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TAYLOR RF/VIDEO MEASUREMENT INSTRUMENTS

MEASUREMENTS
MADE EASY

UNAOHM FSM5987 T.V. FIELD STRENGTH METER

INPUT
Sensitivity: from 20dBwV to 110dBuV [-40dBmV to 50dBmV) or 10uV to 0.3V,
in eight 10dB steps
Reading: dB reading proportional to peak value for video signals; proportional
to mean value for AM or FM sound signals. For both signals scale
calibrated to rms value and expressed in dBuV. Two mare scales are
available: volt from O to 50, and ohm from O to 2000 ohrr. Battery
status is also provided.
Accuracy: +/- 3dB for bands | & Il +/- B6dB for bands H & IV/V
Impedance: 75 ohm unbalanced; OC component blocked up to 100V.
FREQUENCY
Range: 46 to 860 MHz as follows: Band I 46 to 106MHz
Il 106 to 206MHz
H 206 to 460MHz
IV/V 460 to E60 MH?
R=ading: 4 digit LCD readout. 100KHz resolution.
Price: £378.00 exc. VAT and Carriage.

TAYLOR BROS (OLDHAM) LTD.
BISLEY STREET WORKS, LEE STREET,
OLDHAM, ENGLAND.

TEL: 061652 3221 TELEX: 669911 FAX: 061-626 1736
ENTER 1 ON REPLY CARD

E

UNAOHM EP741FMS
FIELD STRENGTH METER/SPECTRUM ANALYZER

Frequency Continuously adjustable via a geared-down vernier as folows
Range: | 9MHz
Band | 46 to 106MHz
FM Band 88 to 108MHz
Band IIi 106 to 290MHz
Band H 290 to 460MHz
Band U 460 to 860MHz
Frequency TV Bands — 4 digit counter with 100KHz resalution
Reading: FM Band — 5 digit counter with 10KHz resolution
Reading Accuracy: reference Xtal +/-1 digit.
Function: NORMAL: picture only
TV Monitor Z00OM 2 to 1 horizontal magnification of picture
picture + lne sync pulse (with chromaburst if TV signal
JJH_ is coded for colour)
Panorama: panoramic display of the frequency spectrum within the selected
band and of tuning marker.
Panorama Adjustable expansion of a partion of the spectrum around the tuned
Expansion: frequency.
Analogue 20 to 40dB. Static measurerment of received signal. Scale calib
Measurement:  rated in dBuV (at top of picture tube] to rms value of signal level,

DC/AC Voltmeter: 5 to 50V,

Measurement 20 to 130dBuV in ten 10dB attenuation steps for all bands:
Range: 60 to 130dBuwV in nine 10dB steps for IF

Measurement ANALOGUE: brightness stripe against calibrated scale
Indication: superimposed on picture tube. The stripe length is proportional

to the sync peak of the video signal.

Video Output: BNC connector. 1Vpp max on 75 ohm.

DC Output: +12V/50mA max. Power supply source for boosters & converter

TV Receiver: tunes in and displays CCIR system I TV signals. Other standards
upon request.

Additional (1) Video input 75 Ohm. [2) 12V input for external car battery.

Features: [3) Output connector for stereo earphones.

Price: £1344.00 exc. VAT and Carriage.

il g
»
. =
oy, dBRV .
D
fun A= 0 83
Tie ;
. - -

(UNAOHM EH 1000 TELETEXT AND VIDEO ANALYZER

—

Eye Pattern: display of RF and video-frequency teletext signals by
means of eye pattern diagrams bath in linear representation and
lissajous figures (O and X]. Line selection: display of video signals
and line by line selection. Measurement of modulation depth.
Teletext: monitoring of teletext pages.

Freq. Range: 45 to B60MHz. Frequency synthesis, 99 channel
recall facility, 50KHz resolution, 30 channel digital memory. Level:
4C o 120dBuV; attenuator continuously adjustable. Indication of
the minimum level for a correct operation of the instrument,
Impedance: 75 ochm. Connector type: BNC.

Video Frequency Minimum Voltage: 1Vpp. Impedance: 75 ohm or 10K ohm in case
Input: of a through-signal. Connector type: BNC.

Voltage: 1vpp/75 ohm.

Voltage: 1Vpp/75 ohm. Measurement: Aperture of eye pattern:
linear or Lissajous figures, selectable. Indication: directly on the
picture tube. A calibrated scale shows percentage of eye pattern
aperture. Error: the instrument introduces an error of £ 5% with
video input and 20% with RF input. Jitter on regend clock: < 25ns.
Line selector: Selection of any TV line between the 2nd and the
625th scanning cycle by means of a 3 digit thumbwheel switch.

VERTICAL CHANNEL: Sensitivity: 0.5 to 2Vpp/cm Frequency
Response: DC to 10MHz. Rise time: pre & overshoot € 2%. Input
Coupling: AC. Input Impedance: 75 ohm/50pF.

TIME BASE: Sweep Range: 20 to 10ms [11/2 frames), 32;
64/192us (1/2; 1; 3 lines). Linearity: +/-3%. Horizontal Width:
10 divisions; x5 magnification.

£1670.20 exc. VAT and Carriage.

Function:

RF Input:

Teletext Input:

Teletext Clock
Input:

Oscilloscope:

Price:
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Sensors are the eyes and ears of machines.
This month’s Insight supplement
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technology and the svstems which make
sense of them,
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a system for a US insurance company which
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Negative feedback is something of a fashion
in audio amplifier design. 1t seems to be out
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Professional flight simulation represents
possibly the highest level of computer
generated three dimensional graphics.
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DESIGN
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is gaining a favourable reputation in real
time control design. A pocket sized satellite
navigation positioning receiver uses a
transputer chip to perform the signal
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We present the first ever practical design for
a Radio bata System decoder design. Simon
Parnall, senior design engineer at the BBC,
explains the decoding process together with
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The consumer electronics industry has a
history of standards hattles in all new
developments. DBS is set to break records
in encoding and encryption systems. Will
the total industry confusion protect us
carthlings from a galactic tide of soap?
Barnv Fox
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The usual approach of software
configurable pin drivers allowing all
variations of programming voltage, current
and slew rate is complete overkill for most
applications. If yvour production line is
restricted to the 161 and 16R series of
devices., it becomes possible to build a full
function programmer for a fraction of the
normal cost.

John Cromie

PIONEERS
194

According to a contemporary, the work ol
Harold S Black “had all the initial impact of
a blow with a wet noodle”. The man was
wrong. Negative feedback turned out to be a
protound and enduring concept.
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NOT JUST ONE ASPECT OF CURRENT
ELECTRONIC MANUFACTURING TECHNOLOGY

NOT JUST SOME OF THEM

NOT EVEN MOST OF THEM

ALL OF THEM.

Please Note: Yourticketentitlies youto FREE entryto Semiconductorinternational.also runningatthe NEC.
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F YOU'RE INVOLVED IN ELECTRONIC
DESIGN, MANUFACTURE, ASSEMBLY OR
TEST, WHETHER AS A BUYER, SPECIFIER
OR USER. YOU NEED TO ATTEND
INTERNEPCON 89, 14-16 MARCH AT THE
NEC, BIRMINGHAM.

INTERNEPCON 89 will be the most comprebensive
electronic manufucturing event ever held in the UK.
bringing together the latest in design, bare-board
manufacture, interconnection technology, pro-
duction and lest. As such, its the only event to
offer yvou a complete picture of electronic
manufacturing today:

WHAT'S ON SHOW

Over 350 Jeading suppliers bring vou the Latest in
clectronies manufacturing cquipment. interconnection
products. assembly  cquipment, test. materials  and
services. In fact. many have chosen this show as a launch
platform for their new products in 1989, Thev'll be on
hand to give live demonstrations and o offer vou expert
advice,

Special centres are dedicated 1o showing vou the Latest in
@ printed circuit board design and manufacture
B subcontract services B hybrid technology B
environmental engineering, Theres also Internepeons
unique Working Production Line, demonstrating surface
mount, hvbrid and conventional design and assemblv
techniques. Plus the Joint Socicties Technical
Conference, covering topical issues within the industry.
Internepcon — its designed o spark ideas, innovations
and new solutions to vour design, manufacturing and
production problems.

Fill in and return this coupon TODAY for vour FREE
ticket to this comprehensive event, vour ¢ py of the full
Preview and Show Planner, plus details of the
Internepeon Conference — or call the TICKET HOTLINE
on 0792 792 792,

SHOW HOURS
Tuesday 14— Wednesday 15 March 10.00am - 5.00pm
Thursday 16 March 10.00am - 4.00pm

The Comploto Eloetronie Munufacturing Event

14-16 March 1989 National Exhibition Centre Birmingham

.
. W3

3
[’&_Q_()N FERENCE

1

Please return to: INTERNEPCUN "89, Cahners Exhibitions Ltd.,
Oriel House, 26 The Quadrant, Richmond, Surrey TW9 1DL.
[:] Please send me free tickets with my comprehensive
Internepcon 89 Show Preview and Planner,

(] Please send me details of the Joint Societies Technical
Conference at Internepcon.

Please use block capitals l

Name
Position
Company
Address

Telephone _ Telex _
No one under 18 admutted. Student groups by arrangement oniy.
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COMMENT

~ Against the

national interest

ou don't have to be on the left wing of anything to appreciate the inadequacies of the
Y defence industry. One look at the Nimrod affair — a cost (with profits) of some £600

million to the tax payer with nothing at the end to show for it — confirms the statement
in the minds of reasonable people. Failure in tne Nimrod project can reasonably be attributed
to GEC companies failing to deliver the necessary computing hardware. But it yields yet
further cause for concern. The UK electronics industry has become so grossly distorted by
padded defence contracts that it can no longer compete in the real world. The Government to
its credit now insists on fixed price contracts. The legacy however will probably last until Sir
Arnold Weinstock either dies or goes into retirement

The UK didn't actually invent the transistor but then neither did Japan. The subsequent
history speaks for itself. Japan built computers and transistor radios to follow the mass
market demand from the Western world; the Westerr. world built military systems against
costs plus contracts for a military establishment which was happy to order whatever its
supply industry said that it could deliver. The Japanese built functional components and
equipment that people and businesses really needed while the defence industry built mostly
non-functional equipment for an easily beguiled, criminally uncritical military
establishment.

The semiconductor industry is a perfect example of defence stifling. One published
estimate suggests that 50 per cent of the electrical giant GEC's earnings are related to
military sales. Yet it is a fact that the same company has never managed to achieve success as
a large scale commercial vendor of semiconductor components. It has had plenty of
opportunities — AEI Semiconductors at Lincoln, the Fairchild partnership, GEC
Semiconductors, the Hirst Research facilities but its merchant delivery never amounted to
more than adrop in the commercial ocean. Never once did it attempt manufacture of
mainstream mos devices such as microprocessors and memories.

Then one might consider GEC's premature departure from the Alvey project. Lord
Weinstock considered it quite appropriate to take the money associated with what should
have been the UK's prime semiconductor technology programme before leaving at the first
contractual opportunity. GEC has shown absolutely no commitment to acceptingarole as a
mainstream semiconductor suppiier. The only allegiance it has ever shown is to its
shareholders and the bottom line.

This same company now has the gall to make a public accommodation with the powerful
Siemens group to buy the reasonably independent Plessey Semiconductors operation. A
reasonable man could say that a union of GEC and Siemens itself represents an unhealthy
monopoly. Plessey has its own distortions due to a history of padded defence and telecomms
contracts but it represents the UK's last free enterprise semiconductor venture. The message
to Lord Young must be: tell Weinstock to get stuffed.

Frank Ogden

Y
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Desktop unix for under £4000

The announcement of an under £4000 unix
desktop machine from Acorn Computers
will lend weight to the considerable body of
opinion that 08/2 just isn’t going to make it
in the way that dos has.

Unix began its breakout from the VAX and
AT&T based minicomputer world a couple of
years ago when it started to become clear

The £4000 desktop unix computer from
Acorn will use the X.desktop user interface
developed by Cambridge software house
IXI.

that 0S/2 couldn’t deliver the multitasking,
multiuser applications which have always
heen at the heart of the AT&T operating
system. When major companies such as
DEC, Hewlett-Packard, ICL and others got
together with AT&T to lay down new stan-
dards for unix, it put the wind up IBM who
responded with its own unix look-alike, aix.
It also made the software houses act. Micro-
soft of dos fame produced a unix version
called xenix. It should be noted that while ali
of the unix versions were similar, application
software had to be written specific to a
particular version of unix.

Sun, AT&T and other vendors brought out
software compatible unix machines for the
top end of the business microcomputer
market, an encroachment which displeased
IBM greatly. IBM had already played the
0S8/2 card with its Intel based 80286 and
80386 machines and hoped to mirror the
success enjoyed by its PC models. It certainly
didn’t wish to see the business threatened by
a completely aligned unix consortium, a
position made more likely when Sun
brought out a unix workstation based on the
80386 processor chip.

Big Blue did a couple of things. It made a

version of aix available for its PS/2 desktop
PC. It also joined the Open Systems Founda-
tion, a unix dominated organisation com-
prising itself, Hewlett-Packard (again), DEC
(again), Nixdorf, Honeywell Bull, etc.

While all this was going on, the technolo-
gy was also moving. MIPS Computers, a
Californian venture capital company, came
out with its first risc based high performance
micro dedicated to unix. It performed so well
that the big players had to take note.

DEC for instance responded by engineer-
ing its own machine based on the same
R3000 risc processor engineered by MIPS
Computers, capable of running at the 20 to
30mips mark. An 80386 will do around
5mips flat out by comparison.

All this underlines the importance of the
Acorn announcement, a risc based product
using the Archimedes chip set. The
machine, which offers 4MB of ram and 50MB
of SCSI hard disk together with thick and
thin Ethernet interface, goes right to the
heart of the networked personal computer
business earmarked by IBM for its own
machines running under 0S/2. Acorn ex-
pects to deliver its first machines during
January.

New HF loop system

British Aerospace has spent three years
developing this HF loop antenna system,
which has been on trial with H.M. Forces on
NATO exercises in Norway and on a small
launch in the south Atlantic. It passed all
tests with flying colours and is now to be
made available commercially.

Essentially a collapsible loop of specially
extruded aluminium tubing, the system has
an automatic antenna tuning unit which can
handle up to 400 watts — although it needs
only the merest whiff of RF to tune.

It easily outperforms any of the wire
antennas even a specialist could erect; and
anyone who has witnessed what squaddies
will throw up as an excuse for an antenna
will quickly appreciate what a difference the
system is making to forces communications
in the field.

The system is designed to optimize high-
angle radiation properties by nearly vertical
incidence skywave (NVIS) which has proved
particularly useful at sites low down in
Norway's fjords. Short-wave radio still plays
a vital role in short range communications,
since satellite links cannot be relied upon
wholly.

Of particular importance is the uniquely
low visual profile the loop offers. It can be

108

Minimal size HF transmitting aerial developed by British Aerospace. This collapsible loop
of extruded aluminium will handle 400W and comes complete with automatic tuning unit.

configured in various sizes, down to
2m X Im, with tubes of only 40mm diameter.
It is capable of being mounted {and oper-
ated) onavehicle or being carried by just one
man, and has also been found to make an
excellent tent-frame.

Some protection from local interference
is offered by the nulling properties of the
loop. as was demonstrated during the recent
BBC Radio Show when army cadet forces

tried to use their wire dipole on the roof of
Olympia — they got nothing but computer
hash which corrupted their data traffic. But
the loop could be oriented to ignore the
noise from below.

The system will handle power down into
the AM broadcast band. and looks ideal for
use as a "quick and easy on the air’ solution to
many emergency broadcasting needs.

Paul Rusling.
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RF SYSTEMS AND MODULES

e LOW NOISE GASFET RF PREAMPLIFIERS - Frequencies from 20 MHz to 1 GHz. NF
0.67 dB. Gain 25-40 dB variable. Remote or local operation. Power supplies and
weatherproof boxes.

e FREQUENCY CONVERTERS - Up or down conversion in the range 20-1000MHz.
High stability phase locked loop. Gasfet front ends. AGC control. Up to 10 mW RF output.
Adjustable gain.

e SIGNAL SOURCES - 15MHz to 1GHz. High stability phase locked oscillators. FM or FSK
modulated versions available. Output 10 mW at 50 ohms.

e LINEAR POWER AMPLIFIERS - Frequencies from 1 MHz to 950 MHz. Narrow or
wideband. Output powers from 10 mW to 70 watts. Television versions available.

e TELEVISION RETRANSMISSION SYSTEMS - Bands |, I, IVand V. Up to 50 watts
output in bands I and lll. Up to 15 watts output in bands IV and V.

e FM TRANSMITTERS - Single channel. 50 watts RF output. Mono or stereo versions.
Power supplies available for FM transmitters or any of the above amplifiers.

Please telephone for further technical information and prices

RESEARCH COMMUNICATIONS LTD

UNIT 1, AERODROME INDUSTRIAL COMPLEX,
AERODROME ROAD, HAWKINGE, FOLKESTONE, KENT DESIGN, DEVELOPMENT AND MANUFACTURE
CT187AG. OF RF COMMUNICATIONS EQUIPMENT
Tel: 0303 89 3631

ENTER 9ON REPLY CARD

A NEW SERIES OF QUALITY MEMORIES

HAND-HELD MULTIMETERS EPROM - SRAM - DRAM - EEPROM - 2716 - 2732 - 2764 - 27128
198.9 27256 - 27512 - 4116 - 4164 - 41256 - 2114 - 6116 - 6264 - CMOS
AND LOW POWER
from Ar—mON

MICROPROCESSORS

NEC - INTEL - MOTOROLA - AMD
8085 - 68000 - Z80A - 80186 -8086

Semiconductor e
Sensors @
Ferrite Cores
Optoelectronlcs

y R _
AN » &2 7|l semiconductors
.08 9 acvem SO XTI Thermistors /)
xCve v || Integrated m

s oeva ML Circuits
Potentiometers g, ~
ies i LEDs ‘
Series includes an AUTORANGE and two HEAVY-DUTY || connectors
DIGITAL models plus a POCKET SIZE and a Suppression
SOLID-STATE ANALOGUE model Switches. / ‘

Lowest prices worldwide for memories, digital, linear IC's.
Send for complete components catalogue
s [or details of these and our full range contact UK —£1.50. Export - £2.50
L]

flectronics Limited PVS ELECTRONIC COMPONENTS
rmON Heton House, 244 Deansgate Court _VS_

109 Wembiey Hill Road. wembley, || Deansgate Manchester iy p
I icicx. HA9 BAG England M3 4BC Y

Telephone: 01-902 432! (3 lines) Fax 01-9025984 Telex: 923985

ENTER 350N REPLY CARD

ENTER 36 ON REPLY CARD
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THE ‘ALADDINS’ CAVE OF ELECTRONIC & COMPUTER EQUIPMENT

| COLOUR MONITORS |

16" Decca. 80 series budget range. colour monftors, features in-
clude PIL tube. attractive teak style case. guaranteed 80 column
resolution, only seen on monitors costing 3 times our price, ready
to connect 1o a host of computer or video outputs. Manufacturers
fully tested sumlus. sold inlittle or hardly used condition with 90 day
full RTB guarantee. 1000's Sold to date.

DECCA™80 RGB - TTL + SYNC input for BBC l,r interface etc
DECCA 80 COMP 75 {} composite video input with Integral audio
amp & speaker ideal for use with video recorder or TELEBOX ST

any other audio visual use Only £99.00 (E)
| HIGH DEFINITION COLOUR |

BRAND NEW CENTRONIC 14" monitors in attractive style moulded

or

case featuring hi res Mitsubushi 0.42 dot pitch tube with 669 x 507
leels 28Mhz bandwidth. Full 90 day guarantee
rder as1004-N2 for TTL + sync RGBTor BBC etc  £159.00 (E)
1003-N1 for IBM PC etc fully CGA equiv £189.00 (E)
1005-N2 RGB intedace for QL 85 columns.  £169.00 (E)

20" & 22" AV Sgecials

Superbly made, UK manufacture, PIL tube, all solid state colour
montors, complete with composite video and sound inputs, attrac-
tive teak style case. Ideal for a host of applications including Schoots,
Shops, Disco's, Clubs etc. Supplied in EXCELLENT litle used con-

dition with 90 daK guarantee.
20" Monftor £165.00 (F) 22" Monitor £185.00 (F)

| MONOCHROME |

MOTOROLA M1000-100 5' CRT black & white compact chassis
monitor measuring only cm 11.6h 12w, 22d. ideal for CCTV or com-
uter applications. Accepts standard Composite video or individuat
& V syncs. Operates from 12v DC at apprx 0.8a.Some units may
have minor screen marks, but still In very usable condition Full
tested with 30 dagoguaramee & tull data Only £29.00 ﬁ:y
Fully cased as above. with attractive moulded, desk standing swivel
and tilt case Dim. cm 12h.14.5w.26d £39.00 (C)
JvC l;pe 751-7 5" ultra compact black & white chassis monitor for
12v 0.7a DC operation Dim cm 11h,14w,18d. Simple DIY circult data
Included to convert data and separate sync input to composite video
Input. Ideal portable equipment etc Slg)pued with full data
rand New £65.00 (B)
KGM 324 9" Green Screen. Litile used tully cased, mains powered
high res monttors with standard compostte video input Fulgv tested
and in excellent condition £49.00 (E
20" Black & White monitors by AZTEK, COTRON & NATIONA|
All solid state, fully cased monitors. ideal for all types of AV or CCTV
applications. Unfis have standard composite video inplts-with in-

tegral audio amp and speaker. Sold in good, used condition-’f?;‘lsli

tested with 90 day guarantee.

FLOPPY DRIVE
Drives from Only £39.95

Only £85.00

| PRINTERS |

pur Ticredinte nters 1o
o My ther "on " i ondon Shy
HAZELTINE ESPRINT Small desktop 100 cps print speed with both
R$232 and CENTRONICS Intertaces Full pin addressable giraphics
and 6 user selecable type fonts. Up to 95" single sheet and tractor
BaEDer handllng Brand New Only £199,00 (E)
NTRONICS 150 series. A real workhorse for continuous use with
tractor feed paper. either in the office, home or factory, desk standing,
150 cps 4 type fonts and choice of Interfaces. Supplied BRAND NE

Order as:
150-SN up to 95" paper handling £185.00 (E
150-SW up to 14.5" paper handling £225.00 (E
150-GR upto 14.5" paper plus ful £245.00 (E

graphlcs o
When ordering please specify RS232 or CENTRONICS interface.

Ultra Fast 240 cps NEWBURY DATA

NDR 8840_High Speed Printers
Only £449 1!

A special purchase from a now defunct Goverment Dept enables us
to offer you thls amazing British Made, quahB/F{)dmer al dearance
prices. SAVING YQOU OVER £1500 || The NDR8840 features high
speed 240 cps Prim whth Inlrﬁral. fully adjustable paper trac
tor, giving exceptional fast paper handling for multi part forms etc. The
untt Teatlres 10 selectable type forts ﬁMng up to 226 printable
characters on a single line. Many other features Include Intermal
electronic vertical and horizontal tabs, Self test. 9 needie head, Up to

155 paper, 15 milion character ribbon cartridge life and standard
RS232 serial interface. Sold in SUPERB tested condition with 90 da
uarantee

Oe';'c’f £449.00 |
PSON model 5§12 40 column 3.5" wide paper roll feed, high s
matrix (3 lines per second) printer mechanism for incorporation in
poirt of sale terminals. ticket printers. data loggers etc. Unit features bi
directional printhead and integral roll paper Teed mech with tear bar
Requires DC voits and simplé parallel extemal drive logic.Complete
withdata. RFE and tested Only £49.95 (C)
EPSON model 542 Same spec as above model, but designed 1o be
used as a slip or flatbed printer. Ideal as fabel, card or ticket prirter
Supplied tully cased in attractive, small, desk top metal housmg, Ci
ele with data RFE and tested , Only £55.
HILIPS P2000 Heavy duty 25 cps bi directional daisy wheel prinfer
Fully DIABLO, QUME, WORDSTAR comralibie. Many features in-
e full width platten - up to 15" paper, host of available daisy wheels,
e sheet paper handling, super qualltygrlnt Supplied complete
user manual & 90 day guarantee gl;\:s REE dust cover & dais
wheel BRAND NEW Only £225.00 (|

d
sin
wit

Most of the fems in this Advert. plus a whole range of other
electronic components and goodies can be seen or purchased
at our

#. [** South London Shop **|

Licated at 215 Whitehorse Lane, London SE25. The shop is
orf{he main 68 bus route and only a few miles fram the main

tem |
case. Mains r:r
sound or

Camiage code (B)

[ POWER SUPPLIES |

All Power supplies Oé;erale from 220-240 v AC Many other types from
3vto 10Kv in stock .Contact sales office for more delails.
PLESSEY PL12/2 Fuﬂg enclosed 12v DC 2 amp PSU. Regulated and
protected. Dimcm 135x 11 x 11 New £16.95 (B)
AC-DC Linear PSU outputs of + 5v5.5a, -5v0.6a, + 24v 5a Fully requ
lated and short proof. Dimcm 28 x 12.5x 7 New £49.50 (C)
POWER ONE PHC 24v DC 2 amps Linear PSU tully regulated

Néw £19.95 (B)
BOSHERT 13088 switch mode supply ideal disk drives or complete
system, +5v 6a, +1225a.-120 5a.-5v 0.5a. Dimcm 56 x 21 x 10.8

New £29.95 (B)
BOSHERT 13090 same as above spec but outputs of +5v 6a, + 24y
1.5a +12v0.5a,-12v0.5a New £39.95 (B)
GREENDALE 19ABOE 60 Watt switch mode outputs + 5v6a, +12v
1a -12via, +15v 1aD 11 x20x565 RFE Tested £24.95 (B
CONVER 'AC130-3001 High grade VDE spec compact 130 wa
switch mode PSU. Outputs give +5v 15a, 5v 1a. +8&-12v6a. Dm 6.5
x 27 x 12.5 Current list price ¥ 190 QOur price New £59.95.005(£J

(C

FARNELL G6/40A Compact 5v 40 amp swich mode fully enclo:
New £140.00
FARNELL G24 55 Compact 24v 5§ amp switch mode fully enclo:

- New £95.00 (C)
Special Offer ONLY
EXPERIMENTORS PSU

£16.95 (c)
Made 1o the highest spec for BT this unit gives several fug{
protected DC outputs most suited 1o the Elecironics Hobbyist.
5v 2a, +8&-12v 1a,- +24v 1a and +5v fully floaling at 50ma.
Ideal for school labs etc. Quantity discount avaiable.
Fully tested with data RFE ~ Removed From Equipment

The AMAZING TELEBOX
Converts your monitor lnt§>
QUALITY LOUR TELEVI ISN

Brand new high quality. fully cased, 7 channel UHF PAL TV tuner sys-
tem. Unit simply connects to your TV aeral socket and video monitor
0008- turning same Into a fabulous colour TV. Dont worry # your monitor
) doesn't have sound, the TELEBOX even has an integral audio amp for
driving a speaker

for Headphones or Hi Fi sys-
tatus indicator. Smart moulded
wered. Buit to BS satelx‘sgp«. 2. Many other uses for TV
eo etc. Supplied BRAND NEW with full 1 year guarantee.

us an auxiflary out
c. Many other features. LED

TV SOUND
& VIDEO
TUNER
ONLY

£29.95

TELEBOX ST for_monitors with composlite video Input £29.95
£34.9

A MASSIVE purchase of standard 5.25" disk drives enables us to |} A23and South Circular roads. Open Monday 1o Saturday from || TELEBOX STL as ST but fitted with integral speaker .
offegfou privr‘x)e product at all time super low prices. All unts unless |[ 9 10%.30, parking Is unlimited and browsg(s are most wel || TELEBOX RGB for use with analogue RGB monttors £59.95
sigfed are removed from often BRAND NEW equipment, fully ] comé Shop callers also save the cost of carriage dou Ywithvol ar CIRL. RGIRversion NG e for IIN-CT ONE
tegted and ship) to you with a full 120 day guarantee, All units -~ type coloar m DATA sheet on rey as veranns C Al
offered ?‘perale om r:jndd?z volts DC, are of standard size and i
adcept the common standard 34 way intefface connector
TANDON TM100-24 IBM compatible 40 track FH double sided | // MODEMS | RECHARGEABLE  COOLING FANS |
nly £39.95 (B : Keep vous hot parts COOL and RETIABLT with our
TANDON TM101-4 FH 80 track double sided On&' £49.95 }e; Modep to sult all appiications and budgets BATTERIES ze o BRAND NUW cooting G
JARANESE Half Height double sided drives by Canon, Tec, Plgase contact our technical sales staff f you = AC FANS Specity 240 or 110 v
Toskiba efc. Specify 40 or 80 track Only £75.00 (B)-"Qurre more information or assistance. Maintenance free. sealed longife LEAD ACID 3 Fandim 80 x B0 x 3 £8.50 (B
TEACFD55-F 40-80 track double sided Half Height - SPECIAL PURCHASE A300 12v3 Ah £13.95 (A} 3.5 ETRIslimiine 92x 92 x 25 £9.95 (B
Brand New $415.00 (B) A300 6v 3 Ah £9.95(A) 4'Fan Dim 120 x 120 x 38 £9.95 (B
K_DRIVE AGC ES V22 1200 baud MODEMS| A300606v18Ah RFE £5.99 (A) Asabove TESTEDRFE  Only £4.95 (C
ONLY £149 I NICKEL CADMIUM 10'round x3.5' Rotron 10v ~ £10.95 (B
34 Wad interface cable and connector sén(\]gle £5.50, Dual £8.50 (A) Quality 12 v 4 Ah cell pack. Originally made DC FANS
5.25" DC power C,al_iﬁ:siLZiFu" cased PSU for2 x 525 Drives MASTER SYSTEMS type 2/12 microproces- for the TECHNICOLOUR vided company. Papst Miniature DC fans 62x62x25 mm
£19.50 (A)-€rassis PSU for 2 x 8" drives ™ s:aims)\gor controlled V22 full duplex 1200 baud. This this ynit contains 10 high quality GE nicad, b Order 812 6-12vor81424v  £15.95 (A
8" DISK DRIVES U BTaPproved modem employs all thelatest type cells. configured in a sman robust 4 12vDC 12w 120x 120x38  £12.50 (B
X lea‘/ures or emor free data comms at the slag- moulded case with DC output connector. Dim 4, 24v DC 8w 120 x 120 x 25 £14.50 (B
SUGRRT 800/801 single sided refurbished £175.00 (E} gerig speed of 120 characters per second. ¢m19.5x4.5x 125, Ideal portable equipmernt BUHLER 12v DC 62 mm £12.95 (A
SUGART 851 double Sided refurbished £260.00 (E} saving you 75% of Your BT phone bills and g BHArfE)ONEW £24.95 (8) 000’5 of vther Gans and Blowers in stock CALL
MITSUBISHI M2894-63 Double sided switchable Hard or Soft sec- data/connect time I Add these facts 10 our 12y 17 Ah Uitra ru AL for more details

tor ) BRAND NEW £275.00 (Eg
SPECIAL O?FEH Dual 8' drives with 2mb capacity in smart cast

with integral PSD ONLY £499.00 (F

| COMPUTER SYSTEMS |

TATUNG PC2000. Big brother of the famous EINSTEIN. the
TPC2000 professional 3 plece szyslem comprises: Quality high res
GREEN 12" monitor, Sculptured 92 key keyboard and plinth unit con
taining the Z80A CPU and all control electronics PLUS 2 integral
TEAC 5.25" 80 track double sided disk drives. Many other features
include Dual 8' IBM format disk drive support. Sertal and parallel
outputs, full expansion &on 64k ram and ready to run software. Sue-
plied complete with CPM, WORDSTAR, BASIC and accounts pack-

age# " BdAND NEWl
orubsodaycumanice [ Only £299(E) |

EQUINOX (IMS) S100 system capable of running etther TURBO or
standard CPM _ Unit features heavy duty box comalnan%a powerful
PSU. 12 slot $100 backplane, & dual 8" double sided disk drives.
Two individual Z80 cpu boards with 192k of RAM ailow the use of
multi user software with upto 4 RS$232 serial interfaces. Many other
features include battery backed real time clock, all IC's socketed elc
Units in good condition and tested é)dor despatch, no documentation
at present. hence price of only £245.00 ﬁ)

S100 PCB's IMS A465 64K dynamic RAM. £55.0%BHMS AQ930 FDC
controller £85.00 (B). IMS A862 CPU & i/o £65.00 (B)

SAE for full list of other $100 boards and accessories

‘away price and you have a superb buy !!

ged. all weather, virtually or

I\%
8 a slim unit measures only 45 mm high with
any integral features such as Auto answer,
Full LED status indication, RS232 Interface
Remole error diagnostics, SYNC or ASYNC
use, SPEECH or DATA swilching, integral
mains PSU. 2 wire connection to BT line etc.
Suppiied 1mtested, EXCELLENT slightly used
condition with data and full 120 day guaraniee.

Only £1490

CONCORD V22 1200 baud as new £330.00(EE)
CONCORD V22 1200-2400 BIS ~ £399.00 {
RIXON Ex BT Modem 27 V22 1200 £225.00 (E
DATEL 4800 / RACAL MPS 4800 EX BT
modem for 4800 baud sync use.  £295.00 (E)
DATEL 2412 2780/3780 4 wire modem unit

EX BT fully tested. £199.00 (E)
MQDEM 20-1 75-1200 BAUD tor use with
PRESTEL etc EX BT fully tested. £49.00 (E)
TRANSDATA 307A 300 baud acoustic coupler
with RS$232 110 Brand New £49.00 (E)
RAS232 DATA CABLES 16 ft long 25w Dg)l;sg 12

25way D socket Brand New  Only €
As above but 2 metres long £4.99 (A
BT plug & cable for new type socket  £2.95 (A

indestructable refillable NICAD stack by
ALCAD. Unit teatures 10 x individual t
XL1.5 cells in wooden crate. Supplied to the
MOD and made to deliver exceptionally high
output currents & withstand long periods of
storage in dlschaéged state. Dmcm 61 x 14 x
22 Cost over £250 Supplied unused & tested
comgele with instructions £95.00 &Eg
EX EQUIPMENT NICAD cells by
Removed from equipment and belleved in
800d but used condition. 'F’ size 7Ah 6 for
8 (B) Also 'D’ size 4Ah 4 for £5 (B)

BRAND NEW 85 Mb
Disk Drives ONLY £399

End of line purchase enabies this brand new
unitto be oftered at an all time super low price
The NEC D2246 8" 80 Mb disk drive features
full CPU control and industry standard SMD
interface, Ultra high speed data transter and
access times leave the good old ST506 inter
face standing Supplied BRAND NEW with
full manual Only £399.0oéa
Dualdrive, plug in 135 Mb sub system for |

AT unitin case with PSU etc.  '£1499.00 s{?
etc available Brand new at £395.00

Interface cards for upto 4 dives on IBM

ISPECIAL INTEREST]

Please call for availability or further info.
RACAL-REDAC real time, colour dratting

PCB layout system £3950
DEC VAX11/750 Inc 2 Mb Ram DZ, and full
doc etc Brand New £8500
HP7580A 8 pen dighal A1 drum plotter with
{EEE Interface As New £4750
CHEETAH Telex machine £995
1.5 kw 115v 60 Hz power source 950
500 watt INVERTER 24v DC to 240v AC sine
wave 50 Hz out £275
SOLDER SYSTEMS tin lead roller tinning
machine for PCB manutacture £350
CALLAN DATA SYSTEMS multi user INTEL
based UNIX system complete with software
and 40 Mb winchester disk drive £2750
WAYNE KERR RA200 Audio, real time fre-
uency response analyzer £3000
1411/R PAL TV test signal

EKT deN X
a £6900
KTRONIX R140 NTSC TV test signal
£875

stand
TE
standard
HP 3271A Correlator system
PLESSEY
link 12v
19' Rack

£350

rable Microwave speech / data
. 70 mile rangeThe pair £275.00
cabinets 100's in stock from £15.00

All prices for UK Mainland. UK Customers must ADD 15% VAT 1o total order vatue. Minimum order, cash £5, Credit Card £10. Otticial account orders trom

Di=FLAY
-ELECTRONICS-

London

LONDON SHOP
Fn 9.30-5.30
Open Mon-Sat 9-5.30
215 Whitehorse Lane
SE19 3XF

1000’s of Bargains for callers

South Norwood. London SE2:

DISTEL © The ORIGINAL
FREE ol charge dial up data base
1000°s of items + info ON LINE NOW!t
300baud 01679 1888, 120017501 679
6183. 1200 FOX 01 679 8769

01679 4414

Government Depts. Universities. Schools & Local Authorities welcome — minimum account order value £25. Carniage charges (A) £1.50. (B) £3.50, (C)
£6 50, (D) £8.50, (E)£10.00, (F) £15. (G) Call. Al goods are supphed subject to our standard conditions of sale. All guarantees given on areturn o base basis.
We reserve the right to change prices & specifications without prior notice. Bulk trade & export enguines most welcome

MAIL ORDER & OFFICES
Open Mon-|

32 Biggin Way.

Upper Norwood,

ALL ENQUIRIES

FAX 01679 1927
TELEX 894502



Ghosts in the
machine

Artist William Latham has put 3D computer

~f

ng 1o 'k to creale a series
computer “sculptures” from a stack of digital
data

He says that the sculptures, produced at
IBM's Scientific Centre, Winchester. “are in
some wavs like ghosts of physical sculptures

n that they exist only in the form of data and
not in a solid material form.

Latham adds that the visual characteris
tics such as texture, lighting and surface
qualities can be simulated. as can be second
stereo view. Public presentation is made by
stereoscopically projecting the image pair to
create the illusion of a solid sculpture. "l am
attempting to create sculptures which are
bevond the human imagination™ he states

Computer sculptures from artist William
Latham generated in a computer using 3D
graphics modelling techniques.

UPDATE |

= ui
=
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Linear motor
runs on air

An interesting combination of air bearing
and linear motor technology has resulted
in a new way of building linear stepper
drivers.

The Dorset company Digiplan has pro-
duced a system which is near frictionless
yet can exert static forces up to the 8kg
mark at resolutions of 12 500 steps/inch.
The acceleration can be programmed
within the range 0.01 to 10G, giving a
maximum speed of 100in/s.

The motor system can be used in two
modes: operating standalone from its own
program memory and activated by switch-
es, or under control of a computer
through an RS232 link. The built in
eeprom memory is large enough to store
up to 40 motion control routines for
individual or sequential execution.

The company says that the motor sys-
tem suits applications which require X-Y
motion and can also drive more than one
motor unit on a platen with overlapping
trajectories. This allows multiple motion
tasks without cumulative errors.

Large, flat TV in big hang up

A flat screen TV me: ] S but
1C1{ l Y deve ' 11 d
tl Finnist L‘ 211 Conitl tig sitie S eiver
with M and SGS Thomson
ratus. designed for wal ¢ \
ses 0 m ectr umi n a |
av T ) e

Hitachi's 6in flat-screen colour display. ‘ t o
The pictureis genuine. r
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"UPDATE

LEADING EDGE

Clarendon Laboratory research profile ........

During November. photographer Graham Richard:
son and | visited Dr Gregg and his colleagues at
Oxford's Clarendon Laboratory to talk about their
research into ultra-cold GaAs fets. If all goes well,

we will be presenting a report of that work in the » - » .
March issue. In the mean time, this collage repre- i y LI —— W
senting just a small portion of the work done there ol

should whetyour appetite.

An inch diameter disc of a new high-temperature
superconductor. top. which is cooled to below its
superconducting transition temperature by liquid
nitrogen. A small cylindrical samarium-cobalt
magnet is able to float freely above the disc by
virtue of the Meissner effect this effect is a
characteristic of superconducting materials and
involves the exclusion of magnetic flux from the
body of the material when in the superconducting
state.

In the centre is a cryogenic radio-frequency
magnetic resonance spectrometer with sample
in-situ ready for insertion into the cryostat (seen in
the background having its liquid nitrogen radiation
shield filled).

The bottom end of the spectrometer including
the sample (far right. top) is cooled to tempera-
tures of order 1K during operation using liquid
helium. The spectrometer uses cooled GaAs MES-
FETs which perform well at these low tempera:
tures.

Liquid helium boils at 42K and costs about the
same price as whiskey. The liquid helium transport
vessel containing up to 50 litres of refrigerant can
be seen to the left of the picture. Itis connected to
the cryostat via a vacuum-insulated transfer line
which enables the very cold liquid to be transfer-
red to the apparatus without appreciable boil-off.
The helium gas is recovered as it boils off during
the course of the experiment and is reliquified.

Magnetic resonance is a versatile tool in solid:
state physics and is used to probe the fundamental
magnetic properties of materials at an atomic
level.

Anultra-pure crystal of arare-earth garnet (DyA1G)
onto which has been grown an array of high-
frequency ultrasonic transducers. The transducers
on this crystal inject longitudinal and transverse
acoustic waves at frequencies between 200MHz
and 2GHz with low insertion loss. This assembly is
used in the study of some very unusual magnetic
properties which the material exhibits at liquid
helium temperatures of below 4K.

The electronic equipment and techniques used
are broadly similar to those of modern radar
technology and are capable of measuring acoustic
patll‘;-length changes in the material to parts in
10

The Clarendon Laboratory: one of the physics
laboratories in the University of Oxford.
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TV STATION: MASTER TIME AND FREQUENCY GENERATION SYSTEMS

* DUAL ATOMIC AL R NDANCY: AN
FREQUENCY STANDARDS DUAL REDUNDANCY: HOT STANDEY
* . MSF OR DCF77 RADIO SYNCHRONISATION WITH WORLD TIME
TIME RECEIVERS STANDARD.
* PAL SYNTHESISER COLOUR SUBCARRIER, COLOUR BLACK
& AND ALL STANDARD PULSE
SYNC PULSE GENERATOR REQUIREMENTS.
* EBU FIELD 1 LINE 7 IS SYNCHRONISED TO
TIMECODE GENERATOR REAL TIME OF DAY
* STUDIO CLOCK PULSED AND SELFSETTING ANALOGUE
DRIVERS CLOCKS DIGITAL DISPLAYS

EUROPEAN ELECTRONIC SYSTEMS LIMITED SPECIALISE IN THE DESIGN AND
MANUFACTURE OF TURNKEY PROJECTS INVOLVING ALL ASPECTS OF FREQUENCY, TIME
AND TIME CODES USED IN THE BROADCAST INDUSTRY.

European Electronic Systems Limited,
Maldon, Essex CM9 65W, UK.
Telephone: 024 541 5911 Telex: 995917 EULEC G Fax: 024 541 5785

ENTER 11 ON REPLY CARD

ower Supplies

15830228 FEATURES:-

DUAL 0-30v 0-2A PRICE: £280 -~ VAT e Dual 3.5 Jigit LCD display @ Line and load regulation

TS15418 of Vand 1 (TS3022S four).  <0.01%.

0-15V 0—4A PRICE: £165 + VAT ) Conséantv or constant ) lF’..ipple and noise <imV.
» | modes. ® Low radiated and

71530218 ® Protected output. conducted Interference.

0-30V 0-2A PRICE: £150 + VAT @ Remote sensing.

thandq,

ELECTRONICS LIMITED

For further details of these and other products in the Thandar range, please send for a catalogue.
Thandar Elecironics Limited, 2 Giebe Road, Huntingdon, Cambridgeshire. PE18 70X. Telephone (0480) 412451 Fax (0480) 411463 Telex 32250 Test G.

ENTER 45 ON REPLY CARD
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Making waves with
electrons

One of the most remarkable tools developed
in recent vears is the scanning tunnelling
microscope (STM). It relies on the fact that
electrons can “tunnel” their wav through
verv thin lavers of insulation. whether solid
gas or vacuum.

Tunnelling is essentiallv a quantum effect
used to practical effect in tunnel diodes.
Because the tunnelling current is criticallv
dependent on the thickness of the insulating
laver. it is possible to use it as a measure of
this thickness. Or, if the current is used to
control a mechanical servo loop. it hecomes
possible to maintain two conductors in air at
precisely controlled separations of 10 “"mor
less.

If one such conductor is a moving needle
and the other afixed substrate. it tollows that
the needle can be made to follow faithfully
every nook and cranny in the substrate. right
down to atomic dimensions. Using the loop
control voltage to drive a compuler. an
operator can. at the same time, build up a
three-dimensional map of the substrate or
even reveal a single molecule - as has
previously been shown in these pages (May
1988. p.452)

So tar. so good. But. as pointed out
(Nature. \'0l.335 No 6185) bv a team at
Columbia University. the technique is not
onlv sensitive to the topography of the

SEARCH NOTES

substrate: it can also respond to electronic
phenomena not directly related to the
arrangement of the atoms. In simple terms
the STM mayv well reveal more than just what
you'd see down some unimaginable perfect
microscope

Nian-Liang Wu et al were studving a
material called tantalum disulphide (Ta$S.)
which behaves as a metal at high tempera
tures. As the temperature is lowered TaS
undergoes a phase transition to a new
electronic state called a charge density wave
(COW). This wave has a periodicity much
greater than that of the rows of TaS, mole
cules in the ¢rvstal lattice and can be seen
superimposed on STM pictures of the lattice.

Wu and his colleagues performed a neat

second experiment inwhich they suppressed
the CDWs by replacing 10% of the tantalum
atoms by titanium. The resulting STM im
ages showed only the molecular lattice
without any CI\'s,

Studving electronic phase transitions of
this sort may seem something of an arcane
activity. but such transitions are now heing
seen as central to many of the problems ot
solid-state phvsics. Transitions to ferro-
magnetism and superconductivity are other
examples which might eventually vield some
of their secrets to techniques such as scan-
ning tunnelling microscopy. They might
also become the basis of new practical
devices tar more esoteric and useful than the
tunnel diode

WIMPs may determine the future

Deep inside a disused railway tunnel in
Northern Spain. scientists are looking for :
tiny particles known as WIMPS, which may { years into the future. Looking for WIMPs is

determine the future of the Universe.

then the forces of gravity might well have a

If the theories are correct, the WIMPs will

dramatic effect on what happens billions of | pass through the rocks, the lead and the

therefore more-than-usually fascinating.

paraffin wax as easily as a ray of light passes
through the glass of a window. Other forms

WIMPs — short for Weakly Interacting | The tunnel in Spain is a good place to look | of radiation will. it's hoped, be kept outside.
Massive Particles — are tiny sub-atomic | for such particles because it is under about The idea behind this experiment is not
particles predicted by some theories of cos- | 200 metres of solid rock. Professor Angel | just to detect WIMPs but. it is hoped, to
mology. As their name implies. they are not } Morales from Zaragoza University and his | discover something of their characteristics.
expected to interact much with other matter | colleagues from the University of South |By measuring the precise effects of such
andd are therefore likely to be very hard to | Carolina and Pacific National Laboratory in | particles on the nuclei of the germanium
detect. Indeed. no-one has yet identified any | the USA have had to take their equipment as | atoms. Morales hopes to discover just how
particle corresponding to the theoreticians’ | far away as possible from natural radioactiv- | big these still hypothetical particles are. If
predictions. ity and cosmic rays from space. These could | they are as heavy as some theoreticians

Nevertheless, WIMPs could be important, | confuse the detectors and lead to spurious | believe, then they could account for 90% of
for though they are likely to be only ten | results. To be doubly sure that no back- | the total mass of the Universe. In other
times the mass of a proton. they could exist | ground radiation can spoil the experiment. { words there could be much more dark
in huge quantities. scattered throughout the | the physicists are shrouding the detector ina | matter out there than everything else put
universe. And because of their total mass | 2cm thick laver of lead. surrounded by a | together. If so, then we are definitely head-
thev may have a significant bearing on | 20cm thickness of paraffin wax bricks and | ing for a Big Crunch in which all matter
whether the Universe goes on expanding. as | other radiation barriers. | coliapses back on itself in a fireball not
at present, or whether it begins to contract | The detector itself consists of a lump of | unlike the Big Bang that started it all.
again. ending up in a sort of ‘Big Crunch’. | the element Germanium-76. Professor| On the other hand if the dark matter

Calculations based on the known mass of | Morales says that if it is hit by a WIMP, an | comprises lighter partictes such as the
stars and gaseous material would suggest | atom will be nudged very slightly. causing its | axions required by unified field theories, the
eternal expansion, but if there were a lot of | nucleus to vecoil. Measuring this recoil | expansion from the primaeval Big Bang
mass in the form of so-called "dark matter through its magnetic eifects could then | could go on until its energy is exhausted and
that is to say. particles such as WIMPs | provide evidence for the \WVIMP's existence. | all motion eventually ceases.
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Great balls of fire

Of all natural electrical phenomena. ball
lightning is possibly the most intriguing.
Eyewitness reports, some substantiated with
photographs. describe glowing halls around
25¢cms diameter, variously coloured —
white., red. blue or vellow. Some hover
almost stationary: others drift at speeds of up
to 4 or 5 ms™' though they rarely last more
than a minute hefore disappearing, some-
times explosively.

As with any unpredictable and transient
phenomenon, scientists can do little more
than advance plausible theories. And
although ball lightning has heen consistent-
ly reported for more than 150 years, some
meteorologists still doubt its existence.

Not so a group at the Soviet Institute of
Thermal physics led by Boris Smirnoff.
Smirnoff believes that the “fuel’ consists of
an aerosol of ozone adsorbed onto charged
dust particles on the atmosphere. These

Zapped by microwaves

A little knowledge of RF can be a dangerous
thing, at least to judge from a nationwide
survey conducted by Cambridge University
safety adviser, John Williams. Following
informed rumours about accidents involv-
ing microwave ovens in laboratories, Wil-
liams decided to find out for himself. A
questionnaire sent to members of the Uni-
versity Safety Association has now been
analysed and the results published in
Laboratory News, 31.10.88.

The microwave oven, it appears, is now
being used indiscriminately as a sort of
up-market bunsen burner. But no-one is
reading the instructions — at least not
many. 14% of those returning question-
naires said that they could recall a damaging
incident of some kind. Worse still, thirteen

'RESEARCH NOTES

particles then coalesce and. as they do, the
oxidation process causes the temperature at
the centre to rise to as much as 2000°C.
Eventually, according to this theory. the
charged particles are neutralized and the
ball breaks up or disappears.

How accurate this explanation is must
remain a matter of speculation. If the centre
of a ball of "lightning’ is at 2000°C. it’s hard
to explain, for example. why it hovers and
doesn't rise. It's also hard to explain why in
some cases the ball floats in close proximity
to combustible material without setting it
on fire.

It may of course be that not all such
phenomena have the same explanation.
Some meteorologists are convinced that at
least 80% of ball lightning events can be
explained by more conventional means. Of
the remaining 20%. who knows? Smirnoff
has certainly fired the imagination.

universities had experienced explosions or
accidents that were actual or potential
causes of serious injury. In two such inci-
dents microwave ovens had their doors
blown clean off.

Of some wry satisfaction to well-educated
engineers is the fact that all thirteen of the
serious accidents took place in biology (sor-
1y, life sciences) laboratories. They involved
heating closed containers of liquids, leaving
metal clips on glassware and failing to allow
time for superheated liquids to cool down.

I can only surmise that either they've
changed the ‘O’ level physics syllabus since
my day or else that they've resurrected the
old lady who warmed up a cold bath with the
aid of a suitably immersed one-bar electric
fire.

Quantum well heat detectors

a simple gallium arsenide/gallium alumi-
nium arsenide heat detector that is poten-
tially simpler, cheaper and more sensitive
than anvthing in use todav.

Existing infra-red detectors used by the
military in heat-seeking missiles and remote
sensing satellites rely on mercury cadmium
telluride which, while extremely sensitive, is
not the easiest material from which to
fabricate devices of reproduceable perform-
ance. AT&T decided therefore to develop an
entirely new infra-red detector based on
more complex principles, but using readily
available materials that are relatively easy to
work.

Their new experimental pyvroelectric de-
tector consists of a crystalline lattice of GaAs
containing 4mm-wide quantum wells
bounded by barriers of gallium aluminium
arsenide. As intra-red photons enter cach

well they excite electrons which leave the
wells and flow through the lattice as awhole.

Varying the dimensions of the quantum
well and its barrier enable the device to be
optimized for detecting infra-red radiation
over awhole range of wavelengths. So far the
AT&T team, led by Federico Capasso. has
experimented with devices capable of re-
sponding to wavelengths hetween 5 and
[0x10 °m.

Work on a practical device has now been
under way for about a vear and a half and
already its sensitivity is equal to that of
existing commercial mercury cadmium tel-
luride detectors. Better still, because it uses
gallium arsenide technology, its inventors
hope to be able to integrate it with the
amplification and processing circuitry that
normally has to be built separately. That
promises to yield infra-red detectors of
unparalleled performance.
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Rarified atmosphere
in China

Evidence that technological progress is alive
and well in the People’s Republic of China
comes in a recent description of a novel
integrated vacuum sensor developed at the
Nanjing Institute of Technology. J. B. Huang
and Q. Y.Tong point out (Electronics Letters
Vol. 24, No 23) that a fully integrated unit
would offer considerable benefits over ex-
isting vacuum sensors based on pressure
chambers and strain gauges. Not only could
it be batch fabricated. it could also be
integrated with some of the processing
circuitry.

The idea of an integrated vacuum sensor
isn’tin itself new. but most efforts so far have
suftered from poor linearity. poor sensitivity
or the inability to work at pressures much
ahove atmospheric.

The design of an integrated sensor is hased
on the fact that the thermal conductivity and
the convective heat transfer coefficient of a
gas vary with its pressure. In other words a
hot object will lose heat faster when the
pressure of gas around it is higher.

Huang and Tong have got round the
prodlem of many earlier integrated sensors
by designing a system that works at a
constant temperature. The schematic s
shown below:-

Temperature - Heating
sensor 5 element

H L]

' Thermal feedbacx ¢

N o o o= om o = = - o

via suhstrate

Regardless of how much heat is lost from the
unit, its temperature is kept constant by
means of the negative-feedback loop. All that
varies as the ambient gas pressure varies is
the total amount of power consumed by the
heating element. Measurements of the cur-
rent consumed by the device are then simply
translated into pressure readings.

The situation is actually a bit more com-
plicated in practice because the thermal
conductivity of a gas isn't directly prop-
ortional to pressure at very low pressures.
Under these conditions convection comes to
the rescue, though only if the temperature of
the sensor remains constant. Huang’s and
Tong’s elegant demonstration of this forms
the theoretical basis for what promises to
become a useful commercial device.

Fabricated using conventional c¢-mos
technology, their prototype sensor measures
1.62x%2.02mm and is mounted with an
insulating layer between the chip itself and
the package to reduce thermal response
time.

Results appear entirely satisfactory in
practice, with none of the defects noted in
earlier experimental integrated vacuum sen-
SOTS.
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Single-chip engine for
document compression

As the paperless office becomes a reality, the time taken to
store and retrieve documents containing both text and
images becomes more critical. AMD has developed a
single-chip compression and expansion engine capable of
processing an A4 size document in human reaction times.
This allows the storage of information on disc in
compressed form and almost instant display of the

robably the first major application of
Pdocumenl compression and expansion

occurred as a result of the need to
transmit documents as rapidly as possible
using the limited bandwidth available on
conventional telephone lines. Fax transmis
sion uses a data compression ratio of as
much as 50 to 1. Since the compression and
expansion algorithms employed are a well
defined global standard. it seems sensible to
consider them for other applications.

A document for faxing is first scanned and
digitised: each pixel converted to a hinary
one to represent a black dot or binary zero to
represent a white dot. The resultant “bit
mapped” image is then compressed and
subsequently transmitted over the dial up
telephone line using a modem (usually V29
at 9600b/s). At the receiver the data is then
expanded to reproduce the original docu
ment which is then printed out.

TOO MUCH DATA!

The need for compression becomes clear
when a simple calculation is performed to
determine the amount of data needed o
represent a single A4 page of text and/or
images at a resolution of 400DPI (dots per
inch). If a single binary bit is used to
represent each pixel then the total amount of
data needed to define the whole page would
be 400 x 400 x 8.25 x 11.25, about 1.8MB
or five floppy disks worth! This is clearly not
a practical proposition for either facsimile
transmission or document storage and re
trieval systems.
THE NEED FOR SPELED

In a simple tacsimile application, the max
imum rate at which a document can be
transmitted is limited by the actual speed of
the transmission system rather than the
time it takes to compress or expand a
document. The V29 standard used for fax
modems operates at 9600b/s so there is little
point in having a much faster compression
and expansion engine in this simple applica-
tion.

The need for very high speed comes about
in more complex document storage and

document on demand.

NICK WILSON

Intelligent Copier/Printer/Fax
multi-function systems
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retrieval systems or multi-function copier/
fax/electronic document processing sys-
tems. The ability to access a document
stored on disk in compressed form. repro-
ducing it on a display unit (in expanded
form) in normal human reaction times,
requires a very high throughput from the
expansion processor. Such a facility would
allow document browsing without the need
for large. expensive buffer memory and
make the resulting system more useful.

BETTER. FASTER, CHEAPER, MORE
RELIABLE

in a photocopier application. a high speed
compression and expansion engine would
give rise to a number of substantial benefits.
Firstly it minimises the buffer memory
between the scanner input reader and the
laser printre output device. Secondly it
offers the ability to accept input from the
scanner and compress the data in real time
without the need for a large. bit mapped

buffer memory between scanner and system

The same benefit and system cost reduc
tion results from the ability to expand stored
images directly to the printer in real time.
thus eliminating large image buffer memory
normally required between printer and
system.

A further major benefit in the copier
application occurs when multiple copies of a
document are required. A conventional
machine has to re-scan the input document
for each copy that is required. This itself is
slow but when a document consisting of a
number of pages needs to be copied the
problem becomes more complex.

In a conventional system the automatic
collating facility utilises intricate and expen
sive mechanical systems that are both bulky
and unreliable. With a VCEP (video
compression/expansion processor) incorpo-
rated into the copier. multiple documents
can be scanned and stored in compressed
form within the copier. They may then be
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printed out many times in a predetermined
order without mechanical sorting and with
only a single input scan of each page for
reproduction.

DOCUMENT BROWSING -

In a document storage and retrieval system
where many documents are compressed
on‘o a mass storage device such as an optical
disc. the need to be able to access quickly and
display documents to screen for selection
purposes is a necessary requirement. Display
of 1 document on screen at the touch of akey
requires significant system performance:
throughput of the expansion engine to dis-
play a 300DPL A4 document in 200ms re-
quires around 45Mb/s.

_C()MPRESSI()N AND EXPANSION
ALGORITHMS

Compression is achieved by recognising that
most typical documents contain long runs of
white pixels then a short burst of black
pixels. Quite often the difference between
ad acent lines is also minimal. The two basic
coding schemes in wide usage today make
use of one or both of these observations to
compress the amount of information needed
torepresent a typical document.

1D Encoding. The first method of com-
pression, known as 11 since it operates on
each single scan line independently. is based
on modified Huffman run length encoding.
Here, instead of transmitting each pixel on a
line as a logical 1 or 0, a code is transmitted
describing the number of black or white
pixels in each group on that line. Hence a
campletely blank line of an A4 page consist-
ing of 3300 pixels would be transmitted as a
number sayving that there are 3300 white
pixels on this particular scan line, a con-
siderable saving in data.

The actual code transmitted is not a direct
number representing the number of pixels
in each run length. Instead the codes are
designed such that the most common run
length of black dots or white dots are given
the shortest codes to represent them. This
technique makes the compression algor-
ithm even more efficient.

The codes are chosen based on the run
length histogram shown. Here it can be seen
that on a typical “average” document there
are a lot of short runs of black pixels and not
many long runs. White runs are more evenly
distributed. There tend to be more long
white runs than long black runs. Hence the
codes chosen to represent short black runs
should be small and those chosen to repre-
sent long white runs should be small. We can
afford to allow long black runs to have longer
codes because they do not occur very often.

This predictive approach works very well
as tong as documents are “typical”. The
actual compression ratio achieved will de-
pend upon the content of the document. A
check ensures that the compressed form is
never actually longer than the raw data. This
could happen if one tried to compress a pixel
chiecker board pattern. The CCITT publishes
cight test documents based on typical types
ob letters, images and drawings. These are
used to evaluate the efficiency of the com-
pression algorithm and its throughput.
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2D Encoding: This method transmits the
difference between the current scan line and
the previous scan line on a line by line basis.
It assumes an imaginary first line compris-
ing of all white pixels and compares the first
scan line to this. The difference between the
two lines is transmitted. Although efficient.
any errors made in the document will
corrupt the entire page from the point at
which the error was made.

In traditional analogue transmission over
conventional telephone lines this would be
unacceptable. Pure 2D encoding is only used
in error {ree environments such as is offered
by digital transmission systems (CCITT
Group 4).

Current fax machines use a combination
of 1D and 2D encoding over the existing
telephone network. CCITT Group 3 encod-
ing defines that the first line is encoded
using modified Huffman run length techni-
ques and that the next n-1lines are transmit-
ted using the 2D encoding method. The
value n-1 is known as the k parameter and
effectively determines the maximum num-
ber of scan lines that can be corrupted if an
error occurs. For digital transmission sys-
tems k can be infinity.

The VCEP supports the Maodified Huffman
(MH). Modified Read (MR) and Modified-
Modified Read (MMR) coding schemes used
by the CCITT Group 3 and Group 4 stan-
dards. The MMR is pure 2D encoding and
offers the highest compression ratio. The
extent of data compression provided by
Group 3 or Group 4 compression technigues
depends on the specific data patterns con-
lained in the image. A typical black and
white document will yield a compression
ratio between 5:1 and 50:1.

The multi-function desktop system allows
document copving. storage. relrieval. docu
ment manipulation. FAX, and printing. The
VCEP uses the standard CCITT group 3 or
group 4 compression/expansion standards
used in every ordinary FAX machine allow-
ing communication with existing equip-
ment.

THEVCEP
The VCEP from AMD does its jobs quickly;
using the standard set of eight documents
defined by the CCITT to quantity through
put. it processes a data stream of 60Mb/s.
The performance is achieved by exploiting
similar techniques to the earlier processing
engine, the Am7971. This part is still avail
able for the less demanding application of
the simple FAX machine. The VCEP is
fabricated in c-mos and particular attention
has been paid to hand tuning the actual
layout of the silicon.

PATTERN RECOGNITION IS THE KEY

The device works by recognising patterns
rather than operating on a bit by bit hasis.
The pipelined internal architecture and the
use of an on chip reference line buffer allows
the 2D encoding process to operate on a
word at a time basis. The current line and
stored previous (reference) line are com
pared on a 16 bit werd basis in a single clock
cycle; this allows a bit throughput rate
effectively higher than the clock rate.
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The reference line buffer is 6911 bits in
length. more than enough to store a com-
plete line of a normal size documenit even if
scannedwith a resolution of 400DPI.

For large drawings the standardised tech-
nique of tiling is exploited. Here the drawing
is processed in smaller “tiles” of 512 x 512
pixels to make the information more man
ageable. Each “tile” is simply treated as if it
were a separate document.

~ DUALPORTS

In a typical system the VCEI’ allow« data to
be expanded from the CPU bus port and
output to the image bus port. Data to be
compressed is taken from the image bus port
and output to the CPU bus port. Internal
design flexibility even allows data to be
compressed or expanded with the source and
destination port being the same. ie com-
pressed or expanded data can be output to
the CPU port.

I'he use of on chip 16 word fifo and a dual
16-bit port structure minimises the over-

head on the CPU and even allows a “transpa-
rent mode” “emoving the need for extra bus
control logic and butfers if a straight
through path is required. For maximum
throughput a dual bus system should be
employed with expanded image cata appear-
ing only on “he image bus side cf the VCEP
and compressed data only on the CPU side.

The VCEF performs the expansion and
compression process using dedicated digital
processing techniques. This means that the
svstem software does not have lo implement
the algorithm. a process that is slow even
when run on the fastest processors available.
A typical sottware expander rurning on a
desk top PC-AT takes well over 90s to
retrieve a screen full of information during
which time no other tasks may be per-
formed. The VCEP unburdens the system
processor fram this time consuming task as
well as drast cally reducing the cverall task
run time.

Nick Wilson is an AMD application engineer
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he same
benefit and system
cost reduction
results from the
ability to expand
stored images
directly to the
printer in real
time,
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High-quality
unity-gain buffer

Measurements on this unity-gain buffer
show a 300V/ps slew rate, 60€) output
impedance and 0,02% distortion at 1kHz
with a 1 pk-pk signal and Tk load. [t is
suitable for driving capactive loads like long
cables and tone controls.

In performance terms, the circuit is simi-
lar to an op-amp connected as a voltage
follower, but having no overall feedback it is
less affected by instability and transient
intermodulation distortion.

Operation of the cireuit is simple. The
input stage is a cascode built around Try
which, loaded by current source Tr, drives a
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complementary output stage. Try 5. Two leds
form 1.6V references. In low-cost applica
tions. current source Tr; can be replaced by
the simpler inset circuit.

Compared with an op-amp design, the
only real trade-off is d.c. offset at the output,

which results in the requirement of an
output decoupling capacitor; the input capa-
citor can be omitted.

Paolo Palazzi

Cervignano

[taly

Improved peak
detector

Conventional peak detectors provide a sim-
ple means of measuring the level of a.c.
signals and have the advantage of very wide
bandwidth. There are however occasions
when there is an uneasy compromize be-
tween output ripple and discharge time.
This idea improves the situation. The first
detector, DRy, develops a voltage that

C R Output

I

C=100n R=390k

02

Ry .I. C; Output

[1=t2=100n RT:RI: L3k
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opposes the discharge of the main detector,
1,.R..Coor allowing time constants to be
shortened. Component values shown are for
detectors working at 1kt lz, having an output
ripple equal to one per cent of the input
signal amplitude. Discharge times of simple
and improved detectors were 39 and 13ms
respectively (measured as a time-constant).
Further stages could be added. and it may
be convenient to model the circuit as an RC
filter in which the diodes set the initial
conditions, i.e. the capacitor voltages. More
generally there may be useful configurations
based on filters with complex poles in their
transfer functions, be they realised with
inductors or gain blocks. The diodes woud
still charge the capacitive elements,
TN Wells
St Albans
Hertfordshire

VMEDbus i/o

Readily available 1MHz peripheral i.cs make
an economical VMEbus i/o intertace provid-
ing two serial ports and 20 parallel lines.

Decoding of the upper 16 address bits,
carried out by IC, .. produces master select
signal saskr which locates the board on any
convenient 256byte boundary via dil switch-
(TS

Initially, JK bistable devices [Cy,, are

cleared. causing the o output of ICy;, to go
high. This sets latches 1C, 5 to their transpa-
rent mode. At the start of a peripheral access,
latch [Cy will be enabled if the access is a
VMEbus write. If the access is a read, 1€,
goes to its high-impedance state and IC5 is
enabled. On the first falling edge of E,
histable device [C,, is clocked high provided
that sk and bsy are asserted.

Output Q of [Cy, is gated with the ¢ output
of [Cq and then inverted to produce valid
memory address signal vsy for 3-to-8-line
decoder [Cy,,. Selecting the peripherals at
this point ensures adequate address set-up
time.

On the next talling edge of E, the ¢ output
of ICy, is clocked low, asserting nrick and
holding data in the enabled latch, Output o
of IC;, also serves to deselect the peripherals
by causing the VMA signal to go low. Bistable
device 1Cq, is also cleared when the access
terminates and the interface circuit is in-
itialized for the next access.

Expansion for other peripherals is easily
accomplished by using the spare select sig-
nals available at the 3-to-8-line decoder IC,,.
To expand the circuit to 16 bits is possible by
replicating latches [Cy 5 although if only
eight-bit accesses are required, it may be
advisable to disconnect vs, from [C 4, and tie
pin 1 high.

L. Smith and F. Kelly
Computing Science Department
University of Stirling

ELECTRONICS & WIRELESS WORLD  February 1989



'|_

— CIRCUITID

PATA .

oxy
oxi
Oq1x

HWZETEL _mmw_
11X

05y

Loy

0s)

)

E
L

135 0gg

Sl
U

SZ-8l

€15y

VWA /]

«—d 6 9

NJou

104335002 Of |

axy
axlt ——
011X
< ; 9l
THWZET8 L == WOL 2 _mmw_ m
[Lllln b1 6 e #via -
bvg —e—0sy t i it "
lyg —e—— isy o »
- - €718 59 1353
€vg 71052 L 2 =
Nuw|m .|ml —mu N_,.m— 916l .
- ; a8 ..%2.; v
71’ z-81 e
N3
A X
Ll
g NI 30 .
T T b
1
& [z
712 wy [@ ey [Z 7s] e fer g
S1L Zus1iL 9671 el
€l l 96’
21 o s'91 61 4 o L
U S € 8L ) iy
N ) T
0] _9 AL1EM
= iU
: a " S0 gy
Q7,18 € N . = i @m@ v
. 3 2HWL . Y
R Bly
e :
poa— a9
o 1 Wy 0€-12y
L)
235 9 L9
s St £l Slyg\ S9 sk
RS
=2 i = 15
I8
i 0€-€24
: 12625752 fLvsL  8-Sky
ﬂl oy JECLE
A — 91’7
= )
9Z-€€ o e -
Ilyg N
GE-8¢ —1=
i 91-€2 s
= LUSE ~€ly
o T8
LSE 9'7'L
ol

121

ELECTRONICS & WIRELESS WORLD

February 1989



"CIRCUIT IDEAS

More convenience for
hard of hearing

Many hearing aids are now fitted with an
inductive coupler selected by moving the
aid’s switch to its “T  position. Such couplers
are intended for adapted telephones and loop
systems fitted in public buildings.

A personal loop. which is very easy to
make. enables people with impaired hearing
to listen to television programmes without
disturbing other members of the household.
The television needs a headphone socket: the
personal loop either plugs directly into the
socket or is connected via a small matching
amplifier.

Lighting flex or speaker wire can be used
for the loop which. being worn around the
neck. should be large enough to be comfort
ahle: a cloth covering increases comfort.
Sadly. low-frequency response is often poor
due to limitations of the hearing aids.

David Taylor Check that the tv's output
Sheffield is suitable for low-
Yorkshire impedance loads — Ed.
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Interrupting
input latch

\Where processing time is at a premium,
replacing an i/o polling system with
interrupt-driven ports can give a great sav-
ing. I made this interrupt latch for my
6809-based robot-arm controller. but it
should be suitable for many 6800-systems.
On reset. the comparator's A=B output
goes high. causing disabling of kg and
transparency of the latch. When input data
changes. the comparator's A=B output goes
low. interrupting the processor and transfer-
ring input data to the data bus. Since the

latch input and output lines are now the
same. Ikq returns high. The processor
resumes its task once the data has been read.
Input signals must remain in the same
state long enough to allow time for the
microprocessor to execute the interrupt
routine and read valid data. | found that
opto-isolators at the inputs provided not
only galvanic isolation. but also efticient
low-passfiltering.
Dominic Bergogne. CUST Genie Electrigue,
Clermont-Ferrand, France

NEXT MONTH

Miniature HF TX aerial. The search for a truly
compact yet efficient HF transmitting aerial
has become something of a Holy Grail among
the RF fraternity. We present a gen-
uinely new design arrived at through a reverse
look at the original Maxwell wave equations.
Imagine this: an aerial structure (it doesn't
look like one) with dimensions of A/200 with
an effective bandwidth of 30 per cent of
operating frequency but with efficiency com-
parable to high current loops.

Developing an industrial imaging system.
Area scan imaging enables a computer to keep
a cold. calculating eye on an external situation
using little more than a monochrome TV
camera, PC computer plus interface board and
software, This is how it s done.

ELECTRONICS
& WIRELESS WORLD

New theory
produces
miniature H
TXavriat

Developing an
Industrial
imaging svster

Low tempevature
Gals

MM
Communications

ELECTRONICS & WIRELESS WORLD

Low temperature GaAs. Gallium Arsenide has
an inherent electron mobility of around six
times that of silicon. It works well at room
temperature but cryogenic cooled micro
structures are showing some startling charac-
teristics.

Working with the PC: A special feature on the
computer architecture used by more than 60
per cent of professional engineers covers hard
disk development, local area networks and
hooking up to the outside world.

In depth: Data communications. Packet
switching for static data links. RS232 ex-
plained, computers and the public switched
network and training for the new boom time
in data comms.
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Feedback and fets in audio
power amplifiers

Negative feedback and power mosfets alike represent steps
forward in audio amplifier design but neither, nor indeed both
of them together, provide all the answers. Ivor Brown takes a
sober look at the current state and outlines a design resulting

feedback as a technique used in the

design of audio power amrlifiers has
undergone a radical change. Twenty years
ago it was common to see advertisements for
amplifiers that proudly proclaimed the large
amounts of negative feedback incorporated
in the design. Today it is generally accepted
that feedback can cause some very undesir
able effects in an amplifier and it must be
applied with care and caution.

Bandwidth restriction of the basic ampli-
fier, necessary to ensure that the system is
stable when feedback is applied, causes most
of the problems. In most current designs the
amount of negative feedback applied is
strictly limited to avoid too great a band:
width restriction.

Power mosfets are capable of better high-
frequency performance than bipolar devices.
and their use enables a fresh evaluation of
negative feedback techniques to be made.
Some device manufacturers seem to regard
the mosfet as the solution to most of the
difficulties encountered in audio amplifier
design. However, this is not the case and
they need to be used so as to maximize their
advantages and minimize their disadvan-
tages. Providing this is done, high-
performance designs that use substantial
amounts of feedback are possible.

In recent years the regard of negative

POWER MOSFETS
Features of mosfets as they affect audio
power amplifier design are as follows.

Power mosfets exhibit a more gradual
turn-on characteristic than bipolar devices.
This is their most important advantage. In
class-B designs the circuit is split into two
halves with one half handling the positive
part of the waveform, and the other the
negative. Transfer of the signal from one half
of the circuit to the other has to be very well
controlled; othenwise, there will be signifi-
cant cross-over distortion.

Cross-over distortion generates many odd
harmonics of the input signal. To smooth
out the transfer and minimize this distor-
tion, the output devices pass a small quies-
cent current and so operate in class AB
even so. the abrupt turn-on characteristic of
bipolars makes them pretty good harmonic
generators.

from his research.

[VORJ.A. BROWN

Displaying the output from some designs
on a spectrum analyser, with an input
sinusoid of say 200Hz, reveals that all the
odd harmonics are present to frequencies
above the audible limit. The display shows
the near-equal-amplitude odd-harmonic
components standing like a row of soldiers.
Each component may be much less than
0.1% of the fundamental but there is a lot of
them. Field-effect transistors handle the
cross-over region more gently and the am-
plitudes of the harmonics that are generated
fall more rapidly with increasing frequency.

Field-effect transistors are unipolar de-
vices. that is the conduction process involves
only one kind of charge carrier, and so they
have the potential for a better high-

_+ve. supply

Current
sou

Biasing
network

Input { i;

-ve supply

Fig. 1. With this configuration, maximum
output power is severely restricted due to
the fet's high gate-to-source voltage.

frequency performance than bipolar devices.
This is their second most important advan-
tage which should be exploited when using
them in amplifer designs. There are, how-
ever, appreciable capacitances between the
terminals of power fets, as relatively large
areas of silicon have to be used to obtain a
high power rating. The various patented
manufacturing techniques are mainly con-
cerned with reducing the capacitances while
keeping a satisfactory power handling capa-
bility. To obtain the improved high-
frequency performance, fets must be driven
from low-impedance sources.

At the same collector or drain current the
mutual conductance of a bipolar is much
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higher than that of a fet. Figure 1 shows in
outline the type of circuit in which fets are
frequently employed, with a class-A driver
feeding complementary source followers.
Mutual conductance of the output devices
determines the output impedance of the
amplifier in the ahsence of overall negative
feedback.

in hipolar devices and fets the mutual
conductance rises with increasing current
and the output impedance falls. 1t is desir-
able that the output stage itself has a low
output impedance so that the circuit does
not have to rely on overall negative feedback,
or snme other technigue, to provide damp-
ing for the loudspeaker. In general. fet power
stages operate at higher quiescent currents
than bipolar designs, but even then the
output impedance will be appreciably
greater.

Field-effect transistors require a larger
driving voltage than bipolars which can lead
to design complexity. Base-emitter voltage
of a bipolar when the collector current is an
ampeére or sowill be about one volt. while the
gate-source voltage of a fet may approach ten
volts. In the circuit outlined in Fig. 1. this
can severely restrict the maximum power
output that can be obtained from given DC
supply rails, and so make the design less
efficcent than an equivalent bipolar one.
Some circuits in the fet manufacturer's
applcation notes include additional higher
voltage rails for the driver stages to over-
come this disadvantage.

Because field-effect transistors have a
negative temperature coefficient, they do
not exhibit thermal runaway. This statement
is true but needs qualifying. The desirable
negative coefficient is present only at high
drain currents; say over a few hundred
milliamps. Under quiescent conditions,
when an appreciably lower drain current is
likelv, the coefficient is positive and thermal
stability can be a problem just as in bipolar
designs.

Input current of fets is zero so they have
infinite power gain. This is correct, but of
limited significance. As Fig. 1 shows, fets can
be driven directly by a low-level class-A
stage. but as already mentioned this simple
approach incurs some penalties. Note that
the fets are not driven from a low-impedance
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source. Bipolar devices have to be cascaded
to make output circuits with sufficient gain
so that they can be driven from a low-level
stage.

Unlike bipolar devices, field-effect transis-
tors do not suffer from secondary break-
down. This undesirable feature has been
successfully overcome in the design of mil-
lions of bipolar amplifiers, so it is hardly a
significant advantage for the fet.

Field-effect transistors may be considered
to be more expensive than bipolar equiva-
lents. If you are comparing the cheapest of
each type this is correct, but not correct if
the bipolar devices are high-frequency types.
The extra cost of using fets will hardly be
significant in the context of the total cost of
an amplifier.

As you see, fets are indeed a mixed bag of
advantages and disadvantages. Circuits of
the type so far considered hardly make the
most of the former while not minimizing the
effects of the latter. Later | will describe a
circuit arrangement that makes better use of
fets, but first | will consider some of the
features of negative feedback and other
linearizing techniques.

FEEDBACK AND OTHER TECHNIQUES

Electronic devices are not perfect and for
high-quality audio applications some
method has to be employed to make an
amplifier work in a highly linear manner.
Discovery of negative feedback before the
last war could be said to have initiated the
interest in, and made possible the construc-
tion of, high-quality audio systems.

Ys 4N Vin Amphi‘ner‘,ot Yout
gain A:W
v§ Attenuctot;l
an B =
¢ B Yout
L
System gain = %:i = (1f\A :

Fig. 2. Negative feedback reduces dis-
tortion by 1+A, and it has many other
advantages, but it is not a cure-all. It
does not reduce distortion produced in
the subtraction process, and it can
decrease stability.

In Fig. 2, a fraction of the output signal is
fed back and substracted from the source
signal. It can be shown that the gain and the
non-linearity of the system will be reduced
by the same amount. A low-distortion
preamplifier can be used to make up the loss
in gain, leaving the overall benefit of im-
proved linearity. Feedback will not reduce
distortion generated in the subtraction pro-
cess, so this must be done very accurately.
When correctly applied. negative feedback
will lower the output impedance of the
system, making it more suitable for driving
loudspeakers.

Due to phase shifts occurring at hign
frequencies, returning some of the output of
an amplifier to its input can make it oscil-
late. To ensure stability, the bandwidth ot
the basic amplifier has to be restricted so
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that the gain within the feedback loop falls
gradually with increasing frequency. If
appreciable feedback is applied the fall-off
may have to start from a frequency well
below the upper audio limit. (The loop gain
has to fall to below unity before the active
device frequency limitations, with their
attendant phase shifts, become significant.)
This decreasing gain is accompanied by a
phase lag of the output signal compared to
the input.

When there is sufficient feedback to
achieve large reductions in gain and distor-
tion the source and feedback signals should
be virtually the same. leaving only a small
difference signal when they are subtracted.
This condition will not be obtained with
signals which include high-frequency com-
ponents, such as fast transients, due to the
reduction in amplitude and the delay of the
feedback signal. A large momentary signal
will result which may cause transient distor-
tion in the amplifier.

Current designs tend to incorporate the
minimal amount of overall feedback consis-
tent with obtaining acceptable benefit from
the feedback without causing serious tran-
sient problems. Feedback can be applied
round individual stages without these diffi-
culties. The amount of gain inside the
feedback loop is limited so there may be no
need to restrict the frequency response, but
the linearizing benefit of the feedback will
also be limited.

To obtain good results, a careful optimiza-
tion of the basic amplifier design will be
necessary and perhaps fairly complex cir-

to handle small signals it is assumed that it
introduces negligible distortion. Its output
is added to the main amplifier's, output,
thereby cancelling all the distortion pro-
ducts from the final output waveform. As
there is no feedback in this system it cannot
oscillate and hence no limitation of band-
width is necessary. However, addition of the
inverted error signal to the output of the
main amplifier is not that easy to arrange.

Current dumping is another approach. It
is a mixture of feedforward and feedback
with the output transistors included in a
halanced bridge arrangement. Linearity of
the whole circuit is controlled by a small
class-A amplifier in the bridge, leaving the
output transistors to just dump a large
current into the load **

These alternative techniques may seem
attractive. but do not overlook that they
depend on the accurate balancing of gains in
different parts of the circuit. This balance
must hold for the whole range of audio
frequencies and beyond if it is to cancel the
effects of all the distortion mechanisms.
While these alternative circuits are capable
of good performance and appear to solve
many of the problems encountered with
feedback they do create some of their own.
As far as | know, they are not found in
‘economical’ designs.

I will look again at negative feedback to
see how it compares with the other techni-
ques. It does not completely remove the
effects of non-linearities; it can however
reduce them to negligible proportions. It
does not rely on parts of the circuit being in

-vd
i N Accurate
amplifier

gain A

Attenuator

1
/ gain —

Main amplifier
> gain A

Vin

AVin

+
e
Avin*® vg Nt

Fig. 3. Feed-forward amplifiers are inherently stable, so they do not need bandwidth
limiting. But addition of the inverted error signal to the output of the main amplifier

is noteasy to arrange.

cuits will have to be used. For more details
on feedback and its associated stability prob-
lems. refer to standard electronics text books
such as those mentioned in Refs 1-3.

There are other techniques that can be
employed to linearize amplifiers. such as
feedforward, Fig. 3. Here a fraction of the
output is compared to the input. The frac-
tion is set to equal the inverse of the forward
gain of the main amplifier, so that if there is
no distortion the two signals that are com-
pared will be identical.

In practice the difference between the
signals is an attenuated and inverted repre-
sentation of the distortion produced in the
main amplifier and should be small. This
signal is then passed to an accurate second-
ary amplifier whose gain is equal to that of
the mainamplifier. As this amplifier has only

balance, but only on there being sufficient
forward gain in the basic amplifier to obtain
the desired reduction of distortion.

If a distortion mechanism, such as cross-
over mismatch, causes the forward gain to
momentarily fall to a low figure, negative
feedback can do little to improve matters: so
the use of feedback does not remove the need
for good circuit design. In general, feedback
will reduce the amplitude of small low-order
harmonic products quite successfully. but as
mentioned earlier, if an amplifier produces
high-order components the application of
feedback can result in most of the remaining
distortion energy being in even higher-order
components.

Most problems encountered with feed-
back are due to the restricted bandwidth of
bipolar output stages requiring an earlier
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stage to have an even more restricted band
width to keep the system stable. Output
circuits incorporating fets can have wider
bandwidths so that the roll-off of the earlier
stage can be above the audio range, and the
benefits of feedback will now be present for
all audio frequencies. The other advantage is
that fets produce few high-order harmonic
components. Provided that the input signal
is limited to the audio range. there will be no
problems with transient signals, since there
will be negligible high-frequency attenua-
tion and delay of the feedback signal.

PROTOTYPE DESIGN

A neat design, which formed the basis of a
number of amplifier kits, was published in
1970 by Texas Instruments®. In essence Lhe
circuit is a bipolar class-AB output arrange-
ment. It has voltage as well as current gain
and is driven by an operational-amplifier
integrated circuit with stabilized low voltage
supply rails.

As the gain of the op-amp has to be
rolled-off from a low audio frequency to
maintain stability, the design does not
accord with present-day thinking. However.
the extension of the idea to a small-signal.
very linear, wideband amplifier taking con-
trol, via an overall negative feedback loop. of
an even wider bandwidth output arrange-
ment. is attractive and acceptable.

Provided the output stages do not intro-
duce too much distortion, sufficient overall
feedback can be employed to effectively
linearize the complete system without en-
countering transient problems. With fets in

the output stage and the small-signal ampli-
fier constructed from discrefe components
this can be achieved. very much along the
lines of the Texas circuit. This arrangement
exploits the advantages of using fets in audio
power amplifiers.

Figure 4 is an outline of the circuit. The
four-fet output circuit is operated from
positive and negative rails of about 30V.
Local negative feedback is applied by R3 and
R,. Approximate performance figures for the
output circuit alone, loaded by an 82 resis-
tor but with no overall feedback, are:

Maximum output power — 30W
Voltage gain 18dB
Distortion components less than 1%
(mainly
low-order
harmonics)
Bandwidth 3MHz
Output impedance 1Qfrom0to
over 100kiiz
Total yuiescent current 80mA

The fact that the power devices require a few
volts to drive them means that the low-
power fets operate at a direct drain current of
about 8mA with 500¢) drain resistors. and
that they work in class A over most of the
output range of the amplifier. At such
currents, fets have a square-law relationship
between their drain current and gate-source
voltage.

This non-linearity gives rise to only the
second harmonic, so from the distortion
point of view it is not serious. It does mean,
however, that dissipation in these devices
goes up with the level of drive. The trouble is
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Fig. 4. Prototype audio power amplifier.
Driving the fet output stage is an op-amp. It
is built using emitter-coupled bipolar de-
vices to provide good signal-differencing
performance.

“Power mosfets are
capable of better
high-frequency
performance than
bivolar devices, and
their use enables a
fresh evaluation of
negative-feedback
techniques tobe

made”
Y W AR T
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not that they are in danger of being des-
troyed but, having a positive temperature
coefficient at low currents, their drain cur-
rent will increase. This change will be
amplified by the power fets, resulting in a
large increase in the quiescent current of the
whole output circuit.

The solution is to attach the driver fets
and the temperature compensating network
between their gates to a small heat sink.
Only a very small amount of heat is gener-
ated, so thermal tracking of the devices is
not very important: the sink effectively
serves to keep them all at ambient tempera-
ture. Use of two cascaded stages with local
negative feedback solves the problem of
obtaining a low output impedance from
devices with low mutual conductances. Max-
imum output swing is limited only by the
drain-source saturation voltage of the high
power fets.

Discrete transistors are used for the small
signal amplifier. which is in effect an op-
amp. It is composed of emitter-coupled
stages. which are necessary to obtain a good
signal-differencing performance, with a
complementary class-A output stage. The
output stage provides the low impedance
necessary for driving the fets to obtain awide
bandwidth. Its DC supplies are fully stabil-
ized by integrated-circuit regulators. Low
frequency voltage gain is approximately
2000,

Two networks are included in the differen-
tial stages to gradually roll-off the response
of the amplifier from about 20kHz. These
compensating networks cause the high-
frequency response to “ripple” down at an
average slope of about 9dB/octave’. This is
half way between the first-order slope of
6dB/octave, as used in compensated op-amp
integrated circuits. and the second-order
slope of 12dB/octave which would cause
peaks in the overall response. Using this
technique the open-loop response is kept
sensibly flat throughout the audio range
while maintaining a good margin of sta-
bility.

Bandwidth of the input signal is restricted
by a passive input filter. Voltage gain of the
complete circuit at audio frequencies is set
to 100 by the overall feedback resistors R, ..
The capacitor in series with R, decreases the
gain at DC to unity. thereby accurately
defining the guiescent output voltage to be
very close to zero.

At all output levels up to overload. the
complete amplifier has a total harmonic
distortion less than 0.005%. This figure does
not rise at higher audio frequencies. Tran-
sient signals do not cause large error signals
to he present so transient distortions are not
a problem and the circuit is unconditionally
stable. The only adjustment necessary after
construction is to set the quiescent current
of the output circuit. Provided tone controls
are not required, all signal sources. except
for gramophone pick-ups. can be simply
connected to the amplifier via volume and
balance controls.

PROTOTYPE PERFORMANCE

My prototypes have been used as replace-
ments for some well reviewed economical
amplifiers in a number of audio systems. In
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BEHIND THE DESIGN

| am a lecturer in the Electrical and Electro-
nic Engineering Department at Brunel uni-
versity, Uxbridge, and | am responsible for
the final year Audio Systems Engineering
course which includes power-amplifier de-
sign. When power fets arrived on the scene |
wanted some experience of designing with
them. Another reason for starting this work
was to assess, in a real design situation, an
easy-to-use computer circuit-analysis pack-
age that we have in the undergraduate
laboratories at Brunel. It saved many hours
of work, and | doubt whether the project
would have been so successful, or success-
ful at all, without it. The early parts of this
article are a summary of the theoretical
work undertaken before starting the design
exercise,

My decision to write this article stems
from the favourable comments of those who
have heard the prototypes. With regard to
audio systems; beauty is in the ear of the
listener, and not in the eye of the engineer
looking at instruments in his laboratory. | am
not implying that measurements are not
important; a system that measures well may
audition well, but | doubt that good sound will
be obtained from one that produces poor
figures in the laboratory.

Bearing in mind this history, | make no
claims for my amplifier’s giving state-of-the-
art performance. It has not gone through an
optimization process to find the best type
and value for each critical component, nor
does it contain any special high-quality
items. In its present form it is relatively
cheap, and | believe that the favourable
comparisons that have been made with
other amplifiers are realistic, in that they
were between systems that should involve
similar manufacturing costs.

all cases a difference in the sound was
immediately apparent to all listeners with-
out any need for A/B comparisons.

The impression is one of greater clarity
with individual instruments standing out
more clearly separated from each other.
Transient sounds are sharper with a faster
attack. The location of sources in the stereo
sound stage is more precise. with each
source appearing to be smaller. Drums and
other bass instruments have more “punch”,
weight, and reality. All these effects can be
simply described as an improvement in
definition, with more "silence” between the
instruments.

If an amplifier produces many harmonics,
albeit all of small amplitude, from a simple
sinusoidal signal, imagine what will it do to
the complex waveforms found in a recording
of music involving perhaps symphony
orchestra, choir. and organ. There must be
thousands of spurious signals produced due
to the harmonic, intermodulation, and tran-
sient distortion mechanisms.

There cannot be too much correlation
between these spurious signals in the two
stereo channels, so there will be a“carpet” of
low-level sound. not directly related to the
main sounds in frequency or amplitude,

stretching between the loudspeakers. The
images of individual instruments are formed
above this “carpet”, which is likely to be
thicker near the real sound sources, so
forming a diffuse halo of sound round each
instrument. The amplifier described in this
article generates very few high-order distor-
tion and intermodulation products: hence
the enhanced clarity and localization of
sounds.

Transient non-linearities can be caused in
the output stages of amplifiers when large
low-frequency components in the signal
cause the unstabilized supply rail voltages to
vary. In the prototype design the signal
delivered to the output stages is tightly
controlled by the small-signal amplifier
throughout the audio range. Distortion
components generated in the output circuit
are effectively cancelled by the small-signal
amplifier supplying a waveform which in-
cludes matching inverted distortion compo-
nents.

| have checked this experimentally by
comparing the distortion products intro-
duced by the output stages on their own,
with those in the waveform appearing at the
output of the discrete op-amp. In the com-
plete amplifier the harmonic components.
as ohserved with a spectrum analyser, were
virtually identical in both cases.

SUGGESTION FOR DEVELOPMENT
It may be possible to devise better output
circuits that have lower inherent output
impedances and distortion figures and a
higher output-power capability. Setting-up
and thermal stability of the quiescent cur-
rent is an aspect that warrants attention:
perhaps a scheme can be found that removes
the need for any adjustments to be made
after construction. Use of a discrete compo-
nent op-amp as the low-level part of the
circuit does involve rather a lot of compo-
nents, albeit inexpensive ones, so another
avenue for research is to investigate simpler
circuits with the aim of achieving similar
results.

How far up the performance ladder this
design approach can be taken I do not know.
but it appears likely that some of the techni-
ques used in expensive designs, for example
very-high-current power supplies, may
prove unnecessary. With fets used to their
advantage. the performance-to-cost ratio of
quality power amplifiers may see a signifi-
cant improvement.
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RACHN

he flight simulator is a device for the
instruction and training of aircraft

crews. It allows them to carry out
operations which might, in a real aeroplane.
be dangerous to the aircraft and the crew.
The financial aspect is important. in that
there are considerable savings in flving time,
fuel and wear and tear: the use of revenue
earning aircraft for training is also reduced.
It has been estimated that the cost of
training using aircralt can be up to ten times
that of simulator training.

Modern simulators are already able to
satisfy the UK CAA's CAP453 requirements
and those of the US FAA Phase 11 and 111
~zero flight-time” specifications, which
means that a/l pilot conversion and regular
training can be carried out by simulator. no
real aircraft being involved at all.

Military aircraft crews are possibly in
grealer need of specialized simulator train-
ing. since the assortment of systems at their
disposal. particularly the lethal varietv. can
be difficult to deploy in peacetime. Full
mission training. tailored to fit specific
needs. is now In use.

THE BEGINNING

it the start of World War 11, a large number
of civilians who were formerly totally inno-
cent of anv involvement with flving were
suddenly required to take full responsibility
for expensive aeroplanes. The direct ances-
tors of modern simulator techniques can be
seen inanumber of electronic devices ol that
period. which used analogue methods of
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computation. The Link Trainer was one
such.

In 1950, Redifon (now Rediffusion
Simulation) built the first. fully electronic
flight simulator for commercial crews. bas-
ing it on the Boeing 377 Stratocruiser and
following it quickly with a Comet | machine

the first simulator for a jet airliner in the
world.

As civilian jets came into use. more data
was produced by the manufacturers which
could be used to improve the accuracy of
simulator performance. To use the data.
more powerful computers were needed and
real-time digital computing came irto
being, improving the fidelity of simulation
in motion modelling. control feedback and.
after atime. full visual simulation of the view
from the “office”. The computer makes
provision for an instructor to create tlight
plans before the “flight” hegins, including
malfunctions and adverse weather. the spe-
cified events and conditions occurring auto-
maticatlv.

Until recentlv. the Gould Concept 32.
32-hit mainframe was used for flight simula-
tion. but the provision of larger amounts of
performance data and the requirements ot
more demanding legislation have pushed
mainframe computing to the limit, so far as
simulation is concerned. The need to specify
simulators for many different requirements
and the need to provide for future expansion
have dictated the use of distributed, dedi
cated processors. Gould's SCI-Clone/32 dis-
tributed computer. which is used in the
Rediffusion Novoview system. employs the

architecture shown in Fig.l. As many com

puting nodes as may be needed are linked by
a reflective memory (the outer ring) and a
low-speed housekeeping link as the inner
ring. A dedicated node is used to operate the
system. Further nodes to provide more
channels of simulation may he added and the
simulator can he as simple or as complex as
required. from the type needed to simulate
small feeder-line tvpes to that for 747s. A
maxitum of 40 nodes is possible to provide
40 channels of simulation, nine being the
most used to date.

THE INSTRUCTOR

A recent facility. the touch-activated simula

tor control (TASC). has the effect of making
the simulator transparent to the instructor.
so that he can devote his time to instructing,
rather than operating the computer. Touch

screen controls avoid the use of kevhoards.
for example allowing the instructor to
“move’” weather conditions around at a
touch without searching for the relevant
kevs to press.

REALISM

Utmost fidelity to the experience of flving is
the aim in all simulators. Flight-induced
sensations involving sight. hearing and mo
tion are synthesized to the extent that there
1s virtually no discernible difterence hetween
flving the aeroplane and going absolutely
nowhere in a simulator. except that the
results of running out of airspace are a great
deal less dire.
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FLIGHT

SIMULATORS

The next time you climb abcard a 747, the pilot
might not have flown one before.
This article explains why.

The flight deck exactly duplicates that ol
the aircraft type being simulated and is fitted
with all controls and instruments. Forces fed
back to the controls from the control sur-
faces are simulated and the pilot receives
sounds relevant to that part of the flight
envelope. The visual svstem reproduces the
outside view and the whole thing is mounted
on a system of jacks to provide motion cues
to the pilot. All these processes are control
led by computer.

The flight dynamics software. which de
termines the reaction of the “aeroplane” to
the pilot's demands, is based on aerodyna
mic data obtained by the aircraft manufac
turer from wind-tunnel results and flight
testing. Other systems such as power plant.
autopilot. fuel management. electrics, hyd.
raulics. pneumatics. warning systems. radio
systems and navigation are all simulated

Sound. Sounds from the engines and other
systems are generated digitally and fed, via a
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number of channels, to many
loudspeakers around the flight
deck, so that the effect is that of
external sound.

Feel. Apart from the seat of his
pants, the pilot’s only contact
with the aeroplane are his flying
controls, The “feel” of the
controls conveys information
and is computed from static and
dvnamic forces on and move-
ment of the controls and control
surfaces 500 times in a second.
Qutputs from the control sur-
faces resulting from the pilot’s
demands are used to compute
the ensuing motion and scene
changes.

Motion. To provide a realistic sensation of
motion, the control-surface outputs give
information from which to calculate the
accelerations which would be experienced by
the crew. The motion system receives its
data from the flight dvnamics software and
calculates a new platform position every
2ms. The effect of all this is that the crew
receive the correct sensation of motion for
any manoeuvre being carried out - even that
of continuous, long-term acceleration as
experienced on a take-off run. In such a case,
the authentic “shove in the back™ is brought
about by tipping the whole machine back-
wards while maintaining the view from the
flight deck in the normal condition — all
under computer control.

The speed of computation means that the
svstem will respond accurately to the two
extremes of high onset acceleration and
low-speed washout. In other words, the
acceleration produced by the start of a
manoeuvre is reproduced, as is the gradual
reduction of the acceleration to correspond
with the aircraft’s approaching the attitude
demanded by the flving controls.

Visuals. Computer-generated image sys-
tems provide realistic visual simulation of
the outside scene under night and dusk
conditions, or full davlight VFR (visual flight
rules) conditions. The image presented to
the crew includes geometric transtorma-
tions. changing perspective, picture clip-
ping. shading due to ambient light and
differing aerial perspective and colour
changes with varying weather. "Fog™ is
reproduced at pixel level. rather than the
older method of lowering a “curtain™ of fog
over the scene. To impart a sensation of
speed when close to the ground. surfaces
carry texture (it is even possible to depict
bricks inwalls, with their changing apparent
sizes and perspective). It has been possible
for some time to produce texture on two-
dimensional objects, but the most recent
simulators are able to apply texture patterns
to any polygon, regardless of its orientation.
Databases. covering a volume of 400 nautical
miles up to 90 000 feet, represent real
airports of the world. cities and topographic-
al features under a range of weather condi-
tions. The databases provide for the simula-
tion of contaminated runways and docking.
The computer-generated image is display-
ed to the crew by either a monitor-hased
system or by projector. A monitor display
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Simulator by Rediffusion Simulation for
JAL, showing the curved, wrap-around
screen for the WIDE image display. The
jacks impart the motion sensation.

uses a CRT with collimating optics to make
the display appear to be at infinity. as in real
life. To create the necessary wide field of
view, up to six monitors are disposed around
the simulator, with adjacent views overlap-
ped to eliminate gaps and joins: an angular
coverage of 120° horizontally and 33° verti-
cally is thereby possible.

One disadvantage of the monitor-based
system is that different crew members see a
different view of the display, which becomes
distorted. For this reason, Rediffusion pro-
duced a visual system called WIDE, which is
short for “Wide-angle Infinity Display Equip-
ment”. It provides an uninterrupted field of
view of 150° and 40° and. because the system
is based on a wrap-around back projection,
the distortions which are associated with
monitors are eliminated. The whole flight
deck sees the same view.

WIDE uses three vector-type projectors,
mounted above the simulator, to throw the
image on to a parabolic back-projection
screen which the pilots view via a large-
diameter collimating mirror round the out-
side of the flight deck. A later version of
WIDE — WIDE I - uses five sealed Schmitt
projection tubes instead of three. an im-

The Rediffusion-Gould computer
architecture, which allows a modular
approach to the expansion of facilities. Up
to 40 nodes can be used.

Reflective memory

Housekeeptng link

proved design of tube with a
larger phosphor and a corrector
lens providing the increased
resolution and angular coverage
needed for helicopter training.
WIDE Il covers a horizontal
angle of 200° degrees to give a
view out of the side windows
and over the shoulder.

Particularly in military train-
ing, where high speeds are
involved., a very large field of
view and very high resolution
are needed to allow target
identification at a distance.
Using a larger display surface
with more computing power
would be one solution to the
problem, but might not be the most cost-
effective. Instead, the -~area-of-interest”
(AOD) type of display. where a small, high-
resolution sector is inserted into the lower-
resolution, wide-angle field, has been
adopted. The smaller area corresponds to the
pilot’s field of view, which is controlled by
the pilot’s head and eve movements, so that
the scene displaved tracks with the direction
inwhich the pilot is looking.

The earliest method of obtaining an AOI
display was to build a model of the terrain on
a large board and to point a CCTV camera at
it. A helmet-mounted projector had its field
of view centred on the pilot's head direction.
A light-valve projector, fitted in the cockpit
behind the pilot, projected an image via a
jointed optical relay assembly, which
allowed motion in the three axes. It was
fitted with angle sensors to provide head-
orientation angle information to drive the
camera over the model.

In the more recent designs, laser optics
allow the use of small-aperture optical sys-
tems necessary to produce high-density
head and eve-tracked scenes.

TRAINERS
Although simulation training can cost a
tenth of that using aircraft, it is still expen-
sive. In some circumstances, such as sys-
tems training, where the trainee must gain
familiarization with navigational, engine-
management and emergency procedures, a
great deal of time at a fairly low level of
complexity has to be spent and it is found
that full simulators with visuals and all the
other exotica cannot be justified. Instead, it
is common practice to use a small. desk-top
computer. loaded with simulation programs
for the refevant system, called a trainer. One
recent Rediffusion trainer for systems fami-
liarization on a 747 uses two screens, one of
which depicts the control panels and the
other a schematic of the system. which
changes in response to the trainee’s opera-
tion of the controls. A trainer of this type can
cut the costs of simulation by up to 30°.

This article is based on material supplied by
Rediftusion Simulation Limited
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Reeves in
equilibrium
| In your series Pioneers in your
September issue you covered the
lite and works of A.H. Reeves. |
| feel that his work in the “Equilib-
rium Principle” deserves a men-
tion, because it may well be yet
i another topic well ahead of its
time. The picture actually
showed a four digit companding
vibration equilibrium coder
made using tunnel diodes, and
behind it a mechanical model
| thereof, but there was no men-
tion of it in the text.
The best description of
‘equilibrium process as against
the more normal serial processes
we all know is as follows. If you
have a beaker of sand and you
have to level the sand in the
| beaker, you can use a pair of
tweezers and move each grain
until the surface is level. That is
the serial method. Alternatively
you can merely shake the beaker
until it is level. That is the
equilibrium process. it relies on
the fact that the force of gravity
causes the particles to level in
the manner you want by the
application of energy in the form
of shaking.
| When Mr Reeves developed
the equilibrium method of cod-
ing or analogue to digital conver-
sion, (as it is now known) tran-
sistors were just ceasing to be a
novelty and integrated circuits
unheard of. Therefore methods
of doing anything that mini-
mised the number of compo-
| nents and got high speed results
using low speed components
! were at a premium. He sought to
invent a circuit whose equilib-
rium condition gave the required
number or code for the given
input. Not content with a
straight digital to analogue con-
version, he also set out to make it
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| A basic dogma in twentieth cen-
tury physics dictates that for an
observer in the universe there is
nothing faster than the velocity
of light in vacuum, that light or
anything else can never overtake
light. These statements are fun-
damental assumptions of the
theory of relativity. Obviously,
they are unproved statements for
such a universal application.
However, any disbeliever could
never dare to express his doubts
and will immediately be consi-
dered a heretic or a science
ignorant person, perhaps a char-
latan. The theory of relativity is
more than a religion in the twen-
tieth century. Religions in the
twentieth century are diverted in
heresies. However, for the theory
of relativity there is no room for
| any heresy, no matter whether it
is based on unproved or totalized
statements. It is hard to believe
this fact, but it is true.

It comes without surprise to
find that the experiments of
Alexis Guy Obolensky and Harold
go unreported even though they
were conducted over 11 years.
Recently the Pappas-Obolensky
experiments demonstrated elec-
trical signal propagating in the
range of 2C and over 100C under
special conditions.

No theory is in hand to explain
these velocities. However. we

L

Maxwell was half right

may suggest that the Maxwell
theory for the propagation of
electric alternating to magnetic
disturbance, ie for the propaga-
tion of electromagnetic waves
correctly predicts a velocity C
relating to the ratio of electric
and magnetic parameters of the
medium. However, one can en-
ter a doubt that an electric signal
should always alternate with a
magnetic signal 100 per cent and
vice versa. It seems reasonable
that under certain conditions,
part of an electric signal or part
of a magnetic signal may pro-
pagate by its own disturbance
without alternating 100 per cent
with a complementary electric or
magnetic disturbance. In a such
a case the wvelocity of a such
disturbance may not be based on
C and not limited by C.

The weakness of the observed
superluminal signals and the
special conditions for their pro-
pagation supports the above
ideas. Therefore, research is
needed to investigate techniques
for effective transmission of un-
itary signals, to investigate opti-
mum media for their propaga-
tion.

If unitary waves exist, they are
certainly used by advanced civi-
lizations. Most likely, the de-
velopment of unitary waves by a
civilization is the minimum

qualification to join the next to
the human group of civiliza-
tions.

Recently, the Advanced Ener-
gy Research Institute, UK,
announced its decision to in-
vestigate and develope unitary
interactions with the contribu-
tion of the pioneer investigator
of Unitary interactions, Tech-
nithion Laboratories, USA and
its director Alexis Guy
Obolensky, as well as with the
recently joined member Profes-
sor Dr Panos T. Pappas. Let us
celebrate and hope for such in-
itiatives.

Professor P.T. Pappas

Joint author “36ns faster than
light”

If the Pappas-Obolensky observa-
tions result from singular elec-
trostatic or electromagnetic
components separated from a
standard Maxwell E-M wave,
then it should be relatively easy
to prove this. An electrostatic (or
magnetic) screen separating a
pulse excited aerial system from
its corresponding receiver will
always cause an echo detectable
at the receiver. This would pre-
sumably be caused by the taster
than light separated magnetic
(or electrostatic) component
arriving ahead of the main E-M
wave. The bulk of replies will be
published next month. — Editor.

compand. i.e. give a log law. This
improves the fidelity when sound
is encoded using only a few
digits.

The circuit whose photograph
you show used four tunnel
diodes. These were diodes that
change conductance depending
on the current flowing through

them. They were supplied with
different currents at which they
“triggered.” Four of them with
different triggering currents
were arranged in this circuit so
that they were triggered by an
input pulse whose amplitude was
modulated by the speech to be
encoded. If a particular diode

triggered feedback would reduce
the amplitude of this pulse, and
it was therefore a feature of the
circuit that there would be only
one equilibrium state with a
given input pulse and a specific
pattern of the four diodes that
could be triggered. A damped
sinewave was superimposed on
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the top of the pulse to “shake”
the circuit into its stable state.

A detailed mathematical work-
ing of the equilibrium method of
coding is given in Principles of
Pulse Code Modulation by K.W.
Cattermole, lliffe 1969, ISBN
592 023834 8, chapter 4 section
6.

Mr Reeves’ futuristic ideas
were sometimes tinged with an
“otherworldliness”, though. In
the early 1960s | suggested
(whilst a student doing summer
industry experience) that PCM
could be used to improve the
fidelity of tape recordings. He
replied that it would certainly
work, but there would be no
demand for it. One wonders what
sort of technology would have
emerged if he had taken it up,

and whether he could have
solved the problems of digital
audio using 1960s tape decks and
technology. [ would suspect that
if he had, we would have now got
something far simpler than the
expensive spinning head equip-
ment now on offer.

However the equilibrium
principle may well be applied to
other problems, and if it does
appear again in the fields of
artificial intelligence, pattern
recognition or neural networks
then due recognicance should be
given for Mr Reeves’ work with it
in the 1960s.

John de Rivaz

Truro

Cornwall
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3HP television

Mr. Atherton’s articles on
Pioneers are always of great in-
terest to me, particularly the
piece on Walter Bruch who, in-
cidentally, was born one year
after me!

In the early 50's when [ was
Vice-President of research and

development in the Freed Radio
Corporation, USA, | was a mem-
ber of the National Televisions
Systems Committee (NTSC)
which was based in Washington.
The advantage was that we could
visit most of the major com-
panies doing research on com-
patible colour television, and
naturally we were mmpressed
with the work done by RCA on
the shadow mask tube, although
the picture quality in those early
days was not very good but we
realised it needed development.
The initial decision didn’t go in
favour of the RCA system
however.

The picture shown by Dr Gold-
mark at CBS which used, I be-
lieve, a 14in tube with a colour
disk in front which was synchro-
nous with the colour signal.
Naturally the quality was very
good, as we knew only too well
because all those experiments
were carried out by my former
company, Scophony Limited, in
England many years before the
war, and probably by many
others. But is was an incredible
surprise when the Federal Com-
munications Commission de-
cided on the CBS system for
compatible colour ftelevision.
The set manufacturers then
launched a campaign against the
CBS system.

I believe that the reason for
the change was an anti-CBS de-
monstration given by Dr
Dumont of Dumont Television.
Unfortunately I was not present
on that day but he demonstrated
a 30in cathode ray tube which, |
am told, was about 5ft long and
in front was an enormous disc
driven by a large synchronous
motor in the order of 2 or 3hp. |
believe the disc containing the
various colour filters was 9ft dia-
meter. By pre-arrangement with
the maintenance staff of his fac-
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tory Dr Dumont organised it so
that when the FCC viewed his
large screen picture all the lights
in the building went out and
everything shut down after just
two minutes viewing. He apolo-
gised and said that he thought
the future would be a larger
picture for the home but that
unfortunately the big disc would
require an awful lot of power. He
claimed the main circuit break-
ers operated when the load of the
disc was switched on.

Not long after that the FCC
changed their minds and the
RCA system, approved by the
NTSC, was given official
approval.

Joshua Sieger
Poole
Dorset

Direct broadcast
pollution

Once again the news is full of
satellite broadcast announce-
ments.

I have never seen any report-
ing of the adverse effect that ail
this RF “pollution” wili have on
the work of radio astronomers,
who have to work at very low
signal levels.

It seems a great shame to
sacrifice research into the cos-
mos for the sake of ever-
increasing numbers of pulp TV
channels, from abroad.

Given an equal amount of in-
vestment, how much would it
cost for fibre-optic nerworks to
distribute data to houses. Apart
from the absence of RF pollu-
tion, optical networks would also
have the benefit of being two-
way, and able to support compu-
ter data transmission too.

Mike Whittaker
Appleby
Cumbria

Not NAND

I am sorry to have to turn down
| Mr Medes’ kinds invitation (Let-
| ters, November) to start getting
|my hands dirty. As | have been
successfully designing and build-
ing electronic equipment for 30|
years or more, his invitation has |
arrived too late.

Some of his other points fall
into the broad category of: “I
have had little success in doing
| so-and-so; if someone else claims
to have done better than me he
mustbea #!§*."

I did not say what he claims
that I said about SN7400's. But |
have never come across a 7400
which does what his diagram,
shows, namely, always maintains
its two outputs different at Q and
not Q, without any qualifications
or exceptions. But at least in that
particular instance my scrap of
code is less out of touch, and
represents real 7400's more
accurately, than his diagram
does. Diagrams can represent
hardware inadequately just as
| surely as a computer program
can.

J.G.D. Pratt
Leatherhead
Surrey

NiCad whiskers

1 am surprised your correspon-
dent R S Ratcliffe does not seem
to know that “whiskers™ in NiCad
cells can be cleared, quite safely |
in my view, by discharging a
capacitor across the cell. I use
5000 pF charged to 16V, and
discharge positive to positive.
Tests with an Ohmeter show
whether the fault is cleared. A|
good cell gives an effect rather |
|like that of a large capacitor.
RAW.Hill

West Kilbride |
| Ayrshire
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Fastc-mos gate array family. Cmos-5 gate

Transistor array for 24GHz. For use with |

Wideband operational amplifier. The

Dual monolithic power op-amo. The PA21

Small-signal transistor. The MRFO21 1. a
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256k eproms with 70ns access. The

Microcomputer with eeprom. The

GaAs chip set for optical fibres. Aset of

32-bitmicroprocessor. Toshiba's first 3

Tram modules and motherboards. Each

Optical fibre connector. Plug versions are

Intertaces
Analogue interface chip. TL( 4

Avalanche photo diode. The Hitachi

Red semiconductor laser. NEC zlaims the
PCinto system controller. The 7061
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Instrumentation

Oscilloscope amplifier. The SA100
amplifier from AWR Technology 1s attachable
Yo any oscilloscope to extend its sensitivity
by a factor of 100. Adifferential input and
switchable high-cut and low-cut filters
eliminate the noise that usually accompanies
low level signals AWR Technology Phone
0304 365918

Multimeter. An “audible bargraph™ in
Beckman Industnal’s HD153 digital hand-
held multimeter converts the reading into an
audible signal in addition to displaying the
values. allowing hands off operation.
Beckman Industnal Phone 021 6438899

Instrumentation tape recorder. Earth
Data Ltd has introduced the EDR128
instrumentation tape recorder which
provides mixed- bandwidth digital recording
ona standard VHS cassette It will digitize up
to 128 analogue signals using 12 or 16 bit
conversion. at a bandwidth of up to 40kHz
Earth Data Limited Phone 0703869922

Pressure transducers. The EPNM
transducers from Entran have a threaded
hody for igh stability Metallic-foil strain
gauges bonded to a stainless-steel
diaphragm provide a typical output of 9mV
fs for 5V excitation. an optional internal
amplifier gwing 5V tull scale. Pressure range
1s from 0-150psi up to 0-7500 psi Entran
Phone 0344778848

Digital storage oscilloscope. The Hameg
HM205-2 can operate as a digital-storage or
real-time oscilloscope In analogue mode. it
provides two 20MHz channels. As a digital
storage oscilloscope, 1042 x 8 bit memory
1s available per channel and maximum
sampling rate s SMHz per channel
feedback Test and Measurement Phone
0892653322

1GHz service monitor. The SM 1000
Service Monitor from Helper Instruments
features continuous trequency coverage
from 100kHz to 1,000MHz Itis adigitally
synthesized generator/receiver measuring
frequency, RF power, frequency deviation,
SINAD. modulation peak dewiation and
modulation density As an AM/FM generator.
output s adjustable rom O 1 to 10.000 pv
LyonsInstruments Helper Instruments
Phone 0992457161

Portable instrumentation recorder.
Instrument Rentals offer the Racal V-Store
instrumentation tape recorder available on a
variety of rental and/or leasing
arrangements. The V-Store, using VHS
cassettes, comesin either 8.16 or 24
channelversion Signal monitonng and
display are provided Instrument Rentals.
Phone: 0753 44878

Directdigital synthesizers. Lyons
Instruments have introduced two phase-
continuous. fast, igh-resolution, direct
digital frequency synthesizers from Sciteq
ElectronicsInc The VDS-8 1san “ultraclean”
module with 8 MHz bandwidth Model VDS
151s a 16 MHz DDS and phase generatorin a
chassis construction Resolutionis 0 1 Hz for
the VDS-8 and VDS-15 anywhere in ther
ranges Switching speed of VDS-8 s less than
750ns between any two frequencies and
phase noise less than -140 dBc/Hz at 1 KHz
offset Lyons Instruments Phone 0992
467161

Midata 510 option. Marconi Instruments
have a plug in option for the MIDATA 510. the
digital test system for entire boards or
indwidual asics The DTS 1s a digital test sub
system featuring 10 megapatterns per
second application/sense rates Marcom
Instruments. Phone 072759292

200 MHz logic analyser. Performance
Solutions Ltd announce a PC-based. 32-
channel logic analyser Features include
memory depth of 8Kbytes per channel,
internal clock rates of 5Sns to 5ms, store,
retrieve, compare and search facilities,
together with screen printing to an IBM-
compatible printer. Performance Solutions
Ltd. Phone: 0494 791606

LCR component bridge. The 6421
automatic bridge from Prism Electronics
offers 0.2% measurement accuracy of L. C. R,
D and Q at three test frequencies of 100Hz,
1kHz and 10kHz Four-digit resolution 1s
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provided and full IEEE-488/RS232 talk/
Iisten facilities are available with an optional
nterface Prism Electronics Ltd Phone
048062225

Function generator. The AFG from Rohde
and Schwarz 1s a pulse generator producing
single pulses or pulse trains with adjustable
nise and falltimes The unit provides linear or
logarthmic sweep with phase-continuous
steps and AM, FM, VCO, pulse modulation
andfrequency shift keying. Feedback Test
andMeasurement Tel 0892 653322 Rohde
and Schwarz Phone

Signal generation for D-MAC and D2
MAC. Schlumberger Instruments announces
a D-MAC and D2-MAC packet test signal
generator designed to provide test patterns
and signals to EBU specifications The
generator simply replaces the program for
testing a transmission channel. recewver or
code converter Schlumberger Instruments
Phone 0252544433

Low-cost oscilloscopes. Tandem
Technology Limited offer six oscilloscopes
with bandwidths of 20 and 40MHz. with two
or three channels, delay sweep and 1mV/div
sensitivity X/Y operation, line and TV sync
separator circuit and vanable hold off Prices
startfrom £270 Tandem Technology Ltd
Phone 0243788703

Multiplex simulator and analyser.
Tekelec Communications have introduced
their TEB80 primary multiplex simulator and
analyser for testing of PCM and TDM
multiplexers The umt will simulate a PCM
link at frame and channel levels and. as well
as TS0 and TS16 displays. it will measure
A-A_A-D.D-Aand D-D Tekelec
Communications Phone 0734 771020

Measuring oscilloscope. Tektronix
announce the 2247A portable oscilloscope.
which features a counter timer. automatic
rnise/fall ime measurements. and extended
measurement capabilities The 2247A1s a
100MHz. 4-channel oscilloscope, providing
auto setup. on-screen cursors and up to 20
pre-programmed measurements. Tektronix
Phone 06284 6000

Low-costDSO. The Tektronix 2201 1s a
lightweight digital storage oscilloscope its
features include a 1 0Ms/s samplhing rate. pre
trigger. 8-bit resolution, 1MHz useful storage
bandwidth and a 2K record length The
nstrument possesses 20MHz bandwidth, a
dual channel capability and sensitivity
ranging from 5mV to 5V per division
Tektronix UK Ltd. Phone 06284 6000

Thermocouple temperature meters. The
TM-35 and TM35X range of thermocouple
meters from Texmate are suitable for use
with either *J" or ‘K" type thermocouples
They feature thermocouple break detection
and indication. display hold, display test and
auto polanty indication The meters have a
differential input Texmate Phone 0481
53131

Eight-channel logic analyser. The TA100
is a hand-held logic analyser that can often
be substituted for more complex logic
analysers It has eight data inputs an external
clock input. a trigger output. and a trigger
chaining capabity. Maximum clock
frequency 1s 25MHz and data pulses less
that 10ns wide can be captured Thandar
Electronics | td Phone 0480412451

Power supplies

High-currentpower supply. The TS15415
from Thandar 1s a laboratory linear power
supply with remote sensing, able to provide 0
to4A at Oto 15V. with iquid-crystal displays
The power supply operates in constant-
current or constant-voltage modes with
automatic crossover Current imit controlis
loganthmic Thandar Phone 0480412451

Printers and controllers

Rack-mounting printer, An improved
version of the RM-80 rack mounting printer
has been announced by Blue Chip
Technology. Thisis an 80-column type with
integral paper feed and coliection, designed
for use in areas where dirt, dust or water may
damage the printer or printout. Blue Chip
Technology. Phone. 0244 520222

COMPUTER

Fax card for IBMs and clones from Communicate.

PC comms expansion. Altek announces
the DigiBoard PS-COM/16 a multichannel
communications expansion board designed
for the IBM PS/2 models 52, 60 and 80.
offering 16 asynchronous senal
communications ports on the one PCB Altek
Microcomponents Ltd Phone 0734 772345/
791579

Image processing for the MicroVAX.
Caplin Cybernetics Corporation {C3) has
added the QTV10 ntelligent wideo 10 board
and image processing and graphics software
to its QT series of MicroVAX/transputer
products The board allows VAX users to
capture and store monochwome or colour
images, process them at tugh speed, and
display the results, without passing image
data through the Q-bus or MicroVAX CPU
Caplin Cybernetics Corporation Phone. 01
5381716

Analogue and digital /0 boards. The
Datel DVME range of compatible data
acquisition and control beards for the
VMEbus system, available from Crellon.
compnisesAtoD. Dto A, digital 170 and
analogue multiplexer boards and their
associated software packages Gothic
CrellonLtd Phone 0734 738878

VME analogue input coprocessor board.
Ahigh-speed. intelligent. analogue input
board for the VMEbus 1s available from
Crellon Microsystems Using an on-board
68010 microprocessor, the Datel DVME-601
A/D coprocessor will automatically collect
multiple A-to-D scans for transfer to host
memory through a 64 Kbyte dual ported
RAM Gothic Crellon Ltd Phone-C734
788878

VME backplanes. F2bri-VME backplanes
are available from Unboard Electronics,
Basingstoke Five. nine and twenty slot J1
and J2 versions of these devices are
available. built to conform with the VMEbus
spectfication and easily mounted on
standard Eurocard racks Onboard
Electronics Ltd Phone. 0256 843346

Adapters for IBM PS/2. Roalan
International have a range of Adapter Cards
for thewr PS/2 Microchannel Architecture
Computers The range includes a parallel.
sertal. four channel seral, combined parallel
and senal and a GPIBinte-face (IEEE-488)
Roalan International. Phone. 0202 86 1512

68020 and 68030 single-board
computers. A range of single-board
computers from Stuart James Systems s
based on Motorola's 68020 and 68030
processors, running at 1€, 20 or 26 MHz.
Eachboard inthe range can provide support
for up to four floppy and eight SCSI hard
discs. 2 or 8Mb of DRAM. a real-time,
battery-backed clock, eight senal ports and 2
paraliel ports. Stuart James Systems. Phone:
0543 256979

VXl-based “Instruments on a card”.
Tektromx UK Limited has launched the first
VXt "instruments on a card™. These include a
waveform digitizer and an arbitrary

waveform generator for D size mainframes
There 1s also a scanner controller card that
links VXI systems to the Tektronix line of
switching products for manufactuning ate
Tektronix U K. Ltd. Phone 06284 6000

Data encryption devetopmentboard.
Texas Instruments has introduced a low-cost
IBM PC board to assist in developing data
encryption systems. or systems for
authonsing electronic funds transfer
transactions The board 1s basedonTI's
TMS32010 digital signal processor Texas
Instruments Ltd Phone 0234 63211

Network workstation. Com (UK) Ltd has
announced 3Station/2E, an enhanced
version of its 3Station dedicated network
workstation, or “netstation” The new
product is designed for users requinng more
sophisticated graphics and computation-
intensive applications such as desk top
publishing. 3Com (UK). Phone. 0628 830670

Image computers. Kontron Electronics
announces the IMCO 10 Image Computer.
which s based upon the Intel 80386
microprocessor The workstation s animage
processing system for those who need to
gain alow-cost entry toimage computers It
will accept a variety of sensor input devices
including RGB cameras, slow-scan devices.
videotape and optical disc Kontron
Electronics. Phone

Group 3 fax for under £200. A plug-in half
card that will prowide an IBM PC or
compatible with full facsimile transmission
facihties to Group 3 CCITT standards for
under £200 has been announced by
Communicate. The basic C-Fax S halt card 1s
asend only text device, but an upgrade
provides send andrecewe capability {C-Fax
SR). Communicate Distribution Phone 01-
3906802

OEM colour CRT drive package from Kent
Modular Electronics.

——
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Global positionin
by satellite

Transputer decoding lowers the cost of accessing the modern
Global Positioning System to that of earlier

lobal positioning system,
GPS. is based on the con-

cept that if you know your
exact range from three known
positions, vou can calculate
your position in three dimen-
sions. The range is determined
by the propagation delay of the
signals from the satellites.
which assumes you knew when
they were transmitted. Short of
carrying an atomic clock in*™
every receiver, this is solved by 5
using a fourth satellite, and
using the redundancy in the
position equations to solve for
time also. While earlier satellite
navigation systems such as
Transit used Doppler shift as the
measuring domain, GPS uses
propagation delay.

Contrarv to popular belief,
the satellites are not geosta-
tionary. They are in an inclined
orbit that takes them over any point in their
ground track approximately every 12 hours,
Fig. 1. Geostationary satellites cannot pro-
vide three-dimensional positions. nor lati-
tude accuracy near the equator. nor any
coverage of the polar regions.

There are currently six operational satel-
lites. so coverage is severely limited. This is
largely due to delays with the NASA shuttle.
It is anticipated that the full constellation
will be in service by 1995, with useful
coverage of the UK by mid 1990,

'SPACE SEGMENT

The system consists of eighteen operational
satellites in six orbits, with a spare satellite
also available in each of the six orbits. This is
a relatively recent change from the original
specification, which had the satellites di-
vided over only three orbits. The specifica-
tion may change again. as the current orbits,
being almost synchronous with the earth’s
rotation. albeit at twice the frequency. suffer
cumulative orbit disturbance due to the sun
and solar flux. Desynchronising them would
give a more stable orbit with less need for
firing the jets.

Loran and Decca systems.

PHILIP G. MATTOS

Fig. 1. GPS satellites are not geostationary — they have inclired
orbits that take them over any point on their ground track orce
every 12 hours. (Diagran- from Ref. 1))

All of the satellites transmit on the same
frequency using a spread-spectrum techni-
que. To spread the spectrum of the signal,
inherently only 100Hz wide. it is multiplied
by a code-sequence known as a Gold code
after its inventor. As the chip-rate of the code
is 1.023MHz. this results in the transmitted
signal having a bandwidth of around 2MHz,
with a very low power density (—163dBW).
This is far below atmospheric and front-end
noise,

Each satellite has a unique code. so when
the signal is descrambled. the energy from a
particular satellite only can be extracted.

Global Positioning System, GPS, arose
from early experimental American
military programmes interested in
clock stability and relativity, such as the
“Timation” programme in the 1970s.
Specifications of the prototype system
became public in 1978, with a full issue
of the (American) Institute of Naviga-
tion Journal being dedicated to the
subject.
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COMMAND SEGMENT

Carriers transmitted by the satel-
lites are modulated by the Gold
code and also by useful data
needed in the receiver to work
out both the satellite position
and the user position. Coeffic-
ients are transmitted that allow
the exact position of the satellite
to be calculated. and also meas-
ured values of the ionospheric
propagation characteristics. This
data is uplinked to the satellites
by the ground stations around
the world. after considerable
computation to perform curve
fitting such that the new para-
meters can remain valid for at
least four hours, even through
they are uploaded every two
hours.

Ground stations, at Ascension
Island. Diego Garcia. Kwagale
and Hawaii. are controlled from the master
station at Falcon Air Force Base. Colorado.
These give global coverage, so satellites are
never out of sight of a control station for
more than the two hour uplink interval.

Data sent by each satellite consists of
detailed information about its own orbit and
transmission parameters, and at a slower
rate. less detailed information about all the
other satellites. This latter data, known as
the almanac. is useful as it allows acquisition
of sate!lites after the first to be directed at the
correct code. and also the correct Doppler
offset.

USER SEGMENT

In order to determine both the timing in-
formation and the downloaded data, the user
has to receive the off-air signal, from at least
four satellites, and descramble it. To receive
the signal. an aerial that can see almost an
entire hemisphere has to be used. The speci-
fication asks for down to 5 degrees above the
horizon.

To descramble the signal. the user must
generate a copy of the satellite code. The
copy is then multiplied by the incoming
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Coarse Acquisition Code
Commercial

Precise Code
Military
~10.23 -1.023 +1.023 +10.23
1575.42 MHz

Fig. 2. In this GPS signal spectrum, the central peak is of interest; data contained in the
wider curve s for military use and its code is secret.

MHz IF MHz IF KHz IF 50 bps
Code ,\ ,\ Carrier
Tracker Tracker o
‘ ] L ‘ cPU
Gain Block Gain Block
10KHz B/W >1KHz B/W
Control

IF signal +/-1MHz

IF signal despread

(+/- 50Hz data, 4 KHz doppler)
h— Filter >
s
® Filter —
1
X
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Punctual Late Early
coset—veo Filter

IF + data + doppler

> x2

Error signal

x2

Loop

90deq

vCo

Filter

Synthetic carrier at IF

Data modulation only 50 bps

Fig. 3. Traditional GPS receivers require one of these hardware tracking channels per
satellite (a). Sections (b) and (c) are a traditional code tracking loop and a hardware

carrier tracking loop respectively.
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signal al the correct offset to allow for prop-
agation delay, which must be found empir-
ically. This gathers the energy from the
required satellite while spreading out the
noise, and the other satellites, even further.
Finally the offset and data are used to
calculate first the satellite's position and
then the position of the receiver. For the
satellites. this is largely a case of plugging
the downloaded coefficients into given equa-
tions, but there is one small calculation that
must be performed iteratively. For the user
position, a matrix of four simultaneous
equations must be solved. and it is most
convenient to handle this iteratively.

THE TRADITIONAL APPROACH

The traditional approach consists of a dual-
conversion superheterodyne front-end us-
ing a coherent local oscillator and in-
termediate frequencies. then four or five
hardware signal-processing paths that each
deal with one satellite, feeding their output
Lo a processor which performs the calcula-
tions and handles the user interface.

Radio-frequency front end. The RF front
end takes the incoming 2MHz-wide signal at
1575.42MHz with a received power of
—163dB, and amplifies it. It then down con-
verts it to a convenient frequency. The spec-
trum is shown in Fig. 2.; the wider curve is
the militany signal whose code is secret sowe
cannot unscramble it. Our desired signal is
the coarse acquisition (C/A) code. which
forms the central peak.

tis usual to use a first [F of 100-200MHz,
in order that the front-end image frequency
is easily eliminated. Some systems only use
the single IF, but running phased-locked
loops at these frequencies is inconvenient,
s0 most use a second down conversion stage,
toafrequency of 5-20MHz.

All frequencies used in the satellite are a
multiple of the 1.023MHz hasic chipping
rate, so it is convenient to use other multi-
ples for IFs and local oscillators. Thus the
carrier is 1540x 1.023MHz. If the first IF is
Lo be 120 1.023MHz, i.e. 122.76MHz, then
the local oscillator is 1420x 1.023MHz.
Another favourite is 160x1.023. i.e.
163.68MHz.

Choosing such multiples means that all
local signals can be generated synchronous-
Iv from the same chain. and thus he com-
pletely free of undesired beat frequencies.
The actual incoming carrier is of course not
exactly on frequency, due to Doppler shift
from the fast moving satellite.

Hardware signal-processing loops. The
signal tracking hardware is the most expen-
sive section of the receiver. In early sets. it
consisted of a satellite code generator, avery
narrow filter, and a phase-locked loop, with
the offset of the code generator and the
frequency of the PLL being swept empirical-
Iy until the signal was found.

The signal processing consisted of two-
mixing {or multiplying) stages. the first of
which multiplied the incoming signal by the
locally-generated satellite code. This does
not alter the centre frequency, bhut it does.
when synchronised, pull all the satellite
energy from the 2MHz wide signal into a
single narrow carrier.
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Output of the PLL was used in a down
conversion mixer to make the carrier, now
only 100Hz wide, hit the passband of the
filter. The filter had to be very narrow in
order to achieve the required noise pertorm-
ance, but due to Doppler shift. it would then
miss the carrier without such tracking.

In order that the hardware can detect such
a signal. the PLL normally runs at twice the
final carrier frequency, so that the BPSK
modulation on the carrier does not affect it.
A divide-by-two circuit and an exclusive-OR
gate can then extract the download data
stream from the satellite.

Traditional hardware is shown in Fig.
3.taken from Ref. 4.

Such hardware could. in 1980, use a card
per satellite. Soon after, the use of higher
levels of integration, and even custom chips,
allowed it to be reduced, but it still remained
the major section of the hardware.

Processor. In the earliest systems, the
satellite tracking was almost entirely auto-
nomous, with the processor interested only
in the code-generator offset and the down-
load data from each of the four or five chan-
nels. As faster micros became available. the
micro was used inside the hardware loop to
command the code generator, and com-
mand the PLL frequency.

The main task. however, was to perform
the mathematics to calculate the position,
and to monitor the kevboard and drive the
display.

As the hardware tracking loops became
more integrated, they ceased to be auto-
nomous, so the micro workload grew, espe-
cially on receivers designed for “high-
dynamics’ vehicles, where predicting the
Doppler shift becomes a problem.

Despite the rapid increase in micro-
processor performance, all the signal pro-
cessing was still done in the hardware track-
ing channels. as the micro could not histor-
ically keep up with the speed demands.

WHY CHANGE?
| set out to design a hand held receiver. That
means low chip count for small siz¢ and for
low power consumption. [t also means rapid
satellite acquisition time, both for conveni-
ence (one's arm starts to ache after avery few
seconds of holding something at arm’s
length), and to save battery life.

Thus the main problem to be tackled was
the hardware signal processing. This used a
large number of chips, since the custom asic
approach was not open to me, and thus also
space and power. It is also the section that
determines the acquisition time — and the
traditional approach takes an average of 44s
to acquire a satellite, with a worst case of
double that. The reason for this long time is
that it must search through a large number
of frequency domains (say 10). and a large
number of code offsets (2046), resulting in
20 000 trials, each requiring the lock up
time of the PLL.

" WHAT THE TRANSPUTER OFFERS
The transputer is a very high-speed general
purpose processor with on chip serial com-

munications that can transfer up to
1.8Mbyte/s on each of eight links (four in,

four out). Communications is autonomous
from the processor, which only authorises
the communication at a cost of about [ps
per message, no matter what the message
length.

So the transputer can pertorm i/o opera-
tions concurrently with the main proces-
sing. Even more significant is the speed of
the processing — the simple maths opera-
tions sucl: as ADD or XOR needed for this
type of signal processing take 50 or 100ns.

In order to allow such speeds of i/o and
computation, the transputer provides
4Kbyte of static ram on chip. Fig. 4. Being
on chip this ram cycles in 50ns on the
20MHiz parts, avoiding the problems of driv-
ing pins and printed circuit tracks to exter-
nal memory.

If more than 4Kbyte is needed, it can be
added externally. Additional memory need
not be fast since the time critical programs
done in the fast internal ram.

Availability of a 10MIPs machine rather
than the 0.5MIP microprocessor conven-
tionally nsed makes a significant difference
to how the problem can be approached.
Suddenly it becomes possible to handle the
signal directly with the microprocessor and
in the case of GPS, this means five separate
signals.

Another major feature of the transputer is
the hardware scheduler. Even a single trans-
puter can handle multiple tasks at the same

GPS Navigation System Hardware
1575.42 120 -160 MHz

T 16 bit
System Processor
Services
Link
Services
Timers Link
16
interface
Link
ERpOVIES L interface
of N
On-chip i Link
RAM interface
Link
' Interface
16
External Event
Memory
Interface

Fig. 4. Because the transputer has internal
memory, accessing is very fast since the
problems of driving i/o pins and printed
circuittracks do notarise.

time Conventional processors doing this
take a large percentage of the CPU time
manzging the interaction between the tasks.
but in the transputer, this is performed en-
tirely in hardware at negligible time penalty.
As a result the input task performed by the
serial communciations hardware, the signal

t5MHz Link Adapter

L~

R
)

Oscillator chain

Screen

EPROM

Transputer

RAM IMS T222

Fig. 5. GPS navigation system hardware. This new system uses the same r.f. section as a
traditional system, but conversion is to a lower frequency of 1.5MHz — the lowest

frequency that can handle the bandwidth.
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(1 dedicated to display)
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Fig. 6. Interface for 2.5MHz hard-limited samples with keyboard and screen interface.
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processing task. and the computation/user
interface task can all run simultaneously,
the CPU switches between them trans-
parently.

THE NEWAPPROACH — SOFTWARE

SIGNAL PROCESSING
The new approach is to perform all the signal
tracking in software. Essentially the same
radio-frequency front end is used, but con-
version is to a lower frequency of around
1.5MHz. the lowest frequency that can con-
veniently handle the bandwidth. This is then
fed into the transputer for processing, Fig.
5.

The signal has to be read in to the proces-
sor. multiplied by the locally generated
code, filtered and detected. The easiest way
of achieving the last two operations is lo
down convert to a low frequency and apply a
low pass filter. then perform an FFT if the
frequency is unknown, or a synchronous
down conversion to DC if the frequency has
already bheen determined. In the following
sections. | will cover the approach taken for
a single salellite. then later demonstrate
how vast economies can be achieved when
performing the work for multiple signals.

INPUT
To input the signal | have tried two methods

an analogue-lo-digital converter, or hard-
limited one bit signals. An a-to-d converter
severely limits i/o bandwidth, and a 100 per
cent duty cycle is not achieved. A few mil-
liseconds of off-air signal are taken and pro-
cessed inside 20ms, resulting in a 10-20%
utilisation of the incoming signal.

With the hard-limited approach. a faster
sampling rate can be used without hitting i/o
limits, and by devious tricks that process a
word's worth of samples (16 or 32) in asingle
instruction. a vast saving in processing can
be achieved. Additionally no AGC circuits
are needed in the front-end.

Thus the chosen design clocks a hard-
limited signal into a shift register. and when
a byte has been collected, feeds it down a
transputer link using a link adaptor. This
uses a link adaptor plus two TTL chips. Fig.
6. Because the link is attached to an auto-
nomous direct-memory-access controller in
the transputer, no CPU time is involved in
input.

CODE CORRELATION, DOWN
CONVERSION

Once a buffer has been filled in the proces-
sor. the hardware scheduler wakes the cpu,
which switches buffers so that the next mes-
sage will go into another buffer while this
one is processed. Thus the data is never
copied, it is processed in situ.

The code correlation function consists of
multiplying the incoming samples by a code
stream which is held in memory. It is a
binary stream. so is packed one sample per
bit.

Down conversion consists of multiplying
by a locally generated set of samples that
represent a synthetic local oscillator. These
are generated once only. at start-up, or even
kept in the ROM, and are also hard limited
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LDL signal.b.i --
LDNJ J --
LDL LO.code.i --
LDNJ j --
XOR -
BITCNT --

address of signal 2
constant index 2
address 2
constant index again 2
(inc. prefix) 2
(worst case) 4
no of 50ns cycles 44

On a T425-20, execution time is 2.2ps per 32 samples.With
overheads, this becomes 327ps per 5000 samples.

Fig.7. Assembly code for main signal processing calculation.

one-bit samples. The result is then at around
4kHz, plus or minus the Doppler shift.

Because these two multiplies represent
the equation.

.= signalli] * codeli+offset| * local.oscillator[i|

you can see lhat once the correct code offset
is aclhieved, code*local.oscillator can be
calculated once and saved. thus reducing the
repelitive work in the loop. Even before the
offset is found, this is valid, as an offset
applied tothe local oscillator only represents
a phase shift, which is acceptable at this
stage. Note that while it is imperative in the
analogue world to perform code correlation
hefore the down conversion, to prevent the
lower edge of the bandwidth going negative.
there is no such restriction in the mathema-
tical world, and hence [ have used no pa-
rentheses in the above equation. (Occam
would require them.)
So the equation becomes.

y :=signalli] * code.LO[i+offset|

which by redefining the base of code. 1.0
hecomes

v := signal[i] * code.LO.offset][i]

As | have said. the signal is only one bit
wide, and is packed 16 to a word on the T222
transputer. A one bit multiply is an
exclusive-OR operation so assuming a group
of input samples in a buffer, one could use
the following code:

SEQ i = 0 FOR samples/16
yli] := signalli] >< code.L.O.offset|i]

Note that 16 two-microsecond multiplies
have been reduced to a single 100ns XOR
operation — a speed up of 320 times' Now
the loop is dominated by the loop-control
code. taking around a microsecond. and the
array indexing. Both of these are solved by
opening the loop out/in line. This removes
the loop control. and allows the transputer’s
efficient constant-index instruction to be
used. Assuming a buffer of 128 samples. i.e.
eight 16bit words, this becomes,

SEQ
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y|0| := signal[0] >< code.L.O.offset|0|

y|7) :=signal[7] >< code.L.O.offset [7]

This code generates the same number of
output samples as there were input samples,
so although it has performed a huge amount
of work. it has not reduced the size of the
data. This can be done in the filtering opera-
tion.

FILTERING
Now, the sample stream represents a 4kllz
carrier sampled at 2.5 or 5MHz. For 32bit
transputers, the higher rate is used, giving
improved noise performance. Either rate is
far higher than required, so the samples are
decimated. Additionally. in order tofilter the
signal, a large number of samples need to be
averaged.

These two tasks can be combined, and the
transputer has a very eifective instruction
that will perform the task for a word's worth
of samples at a time. This instruction is
available directly in OCCAM as the BITCNT
predefine. By caretul choice of sample rates
and bhutfer sizes. the filter bandwidth comes
out correctly in the wash: this one averages
128 samples. which represent 50us sampled
at 2.5MHz, giving a filter that has a deep null
at 20kHz, but passes -8kl 1z.

Thus the following code will filter and
decimate, counting the number of bits set in
eachword cumulatively

SEQ
accumulate: =0
accumulate : = BITCNT(yli],
accumulate)

The same rules can be applied to speed
this up as before, i.e. opening the loop. but in
fact the best approach is to integrate the
active line into the same open loop with the
correlate/convert operation, yielding,

SEQ
accumulate:=0
accumulate

BITCNT(signal[0] ><
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code.LO.offset| 0] accumulate)

accumulate ;= BITCNT(signal[7] ><
code.LOoffset| 7] accumulate)

This code compiles into extremely effi-
cient instructions: it can be improved by less
than 5% by hand coding in assembler. The
improvement comes from climinating the
intermediate stores to the variable "accumu-
late”, and can also be achieved in OCCAM by
combining all eight lines into one. with
appropriate brackets. 1 do not propose to
demonstrate on the printed page since it is
too narrow.

Assembly code instructions for the main
expression are shown in Fig. 7. For an
explanation of the mnemonics, see Refs 2, 3.

This combined code has now achieved a
single sample representing 30us of off-air
signal, and it has less than 20us of CPU time
to do it. All future work will be done on these
slow samiples: since the routine runs only
1/128th as often, it will absorb very little CPU
time.

DETECTION — COARSE FFT
In acyuisition mode. we need to look at the
output of processing using a particular code
offset to determine whether a signal has
been found. If the code offset is incorrect, we
will be unable to find a signal.

Thus we continue in the fashion described
above until sufficient slow samples have
been built up. at this stage, 16. We then
perform an FET on these samples. which will
show the energy in each 1.25kHz band from
zero to 20kHz. We scan the output in the
lowest eight bands, and if it exceeds a
predetermined threshold, we have {ound the
satellite code offset and can stop searching.
Otherwise. the processing repeats at a diffe-
rent code offset.

The coarse 16 point FFT takes around 2ms
and only represents Ims of input data, so is
not feasible for a 100% duty cycle system
after acquisition. Having determined the
code offset, we now concentrate on deter-
mining the Doppler frequency accurately.

DETECTION —FINE FFT
The input and processing svstem is then
allowed to run for a longer period at the
offset thus found. When 1024 low-frequency
samples have been accumulated, an FFT is
run on these, giving a frequency resolution
of about 20Hz. Thus a new low-frequency
local-oscillator stream can be generated.,
which when multiplied by future incoming
LF samples., will convert them directly down
to base-band DC.

DETECTION — CONVOLUTION

Future incoming low-frequency sample
streams are multiplied by the new synthetic
stream, vielding down-loaded data from the
satellite. This new final down conversion
needs to be performed in phase and guadra-
ture, in order that gradual phase drift caused
by slight errors in the synthetic carrier
frequency can be monitored, and thus not
interpreted as data: it also allows detection of

the need to correct the synthetic carrier.

The maximum rate of change is about
2kHz per hour. or 33Hz per minute. so a new
carrier is needed every 40s or so — this event
is too rare to have a significant effect on CPU
utilisation.

The sample stream on which the convolu-
tion is performed can be analogue. i.e.
numbers in the range 0127, or it can be
hard limited and packed as it is created. This
latter case costs some noise performance,
but works well for the single satellite case,
and takes negligible CPLU time as the synthe-
tic stream can also be limited and the
operations performed a word at a time as
hefore. However for ultimate performance,
it can be done explicitly with full-word
values, since there will only be around
twenty points per millisecond to be handled.
In this case it takes about 2% of the CPU.

MORE SATELLITES?

Thus 1 have shown how one satellite is
acquired, taking some 36% of tke CPUin the
high-speed signal processing and some 2%
in the low-frequency processing. We need to
track four satellites, and ideally a fifth to
allow a clean handover when one goes below
the horizon, so either we accept a less than
1007 duty cyele, we add more processors., or
we think up some tricks.

Reducing the duty cvcle makes synchro-
nous operation difficult, makes carrier phase
tracking difficult, and degrades noise per-
formance. Adding processors is easy with the
transputer — they simply bolt together with
no additional hardware or software. For
high-performance military svstems, this is
the approach to take, but the cost will be too
high for more modest budgets.

The clever tricks approach seems to be
most appropriate. The most productive of
these is to avoid having to perform the
high-speed signal processing separately for
each satellite, and rather to do it once for
themall.

There are two approaches to this. Oneis to
square the incoming signal. This automati-
cally multiplies the code and signal by
themselves, resulting in a term that is signal
squared. with the code removed. However
this removes all code timing information,
and tracking must be done from the carrier
phase.

Such systems are very hard fo initialise,
and could not use the hard-limited
approach, as squaring a hard limited signal
has no meaningful effect.

The second approach is to use a
composite-code method, where a synthetic
code is created that is the best approxima-
tion to all four or five codes required on a
pre-bit basis. Initially this code is created
with no offset between the codes, and is run
through the sample stream to find all the
satellites. Knowing their offsets, a new com-
posite code is created so that the codes are
correctly ofiset, and a single pass over the
data will pull out the signal for all four
satellites. Thus the same 36% of the CPU
time will do the work for all the satellites,
and the same acquisition effort likewise,

Low-frequency work must still be done
separately, but this means that the 2%
becomes 8/10 for 4 to 5 satellites, or still
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negligible if one performs it on a single-hit
hasis.

Just as the synthetic carrier frequency will
drift due to changes in the Doppler shift. the
code offsets will change due to the satellites
movements. They will reduce for ascending
(approaching) satellites. and increase for
descending ones. The maximum rate of
change, however, is about one chip every
1.5s (Ref. 4). so the creation of a new stream
every half second would suffice. again
absorbing negligible CPU time.

Once the first position fix has been
obtained. all these changes can be predicted.
and additionally they can be monitored. This
is done by dithering the offset by one
incoming sample and establishing whether
the advanced or retarded signal is stronger
for each satellite, allowing fine tuning of the
prediction.

POSITION CALCULATIONS

We now have a system that can acquire and
track the signal from five satellites con-
tinuously with a 100% duty cycle, with 3 to
S5MIPs of CPU resource still available for
position calculation, the remainder having
been used by the signal processing.

Satellite position determination requires
simple calculations involving plugging in
the coefficients down loaded from the satel-
lite, and this takes less than 2ms of CPU
time Eguations are given in the GPS speci-
fication. Ref. 1.

The user position calculation is a solution
to the four equations

(Range.i—ct) = (X=XI ¥+ (Y=Yi) +(Z-Zi)*

for i=1 to 4. where Range is the distance
from satellite to receiver, calculated from
the propagation delay assuming a perfect
receiver clock. ¢ is the speed of light, tis the
user clock error (unknown), XYZ is the user
position (unknown) and XYZi is the position
of satzllite .

The user clock error becomes the fourth
unknown, with XYZ. to be solved for. Note
that the first result will not be perfect. as the
satellite positions were calculated with re-
spect to time, and the time used was
“wrong”. However successive calculations
will yield progressively more accurate re-
sults for t, and thus for XYZi, and thus for
XYZ.

The user does not need a position update
more frequently than once every five or ten
seconds, 5o it is usual to put a filter on the
data that averages over such a period before
running the position calculation. Such a
filter can also allow for short outages of a
satellite signal caused by local obstructions
such as tall buildings. However on a portable
set, a repetitive display is probably unneces-
sary: the above equations could be solved
iteratively until the results stabilised, and
then the complete set turned off except for
the display, in order to conserve power.

A marine (vacht) receiver would have an
additional suite of software to provide data
such as average course and speed. to give
distance. bearing and estimated time of
arrivas at the next waypoint, to follow a route
or sailplan through a pre-selected group of
waypoints, and to raise various alarms when
off course.
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It would also provide outputs to controlan
autopilot. All this software has been written
for the transputer based navigation system:
it is a lot of code, but since it execules
relatively rarely it does not severely atfect
CPUtime.

DISPLAYAND KEYBOARD

The display of a handheld version need only
show a position, either in latitude and
longitude or in local coordinates such as a
national-grid reference. However my imple-
mentationallows for the handheld to be used
on boat, so includes the larger display and a
keyhoard for mode selection and wavpoint
entry

My prototvpe has a display with two lines
of forty characters, and is organised such
that it can be exchanged for a 4x20 charac
ter version. These have compatible inter-
faces. and the latter allows the face of the

unit to be 100mm wide by 170mm high,
suitable for a hand-held pocket set.

The link adaptor described above for
inputting the off-air signal also provides
eight output pins. These are used to drive the
display module, to strobe the keyhoard and
to operate a hleeper for acknowledging key
depressions. The shift register used to cap-
ture input samples also has a parallel input,
and this is activated to read the kevboard as
necessary. Thus no additional hardware is
needed

This lack of hardware entails some slightly
complex software to share the transputer

link, but is worthwhile on a portable unit.
On the marine version, | have used a second
link adaptor for the user functions. This
allows a clean separation of the software, and
also makes a separate control head for the
charthouse. the cockpit and the flying bridge
very economical extensions

The simple handheld version would have
the transputer. three 28-pin chips and four
TTL packages. If the navigating functions
are included. it would use more memory,
expanding to five 28-pin chips. The proces-
sor board is the same size as the keyboard
ahout 90 70mm, and lies beneath it, allow
ing a very thin lower case. except in the
hottom 30mm, where it thickens up to
contain the batteries.

All radio-frequency sections are built on a
hoard 90x 120mm in the tolding cover of the
set, with a patch aerial with the same size
ground plane. Thus the combined unit is
ahout 25mm thick, that being dictated by
the battery dimensions, and opens into twe
hinged units about 13mm thick. with a
convenient thicker grip point around the
base

These sizes are using conventional pack-
aging. Using surface-mount components
would not gain anything on the full facilities
model, since the size is dictated by the
kevboard, battery and display.

On the position-only handheld. the size
could be reduced to 80x125x25 hy remov
ing the kevhoard and using a smaller display,
but could still use conventional packaging.
Any smaller than this would suffer badly

from the reduced ground plane under the
antenna.

CONCLUSIONS

Use of a high-speed general-purpose micro-
processor such as the transputer allows the
implementation of functions previously res-
tricted to hardware, with appropriate be-
nefits in flexibility, space and assembly costs.

Off-the-shelf components rather than
custom silicon signal processing allows the
smaller company access o the technology.
rather than limiting it to the vertically
integrated companies that either have vast
funds or in-house semiconductor opera-
tions.

The transputer card takes up no more
space than the microcontroller it replaces.
but an entire suite of signal processing
hardware has been removed. allowing an
implementation that is suitable for portable
use or panel mounting in terms of both size
and power consumption. It brings the
accuracy of the GPS system to the level of
cost of the old Decca and LLORAN systems
that have been running since the war.
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RF path evaluation

witha PC

A personal computer can take care of much of the routine
work in analysing RF paths. This article describes a
method of using standard integrated spreadsheet and
graphics software to plot path profiles on the computer

lthough a great deal of information is
Aavailahle on predicting the loss of

soint-to-point radio links at v.h.f/
w.h.f.. little is published on how a personal
computer can take the tedium out of the
many repetitive calculations which are in-
volved.

At least one proprietary computer pro-
gram is available which will do an exhaustive
analysis. but this may not be economically
justifiable if only occasional use is to be
made of it. Reference 1 covers the basic
theory behind the calculations and contains
a listing of a program which will plot a path
profile using a dot matrix printer, but does
not deal with using the computer for loss
calculations.

If integrated spreadsheet and graphics
facilities are available either on a multi-user
system or a stand-alone personal computer,
the traditional method of plotting path
profiles on special path profile graph paper
can be completely dispensed with. Once the
data for the whole path has been entered into
the spreadsheet. it is possible to select parts
of the path interactively and to plot these in
greater detail. The resolution obtainable is
limited only by the data entered.

The advantages of this approach are as
follows:

® A first “rough” plot of the basic path
together with the main high points can be
obtained quickly on the screen and an
immediate decision can be made whether
there is clear line of sight, or whether the
ground profile needs to be obtained in more
detail to evaluate the likely performance.

e For any given path, profiles for difterent
values of K factor can be quickly produced.

® If the Fresnel zone is drawn in. then the
effect of changing the working frequency is
easily evaluated.

e Assuming that path information is avail
able in sufficient detail. it is a simple matter
to produce an overall path plot. together
with selected parts in greater detail.

o The basic path data is stored in a conve-
nient form which can be easily updated and
new plots drawn.

FACILITIES REQUIRED

The basic facility needed for this procedure is
an integrated spreadsheet/graphics package
with appropriate hardware for graphical

screen and to calculate path loss.

H.JURKE

output (if this is required). The essential
characteristic required of the graphics is the
ability to plot true XY plots. Many packages
are able to plot line graphs only, where the
points on the X axis are simply evenly spaced
instead of being scaled in the same way as the
Y axis points. If the software can only plot
line graphs, then it can still be used but the
distance points along the X axis must be
evenly spaced along the path. For plots
covering the whole path this is feasible, but
it will be difficult to examine individual
sections in more detail to any great resolu-
tion.

The ability to enter a logical [f-Then-Else
cause into spreadsheet cells is also neces-
sary. To be able to plot smooth profiles for
the Fresnel zone and the Earth's bulge. a
reasonable number of distance points must
be included (e.g. at 1km intervals mini
mum). Height data may not be needed for all
these if, for example. it is obvious that there
is only one obstruction. Only the height data
for that obstruction need then be entered.
Use is made of the 1f-Then-Else clause to
calculate profile points only where height
data is included. The end result is much
tidier plot.

A third desirable feature is the ability to
write macro instruction sets. This will allow
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the process of adjusting the graph settings
defining which section of the path is to be
plotted to be automated. On invoking the
macro, the user is simply prompted to enter
the start and finish points of the section to be
plotted and the macro does the rest.

PLOTTING l’:\_TII PROFILES

Path profiles are plotted so that the radio
path is represented as a straight line. The
line of the first Fresnel zone is drawn below
the radio path. The Earth’s bulge is shown
and the ground profile is plotted above this.
It is then immediately obvious whether the
radio ray clears high points along the path or
is obstructed by them. The amount of the
obstruction is also apparent.

The basic path profile data comprising
ground height against distance along the
path is derived either from topographic
maps or by purchasing a path profile dataset.

Parameters required for a path plot are
calculated from this basic data and are
shown in Fig.1.

The formulae used for the calculations are
as ‘ollows:

1. Path height (PHT). This calculates the
values needed to danw the radio ray as a

PROFILE
1
3
o
]
PHT
GHiend)
+AEH(end)
1 71— -’1'—1‘

40 80 80

DISTANCE (Rilometers)

\

Fig.1. Parameters needed for path profiles.
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straight line above the imaginary straight X
axis joining the two ends of the path.

PHT = G (srt) +AEH(srt) |+ [d,/D]
x {{GHend)+AEH(end)] -
GH(srt) +AEH(sr1}] ! metres

2. Earth’s bulge height (BHT). This calcu-
lates the height of the Earth's bulge above
the imaginary straight X axis for any point
between the start and end points of the path.

BHT=0.0784x d, < (D-d, YK metres

3. Fresnel zone radius (FZR). The formula
calculates the radius of the first Freznel zone
for any point along the path.

FZR=31.6x[300xd, X (D—=dHFxD)"”
metres

4. Distance of Fresnel zone above imaginary
X axis (DFZ). This simply calculates the
equivalent XY points so that the first Fresnel
zone can be plotted on a path profile as a
curve below the direct radio ray,

DFZ=PHT—FZR metres

5. Ground profile (GHT+BHT). The Y values
for the XY points of the ground profile on the
path plot are simply the sum of the corres-
ponding values for GHT and BHT.

6. Distance from start (d,). kilometres. This
is entered manually or parsed from a path
profile dataset. Distance points should be at
less than 1km intervals for the whole of the
path so that sufficient points are available to
plot the ray. Earth’s bulge and Fresnel zones
as smooth curves. Height data mav not be
available for all distance points. in which
case the cells are left blank.

7. Ground height above sea level (GHT),
metres. This is entered manually or parsed
from the path profile dataset. With data
entered manually and distances entered at
Tkm intervals as recommended above, there
will be gaps in the GHT column. This does
not normally matter as an [f-Then-Else
condition on the calculation of the ground
profile points (GHT+BHT) can usually be
applied which will then onlv produce an
entry in that column if there is an entry in
the GHIT column.

SETTING UP

Astandard spreadsheet is set upwith cells for
the following path parameters:

B K factor

B End-to-end path distance
@ Frequency of operation
8 Ground height at start

B Ground height at end

M Antenna height at start
B Antenna height at end
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Fig.2. Typical “rough” path profile for a 20km
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Fig.3. Full profite for a 6km path.

The ground height (in metres) versus dis-
tance (in kilometres) data is entered into two
columns. The remaining columns for the
radio ray. Earth's bulge, Fresnel zone and
ground profile are calculated using formulae

K

D kilometres

F megahertz

GH(srt) metres

GH(end) metres

AEH(srt) metres (above ground)
AEH(end) metres (above ground)

1 to 7 together with the data from the above
table.

The path profile is drawn from this spread-
sheet by simply graphing the calculated data
on to the screen. Whether the whole path is
drawn or just a portion of it is determined hy
altering the range of values to be graphed,
cither manually or by invoking a macro
routine.

A typical “rough™ path profile for a 20km
pathwould appear as in Fig.2.

The profile shows the radio path (P), the
first I'resnel zone (F), the Earth’s bulge (B)
and a number of points of high ground along
the path denoted by triangles.

This path exhibits clear line of sight along
its whole length and apart from checking the
foreground clearance at each end. can be
assumed to be a free-space path.
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PATH PROFILE DATASETS

Instead of deriving path height versus dis-
tance data manually from topographic maps.
this may be available on disc or tape al
reasonable rates. It may be supplied in a
variety of formats, but for parsing into a
spreadsheet, the most useful is a text file.

Each line of text should be to a fixed
format and represent one point on the path.
The distance of that point from the start of
the path and its ground height above sea
level as well as its grid coordinates are
usually given. The line of text can then be
regarded as a number of fields of a set of data
and readily parsed into a dataset structure on
a spreadsheet. Grid coordinates are not
required and are ignored.

The advantage of these datasets is that a
large number of points along the path are
included. This means that the ground profile
can he drawn accurately and sections of the
path can be examined in detail with a high
degree of confidence. This is particularly
useful where marginal paths over urban
areas are involved.

The profiles shown in Fig.3, 4 iltustrate
this. The first is for a complete path from a
central city site to the top of a nearby hill,
drawn for a radio frequency of 13GHz.
Except at the city end. where buildings
intrude. the path is clear line of sight. The
second profile is drawn from the same set of
data with the X coordinates restricted to the
first 500 metres. The problem building is
clearly highlighted. Such detail could not be
obtained from topographic maps.

CALCULATION OF PATHLOSS
Theorectical path loss is most easily esti-
mated using the classical formula for the
free space loss and adding any further losses
due to obstructions to the line of sight path.

To decide whether an obstruction will
contribute a significant foss, use is made of
the fact that little power is transmitted
outside the fivst Fresnel zone. The theoretic-
al diffraction loss curves for isolated obsta-
cles extending into the first Fresnel zone are
shown in Fig.5 as a set of curves of loss
versus the normalized clearance H/FZR
{clearance H divided by Fresnel zone radius
FZR) of the path over the obstacle’. The
curves cover the range of obstacles from
knife-edge to smooth earth. A typical moun-
tain ridge would be somewherc in between
as determined by the “radius” of its top as
seen in cross section.

These curves indicate that where the
normalized clearance within the first Fres-
nel zone is greater than or equal to 0.6, the
obstruction does not introduce any loss, but
may introduce a gain.

The loss due to an obstruction with a
normalized clearance of less than 0.6 is
markedly dependent on its radius of curva-
ture and clearance with respect to the path.
The simplest method of estimating the loss
due to obstacles™* is to calculate two factors
characterizing the obstacle, the normalized
clearance H/FZR and a factor « where «is
calculated by the formula

a = (N xr!MyR
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Fig.5. Loss versus normalized clearance.

where A 1s the wavelength, r the radius of the
top of the obstacle and R the Earth’s radius.

The curves used Lo estimate the loss from
the obstacle characteristics H/FZR and «care
given in reference 3 and reproduced in Fig.
6.

On the spreadsheet used to plot the path
profile. additional columns are included to
allow the loss due to multiple obstructions
to be estimated. These are
Column d,. The values are calculated and
are the manually entered distances. less a
startpoint offset (the need for an offset is
explained below). Column d; contains the
actual values to be used for path profile
calculations. Initially, the offset is set to zero
and the contents of d, will equal the dis-
tances entered.

A column for the ratio H(FZR). The values
are calculated according 1o the formula
(GH+BHT)—PHTVFZR.

A column for «. The values are calculated
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NORMALIZED CLEARANCE, C

according to the formula a= (A" xr )R,

I addition, some extra cells are required for
the following values:

e Start point offset. The value will be
entered manually.

e Wavelength (A). The value is calculated
from the cell containing the working fre-
quency in Mtz using the formula A =30/F.
¢ Effective radius (r) of the obstruction to
the radio path. The value will be assessed
from the path profile and entered manually.
e Free space attenuation (A)) for the path.
The value is calculated from the operating
frequency and overall path length data.
entered elsewhere on the spreadsheet. using
the formula A,=32.5+20log(D X F).

PATH LOSS
Estimation of path loss is carried out as
follows. Enter all path profile data, set the
offset to zero and recalculate spreadsheet.
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Fig.8. Major obstruction 2.3km from city building.

The free space loss is read off directly from
the cell (A)).

The cell in the H/R column which con-
tains the maximum value for that column
defines the most prominent obstacle. Note
that H (the obstacle height over the path
height) is numerically the same but direc-
tionally opposite to the clearance discussed
above. Hence any obstacle contributing a
loss will have an H/R value greater than
—0.6. Draw this obstacle on the screen and
estimate the radius of its top. Enter this
value in the appropriate cell and recalculate
the spreadsheet. The values of « and W/FZR
can now be read off and the loss due to this
obstacle determined from the loss curves in
Fig.6.

The next most prominent obstacles are
identified by considering the two sections of
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path on either side of the main obstacle as
separate paths. They are considered indi-
vidually. At this stage the whole path data
must be saved since copies will be required
for modification.

To consider the first section. delete all
path points after the main obstacle. Adjust
D. GH (end) and set AEH (end) to zero.
Recalculate the spreadsheet. Inspection of
the H/R column as before will identify the
most prominent obstacle in this part of the
path. The values HW/FZR and « for this
obstacle are determined as before and the
loss it contributes determined. Check the
/R values to see if there is likely to be
another obstacle in this part of the path. If
there is. then save the spreadsheet for later
use.

The second section is assessed by taking a

(relative 1o free_spocse)
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Fig.6. Diffraction over rounded obstacles.

fresh copy of the whole path and deleting all
points before the main obstacle. Set the
offset equal to the distance value of the first
point in the d; column, adjust D. adjust
GHisrt), set AEH(srt) to zero and recalculate
the spreadsheet. Inspection of the H/FZR
column as before will identify the most
prominent obstacle in this section. Deter-
mine the values for H/FZR and « as before to
estimate the loss it contributes. Check for
other likely obstacles and proceed as before.

Repeat the above procedure until all
obstacles have been dealt with. Note that not
all obstacles protruding into the first Fresnel
zone will necessarily contribute to the loss.
It the most prominent obstacle protrudes
above the radio path. then once this is dealt
with and the sections on either side are
considered individually, the lesser obstruc-
tions may not return a value for H/FZR
greater than —0.6.

The total loss introduced by the obstacles
is then the sum of the individual losses
introduced by each one. This is added to the
free space loss for the whole path to give a
total path loss.

For maximum path reliability. calcula-
tions should be done at the minimum
recommended value for K for the path (2/3
for temperate zones).

An example will make this clear. The path
profile used is typical of those from a city
building to a nearby hilltop radio station
(Fig.7).

From the spreadsheet, the major path
obstructions were determined using the
criterion H/IFZR>—0.6. Two possible ob-
structions exist: the major one, 130.94m
high, with (H/R=+0.46) at a distance of
2.3km from the origin and a second poten-
tial one (H/R=-0.35) at a distance of
4.55km from the origin.

To find the effective radius of curvature
for the major peak. the plot range is res-
tricted to include only this peak and its
immediately adjacent ground (Fig.8). By
inspection, the effective radius of the top of
this peak was estimated to be 75m.
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To assess the effect of the second peak
4.55km from the origin. the path data up to
the first peak is deleted. The start point offset
is set to 2.3km. D is set to (8.36-2.3).
GHT(srt) is set to 13094 AEHsrtis set to 0
and the spreadsheet recalculated. The effec-
tive value of H/R for this secondary obstruc-
tion turned out to be —0.75; and because
this is less than —0.6 it can be ignored. Fig 9
confirms this.

There is. therefore, only one significant
obstruction with the parameters H/R=0.47
and « = 0.09; and the loss it contributes.
determined from the loss curves in Fig.6. is
13dB.

The total path loss is thercefore the free
space loss from Sheet 1 (110dB) plus the
obstruction foss of 13dB: i.e.

total path loss = 110413 = 123dB
GROUND REFLECTION POINT

Significant interference from refected sig-
nals is likely if large bodies of water or
wetlands are on the line of the path at the
point of reflection and if the angle between
the direct and reflected rays is within the
beamwidth of the antennas.

The point of reflection is defined” as point
P on Fig.10. where Tand R are the antennas
at cach end. R, is the Earth’s norminal
radius (6370km), K is the usual Earth radius
factor and APB is a tangent to the Earth's
surfaceat P.

For a real path. it can be assumed that the
angle of reflection and hence 8, and 8, are all
small. It can also be assumed that r,.. vy and
v are approximately egual to D, dy and d.
respectively. The point of reflection P and
angles 8. 8. between the divect and reflected
ravs at each end are calculated from the path
geometry.

Using the above approximations, the fol-
lowing equation can be devived:

MY =Y )+Y—-c=0

where Y=2xd /M —1=1-(2xd./1)
c=(h,—h.)/th;+h.)
m=(1000x D)4 X KX R, x (h)+h:))

D. d,. d» are all in kilometres: by hy are in
metres: ¢ and mare constants.

Solving this equation for Y will give the
value for d, which determines the reflection
point.

Because the factor m contains K (which is
dependent on the atmospheric refractivity) a
range of values for d; needs to be calculated
for the expected range of K.

Once the position of P is known. 8, and 4.
can be also be caleulated. since it can be
shownthat

by’ =h, = (1000 X (d, 5/ (2x KX R,)

N’ =ha = (I000 X (d, W2 X KX R,)

angle of reflection (TP =h/d; =h."/d.
sind=doxsintm —2xXTPAVD

sint =d, xsintw =2 xTPAV/D

The solution of the equation for d; (Xyand
the calculation of the angles. at cach end.
between the divect and reflected vays can be
done on the spreadsheet set up for path
profile plotting.

PATH PROFILE
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Fig.9. Path from first obstruction to hilltop.

0
Fig.10. Geometry of a path 1o determine
the point of reflection and angle between
direct and reflected rays.

ANTENNA SPACING

If the refection point falls on water or
wetland. then a possible solution is to install
two antennas at each end mounted verticaily
above each other and to combine their
signals (Fig.11).".

Assuming that the plane of the two anten-
nas is normal to the direct ray. the two
outputs from the antennas due to this will be
in phase and will add. However. there will be
a difference in phase between the outputs
due to the reflected ray because of the
different distances this rav has to travel to
reach the two antennas.

For the signals due to the reflected ray to
cancel. the phase difference should be ra-
dians. The antenna spacing S to achieve this
is given by S=150/(Fsin0), where F is the
working frequency in MHz and S is in
metres.

e The author adds that, provided the simple
criteria described in his article are met.
these procedures can be implemented on
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Reception of direct and reflected

any reasonably professional integrated
spreadsheet/business software package. He
developed the ideas and the basic spread-
sheet under PFS First Choice on his Exzel
IBM compatible and used it at work under
Lotus Symphony on a Sperry IBM com-
patible.
Hagen Jurke is a chartered engineer.
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Decoding RDS

To complement November’s survey of the BBC’s progress
with RDS, this article provides a technical description of

the signal. Next month the author presents a practical
RDS display module which can be used to enhance

conventional FM receivers.

SIMON J. PARNALL

RDS FEATURES

What does RDS offer the listener? People natural-
ly think of teletext, a familiar broadcast data
system. Parallels between the two should stop
here, however, because unlike teletext, RDS is
primarily radiated to assist the listener in recep-
tion and to give additional information about the
programme being receved. Subsidiary channels
are included within the specification, but the
recommended proportion of overall RDS capac-
ity to be given to these applications is very small.

large percentage of the population
A now understands something of what

is meant by the letters RDS - the
Radio Data System. The eye-catching logo is
destined to become as familiar on radio
receivers as Dolby’s double-D symbol is upon
cassette machines today.

RDS signals are carried by all BBC FM
transmitters in England, and also by many
independent local radio stations operating
under franchise from the IBA. Several Euro-
pean countries are carrying these signals

. [ .
too, and within the next year or two most of Alistof RDS features " 1s as follows:

western Europe will be included.* Programme identification PI

RDS has a number of distinct “features” Programme service name PS
(see panel). A feature may be described as a Programme type PTY
reserved data channel within one or more | Alternative frequencies AR
RDS group types. The subject of group types ?afﬁc BT U2

. . raffic announcement flag TA
will be c.0\'ered latgr, but suffice it to sa_\'that. Decoder identification DI
by altering the mixture and balance rate of Music/speech switch MS
group types used a broadcaster can control Programme item number PIN
the mixture and balance of the RDS features Radiotext message RT
he transmits. Clock time and date cT

The two- and three-letter acronyms (e.g. Other networks ON
*What is happening to RDS? Bev Marks (BBC), Hilsfsaerzgttgata Gt IT}_?C

Electronics & Wireless World, November 1988,
1096-1100.

Although it does not implement the important auto-tuning features of RDS, this compact
modaule, to be described next month, can be added to a conventional FM tuner to bring it
the benefit of the system’s useful display features.

148

PL, PS. PTY) are an essential part of RDS-
speak, and will be used throughout this
article,

Programme identification: the Pl code is a
16-bit binary number which labels a sta-
tion’s transmissions. If a receiver finds two
transmitters carrying the same code it may
assume that the two transmissions are iden-
tical. The receiver may then use relative
signal strength and quality to determine
which transmission to use,

Programme service name: the PS name is an
eight-character string, used to identify the
station being received. Whereas the Pl code
is ‘machine readable’, the PS name is de-
signed to be seen by the listener. Examples
are *BBC R4™ and “Cambrdge™.

Programme type: the PTY code defines the
current programme as being in one of 32
categories. Examples are: news. current
affairs, pop music.

Alternative frequencies: a list of alternative
frequencies is built up from two-byte AF
code elements. A single FM frequency on the
100kHz lattice may be expressed in one byte
by declaring the offset (in 100kHz units)
from the base of Band 2 (87.5MH1z). MF and
LF band frequencies, and FM frequencies
oftset from 100kl 1z lattice points require two
bytes.

The AF list is used by a mobile receiver,
which checks the signal strength. quality
and P1 code of each of the listed frequencies.
If one of these offers superior reception the
receiver should retune and use this new
frequency instead.

Checks need to be repeated frequently,
since signal strengths from FM transmitters
can vary quite widely over short geographic-
al distances. To do this the receiver must
employ a second front-end. dedicated to the
task of testing frequencies contained in the
AF list; or else use gaps in programme
material to retune to listed frequencies and
make the necessary tests.

The AF list is essential to efficient opera-
tion of either type of receiver. Without this
provision the receiver would need to test the

b - . «
. Pl code of every receivable frequency in the

. band. However, the Pl code acquisition
time is inherently of the order of
100ms, making this process very slow. By
defining a subset of the band, indeed a
subset of the band inwhich the Pl code may
be presumed to be correct. the AF list
considerably shortens this task.
A receiver operating with a single front-
end cannot make a Pl code test on frequen-
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cies that it samples because the length of
time required, and the consequent audible
drop-out that would be produced. Instead.
the receiver will make a check of the Pl code
when it has retuned to the new frequency as
a programme source. Invalid frequencies
included in an AF list will cause such
receivers to give a short burst of an un-
wanted programme whilst the Pl code is
being read, before the frequency is rejected.

Traffic programme: TP is a single bit. ft
identifies that the station being listened to,
indeed the programme being listened to. is
likely to carry travel announcements.
Motorists can use this as a means of seeking
travel news in an unfamiliar area. Normally
the TP flag would be set on the transmissions
from a BBC local radio station: provided, of
course. that the station does indeed carry
such announcements.

;{EE INTER 11 46

- .-

) ot

[ FROHORD 1133

~—

MERCURY

(

RDS is now being implemented by broad-
casters all over Europe. These PS displays
were received from the France-Inter and
Fréquence-Nord services of Radio France,
and from Radio Mercury, the ILR station for
Reigate and Crawley.

Traffic announcement: TA is also a single
hit, and is used in conjunction with TP. If TA
is set then the station being listened to is
broadcasting a travel announcement at this
moment. The receiver can use this bit to
increase the volume. stop a cassette, or some
similar action.

Decoder information: DI is formed from
four bits. and identifies the decoder operat-
ing mode required. One bit indicates mono/
stereo, another indicates whether an artifi-
cial head has been used for recording, and
the third indicates whether compression is
applied to the signal. The fourth bit is
undefined.

Music/speech: Ms is a single bit. [t may be
used by receivers to switch between two
volume settings.

Programme item number: the PIN 1s a
coinposite number, expressed in 16 bits,
formed from the day of month. hour and
minute of the published start of the current
programme. The programme may start late.
or early, but the PIN remains the same. It
may be thought of as similar to a railway
timetable reference: the 1612 train is still
the 1612 even though it actually leaves at
1615 today.

Receivers may use this number to switch
on automatically at the start of a particular
programme, or to start recording (copyright
law permitting).

Radiotext: the radiotext message is a string
of either 64 or 32 characters. Two transmit-
ted variants are specified. RT is intended to
give information about the programme
being received.

Clock time and date: CT information defines
the year. month, day, week number. day of
week, hour and minute. Seconds and frac-
tions of a second are implied by the timing of
transmission of this information: the end of
transmission defines the minute described
precisely.

Other network: ON data is a collection of
RDS features relating to other stations. The
features are: Pl PIN, PTY, TP. TA and AF
Thus. although listening to a particular
station. the receiver can be informed of the
frequencies on which to find other services
in the area. the state of their travel broad-
casts and what type of programme they are
carryving.

This feature provides the means by which
a listener may find Radio 2 (say) having
driven 300 miles listening to Radio 4. At
every stage on the journey the receiver may
determine. from ON data on Radio 4. the
frequency onwhich to find Radio 2.

ON holds the key to the operation of a
comprehensive travel service whereby,
whatever station your receiver is tuned to. it
has ready and immediate access to all travel
announcements in the area. Such data. if
transmitted. is likely only to be consistent
hetween the services offered by a given
broadcaster.

Transparent data channel: TDC provides up
to 32 sub-channels for communication with
data-consuming devices, e.g. home compu-
ters.

In-house data: 11 is similar to TDC. but
reserved for use by the broadcaster.

This is a comprehensive list of RDS features
defined in the EBU specification'. Some
features are hasic to the system and cannot
be omitted. others are optional. In any case,
even basic features may be left in a default
stale by the broadcaster or changed 1n
accordance with the programme. The BBC
uses the words “static” and “dynamic” to
describe this operational disparity.

The BBC has declared that it is radiating
PI. PS. AF. ON. and CT from its transmitters.
It exercises dynamic control over PI, PS and
ON from its Radio 2. 3 and 4 transmissions,
changing station names when appropriate
throughout the day. Normally Radio 2 trans-
missions carry the PS name “BBC R2/17: the
2/1 reminds listeners that the service
changes to Radio 1 at certain times. At these
times the PS name will change. to "BBC
R1/2". Other changes are made to re-label
educational broadcasts and indicate when
the FM and LF networks are split. and
therefore carrying different programmes. Al
present. the IBA is not radiating ON or CT.

In addition to the declared features, both
the BBC and IBA are radiating default RT
(radiotext), PTY (programme type). TP and
TA flags from all transmitters. The BBC
exercises dvnamic control of these features
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RADIO DATASYSTEM

on an experimental basis from all Radio 2. 3
and 4 transmitters. and their content may be
expected to change on a regular basis. The
changes are scheduled to occur at published
programme boundaries, and are executed by
the BBC's central RDS computer at Broad-
casting House, London. Changes are com-
municated to RDS encoders at transmitter
sites by the use of spare capacity in the BBC's
Nicam programme distribution system®, It
must be stressed. however, that this in-
formation is transmitted on an experimental
basis and the BBC has not undertaken to
offer these features as a public service.

Summary of the BBC's current RDS features.

Static

- Dynami7c Experin;et;tally
Dynamic
PLPS.PTY
Localradio AFTPTA. CT
andRadiol DLMSPIN
RT.ON
Radios2.3.4 AF.DIMS PIPSCT PTY.TPTAPIN.

RT.ON

Note that CT {clock time) transmissions
must be dynamic to be of any use! BBC clock
time transmissions are synchronized to MSF
transmissions from Rugby and are traceable
to the NPL standard. Automatic changeover
from GMT to BST is provided in this service
and thus BBC CT transmissions will make
the same changes.

HOW IS THIS DATA TRANSMITT-[:II)?

RDS uses an additional subcarrier of 57kHz.
This frequency is three times that of the
stereo pilot tone and is phase-locked to the
pilot tone when this is present. The injection
level of the 57kHz subcarrier is expressed in
terms of the deviation of the main FM carrier
due to the (unmodulated) subcarrier. The
BBC uses injection levels of 2.0kHz for local
vradio and Radio 1, 2 and 4 transmissions,
and a reduced level of 1.2kHz on Radio 3.
The subcarrier is amplitude modulated by
a shaped bi-phase coded signal. The subcar-
rer itself is suppressed to avoid data mod-
ulated cross-talk in phase-locked loop stereo
decoders and to enable the system to work

12:81

[eec 2

- -
Alt BBC national and local stations in
England now carry RDS signals. Coverage
is being rapidly extended to Scotland,
Wales and Northern Ireland.
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alongside the German ARI system (Aulo-
fahrer Rundfunk Information)”.

The basic data rate is 1187.5 baud. This
rate is obtained by dividing the subcarrier
frequency by 48.

Data is differentially encoded at the trans-
mitter according to the expression

Output [t] = Input [t] & Output [t—1,

where t, = one bit period = ——=—=s
‘ ehitp 11875

Al the receiver the reverse process is applied
by the expression

An example of the resultant impulse train
is shown at (4) in Fig.1. This is then shaped
by a filter whose response is ideally

Output[t] = Input [t—ty[ & Input|t]

This combined process ensures that the data
will be decoded correctly if the demodulated

sig’r]al is inverted. €os m.d—forl) <i< E
The bi-phase symbol generator produces 4 ty

two impulses for each input bit. A logic 1 oy

input gives 0 forf>=

ty
et = 80 — dlt+1y/2) ‘l—’— The resultant shaped impulse train then
_J T4 modulates the 57kt Iz subcarrier.

andalogic 0 gives In the receiver. the above processes need
to be reversed. The stereo multiplex signal is
hand-filtered and a synchronous demodula-
tor used to recover the shaped hi-phase

elt) = —3() + S(L+t,/2)

o J | J 11 | Vhtifm
1 I | Left Multiplex transmitter
Stereo encoder signai +
l l ll | “ l l “ Sound programme
CarT T oTTITOT srgnal .
e .
Right 19kHz pilot-tone
reference
® signal
r————— e — -
_________ | Biphase symbol generator
]'b:fferenna/ R 1 | Shaping filter |
jencoder Q e N.rz Delay
Radio-data ] | | to polar Tty
message ! | b | | ympulse S 0s ——
source ! : | | | converter A
| S
: . [ 57kHz
Sl e s -—----—---r———-—- - == —— = subcarrier
K = ascitlatr
1187-5Hz bit-rate clock 2375Hz2

Fig.1. RDS transmission chain. The 57kHz subcarrier is locked to the stereo pilottone, if present.
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Fig.2. Typical receiver decoding system for RDS. The rather complex modulation scheme was chosen to minimize the risk of

inteference to the audio programme.
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symbols. One form ol bi-phase symbol de-
coder is shown in Fig.2. It is important to
note that, for optimum noise rejection, the
combined filter response of the shaping filter
and bi-phase decoder should have the same
characteristic as the transmitter’s filter,
shown above.

BASEBAND CODING

RDS uses a continually repeated data struc-
ture known as a hlock. A block comprises a
total of 26 bits. Sixteen bits carry data: the
ten extra bits are used for error detection/
correction and synchronization.

Four such hlocks are transmitted sequen-
tially to form a group. The first block is
known as Block 1. the second as Block 2 and
so on. When transmission of the group is
complete, transmission of the next begins.
There are no gaps between blocks or groups.
The group repetition period may be calcu-
lated as follows:

t,=tyXx 1()4=1+§?35=87.5ms.

RDS is designed to carry information to
that most difficult of destinations, the mov-
ing motor car. Reception conditions can
vary on a second by second basis, multipath
distortion sometimes rendering the data-
stream useless. For this reason RDS employs
a high degree of redundancy. both in terms
of the check bits appended to each block and
the repeated transmission of group types.
The structure and length of an RDS group
were chosen to optimize the data-carrying
capacity in the presence of random and
period ic reception errors.

A 26-bit block may be generated from 16
data bits by multiplying the data bits by the
following matrix:

10000000000000000001110111
01000000000000001011100111
00100000000000001110101111
00010000000000001100001011
00001000000000001101011001
00000100000000001101110000
00000010000000000110111000

G= 00000001000000000011011100

This is the matrix equivalent of the gener-
ator polynomial

g =x"4+x"+x X+

The result of multiplying this matrix by
the data word D=0100010000100011 may
be shown by writing the data bits vertically
beside the matrix and then exclusively or-ing
together all lines of the matrix where
D[bitn] = 1.

1600000€000000000001110111
01000000000000001011100111 Line
0010000¢000000001110101111
0001000€000000001100001011
00001000000000001101011001
00000100000000001101110000 Line
0000001C000000000110111000
00000001000000000011011109
00000000100000000001101110
00000000010000000000110111
0000000C001000001011000111 Line
00000000000100001110111111
00000000000010001100000011
00000000000001001101011101
00000000000000101101110010 Line
00000000000000010110111001 Line

Used

Used

Used

Used
Used

—— 000~ 0000—~ 000 —0

Result is given by

01000000000000001011100111

XOR 00000100000000001101110000
XOR 00000000001000001011000111
XOR 00000000000000101101110010
XOR 00000000000000010110111001
= 01000100001000110110011011

The matrix leaves the data bits untouched
(they are multiplied by the unity matrix).
and generates a 10-bit check word. The
check word is akin to the CRC (cyclic
redundancy check) well known in data stor-
age systems. The resultant word is modified
by exclusively or-ing the result with a 10-hit
word known as an offset word. This offset
word is different for each of the constituent
blocks of a group. Offset words applicable to
each of the group elements are shown below:

Offset

00000000100000000001101110 Soss LTI
00000000010006000000110111 1 A 0011111100
00000000001000001011C00111 2 8 0110011000
00000000000100001110111111 3 ¢ 0101101000
00000000060010001 100000011 A ¢ “%013‘1’00
00000000000001001101C11101 o g 0110110100
00000000000000101101110010 Note: block 3 has an alternative offset word to aid
00000000000000010110111001 identification of a special setof group types.
Group = & blocks =104 bits
S - R — . __‘,___4
|
1
r Block 1 ] Block 2 l Block 3 Block ¢ J
7 N
7 Block=26bits
1 R T ol
|~ N
v/ .
l Information word Checkword + | offset word
e ~
— " ~
f — " Information word =16 bits I Checkword=10 bits
4 o e o .
- - / ~ |
v - = ) n - I vy
m c ' | ¢
P {1111 TPl L[ T [ Io] [ T LTIl [ ] [of

Fig.3. Basic data structure of RDS is a 26-bit sequence known as a block.
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SYNCHRONIZATION
In the decoder a parity check matrix (shown
below) is used to generate a 10-bit number
fromn an accumulated 26-bit data sequence.
The matrix multiplication is performed in
the same way as the generation shown
earlier except. of course, that there are 26
input bitsand 10 output bits.

1000000000
0100000000
0010000000
0001000000
0000100000
0000010000
0000001000
0000000100
0000000010
0000000001
1011011100
ol01101110
oolollolll
1010000111
1110011111
1100010011
1101010101
1101110110
0110111011
1000000001
1111011100
0111101110
oo11110111
1010100111
1110001111
1100011011

The result of this matrix calculation is
known as a svndrome. Each offset word
produces a characteristic syndrome when
the matrix is multiplied by the 26 bits
forming the respective block. If the decoder
is in sync the syndrome for offset A will be
fourd 26 hits ahead of the syndrome for
offset B, which will be found 26 bits ahead of
the syndrome for offset C or ', and soon.

To lock to an incoming data stream a
decoder must apply the parity check matrix
to the contents of a 26-bit shift register of
incoming data bits at each and every bit
period until a valid syndrome is detected.
Confidence is increased if another valid
syndrome is found 26 bits later. and so on.
The offset words. effectively being deliberate
errors introduced at known intervals. thus
form the basis of the synchronization
mechanism.

Offset OffsetWord Syndrome
A 0011111100 1111011000
8 0110011000 1111010100
[ 0101101000 1001011100
c 1101010000 1111001100
D 0110110100

1001011000

Once a sequence of four blocks with offsets
A. B, C or €', and D has been formed. the
decoder has acquired one RDS group; this
may now be processed.
GROUPTYPES

The four most significant bits of Block 2 of
any group label the group and define the
RDS features to which the group's data
relates. In addition, the next most signifi-
cant bit further divides the group type into
one of two variants: A or B. Thus a group is
known by its four bit number (0-15) and its
variant letter (Aor B).
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Fig.4. This RDS group is of type OA: it carries basic tuning information.
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Fig.5. Type OB group. Pl is the single most important code carried by RDS and is repeated

frequently.
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Fig.6. Locking to the RDS bit-stream: block 1 bit-stip syndromes.

An example of a group is shown in Fig.4.

This is an 0A group which carries basic
tuning and switching information.
Block 1 is occupied by the PI code. Block 2
carries the group type identification (0\) and
a mixture of RDS features: TP, TA. PTY and
one of the four DI bits. Exactly which of the
four DI bits is defined is set by the last two
bits of Block 2. These two bits form a number
in the range 0-3. pointing to one of the DI
bits. The same number also determines
which two characters of the eight-character
PS name are to be updated by the two new
characters in Block 4. Block 3 contains two
AF codes.

The effective data rate of RDS can be
calculated. knowing that only 64 out of every
104 bits (i.e. one group) carry data, and that
five of these carrv group labelling informa-

152

tion. This gives an effective data rate of

1187.5
104

59 x =637.67 baud

Every group type has the PI code in Block
1. The P1 code is the single most important
piece of information that RDS carries. since
it is the key to all the automatic tuning
features. Because of this importance and the
need to keep the Pl repetition rate as high as
possible, variant B of all group types includes
the Pl in Block 3 as well. In this case the
offset word C' is used instead of € for Block
3. This enables a receiver to determine the Pl
code of a transmission by looking for offset A
or C'. There is no need to accumulate a
whole group, with the consequent time
penalty, inorder to extract this information.

At the present the following group types
have been defined:

Group type RDS features carried
0A PL.PTY.TP. TA. DI, MS, PS, AF
0B PL.PTY, TP, TA.DL. MS,PS
1A/B P1. PTY, TP, PIN
2A/B PLPTY, TP.RT
3A/B PI.PTY,TP,ON
4A PLPTY, TP.CT
5A/B PL,PTY, TP.TDC
6A/B PLPTY.TP.INH
158 Pi, PTY, TP, TA. DI, MS

By regulation of the group types radiated and
their repetition rales the broadcaster can
exercise some control of the range of RDS
features included in his services. e certain-
ly cannot avoid transmitting PL PTY and TP,
which are the main features which might be
used by a receiver performing a station-by-
station search along the band. Such a
search, whatever the group type mix. will
always find the desired feature repeated
every group. Other features can be acquired
more slowly once a station has been selected.

BBC transmitters currently radiate the
cyclic group sequence: 0A, 1B, 0A. 2A, 158,
0A. 3A. 15B. 0A, 2A, 0A. 1B, 158, 0A, 3A. 2A,
0A, 158, 0A, 15B. with the addition of a
group 4A included automatically at each
minute’s edge. This group sequence
achieves the minimum repetition rates for
each feature recommended by the EBU, and
explains why certain RDS features are not
apparent in BBC transmissions.

The PI code for a station is not necessarily
constant, indeed the BBC actively switches
Pl codes to reflect changes in its networks in
the same way as the PS name. However,
these changes are, in RDS group terms, very
infrequent. Once the decoder has locked to
the bit stream and has read the PI code, it
may calculate the four possible syndromes
that will occur with Block 1 if a bit is slipped
in either direction. Four possibilities exist
because the sense of the gained bit is
unknown and indeed variable. If syndromes
A. B. C/C’ or D are lost but a pair of these new
syndromes (L/I." or R/R') is detected at
104-bit intervals (one group length), the
decoder can make a rapid adjustment to its
bit count to re-synchronize to the stream.

(To be continued)
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Specialized components and completed modules
are available for the decoder design, For details.
send a stamped. addressed envelope (or two IRCs)
to the ECHU editorial office. marking vour
covering envelope "RDS™. A copy of the author's
ohject code for the 68701 is available from the
same source. as a Motorola S-format hex listing.

Simon Parnall is a senior design engineer
with the BBC.
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he sad story began in 1982, when
the British Government allocated
two of Britain's five satellite chan-
nels to the BBC for providing a
DBS service in Britain. [t added the
proviso that the BBC must buy or lease its
satellite from Unisat, a consortium of British
Telecom, British Aerospace and CEC-
Marconi. Bill "son of Wakey Wakey™ Cotton
was in charge. There was much grand talk.

But after finding that Unisat was asking up
£80M a year, the BBC ducked out and later
paid £10M in compensation (Unisat wanted
nearly £60M) rather than risk bankruptcy
trying to provide a service.

The BBC had also been worried by the
Government's edict, made after channel
allocation, that the BBC must use a com-
pletely new television transmission system.
This was Multiplexed Analogue
Components, or MAC, developed
by the rival Independent Broad-
casting Authority, instead of
PAL.

The BBC had developed its
own system called extended PAL,
which took advantage of the
wider bandwidth available for
DBS while retaining compat-
ibility with existing PAL sets. The
extended PAL signal had extra
high-frequency information on
top of the ordinary signal band.
Ordinary PAL sets would ignore
this extra signal; an extended
PAL receiver would use it to dis-
play a clearer picture, without
Moiré effects.

MAC separates the chroma
and luma information in time
rather than frequency. Bursts of
digital code for text and sound
are interleaved with the picture
bursts.

In July 1982 the Government set up a
committee under Sir Anthony Part to decide
between the two rival systems. In November
that year Part came down firmly in favour of
MAC. Union and International Telecom-
munications Union followed suit, recom-
mending MAC as a standard for direct broad-
casting by satellite throughout Western
Europe.

Time would later prove that ex-PAL might
have been a better solution, politically if not
technically.

After the BBC got cold feet on MAC DBS.
the IBA took on the job of finding a replace-
ment. In December 1986 the 1BA awarded
the DBS franchise to BSB, a consortium of
the Granada and Anglia TV groups, Pearson
Publishing, Virgin and - at the time -
Amstrad. BSB had impressed the IBA with
promises of a £200 dish system, ten million
subscribers after ten years and 25 000 new
jobs. Poor Lord Thomson seemed quaintly
oblivious of the fact that Amstrad buys-in
boxes from the Far East.

The Government's concession was to drop
its previous demand that anyone running a
British DBS service must buy a British satel-
lite. BSB bought from Hughes Aircraft in the
US, with a guaranteed launch on a McDon-
nell Douglas Delta rocket from Cape Ken-
nedy in Florida scheduled for August, 1989,
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But the 1BA franchise still required BSB to
use MAC. This ties in with the decision by al!
European states to adopt the MAC system. It
had the intention of helping the European
consumer electronics industry, dominated
by Philips and Thomson, compete with
Japan on future high-definition TV tech-
nology.

Europe’s Eureka HDTV system builds on
MAC. The HD picture is formed from 1250
lines, but retains compatability with 625 line
MAC receivers. Patents on MAC could also
protect the West from the East, just as EMI's
clever exploitation of Telefunken's patents
on PAL made it possible for inefficient fac-
tories in Europe to survive until the legal
cover ran out,

The original MAC system was called C-
MAC, and it incorporated a digital data

COUNTDOWN
TO CHAOS

By BARRY FOX

stream running at 20.25Mbit/s. This data
stream can carry eight separate digital audio
channels, either as four stereo pairs, eight
different language soundtracks or any com-
bination of the alternatives. Alternatively
some of the data could be used for text or
business communication.

France and West Germany objected to this
standard because the data stream is of such
high frequency that it cannot travel down
the existing network of TV cables on the
Continent. Their engineers developed a
variant of MAC, called D2-MAC which halves
the data rate to 19.125Mbit/s by the simple
expedient of halving the number of digital
channels.

Britain said no to D2-MAC, and developed
a clever half-way system called D-MAC. This
maintains the full data rate but halves signal
frequency through duobinary coding, where
two bits are transmitted in the time normal-
Iv taken to transmit one,

In July 1987 the Home Office confirmed
that BSB would use the D-MAC system.
hoping that the Continent would tfollow.
Unfortunately this has not happened, largely
because ITT in Germany has invested in the
production of microchips for D2-MAC re-
ceivers.

Hoping to capitalize on the standards
split. a consortum of Philips, Plessey and

Nordic VLSI (of Norway) has been develop-
ing a multi-MAC chip set, which can cope
with all varieties of signal: C-MAC, D-MAC
and D2-MAC.

Foreseeing the risk of starting to broad-
cast a D-MAC service which no one can
receive, BSB is paying [TT £50 million to
modify its D2-MAC design for D-MAC, and
produce four million chip sets for TV manu-
facturers.

BSB decided early on that it would broad-
cast all three channels in scrambled format,
using “hard” computer encryption. Viewers
will only be able to see pictures and hear
sound if they have paid a subscription, or
one-off fee for a special programme such as a
championship boxing match. orbeen given a
free decoding key. This technology, called
conditional access, relies on the transmis-
sion of digital codes along with
the signal broadcast from the
satellite. These codes interact
with digital codes burned into
the microchips inside the re-
ceiver. The signal is unscram-
bled only where the codes match.
Non-payers get non-matching
codes unless the programme
provider wants everyone to
watch on a free basis. Two of
BSB's channels will be free and
supported by advertising. UK
viewers will get free codes. En-
cryption reduces copyright fees
hecause only British viewers will
be sent the correct codes.

BSB is paying General Instru-
ment £100 million to modify its
VideoCypher system as used in
the US, and make EuroCvpher
hardware modules available for
manufacturers next summer.

In June 1988, Rupert Mur-
doch, News International man-
aging director, re-wrote the rules of the
game. He announced that his Sky Channel
had taken four channels on Luxembourg's
private venture Astra satellite and would use
PAL without encryption. Amstrad, no longer
amember of the BSB consortium, would sell
reception equipment for under £200. Mur-
doch subsequently took a fifth channel on
Astra in a deal with Disney, Around 80
manufacturers have now said they will sell
two million dish/receiver systems in 1989.

In a desperate effort to re-establish confi-
dence in MAC and BSB, the Home Office and
Department of Trade and Industry said they
were considering the transmission of BBC2
and Channel 4 TV from the same satellite as
BSB. Immediately. and predictably, there
was outcry. Soon after the ill-advised
announcement, the Government tempered
its proposal by promising to continue simul-
casting terrestrial transmission for an in-
terim period. Then the whole daft idea was
dropped.

In October 1988, W. H. Smith took two
channels on Astra and confused things even
further. WHS decided against using PAL,
and will use D-MAC instead like BSB. But
WHS hardware suppliers will use the multi-
standard MAC chip set being made by the
consortium of Nordic VLS, Plessey and Phi-
lips. thereby making receivers compatible
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with both PAL and D-2 MAC as favoured by
France and West Germany.

WHS will fund its programmes with a mix
of advertising and subscription. so must en-
crypt its broadcasts. For this WHS will use
the Eurocrypt system backed by the same
chip consortium. But because multi-MAC
and Eurocnypt chips will not be ready until
mid-1989. decoders will not be available
until the end of 1989 and so \WWHS will start
broadcasting from Astra in February using
PAL without encryption.

Thus. for at least six months people who
buy simple receivers to watch Rupert Mur-
doch’s channels will also be able to view
programmes free. But after that they will
either have to modify their satellite tuner or
buy another one. The snag is that upgrading
for MAC and even some forms of PAL
decryption will be possible only if the tuner
can handle a signal of around 10MHz band-
width. Cheap PAL decoders may handle only
around 6MHz and thus not be upgradeable.

There is a further problem. Astra will
broadcast from 19 degrees East but the BSB
satellite will sit at 31 degrees West and thus
need a separate dish aerial or dish steerer.
Although BSB will use D-MAC for all its
three channels. it is already committed to
using the EuroCypher encryption system
like WHS. There is no compatibility between
Eurocrypt and EuroCypher, so anyone want-
ing to watch WHS programmes and BSB
programmes will need two decryption units,
even though both programmes use D-MAC.
Is this the way to sell a new entertainment
service? [t gets worse.

Although Rupert Murdoch’s original plan,
as announced in June, was to broadcast all
his Skv channels in clear PAL. he soon found
himselt in trouble with the film companies
who insisted on encrvption. Satellite broad-
casts into Britain can be picked up elsewhere
in Europe. where separate rights deals are
being struck. Only encryption can restrict

The sad history of consumer electronics

viewing to the country for which rights have
been sold. So Murdoch had to promise to
encrypt his Sky Movie Channel.

Then came the deal with Disney, and the
birth of a plan to encrypt both the Disney and
Sky Movie channels and charge a bundle
subscription of £12 a month.

Skv soon realised it would be impossible
to get a foolproof encryption system up and
running by February 1, so set August 1 as the
deadline for encryption. Sky then toyed with
the idea of using a compromise system as an
interim solution between February 1 and
August 1 but recognised it would cause
chaos. It now looks as if Sky will broadcast in
clear PAL from February 1 to August | and
then switch to hard encryption. but still use
PAL:; at least that is what Sky has promised

the film companies. And in this business, the
situation can change with the wind.

It seems inevitable that dates will be mis-
sed all round. and the trade and public will
be taced with a bewildering array of different
and incompatible reception systems. Some
viewers will switch off mentally and never
switch on to the new technology.

Trade experience in audio, video and
home computing teaches that alot of people
wili lose a great deal of money learning the
same old lessons, all over again.

Ignorance is an expensive luxury.

@ The Astra satellite lifted off from Kourou
in the early hours of December 10. Start of
programmes is scheduled for midday on
January 20.

“D-MAC, D2-MAC, PAL. enhanced PAL, Eurocypher, Eurocrypt and all | can getis flaming Wogan!”
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8051 DEVELOPMENTCARD

The new Cavendish Automation develcpment card carries a full symbolic Assembler and text editor
as well as the MCS-BASIC 52 package. It will allow the user to write applications programmes in
either BASIC or Assembiler.
The text editor supports ORG, LOC, HIGH and LOW directives as well as the current location ($) and
the + and — operators. Full source text editing is included, and the source file as well as assembled
code may be blown into PROM/E2PROM on-card. A powerful feature of the system is that a function
library of over 60 routines within the interpreter may be accessed using assembly language CALL
instructions, enabling simple negotiation of floating point, logical operations, relational testing and

many other routines.
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FEATURES:
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B Only requires +5V supply and
dumb terminal

B Save assembled code or source
text in PROM on-card

Py o = B Card /0 includes 9 x 8-bit ports
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asda

"'“““\\“‘“‘ pow ) | o W 32K user RAM, 16K user PROM
S ashimy v {RAM jumpered to access code

208590 NYavf T. or data space)

} 4
L s B Card supported by over 50
e > ] other types of CA1/0 and CPU
== target cards

So, for professional implementations at super-low cost, call us on (0480) 219457.

Cavendish Automation, 45, High St., St. Neots, Huntingdon, Cambs PE19 1BN. Tel: 0480219457. Telex: 32681 CAVCOMG.
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EPLD programmer design

To illustrate the design of programmers for UV-eraseable
PLDs, this unit and 2 PC will program Cypress C20 devices

JOHN CROMIE
L > designer Programmer
Input term Data
0 0 f—— — 20
Vop [ [ Veep
Ao (] ] 0;
Ay ] 0y
I3 A [1Cy
5 32x6b A 1
= Fuse links A3 ] H D3
ommercial PLD program- ] A;“j :10; RESTART has same effect as
mers can be costly, princi- a . H -__] 05 pressing reset button.
pally because they must 6] L] D¢ TEST enters manual test mode.
support a plethora of exotic de- &} (] Cy An input vector can be edited
vices from different manufactur- Ves [] ) poMs0E and applied to the device inputs;
ers with widely varving program- 0 3163 10 il the subsequent state of the
ming and testing requirements. 25648 outputs is then displayed.
The usual approach is to provide ") £PROM cells Input
software-configurable pin driv- +— v lnp:l)s inul
ers which may be specifically B 1 2 oonvernput e
5 10 = e 0: Driveinput on
tailored to the voltage. current . imam] . o N .
and slew-rate requirements of 1 T i X: Don't care (actually driven
virtually any device. For many 14T, ';F[Li . ",‘r’“) his i as :
users, though, this respresents 103 ;}{ },L ) o (r.ea~t It""i\()pml "; CLLRTIGELG
vast overkill, since they may only 1C] L-E ’\:; pins 12-190nly
be interested in programming ”:JL E{ I, Output states
the common or garden 16L8, | ‘ I . .
- Lo . 1L i 2L H: Outputismon
16R4, 16R6 ad 16R8B " ' T L: Outputis 1o
grchntecturgs. l.n fact. the major- \ | || 9 Z: Output is high-impedance.
ity of combinational and sequen- pr 255

tial logic functions may be im-
plemented using these four
industry-standard architectures.

This simple, low-cost programmer is de-
signed to program the popular and readily
available Cypress C20 Series UV-eraseable
PLDs: PALC 16L8. 16R4, 16R6 and 16RR,
The programmer is connected to the serial
port of any PC. A communications package.
such as Procomm. running on the PC. can
then provide the VT100 terminal emulation,
and ASCII file transfer capabilities required
to use the programmer.

 FEATURES

The programmer offers the following facili-

ties.

@ Device programming from a Jepec file
generated by a logic assembler, such as
PaLass or ceee. Alternatively, the Jepec file
may be generated manually from a fuse
map using any text editor,

® Automatic test vector application from a
sevec file,

o Anovel means of quickly and easily testing
a programmed logic function during the
development process, by manually ap-
plying inputs and examining the output
states.

o Blank check to verify unprogrammed de-
vices.

Fig.1. APLD as seen from two different perspectives.

o Checksum on the fuse states is automati-
cally verified after programming against
that in the wnec file.

@ Full implementation of cveriss intelligent
quick-programming algorithm.

PROGRAMMING AND TEST
COMMANDS

The programmer will accept the following
commands.

BLANK carries out a blank check on the
device.

CSUM returns the device checksum, in tex;
0000 if device is unprogrammed.

JEDEC downloads a standard senkc file from
the host, as created by a logic assembler such
as miass or coen, The device is programmed
and the checksum is verified. Any test
vectorsare then applied to the device. May he
exited at any time by typing < esc . Only the
Design Specification, Link. Checksum and
Test Vector fields are handled: others are
ignored.

PLINE 1 displays fuse state of Product Line
n:(l=<n=<64)

0: fuse unprogrammed

1: fuse programmed
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The inputs may be edited in con-
junction with — and — cursor
kevs. When the desired input

Ouiputs

A B 1 Pin state

0 0 | tow (not allowed)

0 1 | i

1 ( | LOW

1 1 I e (pulled up to 5V)

vector has been set up, it may he applied to
the device hy hitting either <Return> or
<Cursor Up>. llitting <Cursor Up> dif-
fers in that the application of the input
vector is followed by a clock pulse (rising
edge) being applied to the device's cn input.
Note that the device pins remain unaffected
by any editing prior to hitting either of the
above two kevs,

PROGRAMMER TEST COMMANDS

CALL aaaa calls subroutine at location
aaaal L and then returns to prompt.

PULSES applies a continuous stream of
).1ms programming pulses at V', and short
verify pulses at OV to pin 11 of the device for
testing timing and voltages. using an oscillo-
scope. Itis an infinite loop, and the program-
mer must be reset to exit.

READ aaaa displays the contents of memory
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location aaaal in the microcontroller.
WRITE aaaa dd writes byte ddH to memory
location aaaall in the microcontroller.

~ OPERATION

The 163701 single-chip microcontroller,
with software embedded, enables a reduc-
tion in programr::r hardware. In addition to
the microcontroller, only three other ICs
and a few passive components are needed. as
shown in the circuit diagram of Fig.5 The
HD63701 was selected because it had all the
necessary on-chip features such as 4K
eprom, 256 bytes of ram, timers and a serial
port, but also because it was available in an
economical one-time-programmable (0.p.t.)
version.

There are two pin drivers for device pins 1
and 11, allowing the pins to be driven to V,,
(13.5V). logic tici (5V) or logic 1.ow (ground).
Each pin driver is controlled by two outputs
from the microcontroller, shown in the
table.

Outpul A controls the switching of V,
through to the pin via an o.c. buffer (7407)
and a power op-amp (L272). Whenever B is
ticH, the non-inverting input of the op-amp
will be held around 4.5V; so long as A is Hicn
the voltage at '~ inverting input will be
pulled up to 15V and thus the op-amp output
will be around OV, disconnecting V,, from
the pin. The pin state can then be toggled
hetween logic G and Low by B, via another
o.c. buffer and pull-up resistor. Whenever A
goes Low and B is e, the inverting input
voltage will drop to around 2.5V. which is
now less than the 4.5V on the non-inverting
input, causing the op-amp output to swing
to V- This then drives the pin through the
diode. Due to the voltage drop across the
op-amp and diode, the 15V supply is dropped
to the required 13.5V (+0.5V) for V.
Resistors Ry and Ry, allow B to control the
voltage at the non-inverting input. Hence. if
B is Low. V,, cannot be switched through to
the pin since the voltage at the inverting
input will never fall below that at the
non-inverting input. This interlock protects
against the pin being driven low at the same
time as V, is applied. causing the op-amp
outpul to be shorted to ground through the
buffer. Diodes D; and Dj protect the op-amp
inputs in the absence of the 15V supply. Note
the low value of R;,: this is necessary to
ensure a sufficient rise time on the clock
pulse since, in the absence of an active
pull-up. the pin input capacitance can only
be charged up through the pull-up resistor.
The 1.272 power op-amp was chosen because
of its limited slew rate of typically 1V/us.
allowing the pin driver comfortably to meet
the minimum lps V,, rise and fall time
specifications of the PAL C20 Series.

The pull-up/pull-down switch. controlled
by microcontrolier output P35, allows pins
12-19 of the device to be pulled either incii or
Low via the 47kf} resistor pack RP,. This
facility is used in testing these outputs for a
possible high-Z state. If the pin is in the
high-Z state it can be freely pulled iucii or 1Low
using this switch. whereas this would not be
possible if the pin was being actively driven
by the device as an output. Transistor Try
switches the common pin of RP, to 5V if P35
is driven low.
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Fig.2. PLD address mapping. For example, (Product Term 27, Input Term 3) (Address

00011011, Data 00001000).
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Ports 1 and 4 of the microcontroller are
connected directly to the rest of the device
pins which do not require high-voltage pin
drivers. Port 4 is always an output port. since
pins 2-9 of the device will invariably be
inputs. Port 1, however, is bi-directional,
since pins 12-19 can serve as either inputs or
outputs. To afford protection in the event of
contention between a device output and a
Port 1 output. series resistors (RP-) are
inserted to limit the current. Pull-up resis-
tor packs RP, and RP, ensure that \'y; to the
device meets the specified 3V minimum.

Maode-control inputs PCO-PC2 are held
ieh, so that the controller will start up inits
single-chip mode (mode 7).

1C5 (ICL232) provides a complete RS232
interface. with both positive (+10V) and
negative (—10V) supplies being generated
on-chip: capacitors Cy-Cy» smooth  these
supplies. Only the rio kapand can
lines of the RS232 interface are
used. with no facility for a hard-
ware handshake. Leds indicate
line activity; green for gxn and
red for rxn. gy

Asspare input to IC5 (pin 8) is
used for a rudimentary check on
the presence of the 15V supply.
Pin 9 goes to input P37, and will
be low if a voltage greater than
3\Vis present.

13 5V~

ov

EPLD PROGRAMMING

As viewed by the logic designer. the PLD is
represented by a 32 x 64 fuse matrix, with a
particular fuse being addressed by its Pro-
duct Term (0-63) and Input Term (0-31)
co-ordinates. So far as the programmer is
concerned. all four PLDs appear identical as
a256 x 8 bit eprom array with eight address
inputs and eight data lines (Fig.1.). It is the
task of the programmer to map this logical
32 x 64 representation on to the actual
phvsical 256 x 8 array of ¢prom cells
(Fig.2.):

(Product Term, Input Term)
Data)

Because of the eight-bit data bus. cight cells
may be programmed or verified simul-
taneously. The 64 Product Terms are split
into cight groups, with one data line
assigned to each group as in Fig.2. The
address isin fact made up of two fields: A7-A3
select the Input Term and A2-A0 select the
particular Product Term within each group
of eight to be connected to the dataline.
A7-A3 => Input Term number

> (Address.

A2-A0 => remainder of (Product Term
number/8)

Since the programmer will be programming
one Product Line at a time as the Link fields
of the wpec file arrive, the fuse data will not
arrive in an order permitting us to program
cight fuses at the one time. Hence, only one
data line at a time can be set to 1" in order to
programacell,

Data mask D7-D0O => quotient of (Product
Term number/8)

Once the Address and Data inputs have
been set up. the Cypress programming
algorithm can be entered (Fig.3.. The \',
input must be raised to 13.5V to place the

device in programming mode. Program-
ming consists of applying brief 100us pulses
at V', to the ravinput, reading back the fuse
state after each pulse by dropaing the rov
input briefly to «xn Once a*0"is returned in
the appropriate bit location, indicating that
the fuse has been programmed. a knock-out
pulse of 4 x 100us x (the number of short
pulses required) is applied to boost a few
extra electrons into the floating gate of the
cell. A maximum of 20 short pulses are
allowed to program a cell. although general-
Iy 1 to 3 will suffice.

~ SOFTWARE

The microcontroller software is structured
around a generalized command interpreter
cun i, whose job it s to accept a com-
mand as a character string from the user (via

loops againto receive the next line,

A tield: test vECcTOR s called to apply the
inputs and test the subsequent
outputs. If the test vector passes,
the next line is received.

'CTfield: the received checksum is com-

pared to the one totted up in
CHECKsUM as the device was pro-
grammed. An ervor is reported if
thereis no match.
The xon vorr protocol is used to controt data
arriing. Once a line is received. \oFF is sent
to the host while that line is being processed:
won is then sent to request the next line.
piepEC terminates on receiving cither
<ETX> denoting the end of a JEDEC file, or
<ESC> typed by the operator to abort.
make prec takes a Link field in the receive
buifer and scans the fuse data. packing it
hitwise into four sequential bytes in mem-
ory. This simplifies pro-
gramming, since simple

—s| e 1005 logical shift instructions
= Rise and fall may now be used to access
— 1, ;‘{;‘ES the fuse data. The Product
Line number is also calcu-
lated and stored in variable

I LINE.

—=| fe—40ps

Fig.4.Pin 11 of device under control of pulser test routine.

the serial port), compare this command with
a table of possible commands and call the
appropriate subroutine if a match is found.
Naturally, if no match is found, it beeps and
sends out the prompt again. Other functions
of v invierinclude sending out the prompt,
echoing the characters typed in by the user.
handling the Backspace and Delete func-
tions and ensuring that the receive buffer is
not overrun. This command interpreter loop
was developed and thoroughly tested first of
all, since it forms the buackbone of the
interactive software structure. The rest of
the software is then developed as subroutine
modules, which may be called by the inter-
preter once an entry is made in the Com-
mand Table. Each entry in the table has
three fields:

1. Number of characters in name (n) 1 hyte
2. Name nASCI chars
3. Address of subroutine 2 bytes

The end of the table is marked by an entry
with 0in the Number of Characters field.
This approach facilitates development
work, particularly if no development system
is being used. since new modules or test
routines may be easily linked in and tested.

In fact, two of the first commands entered

were READ and wriTE to read from and write to

specific memory locations: invaluable in
testing the rest of the code! Some of the
major subroutines are detailed Felow.

mEDEC receives a Jenkc file line by the line

from the host. Once a line has been received.

the field identifier is checked and one of
three actions follows:

‘L field: wake precis called to calculate the
Product Line number and pack the
fuse data in binary format into four
sequential bytes in memory.
zap pLnE then programs the Pro-
duct Line: if no errors occur psenkc

February 1989 ELECTRONICS & WIRELESS WORLD

zar pLnk takes this binary fuse

data and proceeds to program

the Product Line fuse by fuse,

setting up the appropriate ad-
dresses as it goes. Error codes are returned
by zap puisk if a fuse refuses to program or
is already blownwhen it shouldn't be.

zap rFusk is called by zap pLinE to program
cach individual fuse according to the Cyp-
ress algorithm. It is supplied with the neces-
san data mask (8 bitswith only one set),

viv reskis called by zar vesk following cach
programming pulse. in order to ascertain
whether or not the fuse programmed suc-
cessfully. This may be achieved very simply
by wning the mask with the data read back
frorm the vin:

Cell programmed
0001 0000 mask
xxx@ xxxx dataread

0000 0000 all zeroes

Cellnot programmed
0001 0000 mask
xxxboxxxx dataread

0001 0000 not all zeroes

rrLsk reM is called by zar kusk to apply a
programming pulse to the device. The Out-
put Compare feature of the 68701 is used in
comunction with the 16-bit free-running
counter toachieve accurate timing.

pin EpITOR is the module implementing the
Manual Test feature of the programmer.

BLaskcHECK Checks if all the fuses are unpro-
grammed.

pisp  eLine takes a Product Line number and
displays the state of that line.

estw calculates and displays the checksum of
the device.
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OPERATION

Connect the programmer to the PC serial
port.

PC PROGRAMMER
PIN2TXD oo Pin3 RXD
PIN3RXD ..oooviiiirieeeee e Pin 1 TXD
Pin7Ground .......cooveeveiiennne Pin2 Ground

The PC should be running a communica-
tions package set to the following:

VT100 emulation

XON/XOFF enabled

Echo Off

Full Duplex

4800 baud

8 bits

No Parity

160

If all is well, the Reset button should clear
the screen and the power-up message will
appear. along with a prompt. <Return>
should cause another prompt to appear. Line
activity may be seen on the TXD and RXD
leds. Type 8. <Return> and make sure you
get a ‘Device Blank 'message back. Switch off
the 15V supply and type sL again. You should
now get a '\, not present 'message.

Conrect an oscilloscope to 1C, pin 1 and
enter command pui. The signal should
appear as in Fig.4. Verify that the rise and fall
times of the V,, pulses do exceed lps.
Remove power and insert a blank device in
IC,. Check that sL returns 'Device blank’,
and cs returns a checksum of 0000.

The author invites readers to contact him for
details of software and hardware for the

Fig.5. Circuitdiagram of EPLD programmer.

programmer. Address: “Ratherbourne”,
Dunwiley, STRANORLAR. Lifford. Co.
Donegal, IRELAND. (Tel: 010-353-74-
31209).
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ELECTRONICS FOR TRADE, INDUSTRY,
TION AND RETAIL

COMMUNICATIONS

B INTERCOMS m CBRADIO

‘SECURITY

W PANELS mPIRS mSIR
M O00RPHONES m STROggg

Please state Trade/Education ot
etail/mail Send 12%," x 9
(Ad) SAE £1 00 each or £* 50 for both

404 Edgware Road, Londo )

ENTER 5 ON REPLY CARD

(E) EPROM PROGRAMMER

AT LAST! Over 50 Generic Device Types. . . .

16-8

2 4

. .. .ataprice to suit any budget!
THE MODEL 18 PROM PROGRAMMER

= Types include 27C . . . parts: EEPROMSs now programmed!

« Supports our new EPROM Emulator

+ Automatic Data Rate setting 300-192000 Baud

* Two independent Communications Protocols built in. Use with
any host computer with RS232 port and Terminal Emulatol
our PROMDRIVER Advanced Features User Interface Package available lor all

MS-DOS. PC-DOS and CP/M-80 computers

# Fastinteractive algorithms automatically selected as appropriate

+ Upgradable for future type

+ Designed, manulactured and supported in the UK

+ Comprehensive User Manual

« n.b. Devices other than 24/28 pin require low cost SO pter
NEW PROOUCTS!!!
8048/41 Cross assembler for MS-DOS I ctory Otfer Price £99.50 + VAT
EPROM EMULATOR 27161027512 £149.80+ VAT EPROM ERAS 3.50 + VAT

Write or telephone for further details:

ELECTRONICS, UNIT 2, PARK ROAD CENTRE,
MALMESBURY, WILTS SN16 OBX. Tel: 0666 825146

mq

ENTER 8 ON REPLY CARD
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SPICE-AGE

Non-Linear Analogue Circuit
Simulator £245 complete

Those Engineers have a reputation for supplying the best vaiue-for-money in microcom
puter-based circuil simulation software. Just look at what the new fully-integrated SPICE
Advanced Graphics Environment (AGE) package offers in ease-of-use, performance
and facilities

SPICE ¢ AGE performs four types of analysis simply. speedily. and accurately
@ Module 1 - Frequency response @ Module 3 - Transient analysis
@ Mcdule 2 - DC quiescent anclysis @ Module 4 - Fourier analysis

1 Frequency response

SPICEeAGE provides a clever hidden
benefit. It first solves for circuit quiesc
ence and only when the operating point is
established does it release the correct
small-signal results. This essential con
cept Is featured in all Those Engineers
software. Numerical and graphical (log &
tin) impedance. gain and phase results
can be generated. A ‘probe node’ teature
- allows the output nodes to be changed
Qutput may be either dB or volts: the zero
dB reference can be defined in six differ
ent way

Mo P Mt Soig oy T Wostiim
.‘m e e W ek

Frequency response of alow pass filter
circuit

2 DC Quiescent analysis
SPICESAGE analyses DC veltages in B

. 0
any network and is useiul, for example. tor z rﬁf"
setting transistor bias. Non-linear compo ! e
nents such as transistors and diodes are 8 P!

catered for. (The disk library cf network
models contains many commonly-used
components — see below). This type of
analysis is ideal for confirming bias condi
tions and establishing clipping margin
prior to performing a transieni analysis . '
Tabular results are given for each node
the reference node is user-selectable

DC conditions within model of 741
circuit

B i e 3 Transient analysis
g The transient response arising from a
~ wide range of inputs can be examined. 7
types of of excitation are offered (Impulse
- sine wave. step. triangle, ramp, square
- and pulse train); the parameters of each
| are user-definable. Reactive components
- may be pre-charged to steady-state con
- dition. Up to 13 voltage generators and
current generators may be connected
“lel Sweep time is adjustable. Up to 4 probe
nodes are allowed, and simultaneous
plots permit easy comparison of results

Impulse response of low pass filter
(translent analysis)

4 Fourier analyses
SPICEeAGE performs Founer trans -
forms on transient analysis data. This
allows users to examine transient analy
sis wavetorms for the most prevalent fre
quency components (amplitude is plotted |
against frequency). Functions &s a simple |
spectrum analyser for snapshot of tran
sients. Automatically interpolates from
transient analysis data and handles up to
512 data values. Allows examination of }’!
waveform through ditferent windows
Powerful analytical function s extremely
easytouse

arowe  turig a beormarsiiee

EELG T = =4 = ===t g

!

Spectrum of rectangular pulse train
(Fourier analysis)

If your work involves designing, developing or verifying
analogue or digital circuits, you will wonder how you ever
managed without Those Engineers circuit Simulation
Software.

A good range of properly supported and proven programs is
available and our expert staff are at your service

| ‘;‘ A
] r— = -
G, Fertune drear) Read Leaden KRR
4 O®FAX 4. ME@ ] ONE ONI Quot

ENTER 51 ON REPLY CARD
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APPLICATIONS SUMMARY

DSP overview

Preliminary information concerning Texas’
latest cmos signal-processing chip is given
in brochure SPRT036. The eight-page
TMS320C30 Preview Bulletin gives general
specifications of the 32bit device and
broaches its architecture

With a 60ns cvcle time. the device can
execute more than 33 million floating-point
operations per second. It has on-chip mem-
orv. a concurrent DMA controller and an
instruction cache.

Texas Instruments, European Literature Centre.
Manton Lane. Bedtord MK41 7PA

e ————]

LCD for automotive
applications

Reprints of a technical paper available
through Philips describe how advances in
liguid-crvstal technology are gradually mak-
ing mechanical and vacuum-fluorescent dis-
plays less attractive alternatives for automo-
tive cockpit indications.

The paper. called "LCD for Automotive
Instrumentation’. is published by The En-
gineering Sociey for Advancing Mobility
Land Sea Air and Space. Within its six pages.
the paper discusses the problems of mount
ing an LCD in the dashboard. and advances
in technology such as ‘chip-on-glass’

Philips Components. Mullard House. Torrington
House, London WCIE 71D.

Using power-fet
modules

As far as electrical parameters are con-
cerned. the statement that power fels are
easily paralleled to increase current capabil
ity is true. At high currents however mecha-
nical constraints relating to paralleling mos.
fets have to be considered.

Power Hexfet modules reduce the mecha-
nical problems of paralleling devices. but
other problems relating to the use of power
mosfets. such as heat sinking. driving and
e.m.i. still have to be considered. Application
note GBAN-HEX-1 from International Recti
fier covers these subjects and presents rat-
ings of the company’s Hexfet modules.

International Rectitier. Holland Road. Hurst
Green. Oxted. Surrev RI I8 9BB.
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MAINS ANALYSERS GENERAL PURPOSE T&M
£

DRANETZ £ BRUEL & KJAER
626 Analyser Mainframe 2600.00 2215 Sound Level Meter with Filter 900.00

Marconi 2305

Marconi TF2370

Spectrum Analyser, 100MHz
frequency range

2GHz frequency range
£4500.00

SPECIAL OFFERS

Hewlett Packard 9836C

Modulation Meter, 500kHz to Colour Computer with dual

disc drives +44dB, frequencies to 18GHz
£3350.00

PA6001/3 Single Phase AC Plug-in 900.00 2511 Vibration meter with 4370 & 1621 1950.00
/ PAB003/1 Three Phase AC Plug-Ir 1750.00 HEWLETT-PACKARD
/606 Three Phase Mains Analyser 2550.00 8901B Modulation Analyser 6900.00
808 Power Demand Analyser 2750.00 8903A Audio Analyser 1500.00
3575A Gain/Phase Meter 2250.00
RACAL
9088 Modulation Meter 500.00

1

Hewlett Packard 435
Power Meter, Powers to

£6500.00 £650.00

COMMUNICATIONS TESTERS OSCILLOSCOPES SPECTRUM ANALYSERS
HEWLETT-PACKARD £ PHILIPS £ MARCONI £
4951A With options 001/100 1600.00 3295 350MHz Automatic Oscilloscope 3500.00 TF2371 200MHz Bandwidth 5500.00
4951B With options 001/100 2500.00 TEKTRONIX 2332 400MHz Bandwidth 11750.00
4951C With option 103 3550.00 2235 100MHz Dual timebase, Dual Trace 900.00 HEWNLETT-PACKARD
8175A Digital Signal Generator 7000.00 2445 150MHz 4-Channel Dual Timebase  1850.00 1417 1GHz system (85548, 85528 3850.00

2465 300MHz 4-Channel Dual Timebase ~ 2900.00  71100A 100GHz-2 9GHz system 15000.00
TEKTRONIX GOULD TEKTRONIX
834A Data-Comms Tester, with ROMS 850.00 0S300 20MHz, Dual-Trace 275.00 492P 50k-21GHz Portable Analyser 11750.00

Carston Electronics Limited, 2-6 Queens Road, Teddington, Middx TW11 OLR. Tel: 01-943 4477 Telex: 938120. Fax: 977 9232
Phone 01-943 4477 Now for your up to date Stock List!

ENTER 43 ON REPLY CARD

SMALL SELECTION ONLY LISTED
RING US-FOR YOUR REQUIREMENTS WHICH MAY BE IR-STOCK

Lat€st bulk Government release — Cossor Oscillosbgpe
U150(CT531/3) £150 only. Solid state general purpdse
bandwidth DC to 35MHZ at 5MV/Cm - Dual Channel — High
brightness display (8-10cm) full delayed time base with gated
mode — risetime 10NS illuminated graticule — Beam finder -
Calibrator 1KHZ squarewave power 100 — 120V 200V — 250 volts
AC - size W 26CM — 14CM deep — WT 12.5 KG - carrying handle,
..colour blue, protection cover front containing polarized viewer and
tamera adaptor plate — prohe {1} — mainstead™ Tested in fair
condition with operating instructions — £150.00
Racal RA17L Communications Receivers. 500KC/S 1o 30MC/S
in 30 bands 1MC/S wide from £175. All receivers are air tested and
calibrated in our workshop supplied with dust cover operation
instructions circuit in fair used condition — Racal Ancillary Units
for all receivers mostly always in stock — Don 10 Telephone Cable
72 mile canvas containers or wooden drum new from £20 — Army
Whip Aerials screw type F sections and bases large qty available
now P.O.R. — Test Equipment we hold a large stock of modern
and old equipment. RF and AF Signal Generators — Spectrum
Analysers — Counters — Power Supplies — Oscilloscopes —
Chart Recorders all speeds single to muitipen — XY Plotters A4
A3 - Racal Modern Encryption Equipment — Racal Modern
Morse Readers and Senders — Clark Air Operated Heavy Duty
Masts P.O.R. All items are bought direct from H M Government
being surplus equipment price is ex-works. S.A.E. for enquiries.
Phone for appointment for demonstration of any items, also
availability or price change V.A.T. and carriage extra.

EXPORT TRADE AND QUANTITY OISCOUNTS
JOHNS RADIO, WHITEHALL WORKS,
84 WHITEHALL ROAD EAST, BIRKENSHAW,
BRADFORD, BO11 2ER TEL NO. (0274) 684007.

WANTED: REDUNDANT TEST EQUIPMENT — VALVES — PLUGS — SOCKETS,
SYNCHRODS ETC. RECEIVING AND TRANSMITTING EQUIPMENT

1. LANGREX #87
SUPPLIESLTD

One of the largest stockists and
distributors of electronic valves, tubes
and semiconductors in this country.

Over 5 million items in stock covering more
than 6,000 different types, including CRT’s,
camera tubes, diodes, ignitrons, image
intensifiers, IC’s, klystrons, magnetrons,
microwave devices, opto electronics,
photomultipliers, receiving tubes, rectifiers,
tetrodes, thryatons, transistors, transmitting
tubes, triodes, vidicons.

All from major UK & USA manufacturers.

Obsolete items a speciality. Quotations by
return. Telephone/telex or fax despatch
within 24 hours on stock items. Accounts to
approved customers. Mail order service
available.

LANGREX SUPPLIESLTD

1 Mayo Road, Croydon, Surrey CRO 2QP.
Tel: 01-684 1166
Telex: 946708
Fax:01-684 3056

ENTER 27 ON REPLY CARD

February 1989 ELECTRONICS & WIRELESS WORLD

ENTER 28 ON REPLY CARD

163




5@ FIELD ELECTRIC LTD. 01-953 6009. Fax: 01-207 6375
' 3 SHENLEY ROAD, BOREHAMWOOD, HERTS WD6 1AA.

Motorola TTL Monitor Chassis 7° Green Phosphor 22MHz bandwidth, 12V DC input. New & PC/XT & AT Compatible Keyboard. auto/sense keyboard, keys arranged in 3 areas, function
boxed. Complete with circuit diagram and data, compatible to BBC/IBM computers. £25 c/p array, qwerty array, special function/number pad, shielded 5’ cable terminated to 5 pin din
40 new & boxed. £45.00 c/p 4.95, IBM compatible

1.2V 1.8Ah Ni-Cad new, 42x 25mm £2.00. 1.2V 1.2Ah Ni-Cad new, 41 x22 £2.00 inc. ¢/p C TTL Alpha Numer Coded Keyt

ard including. 8 colour coded graphic keys

— 108 k f XY f | de keys, 5V ra £16.00 3.00
Power supplies. Switch mode units 240V AC input. 5V 20A £18.50. 5V 40 £25.00, 5V 60A BIETF o -yt WJcwESr cafie, Sighcacelkage SVl S1GH00 O

£22.00. Farnell 6V 5A ultra small £25.00. 12V, 2.5A ultra small £38.00, Multi-rail units B N e

" ! - i tocks of P Finlay Microfilm FM1, portable micro fiche reader, 240V AC or 12V DC input, c/with 6V 1.6A
t ck- If you cannot see your requirement plea: E ng we have vast stocks of PSU ] adpt, 12V DC 6V AC adpt. fiche inc. lens. gates or Nat Pan sealed lead acid cells x 3, we

. . e N annot ofter guarantee cells, 6V 9 watt Quartz halogen bulb, carrying case, size 8/2x7"2x5
E%rge Fan Cooled SM PSU 240V AC IN +5V at 10A —5Vat 1A + 12Vat3A —12Vat 1A hard vinyl £24.95 new and boxed

Variable P.S.U. all 240V AC input, al metered Kns hill 501. 050V 0-1A £35.0 4()V03Ax2 TEST AND MEASUREMENT EQUIPMENT
£115.0-20v 0-10A £115. 0-50V 0-3A £85. 0-40V 0-2Ax Please ring for quote on carriage and packing.
’A £140 Lambda 0-40V 0-3A £98. ‘140\/( 1A% 2 £125Sartron 0-30V 1Ax2 545 Tektronix 7603 O'scope 100MHz c/with 7A18N dual trace amp 7853A dual time base

H.P.6824A +50V +1A £75. Oltromix B401 0-40V 0-1A £50. B CRI Readout £890.00
Sorensen SRL4012 0-40V 0-12A £345. 60-40-60V 0-4A £260. Lambda (MG 12.12VDC Tektronix plug in type 7B53AN £295.
+5 bSA DC Lin £345 ¢/p details pleasu ring Tektronix plug in type 7892, £295.

_ ﬂl Tektronix plug in type 7B70. No guarantee. £120.
Hewlen Packard 86A Personal Computer with builtin nteda es for 2 dis dr ve and Hewlett Packard 5000A Logic state analyser. £100
entronics compatible printer, 64K built in user memory, 14 user definable keys, display Hewlett Packard 1600A Logic state analyser. £295
apacity 16 or 24 lines x 80 characters, c/w system demo disk. user programme, library Hewlett Packard 1607A Logic state analyser. £230
pocket guide. full user manual etc, complete new in ealed boxes. | monthonly £250.00 ¢/p | Hewlett Packard 1611A Logic state analyser. £800
plea ering Hewlett Packard 693D Sweep Oscillator 4 to 8GHz £550
Nec 12" Green Screen Mout r 7‘312 mp video input, black plastic case, high resolution, ::::.ﬁféf? ,:grdultggt QSF;;“H;F;Sg;aéé:a';‘;:airﬂgo w 19054 rate gen. 1915 variable
20MHz bandwidth. 240V AC £21.95 ¢/p 5.50 Hewlett Packard 432A Power Meter £175.
Hewlett Packard 651B Test Oscillator 10MHz. £230
Datron 1030 RMS Voltmeter. £115
i Datron 1051 Multi-function meter. £230
Mitsubishi 5%a" V2 height fl opy disk drive, 80 tra k double sided. high density 1 6MB Ballantine 323-01 True RMS voltmeter. £115
apacity new uncased. IBM compatible £55.00 c¢/p 2.00 Fluke AC/DC Differential Volt-peter887AB £230
Marconi Sanders Microwave Sweep Oscillator 27 tc 40GHz. Plug in units below }
£850

NEC 9” Green Screen Monitor. 75¢) comp video input, black p aJtlc case wuth bunt n handle
20MHz bandwidth. 240V AC £19 95 c/p 4.50

—mlie

Astec Switch Mode PSU. 240V AC input, uncased, new. +5V at 25A +12Vat 20A —12vat | Marconi Sanders RF Oscillator Plug in unit 2 to 4GHz
0.1A£17.50 c/p 2.00 Marconi Sanders RF Oscillator Plug in units 4 to 8GHz
o — — — - Solartron Schlumberger 1310 Frequency Response Analyser. £150
Tabor Corp 3" Floppy disk drives, 34 way IDC edge pin connector, new & boxed. 360K 40 Exact Digital Variable Phase Gen 337 £200.
track some data ava. £24.00 ¢c/p 2.00 Advance Inst. PG52A Pulse Generator. £150

We would like the opportunity to tender for surplus equipment
Ofticial Orders/Overseas Enquiries Welcome/Order by phone or post. Open 6 days, Postal rates apply U.K. mainland only. All test equipment carries warranty. All prices
include 15% VAT unless stated. Phone your order for quick delivery. Access. Amex, Diners, Visa accepted. We can supply telephone and some audio equipment, electrical
and aerial equipment, much more than is shown in our ad. Please ring.
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Used equipment — with 30 days guarantee. Supplied with Manuals. This is a very small DL . . '
sample of stock. SAE or telephone for LISTS. Please check availability before ordering A :
Carriage all units £16. VAT to be added to total of Goods and Carriage s o
L — S R 2 pediae ' EDUCATION AND QUANTITY
on on ;gwl SPECIAL OFFER AT ONLY £300 EAC PRICES DN REQUEST
o a0 il S 3%and 4% 12mm LCD Digital multi-
M £200 | 2 o v meters: 5 ranges AC and DC volts:
. 3 Wk i <[>0y, 6 Resistance Ranges to 20M ohm: AC/-
2 e . ox " i _ N 7 DC to 20 Amps: Hfe Transistor test:
Wi Detay Swee aTRoN N A e 12 SO, 4 Diode Test: Continuity: Auto polarity
iibo [ e o v o =" and zero: Plus extra features as
v ~ He " 2000 below. Size 176 x 90 x 36
crenal O L s | rammeien tioo mm (3800 172 B8 x 36). | o PRICE
i o 8 e All with Test Leads: l,(ﬁ{'ﬂns
1epol |l 12 ) 650 Fused: Hard carry case "ERI ED
o P o T s and instructions. oNLY?
TRIO OSCILLOSCOPES | ) ety
“'L ‘1‘988 a0 Lp £4)
— £550 : BRUEL & KJOER EQUIPMENT AVAHABLE -
[-» 7000 RANGE TEKTRONIX il 8 Z e £900 ] = -
Fos | o L 25 (ko £7 MODEL| DIGTS | RANGES | EXTRA FEATURES | BASIC | PRI
[’ A T / £650 each ; £38 each kb £) l } AC/0C 0/20 T \
GENERATORS : Low micro ”
W ﬂé‘ég : “ e only £35 (okp 7 - | 3% l ampranges N _L 0% ) 1 £3 _50
£ R% only £4 .
E “3 ol ‘?g&? I ) : _NEVMEQUIPMENMT LsSoeoln | B 3k 30 LED continuity indicator 03,-1£35.18
1 M - X P = - - — —1 — - g ———
:I : i 1100 ™ . = 3630 3% 0 est 0.3 £40.65
MA M M 500 314 —= )i — 1 _R_ i —+ .
W 2-Range frequency counter .
MACON o LT - 3650 | 3 | SCapacitance | 03 |£46.92
ke ol e - T Datatiold Y™ RITT
bl . . &0 *";} i . £126 4630 4% XY §-Range Capacitance 005 £54.75
wis " oa 5 e, T | | DataHold, 2-Range Fre § 1
" . / e g petd i1 4650 | 4% k') o ge Freq. 005% |£62.57
N Bl T 3 e ~Add 15% VAT UK only - UK POST/INS elc. FREE (EXPORT EXTRA] _
B ¥ o P T T OPEN 6 DAYS A WEEK — CALLERS WELCOME 'gf{m%'g
£100 0 PROBES Swicheg 1} X10 jphp £3) £11 Ref (TG
Tel: 0734 68041 @ @
STEWART OF READING fax: 0734 351696 e %ﬁg;gd
110 WYKEHAM ROAD, READING, BERKS RG6 1PL = = an1 £ ARE ROAD .I n( . £1.00
Callers welcome 9am to 5.30pm. MON-FRI. (UNTIL 8pm. THURS) o ORDER BY POST OR - -
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INSIGHT

Mlcromachlned snllcon into transducer fechnology
could prevent
underground fires nval systems come to market
| S | shake hands @ electronic
nose learns fuel cell gas
sensors respond to leglslatlve push ® prototype fibre
- @ optical sensor markets ® who does
what in opti guided wave sensor
development for industry » smart
sensor markets ® salmonella sensing




MAKING ELECTRONICS C.A.D. AFFORDABLE

PCB LAYOUTS AND SCHEMATICS

CIRCUIT ANALYSIS BY COMPUTER

TINY-PC, EASY-PC
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\w;uu 000000p0

Are you still using tapes and a light box?

Have you access to an IBM PC/XT/AT or clone including Amstrad
1640 & 15122 (EASY-PC will run on the Archimedes in DOS
emulation mode)

Would you like to be able to produce PCB layouts up to 17" square?
With 8 track layers and 2 silk screen layers?

With g}ight different track widths anywhere in the range .002 to
.531"7

With 16 different pad sizes from the same range?

With pad shapes including round, oval, square, with or without hole?
With up to 1500 IC’s per board, from up to 100 different outlines?
That can be used for surface mount components?

Thatis as good at circuit diagrams as it is at PCB's?

Where you can learn how to use it in around half an hour?

Standard output to dot matrix printer. Pen-Plot and Photo-Plot
drivers available.

PRICES: £95 + VAT (TINY-PC) £275+ VAT (EASY-PC)

ANALYSERII

-]

TR

P

For IBM PC/X| and clones including Amstrad 1512, 1640, RM
NIMBUS and BBC B, B+ and Master.

“Analyser II' — Analyses complex circuits for GAIN, PHASE, INPUT
IMPEDANCE, OUTPUT IMPEDANCE AND GROUP DELAY, over
awide frequency range.

Can save days breadboarding and thousands of pounds worth of
equipment.

PRICES FROM £105 + VAT.

Write or phone for full details:
Number One Systems 1Lid 1

Ref Ww

Harding Way, Somersham Road,

St lves, Huntingdon,

Cambs PE17 4WR. Tel: St Ives (0480) 61778

r______—
I

NOW IN UK! |

SINGLE SOURCE |
FOR ALL YOUR
ELECTRONIC CHEMICALS

Required reading for all service pro-
fessionals! Chemtronics latest cata-
logue is packed with over 200 top
quality chemicals and cleaning prod-
ucts. Includes CQO, powered aerosol
range of high-purity solvents, flux
removers, circuit refrigerants,
precision dusters and conformal
coatings. Also features wipers,
applicators, premoistened
pads/swabs, antistatic com-
pounds, lubricants, adhe-
sives, desoldering braids and
solder. Complete with technical
specifications and applications guide.

CALL TODAY FOR FREE CATALOGUE AND SAMPLES.
Tel: (0322) 846886
Fax: (0322) 846549  Telex: 917667 CHEMUK G.

Chemtronics UK

16 Swanscombe Business Centre,
London Road, Swanscombe, Kent. DA10 OLH I

11 1 | ]
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Component
Source

USA Mil Spec
Transtormers, Power Supplies, Fans,
Connectors, Capacitors,

Semiconductors.

UK Mil Spec
RF Power, JANTX, Diodes, Resistors.
Lamps, Crystals, Electron Tubes,
Relays, Circuit Breakers, Fuses

COMPONENT SOURCE — THE ONE
STOP SOURCE FOR ALL MIL SPEC
ELECTRONICS

5 Brougham Road, Worthing,

West Sussex BN11 2NP.

Telephone:

National — Worthing (0903) 208560
International — 44 903 208560

Telex: 878500 Source G. Fax: (0903) 211705
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INDUSTRY INSIGHT

SENSORS AND INDUSTRY
THE WAY FORWARD

he world market for sensors
in industry is currently
around £8 billion and grow:
ing at about 10% per year. It
will all but double by 1995. In some indus-
tries. such as the motor industry and heal-
theare, the rate of growth is mu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>