-200 145.00
QF40 65.00
apPzs 1.00
QQE2-5  19.50
QQE03-12  7.95
QQE03-20 35.00
QQE06-40 45.00
QQvo2-6  19.50
QQV03-10  5.50
QQvo3-10
Mullard  15.00
QQV03-20 25.00
QQV06-40A
27.50
QQV06-40A
Mullard  45.00
QQV07-50 63.50
QQZ03-20 42.50
QS75/20  1.50
QS75/40  3.00
Q592110 5.00
QS95/10  4.85
QS108/45  4.00
QS150115  6.95
QS150/30  1.15
QS15045  7.00
QS1200  3.95
Qs1202 3,95

Q$1203 4.15
QS1205 3.95
Qs1208 1.05
Qs1207 0.%0
Q81208 0.80
Q851209 3.15
Qs1210 1.50
Qs1211 1.50
Qs1212 3.20
Q51213 5.00
Qs1215 210
Qs1218 5.00
Qua7 9.50
Qvo03-12 5.75
QV05-25 1.75
QV06-20  29.50
QV08-100 145.00
Qv2-2500 45.00
QY3-125  65.00
QY4-250  70.00
QY4-400  76.00
R10 4.00
R16 12.00
R17 1.50
R18 250
R19 2,50
R20 1.20
R1169 55.00
RGt-125 4.95
RG1-210A 14.50
RG3-250A  3.50
RG3-12504 35.00
RK2K25 62.50
RK-208 12.00
RL16 1.50
RPL16 12.00
RPY13 2.50
RPY43 2.50
RPY82 2,50
RR3-250 15.00
RR3-1250 35.00
RS613 45.00
RS685 54.95
RSS688 52.15
S6F17 5.95
S6F33 28.95
S1E12 38.00
A30/2K 12.00
S1041K  10.00
S109/1K 15.00
5130 5.59
S130P 5.95
5C1/800 5.00¢
SC1/1100  6.00
SC1/1200  5.00
SC11300  6.00
§C1/200 9.00
SPat 5.00
SPa2 3.00
SP4B 4.95
58501 35.00
ST 1.50
8TV280/40 11.95
STV280/80 19.95
Su42 4.95
TB2 5/300 85.00
TB2-300  45.00
TB3-2000 395.00
TD1-100A 25.00
TDO03-10F 35.00
TD3-12 4.00
TDD4 5.50
TP25 1.5
TSPa 7.00
TT11 1.50
Tr21 45.00
TT22 45.00
TT100 57.0C
TTR-31MR 65.00
TY2-125A 85.0C
TY4.400  85.00
TY8-600W
365.00
TYS2/250 375.00
u18-20 27%
U9 11.95
u24 2.00
uz2s 0.90
uze 0.90
us7 9.00
U4 6.95
us0 2.00
ue2 3.00
U191 0.70
u192 1.00
U193 0.65
U251 1.00
usor 0.75
UABCB0 0.65
UAFa2 1.00
UBF80 0.60
UBC41 225
UBC81 1.50
UBF8g 1.00
usL21 175
uce2 1.20
uccsea 0.70
uccses 0.60
UCF80 1.00
UCH21 1.20
UCH41 2.50
UCH42 2.50
UCHB1 1.0
ucLe2 1.75
uCL83 250
UF41 1.5
UF42 1.15
UF80 1.75
UF8s 1.20
UF89 2.00
UL44 3.50
uLsa 1.50
uLss 0.85
LuUs 3.90
uu7 8.00
uus 9.00
uvat 3.50
uyss 0.70

V235A/1K 250.00
V238A/1K 285.00
V246A/2K 315.00
V2406/1K 225.00
V241C/1K 195.00

V339
V453
VLS631
VP4B
VP133

VA75-30  3.00
VR101 2.00
VI105/30  1.50
VR150/30  1.15
VT52 2.50
vu29 4.50
VU39 1.50
w21 4.50
w77 5.00
w729 1.00
w739 1.50
X24 4.50
XB66/X65  4.95
X76M 1.95
XC24 1.50
XC25 0.50
XFWa7 1.50
XFW50 1.50
XG1-2500 75.00
XG2-6400 135.00
XG5-500  22.50
XL628FT 7.50
XNP12 2.50

XRB1-1600A 49.50
XR1-3200A 79.50

XR1-6400A
115.00
¥502 25.00
Y65 6.95
YD1100  75.00
YJ1060  265.00
YL1020  29.00
YL1060  195.00
YL1070  195.00
YLIO71  195.00
YL1290  65.00
z77 1.20
2302C 1200
2359 9.00
75055 15.00
2520M 4.00
Z521M 8.00
700U 3.00
2749 0.60
2759 19.85
2803V  18.95
ZA1000  12.50
ZA1001 .50
ZM1005  8.00
ZM1020 6.0
ZM1021  8.00
ZM1023  7.95
ZM1041  14.00
ZM1082  9.00
ZM1083  10.00
ZMNT77 9.00
ZM1202  55.00
ZM1263  4.00
ZM112 3.00
1A3 4.50
1ACB 1.20
1AE4 350
1B3GT 1.95
1822 10.00
1827 55.00
18354 45.00
1B63A  75.00
1C1 250
1C5GT 2.50
1FD1 250
1G3GT 2.50
1J3GT 2.50
1K3 2.50
N2 4.50
INSGT 2.50
1P28 25.00
1P39 19.50
RS 0.90
114 1.00
104 1.75
U5 1.00
1X28 1.40
122 8.95
2AS15A 11.50
287 1.50
2B22 69.50
2C39A  32.50
2C39BA  39.50
2C40 37.00
2c42 29.50
2C43 60.00
2C51 0.75
2053 45.00
2CY5 1.50
2p21 1.95
2021W 250
2E22 49.00
2E26 7.95
2442 93.00
2J55 350.00
2K25 35.00
2K25 Raytheon
75.00
2K26 95.00
229  250.00
2K48 140.00
2K56  250.00
2X24 5.00
3A/1078B 12.00
3A/108A  9.00
341098 11.00
3A/110B 12.00
3A141K 11.50
3A147)  7.50
3NI67TM  10.00
3a2 3.95
3A3A 3.95
3A4 .10
3A5 4.50
31L5 0.95
3AT2 3.35
382 3.00
384 4.95
387 4.50
3824 10.00
3826 24.00
3828 15.00
3876 1.50
3C4 1.00
3c23 19.00
3C45 24.00
3CB6 1.50
3CN38A 250
3Cs6 0.95
3CX3 2.50
3CYs 1.50
306 4.50

3E22 49.50
3EHT 1.95
3EJ7 1.95
3v4 1.75

IWAGT 2.50
4B5518  115.00
4-65A 59.00
4687A 9.50
4-250A 79.50
4-400A 87.50
4-1000A  425.00

4832 35.00
4BQ7A 1.75
4B26 1.95
4C27 25.00
4C28 25.00
4C35 145.00
4CX1000A
425

4CX4000A

1100.00

4CX2508 49.00
4CX2508 EIMAC

§9.50
4aD32 125.00
4CX250BN 75.00
4CX250K EIMAC

85.00
4CX125C EIMAC
125.00
4CX350A  95.00
4CX350F  79.50

4xC15008
398.50
4E27 195.00
4GS7 2.25
4452 75.00
4JC6A 295
4KT6 1.50
4X150A 35.00
5A/102D 50

SAN8 1.20
5AR4 2.00
5AU4 1.50

5T4 5.95
504G 2.95
5U4GB 4.50
5V4G 1.50
5Y3GT 1.95
5Z4GT 1.50
6/30L2 0.70
B6A/203K 9.00
BA7 4.95
BABG 1..50
6AC7 2.00
BAGS 1.50
BAG7 1.95
BAHE 2.50
BAJ4 2.00
6AJ7 2.00
BAKS 1.95
BAK6 250
BALS 0.60
B6AM4 3.25
BAMS 600
BAME 1.95
BANS 4.50
BANBA 3.50
B8AQ5 1.75
6AQ8 0.85
BARS 5.95
6AR8 3.95
BASS 1.50
B6ASE .50
B6AS7G 4.50
BATE 0.75
BATS 1.75
BAU4 2.00
BAUSGT 4.50
BAUB 0.95
BAVE 0.75

BAY3EB 1.95
BAZE 4.50
687 2.80
6B8G 1.50
8810 1.95
6BA6 0.95
B6BA7 4.50
B6BABA 3.50
BBE6 0.95
6BG6G 3.00
6BHE 1.95
6BH8 1.50
6BJ6 1.50
BBK4 4.00
B6BK7A 1.95
6BLE 85.00
6BLS 1.15
6BM6 115.00
6BM8 0.58
BBN4 1.65
6BN6 1.65
68N7 4.50

B6BRS 0.70
6BR7 4.95
6BR8 2.15
B6BRBA 2.15
6887 5.5

6BW4 1.50
6BWE 5.35
eBW7 1.50
6BWS 4.00
6BX6 0.48

6BX7GT 3.50

BKM8B
BKT8
6L1
8L15
6L19
BLEGC
B6L6GC(GE}
B6LEGT
6L020
BLF6
6LJ8
6LO6
6N7
B6N7GT
6P15
6P25
6P26

2.50 6R7G 3.15
295 6S4A 1.50
1.25 BSA7GT 1.35
1.95 88C7 1.50
2.50 63SG7 2.50
1.50 B8SH7 1.35
2.50 6SJ7GT 1.20
2.50 BSK7 1.35

6.95 68U8B 1.15
3.95 BUBA 1.50
3.25 B6VEG 125
1.50 BV6GT 1.50
1.60 6VGG 1.00
295 BYBG 3.95
0.75 BX2N 1.00
0.95 6x4 1.50

235 6x8B 2.25
0.95 7A6 4.50
6.50 7A7 2.00
5.95 7AD7 1.75
2,50 7AU7 1.50
1.50 786 3.50
2.15 787 2,50
3.95 7Cs 3.50
4.95 7C6 2.50
2,50 7E7 2.50
250 7H7 3.50
1.75 77 5.50
2.50 7Y4 2.50
2.50 888 2.50
1.9 8810 2.50
1.75 8BQ5 1.95
295 8FQ7 1.95
295 1002 1.25
4.50 10DE7 2.50
2.00 10EW7 2.95
4.95 10F1 0.75
2.50 10GK6 1.95
2.00 10P14 2.50
5.50 10P18 0.78
1.50 10LD12 0.65
3.00 11E2R 45.00
1.00 HE3 55.00
275 11R3 5.50
250 12A6 3.95
060 12AD6 1.50
1.25 12AH7GT 4,95
125 12ALS 1.00
1.25 12AT6 1.25
1.25 12AT7 1.15
17.00 12AT7WA  2.50
1.95 12AU6 1.50
295 12A17 0.65
5.50 12AVE 1.95
3.95 12AV7 2,50
0.80 12AX7GT 1.00
1.50 12AX7 0.65
1.95 12AXTWA  2.50
2,65 12AY7 3.95
215 12AZ7A 1.95
2.50 12B4A 4.50
2.50 12BA6 1.50
2.50 12BE6 1.95
3.95 12BH7A 2.50
9.50 t2BL6 1.75
2.50 12BY7A 275
1.95 12C8 2.50
1.95 12CAS5 1.95
5.50 12CX6 1.20

215 12E1 19.50
3.15 12E14 38.00
2.50 12GN7 3.95
2.00 12HG7 4,50

2.50 12028 2.95
4.95 12K5 1.95
4.15 12K7GT 1.50
2.00 12K8 1.95
3.00 12SA7GT  1.95
6.50 128G7 4.75
2.50 125H7 1.95
295 125K7 1.95
250 128J7 1.50

295 12887 250
4.50 12X4 1.95
1.95 1303 3.20
1.15 1307 3.20
7.50 13D9 3.20
2.50 13DE7 2.50
5.50 13DR7 2.95

AUDIO TAPE HEADS

MONO HEAD 1.50
AUTO REVERSE 3.50
STEREQHEAD 2.95

ELECTRO-OPTICAL

9524H
9677M
P4231BAM

VALVE AND CRT BASES

85D
B7G

B7G SKTD
B8G

B8H
B9A

BYA SKT
B9G
B10B

CIRCLE 61 FOR FURTHER DETAILS

5.50 | 8138 .

0.25 | 814A 3.00
0.25 | 12PIN CRT 0.95
1.50 | NUVISTOR 2.95

0.70
0.
[
0.75

.35
.40

TELEX
966371
TOS—PM

1803 6.00 958A 1.00
18GB5 3.50 1299A 0.60

19AQ5 3.50 1619 2.50
19AU4GT 250 1625 3.00
19G6 9.00 1626 3.00
19G3 17.00 2050W 6.95
19H4 35.00 2050 5.50
19H4R 25.00 2051 5.50
19H5 33.50 3534 4.00
19Q6 9.00 404A 10.95
20A2 10.50 927 15.00
2001 0.70 1927 25.00
20LF6 7.95 4212 250.00
20L1 0.95 4313C 4.00
20P1 0.55 43280 9.00
20P3 0.60 5636 5.50
20P4 1.95 5642 9.50
20P5 1.15 5651 250
21426 4.95 5654 1.95
21Lu8 2.50 5663 1.95
2481 39.50 5670 3.25
250Q68 2.95 5672 4.50
25L6GT 1.75 5675 28.00
25BQ6 1.75 5678 7.80
28C1 19.50 5687 4.50

29KQ6 6.50 5692 3.50
30C17 0.40 5696 3.50
30C18 1.48 5704 3.50

30FL1 1.00 5725 2.50
30FL2 1.35 5726 2.50
30FL12 0.95 5727 2.50
30FL13 1.10 5749 2.50

30FL14 125 5750 1.85
30LI 045 5751 285
30L15 0.60 5763 5.75
30L17 0.60 5814A 3.25
30P4MR 1.00 5823 9.50
30P12 1.00 5829WA 6.50
30P18 0.60 5840 3.50
30P19 1.00 5842 11.00

30PL1 250 5847 10.95
30PL13 0.60 5879 5.00
30PL14 1.75 5886 13.95
31J86C 5.50 5894 39.50

35A5 4.50 5963 175
35L6GT 2.00 5065 225
3523 185 6005 1.85
38HE7 4.50 6012 16.00
40KD6 5.50 6021 3.65
42 6.95 6057 375
47 6.00 6058 3.95
50A5 1.50 6059 3.75
50C5 0.95 6060 225

50CDBG 1.15 6062 450
50ERHS 1.50 6063 2.00
50JY6 2.95 6064 3.25
52KU 2.00 6067 7.00

80 4.50 6136 250
83 8.50 61468 9.50
84 3.00 6155 65.00
85A1 6.50 6156 65.00

90AV 1500 | 6158 320

90C1 3.50 6201 6.45
0CG 13.50 6205 6.95
90CV 12.50 6211 2.50

91AG 9.00 6267 4.50
92AG 19.50 6350 3.50
92AV 15.00 6360 4.50
95A1 6.50 6386 14.50
100E1 10.00 6463 7.50
108C1 1.50 6545 8.50
15082 6.50 6550 10.95
150C2 2.50 6688 6.50

150C4 2.15 6870 11.50
155UG 25.00 6887 9.50
185BT 1.50 68838 9.95
211 33.50 6973 5.95

726A 75.00 7475 5.00
803 14.95 7486 125.00
805 59.00 7527 85.00
807 1.95 7551 6.95
810 85.00 7558 9.45
811A 15.00 7586 15.00
812A 35.00 7587 29.50
813 23.50 7781A 4.95
8298 14.50 7609 47.00
833A 95.00 7733 5.50
BBBA 6.50 7788 29.50
B72A 20.00 7815 49.50
873 6000 7868 3.95
884 5:50 8012 15.00
930 9.95 8950 7.50

CALLERS WELCOME
OPEN MON-THUR 9AM-5.30PM
FRI9AM-5 00PM
*24-HOUR ANSWERPHONE
SERVICE"
ACCESS & BARCLAYCARD
PHONE ORDERS WELCOME
UK ORDERS P&P £1
PLEASE ADD 15% VAT
EXPORT ORDERS WELCOME
CARRIAGE AT COST
PLEASE SEND YOUR
ENQUIRIES FOR SPECIAL
QUOTATIONS FOR LARGE
REQUIREMENTS.
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1
PANORAMA
L

The Leaders in
Professional Antennas

A comprehensive range of mobile, portable and elevated antennas for commercial
cellular, and security applications. For use in all VHF bands
(including |, 11l and system 4) UHF and cellular.

For further details and full catalogue telephone 01-870 5300/01-870 5192
Panorama Antennas Limited, 73 Wadham Road, London SWI5 2LS
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We include this round-up of jobs currently on offer in the electronics industry as the first in a regular series on careers. There appears to be a certain
amount of confusion about the requirements likely to be specified by employers for the kind of job one would like to do, so to try to help clear the way we
are asking personnel officers and directors to give their views on the proper approach to a career in electronics.

itis evident from the iist below that a majority of positions are of the degree level. but there is still a large number for which HNC, HND or even O-levels
are needed or for which experience alone is enough, particularly in sales. There are even some advertisers who do not mention their requirements at ail.

Area Company
COMPUTER HARDWARE

Romsey Plessey
Surrey

Southampton British Gas
Derby/Bristol Rolls-Royce
Basildon, Borehamwood GEC Avionics

Bristol, Rochester

South-east

Bristol Hewlett-Packard
Cambridge Topexpress
Herts. and Essex -

Chessington Racal

COMPUTER SOFTWARE AND SYSTEMS

- US bank
Cambridge Acorn

West Sussex -
Gloucestershire -

- GEC Avionics
Chessington Racal
Romsey Plessey

East Midlands -
Hewlett-Packard

Bristo!

Cambridge Topexpress
Herts. & Essex -

Bristol Bendix

Wells Thorn-EMI
COMMUNICATIONS

Brighton British Telecom
Maidenhead-based BNR
Cheltenham GCHQ

Accra, Ghana Planet Electronics

- British Gas
GENERAL ELECTRONICS

London N. London Poly.
Warrington UKAEA
Lincoln/Wembley Marconi

London WC University College
Plymouth Wandel & Goltermann
SALES

Brighton British Telecom
Midiands -

Manchester Center-File
Midlands/SE FOCOM

Burgess Hill -

S. Hampshire -

Bognor Regis Sangamo

West of London -

N. Midlands/NW -

Home Counties GSPK

Hainault Gouid

Corby RS Components

SERVICING/MAINTENANCE

Croydon C. Health Authority
Birmingham Automobile Assoc.
Victoria A. H. Hudson
London/S. Coast Dataller

Jersey

London Univ. Inst. of Ed.

Contact

Freephone Plessey
Roke Manor
0784 34322

0703 31818

0322 241099

0272 795319

1. Hickman,

GEC Avionics Ltd,
Freepost, Elstree Way
Borehamwood, Herts.
0635 33445

0223 311316
0223 355427
0202 292155
01-397 5281

01623 1266

0223 214411
01-460 5575
21455 6255

see "Hardware"”
01-397 5281
Freephone Plessey
Roke Manor
0533 544 193
0223 311316
0223 355427
0202 292155
0272 671881
0749 72081 x 227

Freephone 3027
Freephone 3277

0256 468551

152 College Road
Harrow, Middx HA1 1BH
0703 31818

01-609 9913. Ref. R9AD
0925 573160

0522 688121

Technician (optical fibres)
" (microprocessors)
0752 772773

Freephone 3027
Steve Cash, PER,
21 Marble Street
Manchester
08163 8466

Personnel Off., Focom
Systems, Severn Rd,
Leeds LS10 1BL
01-235 6060

01-387 6667

0243 825011

0273 471271

04867 6891

0423 865641

01-500 1000
Personnel Officer RS
Components Lid,
Birchington Rd, Corby,
Northants NN17 9RS

01-684 6999 x 4318

0256 492971

01-828 3937

Dataller Computer Ser.
King St, Wigan WN1 18T
0534 30289

01-636 1500 x 254

Personnel needed

Research

PBX/comp. interfacing

Data communications
Wide range of actjvity

Design engineers

Micro control (chief engineer)

Computer networking

Dig. systems(noise & vibr'n)
Design engineers

Design engineers (radar)

Systems analysts
Software engineers
Software engineers
Software manager
Software engineers
Software engineers (radar)
Wide range of research

Software engineer
Software engineer
Systems engineers
Software engineers
Sysfems engineers
Software engineers

PABX engineering

Field engineers

Trials engineers

Systems test

TSOs (radar or aerospace)
C.v & video comms

Data communications

Acoustic/audio research
Non-destructive test
l.c. design and production

Des. engrs (test & measure)

PABX sales
Sensors/control

Micro. products (mgr)

Defence (optical fibres)

M/c tool readouts. Manager
Components/systems. Manager

Components
Components

P.c.bs (area manager)
Instruments

Opto and instrument mktg

Electro-med. servicing
Radio maintenance
Dictation equipment
Servicing

PCs/home computers
Microprocessors

Quals

Degree

Degree

C.Eng.
Degree

Degree, HND

Degree
Degree
Degree
Degree

A lev./deg.

Degree

Degree
Degree

Degree
Degree
Degree
Degree
HND

Degree

Degree
HND/degree
HND/degree
HND
Degree/exp.

C.Eng.

Degree
Degree/HNC

Degree

Degree

HNC

Degree

Prev. exp..
Deg. pref.

ONC
C&G Fin.

Salary

20-25k
11-15k

15k

10-20k

Negotiable

19k

10-20k
14k
10-17k

~14-16k

13-20k
No tax,
Accommod'n
12-15k

6.5-7.3k

7.3-8.4k
7.3-9.9K
20k

13.6-15.5k
5 fig.
25k

22k
25k

10-14k

12-20k

4.5 day week
1020k

11k

7.3-9.3k
8.5k
8.5k

9k

8-9k
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Appointments

Advertisements
accepted up to
12 noon November 3
for December issue

~
DISPLAYED APPOINTMENTS VACANT: £23 per single col. centimetre (min. 3cm).
LINE advertisements (run on): £5 per line, minimum £40 (prepayable).

BOX NUMBERS: £11 extra. (Replies should be addressed to the Box Number in the
advertisement, ¢/o0 Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS).

PHONE: SUSAN PLATTS, 01-661 3033 (DIRECT LINE)
\ Cheques and Postal Orders payable to BUSINESS PRESS INTERNATIONAL LTD. and crossed.
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JOBSEARCH

TECHNOLOGY

i HARDWARE, SOFTWARE & SYSTEMS APPOINTMENTS
£10,000 - £30,000

i

A
Cog e
S&\,TG!

S

- With the most successful companies and consultancies - both large and small - throughout the UK & Europe: Offering first class salary/benefit packages
(several include co. car) with excellent career advancement opportunities.

Experience in any of these fields would be a particular plus:

HIGH SPEED SIGNAL PROCESSING: REAL-TIME 16/32BIT, ARRAY, PIPELINE OR BIT SLICE ARCHITECTURES; SOFTWARE - C, PASCAL,; ADA;
ASM-VMS/UNIX etc: A | & EXPERT SYSTEMS: IMAGE & GRAPHICS PROCESSING: LASER/FIBRE-OPTICS: SONAR: RADAR: COMMUNICATIONS:

CUSTOM VLS! DESIGN: ANALOG/RF CIRCUIT DESIGN.

ECM offers confidential and professional guidance: we will listen to your requirements and identify opportunities to suit your plans. Phone now for your
FREE CASSETTE “Jobsearch Technology” and hear how ECM can help you to develop your career.

Call ECM on 0638 742244 - until 8.00 p.m. most evenings - or send your cv {no stamp needed) to:

ELECTRONIC COMPUTER AND MANAGEMENT APPOINTMENTS LIMITED
MBRIDGE,

FREEPOST, BURW

Assistant
Test Manager

c£12,500 p.a.

As leadersin the defence industry, our client currently
has a position vacant at their site in North West Surrey for an
Assistant Test Manager.

Reporting to the Test Manager, you will be responsible
for controlling the day to day running of the production test area,
which willinclude diagnoses of complex faults to component
level, liaison with internal technical staff and external customers,
and the supervision of a number of test engineers to meet
production programmes.

The successful applicant should be educated to at
least HNC level or equivalent, ideally in Electronics. Your
background must include a minimum of two years experience at
Test Engineer level, preferably ina supervisory capacity. The
ability to react to deadlines and work under pressure is essential,
and experience of Automatic Test Equipment/Software would
be a definite advantage.

Our clientoffers anexcellent benefits package, including
relocation where appropriate and overtime will be available.
Applications will also be weicomed from less experienced
candidates, as more junior positions exist within the department.

Inthe firstinstance, please telephone or write to
L. J. Associates atthe address below. REF: 09/67

e e ke R S TS S I L ey
Interviews are heid direct with prospective empioyer
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ENGINEERING
OPPORTUNITIES

Edinburgh (031) 226 5381 'l

Leeds (0532) 580510 40—

Manchester (061) 832 5856 [ ’

Birmingham (021) 643 1984 .*

Leicester (0533) 544193 ’ @iEEDS

Milton Keynes (0908) 666872 P !

Bishop's Stortford (0279) 506464 SIRMINGHANG)

London (01) 637 0781 I

Bristol (0272) 211035 t | mswopssorTronng
- BRISTOLG BRACKNELLQ N f

Bracknell (0344) 481808
Maidstone (0622) 687171 |
Crawley (0293) 514071

CRAWLEY@ MAIDSTONE |

50 i

Salaries £8,000 to £30,000 p.a.

As the UK's leading specialist sales and technical recruitment consultancy,
we provide a FREE service to engineers seeking a career move.

If you have experience in digital, analogue, microprocessor or
communications technologies (either hardware or software), ideally with a
recognised qualification, we have hundreds of vacancies throughout the
UK in R & D, Design, Manufacturing, Test, Service and Sales.

Call your nearest branch for more information or send
a comprehensive C.V. (no stamp required) to:-

| ADivision of ATA Selection and

N

Al ices Ltd

FREEPOST, Bishop's Stortford, Herts. CM23 2BR.




Transmitter Capital Projects

It seems we go
to any lengths to
satisty our audience

Currently, the BBC has over1,000 transmit-
ting stations throughout the United
Kingdom and overseas, and we are spend-
ing some £17 million each year in order to
extend that number and, at the same
time, update our current equipment.

It's an ambitious engineering pro-
gramme which covers powers from 1 watt
to 500 kW, radio frequencies from LF up to
SHF and the latest digital transmission and
control techniques.

It involves our Transmitter Capital
Projects Department in virtually every
aspect of the planning, designing and
equipping of transmission facilities.

That's where

806
engineering

Making an Art of Technology

Such is the pace of this work, we have
opportunities for graduate, or graduate
calibre electronic engineers.

If you are newly-qualified, or have up to
2 years’ experience, opportunities exist
within.our engineering teams hand-
ling one or more projects at a salary of
between £9,600 and £10,400p.a., depend-
INg Upon experience.

Alternatively, with more than 3 years’
experience, which must have included
project management responsibilities, you
could take charge of one of our projects at
a salary of between £11,270 and £14,000
p.a., depending upon experience.

In every case a background in RF,
analogue and digital techniques or
computerised control systems would be
an advantage and you must have a degree
or equivalent gualification in electronic
engineering, normal hearing and colour
vision.

You can expect to travel to transmitter
sites throughout the UK as a regular part
of your work. There will also be extensive
training in BBC technology and methods
of operation.

you come in

The rewards will be very competitive
and the benefits package will include
25 days’ annual holiday plus public
holidays, pension scheme, excellent
recreational facilities and, under certain
circumstances, relocation expenses.

For further information and an appli-
cation form, please write, quoting
reference 86.E 4019/WW to:

Head of Engineering
and Technical Operations Recruitment,
BBC, PO Box 2BL, London W1A 2BL.

We are an equal opportunities employer.
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ASSISTANT
COMPUTER
APPLICATION

ENGINEER
Design Group

The Design Group produces designs for electronic equipment
used throughout the BBC and employs a staff of about 60
professional engineers. Computers are being used increasingly in
the design process, for software development, modelling, circuit
synthesis and analysis, and for CAD. The Group’s work covers the
field from studios to transmitters.

Continuing expansion of the Group’s computer facilities has
created a vacancy in a small team playing a key role in the planning,
implementation, enhancement and support of this rapidly growing
area of activity.

Existing computer facilities to support CAE comprise a VAX
730, two microVAX Il, an Ethernet local area network and
numerous IBM and DEC PCs. Current plans include the addition of
CAE workstations, and you will be expected to participate inthe
integration of these new tools into the existing CAD facilities.

You should have an engineering or science degree or
equivalent, electronic design experience and an interestin
computer aided design. Micro- or mini-computer experience is
essential; knowledge of VAX/VMS desirable. Training will be given
where necessary.

Salary, according to experience, will be in the range of
£10,633—£14,877. Pensionable post. Excellent Club and
restaurant facilities. Relocation expenses considered. Five weeks
annualleave.

For further information piease contact David Kitson on
01-927 4059. ‘

For application form contact (quote ref. 2204/WL and enclose
s.a.e.)BBC Appointments, London W1A 1AA. Tel. 01-927 5799.

SATELLITE
RECEPTION

RESEARCH
ASSISTANTS

BBC
Monitoring Service

With the advent of satellite communications, broadcasting and
news agency organisations are switching from conventional
means to satellites for their transmissions.

As a Satellite Reception Research Asssistant, you will be
involved in the Monitoring Service's work in this field and your duties
will include frequency scanning and the compilation of
transmission schedules.

Extensive experience incommunicationswithC & G
intermediate Telecommunications Technicians Certificate or
equivalent qualification and a thorough grasp of satellite
communications are essential. Knowledge of major broadcasting
systems, familiarity with news agency transmissions and the ability
to recognise a range of languages an advantage.

Suitable applicants will be required to take written tests and
appointment will be subject to satisfactory hearing tests. Shift work
involved.

Salary £10,070 —£12,496 including shift allowance.

Relocation expenses considered

Write or telephone immediately for application form (enclosing
addressed, foolscap envelope) and quote ref. 2638/WL to Senior
Personnel Officer, BBC Monitoring Service, Caversham Park,
Reading, Berkshire RG4 8TZ. Telephone: (0734) 472742 ext. 212.

1. BROADCAST SYSTEMS

Analogue, digital and microprocessor
experience. Repair a wide range of studio
equipment.

£9,000, Herts.

2. RADIOCOMMS

Repair and service marine and satellite
communications sytems.

£9,000+Car, Surrey.

3. FIRE DETECTION EQUIPMENT
Support Engineer involved in the repair of
micro and digital based control systems.
£10,000+Car, Surrey.

4. TELECOMMUNICATIONS
Approvals Engineer to test and fautt find
complex analogue, digital and
microprocessor circuits to set
specifications.

£12,000, Hants.

5. AVIONICS

Technician/Engineer to design and support
analogue and digital device.

£10,000, Middx.

6. DATACOMMS

Development test and repair of new
products. Hardware/software prototyping.
to £9,000, Hants.

Hundreds of other Electronic
and Computer vacancies to
£15,000
Phone or write:

Roger Howard C.Eng. MLE.E. M.LER.E.

CLIVEDEN RECRUITMENT
92 Broadway, Bracknell,
Berkshire RG12 1AR

Tel: 0344 489489

We are an equal opportunities employer

|

THE UK's No. T ELECTRONICS AGENCY

it youhave HNC/TEC or higher qualifications and are
looking for ajobin design, test, customer service, technical
sales or similar fields:
Telephone now for our free jobs list
We have vacancies in all areas of the UK
Salaries to £15,000 pa

ENGINEER - CTV AND VIDEO
COMMUNICATIONS: (Location:

Accra, Ghana).

Planet Electronics Ltd is one of the West Africa’s
leading CTV and Communications Companies. Recent
expansion has created a vacancy for a high grade
Engineer with a good experience of CTV and Video
Communications; some experience of RF would be of
considerable advantage

Duties would include
* Customer Consultation
* £arvice and Installation Training Programmes
* Involvementin Assembly Work.

Based at our Accra assembly plant, the successful
applicant should display a high level of management
initiative and the position should lead to a senior
position in the Company with participation in policy
and planning.

An attractive Tax-Free Salary will be negotiated,
furnished accommudation will be made available and
medical expenses will be the respousibility of the
company.

Annual paid leave of 30 days plus local holidays-and
returnair-fares will also be paid.

Pleasesend C.V. for early London interview to.

Alec Allan,

Planet Electronics Ltd, 152-1536 College Road
Harrow, Middlesex HAT IBH. 330

“THE VOICE OF PEACE” Radio
Station, situated in international
waters off Tel Aviv, urgently requires a
broadcast transmitter engineer to
maintain the transmitters on board.
Must be fully experienced in this field.
Please write for further informational,
giving full details of experience to “The
Voice of Peace”, PO Box 4399, 13 Frug
Street, Tel Aviv, Israel. (Please incude
your telephone number and code.) 331

LEEDS CITY COUNCIL

Extension 3534.

DEPARTMENT OF HIGHWAY ENGINEERING AND
TECHNICAL SERVICES

RADIO TECHNICIAN

Scale 5/6 £8,391 - £10,164

A Radio Technician is required for support of mobiles and base stations
throughout West Yorkshire. Based in Leeds. the successful candidate
should ideally hold a technical qualification in radio engineering or similar.
It is essential that candidates hold a current driving licence.

For further details contact Mr T. R. Endersby on Wakefield 367111

018083050
(24 hours)

CAPITAL APPOINTMENTS LTD
76 WILLOUGHBY LANE, LONDON N17 OSF
{291)

| ————— L . 2 ¢ R R N B
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Application forms can be obtained by writing enclosing a S.A.E. to the
Personnel Officer, Department of Highways, Engineering and Technical
Services, Selectapost 6, Dudley House, Albion Street, Leeds LS2 8JX or
telephone Leeds 462761,

Closing date: 27th October, 1986.
Leeds is an equal opportunities employer.
Post suitable for job sharing.




BUSINESS
OPPORTUNITIES

NATO UNIQUE OPPORTUNITY
Headquarters Allied Forces Central Europe W el

. e Valuable freehold site centre,
Candidates are sought for the civilian post of: busy year round, south coast

- - - - town, stock, goodwill, site,
Principal Technician 22000 blona s eting
= Box No 311
(Quality Control)
Nato Grade B-5
atHQ AFCENT, Brunssum, The Netherlands WANTE D

Test equipment, receivers,

From the candidate it is expected that he has: valves, transmitters, com-
= An overall knowledge of supply and logistics operations. ponents, cable and
* A firm grasp of computerized items accounting and stock management procedures. e]ectrgnic scrap and quand
= An ability to write clear and concise instructions for local use, as well as an abilty to '::I;?;h ,\zgmggrfﬁrx&%.?

interpret and apply directives and policies established by higher authority.

# Previous experience with supply management 8%i&o§s§aﬁe2tlrgat

Apart from the aforementioned essential qualifications, experience with military supply L:;gzskggé‘f:

operations is desirable.

Applicants with a relevant higher vocational training, or equivalent qualifications and

who meet the aforementioned re uirements, are invited to obtain an application form

and further information from the givilian personnel section headquarters %):CENT, Post FRUSTRATED

Box 270, 6440 AG Brunssum, The Netherlands. ELECTROCNICS

Completed application forms with c.v. must have reached the civilian personnel section., INVENTORS

HQ AFCENT before the closing date, i.e. 28 November 1986. Individuals or companies

The recruitment procedure may include a written test and interview in which Contact:

background and experience will be questioned. Mr G. R. Nicholson on
0242 578030

P(ossional Career Opportunities

i - The Easy Way to look for your new job from the

e comfort of your own armchair. Our well qualified
consultants will carefully match your
requirements against ————— e e
appropriate vacancies.l

NAME e i (M MissIMITs)

We have many clients seeking Engineers and Technicians at all levels and we are
particularly interested in hearing from you if you have experience in the following:-

*Real Time Software eTechnical Sales  *ATE Programming
*Radar Systems *RF Development eTechnical Authorship

Your next step is to complete and return the attached coupon or
telephone John Prodger on 0442 47311 or one of our duty consultants on

: ADDRESS.
;
I
0442 212650 during evenings or weekends. I TELNO:..
I
I
I
I
|

POST CODE

QUALIFICATIONS AGE....

@ Executive Recruitment Services
. Q THE INTERNATIONAL SPECIALISTS IN RECRUITMENT FOR THE ELECTRONICS, COMPUTING AND DEFENCE INDUSTRIES, 3
Freepost. Hemel Hempstead, Herts., HP1 4BR.

NONE EG/HNC DEGREE  OTHER

SALARY.

JOB... ... P - v ww
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The Polytechnic
of North London

Faculty of Science & Technology

Re-advertisement

RESEARCH ASSISTANT

Research Assistant in Acoustics & Audio Engineering. The
work will involve theoretical investigation, computer
simulation and development of macro horn loaded ear
transducers. Applicants should hold an Honours Degree in
Electronic Engineering, Electronics with Physics,
Electrical Engineering or a similar area. Familiarity with
electro-mechanical transducer principles and analogies and
interests in acoustics or sound engineering would be an
advantage.

Further information obtainable from Dr R C Driscoll
01-607 2789 Ext 2166.

Salary: £6,579 — £7,362 (Inclusive of London Allowance).
Further details and an application form are
obtainable from The Personnel Office, The
Polytechnic of North London, Holloway Road,
London N.7., quoting ref. RSAD.

Telephone: 609 9913 (24 hour answerphone service).
Closing date for the receipt of applications is 14 days from
the appearance of this advertisement.

THE POLYTECHNIC IS AN EQUAL OPPORTUNITIES EMPLOYER AND
THEREFORE PARTICULARLY WELCOMES APPLICATIONS FROM
WOMEN, ETHNIC MINORITIES AND THE DISABLED. 323

Radio Investigation Service
KEEPING THE WAVELENGTHS CLEAR

TELECOMMUNICATIONS

TECHNICAL OFFICER
up to £10,000

RADIO

TECHNICIANS
up to £9,100

The Radio investigation Service is part of the
Department of Trade and Industry's Radio
Regulatory Division. Its brief is simple — to keep
the wavelengths clear - of interference and illegal
operators.

Right now we have a number of vacancies around
the country:

LONDON

From this London base, you will travel throughout
the UK, assisting in a variety of activities from the
investigation of radio interference to the evaluation
of monitoring, direction-finding and measurement
equipment.

CANTERBURY, WARRINGTON, LONDON

You wili be responsible for helping to detect iliegal
operators - collecting and presenting evidence for
prosecution - and for inspecting licensed operators,
ensuring that they comply with all relevant
regulations. In addition, you will investigate inter-
ference to authorised radio and TV services, and
advise on remedial action.

Candidates for the senior positions must be qualified
in radio telecommunications subjects to full TEC
Certificate level or equivalent, and have at least
4 years radio technology experience. For the Radio
Technician posts you will need a relevant C&G
Intermediate Certificate and either 3 years general
experience or 1 year in electronics/radio/TV.
Starting salaries depend on age, experience and
qualifications.

For more details and an application form, please
write with full CV to: Joan English, Department of
Trade and Industry, PRTU, Room 451, Sanctuary
Buildings, 16-20 Great Smith Street, London
SW1P 3DB, quoting reference E.88498. The
closing date for receipt of completed applications
will be: 14th November 1986.

DEPARTMENT OF TRADE & INDUSTRY

UNIVERSITY COLLEGE LONDON
MRC RESEARCH ASSISTANT
Aids for the Totally and Profoundly Deaf

A physicist or engineer is needed to fill a Research Assistant post in a
multi-disciplinary team working on cochlear implants and acoustic
aids for the profoundly deaf. The MRC funded post is available now,
ending in July 1988 when the current programme grant expires, with
the possibility of renewal for a further five years. The collaborative
groups consist of workers in the Department of Phonetics and
Linguistics, University College London; the ENT and Physics
Departments, Guy's Hospital, London and the Department of
Experimental Psychology, University of Cambridge. The Research
Assistant, based in London, would work directly with patients and be
principally involved in the development of computer facilities (mini
and micro) for interactive assessment and in the hardware and
software development of signal processing hearing aids for the
totally and profoundly deaf. A background in micro-electronics,
materials science and computer programming would be desirabte.
The appointment would be in the Grade 1B/1A scale, in the salary
range from £9,317 to £14,077, inclusive of £1,297 London Weighting.

For further details, please contact Prof. A. J. Fourcin,
Department of Phonetics and Linguistics, UCL, Wolfson
House, 4 Stephenson Way, London NW1 1HE (tel. 01-387
i055) or Dr. B. C. J. Moore, Department of Experimental
Psychology, University of Cambridge, Cambridge CB2 3EB
(tel. 0223 337733, ext. 3574).

333

ARTICLES FOR SALE

| TO MANUFACTURERS, WHOLESALERS
BULK BUYERS. ETC.

LARGE QUANTITIES OF RADIO. TV AND
ELECTRONIC COMPONENTS FOR DISPOSAL

SEMICONDUCTQRS, all types, INTEGRATED CIRCUITS, TRANSISTORS,
DIODES, RECTIFIERS, THYRISTORS, etc. RESISTORS, C/F, M/F, W/W, etc.
CAPACITORS, SILVER MICA, POLYSTYRENE, €280, C296, DISC
CERAMICS, PLATE CERAMICS, etc.

ELECTROLYTIC CONDENSERS, SPEAKERS, CONNECTING WIRE, CABLES,
SCREENED WIRE, SCREWS, NUTS, CHOKES, TRANSFORMERS, etc.
ALL AT KNOCKOUT PRICES — Come-and pay us a visit ALADDIN'S CAVE

TELEPHONE: 445 0749/445 2713
R. HENSON LTD.
21 Lodge Lane, North Finchley, London, N.12

(5 minutes from Tally Ho Corner) (1613)
EAST SURREY HEALTH AUTHORITY

Surrey Ambulance Service
Offers are invited for the purchase of a E c COMPONENTS
P{fe hVHF/Ff/ld Radio1 4T7elepgon: Systterg We buy large and small parcels
whic includes ash-mounte f ~
mobile sets with three VHF fixed O_f surplus I/C, transistors, Capa_
stations, inclusive of vertical equipment citors and related electronic
racks and board. Duplexers = NOT stock. Immediate settlement.
ggh-;ge?.t i Mrs L Almeida at Tel: 01-208 0766

ntact [0 View: .
Ambulance Service Headquarters, The Telex: 8814998
Horseshoe, Banstead, Surrey. (2491)
Telephone: Burgh Heath (073 73) 53333.
Tender forms from: Divisional Supplies,
Other Commodities  Section, Royal
Earlswood Hospital, Princes Road,
Redhill, Surrey RH1 6JL. 335

G.W.M. RADIO LTD.

NOW AVAILABLE - Bumper 40/42 PORTLAND ROAD, WORTHING, SUSSEX.
Catalogue — 170 pages — for collectors of Tel: 0903 34897
vintage radio, audio & TV equipment. Fdd , )

b . fystone EC1838/1 (Marcom Marine Atlantic) digital
Price: £2.00 post pald UK, _£3-00 post readout 1.5 to 31MHz in 5 ranges USB/AM solid state
paid overseas. Vintage Wireless Co. 115/230V AC supply, 19 inch rack mount, unused
Ltd., Cossham Street Mangot.sﬁeld, condition quantty ave::nable £380 inc p&p. AJslo

A -~ Nebuia EC958, Pacific EC1837 and Apollo recewers in
Bristol BS17 3EN. Phone: 0272 565472. stock. GEC. muttimeters £30 inc p&p. Signal

(208) generator advance type B4B directly calibrated from
30KHz to 30MHz £35 inc. Pye 460/461 UHF base £40
o inc. Fantavox public-address Amps, 20 watts, 4-8 or
CHEAP L.E.D. DISPLAYS, 7600 16 ohm OT 70 Voit line_output 230V, AC, or 12V DC
pieces, 0.3 inch, common anode, left ookl
5 5 5 inc. p&p. Pye Bantam HP1 AM mid band,

hand decimal, high light output, example frequency TX 107MHz Rx 139MHz Wil mod
standard red, industry standard pinout, 1o air band sets only no mics, or battery but with dry
graded and colour coded, minimum battery tray £25 inc p&p. 337

quantity 100. Price 20p each. Also lots
more cheap opto, fibre-optics etcetera.
Trade enquiries welcome. Ring: lan at
Fibre-Data Limited on Tadley (07356) r—— -~ ———————<—
77444, ®19) When replying to

QUANTITIES OF ELECTRONIC | i i nts

COMPONENTS surplus to classified advertisements,

requirements. Brand new. Eg 741.5244 readers are recommended
to take steps to protect

= 40p. Tant Caps = 7p. Resistor
Networks = 12p. 24 Way Socket = 10p.

their interest before
sending money

|
|
Also Disk Controller Boards |
1
[

(1793+WD1691) + 40 TTL Chips,
Connectors, DIL Switches £9.00. SAE
for list: 15 Barcombe Road, Paignton,

S |

Devon TQ3 1PZ. 38 b e e —— = A



ARTICLES FOR SALE

Uttrasomic hand-held generator/transducer-animal response
tests, alarms, converters, detectors etc. £25. Advance
sine/square generator £35. Ultrasonic detector, battery
operated, bats, whales, doiphins etc £89. Marcon: Precision
multi-range meter £75. Elitott component curve tracer £85.
Low range ohmmeter £45 Centrifuge £39 Crystal controlied
VHF Generator £49. Philips Transistor Analyser. Wave Energy
Systems Test-Meter £49. 16 Signal Generator 7.8 - 11cms
£49. EMI & MSS disc cutting machines (collectors tems) £75
ea. Pulse generator. Philips DC microvolts-voits meter £49.
Wayne-Kerr generator 5-100 MHz £69. Denstometer £35.
Stereo microscope. High resolution microscope hight. Vacuum
diffusion pump £39. Vacuum dual pump unmt £98. Chart
recorder. Recorder pens. Technical books. Set of Tungsten

Oscilloscope Cable Fault locator £135. Wayne-Kerr Signal
Generator 10Ke/s - 10MHz £49. Precision R&C Boxes. LCR
Bridge. Stabilised PSU s Decade Precision Toroidal Matching
Transformer £45. Scope Probes. Arcraft Radio Test-Set £35.
Film Processor £69. Ignition Analyser £39. Kent Chromalog
2 Recorder £70. Pye Megohmmeter 0.3 - 200,000 Megohm
Brandenburg 1000 & 1250 variable stabilsed EHT Supphes
£35. Marconi  Frequency meter/counter/timer  £69.
Phasemeter £69. Miniature High-Speed DC motors £1.75 ea
Micro-Spot-Welding head £59. Pressure Gauges £4. NiCad
Auto Charger E2080 £25. Pure crystaline silicon
discs (Semiconductor apphications) £1.50 ea. Multi-phase
signal generator £89. Myron Conductivty Meter £35.
Sonatest Uttrasonic Probe £15. Vibration Analyser £75.
Stran-Gauge Meter £39. G E High Power Stepper Motors
£35 ea. etc etc

040-376236

Taps & Dies £29. Battery Signal Generators 1c/s - | MHz £69.

GOLLEDGE,

~——ELEC rﬁvomcs}-J

QUARTZ CRYSTALS
OSCILLATORS AND FILTERS of
all types. Large stocks of standard
items. Specials supplied to order.
Personal and export orders welcomed —
SAE for lists please, OEM support thru:
design advice, grototype uantities,
production schedules. Golledge
Electronics, Merriott, Somerset YA16
5NS. Tel: 0460 73718. (2472)

BRIDGES waveforinn/transistor-

analysers. Calibrators, Standards.
Millivoltmeters. Dvnamometers. KW
meters, Oscilloscopes. Recorders.
Signal generators - sweep, low
distortion, true RMS, audio, RM,
deviation. Tel: 040 376236. (2616)

SERVICES

Service.

CIRCOLEC
THE COMPLETE ELECTRONIC SERVICE

Artwork, Circuit Design, PCB Assembly, Test & Repair Service, Q.A.
Consultancy, Prototypes, Final Assembly. Full PCB Flow Soldering

Quality workmanship by professionals at economic prices.
Please telephone 01-646 5686 for advice or further details.

TAMWORTH MANOR
302-310 COMMONSIDE EAST, MITCHAM

{1331)

ELECTRONIC SERVICES

CIRCUIT DESIGN, ARTWORK,
PCB ASSEMBLY, PROTOTYPES
For quality workmanship at economic prices
please telephone:
LOGICOMP
at 01-281 0633 =

used in advertisement.

to be added.

Rate £5 PER LINE. Average six words per line.
Minimum £40 (prepayable).
Name and address to be inciuded in charge if

To "Wireless World” Classified Advertisement Dept., Quadran

Box No. Allow two words plus £11.

Cheques, etc., payable to “Business Press
International Ltd.” and cross “& Co.” 15% VAT

ELECTRONIC DESIGN

Specialising in:
Lasers for industrial &
commercial applications
Power supplies including
linear H.V.
Electronic flash, also
measurement and industrial
control

PULSE PHOTONICS
Box No: 336

IMPORTS/EXPORTS of all kinds of
Electronics and Computers. Please send
your enquiry or product details to

PCB’S MANUFACTURED

Prototype, small/large production runs,
single, double-sided, P.T.H. screen
printing, panels, labels, solder masking
& photography. Orbitechnic Circuits,
The Rear of 127 Woodlands Road, Ilford,
Essex. Tel: 01-553 5211 (154)

TURN YOUR SURPLUS i cs
transistors etc. into cash, immediate
settlement. We also welcome the
opportunity to quote for complete
factory clearance. Contact COLES-
HARDING & CO, 103 South Brink,
Wisbech, Cambs. 0945 584188. (92)

LTD, 299A Edgware Road, London W2
1BB, England, or Telex 945922
GLADEX-G for the attention of Mr.

quantity. Phone: Monday-Friday,
5pm.01-743 0899.

DEDICATED MICROPROCESSORS C.Paps. (300)
STEWART OF READING
'}‘V[?NT)ED. EES8 Amegican Field 110 WYKEHAM ROAD
elephones, any condition. any
9. READING RG6 1PL
324 TEL NO: 0734 68041
TOP PRICES PAID FOR
ALL TYPES OF
SURPLUS TEST
TESTE
QUIPMENT EQUIPMENT,
FOR SALE & WANTED COMPUTER
Buyers and Disposa! Officers contact: EQU |PM ENT,
COOKE INTERNATIONAL COMPONENTS etc.
Unit 4, Fordingbridge Sit
e ANY QUANTITY .
Bognor Regis,
West'Sussex PO22 0EB WANTED
Tel: 0243 68 5111/2 179 Test equipment,
computers, components.
Any quantity.
Good prices paid.
WANTED GOLD PLATED SCRAP. Immediate settlement.
Best prices edge connectors boards etc. Give us a ring.
Send smaple with noobligationto P& F N %'gega%‘*‘i}m"écsd
Turner & Sons, 9 Farndon Road, Oxford Hedrge End S%u‘ter):ar::t&n.
Tel: Botley 81487 36

OX26RS. Tel: Oxford (0865)510293.
(329)

CLASSIFIED ADVERTISEMENTS

Use this Form for your Sales and Wants
PLEASE INSERT THE ADVERTISEMENT INDICATED ON FORM BELOW
t House, The Quadrant, Sutton, Surrey SM2 5AS

PLEASE WRITE IN BLOCK LETTERS. CLASSIFICATION

119



RANGE OF EQUIPMENT
HITACHI < HAMEG» CROTECH | INCLUDES it

GENERATORS | 1v TESTING: DIGITAL AND ANALOGUE
BLACK STAReTHANDAR | MULTIMETERS: SCOPES: CLAMPMETERS: 2
LEAOER + TRID INSULATION TESTERS: WOW/FLUTTER '
METERS:0ISTORTION METERS: FUNCTION
T'H“Ul,‘{[m"s'g'kﬂﬁ,ﬁfc PULSE AND R-C GENERATORS:LCR BRIDGE; h
BECKMAN o THANDAR _ JDIGITAL CAPACITANCE: MULTIPLEXERS:
PLUS LOW COST RANGE JLOGIC ANALYSER: LOGIC PROBES:

eSs
COUNTERS: POWER SUPPLIES:
COUNTERS
T ANDAR- BiACE STAR | TRANSISTOR CHECKERS.ETC.

POWER SUPPLIESP
LARGE RANGE STOCKED

301 Edgware Road. London W2 01-724 3564 W opcy s JDISCOUN EOU
404 Edgware Road, London W2 01-724 0323 u,qyfg 46 TRSA(;SRJGTchr?SMEEDsl{cEI}Tcl?NAL’

B AT O A O s 01-258 1831 R WEEK 2 OFFICIAL ORDERS WELCOMED

CIRCLE 32 FOR FURTHER DETAILS

OMPON LEY ‘“““ﬁi
OMPUTER SOFTWARE AND it
g i YOUR REOIHREMENO?S

CIRCLE 30 FOR FURTHER DETAILS CIRCLE 2 FOR FURTHER DETAILS

- KESTREL ELECTRONIC / S.M.C. 16
3 é CO M PO N E NTS LTD. Q éhsneévelssof Euroclegcg)s which together form a vedrybpower‘ful microcomputer.
» . < uses a 16-bit databus memory expandable to 16 megabytes.
= All items gu_aranteed t_o manufacturers spec. SMC 32 uses a 32-bit databus memory expandable to 4,096 megabytes.
. + Many other items available. % -
‘ : , oar
Exclusive of V.A.T. and Post and Package Description Kit Built only
1+ 50+ 1+ 50- 1+ 504 CPU 16 (12-5 mHz 68000 & optionat numerical processor ~ 83.95 9995 18.95
741500 13 12 74.5273 46 42 2716 210 1.90 | 68881 co-processor for above board} 295.00 N/A N/A
74LS04 13 42 74LS373 48 45 27C64 350 3.00 RAM 16 (1 megabyte dynamic RAM) 175.00 199.95 18.95
741508 15 13 7415374 48 45 2764-250 210 2.00 : ROM 16 (1 megabyte eprom) no emproms supplied 45.95 55.95 18.95
74LS14 19 17 7415393 65 45 27128-250 2.40 2.20 1016 (2 serial ports, 4 parallel ports) 69.95 85.95 18.95
6502 330 280 7415541 45 35 27256-250 390 3.70 SBP backplane 21 slot upgradeable to SMC 32 later) N/A 390.00 N/A
6522 330 280 8155 150 1.30 6116LP-3 130 1.15 PRO 16 (prototyping board for your own circuits} N/A N/A 18.95
7415138 30 25 8251 1.50 1.30 6264LP-15 230 210 ! VMP 32 (68020, 68881, 68851 virtual memory processor) 995.00 28.95
74L5139 30 25 8253 1.50 130 4164-15 090 0.75 H VMP 16 (available to order only, uses 16 or 32 bit databus)
74LS187 2724 8255 150 1.30 2561 220 2.00 ) DSK 16 (floppy & hard disk intesface board) 8595 99.95 18.95
TLO71 .30 26 6809 380 350 Z8OACPU 1.40 1.00 !
LM324 23 20 6821 140 1.25 Z8OACTC 150 1.10 i Other boards planned include colour graphics, RTC, A/D, D/A, Speech in/out and video interfaces
74L5240 50 42 6850 150 1.25 65256AP 11.00 1100 Mutti-tasking operating system available soon.
7415244 48 45 74 HCOO 25 22 LM339 25 20 Minimum system CPU 16, ROM 16 (can use static RAMs), /0 16, SBP 16 complete systems
7415245 50 .43 74 HC14 50 .40 LM393 35 .30 supplied to order.
All memory prices are fluctuating daity, please phone to confirm prices. S.M.C. Electronics,
i Unit 29, Portsmouth Enterprise Centre,
178 Brighton Road, Quartermaine Road, Portsmouth PO3 5QT.
Purley, Surrey CR2 4HA Tel No: 0705 478881 Telex No: 869455 Fax No:673647
Tel: 01-668 7522 Please add 70p P&P and 15% VAT. &

ELECTRONICS INDEX TO ADVERTISERS
& WIRELESS WORLD

Appointments Vacant Advertisements appear on pages 114-119
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\X/1y use dedicated cards “or data ~.
gcquisition wtich are noisy and use va.uable ~

card space? For unbeatable quality and value, buy

any CIL interface and you can get our IEEE control card

for only £150 extra! It enables you to use any other CIL data acquisition
[EEE instrument, with the extra advantages of on-board firmware to link

with the computer’s language, and a watchdog for industrial applications.

32K RAM is available as an optional extra for IEEE data control.
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Microsystems Ltd
Decoy Road,
Worthing, W. Sussex, BN'14 8ND

Tel: Worthing (0903) 210626
Telex:878443 CIL G

THE CHOICE FOR THE FUTURE
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2955 Radio Communications
Test Set £5,750

B 11 test functions, including full duplex radio test

B Revolutionary design: fast and casy to use

W High clarity CRT shows all scttings plus
measurements in digital or analog forms

W Tones encode/decode facilities

M 38 instrument settings in non-volatile memory

W Spin-wheel frequency/level control in addition o
front panel buttons

M Single and two-port operation.

2305 Modulation Meter 500kHz

to 2GHz £5,260

M 500kHz to 2GHz frequency range

B Quistanding 0.5% basic accuracy

B Exceptionally fast auto-tuning, with low noisc

B Modulation analysisincluding frequency and power
B Non-volatile memory to store uscer settings

B Exccllent sterco separation

B Automatic sclf-catibration, advanced diagnostics.

through

- ELECTRONIC

2382/80 Spectrum Analyser £13,150
and Display £5,350

B Audio to UHFE coverages: 10011z-400MHz

B Outstanding resolution, with 31tz minimum
resolution filter bandwidth

M 0.025dB amplitude resolution

B Superb level accuracy + 1dB, with auto calibration

W Frequency response better than +0.4d1B

M l'ully GPIB programmable capability

B Two steerable markers for levels and irequencics

B Self calibration for repeatability of measurements.

6960 Option 001 Digital RF
Power Meter £1,900

W Sirhiple push-button or systems application

W Unparallcled accuracy, through sensor correction
W Non-volatile storage of frequently-used settings
B W or dB readings, plus offset capability

B Single-key auto-zero operation

W Average factor selection to reduce noise or improve

resolution, advanced GPIB facilities.

2022 AM/FM Signal Generator
10kHz to 1GHz £2,950

B Wide frequency cover: 10kHz to 1000MHz

B Compact, rugged and lightweight

B Comprehensive modulation: AM/FM/PhM

W Simple push-button opceration, large L.CD display
H Non-volatile memory for 100 scttings

B The perfect service/maintenance tool.

2440 Microwave Counter 20GHz

£3,650

B Wide frequency coverage: 10Hz to 20GHz

B High senwitivity and resolution

W Fast acquisition time: only 200ms typical

W High-stability oven-controlled crystal oscillator

B Overloag! capability up to 27dBm

B High AM/FM tolerance

B Built-in GPIB. - (|RCLE : FOR FURTHER DETAILS

Elxctronic Brokers are now

d stributors for a full range of Marconi
Test Instruments including Signal
Generators, Microwave Counters,
Power Meters, Moculation Meters,

Spectrum Analysérs, RadieCCommunicatior. Test Sets and other
general test and measuringzquipment. For murther information
and a colour brochure plezse contact our Sales Office.

Theﬁrt name In ts eqlpment distribution
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; ! Electronic Brokers 140-146 Camden Street, London, NW19PB

Tel: 01-267 7070 Telex: 298694 Fax: 01-267 7363

All prices exclusive of VAT Prices correctat time of going to peuss (UK cely ). Trading conditians ava

itable on rcf]uug
s




