150MHz RF signal generator = 15% off

ELECTRONICS

Austria Asch. 65.00
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t Germany DM 15.00
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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. 1

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 I/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 Kkits to cut development time even further. Available in two formats:

7]

L] Ex

Wdag Vo Ves RW DBO DB1 D82 DEY

BASIC o 16311 I BASIC
Stamp 1 (BS1-IC) = BaATIgT ol Stamp 2 (BS2-IC)
8 I/0 Lines sestuL ot 16 1/0 Lines

up to 80 program lines

up to 500 program lines
Comms to 2400 baud

Comms to 50 kbaud
35x10mm size 24pin DIP package
£29 single price £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

Application note |: Using the BASIC Stamp as a simple interface terminal

Typical Application

In Circuit
Emulators

PIC16Cxx Programmer

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

*Unlimited
breakpoints.

*Single stepping

* Software-programmable oscillator

*Windows Environment

*Runs from 32Khz to 10Mhz ('xx) and 20Mhz ('5x)

*Source level debugging for PASM(X), MPASM and MPC

* Optional trace facility

PICL6Cxx-PGH
Also stocked
* ZIF sockets
* SOIC/SSOP/PLCC adapters

* Prototyping boards
* Compilers/Simulator

Please call or fax to receive
our catalogue and price list.
All prices exclude VAT
and £3 shipping.

BASIC Stamp ¢ the Parallax logo are
registered trademarks of Parallax, lic.

PAALLAX 4

3805 Atherton Road, #102

Milford Instruments
Milford House, 120 High Street,
Rocklin, CA 95765 USA
9]16-624-8333, Fax 916-624-8303
http://www.parallaxiic.com

SOUTH MILFORD LS25 5AQ
01977 683665 Fax 01977 681465

Cover — Hashim Akib

104 ROARING SUBWOOFER
Flat to 15Hz, small, fast, high sound
pressure level and easily tailored to suit your
existing equipment — a combination made
possible through motional feedback.

110 MULTI-CHANNEL
MONITOR

Triggered by a logic signal on one of its four
channels, Heikki Kalliola’s speaking
monitor reads out a four-second message —
digitally recorded and readily re-recorded.

113 MORE IN THE PICTURE

Ian Hickman looks at more ways in which
circuit operation can be expressed
graphically.

119 SPEAKER CABLE
MEASUREMENTS

Could coaxial cables be best for wiring your
loudspeakers? Cyril Bateman’s
measurements suggest they might be.

126 GATES OPEN UP

A quad c-mos gate forms the heart of a
frequency meter, a step-down switcher or a
negative supply generator, shows Rae Perili.

128 OVERLOAD MATTERS

Doug Self takes a look at the complex
problem of preamplifier overload.

130 PROGRAMMABLE
LOGIC PRIMER

GeofT Bostock describes standard logic
families in this first article based on his book
‘FPGAs and Programmable Logic’.
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133 DESIGNING POWER
SUPPLIES

Ray Fautley presents an easy-to-use
procedure for designing reliable
full-wave rectifiers of the centre-tapped
secondary variety.

140 MAKING
CONTINUOUS WAVES

Tom Ivall looks at the race to develop radio
following Marconi’s patent.

152 HANDS-ON INTERNET

Cyril Bateman describes his latest Spice
discoveries on the net, among them fully
working evaluation packages.

156 PHASE COMPARATOR
PURITY

Edward Forster explains why the future of
the traditional phase-comparator’s charge
pump looks questionable.

163 WOW-FLUTTER METER

Analogue recording and playback systems
suffer from speed fluctuations that usually
worsen with age. Christopher Kuni’s meter
quantifies the problem.
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convenience.

171 LETTERS
LV Directive, headphone stereo, CAD
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Special offers

Exclusive 15% discount on
a 100kHz to 150MHz rf
generator with internal
modulator, see page 112.

Panel meters for less than
£9 - this exclusive special
offer has been extended,
see page 138.

Corrugation Bridges
7\

/ Backplate /
| =) Back chamber |

Advances in mic-on-a-chip
technology promise better fidelity
and improved sensitivity —

see page 98.

Rotary spark transmitter — believed
to be sending news of Britain’s
declaration of war with Germany
in 1914; see page 140.
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| Europhile or Europhobe?

| urophile or Europhobe? It's the political question of the ﬂ?
day. But there's one Euro-issue on which the electronics
industry should be agreed — the value of pan-European |
EDITOR research projects.
Look at the chip business. “In the early eighties everyone
was saying that the European chip industry was dead"”,

Martin Eccles

‘ 0181 652 3128 remembers Pasquale Pistorio president of SGS-Thomson
asq P
Microelectronics. Then came collaboration.
CONSULTANTS First the Siemens-Philips ‘Megaproject’ to get Europe up
Jonathan Campbell to speed on first memory technology, then JESSI added a
‘ Phili p Darrington pan-European dimension to the German-Dutch formula,
! 9 now the EU is backing the JESSI successor programme
. Frank Ogden MEDEA which is open to all nationalities.
“Fifteen years ago people were saying ‘microelectronics
DESIGN is not a European kind of thing — we’ll buy that in from the
Alan Kerr Americans and the Japanese’”, says Horst Nasko, the
chairman of JESSI and MEDEA.
EDITORIAL Now, in the myriad disciplines which constitute a
ADMINISTRATION microelectronics infrastructure — from materials through to
g
Jackie Lowe production equipment — Europe has world-class performers,
0181-652 3614 And no one could deny that our three largest
i microelectronics companies — Philips, Siemens and SGS —
are world-class in both technology and market clout. Philips
RALL ORDIRS top $4bn in chip sales while Siemens and SGS have chip
jackie.lowe@rbp.co.uk revenues of over $3bn.
In a decade and a half, these companies have been
ADVERTISEMENT transformed into serious players with which major
MANAGER worldwide companies want to collaborate, as witness the
Richard Napier IBcl'l:‘Ifl"[nshibal Motorola/ Siemens alliance on memory
technology.
0181-652 3620 : ;
So cpllaboratlon works — as the Japanese shour‘ed in the ...look at Eurofi ghfer -a pro;ecf
DISPLAY SALES EXECUTIVE seventies, the US Sematech programme sholwedl in the "
. eighties, and the Europeans showed in the nineties. costing $40bn that has no
: L , . Malcolm Wells Not that we had much to do with it. Shamefully the UK’s SBBGrenE RUIEOEs
CARD s : \ - 0181-652 3620 contribution to JESSI was about a tenth of the contribution PP PUIpose...
= of Germany or France, about a quarter that of Holland, and
’ ADVERTISING about the same as that of Portugal. Our government is something else. When it takes a shine
M &B RAD I o (LE E DS) PRODUCTION Now, with MEDEA coming up for funding, it looks as if ~ to a scheme it will shovel out the money like a drunken
the same thing is going to happen again. The provisional sailor. Look at the grants being paid to Hyundai of Korea to
THE NORTH’S LEADING USED TEST EQUIPMENT DEALER 0181-652 3620 commitment from governments is: Germany 32 per cent; set up a microelectronics factory in Fife — said to amount to
QETNTESREES, oo R A e e L AARCIONSTEIO|RARD Rt S30 iypuhacand TP 3a00A tue M3 ol (gl cvecviiion o111 BLISHER France 29 per cent; Holland 19 per cent; Italy 10 per cent; several hundred million pounds. Lucky Goldstar and
P $41 11D 100 14 4 Sham) dgriing -_Nwm daplay) 1300 MARCONI TE2008 |0 KIix 310 1its RF generadsr FIF 3445 45 e mimagar - LB it Pl'! / Belgium 4 per cent and the rest of Europe 6 per cent. To Siemens have also been given £100m+ financial
7 HARCONI 80958 850 HE1190 1 HP 3439 33 GEE £200 Mick Elliott our shame we are in the ROE group. inducements to set up microelectronics companies in the
: 498 FARCON! TF1000 10 120 Kig o g R s the UK D1 - an organisati UK. Or look at Eurofigh j ing $40bn th
TEKTRONIX 1246 Mt 4 hanealauoct - C1400  MARCONI TF2000 20 H1.20 HE TRt = e munametgen s Mpreover_ e DTI - an organisation supposed to be . Or look at Eurofighter — a project costing $4. n that
TEKTRONIX 475 200 Hiis 3 coann. £33 PRRNELL 5561000 10 K100 Mot oy 1P 2033 siseams power sopgly 060405 a0 EDITORIAL FAX helping UK industry — has decided it will only pay 25 per has no apparent purpose at all or at the really stupid
JEXTRONIX 444 100 e 2 chasrl 7 e ey Sy Hp 3554 ”DCW‘:%:? X 100 cent of a project’s funding whereas every other country is ‘Millenium Dome’.
:‘?&"“:""lé".:g ?é%“::"%?:ﬁ“ﬁi ?g %Eg‘éﬂ%%ﬁﬁﬁﬁm EE%’E&::%%% 3@2’35::2&(0. % 0181652 8956 paying 3;;3 cent, ? i i Oh yes! We can dish out the lolly all right — no shortage
el storage -18 Gz modulator ... : i 3 = h :
TEKTRONIX 2213 80 1kl 3 coanmel 2" 6393 PRARNELLLFM Y ok outilashr BIRD 8323 30 4b eomu scamiid 100 | fﬁ CLASSIFIED FAX As if to rub in its contempt, the DTI has also put a ceiling  at all when it comes to a pet govemment project — but when
TEKTRONIX 5113 storgt mairome (o 892 WAVETEK 1712 it 2300 of £250,000 on the UK government’s contribution to any it comes to something not close to the government’s heart it
PHILIPS P 3378 100 Firks T0Mels Gr P ﬁ;é SRR MA 3010 o 08 i % 0181-652 8956 one project. This effectively debars British companies from  can be horribly mean.
PHILIPS PM 3055 50 MHz 2 channel . . i . - . vow H -
PHILIPS PM 3057 50 Mz 2 charnel | ars  IESTEQUIPMENT L cise involvement in projects costing over £1m — a pitiful sum in Nowadays the cost of research is so great that not even
%:ﬁ?&%%ﬁ:};m“:: :“gg L350  araOM ::::c:.d::" e S L% SUBSCRIPTION HOTLINE chip research terms. Under MEDEA accounting regions, let alone countries, can afford to do it all alone. As
LEABER LBOSAL 40 Fiis 7 rhmnos* 0 AV ETER IOl BASor o0 AP ok s msiar DE-36 "_EE 01622 778000 procedures, £1m buys an eight man project lasting one year. Klaus Rupf from Germany’s Ministry of Education,
SOOI i Seo oY iy Hes  TEKTRONIIIISCICT et e a0 No big deal. ‘ . Science, Research and Technology told JESST's last
G8ULB B3180q s £ hanna i visape s TERONKAIREG T 350 SUBSCRIPTION QUERIES So there we have it — an attitude from the UK government  meeting, “If we really want to be world competitive we
GRAonM GEO8 DY 20 Mz 2 chanrie (compace) €160 TEKTRONDX wawmacer new). 190 01444 445566 that is mean-spirited, petty and chauvinistic. “The attitude have to include partners from countries in other regions of
. PENCIPS PHELSIA dua 138 is more in line with people who think Europe is something the world.”

NIX 2710 10 K1 18 Grs OFT 001100 499 SSHLUMBER 4500 APRF e iﬁ FAX 01444 445447 the other side of the Channel”, acidly comments Dr Jurgen The DTT has to wise up to the world. Otherwise the UK
TEKTRONIX TLEALS OFT 15 aariing pen o flom  PERRGCRARK ATS 2 duda o b 450 Knorr, group president of Siemens Semiconductor and will be heading back to the days when we painted our
m&zﬁﬁ%?w ‘::'lk:on v 1100 WARND! Eur-m-ﬁm PSS9 4 | ISSN 0959-8332 chairman of the semiconductor committee of the European  backsides blue while continental Europe heads for a high-
HE 35424 64 b 100 K Qamic gl wiar € [ year RPGUL L 1atBo8.  HARCONS TEALIE o U robrmsers 200 Electronics Components Manufacturing Association tech future. m
HP 140T/8352B/05538 | KHz. |10 Mz - £450 MARCONI 5934 VSWH indi o (EECA) David Manners
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UPDATE

Fears surround UK digital tv

ritain 18 SET to become a
backwater in digital television

thanks to the regulations
announced by the Department of
Trade and Industry late last year,
writes Svetlana Josifovska.

According to the regulations,
which although preliminary are
close to being finalised, broad-
casters wanting access to various
digital technologies will need to
ask the owners/controllers of the
conditional access (C.A).systems
(needed for subscription) for a
license. This, supposedly, will be
granted “on a fair and nondis-
criminatory” basis, with Oftel act-
ing as the watchdog.

Broadcasters such as the BBC,
Channel 4 and others, fear that the
regulations are not tough enough
to guarantee open access and
common set-top box standards.
The broadcasters state that any
digital tv operator should provide
access to other service providers’
technologies to ensure audiences
have a choice. They also argue
that CA-system owners should be
made to license the technology to
ensure common specifications.

The regulations threaten to
delay the launch of digital satel-

Britain cool on Euro R&D

ears for the UK’s high technology future have escalated
Fafter the British displayed a minimal commitment to collab-
orative European R&D at last week’s JESSI Day, which
kicked off a four year microelectronics research programme.

“The UK needs to get its act together — we’re so late getting
involved,” John Brothers, technical director of GEC-Plessey
Semiconductors, told EW, “If we want to get a share of the
action we’ve got to get involved in things that much earlier.”

The programme, called MEDEA (Microelectronics
Development for European Applications), proposes to send
2bn ECUs ($2.5bn) over the next four years to maintain the
renaissance in Europe’s high-tech fortunes following the pre-
vious Megaproject JESSI European colla~orative research
programmes.

Brothers said that GPS would like to get involved in pro-
jects such in a SMIF (mini-environmenu) project. GPS is a
leader in having a fully inte rated mini-environment wafer fab.

“It is clearly in the interest of
government and BSkyB that a
workable solution is found to
ensure that a digital launch is
achieved during 1997, said Barry
Rubbery, CEQO at set-top box
maker Pace.

David Manners
Electronics Weekly

lite television, originally sched-
uled for late 1997. Broadcasters,
such as BSkyB, were waiting for
the regulations before ordering
the set-top boxes.

“At first glance, these regula-
tions would seem to be stricter
than all other countries with digi-
tal television,” stated BSkyB.

Raphael, a tool from Technology Modelling Associates, analyses
the effects of parasitic interconnect in IC designs. When used
with TMA Visual, the design can see the simulation results, in this
case the electrical potential distribution in an static ram when
the bit line is set to a higher voltage.

DECT on one chip

ST Technology has released a single- chip baseband design for DECT,
the micro-cellular in-building cordless phone system.

Called Vega, the chip has a dedicated DECT (digital enhanced cordless
telecommunications) processor, a general purpose cpu and interfaces
including those for microphone, speaker and keyboard. The only things
not present are an lcd controller and the processor’s rom.

Patrick Edmond, a spokesman for VLSI, said: “Once a firmware design
is stable, we can add the customer’s rom into a custom Vega chip.”

Vega is designed for use in handsets and base stations. VLSI claims that
the DECT processor is comprehensive enough to leave the cpu, which is
an ARM Thumb, with nothing to do once a call has been established.
Edmond said: “In a handset, the cpu can be shut down to conserve power,
or it can be used for performance enhancement like echo cancellation in
base stations.”

Making a chip that serves base stations and handsets could leave room
for a competitor to undercut VLSI in handsets which do not require the
full power of the Thumb.

Edmund said: “The Thumb core takes only the same die area as a
conventional eight-bit cpu core, and it is becoming a standard in handset
applications, so there isn’t really any scope to make a lower-cost handset
chip. There is no such thing as a half Thumb.”

Sample silicon for Vega (VWS23101) is available and production
volumes are planned for the second quarter of 1997.

Steve Bush
Electronics Weekly
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Hart Audio Kits and factory assembied units use the unique
combination of circuit designs by the renowned John Linsley
Hood, the very best audiophile components, and our own
engineering expertise, to give you unbeatable performance
and unbelievable value for money.
‘We have always led the field for easy home construction to
professional standards, even in the sixties we were using
easily printed when Heathkit in America
were still using tagboards!. Many years of experience and
innovation, going back to the early Dinsdale and Bailey
lassi gl\res us design background 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 rep and | for the kit
you are interested in to see how easy it is to build your own
equipment the HART way. The FULL cost can be credited

gainst your subseq kit p
‘AUDIO DESIGN’ 80 WATT POWER AMPLIFIER.

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

Standard model comes with a versatile passive front-end giving
swilched inputs, with ALPS precision “Blue Velvel” low-noise
volume and balance controls, no need for an

The Home of Wé—?&tedde. Its not what you do,

its HOW you do it that counts!.
VISATON® SPEAKER KITS & DRIVE UNITS

New to the UK, VISATON offer a range of speaker kils and drive units that give the home builder access to unils and designs that are
unrivalled for quality, performance and value. Their designs are very well known in Germany, where they are based, and over 25 years they
have built up an enviable reputation for high quality sound. All their designs come from a sclid background of the best in design and
research and their factory contains one of the largest anechoic chambers in the World, backed up by the very latest in computensed test
equipment. This quality of research facility, added to design collaboration with major universities and high end magazines, produces
praducts of impeccable perfarmance and value that are the best available to the home speaker builder. Their range of products covers the
whole spectrum of sound reproduction and includes speaker kits for homa cinema, hi-fi and car use. There is also a vast range of drive units

from 15" woofers to ribbon design sof and d

are for the home user who wants to try his hand, or

for commercial manutacture. A small selection follows, our lists will give you more!,

ASM100 ACTIVE SUBWOOFER MODULE

This attractive module consists of a low pass filter and power
amplifier ready for you fo mount in a suitable sub-woofer cabinet.
The combined unit can then be combined with any new or existing
hi fi or home cinema speaker system to add in the real bass punch
missing from most setups.

The ASM 100 module comes as a ready-to-mount unit on a solid
diecast aluminium frame/heatsink. Input signal can be at line or
speaker level for easy system integration. There are three separate
stereo inputs at line lavel and the unit will use any signal presented
or mix all inputs to add bass to any signal. The speaker level inputs
are used by simply wiring the unit in parallel with the existing
speakers 1o provide them with strong bass support. Crossover
frequency can be selected to 50, 100 or 200Hz and the bass level
can be adjusted by a front panel control. The ‘Green’ power supply
swilches the unit to standby if no signal is present. Drawings are
included free for the compact 418 x 380 x 303mm cabinet.

With its powerful 125 watt output and versatile filtering the ASM 100
is the ideal universal active driver module for all subwoofer

requil

Construction Is very simple and enjoyable with all the difficult work
done for you, even the wiring is pre-terminated, ready for instant
usel, All versions are available with Standard components or
specially selected Super Audiophile components and Gold Plated
speaker terminals and all are also available factory assembled.

K1100 Complete STANDARD Sterec Amplifier Kit, . . . . £415.21
K11005 Complele SLAVE AmplifierKit, . . . . . . ., £353.62
K1100M Complete MONOBLOC Amplifier Kit, . . . . . . £271.20
RLH11 Repnnts of latest Amplifier articles. . . . . . . .. £1.80
K1100CM Construction Manual with full parts lists . . . . . £5.50

ALPS "Blue Velvet” PRECISION AUDIO CONTROLS.

Now you can throw out those noisy ill-matched carbon pots and
raplace with the famous Hart exciusive ALPS ‘Blue Velvet' range
components only used selectively in the very top flight of World
class amplifiers. The improvement in track accuracy and matching
really is incredible giving better tonal balance between channels
and rock solid image stability. Motorised versions have 5v DC
molor.

MANUAL POTENTIOMETERS
2-Gang 100K Lin. . . . . . . . £15.67
2-Gang 10K, 50K or 100K Log .............. £16.40

2-Gang 10K Special Balance, zero crosstalk & centre loss. £17.48

MOTORISED POTENTIOMETERS

2-Gang 20K Log Volume Control . . . . . . .. ... ... £26.20
2-Gang 10K RD Spacial Balance, zero crosstalk and less than 10%
loss in centre position. . . . . £26.08

32W VALVE AMP TRANSFORMERS
Special set of toroidal transformers, 2 output & 1 mains for the “Hot
Audio Power" valve amplifier design described in the Ocl. 1895
issue of “Wireless World". Total Wt 4.8Kg. Special prica for the set.
£89, Post £8. Photocopies of Article by Jeff Macaulay. £2.00

JOHN LINSLEY HOOD
SINGLE ENDED CLASS ‘A’ POWER AMPLIFIER

A new concept in amplifier design to meat the needs of modem
users who want the warmth and purity of sound given by vaive
amplifiers from the vintage years, without the problems of cost,
deterioration and danger associated with trying to use valves today.
It employs the newly re-discoverad single-ended circuit
configuration to give total freedom from crossover arifacts and to
give a sound that is indistinguishable from the famous "Williamson'
design, the undisputed leader of the field, with ts triode connected
KT86s and all-triode drivers. Described in the September 1996
issue of EWW the new version retains the basic simplicity and

purity of the original but with modemn components and an

increased powsr rating of 15W RMS per channel.

ASM 100 Module, complete with IEC mains lead, instructions and
ASM - W20 cabinet drawings. Pt. No. V7000, . . . . . . . £185.29
W 200 § 20cm Long Throw Drive unit for use in ASM - W20
Gy KSR e e GRS H N A G £36.68

FIESTA 30 LOUDSPEAKER KIT

An Ultra High Efficiency speaker, specially suitable for Valve
Amplifiers.

Specially selected as the ideal
pariner for the new John
Linsley Hood 15W Valve
Sound Amplifier, or indeed any
actual valve amplifier, the
FIESTA 30 features the
astonishing efficiency and
sensitivity needed to achieve a
satisfying sound lavel from
amplifiers of limiled power
output,

To complement the sound
purity of such amplifiers a full
three speaker system |s used
with a 300mm (12") wooler,
200mm (8") mid-range and
high gquality horn tweeter in a
venled bass reflex enclosure,
All these drive units have been
carefully selected for their
individual wvirtues, and
collective excellence, the
tweeter for instance being a
high end unit with exceptional
pulse response as a result of
its combination of Kapton
former, aluminium diaphragm
and aluminium voice coil.
Nominal Power Rating is
150W, Max. Music Power
250W, Impedance & ohm,
Mean Sound Pressure 91dB.
Speaker kit comes with all
parts to make a pair of
speakers, but not the cabinet
parts. Crossover units ara
factory assembled, ready to fit.

Kit No.LK5963 Per Pair. .

HOME CINEMA SPEAKERS.

The VISATON range of speaker kits includes all you will ever need
for your surround sound home cinema setup. The Hi-Tower Kit is
ideal as a super luxury pair of sterec main speakers. The “Centre
BO" uses special magnetically screened drivers to avoid picture
disturbance and a pair of "Effect 80"s are used as rear speakers.
Any of a range of sub-woolers then adds weight to the sound of the
robot feetl. Centre 80 Kits include drive units, crossover, terminals
and grille. (You make the box) Priceeach, . . . . . .. .. £64.08
Effect BO, Rear Speaker Kits, per pair, . . . . . .

DRIVE UNITS.

BG30NG 30cm. (127 Woofer. High
efficiency, (95db) for sealed or
vented cabinets. Peak power
handling 250watts. 8 ohm.  £69.61

W200S 20cm. (8") Woofer. Long
throw unit with rubber surround and
axtended rear pole lo give no less
than 20mm cone displacement. |deal
for compact sub-woofers such as
ASM-W20. Bohm.  £36.68

NG8 Protective Metal Grille.  £5.66

W100S 10cm (4"} Low/Midrange.
Coated paper cone, rubber surround,
high temperature voice coil. Suitable
as woofer in mini enclosures or
midrange in 3-way systems. 4ohm,
£18.06

NG4 Protective Metal Grille. £3.20

FRS8 Bcm.(3.3") Fullrange driver.
Linear frequency response between
200 and 20KHz. Large Magnet,
20mm voice coil and rubber
surround. 8ohm.

DT2.5 10mm Polycarbonate Tweeter,
High efficiency ferrofiuid tweeter for
use over 4 500Hz. Very good
price/performance ratio. Bohm. £8.77

5C5 10mm. Magnetically shielded
Tweeter for use in surround sound
centre speakers, Bohm. £9.24

RHT12S High End Ribbon Tweeter,
Superior double magnet construction
gives an -axceptionally low distortion
and linear response from 4,000 to
30,000Hz. Cabinet cutout diameter
95mm, 8chm. £87.77

DHTZAW-NG Hi-Tech, Hi-Fi, horn
type tweeter. Frequency response
from 3,500 to 38,000Hz and very
good pulse response due lo
aluminium cone, Kapton voice coil
and aluminium wire. Peak power
handling 150W. 8ohm. £31.95

ASM100 and our 80 watt powar amplifier are on demonstration at
Wilmslow Audio's new premises at Broughton Astley near

Leicester. Tel 01455 286603.

POSTAGE on UK orders is £2 up to £20,
£4.50 over £20.

Overseas pleasa enquire.

Our LISTS are FREE on request,

Full Kit in 3u high Rackmount Case. . . . ... ... £388.25
Set of 3 PCBs only. . e £60.50
Send for Your FREE copy
of our LISTS

24 Hr. ORDERLINE 01691 652894 All Prices include ‘
UK/EC VAT.

Fax. 01691 662864
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UPDATE

Taiwan d-ram is not to blame

he great tidal wave of Taiwanese

d-ram, blamed for this year’s
catastrophic drop in prices, is a myth.
The Taiwanese are at least a year
away from significant volume in
d-ram manufacturing.

The three new d-ram
manufacturing entrants in Taiwan are
Nan-Ya Technology, Vanguard
Semiconductor and PowerChip
Semiconductor, The previously
existing d-ram manufacturers are
TI-Acer and Mosel-Vitelic.

TI-Acer is a captive supplier to TI
and Acer. Mosel-Vitelic has always
been a speciality memory house
though it is about to enter the
commodity business via a joint
venture with Siemens called
ProMOS Technologies.

“We'll start with the 16Mbit next
year,” said Mosel-Vitelic's vice-
president for operations, Dr Nasa
Tsai. “The first phase of the fab has
been equipped for 20,000 wafer
starts a month.”

Most advanced of the new entrants
is Vanguard. “Now we have Fab 1(a)

Mosel-Vitelic’s Nasa Tsai: “16Mbit
next year”

with 15,000 wafers a month and
we're currently installing capacity in
Fab 1(b) for another 10,000 wafers a
month,” said Dr F C Tseng,
president of Vanguard.

Nan-Ya Technology, a subsidiary
of Taiwan'’s largest company,
Formosa Plastics, is running 16Mbit
licensed from Oki Electric. “This
month we will run 5000 wafers,”
said executive vice-president Charles
Kao. “Our plan is to add another
22,000 wafers a month by the end of
1997.”

The third new entrant, PowerChip
Semiconductor, is a joint venture
between Mitsubishi and the Umax-
Elite group. “Currently, we're
running 8000 wafers a month,” said
marketing manager K Y Tsai. “The
plan is to be running 12,000 a month
by March, representing three million
pieces, and 15,000 a month by June.”

That is the combined level of
output from Taiwan this year, less
than the monthly output of a
Japanese or Korean fab — hardly a
reason for the 1996 price collapse.
“The last one in is always the
scapegoat,” was the wry comment
from one of the island’s executives.
David Manners
Electronics Weekly

US catching up with
smartcard applications

~even top US financial services companies have

Jendorsed the Mondex smartcard technology in what
is the USA’s largest vote of confidence in the sector. So
far the USA has lagged behind Europe in smartcard
applications,

AT&T, Chase Manhattan, Dean Witter Discover, First
Chicago NBD. MasterCard, Michigan National Bank
and Wells-Fargo Bank have invested in Mondex USA
Services, which will use the Mondex smartcard
technology in a series of pilot programmes in the USA.

“The power of this group will propel Mondex as the
pre-eminent electronic cash payment system in the
USA,” said Janet Hartung Crane. president and CEO of
Mondex USA. In spite of its heavyweight backing,
Mondex will still face stiff competition from Visa and
American Express. which are pursuing their own
smartcard projects.

The first commercial Mondex cards will be introduced
in 1998, following the results of key trials. Mondex
USA says it will license its technologies to other US
companies to help further establish the technology.

In a separate move, Mondex announced its agreement
with Sun Microsystems for the inclusion of its format in
the Java Commerce Toolkit. This toolkit will allow the
development of open, secure and itegrated electronic
commerce applications which will link Mondex to the
Internet.

Computer learns user habits

ustralian firm Formulab

Neuronetics has launched a
computer in the USA which it claims
learns from its user and makes
decisions.

The device, called the Richter
Paradigm Computer, uses a parallel-
processing architecture comprising
896 simple Risc processors, and
costs $3000. The company says that
the low cost of the system will help
establish a large market for a
“reasoning” computer.

In a demonstration, Formulab said
that it can run neural network
applications 180 times faster than an
Intel Pentium 166MHz system.

Formulab also revealed plans for a
supercomputer based on its computer
architecture, which has taken more
than 14 years to develop. The
supercomputer would combine as
many as 6000 microprocessors and
could be used for scientific
applications. It would run a special
operating system that could manage
the difficult task of splitting a
computational problem into separate
tasks and assembling the results.

The company also said that it is
working on an add-on card for pcs
which could assist users by learning
from their work habits. It also plans
to shrink its technology so that it can
be embedded into products such as
cameras and consumer electronics
devices. Formulab said it will license
the technology to other companies.

Other applications include stock
buying, with the system noticing
differences in stock prices and
trading patterns.

Tom Foremski
Electronics Weekly

Rockwell wins 56kbit
modem support

e battle to establish the dominant
56kbit/s modem technology

continues apace. Rockwell
Semiconductor now says that it has
won the support of Compaq, Hewlett-
Packard, Toshiba, and AST
Computer, while rival US Robotics
has added Hitachi to its list of allies.
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SMALL SELECTION ONLY LISTED ~ EXPORT TRADE AND QUANTITY DISCOUNTS - RING US FOR YOUR REQUIREMENTS WHICH MAY BE IN STOCK

HP New Colour Spectrum Analysers

HP 1417 + 85528 IF + 8553B RF - 1KHz—110Mc/s — £700.

HP141T+85528 IF + 85548 RF - 100KHz-1250Mc/s - £900.

HP141T+85528 IF + B556A RF — 20H2-300KHz - £700.

Special Offer just in from MOD Qty 40 HP8555A RF Units 10Mc/s — 18GHzS.

HP141T+85528 IF + B555A 10Mc/s~1BGHzS — £1200.

HP ANZ Units Available separately — New Colours — Tested

HP141T Mainframe - £350.

HP8552B IF - £300.

HPB553B RF 1KHz to 110Mc/s - £200.

HP8554B RF 100KHz to 1250Mc/s — £500.

HPBS55A RF 10Mc/s to 18GHzS — £800.

HPB556A RF 20Hz to 300KHzS - £250.

HPB8443A Tracking Generator Counter 100KHz—110Mc/s — £300.

HP84458 Tracking Preselector DC to 18GHz - £350.

HP3580A 5Hz - 50KHz ANZ - £750 - £1000.

HP3582A .02Hz to 25.6KHz — £2k.

HP8568BA 100Hz-1500Mc/s ANZ - £6k.

HP8569B 10Mc/s-22GHz ANZ - £6k.

HP Mixers are available for the above ANZ’s to 40GHz

TEK 4582 - 50KHz — 18GHz Opt 142 - £4k-£4.2k.

TEK 482 - 50KHz — 18GHz Opt 1+2+3 — £4.5k.

TEK 492P - 50KHz - 21 GHz Opt 1+2+3 - £5k.

TEK 484AP 1KC/S — 21GHz — E7k.

TEK 486P 1KHz-1.8GHz — £4k.

TEK 5L4N 0-100KHz - £400.

TEK 7L5 + L1 = 20Hz-5Mc/s — £700.

TEK 7L5 + L3 - Opt 25 Tracking Gen — £900.

TEK 7L12 - 100KHz-1800Mc/s — £1000.

TEK7L18 - 1.5-60GHzs - £1500.

TEK 491 10Mc/s-12 4GHzs—40GHzs — £750. 12.4Ghzs-40Ghzs with Mixers.

Tektronix Mixers are available for above ANZ to 60GHzs

Systron Donner 763 Spectrum ANZ + 47458 Preselector .01-18GHz + Two Mixers 18-40GHz in
Transit Case — £3k.

HPB673D Signa! Generator ,05-26.5GHz — £20k.

Systron Donner 1618B Microwave AM FM Synthesizer 50Mc/s 2-18GHzs
A&S SWP Sweep Generator Synthesizer AM FM 4-2500Mc/s — £3.5k.

ADRET 3310A FX Synthesizer 300Hz—-60Mc/s — £600.

HPB640A Signal Generators — 1024Mc/s — AM FM —£800,

HP3717A 70Mefs Modulator — Demodulator — £500.

HPBES1A RF Oscillator 22KC/S — 22Mc/fs.

HP5316B Universal Counter A+B.

HPB002A Power Unit 0-5V 0-10A 200W.

HPE6825A Bipolar Power Supply Amplifier.

HP461A—465A—467A Amplifiers.

HP81519A Optical Receiver DC-400Ma/s,

HP Plotters 7470A-7475A.

HP3770A Amplitude Delay Distortion ANZ.

HP3770B Telephone Line Analyser.

HP8182A Data Analyser.

HP58401A Bus System Analyser.

HP8260B Power Unit 0-10V 0-100 Amps.

HP3782A Error Detector.

HP3781A Pattern Generator,

HP3730A+3737A Down Convertor Oscillator 3.5-8.5GHz.

HP Microwave Amps 491-492-493-494-495-1GHz-12.4GHz - £250.

HP1058 Quartz Oscillator - £400.

HPS5087A Distribution Amplifier.

HP6034A Systern Power Supply 0-60V 0-10A-200W ~ £500.

HP6131C Digital Voltage Source+ — 100V V2 Amp.

HP4275A Multi Frequency L.C.R. Meter.

HP3779A Primary Multiplex Analyser.

HP3773C Primary Multiplex Analyser.

HP8150A Optical Signal Source.

HP1630G Logic Analyser.

HP5316A Universal Counter A+B.

HP5335A Universal Counter A+B+C.

HP59501B Isolated Power Supply Programmer.

HP8301A Modulation Meter AM — FM - also 89018, L

HP5370A Universal Tima Intarval Counter.

Marconi TF2370 — 30Hz~110Mc/s 750HM Output (2 BNC Sockets + Resistor for 500HM MOD with
Marconi MOD Sheet supplied — £650.

Marconi TF2370 30Hz-110Me/s 50 ohm Output - £750.

Marconi TF2370 as above but late type — £850.

Marconi TF2370 as above but late type Brown Case ~ £1000.

Marconi TF2374 Zero Loss Probe - £200.

Marconi TF2440 Microwave Counter— 20GHz - £1500.

Marconi TF2442 Microwave Counter —26.5GHz - £2k..

Marconi TF2305 Modulation Meter— £2.3k.

Racal/Dana 2101 Microwave Counter — 10Hz-20GHz - £2k.

Racal/Dana 1260-1261 Universal Switch Controlier + 200Mc/s Pl Cards.

Racal/Dana 9303 True AMS Levelmeter+Head — £450. |FFE - £500,

TEKABE302A also ABS02E Isolator — £300-£400.

TEK 1240 Logic Analyser — £400.

TEK FG5010 Programmable Function Generator 20Mc/s — E600.

TEK2465A 350Mc/s Oscilloscope - £2.5k + probes — £150 each.

TEK CT-5 High Current Transformer Probe - £250.

TEK J16 Digital Photometer + J8523-2 Lu minance Probe - £300,

TEK J16 Digital Ph +J6503 L Probe - £250.

ROTEK 320 Calibrator + 350 High Current Adaptor AC-DC— £500.

FLUKE 51028 AC-DC Calibrator — £4k,

FLUKE 1120A |EEE — 488 Translator - £250.

Tinsley Standard Cell Battery 56448 — £500.

Tinsley Transportable Voltage Reference - £500.

FLUKE Y5020 Current Shunt- £150.

HP745A + 746A AC Calibrator — £600.

HP8080A MF + BO91A 1GHz Rate Generator + 80924 Delay Generator + Two 8093A 1GHz Amps

+ 15400A — £800.

HP54200A Digitizing Oscilloscope.

HP11729B Carrier Noise Test Set .01-18GHz — LEF - £2000.

HP3311A Function Generator — £300.

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

HP Frequency comb generator type 8406 — £400,

HP Vector Voltmeter type B405A — £400 new colour,

HP Sweep Oscillators type 8690 A & B + plug-ins from 10Mc/s to 18GHz also 18-40GHz. P.OR..

HP Netwaork Analyzer type 8407A + 8412A + 8501A — 100Kc/s — 110Mcefs — £500 - £1000.

HP Amplifier type 84474 — 1-400Me/s £200 — HP8447A Dual — £300.

HP Frequency Counter type 53404 — 18GHz £1000 - rear output £800.

HP 8410 - A - B - C Network Analyzer 110Mc/s to 12GHz or 18GHz — plus most other units and
displays used in this set-up—8411a —8412 - 8413 -B414 - 8418 - B740 - 8741 — 8742 - B743 -
8746 — 8650, From £1000.

Racal/Dana 3307A - 9302 RF Millivoltmeter - 1.5-2GHz - £250-£400,

Racal/Dana Modulation Meter type 9009 - 8Mc/s — 1.5GHz - £250.

Mnmurll RCL Brldgn type TF2700-£150.

Signal S type ~ 60588 — 6070A — 6055A - 60594 — 6057A — 6056 —
£250-£350. 400Mc/s to 18GHz.

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

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

Marconi distortion meter type TF2331 — [150 TF2331A—£200,

Tektronix Plug-Ins 7A13 - 7A14 - TA1B - TA24 - TA26 - TA11 -TM11 -7511 - 7D10-7512- 51
- 52 - 86 — §52 — PGS06 — 5C504 —~ 5G502 — SG503 - SG504 — DC503 ~-DCE08 — DDS01T —

WRE01 - DMB01A - FG501A - TG501 - PG502 - DC505A - FG504 -~ 7BBO + B5-7B92A

Gould J3B test oscillator + manual —£150.

Tektronix Mainframes - 7603 — 7623A — 7613 - 7704A — 7844 — 7904 — TM501 — TM503 — TM506 —
TI04A - 7834 - 7623 - 7633.

Marconi 6155A Signal Souree — 1 to 2GHz - LED readout — £400,

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

Marconi TF2163S attenuator — 1GHz. £200,

Farnell power unit HE0/50 ~ £400 tested. HE0/25 — £250.

Racal/Dana 9300 RMS voltmeter — £250.

HP 8750A storage normalizer — £E400 with iead + S.A or NLA Interface.

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

Tektronix-7514—7T11-7511- 7512 - 51 - S2 - 538 - 547 - 851 - 552 - 563 - IM11.

Marconi mod meters type TF2304 - £250,

HP 5065A rubidrum vapour FX standard - £1.5

Systron Donner counter type 60548 — 20Mc's - 24GH: LED readout — E£1k.

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

Systron Donner —signal 1702 —synth d to 1GHz — AM/FM - E600,

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

Farnall electronic load type RE1030-35 - £350.

Racal/Dana counters - 9904 — 9905 - 9906 - 9915 - 9916 - 9917 — 9921 - 560Me/s ~ 3GHz ~ £100-
£450 - all fitted with FX standards.

HP4815A RF vector impedance meter ciw probe - £500-£600,

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

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

Marconi 2017 5/G 10Khz — 1024MHz.

HP180TR, HP182T mainframes £300-£500.

Philips panoramic receiver type PM7300 -1 to 20GHz - £400.

Marconi 6700A sweep oscillator + 18GHz Pl's available,

HP8505A network ANZ + B503A S parameter test set + B501A normalizer— £4k.

HP8505 network ANZ 8505 + 8501A + 8503A

Racal/Dana VLF frequency standard equipment. Tracer receiver type 9004 + difference meter
type 527E + rubidium standard type 9475 - £2750.

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

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

Bradley oscilloscope calibrator type 192 - £600.

HPB8614A signal generator 800Mc/s — 2.4GHz, new colour £400.

HP8616A signal gen 1.8GHz - 4.5GHz, new colour £400.

HP 3326A syn function gen 20Md/s — £1500.

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

HP 3586B or C selective level meter — £750-£1000.

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

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

HP 8660 A-B-C syn S/G. AM + FM + 10Kc/s to 110Mc/s Pl — 1Me/s to 1300Ma's — 1Me/s to
2B800Mcis ~ £500-£2000.

HP 86408 S/G AM-FM 512Mc/s or 1024Mc/s. Opt 001 or 002 or 003 — £800-£1250.

HP 86222BX Sweep Pl—01-2.4GHz + ATT - £1750.

HP B629A Sweep Pl - 2 - 18GHz - £1000.

HP B6290B Sweep Pl— 2 - 18GHz - £1250,

HP 86 Series PI's in stock - splitband from 10Me/s — 18.6GHz — E250-£1k.

HP 8620C Mainframe ~ £250. IEEE - £500.

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

HP 8601A Sweep generator .1 - 110Mefs - £300.

HP 3488A HP —IB switch control unit — £500 + control modules various - £175 each.

HP 8160A 50Mc/s programmable pulse generator - £1000.

HP B53A MF ANZ — £1.5k.

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

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

HP 85698 Analyser .01 — 22GHz - £5k.

HP 3580A Analyser 5Hz — 50kHz — £1k,

HP 1980B Oscilloscope measurement system — £600,

HP 3455A Digital voltmeter — £500

HP 3437A System voltmeter — £300.

HP 3581C Selective voltmeter — £250.

HP 5370A Universal time interval counter — £450.

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

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

HP B034A System power supély 0—60V —0-10 amps— £500,

HP 5150A Thermal printer

HP 1645A Data error analyser — £150,

HP 4437A Attenuator— E150.

HP 3717A 70Me/s modulator - £400.

HP 3710A - 3715A — 3716A — 37028 — 3703B - 3705A - 3711A — 37918 - 3712A - 37938
microwave link analyser—P.0.

HP 3730A +B RF down converter - P.O.R,

HP 3552A Transmission test set - £400.

HP 3763A Error detector — £500.

HP 3764A Digital transmission analyser — £600.

HP 3770A Amp delay distortion analyser — £400.

HP 3780A Pattern generator detector — £400.

HP 3781A Pattern generator — £400.

HP 37818 Pattern generator {bell) — £300.

HP 3782A Error detector — Ed-DD

HP 37828 Error detector (bell) -

HP 3785A Jitter generator + recalve: £750-E£1k.

HP 8006A Word generator - £100-£150.

HP 8016A Word generator — £250.

HP 8170A Logic pattern genarator — £500.

HP 59401A Bus system analyser — £350,

HP 59500A Multiprogrammer HP - B - £300.

PMIlps PMSSW RF Syn - ~0.1 - 1GHz— AM + FM - £1000.

S.A. 5¢ SD345 pe 111 =LF ANZ - £1500.

Tek ix R7912 Transi m digitizer - programmable — £400.

Tektronix TR502 + TM503 tracking generator 0.1 - 1,8GHz - £1k - or TR502,

Tektronix 576 Curve tracer + adaptors — £900,

Tektronix 577 Curve tracer + adaptors —£900.

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

Tektronix AM503 Current probe + TM501 m/frame — £1000.

Tektronix SC501 — SC502 — SC503 — SC504 oscilloscopas — £75-£350

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

Kikusui 100Mc/s Oscilloscope COS6100M — £350.

Nicolet 3091 LF oscilloscope —£400,

Racal 1991 - 1992 — 1988 — 1300Mc/s counters — £500-£900.

Fluke BOK-40 High voitage probe in case — BN — £100.

Racal Recorders — Store 4 - 4D — 7 - 14 channels in stock — £250— £600.

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

EIP 545 microwave18GHz counter — £1200,

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

Fluke 355A DC voltage standard - £300.

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

Wiltron 610D Sweep Generator + 61084D Pl — 1Mc/s ~ 1500Mc/s — £500.

Time Electronics 9814 Voltage calibrator - £750.

Time Electronics 9811 ngrammahle resistance — E600.

Time Electronics 2004 D.C. dard ~ £1000.

HP B699B Sweep PI YIG oscillator .01~ 4GHz — £300. 86908 MF — £250. Both £500.

1250 Freq y response ANZ —~ £1500.

Durnm\r l.nnds & power att up to 2.5 kilowatts FX up to 18GHz - microwave parts new and ex
equipt— raiays - o -V id Yigs — SMA -APC7T plugs - adaptors.

B&K items in stock — ask far list.

'WAG Items in stock — ask for list.

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

TTEMS BOUGHT FROM HM GOVERNMENT BEING SURPLUS. PRICE IS EX WORKS. SAE FOR ENQUIRIES. PHONE FOR APPOINTMENT OR FOR DEMONSTRATION OF ANY ITEMS, AVAILABILITY OR PRICE CHANGE. VAT AND CARRIAGE EXTRA
ITEMS MARKED TESTED HAVE 30 DAY WARRANTY, WANTED: TEST EQUIPMENT-VALVES-PLUGS AND SOCKETS-SYNCROS-TRANSMITTING AND RECEIVING EQUIPMENT ETC.

Johns Radio, Whitehall Works, 84 Whitehall Road East, Birkenshaw, Bradford BD11 2ER. Tel, No; (01274) 684007, Fax; 651160

CIRCLE NO, T08:ON REPLY CARD
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UPDATE

For many years top class industrial strength
MPEG_4. d ra ft a reed PCB design Sof.tware.has been out of reach
® Advanced Featiifes to you, due to high prices. Now for the first
he main components of MPEG-4,  frames of video, MPEG-4 reflects identified the best techniques and include: time, such software is available to you at an
the emerging audio visual coding  the emergence of myriad media these have been incorporated into ¢ Full SMD Support >l
standard, have achieved working content, and is capable of the drafts.” * Integrated Schematic/ foabic prieel
draft status following a recent manipulating such content whatever MPEG-7, the follow-on standard, PCB layout database ! e
meeting in Brazil. The meeting also  its shape. will add value to MPEG-4. s Full Pan/Zoom Redraw Make no mistake, this is indeed the exact
saw the Moving Pictures Expert “MPE_G—‘i off‘crs lots of According to Fellows, MPEG-7 » Comprehensive software that is sold into commercial
Group kick off work on a follow-on  flexibility. It will give applications will be concerned with “bits about start-up libraries S
standard, curiously called MPEG-7.  developers far greater scope,” said the bits”. It will offer ways to « Easily produced organisations.
MPEG-4 aims to provide a Paul Fellows, a project manager at  describe content whatever its guise, Astorhiced libraras EDWINNC is used extensively in academic
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Single chip mic sounds the best yet

he thin, flexible diaphragm and rigid bookplate design

of the condenser microphone can already be
implemented on a single chip. But there have been
problems in the past with residual stress in the diaphragms
affecting the sensitivity of the device.

Now three Chinese researchers have manufactured a
silicon condenser microphone with a a corrugated

diaphragm that shows a dramatic reduction of stress.

This is not the first microphone to use a corrugated
diaphragm to reduce stress in this way. But the Chinese
microphone has also demonstrated a flat frequency
response and high sensitivity (‘Design and fabrication of
silicon condenser microphone using corrugated diaphragm
technique,” Quanbo Zou et al, J of
Microelectromechanical Systems, Vol 5, No 3, pp.

Bridges

Corrugation

Corrugated /
diaphragm results B
enhances

Backplate
Back chamber

Bridges (flat paths of the corrugated diaphragms)

I

single-chip
microphone.
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bridge
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configurations.

Sun shines again for
Pathfinder: The record-setting
Pathfinder solar-powered
research aircraft has resumed
flight testing at Nasa’s Dryden
Flight Research Center,
following its disastrous
damage during a ground

accident 12months ago.

In its last flight, the
Pathfinder set an altitude
record of more than 16,800m
on a flight from Dryden which
lasted nearly 12h. However,
its latest flight was just a low-
altitude check-out flight over

197-204).

The microphone capacitor consists of the corrugated
diaphragm that acts as an active electrode, and a single
crystal silicon bookplate with acoustic holes that acts as
the stationary electrode. It is fabricated, using seven
masks, on a single wafer by use of silicon anisotropic
etching and sacrificial layer etching techniques. So no
bonding techniques are required.

Up to now, the microphone has demonstrated a flat
frequency response between 100Hz and 8-16kHz, and
open circuit sensitivities as high as 14mV/Pa while using a

low bias voltage of 10V

Further work will aim to improve the overall
microphone performance, boosting sensitivity and flatness
of the frequency response, by optimising the structure
parameters and process conditions.

Contact Quanbo Zou, Institute of Microelectronics,
Tsinghua University, Beijing, China.

the northern portion of Rogers
Dry Lake at Edwards Air Force
Base, California.

Low sun angle and limited
hours of sunlight during the
winter limit Pathfinder’s
altitude capability to about
6670m. This is one of the
reasons why the project will
be transferred to the Navy's
Pacific Missile Range Facility
on the island of Kauai, which
lies at a lower latitude. Kauai’s
latitude and more favourable
prevailing northerly winds will
allow more opportunity for
high-altitude solar-powered
flying during a five-month
flight test program.

Pathfinder is one of several
remotely-piloted aircraft being
evaluated under Nasa’s
Environmental Research
Alrcraft and Sensor
Technology (Erast) program.
The joint Nasa- industry
alliance is seeking to develop
technologies required to
operate slow-flying unpiloted

aircraft at altitudes up to
34,000m on environmental-
sampling missions lasting up
to a week or longer. With a
span of 33m, Pathfinder is
basically a flying wing.

Only two small pods extend
below the wing’s centre
section to carry a variety of
scientific sensors and support
the craft’s landing gear. The
solar arrays on the wing can
provide as much as 7200
watts of power at high noon
on a summer day to power the
craft’s six electric motors and
electronic systems. A backup
battery provides power for up
to two hours to fly the craft
after the sun is down. Built
primarily of lightweight
composite structure, plastic
foam and a thin plastic
covering, Pathfinder weighs
about 230kg.

Contact: Fred Brown, Dryden
Flight Research Center,
Edwards, CA, USA
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Working inside the
robotic room as it
collects information.

Measuring the
chargeona
raindrop — and no
touching.

Robot has an
office at its heart

hen we dream of using robots to carry out helpful

tasks, we generally think about cyber-butlers
precisely mixing our gin and tonics and waking us up with
a newly ironed newspaper, rather than giving assistance at
the office. (Though in some areas of the EW office, a gin-
mixing, paper-ironing robot would fit in very well.)

But concentration by Hiroshi Mizoguchi and colleagues
on the office environment has now given birth to the
robotic office room (ror) — a robot that supports human
activity within the office.

For example, when a human worker points to an object
and gestures to get it, the room understands the behaviour
and takes the object to them, perhaps using a long reach
manipulator centrally located on the ceiling. In effect the
office worker, works inside the robot.

To collect information, the ror monitors behaviour
through a tv camera. When it detects pre-defined functions
of the motion of an object — moved by human behaviour —
the ror starts to make a response. By choosing to monitor
objects that are moved by human behaviour rather than
humans themselves, computing power has been
considerably reduced.

An experimental prototype consists of a telephone, a
pen, a tv camera ver, a workstation and an audio set. In
this case, the telephone, the pen and the tv camera are the
input devices of the ror since the system can infer human

Remote
control
channel

ROR
Control
Syslem

The workstation
corresponds to the
ror’s processing device,
while the ver is the output

device because human memory
augmentation — through recorded images — is one of the
supporting functions of the ror. This is also the point of the
audio device.

So far, the Japanese ror has been able to recognise when
the receiver in the office has been lifted up, and can start
video recording the telephone call. The volume on the
audio set is also reduced automatically when a telephone
call is being made.

Contact: Hiroshi Mizoguchi, Research Center for Advanced
Science and Technology, The University of Tokyo, Tokyo,
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Raindrops reveal their charge

t is not often that experimental

researchers of today have cause to
cite 130year old lecture papers
delivered to the Royal Institute as
part of their introduction. But the
reference to Lord Kelvin’s 1860
paper on Atmospheric Electricity by
José Fornés et al gives an indication
of how long their particular area of
study has been a mystery — and how
little has been achieved recently to
solve it.

The question Kelvin raised, and

FARADAY CAGE

G sour

/)
Patch-clamp
amplifier
probe

Water
Tesenvoir

Needle

N

1 Drop

A

which the Brazilian researchers have
been trying to solve, is simply:
“What is the pattern of charge
distribution within falling or
immobile rain drops?”

As the author’s point out
(“Evidence for multipolar charge
distribution in falling water drops”, J.
App. Phys, Vol 80, No 10, pp. 6021-
6027), electrical charge
determination in single water drops
has been undertaken since the 1920s.
But despite extensive investigation,
results are scarce — partly because of
the difficulties in constraining a
water drop without charge exchange.

A simple treatment might suggest
that the result'would be similar to a
dielectric sphere in a uniform electric
field, where a pure dipolar pattern
would be observed. But this is not the
case.

Formés and his colleagues have
devised an apparatus that can
produce drops of near zero net charge
by using an aluminium ring to
enclose the drop at its formation, and
force it to acquire a given charge.
When the drop is freed, it retains that
charge.

The measuring probe consists of a
copper wire loop of 2.8mm radius

and a cross section of about 0.2mm,
across which the drop falls. The ring
is connected to a 10G£2 probe of a
model 8900 Dagan patch-clamp
amplifier, in the current-to-voltage
configuration and set to voltage-
clamp mode at voltage zero.

There is never any direct physical
contact between the probe and the
drop, the coupling being only
capacitive. During measurement, the
voltage output of the amplifier is
acquired by an analogue-to-digital
interface and fed to a computer.

To produce multipole charge
induction, the drops (with their zero
net charge) fall through a capacitor,
typically maintained at 30V with
67mm plate separation. Each
capacitor plate has a small hole to
enable to the drop to pass through
and the sensor probe is placed at mid
distance between the plates.

Plotting the results show that the
electrical charge on a water drop
falling in the direction of an applied
electric field is distributed in a
multipolar pattern, possibly because
of the contribution of the field-
oriented water molecule multipoles.

Lord Kelvin would have been

happy.
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Charles Ume
(right) examines
the fringe pattern
generated when a
printed circuit
board is heated in
the new oven.

Straightening out a pcb problem

rinted circuit boards, or pcbs, remain vulnerable to a

simple, heat-induced threat: warpage. Unfortunately,
warped pcb may cause a device to stop working, while
boards that warp during manufacturing after expensive
components are added can mean costly losses.

But a technique developed at the Georgia Institute of
Technology and now licensed by Electronic Packaging
Services (EPS) could provide a new weapon against
warpage.

The experimental Thermoiré process provides real-time
data about pcb warpage in simple and fast manner, so that
manufacturers can avoid design problems.

“Electronic packaging companies can use the warpage
information to make changes in their pcb design early,”
says Charles Ume, an associate professor in the School of
Mechanical Engineering.

The heat that can warp pcbs is generated each time
computers, camcorders or other peb-run devices are turned
on. Also, temperatures up to 230°C are an integral part of
pcb processing.

In addition, if the pcb is small, thin and densely
populated with components, as is the current industry
trend, that is an invitation for warpage-related reliability
problems.

For the new process, Ume developed a special oven with
a glass grating top, through which the peb placed inside is
visible. A white light shines through the glass grating onto
the pcb, and an inexpensive, compact, charge-coupled
device camera captures warpage digitally as it occurs.

The flat glass grating is etched with equally spaced
parallel lines. It is placed above and parallel to the pcb. A
beam of white light is directed onto the glass at a specific
angle, causing the etched lines to create a shadow on the
surface of the pcb. When the surface of the peb curves due
to warpage, a moire pattern is produced by the geometric
interference between the etched lines on the glass and the

f’,/

“...the ideal calculatifg #6p

for the engineer or

B bveryengineer has to solve mathematical problems. So every

professional engineer needs Mathead. Especially now.

Because Mathcad PLUS 6.0 has dozens of new features to
make calculations even easier - with online QuickShests to guide
you all the way!

Mathcad is a free-form, interactive environment that's perfect for
formulating ideas, setting up problems, evolving solutions and

3 sharing results. Within a Mathcad worksheet you can perform " five”
« numeric or symbolic calculations, add graphics and animations,
annotate and format text. Want to change a variable? Go ahead -
your formulae and graphs update themselves instantly!

Plus, with now over 50 to choose from, there's Mathcad's

explore it with

DADiISP

1ith S apen sprescheet analyis windouy

1997 will be the year of
the blue laser

W operation of blue laser diode
devices should now be possible,

with commercialisation coming in
1997-98, according to one of the
leading researchers in the field.

Shuji Nakamura, of Nichia
Chemical Industrie, Tokushima,
Japan, made his prediction in an
interview appearing in OE Reporis,
published by Spie (The International
Society for Optical Engineering).

Nakamura has already been behind
some of the major breakthroughs in
blue leds and lasers. He has also
stood against the prevailing wisdom
underlaying much work in blue
device research by concentrating on
GaN technology, rather than using
the more usual 1I-VI materials and
then frequency doubling.

Now, when he is reported to be
close to developing a commercial
product, the significant degradation

suffered by II-VI blue lasers is
convincing scientists that GaN is the
way forward.

So far Nakamura has produced a
pulsed blue laser diode operating at
room temperature, with wavelength
variable between 390-440nm by
changing the In content of the InGaN
well layers.

Initially, the cost of the laser
devices will be many times greater
than the current $1-2 price of blue
leds, though volume will naturally
force this down.

The attraction of blue lasers is the
impact they could have on high
density storage. Current limits using
a red laser diode are around 5Gbytes
per side. But the shorter wavelength
of blue light should allow this
capability to be increased
substantially, perhaps by a factor of
three.

shadow of those lines on the pcb’s surface. The more the
pcb warps, the greater number of moire fringes that
appear.

Ume counts the number of fringes, puts them into an
equation, and a computer determines how much warpage
has occurred. The warpage process is displayed in real
time on a television screen and recorded on video and on

computer.

The Thermoiré technique can be used to simulate the
three major kinds of soldering processes — infrared reflow,
convective reflow and wave — and the automated oven
system can reproduce any given soldering temperature
history used in producing a board. In this way, the system
can pinpoint which processes or designs may cause the
most warping.

Ume says that companies can use the results to make
design or process changes before production, such as
changing soldering temperature profiles, reducing or
extending processing times, relocating key components,
and changing the materials used in constructing the pcb.

The ability to measure thermally induced warpage could
also enable manufacturers to validate their numerical
warpage predictions, created using finite element
modelling techniques.

If a certain amount of warpage is allowable, the new
technique also lets manufacturers measure initial warpage,
rather than assuming the board is flat before transistors
and other items are added.

Manufacturers can then determine how much additional
warpage develops during further processing or attachment
of components. =i

Contact: Charles Ume, Georgia Institute of Technology,
Atlanta, Georgia 30332-0828, USA. email:
charles.ume @me.gatech.edu)
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Fig. 1a). Power amplifier and motional feedback
mixer for the subwoofer. Since feedback is derived
directly from the voice-coil of the driver, it is
possible to produce a very flat response, and reduce
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nspired by Peter Baxandall’s ‘Low-cost, high-quality loud- —1 |
Ispeaker’ series of articles in Wireless World, 1 built my 2 this !
first sub-woofer back in 1978. It was a 2.4ft> reflex using 2 T 4
a KEF B39 driver and tuned to 30Hz. Bo ! | SOV
Originally, this sub-woofer was passive, but it soon became -L B
apparent that adding a dedicated power amplifier and second-
order low-pass filter produced the flexibility required to inter- R4 Cio —
face with my existing speakers. Built in the days when home I 1
computers were a distant dream, and Thiele/Small analysis
was little known, it is surprising that it worked at all. As it
was, it gave me a sense of what was missing from most of
the other systems around at that time.
Nearly twenty years later, things haven’t changed that

!
much. Off-the-shelf speaker systems available today rarely |
produce an output below 60Hz. '
|
|
!
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Going lower . ; R, LT

For a system to produce bass extending to at least 30Hz nor- £ ik

mally requires large boxes and expensive drivers. But by cre- Ro i:l }___‘ . )
ative use of electronic circuitry, both size and expense can be . Ro—www— LS, "?; “:::;2’;‘:;
cut to reasonable proportions. These techniques however VR4 o :t abilty
require the sacrifice of hi fi’s most sacred cow — flat ampli- i §

fier response.

Today, we have all the tools necessary to design econom-
ical audio systems with a flat response, even though the sys- Rs
tem’s component parts may be far from linear. The work of — AA—3 Ry
Thiele — extended by Small — provides comprehensive details A S
about the response of a driver in an enclosure. All that is § '\o—l
needed is to design electronic circuitry to compensate for the
non-linear response of the speaker/driver combination.

Advantages of activity

A motional feedback system operates by sensing the speak- Ry

er cone’s motion and feeding this back into the power amp. AN
Providing negative feedback in this way forces the ampli-

fier to produce a signal that corrects both for amplitude irreg-

Fig. 1b). Filter chain

ularities and the distortion generated by the speaker. The preceding the subwoofer Ay — oA
result is an acoustic output which is flat against frequency — : . S
even though both speaker and amplifier are operating in a power-amyeilier, This section Gq

mixes the left and right stereo 1 B
signals and allows phase to ] i I

be reversed. It also contains a
variable filter allowing the

crossover frequency to be set

decidedly non-linear fashion.
Motional feedback is not the only way of achieving this. |
You could use electrical equalisation, for example, but this
would not reduce system distortion. In any event, motional
feedback is an intellectually satisfying technique using well |

ViV

. . T,
Using motional feedback, Russel Breden’s andesstond prineiglis. | aﬂ@;ﬁjg%ﬁ:ﬂoﬁ 1:3 d e
subwoofer produces flat response down to To produce a correcting signal, the speaker must be fitted subiwooter tobe adapted to Lo .
i 3 with some form of transducer. In this design, I have used siilt moit exlsting BiA +
15Hz - desplfe ifts re!cﬂvely small enclosure. dual-coil drivers, one coil of which forms the pickup. As the syftems Cra
s s _gs s cone moves, it generates a voltage signal in the coil which is 4 Mains ov Dy -D,

Feedbuck GISO makes fecmble an Il'lfll'llfe proportional to cone velocity. This signal is then processed i ingut 22 - ’
baffle rather than a reflex design, resulting in  and used for correction purposes, see panel. + Hs. 10). Poweraupply for the subwooler:irses &

. One major objection to motional feedback is that the feed- Cis dual-secondary transformer with its windings in
tig hter bass. back loop could try to force the driver beyond its limits. This N oy series. :

~30V
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while curve B is final
system response but

excluding low-pass
filtering. Both curves
are measured near
filed, i.e. Tcm from

Fig. 2. Curve A is
initial system response

cone.

Fig. 3. Curve A is
response from the

+10

=30

20 50 100

problem can be avoided by choosing a sealed box or infinite-
baffle enclosure. Use can then be made of the natural roll-off
of the driver to ensure that excursion limits cannot be exceed-
ed (see panel).

Using an infinite-baffle enclosure means that the response
is essentially that of a second-order filter. To produce a flat
response down to dc —even if it were possible electrically —
would require infinite cone excursion. To match such a driv-
er, you would need an amplifier of infinite gain since the gain
of a high-pass filter is zero at de. For every octave of base
extension, the power and cone excursion required increase
fourfold. Obviously this cannot be carried too far. However
the system described here has a flat resonance, with a -3dB
point at 15Hz.

This frequency is at least an octave below the nominal cut-
off of many subwoofer systems. Furthermore when I exam-
ined the output acoustically, sine wave distortion was below
2% at 15Hz,

The reason for going so low is mainly to minimise phase
shift. There is little musical information on most recordings
below 30Hz. Too rapid a roll-off at this frequency produces
phase errors between fundamentals and harmonics, leading to
a muddy sound. One of the joys of listening to this system is
the speed at which bass notes are delivered without the over-
hang associated with reflex systems.

One problem that has to be considered is how much sound-
pressure level, spl, can be generated. Here, we are concerned
with a domestic environment. Many more-than-adequate sub-
woofers use a 10in driver in a reflex cabinet.

Since reflexing is out in this design, I have chosen a pair of
10in drivers, operating in parallel. This has the advantage that
both drivers contribute useful output over the entire range
whereas a reflex system’s vent only contributes output
around its resonant frequency. Additionally, the price paid for

pick-up coil of the  vent output is a rapid bass roll-off that must worsen the tran-
loudspeaker and sient response of the system,
curve B response For the purposes of analysis, the circuit can be split into
after high- three parts, First the power amplifier; the requirements from
frequency  this element of the circuit include high power output.
equalisation. Furthermore, because the load impedance is around 3€2, fair-
+10 T
|
R R '"""”"“]i-:i """" ""'!'"”'"/';:-‘-"‘
P
- N yd
-20 / | | —
| 5
0 L] |
20 50 100 500 1k

ly large current swings are required. An extended low fre-
quency response also implies that the power supply will tend
to sag under load. Precautions must be taken to make sure
that this does not affect sound quality.

Taking inte account these factors T make no apology for the
use of rugged TO3 output devices, namely Trs and Try,
which are a pair of 2N3055s. These in turn are driven by a
pair of Darlingtons, Tr4 and Trg. A quasi-complementary out-
put stage is used with Try providing the necessary phase
inversion for the lower output transistors.

Nested feedback loops

The entire circuit is based on TLO74 quad op-amps, one of
which is used in the power amplifier. However the low oper-
ating voltage and consequent low output voltage swings of this
device provide insufficient power. For this reason the amplifier
incorporates the idea of nested feedback loops, Fig. 1.

To explain further, the output stage operates from a split
60V power supply. The driver stage is built around Tr.
Usually, the output stage biasing voltage is provided by the
Vi, multiplier comprising Tr, and PR). Resistors R 7 g intro-
duce emitter degeneration in the output stage, stabilising the
operating point. Local shunt feedback around both driver and
output stage is taken via Rys 14.

The value of Ry3 has been chosen to produce 0V output for
a OV input from As. This local feedback loop reduces dis-
tortion from the output stage to well below 1% before glob-
al feedback is applied around the circuit.

Closed-loop gain from As output to the load is approxi-
mately five. This allows the op-amp output stage to produce
the required voltage swing at the output, An incidental
advantage is that the op-amp output sees a relatively high
impedance and therefore operates in push-pull, Class A.

Supply voltage for the op-amp is taken from the main
power supply through a pair of 15V regulators, /Cs 4.
Capacitors Cg j provide hf decoupling. Op-amp As is the
heart of the amplifier. Note that because of the inverting
action of the driver/output stage, the inputs are used in the
opposite sense.

Input signals are applied to the inverting input and overall
feedback to the non inverting. The voltage gain of the ampli-
fier is set by the ratio of Rys to Ry;. Capacitor Cg reduces the
de gain of the circuit to unity while appearing as a short cir-
cuit to ac signals. Resistor Ry defines the input impedance of
the amplifier.

The closed-loop gain needs to be high since most of it is
used to equalise the subwoofer and reduce speaker distortion.
The other components to be mentioned are mainly concerned
with keeping hf stability within the amp. This is the function
of Cigp13 and Cg.

It could be argued that most of the parameters of the ampli-
fier just described are well above those required for the cir-
cuit function. For example, the slew rate of the op-amps is
thousands of times faster than required. Similarly, the dis-
tortion level of the amplifier is many times lower than that
generated by the speakers. This is simply a reflection on the
advancement of commonly available parts. This same level
of performance allows supply line voltage rejection ratio of
over 100dB, and this is of great importance, as mentioned
earlier.

The second aspect of the design, whose overall perfor-
mance is shown in Fig. 2, involves the manipulation of the
pick-up coil voltage to produce motional feedback. Referring
to Fig. 1, rather than feed the speaker coil voltage directly
into the amplifier’s feedback loop, it is fed via the mixer
stage built around Ag. The voice coil output feeds the net-
work comprising Rys 24 and Cjg. This 1s necessary because
the voltage follows the impedance curve,

Below 200Hz the output is directly proportional to the
velocity of the cone. Above this frequency output rises at
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approximately 6dB/octave. To maintain the velocity curve —
not to mention amplifier stability — the output must be sup-
pressed at high frequency. Capacitor Cyg flattens the curve to
a straight line.

From here, the signal feeds the mixer amplifier Ag, via Ry,
This is configured as a virtual earth mixer. Feedback resistor
R g is shunted by C,, which provides further high-frequen-
cy roll-off to the coil signal ensuring that the required
response is obtained.

The net result of adding this signal to the amplifier input is
that the acoustic response response from about 10Hz to
150Hz rises at 6dB/octave. In other words, amplifier output
voltage is proportional to cone velocity, and acts as a power
differentiator.

To obtain a flat response, the amplifier output needs to
become proportional to cone acceleration, Rather than dif-
ferentiate the feedback signal exactly the same result is
obtained by integrating the input signal. This function is car-
ried out by A5, which, in conjunction with R;; and C;g forms
the integrator.

At this stage we have produced a flat response speaker sys-
tem — flat, at least, in the deep bass region. Plotting the
response however reveals that the overall response is that of
a high-Q low-pass filter. A glance at Fig. 3 reveals that fur-
ther work needs to be done. The low-pass response is due to
the voice coil inductance resonating with the reflected mov-

ing mass.

Rather than complicate the circuitry further, the solution
used here is to tame the response by using a low-Q low-pass
filter in series with the amplifier. When this has been done
the final response is flat within 1.5dB from 15 to 150Hz. The
mild penalty to be paid is that the response rolls off at
24dB/octave above 150Hz. Luckily, this is of little conse-
quence in practice since this point occurs at least half an
octave — and usually more than an octave — above the roll-off
point required by normal speaker systems.

Filtering the input-stage

The main task of the input stage filtering is to extract the bass
information from both incoming signals and present this to
the power amplifier. In addition, the signal must be manip-
ulated to allow ‘seamless’ integration of the subwoofer with
the existing speakers.

For this design, I decided to drive the sub-woofer directly
from the speaker outputs of the existing amplifier. This not
only simplifies the design, it is the only rational place to take
a signal feed. Once set up the sub-woofer will follow system
volume adjustments. This is a particular advantage if, like
me, you are always being told turn it down. You can also be
assured plenty of drive signal.

Line outputs are rarely standard. The left and right signals
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Infinitely baffling

In order to squeeze the maximum
possible bass from an infinite-baffle
enclosure, the volume has to be
carefully calculated. Even motional

size and can be calculated from the
following equations, the first of which is
for driver efficiency, 1,

space, B, is

decibels at TW and 1m distance into half

112+10log;Me)+10log;o(p)

feedback systems are not immune to the
laws of physics. If the enclosure is made
too large, the woofer will be driven
beyond its excursion limit. If it is too
small, maximum power input will not
allow full excursion.

In order to calculate the required
enclosure volume, Thiele-Small
equations are required. When a circular
piston is fed with a sine wave, it can be
shown that the sound-pressure level
generated at Tm into half space, A, is,

A(dB)=40log;(d)+20log;olapp)+40log;
olf-83

where d and app are the diameter and
peak-to-peak cone excursion
respectively, both expressed in mm and f
is the frequency of interest.

From the term 40log;o(f), you will see
that the available sound-pressure level
falls with frequency at 12dB/octave. If
the enclosure volume is chosen so that
its response lies to the right of A, Fig. 4,
then the driver will be protected from
excessive excursions. If the response lies
to the left of A then the speaker runs the
risk of destruction from bass input. Ideal
enclosure response coincides with A,

In order to calculate something useful
it is essential to examine the efficiency of
the driver and relate this to A. Maximum
output that a driver can produce in the
pass-band is independent of enclosure

k£,
no = Jfl") ay
Qes

where f, is free-air resonant frequency,
V., is equivalent compliance air volume,
Q. is electrical Q and k is 9.64x10-10
when V., is expressed in litres. Sound-
pressure level in decibels at 1W and 1m
distance into half space is,

112+410log (M)

Maximum sound-pressure level in

Enclosure
[
ﬁ I _io_o_ar?e»— 9, s )
SPL \
dB
3,
Iy
£ Enclosure
& too small
&
&,

TTHzi:J>

Fig. 4. Excursion sound-pressure level limit
rises at 12dB/octave. Speaker responses that
intersect the left of A are limited by cone
excursion. Right of A are thermally limited
but cannot produce maximum sound
pressure level. Ideal speaker response
coincides with A,

where p is the available amplifier output
in watts continuous.

All drivers mounted in an infinite-baffle
enclosure exhibit second-order high-pass
filter response whose amplitude, C, is,

C=(w*+(d?-2)@?+1) 95

where w is f/fand d is 1/Qy, f. being
the resonant frequency of the driver
mounted in the enclosure and Q. is the
Q of the driver in the enclosure.
Unfortunately this does not help much
because Q. and f_ are not known until
the enclosure volume has been
determined. But if you choose fat a low
enough frequency, say 1Hz for
convenience, then w>>(d2-2)d?+1
term. This makes it possible to simplify
and rewrite the equation for an
approximation of C as, w™2.

To avoid the excursion limit, the THz
response must be —A+B (in dB) down
with respect to maximum pass-band
sound-pressure level, B. The
corresponding amplitude is 710(-A+B)20)
which is w2,

As fis THz, @ must equal f. so,
fe=w=10"(-A*B40) Haying obtained £,
the enclosure volume can be simply
calculated from,

Vo = Vod((R/F)*-1)

Calculated volume is slightly
conservative, but this no bad thing
considering the price of drivers.
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from the speaker sockets are passively mixed by Ry and Ry.
The resulting signal is made available across VR . From here
the signal is phase split by A 7.

Avoiding eigentones

Phase splitting is a useful facility for the following reason.
When attempting to crossover between speakers and sub-
woofers, a particular obstacle is avoiding eigentones. At low
frequencies, the average room acts as a gigantic speaker cab-
inet, with resulting resonances, caused by standing waves
between parallel walls.

These resonances often occur just where you want the
crossover. By judicious use of the controls, you can use
phase shift to tame existing boomy speakers or room char-
acteristics. Choice of in or out-of-phase conditions is select-
ed by S, of Fig. 1. A small amount of voltage gain is intro-
duced into the phase splitter circuit via Ry 5. This offsets the
gain reduction produced by coil feedback in the power ampli-
fier section. Resistor R3 couples the op-amps together to pro-
vide phase inversion.

Having selected your signal with S, it is then fed it into the
high-pass filter built around As. This stage defines the lower
cut-off point of the system. This is set at I5Hz by the com-
ponent values chosen. From here the signal is fed into the
low pass filter built around A4.

Integrating the design

In order to integrate the subwoofer easily, a low-Q second-
order filter is used. This stage has a Q of 0.5, critically
damped for best transient response.

The —3dB point is continuously variable between 45 and
120Hz. I have yet to find a speaker system which cannot be
catered for within this range. Finally, the response of the
pick-up coil is modified by the low-pass filter built around
Ag, as described earlier in the text. From here the signal gets
fed into the signal integrator A, as already discussed.

I have used separate voltage regulators to power the pream-

plifier section. This may seem like an extravagance but it is
a small price to pay for total isolation on the power lines
between chips.

On the subject of power supply, Fig. 1, this is completely
conventional. Mains voltage is stepped down and full-wave
rectified via a bridge, before being smoothed by C4,15. The
centre tap of the secondaries is used for the OV line,

Points to watch out for

There are a few points to watch for when implementing the
subwoofer. First the cabinet. Initially I intended to build the
subwoofer in two enclosures with the intention of siting these
below my existing speakers. Since there is no phase infor-
mation at low frequencies, it is possible, in principle, to the
site the subwoofer wherever you choose, In practice the best
position is likely to be between the speakers, against the wall.
This position will give you an extra 3dB of output for as the
system will be driving into quarter space.

Conventional wisdom suggests that corner positions should
be avoided as this will tend to emphasise room resonances.
Circumstances alter cases, and the extra 3dB of output might
be useful.

An advantage of small enclosures, in addition to the
improved rigidity, is that they are too small for internal stand-
ing wave generation. Since I am not a carpenter and find
woodwork a chore I built my cabinets from 15mm chipboard,
Fig. 6, available everywhere and in a variety of finishes.

Panel fixing is easiest using Araldite rapid fairly liberally
along the seams. The drivers require 230mm diameter cut-
outs. They should be mounted on gaskets made from self
adhesive draught excluding strip. Before mounting the
drivers, fill along the panel seams with filler or silicone
sealant to ensure airtightness.

When assembling the electronics ensure that PR is adjust-
ed to short Tr,’s base to collector. For obvious reasons it is
desirable to set the quiescent current in the output stage
before mounting the electronics.

Inductive motional feedback

acceleration.

1

dB

Inductive pickup is probably the simplest
form of motional feedback control. In
order to understand its operation, it is
necessary to realise that the pickup \
voltage is proportional to cone velocity.
Figure 5 shows the relevant curves.
Curve A is the unequalised speaker
response and corresponds with the cone

Fig. 5b. Motional

o——| Integrator B

Mixer |

feedback using a
second coil within
the loudspeaker to

7 Input

produce the

feedback signal.

Error correction
signal is introduced

Curve B is the resulting velocity curve

o C as picked up by the coil. When this or integrating the input.
056‘ voltage is used as negative feedback, the Figure 5b shows the basic circuit in
Pg?‘ resulting response from the speaker block form. Rather than complicate, and
increases with frequency at 6dB/octave, possibly destabilise, the amplifier, the

Curve C.

Fig. 5a. Unequalised speaker response, A,
resulting velocity curve picked up by the
second voice coil, B, and resulting response
curve from the speaker, C.

To obtain a flat response, the feedback
voltage would need to be proportional to
cone acceleration since this is identical
to the system response. This would imply
differentiating the coil voltage before
feeding it back. The alternative, used in
this design, is to integrate the incoming
signal so that this falls at 6dB/octave.
When fed from this signal the overall
response of the speaker is flat. There is
no difference in system performance
either in amplitude or phase response

via a mixer amplifier.

between differentiating the pickup signal

feedback is introduced via a mixer
amplifier. This is a virtual-earth circuit
which effectively adds the input and
feedback signals. This is then used to
drive the amplifier.

Closed loop gain of the amplifier
produces the corrected signal to the
speaker. The advantage of motional
feedback is that errors in both the
enclosure response and in the driver are
considerably reduced by negative
feedback.
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Electronics panel
Motional-feedback subwoofer parts Yo p
Resistors B i /
Unspecified types are 1% metal film / (I i ===y
R; 3 47k 2 '
Rars 10k 4
Ry 110k 1 —F|— - 4+ - —_ — M Zen
Rs 100k 1
Re 150k 1
R; 75k 1 .
R 15k 2 e -
Rio 39k 1
Ry 2k2 1 A M::';‘r;’:;:{s Mount drivers as shown
R 20k A - 2 0ff 349 x 305 x 15mm Wire in phase
RT 2,25 o ? B - 2 off 380 x 305 x 15mm ek i
13 C - 2 off 305 x 305 x 15mm
Ry 4,15 82k 2
Rie 4k7 1 Fig. 6. Subwoofer enclosure details. Since the enclosure is
Rizis 0.47/3W 2 small, it is rigid and inhibits standing waves.
R 560k 4 : ;
R1 9,20,26,2 ?680!«1 : . With the speakers disconnected, test that the output is with-
Rzl raok ) in _50n_1V or so of 0V. Quiescent current is set up by slowly
Rzz b adjusting ‘PRl for a 20mYV drop across Ry and R ;3. Although
23 3k 1 the heat sink gets rather warm under conditions of high drive,
VR, 4k7 log pot 1 I have not found it necessary to use thermal feedback via Tr».
VR 22k lin dual pot 1 But there is no reason why Tr; cannot be adhered to the sink.
PR, 10k hor. preset 1 I mounted the electronics within the enclosure. The output
stage requires a large heat sink, of at least 1.5°%/W. I used a
Capacitors 120 by 100mm finned sink.
Covii 100n Mylar 4 Cpntrol panels are always a problem wi}th this type of
Cerin | 1000 ceidite. 2 equipment. I mounted my controls and heat sink on the lid of
Ca, 9, ig {'SOV‘ i an MB6 type ABS case which fits into a cut-out in one of
C? 105 s the panels. This is secured by six, 30mm M3 screws.
8 pF/25 1 Whatever panel you use remember that an air-tight seal is
C‘] 1124131 ?1 nF Mylar 4 needed.
Cians 6800pF/63V 2 The drivers are wired up as shown in the Fig. 1a, in paral-
Cis 270pF cer. 11 lel and in phase. Ensure that the pickup coil is phased as
Cig 47nF Mylar 1 shown.
ng 2n7 Myiar 1 . .
o an7 Mylar 1 Final adjustments
Having set the quiescent current and fastened everything into
Astivedetices place, all that remains is to adjust the level and cut-off fre-
G oA 3 quency to suit your system, The best way to start is with the
7 cut-off frequency set high and gain set low. Next, adjust both
1G4 79L15 2 for the best sound.
Aig TLO74 2 Finally, was the effort worth it? Definitely yes. I now get to
Try 3 BC327 2 hear things I have never heard before on my cds. In addition,
Tr BC337 1 ti'_ne clarity and speed at which bass notes are generated and
Trae BDT65C & disappear is something of a revelation — after years of
T"S,? 2N3055 2 reflexed muddiness. | ]
Dy4 1N5408 4
Miscellaneous
Heat sink, see text
TO3 mounting kits 4
Volt DVC250/1, 8Q drivers 2 M
22-0-22V sec. 120VA transformer SPECIaI O.ffer Lo
SPST changsoverswitch: 1 Any Electronics World reader mentioning page 109 of the
Control knobs 2 February issue can obtain one pair of Volt drivers, as used in
the subwoofer, at the special price of £234 — including VAT
and UK delivery. Normally, the pair sells at over £257,
excluding delivery. Send PO or cheque payable to Wilmslow
Audio at 50 Main Street, Broughton Astley, Leicester LE9 6RD.
Phone 01455 286603 or fax 286605 for further details.
|
|
|
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Multichannel speaking monitor

Visual displays certainly hav
immediate message is needed.

e their uses but there are times when a mc-ure
Heikki Kalliola’s speaking monitor provides

digitally-addressable and re-recordable spoken messages.

y design for a multi-channel speak:mg
M monitor is based on an Information
Storage Devices speech memory
chip. With no moving parts and needing few
external components, the circuit 1s an
economical means of making many kinds of
announcements, including measurements and
threshold warnings, =
One application of the speaking monitor is
the reporting of exceptional conditions in
vehicle environments. Using spoken messages,
there is no need to divert your attention to the
indicators on the instrument panel. This device
can be mounted in an enclosure small enough

to hide behind the dashboard without any
rebuilding.

The ISD1016A* speech storage chip used can
record and play back 16 seconds of voice in a
number of individually-addressable segments —
in this case four, of four seconds each in length.
Each of the four messages can be triggered
according to the situation. The chip family
includes members with longer recording time,
but 16 seconds is enough for the purpose
described here. ,

Inputs 1 to 4 are constantly monitored, Fig. 1.
If one or more input is grounded, a message
from the corresponding memory address is fed

to the loudspeaker. The message is repeated
until the grounded contacts open.

If all the inputs are used, there is time about
four seconds for each message. If all inputs are
not needed, the ones used can have more time
allocated to them. If for example only line
number 1 is used, the announcement can be a
full 16 seconds.

Recording and playing back

Recording is performed by first selecting the
message to be dictated on the sensor line.
Selection is done with switch Sy. As drawn, §;
points to line 1. After line selection, button Syis

+5V 7805

Veeo

A1 Veoa

A2

+
<
HI-
9
o

i Ry LR N IC; Vssp
Al diodes 1N4001 4344 47k S47%] ISD1016A Vg jl
<
B > AS ANA In
-] = l e I_ AB +

+V TC;
ANA out n

AT SPs L>15Q 2K
3 4 < +
a7k 3 47k 3 CB;’
p

| 4 ICs T(ME—HV
+ Cq
I100n

+V
Fig. 1. In the speaking

monitor, one of four,
4s messages is played
back when one of the
four inputs, top left
dotted, is grounded.
Rotary switch,
normally in position B,
selects inputs for
recording and
play-back checking.

Sz
8 4 °—-L
|Cz
NE555
£
5 1
Ciz
6us T T 10n

pushed while you read the message in to the
microphone.

Pushing the button starts recording and
releasing it stops it. Remember, that if the next
line, i.e. number 2 on the diagram, is to be
used, the recording time can not exceed four
seconds. If it does, the tail part of the message
will overlap on to to next line’s memory area.
Accordingly the messages of other lines are
recorded by first selecting the line witb Sy

Messages can be changed at any time and
remain in memory when the power is remuvpd.
Messages can be checked by briefly pressing
button S,. That triggers playback from the

*1SD1016A is obsolescent, but UK distributor
Sequoia, informs us that the ISD2560is
almost identical, but has an exira address line
and more memory. Sequoia’s telephone and
fax numbers are 01734 258000 and 258020
respectively.

memory location pointed to by S;. Thus re-
recordings are easily made.

Once the messages are loaded, Sy is turned to
its base position, indicated as B on the diagram,
and the device is ready for use. When one or
more of the input lines is grounded, the
message from that line's memory area is
spoken from the loudspeaker and repeated until
the line returns to its normal state.

Circuit logic

When an input line is grounded, diodes set the
right address with bits As and Ag. At recording
and check playback this grounding is
performed by S,;.

The memory chip requires that during
recording pins P/R and CE are grounded.
Signal PD keeps power consumption extremely
low when at +5V. To record and play back, this
line must be grounded. The signal also acts as
reset switch, in the event of a memory
overflow. Resetting is carried out by pulling the
line to +5V and back to ground again.

When recording, §3 pulls pins P/R and CE
down to ground via diodes. At the same time
transistor Tr| stops conducting for a moment
due to grounding of the base via Cy. A positive
reset-pulse is created from the collector to pin
PD. Releasing of §3; generates the end-of-
message mark to the memory.

To check play back, 5, starts the message by
pulling down the chip enable pin, CE, and

creating a reset pulse to PD with 7Try.Playback
starts at the address pointed to by S5 and
continues until the end-of-memory mark.

Grounding of input line pulls also down the
base of Tr,. The transistor stops conducting,
triggering the astable multivibrator timer chip
IC,. The chip puts out negative-going pulses
equivalent to pushing the playback button §,. If
§) is at base position, B, these pulses pass
through to playback triggering.

Time interval between pulses, and therefore
also the rate of message repetition, is dictated
by the value of R4, If, for example, only one
input is used and the maximum length message
recorded in one location, the interval time must
be over 16 seconds to avoid rolling over. If on
the other hand, all the inputs are used, the
minimum interval is about five seconds, and the
message length cannot exceed four seconds.

Anti drown-out switch for vehicles

In vehicles, there are many possible stimuli for
the monitor. Examples are oil pressure warning,
over-high water temperature and low fuel
indication. In many cases, easily accessible
swilch contacts for these are already installed in
the car.

When this design is used in vehicles, the
usual power supply is the 12V battery, from
which the voltage is dropped to 5V via
regulator IC3.

In automotive applications, the car radio

DIGITAL DESIGN

Car
radio
output
Relay
I contacts

SP+ o

sp-

AUX in|

T(‘
2N3906

Relay coil
=1500

Fig. 2. In automotive applications, this switch
circumvents the problem of a loud radio
obscuring the announcement by automatically
switching the radio’s speaker over to the
speaking monitor unit when a message is
triggered.

might obscure messages. To avoid this, you can
add the switching circuit of Fig. 2. With this
modification, the radio loudspeaker replaces the
monitor's loudspeaker and serves a dual
purpose. Control for the output relay is taken
from the speech memory’s auxiliary input,
which is held high during playback.

Do not forget to add a 1082 series resistor, if
the loudspeaker has very low impedance. ®
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Figure e is a three-dimensional represen-
tation of the magnitude of F(s), plotted verti-
cally above a horizontal s plane. Only that part
of the surface to the left of the jo axis (where
o is negative) has been shown, The ‘cut edge’,
above the positive jo axis, gives the magni-
tude of the frequency response, as a linear plot
against frequency (also linear). In plan view,
the s plane looks like Figure 1f) — there is a
pole at the point where s has the coordinates
(-1,0).

As noted in the earlier article, in terms of the
complex frequency variable s, the transfer
function F(s) which gives v./vi; becomes
F(s)=1/(s+1), where s=0+j.

If the pole moves further and further
toward the origin, the response will rise by
6dB every time the frequency is halved, and
so on indefinitely. With a pole at the origin,
you have an integrator — i.e,, an ideal op-amp
with capacitive feedback from the output to
the inverting input, and with the input
applied via a resistor.

R Vo

L]

...and zeros

Now for a ‘finite zero', that is to say a zero at
a finite frequency, which will appear on the
pole/zero diagram. You get one with a high-
pass (bass cut or passive lead) circuit, shown
in Figure 2a), along with its circle diagram,

nju
(b) (e)
Y3aB
R=Vo IXc
Vin Vo
Vin
45° o
pole zero
Fig. 2. a) CR highpass circuit.
b) Circle diagram, with vector diagram for the

-3dB frequency. Note: the input current i is in
phase with Vo, i.e. leading Vin by 45( at this
frequency.

¢) Vector diagram of b), superimposed on the
pole/zero diagram.

d) Crude 3-dimensional representation of the
magnitude of the function F(s), plotted
vertically above a horizontal s plane.

Figure 2b). Note that, by convention, a pole
on the s plane (the jo versus o plot) is denot-
ed by a cross, and a zero by a circle or nought.

From the vector/circle diagram of Figure
2b), for a simple highpass CR circuit:

vo/vi=RI(R+1/joC)=joCR/(1+joCR)  (2)

Thus the general expression for the transfer
function F(s) is F(s)=s/(1+s), assuming that
the frequency is normalised, or (effectively the
same thing) that CR=1.

Clearly, as well as exploding to infinity
when s is =1 (when @ = zero and ¢ = -1), F(s)
is 0 when s is 0 (when both ® and ¢ = 0), due
to the s in the numerator. Figure 2c shows the

j@ j (b)
T W2

o,

0=/ (0,04)

- Wo1

Ry
I €:
Vi VU
Ra
o -0
(a)

log|F(s)| (c)

pole/zero diagram, with its zero at OHz, with
the vector diagram superimposed, shown for
the case where normalised w=1, the -3dB
point.

Note that in Figure Ic), v, is represented by
the line from the pole to the origin. This is
because, in the vector diagram, this is the volt-
age iX, across the capacitor. In Figure 2c¢), v,
is represented by the line from the origin to
the point on the jm axis representing the fre-
quency of interest. This is because this line
represents iR, across which the output voltage
is developed, Fig. 2a).

You can see from Fig. 2c) and Eqn 2 that,
for very low frequencies (where V;, is virtual-
ly horizontal and the denominator virtually
equal to unity), v, is directly proportional to
the distance from the origin to the point on the
j axis. Also, at very low frequencies, v, leads
Vi, by 90°. This is made clear by the vector
diagram, and can be checked by making the
denominator of Eqn 2 real and finding tan 0,
as was done above for the lowpass case.

These two results give another important
rule:

the amplitude of the response at any fre-
quency due to a zero is directly propor-
tional to the length of a line from the zero
to the corresponding point on the j© axis,
and the phase is given by the angle that

Fig. 3. a) Transitional lag circuit.

b) The corresponding pole/zero diagram.
¢) Three-dimensional representation of the
logarithm of the magnitude of the function
F(s)

d) This circuit. has unity gain at 0Hz, falling
to Ry/(R;+R3) at very high frequencies
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the line makes with the horizontal axis,
counting anticlockwise rotation as posi-
tive, indicating a leading response, clock-
wise a lagging response. The angle is
measured with respect to the +a axis if the
zere is to the left of the jo axis, bur with
respect to the —o axis if to the right of it.

In the case of Fig. 2a), however, the effect of
the zero 1s not the whole story. To evaluate the
frequency response (the magnitude of F(s)
along the jo axis), you must take into account
also the effect of the denominator of Eqn 2,
representing the pole. So while initially, where
Vi, can be considered horizontal, v, is simply
directly proportional to the distance up the jo
axis, remember that it is also inversely pro-
portional to the distance from the pole.

At very high frequencies. these distances
become more and more nearly equal. The res-
ponse is thus proportional to the distance times
the reciprocal of an equal distance, result
unity. Likewise, the phase is everywhere equal
to the sum of the angles. So for the CR high-
pass circuit, the phase is (90+¢pq.)° Where
Opote i zero at OHz, lagging by 457 at the
—3dB point and reaching —90° at infinite fre-
quency. Thus overall, the phase of v, starts oft
at 90° leading at OHz, dropping back to being
in phase at very high frequencies.

Section (d) of Fig. 2b is a three-dimension-
al representation of the magnitude of F(s),
plotted vertically above a horizontal s plane.
Only that part of the surface to the left of the
Jw axis (where o is negative) has been shown.
The ‘cut edge’, above the positive jo axis,
gives the magnitude of the frequency
response, as a linear plot against frequency
(also linear). The zero at the origin can be seen
to act as a thumbtack, pinning the surface F(s)
to the ground level at the origin.

If the pole is moved further and further to
the left, the —3dB point, where the response is
levelling out, will occur at a higher and high-
er frequency. If the pole moves out to infinity,
the response will be rising at 6dB/octave in-
definitely. With just a zero visible on the s
plane, at the origin, you have a differentiator,
€.g., an ideal op-amp with resistive feedback
from the output to the inverting input, and
with the input applied via a capacitor.

Zeros to the left of them
Zeros can occur anywhere in the s plane — not
just on the jo axis. Figure 3a shows a circuit
known as the transitional lag, which starts off
behaving like the top cut circuit of Fig. 1a but,
instead of the response falling indefinitely as
the frequency increases, it flattens out again,
the response at very high frequencies being
equal to Ro/(R +R5). This is illustrated by the
Bode diagram of Fig. 3d), from which you
can see thal the response starts to fall at a
“corner frequency”, but stops falling at some
higher corner frequency. The actual response
is shown dotted, and a —6dB/octave asymptote
is shown joining the low-frequency and high-
frequency response levels — unity and
Ro/(Ry+R,) respectively.

The —6dB/octave asymptote 1s a straight line

C-re "O

v i
L T=-=CR

Y, T1+sT°
1-5 . - [0}
& or e _‘:fm nommalised to o,

jo A

!
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(b)
log | F(5) |

(¢}

Fig. 4. a) First-arder all-pass circuit with unity
gain at all frequencies has a phase shift varies
with frequency. b) Vector/circle diagram for
the circuit a). ¢) Pole/zero plot for the circuit
of a). d) 3-dimensional representation of the
logarithm of the magnitude of the function
F(s), corresponding to c).

because the horizontal axis, representing fre-
quency, is logarithmic, and the vertical axis,
representing the magnitude of the response M,
is in dB - i.e., also logarithmic. The actual
response will never quite reach a 6dB/octave
cut-off rate unless the corner frequencies oy,
and o)y, are infinitely far apart, and of course
it is curved at the corner frequencies, unlike
the notional asymptote.

Up till now, it has been convenient to work
with normalised frequencies since, in both the
low pass and high pass circuits of Figs 1 and
2, there is just the one comer frequency, where
the response changes (gradually) from flat to
—~6dB per octave (or vice versa). But with the
transitional lag, there are two different fre-
quencies to consider, and these can conve-
niently be defined in terms of the CR time
constants of the circuit.

Working out the response of the transitional
lag of Fig. 3a gives:

Voo MHJOCVE,,

1]

v, (1/1joC)+R,+R,
_ 1+ jaCR,
1+ joC(R +R,)
_N+jol, T(/T + jw)
Ci+jol  TO/T + jm)

where T5=CR; and T\=C(R;+R;), or more
generally:  F(s)=K(s+1/T;)/(s+1/T}) where

K=T;:_fT|=( 11”(1)02)!(”0.\0” Term LT is the
lower corner frequency, set by 1/[C(R|+Ry)]
and wy=1/CR; is the upper, which means that
K=R,/(R+R,).

This time, the pole zero diagram Fig. 3b,
instead of showing normalised frequencies,
shows actual frequencies, defined in terms of
the circuit lime-constants. The point shown on
the jo axis represents the frequency which is
the geometric mean of m; and @, the point of
inflection of the response in Fig. 3d). Up to
this frequency, @y, is increasing faster than ¢,,
so that the output lags the input, bat beyond
this frequency, ¢, increases faster so the lag
decreases again. Eventually, as ¢, and ¢, both
tend to 90°, they cancel out, and the output is
back in phase with the input, but reduced in
amplitude to Ry/(R+R5).

Figure 3c shows the surface representing the
magnitude of F(s), drawn in three dimensions
as a wire grid model. For clarity, it has been
rotated so the the +¢ axis is pointing toward
you and, in the vertical direction, it shows the
logarithm of the magnitude of F(s). This
means that a zero, instead of appearing as a
thumbtack pinning the surface to the zero
level, now appears like an upside-down pole,
extending indefinitely downward, Only that
part of the surface over the negative ¢ axis is
shown, and the edge above the +jw axis
(marked by a bold line) gives the amplitude
response at any frequency o, being unity at
OHz and tending to K at very high frequencies.

If you imagine R, getting smaller and small-
er, then the position of the zero at —1/7; in Fig.
3c migrates ever leftward, and K, the response
at very high frequencies, gets ever smaller.
Ultimately, as R, reaches 0£2, the zero has dis-
appeared leftward off the page to infinity, and
you are back with the circuit and response of
Fig. 1.

February 1997 ELECTRONICS WORLD

115



(a)

ANALOGUE DESIGN

I
[

[
C e
Vin ng o 2’

y Juw

(b)

Fig.5. a) This second-order \
all-pass circuit also has unity gain '
at all frequencies, but its phase \
shift varies twice as much with

frequency as Fig. 4a). ~

b) Pole/zero plot of circuit a). pole
¢) Showing how the phase shift

varies with frequency, as a
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If, instead of being in series with Ry, the
capacitor in Fig. 3a had been in parallel with
R, the circuit would be a transitional lead, the
response rising from K at 0Hz to unity at infi-
nite frequency. In this case, the zero would be
nearer the origin than the pole; the two have
interchanged places. So as the frequency
increases, starting from OHgz, initially ¢,
increases faster than ¢, and the phase of the
output leads that of the input. Later, ¢,
increases faster, and the lead disappears, as the
gain gradually reaches unity.

And zeros to the right of them

An all-pass filter is one which changes the
phase of a signal by different amounts,
depending on the frequency, but without
affecting its amplitude. In signal transmission
systems, this enables distortion due to various
causes to be cancelled, and the signal restored
more or less to its original condition.

The simplest all-pass circuit, also called a
phase-equaliser, is the single-pole variety, Fig.
4a). The signal at the op-amp non-inverting
terminal is applied through a CR low-pass cir-
cuit, exactly as considered earlier.
Consequently, relative to the input v; (vector e-
a in circle diagram, Fig 4b)), the voltage at the
op-amp non-inverting input is the vector e-c.
This coincides with v; at 0Hz, falling towards 0
with a 90° phase lag at very high frequencies.

Negative feedback around the op-amp forces
its output to do whatever is necessary to keep
the voltage at its inverting input equal to that
at the non-inverting input, So point ¢ on the
circle diagram is also point b, Since the two
resistors connected to the inverting input are

equal, the output v, (vector e-d ) follows the
larger semicircle shown, as though drawn by a
pantograph set for two times magnification.
Thus the amplitude of v, is independent of
frequency, but its phase relative to v; swings
round from 0° at OHz, to —1807 at infinite fre-
quency. The all-pass transfer function F(s)5p
is easily derived from that for the low-pass
case, by observing that the output, in Fig 4b),
is twice as big as the input, but shifted to the
left by one unit — by the distance e-a. So
F(s)ap=2F(s) p—1. But the F(s) for the low-
pass circuit was shown earlier to be 1(s +1).
2 2 s+l l=s

F :-———I:—— =
($)ar s+1 s+1 5+1 1+

There is a zero at o=+], w=0, since for
§=1+j0, the numerator of F(s)sp is zero. This
is shown on the s plane diagram of Fig. 4c¢).
Following the rules noted earlier, the response
at any frequency is directly proportional to &
and inversely proportional to . But since
these are always equal, the magnitude of the
response is always unity,

Also, as the frequency increases, ¢p increas-
es from zero to 907, in an anticlockwise direc-
tion indicating a lagging phase angle. And ¢,
increases from 0° to 90° elockwise, this also
according to the rule indicating a lagging
response. Thus taking into account the phase
contributions from both the pole and the zero,
overall the phase drops steadily back from 0°
at OHz to —180° at very high frequencies.

Figure 4d) shows a three dimensional wire
grid model of the surface representing the
magnitude of F(s), or rather the log of the
magnitude as previously. But this ime the sur-

face along the +0 axis is shown as well, since
this shows up the zero. Note that the surface is
exactly skew symmetrical about the jo axis,
the magnitude of logF(s) along the axis being
everywhere zero, or 0dB.

Like all the circuits that have been consid-
ered so far, this all-pass filter is a *first-order’
circuit, that is to say that the highest power of
s in the denominator is 1. If the highest power
of s in the denominator is 2, then you have a
second order circuit, and if the numerator is a
constant, the circuit is lowpass with a 12dB
per octave roll-off.

If there is just a term in § in the numerator,
the circuit shows a bandpass response with a
6dB/octave roll-off either side of the peak,
while a term in $? in the numerator gives a
highpass with a 12dB/octave low-frequency
roll-off.

More zeros to the right of them

The first order all-pass filter described earlier
causes the output phase to drop back from 0 to
~1807 in a fixed and fairly gentle manner, as
the frequency rises from zero to infinity. If
you want the phase change to take place over
a smaller frequency interval, then a second
order all-pass circuit can be used. This can be
an entirely passive circuit, as in Fig. 5a), the
corresponding pole/zero plot being as in 5b).

With this second-order all-pass circuit, the
phase drops back from 0° at OHz, via —180°
right round to -360° at infinite frequency.

If, at the resonant frequency of L and C, the
reactance of each is large compared to R, then
the phase change as the frequency changes
will be very gradual. If on the other hand the
reactance of each is small compared to R, then
the phase will snap right around over a very
small range of frequencies centred on the res-
onant frequency. This corresponds to the poles
and zeros in Fig. 5b) being very close to the
jo axis. In this case, over most of the fre-
quency range, output voltage will be deter-
mined by the signal coming via the inductor
(below the resonant frequency) or via the
capacitor. Only at the resonant frequency, and
in its immediate vicinity, where the dynamic
impedance of the tuned circuit is high, will the
output be due to the signal coming via R.

This all assumes, of course, that L and C are
ideal. A more practical arrangement uses
active circuilry, in particular, the state variable
filter, see page 143 of Ref. 2. If you add the
filter’s low and high-pass outputs, plus an
appropriate proportion of the bandpass output,
you again get a second-order all-pass
response. The transfer function is,

F(s)=(s>=Ds+1)/(s2+Ds+1), where D is the
reciprocal of the filter Q. The s? term in the
numerator is the highpass component, s the
bandpass component, while 1 represents the
lowpass component. You can see that when
s=0 (s0 that w=0), the transfer function is 1/1.
or unity.

When s equals infinity, you can forget the
other terms, so the transfer function is just
w2/m2=1 again. When s=(c+j®), with g=0
and (the normalised frequency)=1. then
s?=—1, so the transfer function simply equals
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~Ds/+Ds. The numerator indicates a 90° phase
lag, and the denominator another, giving a
total of 180° lag at the filter’s normalised res-
onant frequency.

The pole/zero diagram makes it clear that
the closer the poles and zeros are to the jw
axis (the higher the circuil’s Q), the more
more rapidly the phase changes as you pass
between the upper pole/zero pair, travelling up
the +jw axis from OHz at the origin, towards
infinite frequency.

The lower pole/zero pair has comparatively
little effect on the phase in this region; it is
there because both numerator and denomina-
tor are quadratic expressions, and their pres-
ence balances the upper pair, ensuring that the
gain at OHz is unity and the phase shift 0°.

Lots of poles — and zeros

By now, I hope you have a feel for poles (s
terms in the denominator of F(s)) causing
phase lags and gain changes, and zeros (s
terms in the numerator) causing gain changes
and phase lags or leads, according to where
they are. So here without further ado or any
detailed explanation, are some more pole zero
plots, and three dimensional wire grid models
of loglF(s)l.

Figure 6a), sections i-iii shows the pole zero
plots for some fourth-order lowpass filters.
Those of i and ii are ‘all pole’ filters, i being a
Butterworth  maximally-flat ~ amplitude
response, and ii a Chebychey response which
gives a faster initial roll-off in the stop band at
the expense of ripples in the passband.

In iii is a fourth-order elliptic response,
which gives an even sharper cut-off in the stop
band. This is thanks to the finite zeros situated
on the jw axis; but they do result in the stop-
band attenuation ultimately levelling out,
rather than increasing for ever like the all pole
filters. Figure 6b), sections i- iii shows the 3D
wire grid representations of loglF(s)! for these
three filter types, in each case cut to show only
the part over the —G region.

As before, the cut edge over the jo axis —

More on poles...

Figure 3 and 4, and parts of Figures 1,2,5, and
6 are reproduced from Analog Electronics by
lan Hickman, published by Butterworth-
Heinemann, ISBN 07506 1634 2. Within the
pages of this book will be found not only
more on poles and zeros, but also a wealth of
other information on all aspects of analog
electronics, from d.c. to 1GHz. Everything
analogue, in fact, except microwaves. This
book is available £19.99.

Comprising 337 pages, this book is
available by sending a postal order or
cheque with a request for the book to
Electronics World, Quadrant House, The
Quadranl, Sutton, Surrey SM2 5AS. The
fully-inclusive price is £23,50 UK, £26
Europe or £29 rest of world. Alternatively,
fax your full credit card details and address
on (1181 652 8956 or e-mail
jackie.lowe@rbp.co.uk.
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marked by a bold line — shows the frequency
response, on a logarithmic or decibel scale
vertically, against a linear frequency scale.
The different apparent values of response at
zero hertz are an artefact of the plotting pro-
gram; in each case. the zero frequency
response is unity or OdB.

Transforms ahoy

It may seem unnecessarily complicated to both-
er about the whole s plane, when all you need to
find a circuit’s frequency response if the value
of F(s) for o=0), i.e. how F{(s) varies along the jw
axis. But there is more to pole/zero diagrams
than just a circuit’s frequency response. The dia-
gram can also represent an input signal to the
circuit, and not just a steady-state sinewave
either. A further mathematical trick — called the
inverse Laplace transform — can then derive
what the circuit’s output waveform will look
like, given its frequency response and the said
non-sinusoidal input, But to cover that would
take more space than is at my disposal. 5

ANALOGUE DESIGN

log| F(s)|

Fig. 6a) Pole/zero plots for three popular
lowpass filter types; in each case, a four pole
design is shown, i) The Butterworth design
gives a maximally flat amplitude response. ii)
The Chebychev design gives a faster cut-off in
the stopband, at the expense of ripples in the
passband response.iii) The elliptic or Caur
design gives an even faster stopband cut-off,
but as well as passband ripples, has returns in
the stopband b) Three dimensional wire grid
representations of log | F(s) | for the three filter
types. The frequencies of infinite attenuation
in the elliptic case correspond to the positions
on the j (axis of the zeros in a) iii).
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According to

Cyril Bateman’s
latest discoveries,
the best cable for
linking your power
amplifier and
loudspeakers is
coaxial.

started these explorations of loudspeaker

cables with two main beliefs. First, that

cable characteristic impedance was impor-
tant at audio frequency even using relatively
short cable lengths. This has been amply de-
monstrated by measurements'? made using
two quite different amplifiers and test circuits
with twelve test cables. Second, that conven-
tional sinewave distortion measurements
would not identify changes of cable. Here, 1
put this second belief to the test.

In the first article!, I demonstrated by use of
simulations that some distortion of transients
can result when an amplifier is driving a dum-
my high impedance but capacitive load —
even with no cable. Driving similar high-
impedance capacitive loads, connected using
high impedance speaker cables, noticeable dis-
tortion levels are produced, Fig. 1.

If similar high impedance, capacitive loads
exist in practical loudspeaker systems, you can
expect these transient distortions to be present.
But can such impedances occur in real speak-
er systems 7

Examination of many published test reports
of loudspeaker systems indicates that load im-
pedances higher than 20€2 are common. High
impedance peaking at low frequencies is
caused by bass-speaker driver resonance. In a
reflex-ported cabinet, the impedance increas-
es usually appear as a double peak, resulting
from the combined cabinet and speaker driver
resonances.

‘When more than one loudspeaker is used, a
passive crossover network directs the lower
and higher frequencies to the relevant driver.
This network is frequently a combination of
capacitors, inductors and resistances, driven
from a common amplifier, and is the format
assumed for this article.

For practical and economic reasons,
crossover frequency is generally between
2kHz and S5kHz. As a result, a low but slight-
ly inductive impedance at around 1kHz is pro-
duced.?

In any composite passive electronic circuit,
change in impedance with frequency inevit-

Speaker

cables

ably results in a change of phase. This phase is
zero at the impedance peak, positive at lower
frequencies and conversely a negative phase at
higher frequencies. Capacitive reactance sim-
ilarly exhibits negative phase, Fig. 2.

With a passive crossover network, which
exhibits an impedance peak®, similar phase
changes occur. Frequencies below this peak
have an inductive reactance. At higher fre-

(Part three)

quencies, as impedance reduces, a correspon-
ding capacitive reactance should be measur-
able.

The speaker systems which I have available
for measurement include the workshop two-
way transmission line system and an original
single-speaker Daline.’ I also have access to
my son’s very high power bass guitar 42Hz
tuned reflex system, and a pair of elderly two-
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virtual oscilloscope. Note the close similarity to the Duncan test plots.  amplitude, continuing far longer than the initial overshoot spike.
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Table 1. Simulated phase shift in degrees at 10kHz for the various cables tested. Shows low/high frequency deviations by cable, with

amplifier and various dummy speaker loads. Ranked for least overall change with above permutations.

No output inductor

Resistor only

4.7Q 8.2Q
Coaxial styles
75 Cat.500 —-1.485 -0.859
750 CT100 -1.414 -0.815
50Q RG58C/U -1.219 -0.708
50Q URM8&7 ~-1.149 -0.660
3mm Mark 1 -0.685 -0.394
3mm Mark 2 —0.697 -0.401
Figure-of-8 styles
2192Y ‘Bell' Wire  —2.684 —1.566
42-strand -2.904 -1.685
42-strand modified —4.629 -2.687
79-strand -2.545 —1.466
2mm twin special —-1.939 —1.117
Supra Ply 2.0 -1.394 -0.803

can exist, might these conditions also cause
distortion with continuous sine waves? This
region should be explored by practical mea-
surements.

Conventional distortion tests

My variable frequency generator produces
0.05% distortion, so it can only be used for
comparative, rather than absolute, tests. For
the purpose of comparing cables, however, it
should suffice. My Hewlett Packard 33/A dis-
tortion analyser cannot measure distortions
much below this level.

Using this generator with a two-stage series/
parallel L/C clean-up filter, T measured
0.045% distortion at 3340Hz at the terminals
of my Self amplifier,” loaded with 8.2Q.

This amplifier, with the above instruments,
was used with all twelve cables to test drive
the rebuilt two-way transmission line speaker,
making distortion measurements in sequence

Other test methods

Some of you may prefer fo test cables
using a low-cost fone burst test more in
line with the Duncan fest method. | include
screen shots made using the Pico adapter
with a low-cost, selfbuilt generator.

Readers with a 50Q output square wave
generator and who wish to experiment
using fransient waveforms similar fo that
used in the Spice simulations can easily
make a good 10kHz replica by loading
the generator output with a parallel com-
bination of 1mH with 0.22pF and 47Q.

A variety of test signals can be found on
the Hi-Fi News and Record Review Test
Disc IIl. This includes a transient waveform
very similar fo the Spice exponentially
damped sine wave, ‘SIN’, used for Fig. 1.
However, the fone burst included on this
disc equates to the IHF tone burst in hav-
ing a change in level but no distinct off
periods.

With 1pH output inductor

Ranking
Series 100pH
+4.7Q  +8.2Q
-0.232 -0480 5
-0.380 -0553 &
+0.118 -0.237 3
-0.515 -0590 4
-0.342 0421 1
-0.351 -0427 2
-0.105 -0591 9
-0.563 -0.891 11
-1.184 -1.518 12
-0.882 -1.019 10
0657 0796 8
-0.478 -0608 7

Series 100pH Resistor only
+4.70Q +8.20 4.7Q 8.2Q
+0.034 -0.211 -2.234 -1.293
-0.114 -0.284 -2.159 -1.245
+0.386  +0.033 —1.961 -1.139
-0.249 -0.320 -1.903 —-1.094
-0.148 -0.074 ~1.446 —0.831
-0.083 -0.155 —1.454 —0.836
-0.094 —0.326 -3.399 -1.984
-0.303 —0.626 -3.647 2117
-0.932 -1.257 —5.369 -3.118
—0.621 —0.752 -3.301 -1.902
-0.394  -0.527 —2.695 —1.553
-0.212 -0.338 -2.152 -1.239

at both amplifier and loudspeaker terminals.

To help this rebuilt speaker survive pro-
longed testing, I used only half the drive volt-
age used by Duncan for his July/August arti-
cle, i.e. 0.45V. Even at this reduced level,
some ear protection is desirable,

Using a test frequency of 3340Hz, chosen to
match my clean-up filter, notable changes in
distortion at the loudspeaker terminals with
change of cable were easily measured by my
equipment, Fig. 6.

From the various simulations made investi-
gating these cables, a similarly high but induc-
tive impedance was expected to produce much
less distortion. Change of test frequency to
965Hz, with appropriate changes to the clean-
up filter, resulted in increased distortion at the
amplifier terminals. However, as expected, in-
cremental distortion was lower at the speaker
end of the test cables, since the speaker was
now behaving as an inductive load.

During this test, with the distortion residuals
viewed by oscilloscope, non-harmonically re-
lated noise was observed for the figure-of-
eight twin-line cables, providing a clear
demonstration of the coaxial cable’s superior
isolation from transmitted noise. This pickup
partly accounts for the performance of the fig-
ure-of-eight cables with this inductive speak-
er loading, Fig. 7.

At bass frequency, almost all loudspeaker
designs exhibit a high-impedance resonant
peak or peaks. It is reasonable to expect that
similar distortion changes would also be mea-
sured with a change of cable. T have not tried
this, for two reasons. Firstly, my test equip-
ment is inadequate for measurements near
50Hz mains frequency. Secondly, the avail-
able speaker cabinets either have well damped
low impedance resonance peaks or they peak
close to the mains harmonic frequencies.

These 3340Hz distortions were much larger
than expected, so I built a test circuit similar to
the IHF (Institute of High Fidelity Inc, IHF
publication A202) reactive load, using a
5.4mH inductor with a 4.7pF metallised poly-

carbonate capacitor to get a high impedance
and similar phase to that of the speaker mea-
sured. With this test circuit, no realistic con-
tinuous sinewave incremental distortions were
measured, Fig. 2.

A speaker is obviously a complex motor
generator system giving results not easily rep-
resented by simple passive component mod-
els. Given time, perhaps this could be resolved
— but not by me.

Relative phase
The final parameter influenced by cable

Sound cards and software

For these tests | used a Creative Labs
Soundblaster 16 Value Plug-and-Play card
with general purpose software (Elektor
Electronics, part no. 966001-1). It is
important to check that the dma channels
and interrupts needed are not already in
use in your system.

An alfernative software for sound cards,
targeted especially at speaker systems, is
AIRR (Anechoic In-Room Response) by Dr
J Bunn, supplied by Old Colony Software.
It is also available from Falcon Acoustics
Ltd, Tabor House, Norwich Rd.,
Mulbarton, Norfolk NR14 8JT

Also available from Falcon and Old
Colony is Audiosuite software, again for
use with a sound card. It includes MLS
functions but is much more expensive.

Those seriously interested in the design
of loudspeakers rather than measurement
might consider the Old Colony. IMP
(Impulse Measurement and Processing),
which is a stand-alone system for a pe,
available in kit form and reasonably
priced. This also is available from Falcon.

Many other software and hardware sys-
tems are available, and the above list cov-
ers only some of those priced for the
speaker amateur,
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choice is change of high frequency phase rel-
ative to phase at lower frequencies. Every
cable has a transit delay, influenced primarily
by the cable’s inductance and insulation mate-
rial. This delay could change with frequency
or test-circuit loading.

I am not well equipped to measure small
phase angles but, knowing the cable’s ac
parameters, this could be simulated.

Most Spice-based simulators have trans-
mission line models available but, to minimise
transient simulation times, their default set-
tings use a minimum of only two sampling
points along the cable. This produces poor
results with short cable lengths at audio fre-
quencies. Also, the supplied small signal trans-
mission line model is much simplified.

By overriding these defaults and forcing a
slower simulation, acceptable results are
obtainable. Many loudspeaker impedance
plots show an inductively rising impedance
above 10kHz. Thus, each of the twelve cables
tested has been simulated using both 4.7€2 and
8.2Q2 resistive loads and a series combination
of these resistances with 100pH, Fig, 8.

Most — but not all —domestic amplifiers are

protected against reactive loads by a low-value
inductor in series with their output. To cover
all reasonable options, the above load combi-
nations were simulated with and without a
series inductance of 1pH and 10Q damping
resistor, Fig. 9.

These simulations were all made at 10kHz
since, with these values, it represents a worst-
case frequency. Regardless of the cable, only
small changes in relative phase could be ob-
served, Table 1.

In summary

The intention of these experiments was to
quantify the effects of cable characteristics on
amplifier speaker systems, rather than to
choose a ‘best buy’. This determined the
cables chosen for test.

My use of coaxial cables as speaker cables
is not new. Indeed, extremely low-impedance
specialist Mogami speaker coaxial cable was
reviewed by Nelson Pass® in his 1980 article.

However, these experiments would be in-
complete without forming at least a ranking of
cable performance. This ranking was un-
weighted, taken from simple addition of place
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numbers for each test. Although various test
weightings could be used, regardless of this,
the first four placings are unlikely to change,
Table 2.

These rankings were supported by listening
tests. However, for the reasons outlined in my
first article, listening tests were performed
only as the concluding test, long after com-
pletion of all published tables or figures, and
with this text at the final editing stage.

Regardless of these results, users of Naim
and similar amplifiers not having an output
inductor must use the maker’s recommended
cable and cable length, since the cable func-
tions to replace the output inductor in pro-
tecting their amplifiers.

For all conventional inductor output ampli-
fiers, the ideal speaker cable would have zero
resistance, zero inductance and zero imped-
ance. In other words, zero length — no cable at
all®, since all cable degradations increase with
cable length.

It is obvious from the results presented that
a cable should have the lowest possible dc
resistance, low characteristic impedance at
audio frequencies, and minimal inductance.

0.15m of 42 strand

Table 2. Summary of cable rankings by each test performed. Final ranking derived using equal weighting for all tests. All cables 4.98m long.

A, B & C are CLIFF screw
terminals with 19mm spacing

Signal [T| Priving

[}

generator | amplifier

A & B are CLIFF screw
terminals with 19mm spacing

T

Cable under test

4.9m length Sy
g Circuit C. Loss test set-up.

Circuit A CircuitB Z Inductance  DCQ Loss Phasechange THD Overall
Coaxial styles
75Q Cat.500 8 8 9 7 8 7 5 5 8
75Q CT100 7 = 8 6 7 6 6 = =B
50Q RGS8C/U 10 10 6 4 11 2 3 = =5
50Q URM67 3 3 4 3 1 1 4 1 3
3mm Mark 1 2 2 1 2 3 = 1 5 2
3mm Mark 2 1 1 2 1 2 = 2 = 1
Figure-of-8 styles
2192Y ‘Bell' Wire 12 12 10 10 12 1 9 10 11
42-strand 9 9 11 11 = g 1 11 10
42-strand modified 11 11 12 12 - i2 12 12 12
79-strand 6 =6 7 9 “ 10 10 8 9
2mm twin special 5 5 5 8 6 8 8 9 7
Supra Ply 2.0 4 4 3 5 5 5 7 7 4
0.15m of 42 strand 0.15m of 42 strand
8R2 100nx2 3R9 j
Signal [™ Driving Test
generator || amplifier j(? Il w3 ‘%_jf’r amplifier }‘"‘7
A, B & C are CLIFF screw . ]
terminals with 19mm spacing Cable under test 0.15m of 42 strand 0.15m of 42 strand
4.9m length
Circuit A. Resonance test set-up. Input of the test 8R2 j
ifier i j j Signal [ Driving [o——"WWW\ o o+ Test
amplifier is grounded via a 4.7kQ resistor. cemor | | ampter c A i_ SipifinT }4&(?

Cable under test
4.9m length

Circuit B. Resistance test sef-up
includes an 8.2Q0 HSA25 series
resistor. This resistor was chosen since
it has constant impedance to 20kHz.
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Voice-coil driver effects

cones,

Using my tone-burst generator with a Maplin amplifier and an oscilloscope, | tested my
available speaker drivers, some of which were 159, and a mixture of long- and short-fravel

In general, smaller, lighter cones produced less cable overhang voltage. Size for size,
shorttravel cones produced less than long-travel cones. Similarly, 15Q drivers produced
less overhang voltage than BQ drivers, which praduced less than 4Q drivers, Fig. 10.

| was able fo compere voice coil impedances quite easily. The bass driver in my two-way
fransmission line system is an ancient Whitely Stentorian HF10Q16. This has duplicated voice
coils, and s designed to easily configure and be used as 4, 8 or 15Q impedances.

Configured as BQ | can use the spare voice coil as a cone-travel sensor, giving most infer-
esting results when viewed on an oscilloscope, Fig. 11

Is it possible that cables are now considered so important due to the change to lower
impedance, longravel speaker drivers over the years2

These characteristics are almost impossible to
achieve using twin-line or figure-of-eight con-
structions without incurring considerable cable
self-capacitance. They are much more readily
achieved using the coaxial construction and
with acceptable capacitance,

Other frequently discussed parameters, such
as sections of individual wire strands and
cable insulation material, may well have some
relevance, but these tests indicate that they are
of secondary importance.

One obvious disadvantage of coaxial speak-
er cables having dense outer braids is cable
end preparation and termination. It is impor-
tant to avoid damaging any braid wire strands
when stripping back, since this would sub-
stantially increase distortion levels, However,
a dense braid is extremely effective in reduc-
ing cable pickup into the amplifier’s feedback
loop.

As to the test results table, with one excep-
tion, the cables segregated automatically into
distinct performance groups — coaxial and
non-coaxial. Five of the six coaxial cables
were outstanding compared to all but one of
the non-coaxial constructions tested — includ-
ing the hand-made, 2mm twin-line special,
Table 2. Of the non-coaxial styles, the Jen-
ving Supra Ply 2.0) was the exception, per-
forming well and coming fourth overall?
Table 2.

By far the best cable of those tested is the
custom made Mark I, followed closely by the
Mark 1. Neither of these is commercially
available in cut lengths but they could be spe-
cially ordered in bulk, or further copies could
be hand-made, as were my originals.

Both the Mark | and the Mark 2 are flexi-
ble, very low resistance and — being less than

Cables sources

Initially, | decided that oll test cables
should be obtainable either from:
Electrovalue or Maplin. | bought URMé&7,
CT100, 42-strand, 79-strand, and 300Q
feeder from Maplin, while the RG58 was
purchased from Electrovalue. Supra Ply
2.0 came from Future Film
Developments!® however, and the Bell
Wire and Cat 500 from local suppliers.

6mm in diameter — easily installed. Mark 2
has 19 strands of 0.45mm inner wire insulated
with polythene with an outside diameter of
3mm. Its outer braid is 240 strands of
0.127mm diameter. Heat shrink sleeve pro-
vided overall insulation.

Mk I is identical, except for its 37 strands of
0.32mm inner core. Designers interested in the
materials used should send an sae to me via
Electronics World's editorial offices.

When these tests commenced, | decided to
use only cables easily purchased in cut lengths
so that my results could be easily replicated.
However, in order to understand some early
results, | needed to measure a cable having
lower impedance at audio frequencies than
URME67, but I was unable to buy it. I certain-
ly didn’t expect that my crude hand-made
cables would perform as they did (see panel
on sources of cables used for test).

Of those cables commercially available in
cut lengths, the URMG67 performs extremely
well, coming a close third overall. It is obvi-
ously by far the best commercial cable of
those tested. However, being 10.3mm in diam-
eter with a solid polythene core and a very
dense braid, it is inflexible. It could almost be
used as a car tow rope.

A not-so-close fourth, the Jenving Supra Ply
2.0, is a specialised, relatively low-cost, high-
capacitance cable, available from Jenving's
UK agent'? only in multiples of 10m. In direct
contrast with URMG7, it is much smaller and,
being extremely flexible, drapes well. It is eas-
ily installed and hidden from sight.

Following closely on the Supra Ply’s heels
is a tie for fifth place between the 75 satellite
tv cable CT100 and the 50 instrument cable
RG58, both ranking equally well overall.
However, depending on your needs, you may
prefer to down-rank RG58 due to its poorer
performance in the resonance and resistive cir-
cuit tests and for its high de resistance.

CT100 and Cat 500 cables are both of larg-
er diameter than RGS8. They have a second-
ary inner copper-foil shield which could
fatigue and crack with repetitive coiling and
uncoiling, so they should only be used for
permanent installations,

Once more, I ask that anyone wishing to
shoot these findings down in flames should
first repeat the experiments.

Cobbler’s shoes

After all these time-consuming experiments,
you may wonder which brand of expensive
speaker cable I use. My listening room has the
the ‘golden’ dimensions of 6.7 by 4.6 by
2.9m, and needs cables somewhat longer than
those tested.

My relatively low-cost system, based on
Acoustic Research electronics with corner
hom speakers® crossing over at 250Hz, was
cabled almost 30 years ago using the old-style
7 by 0.029in twin and earth ring mains cable
buried in the plaster. I used this for no better
reason than that I had plenty left over. I guess
its only other merit is a cross-sectional area of
more than 3mm, giving reasonably low resis-
tance at the lengths needed. Since my corner
horns are 15£2 impedance, it seemed accept-
able.

Will | change this cable?

During these experiments [ too, like Saul trav-
elling to Damascus, have revised some views
and intend to further develop Mark 2 for my
own use. This design is now covered by Pat.
No 9624876. [ |
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One c-mos gate pack
can form the heart of a
frequency meter, a
step-down switching
regulator or a
negative-supply
generator, explains
Rae Perdla.

here are many applications for the 4011
c-mos two-input-nand gate — other than

just gating. This article presents three
such circuits, namely a step-down regulator, a
negative-voltage switching regulator, and a
frequency measuring circuit.

Step-down regulator

Operating principle of a typical step-down
regulator is shown in Fig. 1. Semiconductor
switch §; is usually controlled by a pulse
width modulator, or pwm.

While the switch is on, current flows
through inductor L to the output.
Simultaneously, magnetic energy in the induc-
tor increases. Diode D stays in its reverse
state. When the switch turns off, the inductor
discharges its magnetic energy giving a cur-
rent to the output. Diode D now becomes for-
ward biased, providing path for current flow.

The on-to-off time ratio of the switch is con-
trolled by the pwm circuit. This circuit com-
pares output voltage, V,,, to reference voltage
Vier and changes the on-to-off ratio accord-
ingly.

Figure 2 is a practical step-down circuit
using 4011. It makes a new regulated output
voltage V,, from a regulated +8 to +15V
input voltage. Gates A and B work as an oscil-
lator giving an asymmetrical 40kHz square

S
Input voltage V,, o—o—¢

Vaer—>| PWM (e

ares

open

wave, Fig. 3. Gate C controls the switching
transistor, which is a BS250 p-type enhance-
ment mode mosfet. This same gate inverts the
oscillator output voltage, presenting the tran-
sistor control voltage Vg as in Fig. 3. The
control voltage has long negative pulses inter-
spersed with short intervals. The transistor
conducts during the negative pulses.

Gate D regulates the output voltage. Its out-
put is high when V,,, is beneath the adjusted
value. The high state activates gate C, which
can now control the switching transistor,
When the adjusted output voltage is reached,
gate D output goes low, stopping gate C,
which remains in the high state. The switching
transistor has no control voltage and remains
off.

The regulating circuit operates using the
‘missing pulse’ principle. It provides pulses
when the output voltage is low and ceases
pulsing when the output voltage is sufficient-
ly high.

Qutput voltage is adjusted via the 470kQ
potentiometer. Usable output voltage range of
the circuit is 0.5 1o 0.9 of V;,,. The circuit can
be loaded to 100mA.

Negative voltage regulator
A negative voltage switching regulator is pre-
sented in Fig. 4. Gates A and B form an oscil-

Output voitage Vi

Fig. 1. Switching converter
simplified. On and off times
of switch S, invariably a
semiconductor switch, are

82p
4k7  1N4148
L
150k 1N4148
Gate A Gate B
L ¢
4011 4011

Regulated input voltage

controlled by a pulse-width
modulator.

Fig. 2. Step-down switcher.
Output is between 0.5 and
0.9 of V;,. Loads to 100mA
are handled.

Gate D
?oktDj

4011

_ Regulated output voltage
" Vou=05-0.9Vin

el

lator, giving a symmetrical square wave volt-
age. Gate C controls the BS250 switching
transistor.

During the transistor on time, current flows
through the inductor, charging the magnetic
energy within it. The magnetic energy dis-
charges while the transistor is off through the
diode, producing a negative voltage at the out-
put.

Gate C regulates the output voltage. When
the output voltage is too low, the regulating
input voltage of gate C is high and the oscil-
lator voltage controls the gate C output and
therefore the transistor.

When the output voltage reaches the desired
negative value, the regulating input goes low
and it stops the output of gate C leaving it in
its high state. The transistor stays off until the
output voltage goes below its adjusted value.

This circuit requires an input voltage of +8V
to +15V, which can be unregulated. A regu-
lated 45V input acts as a reference voltage.

Frequency measurement on a dvm
A digital voltmeter can be used for frequency
measurements to IMHz using the circuit in
Fig. 5. The frequency to be measured connects
to the input of gate A. This input is biased
with 330k resistors to half the supply volt-
age. This allows low input voltages to change
the output of gate A. Figure 6 shows the gate
voltages. Output voltage of gate A changes
each time the input voltage passes the half
supply voltage threshold.

Gate A controls gates B and C. Gate B has a
delay capacitor in its output. Figure 6 shows

25us

Oscillator
output
voltage \‘ H
Mosfet M i
control
voltage ‘ ‘
Vas J

Fig. 3.
Asymmetrical
oscillator gates A
and B of Fig. 2 runs
at about 40kHz.
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Vpp =6V

Transform your PC .

into a digital oscilloscope, spectrum analyser, frequency
meter, voltmeter, data logger . . for as little as £49.00

82p Fig. 4. Negative supply
ik from a positive input.
150K Input voltage Again, gates A and B are
i B-15V 45V :,Bgulated an asymmetrical
Gate A 2 Gate C = oscillator. Gate C
‘>4 Ok .
BS250 < de'lermmes whether
4011 4011 e nssi7 1 Regulated dn?fe p-ufses pass to the
¢ onegative  swifching fransistor.
l voltage
100”'1 120p

Fig. 5. Direct reading frequency

meter, capable of measuring to
1MHz in three ranges, uses a
digital voltmeter for display.

Gate D

DVM

100k I!DUH ”‘!"'

the gate B output voltage, which is reversed
and delayed relative to gate A’s output, One
input of gate C is fed with the output voltage
of gate A and in the other input the delayed
voltage from gate B. Output of gate C com-
prises a negative pulse with a duration equal to
the the time it takes for gate B to falling from

its high state to its low state. Pulses from gate
B are then inverted in gate D. These pulses are
always similar in shape, independent of the
amplitude and shape of the original input volt-
age.

The mean value of gate D’s output voltage
can then be measured by a digital voltmeter

DIGITAL DESIGN

with its 200mV or 2V dc voltage range select-
ed. The meter reading can be adjusted by the
100k<2 potentiometer so that the voltage read-
ing directly represents the unknown capaci-
tance.

Capacitance measuring ranges are selected
by the switch, which connects a suitable
capacitor to gate B’s output. The 100pF
capacitor should be a trimmer so that gate C’s
input capacitance can be compensated for. ®

Input voltage i
Output, gate A J |
Output, gate B 1\ - ) //_

Output, gate C _Ll U
Qutput, gate D _I—l H

Fig. 6. Frequency meter waveforms. Top is the
ac input, which is biased toward the
switching point of the logic gate. In this way,
the gate switches at a significantly lower input
voltage than would otherwise be needed.

Pico Technology specialises only in the development of PC based data acquisition

instrumentation. Call for your guide on ‘Virtual Instrumentation’.

Virtual Instrumentation Data Logging

Pico's PC based oscilloscopes simply plug into the
parallel port turning your PC into a fully featured
oscilloscope, spectrum analyser and meter.

Windows and DOS software supplied.

ADE-700 Dual Channel 12 bit resolution
The ADC-100 offers both a high sampling rate 100kHz and a
high resolution. Flexible input ranges (+50mV to +20V) make
the unit ideal for audio, automotive and education use.

ADE-700 with PicoLog £219

ADE-200 Digital Storage Oscilloscope
50 MSPS Dual Channel Digital Storage Scope

AD@-100 £199

HADE 200-20 £359.00
ADE 200-50 £499.00

Both units are supplied with cables, power supply & manuals.

Pico Technology Ltd. Broadway House, 149-151 St Neots Rd, Hardwick, Cambridge. CB3 7QJ UK
Tel: + 44 (0)1954 211716 Fax: + 44 (0)1954 211880 E-mail: post@picotech.co.uk Web: http://www.picotech.co.uk/

Phone or FAX for sales, ordering information, data sheets, technical support. All prices exclusive of VAT

25 MHz Spectrum Analyser
Windows or DOS environment

+50mV to +20V
W =’

Multimeter

20 MSPS also available
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TC-08 £199

" s complete with serial cable
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ADE-70 £49 with PicoLog £59

Pico’s range of PC based data logging products
enable you to easily measure, display and record
temperature, pressure and voltage signals.

TC-08 Thermocouple to PC Converter
® Supplied with PicoLog software for advanced
temperature processing, min/max detechon and alarm.

@ No power supply required.

TC-08 £224 with cal. Cen.

Call for free demo disk——— —
and product range catalogue
Post & Packing UK £3.50, Export
customers add £9 for carriage & insurance.

The ADC-10 supplied
with PicoScope gives
your computer a single
channel of analog input.
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OVERLOAD
matters

Doug Self takes
a look at the
complex subject
of preamplifier
overload, and
how to handle it.

ere was no room in my Preamp 96 article for a
proper discussion of the overload behaviour of
RIAA preamp stages.! Like noise performance,

the issue is considerably complicated by both cartridge
characteristics and the RIAA equalisation.

There are some inflexible limits to the signal level
possible on vinyl disc, and they impose maxima on the
signal that a cartridge can reproduce. The absolute

value of these limits may not be precisely defined, but
they set the way in which maximum levels vary with
frequency, and this is perhaps of even greater impor-
tance.

Figure 1a shows the physical groove amplitudes
that can be put onto a disc. From subsonic up to about
1kHz, groove amplitude is the constraint. If the side-
ways excursion is too great, the spacing will need to
be increased to prevent one groove breaking into
another, and playing time will be reduced. From about
1kHz to ultrasonic, the limit is groove velocity rather
than amplitude. If the cutter head tries to move side-
ways too quickly compared with its forward motion,
the back facets of the cutter destroy the groove that
has just been cut by the forward edges.

At replay time, there is a third restriction — that of
stylus acceleration or, to put it another way, groove
curvature. This sets a limit on how well a stylus of a
given size can track the groove. Allowing for this at
cutting time puts an extra limit on signal level, shown
by the dotted line in Fig. 1a.

The severity of this restriction depends on the stylus
shape. An old-fashioned spherical type with a tip
diameter of 0.0007in requires a roll-off of maximum
levels from 2kHz, while a relatively modern elliptical
type with 0.0002in effective diameter postpones the
problem to about 8kHz.2

Thus there are at least three limits on the signal
level. The distribution of amplitude with frequency for
the original signal is unlikely to mimic this, because
there is almost always more energy at If than hf.
Therefore the hf can be boosted to overcome surface
noise without overload problems, and this is done by
applying the inverse of the familiar RIAA replay
equalisation.

Moving-magnet and moving-coil cartridges both
operate by the relative motion of conductors and mag-
netic field, so the voltage produced is proportional to
rate of change of flux. The cartridge is sensitive to
velocity rather than to amplitude (and so sensitivity is
always expressed in millivolts per cm/s) and this gives
a frequency response rising steadily at 6dB/octave
across the whole audio band. Therefore, a maximal
signal from disc (Fig. 1a) would give a cartridge out-
put like Fig. 1b —i.e., 1a tilted upwards.

Figure 1c shows the RIAA replay equalisation
curve. The shelf in the middle corresponds with 1a,
while an extra time constant at 50Hz limits the amount
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of If boost applied to warps and rumbles. The
‘IEC amendment’ is an extra roll-off at 20Hz,
(shown dotted) to further reduce subsonics.
When RIAA equalisation 1c is applied to car-
tridge output 1b, the result will look like Fig.
1d, with the maximum amplitudes occurring
around 1-2kHz.

Amplitude

limited \A

(@)

(c)

Clearly, the overload performance of an
RIAA input can only be assessed by driving it
with an inverse-RIAA equalised signal, rising
at 6dB/octave except around the middle shelf.
My Precision preamp *96 has an input over-
load margin referred to SmV rms of 36dB
across most of the audio band, i.e., 315mV

Velocity
limited

¥

v > | Accler.
D limited

(b) 7

(d)

(e)

10 20: 50
Hertz

500 1k 2k 20k
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rms at 1kHz. The margin is still 36dB at
100Hz, but due to the RIAA low-frequency
boost this is only 30mV rms in absolute terms.

The final complication is that preamplifier
output capability almost always varies with
frequency. In Preamp ’96, the effects have
been kept small. The output overload margin
voltage — and hence input margin — falls to
+33dB at 20kHz. This is due to the heavy
capacitive loading of both the main RIAA
feedback path and the pole-correcting RC net-
work (Rp425 and Cyp). This could be elimi-
nated by using an op-amp with greater load-
driving capabilities, if you can find one with
the low noise of a 5534.

The overload capability of Preamp 96 is also
reduced to 31dB in the bottom octave 10-
20Hz, because the IEC amendment is imple-
mented in the second stage. The If signal is
fully amplified by the first stage, then attenu-
ated by the deliberately slow initial roll-off of
the subsonic filter.

Such audio impropriety always carries a
penalty in headroom as the signal will clip
before it is attenuated. This is the price paid
for an accurate IEC amendment set by
polyester caps in the second stage, as opposed
to the usual method of putting a small elec-
trolytic in the first-stage feedback path, rather
than the 220pF used. Alternative input archi-
tectures that put flat amplification before an
RIAA stage suffer much more severely from
this kind of headroom restriction.?

These extra preamp limitations on output
level are shown at Fig.le, and, comparing 1d,
it appears they are almost irrelevant because of
the falloff in possible input levels at each end
of the audio band. [

References

1. Self, D., ‘Precision preamplifier '96°,
Electronics World, July/Aug and Sept 1996.

2. Holman, T., ‘Dynamic range requirements of
phonographic preamplifiers’, Audio, July 1977,
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Fig. 1a). Restrictions on the level put onto a
vinyl disc. The extra limit of groove curvature
— stylus acceleration — is shown dotted.
Fig.1b). Response of a moving-coil or moving-
magnet cartridge to a signal following the
maximum contour in Fig. 1a).

Fig. 1¢). The RIAA replay curve. The IEC
amendment is an extra roll-off at low
frequency, shown dotted.

Fig. 1d). The combination of b) and c).

Fig. 1e). RIAA preamp output limitations. The
high-frequency restriction is very common
and is often much worse in discrete
preamplifier stages with poor load-driving
capabilities.
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Programmable logic
primer

In this first article based on his new designer’s handbook -
‘FPGAs and programmable logic’, Geoff Bostock provides and
introduction to standard logic families.

ate. This is a device which operates on two or more

logic signals to give an output which is defined by a

logic operator. The standard logic operators are And, Or and
Invert, which only acts on one signal.

There are two classical logic families — ttl, which uses a
non-final 5V supply, and 4000-series c-mos, which can work
from a supply of between 3V and 15V. In recent years, the
4000 series has been largely superseded by the HC high-
speed c-mos family. A logic low signal is usually defined as
being close to OV, or ground, while a logic high signal
normally sits close to the supply voltage, V.., or at least
above half V..

An And function is defined as only giving a high output
when all the inputs are high; the Or function has a high
output when any one of its inputs is high. The Invert function
changes a logic signal from high to low, or vice versa. These
functions may be written down as logic equations as follows:

The primary building block of logic circuits is the logic
g

And function: Y=A*B*C or Y=A&B&C
Or function: Y=A+B+C or Y=A#B#C
Invert function: Y=/A or Y=!A

Alternative notations exist because different logic compilers
have adopted different conventions. Using **’, *+" and */’ for
logic clashes with their more familiar use as arithmetic
operators in programming languages. For the remainder of
this article, I will use ‘&’, ‘#' and *!".

Figure 1 shows an alternative way of showing logic
relationships — the truth table. The symbol ‘H’ represents
logic high, sometimes replaced by ‘1°, while ‘L’ stands for
logic low, with ‘0’ as an alternative. The symbol ‘X’
represents don't care; the logic level can be high or low.

These three operators form the basis of all possible logic
circuits. For example, the exclusive-Or gate has a low output
if its two inputs are the same, but high if they are different.
Its logic operator is written as Y=A$B or, sometimes
Y=A:+:B. It is logically equivalent to Y=A&!B#! A&B.

These logic functions may also be represented
diagrammatically. Standard gate symbols are shown in Fig.
2; as well as And, Or, and Invert, gates with the functions
Nand and Nor are also depicted. The NAND function is an
And followed by an Invert, Nor is Or followed by Invert; a
small bubble on an output, or an input, signifies an inversion.

The exclusive-Or symbol, and its equivalent logic circuit,
are drawn in Fig. 3.

Sequential logic

Output of a gate does not depend on the order in which the
signals are applied. If both inputs of a two-input And gate are
low, the output will also be low; if A goes high before B, or
if B goes high before A, the result will be the same — two
highs on the inputs yield a high on the output.

DIGITAL DESIGN

A B C i A B C h A Y
1 1 1 H 1 X X H 1 H
0 X X L X 1 X H 0 L
X 0 X L X X 1 H
X X 0 L 0 0 0 L
AND OR INVERT

Fig. 1. Logic function truth tables.
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Fig. 3. Exclusive-Or symbol and its equivalent circuit.
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Consider Fig. 4. If input LE is high, the output, Q, will be
the same as input D, This is because the output of the lower
And gate is low — irrespective of D. Suppose that LE is now
taken low; the upper gate now has a low output so Q will
follow the output of the lower gate. If D was high when LE
went low, Q was also high, so the lower gate was high and Q
will stay high. Conversely, if D was low, Q will stay low,

This function is known as a latch. While LE is high, the
latch is transparent and Q follows D; when LE is low, the
level of D when LE went low is latched into Q. Output of the
circuit depends on the sequence in which the signals are
applied, hence the term sequential circuit.

Figure 5 shows two latches in series, with the LE signal
inverted between them. When the first latch is transparent,
the second is latched, and vice versa. A signal applied to D,
will appear at D; while LE; is high, but will not be
transmitted to Q until CLK goes low, sending LE; high. At
this time, LE1 goes low and locks out any changes on Dy. It
appears that the signal on Dy is sent through to Q as CLK
changes from high to low. This is the principle of the master-
slave flip-flop or D-type flip-flop.

Practical logic circuits

Devices containing one or more gates, latches or flip-flops form
the basis of the standard logic families. Circuit designers can
use these integrated circuits to build up more complex functions
by interconnecting these ssi, or small-scale integration, devices
on a printed-circuit board. However, the device manufacturers
anticipated these requirements by producing medium-scale
integration, or msi, parts containing many of the standard circuit
functions which can be built from gates and flip-flops.

A typical combinatorial msi function is a one-to-eight line
decoder/demultiplexer. The circuit diagram for this function is
shown in Fig. 6. The logic levels on the three address inputs
represent a binary number in the range 000, (0y) to 1115 (79).
The logic level on the data/enable input is transmitted to the
output selected by the input address. The truth table for this
function is shown in Table 1.

Similarly, msi functions can be built from sequential
elements. Figure 7 illustrates this point with the circuit of a
four-bit shift register. Data on the inputs is loaded into the flip-
flops when the shift/load signal is low and there is a low-to-high
clock transition. When shift/load is high, the data is moved one
place to the right on a clock edge. This circuit can form the
basis of some arithmetic functions, or it may be used in
communications to change the data format from parallel to
serial or vice versa.

A different type of flip-flop, the J-K flip-flop, is used in the
counter circuit in Fig. 8. A J-K flip-flop behaves like a D-type
when the J and K inputs are complementary, but if both are
high, the output changes from high to low, or low to high, the
so-called toggle function. If both are low, no change occurs on
a clock edge; the output data is unchanged, the hold condition,
As long as the count enable, CE, and reset inputs are held high,
the counter function will increment by one on each clock
transition.

Taking the reset low makes every output low, resetting the
counter to binary 0000,. Reset is an asynchronous function
which is built into some flip-flops; it operates independently
from the clock and allows the flip-flop to be put into a known
condition. Some flip-flops also include an asynchronous set
input which puts the output high.

Operation of the counter may be described by a state diagram.
Each combination of output levels corresponds to a binary
number from 0000, (0yp) to 11115 (15;¢), and represents a
distinct state of the counter. Figure 9 shows the counter state
diagram. Each state is represented by a circle containing the
output levels in that state. The arrows are labelled with the logic
inputs which enable the jumps between states. A recursive
arrow means that there is no jump and gives the hold
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condition for that state. ; : ) cE B o= 5 =
The CE must be true for counting 1o proceed: if CE is .

false, the counter holds its present state.

Many sequential functions are best described by a state
diagram, just as combinatorial functions are often defined in
a truth table. "

=—1Ryp s cE
Up & CE

In the next article, Geoff takes a more in-depth look at
programmable logic elements.

Designing
power supplies

RCIY Fuutley describes an In this version of the full-wave rectifier, the

bridge rectifier is simplified to two diodes,

easy-to-use PI‘OCEdUI‘e but the transformer needs a centre tap,
for de si gﬂil’l g reliuble which becomes the ground connection.

sia Alternating voltage is applied to rectifier

full-wuve rechflers Of the diodes Dy ; where it is rectified and the output

- smoothed by reservoir capacitor C.
cen?re fﬂPPEd secondary Fundamental frequency of the ripple voltage
va ﬂEl’Y.

is twice that of the supply frequency.
Resistance R, represents the source of the sup-
ply and V. is the voltage across the whole of
the secondary winding.

This article is derived from Geoff Bostock’s new
book ‘FPGAs and programmable LS| - a Down
designer's handbook'. This work covers & CE
designing FPGAs, large PAL structures, RAM o 2 =
and antifuse-based FPGAs and FPGA CE E
selection. Comprising 215
pages, this book is
available by sending a
postal order or cheque with
a request for the book to
Electronics World,
Quadrant House, The
Quadrant, Sutton, Surrey
HANDEOOK SM2 5AS. The fully-

CaL T inclusive price is £27.50
=) ’J UK, £30 Europe or £33 rest
of world. Alternatively, fax
your full credit card details
and address on 0181 652
8956 or e-mail
jackie.lowe@rbp.co.uk.

- Up & CE Down

B\ T

Geoff Bostock

punnb o baih b EALAMAL

-

Fig. 9. Four-bit counter state diagram.

Design procedure

1) Specify required de output voltage at full
load Eqgc(ioag) (V).

2) Specify required maximum load current
Lic(load) (A).

3) Specify maximum voltage ripple
acceptable Vg (V).

4) Specify the ac mains supply voltage
Vpri{rrns) (V).

5) Specify the frequency of the mains
supply{(l—lz), .

MultiRouter is "the best Autorouter that | have seen costing less than £10,000!” R.H. - (Willingham, UK) 6) Determine the value of the equivalent

8) Determine a value for source resistance

Shape based, Multi-pass,
Shove-aside, Rip-up and Re-try
Technology

i 100% routed 140 Components on
‘ a 210mm x 150mm board in less
than 10 minutes! (75MHz Pentium)

e 100% Completion where other

e MultiRouter uses the latest 32 bit,
5 i J

il

(o)

load resistance Ry :

R, = Edr
o i

de{load |

where Ey. is the design value of the dc
output voltage. It is the required voltage
across the load, Eye(oaq). added to the
voltage drop across one of the diodes.
As the voltage drop across the diodes
occurs only while they are conducting,
and they conduct alternately, the
effective drop is that of just one diode.

of the supply, R;. If the mains
transformer winding resistances are
known — and it rarely is - refer to step 8
in the design preocedure the the
full-wave rectifier (September 1996
issue) for the method of evaluating R,
Otherwise, assume that R, is about 5%
of Ry. Then for low resistance loads:

e R, x5 o 0.9

: 100 I

o

For high resistance loads, where the
transformer winding resistance

= = 1 .
| L) autorouters fail Eoc=EaetondViee predor;matses.
: %
I- lb\ 1 4 On’y £295! Could Eas"y Pay For i - ? :;-’hzfﬁ Vma g{}c drop across the rectifier R = {’D(}
= oA | i - = I Full-wave rectification using a transformer iode) is 0.9V, so:
LASY-PC-Pit I Fl Hel 15,535, 19 %65 I8 Oic 450ix Zog L STURER.PCE Il Itsel f on Th e First P rOJ ect! with centre tap needs two fewer diodes than 9) Calculate the ratio of R, to R as a
the full-wave bridge rectifier. R = Eectonsy +0.9 percentage:
. [d{fioﬂrfl
. D Rg & ! R
j Il information. ! S —£ % 100%
Number one syStems White; fax, phons ar emall for fu 1 + r_ 7) Determine average current through each R,
UK/EEC: Ref: WW, Harding Way, St.lves, Cambridgeshire, ENGLAND, PE17 4WR. email: sales@numberone.com Vsac(me) c T Euiﬂc'ad? §HL diode. Half the average current, /,, will
Telephone UK: 01480 461778 (7 lines) Fax: 01480 494042 International +44 1480 461778/494042 ms) [ i AN flow through each diode, 10) Determine percentage ripple voltage
USA: Ref: WW, 126 Smith Creek Drive, Los Gatos, CA 95030 Vol (rms) from the specified maximum ripple and
Telephone/Fax: (408) 395-0249 | D I=Tac(10aay/2 the dc output voltage:
CIRCLENO. 121 ON REPLY CARLD
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Table 1. Finding the value for X. Table 2. Finding the Value of Y

Table 2 continued.

Rs/RL%

15 20 25 30 35 40
056 054 051 049 047 046
056 054 051 049 047 046
056 054 051 049 047 046
056 054 051 049 048 046
057 054 051 050 048 046
057 054 051 050 048 046
057 055 052 050 048 046
058 055 052 050 048 047
058 055 053 051 049 047
059 056 053 051 049 047
060 057 055 052 050 048
063 059 056 053 051 049
064 060 057 054 052 050
065 061 058 055 052 050
066 062 059 055 053 051
067 063 060 056 054 052
068 063 060 056 054 052
068 064 060 057 054 052
068 064 060 057 054 052
069 064 060 057 054 052
069 065 061 058 055 052
069 065 061 058 055 052
070 065 061 058 055 053
070 065 061 058 055 053
070 065 061 058 055 053
070 065 061 058 055 053
070 065 061 058 055 053
070 065 061 058 055 053
070 065 061 058 055 053
070 065 061 058 055 053
070 065 061 058 055 053
070 066 061 058 055 058

22) Determine rms ripple current feqys),

V% RgRA% % IR
01 B L 30 S8 (AL 006 01 05 10 2 4 6 8 10 125
Q1 371 74D 708 645 Gi4 5831 483 o1 064 064 064 063 062 061 060 057 057 056
02, 981 268 Do8 Tek, A e 483 02 064 064 064 063 062 062 060 058 057 057
03 25 A7 A7 218 2@ 4} 158 03 064 064 064 063 063 062 081 059 058 057
G4 795 183 177 162 158 14 120 04 064 064 064 063 063 062 061 060 058 058
GE 464 4R @ A28 deal Wi 2 05 065 064 064 063 063 062 061 060 059 058
0B " Jeg 108 144778 A0EL B, 06 065 065 064 064 064 063 062 060 059 058
07 11070100 102 DS RO RFeaT.L 69 07 066 065 065 065 064 063 062 061 060 059
0.6 o7 0t OB DLl 02 08 066 066 066 065 065 064 063 062 060 059
(g B8 L IBSNTAENEN S 05 067 086 066 066 065 064 063 062 061 060
1GATTR: S0 71 HRE B2 [EBAE e 10 068 068 067 067 066 065 064 063 062 061
A L IR {5 o072 071 070 070 069 068 067 065 064 062
N6 | RS R oA L Ig2 1 S21 TR0 D 20 076 076 076 076 075 073 071 070 067 085
4 S TR L T A »& 077 077 077 077 076 074 072 071 068 066
LA R s0 079 078 078 078 077 075 073 072 069 068
80 A9 12 o2 MG S0 40 082 082 080 079 079 078 075 073 071 069
T 106 101389 | SRS SlE Al 50 085 085 084 084 08 08 077 075 073 070
L L e N i R 50 086 086 08 08 084 080 077 075 073 070
9.0 80 77 75 TO BT Bl 70 088 08 08 08 085 08 078 075 074 071
100 173, 70 B 84 Bt e o 80 089 088 087 08 08 08 078 076 074 071
20; 29 28 AT 25 28 ied 2o g0 090 090 088 08 08 08 079 076 074 072
B0/ A8 T RE | 9y | LRl 1 10 092 091 090 089 088 084 08 077 075 072
40, 09708408, D3 108 08 D7 15 095 093 091 09 08 08 080 077 075 072
20 096 095 094 092 090 08 08 078 075 073
55 095 096 095 093 090 08 08 078 075 073
v 30 007 09 095 083 091 08 082 078 076 073
V.% =—""- % 100% 40 098 097 096 093 091 08 08 078 076 073
detload 50 098 098 09 094 091 08 08 079 076 073
\ 60 098 098 096 094 091 08 08 079 076 073
11) From the figures in Table 1, determine 70 099 099 096 084 09 08 082 079 076 073
the value of X required to provide the 80 099 083 096 084 091 086 08 079 076 073
percentage ripple voltage, V,.% in step 90 099 099 097 094 091 08 082 078 076 O ;g
10) above, for (R/Ry )% calculated in 9). 100 099 099 097 094 09of 08 08 079 076 O
' A ' 200 10 099 097 094 091 08 08 079 076 073
12) Caleulate reservoir capacitor C, required 300 10 099 097 09 091 08 08 079 076 073
to provide the ripple voltage Viqms) j000 10 099 097 095 091 08 08 079 076 073
from:
X(10°)uF
= _ Q707X Ey Thus find {ipegk=loXW.
; Y 20) Determine initial swich-on current I,

The term used for frequency is f and not
2f (the ripple frequency in a full-wave
centre-tap rectifier circuit being twice

Voltage Viee(rms) is only half the required
secondary voltage of the transformer,
which has a centre-tapped winding. So

the supply frequency) because the the total secondary winding will be:

figures in Table 1 allow for the
difference.

13) Find the nearest standard (or available)
value for the reservoir capacitor C. close
to (preferably just above) the value
calculated in step 12). If the value of the
capacitor is different from that in 12),
call it C; and determine a new value for
X (call it X;) from:

Vsec(nns)-o" Vsec(rm.'i)
16) Determine the peak voltage (or PIV,

peak inverse voltage) that each of the
rectifier diodes must withstand.

PIV=2x Vse:(peak}=2 xV 2% Vﬁcc(l—“ls)
=2828 VSCCU"{T[S}

The factor 2 occurs because each
rectifier diode has both halves of the

X1=20fCiRy. secondary winding in series applied in
with C in pF, alternate half cycles.
17) Find the value for Z from Table 3 for 2X
X, = M (or 2X,), where X was found in step 11),
10° or X, in step 13), and for (Ry2Ry)%.
14) From the figures in Table 2 determine The value for (Ry/R )% was found in
the value of ¥ for X in step 11), or X in step 9).
step 13), and (RJ/Ry )% in step 9). BTl

15) Determine the transformer secondary
voltage Viee(rms) required, from the value
for ¥ in step 14):

18) From the value of Z found in step 17),
determine current through each rectifier
diode:

Limsy=1XZ

19) Determine recurrent peak current Jipeay;
through each rectifier diode. From the
figures in Table 4 for 2X (or 2X,) and
(RSJ’ERL]% fll'ld W‘ which is f(pcak)uw

E

et [

- de
Vse\:tnm! '\';2 %Y

where Ey.= Edc{load}"‘ Viec

As C (or C)) will be initially discharged,
the load on the rectifier diodes will be
nearly a short-circuit at the instant of
switch-on, limited only by the source
resistance R;. Then:

i o V:in:c{ peak)

i R

4

This very high current flows for only a
very short time, but the rectifier diodes
must be capable of withstanding it. If
suitable devices with such high pulse
ratings are not available, source
resistance R, must be increased by
adding an external resistor Ry, between
the rectifier and the reservoir capacitor
C. or C}. The value of Rey to limit the
switch-on current to an acceptable lower
value [y is determined in step 28).

21) Decide on a suitable rectifier diode type
to be used. The device must have all its
ratings equal to, or greater than, the
following:

PIV or 2X VSBC(pE?ﬂ(} (SOmE[imCS VRR\'“)
see step 16)

Initial switch-on current of [y,
(sometimes [psmT), See step 20)

Average current or [, (sometimes
I avy)s see step 7)
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flowing through reservoir capacitor C

(or Cy):

!r(nm-) = \J 2( !:Ju} = (I:f;;;d_]j

for Isms), see step 18), and for Lyc(ioad).
see step 2).

23) Decide on the specification for the
reservoir capacitor to be used. The
capacitor must have ratings equal to, or
greater than, the following:

Capacitance C (or C)) see step 12) or
13)

DC working voltage Viecpeak), Step 16)
Ripple current /o). step 22)

24) Total transformer secondary current
Iirms) is the same as the current through
each diode, Iy, i.€. Lijms=rms:

25) Transformer VA (or volt-amp) rating
Ty for each half of the secondary
winding is: Veee(rmsy*lyms) S0 total VA,
Ty A=2%Viecqrmsy¥lirms)- This determines
the size of the transformer.

26) Transformer requirements are:

Volt-amp rating Ty 4, see step 25)
Primary winding Viyi(mg), step 4)

Secondary winding Viee(rmsy~0—Viec(rms)s

50 60
0.44 0.40
0.44 0.40
0.44 0.40
0.44 0.40
0.44 0.41
0.44 0.41
0.44 0.41
0.44 0.41
0.45 0.41
0.45 0.42
0.45 0.42
0.46 0.43
047 0.43
0.47 0.43
0.47 0.44
0.48 0.44
0.48 0.44
0.48 0.44
0.48 0.44
0.48 0.44
0.48 0.44
0.48 0.44
0.49 0.44
0.49 0.45
0.49 045
0.49 0.45
0.49 0.45
0.49 0.45
0.49 0.45
049 045
0.49 0.45
0.49 0.45
see step 15)

70

0.38
0.38
0.38
0.38
0.38
0.38
0.39
0.39
0.40
0.40
0.41
0.41
0.41
0.4
0.42
0.42
042
0.42
0.42
0.43
0.43
0.43
043
0.43
043
0.43
0.43
0.43
0.43
043

0.43

80

0.35
0.35
0.36
0.36
0.36
0.36
0.37
0.38
0.38
0.38
0.38
0.38
0.38
0.38
0.38
0.39
0.39
0.39
0.39
0.39
0.39
0.39
0.39
0.39
0.39
0.39
0.40
0.40
0.40
0.40
0.40

0.40

90

0.33
0.33
0.33
0.33
0.34
0.34
0.34
0.34
0.34
0.35
0.35
0.35
0.36
0.36
0.36
0.37
0.37
0.37
0.37
0.37
0.37
0.37
0.37
0.37
0.37
037
0.38
0.38
038
0.38
0.38

0.38

Secondary current /i), step 24)

Table 3. Finding the value for Z.

2Xx Rg/2R %
0.02 0.05
1 1.80 1.80
2 2.03 202
3 219 217
4 232 230
5 243 240
6 250 248
7 258 253
8 266 263
9 273 270
10 280 278
20 330 3.20
30 364 350
40 391 372
50 408 387
60 423 397
70 435 403
80 445 410
90 452 418
100 462 423
200 503 460
300 520 479
400 535 486
500 545 4.90
600 551 493
700 560 496
BOO 567 4.98
900 570 4.99
1000 575 5.00

01
1.79
2.0
2.16
2.28
2.36
2.46
2.51
2.61
2.68
275
3.17
3.40
355
3.68
3.78
387
3.94
3.98
4.02
4.27
4.33
4.37
4.38
4.38
4.39
439
4.39
4.39

0.2
1.79
2.00
2.14
2.26
232
2.44
2.49
2.60
2.66
273
3.15
3.29
3.40
3.48
3.55
3.60
3.65
3.67
3.69
3.86
3.88
3.88
3.89
3.89
3.90
3.90
3.90
3.90

100
0.32
0.32
0.32
0.32
0.32
0.32
0.32
0.33
0.33
0.33
0.33
0.33
0.34
0.34
0.34
0.35
0.35
0.35
0.35
0.35
0.35
0.35
0.35
0.35
0.35
0.35
0.35
0.35
0.35
035
0.35

0.36

0.5
1.79
1.99
213
2.24
2.27
242
247
2.58
2.64
270
2.83
3.05
3.13
322
325
327
3.30
3.31
3.32
3.37
3.38
3.38
3.38
3.39
3.39
3.39
3.39
3.39
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27) When a suitable transformer has been
chosen, measure resistance of half of the
total secondary winding and the

resistance of the primary winding. If the
measured source resistance:

_R. R
Rﬂm} = ?&‘ + N # R"_‘,
is less than R calculated in step 8), then
an external resistor:

RexFRs_Rs(rn)

must be added, see step 28), to limit I,
to the value found in 20). For low
resistance loads, it is unlikely that any
external resistance will be necessary as
the diode resistance R, will tend to
limit the switch-on current rather than
the resistance of the transformer
windings.

28) If an external resistor R, was found

necessary in step 20) or 27) to be fitted
between the rectifiers and reservoir
capacitor C (or C)) to limit the switch-
on current to a lower level I, ), its
value will be:

V
—  secl peak)
Rm' i I v R.\r

on{ L)

29) Power dissipated in Ry, (if used) is

given by:
P=[1 t(rmsjz]XRexl

A suitable resistor should have a power
rating of about twice the value of P, for

reliable operation.
30) If an external resistor R, is used the
regulation of the supply can be

1.0 2 5 10 30 100
178 137 AFr 1573 170, 1.68
198 197 19 183 177 167

211 210 203 195 179 1.867
222 217 208 198 180 168
223 219 210 201 1.82 168
240 228 213 204 183 168
245 231 216 205 1.84 1.68
250 235 217 206 184 168
257 238 218 207 185 168
262 240 219 208 186 168
282 253 226 212 188 168
289 259 230 215 1.9¢ 168
292 262 232 216 190 168
293 264 2833 217 191 168
294 266 235 218 191 1.68
295 267 236 218 181 1.68
296 268 236 218 191 168
297, AeB 237y 248 18T (LeR
298 269 237 219 191 168
3,00 269 238 219 191 168
8300 269 238 219 191 168
300 270 238 219 191 1868
3.00 270 239 219 191 168
300 270 233 219, 1.91 1.66
301 270 239 219 191 168
301 270 289 213 191 168
301 270 233 213 191 168
801 270 239 2149 181 168
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improved by the addition of a shorting-
out device as recommended for the
bridge rectifier circuit in the September
issue.

Putting the procedure to work

Now for the worked example. A supply of
1200V at 0.5A is required for a valve rf
power amplifier. An acceptable ripple on the
supply would be 12V rms.

l) Edc(load)= ].200V
2) Idc(]oad)=0.5A
3] Vr(,-ms)= 12Vrms
4) Virims=240Vrms
5) f=50Hz
6) | E; . Edclfoad) + V;ec
= =
Idrtfmd)

I defload)

As Vo is only 0.9V it can be ignored.
So,

R, =2 =129 000
Idt‘{!mn’} 0.5
? g, =tumn 05 _ 4554
G S
8) , _2400x5_ .
9) P
X 100% = 220 % 100% = 5%
; 2400
10

V:'{mu')
V.% = —"1m x 100%
‘de{load )

=a x100% = 1%
200

11) Find the value of X for V% and
(RJRy )%, i.e.

Table 4. Finding the value for W.
2X  Rg/Au%
0.02 005 0.1 0.2 0.5

370 370 370 364 362
460 457 455 453 4.52
550 540 533 530 520
620 617 6.13 6.10 6.00
730 695 690 685 6.80
800 790 770 760 750
870 855 850 830 810
960 950 935 9.00 850
103 980 960 950 910
10.9 107 105 101 9.50
160 150 144 13.0 111
197 180 163 143 117
219" S2008 S ATE T 120
237 208 i82r 152 122
249 2114 185 154 123
259 214 189 156 124
287 L 218, gas HGy - 42
27.5 222 1958 158 125
100 285 225 a8y 159 125
200 305 230 200 163 126
300 31.6 233 205 169 127
400 328 235 208 170 127
bOD =833, 2318 200 A 2.8
600 338 240 211 172 128
700 342 245 212 173 129
800 344 249 214 174 129
900 . 3450 258 218 7S 430
1000 347 270 216 176 130

PO B WS s ©ENDO B WM =
883888883

V%=1 and LY. 5
‘R.L
from Table 1 is found to be 62.
12 ._xao) . 62x10°
2R, & 21 x 50 x 2400
=82.2uF
13) To obtain a high enough voltage rating
for the reservoir capacitor, four
capacitors connected in series are
necessary. Four 330uF, 385V working-
voltage capacitors would be suitable A
resistor of about 100k (2W rating)
should be connected across each of the

Mg

four capacitors to equalise the dc voltage

across each capacitor.

14) From Table 2, the value of Y for X and
(RJ/Ry )%, i.e. X=62 and (RJ/Ry )%=5, is
found to be 0.84.

15) _0.707xE, _ 0.707x1200
Seetim) Y 0.84
=1010V,,

Total secondary winding will be:
Veea(rms)-0-Vsec(rms) Of 1010V-0-1010V.

16) PIV=2.828Vep(rms=2.828x1010=2856V

17) From step 11), X = 62 and from step 9),

(RJ/2R;)%=>5. Find the value of Z for 2X

and for (Ry/2Ry )%, i.e.
2X=2x62=

which from Table 3 is found to be 2.64.

18) From step 17), Z=2.64 and from step 7),

1,=0.25A, so,
Lmey=IoxZ=2.64x0.25=0.66A
19) From step11), X=62 and from step 9),

1.0 2 5 10 30 100

360 360 359 358 357 346
450 428 420 408 372 351

510 5.00 467 433 400 355
598 545 520 4985 405 357
675 651 560 500 410 362

7.30 690 584 509 419 363
782 730 600 510 422 364
820 769 615 514 423 364
855 772 623 521 425 365
864 7.74 630 528 426 366
944 7.83 647 529 427 366
960 7.92 650 531 427 3.66
964 801 651 533 428 366
970 810 651 534 428 366
977 812 651 534 429 366
984 814 651 534 429 366
980 816 651 534 430 366
993 818 651 6534 430 366
996 819 652 535 431 366
100 819 652 6536 431 367
100 820 653 538 432 367
10.0 820 654 540 432 367
100 820 655 542 433 368
101 820 656 544 433 368
101 820 657 546 433 369
101 820 658 548 433 369
101 820 659 552 433 370
101 820 660 556 433 370

(Ry/Ry)%=5 so the value of W for 2X
and (Ry/2R; )%, where 2X=124 and
(RJ2R; )%=2.5, from Table 4 is found to
be 7.92. As a result,

Iipeak=IoxW=0.25%7.92=1.98

20) I = Vwc(peuk} ]414":“("«‘}
on Rp Rs
. 1.414 x1010 ~11.94
120

21) Diode ratings required are,
P]V( VRR MT)=285 6V

Ion(Upsmm)=11.9A
I, }:(ave))={].25A

To obtain a PIV of 2856V it would be
necessary to wire three BYX38-1200
diodes in series for each of the two
diodes required.

22)

I

of rm;)

2]2 Ijrtfmn‘)

=+2%0.66% - 0.5
=+/2%0.4356-0.25
=4/0.6212 =0.794

23) Reservoir capacitor ratings required are,
C=82.2uF
Vsec(peaky=Vide(wkgy=Y2X1010=1428V
Ripple current /¢ (;mg=0.79A

Four capacitors in series of 330uF, each
with a working voltage of 385V dc
would be suitable. To ensure that a
quarter of the output voltage appears
across each capacitor, a 100k€2, 3W
resistor should be wired across each of
them.

24) Il(rms)="!'rn5=0'66A

25) Transformer VA
=2XVsectrms)i(rms)
=2x1010x0.66
=1333.2VA

26) Mains transformer ratings required are,

TV A= 1333VA
Primary winding Viyi(ms=240V rms

Secondary winding Veee(rms)
=1010V-0-1010V

Secondary current Iyym,g=0.66A

Previous articles in this power-supply
design series covered the full-wave bridge
rectifier, September 1996 issue, and the half-
wave single-diode rectifier, December 1996
issue. A subsequent article will deal with the
voltage doubler. [
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HISTORY

With the competition for
the first patent in
wireless telegraphy won
by Marconi, a new race
began to emerge, to
develop radio
transmissions info a
widely used medium of
communication. Few
guessed that it would
result in the explosion of
radio as we now know
it. By Tom Ivall and
Peter Willis

David Sarnoff, who, in 1916, elaborated on
Lodge’s early suggestion for broadcasting and
outlined the main technical features of the
domestic receiver, or “radio music box” as he
called it. Then a manager at the American
Marconi Company, he rose to become chair-
man of its successor, RCA. He is seen here on
a visit to London in or about 1925.

Making continuous

VWAVES

arconi may have secured the
world’s first patent on wireless
telegraphy (Electronics World, June

1996) but others were already working on
similar systems.

Braun in Germany, for instance, inventor of
the cathode-ray oscillograph, developed a
spark transmitter in 1898 and had it in service
for short-range marine communication by
1900, Later, he and Marconi were to share the
1909 Nobel Prize for Physics in recognition of
their radio work.

Braun and some business partners formed a
wireless company called Telebraun, though
this soon became a subsidiary of Siemens. At
about the same time, two other German pio-
neers, Slaby and von Arco, supported by
AEG, had set up a competing firm, Funken-
telegraphie. In 1903, these two enterprises
merged to form Gesellschaft fiir Drahtlose

Telegraphie and the result was the Telcfunke_n
system, a formidable rival to that of Marconi.
By 1905, it had built more than 500 stations.

Meanwhile, in the USA, Fessenden and de
Forest, separately, and the partnerships of
Branly-Popp in France and Lodge-Muirhead
in the UK, were also developing and operating
spark transmitter systems of wireless telegrg-
phy. All were striving for greater communi-
cation ranges through more highly powered
transmissions and more sensitive receivers.
They also wanted much better selectivity, to
allow multi-station working without mutual
interference.

One way to get more radiated power from a
spark transmitter was to increase the oscilla-
tory energy in the LCR circuit containing the
spark gap. To do this, each high-voltage pulse
had to get as much charge as possible into the
capacitor. But the induction coil was restrict-
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Picture courtesy Barratts

Part of a rotary spark transmitter at Poldhu,
Cornwall, as seen, it is claimed, while actually
fransmitting news of Britain’s declaration of
war on Germany in 1914.

ed as a generator because it could inject only
short-duration pulses of charge into a low-
value capacitor.

So for higher-power transmission the induc-
tion coil was soon replaced by the engine-
driven alternator, with an output of several
kilovolts, plus a step-up transformer providing
the necessary tens of kilovolts. This would
produce as many as ten sparks, and hence
damped wave-trains, per cycle of the alterna-
tor output.

As well as producing bigger charges, the
alternator system could be designed to gener-
ate a relatively high spark frequency, thereby
shortening the interval between wave-trains
and increasing the average oscillatory energy,
And this would give a musical note in receiv-
er headphones which was more easily heard
through static (atmospheric) interference than
the rasping sounds produced by induction
coils.

Radiated power was also increased by tighter
inductive coupling between the oscillator and
aerial circuits. But to achieve this, the spark
had to be quenched rapidly, otherwise the
interaction between the coupled circuits would
cause beating and radiation on two component
frequencies. This spark quenching also had the
advantage of reducing arcing in fixed spark
gaps. Rotary spark gaps or dischargers, driven
from the alternator shafts, had the double pur-
pose of preventing arcing and producing very
regular, audible wave-train frequencies.

In the receiver, the coherer was too insensi-
tive for long-range working and was difficult
to operate. New detection techniques were
invented and put into use, including anti-
coherers, electrolytic and thermal principles,
magnetic effects in an iron or steel medium,
and rectification at contacts between crystals
or between metals and crystals. Magnetic de-
tectors proved robust in operation and were
widely used.

In 1904, Fleming invented the thermionic
diode, based of course on the Edison Effect,

- !
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which had been known since the late 19th cen-
tury. The diode, however, did not immediate-
ly supersede the earlier devices but was used
as a standby detector. Two years later, de
Forest put in a third electrode, the grid, and
produced the thermionic triode, or Audion as
he called it. It was intended as a triggering
form of detector but was not particularly suc-
cessful as such. Only after years of develop-
ment, on the device itself and on circuit appli-
cations, did the triode become really useful —
but as an amplifier and oscillator. Subs-
equently, the non-linear parts of the amplifier
characteristic were used for detection.

Even the earliest improvements in transmit-
ters and receivers produced good operating
results. The most dramatic was Marconi sig-
nalling across the Atlantic in 1901-02. Apart
from the commercial implications, this sup-
ported early ideas of a reflecting layer and
Heaviside’s and Kennelly's 1902 prediction of
the ionosphere, though the existence of the
various layers was not fully confirmed till the
1920s. Transatlantic wireless telegraphy was
also achieved by Fessenden, between Brant
Rock, Massachusetts, and Macrihanish, Scot-
land, in 1906, and the following year Marconi
started a full commercial service with stations
at Clifden, Ireland, and Glace Bay, Canada.

By this time, radio was already well estab-

HISTORY

B L

lished for marine communications. It had
started in 1897 with fixed links such as those
between the mainland and islands, lighthous-
es, lightships and moored vessels, and pro-
gressed to mobile communications with small
ships such as ferries. The use of Morse code
was universal.

During the first five years of the new centu-
ry, large passenger vessels and warships were
being equipped, and by 1911 wireless was
compulsory on all ocean-going liners. In this
first decade, several thousand lives were saved
at sea through the use of radio.

Even before the wireless telegraph was fully
established as a universal service, engineers
were thinking about wireless telephony. They
knew they needed continuous waves in place
of damped wave-trains, and a means of mod-
ulating them with voice frequencies.

A short-lived proposal was to speed up the
spark repetition rate to something above audi-
ble frequencies. But this idea was soon over-
taken by two techniques which proved suc-
cessful for nearly a decade, before the arrival
of the triode valve oscillator made them obso-
lete. These were the multipole tf alternator,
developed by Tesla and Alexanderson, and the
Poulsen oscillatory arc, based on Duddell’s
‘singing arc’ of 1900. The arc conduction pro-
cess in hydrogen gas interacts with a series LC
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Picture courtesy Marconi

HISTORY

Music recital in 1922 from the 2LO broadcasting studio in London. Miss Olive Sturgess sings
into a carbon-granule telephony hand microphone fixed in a laboratory-style clamp, raised to
the required height on a decorative pot stand. Also singing is Mr John Huntingdon, while the

accompanist in spats is Mr R Stanton Jefferies.

circuit shunted across the electrodes, so that
the dc flowing through the arc varies in a peri-
odic manner at rf.

The alternator, typically working at 30kHz,
was the more stable and controllable genera-
tor, while the arc was smaller and cheaper.
But both had the problem that they couldn’t be
voice-modulated at low level — the carbon
granule microphone had to be inserted in the
rf power circuits, either directly in series or by
inductive coupling. This, of course, limited the
rf power that could be generated and hence the
transmitter range.

Nevertheless, in 1902 voice transmission
was achieved, by Fessenden, and in 1906 de-
monstrations of radiotelephony were given
almost simultaneously in the USA, Germany
and Denmark. The advantages of voice com-
munications over telegraphic signals were
quickly recognised, particularly by the armed
forces, and warships were the first to be
equipped.

Civil applications were not far behind, and
these were not limited to speech communica-
tion. After music had been transmitted on an rf
alternator system in 1906 and Caruso had
sung over a radio-telephone in 1910, thought-
ful people began to realise that the new tech-
nology could do somewhat more than convey
messages from point to point. After all, music
concerts and lectures had already been dis-
tributed to subscribers over wired systems, the
precursors of cable radio, in the 1890s.

Under the stimulus of the 1914-18 World
War, the high-vacuum triode valve was devel-
oped into a robust and reliable device, capable
of being manufactured in quantity. It now had
a good amplification factor and, as a result of

Meissner’s 1913 positive feedback circuit in-
vention, had emerged as a new means of gen-
erating continuous oscillations, though at low
frequencies.

Radio-telephone transmitters using valve
oscillators began to appear. In 1913-14,
speech and music were transmitted from Mar-
coni House in London, and in 1915 the Atlan-
tic was spanned by speech from a naval sta-

tion at Arlington, USA, to the Eiffel Tower in
Paris.

Triode valves were also coming into re-
ceivers, The idea of cascading several valve
stages to give higher amplification appeared
about 1912, Then Armstrong and others show-
ed how the positive feedback principle could
be used to reinforce the signal and improve
selectivity — the technique of regenerative
amplification, later called reaction. Fessenden
had demonstrated the heterodyne principle in
1902 (already discovered acoustically as beats
or ‘resultant tones’ by the 18th-century musi-
cian Tartini) and this eventually resulted in
Armstrong’s famous invention of the super-
sonic heterodyne or superhet receiver.

The wideband fm which Armstrong eventu-
ally developed in the 1930s was the outcome
of his and others’ early studies of the ever-pre-
sent static interference on am radiotelephony.

So thermionic valves became the basis of
radio-telephony. The extension of point-to-
point radio-telephony into broadcasting, al-
ready foreshadowed by the isolated experi-
ments mentioned above, came about almost
accidentally. Oliver Lodge was the first to
suggest the idea of messages being ‘broadcast
to receivers in all directions’, in 1907. Then in
1916 an employee of the American Marconi
Company, David Sarnoff, not only predicted
broadcasting more firmly but suggested its
main elements: transmitting stations and what
he called a “radio music box™ for the home.

“This device must be arranged to receive on
several wavelengths with the throw of a
switch or the pressing of a button,” said Sar-
noff. “The radio music box can be supplied
with amplifying tubes and a loudspeaking tele-
phone, all of which can be neatly mounted in
a box.”

The plan was still under consideration when

The North American end of Marconi’s transatlantic radio-telegraphy link was at Glace Bay, Nova
Scotia. This signed memento shows operator L R Johnstone transmitting the inaugural message in
October 1907, when the commercial service started.
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the USA entered the World War in 1917,
After the war, American Marconi was merged
with General Electric at the insistence of the
US government, which required wholly US
ownership. The resulting company, with a rich
crop of wireless patents to exploit, was the
Radio Corporation of America (RCA), and
Samnoff was eventually to become its chair-
man,

Regular broadcasting actually started from
the US station KDKA in Pittsburg. In 1919,
Westinghouse, while testing the range of a
radio-telephone transmitter, decided to play
some gramophone records of music as an
alternative to speech. By this time, wireless
enthusiasts were building crystal sets. Many of
them liked what they heard and wrote to the
company asking for more.

As a result, and after a well appreciated
broadcast of election results, Westinghouse
started regular programmes in 1920, with the
idea that KDKA would create a market for
radio components and receivers — which in
fact it did. In the same year, regular broadcasts
began in Europe from The Hague.

In the UK, the accidental birth of broad-
casting came about in a similar way. At the
Marconi company, the standard method of
range-lesting transmitters was to read out the
names of railway stations from timetables.
These were eagerly received by numerous
amateur enthusiasts on home-built sets, To
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High-quality circuit boards for Douglas Self’s precision preamplifier 96

Features of Douglas Self's precision preamplifier

@ Very low noise and distortion.
accuracy.

sensitivity.
@ Three 150mV line inputs.

@ Tape-monitor switch.
@® Active-balance control.

interchannel matching.

® CD input sensitivity 1V rms.

® Moving-coil - sensitivity switchable 0.1 or 0.5mV, £0.05dB RIAA

@ Moving-magnet input with +0.05dB RIAA accuracy, 5V rms

® One dedicated compactdisc input.

® Tone control - switch defeatable - with +10dB range.
® Tone control treble and bass frequencies variable over 10:1 range.
® Active volume control for optimal noise/headroom and enhanced

@ Intelligent relay muting on outputs.

HISTORY

the cheerful informality of its amateur enter-
tainments immediately endeared it to its lis-
teners. Transmission, initially on 700m and
later on 400m, was from a 250ft-long four-
wire aerial at a height of 110ft,

A second permit quickly led to another sta-
tion, the more famous 2LO, being established
at Marconi House, London. Transmissions,
still nominally demonstrations, were permitted
first at 100W then later at 1.5kW for one hour
daily on 360m.

Before 1922 was out, this had become the
British Broadcasting Company, set up at the
Post Office’s instigation by a consortium of
manufacturers including Marconi. Revenue
came from a 10% levy on all receivers sold,
plus half of the 10-shilling (50p) receiver
licence.

Regional stations were set up quickly. The
2LO London station was reconstituted as pur-
pose-built studios at 2 Savoy Hill and a 6kW
transmitter on the roof of Selfridge’s depart-
ment store,

The BBC parted company from the set-mak-
ers in 1926 and in 1927 became a public-ser-
vice organisation, established under Royal
Charter as the British Broadcasting Cor-
poration,

Throughout all this, spark transmissions con-
tinued to be allowed and were not internation-
ally prohibited until 1940. |
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CIRCUIT IDEAS

Do you have
an original
circuit idea for
publication?
We are giving
£100 cash for
the month’s
top design.
Additional
authors will
receive £35
cash for each
circuit idea
published. We
are looking
for ingenuity
in the use of
modern
components.

ESI-JJAWINNER

WIN A TTI PROGRAMMABLE
BENCH MULTIMETER

“High accuracy, resolution and bandwidth -
performance beyond the capability of hand-helds”

Tl e PROOE AN F R TIMETER

This high-performance bench
multimeter could be yours in
exchange for a good idea.
Featuring a dual display, the
4.5digit 1705 multimeter
resolves down to 10pV,
10mQ and 0.1pA and has a
basic dec accuracy of 0.04%.
Frequency measured is 10Hz
to 120kHz with an accuracy
of 0.01% and resolution to
0.01Hz. Capacitor and true
rms measurements are G[SO
featured.

Recognising the importance
of a good idea, Thurlby
Thandar Instruments will be
givin? away one of these
excellent instruments once
every six months. This
incentive is in addition to our
monthly £100 ‘best circuit
idea’ award and £25
awards for each circuit

published.

Loop aerial cuts through the noise

To allow the reception of long
and medium waves in an
environment polluted with
computers and television
receivers, this loop aerial and its

amplifier, working with a Im
square maximum loop, reduce
noise to the background level of
the bands,

The business end of the circuit

Ry
220R
Ls
1 RE Cy 1mH
100n
N 56R
2 V¥V I
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7 EL2001 output

Loop aerial and this fet-input
amplifier cut out noise from
other equipment in the

broadcast bands. Circuit has a

large dynamic range; adjust loop
size to give required sensitivity.

is formed by the input

“transformer and fet source

follower; at long- and medium-
wave frequencies, fets show low
noise figures at 10kQ source
impedance. Transistor Tr,
bootstraps out the gate/drain
capacitance of Tr,, the
gate/source capacitance being
low due to the follower
configuration.

Maximising input transformer
ratio while keeping shunt
capacitance low results from the
use of a toroid (Cirkit 55-40001
or Fair-Rite 26-43540001) with
two primary turns of audio
screened cable with the screen
grounded at one end, and 40 on
the secondary.

The op-amps form a low-noise
amplifier driving a 50Q cable and
the other components form a
phantom power supply, although
a local supply could be used, in
the 25-40V range.

J A Burnill
Camberley, Surrey
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ANCHOR SUPPLIES Ltd

The Cattle Market Depot
Nottingham NG2 3GY. UK

Telephone: +44 (0115) 986 4902/
+44 (0115) 986 4041 24hr answerphone
Fax: +44 (0115) 986 4667

Micro Video Cameras

Following our recent Readers Offer for the 721-S Micro Camera many readers have contacted us asking about
other items in our range of Micro Cameras and Security
Surveillance equipment.

We are SOLE AUTHORISED IMPORTERS of
the entire range of Cameras and Video Surveillance
equipment produced by the world’s leading manufacturer.
ALL items in the range carry a full 12 Months Guarantee.
If you would like to receive our comprehensive catalogue
of Cameras and associated equipment please send a large
SAE with 48p postage, marked “Camera Catalogue”

Here is a sample of the available stock.
A-721-S Micro Camera 32mm x 32mm ... £85 A-721-P Micro PIN-HOLE Camera ... 32mm x 32mm ... £85
A-921-S Camera with AUDIO ... 30mm x 30mm ... £95
A-1211 C/CS Mount Camera ... 110mm x 60mm x 60mm ... £110
A-521 Micro Cased Camera 43mm x 48mm x 58mm ... metal cased ...£120
6001-A High Resolution COLOUR Cameras (420 lines) ... 0.45 lux ... £210
Outdoor Camera Housings ... Aluminium ... £45 Camera Mounting Brackets ... Universal Mounting ... £5.95
Camera Switchers ... for up to 8 Cameras ... £85
Auto Record Controllers ... Alloew NORMAL VHS Videos to operate
like professional Time Lapse or Security Recorders ... £75
QUAD-1 Multi Vision Processors ... Digital Freeze ... Quad Pictures etc £275
QUAD-2 Full COLOUR QUAD version of QUAD-1 ... £695
SCI ... SCANNER ... 350° PAN ... Automatic / Manual ... £105
IRA ... Infra Red Illuminator for “Total Darkness Surveillance” ... 20m range ... £125
VMS-1 .. Video Motion Sensor ... replaced alarm sensors with totally electronic video monitoring system
that detects changes in the video signal .. £175
C/CS Format lenses ... Premium 3.6mm = £22.50  Superior 8mm = £27.50

PLEASE NOTE:
AS A CONTINUED SPECIAL OFFER ALL THE ABOVE CAMERA AND ACCESSORY PRICES INCLUDE VAT AND CARRIAGE TO UK ADDRESSES

SPECIAL OFFER

VHS Video Players.. Front Loading VHS
Decks..12V operation. Rear Panel 2.6mm DC socket
for power. Play.. FF.RW..Stop Controls with the
addition of REPEAT facility which allows the tape
to be rewound and replayed time and time again.
Video / Audio Outputs via Phono Sockets

New and Boxed 14" COLOUR MONITORS. Models
1412 24V DC operation @ 2.2A..Twin Composite Video
Inputs (750hm BNC) Black steel case...Supplied with a

pair of trailing leads for DC connections. Very easy to
convert to 240V operation by adding a 240V / 24V supply
either internally or externally. 30 Day Warranty.

NEW CONDITION
Circuit Diagram available..request at time of ordering AS-NEW Condition..
ONLY £125.00 INCL VAT ONLY £75 INCL VAT

(Courier delivery to UK addresses = £8.75)

Courier delivery to UK addresses = £12.25)

OPEN 6 DAYS A WEEK
Mon-Fri 9am-6pm Sat 8am-4pm
NO APPOINTMENTS NEEDED. CALLERS ALWAYS WELCOME
e All Prices are Ex VAT & Carriage
VISA All items are Fully Tested with Verified Calibration
1= ) and carry our Unique 30 Day Un-Conditional Warranty
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Dala bus

CIRCUIT IDEAS

One transistor fm microphone

Condansar 'I

gis sapI
2p2

150R

unning from two penlight cells, this sensitive fm
microphone has a transmission range of around 6m.
Lengthening the antenna could increase this to 30m.
Due to Ly, the BF494 transistor oscillates in addition
to amplifying the signal from the piezo microphone,
Once the circuit is operational, tune an fm radio
around100MHz until the noise quiets,
R ] Gorkhali
Kathmandu
India

In this fm microphone, one transistor doubles as an
audio amplifier and transmitter oscillator.

Addrass bus
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In this example, part of a circuit for write protecting memory in 386 systems, /C50
enables the eprom, /CS1 enables the ram and /C56 defines the write-protect
address range.

1OE
MWE

Write protect for 386EX architectures

In system designs using an embedded processor, it is often
useful to include a ‘write-protect” circuit for part of the
read/write memory. This may be 1o safeguard
configuration parameters, or simply for debug purposes.

However, it is difficult to predict exactly which areas of
ram will need to be protected, and ideally the protected
area should be configurable by software, so the design can
be problematic.

This circuit is a mechanism for a versatile write-protect
system which may be implemented in almost any design
using the Intel 386EX processor. It can often be included
without adding to the component count.

Intel's 386EX processor includes a powerful chip select
unit (csu) which may be programmed to provide fully
decoded address blocks for memory or i/o devices; it has
seven independent outputs, so most designs will not need
to use them all.

In addition, the csu allows more than one output Lo be
active during any bus cycle, although this would normally
be avoided to prevent address-decode clashes. It is
therefore a simple matter to gate the processor’s /WR line
with a spare csu output before feeding it to the memory
subsystem. This csu output is then programmed to be
active only when a block of ram which is to be write
protected is simultaneously addressed (in the normal way)
by a different csu output.

The write protected area may then be set to cover any
memory address range, subject only to the limitations of
the csu itself, and it may be enabled, disabled and
reprogrammed entirely by software.

The current version of the 386EX (the "B’ step) has a
number of deficiencies, one of which is an insufficient
address hold time after /WR is removed. A common
method of overcoming this problem is to use a PAL to
foreshorten the /WR pulse, often in conjunction with a
simple state machine to track the processor “T" states.
Feeding a spare csu output into this PAL is then a
convenient way of implementing the write protect
mechanism described above.

The diagram shows a simplified extract from a circuit
which embodies this function, Na doubt the scheme could
be adapted 1o suit other processors which include a similar
chip-select unit,

Roy Bunce
Blandford Forum
Dorset
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COMPUTER ICS
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DUAL IN UNE DEVIGES _ . . .COUPLING SUPPLIED |

KEYTRON ICS
TEL. 01279-505543
FAX. 01279-75765
E-MAIL. keytronics@btinternet.com
PO BOX 634
BISHOPS STORTFORD
HERTFORDSHIRE CM23 2RX
hitp://www.btinternet.com/-~keytronics

MISCELLANEOUS

AAA NICADS Hi CAPACITY 360mH/HA 8 CELLPACK . ... . £3
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CERAMIC FILTERS AMS/G/M/9M/10M i iies-.. BOpea
FEED THAU' camulcwswoup}: G i s s 90881
SLB10. . .. .E8
& VOLT TELEDYNE RELAYS 2 POLE CHANGEOVER .. _£2
(BFYS) TRANSISTOR CAN 3125)
FzszzzAPLASTIG 10/t
2Nasss+2N2Naass ke ki

T4N18 TACS CAR PHONE Q"P MQDUI.E
EQUIV MHWBOBA-3 AF IN a0mW O/PE-—+Bw B40-+210mHz_ _ £3 an

BB405B, BBE0DE VARICAP DIODES | .. ... o -4 for £ oa
MONOLITHIC CEHAMIC CAPACITORS
10n SOV 2.5mm ..., P P,

100n S0V 2.5mm or anm

100n ax long leads . . - ipEeprasasys
toonsowum-gaosmnm
TEF B0V EMM . . ovaian

QUARTZ HALOGEN LAl-l-l;'S
12V 50watt LAMP TYPE M312 | . E1 sa HOLDERS 60p sn

SEND £1 STAMPS FOR CURRENT IC+ SEMI STOCK LIST -

ALSO0 AVAILABLE ON 3'/;INCH FLOPPY DISK

MAIL ORDER ONLY
MIN, CASH ORDER £10.00. OFFICIAL ORDERS WELCOME
UNIVERSITIES/COLLEGES/SCHOOLS/GOVT. DEPARTMENTS
MIN. ACCOUNT ORDER £10.00. P&P AS SHOWN IN BRACKETS (HEAVY ITEMB) OTHERWISE 85p

ADD 17':% VAT TO TOTAL
ELECTRONIC COMPONENTS BOUGHT FOR CASH
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CIRCUIT IDEAS
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Hybrid, high-voltage
audio amplifier

high-voltage audio output to drive an electrostatic
headphone comes from a double-triode stage, itself
fed by op-amps. The whole thereby combines the
robustmess of valves and the high gain of op-amps.
Common-grid drive to the triodes is the chief
peculiarity, chosen to allow the output from the op-amps
to be summed for the output and to exploit the greater
stability of the configuration over the more usual
common-cathode drive — all without loss of bandwidth.
Current sources supply triode loading and carry all the
current, the output therefore being protected against short-
circuits. Further current sources for bias avoid the need for
a split supply; trim for half the 400V on each output.
Qutput is 200V rms into 200k€2 — or greater from 1V
rms input, although gain can be altered by varying the
10kQQ feedback resistor.
Paolo Palazzi
Cervignano
Italy

High-voltage audio for headphone drive. Variations include
a differential input using the non-inverting input of the
right-hand op-amp and the use of bigger triodes, with an
adjustment in bias voltage.

Simple, time-delayed
cut-out avoids the
problem of
inadvertently draining
batteries.

Simple time-out saves batteries

The circuit described here can help you avoid the
problem of drained cells in a battery-powered device by
breaking the current off after a certain time, determined by
an RC-circuit.

The circuit is very simple, with only a few components.
Transistor Try, which breaks the battery current, is a
BS250 p-type enhancement-mode mosfet. When power is
turned on, its gate is connected to a negative potential
through Try —a BS170 n-type enhancement mosfet.

Transistor Try turns on when voltage across its gate is
positive. This voltage comes from an RC circuit formed by
capacitor C and the resistor R,. At turn on, the capacitor
has no charge. During operation, it is charged through R;.
Gate voltage of Tr> goes down as the capacitor charge

Try
BS250
5-25V o—4 {m o—
l a +1 ¢
} Sw —— 10'1
[} HL
Rl
iMm Tr.
BS170
Ry
o0— - O—

increases. When the gate voltage reaches the enhancement
value of the transistor, it switches off and can no longer
supply gate voltage to Try. Pull-up resistor R connects ifs
gate to source potential and Tr breaks the current.

The circuit is released by momentarily closing the
switch. The capacitor is discharged and Tr; has its gate
voltage again. Tr; switches to on-state and gives gate Try a
voltage, making it conductive again.

Operating voltage of the circuit ranges from 5V to 25V.
The device is well suited for use with common 9V
batteries. Operating time of the circuit is approximately
twice the time constant R,C of the circuit, component
values shown giving an on time of around a minute.
Different values of the enhancement voltage of Tr; also
influence on the operating time. Component values need to
be selected if accurate timing is needed.

Transistor BS250 has an Rpgon-value of approximately
4Q), causing a voltage drop in the circuit when loaded.
Loading current should not exceed 50mA. Larger loads
can be handled by using a more robust transistor instead of
BS250. For instance, [RF9530 can easily reach loading
currents up to 2A, if desired.

Operating time can be lengthened at any time by simply
closing the switch. The capacitor loses its charge and the
operating time is renewed to its starting value.

Rae Perili
Helsinki
Finland
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The Headphone Amplifier Box
Balanced or unbalanced microphone or line input
to headphone output

Professional portable units operating from an internal PP3
battery or external DC supply

* Precision transformerless balanced input * Bridged
headphones output drive * Sensitivity selectable over a wide
range of input levels * Low noise and distortion * High
common mode rejection * Loop through facility * Extensive
RFI protection

The Balance Box (precision mic/line amplifier ) — The
Phantom Power Box —~ The OneStop DIN rail mounting
radio frequency interference filter and voltage transient
protector for voltage and current loop signal lines

CONFORD ELECTRONICS
Conford, Liphook, Hants GU30 7QW
Information line 01428 751469 Fax 751223
E-mail contact@confordelec.co.uk
Web http://www.confordelec.co.uk/catalogue/

CIRCLE NO. 127 ON REPLY CARD

ANTRIM TRANSFORMERS LT

T TORMITDAL SIFOIRMIERS

Large standard range from 15VA to 1kVA
approved to EN60742 & AS3108

~ Custom designs to most international standards
from 10VA to 3kVA

Rapid quotation, design and prototype service
Any size production run catered for

All transformers manufactured at UK factory
allowing fast lead times at no extra cost

70V / 100V Line, valve output & low noise
audio designs available

¢ Medical designs to IEC601/BS5724 & UL544
Aemyrs / [DISTRIBUTORS BEQUIRED WORLIWIDE
Technical Sales Department, 30 Bramley Avenue
Canterbury, Kent, CT1 3XW, England

Tel: +44 (0)1227 450810

| Rimsm Mlame & Bomr 1o LAST

Fax: +44 (0)1227 764609

CIRCLE NO. [26 ON REPLY CARD

The MICRO MODULE
- ANEWLOW COST controller
., <that gives you customisation

‘FOI‘ dS little as 95 one off

or users of
PCs, 8051 &
68000

e half of it!..

P.C.'C’' STARTER PACK AT ONLY £295 + VAT
The Micro Module will reduce development time for
quick turnaraund products/projects and with the P.C.'C’
Starter pack allow you to start coding your application
immediately, all drivers and libraries are supplied as
standard along with MINGS the real time operating
system all ready to run from power on,

The 'C’ Starter pack includes: A Micro Module with 128
Kbyte SRAM, PSU, Cables, Manuals, C compiler, Debug
monitor ROM, Terminal program, Downloader, a single
copy of MINDS. Extensive example software, and free
unlimited technical suppart all for £295 + VAT,

and that’s jus

FEATURES

@ 16/32 hit 68307 CPU for fast operation
® Upto 1 Mbyte of EPROM space onboard
® Up to 512Kbyte SRAM space onboard
@ 32 Kbyte SRAM fitted as standard

@ RS232 serial with R5485 option

@ MODBUS & other protocols supported
® Up to 22 digital YO channels

® 2 timer/counter/match registers

® |'C port or Mbus & Watch dog facilities
@ Large Proto-typing area for user circuits
® Upto 5 chip selects avallable

@ Program in C, C++, Modula-2 & Assembler

® Real Time multitasking Operating System .) ‘

@ 059 or MINOS with free run time license r e Cambridge Microprocessor
aption 3 e M

® Manufacturing availabie even in low J Systems Limited

volumes Unit 1718, Zone ‘D', Cheimsford Road Ind, Est.,
Great Dunmow, Essex, UK. CME1XG
Phane 01371 875644 Fax 01371 876077

@ A full range of other Controllers available

CIRCLE NO_ 127 ON REPLY CARD

ELECTRONICS WORLD

BROADCAST MONITOR
RECEIVER 2
150kHz-30MHz

We have taken the synthesised all mode FRG8800 communi-
cations receiver and made over 30 modifications to provide a
receiver for rebroadcast purposes or checking transmitter
performance as well as being suited to communications use
and news gathering from international short wave stations.

The modifications include four additional circuit boards
providing *Rechargeable memory and clock back-up
*Balanced Audio line output *Reduced AM distortion *Buf-
fered IF output for monitoring transmitted modulation
envelope on an oscilloscope *Mains safety improvements.

The receiver is available in free standing or rack mounting
form and all the original microprocessor features are
retained. The new AM system achieves exceptionally low
distortion: THD, 200Hz-6kHz at 90% modulation —44dB, 0.6%
(originally —20dB, 10%).

*Advanced Active Aerlal 4kHz-30MHz *PPM10 in-vision PPM
and chart recorder *Twin Twin PPM Rack and Box Units
*Stabllizer frequency shifters for howl reduction *10 Outlet
Distribution Amplifier 4 *Stereo Variable Emphasis Limiter 3
*Stereo Disc Amplifiers *PPM5 hybrid, PPM9 microprocessor
and PPM8 IEC/DIN —50/+6dB drives and movements *Broad-
cast Stereo Coders.

SURREY ELECTRONICS LTD

The Forge, Lucks Green, Cranleigh
Surrey GU6 7BG
Telephone: 01483 275997 Fax: 276477
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Hands-on
Internet

Following an update on searching the net, Cyril Bateman
describes his latest Spice discoveries - among them fully working

free evaluation packages.

nternet search engines described in my past columns can

be used to locate many different information sources. They

are also frequently used for transferring computer software
programs, either by an FTP client or your Web browser.

If you know the exact file name you need, FTPSearch in
Norway can almost completely automate transfer of files for
you. However, if you do not know the file name, the main
task becomes one of file name identification.

While Archie, discussed in the April 1996 issue, can per-
form searches using wildcard characters, and Wais can also
help, many users who now rely almost totally on Web brows-
er access do not have these packages. Search engines such as
Alta Vista, using appropriate keywords, can be successful,
but correctly identifying unknown software file names can
prove difficult even for experienced Web surfers.

David Agbamu’s home page on Demon! is dedicated to
helping to solve exactly this problem. By identifying suitable
search methods and providing dedicated links, the task is
simplified. His page simply and effectively combines the
essential information covered in the relevant FAQ documents
with direct access to Internet sources — all by simply using
your Web browser. David’s section on using e-mail for file
transfers is particularly helpful, Fig. 1.

If you need to identify a UK or European Business and you
prefer to use the conventional Yellow Pages telephone direc-

Ly anosmpopas =
Power-Search
n:mc;-m PR, -
T eny ofthe fo _J';_....:‘ ch orthere i some
With the frew Power-Sararch Ponabie you ap Power-S
you surf e et Requires 8 JavaScrt capeble sush
Wb Semsch: [AFoVota [(ohoo Lycos | UF 1 elow Wb Seemh |Ewckens |
E-Muil Seevch: | Fourl1 Diseclony Sences
‘Search: | Shargweaie Com

Tap: To quickdy getto your tovourte seerch eng

< - - > = 1’:,
I

Fig. 2. Choose the most appropriate search method -
use Power-Search - a uniquely English approach to
Internet searches.

Fig. 1. A well
planned route to
Fip file name
Identification.
D [feverw Bgbamins GEmon £ uk/ME b t
= — =¥« Fig, 3. The British Library Periodicals Holding on-line
e N S} service. Deeper level searches are chargeable.
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Fig. 4. On-Line Inventors Club. Mix and Match for inventors
and manufacturers.

tory approach, Freepages.co.uk? or UK. Yellow Web? may
provide the answer. If not, a good alternative starting point
for all Web searches is Power-Search?, also on Demon. This
page gives a background description for each of the search
engines listed, permitting more logical selection as well as
direct access, Fig. 2.

Should you need to search for previously published infor-
mation, the British Library Document Supply Centre’ and
the Science Reference and Information Service hold more
than 64,000 serial publications. These comprise journals on
science, technology, business and general interest topics,
with on-line searching from the British Library Page. Having
established that your required document is in these holdings,

GILBERT MUL

— 8

=Rt

|
|

Fig. 5. Siemens
Semiconductor
Group’s extensive
model library.
Modelling from dc
to 6GHz and both
Spice and ‘S’
parameters.

Fig. 6. Download
your free evaluation

n
it can be obtained using the Lexicon easy-order service or, f:::;:}:s::::.m_
within the UK, rather more economically by request to your CapV, a well
local branch library, Fig. 3. sstib lishadt
Perhaps you have a new design or invention, but lack the B s
resources to market your idea. The Eureka ClubS, while act- i
ing as an essential support for inventors needing assistance,
also forms an on-line meeting place for designers with a new
product but no production resources and manufacturers look-
ing for their next marketable product ideas, Fig. 4.
Simulation software
Symptomatic of the explosion in the use of computer simu-
lations for electronic circuit design, the numbers and variety
of simulation software packages constantly increases. While Yt pad 5
this market remains dominated by derivatives of the Berkeley | HSPICE™ Circuit Simula
Spice 2G6 system, newer packages have emerged based on . S m oy mﬁmm
the latest Berkeley Spice 3F5 software core. | @HSFICE Features |
An interesting document by Filip Gieszczykiewicz, called Pt e S
‘Where to get Free Spice’, can be found on his page at #Other Recen! HSFICE Erhancements
Paranoia.Com’. This up-to-date but rather lengthy paper, e s
sub-divided by operating system, gives a good overview of
the low-cost Spice-based systems available.
The basic Berkeley Spice software kernel is in the public e Sihcan i ML Galbeal
domain, and therefore inexpensive. Many commercial pack- Methadelogy
ages however, being enhanced versions of the basic Spice
core, and having improved input and output systems, can be- Deap sub-micron séicon technologies, op-own design fiow Jologh . !
come quite expensive. e b ooy o s e RS Fig. 7. Serious
Spice simulations are only as accurate as the the models == —gmeaayd s:mufat:?n atan
used in the simulator. While most analogue integrated circuit Current URL:  hEtm: / /v metas z=.mowl.  appropriate price.
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Fig. 8. One of the
new-generation
simulators. It costs
nothing to try so why
not download this
software?
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- makers provide free models for
I their products, models for dis-
crete devices are generally only
' provided by the simulator soft-
ware package. Contributing sig-
nificantly to their cost is the

extended model library now
i required, since older discrete
i devices must still be supported
l while new discrete devices con-
F tinue to be added,

Spice models

- One major commercial provider

= - >« of Spice models is Symmetry®,

Fig. 9. If you are
curious about the
different variations of
the basic Spice kernel,
you should read the
‘Free SPICE’ document
and the ‘SPICE 3F2'
document’ both by
Filipg@paranoia.com.
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part of Interface Technologies.
Its SymLib library contains more
than 7500 analogue and mixed-signal devices of proven
accuracy. Should the device you need not be otherwise avail-
able, it also offers a contract modelling service. Symmetry’s
models can be purchased and downloaded from its Web
page.

Siemens Semiconductor Group? manufactures both radio
and audio-frequency discrete semiconductors. For these, the
company offers more than 17,000 files of S-Parameters for
downloading in Touchstone format, plus Spice-parameters in
Spice 2G.6 format. Details of this service, which comprises
four libraries covering both low frequency and above
100MHz package equivalent data sets, are available on its
Web page. My browser was allowed to access the page but
not allowed to FTP any files, so a dedicated FTP program
was used to download my required library, Fig. 5.

When I visited International Rectifier’s site'” in April last
year, I only found fifth-generation MosFet models, but a
recent return visit provided models also for the company’s
older generation products.

Comlinear, now part of National Semiconductor, offers
Macromodels for its signal-conditioning product line, which
can be downloaded from National's pages'!. These Spice
Macromodels are available either by individual device num-
ber or as a complete, self-extracting archive library for all
types.

Simulator engines
Spectrum Software's!? fifth-generation Micro-Cap simulator,
Micro-Cap V, unlike earlier versions, runs under Windows

and is compatible with standard Spice model libraries. Note,
however, that older S3 video card drivers and early Hewlett
Packard printer drivers may need to be updated before run-
ning Micro-Cap V. A free 1.4Mbyte student/demo version
can be downloaded from the company’s Web page. It shows
the result of simulating a Gilbert Multiplier to illustrate the
use of Micro-Cap V, Fig. 6.

The Meta-Software'? version of Spice — HSpice — claims to
be the most accurate commercial circuit simulator available,
with the MetaMOS1 (level 28) transistor model giving faster,
more accurate simulations, HSpice, which is available inte-
grated into major simulation frameworks from Cadence,
Viewlogic, Zuken and Mentor, is targeted to the design of sil-
icon integrated circuits including asics, as well as more con-
ventional circuit design needs, Fig. 7.

SIMetrix vl.1 is a Spice-based simulator with schematic
editor for Windows 3.x available from Newbury Technical'4,
A free, no-time-limit version, fully working except for user
definable menus, etc., called SIMetrix intro, can be down-
loaded from the company's page'#. While some support for
this free version is available by e-mail, those users down-
loading SIMetrix intro are advised to print out the Known
Bugs page, Fig. 8,

This month’s final Internet simulation offering is AIM-
Spice V2.0%3, also available for download in a free student
version. This package was developed to provide a more user-
friendly interface and take advantage of newer device mod-
elling. It is based on the Berkeley Spice 3.E1 kernel and fully
described in the book ‘Semiconductor Device Modelling for
VLSI', published by Prentice Hall (ISBN 0-13-805656-0),
Fig. 9.

Readers curious about the different variations of the basic
Spice kernel should read the Free Spice document and the
Spice 3F2 document’, both by Filipg@paranoia.com. m
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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 1o an industrial specification, the system was
designed for tofal reliability. The compact case houses the mother-
poard, PSU and EGA video card with single 5%" 1.2 Mb Hoppy disk
drive & integral 40Mb hard disk drive 1o the front. Real lime clock
with battery backup is provided as standard. Supplied in good used
condilien complete with enhanced keyboard, 640k + 2Mb RAM,
DOS 4.01 and 90 DAY Full Guarantee. Ready to Aun !

Orderas HIGRADE 286 DAL Y £729. 00 (&)

Optional Fitted extras: VGA graphics card £29.00
1.4Mb 3%" floppy disk drive (instead of 1.2 Mb) £19.95
\Wordperfect 6.0 for Dos - when 3%" 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 desklop unil,

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 s5AVINGS - 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 monfior wih fine
. 0.28 do! pitch tube and resolution of 1024 x 768. A
. variety of inputs allows connection 1o a host of comput-
: ers inc IBM PC's in CGA, EGA, VGA & SVGA
odes, .GOMMDDDHE&MMQM]Q&: 1200
any features; Etched
LOW RADIATION MPR

P . Fully g o, supplied in EXCEL-
condition.
Tilt & Swivel Base £4.75 Only £119 5 unsevea
VGA cable for IBM PC included.

Extemal cables for other types of computers CALL

LENT fitthe used

) Qverall dimensions are: 77%" H x 321"

Fully featured with standard simm connectors 30 & 72 gin, Supp
with keyboard, 4 Mb of RAM, SVGA monitor output, 256k cache and
mtegral 120 Mb IDE drive with single 1.44 Mb 3.5" floppy disk drive.
Fully tested and guaranteed, Fully expandable Dn&
£399.00

Many other options avalable - call for delails.

FLOPPY DISK DRIVES 3!2" - 8"
5%" or 3%" from only £18.95 !

Massive purchases of standard 5%" and 3% drives erables us lo
prasent prime product at industry beafing low prices! All units (unless
stated) are BRAND NEW or removed from often brand new equip-
mant and are fully tested, aligned and shipped to you with a 90 day
guarantee and operate from standard voltages 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
31" Mitsubishi MF355C-L. 1.4 Meg. Laptops only £25.95(B
34" Mitsublshi MF355C-D. 1.4 Meg. Non laptop £18.95(B)
5%" Teac FD-55GFR 1.2 M, }? (for IBM pc's) RFE £18.95 B!
54" Teac FD-55F-03-U 720K 40/80 (for BBC's elc) RFE  £28.95(B
51" BRAND NEW Mitsubishi MF501B 360K £22.95(B
Table top case with integral PSU for HH 54" Flopp or HD E29.95(B
8" Shugart 800/801 8" SS refurbished & tested E‘lD&UOiE
8" Shugart 810 8° 55 HH Brand New £185.00(E
8" Shugart 851 B double sided refurbished & tested £250.00(E
£275.UU{E§

Mitsubishi M2894-63 8" double sided NEW
Mitsubishi M2896-63-02U 8" DS slimline NEW £285.00(E
Dual 8" cased drives wilh integral power supply 2 Mb

HARD DISK DRIVES

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

£499.00(E)

3% FUJI FK-309-26 20mb MFM I/F RFE £59.95(C)
3%" CONNER CP2024 20 mb IDE I/F (or equiv JRFE £59.95(C
3%" CONNER CP32044 40mb IDE I/F (or equiv.)RFE £69.00(C
3%" RODIME RO30575 45mb SCSI IfF (Mac & Acorn)  £69.00(C,

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

5%" MINISCRIBE 3425 20mb MFM I/F (or equiv.) RFE ~ £49.95(C
544" 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 97548 850 Mb SCSI RFE lested 9.00(C
51" HP C3010 2 Gbyte SCS| differential RFE tested  £185.00{C
8" FUJITSU M2322K 160Mb SMD I/F RFE tesled £195.00(E

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

THE AMAZING TELEB

Converts your colour monitor into a QUALITY COLOUR TVII

TVSOUND &
VIDEO TUNER

CABLE COMPATIBLE *

The TELEBOX is an attractive fully cased mains powered unit, con-
taining all electronics ready to plug into a host of video monilors
made by makers such as MICROVITEC, ATARI, SANYO, SONY,
COMMQODORE, PHILIPS, TATUNG, AMSTRAD alc. The composite
video output will also plug directly inta mast video recorders, allom
reception of TV channels not normally receivable on most te
sion receivers® (TELEBOX MB), Push button controls on the front
panel allow reception of 8 fully tuneable 'off air' UHF colour television
channels. TELEBOX MB covers virtually all television frequencies
VHF and UHF including the HYPERBAND as used by most cable
TV operators. A compaosite video outpul is located on the rear panel
for direct connection to most makes ormonrtor or desktop computer
video systems. For complete compalibility - 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 £36.95
TELEBOX STL as ST but fitted with integral speaker £39.50
TELEBOX MB Multiband VHF/UHF/Cable/Hyperband tuner £69.95
For overseas PAL versions state 5.5 or 6 rnlfrz sound specification.
*For cable / hyperband reception Telebox MB should be connected
to a cable type service. Shipping code on all Teleboxe's is (B)

Virtually every type of power

supply you can imagine.Over
10,000 Power Supplies Ex Stock
Call for info /7 list.

sesssne
LTI ]
LA L L LY}
L]
-
-

ER SUPPLIES

Issae 13 of Display News now availab

Open Mon-Fri 9.00-5:30

Dept WW.
sae (TT1] Upper Norwood On 6BA Bus Aoute
7 LONDON SE19 3XF Solhurét Park 6R Aail Stations
-ELE[LEQ‘,”[E- Al prices for UK Mainiand, UK customers add 17.5% VAT to TOTAL o
i m accourt order £50

Universiies and Local Authorities - minimum . Cheques Carmags
it gB):'Es.su. (C)=£8.50, (D)=£12.00, (E}=£15.00, (F}=E18.00, (G)=CALL Allow approx 6 days for shipping - faster CALL. Scotiand surcharge CALL. All goods supplied
28 |Standard Condtions of guaranteed lays. Mmamummmmm.mwmwdw!wmwmm
YEARS | otiee Orders subiect to stock. Discounts for volume. Top CASH prices paid for surplus goods. All trademarks etc ackriowledged. © Display 1996. E& OE. 086

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)

Surplus always
wanted for cash!
19" RACK CABINETS

Superb quality 6 foot 40U

Virtually New, Ultra Smart
Less than Half Price!

Top quality 19* rack cabinets made in UK by
Optima Enclosures Ltd. Units feature
designer, smoked acrylic lockable front door,
full height lockabla 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
sockel switched mains distribution strip make
these racks some of the most versatile we
have ever sold. Racks may be slacked side by side and therefore
require only two side panels to stand singly or in multiple bays.

% 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 Lid 1o the highest possible spec,
rack features all steel truction with ble

side, front and back doors. Front and back doors are //
hinged for easy access and all are lockable with :
five secure 5 |aver barrel lacks. The front door [
is constructed of double walled steel with a ¥
‘desi style’ smoked acrylic front panel to

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

PHILIPS HCS35 (same stgle as CME833) attractively styled 14"
GBa d composite 15.625

enable stalus indicators to be seen through the ¥
panel, yet remain unobtrusive. Internally the rack
features fully slotled reinforced vertical fixing §
members to take the heaviesi of 19" rack g

colour monitor with both nd 1

Khz video inputs via SCART socket and separate phono jacks.
Integral audio power amp 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 3ualily with many features such as
front congealadfflap controls, VCR carrection button ete, Good
used condition - fully tested - quaranteed

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 inpul via SCART sockel. Ideal
for all monitoring / security applications. High quality, ex-aquipment
fully tested & guaranteed (possible minor screen bums). In allrac-
tive square black plastic case measuring W10" x H10" x 131" D.

240 V AC mains powered. DI'I’Y £79.00 (D)

KME 10" 15M1000% high definition colour monitors with 0.28" dot
piteh. Suiperh clarity and modern styling

Operates from any 15.625 khz sync RGB vide
source, with RGB analog and composite sync:
such as Atari, Commodore Amiga, Acor
Archimedes & BBC, Measures only 13%" x 12" x g

11*. Good used condition. OI“IW £125 (E)
20" 22" and 26" AV SPECIALS

Superbly made UK manufactura. PIL all solid stale colour monitors,
complete with composite videe & optional sound input. Attractive
teak style case. Perfect for Schools, Shops, Disco, Clubs, ete.ln
EXCELLENT little used condition with full 80 day guarantee.

20"...£135 22"..£155 26"
SPECIAL INTER

MITS. »% FA3445ETKL 14" Industrial spec SVGA monitors  £245
2KW 10 400 kW - 400 Hz 3 phase power sources - ex stock £POA
1BM 8230 Type 1, Token ring base unit driver £950
IBM 53F5501 Token Ring ICS 20 port lobe modules £750
IBM 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 iflo £PDA

Marconi 6310 Programmable 2 to 22 GHz sweep generator £6500
HP1650B Logic Analyser £3750
HP37B1A Paltern generalor & HP3782A Error Deteclor  EPOA
HP APOLLO RX700 system units £9

HPB621A Dual Programmable GPIB PSU 0-7 V 160 walls  £1800
HP3081A Industrila workstation ciw Barcode swipe reader  £175
HPE264 Rack mount variable 0-20V @ 20A metered PSU £675

HP54121A DC to 22 GHz four channel lest set £PDA
HP7580A A1 B pen HPGL high speed drum plotter £1850
EG+G Brookdeal 95035C Precision lock in amp £650
View Eng. Mod 1200 computerised inspection system £POA
Ling Dynamics 2kW programmable vibration test system  EPDA

Computer controlled 1056 x 560 mm X Y table & controller £1425
Keithley 580 CV capacitor / voltage analyser EPDA

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 0A
Mann Tally MT645 High speed line printer £2200
Intel SBC 486/133SE Multibus 486 system. BMb Ram £1200
Zeta 3220-05 AQ 4 pen HPGL fast drum plotters 1150

asure control unit

Nikon HFX-11 Ephiggo[} [} £1450
Components List, SAE f CALL L‘POSA

Motorala VME Bus Boards
Trio 0-18 vde linear, melared 30 amp bench PSU, New £5
Fujitsu M3041R 600 LPM band printer £1
Fujitsu M3041D 600 LPM printer with network interface £1250
Perkin Elmer 2998 Infrared spectropholometer £POA
VG Electronics 1035 TELETEXT Decoding Margin Meter  £3750
Andrews LARGE 3.1 m Satellite Dish + mount (For Voyager) E£850
Sekonic SD 150H 18 channel digital Hybrid chart recorder  £1985
TAYLOR HOBSON TaII{surf amplifier | recorder £750
System Video 1152 PAL waveform monitor
Test Lab - 2 mir square quietised acoustic test cabinets
Kenwood 9601 PAL Vectorscope - NEW £
Please call for further defails on the above items

quip t. The two movable vertical fixing struts
(extras avallable) are pre punched for standard
‘cage nuts'. A mains distribution panel internal

ly mounted to the boftom rear, provides B x IEC 3 &
pin Euro sockets and 1 x 13 amp 3 pin switched “2
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 sic. Other features include; fitted
castors and floor levelers, prepunched utility panel at lower rear for
cable / connector access etc. Supplied in excellent, slightly used
cendition with keys, Colour Royal blue, External dimensions
mm=1625H x 635D x 603 W. ( 64" 1x 25" Dx23%'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 expers -
MicroTouch - but scld at a price below cost !! System consists of
a flat translucent gass laminated panel measuring 29.5 x 23.5 cm
connected to an elestronic controller PCB. The controller produces
a standard serlal RS232 or TTL output which continuously gives
simple serial data containing positional X & Y co-ordinales 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 enlire 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, Pt%S systems, controllers for the disabled or
compuler 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
Ima%natiamr 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 (BM compatible PC's £29.95 RFE - Tested

50 LOW COST RAM & CPU’S

INTEL 'ABOVE' Memory Expansion Board. Full length PC-XT
and PC-AT compatible card with 2 Mbytes of memary on board,
Card is fully selectable lor Expanded or Extended (2B6 processor
and above) memary. Full data and driver disks wE lied. AFE.
Fully tested and guaranteed. Windows compatible, 9.95(A1)
Half length 8 bit memory upgrade cards for PC AT XT expands
memory either 256k or 512k in G4k steps. May also be used to fill

in RAM above 640k DOS limit, CunH:Iele with data.

Order as: XT RAM UG. 256k. £34.95 or 512k £39.95 (A1)

SIMM SP
1MB x 9 SIMM 9 chip 120ns Only E16.50 (A1
1MB x9 SIMM 3 chip80ns £19.50 or 70ns £22.95 (A1
1MBx 9 SIMM 9 chip80ns £21.50 or 7ons E23.75 A1;
4 MB 70 ns 72 pin SIMM_-with Iﬂw— Only £95.00 (A1
INTEL 486-DX33 CPU £55.00 486-DX66 00 (A1}
FULL RANGE OF CO-PROCESSOR'S EX STOCK - CALL FOR £££

550 FANS & BLOWERS

EPSON DO412 40x40x20 mm 12v DC £7.95 10/ €65
PAPST TYPE 612 60x60x25 mm 12v DC £8.95 10/ £75
MITSUBISHI MMF-D6D12DL 60x60x25 mm 12v DC £4.95 10/ £42
MITSUBISHI MMF-08C12DM BOx80x25 mm 12v DC £5,25 10/ £49

MITSUBISHI MMF-09B12DH 92x92x25 mm 12v DC £5.95 10/ €53
PANCAKE 12-3.5 92x92x18 mm 12v DC £7.95 10/ 269
EX-EQUIP AC fans. ALL TESTED 120 x 120 x 38 mm spacifgg 10
or 240 v £€6.95. 80 x BO x 38 mm - specify 110 or 240 v_ ES.
IMHOF B26 1900 rack mnt 3U x 19" Blower 110/240v NEW E£E79.95

0
Shipping on all fans (A). Blowers (B). 50,000 Fans Ex Stock CALL

le - send large SAE - PACKED with bargains!

Mon - Sat 9:00 - 5:
09%415 \\?ﬁlteh?:runln.anseaa

32 Biggin Way South Norwood

r
, (G
Sale and unless stated for 90 days. All

ON REPLY CARD

CIRCLE NO. 128

The Original
EE On line

Info on 20,000 + stock Rems!
RETURNING SOON !

rder amount. Minimum order £10. Bona Fide account orders
over £100 are subject to 10 working days clearance.

ALL ‘T ENQUIRIES

0181679 4414

FAX 0181 679 1927

atabase

from Govemment, Schools,
%rgas (A}=£3.00, (A1)=£4.00,
Adl supplied to our



RF DESIGN

Continued use of the
phase/frequency
comparator’s charge
pump system looks
questionable in view
of the increasing
demands for speciral
purity, argues
Edward Forster.

Phase

comparator purity

the most widely used components in

phase-locked loop technology. It is
applied in countless applications, increasing
by the day as more radio-oriented products
appear.

Although the basic logic within the
phase/frequency comparator is simple and
well understood, the output interface to the
analogue world has several variations.

The phase/frequency comparator is one of

The charge pump
The most popular output circuit is the charge
pump system comprising transistors 7r; and
Try, Fig. 1. Disregarding the logic for the
moment, it is only necessary to know that
when the phases are synchronised, the output
on the up/down lines consists purely of short
duration pulses, normally coincident, which
occur as the comparator resets in every cycle.
The duration of the reset pulses only
depends on propagation delays in the logic,
These can be very short compared to the ref-
erence clock period. Resulting output for these

Vg

Phase/freq.
comparator

Down

Phase error

THE

Pulses at synchronism

S

Error amplifier

—ww—j

V+

3 To VCO

Fig. 1. Conventional phase/frequency comparator with charge-pump output.

short pulses is highly dependent on the match-
ing of the transistors.

A perfectly complementary combination
would probably avoid some of the variations
in comparator gain which occur near zero
error. This type of output circuitry is tri-state
with the third state being a high impedance
state. Presumably, this fits in with the fact that
the logic also has three stable states. The
fourth state, in which both up and down lines
are high, is inhibited by reset.

The output logic circuitry sounds more like
a digital engineer’s idea of analogue design.
However, the main outcome is that at phase
synchronism the output is essentially in the
high impedance state almost continuously
except for a momentary clamping of the out-
put ideally to V4/2.

Figure 1 shows a typical error amplifier and
active filter for this approach which has (o be
protected against the fast pulses, usually by
splitting the input resistance and adding a
capacitance to ground. But the extra delay due
to the filter R/2, C must not made so large as
to affect loop stability.

The capacitor associated with the charge
pump is the integrating capacitor in the active
filter and not this C. The dc reference for the
amplifier is Vy/2 so that the loop will settle at
zero phase error. Reference frequency sup-
pression is then at a maximum and the gain of
the comparator is Vy/4m volts/radian.

The source impedance seen by the op-amp
is sometimes a critical factor in determining
the intrinsic noise of the error amplifier and
through the loop, noise on the voltage-con-
trolled oscillator, or veo. That is, the vco may
have higher close-in noise sidebands than
expected or desired.

The differential output, Fig. 2, shows anoth-
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er arrangement in which a differential error
amplifier is driven by the up/down logic out-
puts directly so as to subtract them. The fast
coincident pulses then become a common
mode problem for the amplifier which only
additional RC pre-filtering will satisfactorily
resolve. Note that the nominal output/common
mode voltage at phase synchronism is either
very close to Vy or ground, depending on the
logic polarity. This is often inconvenient in
single supply systems.

Overall noise performance tends to be
improved by the higher gain, Vy/2r V/rad, and
because there is no high-impedance state.

The resistive combiner

A better approach, which does not rely on the
op-amp as a subtractor, is shown in Fig. 3. It
is simply to take the up line in Fig. 1 and add
it to the inverted down line in a 1:1 resistive
network.

At phase synchronism the pulses disappear
in the output which is a dc voltage of nomi-
nally Vy/2; the exact value depends on the
high/low saturation voltages of the logic. As
before, this is only true when a zero error con-
trol loop is used and adjusted correctly. The
comparator gain is Vy/4m volts/radian, Figure
3 shows that — in principle at least — infinite
reference suppression is possible without fil-
tering and that the interface is inherently suit-
able for wide band applications. In practice
however, additional RC filtering is still nec-
essary in front of the error amplifier.

Noise performance of the op-amp can be
adjusted by setting the resistors R and the total
input resistance to optimum values for the
device. At phase synchronism, the output
effectively shunts the supply line with a con-
stant resistance of 2R. Since this resistance
may at times be quite low, the exira current
drain must be considered. It may be seen as a
price worth paying.

See it work

Typical discrete logic would use standard
D-type bistable devices, namely positive edge-
triggered 7474s with ‘clear on low” inputs.

While it is possible to illustrate the wave-
forms, there is no better way to appreciate the
circuit than to make one and test it. The sim-
plest method is to take a signal generator, feed
one input directly, and the other via a 100m of
RG38, giving a delay of 500ns. By varying the
frequency, all possible phase errors can be
generated and the response seen.

While the comparator has a nearly -360 to
+360° linear range you will find that it also
has a 360° phase ambiguity, which depends on
the initial conditions. As a result, it is not use-
ful as an absolute phase comparator but it does
excel in phase-locked loop applications.

Differential resistive combiner

Figure 4 shows a differential comparator
which allows the op-amp to reject common-
mode noise arising from the supply line, V.
This comparator also has twice the gain
(Vy/2m volts/radian) of Fig. 3, which means

RF DESIGN

considering its relative effect on the noise
sidebands of the voltage-controlled oscillator.

Lock detection is also shown and a complete
comparator can be made with just two stan-
dard ics. Extended frequency range compara-
tors for special applications are thus very sim-

that the effective op-amp noise is halved when  ple indeed. ]
Vg
Fy Up
J ¢ V4
Phase/freq. ﬂ Ris T Ry
comparator ¥ ok, AV AN = To VCO
ng HFE
+
Fa Down c V-
== = i3
5 |
Pulses at synchronism I
Fig. 2. Using a differential output with the conventional phase/frequency
comparator improves noise performance,
R Fig. 3. Phase/frequency

Pulses at synchronism

comparator with resistive
combiner is an improvement
R over Fig. 2’s differential
output. In theary, infinite
reference suppression is
possible.

Phase error

4 D a
Dy
F =
S ¥ aa
R §R
Vy
G- &
R| SR Diferental
< phase error
R
1'——D 8 Q Vi=Vz
[ Vz
|
Fp =
LM /3 a

Fig. 4. Differential phase/frequency comparator
naise rejection and reduces noise due to its high

i Lock detector
:}w—k 0 = Locked
1 = Qut of lock

allows common-mode supply
er gain.
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MOOMNSHINE BIBLE 270 page book covering the preduction of

alchohel from potatoes, nice, gralns m Drawings of simple home

made sills nght gh to - £12 ref MS3

NEW HIGH POWER MINI BUG Wﬁ.ha range of B0Q metres or

more and up fo 100 hours use from a PP3 this will be popular Bug
less than 1" sq 1 £28 Ref LOT102

SINCLAIR C& MOTORS We have a new ones
gearboxes at £50 ref LOT25

BUILD YOU OWN WINDFARM FROM SCRAP New
publication gives step by step guide fo building wind generators.
Armned with this publication and a good local scrap yard could make
you self sufficient in electricity! £12 ref LOT81

PC KEYBOARDS P52 connector, top quality suitable for all 286/
386486 etc £10 ref PCKB, 10 for £65

TRACKING TRANSMITTER range 1.5-5 miles, 5,000 hours on

without

CENTRAL POINT PC TOOLS Award winning softwars, 1, 300

326009 try before you buy!) Current retail price is €128, SALE
PRICE £9 95 ref SA12. SAVE £1200

RACALMODEM BONANZAI 1Racal MPS 1223 1200/75modem,
telephone lead, mains lead, manual and comms software, the
cheapest way onto the net! all this for just £13 ref DEC13.

BULL TENS UNIT Fully built and tested TENS (Transcutaneous
Electrical Nerve ) unit, with electrodes and full

virus checker, memary op 1, disc op , file comy
low level fucmaning backup sch du , disk 2
4 calculators, Dbase, disc editor, o\rerdcw:ewers remclecompming.
password protection, encryption, prehensive manual li
etc €8 reflot 97 3.5° disks.

GOT AN EXPENSIVE BIKE? Youneed one of our bottie alamms,
they look like a standard water bottie, but open the top, inserta key to
activale a motion sensor alam built inside. Fits all standard bottle

AA ies, also info on car direction and on!Works
with any FM radio. 1.5" square. £65 ref LOT101

ELECTRIC DOOR LOCKS Complete lock with both Yale lock
and 12v operated deadlock (keys included) £10 ref LOTS9
GALLIUM ARSENIDE FISHEY E PHOTO DIODES Complete
with suggested circuits for long range communicationsiswitching
E£12 complete.

SURVEILLANCE TELESCOPE Superb Russian zoom
telescope adjustable from 15x to 60x! complete with metal tipod
(impasible to use without this on the higher settings) 66mm lense,
leather carrying case £149 ref BARES

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 aeral but a piece of wire about 4° long will
still give a range of up to 100 metres. A single PP3 will probably give
less than 1 hours use. E89 REF EP79. (probably not licensablel)
CCTV CAMERA MODULES 46X70%29mm, 30 grams, 12v
100mA: auto electronic shutter, 3.6mm F2 lens, CCIR, 512x492
pixels, video outputis 1v p-p (75 ohm). Works directly into a scart or
video input on a tv or video. IR sensitive. £79.95 ref EF137,

IR LAMP KIT Suitable for the above camera, enables the camera
1o be used in total darkness! £5.99 ref EF138

INFRA RED POWERBEAM Handheld battery powered lamp, 4
Inch reflector, kryptonbulb, gives out powerfulinfrared light!4 Dcells
required, £39 ref PB1.

MONO VGA MONITORS, Perfect condition, Compag, 14*, 3
months warranty £29 ref MVGA

SOLAR COOKER GUIDE Comprehensive plans

9WATT CHIEFTAN TANK LASERS

Doublebeam units designed tofitin the gun barrel of atank, each unit
has two semi conductor lasers and motor drive units for alignement.
7 mile range, full circuit diagrams, new price £50,0007 us? £349.
Each unit has fwo gallium Arsenide injection lasers, 1x 9 watt, 1 x
3watt, 300nm wavelength, 28vdc, 600hz pulse frequency, The units
also contain an el iver to detect d signals from
targets. five or more units £299 ea. £349 for one. Ref LOT4.
TWOWAY MIRROR KIT indudes spedial adhesive film lomake
two way mirror(s) up to 60*x20". (glass notincluded) includes Tull
instructions. E12 ref TW1.

NEW LOWPRICEDMH?UT‘ERMORKSHOP! HLFIRCB
UMNITS Complete p from faulty equipment for everybody!
Inline unit tandard IEC lead itby 750mm), fitted inless
than 10 seconds, resetftest bution, 10A rating. £6.99 each ref LOTS.
Or a pack of 10 at £49.90 ref LOTE, If you want a box of 100 you can
have one for £250!

RADIO CONTROLLED CARS FROH l‘.G EACHIN ay
returns from famous . 3types . single channel
(left,ight. forwards backwards) £6 ref LOT1. Two channel with more
features £12 ref LOT2.

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

WANT TO MAKE SOME MONEY? STUCK FOR AN
IDEA? We have ted 140 busi Is that give you
information on sefting up different businesses, you peruse these at
your leisure using the text editor on your PC. Also Included is the
certificate enabling you to rep d sell) the asmuch
as you like! £14 ref EP74

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

COIN OPERATED TIMER KIT Complete with coinsiot
mechanism, adjustable ime delay, relay outpul, put a coinslot an
anything you like! TV.s, videos, fridges, drinks cupboards, HIFI,
takes 50p's and £1 colns. DC operated, price just£7.99 ref BAR27,
ZENITH 900 X MAGNIFICATION MICROSCOPE Zoom,
metal canstruction, builtin light, shrimp farm, group viewling screen,
lots of accessories. £29 ref ANAYLT

AA NICAD PACK Pack of 4 tagged AA nicads £2.99 ref BARZ4
PLASMA SCREENS 222x310mm, no data hence £4.99 ref
BARST

NIGHTSIGHTS Model TZ54 with infra red illuminator, views up to
75 metresin full dark ininfi made, 150m range, 45mm lens,
13degangle of view, focussing range 1.5m tonfinity. 2 AAbatteries
required. 350g weight. £199 ref BARE1. 1 years warranty
LIQUID 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 REFLECTOR TELESCOPE
Russian. Superb astronomical ‘scope, everything you need for some
serious star gazing! up to 169x magnification, Send orfax for further
Information ref TAL-1, £249

SOLAR ENERGY/GENERATOR PLANS For your home,
loads of info on designing systems etc £7 ref PV1

SOLAR COOKERS Comprehensive guide to building solar
powered cookers, Includes plans, recipes, cooking times efc £7 ref
SBC1

camiers, supplied with two keys. SALE PRICE £7,89 REF SA32.

COLOUR
CCTV VIDEO
CAMERAS
BRAND NEW,
CASED, £119.

PERFECT FOR
SURVEILLANCE
INTERNET

VIDEQ CONFERENCING
SECURITY

DOMESTIC VIDEO

Works with most modern video's, TV's,
Compositemonitors, video grabbercards etc
Pal, 1v P-P, composite, 76ohm, 1/3" CCD, 4mm F2.8,
600x582, 12vdc, mounting brackst, auto shutter,
100x50x180mm, 3 months warranty, 10 ormore £99 ea.

Check out our

WEB SITE

hitp://www.pavlillon.co.uk/bull-electrical

GOTAN EXPENSIVEANYTHING? Youneed one ofourcased
vibration alams, keyswitch operated, Tully cased just fit it to
anything from videos to ayears ion from 1
PP3 battery, UK made, SALE PR.ICE £4.88 REF S.ﬂ&
DAMAGED ANSWER PHONES These are probably beyond
repair so just £4.99 each, BT response 200 machines. REF SA30.
IBM PS2 MODEL 160Z CASE AND POWER SUPPLY
Complete with fan etc and 200 watt power supply, £9.95 ref EPE7
DELL PC POWER SUPPLIES 145 watt, +5-5+12-12,
150x150x85mm complete with switch, fileads 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 rel EPES

1.2 DISC DRIVES Standard 5.25° drives but retums so they will
need attention SALE PRICE NOW ONLY £3.50 ref EPE9

PP3 NICADS Unused but some storage marks. £4.99 ref EP52
DELL PCPOWERSUPPLIES (Customerretums) Standard PC
psu’s completewith fiy leads, case and fan. +12v.-12v, +5v.-5v SALE
PRICE £1.98 EACH worth itfor thebits alonel ref DL1 TRADE PACK
OF 20 £29.95 Ref DLZ

GAS HOBS ANDOVENS Brand new gas appliances, parfect for
small fiats etc. Basic 3 burner hob SALE PRICE £24.89 ref EP72.
Basic small bullt in oven SALE PRICE E79 ref EPT3

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

PASTEL ACCOUNTS SOFTWARE, does evenything for al
sizesofbusi Jindudes wordp freportwriter, windowing,
netw up to 10 ions, multiple cash books efc. 200 page
comprehensive manual, 90 days free technical suppor (01342

*SOME OF OUR FRODUCTS MAY BE UNLICENSABLE IN THE UE

ions. TENS is used for the relief of pain et In up to 70% of
sufferers. Drug free pain relief, safe and easy to use, can be used n
conjunction with analgesics etc. £43 Ref TENM

PC PAL VGA TO TV CONVERTER Converts a colour TVinto
abasicVGAscreen Completewithbuiltinpsu, leadand sware.. Ideal
for laptops or a cheap upgrade Supplied in kit form for home
assembly. SALE PRICE £25 REF SA34

EMERGENCY LIGHTING UNIT Complete unit with 2 double
bulb floodiights, builtin charger and auto switch, Fully cased. 6v 8AH
lead acid req'd. (secondhand) £4 ref MAG4P11.

YUASHA SEALED LEAD ACID BATTERIES Two sizes
currently available this month. 12v 15AHatE18 ref LOTB and v 10&8H
(suttable for emergency lights above) at just £6 ref LOT7,
ELECTRIC CAR WINDOW DE-JCERS Complete with cable,
plug etc SALE PRICE JUST £4.99 REF 5A28

AUTO SUNCHARGER 155x300mm solarpanel with diodeand 3
metre lead fitted with a cigar plug, 12v 2watl. £8.98 REF SA25.
MICRODRIVE STRIPPERS Small cased tape drives ideal for
stripping, lots of useful goodies inciuding a smar case, and lots of
components, SALE PRICE JUST £4.99 FOR FIVE REF SAZ6
SOLARPOWER LABSPECIAL You get TWO6'%6" 6v 130mA
solarcells, 4 LED's, wire, buzzer, switch plus 1 refay ormotor. Superb
value kit SALE PRICE JUST EA 99 REF SA27
RGBICGA/EGA/TTL COLOUR MONITORS 12 In good
condition. Back anodised metal case. SALE PRICE E4% REF 5A168
PLUG IN ACORN PSU 19v AC 14w , £2 99 REF MAG3P 10
13.8V 1.9A PSU cased with leads. Just £9.99 REF MAG10P3
UNIVERSAL SPEED CONTROLLER KIT Designed by us for
the C5 motor but ok for any 12v motor up to 304, Complete with PCE
etc. A heat sink may be required. £17.00 REF: MAG1T

PHONE CABLE AND COMPUTER COMMUNICATIONS
PACK Kit contains 100m of 6 core cable, 100 cable ciips, 2 line
r!rrvefs vmh nszaz rnteﬂwes and all connectors efc. Ideal low cost

PC's overalong utiizing

the serial ports. Curnplm kit £8.99. Ref comp1.

VIEWDATA SYSTEMS made by Philips, complete with intemal
1200/75 modem, keyboard, psu etc RGB and composite outputs,
menu driven, autodialler etc. SALE PRICE E12. n REF SMS
AIRRIFLES .22 As used by the Chi

sothere is a lot about! £39.95 Rel EF78. 500 pellehsEAi 50 ref EFBO
VIDEO SENDER UNIT. Transrnlvs bath audio and \ndao sngnais
ither a vid . TWVarComp

standard TV set ina 100" range! (tune TV toa spare channel) 12v DC
op. Price is £25 REF: MAG15 12v psu |s £5 extra REF: MAGSP2
*MINATURE RADIO TRANSCEIVERS A pair of walkie talkies
witha range up to 2kmin open country. Unifs measure 22¢52x 155mm.
Induding cases and earp'ces. 2xPP3 req'd. £30.00 pr.REF: MAG30
*FM TRANSMITTER KIT housed in a standard working 134
adapter!l the bug runs directly off the mains solasts forever why pay
E7007 or price is E15 REF: EF62 (kif) Transmits to any FM radio.
*FM BUG BUILT AND TESTED superiordesign tokit. Supplied
1o detective agencies. 9v battery req'd, £14 REF: MAG14

GAT AIR PISTOL PACK Complete with pistol, darts and pellets
£12.95 Ref EFB2B extra pellets (500) £4.50 ref EFB0.
§"X12" AMORPHOUS SOLAR PAMNEL 12v 155x3iomm
130mA. SALE PRICE £4.98 REF SAZ4.

FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4.99
ref MAGSP13ideal for experimenters! 30 m for £12.99 rel MAG13P1

MIXED GOODIES BOX OF
MIXED COMPONENTS WEIGHING 2 KILOS|
YOURS FORJUST £6.99

4X28 TELESCOPIC SIGHTS Suttable Tor all air rifies, ground
lenses, good light gathering properties. £19.95 ref R/7.
GYROSCOPES Rememberthese? wellwe have found acompany
that stil manufactures these popular scentific toys, perfect gift or for
educational use etc. £6 ref EP70
HYPOTHERMIA SPACE BLANKET 215x150cm aluminised
foil blanket, reflects more than 90% of body heat. Also suitable for the
construction of two way miors! £3.99 each ref O/L041.
LENSTATIC RANGER COMPASS 0il filed capsule, strong
metal case, large luminous points. Sightline with magnifying viewer,
50mm dia, 86gm. £10.99 ref O/KE04,
RECHARGE ORDINARY BATTERIES UP TO 10 TMES!
With the Battery Wizard! Uses the latest pulse wave charge system
to charge all popuiarbranﬂs cﬁ'uldinary hauenes MA M C, D four
atatimel Led sy
rejects unsuitable cells, complete with mains adaplm. BS appmed.
Price is £21.95 ref EP31.
TALKING WATCH Yes, itactually tells you the time atthe press of
abutton. Also features a voice alarm that wakes you up and tells you
what the time Is! Lithium cell indluded. £7.99 ref EP26,
PHOTOGRAPHIC RADAR TRAPS CAN COST YOU
YOUR LICENCE! The new multiband 2000 radar detector can
preventeven themost responsible of drivers from losing theirlicence!
Adjustable audible alarm with & flashing leds gives instant waming of
radarzones, Detects X, K, and Ka bands, 3 mile range, "over the hill
‘around bends' and rearirapfmhhes micro sizejust4. 252 5"%.75",
Can pay for itself in just one dayl £75.95 ref EP3.
3" DISCS As used on older Amstrad machines, Spectrum plus3's
etc £3 each ref BAR400,
STEREOQ MICROSOPES BACK IN STOCK Russian, 200x
complete with lenses, lights, filters etc elc very comprehensive
microscope that would normally be around the £700 mark, our price
is just £299 (full money back guarantes) full details in catalogue..

WE BUY SURPLUS STOCK

FOR CASH
BUYERS DIRECT LINE 0802 660377
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ACTIVE

A-to-D and D-to-A
converters

100Msample/s a-to-d converter.
From Strategic Test and
Measurement comes CompuScope
8012, said to be the world's fastest
analogue-to-digital conversion
system. It is an IBM-compatible I1SA
bus card carrying out 12-bit a-to-d
conversion in real time at sampling
rates up to 100Msample/s in single-
channel mode (50Msample/s in
dual-channel mode), while
maintaining a 60dB s:n ratio. On-
board memory stores up to four
million samples for later reading by
the computer, since the conversion
is faster than the bus, and a special
‘stacking’ feature enables high-prf
pulses to be handled. Software
supplied with the card allows it to be
used as an oscilloscope, complete
with storage, analysis, printing and
export for spreadsheets, etc.
Strategic Test and Measurement
Systems Ltd. Tel., 01183 795950;
fax, 01189 795851,

Discrete active devices

Surface-mount tunnel diodes.
Advanced Control Components’
ACTM Series of s-m tunnel diode
detector modules are meant for use in
low-noise video work. Although
measuring 4.6mm square and 2mm
high, these devices contain full
detector circuits with dc return, rf
bypass capacitors and the option of
input pads for range alteration or
protection. In six bands, the series
covers 10MHz-4GHz; sensitivity is
800-1000mV/mW with no bias supply
needed, at a flatness of 0.2-0.4dB.
Thermal stability is 0.015dB from
-55°C to 100°C. Anglia Microwaves
Ltd. Tel., 01277 630000; fax, 01277
631111,

Voltage references. Zetex introduces
the ZRC400/500 voltage references,
which are micropower devices for 4V
and 5V respectively, operating with
extremely low knee currents: ZRC400
takes a minimum 23pA and the
ZRC500 25uA, nominal maximum
being 5mA, although they will handle
much mare. The devices attain stable
operation in microseconds, need no
external stabilising capacitor and will
drive capacitive loads. Power
dissipation depends on package type,
between 330mW and 625mW.

Zetex plc. Tel., 0161-627 5105; fax,
0161-627 5467.

Linear integrated
circuits

Cheap instrumentation amplifier.
AD822 from Analog Devices is the
first in a series of amplifiers at a price
to make one think twice about rolling
one's own two or three op-amp
circuits — particularly as they are said
to offer better cmrr (>86dB at a gain
of 10), linearity and temperature
stability, not to mention taking up less
space; voltage noise is 12nV/VHz at
1kHz. No external passives are
needed for a unity-gain amplifier and
a single resistor for gains between 2
and 1000. Analog Devices Ltd. Tel.,
01932 266000; fax, 01932 247401.

Jfet op-amps. Linear introduces the
LT1462/3 (slew rate 0.13V/us) and
LT1464/5 (slew rate 0.9V/ys) jfet op-
amps characterised by input bias
currents of 1pA and 0.5pA .
respectively, together with unity gain,
10nF capacitive load stability. Supply
current for the 175kHz 1462/3
versions is 45uA; for the 1MHz
1464/5 types, 200pA. Linear
Technology (UK) Ltd. Tel,, 01276
677676; fax, 01276 64851.

Microprocessors and

controllers

“Most powerful” 16-bit controller,
Mitsubishi says its M16C family of
16-bit microcontrollers is the most
powerful yet. The meu is a compact
design, optimised for high-speed, 16-
bit operation, its 18mW power
consumption and number of on-chip
peripherals allowing its use in
previously unsuitable designs.
Features include efficient C
programming, good noise
suppression and advanced
debugging. On-chip peripherals
comprise 126Kbyte of rom, 10Kbyte
ram, with dmac, crc, usart, fast a-to-d,
d-to-a, eight 16-bit timers and
multifunction input/output. Program
bugs discovered after masking can be
corrected by an interrupt in software,
Clock speed is 10MHz, although
single-cycle instructions confer a
performance that belies the clock
speed, being equivalent to 40-60MHz
in other mcus. Mitsubishi Electric UK
Ltd. Tel., 01707 276100; fax, 01707
278692.

200MHz embedded VX! controller.
VXlpc-850/200 Is an improved version
of National's 133MHz and 166MHz
Pentium embedded controllers, this
one using the 200MHz Pentium.
Simple upgrades are available. All
controllers in the series are VX plug
and play types and compatible with
software tools such as the company's

LabWindows/CV| and LabVIEW.

Logic

“World's fastest” logic family.
Already in production by Atmel
Corporation are the first
members of what is claimed to
be the fastest industry-standard
fast cmos logic devices, the
Atmel Fast Logic (AFL) series.
Speed is down to 2ns and the
first circuits in the series are 16+
bit devices for 5V a bidirectional
transceiver (AT16245), a
buffered line driver (AT16244), a
transparent latch (AT16373) and
a tri-state register (AT16646);
16-bit, 3V units are to come
next. Atmel UK.

Tel., 01276 686677,

fax, 01276 686697

Prices on all Pentium-based
embedded VXI controllers have been
reduced by 25%. National
Instruments UK. Tel., 01635 523545;
fax, 01635 523154,

Control starter kit. EasyStart Kit by
Z-World offers a rapid and simple
method of pragramming embedded
microcontrollers in C for beginners, as
well as making life easier for
experienced programmers. The kit
consists of the Windows-based
EasyStart C software-development
suite, including editor, compiler and
debugger for a simplified version of
standard C, and the Little Star
controller, which has 16 til inputs and
14 high-current digital outputs. Itis
complete with 9MHz 2180, 126Kbyte
of eprom and 32Kbyte of static ram.
Also in the kit are |cd and keypad,
manual, demo board, power supply
and cabling. Z-World. Tel., 001 916
7573737; tax, 001 916 7535141,
E-mail hitp//www.zworld.com

Mixed-signal ICs

AS232 transceivers. Analog's
ADM2xxE 5V RS232 and V28
transceivers, which meet EU emc
requirements, protect against £15kV

of discharge and +2kV of fast
transients. They are meant for
modems, laptop and notebook
computers and generate
electromagnetic emissions to
EN55022 and are immune enough 1o
satisfy |[EC-1000-4-x. These devices

| are protected against latch-up, are
| immune to high rf fields and will work

in unshielded enclosures in
“electrically harsh environments"”.
There is a number of driver/receiver
combinations, in SOIC, SSOP and
TSSOP packages. Advanced Micro
| Devices (UK) Ltd. Tel., 01483
740440; fax, 01483 756196.

| Optical isolators. PVIS013R
dual-channel opto-isolated
| mosfet gate drivers by IR are
new members of the Gen2
range and are the first to offer
fast Wwrn-off circuitry. The two
channels will drive two devices
or can be connected in parallel
or serles to give higher-current
drive for power mosfels or
higher voltage for igbts.
Input/output isolation is to
3.75kV rms and input-oulput
isolation 1.2kV dec.
International Rectifier. Tel.,
01883 732020; fax, 01883
733410

February 1997 ELECTRONICS WORLD

159



NEW PRODUCTS CLASSIFIED

Please quote “Electronics World” when seeking further information

Communications mmic. NEC has a
silicon microwave ic up-converter and
guadrature madulator, the
PPC8104GR, which has a frequency
range of 900MHz-1.9GHz and is
intended for digital communications
work in lans and telephones. It
operates from 2.7-5.5V, taking 28mA
at 2V and 0.1pA when power-saving.
There is a digital phase meter on
chip, with a self-phase compensation
facility, and an internal 90° phase
shifter, which has a phase error of
0.86°and modulation accuracy of
2.1%. NEC Electronics (UK) Ltd. Tel,,
01908 691133; fax, 01908 670280.

Motors and drivers

Microstepping driver. Allegro's
SLA7042 multi-chip module controls
two-phase stepper motors and
provides microstepping operatian,
containing two independent pwm
current-control ics with four nmos fets
inan 18-lead Powertab sil package. It
is rated for motor voltages to 46V,
peak outputs to 5A and 1.2A
continuous. By means of digitally

150MHz, AMword dso.
Yokogawa's DL1540L - a
four-channel, 150MHz,
200Msample/s digital
storage oscilloscope - has a
4Mword memory, or TMword
on each ol four channels. As
an example of performance,
the signal from one track of
a magneto-optical disk or a
whole composite tv field can
be captured, low and high
frequencies included, and
the standard waveform
measurement function also
benefits. The instrument has
a built-in floppy drive and a
printer. Martron Instruments
Ltd. Tel., 01494 459200; fax,
01494 535002,

selected motor-current ratios and
linear input reference control, the
device may be used as a half-step,
full-step and microstep driver, all
modes providing smooth drive. No
heat sinks are needed. Allegro
MicroSystems Inc. Tel., 01932
253355; fax, 01932 246622,

Optical devices

Infrared receiver. New Japan Radio
has a new infrared remote-control
receiver. In the one three-pin
package, there are a photodiade,
bandpass filters, a limiter and a
preamplifier, so few external
components are reguired. Low
pulse-length distortion of 50ps
provides a clean signal and noise
becomes less of a problem, the metal
case helping to increase screening
and affording some physical
protection. The device will operate at
all the common frequencies from
32.75kHz to 56.8kHz and is effective
at a range of up to 18m. Young-ECC
Electronics. Tel., 01628 810727; fax,
01628 810807.

PASSIVE

Chip inductors. Toka's LL Series of
multi-layer chip inductors now come
in the 0402 size, as well as in 0805
and 0603 sizes. This new type is
suitable for frequencies up to 6GHz,
inductance being 1-27nH and Q 50 at
1GHz, The 0805 1.5-470nH size
copes with frequencies to 2.5GHz,
with a @ of 30 at 800MHz and the
0603 operates to 3GHz, its
inductance being 1.2-100nH and Q 30
at 800MHz. Cirkit Distribution Ltd.
Tel., 01992 444111, fax, 01992
464457,

Connecfors and
cabling

Backplane connector. GTK has a
new range of backplane connectors to
give up to 192 pins for signal or power
circuits at 1A or 3A. Metrix connectors
are available in 12, 24, 48 and 96mm
modules with contacts on a 2 by 2mm
grid, the basic 12mm module
providing 24 signal contacts or eight
power contacts. All can be made as
press-fit or through-hole types. GTK
(UK) Ltd. Tel., 01344 304123; fax,
01344 301414,

Pga sockets with preforms.
Robinson Nugent's through-hole pga
sockets eliminate the time and
expense of a separate soldering
operation by the provision of solder
rings on the socket's pin tails, the
solder preform reflowing into the pcb
hole by capillary action. Matching the
preform to the board ensures that
there is the right amount of solder and
that there is no residue and no need
for screening or solder paste.

Robinson Nugent (Europe) Ltd. Tel.,
01256 842626, fax, 01256 B42673.

Displays

Loop-powered displays. Trolex has
a range of loop-powered displays with
IS certified versions for hazardous
areas. Displays can be in panel-
mounting, DIN-rail or 19in rack-
mounting form, as well as in a field-
mount type. They are usable with all
standard sensors, process instruments
and ples, all having a loop test facility
and direct connection to two-wire
process signal loops. Signal processing
is to 12-bit aceuracy and the four-digit
display is an lcd. Trolex Ltd. Tel., 0161
483 1435; fax, 0161 483 5556.

Hardware

Emergency stops. EAO-Highland
now provides bright yellow shrouds
for its range of emergency stop
switches, which meet the
requirements of the EU Machinery
Directive with regard to inadvertent
operation. This new shroud sticks up
above the top of the E-stop actuator
so that the switch cannot be
accidentally operated and it has
cut-outs in the side to allow it to be
twisted to release it after a genuine
fault. EAO-Highland Electranics Ltd.
Tel., 01444 236000; fax, 01444
236641,

Zif bga sockets. Adding only 2.2mm
to the height of a device, Methode's
zero-insertion-force ball-grid array
socket needs no external hold down
and its 25 by 25 array of pins are
inspectable. It incorporates heatsink
capability and the metal-to-metal
connections have a self-inductance of
5nH. A sliding carrier has actuator
slots to mate with the bga device,
horizontal movement locking and
unlocking the device to and from the
socket. Methode Electronics Europe
Ltd. Tel., 01389 732123; fax, 01389
732777.

Bobbins, bases. Coil bobbins and
mounting bases for inductors used in
switched-mode power supplies and in
power conversion can be had from
BFI Ibexsa. They are all UL approved,
are particularly suitable for
development but are also offered in a
low "skyline” range for EPC and EFD
use. BFI IBEXSA Electronics Ltd.
Tel., 01622 B82467; fax, 01622
882469,

Test and
measurement

20MHz oscilloscope. Goldstar's OS-
5020P is a 20MHz, dual-channel,
general-purpose oscilloscope for use

Multi-turn s-m pots. VTM 439
Series of multi-turn, surface-
mounted trimmers will handle all
soldering processes and meet the
requirements of MIL-R-22097,
characteristic F. Although the pots
have eleven turns, dimensions
are the same as those of single-
turn devices. Resistance range is
100 to 2MQ at 0.25W and 300V,
Surtech Interconnection Ltd. Tel.,
01256 51221; fax, 01256 471180.

in education or servicing. Vertical
sensitivity is 5SmV/div, plus a x5
position, and sweep speed 0.2us/div
with a x10 switch. Combined
Precision Components pic. Tel.,
01772 654455; fax, 01772 654466.

Power-off board testing. Frober Il
by Huntron automatically tests boards
up to 35.6cm square with power
switched off, combining analogue
signature analysis with a probe, which
needs no additional fixture and will
cope with pin or test-point spacing of
0.01in, moving in 0.001in increments.
Parameters such as v, jand fare
programmable and the Star feature
(safe tracker active range) prevents
damage to components. There is a
ccd camera vision system, which runs
under Workstation for Windows, and
an output for other test instruments.
Martron Instruments, Tel., 01494
459200, fax 01494 535002.

Multimeters. MX52B/54B8/558/568
handheld multimeters by Metrix are
provided with an RS232 interface with
a view to data transmission to a pc or
printer. All versions have a 50,000
count display, 0.025% accuracy, true-
rms reading and test functions.
MX568 is the top version, with its
100kHz bandwidth, timer-counter,
audio power measurement (in
decibels), indication of mains
disturbance and pulse width
measurement down to 20ps. Metrix
Electronics plc. Tel., 01384 402731;
fax, 01384 402732.

Logic analyser. Thurlby Thandar's
TA4000-80 logic analyser provides
synchronous data capture at up to
400MHz on 18 channels with a
memory depth of 8Kword. At this
speed, timing resolution is 2.5ns,
which is usable with 50MHz logic; at
50MHz and below, the number of
channels may be increased to 80.
Sixteen channels can be displayed
simultaneously, with a marker scale,
and a group of channels can be
defined as a bus and shown on one
line of the screen. Triggering may be
performed by up to four trigger words
ORed together (NOTed, if required).
GPIB and RS-232 interfaces are
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provided for control and data transfer
and there is a Centronics interface for
screen dumps to a printer. Thurlby
Thandar Instruments Ltd. Tel,, 01480
412451, fax, 01480 450409.

Literature

Ac/dc power. Coutant Lambda offers
a new guide to the company’s range
of ac/dc power supplies. The guide is
free of charge. Coutant Lambda Ltd.
Tel., 01271 865656; fax, 01271
864894,

Power mosfets. Toshiba mosfets,
which handle 16-1000V and 1A-60A,
are described in a new short
catalogue, including types for direct
drive from 3.3V logic. Toshiba
Electronics UK Ltd. Tel., 01276
694600, fax, 01276 694800,

Surtech. Surtech Distribution has a
new catalogue of hardware such as
Cs, As, Ls, suppression components,
piezo and magnetic products,
cannectors and switches from people
like Murata and Methode.

Surtech Interconnection Ltd. Tel.,
01256 51221, fax, 01256 471180.

Navigation systems

GPS starter pack. Rockwell offers
the Jupiter Starter Pack, which is an
easier way to have a GPS application
up and running. The unit is based on
a Rockwell Jupiter-12 GPS engine to
give rapid signal acquisition even in
town centres and foliage. It allows the
connection of power, antenna, serial
cable for a pe port and differential
input, with option setting. Software
includes Rockwell's Labmon monitor
pragram, the Psion NMEA GPS
monitor and other utilities. Telecom
Design Communications Ltd. Tel.,
01256 332800; fax, 01256 332810.

Power supplies

Efficient de-to-dc converter. Philips
has the TEA1204t 8W dc-to-dc
converter ic which is 95% efficient. It
is intended for the telephone market,
to extend talk and standby time. It will
convert the output of a two or three-
cell NiCd/NiMH battery or a single-cell
Li-ion pack to 3.3V or 5V or the output
of a four-cell pack down to 3.3V or
3.6V, configurations that cover
virtually all mobile telephones. A
combination of pwm and pulse
frequency modulation not only confers
high efficiency, but allows rapid
response to changing loads, so that
the device is particularly suited to
GSM telephones using burst-mode
transmissions. Philips
Semiconductors (Eindhoven). Tel., 00
31 40 2722091, fax, 00 31 40
2724825,

Auto-pfe, ac/de supply. Computer
Products introduces the NLPES 65W,
ac/dc input, open-frame supply, said
to be the smallest of its type to have
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automatic power-factor correction by
an active low-frequency method. The
unit complies with European
harmonics and flicker standards and
is CE marked. Package size is 5 by 3
by 1.26in, this being achieved by
means of a new 100kHz switched-
mode technigue, the high frequency
helping to reduce emi. It also uses a
patented flyback boost technique to
improve efficiency under full load,
giving a power sensitivity of 4W/in.
Input is universal at 85-264V ac or
120-370V dc and outputs are 5, 12,
15 or 24V dc from the single units,
5/12V or 5/24V from dual types and
5/+12V, 5/+15V from the triple
versions. Computer Products, Power
Conversion Ltd. Tel., 01494 883113;
fax, 01494 883419,

600W de-to-de supplies. Single-
output de-to-dc power modules in
Coutant Lambda's PH600S range
provide 330-600W of output at fixed
voltages between 3.3V and 48V. Input
voltage is 200-400V dc, switching
frequency 300kHz and efficiency at
280V dc and maximum output current
is 86%. Facilities include remote
sensing, overcurrent and overvoltage
protection and there is provision for a
remote on/off control. Coutant
Lambda Ltd. Tel., 01271 865656; fax,
01271 864894.

Ups. PowerWorks A30is a new
uninterruptible power supply by
Fiskars, designed to replace
PowerServer 20 and 30 ranges. This
one uses “double conversion on-line
technology" to provide reliable
protection for computers and
waorkstations, etc. In the B00VA-8kVA
range. These units are modular in
form for simple installation and offer
“plug-and-play” expansion, with four
hours backup. An automatic switch
takes power directly to the load to
handle temporary overload — a feature
that removes the need for excessively
large ups — and the units use new
Lansafe Ill power management
software. Widened input voltage
ranges help to conserve battery
power. Fiskars Electronics Ltd. Tel.,
01734 306600; fax, 01734 305868.

Lead battery charger. Mascot's 93719
lead battery charger is over B0%
efficient and delivers a current up to
2.4A. Dutput voltage is adjustable
between 11.5V and 15V, with others
to special order, and there is a current
limiter to prevent overcurrent at the
start of the charge cycle. This
CE-marked unit is provided with a UK
or European mains plug built into the
case and a choice of output plug
|eads. Relec Electronics Lid. Tel.,
01962 863141; fax, 01962 855987.

Radio communications
products

Telemetry transceivers. A new
range of radio telemetry transceivers
by Wood & Douglas enables the

company to offer equipment covering
the 130MHz to 500MHz range of
frequencies. The T100/200/400 range
is meant for use outside Europe,
being designed to meet the FCC
specification; more stringent demands
of European use call for the
E100/200/400 alternative range,
which meets ETS 300 200, MPT1328
at vhf and MPT1329 at uhf. The T
series radios put out 2W at vhf and
1W at uhf, while the European ones
emit 0.5W, There are 100 fixed
frequencies or 16 reprogrammable
ones. Wood and Douglas Ltd. Tel.,
01734 811444, fax, 01734 811567.

Switches and relays

Audio connectors. Deltron's range of
professional audio connectors, now
available from Electrospeed, covers
all audio requirements, including
phono connectors, loudspeaker types,
and a range of circular DIN
connectors of the nan-latching,
latching, insulated, chassis or board
mounting versions. Silent Jacks are
two-pole jack plugs which eliminate
the buzz on insertion, a spring-loaded
sleeve switch connecting tip and
sleeve connected until the movement
of the sleeve on connection reinstates
the signal; a two-position collet allows
the use of a number of cable
diameters, Electrospeed. Tel., 01703
644555; fax, 01703 610282.

Piezo switches. Schurter's range of
single-key piezo switches are rated to
IP40 or IP67 and are proof against
water, dust, heat and cold and the
brain-dead. Piezo-ceramic discs
generate small voltages when
touched, the voltages being
processed internally to control the
normally open switching action. They
come in a range of colours and
materials including chrome-plated
brass, steel or aluminium. Options
include special finishes and normally
closed versions. Actuating force is
1-3N, contact travel 0.0002mm,
switching voltage and current 100V
dec, 100mA and breaking capacity
10W. Radiatron Components Ltd.
Tel., 01784 439393; fax, 01784
477333.

Video

Remote, digital camera. Active
Imaging announces the Mv-NET, a
networked digital camera for remote
inspection and monitaring. Images are
sent to the monitoring station, which is
simply a pe running the relevant
software, in compressed digital form
over telephone lines, lans or
GSM/wireless lan. Inside the camera
are colour Pal sensor, frame-grabber,
processor, disk storage and a network
module, all mounted in an enclosure
with climate control and/or tilt and pan
control; settings are controlled from
the monitering station. The presence
of the processor means that the
camera can notify the monitor if an

Loop tester. A digital loop
tester, the Avo Megger LT7, is
a hand-held instrument giving a
direct reading of prospective
short-circuit current and earth
fault current, other tests
including phase, earth and
phase and neutral supply loops,
performed at both 110V and
230V socket outlets and
distribution boards. For circuits
using rcds that would normally
be tripped by high current, a
low-current test is available.
The instrument meets Low-
Voltage and EMC directives.
PIDA. Tel. and fax., 0756
799737.

alarm is activated and can then be
made to record whatever nefarious
deed is being perpetrated. Active
Imaging plc. Tel., 01628 415444, fax,
01628 415481,

Pc to tv. TMC2360 by Raytheon is a
single-chip VGA-to-Pal/NTSC video
processor, converting analogue
rgb+sync. from a pc to broadcast
quality NTSC or Pal video; no external
memory is needed. The device
includes three a-to-d converters, an
interlace filter, clock processors,
reference and three d-to-a converters
and a three-line adaptive flicker filter
with selectable operating modes.
2001-METL. Tel., 01438 742001, fax,
01438 742002.

3-D camera. A three-dimensional
portrait camera, the C30 model 2020
by the Turing Institute, consists of a
pod with a stereo camera pair and
lighting, connected to a pe. In under
0.5s, high-resolution polygon models
can be produced in VRML or DXF
formats in monochrome or 24-bit
colour. Simple operation allows non-
technical users to operate the camera.
The Turing Institute. Tel., 0141 337
6410; fax, 0141 339 0976.
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NEW PRODUCTS CLASSIFIED INSTRUMENTATION

Please quote “Electronics World” when seeking further information

Transducers and
sensors

Touch pad. A semiconductive touch-
pad element by Interlink Electronics
Inc. is based on the company's force-
sensing resistor, instead of the more
often seen capacitive technique. The
device requires a slight touch from a
finger or stylus and will operate in wet
or dry surroundings; it uses only 15%
of the power needed by capacitive
pads and is more flexible in its use. |t
is mainly intended for use in notebook
computers, where its power saving,
enhanced by the inclusion of a sleep
mode, and its lower cost compared
with that of capacitive devices, makes
it an attractive choice. A complete
touch-pad using the technigue, the
VersaPad oem module, is now
available. Interlink Electronics Inc.
Tel., 001 BOS 484-8855; fax, 001 805
484-8380.

Current sensors. Vacuumschmelze
GmbH has some new compensation
current sensors for current detection
in motor control systems or power
supplies; they are based on existing
designs, but provide greater current
ranges in the same shape cases,
those now available being for 50A,
100A and 400A. The compensation
principle allows the detection of dc as
well as ac up to about 100kHz, and
enables better linearity than in other

Fm wireless datacomms.
Radiometrix has a
transmitter/receiver pair for
40kbit's data communicalion
over distances of 300m over
open ground (75m inside).
They are made for 433.82MHz,
the transmitter providing
+10dBm to ETS 300-220 in
Europe and 418MHz, 0dBm fo
MPT1340 in the UK; the
receiver is a double-
conversion superhet, which
powers up in under 1ms and
detects carrier rapidly for
power saving. The pcb-
mounting modules can be
used in analogue or digital
communication and will work
with helical, loop or whip
anlennas. Radiometrix Ltd.
Tel., 0181 810 B647; fax, 0181
810 8648.

methods. Use of a metallic detector
instead of a Hall device reduces offset
and drift by an order of magnitude.
Vacuumschmelze GmbH. Tel., 0049
6181/38-26 29, fax, 0049 61 81/38-
28 B0.

Pressure sensors. Lucas's NPP
Series of piezoresistive, board-
mounted pressure sensors are meant
for use where small size and
resistance to mild corrosive fluids are
important. It is the first to appear in a
standard SOIC-8 package for
automatic handling and insertion, the
lead frame design reducing the stress
found in surface-mounted ceramic
types. Ranges are 0-15, 0-30 and 0-
100Ib/in®(absolute), producing a
60+20mV output on 3V dc. Error due
to all causes is less than 0.3% of full
scale. Lucas Control Systems
Products. Tel., 01535 661144; fax,
01535 661174,

Humidity sensors. Self-cleaning,
heat refresh humidity sensors in the
HS30 from Steatite are for use in
industrial positions where
conventional types become clogged
and stop warking properly.
Measurement range is 10% to 95%
RBH, without condensation, and
accuracy +5% RH at up to 80°C.
Power consumption is 1.35W, rated
working voltage 1V ac and heat
refresh temperature 600°C. Steatite
Insulations Ltd. Tel., 0121 643 6888;
fax, 0121 643 2011,

Chip thermistor. NTH5G is an ntc
thermistor on an 0805-size chip made
by Murata and intended for use in
temperature compensation in ics,
transistors and oscillators. Its
construction provides resistance to
humidity; resistance tolerance is +5%;
maximum power 20mW; and B
tolerance +3%. Resistance values in
the range 220£2-100kS2 are available.
Murata Electronics (UK) Ltd. Tel.,
01252 811666; fax, 01252 811777.

COMPUTER

Computer board-level
products

PCl-bus logic analyser. From RAM
Technology comes the half-card
TA200 logic analyser that is simply

plugged into the bus, no probes being
needed. It allows users to debug and
characterise hardware and software
using Windows-based software,
which, it is said, gives a good balance
between simplicity and analysis
capability. An enhanced parallel
interface to the host enables very fast
data transfer and the board is
compatible with all PCI systems
including short-form designs. Future
developments are taken care of by
on-board sram and fpga technology;
updates will be available on disk and
from a Web site. RAM Technology
Ltd. Tel., 01825 761456; fax, 01825
761543,

Computers

Fault-tolerant computer. Blue Chip's
lcon series of rack-mounted pes are
available with dual redundant power
supplies. Both operate normally but,
in the event of a fault, each is capable
of handling the full 250W load, an
alarm sounds and a led illuminates,
this signal can also generate a pop-up
alarm, using a watchdog card. Further
alarms may be generated by the use
of Blue Chip's Pentium cpu card,
which moniters the power supply and
temperatures. Blue Chip Technology.
Tel., 01829 772000; fax, 01829
772001.

Data communications

“World’'s smallest” transmitter, An
am transmitter by RF Solutions looks
like a small ceramic capacitor in that it
is encapsulated in epoxy and has two
wires; you can have it in a key fob, if
you ask properly. It is for short-range
telemetry and data comms and things
in cars and works over a 30m range.
Licence-exempt in the UK, itis
approved to MPT1340 and is
available for European operation at
433MHz. Power is 5-12V at 2.5mA
and the two aforementioned wires are
for cmos/ttl data input and output to a
whip aerial. RF Solutions Ltd. Tel.,
01273 488880, fax, 01273 480661.

Development and

evaluation

USB coniroller emulator. An
emulator for Intel's 82930 universal
serial bus controller, which is an Intel
251 micro with an interface to the
12Mb/s bus, is now available.
ISYSTEMS 82930 power emulator
probe allows real-time execution
without wait states, the trace option
recording every instruction cycle and

Enhanced ICEPIC. RF Solutions
has extended the coverage of its
PIC emulator by the introduction
of a new daughter board, ICEPIC
is a non-intrusive emulator for
PICs working at up to 10MHz, for
source-level debugging in
assembler or C. This new 74A
board allows ICEPIC to cover
16C62/63/64/65/72 and 74
pracessars, and comes with all
new emulators, being available as
an upgrade for alder ones. RF
Solutions Ltd. Tel,, 01273
488880; fax, 01273 480661.

breakpoints being set at any location
without slowing execution. C
compilers are supported and dos or
any of the Windows variants will
support the emulator. Clock speed is
up to 100MHz and the optional trace
buffer is 96bit wide. Changing pods
on the emulator adapts it to over 200
8-bit and 16-bit devices. Computer
Solutions Ltd. Tel. and fax, 01932
829460.

32-bit 68020 emulator. Noral
Micrologics's FlexTeols family of
real-time development tools mow
includes the Flex-ICEDZ20, a hand-
held, non-intrusive, zero-wait-state
emulator for all 68020 derivatives up
to 33MHz. It is compatible with the
company's Windows-based debugger,
Flex, and has an expandable 32K by
128 real-time, time-stamped buffer for
analysis without breaking execution.
Dual porting provides emulator ram
access for ICE and target to give real-
time read and write of system
memory. The unit accommodates
over 500,000 breakpoints. Noral
Micrologics Ltd. Tel., 01254 682092;
fax, 01254 680847,

Computer security

Computer enclosure. Completely
proof against dust and water, Intek’s
stainless steel Armagard Flat Panel
Enclosure takes almost any lap-top pc
and any flat panel display to form an
industrial pc, terminal or remote
monitor, no madifications being
needed to allow the pc to be housed.,
A lap-top pc is opened out flat, its
display being viewed through a sealed
transparent panel and an external
membrane keyboard connected to it
for data entry. Cable access is by
gland plates and the rear door swings
out to provide access for servicing.
Intek Electronics Ltd. Tel,, 01352
810603; fax, 01352 810403. L]
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MEASURE
WOW aQNO

With so much digital audio equipment around, it is easy to

overlook the fact that a meter for checking fluctuations in the
speed of analogue replay systems is still a useful tool.
Christopher Kuni explains how to design such a meter.

easurement of wow and flutter may

seem anachronistic in this age of

digitised, locked-in, rock-stable audio
reproduction. However, a glance at the display
window of any commercial electronics shop
will reveal that analogue equipment, with its
susceplibility to speed variation, is still very
much with us in the form of cassette and even
reel-to-reel tape machines, and video recorders.
And there are still millions of phonograph disks
in existence.

Every turntable and analogue tape transport
has measurable speed variations that worsens
with age. Checking wow and flutter requires a
measuring  instrument  with  reasonable
sensitivity and precision; such instruments have
become rare and expensive.

The meter described here has proved more
than adequate. Its most sensitive range is 0.1%
full scale, peak or rms-indicating average. The
—3dB points of its frequency response are
0.4Hz and 180Hz. Alternatively, the frequency
response weighting curve recommended by the
major standards associations can be selected!.

Output level of the typical moving-magnet
cartridge provides adequate drive without
preamplification. Only one simple calibration
adjustment is required, or, if rudimentary
accuracy can be tolerated, high precision (i.e.,
repeatability and internal consistency) can still
be enjoyed with no calibration at all.

Figure 1 shows the overall system design. A
3 or 3.15kHz signal of a few millivolts to a few

volts rms is amplified, if necessary, to an
adequate level before bandpass filtering to
remove noise. A zero-crossing detector then
squares the signal to further reduce noise effects
and to condition the signal for a phase-locked
loop, or pll, frequency discriminator.

Demodulated signal passes through a
wideband bandpass filter that sets the overall
wow-and-flutter frequency response. A
weighting filter can be switched in if desired.
Peak or average rectifiers can be chosen to
drive the storage capacitor, the potential of
which is measured by a dc voltmeter.

Circuit details

Figures 2-6 show circuit details. All op-amps
in the prototype are TL0O71, -72, or -74 types.
Similar types will function equally well. Each
nor gate is one section of a c-mos 4001.

The input carrier signal sees the high input
impedance of /C;, Fig. 2. Together with its
associated components, /Cy provides up to
20dB gain. This gain control circuit, described
by R. Williamson?, has an approximately
exponential characteristic that I find convenient
when the expected level of the input signal may
cover several orders of magnitude; a circuit
with a linear characteristic may, of course, be
substituted.

Noise transmission to the pll is reduced by the
filter formed by IC; 45. A biquad circuit was
chosen because of the flexibility it affords in the
choice of Q and gain, and because of its easy

—— i Weighting &
In Amp/filter > aTer 3 PLL ~
X ¥ demodulator bandpass
filters
Rectifier >

Storage & DC amplifier 7= =
capacitor

Fig. 1. In this simple sensitive wow-and-flutter, weighting is switch selectable.

flutter

tuning. The main trade-off in the design of this
filter is between wow-and-flutter bandwidth and
noise rejection. A high-Q filter will limit the
upper frequency components of the wow-and-
flutter signal but will also reduce the undesirable
effect of noise in the input carrier signal.

This consideration is more critical than you
may first think. Although the pll demodulator is
inherently noise-insensitive, the modulation
levels that we are dealing with are extremely
low — down te less than 0.01%. Even a pll will
show significant relative noise sensitivity at
these levels, so line transients, clicks on the test
record, rumble in the turntable and other noise
signals can spoil measurements.

The bandwidth of a frequency-modulated
signal is approximately equal to twice the sum
of the frequency deviation and the modulating
frequency?. For a 3kHz carrier modulated at
1% peak deviation at 200Hz, the bandwidth is
thus about 2x(30+200)=460Hz.

For a 200Hz, 1% flutter signal, the system
will suffer about a 3dB loss in sensitivity if
filter Q is 3000/460=6.5. The values shown in
the biquad filter give a Q of about 5.5; this
filter, in conjunction with the bandpass filter
following the pll, gives an overall system
bandwidth of about 180Hz, a reasonable figure.
Rejection of the noise in my environment is
sufficient to allow measurements near the
bottom of the 0.1% range.

Filter Q can be changed, if desired, by
changing R,; Q=R,/33,000. With the values
shown, gain of the biquad filter is 50 — a value
that can be maintained if Q is changed by
altering Ry,; gain=Q(33,000/Ry,).

Further noise rejection

A zero-crossing detector with hysteresis /Cg
further rejects noise. Transistor Try still further
squares the 3 or 3.15kHz signal from ICg and
shifts the negative-most level of the square
wave to near zero. The diode and associated
voltage divider give a dc signal that allows for
gain adjustment; gain should be adequate to
give a clean square wave at 77 s collector but
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calculated for a meter movement on which the
full-scale values are 10dB apart —i.e., 1.0 on
one scale and 3.16 on the other, Use of the less
common movement, on which the full-scale
values are 1.0 and 3.0, would require
recalculation of the resistors. Output is provided
for monitoring the detected, filtered signal with
an oscilloscope or a spectrum analyser.

The detected signal is sent to a full-wave
rectifier consisting of 1C,3 14, and associated
parts, Fig. 4. When §; is set for average
readings, the low impedance output of ICyy
charges and discharges C, through R so that
the voltage across C,, is the average value of the
rectified signal.

Two series diodes at /Cy5 limit the voltage to
which C, can be charged in off-scale conditions
such as switching transients. This minimises the

not so high that the biquad filter is overloaded.
After S, in Figs 3, 4 & 5 is switched to the ‘set’
position, the biquad is tuned for maximum
meter reading and the gain is adjusted for a
reading anywhere in the top two-thirds of the
meter scale.

The squared carrier signal is sent to the 4046
pll, IC4, Fig. 3. Demodulated output from the
pll goes to two filter chains, selected by Sy, to
give either a flat or a weighted bandpass (/Cy o
or ICq 10,11-

Op-amp 1C}, provides appropriate gain for
0.1%, 0.3%, or 1.0% full-scale meter deflection;
range is selected by §3. The 180k resistor at
§1a causes the gain of the IC,; circuit to yield
rms-reading average measurement when S, is
sel lo ‘average',

The feedback resistors around [Cy, are

settling time once normal conditions have
returned. When S, is set for peak readings. /C5
and its feedback diode form a low impedance
charging source for C, through Ry but no
discharge path; the sole discharge path is then
through R..

Time constants
Charge and discharge time constants for
average readings and the discharge time
constant for peak readings are 7.3 seconds; this
somewhat Jong time constant gives stable
readings even for the 1.8s period of 33rev/min
wow, The charge time constant for peak
readings is 36ms, which is short enough for a
significant response to only a few cycles of a
180Hz flutter signal.

Reduce Ry to decrease the peak-reading lime

A 52k3 1%  1,0%
——WAW—0
s
L 221k 1%  0.3%
22k Ss
7 - P o - 00.1%
! 475k 1%
AN
10k
‘2201-; —WW\—s -
v ICya >To'C’
3n3 ISnz S, * Fig. 4
T FIatT Waightad 1l|'|l 10K
L Oscilloscope
Op Amps powered from +12V
B> To'E'
From Fig. 5 39K 11k
e 100k 39k
G, S 68k
4046 2
j00n 1000 Fig. 3. Phase-locked loop
5 (8 [1]12i0 (2 = and weighting filter.
4 . Squared input feeds the
p— 2M 15n pll, whose output passes
e i 1 == 107 I to either the weighted
3x 10k E; oM or flat filter.
A
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constant at your own risk. Doing so will
drastically increase sensitivity to impulse noise.

Charge voltage of Ca is sensed by ICyg,
which drives the meter movement. The
movement, one that happened to be on hand,
has a 200pA full-scale sensitivity and a
resistance of 1k3£. Standards associations
specify meter ballistics, but 1 chose not to
attempt (o duplicate these specifications
electronically.  Instead, [ subjectively
determined a driving impedance for the
movement such that the resulting ballistics
appeared close to those of a borrowed
professional wow-and-flutter meter,

The movement’s open-circuit ballistics are
on the sluggish side, so a rather high driving
impedance proved satisfactory. The resistors
associated with ICg could be changed to
accommodate virtually any reasonable meter
movement.

Circuit Fig. 5 serves two purposes. First, the
logic circuitry detects the lock condition of the
pll unambiguously, T wanted the led at Tr; to
be completely extinguished when the pll is not
perfectly locked and to be lighted without
flicker when the pll is locked. I also wanted it
to to follow the state of lock virtually
instantaneously, If this situation can be
accomplished directly from the 4046 without
external logic, | haven't discovered how.

Secondly, Tr3 discharges C, summarily when
the pli falls out of lock, preventing wild swings
of the meter pointer when the carrier is
switched in or out or when the instrument is
switched on. This function. plus the series
diodes at /C)5 in Fig. 4, keeps the meter tamed.

The power supply in Fig. 6 s
straightforward. A separate +12V supply for
the pll is necessary to prevent 3kHz spikes
originating in the pll from leaking into the rest
of the circuit.

Calibration aptions

Several options exist for calibration. When a
200p A, 1.3kQ meter movement is used, the
simplest is merely to set the calibration
potentiometer, Fig. 4, to the centre of its range
and forget it. Although absolute accuracy will
suffer, the instrument will be perfectly
satisfactory for almost all uses. Should you find
this approach unacceptable, you have at least
three alternatives for accurate calibration.

In the first method, the demodulator-filter
sensitivity is measured, and a signal generator
is used to inject a simulated flutter signal of
amplitude corresponding to 1% into the
amplifier preceding the meter rectifiers.
Temporarily short the 150nF capacitor at /Cy of
Fig. 3. Connect a stable audio generator set to
3kHz to the system input. With S, switched to
‘set’, peak the tuning control and adjust the
gain control for a reading in the top two-thirds
of the meter scale.

Monitor the generator frequency with a
counter and the voltage at the output of /Cy
with a digital voltmeter, Vary the generator
frequency around 3kHz and tabulate frequency
versus the /Cy output voltage. The change in
voltage divided by the corresponding
percentage change in frequency is the
sensitivity of the demodulator and the /Cy

INSTRUMENTATION

10K 1%
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rectifier. With §; 9—1
set for average L
readings, : .19

low-impedance output of ICy charges

and discharges C, through R..

lowpass filter. In my case this was 0.18V per
1.0% frequency deviation.

Remove the short from the 150nF capacitor.
Temporarily ground Trs’s base, Fig. 5, and
disconnect the pole of S, from the pole of §;, in
Fig. 3. Inject a 100Hz or so signal with an
amplitude comresponding to  1.0% peak
deviation, for example 0,18V peak, into the pole
of S 4. Set §; to *peak’ and §5 o *1.0%. Adjust
the calibration pot for a 1.0 reading, If 3kHz and
3.15kHz are not well within the capture range of
the pll, trim the 68nF capacitor at 1C;.

If you have a good ear for music, a own a
generator, but no counter, then zero-beat the
generator to a piano or other fixed-pitch
musical instrument. The frequency of each note
is 1.059463 times that of its semitone-lower
neighbour. On the International music scale,
defined by A4=435Hz, G; is 3100Hz. On the
American Standard scale, where A;=440Hz, G4
is 3136Hz.

For the second method, lash up an fm
generator with an 8038 function generator chip
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Fig. 3
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All gates powered from +12V

oscillating at 3kHz and swept to 1.0% peak
deviation by a low-frequency second oscillator,
Initially, connect a variable dc voltage source
and a dvm to the modulation terminal of the
8038, and monitor the B038’s oscillation
frequency with a counter. Once the 8038's
modulation sensitivity is known, its modulation
terminal can be driven by a sine wave of
appropriate amplitude for 1,0% peak deviation.
The output of the 8038 is then used as a test
signal for the wow and flutter meter.

The third method uses a desk-top computer
with a sound card. A few lines of code can
generate a sound file that represents a digitised
3kHz carrier modulated at any level and
frequency and that can be played through the
sound card. Or, (o avoid the programming, use
one of the several available inexpensive digital
audio editors that feature flexible generators,

1 have tried all three methods of calibration.
The most accurate and flexible is the third, but
not everyone has the necessary computer
hardware and either the software or the desire

+12V

Fig. 5. Lock detector and Tr; discharging transistor,

-12V which stops the meter pointer swinging wildly when
the detector falls out of lock.
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frequency counter. This feature could be

cT i . 2812 2V Fig. 5. Power included with the addition of a dc amplifier and
W + to 4046 supply. a second meter movement having a centre-scale
Mains H ﬂlﬂ 104 Mam.s-rared zero. Provision would be required to tune the
astmer I filtering at the pll exactly to the carrier frequency.
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to write software. Methods two and three have
the theoretical advantage of allowing for testing
or calibration of the whole system at once. The
first method is fast, almost as accurate as the
third, and can be done in a pinch with only an
audio generator and a voltmeter.

Summary

This simple meter has been in use for years with
no problems. The effects of flywheel or platter
weight and balance, bearing wear, and drive-belt

10
Al

quality are easy to measure objectively,

Readings are within a few percentage points
of those obtained on a calibrated, professional
wow and flutter meter when both meters are set
up similarly and driven with a sine-modulated
test carrier. Congruence is sometimes rather less
for non-sinusoidal impulsive functions, and this
difference may be due in part to the differences
in meter movement ballistics.

Drift measurement was not included in the
design, because drift is easily tracked with a

nearly an order of magnitude. On the other
hand, a superb turntable may have less speed
variation than the residual of even a good test
record, especially given the difficulty of
centring the record precisely on the platter. B
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New Specinl Offfers

New mini waterproof TV camera $0x40x 1 5mm requires
10t 20 volts a1 20mA with compasite video output
{10 feed into a video or a TV with a SCART plug) it has

lines horizontal, elecironic auto Iris for nearly dark (1
LUX) 10 bright sunlight operation and a pinhole lens
with a 92 degree fiekd of view, it focuses down 1o a few
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15p cach
5p 1000

Wima MK
75p each

LEDs 3mm or 5mm red o g lecn Bﬂ:cfch cellow Ilp
ﬁ:hocgblc ties | p each £5.95 per |

Rechargeable Banenes
1..80/

... 0p 100+ ” r
50 per Philip , |u3 gne;wdld alummmm axial leads - SSuf v &I o r a o U
48 <o M each
00

Dli!\a}i with solder
LAgS ...

£4.95  SubC with solder

ing no pebs) .,

:rﬂ(lpi (omprrwun lnmmm
40 uf 370vac motor stan ca)

Solid carbon resistors very
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S(andard char cr chargrﬂ AA cells in 5 hours or 4Cs or
n §2-14 hours + 1xPP3 (1,2, 3or 4 cells mavbe
cllalgrd atatime} ., 505
High gcmer charger as above but charges the Cs and Ilsm
ours. AAs, Cs and Ds must be ¢ argsd m'Zwr“n -
N:ckrl Mc:a] Hwiryde AA cells tugh npu:lw with no
memory. If charged at ronma and discharged al
‘L‘nﬂmawlﬁs |r§$ rap y{lcwrrl:apanl;r Er.w
hlql\ discharge rates)... ssimbssicni £3.75
5 se check for avail
Stick of 4 42x16mm Nicad bateries

haft
the shaft £4.95 each

BOxb0x35mm excluding
113v AG 80v DC mot m'ﬂ?immsha& S0mm dia x 60 lnn?

body {excluding the shaft) it has a replaceable \h;lrma

GaAs FET low Ieakage current S6875....

BS250 P channel mos
B(‘::eransmol
BCATA
T4L505 hex invertor..

K000 per 100

L

16mm dia with
5.5

8245

Fuse and brushes........ £4.95 each (£3.9! CV2486 gas relay, Sﬂxmmm dla with
?nentcmmn anode led dupl.a\ 12mm... also work as 3 neon light
37k TOS case variable regul:

cireuits - 2Tohm 2W, 6ﬂnhm W...

i tachP] 00+

We have a range of 0.25w. 0. Sw w soIPd carbon
resistors, please send SAE for list.

P.C. A00W r&lmz] art 201035-001) with standard
motherboa disk drive connectors, fan and
maing inletloutlet connectors on back and switch on
the s mk {tap for tower cau] dirns 2121 4% 14%mm

g switch ....... £26.00 cach

\KXIEODIgI:ﬂ multimeter 17 ranges 1000vdc T50vac
m 200mA wransistor Hfe 9v and 1.5v battery

h“D 2’?!55 5 Eproms.
DIP switch 3 12

Disk drive boxes for 5,25 disk dnv; ?&I‘? room for & power
su) light grey plastic, 67: mm

BPT. SR p £7.95 or £49.50 for 10

Hand held ultrasonic re £3.95

Verbarim RIDONH Stre
machines and printing E,n:ssrs etc. it looks like a
normal cassette with a shot eut out of the lnp £4. 9]383

¥

T .95

ic 18 26dvac input 8

ES 49 each {100+ £2.95)

8 pin DIL socket 6p

Heatsink compound tube...
HV3-2405-E5 5-24v aom.ﬂ

in DIL package .
L. Mgm timer ic 16p ...

Wide range of CMOS f’r;. T4HC 74F Linear T)

roducts advertised are new and unused unless otherwise stated,

tools ete

its.
always in stock. Please add £1.95 towards piep. VAT included in all pnc,u

JPG Electronics, 276-278 Chatsworth Road, Chesterfield $40 2BH

on advertising
rates

Please contact
Malcolm Wells on

Tel: 0181-652 3620
Fax:0181-652 8956

= , T
[ File Edit Yiew Tools Qn{gn _Gj'aph System ]:l:lp
e

i =

abcentenr

E | e ct ronics

Simulation
O Non-Linear & Linear Analogue Si
O Event driven Digital Simulation with

modelling Iaﬁgu'a'g'e

O Partitioned simulation of large: designs

with multiple analogue & digital sections.

O Graphs displayed directly on the

@S e @ @

®

O

software ... bauily £99.00 . 1Bpeach
gmarr “:-PPO" anﬂ 4 digital inputs kit ... e £27.00 5 " "
wer interface 44 kit 20p eac
e etk schematic.

PEEIDEsign

M% ;anomu 9 AA3D0mAH with wl.d:lr nm.p G series Jong life eaullal,s: ..E;ﬂrﬁﬂv f @ ® ; J = ;
sl B8 i mhmg;m}i uture enquiries 32 bit high resolution database.
2 mA cacl P i

Multi-Layer and SMT support.

Full DRC and Connectivity Checking.
RIP-UP & RETRY Autorouter.

Shape based gridless power planes.
Output to printers, plotters, Postscript,
Gerber, DXF and clipboard.

Gerber and DXF Import capability.

Call now for your free demo disk

or ask about the full evaluation kit.

Tel: 01756 753440. Fax: 01756 752857.
53-55 Main St, Grassington. BD23 5AA.

Access/Visa Orders (01246) 211202 Fax: 550959
callers welcome 9.30am to 5.30pm Monday to Saturday

Fully interactive demo versions available for download from our WWW site,
PaII for educational, multi-user and dealer ,pncing new dealers always wanted.
fices exclude VAT and delivery. All manufacturer's trademarks acknowledged.

EMAIL: info@labcenter.co.uk
WWW: http://www.labcenter.co.uk
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Dictionary of
Communications
Technology

Terms, definitions and
abbreviations

Gilbert Held, 4-Degree Consulting,
Macen, Georgia, USA

In response fo the changing
face of the
telecommunications industry
and the rapid expansion in
the use of microprocessors,
fibre optics and satellites, Gil
Held has updated his earlier
telecommunications dictionary
to bring readers in line with
the very latest developments
and terms in communications
technology.

Features Include:

e Over 9000 references and
250+ illustrations

» Comprehensive coverage of
data and computer
communications

e New entries on PC LANs,
the Internet, client/server
operations and
communications festing

e Trade name information

First Edition Review:

“For a consultant or
telecommunications operative,
this book is a must. It is
comprehensive and timely ...
an excellent reference for the
IS professional.”

Data Processing Digest

ISBN 0471 95542 6, 512pp, hardback, UK
£68.50, Europe £73, ROW £85

ISBN 0471 95126 9, 512pp, paperback, UK
£38.50, Europe £43, ROW £55

Testing, Troubleshooting
and Tuning Local Area
Networks

Techniques and tools to
isolate problems and boost
performance

Gilbert Held, 4-Degree Consulting,
Macon, Georgia, USA.
Recognising the problems

TESTiNG o A

TR0 = .
m Q"EL*F-‘!C‘:“!!»;

encountered by network users
and administrators on a daily
basis, this book is designed to
assist readers by focusing on
testing, rroublesKooting and
tuning of Ethernet and Token-
Ring networks. It is devoted
exc?usively to: how things go
wrong how to recognise,
monitor and fest for problems;
network analysis and network
management products that
assist users in examining the
flow of data in a complex
network.

1SBN 0471 95880 8, 275pp, hardback, UK
£37.50, Europe £40, ROW £50

Wireless Information
Networks

Kaveh Pahlavan, Worcester
Polytechnic Institute and Allen H
Levesque, GTE Government Systems
Corporation.
Wireless Information
Networks organises all major
elements of wireless
technology - cordless and
cellular te?;phony; Personal
Communications Systems
(PCS), mobile data networks
and Wireless Local Area
Networks (WLANSs),
resenting them from a
ogical, systems engineering
perspective. Technical
material is thoroughly
integrated with special
applications and focuses on
four main areas: Wireless

standards and descriptions of
systems and products;
Measurement and modelling
of radio and optical wave
propagations; Wireless
transmission techniques and
Wireless multiple access
techniques.

Contents: Overview of
Wireless Networks. Frequency
Administration and Standards
Activities. Characterisation of
Radio Propagation. Channel
Measurement and Modelling for
Narrow-band Signaling.
Measurement of Wide-band
Channel Characteristics.
Computer Simulation of the Radio
Channel. Modem Technology.
Signal Processing for Wireless
Applications. Spread Spectrum
for WIN Systems. Wireless
Optical Networks. Networks and
Access Methods. Standards and
Products.

ISBN 0471 10607 0, 304pp, hardback, UK
£63.50, Europe £68, ROW £81

Applied Cryptography
2nd Edition

Protocols, Algorithms and
Source Code in C

Bruce Schneier, Security
Consultant and President of
Counterpane Systems, USA
This revision of the
programmer’s and system
designer's guide to the
practical applications of
modern cryptography

provides the most
comprehensive, up-to-date
survey of modern
cryptographic techniques,
along with practical advice
on how to implement them.
New to this edition:

® Detailed treatment of the US
government's Clipper Chip
encryption program

s New encryption algorithms
(eg. ‘GOST’) recently
obtained from the former
Soviet Union

* More detailed information
on incorporating algorithms
and programming F?agmenis

into working software

e The latest developments in
the fields of message
authentication (‘digital
signatures’) and digital cash.
ISBN 0471 12845 7, 816pp, hard back, UK £59,
Europe £64, ROW £78

JSBN 0471 11709 9, 816pp, paperbodk, UK £44,
Eorope £49, ROW £63

Data and Image

Compression

4th edition

tools and techniques

Gilbert Held, 4-Degree Consulting,
Macon, Georgia, USA

Data and image compression
are key issues in computer
communications with the
increasing demand for data
transmission capacity.

Guiding the reader through
the main techniques, this book
explains how practical data
and image compression
techniques are now vital for
efficient, low-cost fransmission
and data storage
requirements. Building on the
success of the previous
editions of Data Compression,
the scope of the fourth edition
has been considerably
expanded. Now covering
image and fax compression,
the text has been restructured
to take account of the many
new advances in this
important field. It is also
accompanied by an updated
disk containing compression
routines.

ISBN 0471 95247 8, 450pp+disk, hardback,
UK £58.50, Evrope £63, ROW £75

Handbook for Digital
Signal Processing

S.K. Mifra, University of
California and J.F. Kaiser, Bell
Communications Research, New
Jersey, USA

This is the definitive source of
detailed information on all
important topics in modern

digrilal signal processing. The
only current handbook of its
kind, it meets the needs of
practising engineers and
designers of Eardwqre,

systems and software. Written

by world authorities, the
Handbook for Digital Signal
Processing is supplemented
with hundreds of informative
tables and illustrations. For
professional engineers,
designers and researchers in
electronics and
telecommunications, this work
will be an indispensable
reference — now and for years
to come.

Contents: Introduction;
Mathematical Foundations of
Signal Processing; Linear Time-
Invariant Discrete-Time Systems,
Finite-impulse Response Filfter
Design; Digital Filter
Implementation Considerations;
Robust Digital Filter Structures;
Fast DFT and Convolution
Algorithms; finite Arithmetic
Concepts; Signal Conditioning
and Interface Circuits; Hardware
and Architecture; Software
Considerations; Special Filter
Designs; Multirate Signal
Processing; Adaptive filtering
Spectral Analysis; Index.

ISBN 0471 61995 7, 1302pp, hardback, UK
£110.50, Europe £118, ROW £138

Solving Interference

Problems In Electronics

R. Morrison, Eureka California, USA
Interference in electronic
equipment is a constant
source of difficulty for the
design and systems engineer.
Until now, there has not been
a coherent theory that
engineers can refer fo in their
design work and the solution
of interference problems has
therefore often considered to
be an ‘art’. Written by an
acknowledged expert in the
field, this new title provides
methods and techniques for
testing and evaluating

designs, and covers
interterence questions in
computer manufacturing and
systems design.

ISBN 0471 12796 5, 206pp, hardback, UK
£47.50, Europe £48.50, ROW £54

All prices are fully
inclusive of packing
and delivery

Return to Jackie Lowe, Room L333, Quadrant

House, The Quadrant, Sutton, Surrey, SM2 5AS

Diode Lasers and
Photonic Integrated

Circuits

L. A. Coldren and S. W. Corzine,
both of the University of
California, Santa Barbara, USA.
Diode lasers are found in
numerous applications in the
optoelectronics industry,

telecommunications and data
communications, ranging from
readout sources in compact
disc players to transmitters for
optical fibre communications
systems. This new title
provides a comprehensive
treatment of diode laser
technology, its principles and
theory, treating students as
well as experienced engineers
to an in-depth exploration of
this fast growing field.

ISBN 0471 11875 3, 620pp, hardback, UK
£63.50, Europe £67, ROW £78

Please supply the following titles:
Qty | Title or ISBN Price

** All prices on these pages include delivery and package **

Total

Name

Address

Postcode Telephone

Method of payment (please circle)
Access/Mastercard/Visa/Cheque/PO

Cheques should be made payable to
Reed Business Publishing

Credit card no

Card expiry date

Signed

Please allow up to 28 days for delivery




Ideaai?:rtner
in UHF and VHF

One stop solutions
for all your radio
telemetry module needs.

When the success of your products depends on radio
telemetry modules, you need a business partner you
can trust. A skilled and experienced manufacturer that
can offer modules of the highest quality, operating over
a wide range of freguencies.

In other words, a partner like Wood & Douglas.
Founded on technical excellence, Wood & Douglas
is a British company that specialises in the design,
development and production of radio-based products.
With over 30 staff dedicated to meeting your
requirements, the company is able to provide true
one-stop purchasing - whatever your RTM needs.

All radio modules are highly functional, capable of
meeting a wide range of requirements. Designed to
offer efficient, easy-to-use radio telemetry components
for system designers, they can open up a \yvf/
whole new world of product possibilities. ~7ab

From portable bar-code readers to earthquake
monitors, Wood & Douglas can help you make the
most of the opportunities in radio telemetry.

To find out more about the possibilities, contact...

_W00D & DOUGLAS
Lattice House, Baughurst, Tadley, Hampshire RG26 5LP, England
Telephone: 0118 981 1444 Fax: 0118 981 1567

email: info@woodanddouglas.co.uk
web site: http://www.woodanddouglas.co.uk
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PCB Designer

For Windows 3.1, ‘95 or NT Am

i | N B

x/Access/Delta/Visa

Looking for the price?
It's just £49.00 all inclusive!

...no VAT...no postage...
] ...no additional charges for

grw - [rampiel pebl

PUR U

{ See our Web site at www.niche.co.uk for ;
=—— information and a working demo. e-mail lmg
1 pecb@niche.demon.co.uk.

Produce Single or Double sided PCBs.
Print out to any Windows supported printer.
Toolbar for rapid access to commonly used
components.

Helpful prompts on screen as you work.
Pad, track & IC sizes fully customisable.
No charges for technical support.

Snap-to grid sizes 0.1", 0.05" 0.025" and
unrestricted.

SMT pads and other pad shapes.

N W T TR CSE R

Also available from,
South Africa: JANCA Enterprises, PO Box 32131, 9317
Fichardtpark at B299,00. Phone/FAX: (051) 223744

12 Short Hedges Close, Northleach, Cheltenham GL54 3PD

Niche Software (UK)

83390 Cuers. Phone: 94 28 66 67

CIRCLE NO). 134 ON REPLY CARD

lod
[=[=/m| | overseas orders.
<
° Dealers and distributors wanted.
- Phone (01432) 355 414 to order
= ——— T i I e
M|
5 -l || o : 8o I T B
3 Internet —2—=1 a0 o-€TI-CI2E

France: Telindel, Quartier Les Pradets, Chemin des Veys,
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For all your
future enquiries
on advertising
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Please contact
Malcolm Wells on

Tel: 0181-652 3620
Fax: 0181-652 8956
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Letters to “Electronics World” Quadrant House, The Quadrant, Sutton, Surrey, SM2 5AS

L
LVD is not new
In his editorial, EW Oct '96, Rod
Cooper paints a more gloomy picture
than is justified — and one statement
is quite wrong. The Low Voliage
Directive came into force in 1976 —
yes, 20 years ago. What happened on

1 January 1997 was that you had to

use CE mark. But you have had to
do that, for safety as well, since |
January 1996, for anything that falls
within the EMC Directive.

It is very important for the health
and welfare of the electronics
industry in the UK not to encourage
people to close down projects or
even companies through fear of the
Directives. More stringent
regulations have been in force in
Germany and Austria for more than
a decade, and their small electronics
businesses have learned how to
cope: so it is possible.

The chance of any large company
trying to use a Directive against a
very small competitor is minimal, It
is certainly impossible to forecast
that there will be no chief executive
who suffers a fit of paranoia and
goes down that route, but most
would see that the game is not worth
the candle — particularly if there are
actually no grounds for the
complaint.

It is true that the engineering
profession is disunited, but it is not
Lo be expected that they could unite
in opposition to requirements
introduced under the EMC Directive.
For example, the requirements of EN
61000-3 (all four Sections) are
bound to be looked on with favour
by the power industry, which would
like to preserve their S0Hz sine-
waves undistorted. But the
regulations are a bane to equipment
designers,

The idea of eliminating immunity
tests has been raised before, and
seems attractive at first sight. But
lack of immunity can result in quite
dangerous situations, which are
almost entirely unpredictable
because the manufacturer often has
no idea what his equipment may be
used for. Of course, these are the
events that captured the imaginations
of the politicians in the first place,
and helped to ‘sell’ the Directives to
them.

Furthermore, complaints of lack of
immunity in the field receive
virtually no publicity, but the
broadcasters, BT and the electricity
suppliers receive thousands of
complaints every year - usually
directed to quite the wrong body.
The cost of following these up, and
solving them where possible, is quite
large.

On the subject of EMC in Australia

(page 724 of the same issue),
without the *benefit’ of Brussels, the
SMA seems to have produced
requirements which are more severe
than apply in Europe at present,
although they have backed off on
some points.

John Woodgate

Rayleigh

Essex

Fooling stereo

In his article ‘Music in mind’ in the
Oct. "96 issue, lan Hickman
wondered why his gyroscopically-
controlled headphones refuse to
work in stereo.

I wasn’t totally convinced by
explanations from the experts in the
letters pages of subsequent issues, so
here’s my guess. While processing
time or volume differences, the brain
needs the signal from both ears to be
approximately equal, as in a mono-
signal. It is impossible to determine
phase difference from two
completely different signals.

If you mixed, say, a third of the
right-hand channel’s signal to the left
channel and a third of the left
channel’s signal to the right, the
brain would maybe have enough
information to fool it.

Hannu Multanen
foensuu
Finland

Preamp defence

I would like to comment on Mr
Allen Wright's letter (Electronics
World, Nov. 1996) concerning
Douglas Self’s pre-amp.

My comments come from two
viewpoints — as a collaborator with
Douglas in the design of the peb for
the pre-amp, and as a self-employed
designer in the professional audio
industry.

Over the past 15 years, my work
has taken me into a number of UK
companies specialising in the design
and manufacture of top-of-the-range
mixing consoles that end up in
radio, television and recording
studios throughout the world. All the
companies use 5532 and 5534
devices; they also all use large-value
electrolytics for signal coupling.

It is a fact that Douglas’s
preamplifier has been designed with
the same criteria used to design
professional mixing consoles.

Mr Wright states that budget
mixing console manufacturers
stopped using the 5532 years ago. [
will not contest the budget
manufacturers’ lack of use of the
5532, as my experience is not at the
budget end of the market. But may [
be so bold as to suggest that the term

‘budget’ is significant? The 5532 is
expensive. Is it financial constraints
rather than sonic performance that
preclude its use?

As for the existence of an
“unpleasant sonic signature” from the
5532, 1 am surprised. [ would like Mr
Wright to tell us more about it.

The ultimate conclusion to his
statement of the existence of a
“signature” is that virtually all live
and recorded sound will be afflicted
with the "signature” by virtue of the
recording and/or broadcast
equipment used to get the sound to
the listener.

No matter what devices are used in
a preamplifier, if it is well designed.
it will faithfully reproduce at its
output what is offered to its input.
The output will include Mr Wright's
alleged, “unpleasant sonic
signature”, which will have been
introduced earlier in the signal
chain, and is therefore beyond the
control of the pre-amp designer or
the listener.

Gareth Connor

CAD inadequacies?

The reviews on pcb cad failed to
answer the one question [ wanted
answered. All the packages seem to
work on the same basis: having
designed your circuit, you use the
schematic drawing package to
produce a professional printable
schematic and the computer does the
rest —i.e. it produces for you a parts
list, it captures the circuit for the
layout and even simulates the circuit
performance.

The problem comes in the phrase
‘having designed the circuit’, A
word processor package doesn't
assume that you had produced hand
written draft before you start typing
and pcb cad shouldn’t assume you
have done a paper circuit first. I
design the circuit on-screen. [ may
import bits from earlier circuits.
When I draw a bias chain I don’t
know what the values are going to
be, that is left until I'm happy that I
have got the configuration right. The
design process may include several

GJC Designs changes of mind, adding
London components, taking the out, etc.
@ i
-

Shifting phases?

I'am looking for a circuit to phase shift by 90° the components of a signal
with frequencies in the range 10Hz to about 350Hz. Although simple
integration or differentiation can achieve this, they do so at the expense of
a frequency dependent change in the signal amplitude which I cannot use.

In Electronics World April 1993, Terrance Finegan mentions that such
“a useful analogue function may be realised differentially with all-pass
filters’, but this hint has proven insufficient. Text books even mentioning
all-pass filters seem to be the exception — at my level of mathematical
sophistication anyhow.

Are there any readers with a solution to this problem? It would help me,
and being an unusual function may inspire other interesting designs.
Alan Scrimgeour
London

(This question is repeated from p 790, Oct '96 issue — ed)

In answer to Alan Scrimgeour’s query, it is only possible to produce an
approximation to a wide-band 90° phase-shift. The complexity of the
solution depends very much on the tolerable errors. To handle 10Hz
signals, only active all-pass filters are really practicable. The design
procedure is too lengthy to reproduce here but is not difficult, and a good
source of the information is the “Electronic filter design handbook’ by A
B Williams (McGraw Hill). The ISBN of the first edition is 0 07 070430
9, and this deals with the subject fully, but there is a later edition.

John Woodgate

Rayleigh

Essex

In answer to the question from Alan Scrimgeour: The need to phase shift
audio frequencies by 907 is also required in the phasing method of ssb
generation. The article on this subject in Electronics World March 1994,
pp202-206 covers this subject along with the merits of polyphase
networks versus ‘all-pass’ filters.

John Crabtree

Connecticut

USA
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When I am happy with the
configuration [ renumber the
componients, take a print, get the
caleulator out and work out the
values and decide on whether 2
capacitor needs to be a 1%
polystyrene, or & ceramic, or
whatever, In other words when [ um
drawing the circuit I do not know
either the value or the package of the
components and the chances of the
circuit reference remaimng
unchanged is negligible.

Ta simply re-number one
component in Easy PC Prafessional
XM requires switching from
keyboard 1o mouse o keyboard 1o
mouse 1o keyboard to keyboard and
finally to mouse.

What I want is o cad package
which at the schematic stage does
not worry about value or package
size.

John Kennaugh
Callington
Cornwall

Rod replies:

It think that John Kennaugh has not
read the first issue, Le. Sept. '96, in
which I said, “The review is not

intended to enable the reader to

choose one program to suit his or
her particular requirements. " and
this letter is about just that.

I don't think John can have read
the October issue either, in which 1
said “I think relative to having the
circuit drawn before you on real
paper, all methods of representing
the circuit on screen are inferior if
planning a circuit from seratch
rather than just drafting... neither is
the mouse & good drawing tool.”

The comparison between a word
processor and cad is not
satisfactory. [t would be valid if you
had to give a value and specify a
package for the letter "A", letter
“B" and so on, then position it as
you do with the parts in a schematic
program, Then a word processor
would be just as clumsy a5 today’s
schematic drawing programs!

Schematic drawing programs are

only there as an entry into those
things you just cannot do well with
pen and paper — simulating a circuit,
routeing a peb — and are regarded as
a necessary evil. The difficulties are
minimised in CircuitMaker and
Electronics Workbench, and 1 make
this ¢lear in the review, but they are
still there. Moreover, in the more

Note

Pins 11, 12,13, & 14 are NG

IC1, IC2 TAHC 181 {or TAAC161 1f necessary)

Pire 3, 4, 5, & 6 must be connected either high or low

\jg HC7404

—o0ul

Clocko

Divide by integers to 256

This circuit oppeared os part of Nick Wheeler's arficle on page 893 of the
Novembar 1996 issue, Apologies. The ariginal circuit redraw contained an
error in the connections around the output,

S

expensive up-market products,
schematic drawing does not get any
easier: you just get more teatures.

My review was about producing
pebs, and not about using the
monitor screen as an improvised
cireuit design 100l So it is not
surprising the review did not answer
John Kennaugh's question. The very
title should have told him that.

Is there a need for a ‘scribble-pad’
type of schematic drawing program
for designing rather than drafting?
1'm not sure there is, If there were a
need, | think that one of the current
generation of software wniters
would have produced it by now, ®
Rod Cooper
Sutton Coldfield
West Midlands
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PANASONIC VPE177A FM/AM SIGHAL GENERATOR

100KHZ-110MHZ; Output -19d8 1o 59%48;
FM - LOOKHZ; AM 0-60%; 32 PreSet Memory; Digital

Desplay Frequency & Output
Used £450 Un-used £750
|- - » {
aQ -
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PAMASOMIC VPTEI7A STERED SIGNAL GENERATOR
Generales Broadicast FM « ROS/ARI PraSet vay GHB
Used £400 ET00

Range LHZ-120MHZ, 8 HC250TR
[Digit Dispiay; AC/DC Volts; OC Cumrent

1 am\fﬂn Semsitivity 10 Ampe; 17 Ranges
Un-used £35 Continuity Buzet;
Transistor Tester
Ureused £15

NEW & HARDLY USED TEST EQUIPMENT

TENTWOHIX Z215 Doal Tracs COMMG ulny Swetp....
PILIPS 3055 T+-1 Chinhil SOMMI Bl Irlellﬂil

3 - |
3 ey eea
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KENWOOD FL1BOA WOW/FLUTTER METER
0.003% - 10%; Frequency 3KHZ3, 15KKZ;
RW\VEMGUPEM Weighted Filters ; Digital Display
of rpe; 4 digit Frequency Counter (0 OIKHI G 999KH-
S5KHT)

Used £400 Un-used £500
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POWER SUPPLY MODEL HSP3010
0-30 Volts: 0-10Amps: Curmert Limiting. 2 metres

Used £235 Un-used £275
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GOODWILL BVT 427 GOODWILL GAG §08&
DUAL CHAMNEL AC AUDIO GENERATOR
MILLIVOLTMETER Sine/Square 10HZ-1MHL
104 - 300V in 12 I & rarges; 0.1% Low

Distortion; 5 steps Qutput
Attenustor,
Used £60  Un-used £80

ranges: Fraquency |OHZ:
IMHLZ
Used £100 Un-used E125
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leml QUARANTEED.
This is & VERY SMALL 0OF STOCK. SAE of Telephane

CARRIAGE all units £16. ‘l‘ﬂlnhedd!d!nﬁll of Goods and

Manuals supplled if possibie.
for lists. Please check !\faﬂlbdm before ordening

STEWART of READING
110 WYKEHAM ROAD, READING, BERKS. RG6 1PL -
Telephone: (0118) 9268041. Fax: (0118) 9351696

Callers Welcome 9am-5. 30pm Manday to Friday (other imes by arrangement)
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DC TO DC CONVERTERS

DRMS8 input 10-40vde output Sv 8A £15

DRM128 input 17-40vde output 12v BA £50

DRM158 input 20-40vdc output 15v BA £50

DRM248 input 28-40vdc output 24v 8A E40

DRS123 input 17-40vdc output 12v 3A E20

DRS153 input 20-40vde output 15v 3A £20

DRS243 Input 29-40vdc output 24v 3A £15

SOLID STATE RELAYS

CMP-DC-200F 3-32vdc operation, 0-200vdc 1A £2 50
SMT20000/3 3-24vdc oparation, 28-280vac 3A £4 50
SMT20000/4 3-24vde operation, 28-280vac 4A £5 00

ZRAGOZ5F 28-280vdiac operafion, 28-280vac 26A £7 00

200 WATT INVERTERS Nicely cased units 12v Input 240v
output 150watt continuous, 200 max: E42 ref LOTE2

E.BMW HELIUM NEON LASERS New units, E65 ref LOT33
COINSLOT TOKENS You may have a use for thesa? mixed bag
of 100 tokens £10 ref LOT20.

él;::ﬂomnne Detects jow, high and UHF frequencies. E5/set Ral F/
EL!CTRDMAGN ETIC GUN PLAMNS Projects amelal objecta
eq adult supervision £5 ref FEEML2,

ELECTRIC MAN PLANS, SBHOCK PEOPLE WITH THE
TOUCH OF YOUR HAND! £5/set Ref FEEMAY

PARABOLIC DISH MICROPHONE PLANS Listen to distant
Sounds and voices, opan windows, sound sources in ‘hard to gel’ or
hostile premises. Uses sateliite technology 1o gather distant sounds
and facus them to our ullra sensitive sleclronics. Plans also show an
optional wireless link system. EB/set raf F/PMS

2 FOR 1 MULTIFUNCTIONAL HIGH FREQUENCY AND
HIGH DC VOLTAGE, SOLID STATE TESLA COIL AND
VARIABLE 100,000 VDC OUTPUT GENERATOR PLANS

PORTABLE X RAY MACHINE PLANS Easy to
plans on a simple and cheap way to bulld a home X-ray machine!
Efective device, X-ray sealed assemblies can be used far
experimental purposes. Not a toy of for minors! EB/set, Ref FIXP1
TELEKINETIC ENHANCER PLANS Mystify and amaze your
frends by :reltmg motion with no known apparan! means of cause.
Uses no & | or ions, no specal gimmicks
] on and effect En:eﬂbnﬂurmpqm
magh: lhmu party demonsirations or serious research B
development of this strange and g phychic g -
E4/set Rof FTKEY
ELECTRONICHYPNOSISPLANS & DATA Thisdatashows
several ways o put subjects under your control. Indluded is a full
volume reference i=xt and several construction plans thal when
assembled can p highly stmull This | must
be used cautiously. ttis for use as enterainment at parties efc only,
by those expenenced |n fis use. £15/set. Ral F/EH2
GRAVITY GEIIERATOR PLANS This unique plan
a simple el thatp anant-
gravity effect. You can actually uulldu small mock spaceship out of
simple matenals and without any visible means- cause i 1o levitate
£10/se! Ref FIGRAY
WORLDS SMALLEST TESLA COIL/LIGHTENING
DIaPLAY GLOBE PLANS Produces up to 750,000 volts of
perment with extraordinary HY effects, 'Plasma in a
jaf, StEImo's fire, Corona, excellent science project of conversafion
pisce ES/set Ref FRTCIAGS
COPPER VAPDUR LASER PLANS Produces 100mw of
visible green light. High coherency and spectral quality simitar 1o
Argon laser but easier and less costly to bulld yet far more efMcent.
Thispartculardesignwas developed at the Atomic Energy Commision
of NEGEV in Israel. E£10/sel Ref FICVL1
VOICE SCRAMBLER PLANS Minature solid state system
turns speech scund info indecipherable noise that cannot be
undersiood without a second matching uml. Lise on {elephone o
prevent third party istening and bugging. E6/set Ref FA/SS
PULSED TV JOKER PLANS Lite hand held device ublises
pulse jes that will y disrupt TV pleture and saund!
works on FM too) DISCRETION ADVISED. E8/set Ref FIT.J5.

Op on 8-12vdc, many possi P ts. £10 Ref FHVMT/
TCL4,

INFINITY TRANSMITTERS The ulmate 'oug fsto any
phane or line, lectable, listen 1o the in the room

from anywhere in the world! 24 hours a day 7 days a week! just call
the number and press a button on the mini controlier (supplied) and
you can hear everything! Meonitor Sions for as long as you
choose £249 pach, complete with leads and mini controlier Ref
LOTS. Undetectable with nomal RF detectors, ftted in seconds, no
battenes required, lasts forever!
SWITCHED MODE PSU'S 244 watt, +5 324, +126A -50.2A, -
120.2A Thera is also an optanal 3 3v 25A rail available. 120/240v I/
P Cased, 175x90x145mm. |[EC inlet Sutable for PC use (6 d/dnve
connectors 1 mboard). £10 rel PSU1
VIDEO PROCESSOR UNITS?/6v 10AH BATTSM2V BA
TX Not too sure what the function of these unils s but they certainly
make good s!ﬂpper:l Musums 390X320X%120mm, on the front are
loads of
onthe rear. im2:w1wwmmmm peh'sand aBA?
12v in). G not known, may have
one of wo broken mouezapoorw E£17.50 el VP2
RETRON NIGHT S8IGHT Recognition of a standing man at 300m
In 1/ maonlight, hematically sealed, runs on 2 AA batteries, BOmm
F1.5 lens, 20mw infrared laser induded E325 ref RETRON
MINI FM TRANSMITTER KIT Very hign gain preamp, supplied
complete with FET alectret microphone. Designed 1o cover 83-108

SOUND EFFECTS GENERATORKIT Pmduces soundsranging
from bird chips o sirens. Complete with speaker, add sound effects
ta your projects for just E9 ref 1045
16 WATT FM TRANSMITTER (BUILT) 4 stage high power.
preamp required 12-1Bvdc. can use ground plane, yagl or open
dipole., £69 ref 1021
HUMIDITY METER KIT Builds into a pracision LCD humidity
meler, § ic design, peb, icd display and all components included £29
PC TMER KIT Four channel output cantrolled by your PC, will
switch high current malns with relays (supplied). Software supplied
S0You can program the channets io do wnat you want whenever you
want. M system ] is 286, VGA_ 4 1,640k, senal
port, hard dnve with min 100k free. £24.99
FM CORDLESSMICROPHONE This unttis an FMbroadcasting
staton In , 3 T with eleciret condenser
mic+{etamp desgn
response. 80-105mhz, 50-1500n2, 500 foot rmue in open coum.ryl
PP3 battery required. £15.00 ref 15P42A
MAGNETIC MARBLES They have been around for a number of
years bul sl give ise tocunosity and amazemen! Apackof 12isjust
E£3.99 ref GIR20
NICKEL PLATING KIT Proffesional electroplating kit that will
transform rusting parts into showpieces (n 3 hours! Wl piate anto
steel iron bronze, gunmetal copper, welded siver solderedorbrazed
joints. Kit| gh toplate 1,000sq You will at a
a 12v supply, a container and 2 12v light bulbs. €£39.99 ref NIK32.
Minature adjustable timers, 4 pole c/o output 3A 240v,
HY12308, 12vDC adjustable from D-30 secs £4 99
HY1260M, 12vDC adjustable from 0-60 mins. £4 99
HY24058, 240v adjustable from 0-5 secs E£4 99
HY24060m, 240v adjustable from 0-60 mins £6 99
BI.IGG“O TﬁPE RECORDER Small voice actvated recorder,
plete with p £28 SrelMAR29P
POWER SUPPLY fulty cased with mains and o/ leads 17v DC
S00mA output. Bargain prce £5 99 ref MAGEPS
v DC POWER SUPPLY Standardplugintype 150ma Sv DCwith
lead and OC power plug. pnce for two is £2 99 ref AUG3IP4.
COMPOSITE VIDEO KIT. Cenveris composite videointo sepa-
rate H sync, V sync, and video 12v DC £8 00 REF: MAGSP2.
FUTURE PC POWER SUPPLIES These are 295x135x60mm,
4 dnve connectors 1 mother board connector. 150watt, 12v fan, lec
inlet and onfofl switch, E12 Ref EFG.
VENUS FLY TRAP KIT Grow yourown carivorous plantwith this
simple kit £3 ref EF34.
6"X12" AMORPHOUS SOLAR PANEL 12v 155x310mm
130mA, gain price just £5 89 ea REF MAGER12

Mhz bt easily changed to cover 63-130Mhz Workswith a
9v (PP3) battery. 0.2W RF. £7 Ref 1001

330V POWER S8UPPLY Kn'vmm. stabiized power supply
for lab use. Short cireuit protect lefor p oramateur
use 24v 3A is needed to comp e the kit £14 Ref 1007
1 WATT FM TRANSMITTER KIT Supplied with piezo electnc
mic. B-30vdc At 25-20v you will get nearty 2 watts! E12 ref 1008
FM/AM SCANNER KIT Wetl not quite, you have iz lum the knob
your salf but you will hear things on this radio that you would not hear
on an omdinary radio (even TV), Covers 60 160mhz on bath AM and
FM. Built in 5 watt amplifier, inc speaker. £15 ref 1013,

3 CHANNELSOHNDTD LIGHT Kl'l"d\n'lmessswm mains

FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4 99
ref MAGSP 13 ideal for expenmenters! 30 m for £12 59 ref MAG13P1
ROCK LIGHTS Unusual things these, two pieces of rock that glow
when rubbed together belived to cause ralnl€3 a pair Ref EF29.

3' by 1" AMORPHOUS SOLAR PANELS 14 5v. 700mA 10
wafts, sluminium frame. screw lerminals. £44 85 ref MAGAS
ELECTRONIC ACCUPUNCTURE KIT 8widsintoan electronic
version instead of needies! good to expenment with. £7 ref 7P30
SHOCKING COIL KIT Bulld this little battery operated device Into
all sorts of things, also gets worms out of the ground! £7 ref 736,
FLYING PARROTS Easlly assembled kit that bullds a parmol that

BODYHEAT TELESGOP! PLANS Highly long
range device uses recent lechnology 10 detect the p offiving
mea wanm nwmwa healloaks el llﬂemediuncunly law
n and iopment. elc. Excellent security
device or vury Interesting sclance project EB/set Ref F/BHTY
BURNING, CUTTING CO2 LASER PLANS Projects an

5 y adj for each ch 1,200w
DWG!' dad £14 Ref 1014

4 WATT FM musuma KIT Smail but powedul FM

y Raps its wings and flies! 50 m range £6 ref EF2
HIGH POWER CATAPULTS Hinged amm brace for stabiity
lm'lwtd steel ydm mpu srength lam power bands Departure

b of heat aver
# considerable distance. This laser is onu nfim maost effident,
comﬂlng 10% Input power into useful cutput Notonly isthis device
iding, cutting and healp butit
rsaisntlwy candidale as an oﬁmvemmccnmbm
weapon agalns! missiles, aircrafl, ground-to-ground, et Partice
beams may very well utilize a laser of (his type lo biast a channel In
the atmosphare for a high energy stream of neutrons or other
particles, The device is sasily applicable to burning and eiching
wood, cutting, plastics, textiles elc £12/set Ref FALCT
MYSTERY ANTI GRAVITY DEVICE PLANS Uses simple
concept. Objects float in air and move to the louch, Defies gravily,
amazing gift, conversation piece, magic Inck or science project. E&/
set Rel FIANT 1K,
ULTRASONIC BLASTER PLANS Laboratory source of sonic
shock waves Blow holes in melal, produce ‘cold’ steam, atomize
liquides. Many cieaning uses for PC boards, jewllery, colns, small
paris elc. E6/set Ref FAULBY
ULTRAHIGHGAIN AMP/STETHOSCOPICMIKE/SOUND
AND VIBRATION DETECTOR PLANS Unasensitve device
enables one 1o hear a whole now world of sounds. Listen through
waﬂs windows, floors elc. Many apphcaﬂona shown, from law
. nature | , 1o
devices E6Met Ref FIHGAT
ANTI DOG FORCE FIELD PLANS Highly affectve circuit
d tme variable pulses of stical energy that dogs
cannot 'olerale E6/set Ref FIDOG2
LASER BOUNCE LISTENER SYSTEM PLANS Aliows you
1o hear sounds from a premises without gaining access, £12/set Rel
FILLISTA
LASER LIGHT SHOW PLANS Do it yourse!f plans show three
methods. £6 Ref FILLS1
PHASOR BLAST WAVE PISTOL SERIES PLA.lS
Handheld. has targe and batlery ty with
contrels. EB/sel Ref FIPSP4
IHFHI’I"‘I’ TRANSMITTER PLANS Telephons (ine grabber!
The ull i flice ty and safetyl simple
lu use! Call your hame or office phone, push a secret tone an your
telephone 1o access either A) On premises sound and voices or B)
Existing conversation with break-in capability for emergency
messages, £7 Re! FITELEGRAB
BUG DETECTOR PLANS isthat someone getling the goods on
you? Easy o construct device locates any hidden source of radio
energy! 5niffs outand finds bugs and other sources of bothersome

| SSOME OF OUR FRODUCTS MAY BE UNLICENSABLE IN THE UK
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transmitter, 3 RF stages, n and audio preamp of 2( per hourt Rangeofover

£20 Ref 1028 200 metres! £7.99 ref R/

BTROBE LIGHT KIT Adjustable from 1-60 hz (a lof fester than | BALLON MANUFACTURING KIT British made, smail biob
bes), Mains op E£16 Ref 1037. blows nto alarge, long noursoffuni£3 93 ref GIEISR

cCHEWIATIOli LDGK KIT 9key, programmable, complete with
keypad, will switch 2A mains. 9v dc operation £10 ref 1114
PHOME BUG DETECTOR KIT This device will wam you it
somebody is ng on your line €6 ref 1130,

ROBOT VOICE KIT Interesting circult that distorts your voicel
adjustable answer the phonewith a different volca! 12vde£9ret 1131
TELEPHONE BUG KIT small bug powered by the ‘phane line,
starts transmitbing as soon as the phone s picked up! E8 Ref 1135
3 CHANNEL LIGHT CHASER KIT 800 watts per channe!,
Speed and cirechon controlssupplied with 12 LEDS (you can fttnacs
nstead o make kit mains, not supplied) 9-12vdc E17 ref 1026,
12VFLOURESCENT LAMP DRIVER KIT Lightup 4 foottubes
Trom your car battery! &y 2a I::nmmar also required, £8 ref 1068
VOXSWITCHKIT s making bugging
lapa etc, adjustab Y. EB ref 1073

Check out our
WEB SITE
http://www.pavilion.co.uk/bull-electrical

PREAMP MIXER KIT 3 input mone mixer. sep bass and treble
controls plus individual lavel controls, 18vdc, input sens 100mA_E15
ref 1052

9-0-5V 4A TRANS FOH'!RS chassis mount. E7 ref LOT18A
2.6 KILOWATT INVERTERS, Packed with batteries etc
but as they weigh about 100kg CALLERS ONLY! £120,
MEGA LED DISPLAY'S Build your self a clock or something with
thesemega 7 seg displays 56mm high, 38mm wide 5ona pcb for jus!
£4.99 ref LOTY6 or a bumper pack of 50 displays for just £29 rel
LOT17

CLEARANCE SECTION, MINIMUM ORDER
£15, NO TECHNICAL DETAILS AVAILABLE,

NO RETURNS, TRADE WELCOME.

2000 RESISTORS ON A REEL (SAME VALUE) 98P REF BAR340
AT LEAST 200 CAPACITORS (SAME VALUE 89P REF BARM2
INFRA RED REMOTE CONTROLS JUST 98P REF BAR333
CIRCUIT BREAKERS, OUR CHOICE TOCLEAR 8P REF BAR33S
MICROWAVE CONTROL PANELS TO CLEAR £2 REF BAR 329
2TUBES OF CHIPS{2 TYPES OUR CHOICE) 80P REF BAR30S
LOTTERY PREDICTOR MACHINE! JUST £1.50 REF BAR13
HELLA L/ROVER ELECTRIC HILAMP LEVELLER £2 REF BAR311
SINCLAIR C5 16" TYRES TO CLEAR AT JUST 75P REF BAR318
LARGE MAINS MOTORS (NEW) TO CLEAR AT 75P REF BAR310
MODEMS ETC FOR STRIPPING £2.50 EACH REF BAR324
110V LARGE MOTORS (NEW) TO CLEAR AT 50P REF BAR332
MODULATOR UNITS UNKNOWN SPEC JUST S0P REF BAR3I23
GX4000 GAMES COSOLES JUST £4 REF BAR3I20

SMART CASED MEMORY STORAGE DEVICE, LOADS OF BITS
INSIDE, PCB, MOTOR, CASE ETC. BUMPER PACK OF §
COMPLETE UNITS TO CLEAR AT E2 50(FOR 5) REF BAR 330,
2CORE MAINS CABLE 2M LENGTHS PACKOF 4 E1 REF BAR33T
PC USER/BASIC MANUALS, LOADS OF INFO. £1 REF BAR3D4
PCB STRIPPERS TO CLEAR AT 2 FOR 98P REF m‘i

3 M _3CORE MAINS CABLE AND 13A PLUG. 60

WE BUY SURPLUS STOCK

FOR CASH
BUYERS DIRECT LINE 0802 660377
FREE CATALOGUE
100 PAGE CATALOGUE NOW
AVAILABLE, 45P STAMPS.
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CLASSIFIED

TEL 0181 652 3620 FAX 018] 657 8956

ARTICLES FOR SALE

SUPPLIER OF QUALITY USED
TEST INSTRUMENTS

CONTACT

Cooke International
ELECTRONIC TEST & MEASURING INSTRUMENTS
Unit Four, Fordingbridge Site, Main Road, Barnham,
Bognor Regis, West Sussex, PO22 0EB, U.K.

Tel: (+44)01243 545111/2 Fax: (+44)01243 542457

CONTACT

Cooke International
ELECTRONIC TEST & MEASURING INSTRUMENTS
Unit Four, Fordingbridge Site, Main Road, Barnham,
Bognor Regis, West Sussex, PO22 0EB, U.K.

Tel: (+44)01243 545111/2 Fax: (+44)01243 542457

ARTICLES WANTED

WE WANT TO BUY!!
IN VIEW OF THE EXTREMELY
RAPID CHANGE TAKING PLACE
IN THE ELECTRONICS
INDUSTRY, LARGE QUANTITIES
OF COMPONENTS BECOME
REDUNDANT. WE ARE CASH
PURCHASERS OF SUCH
MATERIALS AND WOULD
APPRECIATE A TELEPHONE
CALL OR A LIST IF AVAILABLE.
WE PAY TOP PRICES AND
COLLECT.
R. HENSON LTD.
21 Lodge Lane, N.Finchley,
London N12 8JG.
3 Mins, from Tally Ho Corner.
TELEPHONE
0181-445-2713/0749
FAX 0181-445-5702

CIRCLE NO). 138 ON REPLY CARD

CIRCLE N 137 ON REPLY CARD
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Your costs to continue to stock
UNWANTED SURPLUS. . . EXCESS . .. OBSOLETE
STOCKS OF:-
ELECTRONIC-ELECTRICAL COMPONENTS &
ACCESSORIES

PAYMENT IN ADVANCE
OF COLLECTION

K.B. Components,

21 Playle Chase, Gt. Totham, Maldon, Essex, CM9 8UT
Tel:- 01621 893204 Fax:- 01621 893180 Mobile:- 0802 392745

REGISTER TO RECEIVE MONTHLY PUBLISHED STOCK LISTS AT NO CHARGE OF
ALL EXISTING NEW, UNUSED, STOCKS OF ALL COMPONENTS AND ACCESSORIES.

TOP PRICES PAID

Forall your valves, tubes, semi
conductors and IC's,

**WANTED » #
Test equipment, Electronic Scrap,

Valves, Transmittersfﬁeceivers,
Factory & Warehouse Clearance.

Lar:g:‘rex Sﬂuppnes Limited Confidentiality Assured.
Sty Cho s TELFORD ELECTRONICS
TEL:0181-684 1166 Phone; 01952 605451
FAX:0181-684 3058 Fax: 01952 677978

w mgn HEWLETT PACKARD
TEKTRONIX
FTglp PR;CFE F_’NDt MARCONI
or all your Test Equipment,
Receivers, Transmitters etc. TESJVEA%L#EE?NT
Factory Clearance, Prompt MES RADIO
Service and Payment,
86 Bishopgate Street, Leeds LS| 4BB
HTB ELEKTRONIK Tel: (+44) 0113 2435649
Alter Apeler Weg 5 Fax: (+44) 0113 2426881
27619 Schiffdorf, Germany SMALL SR RCRIOR e
Tel: 0049 4706 7044 el Lk 0 urfA rcraft Starter
Fax: 0049 4706 7049 ?:‘,‘:’L..J'ﬁf.feai’.s;; u‘:.'lﬂd.e‘:‘:{.{ ﬁ%‘g&_‘é?ﬁ;
Ing on condition L} . e 0
40 YEARS WIRELESS WORLD °52-'75 0117979 883, o i
3?;;:65;??‘;92 b d. Offers Teleph MICROCHIP ‘MICROMASTER' develop-

ment system £1,150. Multicone ‘Vaporete” sol-
TEK 576 (577) Curve Tracers. Phone 01460 dermf machine £500. Both unused. Icelah
73557, 805112 Emulator £400, Tel: 01295 810859,

Instrumentation
Scientist/Technician

The British Antarctic Survey, a Government-funded body, organises and
carries out a balanced and optimal programme of research in Antarctica
of global significance in the Earth, Atmospheric and Life Sciences. As
well as its headquarters bulilding on the outskirts of Cambridge, three
permanently manned stations and one summer only station are
maintained in the Antarctic.

We are looking to recruit an Instrumentation Scientist/Technician to
work with the atmospheric boundary layer group. Duties will include
calibration and maintenance of micrometeorological equipment for
eventual deployment in Antarctica. Responsible for the upkeep of
hardware documentation, other duties will also include the repair and
possible modification of returning field instruments and some upgrading
of ‘realtime’ logger software.

As you will spend up to six months in the Antarctic each austral
summer and assist in the deployment of new equipment, you must be
physically fit.

The post is for three years.

You will have a degree in Electronic Engineering, Physics or
equivalent. Post-graduate experience in instrumentation would be highly
desirable. However, no experience of low temperature or extreme
environment equipment design is expected and training in these areas
will be provided at the BAS Headquarters in Cambridge.

Starting salary will be from £13,698 per annum depending on
qualifications and experience.

For further details and an application form pl contact the
Personnel Section, British Antarctic Survey, High Cross, Madingley
Road, Cambridge CB3 OET. Tel: 01223 251508/507. Please quote ref:
BAS 55/96. The closing date for completed application forms is
23 January 1997,

& Natural

S
ARTICLES FOR SALE

Protect Your Microchips SSE
from STATIC DISCHARGE !

Use an SSE grounding kit.
Kit includes:
- static dissipative solder resistant
rubber mat.

= wrist strap

= ground lead

- earth plug
Mat size 70 x 30 cm - offer price £16.55 per kit + VAT - Ref: AGK1
Mat size 25 x 20 cm - offer price £12.55 per kit + VAT - Ref: AGK2
STATIC SAFE ENVIRONMENTS Payment by CHEQUE | ACCESS

127 Hegley Road, Birmingham B16 8XU VISA/ MASTEBCMD
Tel: 0121 454 8238 Fax: 0121 625 2275 Catalogue available




SPECTRUM ANALYSERS

e ralfe electronics

axclusivaly

HEWLETT PACKARD

professional TE&OM ©

« 36 Eastcote Lane + South Harrow - Middx HA2 8DB -+ England -
TEL (+44) 0181-422 3593 - FAX (+44) 0181-423 4009

ANRITSU MS420J 10Hz-30MHz network/spectrum
analyser £5000

AVCOM ~ portable, battery operated, to 1000MHz
£2000

lEI'('J'RC!NIX 492 21GHz portable spectrum analyser, with

options 1, 2 and 3 £6500 or £7500 with multiplexor and mixers

to 40GHz

HP8711A 300kHz-1.3GHz netwark analyser

HPB753A vector network analyser, 3GHz

HPB7028 lightwave component analyser
{options 006/011) 6GHz

HPB559A/182T 21GHz

HPBS57A/182T 350MHz

HPB590A 1.8GHz portable, RS232 option

MARCONI INSTRUMENTS

£4000
£7500

£10000
£4500
£1500
£4250

DISTRIBUZIONE E ASSISTENZA, ITALY: TLC RADIO, ROMA (06) 871 90254

TEST EQUIPMENT

ADRET 740A synthesized signal generator 0.1-1120MHz  £2500
ANRITSU MS420J network/spectrum analyser 10Hz-30MHz £500
BRUEL& KJAER 2307 level recorder £1000
BRUEL & KJAER 2308 analogue X-Y pen recorder £750
CHASE LFR1000 interference measuring receiver

GkHz-150kHz £1000
DATRON 1061 & 1061A - various, digital multimeter &

1065 - call from £500
DATRON 1065 digital multimeter all ranges plus IEEE £500
FARNELL $5G2000 synthesized signal generator

10Hz-2000MHz £2500

L
——
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MEASUREMENT & TEST EQUIPMENT

2018 synthesized AM/FM signal generator
80kHz-520MHz

2019 synthesized AM/FM signal gen 80kHz-1040MHz

2305 modulation meter

2828A/2829 digital simulator/analyser

2955 radio communications test set

6460/6421 power meter & sensor 10MHz-12.4GHz

65 waveguide detector for use with B501//2-scalar
analysers

TF2910 TV interval timer

PHILIPS PM5167 1mHz-10MHz function generator

RACAL-DANA 9300 milli-voltmeter

RACAL-DANA 9301A true RMS RF milli-voltmeter

SCHLUMBERGER 7081 precision voltmeter 8.5 digits

TEKTRONIX P6201 FET PROBE

WANDEL & GOLTERMANN WM30 level tracer

WANDEL & GOLTERMANN PJM-45 jitter meter for
SONET & SDH

WAVETEK 23 synthesized function generator
0.01Hz-12MHz

WAVETEK 1067 opt 522 1-500MHz sweep generator

WAYNE KERR 3220 20A bias unit (for 3245 inductance

analyser)
TEKTRONIX AM503/P6303 currenl probe

CIRCLE NO. 148 ON REPLY CARD

16408 serial data generator

3764A digital transmission analyser

33354 synthesizer/leve! generator

32354 switch/test unit

3324A sy d function g

333206/333226G programmable attenuators 4GHz,
with driver 11713A

As above but 18GHz set

3581C selective voltmeter £1250

37780 primay multiplex analyser £5000

379000 signalling test set with 2 x 37915A interface cards £5500

41408 pA/meter, DC voltage source £4000

4272A multi-frequency ler mater £3500

4358 microwave power meter, analogue £400

5386A 3GHz frequency counter £1500

54100A 1GHz digitizing oscilloscope,
now inc 2 x 1GHz active probes £2000

54502A digital oscilloscope 400MHz 400MSa/s £2500

80078 pulse generator 100MHz £950

B018A serial data generator

BOB2A pulse generator 250MHz

B8111A pulse generator 20MHz

81464 optical tdr, with options 2/3/plug-in 814655H
(single-mode)

B16A slotted line 1.8-18GHz with B0SC & 4478 probe

8444A tracking generator with option 059

86222A/8620C 10MHz-2.4GHz sweep generator

B87510A gain-phase analyser 100kHz-300MHz

8753A 3GHz vector network analyser

J2215A FDDI portable multimode test set

J2219A 486-based, colour option main-frame

J22194/)2171A 486-based colour screne option network
advisor

£1500
£2000
£1000
£2000

£1000
£1500

SEND FOR LATEST STOCK LIST. WE FAX LISTS
AND SHIP WORLDWIDE. ALL FULLY
LAB-TESTED AND NO-QUIBBLE GUARANTEED

“EVERYTHING YOU NEED TO DEVELOP A

MICRO- U\
PRO 51 ‘is

State:oftheart programmer: fbr i '
8051 family B

*Frogramming support fo _
Atme! BICand 89S microcont J Fullls

* Also stipports many Fhﬂi'ps, Intel)
Dallas & Siemens 8051 derivati :

= Field programmable hardware
device support )

Ortlon code: MPS1SYS: £125.00

SUrESFTure : \ The AmE
Atmel Pari Code

Flash Code ROM (bytes)
- EEPR
Products are now available from Farnell Components =
; ¥ . f‘ s L e _ /0 Pins
Microcontroller in-circuit

re-programming adaptor TRESR

N EMBEDDED 8051 PROJECT IN C”

Package Adaptors
PLCC 4d-pin adaptor - = = B

Order code: AD-PLCCA4-A
£65.00

s 3

S0IC 20-pin adaptor

8051 FLASH microcontroller fomlll,J

| 89C51 | B9Lv51 | 89C52 | soLvs? | socss | 8958252 | 89c2051 | 83C1051
4K 4K BK 8K 20K BK 2K 1K

WS 70 2 P53 0 P )

ELECTRONIC UPDATE

Contact Malcolm Wells on A regular advertising feature enabling

Analogue comparator

family in-circuit!

No more re-moving chips - ideal for 8051 single-chip project
development.

Now you can re-program the entire Atmel microcontroller i

0 181-652 3620 readers to obtain more information

on companies’ products or services.

[

R
)
BE SR
DEEERE
£ (6 = B

Comprehensive new

use brochure, is now available FREE!

It includes products ranging from
2.9" monitors to 16.1" colour LCD
screens, mono/colour STN TFTs and
touch screen technology from the
worlds leading manufacturers.

Phone Trident today
for your free copy.

: 01737 765900
Fax: 01737 771908

4 BridgeVIEW and Lookout software
packages for industrial automation.
Other software products include
LabVIEW, LabWindows/CVI, and
HiQ. In addition, our new line of
o8 IMAQ products provides a complete
= imaging solution. Hardware products
# include GPIB, DAQ, VXI and new
serial interfaces for industrial
communications applications.

NATIONAL INSTRUMENTS,

back Test & Measurement cata-
logue is now available. Over 60
pages packed with more than
800 products divided into over
20 sections. The catalogue is
indexed for both product and
manufacturer and is fully illus-
trated. Whether you are looking
for an individual product, a com-
plete workstation, or a solution
to a particular Test & Measure-
ment need the NEW Feedback
catalogue will sove your prob-
lems, send for a copy NOW!

CIRCLE NO, 151 ON REPLY CARD

World Leader in Tool Kits

the press from Jensen Tools,
presents unique new tool kits for
service/support of
communications equipment. Also
latest test equipment from many
major manufacturers. Includes
hard-to-find tools, PC/LAN
diagnostics, bench acccessories,
static control, technical manuals
and more.

Ring 080 833246 or
Fax 01604 785573 for a free copy.

Jensen Tools, 10-12 Ravens Way,
Northampton NN3 SUD

CIRCLE NO. 152 ON REPLY CARD

Supplied with AT89C2051 and AT89C52 + 11.0592 MHz Crystal.
{Requires Micro-Pro 51 programmer to operate - see above)

] {mmﬂtmlleh feature on-chip re-programmable FLASH code memory
ielectrically erasable in undey 15Me (no need for LV eraser)

I A world of (I 7 1997 Fiill Catalogue Data File
of i LCD LCD brochure Words 8 SEPIsRIBP0b2kare drop-in ELASH replacementsfor the generic 87C51/87C52 devices
e I?Dw“m-t NG O Ol AW, The National Instruments 1997 & smglf‘ e 4115 20 pin packag (SR 2oL polt
o s ot i y monitors and plug and play kits
B e ol {1/ available in the UK, all in one easy to catalogue features our new

-

€51 STARTER SPSTEM
| ¥ Optimising C Compiler

v Macro Assembler On
| v Software Simulator £ ly

v Device Programmer Oo

v Sample Devices

v Hardware/Software Documentation

FREE Atmel CD ROM data book

fewm "-lruﬂ Theme — = - Tel: 01635 523545
77 CIRCLE NO. 149 ON REPLY CARD CIRCLE NO. 150 ON REPLY CARD * System supplied with 1 x Atmel AT89C1051
x and 1 x AT89C2051 Micracontroliers
o ;
NEW Feedback T&M NEW JENSEN TOOLS Nl i
The latest edition of the Feed- Colourful new Catalogue, hot off

Order code
£58.00

.!

SALES: 01204 492010 TECHNICAL:
':”"".l'hf_,'&“ s oy

langeprices eilications

I £2900

01204 4911 10 Fax: 01204 494883 (INTERNATIONAL DIALLING CODE +44 1204)

e al




Tae WorLD’s Most POWERFUL,
PORTABLE PROGRAMMERS

I‘l!..l'-l‘.' ot the most popular 10giC and memaory aevice
{6 and 24 pin logic devices Tro % ding GA PA PALs, RALs, 8 and 16
ajor GAL venao ppOo bit EPRO PRO PERO f BOO
D 0 pop 0 BLO BIPOLAR f PGAS, P (
omp QLne 0Co 0 d —
4 D P dapto
B eed 10 prog (l g D ging
;'g:hﬁbﬁ == 0 daptors tor SOP, TS0OF, QFP
i_:§-“§:§ o a SDIF e Da 48 0 capable o
= P Shpe 0 d 0 0
"T:"‘ .’""'n-,' J:’?? pod
~ 0 B sy
_— oy g &
i 1 5, <4 Ty Order your Da nrog g solutio
H““‘; 3 D E F ™ 00 8 el 0 No d
Lo NI THE DATAMAN CHALLENGE |t
d Try the Dataman S4 or Dataman-48 Y i )
AL « without obligation for 30 days. If you do not il OO A Y
- agree that these are the most dffective, most GhO QIGUERI
useful, most versatile additions you can
make to your programming toolbox,
we will refund your money in full
' - - = ('
omp e Data 4 Jata d ib
0 nrog dyo e 0 D 48 prog
e world disputed ber 0 dds P ® ology to
provic O-dUapLl
4 pable of prog g 8 and 16-b prog q rig p to 48-pin D '!'ﬁ'gﬂ'w_m_‘
PRO PRO PERO ana x a D 48 co
Boot-Blo - P i ocontro g 0 your PCs p po
d mo 4 also RU d RA d WOrks g ptop
dlialrd 0 g comp a
orla standard P 0 aKe i
i 0 0 0 progra 0 op progra ( 50 0
L Qmpieie d Q Cl
organise al, A q pare 3
orary RO botn DOS and do 3 4. you g e
0 d ada e gea danu dll 0 d pUrade s I
0 Qo L eo O 0 d ppo 1['
Uuald 0 g, 50 No
ou do U
0 DPO ona 10 none 0 ep
d prod g 1o dbie D g
g0 (= erne aonao ged el 0 ep '
0 boara 0 Al 0 DIog 0
pagrades o X d DpO -
' - A Y e
UV 3 2 O 7 l 9 Dataman Programmers Ltd, Station Road, Maiden Newton, Dorset DT2 0AE. UK
= L9\ E Telephone +44/0 1300 320719 Fax +44/0 1300 321012 BBS +44/0 1300 321095 (24hr)
Orden; received by dpm will normally be despatched same dy. Modem V.34/V.EC/V.32bis  Home page: http://www.dataman.com
Order today, get it tomorrow! FTP: ftp.dataman.com Email: sales@dataman.com
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