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SOLUTION!

PIC based TOOLS to help you realise your project:
from single applications to full scale production

BASIC STAMPS °

PIC based BASIC Stamps are perfect for one-off and low volume applications. \ /
Their easy to learn but powerful BASIC syntax (with familiar instructions such as GOTO, FOR ... NEXT,
and IF ..THEN as well as instructions for serial 1/0, pulse measurement, button debounce, DTME X-10
etc) will get your application up and running in hours. Once programmed, the Stamp runs independantly
of your PC and programs are stored in non-volatile EEPROM so they can be changed at will. Detailed

manuals cover many commonly needed routines and the Stamp is well supported by a growing list of
custom application Kits to cut development time even further. Available in two formats:

SWITCHES 0-3 ‘_' bl hh'(‘ h
L e ~ 'l)';i'::‘r
LLD Y,
T?PT???; )
BASIC LT BASIC
Stamp 1 (BS1-IC) } o 1 i Stamp 2 (BS2-IC)
8 1/0 Lines e ] 16 1/0 Lines
up to 80 program lines s = up to 500 program lines

Comms to 2400 baud o ) ) ) ) Comms to 50 kbaud

35x10mm size Application note 1: Using the BASIC Stamp as a simple interface terminal 24pin DIP packag e

£29 single price Typical Application £49 single price
BASIC Stamp Development Kits including PC software, manuals, 24+application notes,
downloader cables, Stamp (BS1-IC or BS2-IC) and corresponding Project Board - £99 / £119

PIC16Cxx DEVELOPMENT TOOLS

For medium to large volumes and high speed requirements, the popular range of PICs is hard to beat.
We offer an extensive range of programmers, emulators and associated hardware to support the
following PICs: 52 54 55 56 57 58 620 621 622 61 62 63 64 65 71 72 73 74 84

PIC16Cxx Programmer In Circuit
Emulators

] wi

*True hardware
emulation of
program memory,
registers and 1/0

*Unlimited
breakpoints.

*Single stepping L ]

* Software-programmable oscillator

* ZIF sockets *Windows Environment

* SOIC/SSOP/PLCC adapters *Runs from 32Khz to 10Mhz ('xx) and 20Mhz ('5x)

: Prototyping boards *Source level debugging for PASM(X), MPASM and MPC
Compilers/Simulator * Optional trace facility

'
1al
L]
"
1
-

BEBERAEIEEEUREX
I

PIC16Cxx-PGH
Also stocked

Milford Instruments Please call or fax to receive PA:?ALL X A
®

Milford House, 120 High Street,  |iaiiailut ool il "3805 Atherton Road, #102

All prices exclude VAT .
SOUTH MILFORD LS25 5AQ a‘r)ld £3 shipping. Rocklin, CA 95765 USA

01977 683665 Fax 01977 681465 BASIC Stamp & the Parallax logo are 916-624-8333, Fax 916-624-8303
registered trademarks of Parallax, Inc. http://www.parallaxinc.com
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PREAMPLIFIER ‘96

Doug Self describes a no-compromise
audio preamplifier using
high-performance op-amps — part L.

548 CROSSOVER NETWORKS
MADE SIMPLE

Bill Teleki’s short C program makes
determining components for Butterworth
loudspeaker crossovers quick and easy.

552 C METER RESOLVES
TO O.1pF

Emil Vladkov’s meter spans 0.1pF-1.999uF

— with autoranging — and is trimmable to give
up to 0.1% accuracy.
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zeros all have different fortes, as lan
Hickman explains.
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POWER AUDIO

A new relay design is said to offer high
power audio switching without
compromising signal integrity.

566 VIRTUALLY FAST

Paul Mapp looks at a new fast a-to-d
converter that turns your pc into a spectrum
analyser, dso and meter.
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CABLE DIFFERENCES

Ben Duncan explains his technique for
measuring loudspeaker cable differences.
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Ray Morris argues that thermal engineering
is a better proposition than thermal
management.

580 IF GOES DIGITAL
Andy Thurston describes the benefits of
using digital techniques in IF stages.
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passive alternative.
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New ball lightning findings.
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Pick of the month — classified.
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Help wanted questions and answers.
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Pulse-integrating tachometer, complete
30W bridge amp.
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Measuring only 32 by 32 by 23mm,
this camera outputs composite video
and costs just £75 ~ fully inclusive -
but only to readers of Electronics
World: page 607.

Ball lightning has long puzzled
scientists. Jonathan Campbell
presents some new evidence on
page 539.

EW reader discount

Got a PC? If so, you could have
a 50MHz sampling DSO,
25MHz spectrum analyser, a
digital vort)meter and frequency
meter for just £469 by taking
advantage of our special reader
discount on page 569.

NOTICETO
SUBSCRIBERS

This special combined
July/August issue of
Electronics World will not
affect your subscription. You
will still receive twelve
copies of Electronics World
for your yearly subscription —
including this special
combined issue.

SEPTEMBER ISSUE
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QUICKROUTE

"..If certainly
gets my vote!”

Computer Shopper Nov 1995

.

—| rao 0 o0
——— i A1 PO ]
==F E
— ;
—5— Pia AQ4/ PO 4 o4
] ADS/ PO, 05
———] ni ADE/ PO 0%
——{ #J 071 PO o7
—_ PALIRAD A3/ P2O c
— ] HTD A o¢
—H—{ P20
—p—t P33/ 1 .3
== Ao
P35 e
—H—] Pow  marzk
—— n? "
- A B
— T2 A TR
oHD

T
;x_uTuTJV___ =

..

|Genevate s PCB rafs-nest from @ schemeic

"..a very capable package which will be of
interest to many electronic designers,
especially because of its low price."

CADCAM, March 1996

For just £249* Quickroute 3.5 PRO provides a complete schematic
& PCB design system for Windows 3.1, '95 and NT. The system
includes multi-sheet schematic capture with power rail and bus
support, auto-routing on 1 1o 8 layers, netlist, CAD-CAM and WMF file
export as well as design rule and connectivity checking.

More advanced functionality Is provided by Quickroute 3.5 PRO+
which for just £399* offers all the features of PRO as well as copper
fill, enhanced auto-routing, netilst import, Gerber importfviewing,
DXF file expon, and links to a wide range of simulation packages.
PRO+ also Includes engineering change/enhanced connectivity
checking which will update your PCB from a schematic, adding or
removing nets and components automatically.

Call now and we will send you our free demonstration pack.

*Prices are PRO £249 and PRO+ £399. Post & packing is £5 (UK), £8
(Europe), and £12 (worldwide). Please add V.A.T to the total amount.
Lower cost versions are also available.

Tel/Fax 0161 449 7101
www.quickroute.co.uk

~« . EMail: info@quicksys.demon.co.uk
* | e Quickroute Systems Ltd., 14 Ley Lane, Marple Bridge,
- Stockport, SKé6 5DD, U.K.

§’$‘§'§“E°g,{“§ -—! Prices and specifications are subject to change without nofice.
All frademarks are acknowledged & respected.
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RADIO DATA MODULES,

SYSTEMS & ACCESSORIES

UK, E.E.C, Scandinavia, Eastern Europe, North & South America,
Middle East, South Africa, New Zealand, Far East or Australia.
Wherever you are, we have a module on the right frequency for you !

New !: TXR-XXX-DTR100

* UK, North American, Australian *
* MPT, I-ETS, ISM & FCC Approvals *
n‘- * Up or 64 selectable channels *
* 433, 458, 462/468 & 472MHz Verslons *
! * Range up to 5Km + Internal Antenna *
Only 55 x 23 x 15mm * Compact Size ideal for Hand Helds *

Special Starter Kit: 2 x -DTR100 + Manual + P&P Now Only £299.95
‘New 3V, 20,0000:8% Transmitters to Simplify interfacing

* Drives directly from a PIC micro output Port [l *
* Same R.F power but twice as fast as the Std - A version
*"Matching 20,000bps 5V Receiver (SILRX-XXX-F only £22.50) * ' ‘.'l l

*Available UK Approved MPT1340 418MHz * 1 -
* Export I-ETS-300-220, 433.92MHz * TXM-418-F Transmitter
* Special Starter Kit: TXM-F + SILRX-F + data, inc (UK) P&P & Vat £29.95*

‘South African Data Modules & Security Products on 403MHz
* 1mW ERP In to 50 Ohms, P.A’s Avallable ! * -

* Evaluation Kits and 100uA RX Decoder Available * ! 3
© TXM-403's £14.75, SILRX-403-A £22.50 RXM-403-A £29.50 @

* PEN-403-A £28.00, 1CH-403-A £29.95, 1CH-403-LP £32,50 * (-

Starter Kit: TXM-A + SILRX-A + RXM-A + 1CH403 + 1CH403-LP +  1CH.403.LP PEN-403-A
PEN-403-A + EVAL KIT + 2 x Antenna + Data Sheets: Only £145.95.

_ VHF Moduies & Systems for UK, Australia and Beyond {
* UK, 173MHz to MPT1344 & MPT1328 Licence Exempt* L=
¢ Telemetry Systems: Digital, 12-bit Analogue & Puise *

¢ Miniature Low Cost 1 & 10mW Transmitters *

* Exclusive173.500MHz Modules and Telemetry for Australia *
* Meter reading modules and transmitters to MPT1601 *

We have over 100 products of various frequencies & powers

in stock. Please contact our sales office for a free catalogue. 8 o/p 12-bit Recsiver

Corporate Web Site http://www.radio-tech.co.uk
Radio - Tech Limited, Overbridge House, Weald Halt Lane

Thornwood Common, Epping, Essex CM16 6NB.
Sales +44 (0) 181 368 8277 Fax +44 (0) 181 361 3434
int’l +44 (0) 1992 57 6107 Fax +44 (0) 1992 56 1994
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C. Bateman Engineering

EMC/RFTI Filter Simulator uses 'Real-Time' Components.

Dedicated EMC Filter Simulation Software for 'Windows'®
offers simplest possible 'Net-List' generation and correction
for Capacitor-Inductor 'Frequency Dependant' parameters.

All Filter Schematics are Pre-drawn, including Capacitor or
Inductor parasitic elements, together with 'Startup' ‘Default’
values. Simplg 'overtype' the 'Defaults’ with required values
and click on 'Simulate’ Button for instant, realistic, results.

Automatically displays on screen: - 'Return - Loss', 'Group -
Delay', and 'Insertion - Loss',- no user configuration needed.

This new and unique Simulator uses 'Real-Time' modelling of
components by calculating the 'Frequency Degendant' change
of value and loss factor for Capacitors and Inductors.

Unique features of the 'EMC Filter' software:-
« Automatic 'Net-List' Generation - No Learning curve.
s Filter Schematics pre-drawn - with Parasitics and 'Defaults’
s Qvertype 'Defaults’ with values desired for simulation.
« Choice of 'Capacitor' and Tnductor' materials defines losses.
« Select 'Worst Case' or desired 'Source-Load' impedance.
* Automatic 'Return-Loss' plot - Filter/source interaction.
» Automatic 'Group-Delay plot - Filter/signal interaction.
« Automatic Insertion-Loss’ plot - the attenuation of EMC.

Price:- £100 inc. for the full packz&e with manuals (Software
and Filter), as used for Electronics World May '96 pp 384-388.
A 'Demo’ disk is also available for £7 inc.- refund on purchase.

C. Bateman. Design Consultant. Tel. 01493-750114.
'Nimrod', New Road, ACLE, Norfolk. NR133BD.
cyrilb@ibm.net 76251,2535@ Compuserve
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There should be a number of benefits resulting
from the collapse of the price of d-ram, which has
fallen to a quarter of its 1995 price.

Nowadays, d-ram is so ubiquitous that its price
affects the retail price of many electronic products —
though the one it affects most is the personal
computer.

The pc has been a revelation — the most important
industrial product of the second half of the century.
But how much further does it have to go?

We’re looking at 30 per cent household penetration
levels in the West and it could be that all those who
want access to a pc, already have it.

But how about the other 70 per cent who don’t
want access to a pc? Can anything be done for them?
This looks like a silly question, but the truth is that
many people who are at first indifferent to new
products — like cars, tvs or mobile phones — often
come round to buying them when they become cheap
enough and easy enough to use.

At the moment the pc is still the province of the
educated middle-class. If it is to have a market
outside the educated middle-class it probably has to
change its current evolutionary course.

Instead of blindly pursuing faster processing, it
may have to start looking at what people want to do
with it. Furthermore, if the pc is to become as
universal as the telly, it has to be made as easy to use
and as cheap as the telly.

But, at the moment, the future of the pc is driven
by the supercharged techies of Silicon Valley. To
them the absolutely overriding issue is more
performance.

To techies, the pc is still a vehicle for fulfilling the
same urge that drove the pc’s pioneers — to impress
their peers — rather than to make something saleable
to the masses.

In the early days of the motorcar, the pioneers
similarly vied with each other for more and more
power. Enzo Ferrari once famously dismissed W.O.
Bentley’s cars as ‘lorries’. But then came Henry Ford.
He had a different priority. Ford’s vision was to make
cars affordable — cheap enough for Joe Soap to buy.

That was the original promise of the
microprocessor which, in the words of its inventor
Ted Hoff, “democratised the computer.”

The microprocessor was invented 25 years ago
this November. Ever since then, the evolving

Isn’t it time someone did for the pc what Ford
did for the automobile?

price/performance ratio of the computer should have
been linked to the chip learning curve, i.e. doubling
in performance or halving in price every eighteen
months.

For a while it did. By now the power of a 1980s pc
can easily be incorporated on a single chip. That
should mean that the High Street shops are stuffed
with affordable computers. But they are not. Instead
pes tend to cost from £800 to £1500. That’s because
the chip and computer industry prefer the option of
doubling in power every two years rather than
halving in price. That way they keep computer prices
and chip prices high and margins fat.

And they don’t get any easier to use. The average
Joe Soap despairs of the unfriendliness and non-
intuitiveness of pc software and finds it a nightmare
trying to add on a modem or even connect up a
printer. If the electronics industry wants pcs to reach
the other 70 per cent of the West’s potential pc
market, then pcs will have to be made as easy to use
as calculators.

Two things might persuade people to make
computers for Joe Soaps. First a number of
microprocessors are getting to be powerful enough to
emulate the ubiquitous 486, and Pentiums without
losing significant performance, and secondly, the
cost of d-ram is now low and sinking. So there is a
good opportunity to supply that 70 per cent of the
potential Western market for cheap, easy-to-use pcs
which the computer industry is currently unwilling to
supply.

David Manners
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NOW, T I'I_E BATTLE
IS OVER

UL BONID)

sBunpLED WITH G SPECCTRA

SHAPE BASED AUTOROUTER

ULTIboard's mteractuve strenght has always been the major selection cntenon of professional
Printed Circuit Board designers. Now that every ULTIboard Designer system will be supplied with a

SPECCTRA SP4 Autorouter, ULTIboard designers now get the best of both worlds.
All ULTIboard Designer Users with valid update subscription got a MAINTENANCE UPGRADE with
the SPECCTRA SP4 (4 signal layers + power/ground layers) Shape based Autorouter. This shows

that ULTImate Technology is the PCB-Design Tool vendor that really cares for their customers!

THE ULTIMATE ULTIboard Entry Designer* £ 1295 (excl. VAT) will now

SPECIAL OFFER be supplied with SPECCTRA Shape Based Autorouter
*free Upgrade with EMC-EXPERT mid 1996 (list price at release £ 1875)
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UP DAIE

200MHz Pentium running late

ntel is announcing its 200MHz

Pentium this week while privately
telling PC vendors that volume
production using the processor will
only be possible later this summer.

This contrasts markedly with
previous Intel processor launches
which have always shipped in volume
once announced. Intel is telling its
customers that yields of the 200MHz
Pentium are still very low.

Sources close to Intel say that the
200MHz Pentium introduction was
rushed to prevent Cyrix from getting
too much attention with its 200MHz
6X86 P200+ processor (EW, June 5,
p3).

Despite the shortage of the Intel
device, major PC companies will this
week announce 200MHz Pentium-
based systems. These include
Compaq Computer, Dell Computer,
Hewlett-Packard and IBM.

Intel’s new 200MHz Pentium processor was announced this week but won't start
volume production until later this summer.

Battery capaci
could double

hemists at the University of St

Andrews have produced recharge-
able lithium ion cell using a man-
ganese compound which is far
cheaper than the cobalt compound
used at present. Developments with
the material could double existing
storage capacity.

Peter Bruce, Professor of Chemistry
at St Andrews said: “Manganese, as a
raw material, is 100 times cheaper
than cobalt and much less toxic.” But
a useful manganese compound, with
the correct structure, has been difficult
to make. The positive electrode in
most lithium ion cells is LiCoO,, a
cobalt based material.

Bruce said: “A Japanese manufac-
turer is just about to bring out a cell
based on LiMn,04. This is an alterna-
tive to the cobalt compound, It cannot
store as many lithium ions, which
means it holds less power.”

Bruce’s team has produced
LiMnOs,, in a form suitable for battery
use. “The structure we have is a
lithium-oxygen-manganese-oxygen
sandwich which stores ions effective-
ly.”

The capacity of the St Andrews’ cell
is currently 260Wh/l, good commer-
cial cobalt cells currently achieve
280Wh/l, but cycle life is still low.

New infra red camera

he Jet Propulsion Laboratory and

Amber in Goleta, California are
collaborating to develop a cooled
long wavelength infra red (LWIR)
camera. The aim is to design an infra
red imaging system based on using a
quantum well infra red photodetector
(QWIP) and Amber’s 256x256
readout multiplexer.

Infra red (IR) detectors made from
materials already tested in lasers
promise superior IR cameras and
night-vision devices. These QWIP
devices are made from aiternate
layers of semiconductor materials
arranged atom by atom into layers
just a few atoms thick, such as
Gallium Arsenide (GaAs) and Indium
Gallium Arsenic Phosphide
(InGaAsP).

Quantum wells are already widely
used in lasers to generate light from

electricity but in night-vision devices
and infra red cameras this process is
reversed. With conventional quantum
well devices electrons can only exist
in one of two energy bands, either the
low energy “valence” band or the
high-energy *“conduction” band. In a
conventional detector a photon
striking the detector surface liberates
an electron into the conduction band
which may generate an electrical
signal if a voltage is applied across
the detector head. The most recent
QWIP’s are so sensitive that incident
photons may be detected which only
have enough energy to shift electrons
within the bands.

An infra red QWIP array camera
mounted on a plane, ground based
vehicle or low earth orbit satellite
should be capable of high resolution
infra red images.

Cable modem market to double

The cable modem market is forecast to almost
double this year as frustrated Internet users
turn to the speedier devices. The US market
research firm Dataquest forecasts 92 per cent
growth in cable modem unit shipments this year
to reach 25,000 units. In 1997 this is set to grow
to 80,000 units.

Cable modems, however, will soon begin com-
peting with ISDN and XDSL communications

technologies which have the advantage of running
on existing telephone lines. “The most compelling
reason to use a cable modem is speed, but speed
alone won’t be enough to win the battle,” said
Dataquest industry analyst Lisa Pelgrim.

Although ISDN and XDSL will be available to
greater numbers of people, Dataquest points to the
advantages of cable modems: they can easily trans-
mit data types like video and two-way audio, they
offer lower cost per transmitted bit, and also support
constant connectivity down the line.
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UPDATE

Astra plans to
make satellite
transmission a
two-way affair,
with businesses
and home users
having a narrow-
band return path
over which they
can engage in all
the interactive
opportunities
already planned
for cable.

SES/ASTRA MULTIMEDIA SERVICE PLATFORM

S ¢ S
SES. Prese/23

Wireless interactive services — via satellite

atellite operator Astra is planning

to introduce interactive services,
using a transparent radio channel and,
ultimately, an uplink from domestic
satellite systems.

The system, the Astra Multimedia
Service Platform, will use two
transponders on Astra 1H, at its dig
orbital position, due for launch in the
third quarter of 1998. Frequencies
will be in the Ka band, using 18.80-
19.30 GHz for the downlink and
29.50GHz for the uplink. This will
allow Astra to offer both broadcast
and on-line services on a point-to-
multipoint and point-to-point basis.
Initially, these will be offered to
businesses, providing hybrid multi-
media transmissions in real time or
store-and-forward. Eventually, the
service would be extended to direct-
to-home satellite customers.

The announcement, made in
Luxembourg last month at a press
conference outlining Astra's plans for
the digital era, show that the satellite
operator is determined not to lose
ground to the cable companies, which
have recently been making much of
their ‘unique’ ability to serve the
needs of interactive communications
via asymmetrical return paths, easily
incorporated in high-capacity fibre-
optic cable.

Until now, Astra and its direct-to-
home broadcaster customers, such as

Telephone Network

Sky, have been restricted to the
prospect of a fairly crude version of
interactivity relying on a telephone
link between the user and the service
centre at the broadcaster's uplink.
Users are restricted by the low
bandwidth of telephone lines and the
geographic limitations of cable
penetration.

Few technical details are as yet
available from SES. Questions raised
at the conference - but not answered
—involved the design and power of
domestic satellite systems which also
operate as transmitters, whether users
would need radio licences, and how
the transponders would cope with
thousands of signals from different
users. On this last point, the best
guess was some form of cellular
multiplexing, as with mobile phones.
It is perhaps significant that the
newly-appointed technical director,
Aldis Grinbergs, who was with Astra
until 1988, returns after five years
with Motorola, working on its Iridium
satellite-based mobile
communications project.

@ Astra has also announced a second
orbital slot, at 28.2° E, for digital
broadcasting. The first satellite in this
position, Astra 2A, is scheduled for
launch next summer, and BSkyB has
already booked 14 transponders —
representing half its capacity. Astra is

in “advanced negotiations with major
public and private broadcasters’ on
the remaining transponders,
according to director general Romain
Bausch. These involve “an important
amount of services primarily
targeting the the UK market.” Two
satellites are so far planned, the
second due up in late 1998, giving a
total capacity of 56 transponders, or
around 400 digitally-compressed
channels.

Transponder output will be 100W,
and signals will be receivable on
50cm dishes in the British Isles.

Existing 60 or 80cm dishes, pointed
at 19.2° E, should be able to receive
signals from the new satellites,
provided they are equipped with
appropriate Inbs. However, neither
Astra nar its broadcasters is
recommending this approach. Few
existing Sky subscribers, for instance,
have the requisite Inb fitted.

A probable scenario will be for Sky
to replicate existing analogue services
as part of the new digital package —
they would all fit onto three of its 14
transponders — enabling subscribers
to flaunt the new, smaller dish.

Sky also has some digital capacity
booked on Astra 1E and 1F. This
results from long-standing bookings
and is to be used for continental
broadcasting, said an Astra
spokesman.
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UK centre of Europe for set-tops

he UK is set to become the European centre

for volume manufacturing of digital set-top
boxes as consumer electronics makers line up
with announcements.

Last week, Sony started shipping digital set-top
boxes from its Pencoed Technology Centre in
Wales. The boxes are designed and manufactured
in Wales and are Digital Video Broadcast (DVB)
compliant. The first generation boxes will be
delivered to Canal Plus for its 24 hour service in
France.

Matsushita and the US receiver developer
ComStream announced recently their production
of digital set-top boxes in Cardiff, Wales, this
year. In the start-up phase, scheduled to begin in
July, Matsushita will produce around 500,000
units. From August much higher volumes will
then be produced.

Pioneer is also close to a decision with regards
to volume manufacturing digital set-tops in the

UK, due to start at the end of this year.

“The first generation of set-top boxes will be
done in Japan and then we’ll switch the produc-
tion to Europe. The UK is a serious candidate,”
said one Pioneer spokesman.

These announcements follow the joint declara-
tion from Digi Media Vision and Mitsubishi
earlier this year for the development and manu-
facture of such systems in Scotland. In addition,
Pace, the indigenous set-top box volume manu-
facturer manufactures in excess of 800,000 units
per year.

Matsushita and ComStream will supply set-top
boxes for satellite, cable, MMDS (Microwave
Multipoint Distribution System) and digital
terrestrial television broadcast. The boxes will be
designed by ComStream, but manufactured by
Matsushita under the Panasonic brand name.
Svetlana Josifovska
Electronics Weekly

DMX wins satellite award

MX was voted runner-up in the ‘Most
innovative satellite product/application’
sector at the 1996 European Cable & Satellite
Awards. DMX, the revolutionary new digital
audio subscription service, was launched in the
UK on March 20 of this year.
As the UK'’s first digital audio subscription

service, DMX is available on satellite and cable,
offering continuous music 24 hours a day with no
interruptions from DJs or advertising. There is
something for everyone with 62 channels
available on the service, each one dedicated to a
particular genre of music — from rock to reggae,
from jazz to dance and from opera to mariachi.

Ceramic laser

apanese workers have developed what is claimed to
be the first neodymium-doped yttrium-aluminium-
gamet (Nd:YAG) laser based on ceramic materials.
Nd:YAG lasers are used for micro fabrication and,
through fibre-optic light pipes, for medical work.
Nommally the lasers are made from monocrys-
talline material. The size, and thus the power, of
these is limited by the size of the single crystals tHat
can be grown. Growing large crystals can take over

a month and defects often develop during the growth
time.

The bulk material for the ceramic laser, developed
by Krosaki Corporation and Prof K. Yoshida at Osaka
Institute of Technology, can be made by sintering in a
few hours.

Another advantage of ceramics is that up to 10
percent of Nd can be incorporated. This contrasts with
only one percent of Nd included in monocrystals. The
group found that 2.4 percent gives the maximum
power output, twice that of the monocrystalline
material.

Talking your way through the web

n future, computer nerds will surf the Web by

talking to their terminals. So claim researchers
at the Massachusetts Institute of Technology
(MIT).

The spoken language systems group at MIT,
led by Dr Victor Zue, is working on its third
generation of voice recognition and understand-
ing systems called Galaxy. Six researchers have
spent over two years programming the software
based system.

Zue says: “It is not just a case of linking the
recognition and understanding bits together. In
speech it can be difficult to tell where one word
ends and another begins. An example is
‘euthanasia’ and ‘youth in asia’.” Zue claims to
have solved many of the problems of speech
taken out of context.

In an Internet system, the local user will have
a client program that ferries the digitised
speech, such as “What are the flight times from
London to New York?”, to a central server. The
server attempts to recognise and understand the
speech, forms the correct response and delivers
the answer back across the Net to the client,
either through a text transfer or a voice synthe-
sis system.

Zue thinks a working system for tailored
applications using specific knowledge bases
could be in use within five years.

Apple Computer’s PlainTalk system already
provides plug-ins for Netscape Navigator that
allows control of the navigator via speech.
Users can speak hypertext links, bookmarks and
commands such as ‘Go Back’ and ‘Reload’.

UPDATE

Winerier

GPS for taxis

ext time you are left waiting for a

taxi to show up remember that the
technology exists to make your cab
arrive faster.

A cab finn in Singapore has fitted a
global positioning system (GPS)
receiver to its taxis. As a result the
position of each taxi is calculated to
within 100m and then broadcast back
to the control centre, enabling operators
to match calls to cabs more efficiently.

GPS receivers were supplied by
Motorola and the radio data comms
system was developed by Cambridge
company Spectronics Micro Systems.

New microwave

notch filter is tunable

esearchers at Kings College and

Surrey University have
demonstrated a simple, electrically-
tunable monolithic notch filter for
microwaves. The proof-of-concept
single-stage device offers better than
50dB rejection with independently
adjustable Q and a tuning range of 2-
3.5GHz. Modifications could extend
the tuning range to 10:1.

Global GSM network

I ridium, the prospective satellite phone
operator owned by Motorola and a
number of international telephone
operators, has placed an order with
Siemens for GSM switching systems to
be used in the ground segment of its
global network. Iridium’s network,
which is scheduled to begin service by
1998, aims to be compatible with
existing terrestrial GSM networks while
offering intercontinental coverage using
its own satellite base stations.

Tethered satellite

report released

ASA and the Italian Space Agency

(ASI) have recently released the
report of the investigative board
appointed to determine factors which
resulted in the February 25 tether break
and loss of the Tethered Satellite during
the STS-75 Space Shuttle mission.

Findings of the board identified
primary causes which accounted for the
tether break during deployment of the
Tethered Satellite.

“The tether failed as a result of arcing
and burning of the tether, leading to a
tensile failure after a significant portion
of the tether had burned away,” the
report concludes.

(Turn to page 538 for more details)
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TRANSISTORS
IN 4001

IN 4004
IN 4007
IN 3024B
IN 3155V
IN 4577AV
IN 4742A
IN 5230B
IN 5246B
IN 5253B
IN 5336B
IN 5337B
IN 5340B
IN 5343B
IN 5346B
IN 5363B
IN 5379B
IN 5380B
IN 5384B
IN 5385B
IN 53868
IN 5648A
IN 5653A
IN 5656 A
IN 6055A
IN 6057A
IN 6059A
IN 6061A
IN 6064A
IN 6068A
IN 6070A
IN 6072A
2N 1711
2N 2369A
2N 2484
2N 2894
2N 2905
2N 2906
2N 3419
2N 3700
2N 3725
2N 3824
2N 4117A
2N 4918
2N 5038
2N 5039
2N 5179
2N 5192
2N 5320
2N 5322
2N 5323
2N 5486
2N 6288
2N 6386
BC 108
BC 109
BC 161
BC 179B
BC 477
BC 546
BC 558
BCY 59B
BCY 791X
BD 175
BD 237
BD 238
BD 239
BD 240C
BD 436
BD 707
BD 909
BDW 84A
BDW 91
BDW 93C
BDW 94A
BDX 54
BDX 87C
BF 257
BF 258
BFR 36
BFR 852
BFR 856
BFW 43
BFW 44
BFX 38
BFX 40
BFX 86
BFY 64
BSX 19
BSX 33
BTA06-400B
BTAO08-400B
BTA12-400B
BTB15-700B

BURSO
BURS2
BUT11
BUV48
BUVS0
BYT11-800
BYW78-100
MJ11028
MJ11029

P 600D

SD 1285

SD 1487

SD 1729
TO509 MH
TO606 M
T1006 MJ
TI206 NH
T1216 MH
1.5 KE39CP
P 6 KE 75 CP

100 for £2
100 for £2
100 for £2
20 for £1
20 for £1
20 for £1
20 for £1
20 for £1
20 for £1
20 for £1
20 for £1
20 for £1
20 for £1
20 for £1
20 for £1
20 for £1
20 for £1
20 for £1
20 for £1
20 for £1
20 for £1
20 for £1
20 for £1
20 for £1
20 for £1
20 for £1
20 for £1
20 for £1
20 for £1
20 for £1
20 for £1
20 for £1
10p each
10p each
10p each
10p each
10p cach
10p each
16p each
10p each
20p each
16p cach
20p each
20p each
20p each
20p each
16p each
20p each
20p each
20p each
20p each
20p each
20p each
20p each
S5p each
Sp each
5p cach
5p each
10p each
5p each
5p each
10p each
10p each
20p cach
20p each
20p each
20p each
20p each
20p each
20p each
20p each
20p each
20p each
20p each
20p each
20p each
20p each
10p each
10p each
20p each
Sp each
S5p each
20p each
20p each
20p cach
20p each
20p each
20p each
10p each
10p each
3 for £1
3 for £1
3 for £1
3for £l
3for £1
3 for £1
3for £1
3 for £1
3for£l
3forfl
3 for £1
3forfl
3for £1
3 for £1
3for£1
3for £l
3 for £1
3 for £l
Sp each
10p each
£1.60 each
£1.80 each
20 for £1
£2.60 each
£4.80 each
£6.20 each
20p each
20p each
20p each
20 each
20p each
20for £1
20 for £1

INTEGRATED CIRCUITS

HCF4000BEY
HCF4002BEY
HCF4006BEY
HCF4C007BEY
HCF4008BEY

‘HCF4009UBEY

HCF4010BEY
HCF4012BEY
HCF4015BM1
HCF4016BEY
HCF4018BM 1
HCF4023BM1
HCF4027BEY
HCF4035BEY
HCF4040BM 1
HCF4041UBEY
HCF4054BSY
HCF4063BEY
HCF4067BM1
HCF4068BEY
HCF4071BEY
HCF4075Bm1
HCF4082BEY
HCF4097BEY
HCF4099BEY
HCF4510BEY
HCF4516BEY
HCF4517BEY
HCF4518BEY
HCF4532BEY
HCF4724BEY
HCF40105BEY
HCF40174BM1
M74HCUO4BIR
M74HCU10BIR
M74HC21BIR
M74HCUT27BIR
M74HC30BIR
M74HCS1BIR
M74HC109BIR
M74HCU112BIR
M74HC137BIR
M74HCI151BIR
M74HC153BIR
M74HCI157BIR
M74HCI158BIR
M74HC160BIR
M74HCI161BIR
M74HC174BIR
M74HC175BIR
M74HC190BIR
M74HC191BIR
M74HC195BIR
M74HC241BIR
M74HC242BIR
M74HC243BIR
M74HCU251BIR
M74HC280BIR
M74HC299BIR
M74HC352BIR
M74HC367BIR
M74HC368BIR
M74HC390BIR
M74HC534BIR
M74HC563BIN
M74HC688BIR
M74HC6931BIN
M74HC696BIR
M74HC697BIR
M74HC698BIR
M74HC4020BIR
M74HC4028BIR
M74HC4040BIR
M74HC4075BIR
T74LS13BI
T74LS14BI1
T74LS20BI
T74LS27BI
T74LS33B1
T74L.S37B1
T74LS42BI
T74LS51BI
T74L.S74BI1
T74LS75BI1
T74LS86BI
T74LS93BI1
T74LS109BI
T74LS125BI
T74LS132BI
T74LS133BI
T74LS136B1
T74LS139BI
T74L.S148BI
T74LS151BI
T74LS153BI
T74LS155B1
T74L.S156B1
T74LS157B1
T74L.S158BI
T74LS164BI
T74LS166BI
T74LS174BI
T74LS175B1
T74LS191BI1
T74LS192BI
T74LS193BI
T74L.S196BI
T74LS240BI
T74L.5241BI
T74LS251BI
T74L.S260BI
T74LS266BI
T74LS279BI
T74LS293BI
T74LS352BI
T74LS353B1
T74LS366B1
T74LS367BI
T74LS368BI
T74LS378BI
T74L.S390BI
T74LS393BI

35p each
37p each
68p each
17p each
34p each
22p each
20p each
33p each
41p each
21p each
61p each
33p each
50p each
40p each
74p each
34p each
52p each
60p each
£3.47 each
32p each
34p each
32p each
34p each
£3.47 each
61p each
86p each
76p each
£1.74 each
39p each
69p each
58p each
45p each
62p cach
30p cach
30p each
29p each
16p each
24p each
39p each
39p each
90p each
£1.75 each
51p each
51p each
51p each
49p each
57p each
57p each
53p each
23p each
61p each
61p cach
£1.09 each
58p each
58p each
58p each
54p each
71p each
£1.41 cach
55p each
22p each
40p each
39p each
70p each
70p each
86p each
86p each
£1.89 each
£1.89 each
£1.20 each
40p each
27p each
32p each
30p each
30p each
19p each
16p each
49p each
67p each
40p each
87p each
32p each
42p each
4lpeach
28p each
£1.09 each
55p each
37p each
42p each
41p each
92p each
21p each
95p each
39p each
51p each
.28p each
93p each
27p cach
49p each
28p cach
35p each
53p cach
23p each
69p each
88p each
55p cach
73p each
S4p each
S4p each
S4p each
82p each
80p each
25p each
£1.63 cach
55p each
70p each
60p each
22p each
40p cach
61p each
60p each
57p each

SPECIAL INTEREST

Rittal Steel Cabinet Enclosures 800x1000x300mm .......................... £100 each
Panel Mounted IEC Plug Filter with Switch ................... ... £2 each
Mitsubishi 12vdc Fans Type MMF-06B12DS 9090609505006 0 £4 each
Papst Fans 220vac Type 8550N .. pim . T T e s ..£6 each
Belling Lee IEC Plug Filter Typc L2133CL ................. £1 each

..£1 each

Mains Filters Chassis Mounting, 5 Amp 115/250vac. N
....£8 each

Papst Fans 8-16 vdc Type 8112K....................
Bulgin Pancl Mounting Fuse Holder 20mm with Tool Releasable Cap .£1 for 4
Festoon Bulbs 28v Amber ..................... £1 for 3

..£1 for 3

Din Leads 5 pin Plug 180’ to 5 Pin Socket 240’ .
....£9 each

Metal Cases Two Piece Construction 220 x 125 x 95mm ...
Simms Sockets Dual Readout Type 382759-1 ..£1.50 each
Bulkhead Lights, Red Diffuser, 100 x 60mm . ..£1 each

Crabtree Ceiling Switches, 6 Amp Retractive, Red Cord 4
Diodes Type BY206 ..

System Sensor Automatic Smoke Deteclor Model 2424E. £3 each
Polyethylene Terminals Blocks, 12 Way 6 Amp.... £3 for 10
Relays 11 Pin Latching DPCO, 24 vde with Bases.. . £10 each
Hochiki Thermal Detectors Model DFF-60ELPC . ..£5 cach

Robinson Nugent IC Sockets Type PLCC 68TP SMT . .£1 each

Capacitors Radial Electrolytic 3M3, 63v ... . £1 for 20
Capacitors Radial Electrolytic 2200M, 16v . £1 for 20
Capacitors Radial Electrolytic 220M, 63v . £1 for 20
Capacitors Radial Electrolytic 470M, 50v.. . £1 for 20
Capacitors Radial Electrolytic 470M, 35v.... . £1 for 20
Capacitors Radial Electrolytic 1000M, 16v .. .... £1 for 20
Capacitors Radial Electrolytic 330M, 63v .. .. £1 for 20

Bulgin 1IEC Mains Inlet Fused Chassis Plug Type PF0011/10/28 ..

Ceramic Trim Capacitors 20pF(red) ............................ viier..... £1 for 10
Ceramic Trim Capacitors S0pF (orange) ... £] for 8
GD A001,,,.,,...,1100550511910390,£8 fOr 100 GD 4013 ..£8 for 100

Crystals 12 MHz & 16 MHz......
Crystals Oscillator Modules 20 Mhz, 28.322 & 32 MHz
Capacitors Dip Poly OM01 400V 10mm .
Capacitors Dip Poly 1M 100V 15mm...
Capacitors Dip Poly OM33 100V ISmm ... . £1 for 20

Capacitors Axial Electrolytic 470MFD 16v ............................oo. £1 for 20
Capacitors Axial Electrolytic 47MFD 10v... .. £1 for 20
Capacitors Box Poly OM047 400V 15mm: ... .. £1 for 20
Transistors Type BC2I12L ............... ..£1 for 100
Light Emitting Diodes SL.T-35 Series Triangular Lamps 3x4.5m ........ £1 for 10
Harwin Low Profile 10 Way IC Sockets on Sil Carriers ..20p each

Densitron Liquid Crystal Displays, S Digit, Type LSHS060RP ............. £1 each
Super Twist Graphics Blue Mode LCDs 320 x 240 Pixel Size

132 x 103mm Overal..
Valves QQV06-40A (Ex Equip)
Victron Invertors Type VBB 48/1000, 48 vdc Input,

230vacOutput @ 1.OKVA .................ooiennnn. £260
Stepper Motor Drive Boards 70V/SA Step and Microstep Type GS-D500 .... £45
Farnell Portable Synthesized Signal Generator 10-520 MHz

Type PSG 520..
Processors TS68000 CFN12
M38SH74AHBI .

....... .....£5 each
£10 each

..£1.80 each
£1.35 each

..£2eachLM148).............
..85peachL4922.........
..43p each L78LO9CD ....

HCC4013FOM2RB ...................43peach L78LO9CD ................... 29p each
Panaflo Fans 40 x 40 x 20mm, 12vdc Model FBK-04F12L.... ..£6.45 each
Papst Fans 60 x 60 25mm, 24vdc Model Type 614 ....... .£5.45 each
M’Controllers 8/16-Bit Cmos Type ST9OE40ZLY ............. £12.50 each
UPD 80C 39HC-0,8 Bit Cmos CPU .. j. .......£2.40 each
Resistor Packs Mixed 0.25W. ..., £1 for 200

. £6

Mixed Component Box Loads of Goodies, Weighing 2 Kilos (lucky dip)...

B. BAMBER ELECTRONICS

5 STATION ROAD, LITTLEPORT, ELY,
CAMBS CB6 1QE

TEL: 01353 860185
FAX: 01353 863245

MAIL ORDER ONLY

TERMS: CASH WITH ORDER. DELIVERY CHARGES
ARE FREE WHEN YOUR ORDER TOTALS £30 OR
MORE. IF LESS PLEASE ADD £3.35 + V.A.T.

VISA AND ACCESS WELCOME
V.A.T. @ 17.5% MUST BE ADDED TO THE TOTAL OF ALL ORDERS
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RESEARCH NOTES

20000000000000000
Jonathan Campbell

Lateral thinking turbo-charges submicron bicmos

Convemional bicmos technology —
ideal for low voltage low-power
applications — has a limitation when it
comes to trying to achieve the ever
higher packing densities required for
vlsi. The speed of the bicmos gate
shows a rapid deterioration as it is
scaled down to 0.5-0.25pm levels.
But by adding on a lateral bjt to the
standard bicmos design, to create
additional charging and discharging
paths, two circuit electronics
engineers at Nanyang Technological
University, Singapore, have created a
circuit that gives speeds and voltage
swings much greater than has been
obtained by bicmos at the submicron
level (‘Novel low-voltage bicmos
digital circuits employing a lateral p-
n-p bjt in a p-mos structure’, S S
Rofail and Y K Seng, IEE Proc -
Circuits Devices Syst, Vol 143, No 2,
pp. 83-90).

The principle of the new design is
that the additional lateral p-n-p bjt traps

1e
rs

chO6
LIS
v, =0l

(I

1.6pm,
2 Degi ICAN0%
slt_
-

U

104

bR 3 —_von srukond BICAO6
11 i

1o & Lo &% &) £5 40 .G R
CyrF

1410, F
Yo =¥ New design of
1800 bicmos
technology
§ 100 Chs, shows the best
2 compromise of
L 300 rmE .
= TR propagation
e 610 delay and
§ - voltage swing.
& o ~ gomumiony BICMO:
2agf-
ol 1 1 1 1 1 1 1 ]
1o 18 &0 2.8 80 2§ 40 46 €3
CorkF

uses it to speed up the pull down cycle.

Tests on 0.25um technologies are
reported to show a good comparison
with other circuits in terms of speed,
output voltage swing and power
dissipation.

According to the workers, large
voltage swings at high speeds are easily
achievable under 2.2V operation.

Nand gate implementation of the

the best compromise of performance
characteristics compared with
conventional sub-micron bicmos and
cmos technologies.

More information from S S Rofail,
Microelectronics Centre of the School
of Electrical & Electronic
Engineering, Nanyang Technological
University, Nanyang Avenue,

charge during the pull up cycle, and Singapore 2263.

Giant leap in magnetic sensor design?

cheap, simple sensing system

based on the principles of giant
magnetoimpedance has been
developed by a team of researchers in
Spain. The device does not use
optical technology so should be
suitable for dusty industrial
atmospheres, yet it is much less

new design also seems to demonstrate

colleagues have used gmi as the basis
for a magnetic-field sensor, adapted
to monitor the passage of moving
pieces or vehicles in industrial
processes. The gmi mechanism in
wires is actually quite complicated
but is now well understood and
accepted. Impedance in the Spanish

complex than other magnetic-field
sensing techniques.

Giant magnetoimpedance (gmi)
describes the effect where
ferromagnetic materials subjected to
an ac current exhibit a strong decrease
in their impedance in the presence of
a dc magnetic field. R Valenzuela and

X-ray spec-tacular: The first global x-ray image ever obtained of the Earth’s
aurora shows a hot spot of x-rays emanating from the atmosphere near
midnight at the onset of a small magnetic disturbance and a wide band of weak
x-ray emissions extending through the night and morning hours to noon. It was
taken on March 20, 1996 by the Polar lonospheric X-ray Imaging Experiment
(Pixie) aboard the Nasa Polar spacecraft.

The image is presented in false colour with the colour corresponding to the
measured x-ray intensity from blue (weakest) through red (strongest). The x-ray
energy range covered by this image is from about 2000eV to over 10,000eV,
and the x-rays were emitted when energetic electrons from the Earth’s
magnetosphere struck the upper atmosphere. Intensity of the x-rays is directly
related to the intensity of the precipitated electron flux. Asymmetry in the
emissions between the local time regions corresponding to early morning (over
Siberia and Alaska) and late afternoon (over northern Canada and Greenland) is
the result of the natural motion of energetic electrons in the Earth’s magnetic
field. The field causes electrons to drift to the east from their source region,
probably far from Earth and near the equator on the night side at the longitude
near where the X-ray intensity is highest. As they drift around the Earth, some of
the electrons are lost into the atmosphere, producing the wide blue band of
x-ray emissions. When the electrons reach the day side near noon, they can be
swept out of the magnetosphere by the effects of large-scale electric fields.
Goddard Space Flight Center, Greenbelt, MD.

Observed on March 20, 1996

19:36 - 19:48 UT
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Using giant
magnetoimpedance
to detect a moving
object.

wire sensor (‘A position sensor based

on magnetoimpedance’, R Valenzuela

et al, J Appl Phys, Vol 79, No 8, pp.

6549-6551) changes steeply as it

comes close to a permanent magnet.
In experiments, 90mm of

Tethered satellite was not a loss

mbarrassing breaking free of the

satellite linked by a tether to
spaceship Columbia earlier this year
may not have been the ignominious
failure it once looked. In fact
scientists are excitedly claiming that
information gathered during the few
hours that the satellite was being
unreeled, means that models accepted
by scientists for more than 30 years
are incorrect and must be rewritten.

The aim of the experiment was to
unreel a satellite on the end of a 20km
tether to investigate — amongst other
things — new sources of spacecraft
power.

Unfortunately, just short of the full
distance, its tether broke. However,
the science instruments on the satellite
and Shuttle, which had been operating
during the five hours of deployment

amorphous CoFeBSi wire of low,
negative magnetorestriction were
used, bent and placed inside a small
acrylic cylinder 40mm long. In this
way, two sections of the middle part
of the wire could be exposed to small,
localised magnetic fields.

The wire was then submitted to an
ac current of 10mA (rms) at a
frequency of 100kHz and a small
permanent magnet bought near to it to
simulate the movement of an object.
Throughout, the voltage response was
monitored as a function of the
distance between the wire and the
magnet. In tests, V decreased from
770mV for large distances to 605mV
for physical contact. For a working
detection distance of 20mm the
voltage was 680mV. So a drop from

operations, sent a flood of readings
that were received and recorded by
scientists on the ground.

Now, analysis by a joint US-Italian
team investigating the information
gathered during the mission has been
completed, and according to Nobie
Stone, the mission scientist at the
Marshall Space Flight Center,
Huntsville, “Even the quick-look
made to date reveals that this data
harvest is rich in content.”

Perhaps the most significant finding
is that tether currents proved to be up
to three times greater than existing
theoretical models predicted prior to
the mission. Reversing the direction
of current flow puts the system into an
electric-motor mode, so that the
harnessed energy could furnish thrust
for reboosting a space station, satellite

770mV to 680 could be taken as
positive indication of detection.

In a real application the ac signal
could be easily rectified to a dc signal
and fed to a data acquisition system
allowing a process to be monitored
and controlled.

The advantage of the device is that
the well-defined threshold in the
voltage response makes for much
simpler electronics than trying to deal
with sensitive detection of the
magnitude of the dc field, leading to a
rugged device that could be relatively
cheap to produce.

Contact M Vazquez at Instituto de
Magnetismo Aplicado, UCM, and
Instituto de Ciencia de Materiales,
CSIC, PO Box 155, 28230 Las Rozas,
Madrid, Spain vazquez@pinarl.csic.es

or Shuttle in a decaying orbit.
Traditionally, the primary source of
power for long-term space platforms
has been solar arrays. But these cells
can only produce power when exposed
to sunlight during the two-thirds of
each 90-minute orbit when a space
station, for instance, is not on Earth’s
dark side. But a tether system might
provide a constant source of energy.
Other important revelations from the
mission include observations of the
satellite’s thrusters interacting with the
ionosphere. When the thrusters were
fired, the neutral gas emitted became
ionised increasing current flow, while
the satellite’s potential dropped
several hundred volts.
More information from Nobie Stone,
Marshall Space Flight Center,
Huntsville, AL, USA.

Talking of alternatives to the breathalyser...

We accept that slurred speech is often a tell-tale sign that
someone’s been drinking. Now, a Georgia Institute of
Technology researcher is working with colleagues from Indiana
University to digitally quantify this tell-tale sign, in the hope of
developing a simple, non-invasive way to test a person’s sobriety.
According to Kathleen Cummings, a lecturer in Georgia Tech’s
School of Electrical and Computer Engineering, speaking is basically
an effect of fine motor control. Preliminary results show that
intoxicated speech is marked by jumpy changes in pitch and energy

Breathalysers may
be obsolescent.
Speech is being
computer analysed
at Georgia Institute
to detect
intoxication —
simply and
non-invasively —
and preliminary
results are
encouraging.

production and unsteady opening and closing of the vocal cords.

Cummings discovered distinct differences between normal speech
and that produced under emotional stress, with an accuracy rate of
over 90%.

For her current research the idea is to do the same thing with sober
versus intoxicated speech. So a sample of somebody’s speech from an
accident or at a particular time, can be analysed against a normal,
sober speech sample to say if that person is intoxicated.

The analysis would be done by computer, based on a mathematical
formula that would yield a percentage probability as to whether the
speaker was intoxicated. Although much work is left to be done,
Cummings said translating her research into a practical public safety
device could be relatively easy. Police officers could record
someone’s speech at an accident or traffic stop, then analyse it later
against a sample taken at a different time. However there are still
technical and operational problems to be overcome not least of which
are recording quality and legal issues, such as a person’s refusal to
give two samples for comparison.

More information from Kathleen Cummings, School of Electrical
and Computer Engineering, Georgia Tech, Atlanta, Georgia 30332-
0828, USA.
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Ball
lightning
comes down
to earth

The phenomenon of ball lightning
has long puzzled scientists. Reports
of floating luminescent globes
mysteriously zig zagging above the
ground then disappearing with a bang
go back centuries — without
explanation. Now a scientist at the
CSIRO research institute in Australia
has developed a theory that not only
explains what ball lightning is, but
also suggests why it moves as it does.

JJ Lowke, in the Division of
Applied Physics, took as his starting
point the fact that reports of ball
lightning usually follows a local
lightning strike. The luminous ball,
which can be up to 25cm in diameter,
is seen to glow with the intensity of a
20W lamp and travel about 1m above
the ground at a speed of around 3m/s.
It can float for up to 10s — inside
houses and even aircraft — after which
time it extinguishes, sometimes
silently, and sometimes with a bang.

Ball lightning has also been seen to
pass through glass panes without
affecting them, though some
observers have reported wood singes
and the smell of ozone and nitrogen
oxides.

Previous theories have ranged from
an optical illusion, to a standing wave
of electromagnetic radiation, to anti-
matter, to the latest that the ball is the
manifestation of complex chemical
phenomena involving water vapour.

But Lowke’s explanation (‘A theory
of ball lightning as an electric
discharge’, J Phys D: Appl Phys, vol
29 (1996), pp. 1237-1244) begins by
noting that when lightning strikes a
point on the earth’s surface, an
amount of charge, usually negative, is
transferred via the lightning arc from
the cloud to the ground. Positive
charge is then transferred from the
ground to cloud. Previous calculations
of space charge effects have assumed

(1) Charged Cloud ‘

that the Earth is a perfect conductor
for the dispersing charge. But Lowke
points out that earlier experiments
carried out by other researchers show
that lightning can produce filamentary
arcing along the surface of the ground
to distances of 20m and over. The
sequence of events, according to
Lowke, begins with the development
of strong negative electric charges in
the base of a thunder cloud, for
example due to the interaction of
wind and freezing supercooled rain
drops. Next, there is the rapid transfer
of charge through the highly
conducting arc of a lightning strike -
positive charge going to the cloud and
negative charge to the Earth, to
distances of many metres. Finally,
there is the very much slower further
dispersion of negative charge along
fingers of relatively high electrical
conductivity on the earth, in which the
field at the heart of the advancing
charge in the earth will be less than
IMV/cm. This produces an electric
field above the earth which is the
source of the power and motion for
the ball lightning.

Lowke’s contention is that in the air
above this charge there will be
occasions when the field will be
greater than 5kV/cm and so able to
sustain ball lightning. Normally the
field for electric breakdown in air is

about 30kV/cm. But once a
conducting plasma has been formed it
can be sustained at the much lower
figure.

Crucially, Lowke refers to two eye-
witnesses who, observing ball
lightning at night, told him they saw a
faint luminosity between the main ball
and the ground. This would tend to
support the ground-based mechanism.

On this model, the ball lightning
itself would be an electric discharge
which is continuously varying on a
microsecond time scale.

Calculation shows that space charge
distortions by positive and negative
ions can produce a local maximum in
the electric field about 1m above the
Earth’s surface and sustain a time-
varying discharge with the properties
similar to ball lightning.

The theory gives a credible and
relatively simple explanation for the
life-time and energy source of ball
lightning. In addition it explains some
of the other odd characteristics of ball
lightning — particularly why it hovers
rather than rises and why it moves
erratically and seems unaffected by
wind.

More information from J J Lowke at
CSIRO Division of Applied Physics,
Sydney, NSW 2070, Australia.

Picture Science Photo Library

Electric charge
redistribution after a
lightning strike could
explain the origin of
ball lightning.
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(3) Ball Lightning
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AUDIO DESIGN

Precision
preamplitier ‘96

Part |

Douglas Self has thoroughly analysed the
requirements for a no-compromise audio
preamplifier making the most of today’s
high-performance op-amps. This first article covers
the preamp’s overall configuration and focuses on

disc replay.

new preamp design is timely.
There is more variation in audio
equipment than ever before, so to
a greater extent preamps are
required to be all things to all persons. High
source resistance outputs and low-impedance
inputs must be catered for, as well as ill-con-
sidered and exotic cabling with excessive
shunt capacitance. The last preamp design I
placed before the pubtic was in 1983, extend-

ies and tone control

There are two basic architectures for tape record/replay handling. The simpler, in
Fig. 1d, adds a tape output and a tape monitor switch for offtape monitoring on
triple-head machines.

The more complex version in Fig. 1e allows any input to be listened to while
any input is being recorded, though how many people actually do this is rather
doubtful. This method demands very high standards of crosstalk inside the
preamp. There is usually no tape return input or tape monitor switch as there is
now no guarantee that the main path signal comes from the same original source
as the tape output.

The final step is to add tone controls. They need a low-impedance drive for pre-
dictable equoﬁsotion curves, and a vital point is that most types - including the
Baxandall — phase-invert. Since the maintenance of absolute polorir\( is required,
this inversion can conveniently be undone by the active gain control, which also
uses shunt feedback and phase-inverts. The tone-control can be placed before or
after the volume control, but if afterwards it generates noise that cannot be turned
down. Putting it before the volume control reduces headroom if boost is in use, but
since maximum boost is only +10dB, the preamp inputs will not overload before
3Vrms is applied; domestic equipment can rarely generate such levels. Figure 1§
shows the Eno| architecture.

ed in facilities by the moving-coil head amp
stage published in 19872,

In the last ten years, small-signal analogue
electronics has undergone few changes. Most
circuitry is still made from TL072s, with resort
to 5532s when noise and drive capability are
important. In this period many new op-amps
have appeared, but few have had any impact
on audio design; this is largely a chicken/egg
problem, for until they are used in large num-
bers the price will not come down low enough
for them to be used in large numbers.
Significant advantage over the old faithfuls is
required.

This new design uses the architecture estab-
lished in reference 1, which has not been
improved upon so far. The already low noise
levels have been further reduced. The tone
controls were fixed-frequency, and proved
inflexible compared with the switched-turmover
versions in my previous designs#, so these
frequencies are now fully variable, and a non-
interrupting tone-cancel facility provided.

This preamplifier is designed to my usual
philosophy of making it work as well as pos-
sible, by the considered choice of circuit con-
figurations etc, rather than the alternative
approach of specifying exotic components and
hoping for the best.

The evolution of preamplifiers
Minimal requirements are source selection and
level control, as in Fig. 1a; an RIAA disc
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preamp stage is one input option. This sort of
‘passive preamplifier’ (a nice oxymoron) is
only practical if the main music source is a
low-impedance high-level output like cd.

The only parameter to decide is the resis-
tance of the volume pot; it cannot be too high
because the output impedance, which reaches
a maximum of one quarter the track resistance
at —6dB, will cause high-frequency roll-off
with the cable capacitance. On the other hand,
if the pot resistance is too low, the source
equipment will be unduly loaded. If the source
is valve equipment, which does not respond
well to even moderate loading, the problem
starts to look insoluble.

Adding a unity-gain buffer stage after the
selector switch, Fig. 1b, means the volume
control can be reduced to 10k€, without load-
ing the sources. This still gives a maximal out-
put impedance of 2.5k, which allows you
only 5.4 metres of 300pF/m cable before the
response is 1.0dB down at 20kHz. For 0.1dB
down at 20kHz, only 1.6 metres is permissible.

The input RC filters found on so many
power-amps as a gesture against transient
intermodulation distortion add extra shunt
capacitance ranging from 100pF to 1000pF,
and can cause additional unwanted hf rolloff.

Unfortunately only a cd source can fully
drive a power amplifier. Output levels for
tuners, phono amps and domestic tape
machines are of the order of 150mV rms,
while power amplifiers rarely have sensitivi-
ties lower than 500mV. Both output
impedance and level problems are solved by
adding a second amplifier stage as Fig. 1c,
this time with gain. The output level can be
increased and the output impedance kept
down to 100€2 or lower.

This amplifier stage introduces its own dif-
ficulties. Nominal output level must be at least
1V rms (for 150mV in) to drive most power
amps, so a gain of 16.5dB is needed. If you
increase the full-gain output level to 2Vrms, to
be sure of driving exotica to its limits, this
becomes 22.5dB, amplifying the input noise
of the gain stage at all volume settings. Noise
performance thus deteriorates markedly at low
volume levels — the ones most of us use most
of the time.

One answer is to split the gain before and
after the volume control, so that there is less
gain amplifying the internal noise. This
inevitably reduces headroom before the vol-
ume control. Another solution is double gain
controls — an input-gain control to set the
internal level appropriately, then an output
volume control that requires no gain after it.

Input gain controls can be separate for each
channel, doubling as a balance facility?.
However this makes operation rather awk-
ward. No matter how attenuation and fixed
amplification are arranged, there are going to
be trade-offs on noise and headroom.

All compromise is avoided by an active gain
stage, ie an amplifier stage whose gain is vari-
able from near-zero to the required maximum.
You get lower noise at gain settings below
maximum, and the ability to generate a quasi-
logarithmic law from a linear pot. This gives

AUDIO DESIGN

Fig. 1. The course of preamp evolution, as impedance and level matching

problems are dealt with.
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Requirements for the RIAA network

® The RIAA network must use series feedback, as shunt feedback is 14 dB

noisier.

® Correct gain at 1kHz. Sounds elementary, but you try calculating it.
® Accuracy. The 1983 model was designed for +0.2dB accuracy 20-20kHz,
which was the limit of the test gear | had access to at the time. This is tightened

to +0.05dB without using rare parts.

® It must use obtainable components. Resistors will be E24 series and capacitors
E12 at best, so intermediate values must be made by series or parallel

combinations.

® R, (Fig. 2}, must be as low as possible as its Johnson noise is effectively in
series with the input signal. This is most important in moving-coil mode.
® The feedback network impedance to be driven must not be low enough fo

increase distortion or limit output swin
® The resistive path through the feedback arm shou

- especially at high frequencies.
1 idsaly

ideally have the same de

resistance as input bias resistor Ryg (Fig. 8}, fo minimise offsets at A1 output.
The circuitry here meets all these requirements.

excellent channel balance as it depends only
on mechanical alignment.

Design philosophy

There is great freedom of design in small-sig-
nal circuitry, compared with the intractable
problems of power amplification. Hence there
is little excuse for a preamp that is not virtu-
ally transparent, with very low noise, crosstalk
and thd.

Once all the performance imperatives are
addressed, the extra degrees of freedom can
be used to, say, make components the same
value for ease of procurement. Opamp cir-
cuitry is used here, apart from the hybrid
moving-coil stage. The great advantage is that
all the tricky details of distortion-free ampli-
fication are confined within the small black
carapace of a 5532.

One route to low noise is low-impedance
design. By minimising circuit resistances the
contribution of Johnson noise is reduced, and
hopefully conditions set for best semiconduc-
tor noise performance. This notion is not
exactly new — as some manufacturers would
have you believe — but has been used explic-
itly in audio circuitry for at least fifteen years.

In the equalisation and AGS stages, gains of
much less than one are sometimes required. In
these cases, avoiding the evils of attenuation-
then-amplification (increased noise) and
amplification-then-attenuation (reduced head-
room) requires the use of a shunt feedback
configuration. In the classic unity-gain stage,
the shunt amplifier works at a noise gain of
%2, as opposed to unity, so using shunt feed-

Mov ing
Magne t Ai
Cartridge 4

Aa
E7KES

Rb
BK76

back introduces a noise compromise at a very
fundamental level.

Absolute phase is preserved for all input and
outputs.

The preamp gain structure

Compared with ref. 1, the moving-magnet disc
amplifier gain has been increased from +26 to
+29dB (all levels are at 1kHz) to bring the
line-out level up to 150mV nominal. This is
done to match equipment levels that appear to
have reached some sort of consensus on this
value. The input buffer has a gain of +1.0dB
with balance central.

The maximum gain of the AGS is therefore
reduced from +26 to +22dB, to retain the
same maximum output of 2V. This affects
only the upper part of the gain characteristic.

Disc input

While vinyl as a music-delivery medium is
almost as obsolete as wax cylinders, there
remain many sizable album collections that it
is impractical to either replace with cds or
transfer to digital tape. Disc inputs must
therefore remain part of the designer’s reper-
toire for the foreseeable future.

The disc stage here accepts a moving-coil
cartridge input of 0.1 or 0.5mV, or a moving-
magnet input of SmV. It also includes a third-
order subsonic filter and the capability to
drive low impedances. The moving-coil stage
simply provides flat gain, of either 10 or 50
times, while the moving-magnet stage per-
forms the full RIAA equalisation for both
modes.

Moving-coil input criteria

This stage was described in detail in ref. 2.
The prime requirement is a good noise figure
from a very low source impedance — here
3.3Q to comply with, for example, the
Ortofon MCI0 cartridge. The circuit features

@ triple low-ry, input transistors

@ two separate dc feedback loops

@ combined feedback-network and
output-attenuator.

The very low value of Rg means that a series
capacitor to reduce the gain to unity at dc is
impracticable; there is no dc feedback through
R7, Ryp around the global loop. Local dc neg-
ative feedback via R,, R sets input transistor
conditions, and dc servo IC, applies whatever
is needed to IC; non-inverting input to bring
IC1 output to OV.

The two gains provided are 10x and 50x, so
inputs of 0.5mV and 0.lmV will give
SmVrms out. The equivalent input noise of the
moving-coil stage alone is —141dBu, with no
RIAA. Johnson noise from a 3.342 resistor is
—147dBu, so the noise figure is a rather good
6dB. Resistor Ry is also 3.3Q. This component
generates the same amount of noise as the
source impedance, which only degrades the
noise figure by 1.4dB, rather than 3dB, as
transistor noise is significant.

If discrete transistors seem like too much
trouble, remember a 5532 stage here would be
at least 15dB noisier.

The moving-magnet input stage

The first half of Morgan Jones’s excellent
preamp article® appeared just after this preamp
design was finalised. While I thoroughly
endorse most of his conclusions on RIAA
equalisation, we part company on two points.
Firstly, I am sure that ‘all-in-one-go’ RIAA
equalisation as in Fig. 2a is definitely the best
method for IC op-amp designs at least. In my
design the resultant loss of high-frequency
headroom is only 0.5dB at 20kHz, which I
think I can live with.

Secondly, I do not accept that the difficulties
of driving feedback networks with low-
impedance at hf are insoluble. I quite agree
that ‘very few preamps of any age’ meet a
+28dB ref SmV overload margin, but some
exceptions are ref. 1 with +36dB, ref. 3 with
+39dB, and ref. 4 with a tour-de-force +47dB.
My design here gives +36dB across most of
the audio band, falling to +33dB at 20kHz

r 5 Out

Ra Rb
BK76

B7KES

Fig. 2. The basic RIAA configurations. Fig. 2a is the standard ‘all-in-one-go’ series feedback configuration; the values shown do not give accurate
RIAA equalisation. Fig. 2b is the most common type of passive RIAA, with a headroom penalty of 14dB at 10kHz.
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(due to hf pole-correction) and +31dB at 10Hz
(due to the IEC rolloff being done in the sec-
ond stage).

Many contemporary disc inputs use an
architecture that separates the high and low
RIAA sections. Typically there is a low-fre-
quency RIAA stage followed by a passive hf
cut beginning at 2kHz, Fig. 2b. The values
shown give a correct RIAA curve.

Amplification followed by attenuation
always implies a headroom bottleneck, and
passive hf cut is no exception. Signals direct
from disc have their highest amplitudes at
high frequencies so this passive configuration
gives poor hf headroom. Overload occurs at
Al output before passive hf cut can reduce the
level.

Figure 3 shows how the level at Al output
(Trace B) is higher at hf than the output signal
(Trace A). Trace C shows the difference, ie
the headroom loss; from 1dB at 1kHz this
rises to 14dB at 10kHz and continues to
increase in the ultrasonic region. The passive
circuit was driven from an inverse RIAA net-
work. Using this, a totally accurate disc stage
would give a straight line just below the
+30dB mark.

A related problem is that Al in the passive
version must handle a signal with much more
hf content than Al in Fig. 2a. This worsens
any difficulties with slew-limiting and hf dis-
tortion: The passive version uses two amplifi-
er stages rather than one, and more precision
components.

Another difficulty is that Al is more likely
to run out of open-loop gain at hf. This is
because the response plateaus above 1kHz,
rather than being steadily reduced by increas-
ing negative feedback. Passive RIAA is not an
attractive option.

Alternatively there may be a flat input stage
followed by a passive hf cut and then another
stage to give the If boost, which has even
more headroom problems and uses yet more
bits. The ‘all-in-one-go’ series feedback con-
figuration in Fig. 2a avoids unnecessary head-
room restrictions and has the minimum num-
ber of stages.

In search of accurate RIAA

I have a deep suspicion that such popularity as
passive RIAA has is due to the design being
much easier. The time-constants are separate
and non-interactive; only the simplest of cal-
culations are required.

In contrast the series-feedback system in
Fig. 2a has serious interactions between its
time-constants and design by calculation is
complex. The values shown in Fig. 2a are
what you get if you ignore the interactions and
simply implement the time-constants as R, xC,
equals 3180us, RyxC, equals 318us, and
RpXCy, equals 75us. The resulting errors are
+0.5dB ref 1kHz.

Empirical approaches (cut-and-try) are
effective if great accuracy is not required, but
attempting to reach even +0.2dB by this route
becomes very tedious and frustrating. Hence
the Lipshitz equations® have been converted to
a spreadsheet, and used to synthesise the

106H1
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Fig. 3.
Headroom loss
with passive
RIAA
equalisation.
The signal at
A1 (Trace B) is
greater than
A2 (Trace A)
so overload
occurs there.
The headroom
loss is plotted
as Trace C.

Fig. 4. The
effect on RIAA
accuracy of a
+1% variation
in R,. Waorst-
case is 0.05dB,
only significant
below 100Hz.

Fig. 5. The
effect on RIAA
accuracy of a
+1% variation
in Ry,. Worst-
case 0.05dB
around 1kHz.
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design in Fig. 8.

Finding affordable close-tolerance capaci-
tors is not easy; the best solution seems to be,
as in 1983, axial polystyrene, available at 1%
29,104 === Funnonane e =~ ol - e S 1 tolerance. These only go up to 10nF, so some
parallelling is required, and indeed turns out to
Cb = 14.218n 14.3 14.382uF *.. 0.58% Frequency be highly desirable. The resistors are all 1%,
which is no longer expensive or exotic, though
anything more accurate certainly would be.

For C,, the five 10nF capacitors in parallel

29'30? ----------------------------- \ Fig. 6. The A great deal of rubbish has been talked
i i effect on RIAA about RIAA equalisation and transient
' i accuracy of a response, in perverse attempts to render the
; | 20.44% shunt RIAA configuration acceptable despite
20254 .\ variation in C,. its crippling 14dB noise disadvantage. The
; | Effect is less heart of the matter is that the RIAA replay
: ! than +0.05dB at  characteristic apparently requires the hf gain to
i low frequencies, fall at a steady 6dB/octave forever. A series-
: with a small feedback disc stage with relatively low gain
29.204 i effect on the cannot make its gain fall below one, and so
' i upper audio the 6dB/octave fall tends to level out at unity
i band. early enough to cause errors in the audio band.
: : Adding a high-frequency correction pole — ie
i ] low-pass time constant — just after the input
29154 i stage makes the simulated and measured fre-
: quency response identical to a shunt-feedback
E version, and retains the noise advantage.
: i At this level of accuracy, the finite gain
25— J __________ - WS - e i open-loop gain of even a 5534 at hf begins to
10Hz 100Hz 1.0KHz 10KHz 100KHz be important, and the frequency of the hf pole
ooy Frequency is trimmed to allow for this.
What RIAA accuracy is possible without
29,30 - == === == e e e e o e e e e oo 1 spending a fortune on precision parts? The
; | Fig. 7. The best tolerance readily available for resistors
: { effecton RIAA  and capacitors is +1%, so at first it appears
; ! accuracy of a that anything better than +0.1dB accuracy is
| £0.58% impossible. Not so. The component-sensitivi-
29251 ‘ [, - i variation in C,.  ty plots in Figs 4, 5 show the effect of 1%
' ; N 58%5 Effect is less deviations in the value of R,, Ry; the response
: / ' \ than +0.05dB  errors never exceed 0.05dB, as there are
: i Bl 2 i ontopfour always at least two components contributing
! = . | octaves. to the RIAA response.
s /[\‘\.,-/‘ \.g/ " / Smaller Sensitivity of the RIAA capacitors is shown
' ! \_/ {osew: variation is in Figs 6, 7 and you can see that tighter toler-
' { ! permissiblein  ances are needed for C, and Cy, than for R,
i the capacitors and Ry, to produce the same 0.05dB accuracy.
e ol J o .l for the same The capacitors have more effect on the
: i RIAA error. response than the resistors.

Table 1. Measured noise results, showing the 5532’s superiority.

Z ol TLO72 5532 5532 5532 reduce the tolerance of the combination to

benefit EIN 0.44%. This statistical trick works because the
3 -88.0 -97.2dBu  +9.8dB -126.7dBu variance of equal summed components is the
Shure M75ED -87.2  -92.3dBu  +5.1dB -121.8 dBu sum of the individual variances. Thus for five
{ Preamp gain +29.55dB at 1kHz. Bandwidth 400-22kHz, rms sensing) 10nF capacitors, the standard deviation

(square root of variance) increases only by the

— . square root of five, while total capacitance has
Table 2. Calculated minimum noise results. increased five times. This produces an other-

Case €n in R; Ro Output S/Nref EIN wise unobtainable 0.44% close-tolerance 50nF
nV/NHz  pA/vHz dBu 5mvdB  dBu capacitor.

1 Noiseless amp 0 0 1000M  OR -104.0 -89.7d8 -133.5 A Similarly, Cp is mainly composed of three

5 Noiseless amp 0 0 47k OR -97.1 -82.8d8 -126.5 C  4n7 components and its tolerance is improved

7 Noiseless amp (0} (0} 47k 220R -96.7 -82.4dB  -126.2 by root-three, to 0.58%.

11 258737, I.=70pA 1.7 0.4 47k 220R -95.3 -81.0dB -124.8

16 5532 5 0.7 47k 220R 925  -782dB  -122.0 Noise considerations

18 TL072 18 0.0 47k 220R  -86.9 -72.6dB  -116.5 The noise performance of any input stage is

ultimately limited by Johnson noise from the
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input source resistance. The best possible
equivalent input noise data for resistive
sources, for example microphones with a
200Q2 source resistance, i.e. —129.6dBu, is
well-known, but the same figures for moving-
magnet inputs are not.

It is particularly difficult to calculate equiv-
alent input noise for moving magnet stages as
a highly inductive source is combined with the
complications of RIAA equalisation’. The
amount by which a real amplifier falls short of
the theoretical minimum equivalent input
noise is the noise figure, NF. I often wonder
why noise figures are used so little in audio;
perhaps they are a bit too revealing.

The noise performance of disc input stages
depends on the input source impedance, the
cartridge inductance having the greatest influ-
ence. It is vital to realise that no value of resis-
tive input loading will give realistic noise
measurements.

A 1kQ load models the resistive part of the
cartridge impedance. But it ignores the fact
that the ‘noiseless’ inductive reactance makes
the impedance seen at the preamp input rise
very strongly with frequency, so that at high-
er frequencies most of the input noise actual-
ly comes from the 47kQ2 loading resistance. I
am grateful to Marcel van de Gevel® for draw-
ing my attention to this point.

Hence, for the lowest noise you must design
for a higher impedance than you might think,
and it is fortunate that the RIAA provides a
treble roll-off, or the noise problem would be
even worse than it is. This is not why it was
introduced. The real reason for pre-empha-
sis/de-emphasis was to discriminate against
record surface noise. Table 1 shows the two
most common audio op-amps, the 5532 being
definitely the best and quieter by 5dB.

To calculate appropriate EINs, I built a
spreadsheet mathematical model of the car-

AUDIO DESIGN

Filtering subsonics

Capacitor distortion!

real and measurable.

This stage is a third-order Butterworth high-pass filter, modified for a slow initial rolloff
that implements the IEC amendment. This is done by reducing the value of Ry7+Rog
below that for maximal flatness. The stage also buffers the high-frequency correction
pole, and gives the capability to drive a 600Q load, if you can find one.

in electrolytics is — or should be —~ by now a wellknown phe-
nomenon. It is perhaps less well known that non-electrolytics can also generate dis-
tortion in filters like these. This has nothing to do with Subjectivist musicality, but is very

The only answer appears fo be using the highestvoltage capacitors possible; 100V
polyester generates ten times less distortion than the 63V version.

tridge input, called MAGNOISE. The basic
method is as in ref. 9. The audio band 50-
22kHz is divided into nine octaves, allowing
RIAA equalisation to be applied, and the
equivalent generators of voltage noise (e,) and
current noise (i,) to be varied with frequency.

Noise generated by the 47k2 resistor R, is
modelled separately from its loading effects so
its effect can be clearly seen. I switched off
the bottom three octaves to make the results
comparable with real cartridge measurements
that require a 400Hz high-pass filter to elimi-
nate hum, and 1/f effects are therefore neglect-
ed. No psychoacoustic weighting was used,
and cartridge parameters were set to
610Q+470mH, the measured values for the
Shure M75ED.

The results match well with my 5532 and
TL072 measurements, and I think the model is
a usable tool. Table 2 shows some interesting
cases; output noise is calculated for gain of
+29.55dB at 1kHz, and signal-to-noise ratio
for a SmVrms input at 1kHz.

I draw the following conclusions. The min-
imum equivalent input noise from this partic-
ular cartridge, without the.extra thermal noise
from the 47k input loading, is —133.5dBu,

HC PHONO INPUT STRAGE

TO OTHER CHANNEL

no less than 7dB quieter than the loaded car-
tridge. (Case 1) It is the quietest possible con-
dition. The noise difference between 10MQ
and IMQ loading is still 0.2dB, but as loading
resistance is increased further to 1000MQ the
EIN asymptotes to —133.5dBu. A 47k<2 load-
ing is essential for correct cartridge response.

With 47kQ load, the minimum EIN from
this cartridge is —126.5dBu. (Case 5) All other
noise sources, including Ry, are ignored. This
is the appropriate noise reference for this
preamp design.

Resistor Ry, the 220Q2 resistor in the bottom
arm of negative feedback network, adds little
noise. The difference between Case S and
Case 7 is only 0.3dB.

A disc preamp stage using a good discrete
bipolar device such as the remarkable 258737
transistor (r, only 2€2 typ) is potentially 2.8dB
quieter than a 5532, when the noise from Ry
and the input load are included. Compare
Cases 11 and 16.

The calculated noise figure for a 5532 is
4.5dB. Measured noise output of the moving
magnet stage is —92.3dBu (lkHz gain
+29.5dB) and so the equivalent input noise is
—121.8dBu, and the real noise figure is 4.7dB,

OUTPUT
a1

KEY:

CERAMIC ELEC;RG.VTIC

Fig. 8. Switchable for moving coil or moving-magnet
type cartridges, the disc amplifier includes a subsonic

filter to reduce cone excursions and distortion due to

POLYESTER  POLYSTYREHE

warped vinyl,
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which is not too bad. Noise from the subsonic
filter is negligible.

Taking e, and i, from data books, it looks as
though the 5534/5532 is the best op-amp pos-
sible for this job. Other types — such as OP-27
— give slightly lower calculated noise, but
measure slightly higher. This is probably due
to extra noise generated by bias current-can-
cellation circuitry®.

There is an odd number of half-5532s, so
the single 5534 is placed in the moving-mag-
net stage, where its slightly lower noise is best
used. The RIAA-equalised noise output from
the disc stage in moving-coil mode is
—93.9dBu for 10x times gain, and -85.8dBu
for 50x times. In the 10X case the moving-coil
noise is actually 1.7dB lower than moving-
magnet mode.

Circuit details
The complete circuit of the disc amplifier and
subsonic filter is Fig. 8. Circuit operation is

largely described above, but a few practical
details are added here. Resistors Rg and R;,
ensure stability of the moving-coil stage when
faced with moving-magnet input capacitance
Cg, while Rg and Ry are dc drains.

The 5534 moving-magnet stage has a mini-
mum gain of about 3%, so compensation
should not be required; if it is, a position is
provided (Cs¢) for external capacitance to be
added; 4.7pF should be ample. The moving-
magnet stage feedback arm Ry.,3 has almost
exactly the same dc resistance as the input bias
resistor R;g, minimising the offset at the out-
put of /C5. The hf correction pole is Rys+R2s
and C: 20-

Capacitor C,, is deliberately oversized so
low loads can be driven. Resistor R3; ensures
stability into high-capacitance cables. [ ]
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High-quality circvit boards for Douglas Self's

precision preamplifier ‘96

A high quality double-sided circuit board is available for
Doug Self's precision preamplifier, exclusively via Electronics
World. The board takes the full stereo preamplifier, includ-
ing all power supply components except the transformer. Its
layout is optimised to provide exceptionally low crosstalk.
Co-designed by Gareth Connor, the board is glassibre
with plated-through holes and roller-tinned. It features sol-
der masking and full component identification. Component
lists and assembly notes - containing extra information
about the preamplifier ~ are supplied with each order.
Each board is £59 inclusive of package, VAT and
recorded postage. Please include a cheque or postal order

® Very low noise and distortion.

® Three 150mV line inputs.

® One dedicated compact-disc input.

® Tape-monitor switch.

® Active-balance control.

® Tone control - switch defeatable - with £10dB range.

interchannel matching.
o Intelligent relay muting on outputs.

® CD input sensitivity 1V rms.

Features of Douglas Self’s precision preamplifier

® Moving-coil - sensitivity switchable 0.1 or 0.5mV, +0.05dB RIAA accuracy.
® Moving-magnet input with +0.05dB RIAA accuracy, 5V rms sensitivity.

® Tone control treble and bass frequencies variable over 10:1 range.
® Active volume control for optimal noise/headroom and enhanced

with your request, payable to Reed Business Publishing.
Alternatively, send your credit card details — i.e. card type,
number and expiry date. Include the delivery address in
the order, which in the case of credit card holders must be
the address of the card holder. Add a daytime telephone
and/or fax number if you have one.

Send your order to Electronics World Editorial, PCBs,
Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS.
Alternatively fax us on 0181 652 8956 or e-mail a
jackie.lowe@rbp.co.uk. Credit card details can be left on
the answering machine on 0181 652 3614. Please allow
28 days for delivery.
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HART AUDIO KITS - YOUR VALUE FOR

MONEY ROUTE TO ULTIMATE Hi-Fl

Hart Audio Kits and factory assembled units use the unique combina-
non of circuit designs by the renowned John Linsley Hood, the very
best audiophlle components, and our own engineering expertise, to
give you unbeatable performance and unbelievable value for money.
We have always led the fieid lor easy home construction to profes-
sional standards, even in the sixties we were using easily assembied
pnnted circuits when Heathkit in Amaenca were still using tagboards!.
Many years of experience and innovation, going back to the early
Dinsdale and Bailey classics gives us incomparable design back-
ground In the needs of the home constructor. This simply means that
building a Hart kit is a real pleasure, resulting in a piece of equipment
that not only saves you money but you will be proud to own.

Why not buy the reprints and construction manual for the kit you are
interested in to see how easy it Is to bulld your own equlpment the
HART way. The FULL cos! can be credited against your subsequent
kit purchase.

K1100 AUDIO DESIGN 80 WATT
POWER AMPLIFIER.

oty £g i o e

This fantastic John Linsley Hood designed amphfier is the flagship of
our range, and the ideal powerhouse for your ultimate hifi system.
This kit 1s your way to get GK performance at bargain basement
prices. Unique design features such as fully FET stabilised power
supplies give this amplifier World Class performance with startling
clarily and transparency of sound, ailied to the famous HART quality
of components and ease of construction.

Useful options are a sterec LED power meter and a versatile passive
front end giving switched inputs, with ALPS precision Blue Velvet
low-noise volume and balance controls. Construction is very simple
and enjoyable with al the difficuit work done for you, even the winng
Is preterminated, ready for instant use!. All versions are available with
Standard comporents or specially selected Super Audiophile com-
ponents at £29.60 extra per channel, plus u2.40 if you want to include
Gold Plated speaker terminals.

K1100B Complete STANDARD Amplifier Kit,. .£395.21
A1100B Factory Assembled.. .£499.21
K1100SC Complete SLAVE Amplmer Kn £333.62
A1100SC Factory Assembled. . .£422 62
K1100M Complete MONOBLOC Amleer Kﬁ £261.20
A1100M Factory Assembled. £329.20

RLH11 Repnnts of latest Ampilifier articles . . . .. €180
K1100CM Construction Manual with full parts Ilsls . .£5.50

“CHIARA” SINGLE ENDED
CLASS “A” HEADPHONE
AMPLIFIER.

This unit provides a high quality headphone output for 'stand alone’
use of to supplement those many power ampiifiers that do not have
a headphone tacility. Easily installed with special link-through feature
the unit draws its power from our new Andante Uitra High Quality in-
ear torordal supply. Housed in the neat. black finished, Hart mimbox
it features the wide trequency response, low-distortion and ‘'musical-
ity” that one associates with designs from the renowned John Linsley
Hood. Pre-terminated interconnecting leads and PCB mounted sock-
ets prevent supply polanty reversal and on-board diagnostics provide
visual indication of supply line integnty. Volume and balance controls
are Alps “Blue Velvet" components. Very easily built, even by begin-
ners, since all components fit directly on the single printed circuit
board. The kit has very detalled instructions, and even comes with a
complementary roll of Hart audiograde silver solder. it can also be
supplied factory assembied and tested. Selling for less than the total
cost of all the components, if they were bought separatety, this unit
represents incredible vaiue for money and makes an
attractive and harmonlous addition to any hifi system.
K2100 Complete Kit. .

K2100SA Series Audlophlie version with selected audvopmle

. £109.50

COMPONBMS. . . . .v e ieas ci e caeyen £112.46
A2100SA Senes Audiophile version, factory Assembled. .. .£149.46
K3565 “Andante” Power Supply Kit to suit "Chiara" ...£85.42
A3565 Power Supply, Factory Assembied. . £128.42

€M2100 Construction Manual. . .£2.50
SPECIAL OFFER. Both units logelher Kit Fo m £184.92
Factory Assembled and Tested.. .£267.88

“Andante” SERIES 20VA
AUDIOPHILE POWER
SUPPLIES

Specially designed for exacting audio use requinng absolute mini-
mum noise, low hum field and total freedom from mechanical noise
this unit is a logical development from our highly successful 1550
senes.

Utilising linear technology throughout for smoothness and musicality
makes it the perfect partner for any module requiring fully stabillsed
+15v supplies.

Two versions are available. K3550 has 2 +15v supplies and a single
15v for relays etc. and can be used with our K1400 preamp and our
K1450 RIAA plckup preamp, as well as other useful modules soon to
be introduced. The K3565 1s identical in appearance but only has the
+15v lighter cutrent supply for use with the K1450 RIAA pickup pre
amplifier or “Chiara” headphone ampliher.

K3550 Full Supply with ali outputs. .
K3565 Power Supply for K1450 & K2100..

ALPS “Blue Veret”
PRECISION AUDIO
CONTROLS.

Now you can throw out those noisy ill-matched carbon pots and
replace with the famous Hart exclusive ALPS 'Blue Velvet' range
components only used selectively in the very top flight of Wond class
amplifiers. The improvement in track accuracy and matching reaily is
incredible giving better toral balance between channels and rock
solid image stability. Motorised versions have Sv DC motor.
MANUAL POTENTIOMETERS

2-Gang 100K Lin. . . :. ... £15.67
2-Gang 10K. 50K or 100K Log. .. ............ .... . .£16.40
2-Gang 10K Special Balance. zero crosstalk and zero

centreloss. . ............ . .£17.48
MOTORISED POTENTIOMETERS

2-Gang 20K Log Volume Control .£26.20

2-Gang 10K RD Special Balance, zero crosstalk and less than 10%
loss in centre position.. .£26.98

TECHNICAL BOOKSHELF
NEW! Another Classic by John Linsley Hood. "AUDIO ELECTAON-
ICS™ Following the enormous ongoing success of his “Art of Linear
Electronics™ the latest offering is the all-new edition of “Audio
Electronics”, now entirely re-written by the master himself.
Underlying audio techniques and equipment is a world of electronics
that determines the quality of sound. For anyone involved in design-
ing, adapting or using digital or analogue audic equipment under-
standing electronics leads to far greater control over the reproduced
sound. The subjects covered include tape recording, tuners, power
output stages. digital audio, test instruments and loudspeaker
crossover systems. John's lifetime of expenence and personal inno-
vation in this field allow him to apply his gift of being so familiar with
his subject that he can write clearly about it and make It both
interasting and comprehensible to the reader. Containing 240 pages
and over 250 line illustrations this new book represents great vaiue for
money at only £18.99°

“THE ART OF LINEAR
ELECTRONICS.”

The definitive linear electronics and audio book by John Linsley
Hood. This 300+ page book will give you an unparalieled insight into
the workings of all types of audio circuits. Learn how to read circut
diag and u af p and how they are designed to
give the best sound. The virtues and vices of passive and active
components are examined and there are separate sections covenng
powef supphes and the sources of noise and hum. As one would
expect from thls writer the history and derivation of audio amplifier
circurtry have an entire chapter, as does test and measurement equip-
ment. Copiously lllustrated this book Is incredible value for the
amount of information it contains on the much neglected fleld of lin-
ear, as opposed to digital, electronics. Indeed it must be destined to
become the standard reference for ail who work. or are interested in,
this field. Latest reprinted edition with extended index, 1994 344
Pages. 247 x 190. 1Kg. 0-7506-0868-4. £16.95°

“DIGIVAL AUDIO AND COMPACT DISC TECHNOLOGY"

0-7506-0614-2 . . . £17.95°
INTRODUCING DIGITAL AUDIO CD DAT AND SAMPUNG ISBN
187077522 8 c .£7.95
“THE ART OF SOLDERING” 0-85935-324-3.0 ...... .£3.95

“TOWERS' INTERNATIONAL TRANSISTOR SELECTOR™
0-572-01062-1.
“AUDIO" FA Wilson. BP111 . . ..
“HOW TO USE OSCILLOSCOPES & OTHER TEST EQUIPMENT"
R.A.Penfoid. BP267 ..£3.50
“THE LOUDSPEAKER DESIGN COOKBOOK" Vance Dickason.

(AIESRNIGEIE2A=G1=7-6< .. .. .- o e £22.95°
ELECTROSTATIC LOUDSPEAKER DESIGN AND CONSTRUC-
TION Ronald Wagner BKTS .. .. £18.95
*AN INTRODUCTION TO LOUDSPEAKERS & ENCLOSURE

DESIGN” V.Capel. BP256 . ... ... .. ... ... . £295
“LOUDSPEAKERS FOR MUSICIANS" BP297 . ....£395
“THE HART PRINTED CIRCUIT BOARD CONSTRUCTION
QUIDE.” . .£2.50

VALVE & EARLY
CLASSIC BOOKS

THE VTL BOOK David Manley BKVT1.. ........ ... £17.95
LOUDSPEAKERS; THE WHY AND HOW OF GOOD REPRODUC-

TION. G.Briggs. 1949 0-9624-1913-3.. £8.95
MULLARD TUBE CIRCUITS FOR AUDIO AMPLIFIERS BKAA27

...................................... . £13.95
“THE WILLIAMSON AMPLIFIER.” 0-0624-1918-4, .......£6.95

AN APPROACH TO AUDIO FREQUENCY AMPLIFIER DESIGN.
GEC 1957, 1-882580-05-2 . .£18.95
AUDIO ANTHOLOGIES, articles from Audio Engineenng. Six voumes
covenng the days when audio wasyoung and valves were king!.
BKAA3/M106. All ........ ............. ....£13.95 each.
“A SIMPLE CLASS A AMPLIFIER" J.L.Linsley Hood M.L.E.E. 1969.
RLH12. £2.50
Postage on all books, unless starred, 1s only U1.50 per book, maxi-
mum U4.50 for any number, any size!. Starred items are heavy books
costing ..£2.50 to send.
No waiting!. All listed books are normally in stock!.

SPECIAL OFFER. All book orders over £15 will recewve a FREE John
Linsley Hood monograph entitied “Digital versus Analogue, Black
Disks or Silver?”

SPECIAL OFFER
PRECISION Triple Purpose
TEST CASSETTE TC1D.

Are you sure your tape recorder is set up to give its best? Our latest
triple purpose test cassette checks thethree most important tape
parameters without test equipment. Ideal when fitting new heads.
A protessional quality, digitally mastered test tape at a price anyone
can afford. Test Cassette TC1D. Our price only. . £9.99.

HC80 Replacement Stereo
Cassette Head.

The excellent performance of modern cassette recorders depends
totally on the quality of the R/P head.Even the slightest amount of
wear can impair the frequency response and distortion levels. Our
HC80 is atop qualty head from one of the foremost manufacturers in
Japan, easily fitted to most standard stereo recorders (except Sony)
and will transform the performance over a worn head. Only the fact
that we buy these in vast quantities enables us to offer them at the
amazing pnce of only €11.70 each or 2 for £17.60,

We also stock a range of other heads, including ™ reel-to-reel stereo

SOLDERING

The slze of modern components makes the nght soldenng equipment
essential for good results. Everything we offer we actually use in our
own workshops!. See our Lists for the full range. 845-820 X$240
ANTEX 240v 25w Soldenng iron. This is the ideal Multi-purpose iron
as the bit is designed to totally surround the element giving the best
heat transfer. This excellent design alsc means that although it is
small and handy enough for modern components its heating capacr
ty is better than larger irons of conventional construction. Excellent
VENE: - cooes oo do . £9.93
845-080 ST4 Lightweight Soldenng lmn Stand. This has provnsmn for
the classic damp sponge for bit wiping £3.95

HART SUPER AUDIOGRADE
SILVER SOLDER.

Hart Super Audiograde Silver Solder has been specially formulated for
the serous audiophile. Not only does it give beautiful easy-to-make
joints but it is designed to melt at normal soldering temperatures
avoiding the possibility of thermal damage o components or the need
for special high temperature irons. A very low residue flux makes per-
tect joints easy but eliminates the need lor board cleaning after
assembly.

845-007 3mtrs 22SWG in Hart Mini Tube . . .... £3.90
845-008 100g. Reel Special Valve Grade, 20swg . . £12.90
845-009 100g. Precision PCB Grade, 22swg . . €145

845-110 100g Reel Superfine 24swg for uitra precise control and
. £21.45

easy working
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CROSSOVER

ecently, while browsing through one of

Rlany components catalogues, 1 came

cross the section that had the audio
crossover networks in. I noticed two things:

® They use various combinations of first, sec-
ond and third order networks, Figs. 1,2,3.
@ They are all expensive for what is not much
more than 12 passive components on a pcb.

The most expensive was in the region of
£100 for a second, first, third-order combina-
tion. The expensive types incorporate overload
protection circuits in the form of varistors that
attenuate the signal when it reaches a certain
overload level.

B R
2rF,

C= !
2nF. R

Fig. 1. First order 6dB/octave two-way
crossover needs good drivers to perform well.

NETWORKS

MADE SIMPLE

Bill Teleki’s short C program takes the effort out of selecting

components for various orders of Butterworth loudspeaker

crossover networks.

A glance through my final year notes on audio
design showed that the realisation of these units
was nearly a trivial task. Further reading showed
that the first and second-order sections are inap-
propriate for high-fidelity sound.

Passive crossover networks
A passive crossover network consists of a high
power Butterworth filter that splits the audio
signal into various frequency bands, the dif-
ferent bands being fed to the relevant loud-
speaker. Active crossover networks exist, but
these incorporate ordinary op-amps so one
power amplifier is needed for each speaker.
The simplest and cheapest form of crossover
is a first-order two-way network, Fig. 1. This
type of crossover is often found in low-budget
hi-fi. It is capable of producing good results.
However, is has a 6dB/octave roll-off. To per-
form well, it needs wide-range drivers with a
defined spacing, and having a common radia-
tion plane and dispersion. These are not cheap.
Next, comes the second order network, Fig.
2. This has a 12dB/octave roll-off, so signal
separation is better. But there are still prob-
lems. The outputs are in anti-phase at the
crossover point, Fig. 2a. This situation can be

R R

L‘:\/fxrerc Lz=2><x/5><n><Fc

1 1

C =
' 2xmxE xR

=
* T 2x2xmxXEXR

Fig. 2. Second-order two-way crossover has 12dB/octave cut-offs so driver

requirements are less stringent.

AMPLITUDE RESPONSE OF LOW PASS QUTPUT

. JOnPLITUDE RESPONSE OF HIGH PASS OUTPUT
0 UdB3)+6 o VAB(A)+H

HASE RESPONSE OF HIGH PASS OUTPUT

PHASE RESPONSE OF LOW PASS OUTPUT

h 4Xn Bih 12%h 16Kn 28Kh
0 Up(3) o Up4)
Freuency

Fig. 2a. Responses of second-order
12dB/octave two-way crossover. Phase
difference throughout the band is
approximately 180°.

corrected by reversing the leads to the treble
driver. Unfortunately, this results in displace-
ment elsewhere.

Finally, we come to the third order version,
Fig. 3. This has an 18dB/octave roll-off in the
stopband, so signal separation is better. Also,
the phase response is superior through the
crossover region, being at approximately 90°
throughout the band, Fig. 3a.

Applying the relevant equations is a trivial
task, but to speed things up, a piece of soft-
ware can be written. This not only prevents
errors due to kak-handedness on a calculator
keyboard, but also enables a permanent record
of a design to be kept for future reference. The
C program, Listing 1, calculates the compo-
nents for a two way or three way crossover
and then optionally save them to a disk file.
Listing 2 is a typical output run from the pro-
gram.

Suppose you want to build a three-way net-
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Listing 1. Simple crassover network component calculator in C.
/* CROSS.C  28:02:96 ; Final version — for now*/

#include <stdio.h>
#include <stdlib.h>
#include <math.h>
#include <float.h>

#include <conic.h>
#include <dos.h>

/* include libraries */

#define pi 3.141592654 /* all variables are global */
chcr ‘m's[l = {II/IIIIJANH’/IFEBN,IIMARIIIIIAPRIIIIIMAY”’IIJUNIIIMJUL/Il
"AUG" "SEP” "OCT" "NOV","DEC" };

char *tday[] = {"SUN”,"MON","TUE","WED","THU" "FRI","SAT"};

float fc1,fc2,r,11,12,13,c1,¢2,c3,110,120,130,c10,c24,c3q;
char tipe,qsave;

char name[8],aname[15];
union REGS reg;

FILE *tofile;

void get_param(void); /* prototypes */
void do_calculations{void);

void do_printout{void);

void save_stuffivoid);

void main ()

{

get_param{);
do_calculations();
do_printout{);
save_stuff();

}

/* main function */

void get_param(void) /* get the parameters */
printf{"\nD)ual OR Tjhree way crossover =2 “);
tipe = toupper{getche(j);
if tipe == 'D')
{
printf{"\nCrossover frequency (Hz}= 2 ");
scanf{“%f",&fc1);
} else
{
printf{“\nFirst Crossover Frequency {Hz)= 2 “};
scanf{%f",&fc1);
printf(“Second Crossover Frequency {Hz)= 2 “);
scanf{“%f",&fc2);

printf{"Nominal Resistance = 2 “);
scanf{"%f", &);

)

void do_calculationsf{void)  /* calculate component values */

11 = 3*c/(4*pi*fcl);

12=11/3;
13=01/2;
el = 2/(3*pi*fcl *1);
c2=c1/2;
3 =cl*3/2;
if ffipe == ')
Na = 3*r/{4*pi*fc2);
120 =11a/3;
13a = Na/2;

cla = 2/(3*pi*fc2*r);
c2a =cla/2;
c3a=cla*3/2;
}
}

void do_printout{void)
{
printf{"L1 = %e %s\n",I1,"H");
printf{“12 = %e %s\n",12,"H");
printf("L3 = %e %s\n",13,"H");
printf{"C1 = %e %s\n",c1,"F");
prinff{"C2 = %e %s\n",c2,"F");
printf{"C3 = %e %s\n",c3,"F*);
if {tipe == T')
{
printf{*L1a = %e %s\n",|1a,"H"};
printf{“L2a = %e %s\n*,|2a,"H");
printf("t3a = %e %s\n",130,"H");
prinff("Cla = %e %s\n” cla,"F");
printf{"C2a = %e %s\n",c2a,"F");
printf{"C3a = %e %s\n",c3a,"F");
)
)

void save_stuff{void)

/* print results to monitor */

/* save design to disk */

printf{"DO YOU WANT TO SAVE DESIGN 2 Y/N “);
gsave = toupper({getche());
if {gsave =="Y’)
{
printf{"\nSAVE DESIGN AS 2 “};
scanf{”%s”,&name);
printf{"YOUR NAME 2 “);
scanf{"%s”,&aname);
if ({tofile = fopen{name,”w"})}==NULL)
{
printf{"Error opening text file for writing\n”);
exit{0);

]
fprintf{tofile,"%s %s\n”,"FILENAME :”,name);
fprinti{tofile,”%s %s\n”,”DESIGNED BY :”,aname);
reg.x.ax = 0x2A00;
intdos( &reg, &reg);
fprintf{tofile,"DATE : %s,%s %d,%d\n" tday[reg.h.al],
mts[reg.h.dh],reg.h.dl, reg.x.cx);
tprintf{tofile,"%s\n"," “);
fprintf{tofile,”%s%e %s\n\n",”SPEAKER IMPEDANCE : “,r,"OHMS");
fprintf{tofile,”%s%e %s\n","CROSSOVER FREQUENCY : ” fc1,"Hz");
fprintf{tofile,”L1 = %e %s\n",11,"H"};
fprintf{tofile,"L2 = %e %s\n",12,"H");
fprintf{tofile,"L3 = %e %s\n",I3,”H");
fprintf{tofile,"C1 = %e %s\n",c1,"F");
fprintf{tofile,"C2 = %e %s\n",c2,"F");
fprintf{tofile,"C3 = %e %s\n",c3,"F");
if {tipe == 'T")

{
. fprintf(tofile,"\n%s%e %s\n",”CROSSOVER FREQUENCY :
" fc2,"Hz");

fprintf(tofile,"L1a = %e %s\n",11a,"H");
fprintf(tofile, 120 = %e %s\n",12a,"H");
fprintf{tofile,"L3a = %e %s\n",13q,"H");
fprint{tofile,”Cla = %e %s\n",c1q,"F");
fprintf{tofile,"C2a = %e %s\n",c2a,"F");
fprintf{tofile,"C3a = %e %s\n",c3q,"F");

}

fcloseftofile);

)
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work. Simple, you just add on another net-
work to the output of the high-frequency path
of the two-way crossover, Fig. 4. Because
we’re dealing with equiterminated networks
here, there are no problems with impedance
mismatches. Listing 3 is hard copy of an out-
put run.

Figure 4a is the response of the three out-
puts from the network. To make sure that the
correct part of the signal spectrum reaches the
appropriate speaker it is necessary to recalcu-
late the component values.

Implementation considerations

Build a crossover network requires careful
component selection. All capacitors should be
non-polarised electrolytics of the highest pos-
sible voltage rating. It is likely that the values
available will not equal the design values. In
this case, two or three can be put in parallel
depending on what component tolerances you
want to work to.

To put this in perspective, according to
some sources, because the impedance of the
loudspeaker varies with frequency, capacitors
can be up to 50% away from their design
value. Inductors can be air cored.
Alternatively, if you don’t have miles of wire
to spare, iron-powder toroids can be used.
Note that air cored inductors will interact with
each other depending on their separation. So a
crossover network using these, will take up
more pcb space.

There are no proximity problems with
toroids due to their closed magnetic circuit.
However, toroids saturate at a certain power
level. It is important to use high power toroids
or types specifically made for emi or power fil-
ters. I ruled pot cores out because of their cost.

The best toroid type is Al=93 from Cirkit
(part no = 55-10626). These are type T106-26.
For a given inductance, the required number

HIGH PASS RE SPONSE

JID RANGE RESPONSE
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0 UdBI4)+6 o »amu)-e a »alun)-e
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Fig. 4a. Response of third-order 18dB/octave
three way crossover.
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Fig. 3. Third order 18dB/octave two way
crossover.
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Fig. 3a. Responses of third-order 18dB/octave
two-way crossover. Phase difference throughout
the band is approximately 100°.

of turns is calculated from N=V(L/Al), where
L is in nanohenries. At 37p each, plus the cost
of the capacitors, connectors and pcb, a pair of
two way crossovers can be built for less than
£10, which compares very favourably with
commercial units.

My prototype has an experimental overload
protection circuit in the form of a triac across
the input terminals. Normally breakdown
diodes are employed here, but at the time 1
only had the triac available. The gate of the
triac is fed from a voltage divider across the
input signal, the voltage divider selecting the
input level at which the triac fires. The main
terminals of the triac are connected to the
input signal via a high power 8€2 resistor and
to ground.

Unfortunately tests could not proceed nor-
mally with this because at the volume where
the windows were about to fall out of their
frames, smoke started to issue from the power
resistor. So to avoid setting fire to the place, I
had to turn the volume down. I suspect that
the gate drive was at fault somewhere.

If two identical second order Butterworth
networks had been cascaded, then the result

c3'|Lia Laa e
I
._IJYYY*TJYYY\_W L
m L3y - c1a ||| [N-Eylia
- 1
BQSS | MIDRANGE TREBLE

Fig. 4. Third order 18dB/octave three-way crossover. Simply adding another third-order
section to the high-frequency output of the two way network, creates a three way
network. No impedance mismatch occurs since load is still R. But component values have
to be redesigned to redistribute the signal spectrum. Use equations as in Fig. 3.

AUDIO

Listing 2. Hard copy of an output run
from the calculator program crossover
_network components.
FILENAME : CROSSI
DESIGNED BY : B.TELEKI
DATE : TUE,MAR 26,1996
SPEAKER IMPEDANCE : 8.000000e+00 OHMS
CROSSOVER FREQUENCY
L1 = 1.193662¢-03 H
12 = 3.978873e-04 H
L3 = 5.968310e-04 H
Cl1 = 1.657864e05 F
C2 = 8.289320e06 F
C3 = 2.486796e05 F

: 1.600000e+03 Hz

Listing 3. Hard copy from the crossover
calculator for a third-order filter.
FILENAME : THREE

DESIGNED BY : J.T.

DATE : WED,MAR 27,1996

SPEAKER IMPEDANCE
OHMS

: 8.000000e+00

CROSSOVER FREQUENCY : 2.500000e+02
Hz
=7.639437e03 H
12 = 2.546479e03 H
13 =3.819719e03 H
C1 =1.061033e-04 F
C2 = 5.305165e-05 F
C3 =1.591549e-04 F

CROSSOVER. FREQUENCY : 3.500000e+03
Hz

Lla = 5.456741e04 H

20 = 1.818914e04 H

130 = 2.728370e04 H

Cla =7.578807e-06 F

C2a = 3.789403e06 F
C3a=1.136821e05 F

would have been a Linkwitz-Riley network.
These have the advantage of having a constant
phase shift between the two outputs. This is at
the cost of requiring much higher tolerance
components, otherwise the response will
revert to a cross between a Linkwitz and
Butterworth.

I don’t know of anywhere that sells E24
non-polarised electrolytics to 1% tolerance,
nor how much they might cost.

Debatable improvements

Further improvements to the circuit can be
implemented, such as delay equalising the out-
puts or employing some sort of resistive
damping, but the improvements that can be
obtained with such measures are questionable
and open to debate. ]

Further reading

Williams & Taylor, Electronic Filter Design
Handbook.

F.R. Conner, Networks.

R.M. Marston, Power control circuits manual.
Linkwitz Filters, Elector Electronics, April 1987.
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MICROMASTER LV PROGRAMMER

The Only True 3V and 5V
Universal Programmers

Ice Technology's universal programming solutions are designed with the future in mind. In

addition to their comprehensive, ever widening device support, they are the only
programmers ready to correctly programme and verify 3 volt devices NOW. Operating
from battery or mains power, they are flexible enough for any programming needs.
The Speedmaster LV and Micromaster LV have been rigorously tested and approved by some of
the most well known names in semiconductor manufacturing today, something that very few
programmers can claim, especially at this price level!
Not only that, we give free software upgrades so you can dial up our bulletin board any time for
the very latest in device support.
Speedmaster LV and Micromaster LV - they're everything you'll need for programming, chip
testing and ROM emulation, now and in the future.

Speedmaster LV £495 B8 bit Emulator card £125

Programmes 3 and 5V devices including memory,
programmable logic and 8748/51 series micros.
Complete with parallel port cable, software,
re-charger and documentation.

Expansion card for Speedmaster LV/ Micromaster
LV containing 8 bit wide ROM/ RAM emulator.
Emulates 3V and 5V devices. Includes cable and
software. Configuration: 128K x 8 expandable to
512K by 8.

Micromaster LV £625 16 bit Emulator card £195

As above plus support for over 130 different
Microcontrollers, without adaptors, including PICs,
89C51,68HC705/711,5T6,Z8 etc.

As above but containing 16 bit ROM/RAM
emulator. Configuration: 128K by 16, 256K by 8,2
by 128K 8,expandable to 512K by 16/1024K by 8.

APPROVED

by major manufacturers including
AMD
MICROCHIP
ATMEL

from only

£495

THE ONLY PROGRAMMERS
WITH TRUE 3 VOLT SUPPORT

FEATURES

Widest ever device support
including EPROMs, EEPROMs,
Flash, Serial PROMs, BPROMs,
PALs, MACH, MAX, MAPL, PEELs,
EPLDs, Microcontrollers etc.

Correct programming and
verification of 3 volt devices.

Approved by major manufacturers.

High speed: programmes and
verifies National 27C512 in under
11 seconds.

Full range of adaptors available for
up to 84 pins.

Connects directly to parallel port -
no PC cards needed.

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

Lightweight and mains or battery
operation.

FREE software device support
upgrades via bulletin board.

Next day delivery.

For @ copy of our catalogue giving full details of

cY X
o\'o' ICE Technology L.td. Penistone Court, Station Buildings, programmers, emulau_)rs, Crasers, adaptors and '09‘(:
z — ¥ Ppenistone, South Yorkshire, UK $30 6HG analysers call, fax or dial the BBS numbers below,
= ¥ Tel: +44 (0)1226 767404 Fax: +44 (0)1226 370434 -
v AMERICAN
3 BBS: +44 (0)1226 761181 (14400,8N1) U"I vsa e
Yo
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without C,

a)

b)

c)

d)

INSTRUMENTATION & TEST

Emil Vladkov’s meter
spans 0.1pF-1.999pF and
has autoranging. Based
on the comparison of two
frequencies, the design
can be trimmed to
achieve a basic accuracy
of 0.1%.

with unknown Cy
‘ — 1

|

;<—§
T (0.1;1;10ms)
i
= 1.1RG, «—s|

I
|

parasitic DC' !
component

J_f g ' i

DC component

\j_ |

T 1 i

Fig. 1. Principle of the low capacitance meter,
which involves a comparison between fixed
and variable timers.

552

sure capacitors, if their value is

unknown or suspect. In my expe-
rience, most problems occur with
small capacitors in the pico-farad
range. Many universal digital mul-
timeters that measure capacitance
start at 1nF, and even read this value
with a significant error.

It is sometimes necessary to mea-

meter

resolves to 0. 1pF

Key specifications of the autoranging
capacitance meter.
Ranges: Accuracy
automatically set
0.1pF-199.9pF  +(0.1%+1 digit) 0.1pF
0.199nF—1,999nF +(0.05%+1 digit) 1pF
1.899nF-19.99nF +(0.05%+1 digit) 10pF
19.99nF-199.9nF +(0.1%+1 digit) 100pF
0.199pF-1.999uF +(0.1%+1 digit) 1nF

Resolution

For low-volume applications, high

performance LRC bridges measure
not only capacitance but also losses in the
dielectric of the capacitor. But such bridges
are expensive. For the above reasons, I decid-
ed to design a precise and convenient capaci-
tance meter that measures down to picofarads
yet is low cost.

Measuring principle

The principle of my design is illustrated with
in Fig. 1. It is based on two equal timers
working in monostable mode. This means that
the timing RC circuit of each are identical.

It is not possible to measure capacitances in
the range of 0.1pF using only one timer in
monostable mode. This is because of the par-
asitic capacitance of the leads of the ic, which
can not be compensated for with one timer.

The p-n junctions within the timer also have
significant parasitic capacitance. Without an
external unknown capacitor, the monostable
multivibrator generates a short pulse due to
these capacitances, making the measurement
of picofarad values impossible.

For the above reason, I decided to use two
timers. With no unknown capacitor connected,
the two monostable timers generate pulses
with the same At width. The timing diagram
of the compensating reference timer is Fig. 1
a) and the measuring timer is labelled b).

Variable T, is the period of the triggering
pulses. Pulses generated by the monostable
timers are applied to an exclusive-or gate.
Output of this gate goes high only if there is a
difference between the two pulses.

So without an external capacitance, as tim-

ing diagram 3 shows, there is no pulse at the
output of the XOR gate. If an unknown capac-
itor is set in the timing network of the mea-
suring timer, it generates a pulse with an addi-
tional duration of,

T=1.1RC,,

as shown in c). This additional duration is
exactly proportional to the unknown value of
the capacitance to be measured. The 555 timer
is chosen, because its pulse duration does not
depend on the supply voltage. This can be a
source of errors. Output of the XOR gate goes
high for exactly this duration 7.

The principle of the system is to measure the
dc component of the signal at the output of the
XOR gate. Because of the positive voltage
level of the logic zero, i.e. a low level, at the
XOR output and the voltage drop on the addi-
tional diodes, D, and Dj in Fig. 2, there is a
parasitic dc component. This is added to the
useful dc component proportional to Cy and
must be removed.

The useful signal with removed parasitic dc
component is shown in d), together with the
useful dc component, proportional to Cy.

Circuitry of the measuring unit

Figure 3 is the measuring module schematic. It
consists of the compensating timer /Cy3, the
measuring timer ICy4 and an additional monos-
table-mode timer, based on a 74LS123, IC>p.
It has the task of measuring capacitances in the
range between 19.99nF and 1.999pF.
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Component list

INSTRUMENTATION & TEST

Integrated circuits
1C\,ICo,1Cy),
ICy,IC3,IC4ICs
IC

1C,,ICs
1C0,IC13,IC14
ICy

ICyy

1Cys

1Cys

ICyy

ICyo

Diodes
Dy,D1,D3,D4,Dg
Dy

D S’D G’D 7]

74LS00

74L890

74LS164

74L501

TDB 555 (Siemens)
74LS08

74L8123

7486

741827

74LS02

CD 4049

ICL 7107 (Harris)
VQE24

IN4148
BZX79C 3V3 (Philips)
LEDs, any colour

Resistors

Ry 110Q

Ry 560Q

R3,R¢.R6 1.1kQ

Ry 130kQ2

Rs 43kQ

Ry 6.2kQ

Rg 100Q2 linear
potentiometer

Ro,R13,R 7.R13,.R 19 470Q2

Rio.R} 383k€2 (0.1%) or
selected 384kQ2

Ri3 56kQ

R14,Ry) 10kQ linear pot

Ris 10kQ

Ry0.R22 4.3kQ

Ry 1.0MQ

Ry 470kQ

Rs-Rso 820Q

The 555 timers are used for the low-value
ranges 0.1pF to 199.9pF, 0.199nF to 1.999nF
and 1.999nF to 19.99nF. Exclusive-or gate
IC5g compares the measured signal, propor-
tional to Cy, and the compensating signal.

Gates ICysc and ICgp apply the signals of
the three low and two high ranges to the same
RC filter, R3/C;. For low capacitances, the
autoranging circuit transmits the pulses from

Capacitors

(o] 330pF or smaller (adj.),
depends on G,

CZ’CIOyCIS 47nF

C; 1.0nF

C4,Cy; 10uF

Cs 27pF

C6,C7 5.6pF

Cg 1 u F

Co 3.9pF

Ciy 100nF

Cis 10nF

Ciy 220nF

Resonators

G, 1MHz Quartz

the 555 timers through /C,sc and D,. Part of
the autoranging circuit, /Cyg4, goes low if any
one of the 03, Q4 or Qs lines goes high.

The duration of the diode’s inverse bias is
proportional to C,. During this time, a stable
voltage derived from 3.3Vzener diode Dy, is
applied to the input of the RC filter. This
makes the measurement independent of the
high-level output voltage of the IC.

+5V
CEXT
IC12a
REXT/CEXT
13
A o}
B
CLR a4
7405123
CLOCK MEASUREMENT ]
+5V
R1o
384k
u DIS . OuT 3
L S
Ce SET  ovj2—
+5V 555 |
eZ15b
Ryy 5
384k =03
Aois, . ouTR
o Cis
i T RES | onwrid—
- 7 2 15
=" | 5p6 J: SET  Cv
+'adj 555
CEXT
IC12b
REXT/CEXT
A als—
B
CLR af2
7415123
72501
; 1Cy6a
) 5 >
5D 13

741827

Mounted
together

on PCB

7486

Fig. 2. This module has the task of comparing
capacitances in the range 0.1pF and 1.999uF,
outputting a dc signal proportional to C,.
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INSTRUMENTATION & TEST

If the high capacitance ranges are chosen by
the autoranging circuit, /C)sc goes high,
because there are no pulses from the 555
timers circuit and the output of ICjg, is set
high. In this case there is no unknown C, in
the timing network of the timer IC4; it is in
the timing network of IC),g. So diode Dj is
switched off.

Pulses of the monostable timer ICy,p are
transmitted to diode D; through the gates /Cgg
and ICysp and then to the RC filter. Together
with D), IC;5, forms the parasitic dc voltage
compensation, which is applied to the low-
level input pin of the integrated analogue-to-
digital converter IC|q. This device measures
the voltage Vi, which is Vi, ni—Vin 1o-

Direct-current component subtracted from
the useful signal is set by potentiometer Rg.
The dc compensating circuit around ICsp is
designed so that it looks similar to the mea-
suring circuit, ICy5c and IC)sp, so giving the
best performance in dc compensation and tem-
perature compensation. If the pcb is placed in

a metal case, it will be useful to arrange some
heating of the diodes by a 1002 resistance,
connected to the supply voltage. In this way
the influence of the case, which acts as a
heatsink to the diodes, can be limited.

Resistors Ryq,1; in the timing circuits of the
timers 555 determine performance of the cir-
cuit and must be well matched. Capacitors
Ce 7 must be adjusted so that no pulse occurs
at the output of /C)sg when no external capac-
itance is connected.

Values of 5.6pF or smaller are favourable
and the adjustment can be completed by using
a piece of wire or small copper plate, with a
capacitance the same as the tolerance of the
small value capacitors Cg and C;. The monos-
table multivibrator, comprising IC,4, triggers
the measuring multivibrators. It produces a
short negative pulse with the duration,

T(trigger)[ns]=0.45 R;[kQ]Cs[pF]=75ns,

greater than the minimum pulse width,

required to trigger the other monostable multi-
vibrators. Triggering of ICj,, is caused by the
active high-going edge input B, connected to
the module-port clock measurement signal.

Autoranging capability

The clock measurement signal is produced by
the autoranging circuit, shown in Fig. 3. The
principle of autoranging is based on the use of
a stable IMHz oscillator based on IC4.p,
divided by ten by counters IC;_s.

For the range 0.199uF-1.999uF, at the
beginning of the measurement cycle, a fre-
quency of 100Hz is applied to the pulse for-
mer IC|,, in Fig. 3. From there it feeds the
first measuring module /C,p.

Information for the seven-segment code out-
puts of the a-to-d converter ICL7107, IC g of
Fig. 4, is analysed. If the digital code of the
input voltage of IC)q is identified as smaller
than 0200, this means the measurement can be
completed in the lower range. So the next
greater frequency of 1kHz, i.e. a range of

1 4 9
f21C1a)° { s|ICip}° B

n

o o |

Iy

12 11
'

74LS01

Fig. 3. Autor:angmg section of the low capacitance N T e R, 7aCs00
meter is under quartz frequency control and 110
capable of three measurement cycles a second. -
2
G, Cy 47n Ry
1MHz 330p I 2 560
< 50kHz CLK
L12l0a [2 QA Aptd
o _9]
_8lac -1
11| op 1
741590 74LS90
Q5]
4]
{a3)
Q2
Qi
1
3
Y0 Ry Zsenc ovfs
aLs Im" 43k r—s O
74L500 +5V Ry \ RES CNTR|*—
130k
T I Apis  outf®
3loa ‘—I 555
4loB 2
Slac
8lap ICs
10] o
Mo
2lac kg
Blow oL p?
+5V
7415164
Re
1k1
(CLOCK MEASUREMENT
i sw,
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19.99nF to 199.9nF, is applied to the measur-
ing unit, /Cy,g. This means that the dc com-
ponent applied to the converter is given by,

1C;,=0.45C, [pFI(R14+R5)[KQY/T,[ns]
{ Czener'I Cdc_compens.)

for IC)5g is multiplied by ten because of the
division of T, by ten. Here, IC,epe; is 3.3V. If
the digital seven-segment code of the input
voltage is lower than 0200 again, a frequency
of 100Hz, representing a range of 1.999nF to
19.99nF, is applied to the second measuring
unit, ICy3 and ICy4. Capacitor Cy has to be

placed in the timing circuit of the small ranges
measuring unit /Cj3 and ICy4. The dc compo-
nent in this case is given by,

ICiy=1.1R 1 C/ To(ICeper1! Cdc_compens.)-

After analysis of the digital code, the decision
is made whether or not to apply the next fre-
quency of 1kHz, giving a range of 0.199nF to
1.999nF. After that, the 10kHz frequency, is
applied for the 0.1pF to 199.9pF range.

The range changes take place at a frequency
determined by the astable timer ICyg. Its val-
ues are Rs=43kQ, R;=130kQ2 and C,;=10pF.

INSTRUMENTATION & TEST

This means frequency change is
1.49/(R4+2Rs)Cy, or 0.68Hz.

A greater frequency than 3Hz is not recom-
mended, because the converter, /Cj9, mea-
sures the input voltage three times per second.
This frequency fichange) is the clock for the
shift register ICq, based on ic 74LS164, which
must be reset at the beginning of every mea-
suring cycle using push-button SW;.

Outputs of the register Q4 _g go high one by
one, transmitting the different frequencies
through open-collector gates IC75—ICgp to the

Fig. 4. Analogue
to digital
converter with

5 4_41C8p seven-segment
o display for the
low capacitance
7 6 |1Cqge P
[5okHz CIK meter. The ICL
+5V chipis a
1o, osc1]X0 dual-integrating
JE—1 [ YY) 1)) osczf3e d"‘lo'a- converter
3cwuniTs) osca38 with integral
[ ———————lsuNiTs) TesTL display drivers.
 SIAMUNITS) ICyq REF H |28
- SlFuNITS) REF LO}2®
T GUNITS) cReF|24
ﬁ—_s E(UNITS) CREF8
JN——"] [TV ) COMMON 22
/——‘0 C(UNITS) INPUT HI |32
g uniTs) INPUT LOJES
/—12 A(UNITS) AUTO_zERO}Z
 Wleunms) BUFFER}28
L Mewnrs) INTEGRATOR |27
— lpwniTs) v-j28
16/ BUNITS) G(TENS) |22
ﬁ—"— FUNITS) c(100s) |24
JR—1 T ) A(1008) 123
1 puNITS) G(100s) 2'2—\
290miNUs DIGITAL GROUND 21 470k
1CL7107
Reea ;0"‘42 Raq ; Rso
Ras 18 16 N 820 44
=A Ic A IC A IC
:22(6) W 5]y ki g ki N pihaol ot il I
ale c —amvn—8ic
—2p D N—wn—81D
e oo 3 ] N A2
a8l ) F /] REBVVARTI
ol o) N—we e
4| aminame o H Cm— ° 9, commms o
14} \nopE 13] ANODE
l_— VQE24 VQE24 J,_ VQE24
+5V +5V
5 ICWb4
__5— ;] 9
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11g A
74502 741500 741800 i .
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s—C17c 11—C17d
10 1
9 12 <
741502 741502
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clock-measurement-module port.

The same outputs, named module ports
Q\.5, have other functions too, such as deter-
mining which measuring unit is chosen, and
changing the place of the decimal point.
Reaching the optimal range forces the range-
set module port low and so the clock to /Cg is
stopped due to the /C);  gate.

Gate /Cy g has the same function as /Cy .
It stops the clock if the minimal range 0.1pF
to 199.9pF is reached, since Qg is high. As a
result, the output of /Cop is set low. Gate ICyp
and the RS trigger, comprising /Cyg and /Cyc,
are used to load the shift-register 74LS164
through the serial data entry B with logic one.
This occurs during the first autoranging clock
cycle of ICy only.

A-to-d-conversion and control
The converter and some of the control circuits
are shown in Fig. 4. DC component of the
pulses, generated by the monostable multivi-
brators, is transferred to the converter /C g via
the input module ports IN-HI and IN-LO. The
internal oscillator of /CL 7107 is not used.
Rather, a S0kHz clock with quartz stability is
applied to pin 40 of the ic, improving the mea-
surement accuracy.

As Fig. 2 shows, the 50kHz clock signal

passes via dividers in the range setting cir-
cuitry. This results in a repetition rate of three
measurement cycie a second. The same clock,
internally buffered and appearing on pin 38 of
IC19, produces the negative voltage of about
-3V, necessary for the correct operation of the
converter. The circuit producing this negative
voltage consists of a 4049 buffer, with IC g,
capacitors Cjqg; and the diodes Dgg, per-
forming the work of a charge pump.
Capacitor Cys is the auto-zero capacitor. It
provides compensation for the offset voltages
of the input amplifier, the integrator and the
comparator of /C,9. The /ICL7107 is an inte-
grating a-to-d converter, with Cy4 acting as the
integrating capacitor and Ry, is the integrating
resistance. Reference capacitor C; is used for
the deintegration or integration of the refer-
ence voltage toward OV in the last phase of the
measuring cycle of the converter. This tech-
nique is know as the.dual integration principle.
Reference voltage of /Cq is set and adjust-
ed via Ryp.9;. Tuning of the low ranges 0.1pF
to 199.9pF, 0.199nF to 1.999nF and 1.999nF
to 19.99nF is completed with potentiometer
R5). Tuning of the high ranges 19.99nF to
199.9nF and 0.199uF to 1.999uF is accom-
plished via potentiometer R, in Fig. 3.
Indication of the measured voltage and so of

capacitance C,, takes place by means of the
four 7-segment indicators /Cppp g, IC1a B
(VQE24). Range-setting circuitry, which
decides if the digital code is greater than 0199
or not, is based on /Cy; and ICy ¢, the latter
connected to module port called range set.

The position of the decimal point for the dif-
ferent ranges is selected by /C;7p_p. Indication
of the measuring units picofarads, nanofarads
or microfarads, is achieved by means of /C\¢p,
IC\6c and IC|74. These devices light the three
leds, D5_7.

The whole device is supplied from a +5V
single supply delivering 400mA. Although the
error of the 555 timer in monostable mode is
typically 0.5%, in this case, accuracy can be
compensated to 0.1%. The differential mea-
surement technique helps improve accuracy
and components can be tweaked to obtain best
performance. |
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Surplus always
wanted for cash!
LOW COST PC's
SPECIAL BUY

‘AT 286"
40Mb HD + 3Mb Ram

&

LIMITED QUANTITY only of these 12Mhz HI GRADE 286 systems
Made in the USA to an industrial specification, the system was
designed for total reliability. The compact case houses the mother-
board, PSU and EGA video card with single 5%" 1.2 Mb floppy disk
drive & integral 40Mb hard disk drive to the front. Real time clock
wlth battery backup is provided as standard. Supplied in good used
condition complete with enhanced keyboard, 640k + 2Mb RAM,
DOS 4.01 and 90 DAY Full Guarantee. Ready to Run !

Order as HIGRADE 286 QAL Y £129.00 (&)

Optional Fitted extras: VGA graphics card £29.00
1.4Mb 3%" floppy disk drlve (instead of 1.2 Mb) £19.95
Wordperfect 6.0 for Dos - when 3'%2" FDD option ordered ~ £22.50
NE2000 Ethernet (thick, thin or twisted) network card £29.00

LOW COST 486DX-33 SYSTEM

Limited quantity of this 2nd user, supurb small size desktop unit.
Fully featured with standard simm connectors 30 & 72 pin. Supplied
with keyboard, 4 Mb of RAM, SVGA monitor output, 256k cache and
integral 120 Mb IDE drive with single 1.44 Mb 3.5" tloppy disk drive.
Fully tested and guaranteed. Fully expandable Only
£399.00 ¢

Many other options-avaiable - call for details.

FLOPPY DISK DRIVES 312" - 8

51" or 3%" from only £18.95 !

Massive purchases of standard 5%" and 3%" drives enables us to
present prime product at industry beating low prices! All unlts (unless
stated) are BRAND NEW or removed from often brand new equip-
ment and are fully tested, aligned and shipped to you with a 90 day
guarantee and operate from standard voitages and are of standard
size. All are IBM-PC compatible (if 3%" supported on your PC).

3%" Panasonic JU363/4 720K or equivalent RFE £24.95(B)
3%2" Mitsubishi MF355C-L. 1.4 Meg. Laptops only £25.95(B)
3'%" Mitsubishi MF355C-D. 1.4 Meg. Non laptop £18.95(B)
5%" Teac FD-55GFR 1.2 Meg (for IBM pc's) RFE £18.95(B
5%" Teac FD-55F-03-U 720K 40/80 (for BBC's etc) RFE  £29.95(B
5%" BRAND NEW Mitsubishi MF501B 360K £22.95(B
Table top case with integral PSU for HH 5%" Flopp or HD £29.95(B)
8" Shugart 800/801 8" SS refurbished & tested £195.00(E)
8” Shugart 810 8" SS HH Brand New £195.00(E
8’ Shugart 851 8" double sided refurbished & tested £250.00(E
Mitsubishi M2894-63 8" double sided NEW £275.00(E}
Mitsubishi M2896-63-02U 8" DS slimline NEW EZBS.OOEE)

Dual 8" cased drives with integral power supply 2 Mb £499.00(E)
HARD DISK DRIVES

End of line purchase scoop! Brand new NEC D2246 8" 85 Mbyte
drive with industry standard SMD interface, replaces Fujitsu
equivalent model. Full manual. Only £299.00 or 2 for £525.00 (E)

3%2" FUJI FK-309-26 20mb MFM I/F RFE £59.95(C)
3%" CONNER CP3024 20 mb IDE I/F (or equiv )RFE £59.95(C)
3%:" CONNER CP3044 40mb IDE I/F (or equiv.)RFE £69.00(C
3%" RODIME RO3057S 45mb SCSI I/F (Mac & Acorn)  £69.00(C

3%2" WESTERN DIGITAL 850mb IDE I/F Brand New  £185.00(C)

5%" MINISCRIBE 3425 20mb MFM I/F (or equiv.) RFE  £49.95(C
5%" SEAGATE ST-238R 30 mb RLL I/F Refurb £69.95(C
5%" CDC 94205-51 40mb HH MFM I/F RFE tested £69.95(C
5%" HP 9754B 850 Mb SCSI RFE tested £89.00(C
5%" HP C3010 2 Gbyte SCSI differential RFE tested £195.00(C
8" FUJITSU M2322K 160Mb SMD |/F RFE tested £195.00(E)

Hard disc controllers for MFM | IDE, SCSI, RLL etc. from £16.95

THE AMAZING TELEBO

Converts your colour monitor into a QUALITY COLOUR TVI!

TV SOUND &
VIDEO TUNER

CABLE COMPATIBLE * 3

The TELEBOX is an attractive fully cased mains powered unlt, con-
taining all electronics ready to plug into a host of video monitors
made by makers such as MICROVITEC, ATARi, SANYO, SONY,
COMMODORE, PHILIPS, TATUNG, AMSTRAD etc. The composite
video output will also plug directly into most video recorders, allowing
reception of TV channeis not normally receivable on most televi-
sion receivers* (TELEBOX MB). Push button controls on the front
panel aliow reception of 8 fully tuneable 'off air' UHF colour television
channels. TELEBOX MB covers virtually all television frequencies
VHF and UHF inciuding the HYPERBAND as used by most cable
TV operators. A composite video output is located on the rear panel
for direct connection to most makes of monitor or desktop computer
video systems. For complete compatibility - even for monitors with-
out sound - an integral 4 watt audio amplifier and low level Hi Fi
audio output are provided as standard.

TELEBOX ST for composite video input type monitors
TELEBOX STL as ST but fitted with integral speaker £39.50
TELEBOX MB Multiband VHF/UHF/Cable/Hyperband tuner £69.95
For overseas PAL verslons state 5.5 or 6 mHz sound specification.
“For cable / hyperband reception Telebox MB should be connected
to a cable type service. Shipping code on all Teleboxe's is (B}

DC POWER SUPPLIES

£36.95

Virtually every type of power
supply you can imagine.Qver
10,000 Power Sup
Call for in

Issue 13 of

lies Ex Stock
o/ list.

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS
IC's -TRANSISTORS - DIODES

OBSOLETE - SHORT SUPPLY - BULK

6,000,000 items EX STOCK

For MAJOR SAVINGS - CALL FOR SEMICONDUCTOR HOTLIST

VIDEO MONITOR SPECIALS

One of the highest specification
* monitors you will ever see -

At this price - Don’t miss it!!
Mitsubishi FA3415ETKL 14" SVGA Multisync colour monitor with fine
0.28 dot pitch tube and resolution of 1024 x 768. A
variety of inputs allows connection to a host of comput-
ers including IBM PC's n CGA, EGA, VGA & SVGA
modes, BBC, COMMODORE (including Amiga 1200),
ARCHIMEDES and APPLE. Many features: Etched
faceplate, text switching and LOW RADIATION MPR

specification. Fully guaranteed, supplied in EXCEL-
LENT little used condition. Ord
Only £119 ceve

Tilt & Swivel Base £4.75 (B MITS-SVGA
External cables for other types of computers CALL

VGA cable for IBM PC included.
As New - Used on film set for 1 week only!!
15" 0.28 SVGA 1024 x 768 res. colour monitors.
Swivel & tilt etc. Full 90 day guarantee. £145.00 (E)

Just In - Microvitec 20" VGA (800 x 600 res.) colour monitors.
Good SH condition - from £299 - CALL for Info

PHILIPS HCS35 (same style as CM8833) attractively styled 14"
colour monitor with both RGB and standard composite 15.625
Khz video Inputs via SCART socket and separate phono jacks.
Integral audio power amr and speaker for all audio visual uses.
Will connect direct to Amiga and Atari BBC computers. Ideal for all
video monitoring / security applications with direct connection
to most colour cameras. High quality with many features such as
front concealed'ﬂap controls, VCR correction button etc. Good
used condition - fully tested - guaranteed

Dimensions: W14" x H12%" x 15%" D. Only £95

PHILIPS HCS31 Ultra compact 9" colour video monitor with stan-
dard composite 15.625 Khz video input via SCART socket. [deal
for all monitoring / security applications. High quality, ex-equipment
fully tested & guaranteed (possible minor screen bums). In attrac-
tive square black plastic case measuring W10" x H10" x 13%" D.

240 V AC mains powered. on|y £79.00 )

KME 10" 15M10009 high definition colour monitors with 0.28" dot
pitch. Superb clarity and modern styling.
Operates from ang 15.625 khz sync RGB video
source, with RGB analog and composite sync
such as Atari, Commodore Amiga, Acorn
Archimedes & BBC. Measures only 13%" x 12° x %

11°. Good used condition. Only £125 (5
20" 22" and 26" AV SPECIALS

Superbly made UK manufacture. PIL all solid state colour monitors,
complete with composite video & optional sound input. Attractive
teak style case. Perfect for Schools, Shops, Disco, Clubs, etc.in
EXCELLENT little used condition with full 90 day guarantee.

20"....£135

22"...£155 26"....£185)

SPECIAL INTEREST ITEMS
MITS. s FA3445ETKL 14" Industrial spec SVGA monitors  £245

2kW to 400 kW - 400 Hz 3 phase power sources - ex stock £POA
IBM 8230 Type 1, Token ring base unit driver £950
IBM 53F5501 Token Ring ICS 20 port lobe modules £750

1BM MAU Token ring distribution panel 8228-23-5050N £95
AIM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE £550
Trend DSA 274 Data Analyser with G703(2M) 64 i/o £POA

Marconi 6310 Programmable 2 to 22 GHz sweep generator £6500
HP1650B Logic Analyser £3750

HP3781A Pattern generator & HP3782A Error Detector £POA
HP APOLLO RX700 system units £950
HP6621A Dual Programmable GPIB PSU 0-7 V 160 watts  £1800
HP3081A Industrila workstation c\w Barcode swipe reader  £175
HP6264 Rack mount variable 0-20V @ 20A metered PSU £675
HP54121A DC to 22 GHz four channe! test set POA
HP7580A A1 8 pen HPGL high speed drum plotier £1850
EG+G Brookdeal 95035C Precision fock in amp £650
View Eng. Mod 1200 computerised inspection system £POA
Ling Dynamics 2kW programmable vibration test system  £POA

Computer controlled 1056 x 560 mm X Y table & controller £1425

Kelthley 590 CV capacitor / voltage analyser £POA
Racal ICR40 dual 40 channel voice recorder system £3750
Fiskers 45KVA 3 ph On Line UPS - New batts Dec.1995  £9500
ICI R5030UV34 Cleanline ultrasonic cleaning system £POA
Mann Tally MT645 High speed line printer £2200
Intel SBC 486/133SE Multibus 486 system. 8Mb Ram £1200
Zeta 3220-05 AQ 4 pen HPGL fast drum piotters £1150

Nikon HFX-11 (Ephiphot) exposure control unit £1450
Motorola VME Bus Boards & Components List. SAE / CALL £POA
Trio 0-18 vdc linear, metered 30 amp bench PSU. New £550
Fujitsu M3041R 600 LPM band printer £1950

Fujitsu M3041D 600 LPM printer with network interface £1250
Perkin Elmer 2998 Infrared spectrophotometer £POA
VG Electronics 1035 TELETEXT Decoding Margin Meter  £3750

Andrews LARGE 3.1 m Satellite Dish + mount (For Voyagert) £950

Sekonic SD 150H 18 channel digital Hybrid chart recorder £1995
TAYLOR HOBSON/Tallysurf amplifier / recorder £750
System Video 115 PA{ waveform monitor £485
Test Lab - 2 mtr square quletised acoustic test cabinets £300

Kenwood 9601 PAL Vectorscope - NEW £650
Please call for further details on the above ltems

Surplus always
wanted for cash!

19" RACK CABINETS

Superb quality 6 foot 40U
Virtually New, Ultra Smart

Less than Half Price!

Top qualilé 19" rack cabinets made in UK by
Optima Enclosures Ltd. Units feature
designer, smoked acrylic lockable front door,
full height lockable half louvered back door
and louvered removable side panels. Fully
adjustable internal fixing struts, ready punched
for any configuration of equipment mounting
plus ready mounted integral 12 way 13 amp
socket switched mains distribution strip make -
these racks some of the most versatile we
have ever sold. Racks may be stacked side by side and therefore
require only two side panels to stand singly or in multiple bays.
Overall dimensions are: 77%" H x 32%2" D x 22" W. Order as:

OPT Rack 1 Complete with removable side panels. £335.00 (G)

OPT Rack 2 Rack, Less side panels £225.00 (G)

| 32U - High Quality - All steel RakCab |

Made by Eurocraft Enclosures Ltd to the highest possible spec,
rack features all steel construction with removable

side, front and back doors. Front and back doors are
hinged for easy access and all are lockabie with
five secure 5 lever barrel locks. The front door
is constructed of double walled steel with a
‘designer style’ smoked acrylic front panel to
enable status indicators to be seen through the
panel, yet remain unobtrusive. Internally the rack
features fully slotted reinforced vertical fixing
members to take the heaviest of 19” rack
equipment. The two movable vertical fixing struts
(extras available) are pre punched for standard
‘cage nuts’. A mains dlistribution panel internal-
ly mounted to the bottom rear, provides 8 x IEC 3
pin Euro sockets and 1 x 13 amp 3 pin switched
utility socket. Overall ventilation is provided by
fully louvered back door and double skinned top section ™

with top and side louvres. The top panel may be removed for fitting
of integral fans to the sub plate etc. Other features include: fitted
castors and floor levelers, prepunched utility panel at lower rear for
cable / connector access etc. Supplied in excellent, slightly used
condition with keys. Colour Royal blue. External dimensions
mm=1625H x 635D x 603 W. ( 64" Hx 25" D x 23%" W) |

Sold at LESS than a third of makers price !!

A superb buy at only £195.00 «©)

Over 1000 racks - 19" 22" & 24" wide
3 to 44 U high. Available from stock !!
Call with your requirements.

TOUCH SCREEN SYSTEM

The ultimate in ‘Touch Screen Technology’ made by the experts -
MicroTouch - but sold at a price below cost ! System consists of
a flat translucent glass laminated panei measuring 29.5 x 23.5 cm
connected to an electronic controller PCB. The controlier produces
a standard serial RS232 or TTL output which continuously gives
simple serial data containing positional X & Y co-ordinates as to
where a finger is touching the panel - as the finger moves, the data
instantly changes. The X & Y information is given at an incredible
matrix resolution of 1024 x 1024 positions over the entire screen
size !! A host of available translation software enables direct con-
nection to a PC for a myriad of applications including: control pan-
els, pointing devices, POS systems, controllers for the disabled or
computer un-trained etc etc. Imagine using your finger with
‘Windows', instead of a mouse !! (a driver is indeed available !} The
applications for this amazing product are only limited by your
imagination!! Complete system including Controller, Power Supply
and Data supplied at an incredible price of only:

Full MICROTOUCH software support pack £145. 00 {B)
and manuals for IBM compatible PC's £29.95 RFE - Tested

LOW COST RAM & CPU’S

INTEL "ABOVE' Memory Expanslion Board. Full length PC-XT
and PC-AT compatible card with 2 Mbytes of memory on board.
Card is fully selectable for Expanded or Extended (286 processor
and above} memory. Full data and driver disks supplied. RFE.
Fully tested and guaranteed. Windows compatible.  £59.95(A1)
Half length 8 bit memory upgrade cards for PC AT XT expands
memory either 256k or 512k in 64k steps. May also be used to fill
in RAM above 640k DOS limit. Complete with data.
Order as: XT RAM UG. 256k_ £34.95 or 512k £39.95 (A1)
SIMM SPECIAL
1 MB x 9 SIMM 9 chip 120ns Only £16.50 (A1
1MB x 9 SIMM 3 chip 80 ns £19.50 or 70ns £22.95 (A1
£23.75 §A1

1 MB x 9 SIMM 9 chip 80 ns £21.50 or 70ns

4 MB 70 ns 72 pin SIMM_ -with parity- Only £95.00 (A1

INTEL 486-DX33 CPU £55.00 INTEL 486-DX66 CPU £69.00 (A1}
FULL RANGE OF CO-PROCESSOR'S EX STOCK - CALL FOR £££

FANS & BLOWERS
EPSON DO412 40x40x20 mm 12v DC £7.95 10/ £65
PAPST TYPE 612 60x60x25 mm 12v DC £8.9510/£75
MITSUBISHI MMF-D6D12DL 60x60x25 mm 12v DC £4.95 10/ £42
MITSUBISHI MMF-08C12DM 80x80x25 mm 12v DC £5.25 10/ £49
MITSUBISHI MMF-09B12DH 92x32x25 mm 12v DC £5.95 10/£53

PANCAKE 12-3.5 92x92x18 mm 12v DC £7.9510/£69
EX-EQUIP AC fans. ALL TESTED 120 x 120 x 38 mm specify 110
or 240 v £6.95. 80 x 80 x 38 mm - specify 110 or240v £5.95
IMHOF B26 1900 rack mnt 3U x 19" Blower 110/240v NEW £79.95
Shipping on all fans (A). Blowers (B). 50,000 Fans Ex Stock CALL

News now available - send large SAE - PACKED with bargains!

Display

EST

YEARS

ALL MAIL & OFFICESl ILONDON SHOP
e Open Mon-Fri 9.00-5:30
H Dept WW. 32 Biggin Way
° Upper Norwood
LONDON SE19 3XF

Open Mon - Sat 9:00 - 5:30
215 Whitehorse Lane
South Norwood
On 68A Bus Route
Nr.Thornton Heath &
Selhurst Park SR Rail Stations

CIRCLENO. 113 ON REPLY CARD

DISTEL®
The Original

REE On line Database
info on 20,000 + stock iterns!
RETURNING SOON !

ALL ® ENQUIRIES

0181679 4414

FAX 0181 679 1927

All prices for UK Mainland. UK customers add 17.5% VAT to TOTAL order amount. Minimum order £10. Bona Fide account orders accepted from Govemment, Schoos,
Unwversities and Local Authorities - minimum account order £50. Cheques over £100 are subject to 10 working days clearance. Carriage charges (A)=£3.00, (A1)=£4.00,
(B)=£5.50, (C)=£8.50, (D)=£12.00, (E)=£15.00, (F)=£18.00, (G)=CALL. Allow approx 6 days for shipping - faster CALL. Scotland surcharge CALL. All goods supplied to our
Standard Conditions of Sale and uniess stated guaranteed for 90 days. All guarantees on a retum to base basis. Al rights reserved to chan
notice. Orders subject to stock. Discounts for volume. Top CASH prices paid for sumplus goods. All trademarks efc acknowledged. © Display Electronics 1996. E & OE. 06/6

prices / specifications without prior
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COMPUTING

ed, graphical representations provide
more insight than equations into how a
circuit or device functions.

Some designers prefer vector diagrams, oth-
ers Bode plots, and yet others circle diagrams
or perhaps pole-zero plots. This article is
intended to pull them all together, showing
how they relate to each other, and illustrating
how the same thing can be expressed in dif-
ferent ways.

If you are used to using just one of these
mental props, please be assured that becoming
familiar with all of them is definitely worth
the effort. Each illuminates the others in ways
that are not immediately obvious.

In this article, I shall be concentrating on the
frequency response of circuits, that is, their
response to a continuously applied sinewave
of whatever frequency.

F or those of us not too mathematically gift-

Some simple circuits

Figure 2a shows a simple resistive voltage
divider. Output voltage v, is given by
vo/Vi=Ry/(R)+R5). Since I=V/R, this is the case
whether the input v; is dc or ac of any fre-
quency. Figure 2b shows the case where R, is
replaced by a capacitor, of value CuF. The
same formula for v, holds, except that the
value of R,, in ohms, must be replaced by the
‘reactance’ of C, which is also measured in
ohms. There is a minor complication, though,
in that the value of the reactance of C depends
upon what frequency you are considering. At
OHz (dc) it is infinite, so that v,=v;, while at
infinite frequency.it is zero, so v, is zero. At
any frequency fHz, the reactance X, of the
capacitor is given by X .=1/2nfC)=1/(xC) in
ohms.

The maths approach

Rather more of a complication is the fact that,
unlike the case of a resistor, in an ac circuit the
voltage drop across a capacitor is not in phase
with the current through it.

Voltage across a capacitor is proportional to
the integral of current. This means, if one is
talking of sinewaves, that the voltage lags the
current by 90°. This is indicated by the —90°

lan Hickman explains various graphical methods of
displaying circuit operation - including vector diagrams,

Bode plots and poles and zeros.

icture

angle between i and v, in Figure 3, but as
shown earlier, a —-90° displacement of a vector
is effected by multiplying by —j. So the reac-
tance of capacitor C becomes —j/(wC), which
is 1/(joC), since —j is 1/j.

By tacking the operator j onto the expression
for the reactance of a capacitor in this way,
one keeps tabs on the phase angle between the
voltage and current automatically — the maths
looks after it for you. Taking this on board,

(joC) 1
R+1/(joC) 1+ joCR

Egqnl: v, /v, =

The vector diagram approach

Figure 3 shows vector diagrams for the simple
CR low-pass (‘top cut’) circuit of Fig. 2b.
Since this is a series circuit, it is simpler to
start with the current, as this is common to
both components.

So draw in a unit current vector i, pointing
to the right from the reference or ground point,
here labelled C for common. This current
flows through a reactance 1/(jwC) or —j/(wC),
the —j indicating a —-90° displacement of the
resultant voltage v,=iX., which is marked in as
CA. Added to this is the volt drop iR across
the resistor, which is in phase with the current.
This brings one to point B, the input; v; being
indicated by the vector CB. The vector dia-
gram has been drawn for the case where X =R,
and since X; is 1/(wC), in this particular
instance, ®=1/(CR); let this value be ®,. This
value expressed in hertz is given by 1/(2rCR);
let this be f,.

Thus in the right-angled triangle CAB,
CA=AB so that if v,=1 then v;=1.414, or V2,
indicating that the output is 0.707 of the input
or 3dB down. Output v, lags the current
drawn from the source by exactly 90° but as
the circuit as a whole is not purely capacitive,
but partly resistive, v; lags i by less than 90°.

If the radian frequency were doubled to
2/CR, then assuming i were unchanged —
which would not in fact be the case — v, would
become CA” =CA/2 as shown, and v; would
lag i by a smaller angle, since now resistance
dominates the circuit’s input impedance.

Conversely, at lower and lower frequencies,

Time

Imaginary axis
jA

. _—0 :
7

~ A Real axis

S S

A
(o)

Fig. 1a) Showing how a rotating vector can
represent a sinusoidal wave.
b) Showing the effect of the operator %’.

¢ would get smaller and smaller as v; became
ever closer to equality (in magnitude and
phase) to v,

The Bode diagram alternative

Vector diagrams show circuit response at one
particular frequency. You can superimpose the
response at another frequency, as in Fig. 3, but
the diagram cannot show the response at all
frequencies.

The Bode diagram accommodates this, by
separating out the amplitude and phase com-
ponents of the response.

Amplitude and phase of v, the output for an
input of unity, is expressed as M£¢, M (for
‘modulus’ or magnitude, written lv,l) being the
amplitude and ¢ (for ‘argument’, written arg
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COMPUTING

Back to basics

A sinewave is the most basic waveform there is, containing ener-
gy at one frequency only. This contrasts with other regular wave-
forms — such as square or triangular waves. These also contain
energy at harmonics of their basic frequency. Noise-like wave-
forms can contain energy at all sorts of unrelated frequencies.

A sinewave can be represented by a rotating ‘vector’. A vector
is a value having both a magnitude and direction, such as the
force of the wind. In contrast, a ‘scalar’ quantity, such as the
exchange rate of the pound to the dollar, has only magnitude.

Such a vector is shown at OA in Fig. 1a). Assume that it has
unit length. Now imagine this vector rotating anticlockwise (by
convention) about the origin O at a steady angular velocity
wrad/s, so that after ¢ seconds, it has turned through an angle
d=or radians. (w is called the radian frequency.)

At any instant, the voltage of the sinewave is represented by the
projection onto the horizontal axis, so that at time ¢=0, it is repre-
sented by the unit length OA. At time ¢ seconds after this, where
t=¢/®, the vector has rotated to OB, and the value of the voltage
at this instant is represented by its projection onto the horizontal
axis, OC. This has been plotted out beneath the vector diagram as
a function of time, running vertically downwards.

You can see that the voltage is +1V at 1=0, falls thereafter to
zero, where it is changing most rapidly, increases to —1V. It then
falls again and so on. Since the voltage equals +1V at =0, this
actually makes it a cosine wave, but the shape is known as ‘sinu-
soidal’ and it is generally called a sinewave, since in general the
instant that you define as #=0 is arbitrary.

Since we are dealing with a continuous sinewave, the graph of
voltage against time will soon run off the bottom of the page,
whereas the rotating vector OA can represent the waveform

Vo) the phase. These are plotted against a log-
arithmic frequency scale, so that OHz, or zero
frequency, is as far off the page to the left as
infinite frequency is to the right.

indefinitely without running out of paper. Vector OA rotates
through position OB and on, right round the circle, returning to
the start position when $=w¢=360°=2x radians. Since each com-
plete circle, or cycle, represents 2x radians, the frequency of the
sinewave fin cycles per second is ®/(2r), or 1/(2r) times the
radian frequency.

Now there is a simple modification that you can make to the dia-
gram, which makes it even more useful. Imagine that (notwith-
standing that it is rotating) the vector is somehow drawn on the
paper. With the vector rotating at much more than a few tens of
cycles per second, or hertz, it will appear as just a blur. But now
imagine the paper to be rotating clockwise at ® radians per second.
The net result is that the vector will appear to stand still as though
frozen in time. The utility of this will become apparent soon.

The other item to recap concerns ‘j’. This is called an operator,
since multiplying a vector by j performs a very specific operation
upon the vector. It rotates it by +90°, positive angles being mea-
sured, by convention, in the anticlockwise direction. This is illus-
trated in Fig. 1b), where the vector OA represents a cosinewave
of A volts peak. Multiplying this by j takes us to the top of the
diagram, giving a different vector jA.

Repeating the process, jAXj, takes the vector through another
right angle, so that it now represents a voltage which is at its neg-
ative peak, —A. Thus multiplying by j twice over has reversed the
sign of the voltage. It follows that jxj=j?=-1, so j is called the
square root of —1. Multiplying by j a third time rotates the vector
through +90° again, giving —jA, and it can be seen from Fig. 1b)
that this is the same as rotating the original vector A through
—90°, or multiplying by —j. Note also that —jxj=—(j%)=—(-1)=1, so
that (dividing both sides by j) —j=1/j.

Parameters M and ¢ are plotted vertically,
on separate graphs. For the phase plot, ¢ is
plotted to a linear scale, while for the ampli-
tude plot, M is plotted logarithmically, ie in
decibels.

Figure 4a) shows the Bode plot for the sim-
ple CR low-pass circuit of Fig. 2b), from
which you can be seen that at f,, where

Vo= Ry My =1v
1
V= Ry 4V, e W 1
"R+ 1~ 1+JeCR
Voo Ry e
Vi Ry+R,

Fig. 2a) For a resistive potential divider, the output voltage is independent of frequency.
b) Not so for this lowpass CR network.

w=1/CR, amplitude response M is 3dB down
on the response at dc. At frequencies higher
than f;,, it becomes asymptotic to a line pass-
ing through OdB at f,, with a slope of —-6dB
per octave or —20dB per decade.

Phase lag is seen to increase from zero at
OHz to —90° at very high frequencies, passing
through 45° at f,. In fact, on the logarithmic
frequency scale shown, the phase curve is
skew-symmetric about f,.

Modified Bode diagrams

The diagrams of Fig. 4a) have been replotted
in Fig. 4b) with a linear frequency axis and, in
addition, the vertical axis in the M plot is now
also linear.

As frequency increases from OHz, the mag-
nitude is initially flat, but soon starts to fall,
being 0.707(-3dB) at £, and becoming asymp-
totic to zero at very high frequencies. Note
that here T indicates the time of one cycle of
the sinewave, ie its period so that 1/T=f,.

On the other hand, the phase lag increases
with frequency right away, levelling out all the
while and reaching 45° at f,, while becoming
asymptotic to 90° at very high frequencies.
Interestingly, if the initial rate of increase of
phase lag were maintained, 90° would be
reached at fyxm/2, at which frequency the
phase lag is actually just one radian or 57.3°. 1
won'’t call these Hickman Diagrams as surely
someone else has already described them, but
I don’t recall ever seeing them in any text-
books.

The magnitude plot, vyl, will reappear later
on, however, in connection with pole zero dia-
grams.

The circle diagram approach

Circle diagrams are widely used in the heavy
electrical field, but are also very useful in light
current engineering - electronics. They are an
extension of vector diagrams in which is is
possible to show the behaviour of a circuit at

IR
45> vy
Vo = Xg =i i - i
jwC A
ol
A R

Fig. 3 Vector diagram showing the behaviour
of the circuit of Figure 2b).

all frequencies, rather than just one or two.

In Fig. 2, the current was taken as the start-
ing point, convenient in a series circuit as the
same current flows through both components.
Fixing the current like this is equivalent to
making v,-v; the reference vector, since for a
given current, the potential drop pd across the
resistor is independent of frequency.
Alternatively, either v, or v; could be fixed. In
a circle diagram, v; is held constant.
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M (dB) ' Vo ' =M
4 4
o N 1.0
__: \ 0.8
-10 \\ 0.6
0.4+
T »
0

Fig. 4a) Bode diagram showing the behaviour of the circuit of Figure 2b).
b) Modified Bode diagram showing the behaviour of the circuit of Figure 2b).

In Fig. 3, the voltage drop across the capac-
itor is at right angles to (in quadrature with)
that across the resistor, and this must always
be so, whether you are taking the case where
®=1/(CR) indicated by the vector CA, or
®=2/(CR)=2w,, vector CA", or any other fre-
quency.

A right-angled triangle with its longest side
formed by the diameter of a circle, will have
its apex lying on the circumference. So
redrawing the triangle CAB of Fig. 3 starting
with v;, the point A will lie on a semicircle as
in Fig. 5a). It is shown there as ©,(=1/CR).

Output vector v, is also shown for several
other frequencies, above and below ®,. Thus
the circle diagram plots the tip of the output
vector v,, as a function of the radian frequen-
cy ®=2nf, around the circumference of the
semicircle.

A useful simplification is to ‘normalise’ all
the quantities. In Fig. 5b), the radian frequen-
cies marked around the circumference in Fig.
5a) have all been divided by ®,, showing the
frequencies relative to ®,. Normalisation can
usefully be taken to the limit, with v; fixed at
1V peak, R set to 1Q and C to 1F. This makes
the sums very easy, with v, in Fig. 2b) equal
to 1V at OHz and i is 1A at e<Hz, or infinite
frequency. Equating w,=1/CR then gives just
1rad/s, or 0.159Hz.

You can always denormalise to the fre-
quency actually to be used, and adjust C or R
as required, later on.

Using poles and zeros

In the vector diagram of Fig. 3, vi—v, of Fig. 2
was the thing that was kept constant, whilst in
the circle diagram of Fig. 5, it was v;. There

remains just one possibility — keeping v, con-
stant. This forms a useful introduction to pole
zero diagrams.

Figure 6a) shows the vector diagram of Fig.
3 redrawn, with v, as the horizontal reference
vector. At zero hertz, the reactance of the
capacitor is infinite, so the current i is zero.
The volt-drop iR across the resistor is there-
fore zero, the angle ¢ is 0°, and v; is v,.

As frequency rises, the reactance of C falls,
i rises and so does the voltage drop iR. Thus ¢
increases and so does v;, the point B migrating
ever upwards. v,/v; is the ‘transfer function’ of
the CR low-pass circuit, the transfer function
possessing both a magnitude and a phase,
MZg.

Value v; is a measure of just how much
input voltage is required to produce an output
voltage v, of unity, at any given frequency.
Thus M is inversely proportional to v, i.e. to
length CB. Also, ¢ is the angle by which the
input leads the output, increasing to 90° at
infinite frequency, by which time point B has
disappeared way off the top of the page.

Figure 6b) shows a) redrawn, superimposed
on a set of axes, +0 in the horizontal (‘real’)
direction and +j® in the vertical (‘imaginary’)
direction. These define the ‘complex plane’ or
s plane. Any point upon it can be defined by
the appropriate values of the x and y — or
rather ¢ and j® — co-ordinates.

Together 6+j® are known as the complex
frequency variable ‘s’, and the the transfer
function is a function of s, written F(s). In
accordance with the policy of keeping things
simple by normalising everything, assume that
the point C is located at the point 6=—1 on the
horizontal axis, i.e. at the point s=—1+j0.

From Equation 1, given R=1Q and C=1F,
then when w=1, v,/v;=1/(1+j). This is shown
in Fig. 6 c), for the radian frequency 1 on the
jo axis, so v, has magnitude M=1/2 and

® = oo Vi ©=0 o o
y - Fig. 5a) Circle diagram

0.1 showing the behaviour of

118 the circuit of Figure 2b).

@/ 0.2 p) As a), but with the
50y o increasing frequencies normalised to
0ofS wfo].
g2
V, at wg (b)
@ H filatog ! Fig. 6a) The vector diagram of

N2

45

v

Figure 3 redrawn taking v, as the
reference.

b) a) redrawn, superimposed
upon ‘real’ (o) and ‘imaginary’
(jw) axes.

¢) b) drawn for the specific case
where R=1/(«C), i.e. a
normalised frequency of unity,
where the attenuation is 3dB
(vo=vi/¥2) and the phase lags 45°.

+j®

+l

+0
L

-1
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$=45°, lagging behind vi.

To make Equation 1 into a true transfer
function, one must substitute s for jo. Then,
for the circuit of Fig. 2 b), F(s) becomes

Eqn 2: F(s)=1/(s+1),
assuming all values normalised, to keep things
simple.

You can evaluate the magnitude M of F{(s)
for any value of s, and plot it as a point up in
the air, above the corresponding point s in the
complex plane. Taking the normalised expres-
sion 1/(s+1), when s=j1 (c=0), the answer is
0.707, while when s=-1 (jo=0), the answer is
infinity.

Plotting the magnitude of F(s) in this way
for all possible values of s, gives a three
dimensional surface above the s plane, which
1 have crudely sketched out in Fig. 7a). This
shows only the part of the surface to the left of
the jo axis (i.e. for negative values of G), with
a vertical section through it, along the jo axis.

Indicates a pole

si®

COMPUTING

Fig. 7a) Three dimensional representation of the surface
formed by the magnitude of F(s), for negative values of o,

with a vertical slice along the jo axis. Note: the resultant
curve for positive values of w is identical to Figure 4b).

b) For simplicity, this two dimensional plan view of a) is
often used. With practice, one can visualise the three

dimensional surface, and the resultant section along the jo
axis (representing the steady state frequency response)

(b)

The surface can be imagined as an enor-
mous rubber sheet, nailed down to the ground
all the way round the edges. At s=—1+j0, the
denominator of 1/(s+1) becomes zero, so the
expression explodes to an infinite value. This
can be imagined as an infinitely high tent pole,
propping up the rubber sheet at this point.
There is said to be a pole at s=—1+j0.

The vertical section through the surface,
along the +j axis, gives the magnitude of the
transfer function for sinewave inputs to the CR
low-pass circuit. It is in fact identical to the
plot of magnitude M in Fig. 4b).

Note that for this circuit there are no terms
in s in the numerator, so there are no values of
s for which the numerator could become zero.
If there were any such zeros, they would be
like thumb tacks, pinning the sheet to the floor
at those points.

Figure 7b) shows a) in plan view, the pole
being conventionally indicated as a cross. The

from such a two dimensional pole zero plot.

pure mathematicians tell us that for every
pole, there must be a zero. The reason it does
not appear on the diagram is that it is at infin-
ity. Letting either 6 or @ go to plus or minus
infinity sends F(s) to zero; a zero at infinity
tacks the rubber sheet down all the way round.

While the section through the surface along
the +jo axis gives the magnitude M of the
transfer function, as noted earlier, ¢ is given
by the angle between the line from a point on
the jo axis to the pole, and the ¢ axis, count-
ing the angle as indicating v, lagging v; as you
move anticlockwise relative to the pole.

This article has just scratched the surface of
the subject. Where things really start to get
interesting and illuminating is in considering
vector, Bode, circle and pole-zero diagrams as
applied to other circuit types, such as CR high-
pass, transitional lag and all-pass circuits, not
to mention circuits of second and higher order.
But alas my space has run out. [}
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New relay for

POWER AUDIO

A new design of relay provides an ideal building block for speaker protection
circuits by offering high power capability without the traditional adverse impact
on tonal quality. Omron’s Barclay McKenna discusses the relay design, and
outlines a specific circuit implementation.

Switch on the stereo and the first thing you

hear is that habitual thump as the speakers
flex in response to the inrush of current to or from
the amplifier output.

Even in a thoroughly poor design, to be fair, it
is not likely that the bemused
music lover will be left with a
— pair of bass speaker coils dan-

gling, terminally ripped from

Perhaps it shouldn’t happen — but it still does.

BC ovpen acr: their mountings. But that still
BX W 54 2v00~

, L
ot doesn’t make the initial

‘whumpf’ a desirable system
characteristic.

The sheer physical jolt of an
amplifier’s power circuits
switching into life may not
have an immediately visible
effect on the life expectancy of
a speaker but, on a cumulative
basis, such physical shocks can
lead to damaging displacement
of the bass voice coil. The ther-
mal shock of the inrush current
can have an equally unwelcome
effect on the integrity of the
coil itself.

While it may be true that
many low-frequency units owe
their premature demise to exces-
sive bass and volume settings —
not to mention the owner's
fondness for techno — the steady
abuse of the coil and speaker
cone by thumping amplifiers
certainly speeds their demise.

Prevention of the damage is
easily achieved by a variety of well tried means.
Some involve the use of complex timing circuits
in the power supply or output stages; the more
successful, and more cost effective, interpose a
relay or two between amplifier and speaker. The
latter solution is often used, but it begs the ques-
tion ‘what sort of relay’?

Choosing a suitable relay
Broadly speaking, relays come in two variations:
power types and signal types. The former will

naturally handle high current surges associated
with, say, industrial and some automotive appli-
cations. They are not, however, too concerned
about the integrity of the signal waveform that
passes through them.

If all you want is to switch power to a motor,
then the odd alteration from input to output is
hardly a consideration. Signal relays, on the other
hand, will provide the sort of faithful transmission
audio applications require. But signal relays tend
to be limited in their power handling capabilities.

Omron’s new G5Z relay however has been spe-
cially designed with power audio applications in
mind, combining the desirable attributes of both
power and signal relays.

Crossbar integrity

Central to the design of the G5Z is its use of a
crossbar contact design. This crossbar is a solid
conducting bar pulled across the contacts.
Ordinary power relays with comparable current
handling capability usually incorporate button
contacts. The solid conducting bar ensures the
high degree of signal integrity required for audio
applications.

In the case of the standard G5Z, handling capa-
bility runs to 5A at 40V ac, or 200VA. Quoted at
a power factor of one, a small measure of down-
rating is necessary to deal with the vagaries of a
musical signal, but that still amounts to enough
late-night Bach organ toccata to make the neigh-
bours suitably miffed. For really heavy use, a
750V A alternative is available.

The reworked crossbar design has allowed this
capacity for music to be shrunk into a very small
capacity for circuit board space. The relay occu-
pies no more than an 11.5 x 25mm footprint, with
a height of 16.5mm. Moreover, those dimensions
are for a two-pole design, as required for today's
compact audio applications. Contact resistance is
a maximum 50mQ to eliminate any untoward
effects on the amplifier’s damping factor.

Building in relay

So how might a protection circuit built around the
G5Z work in practice? The first thing to consider
is the level of protection required. A simple RC
network could form the basis of an on delay, but
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dc isolation might also be important. A failure
in the amplifier’s output transistors for exam-
ple would cause a dc flow directly into the
speaker, so a circuit which provided the means
to monitor this and employ the relay as a pro-
tection device is advantageous, Fig. 1.

At the same time, a short circuit on the
speaker lines could damage the amplifier, and
could even cause a fire. An additional circuit
monitoring amplifier output current would be
needed for this (not shown in the diagram).

The circuit shown addresses both the time
delay on power up and the provision of dc iso-
lation capability. Left and right outputs from
the power amplifier connect to the speaker
crossover networks via the G5Z relay.

Relay driving is provided by a Darlington
pair transistor configuration, 7; and T3, with
diode, D; inserted across the relay coil for
back emf protection.

On delay timing

The basis for the on delay timer is the resistor-
capacitor network of Ry, R; and C;. At power
up, transistor T, is off. As the capacitor
charges, the potential at its positive terminal
rises, eventually reaching the point where T,
switches on. Zener diode D, increases the

++Ye

degree of switching certainty and stability by
ensuring minimal leakage current until its
threshold voltage is reached, at which point its
reverse current immediately rises. At this
point, T is turned on, activating the relay.
The rate at which C, charges — and hence
the time-delay before the zener’s threshold
voltage is reached and T, switches on — is
determined by the values of C;, Ry and R;.

Fault protection

As well as a introducing delay in connecting
the speakers to the amplifier output, the circuit
shown also addresses disconnecting the speak-
ers in the event of a problem, via a dc monitor.

Left and right outputs of the power amplifi-
er are fed into a summing and ranging ampli-
fier to provide a combined signal output, with
a virtual earth configuration ensuring zero
interaction between the two channels. Feeding
this signal into a low pass active filter reveals
the presence of any dc level. Cut-off frequen-
cy of this filter is typically less than 1Hz.

A zero-loss active rectifier enables detection
of both —V, and +V,, dc offsets, and the signal
is then fed into a comparator circuit.
Reference voltage for the comparator is set via
the preset VR, and resistor R3. A typical trip

COMPONENTS

level of 1V on the amplifier output would
ensure safety of the system, and it should be
borne in mind that a small offset, perhaps
+200mV, is normal.

In problem-free operation, there would be an
off output from the voltage comparator. As a
result, transistor 73 would be off, having no
effect on the relay circuit. Should a dc level be
sensed at the amplifier output however, the
voltage comparator output would go high.
This would switch T3 on, and effectively short
circuiting R, and C;. Consequently, T, is
switched off, and the relay coil de-energised,
so disconnecting the speakers from the ampli-
fier output.

Switch SW; could be incorporated in the cir-
cuit to provide a manual method of electrical-
ly isolating the speakers without powering
down the amplifier.

Omron is so confident of the relay’s capa-
bilities that output from its factory has been
boosted to nearly a million a month, with
major audio manufacturers already designing-
in the device as standard.®

Further information can be obtained from
Omron Electronics by ringing 0181-450 4646 or
faxing 0181-450 8087.

Left ofp from power amp

Right ofp from power amp

-Ye

To left speaker

Crossover

G52

DC Output

—msass

&

FromlL [Full renge) Almast DC
power
anp
Summing and Low pass Zeto loss R
ranging amp (active) [active) Z
(virtusl earth). filter ¢1Hz rectifler
Zero interaction m
between L and
R charinels —K
D4
R1
D2
K
-~ =
. A \sw1
L
(]
- Yoltage comparstor
:xz = _'f;’v {trip level reference)
(Relaycoil voltage = 24 DC o¥
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- = Yetypically between -30¥ and-70V

Fig. 1. Circuit for addressing time-delay-on-power-up and dc-fault-isolation problems. Heart of the circuit is the G5Z relay. It is designed
specifically for audio applications, providing high power speaker protection capability without adverse impact on tonal quality.
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SURVEILLANCE TELESCOPE Superb Russian zoom
telescope adjustable from 15x to 60x! complete with metal tripod
(imposible to use without this on the higher settings) 66mm lense,
leather carrying case £149 ref BAR69

RADIATION DETECTOR SYSTEM Designed to be wall
mounted and connectedintoa PC,ideal for remotemonitoring, whole
building coverage etc. Complete with detector, cable and software.
£19.95 ref BAR75.

WIRELESS VIDEO BUG KIT Transmits video and audio
signals from a minature CCTV camera (included) to any standard
television! All the components including a PP3 battery will fitinto a
cigarette packet with the lens requiring a hole about 3mm diameter.
Supplied with telescopic aerial but a piece of wire about 4* long will
stiil give a range of up to 100 metres. A single PP3 will probably give
less than 1 hours use. £99 REF EP79. (probably not licensable!)
CCTV CAMERA MODULES 46X70X29mm, 30 grams. 12v
100mA. auto electronic shutter, 3.6mm F2 lens, CCIR, 512x492
pixets, video outputis 1v p-p (75 ohm). Works directly Into a scart or
video Input on a tv or videc. IR sendtive. £79.95 ref EF137.

IR LAMP KIT Suitable forthe above camera enables the camera
to be used in total darkness) £5.99 ref EF138.

REMOTE CONTROLTANDATA TD1400 MODEM/
VIEWDATA Complete system comprising 1200/75 modem, auto
diailer, infra red remote keyboard, (could be adapted for PC use?)
psu, UHF and RGB output, phone lead, RS232 output, composite
output. Absolute bargain for parts alone!'£9.95 ref BAR33.

9WATT CHIEFTAN TANK LASERS

Doublebeam units designed to fitinthe gun barrel of atank, each unit
has two seml conductor lasers and motor drive units for alignement,
7 mile range, full circuit diagrams, new price £50,000? us? £349.
Each unit has two gallium Arsenide injection lasers, 1x 9 watt, 1x
3 watt, 900nmwavelength, 28vdc, 600hz pulsefrequency. The units
also contain an electronic receiver to detect reflected signals from
targets. five or more units £299 ea. £349 for one. Ref LOT4.

TWO WAY MIRROR KIT inciudes speaai adhesive film tomake
two way mirror(s) up to 60°x20". (glass not included) includes ful
instructions. £12 ref TW1.

NEW HIGH POWER RF TRANSMITTERS

AMPLIFIERSAssembled PCB transmitters, 4 types available,
12.6vdc 90 watt 1.5-30mhz 75 ohm Infout FM/AM £75 ref RF1
12.6vdc 40 watt 50-200mhz 50 ohm in/out FM/AM £65 ref RF2
28vdc 125 watt 1.5-30mhz 75 ohm infout FM/AM £85 ref RF3
28vdc 100 watt 50-200mhz 50 ohm infout FM/AM £75 ref RF4

A heat sink will be required, ring for price and availability.

If you intend using these as audio transmitters you will need a also
need a preamp. Complex module available at £40 ref RF5,
COMPUTER/WORKSHOP/HIFI RCB UNITS Complete
protection from faulty equipment for everybody! tniine unit fits in
standard IEC lead (extends it by 750mm), fitted in less than 10
seconds, resettest button, 10A rating. £9 each Ref MMS5.

RADIO CONTROLLED CARS FROM £6
EACH!1!] All retums from famous manufacturer,
3 types available, single channel
(left,right forwards,backwards)£6 ref LOT1. Two
channel with more features £12 ref LOT2. Two
channel proportional (plug in crystals etc) £35 ref
LOTS3.

THOUSANDS AVAILABLE RING/FAX FOR DETAILS!
MAGNETIC CARD READERS (Swipes) £9.95 Cased with
fiyleads, designed to read standard credit cards! they have 3 wires
coming out of the head so they may write as well? complete with
control etctronics PCB. just £9.95 ref BAR31

WANT TO MAKE SOME MONEY? STUCK FOR AN
IDEA? We have collated 140 business manuals that give you
Information on setting up different businesses. you peruse these at
your leisure using the text editor on your PC. Also included is the
certificate enabling you to reproduce (and sell) the manuals as much
as you like! £14 ref EP74

PANORAMIC CAMERA OFFER Takes double width
photographs using standard 35mm fitm. Use In horizontal orvertical
mode. Complete with strap £7.99 ref BAR1

COIN OPERATED TIMER KIT Complete with coinslot
mechanism, adjustable time delay, relay output, put a coinsiot on
anything you likel TV,s, videos, fridges, drinks cupboards, HIFI.
takes 50p's and £1 coins. DC operated, price just£7.99 ref BAR27.
ZENITH 900 X MAGNIFICATION MICROSCOPE Zoom,
metal construction, bulitin light, shrimp farm, group viewing screen,
lots of accessories. £29 ref ANAYLT,

AA NICAD PACK Pack of 4 tagged AA nicads £2.99 ref BAR34
PLASMA SCREENS 222x310mm, no data hence £4.99 ref
BAR67

NIGHTSIGHTS Model TZS4 with Infra red illuminator, views up to
75metresin full darkness ininfrared mode, 150m range, 45mmlens,
13deg angle of view, focussing range 1.5m toinfinity. 2 AA batteries
required. 950g weight. £199 ref BAR61. 1 years wamanty
LKQUID CRYSTAL DISPLAYS Bargain prices,

16 character 2 line, 99x24mm £2.99 ref SM1623A

20 character 2 line, 83x19mm £3.99 ref SM2020A

16 character 4 line, 62x25mm £5.99 ref SMC1640A
TAL-1 110MM NEWTONIAN REFLECTORTELESCOPE
Russian. Superb astronomical ‘scope. everything you need forsome
serious star gazing! up to 169x magnification. Send orfax for further
details £249 ref TAL-1

GOT AN EXPENSIVE BIKE? Youneedone ofourbottie alamms,
they look like a standard water bottle, but open the top, Insen a key
1o activate a motion sensorafarm builtinside. Fits all standard bottle
camiers, supplied with two keys. SALE PRICE £7.99 REF SA32.
GOT AN EXPENSIVE ANYTHING? You need one of our
cased vibration alarms. keyswitch operated, fully cased just fit it to

PP3 battery, UK made. SALE PRICE £4.99 REF SA33.
DAMAGED ANSWER PHONES These are probably beyond
repair so just £4.99 each. BT response 200 machines. REF SA30.
COMPUTER DISC CLEAROUT We are leftwith alot of software
packs that need clearing so we are selling atdiscvalue onlyl 50discs
for £4, thats just 8p each!i{our choice of discs) E4 ref EP66

IBM PS2 MODEL 160Z CASE AND POWER SUPPLY
Complete with fan etc and 200 watt power supply. £9.95 ref EP67
DELL PC POWER SUPPLIES 145 watt, +5.5+12,-12,
150x150x85mm complete with switch, fiyleads and IEC socket.
SALE PRICE €9.99 ref EP55

1.44 DISC DRIVES Standard PC 3.5* drives but retums so they
will need attention SALE PRICE £4.99 ref EP68

1.2 DISC DRIVES Standard 5.25" drives but retums so they will
need attention SALE PRICE NOW ONLY £3.50 ref EP69

PP3 NICADS Unused but some storage marks. £4.99 ref EP52
DELL PCPOWER SUPPLIES (Customer retums) Standard PC
psu's complete with fly leads, case and fan. +12v,-12v,+5v,-5v SALE
PRICE £1.99 EACH worthitfor thebits aione! ref DL 1. TRADE PACK
OF 20 £29.95 Ref DL2.

GAS HOBS ANDOVENS Brand new gas appliances, perfect for
smali flats etc. Basic 3 bumer hob SALE PRICE £24.99 ref EP72.
Basic small builtin oven SALE PRICE €79 ref EP73

RED EYE SECURITY PROTECTOR 1,000 watt outdoor PIR
switch SALE PRICE £6.99 ref EP57

ENERGY BANK KIT 100 6"x6" 6v 100mA panels, 100 diodes,
connection details etc. £69.95 ref EF112.

PASTEL ACCOUNTS SOFTWARE, does everything for all
sizesofbusinesses,indudes wordprocessor, reportwriter, windowing,
networkable up to 10 stations, multiple cash books etc. 200 page
comprehensive manual. 90 daysfree technical support (034 5-326009
try before you buyf) Current retail price is€129, SALE PRICE£9.95
ref SA12. SAVE £12011

COMPLETE PC 200 WATT UPS SYSTEM Top ofthe range
UPS system providing protection for your computer system and
vaiuable software against mains power fluctuations and cuts.New
and boxed, UKmade Provides up to § mins running time in the event
of complete power failure to allow you to run your system down
correctty. LAST FEW TO CLEAR AT £49 SAVE £30 ref LOT61
BIG BROTHERPSU Cased PSU, 6v 2Aoutput, 2m ofp lead, 1.5m
input lead, UK made, 220v. SALE PRICE £4.99 REF EP7

Check out our
WEB SITE

http://www.pavilion.co.uk/bull-electrical
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