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Consumer electronics in turmoil
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Low Cost Programming - from Stag
ORBIT: Palm Top
Programmer -£595
as»,

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.
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Totally portable, battery/mains powered
programmer

Programs EPROMs to 32 -pins and to
4 Mbit, EEPROMs and FLASH
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Orbit is an advanced battery/portable
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Optionally programs 40 -pin EPROMs
(16 -bit) and 'Intel style' micros
Small enough to be hand held - only
236mm x 145mm x 56mm - weighs only
0.85 kg

Fast programming

-

uses latest

algorithms

Approved by major silicon vendors
including Intel and Texas Instruments

Integral EPROM emulator

- can be
connected directly to target system to
speed up development

STRATOS 2: PC-based
Programmer -£295

SE2T: EPROM Eraser
- £195
robust construction

A PCTM based programmer for 24 to
32 -pin DIP EPROMs to 4 Mbit & FLASH

Low profile styling

Powerful on -board data editor

8, 16 and 32 -bit programming modes

correct erasure period

Tactile rubber hexadecimal, cursor and
function keys

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

'tube to tube' handling and permits

2 line x 40

character LCD for data and

'soft keys'
512 Kbit RAM as standard, expandable
to 2 Mbits

-

Preset electronic timer to provide
Removable device carrier allows rapid

erasure of devices on boards
High-speed manufacturers' algorithms
are used to make Stratos 2 one of the
World's fastest EPROM programmers

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

Communications:
Serial port to 19K2 and parallel port
supports label printing

-

Remote control as standard

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

Power Supply
Optional mains operation from supplied
adaptor/charger unit: available for 110
or 240 volts
Up to 35 hours use from one charge

(edit mode)
Fast boost charge in just 3 hours
safety cut-off

-

with

User defined shut -down to conserve
power
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

Dedicated interface

card and
connecting cable provide rapid data
interchange and leave valuable ports
free for printer, mouse, etc
Menu driven software included for ease
of operation. Provides user prompts
and online help

Call (0707) 332148
for a FREE copy
of Stag's 1992
Product Guide

System requirements:
PC, XT, ATTM or compatible;
PC-DOS/MS-DOSTM2.0 or later;

\IQ

floppy drive; hard disk; 512K
bytes or more of RAM; one spare
half or full expansion slot; any
monitor.

RAPID 'PHONE/FAX ORDERING:

® (0707) 332148

FAX: (0707) 371503

tr)

stag
PROGRAMMERS
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'at I hawker looks towards global personal communications
and the potential for new satellite services.

In next month's issue. It is over two years since Electronics
World aired the public concern over the biological effects of
low frequency electro -magnetic fields. Alasdair Philips
reports that the generating companies have become even
more dismissive since privatisation despite fresh evidence
implicating ELF fields in disease.
We also present design details of a low frequency
fluxmeter.
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RF MODULAR EQUIPMENT
RF LINEAR POWER AMPLIFIERS

LOW NOISE GASFET PREAMPLIFIERS

Tuned to your specified frequency in the range 20-250 MHz or your specified channel in bands
I or Ill. 28V + DC supply.
...
..
.. £275
..
TYPE 9105 10 mW input, 3 watts output
£341
TYPE 9106 500 mW input, 10 watts output
.......
£460
TYPE 9155 3 watts input, 30 watts output
transistor
TYPE 9458 5 watts input, 50.watts output Integral forced air cooling and output

or local use.
TYPE 9006 Tuned to your specified frequency in the range 5-250 MHz NF 0 6 dB Gain 10-40
...
£94
....
dB variable 50 ohms
£94
TYPE 9006FM As Above Band II 88-108 MHz 75 ohms.
TYPE 9002 Tuned to your specified channels in bands IV or V NF 0 7 dB. Gain 25 dB
£123
..
..
adjustable 75 Ohms
TYPE 9004 Aligned to your specified frequency in the range 250-1000 MHz. NF 0 7 dB. Gain
... £123
..
25 dB adjustable 50 ohns
..
£53
TYPE 9035 Mains power supply for above
..
..£15
TYPE 9010 Masthead weatherproof unit for above amplifiers
Two stage Gasfet preamplifiers. High

0 filters. Masthead

.

.

protection

...

...£750

..

UHF LINEAR POWER AMPLIFIERS
Tuned to your Specified frequency in the range 250-470 MHz 28V + DC supply.
..
..
TYPE 9213 300 mW input, 3 watts output

TYPE 9124 2-3 watts input, 25 watts output .......

WIDEBAND AMPLIFIERS

TYPE 9269 Phase locked loop vestigial sideband miniaturised television modulator with sound
channel RF output 10 mW on your specified frequency in the range 40.1000 MHz or channel in
£499
bands 1, III, IV or V

.

TELEVISION LINEAR POWER AMPLIFIERS
Tuned to your specified channels in bands IV or V. 28V + DC supply
TYPE 9252 10 mW input, 500 mW output
..
...
TYPE 9259 500 mW input, 3 watts output......
...
TYPE 9262 500 mW input, 10 watts output

£308
£352
£638
..
£484
TYPE 9263 2-3 watts input, 15 watts output
TYPE 9266 10 watts input, 50 watts output Integral forced air cooling and output transistor
....
.. .. .. ... £1919
protection... .. ..
.....

1

1

.

.

.

PHASE LOCKED LOOP FREQUENCY CONVERTER

.

LINEAR POWER AMPLIFIERS 800-1000 MHz

TYPE 9115 Converts your specified input channels in the range 20-1000 MHz to your
specified output channels in the range 20-1000 MHz. Minimum input to output separation 10
channels. 1 mV input, 10 mW output (+10 dam) Low noise Gasfet front end. NF 0.7 dB. AGC
£495
controlled. Gain 60 dB adjustable -30 dB. Will drive transmitting amplifiers directly

Tuned to your specified frequency in the range 800-1000 MHz.
.. ..,
TYPE 9265 500 mW input, 10 watts output .....
TYPE 9264 2 watts input, 25 watts output ...

PHASE LOCKED SIGNAL SOURCES

WIDEBAND LINEAR POWER AMPLIFIERS

TYPE 8034 Frequency as specified in the range 20-250 MHz Output 10 mW
TYPE 9036 Frequency as specified in the range 250-1500 MHz Output 10 mW
.

£350
£484

..

TELEVISION EXCITER

Monolithic microwave integrated circuits in a fully packaged microstrip format. Full -wave
shottky diode protected inputs Temperature compensated bias circuitry Internal voltage
regulation
TYPE 9301 100 KHz-500 MHz. NI 2 dB at 500 MHz Gain 30 dB Power output + 12 5 dBm, 18
£165
mW
TYPE 9302 10 MHz -1 GHz NF 2 dB at 500 MHz Gain 30 dB Power output + 12 5 dBm, 18
..
£165
mW
TYPE 9008 Gasfet 10 MHz -2 GHz. NF 2 5 dB at GHz Gain 10 dB Power output + 18 dBm,
..
£165
65 mW
TYPE 9009 Gasfet 10 MHz -2 GHz NF 3 8 dB at GHz Gain 20 dB Power output +20 dBm,
£165
100 mW
.

.

..

.

_1484
£840

watt
TYPE 9306 10 MHz -1 GHz. Gain 15 dB Output + 30 dBm,
TYPE 9246 watt output 100 KHz-175 MHz 13 dB gain
..
TYPE 9247 4 watts output 1-50 MHz 13 de gain
.....
TYPE 9051 4 watts output 20-200 MHz 13 dB gain.
... ...........
TYPE 9176 4 watts output 1-50 MHz 26 d8 gain ..
TYPE 9177 4 watts output. 20-200 MHz 26 de gain
TYPE 9173 20 watts output 1-50 MHz 10 dB gain .......... ...
TYPE 9174 20 watts output 10-160 MHz. 10 dB gain
....
...
TYPE 9271 40 watts output. 1-50 MHz 10 dB gain ..
TYPE 9172 40 watts output. 10-160 MHz. 10 dB gain .....
1

.£154
£291

.

1

FM/FSK EXCITERS
TYPE 9282 Frequency an specified in the range 20-1500 MHz. Output 10 mW Deviation up to
£348
±75 KHz

PLEASE CONTACT US FOR FURTHER TECHNICAL INFORMATION
COMPLETE SYSTEMS AVAILABLE. Prices exclude p&p and VAT

.

...

.

£438
£182
.£204
.£204
£314

.

....
....

...

1314
.£374
£374
£748
£748

.

.

.
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Fax: 0303 893838
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butte With lesas, battery and
instructions

t
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All models

RS

wide range of stock products including:
Nine sizes of standard 19- rack cases
New "clam" case in any depth
Eight -card 1U Eurocard case
Audio, video and data patch panels
Rack blanking and ventilation panels
All use the unique IPK extrusion, giving strength
and rigidity with no visible fixing screws.
Rack mounting strips, cable trays etc. from stock.
Plus

k
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Broadcast Systems
Darwin Close Reading Berks

pND HGH
POWER
CpR
s s1 MS

3

L35.95

BenleSdtod£j595
on
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Hameg Scopes
Instrument stockists for
Thandar
Test Lab
Black Star In Thurlby
Always special otters for callers.
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L MITÉD

12mm Display

f 23.95

1.211

WITH SUPPLEMENTS
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Change of telephone numbers
From this month our exchange
number has changed from 661 to
652. So, for example, a telephone
number that was 081 661 1234 has
now become 081 652 1234

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 vet 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.
CI) -Interactive doesn't instantly appear
consequential. Compact Disc in its audio
form has done more Ior the equipment and
record companies than for the general
enjoyment of tnusic. 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 he important hut, in their present form,
are more convenient than portentous.
So what will give CI) -I a special place in
the world? It io- simply this. It 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 possible to hold a variety of
information sources sounds. moving image
sequences. mathematical data. written and
spoken words and integrate them into a
silver disc in a manner limited only by our
The

-

imagination. Although a remarkable
development. this world not he enough to
change the world. What makes CD -1 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. Tile 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
he. viewe s of the recording are unable to
pose their own questions and receive
individual clarification to a particular point.
CD -I can al er 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

viewer's request.
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
explanation

clarifying

at the

a

-

presented.
I-lere is an example. A CI) -I 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
combines 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 releases on
CI) -1 won't seetn 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
Frank Ogden
CD -I be appreciated.

ARE WE HARD TO GET?
lust cne phone call to our Circulation
Actionline brings instant assistance.
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about it. If you have any difficulty purchasing

your copy, call our Circulation Actionline. We
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Keeping tabs on callers
much debated 'caller ID' feature on
has now reached reality with the
launch of a low-cost 8 -pin DIP by Sierra
Semiconductor. The service anticipated for
digital networks enables the called party to
see the displayed phone number from which
he or she is being called.
The decision can then he made to take the
call or ignore it.
In the US. generally reckoned to he several
years ahead of the UK in terms of phone
services. the pros and cons of
implementation of a caller II) feature have
been widely discussed. Fears have been
voiced that the system might he open to
abuse. primarily by callers.
Whatever the arguments for or against the
system. Sierra has succeeded in
implementing the required features
receiver amplifier. carrier detector and FSK
demodulator- in its 8 -pin SCI 1210, which
costs under $2 ill 10.0(10 -off quantities. The
circuit is designed for use in feature phones
or display boxes that sit beside the phone.

The
phones

-

Caller II) featu es have already been
included by Sierra in the modems for which
the company is perhaps better known. These
can decode the caller II) and send ASCII
characters hack to the host for display. This
is particularly useful for dial -back
applications. where the.host can check the
caller's identity before answering the line.
One other point in favour of caller ID is
that it will enable nuisance callers to be
quickly and easily identified. minimising the
adverse effect on their victims.

f

bn+ cost
of hacking
1

omputer problems such as hacking.
viruses and accidental failure affect
more than half of industrial and commercial
companies al an estimated annual cost of
£ 1.1 hn claims Technology Minister. Lord
Reay.
These are some of the findings revealed in
a new computer security survey carried out
by the National Computing Centre in
association x ith the DTI and ICI.. More
optimistically some 57% of the 82(1(1
organisations questioned in the survey said
that they had contingency plans to deal with
computer fraud and failure.

Fast

I"'

fibre lights up

investment in
nicam
advent of stereo sound

The
broadcasting in television has
opened up a slot in the market for addon nicam adaptors to enable stereo
sound reception without having the
expense of a new television.
The box from Ash Telex ision, a
company set up specifically to exploit
the market, includes an integral
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 processirg IC
which synchronously demodulates the
nicam signal in its 26MI Iz 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 Telex ision 081-443 2727.

Neighbourhood
watches
engineers
The

AT&T Bell Laboratories is
experimenting with an ultra -fast optical
fibre ring -based local area network that it
says may he 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) to produce
on/off signals for digital communication.
The network's design is also said to he
"very ambitious".

UK's Engineering Council

has

launched the Neighbourhood
Engineers scheme. under the auspices
of which secondary schools receive
practical support from professional
engineers and technicians.
The scheme is designed to equip
young people with a better
understanding of the work carried out
in engineering and technology.
Participants are working with teachers
to provide encouragement in support of
the school's curriculum as well as
becoming involved in a range of

activities including project work.
Although launched in London, the
scheme is to operate in most parts

of

the UK.
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Sony enters portable data market
Space-age honour

ony hopes to shrug off its consumer
the launch of a hand-held
electronic book. Data Discman reads CDront discs that adhere to the universally 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 111(1,000 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 to 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 as 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

43 image with

Somerset town, Minehead, is
planning to honour space and
science fiction writer, Arthur C.
Clarke, in a week-long space age
festival to he held next July. Clarke.
who celebrates his 75th birthday next
year. was horn in the town. Ile wrote
the seminal article on sate lite

communications "Extra -Terrestrial
Relays" first published in this
magazine in October 1945.

Durham ets
connected
wham University

has prepared
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

IL/itself for

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 radiolocation 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.

in a complex interactive personal
communications 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.
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Close call for satellite operators
nuing concern over possible
Contiontinuing
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 -tart.
managing director of Astra's UK marketing
company strongly reiterated a call for "more
efficient use of tite orbital arc" - which he
described as "a scarce natural resource."
f1te comments reflect Astra's worries
about the current (and possible future)
problem of interference between its satellites
at 19°E and Eutelsat II -F3 in the nest door
orbital slot at I6°E.
Originally, spacing of orbital positions was
determined at a time when it was thought
dishes would need to be at least 90un for
reception of medium -power satellites. At
that size and that distance there was no risk
of side -lobe interference.
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But with smaller dishes, a 3° spacing does
create a risk of interference. though. as
Jonathan Hart explained, a number of
factors would have to coincide. "It would
have to he planned in a way that would
deliberately cause it: there are a lot more
options where interference will not he
caused.,"
Hart also attacked Eutelsat's claim to
priority in egistering II -F3.
"Being first does not allow anyone to
it
cause interference or even threaten it

-

only determines who should consult with
whom.'
According to -tart, the key to the problem
lay in "Eutelsat's policy of gobbling up the
orbital arc with identical satellites."
The solution. he said - presumably
involving relinquishing or restricting some
slots. and stacking satellites. like Astra, in
PW
others- "lies with the signatories."
I
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Additional consumer
benefits
for pal plus?
e-e

the end of 1995 European broadcaste s
and TV set makers plan to introduce a
new, enhanced. "compatible" pal terrestrial
By

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 he obtained by a dual -channel
digital system comparable to Nicam, but this
has not vet been settled.
Broadcasters in the pal -plus group come
from Austria (ORE). Germany ("LDF and

IRT), Switzerland (SRG) and the UK (BBC
and independent broadcasters) and set makers 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 definition. But come July 1992. a public demonstration of pal -plus is planned for II3C92 in
Amsterdam. Next stage will be equipment
development in 1993/94 and experimental
transmissions in 1994/95.
To judge from a recent IEE/RTS international colloquium mainly devoted to the pro-

11

1

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 to 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
I IDTV or all -digital system.
Clearly it would fill the gap left by the
current hiatus in the development of Eureka
95 and a world -w ide HDTV standard. It also
Wright give terrestrial broadcasters a competFig.
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itive edge on other forms of picture delivery
such as satellite and video cassettes.
Demand for new wide-screen sets incorporating special pal -plus decoders could provide a much -needed early boost for the
European consumer electronics industry -a
useful commercial stop -gap until HDTV
arrives.

Unknown public reaction
13111 how will the public and other users
react? Some speake s
the colloquium
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 standard pal pictures ranging from £2650 to

-

-

£3500. Speakers declared there would he
"enormous customer resistance" and that the
public would be uny illing to fork out for
such receivers for just an interim period.
with HDTV and its double -picture resolution just round the corner.
P W P Vreeswijk of Philips and 1)
Westerkamp of Thomson assured doubters
that volume production and smaller screens
than the current 86cm (36in) diagonals
would bring doy n prices to something like
those of standard pal sets. (Nokia plans to
introduce a 71cm model during 1992). C
Dalton of Thames Television pointed out
that I IDTV. requiring very expensive
receivers. was not all that close anyway.
A worry over the claimed compatibility of
the pal -plus system was voiced by Paul
Gardiner of the ITC (formerly IBA). On
standard 4:3 pal receivers the pal -plus 16:9
image format would occupy the middle 432
of the 576 active lines of the 625 -line signal.
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leaving black hands 72 lines deep above and
below the picture. This "letterboxing" is currently used for transmitting widescreen films
on television. But UK terrestrial broadcasters were worried, said Gardiner, that a sudden 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 broadcasters were reluctant to transmit non -film letterbox material on the mainstream channels. However Gardiner suggested a compromise solution to the problem: a
possible interim I4:9 letterbox format to
he used during the pal -plus introductory
period - that would introduce viewers gradually to black hands on pictures.
Attempting to allay concern on whether
letterboxing really does satisfy compatibility, D Westerkamp said that many European
viewers were already familiar w ith the practice. In any case broadcasters could introduce the new format gradually, deciding to
transmit either standard pal or pal -plus on a
programme to programme basis.

-

Pal -plus

architecture

Westerkamp also gave an outline of the pal plus system architecture. The pal -plus
source signals (Fig. 1) are in Y, U. V component form and represent a I6:9 image format. The source standard is 625/50/2:1 and
could, for example, result from down -conversion from HDTV equipment.
The signal is first low-pass filtered in the
vertical dimension with a cut-off at 0.75 of
the Nyquist frequency. Then. in the letterbox
processing section it is sub -sampled by a
factor of 0.75. giving the 432 lines that w ill
he 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 apparently 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
to 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
hand -limited to about 4MHz and modulated
in vestigial side -hand AM on the colour sub carrier (Fig. 2) with an amplitude of
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Fig. 3. Pal -plus pictures would be displayed
on 16:9 widescreen TV sets 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 is decoded and used to give a
picture with the full vertical resolution of the
source. In the standard pal receiver the information is mainly decoded as chrominance
and is "almost not visible" on the black
hands. Any residual visibility might he dealt
With by line -cut -and -rotate scrambling.
Improved luminance-chrominance separation 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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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 candidate 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 hest processing
algorithm from ten proposals but the
testers were not confident enough to reveal
it at the colloquium. C Dalton. who is a
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 he
answered."

-

4:43 MHz

ñ

-

transmitter to avoid most of the crossettects 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 he 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 he achievable in the pal -plus
receiver.
Also transmitted through the system is
some signalling information. in the first half
of line 23. to 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 separation necessary at the transmitter for cam-

5
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Electronic brain with a human face
Nrural 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 VLSI
technology. Misha Mahowald of the
California Institute of Technology and
Rodney Douglas of Oxford University have
produced an analogue is with the functional
characteristics of a real neuron.
In their recent paper (Nature Vol 354 No
6354) Mahowald and Douglas say that
because the physical principles underlying
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 cal time,
consuming only fractions of a mW.
This silicon nerve cell, built from cmos
circuits, is totally different from previous
neural net hardware and occupies less than
0.1 mm2. Mahowald and Douglas estimate
that a linear array of 100-200 such cells
could he fabricated along a Icm2silicon die.
Remainder of the area would then be
occupied with silicon analogues of
dendrites, the substances that form the
interfaces of biological neurons.

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

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

Continued over page

Self-cleaning tools improve chip yield
Among a number of interesting reviews.
IBM Research magazine (Fall 1991)
includes a survey of the latest methods of
reducing the contamination that is estimated
to cost the world semiconductor industry
US$ billion worth of product loss each year.
According to IBM. clean rooms have now
advanced to the point where atmospheric
contamination. such as skin particles. contributes only 15% of the debris that can land
I

Jit

a chip during processing. A good modern
clean room can filter the air so efficiently
that it contains no more than a single half micron particle per cubic foot of air. That's
a thousand times better than the average
operating theatre and up to a million times
better than the dirtiest of city streets.
Most of the particles that cause trouble
durine chip manufacture conic not from the
air itself but from the chemicals and tools

on

used in plasma processing. Contaminants
float in the space between the electrodes and
can he observed by the way they scatter
laser light.
One clue to attacking this problem came
when IBM researchers noted that such particles 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 deliberately machined grooves around their experimental electrodes in the hope of creating

'decoys' for the contaminant particles.
Taking this idea a stage further. they optimised 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 far. these
'self-cleaning tools' have proved effective in
reducing contamination by an average of
50%.
Optimisation of the electrode groove
design is still a matter of ongoing research.
but already the benefits are far outweighing
the relatively low cost of implementation.

IBM's John Heidenreich, Ed Patterson and
Gary Selwyn, part of the team at Thomas I
Watson Research Center who have been
working with the "self-cleaning" grooved
electrode
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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 edition of Natre. 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
model has noise. irregularities and nonlinearities like real neurons and real brains.
Such irregularities. Andreou points out, are
computationally expensive to simulate 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 long way off,
researchers 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? Ilow can they cope with
transducing optical, chemical and
mechanical signals with the dynamic range
found in nature? How thermally stable
would such systems he?
Clearly there are lots of questions still to
he answered. Andreou believes, ho ever,
that a combination of biological and
engineering know-how may eventually lead
to new electronic information-processing
systems that approach the performance of

biological ones.

year space exile
leaves time for
experiment
Six

ust over two years ago there were

fascinating 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 15 minutes once it had
started, has been likened to towing a
weightless bus into a garage using only a
piece 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 ho\\
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 Challenger disaster set the US
Shuttle programme so far back that I.DEF

Millimetric lasers open up
communications
of the natural obstacles to opening
up the millimetre wavebands is the

on collision -avoidance systems and a good

One

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, cellular 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

difficulty of generating signals. Smaller
wavelengths mean smaller active devices
which in turn can handle less and less
power.
Researchers have generally responded to
this problem by building arrays of devices
integrated into what purports to he a single
millimetre -wave transistor. Alternatively.
the devices can he 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 different frequencies. If the
frequencies are equally spaced, then at one
instant they will all add together to give a
large signal, but for all other times tend to
cancel one another out.
The Cornell team has demonstrated a five
element array operating at the very modest
frequency of IOGHz which produces a
pulsed signal much more powerful than the
continuous wave emitted by a conventional
parallel array. A CW source with live
'
elements emits five times the power of a
single element. whereas a mode -locked
array generates a peak power twenty-five
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 he better than the milliwatt
devices currently available.
Several car manufacturers are working

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
Nanofabrication Facility at Cornell 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 to 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 IOGHz for
the five -element array because lOGI-l2
transistors are relatively inexpensive and
easily available.

A three element mode locking array. The
Cornell team has

demonstrated a five
element array operating
at 1DGHz which
produces a pulsed signal
much more powerful
than the continuous wave
emitted by a
conventional parallel
array.
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outstayed its welcome in orbit by five years.
While this put a big question mark over
whether it would ever he 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
500kn1 to 30(1km. 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
earth 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 hand -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 he 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 he in orbit."

188

Certain filters are used to help satellites
receive laser signals by screening out all hut
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 he damaged, although
the holograms originally stored on them
have been degraded due to the length of the
LDEF mission. Studies of hulk crystalline

not seem any the worse for wear. Infrared
detectors performed as w ell alter their return
from space as they did when first installed
on an LDEF test tray hack 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 hinders 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

properties are particularly significant in
view of several planned ventures to use
electro-optic crystals such as lithium niohate
in holographic mass memories.
Some components carried on LDEF did

electro -optic components.

Recipe for hot squid
quids, or superconducting quantum
interference devices, are extremely
sensitive ring -shaped detectors of magnetic fields. Changes in the strength of nearby magnetic fields induce currents in the
ring. Potential uses for squids range from
oil and mineral exploration to the detection 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.
hut have proved either difficult to manufacture 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 helium -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 figure. can he manufactured with >95%
yield. A sharp step is etched in the lanthanum 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 precisely defined gap.

While I/f noise is still the predominant
noise below 100Hz, Dilorio et al are certain that their new devices will he sensitive 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, he enhanced
considerably by the use of flux transformers to couple with the magnetic field being
measured and by the use of electronic
biasing.

Aq

YBa2Cu307

80-600 nm
50-150 nm

The superconducting
film is epitaxiallygrown so that its
lattice c-axis is

perpendicular to the
substrate plane.

YBa2Cu30r
c -axis

LaA103(100)

T140-280 nm
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Assemblers available for over
100 microprocessors
Integral Editor, Linker and
intelligent MAKE facility
On -screen monitor, trace and
source level debugging
ROM Emulator up to 128 Kbytes
or 1024 Kbytes as standard
Add on Comms board
Fully portable battery backed
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ANTE
Feedback
TEST &MEASUREMENT
Whatever your T&M requirements, the
Feedback Selection will provide them!

easy.

Feedback Instruments Limited

TN62.

et,

Antex

soldering kits
have been
specially produced
to give hobbyists and
electronic enthusiasts the
' perfect tools for a wide range
of soldering jobs. The kits
include a compact iron, handy

`±

soldering stand, a pack of
solder and a complete booklet
guide to soldering.

There are four different kits to suit your
pa-ticular needs. Each bit contain a thermally
ba,anced Antex Soldering Iron (different wattage
according to kit), for which a wide range of soldering
bits are available. 18 and 25 watt versions include a
combined hook and finger protector. The MLXS
contains a 12 volt iron with long 31/2m lead and crocclips for field, hobby, boat or caravan use.

Park Rd, Crowborough,

Susse

<-1704'

45 1

it
makeit

For the best in One -Stop T&M.
Eal:st

154:1

Soldering Kits

For friendly service, fast delivery
and a copy of our NEW T&M Catalogue
phone Feedback on 0892 653322.

() Feedback

i

20R.

4

Te 08926)5332,
Fax: 0892 663719.

DIFFERENT
KITS
VAILABL

Avo Black Star
Cropico Compact
Heme
Fluke
Escort
Hameg
Electronica
Leader
Levell
Laplace
ITT
Hitachi
Megger
Lloyd Research
Lloyd Instruments
Racal
Pulsetek
Norma
Philips
Nemco
Tektronix
Sollatet
Rohde & Schwarz
Thurlby/Thandar Tinsley -Prism

We stock:-

Available from leading electronic
shops and distributors.
Complete your tools with Antex
Soldering Irons.

r-\

N T rE. X
A1
UUvvU
kntex Electronics 2 Westbridge Industrial Estate,

yir?s

Taistock, Devon

P1.19 8DE

Telephone: (0822) 613565

Fax: (0822) 617598
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Electronics charts
new waters

0
Andy
Wright

1
,j
;i.

nethousand pounds will equip your
small boat with radar capable of
looking 16 nautical miles around.
Microwave integrated circuits provide I.5kW
of power in a small package: the slot array
antenna inside the radome is just 411hmm long,
yet ensures bearing accuracy of ±1°, 1.5% or
70m accuracy in distance.
Panasonic's KX-G8I(X) radar system is typical. Operating at 9.4lGl-Iz. its ranging is provided by duplexing two pulse widths and
l'RFs: 0.081As pulses at 25(X11 -1r provide close in data between a quarter of a mile to a mile or
so. Extending the pulse width to 0.50 at
I0001 -I,. I'RF extends the range to I6nnt.
Radar maker Furuno has replaced the slot
antenna by a microstrip unit. Simpler construction keeps cost down
at the expense of
but the radome is highly corn efficiency
pact. An enclosure 435mmn in diameter and
21(1 mm 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
OEM

wilmr

~ID

TX head. They maintain 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.
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the instrument eliminates sea clutter while
reinforcing the cohe cnt returns from real
objects. Rain clutter can also he removed by a
technique known as fast time constant, effectively a form of filtering to 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 typically
green CRTs for daylight viewing. but incorporating detailed alphanumeric data as well as
raw echo information.
Radar settings such as range circles are still
included hut. more usefully, one can now plot
tracks of selected echoes, set guard zones with
alarms when a target strays into these areas.
plot bearings and place markers.
Digital displays aren't limited to a central
view of the sea around. The user can offset the
display to give a better view of the way ahead

for example.
LCDs for radar are still the exception rather
than the rule. But. with advances in supertwist
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THE RACE TO LIVE PICTURES
yachts in the Whitbread Round the World Race
year, many of them will be equipped to
provide something missing from news coverage of previlive video coverage from anywhere on the
ous races
global course.
The additional technology which makes this possible is a
video codee (coder/decoder), digitising the signal and compressing it to transmit at 64 kilobits per second within the
capacity of the Inmarsat-A high-speed data satellite link.
Developed by BT with videophones in mind, the codee
reduces by a factor of 20(X) the data rate required for a TV
signal. It will form the basis of three distinct video facilities
for the yachts.
Fi st is the realtime video interview. With sound both
ways, and pictures from the yacht, it will he possible for
TV interviewers to conduct live interviews with the skippers. The signal will he received at an earth station, for
instance Goon hilly.
The signal is then passed, still compressed, via an ISDN
landline to a centrally -located second codec, possibly at
Telecom Tower in London where it can be reconstituted
and sent via landline or BT's satellite TV distribution network o any TV studio worldwide. Picture quality will, says
BT. be "reasonable". A prototype was successfully sea-trialed on the Maxi yacht Rothmans in last year's Fastnet
When

set

141111

off next

/

-

wuar

-

race.

The second option is the video clip -a pre-recorded clip
which can be transmitted with better picture
quality, but not in realtime. A two -minute clip, coded to
384 khit/s would take about 12 minutes to send. Higher resolution, 768 khit/s, would take twice that time. Sea tests of
this service will he 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.
Inmarsat-A is a global satellite link capable of handling

with sound

-

technology. some are starting to appear. For
instance. Apelco's LDR9910 has a 5.75in
back -lit unit, and claims resolution of 3(1(10

pixels/in'
Depth and other underwater data also interest the Solent set. Once firmly the province of
the professional. less than £5(X) now provides
a basic 200W model with a 6 -inch colour (lis -

A

"mti:

-

Ik

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

I

ra11

r

VAL

direct -dial telephone calls, telex, faxes and high-speed data.
Iv ore 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 Ro hmans'
stem during the Fastnet trial but, on the Whitbread yachts,
will he built into a bubble on the deck just forward of the
mast. The control unit. with the codee, would most conveniently he installed in or near the nav station.
BT's self-imposed
The codee is still in development
deadline for this with regard to the race is January 1993 so does not yet have a commercial price. BT will he providing it on free loan to race yachts, Kit they will have to
huy the Inmarsat equipment at a cost of £ 18,000+.

-

Peter Willis

Video
compression will
he the key to
beaming (almost)
live pictures
from boats taking
part in the

Whitbread
round -the -world
yacht race.
lmarsat provides
a global satellite
data link for
pictures reduced
to a data rate of
384kbits/s

play. Koden's CVS106 Chromascope can
look down to 1280ft using 50. 120 or 200k1I,,
pulses. Transducer technology is still fairly
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. \pother move is the availa
ability of dual frequency transducers
design in which both types of pulse are generated by a single element.
But the greatest changes are in display and
presentation through colour CRTs and built-in
signal processing. Safety at sea is improved by
the ability to set alarms for shallow or deep
water. The Koden unit can zoom to track the
bottom on the screen. More sophisticated
models like the Furuno FCV-561 can set
alarms when fish echoes arc detected.
Newer sonar can also look ahead rather than
ideal if you are a diver
straight down
searching for seabed wrecks.
Sonar receivers have widely adopted the
mixed technology analogue/digital signal processing 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 temperature 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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colour 14in VGA monitor
ruggedized for
use at sea but every hit as impressive as its
desktop counterpart when it conies to graphics

capability.
-low ever. technology is no substitute for traditional paper charts and that 's official. Rules
of the Sea still require skippers to use paper
by law. Nevertheless. the system effectively
turns the onboard electronics into a command
and control system.
A key factor easing the integration of all
these electronic modules is the introduction of
a standard
NMEA-0183. This provides
internationally 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 electronic systems from various
manufacturers.
A number of companies exploit this fact to
build boat -wide data networks. The objective
is not just to display information. It's possible
for example to link steering controls with satnav data. chart, boat speed. and tide predictor.
The boat practically drives itself. Similarly.
with sail -boats, wind speed and direction
inputs can he included to drive the tiller
hydraulics.
Despite the standardisation of messaging,
most such networks are still proprietary. The
fastest is claimed to he the Brookes &
Gatehouse Network
a system in which
intelligent modules (sensors or indicators) are
daisy -chained using a physically robust five wire interconnection.
I
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Know where you are to the nearest 1(10m. 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 hearing to way -points.
course hearing offset and cross track error can
all he shown.
But yachties still want more. Some systems
allow data to he incorporated on additional
displays such as the radar screen. Another
family of systems can combine it with electronic maps in the chart -room. Perhaps the
state-of the art is represented by one system
from Raytheon which sloes hoth.
The .Raychan 600 plugs into a standard
raster scan radar display presenting either digitized charts or detailed radar pictures. Small
rom cartridges store detailed chart data. Using
a trackerhall pointer and zoom controls. features of interest such as buoys and lighthouses
quickly identify themselves. Depth contours
and coastal features also appear. An alternative output display with the system is a full

192

One of the more interesting networks comes
from Denmark. Danaplus' Quadro promises
easy installation by using standard RG58
coaxial cable for interconnection. It is effectively a broadcast network with 200 channels
operating at 64(X)bytes/s. The cabling also carries 12V power pulses in each 0.25s cycle.
Sensors link into the network through intelligent interfaces called brui,+hores. "lire network
is segmented so that functionally similar
devices are autonomous. In this way. the network can continue operation even if one set of
functions (say navigation) is out of action.
In addition to the standard navigation. compass. and wind indication functions. Quack()
has comprehensive engine management facilities. 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 interface options so that units from different manufacturers can join in to the system.

These developments threaten to turn boating
under power or sail into an increasingly automated pastime. Perhaps it is technology for
technology's sake. But boat owners are lapping it up. They want every conceivable bit of
electronics 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 áudio will take consumers in
the 1990s. Consultant David Berriman charts the
progress

of sound by numbers.
+

,

igital audio tape was to have been
magnetic tape's answer to CD. A
higher sampling frequency and 16 -hit
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 'perfect' digital copies being made ad infinitum,
lengthened the gestation period and delayed
the introduction of hardware and hence prerecorded software. This went on for such a
long time that slat has appeared virtually still -

-

El

-
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DCC technical data

Number of channels
Frequency range

2
fs=48kHz 5Hz-22kHz
fs 44.1 kHz 5Hz-20kHz
fs 32kHz 5Hz-14.5kHz
105dB

Dynamic range over
-92dB
Total distortion
none
Wow and flutter
Audio bit rate
384k bit/s
Tape width
3.78mm
4.76cm/s
Tape speed
185pm
Track width
195µm
Track pitch
Number of tracks 8 digital audio 1 auxiliary
code Error correction system Cl, 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
105dB
Dynamic range
Sampling frequency 44.1 kHz
74 minutes
Recordingtime
68 x 72 x 5mm
Cartridge size
64mm
Disc diameter
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 professionals in the recording industry (copy protection 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 disadvantage.
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, hut with the complication of precision components and tracking controls. Dat
was designed for full 16 -hit CD sound quality,
hut is not cut out for the cost-conscious mass
market, and certainly not for the miniaturisation demanded for personal stereos.
CD recordable dat has a professional disc
equivalent in CD recordable. or CD -R. This
too is based on 16 -hit 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 areas less reflective.
Thereafter, the disc perfomis virtually as a
normal CD, with the advantages of non volatility and durability compared to tape.
Marantz and Mission are two companies

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

Philips and Sony to do battle?
In 1991 both Philips and Sony announced

-

their separate answers to the domestic digital
how tc
recording and playback conundrum
cram lots of information into a small space
and with the minimum mechanical complexity (and minimal cost). Philips answer is
Digital Compact Cassette (DCC) and Sony's
is Mini Dist (MD). Both incorporate complex
data compression techniques. hut use completely different technologies for storage.
Philips' DCC. as you would expect. uses
magnetic tape. hut instead of wrapping if
around a rotary drum and head. the tape is
passed over a thin-film magneto -resistive
head with eight sections laying down eight
tracks. Remarkably. the tape width and speed
are the same as for ordinary compact cassette:
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 cassette, hut is quite differently constructed. It is
shuttered like a floppy disc at one edge and
does not turn over like compact cassette.

-Side' changing is by means of auto -reverse.
so there is a small break in sound during
change oftipe direction.
The dual-purpose heads also Slay ordinary
compact cassettes, making DCC machines
backwards compatible with old compact cassettes. Alas. DCC tapes cannot he played on
old compact cassette machines.
Mini Disc Sony's Mini Disc. at about 6cm

r

in diameter, is slightly smaller than a CD single and. like DCC. is housed in a slim shuttered case measuring just 72 x 68 x 5mm
which looks very much like a mini floppy
disc. Mini -Disc's recording system, however,
is magneto -optical (often referred to as MO
disc technology). During recording. a highpowered laser heats the disc in the presence of
a magnetic head positioned close to the
reverse side of the spinning disc. TI-e 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 to the Kerr effect, the
reflected light's polarisation changes according to the magnetism in the disc. The optical
head cleverly uses two photo diodes and a
beam splicer to detect the changes it polarisation. Output of the photo -diode amp,ifiers is
a pulse stream much as with CD, but under-
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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.
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Threshold of hearing. The ear is more sensitive to middle frequency sounds than low or high frequencies. The threshold level differs between
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 he made in normal CD production 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 not play on a normal CD player. even if
they could he 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 he incorporated into a CD player with suitable mechanics and electronics, 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 -hit coded signal but end up with much less. taking advantage 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 efficient data storage.
Philips' DCC uses its precision adaptive
sub -hand coding, or pase as it is known. Pase
splits the audio hand into 32 segments, using
digital filters. It 'looks' at each hand and codes
each according to the threshold of hearing in
that hand at that instant. Only inlonnation
above the threshold is encoded. If all the hits
available in a hand are not used, they are rethat's where the
allocated to other hands
'adaptive' tag comes in.

n-, ''et

-

Sony's MiniDisc player. Amazingly, the optical
discs are completely incompatible with
standard CD.
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Soft sound

'A' is audible.

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 he
coded, so extra information capacity becomes
available for more precise coding of '8'.

adds EFM and CIRC (error correction) data
and passes this on for recording to disc.
On replay. the mini disc and atrae decoders
re -constitute the signal and 20ms sample seg-

ments into a digital waveform for processing
by a 16 -hit D/A converter in the normal manner. So. while Philips' and Sony's methods
may he different, the aim is much the same.

(reversible) disposition of digital heads 0-8 and
analogue heads A1 and A2

After pasc coding. the information is multiplexed into an eight channel data stream into
which error detection and correction codes arc
inserted, achieving an effect similar to the
interleaving used for CD. A ninth channel is
added, carrying control and display information. then 8-10 modulation circuits convey all
this data to the eight heads.
Philips claims you can't hear the difference
between pasc c(xied and 16 -hit sourced uncoded music, but isn't this the company that
claimed "perfect sound forever'' for CD? In
tests overseen by Philips. some press comments have been favourable. if qualified.

Mini disc compression
Sony's Mini Disc uses a superficially similar
compression system called adaptive transfomi
acoustic coding. or atrae for short, which compresses the information by one fifth. Like
Philips' DCC, atrae starts with a I6-bit digital
signal. sampled at 44.1 kHz. In contrast to
Philips' past, atrae samples this at intervals of

5

fr

20ms (approximately 1000 samples) and
applies the fast Fourier transform to determine
the frequency components for each sample.
Then. much as with pase, it encodes only the
information above the ear's masking level.

The DCC digital/analogue head. showing the

r

r

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
either. Neither is supposed to compete with
CD. in any case, since they have been
designed specifically for low cost and acceptable sound in the amass market not critical hifi 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
hound 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.

-

10

20

Blank mini discs may cost around the price of
metal audio cassette £3.50 to £5 in other
words, close to that hinted at for DCC blank

a

-

-

tapes.

Pros, cons and dropouts
Both systems have their pros and cons. Mini
disc has an access time of less than one second, which surely cannot be equalled by DCC,
no matter how fast it winds. It delivers 74
minutes of un -interrupted playing time, as
opposed 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 he
1(1(1% tangle-proof. Philips claims drop -outs
will not he 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 buffer which can provide error correction by re -reading faulty data sectors.
Using a I Mbyte buffer, Sony says that mini
disc can loose three seconds of data: you can
whisk the disc out of the player. put it hack
within three seconds and not hear the join.
Impressive stuff if it works.
Both Philips and Sony claim wide support
from hardware and software manufacturers,
with proposed launches around the end of the
year. Currently Philips seems to have the larger roll -call, hut 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 easy they are to use
and how much they cost will he crucial fac-

-

tors.

Software Costs
Both Philips and Sony are guarded on software prices, with no official figures being
quoted. A price of around £13 for pre-recorded DCC tapes has been aired. This would put
DCC roughly in line with CD, which seems
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-recorded mini discs. though. as with DCC. I do not
see how a price equal to CD could be justified.
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Certainly, whatever the hardware eventually
comes down to. software for both will be dearer than compact cassettes by a factor of two,
which means we will all pay handsomely for
the privilege.
It is a pity that two major consumer electronics companies should choose to fight it out
in the market place. It remains to he seen
whether two systems can co -exist. The VHS
versus Betamax experience suggests not.
There is no way of knowing which will he the
'best' system, but as history tells us, the hest
does not always win.
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AESOP'S AUDIO FABLE
AIvin'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
hack in his easy chair and with a quizzical look turned to his friend. Julian was
round for another long evening's tweaking session -lending his ears to help
Alvin eke just that hit more from his system.

"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 I heard his fillings 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. "I'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 .."hut 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 are all the gadgets and special 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 system I 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.
"I low many have really made

an

improvement? To he honest I think you
enjoy messing about with the system
more than the music."
Julian's outburst goaded an increasingly depressed Alvin into frantic action. He
leapt to his feet with renewed vigour and
attacked the hi-fi with the passion of a
ratan possessed. Off came the field -neutralising 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 stuttered to himself. Then
with one sweep, he scooped up his graftitied 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 double basses have a life of their own... I
wonder if I just... "
DB

Fuzzy and friendly technology
Fuzzy Logic can he described as trying to
get computers
and that includes the processors that control so many consumer products 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 arc no clean socks in your sock
drawer. You knos that you have clean socks.
so you look to see if someone's put them into
your underwear drawer by mistake. Yes, they
have. Success, and another triumph for fuzzy

-

-

logic.
Sanyo has developed fuzzy logic circuits for
its video cameras to improve performance in
three trouhlescinte areas. auto -focus. auto
exposure and auto-white balance.
Take auto-locus. In conventional systems.
this works fine if the principle subject is where
the camera expects to find it centre -frame. If
not. then the camera doggedly focuses on the

-
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horizon. leaving your children. bottom left.
blurred lump.
With fuzzy logic. ii the camera finds no subusing the CCD
ject in the centre zone then
image (and the sock -drawer principle) - it
I'ar

a

-

searches the rest

of the frame.

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 he expected. then expands to
the twelve small surrounding areas. and finally works through the outer zones.
The last zone to he searched, 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 determine the exposure setting. Conventional auto exposure systems assess the light value of the
whole picture. which in hack -lit conditions
will under -expose the main subject. Fuzzy

logic prioritises the areas containing the subject -matter, and sets the exposure for them.

On auto -white balance. the cantera assess 64
pictu e segments to avoid large areas 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 converted from analogue to digital. It then goes
into a gate -array which breaks tip the data into
the six -zone system. The fuzzy -logic computer takes an 8 -bit code for each zone and converts it to two 4 -hit codes of which it temporarily discards the least significant.
I las ing
analysed the other code. it then
brings the two back together and re -converts
to analogue. which becomes an electronic signal that drives the focus motor.
Peter Willis
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Byte burners hack into the
performance car market
From Martin Cheek in

Santa Clara.

"

Backyard hot rodders once only had to
tinker with carbs, manifolds and
camshafts. The increasing use of electronics in car engines has changed all that. The
preferred way to boost performance is to
replace the car's standard microchips with so-

was absolutely necessary for us to be able to
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

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 Heftington, 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 to 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

extinction".
Physically, the eprom engine management
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chips are of the same type as standard computer devices. Chips for Chevrolets and the
other models are 28 pin dual -in -line for insertion into the car's computer system. The
amount of stored data varies from K to 56K
depending on the complexity of the car's computer system. The programming is in hexadecimal 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 control 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,
I
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IT TAKES LESS THAN A
WEEK TO FALL IN LOVE
rquality 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.*

r. s 3
_

--_
t.k

`

____

_---__
ir_r

.
\N

-7"

f_

-----

.21,4

'.:`41,

.
`

_

'

SC110A miniature portable oscilloscope

_
1

SC110A miniature portable
oscilloscope

\
_

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 1 kg.
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)

'These straightforward conditions apply:

>?

.lilt ..

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.

1021 general purpose oscilloscope from Leader Electronics
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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.
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,riple power supply

T530225 laboratory dual power supply

,A.320K 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 A 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 mode to
provide 0 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).
I

TD201 digital storage

TS3022S laboratory dual

power supply

This laboratory quality power supply from ThurlbyThandar 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 mA. Load regulation is
typically within 0.01%. Both supplies incorporate remote
sensing. TS3022S £299+VAT (£351.33).
1

TD201 digital storage adaptor

adaptor

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
,,
'
'
Ir
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
include an AC/DC sensitivity down to
5mV, selectable pre -trigger, roll and
refresh modes and a plot mode. The
case measure's 25 x 5 x 15cm and the
Please send mcdel number(s)
unit weighs about kg. The TD201
Total
order price £
(please include VAT)
provides the ideal solution for those
wanting a well specified and easy -to Debit my credit card
use DSO at the lowest possible cost.
VISA/MASTERCHARGE/AMEX/DINER CLUB
Expiry date
I
I
TD201 £ 195+VAT (£229.13)
or enclose cheque/PO made out for the total order price

}ry

---._

ORDER FORM

1

1II111111

1

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
VAT. Inclusive price in brackets.

Name (with initials)

Address

Signature
Contact phone number (if possible)
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throttle position. vehicle speed and transmission gear selection. Based on this data, the
ECM delivers the correct tinting pulses for
fuel injector nozzles and ignition distributor.
This electronics system updates the engine's
tuning many tintes per second.
The chips deliver this tuning exactly. no
matter" how complicated the shapes of the
spark or fuel curve become, said I leftineton.
They take about quarter of an hour to insert
into a car's system using a flat head screwdriver and a I/-tin socket.
Developing a new chip program starts with a
Superllow 901 computer -controlled engine
dynamometer. Each engine for a specific
make, model and year is mounted onto the
dyno and connected to a factory standard
ECM w iring harness. Factory- sensors and
transducers are also used.
Ilypertech performs full -throttle runs in a

steady-state mode where the engine is held

LEAD KINDLY TRAFFIC LIGHT

distance
travelled
determined by
data from the
speedometer

Another chip project on the

o

chip designed to tune an
for use with nitrous oxide. This ch,
designed so that when the nitrous ox
injection is activated. the component sw itch
to a specific curve set for the application. Ons
example of the conversion demonstrates a
25hp increase at high RPM over a stock nitro
injection kit. claims the company. It also
greatly reduces the risk of engine detonation.
Hetfington said.
Hvpertcch is

a

cons.

The Pentagon had made the assumption that commercially

Bosch

mixture of
magnetic
bearing details,
turn angles and

.,z

30 years.

Travelpilot
presents a route
map stored in
CD-rom and

a

approval from the s
o ithin the next few t
The company is also
ing a camshaft and chip.;
engine is "canned - for
over the usable RPM rang,
chip provides exactly the rig
and spark advance for perfect
the engine/cant combination.
substantially better performance
cant or control system hack will ck
own.

aircraft.
Troops in the Gulf war were able to calculate their position in
the desert to within 100 feet by receiving radio signals from
satellites I2.000 miles above the earth. The saute global positioning system (GI'S) technology is now being used by US and
Japanese car makers like General Motors and Toyota as guidance systems in their luxury models.
A GPS receiver costing as little as $500 is fitted to the car's
bumper and it tracks signals from 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 he calculated with awesome precision by measuring the distance travelled by signals from two of the satellites. A precision of better
than 1(X) feet is possible because atomic clocks on the satellites
measure the signal's time of travel to an accuracy of a second in

uncertain task of driving our motor cars from A to B
more open than not relies on a dog-eared 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 he
guiding drivers to their destination with the precision of military

updates the
car's position
on the map by

currently under
vehicle code, but

priced systems would be inferior to military hardware. But during the Gulf war a shortage of military GPS equipment forced
the US military to buy off-the -shelf commercial products only
to tied that the commercial products could be just as accurate as
their own. the Pentagon. which controls the GPS satellites,
decided to reduce the accuracy of non-military systems by a
factor of three by introducing errors into the GPS signals.
All this is academic in Europe where car makers are looking
toward more earthbound alternatives for electronic navigation.
A dead -reckoning system called Travelpilot developed by
Bosch. the Getman automotive electronics specialist, does not
need expensive infrastructure such as induction loops under the
road, radio beacons or satellites to tell the driver where they are.
The vehicle's position is calculated using an electronic compass and wheel sensors which measure road distances and turn
angles. "The driver tells the system where they wish to go and it
constructs the most direct route using 200.000 pages of maps
held on 50(1Mhyte of CD -rout. This is displayed on a screen on
the dashboard.
A danger with dead -reckoning systems is that small errors can
accumulate 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 roadside bea-

The

Vehicle
navigation by
dead reckoning:

at

specific speed. This determines the spark
timing and air/fuel ratio needed to produce
maximum torque. The tests are run 1'1111111500
to 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 he turther iterative tests re-run on the
engine.
This information is used to program an
epront chip designed Ior that specific model of
car. The engine is then retested in acceleration
mode to verity performance. Finally. a "fifth
wheel" road test is done to determine the real
world performance gain provided by the new
chip.
It is believed that he chips do not invalidate
any manufacturer's warranty because they are
not a permanent modification of the car. In
addition. a lot of dealerships are reputed to he
selling them.
I-lacked
engines apparently pass the
Environmental Protection Agency's requirements for exhaust emission limits. Testing is
a

_-----G

Like the Bosch system, Euro -Scout uses dead -reckoning and
CD -rout map data to calculate and display route information.
But the Siemens system uses data trout beacons to correct for
accumulative errors.
A trial system in Berlin uses infrared beacons on 250 of the
city's 1300 traffic light gantries. For vehicles travelling at
80Kn1/hour each beacon can transmit up to 64Kbyte of data. In
addition to positioning data the beacon network can he used to
transmit other traffic information.
In the UK GEC Marconi intends to develop a system which
combines dead -reckoning and infrared beacons and a London
trial is planned for 1993.
Called Autoguide, it was developed by the Government's
road research laboratory three years ago hut 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 to Z's for a little longer.
Richard Wilson, Electronics Weekly

system.
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Shooting hots up
in the video wars
The consumer electronics industry still
dreams of finding another product like
home video. It was something the public
wanted and needed and it came at just the
right time, when hi-fi sales were flagging.
Indeed, if home video had not been such an
attractive proposition. the standards battles
which have confused its short history would
have crippled the industry and staled sales
just as the standards battles on surround sound
in the seventies killed all the original quadraphonics systems and made the subsequent

Standards battles are

currently being fought in
the video 4vars. The
:camcorder r
mafpufa"ctdrers have
come to ah uneasy truce
abut there will be a deáth
in video disc _ and a
rebirth =which Will shake
t theáindustry.
By Barry Fix.
-

-

=

marketing of Amhisonics a very difficult job.
The hitter video battle between VHS. Beta
and later V2000, meant that the winner.
VI IS, ended up offering all the best features
from all thtee systems. The current battle
between VHS -C and Video 8 has progressively reduced the weight and size of camcorders.
In each case consumers are the winners. getting more for their money than could possibly
have happened if the government had set a
standard, as happens with radio, TV and related services like teletext.

r.r4".
11.39

.: -

But there is a flip side, too. The competition
to offer ever more exotic features has made
many ideo recorders far more complicated
than necessary. Few people ever manage to set
the timer on their VCR. This has created a
market opportunity for Video Plus, the £60
gadget which bypasses the need to 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 electronics industry to think ahead and make the European pro -

Bottom left: The ttnnm 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 machines to undertake any form of
editir g.
Inset Still video as an alternative to wet film
has yet to make its mark. Canon's Ion
elect -onic camera takes 50 pictures, each with
abort four times the resolution of a broadcast
TV p cture. At £500 a time, it only finds
specElist uses such as taking pictures for allelect -onic DTP systems.

*LP
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gramme delivery control system
(christened Startext by BRI:MA
and now being implemented by

Channel 4) compatible with
Video Plus. PDC/Startext delays
the start of a VCR if the broadcast transmission is delayed. The
two systems are obvious and
ideal bedmates. Together they
could make using a VCR for
time -shifting easy and reliable.
The industry's obsession with
offering as many features as possible has left home video movie
makers paying for buttons which.
when accidentally pushed, spoil

and its 8nim
counterpart Hi-8 offer
sparkling picture
quality. Although the
incremental
manufacturing costs are
minimal the
manufacturers charge
premium prices
S -VHS

their recordings by adding
unwanted special effects. or
superimposed date and time
markings.
The next trend, already pioneered by Amstrad. will be to make camcorders do just what is needed and no more.
under the break point price of £500.

Shakey picture for Video 8
Alter Sony's complete failure

in trying to
make Video 8 a table top format. V8 and
VHS -C a e running neck and neck for camcorder sales. Gradually all the VHS manufacturers. except developer JVC. have faced reality and either make Video 8 recorders for
other manufacturers to "badge". or make and
sell them under their own name.
The flip side here is that camcorders are now

so small and light that some manufacturers are
building in electronic stabilization circuitry to
compensate for the camera shake which is the

inevitable result of making cameras too small
and too light.
In the long run there was never room for two
or three table -top VCR formats. Once the market for pre-recorded videos took off, the software industry wanted only single inventory
product. This killed the hardware argument
that there was room for a double standard
because VCR owners were only playing back
their own time -shill tapes.
There could, however, be room for two

SEEING IS BELIEVING
Sugar, chairman of Amstrad. the first company to sell
its personal computers in the high street, has predicted that
the videophone could become the next great consumer electronics product. The consumer electronics innovator has created a minor shock wave with plans to put a £5U0 videophone on
the market this autumn.
The main issue with videotelephony is how much picture
information can he transmitted over the telephone line. A 625 line television picture requires a bandwidth of around 5.5MI iz.
I ligh 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 he squeezed onto the telephone line
flIan

using this technique.
To achieve the compression required to transmit even lower
quality video pictures over existing domestic analogue telephone lines requires a yet more owerful 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
10khit/s data stream which can he transmitted over the standard
network.
If they are to be successful the British companies will have to
go one better than US telecommunications giant AT&T, which
will launch a $15110 (£800) colour videophone in the US this

202

incompatible camcorder formats.
N ost people want to edit their
camcorder tapes. however roughly,
and this involves dubbing from
one piece of cassette hardwa e to
another, from one cassette to
J
another.
The VI IS camp argues that it is
IhtS
f
most convenient to have a camcorder which is of the same format
N4-,
as the home VCR: unedited movie
tapes can he stored alongside time
shift tapes. To reinforce this message. the VHS manufacturers have
developed table top VCRs which
play either full size VI IS cassettes
or VI IS -C, compact. cassettes.
without the need to load the C -cassette in a full-size adaptor before
playing. This solution to a problem
which few people knew they suffered has not been a commercial success.
Sales of C/full size VI -IS VCRs have been
slow. On the other hand. Amstrad has been
selling all the dual mechanism VI IS VCRs it
can make. These dub from one full size VI IS
cassette to another without the need for clumsy external wiring.
The most obvious need is for a dual mechanism. double standard. VCR. This would combine. in one wire -free box. a full size VHS
recording mechanism and either a VHS -C or
Video 8 playback mechanism. Such a combination would allow easy editing from camcorder tape to full size home tape.

May. AT&T showed the Videophone 25(X), a 3.3in fold -up liquid crystal display and CCD camera bitted to a standard telephone, to the public in January. The company claims its contraption 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 picture motion from two to 10 frames per second. As a result the
slow motion picture will not he able to resolve mouth or facial
movements.
AT&T is expected to he 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 expansion hoards which will he on sale by the
summer.
The UK telephone operators have little doubt that the videophone can become a consumer product. "With Japanese companies offering low cost manufacture it could easily become a
consumer market,." commented Graham Mills of BT's videophone 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 compression technology.
So Sugar is talking to the right people. Maybe he can work a
little magic and turn that expertise into the consumer electronics success story the British electronics industry so badly needs.

Richard Wilson, Electronics Weekly
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OVERCOMING THE SHAKES
tmcorders have been pace -setters in many aspects of electronic development, not least miniaturisation. This has led
to ultra -small, lightweight models weighing well tinder 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 camera -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 (hieing 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 comparison is obtained by dividing the image into four field quadrants. 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

-

-

Rut the consumer electronics industry consistently misses obvious opportunities. Just as
there is no dual well, double standard
dub/editing VCR deck, so there has never
been a hi-li VCR with built in FM radio tuner
to time -shift radio programmes running longer
than an audio cassette.
Sony. and other Video 8 supporters, continue to sell the format on the strength of the
longer playing time available from a Video 8
cassette than from VI -IS -C. The fact that
rechargeable batteries can seldom run a camcorder longer than the running time of a VI -IS 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 passengers, and let them choose from a basket
full of movie tapes. they must also he 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 too expensive for the mass market to
take to like the audio Walkman, and too
expensive also for schools to exploit for education. In domino fashion. slow sales of Video
Walkman as a portable viewer continue to
block Sony's efforts at making Video 8 a table
top VCR format as well as a camcorder format. The software industry refuses to support
V8 with pre-recorded movies. unless heavily
subsidised by Sony.
This has taken the heat off JVC to achieve
the well-nigh impossible and cram a fulllength feature film on a VI -IS -C cassette.

a microcomputer. This selects the vector which most precisely represents the camera's motion to control the position of
the image readout on the image signal stored in the field memory. 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 deliberate manipulation of the camera such as panning and zooming. 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 additional integration formula control motion calculation 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 happens, a motion vector quadrant is judged to he unreliable or
invalid, and is excluded from calculations until its motion vector is detected to he 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 tluctuation-free playback.
Peter Willis

to

All the signs are that Video 8 and VHS -C
will survive in uneasy competition as camcorder formats, and full size VHS will remain
the de facto standard for home viewing and
time shifting. The balance of power looks
unlikely nov, 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 technology is already ready. and in use by professionals and broadcasters, but it is too expensive for domestic application.

Life after death in video disc
There are good reasons why video will he
slower than audio to go digital.
The vinyl LI' and music -cassette are old formats, ripe for replacement. VI -1S and Video 8
are still young and no manufacturer wants to
kill a profitable market by introducing a premature replacement. especially if it triggers a
new standards battle. The main advantage of
digital recording is that it makes copying easier. Professionals need this for editing and special effects. which involve dubbing video
tapes through many generations. Amateurs
dub only once or twice. The home video software industry has no enthusiasm for a new
format which means a return to double inventory stocking in return for the dubious advantage of making it easier for the public to make
perfect copies of copyright material.
The home video industry. hardware and
software. will not stake the transition to digital
working until there is a watershed event. This
is most likely to he the inauguration of all -dig-
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ital. extended or high definition TV services.
either by satellite or terrestrial transmitter. The
USA could he 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 production costs and offer new features. while making a full circle return to simplicity of operation.
Picture quality remains a lost cause. Super
VI -IS improves resolution to better than broadcast standards but has been a commercial failure. the main reason is the large and wholly
unnecessary price differential between standard and Super VI -IS 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 -VI-IS.
Grand plans by the VHS family to market a
widescreen VCR have been slow to materialise. The widescreen VCR records a tintecomp-essed signal on tape which is expanded
on playback to fill a 16:9 screen. The new
machine was seen as a natural partner for
N AC. which is capable of carrying 16:9 programme material. The commercial failure of
MAC has removed the need which the
widescreen VCR meets. Hut as 16:9 TV sets
come slowly to the market from Philips,
Thomson and Nokia. both Philips and
Thotrson have launched widescreen S -VI-IS
VCRs to go with them. The need now is for
widescreen programme material on tape.
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TELEVISION ON THE BUSES
ome of the latest sets are sporting a new socket on theirback 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 audio/video
equipment. D2B (which has absolutely nothing to do with
D2N AC) is a system for connecting all these things together
so 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 for D2B is apparent, and increasing. Many consumers have never come to terms with the controls of their
own video recorder and would he petrified if asked to use it
to tape something from a CD player.
These problems tend to be compounded by different manufacturers adopting different control methods. leading to a
proliferation of remote control handsets, and of software-controlled "consumer benefit" features. "These are now reaching
a level of complexity challenging to even the techno-confident consumer.
It is true that some manufacturers attempt to simplify matters 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 features of price and appearance rather than compatibility.
Which suggests that. although afflicted by the problem. they
haven't yet recognised it.
D2B (short for domestic digital bus) is a system of standardised specifications covering functionality and control,
which manufacturers can build in, as software, to their products. It consists of a detailed list of application protocols
rules covering specific aspects of product behaviour. These
include all the elements necessary for compatibility between

-
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Persuading the software industry to make
these tapes will be even more difficult and
expensive than persuading the industry to
make S -V -IS 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 CI) Video but without the silly
name chosen by Philips to try and cash in on
the success of CD audio).
Pioneer has done well with LI) 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
butt. In the UK. there are no signs of the interest 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
!tonic 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
I
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- 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 consumer 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 functions. Status messages from any component can he 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 he fitted with the costly hardware required to display
OSD (on -screen display) messages via the video channel.
Instead, they and any other D2B piece of equipment
an
audio player for instance can send the OSD data direct to
machines

-

-

the generator.
D2B was jointly developed by Philips and Matsushita.
which co-own a company (based in Redhill) set up to develop 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 I louse). Discussions are under
way to enable D2B to communicate and interwork with them
gateway with Smart 1-louse 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 he relatively straightforward.

-a

-

-

Peter Willis

in Europe. Pioneer's new European software
division (lid not think to release a PAL version
in Europe.
If. 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. CI) -Interactive follows logically from the widespread success of
Cl) audio. The standard size. 12cm. disc contains an infinitely flexible mix of sound.
graphics. text. still pictures and moving pictures which the player unravels. So far the
moving pictures have either been like cartoon
animation or video of poor quality. not comparable 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 have the inbuilt ability to reproduce FI11V.
One disc can store over an hour of F\1V.
accompanied by compressed sound. If 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 he used to illustrate
points in encyclopedia -style programme material. or to combine live action with video
games graphics. There is. however. no reason
why a full length feature should not he
recorded on two discs. Philips. along with several Japanese companies. has hinted broadly
that sights are now set on a higher density CI)
which relies on smaller pits to store four times
the information available from a conventional
CI). 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 comparable to a double -sided 30 cm Laser Disc.
This year. 1992. will also see the paunch of
Photo -CI). the system developed by Philips
and Kodak which stores a hundred very high
quality still images on a 12cm disc. The original motivation was to provide an electronic
storage medium for photographic pictures.
sourced from a user's own 35 mrn slide or
negative film.

With the building of

a

compatibility bridge

between Photo -CD and CI) -I. Photo -CD is
now being seen as a carrier for prepackaged
still video software -a hundred pictures from
an art gallery. classic film stills or prize win-

ning photographs.
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Spectrum
analysis
on the cheap
Measurement in the time -domain is so
much a part of electronic practice
that excellent general purpose oscilloscopes are readily available from many
sources. But costs rise sharply with increasing
frequency coverage and above 20N I lz the
conventional oscilloscope has, in general, to
he replaced by sampling techniques (though
Philips does offer a 4(ION Hz instrument).
Time -domain observations depend on synchronisation of the time -base with the signal

being observed. When two or more harmonically 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
stain subject of interest, eg carriers and side hands under modulation conditions. Spectrum
analysers are invaluable in these applications
but unfortuna ely such instruments are expensive because; to be commercially competitive,
they need to he well specified in areas such as
linearity, measurement accuracy and dynastic
range.

Spectrum analysers are
powerful, and expensive,
tools. But Nick Wheeler
shows how qualitative
spectrum information
can be obtained - using
a TV tuner.

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 he rapidly changed.

Three main parameters
A spectrum analyser. in its simple form, has
three main frequency-related parameters
Centre frequency of spectrum being examUpper and lower limits of band. and
Scan repetition rate.
Centre frequency and upper and lower limits

function
generator

8 -stage synch
counter (2 x HC161)
1

{r

f

tuner scan/centre
frequency setting. Extensive decoupling
not shown. D, and D1 are clamps to
prevent tuning voltage going out of
Fig. I. X -sweep and

{rfi

t

DAC 08
(8 -bit)

ra

i ge.

X input of oscilloscope

+15

+401

2µ2

BC107

In many practical situations

dled is that covered by the tuner. The simplest
tuners only cover the UHF band from Channel
21 to Channel 68 (470-860M Hz) though
multi-hand tuners. which are quite hard to
come by, can provide coverage of all hands
upwards from Channel 2, 46M11/... Frequency
changing is required if out -of -band measurements are desired (worth mentioning because
at signal frequencies lower than 46IV Hz. problems 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 -

slightly from model to model. Decoupling
components can he found between the tuning

ined:

TV tuner analysis

qualititative rather
than quantitative information about a spectrum
is all that is required and in these cases a typical TV tinter can form the foundation for a
simple spectrum analyser.
In its basic form the frequency range han-

age excursion at the tuning input of between
+0.5V and 30V, the lower figure varying

BD139(2)

11
68R

4k7

10k

scan width

tuner

47k

1k7

15

-15
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(+1 to +30V)

+15

+40

coarse
50k

29V
2V7

2-gang linear

2

set centre frequency
OV

2k

fine
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+15
Lt and L20.45µH

(Toko 30155-0800,
maplin UF69A
tapped 3 turns
from cold end)

oscilloscope

y-input
M.

68p

1

Schottky
10k

1

1n8

:17UHT

are self-evident requirements; hut 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 sidehands.
interpretation of the photographs may he difficult. But this would be equally true with the
:no t expensive instrument.
Fast scanning is bandwidth limited. With a
bandwidth of MHz. chosen for my simple
approach, maximum scanning rate is approximately MHz/ps. I did provide for a variable
scan rate hut have found that 86 sweeps/s is so
good a compromise that I have made a dedicated 555 oscillator (at 22kI Iz) to provide this.
'The oscillator is connected instead of the function generator shown in Fig. 1.
In my work used a Philips UV6I5 tuner,
offering continuous coverage in four bands
from 46 to 860N I Iz (obtainable front HRS
Electronics. Garreas Green Lane, Birmingham
B33 OUE). Tuner data can he found in the old
Mullard technical handbook, but I have summarised it in the "tuner details" box.
To sweep the tuner (Fig. I) a saw -tooth of
adjustable amplitude is provided by D -to -A

Fig. 2. IF amplifier

and demodulator.

a level where it can be demodulated. Output from the demodulator is
applied to the Y -input of the oscilloscope

-

and that is it!

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

Summary of tuner details

470MHz
apply +12V to select 470860MHz
pin 11
+0.8V to 28V tuning
pins 12-15
are omitted
pins 16 and 17.
Balanced IF 0/P. use
pin 17 only.
pin 10

I
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Figure 3 is an oscillogram of part of the
output spectrum of a good 8MHi square -wave
generator with rise and fall times of <2ns. The
region shown is from the 18th harmonic
(I44Mi Iz) being even this is of small amplitude and is the small peak on the left to the
33rd (264M11z). 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 15óB down on the adjacent
odd harmonics. N agnitude was easily measured by noting its peak amplitude and then
inserting input attenuation until the odd harmonics are displayed at the sane amplitude.
There is ample discrimination between the
3Ist harmonic at 248Mi-Iz and the strobe at
250N Hz: note also that because the time -base
is not a ramp but a 256 -step staircase, slight
discontinuities are introduced into the waveform.
Obvious shortcomings are that the peaks do
not fall away in amplitude in proportion to frequency, and that the frequency scale on the Xaxis is non-linear. But what can you expect for
a parts outlay of less then £50?

-

I

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 +9.2V
pin 6
+12V
pin 7
apply +12V to select 46-110MHz
pin 8
apply +12V to select 111300M H z
pin 9
apply +12V to select 300-

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 43M11z.
The two stages each consist of a grounded base gain stage and an emitter-follower though
there is nothing critical about this. The purpose is to define the bandwidth (I MI lz has
been used as a compromise between frequency discrimination and sweep rate) and to bring
the signal up to

I

I

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 terminal of the tuner; as a gain control. but high

-

Alexandra Palace
Figure 4 is the spectrum of the BBCI transVISION

STROBE

SOUND

of BBCI 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
5 1 4.66MHz).
Fig. 4. Spectrum

conversion of the parallel outputs of an 8 -hit
synchronous counter. A synchronous counter
is essential since severe glitches will he
encountered if a ripple counter is used.
Coarse and fine adjustment of the standing
voltage at the tuner input (and hence the "cen-

El

mitter at Alexandra Palace. This was received.
at a line of sight location. with Sin 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
Nicant information at
517.802Mí Iz. Peak in the middle is a strobe at
SI4.66MI Iz 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. 100k z 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
8051 `C' COMPILER

£99
*
*
*
*
*
*
*

£99

Preprocessor, compiler, optimser
Integer implementation
Inline assembler
Assembler level simulator and monitor
Includes 8086 compiler for the PC
Single chip to fully expanded memory
Micro -C is not a re -worked small C
Other code generators available:
68HC 1, 6809, 8085/Z80
Low cost cross assembler available:

*

*

*
*
*

*

*

1

*

£99

*

6800/0 I/03/05/09/1 8031/8051
8085/Z80 8086/96
1

8051 BASIC COMPILER

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 tiles
Generates INTEL hex format output
Output suitable for 87C751
8052A11 -BASIC compatible compiler available

87C751 ICE (ICE751)

8051 ICE (ICE51 F"r)

*

*

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

*

I2C drivers available

*

*
*
*

*
*

*

*
*

Real time clock version available
PC host software communicates via serial port

ICB51 o

a

irebcook

*
*
*

*
*
*

*

Low cost 87C751 In -Circuit Emulator
Plugs into the target 87C751 socket
On -hoard programmer, PLCC adapter available
Monitor uses only 48 bytes of program memory
Upload/download INTEL hex files
Assign memory and SFRs

Break points
I2C drivers available
PC host software communicates via serial port

of Imcl Corp.

OTHER PRODUCTS

IZC
*

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

*

1

1

*

*

*

£99

*

*

*

*

- The 8051 Architecture,
Programming and Applications (£49.95). This
book includes a free assembler and simulator for
personal or educational use
PEB552 - The Philips evaluation hoard for the
800552 processor variant, a monitor and
programming adapter are available for this
product
MACH - An RTX200/1 PC based evaluation
hoard
ICC200- An 8 channel 10MIPS PC based
intelligent communications card using the
RTX2001 processor
FORTH ++ -A low cost RTX2000/1 compiler.

8051 BOOK

1

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

Tel: +44(0)483 268999, Fax: + 44(0)483 268397
CIRCLE NO. 112 ON REPLY CARD
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A new image

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

208

first suggested publicly
over a year ago that fractals could
provide the basis for a +hole new
generation of image compression methods.
most people said: "It sounds like a fantastic
theory. I'll believe when I see it!". In October
I991 seeing became believing.
After all, most people associate fractals with
demonstrations of high-performance computer graphics and displays. But it is the branch
of mathematics behind these infinitely varied
and ever-changing patterns that underlies the
nee+ compression algorithms. Patterns that are
equally complex however close you try to
look into them, like the scene through a pair of
mirrors face-to-face. Pretty, and pretty impressive. But does the approach really have practical applications?
Visitors to the Time 91 multimedia exhibition last October had the first opportunity to
see what the ne technology can do. Even
hardened cynics could not fail to be impressed
by what they saw: several minutes of lull
motion video played hack using software at
real-time frame rates front a PC's hard disk:
1(1(1 pages of text with 10(1 full colour images
on a single 1.44MByte floppy disk: a VGA standard image squeezed to just 10KByte.
The technique has evolved from a sceptiWhen it Was

1. This is the original ISO standard image
uncompressed.

Fig.

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

Of course the background to this goes back
lot further. It was in 1977 that the term 'frac tal' was coined by mathematician Benoit
Mandelhrot. His later hooks like 'The Fractal
Geometry of Nature' have captured the sciena

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 formations, clouds and even the stars and planets.
For mathematicians. fractals are interesting
because the images they generate are complex.
can he magnified ad infinitum, and are often
very eye-catching. From the computational
viewpoint, their interest lies in low information content. Complicated patterns can he
created by simple program.
It is this that makes them useful for image
compression. But the inverse problem is more
difficult. I lov, do you go from a complex real world image to the simple program that can

generate that image?
In 1988. Dr Michael Barnsley. previously
professor of mathematics at the Georgia
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Institute of Technology, discovered the key.
He invented the Fractal Transform an invention he believes: "...will revolutionise image
technology just as the silicon chip has revolutionised 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 mathematicians, 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 experiment 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 plotted 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 /PEG 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 5000 `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
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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 developed 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 computational power is needed to generate the frac tal formulas from an image, the reverse
process is much simpler.
When the fractal transform was first developed, 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 1960 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 compression time and file size.
Typically grey -scale images can be
compressed down to a 3KByte file size; colour
images take up 10KByte and video frames an
average of 800 bytes per frame. The compression ratio is around 77:I. 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 conventional 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 direction, by the same amount, from one frame to
the next.
The beauty of the fractal transform tech -

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

Relative performance
When making comparisons, it's important to

Much less computational -intensive decompression 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.

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 primitives.
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 techniques where image quality is bound to suffer,
techniques such as the discrete cosine transform can achieve compression ratios around
40:1. These methods have now been standardised intemationally. 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 compression 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 10KByte file. That
file can then be decompressed to a resolution
of I,280x800x24 an effective decompression ratio of 308:1. Moreover, it is possible to
decompress a section of the same image and
display it to the same 1,280x800x24 resolution. Iterated Systems has achieved a 4916:
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.

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

.

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

r

f,-,

-

I
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Despite these benefits. there are situations
where fractal compression remains unsatisfactory'. 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
ith natural images such as plants. They tend
to find these patterns firm rather than geometric shapes relevant to the man-made world.

Therefore, an important line of enquiry is
aimed at 'seeding' the search probability algorithms so they find appropriate patterns more
quickly. Such developments are likely to he
applied in the first instance to areas where the
compression program 'knows' what it is looking 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 harriers, the fractal
transform can go on improving indefinitely.
Even as things stand, image quality can he
improved simply by running the algorithm for
longer or running it for the same time on a
faster processor hoard.
Thus the fractal transform has two buttresses against the future: its ability to benefit from
improved processors and its resolution independence. The latter makes it automatically
compatible with ever-improving graphics
display standards.
Not surprisingly. the computer industry is
keeping a v,atchlid eye on the fractal transform. Amongst silicon vendors prominent in
the graphics field, Intel, Inmos and Texas
Instruments are said to he looking seriously at
the technology. At the recent launch of its
microprogrammahlc DVI-B chips. Intel quoted the fractal transform as one algorithm that
could he 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 potential to offer better graphics for desktop
publishing and other applications.

-

What's possible now
Within one to three years. Iterated Systems
expects to see licensed Fractal Transform soft k are 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 networks. Soon we
will see I)TP and graphics on networks where
the compression hoard resides in a powerful
server. whilst fast decompression software
runs on local client terminals.
A further p ontising application is in image
analysis or enhancement. If fractals are good
models of the natural world as Mandelbrot's
original work hinted then the fractal transform becomes an effective image enhancement tool. It could be used to look more closely 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 he long before full

BOOK REVIEW
Setnakers: If there

is one product which
spans the social, economic and
scientific/technical history of the 20th
century it has to he 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.

-

motion monochrome video after compression
can he transmitted via the existing
960hit per second telephone system. Hence
there is no iced to wait for newer ISDN
infrastructures to become commonplace
before voice. video and other data can he
transmitted down the same links.
Such systems could he useful in remote
monitoring or dial -up security systems.
Some interesting applications are already
emerging. For instance, the first 'Floppy
Book' was published in September 1991: a
single 3.5-inJh disk containing 100 pages of
text with 100 compressed colour illustrations.
Such hooks - with contents pages and indexes
can he accessed interactively on any
80286 or better PC with VGA graphics. Userfriendly authoring soil sare makes it quick and
relatively cheap to publish similar volumes
oneself.

-

-

The Setnakers. 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
of the people who built up
at first-hand
the industry.
Illustrations are many and varied.
Naturally. plenty of model shots are
featured, as are advertisements
including one from a 1928 Wireless
World which hears the pious
subscription "Advertisements for 'The
Wireless World' are only accepted from
firms we believe to he thoroughly
reliable". There is also a liberal helping
of publicity vehicles vans built to
resemble radio sets (including, iesetnajeste, a KB set constructed on a RollsRoyce chassis). Among other recondite
oddities arc 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

-

Getting started
If fractal compression scents to he in the realm
of science fiction. a family of entry-level prod-

-

ucts is already available to leant about fractal
transforms and get hands-on experience of the

technology.
As an introduction to fractals. Michael
Barnsley has written a computer -based tutorial 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 'roost -in
and display 300 different views of the picture.
For those who have climbed the learning
curve and are ready to develop real applications, a variety of developers' systems is available including C libraries. Windows 3 decompression and demonstration image files.
Such a range of software and hardware
shows just bow quickly the Fractal Transform
has grown front a fantastic theory to a serious
technology. Iterated Systems believes it will
he the /e_fai'to 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 grov,s at the rates
projected. fractal impact could he at least as
great as its inventor predicted.

-

-

.
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decade.
Ltt 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 Sennakers. pith BREMA, Landseer
House, 19 Charing Cross Road, London
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THE
wayy for wireless

preparing
As we approach 100 years

of wireless (1995), Leonid Kryzhanovsky recalls the role

of the coherer and the men who made modern communication possible.
of the key building blocks for
wireless
was
communication
undoubtedly the device which eventually became known as the coherer
the
component whose resistance drastically
changes under the action of incident electromagnetic 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
One

-

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

A!

Coherer inventer: In 1890 Edouard Brandy
discovered that a nearby electric discharge
dramatically lowered the resistance of a layer
of ground copper (Courtesy: Mme BranlyTowinon, grand -daughter)
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rammed earth in a glass tube at both ends.
inserted a wire hook at each end and discharged a Leyden jar through his body and the
tube in series.
In a 1748 letter describing these experiments. Franklin states that, in contrast to damp
earth. cry earth "would not conduct the least
perceptible shock"t. 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 tent]
unexceptionally applies are first found in a letter of Edward Delaval (1729-1814) dated 15th
N arch, 1759. He actually used the term to
designate not the device but the materials that
offered "resistance" to the passage of the

"electric fluid."
Dclaval's resistors were constructed of glass
tubes filled with rammed dry powders of calcined metals. Ile put a piece of iron wire into

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 electricity to earth and estimated the resistance by his
sensation of the passage of the "electric fluid"
each end

and sparks.

Ile concluded that the resistance was clue
not to mere pulverisation of metals but to calcination 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 he considered to he the coherer's "grandparents". The "parents" appear in an 1835
paper by the Swedish physicist P S Munck of
Rosenschüld (I 804-I860), reporting his experiments 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 experiments. 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. Ills experiments also anticipated invention of the varistor.
Similar results were also being obtained by
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other researchers using contemporary electric
measuring instruments and power supplies. In
1866 the Varley brothers of England patented
a des ice, for lightning protection of telegraphic equipment. containing Iwo copper
electrodes 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 Italian physicist T Calzecchi-Onesti (1853I922) studied the resistance of metal filings in
an ebonite or glass tithe. Breaking the circuit
which contained the tithe and an inductance
considerably reduced the tube resistance.

Missed discovery
Anglo-American physicist David Eduard
Hughes (1831-1901)) might have become not
only the inventor of the coherer but also the
first discoverer of electromagnetic w a' es, had
it not been for a stroke of bad luck.
In 1879. nine years before Hertz's experiments confirming Maxwell's prediction of the
existence of electromagnetic waves. Hughes
noticed that w hen Ruhntkorf f's coil (a step-up
transformer with a magnetic interrupter to produce 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 he
accounted for by the action of the electromagnetic waves produced by the Ruhmkorff
coil on the carbon powder. Unlórtun: rely colleagues invited by him to the demonstration of
his experiments convinced him that the
observed effect w as due merely to electro-

magnetic induction.
This episode in the history of science was
not made public until 18994 and brings to
mind the words of John Desmond Bernal
( I90I -1971 )w ho 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".s

French invention
It was left to French physicist Edouard Branly
(1844-194(1) to claim credit for a mindful
invention of the coherer.
In 1890 Branly found that a nearby discharge 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 to an external circuit by co1per
plates clamped by micrometer screws.
Branly successfully performed similar
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A
Different app'oaches to coherer design in the
first receivers of Popov (left) and Marconi
(right).

experments as early 1889. He arranged two
small metal spheres in close proximity. The
current from a small hatters was unable to

of
experiments on filings of iron. aluminium,
antimony. cadmium. zinc and bismuth. sometimes mixed with hardened insulating liquid in
glass or ebonite tubes. Discharges were produced by electrostatic generators (with or
without Leyden jars). Ruhmorff's coils. etc.
In his 1890 paper. Branly wrote: "Using
V heatstone's bridge. I could determine the
effect more than 2(1m apart, the spark apparatus being operated in a hall separated from the
galvanometer with the bridge by three large
rooms so that noise from sparks could not he
heard". The resistance remained low sometimes for more than twenty-four hours.
Shaking the tube immediately restored the initially high resistance value.
This was not "radio communication." But it
was a step forward compared to I lertz's experiments with a resonator relying Oil 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 Wanly '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." 7 It should he noted that Lodge had
made what may be termed radio detection

WORLD + WIRELESS WORLD
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proved by zero reading
galvanometer placed in circuit. But when
the Leyden jar was discharged in their vicinity. a currenI passed through the galvanomepass between them
a

ter.s
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 instrument, would not use this term because he did
not concur with Lodge on the conduction

mechanism involved. Ile termed his instrument a radio-conductor.9
But the controversial physical mechanism
has not
not vet completely understood
impeded practical application of the instrument. How rare it is that we know how to
make and use a thing without knowing how it
works.
The coherer turned out to he the last (not
least) component required to implement the
idea of w ireless communication repeatedly
brought forward after Hertz's experiments.

-

-

Early designs
Cohcrers used in the first receivers of Popov
and Varconi (see figure"") were built in different ways. In an effort to attain high sensitivity and stability of his coherer. Alexander
Popov (1859-1906) developed a horizontally
spring -mounted glass tube. about I cm in
diameter and 6-8cm long, w ith platinum
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gap. at the bottom. was about 2nmt. The tube
was almost half-filled with iron powder. resting on the electrodes. and stopped with corks
at both ends.

..

.

I

Guglielmo Marconi (1874-1937) used a
glass tuhe. 4em long. with piston -like silver
electrodes tightly fitted at both ends of the
tube. Inter -elect ode gap. in the middle of the
tube. was about 0.5ntm. filled with a mixture
or nickel and silver filings with a trace of mercury. The tube was evacuated and sealed.2
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BOOK REVIEWS

Wireless: the crucial decade 1924-34.
Number 13 in the lEE History of Technology
series. this hook by Gordon Bussey traces the
events of what is considered to represent the most

echnologically eventful decade in the development

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

fort 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, hut there is little in the way of

214

atmosphere, and even less on the people who
made it all happen; names are mentioned, hut only
in passing. All the same, it is good to see a mention of HB Dent of the 4W staff and of VincerMinter, who was to enjoy subsequent Pane as Free

of rejection. This hook will help students and service technicians to approach computer fault-finding and repair in a logical manner
and with only a slight feeling of panic.
the feeling

of histories of our field.
Peter I'eregrinu.s Lid, /26 pages, hardback, £29.
Phil Darrington

A first chapter forms an introductory look at the
architecture of microcomputers. after which the
unresponsive computer problem makes its appearance, with the requisite methods of restoring sanity. Board -level testing is covered next at a practical 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

Microcomputer fault-finding and design.

on signature analysis, logic analysis and the testing
of peripherals, but the remainder of the chapters

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 readable form. It is

by Robin

I

a

useful addition to the growing list

lolland.

There can he few experiences more immediately
daunting than o he faced with a computer that
does precisely nothing except. perhaps, to illuminate its mains pilot lamp. When a piece of equipment 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 ailment; deprived of this assistance, one has to revert
to more basic procedures, after recovering from

describe the design of equipment such as VDUs,
printers, eprorn 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 terns.
Macmillan, 202 pages, hardback £35 ((paperback £/2.99).
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PC ENGINEERING

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.
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.

Branging diagrams "alive'' so that students can see voltage. 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 he animated
on screen to give the student a better insight into their operation.
Bradford has aimed the package at the GCSE science syllabus for 11 to 16 year olds though students of any age
needing an appreciation of basic electronics could benefit
from it.
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

-

education establishments usually have access to IBM cony
patibles.
Easy

action

Installation onto the hard disk is simple. You must have a
VGA card and at least 3Mbytes of disk space available hut
heyond 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 manual.

Ace's opening menu screen is perhaps the most impressive 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 oscillators and transistor circuits. Choose one of the 14 topics
with the mouse and a fresh screen presents you with a selection 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 hook. Component symbols are
easily recognisable and are drawn to emphasise what they
do rather than adhering to any particular standard. For
example resistors are epresented as rectangles with battles
to inhibit Clow 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
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on direction of flow.
But graphics are coarse and ragged edges distract the eye
which seems unnecessary with VGA performance available.
Ammeters and voltmeters are also a little crude with only
five positions from pero to full scale. Perhaps this is perfectly 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.

-
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e
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a

remain dead until START is pressed at which point the battery'
provides voltage and the circuit begins to operate. subject to
the position of any switches.
The buttons are a great idea but given the video recorder
analogy it seems a shame that it is not possible to inch back
just a little 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
thermisto s are included in other examples and can he
adjusted with the mouse. There is even a light -dependent
resistor, complete with torch icon that can he 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 little
plug that pops in and out like a mechanical valve depending

,
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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 illustrate alternating current. non-linear circuits and exponential
effects.
The simpler circuits can he 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 perhaps animated circuit diagrams can illustrate this better than
meters and bench equipment.
There are fourteen transistor circuits and it is at this level
of complexity that the technique conies into its own, particularly where there is. say. a potentiometer that can be
adjusted so the characteristics of the circuit can he explored.
Go beyond this in complexity and there is almost too
much to take in at once even those with degrees under

+10

and

X. Jameson, 1991

J.

D

,..C=1-
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Topics covered
conductors and
insulators; fuses;
resistors, series and
parallel; 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.

-

-10

0

+10

(Top far left) Relay

circuit showing
component
operation.

(Left) As
capacitors charge,
more plus and
minus signs appear
on the plates.
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(Lower tar left)
Conductors and
insulators.
Conductors are
pipes in which
moving dots show
the flow of
current.
(Left) Full wave
rectification and
smoothing.
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In a light -dependent
relay circuit the
relay can he turned
onand off to change
its characteristics relay of..

-10

10

+10

...And relay on (far
right).

There are fourteen

transistor circuits
and it is at this level
of complexity that
Ace conies into its
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own.

(Far right) Astable

oscillator circuit
shows how complex
Ace can go.
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their belts will stare perplexed at the astable circuit, trying
to fathom out what is happening as it cycles slowly from
one slate to the other.
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Rack mounting frequency shifter for howl reduction 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.
* PPM5 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 ELECTRONICS LTD
The Forge, Lucks Green, Cranleigh, GU6 7BG
Telephone: 0483 275997. Fax: 276477.

73,1"

-

Minimum quantitative information
here are several ways Ace can be used ill the classroom.
Perhaps the most obvious is as an animated blackboard to
1

With 53 years' experience ín the cesigr and rmariufact re of
several hundred thousand trar;fornerswecan sup>y:

AUDIO FREQUENCY TRANSFORMERS OF
EVERY TYPE
YOU NAME IT!
WE MAKE IT!
1R RANGE INCLUDES:
Microphone transforners (all types). Microphone SA ttEr/Conbiner ransformers. Inplt and DLtput ransformers. Direct Injecim eansfprn-ers for Guitars.
Multi-Seccndary output t ansformers. Bridging trams ones. Lire transormers.
Line transbrmere tc a-. solating Test Specrcat ch. Tapp .d impedance maching transformers. G -an pF hone Pickup transbrme ra. attic vl xiry Desk ransformers (all ripest. Mini3tu e transformers. Merpmieraturet ansformers °cr PCB
mounting. Experinertal :ransformers. Ultra ow f equat- -ransformes. Ultra
linear and other transhtrrers for Valve Ampllrars u0 b E0C watts Induct,re Laop
transformes. Swooning Chokes. Filter, nixtor, Arpiiers :0 100 -nit line
transformas (from a tew watts up to 1,000 wtts).1)0 KC netransfo ners to
speakers. Speaker ma:cling transformers (al powers . C3lumn Loud -speaker
:ransformers up to 30C watts or more.
We car design for RECORDING OJAJTV 3TUD C CUALIT`. HI-FI
QUALITY OR P.A. OLPLTY. OUR PRICESARE HIGFil C.Jly ETITI%= AND
WE SUPPLY LARGE OR SMALL OJ4NT11eS AT-C EVEN S NGLE
TRANSFORMERS. Mary standard types. re in sock and rzrmal dispatch
limes are snort and sensible.
OUR QIEKTS COVER A LARGE ' JMEER DF BF.DADCASTING
AUTHORI-IES. MIXING DESK MANUFACTUREFS FECDRD NG STJDIOS,
HI-FI ENTHUSIASTS, EAND GROUPS F.rID FUEILC ADDRESS =R MS.
Expon is a speciality ardwe have overseas cltenta n re :OMVIONW_ALTH,
EEC. USA.MIDO_E E4S11", etc.
Send fo our quesiornáire which, wren cornleted, enabes us to post
quotations Dy rerun.
I

I

TRANSFORMERS
S0wTER

PO Box 36, Ipswich IPI 2EL England.
Phone: 0473 252794 S 0473 21339C
Telex: 987703G Fax- 0473 7.36183
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complement the words and explanations of the lecturer.
Clearly the author has set out to avoid numbers and explanations that may distract from the visual presentation of the
program. In tact at times it is a little frustrating that the computer does not do more to quantify and explain what is
going on. The same feeling presents itself in students as
impatience to move on, and perhaps text. numbers and time based graphs could ha\e been included. turned on or off
depending on stood. ability or the lecturers approach to the
subject.
The package can also he seen as a computer game where
students adjust settings and explore the different circuit configurations. learning at an individual's own rate in the process.
Rut in this mode the program lacks the challenge or
framework to conceal the learning process. so it boils down
to an electronic text hook which the more motivated students ill browse through but probahly 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 instructions. almost superfluous due to the program's ease of use.
Most of the manual is a compilation of all 78 circuit diagrams together with a few lines of explanation for each one.
Again this is almost superfluous because it is 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 each screen.
Such 'orksheets would save hours of preparation over a

year and be an attractive feature to potential buyers.
Although the range provided is quite adequate Bradford

Technology will provide tailor-made circuits for a particular requirement. no doubt for an appropriate charge. While
it is useful to have this flexibility. the program cries out to
he user -configurable. Once you have observed the standard
circuits operating. there is an inevitable desire to construct
your own. but Ace slops short of this.
If students could draw their own circuits and bring them
to life. it would he possible for them not only to achieve an
understanding but to put that understanding to the test confirming that their circuits perform as expected. This would
also go some way to providing the interaction and challenge
that students have come to expect v, hen they sit down at a
computer.

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

Cost vs use

Anything that approaches the subject from a slightly different angle increases the opportunity for understanding.
and overall Ace is a useful teaching tool. The principle of
using the computer to animate subjects such as circuitry.
algebra and chemical reactions has a lot of potential and
believe we are seeing an example of the first generation of
such programs in Ace. But the ed.rcational market is well
supplied and although currently unique in its field. Ace can
expect some stiff competition to cone along soon.
Its price tag of £200 pushes it over the financial horizon
of many science departments, and while we can expect to
see much more software like this in the future, for Ace itself
I

to be

a

success it needs on screen explanations. more inter-

action. better use of graphics and

a

significant reduction in

price.

just £1395

Comprehensive Cable Fault Analyser
The new TDR 50/2000 cable analyser solves the problem 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. Its 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.

THURLBYArTHANDAR
Thurlby-Thandar Ltd., Glebe Road, Huntingdon, Cambs. Tel: (0480) 412451
CIRCLE NO. 128 ON REPLY CARD

1.3 GHz

Frequency Measurement

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
0.1 Hz, a full 8 digit display and a choice of battery or mains operation
the TF820 is the ideal multi purpose frequency meter.

r

'12r,1.,,,,,
;,;

O.

£169
v

,,a

.

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.

THURLBYArTHANDAR
Thurlby-Thandar Ltd., Glebe Road, Huntingdon, Cambs. Tel: (0480) 412451
CIRCLE NO. 1I5 ON REPLY CARD
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AMSTRAD PORTABLE PC'S FROM £149 (PPC1512SD).
£179
(PPC1512DD). £179
(PPC1640SD). £209
(PPC1640013). MODEMS £30 EXTRA.NO MANUALS OR
PSU.
HIGH POWER CAR SPEAKERS. Stereo pair output 100w each.
4ohm impedance and consisting of 6 12" woofer 2` mid range and
1" %vector. Ideal to work with the amplifier descnbed above. Price per
pair £30.00 Order red 30P7R.
2KV 500 WATT TRANSFORMERS Suitable for Ngh voltage
experiments or as a spare for a microwave oven etc. 250v AC input.
Now only £4.00 ref 4P157
MICROWAVE CONTROL PANEL Mains operated, with touch
switches. Complete with 4 digit display, digital clock, and 2 relay
outputs one for power and one for pulsed power (programmable).
Ideal for all sorts of precision timer appications 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 CELL200mA output ideal for trickle
charging etc. 300 mm square. Our price £15.00 ref
15P42R

ALARM PIRSENSORS Standard 12v alarm type sensor willintero
face to most alarm panels. £16.00 ref 16P200
ALARM PANELS2 zone cased keypad entry, entry exit time delay
etc. £18.00 ref 18P200

4P69R (Circuit die included).

MODEMS FOR THREE POUNDSII

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 BD827R.
ALARM TRANSMITTERS. No data evaliable but nicely made

Fully cased UK modems designed for dial up system (PSTN) no data
or info but only £3.00 ref 3PI45R

complex radio transmitters 9v operation. £4.00 each ref 4P81 R.
12V 19A TRANSFORMER. Ex equipment but otherwise cis Our
price £20.00
GX4000 COMPUTERS. Customer returned games machines
complete with plug in game, joysticks 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 anywhere else on the
same supply. Ideal for protecting garages, sheds etc. Complete
system £25.00 ref B25P1 additional detectors £11.00 ref B11 P1
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
fitted. £22.00 ref A22P1

PASSIVE INFRA -RED MOTION SENSOR.
Complete with daylight sensor, adjustable fights
on timer (8 secs -15 rrins), 50' range with a 90
deg coverage. Manual overide facility. Corn- `
plete with wall brackets, bub holder' etc
new and guaranteed. Now only £19.00 ref

VGA PAPER WHITE MONO monitors new and cased 240v
AC. £59.00 ref 59P4R
25 WATT STEREO AMPLIFIERc. STK043. With the addition of
a handful of components you can build a 25 watt amplifier. £4.00 ref

T,

1'1,1\

Brand,
t*°

£75.00 REF A75P1
286 MOTHER BOARDS. Brand new but customer returns so may
need attention. Complete with technical manual £20.00 ref A20P2

286 MOTHER BOARDS. Brand new and tested complete with
technical manual. £49.00 ref A49P1
UNIVERSAL BATTERY CHARGER.Takes AA s, Cs, D's and
PP3 nicads Holds unto 5 batteries at once. New and cased, mains

7

IJ
I

operated. £6.00 ref 6P36R.
IN CAR POWER SUPPLY.Plugs 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 5P167R.
RESISTOR PACK.10 x50 values (500 resistors) all 1/4 watt 2%
metal film £5.00 tee SPt TOR.

short

ruAr

Plugs into 48K Spectrum to provide a standard Atari type joystick
port. Our price £4.00 ref 4P101 R

ATARI JOYSTICKS
OS for use wrth

the above inter ace, our price £4.00 ref 4P1021R

BENCH POWER SUPPUES
Superbly made fully cased (metal) giving 12v at 2A plus a 6V supply.
Fused and short circuit protected. For sale at less than the cost of the
case) Our price is £4.00 ref 4P10311

SPEAKER WIRE
Brown twin core insulated cable 100 feat for £2.00 REF 2P79R

PROJECT BOX
512` x 312' x 1' black ABS with screw on id. £1.00 ref CD43R
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 0 type on the other. Pack of
tan leads only £7.00 ref 7P2R

OZONE FRIENDLY LATEX
250mí bottle of squid rubber setsin 2 hours Ideal for mountng PCB's
hang wires etc. £2.00 each ref 2P379R

QUICK SHOTS
Standard Atari compatible hand controller (same as joysticks) our
price is 2 for £2.00 ref 2P38á7
Brand new units made by TANDATA complete with 1200/75 built In
modem infra red remote controlled qwerty keyboard BT appproved
Prestel compatible, Centronics printer port RGB colour and composite output (works with ordinary television) complete with power
supply and fully cased. Our price is only £20.00 ref 2OPIR

V21/23

AC STEPDOWN CONVERTOR

AT COMAND SET

Cased unite that convert 240v tot 10v 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 UGHT GUN PACK
complete with software and instructions £8.00 ref 6P58R

AUTODIAL/AUTOANSWER

CURLY CABLE

FULL SOFTWARE CONTROL

TOWERS INTERNATIONAL TRANSISTOR SELECTOR
GUIDE. The ultimate equivalents book. Latest edition £20 00 ref

Extends from 8` to 6 feed D connector on one end, spade connectors
on the other ideal for joysticks etc (6 core) £1.00 each ref CD44R

TONE AND PULSE DIALLING

20P32R.
of 100 £3.00 ref

COMPUTER JOYSTICK BARGAIN
Pack of 2 joysticks only £2.00 ref 2P382R

BUGGING TAPE RECORDER

3P104R Bumper pack of 1,000 ties £14.00 ref 14P6R

£29

1992 CATALOGUE AVAILABLE NOW
IF YOU DO NOT HAVE A COPY PLEASE REOUEST ON
WHEN ORDERING OR SEND US A 6"X9" SAE FOR A FRE
COPY.

WASHING MACHINE PU MP.Mams operated new pump. Not self
priming £5.00 ref 5P18R.
IBM PRINTER LEAD. (D25 to centronics plug) 2 metre parallel.
£5.00 ref 5P186R.
COPPER CLAD STRIP BOARD 17" x 4` of .1' pitch "vero` boats.
£4.00 a sheet ref 4P62R or 2 sheets for £7.00 ref 7P22R.
STRIP BOARD CUTTING TOOLC200 ref 2P352R.
50 METRES OF MAINS CABLE C3.00 2 core black precut in
convenient 2 m lengths. Ideal for repairs and projects. ref 3P91R

GEIGER COUNTER KIT.Complete with tube, PCB and all components to build a battery operated geiger counter. £39.00 ref 39P1R
FM BUG KIT.New design with PCB embedded cod. Transmits to
any FM radio 9v battery req'd. £5.00 ref 5P158R
FM BUG Built and tested superior 9v operation £14.00 ref 14P3R
COMPOSITE VIDEO KITS.These convert composite video into
separate H sync. V sync and video. 12v DC. £8.00 ref 8P39R.
SINCLAIR C5 MOTORS 12v 29A (full load) 3300 rpm 6`x4. 1/4`
0/P shaft. New. £2000 ref 20P22R.
As above but with fitted 4 to 1 inhne reduction box (800rpm) and
toothed nylon belt drive cog £40.00 ref 40P8R.
SINCLAIR CS WHEELS13` or 16' kaincluding treaded tyre and
inner tube Wheels are black, spoked one piece poly carbonate. 13`
wheel £6.00 ref 6P20R, 16" wheel £6.00 ref 6P21 R.
ELECTRONIC SPEED CONTROL KiTfor cO motor. PCB and all
components to build a speed controller (0-95% of speed). Uses
pulse width modulation. £17.00 ref 17P3R.

SOLAR POWERED NICAD CHARGER.Charges 4

SPECTRUM JOYSTICK INTERFACE

VIEWDATA SYSTEMS

MIRACOM WS4000 MODEMS

J

CABLE TIES. 142mm x 32mm white nylon pack

DATA RECORDERS
Customer returned mains battery unts bush in mask ideal for Computer
or general purpose audio use Price its £4.00 ref 4P1 OOR

DISC DRIVES
Customer returned units mixed capacites (up to 1.44M) We have not
sorted these so you just get the next one on the shell. Price is only
£7.00 ref 7PIR (worth it even as a stripper)
HEX KEYBOARDS
Brand new units approx 5` x 3` only £1.00 each ref CD42R

RGB INPUT

from either a video camera, video recorder or computer to any
standard TV set within a 100' range! (tune TV to a spare channel).
12v OC op. £15.00 ref 15P39R Suitable mains adaptor £5.00 ref
5P191R
FM TRANSMITTER housed in a standard working 13A
adapter (bug is mains driven). £26.00 ref 26P2R
g
MINATURE RADIO TRANSCEIVERS A pair of
wallas talkies with a range of up to 2 kilometres. Units 91
measure 22x52x155mm. Complete with cases. £30.00 I,
11
ref 30P12R
FM CORDLESS MJCROPHONESmall hand held unit with a 500
rargel2 transmit power levels reqs PP3 battery. Tuneable to any FM
receiver. Our price £15 ref 15P42AR
12 BAND COMMUNICATIONS RECEIVER.9
bands, FM, AM and LW DXAocal switch, tuning 'eye' mains
or battery. Complete with shoulder strap and mans lead
NOW ONLY £19.0011 REF 19P14R.
CAR STEREO AND FM RADIQLow cost stereo system giving
5 watts per channel. Signal to noise rabo better than
45db,
wow and flutter less than .35% Nag earth. £25.00 ref
I
25P21R.
LOW COST WAUKIE TALKIESPair of battery operated units with a range of about 200'. Our price £8.00 MI
a pair ref SPOOR
7 CHANNEL. GRAPHIC EOUAUZENslus a 60 watt power arrpl
20-21 KHZ 4-8R 12.14v DC negative earth. Casad. £25 ref 25P14R.
NICAD BATTERIES. Brand new top quakty. 4 x AA's £4.00 ref
4P44R 2 x Cs £4.00 red 4P73R, 4 x D'a £9.00 ref 9P12R, 1 x PP3
£6.00 ref 6P3511

BARGAIN STRIPPERS
Computer keyboards. Loadsof switches and components excellent
value at £1.00 ref CD4OR

quite. Our price £1.00 rat CD41R

AMSTRAD CTM644

VIDEO SENDER UNIT Transmit both audio and video signals

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

MAINS FANS
Brand new S x 3` complete with mounting plats quite powerful) and

COLOUR MONITORS

19P29
Pack of two PAR38 bulbs for above unit £12.00 ref 12P43R

TELEPHONE HANDSETS

CORE SCREENED AUDIO CABLE 24 METRES £2.00
Precut into convenient 1.2 m lengths. Ref 2P365R
TWEETERS 21 /4" DIA 8 ohm mounted on a smart metal plate tor
easy fixing £200 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 Built in tweeter 4 ohm £5.00 tef
5P205R
ADJUSTABLE SPEAKER BRACKETS Ideal for mounting
speakers on internal or external comers, uneven surfaces etc. 2 for
£5.00 ref 5P207R
WINDUP SOLAR POWERED RADIO! FM/AM radio takes rechargeable batteries 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
4

"t

AA meads in 8 hours. Brand new and cased £6.00 ref
6P3R.
12 VOLT BRUSHLESS FANS 1/2' square brand new ideal for
boat, car, caravan etc. £5.00 ref 5P206.
ACORN DATA RECORDER ALF503 Made for BBC computer
but suitable for others Includes mains adapter, leads and book.
£15.00 ref 15P4311
VIDEO TAPES. Three hour superior quality tapes made under
ócence from the famous JVC company. Pack of 5 tapes New low
price £8.00 ref 8P161

PHILIPS LASER. 2MW HEUUM NEON LASER TUBE.
BRAND NEW FULL SPEC £40.00 REF 40P1OR. MAINS
POWER SUPPLY KIT £20.00 REF 20P33R READY BUILT
AND TESTED LASER IN ONE CASE £75.00 REF 75P4R.
12 TO 220V INVERTER KJTAs supplied it will handle up to about
15 w at 220v but with a larger transformer it will handle 80 watts. Basic
kit £12.00 ref 12P17R. Larger transformer £12.00 ref 12P41 R.

VERO EASI WIRE PROTOTYPING SYSTEMIdeal for designing projects on etc. Complete with tools, wire and reusable board.
New low bargain price only C2.00 ref 82P1

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

.

B:ULL:ELECT'RIC_
250 PORTLAND ROAD HOVE SUSSEX

8143 50T TELEPHONE ..0273 203500..:..
MAR: ORDER TERMS:CASH PO OR CHEO'U
.*ITH ORDER PLUS £3.00 POST PLUS VAT.::
PLEASE ALLOW 7

-10 DAYS

FOR

DEUVERP

DAY. DELIVERY £a.0ó

Small hand held cassette recorders that only operate when there is
sound then turn off 6 seconds after so you could leave it in a room all
day and just record anything that was said. Price is £20.00 rer 20P3R
IEC MAINS LEADS
Complete with 13A plug our price is only £3.00 for TWO! ref 3P148R

COMPUTER SOFTWARE BARGAIN
10 cassettes with games for commodore 64, Spectrum etc. Our
bargain price one pounds ref CD44R

NEW SOLAR ENERGY KIT
Contains 8 solar cells, motor, tools, fan etc plus educational booklet.
Ideal for the budding enthusiast! Price is £12.00 ref 12P2R
POTENTIOMETER PACK NO 1
30 pots for £3.00! ideal for projects etc. Ref CD45R

285 AT PC
286 MOTHER BOARD WITH 640K RAM FULL SIZE METAL
CASE, TECHNICAL MANUAL, KEYBOARD AND POWER SUPPLY 2139 REF 139P1 (no i/o cards or drives included) Some
eral work req'd phone for details

28mm lens 2 for £8.00 ref 8P200
STEAM ENGINE Standard Mamod 1332
engine complete with boiler piston etc £30
red 30P200

TALKING

LCD display, alarm, battery operated.
Clock will announce the time at the
push of a button and when the
alarm is due. The alarm is switchable
front voice to a cock crowing!£14.00 ref

Q^'

_'.' .-

1;

14P20011'=

HANDHELD TONE DIALLERS
Small units that are designed to hold over the mouth piece of a
telephone to send MF dialing tones. Ideal for the remote control of
answer machines £5.00 ref 5P20917
COMMODORE 64 =ROD RIVE SYSTEM
Complete cased brand new drives with cartridge and software 10
times faster than tape machines works with any Commodore 64
setup. The orginal price for these was £49.00 but we can offer them
to you at only £25.001 Ref 25P1R

USED SCART PLUGS
Packof 10 plugs suitable for making up leads only £5.00 ref 5P209R
C CELL SOLAR CHARGER
Same style as our 4 x AA chargerbut hods 2 C cells. Fully cased with
flip top lid. Our price £6.00 Ref 6P79R

FAX:0273.23077 `':
SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE UK
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35MM CAMERAS Customer returned units with built in flash and

IN SUSSEX? CALL IN AND SEE US!
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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
amplifiers are finding many uses besides their
traditional role in communications even the name is
changing in espouse 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 supplies 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 optimised 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

Supplier details
Hepa-Plus 4VB
costs $2450 (demo
disk $30) from
Design
Automation, Inc,
809 Massachusetts
Ave, Lexington,

MA 02713-3992,
USA.
Tel: USA 010

1

617 862 8998 Fax:
010 617 862
3769.
1

-

Ready-made library.
Unlike a general-purpose circuit analysis program. I lepa contains a ready-made library of suitable circuit topologies and
basic designs for its own specialised application. These circuits 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. efficiency and the power dissipation in various circuit components.
With computer control in mind. 1-lepa can also compute the
values of circuit parameters required to maintain any specified output voltage, current or power. The whole design can
then be optimised automatically for narrowband or widehand
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 rase you might need it.
But if you are actively involved in RF power amplifier
it could pay for itself
design, I-lepa deserves a serious look
very quickly.

/

o«11

!o'

.

-

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,
lercules, EGA, PGA/PGC or VGA

P l.

I

Maths coprocessor recommended
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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 he 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
ti;Circuit Window
gates, 74111 series, 10K series, 41100 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
he easily included in DTP documents through image files.
DesignWorks offers a professional design environment
!..
Timing Window
with all the features of LogicWorks plus the powerful
MEDA Developers kit enabling behavioural modelling
Q. }.:n
W 1LZ.
using C, custom and Standard reports and netlists
le
a
compatible with most of the major CAE packages and
fully hi -directional access to circuit data.

.

1

i

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

Calandown LTD. 96, High Road, Byfleet, Surrey, KT14 7QT TEL 0932 342137
CIRCLE NO. 117 ON REPLY CARD

LANGREX
SUPPLIES LTD

KESTREL
ELECTRONIC
COMPONENTS LTD
* All items guaranteed to manufacturers' spec.
1"r

Many other items available.
'Exclusive of V.A.T. and post and package'
1+ 100+

2764A-250
27C64-150
27011288 -250
27128A-200
27256-250
27C256-200
27C512-150
Z80A CPU
Z80A CTC
Z80A P10
Z80A S10/0
Z80A DMA
Z8OB (CMOS) CTC

1.60
1.65
1.85
1.65
1.75
1.85
2.50
1.00

8031

0.60
0.60
1.20
0.90
0.90
0.16
0.16
2.20
2.20
2.00
2.00

8251A
8255-5
8259A

1.10
1.20
1.00

1488
1489
6502P
6522ÁP
6551P

1.20
1.25
1.55
1.25
1.35
1.50
1.90

0.65
0.30
0.40
0.80
0.65
0.65
0.12
0.12
1.50
1.45
1.40
1.40

0.75
0.90
0.70

62256LP-10
6264LP-10
6116LP-120
D8742
74HCT02
74HCT04
74HCT138
74HCT153
74HCT241
74HCT244
74HCT253
74HCT373
74HCT541
74HC10
74HC14
74HC86
74HC138
74HC153
74HC173
74HC194
74HC244
74HC374

1+ 100+
3.60 2.40

.

1.80
1.00

0 .65

9.60
0.12
0.12
0.16
0.30
0.32
0.30
0.20
0.28
0.38
0.12
0.18
0.18
0.20
0.20
0.24
0.24
0.24
0.24

8.90
0.09
0.09
0.12
0.22
0.24
0.23
0.16
0.20
0.30
0.09
0.12
0.12
0.16
0.16
0.18
0.18
0.18
0.18

1.50

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

178 Brighton Road,
Purley, Surrey CR8 4HA
Tel 081-6687522. Fax: 081-6684190.
CIRCLE NO. 118 ON REPLY CARD
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R.S.T.

R.S.T.

One of the largest stockists and
distributors of electronic valves, tubes
and semiconductors in this country.
y
Over 5 million items in stock covering more than
6,000 different types, including CRT's, camera
tubes, diodes, ignitrons, image intensifiers, IC's,
klystrons,magnetrons,
microwave devices, opto
y
electronics, photomultipliers, receiving tubes,
rectifiers, tetrodes, thryatons, transistors,
transmitting tubes, triodes, vidicons.
All from major UK & USA manufacturers.
Where still available.
Obsolete items a speciality. Quotations by
return. Telephone/telex or fax despatch within 24
hours on stock items. Accounts to approved
pp
customers. Mail order service available.

LANGREX SUPPLIES LTD
1

MayoRoad, Croydon, Surrey CR0 2QP.
Tel:(081-6841166
Telex: 946708
Fax: 081-684 3056
CIRCLE NO. 119 ON REPLY CARD
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SIMULATOR WITH
STAR QUALITY?
Can a simulator costing just f200 compete with workstation
products? John Anderson puts Pulsar through its paces
pulsar is the new digital logic simulation package from
Number One Systems Ltd. Number One has made its
name in the supply of low-cost circuit analysis and
I'C13 layout tools and this latest offering aims to take the PC

Generator
I0BMex:tf
le TiltItT3.h17
8
input
c lock

Installation is simple: copy the tiles

Copyright Message
Revision
Leave the Menu

-

to the directory and run. The softOUT
1
L_i
ware can he configured for a variety 12
otTT 1
0102
of settings and printers handled
OUT
from inside the package itself and
oUT4
1
ouTS
2'
there are no dongles or other copy
4
011T6
restriction devices.
B
OUT7
1
OUT8
But starting to use the package.
OUT9
OUT 10
with netlist input. is probably the 4
OUT"
e
weakest aspect of the system. There
OUT 12
1
OUT13
2
is no schematic capture. although the
4
OUT 14
manual states that the net list may be
8
OUT 15r
extracted
from
the
Easy -PC
schematic capture facility. Deciding
to enter the net by hand can bring a
oon Pan Unzoon
second shock because although the
libraries use standard TTL and 4000
series cmos. individual device pins must he referred to by
which
an identification defined by the library item
explains the presence of device schematics in the manual.
Pin numbers can not he used.
Rut simulation is in an altogether different league!
Performance is electric!
Once the net is loaded
and it is pa sed on loading to

-
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-
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Quit!'
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Equ 1pnent
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!DOS

not

r

4
8

Libraries

F i

into the domain of workstation logic simulators.
4
At first, the product actually takes a little understanding.
2
But I found that after a while I warmed to it. and the resulting performance looks to be well worth the effort.
Visually. Pulsars exploding graphical windows mean its
user interface certainly looks interesting. But the approach
is rather gimmicky and adds nothing to functionality,
though it does give the package a very professional feel.
Mouse selection of individual
actions is a simple matter of clickonfi9uration Generator
ing, Using the keyboard requires
i le:
40/9/Vex:C4
memorising the single short-cut
General Settings
keystrokes. and for convenience I
Path -Sett ings
regard mouse use as obligatory.
Fite Extensions
Analyser Settings
2

Starting operation

tftvser=

Configuration

I

v:4 '

Lr
L!

,

1

1niY

Divide by three
simulation

Lr

rr

u`¡

Pulsar's display of

L1

binary counter
simulation

tJ
L-1

System Requirements
Industry standard PC
EGA/VGA screen,

preferably colour

Minimum
Re:

trio:

ur

-

.

.tts

ktnao

ensure that it is consistent just select a generator, reset the
simulated circuit and presto. The result is a logic analyser or
oscilloscope style display produced with amazing speed.
Results are always presented as a set of graphical waveforms. no code based logic analyser display is available.
The package recognises more than just two logic levels.
including weak high and low driven h} pull-up and pull -
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5 t 2K ram

Dos 3 or later

Double floppy
minimum, but hard disc
recommended
MoLse supported, and
makes use much easier
Optional printers
supported: Epson 9 and
24 pin dot matrix ; HP
Laserjet

II
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frwlyser

Generator

Configquuration

File

,

Libraries

Match
1IN

1.11

--

- 74LS74
Srgna

>

<

down resistors, high impedance and undefined. During simulation. it looks ahead to each change in logic stale and only
stores data when a change occurs.
Presented with a complex simulation, Pulsar offers a neat
search -and -locate facility built around a match pattern. The
facility is based on the binary pattern working down from
the top of the screen. A match word can he input as binary.
octal or hex. with a don't care operator to mask out pails of
the sequence. To make the whole display more readable.
simulation results can he re -ordered on the screen and
grouped so that, for instance, outputs from a counter can he
placed together in order of binary weight.

Qui

FIHelp

.DOS

f

*

4

^ter-T-r
Ualue

Parameter

CLOCK!
INPUT

res
NO

Unconnected

IIN
o

Designs libraries
First stop on the route to circuit simulation is to enter the net
list by using a standard ascii editor, or the built in "interac-

tive"

P=

lot

bs:10 000

lirtZggn

The net list can be
entered by using the
built in on-line
netlist editor.

Fe'

uS

f igurat ron

File:frrFT

'eneratºr
'State:

r!!Qr

0u' l

V511:11.0 yu nS

LOW

It.2

ine:10.000

nap

0 nS

Libraries

Analyser
T

net -list editor.
Using the editor a net name can he assigned to every pin
of each device. structured on a device hierarchy. It is this
hierarchy that is the key to probably the most powerful feature of Pulsar - device abstraction. The idea is that functional groups of logic components can themselves he saved
as a module and used in the same
way as any logic component. The
method opens the door to simulation
F!Help Quit
!DOS
Repeat
of complete logic systems of high

Mark

'US-

complexity.
Pulsar's simple library manager
allows designs to be stored and

i^reºrator
`
Genera
Loada
Sa.ie the Generator

A

Print the Screen
Help
'Leave the Menu

positive reset
pulse

recalled and designs themselves can
be expressed ina modular form. So
sub -systems. themselves consisting
of components from the TTL library.
can be saved. At a higher level. the
system description can include refer-

More complex
generators can he

built using the

ence to these sub- systems.

generator create
facility.

Glitch traps and generators

Con ftgmration

Generator

t0/Biliex:00 00°'0r
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Apart from general functionality -testing, logic designers also need to
know about glitches
the short
changes in logic level brought about
by hazards or race conditions determined by intrinsic delays in the
devices. Pulsar simulates these conditions well and a nice touch is that
no matter how short a glitch is, it is
shown as a line on the time display.
picosecond event can he "seen" on a one sec-
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As a result, a
ond display window.
Pulsar also has a quite versatile generator system. providing single pulses and pulse trains of any width or repetition frequency.
More complex generators can be built using the generator
create facility which allows base sequences of Is and Os to
he concatenated and repeated. Indeed, the repeated generator sequences can he nested and re-entrant though I suspect this is probably going over the top. Generators used on
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AGE
SPICE
Non -Linear Analogue Circuit
Simulator £245 complete
-for
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Impedance sweep

2 DC

-

I Frequency response

SPICEAGE provides

a clever hidden
benefit. -It first solves for circuit guiesc
ence and only when the operating point is
established does it release the correct
small -signal results. This essential concept is featured in all Those Engineers'
software. Numerical and graphical (log 8
Lin) Impedance, gain and phase results
can be generated. A'probe node' feature
allows the output nodes to be changed.
Output may be either dB or volts; the zero
dB reference can be defined in six differ-

ent ways.

Quiescent analysis

SPICEAGE analyses DC voltages

In

;

any network and is useful, for example, for
setting transistor bias. Non-linear components such as transistors and diodes are
catered for. (The disk library of network
models contains many commonly -used
components'- see below). This type of
analysis is ideal for confirming bias conditions and establishing clipping margin
prior to performing a transient analysis.
Tabular results are given for each node;
the reference node is user-selectable.

'
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9 Transient analysis
The transient response arising from a
wide range of inputs can be examined. 7
types of excitation are offered (impulse,
sine wave, step, triangle, ramp, square,
and pulse train); the parameters of each
are user -definable. Reactive components may be pre -charged to steady state condition. Up to 13 voltage generators and current generators may be
connected. Sweep time is adjustable. Up
°
° to 4 probe nodes are allowed, and simulSquare
uare wave synthesis (transient anl y-taneous plots permit easy comparison of
results.
f sis)

°

Those Engineers have a reputation for supplying the best value -money in
purer -based circuit simulation software. Just look at what the latest fully-integratec SPICE
Advanced Graphics Environment (AGE) package offers in ease -of -use, performance,
and facilities:
SPICE AGE performs four types of analysis simply, speedily, and accurately.
Module 1- Frequency response Module 3- Transient analysis
Module 2 - DC quiescent analysis
Module 4 - Fourier analysis
o

Latest V4.nnn manual now available.
'Phone us for trade back scheme.
luv,l

,

,

,1

i

'

-

1

o.

4 Fourier analyses now with Warming

window option

.SPICEAGE ,performs Fourier trans=
forms on transient analysis data. This
allows users to examine transiént analy;
sis waveforms for the most prevalent frequency components (amplitude is plot,ted against frequency). Functions as a
simple spectrum analyser for snapshot of
transients. Automatically interpolates
from transient analysis data and handles
to 512 data values. Allows examinadon of waveform through diffetent winflows. Powerful analytical function is extremely easy lo use.
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Spectrum of synthesised square wave
(Fourier analysis)

If your work involves designing, developing or verifying analogue or
digital circuits, you will wcnder how you ever managed without Those
Engineers circuit Simulation Software.

.w

A good range of properly supported. and proven programs is available
and our expert staff are at your service.

(0Tel:
UI EGW1

,iw'" ^`-----DC

'

L

conditions within amplifier circuit

Telephone: Charles Clark on 081-906-0155
for a demonstration disk.

o

WE HAVE MOVED TO

LTD 31 Birkbecic Rd

LI

-

Mill Hill London NW7 4BP

081-906 0155 Fax: 081-906 0969
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B. BAMBER ELECTRONICS

Manufacturers Surplus Stocks
Digital Computer Terminal, Type VT101 with Keyboard,
£100
Manuals, etc
H.P. Instrumentation Recorder, Type 3960, 4
£350
Channel
£120
H.P. Correlator, Type 3721A
£150
Philips Oscilloscope, Type PM3232, 0-10MHz
Telequipment Oscilloscope, Type D61, 0-10MHz £95
Marconi Signal Source, Type 6070A,
£300
400-1200MHz
with
Power
Marconi RF Power Meter, Type 6460
Head
£400
Type 6422
Polarad Microwave Signal Generator, Model MSG -2A,
£75
2000M H c -4600M H z
Rohde & Schwarz Test Receiver, Type USVB£200
BN15241, 0.17-4.4GHz
Type
Rohde & Schwarz Decade Signal Generator,

£200
SMDH-BN41103, 0-50MHz
Pye Mobile Radio, Type M293AM, Low Band/High
£70
Band, Complete & in Good Condition
Pye Mobile Radio, Type M296, UHF, 'U' Band,
£70
Complete & Good Con.
ALL PRICES EXCLUDE VAT & P.P.

CALLERS WELCOME BY APPOINTMENT ONLY, MON-FRI 9am-5pm
MONTHLY SALES. CATALOGUE STAMP ONLY PLEASE

5 STATION ROAD, LITTLEPORT, CAMBS CB6 1 QE

MQP ELECTRONICS SYSTEM 200
UNIVERSAL DEVICE PROGRAMMING SYSTEM
Fast and reliable programming

Low cost
Expandable system - buy only
what you need
Virtually all programmable
devices covered
Easy to upgrade
Manufacturer approved
algorithms
Efficient and attractive software
interface
Special batch mode for production
Not a plug-in card
System 200 is one of the most versatile programming systems
available. At the heart of the system is the award -winning Model 200A
programmer. Designed to quickly connect to the serial or parallel port
of any PC compatible, the Model 200A is controlled by PROMDRIVER,
widely acclaimed as the best driver software available for any

programmer.
EPROMs, EEPROMs and FLASH memories up to 8Mbit
and beyond

Microcontrollers from most manufacturers including
8748 Family
8751 Family (including 87C75112 and 87C552)
Z8 Family

-

PIC16C5X Family
Emulators
8 -pin Serial EEPROMs
PALs, GALs, EPLDs etc
Bipolar PROMs

Write or phone today for Free Information Pack:
Phone: (0666) 82.5146 Fax: (0666) 825141
MQP ELECTRONICS LTD,

m
Ark

PARK ROAD CENTRE,

MALMESBURY,
VISA

WILTSHIRE SN16OBX UK

PHONE: ELY (0353) 860185

European Distributors: Digitron, Norway Tel 071-17 890;
Synatron, Germany Tel 089/4602071; Logtek, Sweden Tel 08 770 1470
Elexino,Italy 02 92 10 35 54
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No matter how
short a glitch is, it is
shown as a line on
the time display.
Here we see a 48ns
glitch captured in a
divide by three
simulation.
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Manual restrictions
Pulsar's manual is a well -presented A5
ring binder of about 100 pages. This
includes a set of annotated TTL and
4000 cmos library device schematics to
cope with the fact that individual device
pins must be referred to by an
identification defined by the library item
But layout of the manual is not good,
though it starts well with a "first
impressions" section, and then moves on
to a "grand tour". But there is no
catalogue of available functions and the
index is poor. The result is that the
excellent simulator is not properly
documented.
Unfortunately the adjunct dos
browser is presented in excruciating
detail.
Dos -like commands can be executed
on files, such as delete a file or make a
sub -directory etc and the facilities are
covered in some detail in the manual.
But these features are entirely
supertluous to operation of the product
and should be removed or replaced by a
"shell to dos" facility in the next version.
it':

Libraries

F1

match

q¢ul

<>*4t

1

x2
Y2
Z2

(1.,..ar.=í....:.1,ttu:..

.

It3

..

t
t

X3
5/3

Z3

Help windows can
sometimes appear a
little cryptic.

workstation simulations usually
include random number generators
(termed pseudo random binary
sequence or PRRS). These are used
to exercise a design outside its
expected ope anon sequence, looking
to try the logic in abnormal logic

W4
X4
Y4
Z4

stales. Pulsar does not have a PR BS

W61
X6

W51
X5
Y5
Z5
A

gib

I

B

generator.
C
Y6
To examine results of the simulaD
tion, there are commands to zoom
Z6
and un-zoom the display around a
cursor which can he positioned by
Z111
the user. A second cursor line can in
Poon "Pan Moos
turn he used to measure time displacements relative to the first cursor.
A neat feature is that the cursors can he made to snap to the
edges of the simulation output, ensuring good accuracy.

t

This is the main PU AR Logic
Analyser screen. All the
'functions may be selected either
by clicking`the mouse on the
'required legend or by pressing
(-the quick key highlighted in red.'
'Qu1t' takes you out of PULSAR,
automatically saving the present
Leave Help
Page Down,

Fe1:~WTIgig

D'4u:ri

'.7."2.>:_=

1

Challenge to workstation products
a very impressive package with a graphical user
interface as smooth as any product have seen.
The simulation engine is very good with amazingly fast
operation. Even \sith very short picosecond glitches simulated over several seconds the simulation time was accept-

Pulsar is

Net list revisited

I

Why is it that every vendor selects

different format for
data storage? In the case of net lists. there are many different schemes. but a common thence is that a net has a net
name, and associated with that name is a set of pins on
a

devices.

Unfortunately, Pulsar uses a totally different approach,
with every pin on each device listed. and the net names
associated with that pin. No translation software is supplied.
so Pulsar cannot he used with your favourite schematic capture program.
On the subject of net lists, when first ran the program
with an experimental circuit the net -list being prcpa ed
using a standard ascii editor. I lowever. the net would not
I

-

load Pulsar indicated that it was a fatal error and I should
call Number One. The problem turned out to he the use of
an extra hash character in the net list, but the problem would
have been found much sooner if the Pulsar net parser had
indicated location of the problem.

226

able.

Certain aspects of use. and the level of documentation.
were not as user-friendly as the software itself. So let's hope
that Number One integrates schematic capture and provides
translation from other netlist formats in the next version.
However all in all this simulator can, with a little effort,
compete with workstation products. At under £200 this
valuable tool threatens to become the logic designer's indispensable screwdriver.
Supplier details
Pulsar £198 + delivery and VAT
Available from Number One Systems Ltd, Harding Way
Somersham Road St Ives Huntingdon PE17 4WR.
Tel: 0480 61778
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SMALL SELECTION ONLY LISTED- EXPORT TRADE AND QUANTITY DISCOUNTS -RING US FOR YOUR REQUIREMENTS WHICH MAY BE IN STOCK
Tektronix 475 - 200Mc/s oscilloscopes- tested from £400 less attachments
probes.

- AM -FM

-

to £500 CM/ manual

-

-

signal generator Also sweeper - 10Kcis 510MC/s from £350
tested to £500 as new with manual probe kit in wooden carrying box.
HP DC Current source type 6177C-£200.
HP Frequency comb generator type 8406A £400.
HP Sampling Voltmeter (Broadband)type 3406A £200.
HP Vector Voltmeter type 8405A-£400 to £600.
HP Synthesiser/Signal generator type 8672A- 2 to 18GHzS old or new colour £4000.
HP Osclllographic recorder type 7404A -4 track £350.
HP Plotter type 9872B -4 pen £300.
HP Sweep Oscillators type 8690 A 8 B + plug -ins from 1OMc/s to 18GHz also 18-40GHz. P.O.R.
HP Signal Generators type 612- 614 618 620 628 frequency from 450MUs to 21 GHz.
HP Network Analyser type 9407A + 8412A + 8601A- 100Kc/s- 11oMcs- £500-(1000.
HP 432A -435A or B Power Meters + Powerheads 1OMc/s-40GHz -£200-£650.
HP Down Converter type 1171013- .01-11 MUs £450.
HP Pulse Modulator type 11720A -2-18GHz -£ 1000.
HP Modulator type 8403A-£100-£200.
HP Pin Modulators for above -many different frequencies -£150.
HP Counter type 5342A 18GHz LED readout -£ 1500.
HP Signal Generator type 8640B- Opt001 + 003 - .5.512MUs AM/FM -£ 1200.
HP Spectrum Display type 3720A £200 HP Correalator type 3721A £150.
HP 37555 + 3756A 90MUs Switch £500.
HP Amplifier type 8447A -.1-400Mc/s £400 HP8447F .1-1300Mc/s £800.
HP Frequency Counter type 5340A 18GHz £1000 -rear output £800.
HP 8410 -A -B -C Network Analyser 11 OMUs to 12GHz or 18GHz- plus most other urdts and
displays used in this set-up- 8411A- 8412- 8413- 8414 -8418 8740 -8741- 8742 8743
8746 8650. From £ 1000.
HP Signal Generator type 8660C .1-2600Mc/s. AM/FM -£3000. 1300Mc/s £2000.
HP Signal Generator type 8656A -0.1-990Mc/s. AM FM £2250.
HP 37308 Mainframe £200.
HP 8699B Sweep PI -0.1-4GHz £750 HP8690B Mainframe £250.
HP Digital Voltmeter type 3456A- £900.
Racal/Dana digital multimeter type 5001 £250.
Racal/Dana Interface type 9932 -£150.
Racal/Dana GPIB Interface type 9934A -£ 100.
Racal/Dana 9301 A-9303 RF Milllvoltmeter 1.5-2GHz £350-£750.
Racal/Dana Counters 9915M 9916 9917- 9921 -£ 150 to £450. Fitted FX standards.
Racal/Dana Modulation Meter type 9009- 8MUs 1.5GHz £250.
Racal- SG Brown Comprehensive Headset Tester (with artificial head) Z1 A200/1 £450.
EIN 310L. RF Power Amp- 250KHz- 110Mc/s- 5ODbs- £250.
Marconi AF Power Meter type 8938 £300.
Marconi Bridge type TF2700 -£150.
Marconi/Saunders Signal Sources type -60588-6070A-60558- 6059A-60578-6056P.O.R. 400Mc/s to 18GHz.
Marconi TF1245 Circuit magnification meter + 1246 8 1247 Oscillators
100-£300.
Marconi microwave 6600A sweep osc., mainframe with 6650 PI 18-26.5GHz or 6651 PI 26.540GHz -£ 1000 or PI only £600.
Marconi distortion meter type TF2331 -£ 150, TF2331A £200.
Thuriby convertor 19- GP - IEEE -488 -£150.
Philips logic multimeter type PM2544 £100.
Microwave Systems MOS/3600 Microwave frequency stabilizer- 1 to 18GHzs 8 18 to 403Hzs£1000.
Bradley Oscilloscope calibrator type 156- £150.
Tektronix Plug -ins 7A13 -7A14 -7A18- 7A24 -7A26 -7A11 -7M11 -7511 -7010-7S12S1
S6 -S52- PG506 SC504
S2
SG502 - SG503 SG504 - DC503 DC508 DD501
WR501 DM501A FG501A - TG501
PG502 DC505A- FG504 -P.O.R.
Ailtech Stoddart receiver type 17/27A- .01-32Mc/s £2500.
Alltech Stoddart receiver type 37/57- 30.1000MCJs- £2500.
Alltech Stoddart receiver type NM6ST 1 to 10GHz -£1500.
Gould J3B Teat oscillator + manual -£200.
Image Intensifiers ex MOD tripod fitting for long range night viewing - as new -£1500-£2000.
Don 10 Telephone Cable -IIz mile canvas containers or wooden drum new Mk2.3 or 4.
Infra -red Binoculars in fibre -glass carrying case tested -£ 100. Infra -red AFV sights £100.
ACL Field intensity meter receiver type SR 209 6. Plugs -ins from SMC/s to 4GHz P.O.R.
Systron Donner Counter Model 6057- 18GHz £800.
Tektronix 491 spectrum analyser 1.5GHz-4OGHz as new - £1200 or 10Mc/s 40GHz.
Tektronix Mainframes 7603 7623A 7633 7704A 7844 - 7904 -TM501 TM503
TM506- 7904 7834 7104.
Knott Polyskanner WM1001 + WM5001 + WM3002 + WM4001 -£51X1.
Alltech 136 Precision test RX + 13505 head 2 4GHz £350.
SE Lab Eight Four FM 4 Channel recorder -£200.
Alltech 757 Spectrum Analyser 001 22GHz Digital Storage + Readout £5000.
Dranetz 606 Power line disturbance analyser £250.
Precision Aneroid barometers- 900-1050Mb- mechanical digit readout with electronic indicator
battery powered. Housed in polished wood carrying box tested -£ 100-f200-£250. 1, 2 or 3.
t/Y microphone- n foam
B 8 K Sound Level Meter type 2206 small lightweight precision
protected filled brief type carrying case with windshield 8 battery a books pistol grip handle
tested -£ 170. Carr: f8. -B 8 K 2206 Meter + Mike + Book- less carrying case etc. -£ 145. Carr:
£8. DISCOUNT ON QUANTITY.
HP 141T Spectrum Analysers. All new colours supplied with instruction manuals.
HP 141T -8552B 8556A 20Hz to 300kHz. £2000.
HP 141T-85526 8553B l kHz to 110MC/s. £ 1750.
HP 141T -8552B 85548 100kHz to 1250MCJs. £2250.
HP 141T-85528-8555A- 1OMc/s to 18GHz. £3000.
HP 141T - old colour mainframe + 8552A; 85536 - 1 kHz to 110Mc/s. Instruction manuals -£ 1250
or 85528 £1500.
HP 3580A LF-spectrum analyser 5kHz to 50kHz LED readout digital storage -£ 1600 with
instruction manual Internal rechargeable battery.
Spectroscope 11 SD335 (S.A.) reahime LF analyser - 20Hz to 50kHz- LED readout with manual
£500 tested.
Tektronix 7D20 plug-in 2 -channel programmable digitizer- 70 MUs-for 7000 mainframes £500 - manual -£ 50.
Datron 1065 Auto Cal digital multimeter with instruction manual -£500.
Racal MA 259 FX standard Output 100ke's 1 MUs-5Mc/s - internal NiCad battery -£ 150.
Tektronix TR503 tracking generator 10MUs to 1800MUs a manual -£1500.
Aerial array on metal plate 9 x 9' containing 4 aerials plus Narda detector -.100-11GHz. Using
N type and SMA plugs 8 sockets
ex eqpt -£ 100.
EIP 451 microwave pulse counter 18GHz -£ 1500.
Marconi RF Power Amplifier TF2175 1.5MUs lo 520MUs with book - £100.
HP 8614A Signal Generator 800MUs to 2.4GHz - old colour £300. New colour £630.
HP 8616A Signal Generator 1.8GHz to 4.5GHz - old colour £200. New colour £400.
HP 8620A or 8620C Sweep Generators - £400 or £900.
Marconi 6155A Signal Source
to 2 GHz LED readout
£600.
Schiumberger 2741 Programmable Microwave Counter 10Hz to 7.1 GHz £750.
Schlumberger 2720 Programmable Universal Counter 0 to 1250MUs-£600.
HP 37203A HP -I6 Extender - £150.
PPM 411F Current Reference -£150.
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5363B Time Interval Probes -£ 150.
890013 Peak Power Calibrator -£100.
59313A AID Convertor -£150.
59306A Relay Actuator -£ 150.
2225CR TMnkiet Printer -£100
TEK 178 Linear IC Test Fixture -£150.
TEK 576 Calibration Fixture 067-0597-99 -£250.
HP 4437A 600 Ohm Attenuator £100.
HP 8006A Word Generator -£150.
HP 1645A Data Error Analyser -£150.
Texscan Rotary Attenuators BNC/SMA 0-1 J-60-100DBS -£50-£150.
HP 809C Slotted Line Carriages various frequencies to 18GHZ - £100 to £300.
HP 532-536-537 Frequency Meters- various frequencies -£150-£250.
HP 32006 VHF Oscillator t 0MC S-500MC/S £200.
Barr 8 Stroud variable filter EF3 0.1 Hz -1001,0s a high pass + low pass - mains
HP
HP
HP
HP
HP

-

-

-

-

-

-

- battery -

£ 150.

Krohn -Hite Model 3202R filter - low pass, high pass.
Krohn -Hite 4100 oscillator.
Krohn -Hite 4141R oscillator - .1 Hz-10,000kHz.
Krohn -Hite 6880 programmable distortion ANZ-IEEE-488.
Krohn -Hite 3750 filter, low pass, high pass- .(2Hz-20kHz.
Parametron D150 variable active filter, low pats - high pass- 1.S1-1z-10kHz. £100.

-

S.E. Lab SM215 Mk11 transfer standard voltmeter 1000 volts.
Fluke 4210A programmable voltage source.
Alltech Stoddart P7 programmer 0200.
Fluke 8500A digital multimeter.
M.P. 3490A multimeter,
M.P. 69416 multiprogrammes extender. £100.
Fluke Y2000 RTD selector + Fluke 1120A IEEE -488 -translator + Fluke 2180 RTD digital
thermometer + 9 probes. £350 all th ee items.
H.P. 6181 DC current source. £150.
M.P. 59501 A HP -I13 isolated DA/power supply programmer.
H.P. 3438A digital multimeter.
M.P. 61775 DC current source.
H.P. 6207B DC power supply.
H.P. 7410 AC/DC differential voltmeter standard (old colour) £100.
H.P. 62098 DC power unit.
Fluke 80 high voltage divider.
Fluke 887AB AC -DC differential voltmeter.
Fluke 431C high voltage DC supply.
H.P. 1104A trigger countdown unit.
Tektronix M2 gated delay calibration fixture 057-0712-00.
Tektronix precision DC divider calibration fixture. 067-0503-00.
Tektronix overdrive recovery calibration fixture. 067-0608-00.
Avo VCM163 valve testerrbook £300.
M.P. 5011T logic trouble shooting kit £150.
Marconi TF2163S attenuator I GHz. £200.
PPM 8000 programmable scanner.
M.P. 9133 disk drive + 7907A + 9121 twin disc.
Fluke 730A DC transfer standard.
BAK level recorder 2307- £500.
B AK 2113 audio frequency spectrometer
150.
BAK 4815 calibrator head.
86K 4812 calibrator head.
B&K 4142 microphone calibrator -£ 100.
B6 K 1022 band FX oscillator -£ 100.
136 K 1612 band pass filter set -£ 150.
66 K 2107 frequency analyser -£150.
BSA 1013 BFO- £100.
136K 101413F0 -£150.
B6 K 4712 FX response tracer - £250.
136K 2603 microphone amp -£ 150.
B 8K 2604 microphone amp £200
B8K 2019 analyser £350.
Farnell power unit H60/50 - £400 tested.
H.P. FX doubler 9386, also 940A -C300.
Racal/Dana 9300 RMS voltmeter -£250.
A.B. noise figure meter 1178- £400.
Alltech 360011+ 3601+3602 FX synthesizer MC/s-2000MUs. £500.
M.P. sweeper plug -ins 86240A -2--8.4GHz - 86260A 12.4-18GHz -86260AH03- 1015GHz 862908 -2-18.6GHz. 86245A 5.9-12.4GHz.
Telequipment CT71 curve tracer £200.
M.P. 461 A amplifier
kc-150Mc/s old colour -£ 100.
H.P. 8750A storage normalizes.
Tektronix oscilloscopes type 2215A - 60Mps Gw book 8 probe £400.
100.
Tektronix monitor type 604
Wlltron 560 network scaler + 2 heeds + boob.- £1000.
Marconi TF2330 or TF2330A wave analyser:: -£100-£150.
HP5006A Signature Analyser £250 + book.
HP10783A numeric display. £150.
HP239A oscillator
£250.
Ailtech 7009 hot --cold standard nome generator.
HP 3763A error detector. £250.
Cushman CE -15 spectrum analyser LED Readout 1000Mc/s £650.
Tektronix 5L4N spectrum analyser -0-100kcIs £500.
HP1742A 100MUs oscilloscope. £250.
HP1741A 100MUs oscilloscope. £250.
Tektronix 7104 7A29 -7A24 7815-7810 £2K.
Racal/Dana signal generator 9082 1.5-5c7í MUs - £800.
Racal/Dana signal generator 9082H 1.5-520Mes £900.
Claude Lyons Compulme line condition mcmitor in case LMP I +LCM 1 £500.
HP1815B T.D.R. sampler+ 1817A head- 1104A trigger +11068 TD mount £500.
Texscan AL -51A spectrum analyser -4-1000Mc/s £750.
Efratom Atomic FX standard FRT FRK -.1-1-5-10MUs. f3K.
Muff -head fax receivers K649 TR4 - solid :tale - speed 60 -90 -120 -240 -auto - IC 288-576
auto. £250 with book.
Racal 4D recorder £350.
HP8350A sweep oscilloscope mainframe + HP 11869A RF PI adaptor- £2.5K.
Alltech - precision automatic noise figure indicator type 75- £250.
Adret FX synthesizer 2230A - 1MUs. £250.
Tektronix- 7S12-7514 -7T11 -7511-S1-552-553.
Rotek 610 AC/DC calibrator. £21( + book.
1Mc/s-1.8GHz. £1500.
Tektronix 7L12 analyser
Clark Scam Heavy Duty 40' Telescopic Pneumatic Masts retracted 7'8' -head load 401b1 -with or without supporting legs 8 erection kit - in bag + handbook £200-£500.
Clark Scam Heavy Duty 70' Telescopic Pre -mimetic Masts retracted 13'5" - head load 901bs with or without legs + erection kit + handbook- £500-£800.
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LETTERS

S -s -scepticism
With reference to the article on
Marconi's first transatlantic signals
radiated by his Poldhu transmitter on
December 12 191)1 (EW + 1VW.
December 1991) may I add that few
scientists believe that Marconi heard
the legendary "S" letters at 12.30.
1.0 and 3.30 Newfoundland time.
What Marconi and Kemp nary have
heard are atmospheric pulses which
can occur in groups of three (I have
heard them myself).
The Poldhu transmission would
have been over a daylight path. so
the waves. approx 360m long, would
have been absorbed by the
ionosphere's "D" region. The
receiver used was also extremely.

inefficient.
I lowescr. during trials early in
1902. on the same wavelength. but
with an increase in transmitter
power. reception trials were
conducted with a more efficient
receiver on hoard the Philadelphia as
it steamed across the Atlantic.
During the Philadelphia trials.
Marconi noted that at a distance of
710 miles, signals over a daylight
path became too weak to operate the
tape inker. But over a night-time
path. signals were recorded at up to
1510 miles w hile "S" signals were
receivable at 2111(1 miles. Reason for
the "night effect'' was not

understood.
Nonetheless, the Philadelphia trials
demonstrated that Hertiian waves

could follow the curvature of the
earth. though medium wave
transatlantic signalling seemed to he
possible only over a night-time path.
Now. of course. it is now known that
during darkness the I) region
disappears. allow ing medium waves
to reach the higher E region from
where they are reflected back to
earth.

however. Marconi and others soon
discovered that with passive
receivers. reliable twenty -four-hour a
day transatlantic signalling was
possible by employing very long
waves and high power. typically
hundreds of kW. Present day
knowledge is that very long waves
propagate through the cavity
between the earth and the ionosphere
in at way analogous to acoustic
pressure waves in a voice pipe:
attenuation is therefore extremely
low. Indeed. this cavity is now
commonly know n as the
earth/ionosphere "waveguide".
Tesla had in effect visualised the
earth/ionosphere waveguide when he
conceived his system based on the
rarilied gases of the stratosphere
being a good conductor of high
frequency currents. The stratosphere
would form the outer plate of a
capacitor with the earth footing the
inner plate.
The irony is that had Tesla used his
sensitive syntonised receivers at a
long distance from his transmitter,
instead of relying on theoretical data.
signals front his powerful Colorado

No sensation
naturally pleased to see that you have printed "Extra Terrestrial
Relays" in your November issue. However, I must correct one statement in
your introduction.
Far front creating a sensation, I don't recall any reaction whatsoever to
the appearance of the piece. But at least there were no expressions of
scepticism; the V2 and the atomic bomb had put an end to that (though I
believe that on its original submission, some members of the editorial
board objected to publishing science fiction!)
My forthcoming hook. How The World Was One (Gollancz, Spring)
which covers the whole history of telecommunications. has a section
devoted to satellites, and reprints the article, as well as giving the
background to its writing.
Arthur C Clarke CBE
Sri Lanka
I was
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"magnifying transmitter" would
almost certainly have been heard on
this side of the Atlantic and possibly
worldwide, despite what is now
considered very inefficient coupling
to the waveguide. Irdeed. Tesla had
announced that he intended to send
signals to Paris. But as a result of

Marconi's 1901 claim. financier
Morgan withdrew has support and
the project was abandoned.

Commercial transatlantic
signalling became a reality in 1906
w ith the commissioning of
Marconi's very long wave (45khz)
210kW C\\' quenched -arc type
transmitter at Clifden. Ireland: this
introduced the era of national very
long wave transoceanic super
stations operating on frequencies
down to 20k117 and which hosted
until about 1925 when the Marconi
company introduced short wave
beam stations.
The German super station at
Nauten. which was said to he the
largest. had a range of more than
5(XX) stiles whh passive receivers
and was employed before the First
World War to maintain two-way

communication with similar stations
installed in German colonies in
Africa and the Pacific.
George Pickworth
Kettering

National service
would like to correct the
information given by Terry Parrott
(Letters. January) on RDS.
In his letter Mr Parrott challenges
the statement that RDS is available
throughout the UK. and in particular
cites the Western Isles its an example
of an area not served by the BBC
RDS service. Mr Parrott is entirely
mistaken in his belief: the BBC does
offer a full service of basic RDS
I

features across all areas on most
services. The Western Isles. which
admittedly were amongst the last to
he equipped by the BBC. were
completed in Sumpter 1991). The
RDS signal is carried equally
successfully by both mono and
stereo transmitters.
As regards the sw itching of travel
announcements, the BBC is certainly
not lagging behind the continental
stations. The system .tsed by the
BBC is unique and certainly far in

Active voice
have read Brian Pollard's
comments (Letters. January) tin
my article on active filters (EW
+ WW, October pp. 812-818).
I presume that the main
purpose of his communication
was to draw my attention to an
error in quoted component
values in Fig. 3 of my article.
rather than to see how many
terminological hairs could be
split in seventeen column inches
of your letters pages.
With regard to Fig. 3. in my
own manuscript the capacitor in
3a was shown as 15119. and in
3b. the two capacitors were l5n9
and ln59 respectively (not 15µ9,
l5119 and 1159 as appeared in
the article as published).
However in neither case would
the response show a peak
at199Hz. If Mr Pollard feels the
need to criticise inaccuracies I
think that he should make sure
that is own calculation are
correct.
John Linsley Hood
Taunton
I

advance of that' used anywhere else.
The travel announcement Ilag is. in
the majority of cases. raised and
lowered autocratically front the
travel jingle using a signalling
system. and does not rely on manual
operation of buttons.
In the few other countries which
offer an RDS travel service

(principally the countries which
offered the earlier ARI system). the
announcement start is usually
signalled manually by a presenter
pushing a button which generates an
audible DT\1F tone on the
programme audio circuit to activate
the transmitter equipment. In
contrast the BBC uses inaudible
signalling methods initiated
automatically by the travel jingle and
communicated via the RDS control
computer to activate the travel
announcement flag at the transmitter.
The BBC is still the only
organisation to offer the full EON
(enhanced other networks) RDS
feature having implemented EON as
far back as 1988. The feature makes
the travel announcement available to
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COMPUTER ICS

2817A-20 (2K x8) EEPROM ex egpt.
f2
TELETEXT ICs SAA5050£10,SAA5070£10,SAA5020
£5
AM7910 Modem chip ex. egpt f5 new
£10
80088Á-2 used
£1.25
27C64-25 used/wiped
£1.50 100+ £1
27S191 PROM

£2

IMS1400P-45

£2

80C31 MICRO
P8749H MICRO
D8751H

f2
f5
£10

NEW 4164-15
USED 41256-15
USED 4164-15
BBC VIDEO ULA

f1
f1
60p
£10

f5
f3

6845 CRT
6522 PIA

DM88LS120
£4.50
AY3-1015D UART
£2.50
9 x 41256-15SIMM
£10
8 x 4164 SIP MODULE NEW
£8
HD 146818 CLOCK IC
f2
2864 EPROM
f3
27128A 250ns EPROM USED
£2 NEW £2.30
27C1001 -20Z NEW 1M EPROM
f6
FLOPPY DISC CONTROLLER CHIPS 1771
£10
FLOPPY DISC CONTROLLER CHIPS 1772
£17.50
68000-8 PROCESSOR NEW
£6
HD6384-8
C5
ALL USED EPROMS ERASED AND BLANK CHECKED
CAN BE PROGRAMMED IF DESIRED
2716-45 USED
f 2 1001E1
2732-45 USED
f 2 100
2764-30 USED
f2 100 £1.60
27C256-30 USED
f2
27C512 USED
£3.50
1702 EPROM EX EQPT
£5
70p
2114 EX EQPT 50p 4116 EX EQPT

fl

6264-158k STATICRAM
SN76489AN
GR281 NON VOLATILE RAM EQUIV 6116
Z80A 510-0

£2
£3

f5
£1.25

f1 ea 100,C70

TMS27PC256-25 ONE SHOT 27C256

REGULATORS

78H12ASC 12V 5A
f5
78M05 5V 0.5A
7,f1
LM317H TO5 CAN
LM3177 PLASTIC T0220 variable
f1
LM317 METAL
£2.20
7812 METAL 12V to
f1
7805 12 15 24V plastic
25p 100+ 20p 1000+ 15p
25p 100+ 20p 1000+ 15p
7905 12 15 24 plastic
CA3085 TO99 variable reg
2 £1
LM338 5A VARIABLE 1.2-30V
f8
1/2A
WITH
RESET
flea
£50/100
L387 5v
OUTPUT

fl

CRYSTAL OSCILLATORS
M000 M8432 1 M000 4M000 16M000 18M432000
20M500 32M0000 56M6092
£1.50 each
1

1

CRYSTALS
MO 2M77 4M000 4M9152 5M0688 6M0000 8M0000
12M000 14M31818 15M000 16M000 16M5888 17M000
20M00021M85522M118449M50
£1 each
1

TRANSISTORS
BC107 BCY70 PREFORMED LEADS
full spec
BC557. BC546B. BC238C, BC308B
2N3819 FE TS short leads

fl

£4 100 £30/1000
£1 30 £3.50/100
4

fl

POWER TRANSISTORS
P POWER FET IRF9531 8A 60V

POWER FET IRF531 8A 60V
2SC1520 sim BF259
TIP 141 2 £1 ea TIP 112 125'428
TIP35B/TIP35C
SE9301 100V DA DARL SIM TIP121
PLASTIC 3055 OR 2955 egwv 50p
2N3773 NPN 25A 160V £1.60
2N3055H

3

f1

2/£1

N

3 £1 100/C22

211
£1.50
2 C1

1

100 £35

10'£14
4 for £2

TEXTOOL ZIF SOCKETS
28 WAY ZIF EX NEW EQUIPMENT

£2.50
40 WAY NEW
f5
SINGLE IN LINE 32 WAY CAN BE GANGED FOR USE
WITH ANY DUAL IN LINE DEVICES ...COUPLING
SUPPLIED ....
2 £ 1.50

CAPACITORS COMPUTER GRADE
2200pF 160V SIC SAFCO FELSIC CO38
24,000pF 50V
10.000pF 100V SPRAGUE 36D

f4 (£1.20)
f3 (£1.30)
f6

QUARTZ HALOGEN LAMPS
12V 50watt LAMP TYPE M312 .... f1 ea HOLDERS 60p ea
24V 150 WATTS LAMP TYPE A1/215
£2.50 each

MISCELLANEOUS
BT PLUG.LEAD
3 f1
PC PARALLEL PRINTER CABLE
£5.90
13A MOULDED PLUG -2m lead
£1
MIN. TOGGLE SWITCH 1 POLE do PCB type
5 f1
LCD MODULE sim. LM018 but needs 150 to 250V AC for
£10
display 40x2 characters 182x35x 13mm
TL431 2.5 to 36V1092 ADJ. SHUNT REG
211
6-32 UNC 5/16 POZI PAN SCREWS
f1 100
NUTS
£1.25/100

PUSH SWITCH CHANGEOVER
2 f1
RS232 SERIAL CABLE D25 WAY MALE CONNECTORS
£5.90 ea (C1.30)
FOIL
25 FEET LONG. 15 PINS WIRED BRAID
INMAC LIST PRICE f30
SCREENS
30 £1
STICK ON CABINET FEET RS NO 543-327.
LEMAG EARTH LEAKAGE TRIP 35A 35mA TRIP
f9
FANS 240V 120MM
£6 (C1.50)
(OTHER VOLTAGES SIZES USUALLY AVAILABLE)
AMERICAN 2/3 FIN CHASSIS SOCKET
201

-

HUMIDITY SWITCH ADJUSTABLE

30 f1
£2 pr

70p metre
POWERFUL SMALL CYLINDRICAL MAGNETS
3-C1
BNC 500HM SCREENED CHASSIS SOCKET
2íf1
SMALL MICROWAVE DIODES AE1 OC1026A
2 C1
D.I.L. SWITCHES 10 -WAY C1 8 -WAY 80p 4/5 6 -WAY
80p
180VOLT WATT ZENERS also 12V 8 75V
20 f1
PLASTIC EQUIPMENT CASE 9x6x 1.25 WITH FRONT
AND REAR PANELS CONTAINING PCB WITH EPROM
2764-30 AND ICS 7417 LS30 LS32 LS367 7805 REG, 91

WAY D PLUG. PUSH BUTTON SWITCH, DIN SOCKET
£ 1.90
VN 10LM 60V 1/A 5 Ohm TO -92 mosfet
4'C1 1001£20
MIN GLASS NEONS
10 f1
RELAY 5V 2 -pole changeover looks like RS 355-741
marked STC 47WBost
f1 ea
MINIATURE CO -AX FREE PLUG RS 456-071
21C1
MINIATURE CO -AX FREE SKT RS 456-273
2'£1.50
DIL REED RELAY 2 POLE n o CONTACTS
PCB WITH 2N2646 UNIJUNCTION WITH 12V 4 -POLE

ff

RELAY
£1
400m 0.5W thick film resistors (yes four hundred
megohms)
4,C1
STRAIN GAUGES 40 ohm Foil type polyester backed
balco grid alloy
£1.50 ea 10+ £1
ELECTRET MICROPHONE INSERT
£0.90
Linear Hall effect IC Micro Switch no 613 SS4 sim RS 304267
£2.53 100+ £1.50
HALL EFFECT IC UGS3040 + magnet
C1
10
OSCILLOSCOPE PROBE SWITCHED x
£12
PHONO
PLUGS
1000
CHEAP
50 £2
£10
pole 12 -way rotary switch
4
AUDIO ICS LM380 LM386 TDA 2003
f1 ea
555 TIMERS f1 741 OP AMP
6 f1
ZN414 AM RAIDO CHIP
80p
4 f1
COAX PLUGS nice ones
COAX BACK TO BACK JOINERS
3 £
4x4 MEMBRANE KEYBOARD
£1.50
INDUCTOR 20pH 1.5A
5 f1
1.25" PANEL FUSEHOLDERS
3C1
CHROMED STEEL HINGES 14.5x 1" OPEN
f1 each
12V 1.2W small wire ended lamps fit Audi VW Saab Volvo
1

'

fl

1

1

10Cí

101C18
10 £22

SCRS
PULSE TRANSFORMERS 1:1-1
2P4M EQUIV C106D
TICV106D 800mA 400C SCR 3 £1
MEU21 PROG. UNIJUNCTION

TRIALS

£1.25
3,C1

100'£15
3

DIACS 4

NEC TRIAC ACO8F 8A 600V TO220
TXAL225 BA 500V 5mA GATE
BTA 08-400 ISO TAB 400V 5mA GATE
TRAL223CD 30A 400V ISOLATED STUD

CONNECTORS
f2

D25 IDC SOCKET FUJITSU
34 -way card edge IDCCONNECTOR (disk drive type)

£1.25
£2.50
£4.00

CENTRONICS 36 WAY IDC PLUG
CENTRONICS 36 WAY IDC SKT
BBC TO CENTRONICS PRINTER LEAD 1.5M
CENTRONICS 36 WAY PLUG SOLDER TYPE
USED CENTRONICS 36W PLUG.SKT

f3
£4
£3

PHOTO DEVICES
HI BRIGHTNESS LEDS CQX24 RED

5 C1

SLOTTED OPTO -SWITCH OPCOA OPB815
£1.30
2N5777
SOp
TIL81 PHOTO TRANSISTOR
f1
TIL38 INFRA RED LED
5
4N25, OP12252 OPTO ISOLATOR
50p
PHOTO DIODE 50P
6 f2
MEL12 (P-IOTO DARLINGTON BASE n/C)
50p
t00,í6
LED's RED 3 or 5mm 12
100/£6
LED's GREEN OR YELLOW 10
FLASHING RED OR GREEN LED 5mm 50p
100 f40
HIGH SPEED MEDIUM AREA PHOTODIODE RS651995
£10 ea

fl

ft

fl

STC NTC BEAD THERMISTORS
G22 220R. G13 1K, G23 2K, G24 20K, G54 50K. G25
200K, RES 20"C DIRECTLY HEATED TYPE
£1 ea
FS22BW VTC BEAD INSIDE END OF 1' GLASS PROBE
RES 20 C 200R
f1 ea
A13 DIRECTLY HEATED BEAD THERMISTOR 1k res.
ideal for audio Wien Bridge Oscillator
£2 ea

CERMET MULTI TURN PRESETS

3/4"

OR 2OR I OOR 200R 25OR 500R 2K 2K2 2K5 5K 10K 47K
50K 100K 200K 500K 2M
50p ea
1

IC SOCKETS
32 -WAY TURNED PIN SOCKETS 7K AVAILABLE
6 pin 15,t18 pin 12Cl 14/16 pin 10 Cl 1820 pin 7 Cl
22 24 28 din 4 £1 40 30p
SIMM SOCKET TAKES 2X30 WAY SIMMS

3 £1

£1

SOLID STATE RELAYS
40A 250V AC SOLID STATE RELAYS

lin

TO5 RELAY 2 pole changeover 5v coil
CONHEX 50ohm PCB RIGHT ANGLE PLUG
ITT/SEAL ECTRO 051 053 9029 22-0 4K AVAILABLE

1

-

-

fl

4/01

500k lin 500k log '
4i£1
40kHz ULTRASONIC TRANSDUCERS EX-EOPT NO
£1, pr
DATA

LM335Z 10MV/degree C
LM234Z CONST. CURRENT I.C.
PAPST 18-24V FAN 120MM WORKS OK ON 12V

f1
C1

C5

BNC TO 4MM BINDING POST SIM RS 455-961
£1
BUTTON CELLS WATCH BATTERIES SIM AG10/AG12
4/£1
MIN PCB POWER RELAY 12V COIL 6V CONTACTS 2 P

C/O

£1.25

AVEL LINDBERD MOULDED TRANSFORMER TYPE
0010 15.15V 10VA QTY. AVAILABLE
C2 ea
BANDOLIERED COMPONENTS ASSORTED Rs. Cs.

£51000

ZENERS

411
8,E1

100 £1/. 50

100C3

1N5401 3A 100V

10/£1
100/C3

BA158 l A 400V ast recovery
BY127 1200V 1.2A
BY254 800V 3A
BY255 1300V 3A
6A 100V SIMILAR MR751
A 600V BRIDGE RECTIFIER

10/fl
8
6

fl
fl

4/01
4,01

1

fl

4A 100V BRIDGE
6A 100V BRIDGE
8A 200V BRIDGE
10A 200V BRIDGE

100n, 220n 63V 5mm
l nt3n3 5n6 8n2 10n 1% 63V 1 Omm
10n 15n 22n 33n 47n,66n 1 Omm rad
100n 250V radial 10mm
100n 600V Sprague axial 101£1
2p2 160V rad 22mm, 2p2 100V rad 15mm
iOn 33n/47n 250V AC x rated 15mm

20 £1 100/£3
100 f5

100 £3.50
100 f3

10016 (Cl)
100,010
10 f1

MIXED DIELECTRIC
1p0 100V rad 15mm, l p0 22mm rad
1

p 600V

50p ea
100,C6

RF BITS

3
2 C1
2

C4

2/f1
TRW 50watt 50ohm DUMMY LOADS
£50
ALL TRIMMERS
3/01
YELLOW 5-65pF
TRIMMERS larger type GREY 2-25pF
VIOLET
5-105pF
SMALL 5pF 2 pin mounting 5mm centres
SMALL MULLARD 2 to 22pF
4/50p
TRANSISTORS 2N4427. 2N3866
70p
CERAMIC FILTERS 6M 9M 10M7
60P
10 Cl
FEED THRU' CERAMIC CAPS 1000pF
.

MINIATURE RELAYS

Suitable for RF

fl
£1
fl

pole changeover
volt coil2 pole changeover
12 volt coil pole changeover
5 volt coil

1

1

Al 15M 3A 600V FAST RECOVERY DIODE
1N5407 3A 1000V
1N4148
1N4004 504 1A 300V

£10

POLYESTER POLYCARB CAPS

5

DIODES AND RECTIFIERS

fl

£1
f30

5/£2 100
2 Cl 100/£35
90p
C5 ea

STEREO CASSETTE HEAD
f2
MONO CASS. HEAD f1 ERASE HEAD
50p
THERMAL CUT OUTS 50 77 85 120°C
C1 ea
THERMAL FUSES 220°C 121 C 240V 15A
5/Cl
TRANSISTOR MOUNTING PADS TO -5 TO -'8 ... C3 1000
TO -3 TRANSISTOR COVERS
10 f
PCB PINS FIT 0.1" VERO
200,£1
10/50p 100 f2
TO -220 micas
bushes
TO -3 micas
bushes
15
PTFE min screened cable
10m £1
Large heat shrink sleeving pack
£2
IEC chassis plug filter 10A
£3
Potentiometers short spindles values 2k5 10k 25k 1 m 2m5

KEYTRONICS
TEL. 0279-505543
FAX. 0279-757656
P 0 BOX 634

C2

WIRE ENDED FUSES 0.25A
NEW ULTRASONIC TRANSDUCERS 32kHz
12 -CORE CABLE 7 0.2mm OVERALL SCREEN

25A 200V BRIDGE f2
25A 400V BRIDGE £2.50

MONOLITHIC CERAMIC
CAPACITORS
iOn 50V 2.5mm
100n 50V 2.5mm or 5mm
100n ax short leads
100n ax long leads
100n 50V dil package 0.3 rad
1 ,F 50v Smm

10010£04.£560
£4.50

100 f3
100 f5
100 C8

£6'100

STEPPER MOTORS
2

CENTFIE-TAPPED 9 VOLT WINDINGS 7.5° STEPS

f4

£1.35
£1.50

SEND £1 STAMPS FOR CURRENT IC+SEMI STOCK LIST
ALSO AVAILABLE ON 31/2" FLOPPY DISK

-

MAIL ORDER ONLY
MIN. CASH ORDER £3.00. OFFICIAL ORDERS WELCOME

UNIVERSITIES/COLLEGES SCHOOLS,GOVT. DEPARTMENTS
MIN. ACCOUNT ORDER £10.00
P&P AS SHOWN IN BRACKETS (HEAVY) ITEMS
65p OTHERWISE (LIGHT) ITEMS

ADD 171/2% VAT TO TOTAL
ELECTRONIC COMPONENTS
BOUGHT FOR CASH

BISHOPS STORTFORD
HERTFORDSHIRE CM23 2RX

VISA
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LETTERS

all BBC listeners in an area.
regardless of listening choice.
The BBC is generally regarded as
the pioneer of RDS. and leads other
European countries by at least
several months if not sears.
Concerning uptake of RI)S
receivers, there is no country which
has a greater number of RDS
receivers in use than the UK. This is
due to the commitment of the BBC
to the system. matched by that of
both the receiver and car
manufacturing industries who have
ensured that RDS receivers are now
lined as standard ill the majority of
new ears sold in the UK.
In response to Allan Jones" letter in
the same issue, seeking information
on decoding RDS. may I refer him to
my colleague Simon I'arnalls article
in March 1989 F_-W + WW. and
advise that kits of parts are still
available from hinr,at the BBC
Design I)epartnlent, Avenue House.
Chiswick. London.

This formula gives the value of the
magnetic flux density on the axis at
the centre of the Helmholtz
configuration.
Just for the fun of it I have
calculated the relative flux along the
axis out to a distance of I? on each
side of the Helmholtz coils (Fig. 4).
Noss why is there a discrepancy
between the authors Noble. and
Fig. 3. Accounting for the

Arnold & I'ickworih? can foresee
some difficulties to be faced if one

horizontal

I

factor.

1,6

Helmholtz configuration
1,4
1,2

coil

1

2

0,8

Watching the skies

0,4

Some years ago designed a most
simple and yet versatile
nragnetonreter centred around an
ordinan, compass
The aim was to find the
preconditions for watching auroras
during dark skies. That is. to monitor
I

(R = radius of the coils)
0
R

R

R

Ron each side of the

Helmholtz coils.

Magnetometer
astronomy

.5

In

was particularly happy to read the
article by Richard Noble (-Fluxgate
nlagnetonretery." September 1991.
pp. 726-732). touching on the
mainstream of amateur astronomy.
But a following issue of EIV + WW
contained criticism of the Noble

Compassneedle

I

01

LED

/3

sin' a

= 4 zr x 10-7

Feld lines of
the earth
magnetic field

N

2

t

4,4958

IOE-71

R

RA.

\

/

_lab

//!

R
N

B.IBe

8,9917

0,5R10,5R

Fig. 2. Adding a second coil.

230

Printer

10E-7

P1

Lt

I

Fig. 5. Magnetic principle behind a system to
monitor the skies.
Fig. 6. Electronic basics.

NI
R4.4958 x10-7

BA,p= -N/8.9917 x10-7

Fig t. Substituting to find the flux at

R

Cot (L1)

3

wants to achieve the full eight digits
accuracy claimed by Arnold &
I'ickwortir regarding their measured
value of the magnetic field of the
earth:

1

NI
-sin'
63.43
R

B=

Y

Phototransistor
II

I

2R

->Jd

D1

article (Letters. December. Arnold &
I'ickworth) some of it not very valid
as will show. especially regarding
the Helmholtz formula.
First I wish to derive the formula
for the Helmholtz configuration.
Formula for a single coil can he
found in any text -hulk of basics in
electronics: the magnetic flux
density. in Tesla. along the central
axis of a thin, flat circular coil is
show n in equation 1.
B = It

i

steals.

Fig. 4. Relative flux along the axis out to a distance

NI

compass at a
67° angle to the horizontal to align it
with the magnetic vector. the
horizontal component only of the
vector would he measured (Fig. 3):
BT0T=47µT and
I'li i0R=47.cos67°= 18.4µT.

0,6

BBC Radio
Radio Data System

london

Without inclining the

I

0,2

Mark Saunders

loss accurate is the reading of the
45° deviation of the compass and the
6mA current in the coils.

Arnold & I'ickwonh due to this
error missed the correct value by a
factor of 2.5. Although they want to
use a factor of 2.0 to fix the situation
and put the blame on N (why not two
coils!). 2.5 is never -the -less in the
right order of magnitude of the error.
One thing though still puzzles me:
can not guess front where the
constant of 9.1 in the Noble article

Relative flux density on the central axis.

coil

I

4

here 1t=41íx 10-7 \'s/Aar (in air):
/=current in Ampere: N=number of
turns: R=radius of the coil in meters.
and ulphu=the angle from the point
of interest on the axis to the coil
circumference.
Suppose we want to calculate the
flux at 0.5R distance along the axis.
at the point RA. Substituting proper
values, the flux at point RA is given
in equation 2 (Fig. 1).
Now if we add another coil with
the same parameters (N, I. I?) parallel
to the first coil and sharing the same
magnetic axis as the first one. at a
distance of R from t'ne first one (Fig.
2). then the two fields add together
and become a Helmholtz
configuration. given in equation 4.
w

9554 of the magnetic field of the
earth is stable and 5% is influenced
by the solar wind plasma. It h: s a
diurnal as well as short terns
variation. (Where is this
magnetically undisturbed place
needed to make the measurements?).

low well controlled are the
physical dimensions of the
I lelmholt7 coil?
I

I

IOW

accurate is the E -W

orientation?
-low accurate is the north
magnetic pole direction?
I

Is the compass placed in the true

middle of the coil?

activity which has a
direct coupling to events in the
ionosphere.
have used this magnetometer in a
residential area for some time now
and the accumulated experience has
shown it to be a reliable aurora
detector. If n1y pen -recorder displays
steep signal gradients as well as
large amplitude variations you can
bet there is a great display in the sky
(if you are lucky. that is. and it is an
evening without full moon. with no
clouds, no freezing temperatures etc)
and you should go out and enjoy a
spectacular event.
I enclose some schematics (Figs. 5
and 6) of the current design. The
principle is simply to sense the
position of the needle within a light
hcant and then amplify the signal to
reposition the needle with a change
of the current through the coil (L1).
The global factor that shifts the
position of the needle is the
horizontal component of the
magnetic field of the earth.
the magnetic

I
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RALFE ELECTRONICS

SPECTRUM ANALYSERS

I

r

HEWLETT PACKARD

36 EASTCOTE LANE. S. HARROW, MIDDLESEX HA2 8DB

s:

TEL: 081-422 3593. FAX: 081-423 4009

(11I

tt.:

is

HP182C/85588 0.1-1500MHz
HP182T/8559A 2IGHz system
HP3585A 40MHz analyser
MARCONI TF2370 110MHz analyser
MARCONI TF237I 200MHz analyser
HP1417/85528/85548 1250MHz system
HP141T/85528/8555A 18GHz system
HP141T/85528/8556A 300kHz AF system
MARCONI 2382/2380 400MHz system

.

1

EST
35
YEARS

£2000
£5000
£6500
£2500

.r

£3250
DOWN £1950
DOWN £2950
DOWN £1250
£ SOW

MARCONI INSTRUMENTS
2019A synthesized signal generator IOkHz-1040MHz
£2250
2091C/2092C white noise receiver/transmitter, pair
£1000
2015 signal generator AM/FM 10-520MHz
£200
2015/2171 above but with synchronizer
£400
2016/2173 I 0kHz- I 20MHz AM/FM signal generator
£450
2356/2357 level oscillator/level meter
£500
2380/82 400MHz spectrum analyser
£7000
2388 ]GHz active probe
£450
2437 100MHz timer/counter
£ 175
2501 RF power meter 0.3W DC-1 GHz
£150
2503 RF power meter to 100W DC- GHz
£200
2828A/2829 digital simulator/analyser
£ 1500
2833 digital in -line monitor
£250
2870 data communications tester
£500
2955 mobile radio test set (75W version)
£3750
295 cellular adapter, any system, TACS/AMPS/NMT available
to suit your requirements
£2000
6460 microwave power meter with head 6421
£300
61008 sweep oscillator 8-12.4GHz
£1000
OA2805A PCM regenerator test set
£250
TF I245A Q -Meter with 1246 and 47 oscillators
£400
TF2006 FM signal generator 10-1000MHz
£350
TF2011 FM signal generator 130-180MHz
£50
TF2162 audio frequency attenuator
£100
TF2163S DC -I GHz attenuator
£350
TF2370 110MHz spectrum analyser
£2750
TF2371 200MHz spectrum analyser
£3250
TF26008 video voltmeter l mV-300V fsd
£50
TF2908 blanking & sync mixer
£50
TK2374 zero-loss probe kit for 2370 analyser
£350
TM4520 inductor set
£250
1

-

URGENTLY REQUIRED
'HIGH -END' test Equipment
by brand names. TOP prices paid
for HP, TEK, MARCONI etc.
PLEASE CALL.

1=1=C

sir=

in.

5 0 ,

BRANDENBURG Alpha

II

12750

507R 0-5kV

BRUELB KJAER 4416 response test unit
FARNELL PSG520 signal generator AM/FM 10-523MHz
FLUKE 8010A digital multi -meter
HAMEG HM605 60MHz dual -trace oscilloscopes
HAMEG HM705 70MHz dual -trace oscilloscopes
KIKUSUI COS5040TM 40MHz dual -trace oscilloscope
NATIONAL VP -7750A wow & flutter meter
PHILIPS PM2525 digital multi
-meter GPIB
PHILIPS PM5190 synthesized function generator 2MHz
PHILIPS PM5191 synthesized function generator 2MHz
PHILIPS PM5534 standard pattern generator NTSC
PHILIPS PM5545 colour encoder PAL
PHILIPS PM5597 VHF modulators £250, PM5598 UHF
PHILIPS PM5580 I.F. modulator
PHILIPS PM6652 1.5GHz timer/counter GPIB
PHILIPS PM8202 recorder with 9874/01 temp' unit
RACAL DANA 9008A automatic modulation meter
RACAL 9081 signal generator 5-520MHz synthesized
RACAL 9082 signal generator I 5-520MHz synthesized
RACAL 9105 RF micro -wattmeter 0.02pW-200mW
RACAL 9300 RMS voltmeter -80áB to +50
RACAL Store 4 4 -channel tape recorder
RACAL 9341 LCR databndge component tester
ROHDE 8 SCHWARZ CMT54 mobile radio test set GPIB
SCHLUMBERGER 1250 frequency response analyser
SCHLUMBERGER 4021 mobile radio test set
SHIBASOKU 217A/33 SECAM colour bar generator
SYSTEM VIDEO Tv vectorscope/waveform monitor

3wrr,-

.

d

116028 transistor fixture for S -parameter test
£250
11710 frequency down -converter for 8640B
£500
141T/8552B/8554B 1250MHz spectrum analyser
system
£2000
1741A 100MHz storage (analogue) oscilloscope
£450
334A do tortion meter
£450
3580A audio spectrum analyser 15Hz-50kHz LED
version
£ 1950
3582A audio frequency spectrum analyser
£3500
3585A 40MHz spectrum analyser
£6500
400FL mV-Meter 100ÚV -300h fs. 20Hz 4MHz
£325
435A/8 -184A microwave power meter
£700
50058 signature multi -meter, programmable
£1750
5328A 100MHz counter with DVM and HPIB options
£350
5328A 100MHz counter with High-performance DVM opt. £350
53638 tme-interval probes
£250
65I6A power supply 0-3kV @ 6mA
£250
70300A tracking generator plug-in unit
£3000
70907A external mixer
£2750
7015B analogue X -Y recorder with timebase
£650
8082A 250MHz pulse generator
£1500
8405A vector voltmeter. voltage & phase to 1000MHz
£1250
8406A oomb generator
£ 1000
8503A S -parameter test set
£1500
8505A network analyser
£5000
8556A 14IT-system based spectrum analyser plug-in
£750
8558B/182C 1500MHz spectrum analyser system
£2000
8559A/182T 2IGHz spectrum analyser system
£5000
85668 spectrum analyser
£25000
8590A 1500MHz spectrum analyser GPIB option
£3500
8600A digital marker generator for 8601 A
£325
8614A signal generator 800MHz-2.4GHz
£1250
8620A sweeper main frame & 86218 plug-in units
£1000
86222A sweep generator plug-in l OMHz-2.4GHz
£1750
8640A signal generator 5-520MHz AM/FM
£850
86408 signal generator options I, 2 and 3
SOLD £ 1750
8750A Aorage normaliser
£750
89038 audio analyser options 001/010/051
£2750
8954A transceiver interface
£500

£500
£2500
£2250

AVO CB154/5 electrolytic & twit' cap' bridge
AVO RM215L-2 ac/dc breakdown tester to 12kV

-.i- -.

1

TEST EQUIPMENT
AIM 501 low distortion oscillator GPIB/RS232
ANRITSU MW98A/MH925A optical TDR
ANRITSU MS628 1700MHz spectrum analyser

i

11

£695
£300
£550
£1 000

f 175

£300
£250
£150
£225
£350
£850
£1250
£2500
£1000
£500
£1500
£850
£450
£400
£850
£950
£250
£325
£1000
£350
£4250
£3250
£1500
£200
£650
TEKTRO NIX J I6 6gital photometer
£275
TEKTRONIX 1485R full spec' TV waveform monitor
£1500
TEKTRONIX 15038/03/04 TDR cable tester
£3000
TEKTRONIX SG503/PG506/TG501 calibration system
£2250
TEKTRONIX 7623A 100MHz storage scope 7653A 7A18s £1250
TEKTRONIX 7613/7A19/7B10 storage scope system
£750
TEKTRONIX 7.413, 7A26. 7B53A, 7A18, 7885.78:37, 7CTINPOA
TEKTRONIX FG5C4 function generator
£550
TEXSCAN VS60C 1000MHz sweep generator
£950
TEXSCAN VS901 5MHz-2400MHz sweep generator
£500
TOA PM -30R RF volt-meter ImV-lOV fsd
£150
WAYNE KERR 32d5 inductance analyser GPIB option
£3250

PLEASE NOTE ALL OUR EQUIPMENT IS NOW CHECKED
TO MANUFACTURERS' SPECIFICATIONS BY INDEPENDENT LABORATORY TO BS5750 Certificates of calibration
to this standard can be supplied at very reasonable cost All
items Fuaranteed for 3 months (90 days) and 7-days 'return
for lull refund' warranty. URGENTLY REQUIRED FOR STOCK
- 'high end test equipment. cash waiting for first -quality
secona-user instruments. ALL PRICES SUBJECT TO ADDITIONAL VAT.

CIRCLE NO. 125 ON REPLY CARD

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

R. Henson Ltd.
Lodge Lane, N. Finchley,
London, N12 8JG.
5 mins from Tally Ho Corner
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Telephone:
081-445 2713/0749
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HALCYON
ELECTRONICS
Test equipment, video monitors, amateur radio gear,
printers, power sjpplies, communications, disk drives,
multimeters, oscilloscopes, scientific instruments, connectors, component bridges, frequency counters, signal
generators, computers.
IBM POLARO D PALETTE. CGA

COMMUNICA-IONS RECEIVERS VARIOUS
H.P. 1340A X Y CRT DISPLAYS

H.P. 1610Á81615A LOGIC ANALYSERS
TEK 2210 DIGITAL STGE SCOPE LIKE NEW
VALRADIO FC8230200 50Hz TO 60Hz 200W
WANDALGOLFERMAN SPM-2 SEL LEVEL METER

£249 AVO CZ45715 LCR COMPONENT COMPARATOR
POA ANALYTICAL BALANCES WITH WEIGHTS
£145 MARCONI TF2331 DISTN FACTOR METER
£99
£995
£95

£75
£69

£175

LIGHT BOXES 230V 10x12' area
DECADE

RCN

£49

BOXES

From £15

KAYE DEE PNEUMO UV EXP UNIT 390x260mm

£175

£169

VACUUM PUMPS TYP 100MBAR (26LMIN)

£95

From £5
GAUGE BLOCKS (SLIP GAUGES) VARIOUS
SCR LEAD PTFE 19.15 SILVER PLTD 50YD REELS £2

ROHDE 8 SCHWARZ PZN PHASE METER

£125

R8S SDR UHF SIG GEN 290-1020MHz
RAS SCR UHF SIG GEN 950-1900MHz
RAS SMLM POWER SIG GEN 30-300MHz
RAS SMLR POWER SIG GEN .1-30MHz

£175

WAYNE KERR RA200-ADS1 DISP STORE
£1995
HONEYWELL 612 HUMIDITYTEMP RECORDERS
£95
TEK 5L4N 100KHz SPECT ANAL 5110M/F, ETC; £1750
SIEMENS XTC1012 2PEN CHART RECORDER
£395 CALIBRATION STANDARDS CN/UR
GOULD BRUSH 260 6 -PEN CHART RECORDER
£95
CRM533A VHF NAV/COM RF SIG GEN
RUSH RT2 EN CU WISTRIPPER 28-45AWG
£195 COSSOR CRM511 ILSNOR AUDIO SIG GEN
RUSH DCF44VAR SPEED CONT 9-29AWG
£95 TOPAZ 9100711 7.5KVA 120/240-1201240

£195
£165
£130

l PCA

EP"COSSOR

1

£249

Visit our bargain corner in shop.
Many valuable items a t knock-down prices.
UK

1013 BFO, 2305 LEVEL RECORDER
£195
DATALAB DL912 TRANSIENT RECORDER
£195
BBC B 8 MASTER COMPUTERS
From £139
RECHARGEABLE SEALED LEAD ACID BATTS
6V 10AH LONG LIFE, EX NEW EOUIPT
£650-2'£10
HAMEG HM408 40MHz DIGITAL STORAGE SCOPE

TRACE WITH HM8148-2 GRAPHIC PRINTER
FARNELL E350 PSUs 0-350V 6.31is
MARCONI TF2300 FM AM MODULATION METER
2

£995

f69
£195
TEK S45Á. 5458, 585, 535A, PLUG INS
From £49
TEKTRONIX 334 PROG DATACOMMS TESTER
£395
VARIABLE OUTPUT PSUs HV 8 LV
=rom £35
TEKTRONIX 520 521A PAL V/SCOPES
Porn £475
WAYNE KERR CT492 UNIV LCR BR DGES

£65

KINGSHILL NS1540 15V 40A PSU CASED
HP 6168, 618C, 6208, 626A 628A SIG GENS

£295

ROBIN 4112 PHASE EARTH LOOP TESTER
ROBIN 5402 DIGITAL RCCB (ELCB) TESTER
BAT LAB OVENS 12x13x14 INTERNAL 210'C

£75

£35 EA
TEKTRONIX 7403N, DF1, 7D01 LOGIC ANAL
POA
OSCILLOSCOPES DUAL TRACE &STATE
From £110
MARCONI TF2303 AM'FM MOD METER 520MHz
£245
£75
£195

REDPOINT 6E-1, MINKS 1 5 CAN (OTY POA)
STAG PP41 EPROM PROGRAMMER

£1.50

MARCONI TF2330 WAVE ANALYSER

£150
£125

£495

COHU 301 0-500V DC VOLTAGE STD. INT REF
LEADER LBO 9C ALIGNMENT SCOPE

SIGNAL GENERATORS AF TO 2IGHz

£249

From £15

LIST AVAILABLE, BUT 1000'S OF UNLISTED BARGAINS FOR CALLERS
QUALITY ELECTRONIC EQUIPMENT BOUGHT. ALL PRICES EXC. OF PAP AND VAT

423, KINGSTON ROAD, WIMBLEDON CHASE, LONDON SW20 8JR
SHOP HOURS 9-5.30 MON-SAT. TEL 081-542 6383.
CIRCLE NO. 127 ON REPLY CARD
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LETTERS

Although quantification of the
output signal is not so important in
my case, it still was interesting to get
a feel for the sensitivity by using the
Helmholtz coils
estimate the present sensitivity to
he about 250nTem'1 written on the
paper of the recorder (noise-level is
about a few mm). It is easy to
distinguish a magnetic event that is
interesting from an auroral point of
view.
Gdte Flodqvist
Sweden
.

I

Scratching... a little
more deeply
article "Scratching the surface
of electromagnetism" (December
and January) Dr iilla r complains
that: "It is difficult to tell w hat is
going on in electromagnetic research
ithout access to high-powered
mathematics. in particular the
methods of quantum
electrcxlvnamics." But this can he
remedied by reading Professor
Fevnntan's non -mathematical hook
QE!) - the strange theory of light
wid matter which outlines the
general ideas in quantum
electrodynamics.
The chapter "Electrons and their
interactions". where Feynntan
explains that photons are emitted or
absorbed w henever electrons change
velocity or direction. would he
particularly relevant.
A more advanced hook on what
has been going on in electromagnetic
research is Concepts in particle
phvste.c by Gottfried and Weisskopf.
As regards the proposition that the
photon consists of a pair of
complementary sub -panicles which
oscillate at the frequency of the
radiation. that might well he true. in
which case it should he possible to
postulate the rules governing the
formation. stability and dissolution
of the composite particle.
hhc follow ing ideas are put
forward with that objective in mind.
Feynman explains (p.120) that
according to QED. photons have
four "polarisations' - X. Y, Z and T.
In photons that travel over long
distances the Z and T polarisations
cancel out. leaning only the more
familiar X -Y polarisation.
But in electron -proton interactions
in the atom it is the Z and T
polarisations that mater most. What
might this mean in terms of a tuosub-particle photon'?
It is interesting to speculate that the
sub -particles are. to a certain extent,
independent. with individual
frequencies and unconstrained phase
relationship. and that in longdistance photons both sub -particles
must have identical frequencies and
oscillate 180°out of phase with each
other.
Perhaps the sub -particles must
never he in identical polarities of
In his
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any classically understandable

Class conscious audio
am grateful to W Groome for his excellent letter (EW + WW. January)
which I hope will put life hack into the class B Amplifier debate. His
comments and description of the classification (class -BA) of my
approach seems appropriate apart from the obvious similarity with
"your favourite airline's" name.
Prompted by hint I looked hack at the amplifier design by WO
Richards in October EW + WW (pp. 8ít0) and have some concerns about
the audio amplifier's design.
In common with my earlier approach, the output transistors are fed
with unidirectional signals from the two rectifier stages (IC3 and IC4)
which should be a reasonable ± split of the amplified version of the input
audio signal.
However, as Mr Groome points out, Mr Richards' push-pull amplifier
design uses capacitors (C3,4.5.6) to couple the output from these ideal
op/amp rectifiers IC3 and IC4 to the power output transistor pairs. These
coupling capacitors must integrate the asymmetrical audio drive current
from the op/amp rectifiers, giving rise to large, delayed voltage changes
at the input of both output circuits.
I suspect this accumulated charge on the capacitors will result in the
output pairs not performing correctly or predictably as either a class A or
class AB amplifier after any large input signal has been handled.
The second concem is more on the basic operation of the amplifier
rather than the detail of the circuit.
cannot see the reason, at the moment, for making the power output
pair (Ti and 12 or T3 and T4) drive not only the load but also the other
output transistor pairs when an audio drive signal is routed by the
rectifier IC3/IC4 and visa versa.
This "double driving- of both the load and other output pair must cause
large currents to flow front the positive to the negative power supply
through the power transistors etc.
One could calculate the value of this current (or simulate with Spice if
I had the time) to show it is directly related to the reactive impedance of
the drive capacitors. the gain of the transistors, and the 4752 Rts/tv)
resistors.
The combination of these two problems suggest the design needs to he
reconfigured if a predictable high performance amplifier is the final goal.
However, given these reservations about this "Class A" push-pull
amplifier design, the outline approach is indeed similar, as suggested by
Mr Groome. to my Class B proposal published at the beginning of time,
back in
Finally, I must thank Mr Richards for publication of the circuit as it has
been beneficial not only to me - it has set me thinking once again about
class B power amplifiers but also, I hope, raises interest in novel
analogue design techniques, pushing engineers to try new ideas with the
hope that one may become a winner.
Peter Blomley
Bishops Stortford
I

-

I

1971.
-

Herts

physical model.
In his original paper Heisenberg
explicitly abandons all faith in the
"solar system" model of the atom
and goes on to develop a purely
mathematical scheme. On the
hypothesis that the photon consists
of a pair of semi-independent sub particles. the energy table scheme
would undoubtedly have to cope
with sub -particle rearrangement
possibilities.
The picture of quantum
electrodynamic processes outlined
by Feynman.suggests that the course
taken by the two -sub -panicle photon
would he guided by probability
VI aves -a concept that has been
criticised by a number of the
founders of quantum mechanics and
their successors.
Professor Dirac. the British pioneer
of quantum mechanics and
electrodynamics. expressed the
opinion (in Directions in physics. pp.
9 and 10) that there is a fundamental
error in our world-view that we have
always accepted without question
something that appears to he self evidently true but is in fact false.
Consequently we are unable
satisfactorily to relate yuantunt
mechanics to our common sense
expectations.
My personal view is that contrary
to what common sense tells us.
human consciousness is not
continuous. It makes more sense if it
is assumed that consciousness is
discontinuous, cinematographic. and
that the "probability waves' that
guide particle interactions are of the
saute kind and could therefore he
better described as "consciousness
waves".
G Berzins
Camberley Surrey

Cad add on
I

oscillation - when one passes
through the positive half-cycle then
its partner must pass through the
negative half-cycle and vice versa.
This tuned require that in longdistance photons the frequencies he
identical and phased at 180°.
But in short-range travel. over
distances less than one wavelength.
the "never in the saute polarity..
requirement could he met with sub particles that don't have the saute
frequency. or where the frequencies
are identical but phasing is not I8O°.
'Fiat would explain why Z and T
"polarisations" (in reality data
concerning sub -particle phasing) are
important in short-range interactions.
What would happen if the two sub -

panicles did enter the saute polarity?
Could the sub -particle phasors
reverse direction of rotation and the
composite particle change direction
of propagation whenever this

happens, the "imperfect photon" thus
moving hack and forth at the
velocity of light and becoming part
of a medium that could transport
electric currents and electromagnetic
energy generally?
Could two imperfect photons swop
two of their four sub -particles. such a
process continuing until a perfect
photon forms and joins outgoing
radiation'' If so. then the atom might
well he the principal site where the
photon's sub -particles become
correctly. equalised and aligned in
energy exchanges betitre long-range
emission can take place.
The earliest form of quantum
mechanics (matrix mechanics).
des -eloped by Heisenberg in attempts
to impose order upon previously
amassed spectral data concerning the
emission and absorption of radiation.
is based on certain "energy tables"
the use of which cannot he related to

read with great interest the

electronics cad "Buyers Market" by
Steve Rogerson in January Ell' +
11/W and thought your readers would
he interested in two of our products.
Sauna and Active, which were not
included in the product summary..
Sauna is a low-cost 3-D thermal
analysis program aimed at non -heat
transfer specialists. Sister program.
Sauna NIS is aimed more at
experienced users.
Active is an active'tilter synthesis
program which supports Monte
Carlo tolerance testing. It has a builtin (but user accessible) library of
standard tolerance(' components and
will find the hest fit standard values
to achieve nominated performance.
The address and telephone
nunthers quoted in your directory
have also now changed and should
he: Those Engineers Ltd. 31
Birkbeck Road. Mill Hill, London
NNW 4BP. Tel: 081-90h 0155.
Charles Clarke
Those Engineers

ltd
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Microprocessor Development 'cools
EMULATORS

-

SIMULATORS

-

COMPILERS - ASSEMBLERS

PROGRAMMERS

-

77C82 8085 Z8 68000 8051 32010 68HC11 6301 6502 87C751 6805 Z80 6809 8096 740 5.erles 7720 MIPS R2000 etc

805

C

Extensive device support
- PALs, GALS, PEELs, FPGAs etc...
- Sedal PROMs, BPROMs, (E)EPROMs
- and mlcrocontoollers
DIL, QFP and PLCC packages
Ti and NatSeml approved
Gang adapters available

and Modula2 Compilers

Simulator, Cross-Assembler, Linker and Editor
Hardware Debug options

Multitasking Support

1 lit,

e/
e/

Integrated environment - or command line
IEEE Floating Point Support

Supports ALL 8051 variants
- including

ROM/RA

80751, 80552 etc...

UDM IVERSAL

SMAC

.

NIVERSAL PROGRAMMER

DEVELOPMENT
New Version 4

Pascal,

..

ASSEEMB 11-2

4/

Relocatable - fast assembly

1

Caters for ALL Microprocessors and Controllers

r

Instruction sets for many microprocessors included

EM ULATOR

ROM sizes from 16 kbit to 64 MbftItlb
Full bl-dlrectioral communications
Emulates all 24, 28, 32 & 40 pin devices
Fast download - loads 1 Meg In under 5 seconds
Split and shuffle and paged ROM capability

e/
e/

#
6/
g/

- from Z80 to RISC 2000

M U'LATO

or add your own
Iteritive macros,
Intelligent jump facilities
Linker and MAKE facility

Debug

-

6/

1

2 Field End, Arkley, Barnet, Herts, EN5 3EZ Telephone

:

microprofssor and controller

software on your pc
Break points and trace
Free run or single step

081-441 3890

iA Ni<f
COMMUNICATIONS
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WE HAVE THE WIDEST CHOICE OF USED
OSCILLOSCOPES IN THE COUNTRY
TEKTRONIX 24450 Four Channel I505181

C2000

TEKTRONIX 2445A Four Channel150MH,
TEKTRONIX 485 Dual Trace 350M11, Delay Sweep

L1500
L000

TEKTRONIX 475 Dual Trace 200MH, Delay Sweep
CS50
SCHLUMBERGER 5118 Three Trace 200MH7 Delay Sweep with Tugger

View

CS50

HITACHI 06501 Dual Trace 60MO, Delay Swap
TEKTRONIX 2225 Dual (race 50MNI Delay Sweep

0450
L500

IEKIRONIX 465 Dual Trace 100MBO Delay Sweep
PHILLIPS PM3717 Dual Trace 50MH7 Delay Sweep
TELEQUIPMENT 075 Dual hare SOMN, Delay Sweep (*Oh
S2Á)
IELLQUIPMENT 03 Differential Amplifier for above
NAMED 605 Dual hace 60MHr Delay Sweep

0450

(400
VA

L200

HP 198013 Measuring System 100MHI
MIS IS 11.157 A SAMPLE-

061105

M2355

-

L1000
L3000

with Binning Mon
RACAL/DANA (AIM) LCR Databndge 9341
WAYI( KERR LCR Meier 4110
VMYNE KERR Automatic Component Budge 0605
VMYt( KERR Universal R/ Bridge 8602

LI75
(35
LED

L450
L27
L700
CIO

MARCONI 172008 AM M
MARCONI íF2015 AM M 10-520MH, Sg Gen with 112171
MARCONI 172015 .11hout SYnchronrser TF2171
(25
MARCONI TF2016 AM FM IOIH, 110MH, wrlh 172173
(35
MARCONI 81016 without SMchronrser 072013
C17
Meter 20M11,
MARCONI TF235612357 Lever 0
the pair L95
MARCONI SANDERS Sig Sources
Various models from L300 covering 400MNI_8 SCH,
RACAL 9009 Mod Meter 10MH,-1 5GN,
TEKTRONIX Waveform, Monitor type 518

C35

(30

Instrumental« Recorders Stole 4D and Store 70
KLITHLEY 214 Programmable Current Source
FERROGRAPH REST Recorder Test Set
RACAL

from L50
C1000
Irony CIS

SPECTRUM ANALYSERS
H.P
H.P

HP 140 Series
H P.

1

L750

5-11AGH7

1417 Earth 8555A B IF Plug-in 10M11,-18GN,
140 Series with 8554 6 0 Plug-in 5004X,-1250MHI
Earth

8553 8

180 Sones with 85588 0

POLARAD von 641 I

I

OMH,

Plug-in IIH,
11500MH7

1F

180H7

I

IOMH,

C3000

(1500

L800
from £7000
L7000

a

(150
(200
(150

95re

MARCONI DIGITAL FREQUENCY METERS
74301

101,11, AUMH7

£125

IOM0, .0000,

(150

MARCONI UNIVERSAL COUNTER TIMERS
Type

1X17
Inpe 1478

DC
DC

10

(115
(225

oMH,

52OAtH,

OJ0V. 0.50Amos Metered

L300

L/S
L40
C25
Irony C12

MARCONI 112700 Universal LCR Bridge Battery
MARCONI 1123370 Auto Distort Meter 40011L/IAH, 0 01%
RACAL 9915 keg Counter 10H, 520MN, (Crystal Oven)
MANOR SMAN TALLY

Puy

Model 8 or

9

(what

3

£40 each
Irom (65
L90
CIPO

0 Mks with Carrying Case

M~terms l

woe Careens Case

Meters supplied

.110~terms

leads

7170501 X01023 AC Voltmeter Dual Ch IOW 500101, 3000-1004
SIX ARTRON 7045 Multimeler 4 5 3rg11 30 Ranges AotoDMan
from
Large range of BENCH POWER SUPPLIES available
Irony LI5
0-Y PLOTTERS Vannes models

C1
C9

(4
40

NEW EQUIPMENT
MOMEO OSCILLOSCOPE

HM1005 Toole Trace

I OOMHO

Delay

umebase

(792

OSCILLOSCOPE HM6(14 Dual Iran b0MB, Delay Sweep C610
NAMLG OSCILLOSCOPE HM203 7 Duel Trace 20MH, Component
Tester
a30
HAMEG OSCILLOSCOPE 104105 3 Duel Trace 20MH7 Dlgdal

WAG

L610

Storage
All other models available

-

--

0

j>a e-1

rl
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es

.I.

*et

i
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LIDO

AVO MULTIMETERS
s available)

Tell Set No 1.80. 950
8 MO6

"_
/,.

00000,,,
on

LI7
LI5

08 Plotter R5171

all oscilloscopes supplied with 2 Probes

BLACK STAR EQUIPMENT (PEP all units C51
APOLLO 10 100MHr Ratio Period Time mlerval et_
APOLLO 100 100MHr (As above with more functions)

L221
L195
L109
L135

METEOR 100 FREQUENCY COUNTER 100MHz
METEOR 600 FREQUENCY COUNTER 600M11I
MI 7000 1000 FREQUENCY COUNTER 1GN,
JUNIOR 500 FUNCTION GEN 0 IHI 500ÁM, Sine Ss In
ORION COLOUR BAR GENERATOR Pal TV Video

(378

DID
C229

All other Black Star Equipment avaroOIe

The world is at your fingertips with ICOM's new IC -R9000 radio
communications receiver with continuous all mode, super wideband range
of 100KHz to 1999.8MHz and a unique CRT display that shows frequencies,
modes, memory contents, operator -entered notes and function menus. The
revolutionary IC -R9000 features IF Shift, IF Notch, a fully adjustable noise
blanker and more. The Direct Digital Synthesiser assures the widest range,
lowest noise and rapid scorning. 1000 multi -function memories store
frequencies, modes, tuning steps and operator notes. Eight scanning modes
include programmable limits, automatic frequency and time -mark storage
of scanned signals, full, restricted or mode -selected memory
scanning priority channel watch, vojce-sense scanning and a
selectable width around your tuned frequency.

ICOM

Dept WW
Past to: Icom (UK) Ltd.
Sea Street Herne Bay Kent CT6 8LD
Tell:0227 741741 (24hr). Fax: 0227 360155

Ell

OSCILLOSCOPE PROBES Switched 01010 (P&P (31

This is

MONITORING

L100

21"Irom

C15

- 0.0001Hz 99.990*,
10kNI-510001 Sig Gen

FARNELL Synthesized Oscillator DSGI

TEKTRONIX 491

800
(IOSO

1

L215

KERR LCR 4150

1500

FULL SPECTRUM

L

FARNELL PSU H30í100 700 100Amps
FARNELL PSU H60/25 60V 25A
TELEQUIPMENT CT/1 Curve Tracer

Iransmissioe

RACAL/DANA Wrdeband Level Meter 5002
HP 8620C with 86290C Sweep Generator 2-18 6GN7
TEKTRONIX S77 Cone Tracer with 177 atore

OWN(

L

SOLARTRON SCH 7051 Computing Multimeter
PHILIPS PM5131 Poncho, Gen 01N,
FARNELI PSU L30 5 30V SAmp

hoe 21711

111A- Scanning

Super

only L72.50

Fmq Counter etc

MARCONI 2440 20G*7 Many age Counter
MARCONI 772600 True MS Voltmeter
ARNELL SSG1000 Sig Gen 10*,-I6I4 Synthesised
RACAL 1998
3G*, lies Counter with IEEE

Type

ELECTRON MICROSCOPES
I.S.O.

only (350

LIIMEIERS 3Ul digit
ranges DC-1amp
only LIB
32 ranges AC/DC 10 amps, D,,Aerhaesislor Tester

THORN PSU

AEI Corinth 500

TWICE with

14

L200
C250

L750

0.304 tamp

HANDHELD N

(400

~or DINERS AVAILABLE

w11ó GPIB

only C300

!HURLED'PL320I-GP Bench PSU
GPM

(225

Dual Trace 20MH,

multi-lunctron DMM 41/2-52 drgre

IEEE -A88

(HO

GOULD 05300 Dual Trace 201PH,
HITACHI 0111 Dual Trace 20MH7
TRIO C51022

8

PHILIPS PM251S

Used Equipment With 30 days guarantee Manuals supplied II possible.
VERY SMALL SAMPLE OF STOCK. SAE or Telephone for lists. Please check availatility before
ordering. CARRIAGE: all units 016. VAT to be added to Total of Goods and Carriage.

Nome/address/postcode

STEWART OF READING
110 WYKEHAM ROAD, READING, BERKS RG6 1 PL
Tel: 0734 268041
Fax: 0734 351696

VISA

Callers welcoone 9am to 5 30001 Mon-Fe (until Bon Thum)

Call sign

Tel:

Dept: WW
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C HERE!

If you have followed our
series on the use of the C

programming language, then

you will recognise its value
to the practising engineer.
But, rather than turning up
old issues of the journal to
check your design for a
digital filter, why not have all
the articles collected
together in one book,

Interfacing with C?
The book is a storehouse of
information that will be of
lasting value to anyone
involved in the design of
filters, A -to -D conversion,
convolution, Fourier and
many other applications,
with not a soldering iron in
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INTERFACING
WITH C
by

HOWARD HUTCHINGS
Interfacing with C can he obtained from Lorraine Spindler, Room
L333, Quadrant House, The Quadrant, Sutton, Surrey SM5 2AS.
Please make cheques for £14.95 (which includes postage and
packing) payable to Reed Business Publishing Group.
Alternatively, you can telephone your order, quoting a
credit card number. Telephone 081-652 3614.
A disk containing all the example listings used in this book is
available at £25.50 + VAT. Please specify size required..

;.

.

sight.
To complement the
published series, Howard
Hutchings has written
additional chapters on D -to A and A -to -D conversion,
waveform synthesis and
audio special effects,
including echo and
reverberation. An appendix
provides a "getting started"
introduction to the running
of the many programs
scattered throughout the
book.
This is a practical guide to
real-time programming, the
programs provided having
been tested and proved. It is
a distillation of the teaching
of computer -assisted
engineering at Humberside
Polytechnic, at which Dr
Hutchings is a senior
lecturer.
Source code listings for the
programs described in the
book are available on disk.

REGULARS
CIRCUIT IDEAS

Resonant -loop antenna for medium waves
ResonanI-loop antennas1.3 are not quite as
simple as they may appear. Induced
voltage increases as the number of turns
multiplied by loop area, while inductance
varies as n2, depending in a complex way on
dimensions and winding method. Self
capacitance and Q also must he considered.
Inductance is given by Sommerfeld4 as
approximately 1. = (2aµ1N2/m)In(16a/h),
y. here ito = -3R* I0-7. a and h being shot'. n in
the diagram. which gives only three turns:
normally there are more. Turns are spaced
either in a flat coil as shown ill the diagram
or along the loop axis, spaced a distance
h/(N- I) from each other and not much more
than the wire diameter.
Capacitor C1 and the tuning diode DI
resonate the loop and the coax. should match
the receiver input impedance. which is
usually 7511. Q will he less than col./R.
since the effective series resistance of the
loop should he less than R11. Make 1. high
enough to give a sufficient Q for the
selectivity needed, but not high enough to
reduce C1 to a very small value.
A rigorous test for the design is the
reception in London of the 567k 117. Dublin
station RTEI in the presence of a strong local
transmission on 558kHz. To use a tuning
capacitance of 200µF, a loop inductance of
400µ11 is needed, which gives a Q of 20.
With a = m and a 5Omm spacing. the above
expression gives N = l0. This xs'as correct
with 2OSWG wire, the loop resonating at
I

Feedback for lower
amplifier noise

Resonant-loop antenna provides gain and
interference rejection at medium -wave
frequencies.

567kHc with 230pF, so C1 is 2101F and the
MV 1634 diode then operates somewhere
near the middle of its I5-30pF range: bias
voltage for the diode comes from the
receiver is R1.
Reception of Dublin was excellen: \kith the
loop in the roof space, at S9 instead of S4
with a long wire, and interference was
negligible.
T

Feedback to the input of an op -amp is
known to affect adversely its noise
performance. In the instrumentation
amplifier shown, feedback goes to the
offset trimming pins rather than to the
input of the difference amplifier.
Voltage gain is then (I +281/R2)k/R.t, the
value of R.t being in W. Constant k lies
between 2.5kí2 and 5k12, depending on
the type of op -amp, and should he
determined by experiment.

Kamil Kraus
Roykcany Czechoslovakia

H O'Dell

London W2
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Pulsed light source

I

Taking feedback to trimmer points instead

of input terminals preserves noise
performance of the differential amp, in
this instrumentation amplifier.

f coherence and purity of spectrum are not important in the
application, this led source is capable of replacing a laser.
The amplifier formed by transistors T1'1.13 accepts an input from a
pulse generator and turns on the HLMP8I0-1 led. After a short
delay, determined by the rise time of current in 'Ds. Tr6conducts
and diver s current from the led -a method of turn-off that
improves noise performance.
A current of up to IOA flows in the led, at a duty cycle of less than
104, for pulse times of 100ns to 500ns. The led was chosen for its
low response time, even when overdriven. Peak light intensity is
several W/cm2, equivalent to about IµJ. After up to 2* l06 pulses at
this level, light intensity reduces to about half the starting value.

Luigi Schirone
Universitá "La Sapienza"
Rome
Italy
Simple led source can produce 11.4 pulses of light and will replace a
laser ín measurements where coherence is not needed.
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CIRCUIT IDEAS

85mA op -amp output
from op -amps is
commonly between 20 and 40mA. In
this LM324 quad op -amp circuit, a parallel
connection of three amplifiers gives up to
85mA and retains short-circuit protection.
This is a unity -gain circuit providing a
bandwidth of 2(X1kHz, R1 and Ct taking
care of loop stability. Current -sharing
resistors of IOU avoid the effect of
inherent differing input offsets, which
would otherwise cause different output
Output current

currents from each op -amp. For long-term,
high output current, a bonded heat sink
will probably be needed.
A M Wilkes

Brentwood

RIAA amplifier uses
current feedback opamp
I n a current feedback op -amp such as the
Analog Devices AD844 with access to the
buffer, the active devices to make an RIAA

Essex
This parallel connection of the op -amps in
one package will give up to 85mA output
current. Bandwidth of this circuit is 200kHz

amplifier are in one package.
An RIAA network on the input to the

at unity gain.

A0844 transconductance amplifier/unity-gain
buffer combination enables this simple
realisation of an RIAA amplifier.
buffer, which is a unity -gain stage. effects
the required equalisation. Input impedance is
equal to R11. since the inverting input is at
low impedance without the assistance of
external feedback, and DC gain is
=
Rhin. Slew -rate limitation is not a problem
with the AD844. rise and tall times of the
output being almost independent of the
amplitude.
A point to watch is that maximum current
through R1 is around 10mA, which must he
borne in mind when setting gain and
overload margin. Decoupling components
should he close to the pins.

A
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220k
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a virtue of necessity,
commutator noise from the motor is
used in place of the usual shaft-speed sensor
in this design.
Noise signal is taken from the motor to
the 741 amplifier, which has a voltage gain
of 820. This drives the LM291 7 tacho chip,
whose output is buffered by the second 741
before going to the TIP121 motor drive
darlington. Speed control is by the I00k12
potentiometer on the motor buffer.

Making

Andv Bartram
University of Exeter

220k

25k

Constant-speed
motor drive

o

Using commutator noise as feedback in this
constant -speed motor drive circuit avoids
need for shaft -speed sensor.

Richard Heycock
Beverley
North Humberside

FRESH IDEAS

While we are not short of Circuit
Ideas to publish, it would be
agreeable to see some fresh input
from the vast, untapped bank of
talent that our thousands of readers
represent. We pay a moderate lee for
all ideas published. So send them to
Circuit Ideas,E¡V+WW, Room 333,
Quadrant House, The Quadrant,
Sutton, Surrey, SM2 5AS.
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Voltage -tolerant temperature probe
In the presence of reverse voltages up to
44V. this circuit is an improvement on
the common type using only the Analog
Devices AD590F temperature sensor,
which can tolerate up to 20V reverse

Addition of bridge rectifier to AD590F
temperature sensor allows use of up to 44V
positive or negative supplies without danger
to the sensor.
Fig. 1.

and which protects the AD590F in the
event of a change in polarity. Output is
either current (I pA/K) or voltage (I mV/K),
depending on the presence or absence of
the resistor RI.

Fig. 2. Standard AD590F tolerates

voltage.

shows the arrangement, which
rectifier to allow the sensor to
conduct for either polarity of power source

Figure

only up to

20V reverse voltage.
1

uses a bridge

temperature probe
o,

Miss Railesha
Tamilnadu
India

r
temperature

differential
current output
11 t,A/K
I
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power
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HAMEG OSCILLOSCOPE OFFER FROM B.K.
B.K. ELECTRONICS are offering the readers of Electronics World the choice of five quality HAMEG dual trace oscilloscopes, plus a graphic
printer with a 5% special discount off of the list prices, including free delivery within the U.K. Overseas readers should contact us for an
individual quotation for air mail delivery. All oscilloscopes are supplied with two probes, a very comprehensive Operator's Manual and a two
year warranty, including parts and labour, carried out by Hameg (UK) Ltd in there extensive calibration and repair laboratory.

WHY CHOOSE HAMEG?
For more than 30 years, Hameg has been engaged in the manufacture of oscilloscopes in West Germany. With a broad range of successful
instruments, Hameg is known throughout the world as a supplier of attractively priced oscilloscopes based on innovative technology that
continues to set new standards of quality and performance. An outstanding example of this is the new generation of digital storage
oscilloscopes which has enabled tens of thousands of users to enter the world of digital storage technology for the first time. The
price/performance attributes of Hameg's analogue oscilloscopes continue to be second to none on the international market. The recently
introduced HM1005 is proof, once again, that high performance oscilloscopes need not be expensive. This also explains why Hameg today sells
more oscilloscopes in Europe than any other manufacturer of test equipment.

All models incorporate a clear, 8 x 10cm display and are of a compact size - 285 x 145 x 380mm.
Mains Supply - 110/220,240V AC, 50/60Hz
DIGITAL -ANALOGUE
ANALOGUE

HM 203-7 20MHz STANDARD

HM 205-3 20MHz DIGITAL STORAGE

SPECIFICATION
* 2 Channels
* Bandwidth: DC - 20MHz
* Sens: Ch. 1, Ch. 2,1mV/cm
* Timebase: 0.1s - 2Ons/cm
* Triggering: DC - 40MHz
* Active TV - Sync - Separator
* Variable hold -off
* Trigger LED indicator
* Calibrator:1KHz Square wave
* Component tester
* Plus many more features
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SPECIFICATION
* 2 Channels

* Digital storage (and analogue)
4-. * Analogue real ttme (as 203-7)
+Bandwidth storage: DC - 2MHz
* Sens: Ch.1, Ch. 2,1 mV cm

;

* Timebase Analogue:1s - 20ns/cm
* Timebase Digital:
5s -1psicm
g
* Triggering: DC - 40MHz
* Active TV - Sync - Sampling
* Max sampling rate: 2 x 20MHz
* Memory: 2 x 2048 x B Bit

-ii :i_,T1

* Dot Joiner

tester
The HM203-7 is Western Europe's best selling
FREE DELIVERY ** Component
Printer'plotter output
oscilloscope because it responds thoroughly
rate
Now
maximum
of 20MHz and
with
a
sampling
to customer demands for reliability, superior
an improved storage depth of 2048 x 8 bits per
performance and ease of operation.
channel, the rew HM205-3 has achieved a truly
standard of performance. The HM205-3 is
+
V-A.T. unique
PRICE
Europe's best selling digital storage oscilloscope.

£321.00 £56.18

FREE DELIVERY
HM 604 60MHz UNIVERSAL
,

* 2 Channels
* Bandwidth: DC - 60MHz
* Sens: Ch.1, Ch. 2,1mV cm
* Timebase: 2.5s - 5ns cm
* Triggering: DC - B0MHz
* Active TV - Sync - Separator
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SPECIFICATION
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After delay trigger

* Sweep delay

* Delay line
* Trigger LED indicator
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SPECIFICATION
* 2 Channels
* Digital storage (and analogue)
* Timebase analogue:1s-5ns/cm
* Timebase digital: 50s - 0.1ps/cm
* Sens: Ch.1, Ch. 2,1mV/cm
* Bandwidth analogue DC - 40MHz
* Bandwidth storage DC - 2MHz
* Max sampling rate: 40MHz
,* Max storage capacity 4096 x B Bit
.* Dot joiner
.* Active TV - Sync - Separator
* Printer/plotter output

iRllli1
r

* Calibrator:1KHz 51MHz Sq. Wave
* Component tester

-

--

PRICE £579.00 + £101.33 V.A.T.
HM 408 40MHz DIGITAL STORAGE

With its variety of operating and trigger modes,
the HM6O4 is a new innovative general purpose
oscilloscope satisfying a wide range of exacting
requirements in laboratory, education, production
and service.

PRICE £579.00

With the introduction of the HM40B dual channel
digital storage oscilloscope, Hameg is once again
setting an unprecedented standard for highest
performance at lowest cost. The user friendly
design combines easy and convenient operation
with a wide variety of analogue and digital functions.

£101.33 V.A.T. PRICE £1423.00 + £249.00 V.A.T.
FREE DELIVERY
FREE DELIVERY
HM 1005 100MHz MULTI -FUNCTION HM 8148-2 GRAPHIC PRINTER
J
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* 3 Channels with up to 6 traces
* Bandwidth: DC -100MHz
*Sens: Ch. 1, Ch. 2, Ch. 31m V cm
c *Timebase A: 2.5s - 5ns a
+ Timebase B: 0.2s - 5ns,cm
* Triggering DC -130MHz

* After delay trigger
* Delay line
* Trigger LED indicator
+ Overscan LED indicator
* Active TV - Sync - Seperator
* Calibrator: 1KHz 51MHz Sq. wave
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The HM1005 is a multi -function oscilloscope
loaded with features such as true 3 channel
operation, a genuine second time base, and even
a separate second trigger facility. Up to 8
traces can be displayed for evaluating waveform

relationships.

PRICE £752.00

£131.60 V.A.T.
FREE DELIVERY

Access

_IW

SPECIFICATION

SPECIFICATION
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* Non -impact printer
* <20 seconds for hard copy
* Resolution >11 dots/mm
* Built-in real time clock
* Zooming 2x to 1Ox
* Built-in help menu
* Same size as oscilloscope,
which sirs neatly on top.

Hameg's versatile HM8148-2 Graphic Printer
meets the expanding need in the world of
electronics for producing fast and accurate
documentation of measurement data. With both
Hameg digital storage oscilloscopes (HM205-3
and HM4O8), the existing Hameg bus transfers
stored waveform data to hard copy output.
+ £131.60 V.A.T.
PRICE

£752.00

FREE DELIVERY

B.K. ELECTRONICS
SOUTHEND-ON-SEA

U.K. DELIVERY FREE, export enquiries welcome. VlsalAccess or
cheque with order, payable B.K. Electronics. Official orders are most
welcome form schools and colleges, Govt. Depts., PLCs etc. Send
large (A4) S.A.E. for Hameg technical brochure. Credit card orders
are accepted by 'phone, fax or post.
Delivery normally within seven days.

UNITS 1; 5 COMET WAY,
ESSEX. SS2 6TR.

Tel.: 0702-527572 Fax.: 0702 -

420243
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REGULARS
NEW PRODUCTS CLASSIFIED

ACTIVE
A -to -D & D -to -A

converters
-bit signal -conditioning A -to -Ds.
Transducers such a strain gauges,
thermocouples and other low-level
devices can be coupled directly to the
AD771 X family of A -to -D converters,
which otter no -missing-code
conversion, ±0.0015% non -linearity
and an amplifier whose gain is
software programmable from unity to
128. Mains-frequency rejection is
100dB minimum; there is digital lowpass filtering with software programmable cut -oft; and calibration
factors written by the user if beyond
the device's self -calibration. Analog
Devices, 0932 232222.
21

18 -bit

audio data converter. A dual output D -to -A converter from Burr Brown, the PCM67, is meant for
portable and car audio application. Its
design eliminates low-level distortion
without recourse to expensive one -bit
conversion, although it is a
combination of more conventional and
one -bit types. Dynamic range is
108dB, THD+noise is 46dB down at 60dB of full scale and level linearity is
±1 dB at -90dB signal level. Only a
single clock signal is needed. Burr Brown International Ltd, 0923 33837.
Fast A -to -D converters.
ADC08 23 /4/8 analogue -to -digital
converters available from Jermyn
(0732 740100) are 8 -bit serial i/o types
which convert in 2µs and dissipate
only 20mW. The devices are
compatible with the earlier
ADC0831/4/8, but with increased
speed. They need a single 5V supply.
National Semiconductor 0793 614141
1

Discrete active devices
Low -current RF transistors. BFT25A
and BFG25A/X wide -band RF
transistors are meant to operate at
collector currents of 0.3mA-0.5mA,
while retaing gains of more than 18dB
at 1 GHz. At 1 mA collector current,
noise figure at GHz is less than 2dB
and transition frequency is greater
than 6GHz. Philips Semiconductors
Ltd, 071 580 6633
1

Digital signal processor
Programmable filter processor.
M27HC68PFP is an integrated filter
processor by SGS/Thomson for

working up to 40MHz with an 8 -bit
data signal. It uses an integral eprom
to store look -up tables of products for
the required filter, therby avoiding the
need for multipliers. There are 59
taps, which enable the designer to
implement a large number of filter
types, including finite impulse
response designs. With more chips,
greater precision or multi-dimensional
filtering can be obtained. A PC -based
programming system is available.
Impulse Electronics Ltd, 0883 346433

Linear integrated
circuits
Digital sound generator. With on chip digital data processing and D -toA conversion, the ICS1399 from ICS
is flexible and powerful. It has 25
independent voices to allow
polyphonic sounds of a multi-timbral
quality to be generated with no voice
priorties or the the complicated
software needed in some popular
sound chips. Built-in filters reduce the
number of external components and
wave -table interpolation reduces
memory requirement by nearly 40%.
Amegh Electronics Ltd, 0256 843166
Voltage -controlled amplifier. With

a

THD of 0.025% at a gain of ±20dB
from 20Hz to 20kHz and a dynamic
range of 118dB, the SSM-2018 is
meant chiefly for use in professional
audio gain control of mixers,
processors, compressors etc. Slew
rate is 10V/µs, input noise 14nV/ Hz
and GB product 12MHz. The device's
gain stage is programmable to either
Class -A or Class -AB operation in a
trade-off between low distortion and
good S:N ratio, although it is pointed
out that THD varies only slightly
between the two modes. Analog
Devices, 0932 232222.

Active filter.

A

universal act ve-filter

IC, the UAF42, is configurable in low-

pass, high-pass, band-pass and band stop forms. It contains an inverting
amplifier and two integrators, trimmed
to provide ±1% frequency accuracy
and 2% O determination. Frequency
range is 0-100kHz, slewing 10V/ps
and G/B product 4MHz. Maximum O
is 400, noise density lOnV/ Hz and
THD 0.0004%. A DOS -compatible
program is provided for Butterworth,
Bessel, Tchebyshev and inverse
Tchebyshev filter design. Burr-Brown
International Ltd, 0923 33837.

Video processing. Encodes, line
stores, decoders and programmable
shift registers are all included in a
range of video processing chips from
Hakuto. The ICs work in original colur
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or Y colour difference modes to NTSC
and PAL and there is a decoder for
Secam. Input colour difference chips
give RGB outputs to NTSC and PAL.
Digital line memory is in 8 -bit or 10 -bit
format up to 40MHz and a 1-Mbit
three -port video memory is available.
Hakuto International (UK) Ltd, 0992
769090.

u

Better HF op -amps. Dielectric
isolation is a process used by Harris to
improve the performance o' op-amps
for video and pulse work. HA2841 is a
54MHz device with 11 mA supply
current, 3ns risetime, 1m V offset 90ns
settling time, 200V/ps slewing, 0.03%
differential gain and 0.03% diff. phase.
HA2842 differs in having 325V/ps
slewing,80MHz g/b product 100mA
output and 15mA supply current,
avoiding the need for an output buffer.
Harris Semiconductor (UK), 0276
686886.

Nicam chip set. This three -chip set
from Philips provides all functions
needed for Nicam728 stereo television
sound reception. TD1543 is a dual D to -A converter, intended originally 'or
CD players and is driven by the other
two purpose -designed chips,
TDA8732 and SAA7280. The first of
these is a DOPSK demodt.lator
containing a carrier -phase recovery
PLL, a bit -rate clock -recovery PLL and
a differential decoder. SAA7280
performs all decoding for the system.
Gothic Crellon (0734 788878) supply
the chip set. Philips Components,
071-580 6633.

Analogue filter for sigma delta.
Toshiba's TA2009F two -channel
analogue filter is meant to reduce the
number of components in D -to -A
converters for digital audio equipment.
well suited for use with the
TC9237F sigma-delta D -to -A
converter with on -chip digital filtering.
The device provides low-pass filtering
and has two differential amplifiers for L
and R channels. \noise distortion
factor is -93dB, S:N ratio 100dB and
L/R matching is within 0.5dB. Toshiba
Electronics (UK) Ltd, 0276 694600.
It is

Logic building blocks
Faster gate array. A gate array family
from Hitachi, the HG62G series, offers
better i/o and improved pin:gate ratio
over earlier devices and supports
designs with on -chip ram and
Autodiagnosis. There are four devices
in 0.8micron cmos with gate counts of
14000 to 35000. I/o buffer delays are
0.8ns for inputs and 1.8ns into 50pF at
the outputs. Hitachi Europe Ltd, 0628
585000.

Programmable filter processor
from SGS Thomson samples at
40MHz.

Memory chips
Non-volatile srams. First in a family
of silcon-nitride on silicon (snos)

memory products from GEC Plessey
are P10068 and P11 C68, non-volatile
static rams, which combine cmos and
snos techniques to achieve access
claimed to be
times of 35ns or 45rs
faster than any other nvrams. Density
is 64K (8K by 8K) and data retention
is one year at 10K endurance cycles.
Each static ram cell has a non-volatile
eeprom, which holds independent ny
data while the sram is being read or
written to. Data is shuffled between
thetwo by pin toggling or by software.
GEC Plessey Semiconductors, 0793
518000.

-

Fast 1M sram. Mbit cmos srams
with access times of 2Ons
andorganised 4bit wide,
µPD431004LE from NEC is for use in
cache memories and other high-speed
systems. The devices are pin compatible with earlier 256K rams and
offer not only higher speed, but power
consumptions down to 150mA active
and 2mA on standby. Available from
Impulse Electronics (0883 346433).
NEC Electronics (UK) Ltd, 0908
691133.
1
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NEW PRODUCTS CLASSIFIED

Microprocessors and
controllers
16-bit micros. New single -chip
microcomputers from Hitachi, the H8
family, exhibit wide range of built-in
features, in particular 16K rom/eprom,
512B ram and 46 i/o pins. Either four
or eight channels of A -to -D conversion
are incorporated, having a resolution
of 10bit and conversion time of 132ps.
Architecture is based on eight multi-

*
s'*1
.

l

'°
e

are internally matched and provided

with polysilicon emitter -ballast
resistors for temperature stability.
Maximum DC collector current is
12.5A. Philips Semiconductors Ltd,
071 580 6633

1

2W mostets. Complementary
surface-mount mostets, the n -channel
ZVN2106G and the p -channel
ZVP2106G from Zetex, have a 60V
breakdown and will handle 2W. For
pulses, they can take 8A and 4A
respectively, or 0.7A and 0.45A
continuously. Gate/source threshold of
the ZVN is 2.4V, with static ON
resistance of 2S1 and maximum input
C of 60pF to give rise and fall of 5ns
and 1 Ons. The ZVP figures are 3.5V,
552, 100pF and 15ns. Zetex plc, 061

purpose accumulator/address
registers, an aproach which allows
compilers to be written for high-level
languages such as C. Hitachi Europe
Ltd, 0628 585000

Risc microcontroller. With a CPU
several times faster than that of many
other devices and a range of highlevel i/o and other peripherals,
Microchip's PIC17C42 8 -bit
microcontroller is meant chiefly for
real-time embedded -control use. Its
16 -bit, single -cycle instruction and 8 bit data word risc architecture extend
the Harvard architecture used in the
company's PIC16 family. There is 2K
by 16 eprom, 223 by 8 generalpurpose registers and 48 special
registers in sram. Microchip
Technology Ltd, 0628 850303

Risc microprocessor. In addition to
the functions of the Motorola 88100
RISC processor, 88200 cache and
memory management unit, the
company's new chip, the 88110, adds
3D graphics and extended floatingpoint capability all on one chip. It is
binary software -compatible with the
multi -chip combination but is three to
five times as fast. Superscalar
architecture where many execution
units work in parallel is used instead of
superpipelining, which needs fatter
pipelines and faster clocking to
increase speed and power. Motorola
Ltd, 0908 614614.

Mixed -signal ICs.
Power factor correction. Micro
Linear's ML4812 is a power factor
correction IC is meant for use in DC
supplies for computer systems, which
have a tendency to trip breakers by
the high charging currents of the input
capacitor. This device provides a PF
of better than 0.99, using waveform
synthesis to make the input current
waveform track the phase and shape
of the input voltage after the bridge
rectifier. Sincethe chip supplies the
voltage needed by the modulator from
anything between 90V and 265V, no
switching is needed for 110V or 220V
working. Ambar Components Ltd,
0844 261144.

Video encoder. On one chip, the
Brooktree Bt858 video encoder allows
the graphics output of workstations
and PCs to be seen on low-cost
composite-video monitors or
videotaped in all popular formats to
studio quality. Users can download

240

627 4963.

Series 40O low-cost telemetry modules from Wood and Douglas: two
transmitters and a receiver
video presentations to video in NTSC
or PAL; no clock frequencies or
crystals need to be changed for either
system. The encoder accepts RGB or
YCrCb. Clock frequencies are
variable, so that rectangular television
pixels become square for computer generated images to eliminate
distortion. Brooktree Ltd, 0844 261989

Video converter. CXA1228S is an IC
decoder for the conversion of
composite video to colour difference
for television and video recorders
working in either NTSC or PAL. Video
signals are separated into Y and C by
filters, a trap and delay line and then
taken to the CXA1228S, which
produces R -Y, B -Y, Y, composite
sync., subcarrier, line alternate and
burst flags, auto colour control, colour
killer and phase control. Hakuto
International (UK) Lid, 0992 769090.

Low-pass filters. MAX 270 is

a dual,
second -order low-pass Tchebyshev
filter, each half of wich can be
separately programmed by strapping
or under microprocessor control. Each
filter has two sets of programmable
capacitors controlled by a 7 -bit
memory to set the cut-offs between
1kHz and 25kHz. Ripple in the
passband is better than 0.15dB and
noise is between 12µV RMS at 1kHz
and 38µV RMS at 25kHz. There is
also an uncommitted op-amp and
power shut -down for 150 idle
current. Maxim Integrated Products
Ltd, 0734 845255.

Optical devices
Multi -spectral led. CMS104 is
composed of three leds, emitting blue,
red and green light, mounted on one

substrate with their light mixed and
dispersed through a translucent lens.
The leds are driven separately, so that
the emitted light can be set to any
wavelength inthe entire visible range,
its brightness being adjustable by
current in the usual way. The
manufacturer is the German company
Elcos (010 498 441 4044). Flint
Distribution Ltd, 0530 510333

Power semiconductors
DC -to -DC converter. With the
addition of a surface-mount inductor, a
diode and a capacitor, the LT1109
chip forms a complete 5V or 12V stepup converter from 31/ or 5V. At 12V,
output current is 60mA and a shutdown pin allows reduction of supply
current to 320µA. Packages are 8 -pin
dip, SO -8 surface -mount and TO-92,
the latter without the shut -down. A
high -frequency oscillator means small

reactive components. Linear
Technology (UK) Ltd. 0932 765688.

PASSIVE
Passive networks. Networks
consisting of resistors and/or
capacitors to an accuracy of 0.5% for
the resistors in the range 100S2 to
2.2M0 and a temperature coefficient
of ±100ppm are announced by AVX.
Ladder networks are meant for data
conversion and exhibit bit errors of
±0.5LSB maximum, while the RC
type, using thick -film R andceramic C
give pull-up and filtering for interfacing
between logic families. A further RC
type contains twin -T filters at 9kHz
and 10kHz for radio or at 50Hz and
60Hz for hum elimination. Custom
design is available. AVX Ltd, 0252
336868.

Inductor cores. Soft iron and nylon

in

combination form a material from
which inductor cores can be injection
moulded, rather than pressed. The
material is of low loss and possesses
a distributed air gap as part of the
moulding. Multiple inductor arrays
(MIAs) can be wound by hand with
confidence that production runs will
replicate their performance. Automatic
Windings, 0202 826888

Microwave power transistor.

Video switch IC. CXA1450M is an
accurate, wideband switch for video
and CXA1451M is the same, but with
two 75U drivers to give two outputs

In the
common -base, Class -C stages of
medium -power transmitters, Philips's
PLB16030U transistor meets the cost
requirement of equipment such as the
location and comms system now
being developed in the USA and
Europe. Power gain is 8.2dB and it
delivers 30W of output power at
1.6GHz; collector efficiency is 52%,
which helps with the design of mobile
equipment. Philips Components Ltd,
01-580 6633

with the same voltage gain. Both are
meant for use in video recorders. The
1450 works up to 30MHz to give one
output from one of two inputs.
Crosstalk is, typically, less than -55dB
at 10MHz and 1 Vpk-pk; input offset
less than 10mV. 1451 operates at up
to 25MHz.

UHF TV transistor. Philips's BLV62
linear UHF TV transistor delivers
150W between 470MHz and 860MHz,
working in Class -AB. Gain is 8.5dB
minimum and output capacitance is
less than pF/W per side. Twp n -p -n
silicon epitaxial transistors in push-pull
1

Crossover electrolytics. Bipolar
electrolytics from Nichicon are
designed for audio crossover
networks. Capacitance is in the range
1-60pF at ±10% and ±20% tolerance.
Leakage current is a maximum of 31.1A
and ripple current is 1200mA and
1120mA for the DB and GB types.
Working voltage is 50V DC maximum.
Nichicon (Europe) Ltd, 0276 685393.

Ferrite material. Permeability of
6500-7000 is claimed for Siemens s
T37 ferrite, intended for frequencies
up to 200kHz. Typical application is to
be found in toroidal chokes for RFI
suppression. Other materials in the
range are T35 (400kHz/6500) and T38
(100kHz/10000). Siemens, 0932
752682.
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Instrumentation
Multimeters. Two digital multimeters,
DT -870 and DT -8045, together cover
the needs of both field and workshop
technicians. DT -870 is a handheld
instrument, a 3 3/4 -digit autoranging
type for alternating and direct voltage
and current and resistance, which also
has a bar -graph display. DT -8045 has
a 4 1/2 -digit display, 0.3% maximum
error and a true-RMS facility. ECW
Instruments Ltd, 0376 517413
RF generators. Two signal
generators from Fluke/Philips, the
PM5327/5328, cover the 100kHz180MHz frequency range with a
resolution of 10Hz and provide for
internal and external modulation by
AM, FM, optional FM stereo and
swept frequency. PM5238 has an
IEEE488.2 interface and a 200MHz
frequency meter. Operation is by
menu, with the emphasis on accuracy
of setting of frequency and
attenuation; 99 complete set-ups are

contained in memory. ESD Instrument
Services, 0279 641641.

Spectrum analyser. The AN930
22GHz spectrum analyser by
IFRoffers low -order, pre -selected
mixing and a synthesized RF system
for amplitude and frequency
measurement from 9kHz,
measurements being under
microprocessor control. Analogue
resolution is 300Hz to 25MHz, digital
resolution 3Hz to 100Hz; there is a
frequency meter, fast time -domain
sweep, an AM/FM receiver and RS232 and IEEE -488 interfaces.
Fieldtech Heathrow Ltd, 081 897
6446.

Digital muftimeter. Model 2001 from
Keithley is priced "substantially lower"
than other 6 1/2 and 7 1/2 digit DMMs,
yet presents true 7 1/2 digit, 28 -bit
resolution to give a direct -voltage
accuracy of 18ppm over 90 days or
8ppm for 24 hours. Reading rates vary
with the resolution demanded by the
user, but can be up to 2000/s. It
reading rate is specified, then the
resolution adjusts to that required for
that speed. Facilitiesinclude AC crest
factor measurement, Peak spike
readings, true RMS and average
readings, frequency to 15MHz and in circuit current measurement. Multiple
measurements on a signal are
displayed simultaneously. Keithley
Instruments Ltd, 0734 575666.

Panel meter. DPM 700 from Lascar is
a version of a popular instrument with
led backlighting for good display in
any conditions. It offers autoranging,
autopolarity, 200mV full-scale reading
and programmable decimal points.
DPM 700S is a modification with
integral negative -rail generator for
single -supply operation; input low can
be connected to ground. Lascar
Electronics Ltd, Fax: 0794 884616

Digital oscilloscopes. Model 9310L

and 9314L oscilloscopes from LeCroy
display (2 channels and 4 channels)
possess 300MHz analogue
bandwidth, independent
100Msample/s digitisers on all inputs
and Mbit memory per channel.The
new instruments offer fast automatic
setup of repetitive signals and a
sequence mode for storage of multiple
events in segmented acquisition
memories, lastglitch", dropout and
window triggering, signal processing
and fast Fourier transform analysis.
LeCroy Ltd, 0235 533114
1

Radio test set. Marconi s 29556 radio
communications test set offers greater
prosessing capability and better
software for improved RF
performance. Residual FM is now
guaranteed at 26Hz up to GHz for
measurements on radios with up to
60dB S:N; frequency and channel
scanning of signals in a specified
band is also provided. Facilities are
incorporated for AM, FM and phase modulated radios, full duplex RT,
digital pagers, base stations and
repeaters. Marconi Instruments Ltd,
0727 59292
1

Digital muftimeter. A low-cost
(£48.95) DMM, the Fluke series 10,
offers the "V-Chek" facility for
detecting whether circuits are open or
closed or powered, autoranging,
capacitance and min/max recording
with time -stamping. At £63.95, the
model 12 also offers a display of open
circuits or shorts down to 250115.
Philips Test and Measurement, 0923
240511
5GHz modulation analyser.
Covering 50kHz to 5.2GHz, the R & S
FMB modulation analyser does
everything that the FMA model will,
but with the extended upper frequency
range. It now covers the needs of FM
broadcast and microwave landing
systems. Options include distortion
measurement, an AF filter, stereo
decoder and others and there are
spare slots for extension. Frequency
measurement is to an accuracy of
better than 0.1 Hz and phase to within
0.5%; power is measured to within
0.5dB up to 2.72GHz. Rohde &
Schwarz UK Ltd, 0252 811377.
TV/FM field measurement. Unaohm
EP5990 is a lightweight field -strength
meter for MATV and CATV engineers
carrying out measurements drectly
from aerials or distribution points.
Range is from 45MHz to 860MHz,
reading being of the analogue variety.
EP5990 measures in dBpV,
regardless of modulation, and there is
an audible signal for ease of aerial
alignment. A four -digit frequency
readout is provided, as is a return -loss
scale on the panel meter for use with
an external reflectometer. Satellite
Solutions (UK), 0604 670900

Analogue/digital oscillosccpe.
Digital and analogue operation are
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combined in the Tek 2210/02
oscilloscope, which offers
20megasamples/second working, with
8 -bit resolution and 4K record length.
In non -storage mode, bandwidth is
50MHz or 2tv1Hz storage bandwidth
for single -shot or repetitive
waveforms. Since all 4K points are on
screen, traces take on an analogue
appearance. Carston Electronics (081
977 0078) offer the instrument ex rental. Tektronix, 06284 600C.

Power supplies
Power factor corrector. For power
factor and harmonic correction in
existing switched -mode power
supplies, the PFHC-2600 gives a
minimum power factor of 0.995 at full
load and a worst THD of better than
10%. Universal input accepts 85 to
265VAC. Output and efficiency are
1.3kW and 88% at 110V input and
2.6kW and 93% at 220V; output rated
voltage is 350VDC. Courant Lambda
Ltd, 0271 863781

Pattern generator. A patterr
generator from Thurlby-Thandar, the
408NPS, woks on NTSC, PAL or

30W DC -to -DC converters. For
telecomms and data comms use, the
PKE series of converters will work
continuously with natural convection
cooling from a 48-60V supply, while
mounted on a printed board. Input -to output isolation is 1.5kV and there is a
low -voltage shutdown. Output short
circuits are non -fatal and the input
transisent suppressor absorbs up to 1
joule. Ericsson Components AB, 0203
553647.

Secam and provides RF, video, YC,
RGB, sync. and black burst. There is
a 100 -point addressable nonvolatile
memory. A selectable video sweep is
from 100kHz to 15MHz in rwo bands
with markers, and a genlock ensures
sync. with other sources and sync.,
burst, C and Y can be adjusted
independently. Thurlby-Thandar Ltd,
0480 412451.
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Keithley's Model 2001 digital multlmeter, which is claimed to give top end performance at low -end prices.

Literature
RMS-to-DC conversion. A 12 -page
application note from Analog describe
the uses of these devices in
measuring instruments in which the
RMS value of a signal is to be
determined without regard to its
waveform. the note explains the
operation of the converters and offers
advice on their selection. Analog
Devices, 0932 232222.
Data acquisition. Datel have
available a new catalogue of data
conversion products at board level,
intended for PC, EISA, Multibus and
VME boards. A number of intelligent
analogue DSP systems, with local
CPUs, memory and execut ve
software are described. Datel (UK)
Ltd, 0256 469085.

Analogue data.

A 700 -page data
book of analogue circuits from Elantec
includes ICs for video, graphics, ATE,
communications and others.
Examples include a 70MHz video
distribution amplifier and a triple
60MHz current feedback amplifier.
Available to design engineers who
write on company paper. Elantec,
071-482 4596.

Radio communications products
Log. amplifiers. A range of RF and IF
logarithmic amplifiers, which possess
high log. linearity over 70dB, is on
offer from Aspen Electronics. Ranges
are 60MHz, 160MHz or 370MHz or to
cover bands of 20-100MHz, 40140MHz, 100-200MHz, 120-480MHz
and 750-1250MHz, using cascaded
stages in a successive detector
design to obtain log. ripples of better
than ±1dB. Maximum tangential
sensitivity is -75 to-80dBm. Aspen
Electronics Ltd, 081 868 1311.

2GHz amplifiers. Two low -noise,
hybrid amplifiers from Philips, OM929
and OM956 2, work at up to 2000MHz
and are intended for use in the IF
stages of satellite television and
cellular radio. OM926 is a two -stage
device for 10-2000MHz working,
providing a gain of 15-18dB over the
range 950-1750MHz to compensate
for cable losses. Output is 103dBp V at
-60dB intermod. distortion and noise
figure is 6.5dB. The 956/2 is a three stage type for surface mounting,
working at 950-1750MHz to give 24dB
gain ±1dB and 114dB output for -35dB
intermod. Philips Components Ltd,
071-580 6633

241

NEW PRODUCTS CLASSIFIED

Micros 31i _

MS-DOS'

RF telemetry modules. A range of
three low-cost modules is designed to
handle the RF end of telemetry in the
UK frequency band 458.500MHz to
458.800MHz, or the band 400500MHz when required. There are two
transmitters
TT400 for 500mW
working with a frequency stability of
better than ±1,5kHz for 12.5kHz
channel spacing and the TT405
25mW unit, together with the TR450
receiver.

the resistance of acompensator,
sealed from the gas. NAP -7A has the
wire and compensator in two units,
while the NAP -2A is an integral type;
both are in double stainless steel
mesh to protect against explosion.
Ouantelec Ltd, 0993 776488

Transducers and
sensors

Computer board level
products

Temperature sensor. A high -

Four -port serial comms board. Each

temperature sensor, the ECH3010,
detects the presence of plastics,
rubber, glue, wax and glass. Its
capacitive head is made from
stainless steel and ptfe and does not
hold a static charge, which makes it
capable of detecting plastic or resin
pellets in injection moulding machines
and drying equipment
feeders.Sensing distance is 4-15mm,
adjustable electronically, and drift is
better than 20% over -30° to 180°
figure to be compared with the 90%
commonly found in other sensors.
Output indication is by led. Carlo
Gavazzi Electromatic, 0252 29324

of four ports on the PC40 board is

-

-a

Accelerometer.

A single -axis, 7.5

square mm, surface -mounting piezoresistive accelerometer to handle ±2g
to ±5008 is made by IC Sensors and
marketed by Eurosensor. It is a three layer silicon sandwich with the
suspended mass and sensing bridge
in the middle. Self -test electrodes
provide a confidence check and a
means of calibration by simulating a
known force to the mass, which is
critically damped, with stops.
Eurosensor, 071-405 6060.

Hot-wire sensors. Sensors NAP -2A
and NAP -7A from Nemoto are for the
detection of flammable gases at prices
compatible with the consumer
equipment market. Gases are passed
over a heated wire and are oxidised
onto a catalyst covering the wire,
causing a resistance change. This is
compared in a resistance bridge with

COMPUTER
-

switchable for RS232, 422 or 485. It is
meant for PC XT/AT working and has
a 64180 processor on board for either
fast, continuous communication or to
take special data when the host is
busy. Software provided is DOS
driven and users' software is downloadable to the on -board 32K RAM.
Amplicon Liveline, 0273 608331.

{` - r-+-

'',''loll
2

l1T,f

M"'r

3.389815
2.321250

Multi -processing DSP board. Using
TI's TMS320C40 parallel DSP chip,
Loughborough have designed the
DPC/40 board, which allows scaleable
processor architectures to be
implemented. With the dual processor
version, 550MOPs are available and
each additional module brings another
275MOPs. This is computing power
up to the job of radar array
processing. TI's C40 has six comms
ports with multi -channel direct access,
CPU, memory, program cache, 32 -bit
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Mac graphics by courtesy of Adept Scientific's new Spyglass software
global and local memory buses, two
timers and an analysis module on chip. DPC/40 uses either one or two
C40s. Loughborough Sound Images
Ltd, 0509 231843.

functions and four levels of break and
trace can be nested; up to 32K realtime trace events are stored and
displayed. NEC Electronics (UK) Ltd,
0908 691133.

Computer systems

Microcontroller development. A PC

386 computer. A 386SX-based PC
AT -compatible computer system, the
PCbus5 from Arcom, is mainly
intended for scientific and industrial
use. Basically, PCbus5 has a 1.44Mb,
3.5in floppy drive, 86Mb hard disk,
386SX plug-in CPU with up to 8Mb of
ram, Super -VGA, MS-DOS 5,
keyboard and colour monitor. CPUs
working at 16, 20 or 25MHz are
available. A passive backplane helps
with the various i/o needs of an
industrial setting. Basic configuration
costs £1754. Arcom Control Systems
Ltd, 0223 411200.

Development and
evatuatioDebugger for Windows.
Simplehost is a full -screen debugger
in a Windows 3.0 setting for the
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times over the older 68030 for integers
andaround seven times for floatingpoint operations. At a clock rate of
25MHz, options include up to 32Mbyte
of dual -ported ram and 8Mbyte of
flash eprom, supporting 32bit-wide
cache burst filling. All types have 256K
of non-volatile battery -backed static
ram and up to 1Mbyte of eprom. BVM
Ltd, 0703 270770.
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VMEbus modules. BVM have
introduced the BVME390 family of
modules based on the 68040
processor, which affords a
performance increase of about four

PC development system forPSl Systems's Mini -Module

microcontroller using

Arcom's 386 PC AT-compatible, which has a passive backplane and
plug -CPU

hardware and softwareof NEC's
pPD17K single -chip microcomputer
family. Source code modifications are
easily done without leaving the
debugger to reassemb e and
automatic patching sends only the
modified lines to the IE-171( emulator.
There is a variety of error -detection

development system for the
company's Mini -Module
microcontroller using the C compiler
MCC68K and XRAY debugger from
Microtec Research can now be
obtained from PSI Systems. The C
language is integrated with the multitasking facilities of the Mini -Module's
operating system and interrupts and
low-level programming are supported.
PSI Systems Ltd, 0371 876088

Software
3-D graphics for the Mac. The
graphics software recently shown in
the BBC programme The Dream
Machine is available in the UK from
Adept Scientific, distributor for
Spyglass, Inc. Transform 2.0 allows 2D data to be displayed as a raster or
polar image, a line graph or as a
contour or vector plot, while Dicer 1.1
is for colour display of 3-D data in the
form of cubes, cutouts and slices in
three planes. Dynamic animation can
be generated. Each program costs
£395 plus vat and delivery. Adept
Scientific Ltd, 0462 480055
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£1 BARGAIN PACKS
In tact, cheaper

than f1 because if you buy 10

you can choose one other and receive it free.
5-13A SPURS provide a fused outlet to a ring main where
devices such as a clock must not be switched oft Order ref. 2.
4 -IN FLEX SWITCHES with neon on/off lights. saves leaving
things switched on. Order ref. 7.

24V lA MAINS transformers upright mounting wen fixing
clamps. Order rel. 9.

14V." SPEAKER CABINET ideal
6'4" speaker. Order ref. 11.

for extensions. takes our

12-30 WATT REED SWITCHES, it's surprising what you can
make with Mese - burglar alarms. secret switches, relay. etc.

Order rel.

13.

2-25 WATT LOUDSPEAKERS two unit crossovers. Order ref.
22.

2NICAD CONSTANT CURRENT CHARGERS adapt to charge
almost any nicad battery. Order rel. 30.
damper the
microswitch. Order rel.

2 -HUMIDITY SWITCHES, as the air becomes

membrane stretches and operates

a

32.

5-13A ROCKER SWITCH three lags so onion. or change over
with centre oh. Order ref. 42.

1.24HR TIME SWITCH, ex -Electricity Board. automatically
adjust for lengthening and shortening day Original cost £40
each. Order ref 45.
-MINI UNISELECTOR, one use Is for an electric jigsaw
puzzle, we give circuit diagram for this. One pulse into motor
moves switch through one pole. Order ref. 56.
1

2-FLAT SOLENOIDS

- you

could make your mullitester read

AC amps with this. Order rel. 79
-SUCK OR BLOW OPERATED PRESSURE SWITCH, or it can
be operated by any low pressure variaton such as water level
in water tanks. Order ref. 67.
1

-MAINS OPERATED MOTORS with gearbox. Final speed 16
rpm. 2 watt rated. Order ref. 91.
14V 7SOmA POWER SUPPLY, nicely cased with mains input
and 6V output leads. Order rel. 103A.
1

BOARD'-, each contains a 400V 2A bridge
rectifier and 14 other .:a' des and rectifiers as well as dozens of
condensers. etc. Orde ref. 120.
10m TWIN SCREENED FLEX with white pvc cover. Order rel.
2 -STRIPPER

122.
12 -VERY FINE DRILLS for pcb boards etc Normal cost about
80p each. Order ref. 128.

BOXES approx 3in cube with square hole through
top so Ideal for interrupted beam switch etc. Order ref. 132.
5 -MOTORS FOR MODEL AEROPLANES, spin to start so needs
no switch. Order ref. 134.
2 -PLASTIC

6 -MICROPHONE INSERTS
speakers. Order ref. 139.

- magnetic 400 ohm also act as

4 -REED RELAY KITS, you get 16 reed switches and 4 coil sets
with notes on making c/o relays and other gadgets Order ref.
148.
8-SAFETY COVER for 13A sockets - prevent those Inquisitive
little lingers from getting nasty shocks. Order ref. 149.
S

-Neon Indicators in panel mounting holders with lens. Order

ref. 180.
1

-IN FLEX SIMMERSTAT- keeps your soldering iron etc.

always al the ready. Order ref. 196.
1 -MAINS SOLENOID, very powerful as 14" pull or could push If
modified. Order ref 199.
10 -KEYBOARD SWITCHES -made for computers but have
many other applications. Order ref. 201.
-ELECTRIC CLOCK, maths operated. put this Ina box and you
need never be late. Order ref. 211
4-12V ALARMS, makes a noise about as loud as a car horn. All
brand new. Order ref. 221.
24" X 4" SPEAKERS, 4 ohm made for Radiomobile so very
good quality. Order ref. 242.
2.4" X 4" SPEAKERS. 16 ohm S watts so can be joined in
parallel to make a high wattage column Order rel. 243.
1

1-PANOSTAT, controls output of boiling ring front simmer up to
boil. Order ref. 252.
50 -LEADS with push -on V." tags
connections etc. Order ref. 259.

-a must

for hook ups

- mains

for bell or chimes, these can
swatch mains up to 5 amps so could se tool switch If fitted Into
pattress. Order rel. 263.
1 -MINI 1 WATT AMP for record player attached to unit that will
also change speed of record player motor. Order ref. 268.
2 -OBLONG PUSH SWITCHES

3 -MILD STEEL BOXES approa
electrical. Order ref. 283.

3" a 3'

x

1" deep

- standard

50 -MIXED SILICON DIODES. Order re!. 293

14 DIGIT MAINS OPERATED COUNTER, standard size

but

counts in even numbers. Order ref 28.
1 -IN-FLIGHT STEREO UNIT. Has 2 most useful mini moving
coil speakers Ex BOAC. Order ref 29.
2-6V OPERATED REED RELAYS, one normally on. other
normally closed. Order ref 48.
-PLUG IN RELAYS with 3 changeover contacts. Coil operated
by 12V DC or 24V AC. Order ref. 50
2

1

-CABINET LOCK with

2

keys Order ref 55.

other low
voltage application. Order ref. 57,
1 -MAGNETIC BRAKE for stopping a motor or rotating tool.
Order ref 66
1 -TIMER REMINDER. Set it for anything up to 60 minutes.
Order ref. 77.
1 -SHADED POLE MAINS MOTOR. I." stack so quite powerful.
Order ref. 85.
2-5" ALUMINIUM FAN BLADES. Could be fined to the above
motor Order ref 86.
4 -DOLLS MOUSE SWITCHES or use them for any

- BARGAINS GALORE OSCILLOSCOPE 301B develped for testing transmission lines, it
makes and displays pulse echoes to land shorts and breaks in
cable networks, this uses a 3" CRT to display the type of fault
and a LCD to read out the distance from the fault. The instrument
is powered by 12V or recharageable nicads located in base, and
it generates 1.5kV internally It is housed in a high impact plastic
case, size approx. 9%" a 9'%' a 5" Ex British Telecom in very
good condition and tested to be in good working order, C49.50
plus [5.00 insured delivery.
LITHIUM BATTERIES 3.5V penlight size, 2 mounted on p.c.b.
with diodes, other bats. Lithium batteries as you may know are
virtually everlasting (until they are put in circuit of course) so
they are ideal for alarms and similar devices that do not draw
current but do rely on it always being available. 4 panels that is
8 batteries altogether C2. Order ref. 2P258B.
POWER SUPPLY WITH EXTRAS output 12V 1A, mains input is
fused and filtered and 12V output is voltage regulated, very well
made on p.c.b.. and also mounted on the board but easily
remored are two 12V relays and a Piezosounder. Made for
expensive equipment but never installed. price C3. Order rel.
3P808.
12 VOLT 1.9 AMP -HOUR rechargeable battery by Jay YUASHA
brand new, Charged ready for use £6.50 each. Solar charger to
house this and keep it ready £29.50.
100 WATT MAINS TRANSFORMERS all normal primaries:"
20-0-20V 2'/.A, 30V 3%A, 40V 2''/,A and SOV 2A secondaries all
upright mounting, all £4 each. good quantities in stock.
COLOUR MONITORS 12" high resolution in black metal case
with mains p.s.u. built in. unused, but line rejects so will require
servicing. hence offered at the very low price of C49 plus C5

delivery.
PHILIPS B' HIGH RESOLUTION MONITOR black and white in
metal frame for easy mounting. brand new still in makers
packing, offered at less than price of tube alone, only £15 plus C5
delivery - good discount for quantities,
16 -CHARACTER 2 LINE DISPLAY screen size 85mm s 36mm,
Alpha -numeric LCD dot matrix module with integral
microprocessor made by Epson their ref 16027AR brand C8
each, 10 for £70, 100 for C500.
INSULATION TESTER WITH MULTIMETER Internally generates
voltages which enable you to read insulation directly m
megohms. The multimeter has four ranges. AC/DC Volts, 3
ranges DC milliamps. 3 ranges resistance and 5 amp range.
These instruments are EX British Telecom, but in very good
condition, tested and gntd. OK. probably cost al least C50 each.
yours for only C7.50 with leads, carrying case C2.00 extra.
BRUSHLESS D.C. 12V FAN tiny, only 60mm square, good air
mover but causes no mtererence C8.00.
2MW LASER Helium Neon by PHILIPS, full spec. IDO, power supply
for this in kit form with case is C15.00, or in larger case to house
tube as well £17.00. The larger unit, made up. tested and ready to
use. complete with laser tube C69 plus C5 insured delivery.
MAINS 230V FAN best make "PAPST" 4 %" square. metal blades

f8.
SOLAR CHARGER holds 4 AA nicads and recharges these in 8
hrs., in very neat plastic case [6.
SOLAR CELLS with terminals for joining In series for higher volts
or parallel for extra current 100mA [1, 400mA C2, 700mA £2.75. IA

[3.50.
SOLAR MOTORS 1%-9V precision made to operate from low
current oh solar cells £1.50, solar generator to drive this C7, has
provision for battery back up when sun is not shining!
AIR SPACED TRIMMER CAPS 2-20p1 ideal for precision tuning uhf
circuits 25p each, 10 for £2. TOO for 15.
1KHz. TONE GENERATOR this is PP3 battery operated and has a
1KHz output that can be continuous or interrupted at a rate variable
by a panel mounted control. Constructed on a pcb and front panel
ant but in as new condition
size approa 105mm x 50mm ea equi

f

f2

each.

TRANSFORMER stops you gotta
canting [7.50
and 230V out. 150 wa
ap0pGCsiaCC a 2" with front panel holding
volume control and with spare hole for switch or fine controL.
Output is 4 watt into 4 ohm speaker using 12V or 1 watt into 8 ohm
using 9V. Brand new and perfect only C1 each or 12 for [10.
5 RPM BOW MAINS DRIVEN MOTOR AND GEARBOX this has a 3"
square mounting plate and Is 4" deep. It is a shaded pole motor.
ISO

MAINS
shocks

-

MINI MON071.

Price f5.
POWER SUPPLY UNITS mains in, do out, based 4.5V 100mA
regulated [1, 6V 200mA regulated C1, 6V 700mA C1, 9V 500nnA f2,
12V SOOrnA C2, 12V 2A C5, 24V 200mA C2.

TORROIDAL MAINS TRANSFORMER with twin outputs, 6.3V
2 amps and 12V 1 amp, one use would be power supply, price £5.
AMSTRAD POWER UNIT 13.5V at 1.9A encased and with leads and
output plug. normal mains Input £5 each, 10 for [45
AMSTRAD 3.5 FLOPPY DRIVE Relerence FD9 brand new and
perfect. £35.
ATARI 64XE COMPUTER at 65K this is guile powerful so suitable
for home or business, unused and in perfect order but less PSU;
only C19.50. Handbook C5 extra.
9" CATHODE RAY TUBE Philips M24/306W, which is not only high
resolution but es also X-ray and implosion protected. regular price
over £30, you can have them at C12 each. Tubes are guaranteed
unused.
SO WATT MAINS TRANSFORMERS two available an good quality,
both with normal primaries and upright mounting. one is 20V 4A
the other 40V 2A only £3 each or 10 or C27 carriage paid,
metal, sprayed grey,
PROJECT BOX size approx B" x 4" a
louvred ends for ventilation otherwise undrilled made for GPO so
best quality, only C3 each or 101or £27.
12V SOLENOID has good %" pull or could push if modified, size
approx. 1,4" long by 1' square. £1 each or 10 for f9.
WATER VALVE 230V operated with hose connections. ideal for auto
plant spray or would control air or gas into tanks etc, C1 each or 10
for f9.
HANG UP PHONE won't clutter up your desk or workbench. Current
model, has pushbutton dialling, last number recall, internal alarm
etc.. Ex B.T. in good condition and fully working ready to plug in. [5.
HIGH VOLTAGE CAPS if you use these ask for our 1-20 kV
Capacitor list we have over '/, million an stock and might save you
a lot of money.
ELECTRONIC BUMP A GO SPACESHIP sound and Impact
controlled responds to claps and shouts and reverses or diverts
should at hit anythirgl Kit with really detailed inst uctaons. will
make ideal present for budding young electrician. Should be able
to assemble but you may have to help with the Soldering of the
components on the PCB. Complete kit [8.95.
500V BRIDGE MEGGER developed for G.P.O. technicians eve
Ohmeter 1813 is the modern equivalent of the bridge meggar. 9V
battery operated it incorporates a 500V generation for insulation
testing and a null balance bridge for very aCcuraie resistance
measurement. Ex B.T. in quite good condition with date B
[5 insured
tested. Yours or a faction of original cost [45
delivery.
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EXPERIMENTING WITH VALVES don't spend a fortune on a mains
transformer we can supply one with standard mains input and
secs. of 250-0-250V at 75mA and 6 3V at 3 A. price f5.
15 WATT a OHM a" SPEAKER 8 3" TWEETER made for a

discontinued high quality music centre, give real hi.li. and for only
C4 pair,
ULTRASONIC TRANSMITTER/RECEIVER with Piezo alarm, buih
Into preformed case. is triggered by movement disturbing
reflected signal, intended for burglar alarm, car alarm. etc. has
many extras. time delay, auto reset. secret off device etc. A £40
instrument yours for £10.
MOVEMENT ALARM goes off with slightest touch, ideal to protect
car, cycle, doorway. window, stairway. etc etc Complete with
piezo shrieker, ready to use. Onty [2 IPP3 battery not supplied).
STEREO HEADPHONE extra lightweight with plug £2 each or 10
pairs for C18.
B.T. TELEPHONE LEAD 3m long with a B.T. fiat plug ideal to make
extension for 'phone. Fax, etc. 50p each. £40 per 100.1300 per
1.000.
WATER PUMP very powerful and with twin outlets, mains operated.
C10.
STUDIO 100 by Amstrad, the ultimate disco control panel. Ms tour

separately controlled and metered channels, twin cassettes.
AM/FM radio, stereo audio amplifier, phone 8 C.D. inputs etc. etc,
regular price over £400 we have a few sell in maker's packing,
brand new and guaranteed. yours for £99.
ROTARY POSITION CONTROLLER for aerials, ventilators.
dampers, or applications requiring 180 degrees clockwise and
anti -clockwise movement. We have the Sauter MVE4 154 servo
motor drive ref AR3OW3S regular price over £70 brand new. f15
each.
12 VOLT a AMP MAINS TRANSFORMER C4. Waterprool metal boa
for same. £4.
110 WATT SWITCHMODE POWER SUPPLY 230V mains operated.
outputs of 38V 2'/.A and 5V 3A, we have a lot of these and need the
space so you can have these at a fraction of their cost Our price is
C6.

10VA MAINS TRANSFORMERS all p.c.b. mounting, all C1 each. 10
for C9, 100 for C75. for output 12-0-12V Order ref WA 1, 20-0.20V
order ref WA3. 1e -0-18V not p c.b mounting but fully shrouded
same price order ref WA4.
0-1mA FULL VISION PANEL METER 2+." square, scaled 0-100 but
scale easily removed for re -writing f1 each. 10 for f9. 100 for
C75.

AMP PANEL METER 80 a 70mm beautiful instruments f5 each,
order ref WA7.
VU METER illuminate this from behind becomes on/oh Indicator
as well,
square 75p each. 10 for C6. 100 for £50.
EDGE -WISE PANEL METER ideal when short of panel space
only 40 a 14mm, also have built-in t.s.d., 500pA I.s.d., scaled 0-5.
C1 each, 10 for f9. 1001or f75.
VIBRATING REED FREQUENCY PANEL METER 4" square.
55.65Hz, only f9 each.
LOW PRICED FIELD TELEPHONES. Ex -GPO models, not quite
so nice -looking but quite efficient. and have the big advantage
that the ringing es done by means of a hand operated internal
generator. This saves a lot of batteries. These 'phones have the
normal type of rotary dial built in and can still be connected into
a normal B.T. system. Tested, guaranteed in good order. price
only 0.50 each. Order ref 9P5.
HAND GENERATORS as fitted in the above field telephones, this
hand generator is a permanent magnet type and has an AC
output of approximately 50V depending on how quickly you wind
it. If you want a higher voltage then simply connect the output to
a transformer. We have lit a 60 watt bulb quite successfully. The
hand generator, complete with handle, f4. Order ref 41.51.
DRY BATTERIES CAN BE RECHARGED but not with a normal
d.c. charger, it must be a periodic current reversal type. We can
supply the kit, with data. £9. Order ref 9P10.
THE COMPUTER GRADE CAPACITOR ideal for low, high
Current experiments, 75p each or 10 for C6. Two types available,
150000F 10V or 10000pF 15V.
HELP YOUR BOYS INTO ELECTRONICS let them learn by
experiments with our simple kits. See our latest newsletter
which will be sent to you with any order or ask us for a copy.
SUPER MULTIMETER Ex British Telecom, this is a 19 -range
20K o.p.v. top grade instrument, covers AC 8 DC voltages,
Current and resistance. very good condition, fully working and
complete with leads 09.50. leather carrying case £2 extra
(batteries not included but readily available).
SOLAR ENERGY EDUCATIONAL KR. An ideal present for
electronics students. It shows how to make solar circuits and
electrical circuits, how to increase the voltage or current, how to
use solar power to work a radio, calculator, cassette player and
to charge nicad batteries. The kit comprises 8 solar cells. one
solar motor, fan blades to le motor and metal frame to hold it to
complete a tree -standing electric Ian. A really well written
instruction manual makes this a lovely little present. Price f8.
order ref 8P426.
WANT TO KNOW MOW FAST MS TURNING? Made by the
famous Mulrhead Company, we have DC tachometer
cat voltage depending upon its
generators which have
Iput voltage is 3.
speed. At 1000rpmTor instance.
for
2
C1,
OrdeTraLZ46.
price
only
Ex -equipment.
t being
B SR RECORD PLAYERS. Although records ar
are a
superseded by compact discs. you or yours may eta
a and
collection of records that you wish to play from time to
layer
at wodld, therefore. be a good idea to buy a spare record
before they disappear from the market. We have some t at were
originally intended for quite expensive midi systems, h ve
ly C5
never been used. are complete except for styli, price
eadls.Order ref 5P175
kW, which
B LOW HEAT R S. We can supply tangential units:
ated at lull
is approx. 9 laftpplus the motor. This can
and we include*
heat, half heat or cold blow.
control swrtch'and wiring diagram. Order ref 6P12. We also have
16W blow healer, only 6" wide, so ideal where space is limited
under a desk or similar. or can be made into a portable Mater
for oetrosting pipes. etc. Complete little unit. attnough
molorised, is virtually silent in operation. A shaded pole motor
drives air from tangential tan through ikW spiral element. There
is also a cut-out to switch heat off should anything stop the fan
from blowing Regular price of this unit is around C20. Yours for
C5 or 51 or [20 Order ref 5P23.
Prices include V.A T Send cheque/postal order or ring and
quote credit card number Add C3 post and packing Orders over
£25 post tree, unless postage quoted separately.
S

Ili"

M & B ELECTRICAL SUPPLIES LTD
12 Boundary Road, Move, Sussex BN3 4EM

Telephone (0273) 430380
Fax

(0273) 410142
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Brushless DC motor drive
TDA5/4X, described in Technical
Publication IC (1118, is a range of ICs from
Philips. It handles all the commutation internally and does away with the need for Hall effect or nrtgnetoresistive position sensors
by sensing zero crossing or the hack-EMF
generated by the three stator windings when
not energised. TDA5140A/AT gives 600m;\
of three-phase drive current: TDA5141 is the
same. but provides up to I.8A for driving

For compact disc and computer disk drives,
video player drives and anything needing
an efficient, extremely fast -accelerating
motor, the brushless DC type is hard to heat.
The trouble is that such motors need fairly
exotic electronics for commutation and rotor position determination. which goes some
v+ ay towards reducing the benefits mentioned above and the freedom front brush
and arcing problems.

hard disks and fans, while TDA5142T gives
three-phase full -wave I$OmA drive current
to three pairs of power transistors in heavier duty applications. Figure 1 is the basic internal diagram of the 5/-l0 and 514/.

Fig.1. Bare bones of the Philips TDA51 10/1
brushless motor drive IC, which needs no

external commutation circuitry.
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Fig.2. With three states for each of the
outputs, there are six combinations of high,
low and high -Z to produce the waveforms
shown.

MOT2

`//

MOT3
(V)

Commutation proceeds as slum in Fig. 2.
Each output driver has three states: high
v, hen acting as a source: lock when sinking
current: and a high -impedance condition.
Two of the three motor windings are therefore connected between a high and a low
driver output, which gives six possible combinations ot" the three outputs. Since the
high -impedance stage isolates the commutation logic from the non -energised winding,
the hack -EMI' from that i( finding can he
detected by one of the EMI comparators and
selected by the logic.
For each phase of the stator, there is a train
of positive and negative -going energised
periods. separated by non -energised intervals
in which the zero crossings of the hack-EMF
occur. Since the interval between a zero
crossing and the next energised period must
not be more than 30° of the cycle. the intervals are measured and stored on external
capacitors (CAP -Cl) and CAP -DC). These
charges are sampled by the commutation
block to determine the previous commutation delay.
Tacho pulses of 50% duty cycle are also
produced by the zero crossings. which indirectly will provide phase information for
video recorder motor drives. An inexpensive
pickup coil connected to the /'G /N pin indicates that certain tacho pulses are also position or phase pulses. the t o sets forming a
1DM train at the PG/FG output. where the
identified pulses show a greater mark:space
ratio.
Figure 3a shows digital control of speed.
The uncommitted OTA in the Tl)A5/4X is

l
commutation
Points

Fig.3. Digital control by PWM input (a) via
the operational transconductance amplifier
and analogue control (b) where the OTA
amplifies a DC input and drives an external
voltage amplifier.
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of DC
motor control I'WM controling a DC -to DC converter to supply the windings. acting
as Ilyl heel for the converter cannot be
used because switching spikes would interfere with zero -crossing detection. This system works bysetting the level of DC to the

-

-

is

IT

0,302

at the VMOT pin. A micropiocessor senses tacho pulses and provides input
to the amplifier as either PWVM for digital
control or as a DC level for analogue control

Fig.4. Evaluation hoard to drive VCR scanner

(Fig 3b).
Figure 4 shows an evaluation hoard for
driving VCR scanners and hard disks.

Philips Components Ltd,
Mull.trd House, Torrington Place, London
WC E 7HD. Telephone 071 580 6633.

driver stages

needed since the normal method

100MHz video amp

COMPARATORS

motors using the TDA5140A or hard disk
motors with the TDA51 4 1.

1

DC -restored

Elantec's EL2090C

is claimed to he the
first complete DC -restored IC video
amplifier sub -system. It has a high -quality
(II)MHz video amplifier and a nulling sample -and hold amplifier for stabilisation.
During a line sync period, a hold input is at
logic 0 and the SH amplifier behaves as an
ordinary op -amp to null the video amplifier's
DC offset. When hold returns to logic I. the
correction voltage remains on a storage
capacitor to keep the DC correction during
the next line period. In the circuit shown. DC
restoration is achieved in five scan lines,
even with a hold pulse of only 2us.
Performance of the video amplifier in the
NTSC system is claimed in the 1992 Data
Book. (N icroelcctronics Technology Ltd.
0K44 278871) to he "nearly perfect". giving
0.01% differential gain and 0.02° differential
I

phase: since it uses current feedback. the 3dB only changes a relatively small amount
with varying gain settings and drives 7512
loads with ease.

Elantec, Inc., Gordon I louse Business
Centre, First floor, 6 Lissenden Gardens,
London NW5 I LX. Telephone 071 482
4596.

Elantec's EL2090C integrated video amplifier
and SH amplifier to achieve and maintain DC
restoration within five raster lines.
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RANGES

..

..
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...
ELECTRONICS CATALOGUE (Free to Bona Fide Engineer, 8
for
Free Catalogue).
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CRICKLEWOOD ELECTRONICS LTD, 40 CRICKLEWOOD BROADWAY
LONDON NW2 3ET. TEL 081 450 0995, 081 452 0161 FAX 081 208 1441

Admittedly, given enough time and effort, even the
impossible can he accomplished.
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FIBRE -OPTICS EDUCATOR

But can your project afford to wait?
By opting for Keil C51, you will get better results faster

and without pain.

Versatile training
equipment for
education and
industry.

C51 is very simple to use and yet yields the fastest and
smallest code of any 8051 C compiler. With direct access
to the 8051 cpu at a bit/register level in C, assembler
programmers feel instantly at home.

FIBRE -OPTICS POWER METER
dBm and µW
scale; battery life
500 hours.

FIBRE-OPTICS MONITOR
For continuity
testing and voice

AP"_.

¡_z

z:.

.a

comms.
For further details contact:
Unit 29, Leyton Business Centre,
Etloe Road, Leyton, London, E10 7BT.
Telephone: (081) 539 0136
Fax: (081) 539 7746
CIRCLE NO. 136 ON

C51 Professional Edition Comprises:
* Full ANSI C implementation for the 8051
* Near -assembler code efficiency

family

* Function -level optimisation
* Extensions for 800517/87C751
* Small/Compact/Large/Bunked memory support
* DScopeSl + cpu simulator/debugger
* AS1 macro assembler
* 8051 Real Time Executive
* Support from official C51 User Group

To see how C51 takes the pain out of 8051 programming,
call now for our comprehensive information pack.
)(ilex (UK) Ltd.
Warwick University
Science Park
Coventry, CV4 7EZ

ELEKTRONIK
DKEIL

Tel 0203 69266, FAX 0203 692131

ELLMAX ELECTRONICS LTD.,

March 1992

If you've tried this, you'll know what it's like using
8051 assembler.

( ELLMAX
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EDN DESIGN SPOTLIGHT

Circuits, Systems & Standards
First published in the US magazine EDN and edited here by Ian Hickman.

Digitise analogue functions
using simple procedures
microprocessors become smaller. less expensive and
more powerful. increasingly designers are using them
to implement signal -processing functions that once were
conside ed exclusively analogue in nature.
Digital implementations of filters. integrators.
compensators and similar functions yield greater
flexibility, lower temperature drill and much smaller unit to -unit variation than their analogue counterparts. which
use op amps.
Digital versions may also be cheaper. particularly if
they are part of a system that already contains many
digital components.
But even expert analogue designers sometimes find it
difficult to change the analogue version's frequency domain parameters to time -domain parameters needed by
the corresponding digital versions. However it is not that
difficult if you divide the task into th ce major stages:
As

Time domain
signal
processing
As an analogue engineer,

sound this article
useful, informative and
an interesting
I

introduction to an area
where seldom need to
I

tread.
IH

I. Design the function in the frequency domain.
Convert the parameters from the frequency domain to
the sample -data domain.
3. Convert the parameters from the sample -data domain to
the time domain.
2.

Design in the frequency domain
Generally. analogue designers are familiar with the basic
principles of frequency -domain design root -locus and
Bode plots. for example. These principles are based on the
Laplace operator s, which is sometimes written as -Au."
Normal practice is to write the transfer functions as //(s).
To implement an integration expression. replace instances
of I/s with integrators consisting of op amps and
capacitors, and use resistors for scaling.
But to convert an analogue function to the time domain
for digital implementation a few restrictions apply. First
the function must he written as a ratio of zeros to poles;
and second, the poles and zeros must appear either as real
and single elements or as complex conjugate pairs. As
many analogue functions inherently impose these
restrictions. most frequency -domain functions arc already
in this fort.
A familiar example is a single -pole low-pass filter, for
which the frequency -domain expression is:

-

1/(s)=2I/1(s+211/),

248

where/ is the break frequency. If the break
I0(1Hz. the filter's expression becomes:

is set at

/ /(s)=628.3/(s+628.3)
Second stage is to convert the frequency -domain (s -plane)
expression to an equivalent sample -data (z -plane)
expression. Difference between the two planes is that s plane functions are based on integrations. and z -plane
functions are based on time delays. It is convenient to use
7 -plane expressions as an intermediate step because they
are much closer to the operations of a digital system
expressions. and thus are easier to convert to the final
time -domain expressions for which a program can be

written.
For each s -plane function. an equivalent c-plane
function exists (Table 1 shoes an abbreviated list of s plane functions and their z -plane counterparts).
But before the s -plane functions can be converted to z
plane the sample tinte (cycle time). T. of the system must
be selected. The value of T is somewhat arbitrary. but as a
general guideline. select a value of T such that the sample
frequency is at least 10 times the system bandwidth.
The1001-17. low-pass filter mentioned in step one serves
as a good example of how to use Table I. Beginning with
the first stage:

//(s)=628.3/(s+628.3).

If a IkHz sample rate is selected then T=0.001: replacing
this value in entry 3 of Table I yields:
If the function is very complex, the full s-plane function
can be broken down into two or more simpler sub-

//(-)_

-e-0.6283)

-P-0.6283
0.4665:

:-0.5335
functions, each of which is represented by one of the splane functions in Table I. The final z-plane function is
therefore the product of all the z -plane counterparts of the
s -plane sub -functions.
In Table I. the term T. although defined as the sample
time of the system. also implies a el ationship to DC gain
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(an integrator is a good example: doubling the sample rate
doubles the final count). The inclusion of gain terms is
advantageous because it eliminates the need to adjust the
overall gain of the filter at the end of the design process.
Many c -transform tables do not include DC -gain terms.
and so differ from Table I. Hooever, any set of transform
tables can be used to obtain sub -functions of a complex s plane function, provided they are used correctly and any
additional steps (such as gain adjustment) that may he

required are taken into account.
Once the function has been converted to the sample -data
(z -plane) domain. the next step is the final design stage of
the digital implementation. converting from the sample data domain to the time domain. To do so. it is important
to understand that, because data is normally updated once
every cycle. the variables in the system are only
snapshots." Consequently. data is represented either as
new or as delayed by some integer number of samples.
Normally a subscript is added to a function to indicate,
in shorthand form. the number of delay cycles. For
example, It indicates the most recent value of f(t) (that is.
in the current cycle). The expression 1.1_1 indicates the
value of f«) delayed by one sample period (that is. the
value of 1(t) during the previous cycle).
One of the basic properties of the z plane is that dividing
a value by z yields the value obtained after a delay of one
sample time. 'Iii us, the goal of this stage is to rewrite the
z-plane function, replacing each e o ill) a delay.
Conversion to the time domain can he accomplished by

Table

s

I

Integrator:
z

2

Differentiator:

3

Real pole:

a

//(:)=0.4665:/(:-0.5335)
Stage 3 (convert to time domain):
step I:OUT(_)/IN(.)=0.-1665_/(=-0.5335)
step 2: OUT(:) x (:-0.5335)=1N(:).0.4665.
step 3: O1ti'(_1-0.5335.OUT(:)/:=0.4665xIN(:)
step 4: OVTk--0.5335.OUTL_1.=0.-1665.INt,
step 5: OUI'k=0.5335.OUTI,_l+0.4665.INr

z

H

- e°r

a

Complex poles:

5

cos(

(O2

s2+2aws+w2

:2

-':e

°"" cos( V

1-a2.wT)+e-2°`'T)
I- a2 wT) + e-2"<"2
.

Complex zeros:

6

s2+2aws+w2

:2-2ze-'cos(11I -a2.wT)+e 2"°t

H

:2(1-2e°"T cos( VI-a2.wT)+e-2«<.° )

Where a=I/time constant of pole; a=damping rate: e=exponent:
T=sample time, and omega=natural frequency (24).

100HZ SINGLE -POLE LOW-PASS FILTER WITH
INPUT OF 25HZ
OUTO AND INO ARE THE MOST RECENT
VALUES OF OUT AND IN
OUT1 IS OUT DELAYED BY ONE SAMPLE TIME
10 TIME=0
20 T=0.001
30 OUT1=0
OUTPUT"
40 PRINT " TIME INPUT
50 FOR K=1 TO 200
TIME=TIME+1
60
INO=SIN(6.283'25*TIME)
70
OUT1=OUTO
80
REM
REM
4 REM
5 REM
8 REM
1

2

Divide the lens in the equation by the highest power of
that appears in the equation.
4. Replace the z -plane functions with functions that
represent a delay of one sample period for each negative
power of z. For example. replace 7 2 X out(z) ++ ith
5. Move the undelayed output term to the left side of the
equation and move all other terms to the right side.

=628.3/(s+628.3)

-e°T

Real zero:

s+u

7

Stage 2 (convert to z -plane function):

I

Tz

H

s+u

3.

I

-

-1

H

S

4

counterpart

T:

1/s

denominator.

(write the s -plane function):
//(s)=27q/(s+21t/)

z - plane

-plane expression

No

I. Write the transfer function in the t plane as a function
of output to input.
2. Multiply out the equation so that no "i"s appear in any.

Stage

s-plane/z-plane counterparts

Entry

performing the following steps:

Using the steps to implement a low-pass filter
The 10(111z loo -pass filter is simple enough to provide
complete demonstration of the entire digital implementation process:

1.

a

10090

PRINT USING "I#.###0####5### ####.###",1 TIME, INO, OUTO

110 NEXT K
120 END

##

You can now write a Basic program) that simulates the
function of a low-pass filter with the characteristics
specified in step 5. The program) (Fig.1 simulates the
action of driving the filter with a 21 z sine wave and
displays the filter's first 2(1(1 outputs. Running the program
will sho++ that the output is attenuated by 3% of the input
and that it lags the input by a delay of to 2ms.
corresponding to phase angles between 10 and 20°. A lowpass filter driven at 25% of its break frequency (as this one
is) should theoretically provide 3% attenuation and 14° of
lag ++hick correlates well o ith the experimental result.

Fig.

1.

Simulation

of a low-pass filter

1

1

-

Applying steps to complex functions
can he applied to
transfer functions much more complicated than the lo++ pass filter in the previous example. For instance, consider
an integrator with lead compensation. Assume that the

"Ile step-by-step design procedure
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STAGE

1:

H(s)

a+8283 100
s+2513 x s
s+6283 x 2513 x 6283
8+2513 251.3
6283

Fig. 3. Simulation

-x-

10 REM LEAD -OPERATED INTEGRATOR WITH AN INPUT
AT

100
s

11 REM 20Hz
20 REM OUTO AND INO ARE THE MOST RECENT
SAMPLES
30 REM OF OUT AND IN
40 REM OUT1 AND IN1 ARE OUT AND IN DELAYED BY
ONE
50 REM SAMPLE TIME
60 REM OUT2 IS DELAYED BY TWO SAMPLE TIMES
80 DEFDOUBLE I,O,T
90 DEFINT K

STAGE 2:

z)_z-09391x 0.2222z x0.25x100x0001z
00609z

-009122x

z-0.7778

z -1

(z -0.9391)z

(z-0.7778Xz-1)

STAGE 3:

STEP

1:

OU11 =0.09122x
IN(z)

z -09391)z
(z-0.7778xz-1)

100 TIME=0.0
110 T=0.001
130 1N1=0.0
140 OUT1=0.0
150 OUT2=0.0
160 PRINT" TIME
INPUT
170 FOR K=1 TO 200

STEP 2: OUT(z)x(z' -1.778z+0.7778)0.09122x1N(z)x(z2-0.9391z)

STEP 3: OUT(z)x(1-1.778Iz+0.7778h=).0.09122xtN(z)x(1-0.9391/z)
STEP 4: OUT1,11.7778xOUTk_, +0.7778 ,OUTS_, .0.09122xIN -0.08567x IN, _,
STEP 5:

OUT .1.778 xOUTk_t -0.7778 xOUT _, +0.09122+INk -0.08567x

180
190

Fig. 2. This simple
three-stage design

procedure will work
to digitise just about
any frequency domain function. In
the first stage, write
the function in its s phase form. In the
second stage,
transform the
expression to the
sample-data (z plane) domain. The

third stage
transforms the
expression to the
time -domain form
that can be
implemented
digitally. The
example presented
here is a digital

lead zero is set to 10Hz. the pole is set to 40Hz. and the
DC gain is 0.25. The integrator is to have a gain of 100 at
rad/s, and the sample time is 0.001s. Applying the three stage design procedure to the integrator yields the results
of Fig 2.
From these results, a Basic program can he written to
simulate the operation of the filter when it receives a
20Hz input (Fig. 3). From the definition of //(s), the gain
of the transfer function is -8dB at 2011z, and the output
lags the input by 53.1°. When the program is run you will
find that if the DC portion of the gain is eliminated (by
subtraction) the output is 40% of the input (an attenuation
of about 8dB). and the output lags the input by 7ms
(equivalent to approximately 50° at 20117). These results
correlate well with the s -plane design characteristics.
I

Limit input frequency to avoid aliasing
When designing digital filters, care must he taken to avoid
aliasing effects. Aliasing is the name of a phenomenon

that causes input frequencies greater than half the
sampling frequency to appear in the output, transformed
implementation of a into frequencies less than half the
sampling rate. Fig. 4
lead -compensation
shows the effects of aliasing on a system with a sample
integrator.
rate of 100117. All input frequencies greater than 50Hz
(which is half thesampling rate) appear in the output as
frequencies between 0 and 501Iz.
For integral harmonics of the sampling rate. the
apparent frequency is 0. All other frequencies are
transformed to the difference between (the input
frequency) and xi!, where n is the sampling rate and x is
an integer representing the nearest integral harmonic of
the sampling rate. Thus, in Fig. 4. an input frequency of
230117 appears as an apparent output frequency of
230-(2x I(I0)=30Hz: an input of 2701Iz would appear as
(3x 1(10)-270=3011z. Aliasing continues indefinitely as
input frequency is raised.
Thus, to avoid spurious output signals, maximum input
frequency must he limited to a value that is no greater
than half the sampling rate of the system. This limit can
he achieved by raising the sampling frequency so that
aliasing will not begin until a frequency occurs that is
higher than that of any expected signal; this is the
preferred and least expensive method. If it is
impractical (or otherwise undesirable) to raise the
sampling rate, insert an analogue low-pass filter in the
signal path before the digitising circuitry.

f

-

of lead -compensated integrator.

-

200
210
220
230

OUTPUT

TIME TIME+T
OUT2=OUT1
OUT1 OUTO
IN1=INO
INO-SI N(6.283'20'TIME)

OUTO=(1.778'OUT1)(0.7778'OUT2)+(0.09122' 1N0)-(0.08567'IN 1)
240
PRINT USING "#.### ####.### ####.###",
TIME. INO, OUTO
250 NEXT K
260 END

of sampled -data systems
and results in spurious output signals. Input frequencies that
are greater than half the sampling rate appear in the output
as frequencies between 0 and half the sampling rate. To
avoid aliasing effects, place an upper limit on the input
signal frequency.
Fig. 4. Aliasing is a phenomenon

notch filters and PID compensators in servo systems. Not
only does it produce more accurate break frequencies than
some other popular methods (for example. the bilinear
transformation or the w -plane transform), it is also a good
deal more straightforward. The procedure can he relied on
to produce accurate digital implementations of
traditionally analogue filters, with minimal complications.
However, in certain circumstances. stage three does not
always produce the optimum result with respect to
arithmetic noise to which integrators are very sensitive.
So you may find it desirable to separate an integrator from
other functions and design it for minimum noise.
Likewise, for higher -order functions, you may wish to
break up the frequency -domain functions into parallel (not
cascaded) sub -functions and implement each part
separately, using the three -stage design procedure for each

-

sub -function.

Finally, if computing time imposes an undue delay
between the instant at ks hich the data is sampled and the
instant at which the corresponding output value becomes
available, rewrite the equations in a manner that allows
the processor to perform much of the background
computation before the data cycle begins.

Procedure to suit many applications
The three -stage design procedure presented here is
suitable for a wide variety of s -plane functions. including

250
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Mosfets provide low -loss rectification
ectifiers strongly affect the efficiency of a low -voltage
apowersupply, Silicon diodes. for example. carry a
0.7V forward -voltage penalty. Much of the power
dissipation and heat burden associated with diode
rectifiers can be avoided by using the high -efficiency
mosfet rectifiers shown in Fig. 1. This approach is
especially useful in vacuum work. where the lack of
convection cooling limits the allowable power dissipation.
The seconda y of the transformer shown in Fig.
maintains opposite -polarity Vps voltages across the
mosfets Q) and Q,, it reverses these polarities once per
input cycle. With each change of polarity, the secondary
voltage also toggles the mosfets' on/off states by causing
the output of each comparator (ICtA and ICIt;) to switch
between the comparators' supply rails. As a result, a
unidirectional and nearly constant current (lows from the
transformer's centre tap through the load and hack through

Low -loss

50

w

rectification

30

37V

20

É

first saw active
devices, notably
bipolar transistors,
proposed as low-loss
rectifiers many years
ago. Here is a low I

lo

355

0

Vy. 13V

p
10

I

20

loss rectification

I

15V

255'

V.

30

scheme implemented
using mosfets. IH

37515"

I

1

37V
J

1

50

-12

-15

-06

-09

-0 3

0

03

CO

0.9

12

1.5

Vol Al

Characteristic curves for an IRFFH 10 mosfet show
how it can simulate a nearly ideal diode when its Vos and
Vcs voltages are simultaneously switched.
Fig. 2.

each mosfet in turn.
In Fig. 2. note how an

/hFF//0 mosfet's familiar first quadrant curves extend into the less familiar third
quadrant. In particular. note that the channel is oft for VGS
less than 3V (first quadrant) and fully on for VGS in the 4
to 6V range (third quadrant). Thus. by switching the VGs
level a diode with very low on -resistance and low forward
bias can be simulated. What's more. this approach avoids
activating the mosfet's parasitic diodes. which usually
prevent the application of mosfets as rectifiers.
In the circuit shown in Fig. I. the comparators' open collector outputs provide a rapid transition to the low
state, but the IkS2 pull-up resistors produce a slower
transition to the high level. The mosfets thus avoid
conduction overlap by turning off rapidly and turning on
slowly. Diodes I)i and D,olter protection by clamping the
comparators' inverting -input voltages with respect to the
negative supply voltage (pin 4). These diodes are normally
superfluous, however, because the mosfets' low forward
drop will not allow the diodes to turn on.
Using a square -wave input, this circuit can produce a
(1V. IA output with 97% efficiency (resistive losses are
60hmW, and each transistor dissipates another 60mW).
For even lower losses you can parallel two mosfets for
each switch.Using diode rectifiers. the efficiency would he
about 90%. The use of a sine -wave input also lowers the
circuit efficiency but not to the level of a diode -rectifier
version: the duty cycle of the switches in fig. I goes from
almost 50% with a square -wave input to about 2(1'/r with a

sine -wave input.

Consequently. the switches deliver greater -amplitude
current pulses to the load filter, which increases the power
dissipation.

William Chafer. The Aerospace Corp. Los Angeles, CA.
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Fig.!. Using mosfet
switches in place of diode
rectifiers, the full -wave
rectifier circuit produces a
5V, IA output at 97%
efficiency.
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I A (later Sir Amhr,sel
Fleming and his Diod
invented in 1904.
Below, Lee De Forest and
a 1908 version of his
Triode.

., , vas
C
E
VARJE
By Stanley Wood
thermionic valve was to the electronics revolution what the steam engine had been to the first
industrial revolution. Its invention was the key Io all
the possibilities of wireless communication and other
applications of electronics which have proved to be the
distinguishing achievement of this century
The first radio valve was created in 1904, when J A
Fleming. working for the Marconi company. took an old
Edison Iigluhulb Irum a cupboard and reran an 1882
experiment. This resulted in his "oscillation valve". or
diode.
In itself. the diode was a less practical tool than
Marconi's existing magnetic detector. introduced in 1902
to replace the coherer and used in ship and shore installations until 1918.
The "Maggie" comprised a continuous hand of sots
iron wires. turned by a clockwork motor. avid passed
through a Blass tuhe. On the tube was wound an RF transformer. connected to the aerial and earth. and a telephone
earpiece. Magnetisation was induced in the wires by a
pair of stationary magnets. but subjected to distortion
(hysteresis) by the motion of the wires. A high frequency
signal would overcome this and produce an audible click.
The "Maggie" increased traffic flow to 30 words per
minute.
Fleming's diode was swiftly superseded by a 1906
American breakthrough. Lee de Forest's triode. This
incorporated a third electrode which permitted the development of the valve as an amplifier.
The outbreak of the first World War had a galvanic
effect on wireless, driving forward developments in many
fields. But nowhere did the pressure of military requirements produce more dramatic results than in the evolution of the valve. These entered the war scarcely past the
experimental stage - hand -built. delicate and unreliable in
performance. They were "soil" valves. incompletely
evacuated. with residual gases affecting their function.
By the end of the war. the "hard'' valve had emerged.
highly -evacuated. robust. consistent in performance and
relatively easy to mass-produce. Developed by Langnutir
in the USA. they were manufactured by the military
authorities in France. and became known as the "French..
valve.
The type I? triode valve was the English version of the
French type TM. a most successful practical triode
designed in 1915 under pressure of war by the French
The

_or

S

f,

Marconi's magnetic
detector, introduced in
1902 and the predecessor
to the valve.
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pre-war Round valve, named after its
inventor, Capt H / Round, was a "soft" valve,
containing residual gases. To activate the valve,
the long "beak', which contained a small quantity
of spongy platinum, had to be warmed with a
match -flame to liberate gases and bring the valve
to the necessary degree of softness.
The

Military Telegraph Service, directed by General Ferric.
First the weaknesses of De Forest's Audion were analysed. Then they evolved a fine design for a simple,
robust. easy to manufacture. general purpose hard triode
which was put quickly into large-scale production in
France.
In 191(1 the British authorities ordered this design (and
many variants) to he made by five UK valve and lamp

manufacturers.
Audio and CW field sets were quickly designed by the
French around the valve and the British later used it in
their trench sets and RAF equipment. Even the Americans
used the TM on their arrival in France in 1917. TM valves
were used in French multi -valve amplifiers where the
valves. being of close tolerance, were interchangeable.
After the war amateurs used the valve despite its 2.8W
bright -emitter filament, which gave almost as much illumination as entertainment. The valve was available via
post-war Government disposals or could he purchased
new for 15 shillings in the 'twenties.
So the R valve was the first practical "modern' valve.
Its design w as copied for some time and the four -pin base
it carried was to become the European standard for many
years.

Typical

R

valve parameters were: gm = 0.33mA/V: p =
70-400. Some microphony did occur.

10: ra = 30kS2; V =

Consider now a transmitting valve designed five years
after the TM the Marconi Type MT3. This small transmitting valve was the work of Captain Round as part of
his remarkable programme of air-cooled glass transmitting valves, Marconi types MTi to MT5, developed
between 1920 and 1922. Marconi post-war transmitters
were designed round these valves.

March 1992 ELECTRONICS WORT I) + WIRE ESS WORLD

-

(Top) 1JV8
characteristic of
the type R triode,
and (lower) 11V
characteristic of
the MT3 for various
values

of R.
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Marconi AD2
aircraft
radiotelephone
transmitter/
receiver c.1924
using MT3 valves
as oscillator and
speech control
valves.

Type R triode British version of
the 1915 "French
valve".

Marconi's MT.3,
designed by
Round, and used
in transmitters

and aircraft sets.

The Mazda
of 1930,

AC/Pen

the first
indirectly -heated

pentode.

254

The 11Ti, for example. was used for several of their
post-war aircraft sets eg type AD/ "transmitter and type
AD2 airborne telephone/telegraph transmitter/receiver.
(The latter. a compact set in a wooden case. used one
M7$ as power oscillator and the second as speech control
valve. Its receiver used valves t) pes (2 and 1'24. Total
weight of the set was 0316). The /1.11 1 valve was also used
in Marconi field portable 1(10W transmitters type Y/i/
M13 parameters: }{0W output on I.W telegraphy: 40W
max dissipation on CW: p = IOU: r, = 300),S2: Va = 1500.
This valve type was still available for replacements in the
mid -thirties.
The third valve in this selection, the Mazda AC//'en.
followed Philips' introduction of the pentode in Holland
in 1927. This was a most significant step in valve development - the pentode, in directly -heated form, was the

universal valve for receiver output stages to drive loudspeakers.
The Mazda AC/Pen was the worlds first indirectly heated pentode. It appeared in May 1930, some three
years after the Philips valve. The r1C`Pen originated from
)he same stable as the earlier notable Cosmos short path
series of II-I valves. but was sold under the Mazda label.

this very successful valve had

a

mutual conductance of

2.2. claiming to be the most sensitive pentode and to
operate without hum. It demonstrated the great advance
made in valve design and manufacturing technique by
1930. with its intricate assembly of five electrodes. delicate heater and supports all held rigidly within a standard
envelope.
Amplifying w ith 1()V negative bias. with V, = 250 and
V = 2110. the AC/Pen delivered I.5WW undistorted energy
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tx)e derived from the El 50.

w hen working into a 751)012 load. So successful was the
design that it became the basis of later Mazda valves.
such as the high -sensitivity pentode. AC2I'en. of 1934.
AC/Per values: g111 = 2.2111:\/\': r, = 33k: p = S(1 @
I50V: Max dissipation SW.
Our nest valve the first all -glass tube by PhilipsMullard was announced early in 1939. The times were
threatening_ but this tube, the I) pe El'50. was to he a
most valuable tool in the battles to come.
With a mutual conductance of 6.SmA/V then an outstandingly high figure the EF50 was meant for use as a
widehand television amplifier. but it was quickly seized
on by the back -room boys for a 45rs11Iz II' strip then
being produced by Pvc for incorporation in 2011M1Iz
receivers for the earliest airborne radars. Its r was IMU:
equivalent noise resistance I4(1112 and reverse transfer
capacitance (cold) (1.(1117 pF: V. = 250.
In radar receiver applications the 1Nú51) soon gave way
to Mullards type RI.7. an aligned -grid. low -noise pen-

Nevertheless the E .50 was to play so great a part in
British wartime equipment that S) Ivania (USA) had to be
called on to augment supplies of El SOs to the UK. After
the war the El' 50 was still in :real demand and was also
the basis of the type L/55 RF pentode and other tubes.
The popular series of seven -pin 6.3V miniature valves
introduced into the UK by Marconi-Osram in 1947 makes
a suitable point at which to end this short review. The Z77
(C1'138) short -base RF pentode (6.3V Ill) typifies this
range of compact general purpose receiving valves.
Their 55111111 length. 19mun diameter and all -glass construction enabled post-war valved radio sets to be much
smaller than pre-war sets and their electrode construction
and pressed glass Lases w ith direct lead through gave an
input capacitance (for the /77 cold) of 7.4pF. Connected
as a pentode with V. = 250\' the Z77 had g = 7.5mA/V
and r. = 3(I0k. Rigid electrodes made nticrophony virtually nil.

-
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-

-
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Making a right white noise
The perfect noise

for measurement purposes

is Gaussian

- smooth and without

lumps. Ian Hickman explains.
Dcdicated audiophiles arc often blessed
(or cursed) with ears that are extremely sensitive to noise and so they are
very concerned with how much noise is added
to the signal by their equipment. As in any
battle, it is important to know your enemy: it
is therefore useful to the development engineer to have available a calibrated source of

audio frequency noise of known characteristics.
Two characteristics typical of the sort of
noise commonly encountered are that its frequency distribution is "white" and that its
amplitude distribution is "Gaussian" (food for
another Design Brief there). Briefly, the former means that the noise exhibits the same
power in any small given bandwidth, whatever its centre frequency. while the latter means
that the larger the voltage excursions about the
mean level, the more infrequent they are, as
described by a mathematical formula called
the "normal distribution".
Figure 1 shows three types of noise generator which have all been used in the past. The
neon lamp source in la works quite well over
the audio hand but the level of noise starts to
fall off at about 20kHz: the requirement for a
high voltage is also.an inconvenience. The circuits in 1b and 1c are both still useful; b can
he used up to VHF or even UHF, given a suit-

able choice of diode. Circuit Ic is very convenient, given a suitable op -amp.
Op -amps exhibit a "I/f noise corner": a lowish frequency at which their input noise is 3dB
up on the mid -hand figure and below which it
rises at 6dB/octave. Op -amps with a I/f corner
lower than 20Hz are readily available (e.g.
2Hz for the LTI(X17, LT1037) and prove very
satisfactory in the circuit of Figure Ic), providing a source of noise that is substantially
flat across the whole of the audio band.
If "substantially" flat is not good enough
(op -amp manufacturers don"t guarrantee that
the noise of their product will be flat, only that
it won"t exceed a specified maximum) then
there is an alternative popular approach. 'Phis
makes use of a maximal length "PRBS" (pseudo random hit sequence) generator.

If the outputs of the

last stage and an earlier
one of an N stage shift register are input to an
XOR gate, whose output feeds the input stage
of the shift register, then a stream of apparently random Os and Is will he generated. If N
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Fig.!. Three types of noise generator. The
neon lamp in (a) is useful in the audio band
up to around 20kHz; the circuit in (b) can be
used up to VHF or UHF with a suitable diode;
that in (c) is convenient if the op amp is
suitable.

yourself working out
with pencil and paper what the output
sequence will he for different stage inputs to
is small you can amuse

the XOR gate.

You will find that if you choose the right
one, a sequence will he generated which only
repeats after 2N - I clock pulses.
As N gets larger, the pencil and paper
approach rapidly becomes unwieldy, so one
refers to the published tables of primitive
polynomials over GF2. GF2 indicates the
arithmetic of a Gallois field of two elements.
which is a little too arcane for the space avail-

able here. However, the tables indicate that for
most values of N there is at least one choice
(and its inverse) of an earlier stage which will
result in .a maximal length sequence being
generated. For those cases where there isn"t,
succesively xoRring the output(s) of one or
more other stages will achieve the desired

result.
For one of the classical works on the topic
see Appendix I. which covers all polynomials
up to N = 34. although I have a bibliography
giving nine references (some classified) predating this. One of the earlier references2 lists
trinomials (needing only a single Xor gate) up
to degree N = 45. Another; lists trinomials up
to degree 1000, which would provide such a
long PRBS that it wouldn"t repeat in your lifetime, even with the highest practical clock frequency.
Figure 2 shows a 17 stage maximal length
+5V

+5V

- -

clock
f req.

0-

J
3

Co 4006

- le

1

8

2n CR

-

fe/N

Fig. 2. A 17 -stage maximal
length PRBS generator that

produces an output unlike
that of a normal Gaussian
noise distribution.
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I'RI3S generator which therefore produces a
= 131071 clock pulses long
pattern 217 before repeating. The additional XOR gate
plays no part in normal operation. but prevents
the establishment of the degenerate all (Is case
which world persist for ever.
The remaining two XOR gates in the package
could he used as the clock oscillator: if this ran
at 130k Hz, the patient would repeat every second or so. This means the output noise would
not he a continuous white frequency spectrum.
but would consist of discrete spectral lines
I Iz apart.
Moreover, it is only pseudo white
up to a ti equency of about a sixth of the clock
frequency.
A good I'RI3S noise source needs more than
17 stages for another reason too: the output of
the Figure 2 circuit is simply a suing of Os and
Is, nothing like the normal distribution of
Gaussian noise. Lowpass filtering can convert
the binary output to a Gaussian distribution. at
the cost of restricting the noise bandwidth.
Trindert describes a 23 stage circuit using a
10(1kI Iz clock frequency and incorporating a
20 tap FIR filter to give a close approximation
to Gaussian white noise up to IOkHz.
The pattern repeats after about 80s, so there
are 80 individual spectral lines per Hi, a close
enough approximation to a continuous frequency distribution for all hut an incredibly
selective filter! The circuit uses nine ICs.

National Semiconductor's MM5437
digital noise source is about the simplest
audio noise generator imaginable: an 8-pin
DIP with no requirement for extra
components to produce white noise.
Fig. 3a.

I

Fig. 3h shows the signal before the
application of resistance/capacitance when
CR is fed from OUT 2.

TIME RASE = 50uS
CH1

I

National Semiconductor's MI115-137 digital
which replaces the earlier
MM5837 (no longer obtainable) is about the
simplest audio noise generator you could
imagine. It is an 8 -pin DIP that needs no
external components whatever to produce
white noise.
If. as is most likely, you need a Gaussian
distribution as well, this can he achieved very
simply (if not quite optimally) with a first
order lowpass filter - just two components.
In the circuit of Figure 3a. t, here the IOK +
680pF low-pass filter has a 20kHz cut-off frequency (-3d13), the 10µF capacitor is simply a
DC block.
II forms a highpass with a 0.(8)16Hz corner
frequency with the iOMi2 input resistance of a
'scope probe. The IC can be used with an
external clock frequency. but with CONTROL I,
pin 8 at logic or floating. it uses its internal
clock oscillator - about I80k1-Iz - to give a
repeat period of about a minute.
T\\o outputs are available, the 23 stage shift
register output stage (our 2) at pin 5 and a
run-length limited version of the sequence
(OUT I) at pin 1.
Normally, to get a reasonable approximation
to a Gaussian distribution with a simple CR
low-pass, its cut-off frequency should he no
higher than the clock frequency divided by N.
I lere. N = 23. so a cut-off frequency of about
7kHz would seem to be necessary, otherwise.
when a long sequence of Os or Is occurs the

V/DIV

=

2V
2V

TIME PASE = 200uS
CH1
CH2

V/DIV
V/DIV

=
=

2V
2V

noise source,

I

Fig. 3c shows the effect on the signal with CR fed from OUT2. When a long sequence
Is occurs, Ike output fetches up at OV or +5V (around mid -picture).

Fig. 3d shows the

output obtained when

a

run length -limited OUT! is used.

output will fetch up at OV or+5V.
When the CR is fed front OUT 2 (Fig. 3b.). it
produces the effect show n around the middle
of Fig. 3c.
Figure 3d shows the output obtained using
the run -length limited OUT I; a reasonable
approach to the normal distribution results.
The run length limiting must have some minor
effect on the frequency, distribution, but I
believe it to he quite negligible. Altogether a
most useful and versatile chip.
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UNIVERSAL PROGRAMMER
Superpro

is a

low cost programmer which can easily

be attached to your PC for use in
its
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latest devices will be supported. In fact the software is
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8000-:

updated on an almost monthly basis. The extensive
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device list covers most popular logic and memory
families such as Amd's Mach series as well as the

popular Altera range EP310 to EP1810. Support is
also included for popular gals such as 6V8 and
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F6 -Edit

1

20V8 from

a

variety of manufacturers. Standard 24,

28, 32 and 40 pin e
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proms are also catered for in

the 40 pin universal ZIF socket. An added bonus is the

ability to program a range of microcontrollers.
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devices can be programmed with special adaptors.

of pounds on a new stand alone programmer why not have a look at Superpro for a ten

So before spending thousands

day trial period?

LLOYD RESEARCH LTD

Tel:

0489 574040 for a device list
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Field Electric Ltd. Tel: 081-953 6009.

3 Shenley Road, Borehamwood,
Herts. WD6 1AA. Fax: 081-207 6375, 0836 640328

HT12 fully 286 compatible; hall size mother board; Intel 286 CPU; running at 12/16/
20MHz; zero wait state; 1Mb RAM supplied; up t0 4Mb. AMI BIOS; Set-up disk. New
8 boxed. £115+VAT c/p £6.00.
386sx half size mother board same as above but expandable to 8Mb. New 8 boxed.
Chloride Powersate batteries. 12V DC 24Ah sealed lead acid. £19.95 c/p £9.00.
New, marked cases.
3.5" floppy disk drive Chinon BBC compatible, new £35 Up £4.00.
Astrolux Mono Headset New £15.95 c/p £3.50
Astrolux Headset with boom mic £19.95 c/p £3.50
Tektronix 7403N Mainframe only £80
3.5" floppy disk drive NEC IBM compatible. Full height unit. £39.95 new 8 boxed,
1.6Mb. Gp £3.00.
Switch mode power supplies 240V AC input 5V DC 40amp £29; 12V DC 10amp £46;
amp £48.
5V DC 40amp -12V DC 4amp +15V DC
NEC 9" mono monitor composite video input. switchable high -low impedance input 8
output for daisy -chaining. BNC sockets. Built-in carry handle. £29.95 c/p £7.50.
H.P. 4328A millohmmeter £450 c/p £11.00.
H.P. 3400A RMS voltmeter £225 c/p £11.00.
H.P. 3330B auto synthesizer £550 c/p please ring.
Tektronix 191 constant amplitude sig.gen. £175 c/p £12.00.
Tektronix 067-502 standard amplitude calibrator £120 Up £12.00.
Plantronics (Auralite) type headsets very lightweight new BT approved ideal for
comms: £25 c/p £3.00.
Panasonic TR 25M9B 12' mono flat screen IBM compatible monitor new 8 boxed
115VAC Input £18.00 c/p £8.00. 15VAC transformer to 240VAC ava.
Apple II Europlus £75
Apple II E £125 Disk drive extra
Hewlett Packard 6188 SHF signal generator £75.00.
Hewlett Packard 606B signal generator £75.00.
Hewlett Packard 612A UHF signal generator £75.00.
Hewlett Packard 86A personal computer new £35.00.
Hewlett Packard 5000A logic state analyser £60.00.
Hewlett Packard 34508 multi -function meter £65.00.
Hewlett Packard 693D sweep oscillator £175.00.
Hewlett Packard 651 B test oscillator £75.00.
Hewlett Packard 9868 I/O expander £55.00.
Iswatsu SS5705 40 MHz O'scope £295.
Kikusui COS 5040 40MHz O'Scope Calto 1-92 £350.
Hameg HM605 60MHz O'Scope £400.
Hitachi V212 20MHz O'scope £230.
Hitachi V202F 20MHz O'scope Calto 1-92 £230.
Hitachi V509 50MHz O'Scope £400.
Tektronix 455 Oscope £350.
Tektronix 7870 time base plug-in £100.00.
Tektronix 7001 logic analyser plug-in £100.00.
Singer spectrum analyser 20Hz to 35kHz £275.00.
Singer Alfred o'scope c/with sweep network analyser 7051 £175.00.
Datron 1030A RMS voltmeter £65.00.
Datron 1030 RMS voltmeter £65.00.
Wavetek voltage controlled generator Model III £60.00.
Paratronics Model 532 logic state analyser 32chn £165.00.
All above prices r 171/2% VAT. Please ring for c/p rates.
1
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Versatower:

A range of telescopic towers in static
and mobile models from 7.5 to 36
metres with tilt-over facility enabling
all maintenance to be at ground level.

Designed in acccrdance with CP3 Chapter V; part 2.
1972 for a minimum wind speed of 140 kph in
conditions of maximum exposure and specified by
professionals world-wide where hostile
environments demand the ultimate in design, quality
and reliability.
Suitable for mourting equipment in the fields of:
Communications
Security surveillance
CCTV

-

Meteorology
Environmental monitoring
Geographical survey
Defence range -finding
Marine and aero navigation
Fioodlighting
Airport approach lighting
Further.details available on reque

STRUMECH ENGINEERING LIMITED
Portland House. Coppice Side. Brownhills
Walsall. West Midlands WS8 7EX. England
Telephone: Browrlhills (0543) 452321
Telex: 335243 SEL.U.

Fax:0543 361050

We would like the opportunity to tender for surplus equipment
Official orders credit card telephone orders accepted with
Access, Amex, Diners, Visa cards. Overseas enquiries welcome
c/p rates U.K. mainland only.
Please ring for c/p rates not shown.
All prices inc. V.A.T. unless stated. Stock list available.

CIRCLE NO. 139 ON REPLY CARD

CIRCLE NO. 140 ON REPLY CARD

REGULARS
RF CONNECTIONS

Towards global personal communications
final goal of
telecommunications was defined as
being''the ability to communicate with anyone. anywhere. any time.". It should perhaps
have added "at an acceptable cost and
requiring no special skills on the part of
Many years ago. the

Poserphones in
space?

Motorola's
lridum project
calls for 77
satellites to be
placed in low
orbit to provide

users".

Introduction of national mobile and
portable cellular systems linked to the public
switched telephone network. plus extended range radio -paging and Inmarsat-2 maritime/aeronautical/land-mobile satellite systems has begun to increase the likelihood of
reaching the final goal within the foreseeable future. Pan -European systems and truly
global systems are already in the planning

a

Critics maintain
that the Iridium
project is totally
impractical

stage.

But it still cannot be assumed that all of
the systems that are now technically possible

will also prove commercially viable. When
setting up a new wide -area telecommunications system. problems arise because heavy
capital investment is required before substantial revenues can he generated. The
number of disconnections front the mobile
cellular networks in recent months shows
too that telecommunications is vulnerable to
business recessions.
Significant losses were experienced by the
three consortia which originally acquired
licences to operate UK telepoint services.
offering short-range connection to the public
switched network from low-cost. compact
hand-held transceivers but no facility for
receiving incoming calls.
What may prove to have been the final
nail in telepoint's coffin was the announcement last October of the suspension of
Phonepoint by the powerful consortium
comprising BT, France Télécom. Deutsche
Bundespost Telekom and Nynex
International Europe. following abandonment of the system by the other two original
operators. The Phonepoint decision was
based. it was claimed, on adverse market
conditions. although the (remote?) possibility exists that "a telepoint service may be
made available by Phonepoint in the future.

global cellular

service. The
satellites will
use 20GHz links
to pass traffic to
each other.

-`

r

should conditions become more favourable".
Despite this, planning for pan-European
and global radio -paging, telephony. digital
data and position -determination systems
continues apace. It includes GSM (Groupe
Spéciale Mobile). DELI' (digital European
cordless telephone). ERMES (European
radio messaging service on 169M1-Iz). global
Inmarsat-3 land, maritime and aeronautical
mobile in 1. -band. and the ambitious
N otorola Iridium project. Iridium is based
on 77 low -orbiting satellites. 413 nautical
miles above Earth and configured in seven
polar-orbit planes of II satellites each. In
effect this forms a moving cellular exchange
in the sky and provides continuous line -of sight coverage to any point on the globe.
Seven antennas on each satellite are planned
to form a honeycomb pattern of cells on the
ground: as the satellites orbit the Earth. the
user will he handed over front one cell to the
next. Each satellite will have a 20GI Iz link
to the satellite immediately ahead of it in its
plane. and to the satellite immediately
behind it.
Iridium is expected to have subscriber
units in a variety of forms. These will
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include hand-held units about the same size
as current cellular phones Ibr individual subscribers. solar-powered phonehoxes for
remote Third World villages not connected
to any terrestrial network and mobile units
for cars, airplanes and ships.
Noiorola plans a production line for
Iridium satellites in 1994 and to have the
entire 77 -satellite sy stem reaching operational status in late 1996. The project should
need to use L -hand spectrum: unless special
new low -orbit satellite frequency spectrum
is allocated at Warc-92. this could present
serious problems in achieving effective fi equcncy co-ordination with. for example.
Inmarsat-3 satellites. These will provide spot
beams with 6dB more gain than the global
beams of the current Inmarsat-2
(39d B W rp. ).
The prime contract for Inmarsat-3 satellites was placed in early 1991 with GE Astro
and with Matra -Marconi Space as sub -contractor for the payloads. Delivery of the first
spacecraft is scheduled for 1994 and extensive details of the Inmarsat-3 project were
given at an IEE Colloquium (Digest No
1991/175) last November.
.
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New satellite services spawn R&D
With the new generation of satellites,
Inmarsat will for the first time offer radio
position -determination as a fully civilian
complement to the existing American GPS

direct
converter

and Russian Glonass systems. It will also
face competition for land -mobile services
not only from Iridium but also the
American/Canadian MSAT system that provides mobile and radio determination services in North America. Other potential
competitors are the Russian Granit
(Glaystar) system, the Hughes "Tritium"
project and the French "Globalstar" not to
mention the terrestrial GSM wide -coverage
digital land -mobile system planned to serve
25 European countries.
The planned introduction of so many new
services - complementing the existing
mobile and personal cellular and radio -paging services is providing a strong incentive
for commercial and academic R&D. Among
a number of developments described at the
6th International Conference on Mobile
Radio and Personal Communications

(University of Warwick, December
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synchronizer

Fig. I. Block diagram

gain

of the

direct conversion receiver
(vectorial receiver) produced
by the University of
Technology, Vienna and
Siemens. Source: IEE Conf.Pub
no.351.
The receiver's gain control
(inset) consists of a slow RFpart and a fast, slot -selective
hasehand part.
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vectorial demodulator is claimed to
of the principle
for low-cost TDMA-user equipment.
P B Kenington et al (University of Bristol)
have also described a multi -carrier amplifier
for future mobile communication systems.
a

have confirmed the viability

directional
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Experimental work with a receiver based
on the incoherent direct conversion principle
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receiver structures suitable for TDM \
mobile communications at bit rates up to
I Mhit/st.
The receiver is shown in Fig.1.
This group has shown that direct -conversion
techniques would he well suited to TDMA
transmissions such as the DECT standard
and lend themselves to VLSI integration
without any adjustments being needed (luring the production process.

Input

control

jRF-Gain Control

1991

main

data

data
clock

and IEE Conference Publication No 351)
was a report on low-cost direct -conversion

amplifier

decision

SPF,fE

subtracter

I
:

error
amplifier

of a feed -forward amplifier
with a single feed -forward loop. Source: IEE
ConfPub no.351.
The amplifier's final three -tone output signal after
feed -forward linearisation is shown on the trace.
Fig.2. Configuration

J

J L
This would enable any transceiver to he
used on any channel within the system hand width without remote -switching. and might
even permit a number of different schemes
to he utilised simultaneously at the same
base station. This would greatly facilitate
and reduce the costs of transition from the
current UK analogue TACS system to the
digital GSM system.
The Bristol team has developed a h oadhand, highly -linear power amplifier in the
region of 880MI Ii using feed -forward techniques (Fig.2) in which the low-level combined input signal is split to form a main
path and a reference path. The team says
that "the main path signal is amplified by the
high -power amplifier. which will inevitably
introduce distortion. A sample of this signal,
complete with inherent distortion. is fed to a
subtracter which removes the wanted signal
components (using a suitably delayed version of the reference signals). The resulting
signal contains predominantly the distortion
components from the main amplifier which
are then suitably amplified and fed forward.
in anti -phase. to the output coupler. The output coupler then acts as a subtracter. removing the distortion from the through -path signal. The output signal is thus an amplified
and (theoretically) distortion-free replica of
the input signal".
References
I. A Schultes et al. University of Technology.
Vienna and Siemens AG. Austria.

mitwwwwj,k+

260

-

Pat

Hawker

ELECTRONICS WORI I) + WIRELESS WORLD March 1992

PSST...

Powerful Software Saves Time!
ANNOUNCING ARES VERSION II AND ARES 386
Our high performance PCB design products have been enhanced with time saving features
such as Auto Track Necking - ARES will automatically replace sections of a wide track with
narrow segments where design rules dictate. Other new features include further support for
netlist driven design modification, improved package editing, multiple package libraries, multi
user (network) operation and curved tracking with full connectivity support.
ARES 386 is a full 32 bit version of ARES AUTOROUTE offering much faster operation and,
for practical purposes, unlimited design capacity.
ARES
ARES AUTOROUTE
ARES 386

£275
£475
£675

Topological Rot.te Edibr "(another Labcenter innovation)
Unlimited user configu-able pad, track and via,styles.
Full surface mount anc metric support.
10 copper + 2 silk layers.
1 thou resolution.
30x30 inch max board size.
Object oriented 2D drawing for silk screen graphics.
Full connectivity and ábsign rule check functions.
Drivers for dot Matrix, 3eh plotters, lasérs, POSTSCRIPT,
Pnotoplot (Gerber), -NC drill (Excellon).
Graphics export in IMG, BMP or EPS formats.
.

°

ISIS - Intelligent Schematics
ISIS DESIGNER

Budget Price CAD Software
£275

An exceptionally

ISIS SUPERSKETCH

from only £69

easy to use schematic capture
package designed for use with ARES or other EDA
software. Provides facilities for single button
integration to any DOS application.

Our highly popular schematic drawing program has all
the editing features of ISIS DESIGNER and our
Graphical User Interface makes it exceptionally easy
to learn and use.

ISIS DESIGNER+

Diagrams produced with SUPERSKETCH can be
rendered on all common printers/plotters including
POSTSCRIPT and graphics export to most DTP and
Wordprocessing packages is also possible

£475

advanced design management features
including hierarchical design, fully automatic

Adds

annotation/packaging, Design Global Annotation and
ASCII Data Import for handling component stock
codes, prices etc.
Auto wire routing, dot placement and label generation.
Powerful editing facilities.
Object oriented 2D drawing with symbol library.
Comprehensive device libraries'provided.
Device editor integral to main program .
"
Output to dot matrix,'pen plotters,-lasérs, POSTSCRIPT.
Export to DTP packages in IMG, BMP, DXF or EPS formats.
Multi -sheet and hierarchical designs held in one file.
Netlist output to most popular EDA.software.
Bill of Materials and Electrical, Rules Check'reports.'

abcenter

Electronics

An extended device library containing TTL, CMOS,
Memory, Microprocessor and Analogue ICs is
available for £30.

PCB

An exceptionally easy to use manual PCB drafting
package offering most of the features of ARES
(including Auto Track Necking) but without the

netlisting capabilities.
II shares the same user interface as ISIS
SUPERSKETCH and both packages plus the
extended device library are available for just £149.

PCB

COMBINATION PRICES
DESIGNER á ARES
DESIGNER á ARES AR
DESIGNER+ á ARES
DESIGNER+ & ARES AR
DESIGNER+ á ARES 386
Prices exclude pap (£2.50) and
ISIS
ISIS
ISIS
ISIS
ISIS

only £69

II

£495
£675
£675
£850
£995
VAT.

01111.9% Call for demo packs

Tel: 0274 542868
Fax: 0274 481078
14 Marriner's, Drive, Bradford.

BD9 4JT
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2:12

8339

CLASSIFIED

APPOINTMENTS

r

1

II

-

VALVES AND C.R.T.s

.

Minimum order charge of £50 + VAT
One million valves in stock. Obsolete types a speciality! Fax or phone
for quote.
Special prices for wholesale quantities.
Orders from government departments, overseas etc. most welcome.
Many other types in stock. Please enquire re any type not listed.

Wyeth Research (UK) is part of the Research Division of the WyethAyerst organisation. a major International Pharmaceutical Company.

400 different types in stock.
CATHODE RAY TUBES
Please enquire it your requirements are not listed below.

The Equipment Development Laboratory is responsible for the design
and construction of a wide variety of special purpose electronic and
mechanical apparatus, for use within our own pharmaceutical research

...

3JP1

I2CSPa
1074H
1396P

laboratories.

....

POA
POA

Growing demand has created the need for an additional engineer who,
reporting to the Senior Engineer, would assist with the design and
construction of these protects.

CME822W
CME1523W

[7.00 DG7-5
[9.50 DG7.6

The systems produced involve analogue. digital and data acquisition
circuitry, transducers and a variety of plastic and metal materials.
Flexibility and versability are therefore more important than specialised
knowledge.

VALVES

.

CREt400

...

D9110GH
CME143I W
A2426
A2521
C1149-1
C1166

ccsl

M25.

CV TYPES. Many
in stock Not all
listed below
Please
inquire
CV488
CV1081
CV2355
CV4014
CV4024
CV6087

addition to a competitive salary other benefits include 25 days annual
holiday. a Company Pension and Life Assurance Scheme, free medical
insurance, an excellent subsidised staff restaurant and an active sports

CX1140
DA42
DET22
DET23

Experience of Circuit and detail design, preferably for pharmaceutical or
medical applications, is required. Some knowledge of light mechanical
engineering and machine tools would be advantageous.
Wyeth Research (UK) is situated near Maidenhead, in pleasant rural
surroundings close to the M4 and within easy reach of the M40 and
In

and social club.

CV7I80

OF91
E801

E83F
E88CC
Et 80F

If you are interested, please write with full personal and career
details, including current salary, or telephone for an application
form to:
The Personnel Officer, Wyeth Laboratories, Huntercombe Lane
South, Taplow, Nr. Maidenhead, Berkshire SL6 OPH.

Oi'. 1'lv'V ffd
-i
1tLlt/'Ytra
J"'"1. w i
\
A""r"

[7' L-U 7.7ffiffic.7ffiC7' ffl7Offl

CAREER
CHANGE
Make it
you are

a

milestone, not a millstone.

qualified engineer of any discipline.
wherever you want to be financially or geographically, let Cadmus put direction into your search.
Send your typed C.V. to the address below or
telephone 0603 761220 for an application form.
a

fi1

Norwich NR2

ffl
262

ll

eiga

lio
t. / A\^

.

184W
190GR

....

191W

C55.00
C35.00
POA

325tH

M38.100W

[59.00

M40.12OW

MV6-51Mull
SE5FP31
VLS429AG

£50.00
C45.00
POA

.

Prices on application. Please enquire re any type not listed below.
6BJ6
6BM6
6C/16
6CJ6
6F33
6L6GC
6SL7GT
6SN 7GT

M8136 Mul
M8162 Mul
M513B

MC0ets

VL5637
Z759
Z803U
Y644

PCC89

2K25

PD500
PL509

3828

00V03 -t0
00V03-10 Mul
00V03 -20A

3J-t60E

4-t25AElmac
4-4006

13E1

EF91

OOV06-40A
00V06 -40A Mul

4C28
4CX250B

211

0Y3-125
0Y4.250

4CX350A

EF92
EF86 Siemens
EF93
EF95
EL34
EL38
ELI!,
E181 Mul
EL84
EL5070
GY501
KlysYons
KT6t

3C 800E

K781

ECt58

KT8e 6550

UY85
VA222A

128147
12E1

4-65A

19A05
805
807
811A
813
4635
5763
6336A
6973
8056
8122

4Cx2508C

4Cxt000A

OVO4.7
RIO
SU21S0
TT2t
S11E12
TD03-t0E
TY4.400A
U19
UBC41
UCL82

E8101.

-

tB35A

OOV03.20AEEV

4CX5000A
5B -254M
513-255M

58-257M
5B -258M
5U4G
5V4G
6AK5W
6656
6B4G
6BH6

Sockets:
BOA PCB

B9A chassis

Octal chassis
Many others

Military/CV, low microphony etc available on request

Unit F2, Oakendene Industrial Estate, Near Horsham, Sussex RH13 8AZ.
Callers by appointment only.

"

Fax: 0403 865106
Telephone: 0403 865105
+ VAT. In. Export order £50 + Carriage.

Min. UK order £50

-1i;51"

OSCILLOSCOPES FOR SALE:
TEKTRONIX 475 DC -200 MHz, Dual Trace, Portable
TEKTRONIX 465 DC -100 MHz, Dual Trace, Portable
MARCONI TF2210 DC -100 MHz, Dual Trace, Dual Time Base
TELEQUIPMENT DM63 DC -15 MHz, Storage, Main Frame
with Twin Dual Amplifiers
TELEQUIPMENT D83 DC -50 MHz, Dual Trace, Dual Sweep
ADVANCE OS1000A DC -20 MHz Dual Trace, Portable
TEKTRONIX 564B DC -10 MHz, Dual Trace, Split Screen Storage

Budge tone -Buhl Crystal Set Transmitters, Receivers Tools for
bench wort, Power Supplies Punted Circuit Board making tools

ferodo

-

Quinton
Rarer - Liverpool unnersrry - London School of Science and
Ieohnoloay - Schlumbetfer - South London transpon Sconish fish farmers Sheldon Hands
I-Iek
Please send stamped addressed envelope for catalogue and
Mention this advert in your letter
Prototype boards and
pnotoplotrino service available from Schematic to Artwork for
BBC

£500.00
£400.00
£275.00
£250.00
£200.00
£150.00
£95.00

All Prices exclude VAT & Carriage

COOKE INTERNATIONAL

M Iti .
hits and Preecls in sled, for
it bl, lover pro errs from Ham Radio
we have in me sits DIP Oscillator Noise

our customers in the trade

VISA

COOKE INTERNATIONAL

Unit 4 Fordingbridge Site, Main Road, Barnham, Bognor Regis. West Sussex P022 OEB.

TURN YOUR SURPLUS
TRANSISTORS, ICS ETC, INTO CASH
Immediate settlement.
We also welcome the opportunity to
quote for complete factory clearance.
Contact:
COLES-HARDING 8 CO.
103 South Brink
Wisbech, Cambs PE14 ORJ.
ESTABLISHED OVER 15 YEARS

Ore Off

.

1820V

MUCH MORE AVAILABLE, VISIT, PHONE OR S.A.E. FOR LISTS

-

PCB

I

.

.

PRINTED CIRCUIT BOARDS
O,, rani.
Today and Ridcomm

19A Magdalen Street,

.

.

.

.

TEL. 0243 545111

Prototypes

PERSONNEL LIMITED

.

CIRCUIT
BOARDS

si

CADML1S

a

(081) 450 9755

o1

..

M31
M31
M31
M31
M31

ECC804 Ma[
ECC81
ECC81 Spec 0
ECC82
EC082 Spec O
ECC83
ECC83 Spec 0
ECC88
ECC88 Spec 0
ECC804
EF39
EF73

Testing to special quality

SALES/SALES ADMIN

Some

.

.

£29.50 DG7-32 .....
[45.00 DG7-36
POA DH3-91

ECC35 Mul

Appealing position within friendly
Communications Company based
in London NW2. Responsibilities
will include Sales/Order Processing
for our UK dealer network. Would
like person with knowledge of Radio
Communications equipment.
No agencies.
Salary neg.
Phone Ann on:

hobbyists

014 200GM
016 100GH97

[45.00
[45.00
f55.00
[45.00

M28 13LG

POA
£45.00 E7231EEV1
POA
[59.00 F28.13OLDS
£59.00 F31 t2LD
£75.00
£75.00 LD708
[75.00
[65.00 M7 120W
[19.50
... [35.00
[45.00 M14 100GM
[175.00
C45.00 M17151GVR
[55.00 M23 112GV ... [45.00
[55.00
£55.00 M24121GH
(55.00
£50.00 M24 t22wA..

BILLINGTON EXPORT

III

7- 0 MI

.

.

UL41

Tel: (0628) 604377 ext. 4212.

If

POA DtO230GM
[35.00 D13611GH
[45.00 013.6300H

8931 (W.111

&

652
8931

(also Magnetrons, Klystrons, 4CX250/350)

(ELECTRONICS)

A

081

ARTICLES FOR SALE

ASSISTANT ENGINEER

It01~1140

FAX

BADGER BOARDS, 87 Blackberry Lane, four Oaks,
Sutton CoMNeld 874 4JF. Tel: 021 353 9326.

FAX 0243 542457

We are always looking to purchase good S/H stock

Buyers of Surplus Inventory
Tel: 0945 584188

Fax 0945 475216

-

-

GOLLEDGE

CRYSTALS

ELECTRONICS
OSCILLATORS

FILTERS
Comprehensive stocks of standard items. Over
650 stock lines. Specials made to order.
OEM support: design advice, prototype quantities. production schedules.
Personal and export orders welcome.
SAE for our latest product information sheets.
GOLLEDGE ELECTRONICS LTD
Merrion, Somerset, TA16 5NS

ELECTRONICS WORLD+WIRELESS WORLD

Tel: 0460 73718
Fax: 0460 76340
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TO MANUFACTURERS, WHOLESALERS,

LEN COOKE
ENTERPRISES
179

BULK BUYERS, ETC.
LARGE QUANTITIES OF RADIO, TV AND
ELECTRONIC COMPONENTS FOR DISPOSAL
SEMICONDUCTORS, all types, INTEGRATED CIRCUITS, TRANSISTORS, DIODES,
RECTIFIERS, THYRISTORS, etc. RESISTORS, C/F, M/F, W/W, etc. CAPACITORS,

Northolt Rd., South Harrow,
Middx. HA2 OLY

Tel: 081 864 5551

SILVER MICA, POLYSTYRENE, C280, C296, DISC CERAMICS, PLATE CERAMICS, etc.
ELECTROLYTIC CONDENSERS, SPEAKERS, CONNECTING WIRE, CABLES SCREENED,
WIRE, SCREWS, NUTS, CHOKES, TRANSFORMERS, ETC ALL AT KNOCKOUT PRICES
- Come and pay us a visit ALADDIN'S CAVE

Fax: 081 423 6678

Mobile:

TELEPHONE 081 445 0749/445 2713

0831 630820

R.

ELECTRONICS TEST INSTRUMENTS
SUPPLY & SERVICE
WANTED All electronic test instruments
working or not.
We offer a RAPID REPAIR SERVICE on all types of
free estimate
electronic instruments.
INSTRUMENT SALE

***

21

(5 minutes from Tally Ho Corner)

STEWART OF READING

Privately

READING, RG6 1PL.
TEL: 0734 68041
FAX: 0734 351696

Datron 4000 DC AUTO CAL SYSTEM
£5,500
Tek 7313/7A26/7B53A Storage Scope
£570
Gould 4030 Digitising Storage Scope
£530
Tek Cal System TM503/SG503/TG501/DM501A
£1,750
Hameg Scope HM605 60MHz
£450
Gould OS1000 Scope
£175
Farnell DT12-5 12MHz Scope
£250
Racal 9008 Modulation Meter
£550
£275
Wow & Flutter Meter
Radford Distortion Measuring Set
£350
Radford Low Distortion Oscillator
£300
Tek Plug -ins 7A26/7B53A/7A13/7B71/DM501A
POA
Please ask for our FULL -RANGE Price List

p each
6p each. yellow
LEDs 3mm or 5mm red or green
30p each
High intensity red, green or yellow 5mm
...
Cable ties 19 each, f5 95 per 1.000. £49 50 per 0.000
C8 95
Stepping motor 4 phase 12v 7 5' stop 50 ohms
..
£3 95
SAA1027 stepping motor drover Chip
FM Transmitter kit good quality sound
£860
High quality photo resist copper clad epoxy glass boards
double sided
Dimensions
single sided
C
3x4 inches
£0.95
07
4x8 inches
£2 40
£268
£5.37
6012 inches
12xt2 inches
£10.66
Rechargeable Batteries
AA 500mAH with solder lags
..
£1 55
AA (HP7) 500mAH
£0.99
AA 700mAH
..
f2 20
...
£1 95
C(HP1I)18AH
£260
.......
C3 60
D (HP2) 1.2AH
C 2AH with solder tags
PP384v110mAH
...
£4 95
....
... £4 95
D 4AH with solder tags
1/2AA with solder lag
£2 50
£1 55
Sub C with solder tags
1/3 AA with tags (Philips CT V (
AAA(HP16) 18OmAH
£1.75
£1 95
e PP3
Standard charger charges 4 AA toils ,n S hours o. 4Cs or Ds in 12-14 hours i
(1. 2. 3 or 4 cells may be charged al a lime)
£5.95
High power charger as above but charges the Cs and Ds In 5 hours, A As must be Changed
.

WANTED

110 WYKEHAM ROAD,

***

1

HENSON LTD

Lodge Lane, North Finchley, London N12 8JG.

HI' I4IT Spectrum Analyser
and Plug ins RLF/IF/LF also
HP 8640B Signal Generator or
similar. Cash.

TOP PRICES PAID FOR ALL
TYPES OF SURPLUS TEST

EQUIPMENT, COMPUTER
EQUIPMENT, COMPONENTS
etc. ANY QUANTITY.

103

Tel: (Paul) 0442-843240

ARTICLES WANTED
WANTED

FERRITE WINDINGS

Test equipment, receivers,
valves, transmitters,
components, cable and
electronic scrap and quantity.
Prompt service and cash.
M
B RADIO
86 Blshopgate Street,
Leeds LS1 4BBTel: 0532 435649
Fax: 0532 426881

1

Specialist Service & Design

AUTOMATIC WINDINGS
UNIT 40, WOOLSBRIDGE IND. EST.,
THREE LEGGED CROSS,
WIMBORNE. DORSET BH21 6SZ.
Tel: 0202 826888.
Fax: 0202 826889.

9956

.

1

.

Technical

1

.

.

.

.

.

1

.

in 2s or 4s

.

Special Otters

.....

£

10.95

£3 95
F cell with solder tags 2v
£4 30
42 a 16mm dia 2v
£ 45
..
£5 95
Stick o1 4 171 mm x t6mm die with red 8 black leads 4 8v
4 cell battery 94 x 25mm die (1/2C cells)
C3 50
£2 50
Computer grade capacitors with screw terminals 38000u1 200 ..
87000u1 10v £1 95, 680000 15v £2.95, 10000u1 16v £1 50
7seg o f common ono a led display 12mm
£0 45
AT5
10w
drop
out
regulator
T0220
...
£0.85
LM293I
O
Sv
package
7812 and 7912 12v regulators
£20 00 per 100
LM337k 103 case variable regulator C1 60, £1 10 100,
BS2SO P channel etloslet CO 45, BC559 transistor £3 95 per 100
74LS05 hex inverters Cl O 00 per 100, used 8748
onaoller £3 50
£1.95
51952 UHF L,miang amplifier LC t 6 surface mountingtine package with data sheet
6p 1000s
each 90p 1001,
UB lop
Mains switch 4A double pole with momentry contacts ter remote control, pack of 10 £3 95.
TV Mains
box 01 60 £19 95
DC -DC convenor Reliability model V12P5 12v in Se 200ma out 300c Input to output Isolation
with data £4 95 each or pack of 10 £39.50
Hour counter used 7 digit 240v AC 50 Ha
... £ 45
Resistor pack 2500 resistors 1/8.2W 50 different values
£8.95
..
Resistor Jumbo pack 25,000 1/4 and 1/2w resistors. our choice of and 5,000 of one type
£25.00
£5 00
OWERTY keyboard 58 key good quality switches (new)
£5 00
OWERTY keyboard with serial output, no data (used)
Polyester capacitors box type 22 5mm lead pitch, tut 25Ovtic 209 each, 15p 100. top 1,000 0
1,000
1001
100vdc
100
15p
,
2.2uí 2SOvpc 30p each. 20p
15p 1,000 ,3 3u1
30p each. 20p
tut 50v bipolar electrolytic axial leads 15p each, 7 Sp 1,000 ,
O 22u1 250v polyester axial leads 15p each. 7 Sp 100 .
Philips 123 sones
series soled alumintum axial leads 33uí 00v & 2.2u1 40v 40p each. 25p 100Multdayer AVX ceramic Capacitors all 5mm pitch 100v 1OOpl, 150p1, 220pí, 10.000p1 (10r) 10p each,
Sp 100
3 5 1,000
F

cells 32 dia x 87mm

..

1

1

.

1

Data

1

,

,

s

s

,

,

Scientific Supplies

training weak

LIB

lees. adlustable heavy dui,, unused
(12
DS
OI laphwn on, RS 556-238. ó8k used, to. led
Comoem Ikol a Packard 210(0
hem (290
468 etc
PIN Deconim Nate. Dean 7101 general 0rtese
(118
L2,10
Mains d,sturan¢anar/ser.D,aneornn626
L591
OP Slnal Generale "18838 to 166111
fitted ~roe 4r ceedanmg. ewer dst.tNen, rack, tenon,
(98
cupboards_ Sxuil storage antic wrssinp
LIB
Puler undron Gen Thereat íG503 Bit, Deed
(S8
& It ogee eck mile 4138 eta oboe. Onset
Sane luinhre hop ara4bk Ali snip e.-tlude saute,, and lilt
Ruse er4wre-.me la/p1xMIv, reel
Bench

technical

.

lo.,

&

Matseilomgramner. FetQ'/l to RS232, pRtkik, current loop,
moorhen,, ae1 users refererse and

[PROM etc data transfer and

&

Screelhe Supplies.

PO

Bo, 17,

M -01e,

Southampton, Hampshire 501510.
Tel.

(1713)141

(II

Far (1713)197119

WANTED
Receivers, Transmitters, Test
Equipment, Components, Cable
and Electronic, Scrap. Boxes,
PCB's, Plugs and Sockets,
Computers, Edge Connectors.
TOP PRICES PAID FOR ALL TYPES OF

ELECTRONICS EQUIPMENT
A.R. Sinclair, Electronics, Stockholders,
2 Normans Lane, Rabley Heath, Welwyn,
Herts AL6 9T0. Telephone: 0438 812 193.
Mobile: 0860 214302. Fan: 0438 812 387
780

ANTED: \ALVES, TRANSISTORS.
Les (especially types KT66, Kl?i8, 1>X4.
PX25). Also capacitors, antique radios,
shop clearance considered. If possible,
send written list for offer In return.
Itillington Valves, phone 1)41)3 86511)5.
Fax. 04I3 8651(Kí. See adjoining advert.
5%

MISC.
FERRIC CHLORIDE 11'CB etchant):
£3.72 per 50)ml + £1.51) p&p. Tel:
0225-765281.

,

Welwyn W23 9W 120ohm 35p each. 20p 100.
660 OHM 2W metal him resistor 4p 1001, 2p 1,000.
Solid carbon resistors very low
2ce. ideal lot RF circuits. 27ohm 2W, 68ohm 2W. 25p each.
15p each 1001 we have a range or 0 25w 0,5w w and 2w solid carbon resistors, please send SAE
,

Intelegent 4 digit alphanumenc (5x7 dot O 145-) led LED display 12 pin 06 inch wide package
Siemens type DLR1414 £2 50 each. £2 00 30*, data sheets £1 00
AMD
3 Eproms £2 00 each. £1 25 1004
DIP swech 3PCO t2 pin (ERG
023) 60p each. 40p too 1
Seat belt alarm contains a buzzerzer and reed switch, insert rho unit and a magnet stick onto your
card by National Breakdown
soatbelt and 12v. packaged Mn attractive box and
£ 00
Modems
ós5 IBM PC internal lull length card modem BT approved, can be set to con. I
or 2 1200/2400baud with software and manual, not Hayes compatible, made by Plessey
£5500
V32 96OObautl and 4800baud GEC Plessey telecom external modem model 9832, Hayes
ompatiblº and BT approved, with auto call answer using V25, v255.á and Hayes AT protocols and
V54 remote 1 local d,agnosucs It does not work on slower speeds V22/1200bacd etc and needs
internal dip switch to be switched on to select Hayes commands
comes with a 100* page
comprehensive A4 size manual, an all together brilliant machine lot only £199 r VAT
£233 83
All products advertised are new and unused unless otherwise stated
Wide range of CMOS TTL 74HC 74F Linear Tcansrstors kits. rechargeable batteries, capacitors,
tools etc always in stock.
Please add 95p towards PAP, VAT included in all prices.

-

1

.

.

1

11

JPG Electronics, 276-278 Chatsworth Road, Chesterfield S40 2BH.
Access/Visa Orders (0246) 211202. Callers welcome.

March 1992

RF Design

1

for list.

ELECTRONICS WORLD +WIRELESS WORLD

The Last of the BLACK ARTS?
Designing Radio Frequency equipment is not really a Black
Art, but it is substantially different from lower frequency and
digital work. GCD is a design and consultancy service
specialising in RF circuits, sys'ems and antennas; here, RF is
a science. Why be a sorcerers apprentice? Nick Long

Great Circle Design
Homedale, Bayford Hill, Wincanton, Somerset BA9 9LS Tel/Fax: 0963 32549

263

IBM COMPATIBLE AT MOTHERBOARDS, CARDS etc.
33 MHz 486 Very latest 80486 baby size motherboard with extra 646 cache. Floating point co -processor built into
CPU. Eight expansion slots, OPTI WB chipset. C599 (cart [51.
40 MHz 386 motherboard. 80386-40
up to 32 Mbytes SIMM RAM [399 (cart 0.501.
20 MHz 386 motherboard. accepts up 10 8 Mbytes SIMMS RAM (179 (carr (3.50(.
1 Mbyte RAM for 3861486 04.
12 MHz 286 motherboard. 8 slots- AMI BIOS. 80287 socket, Landmark 16 MHz, up to 4 Mbyte of SIPPS RAM on board
(79 (art [3 50).
16 MHz 286 version of above [89 lcarr £3.50). 20 MHz [125
AT multi I/O board with 1 pararel, 2 serial- 1 game, 2 floppy. IDE hard drive [25.95.

cp,

TATUNG TCS8000 386 COMPUTER SYSTEM at £359
Full 386DX system complete with 102 keyboard and manual. Includes 210 watt PSU, I/O card. hard and floppy
controller (please state MFM. RLL, IDE or SCSI.), 1,2 or 14 Mbyte floppy drive. 1 Mbyte RAM upgradable to 16 Mbyte
n the motherboard, eight expansion slots, C and T 'CHIPS' chipset, coproc. socket. MS-DOS 3.3, GW BASIC and
manuals- 16 MHz clock 056 with 2 Mbytes RAM [379. 4 Mbytes RAM [399 20 MHz version of above with 2 Mbytes
RAM [439.

MATMOS HIGH PERFORMANCE 286 SYSTEM at £299
quality 286 system running at a Landmark speed of 16 MHz. cloth speed 12 MHz, Mbyte RAM expandable to
Mbytes Serial and parallel pons. 101 keyboard, mono card, 144 Mbyte 3.5-inch drive, IDE hard drive controller
(add [20 for MFM or RLL unless purchased with Matmos hard drive). eight slots AMI bios with setup and diagnostics,
well -made stylish use, full manuals included [299. Fitted with 62 Mbyte hard drive [399.
A

1

4

TOP SPEC. 386 AND 486 SYSTEMS
Mbyte RAM. 144 Mbyte floppy drive, Jo card etc. [679.
with 2 Mbytes RAM [879.
Phone for details: carriage on systems £15. See below for add-ons and other stock items.
40 MHz 386 system, 64K cache RAM,
33 MHz 486 system, 64K cache RAM,

1

486 CAD/DTP SYSTEM WITH 1280 x 1024 MONITOR
486 33 MHz cache system with 91 Mbyte Seagate hard drive. 3 5-inch 1.44 floppy. 4 maps RAM (upgradeable to
32 Megs), tower case, 102 keyboard, 2 serial, 1 parallel pons, OPTI chipset, AMI bios. Microfield Graphics TO colour
graphics controller with 2 Mbytes video RAM and 8 MIPS processor. Hitachi 15 -inch ultra high resolution monitor to
display 128041024 non -interlaced. Will drive Windows 3. ACAD etc. Cancelled defence order limited stocks [1795.
Ask for colour leaflet!
386-20 CAD system, with 2 Mbytes RAM, 10244768 colour monitor, 62 Mbytes hard drive, co -processor, will drive
Windows 3, ACAD etc. [999... phone for details and colour leaflet

HIGH SPEED FLATBED SCANNER
AVR-302 high -resolution flatbed scanner. Linear CCD element scans 300 DPI with 32 grey shade dithering. Supplied
complete with Megascan high-speed card with 1.3 Mbyte of RAM on board and powerful image manipulation
software Will output to Page Maker. Ventura etc. or provide OCR function. [299 (original cost over £15001(cart [8.50(.

FLOPPY DISK DRIVES

AT I/O card. parallel, 2 serial. game [14.95.
Mono graphic card 02.95 (all cart C2).
Ethernet card Novell NE -2000 compatible 16 -bit [89 (carr [21.
Mouse Microsoft compatible. serial with all software [19.95 (cart
Keyboard 102 key UK. top quality click action £29 95 (carr C4).

C4).

AT/XT CASES WITH PSU

Desktop with 3x5.25 -inch and 1e3.5 -inch bays, latest styling [34 95. With 200W psu [69 (cane (6 50).
Luxury desktop As above, with. psu, but to accept full size motherboard. small footprint [89 mint tower [89 (carr
[6.501.
Full size tower with 615.25 -inch bays, 230W psu, digna) speed display. suds all motherboards inc 486 £129 (can [10(.

INTEL 386 PROCESSOR AND 287 AND 387 CO -PROCESSORS

80287 maths co processor [69.
1386 and 387 processors extracted from new systems and guaranteed
20 MHz 386-20 DX cpu £89.
20 MHz 387-20 co -processor [79.

1

year).

PRINTERS

CANNON BJ10E Bubblelet printer. High resolution printing at reasonable cost. Complete with power suply and
manuals. [239 (carr. [8.50)
NEC Sllentwriter 266 High quality laser printer. 8 page per min. 1.5 meg RAM, 300DPI with full HP Laserlel II
compatibility [699 (carr. [15)
Printer Cable To suit all IBM compatibles C5 (carr [21

MONITORS
MONO HERCULES: 17inch green screen, high res display, [59.95 (cart (6.50(.
MONO VGA 12 or 14-inch paper white high resolution POA (carr [6.501.
COLOUR SUPER VGA 14 -inch Hyundai 1024 by 768 muhisync.. 0 28 dot pitch, high -quality 10244768 display [239
)Carr

[10(.

CAD COLOUR
-

20 inch fixed frequency monitors (1024 by 768 and 1280 by 10241
phone for current stocks.
15 -inch fixed frequency 64hHz F4tachi HM4115 with Microfield Graphics T8 driver card for Aulocad and Windows 3
at 1280 by 1024 (new) C399
1a -inch fixed frequency 484140 Seiko 1024 by 768 non -interlaced, very high res. top-quality monitor, requires mod. to

run from VGA card. Brand now out sold without technical support or guarantee £69.
(Poo a. fol carriage for above)

VGA CARDS

3606 5.25 -inch IBM standard half -height drive [29.95 (carr [3.50).
720K 3,5 -inch Citizen OSD third -height drive for XT or AT (NOT Amstrad 1512/16401[27.50 (carr, [3(.
1.44 Mbyte 3 5 -inch Citizen OSDA39C third -height drive for ATs, grey bezel [45.95 (cart [3)
Fining kit for 5.25 -Inch space suitable for all Citizen 3.5 -inch drives inc. cable adaptors [4.99 (can free with drives).
IBM standard floppy disk drive cable [3

HARD DISK DRIVES
Mbyte NEC 5.25-inch MFM [39.95 (carr [4).
Mbyte NEC 5.25 -inch MFM [89.95 (crt [4).
Mbyte NEC 5.25 -inch RLL [109 (cart C51.
Mbyte NEC 5 25 -inch RLL [149 (cart [41.
Mbyte Micropolis 1324A 5.25 -Inch, 28 msec MFM, full height [139 - [125 in systems - (carr 151.
91 Mbyte Seagatonmprimus ST2106N 5.25 -inch. 165 meet SCSI drive [279 (can L3).
94 Mbyte Seagateimprimus 512106E 5 25 -inch. 16.5 msec ESDI delve with 16-bit highspeed controller card and
cables [239 (carr [5).
ALL DRIVES HALF HEIGHT UNLESS STATED. HOD cable set [5.
10

20
30
65
62

TAPE STREAMER
Mbyte Tendberg TOC3640 tape drive using standard quarter-inch cartridge. 5.25-inch half height, SCSI interface,
with two tape cartridges [149 (can [41.
120

DISK DRIVE CONTROLLER CARDS (carr £2.50)
XT MFM [37.50, XT ALL [37.50, XT SCSI [29.50, AT RLL £37.50. AT MFM [39 95, AT IDE [12.96 AT SCSI [37.50.
Mull) SCSI card for hard drive. CD. WORM. tape etc. Future Domain firmware 159.
High transfer rate intelligent SCSI card; supports all devices under MSDOS. Unix. OS/2 and Netware (169.

HITACHI CD ROM DRIVE (ex dem.)
EatemJ cased AT bus CDR1503S. half height, 5.25 -inch with card and cable [179 (carr [5). Limited stocks.

card, 256K. all emclations. up to BOO 4600. with software to run all mater packages. Oak chip set.
Switchable for use in XT's C37 50.
16 -bit 10244768 super VGA card. Rely high resolution with 512K and drivers for Windows 3, Acad. VP etc. Full
muals and disks. Latest version of the industry standard Trident chip set C69; Mbyte version [89 (cart on cards
(2.00).
16 -bit VGA

1

MODEMS

Hayes Compatible 2400BPS internal modem fully compatible with MNP error correction. Auto dial/answer and speed
sesing, Works with Windows 3. Procom, Crosstalk etc £79 (can. [41
Miracle WS4000 V21/V23 external modem Hayes compatible. Complete with psu, cables etc. Used but in good

condition.

6

month guarantee. [24.95 Icarr. C4)

POWER SUPPLY
Aster BM140 IBM XT/AT compatible 150W; .5V
panel switch, good value at £19.50 (cart [41.

at 15A,

12V

at 5A.

-5V

at 0 3A,

-12V

at 0.5A; fan cooled, tear

SOFTWARE AND DISKS

operating system from Digital Research with many extra features including file compression and
good memory handling £3995hart [41
WINDOWS 3 Latest version from Microsoft on 3.5 inch disks [69.95 Icarr (4)
3.5 INCH DISKS Box of ten [9.95 (cart (2(
NB
VAT and carriage must be added to all items (quotes for carriage Overseas).
Everything new, and guaranteed one year unless stated: ex -dent. products guaranteed 6 months.
Access and Visa telephone service.
DR DOS 6 Latest

MATMOS LTD., UNIT 11, THE ENTERPRISE PARK, LEWES ROAD,
LINDFIELD, WEST SUSSEX RH16 2LX.
0444 482091 and 0444 483830 (Fax: 0444 484258).
Matmos Ltd. has been trading successfully since 1976
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Software Development from £195
Dataman's Software Development

Omni-Pro II - The Next Generation
When you get a new product, what are
your main concerns? Freedom from
frustration is certainly one important
consideration, for your time is valuable.
You will want a product which is reliable
and sophisticated, yet simple to use, with
clearly written documentation. You will
be

looking for

a

high standard of

technical support and regular upgrades
for the product.
We at Dataman recognise how difficult it
can be to choose between programmers
which look and cost much the same. So,
instead, why not concentrate your effort
into choosing a reliable vendor.
Dataman has been the leading

vendor of low-cost
programmers for
as

Environment, SDE, comprises

Truly Universal
Omni -Pro II has universal pin -drivers
which will accommodate a very wide
selection of parts. You can program
BIPOLARS, PROMS, E/EEPROMS.

PALS, GALS, FPLAS, PEELS,

E/EEPLDS and MICRO

-

CONTROLLERS. The latest FLASH
EPROMS are supported too. The list has
1250 devices already and substantial
numbers of new devices will be added
FREE every quarter.
We have optimised

v

programming

oV..,

speeds,

ie!d

using

oc4

a

two -window Editor, Macro Assembler,
Linker, Librarian, Serial Comms and
intelligent Make facility. The latter
reassembles selectively just those files
you have edited, links them and
downloads the object -code to your
Emulator or Programmer. It's quick and
painless. If the assembler finds a mistake
it puts you back in the Editor at the right
place to fix it.
The Multi -Processor version supports all
common micros - please ask for list. The
Disassembler makes source files out of
object code - from a ROM, for example.
SDE is not copy -protected.
£695
SDE Multi-processors & Disassemblers
SDE Multi -processors (includes 82 micros) £395
£195
SDE Single -processor

long as the

£297
OPAL from NS
Are you looking for a PLD design tool?
Then OPAL could he just what you need.
It supports state machine, truth table and

Boolean equation entry, also

optimisation, verification

algorithms
like Quickpulse,

Flashrite and TI
Snap and have already

gained parts approval
from TI, NS and ICT. We

market
has existed.

Any of our

customers will

tell you that

III

4.

Dataman has always

supplied excellent
well -supported products.
That's why we're still here! We take
technical support seriously. We give you
your money back, if you're not satisfied.
These are important points to consider.
But now let's take a look at some of the
special benefits of owning Omni -Pro II.

What Benefits?
Well, for instance. the interface

is not

via

the computer's parallel port, which is
speed -limited, and probably connected

to your printer. A dedicated plug-in half
card performs fast data transfers.
The software is a professional package in
full colour that will run in only 400K of
RAM. What's more it will run on any
PC/AT or compatible - even the latest
486 machines. That's because Omni -Pro
II has its own independent clock - some
programmers rely on the computer for
timing, and won't work with faster
machines.
Ground pins are connected by relays not by logic outputs. Some vendors
won't approve programmers which don't
ground pins in this way.
The. 40 -pin Textool socket can be
changed without even having to remove
the cover. A complete range of PLCC
adapters is available.

provide fast downloading of files
in any standard format: Intel Hex,
Motorola, Tek Hex, HP64000ABS or
Binary. You can also send JEDEC files
from all popular PLD compilers and

and

implementation, for a great many PLDs.
Erase an EPROM in ten seconds!
Simply hold the gun right over the
EPROM's window and squeeze the
trigger- The strobe eraser puts out intense
UV light at the right wavelength
(253.7nm). Erase EPROMS on the
bench, in the PCB or in the programmer.

o,

1

e

JEDEC standard vector testing is
supported: a full array of test condition
codes can he generated.

Remember - you get a 30 day
money -back guarantee, FREE
quarterly software updates and
FREE technical support - as
much as you need. Phone now
for a free Demo Disk and
up-to-date Device -List.
Omni -Pro II comes with a FREE copy of

NS's superb Open Programmable
Architecture Language

-

OPAL Junior.

Omni -Pro II - complete

£495

£395
Gang-of -eight Programmer
This production programmer from
Dataman can handle all 25 and 27 pin
EPROMs up to 512K bits. Programs
eight copies from a master EPROM, or
from an object file. The G8 offers fast

programming methods and three,

user -selectable programming voltages.
G8 is clearly designed for the busy
workshop being supplied, as standard, in
a high quality steel case.
CIRCLE NO. 102 ON REPLY CARD
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Strobe Eraser

£175

UK customers please add VAT
Major credit cards accepted.
UK delivery available next
working day.

DaTanan
Station Road, MAIDEN NEWTON,
Dorset DT2 OAE, England
0300-20719
Phone
0300-21012
Fax
418442
Telex
0300-21095
Bulletin Board
(300/1200/2400/9600 V 32)
.

IC PROGRAMMING TESTING & ERASING SOLUTIONS
PC82 UNIVERSAL PROGRAMMER & TESTER

£395

PC86 HANDY POCKET TESTER £99
Tests all popular TTL 74/54, CMOS 40/
45 & DRAM types, can search and
display type number of unknown/house
marked types. Simple operation. 9 volt
battery operated with LCD display.

.
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FAST ERASER £99
NO MORE WAITING FOR EPROMs TO
ERASE. New advanced UV source
gives under 2 minute erasure time on
most types of modern EPROM. Digital
down counter & display plus added
features for simple operation in use.
Large capacity e.g. 13x28 pin devices.
Small footprint. Designed for heavy
industrial/workshop use. UK design &
manufacture.
M1

UNIVERSAL PROGRAMMER. The complete designer's kit. This will program EPROMS,
FLASH EPROMS, EEROMS, BPROMS, PALS, GALS, EPLD's, and large range of
microcontrollers. A unique feature is the testing of any TTUCMOS logic chip, DRAM &
SRAM. The software will also identify a logic chip.
TTL, CMOS, DRAM & SRAM TESTING
PC82 can test and verify any TTUCMOS logic chip, DRAM & SRAM. The
software will
also identify a TTL chip. Do you have a few TTL chips aside not knowing whether they
are working?

DEVICE GUIDE
Over 1500 types are now covered, with many more to be added shortly. Some require
an adapter.
EPROM Full range of 8/16 bit wide types from 16k to 16mBit. 2716 to THA 16P0100.
FLASH EPROM
Full range of AMD & Intel types. 28FXX ranges.
EEPROM
17 manufacturers' full range of types from AMD to Xicor. 2816 etc.
SERIAL EEPROM 12 manufacturers' full range of types. 9306/46 etc.
BPROM 32x8 to 4096x8, incl. 63S080, 7C28X, 29X etc.
PAL
18 manufacturers including Altera, Amd, AMI, Atmel, etc.
GAL 16V8, 18P8, 20V8, 20RA10, 22V10, 26V12, 26CV12, 6001.

-

-

-

-

-

EPLD 20G10, 22V10, EP310/320/600/610/900/910, 5C031/32/60/90.
CMOS EPAL C16L8/R8/R6/R4, C18V8, C20G10/L8/R8/R6/R4, C22V10.
MPU Z8, 8741/44/49/50/51/95/96/97/98, C51, C52/54/58/75/196/252/451/521/528/552/'
528/652/654/751/752, 63705, 68701/705, 68HC705/711, 4074008 series, 77P008/25/á
108/116, PSD301, PIC16C54/55/56/57.

ADAPTERS FOR PC82
A range of plug-in adapters to expand the
capability of the PC82. Various PLCC
convertors & 4 -gang 28/32/40 -pin Eprom,
Gal & Pal. Popular CPU types include
PIC16C54/5/6/7, 8796/7, 68705, 87C751/
2, & TMS320E25.

PC84 EPROM PROGRAMMERS
1 -GANG £139, 4 -GANG £199 &
8 -GANG £299
PC84 -1, -4, -8 Eprom programmers
only. The variant is only gang size. The
- 4 and -8 gang will program multiple
EPROMs simultaneously. Device are
from 2716 to 271000 both C and NMOS
& EEPROM from 2816 to 2864. ZIF
(zero insertion force) sockets are used
on all models

II

FEATURES ALL MODELS
For the IBM PC, install the interface card and programming socket, load the menu
-driven
software and you have a complete design system at your fingertips.

4

t`

EASY'T'O INSTALL
The programmer comes with an interface card that plugs into any free slot of your PC.
There is no DMA channel to worry about and it occupies limited I/O space. The
programmer socket box is connected via a ribbon cable to the back of the interface card
so that the socket box is external. After the interface card is installed the PC never need
be opened again.
SUITS ALL PC's
The programmers will run on any compatible IBM machines such as XT's, AT's, '386
and '486. Whether it be AMSTRAD or COMPAQ the programmers will work. The
software is text only monographic so is compatible with any machine.

SOFTWARE DRIVEN
All software for the programmer is supplied on 51/4" low -density disks. The software can
be copied onto hard disk using the DOS copy command. Programs are supplied for the
various features and are menu -driven. All programming is done from the menu, no
hardware switches are needed. Just select the type and manufacturer and the
programming is done automatically.

Save to disk and load from disk allows full filing of patterns on disk, to be saved and
recalled. Device blank check, checksum, program, verify, read and modify are all standard
features. Hex to bin file conversions included for popular file formats including Intel
Motorola etc. 2 ways/4 ways bin file splitter for 16/32-bit file data. Selection of speed
algorithm for FAST, FLASH, INTELLIGENT, INTEL. Free software updates available for
new devices.
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ORDER INFORMATION
Please Include £7 for carriage by courier, plus VAT on
all UK orders. (£20 for exports.) All pricing for
programmers includes software, interface card, socket
box and full instructions. (Prices do not include VAT or
carriage). ACCESS, VISA or CWO. Official orders
welcome from Government bodies & local authorities.
VISA

CP &add

CITADEL PRODUCTS LTD
Dept. WW 50 High St,
Edgware, Middx.-HA8 7EP
Tel: 081-951 1848

