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Programming Solutions

SMART Communications offer the best range of low cost programmers for your every need.
Unrivalled device support includes the latest MACH, pLSI, MAPL, PIC, WSI, Atmel, Xilinx and
Intel parts.

ALL-07 Universal Programmer

Pin driver expansion can drive up to 256 pins.
Supports over 2000 IC’s — 3 and 5 volt devices.

EPROMs, E2PROMSs, Bipolars, Flash, Serial EPROMs

up to 16 Mbits parts, over 150 Microcontrollers

and PLDs, EPLDs, PEELs, PALs, GALs, FPGAs etc...
Universal DIL (up to 48 pins), PLCC and gang PACs

— significantly reduces the number of adapters required.
Powerful full colour menu system.
Connects to the pc printer port with its own power supply.
Latest programming algorithms.
Tests TTL, CMOS and SRAM devices

— even identifies unknown parts.

Approved by AMD for their range of programmable logic.

£595

EMP-20
Multi-Device
Programmer

EPROMs, E2PROMs, Flash,
Serial EPROMs to 16 Mbits.

PLDs, GALs, PEELs, WSI PSDs.

Intel, Microchip, Motorola
and Zilog Microcontrollers.

Fast programming algorithms.

£325
Erasers } PB-10 Programmer
& pin Low cost programmer.
EPROMs, E2PROMs, Flash and 8748/8751.
convertors

Fast programming algorithms.
Simple but powerful menu driven software.

£139

SMART Communications have a full
range of dedicated programmers for
the Microchip PIC range of
microcontrollers — both single and
gang for DIL and SOIC variants.

AT-701 — Chiprase
Ultra-violet eraser.
Very compact
16 chip capacity

Bultintmer ~ £95

Pin convertors
from DIL to
PLCC, SOP, SOIC etc...

from £50

We also supply a wide range of development tools — Assemblers, Compilers, Simulators
and Emulatcrs - for a wide range of microprocessors, especially the Microchip range.
Our ROM emulators start at just £99.

@ \ A B

-y ' r . 2 Field End » Arkley e Barnet e Herts ® EN5 3EZ e England

N ) Telephone +44 (0Y181 4413890 Ve
COMMUNICATIONS  Fax +44 (0)181 4411843
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is easy but estimating the true
value of a complex wavefoarm is
fraught with difficulties —
particularly at higher
frequencies. We look at devices
aimed at simplifying the task.
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Both worm and rewritable optical disks can now hold
up to 1.5Gbyte, and the technology is becoming much
more accessible as prices fall. Martin Eccles locks at
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such as those presented free on this month's cover — is
now so high that it is possible to make tiny fluorescent
lamp drivers with around 90% efficiency. Martin Eccles
looks at how.

REAL-WORLD CONTROL VIA LPT......cccoeernnnn 755
Implementing i/o via PC expansion slots produces
versatile but complex and relatively expensive results.
For many simple tasks. the Centronics port can be more
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PROGRAM 8
CHIPS IN THE
TIME IT TAKES

FOR ONE!
At £645 costing around half the

price of slower gang
programmers, the Speedmaster
8000 gang programmer uses a
simple 2 button operation in
stand-alone mode. PC operation
gives comprehensive file handling
and editing functions. Capable of
gang and set programming it
supports 32 pin EPROMs to 8M
with no adaptors required.
Programming cycle times of only
23 seconds for 8 27CO0I0’'s
mean your throughput can now

be faster than ever before.

CIRCLENO. 103 ON REPLY CARD

ROM/RAM EMULATOR
PLUG IN CARDS

Using these expansion cards your
programmer can run as if there’s
an EPROM or RAM plugged into
the target socket. Available as 8
bit wide 128k x 8 as standard,
upgradable to 512k x 8, and 16
bit capable of emulating 40 pin
EPROMs. They can emulate both
5V and 3.3V devices.

CIRCLE NO. 104 ON REPLY CARD

PACKAGE ADAPTORS

A full range of package adaptors
is available for non DIL devices
and parts with more than 40 pins.
Prices from £65.

CIRCLE NO. 105 ON REPLY CARD

DISTRIBUTORS
BENELUX: +3255313737,
CYPRUS: 02485378,
DENMARK: 048141885,
FINLAND: 070039000;
FRANCE: 0139899622;
GERMANY: 060827421615,
GREECE: 0190201 15;
ITALY: 02457841;
JAPAN: 053865501;
NORWAY: 063840007,
SINGAPORE: 04831691;
SOUTH AFRICA: 0119741211/1521;
SPAIN: 013270614
USA: Distributors required.

FREE SOFTWARE UPGRADES! -
KEEP UP TO DATE WITH NEW DEVICES

Before you choose your
programmer, check out the cost
of ownership. While other
manufacturers charge for every
update or require expensive
libraries and modules, ICE
Technology programmers

support the whole range of
devices at no extra charge*. And
keeping up to date is FREE for
life at no charge on our BBS
service.

Just dial on: +44(0) 1226761181,
and download the latest version.

Disk based upgrades are available
free in the first year, and a small
administration charge made for

each subsequent disk.
* for DIL up to 40 pins.
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AT LAST, AN AFFORDABLE 3V AND 5V
UNIVERSAL PROGRAMMER!

he latest universal

programmers from ICE

Technology, the

Micromaster LV and
Speedmaster LV, now support
programming aid verification of
3.3V devices, now you can test
devices at their actual operating
voltage.

making them flexible enough
whatever your programming
needs.

Not only that, as new devices
come onto the market we give
free software upgrades and the
units” modular design, with easy
upgrade path, protects your
investment.

FEATURES

® Widest ever device support
including: EPROMs,
EEPROMs, Flash, SPROMs,
BPROMS, PALs, MACH,
MAX, MAPL, PEELs, EPLDs
Microcontrollers, etc.

¢ High speed, programmes a
PIC16C54 in 0.5 secs
(Micromaster LV).

¢ Up to 84 pin device support
with adaptors.

¢ Connects directly to parallel
port - no PC cards needed

@ Built in chiptester for 7400,
4000, DRAM, SRAM.

@ Lightweight and operates from
mains or battery.

¢ Optional 8 or 16 bit wide
ROM/RAM emulator.

@ Designed, built and supported
in the UK.

¢ FREE software device support
upgrades via bulletin board.

They offer wider device Available now and pri.ced fror,n # Next day delivery.

support than ever before, the  £495 they are everything you'll

majority requiring no need for  programming,

adaptor. They will operate chiptesting and ROM emulation. CIRCLE NO. 107 ON REPLY CARD

from battery or mains power,

Speedmaster LV 8 bit Emulator card ' Call now to place your order, for
more details or a free demo disk,

Programmes 3 and 5V Expansion card %’l or call our bulletin board to

devices including memory,
programmable logic and
8748/51  series  micros.
Complete with parallel port
cable, software, recharger
and documentation.

- csos
MicromasterLV

As above plus support for over 90
different micro controllers without
adaptors, including PICs, 89C51,
87C751, MC68HC705, ST6, Z86 etc.

B <o2s

containing 8 bit wide
ROM RAM emulator,
includes cable and
software. 128K x 8.

B <2
16 bit Emulator card

Expansion card containing 16
bit wide ROM RAM
emulator, includes cable and
software. 128K x 16.

<5 Tl

ICE Technology Ltd. Penistone Court, Station Buildings, Penistone,
South Yorkshire, S30 6HG, UK.

Tel +44(0)1226767404, Fax +44(0)1226370434, BBS +£4(0) 1226 761181

download the latest demo.
Alternatively clip the coupon or
circle the reply number.

Name: ...
Position: ..o
Company: ... g
Address: ..o

Tel: o

Fax: oo
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All major credit cards accepted
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The sound of indifference

television stereo sound system first entered

public service. Currently only about 20 per
cent of all sets sold are equipped to receive
stereo transmissions.

Those of us who have a nicam set will testify
to the stunning quality available on ITV and
Channel 4 sound tracks. They invariably
demonstrate a crystal clear spatial sound
image — particularly in drama productions —
which adds immeasurably to programme
enjoyment.

I would go sc far as to say that the attention
which production staff put into sound quality
exceeds that of most radio programmes, more
noticeably so when played through a good
pair of speakers separated physically from the
television.

Most people would never know this The
television companies have done virtually no
promotion on the nicam system. For those
with long memecries, compare situation to the
publicity which surrounded the launch of the
colour service nearly 30 years ago.

I personally have never heard a BBC nicam
sound transmission but I am sure that it would
be equally good: the transmitter which serves
our area will not be delivering a nicam service
for at least another ten years.

If you talk to broadcasters — particularly the
BBC - they wilti tell you that they simply
don’t have the money to adapt transmitters in
service to radiate the extra subcarrier signal.
They can only afford to equip for stereo sound
when station esquipment naturally comes up
for replacement. In the meantime, the below-
the-line policy is not to mention this service
so that people who are being forced to wait
for decades “won’t get jealous” in the words
of one Corporation person.

The reticence of the of the independent

It is now five years since the nicam

television companies is harder to understand.
One weuld have thought that one company or
region would have made whatever
competitive capital it could out of the
enhanced sound service. Perhaps they feel that
their viewers are too stupid to appreciate
sound quality and that they don’t want the
advertisers to know.

Either way, nicam offers benefits to viewers
and licence payers which most will never
appreciate. This is ironic since the BBC
played a major role in the design of this most
excellent system.

One understands the pressures from the
political agenda which broadcasters face; the
process leading up to publication of the recent
White Paper on the future of the BBC must
have put all forms of capital expenditure on
hold. Its publication should have cleared the
air but reports coming from inside the
Corporation suggest that financial easement
will benefit programmes rather than
engineering development.

Even though the Corporation has produced
world class technical developments, continued
financial constraint is likely to prevent these
entering service. Thus when it makes
pronouncements on such things as digital
audio broadcasting or DVB, no one should
take it seriously, least of all the setmakers
who would otherwise invest heavily in new
design and production. This is a great shame
because it stunts development of a much
wider electronics industry infrastructure.
When the Government allowed the renewal
of the Corporation’s charter on largely
unchanged terms, it missed an opportunity to
enable the BBC to participate in the future
development of broadcasting. This is far
more important than it might appear.

Frank Ogden.

Electronics Workd + Wireless World is published monthly. By
post, current issue £2.25, back issues (if availabe) £2.50.
Orders, payments ard general correspondence t) L333,
Electronics World + Wireless World, Quadran: House, The
Quadrant, Suttor, Surrey SM2 5AS. TIx:892984 REED BP G.
Cheques should ke made payable to Reed Busiress
Publishing Group

Newstrade: Distrbued by Marketforce (UK) Ltd,

247 Tottenham Cour: Road London W1P QAU 071 261-5556.
Subscriptions: Cuadrant Subscription Services, Oakfield
House, Perrymount Road, Haywards Heath, Sussex RH16
3DH. Telephone 8444 445566. Please notify change of
address. Subscriptio rates 1 year (normal rate) 230 UK and
£43 outside UK.

USA: $52.00 airrail Reed Business Publishing (USA),
Subscriptions office, 205 E. 42nd Street, NY 10117,

Overseas advertising agents: France and Belgium: Pierre
Mussard 18-20 Place de la Madeleine, Paris 75008. United
States o- America: Ray Barnes, Reed Business Publishing Ltd,
205 E. 42nd Street, NY 10117.Telephone (212) 867-2080.
Tix 2382%.

USA maling agents: Mercury Airfreight International Ltd Inc,
10(b} Englehard Ave, Avenel NJ 07001. 2nd class postage
paid at Fahway NJ Postmaster. Send address changes to
above.

Printed >y BPCC Magazines (Carlisle) Ltd, Newtown Trading
Estate, Carlisle. Cumbria, CA2 7NR

Typeset oy Marlin Graphics 2-4 Powerscrof: Road, Sidcup,
Kent DA14 50T

©Reed Business Publishing Ltd 1992 ISSN 0959 8332

September 1994 ELECTRONICS WORLD + WIRELESS WORLD

707



UP DAIE

Widescreen television for UK

fter fifty years of watching transmission technologies, or buy The BBC’s digital wide-screen
box-shaped tv screens, British  two different wide screen programmes will be completely
tv viewers will now get the chance  reception systems. separate from its analogue
to receive wide-screen broadcasts. The commercial tv stations will channels BBC! and BBC2, use
On new tv sets these will give use an analogue system called spare frequencies which are slotted
clearer pictures of shape similar to ~ PALplus which builds on the between them, and be wholly
acinema screen. But a deep-rooted  existing PAL tv system used in incompatible with all existing sets.
policy difference between the Europe and Australia and will be The Department of National
BBC and commercial tv stations ready this year. The BBC will wait  Heritage recently cleared the way
means that viewers will have to three years and use all-digital for this in its White Paper, The
chose between two different technology which is not yet ready.  Future of the BBC. Viewers who

Pressure on for better engine management

I n an internal combustion engine, nitrogen- Running at a much higher air to fuel ratio of unburnt fuel.

oxide and carbon-dioxide pollutants can be  dramatically reduces these emissions but at To minimise this effect, Toyota has
minimised by increasing the air to fuel ratio  the same time will increase the chances of developed a pressure sensor that fits in a
for the engine. misfiring which in itself increases emissions  vehicle’s combustion chamber enabling the

engine management system to detect misfir-
ing and adjust the vehicle’s air to fuel ratio
accordingly, thus controlling the air-
polluting nitrogen-oxide emissions.

“I was there in Japan at Toyota and saw
the sensor. We even tested it for research
purposes. It is more or less used for
misfiring detection and it works close to the
lean burn engine limit,” said Rolf Kuratle, a
product manager for combustion engine
measurements at the Swiss firm Kistler
Instruments which develops and
manufactures automotive electronics.

Toyota claims that this is the first
combustion chamber pressure sensor in the
world to be mass-produced as an automotive
part. It has been fitted in the Toyota Carina
E, at the moment only available in Japan.

This sensor cannot be retrofitted in a car
but it looks set to become an integral part of
future car engines.

“In theory this is fine,” said Peter
Lanscott, a representative of Kistler
Instruments UK. “But it is very expensive.

A Kawasaki GPX750R motorcycle engine
undergoing high-speed combustion analysis —
10,500rev/min ~ at Ricardo, the Shoreham
based research, development and consulting
organisation. Readings for the Toyota
pressure sensor are averaged over several
engine cycles.
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want to receive the new
programmes will have to buy a
new wide-screen tv set, with
digital decoder. Everyone else will
continue to watch BBCI and
BBC?2, as normal, on their existing
PAL sets.

Commercial station Channel
Four wants to get in earlier and
will this October start wide screen
broadcasting with analogue
PALplus. Granada has confirmed
it will start PALplus transmission
before the end of the year.
Viewers with PALplus sets see
pictures which are not just wider
than normal, but clearer too, with
more fine detail and fewer
artefacts like spurious colour
patterns on check jackets. Viewers
with existing PAL tv sets receive
the same programmes, but they
will see them in letterbox tormat,
with a black border at the top and
bottom of the screen.

PALplus was developed by a
consortium of European

electronics companies and
broadcasters. Work is a year ahead
of schedule and electronies
company Nokia of Finland will
have wide-screen tv sets with
built-in PALplus decoders ready
for sale for 1300 pounds this
October.

A conventional PAL tv picture,
of 4:3 boxy aspect ratio, is built
from 625 horizontal scanning
lines. Of these. 576 are “active’
lines which are used to trace the
picture on the screen. The other 49
lines define the black borders
which are largely lost off the top
and bottom of the screen.

With PALplus, the programme
is broadcast in wide-screen 16:9
aspect ratio, using 432 active
lines. The other 144 lines appear
as thick black bars at the top and
bottom of a 4:3 screen. A PALplus
tv set with wide-screen picture
tube expands this letterbox image
to fill the full screen. So the
expanded image is built from onty

432 lines instead of 576, and
would, without extra tricks, look
very coarse.

A PALplus tv set rebuilds the
lost resolution by using an
analogue “helper” signal which
conveys high frequency. finz
picture detail. This helper is buried
in the 144 black border lines for
transmission.

The helper is generated before
transmission. by equipment which
separates the active picture lines
into groups of four, and then
converts each of these groups into
a group of three picture lines plus
one helper line. PALplus wide-
screen sets combine the helper
lines with their corresponding
three-line groups, to reconstitute
the groups of four lines. The
receiver needs 6M-bytes of
computer memory to do this.

Channel 4 says it will transmit
500 hours of wide-screen material
before the end of 1995.

Barry Fox

UPDATE

Damages for
multipath viewers

Viewers whose tv
pictures have been
spoiled by the erection of
a tall building in the path
of the transmitter have
been anxiously awaiting
the result of a recent
High Court action. Seven
hundred people in East
London put their names
on a writ which claims
damages from Canary
Wharf Limited, owners
of the Tower in
Docklands which
blocked their tv signals.
These viewers now
have their pictures back,
thanks to a secondary
transmitter built by the
BBC, and are suing for at
least two lost years. BF

We developed transducers for the Mercedes-
Benz engine that won the championship in
1990 at Le Mans and it was expensive.”

Although Toyota sensor’s prime objective
is to keep the nitrogen-oxide emissions low,
it also improves fuel consumption without
affecting vehicle performance, and therefore
lengthens engine life.

To reduce the nitrogen-oxide levels,
Toyota engineers introduced feedback into
the control loop between the combustion
chamber and the air intake manifold. The
pressure sensor and the in-vehicle computer
form an advanced engine management
system.,

It Is in the air intake manifold that the air
to fuel ratio is increased close to the ideal
ratio of an advanced lean-burn combustion
engine which is 24:1 (compared to 14:1 ratio
in an average petrol engine).

This in itself has proved difficult for the
Toyota engineers to achieve, as increasing
the air to fuel ratio means that optimal
functioning and stability of the engine is
difficult to maintain.

The pressure fluctuations in the
combustion chamber, usually a sign of an
unstable engine, are sensed and several
consecutive readings are taken .by the in-
vehicle computer which enables adjustments
to the air to fuel ratio to be made.

“It is very dangerous to keep adjusting this
ratio after every reading taken in the
combustion chamber. That’s why a few
readings are taken and the amount of
adjustment needed statistically calculated,”
said Katsuhito Hirose, the assistant manager
at the homologation and research
department at the Toyota Motor Company
Europe in Brussels.

Two devices were suitable for use as

combustion chamber pressure sensors
appropriate for the vehicle environment.
One was a sensor made of a piezoelectric
material, PZT ceramic

chamber pressure sensors appropriate for
the vehicle environment. One was a sensor
made of a piezoelectric material, P~T
ceramic (lead-zirconium-titanate), and the
other made of a single silicon crystal.

The single silicon crystal was chosen due
to its superior mechanical properties, such as
thermostability and durability, and its
immunity to electrical noise. The silicon
crystal can achieve toughness against large
stresses, and accuracy at high temperatures.

Silicon also has a high piezoresistive
coefficient (the ratio of electric resistivity to
applied stress).

The combustion pressure sensor is
installed directly into the vehicle’s engine
and consists of a pressure detecting part,
which converts stress into force, a force
detector, which converts the force into
electric signals and a built-in amplifier
which suppresses noise.

A key part is the force detector which
works on the basis of the piezoresistive
effect. In this case Toyota has used a
piezoresistive material whose directions of
force, driving current and detecting electric
field are perpendicular to one another.

The force detector, of asize 1.7 x 1.7 x
1.9mm, consists of a metal hemisphere. a
transmission block, a silicon chip, and a
base block. The metal hemisphere rests over
the force transmission block, which is
placed over the silicon chip and the base
block. A hemisphere design was chosen due
to the fact that force is equally distributed in
all directions over the silicon chip.

The silicon chip is p-type with diffused

boron atoms. On the chip’s surface two pairs
of electrodes are connected to each other in
a perpendicular manner. The electrodes are
there to supply the driving current (input
electrodes) and to detect the voltage (output
electrodes).

The input and output electrodes’ lengths,
positions and impedances are important for
the detector as they influence its sensitivity.

By experimenting, Toyota’s optimal
figures for the output electrodes’ length are
in the range of 50 to 100pm and the length
of the input electrodes should be equal to the
width of the force impressed area.

The force transmission block and the base
block are made of devitrified glass, which is
a material doped with impurities to gain a
multi crystal structure. This makes it
suitable for electrostatic bonding with a
thermal expansion coefficient close to that
of silicon. ’

The detector is driven by a dc voltage. The
driving current flows throughout the silicon
chip and the electric potential is distributed
on its surface.

The output voltages. proportional to the
applied force, are detected between the
output electrodes as a differential potential.

The force is applied to the top of the
detector. When no force is applied, the
output voltage is nearly equal to zero. A
metal diaphragm converts the combustion
pressure into the force which is transmitted
to the force detector by a transmission rod.

The output amplifier consists of an op-
amp integrated into the silicon wafer in
order to minimise the effects of electrical
noise picked up by the cabling between the
sensor and the in-vehicle computer. This
noise 1s of the order of several millivolts.
Svetlana Josefana, Electronics Weekly
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UPDATE

Next generation of wafers set at 12in  Pentium prices

he next generation of silicon wafer size

has been fixed at 12in. at a closed door
meeting between major non-Japanese chip
users and equipment suppliers at the
Semicon West exhibition held in San
Francisco last week.

But the Japanese Ministry of Trade and
Industry (MITI) has proposed that an
international consortium should be formed
involving German. US and Japanese chip
makers to work together on the next-but-one
wafer size — 16in. To make sure that
Japanese companies have a major say in it,
MITTI is offering to put up 70% of the
$176m estimated cost.

The 12in decision, which has the support
of the US government-backed semicon-
ductor consortium Sematech, is also

supported by Europe’s Joint European
Submicron Silicon Initiative, whose repre-
sentatives attended the meeting.

Ten-inch wafers were rejected because
they would only give a 56% increase in arca
over today's 8in wafers, whereas 12in
wafers give a 125% increase.

But the decision has not met with
universal approval. Most Japanese
companies are still trying to fully utilise
their 8in wafer fabs. The world’s largest
supplier of wafer fab equipment. Applied
Materials, would have liked to have seen the
industry agree on 14in wafers — such a move
could have squeezed out smaller equipment
manufacturers.

Paul Gregg, Electronics Weekly

Dummies with intelligent heads. An element of a new range of crash-test dummies from Vector
Research is a new magnetohydrodynamic sensor from Endevco. It measures angular rate to help in
the assessment of head injury criteria.

will plummet

I ntel is planning to slash the price of its
Pentium microprocessors by up to 50%
as it fights According to documents leaked
from Intel, it will cut the price of Pentium
chips by between 35 per cent and 50 per
cent over the next nine months.

As predicted in Electronics Weekly last
month, the Pentium price cuts are much
sharper than Intel’s standard price cutting
strategy for previous microprocessor lines
such as the 386 and 486, where prices fell
only 25 per cent per year.

Intel’s plans for the fourth quarter of this
year call for the 60MHz Pentium
microprocessor to fall in price to below
$400 compared to its recently cut price of
$575. The price of the 90MHz Pentium
will fall to around $600.

By the second quarter of 1995, 100MHz
Pentium prices will be reduced and the
486DX4 will replace the 486DX2. The
75MHz Pentium will then replace the
60MHz Pentium at the same price point.

The steeper price cuts represent a
potentially dangerous strategy for Intel
since Pentium microprocessors are more
expensive to make than rival high end 486
or Risc microprocessors and Intel risks
losing profits needed for future investment.

Play time... US chip firm LSI Logic has
unveiled pictures of the central processing
unit it has designed jointly with Sony for
the Japanese firm’s Playstation video game
machine. Based around a 32bit Mips Risc
microprocessor, the CPU also has a 3D
graphics engine and a full-motion video
decoder based on the JPEG standard. Sony
plans to launch the Playstation, which will
run software delivered on CD-ROMs, in
Japan later this year, followed by a US
launch in 1995.

Sony MiniDisc in computer data storage challenge

Sony is launching its MiniDisc audio
technology as a data storage format
which it hopes will replace the 3.5in. floppy
disc.

The move, announced at last month’s PC
Expo show in New York, is part of a drive
to establish Sony as a major branded
computer peripherals supplier, spearheaded
by products based on two of its most famous
technologies: MiniDisc and its Trinitron
colour tv tube.

Sony’s MiniDisc re-recordable disc
technology was developed as a replacement

for the compact cassette in the audio market.
Each magneto-optical disc, measuring jus:
2.5in. in diameter, can store [40Mbytes.

Sony said several major computer makers.
including IBM, are interested in integrating
MD drives into their portable machines. But
initial versions are too high and so will be
sold as standalone peripherals.

Sony also launched Trinitron 15in and
20in computer monitors.

Sony already makes unbranded computer
peripherals for other computer companies. It
hopes to cash in on this expertise and on its

strong brand recognition in the consumer
market.

At the press conference to announce the
peripherals move, Sony also gave the first
public glimpse of the personal digital
assistant it plans to launch next year. The
prototype pen-based device is based on a
Motorola processor. It has an internal
modem but no wireless communications
capabilities. Sony said it will make further
announcements about the device in
September. |
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ANCHOR SURPLUS LTD
THE CATTLE MARKET
NOTTINGHAM
NG2 3GY
TEL: (0602) 864902 & 864041
FAX: (0602) 864667

HP 141T SPECTRUM ANALYSER SYSTEMS

141T+8552B+8553 (1Khz-110Mhz).....£525 PLUG IN’s Available as Separates

8552B IF.....£250 8553 RF....£175
141T+8552B+8554 (100Khz-1250Mhz).....£750 8554 RF.... £395 8555A RF.... £595

141T+8552B+8555A (10Mhz-18Ghz).....£995 141T Storage Mainframes ................... £250

ACCESSORIES
8443A Tracking Generator Counter (110Mhz).....£300
8445B Tracking Pre-Selector.....£450
8445B Tracking Pra Selector with Digital Readout
(opt 002—-003).....£750

TEK 492P Spectrum Analyser
50Khz—-21Ghz 1 Khz resolution IEEE (GPIB) option fitted
One Only Left — Mint Condition —£4750

ONE MONTH ONLY SPECIAL OFFERS
HP5328A 8 Digit DFM with DVM & GPIB.....£275

RACAL DANA 1991 Prog-Universal Counter (opt 04T-10-55) TXO+GPIB fitted.....£295
Racal Dana 9904 7 Digit Universal Counters.....£65
Marconi TF2438 8 Digit Universal Counters 520Mhz.....£145

TEK 5113 Dual Beam Storage Scopes 2Mhz.....£475
Kikusui DSS6520 Digital Storage Scopes 20Mhz.....£495

TEK 1240 Logic Analysers 100Mhz incl 2 Pods.....£499
HP 1640B Serial Data Analyser 50-9600 bd RS232.....£150
TEK 834 Prog Data Comms Tester RS232.....£150

FARNELL DSG2M Synthesised Precision Signal Generators
0.001hz—110Khz 50r 300r GPIB Sweep.....£125

KEMO VBF/3 Dual Variable Filters 0.1Hz—10Khz.....£75
KEMO DP1 Digital Phase Meters.....£75

SAYROSA 252P Automatic Modulation Meters 50Khz—2.5Ghz.....£125

HP 8015A 50Mhz Dual Pulse Gens.....£125
HP 8005B 20Mhz Dual Pulse Gens.....£95

Ormandy & Strollery Digital Wattmeter 0-10Kw @ 0-375V
110v operation 3.5 digit LED — ONE ONLY......£195

NOW OPEN SEVEN DAYS A WEEK

Monday to Friday: 9.00 am to 6.00 pm Saturday: 8.00 am to 4.00 pm
SUNDAY: 10.00 am to 4.00 pm

| VISA
All prices excluding VAT & carriage. —
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SMALL SELECTION ONLY LISTED - EXPORT TRADE AND QUANTITY DISCOUNTS - RING US FOR YOUR REQUIREMENTS WHICH MAY BE IN STOCK

NEW LOW PRICE - NEW COLOUR

HP141T

SPECTRUM ANALYSERS

TESTED

HP141T + 8552A or B IF — 8553B RF — 1kHz — 110Mc/s —
A IF £600 or B IF — £700.

HP141T + 8552A or B IF — 8554B RF — 100kHz —
1250Mc/s — A IF £800 or B IF — £900.

HP141T + 8552A or B IF — 8555A RF — 10Mc/s — 18GHz
— A IF £1400 or B IF — £1600. The mixer in this unit
costs £1000, we test every one for correct gain
before despatch.

HP141T + 8552A or B IF — 8556A RF — 20Hz — 300kHz —
AIF £600 or BIF-£700.

HP ANZ UNITS

AVAILABLE SEPARATELY
NEW COLOUR - TESTED

HP141T Mainframe — £350 — 8552A IF — £200 — 8552B
IF —£300 — 8553B RF — 1kHz — 110Mc¢/s — £200 — 8554B
RF — 100kHz — 1250Mc/s — £400. 8555A RF — 10Mc/s —
18GHz - £1000. 8556A RF — 20HZ — 300KHZ - £250.

HP8443A Tracking Generator Counter — 100kHz —
110Mc/s — £300 — £400.

HP8445B Tracking Pre-selector DC - 18GHz — £400-
£600 or HP8445A — £250.,

HP8444A Tracking Generator — £750 — 1300Mc/s.

HP8444A Opt 059 Tracking Generator — £1000 — 1500Mc/s.

SPECIAL OFFER — 14 ONLY
HP140T (NON-STORAGE)

Mainframe Plus 8552A IF Plug-In Plus 8556A RF Plug-
In 20Hz - 300kHz Plus 8553B RF Plug-In 1kHz -
110Mc/s. Tested with instructions — £700.

Marconi TF2008 — AM-FM signal generator — also sweeper — 10K¢/s — 510Mc/s — from £250 — tested
to £400 as new with manual — probe kit in wooden carrying box.

HP Frequency comb generator type 8406 — £400.

HP Vector Voltmeter type 8405A — £400 to £600 — old or new colour.

HP Sweep Oscillators type 8630 A & B + plug-ins from 10Mc/s to 18GHz also 18-40GHz. P.O.R..

HP Network Analyzer type 8407A + 8412A + 8501A — 100Kc/s — 110Mc/s — £500 — £1000.

HP Amplifier type 8447 A — 1-400Mc/s £200 — HPB8447F. 1-1300Mc/s £400.

HP Frequency Counter type 5340A — 18GHz £1000 — rear output £800.

HP 8410 — A — B — C Network Analyzer 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. From £1000.

Racal/Dana 3301A — 39302 RF Millivoltmeter — 1.5-2GHz — £250-£400.

Racal/Dana Counters 3315M — 9316 — 9917 — 3321 — £150 to £450. Fitted FX standards.

Racal/Dana Modulation Meter type 3009 - 8Mc/s — 1.5GHz - £250.

Marconi RCL Bridge type TF2700 - £150.

Marconi/Saunders Signal Sources type — 6058B — 6070A — 6055A — 6053A — 6057A — 6056 —
£250-£350. 400Mc/s to 18GHz.

Marconi TF1245 Circuit Magnification meter + 1246 & 1247 Oscillators — £100-£300.

Marconi microwave 6600A sweep osc., mainframe with 6650 Pl — 18-26.5GHz or 6651 Pl — 26 5-
40GHz —- £1000 or Pt only £600. MF only £250.

Marconi distortion meter type TF2331 - £150. TF2331A - 200.

Tektronix Plug-Ins 7A13 - 7A14 - 7A18 - 7A24 — 7A26 - TA11 - 7M11 7511 -7D10- 7512 -§1

S2 - 86 - S52 ~ PG506 ~ SC504 — SG502 — SG503 ~ SG504 — DCS03 -DCS08 ~ DD5S0T —
WR501 - DM501A ~ FG501A — TG501 — PG502 — DCS05A — FG504 — 7B80 + 85-7B92A

Gould J3B test oscillator + manual — £200.

Tektronix Mainframes — 7603 — 7623A — 7613 — 7704A — 7844 — 7304 — TM501 — TM503 — TM506 —
7304 — 78347104 — 7623 — 7633.

Alltech 757 Spectrum Analyser — 001 22GHz - Digital storage + readout — £2000.

Marconi 6155A Signal Source - 1 to 2GHz - LED readout — £400.

Barr & Stroud Variable filter EF3 0.1Hz — 100kc/s + high pass + low pass —£150.

Marconi TF2163S attenuator — 1GHz. £200.

Farnell power unit H60/50 — £400 tested. H60/25 — £250.

Racal/Dana 3300 RMS voltmeter - £250.

HP 8750A storage normalizer — £400 with lead + S.A or N A interface.

Marconi TF2330 — or TF2330A wave analysers — £100-£150.

Racal/Dana signal generator 3082 — 1.5-520M¢/s - £500.

Racal/Dana signal generator 3082H - 1.56-520Mc¢/s — £600.

Tektronix~7514-7T11-7511-7512- 5152 - $33 - S47 - S51 - 552 - S53 - 7M11.

Marconi mod meters type TF2304 — £250.

HP 5065A rubidrum vapour FX standard — £2.5k.

Systron Donner counter type 6054B — 20Mc/s — 24GHz — LED readout - £1k.

Racal/Dana 9083 signai source — two tone — £250.

Systron Donner —signal generator 1702 — synthesized to 1GHz - AM/FM — £600.

Tektronix TM515 mainframe + TM5006 mainframe — £450 — £850.

Rhodes & Schwartz power signal generator SLRD-280 — 2750Mc/s — £250-£600.

Ball Efratom rubidrum standard PT256B-FRKL — £1000.

Farnall electronic load type RB1030-35 — £350.

Racal/Dana counters — 9904 — 3305 — 3306 — 3915 — 9916 — 9917 — 3921 — 5CMc/s — 3GHz — £100-
£450 — all fitted with FX standards.

HP4815A RF vector impedance meter ¢/w probe — £500-£600.

Marconi TF2092 noise receiver. A, B or C plus filters — £100-£350.

Marconi TF2091 noise generator. A, B or C plus filters — £100-£350.

HP180TR, HP182T mainframes £300-£500.

Fluke 8506A thermal RMS digital multimeter. £400.

Philips panoramic receiver type PM7900 — 1 to 20GHz — £400.

Marconi 6700A sweep oscillator + 6730A — 1 to 2GHz - £500.

HP8505A network ANZ + 8503A S parameter test set + 8501A normalizer — £4k.

Racal/Dana VLF frequency standard equipment. Tracer receiver type 300A + difference meter
type 527E + rubidium standard type 9475 — £2750.

HP signal generators type 626 — 628 — frequency 10GHz - 21GHz.

HP 432A —435A or B - 436A — power meters + powerheads — Mc/s — 40GHz - £200-£1000.

Bradley osciiloscope calibrator type 132 — £600.

Barr & Stroud variable filter EF3 0.1Hz — 100Kc/s + high pass + low pass — £150.

Marconi TF2370 spectrum ANZ — 110Mc/s - £300.

Marconi TF2370 spectrum ANZ + TK2375 FX extender 1250Mc/s + 1st gen —£1.5k.

HP8614A signal generator 800Mc/s —2.4GHz, new colour £400.

HPB616A signal gen 1.8GHz — 4.5GHz, new colour £400.

HP 3325A syn function gen 20Mc/s - £1500.

HP 3336A or B syn level generator — £500-£600.

HP 35868 or C selective level meter — £750-£1000.

HP 3575A gain phase meter 1Hz — 13Mc/s — £400.

HP 8671A syn microwave 2 — 6.2GHz — £2k.

HP 8683D S/G microwave 2.3 - 13GHz — opt 001 — 003 — £4.5k.

HP 8660 A-B-C syn S/G. AM + FM + 10Kc/s to 110Mc/s P1 — 1Mc/s to 1300Mce/s - 1Mc/s to
2500Mc/s — £750-£2800.

HP 8640B S/G AM-FM 512Mc/s or 1024Mc/s. Opt 001 or 002 or 003 — £800-£1250.

HP 8656A S/G AM-FM 0.1 — 930Mc/s - £1500.

HP 8622B Sweep Pl - 01 - 2.4GHz + ATT - £1750.

HP 8629A Sweep Pl -2 —18GHz - £1000.

HP 86290B Sweep Pl — 2 - 18GHz - £1250.

HP 86 Series PI's in stock — splitband from 10Mc/s — 18.6GHz — £250-£1k.

HP 8620C Mainframe — £250. IEEE — £500.

HP 8615A Programmable signal source — tMHz — 50Mc/s — opt 002 — £1k.

HP 8601A Sweep generator .1 — 110Mc¢/s — £300.

HP 4261A LCR meter + 16038A test leads — £400.

HP 4271B LCR meter 1MHz digital meter + 16063A test adaptor — £850.

HP 4342A Q meter 22kHz — 70Mc/s 16462A + gty of 10 inductors — £850.

HP 3488A HP — !B switch control unit — £500 + control modules various — £175 each.

HP 3561A Dynamic signal ANZ — £3k.

HP 8160A 50Mc/s programmable pulse generator — £1400.

HP 853A MF ANZ + 8558B — 0.1 — 1500Mc/s — £2500.

HP 8349A Microwave Amp 2 — 20GHz Solid state ~ £1500

HP 3585A Analyser 20Hz — 40Mc/s — £4k.

HP 8569B Analyser .01 — 22GHz — £5k.

HP 3580A Analyser 5Hz — 50kHz — £1k.

HP 1980B Oscilloscope measurement system — £600.

HP 34554 Digital voltmeter - £500.

HP 3437A System voltmeter — £300.

HP 3581C Selective voltmeter — £500.

HP 6370A Universal time interval counter — £450.

HP 5335A Universal counter — 200Mc/s — £500.

HP 5328A Universal counter — 500Mc/s — £250.

HP 6§034A System power supply —0— 60V — 0 — 10 amps — £500.

HP 3360A 3364A Instrumentation tape recorders — £300-£500.

HP 5150A Thermal printer — £250.

HP 1645A Data error analyser — £150.

HP 4437A Attenuator —£150.

HP 3717A 70Mc/s modulator — £400.

HP 3710A — 3715A ~ 3716A - 37028 — 3703B — 3705A — 3711A — 3731B - 3712A — 3793B
microwave link analyser - P.O.R.

HP 3730A +B RF down converter—P.O.R.

HP 3552A Transmission test set — £400.

HP 3763A Error detector — £500.

HP 3764A Digital transmission analyser — £600,

HP 3770A Amp delay distortion analyser — £400.

HP 3780A Pattern generator detector — £400.

HP 3781A Pattern generator — £400.

HP 3781B Pattern generator (bell) - £300.

HP 3782A Error detector — £400.

HP 3782B Error detector (bell} — £300.

HP 3785A Jitter generator + receiver — £750-£1k.

HP 8006A Word generator — £100-£150.

HP 8016A Word generator — £250.

HP 8170A Logic pattern generator — £500.

HP 59401A Bus system analyser — £350.

HP 59500A Multiprogrammer HP — 1B — £300.

Philips PM5390 RF syn — 0.1 - 1GHz— AM + FM — £1250.

Philips PM5519 Colour T.V. pattern generator — £250.

$.A. Spectral Dynamics SD345 spectrascope 111 - LF ANZ — £2500.

Tektronix R7912 Transient waveform digitizer — programmable — £400.

Tektronix 496 Analyzer 1kHz — 1.8GHz — £3.5k.

Tektronix TR503 + TM503 tracking generator 0.1 — 1.8GHz - £1k — or TR502.

Tektronix 576 Curve tracer + adaptors — £300.

Tektronix 577 Curve tracer + adaptors — £300.

Tektronix 1502/1503 TOR cable test set — £1000.

Tektronix 7L5 LF analyser — 0 — 5Mc/s — £800. OPT 25 - £1000.

Tektronix AMS503 Current probe + TM501 m/frame — £1000.

Tektronix SC501 — SC502 — SC503 -~ SC504 oscilloscopes — £75-£350.

Tektronix 465 — 4658 — 475 — 2213A — 2215 - 2225 — 2235 — 2245 — 2246 - £250-£1000.

Kikusui 100Mc/s Oscilloscope COS6100M — £350.

Farnell PSG520 Signal generator — £400.

Nicolet 3091 LF oscilloscope — £1000.

Racal 1991 - 1992 — 1988 — 1300Mc/s counters — £500-£300.

Tek 2445 150Mc/s oscilloscope — £1400.

Fluke 80K-40 High voltage probe in case — BN — £100.

Racal Recorders — Store 4 — 4D — 7 — 14 channels in stock — £250 - £500.

Racal Store Horse Recorder & control — £400-£750 Tested.

EIP 545 microwave 18GHz counter — £1200.

Fluke 510A AC ref standard — 400Hz - £200.

Fluke 355A DC voltage standard - £300.

Schlumberger 5229 Oscilloscope — 500Mc/s — £500.

Solartron 1170 FX response ANZ — LED dislay — £280.

Wiltron 610D Sweep Generator + 6124C Pl 4— 8GHz — £400.

Wiitron 610D Sweep Generator + 61084D Pl — tMc/s — 1500Mc/s — £500.

Time Electronics 9814 Voltage calibrator — £750.

Time Electronics 9811 Programmable resistance — £600.

Time Electronics 2004 D.C. voltage standard — £1000.

HP 8699B Sweep P YIG oscillator .01 — 4GHz — £300. 8630B MF — £250. Both £500.

Schlumberger 1250 Frequency response ANZ — £2500.

Dummy Loads & power att up to 2.5 kilowatts FX up to 18GHz — microwave parts new and ex
equipt - relays — attenuators — switches —waveguides — Yigs - SMA —APC7 plugs — adaptors,
etc.

B&K Items in stock — ask for list.

W&G Items in stock ~ask for list.

Power Supplies Heavy duty + bench in stock - Farnell- HP - Weir - Thurlby — Racal etc. Askfor list.

[TEMS BOUGHT FROM HM GOVERNMENT BEING SURPLUS. PRICE IS EX WORKS. SAE FOR ENQUIRIES. PHONE FOR APPOINTMENT OR FOR DEMONSTRATION OF ANY ITEMS, AVAILABILITY OR PRICE CHANGE. VAT AND CARRIAGE EXTRA

ITEMS MARKED TESTED HAVE 30 DAY WARRANTY. WANTED: TEST EQUIPMENT-VALVES-PLUGS ANO SOCKETS-SYNCROS-TRANSMITTING AND RECEIVING EQUIPMENT ETC.

Johns Radio, Whitehalt Works, 84 Whitehall Road East, Birkenshaw, Bradford BD11 2R, Tel. No: {0274) 684007. Fax: 651160

—
—
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RESEARCH NOJTES

Jonathan Campbell

More to lightning
than meets the eye?

Thunderstorms that rain gamma rays

H ere on Earth, thunderstorms can mean spectacular
light shows caused by dramatic discharges of
electricity. But scientists are now coming to realise that
there may be more to see above the clouds too — bursts
of gamma ray radiation that originate in Earth’s the
upper atmosphere.

Up to now, such activity has been hard to detect and
‘evidence’ has tended to be regarded as spurious noise.
But a US team making observations with multiple
detectors as part of the burst and transient source
experiment (Batse) running on the Compton Gamma
Ray Observatory now say they have positive proof of
these gamma ray flashes (Science, Vol 264, pp.1313-
1316).

The Compton Observatory has been monitoring
gamma activity since its launch in 1991. But the
researchers say that the rare gamma-ray flashes have not
been reported before because it was unclear that they
were real.

Two features of the burst are their extremely hard
spectra and their short duration. In addition, they differ

from other known gamma-ray behaviour and originate
from the Earth’s aimosphere around 30km up.

Scientific speculation is that the phenomenon is the
result of a rare-type of high-altitude electrical discharge
above thunderstorm regions. The researchers have
plotted the approximate locations over the earth of the
gamma ray bursts, occurring at a less than one per two
months and have obtained a clear correlation with
average annual thunderstorm activity. In addition,
specific concurrent weather information has showed
thunderstorm conditions coincident with the events.

The possibility of strong electric fields producing
ionisation at altitudes high above thunderstorms was
discussed over 70 years ago. The researchers say that
fields intense enough, over a large enough area, could
not only cause ionisation but also ‘runaway’ electrons
and subsequent bremsstrahlung x-rays. They point to the
fact that the electric field due to lightning falls off less
rapidly with height above the clouds than does the
atmospheric density which determines the break-down
potential of air. Calculations suggest that an electric
field strength at 60km exceeding 500V/m could have the
effect. The field would need to accelerate electrons over
several km to ach:eve the megaelectron volt electrons
necessary to produce the gamma bursts. But the
scientists say that glow-like discharges observed from
planes and the ground over heights of 40-80 km —
extending well over 10km vertically and 10 to S5km
horizontally — could be capable of producing the large
field changes.

Upward-going lightening events have been recorded
by the space shutile and by pilots. But this is believed to
be the first investigation of gamma radiation from
atmospheric electrical discharges. That, combined with
findings still in the initial stages, means that the cause
can still not be explained for certain. But at least now the
scientists are convinced that there is something to
explain.

Do memory systems forget civil liberties?

Civil liberties groups worried about
current data protection legislation
could one day look back on the 19905
as nostalgic days of untrammelled
privacy. In a brave new world where
we no longer have to rely on our
memories to recall where we put that
file, or what we said to someone, we
could all simply become entries in
someone else’s electronic diary.

A glimpse of this forget-me-not
future is given by Mike Lamming and

his team at the Rank Xerox
Cambridge EuroParc (The Computer
Journal, Vol 37, No 3, 1994, pp.153-
163).

In a project to design a human
memory ‘prosthesis’, the Xerox group
has looked at how various different
research projects could be linked
together to create a system that
records every place we go, everyone
we speak to, what we say and what
we do. The work springs out of the

need to improve office systems,
easing the problems of finding files,
papers and notes, recalling names of
people and places, procedures and
lists, and remembering to perform
tasks.

Relevant hardware and software is
already around, from Amstrad’s
PenPad to the more advanced
Casio/Tandy Zoomer and
Apple/Sharp Newton MessagePad
devices. Xerox also has been
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developing its bleeper-sized Parc
Tub. with a touch-sensitive screen and
a beacon to indicate its location. Infra-
red links cach Tab the user’s home
computer.

"l come here to forget”

Northeastern
University’s baby
babble blanket
could help
disabled babies
interact with the
world around
them.

EuroPurc has already been test
gathering  data on  people’s
movements in its Pepys project, using
Olivetti infra-red badges to log the
location of people. Walking from an
office to the common room to meet a
visitor generates events at a whole
series of sensors along the way.

Pepys location data could be
augmented. say the researchers. by a

video diary and snapshots. A video
network around the building would be
directed by the badges to switch to the
cammera nearest a particular person as
they move around the building.
Attraction of video is that it seems to
help people recall considerably more
activities than the Pepys diary alone.

Pepys Is also limited in that though
it will recall meetings. it does not
record what happened. But two
systems undergoing testing that could
tackle this shortcoming are NoTime
and Marcel. NoTime electronically
captures the hand-written notes made
during a meeting. Each writing stroke
is date-stamped and the notes are
linked to the appropriate part of an
audio and video recording of the
meeting.

The Marcel  system  recognises
activities involving paperwork by
using a video camera mounted over
the user’s desk. Images of documents
are digitised. and then compared with
a database of known documents. The
researchers report that Marcel could
be a plausible way of logging
document movement.

Keeping track of activities at a
workstation is in some ways easier. in
that all  file  movements and
commands can be logged. But the
researchers note that the data records,
though extensive. still are not casy to

interpret in terms of what someone
was doing.

After gathering data, any memory
system must be able to prompt the
user when a particular location is
entered or when a certain person is
encountered. Parc Tabs are already
being used 1o generate audio
reminders in this way, with messages
being set at any time and anywhere in
range of a Tab sensor.

The aim of a memory prosthesis,
say the researchers, is to sensc aspects
of a user’s environment and make
records which can be later used to
help recall events which a user did not
even realise they needed to remember.
So any system must automatically
capture as much data as possible.

Implications ~ for  privacy are
considerable. The researchers say that
users should be clear about what is
being recorded, and systems should
be configurable to what individuals
consider as acceptable intrusion. But
for non-prosthesis holding individuals

there is no such choice. Their
movements, conversations, hand-
written notes and even facial

expressions could all be ¢lectronically
recorded as part of the diary of people
they meet. Such a prospect makes
current concern over identity cards
and the proliferation of video cameras
quite tame in comparison

Babbling helps make sense of cerebral palsy

Computer game technology, so often blamed for
robbing young people of their social and
communication skills. is being put to work at
Northeastern University. to help improve

communication capabilities.

A software development group led by Harriet Fell and
a field testing group led by Linda Ferrier. have
transformed a Ninentendo Powerpad from a games
peripheral into a ‘baby babble blanket” that helps

severely disabled babies to experiment with non-sensical
babbling. Early babbling is thought to be vital to
development of later talking,

Their blanket, linked up to a Mac computer running

specially developed software, enables babies to trigger

sounds and an audio track of other baby babbles by
rolling zround on the large pressure sensitive switches.
The babble software also allows the child to turn on
electrical toys or household gadgets such as fans.

Fell and Ferrier hope that this interaction will help

fight the ‘learned helplessness’ of disabled infants.
Unfortunately, by the time children with physical
disabilit:es reach school age, they may already be poor
commuricators because they have never learnt to
interact "with the world around them.

So far the blanket has been tested with a wide variety
of childrzn, including non-disabled babies as young as
four-and-a-half months, and children with multiple
disabilities up to twelve years of age. It is currently
being tested in homes and classrooms.

A spin-off project has been development of an early
vocalisation analyser. The analyser takes a digitised
waveform and uses a base-line noise threshold to count
the number of infant vocalisations in specified time.
Vocalisaions are then sorted by their characteristics.

Currencly a prototype is being use to answer the
question: ‘How frequent and how long are vocalisations
of normal infants compared to infants with cerebral
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Joint approach finds
new solder approach

orries over possible

health and
environmental drawbacks
to current soldering
practice, upon which so
much of the electronics
industry depends, have

been forcing researchers to

seek alternatives to lead-
based solders and the

volatile organic compounds

used in fluxes. Now a

collaborative project led by

GEC-Marconi (GEC
Journal of Research, Vol

11, No 2, pp.76-89) suggests

that solders based on Sn-(2
or 3.5)Ag or Sn-0.7Cu
could prove workable
options in both wave and
reflow soldering.

One other clear
conclusion of the study is
that all components of the
solder joint such as the
metallisation on both
boards and components
and the fluxing system — in
addition to the solder alloy
— must be taken into

Hard rain

RESEARCH NOTES

he evocative sound of rain blowing against a window brings back
‘sweet memories” according to a 1970s classic soul number.
Now J McLoughlin, J Saunders and RD Ford have reprised that
theme for the 1990s. interpreting the mournful sound of rain gently

falling on 1 roof (Applied Acoustics. Vol 42, No 3. 1994, pp.239-

account. 255):
The engineering
performance of various
lead-free solders was
investigated as well as their
economic and
environmental aspects. The
tin/silver and tin/copper

“The sound intensity level radiated from a single-skin corrugated
roof of trapezoidal section when excited by the impact of water has
been shown to depend on the sixth power of the impact velocity.
third power ol the drop diameter and be directly dependent upon the
water impact rate”,

Need some work on the scansion there 1 think guys.

compounds performed well
and the team also ider tified
the importance of an inert
atmosphere as the key to

Bending battery technology.

developing highly reliable
processes.

Cracking in through-hole
joints following the
formation of low melting
point compositions cansed
by badly matched solder
alloy and component
metallisation was one of the
factors emphasising tae
importance of looking at a
system as a whole.

The authors say thst
further trials will be
necessary before all-
embracing
recommendations can be
made.

A prototype plastic high-energy battery
that is rechargeable and can be bent into
any shape, has been developed by
telecornms rescarch company Bellcore in
the US. The battery looks like a solid - no
liquid leaks out if it is punctured - but
acts as a lithium-ion battery. Bellcore says
it will “‘revolutionise” the consumer
electronics and telecommunications
incustries. Its performance relies on a
polymer matrix: the elements are
permanently bonded together then
covered by a moisture-proof barrier
coating. At 3.8V its energy density clearly
makes it competitive with normal nickel-
cadmium and lead-acid batteries, without
the environmental worries — it contains no
toxic metals.

Filters in tune with fuzzy logic

lectrical Engineers at A & M

University College in Texas have
developed an expert system,
exploiting fuzzy logic, that they
claim is a simple way to bring out-
of-spec filters back into line.

Butterworth and Chebychev

approximation techniques are often
used 1o fit a frequency response of
an analogue filter into a specified
window constraint. But when
approximations are implemented in
hardware, component variations can
mean the filter may not meet its
specification. Inclusion of a tuning
system can adjust some of the
components. But adjustable
components usually produce non-
linear changes in filter frequency
response: variations in one
component can modify several
characteristics of the filter; and the
implemented circuit will contain

parasitic components and have other
non-ideal effects.

The Texas approach (Electronics
Letters, Vol 30, No 11, pp.846-847)
takes advantage of the fact that a
filter window specification can
allow any curve - as long as it is in
the window. Once achieved, the
system can optimise the filter to
approximate the desired function.

The fuzzy logic involved was
designed to approximate a
Butterworth filter with maximum
attenuation in the stopband.

By measuring the output at certain
frequencies, the system modifies the
filter parameters accordingly.
applies the test signals and repeats
the same process until the frequency
response is within the window.

Texas's system has been
successtully tested on a low pass
filter implemented with

transconductance op-amps and the
rescarchers say that fuzzy logic has
now been proved as a useful
technique for tuning filters and
should be a useable method for other
electronic circuits or systems.

Correcting out-of-
spec filters using
fuzzy logic. Untuned
output (solid line)
was tuned (dashed
line) after 14
iterations. In the
second case the
untuned output
(dotted line) was
tuned (dot/dash line)
after nine iterations.

Frequency
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M&B RADIO (LEEDS)

THE NORTH’S LEADING USED TEST/EQUIPMENT DEALER

SIGNAL GENERATORS

MARCONMI 2018 BOKHZ TO 520MHZ SYNTHESIZED...
MARCONI 2008 |0KHZ TO 520MHZ INC RF PROBE KIT
MARCOMI 2015/2171 SYNCRONIZER |0MHZ TO 520MHZ
MARCONI 2016 |0KHZ TO 120MHZ AM/FM
MARCONI 2015 10MHZ TO 520MHZ AM/EM
HP8683D 2.3GHZ TO { 3GHZ OPT001/003 SOLID STAT!

HPI336A SYNTHESIZER/LEVEL GENERATOR
HPBE40A 500KHZ TO 512MHZ OPTO0]

400
Ol . R £400

GIGA GRII01A | 2GHZ TO §8GHZ PULSE GENERATOR(AS NEW)

SAYROSA MA30 FREQUENCY OSCILLATOR |0HZ TO OKHZ £

RHODE & SCHWARZ SMC| 4.8GHZ TO [2.6GHZ.

ADRET 20230A | MHZ SYNTHESIZED SOURCE ...

HPB672A SYNTHESIZED SIGNAL GENERATOR 2GHZ TO t8GHZ

HP3586A SELECTIVE LEVEL METER SOHZ TO 32.5MHZ
SPECTRUM ANALYSERS

750
200

HP3S81A WAVE ANALYSER | 5HZ TO SOKHZé Cg £850
HP3582A 0 02HZ TO 25.5KHZ DUAL CHANNEL AUDI ANALYSI 1000

HP8558B |OMHZ TO I500MHZ WITH (82T MAINFRAME ............. £2000
HP 141 T 8552A/8554B 100KHZ TO 1250MHZ + 8553B | 10MHZ

UNIT
HP141T 8555A/85528 (OMHZ TO 18GHZ + 85538 | 1OMHZ
UNIT

HP 182T/8557A (0KHZ TO 350MHZ
HP 182T/8558B |00KHZ TO 1500MHZ. £1800
HP 1417 85528/8553B | |0MHZ WITH B441A TRACKING GENE RATOOF‘()O

€2
HPA553B |HZ TO { 10MHZ LATE MODEL ANALYSER PLUG-INS. ... £200
HP3580A 5KHZ TO 50KHZ AUDIO ANALYSER.... €l
HP3581C SELECTIVE VOLTMETER (5HZ TO SOKHZ,
TEXSCAN ALS{ 4MHZ TO |000MHZ ANALYSER
EATON 20758 NOISE GAIN ANALYSER |0MHZ TO 2GHZ
TEKTRONIX 7L12 10KHZ TO 1800MHZ (supplied with scope
mainframe) €2500

OSCILLOSCOPES

£1000

£1700
- £950

LEADER LBO524L 40MHZ DELAYED SWEEP £325
TEKTRONIX SC504/TM503/DM501 PORTABLE B0MHZ SCOPE/DVM
L8600

TEKTRONIX 47% 200MHZ DUAL TRACE
TEKTRONIX 445 |00MHZ DUAL TRACE
TEKTRONIX 465B 1 00MHZ OSCILLOSCOPE
TEKTRONIX 466 100MHZ STORAGE.....

£400
€345
£400
£395

ALL PRICES PLUS VAT AND CARRIAGE - ALL EQUIPMENT SUPPLIED WITH 30 DAYS WARRANTY
86 Bishopgate Street,Leeds LS1 4BB
Tel: (0532) 435649 Fax:(0532)426881

HP17228 275MHZ MICROPROCES50R CAL MEASUREMENTS BALLANTINE 6125C PROG TIME/AMPUITUDE TESTSET
L/:\S NEW) .. £700 HALCYON 500B/521 A UNIVERSAL TEST SYSTEM ...
P 180 SOMHZ 2 CHANNELA\«M\ manuals/2 50mhz probes) AVO RM215 L/2 AC/DC BREAKDOWN/IONISATION TESTER.
TEKTRONIX 7633/7A26/7TA13/7B53 200MHZ 4 CHANN AILTECH 533X-11 CALIBRATOR | HP355C/ HP355D ATTENUATOI
2 £
TEKTRONIX 7603/7A26/7A29/7B53A | GHZ OSCILLOSCOPE

nc
BIRD TENULINE 8343 |00W 6DB ATTENUATORS (NEW).
IWATSUI SS6122 100MHZ 4 CHANNEL CURSOR READOUT £300 BIRD TERMALINE 81B 80W COAXIAL RESISTOR ...
KIKUSUI C06100 100MHZ 5 CHANNEL........

300
RS
400

NNEL ...
TEKTRONIX 7704/TA13/7A26/7B15/TBS3IAN 4 CHANNEL
TEKTROMIX 5103N/58 10N/SA20N/SA20N OSCILLOSCOPE

TEST EQUIPMENT

RACAL 9919 10HZ TO | (00MHZ FREQUENCY COUNTER £300

RACAL DANA 1998 [0HZ TO ( 300MHZ. FREQ/TIMER COUNTER _ £500

RACAL DANA 9000 520MHZ MICROPROCESSING TIMER COUNTEF;
I's

RACAL DANA 6000 MICROPROCESSING DVM .
RACAL DANA 9303 TRUE RMS RF LEVEL METER
RACAL DANA 488 [EEE-STD BUS ANALYSER.. i
RACAL DANA 9302 RF MILLIVOLTMETER [OKHZ TO 1500MHZ...
RACAL DANA 1002 THERMAL PRINTER. ..

BRUEL & KJAER 251 | VIBRATION METE
FBRUEL & KJAER 2203 PRECISION SOUND LEVEL METER/WBO08 | 2
ILTER

BRUEL & KJAER 1022 BEAT FREQUENCY OSCILLATOR ...
BRUEL & KJAER 4709 FREQUENCY RESPONSE ANALYSER
BRUEL & KJAER 2305 LEVEL RECORDER .

HP3779A PRIMARY MULTIPLEX ANALYSER .
HPI780A PATTERN GENERATOR/ERROR DETECTOR.
HP3762A DATA GENERATOR
HP3468D DIGITAL MULTIMETER LCD.

RMAM P5519 LEVEL GENERATOR 25MHZ

SAYROSA AMM AUTOMATIC MODULATION METER 2GHZ . £200
BRUEL & KJOER 2425 ELECTRONIC VOLTMETER 0.5HZ TO S00KHZ
1

DRANETZ 626 A MAINS DISTURBANCE ANALYZER FITTED WITH
6036 interface/6002A dc i line ac

broadband rf monitor £1250
SCHLUMBERGER 7702 DIGITAL TRANSMISSION ANALYSER..... £1250
MARCONI 6950/69 10 POWER METER |0MHZ TO 20GMZ. £850
MARCONM)| 6593A VSWR INDICATOR ...
HP432A/478A RF POWER METER |OMHZ TO

HP 334A DISTORTION METER OPT H15 ...
HP5382A 225MHZ FREQUENCY COUNTE!
HP5342A MICROWAVE FREQUENCY COUNTER (OTP 001/003)

BULK PURCHASE SPECIALS

BECKMAN DM 10 DIGITAL MULTIMETERS WITH CASE/PROBES.
SOLARTRON 7045 HIGH SPECIFICATION BENCH DVM.

AVO 8 MKV MULTIMETERS ...

£350 BIRD 43 THRULINE WATTMETERS.

FLUKE 33308 PROG CONSTANT CURRENTNVOLTAGE CALIBRATOR SIEMENS PDRM82 PORTABLE LCD RADIATION METER (NEW)
£759 EX GERMAN ARMY PORTABLE RADIATION METERS

FLUKE (03A FREQUENCY COMPARATOR - €295 FARNELL LFM2 AUDIO OSCILLATORS SINE/SQUARE

EXACT 334 PRECISION CURRE NT CALIBRATO! -£195 HP431C RF POWER METERS TO | 2GHZ HP ATTENUATOR
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HEWLETT PACKARD Spectrum Analysers

HP 141T / 8555A 10 MHz to 18 GHz System
Complete with 8552B IF Section

High Sensitivity to - 125 dBm

Resolve to 100 Hz

Scan up to 8 GHz full screen £1700.00

HP 141T / 8554B 100 KHz to 1250 MHz System
Complete with 8552B IF Section

High Sensitivity to - 122 dBm

Resolve to 100 Hz £1000.00

;‘With the purchase of any of the above systems we will supply FREE of charge one HP 8553B
1 kHz to 110 MHz RF section. Normal retail price of £350.00.
|

All systems covered by 30 day warranty

, All prices plus Vat and carriage

M & B RADIO (LEEDS) 3P suce s i1 amn
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Neural nets put the squeeze
on moving pictures

eural networks. adapting on-

line to a changing image input,
could be the way forward for
engineers looking to achieve that
frustrating balance between picture
quality and effective compression of
moving images. Early work by
researchers at GEC-Marconi has
shown that the technique can work —
though much research still needs to
be done.

NP Walker, SJ Eglen and BA
Lawrence (GEC Journal of
Research, Vol 11.No.2, 1994,
pp-66-75) took as their starting
point, the compression of single
images using a Kohonen network.

To start, a Kohonen network — a
network of 16 input nodes joined to
1024 output nodes by random

weights — was “trained” by
presenting it with 4x4 pixel blocks
from an image. The output node
whose weight most closely
resembles the input pixel intensity
has its weight adjusted so that the
match is even closer. As training
progresses, the weights associated
with different output nodes come 0
represent various patterns and
textures from the image.
Characteristics of the network also
mean that neighbouring nodes will
come to represent similar patterns
within the image.

At the end of training. the weights
associaled with the output nodes
form a codebook. Now when a
picture is compressed, the image is
broken down into numbers that
point to the relevant codebook
blocks that will reconstruct it.

Next step was to try neural
network compression of moving
images. Each separate frame image
could be separately compressed as
before. But this would ignore inter-
frame redundancy — where there is
no change in an area of the image.
So the researchers took 4x4 blocks
of pixels from four consecutive
images, in effect creating a 4x4x4
cube of 64 pixels 10 be analysed. For
the completce four images, the 64-
dimensional input vectors are
presented to the n2twork to produce
a single list of appropriate codebook
pointers.

Success of the approach was tested
by compressing a scquence of 50
medical cat scans through a patient’s
hip joint.

Initially, the
researchers limited
themselves to training
a network (64 input
and 1024 output nodes)
using only the first four
images from the
sequence. Once
trained. reconstruction
of the original images
of she first four frames
was good. with an
acceptable error
difference compared to
the originals. But for
images that the
nerwork had not seen
before, the error was
much larger. Plainly a
new codebook was
necded that was more
representative of the unseen
patterns.

The answer, say the researchers, is
to develop an adaptive
network that cculd
reflect the changes in the
scene it must represent.
A codebook could be
updated every 10 frames
or o, or when it no
longer represented the
image.

Whether or not a
codebook is adequate
can be ascertained by
measuring the error for
each windowed mage
block. Blocks that have
errors above a given
level could then be used
to help update the
codebook. The

RESEARCH NOTES

neighbourhood concept allows one
input vector to alter the weights of
many nodes in the codebook — a
considerable advantage of the
Kohonen network over other
techniques.

The team says that as well as
providing good reconstructions of
the image in question, an adaptive
network would help produce a
codebook that was better able 1o
represent a wider range of images.
To prove their point, they trained the
network using four groups of four-
frame images, but sall leaving
frames 29-50 unseen.

This time the recenstruction of the
unseen images was much better (see
figures) and suggesis that a more
generalised codebook formed by an
adaptive network would give a
better performance

Currently the team is investigaling
how storage or timsng problems
caused by the blocking process can
be avoided. One path is to exploit
redundancy by transmitting an initial
image and then coding the
subsequent inter-frame differences.
]

Original hip image.
(Courtesy St
Thomas’s Hospital
Medical Physics
Dep?)

Reconstructed hip
image from the
single image-block
codebook.

Reconstructed hip
image from the
multiple image-block
codebook, showing a
less pronounced
blocking effect,
better contrast and
an improved
reconstruction of the
dark area in the
centre of the image.
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00 DEVICE PROGRAMMER

Programs 24,28,32 pin EPROMS, EEPROMS,
FLASH and Emulators as standard,
quickly, reliably and at low cost.

Expandable to cover virtually any prog-
rammable part including serial EEPROMs,
PALs, GALs, EPLDs and microcontrollers, in
many different packages.

Not a plug in card but connecting to the PC
serial or parallel port; it comes complete
with powerful yet easy to control software,
cable and manual.

UK design, manufacture and support. Same
day dispatch, 12 month warranty. 10 day
money back guarantee.  Ask FOR FREE

| s INFORMATION
| | I visa PACK

IRELAND  1-2800395

> GERMANY 0 &
MQP ELECTRONICS Ltd. NORWAY' 07021780
Park Road Centre FRANCE 1920035
Malmesbury, Wiltshire, SN16 0BX. UK SWEDI 5
| TEL. 0666 825146 FAX 0666 825141 Ao fom ELECTROSP A e
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€helmer Valve Company

Worldwide supplier
with 30 years experience

@ Electron tubes: Transmitting,
Iindustrial, Microwave, Audio,
Receiving, Display, etc, etc.

@ For Maintenance, Spares or
Production.

@ Semiconductors: Transistors,
Thyristors, Diodes, RF, Power I/C’s,
etc.

® We have one of the largest stocks
in the U.K.

% TRY US! %

FAX, PHONE, POST OR TELEX YOUR REQUIREMENTS
130 NEW LONDON ROAD, CHELMSFORD,
ESSEX CM2 ORG, ENGLAND

Telephone: (0245) 355296/265865
Telex: 995398 SEEVEEG  Fax: (0245) 490064
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Quickroute 3.0

PCB & Schematic Design System for Windows 3.1

Library Symbol Up_ o
m il X | { Track 0.630In

1C2d J° 8

T[T Schematic 20

Y180 i

Announcing a new range of affordable,
powerful Windows based PCB and schematic
design packages from POWERware.

DESIGNER Bl

PCB and schematic design with all the new
'Easy-Edit' features and an Auto router!

DESIGNER + BallR

For larger PCB and schematic designs,
adds Gerber and NC-Drill support.

>

£199 *

Schematic capture, with integrated
rats-nest generation and auto-router.
Export net-lists for design checking.

I VR £299 *

Advanced schematic capture for
management of larger schematics. Gerber

E .; l

. import facility for file exchanging.

For more details, contact
POWERware, 14 Ley Lane,
Marple Bridge, Stockport,
SK6 5DD, UK.

* Prices exclude VAT, post & packing

Tel/Fax 0614497101 | | £99*

from
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True rms measurement has become
straightforward thanks to dedicated ICs. The
information in this article has been compiled
by Dan Ayers and EW+WW staff.

engineers have been able to make quick,

simple and relatively accurate voltage
measurements for both dc and ac. A common
and unhappy side effect of this however is an
over-reliance on the seemingly definitive
number on the readout.

Reference to the meter’s specifications often
shows that the last digit displayed may be far
from the real value. A more fundamental
question is whether even the range is
appropriate. Although a low to middle priced
multimeter is adequate for dc and certain ac
measurements, a crucial range is usually missing
- true rms.

Since the advent of digital multimeters,

Why rms ?

Virtually all electronic systems call for some
means of monitoring ac voltage. It is easy to
obtain the peak, or peak-to-peak, value of a
signal by pumping a capacitor with a rectifier,
and subsequent op-amp buffering is
straightforward. This is useful to indicate
when an amplifier or similar system is
approaching its clipping limits.

A strategy used in many ac voltmeters is to
show the mean average deviation, or MAD, of
a signal from a predetermined reference,
usually the mean. This so-called ac average
can be useful, but a more versatile measure is
the rms voltage of a signal. This fundamental
quantity provides information about the
energy available or used over time.

When applied to a resistive load for a given
period of time, any signal of the same rms
voltage would cause the same amount of heat
dissipation. Sometimes described as etfective
voltage, rms corresponds to the dc voltage that
would produce the same heating effect.

Often, the mean average deviation is
displayed on a scale calibrated in rms volts.
But this sctup only shows a correct reading
when the waveform applied is of the same
shape as the waveform used to calibrate the
meter. Many digital multimeters only give a
valid ac reading for fairly low frequency,
sinusoidal waveforms below around 400Hz.

READIN

Fig. 1a). Deriving
the rms value of
a signal using
two heater-
sensor

Output
—o

combinations. A
DC voltage
applied to a
resistor produces
exactly the same
amount of heat
as its equivalent
in rms.

b). Dynamic
range of the
thermal
converter is

(a)

As long as the waveform is known, the true
rms value of a signal can be calculated from
the MAD. With many real-world signals such
as noise and those associated with distortion
however, this can cause problems. Comparing
the MAD values with the true rms values for
differing waveshapes clearly demonstrates the
limitations, Table 1.

It is helpful that if unrclated signals are
summed, then the rms of their sum is equal to
the square root of the sum of the squares of
their individual rms values. The rms value is
also convenient for assessing signals with
random characteristics. It represents the
statistical standard deviation of a stationary

zero-mean random process'.

=

improved by
adding analogue
divider.

Uutout

Circuit methods for true rms

For high accuracy, thermal methods of
deriving the rms level of a signal are the most
appropriate. This is because the heating effect
of an ac voltage corresponds directly with the
rms value, ie. that of the dc voltage required to
produce the same heating in the same load.
There are many drawbacks here, mainly due
to the time taken for the temperature of
different parts of the system to stabilise.

I the simplified thermal converter of Fig.
1h), two units, each comprising a heater H,
thermally coupled to a temperature sensor 7,
are thermally insulated from each other. The
first is heated by the applied signal, the second
is forced by the difference amplifier to the
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ANALOGUE

Table 1. Comparison
between mean absolute
deviation and rms
voltages for common

same temperature, If both units have identical thermal
paths to the environment, then the output voltage is
proportional to the rms value of the input.

A practical system might have thermocouple sensors
and a chopper-stabilised device for the difference
amplifier. This configuration suffers from limited
dynamic range. Power through the heaters is
proportional to the square of the rms voltage, and heater
overload is a distinct possibility.

This problem is overcome in Fig. 1b), Here, the output

waveforms. Mean Waveform RMS [ MAD | CF
absolute deviation is also
known as ac average. I VAR
[V DC Vo | Y% 1
Fig. 2. Computation of
rms voltage can be W V. oy
explicit, but implicit BN\ Sine 212 /2
computation, (b lower), 2 T
provides greater dynamic
. Vo Vo
range. Triangle = 2 |/3
J3 | 2
, . V. t 1
Fig. 3 (bottom). Static Pul v t p —
errors in rms-fo-dc ulse I T _lr
converters. These errors -
are combined and Gaus_SIan F .
expressed as a percentage (white) = ™5 |typically
of reading plus a constant. noise 1-6
SQUARE
AUERAGE SQUARE ROOT
Uin
X N Uout
E AJ —o
Uin X <y
O—E 5 [ 1 + Uout
Y
= . -
} Vour
0oV
5V
’ X 4o \\ A
1
[ AR
=10V -sv VY 9 ! +5V +10V
MAGNMIFIED " EXAGGERATED
OFFSET ERRORS ERRORS
VOUY
Vour™ . REVERSAL
AN 2v s
4 Uil Tt
/ NN TN T eV (AND IDEAL Vouy)
I ACTUAL V,
— 1 - {ERRORS GREATLY
\ -smv o smvo | EXAGGERATED)
\ Vin /o NONLINEARITY
\ /o ‘ }
N\ /o—av -V 0 +1V +2v
\ ~ - / B VlN

amplifier still strives to maintain the temperature
difference at zero, but now the power in the second
heater is fixed. An analogue divider maintains
equilibrium as its control voltage Y is proportional to the
rms of input voltage X. As a result, the rms function is
provided without the heaters having to function over an
unmanageable range!.

Convenience is much enhanced by using
computational elements to obtain the rms value.
Analogue-to-digital converters and digital processing are
relatively expensive however. Fortunately, old-fashioned
analogue techniques with modern manufacturing
methods have resulted in accurate and easy to use
integrated circuits.

The complete function required is:

| lT
Ermx = ]II(—_[‘/IVZId,J
Wy

Computation is simplified by considering the
integration and division by T as a running average. In
practice, this is valid for most types of signal
encountered, so:

. 2
J _ 2
v ms T Vin

There are two basic approaches to obtaining the true
rms value of a signal — explicit and implicit!. The
explicit or direct approach is shown in Fig. 2 (a). Two
inputs of a four-quadrant multiplier are fed with the
input signal, producing a squaring function. Positive-
going voltage created is averaged over time, and the
square root of this dc value is taken. This can be done by
inserting a squarer into the negative feedback loop of an
amplifier.

Although good accuracy is possible, this approach is
more complex and more expensive. In addition,
dynamic range is at least an order of magnitude
narrower than with a comparable implicit arrangement.

Dynamic range is particularly significant when
measuring signals with a high crest factor, or cf. This is
the ratio of peak to rms voltage. Obtaining a valid
measure of a signal with a large crest factor needs a
proportionately greater headroom.

The implicit approach follows
manipulation of the rms equation to:

from a little

V}Z

li

Vlv'm\" =
4

rms

producing the more elegant configuration Fig. 2b).
Assuming an adequate CR time constant, the rms
voltage output is held constant over the period of the
signal being averaged and division by this value can be
carried out before the average is taken.

Error sources in rms conversion

An ideal rms converter provides a dc output voltage
exactly equal to the rms value of its input voltage,
regardless of the amplitude, frequency, or shape of the
input waveform. Of course a practical rms converter has
errors.

Static errors are offsets and scale factor errors that
apply to dc and low-frequency sinewave to aboutlkHz.
Under these conditions, the finite bandwidth of the
converter - and the effective averaging time — can be
made negligible compared to the input and output offset,
and scale factor errors. Here, rms can be interpreted as
the square root of the low pass filtered, or averaged,

720

ELECTRONICS WORLD + WIRELESS WORLD  September 1994



square of the input voltage.

An mms to dc converter's overall ‘static’ error is
specified in percent of reading plus a constant. As
shown in Table 2, the AD637/ is specified at ImV
+0.5% of reading. This should be interpreted to mean
that at any point within the AD637/’s OV to 7V rms
input dynamic range, converter output voltage will differ
from the precise value of the rms input by at most ImV
plus 0.5% of the correct rms level. Note that this is less
absolute error than the AD536A/ converter.

To illustrate this point, consider a sinewave input of 1V
rms at 1kHz applied to the input of an AD637J. Actual
AD637  output  voltage  will be  within:
+H1mV+0.5%x1V)=t(ImV+5mV). This is 6mV from
the ideal output of 1.0V, or between 0.994 and 1.006V
dc. These static errors can be classified into the standard
categories of offset voltage, scale factor (gain) error, and
nonlinearity errors.

Every practical rms converter has an input/output
transfer characteristic that deviates from the ideal. The
detailed error explanation given by Figures 3a,b)
illustrate the major classes of errors commonly
encountered.

At low levels, the rms converter’s input offset voltages
can tlatten the point of the ideal absolute value transfer
and take it more positive relative to the zero output
voltage level with zero input voltage applied. Practical
effects of these offset errors determine both the
resolution and accuracy of the converter for low-level
input signals.

For the ICs discussed here, the combined total of
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Therefore, nonlinearity sets a limit on the ultimate best
case accuracy of the rms converter.

For the AD637, nonlinearity is typically better than
ImV (0.05%) over a 2V full-scale rms range; for the
AD536A the nonlinearity equals SmV or less. Typically
the AD636 has less than lmV nonlinearity over its O to
2G0mV specitied input range.

As shown by Fig. 4, the errors of true rms to dc
converters, although varied, are considerably lower than
those errors found in precision mean-absolute deviation
rectifiers when the duty cycle of the input waveform is
varied.

ANALOGUE

Fig. 4. Error versus duty

cycle for an MAD ac
detector and AD637-
based rms converter.

offset errors is typically less than ImV. At higher input
levels, of the order of few hundred millivolts, scale | TABLE 2: Typical rms-to-dc converter specifications.
factor and linearity errors may dominate offset errors. A
scale factor error is defined as the difference between the AD536AJ AD637J AD636J
average slope of the actual input/output transfer and the | Input dynamic range 7Vrms 7Vrms 1V rms
ideal / to / transfer. If a 100mV rms input change |Nominal fsd rms 2V rms 2V rms 200mV
produces a 99mV change in output, then the scale factor | Peak trans. Input 20V +15V 2.8V
error is 1%. Max total error
In addition to the single polarity example just given, |No external trim
there can be a different scale factor for both negative and mV/% reading 5mV £0.5 1mV £0.5 0.5mV 1
positive input voltages. The difference in these scale Bandwidth, (-3dB)
factors, termed the ‘dc reversal error’, is shown in Fig. Full Scale 2MHz 8MHz 1.3MHz
3c). When testing this parameter, a dc voltage is applied 0.1 Vrms 300kHz 600kHz 800kHz
to the converter's input, say +2V, and then the polarity | Error at Crest Factor
of the input voltage is reversed to -2V. Difference of 5, rms -0.3%@1V £0.15%@1V -
between the two readings will equal the dc reversal 0.5%@200mV
error. Power supply
Nonlinearity, as its name implies, is the curved portion [ Volts min 13 +3 +2/-2.5
of the input/output transter characteristic. This is shown max +18 +18 +12
in an exaggerated form in Fig. 3c. This error is due to | Current typ. 1mA 2mA 800pA
non-ideal behaviour in the rms computing section and max 2mA 3mA 1mA
cannot be reduced by trimming offset or scale factor.
A B C
Y 1 VOLT rms |NPU|1 ‘
i ,”ulx i ‘l‘-]:\aa ® ‘ S
7V ms INPUT N ,\\ 200m 2220V s LT L 7 ; N Al "MS"":U]T' < \\\\ . N
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Fig. 5. High frequency response for the three converters - AD536A at a), AD636 at b) and AD637 at c).
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Bandwidth considerations
In practice, ac inputs are of the most interest to users of
rms converters. For 1kHz sinewave inputs, there is
negligible difference between readings at this frequency
and performance at de. As a result, dc measurements
provide a convenient way of determining errors at
around lkHz.

At higher input frequencies, bandwidth characteristics
of the rms converter become most important. As shown

FACTOR
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o D
Vin ! ABSOLUTE 14 Vs
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2000
2] ape3s E]
v _...1 3 SOUARER 12
DIVIDER
ST |

CURRENT
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Fig. 6. Internal functions
together with external
offset and scale factor
trimming circuits for
AD536A at a), AD636 at
b) and AD637 at ¢).

Fig. 7. Converter for rms
measurement using
standard chips shows log-

antilog calculation of

square/square-root

functions.

by Figs 5a,b,c). ac bandwidth drops off as the input
level is reduced: this is primarily due to gain-bandwidth
limitations in the absolute value circuits.

Caution should always be used when designing rms
measuring systems which must deal with complex
waveform amplitudes above IV rms. Trimming is
recommended for applications needing the lowest
possible offset and scale factor errors, Figs 6a,b,c).
Ground the signal input point, V, and adjust trimmer R4
for an output of zero volts. Alternatively, R can be
adjusted to give the correct output with the lowest
expected value of Viy applied. This second method
allows the lowest possible error over the expected input
range, but results in higher errors below this range.

Connect a 1kHz calibrated full scale input to V.
Adjust trimmer R to give the same output voltage. This
adjustment provides specified accuracy with a 1kHz
sinewave input and slightly less accuracy with other
input waveforms.

With correct trimming, the remaining errors in an rms
converter will be due to nonlinearity effects of the
device; unfortunately, nonlinearity errors cannot be
reduced by external trimming.

5 25k{)
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15401 e
: 0
10k 500k ;
A3 OFFSET
8 470K
10%

Practical circuits
Although it is possible to produce close approximations
to squaring and square root functions relatively directly,
log/antilog blocks can give greater accuracy and
simplify initial setting up”. These blocks are often based
on the exponential response of transistors.

Figure 7 uses two standard chips to produce a
log/antilog implicit rms converter which is adequate for
many applications; the separate computing elements are
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clear io see.

Several companies produce dedicated rms chips, and
the circuit of Fig. 8 shows how straightforward such
devices are to apply. The SSM2/10 is a particularly
versatile device. With a minimum of external
components it can provide rms, absolute value and peak
conversion, or alternatively the log of any of these’.
Figure 9 would be suitable for a meter calibrated in
decibels — very useful for audio work.

High impedance input rms dpm and dB meter
Only two integrated circuits and a liquid crystal display
are needed to produce high quality, dpm/dB meter.

Voltage input to the meter feeds through a 10MQ
input attenuator to pin 7 of the AD636. Buffer output,
pin 6, is ac coupled to the rms converter's input, pin 1.
Resistor Rq provides a *bootstrapped’ circuit to keep the
input impedance high.

Output from the rms converter is selected by the
linear/dB switch; selecting pin 8 for linear, pin 5 for dB.
The selected output travels from the linear/dB switch
through low pass filter Rys, Cq to the input of the meter
chip, which is a 7/06 type a-to-d converter. The AD589
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provides a stable 1.2V reference voltage for supplying
the calibration circuitry.

To calibrate. first adjust trimmer Ry for the 0dB
reference point. Next, set R4 for the decibel scale factor,
and finally, adjust R} to set the linear scale factor. Total
current consumption is typically 2.9mA from a standard
9V transistor radio battery.

This circuit uses the AD636 low power rms converter
to extend battery life and provide a 200mV full scale
sensitivity. It provides better accuracy and bandwidth at
200mV rms input than the AD536A, which would need
preamplifier to achieve similar results.

Programmable-gain rms measurement

Measurement of the rms of complex waveforms of
varying magnitude normally requires a high quality,
compensated input attenuator. In contrast, the
programmable gain rms preamplifier circuit of Figure

19k 1u [nput
10 features an AD544 bifet operational amplifier as an Hene orebias i
inverting input buffer with four remotely switchable gain ™~ e e e -~ I 5
ranges: 200mV, 2V, 20V, and 200V full scale. e iagy P 5 S 1 ny T
Switching gain resistors in the buffer feedback loop - " e 29 et TEOE
allows the use of a low voltage cmos multiplexer to =~ o1 ’ ol e :,’ oen e
remotely control the gain of potentially high voltage ™" N

input signals. The preamplifier’s input is well protected
on all ranges for input voltages up to 500V peak.

Input connects to ./, with R| and diodes D , forming
the amplifier’s input protection. Capacitor C; prevents
high frequency roll-off, which would occur due to the
R/C time constant of the IMQ input resistor and the
stray capacitance at the AD544 summing junction. The
AD7503 cmos multiplexer switches the appropriate
feedback resistor for each gain connecting the resistor
between the operational amplifier output, pin 6, and its
summing junction, pin 2.

Capacitors C4_7 are compensation capacitors which are
adjusted for flat response at each gain setting. Address
lines Aq, select the desired input range of the
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Fig. 9. Versatile converter chip configured for log of rms conversion. This

configuration is useful for audio decibel metering.

preamplifier. Resistors Ry o2 are gain calibration
controls for each selected gain. Output of the AD6//
operational amplifier is converted to its rms equivalent
voltage by the ADS36A rms-dc converter.

Input ranges are 200mV, 2V, 20V and 200V rms. For
the respective ranges. —3dB bandwidth points are
>4kHz, 600kHz,1.SMHz and 600kHz. For the lowest
range, bandwidth will vary with the degree of stray
capacitance at pin 9 of the AD7503.

0 -5u

Fig. 8. Dedicated rms converter chips can reduce component count and improve

Testing converters

To calibrate and assess the accuracy of an rms converter, many
factors need to be considered - particularly the dc response
(offset), frequency response (gain) and dynamic range.
Laboratory equipment is desirable, but a good overall picture
can be gained by feeding a pulse waveform of known amplitude
and mark/space ratio into the converter. This is because the
pulse contains frequency components extending to
infinity — in theory at least — and calculation of the
crest factor and true rms value is straightforward.
The circuit shown generates reasonable pulses

important that the circuit under test is connected before setting
the reference to avoid loading errors. This will also confirm that
the converter is responding correctly to dc.

Switching the pulse generator switch to run should produce
a dc voltage at the output of the converter of around 1.6V. Its
true rms value is 0.316x5=1.58V.

with variable amplitude and a mark/space ratio fixed e lie oo
at 1:10. A simple clock with a frequency around 10k Decader [set s A3

TkHz is built around a Schmitt trigger. This
frequency may be varied over a wide range by
altering the resistor and/or capacitor values. Clock
output is sent to a 1 of 10 decoder to fix the
mark/space ratio and the pulses are cleaned up by
the remaining Schmitt triggers.

For controlling amplitude, an op-amp s
configured to provide variable gain giving an output
pulses from —10V to +10V referred to ground. The

190k
clk 8901234567830123

St

T
i Outpet

circuit can suffer from ringing on the pulse edges. == set s
This affects the rms level, especially at higher pulse T toms opor beseros trom
rates. Should this be a problem, it is advisable to t: T/10

Urms = @ 316 1 5 | Ict

Al-A3Y 1/4 4033 JETN
417 e

strap a variable resistance of around 47kQ between
the op-amp input pins and trim for best shape.
Before testing an rms circuit, the zero should first
be checked and any offset noted. A suitable dc
reference voltage should then be set at, say, 5V. It is

av
A5 TLeT7!l /- 120

Simple pulse generator with fixed mark/space ratio and variable amplitude
allows easy assessment of rms converter accuracy.
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Noise referred to the amplifier input is 360pV on the
2V range while the signal-to-noise ratio is 75dB. Output
settling time is 397ms to reach 1% of input.

Address lines Ag., should be set for each gain.
Calibration trim potentiometers Ryg .12 should be
individually adjusted for the correct gain on each range.

Compensation capacitors Cs g 7 should be adjusted for
flat response on each range. For this, use a variable
frequency sinewave input signal and an oscilloscope to
monitor the AD544 output, pin 6. Alternatively use a
digital voltmeter on its dc scale connected to the
converter’s output.

Reading ultra-low frequencies

Reducing input frequency requires lengthening the
averaging and filtering time constants to maintain the
same levels of dc error. Consequently, successively
larger values of Cpy are needed. With very large values
of averaging capacitor, needed for frequencies below
10Hz, C4v can become physically too large and also
prohibit the use of low-leakage devices.

Figure 10 uses two very low input bias current
amplifiers, permitting large values of averaging
resistance — in this case 10MQ. This circuit has been
optimized to exhibit less than 0.1% averaging error for
input signals as low as 0.1Hz. The Vy*/V function
appears at pin 9 of the AD637.

As a result of transient noise spikes, the circuit may
overload because the filter stage averaging capacitor has
been drastically reduced. Normally, the averaging
capacitor is called Cay but in this case it has been
renamed C . Reducing the capacitor allows output at pin
9 of the AD637 to respond to the square of the input
signal rather than to the average of the input square

For applications where high crest factor-low frequency
signals are to be measured, Cy should be increased to
3.3uF. In conjunction with the internal 25k filtering
resistor, this capacitor forms a low-pass filter with a 2Hz
corner frequency. This attenuates higher frequency
signals — transients — by the ratio of the transient
frequency to that of 2Hz. This means that in the case of
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60Hz transients, they will be reduced by 60Hz/2Hz or
30 times. Practically speaking, there will be effective
transient protection.

In addition, larger or smaller values of C'; may be used
as required by the specific application. If a low-pass
filter is used ahead of the AD637, out-of-band signals
are less likely to cause an overload. This allows smaller
values of C| to be used in these circuits.

Since raising ' causes increased averaging of higher
frequency signals, the ViN3/V, function will be linearly
converted to the average of Vj2/Vims as the input
frequency goes up. This prevents the instantaneous
square of the input signal from appearing at pin 9 of the
ADG637. n
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