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OSCILLOSCOPES

THANDAR
ELECTRONICS

TA 3000 Modular Logic
Analyser
Up to 96 state channels,
4 independant clocks
8 or 16 100 MHz timing
channels
20 MHz realtime trigger and
correlation
State/timing, cross triggering and
correlation FROM £5295

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 £498
HM 203-6 20 MHz

£298
£402

Standard Oscilloscope

HM 204-2 20 MHz
Multifunction Oscilloscope

HM 208 Digital Storage Oscilloscope
Real time or digital storage to 20 MHz
Low frequency event storage - max
sensitivity lmV
Special background memory useable with
main memory
Chart plotter output at
variable readout speeds

HM 605 60 MHz Oscilloscope
Dual trace and sweep delay
Maximum sensitivity lmV
In-built component tester
Z modulation and

HM 208 Digital Storage
Scope with IEEE

TF 1000 8 -Digit counter
timer to 100 MHz
TG502 Sweep hr action
Generator

TG 501 Function
Generator

£567

X-1' operation

£1430

TM 357 31/2 -digit land
held DMM
TM 358 31/2 -digit land
held DMM

£1705

£495
£495
£295
£39
£65

TF 1100 8 -Digit Counterlimer
70 MHz to 1 GHz
A: to DC Coupling
1 ms to 100s gate times in 6 decade
steps

10 KHz to 0.1 Hz
resolution to 1GHz

Adjustable

£495

MISCELLANEOUS

PL -GP Series Programmable
Power Supplies
Voltage to 70V, current to 8A
Fully IEEE programmable to

ACCESSORIES
I.C.E. 680R Analogue Multimeter

80 measuring ranges

10mV and 10mA

.

£595

TG 503 Pulse/function Generator
0 005Hz to 5 MHz
Sire, square, triangle. ramp, TTL,
normal, double or delayed pulses
Variable pulse width and delay
base line

THURLBY
ELECTRONICS

Sensitivity 20 KtIN
DC accuracy'''.
1cm mirror scale
Overload protection

Twin independant output versions
Remote sensing terminals
incorporated
FROM £395

LA 160B Low Cost Logic Analsyser
20 MHz, 16 Channels
20 MHz external clock
2 5KHz to 20 MHz internal clock in

£32

I.C.E. 680G Analogue meter with
48 measuring ranges

Thandar TP1000 High Sensitivity

16 steps

Prescaler

1999 x 16 bit word
acquisition memory

£495
LA 160B -PC Logic Analyser to
Ik/. IM1l. InA sensitivity
Combine with IBM PC
£620
DC accuracy 0 015%
OM 358 Oscilloscope Multiplexer
Null and hold plus computing functions
for up to 8 channels
£179
True RMS and IEEE
interface options
£349 LB 15 Low-cost Bench
Power Supply
£89
PL 154 0-15V, 0 4A Bench
Power Supply
£159

1905A 51/2 -Digit Intelligent
Multimeter

TEST EQUIPMENT

DISTRIBUTION COMPANY]

100 MHz to 1000 MHz frequency range
Selsitivity better than 25m Vrms
Extends Thandar TF200, TF600
counters capability beyond 1GHz

Marconi 2388 Acive Probe
High impedance R= probe for spectrum
analyser and other test equipment
50 KHz to 1 25 Ghtz range
Finger touch 40dB 3ttenuator

Minimal circuit
loading

Marconi 2374 Zerc loss prom
for Spectrum analyser

£75

Thandar TP600 40 MHz to
600 MHz Pre -scaler

I.C.E. M80 Analogue multimeter.
40 measuring ranges

£45
£19

£700
£640

For the full stories, also latest news on
Philips, Marconi and Grundig, contact:
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140/146 Camden Street, London NW1 9PB
Tel: 01-267 7070. Telex: 298694. Fax: 01-267 7363
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A pattern of leds on the Gandalf computer
illustrates the section on displays
starting on p.128
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Motorola's 68020 chip. See the article on
page 209.
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ADVERTISEMENT INDEX 240

Statistics & Graphics? ...GET STATGRAPHICS

"...Statgraphics is a must. A model packcge which
sets the standard for PC statistical software".
DR GEOFF EINON, PC USER, November 1985.

Statgraphics offers unbeatable integrated statistics
and graphics to PC users.
TO FIND OUT MORE, CONTACT:

COCKING & DRURY (Software) LTD.
16 BERKELEY STREET LONDON W1X SAE
TELEPHONE: 01-493 6172
41111..111.
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GENERATION
standard of quality and reliability.

A compact series of intelligent alphanumeric
modules available in several line formats to
meet a wide range of applications and
offering popular data bus interface, these
state of the art modules use COB and SMD
technology and maintain a high

For further information contact:
Anders Electronics Limited, Display Division,
48-56 Bayham Place, London NW1 OEU.
Telephone: 01-388 7171, Telex: 27364.
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Industrial societies are now permeated by electronic technology to such an
extent that they can fairly be said to be commercially dependent on their
ability to design and manufacture electronic equipment. It is clearly not,
therefore, in their best interests to allow foreign manufacturers to
monopolize the base of this essential activity, which is the production of
semiconductor devices. If this footing is removed from its direct control, the
majority of a country's industry loses much of its independence and, with this
loss, the ability to innovate.
In the teeth of North American and Far Eastern domination of semiconductor
technology, Europe is in an extremely difficult position-and it cannot be long
delayed before the Americans find themselves similarly placed. Japanese
manufacturers have already virtually enclosed the market for memories, are well
on the way to the same performance with microprocessors and peripheral i.cs
and, with that accomplished, will be able largely to dictate the development of
hardware anywhere in the world.
In the absence of some kind of EEC financial assistance, the only way a
relatively small (compared with Japanese or American) semiconductor industry
can survive is to concentrate on the type of device not seen as spectacularly
profitable by the large companies - usually quite advanced and therefore
expensive to develop and produce. By doing this a small industry can survive, but
on the wider EEC scene these small-scale specialized operations are of no help at
all in retaining control of Continental industrial development.
It is essential that a full range of semiconductors should be produced by an
industrial community which is determined to preserve industrial - and therefore
political - autonomy. To bring this about would entail some difficult decisions
including, possibly, the erection of trade barriers and certainly massive
Community help with finance. Co-operation between universities and
companies and between individual companies would assuredly meet strong
resistance but, equally certainly, is one of the keys to the re -building of a sound
industry.
Trade barriers are an uncivilized impediment to world trade, and it must be
pointed out that even the Japanese now express their willingness to trade in the
more conventional, bidirectional manner. But this gradual lowering of Japanese
barriers is recent: their semiconductor industry was built up behind the
protection of an impenetrable wall of inscrutability, with a high level of
government assistance and low costs of borrowing.
If is is agreed that a comprehensive European semiconductor industry is
essential and that the hugely successful Japanese industry can be taken as a
model, then it may be that their methods, however unpalatable to Western
society, may offer a way forward.
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1000's OF

AOMPUTER
WAREHOUSE
THE ALLADINS CAVE OF COMPUTER AND ELECTRONIC EQUIPMENT
BARGAINS
FOR CALLERS -

I

NOT LIME DATA BASE

* IP/STEV*I''

ThO ORIGINAL FREE OF CHARGE dial up data
base. Buy, browse or place YOUR OWN AD for
goods Dr services to sell. 1000's of stock items,
spares and one off bargains. Updated daily.
ON LINE NOW. CCITT. 8 bit word, no parity.
For 300 baud modems call 01-679 1888
For 1200-75 baud modems call 01-679 6183

FREE

Your monitor from its computed! For
Only £24.95 it becomes a SUPERB
HIGH QUALITY COLOUR TV SET

the t abuous TELEBOX. an INVALUABLE MUST for the owner of
ANY video monitor with a composite input colour or monochrome

Made by a major UK Ca as a TOP QUALITY. stand alone UHF
tuner and costing OVER E75 to manufacture. this opportunity 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
In simply plug in and convert your previously dedicated computer

monitor into a HIGH QUALITY COLOUR' TV SET giving a real
benefit to ALL the lamely' Don't worry if your monitor doesn t have
sound- THE TELEBOX even has an integral4 watt audio amplifier
for driving an external speaker. PLUS an auxiliary output for superb

quality television sound via your headphones or HI Fl system etc
Other features include Compact dimensions of only 15 75 w x

75 d x 35 ft latest technology. BRITISH manufacture fully

2000
PM TATUN
Professional Business System

The FABUL U

A cancelled export order and months of negotiation enables
ci
ostof
PC. CPM system. recently on sale at OVER £1400 at a SCOOP ;ii.,i
the two internal disk drives" Or less than the price of a 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 available CPM software packages such as
WORDSTAR. FAST. DBASE2 etc the PC2000 specification ar our prices. CANNOT
BE BEATEN"
The central processor plinth contains the 64K, Z80A processor. DUAL TEAC 55F 51/4
Double sided 40/80 track disk drives i t Mb per drivel. PSU. 4K of memory mapped screen RAM disk controller. RS232.
CENTRONICS and system expansion ports and if that's not enougn a ready to plug into STANDARDS DRIVE port for up to FOUR
8 disk drives. either in double density or IBM format The ultra slim 92 key detachable keyboard features 32 user definable keys
numeric keypad and text editing keys even its own integral microprocessor which allows the main 280A to devote ALL its time to
USER programs eliminating lost character' problems found on other machines The attractive detachable 12 monitor combines
a green anti- glare etched screen with full swivel and tilt movement for maximum user comfort Supplied BRAND NEW with CPM
2.2 user manuals and full 90 day guarantee Full data sheet and info on request
PC2000 Wordprocessor System
PC2000 Business System with CPM
with CPM and TEC FP25 daisywheel
PC2000 System
and Ready to Run FAST Sales and
printer
with CPM Etc
Purchase ledger. Supports up to
COST OVE R C 1 400
Accounts. VAT etc
OST OVER £1700

tuneable7 channel push buttontuner. AutoAGC circuit SAW fitter.
LED status indicator. fully isolated 240v AC power Supply for total
safety. Mains ON -OFF switch etc Many other uses

NOW only

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
anti p3,1,,,,,; t

t

I

Whec

DON'T MISS THE CPM Deal
OF the CENTURY

' 010, (-11

COLOUR 6 MONOCHROME

MONITO SPECIALS
'SYSTEM ALPHA' 14 COLOUR MULTI INPUT MONITOR
Made by the famous REDIFFUSION Co. for their own professional computer

system this monitor has all the features to suit your immediate and future
requirements Two video inputs RGB and PAL Composite Video. allow direct
connection to BBC/IBM and most other makes of micro computers or VCRs
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 '0'
plug for RGB input modular construction etcetc
This Must Be ONE OF THE YEARS BEST BUYS. PC USER

Supplied BRAND NEW and BOXED. complete with DATA and 90 day

guarantee ONLY £149 00 as above OR IBM PC Version £165.00
15 Day '12 skt 11 00 BNC skt 75p BBC interface cable £5.50
DECCA 80 16 COLOUR monitor. RGB input.
Little or hardly used manufacturer's surplus enables us to offer this special
converted DECCA RGB Colour Video TV Monitor at a super low price of only

£99.00. a price for a colour monitor as yet unheard or' Our own interface
safety modification and special 16 high definition PIL tube coupled with the

DECCA 80 series TV chassis give 80 column definition and quality found only
on monitors costing 3 TIMES OUR PRICE The quality for the price has to be

seen to be believed' Supplied complete and ready to plug direct to a BBC
MICRO computer or any other system with a TTL RGB output Other features
are in.erna! speaker. modular construction. auto degaussing circuit, attractive

TEAK CASE, compact dimensions only 52cm W x 34 H x 24 D. 90 day
guarantee Although used units are supplied in EXCELLENT condition.
ONLY £99.00 + Carriage

DECCA 80 16 COLOUR monitor. Composite video input Same as above

model but fitted with Composite Video input 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. DISCOS CLUBS and other AUDIO VISUAL awl, cations Supplied in AS NEW or little 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
guarantee
12 KGM 320-1 B/W bandwidth input will 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 all monitors EIO 00

IT411:74:7141147i2Vli1i

GOULD OF443 enclosed. compact switch mode supply with DC regulated
outputs of +5v . 55a. +12v cur 05a. -12v iw 0 to and -23n Y 002a Dim 18 x
11 x 6 cm 110 or 240v input BRAND NEW only £16.95

NOW only £799

£399

NOW only £499
Carriage 8 InsurancTrrm-

f

SURPLUS SPECIALS 0

(PRESTEL - VIEWDATA - TELEX
PLESSEY VUTEL. ultra compact unit slightly larger

a
telephone features A STANDARD OTMF
TELEPHONE stone dial with 5 CRT monitor and

than

re al modem etc for direct connection to PRESTEL
VIEWDATA etc Designed to sell to the EXECUTIVE al
over 1600" Our price BRAND NEW AND BOXED at
only £99.00
DECCAFAX VP1 complete Professional PRESTEL

system in siimiine desk top unit containing Modem
Numeric keypad. CPU. PSU etc Connects direct to
standard RGB colour monitor Many other features
include Printer output Full keyboard input Cassette
port etc BRAND NEW with DATA A FRACTION OF

sync or async, optional auto dial

Ex BRITISH TELECOM full spec CCITT ruggedised
bargain offers Sold TESTED with data Will work on
any MICRO or system with RS232 interface
MODEM 13A 300 baud unit. only 2 high fits under
E45.00 _
phone CALL mode only

via PRESTEL the cheapest TELEX service to be
found" Many features CENTRONICS Printer output
Memory dialling etc Supplied complete with data and
mposite video outputs AS
DIY riCcl for RGB
C125.00
NEW i
and packing

MODEM 201. 751200 baud Compact unit for use
as subscriber end to PRESTEL, TELECOM GOLD.

PRL STEL units 18 50

EX -STOCK INTESRATED CIRCUITS
4164 200 ns D RAMS 9 for £11 4116 ns
1t 50 2112 110 00 2114 12 50 2102 C200
6116 £2 50 EPROMS 2716 14 50 2732 £300
2784 C4 95 27128 15 50 6800 12 50 6821 11
68A09 18 6131309 f 10 8085A C5 50 8086 115

8088 £8 NEC765 £8 W02793 £28 8202A
122 8251 17 8748 £15 ZBOA DART £6 50
ZBOA CPU £200 Thousands of IC's EX STOCK
send SAE for list

DISK DRIVES
Japanese 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 F1,503 Double sided HH 40 TRK NEW £75.00
SUGART SA400 SS FH 35 TRK £55.00
SIEMENS FDD100 SS FH 40 TRK £65.00
carriage on 5'. drives E5 50
Brand NEW metal 5'. DISK CASES with internal PSU.
C29.95 +pp E4 00
DSKC1 for 2 HH or 1 FH drive
£22.95 +pp £3 50
DSKC 2 for 1 HH drive
£12.95 +pp 12 50
DKSC 3 As DSK1 LESS PSU
£10.95 +pp £200
DSKC 4 As DSK2 LESS PSU
8 IBM format TESTED EX EQUIPMENT.
£175.00 +pp £8 50
SHUGART 800/801 SS
£250.00 +pp E8 50
SHUGART 851 DS
TWIN SHUGART851'12 Mb total capacity in smart case
£595.00
complete with PSU etc

f465.00

TRANSDATA 307A Acoustic coupler 300 baud full
£49.00
duplex, originate only. RS232 interface

COST only £55.00
ALPHATANTEL. Very compact unit with integral FULL
ALPHA NUMERIC keyboard Just add a domestic TV
receiver and you have a superb PRESTEL system and

P

MODEMS

Join the Communications revolution with our super
range of DATA MODEMS prices and specifications
to suit all applications and budgets
BRAND NEW State of the an products
DACOM DSL2123 Multi standard 300300. 1200-75
E268.00
Auto answer etc
DACOM DSL2123A0 Auto dial, smart modem with
multi standard AUTO SPEED detect and data buffer
£365.00
with flow control etc
DACOM EISL2123GT The CREAM of the intelligent
modems auto dial, auto call index buffer
£498.00
etc etc
Steebock SB1212 V22 1200 baud FULL DUPLEX

I

£E6395..0095
MICRONET etc
MODEM 20-2 1200-75 baud Same as 20-1 but for
computer end
DATEL 2412. Made by SE Labs for BT this two part
unit is for synchronous data links at 1200 or 2400
baud using 2780/3780 protocol etc Many features
include 2 or 4 wire working, self test auto answer etc
COST OVER £800. Our price ONLY £199 +pp £800
DATEL 4800. RACAL MPS4800 baud modern. EX
BT good working order. ONLY £295.00 +pp £800

SPECIAL OFFER
MODEM TG2393. Ex BT. up to 1200 baud full

duplex 4 wire or half duplex over 2 wire line ONLY
£85.00 PER PAIR +pia E10 00
.r more information contact our Sales Office.

MATRIX P

SPECIAL BULK PUR HA E of these compact. high
speed matrix printers Built in Japan for the Hazeltine
Corporation this unit features quality construction
giving 100cps bidirectional full pin addressable
graphics b type fonts up to 95 single sheet or
tractor paper handling. RS232 and CENTRONICS
parallel interface Many other features BRAND NEW
and BOXED COST £420 Our price Only £199.00

Dry Fit MAINTENANCE FREE by Sonnenschein
8 Yuasa

£13.95
A300 07191315 12v 3Ah NEW
£9.95
A300 07191312 6v 3Ah NEW
A300 07191202 6-0 6v 1 8Ah TESTED Ex
Equip £5.99

MITSUBISHI M2894-83 8 DS 1 Mb eoi, to SHUGART
+pp E8 50
SA650R. BRAND NEW at £275.00
E29 00 + ppEl 00
DYSAN 8 Alignment disk
Standard VDU data entry terminals
GOULD G6 -40A 5v 40 amp switch mode supply NEW £130.00
Various disk drive PSLIs Es Stock SEE PSU section.
at give away prices!!
AC -DC Linear PSU for DISK drive and SYSTEM applications Constructed on a
HARD DISK DRIVES
rugged ALLOY chassis to continuously supply fully regulated DC outputs of +5v
£525.00 OUME OVTI OB. Current product. state of the art
DRE/DIABLO Series 30 2 5 Mb front load
06 amps and +24v
5 amps Short circuit and overvoltage
"I amps. -5v
terminal with detachable keyboard. 12 Green screen,
Exchangeable version £295.00. ME3029 PSU £95.00
tected 100 or 240v AC input Dim 28 x 12 5 x 7 cm NEW £49.94
DIABLO 44/DRE4000A, B 5+5 Mb from £750.00
2 page RAM. TVI 925 Hazeltine. ADMSA emulations.
CDC HAWK 5+5 Mb£795.00. CDC 9762 80 Mb RM03 software setup. 25 x 80 Clock. Swivel and tilt base.
Carriage on all PSU's C300
£2500.00. Printer port Function keys etc BRAND NEW and
etc
£495.00 BOXED AT ALMOST HALF PRICE Only £425.00
PERTEC D3422 5+5 Mb
AJ510 - EX RENTAL, Z80 controlled. 15 green
5i/ Winchesters ex -stock from £150 CALL
Manufacturer's BRAND NEW surplus RODIME
screen 24 x 80 display. graphics. cursor addressing.
Clearance
ItemsSold
as
seen
No
guarantee
DEC LA34 Uncoded keyboard with 67 quality gold plated switches on X -Y
ICL 2314 BRAND NEW 14 Mb Removable pack hard printer port etc Very good condition TESTED complete
matrix - ideal micro conversions etc £24.95
ONLY £99.00 with manual only £225.00
drive cost over £2000 with data
AMKEY MPNK-114 Superb word processor chassis keyboard on single PCB disk
£199.00 ADDS 520 - Dumb terminal, used. t2 b/w screen
BASF 6172 8 23Mb Winchesters
with 116 keys Many features such as On board Micro Single 5v rail full ASCII
TESTED.
printer port
interface and
RS232
Unless stated all drives are refurbished with 90 day ONLY
coded character set with 31 tunction keyS. numeric keypad cursor pad
£125.00. Carriage on terminals 110 00
guarantee
Many
other
drives
and
spares
in
stock
- call 100 s of
and 9600 baud SERIAL TTL ASCII OUTPUT" Less than halt price
other
terminais
in
stock.
CALL
for
more
details.
Sales office for details
Only £69.00 with data Carriage on Keyboards E3 50

VDU TE MINALS
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All prices quoted are for U K Mainland, paid cash with order in Pounds Sterling PLUS VAT Minimum order value £2.00.
Minimum Credit Card orderE10.00 Minimum BONA FIDE account orders from Government Depts . Schools. Universitiesand
established comparnesE20.00 Where post and packing not indicated please ADD 11 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

32 Biggin Way, Upper Norwood, London SE19 3XF
L L.CL / 1\1-11111- -I- Telephone 01-679 441 4 Telex 894502 Data 01-679 1888
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PRINTERS

PRINTERS

SUPER DEAL? NO - SUPER STEAL TELETYPE ATM
THE FABULOUS 25 CPS "TEC STARWRITER"
7,,/

/,

110 baud printer, keyboard and 8
hole paper tape punch and reader.

Standard RS232 serial interface.

Ideal 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.

a fraction of its

£7.50 Tractor
L 10 00

EX NEWS
SERVICE PRINTERS
Con
mart.
Often sr.titri

:Die Quaid, built unit
USA EXTEL Corporation
rtiaic,r Hotels printing up to

ation. the unit operates on 5 UNIT

DIY PRINTER MEM
Brand New surplus of this professional printer chassis gives an

outstanding opportunity for the Student. Hobbyist or Robotics
constructor to build a printer - plotter - digitiser etc. entirely to their
own specification. The printer mechanism is supplied ready built.
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.

BAUDOT CODE from a Current lOOP
RS232 or TTL serial interface May be
connected to your micro as a low cost
printer or via a simple interface and filter
to any communications receiver to

enable printing of worldwide NEWS

TELEX and RTTY services

Supplied TESTED in second hand

condition complete with DATA, 50 and
75 baud xtals and large paper roll.

TYPE AE11
50 Column
ONLY £49.95
Spare paper roll for AE1 '
£4.50
TYPE AF1 1 R 72 Col
Ribbon
£65.00
TYPE AH11R 80 Col
ASCII/BAUDOT
£185.00

Carriage and nsurance £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

Many EX STOCK computer tape drives and spares by
PERTEC, CIPHER, WANGO, DIGIDATA, KENNEDY

RPO2 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
DLV11,14 x EIA interlace
£350.00
OLV11-E Serial. Modem support £190.00
DUP11 Synch. Serial data i/o
£650.00

00200 Nog - multi RK controller £495.00
DZ11-8 8 line RS232 mux board £650.00
KDF11-8 M8189 PDP 1123
PLUS

LA30 Printer and Keyboard
LA36 Decwriter EIA or
20 mA loop
MS11-JP Unibus 32kb Ram
MS11-LB Unibus 128kb Ram
MS1 1-LD Unibus 256kb Ram
PDP1 1/05 Cpu Ram. i/o etc
PDP11/40 Cpu. 124k MMU
RT11 ver 38 documentation kit
RK05-J 2.5 Mb disk drives
KL8 JA PDP 8 async i/o
M18E PDP 8 Bootstrap option
VT50 VDU and Keyboard
- 20 mA
VT52 VDU and RS232 interface

£1,100.00
£80.00
£270.00
£80.00
£450.00
£850.00
£450.00
1.850.00
£70.00
£650.00
£175.00
£75.00
£175.00
£250.00

Give your VT100 a Birthday",
Brand New VT100 Keyboards
only £85.00
1000's OF EX STOCK spares for PDP8. PDP8A

PDP11, PD P1134 etc. SAE. for list. or CALL

sales office for details.
ALL TYPES OF COMPUTER EQUIPMENT AND

A massive purchase of these desk top
printer terminals enables us to offer you

these quality 30 or 120 cps printers

the minute News and Financial inform-

NOW ONLY £499 + VAT

memory 8 MMU 15 line RS232 interface

GE TERMIPRINTER

DATA I/O TERMINALS

Industry standard, combined ASCII

Made to the very
highest spec the TEC
STARWRITER
FP1500-25 features a
very heavy duty die ca-.'
chassis and DIABLO
type print mechanism
giving superb
registration and print
or i ginal cost.
quality. Micro -processor
electronics offer full
DIABLO/OUME command comparability and full contro via CPM WORDSTAR
ETC. Many other features include brdnectional printing. switchable 10 or 12 pitch
full width 381mm paper handling with up to 163 characters per
riclion feed
rollers for single sheet or continuous paper, internal buffer. stand.
RS232 serial
lay guarantee
interface with handshake. Supplied absolutely BRAND NEW wit'
and FREE daisy wheel and dust cover Order NOW or contact sa
.ace for MO'S!

information. Optional extras RS232 data cable £10.00 Tech m,
Feed £140.00 Soare daisy wheel £3.50 Carriage 8 Ins MK M

PRINTERS

at a SUPER LOW PRICE against their
original

cost

of

C1000

over

Unit

comprises of lull OWERTY electronic

keyboard and printer rnech with print
face similar to correspondence quality
typewriter Variable forms tractor unit
enables full width - up to 13 5 120
column paper upper - lower case

standard RS232 serial interface internal
vertical and horizontal tab settings
Standard
ribbon
adlustable
baud
rates Quiet operation plus many other
features Supplied complete wits manual
Guaranteed working GE30 £130.00

GE1200 120 cps £175.00
Untested GE3O £65.00 Optional
stand £12.50

-.

-

SEMICONDUCTOR
'GRAS BAGS'
amazing
transistors digita,
diodes bridge recs
.

!sacs

.ntents
IC s

etc

etc

devices guaranteed brand new full
spec with manufacturers markings fully
All

5uaranteed

0- £2.95 100" £5.15

TTL 74 Series A gigantic purchase of an
across the board range of 74 TTL series
ICs enables us to offer 100+ mixed
-mostly ITC' grab bags at a price which
two Or three cmps in the bag would
normally cost to buy Fully guaranteed ail
C 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. SD5A matchsize

box

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.

etc. Special offer this month on DEI Cartridge tape
drives ONLY £450.0C each.

EPROM COPIERS

CALL FOR DETAILS

The amazing SOFTY 2 The 'Complete
Toolkit

COMPUTER/SYSTEM CABINET 6 PSU
in one quality computer cabinet with integral
switched mode PSU. mains filtering, and twin fan
cooling. Originally made for the famous DEC PDP8
computer system costing thousands of pounds.
All

"GANG OF EIGHT'

with removable top lid, filtering, trip switch, power and run leds
mounted on all 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 10.5 h 11.5"d.
Also available less psu, with fans etc. Internal dim. 19"w. 16"cl. 10.5"h.

£19.95. Carriage £8.75

ELECTRONIC
COM
NENTS
EQUIPMENT

Due to our massive bulk purchasing programme. which enables us to bring you the
best possible bargains. we have tnousands of ICs. Transistors. Relays. Caps. PCBs.
Sub -assemblies. Switches etc etc surplus to 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 worth at least 3 times what you pay. Unbeatable value and

perhaps one of the most consistently useful items you will every buy" Sold by

weight.

SPARES WANTED FOR PROMPT CASH
PAYMENT.

2.5kIs £5.25 + pp £1.25
10kIs £11.25 + pp £2.25

i

0 UHF modulator

ONLY f195.00 + pp E2 50

screened and will deliver a massive +5v DC at 17 amps. +15v CC at
1 amp and -1 5v DC at 5 amps. The complete unit is fully enclosed

ON

include integral keyboard cassette interface. serial and parallel
ZIF socket etc

Made to run 24 hours per day the psu is fully

66% DISCOUNT

for copying wribng modifying and

listing EPROMS of the 2516. 2716.
2532. 2732 range Many other functions

5 kls £6.90 + £1.80
20kIs £19.50 + pp £4.75

intelligent

Z80

controlled 8 gang programmer for ALL
single 5v rail EPROMS up to 27128 Will
copy 8 27128 in ONLY 3 MINUTES internal

LCD display and checking routines for
plDl£0TP0ROOF operation Only £395.00 +

"GANG OF EIGHT PLUS" Same spec as

above but with additional RS232 serial
interlace for down line loading data from
computer etc ONLY £445.00 + pp £3.00
Data sheets on request

COOLING FANS
Kum your hot ports COOL and RELIABLE with our range of
COUNG FANS ETRI 126LF21 240v 5 blade equipment Ian
Inm 80 80 38inin C9 95 ETRI 99XU01240v Siirmine

25nen equipment glen NEW (9 95
92
3
2 5 compact very quiet
GOULD JB 3AR Dim 3'
95 MUFFOCCENTAUR
38rnm fans Order 110, OR
120
OXER standard 120
240v 3 or 5 Made NEW at E10 50 or tested EX EOUIP11.4ENT
CS SO Low Voltage DC Fans BUSHER 69 11 22 8 r6s DC
micro minmature reversible Uses brushless sir", motor

Dim 92

Bunning 240v operation NEW

Whom silent running, guaranteed 10.000 Iv iite Measures
only 62
62
22mirn Current cost E3500 OUR PRICE
120 38mm ,4
ONLY (13 95 cornolere with data 120
DC lane PANSONIC FR 12C1211 t 2s DC 5 Made f 18 00
PAST 41245 24
28v DC 5 Made (18 00
1004 of mhos fans Es Stock
CaO for Details Post IS Parking on all tans C2 00

1000's of other EX STOCK items including POWER SUPPLIES, RACKS, RELAYS, TRANSFORMERS, TEST
EQUIPMENT, CABLE, CONNECTORS, HARDWARE, MODEMS, TELEPHONES, VARIACS, VDU'S,
PRINTERS. POWER SUPPLIES, OPTICS, KEYBOARDS etc. etc. Give us a call for your spare part
tjr
requirements. Stock changes almost daily.
Don't forget, ALL TYPES and QUANTITIES of electronic surplus purchased for CASH
ENTER 53 ON REPLY CARD
ELECTRONICS & WIRELESS WORLD
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TDS9090 FORTH

TDS9090 A powerful control computer based on the new Hitachi

EMBEDDED COMPUTER

MEMORY - 30K bytes RAM - 16K bytes user application space
- 256 bytes non-volatile EEPROM - 16K bytes Forth system with
support for keyboard scanning, Liquid Crystal Displays, and PC

6303Y microprocessor and the high level language FORTH.
Actual size only 100mm x 65mm.

bus peripherals. Interrupts, multitasking, time of day clock,
watchdog -timer, low power operation, and a full symbolic
assembler are all built in.

INPUT-OUTPUT 32 parallel lines and two serial channels
using true RS232C format and voltages.

WATCHDOG TIMER Software re-enters after a crash.

EXTERNAL PERIPHERALS Full address and data buses as
well as 5 decoded chip selects are provided. A unique software and

hardware system enables up to 64 keys inputs to be connected
using up only 8 lines.

POWER SUPPLY A single supply of +6V to +16V is needed.
Low power operational mode using 3mA only.

Triangle Digital Services Ltd

PRICE 1 off £194.95 25+ £99.95ea.
Single unit price includes manual and 8K +8 NV RAM.

100a Wood Street, London E17 3HX
Telephone 01-520-0442

ENTER 6 ON REPLY CARD

Telex 262284 (Ref M0775)

TELESCOPIC

MASTS

173MHz FM TELEMETRY RADIO LINK
Line of Sight Range typically over
300 metres with 1mW ERP +
over 900 metres with 10mW ERP.

Modular, Wall Mounting
Transmitter + Receiver

Pneumatic
Hydraulic Ram
Operated

Winch Operated

Direct Basebanc Inputs +
Outputs

Approved to MPT1309
Each Module 86 x 104 x 45mm

1

+ requires only 30mA dc at 7.2V

'Add on' Modules for Remote
Switching, Voltage Monitoring Serial Data Transmission.

ADENMORE LTD
27 Longshot Estate, Bracknell, Berks. RG121RL Tel: 0344 52023
ENTER 57 ON REPLY CARD

ELECTRONIC POWER UNITS
FOR XENON, MERCURY AND METAL HALIDE LAMPS
UNITS AVAILABLE FOR LAMPS RANGING FROM 75 TO 12000 WATTS

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

Hilomast Ltd.
THE STREET - HEYBRIDGE MALDON
ESSEX - CM9 7NB - ENGLAND
Tel (0621) 56480
Telex: 995855

K. T.

Manners Design Ltd.

P.O. Box 936, _ondon W4 4NW Telephone: 01-994 7155

ENTER 13 ON REPLY CARD
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Telex: 28604

ENTER 66 ON REPLY CARD
ELECTRONICS & WIRELESS WORLD
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Professional Precision for the Amateur Enthusiast.
SKS

SOLDERING KIT
and p 3ck of solder

ANTEX has a worldwide reputation for quality & service & for many years
has been one of the best known & most popular names it soldering. Always
at the forefront of technology, ANTEX is continually researching new and
better ways of achieving more accurate, reliable, and cos- effective
soldering. On AN -EX Soldering Irons, the advanced design of the interface
between the element & the bit allows more efficient heat transfer to the
bit and improved stability of the temperature at the point of contact with
the work. Indeed, experiments have shown that an XS25 watt iron can be
used for tasks where a 40 watt iron would normally have been required.
ANTEX Soldering Irons exhibit exceptionally low leakage currents & hence
are suitable for use on Static Sensitive Devices. Sophisticated temperature
controlled solderilg units have recen-.1y been added to the ANTEX range.

TCSU1 Soldering Unit

Model CS

Model C

TCSL-D

Ternper,itur, t.(mtrolled
',01dering Unit
opore---

Model C

SK5 Soldering K t Contains

- 15 Watts. Avail able for
0, 220, 115, 100, 50 or
24 volts.

model CS 240v Iron, an ST4
Stand and solder

Model X5

model XS240v Iron, an ST4
Stand and solder.

with British Plug.

Controlled Soldering Unit
with 50 W Iron (XSD) and

TCSU1

built around FERRANTI

SK5-BP and SK6-BP
Soldering Kits as above with
British Plug.

- Very robust temperature
controlled Soldering Unit,
with a choice of 30 Watt

custom-made ULA. Range /

Model CS
-17 Watts. Available for
240, 220, 115, 100, 50, 24

(CSTC) or 40 Watt (XSTC)
miniature irons.
Range 65°C to 420°C

crossing switching. /

or 12 volts.

Accuracy 2%

- 25 Watts Available for
240, 220, 115, 100, 50, 24
or 12 volts.
Model XS -BP
- 25 Watts. 240 volts, fitted
with British Plug

ST4 Stand
- "o suit all irons.

SK6 Soldering Kit Contains

Model CS -BP
-

17 Watts 240 volts, fitted

TCSU-D
Elegant Temperature

Ambient to 450°C. Accuracy ± 5°C. Zero
Detachable
sponge
tray.

/

/

/

4` ,$,

ce

\-\t'

ENTER 20 ON REPLY CARD
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Displays for instruments
The range of electronic displays available for
instrumentation applications has broadened enormously
over the last decade: designers are now faced with a
bewildering choice of different technologies, each with
their own strengths and weaknesses.
BRIAN ROSE
At present, the range of technologies
available for use as instrumentation
displays breaks down into six different
types: light emitting diodes (1.e.ds), liquid
crystal displays (1.c.ds). vacuum fluorescent
displays lv.f.ds). plasma gas discharge displays Ip.g.ds). electroluminescent displays
(e.l.ds) and cathode ray tubes (c.r.ts).

Some display technologies are well established, whereas others have emerged in
the last few years as viable displays. Selecting

acceptable constraints on the design of the
complete instrument or system for which it
is intended. The following review summa-

rizes the characteristics. limitations and
advantages of the different display technologies and also describes recent developments

that have been made, both in the basic
technology and in application.

LIGHT EMITTING DIODES

created between the electronic valence and
conduction bands of the gallium phosphide.
By the application of a voltage, electrons are
promoted from the valence to the conductor
band, this promotion being continuous once

the voltage is applied, as is the return of
electrons from the conductor to the valence
band. In dropping from the conductor to the
valence band a quantum of light is emitted,

the frequency of this quantum being proportional to the energy gap. Thus, by tuning
the gap by the use the particular dopants,

all too easy to design -in one part, only to find

The I.e.d. is one of the most venerable and
well established display technologies available. L.e.ds are semiconductor devices that
emit light in response to an applied voltage.
Typically, the material used for the junction
from which light is emitted is gallium
phosphide (CaP) doped with elements such
as nitrogen and arsenic. By doping a CaP

in the course of further development that
some aspect of the display imposes un-

junction with appropriate quantities of a
particular dopant. an energy gap can be

range of 700 to 400nm.
Red and green have always been straight -

the correct display for a particular application is crucial. particularly as a number of
devices may, on initial study, appear to be

adequate for a particular requirement.
However, unless the characteristics and
limitations of a display are understood. it is

128

colours from red, through orange, yellow
and green to blue can be produced. For the
emission of visible light the energy gap has
to be larger than 1.8 electron volts, since the
spectral range extends from 1.8 to 3.10 eV,

corresponding to an optical wavelength

ELECTRONICS & WIRELESS WORLD

forward colours to produce, although until

produced by the use of front and rear

switched on in low light levels.

recently it has been difficult to produce

polarizing filters attached to the outer surfaces of the glass panels. These filters are
usually applied with their polarizing axes
orthogonal to each other. Thus, with the
liquid -crystal molecules in their normal

A number of connector types can be used
with I.c.ds including push -on pins, bonded

state (twisted and able to rotate the plane of

brought out in a limited space a high -density
elastomeric connector may may to be used.
Bonded -pin displays are easy to use and can
be inserted in p.c.bs like an i.c.

yellow I.e.ds with a tight colour spread and
acceptable brightness variation within the
batch. For some time, colour and brightness
have been selected by batch, but increased
control of production has largely eliminated
this.

polarized light) any light passing througF

The blue I.e.d. has only been available for a

the l.c.d. and polarizers and reflected back is

few years and the light output and price still

substantially unaltered. However, when a

leave a lot to be desired. Consequently,

voltage is applied across the electrodes, the
liquid -crystal molecules straighten out, thus

application, for blue I.e.ds have been limited.
being mostly restricted to spectroscopy applications.
The basic I.e.d. chips can be packaged in
many ways: as individual lamps, as seven segment and alphanumeric displays, as bar graphs, backlights and dot-matrix displays.
As a single indicator the I.e.d. has no

losing the ability to rotate the plane of
polarization light: hence, any area over
which this occurs appears opaque to the
viewer.
An enormous range of standard I.c.ds is
available from companies such as Hitachi,
Sharp, Epson, Varitronix and Toshiba. Dis-

competition and when configured as a single seven segment display, it provides a

pins, elastomeric connectors and heat bonded connector films. In some cases, due

to the number of contacts that have to be

Due to production constraints, a preferred

viewing direction must be selected at the
time of manufacture. This is normally 6
o'clock. i.e. viewed from below, but 12
o'clock viewing is available for top viewing as
are special angles (such as 3 o'clock for a car -

radio application). Standard temperature
range for l.c.ds is now 0 to +50°C but some
types are available spanning -40
to +85°C. Simple I.c.ds such as
4 -digit. half -inch tall digit types

are used in great numbers in

very cost-effective solution.

measuring instruments such as
multimeters.

However, I.e.ds are somewhat

power hungry. A single I.e.d.
lamp running at 5V and 20mA
does not improve much of a

The scope of the I.c.d. has
been greatly increased by the

power requirement on any
system, but when multiple,

availability of custom -designed

seven -segment displays are
used, the power requirement

companies now offer a custom
service where an I.c.d. can be
designed and manufactured to

facilities. Almost all I.c.d.

tends to add up and can be
prohibitive.
Being solid-state, I.e.ds are

a DISPLAYS PON SlifelP

intrinsically robust and can
operate over wide temperature ranges ( -25 to + 80°C).

.4..", MIA 1.1. PK'', ono...N.
4;itr
001. . MIft4.1,.1.w.4yawn
well. tr.

a customer's specifications.

HOW
Decign the Mug. mu) yer eentexts
11V4. , 'to Iatle Ite ItrIo
v.r.. revert. 'pt....*
t.lveltm Dry
was selor. IIN

-

Reliability is excellent with a
500,000 hour m.t.b.f. a conser-

Caret PPlik

This particular area of the
market has been tainted in recent years by the activities of

!;..

certain 'cowboy' companies.
Reputable companies include

Sharp, Hitachi. Epson, Vari-

vative figure these days.

tronix and Lucid.

In summary, I.e.ds provide
a simple, cheap and reliable

sign, bargraphs. legends and

With a custom I.c.d.

display for single indicator,

even company logos can be in-

single or dual -digit appli-

corporated into one display.

cations, but where a greater
amount of information needs

When a larger amount of
information needs to be dis-

to be displayed cost and power

played such as several lines of
alphanumeric characters then
a complete module rather than
just an I.c.d. is generally preferred. Modules comprise I.c.d,

consumption can be prohibitive.

LIQUID CRYSTAL
DISPLAYS

After the abortive initial launch

de-

connectors, elastomers and
600 by 400 element electroluminescent display from Sharp.

of I.c. displays using the dynamic

driver i.cs.

An area of considerable

scattering type fluid (unreliable with poor
environmental integrity and poor contrast)

plays from a single, half -inch tall. seven -

growth in the past few years has been

segment digit through 4, 6, and 16 digit

I.c.ds have now come of age with the use of
twisted nematic fluids.
The I.c.d. is an interesting technology as it
emits no light. Information is conveyed by
modification of incident light, in most cases.
L.c.ds consist of two glass panels sealed
together, containing liquid -crystal material.
On the inside surfaces of the two glass panels
are electrode patterns etched.in conductive.

units up to large single digits, many inches

graphic I.c.d. modules. Unfortunately, it is
in these products that the shortcomings of

tall are available.

I.c.ds become apparent. With large displays

transparent indium tin oxide. The inner

light, not in darkness. Transmissive displays

surfaces of the glass are prepared in such a
way as to anchor Liquid -crystal molecules in

are designed to be permanently lit from

a fixed position top and bottom and to
impose a 90 degree twist in the molecules
between the two plates, liquid -crystal mate-

rial have no effect on normal light but do
have the ability to rotate the plane of
polarized light. In I.c.ds polarized light is

ELECTRONICS & WIRELESS WORLD

Many options are available with I.c.ds:

(650 by 200 dots for example), each dot

there is a choice of viewing mode, connec-

needs to be separately addressable.

tion type, viewing angle and operating

However, it is impossible to dedicate one
contact for each dot: it is necessary to use a
multiplex drive system. Many dots share a

temperature range.
Viewing modes can be chosen as restrictive, transmissive and transflective. Reflec-

tive displays can only be seen in ambient

common electrode and hence unique
addressability can only be achieved by a
complicated sub -division of drive -voltage
levels and reduced address time per drive

behind (good in the dark, but poor in strong
ambient light unless strong backlighting is
used.) Transflective displays combine the
features of transmissive and reflective units.
They can be seen in good ambient light but.

cycle. The result of a high -duty cycle multiplex drive (100:1 or more) is to give reduced
contrast and viewing angle compared with
simple I.c.ds: early graphics I.c.ds of 640 by

since they will permit light to be shone
through from behind, a backlight can be

tinuing development over the past few years
has produced a useful improvement. but the

200 dot size were virtually illegible. Con-
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This vacuum fluorescent display dashboard was designed for the Aston Martin Lagonda, by Kemitron. Road and engine speed r.p.m. are
shown on bar -graph gauges, all the usual standard warning symbols are incorporated, and a separate dot-matric display is linked to a
speech synthesizer to give system messages.
release this year of new units using the new
super -twisted birefringent I.c.d. material
has finally produced usable large graphics

after evacuation. Although attractive. v.f.ds

molecules ionize and emit light

are not a particularly cheap technology,
especially when driver costs are borne in

displays: leaders in this field are Sharp,

mind. There are only three major manufactures- Itron, NEC and Futaba - all Japanese.

electrode surfaces. Neon is the gas most
normally used: this requires a discharge of
180V+ and gives a bright orange display.
Small displays are not practical with p.g.ds
and available units range from 4 digit units
to 640 by 400 -dot flat panels. Very high

Hitachi and Epson. Sharp have super -twist
units available now with Hitachi and Epson
due to follow very soon.

L.c.ds are small and light. if somewhat
fragile, due to their thin glass construction.
The great advantage is their very low power
consumption, in the order of a few milliwatts
even for the largest display. However, since
they are passive displays and emit no light

they are unsatisfactory in low light conditions. Backlighting can of course be used,
but this detracts from the low power consumption advantage of the I.c.d. Another
major advantage of I.c.ds is their low cost.

PLASMA CAS DISCHARGE DISPLAYS
Plasma displays take the form of a gas -filled
space between two electrodes. When a high
voltage is applied across the space, the gas

at

the

brightness (up to 300 foot -lamberts) can be

obtained from p.g.ds and this partially explains their popularity as bargraphs in pro continued on page 132

Cathode ray tubes. as well as being instrument display devices in their own right on
oscilloscopes etc, can also simulate other displays. This high -resolution c.r.t. from AEG
combines the function of several mechanical meters into one display for use in aircraft
all superimposed on a radar map to give all the essential information in a single display.

For a display of four digits and above. there is

no cheaper option and this coupled with the
availability of a wide range of c-mos driver
helps to explain their popularity.

VACUUM FLUORESCENT

The vacuum fluorescent display has been
around for many years and although it has
been very popular with Japanese equipment
manufactures it remains relatively unpopular in the UK.

V.f.ds operate in a similar manner to
valves. Electrons from a cathode are accelerated by a potential difference through a grid

to impinge (fluoresce) upon a phosphor
layer. V.f.ds are identifiable by their attractive bright blue-green colour which is filterable to other colours. Their familiarity in the
UK comes from their use in almost every
video -cassette recorder: however. they are
rarely seen in instrumentation. V.f.ds are

bright with good viewing angles. but the
vacuum envelope is intrinsically fragile,
particularly the "neck" where they are sealed
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NOW IS THE TIME FOR ALL

GOOD MEasurements to take
advantage of multi -channel

digital displays from
MITRE ELECTRONICS, so that
you will be able to:
- follow the trend of several
measurements at -a -glance.
- read precise values of the quantitites at
any time.
- normalize the displays, so that any
variation is immediately visible.
- compare different, but related quantities
side -by -side.

INSTRUMENTS
COMPONENTS
EQUIPMENT
ACCESSORIES
.thneg Crottch Hitachi Stockists I UK TNT lelive',
E7 00 plus VA

HAMEG Dual trace with

omponent -esters 8 e 10cm green screen
£298.00
33316 011li 2D MHZ I with probal
204 Ma sweep delay
f402.00

£458.00
£567.00

205 Digital storage dual 20MHZ
605 Dual 03 MHZ plus sweep delay

CROTECH with component later

£195.00

3031 Single 20 MHZ 95cm CRT

P.O.A.

8 .10cm

GENERAL OST5m single trace 5 MHZ

£139.09

CRT

3

THANDAR sci 10A Portable 10 MHz

Send details of your application to:

00 00

270 2400 AC mains 8 digit LED

Counters C.1NZ resolution. 5mV sensitivity
I 00MHZ 2 ranges
£99.00

£126.00

600MHZ 3 rages

i000m Hz 3 ranges
£175.00
1500MHZ 3 ranges
£199.00
Timers 0.00114Z Resolution 10010111 5m0 sei silivity
OP! 0 Standrid model
£219.00
OP 100 Incl display hold. etc stopwatch, RPM etc

£285.00

£43.26
£56.26
£33.26

U 3.00
£150.00

DIGITAL MULTIMETERS

The Forge. Lucks Green. Cranleigh.
Surrey GU6 7BG
Telephone: 0483 275997

£26.04
528T 13 range. plus Hte test
£35.65
95C ZS range 10A Acioc
8010 28 range. 10A AC/DC. 20 MEG

£30.39

5010 31 racy 10A ACJIC tuzz 211A AC, DC £36.50
£39.00
TM357 30 range IDA AC/CIC buzz

5010 EC as 5010cap Hle cond

Prices LOWER than current domestic prices.

POWERQuery us for immediate needs.

A quality source for a complete range of RF POWER devices - From 230MHz, SS8 12.5V 7 28V transistors - 14-30 MHz CB/AMATEUR 27-50
MHz, low band FM - 66 - 88MHz, mid band FM - 66 - 88MHz, mid band
FM -156 - 162MHz VHF MARINE RADIO FM -130 - 175MHz HI -BAND
VHF FM - 108-152MHz VHF AIRCRAFT AM - 225 40MHZ UHF 28V -

ANALOGUE

MULTIMETERS

£7.50

1015 15 range pocket 10K/V

1035 19 range 20K/V 10A ocil 0.39
10282 19 range 103 DC Hle 213K/VE12.61
NC201 19 Range 20K/V 12A AC/DC£15.61
2020 20 range 10A OC ille 20K /V

£19.09
£22.57E23.60

£28.65
I. no case]

£33.50

57820 range auto memory hole IOu AC. OC £34.50
615 19 range plus Hle test. 20 MEG 10A DC

ALL WITH FREE CASE
EHT METER
0/40KV Direct Reading

£45.170.41/4

fS2.13

PROBE/PULSER --..t

ALL WITH FREE CASE

6108 ?OMNI Logic probe a bleeper
625 50MHZ Probe & pulser 05HZ50011Z
0 7 20MH2 Logic probe

SWITCH MODE PSU's

£16.95
£22.96

£9.52

Open Frame Models
I/ P 100/240V AC

AC CLAMPMETERS With cases and mans

01406 50 53 23V 23mA
120 i00mA -1211500mA £8.65
solo 2 to 5v ladiustabiel I Oamp

60014 rangesi I k OHM £30.87

12035*

85/97W 556A I2V 4 754

U.S. supplier of RF POWER DEVICES.

2013KHZ R.0 OSC

50501 41 Range F E T

300 300amps 15 rangesl

£7.78

Enclosed Model

RF

220 IOU

HENRI R -C OSC

155m 21 range 10A AC/DC 20K/V
BANANA 15 range buts sncaprod 20K/V

£21.50 5

105 14 Range 2A.DC

also available.
SURREY ELECTRONICS LTD.,

I DOKHZ

30108I 24 range 10A DC buzzer 30K/V £20.83

500 15range.200mA0C.2MEG £19.96 'A

Mono version, box types and 5Hz fixed shift boards

330

2018 Audio Power Meter
TF501 Electronic Insulation Tester
PFM200A 200MHZ Pocket LEO Counter
OM 358 8CH. Scope Multiplexer
KOM6 200MHZ TR. DIP Meter

volts 0/5 amps DC
154 5/15 vo ts CIA amps OC
Also 13 BV OC 3 amps max
Fixed no meb
0/3090/2 amps DC LCD display

£105.00

£10.00
£65.17
£78.22
£89.00
£59.50
£220.00
£69.00
£75.50
£179.00
£43.04

XI /X10 Probe kits 1250MHZ1

TEI301 I.00 Digital Temperature

digit LCD displays

in public address and sound reinforcement.

GENERAL EQUIPMENT

SUPPLIES
2405 AC input Stabilised
variable outpu voltages.
Direct meter reading
vets and amp

£110.00
£110.00
£160.00

sound carriers RGB and SYNC 0/PS AM/FM sound
£199.00
Colour etc

DC POWER

243 0/24 veils 0 3 amps DC

Rack mounting frequency shifter for howl reduction

T6102 0 2111 to MHZ
PULSE Square. Complement. TTL 0/P
T6105 5H2 to 5MHZ
TV -VIDEO PAL VHF /UHF 5 5/6/6.5MHZ

CM2013 Bench Oigltal Cap. Meter

ENTER 37 ON REPLY CARD

.

'P

TG101 0 02111 to 200KHZ

1 Lilac Close, Bordon.

1111.11,14 1.10 tet.e,

-1=1

FUNCTION sine sg triangle. TIL
J500 0 IHZ to 500KHZ

Hants. GU35 OUY.

111/80

_J;c2=;L:1:4TX-inEtt

COUNTERS AND TIMERS

MITRE ELECTRONICS

STEREO STABILIZER 5

GENERATORS 220 2400 AC operation

£175.00

32 a 26mm display

MITRE Integral Scale Bargraphs are
available as:
Four channel LCD desk, or DIN panel
mount, and Sixteen channel Video
Monitor form (channels normally share a
common return, isolation is also available
if required.)

Please add 15% VAT
(UK orders only)

OSCILLOSCOPES

HITACHI 1212 Dual trace 20 MHZ

- freeze measurements, to allow
comparison of 'before' and 'after'
values.
- preset upper and lower limits, and
monitor variations.

Official orders
welcomed.
Export supplied.

BENCH DMM'S I
3

Digit LCD 10A

[

-

AC/DC 20 meg. Buzzer etc -

4300 Autorange Digrol 3004
cool lest
5000
£75.00

£19.95

-11Z3
CEEB

322 D 25°0

£ 89.00

3210 0.1%TruRMS

£119.00

f

aim&

DIGITAL CAPACITANCE
METER 8 range LCO 20Opt to 2000M FO
Pusheunon selection 160131

£55.00

WITH FREE CASE

STOCKISTS FOR:

407 - 512 UHF CATV/MATV CLASS A linear transistors -A SMALL

Logic Analysers Insulation Testers Temperature meters Security Systems
Public Address Communicat ons Tools Computer Equipment TV/Video
Accessor es (See Catalogue)

indication of types are listed below. SEND FOR OUR FREE BROCHURE
AND/OR CONTACT FOR IMMEDIATE QUOTES.

ORDER BY POST OR PHONE. OPEN 6 DAYS A WEEK FOR CALLERS.

MRF450 MRF453 MRF646 BLY88A BLY90 BLY93A
.2N3553 .2N4933 .2N5109 .2N3375 .2N5016
_589
.2N4128 .2N5070 .2N5591 .2N6080 .2N4427 .2N5090
.2N5634 .2N6083 2N4431 .2N5102 .2N5918 .2N6084

T I C Semiconductor Inc.
18 WEST 21st STREET NEW YORK, N.Y. 10010 U.S.A.
TEL: (212) - 675 6722 TELEX: 284564 TICS UR
ENTER 12 ON REPLY CARD

HEfIRY'S

FREE

rEtEgcNonics

MI= 301 Edgware Road. London W2 1BN. 01-724 3564
0 404 Edgware Road. London W2 1E0 01-724 0323
TELEX 296102 TRANS G

SENDS A

t

E

(Min 12"x g
wth £1 stamp
Uh
. ),)

I

Send £1 00

EDUCATION AND ACCOUNT ENQUIRIES 01-258 1831
ENTER 29 ON REPLY CAR I
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acceptance and has given e.l. displays an
advantage over v.f.ds and p.g.ds.

Outstanding features of e.l. displays are
robustness, compactness, brightness, wide
angle, stable image and good system integra-

tion.
CATHODE RAY TUBES

The cathode ray tube is the oldest of the
electronic displays currently in use. In terms
of value, more c.r.ts have been sold than all

other display types combined. The crude
units used for television before the second
world war have developed into today's high-

resolution monochrome and colour displays. The basic technology of c.r.ts is well
known - electrons from a heated cathode are
accelerated in a vacuum towards a grid and
guided by external magnetic or static forces
to impinge on a phosphor coated screen.

Except for esoteric units, no major
changes have been made in the basic tech-

nology used in the vast majority of c.r.ts
supplied today. Instead, detailed improvements in the performance and variety of
phosphors, the resolution of screen etching
and better yoke design have taken place. The

huge volumes of c.r.ts in productions mean
that costs are very competitive.

The design of a c.r.t. display package
involves trade-offs. Increased resolution is

Another example of the versatility of c.r.ts is provided in the Labview software for the
Apple Macintosh computer, available from Amplicon in Brighton. It can display the "front
panel" of an instrument connected to the computer through a GPIB interface.
cess control instrumentation.

P.g.ds are most popular in the United
States where many years ago Burroughs
were the world leader in this technology.
Unfortunately, the demise, resurgence and
demise again of Burroughs and other spinoff p.g.d. manufacturers led for many years
to erratic supply. Japanese companies such
as NEC now also manufacture p.g.ds and
supply has stabilized somewhat. P.g.ds have
been unlucky in attracting a bad press over
the last few years. Their flicker has attracted
criticism and at one time there was talk of
banning p.g.ds for computer terminal applications.
There has also been a (surely) aprocyphal
story about the British defence instrumentation manufacturer whose marine p.g.d. displays failed to operate in the darkness of the
Arctic circle. Apparently, some ionization of
the neon gas needs to be present before an
initial discharge can be struck, this ioniza-

tion being normally provided by light
photons which, if absent, prevent strike -up.
One method of avoiding this problem is to

incorporate minute quantities of radioactive tritium to ionize the neon.
Although popular in the US, p.g.ds have

never really taken off in the UK although
many large p.g.d. graphics panels now look
attractive. Many p.g.d. manufacturers still
have not solved the display/driver integra-

tion problem and it is not unusual to see
p.c.bs stacked four deep on the back of a
p.g.d.

ELECTROLUMINESCENT DISPLAYS

achievable only at the expense of brightness,
for example. Tube depth can be reduced by
using tubes with large deflection angles, but
these angles may jeopardize display quality,

and d.c. drive. Thick film a.c. drive panels due to loss of linearity and poor edge
have been renowned for their short half-life resolution.
Higher scanning rates (up to 64kHz for
and this has unfortunately rubbed off on the
other variety. The dominant technology is colour) are now possible, which gives higher
thin-film a.c. drive e.l. panels. These have resolution and this, together with the
been pioneered by Sharp in Japan.

achievement of dot pitches down to

E.I. panels consist of two sheets of glass
with electrodes etched in indium tin oxide

0.26mm, has produced c.r.ts more suited to

on the internal surfaces. One set of electrodes is orthogonal to the other - when
assembled an x -y grid is produced. Sandwiched between the two plates of glass is a
thin layer of zinc manganese sulphite. When
a potential difference is applied across the
phosphor it emits a pleasing yellow -glow.
Hence, the panel is completely solid-state
with no fragile envelope containing a gas or a
vacuum. Integration of display and drivers
has been taken to an advanced level with
surface -mounted drivers sitting on flexible
printed -circuit boards which are attached to
the four sides of the display. These boards
fold tidely behind the display, resulting in a
compact package.

Current Sharp units offer viewing angles
of more than 120 degrees in all axes, brightness greater than 20 foot lamberts (68cd/
m2), and high contrast, all in a package less
than 35mm thick.
E.I. displays have only been in production

the demands of computer terminals and
c.a.d./c.a.m. units. It is, however, in the field

of monitors (the integration of c.r.t. into a
display system) that most advances have
been made.

In general, a monitor is engineered to
Display data at a single fixed frequency.
However, new advances have produced a
single monitor that can accommodate a
variety of scanning (data) rates, which
means that the circuit can operate from
mulitple sources showing varying resolution. The NEC Multisync is an example of
this new type of monitor accommodating
frequencies of 15kHz to 35kHz.

QUICK GUIDE

No one display technology will suit every
application. The criteria that should influence selection of a display include size,
power consumption, legibility, robustness
and interfacing.

It is possible to get a more meaningful

view of the way in which these factors
signs of becoming the flat -panel display of influence selection by grouping types of
for the last five years, but even so, they show

the future. Unfortunately, e.l. displays are displays together by the amount of informa-

not viable as small units. The smallest

tion they can display.

display in production is 320 by 240 dots, but
the largest is 640 by 400 dots, and is most

Low information -content displays Here

Like I.c.ds, e.l. displays had a bad start. There

suitable where a large amount of informa- I.e.ds reign supreme. They are small, robust,
tion needs to be displayed. An interface very with good viewability and are comparatively

are four types, thin film, thick film, a.c. drive

similar to that of a c.r.t. has enhanced cheap, so long as the number of I.e.ds used is
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Touch -sensitive pads are incorporated into the face of this British electroluminescent display to provide an interactive system for
control and display. The display offers 640 by 256 pixels and has the advantage of a wide viewing angle, suitable for both text anc
graphics. The 8 by 16 capacitive switches can be programmed to match the carresponding areas of the display by high-level language
so that. e.g.. a read-out from a required function can be obtained by touching that spot on the screei. By Phosphor Products of Poole.
restricted. Power consumption is acceptable

Both v.f.d. and p.g.d. are better -looking

even in portable equipment. Towards the
higher end of this category (say four digits
and above) I.c.ds start to become more
attractive so long as they are to operate in
normal lighting conditions. Their low power
consumption is a great advantage and as
long as I.c.ds are carefully mounted, their

displays than I.c.ds.

robustness is quite good.

long as the weight and size is acceptable. The

Medium information -content displays If we

neck of a c.r.t. always makes the depth of a
unit problematical. Several companies, in-

define this category to commence with, say,
a single line of sixteen alphanumeric characters, then the choice is between l.c.d. modules and v.f.ds. L.c.d. modules usually have a

price advantage and are to be preferred
unless the pleasing blue/green characters of

a v.f.d. are considered aesthetically more

important than the unimpressive black
character of the I.c.d. Even with a backlight,
an I.c.d. module still consumes less power
than a v.f.d, especially if the backlight need

only be used intermittently in low -light
conditions.

Although plasma displays can also be
attractive, their integration with driver and
their expense tend to militate against them

At the top end of this category where an

entire screen of information needs to be
shown, then the choice is between I.c.d.,
p.g.d., e.l. and c.r.t types.

The c.r.t. is still the cheapest way to
display a large amount of information, so

cluding Sinclair, Sony and Philips have
produced c.r.ts with reduced depth, but
costs are high and they show no sign as yet of
taking a significant share of the total market.
If a c.r.t. is unacceptable then the choice is
between I.c.d. modules, p.g.d. and e.l. L.c.d.

modules offer the lowest power consumption, but even the new super -twist units offer

an unexceptional display compared with
p.g.d. and electroluminescent displays.
For a flat -panel display with good view ability, the choice is between p.g.d. and e.l.
P.g.ds have a slight edge on brightness, but

in this category.

High information -content displays If this

cases c.r.t. controllers may be used.

category is considered to begin at 4 lines of
40 characters, then the choice here is be-

Unlike the majority of electronic components, the way a display looks has a great
influence upons its selection. It is not unknown for the selection of a display to be

qualify.

For smaller units, I.c.d. modules are
probably the best choice, up to about eight
lines of characters. V.f.d. and p.g.d. units are
also available at this size and integration of
display and drivers rivals that of the I.c.d.

also suitable for laboratory instrument
applications, this electroluminescent dis
play comes from Finland (Lohja corpora
tion). It has all the electronics necessary tc

be compatible with the output of an MS
DOS computer.

are usually larger and heavier than an
equivalent e I. display (this may be important for portable equipment). Interfacing to
an e.l. display is usually easier - in many

wildering. All the displays mentioned

Intended for use in portable computers bu'

conditioned by its match to a company's
colour scheme. Designers are spoilt for
choice as far as displays are concerned - even
though some hard work may be necessary to

select the correct display for a particular

This flourescent indicator from NEC in-

module, albeit at higher cost and greater

application.

power consumption. Here if the power consumption and cost penalties are acceptable,
the decision to be made is one of aesthetics.

Brian Rose is the product manager of nics to allow the unit to be connected
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cludes all the support and control electrolmpectron Ltd of Horsham.

directly to the data and control signals.
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a radical approach

Novix

to microprocessor design
Currently, programming languages are adapted to suit a
given processor, but what happens when the processor is
designed to implement the language?
WILLIAM WATSON AND CHRIS STEPHENS
increased so has the number of microcode
cycles needed to implement those complex
instructions, so that now a 16MHz clock will

greater processor -design complexity.

yield perhaps two million instructions per
second, each instruction requiring eight
clock cycles to be loaded, decoded and

present programmers with the same

speed, faster internal microcode, an extra
level of pipelining, or some new addressing
mode.

executed.

Assembly language gives maximum per-

Now consider reading about a processor
which outperforms most traditional designs
by at least a factor of ten, directly executes a
high-level language, and which uses only a

As the number of bits of processors has
moved up and up from 8 to 16 to 32, the

formance but at the expense of long develop-

complexity of this microcode has also spiral-

guage such as C, Pascal. Basic or Forth eases

led. In an attempt to give the user more
processing power, designers have been
forced to use more and more gates and

the programming load but at the expense of
execution speed, which now depends on the

higher and higher clock frequencies, so that
devices with over 100 000 gates and clock
speeds greater than 16MHz no longer sur-

compiler. Nor have any of these methods of
improving processor performance provided
a complete implementation of a high-level
language on a processor, for all these languages require assembler code to create the

Look at the information accompanying

the introduction of a new microprocessor and you will usually find that
it describes perhaps a 20% increase in clock

modest clock speed. You then read on to find

that it is not even a custom -silicon device
but put together on a gate array with fewer
than 4000 gates and was designed by just two
engineers in under a year.
Clearly some kind of explanation is in

order. How could such a feat be possible
when each new generation of conventional
processors normally requires a commitment
of millions of dollars and all the resources of
a custom -silicon design department? But
there is such a device - the Novix NC4000
Forth processor.
Before describing it in detail, we'll discuss
recent developments in processor design to
let you see why Novix architecture is such a
radical departure from the norm, and how
its design offers some new concepts to the
rest of the microprocessor industry.

CURRENT TRENDS
A decade seems a short time and yet, in the

context of the electronics industry, it has
seen the development of several generations

of microprocessors. Most existing designs
originate from two or three major American
corporations and more often than not each
new processor generation has had a link to
the previous one, for example 8080, 8085.

prise us.
A recent development has been risc philosophy, where the chip's microcode has been

stripped to a minimum. The goal here is to
execute a reduced instruction set very quickly, at one instruction per clock cycle if
possible. The theory is that the risc proces-

sor can execute several small instructions

more quickly than one (more complex)
instruction on a conventional processor.
This technique gains speed but at the expense of requiring more software. It does
wonders for a processor's Mips rating (million instruction per second) and shows how
misleading such figures can be, as the risc
machine is having to execute many more
instructions to achieve a given function than
its cics (complex instruction set computer)
counterpart.

Another method of increasing performance has been to incorporate a pipeline -a

8086, 80286, 80386, and so on. Others show

facility which prefetches the first instruction
while the second is being executed within
the processor and the results of the third are
being stored. In practice there can be many
more than three levels - one recent offering

signs of 'creeping featurism' - a d.m.a.

has six.

controller here, a timer there, some extra i/o
somewhere else, all added on to the c.p.u.
but not providing an increase in computational performance.

As each new design has evolved, the
resulting chip has become increasingly complicated. One way of trying to rationalize this

complication while retaining compatibility
with existing designs has been to use microcode. Manufacturers started designing a fast
processor whose microcode then emulated
the required assembler function.
Unfortunately, as design complexity has
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Like risc, the aim of pipelining is to
minimize the processor's time away from
memory. But it also presents a problem: in
the case of a jump, loop or subroutine call
the processor cannot know what the next
instruction is until it has executed the
current one. In this situation, the processor
has to abandon all its pre -fetched instructions and no increase in speed is gained.
Some processors manage to juggle the instruction sequence so that at least some
useful work is done during otherwise wasted

internal clock cycles, but at a penalty of

Despite these developments, all proces-

sors from the slowest to the fastest still
tradeoff: whether to program in assembly
language or in a high level language (h.I.1).

ment times; employing a high-level lan-

complexity or quality of someone else's

'virtual machine' for that language on the
processor.

THE FORTH VIRTUAL MACHINE
What happens if you turn the problem round

the other way? What would be gained by
implementing a high-level language like
Forth in hardware?
Besides the obvious advantage of simpli-

city, there are other benefits to such a
scheme. Instead of yet another assembler
that programmers have to learn and understand, there would be a well documented and
popular language that already has an estab-

lished programmer base. In other words,
there would be engineers who already knew

how to program such a processor even
before it was designed. Furthermore, Forth
is a language which is fast in execution - it is
widely used in real-time applications - so a
specific Forth processor should be very fast

indeed. In the longer term, a number of
other high-level languages could also be
used to program the device because versions
of Pascal, C, Basic and Prolog have already

been written in Forth.

FORTH IN SILICON
What is needed to produce a Forth processor
in hardware? As already mentioned, a Forth

implementation is really a Forth virtual
machine, Fig.1, synthesized from the

architectural and instructions of a given
microprocessor. Some of the hardware requirements for the language are:

-A data stack for passing parameters from
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Fig.1 Three principle data storage areas
are required by the Forth virtual machine parameter or data stack. return stack and
program data space in main memory.
Forth has specific instructions for fetching
and storing data in each of these areas. A

RP1,,rn

further 'bus' in the form of i/o has been
added. It's not an essential part of Forth.
but is almost always there as part of an
application.

Prog om & data
in main memory

Fig.2 NC4000 has four sets of buses. used
to implement the three data storage areas
of the Forth virtual machine and i o. Each
data bus has data and address lines and a
write -enable strobe.

one function to the next. This is quicker
and less wasteful of memory than using

B port

variables.

I/O

-A return stack to give a very fast sub-

WEB

routine return mechanism.

- Memory mapped or bus -based i/o to
accommodate Forth's extensive use in i/o
intensive applications.

In conventional Forth systems, the stacks
are found in main memory. If the i/o is not

;.dd

Return stock

memory mapped, then an i/o bus usually just
means an extra line on the processor indicating i/o data on the memory bus. Thus all the
key features of Forth are bottlenecked by the

Parameter
stack ram

ram
16

NC 4000

memory bus, and an obvious first step to
WER

take in designing a Forth processor is to map
these four logical buses (main memory, two
stacks and i/o) onto physical ones.
Such an arrangement is shown in Fig.2,

WES

which illustrates the various blocks of an
NC4000 system. The top two items on the
data stack are actually two on -chip registers,

T and N, so that a word like SWAP, which
swaps over the top two items on the stack.
needn't involve any bus activity at all.

In fact the processor could pick up a

Program & data

subroutine return address from the return
stack and the next instruction from memory

memory eprom

in parallel. With careful design, all four

rom

buses can be active in any one clock cycle.

Here is an example of how it could work.

The processor reads a 16 -bit instruction
from memory. This instruction could be to
pull data from the 16 -bit port into the top
register, T; the old value of T is pushed into
the next register N, and N is pushed out onto
the external parameter stack. At the same
time, the processor can execute a subroutine
return by popping the contents of the return
stack and putting it onto the main address
port. This causes the processor to perform
the equivalent of a return from subroutine.

Each bus has played its part in single
machine cycle, moving a piece of data from
an i/o port onto the stack and returning from
a subroutine call.
What emerges is a processor capable of at
least one high-level operation in one clock
cycle. The majority of the NC4000 instruc-

tions follow this pattern, although some
long jump and memory reference instructions (where the code is followed by the
address) require two clock cycles.

There are over 40 basic Novix instructions. shown in Table 1. There isn't room
here for a full description of Forth, and in
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any case you can find out about the language

from Leo Brodie's excellent book Starting
Forth and articles that have already appeared
in Wireless World. However, the list of Novix
basic instructions covers most of the Forth

nucleus (subroutine library) which on

a

conventional system would consist of assembly language code.
I have already described how all four buses
can be active in one clock cycle. Combining
this with the data paths within the proces-

This scheme requires a layer of
instruction -decoding logic but certainly no
microcode. In fact, the NC4000 can execute

Forth primitive in less time than many
architectures execute a single microcode
cycle. At the 4000's maximum clock speed of
8MHz each Forth instruction takes 125ns
on the VAX 780 each microcode cycle takes
200ns.

-

Pipelining is not used in the 4000 for
several reasons. The design objective was to

sor. Fig.3, means that many of these Forth
primitives can be combined into one 16 -bit
instruction, and some examples are shown

produce a simple processor (simplicity

in Table 2.

code, there is no need for a pipeline; the

Microcode is not necessary to achieve all

equals speed) and implementing a pipeline is
complicated. If the processor uses no microprocessor is going to be accessing memory of
each clock cycle anyway.

this because the Forth virtual machine is
sufficiently simple to allow a direct implementation in logic. This logic is controlled
by a number of bit fields within a 16 -bit

which Forth executes a program means that

machine instruction, each field representing
different operations according to the class of

much of the processor's time is taken up
calling functions and returning from them.

instruction (stack
cess, etc.

,

a.l.u. i/o, memory ac-

But a pipeline does not help a highly
modular language like Forth. The way in

continued on page 138
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Fig.3 Internal data pathways in the
NC4000.Data operations such as arithme-

tic (+,-,etc), logical (And, OR, Note etc.),
or tests (if, zero,
etc). take place on the
top two items of the stack, T and N. Data

m

Mcin memory

paths around P, A and I ensure a one cycle
subroutine call and a return in parallel with

Off chip
--a

T and N operations if possible. Note how
the Forth last -in -first -out stacks are hand-

led automatically by the two stack ports
and the J/K stack pointers, requiring no

A

-yr-m

software overhead.

M

Address

Main memory
port

multiplexer

counter

TABLE 2 Instructions corresponding to multiple Forth
words

Stack manipulation
SWAP DROP
SWAP

N

DROP DUP
SWAP c
OVER + c
OVER c
OVER SWAP
OVER XOR

OVER
OVER
OVER SWAP
OVER OR
OVER AND

Retun index
register

Next data
register

Top register

(olul

c

Shift operations

S

All stack manipulation operations above followed by
2", 2/ or 0.

Return stock

Data stack

port

port

Return stack
R

DROP

Full literal fetch

J/K

1

c
c

1

n

n

n

n

nSWAP

nSWAP

n OR

n XOR

Return stock

Stock

memory

pointers

1

Data stock
memory
1

c

L

off r

J

n AND

Short literal fetch
nn
nn
nn SWAP
nn OR

TABLE 1 Instructions corresponding to single Forth words.

nn c

Stack manipulation

nn c
nn SWAP
nn XOR

DUP

c

Drop

(n
n n)
(n
)
(a b
a b a)

nn AND

OVER
SWAP

Data fetch (WORD)

Arithmeticlogic

W

tc
c

SWAP
(a OR

c

SWAP
0/ XOR

c

0/ AND

DUP 0/ SWAP nn (incrementing fetch)
DUP 0/ SWAP nn
(decrementing fetch)

(a b

AND

(a b
(a b

XOR

2/

DUP!
SWAP OVER ! nn (incrementing fetch)
SWAP OVER ! nn
(decrementing fetch)

2'
0D2/

D2'

Local data fetch
nn 01

c

nn 01

nn(,

c

nn 0/ SWAP

nn 0/ SWAP
nn 0/ XOR

nn 10/ SWAP

nn lot XOR
DUP nn la, .
DUP nnI0/ SWAP
DUP nn 15# XOR

oxr)
n/2)

(n
(n
(n (d
(d
(d

n'2)
?)

d/2)

d'2)
d)
d)

S'

(d
(d

d)
d)

Add top two elements as 16 -bit twos complement integers
Add with carry
Subtract top element from second element as 16 -bit twos complement
integers
Subtract with carry
Bit -wise logical Or
Bit -wise logical And
Bit -wise logical Xor
Arithmetic shift T right one bit
Arithmetic shift T left one bit
Return "true" flag (FFFij if n is negative, otherwise "false" (zero)
Double -length arithmetic shift right

Doublelength arithmetic shift left
Multiply step
Signed multiply step
Divide step
Last divide step
Square root step

Return -stack control

DUP nn !
DUP nn !SWAP
DUP nn !XOR

R

(

Roi

(

n)
n)

(

n)

-R

(n

)

nn10,
nn I0/ SWAP OR

nn I0/ AND
DUP nn la/
DUP nn10/ OR
DUP nn IS, AND

Internal data store
DUP nn I!
DUP nn I!
DUP nn I! OR

DUP nn I!

DUP nn I! AND

nnl!

t

DUP nn I! SWAP
DUP nn I! XOR
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Pop top of return stack onto data stack
Copy top of return stack onto data stack
Copy loop index ontc data stack
Push top of data stack onto return stack

Structure control
if

Internal data fetch
nn 10/

and)

(d - d)
i"
c

Local data store

DUPnn !OR
DUP nn !AND

a-

(a b - or)

(d

nn 0/

DUPnn!
DUPnn!

b a)

(a b -- sum)
(a b
sum)
(a b a - b)

c
OR

Data store (WORD)

nn 01 OR
nn 01 AND

(a b

Push copy of top stack onto stack
Discard top stack element
Push copy of second (next) stack element
Reverse order of top two stack elements

else
next
times

(n

)

call
EXIT

Jump if T contains zero
Jump unconditionally
Jump and decrement loop counter if it is non -zero
Sets repeat -instruction counter
Jump to subroutine
Return

Memory and i/o access

(adr (n adr )
(it
(adr n)
(n adr )
Is/
(adr n)
I!
(n adr - )
n (no name) ( n)
n (no name) ( n)

Fetch value at memory address (2 cycle)
Store value into memory address (2 cycle)
Fetch value at local memory address (2 cycle)
Store value into local memory address (2 cycle)
Fetch value from internal register
Store value into internal register
16 -bit literal fetch (2 cycle)
5 -bit literal fetch
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ler instructions (as would be found in a

Forth primitive) or to other high level
definitions.
Here is an example of how this works.
Three actions make up the function co: FiRsr.
sEcoNo. and THIRD. The Forth compiler converts the source statement,

: GO FIRST SECOND THIRD :
into the following memory entries,
1:) (FIRST) (SECOND) (THIRD) (:)

where each term between parentheses is a
pointer to other progams. Now a new definition needs to be created to take the result of
co, which has been left on the stack, duplicate it, and then shift it left by one bit. This
code is,

ing one cell (two bytes) of memory.
The 4000 achieves this by using a single

bit instruction - bit 15 reset to zero. When
the processor encounters this as code to be
executed, it uses the remaining 15 bits as the

subroutine address. The chip's instruction
sequence places this 15 bit data onto the
address bus in time for the next instruction.
Although the NC4000 is not a risc machine,
this single bit takes the risc philosophy, of

making the most used instructions the
shortest one, to its ultimate conclusion -a
single bit instruction. If bit 15 is one, then
the remaining bits are a machine -code instruction.
Here is how the example might look for
the NC4000, with the boxed numbers indicating the top bit.

: ACTION GO DUP 2* :

which produces

(:) (GO) (DUP) (21 (:).
Each machine -code routine (e.g. DUP, 2* or ;)
could be defined in assembly language as,

GO becomes
0 (FIRST)
(SECOND)

(THIRD)
EXIT

(next word) opcode opcode jump next

Where (next word) is the pointer to the
machine code. Code produced in this way is

very compact but following the chain of
pointers costs execution time. To increase

This involves either a lot of jumps or subroutine calls and returns, which render the
pipeline useless.
Despite this, Forth still performs very well

on pipeline micros - it is just that pipelining

does not help. In the words of Charles
Moore, inventor of Forth and co -designer of

speed, some versions of Forth use subroutine threaded code, rather than addresses, to call each high-level definition. The
disadvantage is that each call to a high-level
function occupies three bytes as against two
required by indirect threaded code. Here is
the example in subroutine threaded code,

the Novix NC4000, "Until recently, Forth

ACTION is
0 (GO)
0 (DUP)

121

0

1 EXIT
DUP, a machine primitive, is
DUP

EXIT

1

A secondary advantage of subroutine
threaded code is that in -line machine code

competed with other languages on their turf

GO becomes

can be incded between high-level defini-

- on computers optimized for them. After
waiting 10 years for someone else to. I
designed a microprocessor optimized for
Forth."
The device itself is implemented on a

jsr (FIRST)
jsr (SECOND) jsr(THIRD)

tions. Word DUP and 2* happen to be Novix
code primitives so the code for ACTION be-

Mostek 4000D gate array comprising some
16 000 transistors (1/10 that of some of its
rivals). This array is a c-mos device mounted
on a 121 -pin grid array. Benefits of using this

technology are low investment (and risk)
compared with custom silicon, and second

comes,

7

rts ACTION becomes

jsr (GO)
jsr (DUP)

2*

jsr (2*)

1 EXIT

rts DUP becomes
op code
op code

Execution time is the time for co plus one for
each word. Remembering that the mutliple
buses of the Novix allow the stack (DUP) the

sourcing from other silicon foundries.
In hardware terms, the 4000 is a 16 -bit
processor with 16 -bit addressing in main

rts

memory (though the data space can be

The 4000's designers took the best of both
these principles and produced a subroutine
structure with the lowest possible overhead:
a subroutine call of one clock cycle, occupy -

expanded if needed) and two buses of eight bit address. 16 bit data for each of the stacks.
As Fig.2 shows, each bus is equipped with its
own write -enable line.

ONE -BIT OPCODE
So far. I have outlined how Forth primitives
work on the NC4000. But in Forth, most of

an application consists of one high-level
definition (word) calling other, previously
defined words. This is the function most
likely to be called since one Forth word

a.l.u. (2*) and the return stack (ExIT) to
operate in parallel. The last three instructions can be combined by an optimizing
compiler to give,

(co)
W (DUP and 2* and EXIT)

TABLE 3. Benchmark give some comparisons with other processors.

1.000.000 empty loops
Intel 802826
8088 (IBM PC)

(10MHz 0 w.s.)

68000

(8MHz 1w s)

Assembler
Assembler (DBRA)

NC4000P

(6MHz)

NovixForth FOR...NEXT

5.0s
3.8s
2.3s
0.17s

(10MHz 0 w.s.)
(8MHz)

Assembler

6.6s
4.9s

(6MHz)
(6MHz)

NovixForth
NovixForth (optimized)

invokes the high-level definitions from

Eratosthenes sieve (10 iterations)

which it is made up, and it needs to be as

Intel 802826 310

efficient as possible.
Most conventional Forths use a system of

VAX 780

pointers called 'indirect threaded code'. A
definition contains a series of addresses

(GO)
DUP

68000
NC4000P
NC4000P
IBM 3033

1.4s

0.85s
0.45s
0.36s

which point to either a sequence of assemb-
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Execution time is now the time for co plus

one cycle. This illustrates how the call

Charles Moore, Forth and Novix

designers have used standard high-speed
c-mos for decoding parts. These are fast

overhead is usually only one clock cycle, and
is certainly never more than two.

It is a singular achievement to invent a new

enough and are compatible with the

By way of comparison, Intel's 80186 requires 19 clock cycles to make a subroutine
call, and a further eight for the return for a
total of 27. At 8MHz this is 3.375ps, so that
the fastest that you can execute an empty
subroutine is 300kHz -a far cry from 4MHz
achieved by the 4000, for the same dock
frequency.

The obvious tradeoff for this single -bit
subroutine scheme is that program address
space is limited to 15 bits, or 32K words (64K

bytes). However, given the inherent compactness and power of the instruction set
and the possible parallelism of compiled
code. this restriction is not as limiting as it
might first appear, and 64K -byte can contain

much more code than an equivalent traditional system.

PERFORMANCE
Executing a high-level language at an average of 1.2 instructions per clock cycle gives
rise to some surprising performance figures
when actually running a program. Table 3
shows some benchmark timings.

A good rule of thumb for the NC4000 is
that it is consistently 12 times faster than the

68000 programmed in assembly language
for the same clock speed. From the software

engineer's point of view, there is now the
luxury of being able to program in a highlevel environment with all the advantages of

Forth's interactiveness, and still produce
code which is an order of magnitude faster
than programs in assembly language.

As can be seen from Table 1, some of the

arithmetic on the NC4000 works in one
clock cycle. For multiply and divide, the
device has step primitives. At 8MHz. a
16 -by -16 multiplication takes 3.5µs, and a

16 -by -16 division between 4 and 6p.s.
Charles Moore saw potential applications for

the NC4000 as a graphics processor, and
included a square root function; the NC4000
calculates the square root of a 31 -bit number
in just over 3i.ts.
With no on -chip multiplication hardware,

the NC4000 does not match digital signal

processing chips when executing

language and design a processor to execute it Charles Moore's work in providing
software fog controlling astronomical telescopes. and his goal of an interactive
interface with the hardware he was controll-

ing led him first to develop an interpreter
(1958). then a compiler for threaded code
(1968) and finally an interactive compiler.

The result was Forth. but the language
remained confined to the astronomy world

1978 onwards with the formation of the Forth
Interest Group (FIG).

rising edge of the clock. The processor takes

For a while Moore was content to exploit
the language commercially. hoping others
would incorporate aspects of the Forth
architecture into a processor. But although
Forth had established a sizable following in
the microccmputer user comminity. processor manufa:turers did not accept Forth as
the basis of an architecture for hardware
design and implementation, even though

about 65ns for all its internal operations to
complete, and new address and data signals

are presented at the chip pins as they get
generated internally; they are not synchronized with the falling edge of the input clock.

FUTURE DEVELOPMENTS
The 4000 has been available in a prototype

version for about eight months, and a

the form of a rom (for example Rockwell's

number of products have already emerged
which take advantage of its speed. An early
success was the Calay automatic p.c.b. layout routing accelerator.
This product illustrates the commercial
advantages of Novix architecture. The project started as a bit -slice design. involving a
sizeable team not only designing the hardware but also having to grapple with horizontal microcode. However two engineers
found that the 4000 would give them higher
performance than the bit -slice original, and
with a shorter development cycle.
Most of the first products to appear are
general purpose single -board computers,
including products for the IBM PC bus and
VME. As one might expect from a processor
with this kind of performance, it has been

65F11). Son- e sporadic efforts were made to

design a Forth processor. in bit -slice technology and in random logic. but of no lasting
consequence.

Around 1980 Charles Moore started to

work on his ideas for a design, putting
together e.c.l. prototypes to see what logic
was needed, resulting in a Forth engine
simulator in March 1983. In 1984 the Novix

consortium put the necessary funding in
place for implementing a real device and
just one year later the first working chip was
delivered. It was a gate array made for Novix

by Mostek. and ran at 8MHz. The design
team had a Forth -like simplicity: Charles
Moore and Bob Murphy. an expert in gate
arrays. There was a delay due to Thompson
CSF's takeover of Mostek in December 1985.
but the NC4000 became generally available
around May 1986.

... FOR Bport 1(a) SWAP 1!+ NEXT ...
Execution time =
1 cycle + 1 cycle + 1 cycle
FOUR BUSES AND 121 PINS

At first sight, hardware aspects of the
NC4000 seem rather daunting. Here is a chip

gives it the potential of handling high i/o

be ill afforded if the ultimate design goal is

bandwidth. For example, the device can read

speed.

data in from the B port onto the parameter

lot of pins. However, all that has happened is

that it has four times as many buses as a

Obviously there is a limit to how much

That pursuit of speed has also influenced
the Novix design team to choose a gate array
with on -chip high-speed c-mos drivers, so
that external address and data buffers are not
usually needed. Ironically, bus drivers are
used on Novix's own development system,

data can be dumped onto the stack. For large

the Beta Board, but only in a sacrificial

quantities of data a high-level loop is required to read a value in from the port and
store it incrementally in memory. Such a

capacity. It is a lot easier (and cheaper) to
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internal operations are triggered by the

some went as far as putting Forth 'on chip' in

Having i/o directly coupled to the NC4000

loop looks something like

is

Apart from its high pin count, the

conventional processor, and that each bus is
actually very simple to understand. In fact,
the NC4000 cannot afford to have a complex
bus structure, for such complexity imposes
time on any given clock cycle, time that can

stack at 16 bits per clock cycle, or 16M-byte/s
at 8MHz. If port B was connected to a 16 -bit
serial -to -parallel shift register, the bit
stream input frequency could be 128MHz.

minimum. Using 'off -the -shelf parts, it

possible to put together a 5 Mips board with a
component count barely in double figures.

NC4000, has some other unusual hardware
aspects. The chip is entirely static, and its

it comes out very well; for floating point
processor.

The x port was originally conceived for use
in memory expansion but it can be used in a
variety of other ways to reduce the hardware
count, and keep decode timing delays to a

left Kitt Peak Observatory and set up Forth
Inc to explore Forth's commercial potential.
Forth became more generally known from

with formidable performance and rather a

put as Intel's 8087 floating point co-

levels.

until 1973 when Moore and some colleagues

multiplication -intensive software such as a
butterfly algorithm as part of an FFT. However, for general purpose number crunching
arithmetic it has roughly the same through-

NC4000's c-mos input and output voltage

replace some 74HC245s than a Novix chip if
something disastrous happens on your prototype hardware. Most existing Novix system

taken up for research in areas such as
artificial intelligence, signal processing, and
robotics. Some designers have homed in on
its i/o capabilities and are using the device as
a super fast i/o controller.
Novix has moved onto the next version of

the device, the NC6000, which has more
functions and higher clock speeds (10MHz).
Two versions are planned, one an NC4000P
pin -compatible version and the other a new
144 -pin device with expanded i/o facilities,

including the ability to construct multiprocessor systems. A 32 -bit version is also a
possibility.

Given the parallel nature of the existing
device. it is likely that such a processor could

achieve some very impressive code com-

pression, and one might expect 20 Mip
performance as well as the usual benefits of

higher -accuracy arithmetic and unrestricted memory addressing.
Novix technology is in its infancy, and yet

it already outperforms most conventional
processors. The possibilities offered both by
higher bus widths and by moving the design

onto custom silicon must excite even the
most conservative engineer.

William Watson and Chris Stephens are with
Computer Solutions of Byfieet.
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Parameters
The black -box approach to network analysis
JOULES WATT

D

o you still design a lot of transistor
circuits?" enquired the young man.
He was a new trainee in the workshop and he went on to say that he thought

ance, the designer can often choose parameter values by positioning the Q, or operating point, which is done by designing the
bias arrangements to sit the transistor at the

there was an i.c. to do everything these days.

chosen values. The parameters are also
strong functions of the frequency - their

66

After some consideration, everyone real-

ised that a large amount of discrete -

phases and amplitudes vary over the band
Therefore, if measured or known only at one
frequency, they cannot be used to calculate
performance over a wide bandwidth.

component circuit design still takes place.
"Beside," we asked, "who designs the circuits
on the chips of the i.cs?"

"Are you saying it

still necessary to
know about those transistor constants that
is

Wide application. Another small fallacy is to
assume that the parameters apply only to
transistors. The h parameters are so com-

I've come across - the 'h' something or
another?" "Ah, you mean the parameters. Of
course it is, not only the h parameters, but
the z, they, the A, B, C, D, the g, - and those
called scattering parameters. Wireless World
has had articles discussing some of these in

mon in makers' literature because of the

to the 1920s. Guillemin offered a discussion
which became the standard for subsequent
work. He included the use of matrices. But
this was in 1935!"

THE BLACK BOX
When introducing studies on this subject,
lecturers usually say, "We come now to the
'black box' equivalent circuit. You don't need
to know anything about what is in the box..."

and they mean that a two -port, or four terminal block is about to be discussed.
Such a circuit block or stage is a transmission network, in the sense that it has a pair of

relative ease of measurement and the stan-

input terminals or - another way of saying it

dardization that has become implicit. A

- an input port; together with an output

glance at i.c. makers' data shows similar use

port, as shown in Fig.2. The only accessible
quantities are the input voltage and current,
VI, I, and the output voltage and current, V2,

the past11.21.

of parameters to characterize some linear

One fact that quickly arises when discussions start about this subject, is that the h, z
or any of the others are not constants, but

devices. For example, Plessey's SL series of

i.c. amplifiers are offered complete with g

12. These four quantities are written in

are true parameters. Para -meter, literally

parameters, as in Fig.1.
The use of parameters is not limited only

capitals to indicate that they represent d.c.

"beside -measure", is usually taken to mean

to active devices, either. Filters, transmis-

varied and the other two measured to see the

'constant for this example, but variable in

sion networks, and whole systems are characterized by them because of the generality
of the approach. Power engineers employed
the A, B, C, D chain parameters for cascaded
networks in solving problems, at least back

effect. The functional relation'ship linking
the variables to give the effect is set by the

general'. This shows that it is an error to ask,

"what is the tire of a BC109?" Not only are
there wide manufacturers' spreads in such
devices, but of more fundamental import -

Fig.1. The g parameters are useful for
modelling a voltage amplifier, where ZL
» g2 and Z, « g11. g21 is the voltage

or r.m.s. values. Any two of them can be

form of the contents of the 'black box'.
The particular two from V,, 11, V2, 12 we
choose to vary first become the independent

12

chivigil

gain under these conditions. The g parameters vary with frequency and possess
real and imaginary components. For the

11

SL610 series, the makers publish data on a

log -log plot showing how these real and
imaginary parts vary with the frequency.

it

.V1911* '2912

V2 "1 921, 12921

With g,2.0 for the SL610/1/2 series

(Acknowledgements to Plessey.)
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variables: the other two automatically become the dependent variables. Ringing the
changes on these four yield all the various
parameters possible - except the special case

of 's', the scattering parameters, which do

not directly employ V1,

11

etc. but the

intensities of waves on transmission lines.

Taking two things from four gives six
possibilities. The first question arising is
how to decide which pair to choose. As an
example, choose 1, and 12 as the independent

variables, according to,
V1=1'1(11,12)
V2 = f2(11,12)

another.
The second question arising is to do with
linearity. All the 'black -box' approaches

assume a linear circuit, i.e. no distortion.
This means that the various signals and
variations can be simply added with no
interactions'. Such an assumption is a tall
order for real active devices such as transis-

tors, but is approximately true for small
signals. The approach is sometimes called
the small -signal analysis.

The next step, therefore, is to vary the
steady quantities in equations (1) by a

sufficiently small amount to maintain
linearity. This is equivalent to expanding
equations (1) using Taylor's Theorem - and

retaining only the linear terms. What
amounts to the same thing is to proceed
directly by adding the partial contributions
made by both independent variables. Because of the linearity, there is no interaction
and the result is simply the sum.

aVI.:

and

all

aI2

(2a)
2

These are read as, "the total change in V1 is
how fast V1 changes with 11, times the actual
small change in II; plus how fast V1 changes
with 12, times the actual small change in 12".
Similar reasoning is used for all the others.
Writing VI etc., is ugly and lower case letters
have become standard for changing quantities.
Therefore,
VI

all

al2

v2 =-1
ali

(2b)

aV2.
2

1

a12

The parameters are simply the partial differential coefficients and you can see there

are four of them. In this example, the
coefficients are voltages divided by currents
in every instance and, by Ohm's Law, this
means their dimensions are ohms. By this
choice, we have derived the impedance, or 'z'
parameters. Equations (2b) can be written,

Vi=ziiii+zrziz
V2=z2111+Z22i2

(2c)

Or if you want to give an air of authority, you

can call them the 'matrix parameters' and

write the 'Z matrix' by putting (2c) into
matrix form,
*This is known as the 'Law of Superposition'.

ELECTRONICS & WIRELESS WORLD

(2d)

This would at least show you have studied a
little 'modern maths' (but note Guillemin3).

THE FAMILIAR `h'
Deriving any other set from the six possibilities is just as simple and any text book will
show them al15.6. 1 will simply quote the h
parameter set as the most important bipolar
transistor characterization,

Fig.2. The "black box" already appeared in

v1=h11i1+h12v2

ways in which these quantities can be

i2=h21i1 +h22v2

(3)

One point arising is that you might look at

(with appropriate contents...).

Fig.1.

In

gene -al, what is in the box is a mystery. As
the terminal voltages and currents are the
only ones we can measure. all the various

related give rise to a different interpretation of what is inside.

equations (2c) and (3) and think z11 is equal

iz

to h11, thus calling them 'the input impehn

dance' at port 1. They are input impedances

v,

at port 1, but are far from the input impedance. There are many input impedances,
according to how you define them. zii is the
rate vi/il only if i2=0 (as seen from the first
of equations (2c), that is, only if the output
terminals are open circuited. hi 1 is vi/ii only
if v2=0. In other words, only if a short circuit
is applied across the output terminals. So zii
and h11 are measured under entirely different conditions. The only time h11 becomes
equal to zi is if h12=z12=0, in other words,
if the network in the box is 100% unilateral nothing going on at the output can feed back

V2

h+?

h vz

Fig.3. Shown here is what has become the

most general parameter description of a
bipolar transistor. h22 is often very small in

relation to circuit values and is then neglected. The same applies to h21, because in

modern transistors, the internal feedback
(whic -1 this parameter describes) is extremely small.

to affect the input. Things are not always idea of a controlled generator. The current
quite so simple. If you look closely at yli in generator at the output is controlled by i1,
the admittance parameter set, then it does which is a current in a separate circuit. h12 is
look as though this is equal to 1/h1 in the the 'strength' of the generator, as it were.
hybrid set. Therefore the parameters are not
all independent.
There are a vast number of parameters,
because other than the six basic possibilities,

The voltage generator at the input is controlled by v2 in a similar transfer across. It could
be said to have a 'strength' h21. h12 and h2
are transfer quantities, linking the input and
output. h11 and h22 are terminal quantities

common emitter, common base or common

(sometimes called 'driving point' quanticollector arrangement. In each two -port ties).
example there are four parameters, so
As a historical fact, the idea of controlled
altogether there are 6 x3 x4=72 possibili- generators is not new. For decades, therties for individual parameters. Obviously, mionic valves were modelled as voltage the skill in using them comes into choosing controlled voltage generators (for triodes) or
the appropriate set for your job in hand. The as voltage -controlled current generators
parameters are not all independent of (pentodes) in their equivalent circuits.

course, and academics like to give their

For circuit engineering purposes, the

students long exercises or large tables show-

parameter subscript notation is changed a
little. This makes it more 'user-friendly', to
use some modern jargon. In the case of a

ing all the conversions of "h into z, yk into
yam" and so on.

common -emitter transistor amplifier cirWHAT DO THEY MEASURE; WHAT DO
THEY MEAN?

+-aVi12

aV2.

2

a transistor can be connected into the

ov1=-011 +-012
al2
aV

[ii]

EziZ21

z221

(1)

Sr-rply writing this has not answered the
question fully. Before doing so, let us ask

a1i
aV2

v21

Iv]

It is interesting to look at the physical
meaning of, for example, equations (3).
Because the values have emerged only by
measurements at the terminals, the situa-

tion is similar to Thevenin's or Norton's
Theorems as applied to two -terminal networks. The first equation in (3) shows that vi

is the sum of two internal voltages in the
box. The second equation shows i2 is the sum

of two currents. The internal equivalent

cuit, h11 is an input terminal parameter (an
input impedance) and is written h,e, i for
input' and e for 'emitter common'. Similarly
1112

is written fife because it is a forward

transfer parameter (current gain), h21 is hie,
a reverse transfer parameter (the feedback
voltage ratio), and h22 is written hoe as it is an

output terminal parameter (an output
admittance). The various parameters are
real quantities at low frequencies, but you
must be prepared to work with complex
numbers at h.f.

circuit for the input and output ports of the
box can now be drawn, as shown in Fig.3. They are all useful at times One may
This shows why the parameters are called question the need to keep so many of the
'hybrid' or h for this example. The input is a possible parameters, when say, the h paraThevenin equivalent, while the output cir- meters might work for all eventualities. The
cuit is a Norton equivalent. Also h11 is an various systems of parameters do have indiimpedance, but h22 is an admittance.
What might be a new idea to some people

vidual advantages, which you can see when

is highlighted by this black -box model - the

continued on page 224

the matrix representation is written down.
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STE bus as an i/o bus in
VME systems
Recent trends in standard bus specifications provide the
means to quickly integrate multiple bus systems using
off -the -shelf board -level hardware. Here's how to couple
VME and STE buses together, the ensuing system
architecture and the role that each bus plays.
TIM ELLSMORE
As system architectures built around
VME bus become the increasingly
popular choice for speedy integration
of high performance microcomputer sys-

tems, the problems faced by the system
integrator shift in emphasis. This is largely
because many fundamental design features
of a system become automatically established when the decision to use VME bus is
made, and previously less significant problems move forward into the limelight.
How to include a variety of system interface options without significantly increasing
system cost, how to avoid becoming bound,
and how to optimise cost and performance

using standard products, are just three
problems. Many integrators of VME bus
systems, dismayed by the cost of pure VME

solutions, are beginning to turn to multiple
bus architectures to help solve these prob-

COUPLING VME TO STE
STE bus provides system -level enhancements in cost performance and versatility
when used as an independent i/o bus in VME

bus systems. It can be coupled with VME
systems by a pure hardware protocol con-

version, by intelligent hardware with an
associated software protocol, or by use of a

force the system integrator toward a system

more closed than may be desirable. An

ratio of a system achieveable by use of this
technique is system -dependent, but general-

unwary designer can all too soon be locked

ly exceeds that achieved by alternate

chosen board vendor. Many vendors of

methods. This short system development

into a system architecture dictated by the

time - and therefore time to market associated with standard buses is further
improved due to the ease with which custom
STE bus boards can be developed.
The concept of STE bus as an i/o bus is not
limited to VME bus and is likely to become a

lems. STE bus is emerging as the most
logical contender for a secondary i/o bus.

likely to be used in systems built around

Fig.2. High performance industrial microcomputer using sub systems: the system
contrcller is a 32 -bit VME c.p.u. board (e.g.

6802C) closely coupled to an expansion
memory board via the VME bus P1 and P2

conne:tors (P2 carries the VME 32 -bit

dards Committee view all three buses as

extension signals). The disc sub -system
comprises an intelligent VME-compatible
small :omputer system interface adaptor
coupled to a 5.25in footprint -compatible

an hierarchically compatible family.

disc controller board mounted on the

Futurebus; the IEEE Microprocessor Stan-

The traditional industrial microcomputer is

hard -disc drive. Communication with ter-

a single bus system in which a single

minals and other peripheral interfaces

microprocessor performs all of the processing tasks. It utilizes the system bus as an

VME bus (P1

this type of architecture, which tends to

local area network. The cost -to -performance

logical contender for providing i/o in Multi bus II systems as it has a more convenient
form factor than iSBx modules. It is also

TRADITION vs ELEGANCE

execution bus as well as a data transfer bus
for transfer of input and output data to and
from interface boards. The system bus effectively serves as an extension of the microprocessor local bus.
The majority of VME bus boards assume

such as GPIB is via an independent STE
sub -system.

10 slot

,ME -P1

bockplone

SCSI controll2r

Coupler

Fig. 1. There are a number of methods that

a system integrator can apply to add an
STE sub -system into a VME system. The
method deemed most appropriate for any
given system will depend upon the application. Figure 1 demonstrates a method for
combining the two buses within the same
sub -rack. Most VME boards are double

SASI /SCSI

host adopter

height (233.35mm). standard depth
(160mm) Eurocard size and most STE bus

boards are single height (100mm), standard depth (160mm).

VFW P2

32- bit VME
system

ELECTRONICS & WIRELESS WORLD

10 -slot STE tus backplane
STE tits sub -system
(communications and spare slots

board -level VME bus products have followed
the lead of the pioneering VME manufactur-

ers in providing products that support only
traditional industrial system architecture.

Novel, unique and elegant system
architecture is often difficult and expensive
to devise when using traditional standard
VME-compatible products. It is disturbing
that these products tend to lock the user to a
particular performance level far below the
real potential of vME bus systems.

WHY A BYTE -WIDE SECONDARY BUS?

Due largely to a number of established
standards, most notably ascii data interchanged between systems and peripherals is

almost universally byte organised. Most interfaces implemented to industrial compu-

ter systems are byte organized: Shugart
Associates System Interface, Small Compu-

ter Systems Interface, IEEE488 General
Purpose Interface Bus and asynchronous
RS232C communication. Data is almost
exclusively transferred to and from storage
media in byte format.
This being so, data moving between the
CPUs and the various i/o devices is necessari-

ly transferred a byte at a time. This is
wasteful of a wider -path bus bandwidth
(number of bytes that can be transferred per
second). In a 32 -bit VME system, for example, 75% of the bus bandwidth is wasted each
time an i/o byte is transferred over the bus.
In an i/o -intensive system such as a multi-

user microcomputer this could translate
into a significant performance overhead.
Another advantage of byte -wide buses is
that there is no need to consider the anomaly

of byte justification that causes processor

compatibility problems with wider -path
buses. There is therefore no requirement for
byte swapping logic which can represent a

cost penalty. There is also, of course, a
reduction in the number of data transceiver

components and, therefore, control elements, required in the bus interface another cost -saving feature.

WHY STE BUS?

In December 1982, when the IEEE P1000
working group first began to piece together
the requirements and objectives of STE bus,

it became clear that it could be an ideal
intelligent i/o channel for VME bus systems.
The main reason for this was a high degree of
compatibility between the non-performance
requirements of both buses. For example,

the IEC mechanical specification and the

clock and system reset) and defining only the
outer two rows of the connector leaving the
centre row free for VME bus 32 -bit expansion
signals.

board ram is 512K bytes and provision for
firmware is up to 64K bytes. Communica-

STE to VME bus, to allow system designers

ram window. This is separate from the

to easily maintain their investment in STE
bus when developing more powerful, next -

512K byte ram area in order to provide a
high degree of protection for data buffers
being assembled and formatted in the
main ram area. Indivisible read -modify -

generation systems. By use of some mechanism to couple one or more STE sub -systems

on -board c.p.u. is via a 64K byte dual -port

into a VME bus system, existing STE-

write mechanisms can be employed

compatible boards can be used and, if the
coupling mechanism includes intelligence.
all existing software for the STE bus boards

through the dual -port ram to

pass
semaphores between the VME system and
the STE sub -system, allowing further pro-

can be utilized. The implication is that a

tection as buffers or programs are trans-

large portion of an existing system can be
literally grafted into a next generation product.

ferred to the dual -port ram.

sents a considerable reduction over a VME

board in the design cycle time and in the
COST ADVANTAGE
Adding a coupler into a VME system represents a cost penalty in itself, of course, but
generally the coupler and the STE backplane
are low-cost elements. Before an optimum
system can be established, the cost of the

nous data transfer protocol was chosen as

processor -type and speed independence.
Both of these features are also fundamental

of the alternative VME bus boards. In fact,
the optimum cost/performance ratio of a
system is likely to be achieved using a
combination of intelligent VME slaves and

to VME.

STE bus sub -systems.

Carefully implemented, the hooks provided for compatibility with VME bus sys-

is the minimum cost of adding a new i/o

backplane, must be weighed against the cost

production cost of custom boards.

Of course VME i/o boards exist which
include intelligence, and these can be used

to improve system performance, but their
utilization embodies an essentially closed architecture approach which can be detrimental to product development. In applications where there is a high degree 01
confidence that the planned hardware en-

vironment will not evolve further, these
intelligent slave boards may be a fairly
cost-effective approach. But many of these
applications can be much more effectively
catered for with a single board solution.

Another factor that should be considered

tems would not compromise the potential of
high performance eight -bit stand-alone systems designed around STE. So the working

function. The STE bus card size is small so

group included more features to improve

to the system is smaller than is generally
found with VME bus cards. The STE bus
interface is simple to implement and requires only a few components. This repre-
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with other 68000 -family c.p.us. the on-

tion between the VME masters and the

STE sub -system, including coupler and

compatibility, such as using the same power
supply voltages and power -fall signalling as
VME bus, identical system utilities (system

c.p.u. is a 68008 which is code -compatible

An unstated objective of the working
group was to provide both physical and
conceptual upward migration paths from

associated DIN 41612 connector were considered essential for STE bus, and asynchro-

the only effective means to achieve

Fig.3. In this intelligent bus coupler, the

the granularity with which standard functions such as RS232C channels can be added

DISTRIBUTED ARCHITECTURE
Despite the lack of support from traditional
VME board manufacturers, a new wave of
more open and flexible system architectures
is becoming evident in industrial systems.
The ever -declining cost of microprocessors
and memory devices has prompted a number

ELECTRONICS & WIRELESS WORLD

of VME system integrators to devise

packets of data can be handed to the i/o
sub -system from the main processor for

architectures which make use of a loosely
coupled distribution of intelligence. In this
type of architecture each discrete i/o or data
processing task is performed by a dedicated
microprocessor. A single processor is designated as the system master and operates at

orderly output.
Simple examples of this type of i/o handling are printer queuing and spooling, disc

VME-STE

bts coupler
OJAL

file management, communications front-

P)RT
(am

end processing, network management etc.
Two intelligent STE bus sub -systems can
be incorporated for example one dedicated to

the highest virtual level, overseeing and
controlling the dedicated processors by use

Onto flow

of a command -level protocol transmitted

communications and the other to a com-

over the VME bus.

The system integrator's choice of VME as

the main system bus is possibly the most
significant factor that makes these elegant
architectures cost-effective. VME bus was
designed to allow modular construction of
medium -to -high performance industrial

computer systems. The versatility and
underlying open -architecture characteristics of the bus theoretically permit VMEbased microprocessor systems to be employed for nearly every conceivable type of

plete disc control sub -system which effectively replaces the SCSI host adapter and
disc controller in Fig.2. It also provides some

c pu

spare slots for the addition of other STE
compatible peripheral interfaces.

Fig.4 VME masters communicate with the
dual -port ram in 16 -bit transfers and, as an

additional feature. the coupler has the
capability of signaling interrupts on the

effective, modular, systematic and struc-

VME bus and responding to an interrupt
acknowledge with either a byte or a word
with vector. It includes an STE bus inter

tured architectures.
Another aid to the integrator in targeting
a distributed intelligence system is the intro-

sponse to interrupts from STE slaves.

industrial application and to yield cost-

duction of self-contained intelligent VME
bus sub -systems for controlling disc and
terminal i/o. But the most significant contribution to maintaining an efficient and
low-cost open architecture is the imple-

-

rupt contrcller capable of both explicit
(vectored) and implicit (non -vectored) re-

wide range of interface functions.
The performance advantage stems from

the partitioning and distribution of proces-

mentation of open sub -systems using a high
performance byte -organised i/o bus such as
STE.

sing responsibility within a system - the

MULTIPLE MASTERS vs
SLAVES

slow and usually incurs a significant interrupt servicing overhead; an intelligent subsystem running a realtime executive, separate from the rest of the system, can more
efficiently organize data input to the system

(c.p.u. boards) to share the system bus. This

allows dynarnic distribution of processing
tasks among multiple processors which collectively provide a quasi -parallel processing
environment. However, the addition of each

sub -system can be developed independently,
and tested remotely, from the main system.

Many functions are available as STEcompatible products that are not directly
available as VME compatible products. This
may be because they are only provided as
part of an ensemble of other functions on a
VME-compatible single -board computer of a
multi -function board, or because the market

requirement for a given function is simply
too low to warrant the development investment required for a VME product. In many of
these cases a VME-to-STE coupler can be

used merely to allow connection of an

burden of processing i/o can be off-loaded
from the main system processor. Data flow
between a system and external device is often

VME bus provides arbitration facilities
which allow a number of execution units

Partitioning i/o handling in this way can
dramatically improve system throughput
and, as an additional bonus, the STE bus

into pages of packets before interrupting the
flow of the main processor. Similarly, large

Fig.5. This protocol converter differs significantly from the intelligent coupler in that
it provides a transparent medium through
which the VME masters can access STE

slaves. At first sight this appears more
efficient than using the intelligent coupler,
but data transfers are confined to a byte at
a time.

new processor in this type of architecture
yields only a percentage performance increase. The throughput improvement diminishes with the number of processors as the

system bus becomes the overriding bottleneck in the system.

This implies that the number of bus
masters in a VME system should be limited

and that all intelligent elements should
minimize or eradicate the need to transfer
data over the bus. Some new high performance c.p.u. boards are becoming available
that incorporate a wide private memory bus
to optimize program execution speed. Some

make use of the VMX memory expansion
bus, but the more popular approach is to
define a proprietary execution bus.

In fact the optimum performance of a
system in any given application may be
realized by employing a combination of
distributed intelligence and multiple masters - Fig.2.

SECONDARY BUS FUNCTIONS
There are two reasons why a system integrator may choose to use a secondary bus for i/o

within a VME system. First, to provide a
significant performance advantage at an
optimum cost, and second to make use of a

ELECTRONICS & WIRELESS WORLD
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STE-compatible function in to a VME system

regardless of any performance require-

10

10 -slot STE bus backplane

slot VME -P1 backplone

ments.

INTELLIGENT VME-STE COUPLER
In an i/o intensive environment, where the
performance of the main system processors
is degraded by i/o handling overhead, it is
necessary for the STE bus sub -system to
include some intelligence. In these cases the

bus coupler itself should include a c.p.u.,
firmware, and a reasonable amount of ram
for data buffering. Such an architecture is
embodied in the VME-STE intelligent Bus
Coupler from Performance Interconnect.

Coupler

Inc., Figs 3,4.

The software used to control the STE
compatible i/o boards can either be entirely
resident in firmware or can be passed from
the VME system to the onboard c.p.u. via the
dual -port ram. This allows either the STE
sub -system or the main VME system to be
responsible for configuration and start-up

11
5 -slot VME P2

after reset. A simple monitor loop can be

VME bus system

devised to pass high level commands
through the dual -port ram, and although
the high-level command set is bound to be
highly application -dependent, PI Inc is
attempting to establish a general purpose
protocol layer to facilitate developments of
i/o control software.

VME-TO-STE PROTOCOL
CONVERTER
In the case where there is a requirement for

including unusual or elementary i/o in a
VME-bus system but no requirement for
boosting system performance, significant

10 -slot STE busbaTplane

tailoring of additional hardware to minimize
redundant functions.
Performance Interconnect's VME-to-STE
Converter board, Figs 5 and 6 provide all of
the protocol conversion logic necessary to
simply map STE cards into the VME address
map. It also contains a programmable interrupt controller to combine all eight STE bus
attention -request levels into a single VME
bus interrupt. By making use of the protocol
converter with STE bus i/o cards, the development and production costs of VMEbus
systems can be significantly reduced.

development and production cost excesses

Support for multiple STE bus masters is

can be avoided by use of a protocol converter
card to simply map STE boards into the VME

provided allowing both d.m.a. and additional
intelligence to be utilized on the STE bus. An

bus address map. The simplicity of the bus
interface makes STE a natural choice for
custom application design, and the small
size of the single Eurocard enables close

STE bus arbiter is provided and the board
maintains the indivisible of read -modify write sequences through the protocol conversion so that semaphores can be passed
between VME masters and STE masters.
This allows safe sharing of resources between tasks running independently on each

Fig.6. Protocol conversion is one way only:
that is, STE masters cannot access the VME
bus via the converter. Apart from a terminated backplane. the converter board is all

bus - an essential feature of multi -processor

that is needed to connect STE bus cards
into a VME bus system. Conversion is
transparent to VME masters accessing STE

slaves and the board acts as a default

systems.

MECHANICAL OPTIONS
Vendors around the world today make available a plethora of Eurocard-compatible products that have ensured these DIN standards

an untouchable reputation in the history of
standardization. This success story high-

master in the STE system.

lights the value of standards and justifies the

VME -STE protocol

converter
VME bus

flow

tion. STE bus was designed to accommodate short ribbon cable connection as long
as each backplane connected is separately provided with power supplies. This capa-

bility is provided in the routing of signal
protection ground lines and in the settling
time tolerance. Absence of daisy -chained
signals and the restriction of the signal set
to the a and c rows of the connector are
also fundamental. Each STE backplane
must be terminated only at the end away
from the ribbon cable interconnect.
Eurocard by US engineers, even more packaging options have become available from
US manufacturers and the number of ways
in which a system can be constructed seems
endless. Fig.7 shows just one example.

Tim Ellsmore is technical director of Performance Interconnect Inc of San Diego, a
subsidiary of Advanced Digital Systems Inc.

NETWORKING
Another method of coupling VME bus and
STE bus systems is by local area network. A

number of STE systems. each containing

many long hours that spirited individuals
have donated to the cause. The adoption of

more VME systems. Typically. the VME sys-

the Eurocard standard was probably the

tem would be a file server and would incorporate and control common resources

most significant feature causing the exploding success of the VME bus market.
Over the years, since the Eurocard mecha-

throughout Europe, a large number of
manufacturers have developed an impressive range of compatible racks, sub -racks,
modules, desk top cases, portable cases,
cabinets, front panels and accessories, all of
which can be used to quickly construct novel
housings for VME bus and STE bus systems.

Since the more recent adoption of the
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Fig.7. One method of combining a VME
system with a maximum STE system in a
standard double -height sub -rack takes
advantage of STE tolerance to a short
extension via ribbon cable. Although not
mentioned in the IEEE P1000 specifica-

their own c.p.u.. can act as nodes in a
distributed network together with one or

nical standards began to become popular
Ootr

STE bus sub -system

such as console management and disc and

tape storage. This type of distributed
architecture is typical of large -plant process
control such as factory automation. and can
be achieved using an STE-compatible network interface such as Commendec's (UK)
STE compatible token -passing network con-

troller card. The same card can be used to
form the VME node. interfacing to the VME
masters via a VME-STE bus coupler - this
precludes the necessity to develop a VME
compatible network interface.
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Impact of VME in the UK
If you intend to produce a system for a market
while the market window is open, don't spend
time and valuable resources reinventing the
wheel, says Bob Squirrell. And look to the home
market.
semiconductor manufac- sign, software, packaging
puter companies in turers, and a great many marketing, and after -sales
the UK are innova- smaller manufacturers, support.
tive. The pages of trade some of whom are sucThat a system is based
and technical journals cessful start-ups built spe- on VME is in itself a sales
progressively reveal hun- cifically around VME. It is feature - customers know
dreds of new products a public domain standard, that the system is expandbeing brought to market. supported by its own trade able and that the boards
The Department of Trade association, VITA. It has used are not tied to a
and Industry offers finan- the support of the IEEE in single source. Even the
cial assistance for the in- the form of the draft stan- power of the system can be
corporation of micro- dard IEEEP1014, and has enhanced - starting with
processors into manufac- been widely publicised by the 68000 and upgrading
turing processes, for the some 200 manufacturing to the 68020 version is one
increased usage of compu- companies worldwide. Its obvious route. Fieldserters in industry, and for emergence as a vehicle for vicing is easier since most
Electronics and com-

the design of new pro- the 68000 family was problems can be diducts for the market. And

there appears to be no
shortage of applicants.
As a supplier of board level products to many

UK manufacturing com-

panies and systems

houses, I am particularly
aware of the increased use

of standard boards based

on the VME bus. The increase is not simply due to

conversion from one old

standard to something

more up-to-date, but
rather, the market for

standard boards in itself is

on the increase - and not
just in the UK. Certainly,
there is a migration from
the older standards such
as Multibus and STD, but

the underlying trend

is

that of increased usage of

ready -designed and
manufactured boards
from third -party sup-

timely and, based on the
Eurocard, it succeeded in
Europe where Versabus
failed. Whatever its tech-

higher level. So what hap- 80% of VME boards sold in
pened to the resource that this country are from
was previously used in the overseas.

If you are designing

design and manufacture

of the boards? The answer equipment on the VME-

is simple: this is the re- bus for use in the design,
sponsibility of the board - manufacture and test of
level manufacturer, a component boards, hope
third -party company spe- that your overseas
cialising in the production marketing is already set
of standard bus boards. up. If the VME trend conThe benefits to the user
are clear. But how does
this fit into the overall
pattern of the electronics
industry?
The de -emphasis on in-

tinues, with the majority

of boards for UK consumption being made
overseas, there will soon
be an identifiable UK re-

duction in the design,

agnosed down to board house board design and manufacture and assemlevel, and the faulty board manufacture. clears the bly of boards, with corresswapped on -site. All these way for specialist com- pondingly less market for
points are reasons for the panies to supply the mar- this equipment. Will the

nical merits (and it has success of VME.
ket. VME has become the trend continue to the
plenty of critics on this
But consider for a mo- ideal product for a board point of showing up the
point), it has become a ment the extension of this level manufacturer - high UK's semiconductor

bandwagon for manufac- success: UK industry is price -ticket items sold on book -to -bill ratio? What
turers and users alike.
not growing at the same the basis of an interna- other industries will feel
the pinch?

Use of ready-made boards
conforming to a widely supported
standard not only cuts down on design
cycle times and capital investment,
but also on in-house resources
in the form of circuit designers, p.c.b.
.

draughters, assembly equipment and
operatives, and test facilities.

pliers. However, this is set

against a gloomy background in which UK industry is hardly growing

And so innovators find rate as the VME market.
themselves with a useful Where is the increased
standard vehicle for their business coming from? It
at all. The usual indicators ideas. Use of ready-made is a result of substitution such as the semiconduc- boards, conforming to a ready-made boards in retor book/bill ratio show widely supported stan- placement for boards that
that the electronics indus- dard, not only cuts down would otherwise have had
try has not escaped, on design cycle times and to be produced in-house,

Of course, there are
some UK manufacturers
of VME boards as there are

for other popular buses,

most notable being
IEEEP1000 (STE) where
29 of the known 32 manufacturers are based in the

UK. There

is

also the

opportunity for UK manufacturers to lead the world

with manufacture of
futurebus (IEEEP896)
boards. But for the mean-

time, the volume market
is VME and I state my case
in the context of VME.
I

make only one re-

tionally accepted standard quest: consider a British
to customers who already VME board first. If you

recognise their advan- can't find what you're
tages. VME has become looking for in VITA's
the ideal distributor item,
providing a challenge to
commodity semiconductors as a potential leader
in marketable merchan-

guide, call a British manufacturer or a distributor of
British -made products. If

unable to help, at least
although recently cau- capital investment, but or sub -contracted.
they will have gained
tious optimism has re- also on in-house reThere is evidence of a dise for the same reasons. some market input. And
appeared amongst distri- sources in the form of change in the way that
But consider again: that can be valuable. They
butors.
The board -level market
is predicted to be a major

circuit designers, p.c.b. systems are built, with the who are these specialist might even be on the
draughters, assembly design phase starting board -level manufactur- point of releasing a new
equipment and opera- from selection of a stan- ers? Are they in the local product for your applicagrowth area, centred tives, and test facilities. In dard bus, then the boards phone book or on the tion. Just give them the
around VME. The reason a situation where the in- to plug into it, the 'mix' same industrial estate as chance. First.
is not hard to see. VME has tention is to produce a and the application soft- the p.c.b. house you used
become an international system for a market whilst ware becoming the key to to use? They may be if you

standard based on the the market window is the specific personality of live in Northants, Co. Bob Squirrell is sales director
proven Eurocard mecha- open, why spend time and the system. Whereas pre- Durham or a few other of Dean Microsystems, a disnical standard (now fully valuable resources re- viously problems of p.c.b. locations in the UK. It is tributor of VME boards from
adopted in the USA). It is
supported by many major

inventing the wheel? Use design and manufacture
ready-made boards from would have been a major

panies, including several

concentrate on system de -

more likely you'll find
them in the USA. Ger-

manufacturing com- the many on offer and element in a project, the many or Japan. My re-

ELECTRONICS & WIRELESS WORLD

project now starts at a search indicates that over

predominantly British manufacturers including Plessey.
Europe]. IMP. Racal. and of
most STE products.
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P. M. COMPONENTS LTD

PHONE
0474 60521
4 LINES

650
550
550

1.48195

A SELECTION FROM OUR
STOCK OF BRANDED VALVES

106196
108204
948723
148724

4 50

200

1.18775

714

834
998

087
'134

293
426
599
792

900
042
283

79600

2450
750
11 50
11 50
14.95
6.50

3500
3750
27.50
11.50

2100
24.00
4.00

77141

400

(122
1221

59 75
39.00

1238

3900

60
11

1P12
1P34
1P35
11

610
1410

070
125
200

4/0

31

2.50

63

203
5500

114

27.50

2207
JA
A
108
134

1486
14921

1501
534

:1006

20.00
20.00
55.00
32.00
115.00
195.00
135.00
32.00
29.50
0.90
3.50

;11 Nos c.c.s
00 request

2750
1.20
141

22.50

142

17.50

190

450

1100
1F91

125.00
0.70

8091

090

113180
EBF113

0.95
0.95

18185

095

EBF89
EBF93

0.70

F8121
EC52
EC70
EC81
EC86
EC88
1C90

ECC91
ECC 180
ECC189
ECC801S
ECC803S
ECC804
ECC2000

0.72

195
350
495
060
12 00
1 15
1 15
1 70
1.85
1.95
0.65

ECF136

FT22

3500

:123

35.00

124

3500

ECM

:125
:T29

210
1025
2.50

300
350

22.00
32.00

ECH35
ECH42

'91

100

ECH8I

100

'92

0.60
0.65
1.00
1.20

ECH83
ECH84
ECH2000
ECL80
ECL82
EC183
ECL84
EC185
ECU%
ECL805
EF37A
EF39
FF40

1.00

'97
463
177

179
1149
(91

(92
.35
.63
.70
.73
.92

590
556
200
0.90
1.20
2.50
1.00

250
150
595
1.10

.94
.96

250
2.50

.510

1150

.S16
070
0160
(51

10 00
1.95

(8687
(602

350
1.50

065

101

0 72
29.50

111.

1200

12CC

13CC

OF
16C

18C
18CC

350
150
550
9.50
7.95

350

18CC Soenlans
101841
5.95
/OGG
7.95
10F
7.95
11H
4.50
12CC

395

301

6.99
18.50
9.00

612CC

1801
186E
I 88CC

'001
t83CC

'88CC
110F
148

524
150
176
179

6.50
8.50
7.50
15.00
19.50
10.00
13.50
29.50
1.00
6.95
1.00
1.95
1.95

1BC80

070

1C91

1E801

2.50
1.20
2.00

134

110

141

195

191

0.85
2.50
1.95
1.50
0.90

1142

IC33
IC41
1081
1C90

WAHL 6

11821

1.50

100
1.50

060
029
210
0.74
0.69

005
aso

' 250
1.50
4.50

150
150

EF41

EF42
EF50
EF55
EF70
EF71
EF72
EF73
EF80
EF83

2.50
1.95

120
110
1.20
1.00

0.55
3.95

aso

E F85

EF86
225
EF86 Mota,61
4.50
1F89
1.50

195
215
095

EF9I
EF92
EF93
FF94
EF95
EF97
EF98

FFI83
1E186
EF730
EF731
EF732
EF800
EF804S
EF805S
EF8065
1E812
1E1200

9.00

062

0 85

EM80

070

06.2WA

FA410

0.70
1.65

063
097

250
210

195
250

OB7WA
OG2
OC3

ISO

155

003

4.50
235.00
0.80

0144

1.71
1.00

E1.487

EN32
EN9I
EN92
E035

15.00

215

19.50
13.50
14.50

065
1.50
0.72
0.95
0.95
5.00
2.25

EY9I
EY802
1740
1241
1280

0.75

Ent

075

1290

1.50

F606

295

FWA'800

2.95

055/111
0180121.4

900
6.96
9.00
17.50
17.50
17.50
17.50
17.50

0240(20
GC1OB

GC100
GC 10,48
GC10141
GC12413

GD86W
00012084

094
GNIO

08100
GSIOC
GS1014

GSI2D

GM

G71CSS
01917594

600
5.00
6.00
15.00
4.00
16.50
12.00
12.00
14.00

1300

5.00
GTR150W
1.00
GU20
35.00
GU50
17.50

100

Pt 5013

3.00

P1509
PL519
P18021
P1820
P15557

1.25
1.75
6.00
1.75

19.50

6167
9.00
KT71 Gold lion
10.95
7.00

1018 USA loos
bon

KTW6I
KTW62
11W63
KTZ63

110226
1102 26
LB7-20
LS90
M5026
1.45143

848079

M8082
M8083
1.48091

168096
148098
948099
168100
848136

M8137
118161
148162

148163
1.15190

18.95
2.50
2.50
2.00

250
6.95
12.00

9500
6.95
60.00
60.00
155.00
8.00
7.50
3.25
7.50
3.00
S.50
5.00
5.50
7.00

7.96
6.50
5.50
5.50
1.50

81'1.16

81'113
RP143
RPY82

991250

100
2.50
2.50
1.20

55.00
1.95

101100
YJ1060
111020
Y11060
11.1070

90071

62.50
12.00
1.50
12.00
2.50
2.50
2.50
15.00

Z77

2359
2505S
Z520M
152184
270011

2749
2759

4CO2508

1.50
1.50

4CO25081IMA,
5950
4032
125.00
4C4250BN 7500

2.50

2500
6.95
75.00
265.00
42.50
195.00
195.00
195.00
65.00
1.20
12.00
9.00
15.00
1.00
8.00
3.00

40010008

110
2.50
0.75
0.90
0.85
0.80

ow
89.00
2.00
2.50
3.00

0.95
2.50
1.76
1.50
0.72
0,72
0.10

TB2 5/300
T82-300
45 ®
1613.2000 395 00
1131.1004 25.00
11301101 3500
TD3.12
4.00
1004
5.50
TP25
1.50
TSP4
700
TT11
TT21
'1122

113

192

19507
1P28

1839
IRS
104
105

11.95
2.00

090
090
000

0.62
0.76
1.00

037
1150

6.95
ZOO

1.75
1.00
12.50
1.10
1.15
1.75
4.85
4.95

082

100

U191

0.70

0192
U193

100

1.141

IJ3GT

114

365.00

U25
U26

IFDI
10307

1.50

TYS2 250 375.00
U18-20
2.75
1724

ICSGT

4500
4500
5700

77100
776311.411 65.00
TY2125,6 85.00
TY4 400
1100
TY8-600W

U19

ICI

065

10213

122

265156
297
2822
2C396
2C3966
2040
2C42
2043
2451
2453
2C15
2021
21321 W

2E22
2E26
2./42
2./55

U251

1.00

0801
UABC80

1375

06142
08F80

1.00

2126

350
2.95

UBC41

2910

0.60
2.25
750

21(29
21(48
21(56

100

2X26
3A 1070
3621086

ass

PY32
P133

0.60

08C81
08E89

010

1/13121

PY/31

0.70

17092
UCCE9

1.75
1.20
0.70

UCC85

0.60

3461 109

0.65
1.95
0.79
PY801
0.79
003-300 54.95
0133-1750 139.50

1I01130

346141K
36.1475

1.1C1442

1.00
1.20
2.50
2.50

1/CH81

100

UC1.132

085-3500 495.00
0E03.10
195
0108.200 145.00
0140
65.00

110183

1.75
2.50

OP25

1.00

11E85

00E02-5 19.50
00E03.12 7.95
00E0120 35.110
00E06.40 45.00
00V02-6 19.50

UF89
0141

070
070

P0800

UCH21
114941

11141

U141
11180

5898

59258M
5C22
50.136
11180E

5R4G8
511400
514

5040
504013
5V4G

110

6613G

66C7
6AG5

6607
6AH6
66.14

66J7
6AK5
6AK6
6615

MAU
66145
661.16

6665
6ANHA

6605
6608

fiAS6
6AS7G
6676
6678

12128

295

641848

6101

295

4.50
2.80
1.50

1.15

&BIM

11510

68948
68144

ass
1.65
1.65
4.50

195

211.50

3E22
3E147

19.50
1.96

6C5

195

3E57

195

646

250
I.50
250

3.195

0915030

3.95

VT52

250

6C67

64006

87.50
425.00

6485
6486

4.10006

6464

1,75

664A
6S67GT

0 75
0 72
3.95

6547
6507

110

6SH7
6SJ7GT

115
110

6517

1.35
1.35
0.05
1.35
1.35

6SK7GT
6SL 7GT
6SN7GT

6S07

070
495
2 15
2.15
5.50
1.50

535
ISO
400
046
150

295
1 25

2.50
4.95
3.50
3.95

195

2.50

1903

1

191-14

198148
19115

1906
2062
2001

MONO HEAD
AUTO REVERSE
STEREO HEAD

196
150

VALVE AND CRT BASES
3.95

SK406

SK4I0

35.00
25.00
35.00
1.75

SK610
U05

1.7

11%7

VALVE CANS

896

0.70
0.35

B9G
BIOS

0.75
0.20

8136
614A

aso

SOCKET 10.00

3.00

813

OCTAL

035

8811

896 SKID °so

3 50

615
2 50
2 SO

250
185

505
80°

10'4
01

8,78
865A

650
150

1.50
33.50
15.00
5.00
15.00

1750
6.00
4.50
55.00
0.00
15.00
275.00
75.00
14.95
59 00

195
85 00
15 00
35 00
23 50
14 50
95 00

9 50

-.9WA
.40

6080
6080WA
6132

5155
6156
L157
6158
6201
6205
6211
6267
6350
6360
6386
6463
6545

9 95
13 95

00

055

1 00
1 00

060

1 75

2 25
85

16 00

36S
3 75
3 95
3 75
2 25
4 SO

200
3 25

700
420
8 50

950
10 50

2 50

950
65011

65 00

2S0
3 20

645
6 95
2 50

450
350
4 50
14 50

750
8 50

6550A SF 10.95
6550 RCA 15.00
650
6688
6870
6887
68838
6973
7025
70274
7032
7059
7167
7189
7193
7199
7247
7360
7462
7475
7486
7527
56

954

450

6136
61468

'551

93?

500
13 95
39 50

.072

650
550

650
3 50
11 00
10 95

1;067

20 00

asz

9584

95
5 75

325

'IA

11 SO

950
9 95

195
250
4 50

200
2 50
3 95
3 50
7 50

750
4 95
13 50
15 00

500
125.00
85 CO

8.95

945
15 00
29 50

495
47 00

550
8
1'

29 50
72 95

495
15 00
7.50

2 50

626

300
300

/5045

2050W

6 95

18046

,42

1010
10.00
11.50

OVER 4 MILLION VALVES IN STOCK
4.000 Dotlerent Typos
Yiease enquire tor types noI Itsted
80ecta8ly selected and malciled valves
avmlable on request

CALLERS WELCOME
2.50

850
5.50
870
0.25
870 SKID 0.25
880
1.50

00
00
00
oo
so
oo
so
70

AUDIO TAPE HEADS

81

'1314

914

400

3.13
1.50
1.35

1.95

-o8A

50

6147G

17E1E3

15 00

1100

SO

1 SO

115.00

5128

19641401
1906

ISO

17EW8
17528
1803

16015

120

4.11U

19605

13139

i7DW4A

6826

7746
307
328A
3886
4:t5A5

180E15

125Y-

1.75

6818

711

95
85
95
50
20
20
20
50
95
14 00
50
95
95
50
95
95
50
00
50

200

3.00
1.95

69701

150C4
155116
1850T

50

607
60701

095

7910

95

1457

302I6

VR101
V105130

1251(7
12647

1.50
4.00
4.00

024101K 19100
V339
350

VR7530

95

6P15
6P25
61'26
6P28

2.50

1.16
7.00

125117

130E7

688701

095

1 75

1303
1307

6147

15042

1.95

12507

131387
1311
13E147

68H6

6411
6018

I.50
195

6.50
2.50
2.50

68060

6480

1 95

121701

12%4

6106

3.50

12%5

250

6E1E6

1.75
2.50
115.00
59.00

650
250
215
2100

2.50
6.50
4.15
2.00
3.00
6.50
2.50

3.50

304
3W4GT
485518
4.65A
4.2506

150132

611/8

6826
6877
644

2.00
3.00
2.00
1.50
1.15

10.00

610

110

410

10011
108C1

61164

613686

6856

1950

1.7S

116

6BWO

92AG
92AV
9561

195

616GT
61,020
6116
6158

3 SO

900

4.50
4.50

6160C
61.6041011 4.95

15 00

12 50

I2J5GT
125707

12S07GT
12SN7GT

300
650
195

91A0

121467
121407A

1.95
1.15
7.50

8561
85A2
90AV
9041

450

250

2.00
4.15
4.50

2.50
3.15
3.95
2.95

,P7

90CV

1 20
3.50
3.50
19.50

1218
12SA7GT

295
200
15 00

1 95

6./6

120W46

IS
1.50
I

1350

I 95

120068

..71145

1 SO

095

9040

6.17
6.11366

005
150

6857
68W4
68W6
68W7

0.65

3000
395

6667

6611186

126%7

12097

6BM

61398

4 50
8 50

12E14

6810

613117

250

5085
5005

1.00

12E1

250.00
140.00
250.00
5.00
12.00
9.00
11.00
12.00
11.50
7.50
10.00
3.96
3.95
1.10
1.50
0.95
3.35

6895

3 50

1 9S

250

250

61380

600

0 65

6.15

1 95

450
550

12607
126V6
12607
12647GT

195

750
450
350
450

3.3

-042

150

4.50
1 50

28 00

-144

5847
5879
5886
5894
5899
5963
5065
6005
6012
6021
6057
6058
6059
6060
6062
6063
6064

126116

2.50
2.50
2.50
3.95
9.50

450

2 50

1 85

'06

295
550
195

1 95

3 25

'09

200

6 95

IS
2.50

3.15

6115
6719

1"7

'006
41
47

I

215

61 1

151314

601

1 75
5 50
19 50
4 50

1 25

250

61(8G
6K136

060

13

K, 14
.6C.

504060

1.25
1.25
1.25
17.00
1.95

5 50
9 50
2 50
1 95

2.50

495
100

265
215

6670

700

1 50

3 95

6570

0.60

126H7GT
12A15
12616
12617
12617WA

250

6JS6C

'8
P19

1

12606

12607
126276
12846
12866
128E6
128976

61/S6
614
6J4WA

12

1.00
1.00

1266

12AX7WA

69E5
69E8

0.60

77
;511.48

125

1.95

6141

114

2.50

6GKS

6015

13

010

1249
12465
12086

7100
9100

61317018

5500
550
395

1.95
1.95
5.50
2.50
4.95

2.50
1.95

6896
6897
6898
6605
68074

275

11 R3

61/6
6146GT

075

61318

11E3

1.00
1.35
0.95
1.10
1.25
0.45
0.60

112
112

1 95

2 75

6AW8A

68676
6816

101012
I1E2R

1.00

I 48

095

0 78
0 65
45 00

1 75

6606

61304

100

1.50

17
18

1.25

10P111

400
900

43280

650
040

128176

096

687

2.00
4.95
2.50
2.00
5.50

4313C

5654
5663
5670
5672
5675
5678
5687
5692
5696
5704
5718
5725
5726

1

25 DO

9 50
250 00

5651

506

10 95
15 00

46876
42121

75

121316

6106

660313
6,078

410

1 75

3534
4046
927
1927

19 50

250

66U5GT

66X407

7147

1.95
1.75
2.95
2.95

751.601

2051

100

6939

2.50
4.50
0.75
1.75
2.00
4.50

6604

4.95

I IS

250068

1.75
1.50
3.50
2.50

786
787
745
746

1 95

4 95
3 75
39 50
2 95

ZOO

7607

195

060

20P3
20P4
20P5
21526
211U8
2481

550
550
400

2050

225
410

0.80
1.50

6GV7
6GW6
6GW8

4.50

5.00
1.95
1.00

60186

6057

306

0892/10

6060

9.00
1.95
1..50
2.00
1.50
1.95
2.50
2.00
2.00
1.95
2.50
0.60
3.25
6.00
1.95
4.50
3.50

3CY5

12.00
10.96

6107
60E5

070

30(3

V453
M.S631
VP48
VPI 33

615
616

614,203K

0246462K 315.00
V2406116 225.00

300

61 W7
611

63012
667

02364611 29500

0S75140

6EW6

1.50

2.50
0.95
2.50

3CS6

6107

60116

3C1438.1

UY85

6/M7
6107
6108

6016

0.70
V235461K 250.00

00006.406

6E5
6E64

118

110

U08
0141

766
767
7607

2.50
1.50
2.15

6016A
60W4

SZ4GT

51301

3486

1100
005113.20 25.00

31376

6.88

7 95
0 95
0 55

2011
20P1

1.00

6 SGTY

195

60068

1.20
2.00
10.00
11.50
19.50
15.00
15.00
14.50
125.00
2.50
2950.00
5.50
4.95
5.95
2.95
4.50
1.50

110

100

6 . 5GT

20116

IE:71

5636
5642

250

150

007

MulIard

45.00

3672
362
384
387
3824
3826
3878

6058

617
6F12
6113
6114
6117
6121
6123
6124
6125
6128
6132
6133
6FG5

344
3023
3445

I/144
0184

00003-10

00006-406

3A/2
3A3A
364
365
3115

2.50
2.15
0.95
1.50

6046

6160

1.95
1.50
10.00
24.00
15.00
1.50
1.00
19.00
24.00

UL85
UU5

00507-50 6310
0070120 4250
057520
750

34616714

606

215

1.20
2.00
5.50
3.50
1.50
0.05
3.50
8.00
9.00

5.50

27.50

1.15
1.15
1 75

34610913

1.00
1.50

0 75

SAME

0.85
5.95
3.95

93 00
245.00
21(25
35.00
21(25 Ray8,h3n

6X2N

1001(6
10P14

625
9.00
10.00

56.206K

6ARS
66118

4900
795

195

6.1

1011

1000

561701(
SA.180M

6655

1 95
2.50

6160

0.7s
0.95
6.50

250
295

56163K

39 SO

150

295

6CS6
6CS7
6CW4

1002
100E7
101W7

5615214
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SELECTRON HOUSE, SPRINGHEAD ENTERPRISE PARK
SPRINGHEAD RD, GRAVESEND, KEN' DA11 8HD

B7 and 89 0.35
ANODE CAPS
0.00

00V06
SOCKET

850

OPEN MON-THUR 9AM-5 30PM
FRI 9AM-5 OOPM

'24 -HOUR ANSWERPHONE
SERVICE'
ACCESS & BARCLAYCARD
PHONE ORDERS WELCOME

UK ORDERS P&P El
PLEASE ADD 15°-9 VAT
EXPORT ORDERS WELCOME
CARRIAGE AT COST
PLEASE SEND YOUR
ENQUIRIES FOR SPECIAL
QUOTATIONS FOR LARGE
REQUIREMENTS

ENTER 36 ON REPLY CARD
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The Archer Z80 MC
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 I/O &
memory extension cards.
from £185 + VAT.
ENTER 48 ON REPLY CARD

Thc bowman 68000 6bC
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 countertimers, 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.
ENTER 49 ON REPLY CARD

acrwood Data 6yAera6 Ltd
Sherwood House, The Avenue, Farnham Common, Slough S1.2 3JX. Tel. 02814-5067
KESTREL ELECTRONIC
COMPONENTS LTD.

LO 0 K AHEAD

All items guaranteed to manufacturers spec.
Many other items available.
'Exclusive of V.A.T. and Post and Package'

WITH MONOLITH MAGNETIC TAPE HEADS
DOES YOUR VCR GIVE WASHED OUT NOISY
PICTURES - ITS PROBABLY IN NEED OF A NEW
HEAD- FAST FROM OUR EX -STOCK DELIVERIES.
SAVE CEC's ON REPAIR CHARGES.
Eim

Our replacement video heads
fit most models of VHS or
Betamax VCR's. Following our
replacement guide and with a
practical ability, you can do the
whole job in your own home
with our head replacement kit.

VIDEO HEAD REPLACEMENT KIT

1

'4LSOO

'41504
'41S08
'41S37
'4LS74
'41S86
41S122
'41S244

013
013

30

010
010

41S367

0 13
0 13
0 13
0 13
0 20
0 40
0 48
0 25

ALS373

040

020
035

-'4LS374
.'41S393
'41S399

0 40
0 40
0 35

0 35
0 35
0 30

'415245

0 10
0 10
0.10
0 10
0 18
0 35
0 40

1

50

6821

140

100

6502
6522
6551
74S00

3.30

2.80
2.80

330

400 350
0.25 020
0 35 030
0 35 030
090 0 65

74SO4

74S138
74S240
8225-5
8085A
40118
4020
40408

1 50

130
011

1 30
1 20

009
0 35 0 30

LM311

14
50.
300
240 230
2 40 230
340 300
130 115
230 210

27C64
2764-250

27128.25
27256.25
6116LP-3
6264LP-15
43256.12
4164.15
41256-15
27512

3 50

12 00 10 60
0 90 0 78
220 2.10
7 50 700

Z8OACPU

140

036 0 30

280ACTC
280AP10

1 50 1.20
1 50 1 20

0.22

556

030

0 18

120

025

All memory prices are fluctuating daily. please phone to confirm prices.

178 Brighton Road,
Purley. Surrey CR2 4HA
Tel: 01-668 7522

ENTER 35 ON REPLY CARD

Toroidal & E.I.

matst*,,

Transformers

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

Toroidal Mail Order Price List
/MC,02 KIT ONLY £19.95 inc. VAT. + £2.50 p&p
(Kit does not include video head)

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 p8 p.

THE MONOLITH ELECTRONICS CO. LTO.
In
Mbh. Telephone: Crewkerne(0460174321 Telex: 46306 MONO*:

5-7 Church Street. Crewkerne, Somerset TA18 7 HR. England.

ENTER 15 ON REPLY CARD
150

prices inclusive of VAT 8 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 1 k2, 1k5. 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. 18-018.22-0-22, 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
AI

S

LINO(

Air Link Transformers

Unit 6, The Maltings, Station Road,
Sawbridgeworth, Herts. Tel: 0279 724425
ENTER 26 ON REPLY CARD
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VME subsystem bus
standardized
Last year the battle between VMX bus and VMX32 bus
ended with acceptance of VSB as the standard local VME

bus extension.
ZOLTAN HUNOR
Last year the first revision of the VME
subsystem bus reached the market.
Initial reaction was astonishment at
the complexity of the specification, and at
the consequent complexity of the silicon

orotessl

Nab

'

Data

r ornmunKatoor

storage

OPvice

deo( e

design to be integrated onto boards. An 'idle'
state followed, everybody waiting to see what

the others were going to do. Motorola's

Mat ter

announcement of support for the subsystem
bus with custom -designed silicon was the

Requester

Slave

vitalising factor. Suddenly, acceptance of
this new development increased and more
Bus

companies evaluated the idea of introducing

f

the new standard to their production.

,,glare

fP

lay

Henceforth, we hope to see the end of all the

customer i/o buses that characterize the
chaos around the J2 connector. The dice are
thrown. We have VSB.

VSB is a local subsystem extension bus
that allows processors to remove traffic from
the VME bus to local resources. Increasing
demands of multiprocessing systems led to
this development, with the aim of improving
total throughput through the design of local
subsystems.

Functionally VSB consists of two sub buses, the data transfer bus and the arbitration bus. Fig.1.

VSB DATA TRANSFER BUS
The d.t.b. includes 32 high-speed asynchronous multiplexed address/data lines and
associated control signals necessary to execute cycles on the VSB.

Masters use the d.t.b. to select byte locations provided by slaves and to transfer data

to or from these locations. Asynchronous
transfer protocols allow a slave to take as
long as it needs to fulfil its response. Protocols of the VSB define two types of cycles to

transfer data: single transfer and block
transfer cycles.

A single transfer cycle, either read or
write, consists of an address broadcast followed by one data transfer. A block -transfer
cycle, also read or write, is akin to a string of
single transfers. It allows the masters to
provide a single address on the bus followed

by a sequence of data without providing
additional addreses.
An important feature of VSB is its support
of dynamic bus sizing - the ability of a board

to automatically adjust the size of data
transfer and the number of cycles to the
basic data transfer capabilities of the responding board. This allows programmers to

ELECTRONICS & WIRELESS WORLD

PIN

2
3

4
5

6
7

8
9

10
11

12
13

14
15
16
17

18

19

20
21

22
23
24
25

26
27

28
29
30
31

32

ROW A

AD00
AD02
AD04
AD06
AD08
AD10
AD12
AD14
AD16
AD18
AD20
AD22
AD24
AD26
AD28
AD30

OV
IRQ
DS
WR

SPACED
SPACE1
LOCK

ERR
GND
GND
GND
GAO
GA1

GA2
BGIN
BREQ

ROW B

+5V
OV

User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
OV

+ 5V

User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
OV

User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
OV

+ 5V

ROW C
ADD,
ADD,
AD05
ADD,
AD09

AD
AD,3
AD,5

Fig.1.. The constraints of the P2 connector
obliged designers to choose a multiplexed
solution for the VSBbus.

store information without regard for the
memory organisation on which the software
runs. The system hardware adjusts the size
of the transfer, transparently to the software.

Many modern processors can perform

AD17
AD19

indivisible sequences of memory accesses

AD2 I
AD23

AD25
AD27

without allowing another processor or master to interfere and access any of the same
locations before the sequence is completed.

ADS,

These processors signal such an access to the

AD -3,

OV
OV
OV
OV
SIZEO
PAS
SIZE1
GND

ACK
AC
ASACK,
ASACKO

CACHE
WAIT
BUSY
BGOUT

that have to proceed one after the other,

outside world in a different way from a
normal access. This is one of the integrated
features in the VSB through a dedicated line
called Lock. There are two classes of indivisible sequences: the intradomain indivisible

sequence, in which access to all the byte
locations involved in the sequence is controlled by the same arbitration mechanism,
and the interdomain indivisible sequence in

Fig.2. What VMEbus hasn't got the VSB has.
Geographical addressing they call it, but in

fact it is nothing else than providing each
backplane slot with its own ID to implement the interrupt mechanism.
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which access to the byte locations is control
led by two or more arbitration mechanisms.

An example of such a sequence is one that
involves access to a byte location on the VSB
and also a byte location on the VME bus.
VSB defines a protocol that allows slaves

to request interrupt service from a master.
The interrupt protocol of VSB defines how
the slave transfers status/ID information to
the master to invoke an interrupt service
routine. If a slave requests an interrupt from
a master and receives an acknowledge signal
it must drive an interrupt ID on AD24 - AD3o

lines. This interrupt ID must contain the
geographical addressing bits to ensure that
each board has a unique code. These bits are
slot dependent and are defined as follows:

SLOT

2
3

4
5

GA2

GA,

GA°

low
low
low
low
high
high

low
low
high
high
low
low

low
high
low
high
low
high

Fig.3. Even a secondary bus of good quality needs bus arbitration; facilities for
multiprocessing were also essential.

The interrupt ID that a slave drives may
contain user defined and supplied bits on
AD27- AD3o.

ARBITRATION BUS

The most fundamental resource of any system is the data transfer bus, and any multiprocessing system needs an efficient allocation method. The VSB offers this through
the arbitration bus, Fig.3.
VSB has two arbitration methods, a serial

'

arbitration where a requester module requests the bus and waits for acknowledgement and for the bus to be granted by the

arbiter, and a parallel arbitration method
where a requester initiates an arbitration

Fig.4. The arbiter is the decision -maker in the VSBbus world.

cycle. All the requesters that have a request
pending participate in the cycle. During the
arbitration cycle, the requesters determine
which master will be granted the use of the
d.t.b. The arbitration method is dynamically
selected during the power -up sequence of
the subsystem.
There are two basic arbitration modules the arbiter that co-ordinates the transfer of
control of the d.t.b. for the serial arbitration.

68 service requester

For parallel arbitration there is no arbiter
required (Fig.4) and the requester asks for
exclusive use of the d.t.b. on behalf of its

ce

cr

associated master.
MECHANICAL REQUIREMENTS
A VSB subsystem consists of a backplane and

from two to six VSB boards which are
electrically and mechanically connected
together via the VSB backplane or a VME bus

J2 backplane and associated subrack. The

Fig.5. The requester is the module struggling to obtain control of the bus. It is the user's
decision to give it a fair chance.

outside two rows of the VME bus J2 connec-

tors are designated as user -defined and on
the VSB those roms are defined with the pin
assignment shown on page 151.
The full VSB specification is available from
VITA -Europe, PO box 192, 5300 AD Zaltbommel, Netherlands for $25.
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Zoltan Hunor, BSEE, is director of VME International Trade Association -Europe. Born in
Romania, he studied electronic engineering at the Polytechnic Institute of Cluj-Napoca
and obtained his BSEE degree at the Technical University of Utrecht. He became director
of VITA -Europe in July of last year.
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littECOMNS TOPICS
ADRIAN MORAN T

response to emergency situa-

£20 million B T
directory update

tions. Additional information
that will be presented to the
despatcher at the Public Safety

The capacity of the world's

Answering Point can include

largest directory enquiry service
will be almost doubled by a £20
million -plus extension ordered

particular information about the
address, a nearby intersection or

landmark and the particular

from STC by British Telecom.
The equipment used is an advanced version of the system

emergency agencies serving that
address.

developed by Computer Consoles

First all -optical

Incorporated (CCI) of Rochester

N.Y., USA. STC has sub-

regenerator

contracted the installation and
maintenance work to Computer

What is believed to be the world's

Field Maintenance Ltd (CPM) of
Hitchin and this represents the

first all -optical light regenerator

largest network installed and
maintained by any third -party

tions systems has been demonstrated by British Telecom Research Laboratories, Martlesham
Heath. The regenerator, still in
the experimental stage, both amplifies and re -times light pulses

for use in optical communica-

maintenance company and also
the biggest single civil maintenance contract.

Shortly, the British Telecom
Directory Assistance System
(DAS) will have the processing
power for 250,000 calls an hour
instead of the current 180,000,
giving British Telecom the ability to handle the total customer

without converting them from
light to electricity as done by
conventional regenerators.
Developed by two BT research
engineers, Rod Webb and John
Devlin, the device is based on the

principle that a Fabry-Perot

demand.

Representing an investment
in hardware alone of £55m, BT's

current DAS service handled
around 500 million customer enquiries last year. Some 200 directory enquiry bureaux, and a similar number of management locations using 4,500 terminals, plus

communications interfacing
equipment and control systems
are needed to handle this enor-

mous amount of traffic. The
problem is further complicated
by the fact that there are a total of

about 23 million directory entries, and approximately 35,000

semiconductor laser has nonlinear input/output power characteristics because its effective

refractive index varies with
optical power level. At some
wavelengths, this nonlinearity
leads to bistability. In operation,
an optical clock signal is fed to
the laser to hold the switch state
just in the "off' condition. Then,

CCI has developed what

is

claimed to be the most advanced

emergency telephone system.
Scheduled to go on-line in the
City of Pennsylvania in March,
this enhanced "911" service, to
be known as the CCI LIFE -911,

will utilize a database of tele-

ment for the UK Telecom-

The 4,600km submarine cable
link, code -named A -I -S. between

Perth, Australia; Jakarta, Indonesia: and Singapore has entered service. Despite Australia's
being well advanced in interna-

tional communications facilities, this is the first submarine
telecommunications system to
land on its west coast, supplied at

a cost of f104million ($150m) by

Britain's STC Submarine Systems to the Overseas Telecommunications Commission (Australia), the PT Indonesia Satel-

lite Corporation of Indonesia,
the Telecommunications Authority of Singapore, and Cable
and Wireless (Hong Kong) Ltd,

going fibre.

The all -optical regenerator
differs from previously demonstrated optical amplifiers in two
important respects: bistable operation leads to a signal output
level which is relatively constant
over a range of input levels: and
the signal is retimed by the optical clock.

The regenerator has been
operated at 140Mbit/s and its
inventors are now working to
improve performance. Ultimately, the device will be produced
commercially by BT & D Tech-

nologies, the optoelectronic
components company jointly

information to facilitate rapid

owned by BT and Du Pont.
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munications Industry. It should
give a measure of reassurance to
those who have expressed concern about the possibility that BT

would favour its own manufacturing subsidiary in order to
extend its dominance of the market in products where it already

has a dominant supply position..."
The ruling by Oftel formalizes
the informal procedure that BT
had adopted since the middle of
last year to comply with a condition of its licence. This required

it to transfer its manufacturing

businesses to separate subsidiaries not later than 1 July
1986.

representing the 12 co -owners.

The 1380 circuit system

is

designed for a 25 -year working
life and has more than 8 -times
the capacity of the Seacom system it replaces. Capable of carrying speech, telex, data and
other forms of traffic it links with
other recently completed cable
systems to Asia, the Middle East
and Western Europe.

The magnitude of the tasks
involved in the project can be
seen from the distance between
Perth and Jakarta. This distance

of around 3600km is so great

afloat, could not complete the

Value-added
network
services on
Vodafone
Istel and Racal-Vodata have com-

bined to make value-added net-

work services (vans) available
over the Vodafone cellular radio
network. As a result of the commissioning of a direct link Istel's

nationwide data network, Infotrac, Comet electronic mail and
\'iewshare videotex services can
now be accessed while away from
one's desk via cellular phones.
The system uses Racal-Vodatel

developed special protocol, cal-

led cellular data link control

from Perth and return to Singapore for reloading, prior to completing the lay.

(c.d.l.c.), which is aimed at overcoming the problems associated

Oftel orders
open tender

been designed to be transparent

is then injected into the out-

together with local emergency

phone listing names and address

down -under

link in one lay. She therefore had
to buoy -off the laid cable 1927km

chronism with the clock, which

ciency.

step forward in the development
of a healthy competitive environ-

termination marks a positive

energy to switch on the laser but
only when the optical clock signal is also present. This triggers

nationwide.
DAS has already provided improvements for telephone users
with its up-to-date computerized

British Telecom operator effi-

inaugurated

that even the CS Cable Venture,
which has the largest cable carrying capacity of any cableship

the laser to generate a more
powerful burst of light, in syn-

average time for dealing with an
enquiry from 52 to less than 40
seconds and greatly increased

mination he said that: "This de-

when a pulse of light from the
incoming fibre arrives at the
laser it has sufficient optical

changes a day are processed
automatically and distributed

directory, the reduction of the

A -I -S cable

with transmitting data through
the hostile environment of a
cellular radio path. C.d.l.c. has
to all user applications. A
2400bit/s modem giving a 1200

Prof. Bryan Carsberg. Oftel's

bit/s net user rate is available

Director General, has made his

which incorporates this protocol
and is compatible with the vast
majority of lapheld and portable
terminals.
Because a c.d.l.c. modem has
been incorporated at the point

determination listing the descriptions of telecommunications equipment in relation to
which BT is for the time being a
monopoly purchaser in the UK.
In future, BT will have to go out

where the Vodafone and Istel

to open tender for these products, even though they are

ers wishing to access Infotrac

manufactured by BT. Products

covered include radio paging
equipment, switching systems
and payphones.

When announcing his deter-

networks are interconnected, us-

services via Vodafone need only
invest in a single modem rather

than the two, one at each of a
path, which are needed in addition to an appropriate terminal.
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First System Y
local exchange
enter service
The first AXE local digital exchange to be delivered to British
Telecom has entered service. It

has been supplied by Thorn
Ericsson Telecommunications

Ltd under a £100million
($150m1 contract awarded in
1985 for the supply of 26 exchanges. The AXE switching sys-

tem was selected by BT to provide an alternative switching sys-

tem to System X - hence "System Y".
Installed at Sevenoaks in Kent

it will initially serve 1500 subscribers locally and a further
2000 in nearby Tonbridge and
West Mailing via remote concen-

trators. Ultimately, it will serve
40,000 subscribers before the
end of the century.

Delivery of these AXE exchanges will continue for the
next 18 months while installation work for them is already in
progress at 15 sites.

As well as providing normal
telephone service, the Sevenoaks

switch will offer what BT refers
to as "Star Services". These include abbreviated dialling, repeat last call, three-way conference, call diversion, call waiting

and call barring, automatic
'wake-up' call and charging.

Private transatlantic cable
contract won by
STC

280Mbit/s. Transmission will be
at 1300nm with 50km average
repeater spacing. PTAT1 will be
followed by PTAT2 as soon as
traffic warrants. There will then
be an alternative path available
in the event of loss of service on

One order calls for the supply,
installation, testing and com-

one cable.

order calls for the supply of 30

The cable will come ashore in
the UK at Weston -super -Mare,
near Bristol at the mouth of the
river Severn in south west Eng-

terminals and 5 intermediate

missioning of systems for the
Mercury East Coast network.
This will link London and Edinburgh via Peterborough, York,
Leeds and Newcastle. The other

station equipments to be put into

addition, a spur to Bermuda.
Nynex, the New York/New England Telephone Company, is at
present seeking legal permission

to buy the Tel Optik stake. In
view of the high proportion of
transatlantic traffic terminating
in the Nynex area, that can be
expected to increase market
competition.

Mercury places
opto orders
Mercury Communications Ltd
has placed orders for 565Mbit/s
optical -fibre transmission equipment to the value of £1.5million
with Plessey Network and Office

Then, within a further two years,
all trunk traffic would have been
loaded onto the digital network.
He stressed that the development of the new network would
have to take account of economic

operation by Mercury as and

factors involved in serving re-

when needed.

sidential communities, especial-

land. The western end of the
4,300 mile cable will be at Long
Island, New York and there is, in

already in service. By March
1987, nearly 40 per cent of all
trunk traffic will be carried on
the network in a digital form.

ly where the rate of telephone
usage was low. Tippler went on
to say that fibre will quickly find

BT update
According to Michael Bett, BT's
managing director, Inland Communications, by the end of 1987
about 60 per cent of BT's business customers will have access

to modern local telephone ex-

changes. He said this when
speaking at a recent conference
on BT network strategy. Under

its network modernization programme, BT is installing new
digital and enhanced electronic
local exchanges at the top 500
business exchange sites around
the country.
At the same conference, John

Tippler, Director Networks, BT
Inland Communications, out-

lined the way that the trunk

Systems Ltd. Each 565Mbit/s
system can carry 7680 simultaneous telephone calls, or an

network is changing. Instead of
nearly 400 trunk switching units, the new structure would only
have 55 digital trunk exchanges;

equivalent amount of data.

and all but one of these are

an application in the denser parts

of the local loop distribution.
This has implication for the size

of the areas served by an exchange. While current research
and development is also explor-

ing a variety of new ways of
delivering the communications
services in the low usage en-

vironment, Tippler indicated
that. looking further to the future, very high capacity optical
fibre systems - possibly with one
million fibre circuits per fibre by

the year 1995 - were already
being considered in BT's network strategy.

TIA formed out
of TDA ashes
A new organization, entitled
Telecommunications Industry
Association, has been formed. It

has grown out of the Telecom
Dealers' Association and claims
to be the voice of the whole UK
telecommunications industry. It
says that "it takes up issues on
behalf of its members, provides a
range of benefits, negotiates preferential rates for services to its
members and acts as a focal point

for the industry. The TIA is here

The contract for the first private
transatlantic telephone cable, to

to assist and support every sector

be jointly owned by Cable &

turers to retailers, from distribu-

Wireless and Tel Optik, has been
won by STC Submarine Systems

in a deal worth $350million.
Known as PTAT1, it is scheduled
to enter service mid -1989. C&W

of the industry from manufac-

tors to consultants and from
wholesalers to installers."
It also gives its objects, which
were not stressed by the TDA. "as
being to promote high standards

already looking for traffic
orders for it in, ideally, mini-

of trading, ensure that mem-

mum, parcels at DS -3 (45Mbit/

integrity, reliability and exper-

s). As the company already owns
or controls 6,000 miles of digital

tise, and to campaign in the

is

transmission networks across
the USA it fits into the C&W

strategy for a global digital
highway.

The cable will contain three

fibre pairs each of capacity
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bership

is seen as a sign of

highest circles on behalf of the
industry."
The chief executive of the TIA
is Richard Woollam. The Asso-

ciation is based at 364-366
Fulham Road, London, SW10
9UH (tel: 01-3517115).
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TEST
EQUIPMENT
This is just a sample of our huge inventory - contact us with your requirements.
SIGNAL SOURCES

OSCILLOSCOPES
Hewlett Pac card
' 80 TR

103MHz Scope M/F (Mint)

' 715A opt 10- 200MHz Scope

Philips
PM3540

Tektronix
465B/DM44
4658
475A
475A/DM44

.85
608
634 opt 1,20
2445
2465
5223
7104
7603
7704A
7834

Lo3ic Anal/Scope

100MHz Scope CMM
100MHz Scope
200MHz Scope
203MHz Scope/DMM
350MHz Scope
Monitor
De play Monitor
150MHz Scope
300MHz Scope
Sc spe Mainframe (Mint)
1GHz Scope M/F
100MHz Mainframe
2013MHz Mainframe
Fa it Storage Scope M/F
1010MHz Rock MNTM/F

£1500
£1950
£1500
£2000
£1450
£1950
£2500
£4500
£1500
£750
£2550
£3450
£3600
£16000
£1950
£2850
£7500
£1950
£10500
£5500

P7603
7854
400MHz M/F Scope
7904
500MHz Scope M/F
A large selection of 7000 series plug -ins available at up to
60% saving on list. Please call for quotations.

ANALYSERS

Hewlett Packard

.193A
8557A

Im sedance Analyser
Spectrum Analyser P/In

£5250
£3500

Wave Analyser
110MHz Spectrum Analyser

£850
£9650

Marconi
IF 2330A
IF 2370

Radiometer
E.KF 10

Automatic Distort on Analyser
+ tEC61 Plotter

£1500

Tektronix
7L14

308

Spectrum Analyser P. In
Dc -to Analyser

£10500
£1500

GENERAL PURPOSE T & M

Hewlett Packard
4204A
8007B
8011A-001
8018A-01
8601A
8614A
86260A

Digital Oscillator
Pu se Generator
Pu se Generator 20MHz
Senal Data Generator
Sweep Generator
Signal Generator
Sweep Gen. Plug-in 12.4-18GHz
8640B 001-002 AM/FM Signal Generator
8690B
SweeperMainframe

£395
£950
£695
£1650
£1750
£3950
£3500
£4500
£950

2015-1
TF 20028
TF 2006

AM/FM Signal Generator
AM/FM Signal Generator
AM/FM Signal Generator 1G -1z

£950
£995
£1950

SG 503

Signal Generator, 250MHz

£1500

184
1080

5MHz Sweep Generator
1GHz Sweeper

£650
£1750

Marconi

Tektronix
Wavetek

Parnell
Fluke

150
150B

£1650
£450
£600
£550
£550
£950
£450

Touchscreen
Touchscreen
Printer RS232
Thermal Printer

2631B-020
2673A
6940B
Multiprogrommer
7910H opt 015 Disk Drive
82913A
12 inch Monitor
HPIB Interface
82937A
HPIL
Interface
82938A
Serial Interface
82939A
82940A
GPIO Interface
86B

Microcomputer

9121D
9816S
9862A
9915A

Single -sided Disc Drive
Pe-sonal Computer
Plotter

£75
£150
£150
£200
£350
£650
£550
£2550
£500
£750

Computer

SEND NOW FOR OUR
LATEST BROCHURE

£7500
£350

52004../5215A AC Calibrator
7220A
Comms.Freq.Counter

G. P. Industrial
MFL 373

£395

Fault Locator. MINT

Hew ett Packard
436A
467A
3403.:

Amplifier

3406.E

Sampling Voltmeter

£1200
£600
£1850
£1250
£1250
£350
£2500
£500
£495
£225
£400
£600

Power Meter
True RMS Voltmeter

3437A
High Speed D.V.M.
3465A
41/2 Digit D.M.M.
42713
Digital LCR Meter
5006A
Signature Analyser
53003+5305B 1300MHz Counter
5381A
80 MHz Counter
8447A
Amplifier
8447)
Amplifier

HEWLETT PACKARD COMPUTERS
no (45710BU) The Portable

£4275

SSG 520 + TTS 520 Transmission TestSet

Marconi
TF 1246
IF 13 I 3A
TF 2173
TF 2603
TF 2604
TF 2702
TF 2905/8
TF 2915

£500
£750
£450
£495
£425
£950

Oscillator
LCR Bridge 0.1%

Synchroniserfor 2016
RFMillivoltmeter
Voltmeter
InductorAnalyser

£750
£1200

TV Pulse Generator

Data Monitor

Tektronix
520A

£3750
£850
£1250
£275
£8800
£500
£675
£650

Vectorscope (NTSC)
Sampling Head
Sampling Heod

Si
5.3A
A6901
4041
PM 102
PM 107
PM 108

Isolation Monitor
System Controller
Personolity Module
Personality Module
Personality Module

All prices are exclusive of VAT and correct at time of going to press Carriage and packing charges extra A copy of ourtrading conditions is available on request

Electronic
Brokers
140-146 Camden Street, London NW1 9PB

Fax: 01-267 7363. Telex: 298694. Tel: 01-267 7070.
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Double -notch filter
simplifies distortion analysis
To support last month's theory that a 'canyon' filter
simplifies t.h.d. analysis, Jerry Sokol now describes how
such a filter is realized and applied.
B.J. SOKOL
In t.h.d. measuring equipment, using a
band -reject filter with a canyon -shaped
characteristic instead of the usual notch

filter, has advantages - as last month's
theory showed. The canyon filter is easier to

tune and therefore gives more reliable results. This article discusses converting the
theoretical canyon -filter into hardware and
shows how the filter is applied in a complete
t.h.d. analyser.

In

Two second -order notch filters form the
canyon filter. For use in a distortion analyser, these filters must be easy to tune and
have a resonant frequency difference of 3%.
Switched -capacitor filters with digitally related clock frequencies might appear to be

an easy way of realizing such a filter, but I
found digital noise and beating between the

Fig.1. Realization of the general biquad

two slightly differing clock frequencies

function. This configuration's great advan-

troublesome.
Using a four op -amp active -filter for each
notch, however, did prove successful. Sensi-

pole and zero frequencies simply by mak-

tage is that it enables an exact match of
ing R8 infinite.

Looking at the biquad realization of the
notch filter in this way not only explains the
problem, but also suggests another similar
approach which solves it. This time consider
the summing of two other filters, a second -

tivity to component variation is low, the

order high-pass and a second -order low-pass

configuration is easily tuned with a variable
resistor, and there are other advantages as

function. That gives the desired notch redepends on the degree of cancellation of sponse without any s term in the numerator;

you will see.

In general, the transfer function for the
second -order biquad filter is,

coefficient c.
This cancellation depends on matching of
four resistors because

c/a= 1 -

H(s)-s-+cs+d
s + as+ b

by,

b- D f

C=a-

119

1

R7 RiCi

d=b-

.

Rs R2RACIC2.

This configuration has one great advantage
in that the last of these relationships enables
an exact match of pole and zero frequencies

(e.g. d= b) simply by making RK infinite that is, simply by leaving it out. However
then, at the resonant frequency w= VW the
transfer function reduces to cs/as which has
amplitude c/a. Depth of the notch therefore
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resistors. would be required.
That difficulty led to a search for another
configuration. A successful alternative was
suggested by reconsideration of the above

biquad arrangement with R8 omitted.
Another way of seeing the same circuit is as a

three op -amp inverting bandpass filter with

its output summed with the unfiltered input. The unfiltered input can be seen as the
result of a transfer function equalling one,
which is the same as the function

s-+as+b
1

9(1)-

s2
w'
denominator- denominator+ demoninator

This always -true formula expresses the case

0.1%, or trimming of at least one of these exactly if all the denominators are the same

s- + as+ b

1

a=RIC'

R7R4 .

For 60dB suppression resistor tolerances of

where d is the square of the zero frequency
w, and b is the square of pole frequency wn.
To achieve the desired second -order notch
function, c needs to be zero for zeros on the
jw axis and d needs to be b for w,=0),. Then
the general relationship of Q and the middle
term of the quadratic gives a=top/Q.
Figure 1 shows how the general biquad.
function can be realized. The coefficients are
related to the passive components (see ref.)

1

RI R4

band -reject filter equals high-pass filter plus
low-pass filter, because of the mathematical
identity,

while the inverting bandpass filter has transfer function

quadratic s2+Aws+w2.
High and low-pass functions with identical denominators are both available at diffe-

rent points in a single (old fashioned
analogue -computer style) Kerwin, Huelsman, Newcomb three op -amp filter. This
configuration is illustrated in Fig.2 with the
simplification that all resistors around the
first op -amp are taken to be equal (unequal

values allow high Q's, not necessary for
t.h.d. canyon filters). In this case the circuit
analysis follows readily from,

V,+V2=V1 +V3
VAC! +(VI/R4 1=0
V3sC,+ (V2/R5)=0

The weighted sum of these two transfer

Solving these equations for VAn shows that
transfer functions at the three op -amp outputs are standard high-pass, band pass, and
low-pass functions respectively.

functions is clearly the second order notch
function only if the weights of the two terms
(and thus the opposed s terms in the two
numerators) are exactly equal. This requires
close component matching.

One more op -amp summing high and
low-pass outputs Vi.: produces a second order notch filter, Fig.3. The three equations
above show that the denominator of all the
filter functions is the same.

- as
s- + as+ b

ELECTRONICS & WIRELESS WORLD

S2 ÷ (1/C1114)s+ ( 1/C1C2R4R5).

Resonant radian frequency is the square root

Cl

of the last term_ and can thus be tuned by

II

either capacitor or either resistor, or any

C2

V2

V3

combination.
All the components need only have 1%
tolerance. If 1% capacitors are difficult to

R5

obtain, standard tolerance types can be used

with proportional compensation applied in
either R4 or R5. One of these resistors can
also be used to produce the 3% frequency
offset between the two notches. Since the
frequency of each notch depends on a square

root relationship, the R5 resistors of the two

notch filters might differ by 6% (because
1.03).
There is one remaining problem, which is
that Q of the notches will vary with frequency if the tuning is done by one resistor only.
Mathematically this is implied by the easily
derived relationship.

V1 - high pass

V2 -band pass

Fig.2. Normally resistors around the first amplifier

Notch

Q = RiC Ito= VIR4C1)/(R5C2).

range, and to make these ranges fairly
narrow. Thus the Qs will vary relatively
little. Also the frequency -tuning resistors of
the two notch filters only need to be adjustable over a narrow range, which eases the
problem of variable -resistor tracking.

There is a further refinement possible
which eliminates the summing op -amp at
the output of the first notch filter. Input of

the second filter

through the non -

is

inverting terminal of its first op -amp. It is
thus not a summing node, but due to the
high impedance at the non -inverting input,
it can serve to average voltages fed to it by
equal resistors.
If one of these resistors comes from the
high pass and one from the low-pass output

of the first Kerwin, Huelsman, Newcomb
filter, the effect is the same as using the sum

of these output except that there is a gain
factor of 1/2 and the (unneeded) inversion
due to the summing stage is lost. Each of the
(effectively parallel) input resistors must be
twice the value of the feedback resistor in the

second filter to maintain the same relationship of input and feedback as before. The

gain of 1/2 can be cancelled in the final
summing op -amp by doubling its feedback

in

this type of three op -amp

state -variable filter are unequal in order to gain a high Q factor. Filters for t.h.d. analysis
do not reqt. ire high Q so the circuit can be simplified by making these resistors equal.

output

This is a problem we must live with, for four
section variable resistors or capacitors are
difficult to obtain. The solution is to switch
in new fixed components for each frequency

J3= low pass

further minimize crosstalk, a printed circuit
ground plane is not a bad idea - although I
did not find one necessary. To maximise the
voltmeter range and to accommodate sig-

nals with a high crest factor, + and - 15V
supplies are included in the suggested cir-

cuits although operation from + and - 9V
(two batteries) is a practical alternative.
The switching block simply performs the

function shown in Fig.5, to measure input

Fig.3. Adding an op -amp to Fig.3 to sum
high and low-pass outputs V1 and V3 turns
the circuit into a second -order notch filter.

level and then t.h.d. Position the switch well

filter with the same responses as the eight

away from sources of interference since it
carries very low level signals when in the
t.h.d. position.
The r.m.s. voltmeter block needed for
t.h.d. measurements is potentially useful on
its own, especially if the extra components

op -amp filter, with a gain of one in the

required for decibel readings are fitted,

passband, is produced with one fewer op amp, two fewer resistors and less op -amp
noise. Figure four shows the complete filter.

Fig.6. It uses an AD563A laser -trimmed
r.m.s.-to-direct-voltage converter which is
suited to logarithmic and linear measure-

PRACTICAL T.H.D. ANALYSER

ments of true r.m.s. voltage. It is factory
trimmed and calibrated for unity r.m.s.
alternating -to -direct -voltage conversion

resistor to make its gain two. Thus an overall

This section describes remaining circuits
required for implementing a double -notch
distortion analyser. These are a power supply
block, a switching block, an audio -frequency

r.m.s. voltmeter block, and filter -adjusting
components.
Functions of the blocks can be realized in
a variety of ways; these proposals have the
advantages of requiring few parts and of

and accurate to about 1% of full scale up to
40kHz.

Accuracy of the r.m.s. voltmeter is improved by using the two -pole post filter
rather than a single -pole averaging capacitor

following the logarithmic-coversion and
multiplier stages with the AD563A. These

being easy to construct through use of
specialized i.cs.
The power supply may be designed around
a cheap 6-0-6V type transformer and voltage
doubler. Bypass all the analogue chips supp-

with the same response as an eight op -amp
vers on is possible. These refinements

ly lines and use separate returns to the a

reduce not only components but also

single point for earth (as far as possible). To

noise. Gain in the pass band is one.

'WV

Fig.4. Complete canyon filter. Using some
refinements, a seven op -amp canyon filter

'VV\,

C

R

vl
Out
2R

-"\AA/--

2R

2R

R

vv
All op-amps 1/511.074 and R is 22k
Note

For centre of lkHz C=4n7, Psi -33k, R52 -35k,
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Rvi and IR,2 are each 28k in series with one halt of a
15k dual pot (adjusts from 900Hz to 1100Hz)
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Signal

year old (light -bulb stabilized) Wien bridge
oscillator and easily nulled the fundamental

1

1:111.S.

In

to show a t.h.d. of 0.1% at 1kHz. An

voltmeter

t.h.d. 2

oscillator monitoring canyon -filter output
showed that this distortion consists mainly

Canyon

filters
Range switch
Freq.

x1

of spikes produced at zero crossing, presum-

z10
x100

ably by the totem pole output stage of the
op -amp in the oscillator.
Another experiment was very instructive.
I disconnected one of the two notch filters in

1. Set for 100% in position 1
Z Place in position 2 and null reading
3. Read t.h.d.

the t.h.d. analyser to make a conventional
t.h.d. measuring set. Then I tried testing the
stages output a current source signal on pin

Wien bridge oscillator again. It was extremely difficult to tune the oscillator to the exact
frequency to produce a decent null; and once
there, it wouldn't stay there. Within seconds
it drifted off the null frequency, and a large
percentage of fundamental was seen on the

Fig.5. Input level then t.h.d. is measured by

the switching block. In the t.h.d. position,
The two -pole low-pass filter is realized the switch carries very low level signals so
using the op -amp stage built into the it should be kept well away from interferAD562A which has its non -inverting input ence sources.
on pin 6 and its output on pin 7. This post
filter reduces ripple at the d.c. output, which meter's zero. On the least sensitive range
increases accuracy, and allows minimum (range C) full scale or +20dB corresponds to
converter -settling time. Fast settling time 1011 r.m.s.; on range B this corresponds to
permits accurate readings at low input fre- IV r.m.s., and on range A this corresponds to
8.

quencies (the settling time achieved contributes only 0.1% error at 20Hz). This feature
is not needed for t.h.d. measurements, but it

makes the instrument useful for other
audio -frequency voltage measurements.

A preamplifier for the r.m.s. voltmeter is
essential for t.h.d. measurement. Gain of
this amplifier is switchable to 10 or 100, the
latter of course making the percentage of
distortion easy to determine.
When making a t.h.d. measurement, the
first step is to adjust the input audio -signal

oscilloscope. This was presumably due to
temperature effects. It was almost impossible to get a good reading of t.h.d. with this
set-up, while that was blissfully easy using
the full canyon filter.
These circuit realizations or their equiva-

0.1V r.m.s.

A diode protects the meter from reverse
inputs produced by the decibel circuit when
inputs below 0dB are measured (e.g. vol-

lents provide an easy to use and reasonably

sensitive means of measuring t.h.d. in a
sinusoidal audio waveform. The double notch analyser will not replace expensive

tages less than 1, 0.1, or 0.01V r.m.s. on
ranges C, B, or A respectively). No input

fully -automatic t.h.d. meters in all applica-

signal at all, or OV, corresponds to infinitely

tions. And the finite depth of its double notch canyon filter will not allow it to

negative dB, which of course will pin the
meter needle on the lefthand stop; the diode
makes this action safe. When using the log
option, it is necessary to see movement to

measure very low t.h.d. levels so it will not
replace the fiddly technique of using doubly

the left of zero on the meter scale for this

adjusted bridges for extremely precise

level for full-scale reading on the x I voltmeter sensitivity range (range A) with the
function switch in its signal position. The
function switch is now set to t.h.d. to place

indicates that a more sensitive range -switch
setting is needed to obtain an accurate
reading.
When the voltmeter is used with the t.h.d.

measurements. But for everyday purposes,
as for example setting tape -recorder bias, or
checking a cartridge or preamplifier, it does
the job well, cheaply, and easily.

the double -notch filter in the measurement
path. Next, adjust the filter frequency con-

analyser, the linear r.m.s. scales are read,
but you can use the compression effects of
the log scales in the first stage of nulling. I
applied the t.h.d. analyser to a trusty twenty

Reference

trol for minimum output reading, using
progressively more sensitive ranges of the
voltmeter. Finally, using the x 100 sensitiv-

ity settling of the voltmeter range switch
(range C), read the t.h.d. directly where the
range -C full scale represents 1% t.h.d.

The decibel measuring section of the
voltmeter circuit is not essential for t.h.d.
measurements because t.h.d. is defined as
the linear percentage of distortion (r.m.s.) in

Fig.6. This r.m.s. audio -voltmeter block is well suited to t.h.d. measurement. The Analog
Devices r.m.s. alternating -to -direct -voltage converter allows both linear and logarithmic
true r.m.s. measurements to be made.
In

* Meter markings 0-20 represent
both mV and dB

100n

an original sinusoidal signal. However

+15V

adding the components shown within the

198k 1%
2k 1%

,___,_,1

dotted lines in Fig.5 is easy. These components scale the (normally inverted) decibel
output of the converter to make it +100mV/

B

20k 1%

dB.
The decibel measurement section is easily

linear r.m.s. voltmeter (which is laser calibrated). Then the selector is changed from

4
C

-15V

True rm s
voltage
converter

10p

A xl 1+0d131

B x'01-20dB)
C

+1i,

14

O

calibrated by means of the adjustment
shown in Fig.6. A sinusoidal signal source is
applied and adjusted to 1.0V r.m.s. using the

Formulae from G. Daryanani, Principles of active
network synthesis and design, Wiley N.Y., 1976.

6

1

i

Linear
Log

8k2

14k

0'

AD536A

k

x100 I-40dB)
10

linear to log and the range switch changed to
position B. The Programmable 334Z current

- Oscilloscope

........

2u2

2u2

I1N
914

Adj. for 2V f.s
200pA

source (N.S) is then adjusted so that the
meter reads just full scale.

When the logarithmic option is chosen
the full-scale swing of each range is 20dB.
The ranges are spaced also at 20dB so that a
reading of +5 plus a change of one range up

(to the less sensitive) for example means
+25dB relative to zero of the first range.
Thanks to the inverting and scaling op -amp
circuit, decibels are displayed linearly across

the meter scale starting from zero at the
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+15V

50k

Current source IC
1k5
TL 072

Adjust

This section is
optional

Adjust to 1V rm s =20dB on range B
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INTELSAT still
growing

radius of the Earth that he was see Newton proving, by a breathable to complete his science of takingly complete mathematical
moving bodies. At about this analysis, that an inverse square
time he discussed the work with law of attraction would result in
With the recent addition of Edmund Halley (whose comet Kepler's elliptical orbits. (In
Mauritius and Rwanda, the In- visited us last year) and Halley other conditions, circular, para-

ternational Telecommunica- was so impressed that he encour- bolic or hyperbolic paths.)
tions Satellite Organization (IN- aged Newton to get it published

And it was Newton who post-

by the Royal Society.
But the Royal Society couldn't
afford the expense and in the end

ulated that the attractive force

TELSAT) has grown to 112 mem-

ber countries. Of these, 27 countries use the organization -a non
profit making co-operative - to
provide domestic communications.
Currently INTELSAT has 16
geostationary comsats in service,
9 over the Atlantic Ocean, 4 over
the Indian Ocean and 3 over the
Pacific Ocean. These are a mix-

tion it produces (F=ma). And
the SI unit of force, deservedly
called the newton, is that which
applied to a mass of lkg gives it

an acceleration of 1m/s. The
Principia also made explicit for
the first time the basic concepts
of mass and momentum.
Coming back to satellites,

acting from the sun on the

Newton's third law of motion, on

planets was the same kind of

the equivalence of action and

Halley paid for a book to be force which acted from the Earth
printed himself. This book, on the Moon and on every body

actually divided into three on the Earth itself. This was a

reaction, is of course the principle of reaction propulsion as seen

in rocket launchers and

volumes, was duly published for

completely new idea - the con-

the Society just three hundred

cept of universal gravitation.

years ago in 1687 under the title
Philosophiae Naturalis Principia
Mathematica (The Mathematical
Principles of Natural Philosophy:

Challenged later to explain the
precise nature of this attractive

the work had been written in

ly. He was content to say that it

lating satellite altitude from

IV -A cylindrical types made by
Hughes and the later V and V -A
box -shaped spacecraft with solar

simply acted in the manner he

orbital period or vice versa. As

paddles made by Ford Aerospace.

tally, the

title page bore the

had described and accounted for
the motions of all celestial
bodies. If artificial satellites had

every schoolboy knows, artificial
satellites, like the Moon, are continually falling towards the Earth

The latest V -A comsats, which imprimatur of Samuel Pepys, of
are really expanded versions of Diary fame, who was then presi-

been invented at that time no
doubt he would have included

by the force of gravity but the

the type V. have a total band- dent of the Royal Society.

them.

centrifugal force resulting from
their orbital motion offsets this.
Provided the orbital velocity is

r.

sufficient, the centripetal and
centrifugal forces balance and

ture of the INTELSAT IV and

Latin as was customary among
scholars at that time). Inciden-

The Principia was a scientific
width of 2.25 GHz and will carry
masterpiece. It was a brilliant
15,000 voice circuits.
There is increasing use of work of synthesis, bringing phy-

digital modulation systems, sics and astronomy together,

force, Newton was unable to rep-

PHILOSOFHLE

spacecraft control thrusters.
A simple example of how the
mechanics of the Principia come
into the practical engineering of
satellite astronautics is in calcu-

NATUR.ALIS

and finally solving a problem
that had occupied astronomers

TRINCIPIA

the satellite remains aloft.
By equating the gravitational
force FG exerted by the Earth on
the satellite (given by Newton's

bursts of digits. Recent trials

for thousands of years - the

MATHENIATICA

have concentrated on 32-Kbitis
adaptive differential pulse code
modulation and other low bit -

movements of the planets

the centrifugal force of the satel-

space. Here, Newton owed debts

rate systems.

Galileo (who died the year New-

especially time -division multiple

completing what the late

access (t.d.m.a.) in which earth
stations use the satellite in sequ-

mediaeval physicists had begun

ence by transmitting timed

in
72

NEWTON. 7;:m Cat

Sit:Adam

to Copernicus, Descartes,
ton was born 1642), Huygens
and Kepler. If these and others
forged individual nails for the

IMPRIMATUR

I.PEPYS, 1111SNPIM(SES.

7.

lam

Tercentenary of
Newton's
Principia

modified by Einstein's relativity,
is still accurate enough to be the

prior experimental proof of New-

This ability to describe natural

ton's second law of motion. It

phenomena precisely but not

Swam Podia and
.4.%4CICIANXVII

Jaa tau.. Iter mr T,pm 7.0m
OA.

11.blaralm.

'acceleration' experiment, of Title page of first edition of

in a board and timing the disNewtonian mechanics, although tances covered, was virtually a

Newton's Principia.

basis of the astrodynamics by was Kepler, of course, a pupil of necessarily explain them is of,
which we launch satellites into Tycho Brahe, who, by immensely course, characteristic of physics.

desired orbits and keep them painstaking observations and

properly oriented and on station. calculations, discovered that the
The science is enshrined princi- planets moved at varying speeds
pally in Newton's three laws of round the sun in elliptical orbits.

motion and his related law of He formulated three laws of
universal gravitation, as found in planetary motion but did not
all general physics textbooks.

Isaac Newton, a professor of
mathematics but not yet knight-

formula relating the satellite's
orbital period to its altidude.
Thus FG=G.mEms/r2 is equated
mass of the Earth, ms the mass of

the satellite. C the gravitational
constant, r the distance between
the Earth and satellite centres of
mass, and w is the angular velo-

ciq, of the satellite in its orbit,
nv- being acceleration. Simple
algebraic manipulation yields
the expression:
T2=47r2r3/GmE

where T is the orbital period. If

It emerges, too, in Newton's concept of force as expressed in his
second law of motion.
Force. as Bertrand Russell has

this is evaluated for, say, the Spot

pointed out, is "a mathematical

(T) of 101 minutes.

satellite mentioned last month,
its altitude of 822km (part of
corresponds to an orbital period

fiction, not a physical entity."
Newton made the ghost more

explain the physical reasons for
them.
Newton, however, lived at a

visible at least, and certainly very

inverse square law was in the air.

that which, applied to a body, is

Microterminals
for data

useful to engineering, by clo-

ed, worked towards these time when the notion of the thing it in a definition: force is
theories from about 1665 - when
the famous incident of the falling
apple was said to have occurred.

lite FG (given by Newton's second
law of motion), we can arrive at a

to Fc=msrw2, where mE is the
ONDI741.

coffin of Greek astronomy, it was
Newton who hammered them in.
For example, Galileo's famous

rolling metal balls down grooves

law of universal gravitation) to

Christopher Wren and Edmund

proportional to the rate of

Halley, for example, both
It was not until 1685, however. thought that gravitational

change of linear momentum (his

Alan Smith walked into the LEE

2nd law). This now gives us a way

Picard's improved value for the principal. But in the Principiawe

may be, in terms of the accelera-

lecture theatre, opened a briefcase and took out what looked
like a folding umbrella, a small

when he had available Jean attraction might operate on this of measuring force, whatever it
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electronic unit about the size of a
book and a hand-held keyboard.

not within reach. But the restricted u.h.f. spectrum space

He opened the 'umbrella' to re-

available for satcom use would

veal that it was in fact a crossed dipole antenna with an octagonal
wire type reflector. He connected

put a limit on the growth of a
such a device. However, there

it to the electronic unit and, hey
presto! we had a complete, port-

receive -only terminals of this
kind, and the number of these

able, battery -powered u.h.f.

that could be used would not be

satellite communications earth
terminal assembled before our

limited by the bandwidth constraints on the transmit/receive

very eyes.
The occasion was an lEE collo-

version. The technology for civil

quium in London on small -

that used in the RSRE prototype.
The whole IEE colloqium was,
in fact, very much biased towards
the growing use of microterminals for data communication.
Several contributions referred to
the "Ku -band explosion" that has

terminal satellite communica-

tion systems. Alan Smith was
from the satellite communications centre of the Royal Signals
& Radar Establishment, Defford,
Worcestershire. He and his col-

leagues have been developing
extremely small portable termin-

als, now becoming known as
microterminals, for use by the
military. His u.h.f. prototype
operates in the 240 - 322 MHz
band through satellites such as

would clearly be scope for

equipment would be similar to

occurred in the USA. This has
resulted partly from the technological and commercial possi-

bilities opened up by the short
Ku -band wavelengths and partly

(Communications Satellie Cor- whether privatized or not, don't
poration) for its Starcom in- want to lose terrestrial comteractive data networking system munications revenues as a result
is shown in the photograph. As of satellite 'by-passing' as it is
described by Jonathan Collins of called in the USA.
In Europe there is also less
Comsat (UK) Ltd, this system is
arranged like spokes going into demand for multi -point data serthe hub of a wheel. The 'hub' is vices over long distances, and
the central network control various restrictions on the transpoint. Connected to the hub are mission of data across national
several mainframe host compu- frontiers. However, there might
ters belonging to the user. Con- be a possibility for European
nected to the remote v.s.a.ts are telecoms organizations to offer a
other computers of the user's type of service based on a shared
data network. Data is transmit- hub system. One big earth stated from the hub to the v.s.a.ts by

tion would provide facilities for a

t.d.m. and from these remote large number of users in differterminals back to the hub by ent networks.
This approach is currently
random access t.d.m.a.
The system allows any of the being investigated through trials
user's host computers to 'talk' to in the UK, France and Germany.
any of his remote v.s.a.ts. This In the UK, Mercury Communicacan be done either individually tions has just started such a data
or to all terminals simultaneous- trial service. It has been dely. Network control also permits veloped by them with Comsat

from the deregulation of public

other hosts to communicate Technology Products and util-

telecommunications in the USA.

with particular user v.s.a.ts and
for any v.s.a.t. to communicate

izes the INTELSAT space seg-

with any host.

operating in the trial, which cov-

cuits with user's interfaces working at 9.6, 19.2 or 56 kbit/s. In a

ited Kingdom, the London Stock

the military Skynet 4 or the civil
Marisat. Two such terminals can
work with each other.
The secret of its small size and
portability is a deliberately restricted performance. It will only
work in simplex mode and will

ment (see first item. Co-

Host computers are linked to ers technical, operational and
the hub through terrestrial cir- commercial aspects, are IBM Un-

and that at the very low bit rate of

Exchange and Electronic Data
terrestrial circuit the user's host Systems.
The trial data service operates
'talks' to the hub by using a
normal polled protocol. At the over a star -shaped 'intelligent'

50 bits - typewriter speed. Thus
the signalling bandwidth is very
small and the power can be quite

and puts it into a special Comsat

only transmit and receive data,

hub the system separates the digital network. A single or a
data from the normal protocol small number of central hosts

are linked to a large number of
error -correcting protocol. It remote terminals. Traffic can be

low to achieve an adequate
signal/noise ratio. In fact the r.f.
power output is 20W. Working

through a Marisat transponder

to a large earth station at the
other end, the s/n ratio referred
to unit bandwidth is 43 dBHz.

then goes into a buffer where it is

unit of Comsat's microterminal for their
Antenna and r.f.

data networking system. The r.f.

section mounted on the offset
feed arm houses a low -noise

which is 15dB above the down -converter. an upthreshold for 50-bit/s data.
Data is entered on an ASCII

alphanumeric hand-held
keyboard. A synthesizer controls

the transmit and receive

fre-

quencies in 10kHz steps over the
full satcom band and is set by a
selector. Modulation is d.p.s.k. at
50 bit/s. The circuitry uses con-

converter/synthesizer and a
2.2W solid state r.f. power
amplifier using fets and thinfilm microstrip. The pole support can be mounted on a trans-

portable metal baseplate for
quick deployment.

Private satcom terminals with

ventional bipolar transistors

dish sizes of 1.2m - 1.8m for

with some thick -film hybrid construction. The receiver front-end
has a 3dB noise figure. Including

medium speed data communications (56 kbit/s to 1.544 Mbit/s)
have been springing up at business premises all over that country. These have become known as

the rechargeable batteries, the
weight is about 2kg.
Although Mr Smith is working

in the military field he said this

kind of hand-held equipment
also opens up possibilities in civil

satcoms for quick -reaction
emergency and disaster applica-

tions in situations where conventional communications are
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'very small aperture terminals'
(v.s.a.ts). Their purpose is to
establish multi -point networks
with up to about a hundred re-

formed into packets, and these
packets from the various interfaces are multiplexed by t.d.m.
into a signal which is transmitted to all the remote terminals.
In the return direction of communication, the network control

one being supplied by Comsat

only, or it can be interactive.
Communication may be to a
single terminal, selective to a
group of terminals, or to all the
terminals. Data from the host is
converted from the host equip-

ment protocol to the network

system arranges for the v.s.a.ts protocol and transmitted in
to transmit to the hub in random packet form over the satellite
access t.d.m.a. by a system of link at 256 kbit/s. Data from the
indentifiable packet frames with remote terminals is similarly
transmitted in packets over the
timing and synchronization.
Such private satcom data sys-

tems are not taking on in
Europe, for several reasons. First
of all the regulatory laws do not

allow it. Anybody can install a
receive -only terminal to pick up
television programmes, but private individuals or organizations

are not permitted to transmit
directly to satellites. You can

only communicate via satellite
systems through the terrestrial
networks and earth stations of
the official national organizamote sites.
These v.s.a.ts typically have an ' tions, such as British Telecom
offset -fed parabolic reflector, and

broadcast from host to terminal

satellite link network at 56 kbit/s.

At the remote terminal there
is a 1.2m antenna for transmission and reception. Its outdoor

equipment is connected to an
intelligent indoor unit which
provides the interface to the user's terminal equipment. In addition to handling data, the indoor
unit also provides speed and protocol conversion and error correction. The whole technology is

based on software so that new
protocols can be developed fairly
easily to handle options that may

and Mercury in the UK. Naturally

emerge or specific markets or

the telecoms authorities,

applications.
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JOHN WILSON

Thin layers faster circuits

Conventional wisdom suggests
that top management would use
computers for decision making,

promising materials. If successful, this work will lead to batteries which are leakproof, relatively non-toxic and capable of work-

The Cavendish Laboratory of

whilst middle management
would use them primarily for

Cambridge University has

information processing. What

which a liquid electrolyte would

the Stanford Study reveals in fact

either freeze or hoil.

become the third British

research centre to join a major
programme of investigation into

low dimensional structures,
sponsored by the Science and
Engineerng Research Council
(SERC). A total of 124 million is
expected to be spent over the
next four years. So far industry
itself has contributed over £2
million in direct support.
Low dimensional structures
are formed by the deposition of

is the exact opposite. Top managers, it appears, use their
machines to keep an eye on how
the company is doing, whilst the
middle managers are using them

Dancing
dopants

for decision making, analysis and
planning.

Although diffusion of dopant

Polymer electrolyte
batteries

semiconductors layers only a few

atoms thick and etched by ion

beam techniques. In these
structures electrons cease to
behave in the same way as they

do in bulk solids, thus opening
up the possibility of smaller and

faster circuit elements. The

variety of possible low

Research at Leeds University, in
conjunction with Venture Tech-

nology, is leading to promising
new solid electrolytes for batteries. These are mostly polymers in

which inorganic salts such as

dimensional structures far
exceeds those that can be

lithium perchlorate can dissolve
and ionize. In this respect they
behave no differently from liquid

fabricated from bulk solids.

electrolytes, though their con-

At present, the bulk of the
research is concentrating on

techniques to produce the
necessary semiconductor
samples. Oxford and Nottingham

Universities, are working on
vapour deposition and molecular
beam epitaxy respectively, whilst
the Cambridge group will also be

using m.b.e. techniques,

together with ultra -fine
lithography. With additional
funding from BT and GEC this
work will specialize in structures
built from gallium arsenide and
gallium aluminium arsenide.

Decisions,
decisions
Senior executives, at least if tv
advertising is anything to go by,
don't make much use of personal
computers. One suspects there's

even a degree of technofear in

ing at temperatures beyond

ductivity is usually much less.
Whilst this may be overcome

to some extent by the use of a
very thin film of polymer, there

are still problems in trying to
make a battery with low internal
impedance for high current applications. To achieve a performance high enough for automotive applications, a battery with a

polyethylene oxide electrolyte
would have to operate at incon-

veniently high temperatures
(above 100°C). The Leeds team
are therefore concentrating their
efforts on applications where a
modest internal impedance is no

handicap, for example in microelectronic devices such as

atoms into silicon lattices is fundamental to virtually every semi-

conductor manufacturing process, surprisingly little is known
about what goes on at the atomic

level. The usual assumption is
that the dopant atoms - usually
of a group III or IV element- find
their way into the silicon lattice
through defects such as missing
or supernumary atoms.
That simple view has now been

challenged by K.C. Pandey of
IBM's Thomas J. Watson Research Center in New York. Pandey has developed a theory that

effectively at room temperature.

The most promising of these
are known as 'comb' polymers;
that is, they have a backbone

change places in the lattice by

slowly rotating and breaking
only a minimum of bonds. So, in
effect, the dopant is passed

through the lattice in a sort of
'atomic folk dance'.

This theory not only explains

how diffusion can be accomplished with relatively low energies, but also how some dopants
such as phosphorus and aluminium can move through a silicon
lattice faster than atoms of silicon itself.

Computer
graphics i.c.
design

however, to judge from a study of
113 senior managers of US cor-

the teeth of a comb. By cross

moving pictures for such applications as flight simulators

average seven hours per week.

What is equally interesting is
the use to which different levels
of management put their p.cs.

made by the Science and En-

gineering Research Council
under the Alvey Programme. The

work will involve the development of new forms of computer
architectures to support the ex-

tremely high processing rates
required for high-performance
graphics display systems.

The development of these
architectures will involve v.l.s.i.
technology which will eventually, it's hoped, lead to highperformance graphics systems
that are better and significantly
cheaper than current systems.

submarine optic -fibre system using 1.551im technology has been
successfully conducted in the
Pacific, near the Amani Islands.

The low loss at this wavelength
enabled satisfactory operation at
446Mbits/s. over a 120km line.

Existing commercial systems
use a 1.3µm technology, which
is simpler and cheaper, but requires a repeater spacing of 4050km for a data rate of 280Mbits/s.

Such technology will continue to

form the basis of commercial

systems until the end of the
decade. Nevertheless the demand for wider repeater spacing

Realistic computer -generated

shows that senior and chief executives use their machines on

Lecturer in electronics, has been

The first under -sea trial of a

bonds. The atoms can then

polythene oxide sticking out like

Stanford University Graduate
Study of Business. This study

gineering, and Dr Paul Lister,

themselves to the silicon atoms
by re -configuring the chemical

structure with sub -units of

porations, conducted by the

Professor of Electronic En-

theory, the dopant atoms link

silicon lattice. According to this

Things may be changing,

the boardroom!

The techniques to be developed will result in better and
cheaper systems for application
in flight -training simulators for
pilots, industrial graphic design
and television animation.
The award to Dick Grimsdale,

Underwater
optics

will work even with a perfect

memories. They are also working

on new chemical structures for
polymers that will function more

Singer Link Miles at Lancing.

and a greater data rate, especially
for undersea cables, will necessi-

tate a move to 1.55µm for the
next generation of systems. This
is the wavelength at which fibre
loss becomes minimal.
The researchers, from the Nip-

pon Telegraph and Telephone
Corporation, used in their tests a
newly developed zero -dispersion

linking the molecules, it is possible, to some extent, to tailor the
polymer to suit a specific application.

and car design will be the goal of
new research for which two University of Sussex electronic en-

Obviously, the compatibility
of the polymer with particular
electrodes is important to the

into integrated circuit design for

loss figure is actually about 0.205
dB/km. The cable used in the test
was looped back and forth over a

high-performance computer

7km path and contained 12

graphics systems will be carried
out jointly with GEC's Hirst Research Centre at Wembley and

splices. each causing an addi-

success of any practical battery.
To this end, Venture Technology

are evaluating a number of

ELECTRONICS & WIRELESS WORLD

gineers have just received a
£339.000 grant. The research

fibre, specially designed for
minimum bending loss. Its best

tional 0.121dB loss.
Also tested in the same under -
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sea environment were the regenerators designed to work
with the cable. Each comprised
four bipolar i.cs, one InGaAs
avalanche photodiode and a distributed feedback laser diode.

spectrum the 4GI lz band will use

a q.p.s.k. technique where the
band width is deliberately restricted to less than the theoretic-

al requirement (reduced band-

was noted, even at the maximum

width q.p.s.k.). This requires elegant techniques to compensate
for the inevitable distortions due
to the reduced bandwidth.
An alternative is to modulate
the carrier not only in phase but

cable tension. In fact, error free

also in amplitude - generally

Results showed a fibre loss
change during laying of no more

than 0.007dB/km. Also no
change of chromatic dispersion

operation at 446Mbit/s was
maintained throughout the
whole operation.
These figures are, of course,

nowhere near the limits of
1.55p.m technology under ideal

terrestrial conditions. Using
similar optoelectronic systems
in the laboratory, AT&T Laboratories in the USA have successfully operated an 80km link with
splices every 2km at a bit rate of
1.6 Chit's.

Microwave

modulation
goes digital
British Telecom is to start engineering trials this year of advanced modulation equipment
which could increase the capacity of its digital microwave radio

network by up to a third. Four
contracts worth a total of 11.5
million have been awarded to
GEC Telecommunications, STC
Telecommunications, the Italian

firm Telettra and to NEC of
Japan.

termed quadrature modulation
(q.a.m.). In 16 q.a.m. the carrier
can take any one of 16 discrete
states and this reduces the sym-

ment for general use in the network. The 64 q.a.m. equipment

its capacity by 33 per cent.

64 q.a.m. is the latest evolution in the development of digital
modulation techniques aimed at
making more efficient use of the
radio spectrum. Early digital sys-

tems used by British Telecom
employed four -phase modulation called quadrature phase
shift keying (q.p.s.k.) and this is
used on the 11GHz equipment.
To improve efficient use of the
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quality control and fault investigation.

ly integrated a small amount of
logic with a power mosfet, lxys
hope by the end of the year to

develop analogue and digital

The 64 q.a.m. technique again

c-mos devices to latch -up. Also
the high temperatures (150°C)

utilizes amplitude and phase
modulation to produce 64 dis-

tend to increase parasitic cur-

crete carrier states, thereby reducing the transmission symbol
rate to one sixth of the channel
bit rate and hence reducing the

The answer to these problems,

ly recommended frequency
channel plan to be re -used and

produces a band utilization
somewhat better than the 1800
channel and analogue systems
currently used in the band.

64 q.a.m. systems are more
demanding than the earlier sys-

tems in terms of sensitivity to
transmission impairments, such
as noise, symbol distortion and

fading effects are therefore
British Telecom has carried
out theoretical studies, and field

trials have shown that overall
there is no technical penalty
involved in adopting 64 q.a.m.
for the lower 6GHz band.

500V power
mos
Until now it hasn't been possible
to integrate low power logic cir-

cuits with high voltage power
mosfets on a single chip. Isolation problems have limited pow-

er chips to about 100V, well

Magnetic

materials

no easy task because the currents

cy band.

will allow eight channels,
equivalent to 16,000 calls, to be
fitted into one band, increasing

can also be used for cost-effective

tions. Having already successful-

ate noise that can cause the

necessary.

ate the performance of the equip-

differential scanning calorimeter

plies and automotive applica-

through the power mosfets cre-

uses a technique known as 64
q.a.m. - quadrature amplitude
modulation. It will be installed
British Telecom will then evalu-

trol, switched -mode power sup-

include the study of the curing
ing area of the semiconductor reactions of epoxy and polyester
market, there is likely to be a resins, crosslinked polyethylene,
huge market for fully integrated varnishes and adhesives, thermal
control systems for process con- degradation and oxidation. The

transmitted. 16 q.a.m. will be

interface, and powerful countermeasures against multipath

start operating this summer.

for which the facility will be used

used in the upper 6GHz frequen-

width to about 23MHz. This enables the existing, international-

formance of crosslinked,

25A. They claim that with power
mosfets being the fastest grow-

p.w.m. circuits.
Making these products work is

required transmission band-

Industry, to investigate the per-

c-mos control circuitry with a polyethylene, high -voltage cable
mosfet operating at 500V and insulation. Other appliCations

bol rate (which determines the
amount of radio spectrum bandwidth required for transmission
to one quarter of the bit rate to be

The equipment operates in the
lower 6GHz frequency band and

on three radio links and is due to

an experimental chip that successfully combines low power

rents which further increase the
likelihood of latch -up.

A new develop in materials technology is responsible for further

improvements to the range of
rare-earth, high-energy perma-

nent magnets available from
Mullard Ltd. Known as RES 270,

it contains iron, boron and
neodymium and can achieve
magnetic energy levels of 27

according to lxys. is to change
the traditional layout of cells in megagauss oersted. For the time
the low -power c-mos section of being, samples are available only
the devices. By means of a pro- in simple experimental shapes.
cess similar to that used for the
Rare-earth magnets are cap-

company's existing high-

able of providing more magnetic

performance double -density energy than magnets made from
(hdmos) power fet, they intend any other material. This high
to fabricate the low and high - energy, combined with high

power devices simultaneously,
side by side on the same chip.
They also expect before long to

coercivity, enables designers to
reduce the volume of magnetic

material required for any par-

uprate the devices to run at ticular application. Another
1000V.

advantage is that the iron/boron/

neodymium mixture is much
cheaper than the traditional
cobalt/samarium compound

Materials
analysis
service

used for high-energy applications.

At the moment, RES 270 is

ERA Technology has installed
thermal analysis equipment to
increase its capability in the fundamental study of materials.

The equipment, a differential
scanning calorimeter, is being
employed to monitor changes in
the enthalpy (heat content) of a
material as a function of temperature or time. The small changes

which most chemical and
physical transformations produce can be examined quantita-

tively to provide data for materials characterization and comparison.

confined to maximum operating
temperatures of 130°C, though
Mullard researchers are looking
at modified mixtures which, they
hope, will retain their magnetic

properties at higher temperatures.

Researching the
researchers
'Research Notes' can't yet afford
a correspondent in every town. If

your company, university, etc.
has a story that's worth telling,

below the maximum for discrete

ERA is already using the
equipment in a project, spon-

mosfets.

sored by the Electric Cable

lxys Corporation in San Jose,
California, have now developed

Manufacturers' Confederation

25, Quarrendon Road, Amer -

and the Department of Trade and

sham, Bucks. HP7 9EF.

please send any suitable papers,

abstracts, scribbled notes,
photographs to 'Research Notes'
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APPLICATIONS SUMMARY
Count
window

input

t.--15- 26H z)

32 768ms

STORE input

Serial output of a voltage -to -frequency con-

accumulated over a large number of cycles.

verter is turned into a parallel digital representation of input voltage simply by feeding
the serial -output stream into a time -gated

integration and therefore reduction of un-

than successive approximation types, but

wanted signals is inherent.
With pulse counting, though, the counter
gating window is wide and remains constant
for all input voltages. An alternative to pulse
counting is pulse timing, in which an output

they can be very accurate.

pulse from the v -to -f converter gates a

There are three main advantages of using
voltage -to -frequency devices for a -to -d

counter clocked by a higher frequency. This

conversion. Unlike converters based on

varies depending on input voltage.

counter. Analogue -to -digital converters
made using such a building block are slower

tions. Secondly, the analogue input signal is
converted to an easily transmitted serial bit

stream. As a result the analogue section,
consisting of any signal conditioning circuits and the v -to -f converter, can be located

close to the signal source and the digital
circuits comprising counters, the timing
gate and display for digital processor) can be
remote.
Finally, since the digital representation is

--I l-

-I 1- Segment
data latched

>50ps
RESET input
I

I-

>50ps
Counter input

--I I- Counter
reset

/frequency
External
to be measured

(from AD651)

provides a much smaller window which
OFFSET

VOU

Analog Devices application note

binary -weighted networks, converters using

v -to -f devices are inherently monotonic
under all supply and temperature condi-

1:1

Count enable

USING VOLTAGE -TO- FREQUENCY CONVERTERS
FOR ANALOGUE CONVERSION

'Analogue -to -digital conversion using

NULL

IN

OFFSET

-IN

Vs

NULL

voltage -to -frequency converters' describes

how both period -counting and period timing a -to -d converters are implemented.

Besides this circuit for a complete 16 -bit
resolution converter with display, the note
also presents a microprocessor -interfaced
converter. and a discussion of gating -out
interference signals. Examples of 8051 soft-

ware for pulse counting and timing are

BIPOLAR
OFFSET
CURRENT

ANALOGUE
GND

DIGITAL

-Vs

GND

COMPARATOR
INPUT

mONCSTABLE

CAPACITOR

given.
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APPLICATIONS SUMMARY
VIDEO PALETTE FOR HIGH -RESOLUTION COLOUR GRAPHICS
Separate analogue red, green and blue signals are produced from digital data by video
palette i.cs. Using three 4 -bit digital -to analogue converters alone would allow one

which corresponds to a display resolution of
about 800 -by -600 pixels. To reduce memory
speed requirements, the palette loads two

four -bit segments at once from the even and
odd pixel memories.
301 on reply card.

of 4096 colours to be produced for each
pixel, but 12 data bits would be required for
each dot.

Video palette i.cs have three d -to -a converters, but they also include a colour look
up table to reduce the number of colours.

and hence memory requirement, to

Even

[

I

Even

Even pixels

Video
memory

a

4- Colour plane o'

Boo
Odd
Odd

I

Even

Colour plane 1
Colour plane 2
Colour plane 3

Odd pixels

reasonable level. In addition they incorporate control and timing circuits, as these
diagrams from the Texas TMS34070 user
guide show.

Odd pixe,s

Even pixels

With the 34070 video palette, the colour
look -up memory can be loaded with a new
set of 16 colours from video memory at the

Video palette chip
18MHz

start of each scan line or at the frame

I

Shift register

beginning. Loading can be done automatically which saves processing time. Look -up
information is held within the palette i.c. in
a 16 -by -14 bit register file. The 16 rows

36MHz

060
DB1

RED

OB2
DB3

GRN
B

18MHz

7511

Monitor
cables

LU -(4

040
041

042
DA3

Shift regis er

represent the 16 possible colours and the 14
columns hold four reference bits for each of
the three converters and two bits of attribute
control. Four -bit pixel data presented to the
chip selects one of the 16 rows.

18MHz
CKOUT

BLANK

crt timing

Video memory for the palette is divided
into up to four colour planes, which each
present one of the four bits for each pixel.

DATEN

36MHz

36MHz

oscillator

DOTCK

External

XAT

attribute

BLANK -0
MODE

22 -pin dip

Dot frequency of the 34070 is up to 36MHz,

Analogue

Digital
Vcc1

VSsi

Vcc 2

I 17+

Vss 2

L
Colour lookup table

Repeat bit (REP)

Multiplexer
d -to -a convs
ATTo

GRN0

:)i_,

ATT.]

GRNi

BLU1

Illi-- 2 -114--

4 -104- 4 -04- 4 -10
Bit
latch

lb -by -14

Register file

ATTIE,

RE015

GRN15

t

DUMP
MODE

I6

XAT

BLANK

Blanking

Control and timing

tDATEN

r,

GI -U15

(KOUT
DOTCK
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Computers,
language and logic
We find it hard to convey in words the complex ideas an
engineering drawing can express. Why then should we
suppose language is the right medium for programming

computers?
A. MEDES

with the computer in a proliferation of

communicating information. It is often said
that a picture is worth a thousand words.
This is reasonable since language is essentially one-dimensional (in time whereas a
picture is two-dimensional (in space).
In engineering, where information must
be conveyed in a complete, concise and

languages and courses entitled "digitable

efficient manner, the medium is the en-

logic" are taught to electronic and computer
science students.
Today there is even a computer language

gineering drawing. That is, a two-

Over the past four decades there has
been considerable development in

computing machinery. During this
period it has come to be accepted that
language and logic form the heart and soul
of a computer's operations. We can converse

called Prolog (Programming with logic),
which is touted as the most powerful computer language ever conceived, the language of
the 21st century.

This is most unfortunate since the subjects of language and logic are quite literally
trivial. They are by no means fundamental to
a computer's operations and are in fact only
superficial aspects of computing.
How dare I say this, you ask? Well, if we
look to the roots of the word 'trivial' we find

that it stems directly from the trivium. The
trivium, in mediaeval (Graeco-Roman)
learning, was the lower division of the seven
liberal arts, consisting of grammar, rhetoric
and logic (literally three -ways).

Scholars who wished to strut around
convincing their fellows of things not necessarily true would have to study the trivium,

which taught the formal rules of language
and logic. The ground rules being laid down,
scholars could then entertain themselves no
end with their learned discourses.

But is this a sound basis upon which to
build machines? That is, can we build truly
effective machines if we restrict ourselves to

a foundation of dubious wordplay? I think

dimensional picture, geometric in appearance. Several hundred years of practical
experience have shown this to be the best
method.
Before drawings were extensively used,

thus were even more effective

than two-dimensional drawings. But 3-D models have the

disadvantage that they cannot be folded flat and posted
through the mail.

Incidentally, machines including computers - exist
in at least four dimensions.
That is, three of space and one

explain by mentioning just a few of the many
examples.
Let us consider language as a means of
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giving arbitrary priorities to the various
operators (which the programmer must

The point is that although we can always
describe something with a sufficiently long
linear linguistic form, we can make life a lot

proved. Just try to get an engineering subcontractor to fabricate a part of only moderate complexity by describing it solely with

easier for ourselves by using at least the extra

language, perhaps over the telephone. Small
chance of getting it right first time!

If language were an adequate means of

conveying detailed information, then the
producers of this publication could save
replacing circuit diagrams on these pages

with linear parts lists and node lists.

Instructors of computer programming
say that the first step in programming a
problem is to draw a flow -chart. This is

shall try to

This ambiguity in the linear verbal form
has to be resolved in computer languages by

of time: they are solid and they move.
That drawings are a better medium of
communication than language is easily

stricter stuff than the trivium and involved

I

which is not the same!

gimmick."

are certainly a lot easier to understand.

than those of the trivium?

C+ D

"We can save ourselves
frustration by realising that
`natural language' operating
systems are no more than a

nomy and music. The quadrivium was much

Why is it that the subjects of the quadrivium
are more relevant to computing machines

Retranslating might give
A+ B

remember) or by using lots of brackets to

Although circuit diagrams may be no more
accurate than the parts and node lists, they

LANGUAGE...

Translating into 'natural' language might
give 'A plus B all divided by C plus D".

mark the extent of the operators.

the higher division of the liberal arts and
consisted of arithmetic, geometry, astro-

machines.

+D

via scale models. The models were threedimensional (in space) and

themselves a considerable sum of money by

to be studied in order to build useful

A+ B

and occasionally today, communication was

not.
Where, then, is there a better way? In the
quadrivium, of course! The quadrivium was

learning about the workings of nature. It had

er the following simple algebraic form:

because a two-dimensional and non -lingual
flow -chart is easier to comprehend and
modify than a linear linguistic description of
a program. Only after the problem is solved
in flow -chart form are we to encode it as a
linear sequence of verbal instructions.

In arithmetic, and more generally in
algebra, we find that communication is
again, essentially two-dimensional. Consid-

dimension that is available on a sheet of
paper. And there is no reason why computers

can not interpret such a two-dimensional
description.

...AND NO LANGUAGE

As a further example of how we might
efficiently communicate our desires to a
machine, imagine the following scene.
You climb into your latest model IBM p.c.
(personal car). In front of the ergonomically -

designed seat you find a high -resolution
v.d.u. and slimline 96 -key Selectric-style
keyboard. There is no windscreen since all

the information you will require will be
instantly available at the v.d.u.

You decide to go for a test drive. (Your
input is shown lower case, the computer
output upper case.
>motor sods -on

MOT0071:RITI.1153.0ILPRESS.NORM:TEMPLOW
3.engags, gsar I Indicatsr:dissngags braks/park

RP14.736:SPEED-2.37MPH.STEEA.A3.5DEG
3.secolwate.. 129: stee,r9des
RP3115211 :SPEED141.331011: OBSTACLE AT 18.43'7/BEARING-L9. I DEG
nIscelarsts.. 49 stee,r

"Damn, the system's crashed...", you say;

"...oh well, think of the time I'm saving
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using this marvellous new technology called
the automobile."
In reality we communicate our desires to
the automobile by pulling and pushing on a

LINEGEN

CIRCGEN

For a straight line from 10,0) to (xis', ylst)

Yofix.

with 0< ylst <xlst

Fora circular arc centre 10,01, radius r

with 0< .< y

few levers. Not only is this positioning of
levers in space a precise, reliable and rapid
means of communication, but it is also quite

effortless. We can talk, listen to the radio,
and think about the weekend whilst simultaneously changing gears, negotiating a

0
Y

A **2*yist

Y

B

A - xlst

A

C

B - x 1st

B

r

- 2*r

bend and avoiding pedestrians.
Fortunately non-linguistic means of com-

municating with computers are slowly

PUT PIXEL IX.Y)

emerging: namely, the mouse/icon-driven
operating systems of some p.cs, and to a
lesser extent Xerox's Smalltalk programming environment. Languages such as Prolog, however, are a retrograde step, especially for the study of something as non -trivial as
artificial intelligence.

LOGIC

IPUT PIXEL (X.Y)

True

X
A

9-

<(,True

Now for logic - today called Boolean logic ur
the predicate calculus. Just as language is
inadequate for detailed communication then
so too is logic an incomplete calculus. As an

+

X+

1

A+4
+A

Y-YB -B - 440

B

+C
I

illustration of why logic still resides in the
trivium and not the quadrivium I offer the
following.

Some twenty five centuries ago
Epimenides, who was a Cretan, said "all
Cretans are liars". Ever since then, logicians

Computer programming in two dimensions: flow -charts explain the routines
more efficiently than a one-dimensional flow of language could.

and philosophers have had a marvellous
time arguing whether self -referential paradoxes of this type are true, false or meaning-

3. Rearrange (letting s = the word "statement", and S = everything between the

less. Whitehead and Russell's Principia

quotation marks)
S = not(s)
4. The statement is asserting something and

Mathematica is a classic example of how to
spend eighty or so pages arguing the point in
order to develop a theory that is simply not
necessary.

Restating Epimenides' words slightly
more explicitly we can say "the truth value of

this statement is falsehood". Just as other
more sensible logical assertions and premisses can be formed from logical elements, in
silicon if required, so too can the above
statement. It is simply

so is not meaningless.

5. Try s = T

S = not(T) = F (which is

flops even though these and other edge triggered devices are built on exactly the
logical paradox illustrated above. Likewise,
devices such as UK flip-flops and memory
elements that use feedback paths are beyond
the comprehension of logic.

wrong since s refers to and is supposed to

So, although the calculus of logic can be
used to describe some simple circuits, name-

be the same as S).

ly those of the first degree (with no feed-

Try s = F
S = not(F) = T (which is also
wrong).
6. We invent a rule disallowing us to consider statements of the above type.
7. We stop.

back), it is totally inadequate if we require a
rigorous mathematical description of other
types of computer circuit - namely those of
degree higher than the first.
The acceptance and use of complex num-

bers (those that include) allows us to
In the quadrivium
I. We consider numbers that can be positive,
The logicallogical gate is an inverter (i.e. not)

and the basic circuit as a whole, which is
quite common in electronics, is a ring
oscillator. The condition of the output function F cannot rightly be said to be true, false
or meaningless (1, 0 or X) as in fact it

oscillates. Just as Epimenides' statement
appears to do.

Now if a logical state that oscillates between true and false appears to be nonsense

then consider that there is a remarkable
analogy between the oscillating logical state

and the arithmetical value i or the square
root of minus one (for further reading on
this analogy, and much more, I recommended "Laws of Form" by C. Spencer Brown).
The analogy goes like this:
In the trivium
1. We consider statements that can be true
(T), false (F) or meaningless.
2. We consider the statement "This statement is false."
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negative or zero.
2. We consider the equation x2 + 1 = 0
3. Rearrange: x = - 1/x

design reliably much of the machinery that
surrounds us today. Without complex numbers the design process is either severely
restricted, through rules which disallow us
certain options, or expensive since the only

4. For the equation to balance x must be a
form of unity.

way foward is via trial and error.
I believe that if we develop the mathema-

5. Try x = +1 -. +1 = - 1/+ 1 = -1
(wrong)

Try x = -1

-1 = -1/-1 = + 1

(wrong)
6. We consider a form of unity (call it that
equals the square root of minus one and
so satisfies our equation.
7. We develop various tools to manipulate
this new number and go on to build bigger
bridges, power stations, television, etc.

tical tools with which we can manipulate
higher -degree forms of circuitry, then we
will gain a better understanding of how
different configurations of computers might
be made to work. This understanding will in

turn enable us to build more powerful
computing machines, confident that the
machines will work as intended.
We can also save ourselves further frustration in programming these new machines by

realizing that 'natural language' operating
FLIP-FLOPS AND PARADOXES
The situation today is similar to the situation
two hundred years ago when engineers were

manipulating the square roots of negative
numbers even though those numbers were
not formally acknowledged by the mathema-

tical community. Today's engineers are
quite happy to design and use D -type flip-

systems are no more than a clever but
superficial gimmick.

At best, natural language systems will
allow the office manager to use the office
computer (which admittedly will be good for

sales). But they will never be capable of
effectively communicating the detailed in Continued on page 224.
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Laser -diode power supply
This low -noise, spike -free laboratory supply stabilizes
either laser current or optical output power. Amplitude
modulation can be applied.
J. VANDEWEGE. H. PEREMANS AND J. SCHOTTE

ntil recently the only low-cost semiconductor laser diodes were single
heterostructure gallium arsenide or

Table 1. Electrical and optical specifications of the

250,um

Bonding pad

Sharp LT022MC (from the manufacturer's Laser Diode
User's. Manual, reference number HT482D).
I

GaAs/GaAlAs diodes. These are rather sim-

Absolute maximum ratings:

ple components with so high a threshold
-current (the current at which laser action I --V!
125o m

starts) that at room temperature, only low beam
duty -cycle pulsed excitation is possible (e.g. RCA SC2000 series, Laser Diode LD60
series, ITT LA series.) Their main application
is in time -domain range finding, an optical

Optic.i) output power (P, J 5mW
Reverse voltage (V,) - laser 2V
- p-i-n diode: 30V

Operating temperature (f.): -10 to +60°C

Operating characteristics
Threslold current (I,0. 50mA typ.. 80mA max.
Operating current at Po = 3mW:
at room temperature, lo,= 65mA typ., 100mA max.
at 60°C. lop =110 mA max.
Wavelength at Po= 3mW, single transversal mode: 770nm
min., 780nm typ., 790nm max.
Monitor current at Po = 3mW: 0.3mA min., 0.9mA typ., 1.6mA

equivalent of pulse radar.

Continuous -wave semiconductor laser
diodes are much more advanced devices in
which the electromagnetic field created by
the drive current and by the light it excites is

max.
Angles of 50% radiation intensity at Po = 3mW:

confined to a very narrow region of the

pewee' to the junction, 8.5° min., 11' typ., 16° max.
perpendicular to the junction. 200 min, 33° typ.. 45° max.
Differential efficiency at Po= 2mW:
0.1mW/rnA min., 0.25mW/mA typ., 0.6mW/mA max.
Heat resistance:
20 C/W min.. 35°C/W typ., 70°C/W max.

semiconductor crystal. This makes the laser

action start at a much lower drive current
level, so that continuous operation is possible without excessive dissipation.

Owing to their complexity and the advanced fabrication technology required. c.w.
laser diodes were once confined to applicatorch, it radiates light across the wide angle:

tions such as broadband optical fibre net-

the coherence length is of the order of a
millimetre. For most applications which
require a collimated beam, the optics of a

works, where an individual diode is cheap by

comparison with the surrounding network.
But today, laser diodes for use in compact

TO 198

disc players sell at a very reasonable price -

commercial CD laser head are adequate.
Figure 3 shows a Sharp LT022MC assem-

either alone or. for about £50, as replacement CD head units complete with collimat-

Loser

ing optics and tracking photodiodes.

But c.w. semiconductor laser diodes re-

Con

bled into a Philips CD100 replacement laser
head. This unit produces a well -collimated
infra -red beam of up to 0.5mW and about

quire a very reliable power supply. They
operate at extremely high internal field

Fig.1. Cross section of a TO.148 solid-state

strengths, where a picosecond spike of current can damage the delicate semiconductor

laser package with monitor p-i-n diode.
Detail: A Sharp LT022MC laser chip is

5mm diameter. It also contains a beam splitting prism which directs light reflected
from the disc towards a dual -slit silicon
detector array located in the dil packages.

by generating crystal defects or by multiplying existing imperfections. A number of
such spikes, or a power supply switching

mounted on the package heatsink with its

Details were given in 1.R. Watkinson's arti-

active layers down for efficient heat

cle. Wireless World April 1985, pages 44-46.

transfer.

side -emitting led, if any light emission is left
at all. But with a properly -designed supply

and with device -handling precautions
adopted from c-mos practice, you can have a
c.w. laser system up and running for several

hundreds of hours without any noticeable
laser degradation.

LASER BASICS
Figure 1 shows a laser diode chip in its

For the Sharp LT022MC found in most
compact disc players (Fig.2), the cathodes of
both laser and photodiode are connected to
the metal package. Other laser diodes can be
used as long as these cathodes are connected
in common. No modifications of the supply

circuit is needed to allow for optical power
stabilization.
Abridged specification of the LT022MC
are given in Table 1. The absolute maximum

package. The chip has been cleaved to a

ratings impose limits on reverse voltage,

small block and two opposite cleaving facets

package. a silicon photodiode is placed so as
to collect the light emitted by the laser's rear

temperature (and so dissipation) and optical
output power.
The optical specifications include the 50%
beam divergence angles for two reference
planes. A laser diode does not produce the

facet. Photocurrent from this diode can be

highly collimated, high coherent beam

used to stabilize the operating point.

given by a typical gas laser. Like a cheap

act as laser mirrors, reflecting most of the

light back into the laser chip. Inside the
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The current -to -light transfer characteris-

tics of the laser is given in Fig.5 for three

transient, can turn a laser diode into a

different temperatures. Below the threshold
current Ith, the internal field strength is too
low to start the lasing action and the diode
acts as a led. A dim red spot can be observed

on the front facet. The exact value of Ith
varies with chip temperature and time, but is
typically 50 and at most 80mA.

The only way to discover the operating
point of the laser electrically is by observing
the monitor diode's photocurrent. When the
drive current exceeds Ith, lasing starts and
optical output power increases sharply. The
differential efficiency is defined as the ratio

of increase in optical power to the corres-

ponding increase in drive current. It

is

typically 0.25mW/mA and is fairly constant

for a given laser at various drive current
levels, which indicates good modulation
linearity.
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OPERATION
The instrument (Fig.6) has two operating
modes: constant laser drive current or constant optical power. The first can be used to
check the laser characteristic or to drive a
laser which has no monitor diode. It works

basically as a very clean variable current
source with a large and accurate setting
range - 100pA to 250mA, set by a 10 -turn

precision potentiometer. In the second

SAFETY PRECAUTIONS
The compact disc laser diode used is a GaAlAs type emitting at 780nm wavelength. At this
near infra -red wavelength the human reti is is very insensitive: but the eye lens remains
transparent and so laser light could reach the retina and damage it without one's being aware
of it When this laser is without lenses, it can be observed safely from some 10cm away or
more because of divergence of the beam. However, when collimating optics of a microscope
are used. take care not to concentrate the full laser power into the eye. A safe method of
working. which also permits observation of the near infra -red radiation, is to use a vidicon

camera. Most silicon vidicons and ordinary camera lenses are suitable: a macro zoom
objective is fine for close observations.

Transistors Tr1-Tr3 form a variable -gain

mode, the monitor photocurrent is used to
stabilize the optical output of the laser by
feedback. In either mode a current limit can

current mirror to change the polarity and

be set to protect the laser.

monitor photo diode. Its current transfer

The large setting range is obtained by
feeding a constant reference current (current mode), or the monitor p-i-n photocurrent through a variable -gain current mirror

optical feedback mode, it is fed with the
monitor photocurrent through S,. In

A before sending it to the laser current
source B.

A three -digit display indicates laser cur-

rent or optical power. For the latter a

level of the current from the reversed -biased

ratio is set by the 10 -turn potentiometer. In

constant -current mode, R8 supplies it with a
fixed current.

Fig.2. A Sharp LT022MC GaAIAs laser
diode package. This relatively low-cost
device is found in many compact disc

Several elements have been added to
protect the laser. A relay controlled by the
logic circuit of Fig.8 shunts the laser connections in dangerous circumstances - such
as at switch -on, when mains power is off or
interrupted, when no laser is plugged in, or

players.

calibration resistance is needed in the laser
plug to cope with variation from one diode to
another.
The instrument is doubly isolated. It

when no 'laser free' command has been

provides active protection against mains
failure and on/off switching transients, and

given by toggling S4.

against mishandling such as pulling out the

low on -resistance; it controls the current
source. Overall timing is critical for obtain-

The fet is a BSS89 (Siemens) with a very

laser plug when the laser is on.

ing correct switching. The sequences (Fig.9)
are as follows:

CIRCUIT DESIGN
Many of the time -constants of the circuit are
critical and so no attempt should be made to
modify it unless its transient behaviour can
be thoroughly tested with high speed signal storage equipment.
The analogue regulator section is shown
in Fig.7. The op -amp is part of a dual
open -collector op -amp i.c. TAE2453. Earlier
designs using both op -amps did not meet the
transient suppression requirements and so
the second is not used. The op -amp and Tr4

Fig.3.

Switch -on: after mains -on and setting of the
laser drive level To: output free instruction given

Philips CD100 replacement laser

head, containing collimating optics. beam splitting prism and dual -shift reflected
light silicon photodetector.

0

0_
a-

show the beam -splitting prism.

plotted against forward current.

Monitor diode
photocurrent

Digital parer meter

111111
I 11111

Rcal

st
Optical
feedback

Mode
A

'ref

e --VV

Constant

current

'laser

0

measure of the rear -facet optical output

V et

power. This resistor has been located in the
five -pin DIN laser connector. When a calibrated optical photometer is available, lical

can be adjusted so as to give a direct

168

current (2) of an LT022MC laser diode

Philips laser head dismantled to

which monitors the laser current in two

as the optical front/rear facet power ratio

80

Fig.5. Optical power output (1) and monitor

normal operation the laser current is lower

depends on drive level.

20

FORWARD CURRENT IrlmA)

Fig.4.

front -facet power reading in microwatts, for
a given laser diode or for a complete laser
head. This calibration should be done near
the normal point of the laser (e.g. 1-3 mW).

60

2

00

limit (determined by R7) can be raised
somewhat above laser threshold; but in

ranges chosen by S2 (Fig.7). The choke (10
turns on a Siemens ring core B64290 -K37 X830) and capacitors C3 (a tantalum electrolytic), C4 (ceramic) form a low-pass filter
to protect against transients.
The meter can also indicate the photocurrent voltage drop across Real (S3) which is a

40

6

-o

Resistor R6 limits the maximum current this
can supply to 250mA. The variable current

current of Tr3.
Resistor network R10 -R10' is a precision
0.1f2 network. The voltage drop it causes can
be measured with a 0-999mV panel meter,

3

wE

form a current source feeding the laser.

by a value proportional to the collector

4

2

5,

Laser

r

Laser

Free

Control logic

Power

Lock

Fig.6. Laser diodes need a very reliable power supply: even the briefest of current spikes
may damage the delicate semiconductor material.
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p-i-n diode

cal

Rio'
S1

R10

R12

(3
I

Laser

II

T

/Relay
contacts

Panel meter switching
10

Digital voltmeter
dpm

T1: relay is powered; contact opens and front
panel led lights up

contact bounce has died out (50ms), powering the laser gently after about 250ms.

S3

S2

T2: laser current rises slowly, after relay

Fig.7. Analogue current regulator, showing the variable -gain current mirror Tr1-Tr3,
the laser current source (op -amp and Tr4) and switching for the digital panel meter.

Switch oft T3: output lock instruction given:

laser current falls to zero within 5ms in a

+12V

well -controlled manner
T4: relay contact closes.

>10k

The time constant R13/C9 controls the
relay's switching delay. The slow rise of laser
current is timed by R3/C1. When the 'output
lock' command is given, Try is blocked and

the op -amp saturates immediately so that

Tr

L.....

(Laser
free

RI4
2k7

iloacse r

Si.

R3/C1 has no effect. The falling laser current
is controlled by R9/C2.
02

TESTING

031-

If no tv camera or infra -red power meter is
available, a large -area silicon photodiode or
a solar cell can be used for checking the laser

output. Most silicon detectors produce a

Power

R17

C9...101.1

2k7

failure

Relay
1k

short-circuit current of about 0.55A per watt

D4 1

of optical power at 780nm wavelength. If
possible, set the laser power at a modest
0.5mW (or around 0.2mW for a CD laser
head) for long life.

Fig.8. Control logic. This ensures the correct switch-on/switch-off sequences re-

For critical applications the modulation
linearity can be checked with a high speed
avalanche photodetector connected to a
spectrum analyser. Keep the light level on

quired for safe operation of the laser.

the a.p.d. low to avoid generating harmonics
at the detector. Very high quality amplitude

modulation of the laser output is possible.
with low sideband levels and with very little
noise added by the modulation process.

Dr Jan Vandewege is a research leader at
Ghent University's electromagnetism and
acoustics laboratory, with interests in s.a.w.
design, general r.f. instrumentation and

LAS

On (open)

11

optoelectronics. H. Peremans and J. Schotte
developed the instrument presented here as
part of their final tear B.Sc. project.
A component list. p.c.b. layout and constructional
information are available from the Electronics &
Wireless World editorial office at Quadrant House

in return for an Ad -size, stamped addressed
envelope. Mark your covering envelope 'Laser
supply'.
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Off

(closed)

To

11

Ti

13

T4 Ts

TIME

Fig.9. Switch-on/switch-off sequences. Scale of the sequence: To -T2 scale
compressed (slow); T3 -T5 is expanded (fast).
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Z80 CONTROL

Z80

CARDMASTER CPU
8 6MHz Z80 CPU
CP PA compatible
User transparent MULTI -TASKING
Up to 32K EPROM 8 16K RAM

I

Watchdog crash protection
RS232 & RS422 Ccmms

2' Z80a PIO (one uncommitted)
On board bus buffering
Power -on jump hardware

The Catalogue

.

Euro-card construction

NOW FROM £124

re50%,_
\NINA
4.1

VAT

CUB MICROCONTROLLER
Z80 CPU
Z80a PIO s 164 0 lines)

4

k

11#:4116.1

ZBOa CTC

No

SK Battery backed RAM (2K sup.)
4K EPROM (2K MCV2.0 sup.)
Powerful monitor (MCV2.0)

tts
).

Eurocard construction
.fit

NOW FROM £108

STARBURST V1.31
A CROSS ASSEMBLER FOR
CP/M80 covers four major
families of single chip uP's and
uC's
8048 inc. 8741/2 8748/9/50
8051 inc. 8031/2 8751 8744
* 6801 inc. 6800/1/2/3 68701
* 6805 inc. 68705 63705
Supplied with a complete set of
demonstration files.
STARBURST V1.31 £95.00

i VAT

Requires., Z80 CPU

All

you need
to bu Id your
own computer

CMR16 NOW FROM
£199.00
Bare PCB's Available
1+
10+
C/M CPU
28.50
25.65
C/M I/O
28.50
25.65
CUB
23.50
21.15
CMR16
40.00
36.00
Manuals on request
GNC ELECTRONICS
Little Lodge, Hopton Road,
Thelnetham, DISS IP22 1JN.
Tel: 0379 898313

QUALITY QUARTZ
CRYSTALS QUICKLY

system - from

Our frequency ranges are:
P.U.Crystals
M P.U. Osctliators

STEbus boards from £124
ARCbus boards from £76
VMEbus boards from £874
Systems from £1240
The Catalogue details all our
products and includes technical data
on the buses, application and
software notes
.

our sales dept.

arCOM

CONTROL SYSTEMS LTD

Arcom Control Systems Ltd
Unit 8, Clifton Road
Cambridge CBI 4WH. UK
Phone (0223) 242224

a member of the STE manufacturers and users group

VAT

ENTER 8 ON REPLY (',A It I)

one catalogue , from
a single manufacturer

For more information

I

10kHz

t

4

100kHz 500kHz

50kHz

VV

1MHz

100MHz 250MHz 360MHz

Webster Electronics
ILMINSTER SOMERSET TA19 SOA ENGLAND

TEL (0460515166 TELEX 46571 FRONCY G
FAX (046 0515865

ENTER MON REPLY CARD

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

Telephone: 01-445 2713/0749
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CIRCUIT IDEAS
Keypad encoding
Germanium devices are used in this
keyboard encoder to ensure t.t.1. compatibility.
Franz l3raunschmid
Vienna
Austria

2k2

STROBE

0/

6/ 5/

10/ 9/ 8/

Phase angle-averager
Phase averaging is different from arithmetic
averaging in that the phase average of 350°
and 10° is 0° for example and the arithmetic
average is 180°. However in the case of
angles 170° and 190°, both phase and arithmetic averages are 180°.

It is possible to find the phase average
from the arithmetic average by working out
the arithmetic average of the phase angles,
then the absolute value of phase difference
between them. If the difference is equal to or

greater than 180°, 180° is added to the

are compared an0 tot obtain the absolute
phase difference IA -BI, the larger angle is
added to the two's complemented value of

arithmetic average to obtain the phase average. When the difference is less than 180° the ' the smaller angle.
A logic one in the m.s.b. of IA -BI indicates
arithmetic average is the phase average.
In the circuit, the adder calculates the that phase difference is greater than 180° so
arithmetic average (A+ B1/2. Values A and B this bit is used for complementing the m.s.b.

of the arithmetic average, which is the same
as adding 180° to it. In this way, the phase
average is obtained.
A. Dhurkadas
Indian Institute of Technology
New Delhi
India

Inputs
A

(0-360°)

(0-360°)

Isb

Isb msb
0000
0000

msb

B4 - B.

A4 -.4.1

1-B4 AI --4i.
714E1

A<8

7485
Output

A>B

A<Ei

Input

A>B

So

S3

S2

S1

C

'1
vc

lk

0
Output
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CIRCUIT IDEAS
Synthesized
oscillator

Conductive foam senses pressure

No preset adjustments are required for this

Conductive foam used to protect mos i.cs

synthesized oscillator covering 100Hz to

from electrostatic discharge can also he used

19.9kHz. Amplitude remains within ±0.1d13
and t.h.d. at I kHz is 0.2%.
The audio signal is produced by a crystal -

as a pressure sensor. The circuit, part of a
burglar alarm, latches when the sensor is

derived pure sinewave of 102.4kHz. This

Amir Ali Khan
Lahore

sinewave modulates the p.1.1. generated sig-

nal, the reference signal of which is derived
from the same crystal as the 102.4kIlz
signal. Component ICI is a fifth -order elliptic filter.

pressed.

1k
RLA 1

oB

Pakistan

2SA564
2SC 828

2

Since linear input on pin 1 of the 1596

6 to 9V I

10 On

5k

modulator/demodulator is the fixed Pressure

frequency sinewave. output voltage is con-

stant for all frequencies and the critical
filtering can he done at one frequency. ICI.
Component 1C3 is a third -order elliptic filter
which removes unwanted frequency pro-

10

ducts above 20kHz.
J.R. Page,

London W3

12V

Ri4
16

20

10 100n

war(7

-2

F.10
2

1k

R22

4V7

3k9
R23

13

3k9

10
6

IC2

JT

1596

9

-,er
8

R17

(12

o-

R15

1

.12V

If

110k

51

1p

200p

18 Z 1k

14= 330n
330p

R19 e> 1k

10k

R3 2

I.
Ci3

R21

1p

2n

L22

'

4'
9V
16

16
1'.

Ret,

101CK

1C

8II

10 R36

11

L22

..0.6

6

100Hz

15;9V1

T

5

2n

8

112

4040
13

111

17

10M

10

3 2768MHz

_

1 72

cl...
T"P

c,

R39 y R38
668

37

'Ca

106

10k

C 21

- 10P

4011

12

13

11
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FCIRCUIT IDEAS
Simple multistate indicator
A convenient four -state indicator may he
made from a two-colour led and a simple
c-mos logic chip. When both inputs are low
the led is off. if one is high the led is red, if

Diodes 1N4148 or similar
Select R4 for led brightness

the other is high the led is green. and if both
are high the led flashes red and green.
This operation applies when R3 and D3 are

Red input

left out or the flash input is low. When R3
and the diodes are excluded or the flash
input is high. flashing occurs in all three
led -on states. When R3 is not used. direct
connection is required from 11.2 and DI., to
gates C and D; resistor R3 is short-circuited.
not open.
With low supply voltages. a 74HC132 will
be more suitable but note that the pin -out is

Green input

different and that R4 is essential to limit
current.

100k

James M. Bryant
Flash input

CheltenhaM, GinnieSterShire.

Option A
C18

Very low Z,Jnbalanced

Il7n5
R29

R25

R26

1k2

2k4

13

C23

R30

in

R49

R48

Non -polarized
electrolytics

6k8

24k

270p

Output

6k8

II-.

`AI

1p

1257

/s.

C17

2

r

R50

o

150p

1

3 07,, RS2

4k3

R24 <

P27<

270k

R28 §

C.

1n69

15k

1k

min
0

/-10

1:1

62k

Opt on B
120a balanced

Levet

I or 600a
as required

.9V
16

13

13

10

5

11

14

2

13

R40 R.

10

5

11

14

2

12

R4.4 -R47

2

-s\/VV-i

4

10

14

all

all
47e

47k

V
S2

Leverwheel b c d switches
(Cherry L20-021

ELECTRONICS & WIRELESS WORLD

173

CIRCUIT IDEAS
Fuse monitor
indicates three
states

SINEWAVES WITH
FAST AMPLITUDE
STABILIZATION

Equipment side

From

supply
S

_1N4004_

Under normal conditions with the switch

1N4004
(1N4003 I

closed, the neon lamp in this fuse -condition
indicator glows constantly. When the switch
is opened. the lamp flashes rapidly warning
that mains voltage is still connected. Warn-

A 6.2V reference voltage is required for
this circuit on page 36 of the November

issue. The author suggests using a
1N821 temperature -compensated

3M3
(910k)

ing of a blown fuse is given by the lamp

-(1N 4003)
2M2

170k

(560k)

(82k)

670n

400v

flashing slowly. In this case. the capacitor is
only charged through the left-hand resistor.
R.B. Hughes

diode.

la

r

T

250V1

NO

Powys
Wales

slb
o

E

Musical instrument tuner
During performances, aural instrument
tuning can be impossible. Using a meter and

electronic frequency division, this small
battery -operated device makes tuning simple and accurate.

Although originally designed for guitar

centre. The meter should adopt some steady
value for most of the note duration, indicating pitch accuracy. Flat notes are indicated
when the needle is on the left and sharp ones
when the needle is right. From centre scale,

Note

Division
ratio

Frequency

Error relative

(Hz)

to top E

329.5
246.9
196.0

0

D

239
319
402
536

110.00
82.375

E

B
G

full deflection is about plus and minus one

A

716

tuning, the unit can also be used to tune bass

tone.

E

956

guitars, since it also works with notes an
octave lower, and other instruments. Input

Temperature tests showed a frequency
drift of 200 p.p.m./°C frOm room temperature to 75°, but drift is determined by
component stability. I noticed no long-term
frequency drift.
For calibration, I used a tuning fork to

is an electrical signal either directly from the
instrument or from a microphone.
It is best to select the most mellow sound

for tuning. With a guitar, this is normally
produced by switching to the most central
pickup and picking the string towards its
R2

Input

1M

SKi

CI

,,---o-1

100n pe

R1

22k

0.000 084
0.000 128
0.001 002
0.000 266

147.0

0

the switch and plucking the string gently,

tune the top E string of my guitar then

the meter can be zeroed.
David Greaves
Romsey

connected the guitar to the tuner. By setting

Hampshire.

-.

C3

600p p s
7

1n cer

7

R12

IC1a

LM 348

12

12k

4

1C4

CD 4046 ph

14

IC
13
11

3

51±.....,\AA,___,

12

11

47k

R1070k

C:,

Pr 5.4

202
P

7k

R6

68k

R8

,

22k

"R! 05

.54

aout

Batt

ff

E 1-

B

R10 S 27k
5

M185

IC,
MbF4777

7,p octave
generator

15

S1

AO
3

11

T
5k

o

multiturn

-

s2b

IC 3u
14

9v

-L.

11

20 'Li :

11111n
k9

1k

9
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USED TEST & COMPUTER EQUIPMENT
PHONE 01-943 4477 FOR OUR LATEST STOCKLISTS
Carston
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Carston
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Carston

Carston
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THORN EMI
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A FEW EXAMPLES OF OUR
CURRENT STOCK

ANALYSERS
HEWLETT PACKARD
141T/8552B * RE Section
20Hz to 18GHz Spectrum
Analyser, various systems

prices from £5500
3582A
Spectrum Analyser
3580A
Spectrum Analyser

1630G
Logic Analyser

334A
Distortion Analyser

£7,000

TOA EPR200A
2 Pen Recorder

£650

OSCILLOSCOPES

COMPUTERS/
CONTROLLERS

MISCELLANEOUS

HEWLETT PACKARD

£595
£675
£600

86A

£2,850

£3,850
£5,000
£900

MARCONI
TF2370
Spectrum Analyser

£950

£2,450
£3,500
2465
7623r7A18/7A18/71353A £2,550
£225
GOULD 0S300
TEKTRONIX 2445

1630D

Logic Analyser

6300 UV Recorder

£7,000

TF2371

£9,000
Spectrum Analyser
TF2337
£450
Auto Distortion Analyser

86B
85A

Various Roms and
Interfaces for above
Prices on application

PHILIPS PM3266

£3,950

7475A OPT 001 Plotter

£1,050
£1,050

7475A OPT 002 Plotter

INTEL Development
Systems Series II, III & IV
plus accessories
Prices on application

Carston Electronics Ltd

01-943 4477

UP Modules

MAINFRAME from £2,750
606 Mains Analyser
Curve Tracer

RECORDERS
C1,950

Mains Analyser plus various

TELEQUIPMENT CT71

Main Interference
Generator

RACAL Store 14
14ch FM Recorder

£4,850

WATANABE MC6601 -6Z
6ch Pen Recorder
£1,500

S.E. LABS E150
UV Recorder

£2,250
£575

SCHAFFNER NSG200/223

HEWLETT PACKARD
9816S 512K RAM

DRANETZ 626

£850

HEWLETT PACKARD
8496B Attenuator

£1,250

£450

ALL ITEMS FULLY GUARANTEED
Prices exclude delivery and VAT

We specialise in the purchase and sale of top quality under utilised equipment
Every item sold by us has been thoroughly tested and calibrated to

manufacturer's original specification - and carries a full guarantee.
If your requirement is not listed above, please phone. We have considerably
more items in stock, plus a facility for locating rare equipment at short notice.

3 Park Road. Teddington. Middlesex TW11 OAF Telex 938120
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Microprocessors:
design for test
Today's v.l.s.i. devices are so complex that testability needs to
be built in right from the start. Mike Catherwood of Motorola
explains his company's approach.
M.I. CATHERWOOD
Improved testability and better fault

Asmore functionality is squeezed on to
today's v.l.s.i. devices, ever more effi-

ient test strategies are needed by

PETAL

EXTA!
PAT

IRESET

semiconductor manufacturers as they battle

to keep test times within commercially

INT

viable limits. The traditional approaches,
often referred to as functional testing, in

TVss

which the device under test contributes little

9V

or nothing to its own testability, are often
inadequate for volume testing of v.l.s.i.

-U
PBS

components.

service to - an overall test philosophy early
in the design process, the structured
device with built-in quality. It is unfortunate
that the advantages of built-in testability are
harder to quantify than the obvious savings
in silicon area if you don't bother!

MC68052P

CC

opportunity to create - not just pay lip
approach can make for a highly testable

PA1)

TIMER
10k

coverage are benefits of structured testing
that can be difficult to assess accurately in
financial terms. For example, by offering the

PCO

However, many limitations of functional

testing can be minimized or removed

We now examine four concepts associated

altogether through the addition of on -chip

with structured testability and discuss the
benefits afforded by each: partitioning, signature analysis, test microcode and built-in

test features such as device partitioning and
built-in self -test.

PI30

PC3

NUM

all 330

test software. This list is by no means

A significant drawback of incorporating
structured testability techniques in a design

is that they invariably require part of the
device to be dedicated to test purposes only.

Although a good scheme will take full
advantage of any inherent modularity and
existing design structures in the device (e.g.

* RC oscillator

exhaustive; however, these techniques have

option selected

been successfully applied in the practical

Fig.2. Self -test arrangement for one of
Motorola's rom-based microcontrollers.
Test mode forces the device to use alternative reset and interrupt vectors.

bus orientation, registers etc.), it will take
additional time to develop, design and simulate and will almost invariably demand silicon area. On the other hand, 'moving some of
the burden away from the tester and placing

smaller and more modular, which should
also make it easier to manage.

Some of the techniques applied in a

it within the device under test will simplify

structured testing scheme may also produce

the resulting test program and can substantially reduce the engineering effort required
to develop it. The test program will be

a known fault coverage. This can form a

Fig.

useful contribution towards the reduction of
test grading expenditure.

1. Typical non -user mode test configuration.

examples which follow.

PARTITIONING
Partitioning is one of the most fundamental
aspects of device architecture design in creating a structured test environment.
When in test mode, the device is split into
separate functional blocks by on -chip logic
(e.g. data selectors and multiplexers). Internal bus structures (it is assumed that the
device

is modular in design) are used

whenever possible - for example, to route
internal signals to and from the external
pins. The tester can thereby gain independent access to areas of the device which
would otherwise have been impossible to see

directly. This technique can substantially

ADDRESS

improve the controllability of individual
modules within a device.
Penpherttl

Clock

port

Peripheral
control

An alternative approach is to partition
through the judicious placement of on -chip

test pattern generators and/or signature
analysis registers, which bring us to our next
concept.

registers
I Timers,
SC1,SP1 etc

rum
rom

WRITE
DATA

SIGNATURE ANALYSIS
Signature analysis uses data compression to
accumulate large amounts of test result data

RAT!

and to create a unique - but very much
smaller - 'signature'. Data compression using linear feedback 'shift registers (I.f.s.r.)
configured to implement the CCITT cyclic
cpu

READ DATA

Injection
Port

redundancy check polynomial, is well
known' and extensively used for error detection in data communication systems.
L.f.s.rs are used predominantly in serial

data transfer applications. However, it
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possible to configure them as multiple -input

signature registers for the accumulation of

parallel data. In the examples discussed

Microrom

later, on -chip c.r.c. code generators based
on 16 -bit I.f.s.rs, are incorporated into the
partitioning scheme to compresg the test
result data generated by a particular block.

Instruction
register
decode

Multiplexer

The 16 -bit signature register is subsequently

Nanorom

read by the tester and compared with the
(known) signature that would be generated
by a fault -free block.

The addition of an on -chip test pattern
generator forms a test structure often referred to as a built-in logic block observer or
Bilbo. A pseudo -random binary sequence
generator using another l.f.s.r or some form

Instruction
register

Branch logic

Control logic

of built-in test software are both examples.
It has been shown2 that a signature

register of length n bits, with appropriate
feedback paths, can have a probability of
successfully catching more than 100(1-1/
(2"-1))% of all detectable errors that can
occur during compression of, for example, a
test result sequence less than (2"-1) entries

long. This is equivalent to 99.9969% for a
16 -bit signature register.
Signature analysis often produces elegant
solutions to difficult test configuration problems. For example, architectural limitations
may make some nodes in a device difficult to
reach. A carefully -positioned signature reg-

ister may remove this problem. A further
difficulty might be that testing at full speed
is impracticable, perhaps through tester or
pin -out restrictions. An on -chip self -test

scheme incorporating signature analysis
could provide the answer. This solution may
be developed to allow other test activity to be
performed at the same time as the on -chip
test thereby improving the efficiency of the
test program.

TEST MICROCODE

Incorporating test microcode into a (microcoded) microprocessor design can form the
basis of an elegant approach to test manage-

ment. For example, it may be used to

activate partitioning logic in a device under
test or reveal hidden registers and so on to
the tester. Additional test microcode might
then comprise test sequences which would
be executed, in the partitioned device, concurrently with other tester activity. The test

microcode may also be configured to use
data passed to it from the tester.
Essentially, test microcode forms a logical

bridge between the structured design concepts inherent in a microcoded machine,
and structured testing. Its usefulness is
limited only by the machine's architecture

Execution unit

micromachine. All M68000 devices are

nately, a detailed description of the features
of these devices is beyond the scope of this

microcoded.

article. Dates in brackets refer to the year

Fig.3. Simplified diagram of the MC68000

when the device - or the first family member
normal instruction set and it attempts to test
as much of the device as possible (e.g. ram,
timers, ports etc), though many other sections are exercised by the simple fact that the
m.c.u. is running (e.g. the c.p.u.).
The tests are cyclic, repeating so long as

the device remains in the self -check test
mode and none of the tests fails. Leds are

-went into production.

M6805 (1978)
This is Motorola's largest and most popular
family of eight -bit m.c.us; it currently has 30

members and is still being expanded. All

connected to a port which increments every
time a test is passed. Should a test fail, the

members have on -chip rom or eprom (with
two exceptions), ram, timers and i/o ports.
Some also contain on -board peripheral functions such as serial interfaces, a -to -d conver-

test program wil hang and the frozen leds

ters, p.l.ls and eerom arrays. All the rom-

can be decoded to indicate the identity of the
first failed test. The simplicity of the test jig

based devices feature two test modes:

allows effective go/no-go tests to be per-

1. Non -User Mode. The M6805 family was
not intended to be expandable (i.e. internal

formed in the field without the use of a
v.l.s.i. tester.
Combining self -test software with a signature analysis scheme provides a structured

test solution for an m.c.u. device almost

address. data and control buses are not
user -accessible). This presented a test problem which was overcome through the addition of a test mode that partitions the device

totally independent of the tester (though not
quite, see later).
We shall now review four examples of the
practical application of structured testing in
commercially -available v.l.s.i. devices which
are in volume production. The complexity of

and routes the internal buses to the device

the devices to be discussed ranges from a
very simple m.c.u. family (M6804), to the
most powerful microprocessor Motorola
currently produces (MC68020). Unfortu-

(peripheral) bus. This effectively allows the
c.p.u. to use program/data information from

ports (Fig.1).
Note that the resulting bus configuration

is somewhat unusual - the partitioning is

arranged to isolate the c.p.u. data read

(injection) bus from the data write

a source other than the internal address
space. However, all c.p.u. 'writes' are active

Fig.4. Rom test configuration for the MC68020 32 -bit processor.
Microcode r-

and the designer's ingenuity.
6:1
MLlhplexer

BUILT-IN TEST SOFTWARE

On -chip test software is possible only in
single -chip microcontroller units (m.c.us)
which, of course, have the on -board pro-

Nanocode rom

8

11/

gram rom to contain it. In such a scheme, an

area of rom is reserved for a short test
program which will be executed when the
device is forced into a special test mode. In
the examples discussed later, this involves
placing the device in a simple independent
test jig.

Test code is written using the machine's
ELECTRONICS & WIRELESS WORLD

Test

Address bus

To

address
From

Data bus

pads

data pads
Execution unit
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internally, though they may also be externally duplicated.
Restrictions in pin -out make it necessary

Tester

input

to multiplex the peripheral data bus with

IRD

some of the address lines. Using for operations ports which are also used to interface
to on -board peripherals is avoided. A synchronizing clock and some control signals
are also provided. Timing is such that even
with the multiplexed buses, full speed operation is possible. Non -user mode is entered
through a hardware configuration present
when the device is reset, the details of which
vary from device to device. This test mode is
also used in the design of in -circuit emulators.

IRC

Pipe

16 -bit

Entry p I as

signature registe

mux

-esidual

4:1
mux

control
p.t as

BC

bus

Minor

2. Selfcheck. All rom-based devices feature a
stand-alone, self -testing mode of operation
called 'selfcheck'. Test mode configurations
are different for many M6805 family members; however, a typical self -check circuit is

H
Address bus

shown in Fig.2. The selfcheck test mode

p.l.a. mux
selection

forces the c.p.u. to use an alternative set of
reset and interrupt vectors by modifying one
of the rom array address lines. Consequent-

Data bus

ly, after a reset, the device will execute
self -test instead of user code.
The on -chip software is capable of testing

about three-quarters of the device. It consists of a series of subroutines which test
each module individually. The effectiveness
of each is traded off against rom space used,
so many of the tests are very simple. However, as many of the tests may be called from

user code as subroutines, the programmer
can effect a limited in -circuit chip func-

tionality test - during initialization, for
example - with a minimum software over-

Fig.5. Testing the programmable logic arrays in an MC68020: test microcode is
used to partition the instruction decodes p.l.as from the rest of the device.

The test pattern

injected into the

processor support and many new addressing

instruction register and designed to exercise
decoder p.l.as. microrom and nanorom. In

modes. To improve observability of the

this configuration, the execution unit

scheme was modified3 to isolate the instruction register's decoder p.l.as from the micro

is

is

disabled. However, although this scheme did
allow access to the internal roms, it suffered

from many drawbacks. Observability was
poor: when a failure appeared, it was difficult

M68000 (1979)

to determine the source of the problem
owing to the degree of interdependence
between the internal structures under test.
The test program was lengthy, tough to

This family of high performance 16/32bit
microprocessors features a 32 -bit internal

Nevertheless, it was a move in the right

head.

architecture. The full 32 -bit device,
MC68020, incorporates many improvements to the original M68000 test configuration, and is therefore discussed separately.

All M68000 family members are microcoded: a simplified diagram of the M68000
micromachine is shown in Fig.3.

implement and was microcode -dependent.
direction, and one which was to be improved

upon for the considerably more complex
MC68020.

MC68020 (1985): this device included
many new features, such as on -chip instruc-

tion cache, instruction pipelining, co-

micro and nanoroms, the partitioning
and nanorom, and route the rom address
lines to the data bus (Fig.4).
The rom outputs are multiplexed on to the
address bus much as before using the upper

data lines to control the multiplexer. Inputs
to the roms are no longer restricted to what
the p.l.as can generate and the rom address
space is small (2K) and so exhaustive testing
is therefore feasible.

Test microcode is used to partition the
instruction decoder p.l.as from the rest of
the device (Fig.5). The entry arrays (Al. A2. As.
A6) are tested independently with test micro-

code. One form of this uses deterministic
data originating from the tester, the other is
built-in selftest. The array outputs are only

The macro (user) instruction is loaded
into the instruction register. The instruction register decoder consists of entry and

X bus

residual p.l.as. Entry p.l.as provide the start-

ing address of the appropriate microcode
routine in the microrom and the address of
the first word to be used from the nanorom.
In the nanorom are field -encoded control
words which, after further manipulation by

Po 1.

the control logic, directly manipulate the
execution unit. The microrom generally
provides the next address for both itself and
the nanorom. Residual p.l.as decode fields
extracted from the instruction word which
are not involved in instruction sequencing
(e.g. execution register allocation). Outputs
of these arrays are directly interfaced to the
execution unit.

MC68000 (1979): in test mode, the device
is partitioned to separate the nanorom outputs from the execution unit and route them
to the address bus. As the nanorom is very
wide, it must be multiplexed on to the bus.
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Y bus

I
A

a.l.0

Pam

C

-I-

Program
counter

Signature

register

C

Fig.6. Internal architecture of the M6804
family -a low-cost, high -volume microccntroller.

Program rom

Control
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Pass/ fail

S',one

M68000 device in p.g.a. package.

Fig.8. Externa hardware needed for rom- verify testing of M6804 devices.

11 bits wide and are therefore suitable for

After leaving the reset state, the c.r.c.
register is loaded with a seed word. The
program counter then increments through

directed into the register. By using the

bused off chip via the address bus after each
entry array is tested. The residual p.l.as are

the entire memory map, feeding all program

tionality during the execution of every in-

rom data through the register. When the

struction cycle. The M6805 self -test, howev-

too wide to test through signature analysis
and so their outputs are multiplexed and
then bused off the chip. The test pattern is

counter overflows, a strobe signal opens gate
el and allows the final register content to be

er, can only indicate the end result of a

injected through one of the instruction

when valid data is being clocked out.
The seed word is calculated (by Motorola)

data compression using a 16 -bit I.f.s.r. (sign-

ature register). The resulting signature is

registers.
In an attempt to simplify the development
of concise test patterns for complex arrays
like these, Motorola has developed automatic test -pattern generation software.

clocked out. The window signal indicates
to ensure that the final high and low -order
c.r.c. contents are always the inverse of each
other ($AA and $55). As the seed is predetermined and is placed into data space rom, any

external supervising pattern will therefore
M6804 (1983)

become customer -independent.

controller applications. Versions in both

Selfcheck: operation of this test mode is
very similar to the M6805 family's selfcheck
except that use is made of the c.r.c. register.

h-mos (high density n-mos) and c-mos are

From Fig.6, all activity on the X bus is

Fig.7. Rom verify mode: the 6804 is partitioned to bring its signature register bytes

Fig.9. Self -test flow -chart for 6804: 96%

off -chip.

288 bytes of program rom.

The M6804 family of eight -bit m.c.us is
intended for use in low-cost, high -volume

2.

fault coverage is achieved through just

register within the self -test software (Fig.9),
the M6804 self -test monitors device func-

specific test. Consequently the M6804 self test achieves 96% fault coverage through

just 288 bytes of program rom. Functions
such as reset, mode select logic and nonuser mode operation cannot be completely
tested through self -check.

Non -user mode: since some areas of the
device cannot be checked by self -test, an
additional test mode which can gain access
to the internal buses becomes mandatory.
Also, as the test pattern is customer independent, the rom pattern number allocated to the customer (stored in data space
rom) must be read by the tester to confirm
that the correct part is being tested. However. as with the M6805 family, a significant
application for non -user mode operation is
within in -circuit emulators.
3.

THE FUTURE

Signature

register

Stock

Although the concepts behind structured
testability have been discussed for many

Ports

years, few commercial v.l.s.i. designs have
made much use of them. The silicon area
necessary to implement what is essentially

Reset

superfluous test logic, is a sticking point.

-4.CRCH

But as device complexity increases, designers are finding that structured techniques
are essential if their devices are to be

-4. CRC L

testable. Nowhere is this more apparent than
in the field of semi -custom v.l.s.i. devices.
The M6804 test philosophy is very close to
100% Bist. Yet for the 1K rom h-mos version

Ram

available ( including one reduced pin -out
version in a 0.3 inch wide, 20 -pin package).

To reduce die size, a serial architecture
was used (Harvard, Fig.6), though the
m.c.u. appears to the programmer as an
eight -bit device. However, the serial nature
of the machine forced the use of some degree
of on -chip self -test, since to test it conventionally would have required an extremely

0

-Foil

Timer

(MC6804P2) the test logic silicon is only
about 5% of the total die size. Although in
many cases a fully structured test approach
like this may not be practical, possible or
even desirable, such ideas may offer food for

thought to anybody currently about to
embark on a new v.l.s.i. design.

large number of test vectors. For such a
low-cost m.c.u. test costs had to be mini-
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2. Hans Christian Oersted (1777-1851): discoverer of
electromagnetism

Major scientific

had much to learn

discoveries

about being a scien-

are rarely

tist. He used the

made before an audi-

travel to further his

ence: still less.
perhaps. before an
audience which is

scientific interests.
In 1800 Alessandro

Volta in Italy had
announced the in-

unimpressed. But
such was the case
when H.C. Oersted
discovered electromagnetism in 1820
and so unified the

vention of the prim-

ary battery and

caused a scientific
sensation. Like many

others Oersted built
his own battery and

two previously separate sciences of elec-

began his Grand

tricity and mag-

Tour of Germany and
France in 1801 while

netism.
Oersted's name is
now enshrined within our system of units

the fervour was still
fresh.

On the tour he be-

of measurement.

came acquainted

whereas those of his
unappreciative audi-

with some of the

ence are lost in the

day, and not

leading figures of the

sands of time.
Hans Christian Oersted was the elder son

always entirely to

bours while his parents attended to the

Pioneers

his benefit. By at least one he was led into
accepting philosophical supposition as fact -

business of earning a living.
The neighbours, a German wig maker and

W.A. ATHERTON

Copenhagen Oersted found it impossible to
gain the professorial position he sought.

ate devotion to the philosphy of Immanuel
Kant (German philosopher, 1724-1804). So
much so that he became a member of the
editorial staff of a magazine specializing in
defending and promoting Kant's philosophy,
and his Ph.D. thesis was about the importance of that philosophy to science. It was
also to become the rock on which his own
philosophy and his future scientific career
were founded. By it he was led to a conviction that forces could be converted from one

however, helped restore his reputation and

of a Danish apothecary (pharmacist). In his
early childhood he and his younger brother.
Anders Sandoe, were looked after by neigh-

his Danish wife, taught the boys German.
religion and arithmetic. A friend instructed

them in multiplication and a parson in
division. Latin and Creek were learned from

an engraver and drawing from the local
baker.

This rather unusual education gave the

boys a thirst for knowledge and a selfreliance in getting it. It also bound them
together very closely in their learning, a
habit which was to last into their university
years.

After serving apprenticeships in their

father's pharmacy - a training in

only to be shredded by the eminent scientists

of Paris, then one of the leading scientific
centres of the world. Thus labelled as an

uncritical scientist, on returning to
His extremely popular public lectures,

he later became a great popularizer of
science. Securing a post as 'extraordinary
professor' he began a series of careful scientific experiments, which were well received.
His climb up the ladder of scientific respectability had begun.
Oersted's philosophy was always to seek

unity in nature. "It is my firm conviction",
he wrote in 1810, "that a great fundamental
unity permeates all nature."

basic

form to another and eventually to the discov-

Further, with the backing of a strong

chemistry which served Hans Christian well
in his future scientific career - both went to

ery that electricity could be converted into

graduated with a degree in pharmacy and his

magnetism.
During a short spell as a manager of the
Lion Apothecary, a well -established pharm-

brother with one in law. Their ways then

Christian faith, he believed that the universe
had been designed by God and in such a way
as to use the minimum resources. Working
before the enunciation of the princir': 3f t'

acy in Copenhagen, and whilst an unpaid

conservation of energy, Oersted saw hie

separated, Anders Sandoe became not merely a judge but eventually prime minister!
At university Oersted acquired a passion -

lecturer at the university. Oersted was

seemingly diverse phenomena and forces of

awarded a three-year travel scholarship. By
now he was a talented philosopher but still

nature as all intimately linked: "all phe-

Copenhagen University where Oersted
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nomena are produced by the same original
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power" was the basis of his ideas. As such,
electricity, magnetism, light, heat, and che-

thought the wire might have to glow with

The magnetic field was found to pass

heat before any effect would occur. A feeble

mistry were probably different forms or
manifestations of the same two powers,

current flowed, a magnetic field was pro-

through various media, but a needle made
from 'non-magnetic' material did not work.

"which probably might be only two different
forms of one primordial power."
Since 1800 the new science of electrochemistry had demonstrated that there really was an intimate link between electricity
and chemistry.
In Oersted's view, an electric current was
the manifestation of two forces of electricity
(positive and negative) in conflict with each
other. The consequences of this conflict, he
believed, would travel wave -fashion through
space. If constrained by a fine wire the wire

moved.
The effect was not very dramatic and even

became warm or even hot, showing that heat

was also probably a manifestation of this
conflict of two basic forces. A very thin wire
could be heated to incandescence. Therefore
it seemed that light and electricity were both

duced around the wire, and the needle
Oersted was not certain. Further experiments were postponed for three months to
July 1820 until time and a more powerful
battery (and in the end, thicker wire) were
available.

Later even Oersted himself could hardly
credit the delay in pursuing the discovery

Oersted was certain that the effects he saw
were not electrostatic. On 21st July, 1820 he
published a brief account of his work in Latin
and sent copies of it to the leading scientific
centres in Europe. Its importance was recognized immediately and a frenzy of scientific
excitement followed.
The ramifications of Oersted's discovery
were enormous. In science, for example, it

led to the enunciation of the laws of elec-

which gave him fame in the history of trodynamics, the production of electroscience. The results were now conclusive: an
electrical current produces magnetism.
Having discovered a new continent in the
world of science Oersted himself carried out

magnet is rotation, the search for and discov-

the first exploration. A direct current flow-

electromagnetism itself. In engineering the
practical results were rapid: the electromag-

ing through a wire affected a magnetic

ery of electromagnetism, the discovery of
thermoelectricity, and of course the study of

the physical science of the 19th century:

net, the galvanometer and the electro-

In 1812-1813 Oersted expressed these

compass needle placed below it. He moved
the needle around the wire and discovered
that the magnetic field (in modern parlance)

ideas in a great book. He predicted the close

was circular around the wire and that the

phone and radio.

association of electricity and magnetism

kind of metal used was not critical, though it
did affect the magnitude. This latter observa-

Oersted's later scientific wok included
extensive studies of the compressibility of
gases, and diamagnetism: but before his

results of the same forces.

years before Faraday or Maxwell and eight
years before his own discovery of electromagnetism.

This was quite out of keeping with the
scientific thinking of the times.
The similarities between elec
tricity and magnetism had long

tion, to be explained later by Ohm's Law
(1826-27). was the first demonstration of the
principle of the ammeter.

magnetic telegraph to begin with: and later,

electric motors and generators, the tele-

death in 1851 he turned again to his first love
- philosophy.
Within Danish society he rose
to become the country's leading

Michael Faraday on N.C. Oersted:

been known: both exhibited pow-

ers of attraction and repulsion,
both had two forms (positive and

negative electricity, north and
south magnetic poles), steel needles were known to have become

magnetized after a lightning
strike and Franklin had shown
that lightning was electrical in

its nature. In 1774 the Royal
Bavarian Academy had posed a

prize essay question to try to
show whether the two were related, but no-one had been able
to give a conclusive answer.

Then in the 1780s the great

French scientist Charles

"No experimental proofs of the
peculiar opinions he entertained
were known; but his constance in
the pursuit of his subject, both by

scientist. In 1820 he obtained

funds to build a chemistry
laboratory for student use at
Copenhagen University, something then almost unheard of students in those days merely
saw experiments demonstrated

to them, they did not perform

reasoning and experiment, was
well rewarded... by the discovery

experiments themselves.

of a fact of which not a single

and the Technical University of
Denmark, of which he became
the first director. He also helped
to lead public discussion about

person besides himself had the
slightest suspicion."

believed) that electricity and magnetism
were .two quite separate and distinct sciences, even if somewhat similar.
For most of the scientific community that
had settled the matter.
To Oersted, however, with his deep convictions based on his understanding of Kant.
coupled and supported by a strong belief in
God as supreme designer, the existence of a
link seemed inevitable. All that was needed
was to discover the right conditions for the
conversion of one to the other to take place.
In the winter of 1819-1820 Oersted gave a
series of lectures to a small group of advanced students. One experiment he wished

to try was the effect of a closed electrical
circuit on a magnetic needle. Open -circuit
conditions had been tried exhaustively by
others to no avail.

Not having had time to rehearse the
experiment before the lecture he decided to
postpone it. But during the lecture he
changed his mind and gave it a try. In
accordance with his beliefs the wire was thin

and so had a high resistance: in fact he
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CIRCA EIVECTI. M

CONFLICTUS ELECTRIC! IN ACUM
MAGNETICA M.

actor going out to give a great performance.
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the need for general education to

Socially, Oersted met most if not all the
great scientists of the day: Ampere, Biot,
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Science, a magnetic observatory,

include science and he continued his own public lectures, which he
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encouraged Wheatstone to write his first
scientific paper.
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system) and he is celebrated for making what

is arguably the most important discovery in
the history of electricity.
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Next in this series of pioneers of electrical

communication will be Andre Marie
Ampere, father of electrodynamics.
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Tony Atherton works at the Independent

Broadcasting Authority's Engineering
First page of Oersted's 1820 pamphlet
'Experiments on the effect of electric

Training College in Devon. He is the author
of the book "From Compass to Computer, A

current on z magnetic needle". It created a
frenzy of scientific excitement.

gineering" (Macmillan, 1984).

History of Electrical and Electronics En-
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Planck and the
fine structure
Two well-known constants in
atomic physics are the Planck's

constant, h, with a numerical
value equal to 6.626176(36)E-34

frequency could be adjusted by

ture notes than even before.

setting the timebase controls

Surely circuit analysis must be

Another remark needing comment is J.L. Linsley Hood's (July

over a very wide range, seeming-

taught and understood manually
before discarding it for powerful
development tools like SPICE.

1986, p.24) about young staff
leaving for higher salaries and
more secure prospects. I can

After my graduation I intend

almost sympathise with him, because one bright young graduate
recently left my section for 50%
better pay in another organisa-

ly limited only by the frequency
response of the photodetector.
John C. Rudge

Harlington
Middlesex

enough of the analytic techni-

Ws2 and the atomic fine structure constant, a, represented by

Airmac

a dimensionless number of
1/137.03604(11). It is less well
known that there exists a rela-

tion between these two fundamental physical constants,

May I be allowed to express my

congratulations and thanks to

where me= electron rest mass

the producer of the Airmac

sical electron rest radius
2.8179380(70) fermi; c= propagation velocity of light in
vacuum 2.99792458E8; (a-11=
reciprocal value of the atomic

fine structure constant

the Polish Air Force in Great
Britain.
The radio has been serving
usefully for 40 years.
Ludwik Bar
Warsaw

For the sceptical, it is easy to
check the validity of this relation
by using a calculator, inserting

w
White-collar
engineers

these figures in the given relation. The relationship discloses a

deep relation between fun-

Sweden

ers of old to this end I'm now

applying for engineering

tion. Only his move was from
government emploment to industry.
Richard G. Mellish
North Harrow
Middlesex

Barnet

Admixture

Electronic
exchanges

radio -receiver which I bought in
1946 in London when leaving for
Poland as a demobilized officer of

137.03604(11)

damental constants in physics.
Ove Tedenstig
Marsta

ques used by the circuit design-

This letter was passed to us by mathematics -based courses.
the CBI. Does anyone know the B.G. Newdick
receiver Mr Bar mentions?
Brookhill Road

h =27rmerec(a- 1)

9.109534(47) E -31 kg; re= clas-

to make a complete educational
shift, as I feel I don't understand

I would like to make a plea for a

return to sanity in the layout of
Wireless World (I refuse to re-

In your June issue you published

a letter in which T.J. Robinson
complained about British Telecom's attitude towards its electronic exchanges, so a letter

from BT recently received by
subscribers on the 061-440 exchange may be of interest.

Inter alia, this stated "...modernization programme...faster,

clearer, more cost-

range of extra

cognise the tautological Electronics and...). My complaint is not
with the presentation of articles,
but rather with the scattering of
advertisement pages in an aban-

doned manner throughout the
magazine.

Advertisements are clearly
necessary and even useful, but
they should have their place at
front and back, leaving the meat
of the magazine free. A quick flip

read with great interest the
article in the December issue

facilities... if you have any com-

through WW on a bookstall

entitled 'White-collar engineers'.
I am a final year undergraduate

munication equipment that

neither supplied by BT nor main-

leaves the impression that it is
one of those give-away magazines containing only advertise-

I

in electronic and communications engineering and the tone of

the article appeared to be in

Baseband signal
generator

complete sympathy with my own
views. Having now been an en-

M. Charnley's "cost-effective"

I have found more and more of

signal generator (EWW, December 1986. pp.55-57) reminds me
of a very much simpler method
of generating arbitrary periodic
waveforms which was used in an
Admiralty laboratory more than

my fellow students have taken an

30 years ago.

self tended to bias my efforts

gineering student for some seven
years, (the long road from CGLI)

almost obsessional view of the
ever-increasing computing content of the syllabus.

I have always viewed this as
undesirable trend and have my-

is

tained by our engineers you
should contact your supplier to
check its compatibility with the
new digital network".
This makes it look as though
BT has changed its mind.
D.J. Wattson
Cheadle Hulme
Cheshire

ments and ad -related text: hardly

the way to attract new readers, I

should have thought. Regular
readers know that this is not the

case, but they are addicted
anyway.
I

did mention this on the

recent questionnaire, but felt
that the point might be emphasized in this way.
H. Morgan

Intentional

Tonbridge
Kent

logic symbols
One remark by John C. Rudge
(July 1986 Feedback) must not

Mr Morgan echoes a view put forward by
many readers, but we do have to take note

of the requirements of advertisers, who
demand 'facing matter' positions. If they

Inside the light -tight hood of

towards the more academic parts

an oscilloscope of the type

of the syllabus. I feel now that
button pressed and black -box
shufflers are all that can be
turned out from my polytechnic
with the recent introduction of

pass without comment.

technical content of British

against the face of the display.

the SPICE system. An incredible
amount of time has to be spent
on the SPICE system in order to
keep up with course work.
I commented to a lecturer that

When the gain and polarity of
the oscilloscope amplifiers were

engineers are designing themselves out of profession, since

set up correctly, the light spot

there appears to be less and less

sented all the various interested
parties; all, that is, that bother to
participate. Moreover, before a
standard is published a draft is
circulated for public comment.

ran along the edge of this paper
mask and the desired waveform
appeared on the outputs of the Y
amplifiers. The signal repetition

emphasis on fundamental en-

If bad standards are published,

gineering principles, and the
ubiquitous "it can be shown

it is because few people have
taken an interest at the drafting

calculate the effect of near -ideal
low-pass filters. However, since
my letter dealt with the problem
in the frequency domain, and his

that" crops up more in my lec-

stage.

in the time domain, it wasn't

adapted for photographing wave-

forms a photodetector was
placed which was connected to

the Y amplifier of the oscilloscope. The shape of the waveform required was cut out of a
piece of brown paper with a pair

of scissors, and this was put
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The staff of the British Standards Institution (not Institute)
are not civil servants, nor are

did not advertise, the cover price would be

impossibly high. Nevertheless, I would
welcome comment on this point - from
advertisers as well as readers - Ed.

they responsible for deciding the
Standards. That is done by com-

mittees on which are repre-

Fourier and
filters
In the November Letters both
B.J. Pollard and I wrote about the

use of Fourier transforms to

ELECTRONICS & WIRELESS WORLD
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immediately obvious that we

Energy transfer

were in agreement. In the time
domain, the input waveform is To reply to the supposition in the
convolved with the impulse re- letter from Gibson, May 1986,
sponse of the filter to obtain the the problem for which transmisoutput waveform. In the fre- sion lines are split into multiple
quency domain, the amplitude of cables arises from voltage, not
each element of the spectrum of current. In a.c. transmission, exthe input waveform is multiplied cessive corona loss appears on
by the amplitude of the corres- small wires above about 30,000V.
ponding element of the 'transfer Answer: make the wires larger in
function' for the filter (i.e. the diameter to reduce the surface
Fourier transform of its impulse electric field intensity in the air.
response) to obtain the spectrum By splitting the conductor into a
of the output waveform. Thus my

Pollard's comment that carrying

J.D. Ryder
Ocala

out the convolution in the time
domain involves integrating the Florida
impulse response of the filter USA

another we can reasonably look

our axis of rotation forms an
angle with the gravity vector.
But this is the situation for most
of us.)
Bernard Jones

London WI

I well appreciate Michael Snoswell's anxieties. The hypothesis
that energy has inertial mass is
not entirely straightforward but

it does seem to me to be a far
more reasonable starting point
than the usual one about light.

into future times.

My own view is that nature is
intrinsically simple and I offer
for debate the proposition that

I sympathise with D. Gibson's
remark in the September letters

that the use of unnecessarily
elaborate mathematical tools
should be avoided. However,
music must be described in I was stunned in the middle of
terms of both time and pitch. W.A. Scott Murray's relativity
After making the apparently article (December issue p.28) to

Relativity

find him pondering the design of
brain's pitch to the physicist's the earth as an oblate spheroid
frequency, one can easily be and stating that the necessity for
tempted into the fantasyland of this was demonstrated by its
'the frequency at an instant'. A satisfying the condition that the
very modest acquaintance with plumb -line is always at right
Fourier transforms and their ap- angles to (any line in the horiplication to some simple physical zontal derived from) the spirit
systems will make it possible to level. This would be so even on a
straightforward change from the

grasp the significance of the planet shaped as an irregular
'acoustic uncertainty principle',
which states that, if you want to
define the frequency of a wave-

tetrahedron, or in deep space,
since the two devices equally
define the vertical, the spirit

form to better than A f,

level by giving us a line or plane
at right angles to it.

cannot restrict the time interval
over which it is sampled, A t, to
less than 1/A f seconds. Thus a
filter cutting off over a frequency

taneous from one place to

the rotation or to the presence of
the rest of the universe?
(Obviously the actual slanting
of gravity -plus -centrifugal force
only occurs away from the poles
and the equator, where the centrifugal force at right angles with

"bundle" of small wires, the

comments about permissible effective conductor diameter is
phase responses of physically increased to that of the bounding
realisable filters and the Hilbert circle. Therefore, less corona
transform correspond with Mr loss.

you

centrifugal force, then, due to

In the relativistic context

I

want to shatter the picture of a
person upset by living on a perrange A f will have a settling fectly spherical rotating planet
time for step functions in excess and finding his plumb line is
of 1/A f seconds. Anyone whose pulled away from pointing to the

there are no laws of nature; only
self-evident propositions. A suitable definition of the concept of
energy as potential for imposing
change would immediately imply inertia; this may be one such
self-evident proposition supporting the mass/energy hypothesis.
If you accept it, the mass/
energy hypothesis does provide
an easily understood and quanti-

for an associated mass that has to
be accelerated.

The "wriggling device" which
James McHarg mentions is, of
course, a principal remaining
item necessary in the unified
theory. If we can show that stationary or slowly moving packets

of energy can only exist in discrete sizes, I suspect that they
will have masses corresponding
to electrons and the other well
known particles. I further suspect that these eigen packages

will have a uniquely defined
angular momentum h/27r and a

practical explanation of quantum theory phenomena will follow with gravitation close behind. The known fact that an
electron -positron pair can turn
into a y -particle and vice -versa is

strong evidence in support of
this notion. It may be that Einstein saw all this in an LSM, as
suggested by James McHarg.

C.F. Coleman objects to my
use of accelerated systems. Einstein himself states in his book,

The Meaning of Relativity, that
time and space relationships de-

pend only on velocity, not on

tatively correct alternative ex-

acceleration. General Relativity
kinematics is constructed in the
literature using inertial frames
of reference momentarily coinci-

planation of the otherwise

dent with the accelerating

seemingly weird phenomena

frames (of course the classical

associated with clocks and rods
in motion according to relativity
theory. Not only that, it provides

effects of acceleration on an imperfectly balanced balance wheel
and stress in materials are dis-

an underlying explanation of
light (and other radiations at
velocity c) complete with its

counted). This simplification

properties of absolute velocity,
which are generally not easily
accepted. Perhaps even more sig-

nificantly, we also see possible

explanations for gravitational
attraction and quantum phe-

still leaves matters complicated;
for example, the progressive contraction of an observed accelerat-

ing frame means that fixed
points in the frame have different
accelerations. However, the sub-

ject is manageable and in The
Theory of Relativity by Moller,
published by Oxford University
Press, we find a complete ex-

armoury for investigating the
frequency domain is limited to

centre of gravity by the centri-

nomena via the resultant principle of the "spatially distributed

fugal force caused when the

single event" explained in my

Fourier series is in effect shut-

planet rotates - the picture that
has to be ditched to explain our
own planet - by rudely saying of
its rotation "it does, does it?" I
propose a modest experiment

planation of the Clock Paradox in

paper. I am convinced that when

which both parties agree on the

a unified theory is put forward
the mathematics to understand
it will not be as difficult as

clocks, i.e. it
paradox.

ting his eyes to uncertainty phenomena by assuming that At is

infinite, even though he may
believe that he is dealing with
waveforms of finite duration. An
ideal low-pass filter is, by its very
name, defined in the frequency
domain, so perhaps the folklore
about determining its behaviour
using Fourier transforms is not
too surprising.

whereby we remove every object

C.F. Coleman
Grove

would be impossible to measure

Oxfordshire

but the earth from the universe

Michael Snoswell fears.

I was delighted to see more
from my friend James McHarg.

performance of each other's
is no longer a

The word 'simultaneous'
needs clarification. We agree
that the concept of a universal
time has to be abandoned and

(an EEC grant should do the
trick) and find out whether the
actual bucking, and change of

He was not to know that I too am
a Leo. We agree on far more than

direction, of gravitational force,

letter he very profoundly pointed
out that mass (or rather its quality, inertia) prevents instan-

do we define the length of a

taneous change. If energy ex-

ends must be used. We have no
option but to set up some prac-

still occurs. The rotation itself
under these conditions, so in
what sense would its exist? Is

ELECTRONICS & WIRELESS WORLD

he volunteers. In his previous

changes cannot be instan-

any general notion of simultaneity that goes with it. So, how
moving rod? The two sequences

of events traced out by the two
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quoted in 1970 as being accurate

claims to have changed the

it, and indeed was the first bread-

to is in 1000 years and 'a few

theory of relativity or its basis of

board circuit, but has limited

the separation between two

parts in 1010. The CRC Handbook

presentation. My recollection

frequency range because of the

clocks which give the same reading as the ends pass. This I do in

of Chemistry and Physics (affec-

from seeing his article in Wire-

low collector voltages. The

tionately known as the Rubber

less World is, as he states, to have

grounded -base stage in the final

my paper in the most obvious
way using standard clocks and
reflected signals to synchronise

Bible) in 1976 states an accuracy

argued that Einstein's theory is
'demolished by its own internal
errors and contradictions'. This
hardly constitutes a change in

schematic was added as a

tical time measurements in our
laboratory and define length as

them an4 we get the famous
(1 -v2/c2) "'factor.
C.F. Coleman takes the view
that electromagnetic effects are
"determined" by the geometrical
structure of the space-time con-

tinuum and describes it as Einstein's major achievement. I am
not sure what this means: writing down a mathematical pro-

of 5s in 300 years, which

is

equivalent to one part in 2 x 10.
Taking the best of these as one
part in 4 x 1010 it is well short of
the required relativistic correction factor of 1.2 x 10-12 (or one

part in 8 x 1011). If, instead of
equatorial velocity, we consider
aircraft (whose velocity will be
half or less) we get a relativistic

straightforward way around this
problem and could be regarded
simply as a level shifter added to
the basic version to get around

the theory or its form of presentation. L. Essen also argues
that the theory 'contravenes the
foundations of science' by dupli-

the d.c. level problem without

cating units of measurement.

ments, first of all the "conventional Q meter" circuit I gave,
although in principle workable,

using a coupling capacitor.

As to Frank Henry's com-

This is simply not so, the theory
is constructed on a clear, consistent and practically defined sys-

position cannot "determine"

accuracies of one part in 1013 are

tem of measurement. As explained in my WW article last

physical events and I am sure
Einstein only saw it as descrip-

mentioned: perhaps another test
should be mounted.

June, it leads to a behaviour of
clocks and measuring rods de-

was simply a mistake on my part
which resulted from an incorrect
reading of a diagram in the
manual for the Hewlett-Packard
4342A, which actually uses a still

tive, just as his theory of gravitation was descriptive rather than
explaining the phenomena.
H.Aspden is not commenting
on my paper, but I find his thesis

It is, of course, important to
test scientific theories. As Karl
Popper would have it, they can-

scribed in the Lorentz Trans-

different arrangement. The cir-

formation.
This system of measurement
requires clocks to be distributed

cuit given by Stanley Kelly is the

interesting. It is, of course,

would press for a more positive

at rest in each frame of reference
and synchronized to the clock at

possible to construe a set of

attitude. There is a long list of

mathematical rules of behaviour
to "explain" all the observed phenomena. The question is, what
makes them do it? H. Aspden is

directly observable phenomena
which require to be explained. It

was in fact checked against the
H -P and held within a few percent to about 10MHz, deteriorating somewhat above that. It is

proposing an ether with ex-

correction of one part in 3 x 1012.

Currently (1986) caesium clock

not be proved, only disproved or

falsified. On the other hand I

is not helpful to look for every
opportunity to knock the theory
that provides an explanation

traordinarily complex be-

without any vestige of something

haviour, by what mechanism?
Whatever it is, this mechanism
that makes things happen has
zero mass and offers no resist-

to replace it. Dr Scott -Murray

ance to motion! I submit that it is
not necessary to go to such complexity. As I see it, space permits

clearly does not understand the
theory from the statement ending his first paragraph. Relativity
theory does not suggest that the
clock on the equator is reciprocal

one I should have used.
Calibration of the new Q meter

the origin. The time of an event
anywhere in the frame is defined

true, as he implies, that at high Q
values, circuit loading degrades
the accuracy, but the same comment can be made regarding the

as the reading of the clock at that
position. When Observers A and

B (in relative motion) time each
other's clocks, they look at different series of events. Observer A
notes the readings of the clock at
B as it goes past clocks stationary

conventional circuit in which
the voltmeter input impedance

in A's frame but not at A. Conversely, B notes the readings of

the clock at A as it goes past

it is an inelegant beast. By today's rules an elegant instru-

clocks in B's frame but not at B.

with that at the pole, as he states!

There is no error or contradic-

geometrical shape and move-

Prof. R.A. Waldron (Letters,

tion over A being observed slow-

ment, while time permits (or is a
recognition of) change. Without

December 1986) claims to

er than B and B slower than A.

answer Alan Watson's request for

either of them we could not be
talking and our existence would

experimental evidence contra-

Unless this is clearly understood,
no progress can be made.

have no meaning. Accepting that

we do exist and can discourse,
space and time must therefore

with two examples. For the first
of these, Prof. Waldron claims
that since a flash of light cannot

exist. We do not need to fill space

have zero duration, the wave

with a complex mechanism (the
ether) when all that is required is

front seen by two observers cannot be a valid basis for deriving

energetic interaction between
particles by direct contact as
explained in my article. Nature is

not explained; nor, as far as I can

essentially simple, and that

discern, is it experimental evi-

should be a basic premise. Ein-

dence. The second 'piece of

stein once asked "When God

observational evidence' is stated
by Prof. Waldron to be less con-

created the universe did he have
any choice?"

In his article "If you want to
know the time..." (December,
1986) Dr Scott -Murray talks about the failure of relativity theory
to match results from an experi-

ment in 1971 with clocks in
aeroplanes. However it does not

appear that any clocks would
have registered the effects.
Caesium clocks are separately
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dicting Einstein's postulates,

must be high compared with the
shunt loss being measured.
On Mr Kelly's comments, yes

If, following L.Essen, one
states that thought experiments
are a 'travesty of science', then
one disallows any theorectical
mechanics. This surely cannot

ment must include:
1. five -digit, direct -reading display
2. key -pad

3. microprocessor
4. stepper motor
so the Q meter won't qualify.

I think I detect a shred of controlled outrage here. Reflect, sir,

if I did not like the instrument I

be.

would not have built one.

the Lorentz Transformation!

M.H. Butterfield
Wimborne

The main difference I think
between G.W. Short's Q meter

How this conclusion follows is

Dorset.

and mine is that he chose to use a

clusive than the first, and I entirely agree. This concerns de

coupling capacitor C2 where I

Novel Q meter

used a level -shifting stage. There

My congratulations to J.M.

since the capacitor must have

Woodgate (Letters, December
1986) for correctly untangling
the multiple schematic errors in

negligible reactance over the en-

are potential problems with this,

tire working frequency range,

Sitter's argument on spectroscopic binary stars. As Prof. Waldron
explains, on one point support is

my Q meter (October, 1986)
piece and my thanks for the
name of Thomas Roddam as the

but there are also questions about the level -shifter, so no debate. His comments on calibration and the use of an inverse log

given to relativity theory, on

originator of this oscillator.

rheostat are of interest and I

another the violation cannot be
seen and on a third point some
explanation is simply needed for

differ with Mr Woodgate on two
minor but related points. On the

a spectroscopic line splitting.

L. Essen, in the same issue,

I

matter of d.c. levels, the first
circuit actually will work when

think entirely sound.
McKenny W. Egerton, jr.
Owings Mills
Maryland

redrawn as he correctly describes

USA
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Video frame store
Operation of the memory board and setting -up procedure
for the basic frame store.
D.E.A. CLARKE

Timing for memory write is
shown in Fig.23. The master clock is shown for reference. Alternate samples from
the flash converter on the analogue board are designated AI n)

worked without errors at sampling rates in excess of 15MHz.
With typical 150ns devices,

the time for which the address
must be held after a write is typ-

and BIn) to indicate which

ically specified as lOns, but it
may vary between manufac-

memory block (A or B) the data is

turers. Link 3 on the control

destined for. LatchinWsteerin

hoard enables this delay to be

waveforms are derived froni
pins 8 and 9 and consist 01 the
clock divided by two.
Sample A(n) is latched in 1c,02;
and on the next clock cycle sam-

,idjusted if necessary lin practice,
no extra delay should be necessary).

ple BIn) is latched in loth,. Two
consecutive samples are now
ready to be written simultaneously to memory. Since the latch
output enables are low during

MEMORY READ MODE

Timing for memory read

is

shown in Fig.24. The memory

write mode, the data is present at

the ram data pins. The write
pulse from ic111(3) on the control
board completes the write cycle.

ram speed in this application. For 150ns sta-

WRITE PULSE TIMING

tic rams, write must be active for at least
9Ons, which means a maximum clock fre-

The write pulse is active for a whole clock
cycle and ends prior to the next address tran-

quency of I I .1MHz. In practice, the devices
will often be faster than specified, especially
if chip -enable is held active: the prototype

sition. The width of the write pulse is the
most critical factor governing the choice of

ouputs are permanently enabled
(oE low) during read mode, and
the input data latches 10212, [cm
are disabled. Stored data is then
available at the ram outputs after
an address transition.
Two pixels are available simultaneously
from memory; these are designated A(n) or
B(n) depending on the source memory block
(A or B).

Referring to the timing diagram, data
from memory B is latched in ic20; notice

Fig.23. Write timing. The 16 -bit memory is organised as two blocks. A and B, so that cheap i.cs can be used.

CLOCK

IC108 Pin 4

=MI

DATA BUS

Sample data

1

'

IC,5

LATCH ENABLE IA1

IC202 Pin 11

RAM I/P DATA (A'

IMINZIMIIIN

IC202

MIMI =EMI =MI MIMI 11111111211 4

II

NEI= In I_

LATCH ENABLE (B)

IC210 P)" 11

RAM I/P DATA (B)

B

IC210

RAM ADDRESS
IC105 Pin 14 etc
wp

RAM 1010-17

Pin 3
DAC OUTPUT

BO

IC7

111

=MIMI= IMMM1:11M =IN 111KIED MEMO

B4

AP
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I'.;

CLOCK

IC108 Pin 4

RAM ADDRESS
IC105 Pin 14 etc.
IMemori access

RAM 0/P DATA

Max

0 BO

LATCH ENABLE (131
IC209 Pin 11

LATCHED B- DATA

11=1121111MIN1111111=21111111111111111111112111=11

IC209

0/P ENABLE (Al

ICS Pin 1, 19
0/P ENABLE 1M
IC209 Pin 1

DATA BUS

to dac palette
DAC OUTPUT
IC7

Bo

MIME BMW 111=1 HMI 1110M MIMI MEM II
A0

Do

El= =1:1= MI= =MI MEM

Fig.24. Memory read timing. Two pixels are available simultaneously, A(n) or B(n).

that this is in tact data from the previous

and latch enable ic6(1) from the control

address cycle. The data is held and enabled
on to the bus simultaneously for picking up

board. A t.t.l. clock of about 6MHz should be
applied to CK1. Connect the internal video
source at R1 and a monitor at R35. With all
pots initially centred, adjust the sync slicing

by the d.a.c. or colour palette half -way
through the next address cycle. Data from

latch B is then disabled and data from
memory A enabled on to the bus in the

level with P1 until a synchronized white
square appears in the centre of the screen.
Video input levels for the a.d.c. ic5(1) are

second half of the current cycle. It is picked
up by the d.a.c. or palette at the end of the
current address cycle; companion data from

then set by P2 and N.

The objective is to set the signal black level (P2) equal to or slightly above the low
reference voltage \co., and the peak -white

B is latched and the sequence repeated.
It can be seen that nearly two clock cycles
are available for memory access and that this

amplitude equal to, or slightly below the

results in a minimum throughput of
13.3MHz for 150ns rams. In practice, performance is likely to be considerably better.
During read, data on the bus is latched in
the d.a.c. (or colour palette) and displayed as
a frozen image.

POWER SUPPLY
Power requirements for the frame store are
modest: +5V at 600mA and + 10V at 150mA
(with colour palette and 256K ram). But an
extra margin is desirable to accommodate
future enhancements.
The provision of a negative rail (Fig.25) is
a small overhead which increases the range
of applications for the power supply p.c.b.
The +5V rail can supply up to 1.25A (with 12

-0 - 1230VA transformer). The 10V rail is
adjustable over the range 9V to 13V with
current -limiting set at about 250mA. The
-5V rail could be used as a cheaper alternative to the on -board voltage converter on the
signal processing board; otherwise, components around ic3 can be omitted.

SETTING UP

high reference voltage Vn (P3). These levels
can be approximated by observing the displayed picture and adjusting p3 for no peak -

Printed circuit boards for this design will
be available by the end of January from
Ipswich Electronics Ltd, Hadleigh Road
Industrial Estate, Ipswich IP2 OHB, tel.
0473.216056.

white clipping and P2 for minimum black level pedestal; it is an iterative procedure.
Optimum settings can be obtained later by
software observation of the frame memory

with a source giving calibrated areas of
peak -white and black (such as a crosshatch
generator).

analogue/digital grounding and h.f. design

The control circuitry is now set up in

rules should be applied to the converter

conjunction with the converter board. Links
on the control board should be configured as
given in Table 1 and the c.p.u. control inputs
left floating. In 256 x 256 and 512 x 512

circuitry. The first prototype worked well on
breadboard.

Provision of front panel controls and
indicators will depend on your application
but I found the following quite useful:
switchable video input impedance (R1) for

modes, a blanked border surrounds the

video busing

clock frequency with c105 and the display
horizontally centred with P101. Fine tuning
of the vertical display position is achievable
by connecting lc 1(10) to another output of
ici 15 (or +5V) to add or subtract lines from
the vertical blanking period.
Odd/even field selection (with standard
sync) should be set up with s102 in the ALT

separate sync (replace Link 4 on the
converter board with a front panel switch.)
internal video source selection switch
field selector switch in 512 x 512 mode (fit
a two-way centre -off switch s102 as indicated
in the control diagram)
freeze switch (s101) and/or jack socket
field sync selection (replace Link 1 on the

displayed image.
The aspect ratio is set by adjustment of the

The unit was designed for modular assembly
with the major functional blocks on separate

control board with a two-way front panel

position (interlacing) and P102 adjusted for a
25Hz clock at 14(5). Then P102 should be

switch)

set to the centre of the range over which

boards. Interconnections should be short
with good inter -board grounding. Board
layout is generally uncritical although the

led for flagging external c.p.u. activity

usual precautions such as separate
186

(see control diagram)

The converter circuitry is initially set-up
in isolation by grounding the blanking input

25Hz toggling occurs. Switch s102 can now
be used to select odd field (iclut pin 5 low) or
even field (high).
Details of link options 1 to 9 on the control
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board were set out last month in Table 1.
Link 10 allows the host c.p.u. the possibility
of field -synchronized access to the frame
store. This feature could be used for dynamic
switching of the colour palette look -up table

disconnects the internal signals and
enables c.p.u. access: the display is

Setrd: to read image data,
is asserted, we
is de -asserted and the c.p.u. p.i.o. is initial-

blanked.
sets write (memory update) mode.
FSEL in 512 x512 mode selects image field to

ised for data input. A 25ms delay should be

WR

during the field blanking interval, or for

access.

identifying odd and even fields when capturing images.

is an optional status signal for synchronizing field capture or palette updating.

Finally, when the links on the memory
board have been set in the appropriate

not critical. The limiting resistors with

Timing constraints on these inputs are

positions, the basic system is complete.

c-mos buffer ic1a7 provide excellent noise
and crosstalk immunity. Switch s1 should
obviously be open for c.p.u. access and a

Activating the freeze switch momentarily
will make the display alternate between live
(digitized) and frozen images.

video source must be connected.

SOFTWARE DRIVERS

drivers with an optional input or interrupt

I suggest that you create the following driver
routines -

Both ports can be derived from a standard
peripheral interface device. It should be
remembered that the frame store is accessed

in two distinct modes - read and write (read

is the default mode when inputs are
floating).
Six control inputs are used to access the
frame memory. These are analogous to the
corresponding internal signals.

FS

that the appropriate frame store mode is
selected as described above. The 11.7iii and vi,7r

bit -mode output which simplifies this type of
control, but otherwise you will have to keep

track of port bit -status with a memory or
register variable. A variable called Mode, to

bidirectional eight -bit data transfer port.

LS

Setwr: to write image data,
and %TT are
asserted and the c.p.u. p.i.o. is initialized for
data output with a 25ms delay for field sync
clocking.
For the following routines it is assumed

achieve this in software depends on the
c.p.u. Some processors and p.i.os allow

Two ports are necessary for computer interfacing: a port with seven latched t.t.l.-level

CK

sync.

inputs should remain in their allotted states
throughout the access sequence. How to

COMPUTER INTERFACING

for field waveform detection and a

initiated for signal clocking on next field

Unblank: called after memory access to

keep track of access mode (i.e. read or write),

unblank the display in freeze mode, preserv-

will he useful for simplifying and speeding

ing memory contents. If the colour palette
board is fitted it should be re -initialized
because the pixel clock is stopped during

up the code.

c.p.u. access.

address counter and advances the vertical
delay counter. The line is pulsed low then
high and a delay of about 30 microseconds

Freeze: to freeze the display, the NR input
should be de -asserted and a delay of 25ms
initiated for the signal to be clocked on the
next field sync transition.

generates the memory controls and
increments the horizontal address
counter.
starts the horizontal counter and increments the vertical delay and address
counters.
resets the vertical counters and enables
the vertical delay counter.

Display: to display live video and continuously update frame store memory, vi7r is
asserted and 25ms delay initiated.

The following

the frame store
for c.p.u. access, blanking the display.

Line: this routine resets the horizontal

initiated to allow time for the horizontal
delay monostable to time out.

Clock: this routine causes memory to be
written or read depending on the access
mode: the horizontal address counter is
advanced every alternate cycle. The (7 input

is pulsed low then high. Data should be
output in write mode prior to this operation:

Fig.25. Power unit can also supply expansions, such as the colour palette to be described in the next article.
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1-ROCEDURE TESTPATTERN

CONSTANT
DISPLAYFORMAT = 256;
BEGIN
SETWR;
RESET;

EARLY TV

256x256 mode)

( initialize port and set WRITE mode)
(reset all address counters)

FOR Y := 0 TO DISPLAYFORMAT - 1 DO
BEGIN
FOR X
0 TO DISPLAYFORMAT/2 - 1 DO

BEGIN
OUTPUT (DATAPORT) = 0;
(pixel=black)
CLOCK;
(clock memory)
OUTPUT (DATAPORT) = 255; (pixel=white)
CLOCK;
(clock memory & address)
END;
LINE;
END;

UNBLANK;

(disable c.p.u., leave image frozen)

END.

PROCEDURE DUMPIMAGE

CONSTANT
DISPLAYFORMAT = 256; (256x256 mode)
BEGIN
SETRD;
RESET;

( initialize port and set READ mode)
(reset all address counters)

FOR Y := 0 TO DISPLAYFORMAT - 1 DO
BEGIN
FOR X := 0 TO DISPLAYFORMAT - 1 DO

History of Technology series 7,
Peter Peregrinus in association
with the Science Museum, Lon-

that his spinning discs offered no

pension of the service at the
outbreak of war in 1939, with
many photographs and drawings. Absorbing reading for

Shoenberg, Blumlein and the

possibility of a service with real
entertainment value; but it was
don; 488 pages, hard cover, hardly dignified of P.P. Eckers£38.40. Detailed academic his- ley, the BBC's chief engineer to
tory of the medium from Baird's prejudice his Board against the
early experiments to the estab- system before they had seen it
lishment of the Marconi -EMI working. Inevitably, the reader is
electronic system and to the sus- left filled with admiration for

rest of the EMI team, who conjured up what is essentially the
television standard we have to-

Baird -watchers, since inevitably day in the space of a few months.
much of the content deals with
Baird, incidentally, showed
the Scottish inventor's endless great animosity towards his rivsquabbles with the General Post als, which he saw as an
Office and the BBC; Professor American -inspired (EMI had acBurns has much more patience cess to RCA patents) campaign to
with him than others have undermine his all -British invenshown. No doubt it was clear to tion. A parable for our time?

Was this the article that set Baird thinking? It appeared in

BEGIN
PIXEL := DISPLAYINPUT (DATAPORT) ;
ANYDEVICE( PIXEL )
CLOCK;
(clock memory/address)

Wireless World in 1922 whilst he was in Hastings recuperating
from illness and some exhausting ventures in the grocery trade.

;

Two months later, his first television experiments were re-

END;
LINE;
END;

UNBLANK;

British Television: the forma- many that the man was caught in
tive years by R.W. Burns. IEE an evolutionary blind alley and

ported in the loca' paper.
(disable c.p.u., leave image frozen)

END.

NOVUIRER IL 1922

THE WIRELESS WORLD AND RADIO REVIEW

A Development in the Problem of
Television.

in read mode data

is

available before

By NICOLAS LANGFJI.

clocking.

The efficiency of this operation significantly affects the overall display memory
dump time. It is therefore desirable to
optimize the code to perform this function.
In the absence of a convenient hardware
pulse, two port writes will be required and it
is worth making the operation an assembler
macro rather than a subroutine.

The following article, contributed from Hungary, describes experimental
work in [01111.11011 with the problem of Television Whilst the actual

process described does not include transmission by wireless, yet this
being a logical development front line transmission, the subject as
presented should be of great interest to wireless experimenters.

THE purpose of the following article
is to describe a development in methods
for enabling objects at a distance

to be seen by the eye by means of electrical
these methods to hear sounds at a distance.
The problem of television has been already
partly solved by the methods adopted by
Professor Korn. Professor Kom's apparatus,
however,

relates only to

the transmission

of photographs, and the process takes from
six to fifteen minutes, and the method is not

high to reset the vertical counters and to

a photograph in the ordinary way and afterwards reproducing it by means of the Kom
apparatus. The following article will describe
apparatus by means of which distant objects

advance the vertical delay counter, where N
depends on the outputs of ICII5 decoded by
ici i 1(8); e.g.

for a1n(10) connected to

0115(5), N=14+32)=36. If you get it wrong,
accessed data will be vertically displaced.
The generalized programs above illustrate

the use of these routines. The first fills the
frame store memory with alternating vertic-

al black/white lines, useful for checking
operation/performance. Below it is a procedure which dumps the frame memory to an
arbitrary device.
Once the basic driver routines have been
tested with simple programs such as these,

F,

circuits or by wireless, in much the same
manner as the ear is enabled by means of

Reset: clears and primes the address counters for memory access: g is pulsed low then

enable the vertical delay counter. The
routine Line is then called N times to

area of each element or spot must be sufficiently
small so that no difference in tone would

a direct one, but one which necessitates taking

can be made visible without the necessity
of the use of the intermediary of the camera,
and it is even possible :o represent at the
receiving end pictures in motion in a similar
manner to the cinematograph. It is claimed
that in this system it is possible to transmit a
picture at a speed exceeding that of the Korn
transmitter by io,000 to zo,000 times. The
very interesting nature of use problem attracted

my attention many year, ago. The results
of my investigations are no doubt of interest,
and I will therefore give here a short 'inane
of this work in order to introduce the subject
intelligibly.
Every picture (if we disregard the colours)

T3

ti

T

{32

SI

may be regarded as consisting of a combination

of black and white spots, and for the sake of
simplicity, throughout this article, we shall
term these spots " picture elements." It
is easily understood that these picture elements

vary in brightness from black down through
gradations of tone to white. In order to set
about transmitting a picture. we must first
analyse the picture into elements. and the

(b)

Fro la

lb

you are ready to proceed with your own
applications software.

to be continued
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Domesday discs
The
Domesday

Gallery

keyboard is kept to a minimum.
On the first disc, the National

entire country as a starting

It's possible to break out of

point, it's possible to zoom down

completed the original Disc, is information about the

Logica's user-friendly software

through successive levels of
maps to arrive at one -inch scale

environment to examine the files
at system level: on the National

or, in the case of 70 cities, to

disc, it turns out that there are

large-scale maps covering areas
only 800 metres across. At each
level the user can break off to see

41 (including a boot file) and that
they occupy 226 277 376 bytes.

Just nine centuries after Wil-

liam the Conqueror's men
Domesday Book. the BBC laun-

British economy, culture, socieched its Domesday laser -disc sys- ty and environment - much of it
tem in November following two taken from official information
years of energetic information - stored in Essex University's archgathering and technical develop- ive of machine-readable data.
ment.
Works of art from the national
Contained in the two 30cm collections and examples of Britsilver discs is a snapshot of Bri- ish wild life are included in the
tain in the 1980s in words and 22 000 or so still photographs on
pictures, an immense work of the disc. Certain sets of pictures
reference which the BBC hopes can be used interactively to
will prove as valuable to present- simulate a visit to some typical
day researchers as it undoubted- British environments - such as a
ly will to future historians. It's farm, a nature reserve, or even a
estimated that to look through stockbroker's house. The user
all 108 000 pictures and 648M - can explore each one in detail by
bytes of data would take seven moving from one scene to
years.
another with the tracker -ball.
For reading the discs, the BBC
Over 6000 sets of statistical
and its partners Philips. Logica data are stored in the form of
and Acorn Computers have de- arrays. They can be processed

under the user's control and
based on a laser disc drive and a plotted in a variety of forms veloped an interactive system

BBC Master series microcompu- such as bar -charts, pie -charts
ter. A version for the RML Nim- and overlays on maps.
bus computer is available and a
On the other side of the disc is
universal IBM p.c. equivalent is an hour of moving pictures and
on the way.
sound, including memorable
A feature of the system is that news events such as the ending
it is designed for people who have of the Iranian embassy siege in
no knowledge of computers. Us- 1980.

high -quality colour photographs, to study specially commissioned articles written
by authorities on each area or
topic, or to read contributions
from countless ordinary people
about their locality or way of life.
Alternatively, you can type in a
place -name and the system will
find it for you in the text or on a
map - supplemented once again

with pictures and articles.

More than 100 megabytes remain free, which should allow
plenty of room for the updates
the BBC is thinking of providing

System calls are provided to
allow programmers to access
pictures and data directly so that
they can write their own retrieval
software.
The Domesday system is the

first interactive database of its
kind on public sale and the BBC
now hopes to establish it as a

Armchair travellers can 'map walk' where they wish, and can
even measure distances and

standard for others to adopt.

areas with an on -screen cursor.

study in ecology. Other informa-

Retrieval software was written

in BCPL by Logica. The discs
carry some 200K of code, or
about 67 000 lines, read in as

Early in 1987 it plans to issue a

further disc. an educational
tion publishers have already
shown interest in the new
medium.
A complete Domesday system

overlays.
The control computer is a BBC

including colour monitor costs

Master AIV, which includes an
s.c.s.i. interface and the Acorn

schools can take advantage of

£3990 plus v.a.t., though

every byte in its memory is

ing the tracker -ball and on-

Government grants and subsidies worth about £1000. An
upgrade kit for existing BBC

The second disc, described as a

needed. Output from the RGB

Master computers costs 13555;

screen pointer for control, even

people's database, includes in-

unskilled users can quickly move
about the database and locate or

formation contributed from all

socket is merged with video from
the laser -disc player (which has
its own s.c.s.i.) for connection to
the monitor.
To handle the player, the BBC

the discs alone are £230. The
very first system has been pre-

computer has a videodisc filing

Details from BBC Enterprises
Ltd, Woodlands, 80 Wood Lane,

over the United Kingdom by
manipulate information. They schools and community groups
can search the discs through and compiled under the direcmenus, by keywords, cross- tion of an independent editorial
references or just by browsing at
random. At each stage. a menu
bar appears on the screen showing possible options. Use of the

65SC102 co -processor: virtually

sented to the Public Record
Office in London; where the original Domesday Book is kept.

board. Providing a framework for

system (in a 16K rom) which

it are thousands of detailed

enables it to read the data as files

London W12 OTT; tel: 01-743

Ordnance Survey maps.
With an astronaut's view of the

rather like those of the Acorn

5588.
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Gould 0S300 versus Douglas DC3
0S300

DC3

Proven worldwide

Proven worldwide

Inexpensive

Inexpensive

Rugged construction

Rugged construction

Go anywhere

Go anywhere

Piece of cake to fly

Piece of cake to fly

NATO approved

NATO approved

Two year guarantee
U.K. design and manufacture

Modern spec'
Available off -the -shelf

The Gould 0S300
dual -trace 20MHz 'scope
For £342 + VAT.
Gould Electronics Ltd., Instrument Systems,
Roebuck Road, Hainault, Ilford, Essex IG6 3UE.
Telephone. 01-5)01000. Telex: 263785.

HIGH -FLYING TECHNOLOGY YOU CAN TRUST
*Much as we admire the Dakota's traditional hard-working virtues, sadly its
last spec. update was in 1945. The Gould 0S300, on the other hand, offers
1980's features -dual-trace with true 20MHz operation, continuously
variable amplifier sensitivity to eliminate loss of bandwidth over the 2mV
to 5V/cm, X -Y operation, P43 phosphor and quick heat cathode for rapid
set-up and brigh-er displays.

ENTER 43 ON REPLY CARD

RAEDEK ELECTRONICS

Tel: 021-474 6000

Telex No: 312242

SERVING THE COMMUNICATIONS AND ELECTRONICS INDUSTRIES

MIDTLX G.

102 PRIORY ROAD, SCRIBERS LANE, HALL GREEN, BIRMINGHAM B28 OTB. ENGLAND.
TRANSISTORS:

VALVES:

TYPE:

LIST:

TYPE:

LIST

TYPE:

LIST

TYPE:

2N3375
2N3553
2N3632
2N3733
2N3866
2N4416
2N4427
2N5090
2N5109
2N5160
2N5589
2N5590

11.25
1.90
12.95
12.95
1.50
0.75
1.75
10 90

2SC1978
2SC2053
2SC2237
2SC2287
2SC2290
MRF237
MRF238
MRF240
MRF245
MRF247
MRF433
MRF449A
MRF450
MRF450A
MRF454
MRF454A
MRF455
MRF458
MRF475
MRF476
MRF644
MRF646
MRF648

6.40
0.80
11.50
9.60
20.00
3.50
11.90
20.70
33.00
33.30
9.00
10.15
14.50
14.50
17.25
17.25
16.50
17.20
2.30
2.15
22.50
27.00
32.70
2.75
9.75
23.10
22.80
3.10
2.25
11.90
9.40
14.70
10.95
13.75

AH211A

137 50

AH2511
AH2532
BT5
BT5B
BT17

90 00
31 50
52.50
52 50
142 00
130.00
125 00
30 00
30 00
56 00

EF94
EF95

2N5591
2N5641
2N5642
2N5643
2N5913
2N5944
2N5945
2N5946

2N6080
2N6081
2N6082

2N6083
2N6084
2SC1729
2SC1945
2SC1946A
2SC1947
2SC1969
2SC1970
2SC1971
2SC1972

1.95

3.00
8.00
8.25
10.00
7.50
10.20
11 85
2.50
8.20
10.60
11.50
7.00
8.75
10.90
11.95
12.50
14.50

3.45
16.00
8.50
1.80
1.40

3.50

600

MRF901
SD1013

SD1019-STUD
SD1019-5
SD1127
SD1134-1
SD1136
SD1143
SD1219
SD1272
SD1278

INDUCTION AND DIELECTRIC HEATING SPARES
INCL

CERAMIC CAPACITORS
VACUUM CAPACITORS
GRID LAMPS
CARBON FREE HOSE
WATER FLOW SWITCHES

BT17A
BT95
C3J
C3JA
E55L
E 80CC
E8OL

E88CC
E9OCC
E 1301
EB91
EBC91

EBF89
EC90
ECC32
ECC81
ECC82
ECC83
ECC85
ECC88
ECC91

ECC189
ECF80
ECF86
ECF801
ECH81
ECL82

ECL86
EF80
EF85
EF86
EF89
EF91

EF92
EF93

LIST:

EF183
EF184
EK90

2.00

0A3

1.60
1.90
1.80
1 40

OB2
OB3

390

EL34
EL36
EL84
EL86
EL519

14 00

EL821

21 00

EN32

2.30
3.00
2.10
7 70
9 95
13 75
16 25

390
750

EN91

200

EZ80

21.25

EZ81

1 90
1 50
1 50

1.35
1.10
1.35

125

325
190

1.90
1.90

390
200
200
200
1 50
1 65
1 80

230
1 90
1 60
1 70

300
2 30
2 30
2 95
2 20
1 50

EL803S

EZ90
FG17
FG105
GXU1
GXU4
GZ34
KT66
KT77
KT88
ML8536
ML8741
NL SERIES

00V02-6
00V03-10
OV03-12
0Y3-65
OY3-125

0Y4-250
RG1-240A
RG4-3000
XG1-2500
XG5-500
XR1-3200
XF11-6400

0A2

TYPE

24 50
160 00
15 00
45 00

390
900
8 75
24 95
275 00
265 00
22 00

530
7.00

57 50
63 00
69 80
10 00
90 00
52 50
24 50
72 50
120 00
2 00

0C3
2C39A
2C39WA
2D21

2E26
2K25
3-400ZEIM
3-500ZEIM

3828
3C45
3CX100A5
4-65A
4-125A
4-250A
4-400A
4-40013

4-400C
41332

4C35A
4CX250B
EIM AMP
4CX250B
NAT
4CX350A
4X150A
5AR4
5AS4A
5R4GYA-B
5U4GB
5V4GA
6AH6
6AK5W
6AK6
6AL5W

TYPE

LIST:

6AU5GT
6A28
6BA6
6BE6
6BH6
6BJ6
6BK4C
6BN8
6BZ6
6C4
6CB6A
6CJ3
6CW4
6DC6
6E5
6EA8
6GK6
6HF5
6HS6
6JB6A
6JE6C
6JS6C
EK7

2.50
2.50
2.50
2.50

3990
4200
2.90
7.50
114 00
78 00
89 00
15 00
24 50
70 00
52 50
60 00
76 00
110 00
110 00
110 00
30 50
135 00

6K11

55 00

48 00
87 00
33.70
3.90
2.10
3.50
2.10
2.50
2.30
2.50

6A05A
6A05W

1.95
1.80
1.75
1.80

6AS6
6AS7G

2.40
4.30

BACKWARD WAVE OSCILL
CRT's

etc etc

IGN IT RONS

KLYSTRONS
MAGNETRONS
RECEIVING TUBES

1.70
1.95

2.15
2.00
4.50
3.50
2.50
1.95
1.80

2.30

800
2.45
4 20
2 25

250
4 25
3 95
4 70
6 25
4 70
2.50
2.25

6L06

625

120W7

1000's of VALVES TRANSISTORS IC 'a IN STOCK. PLEASE ENOUIRE ON TYPES NOT LISTED.

380

590

12AT6
12AU6
12AV6
12BA6
12BA7
126E6
12BY7A
12BZ6

OSCILLATOR VALVES
COOLING FANS/FILTERS

3 70

6KD6
6KD8
6L6GC

6011
6SL7GT
6SN7GTB
6U8A

SOLID STATE RECTIFIERS
RECTIFIER VALVES

LIST:

SOLID STATE REPLACEMENTS
THYRATRONS
TRANSMITTING TUBES

2.03
3.90
2.25

225
3.05

200
1.90
1.90

2.00
1.95

2.35
2.00
2.70
3.70
3.75

TYPE:

LIST:

813
934
935
2050

30 00
18 00
41 20

2050A
5544
5545
5557
5559
5727
5867A
5879
5965

4 80
81 00
95 00
24 50
52 50

5991

6130
6146A
61468
6360A
6550A
688313

6973
7027A
7199
7247
7262A
7360
7586
7587
7591A
7815AL-GE
7815R
8122
8906AL
15062

480

2 95
140.00

615
220
32 00
24 50
9.00
9.00
4 95

790
8 70
3 95

650

4 20
3 20
26 00
12 20
11 50
35 00

465

48 00
53 00
101 00
55 00
6 50

572B CETRON 55 00
807
810
812A

290

82 00
36 85

WE ALSO SUPPLY
EIMAC TUBES AND
ACCESSORIES

PRICES - CORRECT AT TIME
OF GOING TO PRESS
TERMS - PLEASE ADD £1.00
P&P AND VAT I" 15% to orders

ENTER 52 ON REPLY CARD
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Deciding h.f. radio's
future
With international broadcasting still expanding unabated,
this month's WARC promises to be the hardest -fought yet
- and maybe the most political.
D.P. LEGGATT

World Administrative

and, in cases where a fre-

(WARCs) take place

quality has been assigned, dis-

fairly frequently under the

couragement of further fre-

auspices of the International
Telecommunications Union

quency channels carrying the

same programme to a given

(ITU). An individual WARC is

target area.

quency channel of adequate

Radio Conferences

With these principles and
criteria as a basis, the conference outlined a planning
method whereby countries

usually concerned with one
sector of the radio spectrum 1.f./m.f., h.f., v.h.f., u.h.f. etc. or with a particular application

would list their requirements
with all necessary details, in-

of radio communications such as
land mobile use.

cluding any equipment con-

With one significant excep-

straints such as ability

tion, the ITU plans the use of all

to

radio frequency bands, from

operate only in a particular

9kHz to 400GHz at present, allocating segments for specific pur-

lar fixed frequencies.

frequency band or on particu-

The requirements of all

poses and allotting particular

countries would then be collated into a single schedule
and the appropriate frequency

channels to individual countries.

ITU membership has inter- Under construction: a new BBC relay station at Hong Kong.
national treaty status and nearly
all countries of the world are signatories. A
number of territories, mostly small, are not

ITU members; but they include Taiwan,
which is among the ten largest shortwave
broadcasters.
The h.f. (short wave) broadcasting bands
are the only frequency segments which are
not planned by the ITU. Efforts have been

and continuing increases in the global

band selected for each requirement.

amount of h.f. broadcasting, in the number
of countries participating and in the powers

Requirements would then be examined for

incompatibilities and remedial measures

of h.f. transmitters. Consequently the
amount and severity of interference has
steadily risen, much of it apparently

applied to relieve any apparent congestion.
These measures were to include progressive

deliberate; and there has been increasing

ference, followed if necessary by reductions

incidence of out -of -band broadcasting.

in the number and durations of individual

made to do so since 1947, but all have
foundered on the very significant excess of
requirements over available capacity in the
bands. Countries have not, on the whole,
been able to agree significant reductions in
their requirements.

WARC-HFBC
A further attempt is now being made to bring
more effective international control into this

reduction in the protection from inter-

countries' services during congested
periods.

A significant general requirement of the
planning method was that the system must

be optimized to ensure the maximum
possible use of all available channels.

control of h.f. broadcasting is embodied in

area. The first session of a WARC on h.f.
broadcasting took place in 1984, with the
second to be held in Geneva for five weeks

Article 17 of the ITU Radio Regulations. This

during February and March 1987.

programs for applying the planning method,
test the results and prepare a report in time
for the second session in 1987.

The existing approach to international

The first session agreed the following

amounts to little more than a requirement

for countries to state their broadcasting
intentions (frequencies, powers, target
areas, programme times) for the coming
seasons. These individual intentions are
collated by the International Frequency

statement of planning principles:
th

ereto, the planning of the higt
equency bands allocated to th

Registration Board (IFRB) into a 'Tentative

High Frequency Broadcasting Schedule'
from which all countries can at least deduce
what interference they may expect to receive
from others. No specific action is called for

and Article

17 is

largely a vehicle for

registration and exchange of information.

Article 17 was first formulated in 1959,
originally as Article 10. During nearly 30
years of its operation there have been major

ELECTRONICS & WIRELESS WORLD

theillil. a

e ecommun cations Convention an
ith the Radio Regulations annexe
broadcasting service shall be based on th
'

principle of equal rights of all countries
large or small, to equitable access to thest

The first session of the conference
requested the IFRB to develop computer

THE IFRB PLANNING SYSTEM
The IFRB has now produced its computer based system, necessarily filling in details
where the outline planning method was not
specific.

The system first examines each frequency

Other agreements at the first session set
out technical criteria for broadcast services,

band hour by hour to determine whether
congestion exists. If there is none,
broadcasters' requirements can be met on
the basis of high -quality service with co -

such as minimum field strengths and

channel protection ratios of 27dB or better

interference protection ratios in reception

and adequate margins to allow for fading and

bands."
II -
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the h.f. bands, to whom and when.

geared to the requirements of a point-to-

Requirements of all countries would be
taken fully into account by the system, but

point communications network where
professional receivers and operators are

the final determination of what could be

available to cope with frequency changes,

broadcast would rest with the IFRB planning
system.
During the past year the system has been
tested with a set of requirements submitted
by ITU members. Taking a very global view,
covering all frequency bands and all hours of

rather than to broadcasting where the

'suspension rules' is brought into play. The

first three rules, NI to N3, suspend

the day, this first plan mail ages to assign
frequencies to about 73% of requirement -

h.f. bands. But no broadcaster, large or

frequency requirements in a given band

hours; and of these requirements with

small, will find it easy to accept the loss of
audiences which time breaks and frequency

which appear to duplicate a country's service
to a given target area. Simultaneous services
from one country to any given target area are
regarded as duplications, even though they
may be in different languages.

assigned frequencies, 60% have signal -to -

changes would entail. Indeed, the rapid

interference ratios equal to or better than

frequency changes would be difficult for the
broadcaster to implement without a standby

multiple interference.

If the number of required channels
exceeds the number of channels available in
any band -hour, then there is congestion and
measures to resolve it are applied.

Interference and fading allowances are
progressively reduced, down to a co -channel
protection ratio of 27dB at this stage.

If this reduction of technical standards
fails to resolve the congestion then a series of

Rule N5 suspends requirements to
transmit simultaneously from one country

to a given target area in more than one
frequency band. The requirement in the
most congested band is suspended, even

17dB.

These overall figures conceal some very
different patterns when particular bands and
hours are considered.
For a worst case we can look at the 6MHz

band in the most congested hour, 23.00
GMT. To satisfy all requirements with good

technical quality, a total of 293 frequency

though the other band or bands may not be
the best on propagation grounds.

without limit, until congestion is resolved.
FREQUENCY ASSIGNMENT
With congestion resolved, the next step is to

assign frequencies. Attempts are made to

preserve frequency continuity for the
duration of a requirement and between

A few developments are possible which could

increase the capacity available for
international broadcasting.

extensions could be great enough to do more
than slightly ease existing congestion.

Single-sideband working could offer a
useful increase in channel availability. But

the provision of cheap and stable s.s.b.
receivers poses formidable problems and it

often be enjoyed.

suspension procedures, interference
protection ratios are further reduced,

ADDITIONAL CAPACITY

and 7MHz bands. Welcome though this
might be, it cannot be expected that

in the context of shortwave broadcasting
where interference -free reception cannot

If congestion persists despite all these

available.

extensions to the heavily congested 6MHz

represents good quality reception; a ratio of
17dB might provide just -acceptable service

non-consecutive periods of 30 minutes each.

transmitter which many might not have

broadcasting, particularly in the form of

a signal -to -interference ratio of 27dB

down to a minimum of 30 minutes in each
congested hour. Thus, for example, a twohour requirement may be cut down to two

Some smaller countries may have high
hopes that a new planning system will offer
them readier access to clear channels in the

At some future date it might be agreed

channel interference protection ratio, down
to a value of 17dB if necessary. To put these
measures into perspective, it can be said that

applied. This reduces transmission time

locating a programme on a new frequency.

that additional h.f. spectrum be allocated to

Rule N4 does not suspend any of the
requirements but further reduces the co -

If congestion still remains after the
application of rules Ni to N5, then rule N6 is

listener will have difficulty in quickly re-

would be very many years before the existing

BBC Far Eastern relay station at Kranji,
Singapore.

world stock of d.s.b. receivers could be
considered to have reached the end of their
useful lives.

channels would be needed, whereas only 25

There is the possibility of direct radio

are available. Only 40% of requirement
hours can be assigned a frequency and of
these only 5% have signal/interference

broadcast from satellites. This could provide

ratios better than 17dB; 49% have negative
ratios, indicating interference greater than
the wanted signal.
Another disturbing feature of the plan is

that many requirements, although given

a useful although limited increase in
available channels; but again the question of
receiver cost rears its head. If, on the other
hand, low -power communication satellites

are envisaged, it must be remembered that
reception and local distribution would be
possible only with the co-operation of the

frequency assignments, do not enjoy time or
frequency continuity. Transmission periods
may be fragmented into discontinuous 30 -

authorities in the receiving area.
These developments seem likely to offer

minute blocks and one or more frequency

problems.

useful extras, but not to solve basic
A different kind of effective increase in

changes may be entailed.

consecutive requirements, recognizing also
any requests for preferred frequencies and
any frequency constraints due to equipment
limitations.
If it proves impossible to assign
frequencies to all requirements, frequency

An unfortunate example is that of one
small country which wishes to broadcast

spectrum capacity would be afforded by the

continuously for 18 hours per day. The plan

suffer jamming tend to respond by

does indeed satisfy the requirement with

transmitting their programmes on several
frequencies simultaneously, which are all

continuity and preferred frequencies are

every hour throughout the 18 hours.

disregarded.
As a final step, requirements which have

been suspended are re-inserted into the
system to see whether they can be fitted in
with no interference protection and without

adverse effect on requirements already
included.

IMPLICATIONS OF THE PLANNING
SYSTEM

One of the most significant implications of

the proposed system is that governments
would lose their existing sovereign right to
decide what services should be broadcast in
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frequency assignments covering the whole

period - but with a change of frequency
IS THE PLAN WORKABLE?

The disagreeable consequences of the plan
stem mainly of course from the inescapable

fact that many more people want to do
shortwave broadcasting than there is room
for in the available bands.
Nevertheless, it may be

cessation of jamming. Countries which

jammed in due course; so the channel losses
due to jamming are cumulative. But this of
course is a political matter which an IFRB
plan cannot take into account.

PROSPECTS FOR 1987
It is clear that the 1987 second session will
hinge as much on political considerations as

on technical aspects and it might well be

argued that a

concluded that the proposed planning

major shortcoming of the plan is that it is
too much influenced by the conference's
exhortion to ensure maximum possible use

system will not do as it stands. The outcome
cannot easily be foreseen.

of all available channels; it is this that leads
to a preponderance of time and frequency

Pat Leggatt is the BBC's chief engineer,

discontinuities. The system seems more

external relations.
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Japanese displays reflect UK

shortfall
"The UK had a two to three-year lead in this technology but
this lead has been totally dissipated by indecision about
potential commercial exploitation"
The findings of a DTI -sponsored factfinding visit to Japan offers some

18-

sobering thoughts to the British industry. "Japanese companies are mounting

16-

greater efforts in research especially on
active -matrix I.c.ds, and at the same time
have enhanced their ability to develop very
rapidly products based on ideas from anywhere in the world." So says John Raines of
the electronic application division of the
DTI, during last December's seminar, reporting on the visit. The British delegates
attended the Japan Display Conference, the
Japan All -Electronics show and visited sever-

by thin-film transistors (t.f.ts). These are
chiefly intended for use in portable/pocket
tvs: 2 to 3in diagonal pocket tvs are already
available at about £250 from Seiko -Epson

20

and Matsushita. All but one of the t.f.t. I.c.ds
used amorphous silicon as the semiconduc-

14-

tor. The exception was Seiko -Epsom who
12-

to integrate peripheral drivers. All the devices were based on the twisted nematic
effect, they all contained RGB filters and
were illuminated by a specially developed

-J

X

m

6-

.

bers of the delegation reported on some
aspect of the visit relevant to their specialization.

Two impressive and significant flat -panel
developments are the colour active -matrix

additional advantage of possibly being used

.2 10-

al flat -panel display manufacturers. Mem-

SUPERTWIST

use polycrystalline silicon which has the

Consumer

,

Industrial

backlight.
The general belief in Japan was that these

displays would be limited to eight to ten inch diagonals because of production costs

and yields. However Seiko -Epson has
86

88

90

92

YEAR

already demonstrated a projection system
which produces a display with a one -metre
diagonal. A demonstration display which
contained many defects but still represented

I.c.d. tv and the A4 -size supertwist graphics
display. Long -pitch cholesteric liquid crystal
cells incorporating pleochroic dyes were the

Projected world demand for active matrix
displays

superceded by either the ferroelectric or a

first type of supertwist displays to be re-

cost-effective active -matrix l.c.d.

ported and patented in 1983 by researchers

Supertwist displays use at least twice the
molecular twist of standard twisted-nematic

agree that "The Japanese are committed to
the large-scale production of active matrix

at RSRE Malvern. Subsequent work by
Brown Boveri in Switzerland led to the
discovery in 1985 of another type of super twist device based on the supertwisted birefringence effect (s.b.e.). The s.b.e. is a solution to the task of electrically driving I.c.ds at
high multiplexing levels (64).

A number of Japanese I.c.d. companies
have been quick off the mark to develop the
supertwist effect, and are now marketing -

within a space of 18 months - large, (A4)
I.c.d. graphic panels with 400 by 640 formats, working at duty cycles between 1:100
and 1:200. Supertwist panels are proving to

devices and be classified into the s.b.e.
display with 270°C of twist; and the super twisted nematic (s.t.n.) display which can be
configured between 180 and 260° depending
on the required multiplexing level.
In addition to these developments, much
effort has been directed toward providing flat
fluorescent back lighting. Combined with

the appropriate filters they can be used to
more nearly reproduce a printed page by
overcoming the yellow or blue appearance of
these displays.
Research programmes are concerned with

a "remarkable achievement" was a 14in
display by Seiko Instruments.
Drs Migliorato and Moseley of GEC Hirst

displays but the traditional step-by-step
approach to research and development
adopted by Japanese companies may prove to

be unsuccessful and innovations by companies in Europe may be needed for their

successful large-scale production. The
advantages to the UK in this case should not
be lost because of lack of investment."

FERROELECTRIC DISPLAYS

Japanese research into ferroelectric I.c.ds is
limited by the available liquid crystal materials. The technology has proved more difficult than twisted nematic devices, but high -

be the answer to the portable computer

developing saleable products, where a de- resolution demonstration cells are now

industry's - and other's - prayers for a c.r.t.
replacement, and are expected to become a
major seller in the future.
Like a number of other good ideas, the

tailed understanding of the fundamental being made. Some problems still need to be
physics is seen as a means to an end. Once a solved before manufacture can start. The

supertwist effect is one of the latest pieces of
I.c.d. research to be successfully exploited by
the Japanese. In contrast, efforts by UK I.c.d.

general are both greater than those available with other two -level displays can be used to
to a British company. A pilot line producing produce a greyscale.
One of the drawbacks of these devices is
pre -production devices for demonstration is
usually larger than the biggest UK l.c.d. that there is limited theoretical knowledge
of how they work. Another is that very
production line.
high-speed materials are needed, faster than
those available commercially. Ferroelectric
ACTIVE MATRIX -ADDRESSED
I.c.ds require different surface treatment
DISPLAYS
from other displays. The devices respond to
All of the major Japanese display manufac- d.c. rather than a.c., so new drive schemes
turers have research and development pro- have to be developed.
Under the UK's JOERS/Alvey programme
grammes on active matrix I.c.ds addressed

companies have been sluggish in comparison and hampered by the usual low levels of
investment or through failure to appreciate
the significance of the s.b.e., caused to some
extent by being component and not product led.

Because of inherent restrictions of colour
and speed, many Japanese companies regard

supertwists as a stop -gap solution, to be
ELECTRONICS & WIRELESS WORLD

research programme has been agreed, man-

displays are fast bistable devices with virtual-

power and funding are allocated which in ly unlimited resolution. Techniques used
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small -area test displays using ferroelectric

CURRENT STATE OF ACTIVE MATRIX L.C.0 DEVELOPMENT IN JAPAN

materials have been demonstrated. They
have achieved much faster change rates than
Japanese versions and video rates appear to

COMPANY

SIZE am2

PICTURE

COLOUR QUALITY

tilMENTS

VIDEO

DEEMS

AC1IV1
MA110101

-25 point
defects 4
line defects

aSi

DEMOBSTRATEU

be feasible. It is aimed to develop the

technology and demonstrate high -

Asahi Glass

100 a IOU

250 a 250

Poor commercial
filters

No

Poor commercial
filters

yes 16
grey scales

-50

aSi

Very good

No

None

aSi

Very good

No

resolution panels by 1988.
DISPLAY MARKETS

Fujitsu

120 a 90

(320o3) a 240

Hitachi

138 . 96

(200,3)

it

640

APPLICATION

Ear

STEW.

Pre-pilut

Dashboard

Pre -pilot

"Pre-pilote
coloured
VDU

Most of the market in terms of volume will
be in tv and consumer applications, having a

66 a 08

NEC

480 a 378
(240
252)

Seiko Epson

88 a 96

electronics, and this will be served primarily
by colour active -matrix I.c.ds in sizes up to 8

Seiko
Instruments

210 a 300

TV A

coloured

NGB Trio)

major impact on portable entertainment

laboratory
prototype

VDU

440 a (1600)

Very good

No

None

Poly Si

640

Poor on ("5

Yes

-50 point
detects -10
line defects

aSi

-20 point
defects

aSi

IV

40

a

10 e.2

TV on Sale
(400.3)

display. But good
colour technology

or 10in diagonal. The current enthusiasm
for twisted nematic and supertwist displays
is likely to be short lived and be replaced by
the active -matrix types, or by emissive displays such as electroluminescent or plasma.
For the larger displays (up to 35in diagonal)

Sharp

these emissive types are likely to offer advan-

Hosiden

tages over I.c.ds because of the power and
size of the backlighting required for I.c.ds.
For even bigger displays the l.c.d. again has

aSi

65 a 48

360 a 240

Very good

Yes

IV &

coloured

Laboratory
prototype

VDU

IV t

coloured

Have set Up d
production line

VDU

Toshiba

192 a 144

640 , 400

Matsushita

254

192

640 a 400

101

130 a 130

240 a 480
650 a 650

Very good
Very good

135. 711

408 a 640

Very good

Mitsubishi

17

e

Very good

cm line
defect
I

Yes

TV

None

No

Part of line

No

possibly
or 2

I

aSi

Pilot line

,Si

3 inch IV on
Sale

aSi
aSi

On sale in
I Year

aSi

IV

806
teiephone

the advantage when used in a projection
system. Many companies are looking into

and their subsequent characterization were

liquid crystal light valves as a way forward.

capability to manufacture them, whilst

the major research tasks described and it was

maintaining our excellent material and device research", said Dr David Lacey of Hull.
"Otherwise we have to export our materials,
and once again we will have become victims
of the great British disease; good at inventiveness but poor on application."

clear that the Japanese were building their
JAPAN DISPLAY '86

The delegation attended the Japan Display
'86 conference where liquid crystal displays
had the largest proportion of contributions,
with over a third of the papers. They covered
all aspects of the field from colour filters and
materials, through impressive active -matrix

demonstrations to the more fundamental
research being undertaken on ferroelectric
smectic devices.

Nearly half of the liquid crystal papers
were concerned with active -matrix displays.
The first session on this topic followed the
keynote address of Mr Sasaki of Sharp who

had highlighted the role of 4 to 6in full colour displays in the future generation of
portable tvs and pocket information terminals. It isn't surprising therefore that this

topic was supported well by Japanese con-

tributions. It was clear from the type of
contribution that the technology is maturing rapidly toward production with many

papers concentrating on the product
oriented research of increasing display size,
improving thin-film transistor (t.f.t.) yield

with redundancy and repair systems and
achieving good greyscale performance.
From GEC and LETI, in Europe, came some

novel electrode geometries for displays
driven from polycrystalline and amorphous
silicon (aSi) t.f.ts respectively. The aim of
these structures was to decrease the complexity of manufacture and potentially improve yield. The largest device demonstrated
was a 14in aSi device, while the Hosiden 5in
colour tv demonstration gave the best picture quality, colour and grey scale.

The papers on ferroelectric smectic C
devices were at a much earlier stage than
active matrix in the research and development cycle. All but two of the papers were
from Japan; the other two being from RSRE
(Malvern), reporting work from the Joint
Optoelectronic Research Scheme/Alvey collaboration in the UK. Alignment of samples
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own database of experimental observations.

In contrast to some of their previous
displays work, they are intent on building
some level of theory to explain their observa-

tions and not waiting for input from elsewhere. This is exemplified by a paper from

Hitachi which has achieved true bistable
switching of a thick cell based on its previous

theoretical studies of the role of elastic
constants of ferroelectric smectic materials
on bistability.
Supertwisted birefrigence effect (s.b.e.)

displays were already coming on to the
market, and were considered as an existing
technology; so papers concerning this were
on enhancing the success - the fine tuningof such devices. Two areas of effort were in
improving the response time, and the align-

ment process that will allow larger twist
angles and hence a higher level of multiplexing.
Hitachi reported further work on its laser scanned smectic A device. It is developing a
multi -colour system to give a 2000 by 2000
matrix and eight colours.
The overall impression of the conference,
according to Dr Frances Saunders of RSRE,
was that the Japanese companies are moving

LESSONS FOR THE UK
From Japan. the UK is viewed as a valuable source
of novel ideas, most of which are published openly
as scientific papers. Overall benefit will only

accrue to the UK if these ideas are rapidly exploited, in a full commercial sense. Patent protection is not very effective in this respect companies
will only stay ahead of the competition by moving
quickly into production. This requires an enormous
uplift in the UK's production capability and flexibil-

rapidly from research and development to
production, particularly with active matrix
and supertwist displays. Although no working demonstrations of ferro-electric smectic

ity. Most Japanese research and development
schemes have access to pilot and/or production
lines. The pilot alone offers a capability greater

displays were on show, visits to several

investment required to build up to the projected

Japanese companies showed that this was an
area of significant active development. The
pace of I.c.d. technology in Japan is unabated
and is outstripping both the UK and USA.
One area where the UK still had a lead was

in liquid crystal materials research. Both

than UK production lines.
To get back into the world market it is necessary
to commit a minimum of f5m to f 10m, with further
Japanese level of production.

One viable route for UK companies might be
through joint ventures with Japanese companies.
The UK can still offer significant contributions from
its current research base. The Japanese can offer
their development and production expertise.

There needs to be more 'vertical integration' the matching of components to the appliances
which will use them. Many of the Japanese research efforts are run by the consumer product

material and display device research of such
places as the Uniyersity of Hutt, RSRE, BDH,
and STL would be considered very large even
by Japanese standards. But the UK has fallen

manufacturers. And the Japanese with large manufacturing bases are quick to incorporate new ideas
into their products. UK manufacturers should do so

behind in manufacture and "if we are to
compete with the Japanese in large -area

would be wasted if the technology were not ex-

display devices, we must vastly improve our

too.

The massive UK research into flat -panel displays

ploited. This requires the commitment of UK
manufacturing companies.
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IUPDATE
Packets all
around the
country

by a special allocation of funding

announced by the University
Grants Committee (UGC), which

will enable the University to increase the staff and facilities of its

department of electronics. The
extra accommodation needed
will be provided by a new build-

The Department of Trade and
Industry has cleared the estab-

lishment of ten experimental

ing which will be erected close to
the present Physics and Electronics Building. This new building
will also house the York Electronics Centre, which is part of the

amateur radio packet relay stations. These new relay stations
extend the distances over which
Britain's 57,000 radio amateurs

can exchange short duration
'packets' of information. The
new packet relay stations use

department, enabling it to extend the design and consultancy
services it provides to industry.

high-technology hardware and
software to enable a number of

The department of electronics
took its first students in 1979.

UK radio amateurs to operate on

Since 1984 the annual intake of

one radio channel. As a result,

undergraduates has been 45,

this type of transmission extends
the use of computer technology
in r.f. experimentation and leads
to increased frequency usage.

The little box on top of the radar monitor is a speech recogniser,

Macrospeak from Marconi, and is claimed to have overcome
the drawbacks of such systems. The unit can recognise 650

Another first which comes

words and transmit them through an FS232 line to any

with the introduction of the repeaters is the ability to pass
communications from relay to

trials as part of an aircraft control unit responding to com-

v.d.u.-based computer system. This offers hands -free control of
computer commands. The system has undergone successful
mands from the aircrew.

relay around the UK. The Radio

Society of Great Britain, who
have planned a 14 month experiment with the DTI, believes that

Asic design

packet communication will

agreement

eventually be possible throughout the UK with links via h.f. and
satellites to similar national networks in other countries. Within

ES2, the European consortium

set up to produce application

the UK plans are in hand to

number of messages. The satel-

specific i.cs using a direct write
on silicon technique, has signed
an agreement with Sun Microsystems to amalgamate the ES2
Solo 2000 custom v.i.s.i. design

lite team at Surrey University

system with the Sun -3 work-

plan to use their amateur radio

station.
Both parties are very pleased
with the deal. Rod Attwooll man-

provide microwave linked packet

switching relay stations as a
means of handling a greater

and educational satellite (UOSAT
II) to retransmit packets to overseas stations.

and Sun are committed to the

to develop and manufacture
digital hardware and software

open systems concept and using

and v.h.f. and microwave hard-

Ethernet. Solo 2000 software in
combination with the Sun workstation offers a flexibility, which
in terms of power and cost effectiveness will prove unrivalled in
the market place."
Bill Passmore of Sun Microsystems UK added: "It is very

micro -computers can be combined with experimental radio
technology thereby encouraging
radio amateurs to develop their
expertise in the most up-to-date
methods of communications.

incorporate individually designed cells for special functions
as well. The system is available in
modules which can be added as
required, and build up to a complete design, layout and test sys-

tem for custom i.cs as well as
semi -custom designs in both
analogue and digital circuits.

aging director of the British Sun produce Unix -based techbranch of ES2 said: "Both ES2 nical workstations which are

The packet system provides
the opportunity for UK industry

ware. A new type of antenna has
already been developed in the UK
for packet radio. The availability
of relatively cheap and powerful

design system structured around
a unified data base, built around
the SDA v.i.s.i. toolset. It is
designed to cope with the most
complex circuits built from macrocells and yet has the ability to

standards such as Unix and

important to us to forge partnerships with companies offer-

ing advanced technology in

sold to other manufacturers who

add software and hardware to
produce systems for cad, cam,
artificial intelligence, software

engineering, electronic publishing and automatic test equipment.

More

electronics in

most of whom are sponsored by
industrial firms, including 20 by
British Telecom.

The continued growth of the
department will also enable it to
strengthen its research groups in

communications (including
electromagnetic compatibility),
control (including flight control
systems), microelectronic devices, and image and speech pro-

cessing. The extra income has
also made possible the introduction of a new course in avionics.

In the recent review of all university departments in Britain by

the University Grants Committee, the research work of this
department was classified as outstanding.

Holographic
airbourne
display
Yet another form of head -up dis-

play (h.u.d.) for pilots is one
developed by GEC Avionics. This

uses diffractive optics (holograms) to provide the pilot with a

wide field of view suitable for
both day and night operations.
Computer -generated symbols
are projected into the pilot's forward view, making it unnecces-

sary to look down at instruments.

York

This display is the latest in a
series of GEC Avionics h.u.d.

The Radio Society of Great

order to continue to provide cus-

Britain's packet relay station lo-

tomers with the products that

The annual intake of students

raster (TV -like) display, as well as

cated at their headquarters in

they need. We are very pleased

into electronic engineering

stroke -written (vector) symbols.

Potters Bar, Herts, was officially
switched on by the DTI's Head of
Radio Amateur Licensing Section, Barry Maxwell.

that ES2 has chosen Sun to

courses at the University of York

provide a platform on which to

is to be increased from 45 to 70 as
from October 1987.
This increase is made possible

The raster display depicts the
night scene, as produced by a

offer their products.
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Solo 2000 is an integrated

designs capable of presenting a

forward -looking infra -red
(f.l.i.r.) image, superimposed ex -
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The sturdy alternative and

actly in scale and in the correct
location, so that the pilot literally sees in the dark. In conjunc-

key -management -flexible RSA
algorithm (after Rivest, Shamir
and Adleman) following years of
under -utilization in the shadow

tion with the vector graphics

symbols, this arrangement
allows pilots to use, at night, the
visual clues they normally use by

of DES, may now make its break-

through as ISO adopt it as an
international standard algor-

day.

ithm along with DES.

GEC Avionics first announced

flight tests of night vision displays in 1971, with a system
which has since seen long service
with the United States Navy. This

h.u.d., however, has a conventional field of view (the angles
subtended at the eye by the
boundaries of the display). The
use of holograms, or diffractive
optics, is to make the pilot's field

of view much larger than

Credit-card data
bank
A credit card sized "memory
bank" which can hold up to 800
pages of text, eight photographs
or a combination of both is to be

is

currently possible with conventional optical techniques, thus
giving greater safety and effec-

in low altitude manoeuvering by day and night.
Apart from the large instan-

supplied by British Telcom. A
licence to sell the tamperproof

tiveness

taneous field of view,

cards, known as LaserCards, has
been purchased from the Drexler
Technology Corporation of California, which holds the patents.

This eurocard has incorporated a number of 'daughter' sub circuits which are individually plugged into zif sockets. This

aids testing and repair and is an example of hierarchical

(30°azimuth by 1 rvertical I,

interconnect technology. mentioned in our feature last month

other important gains are pro-

as "the basis of the next generation of p.c.b. interconnect.

The LaserCard makes avail-

able in a low-cost credit card
format up to 2Mbytes of data.
The data can be imprinted by

vided by the new design. One of

these is the ability to apply a
computer -programmed correc-

tion to the displayed information, in order to optimise windscreen canopy corrections, augmenting techniques used in the

optical system to ensure high
accuracy over the total field of
view.

Communications standards
centre
Work has started on setting up
the first British information centre for communications standards. It will be located at the
Production and Engineering Research Assocation (PERA), Mel-

ton Mowbray, which has been
contract by the
awarded a
DTI. Known as the ComCentre.

it will provide information services and demonstration facilities to help manufacturing and
process industry wishing, to in-

troduce Computer Integrated

Manufacturing (CIM). MAP
(Manufacturing Automation
Protocol) and TOP (Technical
Office Protocol) communication
standards will top the list of
priorities for the establishment

of standards. As part of its information services, the centre
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will collect published materials
from all over the world on com-

munications standards and
establish an on-line database accessible to all its members. It will

also organise awareness seminars and conferences, training
programmes and visits to company demonstrations, and will
link with organizations involved
in communications standards.
The ComCentre will be operated by PERA, the Institution of
Mechanical Engineers and the
Institution of Production Engineers.

na, however, there stands the
national standards organisations, writes Steve Cameron.
Although the British Standards
Institute (BSI) has published its

photographic techniques at the
time of manufacture or subsequently by low-cost lasers. The

own efforts in the field of in-

accidentally or deliberately. They

formation technology it has decided to support and adopt the
ISO work on data security. The

are also cheaper and faster to

There is a fierce battle by companies cooperating with the International Standards Organization to implement Open Systems
Interconnect principles first and
so become the standard implementation. The network systems
business has vast potential to
realize the OSI concept and the

first product in the market
stands to gain overwhelming
precedence.

In this highly competitive are-

difficult to corrupt either
produce than other data storage
media such as floppy discs.

OSI philosophy, which points

British Telecom is negotiating

the way to how systems should

with a major London hospital

be designed to communicate,

which is considering the use of
LaserCards for holding maternity records. Photographs of Xrays, sonic scans, and medical

disseminated seven layers, all of
which may be compromised with

respect of security, clearly indicating the problems of data
security and integrity.
The Data Encryption Standard
was approved for US government

Communications security
and standards

cards are intrinsically secure and

use nine years ago, being reviewed and re -certified after five
years. It is now understood that
it will not be re -certified when it
comes up for review in 1988, and

consequently government applications in commercially secure areas will be implemented
using unpublished algorithms.
This decision, although opening
a larger market for secret algorithms. will prevent public aware-

notes can all be held on the same

card. Other fields where the
cards have found application in
the USA, Europe and Japan include financial payments and records, data collection, distribution and security. British Tele-

com anticipates that the combination of secure personal data
record with the facilities of com-

munications networks will lead
to even more effective solutions
to many of the requirements of
information technology users.

British Telecom will also
supply the equipment for record-

ness and scrutiny to point out

ing and reading data on the

possibilities of abuse.

cards. Currently these cards and

The compromise of DES will

the recording equipment are

made in the United States and
that financial institutions have Japan, but there is a possibility of
placed on such an algorithm local manufacture, should deno doubt come. The dependence

must be reviewed.

mand in Britain merit it.
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UPDATE
T16 mixer system. However, in
this case due to the limitations of
the input matrix, there are only
eight inputs supplying the preset
and foreground/effects buses. In
addition to a full range of wipes
and mixes. the effects bus can
operate in a number of modes
including split screen, chroma-

Digital tv studio
The Independent Television
Companies Association (ITCA)
has developed in its laboratories
the first digital component video

studio working entirely on the
'world standard' for studios and
video recorders. The system has
now been temporarily installed

key, internal key and external
linear or instantaneous key. Col-

at Thames Television's studios at

our fill and border control is
available with selectable hue

Teddington. where it is being
assessed under operational con-

saturation and softness.

ditions whilst further development is undertaken. The ITCA
Technical Development Board

All internal signal processing
in the mixer is in 4:4:4 format.
This uses a novel arithmetical

has been developing the compo-

process with pre and post filtering to interface with the

nent parts of a complete digital
video studio for over seven years.

4:2:2 buses. By using 4:4:4 within the unit the same precision of
control of each component sig-

Funded by the ITV companies.

the ilmillion project has
reached a significant stage where

nal is achieved and this gives
better processing than 4:2:2.

it is now possible to record and
edit a television programme us-

Signals from each 4:2:2 bus pass

ing digital component techni-

through an ITCA-designed timing corrector to ensure precise
synchronization of the input signals for processing. This is an
important factor where signals
are taken from various sources
(as in this instance) and eliminates the need for precise source
timing.

ques in place of PAL encoding
and distribution.
The digital equipment operates on the parameters established by CCIR Recommendation

601 which are now more commonly referred to as the 4:2:2

system. The interconnection
standard is the bit -parallel format specified in EBU technical

Field store and digital video

document 3246.

effects
The Gemini field store was speci-

Sources and codecs

fically modified by Abekas for

Red, green and blue analogue

4:2:2 inputs and ouput. Its prime
function is to produce a limited
range of digital video effects for
the mixer. The Gemini provides

output signals from three cameras and one telecine from Thames
Television studios are converted

to 4:2:2 (Y:U:V) digital components in ITCA-designed coders.

picture position manipulation,
horizontal and vertical reverses,
mosaic, quantization and freeze
frame with adjustable rate. The

Each coder contains a triple a -to -

d converter and multiplexer; the
corresponding decoder contains
a demultiplexer and triple d -to -a
converter. The RGB output of a

slide scanner is similarly converted to 4:2:2 via a coder. An
ITCA-designed PAL comb -filter
decoder operating entirely digi-

field store may also be selected by

ator provides an alternative input to any one of the codecs for
test purposes.

tally, has a 4:2:2 output. This
provides a means of accepting
PAL composite signals as sources

where three are no alternatives

(for example from archive recordings). Further sources include: an Aston -4 character
generator which is 4:2:2 compatible. an Abekas Gemini field

store which can be used as a
synchroniser and as a transcoder
between PAL or RGB sources and

4:2:2 and two Sony DVR1000

Routing switches
The system employs two routing
switchers which have been de-

cable runs in the installation are
less than 1000 metres and the
bit -parallel format was chosen
for interconnection rather than
the high frequency serial format.
The parallel format also offered a

more economic solution even
veloped by Pro-bel under an allowing for the higher installaITCA contract. Each switcher tion cost of the special twisted
accepts eight inputs and provides

pair cables.

four outputs. One switcher is
dedicated to the digital mixer Mixer
while the other one provides The mixer, which is an expreview facilities, monitoring perimental prototype, is the re-

and input selection for the
d.v.t.rs. Following the successful

sult of a long term development
contract between ITCA and Abekas Cox (originally Michael Cox

digital video tape recorders

production of these 8 by 4

which have 4:2:2 output. A Tektronix component signal gener-

switchers, larger matrices are

Electronics). The mixer

now under development. All

architecture is based on the Cox
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the mixer for re-entrant multiple
effects. All control connections
for both the mixer and the video

effects are via simple RS 422
serial interfaces. More complex
video effects can be easily be
added to the system.

Synchronisation
The normal sync reference distribution to the inputs of digital
codecs (a -to -d and d -to -a conver-

ters); and source equipment are
mixed sync pulses supplied from
an Acron pulse generator locked
to the Thames studio reference.
Synchronisation of equipment at
digital level is either through the
sync pulse generator (s.p.g.), developed by Acron under an ITCA
contract. This s.p.g. is capable of
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genlocking to a 4:2:2 signal and
produces both digital and standard reference signals for moni-

Sound

about £200 and the dish anten-

Currently, analogue sound signals are used in the studio but in

nae could be as small as 450mm

In brief

or even 300mm in some areas.

Acorn Computers have won a

toring purposes and for

re -

the future digital audio will be

coding the output signal to PAL
if required.

incorporated, based on current
development work in this area at

To overcome the problems of
insuring the launch, they hope

major order to supply 1500 Master Compact and 200 Master 128

to buy (or hire) a vehicle in orbit.
BSB expects to have 400 000
viewing homes by the end of the

computers to a Polish mining
cooperative. The deal is worth

another ITCA laboratory.

Monitoring
Production monitoring use two
colour monitors (one for preview
and one for programme output)

First d.b.s.

and eight monochrome moni-

licence

tors for sources. All colour monitoring is at RGB level, decoded

from 4:2:2, whereas source
monitoring is of luminance only,
derived from the codecs or the

source equipment. A separate
RGB decoder is used for an en-

gineering colour monitor, the
input of which can be switched to

monitor most of the other input
and output signals.

Last December the first 15 -year
British d.b.s. licence was issued
by the IBA to BSB, a consortium
founded by Granada, Anglia, the
Virgin group, Amstrad and Pearson. This consortium was coordinated by Andrew Quinn of Granada who said that they hoped to
begin a four -programme service

on three satellite channels in

With their recent move to

including those who may get the
programmes via cable. The five

Milton Keynes, NEC Electronics
have established a new design
centre for semi -custom application specific integrated circuits
(asics). In addition to increasing

companies have committed
£80M to the project with £120M
being underwritten. Further investment is sought and the total
cost is likely to be £500 to 600M

and software their design team,

before it starts receiving any

led by design centre manager

profit.

Bob Laird, has been increased to

'Screen' is a film channel to be

offered to subscribers at about
£2.50 a week. The three other

services will be free

advertisment-supported chan-

Engineering tests
By a suitable choice of either

1990: Now, Screen, Zig-zag and

nels: 'Now' for news and current
affairs, 'Zig-zag' for children and

Galaxy.

'family' programmes, and

RGB or digitally -derived test sig-

The consortium is now look-

nals, conventional waveform

ing for a satellite. They are being
advised by Telesat of Canada and

monitors and oscilloscopes have
been found adequate for testing

and fault finding on the experimental system. However, a
programme of development has
been started to incorporate auto -

testing and monitoring facilities
within the system.

120W/channel with a standby
spare vehicle in orbit. Adapters

'Galaxy' for 'entertainment'. The
usual IBA requirements on impartiality, balance, decency etc
will apply but there is no requirement for d.b.s. channels to provide a mix of information, education and entertainment. It is not
clear how the four services will
time-share the three transpon-

to receive the signals would cost

der channels.

talking to British Aerospace,
Hughes, RCA and Eurosatellite
about a five -transponder vehicle

with output powers of 100 to

about £1M.

the first year of operation; not

their investment in hardware

14 engineers. NEC believe that
they are able to offer more and
better facilities for semi -custom
asics than any major semiconductor manufacturer in Europe.
The combination of hardware,

software and the design engineering team makes it possible

for equipment designers with
almost any level of experience in
design and customised asics to

use the new service. Various
levels of design are provided,
from NEC producing an i.c. from
a customer's circuit diagram and
test pattern to providing remote
terminal access to NEC's computer, and within the constraints.

NEXT MONTH IMMO
Soldering technology. We examine
the techniques used in mounting

components on printed -circuit
boards, from basic hand tools to
industrial flow -soldering equipment.
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Digital image processing.

Two-

dimensional, digital signal processing techniques are used in

and

ohlirrishiYith

(unction.

data compression, enhancement and

Tooling

restoration. This article provides an

ourfuo

overview of the technology.

Digital audio broadcast.
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delta modulation is an efficient and

1:or:yg

practical method of broadcasting

itsnaftmnon

audio and stereo television sound via
d.b.s., cable and terrestrial transmitters.
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Intelsat; for
PCW112461
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High -resolution c.r.t. drivers. The
design of high -voltage, high-speed

mplifiers for driving high -

resolution colour tubes. The ampli-

fiers possess wide small -signal bandwidth and excellent large -amplitude
slew rates.

Mains control system. Following a
recent piece on mains communications, we present an article on the

remote control of equipment via
mains circuits by means of a carrier
current transceiver and microprocessor.
millivoltmeter. The design of an

instrument to measure voltages

fig own to 0.2mV in the frequency
range lkHz to 1GHz.

ELECTRONICS & WIRELESS WORLD

[NEW PRODUCTS
COMPONENTS

Single array with

50000 gates
A series of 1.51.1.m c-mos gates has

been produced by VLSI. The VGT100
series uses VLSI's Continuous Gate
Technology which allows use of
around 75% of the total gates on an
array compared to only 40 to 50% for

similar competitive products. The
gates are constructed from
continuous rows of P and N
transistor pairs. The largest of the
series, the VCT 100 - 67000 array. has
66550 raw gates which produces
50000 usable gates.
The main advantages of the
VGT100 series include high
performance with a typical gate delay
fora 2 input Nand gate of 0.7ns, i/o

cells offering programmable output
drive (2 to 12mA). flexible
configurations for all pads, powerful
design tools and an extensive library
of more than 280 macros
functionally equivalent to VLSI's
standard cells. A key factor in VLSI's
ability to achieve high transistor
densities is the use of gate isolation.
This does away with the 'traditional'
thick field oxide to isolate cell
structures. With VGT100 arrays, gate
isolation is used which turns off P
and N transistor pairs to isolate the
diffusion nodes. This releases much
of the 20% of silicon that was used for
isolation in the past. Macros available
for the VGT100 series include
buffers, gates. decoders/

multiplexers, adder/subtractors,
multiplexed flip flops. synchronous
counters, and toggle flip flops. Gate
densities allow the VTG100 series to
range from 9000 to 50000 usable
gates. VLSI Technology Limited. Tel:
0908 667595.
222 on reply card.

LCA10000 Compacted Array gates.
These can be incorporated into a
single masterslice which contains his
core function. The logic array section
could be altered in three different
ways, providing a final product which
would meet the specifications of all
three customers." LSI Logic Ltd, Tel:
0334 426544.
225 on reply card.

Programmable
voltage regulators
Adjustment -tree programmable
voltage regulators- the ICL7663A
and ICL7664A - are made by Maxim.
They have a 1% reference voltage
accuracy. This eliminates the need

for potentiometers and calibration in
most applications, which reduces
board space and component cost.
The new c-mos voltage regulators
can be programmed from 1.3V to 5V
using two external resistors which, if
rated at 1% tolerance, will produce a
5V supply at 2.7% accuracy
guaranteed over the full 0 to 70°C
temperature range. The ICL7663/4 A
and B all have guaranteed line and
load regulation as well as input/
output saturation resistance over the
full temperature range. All are fully

compatible with Intersil's originals.
Three new c-mos programmable/
fixed regulators for batteries have
also been introduced. They have
quiescent currents of only 12p.A
maximum. MAX663 is a positive
voltage regulator: MAX666. a
positive voltage regulator with on -

Miniature circuit- 13reakers
Superceding the Stopcircuit Z se-ies
is the Galaxie range of miniature
circuit breakers. The range includes
m.c.bs with current ratings from 0.1
to 32A in thermal -magnetic or
thermal only configurations and
with up to four poles. Optional extras
include auxilliary signal contacts,

New concept in asics

Hard -disc controller

A new idea in application -specific i.cs
has been announced by LSI Logic:
the custom structured array. Called
the LCSA15, the system uses
compact 1.5p.m geometry. The
system allows the user to design a
metal -programmable masterslice
which can use a variety of memory
and logic cells from a structured cell
library and place them into a
masterslice containing LCA10000
series Compacted Array gates. This
allows a user, who may have several
designs which contain the same basic
building block elements, to gain

Capable of controlling any
combination of four floppy or haled
disc drives. Advanced Micro Devices
AM9580A v.1.s.i. disc -controller i.c..
available from Quarndon
Electronics, contains on -chip error
checking, dual -sector buffers and
direct memory access (d.m.a.). The
chip provides three error -checking
schemes: cyclical redundancy check
(for detection only) and single and
double -burst Reed -Soloman error
detection and correction.
AMU claims the error detection
and correction provided by the Reed Soloman schemes is three to four
times more reliable than that
provided by traditional file codes. In
addition to having better single or
double -burst capabilities, the Reed Soloman codes have a smaller
probability of miscorrection. The two
sector buffers in the AM9580 provide
high throughput rates. While one

quick turnaround time and low
option cost on each new design.
Rick Rasmussen. manager of new
product development at LSI Logic
cited the following example: "Let's
say a contractor had a basic design to
sell to three different customers, but
all three had their own specific bus
interface. The contractor could put
the design core into memory and
megacells and build up a masterslice
with a reasonable amount of blank

chip low -battery detection: MAX664,
a negative voltage regulator. All
three devices have Maxim's "Dual
Mode" feature, fixed 5V output or
programmable 1.3 to 15V output
with guaranteed accuracy of 5%.
Output current capability is 4011M.
The MAX666 has the additional
feature of low battery detection,
especially useful in hand-held
instruments. All the devices have

internal current limiting and shutdown facilities. Available from
Dialogue Distribution. Tel: 0276
682001.
224 on reply card.
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buffer is communicatingwith the
disc. the other can communicatr
with the host.

temperature compensation and
tropicalization. The devices offer an
improved electrical specification and
a smaller size than their predecessors
and have a number of fitting options.
suitable for most applications. Rilton
Electronics Ltd, Tel: (0892614489.
218 on reply card.

This facility allows the i.c. to
accommodate zero -sector interleave.
and it reduces file -access time by
reducing the number of disc
revolutions needed to access data
from physically contiguous sectors.
The data buffers accommodate
programmable sector sizes.
The software controls for the

device are built-in disc primitives, i/o
parameter blocks which reside in
memory and specify the commands
the controller is to perform.
Parameter blocks can be linked
together to allow the execution of a
sequence of commands without any
host intervention. The linked
command list provides overlapping
operations by searching ahead in the
list to find active or inactive files. An
on -chip direct memory access
controller fetches commands, data,
write -status information, and write
data from the discs. Quarndon
Electronics Ltd.
Tel: Derby 32651.
217 on reply card.
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It's easy to see why so many
people speci'

Just open our product manual at any page... switches, video

fy distribution amplillers, matrices, Starke)-video line transmission and
you'll find products that can be used in demanding environments.
Whatever location you're designing for, we'll supply the
necessary elements. To exactly the right specification. In exactly the right

housing for its environment.

Teldusion

t

t. Get a
of our manual by contacting uvertisemens
now. Th e facts
will speak for themselves. Eloquently.
But don't believe a mere adcopy

T
E
EFUSION
COMMUNICATIONS LIMITED

TELEFUSION COMMUNICATIONS LIMITED
Unit 10, Barrs Fold Close,
Wingate Industrial Park, Westhoughton,
Bolton BLS 3XH.Tel 0942 819834.
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if possible. This is a very
Used equipment - with 30 days
small sample of stock. SAE or telephone for LISTS. Please check availability before
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SPECIAL OFFERS

Tektronix 2215 Oscilloscope

B. K /Seco.. CRT Restorer. Analyser Model 467 Suppled w.th 2
(A1.81125 each
oases and manual. P&P 17
( awe), Colour Bar Generator KG' 8 Test Patterns
ONLv 140 each
Wu 14

GgraHr 1/...), Ga. v Co, ,weep All Man),

ONLY 44444 eth

OSCILLOSCOPES
L2.500
i 1 500
11.200

TEKTROPCX 577 Curve Tracer

TEKTRONIX 475 Owl Trace 200MHz Delay Sweep
TEKTRONIX 4568 Dual Trace 100MHz Delay Sweep
H P 1715A Dual T ace 200100 Delay Sweep
TEKTRONIX 465 Ewl Trace 100MHz Delay Sweep
TEKTRONIX 454 WO Trace 15064H, Delay Sweep
I EL EQUIPMENT 075 Dual Trace 50MHz Delft Sweep
HP 180A Dual Trace 5084Hz Delay Sweep
TE L EQUIPME NT D67 Dual Trace 25.0 DeLay Sweep
COSSER COU150 Owl Trace 35MHz Delay Ste.0

1900
1550

L325
L325
1250
1200

ODOM en

TEKTRONIX 547 Dual Trace 50.0 Delay TB Delay Sweep
IE I. EQUIPMENT D43 Dual Trace 45MHz
TELEQUIPMENT S54A Srepe Trace 10MHz Solid State
PHILIPS PM3234 STORAGE Dual Beam 10MHz
TFLEQUIPMENT DM64 STORAGE Dual Trace 10601,

1150
f 140
L100
L110
1500

11 400
MARCONI IF 2950 Mob.* Rad. Test Set
11 400
MARCONI TF2006 FM 10-1000MHz
/950
MARCONI TF2006 FM 4-5011MH,
L1200
MARCONI TF2008 AhlrEM 10KHz-510Mktr
MARCONI 11200213 enth SynchronrA, 1121705 10Hr - 88/.4 H;
L500
AkeFM
1.350
MARCONI TF10668 AM FM 1014Hr -470MHz
ADVANCE Type SG62B AM 150.0-220MHz

1250
1100
145

MARCONI Q Meter TF1245 oath TF1246 or TI 1 247

£800

MARCONI TF995105 1 5-220MHz Narrow Dewy.
ADVANCE Type SG63E AM. FM 4-230MHz

HP POWER METER 431C won Thernestor Mount 10MHz- TOGH
12 4-18GHz
1200
1150
MARCONI RF MIL L IVOLTMET ERTF 2603 50KHz-1,500MHz
MARCONI VALVE VOLTMETER TI2600 10Hz-10MHz In/-3Ct v
140
ISO

/75

MARCONI INSITU UNIVERSAL BRIDGE T12701
MARCONI UNWERSAL BRIDGE If 2700 Batter," Operated
MARCONI TF1313 Unoversal Bodge
MARCONI AF SIGNAL SOURCE W2000 20/0-20KHz

H

1150
£200L1

P RI MILLIVOLTMETER 411A 500KHz-500MHz
iTHLEY ELECTROMETER Type 6108 wel Adaptor 61043

00
160

P TRUE RMS VOLTMETER 3400A 1011z- 1 064Hz

/500

HP X Y RECORDER Type 701513

d.fferently)Compleg

/55

5th &alleges 8 leads
AVO 8 Mk2 Complete wah batteries& leads

L45

Above derns el GOOD WORKING ORDER - appearance not Al hen, .
the price
AVO TEST SET No I (Magary versron of 400 8) Compete won

/65

6411.1.' Te.h 6'Trnenli..8

/WO Model 73 Pocket Mullane!. 'Analogue) 30 ranges Complete
118
win bailees 6 leads

13.000
11.750
11.400

/400

DISK DRIVE PSU 2400 rn 5V 1 6A 8 12V 1 5A Oct Son
110 ea
W25rnm
OWE.), KEYBOARD (as al LYNX MICRO( Push to matte
ONLY .15 ea
Cased
AVO TRANSISTOR TESTER TT 169 Handheld GOWOGO for

on Wu lesteng Complete we batten., leads and
NOW ONLY 112 (p&p 1
instructrons
PHILlPS COLOURBAR GENERATOR Type 5501 (p&p /51

,,

L100

PHILIPS COLOURBAR GENERATOR Type 5508 Vrdeo Vol M.)

fund.,

/125

GRUNDtG COLOUR GENERATOR FG5E Marry lundrons

1125

1ra i G OSCILLOSCOPE 605 Dual Trace 60M0 Delay Sweet)
denent Tesler
1567
.r.
,1,e0PF 203 6 Dual Trace 20MHz Component

0,

1298

0,,

awe
;

. .,10
0 Ill k Et TIMERS Ep89 151
l 0 10- 1012' MHz Retro/ker./4.e
,nterval etc
above
tunctanst
.L 0 100-100MHz lag

f219
1285

a, K STAR FREQUENCY COUNTERS (p&p VII Meteor

I E,XCAN AL608 SPECTRUM ANALYSER 0-3Glir 13 000
THANDAR LOGIC ANALYSER 182160 16 Dunne

2060

L1.750

THANDAR LOGIC ANALYSER I A2080 (Unwedl 8 Chang.
L850
20MHz

/99

Io0MHr

/126
/175
a, 6 STAR JUPTIOR 500 /UNCTION GENERATOR SinerSquare
L110
.r g,e 0 1Hz-500KKIt (p6p 141
1113 CHANG PAM 7030 31/2 WV Hand heKT

ISOLATING TRANSFORMERS
.,41,11 ,,,,,

ITS..

500VA

241W ,1,111

16

-

'

0 ors ncluday

1- AC, X 0 15
(Tele wall battery and Tear:hip/0141

a tched l

110 WYKEHAM ROAD, READING, BERKS RG6 1PL

111

utilizes S parameters to analyze and optimize Amplifiers,
Filters, Oscillators, Matching Networks etc. (Available for
PC/MSDOS only).
AND MICRO
Analyses and designs Micro Strip Circuits, Lowpass, Highpass,
Bandpass Filters, Impedance Transformers, Coupled Strips etc.
Contains Fringing Corrections for accurate "real world" results
the first time.

£200 + VAT and p&p.
Runs under MSDOS.

QUADRANT COMMUNICATIONS LIMITED
WICKHAM HOUSE, 10 CLEVELAND WAY, LONDON El 4TR

EN

Callers welcome 9am to 5.30pm. MON-FRI. (UNTIL 8pm. THURS)
ENTER 62 ON REPLY CARD
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ALSO AVAILABLE
LOW COST R.F. design Software STAR 1.0

f.39 50

STEWART OF READING Telephone: 0714 68041
.13.4

ALL the above Programs are for PC/MSDOS, SOME are also
available for CP/M-80; please enquire.

An unbeatable buy at just £100 + VAT and £2.00 p&p.

NEW EQUIPMENT
.

Root Locus
AC Circuit Analysis
DC Circuit Analysis
Signal/System Analysis
Active Filter Design Analysis
Static Thermal Analysis
Matrix Manipulation
Scientific Graph Printing
PC/XT High Res. Graphics
Proof Reader and Style Analyzer

Just £70 each plus VAT and £2.00 p&p

BRUEL & KJOER EQUIPMENT
Real Tent i hod Octave Analyser Ty, 3347
Heterodyne Analyser Type 2010
Level Recorder Type 2307
Seat Frequency Osc.aator Type 1022

/500

L50
1400

SOL ARTRON TRUE RMS VOLTMETER VM1484

MULTIMETERS
AVO 9 MI(41,dentval to 5110 8 Mk4 ILA L,

L225

GENERATORS

KE

ONE Y 1140 ear,

v ONLY /110 ea,

) 1- r

/1200

S E LABS SEW Dual Trace 1880 AC or External DC

H

COMMUNICATION RECEIVERS
RACAL RA I
EDDYSTONE ; .,

LOCIPRO
ACNAP
DCNAP
SPP
ACTFIL
STAP
MATRIX MAGIC
PLOTPRO
PCPLOT2
RIGHTWRITER

Telephone: 01-790 2424 Telex: 24224 (Ref W6111)

ENTER 55 ON REPLY CARD
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rNEW PRODUCTS
TEST & MEASUREMENTS

Dual -channel low-

Combined analogue
and digital

pass programmable
filter

multimeter

A high-performance, dual -channel,
low-pass programmable filter has

A new multimeter, the MX573 from
ITT Instruments is a combined
analogue and digital instrument
which offers true r.m.s. a.c.
measurements combined with very
high sensitivity and measurement
bandwidth. The instrument
incorporates two totally different
measurement technologies within

been designed for low -noise

amplifier applications such as
vibration analysis and audio signal
analysis involving low-level signals.
Known as the model 552, the new
filter combines exceptional pre -filter
gain with superior performance in
the pass band and stop band. Overall
frequency range is from 10Hz to
50kHz, and cut off frequencies can be
programmed with 2 -digit resolution.
Full-scale sensitivity is selectable in
5dB steps from - 60dBV I lmV) r.m.s.
to +20dBV (10V) r.m.s. Inputs may
be d.c. or a.c. coupled, with a
nominal impedance of 1Mf/ and
20pF. Output on a standard 5012 line
is IV r.m.s. into 5kf2 with +10dB
output gain. Noise, harmonic
content and intermodralation
products are all very low.
Filter and gain settings for each of
the two channels are displayed on
1.c.ds. Matching between the two
channels is good. Model 552 can be
set up from the integral keypad, or
from a remote controller using
either the RS232 or IEEE488
interfaces fitted as standard.
professional filter unit is specified for
operation over the temperature
range 0 to +40°C and is supplied for
bench top operation.
209 on reply card.

Oscilloscope
calibrator
An instrument to provide all the
signals necessary for checking
performance and recalibrating
oscilloscopes up to 150MHz
bandwidth comes from Waugh

Instruments.
A calibrated -amplitude square
wave generator checks to correct
adjustment and accuracy of input
attenuators. A wide range of timing
signals from an internal crystal controlled oscillator provides pulses
with periods from lOns to 5s.
Vertical amplifier risetime can be
checked with a clean, fast -rise < Ins
square pulse. Two sine wave outputs
of I kHz and mains supply frequency
can be used for checking correct
level, selecting of trigger circuits
and locking the sweep circuits to the
mains supply when checking
vertical amplifiers and e.h.t.
supplies for mains hum.
Oscilloscope sync separators used
for television measurements can be
checked using the fully interlaced
composite video output: both
positive and negative going video
provided.
221 on reply card.

the same package: a precision

analogue moving -coil multimeter
and a 3.5 -digit 1.c.d. digital
multimeter. As a result, users can
observe the precise instanteous value
of a signal on the digital display,
while at the same time see any trends

in rapidly changing signals without
being confused by rapidly changing
digits.

Optical reflectometer has three lids
OFR10- STC's latest optical time
domain relectometer - gives almost
instantaneous display of fault
location and loss, joint loss. and
attenuation in fibre of up to 87km in
length, as well as loss for fibre
connectors and splices. As with
previous reflectometers, the unit
consists of a mainframe housing
c.r.t., printer and electronics, and an
interchangeable lid containing optointerface and control panel. Three
lids are available with NTT -type

connectors, covering 1300nm
multimode, 1300nm single and
multimode, and 1550nm singlemode
operation. It claims exceptional
s.w.d.r. of 24dB and evaluates fibres
up to 87km in length.
Adaptations include special fibre length menus, alternative connector
types, and foreign -language onscreen help pages. STC Defence
Systems, Tel: 0532 577261.
226 on reply card.

Single -way dynamic range

Automatic cellular radio testing
A radio test set designed to automate
cellular radio testing is a
combination of Solartron's new 4922
radio code analyzer and the
established Stabilock test set. Large
input and output level ranges of the
4922 enable it to be linked to any
audio test set but for cellular radios
the test set requires full duplex
capability, given by the Stabilock

duplex f.m. demodulator option.
The Stabilock 4040 (the similar
but lower cost 4039 is pictured below
with it) is controlled from the 4922

ELECTRONICS & WIRELESS WORLD

by the GPIB with frequencies. level
and modulation set by its test
program. Programmable rom
contains 98 tests that help to

pinpoint the location of
malfunctions. Test codes for all types
of bleepers and message pagers,

d.t.m.f. phones and sequential
cellular radios can be generated.
Radio data messages can be

structured and analysed down to bit
level. Solartron Instruments tel:
0252 544433.
228 on reply card.

The 2000 -count digital
multimeter provides an accuracy of
0.1%. Analogue indication is based
on a taut -band galvanometer, which
avoids the mechanical friction
inherent in pivot -type movements,
and permits reliable, sensitive,
hysteresis -free measurements. The
MX573 provides eight measuring
functions and a total of 35 ranges
from 20mV to lkV d.c. or 750V
(r.m.s.) a.c., 200µA to 10A (a.c. and
d.c.), and 200f1 to 20mf/. The
instrument can be used for direct
readings in decibels, and continuity
and diode test functions are
incorporated. A single linear scale
scale is used for all ranges (except

1000V) and functions, including
resistance.
For d.c. voltage measurements.
the MX573 provides a 10Mf2
impedance. Auto -polarity switching
is included, and the a.c. voltage
bandwidth is 25kHz. The MK573 is
designed to be rugged and reliable in
field or laboratory use. Security
connectors on the test leads protect
the user against accidental contact
with dangerous voltages, and the

ammeter function is fully protected.
The ohmmeter function will
withstand of 380V without damage.
Ill' Instruments, Tel: 0753 824131.
215 on reply card.
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ADVERTISEMENT

DATABANK
KENT MODULAR
ELECTRONICS
LTD
The new KME range of high resolution
colour monitors is fully described and
illustrated in the information pack just

FLIGHT
ELECTRONICS
Flight Electronics are a leading supplier
of specialist equipment to teach the prin-

LTD

00E----13223

released by Kent Modular Electronics Ltd.
Cased monitors are currently available in
10in, 12in and 14in, sizes. Chassis display
modules for installation in OEM en-

ciples of Microprocessors and Microelectronics at all levels.

We now offer a full range of laboratory
test equipment including oscilloscopes.
bench power supplies, function generators ... all exceptionally good value!
New products include the FLIGHT 68K. a complete training system for the

r- aVr"ji-zrn.vermar-

closures can be supplied for 10in, 12in.
14in and 20in. screen sizes. KME also

'totorla 68000 Microprocessor.

supply board and tube kits and CRT drive

We have also extended our popular

hoard systems.

range of digital and analogue trainers and

included a comprehensive Digital Electronics 'Self -teach' package.

ENTER 9 ON REPLY c.\ It

ENTER 58 ON REPLY CARD

DEAN

WEST HYDE

MICROSYSTEMS
The largest West Hyde catalogue is now
available with details of the largest and
most comprehensive range of enclosures
and accessories in Europe. It contains

S.

-f he third edition of the STEbus Product

Guide, containing details of over 600
STE-compatible

products from 30+
manufacturers. Nearly all of these pro-

over 100 pages describing everything

from 19" equipment to small, general

ducts can he obtained from a single

purpose cases as well as handles, knobs.

source - DEAN MICROSYSTEMS! We are

opto-electronic components and panel

in the unique position of being the 'One

-

ware.

Number Source' for STE and as such are

This edition includes many new items
and important additions to existing pop-

able to advise on the most appropriate
hoard solution for your application.

ular product ranges.

ENTER 7 ON REPLY CARD

DM 105

-

ENTER 45 ON REPLY CARD

Pocket DVM from

A meter to literally suit all
pockets - including the one
that holds the wallet!

Fs, AP

1

I

TRANSF, ,RN1F RS

-

l

s AC SOLENOID VALVE

T

ISOLATION 8. AUTO

.,,,orr, s,,,n19.3ters
ULTRA VIOLET BLACK LIGHT fl JONI SUE NT TUBE r-

Callers only

230V AC BALLAST KIT
91n or 121n '
F

131n

,

.

-

6,n

:

,L ING FANS

BRAND NEW'
.r4 OVAC Arner,can Bo,e, "Perrv.er.

'

All BOxi.1 Milli

Complete

sr II
175 WATT SELF BALLASTED f,
MERCURY BULBS .I.

:

41.110

700 GNI 10ft hear! 35 atop
1750 GPM 15ft head 9 amp

Please acid 70p for post and packing.

.

,

This is just one of our range of quality Analogue and Digital
inultimeters.
Full details and specifications from:

Cirkit Distribution Ltd

.

,

Wii

....anteed and tested

,

FROM STOCK AT PRICES THAT DEFY
COMPETITION

4%.
111%

k

EPROM ERASURE KIT
...
EPROM ERASUR8 '
,

115V AC.

F OUIPMENT Fans

500 GPO 15 ft head 3 ampi

.

tROUZE T M,

L.

I2V DC BILGE PUMPS
Burry doect .10111 the mrp,,rbrrs

Price £24.75 Inc VAT

ENTER 17 ON REPLY CARD

3 PHASE VARIABLE VOLTAGE TRANSFORMERS

400 WATT UV LAMP

Size: 130 x 75 x 28mm
Weight: I 95g
Accessories: Battery, test leads
and manual

TRADE ENQUIRIES WELCOME

I. (IC SOL ENOID VALVE

400 WATT UV LAMP 8. BALLAST

2 digits)

Park Lane, Broxbourne, Herts EN I 0 7NQ
Telephone (0992) 444111 Telex: 2247M

r RPM GEARED MOTOR Torque 351h ,r,
TRANSFORMER

incrt

DC Volts: 2V, 20V, 200V, I kV
AC Volts: 200V, 750V
Freq Range: 45Hz - 450Hz
DC Current: 2 mA, 20 mA,
200 mA, 2A
Resistance: 2K, 20K, 200K, 2M
DC Accuracy:

Access

ROBOT ENTHUSIASTS

-

Its small size offers easy one hand operation with large, clear,
wide-angle display.
But small does not mean delicate; the DM105 can withstand a 12
inch drop without damage, due to its glass epoxy PC boards.
shock mounted display and through thermoplastic case.
Overloads are handled with similar certainty; the resistance
range is protected up to 500 dc. AC voltage range to 800V rms
:aid DC voltage ranges up to 1000V.
Battery life is typically 2000 hours and a LO BATT indicator
signals 20% battery life remaining.
Ranges

± (0.5% reading -t

VARIABLE VOLTAGE TRANSFORMERS
INPUT 220 240V AC 50 60 OUTPUT 0 260V

Of

WIDE RANGE OF XENON FLASH TUBES

...

r

,...,

Goods normally desparc Red *ohm 7 days

.

,

VBM4 CENTRIFUGAL BLOWER 230V AC

N MS New Manufacturers' Surplus
R8.7 Recondtboned and Tested
SUPER HY LYGHT STROBE KIT

Derogned for Disr o TheAtcr Al ircers otr
triN CENTRIFUGAL HI I qvf fr

/V AC

SERVICE TRADING CO
t//SA

57 BRIDGMAN ROAD. CHISWICK. LONDON W4 588

01-9951560
ACCOUNT CUSTOMERS MIN ORDER £10

ENTER 25 ON REPLY CARD

9 Little Newport Street
London WC2H 71J

Tel 01 437 0576

STEW PRODUCTS
Single -chip multi -

0S-9 on a 68020
computer

register computer
New from Zilog is the Super 8 family
of 20MIlz single -chip
microcomputers. Features of the
devices include 325 byte registers
comprising 272 general-purpose
registers and 53 mode and control
registers: addressing of up to 128K
bytes of memory: and an improved
instruction set which includes
multiply. divide. Boolean. and b.c.d.
operations. Additional instructions
support threaded -code languages
such as Forth.
Super 8 also has two register
pointers to allow use of short and fast
instructions to access register
groups within 11.i.s: a direct memory
access 1d.m.a.) controller: two 16 -bit
counter/timers: a full duplex serial
uart with an on -chip baud rate
generator: and an on -chip oscillator.
Up to 32 hit -programmable and 8
byte -programmable input/output
lines, with handshake channels are
GMT Electronic systems, who make a
provided and the interrupt structure
range of System 1000 STE bus
supports 27 interrupt sources. 16
products and development systems.
interrupt vectors. and 8 interrupt
have announced a new interface card
levels. Super 8 microcomputers can
for the bus which greatly improves
he used as input/output or memory currently available connection
intensive computers, or can he
systems for IEEE 488 measurement
configured to address external
and control equipment. The 1070
memory while still supporting many
hoard is based around the 7210
input/output lines. It is available as a
intelligent controller and gives easy
rom-less microcomputer with four
'STE bus access to the wide range of
byte -wide input/output ports plus a
printers. plotters and other data

Cambridge Micro Computers has
introduced the OS -9 operating
system as an alternative to Unix on its
recently introduced Vitesse Tower
16/32 -bit microcomputer. 0S-9 has
recently been reconfigured for use
with the 68000 and 68020 processors
used in the Vitesse machine and
offers a number of benefits for
certain applications. Like Unix. it is a
multi -tasking, multi-user operating
system, but it is considerably more
compact than Unix. Because a fully
configured 0S-9 system occupies
only about 24Kbyte, compared with
over 200Kbyte for Unix, it becomes
feasible to load it into rom - hence
creating a discless computer system
which is highly cost-effective and
which is more suitable for
applications such as process control

STE/IEEE 488 interface

byte -wide address/data bus.
Additional address bits can he
configured up to a total of 16. The
Super 8 is supplied in a 48 -pin dil
plastic package. Available through
Hi-Tek Electronics. Te1:10233 I
213333.
206 on reply card.

Optical disc hold
2Gbytes

gathering systems which use the
IEEE 488 standard. The card also
provides an interface to other
computers. GMT's new board meets
all the necessary 488 requirements
for talker. :istener and controller and
can he jumpered to provide
interrupts on attention request and
d.m.a. request lines. It occupies 10
i/o locations and is software
configurable. Tel: 03727 423:33.
212 nn reply card.

PC keyboard for harsh environments
A sealed -sheet keyboard, the CKS168. is designed for use in wet or

dirty environments. It has serial or
parallel interfaces and an IBM-PC
compatible version is available.
Intended to overcome the 'dead'
feeling of membrane keyboards, the
CKS-168 uses a matrix of sealed
switch elements covered by a flexible
polyester sheet. The keyboard will

Designated the LaserDrive 1200 and
manufactured by Optical Storage
International 10S1). a joint venture
company of Control Data and Philips.
the new random-access. Worm
(write once. read many) disc drive
provides a storage capacity of 1Gbyte
on each side of a 12in diameter
removable disc.

Incorporating built-in control
electronics with an ISI or SCSI. the
LaserDrive 1200 unit includes data
buffering, a direct read -during -write
facility, error correction and error
recovery capabilities for improved
system throughput and data
integrity, providing an error rate of
less than one in 10u, and mean time
between failures of 12,000 hours. It
features a burst transfer rate of up to
2Mbytes/s and a sustained data rate of
250 Kbytes/s. Available through
Sintrom Electronics Ltd. Tel: 0734
875464.
223 on reply card.
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interface with most computer
systems, programmable logic
controllers and data loggers and
provides a rugged replacement for
most standard keyboards. The PC

version mimics the positions and
function of the PC keyboard as
closely as possible. Industrial
Peripherals Ltd. Tel: 10244) 532718.
205 on reply card

and embedded systems. The Vitesse
supports both Unix and 0S-9 on the
68020 processor. OS -9 is written in
assembler language and runs at high
speed. It also supports the C
language and provides many of the
standard features expected from Unix
systems. Cambridge Micro
Computers Ltd, Tel: 0223 314666
213 on reply card.

A -to -d for STE-bus
A fast high -resolution a -to -d
converter for the STE-bus is provided
by the ADC12/16 board which uses
the AD574A to provide 12 -bit
conversion in 25p.s using the
successive -approximation method.

Careful shielding limits input noise
to typically less than 800. A
software -selectable, on -board

programmable -gain amplifier
extends the resolution over three
decades to x 100. corresponding to
resolutions of 2.44mV over ±5V.

2440 over ±500mV and 24.40
over ±50mV. The combination of
conversion speed, resolution and
accuracy extends the utility of the
STE bus into many new digitization
applications. As well as an interface
to STE. the board contains a header connector interface to Arcom's
standard range of signal
conditioning modules. A software -

controlled analogue multiplexer
selects any one of 16 differential

inputs from this interface, allowing
connection of modules such.as
thermocouple amplifiers, current
sensors and prototyping boards.
Channels can be switched in 6µs.
The board also offers a faster
conversion time of 17 microseconds
with 8 -bit resolution. This feature is
software -selectable. Arcom Control
Systems Ltd, Tel: Cambridge 10223)
242224.
210 on reply card.
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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.
Our extremely
Goldstar top quality
MEMORIES
74HC High Speed For Standard CMOS and
popular ex -equipment
74LS TTL Logic
CMOS Logic
Linear Pricing Phone Us
DRAM 5v NMOS 150nS
memories

(Not Texas)
4164
41256
4416
41464

74LS00

64kx 1
256kx 1

16kx4

64kx4

SRAM 5v NMOS 150nS
2114LP
Ikx4
2128LP

2kx8

SRAM 5v CMOS 150nS
6116LP
2kx8
6264LP
62256LP

8kx8
32k x 8

£0.99
£2 20
£2.80

£590
L1.50
£2 50

£1 .30

£2.90
£25

EPROM 5v NMOS 250nS
2k x8
£270

2716
2732
2764
27128
27256

4kx8
8kx 8

16kx8
32k x8

£2.65
£1 90
£a 10
£3 40

EPROM 5v CMOS 250nS
27C64
8k x8
£350
27C256
32k x 8
£1000
EEPROM 250n5
2816A
2864A

2kx8
8kx8

£1350
£4500

Guarantee UV erased, cleaned 74LS02
74LSO4

and tested

74LS05
74LS08
74LS09
4116 16kx 1
DRAM
60p 74LSIO
2716
2kx8 EPROM £1.50 74LSI I
2732
4kxR EPROM £I 50 74LSI4
74LS20
74LS21
74LS30
74LS32
74LS51
74LS74
15% VAT sent post FREE. 74LS86
74LS93
74LS123
15% VAT plus £1.00 p&p. 74LS125
74LS138
Overseas: 74LS139
1000's sold to

delighted cus-

tomers

10% DISCOUNT
on all orders over £25
regardless of mix add

Orders under £25 add

Europe £2 p&p
Elsewhere £5 p&p
(no VAT)

74LSI53
74LS154
74LS157

20p
20p
20p
20p
20p
20p
20p
20p
32p
20p
20p
20p
20p
20p
20p

20p
45p
60p
40p
40p
40p
45p
85p
40p

40p
55p
55p
55p

74LS158
74LSI61
74LSI63
74LS164
74LSI65
74LSI66
74LS174
74LS175

6019

60p
40p
55p
60p
50p
65p
65p
65p
80p
50p
65p
75p
40p
40p
65p
65p
60p
60p

74LSI93
74LS194
74LS240
74LS241
74LS244
74LS245
74LS257
74LS273
74L5280
74LS365
74LS367
74LS373
74LS374
74LS393
74LS395

74HC00

25p
25p
25p
25p
25p
25p
25p
40p
29p
29p
27p
35p
49p
25p
39p
59p
49p
49p
49p
55p

74HCO2
74HC04
74HCU04
74HC08
74HC l0
74HCI I
74HC l4

/4HC20
74HC2 I

74HC27
?4HC32
74HC42
74HC51
74HC74
74HC85
74HC86
74HC107
74HC113
74HC123

74HC125
74HC132
74HC138
74HC139
74HC151
74HC153
74HC157
74HC158
74HCI61
74HC163
74HC164
74HC165
74HC I66
74HC173
74HC174
74HC175
74HC193
74HC240
74HC241
74HC242

55p
49p
49p
49p
59p
59p
55p
55p
55p
55p
55p
75p
60p
55p
55p
55p
75p
89p
79p
79p

74HC24,3

79p

74HC244
74HCT244
74HC245
74HC257
74HC259
74HC273
74HC354
74HC365
74HC367
74HC373
74HC374
74HC393
74HC4040
74HC4060
74HC573
74HC574
74HC640
74HC643
74HC688

89p
95p
95p
55p
70p
89p
85p
59p
55p
95p
95p
69p
69p
69p
£1 20
£1.20
£1 .25

£1.25

85p

flu TELEPHONE ORDERS
Phone between 8.00am & 12.00 noon banker's

cheque card holders only who are telephone
subscribers. Components sent same day by
first calss recorded post with 7 day invoice.

Educational establishments, Gov't depts.
Send official order for invoiced despatch

£1

MICROKIT LIMITED

surcharge to cover validation & recorded post

Telephone

0327 860130

Blakesley, Towcester, Northants NN12 8RB.
ENTER 47 ON REPLY CARD

EM S

Power Systems

SMALL SELECTION ONLY LISTED - RING US FOR YOUR
REQUIREMENTS WHICH MAY BE IN STOCK
Racal Solid Stater Communication Riecei
vets - RA1217 - Mechanical digit readout
- £300 Racal RA171. Communi1

cation Receivers 500KCJ5 to 30MC,S in 30
bands 1MC/S Wide - £175 - All receivers are air
tested and calibrated in our workshop supplied
with
dust
cover
operation
instructions - circuit - in fair used condition
Racal
Synthesisers
frequency
(Decade

r2IgratMA)135Vrr use with RA17 receiver precision frequency standard
5MC../S - 1MC/S - 100KHz - E100 to £150 RA137

£100 MA259G

and RA37 - LF convenors 10 to 980KCS £40
to £75 RA96 SSE-ISB convenor - £50 RA121
SSB.ISB convertor - E75 Plessey PR155G
Solid State receivers 60KC'S
30MCIS - £300
Transtel Matrix Printers AF11R
5 level

baudot code - up to 300 bands - for print out on
plain

teleprinter

paper

-

£50

Army

Field

Telephone sets type F
arid
urge quantity
in stock - £6 to £15 depending on
and
quantity P 0 R Don 10 Telephone Cable
half mile canvas containers
£20
Night
Infra
-red
Viewing
twin
periscopes
eyepiece - 24 volt DC supply - MO EA

Original cost to Government over E11.000 EA
Static Invert/3re
12 or 24 volt input - 240 volt
AC sinewave output - various wattages P 0 R

XV Plotters and pen recorders - venous P 0 R Signal Generators - various - P 0 R
TF 893A
Power meter - £50
Racal
£50 Tiektronic
frequency counter type 836
plug -Ina
1A1 £50 1A2 £40 tA4 £100 M £50
All

items

are

bought

direct

front
HM
Price is
Phone for
any items

Government being surplus equipment
works
SAE
for enquines
appointment for demonstration of
also availability nh n.ice .mane=
carriage extr

ex

VAT and

EXPORT TRADE AND QUANTITY DISCOUNTS

JOHNS RADIO, WHITEHALL WORKS,
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

EMS manufactures DC Power Supplies and
Battery Chargers both linear and switch mode
in a range from 5 VA to 3.2 KVA.
Also a complete range of Standby, UPS and
Mains Stabilizer Systems 35 VA to 1 KVA. EMS
specialises in the manufacture of customised
products and has a full design and
development facility.

EMS (Manufacturing) Limited,
Chairborough Road,
High Wycombe,
Bucks HP12 3HH.
Tel: (0494) 448484

HIGH QUALITY - LOW PRICES

A

4-11GHz SATELLITE TV RECEIVING EQUIPMENT
RECEIVERS. LNIEVs. LNC's. FEED HORNS.
ANTENNAS. ANTENNA POSITIONERS.
POLOROTORS, LINE AMPLIFIERS. ETC.
a

,raair

HARRISON ELECTRONICS
Century

i.rt March Carnbs PE1580W Tel 10354 5'.:83

ENTER I6 ON REPLY CARD
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ANEW PRODUCTS
resistors

Conductive
depletion mode

A family of standard and custom

transistors

Surface -mount
thin-film resistor networks and
hybrid circuits are manufactured by

Siemens has added to its 'Sipmos'
range of small signal transistors two
depletion -type devices (n -channel)
which begin conducting even at
slightly negative gate voltages-

HyComp Inc. They are packaged in
20 and 28 pin JEDEC type case styles.
These surface mount devices are
available with pin -outs compatible
with JEDEC standards. L.c.c.
packaged circuits for critical
applications are also available, these

being pinned out for minimal
internal conductor lengths and/or
parasitic reactances where higher
accuracy and thermal stability are
required.

High -voltage electrolytics
A range of low -profile electrolytic
capacitors has been added to Steatite
Roederstein's EYF series. Designated
EYF06. the new capacitors are
designed for use in high -reliability
switch -mode power supplies and
similar applications where headroom
is at a premium. Values cover 47µF

The LCC/J series capability
includes design, fabrication.
packaging and 100% testing to

commercial and military
requirements. Standard resistor
products include: quad divider
feedback networks, 7,8 or 12 equal
independent resistor networks,
binary weighted dividers and
general-purpose R -2R ladders.

at 385V to 6801.1.F at 200V, d.c.

Plus4 is an expansion system for the
IBM PC or compatibles to create
inexpensive, high performance,
clusters for five users. It is designed
to meet the needs of small businesses

resolution to 14 bits. op -amps and
gain -programmable

proprietary thin-film Nichrome
techniques and resistance
range is 111 to 1Mll. Absolute
tolerance is available from 10% down
to 0.01% whilst ratio tolerance is
from 1.0% to 0.005%. The J series
circuits are suitable for use in
production lines where reflow solder
techniques are used. Information
from: GCA Electronics Ltd., Tel:
08446 8861.
208 on reply card.

-10 to +30% and the working
temperature range is -40 to
+105°C. Mounting is direct into
0.1in (2.54mm) p.c.b. matrix by
means of snap -in radial leads.
Steatite Roederstein. Tel: 1021) 454
6961.
216 on reply card.

and corporate departments requiring
multi-user capability without
investment in complex and costly
local area networks dans). A
complete five -user system built
using Plus4 requires only one host
PC equipped with a hard disc and

four inexpensive terminals.
Performance is up to eight times the
speed of networked PCs at a typical
cost saving of 30%. Plus4 includes
Alloy's NTNX Novell -compatible
multi-user system software, tape
backup, and four Alloy PC-SLAVE/16
boards that provide each user with an

individual NEC V20 processor and
1Mbyte of memory. With Plus4 up to
five users can share PC peripherals,
data, and applications software
developed to run under MC -DOS or
Novell's Ian operating system
software, NetWare. Each user is
added by simply plugging a terminal
into Plus4. Each terminal is, in
essence, a fully configured PC.
Because Plus4 attaches directly to
the bus of the host PC, performance
is many times faster than a Ian. It
incorporates Alloy's APT -40 internal
tape drive, which provides a file orientated backup capacity of
40Mbytes per cartridge at a transfer
rate of 500Kb/s. Alloy Computer
Products Ltd, Tel: (0285) 69571.
219 on reply card.

Ultra -high

sensitivity relays
Featuring ultra -high sensitivity, the
Takamisawa RA4 relay will operate at
only 0.045W. The RA4 has a form C
(4PDT) bifurcated contact
arrangement and contacts are gold
overlay, silver palladium alloy. The
relay is offered in three types: single

winding, non latching; single
winding latching: and double
winding latching. Other features
include a maximum resistance of
100Mi1, maximum current of 2A.
and ratings of 120V a.c.. 0.5A, 24V

d.c. lA resistive. The minimum
insulation resistance is 1000M0 at
500 V d.c. and the dielectric strength
between open contacts is 1000V a.c.
The RA4 is supplied in a 10mm high
14 -pin dual -in -line package. The
device is compatible with the SDS
DS4 relay. ITT MULTlcomponents,
Tel: 0753 824131.
207 on reply card.

BSS129/229, are housed in T092
packages and are suitable for up to

230/250V" (drain -source) and 150/
100mA drain current, with a rated
power dissipation of up to 1/0.63W
and a maximum on -state resistance
121, of 20/60ohms.

Five -user PC expansion

Custom products include hybrid
active multi -pole analogue filters.
temperature -stable precision voltage
references, data converters with

instrumentation amplifiers. Resistor
elements are manufactured using

working. Capacitance tolerance is

normally such transistors conduct
only when the gate voltage is positive
(enhancement type). Transistors of
the type are suitable for all
applications which require a
monolithic normally -closed contact.
e.g., telephone equipment. The new
Sipmos components, designated

Clock -and -memory chip
The MK48.102 is a timekeeper ram
chip made by Thomson
Semiconducteurs. It combines a 2K
by 8 full c-mos s -ram, a bytewide
accessible real time clock, a crystal
and a long -life lithium cell in one
24 -pin plastic dip. The 48T02 is a

automatically shut down and protect
its contents.
Access to the clock is simple

non-volatile pin and function
equivalent to any JEDEC standard 2K

The registers contain: year, month,
date, day. hour. minute and seconds
data in 24 -hour. b.c.d. format. Leap
year correction is included. The
registers are constructed from biport
memory cells which allows
unhindered access to the rest of the

x 8s -ram such as the 6116 or 5517.
It also fits into many eprom and
eeprom sockets providing the non volatility of the proms without
special write timing or write
performance limitations. Data

retention is effected simply. With V
applied, the 48T02 operates as a

conventional bytewide static ram.
However V is constantly
monitored. Should it decay or fail
completely the ram will

ELECTRONICS & WIRELESS WORLD

because the ram and clock are
combined on the same die. The
timekeeper registers are located in
the upper eight locations of the ram.

ram. Access and cycle times are equal
and four versions are available:
120ns, 150ns, 200ns and 25Ons.
Hawke Components has stocks of all
versions as well as comprehensive
data. Tel: 01-979 7799.
214 on reply card.

The new small -signal depletion -

type transistors, in addition to being
particularly suitable for applications
involving negative gate voltages, also
help to simplify a number of circuits
of the type required in telephone
terminals. A current limiter and
switch are formed by means of two
resistors and a diode: a constant
current source by a resistor and a
potentiometer and a complete
voltage regulator can be made using
conductive depletion -mode
transistors operating in conjunction
with a capacitor, a resistor and a
Zener diode. A constant -current
source implemented by means of the
BSS 229 can be operated across the

full voltage range from 1 up to
250V" and supplies continuous
drain current of up to lOrnA. The
gate threshold voltage Vcs1
remains below - 0.7V. This circuit is
also suitable for use as an auxiliary
power supply. The voltage regulator
employing a BSS 129 or 229 is
suitable for feeding c-mos

components. The particular
advantage of this configuration is
that the available current just meets
the requirement of the c-mos
components; and, independent of the
load (the c-mos component's
switching status), it incurs
practically no current loss. The
desired output voltage is defined by
means of the Zener diode. Siemens
Ltd. Tel: (09327) 85691.
211 on reply card.
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Ideal for the analysis of ACTIVE and PASSIVE FILTER CIRCUITS, AUDIO
AMPLIFIERS, LOUDSPEAKER CROSS -OVER NETWORKS, WIDE -BAND
AMPLIFIERS, TUNED R.F. AMPLIFIERS, AERIAL MATCHING NETWORKS, TV I.F.
and CHROMA FILTER CIRCUITS, LINEAR INTEGRATED CIRCUITS etc.

IBM PC (and compatibles), BBC MODEL B, B+ and
MASTER, AMSTRAD CPC and SPECTRUM 48K
"ANALYSER" I and II compute the A.C. FREQUENCY RESPONSE of
linear (analogue) circuits. GAIN and PHASE INPUT IMPEDANCE,
OUTPUT IMPEDANCE and GROUP RELAY (except Spectrum version) are
calculated over any frequency range required. The programs are in use
regularly for frequencies between 0.1Hz to 1.2GHz. The effects on
performance of MODIFICATIONS to both circuit and component values
can be speedily evaluated.

STABILITY CRITERIA AND OSCILLATOR CIRCUITS can be evaluated by
"breaking the loop".
Tabular output on Analyser I. Full graphical output, increased circuit size and
active component library facilities on Analyser II.
Check out your new designs in minutes rather than days.

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

Circuits containing any combination of RESISTORS, CAPACITORS,
INDUCTORS, TRANSFORMERS, BIPOLAR and FIELD EFFECT
TRANSISTORS and OPERATIONAL AMPLIFIERS can be simulated - up
to 60 nodes and 180 components (IBM version).

Used by INDUSTRIAL, GOVERNMENT and UNIVERSITY R & D DEPARTMENTS
worldwide. IDEAL FOR TRAINING COURSES, VERY EASY TO USE. Prices from
£20 to £195.

Full AFTER SALES SERVICE with TELEPHONE QUERY HOT LINE and FREE update service.
For illustrated leaflets and ordering information please contact Dept. WW

HUEEEDISff

0

0

MI

1

0.aCEEff).0 Lao:

Crown Street, St Ives, Huntingdon, Cambs. PE17 4EB.

Telephone: St Ives (0480) 61778
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HART - The Firm for QUALITY
UNSLEY-HOOD 300 SERIES AMPLIFIER KITS

Superb integrated MosFet amplifier kits with an unbeatable pedigree,

tificoml YAESU

circuit design by John Linsley -Hood and engineering by HART

Ultra easy assembly and set-up with sound quality to please the most
Ideal basis for any domestic sound systems it
quality matters to you. Buy the complete kit and save pounds off the
discerning listener

THE TECHNICALLY ORIENTATED
RADIO COMMUNICATIONS
SPECIALISTS.

O

r

individual component price
K300-35. 35 Watt. Discount price for Complete Kit
K300-45 45 Watt, Discount price for Complete Kit
RLH4&5 Reprints of Original Articles from HIFI News

£98.79
C102.36
C1.05 no VAT

LINSLEY-HOOD SYNCHRODYNE AM RECEIVER
kit for this recent design featured in Wireless World

Very high quality
Advanced construction
system, approved by the Author uses 3 double sided PCBs in a stacked layout for total stability. ease
of construction and minimal wiring This module will form the AM section of an ultra high quality
AM/FM switched bandwidth tune, to match our 300 series amplifiers Power supply and tuning gang
will be included with the FM section
K450 JLH Synchrodyne Kit

Heard about RWC LTD yet? Looking for someone who speaks
your language? When it's radio we have something for everyone!
e supply Companies and Government Departments Worldwide
with Communications related systems and equipment. Some of
our specialities include:

All mode Scanning Receivers and antennas 25 MHz - 2 GHz. A

Special Price £59.95

choice of model and option modified by RWC to suit your exacting needs

STUART TAPE RECORDER CIRCUITS
replay and bias system for reel-to-reel recorders These circuits will give
studio quality with a good tape deck Separate sections for record and replay give optimum
performance and allow a third head monitoring system to be used where the deck has this fitted
Standard 250mV input and output levels
K900W Stereo Kit with Wound Coils and Twin Meter Drive
£65.67
RJSt Reprints of Original Articles
£1.30 no VAT

Custom designed Communication systems. UK MPT Type
Approved equipment designed to meet your requirements, including
Broadcast industry talkback systems, Handhelds, UHF/VHF repeater
systems. Marine Radio, HF point to point links, Radiotelephones and

Complete stereo record

Do your tapes lack treble' A worn head could be the problem Tape
constantly

improving

and

fining

one

of

our

Amplifiers. 1-5w input all mode or class C units (RF switched) up to

latest

45W output.

replacement heads could restore performance to better than new'
Standard mountings fit most decks and our TC1 Test Cassette will
make it easy to set the azimuth spot on As we are the actual
importers you get prime pans at lowest prices All our heads are

UK made Raycom Cost Effective Regulated 13.8
supplies. A choice of units 3A to 12A with metered options.

II I

suitable for Dolby machines

HC20 Permalloy Stereo Head Good quality standard head fined as original equipment on many
decks

£7.66

HS16 Sendust Alloy Super Head Quite simply the best Longer life than permalloy higher output than
ferrite, fantastic frequency response
(14.86
f 14.60
£2.49
£3.50
£6.70
£39.70

H0551 4 -Track head for auto -reverse or quadrophonic use Full specification record and play head

Special Offer Stereo Ft/P Heads
4 -Track Auto -Reverse Play Head
HS9510 214 Stereo DC Erase Head
H0751E 4/4 Erase compatible with H0551
Full data on these and other heads in our range are contained in our free list

HART TRIPLE -PURPOSE TEST CASSETTE TC1
enables you to set up VU (Dolby) level. head
tape speed without test equipment Vital when lining new heads Complete with instructions

One inexpensive test cassette

Cellular telephones.

Duality UK made Raycom hybrid modular VHF/UHF RF power

HIGH QUALITY REPLACEMENT CASSETTE HEADS
heads are

and requirements.

Raycom UK made Land mobile VHF/UHF antennas. A choice of

5/8 whips. UHF co!inears and 1/4 wave whips in the range 50-950MHz
with a choice
requirements.

and

£4.66

Send for your FREE copy of our fists with full details of our complete range of Kits. Components.
PCBs. Cassette Heads and Decks - Overseas please send 5 IRCs for Airmail Post.

base's

and

magnetic

mounts

to

suit

modern

New and second user Amateur and Business Radio Main brand

transceivers,
receivers
and
accessories.
We
produce modification kits to improve and expand facilities and offer
guaranteed used equipment checked to original specification. As for our
HF/VHF/UHF

RF semiconductors and RF Power Modules for HF/VHF/UHF. A

range imported and European made specialist devices for OEM and the
service industry. Try us for fast service and delivery.

We offer the largest selection of Radio allied services under
one roof.
Call us by Telephone. Telex or FAX for more details, or send us a detailed
specification of your needs for a fast written Quotation.

Please add VAT to all prices Postage on orders up to f 10- 50p £t0 to f49 -f 1 Over f 50 -f I 50
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of

bi-weekly used list.
azimuth

JLH QUALITY AM RADIO
Sets of Pans available now. including Short Wave coils Full kits ready later Send for list

I

Volt power

ELECTRONIC KITS LTD

1. Penylan Mill, Oswestry, Shropshire SY10 9AF
24 hr SALES LINE 10b91 I bbtts94 Please add VAT

Export e rquiries invited.

A.

Tel: 021 421 8201
Telex: 334303 G TXAGWPA

.ork
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[NEW PRODUCTS
TEST & MEASUREMENTS

Low-cost Tek
Tektronix has celebrated its 40th
year by announcing more new
products than in any previous year.
the latest to emerge being the 2225
50MHz portable oscilloscope. At
C750. it is the lowest cost instrument
in its class yet made by Tek. and it
was designed, engineered and made
at the lloddesdon plant. Its salient
characteristics include alternate
magnification, in which the single
timehase is magnified up by to 50
times on alternate sweeps to give a
roughly similar effect to a delayed
timebase: 500 microvolt/div.
sensitivity: high and low-pass
trigger -coupling for increased
stability: and the usual range of

trigger modes, including tv line and
field and single sweep. Minimum
sweep time is 5ns/division. The 2225
is said by Tek to he one of the
simplest to use high-speed
oscilloscopes available, which will

find many applications in education.
servicing and production.
29 on reply card.

Image sensors for contact reading

IBM into semi -custom workstation

Contact image sensors from Toshiba
have linearly arranged elements
covering the full document width.
This arrangement provides exact 1:1
correspondence when the sensor is
brought close to the document. As a
result. the overall size of image
inputting equipment can he
substantially reduced. The
integrated sensor modules use
either c.c.d. (charge coupled device)
or a -Si (amorphous silicon) to read
the image.
The c.c.d. type is an integrated
module comprising the newly
developed Toshiba long c.c.d. array
(up to 4.864 picture elements). a
precision rod lens array and a high brightness led array. Drive circuitry.
pre -amplifier and control circuitry
are all incorporated in hybrid i.c.
packages assembled on the contact
image sensors' integral printed
circuit board. The c.c.d. image

A semi -custom simulation package.
Lesim. turns an IBM -XT or AT
Personal Computer (with FutureNet
added) into a low cost work -station
for the design and simulation of
Mullard c-mos gate arrays and
standard cell arrays. The package is
designed to help engineers whose

sensors have a resolution of 16

elements per mm for optimum
scanning performance. Modules are
available for paper

A3. The modular construction
enables easy installation without the
need for critical adjustments.
Toshiba's a -Si image sensors
comprise a single -line photo
detector array and analogue

scanning circuits on an alumina
substrate. Readable document width
ranges from A4 to various special
pattern recognition sizes, with

initial throughput will not justify
investment in the more complex
engineering work -stations used by
design centres or large-scale user s.
Accredited customer will not be

ihar

t,

I

ttvare. After

schematic capture. the Mullard
Lesim software enables the designer
to carry out simulation (both
functional and timing) for the
circuit. The Mullard Design Centre
will carry out placement and routing.
followed by post layout simulation.
from the designer's results. Support
material includes a comprehensive
user manual. Lesim software, plus
component libraries for 0(( and 06 series gate arrays and a standard cell

library all supplied on five diskettes.
219 on reply card.

resolution ranging from I to 8
elements per mm. The a -Si sensors
are also easy to instal due to the

Antennae aligned by laser

limited number of control fines.
Both types of contact image sensor
from Toshiba offer high operational

A portable system for the quick,
accurate and inexpensive alignment
of antennae is available from Tony
Chapman Electronics. It enables
rapid alignment between line -of sight transmit and receive antennae
and can he used in a test chamber or
in an opel environment for ranges
of up to one mile 11.6km). Possibly
the greatest benefit is the
elimination of the need for
traditional surveying instruments
which is both time-consuming and
difficult to use.
Before antennae can he tested in
an anechoic chamber. the source
antenna and the antenna under test

speed and sensitivity and are
designed to serve a wide range of
applications.
227 on reply card.

must he aligned, or borighted.
perfectly. The new centrehead
boresight laser made by I lulher
Engineering is designed to greatly
ease this task without sacrificing
accuracy by using a coherent light
source. The laser is first used to
align the antenna under test by
replacing the source antenna and
directing a I mW visible light beam
down -range to the test antenna (see

ELECTRONICS & WIRELESS WORLD

figure). Azimuth adjustments are
then made to this antenna's
polarization positioner until the
laser beam intersects the geographical centre of the antenna to leave
the positioners aligned in one plane.
The laser is then mounted
on the test antenna's positioner
and the process is repeated

until both antenna positioners
are boresighted in two planes.
The whole process requires about
30 minutes, The boresight laser has
been designed for use with all
standard 8in (21)(1mm I diameter
mounting flanges. Its weight (about
2.4kg( has been kept to a minimum
by the use of hard anodized

aluminium.
The laser tube has a typical
lifetime of greater than 15.00((
hours, and has been built to operate
from 10 to 60°C at humidity levels as
high as 95%. Since the laser's
current requirements are low. 45mA. it can he battery powered for
field use.
220 on reply card.
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Hitachi Oscilloscopes
Nv)

.1111111111111111MIlearf

A:

leading the way
from
in performance and pricing!

£299
+ VAT

The highest quality
The Hitachi name is synonymous with quality and reliability and
is backed by a 2 year or 3 year warranty on every oscilloscope.
The keenest pricing
Vl ith prices starting at only £299 for a 20MHz dual -trace model
Hitachi's price -performance ratio can not be bettered.
The largest range

lc,

Now totalling 18 models the Hitachi range covers bandwidths
from 20MHz to 150MHz and digital storage models to 60MHz.
The fastest service

We can supply any Hitachi 'scope immediately from stock and we
back it with full calibration and after -sales service.
For colour brochure giving specifications and prices ring (0480) 63570

Thurlby Electronics Ltd., New Road, St. Ives, Cambs. PE17 4BG
ENTER 64 ON REPLY CARD

low- cost logic analysis
Today's digital circuitry can't be debugged with just a logic probe and
oscilloscope. A logic analyser has become an essential tool.
The Thurlby LA160 system puts logic analysis within the reach of every
engineer with a wide range of options to suit many different applications.

Prices from £395 plus vat
16 or 32 data channels

IBM-PC interface options

Data pods for random logic
Personality modules for uPs

Microprocessor disassemblers

No other logic analyser system approaches the value for money of the
Thurlby LA I60. Contact us now for full technical data.

M2

4,0

111

III ThurlbylES
designed and built in Britain

wurlRboay Edlescttrownes

Hicslutndtin

gdon, Cambs
New
PE17 4BG, England. Tel: 10480) 63570
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The world's most advanced low-cost bench multimeter!
Thurlby 1905a £349, VAT
A complete high perfomiance bench DMM
5t/2 digits; 0.015% acc; 11,N, 1mQ 1nA.
,

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
New Road, St.kes, Cambs PE17 4BG
Tel: (0480) 63570

III Thurlb
designed and built in Britain
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IEEE -488 controlled laboratory Power Supplies - at low cost
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 £598 + vat
Thurlby Electronics Ltd
New Road, St. Ives, Cambs. PE17 4BG
Tel: (0480) 63570

III Thurlby) E
designed and built in Britain
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Within the 68020
To make best use of the 68020's upgrading to 32 bits, the
68000 -family instruction set has been expanded.
DAVID BURNS AND DAVID JONES

mnemonics are cpsAvE, CpRESTORE, CpB, cDficc, cps, and CpTRAP.

routine and executes the required break7oint task. In a monitor program for exam-

make best use of the extra width. For

The last four of these instructions operate
in the same way as 68020 instructions kc,

example with an addressing range of up to

DB", s, and TRAP except that they operate on

4G -byte it became necessary to have branch

the coprocessor condition -code register.
During assembly, these instructions are
given an identifcation field (ID) corresponding to one of eight possible coprocessors.
Using these test and control instructions,

ple it may well halt the program and display
the internal register contents on a terminal.
Using this method, the processor has to
store an entry for the displaced code in some
form of breakpoint table in memory. A large
amount of software is required to manage
this table, for example to replace the original

Widening the address and data buses

of the 68020 to 32 bits meant that
new instructions were needed to

instructions with 32 -bit displacement to
reach any address.

Other instructions, like the register boundary check and signed/unsigned multiextended to operate on 32 bits operands. In

the programmer can make judgements
based upon the results of a coprocessor

addition, the divide instruction DIV now

operation.

ply instructions CHK. MULS and minx, have been

opcode after the breakpoint has been
finished with by the programmer.
A dedicated breakpoint instruction, BKPT,
is included in the 68020 and used in the form

Instructions CPSAVE and CpRESTORE perform

imirr# <data>. Since the immediate data
value represented by# <data> can be from 0
to 7, up to eight hardware breakpoints are

added specifically for 32 -by -32 -bit long -word

a context switch on a processor. Each time a
context switch occurs (the operating system
switches to a new user or runs a new task) all

division.

internal information that the coprocessor

the # sign designates an immediate value.
On executing a breakpoint instruction the

operates on 32 and 64 bits of data and Divs
can be used to perform a 64 -by -32 -bit divi-

sion. A new instruction, own, has been

Arithmetic capability of the 68020

is

requires to perform instructions is placed on

improved. To speed up operation of shift and

the supervisor stack. After the context

rotate instructions, a 32 -bit barrel shift

switch the new user or task has full use of the

register has been designed into the proces-

coprocessor internal programming regis-

to 32 shifts or

ters. To restore the coprocessor to its original condition, i.e. its state before the cpsAvE

sor. This allows from

1

rotations to be made within a register in only
one clock cycle.

possible. In Motorola assembly language,

68020 reads a word from the c.p.u.-space
address corresponding to the breakpoint
number, Fig.1. If the DSACK, signals terminate the cycle then the data at this address is
latched into the processor. This data is the
16 -bit opcode that was displaced to make
room in memory for the breakpoint instruction. If this breakpoint acknowledge cycle is
terminated by the BERR control signal then
the processor performs exception processing
for an illegal instruction - as with the 68000.
This hardware process is much faster than

instruction was issued, CpRESTORE is used.

Two other instructions for sign extension
and linking lists of local data, Err and LINK,
have been modified. Sign extension of a byte
to a word or long word is now possible using
the modified EXT instruction EXTB, and LINK
can accommodate a 32 -bit displacement.
Lengths of some instructions executed on
the 68020 may differ from the same instructions executed on the 68000. This is because
the new addressing modes require an addi-

tional 32 -bit instruction -extension word
which is decoded by the processor.

INSTRUCTION ENHANCEMENTS
New instructions have been added to give

additional flexibility for the programmer.
One of these is CHK2 which performs an upper

and lower boundary check on a register's
content, instead of just on the upper boundary as with other 68000 processors.

With the 68000, the TRAIN instruction
causes a system trap which routes to the
operating system via a supervisor access if
the condition -code register overflow bit is
set. This instruction modified to TRAP" now
responds to all the bits in the condition -code
register.

In addition to the coprocessor general
function instructions for passing command
words to coprocessors such as the MC68881

floating-point device, there are six instruc-

tions for testing or controlling active coprocessors within a 68020 system. Their
1Nvo previous articles presented in our December and
January issues introduced the 68000 family and discussed
68020 architecture.
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SUPERVISOR INSTRUCTIONS
Improvements have been made to the 68020

supervisor mode. A number of specific in-

structions belong to this group. To

the 68000 equivalent since the breakpoint
table is managed by the processor and not

accommodate programming of the 68020's
additional control register the MOVEC instruc-

the system software. The sequence of events
illustrated in Fig.2 shows that when a

tion now covers cache control and address
registers.

breakpoint instruction is placed in a code
sequence (by a monitor program, say) it

For example a moveci DO.CACR operation

loads the value contained in Do into the
cache control register. The value repre-

places the displaced opcode into its corres-

sented by DO can indicate a cache enable, a
cache clear, a cache freeze or a clear entry
operation.
To perform the debugging task of insert-

location.
The remaining 16 -bits of this register can
be used to implement a breakpoint count.

ing breakpoints into a code sequence the

times the program should execute the displaced instruction before the breakpoint is
actually taken. For example if BKPT is executed and the count is non -zero then the

ponding c.p.u.-space register or memory

This count is loaded with the number of

68000 processor needs to execute a predefined illegal instruction. On receiving such
an illegal instruction the processor jumps to
the illegal instruction's exception -handling

external hardware will need to generate
Address bus

Breakpoint
acknowledge
odd r ess

0 31

2
1

1

1

Function
codes

23

16

LI

4
,

2

0

100000000100000000000
tl
001E3KPT#1001
II
pu

space

type
field

BKPT- Encoding of the
breakpoint number

Fig.1. During a breakpoint -acknowledge cycle the 68020 addresses this memory location
in c.p.u. space (function codes all ones) to fetch the displaced opcode. If the breakpoint is
to be taken then the memory access shculd terminate in a BERR, otherwise DSACKx, are
asserted.
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cpu spoce register file
for breakpoints
15

0

0000

BKPTO

0004
MOVE 1.

00,06
0008

OM IN

ADD.L

06,07 NO
000C

MOVE.1

<E1-1107
0010

Fig.2. Breakpoint instruction insertion. The
16 -bit opcode for ADD L D6 D7 is replaced with the

0014

16 -bit opcode for BKPT #5. Opcode ADD L D6 D7

0018

must then be stored by the 68020 in the c.p.u.

long -word (32 -bit) memory location corres-00141, lAnt 06,071
ponding to breakpoint number five, address c pu spoce
1416. The opcode is stored in the upper 16 -bits
and a count value can be loaded into the lower

001C

COUNT

.

Execute COUNT number of times

16 -bits.

. . .

CK

OSACK

FCO-2

A1-23

F -E PR

AS

Fig.3. External breakpoint hardware. Eight
long -word memory locations from 0-1F16

UDS or L7

in

c.p.u. space are used to temporarily

store the opcode replaced by a BKPT instruction. Each time BKPT is executed the
68020 accesses one of the locations
depending on which breakpoint is being

R/171

DTAC K

D8-15

Indivisible cycle

Fig.4. When executing the TAS instruction (test and set an operand) the cycle is made

indivisible, i.e. uninterruptible, by continued assertion of address strobe

AS

through the read and write operations.

DSACKX in order to execute the displaced code.

When the count reaches zero the hardware
should generate t-ol and exception proces-

sing will begin for the breakpoint service
routine. For simplicity, design of this hardware can be incorporated into a memory management unit as is the case with the
MC68851 paged -memory -management
unit.
Hardware is shown in Fig.3.

MULTIPROCESSING AND
MULTITASKING

struction allows the testing and setting of a
variable to be performed in an indivisible
cycle.

With the 68000 this indivisible cycle is
achieved by keeping the address -strobe sig-

nal (Z) asserted throughout the read modify -write operation. You can see this in
Fig.4 where the processor reads a memory
location, tests the data item and may modify
it and then write it back out to memory. This
cycle is carried out without negation of the
address strobe. With the 68020, execution of

this type of cycle is further indicated by
assertion of the 121'1C signal.

executed (okFro - BKPT1) If the count value
(bits 0-15) is not zero the replaced opcode
is placed on the data bus (bits 16-31) and
the DSACK, lines are asserted. If the count is
zero then BERR is asserted to initiate a
breakpoint acknowledged cycle in the
68020.

number of tasks (processors) may gain access to the memory block at one time.

This situation can arise if task A for
example reads the flag and, finding it clear,
decides to set it and thus claim access to the
block. Task B may then interrupt task A (in a
multitasking environment there may well be
a preemptive -timer interrupt) and it too may
read the flag associated with the memory
block and also find it clear because task A did
not finish writing the data. Task B claims the
memory block by setting the flag.

The preemptive interrupt may occur
again and reconstitute task A. Execution of
task A continues from where it detected the
flag as being 'clear and continue' by setting
the flag to claim the memory block.

The MC68020 has several facilities for multi-

Flags are very important elements in the

processing. It has special instructions like

implementation of any multitasking/

TAS. CAS and case for interprocessor or inter -

multiprocessor system. In these types of

task communications and a hardware line

application flags are used to control access to

In this way, two tasks concurrently ex-

for bus locking. An instruction -

globally -shared memory blocks. If a task or

continuation facility allows easy transfer

processor needs to gain access to one of

from one processor to another.

these memory blocks it must test the associated flag to determine whether the block is
presently being used. If the flag is clear then
the task (processor) will claim control of that
memory block by setting that flag. It should

ecute the same memory block and as a result
there is a risk of data corruption. To remove
this possibility, testing and setting of the flag

(Bric)

Execution of the special instructions
forces assertion of the RT-1C signal (read modify -write cycle) and thus causes the bus

to lock. Any alternative bus masters in the
system must wait until the negation of the

must be performed in an indivisible cycle,

i.e. with no interrupts or bus arbitration,
which is done using the TAs instruction.

then be guaranteed sole access to that

This read -modify -write class of instruction is further expanded by as and CAS2.

12? -1C signal before they can take control of the
bus.

particular block.

Compare -and -swap -with -operand, CAS, is an

If your system is configured such that

extension of the TAs instruction and allowing

Instruction TAS (test and set an operand) is
the same as that on the 68000 processor and

reading and testing of the flag is implemented through one instruction and

allows implementation of flag variables for
globally -shared memory blocks. This in-

setting of the flag is implemented through
another instruction then it is possible that a

data items (byte, word or long word) to be
compared and swapped. This instruction
could for example be used in the manipula-
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tion of linked lists when a new item is
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required to be inserted for example.

A copy of the old starting pointer must
and then the pointer to the new item block
must be updated into the starting pointer
area. To perform this reliably, updating of
the new starting pointer must be executed

S2

SO

first be put at the base of the new item block

S4

So

S2

Slr,

CK

40-31
FC0_2

using an indivisible cycle.
The first operation is to place a copy of the

old starting pointer at the base of the new

R/cl.

linked items block. This new item is starting
address must now also become the starting
address of the linked list. If after placing the

RMC

old starting pointer at the base of the new
item the present process, task A, was interrupted then task B could intervene, placing

ECS

AS

its own new item in the linked list.

The pointer at the base of task A'S item is
no longer the next item in the linked list - it

doesn't know of the existence of task B's
item. To remedy this problem it is necessary
to retest the start pointer before you update

os

pointer is updated with the value in the other
data register, ou, (the new starting pointer).

If the values in data register, pc. and START
don't compare (i.e. the START pointer has
subsequently been changed) then the update
is not performed and integrity of the linked
list is preserved. This function is again

performed as an indivisible operation and its
bus activity is shown in Fig.5.
Instruction CAS2 is identical to CAS except

that it can be used to compare and update
two operands within the same indivisible
cycle. This is of use in maintaining doubly linked lists i.e. items with both a next -item
pointer and a last -item pointer.
MODULE SUPPORT

In comparison with the 68000, the 68020
has more levels of access control than just

the supervisor/user split as on previous
M68000 processors. Two instructions cALLm
and RIM (call module and return from mod-

ule) can be thought of as advanced subroutines used to gain access to other levels of
security.
This feature enhances the computer operating system by allowing a number of layers
or shells to be created around the computer

kernel. With this type of system the 68020

can monitor attempts by the user to gain
access to higher levels of security than
permitted. In this case an access level excep-

tion will be taken by the processor and an
error condition will be flagged. Figure 6
shows what such a system could look like in
an operating system application.

In modern computing there are many
areas where this mechanism could be used
to give more security to an operating system.
For example, consider an applications pro-

\ /

/

°SACK°

D-4

address strobe

)

BG
Indivisible

As

cannot

be used. The RP7-1C (read modify -write cycle) sigcycle

nal indicates indivisible
cycles.

would need to have access permission to
obtain this information. In addition the
programmer needs to be prevented from

updating that information, this being a
function of the database manager or system
administrator. Another area of use could be

through an indirect pointer in the stack of
the calling module.
- Descriptor type (type field). Two types are
used; one in which there is no change in
access rights (where the module stack is

in the Unix operating system to set up
different shells. Typically Unix runs with a
Bourne shell, however other layers or shells

are available for Unix; in addition user
generated shells can be created.

The 68020 can be used to achieve these
features by a combination of software and

external hardware. The execution of the
CALLM

instruction is

CALLM #<data>,<e.a.>
This instruction is very similar to JSR (jump
to subroutine), except that the immediate
data value is the number of bytes of argument to be passed via the stack to the called

module. Effective address <e.a.> is the
actual address of the module descriptor in
memory.
The module descriptor can be thought of

as a gateway through which the calling
program must gain access. The module
being called can be thought of as a sub- 11111
routine that is to act upon the data argu- igccst ono
ments passed to it. This module can be the
same priority level or different to that of the

caller. Figure 7 illustrates the procedure
that the MC68020 goes through during
execution of the cALLm instruction.
The CALLM instruction acts as follows. The

effective address (<e.a.>) in the instruction
points to the address of the module descriptor or gate to find control information. At

the same time, the MC68020 creates a
module -stack frame similar to an interrupt.
The module descriptor contains the following information.

grammer who would like to access a large
database to obtain personal details about an

- How arguments are to be passed to the

employee. For this example the programmer

passed either under the module stack or

ELECTRONICS & WIRELESS WORLD

of the CAS

instruction (compare
requires a change of
address and so continuous assertion of

\

DBE N

00-31

Fig.5. Execution

and swap with operand)

OSA ,Ki

it.

This can simply be done by using the
instruction CAS DC, uu, START. To give an
example, the existing starting pointer is
copied into data register pc and then by
using the cas instruction the value in this
register (old starting pointer) is compared
with the present starting pointer (START). If
these two are the same then the starting

\

called module (option field). They can be

II III CI
c'kt
t

et) -

O

Fig.6. A typical computer can be thought of
as layers of protected software programs.
At the heart of the computer is the kernel.

This is code written such that it will interface directly to the computer hardware.
This will typically be the highest priority

code and, as such, runs in supervisor
mode. Other layers that need protecting
from the user programs include database
and applications software, these being
accessible only to users with high access permission privileges, e.g. system administrators.
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register through which the calling module
requests increased access rights and the
decrease access -level register (UAL) is the
register through which the processor re-

CALLM filzdata>, <ea..*

Opt 1 type

Opt type 'saved access Level

Stack

Access level

pointer

'Condition codes

H

'Argument count

quests decreased access right. These registers are updated from the module descriptor
stack frame.
The access -status register allows the processor to determine from the external hardware whether an intended access -level transition is valid. During the CALLM instruction,
the processor uses the descriptor register to
communicate the address of the type #01 or
descriptor.
The RIM instruction is executed as the last
instruction of the called module and is used

Module entry

word pointer
Module data

(Reserved)

area pointer

Module descriptor

pointer

Saved stock

pointer value

Saved program
counter

Additional user
defined information

Saved module data

area pointer
Saved stock

0

15

pointer

to restore the original information to the

15

Arguments

processor and to the next instruction to be
executed. After the RIM instruction has executed, resultant arguments will be resident

Registers to be saved

( opt,onal )

Module program
15

0

on the stack for the program to use.
Support for up to eight levels of access can
IReturn to module instruction

ea is effective address

now be supported, as opposed to the pre-

vious user/supervisor mode on other
M68000 -family processors.

Fig.7. CALLM can be thought of as an advanced subroutine. On executing the instruction the

68020 places information on the supervisor stack; this is called the module stack frame.
The effective address given in the instruction (<e.a.>) points to the address in memory of

David Burns and David Jones are with
Motorola in East Kilbride.

a module descriptor containing specific information about the module being called.
Within the module descriptor is the actual address of the program to be executed.

Fig.8. Implementing
access -level support re
quires external hardware

at these addresses in

23

31

100 00

CAL

10004

STATUS

10008

IAL

1000C

DAL

9

I Unused reserved)

In response to the growing number of
requests

I

+

Function code 0 descriptor address
Function code 1 descriptor address

10040

10044

in Futurebus products, an opportunity that
has been sadly missed with other buses.

used to contain addresses of up to eight module
descriptors.

notably VME.
1

1005C

1

created on the calling module) and the
other where there is a change in access
levels (a change of stack pointer may be
needed).

- Called module access level.

- Stack address of the called module. Note
that the first word of the module program

indicates the registers used in the program; this is interpreted by the 68020 in
such a way that the processor knows which
registers to place on the stack.

- If the access change requires a change of
stack pointer, the old value is saved in the
module and all the arguments are copied
to the new stack.

- User -defined information, for example a
count of the number of times the module
has been accessed within a certain task.

The module stack frame contains information needed by the processor to continue

program execution from the instruction
following the CALLM. Arguments passed to
and from the module are placed on the stack
before execution of the call module instruction. If there is a change in the stack pointer
requested from the module descriptor, this
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for product and information on

Futurebus, the IEEE's 32 -bit bus standard, a
number of UK companies have established
the Futurebus Manufacturers and Users
Group. It is the intention of the group to give
the UK an early start and a competitive edge

I

c.p.u. memory. Four long
words are used to control

access privilege and
eight long words are

Futurebus group
starts up

Function code 7

descriptor address

Twenty invited representatives of 12 UK
companies attended the inaugural meeting
held last autumn, hosted by National Semiconductor at Swindon. Nat Semi said they
were the only manufacturer with Futurebus

is requested and the arguments are copied
onto the new stack, typically for access -level
changes.
This does not offer a great deal of protec-

devices in production, offering a range of
transceivers, drivers and receivers which

tion for this system, since the user can
obtain access to a higher -privilege level

networks, extender cards and prototyping
boards in current production. A number of
other companies are known to have
Futurebus products under development including an advanced multiprocessor system

simply by reading the module address in the

descriptor. For this reason, the protection
mechanism is designed into the 68020 as

one of the special c.p.u. functions. Any
request for change of access level causes the

processor to execute a c.p.u.-space cycle.
While processing a type #01 (a module call
for which there is a change in stack pointers)
descriptor the CALLM and RIM instructions
communicate with external access -control

hardware in c.p.u. address space at the
address shown in Fig.8. These registers

conform to the P896 specification.
Also present and with product available was
BICC-Vero who have backpanels, termination

based on multiple 32332's, graphics engines
and systems for high-speed parallel proces-

sing, but most of these products are firmly
'under wraps', with the intending suppliers
playing their cards close to their chests. Apart

from National Semiconductor, at least four
other manufacturers are known to have I.s.i.
products for Futurebus currently under development.
The potential market for Futurebus is said

would typically be designed into a memory management unit as an aid to the protection
mechanism (as with the 68851 paged memory management unit). As the communica-

to be vast, with very little competition in the
32 -bit stakes. It is claimed that it has all the
answers to the 'bus driving problem', cache

tion to these registers is performed by the
c.p.u. microcode, the user is unaware of

gy independant. (news, Jan 1984, page 45).
Represented at the inaugural meeting

these operational checks. The current

coherency, bus arbitration and bandwidth
whilst also being manufacturer and technolo-

National Semiconductor, BICC-Vero, Dean

access -level register (CAL) contains the access

Microsystems, Plessey, British Telecom, Fer-

level of the currently executing module. The
increase access -level register (LAL) is the

ranti, Array Consultants, Fraser Williams
Industrial Systems. Spectra-Tek and the DTI.
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10 BROADCAST
PAT HAWKER

H.f. spectrum
management

Vintage Wireless Society, has
produced an impressive British
periods is controlled by the Fore- counterpart covering radio sets
ign & Commonwealth Office and from the earliest pre -1992 reA recent lEE colloquium on h.f. at present amount to English ceivers up to the 1960s. The
result is a large (A4 format)
Frequency Management brought and 36 other languages.
home the complex operational
N.St C. Gerdes (School of Sig- 244 -page book that includes conproblems of frequency planning nals, Blandford) described the siderably more explanatory text
for h.f. broadcasting and com- growing use of prediction tech- on the history of broadcasting
munications due to the diurnal, niques based on programs suit- than the American book,
seasonal and 11 -year sunspot cy- able for microcomputers derived although it is evident that the
cle variations and the difficulty of from the 1978 "Minimuf' algor- author, a professional photoselecting suitable channels many ithm by Levine, Rose and Martin grapher and designer, remains
months in advance in the case of and the German "MiniFTZ2" more fascinated by the enorbroadcasting and, for com- program based on a reduced mous variety of cabinets and
munications, the use of CCIR map. He has translated and enclosures than with the intercomputer -prediction programs modified MiniFTZ2 to run on a nal circuitry.
His book, in fact, provides a
and real-time channel evaluation fast co -processor 8 -bit 64-Kbyte
(t.r.c.e.) techniques.
microcomputer and is convinced vivid reminder of all our yesterG.S. Spells (BBC External Ser- that MiniFTZ2 will largely re- days and there will be few readers
vices) gave an overview of the place Minimuf for smaller micro- born before 1960 who will not
current procedures under Article computers. He also foresees in- find illustrated reminders of the
Bush House, the choice of languages and transmission time

EX16 9LY (telephone 0398
31310), price £18 plus £2 P&P
for the deluxe signed and num-

bered hardback edition, or
£12.95 plus £2 P&P for the
softback edition.

Sporadic
E on m.f.
Interest in extended -range radio

propagation by means of Spor-

adic E ionization has usually
been confined to frequencies be-

tween about 20 MHz and 150
MHz. It was in the late 1930s that
the first amateur contact between the UK and Italy on the 56
MHz band was reported, though

at the time little was known
about the mechanism that

creased use of "electronic mail"
to obtain current information on

radio sets they grew up listening
to. For the growing band of

brought this about. Sporadic E

dules are selected and registered

the state of the ionosphere.
N.G. Riley (Marconi Research)

with the IFRB. The planning

is endeavouring to produce a

prominence with the spread of
v.h.f. television. It was seen not
as a bonus but as presenting, if

starts at least nine months before

period concerned. This involves
the use of desk -top microcomputers and other aids to interpret-

"model" for h.f. interference taking into account the likelihood of
any 1 kHz of h.f. spectrum being
free at any given time, based on
the occupancy data collected by

ing the long-term ionospheric

Dr C.F. Gott of UMIST. The

collectors of "valve" radios the
book is clearly a must. My own
regret is that, unlike "A flick of
the switch" there are no illustrations of the communications or
military receivers of the 1930s
and '40s. Jonathan Hill sticks
firmly to broadcast receivers but of these he provides many

predictions. BBC frequencies are
co-ordinated before submission

speaker admitted that if many

17 of the ITV Radio Regulations

by which the many seasonal
changes in the frequency sche-

the start of the three-month

to the IFRB (International Frequency Registration Board) with
those for Voice of America, Radio

users all attempted to base their
frequency management on the

same model it would be a non

Free Europe/Radio Liberty

productive exercise.
Paul Cannon (RAE) described

(American -funded transmissions

the problems encountered at

from West Germany into the

high latitudes including the se-

Eastern Bloc), FCC, Radio Cana-

hundreds of brief details and
illustrations. There is also, for

propagation really came into

only randomly, a serious interference problem on Band I (41
to 68 MHz).

Sporadic E brings in many
European amateur signals on 21
and 28 MHz during the "summer
season" of Sporadic E through-

out the sunspot cycle. But re-

instance, some 40 photographs

latively few engineers appreciate

of British valve types from the
1922 "R" valve up to the 88A -

that Sporadic E can also affect
medium -wave transmissions in
the hours of dusk and darkness

based valves from 1953 onwards,

when m.f. signals are not

da, Radio Netherlands and

vere polar cap absorption conditions that can completely disrupt

I doubt if the 1934
"acorn" valves were ever used in
broadcast receivers.
Also included is an illustration

Deutsche Welle.

h.f. signals for periods of from

of the 1935 miniature Hivac

The BBC alone uses some 80 two to ten days. The less severe
high -power tranmitters of up to auroral absorption of com500kW output and is seeking, by munications circuits can usually
increasing use of overseas relay be overcome by the use of a

valves, probably the miniatures
made in the IJK. Some of these
miniature valves, incidentally,

ried out in Japan in 1981-83 and
reported by Masayoshi Mambo et
al "Comparison of measured and
predicted field strengths of m.f.
sky waves over short distances in
Japan", IEEE Trans AP -34, No
10, October 1986, pages 1214-

bases,

to provide single -hop

coverage of most of the world.
Programmes to overseas bases
are now all distributed by satel-

"dog -leg" relay station to the
south of an affected radio path.

lite and this can give rise to

Radio! Radio!

curious "pre -echo" problems in

Several years ago I acquired a
copy of the American publication

areas where a UK transmitter
may be received on the same

"A flick of the switch 1930 -

quency changes are required in

1950" by Morgan McMahor - an
excellent 312 -page paperback
compilation on the development
of radio and television receivers

each 24 -hour period and because

as marketed in the USA. This

of the difficulty of predicting

includes many photographs and
original advertisements for hun-

frequency to that of the nearest

relay base due to the satellite
delay time. Three or four fre-

though

were adopted by the German
Abwehr (military intelligence)
Geheim Funkmeldedienst radio
unit at Berlin-Stannsdorf for use
in several of their early clandes-

absorbed in the lower D layer.

This is confirmed by an interesting university study car-

22. This report shows that in
Japan, where sporadic E condi-

tine radio equipment, production of which began in 1936-7.

tions are much more frequent
than in the UK, measured me-

The Abwehr went to considerably
pains in the first year of WW2 to

dian field strengths over paths of

continue to obtain these miniature valves by importing them
through neutral countries (probably Portugal) despite al: the
British efforts to prevent such
exports under the trading with

about 250 km from broadcast
transmitters on 1222 kHz and
828 kHz during periods shortly
after sunset can be over 7 dB
stronger than predicted from
CCIR techniques based on the
"international reference ionos-

the enemy" regulations. Pre-

phere". When sporadic E is pre-

dreds of receivers, including

sumably Hivac had no idea where

sent, the skywave appears rapidly

some of their products were

after sunset at enhanced

going or what they were being

three or four h.f. bands simul-

amateur -radio communications
receivers and some American
military communications equip-

taneously despite the ITU recom-

ment of WW2.

mendation that not more than
two bands should be used. For

Now Jonathan Hill, one of the
founder members of the British

Radio! Radio! is available
direct from Sunrise Press, 2-4
Brook Street, Bampton, Devon

strength, finally approximating
to the CCIR predictions about
four hours later and tending to

propagation conditions accurately many months ahead, it is
now common for programmes to
be targeted to the same area on

ELECTRONICS & WIRELESS WORLD

used for!

fall below the CCIR curves some
six hours after sunset.
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VESTIGIAL SIDEBAND
TELEVISION MODULATOR C C.I.R 3

TAYLOR

CRYSTAL CONTROLLED OSCILLATOR

19" RACK MOUNTING, 1u HIGH, 205mm DEEP

C.C.I.Ri3 SPECIFICATION
Power Requirement
Video Input
Audio Input
F M Sound Sub -Carrier
Modulation
F Vision

- 240V 8 Watt (available in other voltages(
- IV Pk -Pk 75 Ohm

- .8V 800 Ohm

to comboae outputs of modulators

- Negative

- 38.9MHz
- 32.9MHz (available 33 4MHzi

I

Sor.nd
Sound Pre -Emphasis
IF

Ripple on I.F.Sew Filter
Output (any channel 47-860MHzi
Vision to Sound Power Ratio
Intermodulabon
Spurious Harmonic Output

2 Channel Filter -Combiner Leveller Insertion Loss 3.5d8
4 Channel Filter Combiner:Leveller Insertion Loss 3 5d8
Enables up to 4 TCFL2 or TCFL4 to be combined

TCFL2
TCFL4
TSKO

- 50us
- .6dB

- .6dEtrnV 12mV) 75 Ohm

- 5 to

1

- Equal or less than 60dB
- - 40dB 180dB if fitted with TCFLI.Filter or corn
bused via TCFL4 Combiner/Leveller

CCIR 31

CHANNEL COMBINER FILTER LEVELLER

- 8MHz (available 5.5MHz1

- Specification as above but output level 60C1BoOl
1000MV

TAYLOR BROS (OLDHAM) LTD
BISLEY STREET WORKS, LEE STREET,
OLDHAM, ENGLAND.

TELEPHONE: 061 652 3221 TELEX: 669911

ENTER 23 ON REPLY CARD

RACKMOUNT CASES

68000

DEVELOPMENT SYSTEMS
Versatile, low cost, development systems
offering a choice of powerful multi -tasking
disc operating systems. Available as board
level, dual floppy or Winchester plus floppy
configurations.

1U (13/4) height, 230m depth

£27.00

2U (370 height, 308m depth
£32.00
3U (5'4) height, 230m depth
£39.00
Width Behind Front Panel 437m (All Types).
^,

PrIces Include Postage & V A T Cheques, Postal Orders P e

J. D. R. Sheetmetal, 131 Grenfell Road, Maidenhead,
Berks. SL6 1EX. Maidenhead 29450.

68000 microprocessor, 8 Mhz operation
512K dram, 128K eprom, 64K static ram
640x 500 full colour graphics
80 x 24 character full colour text
Dual 80 track dsdd floppy disc drives
20 Mbyte Winchester disc drive
Two fully programmable serial ports
Up to 48 parallel input/output lines
Real time clock calendar - battery backed

ENTER 59 ON REPLY CARD

MICROVIEW Digital Storage
Oscilloscope/Spectrum Analyser
BBC -B vn from £140

ZX Spectrum vn £99.50

Features of the system include:

OS -9/68000, TRIPOS 3, CP/M-68K, STARDOS operating
systems

Board only - double eurocard
Dual floppy built system
Winchester + floppy built system

13 -Sea AsserptAy Hach Muunang LdW.: W th lift utt Covers Front Panel 10 gauge.
Brushed Anodised Aluminium. Case 18 gauge. Plated Steel with Removeable Rear
& Side Panels In 1U & 2U Types, a Subplate Chassis is Mounted to Bottom Cover
In 3U Type the Subplate s located nn two R. Is Mounted Between The C de Plates

£650
£1195
£1895

Dual Channels with the gain of each controlled by a 10 position switch ranging from
10mV to 10 V per division.

Timebase selectable via a 12 position switch giving values ranging from 1 second to 250
micro seconds per division, and a maximum sample rate of 100KHz.
Spectrum analysis of either channel using the Fourier transform.
Large screen display of channels A. B A and B A+ B or A-B. with graticule and readout.
X and se cursor movements with readout of amplitude and timing of displayed waveforms.

Magnification of selected areas of the
display.

An auto or manual trigger.

Micro Concepts

The facility to save or load wave forms
using a tape cassette or disc.
The ability to print selected waveforms.

Real time Spectrum Analysis available.

2 St Stephens Road Cheltenham G1os GL51 5AA

Telephone: 0242 510525
ENTER I I ON REPLY CARD
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DEMO PACK £5.00.
AWR Technology. 67 Thornbridge Road, Deal Kent CT14 9DZ.
Telephone: 0304 367711

ENTER 56 ON REPLY CARD
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-TELEVISION BROADCAST'
TV in Europe
The Royal Television Society's
"Golden Box" presentation at the
Commonwealth Institute on the
Philips Vidiwall and large screen

1944, 441 -line broadcasts were

"World Teletext" standard. hut it

service (Subscriber User Groups)

resumed on a restricted basis
pending the introduction of the

is

recognized that at present
there are only a few thousand

offered in conjunction with Air

French 819 -line system on

teletext sets in use in the USA.
The cheapest model appears to
be a large 270inch receiver retailing at around $1000, with a
printer available for an additional $100. One small Californian

Unlike television, it is fair to
claim teletext as a British development - although I am not
sure whether any broadcaster

Eidophor, marking the 50th

November 20, 1948. Although I
was in Paris in October, 1944 and this was still seven months

anniversary of the start of the
BBC service from Alexandra
Palace (November 2, 1936).

before the end of the war in
Europe - few of us were aware of
the French television operations

proved an interesting and attrac-

based in the Rue Cognacq Jay
and Eiffel Tower. But I do recall
that it was about this time that

tive compilation. But I was not
the only person to raise my eyebrows slightly at its ending with

musical accompaniment of

the very first V2 missile landed in
Paris early one morning.
Germany also occupies a unique place in European tv history

"Land of Hope and Glory".
TV -50 in general did seem to

in that experimental transmissions were made not only on m.f.

pay too little acknowledgement
to the part played not only in the
USA but also in Germany and

(30 line 12.5 frames) and v.h.f.

some rash claims about how
Britain created it all - to the

firm has begun marketing an
external teletext adaptor based
on British components from one
of the abandoned projects.

The WTBS superstation
satellite -distributed signals go
into the vast majority of American cable homes but it seems to

(90 -line 25 frames in 1932, 180 line from 1933) but also even on
long waves (Deutschlandsender
183-.5 kHz, 30 lines, May 1930)
and h.f. (January 1931, 48 lines
25 frames on 2100 kHz etc).

be proving an extremely uphill
task convincing American viewers that teletext is a worthwhile
addition in a multi -channel environment.
In the UK, with a penetration
of around 15 per cent of television homes, the main limitation to growth is that the control

from Germany by Dip.Ing.

The British EMI, Marconi,

units are not considered by many

Joachim Kniestedt of the German Ministry of Posts & Telecommunications at Bonn. The

Cossor teams certainly played a

people, particularly those past
their youth, as "user-friendly".

France etc.

The TEE conference partly
made amends with several contributions from the USA and one

Germans celebrated their TV -50

in 1985 in connection with their
180 -line service from the Berlin
Radio Tower, received in public

viewing rooms scattered
throughout Berlin.
This service reached a high
point with the televising of the
1936 Olympic Games (August 1
to 14), with Dr Walter Bruch of
PAL -fame operating an electronic camera, reportedly seen by

prominent part in establishing

electronic television, but we With average access time down
should not forget there were to about seven seconds, the main
many others actively working in
this field. Herr Kniestedt, in

u.h.f. or v.h.f. signals from tall
moving cranes. At Southampton
and Ipswich, additional relay stations have had to be provided at
carefully selected sites to serve
the affected areas to avoid reflections.
Similar problems are already

arising from the reflection and
scattering of signals by the re-

simply ask for what he or she

sion since August 1986 of a small

Teletext
struggle

wants. Technically feasible, but
at a cost that would put teletext

relay station serving the few

Although there are now

text services is impressive. For
example, the Oracle sub -titling
service for the hard of hearing

attempts to establish teletext and

3.5 million in the UK alone, the
two-way videotex on the American cable systems have been
littered with abandoned projects

including those of Time Inc,

when you arrive at the wrong
moment on a multipage sequ-

well above its "perceived value".
The growth of the British tele-

now has a staff of 22 based in its
own premises and using 14 of the

"Newfor" subtitle preparation
units developed jointly by Oracle
Teletext and Southampton University. It produces some 24

pre-war service using 180 lines
and later 455 lines). This continued until August 16, only ten

CBS, NBC, Field Enterprises and

hours of teletext subtitles per

Knight -Rider. Only the "WTBS

week and is likely soon to use a

days before the liberation of

based on Atlanta, Georgia continues to carry a limited 50 -page
magazine using two lines in the

Radiodiffusion Nationale also
began training engineers in television broadcasting techniques.
One result was that on October 1,

larly those handling container
vessels. This is due primarily to
the constantly changing pattern
of multi -path (ghosting) due to
the reflection and scattering of

systems whereby the user would

with interruptions until destroyed by RAF bombing in

hazardous conditions on 800 and
1200 -line systems.

adjacent to busy docks, particu-

1486.

approaching 10 -million teletext equipped receivers, with around

Less well-known is that, during the occupation, French engineers continued work under

Wind turbines
For some years broadcast engineers have found it difficult to
ensure good reception in areas

included in the special issue of
the EBU Review, December

441 -line transmitter (14kW, later 40kW) at Berlin - Charlottenburg and this service continued

Paris.

of" puhlk

ence. The basic problem of remembering wanted page numbers I suppose will eventually
give way of voice -recognition

v.h.f. transmitter was destroyed

November 1943. A 441 -line system was also set up by the Germans in Paris (the French had a

need to go through various index
pages to reach what you want or

would hail it with "Land of Hope
& Glory" as it is not easy to make
the system pay - except in terms

volving blades of large electric power generating wind turbines
(p.g.w.ts) that may eventually be
erected on many hilltops under
the "alternative energy" project.
A small prototype p.g.w.t with a
blade area of 20 m at Burgar
Hill, Orkney has led to the provi-

1985, wrote a detailed account of
German tv in the 57 -page booklet "Die historische Entwicklung
des Fernsehens". An account of
50 years of French television is

150,000 viewers in 28 public
viewing rooms. The 180 -line
by fire at the Berlin Radio Exhibition of 1938. It was replaced by a

frustration is either when you

Call Teletext Ltd.

Superstation" of Ted Turner dedicated field blanking line
(335). The main computer system has also been expanded in
recent months with the installa-

vertical blanking interval. This

tion of another six mini-

stems from an 85 -page four -line

computers connected by an

service called "Electra" broadcast on WKRC-TV, Cincinnati
and run by MS Hillary Goodall,
formerly of BBC Ceefax, with a

Ethernet local area network. The
system currently uses 48 editing

six person staff.
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This service uses the British

terminals, 26 of them located
remotely from the main Oracle
centre, and with the recently
introduced conditional -access

hundred viewers in the locality.

Since much larger wind turbines with blade areas of about
200 m2 are under construction,

theoretical and experimental
model studies have been carried

out in the UK by service area
planning engineers of the IBA. At
IBC86, Dr John Causebrook and

Dr Henry Palmer of the IBA
reported on model experiments
carried out at 10.7 GHz. These
have confirmed earlier (1979)
studies in the USA by Sangupta
and Senior. The theory has been
extended by the development of
methods using diffraction theory

to calculate the strength of the
scattered signals in the shadow
areas behind a p.g.w.t. They suggest that such work should enable
broadcast engineers to work with

those responsible for building
p.g.w.ts to plan locations which
would reduce the potential interference to an acceptable level.
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RADIO COMMUNICATIONS
Mobile packets
The growing interest in packet -

based switching systems for
digital telecommunications networks is extending to the poten-

tial use of such techniques in
large civilian cellular mobile -

radio networks and also for
secure tactical military communications systems.

AT&T Bell Laboratories have
investigated the transmitting of
packetized voice and data on
cellular mobile networks operating between 800 and 900 MHz
(see M.R. Karim, AT&T Techni-

cal Journal, May/June 1986,
pages 12 to 20).

The major problem with
mobile data transmission has always been that the signal undergoes pronounced multipath fading because of the scattering and

reflections from buildings and
other obstructions. The amplitude of the incoming signal at
any point over distances of a few
hundred wavelengths varies randomly about a mean level with a

Rayleigh distribution, while its
phase is uniformly distributed
between 0 and 27r. M.R. Karim
points out that with convention-

will not accept for display a pack-

et that has acquired errors during transmission: "If you get it.
you get it perfectly." Because of
the short bursts of specifically

vessel; there was the susceptibility of c-mos and other semicon-

ductors to r.f., including light-

grinders, drills. sanders and saw.

Five of the 11 were outside the
by -no -means demanding limits

ning and nuclear electromagnetic pulses; the problem of highspeed digital pulses escaping
from computers (and thus making them vulnerable to convert
reading of their contents or en-

of BS800.

ciphering mechanisms): the

electrical noise is the most signi-

can be achieved at u.h.f. at vehicle speeds up to about 70 m.p.h.
with the average "delay" a func-

spurous r.f. radiation from thyristors, switched -mode power
supplies and the like; the wide-

tion of packet size. While the

spread use of plastic rather than
metal cabinets and enclosures;
the vulnerability of semiconductor devices to voltage transiepts;
the use of vulnerable devices in

ficant component of the background noise. Tests carried out
on four cross -Channel ferries
and a container ship indicate

"addressed" packets, it is possible

for many stations to share a
single -frequency channel.

The Bell Laboratories study
shows that a good throughput

average delay increases signifi-

cantly with increasing packet
length, the choice of a very small
packet increases the percentage
of "overheads" and housekeeping
signals and thus tends to reduce
the effective throughput.
It is clear that, at least theoretically, there is a useful range of
values of packet size over which
the delay is small and efficiency
high. This opens up the possibil-

ity of transmitting packetized
speech and data on mobile radio

channels with high spectrum
utilization efficiency.

Already increasing use of
packet techniques is being made

on the 144 MHz amateur band
both in Europe and the USA. In

al f.m., analogue speech recep- the UK many of the planned

A University of Kent project
aimed at measuring electrical
noise on ships and its potential
effect on radio communications

shows that locally -generated

vehicles and industry that can

that man-made noise can be of a
level to significantly degrade the
performance of communications
systems.
The German broadcast re-

prove hazardous due to r.f.i.: the

search organization (IRT,

growing problems of spectrum

Munich) has, like a team at Bradford University, been investigat-

abuse and the increased sensitivity of u.h.f. and microWavc receivers... etc, etc.
Today there are an increasing

ing hazards in the vicinity of
powerful radio transmitters from
the influence of electromagnetic

number of university courses,

fields on electro-explosive de-

conferences and symposia concerned with e.m.c. There is also
increased recognition that many
design engineers working in the
field of domestic and automotive

vices. IRT has developed "worst
case" estimates based on an im-

consumer -electronics remain
almost totally unaware of the
extent of e.m.c. problems. The

pedance concept in which the
real power absorbed in detonators is calculated, but showing
that probability of this situation

is many orders of magnitude

world of "electronic smog" is

smaller, of the order of 10-5 (i.e.
only one second per day). In itself

made more difficult by the lack of
foresight in the "sunrise" indus-

this reduction of probability
compared with worst -case

tion is frequently interrupted by
short noise bursts that appear in

national network are now in operation.

the form of pops and clicks.
Fades on data transmission

In the USA, portable "two

tries! Sometimes accidental,

hazards is not significant, since

camera -case" packet stations

sometimes, one suspects, due to

transmitters may be operating

cause error bursts. To overcome

have been developed for

shutting of eyes for economic

24 hours per day and it takes less

these it is usual practice to use
error -correcting codes and repeated transmission, leading to
significantly reduced through-

emergency and public-service
communication while for gener-

motives.

than a second to detonate an

However the current flurry of
professional interest in e.m.c. is
yielding ideas and information of
interest to us all. I have been
dipping into IERE Conference
Publication No 71, which gives

explosive! However the Germans

put in order to achieve some
degree of robustness.

However, when digital signals
are transmitted in the very short

al amateur use some 20,000
packet systems have now been
bought or assembled. Transmission speeds on 144 MHz are of
the order of 1200 w.p.m.

Expanding
world of e.m.c.

bursts of packet radio most of the

packets will be accepted by the
receiver on its first transmission,
since most will occur between
fades. In only a limited number
of cases will automatic retransmission be required.
The Bell study is based on high

Although electromagnetic com-

patibility problems have been
with us for at least as long as
broadcasting, it remained a

the 45 or so papers presented at
the 5th International Conference
on Electromagnetic Compatibility held at the University or York.
October 1 to 3. 1986.

For example, a portable test
set for r.f. interference from
applicances. designed to mea-

do agree with Dr Peter Excel!
("Feedback". E&WWc1. Decem-

ber 1986 that "worst case" calculations greatly overestimate
the real risk. Nevertheless I
would defend my earlier misgivings in respect of BSI departure.

under Government pressure,

from this basis in radio frequency hazards generally.
Murphy's Law is not to be disre-

sure radiation on 160kHz (considered the most vulnerable section of the spectrum to appliance

garded lightly. The suggestion
that we might still be carrying
red flags in front of motor vehicles only serves to remind us
that. in the UK alone, we now

level data link control (h.d.l.c.)

little -regarded and rather

procedures as defined by the International Standards Organiza-

esoteric aspect of professional

radio engineering for many

r.f.i.) was taken to two stores.

have some 5000 fatalities yearly

tion, although this protocol has

years. But a number of factors
have emerged in recent years
that now combine to turn e.m.c.

one a well run. city -centre showroom for retail centres: the other
a busy, reputable. tool -hire firm.

from traffic accidents. "Worst-

In the first. a quick test of 11

of us would wish to disregard
such possibilities after Cher-

not been designed specifically for

use on fading channels. In
h.d.d.c. a 16 -bit frame -check

into a major problem area in

sequence is used to detect transmission errors. Unlike more conventional data transmission systems, as long as the system is in
connected mode, there is virtual
assurance that a packet receiver

almost all branches of electro-

appliances ranging from a

nics. There was, for instance, the
need to pack a number of receiv-

liquidizer to vacuum cleaners
showed all to be within BS800

ers and transmitters in close
proximity in a single, small.

limits at the test frequency. But

space satellite or on board a naval

hand tools were tested, including

ELECTRONICS & WIRELESS WORLD

in the tool -hire business. ten

case- scenarios are not popular
with the nuclear industry but few

nobyl! The idea that radio
amateurs should not draw attention to such risks seems an odd
comment on journalistic responsibilities!
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PINEAPPLE SOFTWARE

Programs for the BBC models 'B' with disc drive with FREE updating service on all software
DIAGRAM

PCB

Still the only drawing program available for the BBC micro which gives you the ability to draw really large
diagrams and scroll them smoothly around the screen stopping to edit them at any time if required
Pineapple's unique method of storing the diagram 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 IA blank
BO 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

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 compatible dot-matrix
printer

A suite of six utility programs which add additional features to the'Diagrare 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 lin either 4*4 or 8*8 screen format) The addition of borders and
screen indents to diagrams. and the ability to shift a whole diagram in any direction

The program is supplied on EPROM and will run with any 32k BBC micro (including Master series) Also
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 ASCII 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- ' 5 6"
Using a mode 1 screen. tracks on the top side of the board are shown in red. while those on the underside
are blue Each side of the board may be shown individually or superimposed A component placement 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 identification of roundels
The print routines allow separate printouts of each side of the PCB in a very accurate expanded definition
1 or 21 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 £10.00 + VAT

PRICE £85.00 VAT

PLEASE STATE 40 or 80 TRACK DISC & WHETHER STANDARD BBC or MASTER VERSION IS REQUIRED

PRICE £25.00 + VAT

DIAGRAM UTILITIES

1

MARCONI TRACKER BALL

CONVERTER LEADS

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

Converter leads to enable the Trackerball to run mouse software and the mouse to run trackerball software
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Single -ended conductance
New features and circuit functions emerge from this
analysis of what is effectively a new circuit elemt nt.
GORDON SHAW

Resistors, capacitors and inductors the only linear passive components
that we know - can be connected in an

infinite number of ways, but what they can
achieve alone is quite limited. It would be
exciting to discover a new linear network
element.
Additionally of course there are amplifiers, and although they are active devices we

Those of a sensitive mathematical disposi-

tion are warned that this article contain'
descriptive passages which may offend the
pedantic. You are left to judge whether the
seg is an artefact of practical value, like the

extend our freedom to create a wide variety
of analogue networks.
Standard methods analyse the behaviour
of a circuit once we know its topology and

composition. Ignoring non-linearities both the hard ones produced by diodes,
magnetic materials, large -signal amplifiers
etc, and the more subtle ones associated

with all devices - analysis can begin by
producing an equivalent circuit consisting
of an interconnection of component models.
A few straight lines and circles on paper, the
concept of impedance or admittance (Ohm's

law), and an agreement about dependent
generators and the circuit can be completely
modelled. Follow this with some mathematical manipulation, apply a Kirchhoff Law or
two and we can achieve the prime objective
of analysis, which is to predict the performance of the circuit in terms of functions such
as voltage gain and input impedance.

Such analysis may well reveal that the
requirements of the circuit have not been
achieved. The solution may be to modify the
circuits, but there are obviously constraints
produced by having only a few device types to

work with. If we had another type with
different laws governing its behaviour it may

well be possible to achieve otherwise un-

The idea originated while devising ways of

electronically varying the parameters of a
filter, as distinct from manual knob control.
Starting from the electronic simulation of a
variable resistance it became evident that a

simplification (which produced the seg)
could lead to other advantages, especially
cheaper implementation, modified and improved filter performance, including greater
Q -factor and a new mode of control for the
topology. The last factor suggests it can be

viewed as a new type, which the nodal
admittance matrix confirms. All these points
are discussed in what follows and a practical
example is analysed to illustrate the principles.
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K.1
Y6

Fig.1. Example of a general second -order
active filter section with nodes numbered
in preparation for analysis. The gain -

NODAL ADMITTANCE MATR I
PIVOTAL CONDENSATION

The technique of pivotal condensation on

the nodal admittance matrix leads to a

defiling feedback circuit which makes
K

= is omitted.

systematic procedure for determining trans-

fer and immittance functions for a linear
circuit. The detail of the procedure is included in the panel on page 222, but if you
require a more comprehensive refresh consult one of the many texts, such as reference

S

2.

Consider the indefinite admittance matrix
for a transmission network having n nodes

Fig.2. Simplified circuit model of Fig.1
where
node 5 has been removed. This
connected by linear passive admittances and

allcws the indefinite admittance matrix to
will have n x n elements and the value of be written by inspection prior to its reduceach passive component will appear in four tier by pivotal condensation.
of these elements; an external reference
node is implicit and the matrix contains (r - 1)x (n- 1). Further reduction is
redundant information. The redundancy is of tained by pivotal condensation about each
removed by making one of the internal inner node in turn until only a 2 x 2 matrix
nodes the reference: there is usually a remains, dimensioned in terms of the input
ground or earth common to input and and output nodes, i and o say. Then' the
output which an be conveniently chosen. condensed matrix IYI can be represented in
The resultant matrix is obtained by remov- general form:
dependent generators. The indefinite matrix

ing the row and column associated with the
internal reference node.

The new matrix

is

iyi = Yli Yio

usually called the

definite admittance matrix and will be of size

(1)

yoi Yoo

from which the voltage gain may be deduced
because:

functions-with fewer components.

benefits of a new type of device.

Y3

spending time on'.

attainable functions - or at least similar
This article introduces the single -ended
conductance, which, because of the laws
governing its behaviour can achieve the

I

gyrator for example, or whether, like the
negative impedance converter, it should
remain as a theoretical idea, not worth

can pretend they are linear for most of the

time. Together with Rs, Cs and Ls they

Y.

Gordon Shaw introduces the concept of the
seg or single -ended conductance and sug-

gests how it can be implemented in RC
networks. Argueing from a basis of a standard network analysis he demonstrates that
it can be regarded as a new linear device
with desirable changes in circuit performance when embedded in a well-known active
filter section.
The seg can be substituted for a conduct-

ance in any linear network without altering
the transfer function, provided that the non-

conducting end of the seg

is

tied to

a

constant -voltage point Used in place of a
floating conductance. the maximum pole
Q -factor is significantly enhanced, and as a
variable element the seg not only enables
adaptive control but also adds a desirable
alternatve mode, as well as reducing the
component spread needed fcr a given pole
Q -factor.

Ay= -Yoi/Y.

To illustrate this technique, consider an
active filter network as shown in Fig. 1 .
recognised as a Sallen and Key type. K is the
defined gain of an operational amplifier with

resistive feedback, for this illustration

assumed to be unity implying that the
operational amplifier is simply connected as
a voltage follower. %Mile this simplifies the
following arguments it does not trivialise the
circuit: the unity -gain Sallen and Key filter
is useful, provided that the required Q -factor
is fairly low (say about three or less).

The nodes of Fig.1 are numbered in
preparation to erite the indefinite matrix
but first, a little simplification. Because K=1
the voltage at node 3 is the same as at node 5:

V=v5-Vi=113-v.i.
The amplifier can be removed if replaced by a
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suitable equivalent. This is conveniently
done, assuming normal amplifier idealities,
by considering the output voltage v5-v4 to
be connected in series with an impedance of
1/Y4 and performing a Norton transformation on the combination. These manipula-

tions effectively remove node 5 and the
variable v5. The result is shown in the circuit
model of Fig.2.
As the voltages at the nodes 3 and 5 are

equal, for the purpose of determining the
voltage gain, the output voltage is that
between nodes 3 and 4. Thus the indefinite

matrix can be written directly by (careful)
inspection of the network of Fig.2. to give
equation 3:
2

1

-YI

1

ivi

IY

-Y1

2

' ' '1=3

3

4

0

0

-Y3Y4 -Y2
v

-Y2 Y:1+ Y6
I6
0 -Y22-Y4 Y4 -Y6 Y2+ Y6
0

4

1

2

3

Y1

-Yi

0

-Y1 IN' -Y3-Y4

W1D=2
3

0

(3)

(4)

-172 112+ Y6

Condense about node 2:
3

1

yi2

I

-Y1(Y3+ Y4)

YI

IYI =

-Y1Y1

3

times be more confusing than helpful. I
suppose it depends on one's background

knowledge and method of reasoning.
However the intention here was to justify the
following statement.

Statement 1: When a passive admittance
having a value of Y, is connected between

Y.I+Yli-

YIY3

i.e.

YtY:t
Yn(Yi + Y2+ Y3-FY41+ Y3(YI +Y21.16)

Equation 3 reveals that each of the admittance values representing a passive component appears four times. More specifically,

the individual admittance terms appear
twice in two rows and twice in two columns,
thus the four appearances lie at the corners
of an imaginary rectangle.

The appearance of an admittance term
(Y, say) in a diagonal element occurs because it has been assumed that a positive
current flows through that admittance away
from the node in question when a contrived
voltage is applied to that node (of the same
number as the row and column). Y. appears
again elsewhere in that row, (with a negative
sign) because an imagined voltage applied to

the other end of Y, at an adjacent node (of

the same number as the column) would
cause an equal positive curent to flow toward

capability with respect to the kth node. The
occurrences of Y, will appear in the jth and
kth columns.
The quadrate property is fundamental to the
individual passive admittance terms in the
indefinite matrix and can be checked in this
particular topology by adding an extra com-

ponent between any existing nodes and
reconstructing the matrix. The point is that
you cannot add a single passive component
to a circuit without it reflecting a corresponding Y value into four of the elements of

the matrix according to the rules as outlined. For example, it would not be possible
to add an extra admittance to the network of
Fig.2 in such a way as to modify the elements
of the matrix in equation 3, subscripted 22
and 23 alone. For that change to be physically realisable then elements 32 and 33 would

P(s)

(7)

s2+B SA
-(0n2
p

is the

damping factor.
Qn and wn are familiar parameters which
allow the function to be specified in practical
terms. The denominator quadratic specifies
the poles of the system and P(s) specifies the
zeros. Fig. 1 . enables the synthesis of sections with a variety of P(s) forms and hence a
variety of well-known responses such as low,
high, and bandpass are practical. In the case
of the low-pass function, used here as an
example, it is usual to position the zeros of

transmission, thus the numerator polynomial becomes diminutive and equal to the
constant (wn2 x gain).
To decide which of the admittances in Fig.
1 are to be of the form G (pure conductance)

and which are to be of the form sC (pure
susceptance),

refer to equation 6. The
numerator is a constant (i.e. no s or s2
terms) hence Y1 =GI and Y3= G3. The de-

connected to the reference node do not
appear to act as either current sources or
sinks at the end connected to the grounded
node - not because they are any different
from the others, but because there cannot be
any signal voltage applied to them at that
node. (The argument is not complete but I
do not pursue it further.)
The only admittances which retain their

original quadrate pattern of the particular
example chosen are Y1 and Y3. However
there is a further observation. The process of
pivotal condensation and equation 2 show
that the elements of the row associated with
the input node do not enter into the expression fork. This could be attributed to the fact
that the presence of Y1 (in our example) will
not cause any change in the source voltage v,
no matter what current is caused to flow to,

be written from equation 6 as T(s)=
v,(s)

G1G3/C4C6

V9(S)

e, r,

S2 + S(G -1-G3)/C4

6

(a)

Identifying the coefficients of the denominators of equations 7 and 8
eon.

\FIG3

(9)

C4C6

Bp-

GI +G3

(10)

NratIO-,
41)- Gi+G3 V V.

1

or away from the source. The ground has
now been prepared for statement 2.

Statement 2: The elements of the rows of the

visualize the end of the admittance connected to the original node acting as a
current sink, giving rise to the term in the

and the input node play no part in determining the transfer function A,,.

diagonal element, and then separately as a
current source, giving rise to the negative
component of the other element in the same
row.) A similar argument applied to the node

ex-

pression VG' + Yz+ G3+Y4) +
Y2)
must contain an s2 term, an s term and a
constant. Once it is realised that Y2 is
form the integrity of this pattern is des- surplus to requirements we can set Y2=0,
troyed. By definition, the elements of the then there is an explicit solution: Y4=sC4
indefinite matrix associated with the refer- and Y6=sC6. Fig. 3 shows the resulting
ence node are removed. Using the previous circuit for which the transfer function may

the original node. (It may be convenient to
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T(s)-

two nodes j and k, 11, will appear twice in the
jth row because the admittance is capable of where P(s) is a quadratic ins (or simpler), wn
both sourcing and sinking current from the is the undamped natural angular frequency,
jth node. Similarly Y, will also appear twice Bp= tup/Q,=2ktun is the angular pole band-

type of argument, those passive admittances

vi

An RC active filter is generally made up of a
series of second -order sections to maintain
reasonable passive component sensitivities
(a first -order section would be added if the
overall order is odd). The general form of the
transfer function of a second -order section is

structural property is peculiar to the indefinite matrix. complete with its redundancy.
Once the matrix is reduced to its definite

Y3(Y3

(Y3+17611,Y -Y3(Y3+174)

vo

LOW-PASS FILTER SECTION

also be similarly modified. This rigid nominator requires more thought: the

Hence from equation 2:

=

admittance term reappears, yet again, twice
in another row.
These descriptive arguments can some-

in the kth row because it has the same width, On is the pole Q -factor,

where IY=Yi + Y2+ Y24- Y4. Then a definite
matrix can be produced by choosing node 4
as the logical reference node:
1

at the other end of Y. explains why the

vc

i.a.m. associated with the reference node

Before developing the ideas further consider

the underlying theory of a specific circuit

which can then be used as a particular
example to illustrate the seg's applications.

Fig.3. Explicit diagram of a low-pass version of Fig.1. It is a unity -gain Sallen and

Key circuit and may suffer from high
sensitivity to the fT of the amplifier and may

call for a high component value spread if
the required Q -factor is not low.
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It is worth noting that Qp is maximum when

Sn=1/2, Sa= - 1/2, S'a= -1/2

(13)

GI = C3

where R1= 1/G1.
i.e. Qpmax= 1/2 \X.1
C6.

(1 la)

One way of interpreting the concept of
sensitivity is to consider it as a measure of

the perturbation of the parameter with

SENSITIVITY AND VARIABLE
CONTROL

relation to the error in a component value

Parameters top, Bp and Qp have been chosen

(inevitably caused because that value cannot
be precisely correct nor will it remain abso-

because they have particular meaning to the
designer: nowhere is this more evident than
in the case of the second -order band-pass

would mean that if R1 were 1% high there
would be a corresponding 1/2% fall in w.

filter where centre frequency, 3dB bandwidth and Q -factor have obvious significance

with respect to the amplitude response. In

other cases the identification is not so
transparent, wn is not necessarily the cut-off
frequency nor Bp the 3dB bandwidth (that is
why it is referred to as the pole bandwidth,
and not simply bandwidth). However, these
parameters do have a presence in the
mathematics of all the second -order sections

and a physical significance which can be,
more often than not, fairly easily recognised.

Figure 4 illustrates some of these relationships. Observe that the three parameters
are not independent; because Bp= top/Qp, if
any two are specified the third is defined. It is

the sensitivity of these parameters to the
passive component values - especially cop

and (4 - that dominated the literature on
active filters for many years.
Let P represent one of the parameters and
x the value of a component, then the sensitivity of P with respect to xis

sp_
x- ax/x '

(12)

It is a straightforward though tedious task to

calculate S;,' for wp and Qp to all of the
individual components in a network. Equation 9 reveals, as examples:

0 70 fa_

F

BP

lutely constant). Interpreted loosely this
This sensitivity figure of 1/2 (plus or minus) is
generally considered to be an ideal because it

Fig.3. - sometimes referred to as the
'gain -of -three' Sallen and Key section may suffer from high sensitivity to compo-

is what would be expected from a passive

nent Jalues.

filter. The general conclusion therefore

input variable; in this context I will discuss
the transconductance amplifier.

seems to be that low sensitivity is good.
Nevertheless it is not the whole story, and

this becomes apparent where we intend to
introduce variable control. Consider for the
moment that we have a suitable variable
capacitor and that we require to vary top at
constant pole -bandwidth. Equations 9, 10
and 11 show that this would be possible if Cf,
were variable: the controlling law would be a
reciprocal square -root law.

ACHIEVEMENT OF HIGH Q
Before proceeding on that line, consider the
ability of networks to allow the achievement
of high Q -factors, because, as a later example

will show, this is pertinent to one of the

advantages of the seg. Frankly, we rarely
need high Q but a circuit which has this
This is implicit in the sensitivity results of ability is at least of academic interest and
equation 13 (because Sn=4, where the might occasionally offer some tangible benegative sign indicates the reciprocal and nefits. There are going to be some sweeping
the 1/2 indicates the square root). In general, statements in this section but so long as they
the evaluation of sensitivities with respect to are not misleading generalisations can be
resistance and capacitance for a wide variety valuable.
Active filters may suffer from one or more
of networks indicates that the reciprocal and

square -root relationships are a regular of three main weaknesses compared with
passive filters. First, there is a possible
occurrence and that is not attractive.
I have argued that linear control of the limitation if the passive component sensitivparameters is desirable' and this means that

sty,

Si:,

is

high. Although not a major

the law of the manipulation device should problem in the circuit of Fig.1, it may be in
ideally be complementary to the associated others, for example the Sallen and Key
sensitivity. This means that C6 should vary so-called gain -of -three section illustrated in
according to an inverse square law as the Fig.5. If a high Q is required this flaw will be
input control is varied linearly and it is exaggerated and there is little that can be
unlikely that we shall ever be lucky enough done to alleviate it.
Second, there is a sensitivity to the nonto find a device with an accurately prescribed
idealities of active components. In practice
law when that law is so complicated.
Perhaps it is unfair to consider capaci- this usually means that the limited gain tance as the controlling element because bandwidth product (f1) of the operational
active filters are at their best at low frequen-

amplifiers may upset the response. The

cies and the required capacitance values
much too large for available devices. Vari-

concept of active component sensitivity is
slightly more difficult to come to terms with
than Sr: reference 4 put these two sensitivi-

able resistors are a much better proposition
but they would also be expected to operate
with the same contorted law as the capaci-

tor. This begs the question as to what
log w

Fig.5. Alternative low-pass circuit to that of

alternative variable components there are.
Calculating sensitivities and searching for
variable devices having complementary controlling laws is an open-ended task. Suitable
variable devices are not thick on the ground;

ties into perspective and is recommended for

further reading. There is a family of filters
whkh suffers mainly from high active sensitivity while having a low passive sensitivity.

Examples are the circuit of Fig.3 and the
state -variable three -amplifier filter section
shown in Fig.6 (ref 5). However it has been

shown that amplifier sensitivity can be

for manual control the list begins with

alleviated; see ref.5 for the improvement of

variable resistors. What is really needed of
course, heeding previous observations, is a
variable conductance, which is different.
When it comes to electronic control we

the three -amplifier sections and 7 for single amplifier networks. Reference 3 shows that

are in the world of invention. One of the

R9C2 = R9C1, R = R3 and R2> > R , be reduced

to

Fig.4. Simple illustrations of the physical
significance of the parameters (,). Bp and

favourites is the switched capacitor (q.v.);
there are also the fet, the linear current controlled conductance', the transconductance amplifier, and more. Generally such
devices are likely to produce distortion and
add significant complexity to the original
filter, though these penalties do not neces-

Qp with reference to the amplitude re-

sarily exclude their use.

sponses of bandpass filter (a) and low-pass
filter (b).

In summary I would like to see a gadget
with a conductance linearly related to the

coo
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loges

the Q -factor of the state -variable network

can with certain simplifications, that

is

2

RI

and provided the compensation technique
described in ref.5 is used it is practical to
achieve a respectably high Q -factor. These
state -variable realisations are accepted as
being amongst the best of the RC feedback
inductorless sections, but the price that has
221

R3
C2

R8

R9

ex

R1

[eY

hp

a)

}bp

5 =1 /

Fig.6. The Kerwin, Heulsman and Newcomb state -variable network can give high-pass,
band-pass and low-pass functions without modification. Classed as one the best types, it
nevertheless may be sensitive to the finite gain -bandwidth product of the op -amps. The
need for three amplifiers has obvious disadvantages.
to be paid is the use of all those amplifiers. By
comparison the single amplifier network has
its obvious advantages, but it is not possible
to achieve a high Q -factor with it, even when
partially corrected for the limited fT.

to equation 14 is much more acceptable
because the Q -factor is approximately directly proportional to the ratio of the component
values, not to their square root.

SIMULATION OF A VARIABLE
CONDUCTANCE

Part of the reason is the need for large
component value spreads and this is a third
weakness which may afflict active filter

networks. To illustrate, imagine that the
circuit of Fig.3 is required to produce a pole
Q -factor of 50. Equation 1 la reveals that a
component spread (C4:C6) of 10,000 would
be needed. There is a practical upper limit to
the larger capacitance we can choose due to

economic and reliability constraints and
there is a lower limit because a very small
capacitance may become comparable with
unknown strays. In practice the component
spread must be kept very much lower than

y

Fig.7. Comparing the terminal voltages and

currents of an operational transconductance amplifier (a) and a simple conductance (b).

In the search of an equivalent variable
conductance or resistance with electronic

E

control, consider the equations which define

the relationship between current and voltage, both for the conductance itself and for
an operational transconductance amplifier.
The RCA 3080 is an available o.t.a. (ref.8)
and with reference to Fig.7(a), the mutual
conductance Cm is

Cm= id(ex-ey).

10,000 and therefore the achievable Q -

Cm can be set over a wide range (about four

factors with the unity -gain section cannot be
high.
I do not pretend that the extensive subject

decades) by programming the d.c. current

of optimising sensitivities has been ex-

nected between two nodes x and y, and

plained and summarised adequately here.
The object however is to draw attention to
the intrinsic limitation imposed by an expression typified by equation 11(a), char-

clearly:

OTA

to' 'y
Gm

Fig.8. How a single operational transconductance amplifier may be connected to
make io= iy (of Fig.7. when the terminal
voltages are indentical. This arrangement
is in fact the seg.

1B.

Fig.7(b) shows a simple conductance con-

C=iy,/(vx-vy).

acterised by the square -root of a simple ratio
which is bound to require a wide component
spread if a large Qp is needed. On the other

By observation, the o.t.a. can simulate the
current flowing toward node Y(iy) if Gm --G,
ex=vx and ey=vy. This is achieved by setting
IB correctly (for the 3080, Gm= 19.2 IB) and

hand the more complex circuit which leads

connecting as shown in Fig.8.

Fig.9. Use of the two transconductance
amplifiers enables complete simulation of
conductance when 181=1B2. Then G=G

HOW TO FORM AN INDEFINITE ADMITTANCE MATRIX

This arrangement is not a complete
This method allows the i.a.m. to be written by
inspection for a net -work containing linear passive components and voltage -controlled current
generators.

For a network containing n nodes, an nxn
matrix [Y] will be produced of the general form:
YllY12

Yin

Y2IY22

Y2n

applied to the jth node and the voltages at all
other nodes were reduced to zero.
If these definite statements are not familiar, it

may be because of the way in which they have
evolved to cope with dependent generators. The
specific wording has been developed to more
clearly support the context of the current topic.
In electronic circuits it is common to find both
current and voltage generators, when it is then
convenient to transform voltage generators to
current generators by a Norton transformation.

Mechanism of pivotal condensation
Ynl yn2

ynn

Define each forward diagonal element in
general by ykk. Then yid, is the admittance
operator, equal to the total current which would
flow away from the kth node if a unit voltage was
applied to that node and the voltages at all other
nodes were reduced to zero.
Define each of the other elements of matrix in
general by yk,. Then yk, is the admittance operator, equal to the total current which would flow

away from the kth node if a unit voltage was

An m x m matrix may be reduced to an
(m - 1)x (n- 1) matrix by the simultaneous removal of row numbered x and column numbered
x

if

all the remaining elements are suitably

modified. If each element in question is represented typically by yk, (and in this case k may be

equal to j but neither k nor j may be equal to x)
then the modified element becomes yk',, where
the appropriate transformation is
Yk.Y
Yig

simulation of the conductance since ideally

will be zero and therefore there is no
current equivalent to ix flowing from node x.
Obviously ix should be the same as iy,
therefore two amplifiers can be connected as
Fig.9 to complete the simulation, provided

that the two bias currents are nominally
equal.

You could be forgiven for thinking that
the circuit of Fig.9 is an expensive substitute
for a variable resistance. But there are two
features which distinguish it from the common potentiometer. It allows electronic
control by varying the current IB and therefore could be useful in an adaptive mode of

operation. And second, the relationshiop
between the input variable (IB) and the
output variable (Cm) is a linear one. The fact

that it is linear and that we are controlling
conductance rather than resistance are likely to be to our advantage.
Without yet suggesting that there is any

practical value in doing so, G1 and G3 in
222
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Fig.3 could each be replaced by the conductance of Fig.9. However, GI is different from
C3 and a simpler arrangement would suffice.

Because of statement 2 and the argument

1

3

0

0

IY1=

(19)

Y1Y3

preceding it, o.t.a. is not needed for the
simulation of GI: the implementation of
Fig.8 would do just as well. So when a

**me from equation 2:

simulated conductance is connected either
to the input node or to ground, only one of
the o.t.as is necessary for complete emula-

'h.'

tion. The circuit of Fig.8 (or its mirror
image) is the single -ended conductance.

3

Y3+ Y6

Yii-Y2+Y4

Y3Y3

Y+Y2+Y4

_Vo_

Y1Y3

v1

Y6(Y1+Y2+174)+Y3(Y1 +Y2)

(20)

Compared with equation 6. The disappearance of Y1 from row 1 in equation 18

has made no difference to A, but the

ANALYSIS OF SINGLE -ENDED
CONDUCTANCE

disappearances of Y3 from elements sub scripted 22 and 23 have indeed changed the

The immediate advantage of being able to
use the seg instead of the full circuit of Fig.9
is one of economy, because in the example
just cited three o.t.as were used instead of
four. In principle, the circuit would function

expression.

quite conventionally either way, but the

112)=

g1g3/C4C6

Then

-2
V0(5+50C4+giga/C4C6
0
ton=

source such as G1 is only needs one. What
would happen if a floating conductance were
to be replaced by the seg? Circuit behaviour
would be changed - forget about economy -

igig3

(21)

(22)
(23)

Take the same example (Fig.3), replace Gi
and G3 by the seg and company the analysis

of this new circuit Fig.10 with that of the
original. The new symbol represents the seg;
the lower case g identifies changes that may
occur in the mathematics. The pointed end
of the symbol indicates the output end of the
seg and although it looks like an arrow head,
it should not be confused with a directional
indicator; it is there to locate the end where

current flows. This current can flow either
way, as appropriate to a source or a sink, but

no current flows at the opposite end of the
seg.

The original analysis started from the
circuit model of Fig.2 and is described in
equations 2 to 1 la. In order to draw an
accurate comparison then, we can start from
the same model except that Y1 and Y3 must
be treated as special components. Y1 will not
source or sink current at node 1 and Y3 will

not source or sink current at node 2. The
i.a.m. can then be written by inspection:
2

=2,
3

0
0
-0Y1 Yi -1-112+Y4

Y11=

4

3

4

0

0

-Y4 -Y2
Y3+ Y6 -Y6

-Y3
0

-Y2- Y4

Y4

(17)

Y6 Y2+Y6

no onger appears in row 1 (compared
with equation 3) nor does Y3 appear in row 2.
Thus the quadrate property has disappeared
for the seg and in this respect it behaves as if
it were a new type of circuit element.

Choosing node 4 as the reference, the
d.a.m. is:

1

lY1D=2
3

g3 increases

BP

C4

Q9=

\Fla Vg
C6.

(24)

g1

log w
Ib)

AN ILLUSTRATION

quite interesting.

1

log w

(a)

and the functional differences might be

1

Conductance increases

V C4C6

complete simulation while a conductance

tied to ground or to a constant -voltage

at the pointed ends of the segs. but not at
the opposite ends.

Proceeding as before, and with reference
to Fig.10 making the specific substitutions,
the transfer function is

saving is not an impressive one.

We have established that a floating conductance such as G3 requires two o.t.as for

Fig.10. The circuit of Fig. 3 with a G1 and G3
replaced by segs g1 and g3. Current follows

1

2

3

0

0

0

-Y1 Yi +Y2+Y4 -Y4
Y3+Y6
-Y3
0

Condense about node 2:
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(18)

ap increases

To keep things simple, stay with the same
circuit so that the results in equations 9 to

Bp decreases

11a can be compared with those in equations
22 to 24.
As the seg lends itself to variable control it

is appropriate at first to discuss the two
versions of the filter section in this context.

Begin by referring to the orginal circuit
(Fig.3) and assume that C4 and C6 cannot be

variable, but GI and G3 represent the conductances of two resistors (R1 and R3 say)

which could be variable. To be practical,
suppose that either R1 or R3 is variable, and if
both are, that R1= R3.
There are three parameters, wn, I3, and Q9

and it is desirable to vary two of these while

the third remains fixed (ref.3): this gives

log

La,

c)

Fig.11. Graphical representations of the
amplitude variations for the three desirable modes of control where two of the
three parameters (,,,Q, and 139) vary and
the .hird remains constant.
Q -factor the component value spreads (C4:C6
in this case) are four times less.

and 11 show that ton can be varied at

There is another desirable mode of control: con can be varied at constant B9. This

constant Q -factor, provided that R1 and R3

can be achieved if g3 alone is varied (and this

of the s -plane.) The graphical representation
of the amplitude response variation is shown
in Fig.11(a).

locus is a vertical line parallel to the jw-axis
on the s -plane, and the amplitude response
variation is sketched in Fig.11(b).
The third desirable mode of control (B9
and Q9 vary at fixed wn) is not reasonably
practical for either version of this particular

three possible modes to look for. Equations 9

are ganged then the law will be simply a implies that gl may be implemented by a
reciprocal one. (For readers who like to fixed resistor, 50 only one o.t.a. is required).
visualise the root locus, the poles move The law will be a square -root one - not ideal,
along radial lines passing through the origin but better than no control at all. The root

More careful scrutiny of equations 9, 10
and 11 reveals that neither of the other two
desirable modes of control are practical if we
are constrained to having only R1 (GI) or R3

network. For the record, the root locus

would be circular, centred at the origin and
Turning to the seg version of the network the amplitude responses for this mode are
(equations 22, 23 and 24), direct comparison shown in Fig.11(c).
There is yet another advantage of the seg
shows that this network also allows variable
control of ton at constant Q9 if g1 and g3 are implementation of the network if it is to be
varied together and are equal. This is similar used in the fixed mode. The maximum value
to the previous result as we might expect; of Q -factor of the original version is limited
there are, however, two advantages. First, by the squaring effect on component spreads
the controlling law is now linear, and second (eqn 11a). But equation 24 indicates that, in
the maximum value of Q is doubled (eqns. 24 principle at least, the component spreads
(G3) as the variable elements.

and 11a). Put another way, for a given

nerd only be equal to the Q -factor. Using the

223

earlier figures for illustration, a Qp of 50
demanded a theoretical ratio (C4:C6) of
10,000 whereas in the seg version the same
Q -factor requires a ratio of only 50 (for both
C4:C6 and g3:g1). This is a very significant

improvement and could be implemented

Parameters

using only one o.t.a. for seg g3.
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[vi] [zii 42]
221 Z22
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[land [id
= [i I 12,] PI]
V2
Z21 Z22

Alternatively,
v1=z11i1+z12i2

V1.=Z11'111-Z12.12

and
v2=z31i1+z22i2

(4b)

v2'=z2111-1-z2212
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for the two respective black box networks.
But v1p=v1+v1. and vput=v2+v2', so adding

the appropriate pairs of equations in (4b)
gives,

Computers
language
and logic
formation required to reconfigure (program) a powerful machine.

v,4,=(zi +z11 lii+(z12+zi2li?

This shows that the overall z parameters of
the series/series connected system are given
by the sum of the separate z matrices,

izii zi21+Ezii'zi21

(6)

Z2I Z22'

LZ21 Z22

include two routines that may be useful for
graphics programmers. The routines calculate the pixels (x.y) that lie closest to a given
straight line or circle.
The basic method is as follows: each time

There is a warning about series compound -

through the loop, increment x and con-

equal to the input current as shown in Fig.4.
If this is not so, equations (5) or (6) do not
apply.
The other parameters are more suitable

CIRCGEN) thus moving 45° diagonally; or leave

y unchanged, thus moving horizontally. The
routines only apply in the octants indicated;
other octants are catered for by the various
symmetries.
The routines can be made very fast since

connected networks. The current coming
out of the bottom terminals of the upper
network and going into the appropriate top
terminals of the lower network, must be

series or shunt parameters.

the way A,B,C,D are defined, both dependent
variables are input quantities and no equivalent circuits can be found to fit into the box
in the way possible for the example shown in
Fig.3.
Good textbooks give full details on deriving and using the parameters in their chap-

ters on linear network analysis. Perhaps
these will not look so forbidding to you from
now on.
On the other hand, scattering parameters
require some ability with transmission -line
theory and a knowledge of reflection coefficients. s11, s12, s21 and S22 turn up in

discussions about networks in the micro=

wave part of the spectrum. But that

is

another story.

for other types of interconnection. For example the h parameters are most convenient

for a series - shunt -connected, two -port
pair. The A, B, C, D parameters, given by,

they do not require any multiplication,
division or floating point operations. Note
that multiplication by two can be done with

Fig.4. The convenience of z parameters
becomes obvious when a series -series
connected pair of networks is considered
for overall performance. The "z" network
could be an amplifier and the "z- network
a feedback circuit. All the other possibilities are handled by using the appropriate

(5)

vot= (z21 + z211i1+ (z22+z22112

To conclude with a positive example I

ditionally increment v (for LINEGEN - Y for

(4a)

12

12
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parameters from transmission -line theory
had the output current flowing in the oppo-
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I think Lao-Tzu put it best when he wrote
in the Tao Teh Ching, "the myriad things are
made without the slightest word."
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Thyristor current pulser for
high magnetic fields
Transient magnetic fields of high flux density, produced by large current pulses
from a low -current source, can exhibit some interesting phenomena - as well
as problems of causality in interactions.
P.J. RATCLIFFE
Large current pulses have use in produc-

ing intense magnetic fields for experimental use. I required a large
current from a low -current source to produce a transient magnetic field of very high

consequence if the heating effects are neg-

ligible or minimally non-destructive to the
windings of the isolator transformer.
The effective internal resistance was so

flux density.
An inductive load connected directly to a
reservoir capacitor with a switch produces

high in the prototype that the presence of
the bias resistor caused too much drain
through the gate input without the thyristor
reaching its triggering threshold so that the

splendid visual and acoustic effects of the
sparking fireworks as the switch contacts

voltage across the reservoir never rose high
enough for spontaneous triggering.

close (for strong coupling). This wastes a lot
of energy in the switching element that
could be passed through the load.
A thyristor used as a solid-state switch is.
much faster closing, ensuring more energy
is useful dissipated in the load. For example,

The bias resistor can be removed (or tained for longer than a transient pulse; too
loosely coupled) for manual triggering by frequent re -cycling causes overheating as
using a mechanical switch (for strong cou- well.
pling), and also a change -over to disconnect
A more extravagant but safe method of
the circuit from the supply whilst the thyris- ensuring that the thyristor is never shorted
tor is firing.
across the supply when it discharges the
reservoir is to use a second thyristor as a

a thyristor could be used as a relaxation
oscillator to drive the load from an intermittent or half -wave supply to ensure periodic
quenching and resetting of the switch:

controlled rectifier that is switched off when

the loading thyristor fires. The idea is to
ensure that the loading thyristor itself can-

not fire until the controlled rectifier has

Radiate energy

quenched on a negative -going cycle of the
input, see circuit below.
The power rectifier in the mains supply

Load

Internal

Bias and
timing

has been translated around the circuit
Thyr istor

solid stat
Timing

switch

through the e.m.f., from the previous diaAlternatively it is better to obtain the bias grams, to appear in the lower supply line as
from the upper electrode (anode) of the DI. The gate bias for SCR1 is shunted to OV
thyristor so that when it fires and draws and

by D2 when the e.m.f. is on its positive cycle

The maximum available loading current is

draws current through the load the non - along the top supply rail. So initially SCRI
useful current through the bias resistor is fires by its own bias current, charging the

limited by the internal resistance of the

removed.

supply. (In the prototype this current limit

However this leaves the thyristor per- the internal resistances of the source (use a
manently connected across the supply if 100W bulb as a current limiter, say) and the
sequential mechanical switching is not used magnitude of the reservoir capacitance. It

was determined by the coupling efficiency of
a mains isolating transformer composed of
two bell transformers back-to-back as a step
down and a step up transformer respectively). Current amplification can be obtained by
using discontinuous or intermittent loading
of a reservoir capacitor, 'pumped up' by the
supply.

reservoir. The time for charging depends on

in the supply and bias lines. This is no good if may be fully charged over one or more cycles

we require to transfer this circuit to a low
impedance supply, causing excessive heat-

of the e.m.f. - that is if an alternating e.m.f.
is used to periodically quench SCR2 instead

ing of the load and thyristor if such heavy

of a d.c. supply and a manual switch SI.

virtual short-circuit currents are main- When the reservoir is charged there
Intermittent

or alternative

d.c. supply

a.c. supply

is

Low or high current
chargir g

rSs1
Controlled rectifier

bias2

Oj

SCR2

-Reverse
A e m.t
protection

Load

This simple circuit works but has the disadvantage that if the thyristor fires when the
e.m.f. is on a positive cycle, or remains
switched on discharging the reservoir whilst

the e.m.f. goes through a positive cycle
again, then the thyristor also shorts the
supply through the heavy duty load. For a
high internal resistance supply this is of no
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Manual

firing

Auto

/

SZ

DL,

r

bias

Reservoir

Solid state
switch
SCRi

01

14
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the field is pulsed the elements jump like a

fountain to a height depending on the

2k2
1W

t0V p.i.v.

14A

Load coil

0 SA
`IIHOOW bulb

p

v.

5A
400V p

S24OV

ac

i

v

1000p

275V
*>. 2k2

Bunch wound
2A multi strand
plastic -insulated
cable.

pattern. They could be trapped by an in-

SA minimum

400V p i

v

10.5A minimum
400Vp.i.v.
14
1A 400Vp.i.v.

enough e.m.f. to provide a trigger current
for SCR i . It used. the manual switch S2 can

be closed. Bias current will be diverted to OV

if the e.m.f. is on its positive half -cycle
causing the small current rectifier D2 to be
forward biased.
When the e.m.f. goes negative the voltage polarity switch D2 goes open -circuit and bias

current from the energy stored in the reservoir triggers the thyristor. Also, when SCR'
fires it holds the bias to SCR2 low so that as
long as SCR' is on then the power rectifier
SCR2 cannot switch on when the e.m.f. goes
on its positive half -cycles.
Diode D3 provides reverse bias protection

against breakdown for the cathode -gate of
SCR2. Diode D4 in the loading circuit ensures that bias current to SCR2 is not
diverted to the reservoir when the supply is
first connected. For then SCR2 would not be
able to fire and the rate of charging would
depend on the trickle of current through this
bias resistor. The diode causes some wastage

of useful energy that- -could better be redirected or concentrated into the load but it
is essential for this protective circuit, using a

controlled rectifier to prevent the full loading current passing through SCR2 over the
long duration of the supply cycle.

With an inductive load, D5 protects both
s.c.rs from the high reverse e.m.f. induced in
the coil when the current and flux fails after
the peak of the pulse. Essential to the extent
that Lenz's law of induction is valid for such

USES OF HIGH -FLUX PULSED
MAGNETIC FIELDS

The circuit was originally designed for experiment only. It was used to induce stresses

in large metallic structures without any
physical connection e.g. a metallic wall
frame gave a loud 'clunk' when the field was

pulsed near it, causing bending at the
molecular or atomic scale.
The high field can also be used to magnetize all sorts of objects placed in the coil, for

iteration. The quantitative description of
such a sequential process uses the mathema-

tics of discrete -element analysis, and we
accumulated or frozen into the test object
converges to zero rapidly enough, to within
an acceptable 'noise' level (or error from
zero) in a reasonably finite time t. (That is,
after a small number of iterations n of the
magnetic field which need not be spaced at

regular time intervals at all: n is more
important than t as a descriptive variable of
the interaction.)
A simple magnetic field detector can be
made using a magnetized needle suspended
at its point, using its own internal magne-

tizations coupling to a wire framework
(made out of a wire coathanger).

as the load

NEWTONIAN DOUBT

There is a more fundamental purpose in
pulsed magnetic fields. The pulsed field
brings into doubt the principle of Newtonian
mechanics that action and reaction should
be equal and opposite at every instant of an
interaction. The magnetic field is produced
by a pulsed current in the coil of very short

duration. The information that this field
exists takes a finite time to propagate, to
produce magnetic effects on an object, and

reciprocally for the information on that
interaction to propagate back and react with
the source, loading it. This is just the same

problem as remote loading of a generator
along a transmission line coupling. What
matters is the interaction, not the material
density of the intervening coupling medium.
The idea and physical demonstrability of
pulsed phenomena means that Newtonian
mechanics needs to be replaced by a more
fundamental system of a truly casual mechanics, from which the Newtonian scheme can
be derived as an asymptotic limit of interac-

choice of time delay and field reversal we can

High current -handling components were

\v,.. 2 coils in series
Tin plate disc

want the conditions that the net field

As an abstract control system, fields can
be induced in remote matter and the reaction back takes a finite time. By a suitable

PRACTICAL CIRCUIT

Trajectory

induced field can be successively cancelled
by reversing the coil and firing pulses as the
object is gradually moved away after each

ances.

possibility are discussed later.

verted glass fishbowl so that when they hit
the sides they funnel back down into the coil
for the next cycle, to make an ornamental
fountain, of slow periodicity like the geyser
'old faithful'.
Another novelty is a magnetic game. A
piece of tin plate inserted in the coil jumps
about 60cm vertically into the air when the
field is pulsed or fired: useful as a magnetic
dice -shaker. By using two coils in series
standing on top of one another, with slightly
eccentric centres, the shape of the resultant
field is distorted and the trajectory bent
sideways. This is like ludo - trying to predict
the trajectory of the tin plate disc or 'token'.

example small tinplate, heavy steel tools,
and becaue it is a d.c. pulsed field the

short duration pulses in very low induct-

induce negative feedback instability analogous to that in feedback amplifers, which
becomes apparent when discrete -time element analysis is used. This could push
matter apart and bring Newtonian mechanics into doubt. The consequences of this

strength of the field, from a gentle tremor to
an uprushing stream of projectiles, simulating magnetohydrostatic phenomena.
When the discs fall they settle into new
patterns. Each pattern is uniquely different,
and which could be projected onto a screen
by reflecting light off the mirrored discs.
At high field strengths the discs fly up like
projectiles spraying in a showr or fountain

When a magnetized object is brought near
the lower end of the magnetized pin, the pin
deflects in a direction indicating the polarity, giving a measure of the strength of the
applied magnetic field.

tions to-and-fro. That's if it does tend to a
constant limit and that it doesn't suggest
other phenomena that the Newtonian limit
implicity precludes. For example, the legendary 'space drive' of science fiction fame. In a

true system of causal mechanics interactions are mediated by field particles. With
a suitable generator (in about 300 years time

used for SCR' and D4 but since only short duration high -current pulses are used, devices with a lower current handling capabil-

Another use of the pulsed magnetic field is
as a moving ornament. Using a sheet metal

punch, I cut about 50 small circular discs

induce resonances, not necessarily magnetic

ity could be used (sacrified), though you

(3mm diameter) from a piece of tin plate and

in character, to push matter around in

must be careful not to let the current pulses
become too regular such that they overheat
significantly.

place them in a small covered glass jar
standing in the coil. The shiny surfaces

space. If nobody dreams there will be no
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produce tinted kaleidoscopic patterns. When

at the present rate of progress) we can

advance, and worse than that, we will never
know whether it is truly possible or not.
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High -precision composite
op -amps
New technique using cascaded op -amps gives low vector
error using simple feedback networks without

component matching.
JOHN D YEWEN
Several recent articles have discussed
amplifier configurations with reduced
vector error for a given overall bandwidth (see references). The transfer functions of these systems have the first N terms
of the numerator and denominator equal for
an Nth -order system, for example a third -

RF

RI

-1/Vv40-4-

order system would be of the form
w1

2s2+2s+ 1
s3+2s2 +2s+ 1
and in servo terms would have zero position,

WIN -11

co2

wN

I

KIN -11

velocity and acceleration error, giving a
finite error only when the input function has
a non -zero third derivative.

Fig.1. Nth -order circuit schematic.

It can also be seen from the form of the
transfer function that for low frequencies,

the error term varies as the cube of the
92
raw

frequency and can thus be made very small
for operating frequencies relatively near the
cut-off frequency where s ..--- 1.

Previous articles have described non inverting configurations and rely on matching resitor networks and, for the most part,
matching amplifier gains.
The circuits described here are inverting

circuits where the gain is set by only two

components, which may be resistive or
reactive, so that filters and integrators may
be made. In addition there is a true virtual

earth, so that signals may be summed if

Fig.2. Third -order system.

required.

The matching of the transfer function
numerator and denominator terms is inherent in the circuit topology, and is indepen-

dent of the precise values of either the

SUMMARY

resistors or the amplifier cut-off frequencies.

The generalised circuit schematic is
shown in Fig.1 For an Nth order system
there will be N separate forward paths
between the amplifier virtual earth input
and the output.
The w terms are cut-off frequencies of the
op -amps in rad/s, and the passive interstage

attenuators are used to shape the closed -

loop transfer function into a stable and
useful form, as shown in the worked thirdorder example following.

TRANSFER FUNCTION

Referring to Fig.2 the open -loop transfer
function is
Vout
1/
if

in

W3 K2w2w3
52

KIK2wi we -03
4-

53

S2w3i-SK2W2W34-1C K2(01 (02003
53

The use of cascaded op -amps in a new
circuit coifiguration enables precision
inverting amplifier circuits to be con-

structed using standard feecback networks. The completed circu is have a
very low phase and amplitude vector
error, and, unlike previously published

circuits, do not require elaborate

So putting in the input and feedback path
gains A and B, multiplying top and bottom
by s3. and using the standard servo closed loop formula
C(s)
1 +1-1(s)G(s;

matched feedback networks to main-

we get VoutNin=

tain high accuracy, are easy to use, and
have lower output impedance. In addi-

A

tion, they are also suitable or use in
summing, integrating and filering applications.

s2(03+sK2w2w3+K1lie01(02(03
Bs3/B-Fs2w3+sK2w2w3+ KIK2wiw2w3

(1)

The last three terms match identically in the

numerator and denominator as a direct
consequence of the term C(s) in the numerator and denominator of the servo closed -

loop formula above, and the matching is
totally independent of the actual values K,w,
A and B.
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To produce a stable system, the transfer

function denominator polynomial must
meet the Routh -Hurwitz stability criterion,
and in practice must exceed this by a safe
margin.
Suitable normalized coefficients could be
the binomial series 1,1; 1,2.1; 1,3.3,1; etc.
giving coincident negative real poles. A
somewhat better approach would be to use
the standard Butterworth filter denominator

coefficients, which would give better frequency domain performance, at the expense

of poorer settling time and transient response.

WORKED EXAMPLE
Fig.3. Completed circuit for worked example.

Taking the third -order close -loop transfer
function (eqn 1). Choose a unity -gain inverter as an example, giving B = 1/2. Chose

third -order Butterworth denominator
coefficients 1.22,1). Assume that individual
amplifier frequency responses are the same this is not essential but simplifies the exam-

ple-so =
=
= W.
Because we want a normalized form,
multiply through by B giving unity for our
first denominator term:
Now re -normalize to wo = w14 giving w =
40,,, which gives the second term equal to 2,
as required:
s3 + 2(0,, s2 + 8K2w02 s + 32Ki K2043,

At low frequencies the s2 and s terms are
negligible compared with the constant term,
and the error is represented by the s3 term,

otherwise be the case.

where the denominator differs from the
numerator. So the low frequency error is References
approximately.

Reducing amplifier distortion, A.M. Sandman

2s3/1+40,3=(4sho)3.

So using LF356 amplifiers (w= 4MHz) for
example at a frequency of 100kHz in the
circuit we get

from which k2 = 1/4 and k1 = 1/8 to give the

Wireless World October 1974 p.367.

Analgoue Applications Seminar Notes, Precision
Monolithics Inc. September 1986.
Active op -amp compensation, A.M. Sol iman, Elec-

tronics & Wireless World November 1986,
p.49,50.

(4 x 100kHz/4MHz)3=1/1000

other two terms equal to 2 and 1 respectively.

feedback are being applied they have lower
closed -loop output impedances than would

i.e. one part per thousand error.

Replacing these values in the original
closed -loop transfer function (1) and putting
B = 1/2.A = 1/2 gives
s3 + cos2

S

2

+ 1K2w2s + IKIK2to3.
+ I4SW2 +3403

253+52W +15(02 +iz(03.

The circuits can be adapted to work at any John Yewen is an analogue design engineer
closed -loop gain; use a variety of amplifiers, with Automatic Systems Laboratories of
not necessarily all identical; have their Milton Keynes. He has been involved with
transfer functions tailored to suit specific the design of standards -quality resistance
applications; and be made of any required bridges for the last 12 years. He is a keen
order to meet a given specification.
In addition, as large amounts of negative

amateur astronomer and a fellow of the
Royal Astronomical Society.
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Newnes Electronics Pocket
Book, 5th edition, edited by E.A.
Parr. Heinemann, 315 pages
95 x 196mm, hard cover, £8.95.
Useful and very portable refer-

of the BBC's activities in 1986
with many colour photographs
of the year's radio and television

pension of the service at the rest of the EMI team, who conoutbreak of war in 1939, with jured up what is essentially the
many photographs and draw- television standard we have to-

programme highlights. Also in-

ings. Absorbing reading for

day in the space of a few months.

cluded is a great deal of reference

Baird, incidentally, showed
great animosity towards his riv-

ence book covering all aspects of

material - such as, for example,

Baird -watchers, since inevitably
much of the content deals with

the subject from fundamental

where to apply for a job. The

the Scottish inventor's endless

als, which he saw as an

physics to fault-finding. This edi-

editors devote 37 pages to the

squabbles with the General Post

tion includes numerous revi-

accounts and only about half that

sions, including new material on
op -amp applications and design
of digital circuits. Emphasis is on

to engineering matters, which
no doubt shows the way things

Office and the BBC; Professor
Burns has much more patience

American -inspired (EMI had access to RCA patents) campaign to
undermine his all -British invention. A parable for our time?

communications and computing, with an entire new chapter
on the latter. Not to be confused
with the same publisher's Radio
and Electronic Engineer's Pock-

are these days.

with him than others have
shown. No doubt it was clear to
many that the man was caught in

British Television: the forma- an evolutionary blind alley and
tive years by R.W. Burns. lEE that his spinning discs offered no

et Book (E&WW, July 1986,

History of Technology series 7,
Peter Peregrinus in association
with the Science Museum, Lon-

p.21), which duplicates very lit-

don; 488 pages, hard cover,

tle of the same territory.

BBC Annual Report and Hand-

£38.40. Detailed academic history of the medium from Baird's
early experiments to the estab-

book 1987. BBC Publications,

lishment of the Marconi -EMI

possibility of a service with real
entertainment value; but it was
hardly dignified of P.P. Eckersley, the BBC's chief engineer to
prejudice his Board against the
system before they had seen it
working. Inevitably, the reader is
left filled with admiration for

291 pages, soft cover, £8. Review

electronic system and to the sus-

Shoenberg, Blumlein and the

228

DOUBLE -NOTCH

FILTERING
An unfortunate error in

the

January part of this article made

nonsense of Mr Sokol's argument. The affected part was the
first equation on page 47 and the
correct version is
2

H(s)-2+

S

2

S
(w/Cps+ 0, 2
Our apologies to readers and to
Mr Sokol.
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EXPANDABLE
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2 5Kg at
I 120mm

Hydraulic
using
water

WIDE
RAN GE GAUGES,
SENSORS ETC FOR
ROBOTIC WORK -CELLS

NEPTUNE 1, 11

stepper dr ye belt

IN OUR
FREE BROCHURE.

length 0 5-50m
serv,,,,

ROBOTS

£4751

NAIAD
VV.Iter lydyiulir/
IX servo'

INDEXING
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TABLE

pneurmitir
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with see
through

controlling up to 4 robots nd their peripheral
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Perspex
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UKs WIDEST RANGE of low
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CNC
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50093
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1 off
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Herefordshire HR5 3BR.
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(No stamp required)
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ON liF.P1.1 l AItI)

ELECTRONICS & WIRELESS WORLD

NEW FROM FORESIGHT
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SIGNAL
GENERATOR
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Sine - Square Wave
15Hz - 200KHz
Four Ranges
0- 1V sine wave
0 - 9V square wave
1 KO output
impedance

Ma ns powered
Quantity price breaks
Ideal for Educational
Purposes

Send today:

£53.00
inc. VAT and p&p

FORE IGHT ELECT1 OrlIC5 LTD
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Laboratories monitoring earthquake tremors, as well as
radio enthusiasts within a few hundred miles of regions prone to earthquakes,
may find a radio technique backs up ether theory.
H. ASPDEN

a.m. signal propagation over the same test
distance. The task is one of searching for a
correlation between earthquake tremors and
enhancement of the f.m. noise a.m. noise
ratio.

Electromagnetic waves propagate rela-

tive to a frame of reference which.
according to the Theory of Relativity,
is set by each and every individual observer.

Yet classical theory and, indeed intuition
suggest that this frame is physically determined by something in our local environ-

This is not wild speculation. Ten years ago
there was a serious earthquake in north east

ment providing a shared and common local

Italy. A radio enthusiast in Switzerland3

frame of reference. Today there is an increas-

vacuum itself is not a void, but rather has a

reported that ten minutes before the tremor
reached his house he happened to be listening to a BBC a.m. broadcast using his own

structured property'. It may be seen an

small v.h.f. f.m. relay or repeater. He de-

elusive fluid having a disposition to crystallize, adopting the general motion of coextensive matter, so far as its crystalline content is
concerned, but dissolving at boundaries.

scribes how he suddenly became aware of a

ing willingness to recognize that the

high pitched, rustling noise in the speaker
sounding like scrubbing a fine emery paper
on glass. Checks indicated that the scratching noises were on the whole v.h.f. range,
but that the a.m. broadcast kept completely

An ether of this form, activated by a
common sychronous motion of the lattice,
can explain how energy propagation must
occur in quanta proportional to frequency. It
is even possible to deduce the dimensionless
constant incorporating the Planck constant,

obtaining a value correct to well within one

part per million. This is provided one can
undo, as it were, the good work of the
Reverend Samuel Eamshaw, who a century

and a half ago proved mathematically that

the ether could not be a stable electric
stucture2.
If then we are open to think of the Earth

itself setting our local electromagnetic
frame of reference and having an influence
extending through our atmosphere, we can

expect geophysical adjustments of body

clear and was immune from the disturbance.

Then the tremor struck and two or three
reception will be affected because the frequency will also be modulated by the ether
disturbance.

This proposition that there is an ether
willing to reveal itself when earthquakes
occur can be tested by monitoring the noise
properties of radio waves, and in particular
by comparing the noise content of f.m. and

Readers may recall Dr Aspden's earlier
article "The ether - an assessment" in
Wireless World. October 1982, if not his
book Modern Aether Science. Though

the vacuum by physical displacement of
something electrical (the structure mentioned above) from its natural equilibrium
position, the sudden release of strains in
rocks can signify the setting up of oscillations which spread through our em refer-

futile. Dr Aspden says he can now point
to its predictive power.

adherence to ether belief may seem
There is currently no accepted explanation for the proton -electron mass
ratio. but amongst Aspden's many sci-

entific papers is "Calculation of the
proton mass in a lattice model of the

It follows that radio reception is likely to
he affected during, and even prior to, earthquake events. It is not profitable to speculate
about the true nature of the ether, bearing in
mind that the mainstream physics community prefers to assume that the ether has no
real role to play. But it is profitable to note
that, should the ether really exist, it is very
likely that radio waves will suffer distortion
at time when earthquakes are prevalent. It
seems obvious that if the em reference frame
is set in oscillation then the effect will he that
of the speed of propagation varying about its
usual value in the affected regions. As wave
energy in transit is conserved, this means

ether". By a major technological advance, the proton -electron mass ratio

that the amplitude of a signal will flutter

had begun.

and, perhaps more to the point, v.h.f. f.m.
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was recently measured to within
precision of 41 parts per billion,

so as to distinguish, by their collective
action, between background noise and
earthquake -related noise.

However, the belief in the Theory of

A BOOST TO ETHER THEORY?

Earth to affect the em frame. Earthquakes
might cause ripples in this frame of reference. Also, since electric fields are stored in

ence frame.

minutes later the whole system reverted to
normal.
Here then is at least a clue to a possible
means of predicting earthquakes, based on
the sensitive detection of minor tremors by
apparatus operating in a.m. and f.m. modes

a

a

severe test for the value given by ether
theory. The authors of the experiment
have acknowledged in their report that
the value given by Dr Aspden's theory

was "remarkably close to the ex-

Relativity is so strong that few will wish to
accept the underlying explanation for the
anomalous reception just discussed. The
ether is not so easily brought back to life,
even if its revival might be a by-product of
useful research aimed at predicting earthquakes, based on an accidental discovery in
Switzerland ten years ago.
Interested readers should have little diffi-

culty devising an apparatus which could
continuously monitor a.m. and f.m. transmission and reception and record unusual
peaks in the f.m. noise ratio. If these data
checked with data on earth tremors then
that would surely speak in favour of a real
ether.
References
1. C. Rebbi, Scientific American, vol. 248 1983
p.36.

V.F. Weisskopf, Physics Today, vol. 34-12. 1981
p.69.
2. H. Aspden, Nature. vol. 319 1986 p.8.
3. M. Marked, New Scientist, vol. 70 1976 p.488.

perimentally measured value (i.e. within two standard deviations)". They also
said that this was "even more curious"
taking into account that the theory was
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We will generate code for one
processor onto another while
you watch. Cross compilers
allow debugged Forth
applications to be ported and
ROMmed into a target system.
* rapid interactive software
* full control of hardware
* high speed and compactness
* range of hosts and targets

Also on display will be Modular Forth, the
very latest prize-winning Forth.

* separate compilation
* GEM graphics
* multi -tasking
* interrupts & timers
* award from Form186
Easy to read and cab be used with our
full range of cross -compilers.
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AMSTRAD 8256/1512
* Screen editor Assembler
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* GEM graphics and windows
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01-208 1177 TecxNoniaricLro 01-208 1177
BBC Computer & Econet Referral Centre

AMB15 BBC MASTER Caas (a)
AMC06 Turbo 165C - 021 Expansion Module

C99 (b)

512 Processor
Horn Cartridge
Ref Manual Part 1

ADC08
ADF13
ADJ22

DISC DRIVES

5.25" Single Drives 40/50 switchable:

TS400 400K/640K
P5400 4001Q640K with integral mains power supply

AMB12 BBC MASTER Econet C315(4)
0199 (b)
£13 (b)
C14 (c)

ADJ24
Advanced Ref Manual
ADF10
Econet Module
Ref Manual Part II
ADJ23
BBC Master Dust Cover

[4.75 (dl

BBC MASTER COMPACT
A tree packet of ten 3 5 DS discs with each Compact
SYSTEM 1 1281( Single 640K Drive and bundled software C385 (et
SYSTEM 2 System 1 with a 12 Hi Res RGB Monitor 0469 (a)

View 3 0 User Guide £10 (d)
Vewsheel User Guide C10 (d)
BBC Dust Cover C4.50 (d)
1770 DFS Upgrade for Model B C43.50 (d)
ADFS ROM (for B with 1770 DFS 8 B Plus) C26 (0)
1 20S ROM £15 (0)
ACORN Z80 2nd Processors £329 (a)
ACORN 6502 2nd Processor 0179 (b)
MULTIFORM Z80 2nd Processor C299 (b)
ACORN IEEE Interface 0269 (a)
TORCH 280 2nd Processor ZEP 100
£229 (a)
TZDP 240 ZEP 100 with Technomatic PD800P dual drive with builtin monitor stand
£439 (a)

51/4 Discs
40 T SS DD
£10.00 (d)

80 TSSDD

£319(a)
£449(a)

L0800 (80 col)
L01000
TAXAN
KP815 (160 cps)
KP915 (180 cps)

Single Disc Cable C6 (d)

STAR NL1O (Parallel Interface)
STAR NL10 (Serial Interface)
STAR Power Type

£239 (a)
£279 (a)
£229 (a)

BROTHER HR20

0329 (a)

MONITORS
RGB 14"
1431 Std Res
1451 Med Res
1441 Hi Res

£229 (a)
£525 (a)

NATIONAL PANASONIC
KX P1080 (80 col)

0149 (a)

metal

£225 (a)
£459 (a)

Hitachi 672
Graphics Workstation
(A3 Plotter)
Plotmate A4M

£599 (a)
£299 (a)

PRINTER ACCESSORIES

All modems carry a full BT approval
MIRACLE TECHNOLOGY WS Range
WS4000 V21/23 (Hayes Compatible,
Intelligent. Auto Dial/Auto Answer)

£149 (b)

WS3000 V21/23 Professional As WS4000
and with BELL standards and battery back up
lor memory
£295 (b)
WS3000 V22 Professional As WS300 V21/23
but with 1200 baud full duplex
£495 (a)

PB BUFFER
Internal butter for most Epson
printers Easy to install Ins'
supplied
P832 32K
[69(c)
P9128 128K
C99 (c)

WS3024 V22 Professional As WS3000 but
with only 2400/2400.
£495 (b)
WS2000 V21N23 Manual Modem

£95 (b)

DATA Cable for WS series/PC or XT

£10 (d)

DATATALK Comms Package
'

PACE Nightingale Modem V21/V23
Manual

Serial Test Cable

Serial Mini Patch Box

Serial Mini Test

Serial Cable switchable at both ends
allowing pin options to be re-routed or
linked at either end - making it possible
to produce almost any cable
configuration on site
Available as M/M or M,F
C24.75 (d)

Allows an easy method to
reconfigure pin functions
without rewiring the cable
assay Jumpers can be used
and reused
C22 (d)

Monitors RS232C and CCITT
V24 Transmissions.
indicating status with dual
colour LEDs on 7 most
Significant lines Connects in

EDGE

wts

Prug
1459
1750
2009
220p
235p

20
26
34
40

aec4e,

Conn

1259
1509
160p
190p
200p

1959
2409
3209
340p
390p

D CONNECTORS
9

IDC

FEMALE:

2532 2732 and with an adaptor 2564 and 2764 Displays 512 byte

St Pin

on

TV

-

has

a

serial

and

par.

ailei I/O routines Can be used as an emulator cassette interlace
Softy ii
£195.00(b)
Adaptor
2564

25

60 85 125
175 275 325

Solder

SOFTY II
This low cost intelligent eprom programmer can program 2716 2516
page

15

37

MALE:

Ang Pins 120 180 230 350

(Offer limited to current stocks)

for

SPECIAL OFFER

2764-25 £2:00(d);
27128-25 £2:50(d);
6264 LP -15 £3:40(d);

2764
C25.00

170

-

100 140 210 380
Ang Pins 160 210 275 440
Solder
90 130 195 290
IDC
195 325 375
St Hood
90 95 100 120

-

Screw

130

150 175

-

LOCK

TEXTOOL ZIF
SOCKETS

28,pin £9.10

24'pn 17.50
40 pin £1210

CONNECTORS
2 6

150p'5b

C

Wily Icommodorel

2 10 way

2 x 12 way ,v.c 20i

2x le way

2 x 23 way 12/031,
2 x 25 way

2 x 28 way iSpectru,2 x 36 way
1 x43 way
2 x 22 way
2 x 43 way
r 77 way
2 x 50 wayiS100conn

3000

-

1759
225p
200p
2509
260p

350p
1409

220p
220p

-

--

9O9

395p
400p

Line

IDCSkt A +B

.E22.50 (d)

IDCSkts+C

Male to Male
Male to Female
Female to Female

For 2 x 32 way please specify
spacing (A + B, A + C).

MISC CONNS

21 pin Scart Connector 200p
8 pin Video Connector 200p

igreyimevel

£10
£10
£10

Single enc Male
Single end Female

£500
I 5 25
£10 00
f 9 50
f 9 50

24 Female Female
24 Male Male
24' Male Female

DIL SWITCHES
4 -way
8 -way

90p

120p

6 -way

SOway

1409
1109
200p

26 -way

1209

64 -way

2110p

40 -way

DIL HEADERS

125 way Di

24
24

34 -way

20 -way

409
609
asp

16 -way

RS232 JUMPERS

300p

3759 400p
400p
400o

RIBBON CABLE
10 -way

GENDER CHANGERS
25 way D type

-

Plug Skt
230p 275p
275p 320p
26439

AMPHENOL
CONNECTORS
36 way plug Centronics
(solder 500p IIDCI 475p
36 way ski Centronics
!solder) 550p ilDC 1500p
24 way plug IEEE (spider,
475p (lDC) 475p
24 way ski IEEE (solder)
500p IDC) 500p
PCB Mtg Skt Ang Pin
24 way 700p 36 way 750p

500P

6009

EURO CONNECTORS
DIN 41612
2 x 32 way St Pin
2 x 32 way Ang Pin
3 x 32 way St Pin
3 x 32 way Anp Pin

TECHNOLINE VIEWDATA SYSTEM. TEL: 01-450 9764
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With 256K £275 (b).
BBC Cable Set £30.

UV140 C69, UV141 E85. p&p £2.50.

(Spepdblock Typal
Header Recep
Edge

No of Ways

£75 (b)

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 memory usage Simple
push button control provides REPEAT PAUSE and
RESET functions Integral power supply £199 (b).
will

erasing time of about 20 mins C59 + £2 p&p.
UV t as above but without the timer £47 + E2 p&p.
For Industrial Users. we offer UV140 8 UV141 erasers with handling capacity oft4 eproms UV141 has
a built in timer Both otter full built in safety features

I.D. CONNECTORS
No or

SO

*£70 (c)

The buffer offers a storage of 64K Data horn three
computers can be loaded into the butler which will
continue accepting data until it is full The buffer

CONNECTOR SYSTEMS

If purchased with any of the above

modems

PRINTER BUFFER

UVERASERS
Built-in safety interlock to avoid accidental exposure
to the harmful UV rays
It can handle up to 5eprc ms at a time with an average

WS3000 V22 bis Professional As V22 and
2400 baud full duplex
£650 (a)
WS3022 V22 Professional As WS3000 but
with only 1200/1200
£395 (a)

£75 (a)
£79 (a)
£139 (a)

ACCESSORIES
Microvitec Swivel Base
£20 (c)
Taxan Mono Swivel Base with
clock
C22 (c)
Philips Swivel Base
£14 (c)
BBC RGB Cable
£5 (d)
Microvitec
C3.50 (d)
Taxan £5 (d)
Monochrome £3.50 (d)
Touchtec 501
£219(b)

UV1T Eraser with buiit, timer and mans indicator

RT256 3 PORT SWITCHOVER
SERIAL INTERFACE
3 input,1 output or I input 3 output
manual channel selection Input
output baud rates. independently
selectable 7 bit 8 bit oddevenmone
parity Hardware or software
handshake 2561( butter mains
powered
£375(b)

£95 (a)

case.

MITSUBISHI
XC1404 14 Med Res RGB, IBM 8 BBC
compatible
£219 (a)

Plain Fanfold Paper with extra fine perforation (Clean Edge):
2000 sheets 9 5' x 11' £13(b) 2000 sheets 14 5" x 11' £18.50(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)

£90(a)

PHILIPS 12 HI-RES
BM7502 green screen
BM7522 amber screen
8501 RGB Std Res

TAXAN SUPERVISION II
12 - Hi Res with amber/green options.
IBM compatible
C249 (a)
Taxan Supervision III
£289(a)

We hold a wide range of printer attachments (sheet feeders, tractor feeds etc)
in stock. Serial, parallel, IEEE and other interfaces also available. Ribbons
available for all above plotters. Pens with a variety of tips and colours also
available. Please phone for details and prices.

MODEMS

MONOCHROME
TAXAN 12 HI-RES
KX1201G green screen
KX1203A amber screen

E179 (a)
C225 (a)
£365 (a)

MICROVITEC 14" RGB/PAL/Audio
1431AP Std Res
£199 (a)
1451AP Std Res
£2591(a)
All above monitors available in plastic or

E28 (d)

Epson HI -80
C279 (a)

£20.00 (d)
C25.00 (d)

Dual Disc Cable £8.50 (d)
30 5' 2- Disc Storage Box £6 (C)
100 5' 2' Disc Lockable Box £13 (c)

10 Disc Library Case £1.80 (d)
50 x 5' 2 Disc Lockable Box £9.00 (c)

PLOTTERS

JUKI
6100 (Daisy Wheel)

Discs

80 T SS DD
80 T DS DD

"£14.00(d)

Dotprint Plus NLQ Rom for
Epson versions for FX, RX, MX
and GLP

C239 (a)
C369 (a)

£16.00(d)

DRIVE ACCESSORIES

COLOUR PRINTERS
Epson JX80
Integrex Jet Printer

£409 (a)
£439 (a)
£619 (a)

E X800

£12.00 (d)

FLOPPICLENE DRIVEHEAD CLEANING KIT

PRINTERS & PLOTTERS

FX1000

31/

40 T DS DD
80 T DS DO

£14.50(d)

FLOPPICLENE Disc Head Cleaning Kit with 28 disposable cleaning discs
ensures continued optimum performance of the drives. 5''4" £12.50 (d)

We stock the full range of ACORN hardware and firmware and a very wide
range of other peripherals for the BBC For detailed specifications and
pricing please send for our leaflet

F X800

£170 (b)
£187 (b)
£229 (a)

3M FLOPPY DISCS

fully compatible with all BBC models. Please phone for comprehensive leaflet £145 (b).

£20 (c)
£49 (c)

£99 (b)
C119 (b)

Industry Standard floppy discs with a lifetime guarantee Discs in packs of 10

META Version III - The only package available in the micro market that will assemble 27
different processors at the price offered. Supplied on two 16K roms and two discs and

£199(a)

£226 (a)
£229 (a)
£249 (a)

TD352 Dual 800101280K
PD352 Dual 800K/1280K with integral mains power supply
PD853 Combo Dual 5.2573.5" drive with p s u

SYSTEM 3 System 1 with a 14 Med Res RGB Monitor [599 (a)
Second Drive Ad C99 (e) Extension Cable for ext 5 25 drive £12.50 Id)

EPSON
EPSON LX -86
Optional Tractor Feed LX80/86
Sheet Feeder LX80/86

£114 (b)
£129 (b)

5.25" Dual Drives 40/80 switchable:
TD800 800K/1280K
PD800 800K/1280K with integral mains power supply
PD800P 800K/1250K with integral mains power supply and monitor stand
3.5" 80T DS Drives:
TS351 Single 400K/640K
PS351 Single 400K/640K with integral mains power supply

£19.50 (c)
C41 lc(
£14 (c)

105p

10 -way 1509

14 pin
16 pin
18 pin
20 pin
24 pin
28 pin
40 pin

Solder
40p
50p
60p
75p
1009
1609
200p

IDC

100p
1109

-

150p
200p
225p

ATTENTION
All prices in this double page
advertisment are subject to
change without notice.
ALL PRICES EXCLUDE VAT
Please add carriage 50p

unless indicated as follows:
(a) £8 (b) £2.50 (c) C1.50 (d)
£1.00

Using 'Prestel' type protocols. For information
and orders - 24 hour service, 7 days a week

ELECTRONICS & WIRELESS WORLD

1MISR
7400
7407

7402
7403
7404
7405
7406
7407
7408
7409
7410
7411

7412
7413
7414

74273
74276
74278
74279
74283
74742
74290
74293
74298

2 00
I 40

74351

2 00

I 70
0 90
1 05

3 20

090
090
I 80

743654 0 80

743664 0.80
743674
74376
74390
74393
74490

7421

'422
'423
'425
'426
7427
7428
7430

'432
'433
"437
7438
7439
7440
'441

-4424
'4434
7444
7445

74464

'4474
'448

'450
7451

7453
7454
7460

741501
741502

74L524
741S26
741527
741528
741530
741532
741532
741533

110
1 20
1 40

0.24
0.24

0.24
0 24
0 34
0 50

024
0 24
0 24
0 24

7415399 140

0 24
0 24
0 24

7415445 1.80
7415465 1.20
7415467 1.20
74L5490 1.50
741S540 1.00
74L5541 1.00

0 24

7415608 700
7415610 25.00

050
026

741543
7415413

090

74116401 3.00

741049

1 00

'480

741_551

0 24
0 24
0 24

7415641 1.50
7415642 2.50

7485
7486
7489

'4904
'491
74924
74934

'494

'4954
'496
"497
74100
74107
74109
74110

741595E1 0 75
741596 0.90

7415783 16.00

'4142

7415148 1 40

'4118
74119
74120

'4121
74122

'4123
'4125

74143
74144
74145
74147
74148
74150

,41514
74153
74154
74155

'4156
'4157
-4159
74160
74161
74162

'4163
74164

'4165
'4166
74167
74170
74172

'4173
'4174

'4,75

74176
74178
74179

'4180
'4181
74182
74184

741854
74190
74191

74192
74193
74194
74195
74196

'4197
'4198
'4199
74221
74251

74259
74265

25.00

74L5624 3.50
7415626 2.25
74L5628 2.25
7415629 1.25
7415640 2.00

7415642.1 300

74126
74128
74132
74136
74141

-4116

741$612

741554
741555
7415734 0 30
741S744 0.35
741575 0.45
741S768 0.36
741578 0.42
7415834 0.70
741585 0 75
741.586 0.35
741590 0.48
741591 0.90
741592 0 35
741593 0 54

7415107 0.40
741S109 0.40
7415112 0.45
7415113 0.45
74L5114 0.45
7415122 0.70
7415123 0.80
7415125 0.50
741S126 0.50
741S132 0.65
7415133 0.55
7415136 0.45
7415138 0.55
741S139 0.55
7415145 095
7415147 1.75

74111

7415151 0.65
74LS152 2.00
7415153 0.65
74LS154 160
7415155 0 65
7415156 0.65
74LS157 0 50
74L5158 0.65
74151604 065
74151614 0.75
74151628 0 75
74151634 0 75

7415164 0 75
74151654
74151664

110

150

7415168 1.30
7415169 1.00
7415170 1.40
74151738

700

7415174 0.75
7415175 0.75
7415181 2.00
7415183 190
7415190 0 75
7415191 0.75
741S192 080
74151948
74LS195A

0 75
0 75

7415196 0.60
741S197 0.80
7415221 090
7415240 0.80
74L5241 0.80
7415242 0.90
7415243 0.90
741S244 0.70
7415245 090
7415247 110
7410248 110
7415249 110
74L5251 0.75
74LS253 0 75
74L5251 090
741.5;4''7, 0 70
74152588

0 50

74C20
74C32
74C42
74C48

0 70
1 00
1 50
1 50
1 20
1 00

7474
7475
7476

74844

74014

100

741S38
741500
74LS42

'4834

0 70
0.70

74C74
74C76
74C83

'470
'472
'473

-481

74C08
74C10

74073

0 24
0.24
0.24
0 24
0 24
0 50
1 50

741_537

74C04 0 50

7415323 3.00
7415324 3.20
7415348 2.00
7415352 1.20
741S353 1.20
74L5356 2.10
7415363 110
74L5364 1.60
7415365 050
7415366 0.50
741S367 0.52
7415368 0.50
7415373 070
7415374 0.70
7415375 0.75
7415377 1.30
7415378 0.95
741S379 1.30
7415381 4.50
7415385 3.25
7415390 0.60
74L5393 1.00
7453954 100

74L505 0.24
741508 0.24
741509 0.24

74LS21
741_522

0.70

74L53224 3.90

024
741_503 024
741504 024

74L510
741511
741513
741514
741515
741520

74C00

1 60

741.5 SERIES

741500

74C SERIES

0 80

'416
74,7
7420

7415273 1.25
7415279 0.70
7415280 1.90
741S283 0.90
741.5290 0.80
741.52921400
7415293 0.00
7415295 1.40
741529114.00
741S298 1.00
7415299 2.20
7415321 3.70

0 70

7415259 1.20
7415260 0 75

7415643 2.50
7456431 100
7415644 150
7415645 2.00
74156451 4.00

7415668 0.90
74L5669 0.90
7415670 1.70
7415682 2.50
7415683 3.00
7415684 3.50
7415687 3.50
74/5688 3.50

74085
74036
74C90
74C93
74C95
74C 107

740150
740151
740157
740160
740161
740162
740163
740173
740174
740175
740193
74CI94
740195
740221
74C244
74C245
74C373
74C374
74C902
740911
74C912

740922
740923
74C925
740926

2 00
2 25
0 50
1 90
1 50
1 60
1 oo

500
200
2.50
1 80
1 80
1.80
1.60
1.00
1.50
1.50

I.50
1.50

2.50
2.00
2.25
2.25
2.25

110
9.00
4.50
6.00

610
6.50
7.50

74ALS SERIES

7441500 0.45
7441502 0.45
74AL 504 0.50
7441508 0.50
7441.510 0.45
7441520 0.45
7441.532 0.45
7441574 0,70
'44161313

'4815139

1.50
1.50

'4815244 4.00

"445245 475
"4415573 210
74415574 4.50
-.4415580 200

4000 SERIES
4000

745 SERIES

74500
74S02
74504
74505
74508
74510
74511

74S20
74522
74S30
74532
74537
74S38

74540
74S51

74564
74574
74585
74586
745112
745113
74S114
745124
745132
745133
745138
745139
745140
745151
74S153
745157
745158
74S163
745169
74S174
745175
745188
74S189
745194
745195
745196

745200
745201

745225
745240
745241
745244
745251

745257
745258
745260
745261

0.50
0.50
0.50
0.50
0.50
0.50
0.75
0.50
0.50
0.50

060
0.60
0.60
0.50
0.60
0.45
0.70
558

4001

4002
4006
4007
4008
4009
4010
4011

4012
4013
4014
4015
4016
4017
4018
4019

4020
4021

1.00

4022
4023
4024
4025
4026
4027
4028
4029
4030

0.60

4031

100
1.50
1.20
1 20

3.00

110
1.80
1 00
1.50
1.50

2.00
2.00
3.00
5.50
3.00
3.20
1.80
1.80

3.00
3.00
3.50
4.50
3.20
5.20
4.00
4.00
4.00

2.50
2.50
2.50
1.00

3.00
2.70
2.25
2.00
2.25

745283
745287
745288
745289
745299 4.50
745373 4.00

'4S5'4 400

4032
4033
4034
4035
4036
4037
4038
4040
4041

0.20
0.24
0.25
0.70
0.25
0.60
0,45
0.60
0.24
0 25
0 36

060
0 70
0.36
0.55
0.60
0.60
0 60

060
070
0 30
0.48
0 24

090
0 40

060
0.75
0.35
1.25
1.00
1.25

2.50
0 70
2.50

4081

0.24
0 25

4082
4885

'4066
4089
4093
4094
4095
4096
4097
4098
4099
4501

025
025
060

LINEAR ICs'
407

0.48

winicoc 2500

114710
114711
L84723

A21103

L1A725CN

310
0.65
0.22

ADC0008 1110

200

0 75

424-15050 1.00

1.20

407-7350 3.50
40-3-0910 4.90

0.35

090
095
090
2.70
0 75

099
036

4510

0.55
0.55
0.55

4512
4513
4514
4515
4516
4517
4518
4519

1.50

110
110
0.55
2 20
0 48
0 32

LM141011

CA3140 0.45
CA31401 1.00
CA3146 2.25
CA31606 1.50
CA3161E 2.00
CA3162E 6.00
043189E 2 70
CA3240E 1.50

1413915 140
3.40
L9,413600 110
61515131 2.30
M515161 4.50
N133712 2.00
L 17I3916

44013106
1413

300

0 65

CL7106 6.75

1.00

CL7611 0.95

4531

0.75

4532
4534
4536
4538
4539

065

17650 4.00
17660 2.50
CL8038 4.00
CM7555 0.90
CM7556 I 40

1 IS
0 BO

4522
4526
4527
4528
4529

0 70

4543

3.80
1.50
0 75
0.75
0 90
0 70

4551

1 00

4553
4555
4556
4557
4560
4566
4568
4569
4572
4583
4584
4585
4724
'4411

240
036

4541

14412
14416
14419

14490
14495
145000
14599
22100
22101

22102
40014
40085
40097
40098
40100
40101

40102
40103
40104
40105
40106
40107
40108
40109

1..41496 0.70
MC3340P

3.00

300

70

0.45

1613018 0.30

050
.240
1.40

140

240
090
048
060

LC7131

0.45
LM308CN 0 75
LM3i0
2.25
19.4307

L11311

060

7.50
7 50

04318
LM319

1 50
1 60

300

LA4324

0.45

I.M3342

1.15

650
200
350
700
700
0.48
20

LM358P 0.50
LIA377 300
1 50

16438014 8

LM380N 1 50
LM3814N1 70

036
040

1613815
141383

1.50

LM384

125
130

16438674

2.00

161387
161391

1.20

19439291

150

194393

.

3.00

3.25
2.20
100

2 70
1 80

110
0 BS

048

LN394C6 400

0.55
3.20

161709

7134920

2 00

65002-21141-47

TBA950 2.25
TC9109

7CA2I0

7041024 110
1041,705 300
7082002 3.25
7042003 1.90

7062593 500
1042653 7.00
7083560 7.50
1083810 7.50
TDA7000 3.50
TEA1002 7.00
11.061CP 0 40
71062
060
11064
090
TL071
0 40
11072
0 70
110
71074
TL081
0 35
71082
055
11083
0 75
100
71084
2 00
71094
TL430C 1.20
U4759 3.20

4 00
300

NE529

220

NE531

1 20

062240 1 20

NE544
8.6555
5E556

190

JC95,,,-. :4

0 22

11E564

4.00

NE565
NE566
NE567
NE570

120

010120010 0 75
UL1420028 075
ULN20034 0 75
ULN20044 0 19

74E571

NE592
111E 55326

ME5533P
NE5534P

060
1.50
1.25

4.00
3.00
0.90
1.50
1.60
1.20

40163
40173
40174
40175
40192
40193
40194
40244
40245
40257
40373
40374

00
20
00
00
00
00
00
50

80C 95
80C 97

0 75
0.75
0.75

260

50
80
80
80

100

ULN2068 2 90
ULN2802 1 90
ULN2803 1 80
ULN2804 1 90

UPC575 2.75
UPC5928 100
OPC11561. 300
UPC7185H 500

4051

0 65

4052
4053
4054
4055
4056
4060
4063
4066
4067
4068
4069
4070

060
060
080
0.60
0.85

070
0.65

040
2.30
0.25
0.24
0.24
0.24
0.24
0.24
0.24

78FiGKC
78GUIC
79HGKC
79GUIC

11 00

2708

4.50

7 40

3.00
85A 7 50
H6
22 00

8

430

6741

8748

2114.3

2.0.
4.130

Z80

2 50

4116

290

2.00

4116-20

1.50

5.50
7.50

41641511

340

4416-15

3.30

65224

480
600

6532
6551A
6821

510115501
551415114

4.80
4.40

5516
5517AP

4.110

2 50
12 50
3.75

68040
6850
68050

6.00
I 80
2.50

6852
6854
68054

2.50

650
800

651445 4.00

S00

745189 180
745289 2.25

15419P

1 75

39996364 6.00
31490
3.00

184423E

130

8155
8156

380
3 80

93415

610

31476013N 100
514760238 100
'847603314 3.00
'N761,5N 215
S1976489 4.00

ZN425E 8 3 SO

8205
8212
8216
8224
8226
8228
8243
8250

2 25

93425

6.30

140
ISO
0.90

/NA ,04( 660

-47204
787205
147310

1.50
1.50

300
2811034E 2.00
23 00

1844234E 9 50

15V 7815 090
18V 7818

79113

050
050

6V 7808
128 7812

0.50

24V 7824 0.50

7924

0 50
0 50

050

IA FIXED VOLTAGE PLASTIC 1092
5V 79105 0.45
12V 79112 0.50
15V 79115 0.50
12V 78112 0.30
I5V 78115 0.30

1 40

4.25
1 60
1200

325

8253C5 3.50
82554C-5

8256

3 20

16 00
5400

8257C-5

8284
8287
82880

2816-30 15.00

6.50

06,6, 4.00

2458

0618131

600

DP8304

3 50

D5369, 3 50
058830 1 40
D5883i 1 50
DS8832
D58833

0.125'

BPW21
OCP71

280

09672

170

RED 1112090.17
GRN T11211016
YEL 111212 020

ORP60

1 20
1 20

1F1/6,y) 0.30

1 80

ORP61

0 55
0 55

111310
11181

1.20
1 20

711100

0.75

104 vAR
108+889

2 25
4 00

990507 T8.729
1.00

15.00

AN71 Di '0'
100
MAN3640
64884640

MC3446 2.50
MC3459 4.50
UCS347C

4.75

MC3480 8.50
MC3486 2.25
MC3487 2.25
MC4024 5.50
MC4044 5.50
, MC6883 1600
94014411 7.50
7.4014412 7.50
75107
090
75108
090
75109
1 20
90
60
20
40
40
40
40
20

75114
75115
75121
75122
75150P

2.25

250
1 SO

111220
111222
711226

9p
109

1Ip

7 0084147 1.50

716MHz 1.75
8 0084Hz 1.50

.03251300 750

8 867MHz

1.75

10 0081/17
70 5081817
10 7011017

250

1100MHz

100

12 001111:
14 009411:

110
1.75

18 DOMHz

TELETEXT
DECODER

1.50

18 43210/7 1.50
19 969101, 1.50

5885020 4.00

20 0001,4117 110
24 00018117 1.75

SAA5030 7.00
16.00

48 000MHz 1.75
1169461
2.5.1

SAA 5050 9.00

P801000 12.80

Please note
All prices are subject to
change without notice.
Only current prime grade
components stocked.
We also stock a wide
range of Trans,stors.
Diodes Tnacs Plastic,
Bridge Rectthers.
Thynstors and Zenors.
Please phone 101 details

Bar Graph
Roo
Green

1841040

LED
2.25
2.25

C0521

1

100

TI1100

1 20
0.90
0.90
1.20
1.20

711311

6.50

11132

Lm3914

LM3915 150

111.78
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The British Broadcasting Corporation is

finding it so hard to recruit suitably

surprised if engineers turned down a higher

principles of site management;

salary for a trainee's pay packet.

implementation of cellular and trunked

qualified engineering graduates that it
is running conversion courses for those who
took the wrong course the first time around.
When it comes to radio -frequency (r.f.)
design engineers it certainly begins to look

specialization such as microwaves - is valuable to an employer. Indeed, some universities are now running M.Sc. courses aimed at

like a seller's market. John Prodger from
Executive Recruitment Services said that,
during his 13 years in the engineering
recruitment business, he's never known
demand to fall off. "I've been banging my

University College London, Bradford, and
Leeds Universities. Prodger went on to say

Council. AMERC chairman Bill Cotton said

that those engineers who go on to take a

modules by Easter.

head against a brick wall not knowing where

Ph.D. qualification soon become highly specialized and more often than not would opt

my next r.f. design engineer is coming

employers clearly varies with the seniority of

for a research environment rather than a

the post. Simon Hall from RNW Recruit-

from," he said.
Marconi Personnel Office Les Thompson
would agree. "Every major employer who is

commercial operation.

looking for r.f. engineers has a problem
because there simply aren't enough on the

and technicians experienced in radio -

ence tends to be the norm but, given the

frequency engineering. The Mobile Radio

market," he said. BBC Engineering Recruitment Officer Bob Neal agrees: "good people
are hard to come by." However Neal said the
secret was in a good recruitment programme. The BBC actively recruits young people

User's Association (MRUA) have joined with

tightness of the market, employers have to
be flexible. "Even a good graduate with a
final year university project can command a

with both 'A' levels and degrees and has,

Prodger said an M.Sc. - especially in a

supplying the demand for r.f. engineers.
Among those institutions are Portsmouth,

said Neal.
Salary levels offered reflect the seniority of

such as battery design.
AMERC core courses have been running
for a number of years and are accredited by

the Business and Technician Education
he hoped B/TEC would accredit the new
The amount of experience required by

ment said his company was looking for
Indeed, a new scheme has just been graduates in their mid -20's with four to five

launched to combat the dearth of engineers years experience. Two to three years experi-

the Association of Marine Electronics and
Radio College (AMERC) to offer courses
relevant to the land -mobile radio industry.
AMERC currently runs a three year course
for '0' level standard candidates leading to a

according to Neal, some success. "We
obviously get them -we're still in business,"

radio systems;

other specialized communication topics

post -graduate experience should certainly
be able to keep busy. The question asked by
many is whether or not to gain a professional

qualification, such as membership of the

1-7\II

series of interviews," Prodger explained.
An engineering graduate with a few years

'lost;

the job and the experience of the candidate
but can, according to Prodger, be equated

Institute of Electrical Engineers. To become
a MIEE a prospective candidate can follow

two paths. He could take an accredited
university degree and then follow a carefully
monitored programme of training. This will

with those offered to other engineering
disciplines. A graduate fresh out of universi-

include training at a recognized place of

ty can expect around £8,000 while an en-

work as well as filling in a detailed log -book.

gineer with about five years experience will
be looking for a project leader's job, and a
pay package of some £19,000. Prodger said
that r.f. engineer salaries can now be roughly equated with those enjoyed by computer
software engineers.
Most employers are looking for engineer-

Those who don't, according to IEE training

Officer William Baker, need to submit a
curriculum vitae of some 1,000 words.

However, Baker maintains professional
membership is an investment in the future.

For example, the IEE is a member of the
Federation of European Engineering In-

ing graduates. Thompson said Marconi
sponsors a number of graduates through

National Diploma and HNC qualifications in

university and is therefore particularly keen

electronic and communications en-

to monitor their progress. However, with
today's labour market as it is, this is not a
hard and fast rule. Thompson said Marconi
may start with the HND level and indeed the
BBC will take on engineers with good 'A'
levels.

gineering.
The new courses - on offer from Septem-

ber 1987 - are concerned with the land mobile radio industry and will fit into existing modular schemes which contain fundamental core information, such as electric-

Under their graduate conversion scheme,
the BBC has recently received some 3.000
applications for 30 course placements. People from all disciplines have applied for the
course, even sociology graduates. Neal said

al and electronic principles, mathematics

the BBC were happy with the scheme and are
repeating it again this year. So far, according

nic circuits operating at both v.h.f. and u.h.f.

to Neal, they have provided some 2.000

develop skills in the use of commercial test

and radiocommunications.
The course run by AMERC will seek to give

students an understanding of the principle
characteristics and requirements of electro-

They will also seek to help the student

places for this year's course.

equipment, and to enable the student to

After completing the conversion course,
engineers then follow the normal BBC engineering course for school leavers with 'A'
levels, according to Neal. These people then

acquire practical experience of systems and
techniques at these frequencies.
The new modules will include the following topics considered by many to be essential
knowledge for engineers seeking employment within the mobile radio industry:

go into operations. On the question of
experience, the BBC seldom hires people
after they have left university. The corporation has a policy of promoting from within

communication principles relating to

and so could only offer an experienced

v.h.f. and u.h.f. receiver and transmitter

graduate a trainee's wage. With the labour
market as it is, Neal said he would be

spectrum efficiency and management;

ELECTRONICS & WIRELESS WORLD

land -mobile radio;

design considerations;

stitutions. Many overseas contacts will only
be awarded to companies, Baker said, whose
primary employees are institute members.
While there seems to be universal demand
for r.f. engineers, it is Ministry of Defence

contractors who seem to be recruiting the
hardest, according to Hall. Hall said these
contractors have both money and the lure of
large projects to entice graduate engineers,

although the large amount of paper work
can put off some engineers. There is increasing demand from commercial communication organizations and radio paging systems
for r.f. engineers.

Hali said that most career engineers, on
leaving university, begin to gain specialized

experience through working on a large
project. These people will work as design and

prototype engineers and will gain valuable
r.f. experience. Their career path depends
entirely on the individual, he explained, with
many achieving project leadership after five
years experience gained in a broad spectrum

of specialities. Not surprisingly. Hall bemoaned the fact that there are not enough of
this calibre engineer on the market.

Stephen Horn is Employment Editor, Electronics Weekly
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HARDWARE, SOFTWARE & SYSTEMS APPOINTMENTS

£10,000 - £30,000

4.)

!

- 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 16/328IT, ARRAY, PIPELINE OR BIT SLICE ARCHITECTURES; SOFTWARE - C, PASCAL; ADA;
ASM-VMS/UNIX etc: A 1 & EXPERT SYSTEMS: IMAGE & GRAPHICS PROCESSING: LASER/FIBRE-OPTICS: SONAR: RADAR: COMMUNICATIONS:
CUSTOM VLSI 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
FREEPOST, BURWELL, CAMBRIDGE, CB5 8BR.
41111111111111111111106

P.C. B. LAYOUT

ARTIST
An experienced and organized
individual is required by a leading
company in the field of Stage
Lighting Control.
Call: Richard Nother on

01-9658522.

OXFORDSHIRE HEALTH

AUTHORITY - The Churchill

Hospital - Renal Unit Workshop Technician - We are looking for a

technician with training/experience in
Electronics and a working knowledge of
electrical or mechanical engineering to
join our team. Minimum requirements
0 TEC or equivalent, Salary £5,992

TRAINE

description from The Personnel Officer,

The Churchill Hospital, Headington,
.........................

OFFICERS

ri

TV/VIDEO ENGINEER

Are you looking for a secure shore-oasea lob wnicn otters
a rewarding career in the forefront of modern Telecommunications technology. then consider
pining GCHQ os o Trainee Radio Office Training involves o 32 week residential
course, !plus 6 weeks extra if you cannot
touch type) after which you will be
appointed RADIO OFFICER and undertake
yarety of specialist duties covering the whole
strum from DC to light.

Aramco, the world's largest
oil company. seeks a TV
Video Engineer to work on

a variety of TV broadcast
equipment.
Applicants
should ideally be qualified

to HNC level and have
specialist technical training
in electronics or microprocessor fields. You must have 10 years
ir more experience in the maintenance and repair to component
level of TV broadcast equipment and microprocessor -based
devices. Preference will be given to applicants having specific
experience in 1V and Radio Station audio/video facilities; OB

We offer you: Job Security Good
Career Prospects Opportunities
for Overseas Service Attractive
Salaries... and much more.
To be

van or video production facilities; 2 inch quad. VCRs and 13
format or C format VCRs; micro processor -based audio or
video devices.

This is an open-ended contract with the usual tax advantages.
The excellent range of benefits include low -rental
accommodation (fully -furnished and air-conditioned). regular
UK leave with company paid air fares. free medical care and
good sports and recreational facilities.
Please write outlining your experience to date and quoting ref:
V11)317, to Webb Whitley Associates Ltd, Recruitment

('onsultants, Castle Gate House, 8 Quam Street, Guildford,
Surrey, GUI MN. Tel: (0483) 575759 Telex: 859927.

®ARAMCO
236

viviWebb Whitley

Associates Ltd

E

RADIO

Application form and job

to obtain on MRGC or HNC in o
Telecommunications subject with

an ability to read morse at 20wpm.
Anyone with PMG, t/iPT or 2 years relevant radio operating experience is also eligible.
The Civil Service is on equal opportunities employer.

Salaries: Storting pay for trainees is age pointed to 21 years For those aged 21
or over entry will be of £6,572 After training on RO will start of £9,758 nsing by 5
annual increments to £14,387 inclusive of shift and weekend working allowance
Write or telephone for on application
form to:-

......... :

/aCHQ

THE RECRUITMENT OFTICE, GCHQ. ROOM A/1108
OAKLEY, PRIORS ROAD. CHELTENHAM. (,LOS G L52 5AI
OR TELEPHONE (0242) 32912/3
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AREA ENGINEERS

Hardware/Software/Systems
£9,000 - £25,000

Darlington:. Catterick (Ref: 11/96A)

Bulford/Salisbury (Ref: 11/96B)
As a leading recruitment consultancy we have a wide selection of opportunities
for high calibre Design, Development. Systems and supporting staff throughout the UK
If you have experience in any of the following then you should be talking to us for
your next career move

An Area Engineer is required for each of the above areas to be
responsible for all engineering activities in the designated areas. The

duties will encompass the day to day management of Mobile and
Static Engineers, servicing and repairing a wide range of Audio
Visual equipment from the simple overhead projectors to industrial

ARTIFICIAL INTELLIGENCE * IMAGE PROCESSING * ANALOGUE DESIGN
MICRO HARDWARE 8 SOFTWARE GUIDED WEAPONS C PASCAL

video studios with three tube colour cameras.

ADA RF 8 MICROWAVE ELECTRO-OPTICS SIMULATION *
REAL TIME PROGRAMMING SYSTEMS ENGINEERING ACOUSTICS

In addition to the basic qualifications applicants will be expected to
have had at least five years supervisory/management experience in

SONAR RADAR SATELLI-ES AVIONICS CONTROL * ANTENNA
VLSI DESIGN

the relevant fields.

Opportunities exist with National, International and consultancy companies offering
excellent salaries and career advancement
To be considered for -hese and other requirements contact John Spencer or
Stephen Morley or forward a detailed CV In complete confidence quoting Re. WW/66.

These are management posts and therefore a company car is
provided. We have an excellent pension and life assurance scheme
and contributory BUPA scheme.

12h

Please apply in writing giving full details and salary required to
Mrs. Diane Trigg, Personnel Manager.

S

The Services Sound and
Vision Corporation

STS Recruitment, 85 High Street, Winchester,

Hants 5023 9AP. Tel: (0962) 69478 (24 hrs).

Recruitment

Chalfont Grove, Gerrards Cross,
Bucks SL9 8TN.

ti

CAPITAL APPOINTMENTS LTD I

friendly team. To work on site

01 - 423 1234

If you have HNC/TEC or higher qualifications and are
,00king for a job in design, test, customer service. technical
sales or similar fields:

Radiotelephones,
Terminal Units, Test
Equipment, Ex -RAF
Radar and Instruments.

Must be experienced. Small
and in workshop. Starting salary
£8,500 p.a. plus car.
Call Roger Lee on: -

I

THE UK's No. 1 ELECTRONICS AGENCY

Telephone
Answering Machine
Engineer

Telephone now for our hie jobs Ilst
We have vacancies In all areas of the UK
Salaries to £15,000 pa

Forward £t.00 P 0 (Refundable
purchase for list)
Address to.

I
I

01 808 3050

Brent Electronics 8 Comms,
49 Seaview Street, Cleethorpes,

(24 hours)

South Humberside DN35 8EU.
Tel: 0472 6690383

Telephone World

CAPITAL APPOINTMENTS LTD

111 Kenton Road, Harrow,

I

76 WILLOUGh BY LANE, LONDON N17 OSF

HA3 OAN

Professional Career Opportunities
The Easy Way to look for your new job from the
comfort of your own armchair. Our well qualified
consultants will carefully match your
requirements against
appropriate vacancies. NAME
We have many clients seeking Engineers and Technicians at am levels ana we are
particularly interested in heanno from you if you have experience in the followind

Real Time Software
Radar Systems

Technical Sales
RF Development

TI I II Illt '111 St 'I'V

ADDRESS

ATE Programming
Technical Authorship

Your next step is to complete and return the attached coupon or
'elephone John Prodger on 0442 47311 or one of our duty consultants on
0442 212650 during evenings or weekends.
14:Xt 'LW

(Mr/Miss/Mrs)

I'S

POST CODE

TEL NO
QUALIFICATIONS

AGE

THE INTERNATIONAL SPECIALISTS IN RECRUITMENT FOR THE ELECTRONICS. COMPUTING AND DEFENCE INDUSTRIES.

1.nl.posl, I Irinel Ilrinpsled(1. Herts.. 111'1 -111K

P

.14
...._....e1111011
osb.

NONE

,

ELECTRONICS & WIRELESS WORLD

.4311.S.

I6

CG/HNC

DEGREE

OTHER

SALARY

....."

JOB

WW
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Electronic Engineers --

MEDICAL EQUIPMENT
Repair. service and fault find analogue and
digital systems.
SURREY
£8,500

What you want, where you want!

FIRE DETECTION EQUIPMENT
Commission and maintain nurse call/
multiplexer monitoring equipment.

TJB Electrochemical Personnel Services is a specialised appointments

£9.000 - Car

service for electrical and electronic engineers. We have clients throughout
the UK who urgently need technical staff at all levels from Junior Technician
to Senior Management. Vacancies exist in all branches of electronics and

Service a wide range of communications
equipment. Travel within Southern
England.
£8,000 Car
SURREY

BROADCAST CCTV

allied disciplines - right through from design to marketing - at salary

Support 01 digital and micro based
equipment

levels from around £8,000 - £25,000.

If you wish to make the most of your qualifications and experience and
move another rung or two up the ladder we will be pleased to help you.
All applications are treated in strict confidence and there is no danger of
your present employer (or other companies yc') specify) being made aware
of your application.

£9,000

Inhouse service of printers. VDU's and
associated peripherals.
BERKS
£8,500 -

RADIO SYSTEMS
Repair of VHF UHF mobile comms.
equipment.

Please send me a TJB Appointments Registration form.

Phone or write:
Roger Howard C.Eng. M.I.E.E. M.I.E.R.E.

Name

CLIVEDEN RECRUITMENT
92 Broadway, Bracknell,
Berkshire RG12 1AR

Address

Kent. TN4 8AS.

Tel: 0344 489489

Tel: 0892 510051

(861)

(24 Hour Answering Service

Qualified Field
Service Engineer
for Midlands Area

ARTICLES FOR SALE

Analogue/Digital Equipment
Salary to £13K benefits + extras.

TO MANUFACTURERS. WHOLESALERS
BULK BUYERS. ETC.

LARGE QUANTITIES OF RADIO. TV AND
ELECTRONIC COMPONENTS FOR DISPOSAL

"ate
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which includes 7603 mainframe, L3
input module and tracking generator.
WPA Ltd. Linton, Cambridge. Tel
10223)892688.

(161 3 )

(2616)

I

pc

I

CM

Amino Ammo

1.24 elk

Catalogue - 170 pages - for collectors of
vintage radio, audio & TV equipment.

Price: £2.00 post paid UK, £3.00 post
paid overseas. Vintage Wireless Co.
Ltd., Cossham Street, Mangotsfield,
Bristol BS17 3EN. Phone: 0272 565472.

(208)

238

West Midlands. 021 5530186.

(347)

ponents, cable and

electronic scrap and quantity.

Prompt service and

cash. Member of A.R.R.A.

M & B RADIO

vintage radio, audio & TV equipment.
Price: £2.00 post paid UK. £3.00 post
paid overseas. Vintage Wireless Co.
Ltd., Cossham Street. Mangotsfield.

We buy your overstock; and slow
moving components.

0532 435649

Bristol BS17 3EN. Phone: 0272 565472.

TRANS: CAPS:
OPTO:
POWER SUPPLY: SCREWS: ETC.

(208)

INTEGRATED TRADING

FIGOLLEDGE
,ELECTRONICSP
OSCILLATORS AND FILTERS of

G.W.M RADIO LTD
40 42 Portland Road, Worthing,
Tel: 0903 34897

Sussex.

all types. Large stocks of standard
items. Specials supplied to order.

Constantly changing stock of interesting items for
callers Receivers, test equipment, components
etc Pye pocketIone PFI TX units with battery and

design advice, prototype quantities.
production schedules. Golledge

Pye PF70 (PF2UB) with banery and speaker/me

Personal and export orders welcomed SAE for lists please. OEM support thru:

Electronics, Merriott, Somerset YA16
5NS. Tel: 0460 73718.

(2472)

Leeds LS1 4BB

Tel: 01-904 1979
Fax: 01-904 9508

1

QUARTZ CRYSTALS

NOW AVAILABLE - Bumper

V1F-K1 consist transmitter TPV355
and receiver VIF-E1 brand new £5,
P&P £2. Video Tapes (V2000) brand
new VCC360 £6.99p. Post 45p. Stan
Willetts, 37 High St, West Bromwich,

WANTED
Test equipment, receivers,
valves, transmitters, com-

86 Bishopsgate Street

rodeo AC

etc tkl1.3762:41

GRUNDIG infra -red remote control

O.E.M. OVERSTOCK!

115V.

Imp:dant, Muter ('reed Lot -smile I R
Collin, doll .5 attessohes Del Aort mit Rath,.
led Set (IS .Marconi Varkohle Irequentt

373

NOW AVAILABLE - Bumper

I I(

Row- I mot

ARTICLES WANTED

Catalogue - 170 pages - for collectors of

Isolation trandotmer 1.15 Stainless
Steel Film Pomessor t7, Chrontalog ('hat
Retordeo 111( ( ('able 1,1 Set I ektronot Fad
2111

Blackthorn Scientific Ltd,
(Recruitment Consultants)
2 Kimbolton Road, Bedford.

than half current price of package

BRIDGES waveformn transistor
analysers. Calibrators. Standards.
Nlillivoltmeters. Dynamometers. KW
meters. Oscilloscopes. Recorders.
Signal generators - sweep, low
distortion. true RMS. audio, RM,
deviat ion. Tel: 040 376236.

Contact: Ann on Bedford (0234)40383.

Salaries £9K to £20K.

Tel: 0472 690383.

21 Lodge Lane, North Finchley. London. N.12

Kilt me Signal (oeneramis

Equipment, Ex -RAF
Radar and Instruments.

FOR SALE TEKTRONIX 7L5 lug.
frequency Spectrum Analyser for less

R. HENSON LTD
minutes from Tally ho Corner,

We have a broad range of
vacancies for all types of qualified
engineers.

Brent Electronics 8 Comms,
49 Seaview Street, Cleethorpes,
South Humberside DN35 8EU.

TELEPHONE: 445 0749/445 2713
5

Radiotelephones,
Terminal Units, Test
Forward Et 00 P O. (Refundable on fir,'
purchase for list)
4;1 froti,!ti

SEMICONDUCTORS, all types. INTEGRATED CIRCUITS, TRANSISTORS.
DIODES, RECTIFIERS, THYRISTORS. etc. RESISTORS. C/F. M/F, W/W. etc.
CAPACITORS, SILVER MICA, POLYSTYRENE. C280. C295, 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

thad

SURREY

Hundreds of other Electronic
and Computer vacancies to
£15.000

I* MINN 0* 111111110 1104114M14011111HIMINIHP1111)11111118111410111.

Tunbridge Wells,

CAMBS

£10,000 - Car

DATING PROCESSING
EQUIPMENT

TJB ELECTROTECHNICAL
PERSONNEL SERVICES,
12 Mount Ephraim,

MIDDX.

PAGING/TELEPHONE SYSTEMS

Circuits £12 inc p&p Pye PFI TX and RX with
batteries and circuits £18 Inc cdp for the pair
C35 inc p8p Good clean AVO 7s no leads £15
inc p&p En -navy quartz chronometers clear
7cm dial. large second hand wood case £27 inc
p&p. Tele F E12 inc p&p

When replying to

classified advertisements,
readers are recommended

to take steps to protect

their interest before
sending money

ELECTRONICS & WIRELESS WORLD

SERVICES

WANTED

WANTED

CIRCOLEC
THE COMPLETE ELECTRONIC SERVICE
Artwork Circuit Design, PCB Assembly, Test & Repair Service, Q.A.
Consultancy, Prototypes, Final Assembly. Full PCB F ow Soldering
Service.

ELECTRONIC DESIGN

TEST EQUIPMENT

TOP PRICES PAID FOR
ALL TYPES OF
SURPLUS TEST
EQUIPMENT,
COMPUTER
EQUIPMENT,
COMPONENTS etc.

Specialising in.
Lasers for industrial &
commercial applications
Power supplies including

FOR SALE & WANTED

ANY QUANTITY

Buyers and Disposal Officers contact

Give us a ring

Q-Teq Electronics
Unit 6, 28 Botley Road.
Hedge End. Southampton.
Tel: Botley 814.37

TAMWORTH MANOR
302-310 COMMONSIDE EAST, MITCHAM
.1391,

Fast. efficient and reasonable
Prototypes, sub -assemblies.
cable loom and test facilities
available.
R.C.C. ELECTRONICS,

Unit 4. Fordinglaridge Site
Main Road. Barnham.
Bognor Regis.
West Sussex P022 OEB

Electronic flash, also
measurement and incustrial
control

WANTED: Low cost image intensifier
tubes. Such as: Stock remainders or

3 Alnwick Drive. Bury BL9 8BZ
Tel: 061 796 6410

Electronics and Computers. Please send

your enquiry or product details to
DEDICATED MICROPROCESSORS

LTD, 299A Edgware Road, London W2

1BB, England, or Telex 945922

GLADEX-G for the attention of Mr.

(3001

E C COMPONENTS

Tel: 0243 68 51 11 2

PULSE PHOTONICS

IMPORTS/EXPORTS of all kinds of

C.Paps.

COOKE INTERNATIONAL

linear N.V.

Woodman Works, 204
Durnsford Road. London
SW19 8DR. Tel: (01) 879 1242

110 WYKEHAM ROAD
READING RG6 1 PL
TEL NO: 0734 68041

Immediate settlement.

Quality workmanship by professionals at economic prices
Please telephone 01-646 5686 for advice or further details

P.C.B. ASSEMBLY WORK
CARRIED OUT BY
EXPERIENCED COMPANY

STEWART OF READING

Test equipment.
computers. components.
Any quantity.
Good prices paid.

PCB'S MANUFACTURED.

second hand or no longer in production
etc. WALLFASS, P.O. Box 1244, D-405
Moenchengladbach, W -Germany. Tlx:

Prototype, small/large production runs, 852582, Tel: 2161-88555.

1362)

single, double -sided, P.T.H. screen

(329)
IMPORTS/EXPORTS of all kinds of
Electronics and Computers. Please send
WANTED:
Who
has
experience
and
your
enquiry
or
product
details
to
transistors etc. into cash, immediate
settlement. We also welcome the DEDICATED MICROPROCESSORS can develop a radar receiver with the
opportunity to quote for complete LTD. 299A Edgware Road, London W2 frequencies 9,41 and 34,36 GHz for
factory clearance. Contact COLES- IBB. England, or Telex 945922 radar car speed control detection?
HARDING & CO, 103 South Brink, GLADEX-G for the attention of Mr. WALLFASS, P.O. Box 1244, D-405
(92)

C.Paps.

(300)

PCB'S MANUFACTURED. TURN YOUR SURPLUS
Prototype, small/large production runs,

printing, panels, labels, solder masking

& photography. Orbitechnic Circuits,
The Rear of 127 Woodlands Road, Ilford.
Essex. Tel: 01-553 5211.
(154)

(2491)

GOULD 054020 10MHz dual trace

digital storage scope with manual and
printing, panels, labels, solder masking WANTED GOLD PLATED SCRAP. two probes £900+ VAT. Meteor 600MHz
& photography. Orbitechnic Circuits, Best prices edge connectors boards etc. frequency meter f80+ VAT. Manor
The Rear of 127 Woodlands Road, Ilford, Send smaple with no obligation to P & F Supplies. TV colour pattern generator
Essex. Tel: 01-553 5211.
(154) Turner & Sons, 9 Farndon Road, Oxford
E60+ VAT. Also other equipment and
OX2 6RS. Tel: Oxford10865 I 510293.
TV and video spares. Tel: 01-841 1769

TURN YOUR SURPLUS i.cs

Wisbech, Cambs. 0945584188.

We buy large and small parcels
of surplus I/C. transistors, capacitors and related electronic
stock. Immediate settlement.
Tel: 01-208 0766
Telex: 8814998

Moenchengladbach, W -Germany. Tlx
852582, tel 2161-88555.

380

(6-7pm week days).

(355)

RADIO telephone system complete low

band AM system including TAIT

mobiles for sale. Offers. Enquines 0354
55822.

(360)

CASSETTE MECHANISMS.

i.cs
Quality. Auto reverse, front loading,
transistors etc. into cash, immediate WANTED: Low cost image intensifier slot in. Ideal for back and music
settlement.
welcome the tubes. Such as: Stock remainders or players. Japanese manufacturer.
opportunity to quote for complete second hand or no longer in production enquiries welcome £30 each + VAT.
factory clearance. Contact COLES- 'tc. WALLFASS, P.O. Box 1244. D-405 Club Electronics, 43 Ormesby Bank,
HARDING & CO, 103 South Brink, Moenchengladbach, W-Germanv. Tlx: Middlesbrough TS7 9HJ. 0642
Wisbech, Cambs. 0945584188.

(92)

852582,Tel: 2161-88555.

(362)

323885.

(3651

CLASSIFIED ADVERTISEMENTS

Use this Form for your Sales and Wants
PLEASE INSERT THE ADVERTISEMENT INDICATED ON FORM BELOW
To "Electronics & Wireless World" Classified Advertisement Dept., Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS
Rate £5 PER LINE. Average six words per line.
Minimum £40 (prepayable).
Name and address to be included in charge if
used in advertisement.
Box No. Allow two words plus El 1.
Cheques, etc , payable to "Business Press
International Ltd " and cross "8 Co " 15% VAT

NAME
ADDRESS

to be added

REMITTANCE VALUE
PLEASE WRITE IN BLOCK LETTERS. CLASSIFICATION

ELECTRONICS & WIRELESS WORLD

ENCLOSED

NUMBER OF INSERTIONS
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BEST EVER VALUE END -OF -LINE BARGAINS!
HITACHI Model 305D double sided 3" disc drives. As above but double sided
(500KB unformatted accessible without turning disc over). Not suitable for
AMSTRAD 664/6128 £39.95.

COMPUTER SYSTEMS
SAMURAI S.16 MSDOS COMPUTER SYSTEM. 8086 based true 16 bit machine
mth high-res green screen. 128K f'1,
(do.a-yourself expandable to 512K); twin
DSDD 8" floppy disc drives (total 2.3MB): CENTRONICS parallel interface;
x RS232 interfaces: MSDOS with full manuals. INCLUDED in the price are
PEACHTEXT word processing software. PEACHCALC spreadsheet, and
PEACHTREE TELECOMMUNICATIONS. All BRAND NEW with original manuals.

HITACHI COLOUR MONITOR Model 1480P. High resolution 14" monitor with
RGB. intensity & sync inputs at positive TTL levels. Horizontal frequency is 15.75kHz
& resolution is 640x 200. IBM compatible. BRAND NEW. £149.00.

£299.00.

HITACHI COLOUR MONITOR Model CD2053. High resolution (720 x 416) 20"
colour monitor with RGB & sync input at positive TTL levels. Horizontal frequency is
24.2kHz. Suitable for Olivetti M24 BRAND NEW UNCASED (We have various other
new uncased colour monitors still available at /95.00). £195.00.

BLEASDALE UNIX COMPUTER SYSTEM. 68000 based System with 1/4MByte
AM. TEAC FD55. DSDD floppy disc ATASI Model 3000 45 MByte Hard Disc drive.
'.1,croline 83A printer with stand and acoustic hood. KIMTRON ABM85H VDU, 8
le Serial Interface With Unix operating system and Pascal 2. £3950.

HITACHI MONO MONITOR. All BRAND NEW but uncased and for 12VDC.
15.625kHz-15.75kHz horizontal frequency; 50-60Hz vertical. Positive TTL video &
sync. 9", 12" & 14" available £18.50.

PYRAMID Model 501 CP/M MICROCOMPUTER SYSTEM (Manufactured by HTE
Ltd). With 4mHz Z80A processor. 64K memory & twin TEAC Model FD -55F DSDD
80 track half height 51/4" floppy disc drives (total 1.5MB). With serial RS232 &
CENTRONICS parallel interfaces & provision for a second serial interface. These
very compace (21/4" high) machines are S-100 based (with one spare slot), and are
software compatible with NORTH STAR HORIZON. CP/M Ver. 2.2 & some TELEX
software is included in the price. BRAND NEW or EX DEMO condition. (requires
terminal). £195.00.

WORD PROCESSOR
ITT SCRIBE III WORD PROCESSING SYSTEM. Dual processor (Z8OH & TI 9995)
machine with 128K memory. QUME printer interface & RS232 comms. interface. With
dual 51/4" 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 selling at over /5000.00. BRAND NEW. £295.00.

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 is available at i20.00. £49.00.

ITT SCRIBE II as above with LOMB Winchester & single floppy, 256K & NEC Model
7700 SPINWRITER 55cps daisy wheel printer. ALL BRAND NEW. £995.00.
Please note: 'VAT & CARRIAGE must be added to all items. Carriage is .£3.00 + VAT

for 3" disc drives, and f l000 + VAT for all other items.
'A complete stock list (which includes test equipment & other items) is available on

PERIPHERALS

request.

HITACHI Model 305S 3" disc drives. 5' to SMUGAkl ,,nipatIoie Interface 134 way
edge connector) & suitable for BBC with DFS. AMSTRAD 664/6128. TATUNG
EINSTEIN & many others. 250K (double density unformatted) 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. Data
cables only are available for AMSTRAD & BBC (£7.50) and TATUNG (£10.00) £29.95.

Visa 8 Access
accepted

AVAILABLE ONLY FROM

MATMOS Ltd.. 1 Church Street Cuckfield, W. Sussex RH17 SJZ.
Tel: (0444) 414484/454377
COMPUTER APPRECIATION. 111 Northgate. Canterbury.
Kent CT1 1BH. Tel (0227) 470512 Telex: 966134 COMPAP

VISA

m atmos and ComputerAppreciation
ENTER 42 ON REPLY CARD

INDEX TO ADVERTISERS
Appointments Vacant Advertisements appear on pages 236-239
PAGE

Adenmore Ltd
\ irlink Transformers Ltd
Anders Electronics Ltd
Antex Electronics
Arcom Control Systems
AWR Technology

126
150
122
127
170
214

Carston Electronics Ltd
Cirkit Holdings PLC
Cocking and Drury Ltd
Colomor Electronics
Computer Appreciation
Cybernetic Application

175

Dataman Design
Dean Microsystems
Display Electronics

202
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EMS Mfg. Ltd.

E&WW Feature List
E&WW Wall Chart

204
218
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Field Electric Ltd
142
Flight Electronics
134, 202
Fluke (GB) Ltd
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142

GNC Design

240
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Happy Memories
Harrison Electronics
Hart Electronic Kits
Henry's Audio Electronics
Henson, R. Ltd
Hilomast Ltd

229
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J D R Sheetmetal
John's Radio

214
204
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Gould Instruments
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Kent Modular Electronics
Kestral Electronic
Components
Langrex Supplies Ltd
Manners, K.T. Design
Marco Trading
Micro Concepts
Microkit Ltd
Micromake Ltd
MicroProcessor Engineering
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Raedek Electronics

150

Service Trading Co
202
Sherwood Data Systems Ltd....150
Silicon Glen
231
Stewart of Reading
200
Surrey Electronics Ltd
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216
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214
204
218
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Mitre Electronics
131
Monolith Electronics Ltd
150
Number One Systems
206
Pineapple Software
218
PM Components Ltd
148/149
Quadrant Communications
Ltd

PAGE

200

190

Target Electronics
231
Taylor Bros (Oldham) Ltd
214
Technomatic Ltd
232/233
Telefusion Dicon
Thurlby Electronics
TIC Semiconductors

200
208
131

Triangle Digital Services
Ltd

126

Webster Electronics
170
West Hyde Developrpent
202
Withers, R. Communication ....206

OVERSEAS ADVERTISEMENT AGENTS
France and Belgium: Pierre Mussard, 18-20 Place de la Madelaine, Paris 75008.
United States of America: Jay Feinman, Business Press International Ltd. 205 East 42nd Street. New York, NY 10017 - Telephone (212) 867 2080 - Telex 23827.

Printed in Great Britain by Ben Johnson Printers Ltd, Oldhill, Dunstable, and typeset by Graphac Typesetting, Imperial House, 108 The Broadway. Wimbledon SW19, for the proprietors, Business
Press International, Quadrant House, The Quadrant, Sutton. Surrey SM2 5AS.
Business Press International 1987. Wireless World can be obtained from the following: AUSTRALIA and NEW
ZEALAND; Gordon & Gotch Ltd. INDIA: A. H. Wheeler & Co. CANADA: The m, Dawson Subscription Service Ltd., Gordon & Catch Ltd. SOUTH AFRICA: Central News Agency Ltd; William
Dawson & Sons (S.A.) Ltd. UNITED STATES: Eastern News Distribution Inc., 14th Floor, II 1 Eighth Avenue, New York, N.Y. 10011.
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Sipet
Programs 25 and 27 Series to 512K

Portable µP Bus Tester

2516, 2532, 2564. & 2716, 2732, 2764, 27128
2725E, 27512 in CMOS & NMOS

Uses FAST Program Method.
Covers all Program Voltages.
Liquid Crystal Display shows EPROM type,

Program -Method and Program -Voltage which are se: by switches;
also F S232 setting if present.

Two Key operation: START & RESET - pretesting is au.omatic

- G8 reports non -blank EPROMS and correctly programmed 3nes.
A CHECKSUM is reported if you press both keys - six hex d gits.

An engneer needs me re than a meter and a scope - these tools are
hardly adequate for diagnosing faults which afflict p.P systems.
SuperDOC is a diagnostic tocl which you plug into the socket where
the 1.4P goes; using the handy probe you can identify address, data
and control lines in the LCD display. You can edit and keep t to

225 tests, stored in battery -backed memory and apply then' to
faulty boards Each test produces a report on the built-in 24
column printer: MEMORY MAP - BUS SHORTS - CHECKSUM -

Audible output keeps you informed - you don't need to wa:ch it.
Option - A metal Case instead of a plastic case, if you pr afer it.

RAMTEST - MEMORY READ MEMORY WRITE - FILL MEMORY INPUT OUTPUT - ASCII PRINTOUT - HEX PRINTOUT - SEARCH DISASSEMBLY in 1802, 8085, 6800, 6802, 6809, 6502 or Z80

and download INTELHEX. MOTOROLA S. TEKHE X, ASCII and
BINARY files

mnemonics. SuperDOC comas complete with a persorality card for
each µP, which configures th- probe correctly.

Option - A Bi-directional RS232 Serial Interface to ur load
GANG -OF -EIGHT

£395.00

for RS232 option
for Metal Case

add f 5C .00
add £3' .CO

SuperDOC complete as above
SuperDOC supporting only Z80,
6502, 6800 & 8085

£330
£295

Bare PCB and Cable

Connectivity Testing

Z80 Program
Development Aid
On your TV screen you display program, registers and stack,

We offer a system of CMOS custom -chips and a micro -controller
card, designed by DATAMAN. Using these electronic components
you can put together your cwn Bare -Board Tester or Cable Harness

using ME NTA's custom -assembler you write Z80 code anc try it out.
An excellent introduction to µP programming' Designed for the
School's Council to teach microsystem design, MENTA is 3
microcomputer which can form the basis of an industrial-cdntroller
or robot. TV DISPLAY - FULL SCREEN EDITING - MNEMONIC CODE

Teste- for much less than £1 per point, with no practical imit on

ENTFY - FAST CASSETTE INTERFACE - SIMPLE DEBUGGING SING_E -STEP OR FULL -SPEED EXECUTION WITH OR WIT AQUI
BREAKPOINTS - DISASSEMBLER (to external printer -terminal)
24 LINES FOR INPUT/OUTPUT GOOD MANUAL WITH E> A VIPLE
PROGRAMS, CIRCUIT DIAGRAM and FULL COMMENTED SOURCE

Olivetti Typewriter ET221
Interfaces

CODE LISTING. Teaching modules are also available - Uni ie-sal
Buffer, D to A, A to D, Motor control, Variable and Switched -louts
and cutputs, together with Pupil Readers, Teacher's Guide a id
Worksheets.

MENTA with power -supply & leads

DA

size. We can also supply a complete system, with Bed-of-Nai s
fixture, ready to use Tell us your requirements. Ask for a quotation
and literature.

We can convert you ET221 to a serial or parallel computer printer
with :ontrol of bold -acing, underlining, justification ex. The price or
a single conversion includes collection and delivery. A much
lowe- price for a bulk order..
£1215

£99 /

Amin
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EPROM Erasers from

£39

Dataman
Lombard House Cornwall Road
Dorchester . Dorset DT1 1RX
PHONE 0305 88066
TELEX 418442 DATAMN G
Postage is free on orders over 100
B'JT please add VAT in U.K.
Terms cheque with order or credit-card
Money Refund Guarantee - 14 days, no questions
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Philips' all -new PM 3055 is the smart scope - in more
ways than you'd think! First, it's smart in performance. With
an advanced -technology 16 kV CRT, versatile triggering functions
up to 100 MHz, and fast computer hook-up via an IEEE option.
And it's smart in simplicity, with Autoset, right -every -time micro -computer
control and full modular design for fast, easy service.
All these features come for a smart price of £945. Call us now for more details - make the smart choice.

ELECTRONIC BROKERS THE FIRST CHOICE FOR A FULL RANGE OF PHILIPS T&M EQUIPMENT

PM 2535 31/2 TO 61/2
PM 5786 125 MHz
DIGIT SYSTEM
PULSE
MULTIMETER £1267
GENERATOR
£2793
0.005% true RMS
2ns to 0.1s variable rise/
accuracy
fall times
0.002% stability
Dual outputs
Resolution to 100nV
Burst option of up to 9999
- 10 memory locations
pulses
Up to 100 Measurements/ 0.2V to 5V into 50U
-

Second

Built-in calculation

Simultaneous Normal

PM 3256 75 MHz

PM 3305 35MHz

RUGGEDISED
OSCILLOSCOPE

4 -CHANNEL DIGITAL
STORAGE
OSCILLOSCOPE £2857

£1808

Dual Trace

2mV sensitivity
Delayed timebase
Trigger view
TTL triggering
Designed for harsh fia.d
environments

Inverted pulses

,(,)

Electronic Brokers
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PM 6673/4/5/6 UNIVERSAL

COUNTERS FROM £641
Versions to 120 MHz,
550 MHz, 600 MHz, 1.5 GHz
9 -digit LED display
4096 x 8 bit memory
10mV sensitivity control
Pre -trigger 4096 bits max
CW, burst, multiple burst,
Min/Max mode catches
frequency average and
lOns glitches
arming capabilities
Direct display
Error -free triggering with
IEEE Option £3726
noise suppresion
Sequential sampling mode

Electronic Brokers.140-146Camden Street, London NW19P8.
Tel: 01-267 7070 Telex: 298694 Fax No: 01-267 7363
For further information contact o..ir Sales Office. All prices exclusive of carriage and VAT.
Prices correct at time of going to press. A copy of our trading conditions is available on request.
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