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Low Cost Programming - from Stag

ORBIT: Palm Top
Programmer - £595

Orbit is an advanced battery/portable
programmer incorporating all of the features
usually found in expensive ‘desk-bound’
programmers.

Careful attention to detail has resulted in a
compact and portable unit which is also fast
and easy to use.

Features:

O Totally portable, battery/mains powered
programmer

J Programs EPROMs to 32-pins and to
4 Mbit, EEPROMSs and FLASH

- Optionally programs 40-pin EPROMs
(16-hit) and ‘Intel style’ micros

Q Small enough to be hand held - only
236mm x 145mm x 56mm - weighs only
0.85 kg

4 Fast programming - uses latest
algorithms

 Approved by major silicon vendors
including Intel and Texas Instruments

J Integral EPROM emulator - can be
connected directly to target system to
speed up development

O Powerful on-board data editor

J Tactile rubber hexadecimal, cursor and
function keys

J 2 line x 40 character LCD for data and
‘'soft keys'

O 512 Kbit RAM as standard, expandable
to 2 Mbits

Communications:

-l Serial port to 19K2 and parallel port -
supports label printing

J Remote control as standard

O Supports 16 popular interface formats
including Motorola S-record, TekHex,
binary, DEC binary, Intel hex and Hex
ASCII

Power Supply

Q Optional mains operation from supplied
adaptor/charger unit: available for 110
or 240 volts

Q@ Up to 35 hours use from one charge
(edit mode)

J Fast boost charge in just 3 hours - with
safety cut-off

O User defined shut-down to conserve
power

O Low-power detect with auto shut-down
to protect valuable data

- Operating parameters and data stored

in RAM at power-down for immediate
auto-recall

[ ] @2 == RAPID'PHONE/FAX ORDERING: © (0707) 332148 FAX: (0707) 371503

STRATOS 2: PC-based
Programmer - £295

O A PC™ based programmer for 24 to
32-pin DIP EPROMs to 4 Mbit & FLASH

3 8, 16 and 32-bit programming modes

3  Supports more than 250 devices from
26 of the World's major silicon vendors

@ High-speed manufacturers’ algorithms
are used to make Stratos 2 one of the
World's fastest EPROM programmers

A Dedicated interface card and
connecting cable provide rapid data
interchange and leave valuable ports
free for printer, mouse, etc

J  Menu driven software included for ease
of operation. Provides user prompts
and online help

O System requirements:
PC, XT, AT™ or compatible;
PC-DOS/MS-DOS™2.0 or later;
floppy drive; hard disk; 512K
bytes or more of RAM,; one spare
half or full expansion slot; any
monitor.

qﬁc

SE2T: EPROM Eraser

- £195

Low profile styling - robust construction

Preset electronic timer to provide
correct erasure period

Removable device carrier allows rapid
‘tube to tube’ handling and permits
erasure of devices on boards

Fully shielded and safety interlocked to
prevent accidental exposure to U-V light

Call (0707) 332148
for a FREE copy
o of Stag’s 1992

o

e ) Product Guide

-

StAg

PROGRAMMERS
CIRCLE NO. 101 ON REPLY CARD

Stag Programmers Limited Martinfield Welwyn Garden City Herts AL7 1JT United Kingdom Tel: (0707) 332148 Fax: (0707) 371503
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RF MODULAR EQUIPMENT

LOW NOISE GASFET PREAMPLIFIERS RF LINEAR POWER AMPLIFIERS

Two stage Gasfet preamplifiers. High Q filters. Masthead or local use. Tuned to your specified frequency in the range 20-250 MH2z or your specified channel in bands

TYPE 9006 Tuned to your specified frequency in the range 5-250 MHz NF 0.6 dB Gain 10-40  for il 28V + DC supply

dB vanable 50 ohms £94 TYPE 9105 10 mW input. 3 watts output £275

TYPE 9006FM As Above Band Il 88-108 MHz 75 ohms £94 TYPE 9106 500 mW input, 10 watts output £341

TYPE 9002 Tuned to your speciied channels in bands IV or V. NF 07 dB. Gain 25 dB  TYPE 9155 3 watts input. 30 watts output £460
Justable 75 ohms £123

TYPE 9458 5 watts input, 50,watts output Integral forced air cooling and output transistor
PE 9004 Aligned 1o your specified frequency in the range 250-1000 MHz. NF 0.7 dB. Gain  protection £750

25 dB adjustable 50 ohns £123
TYPE 9035 Mains powevdsuppy for above £53 UHF LINEAR POWER AMPLIFIERS
TYPE 9010 Masthead weatherproof unit for above amplifiers £15  Tuned to your specified frequency in the range 250-470 MHz 28V + DC supply
TYPE 9213 300 mW input, 3 watts output £350
WIDEBAND AMPLIFIERS TYPE 9124 2-3 watts input. 25 watts output £484

Monoiithic microwave infegrated Circuits in a fully packaged microstup format. Fullwave  TELEVISION EXCITER

shottky diode protected inputs Temperature compensated bias circuitry. Internal voliage TYPE 9269 Phase locked loop vestigial sideband miniaturised television modulator with sound

regulation channel RF oulput 10 mW on your specified frequency in the range 40-1000 MHz or channel in

TYPE $301 100 KH2-500 MHz NI 2 08 1 500 Mz Gan 3008 Power output + 125687, 18 a1V e " yout eaueney s ? aind
£1 :

65
TYPE 9302 10 MHz-1 GHz. NF 2 dB at 500 MHz Gan 30 dB Power output + 125dBm, 18~ TELEVISION LINEAR POWER AMPLIFIERS
mw €165  Tuned to your specified channels in bands IV of V. 28V + DC supply

TYPE 9008 Gasfet. 10 MHz-2 GHz NF 250B at 1 GHz Gain 10 dB. Power output + 18 dBm TYPE 9252 10 mW input, 500 mW output £308
65 mw £165  TYPE 9259 500 mw input. 3 watts output £352
TYPE 9009 Gasfet 10 MHz-2 GHz NF 38dB at 1 GHz Gain 20 dB. Power output +20dBm,  TYPE 9262 500 mW input, 10 watts output £638
100 mw £165  TYPE 9263 2-3 walts input. 15 walls output £484
TYPE 9266 10 watts input, 50 watts output. Integral forced air cooling and output transistor
PHASE LOCKED LOOP FREQUENCY CONVERTER protection £1919
TYPE 9115 Converts your specified input channels in the range 20-1000 MHz to your LINEAR POWER AMPLIFIERS 800-1000 MHz
specified output channels in the range 20-1000 MHz. Minimum input to output separation 10 T ifred 1 g h ~1000 MH,
channels. 1mV input, 10 mW output (+10 dBm) Low noise Gasfet front end. NF 0.7 dB. AGC Tuyn:g g;gguslogp:‘cwlle_‘qulcga;ls ;mepﬁa'nge foo-1o! . £484
controlled. Gain 60 dB adjustable-30 dB. Will drive transmitting amplifiers directly £495 TYPE 9264 2 watls input, 25 watts output £840
PHASE LOCKED SIGNAL SOURCES WIDEBAND LINEAR POWER AMPLIFIERS
TYPE 8034 Frequency as specilied in the range 20-250 MHz Output 10 mW £154  TYPE 9306 10 MHz-1 GHz Gain 15 dB. Output + 30 dBm. 1 watt £438
c f h 1 H, tput 10 mW 1 TYPE 9246 1 watt output 100 KHz-175 MHz 13 dB gain £182
TYPE 9036 Frequency as specified in the range 250-1500 MHz Output 10 m! £29 TYPE 9247 4 walte output 1-50 MHz. 13 %B = 2584
TYPE 9051 4 watts output. 20-200 MHz 13 dB gain 4
FM/FSK EXCITERS TYPE 9176 4 watts output. 1-50 MHz 26 dB gain £314
TYPE 9282 Frequency as specified in the range 20- 1500 MHz Output 10 mW Deviationupto  TYPE 9177 4 watts output. 20-200 MHz 26 dB gain £314
+75 KH2 £348  TYPE 9173 20 watts output 1650 MHz. 10 dB gain £374
TYPE 9174 20 watts output 10-160 MHz. 10 dB gain £374
PLEASE CONTACT US FOR FURTHER TECHNICAL INFORMATION TYPE 9271 40 watts output. 1-50 MHz. 10 0B gai £748
COMPLETE SYSTEMS AVAILABLE. Prices exclude p&p and VAT TYPE 9172 40 watts output. 10-160 MHz. 10 dB gan £748

RESEARCH COMMUNICATIONS LTD
Unit 1, Aerédrome Industrial Complex, Aerodrome Road, Hawkinge, Folkestone, Kent CT18 7AG

Tel: 0303 893631 Fax: 0303 893838
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Learning from the future

he view that much of what comes out of

the development labs of electronics
companies is technology for technology’s
sake deserves sympathy. But once in a
while. things do emerge which touch
everyone. Personal computers and video
recorders have visibly changed the
developed world yet the next arrangement of
transistors will alter our lives more radically
than these. CD-I will arguably be as
important to us as William Caxton’s press
was to people who lived in Europe during
the 15th century.

CD-Interactive doesn’t instantly appear
consequential. Compact Disc in its audio
form has done more for the equipment and
record companies than for the general
enjoyment of music. Video disc appeared
several times in front of the consumer who
promptly rejected it on every occasion.
Computer disks... they are and will continue
to be important but. in their present form,
are more convenient than portentous.

So what will give CD-l a special place in
the world? It is simply this. 1t promises to be
a most powerful educational tool capable of
replacing many. but not all, the aspects of
lecturer and course work. For the first time it
becomes possinle to hold a variety of
information sources — sounds, moving image
sequences, mathematical data, written and
spoken words and integrate them into a
sitver disc in a manner limited only by our
imagination. Although a remarkable
development, this would not be enough to
change the world. What makes CD-I truly
different is the ability of the audience to
interact with the recorded information.

Look at it this way. Imagine a video
recording of a lecture. The camera and
microphone will make a faithful record of
what was said and shown by both the
lecturer and the audience. As interesting as
the lecture and subsequent exchange might
be. viewers of the recording are unable to
pose their own questions and receive
individual clarification to a particular point.

CD-I can alter the perspective. The same
facts which came out in the lecture can be
presented in an order determined by the
viewer. Because CD-I provides a tree-like
structure to its information content, it gives

the possibility of branching to detailed
explanation at the viewer’s request,
clarifying a particular aspect of the subject
matter. Indeed. it might even encourage
introverted students to be more determined
by avoiding the possibility of public
humiliation.

Because the CD-1 medium runs under
computer control its information display can
branch conditionally. dependent for instance
on the student offering particular solutions —
right or wrong — to the propositions
presented.

Here is an example. A CD-1 lecture on
organic chemistry might deal with the
dynamics of a condensation reaction. The
student questions the importance of
temperature. Get it right and the feedstock
combings with itself to form the expected
brown gunge at the bottom of the reaction
vessel. Choosing too low a temperature will
produce a video sequence where nothing
happens complete with spoken commentary
to that effect. Make it too high and the
sodium hydroxide which normally acts
passively as a catalyst commences
hydrolysation of the polymer with the
subsequently visible release of ammonia
gas.

The power of this teaching tool is limited
only by the imagination of the software
writers. But be warned. The first relcases on
CD-1 won’t seem important in any way.
Expect discs on photography. cooking and
golf and a whole rash of interactive arcade
games. Only when we become bored with
this first indulgence will the true value of
CD-I1 be appreciated. Frank Ogden
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REGULARS

UPDATE

Keeping tabs on callers

he much debated “caller 1D feature on

phones has now reached reality with the
launch ot a low-cost 8-pin DIP by Sierra
Semiconductor. The service anticipated for
chgital networks enables the called party to
sce the displayed phone number from which
he or she is being called.

The decision can then be made to take the
call or ignore it.

In the US, generally reckoned to be several
vears ahead of the UK in terms of phone
services, the pros and cons of
implementation of a caller 1D feature have
been widely discussed. Fears have been
voiced that the system might be open 10
abuse, primarily by callers.

Whatever the arguments for or against the
system. Sierra has succeeded in
implementing the required features
receiver amplitier. carrier detector and FSK
demodulator — in its 8-pin SC11210. which

costs under $2 in 10.000-off quantities. The
circuit is designed for use in leature phones
or display boxes that sit beside the phone.

Caller 1D features have already been
included by Sierra in the modems for which
the company is perhaps better known. These
can decode the caller ID and send ASClI
characters back to the host for display. This
is particularly usetul for dial-back
applications. where the host can check the
caller’s identity before answering the line.

Onie other point in favour of caller 1D is
that it will enable nuisunce callers 1o be
yuickly and easily identified. minimising the
adverse effect on their victims.

£1bn+ cost
of hacking

Compulcr problems such as hacking,
viruses and accidental failure affect
more than half of industrial and commercial
companics at an estimated annual cost of
£1.1bn claims Technology Minister, Lord
Reay.

These are some of the findings revealed in
a4 new compuler security survey carried oul
by the National Computing Centre in
association with the DTI and ICIL.. More
optimistically some 57% of the 8200
organisations uestioned in the survey said
that they had contingency plans to deal with
computer fraud and failure.

Fast fibre lights up

AT&T Bell Laboratories is
experimenting with an ultra-fast optical
fibre ring-based local area network that it
says may be capable of handling a peak
data rate of 100Gbits/s — 1000 times
faster than the most up to date electronic
solution. The experimental network is
based on solitons (light pulses that travel
distortion-free over long distances) and
all-optical logic gates. Solitons are
trapped and dragged (slowed) 10 produce
on/off signals for digital communication.
The network’s design is also said to be
“very ambitious™.
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§ound .
investment In
nicam

he advent of sterco sound

broadcasting in television has
opened up a slot in the market for add-
on nicam adaptors to enable stereo
sound reception without having the
expense of a new television.

The box from Ash Television, a
company set up specifically to exploit
the market, includes an inlegral
8W/channel stereo amplifier and is
interesting from the design point of
view. Rather than adopting a
conventional extraction of the nicam
signal from the intercarrier sound. Ash
founder and designer Star Henderson
produced a custom processing [C
which synchronously demaodulates the
nicam signal in its 26MHz IF form.
The chip uses a phase locked crystal
oscillator for the second LO.

The adaptor has its own push-button
tuning head and includes a
conventional intercarrier demodulation
strip for mono sound. It costs £176.
Ash Television 081-443 2727.

Neighbourhood
watches
engineers

he UK’s Engineering Council has

launched the Neighbourhood
Engineers schemie. under rthe auspices
of which secondary schools receive
practical support from professional
enginecrs and technicians.

The scheme is designed to equip
young people with a better
understanding of the work carried out
in engineering and technalogy.
Participants are working with teachers
1o provide encouragement in support of
the school’s curriculum as well as
becoming involved in a range of
activites including project work.
Although taunched in London, the
scheme is to operate in most parts of
the UK.



Space-age honour

Somcrsel town, Minchead, is
planning to honour space and
science fiction writer, Arthur C.
Clarke, in a week-long space age
festival 1o be held next July. Clarke,
who celebrates his 75th birthday next
year, was born in the town. He wrote
the seminal article on satellile
communications “Extra-Terrestrial
Relays™ first published in this
magazine in October 1945,

Durham gets
connecte

Durham University has prepared
itself for the 21st century by
connecting all of the major buildings
across its campus using a 15 kilometre
fibre optic backbone and spur cable.
The cable links 52 buildings. enabling
members of the University to
communicate rapidly with colleagues
and computers as well as nationally
and internationally.

The network, which has been
installed at a cost of £1 million. makes
the university one of the few
organisations outside the commercial
world to have such an advanced
communications structure.

Daventry falls silent

he BBC's shortwave broadcasting

station at Borough Hill, Daventry is
to close after 67 years of continuous
scheduled broadcasting on March 29,
1992.

It opened on January 1. 1925 with
broadcasts on 1600m under the
callsign 5XX.

In 1932, it broadcast the “Empire
Service” which eventually became the
BBC World Service. It was also the
site which, in 1935, provided the
transmissions for Robert Watson-
Watt's classic experiment in radio-
location of an airborne target which
was eventually to produce British
radar.

The BBC’s Ariel amateur radio
group will take over the site for the
weekends of April 4/5 and 11/12.

UPDATE

Sony enters portable data market

Sony hopes to shrug of!’its consumer
image with the launch of a hand-held
electronic book. Data Discman reads CD-
rom discs that adhere to the universalty-
recognised Electronic Book (EB) standard.
It can also play standard 8cm audio CDs.

Through the CD-rom. Discman offers a
200Mbyte data capacity. providing the
equivalent of 100,000 pages of A4 text or
32.000 visual images or any combination
of the two.

The conformance to international
standards is deemed by Sony to be of great
importance. Discman can read EB software
and also be connected directly 10 a monitor
or video projector.

Although Discman reads ‘commercial’
CD-roms, Sony is also keen to promote its
use as a storage mechanism for tailor-made
‘books’, such as stock inventories, price
lists. corporate profiles and reports or
‘expert systems’ for use by legal, medical
and engineering practitioners. Discman can
thus provide wide access to information for
business and professional users.

Discman is being supplied bundled with
three EB titles us standard, plus
rechargeable NiCd and dry cell battery
packs, AC adapter and video cable. The
bundle will cost around £350. Data
Discman is seen by Sony as the first stage

in a complex interactive personal
commumications network. The importance
attached to CD-rom is underlined by the
findings of analyst Frost & Sullivan. which
predicts a $3.1 billion US market for CD-
rom by 1996.

Close call for satellite operators

Conlinumg concern over possible
interference with its satellite
transmissions has prompted Astra to launch
a critical salvo at rival operator Eutelsat.

At the “Images of the Future™ conference
held in London in February, Jonathan Hart.
managing director of Astra’s UK marketing
company strongly reiterated a call for “more
efficient use of the orbital are”™ — which he
described as “a scarce natural resource.”

The convments retlect Astra’s worries
about the current (and possible future)
problem of interference between its satellites
at 19°E and Eutelsat 11-F3 in the next door
orbital slot at 16°E.

Originally, spacing of orbital positions was
determined a1 a time when it was thought
dishes would need to be at least 90cm for
reception of medium-power satellites. At
that size and that distance there was no risk
of side-lobe interference.

March 1992 ELECTRONICS WORLD + WIREIESS WORLD

But with smaller dishes, a 3 spacing doces
create a rish of interference. though, as
Jonathan Hart explained. a number of
factors would have 10 coincide. “lt would
have 1o be plunned in a way that would
deliberately cause it; there are a ot more
options where interference will not be
caused.”

Hart also attacked Eutelsat’s claim 10
priority in registering 11-F3.

“Being lirst does not allow anyone o
cause irterference or even threaten it - it
only derermines who should consult with
whom.’

According 1o Hart. the key 10 the problem
lay in “Eutelsat’s policy of gobbling up the
orbital arc with identical satellites.”

The solution. he said — presumnubly
involving relinquishing or restricting some
slots, and stacking satellites. like Astra. in
others - “lies with the signatories.” PW
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UPDATE SPECIAL

Additional consumer

benefits
for pal plus:

y the end of 1995 Europcan broadcasters

and TV sct makers plan to introduce a
new. enhanced. “compatible™ pal terrestrial
broadcasting service. Pal-plus aims to give
the viewer higher quality pictures and sound
on the new wide-screen 16:9 aspect ratio TV
sets now coming on the market.

The higher quality vision will derive from
better utilisation of the existing luminance
bandwidth of the pal channels, and better
separation of luminance and chrominance
information to reduce cross-luminance and
cross-colour degradations. Improved sound
will probably be obtained by a dual-channel
digital system comparable to Nicam, but this
has not yet been settled.

Broadcasters in the pal-plus group come
from Austria (ORF). Germany (ZDF and
IRT). Switzerland (SRG) and the UK (BBC
and independent broadcasters) and set mak-
ers involved are Grundig. Nokia. Philips and
Thomson.

At present eight specialist groups from the
consortium are still engaged in various
aspects of system development and defini-
tion. But come July 1992, a public demon-
stration of pal-plus is planned for IBC92 in
Amsterdam. Next stage will be equipment
development in 1993/94 and experimental
transmissions in 1994/95.

To judge from a recent IEE/RTS interna-
tional colloquium mainly devoted to the pro-

The setmakers and the broadcasters are
arguing the toss over letterbox tv sets. But
does the public really want something like
this in its living room?

ject ("Enhanced and wide-screen pal™) the
case for the proposed new service does not
seem lo be entirely overwhelming. The pal-
plus consortium itself sees the project in
technical/commercial terms as a bridge
between the present pal service and a future
HDTYV or all-digital system.

Clearly it would fill the gap left by the
current hiatus in the development of Eurcka
95 and a world-wide HDTV standard. It also
might give terrestrial broadcasters a compet-

Fig. 1. Essentials of encoding at the
transmitter and decoding in the receiver in
the pal-plus system architecture.

transmitter encoder

receiver decoder

itive edge on other forms of picture delivery
such as satellite and video cassettes.
Demand for new wide-screen sets incorpo-
rating special pal-plus decoders could pro-
vide a much-needed early boost for the
European consumer clectronics industry — a
uscful commercial stop-gap until HDTV
arrives.

Unknown public reaction

But how will the public and other users
react? Some speakers at the colloguium
were alarmed at the current prices of the
16:9 wide-screen sets. Nokia, Philips and
Thomson were demonstrating production
models — showing off-air and recorded stan-
dard pal pictures - ranging from £2650 o
£3500. Speakers declared there would be
“enormous customer resistance” and that the
public would be unwilling to fork out for
such receivers for just an interim period.
with HDTV and its double-picture resolu-
tion just round the corner.

o F W P Vreeswijk of Philips and D
< Westerkamp of Thomson assured doubters
@ that volume production and smaller screens
y [ol hp |yt mod | [ ] __._ demod b M- P- |5 8 y than the current 86¢m (36in) diagonals
< 'I filter | ~ i PAL - plus I 7 Ltilter Y would bring down prices to something like
§ vertical o composite o| vertical 13 those of standard pal sets. (Nokia plans to
- £ | helper A £ signal 12| helper Sly introduce a 71em model during 1992). C
= E 5 y |2 Dalton of Thames Television pointed out
v ,8 . PAL @ @ Iumina_nce S :, g v that HDTV, requiring very expensive
—— 3 > gi » » chrommapce > 2 > receivers. was not all that close anyway.
S|, |encodng || separation | 5 1€ A worry over the claimed compatibility of
T T the pal-plus system was voiced by Paul
camera/film switching Gardiner of the ITC (formerly IBA). On
camera/film colour standard 4:3 pal receivers the pal-plus 16:9
switching  subcarrier image format would occupy the middle 432
of the 5§76 active lines of the 625-line signal.
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leaving black bands 72 lines deep above and
below the picture. This “letterboxing™ is cur-
rently used for transmitting widescreen films
on television. But UK terrestrial broadcast-
ers were worried. said Gardiner, that a sud-
den move to full letterbox. even if initially
only on feature films, might alienate existing
viewers — a serious concern for broadcasters.
He quoted a survey of acceptability of the
letterbox format on Channel 4 and BBC2
films.Thirty one per cent of viewers said
they didn’t like it and 18% that they did. Of
the remaining 51%. some didn’t notice it
and the others felt it made no difference.

UK broadcusters were reluctant to trans-
mit non-film letterbox material on the main-
stream channels. However Gardiner suggest-
ed a compromise solution to the problem:
possible interim 14:9 letterbox format — to
be used during the pal-plus introductory
period — that would introduce viewers grad-
ually to black bands on pictures.

Attempting to allay concern on whether
letterboxing really does satisfy compatibili-
ty. D Westerkamp said that many European
viewers were already familiar with the prac-
tice. In any case broadcasters could intro-
duce the new format gradually, deciding to
transmit either standard pal or pal-plus on a
programme 1o programme basis.

Pal-plus architecture

Westerkamp also gave an outline of the pal-
plus system architecture. The pal-plus
source signals (Fig. 1) arein Y, U. V com-
ponent form and represent a 16:9 image for-
mat. The source standard is 625/50/2:1 and
could, for example, result from down-con-
version from HDTV equipment.

The signal is first low-pass filtered in the
vertical dimension with a cut-oft at 0.75 of’
the Nyquist frequency. Then. in the letterbox
processing section it is sub-sampled by a
factor of (1.75. giving the 432 lines that will
be placed in the middle of the 576 active
lines of the 4:3 output frame. The method
gives the correct image geometry for the
16:9 pal-plus picture.

At this point the pal-plus signal has appar-
ently lost vertical resolution— but this is
restored. A high-pass filter selects the upper
part of the vertical luminance spectrum and
the signal is sub-sampled by a factor of four
1o give 144 active lines, 72 of which are
transmitted at the top of the picture and 72 at
the bottom. This “vertical helper™ signal is
band-limited to about 4MHz and modulated
in vestigial side-band AM on the colour sub-
carrier (Fig. 2) with an amplitude of

Fig. 3. Pal-plus pictures would be displayed
on 16:9 widescreen TV sels similar to this
current model for standard transmissions
made by Nokia Consumer Electronics. (When
standard 4:3 format pictures are shown on
wide-screen sets the image can be expanded
to fill the full width of the screen, though of
course this cuts off some lines at the top and
bottom).

+150mV relative to black level.

In the pal-plus receiver the vertical helper
information 1s decoded and used to give a
picture with the full vertical resolution of the
source. In the standard pal receiver the infor-
mation is mainly decoded as chrominance
and is “almost not visible” on the black
bands. Any residual visibility might be dealt
with by line-cut-and-rotate scrambling.

Improved luminance-chrominance separa-
tion is obtained by pre-processing at the

Fig. 2. The spectrum of the pal-plus “vertical
helper” signal fits into the overall vision
frequency spectrum. It is AM-VSB modulated
on the colour subcarrier.
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transmitter — to avoid most of the cross-

etlects — and by matched post-processing in
the pal-plus receiver. Cross-luminance is
reduced. so the luminance filtering normally
necessary to minimise this degradation in a
standard pal receiver can be avoided in the
pal-plus set. Consequently something nearer
to the full horizontal resolution allowed by
the transmission bandwidth (5.5MHz in the
UK) should be achievable in the pal-plus
receiver.

Alsa transmitted through the system is
some signalling information. in the first half
of line 23. 10 tell the pal-plus receiver
whether a 16:9 or a 4:3 picture is being
broadcast and automatically to switch the set
accordingly. It also switches the receiver to
decode for the different modes of vertical
processing and luminance-chrominance sep-
aration necessary at the trunsmitter for cam-
era and film sources.

Various experimental “clean™ or enhanced
pal systems have been devised over a period
of about two decades. mainly for internal
use by the broadcasters, though in 1982 the
BBC did propose its E-pal system as a can-
didate for public DBS.

Even so pal-plus still has some way to go.
Subjective tests on picture quality have been
carried out to choose the best processing
algorithm from ten proposals — but the
testers were not confident enough to reveal
it at the colloquium. C Dalton, who is
member of the consortium’s studio group,
commented that enhanced pal is still “'in the
growing pains of infancy” and, concerning
pal-plus, “many questions need to be
answered.”

Tom lvall
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Electronic brain with a human face

cural networks have been around for a
long time. but a realistic electronic
model of an animal neuron (nerve cell) has

only just become possible. By combining
neurophysiological principles and VLSt
technology. Misha Mahowald of the
California Institute of Technology and
Rodney Douglas of Oxtord University have
produced an analogue ic with the functional
charactenstics ol a real neuron.

In their recent paper (Nature Vol 354 No
6354) Mahowald and Douglas say that
because the physical principles undertying
their silicon neuron are similar to those of

biological membranes, the electronic device
can emulatethe ion currents that cause nerve
impulses. Moreover, it operates in real time,
consuming only fractions of a mW.

This silicon nerve cell, built from cimios
circuits, is totally different from previous
neural net hardware and occupies less than
0.tmm?. Mahowald and Douglas estimate
that a linear array of 100-200 such cells
could be fabricated along a lcm? silicon die.
Remainder of the area would then be
occupied with silicon analogues of
dendrites. the substances that form the
interfaces ol biological neurons.

Although the circuitry of this
“neuromime”, as it is called, is relatively
simple, the device replicates faithfully many
of the properties ot its biological
counterpart. One such interesting property is
that of adaptation.

When the neuromime is stimulated, it
nitially generates a rapid series of action
potentials that become slower as the
stimulation continues. In biological systems
this miechanism is part of the explanation
why any stimulus. be it pain or a loud noise,

Continued over page

Self-cleaning tools improve chip yield

mong a number of interesting reviews,

IBM Research magazine (Fall 1991)
includes a survey of the latest methods of
reducing the contamination that is estimated
10 cost the world semiconductor industry
USS$thillion worth of product loss each year.

According 10 IBM, clean rooms have now

advanced to the point where atmospheric
contamination. such as skin particles. con-
tributes only 15% of the debris that cun land

on a chip during processing. A good modern
clean room can filter the air so efficiently
that it contains no more than a single halt-
micron particle per cubic foot of air. That's
a thousand times better than the average
operating theatre and up 10 a million times
better than the dirtiest of city streets.

Most of the particles that cause trouble
during chip manufacture come not from the
air itself but from the chemicals and tools

used in plasma processing. Contaminants
tloat in the space between the electrodes and
can be observed by the way they scatter
laser light.

One clue 10 attacking this problem came
when IBM researchers noted that such parti-
cles tend to clump in areas with particularly
high electric fields. These occur at sharp
edges or at other physical non-uniformities
of the electrodes. The team at the Thomas J.
Watson Research Center therefore deliber-
ately machined grooves around their experi-
mental electrodes in the hope of creating
“decoys’ for the contaminant particles.

Taking this idea a stage further, they opti-
mised the grooves so that the gas flow in the
chamber would turn them into tiny conduits
that would continuously channel particles
away from the critical region. So tar. these
“self-cleaning tools’ have proved effective in
reducing contamination by an average of
50%.

Optimisation ol the electrode groove
design is stilt a matter of ongoing research,
but atready the benetits are far outweighing
the relatively low cost of implementation.

1BM’s John Heidenreich, Ed Patterson and
Gary Selwyn, part of the team at Thomas |
Watson Research Center who have been
working with the “self-cleaning” grooved
electrode
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Break the circuit

A product can always benefit from being smaller, faster, Additionally,we can help you with a range of components for
cheaper or simply more efficient. bread boarding critical analog functions.
But the route to these improvements is often through new As a result, you'll end up with a high degree of confidence that
technology. your design is going to work before you commit yourse!f to a prototype.
What worries engineers is the fact that the-route can easily turn When you are satisfied and send us your prototyping brief, we
into a vicious circle over which they feel they have no control. again keep costs down by manufacturing in batches with many
That's why we developed the Falcon Programme which allows customers sharing the expense.
you to test before you invest. Your prototype is then returned to you within 28 days.
This is how it works: Finally, once the desigr is proven, we can provide you with
Firstly, we provide you with a software package. It allows you production parts in any volume from very low to very high and to
to design analog/digital arrays using 5 or 2 micron any screening level under BS9450 approval.
digital, or 3 micron mixed technologies, and, most YT So if you want to get it right first time, make sure
——
important, verify the design/performance yourself. you talk to Mike Goodwin this time.

Micro Circuit Engineering

A Smiths Industries Company

Micro Circuit Engineering, Alexandra Way, Ashchurch, Tewkesbury, Glos GL20 8TB. Telephone: (0684) 297277 WWA
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becomes less irritating as time goes on.

Impetus for research into understanding
the human nervous system has obviously
been given a considerable boost. In an
accompanying “News and Views” article in
the same cdition of Nature. Andreas
Andreou of John Hopkins University in
Baltimore says that while analogue neuronal
models are not as accurate as digital
simulations. they do have an enormous
advantage in that they capture the true
dynamics of the situation. The analogue
maodel has noise, irregularities and non-
lincarities like real neurons and real brains.
Such irregularitics, Andreou points out, are
computationally expensive to simutate on a
digital computer.

Mahowald and Douglas are currently
assembling their neuromimes into circuits
like those that process signals from the
retina of the eye. Although an artificial eye
or even an artificial brain is a tong way off,
rescarchers In this field are already thinking
of intelligent prostheses for disabled people.

This fascinating new area of research is
currently generating as many problems as it
solves. How. for example. can imprecise
analogue devices achieve the precision of
human vision? How can they cope with
transducing optical. chemical and
mechanical signals with the dynamic range
found in nature? How thermally stable
would such systems be?

Clearty there are lots of questions still to
be answered. Andreou helieves, however,
that a combination of biological and
engineering know-how may eventually lead
1o new clectronic information-processing
systems that approach the performance of
biological ones.

Six year space exile
leaves time for
experiment

ust over two years ago there were
ll}lscinuling TV pictures from space when
the Space Shuttle Columbia rescued the
huge 10.5 tonne LDEF satellite using a
Canadian-built remote-controlled grappling
arm. The delicacy of the operation. which
took more than |5 minutes once it had
started, has been likened to towing a
weightless bus into a garage using only a
picce of string.

LDEF. launched in 1984, was not so much
a satellite as a flying test-bed. covered with
57 experiments designed to find out how
various materials and components would
survive the rigours of space. Originally that
period in orbit had been planned to last
between nine months and a year; in the
event, the Chaltlenger disaster set the US
Shuttle programme so far back that LDEF

Continued over page

Millimetric lasers open up

communications

Onc of the natural obstacles to opening
up the millimetre wavebands is the
difficulty of generating signals. Smaller
wavelengths mean smaller active devices
which in turn can handle less and less
power.

Researchers have generally responded 1o
this problem by building arrays of devices
integrated into what purports to be a single
millimetre-wave transistor. Alternatively.
the devices can be paralleled, either at the
circuit level or even as parts of a composite
active antenna. All components operate at
the same frequency and add together to
boost the final transmitted power.

An alternative to this paralleling
technique is currently being explored by a
team under Assistant Professor Richard
Compton in the Electrical Engineering
Department at Cornell University. It makes
use of a technique that has been borrowed
from the world of lasers and is known as
mode-locking.

Instead of having all the oscillators
running at the same frequency. they are run
at slightly difterent frequencies. If the
frequencies are equally spaced, then at one
instant they will alf add together to give a
large signal, but for all other times tend to
cancel one another out.

The Cornell tcam has demonstrated a five
clement array operating at the very modest
frequency of [0GHz which produces a
pulsed signal much more powerful than the
continuous wive emitted by a conventional
parallet array. A CW source with live
elements emits five times the power of a
single clement. whereas a mode-locked
array generates a peak power twenty-tive
times larger. In general, mode locking
increases peak power by the square of the
number of circuit elements. While
Compton’s source is still relatively low-
powered (in the range of several watts), it
is suitable for communications and is
claimed to be better than the milliwatt
devices currently available.

Several car manutacturers are working

on collision-avoidance systems and a good
millimetre wave source could provide a
significant advance in this area that would
lead to a large demand for such devices.
Crowding of communications channels also
will provide impetus for the development
of devices that use frequencies in the
millimetre range.

In addition to new television and satellite
telephone transmitters, celiular telephones
and paging devices. millimetre systems
could form the basis for powerful military
jamming equipment or small airborne
radars that could provide enhanced detail of
terrain and more precise information about
location.

The chief hurdle to practical applications
according to Compton is the cost of
fabricating, packaging and testing devices.
At present he uses the National
Nanotabrication Facility at Comnell to make
the microscopic gallium-arsenide devices,
but points out that an automated industrial
facility would bring costs down to a
reasonable range.

The millimetre bands contain some
frequencies, such as 35 and 94GHz. that
propagate well through the “atmospheric
window™ to satellites. At 60GHz, however,
the atmosphere blocks transmission, which
makes this frequency ideal for military
satellite-to-satellite communication that is
undetectable by listeners on the ground.

The mode-locked millimetre source has
an unexpected but useful property: the
direction of the pulsed signal automatically
shifts around at a very rapid rate. This
feature frequently must be added 1o a
communication device so that it will
transmit omnidirectionally. In mode-
locking, however, beam scanning arises as
a natural consequence of the system.

The next step in his research, Compton
says. is to build larger arrays that operate at
higher frequencies. He selected 10GHz for
the tive-element array because 10GHz
transistors are relatively inexpensive and
casily available.

A three element mode-
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outstayed its welcome in orbit by five years.

While this put a big question mark over
whether it would ever be recovered. many of
the experiments, like good wine, were
clearly going to yield better results from
further maturation. These experiments, from
Britain, the USA and many European
countries, varied from simple painted panels
designed to test durability to optical
components, electronic components and a
cosmic ray detector. Biological material
included shrimp eggs and 12.5 million
tomato seeds, many of which have since
proved viable.

One problem for the Columbia astronauts
was that LDEF’s orbit had decayed from
500km to 300km. This was partly expected,
but partly a consequence of turbulence in the
outer atmosphere resulting from high levels
of solar activity. If Columbia had not
rescued LDEF when it did, the satellite
would have re-entered the atmosphere about
a year ago (09/03/91) and burned up. This
meant that the mission had to succeed. It
was also an extremely delicate operation
because of the fragility of many of the
experiments.

In the event, LDEF was successfully
loaded aboard the Shuttle and returned to
carth for detailed scientific investigation - an
activity made more difficult by the fact that,
over the six years, many of the research
teams had disbanded and many companies
had merged or gone out of business!
Original data had been lost and measuring
equipment lost or modified.

It is hardly surprising, therefore, that much
valuable scientific data is only now
beginning to emerge. Analysis by the
Georgia Institute of Technology of 136
electro-optic components carried by LDEF
has revealed significant changes in the
performance of items such as band-pass
filters and mirrors, possibly because of
deterioration in their structure and in
materials used for their manufacture.

Other components appear to be unchanged
by their six year sojourn - while at least one
material seems to work better after being
struck by meteorites, shocked by
temperature changes and scoured by upper
atmospheric oxidants.

In interpreting the performance changes
they measured, the researchers had to
consider the variations that would have been
produced by normal aging processes.
Examination of the materials continues, and
particular interest is being paid to
holographic crystals which could be used for
computer memories.

Organic materials like paints and polymer
films, along with mirrors and filters made by
depositing dielectric films, are degraded in
space, according to Dr. Don Blue, Principal
Research scientist with the Georgia Tech.
“We were surprised because we really didn’t
anticipate anything of real significance
would happen to these components during
the few months they were originally
expected to be in orbit.”

Certain filters are used to help satellites
receive laser signals by screening out all but
the colour of light produced by the
signalling laser. The researchers have found
that six years in space has shifted the
frequency of light admitted by the filters -
and reduced the amount of light transmitted.
Blue suggests that space scientists should
consider these colour shifts and transmission
losses in planning future missions.

Holographic crystals, which have the
potential to store large amounts of computer
data, did not appear to be damaged, although
the holograms originally stored on them
have been degraded due to the length of the
LDEF mission. Studics of bulk crystalline
properties are particularly significant in
view of several planned ventures to use
clectro-optic crystals such as lithium niobate
in holographic mass memorics.

Some components carried on LDEF did

not scem any the worse for wear. Infrared
detectors performed as well after their return
from space as they did when first installed
on an LDEF test tray back in 1978. A
silicon-based infrared detector still
performed as designed, despite a crater
caused by the impact of space debris.

The researchers were surprised to find that
six years in space appeared to improve the
performance of black paints used for thermal
control and low-reflectivity coatings.
Preliminary studies show that the ability of
the paints to absorb far-infrared emissions
seemed to improve, possibly due to the
creation of new light-absorbing sites by the
breakup of paint binders and pigments.

The filters, mirrors, diodes, lasers and
other components were part of a tray
assembled in 1978 by Georgia Tech
researchers to study the effects of space on
clectro-optic components, ]

Recipe for hot squid

quids, or superconducting quantum

interference devices, are extremely
sensitive ring-shaped detectors of magnet-
ic fields. Changes in the strength of near-
by magnetic fields induce currents in the
ring. Potential uses for squids range from
oil and mineral exploration to the detec-
tion of cracks and corrosion currents in
large structures. More recently they have
been finding applications in medicine for
measuring the magnetic fields created by
electric currents in organs like the brain
and heart.

The only reason why squid technology
hasn’t become more widespread is that it
relies on conventional low-temperature
superconductors that work only when
cooled to 4.2K in liquid helium.

More recently, squids have been made
using the new high Tc superconductors,
but have proved either difficult to manu-
facture reproduceably or have been too
noisy. Up until now squids that work at
liquid nitrogen temperatures (77K) have
exhibited a high degree of I/f noise that
makes them much less sensitive than heli-
um-cooled devices at the main frequencies
of interest, below 100Hz.

Mark Dilorio et al of Biomagnetic
Technologies, Inc. of San Diego,
California report (Nature Vol. 354 No.

6354) a new reproducible method for
making-low-noise, ‘high' temperature
squids based on yttrium-barium-copper
oxide superconductor.

The squid is a DC device based on a
novel Josephson junction consisting of
two elements of superconductor with a
normal metal - such as silver or gold - in
between. The structure, shown in the fig-
ure, can be manufactured with >95%
yield. A sharp step is etched in the lan-
thanum aluminium oxide substrate after
which the superconducting films are
deposited. The metal (in this case, silver)
is then sputter-deposited to join the two
films. The authors say that the repro-
ducibility of the process stems directly
from the use of the step to generate a pre-
cisely defined gap.

While I/f noise is still the predominant
noise below 100Hz, Dilorio et al are cer-
tain that their new devices will be sensi-
tive enough for many of the applications
which at present require liquid helium
cryogenics. As with such low temperature
devices, the performance of the new “hot”
squids will, in all probability, be enhanced
considerably by the use of flux transform-
ers to couple with the magnetic field being
measured and by the use of electronic
biasing.

The superconducting

film is epitaxially-
/ Ag 80-600nm | grown so that its
A lattice c-axis is
YBa,Cu;0, ‘ 50-150 nm perpendicular to the
i substrate plane.
‘- YBa,Cu30; LaA|O3 (100) I 140-280 nm
C-axis L4
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Soldering Kits
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perfect tools for a wide range
easv.

of soldering jobs. The kits
include a compact iron, handy
soldering stand, a pack of
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A lips for field, hobby, boat or caravan use.

DIFFERENT
KITS

Available from leading electronic
shops and distributors.

Complete your tools with Antex
Soldering Irons.

kintex Electronics 2 Westbridge Industrial Estate,
Tavistock, Devon PL19 8DE Telephone: (0822) 613565
Fax: (0822) 617598

CIRCLE NO. 111 ON REPLY CARD
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Elctoics charts

new waters

ne thousand pounds will equip vour

small boat with radar capable of

looking 16 nautical miles around.
Microwave integrated circuits provide | .5SkW
of power in a small package; the slot array
antenna inside the radome is just 400mm long,
yel ensures bearing accuracy of +1°, 1.5% or
70m accuracy in distance.

Panasonic’s KX-G8100 radar system is tvp-
ical. Operating a1 9.41GHz. its ranging is pro-
vided by duplexing two pulse widihs and
PRFs: 0.08us pulses at 2500H¢ provide close-
in data between a quarter of a mile 10 a mile or
so. Extending the pulse widih 10 0.5us at
1000Hz PRF extends the range to 16nm.

Radar maker Furuno has replaced the slot
antenna by a microstrip unit. Simpler con-
struction keeps cost down — at the expense of
efficiency — but the radome is highly com-
pact. An enclosure 435mm in diameter and
210mm high contains both the antenna and
transceiver circuitry.

Making radar a viable option for small users
is due as much to the receiver front end as the
TX head. They mainiain high signal-noise
ratios allowing reduction in the engineering
(and power) cost of the transmitter side.

Signal processing can improve the situation
still further. By averaging a number of echoes,

the instrument eliminates sea clutier while
reinforcing the coherent retums from real
objects. Rain clutier can also be removed by a
technique known as fast time constant, effec-
lively a form of filtering 10 remove known
characteristics of squalls and rain storms.
Furuno radars also have routines to eliminate
false targets caused by other nearby radars
increasingly important as the radar population
grows and inshore waters become more
crowded.

Look and sea

Manufacturers are also taking a second look at
the marine display interface — still ypically
green CRTs for daylight viewing. but incor-
porating detailed alphanumeric daia as well as
raw echo information.

Radar settings such as range circles are still
included but. more usefully. one can now plot
tracks of selected echoes. set guard zones wilh
alarms when a target strays into these areas,
plot bearings and place markers.

Digital displays aren’t limited 10 a central
view of the sea around. The user can offset the
display to give a better view of the way ahead
for example.

L.CDs for radar are still the exception rather
than the rute. But, with advances in supertwist
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hen yachts in the Whitbread Round the World Race

set off next year, many of them will be equipped to
provide something missing from news coverage of previ-
ous races — live video coverage from anywhere on the
global course.

The additional technology which makes this possible is a
video codec (coder/decoder), digitising the signal and com-
pressing it to transmit at 64 kilobits per second — within the
capacity of the Inmarsat-A high-speed data satetlite link.

Deveioped by BT with videophones in mind, the codec
reduces hy a factor of 2000 the data rate required for a TV
signal. It will form the basis of three distinct video facilities
for the yachts.

First is the realtime video interview. With sound both
ways, and pictures from the yacht, it will be possible for
TV interviewers 1o conduct live interviews with the skip-
pers. The signal will be received at an carth station, for
instance Goonhilly.

The signal is then passed, still compressed, via an ISDN
landline to a centrally-localed second codec, possibly at
Telecom Tower in London where it can be reconstituted
and sent via landline or BT's satellite TV distribution net-
work 1o any TV studio worldwide. Picture quality will, says
BT, be “reasonable”. A prototype was successfully sca-tri-
aled on the Maxi yacht Rothmans in last year’s Fastnet
race.

The second option is the video clip — a pre-recorded clip
with sound — which can be transmitted with better picture
quality. but not in realtime. A two-minute clip, coded to
384 kbit/s would take about 2 minutes to send. Higher res-
olution, 768 kbit/s. would take twice that time. Sea tests of
this service will be taking place this year.

The third option, experimented with in the last Whitbread
race, is transmission of high-quality colour still pictures,
which take around 15 seconds each.

Inmursat-A is a global satellite link capable of handling

direct-dial telephone calls, telex, faxes and high-speed data.
More powerful than Inmarsat C (which will also be used, in
conjunction with GPS, to track yachts in the race) it
requires a small dynamically steered dish for reception and
transmission. This was in a radome mounted on Rothmans’
stern during the Fastnet trial but, on the Whitbread yachts,
will be built into a bubble on the deck just forward of the
mast. The control unit, with the codec. would most conve-
niently be installed in or near the nav station.

The codec is still in development — BT’s self-imposed
deadline for this with regard (o the race is January 1993 —
so does not yet have a commercial price. BT will be pro-
viding it on free loan to race yachts, but they will have (o
buy the Inmarsat equipment at a cost of £18,000+. ]

Peter Willis

Video
compression will
he the key to
heaming (almost)
live pictures
tfrom hoats taking
part in the
Whithread
round-the-world
yacht race.
Imarsat provides
a global satellite
data link for
pictures reduced
to a data rate of
384kbits/s

technology. some are starting to appear. For
instance, Apelco’s LDR9910 has a 5.75in
back-lit unit, and claims resolution of 3000
pixels/in’

Depth and other underwater dita also inter-
cst the Solent set. Once firmly the province of
the professional, less than £500 now provides
a basic 200W model with a 6-inch colour dis-

Solid state transmitting heads in small boat
radar can now develop up to 1.5kW peak
power at 9GHz. Digital processing enhances
the resulting picture

play. Koden's CVS106 Chromascope can
look down 10 128011 using 50, 120 or 200k Hz
pulses. Transducer technology is still fairty
standard one development though is the
introduction of a combined sonar transduc-
er/temperature/speed sensor. frequently
mounted on the boat’s transom rather than
through the hull. Another move is the avail-
ability of dual frequency transducers a
design in which both types of pulse are gener-
ated by a single clement.

But the greatest changes are in display and
presentation through colour CRTs and built-in
signal processing. Sufety at sea is improved by
the ability to set alarms for shallow or decp
waler. The Koden unit can zoom to track the
bottom on the screen. More sophisticated
models like the Furuno FCV-561 can sct
alarms when fish echoes are detected.

Newer sonar can also look ahead rather than
straight down ideal it you are a diver
scarching for seabed wrecks.

Sonar receivers have widely adopted the
mixed technology analogue/digital signal pro-
cessing systems which make small radars so

March 1992 ELECTRONICS WORLD + WIRELESS WORLD
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Digital signal processing techniques have
revolutionised the display of sonar imaging

effective and. like radar, video sounders can
also present information from other sensors.
These provide not just speed and water tem-
perature but navigational data, too.

Navigation

Many helm displays show navigation data
from position fixing systems. and display
way-points together with information such as
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Know where you are to the nearest 100m. This
handheld GPS set derives its position by phase
triangulation from orbiting satellites. It costs
about £1000

Digital processing and storage enables
superimposition of chart information on the
radar image

distance to way-point. With costs below
£1000 and falling. satellite navigation using
the GPS network is now within the reach of
every boat owner. Onboard processors can
calculate a wealth of useful information
extracted from the raw latitude/longitude
data. True speed (rather than speed through
the water), distance and bearing to way-points,
course bearing offset and cross track error can
all be shown.

But yachties still want more. Some systems
allow data to be incorporated on additional
displays such as the radar screen. Another
family of systems can combine it with elec-
tronic maps in the chart-room. Perhaps the
state-of the art is represented by one system
from Raytheon which does both.

The Raychart 600 plugs into a standard
raster scan radar display presenting either dig-
itized charts or detailed radar pictures. Small
rom cartridges store detailed chart data. Using
a trackerball pointer and zoom controls. fea-
tures of interest such as buoys and lighthouses
quickly identify themselves. Depth contours
and coastal features also appear. An alterna-
tive output display with the system is a full

colour 14in VGA monitor — ruggedized ftor
usc at sca but every bit as impressive as its
desktop counterpart when it comes to graphics
capability.

However, technology is no substitute for tra-
ditional paper charts and that’s official. Rules
of the Sea still require skippers to use paper —
by law. Nevertheless. the system eftfectively
turns the onboard clectronics into a command
and control system.

A key factor casing the integration of all
these clectronic modules is the introduction of
a standard — NMEA-0183. This provides
interationally recognised data sentences for
transferring standard marine parameters such
as latitude, boat speed, water temperature etc.
It allows talk/listen facilities common to a
range of clectronic systems from various
manufacturers.

A number of companies exploit this fact o
build boat-wide data networks. The objective
is not just to display information. It’s possible
for example to link stecring controls with sat-
nav data, chart, boat speed. and tide predictor.
The boat practically drives itself. Similarly,
with sail-boats. wind speed and direction
inputs can be included to drive the tiller
hydraulics.

Despite the standardisation of messaging,
most such networks are still proprictary. The
fastest is claimed to be the Brookes &
Gatehouse Network — a system in which
intelligent modules (sensors or indicators) are
daisy-chained using a physically robust five-
wire interconnection.

One of the more interesting networks comes
from Denmark. Danaplus’ Quadro promises
casy installation by using standard RGS58
coaxial cable for interconnection. It is effec-
tively a broadcast network with 200 channels
operating at 6400bytes/s. The cabling also car-
ries 12V power pulses in each 0.25s cycle.
Sensors link into the network through intelli-
gent interfaces called brainboxes. The network
is segmented so that functionally similar
devices are autonomous. In this way, the net-
work can continue operation even if one set of
functions (say navigation) is out of action.

In addition to the standard navigation, com-
pass. and wind indication tfunctions, Quadro
has comprehensive engine management facil-
ities. with sensors in the engine compartment
linked to a multifunction display at the helm.
It also allows other members of the crew to
access data on remote terminals anywhere the
network.

Robertson Marine Electronics offers a bus-
type data network. this time a serial link based
on RS-485 and operating at 400 baud. Like
the other networks. this also has NMEA inter-
fuce options so that units from ditferent man-
ufacturers can join in to the system.

These developments threaten to turn boating
under power or sail into an increasingly auto-
mated pastime. Perhaps it is technology for
technology’s sake. But boat owners are lap-
ping it up. They want every conceivable bit of
clectronics in their cabins. And electronics
designers are showing every willingness to
meet that demand.

Listening out for
the big numbers

Digital audio was born in professional broadcasting,
rapidly becoming commonplace in recording studios
and eventually in the home through compact disc. The
CD success story needs no re-telling but it begs the
question of where digital audio will take consumers in
the 1990s. Consultant David Berriman charts the
progress of sound by numbers.

igital audio tape was to have been
Dmugnclic tape’s answer to CD. A

higher sampling frequency and 16-bit
coding tipped dat — at least in the eyes of some
pundits — as the successor to compact cassette.
Unfortunately lengthy wrangling about a copy
protection system. which would prevent “per-
fect” digital copies being made ad infinitum,
lengthened the gestation period and delayed
the introduction of hardware and hence pre-
recorded software. This went on for such a
long time that dat has appeared virtually still-
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DCC technical data

Number of channels 2

Frequency range f.=48kHz 5Hz-22kHz
f,=44.1kHz 5Hz-20kHz
f.=32kHz 5Hz-14.5kHz

Dynamic range over 105dB
Total distortion —92d8
Wow and flutter none
Audio bit rate 384k bivs
Tape width 3.78mm
Tape speed 4.76cm/s
Track width 185um
Track pitch 195um

Number of tracks 8 digital audio 1 auxiliary
code Error correction system C1, C2 Reed
Solomon product code

Modulation system Eight to Ten (ETM)
Recording time up to 2x45 min (D90)
Provision for 2x60 min. (D120)

Tape type chrome (video)

Sony Mini Disc technical data

Number of channels 2

Frequency range 5Hz-20kHz
Dynamic range 105dB
Sampling frequency 44.1kHz
Recordingtime 74 minutes
Cartridge size 68 x 72 x 5mm
Disc diameter 64mm

Wow and flutter below measurement limit
Coding system ATRAC (Adaptive TRansform
Acoustic Coding)

Modulation system EFM Error correction
CIRC

born from the consumer point of view. Even
so. dat has been fully embraced by protes-
sionals in the recording industry (copy protec-
lion was not an issue here) for making high-
quality copies of master tapes. Some
companies are so confident that they even
master directly in the dat format.

Whatever the effect of the copy protection
delays, dat has one inherent disadvaniage.
Like a video recorder it uses a rotary head to
lay diagonal tracks across the tape. High tape-
to-head speeds achieve the necessary data
transfer rate, but with the complication of pre-
cision components and tracking controls. Dat
was designed for full 16-bit CD sound quality.
but is not cut out for the cosl-conscious mass
market, and certainly not for the miniaturisa-
tion demanded for personal siereos.

CD recordable dat has a professional disc
equivalent in CD recordable, or CD-R. This
100 is based on |6-bit coding but recording is
achieved using a special write-once only disc
containing a heat sensitive layer. During
recording the laser is pulsed at a high power
which heats and deforms the disc internally,
making the heated arcus less reflective.
Thereafter, the disc performs virtually as a
normal CD, with the advantages of non-
volatility and durability compared to tape.
Marantz and Mission are two companies

Philips digital cassette system will be
backwards compatible with the old compact
cassette format although the digital tracks on
the new cassette won't play

on analogue machines.

which have launched CD-R machines aimed
at the professional market. With blank discs a1
around £20. recordable once only and unlikely
10 drop as low in price as DCC or MD (see
below). domestic potential must be small.

Philips and Sony to do battie?

In 1991 both Philips and Sony announced
their separate answers 10 the domestic digital
recording and playback conundrum — how 1c
cram lots of information into a small space
and with the minimum mechanical complexi-
ly (and minimal cost). Philips answer is
Digital Compact Cassette (DCC) and Sony’s
is Mini Disc (MD). Both incorporate complex
data compression tlechniques, but use com-
pletely different technologies for slorage.

Philips’ DCC. as you would expect, uses
magnelic lape, but insicad of wrapping i
around a rotary drum and head, the tape is
passed over a thin-film magneto-resistive
head with eight sections laying down eighi
tracks. Remrarkably. the tape width and speed
are the same as for ordinary compact casselie
the special heads. eight parallel tracks and data
compression make it all possible. The housing
of a DCC is similar in size to a compact cas-
selte, but is quite differently constructed. 1t is
shutiered like a floppy disc at one edge and
does not wm over like compact casselle
‘Side” changing is by means of aulo-reverse
so there is a small break in sound during
change of tape direction.

The dual-purpose heads also olay ordinary
compact cassettes, making DCC machines
backwards compatible with old compact cas-
seltes. Alas. DCC 1apes cannot be played on
old compact cassetiec machines.

Mini Disc Sony’s Mini Disc. at about 6¢cm

CONSUMER ELECTRONICS

in diameter, is slightly smaller than a CD sin-
gle and, like DCC. is housed in a slim shut-
lered case measuring just 72 x 68 x Smm
which looks very much like a mini floppy
disc. Mini-Disc’s recording system. however.
is magneto-optical (often referred 10 as MO
disc technology). During recording. a high-
powered laser heats the disc in the presence of
a magnetic head positioned close 10 the
reverse side of the spinning disc. The laser
heats the magnetic material in the disc (a layer
of terbium ferrite cobalt. having very low
coercivity) to 400°C which is above the
material’s Curie point. As it leaves the laser
beam it cools and retains the magnetism from
the head at that instant. The head carries the
digital data stream and so the disc is left with a
spiral magnetic recording of alternate north
and south poles.

During replay, the laser operates at a much
lower power. Due 1o the Kerr effect, the
reflected light's polarisation changes accord-
ing 1o the magnetism in the disc. The opticat
head cleverly uses two photo diodes and a
beam splitter 10 detect the changes ir polari-
sation. Qutput of the photo-diode ampiifiers is
a pulse stream much as with CD, but under-
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people. Both average and minimum (most sensitive) levels are shown. Only sounds above the threshold are heard. Both DCC and MinDisc use this
masking effect to reduce the amount of digitised data which needs to be stored.

goes further processing before D/A conversion
(see later).

Curiously, pre-recorded mini discs are not
magneto-optical, but are optically identical to
CDs. They can be made in normal CD pro-
duction facilities with virtually no extra capital

outlay, except for that needed to mount the
disc into the outer casing. DCC by contrast
requires special high-speed tape copiers.
Needless to say, home-recorded mini discs
would net play on a normal CD player, even if
they could be made to fit, but only the mech

anical differences prevent pre-recorded mini
discs being played on a normal CD player.
Indeed, if the mini- disc’s optical system were
to be incorporated into a CD player with suit-
able mechanics and eclectronics. such a
machine could play either type of disc,
though, of course, at greater expense.

Quart into a pint pot?

Data compression is what both systems have
in common. Both start with a 16-bit coded sig-
nal but end up with much less, taking advan-
tage of the ear’s natural inclination to mask
quiet sounds with louder ones and its dynamic
threshold of audibility (below which sounds
are inaudible). Both systems claim to dispose
of sounds which are inaudible for more effi-
cient data storage.

Philips’ DCC uses its precision adaptive
sub-band coding, or pasc as it is known. Pasc
splits the audio band into 32 segments, using
digital filters. It ‘looks’ at each band and codes
each according to the threshold of hearing in
that band at that instant. Only information
above the threshold is encoded. If all the bits
available in a band are not used, they are re-
allocated to other bands — that’s where the
‘adaptive’ tag comes in.

Sony's MiniDisc player. Amazingly, the optical
discs are completely incompatible with
standard CD.
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VIEW OF MAGNETICALLY SENSITIVE SIDE OF TAPT

The DCC digital/analogue head. showing the
(reversible) disposition of digital heads 0-8 and
analogue heads A1 and A2

After pasc coding, the information is multi-
plexed into an cight channel data stream into
which error detection and correction codes are
inserted, achieving an effect similar to the
interleaving used for CD. A ninth channel is
added, carrying control and display informa-
tion. then 8-10 modulation circuits convey all
this data to the eight heads.

Philips claims you can’t hear the difference
between pasc coded and 16-bit sourced uncod-
ed music. but isn’t this the company that
claimed “perfect sound forever” for CD? In
tests overseen by Philips. some press com-
ments have been favourable, if qualified.

Mini disc compression

Sony's Mini Disc uses a superficially similar
compression system called adaptive transtorm
acoustic coding. or atrac for short, which com-
presses the information by one fifth, Like
Philips® DCC, atrac starts with a 16-bit digital
signal, sampled at 44.1kHz. In contrast to
Philips’ pasc, atrac samples this at intervals of

Making space in the spectrum: loud sound '8’
increases the threshold above sound ‘A’ so
that the soft sound is masked and becomes
inaudible. Sound ‘A’ no longer needs to be
coded, so extra information capacity becomes
available for more precise coding of ‘B’.

20ms (approximately 1000 samples) and
applies the fast Fouricr transform to determine
the frequency components for each sample.
Then. much as with pasc, it encodes only the
information above the ear’'s masking level.
adds EFM and CIRC (error correction) data
and passes this on for recording to disc.

On replay. the mini disc and atrac decoders
re-constitute the signal and 20ms sample seg-
ments into a digital waveform for processing
by a 16-bit D/A converter in the normal man-
ner. So, while Philips™ and Sony’s methods
may be different, the aim is much the same,

Is data compression audible?

Sony is rather more candid than Philips and
admits that mini disc does not sound quite so
good as CD, but point out that DCC doesn’t
cither. Neither is supposed to compete with
CD. in any case. since they have been
designed specitically for low cost and accept-
able sound in the mass market — not critical hi-
fi customers.

It makes one wonder why Philips should
compete with its own product in this way. is
this sensible marketing?

Any system based on throwing data away is
bound to have audible effects, but audible
acceptability is another matter. The truth
about sound quality will no doubt emerge
when both hardware and software for DCC
and mini disc become available.

Software Costs
Both Philips and Sony are guarded on soft-
ware prices, with no official figures being
quoted. A price of around £13 for pre-record-
cd DCC tapes has been aired. This would put
DCC roughly in line with CD, which scems
high for (presumably) a lower-quality sound.
Perhaps this explains the logic behind Philips
claiming CD sound quality. Blank DCC tapes
are likely to cost around £3 to £5.

No price has been suggested for pre-record-
ed mini discs. though. as with DCC. 1 do not
see how a price equal to CD could be justified.

Blank mini discs may cost around the price of
a metal audio cassette — £3.50 to £5 — in other
words. close to that hinted at tor DCC blank
tapes.

Pros, cons and dropouts

Both systems have their pros and cons. Mini
disc has an access time of less than one sec-
ond. which surely cannot be equalled by DCC,
no matter how fast it winds. It delivers 74
minutes of un-interrupted playing time. as
oppesed to DCC’s 45 minutes per side,
though the total playing time is 90 minutes.
Being a non-contact medium, mini disc cannot
wear — unlike DCC — while DCC cannot be
100% tangle-proof. Philips claims drop-outs
will not be a problem with DCC.

DCC should be relatively immune to data
loss due to vibration and jolting. a potential
problem with optical disc reading systems.
Sony reckons to overcome this by providing a
larger data bufter which can provide error cor-
rection by re-reading faulty data sectors.
Using a [Mbyte buffer, Sony says that mini
disc can loose three seconds of data; you can
whisk the disc out of the player. put it back
within three seconds and not hear the join.

Both Philips and Sony claim wide support
fromi hardware and software manufacturers,
with proposed launches around the end of the
year. Currently Philips scems to have the larg-
er roll-call, but anything could happen in the
mean time.

Regardless of the technology and marketing
hype involved. the public will decide which it
prefers. The mysterious way in which people
perceive products, how casy they are to use
and how much they cost will be crucial fac-
tors.

Certainly, whatever the hardware eventually
comes down 1o, software for both will be dear-
er than compact cassettes by a fuctor of two,
which means we will all pay handsomely for
the privilege.

[t is a pity that two major consumer elec-
tromces companies should choose to tight it out
in the market place. It remains to be scen
whether two systems can co-exist. The VHS
versus Betamax experience suggests not.
There is no way of knowing which will be the
“best” system, but as history tells us. the best
does not always win. ]
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AESOP'S AUDIO FABLE

lvin’s heart raced. Just one more

magic sticker under the CD player
and he would be there, he thought. With
the tiny label-like add-on duly fixed in
position, Alvin selected a track, settled
back in his easy chair and with a quizzi-
cal look turned to his friend. Julian was
round for another long evening’s tweak-
ing session —lending his ears to help
Alvin eke just that bit more from his sys-
tem.

“Wow. is that better, or what?”
exclaimed Alvin.

“Don’t know,” replied Julian, “just try
that last track, you know the one where
Rick Large plays fretless bass with his
teeth. I'm sure | heard his {illings rattling
more clearly before.”

“Reckon you're right,” intoned Alvin,
his heart sinking deeper as he slid further

into his chair. “Four hours we’ve been at
it,” he mumbled. “1'd swear that last
change was an improvement; those little
blighters worked on the speaker stands
and in the CD drawer — they neutralise
harmful electromagnetic fields. you
know.”

Julian interrupted ..”but they’ve cost
you a fortune, and what about all those
special marker pens, the ones which are
supposed to absorb stray laser light
when you've inked CDs around the
edges. They didn’t seem to do anything,
except you can’t get the ink off the ones
you've treated.

“Then there are those stick-on rings
which are supposed to ‘stabilise’ the
disc, but made no difference until you
tried to remove them. The sound
changed then, all right, when the silver
layer came off.

“Then there arc all the gadgets and spe-
cial cables you’ve wasted your money
on.

*“They all claim to improve the sound
and most have little or no hard technical
evidence as to how they are supposed to
work. A few seem honest products with
fair claims. but others seem to be simply
unscientific and some are so bizarre as to
border on the psychic.

“You’ve gone through the whole sys-
tem | don’t know how many times. I’ve
lost track of all the expensive mains
leads, black boxes and what-nots you've
tried, the soft rubbery feet. hard spiked
feet, tables and hi-tech platforms made
of various exotic materials.

“How many have really made an

Fuzzy and friendly technology

Fu7./.y Logic can be described as trying to
get computers — and that includes the pro-
cessors that control so many consumer prod-
ucts — to think like humans.

Classic example. You call up a computer
file. but mis-spell the file name. The computer
registers that no such file exists.

Contrast this with what happens when, say,
you find there are no clean socks in your sock
drawer. You know that you have clean sochs.
50 you look to sce if someone’s put them into
your underwear drawer by mistahe. Yes. they
have. Success, and another triumph for fuzzy
logic.

Sanyo has developed fuzzy logic circuits tor
its video cameras to improve performance in
three troublesome arcas. auto-focus, auto
exposure and auto-white balance.

Take auto-focus. In conventional systems.
this works finc if the principle subject is where
the camera expects to find it = centre-frame. 1f
nol. then the camera doggedly focuses on the

far horizon, leaving your children, bottom left,
a blurred lump.
With fuzzy logic. if the camera finds no sub-

ject in the centre zone then — using the CCD

image (and the sock-drawer principle) - it
scarches the rest of the frume.

The system is based on zoning the frame
into twenty sections. or zones. The autofocus
starts with the four centre sections, where the
finest detail may be expected. then expands to
the twelve small surrounding arcas. and final-
ly works through the outer zones.

The last zone to be scarched. is at the top of
the frame. usually containing sky and hence
the least likely to offer a point of focus.

Auto-iris again uses the six zones to deter-
mine the exposure setting. Conventional auto-
exposure systems assess the light value of the
whole picture. which in back-lit conditions
will under-expose the main subject. lFuzzy
logic prioritises the areas containing the sub-

ject-matter. and sets the exposure for them.

improvement? To be honest I think you
enjoy messing about with the system
more than the music.”

Julian’s outburst goaded an increasing-
ly depressed Alvin into frantic action. He
leapt to his feet with renewed vigour and
attacked the hi-fi with the passion of a
man possessed. Off came the field-neu-
tralising stickers. out went the special
suspension feet and the highly expensive
pure platinum speaker cables, hand
woven by Polynesian Virgins. “Enough
to keep a Romanian orphanage going for
a month™ he muttered to himself. Then
with one sweep, he scooped up his graf-
fitied CD’s and hurled them into the
waste bin.

At long last, Alvin had restored the
system to its basic gadget-free state.

Suddenly he became calm. He slipped
a CD of one of his favourite pieces of
music into the drawer and relaxed in his
chair.

“Thank heaven for that,” he sighed.

“Does that sound better?” quizzed
Julian.

*Don’t know and don’t care,” was the
wistful reply as the music wafted across
the room. Julian was even more puzzled
than before.

“What do you mean?” he enquired.
But it was no use: Alvin was already
absorbed deep in the music and didn’t
respond. Instead a broad grin spread
across his face. “Just listen to the scoring
during the second movement, those dou-
ble basses have a life of their own... |
wonder if I just... *

DB

On auto-white balance, the camera assess 64
picture scgments to avoid large arcas of
dominant colour exerting undue influence on
the assessment of colour temperature.

Of course fuzzy logic requires a substantial
increase in the number of decisions made by
the microcomputer. The extra throughput is of
a magnitude order. and is made possible by
number-crunching the data with specialised
parallel array processor chips.

Thus, the light-reading from the CCD is con-
verted from analogue to digital. It then goes
into a gate-array which breaks up the data into
the six-zone system. The fuzzy-logic comput-
er takes an &-bit code for each zone and con-
verts it 1o two 4-bit codes of which it tem-
porarily discards the least significant.

laving analysed the other code, it then
brings the two back together and re-converts
10 analogue, which becomes an clectronic sig-
nal that drives the focus motor. [

Peter Willis
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Byte burners hack into the
performance car market

Martin Cheek

ackyard hot rodders once only had to

tinker with carbs, manifolds and

camshafts. The increasing use of elec-
tronics in car engines has changed all that. The
preferred way 1o boost performance is to
replace the car’s standard microchips with so-
called “superchips”

The plug-in engine rom replacements, which
retail between $140 and $265. are becoming a
hot item in the US car market as they can offer
a useful increase in engine performance.
Tuning chips regularly find their way into
General Motors, Ford. Nissan., BMW and
Porsche vehicles.

Firms such as Hypertech supply more than
40,000 electronic turbos every year. The
Memphis based company was the first to
develop engine tuning automobile chips, and
presently owns about 90% of this specialised
market.

Five years ago, Mark Heffington, company
founder, saw that the US tradition of hot rod-
ding stock production engines was in trouble
unless computerised engine controls could be
hacked to cooperate with other performance
equipment.

“My purpose was 1o master retuning the
newer cars with on-board computers for high
performance driving in order for people to
continue to be able to enjoy hot rodding... it

March 1992 ELECTRONICS WORLD +WIRELESS WORLD

was absolutely necessary for us to be able o
retune the engine, via a replaceable computer
chip to allow the installation of camshafts,
headers and other speed equipment.” Without
such chip design capability, he said, the
speed equipment industry was “doomed to
extinction”

Physically, the eprom engine management
chips are of the same type as standard com-
puter devices. Chips for Chevrolets and the
other models are 28 pin dual-in-line for inser-
tion nto the car’s computer system. The
amount of stored data varies from 1K to 56K
depending on the complexity of the car’s com-
puter system. The programming is in hexadec-
imal assembly language.

The chips are programmed to deliver the
best possible tuning for all combinations of
engine speed, load, temperatures and other
factors. They act on the car’s electronic con-
trol module by changing the data values in the
lookup table which controls fuel flow and
spark advance curves for each combination of
input data. Parameters typically include
coolant temperature, intake manifold pressure,
exhaust gas oxygen content, engine speed,

CONTINUED ON PAGE
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IT TAKES LESS THAN A
WEEK TO FALL IN LOVE

Top quality test and
instrumentation equipment

is just a phone call away. Buy direct
from Electronics World + Wireless
World and we know that you won't
be disappointed. And in the
unlikely event that you are, simply
return the goods and we will refund
the purchase price.*

1021 general purpose oscilloscope from Leader Electronics

*These straightforward conditions apply:
The goods must be returned within seven days of receipt. The goods must be returned in their original packing.
The goods must not be tampered with in any way. The goods must be returned in the condition they were received.

L S -
SC110A miniature portable oscilloscope

[i SC110A miniature portable
oscilloscope

The SC110A from Thurlby-Thandar is a full feature, single
trace analogue oscilloscope packaged into the size of a
benchtop multimeter. Fitted with a 32mm x 26mm screen
miniature CRT, the bright, sharp image provides
resolution and detail associated with much larger
instruments. UK designed and built, the internal switch
mode power supply draws just 195mA from four C sized
batteries (not supplied). The instrument will operate from
4 to 10V DC.

The specification includes a Y bandwidth of DC to
10MHz, 10mV/div sensitivity and an adjustable brightline
trigger with AC/DC/TV coupling from both internal and
external sources. The X timebase is adjustable from
500ms/div to 100ns/div in 24 steps. The case measures
25 x 5 x 15cm and the instrument weighs about 1kg.
SC110A £249+VAT (£292.58).

1021 general purpose 20MHz
oscilloscope

The Model 1021 general purpose oscilloscope from
Japanese instrument maker Leader Electronics more than
meets its published specification and is of exceptional
build quality. Features include 20MHz dual channel
operation, 8cm x 10cm display area, 5mV/div Y1/Y2
sensitivity at 20MHz, DC to 500kHz X-amplifier
response, variable trigger response, multiple sync
conditioning and an overall accuracy better than 3%.
1021 £299+VAT (£351.33)



.riple power supply

_/l.'3‘2OK laboratory triple
_~ power supply

" This power supply from Thurlby-Thandar combines three,
totally independent power supplies within a single unit:
0-30V at 2A, 0-30V at 1A and 4-6V at 7A for logic
supply. The 30V supplies will operate in a bipolar
tracking mode for £30V operation or in a series mosle to
provide O to 60V output. Both supplies incorporate
independent remote sensing and independent precision
voltage/over-voltage/current-limit preset. Three 3 3/4
digit led panel meters indicate current and voltage to an
accuracy of 0.05% fsd. Output stability is typically 0.01%
for 90% load change. PL320K £359+VAT (£421.83).

The TD201 digital storage adaptor from Thurlby-Thandar
is a low power, single channel digital storage unit which
adds digital storage capability to ordinary analogue
oscilloscopes. The maximum sampling rate of 200kHz
permits fast transients to be captured while the lowest
rate can extend the sampling period to over an hour. The
unit stores over a thousand points on the X axis with 256
levels in the Y axis. The internal batteries (not supplied)
allow data retention for up to four years.Other features

TD201 digital storage
adaptor

753022S laboratory dual power supply
753022S laboratory dual

' power supply
This laboratory quality power supply from Thurlby-
Thandar provides two fully floating 0-30V 2A outputs for
parallel, series or independent operation. Each supply has
its own metering of voltage and current by LCD display;
with the output switch to off, the display can be used o
preset the voltage and current limits prior to connection
of the load. Coarse and fine controls permit output
voltage adjustment to within 5mV of a predetermined
value. The current limit control employs a log law for
precise adjustment down to TmA. Load regulation is

typically within 0.01%. Both supplies incorporate remote
sensing. TS3022S £299+VAT (£351.33).

TD201 digital storage adaptor

k

include an AC/DC sensitivity down to
5mV, selectable pre-trigger, roll and
refresh modes and a plot mode. The
case measures 25 x 5 x 15cm and the
unit weighs about 1kg. The TD201
provides the ideal solution for those
wanting a well specified and easy-to-
use DSQO at the lowest possible cost.

TD201 £195+VAT (£229.13) Expiry date

. How to order

To order equipment with your credit
card, phone Lorraine Spindler on
081-652 3614. Alternatively, to
order by post, fill in the coupon on
the right and send to: L333,
Electronics World, Quadrant House,
The Quadrant, Sutton, Surrey, SM2
5AS. All prices include postage,
packing and delivery but exclude

Address

Signature

ORDER FORM

Please send mcdel number(s)
Total order price £.
Debit my credit card

or enclose cheque/PO made out for the total order price

Name (with initials) ...

Contact phone number (if possible)

(please include VAT)

EEEEEEEEEEEEEEN

VISA/MASTERCHARGE/AMEX/DINERS CLUB

VAT. Inclusive price in brackets.
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throttle position, vehicle speed and transmis-
sion gear sclection. Based on this data, the
ECM delivers the correct timing pulses for
fuel injector nozzles and ignition distributor.
This electronics system updates the engine’s
tuning many times per second.

The chips deliver this tuning exactly. no
matter how complicated the shapes of the
spark or fuel curve become, said Hettington.
They take about quarter of an hour 1o insert
mto a car’s system using a flat head screw-
driver and a 1/4in socket.

Developing a new chip program starts with a
Superflow 901 computer-controlled engine
dynamometer. Each engine for a specitic
make, model and year is mounted onto the
dyno and connected 1o a tactory standard
ECM wiring harness. Factory sensors and
transducers are also used.

Hypertech performs full-throttle runs in a

steady-state mode where the engine is held at
a specific speed. This determines the spark
timing and air/fucl ratio needed to produce
maximum torque. The tests are run from 1500
1o maximum RPM in even increments. One
series of loops results in optimised  spark
advance settings while a second set provides
optimised fuel delivery calibrations. There
may be further iterative tests re-run on the
engine.

This information is used 1o program an

eprom chip designed for that specitic model of

car. The engine is then retested in aceeleration
mode 1o verify performance. Finally. a “fifth
wheel™ road test is done 1o determine the real
world performance gain provided by the new
chip.

1t 1s beheved that he ¢hips do not invatidate
any manufacturer’s warranty because they are
not a permanent modification of the car. In
addition. a lot of dealerships are reputed to be
selling them.

Hacked engines apparently pass the
Environmental Protection Ageney’s require-
ments for exhaust emission limits. Testing 18

~

~

AN
currently under
vehicle code, bun
approvat from the s
within the next few

The company is also
ing a camshatt and chiy.,
engine is “cammed” Ibl’{\"(.,}
over the usable RPM rang, !
chip provides exactly the rig
and spark advance for perfec
the engine/cam combination.
substantially better performance
cam or control system hack will de
own.
Another chip project on the w

Hypertech is a chip designed to tune an
for use with nitrous oxide. This c¢h
designed so that when the nitrous ox
mjection is activated. the component switch
10 a specitic curve set for the application. One
example of the conversion demonstrates a
25hp increase at high RPM over a stock nitro
injection kit. claims the company. Tt ako
arcatly reduces the risk of engine detonation,
Hettington said.

N

Vehicle
navigation by
dead reckoning:
Bosch
Travelpilot
presents a route
map stored in
CD-rom and
updates the
car's position
on the map by
a mixture of
magnetic
bearing details,
turn angles and
distance
travelled
determined by
data from the
speedometer
system.

"I"hc uncertain task of driving our motor cars from A to B
more often than not relies on a dog-cared road atlas which
was given to us when we first passed our driving test.

Within ten years that could all change. Electronic navigation
systems costing less than many in-car hi-fi systems will be
guiding drivers to their destination with the precision of military
aircrafi.

Troops in the Gulf war were able to calculate their position in
the desert 1o within 100 feet by receiving radio signals from
satellites 12.000 miles above the earth. The same global posi-
tioning system (GPS) technology is now being used by US and
Japanese car makers like General Motors and Toyota as guid-
ance systems in their luxury models.

A GPS receiver costing as little as $500 is fitted to the car’s
bumper and it tracks signals trom a cluster of’ 20 navigation
satellites put into orbit by the US military. The car’s position
(longitude, latitude, altitude). its speed and direction can be cal-
culated with awesome precision by measuring the distance trav-
elled by signals from two of the satellites. A precision of better
than 100 feet is possible because atomic clocks on the satellites
measure the signal’s time of travel to an accuracy of a second in
30 years.

The Pentagon had made the assumption that commercially

-

priced systems would be inferior to military hardware. But dur-
ing the Gulf war a shortage of military GPS equipment lorced
the US military 1o buy off-the-shelf commercial products only
1o find that the commercial products could be just as accurate as
their own. The Pentagon. which controls the GPS satellites,
decided 1o reduce the accuracy of non-military systems by a
fuctor of three by introducing errors into the GPS signals.

All this is academic in Europe where car makers are looking
loward more earthbound alternatives for electronic navigation.
A dead-reckoning system called Travelpilor developed by
Bosch. the German automotive electronics specialist. does not
need expensive infrastructure such as induction loops under the
road, radio beacons or satellites 1o tell the driver where they are.

The vehicle’s position is calculated using an electronic com-
pass and wheel sensors which measure road distances and turn
angles. The driver tells the sysiem where they wish to go and it
constructs the most direct route using 200.000 pages of maps
held on S500Mbyte of CD-rom. This is displayed on a screen on
the dashboard.

A danger with dead-reckoning systems is that small errors can
accumulite and become unacceptable. Another German system.
Euro-Scout developed by Siemens. achieves an accuracy of 20
metres in urban areas by taking a reference from roudside bea-
cons.

Like the Bosch sysiem, Euro-Scour uses dead-reckoning and

CD-rom map data to calculate and display route information.
But the Siemens system uses data from beacons to correct for
accumulative errors.

A trial systern in Berlin uses infrared beacons on 250 of the
city’s 1300 waffic light gantries. For vehicles travelling at
80K m/hour each beacon can transmit up to 64Kbyte of data. In
addition 1o positioning data the beacon network can be used to
transmit other traffic information.

In the UK GEC Marconi intends to develop a system which
combines dead-reckoning and intrared beacons and a London
trial is planned for 1993.

Called Autoguide, it was developed by the Government's
road research laboratory three years ago but a legal wrangle
between GEC and the Government is threatening a trial planned
for 1993, It seems in Britain drivers will have to hang on to
their A 10 Z’s for a little longer.

Richard Wilson, Electronics Weekly
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he consumer electronics industry stifl

dreams of finding another product like

home video. It was something the public

wanted and nceded and it came at just the

right time, when hi-fi sules were flagging.

Indeed, if home video had not been such an

attractive proposition, the standards batiles

: which have confused its short history would
have crippled the industry and sutled sales

Just as the standards battles on surround sound

in the scventics killed alt the original quadra-

phonics systems and made the subsequent

marketing of Ambisonics a very difficult job.

The bitter video battle between VHS, Beta

and later V2000, meant that the winner.

X VIS, ended up offering all the best features

from all three systems. The current battle

between VHS-C and Video 8 has progressive-

ly reduced the weight and size of cam-

corders.

In each case consumers are the winners, get
ting more for their money than could possibly
have happened if" the government had set a
standard, as happens with radio, TV and relat-
ed services like teletext.

By Barry pr

March 1992 ELECTRONICS WORLD + WIRELESS WORLD

CONSUMER ELECTRONICS

Shooting hots up
in the video wars

But there is a flip side, too. The competition
1o offer ever more exotic features has made
many video recorders far more complicated
than necessary. Few people ever manage 10 set
the timer on their VCR. This has created a
market opportunity for Video Plus, the £60
gadget which bypasses the need 10 set the
timer on a VCR. Video Plus looks like a
remote control with a numerical keyboard
The unit contains a timer which is set by the
user entering simple numerical codes which
newspapers and magazines publish alongside
their TV listings. The unit springs to life at the
appointed hour and sends out infra red codes
to switch on the VCR_ irrespective of whether
its clock and timer have ever been set.

The biggest missed opportunity of the
decade was the failure of the clectronics indus-
iry to think ahead and make the European pro-

Bottom left: The 8mm video format has been a
complete failure for table top video recorders
but continues to exist uneasily alongside VHS-
C in camcorders, supported by the need for
two nachines to undertake anv form of
editirg.

Inset Still video as an alternative to wet film
has yet to make its mark. Canon's lon
elect-onic camera takes 50 pictures, each with
abow? four times the resolution of a broadcast
TV p.cture. At £500 a time, it only finds
specalist uses such as taking pictures for all-
elect-onic DTP systems.
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gramme delivery control system
(christened Startext by BREMA
and now being implemented by

: ; arkling picture
Channel 4) compatible with sparkiing p
i S arls quality. Although the
Video Plus. PDC/Startext delays Scramini]

the start of a VCR if the broad-
cast transmission is delayed. The
two systems are obvious and
ideal bedmates. Together they
could make using a VCR for
time-shifling easy and reliable.
The industry’s obsession with
offering as many features as pos-
sible has left home video movie
makers paying for buttons which,
when accidentally pushed, spoil
their recordings by adding
unwanted special ettects. or
superimposed date and time
markings. l

S-VHS and its 8mm
counterpart Hi-8 offer

manufacturing costs are
minimal the

manutacturers charge
premium prices

incompatible camcorder formats.
Most people want 10 edit their
camcorder tapes. however roughly.
and this involves dubbing from
one piece of cassette hardware 10
another, from one cassetle 10
another.

The VHS camp argues that it is
most convenient 10 have a cam-
corder which is of the same format
as the home VCR: unedited movie
tapes can be stored alongside time
shift tapes. To reinforce this mes-
sage. the VHS manufacturers have
developed table 10p VCRs which
play cither full size VHS casscties
or VHS-C, compact. cassettes.
without the need to load the C-cas-
sette in a full-size adaptor before

The next trend. already pio-
neered by Amstrad. will be to make cam-
corders do just what is needed and no more,
under the break point price of £500.

Shakey picture for Video 8
Atter Sony’s complete failure in trying to
make Video 8 a table top format. V8 and
VHS-C are running neck and neck for cam-
corder sales. Gradually all the VHS manufac-
wrers. except developer JVC, have faced real-
ity and either make Video 8 recorders for
other manufacturers 10 “badge”. or make and
seHl them under their own name.

The tlip side here is that camcorders are now

so small and light that some manufacturers are
building in electronic stabilization circuitry 10
compensate for the camera shake which is the
inevitable result of making cameras 0o small
and too light

In the long run there was never room for two
or three table-top VCR formats. Once the mar-
ket for pre-recorded videos took off, the sofi-
ware industry wanted only single inventory
product. This kitted the hardware argument
that there was room for a double standard
because VCR owners were only playing back
their own time-shift tapes.

There could, however, be room for two

playing. This solution to a problem
which tew people knew they suf-
fered has not been a commercial success.

Sales of C/tull size VHS VCRs have been
slow. On the other hand. Amsirad has been
selling all the dual mechanism VIS VCRs it
can make. These dub from one tull size VHS
cassette to another without the need for clum-
sy external wiring.

The most obvious need is for a dual mecha-
nism. double standard. VCR. This would com-
hine. in one wire-Iree box. a full size VHS
recording mechanism and either a VHS-C or
Video 8 playback mechanism. Such a combi-
nation would allow casy editing from cam-
corder tape to full size home tape.
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lan Sugar, chairman of Amsirad. the first company to sell

its personal computers in the high street. has predicied that
the videophone could become the next great consumer elec-
tronics product. The consumer electronics innovator has creat-
ed a minor shock wave with plans 1o put a £500 videophone on
the market this autumn.

The main issue with videotelephony is how much picture
information can be transmitted over the tetephone line. A 625-
line television picture requires a bandwidih of around 5.5MHz.
High cost video conferencing systems can compress a picture
format of 352 pixels x 288 lines onto two 64kbit/s digital ISDN
telephone channels. This is achieved using a data compression
algorithm: the circuit only transmits the information which
records when elements. or pixels, of the picture change.

In this way the picture is not continually redrawn: it is only
modified to accommodate movement. Up to 100 times more
video information can be squeezed onto the telephone line
using this technique.

To achieve the compression required to transmit even lower
quality video pictures over existing domestic analogue tele-
phone lines requires a yet more powertul algorithm. Amstrad is
working with GEC Marconi to develop a system which will
compress a digital video picture of three by four inches into a
10kbit/s data stream which can be transmitted over the standard
network.

If they are 10 be successful the British companies will have 1o
go one better than US telecommunications giant AT&T, which
will launch a $1500 (£800) colour videophone in the US this

May. AT&T showed the Videophone 2500, a 3.3in fold-up lig-
uid crystal display and CCD camera fitted 10 a standard tele-
phone, 1o the public in January. The company claims its con-
traption to be fully compatible with the public switched
network.

in order to compress a digital colour video picture onto a
copper telephone connection, AT&T has opted for variable pic-
ture motion from two 10 10 frames per second. As a result the
slow motion picture will not be able 10 resolve mouth or facial
movements.

AT&T is expected 1o be the first of a number of US and
Japanese companies which will launch consumer videophones
this year. Computer companies like IBM and Apple are also
planning to add videotelephony to their personal computers.
Both are currently working with video compression specialists
such as PictureTel and Compression Laboratories Inc. (CLI) to
produce PC expunsion boards which will be on sale by the
summer.

The UK telephone operators have little doubt that the video-
phone can become a consumer product. “With Japanese com-
panies offering low cost manufacture it could easily become a
consumer market,.” commented Graham Mills of BT’s video-
phone marketing group.

For once the necessary technology is not exclusive to US and
Japanese companies. GEC’s telecommunications company,
GPT, has worked with BT to develop its own video compres-
sion technology.

So Sugar is talking to the right people. Maybe he can work a
little magic and turn that expertise into the consumer electron-
ics success story the British electronics industry so badly needs.

Richard Wilson, Electronics Weekly
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amcorders have been pace-setters in many aspects of elec-

tronic development, not least miniaturisation. This has led
to ultra-small, lightweight models weighing well under Ikg.
and easily cupped in one hand.

This, however, brings a problem of its own. The lighter a
camcorder is, the less its own weight acts as a damper on the
natural tremor of the hand holding it. The result is jitter, cam-
era-shake, or what Panasonic refers to “the image stability
problem.”

Panasonic. one of the first manufacturers in the market with
this type of camera, recognised the problem pre-launch, and
sought an electronic solution. The company was already pro-
ducing an image stabiliser which used angular velocity sensors
and a mechanical, moveable optical unit, but regarded this as
incompatible with the compact design concept. The brief was
to develop a stabilising system which relied solely on image
processing, and could thus be put onto an LSI. The key
requirements were a motion vector detector and an algorithm
which could respond to various conditions of the subject being
captured.

The result, marketed as EIS (electronic image stabilizer),
starts by sending the input image along two paths. One is
direct to a field memory, the other is into the motion vector
detector. Within this last piece of circuitry, inter-field com-
parison is obtained by dividing the image into four field quad-
rants. Thirty points in each quadrant — 120 points in a full
frame or field — are used to obtain four motion vectors for each
field. These, together with their correlation data, are delivered

to a microcomputer. This selects the vector which most pre-
cisely represents the camera’s motion to control the position of
the image readout on the image signal stored in the field mem-
ory. In other words, the camera is constantly shifting the
“frame” of the image to ensure that the edges of the image,
and non-moving items within it, stay in the same place.

Obviously, being a movie camera, the image is subject to
constant change, either from subject movement or from delib-
erate manipulation of the camera such as panning and zoom-
ing. The use of representative point correlation (each point is
16 lines high by 46 pixels wide) within four field quadrants —
of which only one is selected — is the first defence against the
system being “fooled™ by these events. Electronic zooming
and an additiona! integration formula control motion calcula-
tion damping when the camera is being zoomed or panned.

When a person or object crosses in front of the lens, the
motion vector quadrant affected becomes unreliable.
Correlation changes occur when the object enters and leaves
the quadrant, but not while covering it entirely. When this hap-
pens, a motion vector quadrant is judged to be unreliable or
invalid, and is excluded from calculations until its motion vec-
tor is detected to be the same as that for the entire field.

The system uses about 11,000 gates for the motion vector
detector, and 8500 gates for the electronic zoom controller.
One 8-bit field memory is required. An additional benefit of
the system is that it can be used in VCRs to produce fluctua-
tion-free playback.

Peter Willis

CONSUMER ELECTRONICS

OVERCOMING THE SHAKES

But the consumer electronics indusiry con-
sistently misses obvious opportunities. Just as
there is no dual well, double standard
dub/editing VCR deck. so there has never
been a hi-fi VCR with built in FM radio tuner
to time-shift radio programmes running longer
than an audio cassette.

Sony. and other Video 8 supporters, contin-
ue to sell the format on the strength of the
longer playing time avaitable from a Video 8
cassette than from VHS-C. The fact that
rechargeable batteries can scldom run a cam-
corder longer than the running time of a VHS-
C cassette remains forgotten. This limitation
has also foiled Sony’s plans to create a new
lifestyle with Video Walkman, a combined V8
player and colour TV of pocket size. When
airlines loan Video Walkmen to first class pas-
sengers, and let them choose from a basket
full of movie tapes. they must also be ready to
replace batteries before the movies end.

The high cost of colour LCDs has also
helped make Video Walkman a slow burner.
VW is 100 expensive for the mass market to
take to like the audio Walkman, and too
expensive also for schools to exploit for edu-
cation. In domino fashion, slow sales of Video
Walkman as a portable viewer continue to
block Sony’s eftforts at making Video 8 a table
top VCR format as well as a camcorder for-
mat. The software industry refuses to support
V8 with pre-recorded movies, unless heavily
subsidised by Sony.

This has taken the heat off JVC 1o achieve
the well-nigh impossible and cram a full-
length feature film on a VHS-C cassette.

All the signs are that Video 8 and VHS-C
will survive in uncasy competition as cam-
corder formats, and full size VHS will remain
the de fucto standard for home viewing and
time shifting. The balance of power looks
unlikely now to change dramatically until the
next big development in video, expected later
this decade. This is the inevitable transition
from analogue to digital recording. The tech-
nology is alrcady ready. and in use by profes-
sionals and broadcasters, but it is too expen-
sive for domestic application,

Life after death in video disc
There are good reasons why video will be
slower than audio to go digital.

The vinyl LP and music-cassette are old for-
mats, ripe for replacement. VHS and Video 8
are still young and no manufacturer wants to
kill a profitable market by introducing a pre-
mature replacement. especially if it triggers a
new standards battle. The main advantage of
digital recording is that it makes copying cas-
ier. Professionals need this for editing and spe-
cial effects, which involve dubbing video
tapes through many generations. Amateurs
dub only once or twice. The home video soft-
ware industry has no enthusiasm for a new
format which means a return to double inven-
tory stocking in return for the dubious advan-
tage of making it easier for the public to make
pertect copies of copyright material.

The home video industry, hardware and
software, will not make the transition to digital
working until there is a watershed event. This
is most likely to be the inauguration of all-dig-
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ital, extended or high definition TV services.
cither by satellite or terrestrial transmitter. The
USA could be the first country in the world to
introduce all-digital transmission, because the
FCC is currently judging a beauty contest of
higher definition TV systems. All those
remaining in the contest are digital.

Meanwhile the home video industry relies
increasingly on digital circuitry to cut produc-
tion costs and offer new features, while mak-
ing a full circle return to simplicity of opera-
tion.

Pictore quality remains a lost cause. Super
VHS improves resolution to better than broad-
cast standards but has been a commercial fail-
ure. The main reason is the large and wholly
unnecessary price differential between stan-
dard and Super VHS decks and tapes. Sony
has similar difficulty selling Hi 8. the ““super™
version of Video 8 developed to meet the
largely imaginary threat of S-VHS,

Grand plans by the VHS family to market a
widescreen VCR have been slow to materi-
alise. The widescreen VCR records a time-
compressed signal on tape which is expanded
on playback to fill a 16:9 screen. The new
machine was scen as a natural partner for
MAC. which is capable of carrying 16:9 pro-
gramme material. The commercial failure of
MAC has removed the need which the
widescreen VCR meets, But as 16:9 TV sets
come slowly to the market from Philips,
Thomson and Nokia, both Philips and
Thomson have launched widescreen S-VHS
VCRs 1o go with them. The need now is for
widescreen programme material on tape.
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ome of the latest sets are sporting a new socket on their-
back panels. Alongside the RF, Scart, phono (perhaps)
and S-VHS connections is another small hole. marked D2B.

It’s a socket which will increasingly be fitted to VCRs,
camcorders, CD players and other pieces of audiofvideo
equipment. D2B (which has absolutely nothing to do with
D2MAC) is a system for connecting all these things together
50 that they can function compatibly. controlled centrally.

It is a concept which in time will spread to other clusters of
domestic equipment — household management and security,
for example.

The need tor D2B is apparent, and increasing. Many con-
sumers have never come to terms with the controls of their
own video recorder and would be petrified if asked to use it
to tape something from a CD player.

These problems tend to be compounded by different man-
ufacturers adopting different control methods,. leading to a
proliferation of remote control handsets, and of software-con-
trolled *“‘consumer benefit” features. These are now reaching
a level of complexity challenging to even the techno-confi-
dent consumer.

It is true that some manufacturers attempt to simplify mat-
ters and encourage brand loyalty by having VCR controls on
the TV handset, and vice-versa. But on the whole, consumers
tend to buy A/V products independently of each other on fea-
tures of price and appecarance rather than compatibility.
Which suggests that, although aftlicted by the problem, they
haven’t yet recognised it.

D2B (short for domestic digital bus) is a system of stan-
dardised specifications covering functionality and control,
which manufacturers can build in, as software, to their prod-
ucts. It consists of a detailed list of application protocols —
rules covering specific aspects of product behaviour. These
include alil the elements necessary for compatibility between

CONSUMER ELECTRONICS

TELEVISION ON THE BUSES

machines — commands and requests, control algorithms and
implementation guidelines. They do not impinge on the sort
of consumer benefit features with which a manufacturer
might wish to distinguish his product from others.

Once a cluster of products is connected by D2B. the con-
sumer no longer needs to operate the individual units. The
user decides on the particular service required and the system
takes over initiating the appropriate sequence of control func-
tions. Status messages from any component can be fed to the
TV set for on-screen display.

By using a single graphics/text generator, probably but not
necessarily in the TV set, various benefits are gained.
Consistency of display style can be achieved, and VCRs need
not be fitted with the costly hardware required to display
OSD (on-screen display) messages via the video channel.
Instead, they and any other D2B picce of equipment — an
audio player for instance — can send the OSD data direct to
the generator.

D2B was jointly developed by Philips and Matsushita,
which co-own a company (based in Redhill) set up to devel-
op and apply the system. Although Philips TV sets launched
last year are D2B-ready. the consumer launch of the system
will take place later this year in Japan.

Parallel systems for home automation are being developed
in Europe (Esprit), Japan (CE Bus) and the United States
(Home Bus System and Smart House). Discussions are under
way to enable D2B to communicate and interwork with them
— a gateway with Smart House has already been developed.
The ultimate vision of automated living — being able to
phone home to turn up the central heating, switch on the
oven and programme the VCR — is already within sight.
Because D2B is digital, linking it to a tone-dialling telephone
system will be relatively straightforward.

Peter Willis

Persuading the software industry to make
these tapes will be even more difficult and
expensive than persuading the industry (o
make S-VHS and Video 8 tapes.

The software industry also remains slow,
verging on moribund, in its support for video
disc. Ten years ago Philips tried and failed
with 30cm Laservision. Five years ago Philips
tried and failed again, with 30cm CD Video
(Laservision with digital sound tracks). Now
Pioneer is trying a third time, with Laser Disc
(the same as CD Video but without the silly
name chosen by Philips to try and cash in on
the success of CD audio).

Pioncer has done well with LD in Japan and
fairly well in the USA. There is talk of some
success now in France and Germany, but it is
hard to detect. Video tape has too strong a pull
for all but the most quality-conscious video
buft. In the UK. there are no signs of the inter-
est which the system merits. There are still no
feature films to buy and, astonishingly,
Pioneer missed the one trick which could have
kick-started sales of players. Although the
Walt Disney classic Fantasia was released on
home video for the first, last and only time, for
a limited period, and although Fantasia was
made available on Laser Disc in Japan and
USA. and although the release dates coincided
closely with Pioneer’s relaunch of Laser Disc

in LEurope. Pioncer's new European software
division did not think to release a PAL version
in Europe.

It, as now seems likely. video disc fails in
Europe for the third time, it will be the last
time.

Video disc first

This year, 1992, the first digital video disc
technology goes on sale. CD-Interactive fol-
lows logically from the widespread success of
CD audio. The standard size, 12em. disc con-
tains an infinitely tlexible mix of sound.
graphics, text, still pictures and moving pic-
tures which the player unravels. So far the
moving pictures have either been like cartoon
animation or video of poor quality. not com-
parable to video tape.

Now the industry has agreed a standard for
full motion video, and the chips needed for
decoding are nearing completion.

Philips has pledged that when CD-I is
launched in the middle of the year, all players
will hiave the inbuilt ability to reproduce FMV.
One disc can store over an hour of FMV,
accompanied by compressed sound. f the
compression coding adopted is similar to that
used for DCC (Philips’ new Digital Compact
Cassette) then the sound should approach CD
quality.

Initially FMV will be used to illustrate
points in encyclopedia-style programme mate-
rial. or to combine live action with video
games graphics. There is, however., no reason
why a full length feature should not be
recorded on two discs. Philips. along with sev-
eral Japanese companies, has hinted broadly
that sights are now set on a higher density CD
which relies on smaller pits to store four times
the information available from a conventional
CD. This paves the way to a single-side 12 cm
disc which will store a two hour feature film.,
with sound and picture quality closely compa-
rable to a double-sided 30 em Laser Disc.

This year, 1992, will also see the launch of
Photo-CD. the system developed by Philips
and Kodak which stores a hundred very high
quality stitt images on a 12cm disc. The origi-
nal motivation was to provide an electronic
storage medium for photographic pictures,
sourced from a user’s own 35 mm slide or
negative film.

With the building of a compatibility bridge
between Photo-CD and CD-I. Photo-CD is
now being seen as a carrier for prepachaged
still video software — a hundred pictures from
an art gallery, classic film stills or prize win-
ning photographs.
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easurement in the time-domain is so
Mmuch a part of clectronic practice

that excellent general purpose oscil-
loscopes are rcadily available from many
sources. But costs rise sharply with increasing
frequency coverage and above 20MHz the
conventional oscilloscope has, in general, to
be replaced by sampling techniques (though
Philips does offer a 400MHz instrument).

Time-domain observations depend on syn-
chronisation of the time-base with the signal
being observed. When two or more harmoni-
cally unrelated signals are present they cannot
all be synchronised at once and measurement
becomes difficult, if not impossible.

But there are many RF measurements where
such harmonically unrelated signals are the
main subject of interest, eg carriers and side-
bands under modulation conditions. Spectrum
analysers are invaluable in thesc applications
but unfortunately such instruments are expen-
sive because, to be commercially competitive,
they need to be well specified in areas such as
linearity, measurement accuracy and dynamic
range.

TV tuner analysis

In many practical situations qualititative rather
than quantitative information about a spectrum
is all that is required and in these cases a typ-
ical TV tuner can form the foundation for a
simple spectrum analyser.

In its basic form the frequency range han-
dled is that covered by the tuncr. The simplest
tuners only cover the UHF band from Channel
21 to Channel 68 (470-860MHz) though
multi-band tuners, which are quite hard to
come by, can provide coverage of all bands
upwards from Channel 2, 46MHz. Frequency
changing is required if out-of-band measure-
ments are desired (worth mentioning because
at signal frequencies lower than 46MHz, prob-
lems will be encountered with second-channel
effects and IF breakthrough).

Modern TV tuners are all varicap-tuned,
each band typically being covered by a volt-

Spectrum
anall);sis
e cheap

ont

DESIGN

Spectrum analysers are

powerful, and expensive,

tools. But Nick Wheeler
shows how qualitative
spectrum information
can be obtained - using

a TV tuner.

age excursion at the tuning input of between
+0.5V and 30V, the lower figure varying
slightly from model to model. Decoupling
components can be found between the tuning
input terminal and the varicap diode, but if the
terminal is driven from a low-impedance
source such as an emitter-follower the tuned
frequency can be rapidly changed.

Three main parameters

A spectrum analyser, in its simple form, has
three main frequency-related parameters

® Centre frequency of spectrum being exam-
ined;

® Upper and lower liniits of band. and

@ Scan repetition rate.

Centre frequency and upper and lower limits

function
generator

8-stage synch
counter (2 x HC161)

TYvYVYYYVYY

DAC 08
(8-bit)

|

2n2

+40

» X—-input of oscilloscope

Fig. 1. X-sweep and tuner scan/centre

frequency setting. Extensive decoupling

not shown. D, and D, are clamps to

prevent tuning voltage going out of
+11a%ge.

BD139(2)
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scan width 47k§ {+1 to +30V)
>
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are self-evident requirements; but the scan
repetition rate involves compromises.

Slow scan rates, below about 25/s, produce
visual flicker, detracting from the “overview”
which is such a useful feature of frequency-
domain observation. On the other hand slow
scans produce more sharply defined “peaks”
for each frequency.

In some cases photographing the display can
produce a more-easily interpreted picture
though where the signals of interest change in
amplitude, as in typical modulation sidebands,
interpretation of the photographs may be dif-
ficult. But this would be equally true with the
most expensive instrument.

Fast scanning is bandwidth limited. With a
bandwidth of IMHz, chosen for my simple
approach, maximum scanning rate is approx-
imately IMHz/us. 1 did provide for a variable
scan rate but have found that 86 sweeps/s is so
good a compromise that | have made a dedi-
cated 555 oscillator (at 22kHz) to provide this.
The oscillator is connected instead of the func-
tion generator shown in Fig. 1.

In my work I used a Philips UV61S5 tuner,
offering continuous coverage in four bands
from 46 to 860MHz (obtainable from HRS
Electronics, Garretts Green Lane, Birmingham
B33 QUE). Tuner data can be found in the old
Mullard technical handbook, but | have sum-
marised it in the ““tuner details” box.

To sweep the tuner (Fig. 1) a saw-tooth of
adjustable amplitude is provided by D-10-A

Summary of tuner details

Numbering of the connection pins starts
from the input coaxial connector end. The
first four possible pins are omitted:

pin 5 AGC +0.85V to +49.2V

pin 6 +12V

pin 7 apply +12V to select 46-110MHz

pin 8 apply +12Vto select 111-
J00MHz

pin 9 apply +12V to select 300-
470MHz

pin 10 apply +12V to select 470-
860MHz

pin 11 +0.8V 10 28V tuning

pins 12-15 are omitted

pins 16 and 17. Balanced IF O/P. | use

pin 17 only.

Fig. 2. IF amplifier and demodulator.

Fig. 3. Spectrum of 8MHz square wave
between 18th and 33rd harmonics (large peak
is strobe at 250MHz).

VISION

STROBE SOUND
Fig. 4. Spectrum of BBC1 CH26 (left to right
trace shows vision, strobe, sound). Note the
Nicam signal near the main sound channel
(right) and also colour signal (strobe at
514.66MHz).

conversion of the parallel outputs of an 8-bit
synchronous counter. A synchronous counter
is essential since severe glitches will be
encountered if a ripple counter is used.
Coarse and fine adjustment of the standing
voltage at the tuner input (and hence the “cen-
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tre frequency™) is provided, and in practice is
very useful. The saw-tooth is also used as the
X-input to an oscilloscope in the X-Y mode.
A potentiometer applies 0-9V to the AGC ter-
minal of the tuner, as a gain control, but high
sensitivity of TV tuners means additional
input attenuation is often required. An IF
amplifier centred on 36.5MHz - roughly in
the centre of the tuner output band — follows
the tuner (Fig. 2). Tuners for the US market
commonly have an IF centred around 43MHz.
The two stages each consist of a grounded-
base gain stage and an emitter-follower though
there is nothing critical about this. The pur-
pose is to define the bandwidth (1MHz has
been used as a compromise between frequen-
cy discrimination and sweep rate) and to bring
the signal up to a level where it can be demod-
ulated. Output from the demodulator is
applied to the Y-input of the oscilloscope —
and that is it!

Figure 3 is an oscillogram of part of the
output spectrum of a good 8MHz square-wave
generator with rise and fall times of <2ns. The
region shown is from the 18th harmonic
(144MHz) - being even this is of small ampli-
tude and is the small peak on the left - 1o the
33rd (264MHz). the large peak on the right.
The large out-of-sequence peak is a strobe at
250 MHz.

The small peaks are even harmonics and
largest of these is 15dB down on the adjacent
odd harmonics. Magnitude was casily mea-
sured by noting its peak amplitude and then
inserting input attenuation until the odd har-
monics are displayed at the same amplitude.
There is ample discrimination between the
31st harmonic at 248MHz and the strobe at
250MHz: note also that because the time-base
is not a ramp but a 256-step staircase, slight
discontinuities are introduced into the wave-
form.

Obvious shortcomings are that the peaks do
not fall away in amplitude in proportion to fre-
quency, and that the frequency scale on the X-
axis is non-linear. But what can you expect for
a parts outlay of less then £50?

Alexandra Palace

Figure 4 is the spectrum of the BBC trans-
mitter at Alexandra Palace. This was received.
at a line of sight location, with 3in of wire at
the input socket. Left-hand peak is the vision
signal and right-hand, the sound.

The kink on the right of the sound signal,
represents  the  Nicam information at
517.802MHz. Peak in the middle is a strobe at
514.66MHz and the small peak between the
strobe and the sound is the colour signal,
4.433619MHz above the vision.

Of course it is not possible to measure to
this accuracy, 100kHz being about the limit.
But. considering its small cost, there is no
doubt that this is a very useful device. [ ]
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Micro AMPS

£99 8051 ‘C’ COMPILER £99

* Preprocessor, compiler, optimser

* Integer implementation

* Inline assembler

* Assembler level simulator and monitor

* Includes 8086 compiler for the P(

* Single chip to fully expanded memory

* Micro-C is not a re-worked small C

* Other code generators available:
68HCI1, 6809, 8O85/Z80)

* Low cost cross assembler available:
6800/01/03/05/09/11 8031/8051
8085/Z.80 8OR6/96

£99 8051 BASIC COMPILER £99

* Integer BASIC compiler

* Supports single chip mode
8051 cross assembler included

* High level debugger runs on PC

* Standard Basic commands supported

* Specific functions to access 8051 SFRs and
internal memory

* Line editor included, accepts text files

" Generates INTEL hex format output
Output suitable for 87C751
8052AH-BASIC compatible compiler available

8051 ICE (ICE51™)

* Low cost 8051 In-Circuit Emulator

* Low power, 5 volt operation

* Plugs directly into the 8051 processor socket

* 32k bytes RAM for program/data

* Single step and break points

* Assign memory and SFRs

* Upload/download INTEL hex files

* 1°C drivers available

* Real time clock version available

* PC host software communicates via serial port

ICBS! is a trademark of intel Corp.

87C751 ICE (ICE751)

* Low cost 87C751 In-Circuit Emulator
* Plugs into the target 87C751 socket
On-board programmer, PLCC adapter available
* Monitor uses only 48 bytes of program memory
* Upload/download INTEL hex files
* Assign memory and SFRs
* Break points
I°C drivers available
PC host software communicates via serial port

I*C

*

IC drivers under Quick Basic for the PC. The
drivers are available in three kits. Kit | provides
an 1°C evaluation board, PC cable and driver
code. Kit 2 provides kit | plus the driver source
code. Kit 3 provides kit 2 plus the Quick Basic
compiler
* 12C drivers for the 8051. Diskette containing
source code to drive the bus under sottware
control. Suitable for any 8051 variant
* I2C drivers for the 87C751. Diskette containing
source code for single master and slave modes
IC drivers for the 8xC552/652. Diskette
containing source code for master and slave
modes

*

* 8051 BOOK - The 8051 Architecture,

OTHER PRODUCTS

Programming and Applications (£49.95). This
book includes a free assembler and simulator for
personal or educational use

* PEB352 — The Philips evaluation board for the
BOCSS2 processor variant, a monitor and
programming adapter are available for this
product

* MACH1 - An RTX200/1 PC based evaluation

board

ICC200 - An 8 channel TOMIPS PC based

intelligent communications card using the

RTX2001 processor

FORTH + + — A low cost RTX200()/1 compiler.

*

66 Smithbrook Kilns, Cranleigh, Surrey, UK, GU6 8]JJ

Tel: +44(0)483 268999, Fax: + 44(0)483 268397

CIRCLE NO. 112 ON REPLY CARD
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FRACT.

transfor
compres

A new image
compression technique
based on fractals
promises data
compression ratios never
before thought possible.
By Andy Wright.

hen it was first suggested publicly

over a year ago that fractals could

provide the basis for a whole new
generation ol image compression methods,
most people said: “It sounds like a fantasiic
theory. I’ll believe when I see it!”. In October
1991 seeing became believing.

After all. most people associate fractals with
demonstrations of high-performance comput-
er graphics and displays. But it is the branch
of mathematics behind these infinitely varied
and ever-changing patterns that underlies the
new compression algorithms. Patterns that are
cqually complex however close you try 10
look into them, like the scene through a pair of
mirrors face-to-face. Pretty, and pretty impres-
sive. But does the approach really have prac-
tical applications?

Visitors to the Time 91 multimedia exhibi-
tion last October had the first opportunity to
sce what the new technology can do. Even
hardened cynics could not tail to be impressed
by what they saw: several minutes of full
motion video played back using software at
real-time frame rates from a PC’s hard disk;
100 pages of text with 100 full colour images
on a single | . 44MByte 1loppy disk; a VGA-
standard image squeezed to just |0KByte.

The technigue has evolved from a scepti-

Fig. 1. This is the original ISO standard image
uncompressed.

cism-inducing theory to viable reality in just
seven years.

Of course the background 10 this goes back
a lot further. It was in 1977 that the term “frac-
tal” was coined by mathematician Benoit
Mandelbrot. His later books like *The Fractal
Geometry of Nature™ have captured the scien-
tific imagination, giving an insight into many
natural phenomena: from biology through
physics to geology and much more. Scientists
found fractals in trees and leaves, rock forma-
tions. clouds and even the stars and planets.

For mathematicians, fractals are interesting
because the images they generate are complex.
can be magnified ad infinitum, and are often
very eye-catching. From the computational
viewpoint, their interest lies in low informa-
tion content. Complicated patterns can be
created by simple program.

It is this that makes them usetul for image
compression. But the inverse problem is more
difficult. How do you go from a complex real-
world image to the simple program that can
generate that image?

In 1988. Dr Michael Bamnsley. previously
professor of mathematics at the Georgia
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Institute of Technology, discovered the key.
He invented the Fractal Transform — an inven-
tion he believes: "...will revolutionise image
technology just as the silicon chip has revolu-
tionised the electronics industry .

Recognising the possible commercial impact
of his fractals work, Dr Barnsley teamed up
with a fellow academic Dr Alan Sloan, and in
1987 they formed a company called Iterated
Systems. Backed by venture capital, Iterated
Systems now boasts a team of leading mathe-
maticians, dedicated to designing, developing
and marketing data compression products. So
far, more than 120 man-years of development
have gone into the technology.

What is a fractal?

To understand how Barnsley's method works,
one must go back to first principles. Fractal
basics can be described using a thought exper-
iment called the ‘Futuristic Photocopier’.

Imagine a single sheet of paper with a dot
on it. Place it in a photocopier that has been
specially modified. Instead of an identical
copy, the system produces a piece of paper
with the original dot plus a second dot — the
same as the first but moved and twisted to a
new place.

Put the piece of paper through the machine
again. You now have three dots. The new dot
has been moved and twisted. Each time you
copy the paper the latest dot is twisted and
moved while the original dots stay where they
are. After three iterations a seemingly random
pattern has been plotied on the page. After 15

Fig. 2. Left: A balloon from the ISO standard
image has been compressed to 10KBytes using
fractal transform image compression. By
comparison, the right hand image has been
processed with the JPEG discrete cosine
transform.

the dot seems to wander randomly; but after
300 the dot is staying within certain areas of
the page. A pattern may be emerging. Finally
after S000 ‘copies’ a real pattern is emerging,
and after 100.000 the pattern is recognisable.
The interesting thing is that if you continue for
another 100,000 iterations, the dots continue to
fill in detail within the shape already defined.
It doesn’t spread out over the page.

The example reduces to this: a complex
pattern can be described by an origin and the
move-and-twist instructions. Just six numbers,
12 bytes, can generate an image as complex as
a fern leaf. More complex graphics like those
in the real world can be created from many
fractal pictures laid one over the other. Several
thousand may be needed.

Inside a fractal transform

The fractal transform identifies the fractals
that make up an image, hence finding the
fractal formulas that can recreate it.

In outline, the way that it works is to look
for self-similarities in the image. The image
area is divided into small blocks. For each
block, the mathematical algorithm looks for
similar blocks throughout the image that have
been moved and twisted from the original

COMPUTING

block. From the second block it looks for a
third... and so on. Exactly how the program
does this is of course proprietary information.
New and better algorithms are being devel-
oped all the time. Even the name ‘fractal
transform’ is a registered trade mark.

Unlike other image compression techniques,
the fractal transform is a very asymmetric
process. Where a great deal of special compu-
tational power is needed to generate the frac-
tal formulas from an image, the reverse
process is much simpler.

When the fractal transform was first devel-
oped, it took eight or nine days to compress an
image. Refinements in the numerical methods
have improved on that. Even so, application-
specific hardware has had to be developed to
make compression times reasonable.

Iterated Systems’ P.OEM fractal transform
compressor is an EISA bus add-in card with
eight asics to do the fractal transform, some
fast static ram, and an i960 risc processor for
control. Starting with data in Targa, raster or
tiff format, users can select the quality of
image they require to trade against compres-
sion time and file size.

Typically grey-scale images can be
compressed down to a 3KByte file size; colour
images take up |0KByte and video frames an
average of 800 bytes per frame. The compres-
sion ratio is around 77:1. Compression time
varies from one second/frame for video to four
seconds for still images.

Video enjoys a high relative compression
because the developers have combined their
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fractal transform with some more conven-
tional image processing methods. With
moving images, little information changes
between successive frames. Just storing the
difference data can result in significant data
reduction.

A technique known as motion compensation
takes this one stage further, by also looking at
groups of pixels that move in the same direc-
tion, by the same amount, from one frame to
the next.

The beauty of the fractal transform tech-

Fig. 3 (right). An image of a gecko
compressed to 10KBytes using the fractal
transform.

Fig. 4 (below). This is a x4 zoom showing part
of the image of Fig. 3. It demonstrates the
resolution independence of the fractal
transform.

Fig. 5 (bottom). As Fig. 4 but with zoom
factor increased to eight times over the

nique is that it can simply be bolted onto these
existing techniques.

Much less computational-intensive decom-
pression can be done in software. Available
software can read, decompress and display to
640x400 pixel, 24-bit quality in around five
seconds on a 25MHz 80386 PC.

Video can be decompressed and displayed at
30frame/s and resolutions up to 640x400 for
grey scale video, 320x200 for colour. Full
motion video can run solely in software on a
386SX based PC.

Relative performance

When making comparisons, it’s important (10
remember that image compression methods
only work well with image data. Geometric
‘images’ such as those produced by CAD
systems are most economically stored as
geometric data: as polygons or other primi-
tives.

Nevertheless, as interest grows in computer
graphics, desktop publishing and multimedia
applications, new standards for image
compression have emerged.

At the bottom end of the spectrum, lossless
methods of data packing can squeeze a file
into half its original size. Moving on to tech-
niques where image quality is bound to suffer,
techniques such as the discrete cosine trans-
form can achieve compression ratios around
40:1. These methods have now been stan-
dardised internationally. For example the Joint
Photographic Experts Group (JPEG) has
defined a DCT-based standard accepted by
hardware and software vendors alike.

Meanwhile proprietary standards such as
Intel’s DVI are gaining third-party support,
and specifications such as CD-I are emerging
as de facto standards for embedded interactive
compact disk systems. For moving pictures,
there is also the MPEG standard, but so far
products are not widely available to support it.

None of these comes close to the fractal
transform’s capability in terms of sheer
squeezing power, and other metods face real
barriers as to how far they can develop.

For example, the discrete cosine transform
algorithm can only achieve higher compres-
sion ratios by displaying the image as bigger
and bigger blocks. At the extremes, a highly-
compressed image becomes an unrecognisable
mass of square pixels. By contrast, an over-
compressed fractal transform picture simply
looks fuzzy.

Aesthetic and psychological factors aside,
fractals have other advantages. Because the
fractal is like an infinite series, decompression
is independent of display resolution. It doesn’t
matter how closely you zoom into the image,
the level of detail is the same.

You can take a 640x400 24-bit image that
has been compressed into a |0KByte file. That
file can then be decompressed to a resolution
of 1,280x800x24 — an effective decompres-
sion ratio of 308:1. Moreover, it is possible to
decompress a section of the same image and
display it to the same 1,280x800x24 resolu-
tion. lterated Systems has achieved a 4916:1
decompression ratio by zooming one-eighth of
the original image.

As a result, fractal transform compressors
will be able to cope with better standards of
display resolution as Super VGA, XGA and
TIGA standards take over from VGA.

So, while research on conventional image
compression is focused on performing the
calculations faster or more economically, frac-
tal transform developments can truly offer
better image quality: a closer approximation to
reality for a given size of compressed file.
Faster processors will simply speed this
process up.
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Despite these benefits, there are situations
where fractal compression remains unsatis-
factory. It doesn’t work well for images with a
low information content such as engineering
drawings or for text. factors that may limit its
use in embedded applications such as scanners
or facsimile machines.

Existing fractal algorithms tend to fit well
with natural images such as plants. They tend
to find these patterns first rather than geomet-
ric shapes relevant to the man-made world.
Therefore, an important line of enquiry is
aimed at “seeding’ the search probability algo-
rithms so they find appropriate patterns more
quickly. Such developments are likely to be
applied in the first instance to areas where the
compression program “knows’ what it is look-
ing for. Examples include industrial vision
systems and defence technology.

This illustrates an important point: there is
no fundamental limit to the effectiveness of
the fractal transform. While DCT and similar
methods run into solid barriers, the fractal
transform can go on improving indefinitely.
Even as things stand. image quality can be
improved simply by running the algorithm for
longer — or running it for the same time on a
faster processor board.

Thus the fractal transform has two buttress-
¢s against the future: its ability to benefit from
improved processors and its resolution inde-
pendence. The latter makes it automatically
compatible with ever-improving graphics
display standards.

Not surprisingly. the computer industry is
keeping a watchful eye on the fractal trans-
form. Amongst silicon vendors prominent in
the graphics field. Intel, Inmos and Texas
Instruments are said to be looking seriously at
the technology. At the recent launch of its
microprogrammable DVI-B chips. Intel quot-
cd the fractal transform as one algorithm that
could be coded into the devices, along with
JPEG.

Software suppliers such as Microsoft and
Lotus are also keeping abreast. As an enabling
technology. fractal compression has the poten-
tial to offer better graphics for desktop
publishing and other applications.

What's possible now

Within one to three years, lterated Systems
expects 1o see licensed Fractal Transform soft-
ware embedded into facsimile machines and
scanners as well as multimedia applications,
such as games and entertainment systems. In
workstations, the asymmetric nature of the
compression/decompression cycle makes it
well-suited to client-server networhks. Soon we
will see DTP and graphics on networks where
the compression hoard resides in a powerful
server. whilst fast decompression software
runs on local client terminals.

A further promising application is in image
analysis or enhancement. If fractals are good
maodels of the natural world — as Mandelbrot’s
original work hinted — then the fractal trans-
form becomes an effective image enhance-
ment tool. It could be used to look more close-
ly at seismic data for exploration, or to analyse

patterns in satellite imagery.

Further in the future. video phones and
video or fast graphics modems are a distinct
possibility. It will not be long before full
motion monochrome video — after compres-
sion — can be transmitted via the existing
960bit per sccond telephone system. Hence
there is no 1eed to wait for newer ISDN
infrastructurcs  to become  commonplace
betore voice. video and other data can be
transmitted down the same links.

Such systems could be useful in remote
monitoring or dial-up security systems.

Some interesting applications are alrcady
emerging. For instance. the first “Floppy
Book® was published in September 1991: a
single 3.5-inch disk containing 100 pages of
text with 100 compressed colour illustrations.
Such books — with contents pages and index-
es — can be accessed interactively on any
80286 or betier PC with VGA graphics. User-
friendly authoring software makes it quick and
relatively cheap to publish similar volumes
onescelf.

Getting started

It fractal compression seems to be in the realm
of science fiction, a family of entry-level prod-
ucts is alrecady available to learn about fractal
transforms and get hands-on experience of the
technology.

As an introduction 1o fractals. Michael
Barnsley has written a computer-based tutori-
al called the Desktop Fractal Design System,
aimed at students, engineers and scientists.

Another learning tool is called Castle Keep.
This is a massive 16MByte compressed image
with software to enable the user to zoom-in
and display 300 different views of the picture.

For those who have climbed the learning
curve and are ready to develop real applica-
tions, a varicty of developers' systems is avail-
able including C libraries, Windows 3 decom-
pression and demonstration image files.

Such a range of software and hardware
shows just how quickly the Fractal Transform
has grown from a fantastic theory to a serious
technology. lterated Systems believes it will
be the de fucto standard for images by 1993,
much as Postscript has become the standard
for page printers. or Dolby for audio noise
reduction. If interest in high-performance
graphics and multi-media grows at the rates
projected. fractal impact could be at least as
great as its inventor predicted.
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COMPUTING

BOOK REVIEW

Setmakers: If there is one product which
spans the social, economic and
scientific/technical history of the 20th
century it has to be the radio set, and its
later relative the TV.

Broadcasting has dominated the
decades from 1920, and receivers — from
early crystal sets and self-build valve
models designed in part to evade the
BBC tariff, through first mono and later
colour TV sets to satellite dishes -
carried the phenomenon into virtually
every home in the land.

The Setmakers, a comprehensive
history published by Brema (the British
Radio & Electronic Equipment
Manufacturers Association) centres on
the products and their manufacturers, but
also does justice to the up-stream
relationship with broadcast technology,
and the downstream one with retailers.

Joint authors Keith Geddes of the
Science Museum and Gordon Bussey,
historical advisor to Philips, have
combined technical background with
human tales — many evidently gathered
at first-hand — of the people who built up
the industry.

[Mustrations are many and varied.
Naturally, plenty of model shots are
featured, as are advertisements —
including one from a 1928 Wireless
Waorld which bears the pious
subscription “Advertisements for “The
Wireless World™ are only accepted from
firms we believe to be thoroughly
relsable”. There is also a liberal helping
of publicity vehicles — vans built to
resemble radio sets (including, lese-
majeste, a KB set constructed on a Rolls-
Royce chassis). Among other recondite
oddities are Luftwaffe aerial photographs
showing the location of British radio
factories.

The history of the industry, as Frank
Chapple points out in his preface. is
largely one of success until about 1960,
and decline thereafter, with a
multinational-based revival in the last
decade.

In the 1950s and 60s the government
effectively ripped the guts out of the
industry with its stop/go financial
policies. This led to a series of mergers
and takeovers, followed by joint ventures
(from which the British partners quickly
bowed-out) with Japanese companies.

It’s all documented in this well-
produced, 464-page volume, a bargain at
£19.95. and an essential reference for
anyone interested in the history of the
industry.

The Setmakers. pub BREMA, Landseer
House, 19 Charing Cross Road, London
WC2 OES.

PW
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HISTORY

THE COHERER:

preparing the way for wireless

As we approach 100 years of wireless (1995), Leonid Kryzhanovsky recalls the role
of the coherer and the men who made modern communication possible.

Coherer inventer: In 1890 Edouard Branly
discovered that a nearby electric discharge
dramatically lowered the resistance of a layer
of ground copper (Courtesy: Mme Branly-
Towinon, grand-daughter)

ne of the key building blocks for
Owireless communication ~ was

undoubtedly the device which even-
tually became known as the coherer — the
component whose resistance drastically
changes under the action of incident electro-
magnetic radiation.

In fact the history of the coherer goes back
to the 18th century, to a time when the only
laboratory sources of “electric virtue” were
based exclusively on frictional electrification
(the first galvanic battery in the form of
Volta’s pile did not make it appearance until
1799).

The story begins with Benjamin Franklin
(1706-1790) inquiring into the "conducting
quality” of earth. As part of his experiments in
communicating electricity over a distance, he
rammed earth in a glass tube at both ends,
inserted a wire hook at each end and dis-
charged a Leyden jar through his body and the
tube in series.

In a 1748 letter describing these experi-
ments, Franklin states that, in contrast to damp
carth, dry earth "would not conduct the least
perceptible shock™!. He does not use the term
resistor, although the earth-filled glass tube
provided with wire leads served as a resistor
just as his body served an ammeter.

The term resister (in the original spelling)
and a description of devices to which this term
unexceptionally applies are first found in a let-
ter of Edward Delaval (1729-1814) dated 15th
March, 1759. He actually used the term to
designate not the device but the materials that
offered "resistance” to the passage of the
"electric fluid.”

Delaval’s resistors were constructed of glass
tubes filled with rammed dry powders of cal-
cined metals. He put a piece of iron wire into

each end of every tube and fastened them with
sealing wax. Upon hanging one of the wires,
bent for the purpose, on the prime conductor
of an electrostatic generator and holding the
other in his hand, Delaval conducted electric-
ity to earth and estimated the resistance by his
sensation of the passage of the "electric fluid”
and sparks.

He concluded that the resistance was due
not to mere pulverisation of metals but to cal-
cination of them. He wrote: "The finest filings
or powders of metals conduct as readily as the
intire sic] substances do".2 Delaval’s resistor
may be considered to be the coherer’s "grand-
parents”. The "parents” appear in an 1835
paper by the Swedish physicist P S Munck af
Rosenschéld (1804-1860), reporting his exper-
iments on powders of mercury sulphide, tin or
carbon etc in glass tubes provided with wire
leads. He also experimented with a hardened
mass of melted sulphur with carbon powder.

In a similar approach to Franklin’s experi-
ments, Munck discharged a Leyden jar
through powders or hardened compounds,
with his body in series to test the resistance.

But he noticed that when the Leyden jar had
been charged to a sufficiently high voltage,
discharge drastically lowered the powder
resistance which then remained low as long as
the powder was not poured out of the tube.

When the tube was refilled with the same
powder, the resistance became high again and
shaking the tube also restored the initially-high
resistance value.?

So, using techniques available as early as
the mid-18th century, Munck had made a step
towards creation of the coherer. His experi-
ments also anticipated invention of the varis-
tor.

Similar results were also being obtained by
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other rescarchers using contemporary clectric
measuring instruments and power supplies. In
1866 the Varley brothers of England patented
a device, for lightning protection of tele-
graphic equipment. containing two copper
clectrodes separated by a thin layer of carbon
powder mixed with an insulating material. The
powder had a high resistance at low voltage
and a low resistance at high voltages. In 1884
the ftalian physicist T Calzecchi-Onesti (1853-
1922) studied the resistance of metal filings in
an cbonite or glass tube. Breaking the circuit
which contained the tube and an inductance
considerably reduced the tube resistance.

Missed discovery

Anglo-American physicist David Edward
Hughes (1831-1900) might have become not
only the inventor of the coherer but also the
first discoverer of clectromagnetic waves, had
it not been for a stroke of bad luck.

in 1879, nine years before Hertz's experi-
ments confirming Maxwell’s prediction of the
existence of electromagnetic waves, Hughes
noticed that when Ruhmkorif's coil (a siep-up
transformer with a magnetic interrupler (o pro-
duce spark discharges) was operated near a
circuit containing a carbon microphone and a
telephone, the microphone resistance varied,
sounds being heard in the telephone.

Hughes justly supposed that this might be
accounted for by the action of the clectro-
magnetic waves produced by the Ruhmkorit
coil on the carbon powder. Unfortunately col-
leagues invited by him to the demonstration of
his experiments convinced him that the
observed effect was due merely to electro-
magnetic induction.

This episode in the history of science was
not made public until 1899* and brings 10
mind the words of John Desmond Bernal
(1901-197 1) who said on another occasion:
"The difficulty in science is often not so much
how to make the discovery but to know that
one has made it".’

French invention

it was left to French physicist Edouard Branly
(1844-1940) 1o claim credit for a mindful
invention of the coherer.

In 1890 Branly found that a nearby dis-
charge dramatically lowered the resistance of
a layer of ground copper (sometimes with an
addition of tin to improve adhesion) applied to
a glass or an ebonite plate. The metal powder
was connected 1o an external circuit by copper
plates clamped by micrometer screws.

Branly successfully performed similar

Different approaches to coherer design in the
first receivers of Papov (left) and Marconi
(right).

experiments on filings of iron. aluminium,
antimony. cadmium, zinc and bismuth, some-
times mixed with hardened insulating liquid in
glass or ebonite tubes. Discharges were pro-
duced by clectrostatic generators (with or
without Leyden jars). Ruhmorft’s coils, etc.

In his 1890 paper, Branly wrote: "Using
Wheatstone's bridge. 1 could determine the
ceffect more than 20m apart. the spark appara-
tus being operated in a hall separated from the
galvanometer with the bridge by three large
rooms so that noise from sparks could not be
heard”. The resistance remained low, some-
times for more than twenty-four hours.
Shaking the tube immediately restored the ini-
tially high resistance value.

This was not "radio communication.” But it
was a step forward compared to Hertz's exper-
iments with a resonator relying on a spark gap
as the detector in a dark basement to allow
observation of minute sparks.

Astonishingly sensitive

Sir Oliver Joseph Lodge (1851-1940) soon
saw Branly’s tube in proper perspective as a
radio wave detector. In his 1894 lecture,
Lodge said that the coherer was: "The most
astonishingly sensitive detector of Hertz
waves."” Tt should be noted that Lodge had
made what may be termed radio detection

HISTORY
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exper-ments as carly 1889, He arranged two
small metal spheres in close proximity. The
current from a small battery was unable 10
pass hetween them — proved by zero reading
of a galvanometer placed in circuit. But when
the Leyden jar was discharged in their vicini-
ty. a current passed through the galvanome-
ter.®

It was Lodge who coined the term "coherer”
based on an hypothesis of filings cohesion
under the action of incident electromagnetic
waves. Branly, the originator of the instru-
ment. would not use this term because he did
not concur with Lodge on the conduction
mechanism involved. He termed his instru-
ment a radio-conductor.’

But the controversial physical mechanism —
not vet completely understood — has not
impeded practical application of the instru-
ment. How rare it is that we know how to
make and use a thing without knowing how it
works.

The coherer turned out to be the last (not
least) component required to implement the
idea of wireless communication repeatedly
brought forward after Hertz's experiments.

Early designs

Coherers used in the first receivers of Popov
and Marconi (see figure'®) were built in dif-
ferent ways. In an effort to attain high sensi-
tivity and stability of his coherer, Alexander
Popov (1859-1906) developed a horizontally
spring-mounted glass tube, about lem in
diameter and 6-8cm long. with platinum
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Sir Oliver Joseph Lodge, who coined the term
coherer, saw application of Branly’s invention
as a radio wave detector.

stripline clectrodes pasted onto the inside of
the tube atong atmost its whole length, extend-
ing outward at opposite ends. Inter-clectrode

gap. at the bottom, was about 2mm. The tube
was almost half-fitled with iron powder. rest-
ing on the electrodes. and stopped with corks
at both ends."!

Guglicimo Marconi (1874-1937) used a
glass tube, d4em long, with piston-tike silver
clectrodes tightly fitted at both ends of the
tube. Inter-clectrode gap. in the middie of the
tube, was about 0.5mm. fitled with a mixture
ol nickel and silver filings with a trace of mer-
cury. The tube was evacuated and sealed.'?

Automatic tapper

Both Popov’s and Marconi’s receivers con-
tained an automatic tapper whose purpose was
to reset the coherer to its initial state (to "deco-
here” the device). by a stight concussion upon
detection of an electromagnetic wave, This
allowed detection of another wave to come.

Marconi employed two separate batteries in
his receiver: one battery to power the coherer
circuit and the other to power the tapper and
recording instrument. The design allowed set-
ting of an optimum quiescent point for the
coherer and could have been one of the rea-
sons why Marconi covered much greater dis-
tances than Popov in their first wireless exper-
iments?

Self-decohering detectors soon made their
appearance, onc of them being the carbon
microphone (recall the Hughes story).

In one form or another the coherer remained
in practical use until about 1906 when it was
superseded by other detector types. But as a
semiconductor device, depending for its action
on imperfect electric contacts. the coherer
must be the first suggestion of the idea of the-
crystal detector ]

BOOK REVIEWS

Wireless: the crucial decade 1924-34,

Number 13 in the IEE History of Technology
series, this book by Gordon Bussey traces the
events of what is considered to represent the most
technologically eventful decade in the develop-
ment of broadcasting and broadcast receivers.

In 1924, the novelty of broadcast entertainment,
as opposed to shipping transmissions, time signals
and met. data, was still evident and the building of
receivers (often crystal detectors) by the general
public was in full swing. As the decade closed, the
basic form of superhet that was to endure had been
established, broadcasting was as much part of our
lives as the newspaper and equipment design was
too demanding for the average man to consider
building, even if the saving were worth while.

Bussey has done a good job in his searching of
the archives. although the “material that is not gen-
erally available in public collections” mentioned in
the blurb appears to consist in the main of old
copies of Wireless World, with little mention of
other publications or sources apart from Bill
Baker’s Marconi history and the monumental
work by Asa Briggs.

This is a worthy book, in that all the information
seems to be there, but there is little in the way of

atmosphere, and even less on the people who
made it all happen; names are mentioned, but only
in passing. All the same, it is good to see a men-
tion of HB Dent of the WW staff and of Vincer-
Minter, who was to enjoy subsequent fame as Free
Grid.

In spite of the major constraint of space, Bussey
has managed to present a commendable amount of
information, normally only found after a search
through widely scattered piles of paper. in a read-
able form. It is a useful addition to the growing list
of histories of our field.

Peter Peregrinus Ltd, 126 pages, hardback, £29.
Phil Darrington

Microcomputer fault-finding and design,

by Robin Holland.

There can be few experiences more immediately
daunting than to be faced with a computer that
does precisely nothing except, perhaps, to illumi-
nate its mains pilot lamp. When a piece of equip-
ment operates a display such as the computer's
screen, it is obviously a window through which
one is usually able to obtain some idea of the ail-
ment: deprived of this assistance, one has to revert
to more basic procedures, after recovering from

HISTORY
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the feeling of rejection. This book will help stu-
dents and service technicians to approach com-
puter fault-finding and repair in a logical manner
and with only a slight feeling of panic.

A first chapter forms an introductory look at the
architecture of microcomputers, after which the
unresponsive computer problem makes its appear-
ance, with the requisite methods of restoring san-
ity. Board-level testing is covered next at a prac-
tical level. with the introduction of logic probes,
logic monitors and IC testers.

From there on, the book becomes rather more
general, dealing with diagnostic software and
methods, rather than specifics. There are chapters
on signature analysis, logic analysis and the testing
of peripherals, but the remainder of the chapters
describe the design of equipment such as VDUs,
printers, eprom programmers and DVMs. A rather
odd chapter describes in detail the hardware and
software of a talking DVM.

Useful appendices are microprocessor data
sheets, TTL functions, the ASCII character set and
a glossary of relevant terms.

Macmillan, 202 pages, hardback £35 ((paper-
back £12.99).
PD
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PC ENGINEERING

System
requirements
IBM-compatible
286 or higher
colour VGA
display

mouse (Microsoft
compatible)

hard disk

Dos 3.0 or later

One of the topic
menus; capacitors,
inductors and
relays.

BREATHING LIFE
INTO SCHOOL
ELECTRONICS

Computer animation is an ideal way to show students how
components operate in use. Martin Cummings finds if Ace has the

power to move.

age, current, fields and charge, and the effect they all

have on circuit elements is the idea behind Bradford
Technology’s animated circuits for education (Ace). A
library of electrical and electronic circuits can be animated
on screen o give the student a better insight into their oper-
ation.

Bradford has aimed the package at the GCSE science syl-
labus for 11 to 16 year olds - though students of any age
nceding an appreciation of basic electronics could benefit
fromiit.

But it is surprising, for educational software, that an IBM-
AT-compatible is needed to run the package. Bradford has
as yet no plans to release it for other machines even though
much schools software is aimed at derivatives of the BBC
computers such as the Master or A3000. However higher

B ringing diagrams “alive” so that students can see volt-

cducation establishments usually have access to IBM com-
patibles.

Easy action

Installation onto the hard disk is simple. You must have a
VGA card and at least 3Mbytes of disk space available but
beyond this, no knowledge of computers is necessary
because operation of Ace is simplicity itself. Everything is
done via the mouse and there is no need to refer to the man-
ual.

Ace’s opening menu screen is perhaps the most impres-
sive graphic in the package. Below the company logo are
icons for all the circuit categories available and subjects
range from basic conductors and insulators through to oscil-
lators and transistor circuits. Choose one of the 14 topics
with the mouse and a fresh screen presents you with a selec-
tion of circuit diagrams. Select a circuit and you are ready to
animate.

Animating a circuit

Circuits are well laid out on the screen and could have been
plucked straight out of a text book. Component symbols are
casily recognisable and are drawn to emphasise what they
do rather than adhering to any particular standard. For
example resistors are represented as rectangles with baffles
to inhibit flow and batteries have “buckets™ to carry charge
from one terminal to the other. Conductors are pipes in
which moving dots show the flow of current and colour of
the conductor represents its potential at any instant. A scale
of eleven colours corresponds to voltages from —10V
(green) through OV (blue) to +10V (red). Curiously this is
the only reference to numbers, the rest of the program is
purely qualitative.

Progress of the animation is controlled by five “buttons™
at the bottom of the screen that can be “pressed” using the
mouse. The buttons are instantly recognisable as video
recorder type controls such as PLAY, REWIND and PAUSE — a
guarantee of instant appeal to younger users. Circuits

216

ELECTRONICS WORLD + WIRELESS WORLD March 1992



remain dead until START is pressed at which point the battery
provides voltage and the circuit begins to operate. subject (10
the position of any switches.

The butions are a great idea but given the video recorder
analogy it seems a shame that it is not possible to inch back
just a litte way: the rewind button forces a start from time
zero.

With the simpler circuits. there is nothing to do but
observe. But elements such as switches. potentiometers and
thermistors are included in other examples and can be
adjusted with the mouse. There is even a light-dependent
resistor. complete with torch icon that can be turned on and
off to change its characteristics.

Using the computer to animate and explain is well
exploited by Ace.

As capacitors charge, more plus and minus signs appear
on the plates; diodes are particularly appealing with a liule
plug that pops in and out like a mechanical valve depending
on direction of flow.

But graphics are coarse and ragged edges distract the eye

which seems unnecessary with VGA performance avail-
able.

Ammeters and voltmeters are also a little crude with only
five positions from zero to full scale. Perhaps this is per-
fectly adequate to illustrate the point. but realism suffers and
the graphics stand out against a dial on say the average flight
simulator which seems much smoother.

PC ENGINEERING

1. R. Gomersall and
] K. Jameson, 1991
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Choose your complexity

A broad. though thorough. range of circuits covers all the
basic components: resistors. capacitors. inductors, lamps,
relays, batteries and so on. presented in ways which illus-
trate alternating current. non-linear circuits and exponential
effects.

The simpler circuits can be understood within a matter of
seconds. For example Ace shows quite clearly that as a
capacitor charges through aresistor. the current reduces after
an initial surge. To the novice, seeing is believing and per-
haps animated circuit diagrams can illustrale this betier than
meters and bench equipment.

There are fourteen transistor circuits and it is at this level
of complexity that the technique comes nto its own, par-
ticularly where there is. say. a potentiometer that can be
adjusted so the characteristics of the circuit can be explored.

Go beyond this in complexity and there is almost 100
much to take in at once — even those with degrees under

March 1992 ELECTRONICS WORLD + WIRELESS WORLD

Topics covered
conductors and
insulators; fuses;
resistors, series and
parailel; bulbs, series
and parallel;
measuring, voltage and
current;
potentiometers;
variable resistors;
diodes and
rectification;
capacitors; inductors
and relays; internal
resistance; alternating
current; oscillators;
transistor circuits.

(Top far left) Relay
circuit showing
component
operation.

(Left) As
capacitors charge,
more plus and
minus signs appear
on the plates.

(Lower far left)
Conductors and
insulators.
Conductors are
pipes in which
moving dots show
the flow of
currenl.

(Left) Full wave
rectification and
smoothing.
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In a light-dependent
relay circuit the
relay can be turned
onand off to change

its characteristics
relay off...

...And relay on (far
right).

There are fourteen
transistor circuils
and it is at this level
of complexity that
Ace comes into its
own.

(Far right) Astable
oscillator circuit
shows how complex
Ace can go.

their belts will stare perplexed at the astable circuit, trying  Minimum quantitative information
1o fathom out what is happening as it cycles slowly from  There are several ways Ace can be used in the classroom.

one state Lo the other.

Perhaps the most obvious is as an animatid blackboard to

Stawuzen o T ¥ orineo raecuskcy 1erTen Fon nom micucrion §

Ir—x;

@ Rack mounting frequency shifter for howl reduc-
tion in public address and sound reinforcement.

@® Mono version, box types and 5Hz fixed shift
boards also available.

.

* Broadcast Monitor Receiver 150kHz—30MHz.
* Advanced Active Aerial 4kHz—30MHz

* Stereo Variable Emphasis Limiter 3.

* 10-Outlet Distribution Amplifier 4.

* PPM10 In-vision PPM and chart recorder.

* Twin Twin PPM Rack and Box Units.

* PPMS5 hybrid, PPM9 microprocessor and PPM8
IEC/DIN —50/+6dB drives and movements.

* Broadcast Stereo Coders.

* Stereo Disc Amplifiers.

* Philips DC777 short wave car combination:
discount £215+ VAT. Also quick-release mount.

SURREY ELECTRONICSLTD
The Forge, Lucks Green, Cranleigh, GU6 7BG
Telephone: 0483 275997. Fax: 276477.

218

With 80 years’ 2xperience in the cesigr and manufact -e of
several hundred thousand trersformers we can supJy:

AUMNO FREQUENCY TRANSRORMERS OF

EVERY TYPE
YOUNAMEIT!  WE MAKEIT!
ZJUR RANGE INCLUDZS:

Microphore transformers (all types). Micropion2 S tez/Combiner mansfor-
mers. Input and Diutput wansformers. Direct Injecian sasfarmers for Guitars
Multi-Seccndary output t ansformers. Bridging trams oress. Lire trans crmers.
Line transformers tc B ™. 'solating Test Spec fcat . Tepp edimpedance natch-
ing transformers. G-amophone Pickup transfarmers. Aucic VI xing Desk wansfor-
mers (all typesy. Miniaru'e transformers. Maomimietur2 ¢ atsfermers “cr PCB
mounting. Experimencel ransformers. Ulta ow f equanse “rarsformess. Ultra
linear and aother transfonm ers for Valve Amplfiersud © £0C watts Inductas Laop
transformars. Smootring Chokes. Filter. niuctors, Aw @fiers 20 100 «lt line
transformars (from a tew walls up to 1,000 =atte), 130 scl | netransfo Ners to
>pedkers Speekar marcaing transformers @l powars ., Column Loud-3jeaker
sransformers upto 30C watts or more

We car design for IECORDING QUA_IT¢ 3TUDC CUALITY, HI-Ft
QUALITY OR P.A. QLAL TY. OUR PRICE3 £ZRE HIGHLY ZDMPETITIV= AND
‘NE SUPPLY LARGE OR SMALL QJANTTIES ANC EVEN 3NGLE
TRANSFORMERS. Mary standard types ae m sock £nd rormal dispatch
fimeg are short ard seasible

OUR GLIENTS COMER A LARGE WNMEEI F BFROADCASTING
AUTHORITIES. MIXING DESK MANUFACTUREFS FECD3D NG ST_DIOS.
HI-FI ENTHUSIASTS, EAND GROUPS AMND FUBLEC ADDRESS =R*S
Export is a speciality ardwe have overseas chents in e ZOMVONW=ALTH
EEC| USA.MIDD_E EASH, etc

Send fo our questiornaire which, when corol2ted, 2nab-es us to fost
quotations Jy return

ST oD et

TRANSFORMERS

PO Box 36, Ipswich IP1 2EL Ergland.

Phone: 0373 252794 & 0473 21339(C -
Telex: 987703G Fex. 0473 235188
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complement the words and explanations of the lecturer.
Clearly the author has set out to avoid numbers and expla-
nations that may distract from the visual presentation of the
program. In fact at times itis a little frustrating that the com
puter does not do more to quantify and explain what is
going on. The same feeling presents itself in students as
impaticnee to move on. and perhaps text, numbers and time-

based graphs could have been included. turned on or off

depending on mood. ability or the lecturers approach to the
subject.

The pachage can also be seen as a computer game where
students adjust settings and explore the difterent circuit con-
figurations, learning at an individual’s own rate in the pro-
coss.

But in this mode the program lacks the challenge or
framework to conceal the learning process, so it boils down
to an clectronic text book which the more motivated stu-
dents will browse through but probably don’t need anyway.

Shortfalls
The manual is well presented with plenty of screen dumps
embedded in the text. A brief introduction and installation
guide is followed by a couple of pages of operating instruc-
tions, almost superfluous due to the program’s case of use.
Most of the manual is a compilation of all 78 circuit dia
grams together with a few lines of explanation for cach one.
Again this is almost superfluous because itis aimed at the
lecturer who we can reasonably expect to know the subject.
A more useful contribution would have been some well
prepared and presented worksheets designed to ensure the
student extracts all the relevant points from cach screen.
Such worksheets would save hours of preparation over a

year and be an attractive (cature to potential buyers.
Although the range provided is quite adequate Bradford
Technology will provide tailor-made circaits for a particu-
lar requirement, no doubt for an appropriate charge. While
it is useful to have this flexibifity. the program cries out to
be user-configurable. Once you have obsarved the standard
circuits operating. there is an inevitable desire to construct
your own. but Ace stops short of this,

If students could draw their own circuits and bring them
to life. it would be possible for them not only 1o achieve an
understanding but to put that understanding to the test con-
firming that their circuits perform as expected. This would
also go some way to providing the interaction and challenge
that students have come to expect when they sit down at a
compuler.

Cost vs use

Anything that approaches the subject from a slightly dif-
ferent angle increases the opportunity for understanding.
and overall Ace is a usetul teaching tool. The principle of
using the computer (o animate subjects such as circuitry,
algebra and chemical reactions has a tot of potential and 1
believe we are seeing an example of the first generation of
such programs in Ace. But the edacational market is well
supplied and although currently unigue imits ficld. Ace can
expect some stiff competition to come along soon.

Its price tag of £200 pushes it over the financial horizon
of many science departments, and while we can expect lo
see much more software like this ir the future, for Ace itself
to be a success it needs on sereen explanations, more inter-
action. better use of graphics and a significant reduction in
price. ]

PC ENGINEERING

Supplier details
£200, further
licences £50
Bradford
Technology
Ltd, Ripley
Street, Bradford
BD5 7RR. Tel:
0274 726155

Comprehensive Cable Fault Analyser

just

£1395

The new TDR 50/2000 cable analyser solves the prablem of rapidly
locating faults in long data cables

Operating with both co-axial & 2-wire systems it uses a standard
oscilloscope as its display device. lts low cost makes it particularly
suitable for use by field service engineers

As well as quickly locating opens and shorts it can find cable drop
points, interrupted or missing shielding, cable mismatches and other
common problems. Cursor location is digitally displayed in meters

Contact us now for full details or to arrange a demonstration

THURLBYA' THANDAR

Thurlby-Thandar Ltd., Glebe Road, Huntingdon, Cambs. Tel: (0480) 412451

CIRCLE NO. 128 ON REPLY CARD

The new TF820 from Thurlby-Thandar represents a performance
breakthrough in low cost frequency meters

With a maximum frequency capability of 1.3GHz, a resolution of
0.1Hz, a full 8 digit display and a choice of battery or mains operation
the TF820 is the ideal multi purpose frequency meter

If very high frequency operation is not important to you the 200MHz
TF810 is otherwise identical and costs only £129 (+vat).

We offer a wide range of counters from simple hand-held units to full
universal timer-counters. Contact us now for full technical details.

THURLBY/, THANDAR |

Thurlby-Thandar Ltd., Glebe Road, Huntingdon, Cambs. Tel: (0480) 412451
CIRCLE NO. 115 ON REPLY CARD
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AMSTRAD PORTABLE PC'S FROM £149 (PPC1512SD).
£179 (PPC1512DD). £179 (PPC1640SD). £209
(PPC1640DD). MODEMS £30 EXTRA.NO MANUALS OR
PSU.

HIGH POWER CAR SPEAKERS, Sterec pair output 100w sach.
4ohm impedance and conssting of 6 1/2* wooler 2° mid range and
1°tweeter. Ideal to work with the ampifier described above. Pdce per
pair £30.00 Order ref 30P7R.

2KV 500 WATT TRANSFORMERS Sutable for high vohage
experiments or as a spare for a microwave oven eic. 250y AC input.
Now only £4.00 ref 4P 157

MICROWAVE CONTROL PANEL Mains operated, with touch
swiches. Compiete with 4 digit display, digital clock, and 2 relay
outputs one for power and one for pulsed powar (programmable).
Ideal for all sorts of precision imer applications etc. Now only £4.00
ref 4P151,

FIBRE OPTIC CABLE.Stranded optical fibres sheathed in black
PVC. Five metre length £7.00 ref 7P29R

12V SOLAR CELL 200mA output ideal for trickle
charging etc. 300 mm square. Our price £15.00 ref
15P42R

PASSIVE INFRA-RED MOTION SENSOR.
Complete with daykght sensor, adjustable ights

on timer (8 secs -15 mins), 50' range with a 90 LAY
deg coverage. Manual overide facilty. Com- ﬁ\_’ 1y "\((/,'
plote with wall brackets, bub holders etc. Brand iy 47

pasteey

new and guaranteed. Now only £19.00 ref
19P29
Pack of two PAR38 bulbs for above unit £12.00 ref 12P43R
VIDEO SENDER UNIT Transmit both audio and video signals
from either a wdeo camera, video recofder of computer to any
standard TV set within a 100' range! (tune TV to a spare channel).
12v DC op. £15.00 ret 15P39R Suitable mains adaptor £5.00 ref
5P191R

FM TRANSMTTER housed in a standard working 13A
adapter (bug is mains driven). £26.00 ref 26P2R

MINATURE RADIO TRANSCEIVERS A pair of ?
wallue takies with a range of up 10 2 kilometres. Units @

measure 22x52x155mm. Complete with cases. £30.00 k/, |I |
ref 30P12R

FM CORDLESS MICROPHONE.Small hand held unit with a 500
rangel 2transmit power lovels reqs PP battery, Tuneableto any FM
receiver. Our price £15 ref 15P42AR ~

12 BAND COMMUNICATIONS RECEIVER.9 short [
bands, FM, AM and LW DX/local switch, tuning ‘eye' mains

or battery. Complete with shoulder strap and mains lead

NOW ONLY £19.00!t REF 19P14R.

CAR STEREO AND FM RADIOLow cost stereo system giving
5 watts per channel. Signal to noise ratio better than 45db,
wow and flutter less than .35% Neg eanth. £25.00 ref I J
25P21R

LOW COST WAUKIE TALKIES Pair of battery op-

erated units with a range of abaut 200°. Our price £8.00 _

a pair ref 8P 50R

7 CHANNEL GRAPHIC EQUALIZER s a 60 watt power amp}
20-21KHZ 4-8R 12-14v DC negative earth. Cased. £25 ref 25P14R.
NICAD BATTERIES. Brand new top quakty. 4 x AA's £4.00 ref
4P44R. 2x C's £4.00 ref 4P73R, 4 x D's £9.00 ref 9P12R, 1 x PP3
£6.00 ref 6P35R

TOWERS INTERNATIONAL TRANSISTOR SELECTOR
GUIDE. The uttimate equivalents book. Latest editon £20 00 ref
20P32R.

CABLE TIES. 142mm x 3.2mm white nylon pack of 100 £3.00 ref
3P104R Bumper pack of 1,000 ties £14.00 ref 14P6R

1992 CATALOGUE AVAILABLE NOW
IF YOU DO NOT HAVE A COPY PLEASE REQUEST ONH
WHEN ORDERING OR SEND US A 6"X9" SAE FOR A FREH
COPY.

GEIGER COUNTER KIT.Complete with tube, PCB and all compo-
nents to build a battery operated geiger counter. £39.00 ref 39P1R
FM BUG KIT.New design with PCB embedded coil. Transmits to
any FM radio Qv battery req'd. £5.00 ref 5P158R

FM BUG Buih and tested superior 9v operation £14.00 ref 14P3R

VGA PAPER WHITE MONO monitors new and cased 240v
AC. £59.00 ref 59P4R

25 WATT STEREOC AMPLIFIERc. STKO043, With the addition of
a handful of components you can bulld a 25 watt amplifier. £4.00 ref
4P69R (Circuit dia included).

BARGAIN NICADS AAA SIZE 200MAH 1.2V PACK OF 10
£4.00 REF 4P92R, PACK OF 100 £30.00 REF 30P16R
FRESNEL MAGNIFYING LENS 83 x 52mm £1.00 ref BD&27R.
ALARM TRANSMITTERS. No data avaliable but nicely made
complex radio transmitters Ov operaton. £4.00 each ref 4P81R.
12V 18A TRANSFORMER. Ex equipment but otharwise ok. Qur
price £20.00

GX4000 COMPUTERS. Customer returned games machines
complete with plug in game, joy sticks and power supply. Retail price
is almost £100. Ours is £12.00 ref B12P1

ULTRASONIC ALARM SYSTEM. Once again in stock these
units consist of a detector that plugs into a 13A socket in the area to
protect. The receiver plugs into a 13A socket anywhers eise on the
same supply. Ideal for protecting garages. sheds etc. Complete
system £25 00 ret B25P1 additional detectors £11.00 ref B11P1
IBM XT KEYBOARDS. Brand new 86 key keyboards £5.00 ref
5P612

IBM AT KEYBOARDSBrand new 86 key keyboards £15.00 ref
15P612

386 MOTHER BOARDS. Customer returned units without a cpu

ALARM PIR SENSORS Standard 12v alarm type sensorwillinter=
face to most alarm panels. £16.00 ref 16P200
ALARMPANELS 2 zone cased keypad entry, entry exit ime delay
etc. £18.00 ref 18P200

MODEMS FOR THREE POUNDS!!

Fully cased UK modems designed for dialup sy stem (PSTN) no data
of info but only £3.00 ref 3P145R

TELEPHONE HANDSETS

Bargain pack of 10 brand new handsets with mic and speaker only
£3.00 ref 3P146R

BARGAIN STRIPPERS

Computer keyboards. Loads of switches and components excellent
value at £1.00 ref CD40R

DATA RECORDERS

Customer returned mains battery units builtin mic ideal for Computer
or general purpose audio use. Price is £4.00 ref 4P 100R
SPECTRUM JOYSTICK INTERFACE

Plugs into 48K Spectrum to provide a standard Atan type joystick
pont. Our price £4.00 ref 4P101R

ATARI JOYSTICKS

Ok for use wrth the above intertace, our price £4.00 ref 4P102R
BENCH POWER SUPPLIES

Superbly made fully cased (metal) giving 12v at 2A plus a 6V supply.
Fused and short circuit protected. For sale atless than the cost of the
casel Our prce is £4.00 ref 4P103R

COLOUR MONITORS
AMSTRAD CTM644
RGB INPUT
£75.00 REF A75P1

fitted. £22.00 ret A22P1

286 MOTHER BOARDS. Brand new but customer returns so may
need attenfon. Complete with technical manuat £20.00 ref A20P2
286 MOTHER BOARDS. Brand new and tested complete with
technical manual. £49.00 ref A49P 1

UNIVERSAL BATTERY CHARGER.Takes AA's, C's, D's and
PP3 nicads. Holds up to 5 batteries at once. New and cased, mains
operated. £6.00 ref 6P36R

IN CAR POWER SUPPLY.Piugs into cigar socket and gives
3.4,5,6,7.5,9, and 12v outputs at 800mA. Complete with universal
spider plug. £5,00 ref SP167R.

RESISTOR PACK.10 x 50 values (500 resistors) all 1/4 watt 2%
metal ilm £5.00 ref 5P170R.

ChARACITION D& ol o

f

) "

\
MIRACOM WS4000 MODEMS

v21/23
AT COMAND SET
AUTODIAL/AUTOANSWER
FULL SOFTWARE CONTROL
TONE AND PULSE DIALLING

£29 r

WASHING MACHINE PUMP Mains operated new pump. Not seif
priming £5.00 ref SP18R.

IBM PRINTER LEAD. (D25 1o centronics plug) 2 metre paraliel.
£5.00 ref 5SP186R.

COPPERCLAD STRIP BOARD 17 x 4 of .1" pitch “vero" board.
£4.00 a sheet ref 4P62R or 2 sheets for £7.00 ref 7P22R.

STRIP BOARD CUTTING TOOL.£2 00 ref 2P352R.

50 METRES OF MAINS CABLE £3.00 2 core black precut in
convenient 2 m lengths. Ideal for repairs and projects. ref 3P91R
4 CORE SCREENED AUDIO CABLE 24 METRES £2.00
Precut into convenlent 1.2 m lengths. Ref 2P365R

TWEETERS 2 1/4" DIA 8 ohm mounted on a smart metal plate for
easy finng £2 00 ref 2P366R

COMPUTER MICE Originally made for Future PC's but can be
adapted for other machines. Swiss made £8.00 ref 8P57R. Atari ST
conversion kit £2 00 ref 2P362R.

6 1/2" 20 WATT SPEAKER Buih in tweeter 4 ohm £5.00 ref
5P205R

ADJUSTABLE SPEAKER BRACKETS Ideal for mountng
speakers on internal or extemal corners, uneven sufaces eic. 2 for
£5.00 ref 5P207R

WINDUP SOLAR POWERED RADIO! FMAM radio takes re-
chargeable batterias complete with hand charger and solar panel
14P200R

240 WATT RMS AMP KIT Stereo 30-0-30 psu required £40.00 ref
40P200R

300 WATT RMS MONO AMP KIT £55.00 Psu required ref
55P200

SPEAKER WIRE

Brown twin core insuiated cable 100 teet for £2.00 REF 2P79R
MAINS FANS

Brand new 5" x 3" complete with mounting piate quite powarfull and
quite. Our price £1.00 ref CD41R

DISC DRIVES

Customer retumed units mixed capacities (up to 1.44M) We have not
sorted these so you st get the next one on the shelf. Pnce is only
£7.00 ref 7P1R (worth it even as a stripper)

HEX KEYBOARDS

Brand new units approx 5° x 3* only £1.00 each ref CD42R
PROJECT BOX

51/2" x 31/2° x 1" black ABS with screw on bd. £1.00 ref CO43R
SCART TO SCART LEADS

Bargain price leads at 2 for £3.00 ref 3P147R

SCART TO D TYPE LEADS

Standard Scart on one end, Hi density D type on the other. Pack of
ten leads only £7.00 ref 7P2R

OZONE FRIENDLY LATEX

250mibottle of iquid rubber setsin 2 hours. Ideal for mounting PCB's
fixang wires etc. £2.00 each ref 2P379R

QUICK SHOTS

Standard Atan compatible hand controlier (same as joysticks) our
price is 2 for £2.00 ref 2P380R

VIEWDATA SYSTEMS

Brand new units made by TANDATA complete with 1200/75 buiit in
modem infra red remote controlled qwerty keyboard BT appproved
Prestel compatible, Centronics printer port RGB colour and compos-
ite output {works with ordinary television) compiete with power
supply and fully cased. Our price is only £20.00 ref 20P1R

AC STEPDOWN CONVERTOR

Cased units that convert 240v to 110v 3° x 2° with mains input lead
and 2 pin American output socket (suitable for resistive loads only)
our price £2.00 ref 2P381R

SPECTRUM +3 LIGHT GUN PACK

compiete with software and instructions £8.00 ref 8PS8RA

CURLY CABLE

Extendsfrom 8" to 6 teet! D connector on one end, spade connectors
on the other ideal for joysticks etc (6 core) £1.00 each ref CD44R
COMPUTER JOYSTICK BARGAIN

Pack of 2 joysticks only £2.00 ref 2P382R

BUGGING TAPE RECORDER

Small hand held rders that only op when there is
sound then turn off 6 seconds atter so you couid leave it in a room all
day and just record any thingthat was said. Priceis £20.00 ref 20P3R
IEC MAINS LEADS

Complete with 13A plug our priceis only £3.00 for TWOI ref 3P148R
COMPUTER SOFTWARE BARGAIN

10 cassettes with games for commodore 64, Spectrum etc. Qur
bargain price one pound!| ref CD44R

NEW SOLAR ENERGY KIT

Contains 8 solar cells, motor, toois, fan etc pius educational bookiet
Ideal for the budding enthusiast! Price is £12.00 ref 12P2R
POTENTIOMETER PACK NO 1

30 pots for £3.00! ideal for projects stc. Ref CD45R

286 AT PC

286 MOTHER BOARD WITH 640K RAM FULL SIZE METAL
CASE, TECHNICAL MANUAL, KEYBOARD AND POWER SUP-
PLY £139 REF 139P1 (no /o cards or drives included) Some

tal work reg'd phone for details.

35MM CAMERAS Customer returned units with built in flash and
28mm lens 2 for £8.00 ref 8P200
STEAM ENGINE Standard Mamod 1332
engne complate with boiler piston etc £30
ref 30P200

TALKING CLOCK

LCD display, alarm. battery operated.
Ciock will announce the time at the
push of a button and when the
alarm is due. The alarmis switchable
from voice 1o a cock cromingi€14.00 ref 14P200R"
HANDHELD TONE DIALLERS
Small units that are designed to hold over the mouth piece of a

COMPOSITE VIDEQ KITS.These conven composite video into
separate H sync, V sync and video. 12v DC. £8.00 ref 8P39R.
SINCLAIR C5 MOTORS 12v 29A (full load) 3300 pm 6°x4" 1/4*
O/P shatt. New. £20 00 ret 20P22R.

As abowe but with fitted 4 to 1 inne reduction box {800 m) and
toothed nylon belt drive cog £40.00 ref 40P8R.

SINCLAIR C5 WHEELS 13" or 16" dia including treaded tyre and
inner tube. Wheels are biack, spoked one piece poly carbonate. 13"
wheel £6.00 ref 6P20R, 16" wheel £6.00 ref 6P21R

ELECTRONIC SPEED CONTROL KiTor c5 motor. PCB and all
components to build a speed controlier (0-95% of speed). Usas
puise width modulation. £17.00 ref 17P3R.

SOLAR POWERED NICAD CHARGER.Charges 4

AA nicads in 8 hours. Brand new and cased £6.00 ref &
6P3R

12 VOLT BRUSHLESS FANs 172" square brand new ideal for
boat, car, caravan etc. £5.00 ref SP206.

ACORN DATA RECORDER ALF503 Made for BBC computer
but suitable for others. Includes mains adapter, leads and book.
£15.00 ref 15P43R

VIDEO TAPES. Three hour superior quaiity tapes mads under
bcence from the famous JVC company. Pack of 5 tapes New low
price £8.00 ref 8P 161

PHILUPS LASER 2MW HELIUM NEON LASER TUBE.
BRAND NEW FULL SPEC £40.00 REF 40P10R. MAINS
POWER SUPPLY KIT £20.00 REF 20P33R READY BUILT
AND TESTED LASER IN ONE CASE £75.00 REF 75P4R.
12 TO 220V INVERTER KITAs suppiied i will handle up to about
15w at 220vbut with a larger transformer it will handle 80 watts. Basic
kit £12.00 ref 12P17R. Larger transtormer £12.00 ref 12P41A.
VERO EASI WIRE PROTOTYPING SYSTEMiIdeal for design-
ing projects on etc. Complete with tools, wire and reusable board.
New low bargain price only £2.00 ref B2P1

HIGH RESOLUTION 12" AMBER MONITOR12v 1.5A Hercu-
les compatible (TTL input) new and cased £22.00 ref 22P2R

BULL ELECTRICAL

WITHORDER PLUS £3.00 POST PLUS VAT,
PLEASE ALLOW 7 - 10 DAYS FOR DELIVERY:

B  NEXY DAY DELIVERY £3.00 H

FAxozzizsery LT

 MAIL OHDER TERMS: CASH PO OR CHEQUﬁ

telephone to send MF dialling tones. Ideal for the remote control of
answer machines £5.00 ref SP209R

COMMODORE 64 MICRODRIVE SYSTEM

Complete cased brand new dnves with cartridge and sottware 10
imes faster than tape machines works with any Commodore 64
seatup. The orginal price for these was £49.00 but we can offer them
to you at only £25.00! Ret 25P1R

USED SCART PLUGS

Packof 10 plugs suitable for making up leads only £5.00 ref SP209R
C CELL SOLAR CHARGER

Same styie as our 4 x AA chargerbut hoids 2 C cells. Fully cased with
tip top bd. Our price £6.00 Ref 6P79R

IN SUSSEX? CALL IN AND SEE US!

SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE UK
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Supplier details
Hepa-Plus WB
costs $2450 (demo
disk $30) from
Design
Automation, Inc,
809 Massachusetts
Ave, Lexingtor,
MA 02713-3992,
USA.

Tel: USA 0101
617 862 8998 Fax:
0101 617 862
3769.

PC ENGINEERING

Specialised design package for
RF power amplifiers

lan White tries out Hepa - software offering a quick route to design of
optimised high-efficiency RF power amplifiers

traditional role in communications — even the name is

changing in response to market forces. Now industrial,
medical and scientific users require “RF power supplies™
which provide RF energy with no more fuss than a DC power
supply.

Key to efficient, controllable and reliable RF power sup-
plies is the design of the final power amplifier stage. where
RF power mosfets are increasingly supplanting tubes and
bipolar transistors.

Although power amplifier design is straight-forward
enough in principle, calculations soon begin to accumulate
when the practicalities of meeting specifications for power
output, efficiency and wide-band performance have to be met
using real-life semiconductor devices.

This is where the Hepa series of programs from Design
Automation can help. offering a quick route to design of opti-
mised high-efficiency RF power amplifiers, either operating
under gain compression in Class AB, B or C or operating in
switching-mode Class E or F.

RF power amplifiers are finding many uses besides their

Ready-made library

Unlike a general-purpose circuit analysis program, Hepa con-
tains a ready-made library of suitable circuit topologies and
basic designs for its own specialised application. These cir-
cuits can be modified if required. and are then analysed with
respect to time and frequency to yield voltage and current
waveforms and predictions of DC input. RF output, efficien-
cy and the power dissipation in various circuit components.

With computer control in mind. Hepa can also compute the
values of circuit parameters required to maintain any speci-
fied output voltage, current or power. The whole design can
then be optimised automatically for narrowband or wideband
performance. with user control of optimisation criteria and
relative weightings.

At $2450 for the top-of-the-line version, Hepa is not the
kind of software you would buy in cuse you might need it.
But if you are actively involved in RF power amplifier
design. Hepa deserves a serious look — it could pay for itself
very quickly.

System requirements

Supplied on either 3.5 or 5.25in disks

XT, AT, PS/2 or compatible PC

At least 512K ram

Colour or monochrome graphics displays require CGA,
Hercules, EGA, PGA/PGC or VGA

Maths coprocessor recommended

March 1992 ELECTRONICS WORLD + WIRELESS WORLD 221




Integrated Schematic Capture
& Digital Simulation?

Its not as expensive as you think!
DesignWorks and LogicWorks provide interactive Schematic Capture and Design

Simulation from as little as £300!

By using the friendliest user interface on the market to make schematic entry and simulation fast, easy and
economical you will be doing productive work in hours or even minutes. Interactive means simulation continues
while you design your circuit on screen using schematics, with waveforms displayed *scope style in the timing

window. No compiling, No typing in netlists!

Current device libraries include: Generic devices, basic
gates, 7400 series, 10K series, 4({X) and VLSI.

LogicWorks offers THE design environment for
educational users. Features include: Creation of custom
devices, support for simulation of PROMs, PALs and
RAM, complete or partial circuit and timing diagrams can
be easily included in DTP documents through image files.
DesignWorks offers a professional design environment
with all the features of LogicWorks plus the powerful
MEDA Developers kit enabling behavioural modelling
using C, custom and Standard reports and netlists
compatible with most of the major CAE packages and
fully bi-directional access to circuit data.

EN

Calandown LTD. 96, High Road, Byfleet, Surrey, KT14 7QT TEL 0932 342137

Software is available for Apple, IBM Compatibles and Acorn Archimedes. —
Educational discounts available. For more information and a demo disk, please contact: ——

Bl Timing Window [
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KESTREL
ELECTRONIC
COMPONENTS LTD

% All items guaranteed to manufacturers’ spec.
¥t Many other items available.

‘Exclusive of V.A.T. and post and package’

1+ 100+ 1+ 100+
2764A-250 1.60 1.20 62256LP-10 360 240
27C64-150 1.65 1.25 6264LP-10 1.80 1.50
27C128-250 1.85 1.55 6116LP-120 1.00 0.65
27128A-200 1.65 1.25 D8742 9.60 8.90
27256-250 1.75 135 74HCT02 0.12 0.09
27C256-200 1.85 1.50 74HCT04 0.12 0.09
27C512-150 250 1.90 74HCT138 016 0.12
Z80A CPU 1.00 0.65 74HCT153 030 0.22
Z80A CTC 0.60 0.30 74HCT241 032 024
Z80A P10 0.60 0.40 74HCT 244 0.30 0.23
Z80A S10/0 1.20 0.80 74HCT253 0.20 0.16
Z80A DMA 090 0.65 74HCT373 0.28 0.20
Z80B (CMOS)CTC  0.90 0.65 74HCT541 0.38 0.30
1488 0.16 0.12 74HC10 0.12 0.09
1489 0.16 0.12 74HC14 0.18 0.12
6502P 2.20 1.50 74HC86 0.18 0.12
6522AP 220 145 74HC138 020 0.16
6551P 2.00 1.40 74HC153 020 0.16
8031 2.00 140 74HC173 024 0.18
8251A 1.10 0.75 74HC194 . 024 0.8
8255-5 1.20 0.90 74HC244 024 0.18
8259A 1.00 0.70 74HC374 024 0.18

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

178 Brighton Road,
Purley, Surrey CR8 4HA
Tel: 081-668 7522. Fax: 081-668 4190.

CIRCLE NO. 118 ON REPLY CARD

222

RsT. L ANGREX RST.
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,<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>