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Hewlett Packard 3314A Function Generator 20MHz £1250

Quality second-user
test & measurement
equipment

Hewlett Packard 3324A synth. function/sweep gen. (2IMHz) £2250
Hewlett Packard 3325B Synthesised Function Generator £3250 . . .
Hewlett Packard 3326A Two-Channel Synthesiser £3000 Rad 10 Com munications Test Sets
R/F Imp. Analyser (IGHz) £4995 Anritsu MT 8801C Radio Comms Analyser 300kHz - 3GHz (opt 1,4,7) £6500
L.F. Imp. Analyser (13MHz) £4000 Hewlett Packard 8920B (opts 1,4,7,11,12) £6750
Hewlett Packard 4193A Vector Imped:nce Meter (4-110MHz) £3000 Marcon! 2955 £1250
Hewlett Packard 4278A 1kHz/IMHz Capacitance Meter £3750 Marconi 2955A £1750
Mod. Domain Analyser (opt 1/31) £6750 Marconi 2955B/608 g?ggg
Hewlett Packard 8349B (2 - 20 GHz) Microwave Amplifier  £2500 gam?gﬁassGRSM £1250
Hewlett Packard 8904A Multifunction Synthesiser (opt 2+4) £1950 g o1l § GSM; e
“ pu— 5
SGkiz Sigall Gen PP Rohde & Schwarz CMD 57 GSM test set (opts B1/34/6/7/19/42/43/61 £7995
Marconi 6310 — programmable sweep generator Rohde & Schwarz CMT 90 (2GHz) DECT £3995
(210 20GHz) - new £2500 Rohde & Schwarz CMTA 94 (GSM) £4500
Marconi 6311 Prog’ble sig. gen. (10MHz to 20GHz) £2995 Schiumberger Stabilock 4031 £2750
Marconi 6313 Prog’ble sig. gen. (10MHz to 26.5GHz) £4750 Schlumberger Stabilock 4040 £1300
R&S SMG (0.1-1GHz) Sig. Generator (opts B1+2) £2750 Wavetek 4103 (GSM 900) Mobile phone tester £1500
Fluke 5700A Multifunction Calibrator £12500 -
R N Wavetek 4106 (GSM 900, 1800, 1900) Mobile phone tester £2000
Fluke 58004 Oscilloscope Calibrator £9995 ¢ ) P
H.P 8341B Synth. Sweep Gen. (20GHz) £15000
H.P 4284A Precision LLCR meter £6500
H.P 3458A DMM (8.5 digits) £3750
Tek 371A PProgrammable Curve Tracer £15000
OSCSILLOSCOPES
Gouid 400 20MHz - DSO - 2 channel £695
Gould 1421 20MHz - DSO - 2 channel £425
Gould 4068 150MHz 4 channel DSO £1250
Gould 4074 100MHz - 400 Ms/s - 4 channel £1100
Hewlett Packard 54201A - 300MHz Digitizing £750
Hewlett Packard 54502A - 400MHz - 400 MS/s 2 channel £1600
Hewlett Packard 54520A 500MHz 2ch £2750
Hewlett Packard 54600A - 100MHz — 2 channel £675
Hewlett Packard 54616B 500MHz — 2Gs/s 2 Channel £2500
Hewlett Packard 54810A ‘Intinlum’' 5S00MHz 2ch £3500
Hitachi V152/V212/NV222/V302B/V302F/V 353F/V550BVE50F trom £100
Hitachi V1 100A - 100MHz - 4 channel £750 -
Intron 2020 - 20MHz. Dual channel D.S.O (new}) £450
Iwatstu SS 5710/8S 5702 - from £125 MISCELLANEOUS
Kikusui COS 5100 - 100MHz - Dual channel £350 : i
Ballantine 1620A 100Amp Transconductance Amplifier £1750
b‘ecrcr,r/ 9315% ?gg&”_’éo“hﬁ:'a"'ggo Eggg EIP 545 Microwave Frequency Counter (18GHz) £1000
Phe?“s°3295A OIS B H jahoaa fnew) Sidb0 EIP 548A and B 26.5GHz Frequency Counter trom £1500
op gy shanne EIP 575 Source Locking Freq.Counter (18GHz) £1200
Philips PM3070 - 100MHz - 2 channel - cursor readout £650 EIP 585 Pulsa Freq.Counter (18GHz) £1200
Philips PM3392 - 200MHz - 200Ms/s - 4 channel £1750 Genrad 1657/1 658/i693 LCR meters trom £500
.?"S?Snihﬂ%ggfm%%ompg -saochannel géggg Gigatronics 8541C Power Meter + 80350A Peak Power Sensor £1495
Tektronix 5212mD15 - GOMHz - Dual channel 300 Gigatronics 8542C Dual Power Meter + 2 sensors 80401A £1995
T:kl g (X950 - SOMECAD al-chl;n nc b SeO 850 Hewlett Packard 339A Distortion measuning set £750
Te ktron' 2221 - GOMHI : Dual hannel D.S.0 €850 Hewlett Packard 436A power meter and sensor {various) trom £750
Tem:°g;: 5510 OOM:lz- 5 af o nﬁ O 500 Hewlett Packard 3335A—srnlhesiser (200Hz-81MHz) £1995
L e e ey et 700 Hewlett Packard 3457A muli meter 6 1'2 digit £850
(ke Zx. Jenanne! Hewlett Packard 3784A - Digital Transmission Analyser £3750
Tektronix 2430/2430A - Digital storage - 150MHz trom £1250 Hewlett Packard 379000 - Signalling test set £2950
Teklronix 2440 - 300MH2z/500MS/s D.S.0. £2100 Hewlett Packard 4274A LCR e‘erg £2000
D B s el MM gesp Hewlett Packard 4276A LCZ Meter (100MHz-20KHz) £1400
o B 9 Hewlett Packard 5342A Microwave Freq.Counter (18GHz) £850
Tektronix 2465/2465A 124658 - 300MHZ/350MHz 4 channel from £1250 Hewlett Packard 5350B 20KHz Microwave Freq.Counter £2000
Tektronix 7104 - 1GHz Real Time - with 7A29 x2, 7810 and 7815 from £1950 Hewleft Packard 53854 - 1 GHz Frequency pole 495
B utiitd G0 GAIL g T s Hewlett Packard 60334 - Autoranging System PSU (20v-30a) £750
% N Hewlett Packard 6060A and B Electronic Load 300W trom £750
SPECTRUM ANALYSERS Hewlett Packard 6622A - Dual O/P system p.s.u £1250
Ad 1 4131 (10kHzZ — 3.5GH £37 Hewlett Packard 6624A - Quad Output Power Supply £2000
A d"a’“eSVTAKEg A RIII(EN oy 35) 100KHz - 1THENE ?328 Hewlett Packard 6632A - System Power Supply {20v-5A) £695
A ;an/l\%s8211 1 7GH - S 2 - z §1 50 Hewlett Packard 8350B - Sweep Generator Maintrame £1500
A" > POABSA - 91 1 GOONE 25; i Hewlett Packard 8642A — high performance R/F synthesiser (0.1-1050MHz)  £2500
H"°°|"‘ e A 219M i E SEsanNSnaat G og Hewlett Packard 8656A - Synthesised signal generator £750
ewlett Packard 182T Mainframe + 8559A Spec.An. (0.01 to 21GHz) £2000 Hewlett Packard 8656B - Synthesised signal generator £995
Hewlett Packard 853A Maintrame + 8559A Spec.An. (0.01 to 21GHz) £2500 Hewlett Packard 8657A - Synth. signal gen. (0.1-1040MHz) £1500
Hewlett Packard 3582A (0.02Hz - 25.5kHz) dual channel £1500 Hewlett Packard 8657B - 100MHz Si (gen'- 2060 MHz £3950
Hewlett Packard 3585A 40 MHz Spec An. £3000 Hewleft Packard 8657D - XX DQPSK. Sig Gen £3950
Hewlett Packard 3561A Dynamic Signal Analyser . £3500 Hewlett Packard 8901B - Modulation Analyser £2250
Hewlett Packard 8560A (50MH2-2.9GHz) High performance with Tracking Hewlett Packard 8903A, B and E - Distortion Analyser from £1000
Se"f'g‘g;gggg‘égg W T—" S5 Hewiett Packard 11729B/C Carrier Noise Test Set trom £2500
e N 2 Z Hewlett Packard 53131A Universal Frequency counter (3GHz) £850
Hewlett Packard 8590A (opt 01, 021, 040) 1MHz-1.5MHz £2500 Hewlett Packard 85024A High Frequency Probe £1000
Hewlett Packard 8596E (opt 41, 101, 105,130) 9KHz - 12.8GHz £9950 Keithley 228A Prog'ble Vottage/Current Source IEEE. £2000
Hewlett Packard 8713C (opt 1 E1) Network An. 3 GHz £6000 Keithley 237 High Voltage - Source Measure Unit £4500
Hewlett Packard 8752A - Network Analyser {(1.3GHz) £4995 Keithley 238 High Current - Source Measure Unit £4500
Hewlett Packard 8753A (3000KHz - 3GHz) Network An. £3250 Keithley 486/487 Picoammeter {+volt.source) £1350/£1850
Hewlett Packard 8753B+85046A Network An + S Param (3GHz) £6500 Keithley 8006 Component Test Fixture £1750
Hewlett Packard 8754A - Network Analyser 4AMHz -1300MHz) £1500 Marconi 2840A 2 MbiVs Transmission Analyser £1100
Hewlett Packard 8756A/8757A Scaler Network Analyser from £900 Marconi 6350/6960/6960A Power Meters & Sensors trom £400
bs'lewlen za:kg'rds70001N70900N70906N70902N70205A - 26.5 GHz £7000 Philips 5515 - TN - Colour TV pattern generator £1400
w":‘;‘;“sso _"1 OVKﬁ' -GHz - Poriab! €17 Philips PM 5193 - 50 MHz Function generator £1350
M MSA 49011 3éh;|H aS 9 o] ¢ 50 Phillips PM 6654C System Timer Counter £750
Moo or MEA 49131 TMHE - |G S e £§°° Sig. Gen. (100KHz~140MHz) AM/FM/CW as new £650
T:k%‘": 492P (opt1.2.3 55,2” 51 Gp;jc naylser 23538 Rohde & Schwarz FAM (opts 2,6 and 8) Modulation Analyser £3750
Wit - %409 18-%066 5 R/lei i g S Rohde & Schwarz NRV/NRVD Power meters with sensors trom £1000
g g 2! nalyser £1250 Schlumberger 1250 Frequency Response Analyser £2250
Tektronic 2782 (100Hz-33GHz) Spec. An £9995 Takironix 1720 Vectorseape £1150
Tektronix 1735 Wavetorm Monitor £1150
Wavetek 178 Function generator (SOMHz) £750
Wayne Kerr 3245 - Precision Inductance Analyser £1850
Bias unit 3220 and 3225L Cal.Coil available if required. (PO.A)
Wayne Kerr 3260A + 3265A Preciston Magnencs Analyser with Bias Unit £5500
Wayne Kerr 6245 - Precision Component Analyser £2250
W&G PCM-4 PCM Channel measuring set £3750
All equipment is used - with 30 days guarantee and Tel: 024 76 650 702
90 days in some cases
L]
Add carriage and VAT to all goods. F(IX. 02476 650 773
i i b: I k
Telnet, 8 Cavans Way, Binley Industrial Estate, Web: www.telnet.vk.com

Coventrv CV3 2SE. Email: sales@telnet.uk . com
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3 COMMENT 24 LETTERS
More enthusiastic readers @ Storm Scope
EMC
5 NEWS : Spring conundrum

@ Matlab gets speed boost @ Your thoughts

@ Pollution free South Wales o Circuit idea re-visited
@ Nanotubes-to-go @ Scroggie help

B sivt Boosta®C. @ Spellign or Grammer?
A @ Double sided PCBs

@ MOSFET compensation

30 CIRCUIT IDEAS

@ Experimenter's pendulum timer

@ Speaking clock

@ Telephone in use indicator

@ Novel electronic combination lock

@ Accurate voltage to current converter
@ CAD on a shoestring

39 NEW PRODUCTS

The month’s top new products.

46 TYING THE KNOT

The concluding part of the motion

® To Russia with love
@ Sewing with Windows

@ Chips at university feedback project

@ Starter kit from Flash

@® Radio firms under pressure 50 TRANSPARENT V-|

® On yer bike PROTECTION IN AUDIO
POWER AMPLIFIERS

The desirability or lack thereof, of
over-voltage and over-current
protection for power semiconductors in
audio power amplifiers remains a point A newly released programmable
of contention in the field. touch sensor IC from Quantum
Research Group, see page 42.

60 WEB DIRECTIONS

Useful web addresses for electronics
engineers.

20 BUDGET T&M ON A PC

Mention of audio cables elicits strong

12 CAPAC"'OR SOUND feelings in some quarters, huge yawns in

others. Budget T&M on a PC page 20.

Cyril Bateman continues his
investigations into capacitor borne
distortion

20 BUDGET T&M ON A PC

Mention of audio cables elicits strong
feelings in some quarters, huge yawns in

others .o- nn'.m: - — 4
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ARBITRARY WAVEFORM GENERATOR-

STORAGE OSCILLOSCOPE-
SPECTRUM ANALYZER-
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COMPUTER CONTROLLED MEASURING INSTRUMENT I

MULTIMETER-
TRANSIENT RECORDER-

ST S R DT R S TP — bt e S—

The HS801: the first 100 Mega samples per st
instrument that consists of a MOST (Multlmettr

Arh

Spectrum analyzer and Transient recorder) and ar Arbit

Waveform Generator). This new MOST portable lndc
measuring instrument can solve almost every measurement
problem. With the integrated AWG you can generate every sig

you want.

The versatile software has a user-defined
toolbar with which over 50 instrument
settings quick and easy can be
accessed. An intelligent auto setup
allows the inexperienced user to perform
measurements immediately. Through the
use of a setting file, the user has the
possibility to save an instrument setup
and recall it at a later moment. The setup
time of the instrument is hereby reduced
to a minimum.

When a quick indication of the input
signal is required, a simple click on the
auto setup button will immediately give a
good overview of the signal. The auto
setup function ensures a proper setup of
the time base, the trigger levels and the
input sensitivities.

The sophisticated cursor read outs have
21 possible read outs. Besides the usual
read outs, like voltage and time, also
quantities like rise time and frequency
are displayed.

Measured signals and instrument
settings can be saved on disk.This
enables the creation of a library of
measured signals. Text balloons can be
added to a signal, for special comments.

 The (colour) print outs can be supplied
with three common text lines (e.qg. I. =

company info) and three lines with
measurement specific information.

The HS801 has an 8 bit resolution and a
maximum sampling speed of 100 MHz.
The input range is 0.1 volt full scale to 80
volt full scale. The record length is
32K/64K samples. The AWG has a 10 bit
resolution and a sample speed of 25
MHz.The HS801 is connected to the
parallel printer port of a computer.

The minimum system requirement is a
PC with a 486 processor and 8 Mbyte
RAM available. The software runs in
Windows 3.xx / 95 / 98 or Windows NT /
2000/ XP and DOS 3.3 or higher.

+ TiePie engineering (UK), 28 Stephenson

Road, Industrial Estate, St. Ives,
Cambridgeshire, PE17 3WJ, UK
Tel: 01480-460028; Fax: 01480-460340

TiePie engineering (NL),
Koperslagersstraat 37, 8601 WL SNEEK
The Netherlands

Tel: +31515415416; Fax+31515418 819

Web: http://www.tiepie.nl
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More enthusiastic [{=0 (58

| am glad to see that you readers know what
you want. Yet again the mailbag was full of
your comments — and I’ ve printed a selection
of them in the letters section. One reader has
risen to the challenge of the Scroggie
biography idea and if any reader has any
information, recollections etc., I'll be happy
to pass them on and put you in contact with
the collator and author — Chris Jones. His
introductory letter is also in ‘letters’.

Certainly, the feedback I'm getting is much
better than the recent reader survey, not that
many of you replied. Apart from the eagle-
eyed amongst you spotting various typos and
my errors, there was a lot of positive
feedback on what you want to see in the
future. And just for the record — any mistakes
in this magazine are down to me. It is my job
to check everything — but sometimes
deadlines and sheer blindness from reading
something too many times creeps in. And
quite why I found it so difficult to put the
author’s name in the intro to an article (as
opposed to just on the contents page) [ cannot
fathom.

Your letters certainly tell me what you
don’t want. And it is interesting to note that
you generally want more electronics and less
computing — unless it relates directly to your
interests. On that note. I’d be very interested
in hearing what kind of design and emulation
software you use — and also get some of you
to review your favourite package.

I was quite surprised that only one reader
had anything to say about the ‘Conspiracy
theory’ (Letters. September). | know people
in the medical profession that are convinced
that excessive mobile phone use (when not
used with a decent ‘hands free’ kit) can cause
some nasty tumours around the head. Which
is not surprising. Would you put your head
into a microwave oven — of course not. So
why expose your delicate parts to RF for
quite long periods and expect to get away
with it? It’s a shame that the mobile phone
manufacturers did not do more work on the
effects of their products.

I must apologise to the audio haters out
there as I've inadvertently turned this issue
into a bit of an audiofest. What with the

Winner of the ‘Worldspace’ radio
competition is Kamal el Awad
from Abu Dhabi

continuing of Cyril Bateman’s ‘Capacitor
Sounds’ series, Richard Black’s ‘Budget
T&M" which discusses the measurement of
posh loudspeaker cables. the concluding part
of Michael Kiwanuka’s VI protection in
audio amps and Jeff Macaulay’s DIY MFB
speaker, audio aficionados shouid be pleased.
The rest of you please accept my apologies
and be assured that more non-audio features
will be in next month’s issue.

Also for future issues, I’'m currently in
discussions with some contributors whose
names you’ve not seen on these pages for a
while. So, look forward to a bit of
controversy from EW in the not too distant
future.

I am also pleased to announce that the
lucky winner of the ‘Worldspace’ radio
competition is Kamal el Awad from Abu
Dhabi. Kamal was the first winning entry
pulled out of the hat by my assistant, Jackie.
The radio will be winging its way to Dubai
shortly.

I hope you enjoy this issue — and if you
don’t - pick up your pen or keyboard and let
me know.

Phil Reed, Editor.
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Quasar ELecTrRONICS LimiTeED

{Dept EW), PO Box 6935, Bishops Stortford, CM23 4WP
TEL: 01279 467799 FAX: 07092 203496

Enhanced ‘PICALL’ ISP PIC Programmer

Kit will program virtually ALL 8 to 40

pin* serial and parallel programmed

PIC microcontrollers. Connects to PC

parallel port. Supplied with fully

functional pre-registered PICALL DOS

and WINDOWS AVR Software

packages, all components and high

quality DSPTH board. Also programs

certain ATMEL AVR, SCENIXSX and EEPROM 24C
devices. New devices can be added to the software as they are
released. Blank chip auto detect feature for super-fast bulk
programming. Hardware now supports ISP programming.
"A 40 pin wide ZIF socket is required to program 0.3” devices
(Order Code AZIF40 @ £15.00).

Order Re D e

3144KT Enhanced PICALL ISP PIC Programme

AS3144 Assembicd Enhanced PICALL ISP PIC Programmer

AS31442IF Assemblad Enhanced PICALL ISP PIC Programmer

c/w ZIF socket

ATMEL 89xxxx Programmer

R Powerful programmer for Atme! 8051

’ micro controller family. All fuse and lock

. bits are programmable. Connects to

serial port. Can be used with ANY

computer and operating system. 4

LEDs indicate programming status.

Programs 89C1051, 89C2051, 89C4051, 89C51, 89LV51,

89C52, 89LV52, 89C55, 89LV5S5, 8958252, 89LS8252, 89553 &

89LS53 devices. NO special software needed — uses any
terminal emulator program (built into Windows).

Order Ref Dwsaription

3123KT ATMEL 89xxx Programmer £29.95

AS3123 | Assembled 3123 | £44.95

Atmel 89Cx051 and AVR programmers also available.

inc. VAT ea

PC Data Acquisition & Control Unit

Use a PC parrallel port

as a real world

interface. Unit can be

connected to a mixture

of analogue and digital

inputs from pressure,

temperature,

movement, sound, light

intensity, weight sensors,

etc. (not supplied) to sensing switch and relay states. It can then

process the input data and use the information to control up to

11 physical devices such as motors, sirens, other relays, servo

motors & two-stepper motors.

FEATURES:

@ 8 digital Outputs: Open collector, 500mA, 33V max

@ 16 Digital Inputs: 20V max.Protection 1K in series, 5.1V
Zener to ground.

® 11 Analogue Inputs: 0-5V, 10 bits (5mV/step)

® 1 Analogue Outputs: 0.2.5V or 0-10V. 8 bit (20MV/step.)

All components provided including a plastic case (140mm x

110mm x 35mm) with pre-punched and silk screened front/rear

panels to give a professional and attractive finish (see photo).

with screen printed front and rear panels supplied. Software

utilities & programming examples supplied.

Order Ref
O

|_AS3093

ing, VAT ea

| £124.95

ABC Mini "Hotchip’ Board

Currently learning about
microcontrollers? Need to do
something more than flash a LED
or sound buzzer? The ABC Mini
‘Hotchip' Board is based on
Atmel's  AVR 8535 RISC
technology and will interest both
the beginner and expert alike.
2 Beginners will find that they can
write and test a simple program,
using the BASIC programming
language, within an hour or two of
connecting it up. Experts will like the power and flexibility of the
Atmel microntroller. as well as the ease with which the little Hot
Chip board can be "designed-in” to a project. The ABC Mini
Board ‘Starter Pack’ includes just about everything you need to
get up and experimenting right away. On the hardware side,
there's a pre-assembled micro controller PC board with both
parallel and serial cables for connection to your PC. Windows
software included on CD-ROM features an Assembler, BASIC
compiler and in-system programme. The pre-assembled boards
only are also available separately.

ABC Stastes Pack

Order Ref
ABCMINISP
|_ABCMINIB

inc, VAT ea
£59.95
| £34.95

Dwaaription
ABC MINI Starter Pack
| ABC MINI Board Only

Advanced 32-bit Schematic Capture
and Simulation Visual Design Studio

£ B foom i e Jon e oy |0 KN
ASTBUL L T EMERTRNODN et

“\tl Advanced Schematic Capture & Simulation Software
™ 3

2 Acvanced Hierarchal Schematic Capture, includes Graphical
VEML Library Browser and Oevice Searcher, Device Library Editor
Caasr Spxce end PCE Netlist Gensrston Over 7000 device models.
Model import Wizard afiows you to downioad and mport models
Dasicn
SN0

| kom device manulsciurers web page

* Advanced 32-bit Ansiogue. Digtal. & Mixed Mode Simulation

* Virtual Instruments: ChmAokage/Current/Power Muli-meter
shows complex VoRags, Current, Phase, Magnitude etc

* Bull in 84-Channel Real-Time Vinual Oscllloscape

* Bull n Digital Logic Anatyzer slows you 1o 38t breakpoints

* Supports Advanced BSINOV, BSIMA, and SO Models

* 21 Drffersnt anslysis types including advanced Monte Carno/WC

VisualSpice Software Purchasing Options
Personal Editon (74.95 Standard Edition £149.95
Professional Edition £224.95

: i
Serial Port Isolated 1/0 Controller

Kit provides eight relay outputs capable

of switching 5 amps max and four

optically isolated inputs. Can be used

in a variety of control and sensing

applications including load switching,

external switch input sensing, contact

closure and external voltage sensing.

Programmed via a computer serial

port, it is compatible with ANY

computer & operating system. After programming, PC can be
disconnected. Serial cable can be up to 35m long, allowing
‘remote’ control. User can easily write batch file programs to
control the kit using simple text commands. NO special software
fequired — uses any terminal emulator program (built into
Windows). Screw terminal block connections. All components
provided including a plastic case with pre-punched and silk
screened front/rear panels to give a professional and attractive
finish (see photo).

Orde R D &
3108KT Serial Pont Isolated VO Controller Kit

AS3108 Assembled Serial Port Isolated VO
Controller

£54.95
£69.95

Full details of these items and over 200 other projects can
be found at www.QuasarElectronics.com
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Valve boosts PC sound

Aimed at audiophiles, Taiwanese PC
maker component firm AOpen is
making a motherboard with a
thermionic valve sound port.

“It unquestionably is targeted to a
very exclusive niche market -
passionate audiophiles and extreme
gamers who are interested in building
their own ultimate entertaining PCs,”
said AOpen. “The motherboard is
also certain to appeal to retailers that
desire to cater to these two eccentric
groups with custom-built PCs,
delivered with matching speaker
systems and the latest CD and DVD
playback devices.

Satellite wakes from

the dead

A US amateur satellite has burst into
life after orbiting lifeless for 20 years.

“Qscar 7 secems to he running on
power from its solar panels. The on-
hoard batteries failed two decades
ago. One likely scenario is that a
short-circuit in the batteries opened,
allowing enough power to operate the
spacecraft while it is in sunlight,”
said AMSAT, an organisation which
is still making and launching

satellites.

The satellite, which was launched
in 1974, was spotted by Pat Gowan
G3I0R who received CW telemetry
and has since been found by many
others. “Amateur operators have
heen monitoring the beacons at
29.502, 145.975, and 435.1MHz,” said
AMSAT.

Oscar 7 was the satellite that
inspired the founders of now-
successful Guildiord-based Surrey
Satellite Technology to first consider
making their own spacecraflt.

Called the AX4B-533 Tube, the
sound chain on the board also
includes other components
frequently selected for audio quality.
Alongside the Sovtek 6922 dual
triode, these include: Elna and
MultiCap capacitors, Cardas wires

and Vishay resistors
The digital part of the motherboard
is bang up-to-date with a 533MHz
front-side bus for Pentium 4 Socket
478 CPUs and support for PC2100
and PC1600 DDR SDRAM.
Www.aopen.com

Cash for UK plastic solar cell effort

Cambridge Display Technology (CDT) is
moving into plastic solar cell technology.

CDT is already one of only two
companies worldwide that have saleable
plastic display technology - the other is
Kodak - and now it has a DTI grant to use
its expertise in semiconducting polymers
to develop low-cost solar cells.

“Solar cells based on semiconductor
materials such as silicon are expensive to
manufacture and are limited to small area
panels. The low manufacturing cost
offered by polymer technology could make
solar energy generated via polymer panels
a viable commercial prospect,” said CDT.

Belgian research organisation IMEC is
already looking at organic (plastic) solar
cells, as is the University of California,
Berkley.

Although efficiencies so far seem to
peak at around five per cent, compared
with ten per cent for even the cheapest
silicon solar cells. organic cells made in a
continuous roll-to-roll process could be

significantly less costly.

Efficiencies will also increase making
plastic solar cells more desirable, but a
significant problem could be ultraviolet
stability as the sun’s direct rays quickly alter
the structure of most plastics.

CDT will be looking at indoor applications
first, for instance in ‘solar’ calculators.
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Pollution free

South Wales students have devel-
oped some remarkable ideas for
environmentally-friendly products
on an industrial design course at the
Swansea Institute.

Richard Clements has developed a
three-wheeled scooter called PV,
his Public Vehicle for One, that
could reduce traffic in city centres
and is also pollution free.

“It’s powered by a Stirling
engine,” said Clements. “I've got a
powdered fuel made up from
sodium, magnesium and iron.”

Combining the dry powder with
water results in an exothermic
reaction, which provides heat for the

Stirling engine.

Amazingly Clements said “there
are no pollutants at all” from the
reaction, in spite of the chemicals
used. This fuel type is not new, but
Clements said it is the first use in a
Stirling engine.

PV1 has a claimed top speed of
50mph and runs for two to three
hours at a time. Clements has
applied for a number of patents
covering the engine and tilt mecha-
nism of PV1.

Meanwhile, John Briens designed
a solar and wind-powered generator
that offers a less polluting method of
generating electricity.

These ant-welgn fighting robots took a trip to Hursley EMC recently to deal with
some EMC difficulties. Creator and engineer Peter Waller had been having a few
problems with interference and receiver saturation - the latter from up to six com-
peting transmitters clustered around the tiny fighting arena. Solutions were: more
suppression on his wheel motors and shorter receiver aerials. The robots pictured
are: ANTicyclone, CombatANT and MilitANT. Each weighs under 150g and fits in a
100mm aze The next ant-weight championship will be in Aylesbury in October.
www.robotwars101.com for ant-weight rules.

in South Wales

“It’s a portable, renewable energy
source running off solar and wind
power,” he said.

Briens described the generator as
looking like a golf bag. His design
can deliver 12V at 1A continuously
and “it can also run 240V stuff
through an inverter”, he added.

The unit weighs between 35 and
40kg, so would be suitable for
transporting on vehicles, but can be
moved to catch favourable winds or
sunlight.

The environmentally friendly
power source could be used in place
of petrol and diesel generators on
expeditions, Briens believes.

Matlab gets
speed boost

The Mathworks, based in the UK
in Cambridge, has updated its
Matlab and Simulink tools, includ-
ing the addition of just-in-time
compilation to speed up Matlab’s
execution.

Matlab is perhaps the most
widely used piece of signal analy-
sis software, extensively used in
universities and companies across
the UK. The firm is aiming to
bring it up to date with modern
techniques.

Many users are being forced to
hand code their algorithms in C in
order to speed up execution during
testing, according to Jim Tung,
chief market development officer
at The Mathworks.

“The problem with recoding is
it’s time consuming and it’s prone
to errors. People should not have
to move to C just in order to get
execution speed,” he said.

Thus the firm decided to use a
just-in-time (JIT) compiler. “We
want to deliver the speed of a
compiled language in an interpret-
ed environment,” Tung said.

JIT cannot speed algorithms that
are already highly optimised, such
as a fast Fourier transform, but
general execution speed should
rise by a factor of at least 50.

The Mathworks has also extend-
ed the tools, allowing them to
model mechanical systems. This
would be most useful when
developing automotive, aerospace
or industrial control applications.

And for the first time in five
years the firm is supporting
Macintosh users in the latest
release of the tools.
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Nanotubes-to-go

Fujitsu Labs in Tokyo has developed
technologies for vertical growth and

diameter control of multi-wall carbon Carbon Nanotu bes
nanotubes. o \ 'Y

Carbon nanotubes are touted as one
way of connecting together future
generations of on-chip components
and in this development Fujitsu
connected the tubes to the terminals
of a mosfet.

Carbon nanotubes are usually
produced using laser vaporisation and
arc discharge, said the lab. However, - g
these techniques do not offer good | Silicide Layer

Ni-silicide formed at 700°C

- |

§ i |
e

10w

control over the location and orienta-
tion of the nanotubes, or the diameter Silicon Substrate

of the nanotubes themselves.
Fujitsu used plasma-enhanced
chemical vapour deposition using a
methane-hydrogen composite gas at CNTs
the same time as applying an electri-
cal field perpendicular to the sub-
strate. < SiN

h

The field induces the nanotubes to 4Dhlectrk

align with the field as they grow.

Of particular note, said Fujitsu, is
the tubes grow directly on the mosfet
electrodes on a contact material SiN Dielectric
called a silicide.

Silicides are silicon-metal alloys - Sisubsirate
in this case with nickel or cobalt.

By varying the amount of Ni or Co,
the diameter of the tubes can be set.

Cuwire Ni catalyst

Surrey Satellite to use Russian rockets

Surrey Satellite Technology and international partners. Cosmos has 2000.

Rosoboronexport of Russia have an excellent record, said SSTL. and The first launch for SSTL,
signed a contract to launch 8 was previously used by SSTL to carrying the first DMC
microsatellites on 3 Cosmos rockets  launch successfully its SNAP-1 microsatellite AISAT-1, is
from the Plesetsk Cosmodrome nanosatellite and the Tsinghua-1 scheduled for autumn 2002.
during 2002-2004. “Cosmos and microsatellite for China in June

RBE were selected due to their
capabilities to achieve the necessary
orbital injection accuracy into a sun-
synchronous orbit within the
timescales needed by SSTL and at
an affordable price,” said SSTL.

Seven of the advanced Earth
Observation microsatellites will be
injected into the same orbit by the
three Cosmos rockets in order to
form the first international
constellation dedicated to
monitoring natural and man-made
disasters.

The eighth microsatellite is a
demonstration high resolution Earth
Observation microsatellite for the
UK British National Space Centre.

Seven of the microsatellites are
being constructed by SSTL in the
UK in coilaboration with its

ARG

i 1.1
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Plastic chips get university backing

Polymer or carbon-based semiconduc-
tors are deemed so important that
eleven UK universities have joined
forces for research into the devices.

Moreover, the National Carbon-
based Electronics Consortium goes
further than pure research, and aims to
improve the UK'’s record in transfer-
ring research into commercial products.

“The idea is to enable the UK to
leapfrog ahead of international efforts
in this area,” said the group's leader,
Professor Bill Eccleston from
Liverpool University.

Devices using carbon or polymer
circuits are increasingly finding
applications, particularly in areas
such as displays, solar cells and
micromachines.

Sponsored by the Engineering and
Physical Sciences Research Council

Sewing with Windows - and GameBoy

Sewing machine company Bemina is
making what it claims to be “the first
authentic sewing computer,” said
Martin Favre, president of the
company’s US arm.

Called the Artista 200E, it has more
than 850 stitch options and can sew in
16 different directions - and can also

(EPSRC), the consortium brings
together the UK’'s leading players in
carbon-based circuits.

The 11 universities involved are
Bangor, Bristol, Cambridge, Heriot-
Watt, Imperial College, Kings
College London, Liverpool, Oxford,
Surrey, Sussex and University
College London.

It will hopefully improve the
technology transfer of academic work
to spin-off companies.

**As with liquid crystals, the UK is a
leader worldwide, but unlike liquid
crystals we do not intend to lose this
position, and the EPSRC-funded
managed programme will help to
maintain it,” said Eccleston.

Initial funding for the group from the
EPSRC amounts to £2.7m, which
should drive scientific and commercial

browse the internet using an optional
PC Card modem.

Internet connection allows users to
download additional features and
embroidery patterns as they become
available.

A USB port allows a CD-ROM
drive to be connected.

work for three years.

Beside the universities there are
around 15 companies involved in the
consortium. Some of these were
originally spun out of the universities
themselves.

They include firms such as CRL and
Epichem, which are developing
products based on carbon technology,
and notably CDT with its light emitting
polymer displays.

Alongside the end products, the
research efforts will look into growth
and processing techniques and specula-
tive research into combining carbon
with other exotic materials.

The consortium also takes in 90 per
cent of the academics working in the
UK in the field, including Sir Harry
Kroto, whose team discovered C%, or
buckyballs.

Having Windows and a touch-
screen on-board means the user-guide
can be stored in the machine as well
as video tutorials.

Sewers amongst Electronics World
readers may be interested that the
Artista 200E has a 14x25cm
embroidery field, averages 600
stitches per minute and offers on-
screen pattern editing.

Starter kit gets flash

Potential flash microcontroller
users will benefit from Crossware’s
latest starter kit, which targets the
Atmel range of devices.

The kit combines an evaluation
board and development software.
The board is fitted with an Atmel
T89C51 controller, a 5V device
containing 4kbyte of on-board flash
memory. Other devices in the
Atmel range include a 32kbyte
chip.

Embedded code can be quickly
developed, and the board is suitable
for professional users, universities
and hobbyists, the firm claimed.

. . . . The board can also be used as an
The first sewing machine with a computer? - Try Nintendo. in-cirouitemmlaton A headencalle
Bernina is claiming ‘the first authentic computer’, but Japanese company Jaguar got there first enables the board to be plugged
and has been making Nintendo GameBoy-based sewing machines for a while, Its range includes into another system as the target
the Nuyell (which is sold by Singer as its Izek), Nuotto and Nu-Yell. device.
GameBoys have quite a following as embedded computers - made popular by their reliability, Larger prototype systems can be

input-output port, built-in display and rugged buttons.

There are several websites devoted to modifying GameBoys and companies produce custom
interface cartridges that plug into its gameport.

There is even a floating-point BASIC interpreter for GameBoy called GB Basic.

www.devrs.com/gb/ is a comprehensive site and
www.semis.demon.co.uk/Gameboy/Gbmain.htm includes a GameBoy digital oscilloscope.

constructed via an IDC connector,
linking the Atmel processor to
other components. LEDs show
activity on the various /O lines.
Cambridge-based Crossware can
be contacted at
WWW.Crossware.com
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Low power radio firms under pressure

Companies whose short range devices
(SRDs) operate within the unlicensed
frequency bands are becoming
increasingly concerned at
Government plans to allow unlicensed
spectrum to be used for commercial
services.

The industry is worried that its
SRDs - products such as car alarm
fobs and garage door openers - will
suffer from interference problems
when commercial services start
operating.

Current concerns are centred mainly
around 2.4GHz. The Government has
agreed to open up this licence-exempt
band for public access wireless local
area networks offering commercial
services, which would allow the
creation of internet access hot-spots.

Industry body the Low Power Radio
Association (LPRA) sees the opening
up of 2.4GHz as just one move which
is fast eroding the spectrum allocated
for its use.

*“If you look at the spectrum... the
amount that’s actually allocated for
SRDs is tiny,” said Mike Brookes,
chairman of the LPRA. “Yet
everyone’s saying ‘this is the best bit
of spectrum for our particular
application’. The fact that it’s free has
nothing to do with it.”

An 802.11b wireless LAN, which
operates at 2.4GHz, is already being
rolled out by Megabeam at a further

15 railway stations after a successful
trial at London’s Paddington station.
Meanwhile BT started a public trial of
an internet access hotspot service
using 2.4GHz at the end of June and
expects commercial roll-out to happen
in August.

But the threat at 2.4GHz is far from
the end of the story according to
Brookes. Other concerns surround the
introduction of HiperLAN and
802.11a, both of which operate at
around 5GHz, another SRD band.

“These people have just said this is
a wonderful bit of spectrum, it suits us
down to the ground,” said Brookes.
“so we've got another hole being
blasted right through the SRD
allocation.”

Brookes is particularly worried by
the Government’s spectrum review
which is opening the way for this to
happen. He believes the review
basically boils down to “let’s open up
everything to everybody™ and is
concerned it did not thoroughly
investigate the needs of the low power
radio industry.

Brookes said the amount of text in
the report about SRDs amounted to
“about a quarter of a paragraph”, from
which a lot of conclusions were
drawn.

“I think it's dangerous the way it’s
going ahead. Everyone’s jumping on
the little bit of SRD spectrum to use it

Bike firm CAN use the bus

The increasing use of CAN-bus in the

automotive industry has spread to the

motorcycle industry, with Ducati

for commercial network services,”
says Brookes. “The danger is it will
kill the SRD market which is largely
comprised of small companies.”

{

Smart whip saves horses?
In an attempt to quantify the amount of beating occurring
during horse races, Dublin bookmaker Reg Cregan has
invented The Register, a smart-whip.

Proprietary sensors in its tip measure each blow and
inside its handle is an 8-bit Motorola microcontroller for
data-logging.

Matlab from The MathWorks is used to process the
data gathered by the whip either in real time or post-
acquisition. This involves recording all waveforms,
storing the time and amplitude of the waveform, then
graphically displaying this data on-screen.

choosing CAN (controller area network)
for its latest machine.

The ltalian manufacturer is using the
bus on the Ducati 999 in order to reduce
weight. The two-wire digital bus links the
dashboard to the Magneti-Marelli engine
management unit. This simplifies the
electrics and reduces weight, the firm
said.

Various sensors and electronics on the
bike connect to the processor in either the
dash or EMU, whichever is closest.

CAN-bus is not the only first for the
bike, as Ducati has also chosen to use
samarium cobalt as the rare earth magnet
in the generator's rotor. SmCo is more
brittle compared to the widely used
neodymium iron boron. However, SmCo
will operate effectively at up to 350)“C,
while NdFeB falls over at 130°C.
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www.labcenter.co.uk

Develop and test complete micro-controller designs without
building a physical prototype. PROTEUS VSM simulates the
CPU and any additional electronics used in your designs. And it
does so in real time. *

® CPU models for PIC and 8051 and series
micro-controllers available now. 68HC11
comming soon. More CPU models under
development. See website for latest info.
Interactive device models include LCD
displays, RS232 terminal, universal keypad
plus a range of switches, buttons, pots,
LEDs, 7 segment displays and much more.
Extensive debugging facilities including
register and memory contents, breakpoints
and single step modes.
Source level debugging supported for
selected development tools.
Integrated ‘make’ utility - compile and =
simulate with one keystroke. = el
Over 4000 standard SPICE models included. :
Fully compatible with manufacturers’ SPICE models.
DLL interfaces provided for application specific models.
Based on SPICE3F5 mixed mode circuit simulator.
CPU and interactive device models are sold separately -
build up your VSM system in affordable stages.
ARES Lite PCB Layout also available.

I G b < e m l e (\ "E.g. PROTEUS VSM can simulate an 8051 clocked at 12MHz on a 300MHz Pentium 1.
Write, phone or fax for your free demo CD - or email info@labcenter.co.uk.

I | e ctr onii cC S Tel: 01756 753440. Fax: 01756 752857. 53-55 Main St, Grassington. BD23 5AA.

| 8051 CALCULATOR




Visit our website
www.distel.co.uk

A bulk purchase enables us to bnng to you these
GIANT 7 segment digital dispiays at a now affordable
pnce!l The 10” character size gves excapbonal read-
ability at long dstances and enables a host of applica-
tons including, score boards, digital clocks, coun-
ters, event timers etc. As the units are a simple
electromechanical device and operate from 12 V DC.
simple swiching via switches, relays, PIC or PC may

be used to control single or multiple digts. Units feature A

ntegral ‘Zero Power memorg which greatly simplifies

design. For an excellent DIY practical article, see the May issue of
‘Everyday & Practical Electronics’ magazine. Ideal School / College con-
struction project Suppiied in good RFE condition, compiete with data sheet.
Lessthan 30%  Only £29.95.) or 4 / £99.00(0)
of makers price Order RW44 Order PH26

THE AMAZING TELEBOX

TV SOUND &

VIDEO TUNER
CABLE COMPATIBLE

[

o

. po PV
Converts your colour monitor into a QUALITY COLOUR TVIl

The TELEBOX 1 an attractive fully cased mains powered untt, contaning al
electronics ready 10 plug into a host of video monttors or AV equipment which
are fited vath a composte video or SCART nput. The compostte video output
wil also plug drectly into most video recorders, allowing reception of TV
channets not nomally receivable on most television receivers® (TELE-

BOX MB). Push bution controts on the front panel allow of 8 fully
tuneabie 'off ar UHF colour television channets. TELEBOX MB covers virtu-
aly all television frequencies VHF and UHF ncluding the HYPERBAND as
usedbymostcableTVopemm.ldea!brdukbpoomp\mrvideosys-
tems & PIP (picture in picture) setups. For compiete compeiisity - even for
monftors without sound - an integral 4 watt audio ampifier and low level Hi Fi
audio output are provided as standard. Brand new - fully guaranteed.

TELEBOX ST for composite video input type monitors £36.95
TELEBOX STL as ST but fitted with integrai speaker £39.50
TELEBOX MB Multiband VHF/UHF/Cable/Hyperband tuner £69.95
For overseas PAL versions state 5.5 or 6 mHz sound specification.
“For cable / hyperband signal reception Telebox MB should be con-
nected to a cable type service. Shipping on all Telebox’s, code (B)

State of the art PAL (UK spec) UHF TV tuner module

with composite 1V pp video & NICAM hi fi stereo sound

outputs. Micro electronics all on one small PCB only 73 x

60 x 52 mm enable full tuning control via a simple 3 wire Ylnk to
an IBM pc type computer. Supplied complete with simple working
program and documentation. Requires +12V & + 5V to operate.
BRAND NEW - Order as MY00. Only £39.95 code (8)
See www.distel.co.uk/data_my00.htm for picture + full details

HARD DISK DRIVES 2fi” - 14

2fi" TOSHIBA MK1002MAV 1.1Gb laptop(12.5 mm H) New £59.95
21" TOSHIBA MK4313MAT 4.3Gb laptop (8.2 mm H) New £105.00
21" TOSHIBA MK6409MAV 6.1Gb laptop (12.7 mm H) New £98.00
2fi* TOSHIBA MK1814GAV 18 Gb laptop (12 mm H) New £149.95
2fi" to 3fi" conversion kit for P¢’s, complete with connectors  £15.95

3fi" COMPAQ 313706-821 (IBM) 9 %b ULT/SCSI3  New £199.00
3fi" FUJI FK-309-26 20mb MFM I/F RFE £59.95
31" CONNER CP3024 20 mb IDE I/F (or equiv.) RFE £59.95
3fi" CONNER CP3044 40 mb IDE I/F (or equiv.) RFE £69.00

3fi" QUANTUM 40S Prodrive 42mb SCSI IIF, New RFE £49.00
5" MINISCRIBE 3425 20mb MFM I/F (or equiv.) RFE £49.95
5" SEAGATE ST-238R 30 mb RLL I/F Refurb £69.95
5" CDC 94205-51 40mb HH MFM I/F RFE tested £69.95

5" HP 97548 850 Mb SCSI RFE tested
5" HP C3010 2 Gbyte SCS!I differential RFE tested

£99.00
£195.00

8" NEC D2246 85 Mb SMD interface. New £99.00
8" FUJITSU M2322K 160Mb SMD I/F RFE tested £195.00
8° FUJITSU M2392K 2 Gb SMD I/F RFE tested £345.00

Many other floppy & H drives, IDE, SCSI. ESDI etc from stock,
see website for full stock list. Shipping on all drives is code (C)

TEST EQUIPMENT & SPECIAL INTEREST ITEMS

MITSUBUSHI
FARNELL 0-60V DC @ 50 Amps, bench Power Supplies
FARNELL AP3080 0-30V DC @ 80 Amps, bench Suppy
KINGSHILL CZ403/1 0-50V @ DC 200 Amps - NEW
1kW to 400 kW - 400 Hz 3 phase power sources - ex stock

A3I445ETKL 147 Ind. spec SVGA monitors  £245

£995
£1850
£3950
£POA

1BM 8230 Type 1, Token ring base unit driver £760
Wayne Kerr RA200 Audio frequency response analyser £2500
INFODEC 1U, 24 port. RJ45 network patchpanels. #¥TH93 £49
3COM 16670 12 Port Ethemet hub - RJ45 connectors #LD97  £69
3COM 16671 24 Port Ethemet hub - RJ45 connectors £89
3COM 16700 8 Port Ethernet hub - RJ45 connectors NEW £39
1BM 53F5501 Token Ring ICS 20 port lobe modules £POA
1BM MAU Token ring distnbution panel 8228-23-5050N £45

AIM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE 1/O
ALLGON 8360.11805-1880 MHz hybnd power combiners
Trend DSA 274 Data Analyser with GT03(2M) 64 Vo
Marconi 6310 Programmable 2 to 22 GHz sweep generator
Marconi 2022C 10KHz-1GHz RF signal generator
HP1650B Logic Analyser

HP3781A Pattern generator & HP3782A Error Detector
HP6621A Dual Programmable GPIB PSU 0-7 V 160 watts
HP6264 Rack mount variable 0-20V @ 20A metered PSU
HP54121A DC to 22 GHz four channel test set

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS
GIANT 10” 7 SEGMENT DISPLAYS

Surplus always
wanted for cash!

IC's -TRANSISTORS - DIODES - 19" RACK CABINETS
OBSOLETE - SHORT SUPPLY - BULK Q) E s L t Stocks of
10,000,000 items EX STOCK  [Ro3AWps iy
R e q,q' enclosures and accessories.
, ' W 2 MONITOR SPECIALS Over 1000 Racks from stock

This month’s special
33/42/ 47 U - High Quality
All steel Rack Cabinets

Made by Eurocraft Enclosures Ltd to the highest pos-
sible spec, rack features all steel construction with
removable side, front and back doors. Front and

back doors are hinged for easy access and all "'7/}
lockable with five secure 5 lever barrel locks. o /
The front door is constructed of double walled o
steel with a *designer style’ smoked acrylic front
panel to enable status indicators to be seen
through the panel, yet remain unobtrusive.
Iinternally the rack features fully slotted rein-
forced vertical fixing members to take the heavi-
est of 19” rack equipment. The two movable
vertical fixing struts (extras available) are pre
punched for standard ‘cage nuts’. A mains dis-
tribution panel interalty mounted to the bottom &5
rear, provides 8 x IEC 3 pin Euro sockets and 1 x
13 amp 3 pin switched utility socket. Overall ventila- ™%

tion is provided by fully louvered back door and double skinned top

; Legacy products
High spec genuine multysync.
CGA, EGA, VGA, SVGA
Mitsubishi FA3415ETKL 14° SVGA Multisync colour monitor with fine
0.28 dot pitch tube and resolution of 1024 x 768 A varn-
ety of nputs allows connection to a host of oorvgute«s
including IBM PC's in CGA, EGA, VGA & SVGA
modes, BBC, COMMODORE (induding Amiga 1200),
ARCHIMEDES and APPLE. Many features’ Etched
faceplate text switching and LOW RADIATION MPR
specification. Fully guaranteed, in EXCELLENT Ittie
used condon. Tilt & Swivel Base £4.75
Order as

VGA cable for IBM PC included. Only £1 29 € °cers
External cables for other types of computers available - CALL

Generic LOW COST SVGA Monitors
We choose the make, which includes Compagq,
Mitsubushi, IBM, etc. Supplied ready to run with all
cables, Standard RTB 90 day guarantee.

™ 0 W
14 1 5 17 section with top and side louvres. The top panel may be removed
£59 00 £69 00 £79 00 for fitting of integral fans to the sub plate etc. Other features
. g . include: fitted castors and floor levelers, prepunched utility panel at
order TD84 order TG21 order TJ66 lower rear for cable / connector access e(c.RSupphed in excellent,
A e = slightly used condition with keys. Colour Royal blue. some grey
Supplied in good used condition. Shipping code (D) available - CALL - Can be supplied in many other configurations.

VIDEO MONITORS

PHILIPS HCS35 (same style as CM8833) attractively styled 14’
colour monitor with hoth RGB and standard composite 15.625
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 monttoring / security applications with direct connection
to most colour cameras. High quality with many features such as
lroné concealed(ﬂ?p congols. VCR correction button etc. Good
used condition - fully tested - guaranteed

Dimensions: W14" x H12f1* x 15" D Only £99.00 ©)
PHILIPS HCS31 Ultra compact 9° colour video monitor with stan-
dard composite 15.625 Khz video input via SCART socket. Ideal
for all monitoring / secunty applications. High quality, ex-equipment
fully tested & guaranteed (possible minor screen bumns). In attrac-
tive square black plastic case measuring W10" x H10™ x 13" D

240 V AC mains powered. on|y £79.00 ©)

INDUSTRIAL COMPUTERS

Tiny shoebox sized industrial 40 Mhz 386 PC system measuring
only (mm) 266 w X 88 h X 272 d. ideal for dedicated control appli-
cations running DOS, Linux or even Windows 1 Steel case con-
tains 85 to 265 V AC 50/ 60 hz 70 Watt PSU, a 3 siot ISA passive
backplane and a Rocky 318 (PC104) standard, single board com-
puter with 8 MByte NON VOLATILE solid state "Disk On Chip’
RAMDISK. System comprises: Rocky 318 (PC104) SBC ISA card
with 40MHz ALi 386SX CPU, 72 pin SIMM slot with 16 Mbyte
SIMM, AMI BIOS, battery backed up real time clock. 2 x 9 pin D
16550 senal ports. EPP/ECP pninter port, mini DIN kexﬁbcard con-
nector, floppy port, IDE port for hard dnives up to 528 MByte
capacity, watchdog timer and PC/104 bus socket. The 8 MB{te
solid state 'disk on a chip' has its own BIOS, and can be fdisked,
formatted & booted. Supplied BRAND NEW fully tested and guar-
anteed. For full data see featured item on website. Order as QG36

100's of applications_inc‘c Only £99.00 (0)

firewall_router:
Unless marked NEW, items in
this section are pre owned.

HP6030A 0-200V DC @ 17 Amps bench power supply £1950
intel SBC 486/125C08 Enhanced Multibus (MSA) New £1150
Nikon HFX-11 (Ephiphot) exposure control unit £1450
PHILIPS PM5518 pro. TV signal generator £1250
Motorola VME Bus Boards & Components List. SAE / CALL £POA
Trio 0-18 vdc linear, metered 30 amp bench PSU. New £550
Fujitsu M3041R 600 LPM high speed band printer £1950
Fuii(su M3041D 600 LPM printer with network interface £1250
Siemens K4400 64Kb to 140Mb demux analyser £2950
Perkin Elmer 299B Infrared spectrophotometer £500
Perkin Elmer 597 Infrared spectrophotometer £3500
VG Electronics 1035 TELETEXT Decoding Margin Meter  £3250
LightBand 60 output high spec 2u rack mount Video VDA's £495
Sekonic SD 150H 18 channel digital Hybrid chart recorder £1995
B&K 2633 Microphone pre amp £300
Taylor Hobson Tallysurf amplifier / recorder £750
ADC §5200 Carbon dioxide gas detector / monitor £1450
BBC AM20/3 PPM Meter (Emest Turner) + drive electronics  £75
ANRITSU 9654A Optical DC-2.5G/b waveform monitor £5650
ANRITSU ML93A optical power meter
ANRITSU Fibre optic characteristic test set
R&S FTDZ Dual sound unit

R&S SBUF-E1 Vision modulator

33U

Order as BC44
External dimensions
mm=1625H x 635D x
603 W. \%4' H x 257
Dx231"W)

42U
Order as DT20
External dimensions
mm=2019H x 635D x
603 W. (79.5" H x 25°
D x 23" W)
Only Only Only

£245 | £345 | £410

Call for shipping quotation

COLOUR CCD CAMERAS

Undoubtedly a miracle of modern technology &
our special buying power | A quality product fea-
turing a fully cased COLOUR CCD camera at a
give away price ! Unit features full autoll?hl sensing for -
use in low light & high light
applications. A 10 mm fixed focus
8 wide angle lens gives excellent focus
and resolution from close up to lon
range. The composite video output will
connect to any composite monitor or TV
! (via SCART socket) and most video
recorders. Unit runs from 12V DC so
ideal for security & portable applica-
— - tions where mains power not available.
Overall dimensions 66 mm wide x 117 deep x 43 high. Supplied
BRAND NEW & fully guaranteed with user data, 100's of applica-
tions including Security, Home Video, Web TV, Web Cams etc, etc.

OrderasLk33  ONLY £79.00 or 2 for £149.00 (5

SOFTWARE SPECIALS

NT4 WorkStation, complete with service pack 3
and licence - OEM packaged. QNLY £89.00 (s,
ENCARTA 95 - CDROM, Not the latest - but at this price 1 E{.QS
DOS 5.0 on 3fi* disks with concise books ciw QBasic 4.
Windows for Workgroups 3.11+ Dos 6.22 on 3.5" disks  £55.00
Windows 95 CDROM Only - No Licence - 5
Wordperfect 6 for DOS supplied on 3fi" disks with manual £24.95
shipping charges for software is code B

SOLID STATE LASERS

Visible red, 670nm laser diode assembly Unit runs from 5 V DC at
approx 50 mA. Originally made for continuous use In industrial bar-
code scanners, the laser is mounted in a removable solid aluminium
block, which functions as a heatsink and rigid optical mount. Dims of
block are 50 w x 50 d x 15 h mm. Integral features include over tem-
perature shutdown, current control, laser OK ouput, and gated TTL
ON / OFF. Many uses for experimental optics, comms & lightshows
etc. Supplied compiete with data sheet.

Order as TD91 ONLY £24.95 ()

DC POWER SUPPLIES

Virtually every type of power supply you
can imagine.Over 10,000 Power Supplies

47U
Order as RV36
External dimensions
mm=2235H x 635D x
603 W. \28' H x 25°
Dx 231" W)

.

> 4

HP8130A opt 020 300 MHz pulse generator, GPIB etc £7900 WILTRON 6630B 12.4 / 20GHz RF sweep generator Ex Stock - Call or see our web site.
HP A1, A0 8 pen HPGL high speed drum plotters - from £550 TEK 24:5 150 angotrace oscillolsoope - 2:252
HP DRAFTMASTER 1 8 pen high speed plotter £750 TEK 2465 300 Mhz 300 MHz oscilloscope rack mount 95
EG+G Brookdeal 95035 Precismr?lock in amp £1800 TEK TDS380 400Mhz digital realtime + disk drive, FFT etc  £2900 RELA Ys 200 000 FROM s TOCK
Keithley 590 CV capacitor / voltage analyser €POA TEK TDS524A 500Mhz digttal realtime + colour display etc  £5100 Save ££££'s by choosing your next relay from our Massive Stocks
Racal ICR40 dual 40 channel voice recorder system £3750 HP3585A Opt 907 20Hz to 40 Mhz spectrum anatyser £3950 covenng types such as Miltary, Octal, Cradle, Hermetically Sealed,
Fiskers 45KVA 3 ph On Line UPS - New batteries £4500 PHILIPS PW1730/10 60KV XRAY generator & accessories £POA  Contmental, Contactors, Time Delay, Reed, Mercury Wetted, Solid
Emerson AP130 2.5KVA industrial spec.UPS £1499 VARIACS - Large range from stock - call or see our website State, Pnnted Circuit Mounting etc. , CALL or see our web site
Mann Tally MT645 High speed line pninter £2200 CLAUDE LYONS 12A 240V single phase auto. volt. regs £325 www.distel.co.uk for more information. Many obsolete types from
Intel SBC 486/133SE Multibus 486 system. 8Mb Ram £945 CLAUDE LYONS 100A 240/415V 3 phase auto. volt. regs  £2900 stock Save ££££'s

o ALL MAIL TO 18 Million items On Line Now ! ALL fE ENQUIRIES

Open Mon

All prices for UK
Unnerses and Local %dearanoe Carmiage
(Dy=£15.00, (EP£18.00, (F)=CALL. Allow approx 3 days for shipping - faster CALL. All goods suppéied to our ,Ca\mmsolSale

uniess

Dept W, 29/ 35 Osborne Rd
Thornton Heath
Surrey CR7 8PD, UK
- Fri9.00 - 5:30

Mainland UK customers add 17.5% VAT to TOTAL order amount. Minmum order £10. Bona Fide account orders
Authonbes

guaranteed for 90 days. Al guarantees on a retum 0 base
Discounts for volurme. Top CASH pnoes paid for surplus goods. All rademarks,

Secure Ordering, Pictures, Information

visgn Wwww.distel.co.uk

Secure Site

0208 653 3333

FAX 0208 653 8888

email = admin@distel.co.uk

- minimum acoount order £100. Cheques over £100 are subject to 7

acoepted from Govemment, Schools,
(AFE3 50, (B)£6 50, (CY£10,

can be viewed at our website and
specifications without pnor notice. Orders subject 10 stock.

tradenames etc acknowledged © Display Electrorscs 2002 E& OE..

basss. All rights reserved 1o change pnoes
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Capacitor sound 3

eaders of my recent articles have seen measurements together with their analysis,
R that many capacitors do introduce occupied many weeks. With a 30 minute

distortions onto a pure sine wave test warm up, my test equipment performed
signal.! In some instances this distortion consistently throughout, producing
results from the unfavourable loading the exceptionally low distortion. I now realise
capacitor imposes onto its driver circuit and dielectric absorption does influence measured
frequently the distortion is generated in the distortions, even if the capacitor measures a
capacitor. low tand on a bridge. (See box Tand/ESR.)

When two or more signals are involved, a As will be seen later in this series, when a

distorting capacitor produces a multiplicity of  capacitor is used with a significant DC bias,
new frequencies. Used in an audio system, this  dielectric absorption becomes the dominant

can result in distorted sound. Fig. 1. distortion producing mechanism. Whether
Measurements are now made using a these measurable capacitor distortions become
computer soundcard with FFT software, audible or not, depends on the capacitor's
replacing the Pico ADC-100. The chosen location in the circuit. The capacitor voltage
software facilitates analysis, by calculating levels, any subsequent circuit gain and

distortion relative to the voltage across the test  whether the capacitor is located inside or

capacitor.(see box Soundcard FFT Software.) outside of a negative feedback loop.
Many capacitors that distort little when sine

wave tested without a DC bias voltage, exhibit ~ Repetition.

much bigger distortions with increasing As a result. it became necessary to repeat
polarisation. With an 18 voit DC bias, the most of my early single frequency tests, now
second harmonic of the capacitor in figure 1, using two frequencies. Distortion was
increased by 23dB, but other harmonics hardly  measured both with and without DC bias
changed.Fig. 2. voltage applied to the capacitor. To replicate

many circuit voltages without over-stressing
Why should this be? most capacitors, for this article

As a capacitor design engineer of many years.  standardised on an 18volt DC bias. Apart
when I commenced these tests [ believed that  from Figure 1. the bias network was left in

capacitor distortions would relate directly to situ and switched to discharge for no bias
the capacitor’s measured tand. Dielectric measurements.
. absorption does not appear to significantly My 1kHz notch filter preamplifier was

affect tand measurements, so I reasoned it designed to attenuate 100Hz by some 55dB.

capac“.ances Of should not greatly affect a capacitor’s sound. I A 100Hz test signal, similar in amplitude to
certainly was not alone in this belief. the 1kHz signal, can be input without

l on F a nd sma "er. More than 2000 distortion measurements overloadingglhe preamplifiF:zr or soundcard.!
have been made, using test signals from 0.1 To apply a DC bias voltage across the test
volt to 6 volts AC and DC bias from 0 volt to capacitor, a protective ‘DC Bias’ network
30 volt . Using a variety of capacitors, must be used. I already had one, built using
purchased for these tests and observing the 100uF and 1¢F metallised PET capacitors.
effect of changing one measurement stimulus used to measure capacitance change with
at a time, I was able to analyse the different applied DC bias. of capacitances up to 10uF.
distortions. When tested with my near perfect 1uF KP

Starting in January 2002, these test capacitor 2, this network introduced its

own distortions. A new network was
required. It was assembled using 11uF and
1uF MKP capacitors with a 100kQ
charge/discharge resistor. Another 100kQ
resistor to ground, protects the pre-amplifier
input from charge/discharge transients, but
restricts measurements to using 10kQ and
smaller sense resistors. Fig. 3.

This new DC Bias network permits
accurate distortion measurements with dual 1
kHz/100 Hz test signals up to six volts AC
and with up to 50 volt DC bias. It is quickly
attached to or removed from my existing test
equipment.' It is designed to mount in place
of the test capacitor, shown in the figure.
(see DC Bias Network, Fig. 4)

Figure 1: Y5Pis a
medium ‘k’ class 2
ceramic. Tested with
two signals, 100Hz
and 1kHz at 2 volts
amplitude, with no
bias network, it
produces many new
intermodulation
distortion frequencies.

12 ELECTRONICS WORLD October 2002



Capacitor Myths.

Many articles have been written about capacitor behaviour,
mostly by authors having little knowledge of capacitor
design and construction. As a result, many false capacitor

myths have emerged.

1 will try to relate some of these myths to facts:-

a) All ceramic capacitors distort.

b)Dielectric absorption causes smearing and compresses

dynamic range.
c)Polypropylene is an inefficient material.

d)Capacitors are highly inductive at audio frequencies.

¢)ESR of a capacitor has a fixed value.

Capacitor production tests.

In manufacture every capacitor is measured for
capacitance and tand, usually at 1kHz. Capacitance values
of 100pF and smaller are measured at |MHz. Capacitors
larger than | uF are usually measured at 100Hz.(see box
Tand/ESR.) Each capacitor is ‘voltage proof’ tested to
ensure reliable operation at rated voltage. Leakage current
or insulation resistance will be measured at the specified
time interval or less. To expedite this time consuming
measurement, leakage currents/insulation resistance are

conservatively stated.

Many other tests will be performed on sample
capacitors, to ensure compliance with National periodic
“Type Tests’, but I know of no company that routinely
tests for harmonic distortion, at realistic circuit voltages.
Capacitors are not categorised for distortion, so a
distorting capacitor would not be considered defective by
its maker. It is the responsibility of the equipment designer
to select the correct capacitor for each circuit requirement.

Tand measurement reflects both insulation resistance and
series resistive losses. Invariably the LCR meters used
include a ‘tuned’ detector, designed to exclude extraneous
frequencies. As will be seen, dielectric absorption affects
the second harmonic, so is transparent when measuring

tand. Fig. 2.

Dielectric characteristics.

In essence, two major dielectric characteristics exist, polar
and non-polar. By polar, I am not referring to an
electrolytic capacitor. but how the dielectric responds to

COMPONENTS

voltage stress. This stress relates to the volts per micron
gradient across the dielectric, not simply the applied

voltage.

Vacuum and air are little affected by voltage stress and

solid dielectrics which behave in a similar fashion are

termed ‘non-polar’. Most solid dielectrics and insulators

Figure 2: The figure 1
capacitor tested using
1kHz only with 18
volt DC bias.
Compared to its 0 volt
bias test, second
harmonic has
increased 23dB, a 14
times distortion
increase.

Figure 3: A fly lead
connected to the hot
AOT resistor terminal,
a duplicate set of
source resistors and
five 2.2uF MKP
blocking capacitors,
couple the 1kHz test
signal. The test
capacitor output is fed
to the pre-amplifier
via a 1pF capacitor. A
current limited 100Hz
test signal may be
input to the top left
terminal, DC bias to
bottom right.

Soundcard FFT Software

Measurements for my earlier articles
used a Pico ADC-100. Many readers
may wish to use a soundcard instead. A
modern low cost PCl card with FFT
software can provide increased dynamic
range, measuring smaller distortions
using my instruments, than is possible
with the ADC-100. | now use the Spectra
‘Plus232’ software under Windows 98SE
with a Soundblaster Live 1024 card, for
all measurements.

With ‘CoolEdit’, the audio
manipulation software already on my
hard disc, | did try using it to measure
capacitor distortions. Both ‘CoolEdit’ and
the Pico ADC-100 software display
distortion spectra but don’t calculate
percentage distortion. Tired of making a
great many repetitive calculations, |
searched internet for a better solution.

| downloaded some twenty FFT
packages for evaluation. On reading
their help files, many were obviously of
little use. A small number looked
promising, because they provided a dB

scaled display and calculated distortion
percentages. However few packages
promised any facility to calibrate and
control the soundcard gain settings.

I decided the best choice was the
Spectra 'Plus232’ software. Ref.6 |
calibrated its input level using a known 1
volt signal. This calibration was
accurately maintained from day to day.
Having established a measurement set-
up, it was saved as a ‘config’ file for re-
use.

It also accepts a correction file,
intended to compensate for microphone
errors. Having carefully measured the
output of my notch filter/pre-amp by
frequency using a 1 volt test signal, |
wrote a correction file to restore the
much attenuated test fundamental back
to level and correct for pre-amplifier gain
errors. The software then automatically
displays percent harmonic distortion, on
screen.Fig. 12

I quickly produced other files, from 0.1
volt test level to 6 volts, by simply

adding or subtracting the appropriate dB
levels to the 1 volt file values. see Table.
Spectra ‘Plus232’ can measure in real
time, without first saving to disc. It can
be used to cover the maximum
frequency span of your soundcard, or as
shown to measure over your selected
frequency band.

Spectra ‘Plus232’ software was used
for all capacitor distortion
measurements, more than 2000 in all
taken over several weeks, commencing
with those for this article. Should you
have only an older ISA soundcard, some
software may not work. One that will, is
FFT.EXE, a very simple, no-frills, DOS
program by Henk Thomassen. This can
be found on the internet and also on the
Elektor 96-97 software CD-ROM.

Users having a modern PCl soundcard
will find a very large variety of programs,
often available as freeware, on the
internet. One site that links to some of
the better packages is
www.pcavtech.com/links/index.htm.

October 2002 ELECTRONICS WORLD
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Figure 4: Low
distortion test
equipment
measuring
distortion of a
capacitor with AC
test signal, as
described in my
last two articles.
To measure
capacitors with
DC bias, the
network of Figure
3 with test
capacitor
attached, replaces
the test capacitor
shown bottom

right.

Y ﬁ" ek 1A

Figure 5: Distortion measurement of a Class 1 ceramic using
100Hz and 1kHz signals at 4 volts and 18 volt DC bias.

With no bias this tiny 10nF 50 volt COG multilayer capacitor
measured just 0.00006%. Second harmonic was -128.5dB,
the other levels remained as shown.

Figure 6: A Class 2
X7R 10nF
capacitor from
the same maker as
figure 5 and s
tested the same. '
This test
dramatically -
shows the impact
an increase in
both tand and
dielectric
absorption have
on capacitor s
distortions.

e

- by —— E n s e e

are affected, increasing roughly in line with their ‘k’ value.
This ‘k’ value is the increase in measured capacitance
when the chosen dielectric is used to displace air.

Under voltage stress, electrons are attracted towards the
positive electrode. The electron spin orbits become
distorted, creating stress and a so-called ‘space charge’
within the dielectric. This produces heat in the dielectric
with power loss, called dielectric loss, together with
second harmonic distortion.

Non-polar dielectrics exhibit very small dielectric loss.
Polar dielectrics are lossier and take longer for the
dielectric to return to its original uncharged state. Polar
dielectrics produce easily measured ‘dielectric absorption’
effects, especially apparent in thin dielectrics

Dielectric absorption is measured by fully charging the
capacitor for several minutes then briefly discharging into
a low value resistor. After a rest period, any ‘recovered’
voltage is measured. The ratio of recovered voltage to
charge voltage is called dielectric absorption.

Ceramic capacitors.
‘Ceramic’ covers an extremely wide range of dielectrics,
sub-divided as Class | (non-polar) or Class 2 (polar)
according to the materials used to make up the ceramic.
Class | ceramics do not use Barium Titanate and so have
a low ‘k’ value. The best known is COG. With its
controlled temperature coefficient of zero + 30 ppm, it
was originally called NPO by the Erie Corporation. It is
non-polar and has a small dielectric absorption
coefficient. From my tests, it has almost no measurable
harmonic distortion. Fig. 5.
COG ceramic provides the most stable capacitance

value, over long time periods and temperature excursions,
of all easily obtained capacitor dielectrics. It is frequently
used as a capacitance transfer standard in calibration
laboratories and yet as a small disc capacitor, it costs only
pennies. Assembled as a multilayer, it can provide
capacitances of 100nF and above, rated for 50 volts

working, and can achieve higher working voltages for

5

smaller capacitances.

Other Class | ceramics, sometimes called ‘low k',
provide increased capacitance within a controlled
temperature coefficient, e.g. P100, N750 etc. in ppm.
These also are non-polar and exhibit almost no measurable
dielectric absorption. I have tested up to N750, sometimes
called U2J, and found very low distortion.

Class 2 ceramics do include Barium Titanate. It produces
a very high dielectric constant, with ‘k’ values ranging
from a few hundred to several thousands. Class 2 ceramic
is strongly polar and its capacitance varies with applied
voltage and temperature. It exhibits an easily measured

DC Bias Network

Two DC blocking capacitors are needed,
one to couple the signal to the test
capacitor and the second to couple the
test capacitor voltage into the pre-
amplifier input. To minimise test signal
loss, that capacitor should be ten times
the value of the capacitor being tested.
To not introduce distortion it should be
of much higher voltage rating than the
DC bias and the same or better quality,
as the best capacitor to be tested. | used
five 2.2pF 250 volt MKP from BC
Components (Philips), type 378

capacitors connected in parallel.

To couple the test capacitor voltage to
the high impedance preamplifier input,
a smaller value can be used. For this a
1pF 250 volt version of the MKP
capacitor would be fine. | already had a
distortion tested sample of the Epcos
(Siemens) equivalent, so | used that
instead. Source impedance resistors, as
used in the buffer amplifier, are selected
and connected to the AOT ‘hot’ pin
using a short fly lead. Two 100k
charge/discharge resistors and a toggle

switch, completed the bias network.
Fig. 3.

All were mounted on a single sided
PCB size 110 x 55 mm. For convenient
interconnections, | mounted two lengths
of the terminal strip, one on either side
of the buffer. Fig. 13 To avoid
overloading the soundcard input, the
100Hz/1kHz connections to the bias
network should be completed before
connecting the pre-amp output to the
sound card.

14
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Tand is used to describe capacitor
quality. A textbook perfect capacitor has
a phase angle of 90°, a phase angle
deviation of 0°, a Tand of zero. Using a
6425 precision LCR meter, Tand of a
most nearly perfect capacitor at 1kHz
measured just 0.00005, a phase angle
deviation less than 0.003°. These
measurements were made on a Philips
10nF 1%, axial lead, extended foil and
Polystyrene capacitor. Fig. 7

Some of the resistive losses which
contribute to Tand are due to lead out
wires and metal electrodes, so are
relatively constant. Tand then increases
with frequency. At 10kHz, Tan$ for this
capacitor was measured at 0.00015 and
just 0.0005 at 100kHz.

In past years capacitor quality was
sometimes described as a ‘Q’ value, the
reciprocal of Tand. 'Q’ for the above
capacitor was 20,000 at 1kHz, 6,666 at
10kHz and 2,000 at 100kHz.

Tand is measured using phase sensitive
detectors, either by measuring the

capacitor’s impedance and phase angle,
or the capacitor’s resistive and reactive
component vectors.

In which case,

resistive vector
Tand =

reactive vector.
This resistive vector is called ESR.

Tand
ESR =
reactive vector.

Obviously ESR must vary with
frequency. At low frequencies, ESR
reduces with frequency, up to the self-
resonance of the capacitor. At self-
resonance, the capacitive and inductive
reactances have equal and opposite
values, so cancel out. The capacitor’s
ESR is then equal to its measured
impedance. For that frequency only, it

can be measured using a signal generator
and voltmeter. At higher frequencies,

ESR usually increases. The abbreviation
TSR, for True Series Resistance, is often
used by capacitor engineers to describe
this minimal value of ESR.

The LCR meter readings for ESR of the
above capacitor, recorded 0.89 for
1kHz, 0.269 for 10kHz and 0.08%2 for
100kHz.

Self-inductance reduces the capacitor’s
measured reactance value. This means a
capacitor’s self inductance actually
increases its measured capacitance
value.

A fuller description of Tand together
with a proven measurement circuit was
included in my articles describing the
construction of an in-circuit meter.” This
meter was custom designed to identify
good or bad PCB mounted electrolytic
capacitors by measuring their Tand while
in-circuit.

Fig. 6.

Figure B: The
makers
replacement
extended
foil/Polypropylene
shows the same
0.00005 %
distortion but
second harmonic
is 1d8B worse.
With test signals
increased to 6
volts and DC bias

Fig. 7.

to 30 volts second
harmonic
increased just
over 5d8,
distortion to
0.00008%. Again,
no visible
intermodulation.

Figure 7: This now discontinued Philips extended
foil/Polystyrene 1% axial lead capacitor, with 4 volt signals
and 18 volt DC bias, shows negligible distortion. With test
signals increased to 6 volt and DC bias to 30 volt second
harmonic increased less than 4dB and distortion to
0.00007 %. There was no visible intermodulation.

dielectric absorption, which increases with ‘k’ value.
Popular Class 2 ceramics include the X7R, WSR, BX

capacitor grades and the exceptionally high ‘k’ Z5U.

These produce extremely large measured distortions.

Film capacitors.

Film dielectrics have smaller ‘k’ values, ranging from 2.2
for Polypropylene (PP) to 3.3 for Polyethylene
Terephthalate (PET).> More significant than ‘k’ value is
just how thin the film can be produced and used to
assemble capacitors.

Perhaps the best of the easily obtained plastic film
dielectrics, Polystyrene is now becoming less popular. It
has an N150 temperature coetficient, a very small tand and
the smallest dielectric absorption coefficient of all film
materials. It softens around 85°C and cannot be metallised
or used thinner than 4 microns, to manufacture capacitors.

For years it was wound with solderable soft metal
electrodes, producing vast quantities of 1% tolerance, high
quality capacitors, with values up to several pF.

All other popular film dielectrics can be metallised. They
can be used to produce small, low cost, metallised film
capacitors having a limited current handling ability.
Alternately, using the superior foil and film assembly to
produce larger and higher cost capacitors for the same
value and voltage. Foil and film capacitors survive larger

Figure 9: The small Wima FKP2 foil/Polypropylene
capacitor shows similar performance except for 2d8
increased second harmonic. Distortion just 0.00008 %
with 6 volts stimulus and 30 volts DC bias.

16
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Table 1

Correction Table for | volt at 1kHz distortion measurements.

Frequency (Hz)  Value (dB) Frequency (Hz)  Value dB Frequency (Hz)  Value dB
100 -14.0 1005 -24.45 2100 40.0
200 -3.2 1010 -24.0 2200 40.0
300 33 1050 -10.0 2500 39.8
400 6.0 1100 8.2 3000 39.65
500 8.0 1200 16.2 4000 399
600 9.0 1300 21.4 5000 40.2
700 9.0 1400 25.6 6000 40.3
800 7.6 1500 29.2 7000 40.2
900 35 1600 324 8000 396
950 -10.0 1700 35.2 9000 38.7
990 240 1800 37.25 10000 37.2
995 -24.45 1900 38.8 11000 *36.0
1000 -24.45 2000 39.6

AC currents, than metallised film types.

Metallised film capacitors rely on ‘self-healing’ to
‘clear’ minor insulation faults, so can be assembled using
very thin films, their metallised electrodes adding almost
no thickness. Capacitance is inversely proportional to
dielectric thickness, so they provide a large capacitance in
a small package. Conversely, foil and film capacitors
cannot self-heal. so they must be made using film of
sufficient thickness to withstand the required voltage
without self-healing and being wound with metal foil
electrodes.

PET has very high tensile and voltage strengths and is
easily metallised. Film thinner than one micron can be
used in 50 volt capacitors. 1t is polar with 0.5% dielectric
absorption and a relatively high 0.5% tand. Capacitance
and tand are strongly temperature and frequency
dependant and with up to 3% capacitance change in two
years, it has poor long term stability. A metallised PET
capacitor rated for 100 volt may use film perhaps one
micron thick. A foil and film PET capacitor might be made
using five micron thick film. With five times the
volts/micron stress, we measure more distortion with the
metallised film type.

In contrast, non-polar PP, has a very small dielectric
absorption of 0.01% and a low tand of 0.03%. It has less
tensile strength and is much more difficult to metallise.
Assembling capacitors using PP film thinner than 4 micron
is difficult. so PP is best suited to producing higher voltage
capacitors. With dielectric losses only slighter higher than
COG ceramic or Polystyrene and usable to 105°C, PP can
provide large capacitance high voltage capacitors, suited
for use on AC or DC. Since its introduction more than 30
years ago, it has produced the most reliable capacitors used
in the high stress line-scan circuits of domestic TV
receivers. PP is one of the most efficient, low loss
dielectrics.

Capacitor connections.
For the best, undistorted sound, dielectric choice is
obviously all-important. But using the best dielectric
materials does not guarantee a non-distorting capacitor. A
poor dielectric principally influences the levels of the
second and even harmonics produced by the capacitor. An
internal non-ohmic connection in the capacitor however,
introduces significant levels of odd harmonics, the third
having the biggest amplitude.*

Disc ceramics use solder connections to a sintered,
usually silver, electrode. Multilayer ceramics mostly use
precious metal sintered end termination, with soldered

T R
wire leads. I have not found ceramic capacitors with non-
ohmic end connections. All Class 1 ceramics I measured,
have produced negligible and mostly second harmonic,
distortions.

From research carried out in Sweden by the Ericsson
Company, a non-ohmic connection can exist in film
capacitors. All metallised film and many foil and film
capacitors use a ‘Schoop’ metal spray end connection to
connect the capacitor electrodes to the lead-out wires.

I have measured many metallised film capacitors having
very large third harmonic levels, frequently as much as
+20dB higher than others in the same batch. | have not
found this problem when foil electrodes are used with the
same dielectric.

To avoid any possibility of a non-ohmic end connection
we could use a solderable, soft metal foil electrode and
solder it directly to the lead out wires. This is exactly the
time proven assembly used by a large maker of extended
foil/Polystyrene (PS) capacitors. It produces a near perfect,
non-distorting, capacitor. Fig. 7.

Unfortunately, few manufacturers still make PS

capacitors and many have changed their production over to

extended foil/PP, retaining the soldered end connections.

COMPONENTS

Figure 10: Despite
cleaning and re-
tinning its oxidised
lead out wires, this
1nF Mica capacitor,
tested using 1kHz
only at 4 volts and no
bias, clearly has an
internal non-ohmic
connection problem.

Figure 11: Tested
with no bias, this
0.1mF MKS2
metallised PET
capacitor measured
0.00016°% with
clearly visible
intermodulation
products. With 18
volts DC bias, the
second harmonic
increased
dramatically, from
-119.0d8B to -
92.9dB and
harmonic
distortion to
0.00225%.
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Polystyrene dielectric has almost unequalled electrical
properties but softens at low temperatures, so cannot be
flow soldered into a circuit board. It is also attacked by
many solvents, so boards with unprotected capacitors are
not easily cleaned.

Self Inductance.
Each electrode turn of an extended foil or metallised film
capacitor, is short circuited to every other turn, so

contributes almost no self-inductance. Self-inductance of a

capacitor body is then less than its equivalent length of
lead wire. These capacitors have almost no self-
inductance, apart from the 7nH per cm of the lead wires
used to connect them into circuit.

By way of interest, | measured the resonant frequency of

a 10nF ‘Tombstone’ capacitor.’ A vertical mounting,

extended foil, axial wound capacitor. This construction has

a small footprint but increased inductance due to its one

Figure 12: The

Plus232 software
shows a green
then yellow signal
strength meter,
bottom left,
changing
dramatically to
red at the
soundcard
overload level. My
‘standard’
measurement
settings can be

seen. Loaded with
a 511Q resistor,
all harmonics are
well below 0.5
ppm distortion.

Figure 13: The
110 x 55 mm
single sided PCB
used to assemble
Figure 3, the 1kHz
DC blockin, 2 =
buffer networlf e -

Technical Support

Interested readers are free to build a system for personal use or educational
use in schools and colleges. Commercial users or replicators should first
contact the author.

A professionally produced set of three printed circuit boards is available for
the 1kHz low distortion signal generator, the 1kHz low output impedance
buffer amplifier/notch filter/pre-amplifier and the 1kHz DC bias buffer
network. This set of three boards provides a complete ‘with DC bias, single
frequency, distortion test system'.

Supplied with component parts lists and assembly/usage notes, these single
sided FR4 boards have solder resist and component legends. The set of three
boards costs £32.50.

Post/packing to UK address £2.50.
Post/packing to EU address £3.50, rest of world £5.00.

Please send Postal Orders or Cheques, for pounds sterling only, to C.Bateman.
‘Nimrod" New Road. ACLE. Norfolk NR13 3BD.

extended lead out wire. The self-resonance frequency was
above 10MHz. At audio frequencies, such small self-
inductances are clearly unimportant.

Low distortion choice.

For the lowest distortion I still prefer PS, however from
my measurements, it proved almost impossible to
distinguish between an extended foil/PS and a similarly
made foil/PP capacitor. Apart from small increases in
second harmonic, measured for the PP versions. Both
types are easily available from mainstream distributors in
values up to 10nF. Fig. 7, Fig. 8.

For low distortion capacitors up to 10nF, my personal
choices would be COG ceramic, perhaps also including
discs up to N750, extended foil/PS or extended foil/PP,
with the lead out wires soldered to the electrodes. Fig. 9.

Alternative capacitors.

Perhaps because of size, price, temperature range or
voltage, the above small selection is not suitable. Stacked
Mica is still available, but from my tests can be variable. |
have some which are at least thirty years old with almost
no measurable distortion. However, a small batch of InF,
purchased specially for these measurements, distorted
badly. One sample was even unstable, showing significant
and variable third harmonic. Fig. 10.

I have measured very low distortions with Wima FKC2
foil and Polycarbonate capacitors. Bayer has discontinued
production of Makrolon Polycarbonate film, so FKC2
capacitor production may cease. No doubt because of the
thicker PET film used, I have measured surprisingly low
distortion when testing Wima 10nF 100 volt FKS2 foil and
PET capacitors. Results were almost as good as the FKP2
foil and PP of Figure 8. Tested with 30 volt DC bias,
second harmonic distortion was only 2dB worse than for
the PP capacitor. Unfortunately. this FKS2 style is not
available in bigger values.

Having measured several hundred metallised PET
capacitors, | have found many with extremely low
distortions when measured without DC bias. I have also
found far too many showing very bad distortions, with and
without DC bias. Fig. 11.

For capacitances up to 10nF, low distortion, low cost
capacitors are easily available, so I would avoid using
metallised PET capacitors. For capacitance values above
10nF, the near perfect COG, foil/PS and foil/PP types are
not easily available. Our best options for capacitance
values from 10nF to 1pF will form the subject of my next
article.

Two further articles will then extend our distortion
measurements to 100pF electrolytic, exploring our best
options for these values. |

References.

1 Capacitor Sound parts 1&2 C. BatemanEW July/
September 2002.

2 BC Components 0.47+0.47pF 250 volt type 376 KP.
Farnell part 577-881

3 Film Capacitors 2000. Evox Rifa AB. Kalmar. Sweden.
4 Harmonic testing pinpoints passive component flaws. V.
Peterson & Per-Olof Harris. Electronics July 11, 1966.

5 High-frequency impedance meter. C. Bateman.

EW January 2001.

6 Spectra 232Plus FFT
software.www.telebyte.com/pioneer

7 Check C’s in situ. C. Bateman. EW May/June 1999
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SMALL SELECTION ONLY LISTED - EXPORT TRADE AND QUANTITY DISCOUNTS - RING US FOR YOUR REQUIREMENTS WHICH MAY BE IN STOCK
Ring for Latest Reduced Prices on this advert

SECOND MASSIVE 8 WEEKLY
CLEARANCE SALE
- BUILD UP UNDERWAY - DUE SEPTEMBER

Details from Chris Rigby, tech-asset.co.uk or Johns Radio
at Smithies Mill, Batley Storage Site.
Tel: 01924 442905. Fax: 01924 446170

CLEARANCE ITEMS AVAILABLE NOW FROM JOHNS

RADIO, at Birkenshaw Workshop and Office Site
at reduced prices sold off the stack in bulk as come and seen - or
single items fully tested in our workshops. Please contact Patricia
Smith for details or call in to view by appointment.
Tel: 01274 684007. Fax: 01274 651160

EXAMPLES OF SPECIAL OFFERS

GOVERNMENT INTENSIFIER NIGHT SIGHTS tested £300 each

MARCONI TF2019A SIGNAL GENERATOR AM/FM 80kcs-1040 MCS, off the
stack as come and seen untested £190 - or tested basic working £300 - or
normal Johns Radio workshop test with warranty £380. All supplied with
instruction book - qty available.

TEK 2445A OSCILLOSCOPE - 4 CH - 150 MCS with instruction book, off the
stack as come and seen untested £250 each or tested basic working £350 -
Johns Radio workshop test with warranty plus two probes and instruction book
£400

TEK 2465-2465A-2465B etc available

RACAL DANA 1992 COUNTERS 1.3GHZ tested from £250

RACAL DANA 1999 COUNTERS 2.6GHZ tested from £400

H.P. 53131A COUNTERS 3.0GHZ tested from £750

BENCH + RACK POWER SUPPLIES large range qty from £10

H.P. POWER UNITS 66311B-66312A-66309D in large qtys from £250

H.P. 8922 RADIO TEST SETS TYPE G-H-M-M010 with HP83220 A OR E GSM
CONVERTOR from £500-£1,000 options available including Spectrum Anz.
quantity in stock.

Most previous advertised items available in stock.

800 CATV SET TOP CONVERTOR units unused, boxed, make Texsan — make an
offer for the lot within 14 days please!

4500 CATV SET TOP CONVERTOR units unused, boxed, MAKE GPT - WITH 13
AMP PLUG-IN POWER UNIT - make an offer, for the lot within 14 days please!

ITEMS BOUGHT FROM HM GOVERNMENT BEING SURPLUS, PRICE IS EX WORKS. SAE FOR ENQUIRIES. PHONE FOR APPOINTMENT OR FOR OEMONSTRATION 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: (01274) 684007. Fax: 651160
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TEST & MEASUREMENT

Budget TaMon a PC

Mention of audio cables elicits
strong feelings in some quarters,

huge yawns in others. Perhaps he

needs to get out more, but
feels a strange
fascination with the subject.

Qror s118 1, 1008 4B
Freamncy 16001 Mz (93 4T)

L s e

bout 20 years ago a
friend first demonstrated
‘cable sound’ to me, and

ever since I have fondly believed
I can hear differences between
cables - both loudspeaker cables
and small-signal interconnects.
Millions of audiophiles across
the world agree, and yet there
has, to the best of my
knowledge, been no convincing
proof that the signal coming out
of the end of Cable A is in any
significant way different (within
the audio band) from what
comes out of Cable B given the
same upstream equipment.
Several people have tried,
notably Ben Duncan, whose
measurements (published
variously in Electronics World,
Studio Sound and Stereophile)

-
L]
»
»
-
“
n
-

Many manufacturers of audio cable have a serious foot-in-
mouth problem. Sales literature and ‘white papers’ abound with
some quite remarkable claims and assertions. Here are some
particularly choice brief quotes, picked from relatively recent
material from various sources, mostly sales material but in one
case even a patent application. | make no comment!

1 Values of capacitance and inductance, clearly stated, which
taken together must imply a speed of signal propagation in the
cable greater than the speed of light.

2 The return, negative or cold conductor is greater in
overall cross sectional area and mass than the signal,
positive or hot conductor, based on a specific ratio that
balances the flow of electrons, enhances electron

looked initially intriguing. What
he claimed to have shown was
variations in ‘overhang” as a
sinusoidal signal was gated off.
Overlooking the fact that the
gating, being of a transient
nature, produces overtones into
the stratosphere, what he actually
measured was variations in the
damping factor of the driving
amplifier-plus-cable
combination. On cutting off the
signal, the loudspeaker
continued to move mechanically,
generating an EMF, which was
damped by the low but finite
impedance of the amplifier's
output in series with the
impedance of the cable. No
surprise, then, that the higher
resistance and inductance cables
showed more ‘overhang’, and

Figure 1: Spectrum at speaker
terminals with Goertz M1 cable
in circuit.

Cable cobblers

movement and as a result improves signal

transmission.

3 'The self-inductive related rising impedance of the conductors,
sometimes referred to as the ‘skin-effect’...

4 ’[our] cables ... are designed to have the lowest LCR specs
and widest bandwidth on the market.

5 'Second, the outer ‘shield’ is the most significant reason why
the capacitance (C) and series inductance (Ls) of a ‘coax’
system is high and hard to reduce.

6 'Without a proper inductive component, current cannot be

stored....
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Figure 2: As Fig. 1,
with Supra Ply 3.4
in circuit.

Crsr #1300z, L1185 B, Re.1208 D

Proquency 18001 ML FR3 4T)
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ultimately the tests did nothing but
measure, by a roundabout route, the
series impedance of the cable.

Even earlier, Malcolm Hawksford
produced several fascinating and
rather daunting technical articles in
Hi-Fi News which examined audio
cables from a theoretical standpoint.
Unfortunately, he didn’t produce
much in the way of measured
evidence and what little there was
proved nothing more than that signals
travel through cables at a finite speed
(typically 0.65c). which we all knew
anyway - though it’s surprising at first
to discover how easy it is to prove that
at only 20kHz.

In the circumstances it’s been easy
for those who wish to rubbish cable
sound to do so in print, aided not least
by some of the astonishing claims
made by cable manufacturers (see
box). But I’ve always had a desire to
find some kind of mechanism that can
plausibly explain audible differences
between cables (or perhaps
comprehensively to disprove it) and
the test procedures outlined in the first
and second articles in this series arose
from my most recent attempt. Even if
you are not the least interested in
audio cables, the following example
shows quite nicely how one can go
rooting around in a test signal for
clues, using a bit of audio-based
software as the analysis and
processing tool.

Differences between cables?
It’s trivial to prove that different
loudspeaker cables give slightly
different frequency responses
between a given amplifier and
speaker and a small difference in
overall level too. Typically one might
be looking at differences in the order
of 0.5dB overall, plus another 0.5dB
at 20kHz of HF droop. between a
low-resistance, low-inductance cable
and some cheap generic figure-8 flex.
Under ideal conditions those changes
will probably prove just about
audible. But not only are the alleged

sonic differences between cables
greater in extent (and different in
kind, arguably) than ‘mere’ level and
frequency response shifts, it is
claimed that clearly audible
differences exist between cables with
much closer electrical parameters.

If that’s true, it surely makes sense
to look for some kind of non-linear
distortion mechanism, since our aural
sensitivity to that is orders of
magnitude greater than to level shifts,
etc. Various people have proposed
theoretical bases for such distortion
in cables, ranging from rectification
effects at crystal boundaries to the
destabilising effect of the cable’s
shunt capacitance on the feedback
loop within the amplifier driving it.
Again. none of these is proven (OK,
the latter is obvious in exireme cases)
but that’s no reason not to try!

It is fairly simple to look for non-
linear distortion, since it implies that
the output of the distorting device
will in general contain frequencies
not present at the input. It was for
this reason that I wished to develop
quite sensitive, yet cheap and
repeatable, tests for multitone
intermodulation which would readily
show up any non-linear distortion
within the audio band caused by
cables.

Since the amplifier used in the test
was bound to have distortion of its
own and its interaction with the cable
is certainly of interest, it seemed
most sensible to perform the tests so
as to compare cables. Run the test
with one cable, change to another,
repeat the test and compare the
results. Any change in distortion
spectrum could indicate that the
cable is indeed having an effect.

Basic test setup

The test set-up is very simple. I
prepared a CD with four digitally
generated (effectively distortion-free)
sinusoids, not harmonically related:
their frequencies were in fact 180Hz,
590Hz, 2500Hz and 13035Hz. This

was played through a Rotel CD player
and an EAR (valve) amplifier, driving
an ATC SCM20 loudspeaker via the
cable under test. A lead connected to
the speaker terminals led to a Marantz
professional CD recorder that logged
the signal over several seconds.

In the hope of making things fairly
obvious, I started with two very
different speaker cables: Goertz M1
and Supra Ply 3.4. The Goertz has
very high capacitance/low inductance,
the Supra quite low capacitance/high
inductance, and both have low series
resistance. The spectrum of each is
shown in Figs 1 and 2. Each is an
average over 8 seconds, with an FFT
length of 65536 samples.

Each spectrum shows an array of
distortion products. along with the
stimulus frequencies, due to CD
player and amplifier. But differences
between the two? Next to nothing.
Every distortion spike in one
spectrum is there in the other, give or
take at most a dB of level, and that’s
over a good 100dB of dynamic range.

Focusing

As discussed in my second article, it
is possible to zoom in on a frequency
range by means of filtering and
modulation. Because it seems likely
that any distortion effects due to
cables should be more noticeable at
high frequencies, let’s examine the
range around the top stimulus
frequency. First, bandpass filter a
narrow band, say 12.5kHz to
13.5kHz, using Cool Edit’s FFT
Filter with an FFT length of 24000
samples. It’s a good idea to convert to
32-bit samples before doing this, so
that at least the processing introduces
no more noise. Then modulate by a
12.5kHz sinusoid using Cool Edit’s
‘Generate Tones’ function. This
produces a 1kHz-wide spectrum
starting at OHz, with no increase in
actual resolution but a big increase in
viewable resolution using the log
scaling in the frequency analysis
window, Figs 3 and 4. The little
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Figure 3: More detailed display of frequencies around the 13035Hz tone, Goertz.
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Figure 4: As Fig. 3,
Supra.

outcrop of frequencies around 19kHz
is the other sideband produced by
modulation, which one can easily
filter off by using the FFT Filter
again, as a lowpass.

As you'll notice, there’s still no
difference - though the very
consistency of the spectra proves the
power of this analysis technique,
resolving details at least 120dB below
the overall signal level. Repeating the
bandpass filter/modulate process to
narrow the band to 100Hz seems to
get us no further. To increase the

choose between them, a couple of dB
or so between high-order
intermodulation products offset a few
Hz from the original stimulus. It’s
hard to believe that any of this
constitutes an audible difference.

The next line of attack is to subtract
one signal from another. In a slight
variation of the test, I added a two-
sample pulse to the 4 sinusoids every
10 seconds as a marker, so that they
can be synchronised after the test.
Unfortunately the recorder is not

Figure 5: Even running in sample synch with the CD

more detailed usable resolution still further, | player, so the trick is to up-sample to
display, with compressed the waveforms to one- the maximum Cool Edit will support
offsets magnified fifth their original length, raising all (2MHz), synchronise to the nearest
by a factor of 5, frequencies by a factor of 5. As Figs 250ns and subtract one from the
Goertz. 5 and 6 show, there’s still little to other. Having located (by ear is
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Figure 6: As Fig. 5, Supra.

easiest) the clicks, copy one second
or so of the signal from one cable,
starting a few samples before the
click.

Create a new blank audio file of the
appropriate sample rate (44.1kHz if
you’ve recorded with a CD recorder)
and 32-bit depth, and paste the
section you’ve copied to the left-hand
channel. Copy a similar second-long
bit of the second cable’s signal and
paste it to the right-hand channel.
From the ‘Analyse’ menu choose
‘Statistics’ to see how the levels
compare, and equalise them as well
as possible (Cool Edit allows level
adjustment to 0.01dB). Now, using
the ‘convert sample type’ option from
the Edit menu, up-sample to 2MS/s ,
32-bit. Set the ‘quality’ slider to 100
or so since there’s little danger of
aliasing.

Zooming in to high resolution, one
can easily determine how much to
delay which channel by so that they
line up nicely. One neat way to do
this is to set displayed time format to
samples (right-click on the Cool Edit
time axis bar) and select the audio
between two supposedly
synchronised points such as zero-
crossings. You can then read out the
exact delay required directly.
Measure a few points and average
them to the nearest whole sample.
After delaying, use the Channel
Mixer to subtract one channel from
the other. Resample to 44.1kHz since
the higher sample rate is no longer
any use, and look at the spectrum,
Fig. 7. The stimulus frequencies are
nulled by 30-50dB, which seems
reasonable, but not all the distortion
peaks are well nulled. A clue?

For a start, several of those peaks
turn out to be mains harmonics which
being in random phase relative to the
stimulus will not null. But what of the
patch around 1750Hz? Return to the
original files, bandpass around
1750Hz, modulate by a nearby
frequency: nearly identical spectra
but presumably slightly shifted in
phase, hence the failure to null. In
other words, almost certainly not
significant once again.

Tests with a couple of other cables
produced similar results, as did high-
resolution examination of other
narrow portions of the spectrum.

Still no luck

This is quite a powerful test that
should show up very small
differences between cables, and all it
has provided is evidence of level
shifts, small frequency-response
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shifts and phase shifts. none the least
bit surprising based on the most
rudimentary LCR analysis of the
situation and none strong candidates
for audible differences.

It is easy to advance hand-waving
arguments about distortions that
won’t show up on test with ‘steady-
state’ signals, or that won't show up
as a voltage across the speaker
terminals. None that [ have seen will
stand up to scrutiny, though. No.
audio does not consist of pure
sinusoids but given arbitrary
constraints in time one can represent
it to arbitrary accuracy by sinusoids
and it’s a very well-proven system.
As for signals not showing up, why
shouldn’t they? Impedances are finite
everywhere, so any current
circulating will produce a voltage and
vice versa. Even distortions due to
noise pickup on the cables must
eventually manifest as an AF voltage
if they are to produce audible effects.
[ did actually try repeating the
measurement with a microphone
capturing the acoustical output of the
speaker while it was driven through
different cables, but as one would
expect background noises were too

TEST & MEASUREMENT
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Figure 7: Spectrum of the difference between the signals via Goertz and via Supra, nulled within 250ns
and 0.01dB overall level.

high to allow really high resolution References
analysis. Ben Duncan, Loudspeaker Cables, Case Proven, Proc. The

It does start to look as if cable Institute of Acoustics, UK, Nov ’95: also published in Studio
audibility comes down to a Sound (UK): and Stereophile (USA) - both Dec *95.
combination of level and frequency Ben Duncan, Modelling Cable, Electronics World (UK). Feb *96.
response changes and suggestibility Ben Duncan, Measuring Speaker Cable Differences. Electronics
(which is most certainly a strong World (UK). June/July 96.
factor in hi-fi comparisons). Lots of Malcolm Omar, Mawksford, The Essex Echo, Hi-Fi News, Aug
tests have been done on human *85: Aug & Oct "86 & Feb '87.
sensitivity to those, and to phase Fred E. Davis, Effects of Cable, Loudspeakers & Amplifier
shifts, which tend to suggest that Interactions, JAES, June "91.

cable changes should introduce only
borderline-audible changes at most.
However, the most sensitive tests [
can think up so far show no evidence
for any non-linear distortion. [ |
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A
to the editor

Letters to “Electronies World” Highbury Business Communications,
Anne Boleyn House, 9-13 Ewell Road, Cheam Road, Surrey SM3 8BZ
e-mail j.lowe@highburybiz.com using subject heading ‘Letters’.

Storm scope

I enjoyed reading Joe Carr’s article on
lightning in the July 2002 issue of
Electronics World. The "Storm
Scope” described in the article looks
like a very interesting device for
monitoring lightning discharges at a
distance. However, |1 wish to correct
one statement in this article.

Mr. Carr seems to indicate that
when Benjamin Franklin performed
his kite experiment. a bolt of
lightning struck the kite. This is a
commonly held belief, which I have
seen stated in several books.
Franklin's survival of this event is
usually attributed to his use of a dry

actual lightning strike. The best
accounts are a general description of
a kite experiment by Franklin
himself, and a description of
Franklin’s actual experiment, written
by Joseph Priestly, read in manuscript
by Franklin, and presumably verified
by him'. The kite had a "sharp
pointed wire" attached, and the kite
was to be flown "when a thunder-gust
appears to be coming on.” The
pointed wire collects the static charge
of a thundercloud without actually
being struck by lightning. The
purpose of the dry silk ribbon is to
insulate the kite string from the
person holding the kite. so that the

silk ribbon to insulate him from the

lightning discharge.

However, historical accounts of the
kite experiment do not describe an

EMC

I have been reading the piece on EMC (EW
August.) What a muddle of ideas I read. I have
worked in many areas of electronics, and have
had to deal with EMC issues on several
occasions. Star earthing is a vital tool in solving
many situations. In audio amplifiers it gets
round many earth loop problems. In RF it is a
different story where ground planes are much
used. In power engineering Star earthing can be
a lifesaver. I know there are some occasions
were it may cause problems, but these are very
rare.

The basic idea. as most readers will know, is
to limit separate earth currents from interacting,
and causing noise to be spread around the
circuit. The problem is that it is often
misunderstood as to just how this really works.
It can be explained in terms of a power
amplifier were there are two parts the low
power input. and the much higher power out put
stage. In order to prevent unwanted modulation
of the low power input stage by the high power
output stage. Separate supply lines should be
used with a star earthing arrangement to prevent
the re-circulation of ground currents. A ground
plane here would be a good way to produce
much hum.

Balanced plus/minus power rails also help to
eliminate noise. Screening is also useful, if it is
clearly understood just what is being screened
out. Not all metals are of use in killing

electric charge can accumulate on the
kite and string, and not immediately
discharge to ground.

Priestly describes Franklin seeing

unwanted noise and several different means
may be required to solve all the problems
encountered in modern circuits. Stray circuit
capacitance. or inductance can be a very
difficult problem to cure.

Several years ago I was working for a then
well known electronics test equipment
manufacturer. They were part of what was then
GEC. Because work was scarce they took on an
order for traffic control systems including the
Pelican system. These units were being
assembled and wired when a young charge
hand decided it would be quicker and look
neater if the wiring was put into a nice loom
rather than a point-to-point assembly. So
several dozen of these were made up and fitted.
The testers were surprised to find that the
previously working units were now reporting
strange errors. The upshot of this was that
signals that had been posing without coupling
now had plenty of way to do this. The units had
to be completely rewired as before on a point-
to-point basis. This shows that neat wiring does
not always mean good wiring. It nearly
scuppered the whole order because of the extra
time it took to change the wiring back to the
correct layout. It can be that what looks wrong
is in fact correct, I know from experience you
can't always improve on an idea. The wheel still
works rather well for me.
lan Johnson
By email

the loose filaments of the kite string
sticking out as they became charged
and repelled one another. Franklin
then produced an electric spark by
bringing his knuckle near the metal
key attached to the string. Clearly this
is a case of a static charge building up
on the kite and string, rather than a
terawatt of power flowing through the
apparatus.

The distinction between a build-up
of static charge on the kite and an
actual lightning strike is important,
and not just for historical accuracy.
One must realise that the reason
Benjamin Franklin was not harmed in
the kite experiment was not because
of the electrical insulation of the silk
ribbon. It is doubtful that the ribbon
would have provided any significant
protection if the kite had been struck.
He survived because he was fortunate
that the kite was never struck by
lightning. He avoided a strike by
flying the kite before there were
actual lightning strikes in the vicinity.
However. lightning is unpredictable,
and he could easily have been killed,
like others who attempted this
experiment.

Although Mr. Carr’s article clearly
emphasises the danger, [ fear that
many of the other accounts of this
famous experiment inadvertently
downplay the danger by
misrepresenting the role of the silk
ribbon. and by claiming that the kite
was actually struck by lightning. The
kite experiment was pioneering, and
important in the development of
modern electrical theory, but there is
no need to repeat it in the twenty-first
century. And, as Mr. Carr points out,
there is certainly no justification for
the risk involved.

Joe Borrello
Portage, Michigan,U.S.A.

Ref 1: Van Doren, C., "Benjamin
Franklin®, The Viking Press. New York.
1938, p. 164-166.

Here's a recollection to add to the
July 2002 article by Joe Carr on
"Observing Lightning”. I grew up in
Drumbheller, Alberta, Canada in the
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1950s and the closest AM radio
station was in Calgary about 100
miles away. Drumbheller is in a deep
valley and to get better reception on
my poor performing cat whisker
crystal set I decided to build a bigger
antenna. | had over a 1000 feet of No.
20 shot wire left by an oil seismic
exploration crew and decided to use it
to for an antenna going up the side of
a hill. I used a post-hole auger to drill
about 7 holes and installed some 10-
foot poles using the finger hole of
inverted glass wine jugs for
insulators. My hobby space shared
the basement with the coa! furnace. |
installed the antenna ieading along a
floor joist and brought a ground wire
in along an adjacent floor joist that
were on 16-inch centres. The crystal
set worked much better on the long
antenna and my attempts to improve
it included making a bigger coil that
took me below the BC band. I started
listening to modulated CW aircraft
beacons. As summer storms
approached I could hear weird,
strange whistling sounds and
assumed that these sounds had
something to do with the storm.
Many times the noises were so loud
that they and the static crashes were
hard on the ears so I'd leave the
basement. One afternoon my mother
went into the dark basement and
immediately came running out
yelling that my apparatus was going
to start the house on fire. | went to
investigate and saw sparks jumping
between the feed and ground wires.
The parallel wires 16 inches apart
were insulated but the charge was
strong enough to break through and
make a colourful display in the dark
basement for the entire length of
about 20 feet. My mother insisted that
I stop the sparking before the house
caught on fire. I grounded the antenna
lead and my mother was satisfied but
a few days later when my dad saw the
sparks I had to take the antenna
down. That led me to make a
regenerative receiver that worked
well with my 25 foot stub antenna.
The article has rekindled my interest
and I think I'll build some VLF
equipment and listen but with a
shorter antenna unless I can find a
nice hill and a dark basement.

73

Henry Kolesnik

WD5JFR Tulsa, Okalahoma, USA.

Your thoughts
1 thought I would e-mail you after
reading your comment on “reader
enthusiasm"” in the September 2002
edition of EW.

I would like to see more circuits
and articles in the area of
microprocessing, and micro

controllers, this seems to be the
current area of electronics and one
that personally interests me. I've
started to program PIC Micro
controllers and am fascinated by their
capabilities.

You may be interested to know that
I am only 15 years old, and have been
reading EW for a bit over a year now.
Although it has progressed over time
with a few more micro controller
circuits, but they are not very
frequently occurring.
Danny Schofield
By email

I am quite anxious about the future of
EW as it is the only remaining
Electronics magazine worth reading:
full of original articles and ideas and
innovative projects (I'm mainly
interested in audio and analogue
circuits).

Considering the August issue, | was
disappointed that the name of some
authors was omitted, that the second
part of C. Bateman's distortion meter
was not present and the Tony
Meacock's circuit idea was already
published in the previous issue.

I also have a request - more than
twenty years ago, P.J. Baxandall
started a series on the design of
power amplifiers in the then called
EWWW,

Six parts were published but the
series was never finished. | would
love to read the remaining parts if
they were written.

Sébastien Veyrin-Forrer
France

Do any readers know the
answer? - Ed

I've noticed in the last couple of
months that something like 50% of
authors' names have disappeared
from their Electronics World articles
- it's necessary to refer back to the
index page to get this information. Is
this intentional? If so. it's not helpful,
particularly when it comes to
*selective archiving’ of past articles
of special interest.

Otherwise, keep up the good work.
Joe Graham.

By email.

My fault entirely - Ed

Just read your editiorial for
September issue. Am now worried as
to where the mag may be going. Been
reading the thing for 33 years now
and have watched on as it has
changed form, content (and spine
thickness), during this time. From
what you are suggesting as a potential
new direction, I can see the mag
resetting itself to a situation about 6-7

Spring conundrum

LETTERS

Can you help me - | keep having a nightmare where 1 am
bouncing on a spring mattress and my thoughts are rather

over the top for a man of 77 years who has read

Wireless/Electronics World for around 60 of them. The
mattress has sets of two springs connected by string with
the separate springs slackly restrained with further

strings.

I am worried that if | bounce up and down too much
and the connection string breaks, will I shoot through the
ceiling or be smothered in a collapsed mattress and I hate
to think what would happen if the restraining strings also

break.

Or alternatively would Hot Electron tell me the answer
to his spring conundrum (July White Noise). 1 caiculate
that the springs P & 0 are originally in series but if the
string X is cut they would be in parallel and the weight
would go up - No! Too easy. Well, it seems to depend on

several variables so back to the mattress.

N.L.Smith
Stoke-on-Trent, UK.

years ago when I stopped buying it.

I'm a freelance electronics design
engineer who lives and breathes the
subject. In 33 years I've never met
another reader of the mag, yet I'd be
willing bet money that most of your
readers (who pay cash for it). are of
similar motivation.

What | want to see in it, is
electronics, electronics and yet more
electronics.

"Computer articles, small networks,
software reviews, enabling
technologies, digital imaging. video
and audio compression, Bluetooth,
Lans" etc, are not 'electronics’. They
are purely the guff of marketing
departments and programming
companies. I'd also include WAP,
mobile phones, the intemet.
connectivity, multi-media,
broadband, switching power supplies,
digital busses, ASICs, PLAs, Digital
and terrestrial TV, 'personality’
interviews, any marketing department
press releases and unfortunately,
"Tackling interference problems on
433.92MHz" and "Spectrum pricing's
uncertain future”.

I want to see stuff from the likes of
lan Hickman. Cyril Bateman Doug
Self etc. | want to be amazed as to
what Kamil Kraus can do with a
single op-amp a C and an R. | want to
see lots and lots of circuit ideas and
readers letters. 1'd like to see some
general technical comment from
masters of the art. I'd like to read
discussion of the technical fine details
of classic test and instrumentation kit.
Articles on oddball aspects of some
unusual circuit arrangements. Some
of the interesting historical aspects of
our industry. More of the weird
science stuff and a lot on product
design philosophy. Some items on
‘neat’ methods of getting a particular
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result and some case studies of
equipment design.

I want to be educated and informed
in atl things electronic and not feel
I'm being patronised by some
moronic marketing gobshite.

If you move in the direction you
have indicated then yes! the
advertisement revenue will return,
yes! the mag's financial future will be
more secure. It will never ever gain
the respect of Wireless World as was.
It will never be mentioned as a point
of reference. It will never reside in
the pocket of bright-eyed young
engineers as they make their way in
the world. It will be just yet another
glossy, trade, advertising mag. An
accountant's revenue stream or
business resource? Electronics people
like me will not be paying cash for it,
nor will any electronics authors be
writing material for it.

The reason the electronics
publishing world is falling apart in
the U.K and has been for many years
now, is that no one (especially young
‘uns) is any longer interested in
making the effort to acquire the
considerable body of knowledge and
skills needed to earn a decent living
in this particular industry. Why
bother when the trivial effort
involved in web site design, or the
media or money markets etc, brings
vastly greater reward? It's a cultural
problem with no particular end in
sight. Just look at the endless queues

of wannabee's for the "pop idol’ series.

From Electronics World's POV and
in line with no doubt, its accountant’s
driving for financial return. I reckon
it should be aiming itself precisely at
those readers who have stuck with it
for god knows however many years.

Circuit idea re-visited

Fernando Garcia’s article in the December 2001 issue on
hysteretic regulators reminded me of the May 1976 issue
of Wireless World in which a circuit idea from V. R.
Krause appeared. It contained a non-conventional use of a
7805 to realise a ripple regulator. I think that it would be
worthwhile to repeat it.

Jean-Marc Brassart

Saint-Laurent-du-Var, France
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Ask 'em how long they've been
reading it and why. You'll find most
of 'em are born engineers who are
compelled to read it just like smokers
are addicted to the weed. Remove the
nicotine and you will not be selling
the product.

The captive market of existing and
incoming electronics enthusiasts will
still be reading something of general
value. Let it be EW.

To hell with the accountants! Take
the risk! Aim for a reverence and
respect within the real electronics
industry. God knows we need
something to point to. (Not the
transient flim flam of the marketing
world). Grab the real engineering
people and hold them. They'll see you
through thick and thin year in and
year out. The book world has "The
art of electronics” the mag world has
zilch. Wireless World lost it when it
started to take the trade shilling.
Don't send EW further down that
same path.

Personally the only mags that have
ever really caught my attention have
been the first few issues of 'ETI".
most of the 'Electronic Engineerings’
and WW's from the sixties and every
single priceless issue of the 'Ambit
International’ house magazine run by
Bill Poel.

The biggest most significant and
improving change that can be quickly
made to the present mag is to get all
those shite, amateurish, author?
supplied circuit diagrams, redrawn
into a pleasing, uniquely styled, EW
standard format. (Costs £ though!).
John Jardine.

By email

It certanly does cost - but I'll see
what I can do. - Ed

It's good to know from your
Electronics World editorial that
you're employed in the electronics
industry!

Just a little feedback: the readership
of Wireless/Electronics World has
dropped from 60,000 copies per
month twenty years ago to something
like 15-20,000 now. The editorial
department twenty years ago was a
half-dozen strong, including technical
editorial assistants and layout
designers.

Electronics applications have
blossomed during the last twenty
years, so why the factor of 3 or 4
decrease in readership?

Competition has not increased,
since the number of electronics titles
then was just as plentiful as today.

It seems that successive publishers
have sought to tailor the magazine to
a core readership, progressively

losing news-stand sales. If you ask
subscribers, they will tell you that
they want electronic design features.
But if you ask the casual buyer in the
newsagent, they will tell you that
something in particular caught their
attention while browsing.

What happens is that catering for a
common core of readers trims off the
casual browsers, and loses 40,000+
readership.

If you look back in the archives to
the heyday, you will see that the
magazine has become progressively
more focussed on technical and
theoretical topics, and has lost the
wider focus.

I hope that you will try to broaden
the sales pitch - if your publisher
allows you - by widening the territory
of Electronics World to include
computer developments, wireless
networking, and that old favourite -
the *build your own’ series. Circuit
ideas and design hints are fine fodder
for the expert, but to draw in new
readers and student engineers you
should be publishing instalment
articles on how readers can cheaply
build their own modem electronics
gear from components.

I reckon that ‘build your own top-
spec laptop with instant boot up every
time’ (by having the operating system
in flash memory, instead of on the
hard disc) would be worth a try.
Nigel Cook
By email

I would most strongly advise against
going down the path of all things
computer orientated. This would lead
to the loss of at least one reader,
myself being that one. There are
plenty of other publications dealing
with all things computer, whether
hardware or software. Elector and
EPE, to name but two. Electronics
Today International failed for this
very reason,

Your readership requires a good
mix of electronics articles, covering
everything from simple audio
circuits, up to more complex RF
circuits. Ok, if there is a special
demand or some particular reason
why computer related circuits should
be included put it to the readership.
They will vote with their wallets
won't they?

At one time far too many audio
related circuits of doubtful value were
published and I for one gave up
buying Electronics World for about a
year until it went back to a better mix
of subjects.

I would like to see more on unusual
electronics. or the out of the ordinary
type of things, something to exercise
my brain. Why follow in others
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footsteps when you can lead the
field?

Try to keep the unnecessary pages
of maths to a minimum, it fools
nobody when an article is simply
several pages of theoretical equations.
I was never much good at this
highbrow stuff.

I have always been a very practical
person. developing my own circuits,
in thirty years I have never built any
magazine based design. The thing is
they never cover my requirements. |
repair electronic equipment for a
living. I have most test equipment
and many thousands of components.

The one thing | would like is a
simple design for a good RF
spectrum analyser. There have been
one or two but they were far too
expensive, using so special
semiconductors that were very soon
obsolete.

That is the crux of the matter -
finding parts that will be around for
more that a few months and that don't
cost the earth. Well some food for
thought.

As | write this a big thunder storm
is nearly over head so | will have to
terminate my writing here before that
fateful stroke of lightening crashes
over and kills this machine and me
with it. Bye for now.
lan Johnson
By email

I am very pleased with the latest
editions of EW. Recently, | was
talking to the owner of a electronics
shop, one of very few left here in
Denmark. He was complaining that
so few were interested in real
construction activities nowadays. so
his main source of income was PC
odds and ends, batteries and lamps.

I found a wealth of inspiration
reading WW and its successors, and
competitors like ETI and Elektor. My
first issue of WW is from 1971, and |
still keep it. This interest later became
my livelihood, working for the audio
recording industry for many years,
and these days I’m designing ‘High
End’ audio equipment for OEM
manufacturers in several countries.
Although 1 do have a very respectable
set of measuring equipment. the
wonders of an Audio Precision set-up
is still out of my reach.

In a correspondence a while back |
asked for more constructional articles
and practical articles about the new
inexpensive measurement and
simulation techniques, within reach
of so many readers with access to PC
hardware.

I find that the subjects are now
being treated in the present and future
issues, especially delightful is the

article on capacitor sound. that may
well put in a sense of reality among
the subjectivists - and Mr. Bateman
both demonstrates the constructional
ingenuity of a modern day Linsley-
Hood using PC measurement and
simulation. and builds a low cost high
class measurement system to prove
his points. I for one will be
duplicating his designs as soon as
possible. Please forward my respect
and praise to Mr. Bateman. for
writing a great many useful and
entertaining articles over the later
years.

And since the June 02 issue, Mr.
Richard Black is taking us the budget
route to advanced electronics
analysis, again with inexpensive PC
soft- and hardware.

A suggestion: | would very much
like to see a practical article about
low cost intermodulation distortion
measurement using PC hardware for
analysis of audio equipment. So
much has been written on THD
measurement, but so little about of
IMD. TIM etc. Could you ask Mr.
Black. please?

And Mr. Black and Mr. Bateman
could perhaps work together, making
a synergy of their work. if possible
and a broader, more practical
approach for Mr. Black? He is going
through a very interesting field much
too fast, surely a more in-depth
approach is due?

In the past, some of your
contributors have seen fit to present
simulation results as the infallible
gospel. along with some hand waving.

In the future, please ask them to
present the simulation net lists,
conditions and modelis on an internet
site. so we all may look over their
shoulder. learn from their wisdom
and duplicate the result.

So now I only miss a good series of
educational articles on the ins and
outs of PC simulation, by someone
who will cover the subject
thoroughly. In the past, there have
been several articles on the subject
but mainly for a specific purpose.
What I (and maybe others) do need is
a roadmap and a progression of
simulations using real world designs
as the object, and demonstrating the
tricks, pitfalls and advantages of such
programmes.

I am aware that a great number of
simulation packages at widely
varying prices exist, so for the
proposed series, a shareware or
freeware package with schematic
entry should be used as the
demonstration software to allow as
many readers as possible to
participate.

I am certain that a commercial

LETTERS

Scroggie help

I noticed a letter in your most recent issue regarding M.G.
Scroggie, with the suggestion that a biography of him
should be written. This is the sort of thing I could do. based
on contributions from those who were close to him or his
work. | remember reading his articles in (what was then)
Wireless World; his "Foundations of Wireless" was my
‘bible’ in my formative years and is still on my bookshelf! |
seem to remember my father telling me of meeting Mr.
Scroggie while working on radar in the RAF during WW2,
but I can’t confirm this because my father died some years
ago.

My background is in electronic engineering, specifically
in the broadcast industry. For the last 12 years | have been
working as a technical author in this field. creating
instruction manuals, user guides. test procedures etc. for a
wide variety of equipment and systems and would be only
too pleased to help.

Chris Jones
Langport, Somerset, UK

Any readers interested in contributing, please e-mail me
with your details -Ed.

software vendor will jump at the
chance of this kind of exposure.

While I understand that a source of
income for your writers may be found
in selling readymade printed circuit
boards, I would very much like to see
a way of downloading these layouts,
for example in the form of a 300dpi
windows bitmap file, or other generic
graphic format that will allow the
necessary detail to be printed out.
Maybe a modest fee per download
could be set as a compensation for the
authors that will also serve as a
popularity indicator for the
magazine?

For a quick prototype, following the
DIY methods of Mr. Bateman and
others is not too difficult.

Michael Edinger,
Denmark

A warm welcome to the "Electronics
World" editorial position! Your name
is familiar to me from the IBE
magazine. (I too have been in the
broadcast industry for many years)
and I look forward to reading your
‘worldly wise and cutting” comments
in the future in EW.

I have been regularly reading
Wireless/Electronics World for
several years - more then I would like
to mention..!, and by chance I
recently stumbled on my copy of
Wireless World from the Queen's
Silver Jubilee year (June 1977). The
first thing that was obvious was that
the occasion was marked by a special
front cover for the 25th Jubilee
together with a short column looking
back to the state of affairs then 25
years ago in 1952. Very fascinating
stuff!
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A photo of a WW from June 1952
was shown on the Jubilee front cover,
at the time costing 2 shillings (10p)!!
In 1977 the price is 40p and today
£2.95.

On looking through the copy from
1977, 1 think you might agree that the
change in the electronics industry is
much less marked in the last 25 years
leading up to the Queen's Golden
Jubilee then the previous quarter
century. In 1952, semiconductor
devices and microprocessors were still
yet to come and the valve reigned
king. By 1977 the situation was
reversed and already firm/software
based electronic devices were
becoming common. Silicon integrated
into digital and analogue "chips” were
and still are fundamental building
blocks for the industry. Looking back
from 2002 however. some of the most
significant changes in recent years
include information and data transfer
via internet, the use of a PC for design,
simulation and testing electronic
systems. and gradual loss of the ability
to repair modern circuitry down to a
component level. (It’s just getting too
small to see!!) | wonder what the next
25 years will bring?

Sorry, 1 forgot to mention that the
editorial article in the June 1977 WW
was about "Radio and Air Safety” That
is something which is still very much
in the public focus in 2002 - some
things just don't change do they!!
Peter Sullivan
By email

Good luck with the new job from a
WW/EW subscriber of very many
years, although with a break some
years ago when the magazine seemed
to have lost its way.

An issue on which it might be
worth commissioning an
authoritative article is the
controversy now being aired in
RSGB'’s RadCom (May 2002 p28 and
subsequent issues) about whether the
Crossed-Field Antenna does anything
more than any other bit of metal put
up in the sky.

Authoritative but also
comprehensible to self-taught
dummies like me, please. The late,
great Scroggie could have done it.
Hickman, perhaps, or Bateman?

Can | suggest a little more care
with final proofing? (I expect
someone has mentioned already the
desirability of not publishing the
same item in consecutive issues, so |
shall not labour that point.) For
example, the article on p46 of the
September issue seems to start at the
second paragraph. The letter
"Exposure” on p57 refers to "
brackets on which a polycarbonate
carrier simply rests on." Perhaps this
error was in the original email, but it
should not have been published. And
your editorial: whose, not who's.

1 wonder it there should be either
more careful scrutiny of Circuit Ideas
or a disclaimer of the "Untested -
you're on your own" variety on the
page: | think more may be needed

than the disclaimer on the editoriat
page. For example, R1 in the first
item on p30 is at best a bit under-
specified, if that is the term, and
possibly a source of fire risk,
especially if replaced as suggested in
the text with a 47K resistor. And
what purpose does C| serve?

Should it be necessary to go to the
‘Contents’ page to identify the
authors of articles?

Some of these points are rather
trivial; but easily avoidable mistakes
create an impression of scruffiness
and more importantly may engender
thoughts in the reader along the lines
that "if they can't get simple things
like that right, can 1 rely on them in
more complicated matters?”

Pleased to see that there will be no
more long software listings. Please
do not let EW become yet another
computer magazine.

John Compton
Southampton UK

Spellign or Grammer?
You really ought 1o fire the staff-
member who let out your editorial
with "who's" instead of "whose" in it.
If he or she does it again we’'ll see
"it’s" for "its" in your learned journal.
It’s bad enough re-naming it
"Electronics World", but now there’s
electronic speling chequers, and
grammar cheques even, there ain't no
excuse for it, know wo' I mean?
T. R. Mortimer

Double sided PCBs

When making printed circuit boards 1 went
through most of the stages described by
Cyril Bateman in the May and June issues
of Electronics World. But | have a few
points that may still be of interest.

1] Transparencies. As Mike Harrison, |
use tracing paper in A4 pads. With REt on
‘dark’ the Density on '5' and the paper
routing through the back. my Laserjet 4L
printer gives good results with 65 GSM
paper.

2] Registration. My PCBs are limited to
160 x 100 mm. If more is needed 1 use
more boards. The printed transparencies are
cut to 120 mm width. The sheets have more
then 60mm free on each end. The top and
bottom sheets are put together and exactly
aligned. Light through small 0.6 mm holes
in the isles shows whether alignment has
been reached. If so, the transparencies are
glued together at the 120mm outer rims.
The registration can be checked and
corrected if needed. The sheets are now
placed between two plates of 6mm Perspex.
each 210 x 145 mm, see sketch. They can
be screwed together with six M4 bolts and
have two alignment pins along the outer

rim, glued in the hole of one plate. The 145
mm ends of the Perspex plates get a bit of
water-soluble glue on the inside before the
sheets are clamped between the plates. The
sheets stick out of the Perspex plates,
whose ends are cut off. If you take the
plates apart each transparency sticks to its
plate. You now may put the photosensitive
material in place and screw the second plate
on top. The alignment pins make sure the
registration stays correct. Making double
sided ICBM, single or multiple, is no
problem any more.

3]. Etching. 1 changed from ferrichloride
to ammonium- or sodiumpersulfate to avoid
yellow stains. I do not premix the etching
chemical but use about 20 grams of
persulfate per 100 square centimetre of
copper (35mu) to be removed. A digital
kitchen scale with a | gram resolution was
bought for this purpose. The chemical is
diluted with Sml water per gram. The water
used is initially at 55 degrees Centigrade
and is kept above 45 degrees by rocking the
plastic etching container in a hot water bath.
After 5 minutes the first copper is off and
another three minutes are needed to remove
all of it. The amount of liquid is rather

small, however complete coverage of the
PCB surface has not been a problem. The
etching container should be some 200 x 110
x 60 mm and be slightly deeper in the
middle, to avoid scratches. This method
gives the same resuits each time and avoids
crystallisation of partly used chemical
solution. The spent etching chemical is
retained and accepted by our local chemical
removal service. This liquid may create a bit
of oxygen gas, so do not completely close
the storage container until after some time.
4]. PCB design. Until recently I removed
all copper from a PCB that was not needed
for its electronic function. This is
environmentally unfriendly. The present
aim is to leave all copper on the PCB that
does not interfere with its function.
Connecting tracks are isolated from each
other by 0.5 to | mm wide openings in the
copper. The amount of chemical used is a
lot less than what was needed the old way!
Maybe I have to return to premixing and
reusing chemical solution in order to wet all
copper surfaces.
Georg H.Lindner
Vlissingen, the Netherlands
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MOSFET compensation

In his letter in the April 2002 issue, Mr.
Kessler brought up, quite rightly. the
way the Miller compensation was
applied to the original Hitachi MOSFET
amplifiers. Regarding the first design,
one of the capacitors must have been
unintentionally omitted from the
diagram, because otherwise this
amplifier is definitely unstable.
Regarding the second design, he
wonders why the compensation
capacitors on both halves of the second
long-tailed pair are rated at different
values, in fact 36pF and 10pF.
Presumably, it’s an attempt to equalise
the currents trough both capacitors. As
pointed out by D. Self!. this matters, as
the two signal paths from input stage to
the next stage must have the same
bandwidth. However. I'm afraid this
cannot be achieved at all, since the
voltages across these capacitors are
completely different.

There is a way around this problem by
omitting both capacitors and
compensating by means of a single
capacitor that also includes the input
stage, (see figure). This scheme is based
on a design by Linsley Hood? (whose
name is strikingly absent from the list of
references, why?) The advantage is that
most of the current from the first stage is
available as input for the next stage,
rather than being consumed by the
compensating capacitors. hence a higher
slew rate and lower transient
intermodulation distortion. Furthermore,
the unity-gain frequency of the global
feedback loop is almost exclusively
defined by R7 and C20. The internal
loop (via C20) is stable due to the
loading by the MOSFET output stage
(for a IRF240/IRF9240 pair, typically
280pF) and gate series resistors
(typically 100Z). So inserting drivers
between second stage and output stage
or using MOSFETs with a much lower
input capacitance may impair the
stability. To improve the phase margins,
C21 and R20 are added. Note that R20 x
C20 roughly equals the time-constant of
the gate series resistors and effective
input capacitance of the output stage
(502 x 280pF). According to my
simulations, the internal loop has an
unity-gain frequency of 16MHz and a
phase margin of 83°, while the global
feedback loop has an unity-gain
frequency of 2MHz and a phase margin
of 85°. The slew rate has improved to
100V/s. Apart from this. | added
Schottky diode D2 to make the quiescent
current of Tr3 and Tr4 less temperature
dependant.

With regard to the two-terminal
current source, I have no reason to doubt
it has excellent characteristics. However,
Mr. Kessler did not explain how to apply
this circuit to the amplifier, although the

lSmAGD i
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220 I 3w oapetstage.
Z1= 280pF +50R
(C3) -L ce _L—-:;M =
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R4 2 222v $RS | l
K Jk

02 Vi 0.14V
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article? he referred to, is concerned with
current sources in the second stage.
Therefore | assume he suggests applying
the circuit the same way as Dr. White
did: as a replacement of R9 and C4. In
my letter of January 2002, I disapproved
of this kind of practice. Dr. White
replied, but missed my point* and also
apparently Mr. Kessler, as he proposed
an even better current source, where
essentially a short ought to be. So I take
the opportunity here to clarify my
objections. My concern was not how the
current source was implemented. but
why was it put there anyway and so
robbing the second stage from its ability
to sink and source quite large amounts
of current (>30mA). In principle. one
can tie the collector of Tr3 directly to
Tr5/D! (see also ref.2, fig.9). As stated
in my previous letter, the only reason
why R9 is present is to reduce the power
dissipation of Tr3 and to provide
protection in case of overloading. C4 is
added to avoid loss of AC gain.
Replacing R9/C4 by a current source not
only cripples the second stage. but
creates instabilities as the output of Tr3
shows such a high impedance. that it can
be considered as a current source too.
I'1l repeat, connecting two current
sources in series is not done. Moreover,
it could be dangerous. Suppose the
current source is rated slightly higher
than the current Tr3 can sink, then the
current source becomes saturated and
Tr3 is exposed to almost the full supply
voltage, thereby (possibly) exceeding
the maximum power dissipation. If the
current source is rated slightly lower,
then Tr3 collapses. This kind of

* Perhaps, because he was asked to reply
on publication deadline day! (private
communication).

instability has already been described
(and cured) by Linsley Hood (ref.2,
fig.12).

Dr. White replied that neither Tr3, nor
the current source was saturated. With
careful adjustments not impossible, at
least under quiescent conditions. but
certainly not when the second stage is
spurred to action. He claims a distortion
of 0.005% at 1kHz and 1W. Again, not
impossible. as my Spice simulation, that
shows a tendency to flatter results.
indicates 0.002%. However, at 20kHz
and 1dB below full power, simulated
distortion rises to 0.16%, sixteen times
more than he claims. Slew-rate was
claimed at 35V/s, while simulation
reveals a meagre 12V/s.

It is not my intention to criticise Dr.
White and Mr. Kessler. because they are
seeking methods to improve
performance. Instead, I strongly
recommend using a simulator, as this is
the easiest way to explore new ideas and
to reveal potential shortcomings that are
otherwise hard to detect. As a starting
point, the demo version of Micro-Cap*
suits this application well, because it has
sufficient numerical precision for thd
analysis. and it is free. Appropriate
Spice models must be obtained from
other sources.

Edmond Stuart

Amsterdam, The Netherlands.
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Fact: most circuit ideas sent to Electronics World get published

The best circuit ideas are ones that save time or money, or stimulate the thought process. This
includes the odd solution looking for a problem - provided it has a degree of ingenuity.

Your submissions are judged mainly on their originality and usefulness. Interesting
modifications to existing circuits are strong contenders too — provided that you clearly
acknowledge the circuit you have modified. Never send us anything that you believe has

been published before though.
Don’t forget to say why you think your idea is worthy.

Clear hand-written notes on paper are a minimum requirement: disks with separate drawing
and text files in o populor form are best - but please label the disk clearly.
Send your ideas to: Jackie lowe, Highbury Business Communications, Anne Boleyn House,

9-13 Ewell Road, Cheam, Surrey SM3 8BZ

Experimenter’s pendulum

We needed an experimental
set-up to check the
acceleration of a pendulum
due to gravity. The circuit
we devised starts with a 555
configured as a monostable,
Fig. 1. Its trigger input is
fed by a light-dependent
resistor. A pulse caused by
the pendulum bob briefly
interrupting the light
impinging on the LDR
triggers the monostable.

Output from the
monostable forms a clock to
two bistable devices. Qutput
/Q of the first JK bistable
device clocks the second.

Output Q, from the
second bistable device feeds
a 555 timer configured as an
astable multivibrator with a
period of 0.01s. While Q, is
high, pulses from the
astable multivibrator pass
through to the decade
counters. These counters are
followed by decoder/drivers
and displays for indicating
units, tens and hundreds,
Fig. 2

To take readings, the
pendulum the bob is taken
to extreme right, i.e. point N
on Fig. 3, and then released.
Figure 4 shows the
pendulum and sensor set-up.
The pendulum passes the
LDR three times each
period, Fig. 5.

Heights of the LDR and

timer
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Fig. 1. First section of the
pendulum timer circuit
comprising the gating pulse
monostable, top left, gating
bistable devices, top right,
astable clocking timer, bottom
left, and the units
counter/display, bottom right.
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lamp relative to the bob can be made
adjustable using pillars.

Figure 5 shows the pendulum pulses
from monostable relative to output
from the two bistable devices.
Knowing the period ¢, the velocity of
pendulum swing, g, can be evaluated.

The relationship of the pendulum is
given by:

1,=2x 1

Ve
nxl
8
Therefore.
_4x n xl
-
'I'
To illustrate, /=40cm=0.4m and the
time period of the astable device is
0.01s. The display count is 127 so 1,
is the period of the pendulum, which
is 127x0.01s, i.e. 1.27s.

On substitution in the above

relationship for g:

_4xn7x0.4

2
IP—4><

=9.791m /s’

initialisation resets. Normally, the
astable is in its reset condition. By
momentarily pressing Y and Z several
times after the pendulum passes point
N in Fig. 3, fresh counter readings can
be obtained. Several readings can be
obtained for different lengths of
pendulum and an average taken.

Fig. 3. lllustration showing
the positions of pendulum
points M and N.

CIRCUIT IDEAS

Pillar

.27y

V. Gopalakrishnan

Bangalore i
Switches X, Y and Z are India ight source.
From Rx
of main circuit
4
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Fig. 2. Tens and hundreds display section of the pendulum timer.

Fig. 4. Outline of the set-up showing
how the pendulum interrupts the

Output from
monostable
(o}

Q;

Fig. 5. Key waveforms. Top is
output from the first
monostable, while bottom is the
final gating pulse for the
astable-configured 555.
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Speaking clock with an educational display

This clock is unusual. Seconds are
displayed in binary, minutes with
decimal numbers and hours via an
LED *“analogue” pointer. Last but not
least — the clock can speak.

To make sure that this design was
accessible to those involved in
education, the circuit was put
together using traditional
components. The design’s purpose is
to demonstrate binary digits, gates,
counters, display units, decoders, etc.
Seconds are displayed in binary-
coded decimal format and minutes
using seven-segment LEDs. Hours
are shown with a ‘pseudo-analogue’
LED-pointer.

Voice output is implemented using
an ISD memory chip, which can store
one minute of voice recorded via the
microphone. The chip is binary
addressable. When triggered, it

Parts list
Resistors (1/4W)
Ri.9, Rig

Rio

R11, Ry2, Rya, Rys
R13, Rie, Ryy

Rig

R20,22

R21

Capacitors (16V)
Ci, G4, Co2
2 C3
Cs, Cg
Ce C7
Co, Cio
Cn

Integrated circuits
IC,

IC, IC4

IC3, ICs

ICq

|C7, ICB

|C9, |C~|o

ICq1

Miscellaneous:

0.56k
3.3k
10k
33k
470k

4.7M

4521
74LS90
741592
741593
7447
7445
74L511
741500
1SD2560
7805

20 red LEDs for seconds and hours
12 small green LEDs for hour marks
2 7-segment displays for minutes (common anode)

outputs the recording starting from
the active memory address.

In this design, I have recorded
declarations of full and half hours to
various addresses so that as time
proceeds, the active address contains
the message related to that time.
Voice output is triggered by the
minute counter when reaching value
‘00’ or *30°.

How it works

Timing reference IC, contains
frequency dividers so that exact 1Hz
signal are available from pin 14.
Higher frequencies can be taken from
other pins.

One second cycles are taken to a
decade counter, /C,. the status of
which is displayed in binary using
LEDs. Counter overflow triggers
count to six counter, /C3, whose
count is displayed in binary as well.
Thus the seconds are indicated in
BCD with two rows of LEDs.

Minutes, handled by /C,, and tens
of minutes, /Cs, are counted in the
same way, but their statuses are taken
via decoders /C; and /Cy to seven-
segment displays.

Hours are counted with a count-to-
twelve counter, which comprises four-
bit binary counter /C¢. This chip is reset
back to zero with a positive pulse to
pins MR and MR, when the counter
reaches its maximum. Thus the clock
face has normal 12 hour increments,
without day and night separation.

The hour counter output causes one
of the BCD-to-decimal decoder, IC,
outputs to fall to zero, activating the
hour-pointer LED. These LED:s are
spread around a circle, as on a clock
face.

As the decimal-decoder only has ten
outputs, extra decoding via IC), is
needed to display hours from 10 and
1.

The binary value feeding hour
counter /Cy is also taken to address
lines As_g of the voice chip, /C)3.
Address line A, is fed with a signal
indicating futt hour (0) or half hour
(1). The lowest address lines, Ag.3,
are grounded, so the storage is
divided into 32 slots of 5 bits. Of
these, the first 24 are used.

Speech triggering requires a
negative going pulse to pin 23 (CE),
which is generated when output from
IC\3 (pin 8) goes to ground. This
happens when the output from the
tens of minutes decoder, /C)q,
achieves the value “0” or “3”. When
that happens, loudspeaker L outputs
the message from the memory slot
pointed to by address bits A,_g.

Message recording

Using five address bits. the memory
is divided into 32 parts, the length of
each of which is about 2 seconds
(60/32). In this design, only the first
24 are needed. Other memory slots
thus have 2 seconds of time, but the
last one can use up to (32-24)x60/32
= |5 seconds.

Declarations of time, e.g. “it is half
past five™ or “it is ten o’clock™ must
thus fit into 2 seconds, but at 11.30
there is lots of time to explain that “it
is half past eleven now”

Recording is performed by
speeding up the clock using 53 (/C,,
pin 10) to the desired time, 6.30 for
example, and stopping there by
taking S3 to its neutral position. Note
that all values between 6.30...6.39
will do, because single minutes are
not included in the chip address
formation.

Push button §, and speak the
desired message, e.g. “it is half past
six”. After recording S, is
immediately released and thus the
end-mark is generated. You can

The speaking

D3 Small-signal diode, clock’s face. Hours
: i.g.g LN4'_(|)01 | are indicated by
.194MHz crysta the red LEDs while
S1, Sz Push-button switch the seven-segment
Sy Switch with middle display shows
neutral position minutes. Seconds
M Electret microphone are indicated in
L Loudspeaker, >15Q BCD using further
red LEDs
32 ELECTRONICS WORLD October 2002
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CIRCUIT IDEAS

immediately verify that the recording
was successful. Briefly push S, and
the speaker should output the stored
message. If also now other messages
are heard. you have exceeded the
two-second limit before releasing .
No problem. Simply repeat the
operation.

Note that recordings and their
contents can be changed at any time,
if the old ones start to sound boring.

When all time slots are recorded.
drive the clock to right time and
switch §3 to normal position.

Power supply
Provided that there are no power

failures, the clock keeps time
accurately. Normally. power is
supplied from a small adapter via
regulator /C 4, but it is supported by a
battery to overcome possible mains
failures.

As battery voltage does not exceed
5V, D; keeps it disconnected under
normal operation.

Putting it together
1 assembled my prototype on two
PCBs. Display components were
soldered to a vertical board (clock
face) and others to a horizontal board
joined to the other.

Switches are in the back panel. The

Telephone in use indicator

1 designed the circuit described here
to provide an indication of a busy
telephone line when another family
member is on the phone.

A ringing indicator is also provided
that lights a second LED when AC
ringing voltage is present. The circuit
is simple, draws less than 150u A
from the line and around 10u A from
the battery in its idle state. About
4mA is drawn from the battery when
the line is busy. The circuit is also

isolated from the mains supply and
input overload protection is provided.

In the idle state, line voltage is
around 50V, dropping to around 20V
in the busy condition. Zener ZD, acts
as a simple comparator switching 7r,
off when the line is busy, allowing
Try to conduct through the high value
resistor Rs and lighting LED,.

A high-gain transistor - one with a
gain of more than 250 — should be
used for 7r;. In addition, a low

+6V battery
only
Plugged into a
phone socket, this
activity monitor Ry 47k R,47k R3 47k

indicates if a
phone connected
to the same line,
but elsewhere in
the house, is in
use.

Line +

Small
wire-lead
neon, 60-80V

2N7000 £ Ry

4 LE02
‘Line busy'

TT2
2N7000

0—
Line —
(—=50V to ground)

Mobile phone triggered combination lock

*Reduce the value of
Ry it speech triggers LED,

front panel of the box is darkened
Plexiglass, through which only the
active LEDs are visible. To make the
clock face visible, hours are marked
with small green LEDs that are
permanently turned on. These are not
shown in the circuit diagram. Red
LED:s indicate the latest full hour.
Minutes and seconds are indicated in
the middle of the display.

The whole device, including
speaker and microphone, is built into
a wooden box measuring 10cm by
10cm by 15cm.

Heikki Kalliola
Helsinki
Finland

current LED should be used to
preserve battery life.

Ringing current passes through C;
and the negative half cycles are
removed by ZD,. The resulting signal
causes 7r3 to conduct, lighting LED,.
Diode ZD, also provides protection
for Try and R allows the gate/source
capacitance of 773 to be discharged
between ringing pulses.

Resistors R, 5 and the neon lamp
provide input overload protection of
up to 350 volts, AC or DC. The neon
lamp can be replaced with two 68V
1.3W zener diodes connected back to
back. Capacitor C; should be rated at
250V DC minimum.

1 have had the circuit running for
over a year on the same set of AA
alkaline batteries. A Darlington
optoisolator or a low-current reed
relay can be used in place of the LED
if you need to drive external devices
with the circuit.

Alistair Borthwick
Edinburgh

This electronic combination lock is
unlocked when the circuit recognises a
unique valid sequence of four tones from a
mobile phone. This unique code is easily
changed if need be. Note that the phone is
used ‘off-line’ so no phone expenses are
involved.

One great benefit compared to a traditional
code lock is that no door keypad is required.
Installing is thus cheaper and simpler and
there are no visible targets for vandalism.

The door to be locked needs only a small
hole for a microphone. which can be very
small. It is not essential to locate the
microphone near to the lock.

In addition to forming the basis of a
combination lock, this circuit can be used to
operate anything that runs off electricity.

How it works...

Pressing a mobile phone button generates a so
called dual-tone multiple-frequency. or
DTMF, code whose frequencies depend on
which key is pressed.

The circuit receives DTMF tones via its
microphone and is set by the user to respond
to a unique four-digit code using switches.
After amplification, the DTMF signal
received at the microphone is directed to a
DTMF-receiver. IC,, which converts it to 4-
bit binary format.

Received digits are stored as four. 4-bit words
in the 16-bit register formed by /C; 4. The digits
are converted to decimal using BCD-to-
decimal-decoders ICs 5. When a new digit is
keyed. the previous ones are shifted forward. In
the diagram, the last entered digit is in the left.

If four digits in sequence match with the
code set by the switches, output from the
AND gates IC)q goes high and triggers the
monostable circuit, /Cy. Output from /Cq goes
high for a moment, adjustable via R,q, and
activates the lock relay via 7r,.

Four, nine-way DIL switches set the code.
With the settings as shown, the relay is
powered with digit combination 7398. Digit 0
is not used because the DTMF code for zero is
not the same as the BCD code for zero.

Sensitivity of the microphone amplifier can
be adjusted via Ry. Maximum operating
distance is about 20cm. If there's a lot of
ambient noise. it is best to set the phone’s
speaker sound level to maximum.

Heikki Kalliola
Helsinki, Finland
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This combination
lock is triggered by a
unique set of four
DTMF tones
produced by pressing
the keys on a mobile
phone. The
combination code is
set using four 9-way

DIL switches.
Parts list
Resistors (0.25W)

Rj 1.5k

R4 330

Rs 1k

Rg 33k

R, 5M trimmer
Rg 100k

Rg 380k

Ryo 200k trimmer
R4 10k

Capacitors (16V)

Cy 0.47u

Cg 47u

C3 1u

Cus 100nF

CG 68“

Semiconductors

ICy LF357

IC, 8870

1IC34 4015

1Cs.g 4028

ICq 4047

1Cy0 4081

Try 2N2222

Dy 1N4001

Miscellaneous

M Electret microphone

RL4 Relay (5V)

Si4 DiL-switch (9 way)

X 3.579545MHz crystal
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0-5mV to 4-20mA converter based on
chopper stabilisation

Here is a circuit that has industrial
uses. I built it to amplify a 0-SmV
input signal — in my case from a
This oscillator is used transducer in a Wheatstone bridge —
to drive the chopper  and convert it as accurately as
transistors in the possible to 4-20mA form.
main circuit. 1 developed the circuit to help me

S [ s

:

carry out some research into thermal
conductivity, but it has many other
potential uses. The equation of this
converter is simply:

Outpur(mA)=4mA+3.2V,,

Here, V,, is expressed in millivolts (0-
5). To make this equation work, you
need a stable voltage gain of 800. or
58.1dB.

My converter owes its accuracy and

closed loop. This results in incredible

amplification accuracy. As shown, the
circuit is set to 60dB which equates to
a voltage gain of 1000.

Both zero and span are
accommodated, allowing for a two-
point calibration. Calibrating the
converter to the above linear equation
is relatively simple. Once it is
correctly calibrated, a quick linearity
test can be carried out: adjust the

fpaciz 140dB open-loop gain to the classical  input voltage test source to 2.5mV
oscillator ; . . o— .
‘ chopper amplifier. This amplifier and the circuit should yield exactly
1,NE4558 comprises /Cj, and ICyp, with IC, 12mA output.
2 producing about 60dB of gain and Oscillator /C,, operates at around
c integrator /Cy;, providing about 80dB  500Hz. It drives the two FET
3|, 2 of gain. switches. Try and Try, which
Co Total open-loop gain amounts to commutate synchronously. Since
10n Rig 140dB. This is controlled globally by ~ /C},'s signal path is isolated by way
R 1+R,5/R 6. The total gain availableis  of Cj, C5. and Cs, ambient
Cio the product of that produced by IC,, temperature drifts have negligible
b L and ICy,. effect.
Rao Since the open loop is so high, it is Next. /Cy;, converts the signal from
5.6k possible to obtain 60dB amplification  voltage to current. This allows level
ov . " while still leaving 80dB spare for the shifting to take place. The signal then
-15V —J
+15V
R,
Chapper amplifier section of the 0- 560

5mV to 4-20mA converter.

Cotuim
12NE4558 | 0,1, ==
2N\Js

IC1a DI

[ t14

8
51k

R, F‘11%__-’.

Cs
k3 56020.1. T
&

— =15V

After
amplification, the
signal voltage
passes through this
voltage-to-current
converter to turn
itinto 4-20mA
form.

+15V

8o
HF
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appears across Ry and equally across
R33 and R34.

In conjunction with Try and Trs, ICs
forms a variable 4-20mA current
source. The range of the output-
termination resistance of the 4-20mA
signal spreads from zero to in excess
of 1000€2.

If you prefer a voltage output then
simply terminate the 4-20mA signal
with a 250Q, 0.1% resistor for 1 to
SV output.

Normally, the input signal will be
from the output of a wheatstone
bridge with one of the arms being the
transducer. In order to maximise
CMRR from the bridge. the bridge
should have an isolated supply. This
not only knocks up the CMRR to
around 150dB, but also
accommodates the classical chopper’s
single-ended input (reference ground
0V) very nicely.

While most transducers are very
slow — they can take minutes to
respond — the converter has an
adequate bandwidth of about 20Hz.
This can be altered by changing RC
time of RIZ/C()'

Since the converter is mains
powered, there is a small residual
100Hz signal riding on the final
output. Obviously, increasing the

470pT

=

speed of the integrator will increase
this residual. This unwanted signal
comes about because the bridge
rectifier ac