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Calculations.

When number-crunching time comes.
does work grind to a screeching halt?

Want a better way to do technical
calculations than a spreadsheet or
calculator — an obstacle clearer instead
of an obstacle creator?

You need new Mathcad 3.0, the
crunch-your-numbers and deliver-results-
in-a-second calculation software.

As in-depth as you want. as routine as
you need. Mathcad 3.0 does everything
from averages to FFTs, from percentages
to matrices. Almost every tunction you'!l
ever need is built in for rapid. effortless
calculations.

New Electronic Handbooks muke it
easy to click and paste hundreds of
standard formulae, usefu! data, even
entire calculations into your documents.
And a full range of add-on Applications
Packs helps you solve problems specific
0 your profession.

Mathcad’s new easy to learn and use
Windows 3.0 interface has you up and
running in hours—not days. And it's fast!

Simply key in your data and that's it-
Mathcad does all the work for you. It
does the calculations. It automaticaily
updates results when you change a
variable in the live document. It graphs
in 2-D or 3-D. And it prints results in
presentation-quality documents,
complete with equations in real math
notation. In the biink of an eye—
numbers crunched—and then you’re
back to work.

Mathcad 3.0's powertul new features:

* New easy to learn and use Microsolt
Windows 3.0 interface

* New Electronic Handbooks and
Applicauons Packs provide solutions tor
Electrical. Mechanical, Civil and
Chemical Engineering, Statistics,
Advanced Math and Numerical Methods
« Performs symbolic calculations more
easily than any other product

* Does exponentials, integrals. matrices,
and more

* Produces 2-D and 3-D graphics

* Prints high-quality documentation
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Mathcad 3.0 joins versionsof i & | i }

Mathcad for PC DOS, Apple | 4 ™

Macintosh® and Unix L 5
workstations.

™ signify er’s trademark or o >

Mathcad 25 |
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For more information or 10 Bestof 88

place an order call or tax Best of 87

Adept Scientific—the authorised
UK distribution and support centre for
Mathcad from MathSott Inc. Call 1oday!

(0462) 480055 |

ADEPT

|

The answer is |

Mathcad

MathSoft, Inc.

Adept Scientific

6 Business Centre West
Avenue One, Letchworth
Herts.. SG6 2HB, UK
Tel: (0462) 480055

Fax: (0462) 480213
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Measuring the direction of the Earth’s magnetic field
provides the basis of an electronic compass while the
strength of the field says much about solar activity — a
factor important to HF radio propagation. Richard Noble
describes a science quality instrument.

WHAT'S IN A GRAPHICS FILE?........ 738
David Bacon looks into the proliferation of complex
graphical file formats and explains their structure and how
information is transferred.

1E 1.LE CURVE........
Manually adding best-fit curves to data plots can be
laborious and prone to error. But Don Bradbury reviews
TableCurve and finds it has all the right lines.

Rescalc 2.0 resistor calculator has been much lmproved
since its original release. Ben Duncan analyses the
differences.

A TOOLBOX FOR DSP ENGINEERING. RURY L
Allen Brown {ooks at how to choose the best DSP
engineering tools for application in a fast-developing
market.

LLESSONS IN APPLIED SCIENCE...... e 164
Some of the most exciting and practical research in
electrical, electronic, fibre optic and communications
engineering is being carried out at London’s Kings
College. Andy Gothard reports.
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Living close to overhead power lines may increase the risk
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In the first of a regular series, we bring together some of
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Plans for giobal communications now often seem to rest on
the semantics of international standards. Greg Grant looks

back to the Victorian adventurers who conquered nature to
put a communication girdle around the world.

WHO DESIGNED THIS?

How close is the innovative audio circuit pdtented by
Matsushita in 1983 to the Class S amplifier designed by
Aubrey Sandman in 1982. Dr Sandman presents his case.

STARTINC NEXT MONTH:
TECHNICAL SOFTWARE DISCOUN]

PURCHASE STHEME.
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In next month's issue. John Linsley Hood on
filters. JLH provides the definitive guide to audio
filter design.
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CIRCUIT IDEAS 753
Sound sampler filter, multimeter as trequency meter, sine
waves from 4046 VCO, motion direction detector, D-to-A
converter current booster, speech compressor.

APPLICATIONS

Amplifier for microphones and movmg coﬂ plck ups, low-
power frequency synthesizer, power mos electronic
ignition, applying multipliers.

EW PRODUCTS....
EW + WW'’s round-up of all thal s new in electronics.

BROADCAST
Could RDS change the shape of broadcasung’

CHANGE IN PUBLISHING DATE —|
Starting with the October issue, Electronics World +
Wireless World will appear about week later than
before. The publishing date will be the last Thursday in
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complete solution. Just match the Drive and the appropriate fixing kit.
Why pay more?

Upgrade | Machine Type

40Mb IDE 286N, 386N, 386S, 386E .1 s
T T & backup unit—self-

104Mb IDE 286N, 386N, 386S, 386E powered—UK-built, connecting directly to

parallel or serial ports! Uses Standard
DC600A, DC6150 and DC6250 tapes.
Comes complete with cables and

212Mb IDE 386N. 386S. 386E. 386L | software. Now you can have a single

portable unit for backup and restore

120Mb IDE 286N, 386N, 386S, 386E, 386L

almost anywhere! No cards to install.

338Mb ESDI = 386L, 486/25, 486L, System Pro’s No jumper settings. No DMA channels to
— = e select. For PC/XT/AT/386/486/PS-2
666Mb ESDI | 386L, 486/25, 486L, System Pro’s

60Mb 150Mb 250Mb
Fixing Kit for ‘S’ and ‘L’ Ranges £799 £950 £1,095

Fixing Kit for ‘E’ Ranges
Fixing Kit for ‘N’ Ranges NEW from NEC

03735 45Mb IDE 35" 4 Height 25ms £179

03755 105Mb IDE 3.5 ' Height 25ms £279
HYUNDAI BASE UNITS - SUMMER SALE! 525" fiting kits for above £10
PC Terminal 8088-1 8MHz 640K 1S 1P Mono Mon LAN MS-DOS £354 The abo_ve are su'pplled with a
16X 8088 10MHz 640K 1S/1P/1FDD 3.5" Mono, No Mon £226 2 year "swap-out’ WARRANTY
286X 80286 12MHz 1Mb 1S/1P/1FDD 3.5” VGA, No Mon £499
286E + 80286 12MHz 1Mb 1S/1P/1FDD 5.25" VGA, No Mon
(inc. WIN3 + Mouse) £475
386SE 8038SX 16MHz 2Mb 2S/1P/1FDD (HD) IDE, No Mon PoYY/ Y]
(inc. WIN3 + Mouse) £659 \ @ T
386STC 80386SX 20MHz 2Mb 25/1P/1FDD (HD) IDE VGA/SUPER VGA,
No Mon (inc Win3 & Mouse) £739 HARD DRIVES
386N 80386DX 25MHz 1Mb 25/1P/2FDD (HD) IDE VGA/SUPER VGA . :
No Mon (inc. Win3 & Mouse) £1,143 High Performance Storage Solutions . . .
386T 80386DX 33MHz 64K Cache, 4Mb 2S/1P/2FDD (HD) IDE . e
VGA/SUPER VGA. No Mon (?nc Win3 & Mouse) £2028 CP 3044 35" 40Mb IDE 1" High £198
LT3 - LAPTOP SPECIAL - 80286 1Mb 1S/1P 20Mb IDE/EGA/1FDD - .
NICAD Bat/Ext PSU & DOS £665 CP 3104 3.5" 104Mb IDE Half Height WAK]
ACCESSORIES SUPPLIED AT TIME OF BASE UNIT PURCHASE: . e s
Moro o torkie: Hek 59 CP 30104 3.5 120Mb IDE 1” High £337
Mono Monitor 14" VGA £95 CP 30100 3.5” 120Mb SCSI 1" High £379
Colour VGA/Super VGA 14" £217
40Mb Fast IDE Drive £125 CP 3100 3.5 104Mb SCSI Half Height ~ £379
ALL ABOVE WITH ONE YEAR ON-SITE WARRANTY CP3040 35 40Mb SCSI 1" High £210

HEAVY DUTY PRINTING
SOLUTIONS from OTC

0 Ideal 700Mb Backup Solution

P‘A' Another winner from Colorado Memory Systems. The QFA
700 provides cost effective backup with ample capacity. |deal

for small to medium-sized networks.

560DL desktop 560 cps £1355

850 XL desktop 850 cps £1695

DURALINE floorstanding

240 Ipm £1995

EUROLINE floorstanding

400 Ipm NEW! £4245

EUROLINE floorstanding

600 Ipm NEW! £4995

All with One Year On.Site Warranty!
Cali for further details.

Interested In a fanfold laser?
They’re avallable NOW!

QFA-700 Internal Drive with High speed—requires less than
TC-02 AT Controller £818 12 minutes to back up 100Mb

QFA-700 External Drive with IQRIGICapacity
TC-02 AT Controller £1,021 Hardware data compression
QFA-700 Internal Drive with Noell® LANIESHE TIBME
TC-02M PS/2 Controller £824 InkE T, SESHN compalbl
AT, 386 486 and PS/2*
QFA-700 External Drive with )
TC-02M PS/2 Controller  £1,066 UNIXE/XENIX = Menu Software Option
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PRICES & MANUFACTURERS
OEALER & EXPORT ~ | -E E SPECIFICATIONS SUBJECT TO CHANGE
ENQUIRIES WELCOME [jsl PRICES DO NOT INCLUOE VAT OR CARRIAGE.

Tel (0293) 776688 = s spens o oz sameeccee—— F X (0293) 786902
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Analogue changes

ou can’t please all of the people all of
Ythe time. And there are a few people

who won’t be pleased whatever you
do. Thus when we present an article on
structured programming in electronics, a
proportion of our readership will relate the
subject to their own interests while an
equally large cross-section will simply
regard its inclusion as a displacement of
their own preoccupation.

We can’t win but we must keep trying.

Although the electronics industry has
changed greatly, possibly the greatest
change is that very little component level
manufacture is done in this country. In
general, designers no longer work with a
heap of transistors and a hot soldering iron.
Systems are built from board level products
designed and manufactured somewhere in
the Far East. Their assembly into something
functional requires the subtle application of
a screwdriver allied with a complete grasp
of the operating software.

Indeed, there is very little in the real world
of electronics which doesn’t involve digital
techniques and computing. DSP seems a
particularly important topic since it
represents the doorway between the way that
people do things and the tasks which they
expect electronics to do.

One could argue that digital technology
isn't the only way to solve a particular
circuit problem; a nifty bit of design work
with a couple of op-amps plus a few Rs and
Cs can replace a complex digital filter
system. Furthermore, it can be done in a
language with which many EW + WW
readers will be totally familiar. However, the
same little collection of components
wouldn't allow a robot arm to interpret the
signals from a CCD sensor in a manner
which allows the arm to be placed reliably
alongside an item on a conveyor belt. And if
the robot control function requires a signal

filter, it would seem sensible to incorporate
the filter block as part of the DSP
recognition software rather than reach for
discrete analogue components.

The same arguments for use of digital
electronics apply equally to communications
systems, test and measurement, broadcasting
and consumer electronics. Indeed, if we as a
magazine were to reflect accurately the role
of “traditional” design relative to its actual
usage, we might manage about one page per
issue.

It should be said that we have no intention
of implementing this ratio.

Analogue design remains important
because it accommodates and defines the
basic building blocks of electronics. It is
very hard to design a house if you don’t
know the shape of the bricks. While there
are a few things in digital technology which
have no possible representation in analogue
form - infinite impulse response filters are a
good example — most digital blocks derive
their shape from the original analogue
function.

There is another aspect. Although the
changing voltage on a line connecting a pair
of gates may be classed as digital, it remains
an electrical signal like any other. A design
engineer might well require an appreciation
of transmission line theory to ensure that the
two connect together without data
corruptian. The same goes for the avoidance
of earth loops, common mode inductance
nodes and all the other pitfalls.

We will continue to accord analogue
design the importance which it deserves. But
we must also acknowledge the significance
of computing and digital design.

EW +WW has enjoyed an illustrious past
by presenting the important technology of
the day. We must continue to do this if we
are to safeguard its future reputation.

Frank Ogden
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REGULARS

EC announces £420m for R&D -

but is it enough?

Rescarch grants worth £420million have
been announced by the EC. revealing its
plans for the third set of Esprit projects. But
it may not be enough according 10 some
industry commentators.

US-based companies will play a major role
for the first time, but the Japanese are not
expected 1o be heavily involved.

Main change introduced in the Esprit [11
programme is a new category of rescarch
called the Open Microsystems I[nitiative
(OM1). lts aim is 10 establish R&D projects
so as 10: “Make the European Industries
competitive in the design. manufacture and
use of future integrated circuit
microsystems,” according 1o the EC’s
documents inviting companies to take part.

US companies are expecied to be involved
in the research, backed by £65million of EC
moncy.

Rosalie Zobel, deputy director of the

Esprit projects told EW + WW that Mips
Computer Systems, Sun, Motorola, DEC
and IBM have all been invited 10
preliminary OMI meetings.

Motorola is interested in joining some of
the projects, according to Barry Waite.
general manager of the company 's European
semiconductor group. But he questions
whiher the programme as a whole is 100
ambitious. “I'm very sceptical whether the
grand aims can be met in that time scale
with that amount of money.” he says

Zobel said that there had been no
approuches from Japanese companies
wanting to work in the OMI.

The Esprit 1l work programme. which is
backed by 600 miltion ECU. is split into six
scctions. As well as the OMI and
microclectronics rescarch. there will be
mformation systems and advanced home
systems projects. Rob Causey

Preparing to test an underwater optical fibre cable joint on the 600kV DC test set at the new
high voltage laboratory at Southampton University. Photo STC Submarine Systems

UPDATE
Unappealing
face of Blumlein
biography

Francis Thomson. the man who for nearly
lwenty years has been promising to write a
biography of Alan Blumlein is once again
’ appealing for more material on Blumlein.
Thomson’s latest letiers 1o the media vary,
but in some he explains the decades of delay
with a puzzling tale of his attempts 10
“shield the Blumleins from the belated
discovery that a person close to them had
supplied me with letters ... stolen from the
late Mr A K Van Warrington™
| As before. Thomson. who has also put out
calls for biographical material on other
subjects. including S G Brown, signs
himself a Member of the Institution of
L Electrical Engineers. helping establish
credibility with editors unaware of the fact
that he started collecting original papers in
1972. But he has published nothing. refuses
third parties access to his collection and will
not catalogue what he has.

Although some editors have treated the
“biographer’s” latest call with suspicion and
either ignored his request or published it
with qualification (eg Hi-Fi News), others
have simply regurgitated Thomson’s plea
for “letters. notes and photographs ™.

Unqualified appeals have already been
published in Television (journal of the Royal
Television Society), /mage Technology.
(Journal of the BKSTS). Narure and the AES
Journal. Charlie Chester obligingly
broadcast the appeal on Radio 2.

The IEE has tried 10 negotiate with
Thomson. offering help with writing and
pubfishing his biography in time for the
fiftieth anniversary of Blumlein's death in
June 1992. But Thomson has rejecied the
IEE’s offers and it now looks ¢ertain that the
anniversary will be missed.

Some members want the IEE now 10 use
more muscle. with thredts of expulsion from
the [nstitution. if Thomson does not at least
provide a catalogue of the material he has
collected and give rock solid guarantees on
its long term security, after his death.

Barry Fox




Superconducting buckyballs

A new method of producing very pure
samples has allowed researchers at Los
Alamos National Laboratory and UCLA 1o
make two crucial measurements of
superconducting compounds built with
“buckyballs™. The compounds’ responses to
magnetic fields and pressure have boosted
scientists” hopes that they will form the
basis of practical superconducting.

Buckyballs, or buckminsterfullerene, are
soccer-ball-shaped assemblages of 60
carbon atoms. Earlier this year researchers
learned that inserting a few atoms of
potassium into a framework built of
buckyball molecules makes the compound a
superconductor: below a critical temperature
of about 19 Kelvin - or 19 degrees above
absolute zero — the material conducts
electricity with no resistance.

The Los Alamos and UCLA researchers
measured the critical magnetic tields of the
material — which point to how useful the
superconductor may be.

The researchers relied on the ability of the
material to repel a magnetic field. a
trademark of superconductors. They cooled
the sample below its critical temperature so
it became superconducting. then applied an
increasingly strong magnetic ficld.

At a certain field strength — the lower
critical field — the magnetic field began to
penetrate portions of the sample and so the
sample was a mixture of superconducting
and normal states. At the upper critical field
the magnetic field completely penetrated the
sample and it reverted entirely to its normal
state.

The upper critical field was estimated to be
about 800,000 times stronger than the
earth’s magnetic field, advantageous for
applications of the superconductor.

Researchers used the measurements to
estimate the value of the critical current, or
how much clectricity the material can carry
in its superconducting state.

“The critical current calculated is aircady
higher than the critical current first reported
for the high-temperature superconducting
materials based on copper-oxide
compounds.” says George Gruner, director
of UCLA"s Solid State Science Centre.

Rersearchers have also measured the
response of the superconducting propertics
of a potassium-doped buckyball compound
to changes in pressure. — one of the
fundamental measurements of any new
superconductor, as it sets immediate
constraints on the theoretical interpretations
of the material’s behaviour.

Results showed that as pressure was
increased, critical temperature of the
material dropped dramatically, a behaviour
opposite to that predicted. In general,
increasing the pressure on a material pushes
atoms together, stiffening the lattice. Under
certain circumstances. this allows an
electrical current to begin moving without

resistance at a higher temperature, as found
in the high-temperaturc copper-oxide
superconductors. In copper-oxide
superconducting materials, this suggests that
to raise the critical temperature you want to
make the lattice smaller.

But the buckyball compounds® opposite
behaviour suggests that rescarchers should
pursue “negative pressure”, created by
inserting a larger atom into the lattice. In
fact doping the buckyball compound with
rubidium - a larger atom than potassium -
raises the critical temperature to nearly 30K.

Researchers at AT&T Bell Laboratories
reported the discovery of superconductivity
in buckyball compounds at the American
Chernical Society meeting in April. But only
a small portion of their material had
superconducting properties.

The UCLA team has refined the method
for manufacturing samples of potassium-
and rubidium-doped buckyball compounds
so that the entire sample is superconducting.
They believe that the measurements were
possible because of the high quality of the
samples prepared by the UCLA scientists.

Russia is hi-tech

There is no technology gap between the
Soviet Unior’s and the West's electronic
rescarch activities. But the country’s
production facilities lag the west by about
ten years. The assessment is made by
analysts Instat, following a visit by Instat’s
European president, Malcolm Penn, to the
Soviet Union in April to assess its technical
capabilities.

His view is that what the Soviet Union has
in small quantities is as good as the
technology in the West, but that the country
lacks the ability to turn out production
volumes.

One facility visited. NPO “SVT", is

 UPDATF

developing a Mezaepiplanar cmos process
using ferro-magnetic masks — giving the
ability to make non-planar ICs without
relying on photolithography. Penn says that
engireers have built chips on the outside of
cylindrical substrates.

The masks hold the key to the technology.
They are made using precision alloys which
are thermally matched to the temperature
expansion characteristics of the substrate
materials.

Each mask is pulled down onto the base,
which can be a variety of shapes, by a
magnetic catcher. Plasma ctching and ion
implantation techniques are then used to
build up transistor structures, rather than
diffusing them into the substrate material.

Various materials can be uscd as a base,
such as silicon, gallium arsenide.
germanium and some metals. cmos. bipolar
and bi-cmos circuits have been built.

The features on the masks can vary in size
between 10 and 0.2um with the whole mask
measuring up to 400 by 500mm. They range
from 0.01 to 0.5mm in thickness and are
made from copper. nickel or iron-nickel
alloy depending on the application.

By avoiding the use of some of the more
active chemicals needed for
photolithography. the Soviet scientists
believe the process will reduce the
environmental damage caused by chip fabs.
They hope to make between 10.000 and
100,000 chips a year using the equipment.
Rob Causey

The BBC is to shut down its shortwave
broadcasting facility at Daventry. The station,
whick also houses the longwave domestic
service has been in continuous operation
since 1925. Shortwave broacasting began
from the site in 1932.

The photograph shows the station as it was
in 1937; its appearance has changed little to
the present day.
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UPDATE

Euro-supercomputing boost

Europe’s supercomputing industry has
received a boost with unveiling by German
company Parsytec of plans for a new range
of parallel machines.

Parsytec intends to use the same basic
design of a 1.6Gflop processing unit as a
building block for systems executing up to
400Gflops. The largest computers on sale
now can perform tens of Gflops.

Parsytec will sell the single processing
unit, about the size of two briefcases, and
larger computers made up of different
configurations of the blocks. “We set design
goals to make a 400Gflop machine. Then we
broke it down into smaller components to let
us scale it down.™ said Francis Wray. head
of product development.

The company has used a modified version
of the design in its proposal for the
European Teraflop initiative. This is a
project aimed at building a computer which
can process one million floating point
operations per second.

The systems will be built using Inmos’
T9000 transputer.

Parsytec has received assurances from
Inmos that it will be able to buy the
transputer in large enough numbers to build
the computers.

Each 1.6Gflops module, or Giga Cube,
contains 18 T9000s, 16 for processing, one
redundant device and one configuration
controller. If a failure occurs in one of the 16
on-line chips. the controller detects it and
switches in the redundant chip. The array of
processors is linked using four of Inmos’
C104 communications chips.

The Giga cubes cach have their own
cooling system. Heatpipes draw energy
away from the electronics and pass it into a
cooling unit where either air or water is used
to dissipate the heat. Systems processing up
to 50GflopS. with 16 Giga Cubes. can be
cooled by air. A water system and a lot of
plumbing is needed for bigger machines.
Rob Causey

David Edward Hughes, whose expenmenfs with “the printing telegraph” led to the development
of an efficient microphone during the 1870's, has been honoured with a plaque at his former
lodgings. Exactly how long Hughes lived at 94 Portland Street, London, is uncertain but the first
experiments which led to the development of the microphone were conducted here during
1878-80. The house is prominently sited on the corner of Portland Street and Langham Street.

Digital TV connection

The European Eureka programme has brought
together 34 organisations from 12 countries in
a bid to develop the technology needed to
bring all-digital TV to the home or office.

The Vadis project (video-audio digital
interactive system) aims to develop coding
techniques to compress digital TV signals by
a factor of between 20 and 40 while
retaining most of the original quality. The
compression will let digital audio-visual
services be carried by terrestrial and satellite
channels, telecommunications networks or

digital storage devices.

Companies involved include Aspex
Microsystems, the BBC, BT. Italtel, Philips,
Olivetti, Siemens and Thomson-CSF.

UK attracts foreign money

Record numbers of overseas companics are
investing in the UK, according to industry
minister Edward Leigh. In the year ending
March 1991 he says there were 350 direct
investment projects by foreign owned
companies into the UK, recorded by the
DTTI's Invest in Britain Bureau.

Can Babbage help Science

Museum balance books?
Charles Babbage’s Difference Engine will
form the centre-piece of a new gallery at the
Science Museum next year — if fundraisers
can find the £4.5million needed to build the
new show. The working version of the
machine, built to celebrate the bicentenary
of the mathematician’s birth, will be moved
into the new Information Age gallery which
will replace the current computer gallery.
The museum hopes to display and explain
telecomms systems as well as the history of
more traditional technology.

“We're at the final stage of putting
proposals together.™ says Lynn Foster, the
Science Muscum's main fundraiser. “We
hope for support from telecomms as well as
computer companies and users”.

The museum believes that the fundraising
will take about eight months. Once the
commitments are in place, it will then need
to decide which exhibits it wants to build.

There are examples of the interactive
displays in the current Babbage exhibition,
which runs until 31st December. UCM. a
software house from Hove, has developed
an animated video showing the workings of
the Difference Engine No 2. RC

Toshiba-IBM LCDs on-stream

Display Technologies, a Toshiba-1BM joint
venture, has completed construction of its
manufacturing plant in Himeji and has
started production of large size, LCDs for
computer terminals. The plant produces
10.4-in (640 x 480 pixel) LCDs and will
gradually add larger size units.

The plant is said to be a state-of-the-art
facility that forms transistors onto large
glass substrates, in a class-100 clean room
that has the similar level of air cleanliness to
those used in the manufacture of LSI chips.

Total production management is co-
ordinated using a cim system.

Superconducting gradiometer

Rescarchers at IBM TJ Watson rescarch
centre report the first high-temperature
superconducting magnetic gradiometer to
operate at liquid-nitrogen temperatures. The
ability to operate at these temperatures is
advantageous, because liquid nitrogen is
cheap and the devices need less thermal
insulation.

Fabrication of the gradiometers — which
measure magnetic gradients - relies on
IBM's wet-etching process. The technique
depends on a highly sclective etchant
solution that etches patterns in the thin film
of material used to insulate layers of
superconductor in the thin films of material
used to insulate layers of superconductor
and stops when the superconducting is
reached. |
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MONITORS
MONOCHROME MONITORS
THIS MONTH'S SPECIALI

There has never been a deal like this onel
| Brand spanking new & boxed monitors
7 trem NEC, normally selling at about £140]

These are over-engineered tor ultra

reliability. 9° green screen composite input

with etched non-glare screen pius switch-
able high/low Impedance Input and output
for dalsy-chaining. 3 front controls and 6 at rear. Standard BNC
sockets. Beautitul high contrast screen and attractive case with
carrying leage. Perfect as a maln or backup monitor and for

quartity usersi £39 95 each (p) or 5 for £185(G)
CALL FOR DISCOUNTS ON HIGHER QUANTITIES!
COLOUR MONITORS

Decca 167 80 budget range colour monitor. Features a PIL tube,
beautiful teak style case and guaranteed 80 column resoiution,
features usually seen only on colour maonitors costing 3 times
our pnoel Ready to connect to most computers of video outputs.
7541 composite input with integral audio amp & speaker. Fully
tested surplus, sold in little or hardly used condition with 90 day
full RTB guarartee. ideal for use with video recorder or our
Telebox ST, and other audio visual uses. £99(E) 3£275(G)

20", 22" and 26" AV SPECIALS

Superbly made UK manufacture. PIL all solid stale colour
monitors, complete with composite videc & sound inputs. Attrac-
tive teak style case. Perlect for Schools,Shops,Disco, Clubs.

in EXCELLENT lite used condition with full 90 day guarantee.

20"...£135 22"....£155 26"...£185

HIDEFINITION COLOUR MONITORS
Brand new 12° mutliinput high definition
colour monitors by Microvtek. Nice tight
0.31° dot pitch for superb clarty and f
modem metal black box styling. Operates
from any 15.625 khz sync RGB video
source, with either individual H& V syncs
such as CGA iBM PC's or RGB analog
with composite sync such as Atar, Com-
modore Amiga. Acom Archimedes & BBC. Measures only 14” x
12° square. Free data sheet Including connection imMormation.
Will also function as quality TV with our RGB Telebox.

Onty £1 45 {E)

Brand new Cenmroric 14° monitor for IBM PC and compatbles
at a lower than ever pncel Completely CGA equivalent. Hi-res
Mitsubushi 0.42 dot pitch giving 669 x 507 pixels. Big 28 Mhz
bandwidth. A super monitor in atiractive style moulded case.Full
90 day guarantee. Only £129 (E)

NEC CGA IBM-PC compatible. High quality ex -equipment tully
tested with a 90 day guarantee. In an aftractive two tone ribbed
grey plastic case measuring 15°L x 13"W x 12°H. A terific
purchase enables us to pass these onatonly... §£79 ®

97278 14" Colour
Multisync/Multifunction

Never before has such a deal been struck to bring you this
quality Japanese manufactured multisync, multifunction
professional grade monitor at an unheard of low pricell The
Electrohome ECM1311 with its host of inputs will connect to
most computer systems including: IBM PC/XT/AT/PS2 (CGA,
EGA, PGA, VGA modes) Alan, Archimedes (up to SVGA),
Commodore, BBC and many more. Many other features include:
RGB analog & TTLU inputs, separate honizomal, vertical, com
posite and sync on green inputs; auto 15 to 36khz operaton;
0.31mm twbe dot pitch; tinted non glare etched screen & 30 mhz
bandwidth makes this item an absolute snipli Current makers
list price over £900 !Each supplied with connectlon data, tully
tested In used good condition, some may have scieen
blemishes. Complete with tull 90 day RTB guarantee. Full Tech-

nical Manual £15. onty £1 49 ©

No Break Uninterruptabie PSU’s

Brand new and boxed 230 volts uninerruptable power supplies
from Densei. Model MUK 0565-AUAF is 0.5 kva and MUD
1085-AHBH is 1 kva. Both have sealed lead acid batterles. MUK
are intemal, MUD has them in a matching case. Times from
interrupt are 5 and 15 minutes respectively. Complete with full
operation manuals. -MUK.._....£249 (F) MUD.....£525 (G}

V22 1200 BAUD MODEMS

Master Systems 2/12 microprocessor conirolled V22 tuli duplex
1200 baud modem. Fully BT approved unit, provides standard
V22 high speed data comm, which al 120 cps, can save your
phone bill and connect time by a staggenng 75%| Ultra slim 45
mm high. Full teatured with LED status Indicators and remote
efror diagnostics. Sync of Async use; speech or data switching;
built in 240v mains supply and 2 wire connection to BT. Units
are in used but good condition. Fuux tested prior despatch, with
data and a full 90 day guarantee. What more can you ask for

and at this pricet! ONLY £69 (D)

THE ORIGINAL SURPLUS WONDERLAND!

IBMKEYBOARD DEALS i ) Superb Quality 6 foot 40u
A replacement or backup keyboard, swilchable for IBM PC, i 2 19" Rack Cabinets

PC-XT or PC-AT.LED's for Caps, Scroll 8 Num Locks. Standard
84 keyboard layout. Made by NCR for the English & US markets. Massive Reductions
Virtually New, Ultra Smart!

Absolulely standard. Brand new & boxed witk manual and key
template for user slogans on the function keys. Attractive
Less Than Half Price!
Top quality 19° rack cabinets made in UK

beige,grey and cream finish, with the usual retractable legs
undemeath. A generous length of cully cord, terminating in the
standard 5 pin DIN plug. A beautiful ciean pece of manufac-
wrers surplus. What a deall £39 (B) S£175 (D) by Optma Enclosures Ltd. Units feature
designer, smoked acryllc lockable from
door, full height lockable half louvered back
door and removable side panels. Fully ad

Brand new and boxed 84 key PC/XT type keyboardsin standard
justable internal tixing struts, ready

1BM grey with very attractive mottled finish and “dlicky” solid feel
keys. 10 function keys on side. Englishlayout and £ sign. Green
LEDs for Caps, Scroll & Num locks. £29.95 (B) 5£135 (D)

CALL FOR DISCOUNTS ON HIGHER QUANTITIES]  Punchedor any configuration of equipment mounting pius ready

. - <y — mounted integral 12 way 13 amp sacket switched mains distribu-

FLOPPY DISK DRIVES fion strip make these racks some of the most versatile we have

ever sold Racks may be stacked side by side and therefore

BARGAINS GALORE ! require only two side ;anels or stand singlyy‘ Overall dimensions

NEW 5% inch from £29.95! are 77-1/2°"H x 32-1/2°D x 22°W. Order as:

s
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Massive purchases of standard 514° drives enables us to Rack 1 Complete with removable side panels...... £275.00 (G)
presem prime product at Industry beating low prices! All units Rack2 Less side panels £145.00 (G
unless stated) are removed from often brand new equipment

fand are tully lt)zsted.allgned and shi to you er:x; 9‘:) day POWER SUPPLIES

guaramee and operate from +5 & +12vdc, are of standard size Power One SPL200-5200P 200 watt (250 w peak).Semi open
and accept the standard 34 way connector. rame giving +5v 35a, -5v 1.5a, +12v 4a (8a peak), -12v 1.5a3,
TANDON TM100-2A {BM compatible DS £39.95(C} ,24v 4a (Sa peak). All outputs tully regulated with over voltage

CANON,TEC etc.DS half height.State 40 or 80T £79.00(C) protectior on the +5v output. AC Input selectable for 110/240
TEAC FD-55-F.40-80 DS hall height. BRAND NEW £79.00(C} yac Dims13" x 5° x 2.5". Fully guaranteed RFE.  £85.00 (B)

B Sﬂ eccals / B ) Power One SPL130. 130 watts. Selectable tor 12v {4A) or 24 v

{2A). 5v @ 20A. 1 12v @ 1.5A. Switch mode. New.  £58.95(B)

TEAC FD-55 half height sertes in your choice of 40 track | Astec AC-8151 40 watts. Swilch mode. 45v @ 2.5a. +12v @
double sided 360k or 80 track double sided 720k. Ex-equip- | 2a. -12v @0.1a.6-1/4" x 4° x 1- 34" New £19.95(B)
ment fully tested In excellent condition with S0 day wamranty. | Greendae 19ABOE 60 watls swilch mode +5v @ 6a.it2v @
rder TE- 36 for 360k £29.95(C) or TE-72 for 720k £38.95C)/ 1a,415v @ 1a. RFE andfully tested.11 x 20 x5.5cms. £24.95(C)

CHOOSE YOUR 8 INCH! Conver AC130. 130 watt hi-grade VDE spec.Switch mode .+5v

Shugart 800/801 3S returbished & tested £150.00(E) @ 15a, Sv @ 1a.412v @ 6a.27 x 12.5 x 6.5cms.New.
Shugart 851 doutle sided returbished & lested  £225.00(E) £49.95(C)

Mitsubishl M2884-63 double sided switchable Boshert 13090.Switch mode. Ideal for drives & system. +5v@ 6a.

hard or soft sectors- BRAND NEW £250.00(E}) -12v @ 25a, -12v @ 0.5a, -5v @ 0.5a. £29.95(B}

SPECIAL OFFERSI! Famnell G6/40A. Switch mode. 5v @ 40a.Encased £95.00(C)

Duai 8" drives with 2 megabyte capadty housedin a smart case

with bulit in power supplyl OnIWCAQS 00 COOLING FANS

Igeal as exterior drives| Y -00 (F) Please specity 110 or 240 volts for AC tans.

End of line purchase scoop! Brand new NEC D2246 8° 85 3 inch AC. 112" thick £ 8.50(B)
megabyte of hard disk storagel Full CPU comirol and industry 3W2inch AC ETRI slimiine.Only 1° thick. £ 9.95(8}
standard SMD imerface. Ultra hi speedtransfer and access ime 31/2 inchk AC 230 v 8 watts. Only 3/4° thick £12.95(A)
leaves the good ofd ST506 interface standing. In mim condition 4 inch AC 110/240v 112 thick. £10.95(B)
and comes complete with manual. Only...... £399(E) t0inch  AC round. 312 thick. Rotron 110v £10.95(B}

10 Inch  As above but 230 volits £24 95(B)
MAINS SUPPRESSORS & FILTERS Ry et s e o A P E :15.95%1\}
Roxburgh SDC 021 2 amp mains RF | fiiter. Has anextrawide 80 mm  DC 5 v. Papst 8105G 4w. 38mm. RFE.
trequency range of 150 khz to 30 mhz. Can ‘ype, solder ilug 2mm  DC 12v. 18 mm thick.
connection. Quality manufactured to BS 613 standards. Dims & Inch DC 12v. 12w 112" thick
1-1/2°D x 1-3/4°H. £3.95 or 3 for £10 (A) 10 for £28 (8) 2inch _ DC 24vBw. 1~ thick.
Roxburgh SDA 073/25. Similar to above rated at 1-1/2 amps. THE AMAZING TELEBOX!
Dims 1-1/2°D x 1-3'4"H..._.£3.25 or 3 for £8.50 (A) 10 for £25(B) = . .
Suppression Devices SD5 A10. Extra compact general pur- Converts your colour monitor into a
QUALITY COLOUR TVt

pose suppressar. Plastic moulded case with single bolt fixing

and snap connectors. Rated at 230 vac 5 amps. Dims 1-3/4T | TV SOUND
x1-1/8°W x 5/8°H. ._.......£3.95 or 3 for £10 (A) 10 for £28 (B) & VIDEO
Belling-Lee type L2127 3 amp mains RF| filters. Has a builtin TUNER!

mains cable (English coding}. and a three pin miniature non-re-
versible socket and a mating piug, to go to the equipment. Ideal
for those who are bugged by RF imerference. Very compact.
Dims 3-1/8° x 25"« 1.5"............. £3.95 each or 3 for £10 (A)

RECHARGEABLE BATTERIES

LEAD ACID
Maintenance free sealed long lite. Type A300.
;{;ﬂ‘:u ézv;x:; :ma;)nmp:)huor:rs ?3832 Supptied BRAND NEW with full 1 year guarantee.
12 volts Centre tapped 1.8 amp hours. RFE. £ 595(A) x ST for composite wdeo input monitors. £32 95(B)
12 volts 12 volts 38 amp hours.7-1/2°L x6°S.RFE £35.00(B) Telebox STL as ST but with integral speaker..... ..£36.50(B)

EXTRA HI-CAPACITY NICKEL CADMIM  Tegox FOB o wlogie oo 58 s

Super high-capacity Chloride Alced 12 analog ard composite sync. Overseas versions VHF & UHF call.
{ volts refillable type XL1.5. Electrolyte is SEGAM / NTSG not avaslable.

N et il BRAND NEW PRINTERS |
banks of 10 cells per 8°H x 24°L x 5.5°D wooden case. Each cell RAND NEW PRINTERS
measures 8°H x 1 75°L x 4°D. Can be easily separated. Ideal TEC Starwrites Model FP1500-25 daisywheel printer renowned

for all standby power applications, Ex MoD, llke new..£49.95 (E) fof its rellability. Diablo type prim mechanism gives superb

registration and quality. On board microprocessor gives full
SPECIAL INTEREST Ciablo/Qume command capability. Sedal RS-232C with full

i v handshake. Bidirectional 25 cps, switchable 10 or 12 pitch, 136
;ﬁ?&’?&'&s&ﬁﬁ'& goe:l;gjoun.;l:r 521753 col in Pnca._ 163 in Elite. Fn‘ctloq of tractor teed. Full ASCII
DEC VAX11/750 inc. 2 Meg Ram DZ and tull docum: Including £ sign. Font and nbbon Diablo compatible...... £199(E)
entation, in brand new condition £2250 CED DPG21 miniature ball poim pen printer piotter mechanism
Fujitsuy M3041 600 LPM band printer £2950 With full 4C characters per line. Compiete with data sheet which
ogc LS/02 CPU toard 150 Includes areuit diagrams tor simple driver etectronics..... £§9(B)
Calcomp 1036 large drum 3 pen plotier 650 Centronics 150 series. Always known for their rellabilty in
Thurlby LA 1608 fogic analyser 375 continuous use - real workhorses in any environmen. Fast 150
1.5kw { 15v 60hz power source @50 €28 with 4_1or715 and ghonoe of nterlaces at a fantastic pricel
Tektronix R140 NTSC TV test signal standarc. g75 1504 bernl upto 9.5. paper, fan told tractor. .£99.00(E)
Sony KTX 1000 V-deotex system - brand new 650 1504 Senalupto 9.5 paper, tractor, roll or s/sheet.....£129.00(E)
ADDS 2020 VDU terminals - brand new 225 152-2 parzliel up to 14.57 paper. tractor or s/sheet..... E149 00(E)

Sekonic SD 150H 18 channel Hybrid recorder £2000 CAL_ FOR THE MANY OTHERS IN STOCK.

e Sl I $-+4 |/ |SIT OUR SHOP FOR BARGAINS |

Brand new high quality, fully cased, 7 channel UHF PAL TVtuner
system. Uit simply connects to your TV aerial socket and colour
vdeo monitortuming same imo a fabulous colour TV. Dont worry
W your monltor does’nt have sound, the TELEBOX even has an
integral audio amp for driving a speaker plus an auxillary cutput
for Headphones or Hi Fi system etc. Many other leatures: LED
Stalus indicator, Smart moulded case, Malns powered, Built to
BS safety specs. Many other uses tor TV sound or video etc.

mmmmmmm

LARGE QUANTITIES OF OSCILLOSCOPES AND TEST GEAR ALWAYS AVAILABLE - CALL NOW! ]

All prices for UK Maniand. UK customers add 17.5% VAT o TOTAL order amount. Minimum order £10. PO orders from Goverrment, Universties. Schools & Local Wm:s
- P oicome-minimum accourt order £25. Cariage charges (A)=f2 00. (B)=£5 8D (C)=£8.50. (D)=£11.50. (E)=£14.00 (F)=£18.00 (G)=Call  All goods supphed subjedt to our
standard Gondibons of Sake and unles s otherwise ctaded guararteed for 30 days. All guarantess on a return to base basis We reserve the rght to changs prices & specifications

without prior notice. Orders accepted subject to stock Quotaons willingly given for higher quartties thar: those stated. Bulk surplus atways required for cash

LONDON SHOP DISTEL © The Original ALL ENQUIRIES
370 3 7 7% 8 2™ E s "O;':noh'ﬂag:?ﬂ‘g.ooﬁgg 100’s of bargains| Free dlal-up database! 081 '679'441 4
E s ; b E"’. § E“’i Lo sl Dept WW, 32 Biggin Way, Open Mon-Sat9-5.30  k600's of items+info On Lins
Sese® ol aaetid  Cewes S & 2 Upper Norwood, 215 Whitehorse Lane, V21, V22 & V22 bis Fax- 081-679-1927

London SE19 3XF. South Norwood,

London, SE25. 081-679-1888 Telex- 894502
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REGULARS

RESEARCH NOTES

New galaxy throws bright light
on quasar formation

British-led team of astronomers has

discovered a new very-distant galaxy
which is radiating three hundred million
million times as much energy as the sun.
The galaxy, known as IRAS F10214+4724,
is in fact the most luminous object ever
found in the universe. But it is not radiating
its energy at visible wavelengths like
previous contenders for the title, all of which
were quasars (quasi-stellar objects).

Instead it is a massive cloud of dust,

radiating 99% of its energy at far infrared

wavelengths. Astronomers believe (Narure
Vol 31 No 6329) that it is either a massive
galaxy in the process of formation or a
quasar buried within a dust cloud.

The team, led by Professor Michacl
Rowan-Robinson of Queen Mary and
Westfield College, University of London,
includes astronomers from Cambridge.
Oxford and Durham Universities as well as
QMW, and from Caltech. Pasadena and
Charlotiesville. Virginia. They discovered
the object with the UK's 4.2m William

f you were to draw up the specification

for the ideal material for electronic
engineering, I guess it would be something
combining the properties of the perfect
conductor, the perfect insutator and the
ideal semiconductor. Such a material does
not of course exist ...or does it?

A paper recently published by Jacek
Baranowski ef al working at the University
of California, Berkeley and the Lawrence
Berkeley Laboratory (Phys Rev Lett, Vol
66 no 23) describes a new form of gallium
arsenide that will superconduct at a
temperature of 10K.

LT-GaAs as it is called, is made by
molecular heam epitaxy (MBE) at the
relatively low temperature of 200°C.

Chemically it contains about 1.5% cxcess
arsenic in the form of crystal defects. At
ordinary temperatures the material is quite
conductive. But below 10K it is possible by
means of field-modulated microwave
absorption (FMMA) and the Meissner
effect (magnetic field expulsion) to
demonstrate clearly the cxistence of a
hitherto unknown superconducting phase
within the material.

Baranowski and his team attribute this to
a layered arrangement of atoms — visible in

Superconducting in a perfect world

the electron microscope.

In addition to this superconducting phase,
and the well known semiconducting
properties of GaAs, LT-GaAs can be made
into a well-nigh perfect insulator by
annealing at 500°C so that As-rich material
precipitates out.

Such insulating GaAs can be used for
gate isolation in metal-insulator-
semiconductor fets and, because of its short
minority-carrier lifetime, in high speed
optoelectronic devices.

With such a wide range of useful
propertics, the Berkeley team envisage a
chip in which insulating. semiconducting
and superconducting components are
fabricated together, based on epitaxial
layers. This, they say. might result in
completely new directions for device
technology including epitaxial
superconducting interconnects, junctions
and switches.

Obviously there is a price (o be paid in
holding the liquid helium temperatures. But
the group is convinced that it is only a
matter of time before someone discovers
superconducting semiconductors that will
work at the economically viable
temperatures of liquid nitrogen.

Herchel telescope (WHT) on La Palma in
The Canaries on the last night of a 40-night
observing campaign, studying very faint
sources detected by the IRAS infrared
astronomical satellite with optical ground-
based telescopes.

palibs.om
Min 1968 Mox : 31534 Mecian : 2962.1 Sigmg . 13.3
White Level : 2962 1 Black Level : 3227.9
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Optical image of IRAS F10214+4724 taken
with the Mt Palomar telescope. Ellipse shows
the estimated location of the infrared source.
F is the high redshift galaxy.

Subsequently the team obtained images of
this mysterious object with the 200in Mt
Palomar telescope and with the WHT. It was
slightly fuzzy and presumably a distant gataxy.
The spectrum was that of a very distant galaxy
with a redshift of 2.3 (spectral tines shifted in
wavelengths towards the red by 230%). Such
information tmplics a distance of 16 thousand
mitlion light years and that the galaxy is scen
at a time 83% of the way back to the Big
Bang.

Previous highest redshift for a galaxy or
quasar discovery by IRAS was 0.4.

The powerhouse responsible for heating up
the dust is hidden from view but the tcam
believes it is cither a quasar or a massive burst
of star formation. In the latter case we would
almost certainly be secing the galaxy during its
formation phase. Either way it is a unique
object and will shed light on how galaxies and
quasars form.
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LOW NOISE GASFET PREAMPLIFIERS

Two-stage Gasfet preamplifiers. High Q fiiters. Aligned to your specified trequency in the
range 5-1000MHz. Masthead or local use

TYPE 9006 Tuned to your specified trequency in the range 5-250MHz. NF 0.6dB. Gain
10—40dB variable. 50 ohms £94
TYPE 9006FM As above. Band |1 88-108MHz. 75 ohms. £94
TYPE 9002 Tuned to your specified channels in bands IV or V. NF 0.7dB. Gan 25dB
adjustable. 75 ohms £123
TYPE 9004 Allgned to your specified frequency in the range 250 1000MHz. NF 0.7dB

Gain 250B adjustable. 50 ohms £123
TYPE 9035 Mains power supply for above amplifiers £53
TYPE 9010 Masthead weatherproof unit for above amplifiers £15

WIDEBAND AMPLIFIERS

Monolithic microwave integrated circuits in a fully packaged microstrip module tormat
Full-wave shottky diode protected inputs. Temperature compensated bias circuitry.
Internal voltage regulation

TYPE 9301 100kHz-500MHz. NF 2.0dB at 500MHz. Gain 30dB. Power output +

12.50Bm, 18mW. £165
TYPE 9302 10MHz-1GHz. NF 2.0dB at 500MHz. Gain 30dB. Power output +12.5dBm,
18mwW £165

TYPE 9008 Gasfet. tOMHz-2GHz. NF 2.5dB at 1GHz. Gain 10dB. Power output
+18dBm, 65mwW £165
TYPE 9009 Gasfet Gain 20dB. Power output
+20dBm, 100mWwW.

PHASE LOCKED LOOP FREQUENCY CONVERTER

TYPE 9115 Converts your specified Input channels in the range 20-1000MHz to your

specified output channels in the range 20—1000MHz. Minimum input to output separation

10 channels. 1mV input, 10MW output {(+100Bm). Low-noise Gasfet front end. NF 0.7d8

AGC controlled. Gain 60dB adjustable —30dB. Will drive transmitting amplifiers directly
£495

10MHz--2GHz. NF 3.8dB at 1GHz

PHASE LOCKED SIGNAL SOURCES
High stability phase-locked oscillators operating directly on the signal frequency using a
low trequency reference crystal. Phase noise is typically equal to or better than
synthesized signal generators.

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

£154
£291

RF EQUIPMENT

RF LINEAR POWER AMPLIFIERS
Tuned to your specified frequency in the range 20-250MHz or your specified channels
in bands | or Ill. 28V+ DC supply

TYPE 9105 10mW input, 3 watts output £275
TYPE 9106 500mW input, 10 watts output £341
TYPE 9155 3 watts input, 30 watts output £460

TYPE 9458 5 watts input. 50 watts ou:put. Integral forced air cooling and output

transistor protection. £750
UHF LINEAR POWER AMPLIFIERS

Tuned to your specified frequency in the runge 250-470MHz. 28V + DC supply

TYPE 9123 300mW input, 3 watts output £350
TYPE 9124 2-3 watts input, 25 wetts output. £484
TELEVISION LINEAR POWER AMPLIFIERS

Tuned to your specified channels in bands IV or V. 28V+ DC supply

TYPE 9252 10mW input, 500mW sutput £308
TYPE 9259 500mW input, 3 watts output. £352
TYPE 9262 500mW input, 10 watts output, £638
TYPE 9263 2-3 watts input, 15 watts output £484

TYPE 9266 10 watts input. 50 watts output. Integral fcrced air cooling and output
transistor protection £1919

WIDEBAND LINEAR POWER AMPLIFIERS

TYPE 9306 10MHz—-1GHz. Gain 15d8. Output ~30dBm, 1 watt £438
TYPE 9246 1 watt output. 100kHz-175MHz. 13dB gain £182
TYPE 9247 4 watts output. 1-50MHz. 13dB gain f£204
TYPE 9051 4 watts output. 20-200MHz. 13dB gain f£204
TYPE 9176 4 watts output. 1-50M-z. 26dB gain £314
TYPE 9177 4 watts output. 20-200MHz. 26dB gain £314
TYPE 9173 20 watts output. 1-50MHz. 100B gain £374
TYPE 9174 20 watts outpul. 10~160MHz. 10dB gain £374
TYPE 9271 40 watts output. 1-50MHz. 10d8B gain. £748
TYPE 9172 40 watts output. 10-160MHz. 10dB gain £748
POWER SUPPLIES

TYPE 9135 2.5amp mains power cupply 24V £120
TYPE 9235 Samp mains power suoply 24V. £198
TYPE 9335 10amp mains power supply 24/28V £308

PLEASE CONTACT US FOR FURTHER TZCHNICAL fNFORMATION.
COMPLETE SYSTEMS AVAILABLE. Prices exclude p&p and VAT

Tel: 0303 893631

RESEARCH COMMUNICATIONS LTD

Unit 1, Aerodrome Industrial Complex, Aerodrome Road, Hawkinge, Folkestone, Kent CT18 7AG

Fax: 0303 893838
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CIRCLE NO. 109 ON REPLY CARD

Custom metaiwork

Plus a wide range of stock products including:
@ Nine sizes of standard 19" rack cases
@ New “clam” case in any depth
@ Eight-card 1U Eurocard case

L5

HALCYON

ELECTRONICS

Test equipment,

enerators, co - _ ———
| generators, compulare—— —

Visit our bargain corner in shop.
Many valuable items at knock-down prices.

— —

MICROWAVE 1-20GHz ATTENUATORS. DIRECTIONAL
DETECTORS/CGUPLERS, NOISE SOUFCE. SIGNAL
GENERATORS, SWEEP OSCILLATORS LP FILTERS
PIN MODULATORS, CARRIAGES, TERMINATIONS
MOVING & ADJUSTABLE SHORTS, ETC POA
APPLE 2E~, 124K, TWIN DISK DRIVES ETC. £95
STORNOMATIC 300 MOBILE R/T, COMPLETE £95
COMMUNICATICNS RECEIVERS From £49
MARCONI TF1245/1246 Q METER £275
MOORE/WRIGHT NO.400 SQUARE 825«378mm_ £39
MARCONI LODESTAR 2464A AUTO DF RECEIVER €65
TEKTRONIX 74C3N, OFI, 7D01 LOGIC ANAL POA
FLUKE 7220A FCOUNTER 9 DIGIT 1.3GHZ £285
NELSON ROSS SPECTRUM ANALYSER 0-20KHZ £295
RACAL DANA 9341 DIGITAL LCR BRIDGE £295
AVO CZ 457/5 COMPONENT COMPARATOR £75
MARCONI TF2300 FWAM MODULATION METER  £195
TEKTRONIX 5354, 5458 585 SCOPES FROM £49
WANDEL & GOLTERMAN TFPM-43 & TFPS-42 EA  £55
UV SOURCE SHUTTER OP, TIMER, 200w 240V €89
B&K 1019 AUTG VIB EXCITER CONT+HEAD €85
T-SWITCHES INMAC 1863 RS232 2-WaY £40

WAYNE KERR CT492 UNIV LCR BRIDGES
SYSTRON DONNER 3522 |EEE488 BUSSER 2
DAWE 1165 U/SONIC BATH 10x8x10" INSIDE
KINGSHILL 13.5V 20A STABILISED PSU
SANYQ MBCS55 COMPUTER, MON, DIDRIVES
CAMBRIDGE PORTABLE POTENTIOMETERS
TINSLEY 4281A LAB. STD, V/RATIO BOX
FERROGRAPH 4A TAPE RECORDER
SULLIVAN-GRIFFITHS TAPPED INDUCTANCES
WESTON STANDARD TWIN CELL TINSLEY

STAG PP41 EPROM PROGRAMMER

MARCONI TF2330 WAVE ANALYSER

COHU 301 0-500v DC VOLTAGE STD. INT REF
MICROWA ANALYTICAL BALANCE

SULLIVAN & G STD DEC AIR CAP 0-1100PF
LYONS WGT16 16MHZ WORD GENERATOR
EPSON PX4 & TF150 TWIN FLOPPY

BAT LAB OVENS 12x13x14 INTERNAL 210°C
PASCALL BALL MILL. VARIABLE SPEED
TEKTRONIX 4662 PLOTTERS, GPIB & RS232

video 'monitors, amateur radio gear,
printers, power supplies, communications, disk drives,

multimeters, oscilloscopes, scientific instWec\-h y
tors,” Tompanent bridges, frequeney— ers, signa

PHILIP HARRIS BEAM ANALYTICAL BALANCES €78

REDPOINT 6E-1 HEATSINKS 1 5°C/W BRAND NEW £1.50

L4

@ 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.
IPK Broadcast Systems
3 Darwin Close Reading Berks RG2 0TB
- T e} Tel: (0734) 311030 Fax: (0734) 313836
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NEOTRONICS CTOX91 OXYGEN ANAL PRTABLE £295
LEAKSEEKER 46 PORTABLE GAS DERECTOR £95
TEKTRONIX 834 PROG DATACOMMS TESTER €395
AVO 85 M2, 5 & 6 From £55
VARIABLE OUTPUT PSU's From £35
TEKTAONIX 520 PAL OR NTSC VECTORSCOPES €475
METROHM V8 300v ELECTRONIC MEGGERS 29
OTHER MEGGERS'MEGGER BRIDGES From £10

HP COMPUTER 9825B, 152634, 98032A OPT. 066 €95
TECMAR Q1C-60H TAPE STREAMER £95
LEADER LCG 396 NTSC PATT. GENERATOR

— —

LIST AVAILABLE, BUT 1000'S OE&NLISTED BARGAIN CALLERS
QUALITY ELECTRONIC EQUIPMENT B 5 EXC. OF P&P AND VAT

423, KINGSTON ROAD, WIMBLEDON CHASE, LONDON SW20 8JR
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Dr Carl Wieman (left) and his team has opened up research into low temperature physics.

Colorado: absolutely the coldest place on earth

merican scientist working for the

Astrophysics Institute at the University
of Colorado in Boulder have created the
lowest temperature ever recorded - one
millionth of a degree above absolute zero.
This is approaching the temperature below
which theoreticians expect atoms to fuse
together in a new kind of matter.

When things are cooled to within a few
degrees of absolute zero — minus 273.16°C -
strange things happen. Metals and some new
ceramics lose their electrical resistance
completely. In addition to superconducting,
another spectacular low temperature
phenomenon called superfluidity occurs. At
about 2° above absolute zero — 2K - liquid
helium develops the peculiar ability to flow
through tiny holes without friction.

Small wonder then that scientists are
searching for ever lower temperatures,
nearer still to absolute zero, where even
more mysterious effects might be waiting.

But it is no easy task. Conventional
refrigeration, where heat is removed by
evaporation, will work down to about 1K.
Below that, different approaches are
necessary, until recently involving
extracling energy from atoms using
magnetic fields. Heat is nothing more than
energy of atoms in motion, so if you can
slow down atoms, you are in effect cooling
them.

Within the last few years, physicists have
come within a few thousandths of a degree
of absolute zero using a new technique
called laser entrapment. The idea is to hit
atoms head-on with laser beams, slowing
them down.

Laser beams consist of photons which,
though small by atomic standards, have a
cumulative inertial effect. Dr Carl Wieman
of the University Colorado, who heads one

research group, says that cooling an atom
with a laser beam is like trying 1o slow down
movement of a heavy object by bombarding
it with ping-pong balls.

In practice it is quite complex because you
need at least six lasers to trap a clump of
atoms; the lasers also have 1o be tuned to the
natural movement of the atoms. Otherwise
the effect is to add heat energy rather than
remove it.

What Wieman has done - as well as
reaching the lowest temperature on record -
is to simplify what has been an immensely
complex piece of laboratory apparatus.

Not only has the essentiai large vacuum
cell been reduced to a small glass cell, but
Wieman has also been able 1o replace gas
lasers with solid state devices. In fact what
he has been using are exactly the same as
the cheap mass-produced lasers used in CD
machines. They cost around £50 a piece,
less than a tenth the cost of the gas lasers.

Wieman told EW + WW that the great
benefit of this simplification is that it will
enable a greater number of laboratories lo
participate in low temperature research and
discover more and more bizarre properties
of matter.

Most exciting prospect is creation of a
“Bose-Einstein” condensate — a weird state
of matter, predicted by Einstein and the
Indian physicist Satyendranath Bose, where
individual atoms lose their identity and
merge into a kind of atomic soup.

When asked what temperature at which
this transformation would occur, Wieman
commented: It depends on the density and
the number of atoms in your trap, the more
atoms you've got, the higher the
temperature. We’re at one millionth of a
degree above absolute zero. We need to get
between ten and a hundred times lower™.

Design opens up
fast SiGe devices

Researchers at IBM have built an
experimental p-channel mosfet that uses
both silicon and germanium and delivers
high performance. Scientists believe the
device — which makes use of novel design
and new materials — could lay the ground for
a promising future for silicon-germanium
transistors in future chips. Details of the
improved mosfet were revealed at a recent

Irﬁpurity Layer
Silicon-Germanium Channel

€<— 2.5 microns
Different approach to cmos

VLSI technology symposium in Japan.

The mosfet is less than ium wide and
operates at liquid nitrogen temperatures
( -196°C). Improved performance is
obtained through building an ultra-thin
channel of silicon-germanium alloy under
the silicon surface of the mosfet to restrain
mobility of the charges carrying current
through the device.

The germanium layer confines the charges
just under the skin, preventing them from
bumping into the surface and scattering from
their designated path through the transistor.

Researchers built the channel so that it is
free of dopants, stopping the charges from
bumping into impurity atoms along the way.
Instead, a layer of doped silicon is placed
directly undemeath the channel. This dopant
layer sets the voltage at which the transistor
turns off and on.

As a result, the mobility of the charges as
they travel through the transistor is twice as
good as any similar, submicron p-channel
mosfet transistor yet built.

A p-channel transistor, relying on hole
mobility, is usually slower than an n-channel
device. The goal is to use the improved p-
channel transistor to boost the speed of
complementary circuits where both types of
transistors work together.

Complementary metal oxide
semiconductor (cmos) circuits save power,
allowing designers to put more circuits on a
chip.
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Tests confirm high
speed/low power
flip-flop

team at the Fraunhofer Institute for

Applied Solid State Physics in Freiberg
has reported a breakthrough in high speed
frequency dividers.

What the German group has done
(Electronics Letters, Vol 27 No 13) is to
create a static master-slave flip-flop which
operates at 14GHz but has a dissipation of
less than 35mW. Until now, there has been a
choice between high speed (22GHz)
together with high dissipation (>0.5W per
flip-flop) or medium speed (9-12GHz) with
medium dissipation (>180mW).

The development, they say, will make it
easier to integrate high-speed prescalers
onto counter circuits, multiplexing circuits
and other multi-function chips used in
communications.

The circuit comprises two D-latches, cach
constructed in source-coupled fet logic. (In
the diagram, E indicates enhancement mode
and D depletion mode fets.) To achieve the
extremely low power consumption, D-fet
active loads were used with gate widths of
only 5um. This ensured that pumped charge
on the chip was kept to a minimum, helped
by a reduction in wiring capacitance.

On test with no load the divider chip
consumed only 19mA at a supply voltage of
1.8V. Maximum operating frequency was
14.2GHz at which the minimum required
input power was 8.3dBm. At lower
frequencies (<I0GHz), the flip-flop toggled
reliably with less than -15dBm on the input.

Psst - want to know
a secret?

id you know that upgrades to the

EW + WW office software mean that
in future it will be possible to print three-
dimensional graphics and stereoscopic
photographs?

Unfortunately I'll have to come clean;
that story is only a rumour. But while
some rumours are harmless - like the
persistent one about certain restaurants
serving up dead dogs — others can be
very damaging for businesses, especially

50 output

L ] driver

data Q data Q y

D latch D latch _J out

data Q data Q

[_ Clk Clk Clk Clk
in ’
Vrel - 7
clock driver

Frequency divider with input amplifier and output buffer
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1

_ E10
\ E10

Ds
data

E10 E10
data
Clk =—— E10

E10®

Clk
F " ) D10

D-latch constructed in source-coupled fet logic. E indicates enhancement, D,

depletion mode fets.

in the volatile electronics sector.

Over in the US, psychologists at a
number of universities are making a
serious study of how rumours are born,
how they propagate and how they can
finally be killed off. The analogy is so
close that Alan Kimmel of Fitchburg
State College describes rumour (New
York Science Times, June 4 1991) as a
sort of opportunistic virus that thrives on
fear and uncertainty. _

Some rumours, he says, have survived
for centuries, merely by mutating and
reappearing in a different guise .

What, then, about anti-rumour
software? As a personal contribution to

the stability of British industry (who on
earth invented that one?) may | pass on a
few nuggets of advice:
I. If possible, track the rumour back to its
origin. In nine cases out of ten it turns
out to be the office cleaner’s milkman’s
financial adviser.
2. Evaluate the rumour. See if it really is
lowering sales or demoralising staff.
Check how many people believe it.
3 Plan a counter-attack immediately.
Check all the facts and refute them with
sound evidence. Latest research
suggests that a firm rebuttal will kill any
rumour within 24 hours.

...Tell that one to the Palace press office!
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A 20MHz top quality
oscilloscope for£2707?

This special offer, only available through Electrorics World +
Wireless World, represents unbzlievable value.
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1021 oscilloscope from Japanese
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Fluxgate

magnetometery

raditional magnetometers use induc-

tive loops and long wire lines to

measure magnetic flux by induced

EMF. Such instruments are bulky.
Hall effect semiconductors will measure low
flux levels although their response tends to
be non-linear and temperature dependent.
The fluxgate magnetometer, which depends
for its action on the detection of saturation
occurring in magnetic material, can be made
both small and highly accurate. In explain-
ing its operation, it is easier to describe a
simpler arrangement than would actually be
used in practice.

In its most basic form, it comprises a sin-
gle straight nickel-iron alloy core carrying
two windings. One winding functions as an
excitation coil in which current flowing cre-
ates a field to magnetise the core in alternate
directions. The other acts as a pickup coil
producing a voltage proportional to the rate
of change of magnetic flux linking it.

At low levels of excitation this structure,
outlined in Fig. 1, will obviously behave as
if it were an inefficient transformer. To con-
vert it to a fluxgate transducer, the excitation
is increased so as to force the core into satu-
ration on alternate peaks. This would be
undesirable behaviour in a transformer but is
the essence of fluxgate operation.

A square voltage waveform is applied to

Measuring the
direction of the Earth’s
magnetic field provides

the basis of an

electronic compass
while the strength of

the field says much
about solar activity, a
factor important to HF

radio propagation.

Richard Noble

describes the heart of
an instrument which
can be used for serious
scientific study.

the excitation coil, of sufficient magnitude

to saturate the core. During the periods when
the core is not saturated, the inductance of
the coil causes the current passing through it
to change linearly from one saturation state
to the other. As the core reaches saturation
the inductance falls to a low value and the
current rises rapidly to a limit set by the DC
resistance of the coil forcing the core well
into saturation. The waveform of this current
is shown in Fig, 2 which also serves as an
illustration of the magnetic field produced
by the coil, since this must be directly pro-
portional to the current.

The induction in the core is magnified by
the high permeability, except in the satura-
tion regions where the result can be seen to
be a trapezoidal induction waveform (Fig.
3). The voltage induced in the pickup coil by
this waveform is directly proportional to the
rate of change of magnetic induction.

During the periods of saturation, there is
no change and no signal voltage, but during
the linearly changing regions there is a con-
stant voltage output of appropriate polarity,
as shown in Fig, 4.

All of the above assumes that the only
influence on the core is the magnetic field
produced by the excitation coil. If this is not
the case and the core is affected by an addi-
tional external field, a small change takes
place in the output. The component of exter-
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DESIGN

he study of propagation is one of the important aspects of radio

comms activity. The ability to forecast ionospheric conditions is
related to solar activity. A magnetometer, detecting changes in the
magnetic fields arising from charged particles deflected around the
earth, measures the effects of corpuscular and non-corpuscular
radiation emanated from the sun during solar flares and other events.

Non-corpuscular radiation is in the form of high energy X rays which,
assuming that the earth is in the path of the rays, will reach the earth in
fifteen minutes. This radiation may increase the depth of the ‘D’ layer
due to ionisation and produce the all too well known Dellinger fade
out when long-distance HF communication ceases abruptly.

Corpuscular or particulate radiation appears in the form of protons
and neutrons which take longer to reach the earth’s upper atmosphere
than the higher energy radiations. These nuclear particles arrive at the
F1 and F2 layers approximately 48 hours following a solar event and
produce ionisation by colliding with gaseous molecules and cosmic
particles. This explains why so few protons are detectable at the earth’s
surface except after very major events.

The increased ionisation along the earth’s lines of magnetic force
make them more conductive and leads to an increased current flow
with consequent rise in magnetic flux levels. It is under these
conditions that the magnetometer is useful in detecting the fluctuations
in the magnetic fields.

In terms of radio propagation, varying electrical conductance in the
ionosphere influences either the absorbency or reflectance of radio
emissions. A knowledge of the ionospheric status will often suggest
which bands will be more productive. It is interesting to note that a
Dellinger fade out is often followed by a magnetic field change around
48 hours later.

Many articles have appeared in the amateur radio press and
elsewhere describing the many aspects of propagation and giving more
detailed information on the theory of and effects of solar radiation on
communications systems. This brief and simplified introduction has
been included for completeness, and hopefully to show that the
examination of the earth’s magnetosphere in relation to propagation is
not a difficult project to undertake, the equipment is easy to build and
has the advantage of being a both interesting and useful addition to
your capability. David Lomax GWOFXA

The trace on the left hand page shows the disturbances caused to the
the earth's magnetic field by a solar storm occurring between June 12
and 14, 1991. The measurements were made with the system
described in this article.

nal field which is in line with the core axis
either aids or opposes the excitation field in
its alternating polarity phases. When it aids
the excitation field, the entry into saturation
occurs slightly earlier and the departure
from saturation occurs slightly later than
would be the case. The opposite effect arises
when the external field opposes the excita-
tion field. For clarity, this is illustrated in
very exaggerated form in Fig. 5. The
amount of advance and delay in the wave-
form corner is proportional to the size of the
external field.

In this way the desired objective has been
achieved in the form of a signal variation
which is a function of the external magnetic
field strength. It remains to exploit this.
Since a perfectly symmetric waveform does
not contain even harmonics and an asym-
metric one does, a possible technique would
be to isolate the even harmonics as the
usable signal.

However the presence of very large funda-
mental and odd harmonic components in the
output makes the isolation of the small even
harmonics a very daunting task.

A Better Technique

Fortunately there is a very effective simple
solution in the form of two parallel cores
with opposing excitation windings and a sin-
gle overwound pickup coil (Fig. 6). The
inductions in the two cores cancel out pre-
cisely when the cores are placed in a zero
external field; an external field causes asym-

metric pulses of amplitude and position
dependent on the polarity and strength of the
external field. The resultant waveforms are
shown in Fig. 7.

In this way, the trick of using two cores
has performed the seemingly impossible
task of isolating the tiny wanted signal from
the comparatively huge unwanted one. If the
pulses marked with arrows in Fig. 7 are iso-
lated from the others and applied to an
appropriate low pass filter. the output is a
DC or slowly varying voltage whose magni-
tude and polarity model the external field. It
would appear that isolating the set of pulses
not marked with arrows would work equaily
well and. in fact, combining both in a suit-
able way could double the sensitivity. For
low gain systems such as fluxgate compass-
es or short range metal detectors this is true,
but for high sensitivity application such as
the magnetometer described here, there are
good reasons to avoid this approach.

A Practical Solution

All of the foregoing assumes perfectly
matching cores and windings and in practice
is not easily achieved without individual and
fiddling adjustment. The problems associat-
ed with the need for perfect matching can be
avoided by one further design change.

The long straight cores are abandoned.
They are instead bent into semicircles and
joined together at their ends to form a solid
circular toroid. The two opposing excitation
coils merge into a simple, single, full

toroidal winding. The pickup coil remains a
single winding over the toroid (Fig. 8). By
these modifications the sought-after simplic-
ity is achieved, coupled with the virtual
elimination of all high-level signals. As an
additional benefit, the closed magnetic cir-
cuit of a toroidal core greatly reduces the
drive requirements to produce saturation
levels, simplifying the circuitry needed by
the system.

It may be felt that replacing two straight
cores with a ring structure is too drastic a
change to gloss over, but the mechanism is
not too different in the two cases. Figure 9
represents the way in which the lines of
force are concentrated from the immediate
vicinity and makes plausible the idea that an
overwound coil would not see much difter-
ence in the flux changes it experiences from
either system.

An additional advantage of the ring core is
that it will accept more than one overwound
pickup coil and they can have different ori-
entations to the external magnetic field. For
example while the coil orientation shown in
Fig_10a produces the largest output, that 10b
links none of the changing flux and has a
null output. Angles between these produce
an output which varies as the cosine of the
angle, leading to the familiar figure-of-eight
polar diagram for directional sensitivity.
This is the characteristic which is exploited
in the design of a fluxgate compass.

1. i B
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The flux gate transducer outlined in this
article can be used at the heart of a scientific
magnetometer or highly accurate electronic
compass

The double coil structure is also of interest
in the observation of the earth’s magnetic
ficld. By making a magnetometer with two
pickup coils at right angles and orienting it
to give the maximum and null outputs
referred to, the magnitude variations and
angular variations are effectively separated.
In the maximum output direction the polar
diagram is almost insensitive to small angu-
lar variations and the signal represents
earth’s field magnitude changes. In the null
output direction the signal changes are
almost solely due to angular movement of
the carth’s field and over the small range
involved are lincarly proportional to angle.
To do a complete job would of course
require two rings and three pickup coils.

If the toroid is inclined at the earth’s field
dip angle for the locality. (about 67° in the
UK) and the pickup coil is positioned for a
null output, the system should have maxi-
mum sensitivity and there is no requirement
for an offset null arrangement prior to large
amplification to reveal the fluctuations. 1f
the coil is positioned for maximum output
an offset adjustment equal to the mean mag-
nitude of the field is required. but need be no
more complicated than an offset bias to the
following amplifier input.

A more usual setup would probably be to
fix the core in a horizontal position, aligned
s0 that one pickup coil responds to the maxi-
mum horizontal component of the carth’s

field. in which case the other would respond
to the variations in declination or angular
change in direction. This corresponds to two
of the standard measurements made by
recording stations and should provide ade-
quate indications for radiocomms prediction.

Instrument design

A simple RC oscillator supplies trigger puls-
es 1o a frequency divider formed from two
D-type bistables. Complementary outputs
from the lower frequency bistable are used

connected in series with the coil to limit the
current during core saturation. The frequen-
cy is chosen to make sure that the core
reaches saturation at each alternation, but
does not spend any more than a short time in
this condition so as to maximise the final
output signal: the circuit should produce as
many saturation signals as possible.

The pickup coil signals connect to ana-
logue switches controtled by the first (and
higher frequency) bistable in the driving
divider chain, in order to isolate only those

tart with a piece of plastic drainpipe,

110mm outside diameter and
approximately 85mm long. Scribe or draw a
line along its length, parallel to its axis. Then
drill Tmm diameter holes along this line,
starting from one end, at the following
distance from that end. (in mm)

8,10,19,21,63,65,74,76.

Make a line all round the circumference at
the 10mm and 65mm positions. Using
0.2mm enamelled wire, feed the end from
the outside through the 10mm position and
back through the 8mm position, pulling
through a sufficient length to make
connection to later. This secures one end of
the coil,

Now, following the 10mm line marked
earlier, wind the wire carefully around the
tube until you have 24 close-wound turns.
This should bring you close to the hole at the
19mm position. Leaving a short extra length
for connection purposes, cut the wire and
feed the end in through the 19mm position

to operate voltage switches which connect
the full supply voltage across the excitation
coil in alternate directions thus providing the
square voltage waveform. A small resistor is

Fig. 7. The filter
output is derived
from the sum of !
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and back out through the 21mm position.
Gently pull the end to tighten and secure it.

Repeat the entire process, going in through
the 63mm position, out at 65mm and after 24
turns, in at 74mm and out at 76mm. Trim,
scrape off the enamel and solder together the
wires which exit at 21mm and 63mm,
effectively putting the two coils in series
aiding configuration. Trim the outside ends
which exit at 8mm and 76mm and solder two
lengths of heavier gauge cable to them for
connection purposes. These can also be
secured in a similar manner if some larger
holes are drilled in the tube.

With the aid of two small pieces of
quadrant moulding the tube can be glued
down to a wooden base plate and the job is
finished.

One further tip. Close-winding large coils
like this one can be very tricky. A layer of
double sided sticky tape wound on the tube
first makes the winding easy, as the wire stays
in place as it is wound.

signals which coincide with the saturation
waveform transitions,

The signals from the two switches are fed
to two operational amplifiers configured as
simple RC low-pass filter/integrators. A sec-
ond pair of amplifiers provide additional
outputs at higher sensitivity. The first stages
are fitted with input offset adjustments just
large enough to cancel the largest ficld like-
ly to be encountered, namely the total
inctined component in the middle latitudes.
They also have a gain setting which will
allow a field of this magnitude not to over-
load the output of the stage. This is useful in
setting the zero field output correctly.

Fields in the range of interest are usually
measured in gamma, one gauss being
100,000 gamma. The total component of the
carth’s magnetic field in the UK is around
47 000 gamma inclined at around 67° to the
horizontal. The particular core and winding
arrangement used in the design has an intrin-
sic sensitivity of about 12mV/gauss or
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0.12uV/gamma. A gain of 400 in the first
amplifier/filter will then produce an output
of almost two and a half volts from the total
carth’s field vector, avoiding overload and
permitting a peak-to-peak measurement by
rotating the core.

Calibration

The core is aligned with one coil picking up
the north-south field and inclined at roughly
67° to the horizontal and adjusted so as to
produce the largest positive output from the
amplifier. It is then rotated through approxi-
mately 180 degrees to find the largest nega-
tive output. This process is repeated, while
the zero offsct is adjusted, until the positive
and negative readings have the same magni-
tude. The amplifier will then have been
adjusted so that zero field corresponds to
zero output, the first step in achieving cali-
bration.

The next is to calibrate the gains, using a
pair of Helmholtz coils. These are not the
expensive-looking, beautifully crafted works
of art found in old school laboratories. With
a sensitive magnetometer all that is nceded
is a few turns of enamelled wire reasonably
carefully wound onto a piece of plastic
drainpipe. The requirement is a pair of
close-wound coils, mounted on the same
axis and separated by a mean distance equal
to their mean radius, as shown in Fig. 12.
The result is a fairly large volume between
the coils of almost uniform ficld strength
given by:

where r is the mean radius of the coils in

_9.0x107 xN x/

r

B

meters, N is the number of turns in cach coil
and / is the current flowing in the coil in
amperes.

Using a 110mm diameter piece of plastic
tubing as a former, a pair of coils wound
with 24 turns/coil of 0.2mm wire gave a coil
constant of 3.95 gaussfampere. The calibra-
tion is carried out by mounting the magne-
tometer core centrally in the coils and
adjusting the peak-to-peak output while
reversing the coil current. set to a constant
value appropriate to the range being calibrat-
ed. This would range from about 125mA 1o
match the earth’s field to 0.75 mA 1o set the
mosl sensitive range.

The first stage amplifier has a gain of only
400 giving a sensitivity near 20000
gamma/volt. This could show a severe mag-
netic storm but a higher sensitivity is desir-
able for serious observation. A second stage

amplifier provides a gain of around 200,
increasing the instrument sensitivity to 100
gamma/volt. This is high enough to permit
observation of the diurnal variation. At this
gain the noise level of the instrument can be
seen in quiet periods to be approximately 10
gamma - 15 gamma over a bandwidth of the
order of 0.3Hz, reasonable enough for seri-
ous studies.

If the instrument is only to be an indicator
of magnetic activity then calibration is not
really necessary. However a small scattering
of calibrated stations could provide an inter-
esting and potentially significant source of
scientific data on radio propagation.
Quantitative information. even of limited
accuracy is often useful if enough people
collect it.

Sensor design

The core used in the magnetic sensor is
made by Telcon Metals of Crawley and con-
sists of a toroid wound from a flat tape. one
thousandth of an inch thick HCR alloy. This
metal was specially developed for use in
magnetic control systems and amplifiers and
has a remarkably rectangular hysteresis loop
in which the remanent flux is only 2.6% less
than the saturation flux.

As supplied the core is protected by being
enclosure in a toroidal shaped hollow plastic
case. This makes the winding simple since
the wire can be applied directly over the
case.

The only toroidal wound coil is the excita-
tion coil and it should be made up using
0.5mm diameter enamelled wire. Start with
a length of about seven metres of wire, pre-
cisely half of which should be spooled onto
a shuttle thin enough to pass through the

DESIGN

excitetion

pickup

Fig. 8: the toroidal core winding system.
The finished transducer includes a second
pickup coil at right angles to the first.

centre of the toroid. The other half should be
necatly coiled and taped for the moment.
Temporarily secure the centre of the length
to the core with a piece of tape and begin
winding by passing the shuttle through the
core centre repeatedly.

As winding progresses, unloop from the
shuttle just enough wire at each stage to
make handling as reasonable as possible.
taking care to avoid kinking the wire. Keep
the turns close wound on the internal diame-
ter and reasonably evenly spaced on the out-
side. This is casily said and less easily done,
but it is not critical to the final working. Be
carctul however 1o avoid overlapping turns.

When the winding extends around approx-
imately half of the core cut off the end. leav-
ing a few inches of spare wire and tape the
wire down temporarily. Repeat the whole
exereise with the other half of the original
length of wire until the entire core is filled.
Secure the wire ends by twisting them
together for a short distance to prevent the
turns trying to unwind themselves. The total
number of turns need not be exact but will
be around 170.

The next stage is to find a piece of plastic
or card tube which will just slide snugly
over the wound coil to provide the former
for the pickup coils. It is possible to make up
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same sensitivity pattern as a pair of bar cores.

Fig. 9: a toroidal core tends to concentrate the magnetic field tangentially producing the
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maximum response

—» H

minimum response

Fig. 10: the toroid exhibits greatest
sensitivity at right angles to the pickup coil

a tube by winding and gluing layers of

brown paper round a suitable former.

Shallow slots should be cut or filed into
the top and bottom of the tube as shown in
Fig. 13. These are 1o facilitate the winding
of the pickup coils. Next wind some tape
through the slots and around the core to pro-
vide a base for the pickup windings. The
coils themselves should consist of SO0 turns
of (.2mm enamelled wire scramble wound
as necatly as possible over the core, the sec-
ond winding crossing over the top of the
first at right angles.

The whole assembly can then be given
several coats of varnish to help hold the
windings in place and glued down to
asquare mounting board, etc. The ends of
the coil should be soldered to the termina-

tion strips to allow for the fater attachment
of heavier gauge connecting cable.

Electronic Design

The detailed electronic circuit is shown in
Fig. 14 and consists of three basic sections,
a power driver for the excitation coil and
two identical sense amplifiers.

The driver section starts with an RC oscil-
lator made from two 401 lgates wired as
inverters. The component values are chosen
1o give a frequency of 720Hz. The output is
fed 10 a two stage frequency divider formed
from the D-type 4013 bistables, producing a
final output square wave at 180Hz in both
normal and inverted phases. These two sig-
nals are connected to two pairs of comple-
mentary emitter followers in bridge connec-
tion for core driving. The excitation winding
is connected in series with a small current-
limiting resistor.

The current in the coil rises rapidly to a
value limited by the series resistor when the
core reaches saturation. At this point the
voltage drop across the emitter followers
also increases causing a sudden small reduc-
tion in the available square wave voltage,
which persists until the signal reverses. This
effect causes the pickup coil pulses associat-
ed with entry to saturation to be noisy and
undesirable for use in the final measurement
system. The reason for this is that as the core
begins to saturate, the voltage available for
saturation falls, tending to slow down the
approach to saturation. This makes the tran-
sitions less well defined and subject to jitter
in rather the same way as a multivibrator

will jitter if the initial approach to transistor
turn-on is not rapid.

The signals generated in the pickup coils
are not ncat rectangular pulses although their
amplitudes vary with the external ficld. The
lack of perfect balance and coil symmetry
also allows some of the fundamental switch-
ing frequency to leak through. However, the
key fact remains true in that the area under
the pulses is proportional to the external
magnetic field. after discounting the small
offset caused by the fundamental break-
through. The waveforms look something
like Fig. 15.

The pickup coil in cach amplifier is foaded
by a k€ resistor and applied to one section
of an quad analogue switch. The output is
loaded by a 10k€2 resistor to avoid the fol-
lowing circuitry seeing a high impedance
when the switch is open. thus becoming
susceptible to interference or hum pickup.
The control signal for the switch is derived
from the first divider bistable (at twice the
core switching frequency) by differentiating
the square wave and clipping off the nega-
tive pulses with a diode. This results in short
positive pulses coincident with the core
switching transitions to select the desired
pickup coil signals.

The signals from the switch go to an
inverting DC coupled operational amplifier
with lowpass filter characteristics through
the addition of a capacitor in parallel with
the feedback resistor. The variable input
resistor allows for gain calibration.

The corner frequency of the filter is about
0.3Hz. The signal then goes to a second
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Fig. 11: The electronics divides into two parts: the exciter section drives the core into saturation with a current ramp of alternating polarity
while the measurement section integrates the pickup coil pulses caused by the action of a static magnetic field on the core.
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Fig. 14: complete circuit diagram in three parts. Note the bridge driver for the exciter coil allied to the synchronous rectifier downstream of
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Power supply circuit. There is nothing special here.

September 1991 ELECTRONICS WORLD + WIRELESS WORLD

731



DESIGN

24 turns

24turns

Fig. 12: winding details for the
Helmholtz calibration coils

amplifier/filter of the same configuration
also with a corner frequency of about (.3Hz.
This second stage has two alternative gains
of x20 and x200 selectable by 4016 switch.

The non inverting input of the first stage
amplifier is connected via a resistor to a
potentiometer linked across positive and
negative voltage divider chains to provide an
adjustable input oftset. The potentiometer is
a stable cermet multi-turn type to allow the
high resolution setting required at the high-
est sensitivity. (One tenth of a turn corre-
sponds approximately to 500 gamma, the
full range covering 100,000 gamma).

There is nothing particularly remarkable
about the power supply.

Setting up

If this all appears to work, an oscilloscope
should show a pickup coil signal similar to
Fig. 15, variations depending on the individ-
ual winding symmetry. Amplitude changes
should occur as the core is rotated in space.
Similarly, a DC voltmeter connected to the
test point at the output of the first stage
should see a voltage which varies as the core
is moved about. The trimpot used to set the
first stage gain, should be set at maximum
resistance and the multi-turn zero offset
trimpot to the centre of its range before this
check. If the first stage functions then the
final second stage output is likely to be hard
against the positive or negative amplifier
limits, but very careful manipulation of the
core orientation will find a position in which

tiny movements will flick the output
betwecn limits. Even more careful adjusi-
ment may permit the output to settle some-
where between the amplifier limits.

Try to bring the output voltage to zero
either by moving the core or adjusting the
zero-offset trimpot. Shorting the gain change
control line to ground will increase the sec-
ond stage gain by a factor of ten and should
reveal micropulsations in the shape of an
output which fluctuates randomly by about
0.2V.

At this level of sensitivity metal objects in
the vicinity should have a marked effect if
they are moved. A mildly magnetised screw-
driver may drive the system right off-scale
from a foot away and a small magnet can be
detected at six to eight feet. Even the car
keys or a belt buckle may upset things if
placed too close.

The second amplifier should perform in
the same way, but the core will have to be
rotated through about 90° to find the corre-
sponding zero field position.

Calibration

Select one amplifier for calibration and con-
nect a voltmeter to the test point at the first
stage output. Place the sensor on a flat sur-
face and rotate it slowly through 360°. The
voltmeter should show a maximum (posi-
tive), a minimum (negative) and two zero
crossings approximately at right angles to
the maximum and minimum. Make a note of
the values at maximum and minimum and if

Fig. 15: the sort of waveform expected across the picup coils. The amplitude and polarity
of the pulses changes with strength and direction of the static magnetic field.

they are not of equal magnitude adjust the
zero-offset trimpot so as to make them
equal. This may take a few iterations to
achieve a good balance, but should eventual-
ly make the zero crossings correspond to
more or less zero field.

Next rotate the sensor to locate the maxi-
mum again and, while trying to maintain the
heading, tilt it upwards to find the absolute
maximum reading. In the UK this will be at
about 67° to the horizontal, but it is not criti-
cal, as the maximum is quite broad and not
very sensitive to angle. Compare this posi-
tive reading with the negative minimum
found by rotating the sensor by 180° in the
same 67° plane to the horizontal. The mag-
nitudes of these two readings should be the
same, if the zero-offset has been set correct-
ly. This is not as difficult to do as it sounds,
simply because of the very broad maxima
and minima.

If the intention is to make serious mea-
surements calibration with a Helmholtz coil
will be required. The outlined design pro-
duces a field of 3.95 gaussfampere. Strictly
this implies a precision greater than is rea-
sonable and should probably be read as 4.0
gauss/fampere or 400 gamma/mA (one gauss
= 100 000 gamma).

The sensitivity sought at the test point is
20 000 gamma/volt: ¥2.5V corresponds to a
range of 100 000 gamma so the initial
Helmholtz coil current setting should cover
this. At 400 gamma/mA this calls for a cur-
rent of 125mA variable. This should include
a reversing switch to enable the current
through the coils to be reversed casily.

Place the sensor in the centre of the
Helmholtz coils with one pickup winding
aligned to pick up maximum flux. Monitor
the appropriate amplifier test point with a
voltmeter or calibrated oscilloscope and
rotate the Helmholtz coils and sensor to give
zero volts. Switch on the coil current (set to
125mA) and the test point voltage should
change by about two volts or so, positively
or negatively. Using the amplifier gain trim-
pot, adjust so that the output changes by 5V
when the coil current is reversed. ( 2.5V
range). Since the final stage gains are set by
1% tolerance fixed resistors, this completes
the calibration, the output sensitivities being
either 1000 gamma/volt or 100 gamma/volt.

Repeat the exercise to calibrate the second
pickup winding and the instrument is rcady
for use. =

The core used in this design is a Telcon
Metals HCR alloy core type 7a and is
available from Telcon Metals, phone 0293
528800
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— BARGAINS GALORE —

BRITISH TELECOM POWER UNIT 206A houses a 12v 6ah sealed lead/acid batiery and not
only charges it but ensures that it will not be over-discharged as directly voltage drops
to 11.5v the output circuit is automatically disconnected. The unit it connected to the
mains will charge the battery and keep it up to scratch. You can buy this in 2 ways, |
just the unit for £16 (order ref 16P6B) or 2. unit with jap-made 12v 6ah lead/acid battery
£25 ref 25P13B.
RESISTORS TEN A PENNY and they are top class 5% carbon foil types either % or Vswatt
rating. You can buy at this silly price on condition that you take a full reel, which 1s 3000
on a bandolier. You specl t but please say if you can accept a near
value as, aljbecgh’we have a very wide range, we very value. Over a million
in stockafid if you will buy 50 reels or more you can have them at T2 ndolier but
pleas come to our store, pick them out yourself.
HIUM BATTERIES 3.5v penlight size, 2 mounted on p.c.b. with diodes, other bits.
ithium batteries as you may know are virtually everlasting (until they are put in circuit
urse) so they are ideal for alarms and similar devices that do not draw current but
Iways being available. 4 panels that 15 8 batteries altogether £2, ord
——

POWER SUPPLY WITH EXTRAS output 12v lamp, 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 removed are two 12v relays and a Piezosounder. Made for expensive equipment
but never installed, price £3 order ref. 3P80B.

AVO-METER Ex British Telecom this is a 19-range 20K o.p.v. top grade instrument, covers
AC & DC voltages, current and resistance, very good condition, fully working and
complete with leads £9.50, leather carrying case £2 extra (batteries not included but
readily available).

12 VOLT 1.9 AMP-HOUR rechargeable battery by Jap YUASHA brand new, charged ready
for use £6.50 each. Solar charger to house this and keep it ready £29.50.

EPSON FLOPPY DRIVES 7 models in stock, all double sided all brand new and with
manual, model nos SMD2801H-SMD280H, SMD 1868-these-ate 34" and SD540, SD52IL,
SD580L, these are 54" £49.50 any model.

ATT MAINS TRANSFORMERS all normal primaries: 20-0-20 volt 2'4A 3%&3\%#«.

AQvolt 2'A and 50volt 2A all upright mounting, all £4 each, good quantities in 3qck.
COLOUR MONITORS 12" high resolution in black metal case with mains p.s.u. built in,
but line rejects so will require serwcmg, hence offered at the very low price of
£49.00 plU
PHILIPS 9" 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 £5 delivery — good discount for quantities.

16 CHARACTER 2 LINE OISPLAY screen size 85mm X 36mm, Alpha-numeric LCD dot

matrix module with integral micro processor made by Epson their ref 16027AR brand £8
each, 10 for £70, 100 for £500.

INSULATION TESTER WITH MULTIMETER internally generates voltages which enable you to
read insulation directly in 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 at least

£50 each, yours for only £7.50 with leads, carrying case £2.00 extra.

BRUSHLESS D.C. 12V FAN tiny, only 60mm square, good air mover but causes no
interference £8.00.

2MW LASER Helium Neon by PHILIPS, full spec, £30, power supply for this in kit form with
case is £15.00, 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 £69.00 plus £5 insured delivery.

MAINS 230V FAN best make "PAPST” 414" square, metal blades £8.00

BATTERY MOTORS 12 models in stock in large quantities ranging from tiny model aircraft
one at 25p each to Yshp made to drive the famous Sinclair C5 car, you can have this at
£17.50.

SOLAR CHARGER holds 4 AA nicads and recharges these in 8 hrs., in very neat plastic

case £6.00.

SOLAR CELLS with terminals for joining in series for higher volts or parallel for extra
current: 100mA £1. 400mA £2, 700mA £2.75, 1A £3.50.

SOLAR MOTORS 1'4-9V precision made to operate from low current off solar cells £1.50,
solar generdtor to druveThTs*Hﬂ(..Jlas provision for battery back up when sun is not
shiming! .
AIR SPACED TRIMMER CAPS 220 pf ideal for precision tunmg uhf circuits 25p each, 10

for £2.100 for £15. »

1Khz. TONE GENERATOR this is PP3 Batlery 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 size approx 105X 50mm ex equipment but in as new condition £2
each.

FIELO TELEPHONES just right for building sites, rallies, horse shows etc, just jain two by
twin wire and you have two way calling and talking, and you can join into regular phone
lines if you want to. Ex British Telecom in very good condition, powered by batteries (not
included) complete in shoulder slung carrying case. £12.50 each.
MAINS ISOLATION TRANSFORMER stops you getting “to earth” shocks. 230V in and {30V
out. 150 watt upright mounting £7.50.

MINI MONO AMP on pcb size 4” x 2" with front panel holding volume control and with
spare hole for switch or tone control, output is 4 watt into 4 ohm speaker using 12V or
1 watt into 8 ohm using 9V. Brand new and perfect only £1 each or 12 for £10

5 RPM 60W MAINS ORIVEN MOTOR ANO GEARBOX this has a 3in square mounting plate
and is 4in deep. It 15 3 shaded pole motor. Price £5

POWER SUPPLY UNITS mains in, dc out, based 4.5v 100mA regulated £1, 6v 2C0mA
regulated £1, 6v 700mA £1, 9v 500mA £2, 12v 500mA £2, 12v 2A£5, 24v 200mA £2.
TORROIDAL MAINS TRANSFORMER with twin outputs, 6.3v 2 amps and 12v | amp, one
use would be power supply, price £5.

AMSTRAD FLOPPY DRIVE cased and with built-in power supply so a self-contained extra
drive for you if you use 3" discs, real bargain £49.50 plus £5 delivery.

AMSTRAO 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 Reference FD9 brand new and perfect, £45.

ATARI 64XE COMPUTER at 65K this 1s quite powerful so suitable for home or business,
unused and in perfect order put1ess PSthgnly £19.50, Handbook £5 extra.

9" CATHODE RAY TUBE PhiXps M24/306W. witich is not only high resolution but is also X
Ray and implosion protected, regular price ov;&%.you €anhave them at £12 each and
you will receive the deflection'voils as welltubes areguaranteed unusgd

80 Wat* MAINS TRANSFORMERS jwt available in good quality, both
primaries and upright mounting! nn 15 20V 4A the other 40V 2A ofly £3
£27 camage paid.
PROJECT BOX size approx &" x 4" x 414" metal, sprayed grey louvred
ventilation otherwise undralled made for GPO so best quality, oNy £3 each
12V SOLENOIO has good '/ pull or could push if modified, size
square, £1 each or 10 for £9.

WATER VALVE 230V operated with hese connections, ideal for auto plant spray or would
control air or gas into tanks etc, £1 each or 10 for £9.

5V 2%28 POWER SUPPLY UNIT 230V mains operated, mains filtered and DC voitage
regulated with mains on/oft switch and indicator, £6 each or 10 for £50.

HANG UP PHONE won't clutter up your desk or workbench, current model, has push button
dialling, last number recall, internal alarm etc., Ex B.T. in good condition and fully
working ready to plug in. £5

HIGK VOLTAGE CAPS if you use these ask for our 1-30 Kv Capacitor list, we have over 4
million in stock and might save you a lot of money.

ELECTRONIC BUMP & GO SPACESHIP sound and impact controlled responds to claps and
shouts and reverses or diverts should it hit anything! Kit with really detailed instructions,
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 BRIOGE MEGGER developed for G.P.0. technicians the Ohmeter 188 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 accurate resistance

measurement. Ex B.T. in quite good condition \g«_imnala&&esfedwnon of

EXPERIMENTING WITH VALVES don't spend a fortune on a mains transformer we can

~_Supply one with standard mains inpst and secs. of 250-0-250V at 75 mA and 6.3V at 3

‘h\n&fﬁ

15Watt Sohm 8“SPEAKER-&3“ TWEETER made for a discontinued high quality music

centre, give real hifi. and for only £4 pair.

TIMES TEN IONISER ustng transformers and novel circuitry, our ioniser emits at least ten

times as many ions as does any other kit on offer, nor do we know of a ready built model

that is as good, you don't need a tester to see if it is working just bring your hand close

to it and feel the stream of neg ions. It's a kit complete with case, nothing else to buy

yours for £14.50

ULTRASONIC TRANSMITTER/RECEIVER with Piezo alarm, built into preformed case, is

triggerec by movement disturbing reflected signal, intended for burglar alarm, car alarm

efc. 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. Only £2 (PP3

battery not supplied).

STEREQ HEADPHONE extra lightweight with plug £2 each or 10 pairs for £18.

B.T. TELEPHONE LEAD 3m Iong and with B.T. flat plug ideal to make extension for phone,

Fax, etc. 50p each, £40 per 100, £300 per 1000

WATER PUMP very powerful and with twin outlets, mains operated, £10.00.

STUDIO 100 by Amstrad, the ultimate disco control panel, has four separately controlled

and metered channels, twin cassettes, AM/FM radio, stereo audio amplifier, phono & C.D

inputs, etc, etc, etc, regular price over £400 we have a few still in maker's packing,

brand new and guaranteed, yours for £99.

ROTARY POSITION CONTROLLER for a=nials, ventilators, dampers, rheostats, dampers or

applications requiring 180 degrees clockwise and anti-clockwise movement. We have the

Sauter MVE4 154 servo moter drive ref AR30W3S regular price over £70 brand new, £15

each. —
_A2-VoL B‘ﬂfMAINS TRANSFORMER £4, waterproof metatbuxfor same £4.
110 WATT SWITCHMOOE POWER SUPPLY 230v mains operated, outputs of 38v 2/2A and
5v 3A, we have a lot of these and need the space so you can have these at a fraction of
their cost if you order before Oct 31 price is £6.
10°'WAMAINS TRANSFORMERS all p.c.b. mounting, all £1 each. 10 for £9. 100 for£75 For
0 order ref WAL 1b-6=t5vorder ref WA2, 20/0/20v order ref WA3, 18-0-18v
not p.c.b. mourTﬁr ully shrouded same price order mt\ WAQ.

£10 for £27.
"long by 1"

D7

-

/
Ve

L

0-1 mA FULL VISION PANELMETER 244" squase; scafed (-
100 but scale easily removed for re-writing El each, luJa) Wb oof

£9, 100 for £75.

Bt-AMP-MEFERS 50X 7Tmm bez beaumul instruments £5
gaeh-30-amp order et WAS$0-amp acder 5amp
order ref WA7. L
Yu METER illuminate this fram behing becomes on/off
imhsator as well, 114" square 75p each, 10 for-b6—100Tor £50.

GE WISE PMﬂ. MET enshort of panel space only 40 x 14mm, also have
15000 uf COMPUTER GRADE CAPACITOR

75 and 1.5mm £] the — |
5 T low volt high current experiments
75p each. 10 for £6, 100 for £50. f

Prices indude V.A.T. Send cheque/postal order or ring and quate credit card number. Add
£3 post and packing. Orders over £25 post tree, unless postage,gyoted separately.

M&B ELECTRICAL (WW)
12 Boundary Road, Hove, Sussex BN3 4EH
Telephone (0273} 430380 E\ax (0273) 410142

B. ORILLS 12 assorted s zes between
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REGULARS

LETTERS

Cuk vs. Buck

According to Terrence Finnegan, the
Cuk power converter offers the best
of all power supply worlds,
approaches 90% efficiency, requires
few components, and produces
minimal amounts of interference
(EW+ WW July 1991).

The rather woolly nature of these
claims aside, readers might be
forgiven for wondering why, if the
Cuk converter offers so many
desirable features, it is not more
commontly used. The fact is that in
the world of switch-mode power
supplies (and it is a very large world
indeed. covering PCB, mainframe
computers, electronic telephone
exchanges, military equipment,
aerospace, and more besides) it is
rare to come across a Cuk converter.

Interestingly, even Dr. Cuk
himself, after starting up his Teslaco
power supply consultancy, did not
use the Cuk converter for his early
power supply contracts.

The tack of popularity with the

Cuk topology may be due to its
problems relating to the energy-
coupling capacitor. In the non-
isolated version of the topology, as
used in Terrence Finnegan's design,
the capacitor is, as he says, smaller
than the equivalent magnetic
component used for energy transfer.
However, this seems to be a red
herring, since the standard Buck
topology uses a pair of inductors
(though not coupled) and a single
transistor switch just as the Cuk
topology does, but needs no other
energy coupling device. Most power
converters are required to provide
transformer isolation between input
and output, and the isolated version
of the Cuk converter has to have
energy coupling capacitors on all its
windings, so that they then have to
be provided as energy coupling
devices plus the transformer.
Regardless of whether we are
talking isolated or non-isolated,
however, the capacitors introduce
two entirely non-trivial problems.
First, at currents of more than a

Watching for the big HDTV con trick

The impressions gained by the
Waddington experiments suggest
there were more habitual television
viewers (4:3) than avid cinema
goers (16:9). Nearly two
generations have passed since
Hollywood introduced the larger
format (incidentally not 16:9) in an
attempt to halt the then falling box
office revenues. Since then home
viewing has largely taken over
from cinema going but there does
not seem to have been much
criticism of the format as such but
perhaps more so the screen size.
Today the increased reliability of
television receivers causes
commercial concern for set
manufacturers and hence their
hopeful exploitation of so-called
HDTYV and change of format.
So-called? Yes. The human eye
in its best years has a maximum
angular resolution of one minute of
arc. In other words it can just
distinguish stationary 1mm black
vertical lines Imm apart on a white
background at a distance of 3m. A
little mathematics shows that with a

monochrome 4:3 70cm CRT one
could just resolve a 625 line black
and white stationary picture
consisting of 4MHz dots using
today's European standards at the
normal viewing distance. Any
increase in these standards
therefore could not be resolved by
any earthbound human being.

The introduction of colour and
moving scenes involves other
aspects. With the colour mask tube
the horizontal definition is
theoretically reduced by a factor of
three but the eye is quite tolerant to
small changes of detail in moving
scenes in the opposite direction.
The use of correctly converged
colour television projectors with
pixels superimposed rather than
being shown side by side allows
present television standards to be
used satisfactorily, and
economically, unless and until
genetic engineering succeeds in
altering human optics.

Incidentally, I have used
projection television receivers at
home for the last 40 years and,

few amps, capacitors that can carry
the current without suffering di/dt
stress. heating stress, and MHz
ringing tend to be physically large,
and expensive compared with
normal power supply capacitors.
Furthermore, the required low series
resistance results in high Q
resonances with the inductors at
audio frequencies. These will then
have to be damped by paralleling
each capacitor causing this problem
with another of higher value and
higher series resistance.

In addition, during start-up and
overload conditions the capacitors
(and their larger parallel damping
capacitors, if fitted) find themselves
with the wrong DC bias, and
charging occurs through potentially
very low impedances. Care has to be
taken to make sure no excessive
currents can flow during these
transients.

Furthermore, these DC offsets
across the capacitors appear on the
transformer windings, causing shifts
in the core operating flux. Therefore,

possibly since their use does not
require the eye to be concentrated
in one continuous subtended angle,
my eyes in their fourth quarter
century still resolve that one minute
of arc!

Based on the above, which
HDTYV hype cannot alter, [ suggest
that commercial technical research
should concentrate on larger flat
screens with superimposed pixels
without change of standards but
with some attention to the basic
defects in the NTSC, Pal and
Secam systems which are only
mildly irritating.

In any technical comment you
make, please remember that a
former editor made a passionate
technical plea for the retention of
405 linesbut failed to realise the
commercial advantages which had
then already accrued in the 625 line
camp. These do not yet apply in
HDTV.

M Le M Manson

Squadron leader RAF iretired)
Rome

Italy

extra headroom has to be provided
for the operating flux. As a result
another apparent advantage often
cited for the Cuk converter (that it
can use the full peak-to-peak bi-
directional flux swing) is, in
practice, whittled away.

As for the claim that the Cuk
converter approaches 90%
efficiency and produces minimal RF
interference, exactly the same claims
can be made for well-designed
standard topologies. Good efficiency
is mainly a matter of using good
switches and rectifiers, since they
are where most of the losses occur.
The low RF interference and low
component count claims are usually
made because the Cuk topology is
not only able to accommodate the
input and output filter chokes on the
same magnetic core as the
transformer, but it can also reduce
the input and output ripple currents
to very low levels. This does indeed
seem like getting something for
nothing, but is it really?

Since the input and output
inductors store energy. then just like
any other inductor, they produce
flux in their common core and they
require space for large enough
diameter wire to keep I°R losses
reasonable. Extra core volume and
winding window area must be
provided to support these.

What no one, as far as [ know, has
ever done is to show whether there
is any space, weight, efficiency or
cost saving that results from
assembling all the windings onto
one core. Standard bobbins cannot
be used for E cores, since all three
legs have to be used for the isolated
topology. Of course, if the standard
easy-to-use E-core bobbin is
dispensed with, there is
automaticatly more room for the
windings, so increased copper area
is traded for increased difficulty of
manufacture. This trade-off may be
acceptable in the military and
aerospace fields, but not in the
commercial field.

The large reduction in ripple
currents is an advantage, but input
and output decoupling capacitors are
still required. Those on the input
will be similar to what the standard
Buck topology requires: those on the
output(s) could be made smaller,
though the reduction is limited by
the need to keep enough capacitance
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to absorb fast load transients.

To summarise, the Cuk converter
has an apparent advantage over
standard Buck topology in that it
uses an integrated magnetic
structure and can reduce input and
output ripple currents to very low
levels. On the other hand, the
required energy coupling capacitors
cause problems and can be
expensive at higher current levels,
and there does not seem to be any
proof that there is a volume, weight,
or cost saving over the standard
Buck topology for any given
equivalent performance level.

All credit is due to Terrence
Finnegan for his two recent articles
which, for the first time, have made
available useful und usable
designinformation. Nevertheless the
Cuk converter topology seems likely
to remain an outsider until a true
trade-off comparison can be made
between Cuk and Buck at a series of
realistic equivalent performance
levels, a task that would take a lot of
time, but whose results would be of
great interest to many in the power
supply deign field.

Brian J. Pollard
Watford
Herts

Baffling
stabilisation

Comparison with the original
ring-of-two current stabiliser of
Peter Williams (WW September
1966) reveals that V
Lakshminarayanan has over
simplified the circuit to such an
extent that it no longer works as
a current stabiliser (EW + WW
July 1991).

The fault cannot be attributed
to a draughting error because the
2N3904 and BC546 are npn
transistors and the circuit will
pass only SmA when 2.7V is
between A and B.

As for the zener diode D, that is
described as being in series with
the base of Tr, which has me
completely baffled.

John C Rudge

Harlington

Middlesex

To be Class D
or not

Why has Class D not been more
widely used? It is very efficient
from a power dissipation point of
view, not suffering from cross-over
distortion. In addition, even if
overall negative feedback is used, it
has low overall distortion. On the
surface it wouid appear superior to
Classes A and B.

It was invented by my late friend.
Dr A H Reeves, who also invented
pulse code modulation and the
capacitor microphone, both of which
have enjoyed enormous success.

In my view and also. if my
memory serves me correctly, in Dr
Reeves’ view, this is quite simply
because it doubles up as a
transmitter with very sharp rise and
fall times on its pulse width
modulated waveform. This means it
needs effective screening and
filtering which can be difficult,
bulky and expensive.

I fully accept that in Andy
Gothard’s article (EW + WW July
1991) about King's College, there is
a circuit system developed by Dr
Mark Sandler which produces a very
accurate, and indeed ideal, analogue
output from the digital (CD) to
analogue (PWM power amplifier
drive) converter. But Dr Sandler’s
circuit has at least three problems.

First, there are unwanted
transmissions over the RF spectrum
as mentioned earlier. Secondly,
there is distortion introduced in the
power amplifier following
conversion since unavoidable rise
and fall times of the output power
stage introduce non-linearity if they
are not equal which, in practice and
for a number of reasons, they will
not be. Thirdly, overall feedback is
not possible in this arrangement,
unlike Class D.

Because of the practical
difficulties in overcoming the first of
these problems, { cannot see, even if
the price of the D-to-A converter
were a few pence, Class D in its
Reeves or Sandler guise making
much progress. This is a shame,
since switching in some ways is
much better than linear
amplification.

A Sandman
London

IEE TELECOMMUNICATIONS
SERIES

Radio spectrum management
Series no. 23
by D. J. Withers

Reviews the administrative, regulatory and
technical measures applied to the main
radio services today. Includes general
principles of national spectrum
management, management methods
applicable to the fixed service below 30MHz,
HF broadcasting, broadcasting at

LF/MF, VHF and UHF, the fixed service
above 30MHz, maritime and land mobile
services, satellite broadcasting and the fixed
satellite service.

536pp., 229 x 148mm, casebound
ISBN 0 86341 177 0, 1991, £59

Other titles in the
Telecommunication Series

SPC digital telephone exchanges
by F. J. Redmill and A. R. Valdar
497pp., 229 x 148mm, casebound
ISBN 0 86341 147 9, 1990, £55

Personal and mobile radio systems
edited by R. C. V Macario

329pp., 229 x 148mm, casebound
ISBN 0 86341 219 X, 1991, £42

Satellite communication systems
edited by B. G. Evans

564pp., 229 x 148mm, casebound
ISBN 0 86341 229 7, 1991, £59

Transmission systems for
telecommunications

edited by J. E. Flood and P. Cochrane
520pp., 229 x 148mm, casebound
ISBN 0 86341 148 7, 1991, price not yet
available

Common-channel signalling

by R. J. Manterfield

250pp., 229 x 148mm, casebound
ISBN 0 86341 240 8, 1991, price not yet
available

Order from:

IEE, PO Box 96,

Michael Faraday House,
Six Hills Way, Stevenage,
Herts. SG1 2SD UK

Tel: (0438) 313311

Fax: (0438) 742792
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LETTERS

Aerial confusion

J.J. Gameson seems a litile
contused in his letter in the July
issue. Everything appears OK until
he introduces the territe rod
antenna (aerial). The null in the
directional response of such an
antenna is quite independent of the
Q of the coil. It is linked 1o the
magnetic field of the transmitted
wave - not the turns of the coil.
Null depth varies in practice,
because some antennas respond to
the electric field component of the
wave as well as to the magnetic
field component.

When we conie 10 whip and
dipole antennas. Gameson
criticises the whip for not being
directional and the dipole for being
directional! Incidentally. a
horizontal dipole without parasitic
elements is not unidirectional it is
bi-directional, having exactly the
same ‘figure-of-eight’ response as
a ferrite rod antenna!

Having noted Gameson’s carlier
remarks about a “deep null’. it is
surprising 1o read that “The ferrite
rod is electromagnetically non-

.
Telepointless

I am bemused by the media attention
being focused on the fate of the
telepoint services. The public is
being asked to believe that an ill-
conceived government has it in for
these comparties.

This argument just does not hold
water. The whole system was ill-
conceived trom the outset. That
some very large companies should
have lost a great deal of money on
their little experiment shows only
how unwise their decision to pursue
the technology was.

Look at the arguments. Since calls
must be made close 1o a node. then
why not simply find a telephone
Kiosk - most work these days and the
cost will only be at the standard rate.
Then there is the absurd lack of
ability to receive calls. This alone
was surely enough to doom the
venture from the outset. Then there
1s the cost: cellphone equipment is
virtually given away with crisp
packets and the running cost is only
fractionally greater.

Did you ever hear the cellphone
operators complaining that the carly
comipetition adversely affected their
business? Did you heck!

Given that this was all well known

directional’, and then to return to
the "very sharp null” idea in the
next paragraph. Furthermore, VHF
ferrite rod antennas are not less
affected by standing waves than
whips.

Unfortunately Gameson's remark
about listeners' confusion is true.
Broadcasters do iry to offer advice.
but it often goes right over the
heads of enquirers. However. there
are two solutions for the quality
enthusiast. In a fringe area. or
where distant stations are wanted
so that a directional antenna is
essential, a rotator can be
purchased for quite a modest sum
by today’s standards. Maplin
Electronics have one at just under
£41. For those who only need
relatively local stations. advantage
can be taken of the fact that nearly
all FM stations now radiate. either
slant-polarised or circularly
polarised signals. so that a vertical
dipole. completely non-directional
in the horizontal plane. gives as
much signal as a horizontal one.
This does not of course. apply 10

at the outser what utter fool would
believe there could be any money to
be made out of such i system. Well
we learned all 1o well. didn’t we?

It any other pioneering company
had brought out a call-only cordless
telephone. 1 wonder who would shed
tears when it failed 1o sell.

Peter Johnsonn

Electronic Design Laboratory
Bristol

We told them so - Ed.

Any old valves

It was good to see a reference in
your magazine to valve
amplification (W + WHW August
1991). but 1 still have a certain
frustration that you may be able 1o
help me with.

I have for many years enjoyed
dabbling with valve amplifiers.
usuallymodityving old ones. but all
the information | have has to be
gleaned Irom circuit diagrams or an
old Mullard handbook containing a
selection of designs (I'm sure you
know the one!).

Despite many years of searching, |
have not yet been able 1o track down
any other source of reference on the
design and construction of valve pre

Yagi antennas. which are more or
less unidirectional.

The BBC Rescarch Department
have built FM receivers with
ferrite-rod antennas, and published
reports on them. but the fact that
such receivers are not
commercially available, strongly
suggests that any technical
advamages (if any) do not justify
the extra cost. The wideband cable
systems which were trumpeted
some years ago could well carry
high quality sound as well as
umpteen television channels but
their development has run into
serious economiic problems. There
is a new sound broadcasting system
under study. for introduction carly
in the next century. This is Digital
Audio broadcasting (DAB). which
without mathematics. it would be
impossible to explain its
mechanism in words. But you will
still need an antenna!

J] M Woodgate
Rayleigh
Essex

and power amplifiers.

Can anyone help? There must
have been text books around at
onetime but [ cannot even identify
any titles let alone suppliers.

DA Ellis
Shipston-on-Stour
Warwickshire

Light hearted

With regard 10 the debate about

and Doppler shitts in the letters
pages, light (velocity ¢) reflected or
emitted from a surface moving with
velocity v towards an observer
appears to be blue shifted. or red
shifted in the case of a receding
surface. As a non-physicist | have
often wondered if the difference in
photon energy (£°-E = hf -if) of the
shifted and unshitied light could be
wholly accounted for by the efiect
of the surface velocity (v) acting
together with the particle equivalent
mass ol the photon.

The extra energy not being
allowed to be expressed as an
INCTEase in ¢ appears as
commensurate increase in f. that is:

f=Eth unshifted

mc‘: +‘J»lm'z
B 2 .. shifted

f h h
where m is the photon equivalem
mass (ves | know itis related 10 E
but I am trying not to contuse
myselt). E£1s the energy, and /1 is M
Plank’s claim to fame.

1 write this letter in the hope that
someone will explain the errors of’
my ways. forgive me for mixing
relativistic and Newtonian physics.
and enlighten me.

Steve Bennett
IDT Europe

Bad vibes

1 detect all kinds of vibrations
and illnesses in people, animals
and plants simply with an old
motor car speedometer cable
which starts swinging in my
hand.

The combination of electric
ficlds (EW + WW February
1990) and earth energy lines is
deadly. When the patient is
removed there is a dramatic
change for the bener!

[ have been told the Chinese
have a simiple inexpensive
instrument 10 trace extra low
frequencies. Could you help me
find out if such an instrument is
available in the UK?

George Heye
Somerset West
South Africa

For those not familiar with the
effects of earth energy lines, Mr
Heve sent further documentation
with his letter that listed some of
the tell tale signs that may show
someone is suffering from bad
earth vibes. These include: home
making expansion and
contraction noises at night
(stronger during full moon);
cracks inwalls and pools; ants
and reptiles laving eggs; car
hattery often flat; suffering pot
plants; and mwisted 1rees. He
added that people usually pale
below the eyes and above the
cheek bones, have many dreams
including nightmares and
hallucinations. suffer disturbed
sleep especially at full moon, get
up tired and listless, are prone 1o
attacks of flu, and are driven to
drink, drugs and heavy smoking.
He also said that most
Westerners laugh at these ideas.
-Ed.
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STEREO STABILIZER 5

' Tinso PaeouENcT SwTER Pou row moucTion ¢

STamLuen 8

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

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

e

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

* Stereo Variable Emphasis Limiter 3.

* 10-Outlet Distribution Ampilifier 4.

* PPM10 In-vision PPM and chart recorder.

* Twin Twin PPM Rack and Box Units.

* PPMS5 hybrid, PPM39 microprocessor and PPM8
IEC/DIN —50/+46dB drives and movements.

* Broadcast Stereo Coders.
* Stereo Disc Amplifiers.

* Philips DC777 short wave car combination:
discount £205+ VAT.

SURREY ELECTRONICS LTD
The Forge, Lucks Green, Cranleigh, GU6 7BG

Many Radio Amateurs and SWLS are puzzled.
Just what are all those strange signals you can
hear but not identify on the I.f. and h.f.

frequencies? A few of them, such as c.w.,
RTTY, and Packet you’ll know - but what
about the many other signals?

Hoka Electronics have the answer! There are some well known
CWI/RTTY decoders with limited facilities and high prices,
complete with expensive PROMS for upgrading, etc., but then
there is Code 3 from Hoka Electronic!

It's up to you to make your choice — but it will be easy once you
know more about Code 3.

Code 3 works on any IBM-compatible computer with MS-DOS
having at least 640kB of RAM.

Code 3 hardware includes a complete digital FSK Converter with
built-in 230V ac power supply and RS232 cable, ready to use.
You'll also get the best software ever made to decode all kinds of
data transmissions. Code 3 is the most sophisticated decoder
available, and the best news of all is that it STILL only costs £249
plus VAT!

The following modes are included in the basic-program (with the
exact protocols).

Packet Radio AX 25. Any speed Lp to 480 baud
Hell: Synchronous/asynchronous, all speeds
Fax. Weather charts, photographs with 16 grey
scales at 60. 90, 120, 180, 240 rpm

Morse: Automatic and Manual speed with wpm
indication

Press DPA. F7b spec., 300 Bd ASCIl
Wirtschattdienst: F7b spec., 300 Bd ASC
Sport Information: F7b spec.. 300 Bd ASC
Autospec  MK's | and Il with all known
interleaves

DUP ARQ: Artac ITAZ

TWINPLEX F7bl . F7b6 Simplez ARQ

ASCII ITA 5 all speeds, parity

Baudot. ITA 2 plus all types of Bil inversion, at
any speed

SITOR Automatic Mode A and B (ARQ and FEC)
ARQ: CCIR 476, CCIR 625 mode A

ARQ-6: -90.98 spec. ARQ variant

ARQ-S ARQ 1000S

ARQ-Swe: CCIR 518 vanant

ARQ-E: ARQ 1000, ITA 2-p Duplex

ARQ-N- (T A‘ uplex

ARQ-E3: CCIR 519

POL-ARQ 'pec AR(] \av ant

TDM 242 C.. 2 4clt

TOM 342 ( Z L

FEC-AFE lOO(A) TA2-P FEC Broadcast

FEC CCIF tor both
collective

FEC-SFEC 1000S ITA 3

ety

Telephone: 0483 275997. Fax: 276477.

CIRCLE NO. 103 ON REPLY CARD

All modes in preset and variable user-defined baud rates and
shifts.

Six options are available to use with the Code 3 and consist of:

1: OSCILLOSCOPE, this facility displays the measured frequency
versus time, including split-screen, storage and non-storage
modes at £25.

2: PICCOLO MK VI (Everybody wants this facility, but it's only on
offer from Hoka), the well-known muititone-mode at £60.

3: ASCII 'SAVE TO DISC’ Store all decoded text to Disc as ASCIl.
£25.

4: COQUELET (Another multi/tone system. Only on offer from
HOKA'!). £60.

5: SPECIAL ARQ/FEC. Various other new ARQ/FEC systems. £80.

6: AUTO-CLASSIFICATION Stop wasting time on uncrack-able
systems! Let option 6 classify the system for you. Average
answer in 10 seconds! £35.

Plus many other special codes. Send for details, price on
application.

Along with the many facilities listed above, the analysis section
of the Code 3 offers ycu a wide choice of unique facilities such as:
a built-in AF frequency spectrum-analyser for shift measurement
and tuning, plus precision speed measurement up to 0.0001 Baud
resolution. Other analysis facilities include Speed Bit analysis,
Speed Measurement, Character Analysis, Auto-correlation of
MOD and RAW signal, Bit Analysis. All these state-of-the-art
features are included in Code 3 to assist the experienced user.

All options are available from the main menu, saving or loading
to or from hard or floppy disk in RAW Bit form {no loss of
unknown signals), hard copy with printer, on-screen tuning
indicator and very easy to use online Help-files.

To order, phone us for more details or send cheque,
payable to:

HOKA Electronics
Feiko Clockstr. 31

NL-9665 BB Oude Pekela
The Netherlands

Tel: 010-31-5978-12327
Fax: 010-31-5978-12645

HOKA Electronics (UK)
84 Church Street
Langford, Biggleswade,
SG18 9QA, Beds °
Tel: 0462-700644

Fax: 0462 700893

WE HAVE THE WIDEST CHOICE OF USED SURLE HACR AP
Al UIPMER
OSCILLOSCOPES IN THE COUNTRY ___ SISt St D
TEKIRONIK 2445 Four Trace 150WHZ Dual TB PPl || e et o IR P e o L
TEKTRONX 485 Dual Trace J5OMMZ £1000 P B QPR Salane
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Un 3 ONLY £250
Used with copy of manual £200 o
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MARCOM! w Jl £200 |
MO 121 e o e _mmmn—
MARCONI b withaot Syncheoniser TF21 6s |
MARCONI 1723562 oMt 20N, the pait £950 | HAMLG OSCILLOSCOPE HMI1005 T €192
HP 8520C Sweepe: Maim 150 £800 | HAME e wm S-eca 610
KEMRLEY 224 Program ent Soutce £1000 | HAME N o
TEKTRONX Wavelorm Monilo: Tyoe 578 £200 | tester £330
IPMENT £250 | WAt W 20MHz Digital [0
| othe a b wil
CONt igr s trom £300
A S(H [* J(
y lm] T ACK STAR EQUIPMENT (P!
’ 100MH; Ratio P e mterval ef on
100MH; " b £29%
TEKTRONIX 491 Speclr yser § 5-124GHI 0% | | m QUENCY COUNTER 100MH; £108
WP 1317 Spectrum Anal tem with 85554 & B Plug.in. 10MH/. ME QUENCY COUN £135
8GHL e ENCY TR 1 3]
HP 130 Spectrum Anaiyser System wilh 8554 & IF Plug-in S00RHZ PITOR 500 FUNCTION GEN 0 1Hz-500NH. o
250MH] 1750 | | oRiow COLOU! £209
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N
HP Spectrum Analyser 182 mith 85588 0.1-1500MHZ - »
- — — - - N -
This is a very small sa of stock. S 2 se check avaulamlny
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{2 picture is worth a thousand words, it

might take a thousand words to describe a

picture. This is the first thing you notice
about graphics interchange files — they tend
to be long. The sccond thing is that there are
an awlul lot of them. Do we really need
LCGM, .CUT, .DXF, EPS, .GIF, .IMG, PCX, .PIC,
i, and many other types of fite, alf to do
the same job?

Standardisation has never been the IT
industry’s strong point, and the answer is
“probably not™. However. they don’t actual-
ly all do the same job.

The application of computer graphics is
wide — from management pic—charts to map-
ping Mars. Broadly speaking. however.
there are about four general reasons for files
which transfer graphics information:

To save or transfer drawings made on
cad systems:

To save or transfer images from comput-
er art systems, scanners, or acquired from a
camera;

To controt advanced printers:

To communicate between networked
graphical user interfaces (GUIs) and host
computers.

Inside such files there are two fundamen-

GRAPHICAL
FORMATS AND FILE
TRANSFER

There is a proliferation of complex graphical file
formats. David Bacon explains how these files are
structured, and how graphical information is

transferred.

Part of the power of
cad is how the
powerful graphics
capabilities can give
a friendly solidness
to engineering
drawings.
Unfortunately,
much less friendly is
the relation
between different
systems when it
comes to file
transfer.

AutoCAD picture by
Nick Manning,
AutoDesk

Fig. 1. Smooth join
between two splines

UTILITY
ASHADE
AN
BOMUS
SAVE

Type ¥ for list of cossands

x1l, yl, al

x1l, yl, al

L SPLINE A —T

-
—

x2, y2, a2

For smooth join between A and B:-

x2C(A) = x1(B) y2(A) = yl(B) a2(A) = al(B) + 180 degs

tally different methods of describing graphi-
cal information. Some graphics files usc one
method or the other exclusively, others can
mix the two methods in the same fife:

- A high-level approach, sometimes
referred to as a drawing description or vee-
tor file, or “meta file™

- A tow-level approach based upon the
pixel information used to display a digital
image. sometimes referred to as bit mapped.
raster based. or image file.

Drawing description files
The main application of these fites is in cad.
Computer aided design (cad) systems are the

draughtsman’s equivalent of a word proces-

738

ELECTRONICS WORLD + WIRELESS WORLD September 1991



sor. For a skilled operator it is faster and
casier (o produce a new drawing, and once a
drawing is on file. making changes and pro-
ducing updated versions becomes much
more efficient. In a large team effort, differ-
cnt people can be working on separate
aspects of a design, with changes rapidly
distributed to all of them.

Cad transfer files normally describe draw-
ings in a way which is referred to “device
neutral”. To give an example. a statement in
a cad file might consist of "CIRCLE 10.5 24.75
3.9”. It doesn’t take too much imagination 1o
guess that this means “draw a circle centred
at x = 10,5,y = 24.75, and of radius 3.9. in
whatever units we happen to be using at the
moment”.

This is describing the circle. not how the
circle is drawn. In fact. it is describing the
circle in the most accurate way possible.
Any attemplt to actually draw the circle is
bound to have some kind of imperfection.
such as the irregularitics of a bit mapped
device, or servo non-linearities in an X-Y
plotter. But the cad transfer file is concerned
with the object itself, not how it is portrayed.
(The Greek philosophers were aware of this
point. that perfection only exists in virtuali-
ty. Any attempt to produce something in
reality leads to imperfection. For example,
we can all sing perfectly in tune in our
heads..)

However, although “device neutral™ in the
above sense, a cad file must support the fea-
tures of the cad system which produced it.
Since such features, which can be very pow-
erful, differ for various cad systems, output
files tend to be “system specific™.
Transferring work between systems which
do not support a common interchange file
format requires translation software, and
raises the problem of how to handle features
of one system not supported by the other, or
handled differently.

Drawing description files are normally
ascii text files, with the drawing attributes
and all relevant sct-up information described
in a suitably coded but printable form. One
reason for this, rather than the use of binary
data, is that it allows the file to be sent via
communications channels coded for 7-bit
plus parity. Another advantage is that the
file is printable, and can be checked by cye
if necessary.

The coding normally consists of keywords
and parameters. For instance, we could have
“CIRCLE X Y R™, or “LINE XI| Y| X2 v2".
POLYLINES is another useful device, consist-
ing of an indefinite sequence of X/Y pairs to
be interconnected by straight lines. Polylines
can efficiently describe shapes made from
visibly straight lines, such as rectangles. or
by using points sufficiently close together,
complex curves such as spirals. In similar
ways, arcs, ellipses and regular polygons can
be described.

A more advanced drawing “primitive”, as
these basic shapes are called, is the spline.
This was originally a flexiblestrip used by
railwaymen to get smooth curves when lay-

COMPUTING

START

o

e

[c10 ] [o11 |

o1
101

[1ooc| [1001]

Fig. 2. Binary tree to generate variable lengh
codes

0 File structure
ENDSEC Endof asection
(end of the previous section in the file)

0 File structure
SECTION Start of a section

2 A name
ENTITIES (start of the “Entities” section)

0 File structure
LINE (First entity is a line)

8 Layer name

LAYER1 (this line is in layer 1)

10 Primary X co-ord

12.2500 (X co-ordinate of first point on
ine)

20 Primary Y co-ord

8.5000 (Y co-ordinate of first poinrt or;
ine

11 Other X co-ord
147000 (X co-ordinate of other er}d o;
ine

21 OtherY co-ord
8.5000 (Y co-ordinate of other er:_d o;
ine

Fig. 3 Fragment of Dxr file with comments

ing railway lines. In a cad system it is an
clectronic “French curves™. The basic idea is
that a few parameters are turned into a
smooth curve by a standardised computa-
tion. One particularly useful type, shown in
Fig. 1. is defined by the position of each end
(x and y), plus the direction of a tangent to
the spline ar each end (a). Fig. | illustrates
that by linking such splines at a common
point and opposite tangent dircctions, an
indefinite length of smooth curve can be
defined with relatively little data. Providing
the underlying maths is the same for all sys-
tems using the file. the same shape will be
reproduced cach time.

Cad systems which work in 3 dimensions
will produce “drawing” description files
which actually describe the object being
drawn, using 3D position co-ordinates. To
get a view of the object a viewpoint and
direction must be stated, and the system then
computes the required 2D projection. This is

ideal for visualisation applications, such as
planning the use of 3D space. impact of new
buildings, style of a car body. etc.

System parameters also neced to be
described in drawing description files, such
as:—

~ Definition of fonts for textual informa-
tion;

— Line styles, widths, varieties of dashed
lines, etc;

- Styles of arca fill. hatching patterns, etc:

- Layers.

Layers are an important part of most cad
systems. They allow a drawing to consist of
several layers, cquivalent to overlaid trans-
parent sheets. each containing a different
aspect of the drawing. For instance, an
architect may want an office floor plan with
walls, furniture, plumbing, electrical wiring,
and air conditioning all shown on different
layers. The plan can then be produced in dif-
ferent versions showing difterent aspects of
the averall design.

All such detail goes into the drawing
description file. The result can be a very
long document in a complicated coding
scheme. but it forms a powerful description
of design information without any compro-
mise made in accuracy.

Examples of drawing description file for-
mats are:—

— Initial Graphics Exchange Specification
(Iges): this appeared in 1980. It uses ascii
character coding. and tends to produce very
long files. Perhaps in view of this, a com-
pressed format is available.

- Computer Graphics Metatile (¢GM): this
became an ansi standard in 1986. There is a
choice of file coding in ascii or binary form
to suit different applications.

— Drawing Exchange Format (bxF): this
originates from AutoCad. It is in widespread
use. and is supported by other cad systems.

A glance at a short scction of a DXF file,
see Fig. 2, might lead to the conclusion that
whoever designed the format either had
shares in a paper manufacturing company.
or a grudge against rain forests.

A printed DXF file is quickly recognisable
by consisting mainly of a narrow strip of
short lines down the left hand margin of
each page, usually a large number of pages.
and a great deal of white paper. It needs to
be remembered that the format is not pri-
marily designed for printing on paper: this is
just a handy feature.
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{-——-- base address —----> (————-

[e7]bB]bS][ba]b3[b2[b1[bO]|[b7][bB]bS[ba][b3[b2][b1]b0][b?[bB] etc.
» » » » » . » » » » » » » » L 3 » » » etc.
Pixels at top left—-hand corner of screen
Fig 4 Typical bit-to-pixel mapping for mono screen
{-——-- base address —----) (—-——-—- base + 1 —————-- > <-- etc
|6?[b6[b5[ba|b3[b2[bl][b0|[b?[b6|bS|ba[b3|b2[bi]b0][b?][bE] etc.
» » Foy » etc.

Pixels at top left—-hand corner of screen

Fig 5 Typical packed-pixl mapping 18-colour screen

Another feature of DXF files is that alter-
nate lines consist of a simple integer. This is
a key point of the format. Each item of
information is wrapped up in two lines of
the file. The integer declares what kind of
information is on the next line, and the fol-
lowing line gives a name or a numerical
value.

Fig. 3 shows the same section of DXF file
with explanatory comments. It is a long way
short of defining the format. but gives the
flavour. The very rigid structure looks
tedious and clumsy to us humans, but we are
not meant to be reading it. Processors like it.

Bit image files

As powertul as drawing description files can
be. they would get a bit unworkable if faced
with, say. a colour photograph of a budgeri-
gar. This is exactly the kind of picture which
we might want to save from a screen paint-
brush job: lovely blends of colour, subtle
shades and shapes. and not a straight line
anywhere. Images captured from TV, sent
back from space. or more prosaically pro-
duced by a document scanner. are likely to
fall into the same category.

For this type of picture the bit image file
comes into its own. The picture is written to
file in terms of pixels, individual spots of
light or ink which, in suitably large num-
bers, create the picture. In some cases a bit
image is little more than a memory dump of
video ram.

Video ram like most memory. is usually
organised in 8-bit wide words, or bytes. but

interpreted in a bit oriented manner. Fig. 4
shows the first few bytes of video ram, with
addresses running from the base address
upwards. For a monochrome monitor, where
cach pixel is either ON or orF, cach bit will
control one pixel. Typically, bits are taken in
most significant to least significant order in
each byte. and in ascending address order.
So starting with b7 of the base address byte
and reading left to right across the diagram,
the sequence of bits controls the pixels of
the top row of the screen, also from left to
right. At the end of the top row the sequence
of bits starts at the left hand end of the sec-
ond screen row, and so on. It is obviously
convenient for line boundaries to coincide
with byte boundaries. and thehorizontal res-

olution of a VDU screen is invariably a mul-
tiple of eight.

For a colour monitor, more than one bit is
needed to describe each pixel. and there are
two approaches to this.

In the “packed-pixel™ method. the
sequence of memory bits is divided into
blocks according to the number of bits
required per pixel. Thus tor a 16 colour
screen, where cach pixel requires four bits,
cach byte would describe two pixels.
Typically, bits b7 to b4 of the first byte
would control the top left hand pixel, and so
on. This is illustrated in Fig. 5, where the
first few pixels are more widely spaced sim-
ply to fit everything into the diagram.

In the "bit plane™ method, Fig. 4 is, in
cffect, duplicated for as many bits as are
needed for each pixel. For a 16 colour moni-
tor, there would be four such sequences of
bytes in different blocks of memory. each
starting from a different base address. Each
memory block is called a “bit plane™. and
supplies onc of the bits needed for cach
pixel. This is illustrated in Fig. 6. showing
typical mapping from the start of the four bit
plane base addresses and the first line of pix-
els on the screen.

The main body of a bit image file consists
of data bytes with bit mapping similar to figs
3 1o 5. Bit image files normally have a fixed
format header giving general information
about the file and its format.

One way to handle different bit mapping
schemes is to include in the header details
such as the number of bit planes. bits per
pixel, pixels per scan line, and the number of
scan lines.

This low level pixel oriented approach
obviously makes sense for complex images
with no formal structure, such as budgeri-
gars. It does. however, have its drawbacks.

One is length. A 640 by 480 pixel 16
colour screen has 307,200 pixels, each
described by four bits, thus requiring 153.6
Kbyte of storage. So bit image files fre-
quently use data compression. Since data
compression relies on redundancy in the
information to be compressed. performance
is affected by the nature of the data. There
are various methods which can be used for

Fig 6 Typical bit-plane mapping for 16-colour screen

{---- base address —----> <- base + 1 - etc.
plane 0 [b?]|b8[bS[b4|b3[b2][bl[bO][b?[bB]bS[ba][b3[b2][bl etc.
T T 1 T T T T T T T T T T T 1
plane 1 [o7]b6]bS[ba]b3][b2[b1[bO|[b?[bE6][bS][ba][b3[b2[bL etc.
T T T T T T T 1 T T 1T 1T T T 1
plane 2 |b?[bB][bS[ba[b3[b2[b1[b0][b?[bB][bS][ba[b3[b2][bl etc.
T T 17 1 T T T T T T T T 1 T
plane 3 [b?][bB]bS[ba[b3[b2][bi[b0O][b?[bB][bS[ba]b3][b2][bl etc.
» » » » » L B » » » » % % etc.

Pixels at top left—hand corner of screen
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computer files (see box “Getting quarts into
pint pots™). Run Length Limitation (RLL) is
probably the most common for bit image
files, although the LZW algorithm is also in
use. In the future, compression using tech-
nigques from digital TV, or based on fractal
theory. could become important.

Another problem is compatibility. While a
cad transfer file can describe objects with
the accuracy of floating point numbers, a bit
image file is restricted to a digitising pro-
cess, Far from being device neutral, the
image file is usually coded in a way which
reflects the device which first produced it.
How should it handle transfers between dif-
ferent resolutions?

At first sight the obvious answer might be
to convert all images to some enormously
high resolution which would satisfy any pos-
sible requirement. Mature reflection - say
two scconds — makes this less attractive.
However high you choose this super resolu-
tion, the day will come when it's not
cnough. Another point is that it would make
most bit image files far longer than neces-
sary.

The best scheme, by far, is 10 do what is
normally done, ic.. write a bit image file in
terms of the resolution available at the time
itis created. If you want to display it on a
device with different resolution, you have
the following options:-

— It the new resolution is greater than the
original, you can show your entire image at
its original resolution in part of your new
display device, ic.. in a window of it. If you
want to, you can cxpand it to fill the com-
plete display by using a suitable expansion
algorithm.

If the new resolution is less than the
original, you can show part of the original at
full resolution, and pan it around if appropri-
ate. or compress it to make it all visible.

In any case, heep the original bit image
file. It represents all of the available picture
information. and no surplus information.
Remember that any compressed or expanded
version of a bit image will contain distor-
tions of the original, however intelligent the
algorithms used.

Examples of bit image file formats are:

Paintbrush/Fricze pcx  format:
Paintbrush is a screen drawing programme
from Zsoft, and Fricze is a terminate-stay-
resident utility which can be used by other
applications to capture a screen to a PCX
file. 1 find Fricze invatuable for capturing
graphical output from number crunching
software. The pex format starts with a 128
byte header giving various general details,
including bits/pixcl, the number of bit
planes, and the size of the image in pixels.
This is followed by the binary pixel data,
compressed with bit oriented Run Length
Limitation coding (see box).

— Bit Image (1MG) format: this is used by
the GEM system. The header information
includes the physical size of cach pixel. in
microns, thus linking the image firmly to its
original representation. The binary pixel

COMPUTING

SSION METHODS

Data representation. Economy in bits can be
achieved by using more efficient ways to
represent data. One example is to pack the
seven bits of the ascii code contiguously into
8-bit bytes, thus getting eight characters into
seven bytes.

Ancther methods is to convert ASCII
numerical values into binary words. Such
methods are built into several drawing
description file formats.

Run Length limitation (RLL). This exploits
repetition. Instead of “AAAA”, send “4A”.

Lempel Ziv Welch algorithm (LZW):this
uses a larger coding space than necessary for
the symbols to be transmitted, and allocates
the extra codes to sequences of symbols
which occur in the message. Thus each extra
code describes a block of several symbols,
and with suitable data this can lead to con-

information is compressed by RLL coding
which can define repetitions of a single bit
value, or of a repeated bit pattern.

Screen files, or SCR, are used by a num-
ber of screen painting programmes, includ-
ing VGA Paint. This format handles the
problem of different screen sizes and resolu-
tions by using a filename extension .SCX,
where X" indicates the format. Thus, for
example. a 16 colour 640 by 480 screen
would generate an .SCV file.

Tag Image File Format (TiFF) (tile exten-
sion . 111) This was developed by the Aldus
Corporation and Microsoft particularly for
images obtaining from scanning devices,
and is widely used in desk top publishing. I
is supported by many scanner manufactur-
ers, and can in some cases be produced from

fax. It is also supported by a number of

screen based graphics applications. The for-
mat has a tree like structure which provides
more flexibility than most bit image files,
and a powerful range of alternative compres-
sion methods.

Other bit image formats are Girk, which
uses LZW compression and is widely used
for clip art: pic, which is used by the Halo
screen art programme: and cUF, which uses
the enhanced small disk drive RLL compres-
sion algorithm.

Colour and dithering
Like video ram most graphics files support
colour by. in effect, indexing imo a look up
table. If a drawing description file refers to
“COLOUR 17, the actual colour will be what-
ever colour 1is set to. Similarly, if a 16
colour bit image file format refers to red.
green, blue and intensity planes, this will
only be true of the default palette settings.

However, it is quite common for graphics
files to allow a colour table to be included.
thus defining the palette. A 16 colour pCX
file header. for example, includes a 48 byte
colour 1able. Each colour is defined by 3
bytes, one for each of the primary additive
colours, red, green and blue.

Most printers are monochrome. but they

siderable compression

Huffman coding: this is approximately the
opposite of LZW, and generates a set of vari-
able length codes for fixed length data items,
using the shortest codes for most common
data items.

Dugital TV video compression. The same
techniques can be used for bit image files.
The most common method is to divide each
picture into square blocks of pixels. A mathe-
matical process called the discrete cosine
transformation (DCT) is then used to convert
pixei values to Fourier coefficients in terms
of the frequencies represented by the digitis-
ing process in both the horizontal and verti-
cal directions.

Fractals. using simple mathematical algo-
rithm to produce complex objects typical of
those which occur naturally.

often have a higher resolution than bit image
data. Thus they can convert colour to a grey
scale by a process called dithering. Although
cach printer pixel can normally be only
black or white, a grey scale can be produced
by varying the proportion of black to white
dots Some screen graphics utilities allow
the user to improve an image by “hand
dithering™,

Page description formats

In the carly days of computers, printers were
basically clectrically controlled typewriters.
All you could send to them were the print-
able characters, plus a few simple com-
mands like “carriage return™ and “line feed™.
The ascii code allows for these by setting
aside the first 32 values, from 00h to [Fh, as
“control characters™,

As printers became more powerful, it
became necessary to send more control
information to them, such as to set margin
widths or select fonts. The original 32 con-
trol codes became inadequate, and “escape
sequences™ came into use. The ascii
“Escape™ character, 27 or 1Bh, allowed the
control process to escape from the limita-
tions of 32 control codes. The convention
was adopted that 1Bh introduced a specific
sequence of (normally printable) characters
which should be interpreted as control infor-
mation. However, the coding which follows
an ESC character tends to be specific to cach
application. This is a major issue, since not
only must the control information be inter-
preted correctly, but the printer must know
when the control characters have finished
and it should start interpreting the following
characters as text again.

One guestion which arises is why, with
256 code values available in cach byte, has
this control process limited itself to the 128
7-bit codes? Probably the main reason is the
number of printers controlled by RS232
communications using 7 bits plus parity.
There is a side benefit, however. Printer
control information in 7-bit form remains
printable. For de bugging special printer
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control software. it is handy to be able 10
read escape sequences. For this purpose
some printers can be put into a special mode
in which they print the escape sequences
rather than interpret them.

Even so. escape sequences are only barely
legible. At the start of a document on my
printer, a typical command sequence might
be:

ESCYESCI?1:4:5:8IESC| | LhRESC(?2hESC|7
IESC[?0 KESC]| etc.

Again it needs to be remembered that this
sort of coding is designed to be read by a
machine. not a human. It is all perfectly log-
ical and unambiguous, but not designed for
people.

Examples of page description formats are
Hewlett-Packard’s printer command lan-

guage (PCL) used for the Laserlet series of

printers and the many which emulate it, and
the Canon printing system language
(CaPSL).

Control formats based on escape
sequences can be of indefinite length, and
page description languages can be extremely
powerful. They need to be. The modern
printer is normally a bit-mapped device with
a wide range of facilities. Before printing a
page. the printer’s processor assembles a
complete bit mapped image into its memory,
very similar to video ram in a computer,
except that most printers today are still only
monochrome.

Fonts are simply internally stored graph-
ics. When the incoming data requires a char-
acter, the corresponding graphic is recovered
from internal look up (ram or rom), scaled
and rotated if necessary, and is then used to
programme the required pixels of the page
memory.

Like other graphics, fonts can be
described in a high level manner, or as bit
mapped images. Those stored in high level
form are called “outline™ or “'stroked™ fonts,
and scale much more gracefully than bit
image fonts, particularly to large sizes.

A pixel addressable printer can obviously
reproduce a bit mapped image, and page
description formats have developedto allow
this. A special escape sequence defines a
rectangular arca of the page and then intro-
duces a block of pixel data, very similar in
principle to a bit image file. The pixel data
may be in 8-bit binary words, but it is com-
mon for them to be 7-bit binary words, to
preserve the capability of 7-bit transmission.
or coded as ascii hex characters, ie.. 0-9 and
a-f, thus also preserving printability. Such
bit image blocks are not normally com-
pressed. and anyone using graphics in a doc-
ument is familiar with the time it takes to
load the printer.

A similar process can be used to download
soft fonts, which means that a bit mapped
printer can be programmed to handle any
font, including fonts designed by the user.
The flexibility of such printers makes desk
top publishing possible, and can also inter-

fustity[
{tpos msg show}bind
{sps 0 eq{tpos msg show}
étxtra sps div 0 32 tpos msg
widthshow}ifelse}bind
{msg length dup 1 gt
{1 sub extra exch div 0 tpos msg
as?ow} howj}ifelse}bind]def
| smsgsow:ese i e
fhatf;;(:\ 0 def
/valign O def
!tu er false def

449 2806 {Tha} gtext
552 2806 (following) gtext
787 2806 (file..) gtext

Fig. 7. Fragment of Postscript file

nationalise computer printout with non Latin
fonts, such as Japanese characters.

Page description languages

A more advanced approach to page descrip-
tion is to design a software language which
can be used to control the processor of a dis-
play device. It may be difficult to define a
formal distinction between this and the page
description formats described above, but a
glance at the results makes the difference
obvious.

Compare the set of escape sequences in
the previous section with Fig. 7. which
shows a fragment of the Postscript language.
The difference is clear. Postscript is recog-
nisable as something which can be written
and read by us humans. It is not the casiest
language to learn, but it has structure and
legibility.

Postscript originated from Adobe
Systems, and has become something of a de
facto standard for desktop publishing. It is
widely supported and cloned. which proves
its success. As a language it has some partic-
ular features:

— It is an interpreted language. In each
application a source file is interpreted in real
time. Thus a printer which supports it must
contain a Postscript interpreter. The advan-
tage of this approach is compatibility. There
are no hardware dependent “executable™
files floating around.

— It is a stack based language. This is the
main feature which saves Postscript from the
slow execution normally associated with
interpreted languages. In some situations
Postscript can be faster than the escape
sequence type of printer control file.

— It uses post fix notation, where argu-
ments come first and operators follow. This
is basically the same as Reverse Polish
Notation as used on certain calculators, and
follows directly from the stack based
approach.

— It can include blocks of bit image graph-
ical data. coded in hex characters.

— Itis a large language, with over 300
operalors.

— Although it has loops. procedures and

conditional operators, in terms of modern
software theory it is not strongly structured.

Although in theory Postscript could be
viewed as a general purpose programming
language, it is strongly biassed towards visu-
al representation. However. it should not be
viewed simply as a means to control power-
ful printers. [t has an important application
in screen graphics, as described below.

Graphical User Interfaces

A final major application of graphical inter-
change is in the area of networked computer
systems.

Early computers were boxes with ports for
terminals. The terminals worked on a line by
line basis. with the screen information
scrolling upwards just as it would on a
teleprinter roll.

When personal computers became popular
(ic., cheap) the fact that the processor was
close to the screen was rapidly exploited by
application software to give the user a much
more dynamic look and feel.

Data could pop up in boxes around the
screen, and in due course graphics, mice and
icons led us into the wimps era (window,
icon, menu, pointer).

Initially this left the larger machines. with
consoles scattered around on the end of
RS232 cables, somewhat behind. The line
by line console had a distinctly old fash-
ioned look and feel. If PCs were networked.
it was normally to share expensive
resources, such as printers or mass storage.
The application still ran close to the user to
give a crisp look and feel.

When wider bandwidth networking
become available, the ability to move graph-
ical information quickly around a network
brought the central multi user processor con-
cept into the wimps era, and this has
required clearly defined standards for the
Graphical User Interface (GUI).

One such standard is the X Window sys-
tem, developed by an industry collaboration
group and the Massachusetts Institute of
Technology. It is largely based on the bit
image approach, and assumes a resolution of
around 100 pixels per inch, which could
become a limitation in the future. However,
X is very widely supported. and is associat-
ed with the Unix operating system and the
move to open standards in the IT industry.

A competitor to X is Sun Microsystem's
Network extensible Window System
(NeWS) which in some ways is technicalsu-
perior. It uses Postscript as the transfer for-
mat. thus providing hardware independence.
It also makes more powerful features avaii-
able at the user interface. such as image
transformations. Another very neat feature is
that one Postscript interpreter can handle
both the user’s screen and a printer directly
from the same source material.

Commercial battles are not always won on
technical merit, and at present X Windows is
probably winning. Whatever the outcome,
the movement and control of graphical
information is here to stay. |
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PC ENGINEERING

Curve package
that really fits

the bill

Manually adding best-fit curves to data plots can be

laborious and prone to error. Don Bradbury finds

Jandel Scientific’s TableCurve curve-fitting program

has all the right lines.

ou don’t need to be a statistician or a

graphic artist to be able to use

TableCurve — the professional-stan-
dard curve 1tting program designed for sci-
entists and engincers. But to benefit from its
more esoteric features you certainty need a
good comprehension of the underlying pro-
COSSCS.

Demands made on personal computing
skills are minimal, and installation is simple.
One command-line switch will make use of
a maximum of 512K of expanded memory.
cither EMS 3.2 or 4.0: another will put over-
lays im0 extended memory: a third disables
the “degree of freedom™ facility for errors in
curve fiting. and a fourth can be used to dis-
able a mouse even if one is fitted and nomi-
nally active.

I any further additions are made to the
dos command line, they are assumed to refer
to an ascii tile to be loaded directly. Other
importable file formats can only be loaded
from within the TableCurve environment. so
suitable data necd only be typed into an ascii
file with a word processor or line editor to
be used. and a path to any directory on the
disk can be included if necessary. Where
operation is to be dircctly from a different
data file directory then TableCurve has to be
in the dos path.

Program start-up is rather annoyingly
interrupted by a [Ss delay at a screen show-
ing Jandcl Scientific’s reminder of the
licence agreement. followed by a summary
screen showing the program’™s status in
terms of memory usc, maths coprocessor
installation. estimated processing speed rat-
ing for the detected hardware, and various
user-modifiable program scttings.

When a file is loaded. the summary sereen
also shows various details of the data ranges

minimum, maximum. standard deviation

September 1991 ELECTRONICS WORLD + WIRELESS WORLD

and so on. After processing the data. the
cquation, selected by the program or user. is
also displayed on return to the summary
sereen.

Using the menu system. which can itself
be modified to give pop-up. pull-down. or
first letter selection of options. the colour
scheme can be sclected from  a choice of
four Other modification options include
video mode. in the unlikely event that hard:
ware has been incorrectly read. mouse
response speed adjustment, EMS/help
arrangements, printer selection, setting of a
uscr option for function key F3 and so on,

Help is context-sensitive and very usclul.
though there can be some delay in retrieval
sometimes prompting the worry that the pro-
grant has not received an instruction. Even
longer delays can occur when the printer is
set to work. But what looks like a fock-up
just means that the program needs time to
respond before any further keys are struck
a “wail” sign or similar signal could be use-
fully displaycd here.

Curve fitting

FILE option allows import of any data filc in
Lotus 1-2-3 worksheets up 10 version 3.0,
dBase. Symphony. Quattro, ascii or directly
from the keyboard. Data can also be import-
cd from defined binary files. All these files
arc listed for cursor selection if the file is in
the current directory.

Usctul demo files plus the “Mini-Tour™
section of the manual demonstrate many of
the most-used features of TableCurve.

Up to 1500 data points can be accepted on
a 640K machine. or up to 3000 points
through use of expanded memory. If data is
loaded from a spreadsheet file. for example.
X and Y variable columns to be used can be
selecred. and default labels the program
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Sample Data For Normal Function
2 Eqn 220 y=CatoxexZegtix) AL ebxrdxZeixSthytjx3) r2=0991944873
29.16627 b=-0.33771856 c=-3.1814293 d=0.042523707 e=0.42413861
1=-0.0023289775 =-0.02483488 h=1.3676309E-05 1=0.00063718898 j=2.0585973-07

125

100

15

X-Ualues

expects 1o use can be edited. Automatic pre-
scan of data follows for the summary screen.

and calculations can be made on a range. If

the range maximum is 40 but 100 is prefer-
able. then Y=Y*100/40 could be entered 1o
transpose the range before plotting.
TableCurve can calculate the data’s best
fit 10 one of s equations, or the plot of the
data can be previewed to decide whether any
data needs to be edited or excluded. or
weighting factors applied prior 1o process-
ing. Weighting allows pre-judging of the rel-
cvance of any points and so reduces empha-
sis on suspecet data. The weighting screen
presents twenty options including on-line
help, and saving of changes, while others

Confidence and prediction intervals for curve
fitting evaluation are available

atlow sorting of data, changing ol titles.
reversing of the XY ranges and so on.

Data processing is achieved automatically:
TableCurve can usc all of its 221 ¢quations
1o find a best fit. or the “special function™
cquations  can be omitted or “simple” equa-
tions selected.

Curve fitting parameters inelude the corre-
lation coefficient, R-squared. and ranking of’
fit 1s according to that factor. But “goodness
of fit” is not the whole of the art of curve fit-
ling — users are encouraged 1o step through
Result of fitting data to lower ranked
equation.

Sample Data For Normal Function
20 Egn 10 y=(a+bFl{(x)) r2=0.999399987
a=9. 084982
b=90. 895745

T
&
&
[a]
==
|
>

X-Ual ues

640K allows 1500 data points

512K expanded memory can be used.
Maths coprocessor desirable but not
essential.

MicroSoft-compatible mouse can be used.

other cquation fits. viewing the data and
residuals plots as well as the data tables, and
all are very conveniently accomplished.

Linecar, log. inverse. negative or positive
exponential, power, polynomials up to 10th
order, rational and special functions includ-
ing Gaussian, sigmoidal, sinc-wave. and
user-defined tunctions are all available.
Other parameters of fit include residuals.
standard error for coefficients, standard error
of fit, analysis of variance, prediction and
confidence limits, and descriptive statistics.

Processing involves floating point calcula-
tions. and speed of processing is heavily
dependent on hardware. A maths coproces-
sor is highly desirable, especially lor large
data sets. though 1 didn’t use one and the
F6MHZz 80286 review machine was not
unduly slow with files of modest size.
Typically. 20 or 30s was required for a full
cvaluation using all the equations, though
processing could have been ten times as
quick with an 80287 fitted.

Plotting
Plotting functions encourage experimenta-
tion, allowing not only trials of equations
other than that  selected as optimum. but
also zooming parts ol plots to amplify rele-
vance of the fit and resizing the graph to
judge extrapolation effects. Four dilferent
parts of a plot can be viewed at once on the
screen. the X and/or Y scaled between linear
and logarithmic and size of the plotied data
points changed. Colour scheme can be mod-
ified to taste. Variable confidence and pre-
diction intervals can be activated, special
tunction parameters displayed, a data sum-
mary for a selected equation viewed. and
data residuals displayed — either directly as
data, in pereentaged form. or graphically.

There are also facilities to display the
data’s standard errors and select polynomial
and rational functions. Equations can be
evatuated with an “equation preview™ option
which provides a calculator-like evaluation
process bused on the equation currently
being reviewed. Various X or Y values are
entered. and the corresponding calculated Y
or X value, based on the cquation in use. is
put into the table.

In all of these processes. table or graphic,
a MicroSoft-compatible mouse can be used
for screen navigation, graphic manipulation,
help screen calls, item setection. and menu
operation. Speed of response can he set over
a range of five sieps. and may well have 1o
be reset  because. particularly in graphics
mode. if it is too sensitive, loading up scver-
al movement commands into the butfer will
require having to wait for them to clear. This
is principatty because the mouse can roll in
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Canple Data For MNorwal Function
20 Eqn LD y=(a+bFL(x)) r2=0.99999987
2=0. DB48eE2

b=080. BR5745

¥-Nor nal

I-J:-lupc

Canple Data For Norwal Function
20 Eqn LD y=(a+bFL{x)) r2=0.599999R7
a=0. DE486B2
b=80. RA5745

¥Y-Nornal
s 0

X-Jaluec

four directions to replicate the equivalent +,
- ¥ and / keyboard commands 1o zoom and
relocate the graphics.

Using a mouse is very convenient — bul
some might prefer the keyboard.

Output

TableCurve’s output options include print-
ing the curve-fit graphs and the data sum-
maries in a high quality monochrome mode.
Choices include full-page graphs alone: 10
half page graphic and equation summary, or
extended equation summaries.

Graphic output may be in standard form. a
partition (zoomed-in) or extrapolated
(zoomed-out) graph, or it may be of residu-
als alone. Graphic output. printed reports
and files of many difterent types can be pro-
duced for use with other programs such as
Jandel Scientific’s own SigmaPlot. But out-
put can also be used with Lotus 1-2-3 in all
versions up to 3.0. Symphony. Quattro and

Supplier details

£305 plus £10 postage and VAT.

Available in the UK from jandel Scier tific,
who also provide support, at The Cor= Store
11d., The Studio, Hawthorn Cottage,
Marbury Road, Comberbach, Northwich,
Cheshire CW9 6AU. Tel: 0606 8919¢0.

¥-Nor nal

¥Y=Nornal

Zoomed-in partitions can be displayed on a
single screen

Harvard Graphics. pCx format files can be
used with Ventura. Pagemaker and other
desk top publishing programs. and metafiles
with WordPerfect 5.0 or Word 4.0. Some
formats then allow further resizing. editing.
and enhancement of the graphic output.
Ascii output can also be requested for view-
ing residuals or generated X-Y data.

Avoiding poor analysis

Referred 1o as possible “pitfalls™ in the
excellent manual. some of the more likely
situations where crroncous deductions
should be anticipated are presented.

Noise on a signal producing the data
points is one. though there is a smoothing
routine which effectively overcomes this
provided it is used with caution.

Ill-defined regions of the data, rational
equations, unjustified polynomial fits (par-
ticularly for extrapolations). failure 10 exam-
ine data at low X and Y values sufficiently,
reversing X and Y values, and as the manual
puts it, “trusting numbers rather than the cvi-
dence of your own eyes™ are some others.

Most TableCurve users will alrcady have
acquired the necessary good sense to avoid
such pitfalls. Those who haven’t would do
well 1o browse the informative manual — an

~ PC ENGINEERING

Caaple Outa For Morwal Function
20 Eqn LD =(a+bFl{x)) r2=0.99999ER7

=0, DB49€E2
b=80. B957 45

=
X-Ualupe

Canple Btz For Norwal Function
20 Eqn LD y=(a+bFl(x)) r2=0.99998%E7

a=8. DB49:R2
b=080. BA57 45

impressive publication liberally sprinkled
with graphic illustrations of the program’s
functions and various points 10 note.

An appendix lists all 221 equations used
by the program. and a redefined special
functions section deals with non-linear equa-
tions which cannot normally be solved by
the one-pass direct solution methods used in
TableCurve, The program implements a pre-
scan of the data 1o determine parameters that
cannot be resolved by the direct least-
squares method of analysis. In this way.
Gaussian, log-normal, sigmoidal, and sine-
wave dala are treated just like the program’s
other functions of X. Transformed equa-
tions, power-fit. exponential, hyperbolic.
and others are also discussed in an appendix.

Highly recommended

TableCurve is intended to be a fast, one-pass
curve-fitting program. with minimal user
input. Data sets precluded from analysis are
well documented, but the great bulk of typi-
cal experimental data will be handled. 1 thor-
oughly recommended it. lts price reflects the
fact that it is not in the category of software
expecled to sell in millions of copies.

But it is undoubtedly casy to use. | was
up and running with the package within ten
minutes. applying the automatic mode of
analysis — and making sense out of it — with-
out reterence to the manual. ]
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Filter Designer for £465 complete

Those Engineers have a reputation for supplying the best value for
money in quality engineering design software. Take a look at the
features of our latest program and ask us for a free demo disk.

Filters defined variously by —

@ type (e.g. Butterworth, Chebychev, Bessel. etc)
@ network with your choice of defined components
@ S plane pole location

@ pass-band and stop-band attenuation

@ transfer function polynomial

Synthesis up to 10th order with standard &
toleranced value optimisation

R1: 160.8A8 Ohm
R2: 1.888 kOha
czf - ] R3: 1.608 kOhw
r1 rR2 | R3 e C1: 1804 .988 pFarad
Vine Mg A1 AA o |- Vout C2: 1808 .888 pFarad
(I <2 C3: 1888.988 pFarad
3°rd Order Low Pass Fiiter
Export to ECA-2 Circuit Simulator
-
Caln MONTL CARLO AMALYSIS OF SYNTUESISED ACTIVL FILTER
a8 v 2 '
» - T - i ST -
. J |
11N |
-28 ‘
2L -
& TN
s i _ TN
Ly 8 LN 3 n mn
Freyuamy in N ]

Help with theory (Internal reference library)

"= TR i“ﬁ”'
| . 1
ol BEBZZAN B
: : Egt- |
‘ =S==Z=aN o
=Z2a8 e
2 - F3 —
. .2 ®. 4 *.8 1 1.2 1.4 1.6 1.8

TUO ZERO/POLE BIQUAD TYPE HPF

Minimum op-amp specification output

1 Open Loop Gain
EMNCITYEI  S0.668 kOhn neasured at 96.792 kHz
min gain 188 .8882
[ Cin (mnax)  [EFCNCEERESS nin 4B 40.008 4B
| Rout (max) | 18.888 Ohm Sleu-Rate (min) 4.898 U uS

Filters analysed by —

@ frequency domain (gain, phase, group delay)
@ time domain (step response, impulse response)
@ transfer function polynomial

dSElEngihee

106a Fortune Green Road - West Hampstead
London NW6 1DS

Tel: 071-435 2771 Fax:071-435 3757

FS LTD

CIRCLE NO. 106 ON REPLY CARD

AORm' Room 2, Adam Bede High Tech Centre,

3 Derby Road, Wirksworth, Derbys. DE4 4BG.
(UK) Ltd tci: 0629 - 825926  Fax: 0629 - 825927

The AR3000 now extends your listening horizons. Frequency
coverage Is from 100KHz to 2036MHz without any gaps in the

range. All mode: USB, LSB, CW, AM, FM (narrow) FM (wide).
400 memory channels are arranged in 4 banks x 100 channels.
15 band pass filters before the GaAsFet RF amplifiers ensure
high sensitivity throughout the entire range with outstanding
dynamic range and freedom from intermodulation efftects. An
R$232 port is provided to enable remote operation by plugging
dircctly Into most personal computers, ACEPAC3 is an
exclusively developed multi-function IBM-PC based program to
further increase the versatility of the AR3000. A sweep facility
provides a spectrum analysis graph. The very latest version
displays frequencies in X axis and squeich opening percentage
on each frequency in the programmed frequeney search range.
This indicates "how active’ the frequencies are in the
programmed search range. In addition to the graphic display,
ACEPAC3 can produce a detailed numerical list from the graphic
information. One memory file has 400 channels divided into 4
banks of 100 channels. More than one memory file can be
created to increase the memory storage capability. If you make
just one extra memory file you can store 800 memory channels!
R.R.P. Inc VAT AR3000 £765 ACEPAC-3 £119

\ e

CIRCLE NO. 107 ON REPLY CARD
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ALL NEW RS §
COLOUR oo

CATALOGUE

PLUS Test Instruments,
Security, and Component
Supplement

AROUND =

350 PAGES
COVERING
® Components
W Fans @ Relays
@ Public address
To obtain B Security ®CCTV
Henry's new catalogue | B Test instruments
send envelope, minimum size C4 (123," x9"). | m Speakers B Disco
self addressed with £2.65 stamps affixed OR | @ Power su plies
send £4 ch/po with request for catalogue. W Incar ®Cables
(Export £6) to the address below B Inter comms
Also available for callers. E CB® Toolsetc
Trade/Industry/Education. B Accessories
Attach notepaper request for FREE for TV-Video
catalogue with trade price lists. B Telephones

Computer, Audio etc.

OPEN 6 DAYS

HENRY'S =

404 EDGWARE ROAD, LONDON, W2 1ED

Sales: 071-258 1831 Fax:071-724 0322
Audio and Electronics Specialists
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escale V2.0 is a nifty £10/$20 share-
ware program from the US. for carry-
ing out resistor caleulations. It has
been designed to streamline the nitty-gritty
business of balancing accuracy against
available resistor values. tolerances and cost.

Version | of Rescale has been around for
some years and is today regarded as rather
palacolithic. But this new version has been
re-written in Power-Basic,

Basic it still is: even so it does more than
many scientific caleutators, and release 2
computes faster. has a proper menu strue-
ture. EGA colour capability and is generally
bullet-prool.

S for simplicity

Instal and test are painless — taking under
five minutes including entry into the menu
batch file — and operation is intuitive. But
for users that need more help. documenta-
tion is contained in i four-page README.DOC
writlen in “engineerspeak”™. My own copy
has been printed and reduced for reference.

To start, type S lor series or P for parallel.
and enter any desired (non standard) value
in the range 100R 10 IM or more. Rescale
will respond with standard resistor values.
listed by accuracy or ascending value. for
series or parallel combinations. Accuracy is
cited both in percent error and as the short-
fall in ohms.

For critical missions a single resistor value
can be entered. and the pachage will suggest
what value(s) to parallel ifl say. a production
run of PTH PCBs have been fited with a
17.4k precision resistor which should have
been 14.7k... Resistors listed all belong 10 a
specilic tolerance set.

To repeat the caleulation for another toler-
ance set (will a cheap 1% E24 series value
give a close enough (it?), just type T and
select from the 112, 24, 48 or 96 series. list-
ed under their US aliases. eg 0.1% MIL is
196. and 5% alternative commercial is actu-
ally 19 E24.

Fig. 1. Biasing a
comparator with

Copyright 1991
240mV for a 2.54V . L

PC Resources
Yout' %error

REVIEW

Hard to resist?

Invaluable time-saver
for analogue design,
Rescalc release 2.0 is
much improved and
pays for itself within
hours, says Ben
Duncan

Dividing with E48 into X
Dividers and padded dividers or trimmers
are handled: enter input and output voltage.
and the upper and lower arm vatues are list-
ed. Typing S (sort) toggles the list on any
screen: order of tolerance puts + and %
ranging cither side ot zero, otherwise values
are histed in ascending numeric order.

Percent error is listed tor output voltage vs
target and sensitivity of output voltage vs
resistor values.

Fig. 1. screen dump demonsirales biasing
a comparator with 230mV for a 2,45V refer-
ence source. using E24, alias standard 1%

RESISTOR DIVIDER CALCULATOR

ttol of Vout’ Vin' @ Vout

reference source. 820 8200 0.22 <=7.20 9.48 <B.73  2.64 ﬁ
| 160 1500  0.26 -1.61 9.42 -B.69  2.49 Vin: 2.45
| 130 1200 0.26 -0.22 9.40 -B.67  2.46 [Vout:  0.24
390 3600  0.24 -0.22 9.40 <-8.67  2.46
510 4700 0.26 -0.07 9.40 -8.67 2.45 Resistor
360 3300 0.24  0.41 9.39 -8.67 2.4 Tolerance 5%
240 2200 0.24  0.41 9.39 -B.67  2.44
120 1100  0.24  0.41 9.39 -8.67 2.4 o —
470 4300  0.26  0.59 9.39 -B.67 2.4 -] |
820 7500 0.24  0.61 9.39 <-8.67  2.4& |8 |
680 6200 0.26  0.90 9.39 -B.66  2.43 o
560 5100 0.24 1,00 9.39 -B.66  1.43 Vin +——o
100 910 0.26 1.07 9.39 -B.66  2.42 -
330 3000 0.24 1.16 9.39 <-B.66  2.42 |A} vout|
220 2000 0.26 1.16 9.39 -B.66  2.42 o |
110 1000  0.24  1.16 9.39 -B.66  2.42 | o—1—0
430 3900 0.24 1.38 9.38 -8.66  2.42
750 6800  0.24  1.41 9.38 -8.66  2.42
620 5600 0.24 1.76 9.38 -B.66  2.41
910 8200 0.24 1.97 9.38 -8.65 1.40 Sort by Error
Home,End,Pg-Up,Pg-Dn; U,T,8,P; Q.esc to exit; F1 for HELP, F10 for MENU

metal film resitors. For padded dividers. the
pot or preset assumes an E6 value cg 10,20
or SOKQ.

In calculating dividers. all values are con-
densed into medium values (above 100R).
For many circuits, practical values will need
to be derived by scaling: but be cautious
about accuracy. There is no problem with
comparators fed from voltage relerences.
But in many circuits. significant source and
load resistances will need factoring out from
the upper and lower arm values respectively
(and scaled pro-rata). otherwise the implied
accuracy will be false. Also rounding crrors
can affect cases where extreme accuracy s
required.

It also performs Wye-Delta transforma-
tions (handy for network analysis simplitica-
tions and defines multi-tap dividers, for up
1o ten output voltages.

Characteristics
Speed is fine. On an XT fitted with co-pro-
cessor, caleulation is under 1s for any mode.

Scientific notation is accepted (1.23¢+8)
but not engineering units (nam k).

README.DOC warns of large values - |
found it would accept up 1o 9M in series cal-
culations. and IM in parallel. Values below
10€2 are also restricted. but scaling results
should hardly tax the brain - even brains
without co-processors. In divider calcuta-
tions. maximum input voltage is IkV. As a
result of these limits, the maximum divisive
ratio is 80dB or 10,000:1. enough for 99%
of jubs.

Printing (sce print dump) is dos PRTSC:
boring but reliable.

I any future release. two welcome refine-
merts would be the simultancous inclusion
of source and load resistances in divider
computations: and audio and communica-
tions designers would like to be able (o tog-
gle divider ratios and percent error. (o read
out in dB voltage (log,,) and maybe power
(log,,) deciBels.

But. overall. Rescale V2 will prove
invaluable for anatogue designers and equip-
ment manutacturers. 1t should guickly pay
for itself by saving computational time.
increasing accuracy and reducing parts costs
by minimising expenditure on E48 or 1396
parts where cheaper E24 values will do. B

Supplier details

Release 2 can be obtained direct from the
USA. Cost is $20. Payment in $ by IMO
(available from banks) to PC Resources, PO
Box 443, Hudson, MA 017949, USA.
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EDN DESIGN SPOTLIGHT

Circuits, Systems & Standards

First published in the US magazine EDN and edited here by lan Hickman.

NOR gate controls oscillator frequency

You can make a simple, stable frequency-
shift-keying (FSK) generator by adding
an exclusive-OR gale to a standard cmos
oscillator. In this circuit (figure). the data

mput controls gate /C,, establishing positive

or negative feedback around the oscillator
formed by IC,, IC,, and IC .

When the data input goes low, IC ) enters
its non-inverting mode. and R, increases
capacitor C's charging rate. When the input
returns high, IC, ) inverts, and R, reduces
C’s charging current, thus lowering the
oscillator’s frequency.

R, and C set the oscillator’s frequency
range, and R, determines the circuit's
frequency shift. To ensure frequency
stability. make R; much greater than R, and
usc a high-quality feedback capacitor. Note

that the three gates constituting the oscillator

itself need not be exclusive-OR types-you
Can use any cmos inverter.

Richard Rice

Simple FSK generator

There is an elegance about a circuit
which achieves its function with
great simplicity. This FSK generator
certainly falls into that category. Both
centre frequency and shift will be
subject to component tolerances, but
the circuit fills the bill as is for
undemanding applications;
alternatively, presets can be designed
in to allow adjustment to a standard
I.H. shift such as 170 or 850 Hz. IH

An exclusive-OR gate (IC1D) turns a simple
cmos oscillator into an FSK generator. When
the data input goes high, IC1D inverts, and
negative feedback through R2 lowers the

circuit’s output frequency. A low input results

in positive feedback and a higher output
frequency.

NOTES:

IC, = CD4070B
Ryz 15Kk

Ry. Ry z 3R,

om =t
2% 2R,C
Ve =5TO 15V

Circuit converts voltage ratio to frequency

Find the ratio of two
voltages.

This circuit provides an output
voltage proportional to the ratio of
two steady input voltages. The same
thing could of course be done with
two ADCs and software, but in a
system without those facilities, this
circuit provides a purely hardware
implementation. Watch out for
settling time when one of the input
voltages changes, though. IH

Eaton Corporation.

he circuit accepts two positive-voltage

inputs 1’y and V') and provides a TTL-
compatible output pulse train whose
repetition rate is proportional to the ratio
Vv, Full-scale output frequency is about
100 Hz. and lincarity error is below 0.5,

The output Fo equals KV, /V',). where

K=1/(4R,C } and provided R =R . Op amp

15v

1

0.25 uF

AA

8
3

S

Vi O—4¢

Vo

[« ¢ o
2 >
“’ _-' 1 4
100k L 100%

19 Coa
A Y

£
—A

100k ~

S,MAIEZ‘&. 30
0 nFI 7 I

ICia
12 5v
ICip
1 uSEC ]-‘5\/
1Cre | .

-15v w

J 128v
ICio

-125v

NOTES:

1 1Cy = LM339

2 01,0y = BCI172
3 D1. Dy = IN414S

Fig 1-This voltage-ratio/frequency
converter produces a TTL-compatible
oulput pulse train that equals
KVN/VD, where VN and VD are the
inputs and K=4R2C1. Linearity error

is less than 0.5.
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IC,, alternately integrates V /2 and -V',/2
producing a sawtooth output that ramps
between the V) level and ground. When
transistor Q, is on, for example, IC
integrates -V',/2 until its output equals V.
At that time, the /C,, comparator swilches
low, causing IC,,)’S bistable output to go
tow, which wrns off Q,. IC, ,’s output then
ramps in the negative direction. When the
output reaches OV, the IC, . comparator
swilches. (, turns on, and the cycle repeats.
Transistor (2, converts the IC , output to
TTL-compatible output logic levels.

Setting V', to LOOV yields a lincar V/F
converter (F =KV, ), and setting V', 10 1.OOV
yields a reciprocal V/F converter (F =K/V ).

Bobirca Florin Daniel, The Electronic
Research Institute

EDN DESIGN SPOTLIGHT

DN

ELECTRONIC
CIRCUITS, SYSTEMS
& STANDARDS

Electronic Circuits, Systems & Standards
edited by lan Hickman, published by Butterworth
Heinemarn Newnes. ISBN 0 7506 0068 3. price
£20.

Since its cppearance in 1956 the US-based EDN
has established itself as a leader in controlled
circulation electronics magazines. Now this “best”
of EDN - with useful information on components,
equipment, circuits, systems and standards is
available in a 216 page hardback publication

Availakle from bookshops, or direct by postal
application to EW +WW, Quadrant House, The
Quadront, Sutton Surrey SM2 5AS. Cost £20 plus

£1.50 post and packing.

Diodes and capacitors: imitate transformers

he diode-capacitor network of Fig 1

accepts low current at a high voltage and
delivers higher current at a lower voltage,
behaving like a step-down transformer. You
drive the circuit with a square-wave input
signal as shown.

When the input is at its peak voltage. V..
current through D, . DD,. D4, and D, charges
series capacitors C . C,. C,.and C,. The
voltage on cach capacitor reaches
approximately 1/4(VP-4V). where V', is the
forward-voltage drop across one diode.
However. the total output voltage doesn’t
cqual the sum of the voltages on the tour
capacitors; it's less than that by 1two diode
drops. Consequently. the circuit is
incfficient for low-amplitude drive signals

(too much voltage is lost across the diodes).
For 15V and 60V p-p inputs, the circuit’s
corresponding outputs are approximately -
1.65V and -12.9V. depending on the load.
An input ol 28V p-p produces about -5V,
Notice that the square-wave generator must
sink more current than it sources: It charges
the capacitors in series, but discharges them
in parallel.

When the input terminal switches to OV, it
connects the capacitors in parallel by pulling
the positve side of cach capacitor near OV,
The capacitor voltages then produce current
flow that creates a negative charge across
the load capacitor (C, ). The voltages on C,.
C,.and C,, cach charge C, through two
diodes in series, but the charging path

[

Vo ===

(PEAK VOLTAGE)

ov

INPUT O

Fig 1-This diode-capacitor network converts
an input square wave (o a negative dc voltage.

.
FC ooy
ié
L
De L L
[Py
Lt +
T o,
- ié
%
[}
Os !L
L.
Lt -
Z=C: Dy
e
1<
Yo
0y . O
P}
Ly -
=Ci Dy
id —0 QUTPUT NEGATIVE
L OC VOLTAGE
!F"' =c
.

DC transformer

Here is an intriguing circuit which
provides a low voltage high current
output from a high voltage low
(mean) current source. The nominal
transformation ratio n in the instance
shown is 4:1 step down, but unlike
some other voltage-changing
schemes using capacitors, n can be
any whole number; it is not limited to
powers of 2. This advantage apart,
the circuit is of limited practical use
as the efficiency is not too high due
to all the diode drops. But one day
someone will invent the perfect
rectifier, and then. IH

through C, has only one diode. D ,. This
configuration results in a higher surge
current through D, and €, and a slightly
higher negative output voltage. unless you
add a diode in series with D

You can change the output voltage by
adding or subtracting sections: C,. D,. D,
and D, constitute one section, for example.
Make the series capacitors equal in value
and the total valuce of these capacitors equal
1o the load capacitor: C, = 112V f. where | is
the load current, V, is the maximum
allowed p-p ripple voltage, and f'is the input
frequency.

Rudy Stefenel, Luma Telecom.
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Phase-modulate signals digitally

Wilh two low-cost IC . you can
modulate a square-wave carrier’s

phasce in direct proportion to the value of a

phase levels. Using an n-bit counter and an
n-bit full adder. you can generate a 2™ level
phase-shifti-keyed (PSK) signal. Remember.,

4-bit data input. In the required circuit
(figure, part (A)), a clock signal running

16 times the desired carrier frequency drives

the 4-binary counter /C,. The counter’s
outputs are binary numbers representing |
cquidistant. cyclically gencrated carrier
phasc angles.

IC,. a 4-bit full adder, implements the
phase modulation by summing the
modulating data with cach of the carrier
phasc angles. Theinstantancous binary

6

Digital phase
modulator

A neat little circuit this, providing up
to +180 degrees phase modulation in
22.5 degree steps. If you are going to
subsequently multiply, or frequency
shift, the output to arrive at the final
transmit frequency, then the optional
sine shaper can be omitted - leaving

however. that the clock signal driving the
binary counter must run at 2" times the
required phase-modulated carrier’s
frequency. For higher speeds. use high-
speed logic (ECL. for example).
Reference

McGuire. Electronics, October 2, 1975, pg
104.15

Noel Boutin,

representation of phase angle at the adder’s
output is offset from the original by a
quantity proportional to the input’s value
(b).

Each new data input results in a
proportional shift in the cyclically generated
phases. The adders MSB output is the
required phasc-modulated square-wave
carricr at frequency F . I you need a sine
wave rather than a square wave, you can add
the shaping circuit (reference). The table (¢)
shows the required data-input connections 1o
the adder for two. four, cight and 16 phascs.

Note that the circuit is not restricted to 16

a phase modulator which could
scarcely be simpler! IH

University of Sherbrooke.

Phase-medulate a carrier with this simple
circuit (a). To obtain a sinusoidal output, add
the optional shaping circuil: Choose CF for
optimum response al the desired frequency.
Part (b) shows the phase shifts for the 16
combinations of a 4-bit data input: (C) gives
the adder input connections for 2-, 4-, 8- and
16-phase resolution.

EN ———— PSK SQUARE-WAVE OUTPUT F¢
1
14 7 2|~
Voo Vss R
e
16Fc 1 BINARY COUNTER o . :
NS 1L o—{ck CD&‘”‘ h :
L 1
) | T :
0 ‘
Q 0 0 0 h |
2] 1] 9] 6 ] SR '
H 2390k :: 75k $ 18k |
] !
7Y 5y 3y 1Y re———ed 1 si 2] !
1
0 A A A A ] - . of. :
C, sc . T
5V ]
emmd :
8 CLICL B Zo L Ly 0]y MuLeLexeR |
M 1] 4051
I ss iIC, s, — 22 iC, '
e Y L Sy 4« N '
SVO—— Voo ] 6 A e A
B, B, B, 8, : 0 :
6h a4 21 15 ! = 3] 4] 15] 12 1 PSK SINE-WAVE
J ¥ CD4030 i I outPUT Y
; 390k $ 75k S 18k H <
! '
- !
R ] ]
DATA INPUT : -5V :
beccccececcccccecccmcccmeacccaeed
@) OPTIONAL SHAPING CIRCUIT
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UNIDEN SATELUITE RECEIVER Brand new units (model
8008) £60.00 ref 60P4 also some 7007s aiso £60.00 ref 60P5
SPECTRUM +2 COMPUTER Built in data recorder, 128K, psu
and manuals £59.00 ref 59P4
SPECTRUM +3 COMPUTERBUil indisc drive, 128K, psu and
manuals £79.00 ref 79P4
AMSTRAD CPC464 COMPUTER No manuals but only
£79.00 ref 79P5
AMSTRAD CPC6128 COMPUTER Again no manuals butonly
£149.00 ref 149P4
AMSTRAD GT65 Green screen monitor £49.00 ref 49P4
AMSTRAD PORTABLE PC'S FROM £149 (PPC1512SD).
£179 (PPC1512DD). €179 (PPC1640SD). £209
{PPC1640DD). MODEMS £30 EXTRA.NO MANUALS OR
PSU.

AMSTRAD PC BARGAINt11!!
PC 1512DD COMPLETE W1TH CGA COLOUR MONITOR, 2
DISC DRIVES, MANUALS ETC ONLY £249.00 REF 249P4

HIGH POWER CAR SPEAKERS. Stereo pair output 100w each
4ohm impedance and consisting of 6 1/2° woofer 2° mud range and
1" tweeter. |deal 10 work with the amplifier described above. Price per
pair £30 00 Order ref 30P7

2KV 500 WATT TRANSFORMERS Sutable for high voltage
experiments or as a spare for a microwave oven etc. 250v AC input
£10.00 ref 10P93

MICROWAVE CONTROL PANEL. Mains operated, with touch
switches Compiete with 4 digit display, digital clock, and 2 relay
outputs one for power and one for pulsed power (programmable)
Ideal for all sonts of precision t mer applications etc. £6.00 ref 6P 18
FIBRE OPTIC CABLE. Stranded optical fibres sheathed in black
PVC. Five metre length £7.00 ref 7P29

12V SOLAR CELL.200mA outputideal for trickle ﬁ
charging etc. 300 mm square. Our price £15.00 ref =

15P42

PASSIVE INFRA-RED MOTION SENSOR.

Complete with daylight sensor, adjustabie ights ,""i‘ .

on tmer (8 secs -15 mins). SO’ range with a 80 RLIRY
deg coverage. Manual overde facilty Com- / ¢
plete with wall brackets, bulb holders etc. Brand ] 7

new and guaranteed. £25.00 ref 25P24.
Pack of two PAR38 bubbs for above unit £12 00 ref 12P43
VIDEO SENDER UNIT Transmit both audio and video signals
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 DC op. £15.00 ref 15P39 Suitable mains adaptor £500 ref
sP191

FM TRANSMITTERhoused in a standard working 13A

adapter (bug is mains dnven). £26.00 ref 26P2 e
MINATURE RADIO TRANSCEIVERS A par o!%" yj
wallie talkies with a range of up to 2 kilometres. Units |

measure 2x52x155mm. Complete with cases. £30.00 g

ref 30P12 \

FM CORDLESS MICROPHONE . Small hand held unit with a 500'
rangel 2 transmit power levels reqs PP3 battery. Tuneableto any FM
receiver. Our price £15 ref 15P42A

10 BAND COMMUNICATIONS RECEIVER.7 shon
bands, FM, AM and LW DX/local switch, tuning ‘eye’ mains
or battery. Complete with shoulder strap and mains lead
NOW ONLY £19.001l REF 19P14,

eeezZ)

WHISPER 2000 LISTENING AID.Enables you to hear sounds

that would otherwse be inaudible! Complete with headphones.

Cased. £5.00 ref 5P179.

CAR STEREO AND FM RADIOLow cost stereo system giving

S watts per channetl. Signal to noise ratio better than 45db, wow and’

fiutter loss than 35% Neg earth £25.00 ref 25P21

LOW COST WALIKIE TALKIES.Pair of battery operated

:nn(s with a range of about 150" Our prce £8.00 a pair rol l
PS0

7 CHANNEL GRAPHIC EQUALIZERbius a 60 watt [l B

power amp! 20-21KHZ 4-8R 12-14v DC negative earth. |

Cased £25 ref 25P14

NICAD BATTERIES. Brand new top quality. 4 x AA's £4 00 ref

4P44. 2xC's£4.00ref 4P73, 4 x D's £9.00 ref 9P12, 1 x PP3£6.00

ref 6P35

TOWERS INTERNATIONAL TRANSISTOR SELECTOR

GUIDE. The ultmate equivalents book. Latest editon £20.00 ref

20P32

CABLE TIES. 142mm x 3.2mm white nylon pack of 100 £3.00 ref

3P104. Bumper pack of 1,000 ties £14.00

VIDEO AND AUDIO MONITORING
SYSTEM

Brand new units consisting of a camera, 14cm monitor, 70 metres of
cable, AC adapter. mounting bracket and owners manual 240v AC
or12vDC operation complete withbuiltin 2 way intercom. £99.00 ref
99P2.

1991 CATALOGUE AVAILABLE NOW IF YOU DO NOT
HAVE A COPY PLEASE REQUEST ONE WHEN ORDERING
OR SEND US A 6"X9" SAE FOR A FREE COPY.

GEIGER COUNTER KIT.Complete with tube, PCB and all compo
nents to build a battery operated geiger counter. £39.00 ref 39P1
FM BUG KIT.New design with PCB embedded coil. Transmits to
any FM radio. 9v battery req'd. £5.00 ref 5P158

FM BUG Built and tested superior 9v operation £14.00 ret 14P3
COMPOSITE VIDEO KiTS.These convert composite video into
separate H sync, V sync and video. 12v DC. £8.00 ref 8P39.
SINCLAIR C5 MOTORS 12v 29A (full load) 3300 rpm 6"x4" 1/4"
O'P shatt New. £20.00 ref 20P22.

SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE U

Our price £6.00 ref 6P33
MICROWAVE TURNTA S. Ideal for window
play¥ )

As above but with fitted 4 to 1 inhne reduction box (800rpm) and
toothed nylon belt drive cog £40.00 ref 40P8

SINCLAIR C5 WHEELS13" or 16" dia inchuding treaded tyre and
innertube. Wheels are black, spoked one piece poly carbonate. 13"
wheel £6.00 ref 6P20. 16” wheel £6.00 ref 6P21

ELECTRONIC SPEED CONTROL KiTior c5 motor. PCB and all
components 1o build a speed controller (0-95% of speed). Uses
puise width moduiation. £17.00 ref 17P3

SOLAR POWERED NICAD CHARGER.Charges 4

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

6P3.

MOSFETS FOR POWER AMPUFIERS ETC.100

watt mosfet pair 25J99 and 25K343 £4.00 a pair with pin outinfo ret
4P51. Also avabable is a 2SK413 and a 25.J118 at £4.00 ref 4P42.
12 VOLT BRUSHLESS FAN4 1/2" square brand new ideal for
boat, car, caravan etc. £5.00 ref 5P206

ACORN DATA RECORDER ALFS503 Made tor BBC computer
but suitable for others. Includes mains adapter, leads and book
£15.00 ref 15P43

VIDEO TAPES. Three hour superior quaity tapes made under
hcence from the tamous JVC company. Pack of 10tapes £20.00 ref
20P20

PHILIPS LASER. 2MW HELIUM NEON LASER TUBE.
BRAND NEW FULL SPEC £40.00 REF 40P10, MAINS
POWER SUPPLY KIT £20.00 REF 20P33 READY BUILT
AND TESTED LASER IN ONE CASE £75.00 REF 75P4.
SOLDER 22SWGresin cored solder on a 1/2kg reel. Top quaity
£4.00 a roel ref 4P70

600 WATT HEATERS Ideal for air or bquid, will not corrode, lasts
foryears. coil type construction 3"x2" mounted on a 4" dia metal plate
for easy fixing £3 00 ea ref 3P78 or 4 for £10.00 raf 10P76

TIME AND TEMPERATURE MODULE A clock, digital ther-
mometer (Celaus and Farenheit (0-160 deg F) programmable too
hot and too cold alarms, Runs for at least a year or one AA battery
£9.00 ref 9P5

Remote temperature probe for above unit £3.00 ref 3P60
GEARBOX KITS Ideal for models etc Contains 18 gears (2 of
each siz6) 4x50mm axles and a powerful 9-12v motor. All the gears
etc are push ht. £3 00 for complete kit ret 3P93

ELECTRONIC TICKET MACHINES These umts contan a
magnetic card reader, two matnx prnters, motors, sensors and
loads of electronic components ete. (12"x12"x7") Good value at
£12 00 ref 12P28.

JOYSTICKS Brand new with 2 fire buttons and suction feet these
units can be modified for most computers by changing the connector
etc Price is 2 for £5 00 ref 5P174

GAS POWERED SOLDERING IRON AND BLOW TORCH
Top quality tool with interchangeable heads and metal body Fully
adpustabie, runs on bghter gas.£10.00 ref 10P130

SMOKE ALARMS Ionization type 5 year warranty complete with
battery only £5.00 ret 5P206

ANSWER MACHINES BTapproved remote message playback,
intergral push button phone, power supply and tape Exceptional
value at £45.00 ref 45P2

CAR IONIZER KIT Improve the airin your carl ¢ ears smoke and
helps to reduca tatigue Case required. £12.00 ref 12P8

6V 10AH LEAD ACIDsealed battery by yuasha ex equipment but
in excellent conditon now only 2 for £10.00 ref 10295,

12 TO 220V INVERTER KITAs suppiied it will hendte up to about
15w at 220v but with a larger transformer itwillhandie 80 watts. Basic
kit £12.00 ret 12P17. Larger transformer £12.00 ref 12P41

VERO EAS! WIRE PROTOTYPING SYSTEMiIdeal for design-
ing projects on etc. Complete with tools, wire and reusabie board

STC SWITCHED MODE POWER SUPPLY 220v or 110v input
wmg Svat2A, +24vat0.254, +12v at0.15A and +90v at 0.4A £6.00

les compatible artf cased £22.00 ral 22P2

VGA PAPER WHITE MONO monitors new and cased 240v
AC. £59.00 ref 59P4

AMSTRAD DMP3000 PRINTER New 9 pin printer, centronics
vt £69.00 ref 69P4

AMSTRAD DMP 3160 PRINTER New 9 pin printer, centronics
i £79.00 ref 79P4

MPLIFIER: STK043 With the addition of
a handful of components you can build a 25 watt amplifier. £4.00 ref
4P69 (Circuit dia Included)

LINEAR POWER SUPPLY Brand new 220v input 45 at 3A, +12
at1A_ -12 at 1A Shon circuit protected £12 00 ret 12P21

MAINS FANS Snail type construction. Approx 4°x5" mounted on a
metal plate for easy fixing. New £5 00 5P166.

POWERFUL IONIZER KIT.Generates 10 tmes more ions than
commercial unitsi Complete kit including case £18.00 ref 18P2
MiNI RADIO MODULE Only 2" square with ferrite aenal and tuner
Superhet Req's PP3 battery £1.00 ref BD716

HIGH RESOLUTION MONITOR.9" black and white Philips tube
in chassis made for OPD computer but may be suitable for others.
£20.00 ref 20P26

BARGAIN NICADS AAA SIZE 200MAH 1.2V PACK OF 10
£4.00 REF 4P92, PACK OF 100 £30.00 REF 30P16

CB CONVERTORS.Converts a car radio into an AM CB receiver
Cased with circuit diagram. £4.00 ref 4P48

FLOPPY DISCS. Pack of 15 31/2" DSDD £10.00 ref 10P88. Pack
of 10 5174 DSDD £5.00 ret 5P168

SONIC CONTROLLED MOTOR One click to start, two chick to

reverse direction, 3 chck 10 stop! £3 00 each ref 3P137
FRESNEL MAGNIFYING LENS 83 x 52mm £1.00 ref BD827
LCD DISPLAY. 4 172 digits supplied with connection data £3.00 re
3P77 or 5 for £10.00 ref 10P78
ALARM TRANSMITTERS. No data avaliable but nicely made
complex transmitters v operation. £4.00 each ref 4P81
100M REEL OF WHITE BELL WIREfigure 8 pattern ideal for
intercoms, door belis etc £3 00 a reel ref 3P107
TRANSMTTER RECEIVER SYSTEMoriginally made tor nurse
call systems they consist of a pendant style transmitter and a
receiver with telescopic aenal 12v. 80 different channels. £12.00 ref
12P26
CLAP LIGHT. This device turns on a lamp at a finger 'snap’ etc
nicely cased with busitin battery operated light. Ideal bedside ight etc
£4 00 each ref 4P82.
ELECTRONIC DIPSTICK KIT.Contains all you need to build an
electronic device to give a 10 level liquid indicator. £5.00 (ex case
ref S5P194
UNIVERSAL BATTERY CHARGER.Takes AA's. C's, D's and
PP3 nicads Holds up to 5 batteries at once. New and cased, mans
operated £6 00 ref 6P36
ONE THOUSAND CABLE TIES!75mm x 2 4mm white nylon
cable tes only £5 00 ref 5P181
PC MODEMS 1200/75 baud modems designed to plug into a
PC complete with manual but no software £18.00 ref 18P 12
ASTEC SWITCHED MODE POWER SUPPLY80mm x 165mm
(PCB size) gives +5 at 3.75A +12 at 1 5A, -12 at 0.4A. Brand new
£12.00 ref 12P39

VENTILATED CASE FOR ABOVE PSUnith IEC fitered socket
and power swich rof SP1O0"
IN CAR POWER SUPPLY.Piugs into cigarseekat and gives
3,4,5.6.7 59, 6nd 12v outpuls at-B66m mplete with yniversal

spider p 5 00 ret SP167

CUST! R RETURNEDswitched mode power i xed
type, r apares or repair. £2.00 each ref 2P:

DRILLO TED PUMP Fits any drill and 18 se g. £3.00
ref 3P140 =

PERSONADNATTA [Complete with bysiTn torch and

vanity mirror POwiet sized, req’s 3 AA bansn}yﬁ 00 ret 3P135
POWERFUL SO ELL 1AMP- 45 VOLTbnly £5.00 ret
5P192 (other sizes avalhiable In camlogua)

SOLAR PROJECT KIT.Consists of a solar cell, speciat DC motor
plastic tan and turntables etc plus a 20 page book on solar energy
Price is £8.00 ret 8P51

RESISTOR PACK. 10 x 50 values (500 resistors) all 1/4 watt 2%
metal film_£5 .00 ref 5P170

CAPACITOR PACK 1.100 assorted non electrolytic capacitors
£2.00 ret 2P286

CAPACITOR PACK 2. 40 assorted electrolytic capaotors £2.00
ret 2P287

QUICK CUPPA? 12vimmersion heater with lead and cigar kghter
plug £3.00 ref 3P92

LED PACK .50 red leds, 50 green leds and 50 yellow leds all Smm
£8.00 ref 8P52

FERRARI TESTAROSSA. A true 2 channel radio controlled car
with forward, reverse 2 gears plus turbo. Working headlights.
£22.00 ref 22P6

ULTRASONIC WIRELESS ALARM SYSTEMTwo units, one
a sensor which plugs into a 13A socket in the area you wish to
protect. The other, a central aiarm unit piugs into any other socket
elsewere in the building. When the sensor is tnggered (by body
movement etc) the alarm sounds Adjustable sensitivity. Price per
pair £20.00 ref 20P34. Additional sensors (max 5 per alarm unit)
£11.00 ref 11P6

WASHING MACHINE PUMP Mains operated new pump. Not selt
priming £5.00 ref 5P18

IBM PRINTER LEAD. (D25 to centronics plug) 2 metre parallel
£5.00 ref 5P186

| "COPPER CLADSTRIPBOARD 17" x4"of 1 pitch “vero”board
£4.00 a sheet ret 4P62 or 2 sheets for £7 00 ref 7P22

STRIP BOARD CUTTING TOOL.£2.00 ret 2P352

3 1/2° disc drive. 720K capacity made by NEC £60.00 ref 60P2
TV LOUDSPEAKERS. S watt magnetically screened 4 ohm 55 x
125mm_£3.00 a pair ref 3P109

SPEAKER GRILLS set of 3 matching grills of different diameters.
2 packs for £2.00 (6 grills) ret 2P364

50 METRES OF MAINS CABLE £3.00 2 core black precut in
convenrent 2 m lengths Ideal for repairs and proects ref 3P91

4 CORE SCREENED AUDIO CABLE 24 METRES £2.00
Precut into convenient 1.2 m lengths Ref 2P 365

TWEETERS 2 1/4" DIA 8 ohm mounted on a smart metal plate for
easy fiing £2 00 ref 2P 366

COMPUTER MICE Originally made for Future PC's but can be
adapted for other machines Swiss made £8.00 ret 8P57. Atan sT
conversion kit £2.00 ref 2P362

612" 20 WATT SPEAKERBuiltin tweeter 4 ohm £5.00 ret 5P205
5" X 3" 16 OHM SPEAKER 3tor £1.001! ref CD213
ADJUSTABLE SPEAKER BRACKETS ideal for mounting
speakers on internal or extemal corners, uneven surfaces etc. 2 for
£5.00 ret 5P207

PIR LIGHT SWITCH Repiaces a standard hght switch in seconds
kghtoparates when anybody comes within detection range (4m) and
stays on for an adjustable time (15 secsto 15 mins) Compiete with
dayhght sensor Unit also functions as a dmmer switchi 200 watt
max. Not suitable for flourescents £14.00 ref 14P10

2 MEG DISC DRIVES 3 172" disc drives made by Sony housed in
a5 1/4" trame 1.2 meg formatted £66.00 ref 66P1

CUSTOMER RETURNED 2 channel full funcbon radio controlied
cars only £8.00 ret 8P200

WINDUP SOLAR POWERED RADIO! FM/AM radio takes NICAD

BULL ELECTRICAL

250 PORTLAND ROAD HO

YS FOR DELIVERY

NEXT DAY DELIVERY £8.00 q

FAX 0273:23077 e

with hand ch and solar panel 14P200
240 WATT RMS AMP KIT Stereo 30-0-30 psu required £40.00 ret
40P200
300 WATT RMS MONO AMP KIT £55.00 Psu required ret S5P200
ALARM PIR SENSORS Standard 12v alarm type sensor will inter-

' ??ce o most alarm panels. £16.00 ref 16P200

LARM PANELS 2 zone cased keypad entry_ entry exit time delay
etc. £18.00 ref 18P200

38/ ucuts-wath-bult in flash asd
Bmm lens 2 tor £8.00 ref 8P200 J

STEAM ENGINE Standard Mamod 1332 v

engine complete with borar piston etc £30 A

ref 30P200
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INTERFACING
WITH C

HOWARD HUTCHINGS

Interfacing with C can be obtained from Lindsey Gardner, 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 arder, quoting a credit

card number. Telephone 081-661 3614 (mornings only, please).

A disk containing all the example listings used in the book is
available at £25.50 + VAT. Please specify size required.

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 al;()rlications,
with not a soldering iron in
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
Brograms provided having

een 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
ﬁro rams described in the

ook are available on disk.




REGULARS

Sound sampler filter

sing an 8-bit sound sampler board with

Atari, Archimedes or Amiga computers
for sound analysis in physics and biology
requires a sample rate of at least twice the
highest signal frequency - around 20kHz.
Some samplers possess a simple low-pass
filter rolling off at about 16kHz, but do not
remove enough of the signal above 20kHz to
allow a sample rate of 40kHz. The diagram
shows a low-pass filter to give the necessary
performance using an inexpensive LC
clement, which is intended for Nicam
systems.

Buffering is provided by R, C, and IC,.
R, matching the output to the filter input
impedance. Resistor R matches the output
10 1C, and. together with R, sets the gain of
the circuit, which is 0dB overall when
circuit losses are taken into account.
Components C, and R, form a high-pass

C1 . see text

1uF

CIRCUIT IDEAS

R4

3 5 6 8
| I | I 7k2
R

9 Al |
FL1 %3 |_
— Tloric 33 | A298BLV-S08SN TLO71C
0.014F
R1 10, 11,12
47k

Low-pass filter is steep enough to allow sound sample rate of twice signal frequency, with

attenuation of better than 50dB at 20kHz.

filter, rolling off at 3.4Hz or 340Hz,
depending on which value is used.
Prototype performance was within 1dB
between 700Hz and 14.5kHz, with roll-off
points at 330Hz and 15.2kHz; above
19.7kHz, signals are at lcast -51dB. The

filter is a Toko part, an A258BLV-5085N,
from Cirkit and Maplin.

L May

Rochdale

Lancashire

Multimeter as
frequency meter

digital multimeter makes a good
frequency meter with the addition of the
circuit shown.

In principle. the average direct voltage of a
rectangular wavetorm depends on the ratio
of a fixed-width part of the waveform to the
variable width of one cycle.

In the diagram, the input signal, after any
prescaling in IC,_, and IC,,. generates a
very narrow pulse at the output of the
second Nor, which is used to reset 14-stage
binary counter IC,. The counting then
proceeds under the control of a built-in
crystal-controlled oscillator until Q
becomes |, whereupon the oscillator is made
to stop. The crystal ensures that the interval
between reset and stop is stable and
accurate. The width of the interval is T, =
1/14.3 x 512 = 35.8us and the cycle time is
T = If, . so that the average output direci
voltage is

V0=\h1XTJTE=V¢|XTanW

where V, is the voltage of the power rail.
Since V, and T _ are constants, output
voltage 1s proportional to input {requency.
R, and C, smoothing the square wave to
give the direct voltage to drive the
volimeter.

Switch positions 1 10 4 select the divider

%
IN41448

11
715]4]6]4

SEEE8Z2ET 2&
l—'Cl
z & 74HC4060
11 12
L
74HC390 74HC390 74HC390
1|5I6m 3I5|s 7
SOOO éOOO
IC3A IC4A
® o e
[T o O
14 |2 l|I4 2
input L —
-

This circuit, in conjunction with a digital voltmeter, gives a stable and accurate digital reading

of frequency from about 50Hz to 19.99MHz.
outputs to give full-scale ranges of
19.99kHz 10 19.99MHz. To calibrate, adjust
R, to give a 1.9V dircct-voltage output when
the input is 19kHz.

Yongping Xia

West Virginia University
Margantown WV

USA
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Surface Cross-Section .
Analysis

Easily create complex curves &
surfaces with the graphical Formula-
Solver”
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Launch of the Space Shuttle Discovery
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NEW push-button "mouse-menus'
allow easy access to frequently used
features

Automate customized graph creztion

N with pre-recorded macro & batch files.

Integrate 2-D and 3-D data on a single
graph to add meaning and impact.

Presentation graphics and analysis for technical users.

.
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[ I scientific spreadsheet which 6 Business Centre West, Avenue One. Letchworth, Herts.. SG6 2HB JI

n directly read your Lotus or ASCII files Tel: (0462) 480035 Fax: (0462) 480213 —r



Sine waves from a 4046 VCO

A detection and waveform

generation are two of the
expanding number of uses for the phase-
locked loop IC. the one in question being the
4046 cmos type. Quadrature sine or
triangular waves are derived from the VCO
timing capacitor in a similar manner to that
described inref.1.

Voltage across the timing capacitor C | is a
lincar difterential sawtooth having a
constant peak voltage with frequency. The
two fets make up a high input-impedance

differential pair with unity gain and over
10MHz bandwidth, which maintains

linearity at low charging currents and at high
frequencies up to 18MHz. Summing the two

fet outputs in Tr, gives a triangular wave
and a small square component, which is

removed by taking some of the square at the

VCO output to the summing point,

To obtain a sine output. usc the two
schottky diodes back 10 back on the
summing point to round the triangle; the

resulting sine is accurate to about 1% THD.

CIRCUIT IDEAS

Adjusting VR, gives a symmetrical
waveform and you can do it by ear by
reducing the frequency so that only
harmonics can be heard. The timing
capacitor must be changed to 10nF to do
this.

With C| at 40pF and R at 3k the
HC4046 works up to 18MHz typical.
drawing around 10mA. Values of 10nF and
1M€2 produce 20Hz.
lan Hegglun
Manawatu Polytechnic
New Zealand

Reference
1. XR-S200 data sheet, Exar Data Book.

O +5V
IV Ré i
_J/I_/ ov 1k 10k sinewave
A tput
14 0.6V D ou
/ C[l T, 0.5Vpp
frequency 9 6 L D S
VR Se———VCO C‘T Tr‘ﬂ) S 5 7%L>OV
100k o
0 7 ZHAS 1.2v 10k
VIV
IC,
| symmetry
5 R, VR
INH o5 k< C, % e
VCO,, R 100p 1k l %1060k
3 4 L Square wave
output
A,

Function generator using a PLL produces square and sine or triangular waves from 20Hz to 18MHz.

Motion direction
detector

Isuggcsl that a simpler approach to
detecting the direction of motion of an
object, one method of which was put
forward by M Kumaran in July. is to use
half a 74LS74 D-type flip-flop. as shown in
the diagram. which performs exactly the
same function.

A Clark

Boldon Colliery

Tyne and Wear

-
X1 o PR Q F2
E
N

X2 ICK 2
<t
~
R @ F1
o

A simpler motion detector

D-to-A converter
current booster

An increase in output current from the
popular DAC 08 D-to-A converter is
obtainable by means of this circuit. the

voltage lies between -8V and +25V, The
only thing to watch is the likelihood of
oddities at large transitions — all Os 10 all
Is. for example. The relatively low slewing
rate of the LM308A is responsible for this
and imposes a limit on clock frequency of
15kHz if such an eventuality is at all likely.
Alexandru Ciubotaru

current accuracy being better than 1% and Galati
offset current less than 0.1%. Romania
Current gain is 16 precisely and output
|
I
2 1k8 oul ‘outmax -
- 2xBC 107 255, 2o may |
256 +V
ret @
BZY control
88— logic
c1v

2N 2905|
47k

6-20V

Precisely sixteen times the 2mA output current from a2 DAC 08, with a low current offsel error
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Soldering Irons
for the more
sensitive...

Faulty soldering joints are a major cause of circuit failure.
Antex precision soldering irons provide a solution to this frequent
problem.

The essence of accurate and reliable soldering i1s to maintain the bit
temperature at the optimum level. Antex irons are designed with
the bit surrounding the element, for maximum heat efficiency.
This ensures that the bit remains at a constant temperature,
reducing the risk of component overheating and circuit failure.

Antex soldering irons are available as fixed temperature models for
most electronic and light electrical applications, or adjustable
temperature models for soldering of more sophisticated

components where lower temperatures are necessary.

Antex also supply a range of soldering stations as well as
a selection of 12 de-soldering and 23 standard bits

Ask for Antex by name at leading
Electronics distributors or

return the coupon for
yho full details of the

CIRCLENO. 112 ON REPLY CARD

KESTREL
ELECTRONIC
COMPONENTS LTD

¥ All items guaranteed to manufacturers’ spec.
¥ Many other items available.

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

1+ 100+ 1+ 100+
28530 (4 MEG) 0.60 0.30 62256LP-100 360 245
Z80A CPU 0.80 0.65 6264LP-10 1.40 1.10
Z80A CTC 0.50 0.30 6116LP-10 1.40 0.70
Z80A PIO 0.60 0.40 2764A-25 1.60 1.30
Z80A DMA 0.95 065 27C64-25 1.65 1.35
Z80A DART 1.20 0.90 27C128-25 1.60 1.20
Z80A (CMOS)CPU 120 0.90 27128A-25 1.60 1.38
Z80B (CMOS)ICTC  0.70 045 27256-25 1.80 140
1488 0.16 0.12 27C256-25 1.80 155
1489 0.16 0.12 27C512-20 240 2.04
LM324 0.25 0.14 74LS75 0.16 0.12
ILQ-74 1.20 0.85 741583 0.11 0.08
ULN2803A 0.50 0.35 741593 0.14 0.10
6502P 2.20 1.56 74L5109 0.16 0.12
6522P 2.20 156 74L5125 0.12 0.09
65C02P2 340 3.00 74L5138 0.16 0.12
65C21P2 3.00 2.60 74L5148 0.20 0.16
74HCTO2 0.10 0.07 7415221 0.24 018
74HCTO04 0.10 0.07 7415273 0.21 0.16
74HCT125 0.26 0.23 7415368 0.14 0.10
74HCT373 0.22 0.20 74LS374 0.19 0.14
74HCT541 034 0.27 8255-5 1.20 090

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

178 Brighton Road,
Purley, Surrey CR2 4HA
Tel: 081-668 7522. Fax: 081-668 4190.

CIRCLENO. 113 ON REPLY CARD

i LANGREX st
SUPPLIESLTD

One of the largest stockists and
distributors of electronic valves, tubes
and semiconductors in this country.

Over 5 million items in stock covering more than
6,000 different types, including CRT's, camera
tubes, diodes, ignitrons, image intensifiers, IC's,
klystrons, magnetrons, microwave devices, opto
electronics, photomultipliers, receiving tubes,
rectifiers, tetrodes, thryatons, transistors,
transmitting tubes, triodes, vidicons.

All from major UK & USA manufacturers.
Where still available.

Obsolete items a speciality. Quotations by
return. Telephone/telex or fax despatch within 24
hours on stock items. Accounts to approved
customers. Mail order service available.

LANGREX SUPPLIESLTD
1 Mayo Road, Croydon, Surrey CR0 2QP.
Tel: 081-684 1166
Telex: 946708
Fax: 081-684 3056
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Speech compressor

n article in the July issue reported a

method (Simitar) of increasing loudness
of communications signals by up to 20dB.
mentioning work at Swansca University
about 14 years ago. It is possible that an IC
will eventually emerge 1o perform the
function but, until then, the following
description should allow people to develop
their own system.

Figure 1 shows the principle. Signal is
filtered, digitised and sampled by a
microprocessor at a rate of at lcast 8k,
samples being processed by the micro and
output via a D-to-A converter.

At the output. two D-to-As are needed. as
seen in Fig.2. Input signal from the micro
goces 10 DACT, the scale factor being written
to DAC2 which. in this configuration, act as
a divider 10 modify the output bythe scale
factor input from the micro. Any 8-bit
microprocessor will work. since no
multiplication or division is necessary in the
software, although it would be of advantage
1o use a 16-bit device to do the scaling of
signals internally.

Softtware is shown in flowchart form in the
table. The micro stores samples as

input 8 bit
micro—

processor

output

sign/magnitude values in a 64-wide array
(SAMPLES) indexed by pointer (PTR). Before
doing that, it takes the old sample and writes
it 1o DACI. so that the array behaves as a
64-character circular butfer which merely
delays the samples. This delay allows the
micro to determine the signal peak value
between zero crossings. each being
compared with the last one (INo) and with a
threshold value (T1RESHOLD). I greater, the
sample is stored in the array PEAKS. indexcd
by PIN. When a zero crossing is detected. PIN
is incremented and PEAKS and INO reset.
When samples are retrieved they are also
zero-crossing 1ested. the peak value being
tahen from PEAKS with the second pointer
POUT

The DACs give the function OUTI/SCALE to
scale cach half cycle to the same magnitude.
which is said to provide a 20dB increase in
loudness. subjectively, with none of the
usual speech compression problems.

Looking at Fig.2. The DACs are

CIRCUIT IDEAS

Fig.1. Speech compressor in essence. A
sammle rate of al least 8kHz is needed and the
microprocessor can be any 8-bit variety with
simple software.

multiplying current-output types such as the
AD7528 from Analog Devices. Current I
from the first is

I, =V (sig/256)/R .,

Al converts this to

V| = -V (sig/256).

V_,and the overall feedbach resistors
converting this offset binary to a bipolar
signal

I,=-V_/R(sig-128)/256.

Converter DAC2 injects 1, which is

I, =V (scalef256)/R ..

Since I, + I, = 0. the output is

V. = Vi - Ry /Risig-128)/scale.

A somewhat simpler circuit in Fig. 3
climinates the amplifier and two resistors,
the gain being Ry /R but two low-
impedance references are now needed. since
high-impedance ones introduce distortion.
David Gibson
Leeds
West Yorkshire

scale

signal R,
} WA
‘ DAC1 {} A
Vnsr B
W

Veer

AD7528

conversion and scaling.

Fig. 2. Two separate DACs perform the functions of

Fig. 3. Simpler embodiment of the idea with the slightdrawback
that two high-Z voltage references are needed.

Table 1: software flowchart for implementing David Gibson's processor propasal. There is no connection with Dr Louis Thomas' work.

SAMPLES and PEAKS are 4-wide errays, indexed into by PTR, PIN and POUT, ail initialised to 8

9. increment pointer

THRESHOLD holds the lower threshold, below which signal compression does not occur. This

stops low level noise from being boosted.
INt, INO, OUTY, OUTO ere samples. All initialised to zero.

1. Get input semple GOTO 12.
2. Get cutput sample Take the output sasple from the samples arrey. OUTI = 11. Compare magnitudes
SAMPLES(PTR)
3, Store input sasple .and store the input sasple in its place. SAMPLES(PTR)
= NI
4. Increment Pointer PTR = PTR! MOD 64, Thus SAMPLES acts as a circular
fiest=in-last-out buffer of 64 values. 12, Test output for zero crossing
13. Gel new scale factor
5. Convert format XOR $80. Format is now twos complement, 14, Increment Pointer
6. Remove max negative I INS = $80 then INI = $81. Maxinum negative couses 1S, Write to DACs
a faise 1er0 when next step is parformed. 16. Ganerete old samples
7. Convert format If IN1 < 0 then COMplement and add $80. The format is GOTO 1.

now SIGN and MAGNITUDE.

Read sample into INI. Format is offeet binary,

10. Initialize Pesk

Test input for 2ero crossing

TEST (N1 XOR INO). IF € O then () else (I1).

Signa of IN! and INO were different 30 there was a
2ero-crossing. PIN = PIN+1 MOD 64

PEAKS(PIN) = $7F. Says this signal was of maximum
snplitude, 50 no scaling required. INO = 0. Prepares for
new half-cycle of comparisons.

Signs were the same, 50 compare magnitudes and store
the greater one, without its sign.

If INI U> INO AND (St AND $7F) ) THRESHOLD then
PEAKS(PIN) = S1 AND $7F.

TEST (OUT1 XOR QUT0). IF < 0 then (13) else (15,
SCALE = PEAKS(POUT)

POUT = POUT+! MOD 64

DAC1 = QUT1 (signal : DAC2 = SCALE

INO = INI : OUTO = OUTI

(Rapeat forever)
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For Logic
Analysers

Whatever your need in logic analysis, Thurlby-
Thandar can supply it

The widest range of analysers available stretches
from basic 16 channel models through value-
for-money 32 and 48 channel analysers up to
highly sophisticated modular units with up to

112 channels.

Our analysers have an unbeatable level of support
including disassemblers for most popular 8 and
16 bit microprocessors.

LA Thurt

W et S R B SEER R , auii B

LA3200/4800

This range offers exceptional value for money
with up to 48 channels and 100MHz timing from
around £1000 + VAT.

Contact us now for full details of ail our LAs.

Thurlby-Thandar Ltd.
Glebe Rd., Huntingdon, Cambs. PE18 7DX.
Tel: (0480) 412451 Fax: (0480) 450409

Micro AMPS

ICE 751 An emulator/programmer for the Philips 24-
pin skinny DIP 8051; the 87C751 (£480). The
ICE751 provides the cheapest way to emulate
and program these devices.

[CES1™ A low-cost emulator for the industry standard
8051 (£225). This product is also available in
kit form.

PEBSS2 The official Philips 80CS52 evaluation board

for this highly integrated 8051 variant (£225).
Optional debug monitor and 87CS52 program-
ming adapter are available.
BASIC A PC-based cross-compiler that enables code
COMPILER written for the BOS2AH-BASIC processor to
be compiled for the standard 8051 or 8052
(£295). Interpreted Basic is also available on

the ICESI.
8051 8051 Architecture, Programming and Applica-
BOOK tions (£49.95). A recommended book for read-

ers who require a text on the 8051 and
interfacing techniques. This book is supplied
with a PC-based cross-assembler and simutator
for personal or educational use only.

OTHER Contact us for information on these and many
other related products such as *C’ compilers,
I°C tools and drivers.
ICEST is a trademark of Intel.
Micro AMPS Ltd —
ﬂ 66 Smithbrook Kilns, Cranleigh, E——
Surrey, GUORI
Tel: +44(0)483-268999 Fax: +44(0)483-268397
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EPROM PROGRAMMER OR UNIVERSAL
PROGRAMMING SYSTEM FOR YOUR PC?

From Low Cost EPROM PROGRAMMER
The Model 160 programs virtually every EPROM and costs £195 + VAT

To UNIVERSAL PROGRAMMING SYSTEM

The Model 200AP programs EPROMs, serial and parallel EEPROMSs, Flash
memories, Micro-processors and controllers, PALs, GALs ard Bipolar
PROMs and costs £345 + VAT (adapters where required from £75).

aogjp [ 200 |

New devices are
constantly being added
- ask if you want any
programmable device
added to our list,

This includes all the 8751
and 8748 families, the PIC
micro-controllers, Z8s
and EPROM Emulators.
Nearly 300 devices inj.
all.

=

All our programmers are designed, manufactured and supported by us in
the UK.

Programming times are faster than most of our competitors, e.g. using the
parallel port of your PC they program 2764s in 4 seconds and take less than
one minute to blank check, program and verify 1 Megabit Flash Memories
{and this time includes download time).

We also sell Gang Programmers, EPROM Emulators and Erasers and a
universal cross-assembler for IBM PCs and compatibles.

Write or phone today for Free Information Pack:
Phone: (0666) 825146 Fax: (0666) 825141

MQP ELECTRONICS LTD., PARK ROAD CENTRE,
11 MALMESBURY, WILTSHIRE, SN16 0BX UK
e e e |
— o Fax 071-45453
VISA Gesman distributor:  Synatron GmbH, Phone 089/4602071
ﬂ [ ] Grasbrunn B.
Fax 089/4605661
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Computer General’s Panther with
TMS320C30 processor can turn the PC
into a 33Mflop workstation.
Applications can be written using the TI
software suite supplied consisting of a C
compiler, assembler and linker.

Allen Brown looks at
how to choose the best
DSP engineering tools
in response to a fast-
developing market

igital signal processing (DSP) is gen-

erally regarded as onc of the tastest

expanding arcas of electronics.
Advent of low cost processors allowing DSP
algorithms 1o be implemented with relative
case means electronics engineers now have
much greater awareness of its potential
certainly not the case five years ago.
Continuing commitment and investment by
IC manufactures in developing high perfor-
mance DSP chips points to a very promising
future for DSP.

The four front runners with the highest
market profiles are Texas Instruments (with
its ever expanding TMS320 series). Motorola
(DSPS6000 and DSPY62). Analog Devices
(the versatile family of ADSP-210x devices)
and AT&T (the long standing DSP32C
among others).

Several second row contenders such as
Zoran, Thomson and Philips are struggling
to capture a sizeable foot hole in the market.
But it is the Japanese manufacturers who
have made a poor showing in the DSP arena

probably due in part to a lack of commit-
ment and feeble marketing.

Other rcasons tor their conspicuous
absence could be an apparent weakness in
software, as DSP requires powerful soltware
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BUILDING A
TOOLBOX FOR
DSP ENGINEERING

support tools and availability of these tools
is a prime consideration when specifying a
DSP for a design project.

Initially when the market was small there
were several contestants but some have sub-
sequently fallen. National Semiconductor
made a brave attempt with its LM 32900, and
the take-over of Fairchild saw the demise ot
the FSP100.

Now it appears that the four main from
runners will continue 1o dominate the scene
though we are likely to witness some elbow-
ing in the scrum.

PC as development tool

Despite the degree of criticism levelled at
the PC. it remains the most popular 100l for
developing software for microprocessor and
DSP systems. Reasons are that the PC has
become the conventional engineering tool:
most DSP application programs run under
ms-dos: hardware intertacing of target DSP
boards to the PC has become a standard
practice, and the PC represents a low cosl
entry point into the field of DSP develop-
ment. Windows 3 or other multitasking
environments have made software develop-
ment a little easier because each window can
feature a different sottware tool.

September 1991 ELECTRONICS WORLD + WIRELESS WORLD

But most DSP development softwitre is
also available for workstations and Macs.

The four main processor manufacturers
produce a wealth of software and hardware-
development PC-compatible 100ls so much
of the DSP development software will run
under ms-dos.

Over the past couple of years we have
seen application tools embrace the facilities
offered by the Windows front end or graph-
ics user mterfaces (GUIs). An example of a
respectable product which embraces the full
potential of GUIs is Texas Instrument’s
debugger for its TMS320C30 evaluation
module - it has the same screen format as
the simulator for the new TMS320C40)
However this has not always been the case:
the first version of the Texas Instruments
TMS32010 simulator had an appalling
screen display which relied on scrolling
instead of bit mapped refresh.

Software development products
A suite of software development tools for a
digital signal processor should include a
cross assembler. a linker, a software simula-
tor and a high level language (HLL) compil-
er which usually means a C compiler.

C has become the de facto primary HLL
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now taught as a matter of course to all
emerging electronics engineers and their
education would be regarded as incomplete
without it.

Betore C. the only method of program-
ming compilers for digital signal processors
was to use assembly language, a restriction
probably delaying acceptance of DSPs as
viable devices. A new assembly language
entails yet another learning curve. C lan-
guage compilers allow a stepping into the
shallow end with a gentle wade towards the
awaiting DSP sharks in the deep end.

In practice. a mix of assembly language
and C will be needed. Real-time applications
used 1o require coding exclusively in assem-
bly language whereas the house keeping
tasks could be coded in C. But now that the
practices of software engineering are com-
ing to bear on DSP projects. the emphasis is
on a systems approach ensuring quality
becomes an intrinsic aspect of design.

C’s attraction is that it lends itself to struc-
tured programming more readily than
assembly language programming and it is
within a C language shell that the assembly
language modules should be inserted. Each
assembly language module can be consid-
ered as an object with a specitic set of rules
for data input and output, thus enabling
methodical testing techniques to be used.

Suspect C compilers

Most C compilers contorm to the Kemighiin
and Ritchie standard'. but there is a strong
variation in quality of compilers for DSP
devices. Whether a compiler is a guality
product soon becomes evident, and with
some there is the suspicion that they were
cobbled together as a response 1o opposition
product innovations.

This has resulted in poorly-engineered
products - particularly true for Motorola’s C
compiler, Version 1.233, for the DSPS6001
which is hopelessly inefficient and inserts
NOPs (no operation instructions) after every
three or four compiled instructions due to
pipelining in the processor.

The assembly language code generation
from the compiler fails to capitalise on the

superb architecture of the chip and in many
cases just does not produce executable code
from a tried and tested C language source.
When the new version of the C compiler is
released. I sincerely hope that Motorola does
not charge for the update. I also hope it pro-
vides an adequate manual not like the scant
document which accompanied version 1.233.

Analog Devices also has a tarnished image
with its C compiler for the ADSP-2101: it
was not until version 4 that the maths run-
time library became available - surely a little
late in the day for a fundamental component.

Texas Instruments, having recognised the
wider implications of producing high pertor-
mance processors, has attached great impor-
tance to its C compilers and produces them
for their TMS320C2S5 and TMS320C3x.
Compiler for the TMS320C3x produces
highly optimised code and is supplied with

“C’s attraction is that it
lends itself to struc-
tured programming

more readily than
assembly language pro-
gramming and it is
within a C language
shell that the assembly
language modules
should be inserted”

Fig. 1. Display from DFDP (the current
version uses EGA) showing plot of a response
of a filter design.

an extensive range of run-time library facili-
ties. Documentation is well written and con-
tains detailed information on usage of the
function calls.

Of interesting recent developments in C
compilers, one which deserves a mention is
the XCC (eXtended C Compiler) for the
AT&T DSP32(C) floating point processor.
Issued by Rich Software and distributed by
Bores Signal Processing it contains a num-
ber of library functions which allow the
DSP32(C) to access the bios of the host PC.
It a user has an expansion card featuring the
DSP32(C). then source code can contain the
usual graphics and normal input/output
instructions found in Microsott C.

As a result C language programs can be
run on the DSP32(C) instead of the PC’s
CPU. giving a quite remarkable increase in
performance. A Pascal compiler is also
available.

Cross assemblers

Many real-time applications require source
code written in assembler, and most assem-
blers have relatively steep learning curves
for DSPs. The reason for this stems from the
parallel and/or pipelined architecture. For a
number of DSPs a single line of assembly
code may contain four or more sub-instruc-
tions and learning how to capitalise on the
architecture through efficient use of the
instruction set does take time.

With pipelined architecture, learning is
even more difficult since the processor can
be executing parts of four lines of code
simultaneously. Most assemblers have facil-
ities for creating macros and library func-
tions and have the appropriate facility to
atlow parameter passing.

To accompany the cross assembler a link-
er will perform the usual task of allocating
addresses to the assembled code modules
and attaching the run-time libraries to gener-
ate an executable program.

When programming in assembler, the role
of the simulator. copying operation of the
DSP chip. can be quite invaluable especially
if testing performance of numerical opera-
tions.

Simulators have come a long way in
recent years and today many of them use
screen addressing to update the information.
An example is the Avocet Avsim321
TMS32010 simulator - a good product as it
gives instant visual access to all registers of
the processor so users can monitor progress
of the program. line by line if required.

For processors which have more complex
architectures it is not always possible to
have all features present on the screen
simultancously - unless you have dynamic
windowing.

An example of a software product incor-
porating this feature is Analog Devices’s
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Fig. 2 Momentum'’s filter design product
performs well; characteristic plot of a filter
transfer function.

simulator for its ADSP-2101. Nature and
number of windows is defined by the user
and size of the windows is adjustable. An
attractive aspect of this approach is that it
enables the designer to concentrate on  par-
ticutar areas of the processor’s operation.

Texas Instruments also has a quality simu-
lator for the TMS320C30 processor which
provides the designer with an extensive
range of options evoked through the com-
mand line menu.

The help file is well thought out, but not
all simulators are as clean to use. The simu-
lator for the AT&T DSP32C (provided by
AT&T) has a poor screen display which
relies on scrolling refresh. It is not user-
friendly and leaves a lot to be desired for a
software support product — rather surprising
considering that the DSP32C is a very
impressive device.

Hardware development tools

Simulators are effective for testing small
segments of code. But problems do arise
when attempting to test complete programs
of several segments. They are slow and
inappropriate. especially it time is at a pre-
mium as is most often the case.

In this case. the expansion card hosting the
target processor contes to the fore.

Success of the PC as an engineering tool
must in part be due to its expansion bus and
the fact that nearly every type of tacility can
be found on a PC card.

Cards are by far the most effective means
of investigating performance of a DSP
device. But the user must be patient when
learning the ins and outs of an expansion
card. Information in the user manual is
almost always inadequate leaving new users
to lind out for themselves how it works —
although this does enhance practical knowl-
edge of the processor.

Many companies manufacture expansion
cards featuring DSP chips (for example Burr
Brown. SMIS and Loughborough Sound
Images) and itis true to say that every major
DSP chip is available on an expansion card.

Choice of an expansion card. with a par-
ticular processor. will be determined largely
by intended application for the device. It for
a general purpose need. then the board
should have at least two independent ana-
logue 1/O channels, which means two sepa-
rate A-10-Ds and D-1o-As. These should be a
minimum of 12-bit. ori6-bit if possible with
sampling rates of at least 100kHz. Serial
interfacing with appropriate amplifiers
should be provided in support.

Amount of memory to be found on expan-
sion cards will usually be small owing to
cost (2 minimum of 16K depth). Fast, zero
wait state sram is expensive and since many
DSPs have 24-bit data buses, can prove to
be quite costly. If you are lucky you might

get a codex thrown in for good measure for
telecomms application.

An attraction of the PC expansion card is
the case with which data can be transferred
between the card and memory on the host
PC — particularly useful for testing and
debugging software. Instead of using the tra-
ditional patch in the machine code, the user
can switch to an editor in another “window™
to allow the changes to be made at source.

Considering the options

The PC expansion card is not the only stan-
dard to host DSPs; VME boards have also
proved to be a popular choice with several
manufacturers. Of course they represent a
greater investment than PC cards. But flexi-
bility of the VME standard does have its
advantages especially if previously designed
systems were based on it.

Data Beta of Theale. for example. produce
a4 VME board hosting two Motorola 96002
floating point processors. H is a particularty
potent device for signal analysis since it can
perform a 1024 point FFT in under 700us.

Of late, stand-alone evaluation boards
have fallen out of favour, mainly for two
reasons: many evaluation boards use diffi-
cult to standardise RS-232 links. and the
boards require a power supply with £12V
for the RS-232 link and another 5V for the
power rail. Using a PC expansion card
drawing power from the PC avoids the has-
sle of both problems.

Their advantage is the presence of a wire
wrap area found on some for user modifica-
tions. But on the whole they are expensive
and because the RS-232 link communica-
tions is slow. it is difficult to take advantage
of a GUI environment.

Once a user is convinced that the DSP chip
is capable of fulfilling the system require-
ments then it is time to start the design for
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Atlanta Signal Processing, 770 spring
Street, Atlanta, Georga 30308, USA.

Avocet, distributed in the UK by
Computer Solutions Ltd Canada Road,
Byfleet, Surrey KT14 7HQ.

Bese Signal Processing, 39 Hawkswell
Clase, Woking, Surrey GU21 3RS.

Buer Brown (distributed by Bore Signal
Processing).

Comdisco Systems, First Floor, Aztec
Centre, Aztec West Almondsbury, Bristol
BS12 4TD.

Computer General, 13 Campbell Cour,
Bramley, Basingstoke, Hampshire RG26
5EG.

Data Beta, The Chiltons Enterprise Centre,
Theale, Reading.

SMI5, Alan Turning Road, Surrey
Research Park, Guilford Surrey. GU2
5YF.

Laughborough Sound Images, The
Technology Centre, Epinal Way,
Laughborough, Leicestershire LE1 10QE.

Momentum Data Systems, 1666 Newport
Blvd, #115 Costa Mesa, CA 92627, USA.

Spectron, distributed by Loughborough
Saund Images.
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real, probably design of an embedded sys-
tem. Two main hardware tools are at the dis-
posal of the designer. an in-circuit emulator
and a logic analyser with processor’s code
dis-assembler.

Needless to say these represent a large
investment costs at several £k for the emula-
tor and a few £k for the logic analyser. A
belief held by a number of software
designers is that if the software is properly
designed then there should be no need for an
emulator: it should work first time. But few
engineers subscribe to this theory and at the
end of the day it is the hardware engineer
who has to “get the thing working™.
Emulators will still be needed. for the fore-
secable future at least, though their design is
becoming increasingly more difficult with
every rising clock speeds.

Emulators are available for the major DSP
chips and their facilities can show consider-
able variation — getting inside the processor
to determine its state, especially during
interrupts is often a necessary requirement.

Core features
Features expected in a DSP emulator are not
too different from those tor general purpose
micros. In many cases they are actually sim-
pler since a complete instruction is executed
in a single machine cycle unlike a micropro-
cessor which may make several memory
access when executing a single instruction.
But what are these facilities? Some pro-
cessor memory should be available to act as
external emulation memory for the proces-
sor and there should also be adequate mem-
ory to allow a trigger trace analysis to be
pertormed. There should be scope for at
least 256 instructions traced before the the
trigger and possibly 256 instructions traced
after the trigger. Trigger condition should be

Fig. 3. Digital filter design is part of ILS’s
product and though not as extensive in its
filter design as some of the others, it is still
impressive.

configured from multiple logic conditions.
Ability to set multiple software and hard-
ware break points is also necessary.

Software application products

There is a range of other software applica-
tion programs on the market which may be
described as design aids. Most common cat-
cgory is that of digital filter design programs
and there are several of these and most of
them have common features. Broadly speak-
ing these include:

FIR filter design using the Parks
McClellan and Window design methods.
Differentiator and Hilbert transform
design, IR filters based on bilinear
transform method. Display transfer
functions, impulse response and pole/zero
plots, Design filter from Z-plane,
specifying pole/zero positions, Design
filter directly from transfer function plane
by specifying frequency cut-offs and
attenuation levels, Quantise coefficient to
a given word size, and Code generation
for specified DSP device.

Most digital signal design application pro-
grams have emanated from the US (reviews
of a number of these products will appear in
forthcoming editions of EW + WW).

One of the first to emerge was DFDP from
Atlanta Signal Processing (Fig. 1). at one
time marketed by Texas Instruments.
Sourced in Fortran it contains several of the
features listed above. Momentum Data
Systems of Costa Mesa produces a filter

design program, Filter Design & Analysis,
which performs well (Fig. 2.). Monarch of
Gainesville also produces a filter design pro-
gram entitled DSP Development System,
containing a wide selection of filter design
features).

These packages are dedicated filter design
programs. But another group of commercial
programs offer filter design as a part of the
package. Hypersignal Workstation
(reviewed May 1990) and DisPlay-XL
(reviewed May 1991) are two such products.

Signal Technology of Goleta. produces a
comprchensive application  product
(Integrated Laboratory Systems - ILS) hav-
ing digital filter design as a part. Although
not as extensive in its filter design as some
of the above, it is still an impressive product
(Fig. 3.).

DSP and software engineering

Future systems which contain DSP technol-
ogy will have to be properly engineered.
Since they will have a substantial amount of
software embedded. then techniques of soft-
ware engineering will have 10 be heeded in
their manufacture — a necessary step in
ensuring quality and verification.

Techniques such as object oriented design
and structured programming will have to be
followed to conform to engineering practice.
Power of DSP devices will necessitate mul-
titasking in real-time, invariably involving
operating systems with real-time kernels.

Spectron of Santa Barbara has already
recognised this requirement and produced a
real-time operating system for DSP applica-
tions. Referred to as Spox, the OS can be
hosted by Texas Instruments third genera-
tion products and by the Motorola
DSPY96002 processor. Normal features
expected in an OS are present including task
scheduling, interrupt handling and resource
management.

DSP based products will represent a rich
blend of several engineering disciplines, sig-
nal processing. digital and analogue hard-
ware design, systems engineering and soft-
ware engineering.

Finding engineers able to master all these
areas is going to be difficult. But help is at
hand. Products mentioned all run under dos
and many are available to run under other
operating systems used by workstations.

A software product which runs exclusive-
ly on workstations is Signal Processing
WorkSystem or SPW from Comdisco. This
is a very comprehensive development tool
allowing the engineer to make a entry at vir-
tually any level in the design phase of a DSP
based product. (A full review will be appear-
ing in a later edition of £EW + WW) [
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Signals Research Ltd
DSP Systems Support

AT LAST! A LOW COST HIGH QUALITY ENTRY
PATH INTO THE FASTEST GROWING BRANCH
OF ELECTRONIC ENGINEERING.

Beginners and experts alike can now exploit the power and ftexibility of the
cost-effective TMS32010 DSP in applications such as:
FFT analysis, adaptive filtering, real-time control and robotics.

@® POWERFUL MACRO ASSEMBLER AND LINKER
@ SOPHISTICATED WINDOWS BASED SIMULATOR

Package includes full feature macro assembler with C language expression
evaluation and linker for modular system design. The simulator/debugger
provides full processor simulation with the following facilities:

* Mouse/Windows interface for easy operation

* Fuli symbolic instruction disassembly

* Sophisticated C language expression evaluator

* Simple or expression qualified breakpoints

* Full feature online assembler (labels allowed)

* |n-circuit emulator style memory and 10 traps

* INT/BIO hardware events are simulated

* Map 10 ports to keyboard, file or filt value

* Graph main or data memories or {Q port data
Complete Package With 100 Page Manual Only £50+ VAT

Demo Package Including Full Manual Only £5+ VAT
Please specify 3'z2inch or 5 inch diskette

Signals Research Limited
113/9 Bellevue Road
Edinburgh EH7 4DG United Kingdom
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CIRCLE NO. 118 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.

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

Telephone:
081-445 2713/0749

CIRCLE NO. 119 ON REPLY CARD
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ALL-MODE WIDE-BAND
IC-R7100 RECEIVER

THE IC-R7100 FEATURES:

« 25 to 2000 MHz cantinuous
coverage aflowing you to receive
VHF. UHF, amateur marine, CB
Jtility bands, FM and TV
oroadcasts

All-mode capabili-y

900 memory channels in @ banks
20 Scan edge memory channels
Dual scan with ovar 40

* Automatic recording so important
programmes can be e‘n||gh1
when away from recetver

* Dial lock function

» Noise blanker circuit for
eliminating pulse noise

» Noise squelch and S-meter
squelch

o CI-V system for computer control
through an optional CT-17

e Frequency announcement in
English with an optional UT-36

* Large function display with
selectable LCD backligrting
brightness

» Easy-to-read S-meter plus =M
centre indicators

combinations

« High sensitivity and reliable
irequency stability

«0.1,1,5,10. 12,5 20, 25, 130 kHz
and 1 MHz tuning steps avaiable

 Built-in 24-hour system clock with
5 ON/OFF time-

« Effective 203B attenuator fcr o

O strong signals

Post to: lcom (UK) Ltd. Dept WW
Sea Street Herne Bay Kent CT6 8LD
Tel:0227 741741 (24hr). Fax: 0227 360155
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ne might not expect sawing a o
Ochaull 5 in half to constitute part

of an electronics rescarch project, eSSOnS In
but that’s what they call it at sub-basement

level. below the Strand. The “Renault 2.5 is
part of Drivage. an EC-fundced project

o o
intended 10 assess the performance of older a Ie SCIen Ce
drivers. and work out what technical

advances might be useful to older age
groups. The project has involved collabora- . .
tion with the college geography depanment. — King’s College recently opened its doors to show off
and the traffic studies centre of the R
University of Groningen, in Holland. research work at the department of Electrical and

The car is part of a driving simulator, Elect ic Enoi . Fib t. icati
which uses a Philips video disc player. in ectronic cngineering. ribpre optics, communications
conjunction with an Acorn Archimedes gy gtams integrated circuits and digital signal

A440 computer, to project video images
onto & screen. The screen replaces the car - progcessing were all well represented and, strikingly,
windscreen, and on it is shown a road scene . . . . 4
Ll e SN S 1 [ of the research is aimed at practical applications.
transferred to disk.

A C program runs on the Archimedes, and Andy Gothard returns to the Alma Mater.
controls the playback rate in response to the
subject — the “driver” of the car — working
the brake and accelerator. The task is to fol-
low lead car. which also appears on the

Measuring current with light: Danny McStay
(left) and Welland Chu harness Faraday
rotation to vary the degree of coupling
between a pair of optical fibres carrying
polarised light. This has obvious implications
for making floating current measurements in
high voltage distribution systems. The inset
picture shows a slotted bus-bar for use with
the optical sensor.

screen, and travels at a varying rate. The
subject is told to keep the lead car at a con-
stant, safe distance. Alarm messages appear
on the screen if the chase car gets too close
to, or too far from, the lead car. System state
is recorded three times a second, the data
being preprocessed on the Archimedes
before being passed to the college VAX
cluster for statistical analysis.

Although drivers cannot “steer™ the car in
the current simulation, they do get a con-
vincing impression of speed and distance. as
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A fractal description system originally
developed by mathematician Michael
Barnsley, has been adapted to digitally
sampled audio. The result is the unusual
sound of fractal based audio. King’s
Researcher Jonathan Mackenzie used
Barnsley’s Iterated Function System to fill in
the gaps between sample points with a
fractal representation of a low frequency
signal. Fig. 1 shows the waveform resulting
from three iterations of a sine wave. Note
the high frequency content appearance in
contrast to the squarewave which results

from the addition of
simple waveform 1
harmonics. 1
MacKenzie went on to
produce fractal sounds
from sampled real world
waveforms. Figs. 2a, b
and c show successive waveform expansions
of fractal processed wind noise. The visual
similarity in the detailed structure is obvious
as is the regular nature of the rhythm (Fig. 3
above left). MacKenzie reports that the
resulting sound is “disappointing” and has a

Fig. 2¢
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low volume “wind like rumble in the
background with a louder whine on top”.
However, it remains exciting from the
experimental point of view. The sound
remains the same when played back at half
the speed but lasts for twice as long.

well as a scene recorded from real life. Tt is
also possible to set drivers a distracting task-
for instance. a led on the car dashboard may
light occasionally. requiring the driver to
push a switch to cancel it

The rescarch should help quantity the dif-
ferences between older and younger drivers.
So far. 150 have been tested. and the full
statistical results will be available soon. The
rescarch team’s David Traser says that pre-

liminary results indicate that the range of

driving performance is age independent. far
outstripping variations between groups. So
next time you're stuck in your car behind
that little old lady’s Austin 1100, remember,
statistically, she’s probably no worse a driv-
er than the 20-ycar-old in the Porsche which
is about to overtake you both.

The sound of fractals

Chaos and fractal imagery have hit the tech-
nical and popular imagination over the last
few ycars, and the King's DSP group is
working on a number of applications for this
new branch of mathematics. In one of them,
rescarcher Jonathan Mackenzie is using the
idcas behind fractal geometry to synthesise
sounds.

Mackenzie's technique uses a variant of
Michael Barnsley's iterated function system,
called a fractal interpolation function.
Taking a (sampled) waveform as its starting
point. the function fills in gaps between
samples with a replica of the origina wave-
form. contracted in time. Results are “self-
similar™ waveforms which, like the classic
fractal patterns. look the same as magnifica-
tion increases. All this is achieved using
some C code. running on an IBM clone.

The sounds produced have a fractal sound
quality — they sound the same whether the
sample generated by the program is deliv-
cred quickly or slowly. The most interesting
noises emanating from Mackenzie's bench
are quite hard to describe, being a combina-
tion of thythm and timbre.

The next stage in the work. Mackenzie
says, will be to produce a realdime version
of the system, using a Texas Instruments
TMS320C30 DSP chip. which will be able
to deliver a short sequence of the waveform,
while doing the maths to generate the next
section, This in wr will allow the gencra-
tion of continuous sounds, and sounds which
change with time. It should also be possible
to use the computer sereen as a kind of oper-

ator pancl. allowing the uscr of the system to
modify. in real time, the interpolation points.

Mackenzie is also looking at other mathe-
matical techniques for analysing and synthe-
sising waveforms. These include the wavelet
transform, which can give a measure of the
fractal qualitics of a given sound. and some-
thing called the granular synthesis model.
which considers sound as consisting of
quanta localised both in time and frequency.

Gallium arsenide filter

Downstairs, under the aegis of Professor
Garth Swanson, rescarcher Jim Luck is
looking into the possibilities of designing
and fabricating monolithic high-frequency
filters, using gallium arsenide GaAs insulat-
ed gate field effect transistors (igfets). lgfets
have strange characteristics, which mean
that they are not much use at frequencies of
below a few kilohertz. They are essentially
depletion mode devices, which might sug-
gest that they conduct electricity when no
bias is applied. and conduct less under bias.
In fact, the same igfet can operate as “nor-
mally on™, or “normally oft™. The reason
lies in what happens at the insulated gate
itsclf.
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13MHz GPIB Function Generator

The new Thurlby-Thandar TG1304 is fully programmable generator
completz with GPIB interface conforming to IEEE488.2

The TG 1304 has a full dual generator architecture. An auxiliary 5mHz
to 50kHz generator provides programmable AM, FM and Sweep
facilities or can be used independently

Non-volatile storage of up to 50 front panel settings enables pro-
grammable operation in stand-alone applications

For fult technical details which show how the TG 1304 has no compe-
tition at the price; contact us now

THURLBY/ THANDAR

Thurlby Thandar Ltd Glebe Road Huntingdon, Cambs

CIRCLE NO. 121 ON REPLY CARD

Tel: (0480) 412451

The Thurlby-Thandar 1905a is a high accuracy DMM with a maximum
count of 210,000 and a resolution of 1uV, 1mQ and 1nA

A wide range of bulit-in computational functions include Limits com-
parison, Ax + B, Average/Low/High, and Decibels. There is also a
100 step data logger. Wide bandwidth True RMS AC can be speci-
fied and optional RS232 and IEEE488 interfaces are available.

The 1905a is part of a full range of bench and hand-held DMMs which
includes models from as little as £39 (+vat)

Contact us now for full technical details

THURLBY/, THANDAR
Thurtby-Thandar Ltd., Glebe Road Hum.ngdon Cambs Tel: (0480) 412451
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30 ¢th Year!

Can we supply the part you need?
Our stocks are very large but if we do not have It
we do our best to get It and we know that cost
and service count.

i W POOAIQ B WIIK

Worldwide supplier of

ELECTRONIC VALVES/TUBES, SEMICONDUCTORS
AND OTHER COMPONENTS
FOR
SPARES OR PRODUCTION
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Sherwood Data Systems Ltd.,

I OHERWOOD
Data oystems

The

Dragonfl

V25 Industrial controller family

Battery backed RAM

8 analog sense Inputs
Single Eurocard
Processor expansion bus
Watchdog and power fall
Optional debug monitor

EEPROM or FLASH memory
Up to 64 Digital IO lines

2 serial ports RS232/485
LCD 8 keyboard intertaces
Real time clock option
Optional DC-DC converters

for information contact: lel: 0494 464264

Fax: 0494 445374

CIRCLENO. 124 ON REPLY CARD
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EDUCATION

Gailium Arsenide fets processed with a
special surface deposition exhibit
indeterminate switch-on thresholds at low
frequencies but work like normal transistors

LT LD Dr.ain at higher frequencies. In other words, they
. onlv respond to the differential of input
J signal waveforms to create single transistor
SiaN 4 hi-pass filters. The circuit (Fig. 4a, middle
n-type GaAs left shows a first order switched capacitor

integrator where each switch element is
implemented with a single GaAs igfet device
replacing the multi-device circuits required
by standard mesfet technology. The
Semi-insulating GaAs accompanying graph (4b, bottom) shows the
predicability — within 0.04dB between
measured and theoretical - of the filter
circuit when clocked at 25MHz.

n-channel GaAs IGFET

The structure of the iglet leads to what are
hnown as surface states. This means that,
where GaAs meets the insulating layer, clec-
trors can exist at energies not usually allow
able in plain old n-type GaAs. Surface states

_T_¢2 are neither in the conduction band (i.c. free.

and able to conduct clectricity) nor in the

I . valence band (busy keeping the crystal

structure together), but somewhere in

between. The net result is that trying o cre

d1 62 H ate 2 region heneath the gate where there are

no clectrons (a depletion fayer) becomes

__T_ Cli __T_ very hard work indeed. Putting a negative

1 L o bias on the gate simply frees up electrons

P oP Iiv.ing. in the surfuce states. which promptly
(within 1ms) undeplete the fayer.

o1 O—| This seems to indicate that the igfet should

1 not be of much use and. indeed. this is the

= case al low frequencies of operation, But il

the gate voltage is cloched very quickly (at

= tens of megahertz). the negative-going edges

ol Vh _,_| of the clock puise produce depletion, and the

VL positive-going edges (which restore the pre-

Clocks v vious status quo) arrive belore the surface

2 a ﬂ I l charge has had a chance 10 confuse matters.

A\ This is why the devices can be both nor-

Fig. 4a mally on or normally oft. They respond to

changes in gate potential. not absolute levels

switching between 0 and 3V looks the

same to an iglet as switching between -3 and

OV. Perhaps the casiest way of looking at

this is to think of the surface states as a

charge store. which eftectively shifts the

switching level of the device.

In addition to its unusual clectrical proper-
tics, the igfet is simple to make. and.
because of the insulated gate structure. cur-
rent into the gate is virtuatly eliminated. All
ol this makes it very attractive lor the appli-
cation which Luch and Swanson have been
Mcasurad working on — the construction of switched
Calealalcd capacitor filter cireuits.
=20 Switched capacitor circuits normally use

sificon mosfets. or GaAs mesfets. But the

_25 y - : former will only switch at a relatively fow
10" ‘ ’ 10° 10° o070 speed (42MHz). and the fatter produce com-
Frequeney (Hz) plex, power-hungry circuits. The igfet SC

implementation constructed at King's uses a

Fig. 4b chip designed at University College. and
fabricated at Plessey [V tor the opera

tional amplifier and capacitor parts of the

|
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4
H
§
|

|
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Brgk 8 Magnetron
P‘[‘"‘ _Furnace
_-Deposition Chamber
I = =1 Sllane
[,i — T /‘I[ U‘Gas ==l
: Holder R'"Q\FU
Cavity
Pumping Stack

RPECVD removes the substrate and one of the reactant gases from the plasma zone

circuit. King's itself made the igfets. using a
gate length of Smicron, and Smicron access
regions.

The resulting first-order filter circuit
clocks at 25MHz, and produces a measured
characteristic which is within 0.04dB of the
theoretical value at the 1MHz cut-off fre-
quency. The DC power consumption of
190mW is entirely dissipated in the opera-
tional amplifiers and, when operating, the
igfets consume around 20uW per switch.
This. says Luck. compares with 80mW per
switch for a corresponding mesfet imple-
mentation.

Luck also managed to demonstrate the cir-
cuit’s insensitivity to the DC level of the
clock signal using a low-frequency version.
Changing the DC level by 5V produced a
change in filter characteristic of less that
0.1dB.

Garth Swanson says that the existing work
could be extended flairly easily to switching
speeds of 625MHz by making the igfets on a
1um process. now standard fare in the semi-
conductor industry. In fact, the idea lends
itsell to fabrication as a single 1C- clock dis-
tribution is not much of a problem, because
of the insensitivity to DC level. and transis-
tor count is low, because each of the switch-
es is formed by a single igfet, rather than.
for instance, several mesfets. The switching
elements are also micropower.

Semi chips are a gas

Swanson is also involved in studies on fabri-
cation techniques for 11I/V ICs. Part of this
is Patrick Dainty’s work on a technology
called remote plasma enhanced chemical
vapour deposition (RPECVD).

Although III/V substances such as GaAs
and InGaAs are increasingly being used
commercially, their usefulness is still con-
strained by what is known as final passiva-
tion — the last layer of the IC structure which
protects the works against mechanical
shocks and contamination (for instance by
water), and also provides electrical isolation.

The problem is to produce a high quality
insulator. without heating the substrate so
much that the substrate itself suffers. The
temperature needs to be kept below 400°C,
which compares with a figure of 1200°C for

thermal oxidation of the other main semi-
conductor, silicon.

The substance of choice for passivation
layers is silicon nitride. Si;N,. and the man-
ufacturing technology is plasma enhanced
chemical vapour deposition (PECVD). The
whole growth process takes place in a plas-
ma chamber. and therein lies the problem.
The high energy plasma can cause damage
at the semiconducior/insulator interface.
which in turn gives rise to leakage currents
and poor isolation (this mechanism actually
involves the creation of the surface states
used to good effect in Jim Luck’s igfets).
This, according to Dainty. causes low-fre-
quency noise in microwave circuits, and can
increase the dark-current of photodiodes.
The answer, apparently. is remote PECVD
which removes the substrate from the plas-
ma chamber. Dainty’s work has so far con-
centrated on using the technique 10 grow sil-
icon nitride on silicon, with the hope of a
later move to 111/V substrates.

The way it works is by injecting nitrogen
gas ino a 2.45GHz microwave plasma. This
produces so-called activenitrogen, which
passes out of the plasma region. Silane. SiHl,
is injected into the active nitrogen stream,
and reacts with it to produce SiH. When this
jet of gas reaches the substrate. reactions
with other nitrogen species produce a passi-
vation layer.

The resulting layers have high breakdown
clectric fields (3MV/cm). and are highly
uniform. The layer thickness is around
0.1pm, with a tolerance across an entire
wafer of £5%. The layer quality is assessed
primarily by capacitance measurements,
which can be used 10 demonstrate the low
occurrence of surface states. The next stage
of the work. says Dainty. is to climinate a
layer phenomenon called ionic motion,
which shows up as a slight hysteresis in the
capacitance/voltage plot of the layer. There
are also prospects for the deposition of sili-
con dioxide, and silicon oxy-nitride.

Measuring current with light

Another arca of activity tor King's is in fibre
optics. Rescarch projects presided over by
professor Alan Rogers include the identifi-
cation of large molecules. such as those of

interest in medical tests. the production of
fibre lasers, and the design of distributed
measuring systems.

One of the projects close to commercial
realisation uses optical fibre to sense a cur-
rent flowing in a conductor.

The interesting part is that the measuring
fibre does not need to be part of the current
carrying circuit, giving a high degree of
electrical isolation. The physical basis of the
measurement leads to a lincar responsc over
a wide dynamic range. and reduces satura-
tion and hysteresis effects.

The technigue relies on the use of high
birefringence fibre. This supports two dis-
tinct modes of light propagation polarised at
right angles to cach other. Under normal cir-
cumstances. there is no coupling between
the two modes, which have different propa-
gation constants. However, when the fibre is
put into a spatially varying magnetic field. a
phenomenon called Faraday rotation comes
into play. This effectively changes the polar-
isation direction, and can cause coupling
between the two modes.

So. if the current of interest can be made
to produce a magnetic field which varies in
the right way along the length of the fibre,
this can be used to measure current.

Danny McStay and Welland Chu are the
rescarchers working on the project. They
have devised several ways of producing the
required magnetic field. including a slotted
busbar (such as might be used in a power
station) around which the fibre can be
wrapped. It should be possible to dope or
magnetically insulate the fibre itself. produc-
ing an effective periodic variation in field.
without any mechanical changes to the con-
ductor itself.

Temperature dependence is an area which
requires further development. The character-
istics of optical fibre change with tempera-
ture. sufficiently to change the required
magnetic field period. This problem can be
eliminated by, for instance, producing a bus
bar with a range of slot spacings or doping
the fibre to produce a slight spread of mag-
netic field period. This effectively spreads
out the resonance peak (which at a steady
temperature is very sharp). and produces
strong coupling at a range of temperatures. B
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Take the Sensible Route!

BoordMoker is a powerful soffware tool which provides a
convenient and fast method of designing printed circuit
boards. Engineers worldwide have discovered that it provides
an unparalleled price performance advantage over other
PC-based and dedicated design systems by integrating
sophisticated graphical editors and CAM outputs at an
affordable price.

L]

In the new version V2.40, full consideration has oeen given to
allow designers to continue using their existing schematic
capture package as a front end to BoardMaker. Even
powerful facilities such as Top Down Modification,
Component renumber and Back Annotation have been
accomodated to provide overall design integrity between
your schematic package and BoardMaker. Equally, powerful
features are included to ensure that users who do not have
schematic capture software can still take full advantage of
BoardMaker’s net capabilities.

BoardMaker V2.40 is a remarkable £295.00 (ex. carriage &
VAT) and includes 3 months FREE software updates and full
telephone technical support.

BoardRouter is a new integrated gridless autoroute module
which overcomes the limitations normally associated with
autorouting. YOU specify the track width, via size and design
rules for individual nets, BoardRouter then routes the board
based on these settings in the same way you would route it
yourself manuaily.

This ability allows you to autoroute mixed techrology designs
(SMD, analogue, digital, power switching etc)in ONE PASS
while respecting ALL design rules.

No worrying about whether tracks will fit between pins. If the
track widths and clearances allow, BoardRouter will
automatically place 1, 2 or even 3 tracks between pins.

You can freely pre-route any tracks mcnually using
BoardMaker prior to autorouting. Whilst autorouting you can
pan and zoom to inspect the routes placed, interrupt it,
manually modify the layout and resume autorouting.

BoardRouter is priced at £295.00, which includes 3 months
FREE software updates and full telephone technical support.
BoardMaker and BoardRouter can be bought together for
only £495.00. (ex. carriage & VAT)

Tsien (UK) Limited
Cambridge Research Laboratories
181A Huntingdon Road

g N

<  cambridge CB3 0DJ UK
5 Tel 0223 277777
ts1en raxo0223 277747

All trademarks acknowledged
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power planes - 45 degree, arced and any angle
tracks with full net-based Design Rule Checking.

i

| " =
| :

Optimized placement by displaying ratsnest per
component. Lines indicate the unrouted nets.

HIGHLIGHTS

Net list import from OrCAD, Schema etc.
Graphical and manual netlist entry

Top down modification for ECOs
Forward and back annotation
Component renumber

Effortless manual routing

Fully re-entrant gridless autorouting
Simultaneously routes up to eight layers
Powerful component placement tools
Copper fill

Curved tracks

Extensive Design Rule Checking

Full complement of CAM outputs
Support and update service

Reports generator

Gerber, PostScript & DXF output

Full SMD support

Don’t just take our word for it. Call us
foday for a FREE Evaluation Pack and

judge for yourself.

EN D
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Low cost, 16 BIT sampling for the ATARI ST

— AVR Pro-Series 16 Sampler:

The AVR Pro-Series 16 is a true C.D. quality, MONO audio
sampling cartnidge which plugs into the ROM port of any ATARI
ST or TT range computer. The software provided with the
system enables the user to record ‘Line level’ audio signals into
the computers memory and edit or Analyse the sounds before
playing them back or saving them onto disc. The Typical ATAR!
1 Megabyte computer will be able hold a total of about 15
seconds of sample (when recorded @ 22 kHz).

The EDITOR program features an easy to use 'DESKTOP’ style
WIMP environment which can have multiple samples loaded in
to it and 'OPEN' at the same time. Memory allocation is fully
dynamic to ensure that the most efficient use of the computers

Sample = 9thOrder

time = ©.02362 Secs memory is made at all times. Editing features include, CUT,
& 2 s . = . . 's_...pn frequency analysis COPY, PASTE, INSERT, DELETE, CLEAR, REVERSE, VOLUME,
Lol uenc onten
- g 20 SERAncY Conteny” SEAD FADE, OVERLAY, GAP, REPEAT, FILL, MARK, LOOP, MID},
liustrated: 128 Point 3D FFT Display ANALYSE (illustrated), FIR & IR DIGITAL FILTERS and more

The Sampling Cartridge itself can Play and Record at four
different frequencies: 160, 22.05 320 & 441 kHz The
comprehensive user manual provides information for program
Audio Visual Research mers to enable them to write their own utilities for the hardware.
A S/N performance of in excess of 86 dB's (Input to Output) can
2a Russell Street be achieved delivering a C.D. quality, digitally recorded sound.

For further information please contact -

Luton - ) y

A minimum system configuraton of an ATARI ST range
BEDS computer with double sided disc drive, 1 Megabyte of RAM with
LU1 SEA either a Colour or Monochrome monitor is required o run the

sampling system. Software includes powerful MIDI keyboard and
sample sequencing programs for MUSO'S too!!

Complete Sytem cost is only £350.00 inc. VAT

Tel: (0582) 457348
Fax: (0582) 405869

CIRCLE NO. 138 ON REPLY CARD

Microprocessor Development “fools
EMULATORS, SIMULATORS, COMPILERS, ASSEMBLERS, PROGRAMMERS

77C82, 8085, Z8, 68000, 8051, 32010, 68HC11, 6301, 6502, 6805, 280, 6809, 8096, 740 Series, 7720, MIPS R2000, etc
SMAC UNIVERSAL ASSENMBLER - ROM EMULATOR

‘
v Relocatable Q’* ¢ Covers ROM sizes from 16 kbit to 8 Mbit
¥ Fast Assembly - v Full screen editer
v Caters for all Microprocessors and Controllers with bus v Emulates all 24, 28, 32 & 40 pin devices

widths from 1 to 255 bits wide

v Instruction sets for many microprocessors included -
- from Z80 to RISC 2000

v Fast download - ioads 1 Meg. in under 5 seconds
v Split & Shuffle capability

¢ Instruction set compiler AND VERIFIER included PROGRAMMERS
- add your own micro v PB-10
¢ lterative macros - Low cost E(E)PROM programmer sizes to 4 Mbit inciuding
) 16 bit wide, Microcontrolier, Smart card and gang option
v Intelligent jump facilities v SA-10
v Linker and MAKE facility - Stand alone E(E)PROM programmer
1 /4 v SA-20
SIMULATORS 8 gang version of SA-10
¥ Debug microprocessor and contoller software on your pc - ¥ TUP-300
Break points and tra Universal device programmer
v gotly é - Ti and National Semiconductor approved
v Free run or single step E(E)PROM, BPROM, serial PROM, MPU, PLD, EPLD, PEEL
- GAL, FPL, etc

| n*
2 Field End + Arey + Barnet + Herts ENS 3EZ Telephone : 081-441 3890 Q"I\;‘-\;{r

COMMUNICATIONS

CIRCLE NO. 139 ON REPLY CARD
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 REGULARS

APPLICATIONS

Amplifier for microphones and moving-coil pickups

Low-noise (InVANHz), low-distortion
microphone preamplifier enables
phantom powering of the microphone and
allows the use of « 20dB pad at the input.
The circuit at the amplifier output is an
automatic DC restorer to remove DC offscts
from the output, with an LF cut-off of
1.6Hz. Gain of the INA/03 is presct by the
conncection of internal resistors to provide
gain of 1 or 100, but the potentiometer
(right) shows how cxternal resistors can be
used to obtain other settings: gain is
determined from RG = 6/(G-1) k. G being
the gain. Feedback resistors of 3kQ are
included on the chip but, again, external
resistors can be used for other gain settings:
care must be exercised here, though, to
avoid instability, increased noise and st Ofaet
N N
4

Use of the INA103: this is a microphone preamplifier with the microphone phantom powered
and a DC-restoration circuit at the output.

reduced bandwidth. Output voltage offset is ~Gan Drhe
trimmable in the usual way by a pot between :

nyll pins, although this method does have o [N | 80
the slight disadvantage that input offset is cantoes [T %
affected: ImV of output offset change alters R [l

input offsct by about 1uV, also altering }nm
output offset drift by 3uV/°C per tmV. The Goroo i o
application note provides details of other ms«f% ‘ -
offset adjustment circuits A4+
Burr-Brown International Ltd, 1 swou [

Millfield House, Woodshots Meadow, B o &

Watford, Hertfordshire WD1 8YX. ) GanDve Ve V-

Telephone 923 33837. Circuit to adjust output offset with no effect INA103 block diagram

on input offset or input offset drift,

Low-power S g

frequen Cy B ) DWigt XTAL

N DIv, i ' v
HIGH FREQUENCY MAIN | REFERENCE DDA
synthesizer o S | R |
B |bomgods T-—-x—- scL
B —
Acmos high-performance frequency E . 12c-BUS Voob
synthesizer, the UMF1009T from UMF1009T | INTERFACE
Philips is intended for use in channelled LY + Al _J' SO
VHF/UHF equipment such as portableand [ 7~ —~=======— ] Vss
mobile radio and is programmable via the p?qlE'sTEAcL:sagtg:rngs ‘l — &
standard two-line serial I°C bus. The main L
divider consists of a 7-bit binary counter and PCO |PCA RA
two rate selectors to control the external CelILe)
programmable prescaler and the 7-bit
internal programmable divider (n2/n2+1).
The total division ratio from the DIV input MLAZ20

to the input to the phase detector (Fig.2) is N Fig. 1. Application of the UMF1009T. The
=(128.n2 + nly*A + n0), where n0, nl and ;; Loor FiLTer drrangement of counters allows a range of
n2 are less than 128, If this ratio is expressed oscillator frequencies to be adopted.
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APPLICATIONS

as a binary number and A 1s 128, the n0
selector contains least significant bits, n/ the
next seven bits and #2 the MSBs. The output
of this divider is taken 1o the phase
detectors. Also driving the phase detectors is
the reference oscillator chain, which consists
of a crystal oscillator with an external
crystal resonating at up to 16.8MHz and a
reference divider in two sections. The tirst
section is programmed 10 give an output at
1.2MHz and the second to produce 12.5kHz
or [SkHz output 10 the phase detectors. a
wide choice of trequency input thereby
being possible. Two phase detectors.
analogue and digital, work together 10
produce good noise performance and fast
locking. When lock is achieved, the digital
detector is switched out of circuit 10 avoid
noise degradation in the analogue circuit.

Philips Semiconductors, Mullard Iouse,
Torrington Place, london WCIE 7HD.
071 580 6633.

|vss quoo ]VDDA
14 lw II5
S-BIT LATCH
UMF1009T
+ | rca
~Mile n2in2ets mvuoen] PHASE [t
n2 = 110127 [ DETECTOR | 1s)ma
L:)» [
L
AATE SELECTOR N-LOCK w_,
- n DETECTOR
n1=0t0127
a=EOR0- — _( L—— FATE SELECTOR 2]rco
-0 127
AD ] 11 -
ar |z L ..
X KT — 12¢ 8uS
DA 113 INTERFACE
»SCL Y14 — [
— -
OVt s - . n4 DIVIDER n3 DIVIDER
nac1107 n3 - 1210 4005
7]Fi2
5

XTAL

[V

Fig. 2. Internal block diagram of Philips’s UMF1009T low-power frequency synthesizer for
mobile and portable VHF/UHF use. All division ratios are programmable via a standard I°C bus

Fig. 1. circuit diagram of electronic ignition
circuit using power mosfet and low-
inductance coil. The IC is a 556 (dual 555)
operating as a charge pump to provide gate
drive voltage for the IRF740 power switching
transistor

The oscilloscope picture shows the plug
voltage and the voltage across the mosfet
switch. The battery voltage is just 4.5V and
the plug unterminated.The spark duration is
much longer than the 150us indicated by this
trace.

HT voltage 5kV/div

Vds 100V/div

As 1s pointed in International Rectifier’s
note AN-969. power mostets possess
advantages over bipolar transistors tfor
ignition circuits. chiefly because of the high
voltages they must withstand when used in
place of a conventional mechanical contact
breaker. Power mosfets exhibit no secondary
breakdown and can be avalanched to clamp
excessive overvoltage due 1o leakage
inductance or a disconnected HT lead. Also,
they need no base drive. being voltage
controlled. The note explains that the series
resistance of the mosfet need not fead 1o

+Voat
Q

HT T0
DISTRIBUTOR

o]
R3

—C0— 14
13
12
icr n

At )

c13

6

1
I
- s WA

[ /-’S‘
Im::

R9
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» .
»

R12

GROUNO

R10
IGNITION INPUT

Power mos electronic ignition
rovides an alternative to contact

reakers

imefficiency and a circuit performing at
higher efficiency than one using bipolars is
feasible.

Modern ignition coils are of low
inductance with ballast resistors for
improved cold starting: inductive discharge
circuits. as opposed to the older capacitive
discharge types, require the discharge of
typically 6. a bipolar transistor necding
safe-operating-area clamps. which increase
both cost and dissipation. Mosfets do not
suffer from this limitation.

Figure 1 shows a practical ignition circuit
with a built-in test oscillator R, , 1. C, and
part of the IC 10 give a 50Hz. S0% duty
cycle pulse to the base of Q, when S is
open. Q,. D, . C, , and the rest of lhe IC
form a gated charge pump to keep enough
gate voltage on Q, at low battery voltages

(during starting. for example). Mostet Q,
avalanches repetitively and absorbs the
energy stored in the leakage inductance of
the coil.

The photograph shows the waveforms of
HT voltage (upper) at SkV/div and
drain/source voltage across Qo at 100V/div.
Battery voltage is 4.5V and HT terminal
unterminated. The photograph shows
conditions equivalent to an engine speed of
6000rpm for an eight-cylinder engine. At
idling speed. increased dwell angle would
increase aiming voltage to around 16k V.

International Rectifier. Hurst Green,
Onxted, Surrey RH8 9BB. Telephone
0883 713215.
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Applying multipliers

Accuracy normally found only in more
expensive hybrid or modular designs is
provided by the Analog Devices AD534 IC
four-quadrant multiplier. Internal trimming
allows a claim of better than +0.25%
multiplication error with no external trim
and AD says it is the first type to offer fully
differential, high input-impedance working
on all inputs, including the Z input. A
maximum gain of 1) and noise down to
90pV climinate the need for a following

applied to the Y input, with X at [0V, non-
linearity is 0.005% of full scale. although a
different input arrangement with X variable
leads to reduced non-lincarity claims. Figure
2 shows connection for a multiplier. where
the output is Z,+(X -X,)(Y -Y,R)/10V.

When minimum AC feedthrough is
needed in. for example. a suppressed-carrier
modulator, a £30mV trim voltage can be
applied to the X or Y input. Input Z can be
used as a summing input.

Fig. 1. Functions of the
AD534, a four- STABTE —0 v
quadrant IC multiplier| ¢, o———— {1 ReFERENCE
with an accuracy AND BIAS O Vs
associated with hybrid
devices. The device ] TRANSFER FUNCTION
uses the Gilbert | x, O—={%
technique, shown in vi VoA [Q‘J—&;‘F—vﬂ -2y - z;»]
Fig.1, in which X, Y | X2 O—12 TRANSLINEAR
and Z inputs are MULTIPLIER [~
converted to currents, | Y, Om=—{? ELEMENT
trimmed for zero A 0
offset, the products of | Y2 1> >_* our
X and T currents. HIGH GAIN
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amplifier in many cases, the gain being
available in all operating modes.

There is a differential Z input and all the
standard multiplication, division, squaring
and square-rooting functions are possible,
with no input/output polarity limitations,
current output being allowed. if required.
The device uses the Gilbert technique,
shown in Fig.1. in which X. Y and Z inputs
are converted to currents. trimmed for zero
offsct. the products of X and Y currents
being multiplied using Gilbert™s translincar
technique which is described in the Analog
Devices Non-linear Circuits Handbook.

A buried zener provides a 10V reference,
so that the output voltage is XY/10 - Z.
Scale factor is adjustable by an external
resistor connected to SF and -V . For signals
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Fig.2.Connecting the AD534 as a unity-scaled
multiplier.

When used as a squarer, X and Y are in
parallel, the differential inputs giving
polarity information (negative output if
cither of the inputs is reversed).

For low inputs, a feedback attenuator
compensates for the reduced output: the
difterence-of-squares circuit in Fig.3. for
example. uses the attenuator to cancel the
factor of 2 loss in gain caused by the sum
term generation. Figure 4. an RMS-10-DC
converter, also uses the difterence-of-
squares function. The filter is an integrator,
its input being zeroed by the feedback loop
when V 2-V =050 that V_ must equal
V. RMS.

As a divider (Fig. 5). the Z input becomes
the numerator, the denominator being at X.
Gain is. again. adjustable by the use of an
attenuator between output and Y2, a
technique that is used to advantage in the
percentage computer in Fig.6. which gives
the percentage deviation of A against B on a
scale of 1V per 19%. AD’s 1990/91 Lincar
Products Data Book gives more applications
for the device. as well as general
intormation on the use of this and other
products. B
Analog Devices Ltd, Station Avenue,
Walton-on-Thames, Surrey KT12 1PF.
Telephone 932 253320.

APPLICATIONS
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Fig.3.Difference-of-squares circuit uses
feedback attenuation to compensate for lost
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HYPOTHESIS

Power lines, cancer
and cyclotron

resonance

Living close to overhead
power lines may increase
the risk of cancer in
humans. Harold Aspden
hypothesises on the
cause... and the cure. But
PowerGen and National
Power won't like it.

lines causes health hazards. At least this

appears to be the conclusion of epi-
demiological studies about weak electro-
magnetic exposure and cancer. This might
be attributed to cyclotron resonance induced
in human body cells by weak electromagnet-
ic fields. This effect can be eliminated, but
only if we cease to use our 50Hz or 60Hz
frequencies and rely on DC exclusively or,
alternatively, double the operating frequency
to 100Hz or 120Hz.

A possible link between cancer and elec-
tromagnetic radiation from power lines and
appliances has now been accepted by the US
Environmental Protection Agency. I suggest
that the effect can be traced, experimentally,
to a resonance effect known in physics as
cyclotron resonance.

In a cyclotron, a modest electric field can

I iving close to overhead electric power

’r

£\

~——

NG

accelerate a moving ion into enormous ener-
gy levels by a gradual resonant build up.
This is caused by energy from a weak field
pulsating in harmony with the resonant fre-
quency of ion motion in a steady magnetic
field.

In the case of the human body, that steady
field is the Earth’s magnetic field. The ions
in motion are those chemical ions in body
fluids and present within body cells. The
activating field producing resonance is the
electric and magnetic field set up by an
overhead power line or magnetic field pro-
ducing appliance such as an electric blanket,
etc.

On tris matter, some point out that, assum-
ing electromagnetic radiation does have an
effect, it can only proliferate cancers already
present. This, view is not convincing given
that we all have a latent capacity to develop

i

::"-?
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>
4
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.

cancer cells through oncogene genc sectors;
exposure to fields might reasonably be sup-
posed to accelerate transmutations.

Hazardous frequency range

Cyclotron resonance by my theory only
occurs if the hazardous frequency range lies
within the exciting ficld. Unfortunately, the
S0Hz or 60Hz frequencies, relating to the
two-pole magnetising rotor fields on syn-
chronous alternators (running at a speed of
3,000 or 3,600 rpm), happen to be close to
the frequency at which ions in bodies
respond to, while in SOuT of the geomagnet-
ic field.

The cyclotron formula requires that the
angular frequency of the resonance should
be simply Hg/m, where H is the strength of
the geomagnetic field and 4/m is the charge
to mass ratio of the ion. For a unit atomic
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mass g/m is 96 million coulombs per kg.
Therefore, if H is SOUT. an ion of unit atom-
ic mass and the normal unit charge will have
a cyclotron angular frequency of about 4800
rad/s or about 760H7 .

tn a separate publication. I feel that | have
shown that the inter-reaction processes
involved when two dominant forms of ion
are present can cause one ion form to screen
the geomagnetic field effective on the other
form to bring about a resonance at a fre-
quency of up to 1.5 times higher than that
for a single ion. In effect. this occurs by
what we can regard as a self-tuning of the
system. This condition is limited by the
higher frequency tisted. In other words. over
a frequency range above that of natural reso-
nance of the single ion form, there will be
perfect resonance of one of the ion forms
even though the external frequency is not
exactly the frequency required for that form.
The data in Table 1 (drawn from work pub-
lished by B R McLeod and Abraham Libolt)
assumes that H is exclusively the geomag-
netic field strength.

Doubling the frequency saves lives
I am aware of the extensive experimental
rescarch which has focused on ion forms
involving Ca** Na* etc”, but what seems (o
have been missed in this prior rescarch is the
appreciation that water forms its own ion
form in that it dissociates into hydroxyl and
hydronium ions as listed in the table. It
would seem that the prevalence of such ions
and their rather special relationship to the
S0Hz and 60Hz frequencies. both of which
they encompass by their combined effect.
and as illustrated In Table I, has to give the
underlying basis for field induced activity in
body fluids.

However. this is not a critical point. What

is critical is the need 1o realize that. it one
accepts that AC fields are dangerous but
inescapable, then one should choose a power
line frequency which won’t set our ions jan-
gling. For instance, at a power line frequen-
¢y between 100 and 120Hz, only lithium of
atomic mass 7. if it were present in solution
as a free single-atom ion. could come near to
satisfying the resonance requirement.

In this situation, bearing in mind that the
very prevalent hydroxyl and hydronium ions
are probably the dominant cause in the haz-
ard risk at 50Hz or 60Hz. it can be presumed
that a hazard free situation prevails at 100Hz
or 120, Therefore, as a simple expedient,
the object should be to eliminate the SOHZ or
60H7 basic frequency and operate instead at
twice this frequency.

Now. this may not secem to be a feasible
solution, except for the odd application such
as electric blanket or underfloor heating
where full wave rectified unsmoothed 50 or
60Hz AC will produce heating from a mix-
ture of 81% DC and 19% AC at 100 or
120H7 and above. In the case of the over-
head power lines. unless we think in terms
of screening power lines. which seem
uncconomic. or using normal closely wound
cable forms, as used underground. the most
appropriate but drastic. remedy is to adopt a
new standard frequency for power genera-
tion and supply. such as 100Hz.

Electric blankets or underfloor heating can
be remedied by using DC power excitation.
However, the solution to be applied to over-
head power lines, short of cenversion to
underground cable or high voltage DC trans-
mission, is not so casy considering the very
substantial voltages and currents involved
and the heavy capital investmert in existing
structures.

The question is not so much that of under-

THE HUMAN CYCLOTRON

The cyclotron used in particle physics to speed charged particles up to very high energy
levels combines the action of a powerful magnetic field and a high frequency pulsating
electric field. However, the weaker the magnetic field, the lower the frequency needed for
a given ion mass. The weaker the AC electric field, the longer it takes to build up the power
of those ions, but the build-up is unavoidable if the particle mass, the magnetic field
strength and the AC signal frequency satisfy the formula for resonance.

In a cyclotron the energy of the particles is deployed into an orderly spiral motion around
the axis of the magnetic field and the pumping action of that weak pulsating electric field
progressively adds to that energy and causes a pressure build-up at confining surfaces as the
particles are driven in spirals of larger radius.

A cyclotron is fine-tuned to a resonant frequency specific to one chosen ion type. In the
blood stream, as in any ionised plasma, gaseous or liquid, there is a mix of positive and
negative ions. Cyclotron action implies that one polarity would spiral clockwise as the
other spirals anticlockwise. Collisions don’t preclude the build-up of the resonance effects
as the health hazard reports imply. Indeed there is a case for saying that it is the mix of ions
of opposite polarities that makes the resonance formula adaptable and actually causes a
self-tuning resonance. This explains why resonance of the ions typically in water or blood
can occur either at 50 Hz or 60 Hz.

Can body cells be the seat of a human cyclotron effect? The cyclotron needs a magnetic
field and a transverse AC electric field to pump energy into ions in motion in that field.
There are ions activated by thermal motion in blood and these are always subject to the
Earth’s magnetic field. Proximity to a weak 50Hz or 60Hz electric field therefore means that
ions in a certain mass range can respond to cyclotron action. The ions in water and blood
happen to be in the critical mass range.

HYPOTHESIS

Molecular Mass Frequency
ion units

hydroxyl OH 17 45 - 67
hydronium OH, 19 40 - 60
scdium Na 23 33-50
magnesium Mn 24 32-47
cHlorine Cl 35 22-33
patassium K 39 19-29
calcium Ca 40 19-28

Table I shows the resonant cyclotron
freqaencies of single ions of different forms
when subject to the steady geomagnetic field.
The lower frequency expressed in Hz is that
of a single ion type. The presence of other
ions may raise the resonant frequency by up
to 50%.

Frequency Power
(Hz) (%)

0 81.0569
100 18.0127
200 00.7205
300 00.1323
400 00.0408

Table 2 shows how the power supplied to a
purely resistive load is, by conventional
electrical engineering analysis, divided
between the lower frequency components of
an uasmoothed full-wave rectified sinusoidal
50Hz voltage source.

standing the cause, but rather one of elimi-
nating the possibility of cyclotron ion reso-
nance brought about by AC field in a
domestic or normal commercial environ-
ment where the only prevalent DC magnetic
field is that provided by the Earth itself.
Given that weak electromagnetic fields at
the power trequencies SOHz and 60Hz do
pollate the environment in the sense that
they make it hostile for the chemistry of
body functions, there is no real choice other
than making sure we live well removed from
power lines or accept the higher incidence of
cancer and leukaemia as tolerable. We can
only hope that the tuture will see technologi-
cal advance: perhaps overhead power lines
will carry DC in preference to AC to the
extent that converters are used to generate
AC domestically or industrially. tdeally con-
version could be to 100k to redice risk. @

Dr tiarold Aspden works at the Department
of Electrical Engineering. University of
Southampton.
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RADIO REMOTE
CONTROL.

-
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... wherever and whenever
it's needed

Radio linking is the 1990's answer to the question of data
transference and remote control . . . cutting out the need for
fixed cables and direct connections. At Wood & Douglas
we've developed this technology to a fine art with a range of
compact, radio link modules capable of simple, highly efficient
application across a wide spectrum of commercial and
industrial uses. Where standard modules are not applicable
we custom-build to precise requirements.

Over the past ten years we've successfully applied radio
linking over such diverse areas as water leak detection,
remote control of cranes and other industrial equipment,
medical and veterinary monitoring, data logging, fuel and
power control, automated warehousing . .
the list is endless.

In short, give us the problem .. . and we'll give
you wireless control, wherever and whenever
it's needed.

WOOD & DOUGLAS

HF UH IMMUNICATION
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systems interconnections and 1992 are

popular subjects of conversation at the
moment. The consensus 1s that such tech
nologies will require international standardi
sation. long-term planning and organisation-
al coordination. But it has obviously been
forgotten that a near-similar system was in
place almost exactly a century ago — the sub-
marine cable system. a communicative tech-
nique in which the British were supreme.

It oo was digital in its way, planned, with
the varied organisations involved coordinat
ing well. Impetus behind the endeavour was
the fact that “...use of the telegraph
increased in significance. the greater the dis-
tance that had to be covered”'. With the
British having more distance 10 cover al that
time than any other nation. including the
Americans: “Cable enterprises supplanted
the railways as popular investments’™.

I ntegrated-systems digital-networks. open

First toe in the water

Britain became involved with cable early on,
the first worthwhile trial being that “...car
ried out in 1838 by Brooke, an Englishman,
across the river Hoohley in India™.? Even as
early as 1840 a House of Commons commil-
lee had looked into the possibility of con-

necting Dover with Calais.

SUBMARINE CABLES

B eyt

Waves, wind and
the teredo worm

At a time when plans for
global communications
seem to rest on the
semantics of international
standards, Greg Grant
looks back to the
Victorian adventurers
who conquered nature to
put a communication
girdle around the world.

First attempt ‘o link the opposile shores of
a considerable stretch of water was the link
between Dover and Cap Griz Nez in 1850. It
was the work af John and Jacob Brett their
cable being “... made up merely of wire
insulated by guita percha™ the whole effort
being undertaken at their own expense. The
mitiative failed shortly afterwards however
due - it was said — to a French fisherman
cutting the cable.

In the following yecar another cable was
laid. consisting of four copper wires |.7mm
in diameter, insulated with gutta percha and
tarred hemp. Strengthening was by an
armoured shield of 7.6mm iron wire and it
established the standard for undersea cable
design for years 1o come.

But two major problems were encoun-

HMS Agamemnon laying the Atlantic cable in
1857... but disappointment was to follow.
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SUBMARINE CABLES

lered; the cable’s weight and the fact that it
fell short of its intended destination.

However after successful joining of an
additional length, the task was completed on
the November 13. 1851, It was the first truly
successful undersea cable, continuing in
business for the next 24 years.

The very considerable size of this achicve-
ment can be appreciated by looking at the
hydrostatic pressure undersea cables may
have to endure -
three miles. Moreover, the cable will move
with the current. more violently in shallow
waler and close to a shoreline. In tropical
oceans, there is also the problem of the tere-
do worm. one of the lamellibranch family of
boring molluscs. whose destructive vigour
proved as deadly 10 submarine cables as it
had previously done 10 ships™ timbers,
wharves and scua dykes.

Atlantic crossing
In May 1853 another narrow waterway was
conquered by cable: that between mainland

Undersea technology - by gum!

In 1842 gutta percha was introduced
into Great Britain - the coagulated latex
of the gutta and other trees such as the
bassia paltida found mainly in Malaysia
and the East Indies. Its ability to repel
water along with its excellent insulating
properties were immediately noted by
leading engineers and scientists of the
day such as Faraday, Siemens and
Wheatstone.

Having a resistivity of some 10MS and
a permittivity of 3, it would remain the
first choice of insulation for undersea
cables until development of para gutta,
composed of wax and deproteinised
rubber.

This too would retain its pre-eminent
position as an insulator until replaced
around 1933 by Polyethylene developed
by ICL.

up to 41/in%. at a depth of

Second attempt to lay an Atlantic cable also
failed due to the cable stretching during the
operation

Britain and ireland. Earlier attempts had
been made to bridge St George's Channel
but had failed, largely because of the ireach.
crous currents and deeper water.

The Magnetic Company under chief engi-
neer Charles Bright laid a six-wire cable
between Donaghadee in Ireland and Portpatrick
on the Stranraer peninsula in south-west
Scotland.

The operation had been fur from easy, the
cable being “...manhandled out of the hold
of a steamer, over a pulley and round a drum
which measured the speed. and then several
times round a brake drum before passing
into the sea”.

Elsewhere 100, river estuaries and narrow
seas were being interconnected by cable. 1t
was in the course of one such exercise the
British engineer Frederick Gishorne decided
1o span the Atlantic Ocean by submarine
cable. While seeking more financial support
for the final leg of a another project — that of
connecting New York and Newfoundland by
cable — Gisborne held discussions with
American entreprencur Cyrus Field, in the
course of which the Atlantic cable was men-
tioned.

Field in turn, immediately sought advice
on the feasibility of the concept from a US
Naval hydrographer and oceanographer.
Licutenant Matthew Maury

Maury had just completed Physical
Geography of the Sea, the first textbook on
occanography published in 1855, In it, his
recently-prepared chart of the Atlantic
Ocean showed that this huge streich ol water
was shallower in the centre than at the
cdges. He assured Field that it was possible
10 lay a cable on the oceun floor.

For the next 12 years, Field relentlessly
pursued his project. winning support of dis-
linguished scientists and clectrical engincers
such as John Brett, Charles Bright and William
Thomson (later the first Lord Kelvin of Largs).

Thomson’s siphon recorder

n operation, a moving coil D’Arsonval
galvanometer connected to the line was
arranged so that coil deflections, brought
about by an incoming signal, contiolled
movement of a writing head across a
moving paper tape. The tape was driven
by either an electric or clockwork motor
and the writing head was supplied with
ink from a reservoir by siphon action, as
the tape was being driven.

Writing head deflections were
proportional to the received signal
current, and so the graph produced
indicated magnitude of the line current.

Dots and dashes could therefore by
identified by the upward and downward
movements of the current curve.

core

direction of

paper movement
IR/

Fig. 1. The siphon recorder, adapted by
Lord Kelvin from the Gauss/Weber
mirror galvanometer. Writing head S is
attached to lightweight plate P, which is
axially supported by wire W. Plate P is
capable of angular rotation about axis W,
controlled by the silk fibresx and y which
are attached to opposing corners of the
galvanometer coil. Coil movements
produce angular movements of P,
causing horizontal movements of the
writing head over paper tape t. Cne end
of W is rapidly but delicately electrically
vibrated allowing the writing head to
make equally rapid, if intermittent,
contact with the paper It also reduced
friction at the point of contact.

Probably the greatest scientitic panjan-
drum of the 19th century. Thomson had a
long association with transoccanic cables.
Indeed the basic telegraphic equation

CR—dv and
dv dr
d C/\’gl
dy dr
were “*..in their simplest form ... first given

by Lord Kelvin in 1855”.% Another of
Kelvin’s achievements was development of
the concept of inductance, the practical
importance ol which was first brought 1o the
attention of enginecers by * . . the problems
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experienced in ... the Atlantic cables™.’

Another of Thomson’s originations was
the siphon recorder, a device developed
especially for telegraphic working over an
under sea cable .

Atlantic Telegraph Company

Perhaps it was hardly surprising that the
British had a near-monopoly on both cable
technology and signal equipment tech-
niques. But domination in the Atlantic cable
ventures came about not through technologi-
cal pre-eminence but via another British
near-monopoly at that time: capital.

Having failed to raise sufficient funds for
such an undertaking in America. Field came
to Britain and, supported by Samuel Morse,
their target of £350,000 was passed in two
weeks: the Atlantic Telegraph Company was
registered on the October 20 1856.

Initially views differed on the technology
to be employed and the cable-laying tech-
niques. This was to be expected given the
experience and personalities involved such
as Morse. Thomson, Field. Bright and Bruncl.
Brunel of course was deeply involved in the
completion stage of the massive “Greal
Eastern™ - the largest ship the world had so
far seen, and could not devote guite as much
time to the project as the others.

Thomson on the other hand was keen to
awail the Great Eastern’s launch, for he
envisioned it as the ideal cable-layer.

Furthermore, he had reservations about the
quality of the cable and he was not alone in
this. Bright too had misgivings in this area,
particularly about size of the single conduc-
tor, and asked for it to be enlarged.

He also sought to have the cable spliced in
mid-Atlantic with the freighting vessels
sailing for America and Britain simultane-
ously.

Bright was turned down on both counts by
Ficld, whose principal consideration was the
weather. Field already had two vessels on
loan from the American and British navies
and wanted cable-laying to be carried out
within what we today would term the sum-
mer weather window.

As a result HMS Agamemnon and USS
Niagara took their cable on board and began

laying in early August 1857. But the first
break happened after only 8km and the sec-
ond after nearly 612km. So the project was
called off. The cause was mainly the cable’s
specific gravity. which resulted in it sinking
too fast, overstretching and over-stressing
the remainder.

Nor did its low tensile strength help either.

A second attempt was also a failure, this
time after 257km. But despite bitter dis-
agreements Field convinced the company
that they should try again.

This time they took up Bright’s original
suggestion and spliced the cable in mid-
ocean on July 29 1858. By August 5 the
cable had been laid, and Thomson had sent
the first two messages over il.

Technical hitches

The circuit however “...lasted only about a
month. The fault was in part with construc-
tion of the cable and part with the high volt-
ages ... forced on it™#

Electrical and communications technology
at this time was such that induction coils
were thought to allow faster working than
batteries. Operators used high-voltage
induction coils, with the result that the insu-
lation deteriorated, probably causing the
cable’s failure.

Nevertheless, some 730 “cables™ had been
transmitted over the line and so Field and his
colleagues had proved that a transoceanic
cable was not only feasible, but could also
take a great deal of traffic.

In the following year another problem
arose for the British; the Red Sea cable 1o
India also failed.

The Board of Trade promptly set up an
enquiry into the industry and its methods
and techniques. In 1861 it reported, having
unearthed some disturbing facts. Out of
18.000km of cable a mere 5000km — less
than one third — were in working order.

As to the recent faults the committee con-
cluded that they were due to careless han-
dling of the cable during laying. to poor
design and to bad practices in overall manu-

Laying the first cable across the English
channel in 1850.

SUBMARINE CABLES

Copper
conductor |

Gutta
Percha
Insulation

Bitumenous
Wax Tape

dute il wire
““ Armouring

Jute Servings
with Protective
Compound

Fig. 2. Improved Atlantic cable consisted of
several copper wires, insulated with gutta
percha and surrounded with hemp and
armoured with ten iron bar wires.

facture. But a great deal of knowledge was
gleaned concerning impurity effects on the
conductivity of copper; the myriad problems
of laying an undersea cable, and the terse
frusirations of manufacturing one.

A new Atlantic cable was designed (Fig.
2.) consisting of seven wires of high-quality
copper, insulated with four coats of gutta
percha, the whole surrounded with hemp
and armoured with ten iron bar-wires.

The Great Eastern was again chosen as the
laying vessel, work beginning in July 1865,
and the attempt got within 966km of the
Newfoundland coast before the cable
sheared again. Another attempt was made in
the following year between July 13 and 27
and was completely successful. The shore
ends of the cable used solid armoured wires
instead of the stranded type and the cable
itself was gradually reduced in size between
the shore and the deep sea section in three
stages — a practice still followed today.

The mighty Great Eastern not only laid a
new cable; it succeeded in hauling up the
earlier one splicing on a centre-piece, and
lowering it again to the sea-bed. In every
way. the submarine cable was proving to be
“...one of the great technical adventures of
the 19th century, something akin to explo-
ration of space today™.’

Three years later, the Siemens brothers
extended cable communications even further
by implementing an 11,000km telegraph line
between London and Calcutta, a very con-
siderable achievement, one which had been
yet another adventure, the sort that provided
- like the Atlantic cable saga — the densely-
packed reports and darkly realistic illustra-
tion for which the lllustrated London News
had become justifiably renowned.

The cable had left Britain at Lowestoft, a
North Sea cable bound for Germany. Having
crossed the Siemens’ Brothers homeland, it
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SUBMARINE CABLES

then clipped through a southern corner of
Russia heading for Tehran, where it had its
only interconnection before continuing on to
the Indian sub-continent.

In the course of construction engineers
and technicians survived fearful seas; had
been protected by Russian soldiers; used,
along with their equipment. as a form of tar-
get practice by turbulent natives and — on an
individual level - had fallen victim to a posi-
tively bewildering variety of exotic diseases.

The line itself was very much state-of-the-
art for the time, driven by punched paper
tape and the section between London and
Tehran had ten Wheatstone automatic
repeaters installed as standard.

Clear signals

In the early days of cable, manual signalling
was employed, using what are known as
cable code signalling (Fig. 3.).

Transmission was by reverse-battery
polarity. a simple yet efficient way of ensur-
ing that dots and dashes used exactly the
same voltage. With no traffic, both stations
would put their send/receive switches to
receive, so as 10 be on “stand-by” to reccive
any incoming signals. Signal capacitors
would be at earth potential. On transmitting.
at station A say, the send/receive switch was
depressed to send, so earthing the signalling
capacitor via the dot-dash keys.

Operation of the dot key earthed the bat-
tery positive terminal. putting a negative
potential on the signalling capacitor. The
reverse occurred on restoration of the dot
key and depression of the dash key.

Cable code signals - three-condition sig-
nals — were sent to line via the siphon
recorder and its shunts SS, and RS, giving
pulse working to the distant terminal where
the received signals passed through the
recorder coils, the high-resistance inductive
shunt RS, to earth. via SR,,

In 1870 however. the brilliant Sir Charles
Wheatstone invented the first, effective
automatic telegraph equipment. The mes-

Wheatstone’s 100 words/min

If a transmitter operates at 6m of
perforated tape/min and there are ten
centre holes per 2.54 cm of tape, this
would amount to 40 centre holes per
second or, put another way, 40 dots/s.

Since each dot is followed by a spacing
period equal to the dot duration, the dot
signal length — shortest element in the
code - is 1/80th of a second and the
telegraphic speed is 80 Baud.

Morse code is unequal in length so
conversion of the above information into
words per minute requires knowledge of
the average number of unit elements,
equal to a five—letter word plus one word
space. In plain English this is 51.6. For
telegraphic traffic however it is taken as
48. Therefore a telegraph modulation rate
of 80 Baud equates to 80/48 x 60; 100
words per minute,

sage to be sent was transposed ~ correspond-
ing to the dot/dash Morse code of the mes-
sage ~ into perforations on a paper tape (Fig.
4). The tape was then passed through an
automatic transmitter. turning individual
perforations into dot/dash signals for the line
and considerably improving speed of the
telegraph.

The first Atlantic cable operated at a speed
of around 3 words/min. equating to a band-
width of about 1.5Hz/s. Cable code was
faster. operating at about 54 words/min, or
20Baud. Wheatstone's invention was almost
twice as fast at 100 words/min (see box).

But this was only one of three such com-
municative tracks. The second cable again
crossed Europe. Its route took it to Constan-
tinople prior to passing through the southern
part of the sprawling Ottoman empire to the
Persian Gulf there 1o revert to a submarine
route again before continuing to Karachi.
Unfortunately its path was not very efficient
“...because of the murky inconsistencies of
Turkish administration™,'0

Source of Alice Springs

In 1870. the Victorians created a third electric
avenue to the Orient, another submarine cable
routed via Gibraltar, Malta. Alexandria. Suez
and Aden. terminating at Bombay.

The cable hold of the Great Eastern: Siemens
brothers implemented an 11,000km telegraph
line between London and Calcutta.

Fig. 3, The Earliest form of submarine cable
telegraphy: manual simplex working using a
cable code key. C, and C, are signalling
capacitors; K, anJ K, sending keys and S, and
S, siphon recorders. SR, and SR, are the
send/receive swilches connecting the
transmitting or receiving equipment to the
cable, while SS, and SS, are variable low
resistance transmitting shunts. RS, and RS,
conversely, are high-resistance inductive
receiving shunts, adjusted for optimum
received current 1o operate the recorders.
The transmit shunts bypass the record coils
when the send/ receive swilch is at transmit
and are adjusted such that the current
through the recorder at the transmitting
station is equal to that present on reception
The battery connections are reversed at one
end of the circuit, so that each recorder can
operate when the station is transmitting.
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It was the sort of route the British had
long been anxious to create, an all-red one,
passing through either British-owned,
British-run or British-controlled territory.

Security of these communication path-
ways meant headaches for the British —
some real but more frequently imagined.
Keeping them functioning. not to mention
well-maintained, was a formidable task, as
not all routes could traverse the world on
purely British turf.

The East and West African cables for
example had to cross Portuguese territory, as
did the South America cable which used the
island of Madeira as a way-station.

No less tortuous was the route chosen for
the Australian cable, crossing the island of
Java, at that time a Dutch possession. The
British insisted that it be worked by British
operators — reluctantly agreed to — and it
finally entered Australia in the Northern
Territories. 3220km and 36000 telegraph
poles later it terminated at Adelaide.

The communications link had taken two
years to pioneer, in situ long before a road or
railway. Its central way-station was located
al one of the most remote place in the
British empire: Alice Springs.

Indeed the telegraph was the sole reason
for the existence of this huddle of buildings
named after the wife of the cable station’s
chief engineer.

By 1894 British cable connections were
branching out again, this time from
Singapore to Hong Kong via the British pos-
session of Labuan.

But the Hong Kong to Shanghai leg was
another matter. The last thing the Britain
was prepared (o entertain was insecurity of
relay stations on the Chinese mainland. So
an elderly hulk was stationed in the Min
river estuary as an interconnection at once
secure and free from prying.

Myriad troubles from which cable systems
could suffer included * . . silt, uncharted cur-
rents ...winds - during the monsoon no
Indian Ocean cable could be mended at all.
Even the webs of the more portly tropical
spiders could interrupt an imperial dis-
patch™.!!

Electronic and electrical knowledge was
advancing apace however, eg the discovery
that signal attenuation was proportional to
square root of the signal frequency. Thanks
also to the mathematical work of Oliver
Heaviside, transmission techniques were
steadily improved. He realised that the ratio
R/L = G/C gave the necessary condition for
distortionless transmission, where R = resis-
tance; L = inductance; C = capacitance and
G = leakance (conductance). From this ratio,
Heaviside established that attenuation con-
stant a = RV(C/L) = YRG. and is independent
of the frequency. Equally, he found that
phase constant b = oV LC = 2rnAC, and is
proportional to the frequency. So distortion-
less conditions could only be attained with a
very large increase in either the leakance or
the inductance.

Increasing leakance had the disadvantage

SUBMARINE CABLES

12 345678 910111213141516

00 o O O CO Marking code holes
000 0000000 0000000 Y Centre feed holes
O O 00 oCC Spacing code holes
Corresponding  _ - = = Morse signals
A N D

Fig. 4. Wheatstone Morse perforated tape or
slip and the corresponding Morse signals.

of increasing attenuation. Increased induc-
tance was usually adopted, using a technique
known as “loading”, involving wrapping “a
continuous nickel-iron wire ...around the
copper conductor ...to neutralise the harmful
effect of cable capacitance™.'”

This work led to an equation that deter-
mined the maximum frequency of sig-
nalling: frequency = Azm“/nRC where
A .. is the maximum value of attenuation .

Looking back to the “global village”

The reality of world-wide communications
was indicated by Queen Victoria's Diamond
Jubilee celebrations. On June 22 1897, the
Queen, in the telegraph room at Bucking-
ham Palace, pressed the button activating
the Central Telegraph Office’s equipment in
St. Martin’s Le Grand. It sent her jubilee
greeting throughout the empire in a power-
ful demonstration that the global village was
a possibility, some 14 years before the birth
of its future prophet Marshall McLuhan.

It is doubtful if anything remotely as strik-
ing will be forthcoming as regards either
ISDN or OSI in the two years remaining
before dawning of the brave new commu-
nicative continent in 1992. A quick glance at
the seven-layer decision-making ladder of
the OSl,makes plain the potential for queru-
lous technical in-fighting over a ncar-inter-
minable period. Where is the adventure in
grappling with RS232, network layers and
Hayes compatibilities, however necessary?

That sort of activity is light years removed

The falling price of technology

Technical advances and the increasing
demand for long distance communication
meant but one thing; lower prices.

In 1866 an Atlantic telegram cost £20
or $100. Just two years later, rates had
come down to $1.57/word. A decade
later, submarine cables were carrying
about 27 million words per annum, their
most regular and demanding customer
being the governments of the day.

In 1870, for instance, the British
Colonial Office’s telegraph bill was
around £800. By 1897, it was £8000
annually and rising. In the following year
there were 14 cables connecting North
America to Europe, 12 of which were in
operation. A further 3 would be set down
before the century’s end. One result was
that the British were the world’s major
communications operators.

from the drama of the Russian steppe. the
pioneering excitement of the outback or the
storm-lashed sense of achievement that tam-
ing the Atlantic brought. But this is what it
comes down to. Any high drama that
remains is found deep in technical working
party country.

Yet there is still hope. Some half dozen
new submarine cables have been laid annu-
ally since 1945, the longest of which runs
for 15,032km. The Commonwealth Pacific
cable, Compac, runs from Alberni in Canada
to Sydney. Australia, interconnecting at
Hawaii, Fiji and Norfolk Island, almost
mimicking the cherished all-red routes of the
Victorians.

The UK remains a major influence in the
communications business and is the
undoubied European leader in electronics
information systems with 15% of world
marhets, second only to the US.

At the same time Russia and Eastern
Europe are discarding the shackles of the
last 40-odd years. If that market open up, it
could require nothing less than a Sovpac.

Now that would be an adventure.

]
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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 to £500 C/W manual
probes.

Marconi TF2008 — AM-FM signal generator — Also sweeper — 10Kc/s — 510Mc/s — from £350 tested

to £500 as new with manual — probe kit In wooden carrying box — £50

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 Syntheslser/signal generator type 8672A — 2 to 18GHzS — £6000

HP Network Analyser type 8754A +~ HPB502A test set — £4000.

HP 8505A network analyser — 500Kc/s—1.3GHz + HPB502A test set - £5500

HP 8640A signal generator — OPT 001 — 002 - 5Mc/s —1024Mc/s — £1000.

HP Osclliographic recorder type 7404A — 4 track — £350

HP Plotter type 98728 - 4 pen — £300

HP Sweep Osclilators type 8690 A & B + plug-ins from 10Mc/s to 18GHz also 18-40GHz. P.O.R.

HP Signat Generators type 612 - 614 — 618 — 620 — 628 — frequency from 450Mc/s to 2 1GHz.

HP Network Anatyser type 8407A + 8412A + 8601A - 100Kc/s — 110Mc/s — £1000.

HP 181T Mainframe £400 — HP182T Mainframe £500 — HP 141T Malnframe £500-£1000.

HP 432A-435A or B Power Meters + Powerheads — 10Mc/s — 40GHz — £200-£650

HP Down Converter type 117108 — .01-t1Mc/s — £450

HP Pulse Modulator type 11720A — 2-18GHz - £1000

HP Modulator type 8403A - £100-£200.

HP Pin Modulators for above-many difterent frequencies — £150

HP Power Meter type 435A (no head) - £150.

HP Counter lype 5342A — 18GHz - LED readout - £1500

HP Signal Generator type 86408 — Opt00t + 003 - .5-512Mc¢/s AM/FM - £1200.

HP Spectrum Dlisplay type 3720A £200 — HP Correalator type 3721A £150

HP 37555 + 3756A - 90Mc/s 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 Programmable pulse generator type 8161A - £1500.

HP 8410 - A - B - C Network Anatyser 110Mc/s to 12GHz or 18GHz — plus most other units and

displays used in this set-up— 8411A - 8412 - 8413 - 8414 - 8418 - 8740 - 8741 - 8742 - 8743 -

8746 - 8650. P.O.R.

HP Signal Generator type 8660C — .1-2600Mc/s. AM/FM — £3000

HP Signal Generator type 8656A - 0.1-990M¢/s. AM/FM — £2250.

HP 37308 + HP3736B Down Convertor Mainframe + 1.7GHz-4.2GHz Pl - £500.

HP Counter Mainframe type 8345A — £400.

HP 86998 Sweep Pl —0.1-4GHz £750 - HP8690B Mainframe £250

HP Digital Voltmeter type 3456A — £900

HP Multi-FX LCR Meter type 4274A — £1750

HP 9000 - 216 Computer + HP9121 Dual Disc Drive — £350.

Racal/Dana digltal multimeter type 5001 — £250.

Racal/Dana Interface type 9932 — £150

Racal/Dana GP(B Interface type 9934A— £100

Racal/Dana Timer/counter type 9500 (9515 OPT42) — 1250Mc/s — £450

Racal/Dana 9301A-9303 RF Millivoltmeter — 1.5-2GHz — £350-£750.

Racal/Dana Counters 9915M — 9316 — 9917 — 9921 — £150 to £450. Fitted FX standards.

Racal/Dana Modulation Meter type 3009 — 8Mc/s — 1.5GHz - £250.

Racal - SG Brown Comprehensive Headset Tester (with artificial head) Z1A200/1 - £450.

EiN 310L. RF Power Amp — 250KHz - 110Mc/s — 500bs — £250

Adret Signal Generator type 7100A — 300KHz-1.3GHz - £1500

Marcon) AF Power Meter type 8938 - £300

Marcon| Bridge type TF2700 - £150.

Marconi/Saunders Signal Sources type — 60588 — 6070A — 60558 — 6059A — 400 to 18GHzS.

P.OR

Marconi TF2015 Signal Generators — 10Mhz — 520Mc/s — AM/FM — £250

Marcont TF1245 Circuit magnification meter + 1246 & 1247 Oscillators — £100-£300

Marconl microwave 6600A sweep osc., mainframe with 6650 Pt - 18-26.5GHz or 6651 Pl — 26.5-

40GHz - £1000 or P4 only £600.

Marconl distortion meter type TF2331 - £150

Marconi 67008 sweep mainframe + Pl 6790A - .01-2GHz or 6738A — 1.7-4.3GHz or 6766A — 8-

12.4GHz - £500

Thurlby convertor 19— GP - IEEE — 488 - £150.

Philips loglc multimeter type PM2544 — £100

Microwave Systems MOS/3600 Microwave frequency stabilizer — 1 to 18GHzs & 18 to 40GH2s -

£1000

Bradiey Oscilloscope calibrator type 156 - £150

Bradley Oscllloscope calibrator type 192 - £500

Tektronix Plug-Ins 7A13 — 7A14 - 7A18 - 7A24 — 7A26 — 7A11 - 7TM11-7S11 - 7D10 - 7512 - §1
- §2 - 56 — 552 - PG506 — SC504 — $G502 - SG503 — SG504 — DC503 — DC508 — DD501

WR501 - DM501A - FG501A - TG501 - PG502 - DC505A — FG504 - P.O.R.

Alitech Stoddart receiver type 17/27A — .01-32Mc/s — £5000

Alltech Stoddart recelver type 37/57 — 30-1000Mc/s — £5000

Alitech Stoddart recelver type NME5T — 1 to 10GHz — £3000.

Gould J3B Test osciilator + manual - £200.

image Intensifiers — ex MOD - tripod fitting for long range night viewing — as new — £1500-£2000.

Don 10 Telephone Cable - *2 mile canvas containers or wooden drum — new — Mk2-3 or 4. P.O.R.

Infra-red Binoculars in fibre-glass carrying case - tested — £100ea. also Infra-red AFV sights -

£100ea.

B & K 2019 Analyser — 2305 level recorder — 2425 meter — 4220 piston phones etc. P.O.R.

ACL Fleld Intensity meter receiver type SR — 209 — 6. Plugs-ins from 5Mc¢/s 1o 4GHz - P.O.R.

Systron Donner Counter Model 6057 - 18Ghz - £800

Clark Alr Masts — Heavy Duty — Type Scam — 40ft or 70ft — £200-£600

Tektronix 491 spectrum analyser — 1.5GHz-40GHz - as new — £1200 + manual

Tektronix Mainframes — 7603 — 7623A — 7633 — 7704 A— 7844 — 7904 — TM501 — TM503 — TM506
-P.O.R

Knott Polyskanner WM1001 + WM5001 + WM3002 + WM4001 - £1000

Alltech 136 Preciston test RX + 13505 head 2 - 4GHz — £350.

SE Lab Elght Four — FM 4 Channel recorder — £200

Alitech 757 Spectrum Analyser — 001 22GHz - Digitat Storage + Readout — £5000.

Dranetz 606 Power line disturbance analyser - £500

Precision Anerold barometers— 900-1050Mb — mechanical digit readout with electronic indicator

battery powered. Housed in polished wood carrying box — tested —'£100-£200-£250. MK t, 2 or 3.

HP8443A Tracking Generator + Counter — 110Mc/s — £500

B & K Sound Level Meter type 2208— smalt — lightweight — precision — 2" microphone — in foam

protected filled brief type carrying case with windshield & battery + books + pistol grip handle -

tested — £170. Carr: £8. - B & K 2206 Meter + Mike + Book — less carrying case elc. — £145. Carr:

£8. DISCOUNT ON QUANTITY

HP 141T Spectrum Analysers. All new colours supplied with instruction manuais

HP 141T-8552A or B - 8556A — 20Hz to 300kHz. £2000 A - £2200 B

HP 141T7-8552A or B - 85538 — 1kHz to 110Mc/s. £1800 A - £2000 B

HP 141T-8552A or B - 85548 — 100kHz to 1250Mc/s. £2050 A - £2250 8

HP 141T-8552A or B - 8555A — 10Mc/s to 18GHz. £3250 A -~ £3450 B.

HP 141T - old colour mainframe + 8552A; 85538 - 1kHz to 110Mc/s. Instruction manuals — £1500.

HP 1417 - old colour mainframe + 8552A + 85531 — tkHz—-110Mc/s. Instruction manuals — £1300.

HP 3580A LF-spectrum analyser — 5kHz to 50kHz — LED readout — digital storage — £1600 with

instruction manual or £1750 with internal rechargeable battery

HP5352B - 40GHz counter - Liquid crystal readout with instruction manual — £5000.
Spectrascope 11 SD335 (S.A ) realtime LF analyser — 20Hz 10 S50kHz — LED readout with manual -
£850.

Tektronlx 7020 plug-in 2-channel programmabie digitizer — 70 Mc/s — for 7000 maintrames
£500 — manual - £50

Datron 1065 Auto Cal digital multimeter with instruction manual - £750.

Racal MA 259 FX standard. Qutput 100kc/s—1Mc/s—5Mc/s — internal NiCad battery — with manual
£150.

Tektronlx 2235 100Mc/s oscilloscope + two probes + manual. £1000

Tektronix 2465 300Mc/s oscllloscope + two probes + manual. £1600.

Tektronlix 485 350Mc/s oscllloscope + two probes + manual £500.

Tektronlx TR503 tracking generator — 10Mc/s to 1800Mc/s + manual — £1500
Tektronix 7L12 spectrum analyser 100kc/s 10 1800Me/s with manual — £1500 — for 7000
mainframe.

Aerlal array on metal plate 9" x 9" contalning 4 aenials plus Narda detector — . 100-11GHz. Using N
type and SMA plugs & sockets — ex eqpt — £100.

EIP 451 microwave pulse counter 18GHz — £1500.

Marcon) RF Power Amplifier TF2175 - 1.5Mc/s to 520Mc/s with book — £100.

HP 8614A Signal Generator 800Mc/s to 2.4GHz — old colour - £300. New colour — £600.
HP 8616A Signal Generator 1.8GHz to 4.5GHz — old colour — £200. New colour — £400
HP 8620A or 8620C Sweep Generators — £400 or £900

HP Sweeper Plug-Ins. 862228 - .01 to 2.4GHz - £900 — 86290A - 2 to 18GHz - £1750 — 8626A
12.410 18GHz - £600. 86240 — 2 10 8.4GHz — £600.

Marconl 6155A Signal Source - 1 to 2 GHz - LED readout - £600.

Schlumberger 2741 Programmable Microwave Counter — 10Hz to 7.1GHz — £750
Schlumberger 2720 Programmable Unlversal Counter 010 1250Mc/s - £600.

HP B565A Spectrum Analyser 10Mc/s to 22GHz - £5000

Rotek 610 AC-DC Callbrator — with 650 high current adaptor — £2000.

Tracor 900A VLF.LF Receiver — £1000

Tracor 527A Frequency Difference Meter — £400.

HP 37203A HP-IB Extender - £150

Marconi TF2700 L.C.R. Bridge - £200.

PPM 411F Current Reference - £150

HP 53638 Time Interval Probes — £150.

Marconl B057B Signal Source - 4.50 to 8.50 GHz - £300.

HP 83900B Peak Power Caiibrator — £100

HP 59313A A/D Convertor — £150.

HP 59306A Relay Actuator — £150

HP 2225CR Thinkjet Printer — £150

TEK 178 Linear iC Test Fixture - £150

TEK 576 Caiibration Fixture - 067-0597-99 - £250.

HP 4437A 600 Ohm Attenuator - £100.

Marconi Signal Source 6059A ~ 12-18 GHZ - £400.

HP 8006A Word Generator — £150

HP 1645A Data Error Analyser — £150.

HP 3570A Network Analyser — £150

Texscan Rotary Attenuators — BNC/SMA 0-10-60-100D8S - £50-€150

HP BO9C Slotted Line Carriages — vanous frequencies to 18GHZ — £100 to £300.

HP 532-536-537 Frequency Meters — varicus frequencies — £ 150-£250

HP 32008 VHF Osclllator — 10MC/S-500MC/S - £200

B&K 1612 Bandpass Fliter Set — £150

B&K 2425 Electronic Voltmeter — £250.

B&K 2603 Micro Amplifier - £200

B&K 4220 Pistonphone & Barometer — £200.

B&K 4712 Frequency Response Tracer with CRT - £150.

B&K 2305 Level Recorder with ZRO005 Potentiometer — £180

B&K 1014 Beat Frequency Osclllator — £150.

B&K 2010 Heterodyne Analyser - £600

B&K 2604 Microphone Amp (broken meter glass) — £80

B&K 1606 Vibration Pick-up Pre-Amp and Leads — £40

B&K T1.0001 Input Transformer - £10

B&K 2344 Potentiometer — £10.

B&K ZR0005 Potentlometer — £40

B&K 2107 Frequency Analyser — £150.

B&K 2019 Analyser - £250

B&K 2626 Conditioning Amp — £100

B&K 2871 Phase Meter.

B&K 3921 Turntable.

B&K 4712 Frequency Response Tracér + 250120,

B&K 2307 Level Recorder + ZR000S — £250

B&K 1902 Distortion Measurement Control — £150

B&K 8101 Hydrophone — new — £500

B&K Ext Cables for above - £100

SPECIAL END OF LINE OFFER
Marcon| TF2008 Signal Generators 10KC/S to 510MC/S — AM-FM — off the pile — tested — working
—£300. Not working or part-working — £200. Kit box of attachments — £25. All supplied with manual,
quick test only given, working or non-working ~ fair looking condition — 300 only avarlable. As new
ones still avallable as normal, fully tested with box of attachments — £400-£500

Clark Scam Heavy Duty 40’ Telescopic Pneumatic Masts — retracted 7°8" — head load 40Ibs

with or without supporting legs & erection kit — in bag + handbook — £200-£500.

Clark Scam Heavy Duty 70’ Telescopic Pneumatic Masts — retracted 13'5" - head load 90ibs
with or without legs + erection kit + handbook — £500-£800

Texscan CATY Set Top Convertor Tuner — FX range S4MHZ-450MHZ output on channel 48 UHF
PAL synthesiser controlied — keypad of IR remote controller — brand new and boxed with circuits &
information — not tested — £20 or two for £30 - IR control - €5

Racal MA4204 Encryption Unit (speech or data security scrambling) — for use with HF-VHF or field
telephone equipment — solid state — alloy air sealed case — 12V DC supply — each unit can send or
receive but two must be used, one 1o receive the other for sending, both switched to the same
number selectable from rotary switches on the front panel — 512 operating codes avaitabte - brand
new with book — not tested — £100 or two for £175 or four for £300.

Racal MA4230 - MA4231 Automatic Morse Recelving and Sending System — MA4230 Automatic
Morse Send — small solid state unit incorporates a full alphanumeric keyboard for entering
messages which can be sentimmediately or stored for 30 days — output is in morse code 10 to 20
wpm or 8 10 16 times this speed — internal storage of up to 1000 characters, etc, contained In small
alloy airtight case with book — brand new — not tested. MA4231 Automatic Morse Reader — self
contained - receives morse code from above unit or radio audio output at up 1o 160 words per minute
by hand or automatically stores up to 912 characters — readout on unit — letter by letter — LED display
or printer — VDU, etc — many adjustable speeds — ASCIl or Baudot — power 11-30V DC or AC mains
by MA4232 power unit with book. MA4230 + MA4231 + battery charger +line adaptor & book — not
tested — internal battery (Nicad) may need replacing due to storage — brand new — £100. As Above
but Arablc not English — suppiied with kit to convert to English — new keyboard cover + proms +
book - line adaptor — brand new — not tested — £50

Army Type Morse Keys - large quantity availlable — £5 plus p&p.

Army Whip Aerlals and Base — 12' or 16’ — new — £20-£25

ITEMS BOUGHT FROM HM GOVERNMENT BEING SURPLUS. PRICE IS EX WORKS. S.A.E. FOR ENQUIRIES. PHONE FOR APPOINTMENT OR FOR DEMONSTRATION OF ANY ITEMS. AVAILABILITY OR PRICE CHANGE, VAT ANO CARR., EXTRA.

Johns Radio, Whitehall Works, 84 Whitehall Road East, Birkenshaw, Bradford BD11 2ER. Tel. No. (0274) 684007. Fax 651160.

CIRCLE NO. 144 ON REPLY CARD
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REGULARS

Asic

1.2um cmos process. A process has
been set up for mixed analogue and
digital ASICs for circuits with up to
200,000 transistors using a 1.2um
double-metal double-poly cmos
process. It was designed for ASICs
with a complex digital part and high
density analogue elements. Austria
Mikro Systeme, 0276 23399.

A-to-D & D-to-A
converters

16-bit DAC. The PCM66P dual-
channel 16-bit D-to-A converter is
powered by a single 5V supply and is
for use in car CD and DAT players. it
includes on-chip integrate and hold
output amplifiers on each channel and
an internal voltage reference. Output
level is 2.8V peak-to-peak and
impedance 20€2. Power consumption
is 50mW maximum and it comes in a
20-pin plastic SOIC. Total harmonic
distortion does not exceed -86dB.
Burr-Brown International, 0923
33837.

Flash converter. The Harris HI5700
monolithic 8-bit cmos A-to-D flash
converter has a 20Msample/s
conversion rate with +0.75 LSB
integral and differential nonlinearity. It
consumes 550mW from a 5V supply.
A parallel architecture is used and is
designed as an improved
replacement for the MP7684A in
video digitising, radar, medical
imaging, telecommunications, and
high speed data acquisition
applications. Thame Components,
0844 261188.

Discrete active devices

Power transistor. The MJE 18004 is
a 100V bipolar power transistor in the
Switch-mode range. It is for use in
220V off-line switching power
supplies from 30 to 100W and with
operating frequencies from 40 to
70kHz. It comes in a TO220 package
and is rated at 5A. Motorola, 0908
614614.

Power mosfets. The 40m{2 n-
channel MTP36NO6E and the 120ms2
p-channel MTP23P06 are two low-
loss complimentary power mosfets for
solenoid drives, lamp drives,
inverters, step motors and brushless
motor drives. They are rated at 60V
and come in TO220 plastic packages.
The n-channel device is rated at 36A
and has a maximum on-resistance of

0.0442, and the p-channel unit is rated
at 23A with a maximum on-resistance
of 0.1242. Motorola, 0908 614614.

High current transistors. T092
compatible Super E-line 1.2W devices
include the ZTX849 5A/30V and the
ZTX857 3A/300V. Continuous
collector current of the 849 is 5A but
under pulsed conditions it can handle
15A. The equivalent for the 857 are 3
and 10A. At 2A collector-emission
saturation voltages are 130mV for the
849 and 150mV for the 857.
Respective base drives are 20 and
200mA. Zetex, 061-627 4963.

SOT23 transistors. Two surface
mount transistors, one npn and one
pnp, have collector-emitter
breakdown limits of 300V ard useful
gains up to 250mA. They come in
SOT23 packages and have a power
dissipation of 500mW. Saturation
voitage of the npn at 100mA is 0.2V
and for the pnp 0.25V. With a 100mA
coflector current and 10V collector-
emitter potential, both have a static
current transfer ratio of 100 minimum.
They can handle peak currents of 1A
and have a transition frequency of at
least 75MHz at 50mA. The npn has
an output capacitance of 5p~ and the
pnp 10pF. Zetex, 061-627 4363.

Digital signal processor

Convolver and image filter. The
HSP48908 convolver and 48901
image filter are for high speed image
processing use such as machine
vision, broadcast video and
surveillance. The convolver can
perform a 3 x 3 kernelconvolution on
images up to 1024 x 1024pixel within
one video frame rate. On board row
buffers can store two lines of up to
1024pixel each. The image tilteris a
low cost version of the convolver

without an arithmetic logic unit and
row buffers. Harris Semiconductor,
0276 686886.

Single-chip processing. The
CXA1310AQ is a single-chip signal
processor for monochrome CCD
cameras. It produces a standard 75Q
video output and it has a sag
compensation function that minimises
the capacitance of the 7542 line. The
variable automatic gain control can be
set between 4 and 32dB. It runs from
a 5V supply and has a maximum
operational power consumption o0°
500mW. It comes in a 32-pin plastic
quad flat pack for use between -20
and +75°C. Sony Europa, 0784
66660.

Linear integrated
circuits

Viterbi decoders. The Qualcomm
Q1650 series of Viterbi decoders 's
for forward error correction
applications of up to 25Mbit/s. It
implements the standard rates 1/3
and 1/2 transparent convolution
codes of constraint length seven. On-
chip logic uses puncture coding to
implement code rates 3/4 and 7/8 to
eliminate the need for external
circuitry. Three versions are available
operating at 2.5, 10 and 25Mbit/s from
-40 to +85°C with hard decision or
eight-level quantised soft decisior
symbol inputs. Chronos Technology,
0989 85471.

Single-chip modem. Buik arounc a
DSP core, the HD81901 single-ctip
modem includes A-to-D and D-to-A
converters, rom and interface
circuitry. It replaces the five or six
chips normally needed to build a PC
modem card, cutting board space by
about two-thirds and power

Tiger power: the convoiver and image filter from Harris put edge detecting
in the cat hunter's armoury.

NEW PRODUCTS CLASSIFIED

dissipation from 2W to about 350mW.
It performs the modulation and
demodulation used for transmitting
data over analogue telephone lines.
Hitachi Europe, 0628 585000.

Variable gain amp. The HPVA-0180
silicon monolithic variable gain
amplifier offers 20dB gain control from
DC to 2.5GHz. it comes in an SO8
surface mount package and is for use
in VHF and UHF transceivers, RF
data links and broadband LANs. It
dissipates 250mW from a 6V supply.
Jermyn Distribution, 0732 450144.

Voltage regulator. A 1A voltage
regulator lets the input-output voltage
differential decrease to 0.5V before
ceasing to regulate against further
reductions in the input voltage. From
National Semiconductor, the LM2940
dissipates 0.5W and its regulated
circuitry is protected from reverse
input voltages and has full thermai
overload protection. It is for vehicular
applications. It is available with 5, 8,
12 and 15V or adjustable outputs. It
comes in a TO220 outline. Jermyn
Distribution, 0732 743743.

Quad driver. A quad power driver
from National combines four 1A
powe- outputs with self-check
diagnostics. The LMD18400 can drive
inductive and resistive loads and
works in the 6 to 24V supply range. It
is protected to a supply maximum of
60V. With parallel outputs the unit can
drive loads up to 4A. The 20-pin DIP
is packaged in a power dissipating
lead frame which cuts the junction to
case thermal resistance to about
20°C/W. It has a sleep mode which
disables the device and reduces the
supply current to less than 10pA.
Jermyn Distribution, 0732 743743.

Microprocessor supervisory
circuit. The MAX1232
MICroprocessor supervisory circuit
monitors the power supply and
software execution while providing a
debounced manual reset input. It is
pin and functionally compatible with
the DS 1232 but draws only 50uA of
quiescent current compared with
500uA for the DS1232. It is available
in an eight-lead SO package as well
as all the packages used for the
DS1232. Maxim Integrated Products,
0734 845255.

Muitiptier. The Raytheon 4200 in an
integrated multiplier for two or four
quadrant applications and has
compensation for nonfinearity,
specified at 0.1% maximum. Typical
temperature coefficient is 0.005%/°C.
It has three on-board op amps for use
in multiplier logging circuits. A 3dB
bandwidth of 4MHz is available with

September 1991 ELECTRONICS WORLD + WIRELESS WORLD

783



NEW PRODUCTS CLASSIFIED

an input bias current of 300nA.
Microelectronics Technology, 0844
278781.

Analogue multiplier. The Elantec
EL2082 is a 200MHz two-quadrant
variable gain control multiplier for use
as an analogue building block. It
works in current rather than voltage
mode to provide reduced input and
increased output impedances. Gain
control range is typically 80dB.
Differential gain is 0.05% and
differential phase is 0.025° when used
with a single op amp. Input resistance
is between 75 and 140¢).
Microelectronics Technology, 0844
278781.

Switch mode regulator. The
Raytheon RC/M4190 monolithic
switch mode regulator for use in
miniature power supplies is a bipolar
DC-DC converter IC for circuits up to
400mW or 10W with an external
power transistor.Efficiencies are up to
85% while operating from a supply
range of 2.2 to 30V and a quiescent
cufrent drain of 215uA.
Microelectronics Technology, 0844
278781.

DTMF receiver. The MT3270
receiver can decode all 16 DTMF
tone pairs into a 4-bit binary code. It
buffers the input signal through an
internal op amp followed by an AGC
circuit to widen the dynamic range.
The signal goes through a low-pass
filter to prevent aliasing distortion.
This filter also acts as a front end filter
for supervisory tone detection. The
band-split filter section separates the
input DTMF signal into high and low
group tones and a digital counting
section verifies that the incoming
signal corresponds to standard DTMF
frequencies. Following verification the
signal is decoded and output as 4-bit
binary code in serial format. Mitel
Semiconductor, 0291 430000.

Memory chips

2Mbit Flash. A 90ns 2Mbit Flash
memory has automatic program and
erase facilities. The Am28F020
supports embedded erase and
embedded program algorithms. The
device is also available with 120, 150
and 200ns speeds. It is organised as
256K x 8-bit and comes in 32-pin
PLCC, PDIP and CDIP packages.
Advanced Micro Devices, 0483
740440.

4Mbit SRAM. Using 0.5um
technology, the HM628512FP range
of 4Mbit srams are organised as 512K
x 8-bit and housed in 32pin SOP flat
packs for surface mounting. Access
times can be 55, 70, 85 or 100ns and
power consumption from a standard
5V supply is 90mMA maximum when
operating at minimum cycle times.
Variants for low power systems use
50 or 100pA standby. Data retention
on the 50uA version is 15uA at 3V.
Hitachi Europe, 0628 585000.

Pseudo static rams. Pseudo static
rams are modified drams. Using the
dram cell structure, the psram allows
simplified control of the refresh
operation by an incorporated refresh

Passive components

control circuit, making it similar to an
sram but at lower cost. One of the
latest is the LH5P832N-12 32K by 8-
bit with an access time of 120ns and
in a 28-pin SOP. Sharp Electronics,
+40 23775-0.

Oscillators

Temperature compensated
oscillator. The QC6305 quartz based
oscillator modules work from -40 to
+85°C and have a stability of
*1.2ppm over the whole temperature
range. TTL and cmos compatible
units are available with frequencies
from 4 to 15MHz. They fluctuate by
+0.3ppm or less for a supply change
of +10%. Ageing specification is
+1ppm a year maximum. Footprint is

Circuit protection. The MultiFuse
MF-TF series of solid-state positive
temperature coefficient circuit-
protection devices are for use with
transformers and power supplies.
They work like a slow blow fuse when
an overcurrent condition is
encountered, but unlike a fuse they
can be reset once the condition is
removed. Bourns Electronics, 0276
692392.

RF inductors. A range of fixed and
variable RF inductors exhibit high Q in
applications from 50Hz to 200MHz.
The series includes shielded variable
and fixed inductors, insert moulded,
RF oscillator and adjustable coils to
fixed axial low and high power
components. ECM Electronics, 0903
892810.

Slimline pot. The PC series of
slimline potentiometers from Bourns
comes with solder lugs for connection
to floating wires or with pins for PCB
mounting. They measure less than 1
square inch and are 2.5mm high.
There are 13 resistance values from
50042 to 2.5M(2 in linear or audio
taper versions. Jermyn Distribution,
0732 743743.

Electrolytic capacitors. The UR
series of surface mount electrolytic
capacitors has a range from 22 to
1000uF with a tolerance of +20%.
Operating range is -40 to +85°C,
working voltage from 6.3 to 50V, and
leakage current 0.03pA. Load life is
2000 hours at maximum rated
temperature and case sizes vary from
6.3 x 5.7mm to 10 x 10mm. Nichicon,
0276 685393.

Filters

Suppression inductors. The 271
series of suppression inductors is for
cutting electromagnetic interference in
the input filter circuits of high
frequency switch-mode power
supplies. They come in seven
versions with rated currents from 1.8
to 7.5A RMS. Windings are balanced
to 1% tolerance and dielectric
strength is 1250V RMS. Bourns
Electronics, 0276 692392.

Crystal filters. Monolithic crystal
filters from Tokyo Denpa are for VHF
hand-held communications

36 x 27mm and height of the board is
10.5mm. The five pins nclude two for
frequency adjustment that permit
external trimming using voltage or
potentiometer control. Salford
Electrical Instruments, 0706 67501.

Programmable logic
arrays

Gate array. A large scale field
programmable gate array uses 0.8um
three-layered metal cmos technology.
The device has 40,000 gates
equivalent. One of these chips can
replace about 200 cmos or TTL
standard logic ICs. On board is a
circuit emulator for fault checking and
an sram to store program data.
Toshiba Electronics, 0276 694600.

applications. The MF45RBB uses
fundamental mode technology at
45MHz and has a minimum pass
bandwidth at 3dB of 7.5kHz and a
minimum stop bandwidth at 25dB of
22kHz. Operating range is from -25 to
+85°C and they come in resistance
welded packages. Pedoka
Electronics, 0462 422433,

Hardware

Chip cooler. The IC-Cool is a device
for pumping heat away from
integrated circuits. For example, it lets
the 80386 processor be operated at
up to 50% above its rated clock
frequency. At room temperature it can
keep a chip dissipating 5W at a
constant temperature of -3°C, that is
28°C below the ambient temperature.

Rox-Cases, 0483 772569.

Instrumentation

FFT instruments. The PL20 series of
fast fourier transform instruments
offers single and dual channel
analysis options up to 40kHz. They
include IP65 sealed keyboard,
integral ICP accelerometer power
supplies, and various processing
functions and trigger options. Up to
600 traces can be stored by the
bubble memory allowing field data
collection for subsequent transfer via
an RS232 interface. Chase
Electronics, 081 878 7747.

Digital panel meter. For OEM use is
the MD241 digital panel meter using a
3.5 digit LCD. !t can display and
measure DC, AC, voltage,
temperatures, pressures and other
process variables. It is less than
100mm deep with a detachable
thermal strip to speed installation and
removal. Input signal ranges are to
industry standards and there is an
output for linking to external recording
equipment. E-T-A Electronic, 0296

On the road: Monolithic crystal
filters have come a long way from
Tokyo Denpa to Hitchin.

A: Cold chips: The IC Cool from C.

1 is for stopping your chips

getting hot under the silicon.

It consists of a Peltier effect
thermoelectric module, heat sink and
fan. Itis for the thermal management
of devices dissipating between 5 and
20W. Cambion, 0433 21555,

Lightweight case. The RKS
lightweight case is suitable for lap-top
computers and peripherals such as
modems and printers. It has an ABS
thermo-formed shell. And a silicon
seal fixed in the aluminium edging
protects the contents from dust and
water. Company logos can be
incorporated into the lid moulding.

20336.

Digital oscilloscope. The 465 is a
200Msample/s portable digital storage
oscilloscope in the 100MHz
bandwidth sector. And the 4090 is an
800Msample/s 200MHz bandwidth
laboratory unit. It has four channel
operation, glitch capture, hard copy
output and dual time bases with dual
triggering. Gould Electronics, 081-500
1000.

20 and 50MHz oscilloscopes. Two
real-time oscilloscopes, the V222
20MHz and the V522 50MHz, are for
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use in electromechanical, medical,
research and video test applications.
Both have dual channel, DC offset
and alternate magnification. The V222
has a sensitivity of 1mV/div and
vertical deflection sensitivity of
5mv/div to 5V/div in ten calibrated
steps. The V522 has a vertical
sensitivity of 1mV/div. Hitachi Denshi,
081-202 4311.

EMC probe. The Spectrum Probe
from Laplace Instruments converts a
standard 1MHz scope into an EMC
sniffer capable of providing an instant
radiation spectrum. It quantifies
frequencies and levels from 1 to
100MHz horizontally and 0 to 50dB
vertically.Radiation sources can be
located with a selectivity of 0.5MHz.
Its 10pF input loading lets it monitor
conducted RFI. Its 400V DC input
isolation can be used to check mains
borne interference. Laplace
Instruments, 0692 500777.

Gas monitor. For hire is the
Neotronics Exotox portable multi-gas
monitor which analyses
concentrations of oxygen, flammable
and toxic gases. It can monitor
oxygen from 0 to 23%, methane 0 to
100% and hydrogen sulphide 0 to
200ppm. It is Baseefa approved for
intrinsic safety in explosive
environments. Livingston Hire, 0800
88 6000.

DC calibrator. The Yokogawa 2422
portable calibrator combines a
precision DC source with measuring
functions in a 1.2kg package
measuring 257 x 182 x 40mm. The
battery operated instrument has four
voltage output ranges from 100mV to
30V plus outputs to simulate
commonly used thermocouples. It can
also generate signals in the 24mA
range to simulate process control loop
instrumentation. Martron Instruments,
0494 459200.

100MHz oscilloscope. With three
input channels and flexible delayed
sweep and add options, the HC5510
100MHz scope can display up to eight
traces simultaneously. it has A and B
timebase switching with a variable
delay to show the original input trace
and a selected section of the trace
expanded to give more detail. Both
channels have a 1mV/div sensitivity
up to 20MHz and a 5mV/div up to
100MHz. An auxiliary input channel
has 0.1V/div sensitivity. Sweep
speeds are up to 0.02us/div. Multitest,
0480 403617.

Spectrum analyser. An audio
frequency fourier analyser has been
introduced by National Instruments
which is a Macintosh-il based two-
channel dual-display signal analyser.
it combines the NB-DSP2300 DSP
board, its NB-A2100 audio frequency
range data acquisition board and the
LabView 2 graphical software
systems. It displays in real time, the
time, power spectrum,
magnitude/phase spectrum,
correlation function, impulse
response, transfer function, and
coherence function of signals and
systems. National Instruments, 0635
523545.

Reai-time oscilloscopes. The
PM3094 100 and 200MH2z

oscilloscopes display four signals
simultaneously to let the user, for
example, examine the relationship
between individual RGB video signals
or three-phase supplies. The four
inputs can also be used to display two
differential signals both of which can
be measured and examined
simultaneously. Philips T&M, 0923
240511,

20MHz oscilloscope. The Kenwood
CS4026 20MHz oscilloscope uses a
12KV post-accelerator tube to
achieve its high-density display.
Maximum sensitivity is 1mV/div up to
S5MHz and 5mV/div over the full
bandwidth. Sweep timecan be varied
between 0.2us/div and 0.5s/div with a
maximum rate of 20ns/div using a 10x
magnifier facility. Thurlby-Thandar,
0480 412451.

Logic analyser. An extended version
of the TA1000 logic analyser can
capture data 1K deep across 32
channels at 25MHz or 4K deep
across eight channels at 100MHz and
offers glitch capture. Data can be
displayed in timing or list formats on a
7in integral CRT screen. Features
include multi-level triggering with
restart, and event and delay count.
Thurlby-Thandar, 0480 412451,

Vectorscope and waveform
monitor. A combined Leader 5857
vectorscope and 5867 waveform
monitor is suitable for bench, rack or
mobile applications. They operate
from a range of 11 to 13.8V DC. The
vectorscope displays the amplitude
and phase of chrominance
components in Pal composite video
signals. And the monitor displays
video waveforms in 2H/2V mode.
Filtering is provided to define the
signal required. Thurlby-Thandar,
0480 412451

Literature

Cmos LSI. The 600 page Seiko
Epson 1991 data book has details of
all devices made using Seiko's low
power and voltage technology. There
are five sections: ASICs including the
low voltage series; microcontrollers
including low power units; application
standard specific products including
LCD controllers, drivers and power
supply ICs; memories; and assembly
technology. Hero Electronics, 0525
405015.

Data acquisition. A 64-page
catalogue describes large and small
data acquisition systems used in
faboratory, manutacturing, test or field
applications. They encompass
measurement and control, entry-level
and portable monitoring systems.
There is also a full spectrum of
software including languages. menu
and window driven packages, and
process monitoring and control
software. Keithley instruments, 0734
575666.

PC-bus data acquisition. A 58-page
real-time devices catalogue details
various PC data acquisition and
control products. it includes the
recently introduced AD3100 which
can offer up to 256 single ended or
128 differential inputchanrels with a
200kHz throughput. Lighthouse
Electronics, 0825 768849.

Navigation systems

GPS receiver. The XR4-G GPS
receiver for land and marine
navigation uses two channels to track
eight satellites and give position in
grid coordinates. It uses a supertwist
LCD anc can give positions to 15m
with the US SA scrambler switched
off. It can be used for rhumb line and
great circle navigation. Navstar, 0327
79066.

Power supplies

15W DC-DC converter. A range of
15W encapsulated DC-DC converters
is based on a nominal 48V input with
an input voltage tolerance from 20 to
60V. Efficiencies are better than 80%.
They have a TTL or cmos compatible
remote on/off switching facility, full
RFI screening, and output V/is of
5V/3A, 12V/1.25A, 15V/1A,
+12V/0.625A, or +15V/0.5A. Power
density is more than 9W/cu in. BICC-
Vero Electronics, 0489 780078.

60W DC-DC converter. Subrack
mountable 3U x 8HP pluggable DC-
DC converters have input voltages of
either 12, 24, 48 or 80V with a
tolerance of -25 to +50% on the
nominal voltage for less than 0.1%
change in the output voltage. Outputs
are 5, 12, 15 or 24V with a power
rating of 60W. Derating is 2W/°C
above 55°C up to a maximum
operating temperature o° 70°C. HQ is
via a DIN41612 H15 coded power
connector. BICC-Vero Electronics,
0489 780078.

RF amplifiers. Four RF amplifiers in
the DTX series are for use in TV
bands IV and V. They are wide band
class A units using mosfet technology
and operating between 470 and
860MHz. Outputs are 1, 2, 5 and 10W
depending on the model and they can
be used for powering test
instrumentation to the planned EEC
EMC regulations. BNOS Electronics,
0371 856681

15W DC-DC converter. The
TM48S05/3000Z 15W DC/OC
converter has an input range of 36 to
72V DC and can include an input Pi
filter. There is a single output ral
producing 5V and current rating of 3A.
Load reguiation is 1% from full to zero
output power and line regulatior: is
0.5%. There is no derating
characteristic from -25 to +70°C. it
can switch at 150kHz and efficiency is
about 82%. Computer Products, 0234
273838.

20W DC-DC converter. The NFC20
is a 20W DC-DC converter in a
standard 2x1.6x0.4in case without a
heatsink. The two input ranges are 18
to 36V and 36 to 72V DC. Single and
multiple output versions are available.
Qutputs range from 5, 12 and 15V.
Operating range is -40 to +60°C.
Computer Products, 0234 273838.

Uninterruptible power. The PC-
Power range of uninterruptible power
supplies is aimed at PC and terminal
users. They are available as slimline
units to fit under a VDU or as small
tower units up to 1200VA. Battery
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Getting the point: the Spectrum
Probe converts a standard scope
into an EMC sniffer.

back up is from Smin. Galatrek
International, 0492 640311.

Switching rectifiers. A portfolio of
Switchmode rectifiers is for use in
switching power supplies and
converters operating from 250KHz to
5MHz. Products in the range include
the MURHB40CT dual rectifier, the
MBR20200CT high voltage dual
Schottky, and the MBR2535CTL and
2030CTL low V; dual Schottky.
Motorola, 0908 614614.

Radio communications
products

Cell phone tester. The portable
NJZ900EA from JRC is a cellular
radio tester that meets TACS and
ETACS requirements. All necessary
RF parameters can be metin
automatic or manual mode. it works
from a 12V DC supply. A call process
facility enables testing of registration,
paging, origination, hand-off, release
and speech, with the tester providing
a dummy cell site. Chase Electronics,
081-878 7747.

Radio modems. For telemetry and
industrial data acquisition and control
use, the RM1201 and RM 1202 radio
modems provide 1200baud 8-bit
transparent asynchronous interfaces
between an RS232/422 port and a
simplex or full duplex VHF/UHF radio
system. Both have DTE handshaking
and push-to-talk control. Error
correction can beimplemented using
an external protocol. Transmitter
setting times of 20 to 400ms are user
selectable. The 1202 is 12V OC
powered and draws 70mA, and the
1202 works from 12 or 5V DC and
draws 110 or 100mA, respectively.
GFS Electronics, +61 03 873 3777.
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Wideband receiver. The IC-R7100 is |

a wideband receiver that continuously
covers from 25 to 2000MHz which
lets the user listen to any signal on
VHF or UHF including amateur, air,
marine, citizens and utility bands as
well as FM and TV broadcasts.
Tuning can be done by dial rotation or
direct keyboard entry. There are 800
memory channels and a 24h clock
with five on/off timers. Icom, 0227
363859.

Switches and relays

RF switch. Using GaAs MMIC
technology, the ST203 switch has an
8mA power consumption and
operates at switching speeds up to
25ns. It can be used between SMHz
and 1GHz and has a typical insertion
loss of 0.5dB. It comes in a hermetic
TO8 can and has an integral TTL
driver. Pascal Electronics, 081-879
0123.

Transducers and
sensors

Load cell. The JP precision load cell
can measure from 101 to 2000 Ibs in
eight calibrated ranges, but can be
used to 150% of its rating without
effecting specifications. Thermal
effect on zero is less than 0.5% full
scale over the compensated range of
0 to 55°C and thermal effect on
sensitivity is also less than 0.5% over
the same range. It is of a one-piece
construction measuring 39.7 x 28.6 x
18.2mm and full load deflection is
25um. Control Transducers, 0234
217704.

Pressure sensor. A fully signal
conditioned and microprocessor
compatible absolute pressure sensor,
the MPX5100A, is a 0 to 15psi unit
that integrates the sensing element,
offset calibration, temperature
compensationcircuitry, signal
amplification, and absolute pressure
reference on a monolithic silicon chip.
Qutput scale is from 0.5 to 4.5V.
Motorola, 0908 614614.

Silicon sensor. The MPX5050 rail-to-
rail pressure sensor is a 0 to 7.5psi
unit that integrates the sensing
element, offset calibration,
temperature compensation circuitry
and signal amplification on a
monolithic silicon chip. It is for
microprocessor based systems with
A-t0-D inputs as the output scale is
from 0.5 to 4.5V. It is temperature
compensated from 0 to 85°C.
Motorola, 0908 614614.

CCD image sensors. Two CCD
linear image sensors have a peak
response wavelength of 550nm and
are for facsimile and bar code reading
applications. The uPD35H73 has a
14um photosensor pitch and
comprises a 2Kbit photosensor array,
a charge transfer register with two
1Kbit CCDs, and a sample-and-hold
circuit. The uPD35H74 has an 11um
pitch, a 2592bit photosensor array,
and a charge transfer register with a
1296bit CCD pair. NEC Electronics,
0908 691133.

Computer board level
products

Programmable 1/0O boards. Four
programmable I/0 boards for
PC/XT/AT computers come in half-
card format. The PC36AT has three
8-bit ports to provide 24 TTL-
compatible programmable I/O lines
for driving relays, plotters, printers or
card readers. Its XT counterpart is
called the PC36A. The PC14AT is
similar but provides 48 TTL-
compatible I/O lines. It also has an XT
counterpart, the PC14A. Amplicon
Liveline, 0273 608331.

Data acquisition board. The MC30
board provides multifunction data
acquisition and control capabilities for
use on the PS/2 MCA bus. It has 16
channel 12-bit A-to-D conversion and
four independent D-to-A channels
with an integral counter timer and 24
line digital I/0 lines. The 12-bit ADC
has a total conversion time of 15us
and includes a sample and hold stage
to eliminate conversion errors. Input
voltage ranges of +5, +10 and 0 to
10V are available and are software
selected at installation. Amplicon
Liveline, 0273 608331.

Four channel DAC. A four channel
D-to-A converter PC bus board for PC
compatible computers is the
PCDAC12-4which has four
independent 12-bit resolution outputs
with a settling time of better than 10us
for full-scale voltage swings. It is fitted
with 4 to 20mA drivers and voltage
output buffers. Outputs are jumper
selectable for unipolar or bipolar
ranges of 0 to 5 or 10V and 5 or
10V. Arcom Control Systems, 0223
411200.

Data acquisition. A range of PC
plug-in cards for data acquisition and
control is based on the Alpha Block
Euro series. Functions include
analogue /0, digital I/O, strain gauge
and thermocouple inputs, and stepper
motor controllers. There are rear
terminals for external connections.
CIL Group, 0903 765225.

24-bit boards. The DT2802 24-bit
microprocessor based boards are
replacements for traditional hardware
integrators in liquid and gas
chromatography and mass
spectroscopy. For OEMs, the boards
can selectively resolve to 59.6 parts
per billion with an integration time
from 1s to 1min. They sample two or
four inputs with two channels on each
of one or two on-board integrators.
Data Translation, 0734 793838.

Intelligent serial card. The PCL744
is an eight port RS232 card with on-
board V20 processor and dual ported
ram. Aimed at PC use, the card
handles all the communication tasks
and buffers the data. Up to four cards
can be fitted giving 32 extra ports.
Language drivers are included for C,
Pascal, Assembler, Quick Basic, and
Clipper. An additional software
package lets the card be used for
Unix. Applications include data
acquisition and control, PLC

Third dimension: the Graftool PC
technical graphics program is a 2D
and 3D package.

monitoring and instrument control.
Fairchild, 042 121 6527.

A-to-D converter card. The ADASO0
is a four-channel A-to-D converter
card for the ISA/PC XT/AT bus which
uses synchronous voltage to
frequency conversion to provide
variable resolution, up 0 18-bit wide,
while maintaining the full input voltage
range. For an input range of 5V, 12-
bit conversions are performed at
244sample/s with a resolution of
1.22mV, while 18-bit conversions are
done at 4sample/s with a 19uV
resolution. Lighthouse Electronics,
0825 768849.

SRAM modules. Three SRAM
modules have 2, 4 and 8Mbit capacity
organised as 64K x 32bit, 512K x 8bit,
and 256K x 32bit. Each is available
with access times of 20, 25, 35, 45
and 55ns. The 2Mbit EDIBF3264C
uses eight 64K x 4-bit SRAMs, the
4Mbit EDIBF8513 has 16 32K x 8-bit
units, and the 8Mbit EDIBF32256 has
eight 256K x 4-bit devices. Micro Call,
0844 261939.

386 VME board. Indus:rial
automation is the target application
for the V386 3U VME board which
hosts theB0386SX processor.
Versions are available with 1 and
4Mbyte of dram and an 8Mbyte
version is planned. For
communication purposes, 64Kbyte of
this is fully dual ported to the VME
bus and supported by an OS9 SCF
driver. The on-board Cirrus VGA
graphics controller gives downward
compatibility for EGA, CGA and
Hercules. PEP Modular Computers,
0273 423915.

Graphics controller. The Vermont
Cobra Elite is a single slot graphics
card for CAD, Windows 3.0 and True
Colour applications. The package
includes drivers for AutoCAD,
Computervision PD, MicroCadam,
Microstation, Cadkey and more than
100 other CAD packages. It supports
IBM’s 8514/A, Texas' TIGA and
Ithaca Software’s Hoops graphics
standards. It is capable of 1024 x 768

at 70Hz refresh rate and comes with
1Mbyte of on board dram. Westec,
0672 63790.

Computer systems

Rack mounted PC. For industrial and
18in rack mounting applications, the
IPC610 rugged PC incorporates a 12-
slot backplane for standard PC add-in
cards. Up to three drives can be
installed to allow a dual floppy plus
Winchester configuration. The chassis
incorporates a 200W power supply
that can deliver from 95 to 137V AC
for 110V mains and 180 to 270V AC
for 240V mains. Integrated
Measurement Systems , 0703
771143.

Data communications
products

Low bit rate voice card. A low-bit
rate voice card for the Z5000 K-Net
64Kbps networking time division
multiplexer has two channels per card
and is integrated into the Z5000 Cab
assembly. It uses CELP technology
and is available as an 8K or 6.4K bps
version with two or four wire E&M
signalling or off-hook facility to
provide direct telephone connection.
Zeta Communications, 0978 853900.

Development and
evaluation

DSP toolset. A DSP developer's
toolset consists of: a PC plug-in board
with two analogue voltage inputs,
T400 or T800 transputer, and 1 to
4Mbyte of data store: ready-t0-run
continuous data acquisition, transient
capture and oscilloscope display
emulation programs (source and
executable); a library of DSP routines
such as filters and FFTs (source and
executable); and Fifth Axiom's Basic
compiler for transputers. Signalysys,
0296 631306.

Software

Graphical analysis. Graftool is a PC
technical graphics programme with
context sensitive pop-up prompts,
window-like dialogue boxes and
mouse or menu selection. It is a fully
integrated 2D and 3D package with
technical graphing functions from bar
and pie charts to polar, scatter, vector
and 3D surface plots. Adept Scientific,
0462 480055.

Development language.
PolyForth/32 is a 32-bit version of the
PolyForth high-level software
development language for the Intel
80386 processor. It is MS-Dos
compatible and provides VGA and
EGA graphics support. Once running,
it gives direct access to the CPU's
hardware capabilities and can
produce real-time programs that will
execute as fast as the hardware will
allow. Computer Solutions, 0932
352744.

Operating system. The OS-9 real
time operating system is available for
the Motorola MC68040 32-bit
microprocessor family. It has all the
features found in the 68000, 020 and
030 releases but with extra caching
support. Microware Systems, 0703
601990. L]
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MICROPROCESSOR
SUPPORT

* IN-CIRCUIT EMULATORS. Universal real time
emulators for all major processor
manufacturers.

ANSI C-Compilers

True processor specific, and not just
modified generic, C-Compilers are now
available.

1802, 1805, 6301, 64180, 6502, 6800,
6801, 6802, 6805, 6809, 6811, 68000,
8051, 8085, 8086, 8096, 280 .. . . .

* HIGH LEVEL DE-BUGGING. Complete
emulation control of code in C, including single

stepping.
* SUPPORT FOR OVER 150 DEVICES.

* PERFORMANCE ANALYSIS. Three modes of
operation allows complete code optimisation.

* RENTAL OR LEASE PURCHASE. Spread the
cost of purchase by leasing.

* FREE SOFTWARE WITH ALL EMULATORS.
Assembler, Linker and De-Bugger software
supplied at no extra charge.

* OPTIONAL C CROSS COMPILERS. All
complying to ANSI 2nd edition.

* Call 0993-778991 NOW for your free demo
disks and catalogue.

american automation

Matching Assemblers, Linkers and
Development Systems with High Level
Debugging are also available to see you
through your complete software and
hardware design cycle.

Call us now for your FREE active
demonstration disk.

american
A automation
Lee View House, Two Rivers Est., Station Lane,

Witney, Oxon. OX8 6BH.
Tel: (0993) 778991 Fax: (0993) 702284

CIRCLE NO. 133 ON REPLY CARD

CIRCLE NO. 134 ON REPLY CARD

a l e n t @® Computer Engineers
@® Custom Computer Builders
0 m u te rs @® Computer Repairs
p @® Computer Upgrades
PARTS SPECIAL OFFERS COMPUTER SYSTEMS
XT-4380E 380Mb ESDI Disk Drive .............. £375 TC286C 80286 CPU running at 16MHz .... £780
32Mb RLL DlSk Drl\"e 3.5 T £100 TC386SC 80386sx CPL' running at 16MHz .... £920
20Mb MFM Disk Drive 3.5" .......c.c.oooiiine. £85 .
3.5"720/1.44 Floppy Disk Drives .................. £50 TC386C 80386  CPU runningat25MHz  £1040
286 16MHz Mother BoardO Ram .................. £80 All the above come with:
386sx 16MHz Mother Board 0 Ram .............. £175 @ 52Mb Hard disk drives
VGA YldCO Cards frorp ............................. £40 ® 14" VGA Colour Monitor .28 Pitch
Case with power supplies from ..................... £60
@® 102-Key Keyboard
For all your computer requirements call @ Desktop case
Paul on (0533) 376909 @ 5.25" 1.2Mb or 3.5" 1.44Mb floppy disk drive
Prices exclude VAT and postage. @ 1-Year Warranty.
Talent Computers,

32 Mountsorrel Lane, Rothley, Leicestershire LE7 7PR Tel: (0533) 376909

CIRCLE NO. 135 ON REPLY CARD
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AUDIO

"a manufacturer
cannot contact all
potentially
interested
parties..."

Panasonic UK Legal
Department

echnical literature is full of unpatent-

ed though useful information. But it

is essential that the originators

receive due recognition. The impor-
tance of this cannot be overstated if this flow
of information is to continue

In September 1982, [ published an original
article which suggested the use of a sub-
sidiary power amplifier to make the load
seen by a low power main voltage amplifier
seem very much greater than it was in reali-
ty. This arrangement greatly reduced both
crossover and other distortions. It also did
away with the need for bias adjustment on
the output devices — a most desirable quali-
ty. I called it Cluass S. Based on the simple
concept of maintaining balance in a bridge.
it managed this without being intrinsically
sensitive to loudspeaker toad impedance
variations.

In other words it rendered. at a stroke,
conventional Class B circuits obsolete for
serious audio systems. Indeed there is a
strong case for using it generally, even
among lower quality systems when the lack
of setting up is taken into account.

In 1983, the international electronics com-
pany Technics. a subsidiary of Matsushita,
patented a circuit which it called Class AA. a
strikingly similar design to my Class S
arrangement shown in Fig.1. The Technics
arrangement is shown in Fig. 2 for compari-
son.

The Japanese patenting of the Technics
Class AA circuit was quite unknown to me,
not having associated their advertisements
for Class AA with anything I may have done

Who designed this?

In September 1982, this magazine published a brilliant
piece of lateral thinking in audio design, a Wheatstone
bridge type circuit which could rid transistor audio
amplifiers of crossover distortion originating in the
output transistors. The designer, Aubrey Sandman,
believes that a student working for Matsushita devised
a circuit arrangement based on his own, later patented
by the Japanese electronics giant.

Dr Sandman presents his evidence.

until I read John Linsley Hood’s article in
this journal for December 1989. Since then I
have been trying to gain recognition from
Technics.

The following letter from Panasonic (UK).
the Technics holding company. presents
Matsushita’s position:

“We can be certain that the designer of
Class AA (an undergraduate student) did
not read your article in Wireless World
unless it was translated into Japanese; he
cannot, read, write or speak English.

“As far as the involvement of one of his
tutors is concerned, this is purely surmise
on his part, and was always expressed as
such. Basically he felt that as Class AA was
his freshman project, any exposure to your
article would have had to have been indi-

rect via his teachers. However, he has
never stated that this was in fact the case.

I'would also state my belief that in rela-
tion to Class AA. our parent company has
hehaved entirely properly; the process of
applving for a patent necessarily entails
wide publication and ample opportunity for
opposition. I willingly accept that an inven-
tor cannot scrutinise every patent applica-
tion; by the same token a manufacturer
cannot contact all potentially interested
parties.”

My view about the Matsushita response is
simply that the Japanese higher education
system generally requires knowledge of
English, which seems at odds with the
Technics explanation.

The basic variation in the Technics circuit
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ANCHOR SURPLUS LTD
THE CATTLE MARKET
NOTTINGHAM
NG23GY
TEL: (0602) 864902 & 864041
FAX: (0602) 864667

TEKTRONIX 7834 400MHz STORAGE SYSTEM
c/w2xX7A19,1X7B80, 1 X7B85

This fully tested system is complete with manuals and is fully £ 2 3 5 O

tested with verified calibration. Mint cond: one only at

TEKTRONIX 2455B 250MHz FOUR-CHAN’ SCOPE

Fully tested, calibration verified. Truly excellent “as new”
condition, with manual. & 1 7 5 0
GOULD 0S300 S1

NEW — BOXED with manual, CCT’s and two X1 X 10 switchable O

probes. Tested & calibration verified. DC-RQOMHz minimum. & 2 8
Tek 475 200MHz scopes tested & Philips PM3217 scopes SOMHz
cal’ verified with original Tek tested & cal’ verified with Philips
service manual. manual.

Still only &499 Still only &300

Spectra 40600 Laser Alignment System.

Metals Research Quantimet QTM System.

Racal Dana 9915 UHF Freq’ Counters £198
Racal Dana 9904 M Universal Counters £ 1 95
1M6 Megohmeter (1MQ—10°MegQ) £H99

NSC 660A Dual CH FFT Analyser %450
Spectral Dynamics SD340 Micro FFT Analyser £300

Beautiful lens system incl. monitor £ 1 OOO
With acc. & cabinets, monitor etc. &') 1 OOO

Service/User Manuals ... 1000's in stock . ..
Send 30p SAE marked MANUALS CATALOG

Newsletter/Stock List ... Updated monthly ...Send 30p SAE marked NEWSLETTER

WE ALSOBUY YOUR TOP QUALITY SURPLUS EQUIPMENT.
TRYUS...YOU WILL NOT BE DISAPPOINTED!
All prices plus VAT & carriage.

CIRCLENO. 142 ON REPLY CARD
September 1991 ELECTRONICS WORLD+WI!RELESS WORLD
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R2
Ein Ry

—AAA R3 2 Rg6k2
10k 1
RL? 2 Re < 6k2

RL §('00) R1§°2° RL Rz% Rg < 220
= 20y w8020 |
Fig. 1. (top left)
Sandman's
R: Class §
% amplifier. Fig.2.
(top right) +100N}
Technics power L
amplifier s
output stage. Rin |}
- 100
0 +——t—t—— ——
b RL
Gamn =1:0206 -
Fig. 4. Circuit i
analysis graph 1
using Thevinin's | 000 [

Fig. 3.R, R, R, R, A

¥
1.0206 gain.

. R, o Ax T, afrd T,; of the Class
AA circuit can ge comi;med into an amplifier with

theorem shows
A, approaches
infinity when R,
= 4.8Q

arrangement has necessitated a set-up proce-
dure, not present in my circuit. Furthermore,
my own analysis of the Technics arrange-
ment suggests that it is sensitive to loud-
speaker impedance variations; under some
conditions the performance is worse with the
subsidiary amplifier than it would be with-
out it. At the same time, even when the cir-
cuit performs better at some loudspeaker
impedances than the traditional Class B cir-
cuit, it still has worse performance than that
of Class S because of the low, yet varying
impedance seen by the main voltage amplifi-
er for all loudspeaker impedances bar one.

Analysis
Both circuits attempt to tackle the problem
of crossover distortion in a basically identi-
cal manner: they try to make the load
impedance, R,, appear to be very much
higher to the main amplifier than it really is.
Class S works on the clear principle that
the inputs to A, must both be driven to the
same potential regardless of the input volt-
age 10 A, ie, a virtual earth. In other words if
the non-inverting input is at +3V that will
also be the value of the inverting input.
From this it follows that the voltages
across R, RJ, R. and R. are always in the
same ratio and that the current through R,
and R, is the same. In theory A, does not

have 1o supply any current to R, and R, and
thus to the load, ie. it sees an infinite
impedance. Of course, component imperfec-
tions will ensure that this is not the case in
practice, but the input impedance seen at the
Junction of R; and R, will still be very much
greater than that of R, , the load impedance.

It should be emphasised that the precise
value of R, has no effect on circuit function,
balance or symmetry.

At first glance Class AA seems to have a
very complex mode of operation. However
this is not so. R (which is given the wrong
value in Fig.l, a typography error in the orig-
inal Linsley Hood article) R.Rs, R A, T/'v
and Tr, can be combined into an amplifier
with a gain of 1.0206 and the circuit
redrawn. (Fig. 3).

The teedback, R,, R, in Fig. 2. is ignored
as not being relevant to the basic operation.
Assuming that, instantaneously, A, has one
volt at its output then the output of A, will
be 1.0206V and (momentarily disconnecting
R a, 10 aid understanding) the voltage al the
junction of R, and R; will be one volt and
so when R,a is reconnected, the voltage
across R, will be zero, no current will tlow
through it and A, will see an infinite load.

Unfortunately, R, will only have an
impedance of 4.8€2 at one frequency and for
this reason Class AA is a distinctly unsatis-

factory circuit since, as will be shown short-
ly, the circuit is very sensitive to changes in
R,.

‘Circuit analysis made using Thevinin’s theo-
rem generates the results graphically presented
in Fig. 4. Only when R, has a value of 4 .8Q
does the A, load equal infinity: this is certainly
not so at other impedances. One deduces that
the Technics arrangement is inferior to mine.
]
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HALF PRICE MEMORIES ... GUARANTEED
. . . Recycled, quality i.c’s for next day delivery

WHY PAY MORE?

ALL DEVICES SUPPLIED ARE EXTENSIVE STOCKS

* Ultrasonically cleaned *DRANS 1-25 25+ 100+
% UV erased and fested R Ju! 41256-10 £0.95 0.80 0.70
% Handled in accordance with BS5783 4164-15 £0.55 045 035
% Packed in antistatic tubes or boxes Abracadabra - for an *SRAMS

* Original OEM brands environmentally friendly service! ~ 62256LP-10 £190 170 150
We are major suppliers to colleges, Universities, R&D Departments and OEMs who ~ 6264LP-15 £0.79 0.69 059
recognise our commitment to quality. Export orders welcome. 6116LP-15 £055 045 0.39
UK Orders please odd £2 Carriage and VAT to fotal. *EPROMS

27C1000-15 £3.50 310 290

Q 3 WAYS TO ORDER 27(512-15 £220 1.99 1.80
! By ‘phone 0480 891119 27(256-25 £1.20 1.10 1.00
n(som—zpmMon—Fri) 27128-25 £1.00 0.90 0.80

All majar Credit Cards accepted 92764-25 £0.90 080 0.70

“ By Post - send cheque or Banker's Draft to: 2732-25 £0.80 070 0.60

A5 EAbru(odubru Electronics Ltd, 25 High Street, Ellington, 9532-5¢ £250 240 230

HUNTINGDON, Cambs. PE18 0AB

- YARR} 48
ABRACADABRA By Fax: Official orders to 0480 890980 2lerda 1080 0.70 0.60
-LECTRONICS (24-Hour Service)

Many other items in stock, for FREE List use reader enquiry service er ‘phone now.

CIRCLE NO. 140 ON REPLY CARD

A Programmer With a Future

Why not take advantage of the modular construction of the L9000 to configure a programmer to your
precise needs today? If your requirements change tomorrow or you need to increase throughput,
simply add a new module. Most programmers already bear the seeds of obsolescence, with limited
ram size or slow data transfer, but not the L9000 which can be supplied today with between 2 and 32M
bits of ram. With the L9000 slow downloading is also a thing of the past.

* Programs e(e)proms up to4M bits, including flash devices and micros.

* Programs in set or gang mode. Forexample data for4 x 1M bit eproms
can be down loaded and devices programmed in 5§ minutes.

* Between 1 and 8 copy sockets can be fitted. Choice of DIL or
PLCC including 44 pin eproms.

% Micro modules for devices such as 8748/49/51/52 etc. Up
to 4 sockets per module for gang programming.

% Special modules for Fujitsu 27C1028 and Waferscale
Integration PSD301.

# Eprom card modules.

Lloyd Research Ltd.

7/7a Brook Lane, Warsash, Southampton, Hampshire
SO3 9FH Telephone: 0489 574040

CIRCLE NO. 141 ON REPLY CARD
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PICTURES FROM THE PAST

ver since the first distant sounds of

music and odd snatches of alicn specch

began interrupting the 1920s" world of
Morse. better (and louder) reproduction of
audio has been at the forefront of
development priorities for engineers.

It all became feasible with the thermionic
valve, introduced during WW 1. which
rapidly and irrevocably supplanted all other
methods of audio amplification. including
the electromechanical types (one of which
used compressed air controlled by an
electromagnetic air valve).

Wireless World alimost created civil war in
the audio industry at about this time over its
publication of one of the tirst RC-coupled
amplifiers. Transformer coupling was then
unchallenged and the journal's championing
of the RC technique caused rioting among
the transtformer makers (and there were
many), with threats of withdrawat of
advertising and worse. A devious editorial
calmed things down and peace reigned
again. The culprit is shown in the picture

the RC-coupled amplifier itself. published in

the issue for October 10, 1923, with its
complement of "R’ valves.

At about the same time. 1926 10 be exact,
Walter Cocking produced what became
known as the Everyman Four receiver,
originally called Everyman’s Four-valve,

one of which is now in the Science Museum.

It appeared in WW tor July 28 and August 4.
1926 and owed its considerable success and
subsequent fame to the new technique of
neutralising the RF stage triode and to the
use of an RF coil design by Cocking. The
picture shows the construction standard of’
the day. with 90-degree bends in all wiring
and metalwork and woodwork that should
be in the Guggenheim Museum. The circuit
shows a ncutralised triode RF. anode-bend
detector, transformer-coupled gain and

Push-pull Quality Amplifier, again by
Cocking. It gave 4W at a lowish distortion
and worked in “nearly Class A”.

SOUNDS OF THE

CENTURY

triode output producing around 150mw!
Going back to amplifiers, the third picture

is of Cocking’s Push-pull Quality Ampliticr.

published by WW in 1934, There were two
MHIL_4s driving a pair of PX4s in push-pull.
the MHL4s deriving the double-ended drive
from a concertina phase splitter. It gave 4W
output at a “low” distortion. Some are still

Loudspeaker by P.G.A.H. Voigt, which
sported a 20 kilogauss magnet and twin
diaphragms. It also brought a delicate blush
to the BBC cheek.

around and, although they do not have the
power, compare reasonably well in quality
with modern wonders.

Moving on to speakers, there were many
methods of moving a mass of air. Moving-
iron and reed types were produced in dozens
of vanants, in addition to the odd-ball Kinds

First RC-coupled amplifier, constructional
details of which were published by WW in
1923, brought murder to the hearts of
transformer makers in the land.
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PICTURES FROM THE PAST

like the compressed-air type. but the Walter Cocking’s Everyman Four TRF receiver, which set a standard of performance for the rest
breakthrough came with the moving coil, to try to emulate. One is now in the Science Museum.

which had been modernised from its
Siemens 1874 patent and Lodge’s 1898 one
by Rice and Kellogg in 1924. The fourth
picture shows a magnificent affair made by
Paul Voigt, which had twin diaphragms and
20kilogauss ficld magnets. It was possibly
the first time the BBC had had to take other
cquipment out of service because someone
(Voigt) complained of its bad performance.
which had shown up on this speaker.

If proof were needed of the new-found
fascination with sound reproduction in the
1950s. the last picture should supply it. It is
of one of the unforgettable demonstrations
by G.A Briggs of Wharfedale, who
challenged his audience to distinguish
between live performers and loudspeakers. .
Thousands rallied to the call. as the picture : - Everyman Four and (below)
shows, and many were sadder and wiser o M the original circuit diagram
after the event. ] :

HT.+y HT 49

Y

O
HT.4g

SCREEN

|
i K

o
®
-

[ WJ -~ m L.’i

¢ R c.a.,?l‘o) R,
b Ge g folofo

Schematic diagram of connections. T, aerial—g-id transformer ; T,, high—frequency valve transformer ; Tz, Ferranti 3.5:1 low-
frequency transformer; C; C,, 0.00027 mid. square law tuning condenser ; C3, 0-01 mfd. ; C,, balancing condenser ; C;, 0.0005 mfd. :
C;, 1 mid.; C;, 2 mid.; R,, lament rheostat 2 ohms; R;, rheostat 30 obms ; R, R, fixed resisters 15 and 7.5 ohms; R;, | megohm

each ; Rs, 3 megobms ; GB, 15 volt grid battery.

SCREEN
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Meet the Embedded Controller Family

J B Designs announces a complete range of microcontrollers for embedded applications.

All RTC controllers are designed to run with MC-Net software where the family is distributed all over the plant, and have an expansion socket
for connecting the wide ghoice of |/0 expansion modules to precisely meet your applications requirements.

RTC31/52 EMB286
8031 or 80C52-Basic pracessor PC-AT technology applied to embedded control
Up to 64K bytes of RAM/EPROM 10MHz 80C286 AT
An RS232/RS485 port Floppy and hard disk interface

Graphic LCD interface

On-board bootable solid state disk
Built-in parallel and RS232/485 lines
IBM AT and matrix keyboard I/F's

12 parallel I/0 lines
Program in Assembler, *C" or Basic
Size 3.5"x 3.5

RTC180

9 MHz 64180 CPU

Up to 96K bytes of RAM/EPROM/EEPROM

One full-duplex RS232 port and one RS485 port
8/10 bit 8 channel A/D converter

24 TTL parallel 1/0 lines

Use Muttitasking Basic, *C", Modula-2 or Assembler

Size 3.5"x 4.5

COMING
SOON

RTCV25

9MHz PC compatible V25 CPU

Up to 384K of RAM/EPROM

Two RS232/485 serial ports
Time-of-day clock

8/10 bit Channel A/D converter

32 TTL parallel I/0 lines

Use JPI Modula-2 or Microsoft “C*
Size 3.5 x 5

If you want more details on the ULTIMATE embedded
controller, then pick up the phone and call us -
because we are designing for your FUTURE-TODAY!

J B Designs & Technology Limited

15 Market Place, Cirencester,

Gloucestershire GL7 2PB. UK

Telephone (0285) 658122 Fax (0285) 655644

CIRCLE NO. 143 ON REPLY CARD

DEWSBURY ELECTRONICS
\\
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Radio with vision

4 GArguably the most important

development in radio since the
invention of the transistor”. This was the
assessment of RDS by Johnny Beerling,
controller of BBC Radio 1 and chairman of
the EBU Programme Experts Group In an
introduction to a special issue of the EBU
Review - Technical devoted to radio data
system (RDS).

In his world, the “Utopian world of RDS",
everyone is equipped with the new
technology — in cars, at home and on foot.
When that day arrives, in the not-too-distant
future, Beerling says listeners to the radio
will find themselves “better-served by their
equipment than at any time since the
wireless was first invented by Marconi in
1895™.

Strong words, but certainly European
broadcasters have shown remarkable
unanimity in rapidly implementing at least
some basic RDS facilities on their national
and local services.

Yet RDS remains low on the list of
consumer priorities. Even when aware of its
existence, more important to most is the
question of security, making digital VHF car
radios less vulnerable to theft.

Second generation impetus

Benefits of RDS as a source of traffic
information have penetrated the
consciousness of only the relative few
making top-of-the range car-radio
purchases. This may change later this year
with the first “second generation” RDS set
incorporating RDS-EON (enhanced other
networks) function. This feature can be used
to update information stored in a receiver
about programme services other than the one
to which the set is tuned.

So a driver could listen, for example, to
one of the BBC national networks, while the
set automatically switches temporarily to a
local station making a traffic announcement.

BBC has been testing EON on its local
radio traffic experiment in south-east
England and the Midlands for about two
years, and several other European countries
are already, or soon will be, implementing
EON, although none of the S0 or so existing
RDS models is suitable for this function.
BBC claims that it would not have decided
to go ahead with EON on a country-wide
basis unless it had received assurances that
other firms will have suitable second
generation RDS receivers on the market
soon.

DoT’s rosy future

In an IEE lecture: “Broadcasting traffic
information”, Simon Shute (BBC) and
Alistair Robertson (Dept of Transport)
presented a generally rosy view of the future
of RDS. The DoT believes that traffic

information broadcasting, and in particular
RDS, will have an important role to play in
reducing delays and driver frustrations.
Better network management has. as a prime
objective, constant awareness of network
conditions, providing accurate and timely
information to permit the network capacity
to be used to greater effect.

Similarly, Shute emphasises that traffic
broadcasts must be timely, relevant, accurate
and sufficient. He believes that EON will
much improve the service.

It was perhaps a coincidence that chairman
of the IEE meeting was RS Sandell who in
the 1970s, with SM Edwardson, developed
the BBC’s medium-wave Carfax system that
was later aborted. Carfax was, compared to
RDS, a low-technology system based on a
dedicated network of synchronised, time-
multiplexed, low-power (0.5kW)

BROADCAST

519.5 to 526.5kHz, just below the lower-
frequency edge of the broadcast band.

But the footnote did not apply to other
European countries. In effect it gave the UK
all the frequencies needed for a nationwide
Carfax service on a dedicated lattice. Indeed.
in 1978, the BBC concluded: *“the only
really satisfactory solution for the
broadcasting of traffic information is to
provide a separate, dedicated service”.

Official abandonment

Officially, Carfax was abandoned on the
grounds that “frequencies were not
available™. In view of the Warc footnote,
this statement seems to have been
economical with the truth. At the time, most
observers believed that the real reason was
that the BBC had been unable to persuade
the newly-elected Conservative government

Protocol P1
(traffic telegram)

Road authorities —»f
Police —»| Editorial | Programme
Motor clubs —»| traffic [ continuity
Other —» unit control
r

Information providers
centre

Broadcast production

Protocol P3 & ¥ ¥
(RDS-TMC) I
Technical
control
Switching
centre Protocol P2
(data links to
transmitter
network)

Fig. 1. Three different communications protocols for the broadcasting of spoken and

coded traffic messages on RDS.

transmitters to which the car radio (or
player) was switched automatically when a
local traffic announcement was made. It was
estimated that a lattice network of some 80
transmitters would give nationwide
coverage, with more than 80% of road
traffic covered from only 20 stations.

For several years, the BBC enthusiastically
promoted the low user costs of Carfax and at
Warc 1979 even succeeded in obtaining a
special footnote to ITU Radio Regulations
permitting establishment in the UK of a
“public utility information service” between

Promising start

Some nine or ten firms are manufacturing
the special RDS transmission equipment
(VG electronics in the UK). Rohde &
Schwarz take space to congratulate EBU on
“the great success achieved with RDS
adding, not too disinterestedly, “the fact that
our equipment is supporting RDS in more
than a thousand FM radio stations
worldwide makes us rather proud”. The
BBC alone has RDS going out on over 700
FM transmitters. More than 20 receiver firms
have RDS models in their ranges, mostly car
radios, with about five firms offering
domestic audio tuners with RDS, though
still no portable sets.

This must seem a promising start for RDS
for which first receiversappeared only in
1987.

to contribute towards the cost of setting up
(about £3million at 1977 prices) or running
a dedicated traffic service.

Despite the far greater sophistication (and
cost to users) of RDS, Carfax appears to
remain the superior approach, permitting
local traffic announcements to be made as
soon as information is available to
broadcasters. This is a significant advantage
over RDS-EON which has to be slotted into
programmes intended also for domestic and
“walking” listeners. Such listeners would
soon be annoyed were announcements to be
made too frequently, at intervals of less than
say 20-30 minutes, or if programmes were
rudely interrupted.

Traffic message control
Traffic message control (TMC), under
development as one of the European Drive
projects, may bring RDS a little nearer to
Carfax. This is seen as using RDS as a data
channel of very limited capacity in
conjunction with a speech syntheses chip or
possibly some form of printer in the car (it
could provide automatic translation when
travelling abroad) as a means of sending
“traffic telegrams” to cars without
interrupting the radio programmes.

But TMC seems bound to add much extra
intricacy to the already complicated RDS
receiver. D Kopitz (EBU) in discussing
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development of TMC admits that: " The
TMC device will probably be too complex
to permit its incorporation within a standard
car radio case. It will also require its own RF
tuner (VHF) to permit the car radio listener a
free choice of listening entertainment,
without obligation to tune to the particular
programme service which carries TMC
information.

So a complex - and still rather expensive -
receiving device is needed, in addition to a
car radio (which may, or may not, be

N Car dashboard
! RDS intertace
{ ] i
" t
ADS imfface  — ;
ety - :' Specised RDS devices
| S . RP,TOC
RDS car radwo ' ;j:m
' e decoder
i
ROS wertace g

W? I‘|
I/_ RDSTMCdevce |---13

|
|

A\
{

|
Other special TMC
L>ou(1.wl devices
(e.g. pnter)

Fig. 2. RDS interface scenarios in car radios.

equipped for conventional RDS decoding).
Presently-available RDS radios cannot be
used for TMC, and cannot be adapted.
Ergonomic features and acceptability of
TMC functions by the driver, have not yet
been assessed.

After a standard for TMC has been agreed,
perhaps in 1991 or 1992, it will take many
years, perhaps five to ten, until RDS-TMC
receivers first reach the market. This means
that conventional spoken broadcast traffic
messages will have to be continued for
many years.

Indeed, they will remain the major source
of information for car drivers for the
foresecable future”.

Restrained consumer response

Although broadcasters may feel that RDS is
user-friendly the consumer-industry is only
gradually responding to the growing dislike
of over-complex and often confusing
controls; c.f. video recorders easily set 1o
record the wrong programme on the wrong
channel at the wrong time, and teletext units
that remain under-used.

A typical consumer reaction is summed up
by a correspondent writing earlier this year
in the New Scientist concerning trends in
digital car radio design: "Previously it was
simple, while driving to cope with two big
knobs and six decent-sized push buttons to
get a useful selection of stations. Now one is
faced with several, barely identifiable
minuscule buttons packed side by side or on
top of one another™.

The simplicity and low user cost of Carfax
with its medium-wave capabilities seem
more attractive than ever.

Admittedly, RDS, unlike Carfax, was
designed to have many functions for home
as well as in-car listeners. For example
station identification — particularly useful in
countries such as Holland where a large
number of FM broadcasts from
neighbouring countries can be received.
Programme related announcements, claimed
as one of the attractions of RDS, even when
scrolled require displays with more
alphanumeric elements than are usually
fitted at present.

Potentially attractive is pin (programme
item number), enabling receivers and
recorders to respond to particular
programme items preselected by a user. The
code contains the scheduled time of the start
of the programme, plus day of the month.

125 Hz  Threshold

(start) detectars
Aeriol FM - Loatch
Y Limiter discriminator x ”f ate

200 Hz (finish)
L ~ » / _‘—’

|
|
: switch control
]
[}
|

534-kHz RF AM proTTT T 5
amplifier detector :
|
X 1
l/ ~x D > L Audia
switch
b AGe b =
e ¢
Aerial r—-—-—--—-—'—"f—'—"—‘"—'—'—'_"\
AR | RF and IF
RF low-level
— —i—> stages, sudio I
) detector Volume contral ond .
| AF omplifier !

Conventional cor radia receiver

Fig. 3. Basic features of an integrated Carfax receiver for 1977 trials on 534kHz. Carfax
adaptors were designed for use with existing car radios.

ITS useful, but there are already available on
the market audio recorders with
conventional time switches. Several
countries, but not the UK have radio-paging
systems based on RDS which provides a
user-attractive function for car radios.

But all in all. it seems likely to be a long
time before we reach that “Utopian world of
RDS” for all listeners in cars, at home or on
foot! m

Consumers wary of poor performance

Broadcasters have been none too happy with
performance of some of the earlier sets. Mark
Saunders (BBC Radio) in a personal review of
design requirements for RDS car radios
points out that one of the problems that RDS
poses for both broadcaster and receiver
manufacturer is that, with the exception of
obvious features such as the display of the
programme service name, an RDS receiver is
not apparently different in performance, or
looks, when observed in the static
environment of the dealer’s showroom.

So from the point of view of the consumer,
there are few tests that can be done prior to
purchase, to ascertain how well a product
will perform when fitted into the car.

He says that it is a sad fact that many early
RDS receivers failed to perform even basic
tasks adequately, and many people have
been put off RDS for life because of:
“experiences with receivers that performed
inadequately and which failed to live up to
the promises the broadcasters made for
them”.

Mr Saunders goes on to admit that
broadcasters are not entirely blameless in
this respect: “More should no doubt have
been done at an earlier stage in development
of RDS to give the receiver manufacturing
industry some guidelines setting out the
minimum levels of RDS performance that
should be achieved”.

His belief is that it is preferable if the RF
tuner and RDS processing stages of the
receiver are continuously active whenever
the vehicle ignition is switched on. The
on/off switch on the front panel should only
control the power amplifiers and display
functions. Advantage of powering the
receiver all the time the vehicle is moving is
that, even though the driver is not listening to
the receiver, it is continuously being up-
dated by RDS data, in the same way as if the
driver were listening to the CD player.

If the vehicle has an electrically powered
antenna, arrangements should be made to
ensure that it is raised whenever the vehicle
is moving — with an over-ride switch
allowing the driver to avoid damage when
entering a garage or car park.

Mark Saunders admits that car receivers
should not rely exclusively on reception of
the CT (clock) and date information but use
the RDS to set and correct the displayed
time. Otherwise the clock would stop if the
set were tuned to a transmitter not
transmitting CT or if the set were switched
off. Furthermore it cannot be assumed that
all RDS information will be received
accurately at all times. In areas of multipath,
several minutes may elapse between
successive occurrences of successful
reception and decoding of the groups
carrying the CT data. 3§
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A U To N A TD PRINCES RISBOROUGH  ™Poniment
L BUCKS HP17 9DB L

. 9 " TEL: (084 44) 6326 Fax: (084 44) 7102
UK's leading module manufacturer since 1972 o e oy == I

MODULES AND EQUIPMENT

FuveuwtanoTesteo  (For Projects & Applications in: [comrenensie neaavenons
*AUDIO x SECURITY * INDUSTRIAL * DIGITAL VOLTMETERS

* % SECURITY *x % *%x AUDIO * %
MINIATURE PASSIVE INFRA-RED SENSOR-RP33 j§ AL 12580-125W POWER AMPLIFIER

Switchable Dual range, detects intruders up to 6 or 12 metres | A rugged. high powered module that s ideal for
This advanced sensor operates by detecting the body [l use indiscos & P.A. Systems where powers of up
heat of an intruder moving within the detection field to 125W. 4 ohms are required. The heavy duty
Slow ambient changes such as radiators. etc. are [l outputtrans:stors ensure stable and reliable
Ignored. Easily installed in a room or hallway. Providing il performance Itis currently supplied fo a large
reliable operation from a 12V supply, itis ideal for use Jll number of equipment manufacturers where
New.4nly, with the CA 1382 or equivalent high quality control unit. |8 reliability and performance are the main
21 9.95 ) Supplied with full instructions. @ considerations, whilst for others its low price is the
- VAT Stze 80x 60x 40mm 2 ntity discounts start at 3 units | major factor Operating from a supply voltage of o

.. DIGITAL ULTRASONIC DETECTOR-US 5063 [ o po oo o 16 00

2N~ Crystal controlled movement detection module operating
at 50kHz with an effective range up to 201t Suitable for
i operation in household or vehicle security systems. 12V

C" 4.93 operation and built-in timing makes it suitable for a
VAT wide range of applications

Easily Installed ADVANCED CONTROL UNIT-CA 1382

Automatic Loop Test & Switch On # Automatic Siren
Re-Set # Audible Entry/Exit Warming Buzzer # Two
Separate Loop Inputs +24-hr Circuils #

Easily Installed. Full Instructions Supplied

This advanced control panel provides eftective and
reliable control for all security installations, yet its
operation is sheer simplicity for all members of the
family, and is supplied with two keys. Housed in a steel
case with an attractive moulded front panel. it compares
with units costing twice the price

LOW-COST CONTROL UNIT-CA 1250

This tried and tested control unit provides the finest

value for money in control systems, with many
thousands protecting houses all over the country
A suitable steel enclosure is available separately

- The unit offers the following features Built-in efectronic

Only © siren, drives two loudspeakers incorporating exit &
[ 3 W< 1Y entry deiays # Anti-tamper and panic facility # Screw
VAT

connector for ease of installation. elc. elc.

50W AMPLIFIER

Provides sound reproduction of the hignest quality with
distortion levels below 0.02%. this module offers
superlative performance in all types of audio equipment

Full over-load protection is incorporated ensuring
reliability of the highest order. Supplied with its own
heat sink, it apertes from a 40V-65V supply rail into

ioads of 8-16 ohms

AL 2550-COD;1PACT LOW-COST 25W AMPLIFIER

One of our most popular audio modules with tens of
thousands installed. Ideal for comestic applications

where low distortion and compac! size are

the prime requirements. Used with supply £6.55
rails of 20V-50V into loads of 8-15 ohms . VAT

AL 1030;RUGGED 10W AMPLIFIER

This low cost unit provides a powerful 10W output making it
ideal for all medium power applications requiring quality
reproduction with rugged performance Repre-

senting excellent value for money it operates [ - % & 4
from a supply of 18V-30V into loads of 8-16 ohms . VAT

MM 100-BUDGET 3-INPUT MIXER

With a host of features including 3 individual level controls. a master volume and
separate bass and treble control. it provides for inputs for microphone

magnetic pick-up and tape. or second pick-up (selectable), and yet costs -
considerably less than competitive units -

FULL RANGE OF SECURITY ACCESSORIES STOCKED PROVIDING
EVERYTHING YOU NEED TO PROTECT YOUR HOME

address units and operates from 45V-70V.
As MM 100 with two guitar + 1 microphone
nput intended foc guitar amplifier applications

DVM 456 HIGH PERFORMANCE Sersivy 0.2 15001

ccuracy Within 0.1 ¢ 1 digit

3% DlGIT PANEL METER Input Impedance  100M ohm

Supply Voliage av-rzv
Dimensions 95.5x55x% 1tmm
This exciting new module provides a
large. bright digital read-out with an
accuracy within 0.1%._ It incorporates a
. bullt-in regulator which allows it to be
e used from an unregulated supply of

between 8V-12V. Full cver-load

protection is included and the unit is

supplied with a mounting bezel and

Only filter. together with full application
instructions showing how to extend its

£19.95 range and measure resistance. current
VAT and temperature

DVM 356 VERSATILE DT10 TEMPERATURE MEASUREMENT MODULE
A simple_ th h etfect: odute which whe
3'D'GIT PANEL METER ,onslruc?ed ::Jogw:e:a ffe: v:l:u‘:ol lOr:V r<|:
- over the temperature range ~ 1010 + 100°C
; z €3.95 + VAT
. =8 PS209 DUAL POWER SUPPLY
Fully built mains power supply providing two 9V

N o outputs of up to 250mA each. Suitable for use with
either DVM modules and other equipment

€6.65 + VAT

50FT INFRA-RED BEAM-IR1470
The IR1470 consists of a separate transmitter 225:;? 1
and receiver providing a beam of up to 50ft

which. when interrupted. operates a relay in the receiver which
in turn may be used to control external equipment. The system
requires only 65mA from a 12V supply. Size: (each unit) 82 x 52 x 57mm

TIMER SWITCH & POWER SUPPLY-DP3570 )

The DP3570 consists of an adjustable timer switch and 12V
stabilised power supply designed to pravide switching of loads
up to 4A at 240V A.C for a preset time between

10 secs and 6 mins, the timed period beng initia-
ted by the normally open or normally closed inputs

GENERAL PURPOSE ULTRASONIC
MOVEMENT DETECTOR US4012

This module Lses ultrasonic techniques to detect movement at
distances up 1o 5 metres with an operating range of 60°. Supply £11.72
voltage 10-14V (12mA). Size: 147 x 52.5 x 15mm VAT

STABILISED SUPPLY & SWITCHING UNIT-PS1265

The PS1265 provides stabilised 12V output for current levels up to 700mA. Addition-

ally it incorporates a high
ATTRACTIVE DISCOUNTS

3-digit performance with an FSD of +999mV and
99mv Supplled with a impedance input for switching
;orgprer;ensnl/ebl')ata Sheet £17.83 loads up t0 1kW at 240V £12.95
0 bezel available ithout ti i
yar AVAILABLE FOR QUANTITY USERS RSl At
CIRCLE NO. 146 ON REPLY CARD
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APPOINTMENTS

Recelwng the WorId Loud and CIear

BBC Monitoring, part of World Service, is a 24 hour news gathering service
listening to radio and viewing television broadcasts from around the world.
The very latest information is gathered using our satellite dishes and aerials.
We are seeking to recruit enthusiastic and bright staff as Operators to join us.
As an Operator you will be responsible for the research and reception of all
radio voice, telegraphy and satellite transmissions of interest to BBC
Monitoring. This will include technical measurements and signal strength
reports for the BBC and other broadcasters. You will also be responsible for

the distribution of the received programmes.
Applicants should have:

* Knowledge of radio and satellite signals sufficient to identify different

signals and operate receiving equipment.

* Demonstrate a knowledge of radio reception and propagation techniques.
* Have an ability to recognise foreign languages and an interest in current

affairs.
Shift/weekend work involved.

Salary range £9,546 - £15,409 p.a. plus 8% shift allowance.

Based Caversham Park and Crowsley Park, Reading.

For further details and an application form, please contact (quote ref.
8321/WL) Personnel Officer, BBC Monitoring, Caversham Park, Reading,

Berkshire RG4 8TZ. Tel: 0734 472742 ext. 332.

WORKING FOR EQUALITY OF OPPORTUNITY

ELECTRONICS
ENGINEER

Works with two other engin-
eers who are responsible for
the technical equipment of
a US. Embassy office near
Reading. Applicants must
have formal qualifications
in electronic engineering
with a thorough knowledge
of digital theory and prac-
tice, some knowledge of com-
puters, and “hands-on”
experience. Long-term em-
ployment opportunity with
appropriate benefits. Min-
imum starting salary of
£15,699 per year.

Send resume and daytime
telephone number to:
Personnel Officer,

American Embassy,
Grosvenor Square,
London W1A 1AE
Q@ualified candidates will be
contacted for an interview.

Government Communication Headquarters

Radio Officer

Gavernment Communications Headquarters (GCHQ) are specialists in all
aspects af communications, from DC to light. We require skilled and motivated
stoff to undertake o wide range of duties to study these communications. As a
Radio Officer you would be an essential part of our technical team, and
would be trained to undertake a wide range of duties.

® We offer excellent training

@ Atiractive salaries (reviewed annually)

® Opportunities for moves within the UK
and overseas

@ Job Security

® Good career prospects
@ Challenging and various work
@ Generous leave allowance
@ Non-contributory
Pension Scheme

To qualify you need or hope to obtain a BTEC National Diploma {or
HNC/HND) in o Telecommunications, Electronics Engineering or similar
dicipline. Special consideralion will be given to applicants holding an MRGC
Certificate The C&G 777 (advanced) or other qualification incorporating morse
skills would be advantageous but not essential.

You can apply if you have a minimum of 2 years recent radio operating
experience and preferably be capable of receiving the morse code.

Age limit for experienced Radio Officers 18-45 Age limit for candidates who
do not possess the full range of skills 18-40 (depending on background and
experience). Training Period: Between 29-52 weeks.

Salary after training (over 5 years) £13,756-£19,998 with prospects for
further promtion. Salaries include an allowance for shift and weekend working.

GCHQ is an equal opportunity employer
APPLICANTS MUST BE BRITISH NATIONALS

For further informaton and application form contact
Recrutment Otfice Room A/ 1108 GCHQ Priors Road Chellenham,

Glos GL52 5AJ or telephone (0242) 232912 or 232913
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CLASSIFIED

FOR SALE

Field Electric Ltd. Tel: 081-953 6009. 3 Shenley Road, Borehamwood,
Herts. WD6 1AA. Fax: 081-207 6375, 0836 640328

SPECIAL OFFERS

Philips HC115 Videotex terminals with manual. Excellent condition. £125.00.
EGA 8-bit video cards £17.95 + £2.00 ¢/p.

NEC 3%2 floppy drive 1.0/1.6MB full height. New boxed c/w manual. IBM/BBC compat:
£47.00 c/p £2.60.

NEC 5 floppy drive '2-height new boxed 720k formatted £45.00 c/p £2.00.
H.P. 4328A millohmeter £450.00 c/p £11.00.
H.P. 3400A R.M.S. voltmeter £225.00 ¢/p £11.00.
Famelt G 12volt 10amp power supply 240V/110V £42.00 ¢/p £3.50.
Tek 191 constant amplitude sig gen 350k—100MHz £175.00 c/p £12.00.
Access, Amex, Diners, Visa cards. Overseas enquiries

welcome c/p rates U.K. mainland only.

VISA Please ring for ¢/p rates not shown.
All prices inc. V.A.T. unless stated. Stock ilst avallable.

We would llke the opportunity to tender for surplus equipment
Official orders credit card teleph orders pted with

P

Technical & Scientific Supplies

uowlln Packard Computers and equipment
special llll avalisble loon

Just in «
|ﬂc|uﬂll P1000/A600. HP150,
Y"mlnllu Printers; Plotlers: NuleIoppy
Dlse drives; Mag Tape Decks; etc

GOLLEDGE

— ELECTRONICS
CRYSTALS OSCILLATORS FILTERS

Co hensive stocks of dard items. Over
650 stock lines. Specials made to order.
OEM support: design advice. prototype quant-

BAK Strain Indicator 1526 0890
16mwn Cine Projector/Analyss: £120
Aprusstor 0-100d8, Hatfleld/HS 610-506 New £105
Microwrier, with TV intertace Unueed, boxad £150
320V, 10A transistors, MP3731, PNP TO3. Unused 3 for €1

muﬂwc'-:l';um b VBIves; COMEOnents; eic. ities, production schedules.
Enquiries invited. Personal and export orders welkcome.

SAE for our lstest product information sheets.
GOLLEOGE ELECTRONICS LTO  Tel: 0460 73718
Merriott, Somerset, TAI6SNS  Fax: 0460 76340

Al prices quclud carriage and VAT.
Generst LISTS AVAILABLE

Please write tax phons !'"I“""

T &S O Box 19,

Hythe, Southampton, Mampshlire. SOA axa
Tel:- (0703 648 886. Fax:- (0703) 897 07.




=% CLASSIFIED : &

ARTICLES FOR SALE

VALVES AND C.R.T.s

(also Magnetrons, Klystrons, 4CX250/350)
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
CATHODE RAY TUBES 400 different types in stock
Please enquire if your requirements are not listed below M2 £45.00
3P POA D10 230GM £45.00 E723 (EEV) POA M I IllZGV £45.00
12C5Pa £35.00 D13611GH £59.00 F28-130LDS POA M31184W £55.00
1074H £45.00 D13 630GH £59.00 F3112L0 £75.00 M31 190GR £45.00
1396P POA D14 200GM £75.00 LD708 £75.00 M31191W £55.00
8931 (W H) POA D16 100GH97 = £65.00 M7 120W £19.50 M3t 325GH £35.00
CMEB22W £7.00 DG7-5 £45.00 M14 100GM £35.00 M38 100W POA
CME 1523W £9.50 DG7-6 £45.00 M17.151GVR  £175.00 M40 120W £59.00
CRE 1400 £29.50 DG7-32 £55.00 M22 112GV £45.00 MV6 5 (M £50.00
09 110GH £45.00 DG7-36 £55.00 M24.121GH £55.00 SESFP31 £45.00
CME1431W POA DH3.91 £50.00 M24.122WA £55.00 VLS429AG POA
VALVES Prices on application. Please enquire re any type not listed below
A2426 ECCBO4 Maz M8136 Mul VL5631 6646
A2521 ECCB1 MB162 Mul 2759 6BM6
C1149-1 ECCB1 SpecQ M5138 2Z803U 6CHE
C1166 ECCB2 Magnelrons Y644 J
cCs) ECC82 Spec Q PC300 235 6F33
CVTYPES Many  ECCB3 PCCBY 5l 6GC
n stock. Not all ECCB3 Spec Q PD500 :ssza G
listed below ECCss PL509 00E 6 SN7G
Please ECCB88 Spec Q QQV03-1 I-160E 1284
ngquire ECCBO04 QQV03-10 Mul 4-65A 2E
Cvass EF39 QQV03-20A 4-125A Eimac
CV1881 EF73 QQV03-20AEEV  4-400A 19AQ5
CV235: EF91 QQV06-40A aces 21
Cvd014 EF92 QQV06-40A Mu 4CX2508
CV4024 EFB6 Siemens QY3125 4CX2508C 8
CV6087 EF93 QYa-250 4CX350A 811A
CV7180 EF95 Qvo4 4CX1000A 813
CX1140 EL34 R10 4CX5000A 4635
DAaz2 EL38 SU2150 58-254M 63
DET22 EL81 T2 58-255M 63364
DET23 ELB1 Mul S1E2 57M 6973
DF91 EL84 TDO3-10€ 58-258M 8056
E80L EL5070 TY4-400A 504G 8122
EB3F GY501 u19 5v4aG Sockets:
E88CC Klystrons uBCat BAKSW BgA PCB
E180F K161 ucLe2 B9A chassis
EB10F KIB1 uL41 684G Octal
EC158 KT8 6550 uyss 68H6 Many cther.
ECC35 Mul VA2224
Testing to special quatity — Military/CV, low microphony etc available on request

BILLINGTON EXPORT

Unit F2, Oakendene Industrial Estate, Near Horsham, Sussex RH13 8AZ.

Callers by appointment only.

Telephone: 0403 865105 Fax: 0403 865106
Min. UK order £50 + VAT. Min. Export order £50 + Carriage,

B. BAMBER ELECTRONICS

Ex PMR Equipment

Pye Westminsters W15AM Low Band Pye Europas MF5U, UHF £35
& High Band £20 Pye Europas MF5FM High Band & Mid
Pye Motophones MF5AM Low Band Band £35

£15 Pye Olympics M201 AM Low Band £35

Pye Reporters MF6AM High Band & Pye Base Station F496 UHF 24volt

Low Band £65 £250
Pye Pagers PG1FM High Band ._.... £20 Pye Power Unit Type AC200 £100
Pye M294 FM High Bard & Low Band Pye Controller Type PC1 £50

£160 Pye Controller Type M81 £190

Pye M293 AM High Band & Low Band Pye Base Station Type FOU, UHF  £45
£140 Pye Base Station Receiver Type R414,

Pye M296 UHF U Band £120 UHF £45
Pye M295 Band ill £100 Pye Base Station Transmitter Type
T414 UHF £45

All Equipment is less Mikes, Speakers, Crystals etc
All Prices Exclude Carriage and VAT. WANTED EX PYE PMR EQUIPMENT

Callers by appointment only

E 5 STATION ROAD:, LITTLEPORT, CAMBS CB6 1QE l

PHONE: ELY (0353) 860185

TENDERS

I

Cooke International

Rolek 610 AC/DC/Ohms Universal Calibrator All Modes £2500
Aillech 446 Power Sng‘nal Source with optional plug-ins

1E 200- G, 150Watt Qutput £2500
Systron Donner 6057 Microwave Freq. Counter 20H2-18GHz £1200
Solartron 7055 Microprocessor Digital Voltmeter AC/DC/Ohms £600
Farnell SSG 520 AM/FM Signal Generator 10-520MHz €750

Tektronix 7704 Oscilloscope Main Frame with readout plus 7013, 7A15A, 7851 and
7CT 1N Plug-ins fitted 00
Te;lvomx 5113 DC—~2MHz Dual Beam Storage Main Frame with 5A20, 5A22N & 5810N 3
lug-ins 30!
Telequipment DM63 DC-10MH: Storage Oscilloscopes £275
Rohde & Schwarz SMBI SHF Signal Generator 1.7-5GHz AM/FM £650
MUCH MORE AVAILABLE INCLUDING COMPUTERS, PERIPHERALS ETCETC IN OUR
HOWROOM AND BARGAIN WALK ROUND STORE. PRICES FROM £5
SEND S.AE.FOR STOCK LISTS OR PHONE
ALL PRICES EXCLUDE VAT AND CARRIAGE
OPEN MON-FRI 9am--5pm. LARGE FREE CAR PARK.
Contact: Cooke International, Unit Four, Fordingbridye Site, Main Road, Barnham,
Bognor Regis, West Sussex PO22 0EB. Tel: 0243 545111, Fax: 0243 542457

Mid Glamorgan County Council has for sale by tender
the following surplus radio equipment:

Base Station Type 1500MH:

Transmitters and Receivers

Duplexes

Low Band High Stability Frequency Sources
Voting Units

Rack Cabinets

Philips Operator’s Console plus Microphone
Other Equipment

¢.g. Mobiles, MFS/MF6 AM  Sets,
Olympics, Westminster  sets,
charger unit, etc.

Further information and Tender documents can be
obtained tfrom Mid Glamorgan County Council, Sup-
plies Depuartment, Waterton, Bridgend.

Telephone (0656) 766311, Ext. 231.

Transportables,
Hand portables and

ARTICLES WANTED

TO MANUFACTURERS, WHOLESALERS,
BULK BUYERS, ETC.

LARGE QUANTITIES OF RADIO, TV AND
ELECTRONIC COMPONENTS FOR DISPOSAL

SEMICONDUCTORS, alt types, INTEGRATED CIRCUITS, TRANSISTORS, DIODES
RECTIFIERS, THYRISTORS, etc RESISTORS, C/F. MF, W/W, etc. CAPACITORS,
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 FRICES

Come and pay us a visit ALADDIN'S CAVE
TELEPHONE 081 445 0749/445 2713
R. HENSON LTD
21 Lodge Lane, North Finchley, London N12 8JG.
(5 minutes from Tally Ho Corner)

STEWART OF READING
110 WYKEHAM ROAD,

READING, RG6 IPL.

TEL: 0734 68041

FAX: 0734 351696
TOP PRICES PAID FOR ALL
TYPES OF SURPLUS TEST
EQUIPMENT, COMPUTER

EQUIPMENT, COMPONENTS
etc. ANY QUANTITY. .

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 9TQ. Telephone: 0438 812 193.

Mobile: 0860 214302. Fax: 0438 812387780

WANTED

Test equipment, receivers.
valves, transmitters,

components, cable and
electronic scrap and quantity
Prompt service and cash
M & B RADIO
86 Bishopgate Street,

WANTED: VALVES., [IRANSISTORS,
L.Cs (especially types KTob. KT8, PX4.
PX25). Also capacitors, antique radios,
shop clcarance considered. If possible.
send written hst for offer by rciurn Leeds LS1 4BB.

Billington Valves. phone 0403 565105 Tel: 0532 435649

Fax: 0403 865106. Sce adjoining advert Fax: 0532 426881 sese




QtMmos

TATUNG TCS8000 386 COMPUTER SYST at £429
Full 3860X (not SX) system with 102 key d and manual. Includes 210 wan PSU, VO card,
hard and floppy controlier (please state MFM, RLL, IDE or SCSI), 1.2 Mbyte floppy drive. 1 Mbyte RAM upgradabie
to 16 Mbyte on the motherboard, eight expansion slots, C and T "CHIPS" chipset. co-proc. socket, MS-DOS 3.3,
GW BASIC and manuals.
16 MHz clock £429, 20 MHz as above but with 2 Mbyte RAM £529.

MATMOS HIGH PERFORMANCE 286 SYSTEM at £299
A quality 286 system running at a Landmark speed of 16 MHz; clock speed 12 MHz. 1 Mbyte RAM expandable to
4 Mbytes. Serial and paralle! ports, 101 keyboard, mono card. 1.44 Mbyte 3.5-inch drive. IDE hard drive controller
{add £20 for MFM or RLL unless purchased with Matmos hard drives), eight slots. AMI bios with setup and
diagnostics, well-made stylish case. full manuals included £299. Fitted with 40 Mbyte hard drive £399; fitted with
60 Mbyte hard drive £435.

TOP SPEC. 386 AND 486 S E

25 MHz 386 system, 1 Mbyte RAM, 1.2 Mbyte floppy drive, etc. £599.

25 MHz 486 cache system £1495.

Phone for details: carriage on systems £15. See below for add-ons and other stock items.
FLOPPY

Internal

360K 5.25-inch IBM standard half-height drive £29.95 {carr £3.50).

1.2 Mbyte 5.25-inch Panasonic IBM standard half-haight drive £49.50 icarr £3.50}

720K 3.5-inch Citizen OSD third-height drive for XT (NOT Amstrad 1512/1640) £29.50 (carr £3}

720K 3.5-inch Citizen OSDA45 third-height drive for AT/286/386 cream bezel £32.50 (carr £3).

As above but XT/AT switchable £35.50 {carr £3).

1.44 Mbyte 3 S-inch Citizen OSDA33C third-height drive for ATs, grey bezel £47.50 (carr £3)

144 Mbyte 3.5-inch Sony drive in 5.25-inch chassis, ex-equipment £24.95 (carr £4).

Fitting kit for 5.25-Inch space suitable for all Citizen 3.5-inch drives inc. cable adaptors £8.49 {carr free with drives)

IBM standard tloppy disk drive cable f4.

External

720K 3.5-inch in smart case {suitable for ATs only) £39.50 (carr £3.50). Cable adaptor kit for AT £12.50.

HARD DISK DRIVES
10 Mbyte NEC 5.25-inch MFM £44 95 (carr £4)
20 Mbyte NEC 5.25-inch 40 ms MFM £89.95 {carr £4).
20 Mibyte Miniscribe B225 3.5-inch in 5.25-inch chassis. 24 msec IDE with controller and all cabling — AT only - £109
{carr £5).
30 Mbyte NEC 5.25-inch RLL £109 (carr £5).
44 Mbyte Microscience HH1050 5.25-inch, 28 msec MFM £135 - £125 in systems {carr £4).
40 Mbyte Quantum 40S Pro 3.5-inch, 18 msec SCSI £159 - £149 in systems (carr £4).
55 Mbyte NEC 5.25-inch RLL £149 {carr £4).
62 Mbyte Micropolis 1324A §.25-inch, 28 msec MFM. full height £149 {carr £5)
91 Mbyte Scagatemprimus 34211091 5.25-inch, 16.5 msec SCSI £239 {carr €5).
94 Mbyte Seagate/mprimus ST2106E 5.25-inch, 16.5 msec ESDI drive with 16-bit high-speed controller card and
cables £289 (carr £5).
ALL DRIVES HALF HEIGHT UNLESS STATED
HOD cable set £5.

Lal Vi i 1€ o

External cased AT bus COR1502S, halt-neight. 5 25-inch with card and cable £199 {carr £5]).
1BM COMPATIBLE AT MOTHERBOARDS, CARDS etc

25 MH7 486 Very fatest 80486 baby size motherboard with extra 64K cache Landmark speed 115 MHL Floating point
co-processor built into CPU. Eight expansion siots. £999 {carr £5).
25 MHz 386 motherboard. 80386 cpu, Landmark speed 33 MHz. accepts up to 8 Mbyte SIPPS RAM, £349 {carr £3.50)
20 MMz 386 motherboard, accepts up 10 8 Mbytes SIMMS RAM. £299 {carr £3.50}.
1 Mbyte RAM for 386/486 £45.
12 MHz AT motherboard, 80286 cpu, 8 expansion slots, tull AMI BIOS with diagnostics etc.. 80287 socket, manuat
Landmark speed of 16MHz, accepts up 1o 4 Mbyte of SIPPS RAM on board, £89.00 (carr £3,50}
AT multi YO board with 1 parallel, 2 serial, 1 game, 2 floppy. IDE hard drive £34.50
AT VD card. parallel, serial, game £17.5).
AT/XT Hoppy disk controller £9.95
Mono graphics card £9.95 (all carr. £2).

INTEL 386 PROCESSOR AND 287 AND 387 CO-PROC

¢ det

ESSORS
80287 maths co-processor £99.
(386 and 387 processors extracted from new systems and guaranteed 1 year|
20 MHz 386-20 DX cpu £99. 25 MHz 386-25 DX cpu £119
20 MHz 387-20 co-processor £110. 25 MHz 3327-25 co-processor £139
MOUSE
Microsoft compatible, serial with software, £25.99 (carr £3).

MONITOR - MONO
12-inch Xerox Hercules paperwhite; smart case with tilt-and-swivel base, high res. display, £59.95 {carr £6.50)
SVGA COLOUR MONITOR
14-Inch super VGA Tystar multisync. 0.28 dot pitch. High quality 1024x768 display £249 {carr £10)

HITACHI CAD COLOUR MONITORS
20-inch multisync CM2085M from VGA up to 64kHz at 1280 by 1024 (ex dem.} £899.
20-inch fixed frequency 48kHz CM2086A1-0 {ex dem.} £299.
20-inch fixed frequency 64kHz CM2086A3-EX {ex dem.) £299.
16-inch fixed frequency 64kHz CM1686A (new) £299.

(p.0.a. for carriage for above)

LASER PRINTERS
Acer LP-76 HP Laserjet |l compatible,  p/min, 300x300 DPI, 512K expandable (o 4.5 Mbytes, standard Centronics
interface, £439 {carr £20). Auxilfary paper tray giving paper capacity of 400 sheets or two paper sizes £49 {carr £20)

VGA CARDS
16-bit VGA card, 256K, all emulations, up to 800x600, with software to run all major packages. Oak chip set
Switchable for use in XT's. £59.
16-bit 1024 %768 super VGA card. Very high resolution with 512K and drivers tor Windows 3. Acad. VP etc. Ful
manuals and disks. Trident chip set. £35. 1 Mbyte version £109.95 {carr on cards £2.00).

FAX CARD
Plug into PC expansion siot. Giving powerful fax features: ATS Cipher BT approved Group It intelligent receive/
transmit, with multipie output and call scheduling. With disks, cabies and full user manual £119 {carr £5).

D
Novell compatible 16-bit €89 {carr £2).

POWER SUPPLIES

Astec BM140 IBM XT/AT compatible 150W, +5V at 154, +12V at5A -5V at 0.3A, - 12V at 0.54; fan cooled, rear panel
switch, good value at £19.50 {carr £4).

Farnell N180 cased 180-War. +5V at 20A, +12V at 24, 12V at 2A, +24V a1 5A and -5V at 1A Protessional psu. £26.95
{carr £3).

NB # VAT and carriage must be added 1o all items {guotes for carfiage overseas)
* Everything new, and guarameed one year unless stated; ex-dem. products guaranteed 6 months.
+ Access and Visa telephone service

1
DISK DRIVE CONTR DS (c £2.50 ) \ "
XT MFM £37.50, XT RLL £37.50, XT SCSI £29.50.
AT RLL £37.50, AT MFM £49.95, AT IDE £12.95, AT SCSI £37.50, AT ESDI £69. C O X )

Matmos Ltd. has been trading successtully since 1976.
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STEREO FM RADIO TRANSMITTERS &
TRANSPOSERS (88-110MHz)

P30 902P BAND 2 FM

STEREO MODUL

19" Rack Mounting 2u 350mm decp

Any specified frequency  88-110MHz.

Crystal controlicd IF-RF frequency stability < Sppm
Temp controlled VCO, frequency stability £ 2.5KHz

Audio input .7V 600€2 Bakanced (isolating transformer) XLR Sockets
Audiv bandwidth 40iz-15KHz

Pre-emphasts SOus & 75us

Crosstalk <J0dB 1KHz

1.&R volume controls with 2 analogue level meters
Deviation fevel control with analogue deviation mcter

Ik Hz tone generator switchable Lor R, L & R.

IF Loop on front panel

Voltage 220-240V AC 301z (110-120V AC no cost option [ )]
Output kevel 63dBmV(1500mV) 750 (IEC Connector)
OPTION G 5042 no cost (N Connector)

OPTION A Output Level | Wat1 505! £190.00

OPTION B Output Frequency 420-460 Mz £ 5 40 00
900-920 MIlz Specify Frequency £ %0.00 .

P30 -30VF 30WATT

2 POWER AMP WI

19" Rack Mounting 2j1 $25mm decp
Gain 3dB +20dB AGC. Enables power amplifier to be sited remote
from modulator linked by coax cable with attenuation up ta 20dB.

Input Impedance 750, (IEC Connector)

Output Power 30 Watls into 3082 (N Conneclor) £90 1 00
Voltage 220-240V AC 50Kz (110-120V no cost option F) e

P30 30VFT 30 WATT

2 TRANSPOSER W

Power: Specification as P30-30VF
Input: 88-110M1i2/420-460MHz/ 900-920MHz 502
(N Connector) Specify Frequency

Crystal Contrulled Frequency Stability «Sppm

S0 Sodbts 200w £1261.00

P30 -300VF 300 WA
2 POWER AMP WI1

19" Rack Mounting 3u 500mm deep
Gain 42dB +20dB AGC. Enables power amplifier to be sited remote
from modulator linked by coax cable with attenuation up to 20dB.

Input Impedance 75Q. (IEC cannector)

Output Power 300 Watts into S (;J Connector) £2668 00
L ]

Voltage 220-240V AC 5011z (110-i20V no cost option F)

P30-300VFT 300 W
2 TRANSPOSER WIT

Power: Specification as P30-300VF
tnput: 88-110MH12/420-460M M2/ 900-920M Hz 50Q
(N Connector) Specify Frequency

Crystal Controlted Frequency Stability <Sppm
Gain 103dB £2928 00
AGC 44dB (£22dB). .

ALL PRICES EXC VAT & EX-WORKS

CIRCLENO. 102 ON REPLY CARD

Taylor Bros.(Oldham) Limited. Tel:061 652 3221, Tix: 669911, Fax: 061 626 1736



IC PROGRAMMING TESTING & ERASING SOLUTIONS

PC82 UNIVERSAL PROGRAMMER & TESTER £395

- *%004nag, ‘Pcs 2

"e3req

Universal programmer. The complete designer's kit. This will program EPROMS,
EEROMS, BPROMS, PALS, GALS, EPLD’s, Z8 and 87XX microprocessors. A unique
feature is the testing of logic parts such as 74LS393 etc. The PC82 can check and identify
parts. Already programmed are the TTL & CMOS logic test vectors. Software is supplied
to write vectors for most unique chips. One of the most popular programmers in the USA.

TTL,CMOS, DRAM & SRAM TESTING
PC82 can test and verify any TTL/CMOS 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?

ADAPTERS FOR PC82 FROM £95
A wide 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 PIC 16C54/5/6/7, 8796/7,
68705, 87C751/2, & TMS320E25.

DEVICE GUIDE PC82 PC84
EPROM N/CMOS 2716-27010 (1 mBit) Vpp 12.5,12.9,21,25

EPROM 27513,27011,572000/4000,8764-87256,CYC2XX SERIES =
EEPROM 2816,2816A,2817,2817A,2864A

EEPROM 9306,9307,9346,9356,93CS06.26,44,56,66,28256A -
BPROM 32x8 to 4096 X8, incl. 635080,7C28X,29X. -
PAL10,12,14,16,18,20-L,R,X.P,1,2,4,8,10 (20824-pin) =
GAL 16V8,18P8,208,22V10 ~
EPLD 20G10.22v10, EP310,320,600,610,900,910,5C031,32,60,30 -
CMOS EPAL C16L.8,R8,R6,R4,C18V8,C20G10,L8,R8,R6,R4, C22V10 =
MPU Z8,8741,42,48,49,50,51,C51,C52,C252, TMS7742,77C82,63701 -
Device testing TTLICMOS logic, DRAM & SRAM -

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.

EASY TOINSTALL

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 1O space. The
programmer socket box is connecled 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 programmers is supplied on 5'4" 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. Free software updates for new types which are
continually being added.

The menu-driven software is a full editing, filing and compiling package as well as a
programming package. Save to disk and load from disk allows full filing of patterns on
disk, to be saved and recalled instantaneously. 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, INTELLIGENT INTEL, etc.

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.

7

M1 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
fealures for simple operation in use.
Large capacity e.g. 13x28 pin devices.
Small footprint. Designed for heavy
industrial/workshop use. UK design &
manufacture.

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 sizes
are from 2716 to 271000 both C and
NMOS. ZIF (zero insertion force) sock-
ets are used on all models.

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. Officlal orders
welcome from Government bodies & local authorities.

= [ ¢4« | kN

CITADEL PRODUCTS LTD

Dept. WW, 50 High St,
Edgware, Middx. HA8'7EP
Tel' 081-951 1848




