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Electronics, Electrical &
Mathematics Principles V6
If you are looking for an easy and enjoyable way of studying or improving
your knowledge of electronics and maths then this is the software for you.
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"Electronics Principles is a well thought out and comprehensive
program that is also easy to install and stable in operation. It can
be wholeheartedly recommended."
Robert Penfold. Everyday Practical Electronics magazine. October 1998.

And now upgraded to V6 a 32 -bit package for
Windows '95, '98 & NT. It's bigger, faster and better.

By Clive W. Humphris.
Currently used in hundreds of UK and

overseas schools and colleges to
support GCSE, A Level, City and Guilds,
BTEC, GNVQ's and University courses.
A COMPLETE PC BASED ELECTRONICS
AND MATHEMATICS COURSE, where

the colourful interactive graphics
Additions include:- Circuit theorems, Norton, Thevenin's &
make it ideally suited for both
Superposition...Magnetism & Electromagnetism...Motors, Generators
personal study and a more
& Transformers. .Three phase systems.... More on complex
enjoyable way of revising.
numbers
A beginners introduction to PIC's
Statistics...
PLUS: all the Electronics Toolbox routines, along with an Illustrated
Components, Tools & Equipment Dictionary. A total of over 900 main
menu selections.
Multi-user site licence
Windows 3.1, 3.11 users please enquire.

additional £500*

Complete Package still only £99.95*
EPT Educational Software. Pump House, Lockram Lane, Witham, Essex. UK. CM8 2BJ.
Tel/Fax: 01376 514008. sales@eptsoft.demon.co.uk http://www.eptsoft.demon.co.uk
*UK and EC countries add £2 per order for post & packing. VAT should be added to the total.
Outside Europe £3.50 for air mail postage by return.
Switch, Delta, Visa and Mastercard orders accepted - please give card number and expiry date.
Cheques & Postal Orders should be made payable to EPT Educational software.
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Clockwork Radio Gives New Meaning to 'Spring Green'
The "Clockwork Radio", as the BayGen Freeplay radio is familiarly known, first came to light in 1994. Inventor Trevor Bayliss
designed the prototype for use in remote areas of the Third World, where batteries are often hard to obtain, and frequently
prohibitively expensive for local people. Broadcast radio can link scattered communities with regional news and education, as
well as entertainment. After the advent of the clockwork radio, poor communities did not have to be deprived of this highly valued service because they had no mains power source and were unable to afford batteries.
In 1997, BayGen launched the "new generation" of the Freeplay. The new radios are smaller and lighter than the original
Freeplays, which were ruggedised to withstand air -drops into regions where a light aircraft might not be able to land safely. As
many of our readers will have noticed, in 1998 the Freeplay began a new career as an environmentally -friendly style accessory.
Concern about the polluting effects of discarding used batteries has been mounting, and the clockwork radio is the example
par excellence of essential electronic services without a costly consumable power source.
The Freeplay operates from a carbon steel spring which is from one spool to another. The input winding is via an external
fold -in handle. 20 seconds of winding will give an hour's radio play at low volumes. The motor transmission consists of a
three -stage gearbox which increases the input rotation by 1:1,000. The transmission output drives a DC generator which
produces up to 100mW of power. An optional DC adaptor is available for the times when your arms are more tired than your
wallet. The dimensions are 200 x 200 x 290 mm and weight is 2.4kg.
For Christmas, BayGen have released a limited edition of 1600 in see-through holly -green casework, which has the added
charm of displaying the shapely gear -wheels in their stately circular progress while you listen. A little too chunky to make a
good handbag, if your Freeplay ever finally runs out of Wind, with a bit of ingenuity you could consign the works to a pride of
place on the mantelpiece and convert the case into a handy toolbox.
BayGen has already produces a wind-up torch. With increasing investment in the company in mid -1998 by General Electric
Pension Trust, part of the US multinational General Electric, we can expect BayGen to continue research and development into
further electrical equipment powered by "human energy technology".

New generation Freeplay radios are available from major high street electrical and department stores for
around £59.95. For further information, contact BayGen Power Europe Ltd., Claverton House, Longwood Court,
Love Lane, Cirencester, Glos. GL7 1YG. Tel 01285 659559 Fax 01285 659550 Email baygen@lineone.net

41*
Inventor Trevor Bayliss (right) and BayGen Power Europe MD (left) with original and new generation Freeplays.
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Surrey and Tsinghua Chinese/British
Commercial Satellite Project
A Uri;: of Surrey company, Surrey Satellite Technology
arm Tsinghua University in China have formed a
Paboratve joint venture company in Beijing to develop
advanced microsatellites for China. A market for over 100
well satellites over the next 5 to 8 years has been identified
within China, and SSTL is the first foreign company to
establish a joint venture in this market. They are likely to
access business worth some £300 million.
The 25 -year joint venture company, to be known as the
Tsinghua-Surry Small Satellite Company (T-SSSC), is the
result of more than five years of extensive work SSTL in
China, promoting the use and applications of sophisticated
small satellites as a rapid and lower -cost approach to
meeting China's space requirements. This is the first private
satellite manufacturing company to be formed in China,
reflecting the interest of the Chinese government in
introducing further commercial market forces into the Chinese

space industry.
The exchange of contracts for the new joint company in
Beijing in October 1998 was witnessed by British Prime
Minister Tony Blair, who wished the partners success.
The first £3million contact for T-SSSC has already been
signed between Surrey and Tsinghua for a 50kg microsatellite
(to be called Tsinghua-1) which will be the first demonstrator
for a group of seven microsatellites to provide daily worldwide high resultion imaging for disaster monitoring and
mitigation, planned for launch in 2000. The microsatellite will
also carry out communications research in Low Earth Orbit at
the end of 1999 after launch on a Chinese Long March
rocket.
Last September (1998) the Surrey Space Centre and the
Tsinghua Aerosapce Centre launched a joint Tsinghua Surrey
Small Satellite Research Centre which will specialise in
advanced academic research and development of
microsatellite and nanosatellite technologies.

For more information contact Dr. Wei Sun, Marketing
Manager, Surrey Satellite Technology Ltd., Surrey
Space Centre, Univeristy of Surrey, Guildford, Surry
GU2 5XH. Tel 01483 259878 Fax 01483 259503 Email
s.wei@ee.surrey.ac.uk

EMC Website Has Standards Updates
and Product Information
EMC (electromagnetic compatibility) expert company
Schaffner has redesigned and upgraded its website
making EMC expertise available to engineers and
engineering decision makers all over the world. The site at
www.schaffner.com gives up to date listings of the latest
EMC standards, links to standard -setting bodies around
the world, news and comment on EMC issues, together
with product information and a fast response service that
puts callers in touch directly with local EMC experts.
Engineers must now consider EMC compliance and
EMI (electromagnetic interference) suppression as
fundamental requirements in the design of all electrical
and electronics products. World legal requirements are
complex and constantly changing, varying from one
market to another. As participant in many EMC standard'ng committees, Schaffner can provide some of the

most up to date standards on the web.
The website offers a quick reference guide to
standards as well as revision and update news and a
comprehensve glossary of EMC terms. Each IEC standard
appears with a short description, and a list correlates
European norms including prENs and prENVs with
international IC and CSIPR standards. Engineers seeking
more detailed information on these international
standards, or on national standards activities, can use the
site list of links to committees and quality organisations
worldwide.
The site also offers extensive EMC -related product and
service information. An Info Fastrack service provides
product -specific forms with a selection menu which is
routed directly to the local Schaffner office, minimising
delays.

For more information contact Michael Lowe,
Schaffner UK Ltd., Ashville Way, Molly Millar's Lane,
Wokingham, RG41 2PL. Tel. 0118 9770070.
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ETI JOINS FORCES
WITH EVERYDAY
PRACTICAL
ELECTRONICS

EVERYDAY

Cg
Next month ETI will join forces with Everyday Practical
Electronics (EPE) to bring you the best possible electronics
magazine, with the widest range of projects, features and
news. All the information you are used to getting in ETI plus
more from EPE.
We have just negotiated a merger of the two magazines and
we are sure you will benefit with more projects, more theory,
more help and more products to buy in every issue.
Watch out for the combined ETI and Everyday Practical
Electronics logos on the news-stand on February 5. The issue
will feature the projects shown here . . . and much more.

SMT Smoke Absorber
50-1'

14*""4

When working with tiny surface mount devices (SMDs) the
constructor is drawn closer to the circuit in order to get a clear view_
of the soldering operation. Close working with SMDs therefore
involves a much higher risk of solder fumes being inhaled and
potential bronchial problems. The smoke absorber is very compact
and can be placed close to any circuit during population. It will
remove the solder fumes from the immediate area and a built-in
remove
charcoal filter will provide a degree of filtration and absorption.
The smoke absorber is triggered by the heat from the soldering
iron and it switches off after about half a minute unless re -triggered. ------77

Automatic control is very convenient, as the soldering process tends
to be intermittent and remembering to switch the unit on and off is
quite a distraction.

March Issue On Sale Friday February 5

. . .

Next Month

Next Month

.

Time and Date Generator
With the availability of cheap video cameras, more and more people
are adding surveillance cameras to the exterior and interior of their
homes. Cameras connected to a video recorder will record all sorts
of amusing and sometimes nefarious activities, and usually it is
useful to know the precise time that these events occurred.
This project was designed to add time and date information
to a multi -camera video security system designed for home use.
The generator inserts a steady and easily readable time and/or date
caption onto any composite video signal. The time and date
information is displayed at the bottom of the screen. The unit can also
optionally display a camera number (1 to 8) provided from an external
camera selector by inputting a 3 -bit camera address. This will allow
the user to know which one of eight cameras is currently active.
Although originally intended for adding time and date information to security cameras, it is equally useful for
adding time and date to home videos for those who have not got this capability built into their video camera.
This design is based on a PIC16C84 which performs the real time clock function and display character
generation. The main features of the unit are: Adds time or date or both to a composite video signal (NTSC,
PAL and SECAM video signals) Selectable character height of 5, 10. 15 or 20 lines Inverse or normal
video display Day and month display are swappable for those who prefer the American standard Leap
year correction Year 2000 compliant.
= -7

Auto Cupboard Light
Commercial battery -operated cupboard lights are widely available in DIY
stores and by mail order from electronic component suppliers. These
lamps are useful as a simple means of lighting up a cupboard or other
dark area.
They are also handy for garden sheds and other places where no
mains supply exists. The fact that they are battery operated makes them
particularly attractive for children's bedrooms because, unlike
conventional mains lights, they are completely safe. The one drawback is
that if they are left on. the batteries are exhausted with monotonous (and
expensive) regularity. This simple project provides automatic timed
control of the light.

Plus New Technology Update Circuit
Surgery Practically Speaking News
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DTI Has Another Crack at Encouraging
Girls Into Science and Technology

Britain to the forefront of the global knowledge -driven
economy.
"This campaign targets girls of all abilities and shows them
that a career in science, engineering or technology offers
more than the stereotypical image of science labs and hard

Peter Mendelson, Secretary of State for Trade and Industry,
has launched what the DTI calls "an innovative poster
campaign" called "Go For It" to encourage more girls to
consider being pilots, lighting technicians and civil engineers.
The campaign, developed by the DTI's Office of Science and
Technology, features six posters of young, female role models
working in science, engineering and technology jobs. This
follows research that among 14-16 year old girls that shows
that many are alienated from technology by what they see as
the impersonal and value -free content of science. Few have
met a female engineer, and the most important factors
affecting their career decisions and personal and social.
Mr. Mendelson said: "To many young people, and young
women in particular, are simply unaware of the sort of
opportunities that science and technology qualifications can
lead to. As a result, employers, especially in engineering and
IT, are having difficulty in recruiting the skills they need, and in
attracting young women entrants.
"There is no reason why women should not become
leaders in this technological age. It's time we had a "can -do"
attitude that will enable us to grasp at opportunities and push

hats.

"We are sending these posters out to every science
teacher in every mixed and girls' secondary school in the
country to push the message that science, engineering and
technology is fun and is for everyone."
The posters seek to address the fact that 85 per cent of
the full time science, engineering and technology workforce
are male, They also aim to correct the misconception that
these careers always require exceptional intelligence and are
largely based indoors in laboratories or workshops.
The six role models in the campaign are Sandie King,
Senior Chemical Anaiyist: Jo da Silva, Civil Engineer; Kerry
Lomas, Airline Pilot; Clare O'Donogue, Senior Theatre
Lighting Technician; Belinda Drew, Electrical and Mechanical
Technician and Farzana Patel, Assistant Forensic Scientist.
They explain how their chosen careers have expanded their
horizons professionally and socially, and how science,
engineering and technology can be fun.
Editorial: Round the Corner page 76.

New Palstar Model From Nevada
Nevada has added a new model to catalogue of Palstar regulated
power supplies. The PS50 supply delivers 40 amps continuous output
(50A peak) with high stability. It has a thermostatically controlled
cooling fan system, short circuit and overload protection and precision
front panel meters. The unit measures up at 205mm (W) x 157 mm (H)
x 335 mm (D), weighs 19 kg approx and costs £144.63 plus VAT.
Palstar precision low voltage power supplies are suitable for Amateur
transceivers and receivers and bench supply, auto and marine radio and other uses.

For more information contact Nevada, 189 London Road, North End, Portsmouth, Hants P02 9AE. Tel 01705
662145 Fax 01705 690626 email info@palstar.com

Sightmagic Takes Over EASY -PC and Number One Systems
Gloucester -based software development company Sightmagic has acquired Number One Systems, owners and published of
the popular Easy -PC family of CAD software, plus a range of powerful simulation products.
Sightmagic has some 120 man-years' experience in PCB CAD development. The range of products will continue to be
developed, marketed and supported by Sightmagic: Easy -PC For Windows, Analyser III, Layan, Z -Match, Pulsar and Filtech.
Bob Williams, Sightmagic's marketing manager, said: "The acquisition of the Number One Systems name and their software
tools presents an exciting opportunity to bring our team's many years of experience in PCB CAD development into the further
enhancement of the Easy -PC range of products. We intend to make Easy -PC for Windows by far the best value sub -2500
PCB layout product on the market today." Sightmagic have already completed the next release of Easy -PC For Windows, with
eight new features, which is now in test for release in February, and have plans for at least 10 more features in the following
release during the summer. The other simulation products are also due to receive consxiderable enhancements in 1999

For more information contact Sightmagic, Oak Lane, Bredon, Tewkesbury, Glos GL20 7LR. Tel. 01684 773662
Fax 01684 773664 Email sales@sightmagic.co.uk .
Readers wishing to follow up the offer in issue 12 1998 of ET/ should contact Sightmagic with their copy of Issue 12.
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Patent Office Reduces Patent Charges and Posts Internet
Application Form
The Patent Office in the UK has abolished the patent application fee, the first patent office in the
world to do so.
This, and some other measures, are part of a Government move to encourage businesses
and inventors to protect their intellectual property rights by asserting their copyright and filing for
patents, designs and trademarks. Overall Patent Office charges have been cut by 20 percent,
and the standard patent application form has been posted on the Internet for faster access to
computer users.
Visiting the Patent Office in Newport. South Wales, Dr. Kim Howells, Minister for Compeition and Consumer Affairs, said:
"By the end of the year, the UK Patent, Designs and Trade Marks Registers will all be freely available on the Patent Office web
site, as will all the European and Patent Co -Operation Treaty patent applications published in the last two years."

Non -web users can contact the Patent Office as usual at Cardiff Road, Newport, South Wales NP9 1RH. Tel
01633 814000. The Patent Office website is at www.patent.gov.uk and contains a wealth of information on copyrights
and patents. Mysteriously, the website address was not included on the notification circulated to the press, but we located it in
the normal way using an Internet search engine. If in doubt about the location of the information you require, call the
switchboard and ask for assistance.

New Charger Technology Adapts to Battery State
A new company, ACT Europe, is introducing a new battery charging technology known as Dynamic Electrochemical
Waveform. The technology has been designed to overcome "virtually all the limitations of rechargeable batteries", according to
ACT, increasing their charge capacity, tripling battery life, eliminating memory effect and significantly reducing charge time.
Developed in the USA by Advanced Charger Technology, Inc., the patented technology is put to use in the company's range of
ACTivator battery chargers for mobile radios and cellular phones.
Advanced Charger Technology's DEW system is implemented by an intelligent microprocessor which analyses the
battery's state of charge several times a second and instructs the charger to use an intelligent algorithm to achieve optimum
charge. The DEW family of technologies works on lithium ion (Li ion), nickel metal hydride (NiMH), nickel cadmium (NiCd) and
lead acid batteries, and is available only in the ACT 'ACTivator' line of battery chargers or in various licenced products.
The ACTivator is the only charger capable of monitoring the internal condition of a battery and changing the waveform of
the charging current accordingly. It is also the fastest battery charger now currently available, able to charge a two-way radio
NiCd to 100 percent charge in 30 minutes, a Li ion cellphone battery to 100 percent in 60 - 90 minutes and a lead acid
electric vehicle battery to 80 percent capacity in 20 minutes.
ACT manufactures ACTivator two-way radio battery
charger/conditioners and licenses DEW technology. The
photograph shows the Maintainor, a state-of-the-art
emergency maintenance charger designed for users who need
additional supplies of batteries ready for service at a moment's
notice. The Maintainor has a patented "maintenance mode"
that will fully discharge and recharge batteries left on the
charger every two weeks
ACT Inc. in the USA offer a 30 -day trial of the TBC-25
ReACTivator or TBC-21M Multi -Chemistry ACTivator for use
on two-way radio batteries to "test drive" in the user's working
environment.

For more information contact Advance Charger
Technolgoy (Euorpe) Ltd., Unit 2, Union Quay, Cork, Ireland.
Tel. +353 21 311373 Fax +353 21 311189 or Advanced
Charger Technology Inc.'s website at www.actcharge.com.

The TBC-65 Maintainor with six interchangeable adapters

OVERSEAS READERS
To call UK telephone numbers, replace the initial 0 with your local overseas access code plus the digits 44.
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New 40,000 -Item Component
Catalogue On CD -Rom
Established German component distributors Schuricht
Elektronik have launched their 40,000 -item component
catalogue on CD-rom in the UK. The rom catalogue is
available through their UK agents, Cyclops Electronics of
York.

The catalogue carries components from 250
manufacturers. Shuricht also runs a service called
KatalogPlus! which undertakes to obtain standard parts
from manufacturers in the catalogue to order, even if the
specific part is not in the current catalogue.
Shuricht's standard delivery charges in the UK are
currently £6.60 for delivery within 48 hours and 218 for
next day delivery up to 3 kg. Single items can be ordered
without extra charge. The company began developing its
CD-rom catalogue 1996, including the whole Seimens
range, and has won an industry award for design,
information content and easy operation in 1997.
Users can create and save their own order numbers for
components if desired, and will find the same component
under their own number on subsequent orders.
Availability can be checked and orders can be placed
via the company's website at www.shuricht.co.uk, and
the CD-rom catalogue can also be updated directly from
information on the website. Both the CD-rom and the the
server store around 14,000 datasheets.
Michael Sinclair, Sales Manager of Cyclops Electronics
says, "The whole service is geared to low volume
applications; research, development, repair. maintenance,

education, test and small production runs." "One-piece
deliveries" are no problem.
The CD-rom is free from Cyclops Electronics and will
be sent out on the day of order.
For more information contact Cyclops Electronics, Link
Business Park, Osbaldwick, York Y010 3JB. Tel 01904
436444 Fax 01904 436544 Email info@schuricht.co.uk
ETI would be interested to hear in due course what readers
using the Shuricht catalogue think of the service and product
range.

MODMODMODMODMODMOD
In the first part of the PC -Controllable 4 -Line Dot Matrix Display (ETI Volume 27 issue 10 11th September 1998) an
error has turned up in the Parts List on page 40: the headers PL7 an PL8 have the wrong part number. The correct
number is Farnell 511-821. In Part 2, page 39, under Panel 1, Panel 2, Panel 4 *P4 tile select, the wrong links are
listed for Panels 2 and 3. Panel 2 links are 3-4, 5-6, 7-8. Panel 3 links are 1-2, 5-6, 7-8.
Author Robert Coward's email address has now changed to ROBERT COWARD@3COM.COM

Meter Specialists New Winter Product Guide
Metering specialists Lascar Electronics' new 1998 winter New Product Guide, Lascar Link, is now
available free of charge. Containing information on a wide variety of new products, including the
company's new ultra -low power panel meter, the DPM 720, the winter guide provides design and
application engineers with a preview of some of the modules scheduled for introduction in Lascar's
1999 short -form catalogue due for release in January.

For more information or a copy of the New Product Guide contact Lascar Electronics at
Module House, Witeparish, Salisbury, Wilts SP5 2SJ, UK. Tel. 01794 884567 Fax 01794
884616 Email lascar@netcomuk.co.uk
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rgatellites From
Surrey
Surrey University created the UoSAT programme and gave birth to a business
which has carried small, low cost, space -industry "affordable" communications and
research satellites all over the world.
The University of Surrey embarked on its first satellite
arlier this winter, the University of Surrey's own
programme in 1978. This gave rise to the UoSATs, with the
satellite technology business SSTL (Surrey Satellite
launch of UoSAT-1 carrying a University of Surrey research
Technology Ltd.) announced the formation of a
payload in 1984. Gradually, but particularly since the UoSAT
Collaborative Joint Venture (CJV) Company with
programme began to carry payloads for customers other than
Tsinghua University is Beijing, China, to develop
the University in the early 1990s, Surrey has built up an
new microsatellites for the Chinese market. (See News in this
international reputation as a pioneer in the field of small, lowissue.) The joint venture is the first private satellite
cost satellites for commercial applications as well as research
manufacturing company in China, something of a milestone for
missions. It continues its research and development under the
the space industry in one of the world's largest countries, as
small satellite battle cry: "smaller, faster, cheaper and better".
well as for the UK company. However, Surrey Satellite are used
The first two UoSATs were based on a conventional satellite
to being pioneers, having been formed as a business
framework onto which the modules containing the satellite's
enterprise by the University back in 1969. These days it is not
electronics and payloads were mounted. The wiring harness
uncommon for an educational and research establishment to
arrangement that connected all the systems together is
form a company (or companies) to take its work to market, but
described with understatement as
in those days it was rare. Surrey however
"complex". The need to fit a number of
are pioneers in the technology of satellites
different payloads into a standard
as well as the marketing, and it is this
launcher envelope with a 50kg weight
specialisation that made it more than
ceiling, along with many other
appropriate for them to maintain control
demands imposed by developments in
over their own research.
the electronics industries (including
Previously, SSTL was chosen as the
electromagnetic compatibility (EMC))
only company outside the USA to be an
gave rise to the development of a new
approved supplier to NASA.
satellite framework design at Surrey in
The first satellite planned is a 50 -kg
1986. The SSTL modular microsatellite
microsatellite to be known as Tsinghua-1
design has no separate skeleton, but
which will carry out communications
works by stacking a series of custom
research in low Earth orbit (known as
module boxes each machined to the
LEO) from the end of 1999. The contract
same dimensions. This block of
is worth about £3million and the
modules itself forms the "body" of the
Government clearly hopes that it will open
satellite, to which the external solar
the door to bigger things, since they sent
panels and other instruments are
Tony Blair to see the happy venturers on
bolted.
Their way. The joint venture is set to run
The main module boxes contain the
for 25 years, during which there will no
satellite subsystems, such as batteries,
doubt be developments that have not
power conditioning, on -board data
been dreamed of yet.
handling systems, comms and attitude
Loosely defined as falling between 10
control. The payloads are housed
and 100 kg in weight and £2-4million
either internally in similar stacked
sterling in cost, the class of satellites
boxes, or on externally top of the stack
known as microsatellites have in recent
near the antenna and attitude sensors,
years proved to be the most effective
as appropriate.
small satellite in terms of both versatility
The stacked modular design - you
and cost for civil and military applications,
could think of it as having a "virtual"
'very effectively, rapidly, and at low cost
It began here: UoSAT-1, Surrey University's
skeleton comprising the dimensions
first microsatellite, was launched in 1981
and risk°.
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microsatellites into LEO and GTO positions on a commercial
basis. One advantage of the commercial approach is that it puts
ventures on an independent footing that relies on the needs of
the space research market, rather than on the political will to
Government funding: having less of the appearance of pure
science, perhaps, but perforce a more responsive relationship
with actual demand for telecommunications and other research.
ASAP now cannot meet the demand for small satellite
launches by itself, and other launch programmes are coming.into
use. By a twist of fate, old stockpiles of intercontinental ballistic
missiles (ICBMs) are now being used as small launchers under
the militarisation programme.

Advanced platforms
Microsatellite platforms are being improved in performance and
payload capability as research and experience continues to
develop. SSTL's latest versions can provide the following
specification:

distributed telemetry/telecommand for easy expansion
5 Mips (386 processor) on -board computer and 256 MB
ramdisk

1 Mbps on -board Ian (local area network)
autonomous GPS navigation (+/- 50 metres)
attitude determination to 0.001 degrees of nadir
0.25 degrees mis nadir -pointing pitch/roll axes, 2 degrees
yaw axis

128 kbps BPSK downlinks
Without accurate attitude control, the satellite can neither
process sunlight through its solar panels correctly (leading to
loss of power and ultimately complete loss of control) nor
maintain its communications links with Earth accurately (leading
to loss of contact and ultimately possible loss of research data).
Small satellites are vulnerable to instability, so the importance of
a finer degree of attitude control can be appreciated.
Communications and Earth observation equipment among
the payloads require an Earth -pointing platform. Satellites sent
up for Earth observation purposes will become effectively
useless if this function is lost due to instability. Generally, in the
family of SSTL microsatellites, the attitude has been maintained

An exploded view, showing the modular construction of SSTL
microsatellites. The solar panels are bolted to the sides of the
central stack of modyules

and the bolts - not only allows flexibility, but contributes to the
speed of design allowing the satellite to progress from "order to -orbit" typically in 10 - 12 months. The system has been
used successfully on seventeen missions to date, each with a
variety of different types of payload and mission requirements.
The electronics sent into orbit on these microsatellite missions
are a combination of space -proven satellite subsystems, and
sophisticated but not necessarily space -proven electronics. This
approach, described as "layered architecture", allows high
performance in various fields, and achieves the necessary
degree of operational redundancy to ensure a good change of
mission success by using a variety of alternative technology
approaches rather than by duplication of a single, well -tried
approach. The comparative speed and cheapness of
microsatellite makes this degree of trial -and -error economic, and
the ability to employ technology that has not been previously
space -tested contributes to the speed and responsiveness of
the small -satellite design. Small satellite launches can afford a
moderate degree of experimental risk to take new technology
into space faster, that would be inappropriate for a large satellite
costing in excess of £100 million and several years' development
to get into orbit.
The earliest UoSAT missions were able to hitch a ride virtually
free on USA and USSR launches. The need for reasonably
regular and predictable but comparatively low-cost launches was
met in the 1980s by the Ariane Structure for Auxiliary Payloads
(ASAP), specifically to provide economic launches for 50kg

A typical single satellite module built into a chassis of standard
dimensions:
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to within 0.3 degrees of nadir by a combination of gravity gradient stabilisation (see box below) using a 6 -metre boom and
closed -loop active damping using electromagnets under the
control of the onboard computer.
Attitude determination is provided by Sun and geomagnetic
field sensors, and star -field cameras, and the orbital position
determined as now to within +/- 50m by the on -board global
positioning system (GPS) receiver. The power is generated from
four gallium arsenide solar panels which mounted on the sides
of the body -block, giving about 35W each and feeding a 7arnphour NiCd battery.
VHF uplinks and UHF downlinks using fully error -protected
AX.25 packet -link protocol at 9.6 to 76.8 kbps provide the
communications. Several hundred kB of data can be transferred
to small ("brief -case sized") communications terminals.
As with most electronics systems at the end of the 90s, the
software is the crucial element of the satellite's capability. The
data handling is based around an 800386 onboard computer
running a 500kB real-time multitasking operating system with a
solid state 128 MB CMOS ramdisk.
There is a secondary 800186 computer with 16 MB of static
ram, two 20 -MHz T805 Transputers with 4 MB of sram and
about a dozen other microcontrollers. The satellite normally
operates on the main onboard computer and real-time operating
system.
In line with the need for the software to be as advanced as
possible for the job in hand, all the software on board the
satellite is loaded remotely once the satellite is in orbit, and can
subsequently be upgraded as needed from the controlling
groundstation. The telecommand instructions required are
compiled on the ground as a "diary" and transferred to the
satellite for execution then or (more normally) subsequently.
Measurement data for remote transfer, or telemetry, gathered
by the payload systems or taken from the satellite's functions are
collected in the 386 and stored in the ramdisk until the satellite is
within range of the control station.
Input from the attitude sensors is fed to control algorithms
stored in the onboard computers and used to operate the
satellite's attitude control systems. This complex of sensors and
fully-upgradeable software allows automatic and autonomous
control of the satellite and its payload systems, and does not
require constant monitoring.
SSTL's most advanced microsatellites are represented first by
FASat-A (for Chile), launched in 1995, FASatBravo (also for Chile,
1997), TMSAT (Thailand, 1998), TiungSat-1 (Malaysia, projected
for 1998) and PICOSat (US Airforce, projected for 1999).

projects on a scale suitable for larger classes of satellite.
Scientists and engineers doing postgraduate studies also benefit
from the shorter time schemes possible with small satellites. A
student can plan research, build data -gathering instrumentation,
receive data back from orbit for analysis and write it into a thesis,
all within the normal time -period of a postgraduate course.
Increasing interest is being taken in the possiblities offered by
constellations of small satellites in low earth orbit (LEO) to give
world-wide comms coverage via hand-held terminals, somewhat
like portable amateur radio transceivers. To date there is one
such constellation - of just two satellites - in full operation.
HealthNet 1 and 2 (built for US network operator Satellite) use
narrow -band VHF and UHF frequencies allocated fairly recently to
LEO services intended to provide digital data "store and forward"
email facilities for use with small, low powered ground terminals in
areas where comms cover is poor or otherwise does not exist.
These frequencies experience problems in the field with multi path propagation and man-made co -channel interference, which
makes accurate information about the VHF/UHF LEO
communications environment important if the most efficient
modulation and coding schemes are to be chosen.

International interest
The advantages of comparatively low-cost access to space was
of the greatest interest to developing nations wishing to set up
their own space programmes.
The University set up Surrey Satellite Technology Ltd. in
1985(the University owns 95 percent of the company) to channel
interest in their satellite programme and generate an
independent income to support the University's satellite
engineering research. Since UoSAT-5, all Surrey's satellites have
been built for outside customers. Funds generated by the
company are ploughed back into the studies of the Surrey
Space Centre, which is now the largest "centre of excellence" in
Europe in combined satellite engineering research, teaching and
real applications. The speedy turnaround on microsatellite
projects means that scientific data comes in quickly for
commercial customers. As well as data -gathering in its own
right, this can be used as a test-bed for the development of

Another view of modular construction:: modles stacked to form a
PicoSAT, built for the USAF.
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A block diagram showing the standard SSTL microsatellite platform systems

techniques in use are continuously optimised to suit
conditions during the satellite's passing over (transit) of the
ground station.
The interference characteristics of the VHF LEO
frequency bands have been measured by experimental
payloads carried by S80/T (Centre National d'Etudes
Spatiales, France, 1992) and HealthSat-2 (USA, 1993).
Working with a mobile groundstation, S80/T measured the
VHF spectrum noise and interference signals to evaluate
the frequencies for a full-scale LEO comms service (S80).

SSTL's KITSAT-1 (Korea, 1992) and PoSAT-1 (Portugal,
1993) carry a digital signal processing experiment (DSPE),
designed to provide an orbital test bed for research into
optimising comms links to low earth orbit satellites. The
experiment uses a TMS320025 and TMS320C30 with
prom, ram and data interfaces to the satellite's own
comms, enabling it to replace hardware modems with a
reprogrammable software modem. The research focuses
on evaluating adaptive comms links in which the data
rates, coding schemes and modulation/demodulation

-,a.rvsmn.t.nrrrr779rSMW",,

Gravity gradient stabilisation
Gravity gradient stabilisation is a passive means to maintain the attitude of the satellite relative to the earth. It can
considered in several different ways, the simplest of which is to say that if the satellite has a weight at the end of a Ion
and this weight is initially positioned the length of the boom closer to earth than is the satellite, then the weight will be more:
strong y attracted towards the earth and will stay in a downwards position. The orbit of the satellite and weight togetherwill
that of an imaginary mass at their centre of gravity.
An equivalent way of considering it is that the boom weight is in a lower orbit than the satellite. Objects in a lower orb
complete the orbit in a shorter time than those in a higher orbit. However, since satellite and its weight must remain in the
same orbit, the object in the lower orbit must travelling too slowly for its height, and has a tendency to descend, while the
object in the higher orbit must travelling too fast and has a tendency to fly off into a higher orbit. The net effect is to provide a
tension in the beam between the two, and a weak but effective passive stabilisation.
This works in lower orbits, but may not be so effective in very high orbits such as geosynchronous ones (at a height of
proximately 35,786 kilometers).
Satellites can also be stabilised by spin. However, this means that not all the solar cells can be pointed at the sun at the
ne.tirne, making more difficult to align radio antennas. Active stabilisation methods requiring frequent use of onboard
-.lent run into The limitation that the supply of propellant is limited.
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Testing

Earth observation
Earth observation missions have traditionally been very
expensive, even in mini -satellite format, costing over £150 million
apiece. The development of high -density semiconductor CCDs
(charge coupled devices, or solid-state cameras), used with
powerful, low -power microprocessors now allows comparatively
inexpensive remote sensing with smaller satellites. The early
UoSAT-1 and 2 both carried the first two-dimensional CCD Earth
imaging cameras, leading to a complete COD Earth Imaging
System (EIS) carried by UoSAT-5 (1991) to demonstrate the lowcost, fast response capability of microsatellites in supporting
remote sensing applications. As the 2-D CCD array cameras
capture single, whole images in one shot, they preserve the
geometry of the area they photograph and avoiding the
distorting effect of small amounts of attitude drift by the
microsatellite.
The EIS on board UoSAT-5, KITSat and PoSAT microsatellites
are made up from an EEV brand (UK) 576 x 578 pixel CCD
digitised to standard 256 grey levels. The data is stored in 2MB
of CMOS ram which can be accessed by two Transputers to
allow image enhancement, and compression for storage and
transmission. The data is moved via the onboard Ian to the
80C186/386 system already mentioned and stored as files in the
32-128 MB ramdisk - about 60 images can be stored at once for later transmission to the ground station. Instructions to
"collect" an image of a particular part of the Earth's surface are
passed by the onboard computer to the Earth Imaging System.
Controllers on the ground can specify a sequence of areas
anywhere on the surface of the Earth and instruct the onboard
computer to collect the images according to a time and position
"diary" that is uploaded to the microsatellite in advance.

PoSAT-2 carries two independent cameras, one providing
a wide -field ground reslution of 2m for meteorological images,
and one giving a narrow -field ground resolution of 200m for
environmental imaging. Optical filters at 650 nm (+/- 40 nm)
give visual separation of desert and vegetation areas, and
land/sea boundaries, to provide the dramatic coloured
satellite images often published. More recent SSTL satellites
such as TMSAT (Thailand, 1997) support EIS cameras giving
better than 100 -metre resolution with three spectral bands of
colour separation.

The SSTL PoSAT-1

technology

groundstation in Portugal

Microsatellites are
useful for
demonstrating and
testing new
technologies in orbit,
where a large
satellite mission
would require
assured
experimental results
to justify the very
high cost.
UoSATs have
carried new solar
cell technologies,
new VLSI devices in
a space radiation
environment,
advanced
communications and pilots of brand new communications.
Testing solar cell technologies for radiation toleration within
Earth's atmosphere cannot produce sufficient data to predict
how the materials will stand up to the harsher radiation
environment outside the atmosphere. There is no substitute for
testing in orbit if any reliable predictions are to be made about
the effectiveness and resilience of solar cells on larger, longer term (and more expensive) classes of satellite. UoSAT-5 carried
27 samples of gallium arsenide (GaAs), silicon (Si) and indium
phosphide (InP) from various manufacturers. All semiconductor
materials and susceptible to damage by radiation, of which the
sun is by far the largest source on our planet. Solar cells are
therefore especially vulnerable. InP is particularly favoured for
radiation resistance.
The monitoring electronics are triggered automatically when
the sun passes is directly overhead of the panel in question,
and measure typically 100 current/voltage points for each cell.

The data, together with temperature and radiation dose data,
are sent to the satellite's computer for storage for later
transmission to the ground station. The greatest deterioration
of the cells (and therefore the greatest number
of samples taken) occurs immediately after
launch.

The typical SSTL mission control block diagram, showing the many computers to and
from which data, control commands and progamming updates are sent during a mission

The orbit known as Geostationcry Transfor
Orbit is a particularly good site to study the
effects of severe radiation on components.
Surrey has provided satellite subsystems and
research payloads to the UK Defence
Research Agency for their STRV-1
microsatellites launched in 1994.
To meet the inevitable demand for greater
power at a low price, UoSat and SSTL are
developing other modular satellite formats.
The UoSAT-12 "minisatellite" falls in the 100500 kg band and is based on a "platform" or
design format costing around £5-8million.
The cost will be greater once mission -specific
systems and payload are added to the basic
satellite. UoSAT-12 will carry 35 -metre
resolution multi -spectral and 8 -metre
resolution panchromatic CCD cameras.
"Frequency -agile" VHF/UFH and US band
DSP regenerative transponders will provide
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Technology transfer: a satellite design licence based on its
technology is granted by the company to its dient.

Up until 1998, six technolgoy transfers had been successfully
completed by SSTL: to Pakistan, South Africa, South Korea,
Portugal, Chile and Thailand. Two more, with Singapore and
Malaysia, are in progreq.q.

VHF/UHF Ant
(201:1 mm)

Imaging System
(E0 / Separation)

3 -Axis Magnetometer

Deployment Spring

Attach Fitting

Attach Bolt
(cut by pyro

(Captive)

Firing Cable

The 2kg SNAP -1 "nanosatellite".

real-time and store -and -forward comms to small terminals on
the ground.
Three -axis control will be provided by a combination of
magnetorquers (wound coils activated with bursts of current
that cause the resulting magnetic field to interacts with
earth's field, and can change the satellite's attitude and/or
spin rate), momentum wheels and nitrogen cold gas
thrusters, and orbit trimming will be provided by an
experimental electric H2O 'resisto-jet', under demonstration
for possible use in future network constellations of the type
mentioned earlier. UoSAT is expected to be launched into low
earth orbit in April 1999.
Meanwhile, larger, better, faster, cheaper is still not to be
outdone by 'smaller': a 2 -kg 'nanosatellite' called SNAP -1 is
being built as a research project for launch alongside UoSATi 2 in 1999. Projected applications for the nanosatellite are
remote inspection of other satellites, and monitoring of
satellite deployments systems in orbit.
If the future of "real" nanotechnology on a microscopic
scale develops as some people believe it will, the future may
experience satellites so small that they can inspect and
monitor other space machines from the inside. SNAP,
however, weighs around the same as a large -sized decimal
bag of household sugar.
Surrey University is first and foremost and research and
educational establishment, and so well placed to carry the
results of its research in an educational form to clients who
want to develop their own satellite programmes from a lowcost start. Happily, as microsatellites have most of the
characteristics and systems of a larger satellite, but in a small
package, they too are well developed for teaching and
introducing the principle of space technology.
Surrey's TTT (technology transfer and teaching)
programme is structured around a series of stages:
Academic education (sutiable higher degrees)
Technology traiing (secondment to SSTL)
A groundstation is installed in the client country
Microsatellites are developed: first at SSTL's own site and
secondly in the client country

As we write, Surrey is preparing to welcome Her Majesty the
Queen on 4th December 1998 to present the Queen's Award for
Technological Achievement to the University (Surrey previously
won the Queen's Anniversary Prize for Higher and Further
Education in 1996). The Queen will open the new Surrey Space
Centre building during her visit, and the first forum of the Surrey
Space Club, a meeting point for SSTL technology transfer
partners and other interested organisations to share projects and
technologies, will be held on that day.
One of the most interesting aspects of SSTL's small satellite
developments is the small -team philosophy that has developed of
necessity outside the traditional, large aerospace organisation that
normally undertakes space missions. SSTL have found that small
teams of around 25 people, working closely, with well-informed
and responsive management and good communications, are
essential to get the projects started and completed successfully.
Some of the points selected by the company are:

personal responsibility for work rigour and quality
well defined mission objectives
layered, failure -resistance system architecture
technically competent project management

and short timescale:
...which prevents the objectives of the mission from spiralling
out of control!

The technology team from Chile on the FASat-A project
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THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS
IC's -TRANSISTORS - DIODES
19" RACK CABINETS

THE AMAZING TELEBOX

Converts your colour monitor into a QUALITY COLOUR TVII

aa.t.tValVANS:t
E*14:07AP

2t,

TV SOUND &
VIDEO TUNER
CABLE COMPATIBLE

OBSOLETE - SHORT SUPPLY - BULK

Superb quality 6 foot 40U

6,000,000 Items EX STOCK

Virtually New, Ultra Smart

Less than Half Price!

For MAJOR SA mars- CALL OR SEE OUR WEBSITE

Top quality 19' rack cabinets made in UK by

VIDEO MONITOR SPECIALS

Optima Enclosures Ltd. Units feature

designer, smoked acrylic lockable front door,
The TELEBOX is an attractive fully cased mains powered unit, confull height lockable half louvered back door
taining all electronics ready to plug into a host of video monitors
and louvered removable side panels. Fully
made by makers such as MICROVITEC, ATARI, SANYO, SONY,
adjustable internal fixing struts, ready punched
COMMODORE, PHIUPS, TATUNG, AMSTRAD etc. The composite
for any configuration of equipment mounting
video output will also plug directly Into most video recorders, allowing
plus ready mounted integral 12 way 13 amp
reception of TV channels not normally receivable on most televi- Mitsubishi FA3415ET1Q. 14" SVGA Multlsync colour monitor with fine
socket switched mama distribution strip make
028
dot
tube
and
resolulio73a
of
1024x
76&
A
these racks some of the most versatile we
sion receivers' (TELEBOX MB). Push button controls on the front
host
have ever sold. Racks may be stacked side by side and therefore
panel allow reception of 8 fully tuneabte bff air' UHF colour television
era
IBM
PC's
n
CGA,
EGA,
VGA
&
SVGA
require only two side panels to stand singly or in multiple bays.
dennels. TELEBOX MB covers virtually all television frequencies
modia,
COMMODORE (ducing Amiga 1200), Overall dimensions are: 77W H x 3215' D x 22' W. Order as:
VHF and UHF Including the HYPERBAND as used by most cable
ARCHNEDES and APPLE
featureT Etched
TV operators. A composite video output is located on the rear panel
OPT Rack 1 Complete with removable side panels. £345.00 (G)
faceplate, text switchng and LOW RADIA11ON MPR
for direct connection to most makes of monitor or desktop computer
OPT Rack 2
-ane s
£245.00 G
specification.
Fully
guaranteed,
supplied
in EXCELvideo systems. For complete compatibility - even for monitors withOver 1000 racks, shelves, accessories
out sound - an integral 4 watt audio amplifier and low level Hi Fi LENT ittis used conckion.
Order as
lit
&Swivel
Base
£4,75
£119 (El MilS-SVGA
audio output are provided as standard.
19" 22" & 24" wide 3 to 46 U high.
TELEBOX ST for composite video input type monitors
£38.95 VGA cable for IBM PC included.
TELEBOX ST1. as ST but fitted with integral speaker
£39.50 External cabies for other types of computers CALL
TELEBOX MB Mufttiand VHF/UHF/CabWHyperband tuner £69.95
As New- Ex Demo
For overseas PAL versions state 5.5 or 6 mHz sound specification.
17" 0.28 SVGA Mitsubishi Diamond Pro monitors
'For cable / hyperband signal reception Telebox MB should be connected a cable type service. Shipping on all Teleboxes, code (B)
Full multisync etc_ Full 90 day guarantee. £325.00 (E)

One of the highest specification
monitors you will ever see Arli At this price - Don't miss it!! AM

Only

Available from stock !!.

32U - High Quality - All steel RakCab

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 software control via a simple 2 wire link
to any IBM type computer. Supplied complete with simple working
program and documentation. Requires +12V & + 5V DC to operate.
BRAND NEW- Order as MY00.
Only £49.95 code (B)

FLOPPY DISK DRIVES 21/2" - 14"
Massive purchases of standard 5W and 3W drives enables us to
present prime product at industry beating low prices! All units (unless
Slated) are BRAND NEW or removed from often brand new equip-

ment and are fully tested, aligned and shipped to you with a full 90
*r guarantee. Call for over 2000 unlisted drives for spares or repair.
3W Panasonic JU363/4 720K or equivalent RFE
£24.95(6
£25.95(8
314' Mitsubishi MF355C-L. 1.4 Meg. Laptops only
£18.95 B
3W Mitsubishi MF355C-D. 1.4 Meg. Non laptop
£18.95,13
514' Teac FD-55GFR 1.2 Meg (for IBM pc's) RFE
Teac FD -55F -03-U 720K 40/80 (for BBC's etc) RFE £29.9513
£22.95'6
SK' BRAND NEW Mitsubishi MF50113 360K
Tabie top case with integral PSU for HH 5W Flopp or HD £29.95(6
£210.00(E
8- Shugart 800/1301 8' SS refurbished & tested
r Shugart 810 8' SS HH Brand New
£195.00(E
W Shugart 851 ' double sided refurbished & tested
£260
E
£295. E
8' Mitsubishi M2894-63 double sided NEW
a' Mitsubishi M2896 -63.02U DS slimline NEW
£295.00 E
Dual 8' cased drives with integral power supply 2 Mb
£499
E

Just In - Microvitec 20" VGA (800 x 600 res.) colour monitors.
Good SH condition - from £299 - CALL for Info
PHIUPS HCS35 (same style as CM8833) attractively styled 14"
colour monitor with both RGB and standard composite 15.625
Khz video Inputs via SCART socket and separate phone jacks.
Integral audio power amp and speaker for all audio visual uses.
Will connect direct to Amiga and Atari BBC computers. Ideal for all
video monitoring / security applications with direct connection
to most colour cameras. High quality with many features such as
front concealed flap controls, VCR correction button etc. Good
used condition - fully tested - guaranteed
Dimensions: W14' x H1214" x 15W D.

Only £99 (E)

PHILIPS HCS31 Ultra compact F' colour video monitor with stsndard composite 15.625 Khz video input via SCART socket Ideal
for all monitoring / security applications. High quality, ex -equipment
fully tested & guaranteed (possible minor screen bums). In attractive square black plastic case measuring W10' x F110' x 13W D.
240 V AC mains powered.
Only £79.00 (D)
KME 10" 15M10009 high definition colour monitors with 0.28' dot

pitch. Superb clarity and modern styling.

Archimedes & BBC. Measures only 1314- x 12' x
11'. Good used condition.
Only £125 (E)

DC POWER SUPPLIES

LOW COST PC's
Always over 1000 PC's from stock.
1000's of spares and accessories.
Call or see our web site for info.
Many other drives in stock - ShlippIng on all drives Is code (D)
TEST EQUIPMENT & SPECIAL INTEREST ITEMS

£750

£95
ea MAU Token ring distribution panel 8228-23-5050N
£550
AM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE
ALLGON 8360.11805-1880 MHz hybrid power combiners
£250
Trend DSA 274 Data Analyser with G703(2M) 64 Vo
£POA
leirconi 6310 Programmable 2 to 22 GHz sweep generator £6500
£1550
elerconi 2022C 10KHz-10Hz RF signal generator
Nemo& 2030 opt 03 10KHz-1.3 GHz signal generator,New £5150
FP16.50B Logic Analyser
£3750
HP3781A Pattern generator & HP3782A Error Detector
£POA
14,6621A Dual Programmable GPIB PSU 0-7 V 160 watts £1800
£675
6P6264 Rack mount variable 0-20V 0 20A metered PSU
1E54121A DC to 22 GHz four channel test set
£POA
£8500
HP8130A opt 020 300 MHz pulse generator, GPIB etc
HP .Al, AO 8 pen HPGL high speed drum plotters - from
£950
£650
W -,G Brookdeal 95035C Precision lock in amp
-few Eng. Mod 1200 computerised inspection system
£POA
£1100
.5...), OXC-3000A High quality CCD colour TV camera
£POA
Karthley 590 CV capacitor / voltage analyser
Racal ICR40 dual 40 channel voice recorder system
£3750
£9500
Fakers 45KVA 3 ph On Line UPS - New batteries
11:1 R5030UV34 Cleanline ultrasonic cleaning system
£POA
min Tally MT645 High speed line printer
£2200
£945
WM SBC 486/133SE Multibus 486 system. 8Mb Ram
£2950
5Imens K4400 64Kb to 140Mb demux analyser

.0

is constructed of double walled steel with a
'designer style' smoked acrylic front panel to

enable status indicators to be seen through the
panel, yet remain unobtrusive. Internally the rack
features fully slotted reinforced vertical fixing

members to take the heaviest of 19" rack

equipment. The two movable vertical fixing struts
(extras available) are pre punched for standard
'cage nuts'. A mains distribution panel internally mounted to the bottom rear, provides 8 x IEC 3
pin Euro sockets and 1 x 13 amp 3 pin switched

utility socket. Overall ventilation is provided by
fully louvered back door and double skinned top section
with top and side louvres. The top panel may be removed for fitting
of Integral fans to the sub plate etc. Other features include: fitted
castors and floor levelers, prepunched utility panel at lower rear for
cable / connector access etc. Supplied in excellent, slightly used

condition with keys. Colour Royal blue. External dimensions

(G)

42U version of the above only 045 - CALL

Virtually every type of power
supply you can Imaglne.Over
10,000 Power Supplies Ex Stock
Call or see our web site.

1311 53F5501 Token Ring ICS 20 port lobe modules

five secure 5 lever barrel locks. The front door

A superb buy at only £245.00

such as Atari, Commodore Amiga. Acorn

Superbly made UK manufacture. PIL all solid state colour monitors,
£199.00 complete with composite video & optional sound input. Attractive
214 TOSHIBA -(19 mm H ) MK2101MAN 2,16 Gb. New
214" TOSH.(12.5 mm 14) MK1002MAV 1.1 Gb laptop. New £115.00 teak style case. Perfect for Schools, Shops, Disco, Clubs, etc.in
2W to 31/2" conversion kit for Pc's, complete with connectors £12.95 EXCELLENT little used condition with full 90 day guarantee.
£59.95
3W FUJI FK-309-28 20mb MFM VF RFE
20"....£135 22"....£155 26"....£185(F)
3W CONNER CP3024 20 mb IDE VF (or equiv.) RFE
£59.95
3W CONNER CP3044 40mb IDE I/F (or equiv.) RFE
£69.00
314- RODIME R03057S 45mb SCSI
(Mac & Acorn)
£69.00
..T.-i' QUANTUM 40S Prodrlve 42mb SCSI VF, New RFE
£49.00
£185.00
3-4" WESTERN DIGITAL 850mb IDE I/F New
SW MINISCRIBE 3425 20mb MFM WE (or equiv.) RFE
£49.95
5W SEAGATE ST -238R 30 mb RU. I/F Refurb
£89.95
£69.95
5-." CDC 94205-51 40mb HH MFM WE RFE tested
£99.00
50 HP 97548 850 Mb SCSI RFE tested
£195.00
5".' HP C3010 2 Gbyte SCSI differential RFE tested
£199.00
3' NEC D2246 85 Mb SMD interface. New
£195.00
s' FUJITSU M2322K 160Mb SMD I/F RFE tested
£345.00
3' FUJITSU M2392K 2 Gb SMD 1/F RFE tested

NTS. J.FA3445ETKL 14" Industrial spec SVGA monitors £245
*We) 400 kW - 400 Hz 3 phase power sources- ex stock
£POA
£760
BM 8230 Type 1, Token ring base unit driver
£2500
Wayne Kerr RA200 Audio frequency response analyser

side, front and back doors. Front and back doors are
hinged for easy access and all are lockable with

mm=1625H x 6350 x 603 W. (84" H x 25" D x 2316" W)
Sold at LESS than a third of makers price !I

Operates from any 15.625 khz sync ROB video
source, with ROB analog and composite sync

20" 22" and 26" AV SPECIALS

HARD DISK DRIVES

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

BATTERY SCOOP - 50% off !!
A special bulk purchase from a cancelled export order brings you
the most amazing savings on these ultra high spec 12v DC 14 Ah
rechargeable batteries. Made by Hawker Energy Ud, type SBS15
featuring pure lead plates which offer a far superior shelf & guaranteed 15 year service life. Fully BT & 8S6290 approved. Supplied
BRAND NEW and boxed. Dimensions 200 wide, 137 high, 77 deep.
M6 bolt terminals. Fully guaranteed. Current makers pnce over £70

each 'Our Price £35 each (C) or 4 for £99 (D)

RELAYS - 200,000 FROM STOCK
Save ££££'s by choosing your next relay from our AfassIve

stocks covering types such as - Military, Octal, Cradle,

Hermetically Sealed, Contactors, Time Delay, Reed, Mercury
Wetted, Solid State, Printed Circuit Mounting, CALL US WITH
YOUR NEEDS. Many obsolete types from stock. Save teers

LOW COST RAM & CPU'S

INTEL 'ABOVE' Memory Expansion Board. Full length PC -XT
and PC -AT compatible card with 2 Mbytes of memory on board.
Intel SBC 486/125C08 Enhanced Multibus (MSA) NEW
£1450 Card is fully selectable for Expanded or Extended (286 processor
Zeta 3220-05 AO 4 pen HPGL fast drum plotters
£1150 and above) memory. Full data and driver disks supplled. RFE.
Nikon HFX-11 (Ephiphot) exposure control unit
£1450 Fully tested and guaranteed. Windows compatible.
£59.95
Motorola VME Bus Boards & Components List. SAE / CALL £POA Half length 8 blt memory upgrade cards for PC AT XT expands
Trio 0-18 vdc linear, metered 30 amp bench PSU. New
£550
Fujitsu M3041R 600 LPM band printer
£1950
Fujitsu M3041D 600 LPM printer with network interface
£1250
Perkin Elmer 2998 Infrared spectrophotometer A
£500
Perkin Elmer 597 Infrared spectrophotometer
£3500
VG Electronics 1035 TELETEXT Decoding Margin Meter £3750
UghtBand 60 output high spec 2u rack mount Video VDA's £495
Sekonic SD 150H 18 channel digital Hybrid chart recorder £1995
Taylor Hobson Tallysurf amplifier / recorder
£750
£1450
ADC SB200 Carbon dioxide gas detector / monitor
System Video 1152 PAL waveform monitor
£485
£5,650
ANRITSU 9654A Optical DC-2.5G/b waveform monitor
ANRITSU MS9001131 0.6-1.7 uM optical spectrum analyser £POA
£990
ANRITSU ML93A optical power meter
ANRITSU Fibre optic chracateristic test set
£POA
VISION ENGINEERING TS3 Dynascopic microscope
£1850
R&S FTDZ Dual sound unit
£650
£775
R&S SBUF-El Vision modulator
WILTRON 6630B 12.4 / 20GHz RF sweep generator
£5750
£1250
TEK 2445 150 MHz 4 trace oscRloscope
TEK 2465 300 Mhz 300 MHz oscilloscope rack mount
£1955
£600
TEK 1502 Portable TDR (time domain reflectometer)
PHILIPS PW1730/10 66KV XRAY generator & accessories £POA
CLAUDE LYONS 12A 240V single phase auto. volt. regs
£325
CLAUDE LYONS 100A 240/415V 3 phase auto. volt. regs £2900

memory either 256k or 512k in 64k steps. May also be used to fill
in RAM above 640k DOS limit Complete with data.

Order as: XT RAM UG. 256k. £34.95

or 512k £39.95

SIMM SPECIALS

Only
£8.50
-I MB x 9 SIMM 3 chip 80 ns £10.50 or 7Ons
£11.95
1 MB x 9 SIMM 9 chip 80 ns £10.50 or 7Cns
£11.75
4 MB 70 ns 72 pin SIMM -with parityOnly £35.00
INTEL 486-DX33 CPU £19.95 INTEL 486-DX66 CPU £59.00
1 MB x 9 SIMM 9 chip 12Ons

FULL RANGE OF CO -PROCESSOR'S EX STOCK- CALL FOR £££

MOTOROLA 25 Mhz 68040 (XC68040RC25M) CPU'S £59.00

shipping charges for RAM / CPU upgrades is code B

SOFTWARE SPECIALS
NT4 WorkStation, complete with service pack 3

and licence - OEM packaged.

Special Price ONLY £99.00

Microsoft - Windows for Workgroups all & DOS 6.22. Supplied
on 3W disks with licence & concise documentation.
DOS 5.0 on 3W disks with concise books c/w ClBasic
£14.95
Wordperfect 6 for DOS supplied on 3W disks with manual £24.95

shipping charges for software is code B

DISTEL on the web !! - Over 16,000,000 items from stock - www.disteLco.ak
.. .
WI
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ALL MAIL & OFFICES
Open Mon - Fri 9.00 - 5:30
Dept ET, 32 BI In Way
Upper Norwood
LONDON SE19 3XF

LONDON SHOP
Open Mon - Sat 9:00 - 5:30
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Visit our web site

ALL Tr ENQUIRIES

www.distel.co.uk

0181 679 4414
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FAX 0181 679 1927

At prices for UK Mainland. UK customers add 17.5% VAT to TOTAL order amount. Mnimum order £10. Bore Fide account ceders accepted from Government, Schools,
Universities and Local Authorities - mbirnum account otter £50. Cheques over £100 are stbject to 10 waking days clearance. Carriage charges w=i0c,igs1)=£4.00,
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Stress and skin
temperature meter
Skin temperature and resistance often
change as a result of stress. This meter
can give you a visual and audible
biofeedback indication of how stressed
or relaxed you are. Handy for
experimenters, therapists and lie
detectors!
John Howden
cientists have long known that skin conductivity and
temperature vary with emotional stress. This unit is
similar to meters used by stress therapists and
hypnotherapists. It could be useful for anyone
interested in:
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Figure 1: the circuit of the Stress and Skin Temperature Meter
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Figure 2: the component layout and wiring of the Stress and Skin Temperature Meter
Monitoring their relative level of stress
Biofeedback
Reducing stress and anxiety
Increasing sett control
Improving poor circulation
Experimenting with lie detection
Monitoring small temperature changes

Nowadays exotic "mind machines" are becoming commonplace.
Nevertheless the simple indications given by this meter are still
useful. Likewise biofeedback, whilst no longer making headlines,
-emains a safe and effective way of learning to control "automatic"
Cody functions.

Description
Two analogue meters M1 and M2 independently monitor skin
resistance and skin temperature. The skin resistance reading can
drive a variable pitch tone. Although digital stress meters do exist,
and that analogue displays make changes easier to follow.
The design aims included the need to make a safe device with
no more than about a volt applied to the skin. I also wanted a
-easonable battery life using a single battery.
The circuit (figure 1) has four main sections: power supply, skin
-e---perature meter, skin resistance meter and the audio circuit.

I

When SW1 is on, the 9V battery feeds the audio circuit via
volume control switch SW5. Diode D1 protects against accidental
battery reversal. IC3 and DR1 provide regulated +5V and +1.2V
for the operational amplifiers. Battery output, potted down by R18
and R19, is compared with the stabilised 5V level. If battery volts
are low, comparator IC2a switches on a flashing LED.
The skin resistance and temperature circuits use similar
inverting operational amplifier layouts. The 1.2V supply is used as
the virtual earth of the amplifiers. Thus from the viewpoint of IC1a
and IC1b, the probes are at a potential of -1.2V This "negative"
voltage from the probes is inverted, amplified and fed to meters
M1 and M2. Various offset voltages or currents may be applied to
back off the meter reading.
Skin temperature can be measured directly (20 to 40 degrees
C) when the Actual Temperature button SW2 is held down.
Otherwise the meter M2 displays the temperature change from a
mid -scale initial setting. This mode has a sensitivity of plus or
minus 1 degree C. Trimpot VT3 is used to set up the actual
temperature range whilst the Temperature Offset control RV3
centres the needle on the sensitive range.
The temperature probe is really a very temperature sensitive
resistor made from semiconductor material. Unfortunately the
change of resistance with temperature is somewhat non-linear.
R10 and R11 provide linearisation as discussed in a previous
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I
around them. I chose the Maplin meters to keep costs
down and because they were the size I wanted. The
circuit and casework is designed around these meters.
A layout for temperature and skin resistance meter
scales is given in figure 3a/b (see below for detailed

Set Zero
0.5

-0.5
30
-1

35

25
20

insrtuctions).

TEMPERATURE °C

As the skin resistance and temperature circuits are
independent you could build only one section if you do
not need both. Again, if you do this you will probably
want a different layout.
I suggest that you begin construction by drilling the
front panel and temporarily fitting the meters and
switches. Protect the panel against scratches during
these processes. The speaker should be attached to
the rear of the panel with two clips (figure 4b/c). Make
a hole in the case for the battery box and screw it in
position. The hole should be in the centre of the rear
edge of the box just above the join line.
You can now check the best position for the printed
circuit and drill fixing holes in it. At the top end it is
supported by the meter terminals and at the bottom by
a single bracket. The bracket should be made up from a strip of
aluminium bent as shown in figure 4a and held in place by the
LED bezel. Note the insulating pad on top of the bracket, which
can be cut from a scrap of old printed circuit. This ensures that
tracks are not shorted. Some connection should be made
between the front panel and zero volts, however. I did this with a
small solder tag on top of the fixing bracket, pressing on the lead
of R2.
Once you are sure that everything is going to fit, dismantle the
front panel again and add the lettering. I used Letraset transfer
lettering and sprayed the entire panel with several thin coats of
Letracote lacquer to protect it.
If you do not like to tamper with the meters the original scales
can be used. It just means that reading the absolute values of skin
resistance and temperature will require a conversion table. These
figures themselves are not really important and most people will be
happy just to watch the changes in the needle positions.
If you want to use the specific scales, first get a good
photocopy of figures 4b/c. Remove the front of a meter by
careful levering. Unscrew the two screws holding the meter scale

40

Figure 3(a and b): suggested replacement meter scales if desired

article (Computer Aided Design on a Shoestring, Ell Volume 27
issue 11 of 9th October 1998). With a sensitivity of 1 degree, self heating of the temperature sensor must be considered. R10 and
R11 help to minimise this effect by reducing the proportion of the
1.2V reference voltage that appears across the thermistor.
The skin resistance circuit uses conducting pads attached to
two fingers. A maximum of 1.2V is applied between the pads
and IC1a amplifies the resulting skin current. Meter M1 reads the
output of the amplifier. SW4 switches between the two skin
resistance modes ESR and GSR. ESR (Electrical Skin
Resistance) mode shows actual skin resistance when the ESR
Basal button SW3 is pressed. Otherwise it shows resistance
changes relative to an initial mid -scale setting adjusted by RV2.
GSR (Galvanic Skin Response) also shows relative resistance
changes but the gain can be changed to give greater sensitivity.
In GSR mode, RV2 acts as a gain control whilst offset is
provided by RV1. Note that the Basal reading is meaningless in
GSR mode.
The audio circuit contains a DC to frequency converter based
on the 555 timer IC4. Q2, R22 and C5 form an integrator in which
C5 charges at a rate determined by
the output of 101a. When the upper
voltage threshold of the 555 is
reached. Q1 is turned on to
discharge C5 again. The pulse
output from the timer is fed to a
loudspeaker or earphone via audio
amplifier 105. Volume control RV4
also incorporates SW5 so that the
audio section can be de -powered
independently.

Warning! For safety reasons this
device must NOT be adapted for
mains power or connected to
mains electricity in any way.

Construction
The component layout on the PCB is
shown in figure 2. Before you begin
to gather the parts for this project,
first choose your meters, since
everything is physically designed

The PCB with all the external wiring strapped into place
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and slide it out. It need hardly be said that this
neeris great care as the needle and mechanism is
easily damaged. Turn over the scale, clean off the
remains of any gunge used to tack it in place and
glue the paper scale to the unprinted side of the
metal with a non -staining adhesive. Poke holes for
the screws and re -fit the scale. Re -assemble the
meter taking care that the pin of the needle
adjusting screw fits in its slot.
Components can now be fitted to the printed
circuit. Do not forget the 12 wire links. Active
components should preferably be fitted last to
minimise risk of damage. The row of pads at the
bottom of the printed circuit is for wire connections
to the front panel controls etc. Each pad has two
holes below it through which the wire should be
passed for support as shown in figure 4c.
Finally, make up the two plug-in sensor leads.
The ESR probe cable should be attached to two
The PCB bolted down to the front panel meters and ready to be cased
short lengths of strong unscreened wire at the
other end from the jack plug. Each of the two wires is attached to
Sew the tags to the Velcro and cover with more Velcro. Finally
a probe constructed as shown in figure 5. I used two Velcro
attach a small piece of the complementary Velcro so that the
pieces with a layer of wire wool pop -riveted to them to form the
material will form a band around a finger and hold the bead in
ESR probes. The rivet also passes through a solder tag to which
contact with the fingertip. Connect the far end of the cable to a
the cable is connected. Alternative probes can be made by
jack plug.
pressing your fingertips onto two metal plates or by pressing metal
disks into the palms of your hands. Fortunately the exact means
Calibration and testing
of making contact is not too critical.
Set all potentiometers roughly mid -range and check the 5 V
For the temperature probe, sew the screened cable to the
and 1.2 V supplies, also that the main circuit sections are
back of a piece of Velcro and fit solder tags to the two wire ends
doing something sensible. If all is well you can proceed to
(figure 5). The temperature sensor is a miniature thermistor
calibrate the system. The sound can be turned off while this is
mounted in a tiny glass bead. Pass the leads of the sensor
done.
through the Velcro from the front and solder to the solder tags.
The temperature circuit has only one adjustment, which sets

Figure 4a: the bracket to support the PCB in the case

the reading of actual temperature. Put the temperature probe
in a dry environment where the temperature is stable between
20 and 40 degrees Celsius (a hot summer day will suffice).
Read the ambient temperature with a conventional
thermometer. Press the Actual Temperature button and adjust
VT3 until M2 reads the same temperature on the lower scale.
The skin resistance circuit has two trimpots to set. Switch
SW4 to ESR mode, press the ESR Basal button and short
circuit the ESR probe. Adjust VT1 to get a maximum meter
reading on M1 (0 on the resistance scale).
With SW4 set to GSR (do NOT press the Basal button),
connect a fixed resistor of around 100k across the ESR probe.
Use RV1 (Set GSR) to bring the needle of M1 to its central Set
Zero position. Adjust VT2 until the meter reading will remain
central when RV2 (GSR Gain) is varied over its entire range.
This completes the setting up. Further checks may be
carried out to ensure that everything is working fully. With no
temperature probe fitted the needle of M2 should rest gently at
the extreme left of the scale. When turned on, the
pitch of the sound should rise from a very low
note when M1 needle is at the left of the scale to
a high note when it is at the right.

Operation

4

20mm

BEND CLIPS THUS

Figure 4b: making the speaker clips

Figure 4c: wire locking on the offboard
wiring pads

To use the ESR function, connect the finger
probes to two fingers of one hand. It helps to get
good contact if the hands are rubbed together
first. The contact must be on the soft part of the
fingertip. Plug the ESR probe lead into the ESR
jack socket J1. Set the GSR / ESR switch SW4 to
ESR. Switch on the meter.
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Pressing the Actual Temperature button SW2 displays
the probe's temperature in degrees centigrade on meter
M2's lower scale. The probe will probably take a minute or
two to reach finger temperature. Release the button and
adjust the Temp Offset control RV3 to bring the meter
needle to mid scale. Small changes in finger temperature
can now be monitored using the top scale.

Applications
Therapists should know many ways to use this device. I will
describe a few that could be of interest to the nonspecialist.
The ESR facility gives a useful indication of the state of
your autonomic nervous system: how stressed or relaxed
you are. High stress or over -arousal is likely to be signalled
by one or more of the following:

Figure 5a: construction of two ESR finger pads

To check absolute skin resistance, press the ESR Basal
button SW3. Read the resistance in k ohms or M ohms on
meter M1 bottom scale.
To monitor changes in ESR, release the button and adjust the
Set ESR / GSR Gain knob VR2 until the meter needle is at
mid -scale. Afterwards any increase in reading indicates
greater stress, reduced readings more relaxation. If you want
to use sound, turn it on as described shortly.
If the skin resistance is exceptionally high, it may not be
possible to get the needle to the mid -point. In this case
check the following:

Are the hands too cold or dry? Rub the hands together
again.

Are the finger contacts tight enough?
Is the hand still?
If the skin resistance is still high you will have to work with
whatever meter offset you can get, or try using GSR.
The GSR function is similar to ESR. Connect the skin
resistance electrodes in the same way. Set the GSR / ESR
switch to GSR and switch on. Do not try to read basal
resistance in GSR mode, as it will give invalid results. RV1
and RV2 are used in combination with each other. The Set
ESR/GSR Gain control becomes a gain control. The more it
is turned clockwise, the more sensitive the meter will be to
changes in skin resistance. The meter needle is set to mid scale as in ESR mode but using the Set GSR knob as back off control. You may find it easiest to reduce the gain to a
low value initially, balance the meter, then increase the gain
and make final small adjustments to the balance. If the skin
resistance is fairly high it may not be possible to increase
the gain above that in the ESR mode.
The sound generator is connected to the skin resistance
channel only. It has its own on -off switch on the volume
control to help extend battery life. When RV4 is turned
clockwise you should hear the tone through the built-in
loudspeaker. Frequency increases with deflection of the M1
meter needle. For prolonged biofeedback use it may be
better to use an earpiece or earphones connected to jack
socket J3.
The Temperature function may be used separately from
the skin resistance functions or at the same time. Strap the
temperature probe to one finger ensuring that the glass
bead makes good contact with the pad of the finger.
Connect the probe cable to the Temp socket J2 and switch
on the meter.

A basal resistance of less than about 50k
Large (30 percent full-scale) needle swings to the right on
perceiving a threat, being suddenly alarmed or recalling
frightening events.
The needle taking a long time to recover the mid -position
after such a movement.
Conversely, a high basal resistance and/or needle slowly
moving to the left of centre usually signify relaxation or lack
of arousal. The exception might be a basal reading above
roughly 500k, which could be just due to bad contacts or
cold hands. Other reasons for such a high resistance might
be depression, (prescription) drug effects or regular
meditation. Do not put too much significance on this
absolute resistance; more important is how it changes over
a number of sessions.
Many people want to relax more but do not know how to
do it. To use the meter to help you relax, connect the finger
pads and sit or lie down comfortably where you can see the
scale. Press the ESR Basal button and note the resistance
reading for future comparison. Release the button and centre
the needle with the Set ESR control. Now experiment with
physical position, breathing and thoughts to see what makes
the meter change and in which direction. You should aim to
get the meter to slowly drift to the left, the further the better.
There is no space here to explain the Lesh scale on the meter
but if the needle moves from 0 to 6 you are doing exceedingly
well. A movement from 0 to 3 would be more typical.

COVER WITH MORE VELCRO
SOLDER TAGS
VELCRO HOOKS

eloperTs

REAR VIEW

VELCRO (LOOPS) UNDER

CABLE

N

SENSOR BEAD

Figure 5b: construction of temperature probe
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Watching the meter can be a problem, especially if you are
lying down or want to close your eyes. This is where the sound
facility comes in. Aim for the lowest tone.
Here are some hints for getting good relaxation. Pay attention to
your breathing and slow it down while at the same time making it

Resistors
(All 1 percent. 0.6W metal film)

deeper. Your stomach should rise with each inhalation. Try breathing
so that there is a smooth change between the in -breath and the
out -breath. Concentrate on each part of your body in turn, moving
mentally from head to toes or the opposite. Notice the tension in
various muscles, especially around the mouth, neck, chest and solar
plexus. Where you become aware of tension, let it go. It may help to
purposely tense each muscle for a few seconds before relaxing it.
When your body is comfortable, relax your mind by visualising a
pleasant scene such as a garden. Use all your senses. What would
you see, hear, feel and smell if you were there?

R1

5k1

R2, R17
R3, R23, R15

4k7
100k
270k

R4
R5
R6
R7
R8

68k
3k6

R12
R13
R14
R16
R18
R19, R24
R20

1k2
22k
5k6
6k2
47k
120k
1M5
51k
220k
470k
20k

R21

560k

R9, R22
R10
R11

When you begin to get results with the ESR, try adding the
temperature meter as well. As you relax you should find your
finger temperature rises slightly due to increased blood flow to
the skin. The changes will probably be slower and less
pronounced than with the ESR.

4.3k

10 Potentiometers (panel mounting)

Raynaud's syndrome is a condition in which blood flow to the
fingers or toes is reduced below normal. Arthritis can also lead to
circulation problems. Whether or not you are a sufferer it can be
interesting to see how much you can change your finger temperature
by using your imagination! For example, set the temperature meter
needle to mid position and imagine your hand in a bucket of ice.
What would you be seeing, feeling and perhaps saying to yourself?
After a few minutes check the meter reading. Did it change? Try also
imagining holding your hands in front of a warm fire and so on.

RV1

11VI log

RV2
RV3
RV4/SW5

2M2 log
4k7 lin

4k7 log, with switch

Trimpots
(22 turn Cermet)
VT1

(t)

It can be fun to experiment with using the meter as a "lie
detector". In theory the person being tested will be more
stressed when telling a lie. The extra sensitivity of the GSR can
help here. Be aware of the couple of seconds' delay between
answer and needle movement. Operators of commercial lie
detectors calibrate their machines by asking questions in which
the subject is asked to tell the truth or to lie about simple facts
such as their name. Of course such detectors monitor a large
number of body parameters and plot the results on a long chart.
Biofeedback is an extension of some of these experiments. It
is a way of gaining control over a body function by using visual,
audible or tactile feedback. Thus this meter lets you experiment
with controlling your autonomic nervous system and your skin
temperature. So far I have being giving you hints of how to
achieve changes but in biofeedback you simply keep watching
or listening to the meter whilst staying aware of the desired
result. Most people find that after a few hours of training they
can control the function without being aware of exactly how they
do it. Have fun and - just relax!

-t

VT2
VT3

A

50k
5k
1k

Capacitors
C1 -C3, 5, 6
C4

100nF ceramic

C7

10uF 25V
220uF 16V

C8
C9

6800pF polystyrene
100n polyester

Semiconductors
ICI, 1C2
IC3
1C4

IC5

01, 02
Di
DR1
LED1

LPC662IN op amp
LP2950C voltage regulator
1CM7555 timer
TDA7052 audio amp.
6C549
1N4148

ICL8069CCZR 1.2V reference diode
5mm yellow flashing LED

Miscellaneous
SW1

SW2, SW3
SW4
J1 -J3

Toggle switch SPST
Push switch DPDT momentary
Toggle switch DPDT
Jack socket 3.5mm mono

Jack plugs to match
Buttons for push switches; knobs, 28mm diameter
Crystal earpiece 3.5mm, 8 ohm
LS1 loudspeaker 64 ohm, 2in (or 49mm) diameter
Single core screened cable, 2 metres
Finger contacts (see text)
Console box, style 4 (Maplin YN3OH)
Panel meters, 50uA (Maplin RX54J)
PP3 battery holder (Maplin M..145Y)
Chrome bezel for LED (Maplin FM38R)

The components in the Parts List are generally
available and most are stocked by Maplin. Order
codes are given for the following components that
could cause difficulty.
The 4k7 NTC miniature bead thermistor is available
from Electromail part number 151-142

Mk doubles le push switches.
The finished front panel with replacement meter scales
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Switch -Volt PSU
Terry Balbirnie

This no frills power supply will provide power for most circuits
built in the home workshop.
ommercial bench PSUs often cost more than is
strictly justified by the home constructor's needs,
especially the more strapped constructor. They
frequently deliver a continuously variable output
from 0 to 30V at up to 3A whereas we are usually
working with up to 12V at a maximum of 250mA or so.

C

Mains is potentially dangerous. If you do not have the
appropriate mains construction experience, please seek
the assistance of an experienced constructor.

Modest requirements
For example, the power supply does not need a continuously
variable output for battery -operated circuits. It's more
convenient to have switched voltages corresponding to two,
three, four, six and eight 1.5V cells, that is, a nominal 3V, 4.5V,
6V, 9V and 12V. The 12V output is suitable for small
automative circuits. Another spin-off is that there is no need for
a voltmeter on the panel, further reducing the cost and size of
the unit.
The output current is electronically limited to either 300mA
(high) or 100mA (low) according to switch setting, so a fuse is
not needed. The current available at the output terminals will
usually be a lithe less than these figures, due to the LED output
indicator. This will be explained in more detail later. Even if a
short circuit is applied to the output terminals indefinitely, the
circuit will come to no harm.
Power for the circuit is provided by a commercial plug-in
mains adaptor, avoiding the need for a transformer inside the
unit. For safety, the adaptor must be a high -quality type. You
will need a multi -tester during setting -up, to check that the
output voltages and current limits are within design limits and
that there are no construction mistakes.

indicator both confirms that the circuit is operating, and
indicates a short-circuit condition or an attempt to draw
excessive current, by going out. A pair of terminals connect the
circuit on test.

How it works
Figure 1 is the circuit of the power supply. A nominal 15V dc
input is derived from the power adaptor, which can be a simple
non -regulated type rated between 300mA and 500mA. You
could use a 12V unit, but in that case the 12V output would
not be available. This might be useful to readers who already
have a good -quality scrap 12V adaptor retrieved from some
piece of discarded consumer electronics. Note that the

mains adaptor must give a smoothed dc output - it must
NOT be an ac type, which is just a straight transformer
and is unsuitable.

Overview

When rotary SW1 is off, pole A prevents current flowing. If
the switch is set to any of the other five positions, current flows
to the circuit via D1, which provides reverse -polarity protection.
Some plug-in adaptors suffer from poor smoothing, so C1 is
included to improve this.

The prototype is housed in a small aluminium box. The plug-in
adaptor will be connected to a power -in socket on the side.
The output voltage/on-off switch is on the top. A toggle
switches the current limit between high or low. An LED

Figure 1: the circuit of the Switch Volt
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LIMIT

A

R2
4R7

+V OUT

SW2
R3
1R5

OFF

o
4-V 0

SW1 of
POLE A

DI

0-0

1 N4001

ICI

bCI

NOMINAL
15V INPUT

mricoop

C2

220n

OUTPUT

R5 430R

L200

0---
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7100n
OVo

R4
68R

I-

111

620R

LED1

ovvi
POLE B

°--OHR6

430R

R7 910R
Re 910R
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SEE
TEXT

0 OV

Figure 2: the component layout of the Switch Volt

Programming guide
With SW1 on, the 15V supply is connected to the input (pin 1)
of IC1, the voltage and current regulator. This is programmed
to give the required output voltages and current limits by
connecting various external resistors to it.
Looking at voltage regulation first, the output voltage is
related to the value of R1 (between pin 4 and the OV line) and
the resistance appearing between pins 2 and 4. R4 is always in
circuit, together with a further resistance set by the position of
SW1. Pole B has R5 to R8 connected between its tags (as in
figure 3). These are chosen to provide the required nominal
output voltages at the various positions on the switch. Pole B
position 1 is unused (although it is connected to the "3V" one
for a reason explained below). This is the off position as set by
pole A. With SW1 set to 3V, there are no resistors switched in,
and the total resistance between IC1 pins 2 and 4 is simply
R4. As the switch is advanced, further resistors come into
series, giving 4.5V (R4 and R5), 6V (R4, R5 and R6) and so on
up to 12V with all resistors from R4 to R8 connected. SW1
pole B "off" is connected to the 3V position so that (perhaps
during testing when the supply may be connected direct rather
than via SW1) the path between pins 2 and 4 is never left
open -circuit, which would lead to the output rising to virtually
the full input voltage. R5 to R8 are soldered direct to the switch
tags, rather than mounted on the PCB, to reduce the amount
of hard wiring.
Although the resistors at SW1 are chosen to provide nearcorrect values for the output voltages, these must be regarded
as nominal, as the resistors are the nearest 1 percent tolerance
values available off the shelf. Also, the voltage at the output is
dependent on a certain reference voltage built into 101, which
is subject to its own tolerance. Despite these approximations,
the voltage outputs in the prototype all fell within 1.5 percent of
their stated values, which is more than adequate for most
purposes.

The on -board components

C2 and C3, connected between 101 pins 1 and 2
respectively, and the OV line, decouple 101 input and output
and provide stable operation. LED1, connected directly
across the output, is the ON indicator. No conventional
series resistor is needed because current -limiting takes place
on a built-in chip. This provides about the same brightness
for any of the output voltages appearing across it. I have
used a flashing kind, because non -flashing LEDs with a
constant -current chip seem to have disappeared from the
market. The LED will also show when the output terminals
are short-circuited or connected to a low -resistance path by
going out when the voltage falls below the 3V level needed
to operate it.
With the unit delivering its maximum current and set to
3V, there will be about 12V (15V -3V) between IC1 pin 1 and
the positive output terminal, giving a dissipation of around
4W. When the output is short-circuited, the entire 15V will
appear between IC1 pin 1 and the output, and the power
dissipation will be about 5W. 101 must therefore be fitted
with a heatsink, otherwise the ic would overheat and its
thermal shutdown facility would switch in. In the prototype,
the heatsink was the enclosure itself. With the aluminium box
specified, it did not become excessively hot even with a
prolonged short-circuit applied to the output terminals.

+ NOMINAL
15V INPUT
.SW1 POLE A'
ON PCB

To the limit
Current limiting is achieved by connecting a fixed resistor
between 101 pins 5 (the output) and 2 (the limiting input), either
R2 or R3 according to the setting of two-way SW2. The values
are chosen to give a nominal 100mA (Position A) and 300mA
Position B). However, the LED connected to the output
requires its own current, which pulses as the LED flashes. The
available current is therefore somewhat less than the values
Given, as stated previously.
In the current limiting part of the circuit, the output current
tows through either R2 or R3, developing a voltage. When this
.1cis to rise above 0.45V (which is a reference value set
irtemally by the ic) the voltage appearing between pins 1 and
5 s reduced to maintain it. The current limit is a nominal figure,
because the 0.45V reference voltage has a tolerance of about
-5 percent.

NOTE:
THE LETTERING AND
NUMBERING OF THE
CONTACTS ARE SHOWN
ON THE BODIES OF
MOST SWITCHES

'RESISTOR CHAIN
AT SW1 POLE B'
ON PCB

Figure 3: connecting the wires and resistors to SW1
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The resistors and wiring mounted on rotary SW1

tab of 101 in contact with the side, mark the position of
the mounting holes and drill them. Drill holes in the top for
the switches and output terminals and in the front for the
power -in socket. The socket must be fully -insulated
(plastic body) with neither terminal connected, to allow the
case to float. Attach SW2, the input socket and the
terminals. The terminals must be mounted using the
plastic bushes supplied with them, to prevent any
electrical contact with the metalwork. Mount the PCB
using 12mm long plastic stand-off insulators on the bolt
shanks to raise the solder joints above the base of the
box. Mark the position of the hole in the ic. Remove the
PCB and drill this hole. Re -attach the PCB and secure the
ic using a small nut, bolt and a mounting kit. The mounting
kit (consisting of a mica or similar washer and a plastic
bush) ensures that the tab of the ic does not make
electrical contact with the case (it is connected internally
to the OV line). Again, this keeps the case floating. The
washer material has a high thermal conductivity and does
allow the free flow of heat.

Construction

Your break
SW1 must be a make -before -break type. A break -before -

Figure 2 shows the component layout. Begin by drilling
the two fixing holes. Solder in R1 to R4 and C2 and C3,
followed by D1 and C1 taking care with the polarity. Solder
pieces of light -duty insulated wire to the points labelled
"+Vout", "SW1 pole A", "OV" and "Resistor chain at SW1
pole B" and the three wires (comm, A and B) for SW2.
Solder connecting wires to the pads for LED1. Finally, add
101 with its metal backing towards the outside (see
photograph).

make switch would allow the voltage at the output
terminals to rise to virtually the full input voltage between
positions. This would happen instantly as the switch was
moved between its various settings. This could be
disastrous to a circuit connected to it - you have been
warned! As a precaution, always pre-set the switch to the
correct output voltage in use. It should then be checked
with a multi -tester before connecting a circuit.
Prepare SW1 by soldering the resistors and link wire to
its Pole B tags as shown in figure 3 and the photograph.
Solder the link wires at Pole A tags. The numbering and
lettering is as shown on the body of most switches. Solder
pieces of wire to the four points indicated. Mount the
switch and, referring to figure 4, complete the internal
wiring apart from that of the LED. In the prototype, the pin
(centre) connection of the input socket was used as the
positive one. However, this will depend somewhat on the
plug-in adaptor. If it has a fixed output polarity, this should

If you are using the case as a heatsink, the
metalwork should be electrically floating, that is, not
connected to either input or output wire. A good quality plug-in adaptor should not readily suffer
internal failure leading to one of the output wires
becoming "live". However, keeping the case
unconnected prevents short-circuits should the
"wrong" output wire accidentally touch the case
during use.
Holding the PCB against the base of the box with the

LED1

SW1 VOLTAGE OUTPUT
SW2 CURRENT LIMIT
RESISTOR CHAIN
AT SW1 POLE B

O
2

12
R7
11

R6

/R5

Figure 4: wiring up the unit

0-

O+

INPUT
SOCKET

OUTPUT TERMINALS
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output terminals. If the circuit is working correctly
the reading should be about 100mA. Repeat for the
300mA limit. Note that the LED goes off under
these circumstances. Since it not conducting, the
full output current is available at the terminals.
Unplug the power adapter and fit the lid. Reconnect and apply a short circuit to the output
using the 3V setting and a 300mA limit. Leave it

like that for ten minutes, checking at intervals
that the case does not become excessively
hot. If there are any problems with overheating,
provide some ventilation by drilling a few holes. This
was not needed on the prototype.
When everything is working correctly, all that
remains is to make a label for the top panel and put
the power supply into service. Make it a rule to set
the voltage and check it using a multi -tester before
connecting the circuit. Do not change the voltage
switch setting while a circuit is in place.

The board and offboard components mounted in an aluminium case

be made to match that of the input socket. Many units
have a polarity -reversing plug and socket in the output
lead so the polarity of the input socket does not matter.
Remember, no harm will result if the supply is connected
in the wrong sense. If the unit fails to work at the end, it
will be simply reversed.
Cut the LED wires to about 10mm, keeping note of
which wire is which. Using minimum necessary heat to
avoid damage, solder the connecting wires from the PCB
to the LED, observing the polarity. In the prototype, the
LED is the "lighthouse" type because that was the only
type available. Decide how you want to attach it, and drill
a hole for it in the lid. I neatened the appearance of it with
an LED clip. This will not accommodate a "lighthouse"
LED, so I cut off the top part with only 1mm or so of the
lugs protruding. It was then secured in position using a
little quick -setting epoxy adhesive. The LED was fixed in
the clip with a little of the same. Separate the soldered
joints to make sure the bare wires cannot touch one
another or anything else. If there is any chance of this
happening, use some heat -shrinkable sleeving on the
wires. Fit plastic feet to the base of the box to protect the
work surface, but do not fit the lid yet.

Resistors
All resistors 1 percent metal film for best results
R1

R2

U)

R3

820R
4R7

R5, R6

1R5
68R
430R

R7, R8

91OR

R4

Capacitors
C1

1000u 25V

C2

220n ceramic
100n ceramic

C3

Semiconductors
IC1

L200CV

D1

1N4001

LED1

3mm red flashing LED (see text)

Miscellaneous
SW1

Testing

SW2

Set SW1 to off and the current limit to 100nnA. Switch the
multi -tester to a suitable dc voltage range and connect it
to the output terminals. Plug in the power adapter. Set
SW1 to "3V" and check that voltmeter is reading very
close to this figure. Repeat for each voltage setting. All the
readings should be within about 2 percent, for example,
Me nominal 12V output should lie roughly between 11.8V

SK1

2 -pole make -before -break 6W rotary
switch
SPDT miniature toggle or slide switch
Fully -insulated 2.4mm chassis -type

"power -in" socket - see text.
Good quality unregulated plug-in power adapter:
15V dc nominal output at 300mA minimum (see
text).
PCB materials; T0220 mounting kit; small terminal
posts, one red; one black; aluminium box 102 x 64
x 51 mm.

and 12.2V.

If all is well, check the current limits. Set the multi -tester
To a suitable current range and connect it directly to the
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The 'Short Cut'
Versatile
Continuity Tester
Andrew Armstrong

This versatile, small tracer helps to locate short circuits, works as a conventional
continuity tester and will unambiguously tests diode junctions. It can also test
double diode junctions such as Darlington transistor base connections.
Audible indication

his project is designed specifically to help find
short circuits. It is often easier to discover that
two tracks are shorted than it is to find out
where the short is. This tester is designed to
respond to changes in very low (sub -1 ohm)
resistances, so that it can indicate which part of the track
has the short.
This continuity tester has been designed to be as
versatile as possible, which means that it has rather more
circuitry than simply a battery and a buzzer. To make it
small enough and light enough to be useful it is designed
using surface mount components. and it can run on two
AAA cells if used in conjunction with the power supply
project from last month. Otherwise, any 5V supply that
can provide at least 60 milliamps and is at least
approximately regulated (4.5 - 5.5 volts, for example).
Alternatively, four AA or AAA -size cells in series will
provide power with a slightly inferior performance; in this
application these must be replaced promptly when they
begin to run down. Obviously, a different power source
will affect the choice of case.

Testing for continuity is more difficult with an ohm meter, partly
because holding the probes in place requires you to look at the
pcb under test instead of at the meter. A variable pitch audible
indication of resistance, on the other hand, is very useful when
changes in resistance rather than the absolute value of the
resistance must be measured. In this design, the frequency
decreases as the resistance decreases, with a high frequency
indicating one or two diode junctions or a high resistance.
This device gives a frequency depending on the resistance
between the two probes, up to a maximum of about 3.5R with
the component values used here. It would be possible to
increase the sensitivity to low resistance by increasing the
current fed to the probes, but the battery life would be
reduced. There is a limit to how much the current can be
increased before the dissipation in Q2 or R2 reaches its
maximum limit.
Clearly, the limit of 3.5R would perhaps make the sensitivity
too low when searching for a short circuit between two large
thick tracks, but is reasonable when tracing over thin tracks. In
the normal course of events, a thin track is more likely to be
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Figure 1: the circuit diagram of the pcb
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running close to another thin track,
and therefore at more risk of shorting.
This is also the situation in which it is
most difficult to find the short circuit
by visual inspection. For this reason,
the component values in this design
are believed to be the most widely
suitable, but other values might be
useful in more specialised
applications. Some alternative
component values, chosen to give the
maximum possible current without
exceeding component ratings, is
offered for readers to experiment with
(see Component choices, below).
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The design
The design splits into two main
functions: a current source which
generates a voltage across a
resistance, and an oscillator whose
frequency can be varied by a voltage.
Each of these functions can be
provided in many different ways, and
the method chosen depends on the
details of the intended features.
The circuit diagram is shown in
figure 1. As can be seen, the current
source uses Q2 and its associated
components. If we assume that the
power supply voltage is exactly 5V,
that the diode junction of D1 will have
exactly the same voltage drop as the
base junction of Q2, and that the ON
resistance of Q1 is negligible, then we
have a chance to estimate how the
circuit will operate. If we further
assume that the current gain of 02 is
exactly 100, and that the leakage
current of Q1 when switched off is
zero, then the calculations become

.........

Mal 200mV

Ch2

1V

200jts Ch 1

312mY

Figure 2: the oscillator waveforms, with a test resistance of 0.03R on the probe connections

relatively easy.

To find out how the circuit will
perform, the first step is to discover
how current is split between the base
of 02 and R1. If the transistor gain is
100, then 100 times more current
flows through the emitter as flows in
Figure 3: the output drive
at the base junction. Therefore, the
voltage across R2 alters 100 times more than it would for a
given change in base current, if the base current alone were
flowing through it. Therefore, the change in the base voltage is
100 times as much as you would expect for a load resistance
of 47R. Therefore, so long as the transistor is operating in such
a way that its gain remains around 100, the base of the
transistor looks like a 4.7k resistor in series with a diode.
The effect of D1, R1, 02, and R2 all together looks like
825R in series with a diode junction. If we subtract the diode
junction from the power supply voltage (exactly 5\/) then the
remaining 4.35V will be split across two effective resistances in
the normal manner for a potential divider.
If Q1 is switched off, then the only current through R1 and
the base of Q2 is from R10. Across the whole potential divider
there is 0.1906 millivolts per ohm of resistance, which gives

waveform

157mV across R1, and across R2. By Ohm's law, the current
must be 3.34mA, which flows through LED1. (If it is flowing
though an external load instead, then Q1 will be switched on.)
This calculation is approximate, because the gain of Q2 is
not necessarily exactly 100, and because there may be a
difference between the voltage across D1 diode junction and
02 base -emitter junction. Because there is only a small voltage
across R1, the difference in voltage drop could be a significant
percentage of this voltage. However, at higher currents this
error decreases in percentage terms, and the remaining error is
due to the unknown transistor gain.
If Q1 is switched on, then the resistance in the lower part of
the potential divider is now 956.5R, giving 2.44mV per ohm.
Therefore the voltage across R2 is 2.01V, giving a current of
42.8mA. This is about the minimum current required to indicate
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circuitIC1a, then the bleep oscillator
will be prevented from oscillating via
D2. This simply stops the integrator
from responding to its inputs.
The oscillator built using both parts
of IC2 comprises an integrator and a
comparator with substantial hysteresis.
In order to permit the frequency to be
controlled by an external voltage, the
feedback from the comparator to the
integrator is via a mosfet, supplied
from the variable voltage. In order to
place the feedback in the correct
polarity, the comparator is connected
as an inverting circuit, instead of the
more familiar non -inverting comparator
used in this type of oscillator.
IC2a is connected as a comparator,
with fixed hysteresis. When the
oscillator is working, the output from
the integrator (IC1b) ramps between
the switching levels of the comparator,
as shown in the waveform diagram
figure 2. What affects the frequency is
Figure 4: the component layout, shown considerably larger than life-size
the time taken to ramp between these
two levels, which is itself determined by the voltage output
the low resistances which this circuit is intended to be used
from IC1 b.
with, unless very expensive ultra low offset op -amps were to
One reason for choosing this, rather than other varieties of
be used.
voltage controlled oscillator, is that the output waveform from
The next part of the circuit uses IC1a as a comparator. This
the comparator has approximately an even mark:space ratio. If
compares the voltage across LED2 with that across LED1, and
a high impedance transducer is used, this can be driven
switches on 01 if the voltage across LED1 falls below that of
directly, without an extra amplifier.
LED2. In effect, LED2 is being used as a cheap and cheerful
Figure 2 shows the waveform on the drain of 03 at the
voltage reference, in a situation where anything more
top. This switches between OV and 400mV, which is the
complicated is not justified.
voltage set by the presence of a 0.03R resistor across the
A green led is used for LED1, and a red one for LED2. The
probe connections. The lower waveform shows the output of
voltage drop across a light emitting diode depends primarily on
the integrator, measured on pin 7 of IC2. The voltage excursion
the energy gap over which the electrons are raised before they
of this waveform is not set by the input voltage, but only be the
fall once again to emit a photon. Therefore the voltage drop for
hysteresis of the comparator.
devices emitting higher energy photons is itself higher. Thus a
The input of the integrator is alternately switched between
green LED has a reliably higher voltage drop than a red one. In
ground and (via R15) the output voltage of 101. The reference
addition, leds typically work as fairly stable voltage references
voltage of the integrator is set to half the output voltage of 101
at low currents, so that a current too low to make LED2 easily
pin 7, so that the slope of the up ramp and the down ramp are
visible can be used.
almost equal, despite the fact that the input voltage is not
When the tester is in use tracing a short circuit, LED1 is
switched symmetrically with respect to the power supply. In
extinguished. When it is not being used, LED1 is brightly lit as
fact, because there is an extra resistance (R15) in series with
a power on indicator, whose current consumption is not
the input when Q3 is switched off, the down ramp takes
needed when the circuit is in use and emitting sound. R13 and
around 10 percent longer than the up ramp.
R17 provide hysteresis to prevent the comparator from
In order that some oscillation can take place even with a
switching Q1 on and off rapidly when the input voltages almost
virtual short circuit on the probe input, R4 has been added to
match, and the feedback to the input via Ql, 02, and the
provide a small input signal to the integrator even when 101
(small) resistance of LED1 constitutes negative feedback.
output is as close to OV as it can get. On the prototype it was
not possible to reduce the frequency of oscillation below an
The bleep
audible frequency even with a total short circuit.
The voltage across LED1, which is also the probe voltage, is
The transducer drive waveform is shown in figure 3 (the
fed to IC1b connected as a dc amplifier with a gain of 22.36.
top waveform) with the integrator output shown for reference
Give or take any offsets on the input of 101B, the output of this
as the lower waveform. As can be seen, the op -amp output
stage tracks the probe voltage from zero, but with enough gain
switches between approximately 0.6V and 3.8V, with
so that the voltage drop across a 0.033R resistor was easily
transducer resonance adding ripples to the top and bottom of
distinguishable from that across a 0.022R resistor (to quote an
the signal. This drives the transducer well, and the fet switches
example used in testing).
cleanly, so all is well. R3 adds a small amount of damping in
At above 156mV in, the output of IC1 will reach its
series with the output to protect the opamp in case a highly
Maximum (this may vary slightly from sample to sample of IC)
resonant device is connected. If the sound is too loud, its value
of around 3.5V. Further increases of input voltage will not
can be increased to cut the level down to what is needed.
increase the output, but if the input switches the comparator
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Straight to PCB
Partly because of publication deadlines, and partly due to the
fiddly nature of making prototypes using surface mount
components, this design, like last month's, was taken straight
to pcb. The photographs show the first prototype. The wire
link on the topside has been replaced by a track in the
finished design. (The tracks have also been kept single -sided
by using four wire links on the underside of the board.)
Originally the anode of D2 connected to IC2 pin 3, where it
was to have reduced the hysteresis almost to zero when the output of 101 a was low. This should have raised the
oscillation frequency too high for audibility.
Unfortunately it did not raise it quite high enough. This was
partly because the output of IC1 a did not go to quite such a
low voltage as I had expected, and partly because of delays in
the oscillator loop.
A second look at that part of the design showed a way to
stop the oscillator completely, and that is the design shown
here. The unmodified prototype design functioned well, but
the final design functions well without also emitting a constant
whine, which I think is an improvement.

Assembly
The first thing to do is to fit the wire links to the back of the
pcb, as shown in the darker tint in the component layout
diagram of figure 4. The offboard wiring, in this case using
the regulated power supply from Issue 13, is shown in figure
5. Make sure that the bent link is secure and in no danger of
short-circuiting to anything else. Then the passive
components and finally the semiconductors can be fitted.
Don't forget that static can be more of a problem in the winter
months, and take proper static precautions when fitting the
semiconductors. In particular the mosfets are vulnerable, in
that they have a very small gate capacitance, so that a
relatively small amount of charge can break down the gate
insulation.
Before fitting the LEDs, check their polarity carefully. On

assembling the prototype I discovered that the red LED had
the corner angled to mark the cathode, while the green LED
had the corner angled to mark the anode! The batteries
intended to power the project, in series with a 1k resistor,
form a suitable source of current to test the polarity. When
soldering the LEDs, be a little cautious because they can be
more easily damaged by heat than some components.

The surface mount board made up and with the wires installed

If the tester is to be used with the power supply project
from last month, then the power supply resistors should be
chosen from the table in last month's article to set the power
supply output voltage to 5V.
When the pcb has been assembled, connect the
piezoelectric transducer and the power supply board, and
apply the power. The green LED should light fairly brightly,
and the red one should light faintly. If either does not light,
measure the voltage across it and make sure that it does not
exceed a normal LED forward voltage. If it does, then the
LED may be fitted the wrong way round.
Then connect a diode across the probe connections on
the pcb. One way round, the diode will conduct, and there
should be a high pitched sound from the transducer. The
green LED will extinguish.
The prototype used probes from Farnell Electronic
Components. These probes are very good for the purpose,
and have removable shields to prevent the probes
themselves from causing short circuits in cramped
surroundings. However, some constructors may not find it
economic to purchase probes, 4mm plugs, and 5M reels of
flexible wire just to make up two short test leads. An
alternative would be to purchase a set of replacement
multimeter leads such as Cirkit stock number 56-00601, and
cut them to length, using the probe part and discarding the
plug.

In either case, the wire to the probe should not be too
long, as it will add resistance to the circuit and reduce its
effectiveness. About 1 foot of total length on the prototype
worked well. The probe wires should be soldered to the
connection pads on the pcb to minimise the resistance of the
connection.
It would have been possible to design the unit to use two
wires to each probe to sense the voltage at the probe itself,
but this would reduce the flexibility of the connection to the
probe and was deemed unnecessary, since long leads are
not helpful for this sort of test equipment.
The main pcb was fitted to the case using two screws in
to the two mounting points closest to the front, while the
power supply board was secured using double sided
adhesive tape. A hole was drilled to allow the green LED to
be seen, and it is a good idea to fix a transparent window
inside the case if any transparent plastic is available.
The photograph shows the internal wiring including the
switch, and much of the wiring is shown in the picture of the
boards connected together before final assembly.

The wire links on the rear of the board. The board is single -sided,
and the links solder to pads on the topside of the board
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Resistors
All 0805 5 percent unless otherwise stat
81, 811
1k (eg Electromail 137 R2
R3

R4, R13, 814
R5, R6, R7, R8,
R9, R10, R12,
R16, R17, R18
R15

Fame!! 613-095)
478 (eg Electromail 137-045 or
Farnell 612-935)
100R (eg Electromail 137-089
or Farrell 612-972)
470k (eg Electromail 137-'528 or
Farnell 613-411)

22k (eg Electromail 137-360 or
Farrell 613-253)
2.2k (eg Electromail 137-247 or
Farnell 613-137)
The board wired up to last month's regulated power supply, and
with the probes added. Other power supplies can be used (see text)

Capacitors

C2

C3

47u 6.3V or 10)/ or 16V D -case
tantalum (eg Electromail 2624557 or Farrell 498-762)
4.7nF 0805 X7R ceramic

Component choices
The output transducer chosen was picked on the basis that it was
loud enough, and would fit to the inside of the chosen case without
the need to drill any holes. The one chosen consists of a thin circular
plate with a round ceramic element attached, for example Electromail
228-1605 (similar items are also to be found in the Cirkit catalogue).
If a louder sound is needed, a small transducer in a plastic
housing could be used, such as Electromail 172-7289. This will
almost certainly give a much louder sound, but ft has not actually
been tested with this project. Several similar transducers to hand all
gave louder sound output than the one actually chosen.
To gain an audible response to even lower resistances, one can
increase the current, and increase the gain of the dc amplifier. The
do amplifier will also amplify its own input offsets, so this approach is
limited in it application. Equally, increasing the current can only be
carried out as far as will not damage components due to excessive
power dissipation.
The maximum safe value of current using the size of
components specified is approximately 75mA. To get close to this,
R1 should be reduced to 680R, and R2 reduced to 22R. If still more
current is required, R2 must be replaced by a higher wattage
component. and this exercise is left to any readers who may wish it.

capacitor (eg Electromail 2644365 or Farnell 499-213)
100nF 0805 X7R ceramic
capacitor (eg Electromail 2644416 or Farnell 499-687)

Semiconductors
101, IC2

01, 03

03

D1, D2
LED1

LED2

LM358M dual op -amp (eg
Electromail 856-724 or Farnell
399-565)
BS170F n -channel mosfet (eg
Electromail 641-932 or Farnell
932-840)
BC857B npn transistor (eg
Electromail 288-581 or Farnell
506-229)
BAS16 diode (eg Electromail
287-235 or Farnell 646-544)
Red smd led (eg Electromail
247-1000)
Green smd led (eg Electromail
247-0984)

Miscellaneous
Piezoelectric transducer (see text)
Probes (eg Farriell 523-665 red and 523-677 black)
4mm plugs to connect to probes (if the suggested
ones are used)
Extra flexible low -resistance wire (eg Electromail
225-6176 red or 225-6182 black)
Switch: small on -off switch to suit case
Power supply project from last month's ETI, set to
5V

Battery holder for 2 AAA cells
Case (eg Farnell 462-172)

Note: some of these components are only sold in
multiples - for example, resistors are sold in
multiples of 50.
Farnell Electronic Components, Canal Road,
eeds LS12 2TU Tel 0113 2636311,
Electromail, PO Box 33, Corby, Northants NN17
9EL Tel 01536 405555.

The continuity tester (left) and power supply (right) boards
mounted into a case with batteries and a single on/off switch. If
other types of batteries or power supply are used, chose a
different case to suit
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In use

operating currents (short circuit on the probes) were 102mA and
250mA
The capacity of alkaline AAA cells is approximately 1.1Ah, which
suggests that the battery life will be approximately 41h on standby.
A reasonable operating cycle would probably more than halve this,
but still the batteries will not require to be changed too frequently.
The output from the current source was measured as 45mA,
compared with the approximately 43mA calculated using several
approximations. This performance is reasonable, and it illustrates
the point that a lot can be learned about a circuit in advance using
approximate calculations as a starting point.
The short circuit tracing capability worked in tests, with a
difference of 5mm on 0.012 inch width track making an audible
difference to the tone. Clearly, on thin tracks, the tester will be able
to locate short circuits very closely.
As a service to those of our readers who use EDWIN for pcb
design, the CAD files for this project and for the power supply are
available for download from the website as self extracting zip files

The project is effective as an ordinary continuity tester, a short
circuit locator, and a diode tester. It will even test red I Fns,
although it puts a current of 50mA through them, so prolonged
testing of low current I Fns might damage them.
The flat ceramic transducer glued to the inside of the case
gave sufficient sound level in a quiet environment, but if it is
intended to use the tester in a noisy place, one of the louder
alternatives should be used.
The current consumption was 17mA on standby using a pair
of new MA cells. This rose to 41mA at the minimum voltage at
which the prototype worked correctly, 1.5V. The corresponding

Figure 5: the offboard wiring
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POWER SUPPLY PCB FROM VOL.27 ISSUE 13
COMPONENT VALUES MUST BE CHOSEN FOR
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PROBES

AN 5150
AN 5515
AN 5521
AN 7174
BA 5405
BS 7766
BU 27515
CNX 62A
CNX 82A
CNX 83A
CNY 70
HA 11377
HA 11744

= 299
= 160

KA 2101

=

KIA 6289H
LA 3180
LA 4120
LA 4270
LA 4505
LA 7225
LA 7830
LB 1294
LM 1881N
M 29381
M 71081
M 523075P
MB 8719
MDA 2050
MEA 2050
OM 370
SAA 1025
SAA 1250
SAA 1293-3
SAA 1293A-31TT
SAA 3004P
SAA 7000
SAA 9057
SAF 1039P
SMR 4000
STK 441
STK 463
STK 4046/v
STK 4151/2
STK 4162/2
STK 4843
STK 5481
STK 7233
STK 730-060
STK 730-080
STK 78603
STR 5412
STR 7001
STR 16006

=
=
=
=
=
=
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=
=
=
=
=
=
=
=

=

=
=
=

=
=
=
=
=
=

=
=
=
=

=
=
=
=
=
=
=

=
=
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=

=
=
=

=
=

=
=
=

180
175
1400

080
060
080
350
250
650
100
200
120
270
300
220
250
090
125
375
1500
610
900
360
350
250
1515
250
250
515
850
400
550
475
590
825
980
850
1200
850
790
2100
470
550
845
600
850
280
500
500

STR 44115
STR 90120
STRD 5441
STRD 6802
STRM 6545
STRM 6546
STRM 6549
STRM 6559
STRS 5701
STRS 5717
STRS 5741
STRS 5941
STRS 6307
STRS 6309
STRS 6525
STRS 6545
STRS 6707
STRS 6708
STRS 6709
STRZ 2152
STV 5180D
STV 2102B
STV 2110B
STV 2118A
STV 21188
STV 2145
STV 2151A
STV 2160
STV 8224A
STV 9379
STV 9379F
TA 7280P
TA 7318P
TA 7898AP
TA 8216
TA 8218N
TDA 1170S
TDA 2579A
TDA 3502
TDA 3780

=

=
=
=
=
=
=
=
=
=
=
=
=
=

=
=
=

=

475
400
400
375
775
772955

900
1700
550
600
700
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550
1350
725
800
550
850

CATALOGUE

(A) SMD Transistors Kits - 7 types,
10 of each BC 807v40, BC 817v40, BC 846B,
BC 850C, BC 856B, BC 860B, IN 414B.
Order Code: KIT08. Price £7.85.
(B) SMD 0.2W Preset Kits - 13 valves,
5 of each 100R, 220R. 470R 1K, 212, 4K7,
10K, 22K, 47K, 100K, 220K, 470K, 1M.
Order Code: SMOPreset. Price £32.50.

(C) SMD Electrolytics 105 PBG Kit - 15
valves of 5 each 22/47/100 at 6.3V,
10/22/47/470 at 16V, 33/100 at 25V,
1/2.2/4.7/10/22/47 at 50y.

335 PAGES A4 SIZE
AVAILABLE FROM
SEPTEMBER 1998

To secure your copy please send
£3 p&p and is refundable after
purchase of £100 within
3 months

Order Code: KIT20. Price: £20/25

Order your copy by
Post/Fax/Phone

410 0000
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1998/1999
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KONIG
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OUR 1998/1999 CATALOGUE
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Access

H
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EDC

Trade counter now open:
Mon -Fri 9am-5.30pm. Sat 9am-3pm

Please ring for makes and
models

J.J. COMPONENTS

KONIG FOR QUALITY
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THE LAST 35 YEARS
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COLINDALE. NW9 6LU
Sales Hotlines" 0181 205 9055
Fax Admin: 0181 205 2053
Free Fax Order Line: 0800 318 498
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Iron

Please phone us for the types not I stod.
Please add £1 p&p for orders over £3 and £2.50 for
orders under £3 plus p&p and VAT at 17.5% on the total.
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CHELMER VALVE COMPANY
If you need Valves/Tubes or RF
Power Transistors etc. ...then try us!
We have vast stocks, widespread sources
and 35 years specialist experience in meeting our
customers requirements.
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A Radio
Frequency Probe
Raymond Haigh

Although designed to complement the wobbulator described in a recent issue of
ETI, this simple probe unit can be used with a sensitive meter for tracing low RF
voltages with a minimum of disturbance to the circuit under test.
hen the wobbulator described in last month's
issue (ETI Vol 27 Issue 13) is used to optimise
the alignment of a radio receiver, the output
from the receiver's detector is connected to
the 'Y' input of an oscilloscope in order to
produce a visual display of the IF response. The
oscilloscope is, of course, plotting the way the DC voltage
produced by the detector changes in magnitude as the
injected signal sweeps across the IF passband. In order,
therefore, for the wobbulator and oscilloscope combination
to function, the RF voltage has to be detected, or rectified.
It also has to be sufficiently large to overcome inefficiencies
in the detector and create a display on the oscilloscope

output, and rectifies it so that it can be connected to the 'Y'
input of the oscilloscope. It has a high -input impedance in
order to minimise disturbance to the circuit under test.
Although designed for use with the wobbulator, it can be
used with any test meter or microammeter to trace and
compare the magnitude of low RF voltages.

Diode rectifiers
The semiconductor diodes used almost universally as
rectifiers and as detectors in AM radio receivers are
imperfect devices. Their greatest flaw, when used as signal
detectors, is their insensitivity to small voltages. The
threshold at which forward conduction really starts is about
0.2V for germanium and 0.6V for silicon diodes. Above
these break points, current flow increases until, at around
0.5V for germanium and 0.8V for silicon, forward current is
rising steeply. The forward conduction threshold for
Schottky (or hot -carrier) diodes is similar to germanium, and
is usually around 0.3V.
Germanium diodes will, therefore, become increasingly
inefficient as the input falls below 0.2V, and their response
will not be completely linear until the applied voltage is in
the region of 0.5V. With silicon diodes, the situation is
worse.

screen.

Complex receivers often incorporate more than one
stage of frequency conversion, with front-end IF filters
working at a higher frequency to reduce image responses.
These filters are isolated from the receiver's detector
circuits, and signal levels are low. In order, therefore, to
display a response curve, their output needs to be amplified
and then rectified. This has to be done without imposing
any significant additional loading, as this would affect the
frequency response of the filter.
This probe unit amplifies the RF voltage at the filter
Figure 1: the ciroutt of the R F Probe unit
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Even when circuit impedances
are low enough to tolerate the
direct connection of a
semiconductor diode, RF voltages
very much below 0.2V will not
register on the meter or
oscilloscope. In order to make the
probe more sensitive, the RF
voltage must be amplified before it
reaches the diode. With an
appropriate choice of active
device, the amplifier can also serve
as a high to low impedance buffer
stage, minimising disturbance to
the circuit under test. This is the
basis of the probe design
described here.

The circuit
The circuit of the probe unit is
given in figure 1. The DC blocking
capacitor Cl connects the RF
input from the probe tip to the
base of fet Q1. The high input
impedance of this stage (1
megohm shunted by a few pF)
limits loading on the test circuit. R1
ensures correct biasing of the fet,
which can be connected in either
the common drain or the common
source mode.
When the common source
configuration is selected, an
amplified signal voltage is
developed across the drain load
resistor R2, and the source bias
resistor R3 is bypassed at RF by C2.
When the common drain, or source follower,
arrangement is adopted, a slightly attenuated signal is
developed across R3, which now functions as a source load
resistor, bypass capacitor C2 being connected to the drain.
In this way, the transistor can be made to amplify the
signal, or process it with a small amount of attenuation (the
gain of a source -follower is slightly less than unity). SW1
selects the mode of operation by changing over the
connections to the bypass capacitor and the diode coupling

Components
The ubiquitous 2N3819 can be used in place of the J310
FET, but the probe will be less sensitive. Any germanium or
Schottky signal diodes should prove suitable. If the probe
is to be used in conjunction with a moving coil meter, the
specified 0A47 diodes will give the highest readings from
very low signal inputs. When the probe is connected to an
oscilloscope or high impedance electronic test meter, little
or no difference can be discerned between the various
types of Schottky and germanium signal diodes. The probe
will still function if silicon diodes are substituted, but there
will be a very marked deterioration in low -signal sensitivity.

capacitor.
The output from the high -impedance buffer stage is
coupled, via C3, to germanium diodes D1 and D2 arranged
in a voltage doubling circuit in order to maximise the
sensitivity of the probe. On the negative going cycle, current
flowing through D1 charges coupling capacitor C3. When

Construction
All of the components, with the exception of the switches
and probe tip, are mounted on a small PCB. Details of the
component side of the board and the connections to the
switches are given in figure 2. Vero pins, inserted at the
lead -out points, will simplify the wiring to the switches,
probe and battery connector.
A Stanley knife can be used to form the rectangular
holes in the side of the case fbr the switches, and it is a
aood idea to define the corners of the holes with a lmm
drill before attempting to cut them out.
The probe tip is formed by drilling a hole through a short
4BA bolt and soldering a blunted darning needle into it.
The bolt, and a solder tag, are secured in the end of the

the cycle swings positive, this charge is added to the
current flowing through D2, and the output voltage is, in
theory, doubled.
C4 bypasses residual RF, and R4 is included to provide a
DC current path for the diode network. The input
impedance of some oscilloscopes and test meters can be
very high, and the value of R4 was determined empirically in
order to maximise the output from the probe under these
conditions.
Current drain is a very modest 1.5mA, and the unit is
powered by a PP3 battery which can be accommodated in
the probe case. SW2 functions as an on/off switch.

case.
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The trace produced by an inexpensive 4 kHz mechanical filter and
its matching transformers, with the probe gain set high and used
with the wobbulator described last month. (Compare with
photograph on page 56 of last month's ETI showing the response
of the filter and the subsequent IF strip).

The trace produced by a 2.6 kHz ceramic filter and its matching
transformers with the probe gain set high and probe used with
the wobbulator. The comparisons suggested confirm the linearity
of the probe when its gain is set high and also reveal the way in
which the shape of the IF passband is largely determined by any
filter elements.

Initial testing
Check the orientation of semiconductors on the PCB, and
check for bridged tracks and poor soldered joints. Connect a
fresh PP3 battery. Current consumption should be
approximately 1.5mA.
Connect the probe output leads to a test meter set to a
low voltage range (0-5 or 0-10V). Switch probe gain to low
and apply the probe tip to the low impedance output of the
wobbulator described in last month's ETI (or to some other
RF signal generator). With the wobbulator switched to Range
2 and its output set at maximum, the meter reading should
be in the region of 1.5V. (Voltage doubling is taking place
within the probe, so this is not the true RMS output of the
wobbulator). Turn down the wobbulator or signal generator
output until the meter reads around 0.1V, and switch probe

gain to high. The meter should now read approximately 1V,
confirming that the probe amplifier is functioning.

Performance
A comparison of oscilloscope traces produced via the probe
and by direct connection to the receiver, (see the figures and
photographs) confirms that the response of the unit is
acceptably linear and there is no noticeable disturbance of
the circuit under test. Moreover, the probe is sensitive enough
to produce good traces from the low-level signals
encountered at the front-end of receiver IF strips.
The probe can be used with a test meter, (or any moving
coil meter with an FSD of 100uA or less) to trace and compare
the magnitude of RF signals. The probe is marginally more
sensitive when connected to a
high impedance digital or
analogue electronic voltmeter.
With this combination, signals
well below 10mV can be
clearly displayed. The unit is,
therefore, extremely useful for
detecting the presence of
weak RF signals and for
checking that circuitry has
been optimised to maximise
them.
Measuring the precise
value of low RF voltages is a
more difficult matter, however.
Reducing diode efficiencies
inevitably cause probe output
to fall at a faster rate than the
applied voltage for inputs

below 40mV or so when the
unit is switched for high gain.

Figure 2: the component layout of the RF probe
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Nevertheless, between this level and around 350mV, when
overloading begins in the high gain mode, the butput of the
prototype is approximately 18 times the RMS input voltage.
When the probe is switched for low gain, there is no
amplification of the RF voltage before it reaches the diode
rectifiers, and the point where output begins to fall at a faster
rate than input occurs at around 250mV. Between this level and
about 1.5V, the onset of overload with the probe in the low gain
mode, output is approximately twice the RMS input voltage.
The above checks were made with the prototype probe'
connected to a high impedance voltmeter. If the unit is to be
used to measure voltages with some precision, individual
probe and meter combinations should be calibrated against a
known RF voltage.
Frequency response of the probe is reasonably flat, but
begins to tail off gradually above 40MHz or so.

The Old Bakery, New Barns Road,
Ely Cambs. CB4 7PW
Tel: +44 (0)1353 666709 Fax: +44 (0) 1353 666710
Low cost professional quality Smart Card Systems

CHIPDRiVE EXTERN
Intelligent programmer for Smart Cards using the International Standard
T=0 or T=1 protocols also Memory and Secure Memory using PC. 2 -wire &
3 -wire interfaces
Supplied with software to read and write to most popular
Secure smart cards . inc GSM. PAY PHONE and
ACCESS CONTROL cards.
T=0 or T=1 0 3.579MHz
RS232 @ 9600 -11500 bps
P&P £7.50
Internal Supply / Ni-MH
Size: 100x70x80 mm Weight 660 Gram

£69 + VAT

Supplied with Cardserver.dll API for easy
development of SmartCard Applications
using Visual Basic, Delphi or C.1 -.1 -

CE

Compliant

Using the probe with the Wobbulator
Connect the probe output leads to the 'Y' input and ground
terminal of the oscilloscope. Connect the flying input lead to
the ground plane of the receiver. Apply the probe tip to various
points along the signal path through the IF amplifier, adjusting
probe and, if necessary, 'Y' input sensitivity, to produce a
display on the screen. When working from the first (or only)
mixer towards the detector stage, reduce signal injection
levels, as necessary, to avoid overloading the probe and/or
the receiver. Overloading manifests itself as a flattening of the
oscilloscope trace (wobbulator builders can compare the trace
photographs on page 56 of last month's ETI).
Output from the probe is positive going, and the response

Most popular smart

Chip Drive Intern

3.5" floppy bay version of the CHIPDRIVE.
Applications are available to provide SmartCard con-

trolled access of data on Hard drives or "PC -LOCK", to
control access to the whole PC Fully Compatible with

TOOLBOX for systems development Supplied with

cardserver.d11 API £85 + £5 P&P VAT

NEW CHIPDRIVE - micro

Fully Compatible with TOOLBOX for

application development. Featuring the
same functionality as Chip Drive Extern

but in a small neat low cost package.
similar in size to a smart card. Supplied
with cardservendll

rized tampering with
the card is provided
through the following
scheme:
The microprocessor
and memory are created as a single chip. This ensures there are no
data paths that can be monitored
or probed. This chip is connected
to a thin Circuit board and encapsulated with an epoxy. The
"module" is then glued within a well

milled into the plastic card. This
prohibits physical access to the
microprocessor and provides a
more durable medium than mag-

Resistors

1k
470k

netic stripe cards.

[ChipDrive Developer Kit
micro, sample cards and Toolbox

£99.95 1- P&P, VAT

http://www.towitoko.co.uk
http://www.crownhill.co.uk
http://edsim.cambs.net

Capacitors
C2
C3
C4

0

220pF
100nF
lOnF
4n7

0

D1

D2

0A47

col is used to exchange commands and data with the card.

Finally, Holograms, signature
Driver and application software is available for
the CHIPDRIVE family of terminals including
the command set DLL for Windows 3.11/95/NT,
easy to use 16 and 32 Bit DLLs with just one
function call to the "CardServer", a powerful
Background task which relieves the application
programmer from device and card administra-

Miscellaneous
SW2

is

employed to Communicate with
the card. An ISO (International
Standards Organization) proto-

B

J310, field effect transistor.
0A47 germanium signal diode.

SW1

the memory directly -

L

Semiconductors
01

The microprocessor operates
under control of a "built in" program called an operating system. A serial interface - which
makes it impossible to access

T

All ceramic, 25V working or greater.
C1

ating system and

against unautho-

0.25 W, 5 percent tolerance or better.

R3
R4

ded microprocessor
Containing an oper-

Physical protection

+ VAT

R2

card, with an embed-

memory.

£65 + £5 P&P

1M
1k

the size of a credit

erasable non-volatile

Cffi,,ORiVErtem

curve is displayed as a peak (rather than a trough) on the screen.

R1

cards are plastic,

2 pole, 2 way, miniature slide switch.
2 pole, 2 way, slide switch, (one pole not

lion. Featuring automatic protocol and card

type detection. Allowing several applications to
access one terminal dependent on the type of
card inserted. Supplied on CD ROM containing
cardserver.dll, applications and source code

used).

Probe tip (see text), small crocodile clip, battery
connector, grommet for output leads, output leads
and banana plugs. 8BA nuts and bolts for securing
switches. PCB materials, Vero pins and hook-up
wire.
Plastic case. Maplin retail a 120 x 30 x 25mm box,
part number FT31J. A more expensive case, which
comes complete with a probe tip, is Maplin part
number JX57M.
The diodes and the ,.1310 fet can be obtained from
Cirkit Distribution, Park Lane, Broxbourne, Herts.

examples.

£29.95 t £5 P&P + VAT

Stripes, photos. etc can be

applied to the card for additional

security. And the card Can be
custom printed with your artwork.

Crownhill can supply OPEN
ARCHITECTURE cards, that
will allow you, the end user to
create your own operating system, to control access to the

EEprom memory of up to
64Kbits (8Kbytes) in size.

Crownhill have off the shelf

operating systems for Control
access. Electronic purse and

Portable Document applications. Others can be written to
your specification.

SMARTCARDS Available from Stock;

GemPlus, Atmel, Xicor. Siemens, SGS Crownhill and more
SLE4442,4432,4418,4428,4404. AT88SCxx, AT24c01-16.
GPM103,GFM1K.2K.4K,GPM416 Phone Cards. Loyalty Cards
THE SMARTEST SOLUTION

Crownhill can offer a broad range of smart cards from just £1.00. and
Smart Card Sockets for lust £1.45 ea. PIC Microchip based Smart Cards
now available at just £4.50 ea

DEVELOP YOUR OWN SMART CARD !

Crownhill can supply over 150 different types of IC from more than 12
silicon suppliers. which can all be incorporated into smart card format.
Some cards are available from stock, most are manufactured to the
customers' specification.

EN10 7NQ (Tel 01992 441306).
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1
Decode barcodes using a low cost barcode reader wand and a PIC interface to a PC.
Roger Thomas
he full PIC assembler source code, interface circuit
and PC program details are included here. A
Windows 95 program is available to decode and
display the barcode.
Industry makes extensive use of barcodes to identify items,
and there are many different types of barcode. For this project I
have concentrated on the EAN-13 numbering system, which
encompasses the majority of barcodes that we see on goods.
'EAN' derives from the name of the original numbering
organisation, European Article Numbering Association, and the
'13' is the thirteen digit version of this international system. The
EAN-13 barcode system is an industry standard for product
identification, used throughout Europe and most other
countries, except North America. In the USA and Canada a
similar coding system known as Universal Product Code is
used, adopted as an industry standard in 1973.
The Article Number Association (ANA) is a member of the
EAN International organisation and was established in 1976. It
is the UK authority for issuing company prefix numbers. The
UK country prefix is 50. The country prefix is the first two or
three digits of the barcode number.
Any UK organisation that needs an EAN number has to
become a member of the ANA and is allocated a tive-digit
company identity number. The company then allocates a
different number to each product, usually sequentially. EAN
numbering organisations in other countries allocate company
identity numbers that vary between four and six digits.
Contrary to what some people think, the prefix number
does not necessarily indicate where the item was
manufactured, only which EAN numbering organisation
allocated the company prefix. A product manufactured in
another country but sold by a UK company may well have a
UK barcode number.
EAN country prefix codes for European countries.
France

30 to 37

Belgium and Luxembourg
Denmark

54
57

0000D
CDDD

D

Finland

64

Norway
Sweden
Switzerland

70
73
76

Italy

80 to 83

Spain
Netherlands
Austria
Bulgaria
Slovenia
Croatia
Bosnia -Herzegovina
Germany
Russian Federation
Estonia
Latvia
Lithuania
Ukraine
Moldova
Armenia
Georgia
Kazahkstan
Greece
Cyprus
Macedonia
Malta
Ireland
Portugal
Poland
Romania
Hungary
Slovakia
Czech Republic
Yugoslavia
Turkey

84
87
90,91
380
383
385
387

400 to 440
460 to 469
474
475
477
482
484
485
486
487
520
529
531

535
539
560
590
594
599
858
859
860
869

(From information provided by the ANA)

The use of the barcode numbers has two primary advantages
for the retailer: first, it allows the retailer to identify and track
products relatively easily. The same product may have a
different product code as it moves from multiple packs in the
warehouse to individual units in the store. Secondly, it gives a
product description on the till receipt as well as the price, and
this sales information can also be used by the retailer for stock
control. Supermarkets have accurate information (in real time)

WAND REQUIRES THREE CONNECTIONS:
PIN 2
SIGNAL OUTPUT
FIVE VOLT
PIN 9
GROUND
PIN 7

Figure 1: wand 9 pin 'D' connector (male), viewed from solder side
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about what is selling, and can estimate
PIC RS232 CONNECTION REQUIRES ONLY TWO CONNECTIONS:
future sales, stock levels and replacement
PIN 2 TO PIC PORT A (VIA 330R)
TX DATA
PIN 5
GROUND
orders - all from a few stripes printed on
the package.
In general, barcodes do not include the
Figure 2: RS232 9 -pin D connector (female) viewed from solder side
price or product description: these are
organisation in preparation for this change. By this means, a
obtained from the computer system that the checkout or
truly global product identification system will have been
barcode scanner is connected to. However, some perishable
created.
products (cheese and fish, for example) that are sold by weight
and require an individual label sometimes have the price
The barcode reader
encoded in the barcode. You may notice that barcodes used
A barcode wand looks very much like a large pen with a metal
on own -label store items have a shorter barcode. As these
barrel. Low cost wands are widely available for between £40
barcodes are used only within the one trading organisation,
and £60 from suppliers like RS/Electromail. In operation they
they are not part of the EAN-13 numbering scheme.
rely on the user moving the wand over the barcode. Most
Other barcodes numbers used to identify books and
wands convert the optical return signal seen at the tip into a
magazines are also part of the EAN-13 scheme. These may
digital signal that is then fed (via the attached cable) to the
look different because they are generally printed smaller and
computer for decoding. More expensive wands have a built in
may have an additional barcode. The smaller size does
microprocessor that can decode the barcodes directly.
increase the chance of a mis-read.
Barcodes do not have to be printed in black on white, but
The International Standard Book Number (ISBN) is the
the wand must be able to distinguish between the bars and
unique ten -digit number allocated to every book via its
the background. To do this, the wand illuminates the barcode
publisher. The ISBN system had already been in use for a long
with a beam of red light. The printed bar should absorb the
time internationally before the EAN-13 system was adopted.
light while the background reflects the light back to the wand
ISBN is represented in the EAN-13 coding scheme with the
detector. The detector only responds to the change of intensity,
first three digits allocated as 978. The final digit is the EAN
not to the colours used. Reds (which reflects the red, of
calculated check digit and not the original ISBN check digit. It
course), yellows, and white are suitable background colours;
is possible that the original ISBN number will also be printed
they reflect the light. Blue and green (provided they are not too
near the EAN-13 barcode.
pale) and black can be used for the bar - they are dark and
A similar system is used to identify publications that are part
absorb
the red light from the wand. A common misconception
of a series - called the International Standard Serial Number
is that the red is a dark (absorbing) colour, so cannot be used
(ISSN). Serial publications such as newspapers and magazines
as a background colour. Red gives a dark output on
are part of the scheme, as are audio books and CD-roms
monochrome photocopiers, which use blue -white illumination
designed for education, but not music CDs or music cassettes.
for scanning. That is absorbed by red. The red illumination
The ISSN coding scheme starts with the first three digits
used by the barcode scanner is reflected by red, so that it can
being 977, followed by the ISSN number of the periodical,
be used as a background colour. If you drink a certain brand of
ending with the check digit. ISSN codes can also have a
tea
you can verify this.
separate two- or five -digit extension code. Depending on
Underneath
the barcode is printed the actual number. If a
whether the publication is weekly or monthly, the two digits can
barcode does not scan correctly, the operator can manually
indicate the week or month of the year. Five -digit extension can
enter the number. The check digit is very useful as it prevents a
include the price. The five -digit option will start with a '9' if it is
valid barcode number being entered with some digits
used in-house.
accidentally transposed.
A blank area (sometimes referred to as the 'quiet zone')
UPC
appears before and after the barcode. The barcode wand uses
The Universal Product Code (UPC) is an eleven -digit code (plus
this zone to determine the exact beginning and end of the
check digit), allocated by the American Uniform Code Council
barcode. The barcode standards require a quiet zone to be
(UCC). A 'number system' digit precedes the product number:
around quarter of an inch in width, or a minimum of ten times
for example, 0 for the retail version, 2 for items weighed at the
the width of the smallest element.
store, 3 for drugs and health related products, and so on.
EAN-13 uses proportional coding for the barcode using four
Unlike EAN-13, the UPC number has a fixed six -digit length
different widths, which is more space -efficient than binary
company prefix field and a fixed five -digit length item field
coding. There are no inter -character gaps with EAN-13. All
(giving 1,000,000 companies with the ability to number
spaces are part of the individual character. In addition to the 13
100,000 different items).
characters, there are two guard characters and a centre
In most respects, the EAN-13 can be regarded as a
character. These characters may be extended below the
superset of the UPC code. Consequently an EAN-13 scanner
barcode.
can decode the UPC number simply by preceding the number
If you look at a barcode, the 5 (first number in the UK
with a zero. Some UPC barcode systems cannot decode the
country prefix) is shown on the left before the guide bars, not
longer EAN barcode. Many American retail databases cannot,
encoded in the barcode. This is because, in the UK, this
at present, handle the 13 -digit numbers or the variable length
number is assumed automatically. This does not mean that the
information encoded within the barcode number.
same barcode from a different country will scan, since the
However, North America users will be required to scan
check digit incorporates the full barcode number, including the
EAN-13 barcodes as the current UPC numbers are expected
'5' prefix.
to exhausted by the year 2005, after which the UPC will adopt
The barcode pattern is taken from three different tables
the EAN-13 system. The UCC recently acquired country
(A, B and C). The first six characters are taken from Table A
prefixes 10, 11, 12 and 13 from the EAN International
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combinations but only 30 are actually used (three
different tables, each coding ten digits). In general
FIVE VOLT
PIC16C84
PC
the barcode either scans correctly or is rejected,
REGULATED GND
PSU
prompting another read.
As can be seen from the tables, the maximum
black
or space width is 4 and there are always two
9 -PIN 'D'
bars and two spaces per number. Overall, there is
WAND
virtually an equal number of ones and zeros. If you
are trying to visually decipher a barcode, it is easier
to attempt to decode the last six numbers as the
pattern comes from the same table (Table C). If it is
Figure 3: connections between the barcode want, power supply and Pic/PC
difficult to decode, this is hardly surprising as it is
or Table B depending on their position, first number taken
intended for machine reading. The number is printed
from Table A, second number from Table B, and so on.
underneath for human inspection.
Foreign barcodes do not always follow the same sequence.
This does not cause a problem when decoding, as the two
Barcode wand connections
tables are distinct and do not have any duplicate patterns.
The wand is connected to a 16C84 PIC, which converts
The last six digits (product number) are taken from table C.
the serial signal from the wand into various widths, and
transmits this via a serial connection to the computer. It is
Table A (left)
Table B (left)
Table C (right)
not possible to power the wand and the PIC from the
0 = 0001101
0 = 0100111
0 = 1110010
RS232 control lines, as the wand requires about 40mA
1 = 0011001
1 = 0110011
1 = 1100110
continuous current, which is in excess of what can be
2 = 0010011
2 = 0011011
2 = 1101100
safely supplied. Consequently, an external five -volt power
3 = 0111101
3 = 0100001
3 = 1000010
supply will be required to power the wand, in which case it
4 = 0100011
4 = 0011101
4 = 1011100
is sensible to power the PIC circuit from the same supply.
5 = 0110001
5 = 0111001
5 = 1001110
This will also prevent problems associated with differing
6 = 0101111
6 = 0000101
6 = 1010000
voltage levels caused by the use of two separate power
7 = 0111011
7 = 0010001
7 = 1000100
supplies.
8 = 0110111
8 = 0001001
8 = 1001000
To connect the PIC interface to the wand and power
9 = 0001011
9 = 0010111
9 = 1110100
supply requires a 'Y' cable. The actual construction of the
wiring will depend on the type of wand connector and
EAN-13 barcodes do not have any error correcting
whether the serial connection is via a 9- or 25 -pin D
capability only error detection provided by the check digit
connector.
Misreads are rare as the number of possible characters
Wands usually require three connections: +5 volts,
that can be encoded in EAN-13 is very high compared to
ground and signal output. The ground is connected to the
the number that is used. There are a possible 128
metal barrel of the wand, so a simple resistance test
between the barrel and pin will confirm which one should
be connected to ground.
Assuming 9 -pin serial and 9 -pin wand connector, the
9 -PIN 'D'

connection is as shown in figure 1 and figure 2.
The serial data cable should be kept reasonably short as
the transmission speed is relatively fast at 57,600 baud.
The PIC interface circuit consists of a PIC 16C84, a 4 -MHz
crystal, two 33pF capacitors, power supply decoupling
capacitors (as appropriate) and two resistors. The program
should run correctly on most PIC microcontrollers, but it
has only been tested on the 16C84 and 16C620. A clock
frequency of 4MHz is needed for the ASM barcode to work
correctly. The connection diagram and circuit diagram are

Components
R1

10k

R2

330R

C1, C2 33pF
X1

4MHz

shown in figure 3 and figure 4.

RAO

17

R80

6

OSC

15

OSC

16

That is quite a short circuit: indeed, one of the resistors
may not be needed. Barcode wands either have an open
collector output where a pullup resistor is usually required,
or a ttl output, in which case the resistor may not be
needed. The other resistor is used on the serial RS232
data line.
As the circuit is so small, I have not used a pcb layout;

MCLR 4

the circuit can easily be built onto strip board.

Vcc pin 14, ground pin 5

The PIC software
The PIC software does not decode the barcode number
(this is done by the PC software), it converts the barcode
into a corresponding width. As the wand is moved across
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+5V
R1

Mag

<WAND

RAO

16C84

osc
osc

---(1)11,
mot C2

C1

R2

RS232

RBO

GND

Figure 4: the circuit diagram of the interface

the barcode the background colour produces a return
signal to the wand detector and is taken as logic '0', bar
as logic '1' (some may view this as inverted logic).
The program waits until the barcode wand detector
receives a signal (white) and the start of the quiet zone is
assumed. The PIC program times the relative width of the
initial guide bars to work out the various barcode widths;
the black guide bar is taken as width '1'.
When the scan is finished the PIC sends a 255 (decimal)
character indicating end of barcode. This happens when
either the barcode scan has entered the opposite quiet
zone or if the scan has taken too long (timeout). PIC 16084
does not have an in-built serial port, so software is used to
emulate serial communications via Port B (BO).
Data is received from the PIC at 57600 baud, 8 -bit data
and no parity. There is no handshaking between the PIC
and the PC, as the PIC cannot buffer the barcode data.
The received information is a block of numbers ranging
from 1 to 4 representing the barcode widths, ending in
255. To help identify whether the width is black or white,
the most significant bit is set for black.

14. If the bar is length 2 then divide it by 2 and add its time
to the ratio and divide the result by 2. This then adjusts the
ratio to deal with changes of wand scanning speed.
15. Output black bar width.
16. Repeat steps 8 to 15 for the white bar.
17. Repeat steps 8 to 16 until either scan exceeds
maximum time or quiet zone reached.
18. Output 255 (decimal) to show end of scan.
19. Goto step 1.
To achieve a divide by 2, the binary RRF instruction (rotate
right) is used. These PIC width calculations needs to be
done for each barcode scan, as the various segment times
will vary according to the speed at which the wand was
moved across the barcode. This is unlikely to be the same
for every scan. A constant speed across the barcode will
considerably improve the reading accuracy.
The complete ASM assembler code is given. Microchip
MPASM version 2.01 assembler software was used. Part of
the ASM cross reference file is given so that the source
program can be checked for typing errors.
The PC Windows program cannot start to decode until
the entire scan has finished; the PC program has to store
all the information waiting for the 255 characters to be
received.
The PIC ASM Program

; Barcode - PIC16C84
;

(c) 1998 Roger Thomas

; You can use this code for your own personal use.
; Any distribution or commercial use without written
; permission is strictly prohibited.

p=16C84,r=HIX
config H'3ff1'

list

The PIC program executes the following steps:
1. Wait for the quite zone (wait for the input to go low).
2. Wait for the first black edge (keep on checking the input
until it goes high).
3. Time the width of the first black bar (the guide bar) this
will be used as the initial ratio for the black bars.
4. Adjust the timer interval to maximise the range.
5. Output black bar length 1.
6. Time the width of the first white bar. This will be used as
the initial ratio for white bars.
7. Output white bar width 1.
8. Time length of next black bar.
9. If the bar is less then 150% of the ratio then output 1.
10. If the bar is greater than or equal to 150% and less
than 250% of the ratio then the output is width 2.
11. If the bar is greater than or equal to 250% and less
than 350% of the ratio then the output is width 3.
12. If the bar is greater than or equal to 350 % of the ratio
then the output is width 4.
13. If the bar is length 1 then add its time to the ratio and
divide by 2 to give the new ratio. This then adjusts the ratio
to deal with change of scanning speed.

equ
OPT
equ
RTCC
STATUS equ

H'1'
H'1'
H'3'

; Option register
; Timer
; STATUS register

PORTSGequ
PORTRS equ

H'5'
H'6'

; Port with input signal
; Port with RS232 output signal

INTCON equ

H'OB'

; Interrupt register

H'0'
H'2'
H'5'
H'7'

; Carry flag
; Zero flag

GIE

equ
equ
equ
equ

TxChr
PortB
TxCnt

equ
equ
equ

H'20'
H'21'
H'22'
H'23'
H'24'
H'25'
H'26'
H'27'
H'28'
H'29'

; Next character to transmit
; Storage of Port B
; Loop count for transmit
; Timing loop for transmission
; General purpose flags
; Contents of the last RTCC
; Current reading
; Work space
; Work space
; Work space
; Size of black bar

C
Z
RPO

TxLoop equ
Flags

LastRd
CurRd
Work1
Work2
Work3
SizeB

equ
equ
equ
equ
equ
equ
equ

H'2A'
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SizeW

equ

H'213'

movwf
movf
movwf
bcf

; Size of white bar

; Flags

rrf

TimOut equ
equ
InitW
equ
InitB

0
2

; Time out
; Has white been initialised
; Has black been initialised

equ
equ

0
0

; RS232 Out Port B bit 0
; Pen input Port A bit 0

goto

main

RSOut
PEN

1

; Main control program
main

call

bcf
bcf
bsf
movlw
movwf
bcf
movf
main2
to half the original
addlw
movwf

mainl

call

btfss
the time zone
goto
main3
zone

call

; Reset PIC
; Clear initialised white
; Clear initialised black
; Swap to alternative bank

H'C4'

; Set / 32 to timer

rrf

OPT
STATUS,RPO

LastRd,w

; Swap to normal bank
; Set the time out period

H'80'
LastRd
white
Flags,TimOut

; Wait for quite zone
; Loop if it got a signal in

main2
white

; Wait for end of quite
cnvb3

btfsc
goto
main4

reset
Flags,InitW
Flags,InitB
STATUS,RPO

subwf
current reading
btfss
goto
movwf
movf
subwf
btfss
goto
movlw
movwf
bcf

call

btfsc
goto
call

call
call

btfsc
goto
call
call

goto
movlw
main5
character
movwf

Flags,TimOut
main3
black
Flags,TimOut
main5
cnvb

tx
white
Flags,TimOut
main5
cnvw
tx
main4
H'Off'

call

TxChr
tx

goto

main1

cnvb2

; Store current width

STATUS,C ; Now half the value
SizeB,W

Work1,W

; and take it away from the

STATUS,C

cnvb3
Work2
SizeB,w
Work2,f

; Now store it
; Take away current size
; Store the result
STATUS,C ; Greater than the size ?
cnvb3
; Set to return black bar length 2
H'082'
TxChr
STATUS,C ; Divide current width by 2
Work3,f
; Subtract size again
SizeB,w
Work2,f
STATUS,C ; Greater than the size
cnvb3
; Set to return black bar length 3
H'083'
TxChr
SizeB,W ;Set width to current
Work3
;Subtract size again
SizeB,w
Work2,W
STATUS,C ; Greater than the size
cnvb3
; Set to return black bar length 4
H'084'
TxChr
Work3,w ; Add new width to old width
SizeB,f
STATUS,C ; and divide by 2 to give new

width

; Get length of black bar
; Abort if time out

rrf
return

; Convert bar into 1-4
; Send it
; Get length of white bar
; Abort if it timed out

SizeB,f

; Changes the time reading for the black bar
; into lengths of 1, 2, 3, 4. Changes the reference
; to deal with changes in scanning speed

; Convert bar into 1 - 4
; Transmit white bar

cnvw

; Send end of barcode

; Wait for next barcode
cnvw2

; Changes the time reading for the black bar into
; lengths of 1, 2, 3, 4. Changes the reference to
; deal with changes in scanning speed
cnvb

movf
subwf
btfss
goto
movlw
movwf
movf
movwf
movf
subwf
btfss
goto
movlw
movwf
movf
addwf
bcf

TxChr
Workl ,W
Work3

Flags,InitB ; Has it already been initialised
cnvb2
H'081' ; Return black bar width of 1
TxChr
; Modify the timer if required
call
calib
bsf Flags,InitB ; Set conversion complete
return
; Set to return black bar length 1
movlw H'081'

btfsc
goto
movlw
movwf

btfsc
goto
movf
movwf
movlw
movwf
bsf
return
movlw
movwf
movf
movwf
bcf
11-1

subwf
current reading
btfss
goto
movwf
movf

Flags,InitW ; Has it already been initialised
cnvw2
Work1,W ; Set the size of the white bar
SizeW

; Return black bar width of 1
H'01'
TxChr
Flags,InitW ; Set conversion complete

H'01'
TxChr
Work1,W
Work3

; Store current width

STATUS,C
SizeW,W

; Now half the value

Work1,W

; and take it away from the

STATUS,C

cnvw3
Work2
SizeW,w
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; Set to return white bar length 1

; Now store it
; Take away current size

; Store the result
; Greater than the size ?

subwf
btfss
goto
movlw
movwf
bcf

Work2,f

STATUS,C

; Divide current width by 2

rrf
movf

Work3,f
SizeW,w
Work2,f

; Subtract size again

STATUS,C

; Greater than the size

subwf
btfss
goto
movlw
movwf
movf
movwf
movf
subwf
btfss
goto
movlw
movwf
cnvw3 movf
addwf
bcf
new width
rrf
return

STATUS,C

cnvw3
H'02'
TxChr

white2

; Set to return white bar length 2

; Set to return white bar length 3

TxChr
SizeW,W
Work3
SizeW,w
Work2,W

; Set width to current
; Subtract size again

movwf

LastRd

return
bsf
movf
movwf
return

Flags,TimOut
CurRd,W
LastRd

; Set time out flag

; Greater than the size

STATUS,C

cnvw3
H'04'
TxChr
Work3,w

white3

; Return the black bar length and return the value in Work1
; If it times out set the time out flag

; Set to return white bar length 4

; Add new width to old width

SizeW,f
STATUS,C

black
black2
reading

; and divide by 2 to give

SizeW,f

; Called when the first bar is scanned to change the
; timer interval to maximize the accuracy of the readings
calib
bar

RTCC,w ; Store current timer reading
CurRd
LastRd,W
; Subtract last reading
CurRd,W
; and store time difference
Work1
; Test for time out
STATUS,Z
white3
; Is it black ?
PORTSG,PEN
white2
CurRd,W; Change last reading to current

reading

cnvw3

H'03'

movf
movwf
movf
subwf
movwf
btfsc
goto
btfss
goto
movf

; Set the size of the black

movf

Work1,W

movwf
movlw
subwf
btfss
goto
bcf

SizeB

rrf

SizeB,f

bsf
movlw
movwf
bcf
return
movlw
btfsc
goto
bsf
movlw
movwf
bcf
bcf

STATUS,RPO ; Swap to alternative bank

rif

SizeB,f

H'038'

; Reading too large
black3

SizeB,W
STATUS,C
calib1
STATUS,C

bcf
movf

Flags,TimOut
RTCC,w

Clear time out flag
; Store current timer

movwf
movf
subwf
movwf
btfsc
goto
btfsc
goto
movf
movwf

CurRd
LastRd,w
CurRd,w

; Subtract last reading

Work1
STATUS,Z

; store the time difference
; Test for time out

return
bsf
movf

movwf
return

; Divide current length by

black3
PORTSG,PEN
black2
CurRd,W
LastRd
Flags,TimOut
CurRd,W
LastRd

;

Is it black ?

; Set time out flag

2

calib1

calib2

H'C5'

; Called at start to reset the PIC
; Enables output and disables interrupts

; Set timer to / 64
reset

OPT
STATUS,RPO

; Swap to normal bank

bsf
clrf
movlw

H'018'

; Reading too small

movwf OPT

; Swap to alternative bank
; Set / 16 to timer

bcf
bcf
clrf
return

STATUS,C
calib2
STATUS,RPO

H'C3
OPT
STATUS,RPO
STATUS,C

; Return the white bar length and return the value in Work1
If it times out set the time out flag
;

Flags,TimOut

STATUS,RPO

INTCON,GIE
LastRd

; Clear time out flag

movf
movwf
bsf
movlw

PORTRS,W
PortB
PortB,RSOut

movwf

TxCnt

9
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f

; Swap to normal bank
; Disable all interrupts

; TxChr - Character to transmit at 57600 baud (no
handshaking)

; Multiply current length by 2

return
return

bcf

H'C5'

; Swap to alternative bank
; Enable Port B as output
; Set / 64 to timer

; Transmit a character

; Swap to normal bank

tx

white

STATUS,RPO
PORTRS

; Get current port status
; and store it
; Make sure output is high
; Loop 9 times the last
being the stop bit

tx1

movf

PortB,W

; Get current work status
; Update the port
PortB,RSOut
; Set output to high
STATUS,C
; Make sure that the stop
bit is the correct level
TxChr,f
; Get next bit to send
STATUS,C ; Set output to low if necessary
PortB,RSOut
; Add extra 2 micro
seconds to loop-,

SizeB

movwf PORTRS
bsf
bsf
rrf

btfsc
bcf
nop

tx2

nop
movlw
movwf
nop
decfsz
goto
decfsz
goto
bcf
movf

SizeW

TimOut C 48* 72, 75, 78, 83, 225, 238, 247, 260.
TxChr

C 31* 89, 100, 105, 119, 127, 135, 151, 155, 169,
177, 185, 291.
C 33* 286, 301.
TxCnt
TxLoop C 34* 297, 299.
World C 38* 106, 110, 148, 156, 160, 196, 230, 252.
Work2 C 39* 113, 115, 123, 131, 163, 165, 173, 181.
Work3 C 40* 107, 121, 129, 136, 157, 171, 179, 186.
Z
C 27* 231, 253.
_16C84V 13*
black
A 77, 247*
black2 A 248* 256.
black3 A 254, 260*
calib
A 101, 196*
calib1
A 201, 209*
calib2
A 211, 219*

; Set up delay loop

1

TxLoop

TxLoop,f
tx2
TxCnt,f

; Delay complete ?

; All bits sent ?

tx1

PortB,RSOut
PortB,W

; Set output low

cnvb
cnvb2
cnvb3
cnvw
cnvw2
cnvw3
main

movwf PORTRS
return
end

MPASM 02,01 Released Cross Reference File

main1

LABEL

C 41* 109, 114, 122, 128, 130, 137, 139, 197, 199,
203, 217.
C 42* 149, 159, 164, 172, 178, 180, 187, 189.

TYPE SOURCE FIsLE REFERENCES

A 80, 97*
A 98, 104*
A 112, 117, 125, 133, 136*
A 85, 146*
A 147, 154*
A 162, 167, 175, 183, 186*

A 56, 61*
A 62* 91.
A 68* 73.
A 74* 76.
A 77* 87.
A 79, 84, 88*

C

C 26* 108, 111, 116, 120, 124, 132, 138, 158, 161,
166, 170, 174, 182, 188, 200, 202, 210, 216, 290,
292.

main2
main3
main4
main5
reset

CurRd

C 37* 227, 229, 235, 239, 249, 251, 257, 261.

tx

A 81, 86, 90, 282*

Flags

C 35* 62, 63, 72, 75, 78, 83, 97, 102, 146, 152,

txl

A 287* 302.
A 299* 300.

225, 238, 247, 260.
GIE
C 29* 27.
INTCON C 24* 274.

tx2
white
white2
white3

C 50* 63, 97, 102.
C 49* 62, 146, 152.
LastRd C 36* 68, 70, 228, 236, 240, 250, 258, 262, 275.
OPT
C 17* 66, 206, 214, 272.
InitB
InitW

A 61, 269*

A 71, 74, 82, 225*
A 226* 234.
A 232, 238*

LABEL TYPES
A Address
C Constant
V Variable

C 54* 233, 255.
PORTRSC 22* 270, 282, 288, 305.
PORTSGC 21* 233, 255.
PortB
C 32* 283, 284, 287, 289, 293, 303, 304.
PEN

Program Memory Words Used: 212
Program Memory Words Free: 812

C 28* 64, 67, 204, 207, 212, 215, 269, 273.
RSOut C 53* 284, 289, 293, 303.
RPO

C 18* 226, 248.
STATUS C 19* 64, 67, 108, 111, 116, 120, 124, 132, 138,
158, 161, 166, 170, 174, 182, 188, 200, 202, 204,
207, 210, 212, 215, 216, 231, 253, 269, 273, 290,
RTCC

Errors : 0
Warnings : 0 reported, 0 suppressed
Messages : 0 reported, 0 suppressed

292.

MEMORY USAGE MAP ('X' = Used,

= Unused)

0000 : >000000000000000< >000000000000000( >0000000000000= >000000000000000C
0040 : >000000000000000< >000000000000000( >000000000000000C >000000000000000C
0080 : >000000000000000C K00000000000000( >000000000000000( >000000000000000C
0000 : >000000000000000C >000(

2000 : ----X----

All other memory blocks unused.
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PC Software
The Windows 95 program receives the information from the PIC
via the serial interface. The various barcode widths, as received
from the PIC, are displayed and translated into a barcode binary
sequence. This sequence should begin with 101 (the guide bar)
but the two end guide bars and the middle guide bar are not
part of the actual number and need to be removed.
This binary width pattern needs to be converted to a
sequence of numbers by the use of the three different tables.
Once converted this number needs to be verified and simple
checks are performed to make sure that there are 13 digits
and the number starts with either 5 or 97.
Once the number has passed these simple checks then it
needs to be verified. This is done by removing the last digit (the
check digit) and using all the remaining numbers to generate a
check digit. This same algorithm was used to produce the
original check digit - the algorithm is given below. If a valid
barcode is received but is not a UK number then the program
displays the country that has been allocated that prefix
number.

Example: To calculate the check digit (C) for the EAN-13
number 500246813579C

Starting with the left side of the number sum alternate even
numbers

0 + 2 + 6 + 1 + 5 + 9 = 23
Multiply the result by three
23 x 3 = 69

Sum the remaining odd numbers

5 + 0 + 4 + 8 + 3 + 5 = 25

I 11111111
9

11

7

7

0

1

4

Z

II

7

?

2

1

6

0

H

Newspaper/Magazine (ISSN) 97701127221E0
Nexus - ETI Electronics Today International
Er er EA.N1 3 number

a-1

COM? serial ;;CatiTIS port initiaized.

corrins Port
0cm

Cim 2

Ciw3i

BARCODE 111.0,

associated information is displayed. EAN-13 barcode numbers
can also be typed in directly.
The Windows 95 program allows the user to create a data
text file that incorporates barcode number and product
information that the user is interested in. Typing in barcode
numbers and descriptions of 'favourite' products can say a
great deal about the user!
For those who do not have a 16C84 programmer I can
supply a pin -for -pin compatible programmed PIC. A free demo
version of the Windows 95 barcode software to verify the
correct operation of the wand and interface is available. This
will verify that the PIC software and connection cable is
working correctly. The demo software decodes and displays
the barcode number, but does not have a database facility or
the ability to enter EAN-13 numbers. Please send a 3.5 -inch
disk and suitable SAE, or just an SAE if enquiring about the
PIC availability.

Add both numbers together
69 + 25 = 94
The check digit is the smallest decimal integer number than
when added to the previous result produces a number evenly
divisible by 10.

Roger Thomas
24 Slave Hill
Haddenham
Aylesbury
Bucks HP17 8AZ

94 - C = 90 therefore C = 4

References

The complete number = 5002468135794

The Article Number Association (UK) Ltd., 11 Kingsway,
London WC2B 6AR.

(This is the same algorithm as used by UPC bar codes).
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A simple numeric compare is made between the check digit
received and what has just been calculated. If they are the
same then this verifies the correct operation of the barcode
scan, if they are not then the scanned barcode must be
rejected.
After verification, the barcode number is used as an index
to search a product database. If the number is found the
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ipe, Nail and
Cable Detector
This portable VLF phase metal detector can locate small objects near the surface
of a wall and large objects more deeply embedded
Robert Penfold

IY is probably more popular now than ever
before, and it is certainly possible to save a
great deal of money by doing your own home
repairs and improvements. It can also provide a
great deal of fun for those of a practical
disposition. On the other hand, it is not totally hazard -free,
and it can be extremely dangerous unless suitable
safeguards are observed. The device featured here helps to
keep things as safe as possible by helping the DIY
enthusiast locate pipes and cables buried in walls. It can
also be used to locate small items of metal that are
embedded in walls or in woodwork, such as screws and

C

BUFFER
AMPLIFIER

OSCILLATOR

CLIPPING
AMPLIFIER

PEASE
DETECTOR

nails. It is really a form of metal detector, which means that it
will not find non-metallic items such as plastic pipes.
Some units of this general type are good at finding small
pieces of metal close to the search coil, but are virtually
"blind" to large chunks of metal unless they are also very
close to the detector coil. Conversely, other units are good
at finding large items some distance from the search coil but
give little response to small pieces of metal even at virtually
"point blank" range. This detector has excellent sensitivity to
both small and large items, making it equally suitable for
locating small nails just below the surface or pipes buried 50
to 100 millimetres into a wall. The unit is completely portable
and is powered from a PP3 size
battery. When metal is detected
there is a clear indication from a
moving coil meter, which gives an
increased reading for ferrous
metals or a reduced reading for
non-ferrous metals. Its ability to
METER
distinguish between the two types
DC
AMPLIFIER
of metal is probably not of any
great importance in the current
context, but I suppose it could be
of help on occasions.

PICKUP
COILS

C

LOWPASS
FILTER

Figure 1: the block diagram of the cable detector
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The phase detector used in this circuit is an ordinary CMOS
exclusive OR (XOR) gate. We require a phase comparator that
produces increased output voltage if the phase difference
between the two input signals increases. An exclusive OR gate
performs this task very well, and the three sets of waveforms
shown in figure 2 help to explain the way in which the phase
detection functions. In the top set of waveforms the two input
signals are perfectly in -phase and the output of the comparator
is always low. Bear in mind here that the action of an exclusive
OR gate is different from that of a standard OR gate. With an
ordinary OR gate the output is high if either input is high, or if
both inputs are high. The output of an exclusive OR gate is
only high if one input or the other is high, but not if they both
are. In this example both inputs are low, or both inputs are
high, and in either case the output is low.
In the middle set of waveforms the two input signals are 45
degrees out of phase. This introduces two periods per cycle
when the inputs are at opposite states, and the output of the
gate goes high. The output of the gate is high for 25 percent of
the time. In the bottom set of waveforms the phase difference
has been increased to 90 degrees. This still gives two periods
per cycle when the inputs are at opposite states, but these
periods are much longer. The output is now high for 50
percent of the time. On its own the gate does not give quite
required action, but it is merely necessary to smooth the
output pulses to a DC signal using a lowpass filter. This gives
an output potential equal to the average output voltage of the
gate, and this voltage is proportional to the phase difference at
the inputs of the gate.
Returning to figure 1, the output of the phase detector is
fed to a lowpass filter, and an amplifier then boosts the
resultant DC output signal. The phase change produced by
even a large chunk of metal very close to the pick-up coil is
likely to be no more than one or two degrees, and in normal
use phase changes of well under one degree must be
detected. A substantial amount of amplification is therefore
required in order to produce a large enough voltage swing to
operate the moving coil meter at the output of the circuit.

P

INPUT 1

INPUT 2
0

OUTPUT

r

INPUT,

0_,
INPUT 2

OUTPUT

oINPUT

oINPUT 2

OUTPUT

-

Figure 2: example waveforms for the phase detector

VLF Phase Shift
There are several common methods of metal detection, but virtually
all of them rely on a pick-up coil or coils, and the fact that metal
near a coil changes the coil's electrical characteristics. This circuit is
no exception, and it uses a type of location known as very low
frequency (VLF) phase detection. The block diagram of figure 1
helps to explain the way in which this system functions. An
oscillator operating at a very low frequency, which in this context
means about 20 kHz, drives the primary winding on the pick-up
coil via a buffer amplifier. The buffer stage ensures that any metal
near the coil does not have a "pulling" effect that could result in
distortion to the output waveform of the oscillator. A secondary
winding on the pick-up coil feeds a high gain clipping amplifier
which produces an output signal that is essentially the same as the
direct signal from the oscillator. A phase detector then compares
these two signals. With no metal near the search coil there will be
only a small phase difference between the direct signal from the
oscillator and the signal received via the coil. Any metal near the
pick-up coil produces a change in the phase difference, and the
direction of the change depends on whether the metal is ferrous or
non-ferrous. This phaqe change must be converted into a change
in voltage that can be indicated via a meter.
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3
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C6
100p

=la C2
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R11

1C3 PINS 12,13,14

33k
3
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The full circuit diagram for the Cable Detector project appears
in figure 3. IC1 is used in the oscillator stage, which is a
conventional 555 astable circuit. The values of R1, R2 and C2
provide an almost squarewave output at a frequency of
approximately 20 kHz. With some types of metal locator there
is an advantage in using a relatively high frequency, but this
does not seem to give a significant improvement in sensitivity

R5

8

470p

The circuit

715.7

+

R6

27k

IC3 PINS

D1

+

C7 5.6,7.8,9 =08

T2p2

4p7

1N4148
R12
390R

Figure 3: the full circuit diagram for the cable detector
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Figure 4: the component layout and wiring. Note that
IC1 has the opposite orientation to the other Ics
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(IC3). The other input of
103 is driven direct from the
output of 101. IC3 is a
CMOS quad 2 -input XNOR
gate rather than an XOR
type, but it still provides the
required response to
changes in phase
difference. An XNOR gate
is effectively just an XOR
type having an inverter at its
output. The two input
signals to IC3 are in anti phase so that the average
output voltage is low under
standby conditions, and not
in -phase so that a high
average output potential is
produced. This is
important because the DC
amplifier at the output of
the circuit is designed to
deal with a small offset on
the output from the
lowpass filter.
The latter is a single
stage passive circuit (R9
and C8) that feeds into a
non -inverting amplifier

based on IC4. The closed
loop voltage gain of this
o
**
e 6
0
4
4
s'
stage is a little under 200.
9
0
s
is
sl e
Under standby conditions
p 41
the output voltage from the
14
I'
filter will be under one volt,
tost[ig
't
but this is still more than
i se:
0
adequate to send IC4's
if
V
output fully positive. This is
avoided by having the
negative feedback circuit
connect to the wiper of
RV1 rather than to the 0 -volt supply rail. RV1 is adjusted to
with a phase shift detector. For a locator that will be used as a
offset the DC bias on the input signal and bring the output
"treasure" locator there is a definite advantage in using a low
voltage of 101 down to around one -volt. ME1 is fed from the
frequency. Using a low frequency usually eliminates ground
output of IC4 via series resistors R15 and R16, which give a
effect problems. In other words, it removes problems with the
full-scale sensitivity of about two volts. Under quiescent
detector being activated slightly when the search coil is close
conditions the meter therefore reads approximately half fullto the ground, even if there is no metal in the ground. In the
scale. D1 ensures that there is no more than very minor
irrent context this is also an advantage, as the walls of a
overloading of the meter if the output of IC4 goes strongly
house can produce much the same problem. Tests on the
positive. Note that the output amplifier is reliant on IC4 being
prototype detector produced no noticeable change in the
an operational amplifier that will operate correctly in single
meter reading with the search coil placed next to walls, people,
supply DC amplifier circuits. Most other operational
or other non-metallic objects.
amplifiers will not work properly in the IC4 position of this
01 is used as an emitter follower buffer amplifier at the
circuit.
output of the oscillator, and this drives the primary winding of
The current consumption of the circuit is approximately 10
the search coil (T1) by way of current limiting resistor R3.
milliamps.
An ordinary PP3 size battery is just about
The primary and secondary windings of the search coil are
adequate to provide this, and it is not necessary to use some
used in parallel tuned circuits, with C3 and C5 acting as their
form of "high power" battery.
respective tuning capacitors. C4 couples the output of the
secondary winding to a high gain amplifier based on
Construction
operational amplifier IC2. This stage is a simple non -inverting
The component layout and wiring for the cable detector are
amplifier having a voltage gain of a lithe over 200, which is
provided in figure 4, with the underside view of the board
sufficient to ensure that the strong output signal from T1 is
show separately in figure 5. Start by cutting out a board of
heavily clipped. This produces virtually a squarewave signal
the
required size (49 holes by 22 copper strips) using a
that is capable of driving one input of the phase detector
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rhacksaw, and then file any rough edges to a smooth finish.
Next drill the two 3.2 millimetre diameter mounting holes and
make the breaks in the copper strips. The board is then
ready for the components and link -wires to be added. This is
largely straightforward, but bear in mind that IC2, IC3 and IC4
are MOS components that require the usual anti -static
handling precautions. 101 is also a MOS device, but it has
built-in protection circuits that render any handling
precautions unnecessary. It is still advisable to fit this
__
component in a holder, and note that it has the opposite
orientation to the other integrated circuits. It is likely that IC1
will be destroyed if it is fitted the wrong way round.
Some of the link -wires are quite long, and it might be
worthwhile insulating them with PVC sleeving to make quite
sure that there can be no accidental short circuits. The
board layout is designed to accept polyester capacitors
having 7.5 millimetre (0.3 inch) lead spacing. It could be
difficult to fit a different type into this layout, and it is essential
to at least use some form of miniature printed circuit
mounting capacitor. Fit single -sided solder pins at the points
where connections will be made to ME1, RV1, etc.
VLF phase detectors are quite tolerant of metal close to
the search coil, and it is not necessary to have the coil well
separated from the rest of the unit so that it is clear of the
battery, meter, etc. On the other hand, it would be sensible
to use a plastic case rather than a metal or plastic and metal
type. Practically any medium size case about 135 to 160
millimetres long should be suitable, but the case needs to be
fairly deep in order to accommodate the meter. The meter
and two controls are mounted on the front panel, with the
component panel and search coil fitted on the rear panel.
Assuming the meter is a standard 60 by 46 millimetre type, it
requires four small mounting holes for its integral mounting
bolts. These holes should be about three millimetres in
diameter, and are at the corners of a square having sides 32
millimetres long. A large cutout to accommodate the body of
the meter is required at the centre of the square, and this has
a diameter of 38 millimetres. The easiest way to make this is
to use an adjustable hole cutter, or "tank" cutter as they are
also known. These are designed to operate at very low
speeds, and should really be used in a brace rather than any
form of drill. The slower alternative is to use a miniature
round file such as an Abrafile, or a fretsaw. With this method
it is advisable to cut just inside the required cutout, and then
file it out to precisely the required size using a half -round file.

Figure 5: the underside view of the component board

The search coil
The search coil is home-made, and is based on a former about
30 to 35 millimetres in diameter, and about 12 to 15 millimetres
long. I used to core of a small reel of 15 millimetre wide
Sellotape, which is not particularly expensive if you have to buy
it specially and throw away the tape. Two end -cheeks about
50 millimetres in diameter are required, and these are glued to
the former to produce a bobbin. These end -cheeks can be
made from any strong non-metallic sheet material that is no
more than about 3 millimetres thick. Copper laminate board
with the copper etched away is suitable, but I used the rear
panel of a plastic case removed from a defunct project. I cut
them from the panel using an adjustable hole cutter, but a
fretsaw or miniature round file again offer an alternative
approach. Two pairs of small holes (about one millimetre in
diameter) for the leadout wires are needed in one end -cheek.
A good quality gap -filling adhesive is required to fix the three
parts of the bobbin together. An epoxy type should be
suitable, or a glue -gun does the job very well and gives almost
instant results.
The primary winding consists of 125 tuns of 34 swg (0.236
millimetre diameter) enamelled copper wire. Thread the wire
through one of the holes in the bobbin to leave a leadout wire
about 120 millimetres long, and then wind the wire onto the
bobbin as tightly as possible. It is not essential to make a neat
job of things, but all the turns must run in the same direction,
and the turns must be tight
so that the finished coil is
physically stable. Once the
winding has been
completed, cut the wire to
leave another leadout about
120 millimetres long, and
thread it through the second
hole in the end -cheek. Mark
the bobbin so that you can
distinguish between the
primary and secondary
windings. The process is
then repeated for the
secondary winding, but
using only 50 turns and the
second pair of holes. To
complete the search coil,
wind two or three layers of
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search coil near some non-ferrous metal, such
as an aluminium case or a reel of solder should
produce a reduction in the reading from the
meter. There may be some "exceptions to the
rule", but any non-ferrous items I tested always
produced a reduction in the reading from the
meter. Due to the high sensitivity of the
detector there should be no difficulty in tracing
the paths of metal lighting conduits, etc. It
should also readily detect nails in doors and
walls, etc.
If it is not possible to obtain a mid -scale
reading from the meter the most likely
explanation is that the phasing of T1 is wrong.
Reversing the connections to the secondary
winding if T1 will correct this. In use there will
inevitably be some drift, and occasional
readjustment of RV1 will be required.
Eventually more frequent readjustment will be
needed, and it will become impossible to
obtain a mid -scale reading. It is then time to
replace the battery.
The search coil mounted on the back of the case.

insulation tape tightly around the coil to ensure that the
windings stay precisely in position. Figure 6 helps to explain
the way in which everything fits together.
The base panel of the case is drilled with holes to match
those in the end -cheek of the search coil. The leads are then
threaded through these holes and the coil is glued in place on
the base panel. Mount the component panel on the other side
of the base panel using either 6BA or metric M3 bolts and
short spacers.
With the small amount of hard wiring added the unit is
ready for a final check and testing. The battery must be
properly secured inside the case, as it could produce spurious
results if it is allowed to move around. A self-adhesive pad is
probably the best way of keeping it in place.

Resistors
(5 percent 0.25W carbon film)
3k3
R1
33k
R2, R5
1k
R3, R10
4k7
R4, R13, R16

R12
R14

27k
100k
470R
15k
12k
390R
1M

RV1

1k lin carbon rotary

R6
R7

R8

R9, R15
R11

Capacitors

In use
At switch -on the meter will almost certainly read either zero or
something close to full-scale, but by carefully adjusting RV1 it
should be possible to produce an approximately mid -scale
reading. The exact reading under standby conditions is
unimportant, but it should be somewhere in the middle of the
scale so that the meter can read higher and lower. If you place
the meter near something made from iron or steel, such as a
pair of pliers, the meter reading should increase. Placing the

C2
C3
C4
C5
C6
C7
C8
C9

470u 10V radial elect
1n polyester
68n polyester
1u 50V radial elect
150n polyester
100u 10V radial elect
2u2 50V radial elect
4u7 50V radial elect
22n polyester

Semiconductors
1mm HOLES FOR
PRIMARY LEADS
tit

IC1

IC2, IC4
IC3

50mm DIA. TOP

Q1
30mm DIA. BY

D1

-15mm FORMER

Miscellaneous

A

SPST miniature toggle
9 volt PP3 size
100uA moving coil panel meter
ME1
see text
T1
Plastic case about 142 c 80 c 57 mm. 0.1 -inch
stripboard 49 holes x 22 strips, 3 x 8 -pin dil ic
holder, 14 -pin dil ic holder, 34 swg (0.236)
enamelled copper wire and other parts for T1,
control knob, battery connector, wire, solder, etc.
SW1

50mm

S1
HOLES FOR
SECONDARY LEADS

TS555CN
CA3140E
4077BE
BC549
1N4148

LEADS ABOUT
120mm LONG

Figure 6: the search coil is wound on a home-made bobbin. The
primary has 125 turns, and there are 50 turns on the secondary
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ronics
t 8: Processor Timing
Owen Bishop
Last month's practical project was a circuit for
switching a number of lamps or other electrically
powered devices according to a timed program.
This has applications in home security, as well as
in process control generally. In Australia at
Christmas -time (and also in USA, I'm told) enthusiasts cover
their houses with lighting displays reminiscent of the Blackpool
Illuminations. This circuit is ideal for controlling the intricate
switching needed to produce a truly mind -bending exhibition.
In the home security application the circuit records the times
at which the lamps are switched on and off during a 'learning'
period of 24 hours, and repeats the sequence during
subsequent 24 -hour periods. This month's project is based on
a microcontroller instead of a purpose -designed logic circuit.
Not only is this circuit much simpler to build but it is more
flexible in operation. The circuit is based on the Basic Stamp
2, an expanded version of the original Stamp 1. The Stamps
are postage -stamp -sized modules which have a PIC
microcontroller incorporated. The components of the Stamp 2
are surface -mount devices mounted on a small rectangle of
circuit board, which fits into a standard dil 24 -pin socket. They
also include a memory chip which allows the Stamps to be
programmed in Basic using a PC. It is this feature which

makes the Stamps so popular with constructors. When you
buy your first Stamp you also need a carrier -board,
programming lead, and a floppy disk with the programming
files. The Stamps retain their program indefinitely when the
power is switched off. They can then be used independently of
the PC, but can be reprogrammed at any time later.

Stamp timing
Stamps have built-in timing functions. Part 3 of this series (ETI
Vol. 27 Issue 9, of 14th August 1998) showed how to use the
PULSIN command for measuring periods of very short
duration, such as the length of a photoflash. Stamps are
accurate to 1 percent for timing short periods, provided that
the measurement is made within the bounds of a single BASIC
statement (such as PULSIN). It is possible to measure periods
of a few minutes duration by using loops containing one of the
other time -dependent commands such as PAUSE. But the
execution times of the commands needed to construct these
loops are various and we soon begin to lose precision. There is
no provision for measuring periods of hours or longer with any
degree of precision. A 1 percent error amounts to almost 15
minutes at the end of a 24 -hour period and this is not
acceptable in most applications.

0 +12V DC
R12
560R

SW1-SW8
C2
33p

16

XTAL1

LED1

24

21

+5V

C1

I 100u

PWR
PO-P7

11

RLA1-4 DI - D4

5-12

1 N4148

112.768kHz
C3
15

-

I

R2
220 ki

10M
10

R3 -R10

P15

R1
I

ICI

10k

BS2

I

4060
P8 P11

13-16

7rg
12

GND
23

El

SW9

Figure 1: circuit of a learning switch based on a Stamp 2
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Application Note #20 of the
Programming Manual shows how to use an
external crystal oscillator to provide a
precise timebase. This uses the CMOS
4060 14 -stage counter with its built-in
oscillator circuitry. This is the same oscillator
that we used for the 1 Hz crystal clock
described in Part 2 of this series, except
that the Stamp version omits the 4013 flipflop, so its output runs at 2 Hz instead.
Figure 1 shows a 4060 acting as a
precision crystal clock, running at 2 Hz and
feeding its output to pin P15 (pin 20 of the
Stamp). The figure also shows eight input
switches (only one drawn) and four
transistor -driven relays (only one drawn) and
a reset button. The logic circuits of last
month's project are no longer needed, their
role being taken over by software. This is
the software solution to the problem.

(START)

RESET LEARN
RESET PERIOD

DECLARE VARIABLES
AND I/O STATUS

0 = REPEAT /LEARN
= 0 OR 1
1 = LEARN

/

PERIOD <144?

LOOP

/

/OUTPUT TO LAMPS/
CLOCK = 0 OR 1

READ SWITCHES
INTO LAMPS
REPEAT

LEARN - 0 ?

STORE SWITCHES

Programming

INPUT

/STATE OF SWITCHES
The usual procedure is to program the
TIME UP
Stamp while it is in its socket on the carrier
board, using the supplied programming
CLOCK =
lead. Power is fed to the board from a
OLDCLOCK ?
LEARN = 0 ?
power pack or battery. The input voltage
must be in the range 5 V to 15 V. For this
project the chosen supply voltage is 12 V, as
used last month. On the carrier board the
INCREMENT CHANGES
supply goes to pin 24 (PWR) of the Stamp,
which contains a regulator to produce a 5 V
supply for the processor and for driving a
limited amount of external circuitry.
CHANGES
Normally the Stamp is programmed on
<2400
the carrier board, and then transferred to its
socket on the project board. It is returned to
the carrier board if the program
Figure 2: the flow -chart of the learning program
subsequently needs to be modified. In this
The table shows that there are four setting switches, as in the
project we need to modify the stored data fairly frequently. This
hardware solution described last month. There are also four
could mean repeatedly transferring the Stamp from the project
relays for switching lamps or other electrically powered devices
to carrier board and back again, with the risk of bent pins and
of suitable rating. There are also spare inputs and outputs that
other damage. To avoid the hazards and awkwardness of this,
can be used to control additional devices or provide other
the project board has a socket, which accepts the
refinements to the operation of the project.
programming lead. The Stamp can be re -programmed and
The program uses seven variables:
tested without removing it from the project.

Learning program

dock

The program is based on the following configuration of inputs
and outputs:

oldclock

(0 or 1).

changes
I/O pin

Stamp pin

PO

5

P1

6
7
8
9
10-12
13
14
15
16

P2

P3
P4

P5 - P7
P8
P9

P10
P11

P12 -P14
P15

17-19
20

I

or 0

O
O
O
O
I/O

The present state of the clock input (0 or 1).
The state of the clock input at the previous sampling

Function
Setting switch SW1
Setting switch SW2
Setting switch SW3
Setting switch SW4
Learn/repeat switch SW5
Spare input switches
01/RLA1, lamp 1
Q2/RLA2, lamp 2
Q3/RLA3, lamp 3
Q4/RLA4, lamp 4
Spare input/output pins
Clock input from IC1

Period
learn

switches
lamps

The number of times the dock input has changed from
0 to 1 or from 1 to O. There are four changes per
second or 240 per minute. Changes is reset every time
it reaches 240, 1200 (5 minutes) or 2400 (10 minutes).
The number of periods of 1, 5 or 10 minutes duration.
Period is reset every 24 hours.
Indicates the mode, 1 = learning, 0 = repeating.
A byte to indicate the state of up to 8 setting switches
(0 = open, 1 = dosed).
A byte to indicate the intended state of up to 8 lamps or
other devices (0 = off, 1 = on).

Here is the program, which begins by declaring the variables
(see the flowchart in figure 2):
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clock var bit
oldclock var bit
changes var word
period var word
learn var bit
switches var byte
lamps var byte
DIRS = %0111111100000000
learn = IN4

*
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._
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;
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;
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IV

44.
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I

.1,

.

4,

loop:

clock = IN15
if learn = 0 then timeup
lamps = INA
OUTC = lamps
timeup:
if clock = oldclock then loop
changes = changes + 1
if changes < 2400 then loop
changes = 0
period = period + 1
if learn = 0 then repeat
switches = INA
write period, switches

. a'.

* =. .. 0

S:

7.
.44

44...7

...O':

.

4. *

: .....

repeat:

read period, lamps
OUTC, lamps
if period < 144 then loop
learn = 0
period = 0
goto loop

Figure 3: the component layout. This board replaces Boards 1 and 2 of last month's circuit.
(Please note that C3 should go to OV, not to pin 9 as in the photograph.)

read 'if period < 1440 then action'. For 5 minutes the
number is 288 and for 10 minutes it is 144. If you are
working with a 5 min or 10 min it is also possible to
operate the circuit on a 7 -day basis. There are 1008
periods of 10 minutes in 7 days. It is possible to record a
program showing daily dissimilarity, including markedly
different patterns of activity at the weekends. This is
something that the original hardware version could not

During testing, it is better if line 14 is 'if changes [left
arrow] 8 then loop'. This gives two -second periods and, if
a line 'debug bell' is inserted after 'period = period +1' a
beep is heard every time the period is incremented. This
gives one beep per two seconds and is useful for
checking that the clock is operating at the correct rate.
Later, change the line to 'if changes <240' to give one minute periods. This makes it easy to check the operation
of the program quickly. One advantage of the software
solution is that it is easy to arrange for periods of
convenient lengths, such as 5 min or 10 min, instead of
the awkward 11.25 minutes forced on us by the
constraints of the logic of the hardware solution.
Assuming that the program is to repeat after 24 hours,
the number of periods in line 17 needs to be set
according to period length. For 1 -min periods, this should

do.

Note that the program automatically switches to repeat
mode after 24 hours in learning mode, irrespective of the
state of the learn/repeat switch. But the program
encounters the line 'learn = IN4' when being re -run from
the beginning. So, if you reset the processor by pressing
S9 or you switch off the power, it will revert to learning
mode the next time it is run. To prevent this from overwriting the stored sequence, it is essential to place S5 in
repeat position before resetting or restoring power.

ELECTRONICS TODAY INTERNATIONAL VOLUME 28 ISSUE 1

55

Programming by computer
The learning mode has the advantage that the device records
your normal use of the lamps during a 24 -hour period. If you
prefer to work out the switching pattern in advance, use the
PC to program the Stamp directly. In this case there is no
learning mode. The program makes use of the Stamp's DATA
statement, which should contain 144 or 288 values for
'lamps', depending on the length of the period. A bit in the
data values represents each lamp. So the values may range
from 0, for all lamps off, to 15 for all four lamps on. Here is the
program:
clock var bit
oldclock var bit
changes var word
period var word
lamps var byte
DIRS = %0111111100000000
period = -1
table DATA 1,2,2,0,3,13,9,4, ...as required
loop:

clock = IN15
if clock = oldclock then loop
oldclock = clock

SW4. You can program on the carrier board but, as explained
above, it is better to program on the project board and you
will need the 9 -way socket and its connections (see figure 4).
This also makes it easier to test the wiring and use DEBUG to
check for correct operation. Note the connection between
channels 6 and 7 of the socket.
Since the clock ic requires the 5 V supply from the Stamp,
it is best to complete the circuit -board layout and inspect it
visually for faults before inserting IC1 and the Stamp. To
simplify the wiring and to save space, a resistor array is used
for R3 to R10. The array has 9 pins, the common one being
indicated by a bar printed at one end. This pin goes to the OV
rail. The setting switches are wired between the pins SW1 to
SW8, and one of the terminal pins on the +5 V rail. The
program is more easily tested if connections to the relays are
not made at this stage. Temporarily connect an LED in series
with a 560 -ohm resistor between each of pins OP1 to OP4
and the 12 V rail.
Apply the 12 V supply, then check for 5 V at pin 21 of the
Stamp and pin 16 of IC1. Check that the output at IC1, pin 3
rises and falls twice a second. Load the Stamp with the
program (if not already loaded) and check its operation.

Refinements
There are several ways in which the spare inputs and outputs
may be used with additional programming. An extra input
switch can be used to select between two other modes of
operation, real-time and stepping. In real-time mode the
circuits works as before, learning the sequence over the 24
hours. Alternatively, in stepping mode the program is stepped
on manually by pressing a push-button (another additional
input). Settings are recorded at each step. One of the outputs
could be used with FREQOUT to drive a loudspeaker,
producing a beep at the end of each period.

changes = changes + 1
if changes < 2400 then loop
changes = 0
period = period +1
if period < 144 then action
period = 0
action:
READ period, lamps
OUTC lamps
goto loop

Real-time clock

By default, the program begins with period 0 at whatever time
the power is switched on or the reset button is pressed. If you
want it to begin at some other stage amend the first 'period
=0' statement to some other value. For example, if you are
starting off the program at 1600 hrs and your sequencing is
based on a 1000 -hr start, you need to begin 6 hours into the
sequence. At 6 periods per hour the statement should be
'period = 36'. The sequence will run through until 1000 hrs
the next day, then repeat normally.
By editing the DATA statement and saving each version of
the program, it is simple to produce a set of programs, each
with a different switching sequence for different occasions.

A real-time clock in a computer system tells the computer
what time of day it is and often the date, month and year as
well. If a computer system is going to interact with the real
world, instead of just going about its business in its own
sweet way, it needs to know the time. Computer systems
have plenty to do and it is often convenient to have a chip in
the system specially dedicated to time -keeping. In the project
described above, the combination of the oscillator (IC1) and
the program in the Stamp produces a real-time clock that tells
the Stamp when to switch the lamps on or off.
Rather more complicated chips are made to act as
general-purpose real-time clocks in microprocessor systems.
We will look at one example, the HD164818, which is fairly
typical of this kind of device. It has a built-in circuitry for a
crystal oscillator, needing
the same external crystal,
PIN 4 (GND)
resistors and capacitors
PIN 3 (ATN)
as the 4060. It works with
PIN 2 (RX)
a 32.768 kHz crystal and
PIN I (TX) can also work with
crystals of 32 times and
8%1
128 times that frequency.
oo
Instead of having an
address bus and a data
JOIN
bus, like the 2114 RAM
we used last month, this
Figure 4: connections to the 9 -way
ic has a multiplexed bus.
socket, as seen from the rear of
This functions both for
the socket (solder -cup side)

Construction
The circuit is built on a piece of stripboard of the same size as
Board 1 in last month's project. This board (figure 3) replaces
both Board 1 and Board 2. The project also needs Board 3,
the one, which carries the relays. For details of that board, the
enclosure, the panel layout, and the mains wiring, see last
month's article. The power supply comes from a 12 V DC
unregulated mains adapter, and we use the Stamp's own 5 V
regulator.

Before beginning construction, decide on which program
or programs you intend to use. If you are going to use only
the 'learning' program, you can program the Stamp on its
carrier board and will not need the four programming
connections shown at the top left of the board. Neither will
you need the 9 -way socket. If you intend to use only the
second program, you do not need the learn/repeat switch
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presses ready to be registered, or if the floppy drive is waiting
for some data to store, or if the real-time clock is saying that it
is time to update the time display. Interrupts can be given
priority ratings so that, if two or more occur at the same time,
they are dealt with in a suitable order. If there are many
potentially interrupting devices in the system it could take too
long to poll them all. In such systems it is more efficient to use
vectored interrupts. But since the HD146818 does not
respond to these, I had better heed the interrupt from the
Editor who is noting that there really is nothing more to be
said about real-time clocks and that this series must now be
concluded.

addressing registers in its memory and for inputting and
outputting data. The ic uses time multiplexing in which the bus
first acts as an address bus, to identify the register that is to
be accessed. Then it becomes a data bus and data is either
written into the registers or read from them.
The RAM in the HD164818 has 64 bytes, the first 10 of
these being concerned with storing time data. These
comprise: seconds, alarm seconds, minutes, alarm minutes,
hours, alarm hours, day of week, date of month, month and
year. To set the clock, the registers are loaded with the
present time: year, month, date, day, hour, minute and
second. From then on, with the oscillator running it keeps
track of the time, allowing for months of different lengths and
for leap years. We have a complete calendar function. In
addition it enters an alarm condition (an interrupt) if the
seconds, minutes or hours are equal to the values stored in
the corresponding alarm registers. This gives the alarm
interrupt at the same time each day. Alternatively it can be
made to produce an interrupt once every hour, once every
minute or once every second. We will discuss how interrupts
operate shortly.
A topical point is that the year is stored as a value from 0
to 99. So the clock does not distinguish between the year
1927 and the year 2027, or between any other years of the
same number in different centuries. If knowing the year is
essential to the operation of the equipment in which this clock
is used, the main processor must be programmed to look
after this. Otherwise, Y2K strikes again!
The next four registers in the clock's ram consist mainly of
'flags' set to select modes of operation. For example, you can
chose to run it as a 12 -hour clock or a 24 -hour clock, or to
enable or disable the interrupt routines. The remaining 50
bytes of memory are available as general-purpbse ram.

Resistors
(5 percent metal film, 0.25 W)
R1
10M (can be carbon)
R2
R3 -R10

220k

R11

560 ohm

dii array of 8 commoned resistors, 10k

Capacitors
Ci
C2
C3

100 uF axial electrolytic
33 pF metallised ceramic plate
15 pF metallised ceramic plate

Semiconductors
D1 -D4
IC1

BS2
LED1
Q1 -Q4

1N4148 silicon diode
CMOS 4060 14 -stage binary ripple
counter (with internal oscillator)
Basic Stamp 2
5 -mm light -emitting diode (in
chrome bezel)
VN1OKM n -channel mosfet

Interrupts

Miscellaneous

One way of keeping the processor up-to-date:with the time is
to get it to read the relevant registers in the real time clock at
frequent intervals. It may read the hours register and, when it
reads 11 display a message 'Time for coffee break'. Or it may
read the month and when it detects that the month has just
changed it will start preparing monthly statements for all the
customers. Making the processor interrogate the real time
clock is known as polling. It polls the register repeatedly until a
given condition is met, and then takes appropriate action.
But processors are busy devices and it could happen that
it is working on some rather lengthy task (lengthy? well,
perhaps something that takes a millisecond or two), when the
key condition occurs. It would miss out. Or it may not be able
to spare the time to repeatedly poll at the registers that need
scanning. A more reliable policy is to get the clock to butt in
on the processor's operations in a way that can not be
overlooked. This is known as an interrupt. One of the pins of
the HD146818 places a low logic level on the interrupt line of
the control bus. This is connected to the interrupt input of the

XTAL1

32.768 kHz digital watch crystal

Omron G6B1114P, single -pole,
normally -open, 12V coil
(Electrovalue)
SW1-SW4
SPST rocker switch, panel mounting, snap -in
SW9
Push -to -make push-button, panel mounting
Standard ABS box, 190 mm ( 110 mm ( 60 mm
(Electrovalue, 508-942), stripboard (two boards to
fit enclosure), 1 mm terminal pins (26 off), 2 -way
RLA1-RI.A4

pcb mounting terminal blocks (301 series or
similar, 5 off), 12 -way power terminal block, bolts
and nuts to secure block, 16 -pin ic socket, 24 -pin
ic socket, 13A mains plug, 13A mains sockets (4
off), 2 -core or 3 -core 3A mains cable. D -series
solder -type 9 -way socket.
BASIC Stamp 2 is available in UK from Milford
Instruments, Milford House, 120 South Street,
South Milford, Leeds LS25 5A0. Tel 01977 683665.
Fax 01977-681465. In Australia and New Zealand,
contact your nearest Dick Smith store.
Manufacturer's website (information, programs,
and discussion list): http//www.parallaxinc.com .
Prices may vary.

processor.

When the processor receives an interrupt it knows that
something needs to be done, but it does not know what is to
be done. It saves details of the activity in which it was
engaged before the interrupt and then jumps to special
routines for handling interrupts. One way of finding out what
:o do next is to poll the registers in the clock, and in any other
oeripherals of the system which might be interrupting (such as
a keyboard). Data read from these will tell the processor what
S required of it. It then knows if the keyboard has some key -

Please say that you saw the Basic Stamp in the
pages of ET! when contacting your suppliers for
components.

ELECTRONICS TODAY INTERNATIONAL VOLUME 28 ISSUE 1

57

ETI PCB Service

ELECTRONICS

TODAY INTERNATIONAL

ETI can supply printed circuit boards for most of our current
projects - see the list below for boards available. For recent
boards not listed, check the constructional article for an
alternative supplier.

Please use this order form or a copy of it. Check that all
relevant information is filled in, including the Unit Order Code,
and that you have signed the form if sending a credit card
number. Overseas customers please add postage
Name and issue of project
E77 PCB Service Issue 1 1999
Stress and Skin Temperature Meter
'Short Cut' Continuity Tester
RF Probe
Switch Volt PSU

rogrammable Logic
Microcontoller Board
Programmable Logic
Simulator Board
Regulated Battery PSU
Audio Power Meter
Car Vigilante
Millivolt Meter
Wobbulator

E77 PCB Service Issue 12 7998
Beerstat
Fishbiter
Smooth Fuzz

op Alarm
Ricky Sound (Music Lovers)

Unit code

Price

E/0199/1
E/0199/2
E/0199/3
E/0199/4

£14.55
£5.09
£5.09
£5.09

E/1398/1

£7.32

E/1398/2
E/1398/3
E/1398/5
E/1398/6
E/1398/7

£5.09
£5.09
£7.32
£5.64
£6.77
£6.22

E/1298/1
E/1298/2
E/1298/3

£5.09
£5.09
£5.09

E/1198/1
E/1198/2

£5.09
£5.09

£1139814

Only boards listed here are available from our PCB
Service. For past issues of magazines, or binders, please see
page 74 or contact Readers Services for information.
Fridge Thermometer
AVR Controller
27C16 Eprom Programmer
Guardian Light
F77

E/598/5
E/598/6
E/598/7
E/598/9

£5.50
£5.50
£7.87
£6.22

E/498/1
E/498/2
E/498/3
E/498/4
E/498/5

£5.64
£6.22
F22.89
£8.99
£8.44

E/398/1
E/398/2
E/398/3
E/398/4
E/398/5

£5.64
£7.32
£5.64
£6.77
£5.64

E/298/1
E/298/2
E/298/1&2
E/298/5
E/298/3

£5.09
£5.09
£7.00
£7.87
£5.64

Issue 4 1998

LED Voltmeter
BB Ranger Control Board
BB Ranger Score Board
Line -Up Oscillator with Glitch
Tic Tac Toe

Fri Issue 3 1998
Medium Wave Loop
AA Cell Eliminator
PIC Based Double Bass Tuner
5 Range Capacitor Meter
MIDI Drum Pads

ET Issue 2 1998

Eli PCB Service Issue 10 1998
E/1098/1
Ionisation Chamber
EJ1098/2
Ionisation Chamber (SMD)
PIC Development Board: see also issue 6 E/698/1
E77 PCB Service

appropriate to the number of units you are ordering. Make
cheques/POs/money orders, in £ sterling only, payable to
Nexus Special Interest Limited. Please allow 28 days for
delivery. AccessNisa orders may be made on 01442 266551
(ask for Readers Services).

Smartcam main board
Smartcam opto-sensor board
Both smartcam boards
Switched Mode Internal Power Supply
Auto Cupboard Light
r

Please supply:

£5.09
£5.09

Quantity Project Unit Order Code Price Total price

below.

Issue 9 1998

0 Meter
Bath Duck

E/998/2
E/998/3

£5.09
£5.09

E/898/1
E/898/2
E/898/3
E/898/4
EJ898/5
E/898/6
E/898/7

£5.09
£5.09
£5.09
£6.77
£5.09
£5.09
£5.50

E/798/1

£5.09
£5.09
£5.09
£12.33
£5.50

Prices are inclusive of post and packing in the UK. Overseas Post and
Packing (if applicable): Add £1 per unit

Eli PCB Service Issue 8 1998
PIC Electronics Security Switch
PIC Multiplexed LED Display
PIC Non -multiplexed LED Display
Easy Parker
Tiny Traffic Lights
Q Meter
Bath Duck

Name

Address

Eli Issue 7 1998
PIC 16C74 Development Board
Surface Mount Diagnostic Interface
Surface Mount Logic Probe
Mains Monitor
Aquaprobe
,M7 Issue

U798/2
E/798/3
E/798/4
E/798/5

I enclose payment of £
Sterling only) to:

PCB Service, READERS ,,ITIN/ICES DEPARTMENT, Nexus Special Interests Ltd.,

6 1998

PIC Development Board
Signal Generator
Headlight Delay Unit
6 -Interval Games Timer

E/698/2
E/698/3
E/698/4

£5.50
£8.99
£5.50
£5.09

E/598/1
E/598/2
E/598/3
E/598/4

£5.07
£5.09
£5.07
£5.07

E/698/1

Nexus House, Azalea Drive, SWanley, Kent BR8 8HU

nn
Signature:

ETI Issue 5 1998
UHF Transmitter (DS)
UHF Transmitter Encoder
UHF Receiver Front End (DS)
UHF Receiver IF stage (DS)

(cheque/PO/money order in £

Card expiry date:
L
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Eli Issue 1 1998

ETI Issue 8 1997

Control Centre Desk -Top Unit
Control Centre Main Section

The Brake Light Tester
DC Motors (3 experimental boards)
DC Motors: The first Control Unit
DC Motors: The 4046 Circuit
DC Motors: The Crystal Drive Circuit
All three DC Motors boards

£8.99
£7.87

EJ0198/1

E/0198/2

ETI Issue 13 1997

4 -Go Rocket Launcher - main board
4 -Go Rocket Launcher - relay board
Mighty Midget

E/1397/1
E/1397/2
E/1397/3

£5.64
£6.22
£9.54

E1129711

E/1297/2
E/1297/3
E/1297/4
E/1297/5
E/1297/6

£6.22
£13.98
£11.76
£5.09
£5.09
£6.77

E/1197/1
E/1197/2

£13.43
£5.09

E/1097/1
E/1097/2
E/1097/3
E/1097/4
E/1097/5
E/1097/6

£5.64
£5.09
£6.77
£21.22
£5.09
£5.09
£30.30
£5.64

E/1097/4/5/6
EJ1097/7

Please specify which Eprom modules you require. Modules are for 2716,
2732, 2764, 27128, 27256 or 27512. One order code/overseas postal
charge applies whether a selection or all six personality module boards are
ordered.

Are Your Lights On?
Peak Reading VU Meter

E/997/1

£5.09
£5.09

Terms of trade

£16.49
£5.09
£5.09
£10.11

E/997/2
E/997/3
E/997/4

E/797/4
E/797/5

Terms strictly payment with order. We cannot supply credit orders, but
will supply a proforma invoice if requested. Proforma orders will not be
processed until payment is received. All boards are manufactured from
the foils that appear in the ETI Foils Pages for the appropriate issue.
Please check that our foils are suitable for the component packages
you intend to use before ordering as we cannot supply modified boards
or replace boards that have been modified or soldered. Boards are only
supplied in the listed units. Sorry, we cannot break units. Prices and
stock may be altered without prior notice. Prices and stock listed in this
issue supersede prices and stock appearing in any previous issue. ETI,
Nexus Special Interests and their representatives shall not be liable for
any loss or damage suffered howsoever arising out of or in connection
with the supply of printed circuit boards or other goods or services by
ETI, Nexus Special Interests or their representatives other than to
supply goods or services offered or refund the purchaser any money
paid in respect of goods not supplied.

ETI Issue 9 1997

Eprom Emulator
The Power Supply
Electronic Door Chimes
Digital Power Supply

£5.09
£5.09
£5.09
£11.50

£23.70

ETI Issue 10 1997
The IQ Tester
Fake Flasher
DC Motors (Part 2)
Valve Tester - Main Board
Valve Tester - Socket Board
Valve Tester - Heater Regulator
All three Valve Tester boards
The IQ Tester (previously E/897/2

E/897/3
E/897/4
E/897/5
E/897/3/4/5

Eprommer: main board (double sided)
E797/1
£13.32
Eprommer: PSU board
E797/2
£5.64
Eprommer: personality modules (double sided):
E797/3
Any ONE module board: £5.09; two modules: £7.90; three modules:
£11.85; four modules; £15.80: five modules: £19.75; All six modules:

ETI Issue 11 1997

Total Harmonic Distortion Meter
Alphanumeric Morse Touchkey

£5.09

En Issue 7 1997

ETI Issue 12 1997

PC Phonecard Reader: ITT Cannon only
Minute Minder
Medium Wave Receiver - RF board
Medium Wave Receiver - Tuning board
Medium Wave Receiver - Audio board
Medium Wave Receiver - PSU board

E/897/1

HOW DOES YOUR EQUIPMENT MEASURE UP? AT STEWART OF READING THERE'S ALWAYS SCOPE FOR IMPROVEMENT!
mama 2465A 4013SOLliz DetriSweepCurwrselc.......-2503-12503
ThIS is Nefl awn good
PHILIPS pm3217DMS 3850A Digital
r----- 4 ,., ,
SPECTRUM ANALYSERS
csolosoace
TFJCTROOX2445/2445ASACA15eMItz Delay Sawa Cursors etc.___E900
Dual Trace 50MHz Delay
Storage/DMM
indu'in 2 Pd*$'
TEXTFONIXTAS Etal Trace I Carttt Delay Cum
--eX0 H.P. 6.562ASfeltesisedIKHz-220.44z.__
.-010,060
Pazdi & Front cover
TEKTRONIX 2235 Dual Trace 100MHz Delay Cursors .....________470

Only

ONLY

500

trrf:nrrilit

,mft-

Dual Trace

20MHz light we-,,,...

.

Very good value

_

THIS IS THE BEST
SHEAP SCOPE
YOU WILL EVER BUY!!!

-a!i
,

41''', 6..'
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-

i

-7.,1,4

-

GOULD 061100 Dual trace, 30MHz
delay, very bright. Supplied with
manual and 2 probes.

i,,,,

..

(ED

41 1

ArAulti.

rr

TEKTRONIX
400 SERIES

MARCONI r.182 10:tiz - iI00Mliz HOh ResolAon

.

maAccite 2370 edit 11C.Mit.

_
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463 Dal Trace 1101Fir Cway Sweep

HC 3502 -

Dual Trace 20MHz Delay
a ..-
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-2:-
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-
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Oscillator 10Hz -

LEVELL TG2000DMP RC Oscillator 1Hz - 1MHz
Sine/Square. Meter. Battery Operated
(Batteries not supplied)

OD

Marconi 2022A/C Synthesised AM/R,11111111

Classic AVO Meter- A Digital AVO 116

Sig Gen 10KHz-1GHz 01500
H.P. 8672A Synthesised Sig Gen 2-1 8Gliz E6000

3.5 digit Complete v.ith Catteries & Leads.

Iteftem../
I

-

At",;.:,,,----

.

......i4'

;m.iii......ax.
Dual Trace 40MHz 20 MS/s Storage. Cursors + On screen
readout, Sweep Delay; interface etc etc.
Supplied unused in original box complete with 2 probes
and manual.
Amazing Value £400

---i--DTA 20
Dual Trace
20MH2

Only CEO ,/,.:-.:

.t.t1
-,..,

Battery Meggar (a useful back-up
for fault finding) Complete with
Batteries & Leads. On14

Magnifien TVSync etc

5-A:s
.*.ZEW

i

-4----k *

OOKHz 102MHz; FM 0 - 1000KHT CiApui- 19d8 990B AM 0-60%; 32

£450
IMO Used
._ ... imam KENW000

FARNELL PSG520 Sig Gen 101dtz-520404z Portable
_0450

RACAL 9081 Syn AWFM Sig Gen 5-520MHz ..___.-....----.£400
MARCONI 72015 AWN Sig Gen 5-52040iz .-............. ---.0175
MARCONI 6311 Prog Sweep Gen 19MHz-20GHL.--..-.-._.14000
sme
Gen
33250.

,

f...!..1L.
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'

i

ion v .
RIR ,

""
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E1250

_mg

RACAL 9008 Automatic Mod Meter 1.5/41-tz-2Gtz.

Automatic Modulation Meter
AM/FM 1.5MHz-2GHz 3.5 digit

CI)

Unused

MPS PM5132 &veep Func Gen 0.111z.2MI-tz.

MARCONI 2355 Morailaticn Metes 500KHz-2GH__________

'7

'--. '.,11.7a._. -U.,_

Emil c WAYNE ,KERIft A MM25

,

GOODWILL GFG _801EG FREQUENCY COUNTER Reese
irtz 120MHz 8 dige display 15mV
FIMS sensitivity
'
it'.e6,3Ty. 633 a
Unused £75

7

i

..

6 , -c ''" ''c

Used £400
Unused £500

FL1804 1 /0M,FLUITE, R

METER 0.003%-108, Freq 3KHz3.1.58}1z

RMSAVERAGEPEAK WeigNea Mies;
Digital display d rpm; 4 digt Freq counter
0.01iCriz-9.99981130.01101z-55Kit

'.---c----. 7- POWER SUPPLY Model HSP3010

r(
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.

i,

.

..

,_

.

ANALOGUE MULTIMETER Model HC260TR ACDC
DC
Current 10 amps; 17 ranges; Continuity Buzzer: Transi ors

Tester Unused £15

Unused £750

_.

Solatron 7150 DMM 6.5 digit
True RMS IEEE £300

PHUPS PM513H.P 4 Sweep Fume Gen 0.001H2-201Atz

STEWART of READING

,,i....9t ,_

Bench Multimeter
with leads

PARNELL AMM2000 Automatic Mod Meter. 10Hz-2.4GHz. Unused ...

(ED

I.

Scaation 7045- 4.5 Dig.preset mernorf, Digtal ifeclay frecLency and output

.

)8 6
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(ZED

0300
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......------E493
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---4?*.

500KHz-1024MHz
500Mz-512MHz Version - £250
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-.....

FARNELL LF1 Sine/Sq

!:.

oriC)

Sig Gen 1 OKHz-1 024MHz 01200

H.P. 86F40A AM/FM Sig Gen
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Storage

6554 5CC10.2 - 1250MHz tem F750 M55 10MHz . 19GHz....,_ __turn E1037

.

.7.,1

A83 Dere Strap Dual Trace 100Mre uetay..

from MOO

-Iran £50)

HP141 Syterrs 8553 1KHz 110MHz....

.

.
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.

Handheld LCD disolay. 2 Channels 50msis. Auto range 4
Digit OMMICapacityliteguency counter.
Batten/ operation or external 7.5-9.5V ie. AC adaptor (not
supplied). RS232 comes in Sack carrying pouch complete
with 2 scope probes; DLIM leads, Manual. For only £400

__

MARCONI 2019 Synthesised AMFM
Sig Gen 60KHz-1040MHz LCD Display
Keyboard entry.
ONLY

Sweep Delay,
Includes 2
probes. Only

AL,

,,

i'l''''
_Sae

ADVANTEST TF14132 10001z 1GHz

MARCONI 2017 Phase Lock MEM

TEKTRONIX 2215 - Dual Trace 60MHz

VISA

.,

_E-,;0

ADVANTESTC34131 %Mt -3.518-8

m

ft4r

mop
-126C.)

PHILIPS 3355 2.1C-1 50 MHz Due 313..

NOW THIS IS RIDICULOUS
GOULD OS300

H.P. esezAggi . nGH,._

0ATSUS&5711 4Ch ICCIA-8 Deaiy Swop.

441:)

--:. ei-.W.
-

-_,.

0-, 30 volts; 0-10 amps current
limiting. 2 meters

.9rcl Used £160

GOODWILL GVT427 DUAL CHANNEL AC
MILLIVOLTMETER
10PV 300V in 12 ranges
Frequency 10Hz - 1Mhz

Used £100 Unused £125

Ace

AW

110 WYKEHAM ROAD, READING, BERKS RG6 1PL
Im' Telephone: (0118) 9268041 Fax: (0118) 9351696
Callers welcome 9am-5.30pm Monday to Friday (other times by arrangement)

L-{.:'

Used equipment - Guaranteed. Manuals supplied
This is a VERY SMALL SAMPLE OF STOCK SAE or telephone for lists. Please check availabitty before
ordering. CARRIAGE all units £16. VAT to be added to total of goods and carriage
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Second hand data books
available - please fax details
of your roquiromonts to us.

STEVENAGE

Professional Sub -Contract Manufacturing & Suppliers to the
Electronics Industry
Do you have a requirement for any of the following services:

Switch Volt Bench PSU

PCB Assembly (Conventional and
Surface Mount)
Wave & Hand Soldering
Complete Equipment
Manufacture
Device Programming from hand
written shts or PC 31/2" disc
Cable Harness Assembly/loom
Manufacture
Card Cage and Module Wiring
Full Inspection

Product Design/Consultation
Full Procurement Service
PCB Test & "Burn in" Facilities
Enclosure Design & Manufacture
PCB Artwork Manufacture
Circuits Drawn Professionally
Kit Procurement & Supply
Component Sales
Refurbishment a speciality
Top Quality Work at Reasonable
Rates

Phone Steve on (01438) 360406 or fax details of your requirements to us
on (01438) 352742
CRT TR I (NIT

P.112 gc!ir,a

LIEUT

MarkColyer

01322 660070

Send your requirements to:
ETI Classified Department, Nexus, Nexus House,
Azalea Drive, Swanley, Kent BR8 8HY
Lineage: 85p per word (+VAT) (minimum 20 words)
Semi display: (minimum 3cms)
£12.50 + VAT per single column centimetre
Ring for information on series bookings/discounts.
All advertisements in this section must be pre -paid.
Advertisements are accepted subject to the terms and conditions
printed on the advertisement rate card (available on request).

Classified

FOR SALE

5KVA ISOLATION TRANSFORMER
As New Ex.equipment fully shrouded Line Noise
Suppression. Ultra Isolation Transformer with terminal
covers and Knock -out cable entries. Primary 1201240V
Secondary 120/240V 50/60 Hz..005 pF Capacitance.
Size L37 x W.19 x H.16cm Weight 42 Kilos. PRICE
£120.00 +VAT

VARIABLE VOLTAGE

TRANSFORMERS
IN '

220/240V AC 50/60
OUTPUT 0-260V
P&P
Price
PANEL MOUNTING

0.5KVA 2.5 and max £33.00
110.0. 5 amp max
£4525

SOFTWARE

SWC SCIENTIFIC
WIRE COMPANY
ENAMELLED COPPER WIRE
TINNED WIRE SILVER
PLATED COPPER WIRE
SOLDER EUREKA WIRE
NICKEL CHROME WIRE
BRASS WIRE LI TZ WIRE
BIFILAR WIRE MANGANIN
WIRE TEFZEL WIRE NICKEL
SAE BRINGS LIST 18 RAVEN
RD LONDON E18 1HW
FAX 0181 559 1114

ex-warebouse. Carnage on request.

£5.80 (E45.83 inc VAT)
£7.00 (E61.39 inc VAT)

SHROUDED
£5.00 (E47.00 inc VAT)
0.SKVA 2.5 amp max £34.00
£7.00 (£62.57 inc VA
1KVA 5 amp Max
£4625
£8.60 (S86.36 inc VA
2KVA 10 amp ma(
£6500
£3.50 (E111.63 inc VA
3KVA 15 amp max
£86.50
£150.00 Pius Carriage & VAT
5ICVA 25 amp max
£300.00
Pius
Carriage & VAT
10KVA 45 amp max
£205.00 Pius Carriage & VAT
&(VAS PHASE Star
Buy direct from the Importers Krivem prices in the money

COMPREHENSIVE RANGE OF
TRANSFORMERS -LT -ISOLATION & AUTO

24V DC SIEMENS CONTACTOR

Type 37118022 DB 2 x NO and 2 x NC 230V AC 10A
contacts Screw or Din Rail fixing. Size H 120 0 W 45 x
0.75mm. Brand New Price £7.63 Incl. P&P and VAT
240V AC WESTOOL SOLENIODS
TT2 Mod 1 flat.1 MAx stoke 1/4 in. Base mounting 112in.
stroke 565 pull approx. TT6 Mod 1 Rat 2 Max stroke 1/8

in. Front mounting Wax Front mounting 1/2 in. stroke
15Toe pull approx Rice inc. p&p & VAT. TT2 £5.88, TT6
E8.81. SERIES 400 £7.64.

230V AC 120mm were x 3Bmm 3 blade 10 watt Low

500VA ISOLATION TRANSFORMER

and sizes avallable from stock Please telephone you'

ELECTRONIC

(El 6.45 inc VAT)
4ft 40 wan £14.00 (callers only)
(Ed 058 inc VAT)
21120 wan 15.00 Wins only)
2
(£6.52 Inc VAT
12in 8 watt £4.80+75p p&p
(E524 Inc VAT)
9in 8 watt £3.96 + 50p p&p
(£524 inc VAT)
Sin 4 wall £3.90. 50p p&p
230V AC BALLAST KIT
For Either bin, 9in or 1211 tubes £6.05 + E1.40
P&P (E8.75 inc VAT)

HIl

with internal PCB guides. Internal size 265 x 165 x
5Ornm deep. Pace £9.93 Ind p&p & VAT. 2 off £17.90
Md.

LTD

Brand new Ovoid Gearbox Crouzet type motors
H 65mm x W 55mm x D 35mm 4mm die shaft x

Phone Steve on (01438) 360406 or fax
details of your requirements to US on
(01438) 352742.

SOLID STATE EHT UNIT
Input 230/240V AC, Output approxl5KV. Prods:log Omm
spark. Built-in 10 sec timer. Easily modified for 20sec, 37
sec to continuous. Designed for boiler ignffion. Dozens 01
uses in the held d physics and electronics, eg supplying
neon or argon tubes etc. Price less case

PROTOTYPE OR PRODUCTION QUANTITIES
FAST TURNROUND AVAILABLE
PCBs DESIGNED FROM CIRCUIT DIAGRAMS
ALMOSTALL COMPUTER FILES ACCEPTED
EasyPC
Gerber / HPGL/ IDraw and many others.
ASSEMBLY & TEST AVAILABLE

TELEPHONE 01232 738897
IN TERNAT3ONALxl: 2.322:V 7.7748897

agar

n9E:Circuits

- ads' awns, dadir

30.hltb5eLlsdigt4fgastdWignctItx

SOT LTD.. UNIT 5, First Roar. Caxton Point,
Bessemer Drive. Stevenage HERTS SG1 2XT

£8.50 + E200 pap (02.81 inc VAT) NMS

12V D.C. BILGE PUMPS

PLANS

EPROM ERASURE KIT

500 SPH 15r. head 3 ens 21939
Build your own EPROM ERASURE for a fraction of the
1750GPH15`t need 9 amp 4.55
price of a made-up unit kit of parts less case includes 12in
Auto now avaiabto 24V D.C. 1750 GPI 15n hood 5 amp MS.55.
Af desigred so be used subniseged PRICES INCLUDE P&P &VAT 8 watt 2537 Angst Tube Ballast unrt, pair of hi -pin leads,

ELECTRONIC PLANS,
solar
and
designs,

neon Indicator. on/off switch, safety microswitch and

SUPER HY-LIGHT STROBE KIT
DesIged for Disco, Theatrical uses etc.

circuit 05.00 + £2.00 p&p (E19.98 inc VAT)

WASHING MACHINE WATER PUMP
Brand new 240V AC. fan coded. Our be used era variety
Case are reflector £24.00 +£3.00 p&p (E31.73 inc VAT)
of purposes. Inlet 1 tiin, cutlet 1 O. dia. Price includes p&p &
SAE lor further details mcludqg HyLight and inVAT. £1120 each or 2 foe £20.50 inclusive.
dustrial Strobe Kits.

SERVICE TRADING CO
57 BRIDGMAN ROAD, CH SWICK, LONDON W4 5BB
TEL 0181-995 1560 FAX 0181-995 0549
ACCOUNT CUSTOMERS MIN. ORDER £10

1.1. /I

laser
wind

generators, high voltage teslas,

Approx 16 Joules. Atrusteble speed £50.00 + E3.00 P&P
(62.28 he VAT)

LlondopTriday

STEVENAGE

Professional Sub -Contract Manufacturing
and Suppliers to the Electronics Industry.

230V AC SYNCHRONOUS GEARED MOTORS
10mm long. 6 RPM anti cw £9.99 Bad p&p & VAT.
20 RPM and ow Depth 40mm £11.16 Ind p&p & VAT

The above Tdoes are 3500/4400 angst (350400um) ideal /or detecting security marldngs, effects
lighting & Chemical applications..
Other Wave Lengths of U.V. TUBE available
for Germicidal & Photo Sensitive applications.
Please telephone your enquiries.
400 WATT BLACK LIGHT BLUE UV LAMP
GES Meroury Vapour lamp suitable for use
whh a 400W P.F. Beiest
£39.95 INCLP&P & VAT

PRINTED CIRCUIT BOARDS
DESIGNED & MANUFACTURED

DIE CAST ALUMINIUM BOX

FLUORONT TUBES

PRINTED CIRCUIT BOARDS

MANUFACTURING

components. Grey finish complete with case feet
PRICE £16.45 INCL P&P &VAT 2 off £28.20 Inclusive.

Write/Phone your enquires
ULTRA VIOLET BLACK LIGHT BLUE

See inside front cover for details.

enquiries.

Brand new Manut by Imhof L31 x H18 x 19cm deep.
Removeable front and rear panel for easy assembly of

RANGE OF XENON FLASHTUBES

Provides a thorough introduction
and understanding of the PIC
devices and contains a huge
amount of additional information.

Noise fan. Price £7.29 Ind. P&P and VAT. Other voltaces

INSTRUMENT CASE

Sirs NM x155 x135ren. PrIre £35.07. Carr. E7.90 UE4954611

Now available as a separate module of Electronics Principles 5.0.

AXIAL COOLING FAN

(110-240V Auto transfer seer rases PM American %diet end
mains teed of open hone taw. Avaibbla for irrynediate delivery.
New mart SUIPUS CCadacpealses Mt Pp site and saber
=warm 02A0V AC Rim. 5.0.100.110.120V &Screen See at 195K.

PIC Principles software

surveillance devices, pyrotechnics
and com-puter graphics tablet. 150

s

ample
Parking Space

QUARTZ CRYSTALS
QUARTZ CRYSTALS 100 KHz -

projects. For catalogue, SAE to

200 MHz at low cost. Full list

Plancentre Publications. Unit 7,
Old Wharf Industrial Estate.
Ledbury,
Dymock Road,

0181-391-5258.

available and technical advice.
Q -Electronic Design. Tel/Fax:

Herefordshire, HR8 2HS.

To Advertise in the next
available issue of ETI
call Mark Colyer

01322 660070

Remember classified get
results fast
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NEW FROM NEXUS!
An Introduction to Robotics
A fascinating and unique book that
breaks new ground by exploring the
exciting world of robotics in a clear
and concise way. Both the theoretical and practical aspects are presented in an uncomplicated fashion using
everyday English, which makes this
an ideal book for the amateur.
Divided into two sections, the first
part explains how and why robots
work and are controlled, while the

second shows you how to make a
simple two legged humanoid robot
that can be programmed to walk.
There are no complicated formulas

or equations to grapple with or
incomprehensible circuit diagrams to
decipher, - this robot can be built on
your kitchen table and can be run
from any personal computer! All you
need are model aeroplane servos, a
controller, a power supply and some

plywood - and all parts are easily
available in the UK and the USA.
This is a book that will be of interest
to modellers and everyone with a
fascination for things mechanical and
electronic.
This is the way of the future, stay one
step ahead and order your copy
today!
Only 11.50 UK & 12.50 Overseas
(Includes Postage & Packing).

Telephone orders: 01322 616300 and ask for Nexus Direct
Please send me
I enclose my cheque/PO
please debit my Access!

for f

Expiry date

Signature

copies of NB299 @

made payable

to

Nexus Special Interests OR

Visa.

Name

Address

Telephone No

Post code

Complete details and return coupon to: Nexus Direct, Nexus
Swanley, Kent 8118 8HU.

House,

Azalea Drive,

If you do not wish to receive mailing from other companies, please tick box. 0

All adverts must be prepaid.
Cheques payable to:

Nexus Media Ltd.
Name

Address

ETI

Daytime Tel: No:
20 words lineage

£19.97inc vat

Signature
Date

PLEASE DEBIT MY ACCESS/BARCLAY CARD No.

3x1

£44.06va
Inc,
EXPIRY DATE
FOR SALE

COMPONENTS

PLANS

OTHER-PLEASE STATE

Please ring the required heading.

ELECTRONIC TODAY INTERNATIONAL
CLASSIFIED ADVERTISEMENT DEPARTMENT,
NEXUS HOUSE, AZALEA DRIVE, SWANLEY, KENT BR8 8HU

42.50
Amiga gertiock pch (encased) for fining videos it has e 23pin Sub C with solder tags
£1.75
D lead to plug into the computer and Pch pea for composite AAA (HP16) 160enAH
ft.%
video in and out When no video input is connected the 1/3 A.A with lags (philpsCTV)
normal computer display is shown on the composite video out Nickel Metal Hydryde AA cells high capacity with no memay.
when the video Input is added tho white areas on :he screen If charged of 100ms and discharged et 250ma or less
are replaced by the video Image. The pch s powered from the 1300mAH capacity (lower capacity for high dIsc.rge re..V40
£2.95
computer. £19.98
Special offers please check for availability
stick of 4 42 x 16mm nicad batteries 171mmixt6rm
WATCH SLIDES ON TV
£5.95
1.Assgang craN automatic slide viewer with built in 01910 red & black leads 4.8v
quality colour tv camera, composite video output with a BNC 5 button cell 6V 280rnAn battery with wires (Vane 5x2500K,
£2.45
of use £108.00
pieg. in very good concitico with few
DWG! 906 battery pack 12v 1.60AH contains 10 sub C eels

CONTROL & tromi
ROBOTICS Instruments
BASIC Stamps-

Scenix

Re -Programmable
BASIC language
RS232 Serial ports

Fastest 8 -bit micro

Flash Eprom

Board cameras all with 512482 pixels 4.4x3.3rnm sensor woo solder tags (the sire most commonly used in confess
with composite video out All need to be housed in your own screwdrivers and drills 22 dla x 42mm taiga is easy to crack
enclosure and have fragile exposed surface mount pans and open and was manufactured in 1984. £8.77 each Or 110.50
per box of 14001 box 190x106x50mm with slots to house a
require 10 to 12vdc power sUPPlY ATMiR
with 6 infra red le. (gives the same burnination as a small pub the lid contains an edge connector (12 way 8rnrn pitch)
and screw terminals to connect in wit. and 5 sfidc in cable
torch woad) £50.00ivat = £58.75

8 or 16 I/O lines
SPI/DTMF
Fast development

18/28 pins
PIC16C5x

4014P size 39x38123rnm spy camera with a fixed teas pin 7 segment common anode led display 12mrn £0.45
GaAs FET low leakage current St3873 £12.95 each £9.9510.
hole lens for hiding behind a very small hole. £57.1va1
7.95 1004BC547A transistor 20 for £1.00
£68.98

50MIPS

blanks. 02.95

SL952 UHF Limiting amplifier LC 16 surface mounting

pin replacement

£1.95
401,4C sae 39x38x28mrn camera for 'C' mount lens this gWes package with data sheet
DC -DC convertor Reliability model V1 2P5 120 in 5v 200me
a much clearer picture than with the small tenses £68.79

out 300v input to output lactation with data £4.95 each or

Serial LCDs
RS232 Serial interface

2x16 to 4x40
Simple 3 -pin connection
Integral Keypad option
Large Numerics option
Driver chips available for OEM use

3 -Axis Machine

Robotics
Humanoid
5 -Axis Arm
Walking Insect

Servo Controller
to 8 servos
Commands

DTA30 Hand held translator analyser it tells you which lead is
the base. the collector and emitter and 11 It s NPN or PNP or
faulty. HMA20 hand held MOSFET analyser identifies gale
drain and source end if P or N channel DTA30 & HMA20
£38.34 each DCASO component analyser with led readout
identifies transistors =islets Olocles & LEDs lead cot-meet:one
£69.95

and 2w solid carton resistors please send SAE for Est MX180
Digitat rnuitimeter 17 ranges 1000vde 750vac 2Mohm 200mA

visar-

Control up
RS232

Potyestar capacitors box type 22.5000 lead pitch 0.9u1
250vdc 18p each 14p 100+ 9p 1000.1uf 250Vdc 20p

8'
15'
12'
speaker dla
100WRIAS
175WRMS
250WRI&S
power raring
8ohm
Bohm
impedance
&ohm
45.8.201thz 60ta.201dic
frequency range 404)2.20101z
97dB
92d6
94dB
sensitivky(1W/1M)
50047204340 45006400345 3150460,230
6120 In min
7.469
21.1kg
t 6.8kg
weight
price each for 51901
£54.94
£139.95
E99.99
vinyl coating
£54.99
grey fee coating £159.97.`
(^ = not nonnaly in stock snow I week for delivery)
Power amplifiers 19' rack mount with gain contras
cons 11
STA150 2x160Wrms (4ohn: load) 1469

Drills PCBs

software

waterproof camera with stylish tilt 8 sawelCaS0
£92.76 . vat = £109.00 or 10. £89.32 s vat = £104.95

tweeters

3 -Axis movement
Stepper drive

Win 3.1

pact of 10 E39.50
AirPSX A82903 -C large stepping motor 040 7.S step 27ohm
earnm da body 6.3mm shaft £8.95 or £200.00 fora boa 01 30

100.,10p 1000.Polypropylene ltd 400vdc (Werra
eaCht
MKPt 0) 27.5mm pitch 32x29x17rnm case 75p each 60P
1001 -Philips 123 series cord aluminium axial *ads 33rd 10v
& 22v1 40v 40p each. 25p 100. Said carbon resistors very
low inductance ideal for OF circuits 27olim 2W, 66ohm 2W
25p each 155 each 100.+ we have a range of 025w 5.5w lw

transistor tife 9v and 1.50 battery test £9.95 Hand held
Speaker cabinets 2 way speaker systems with motorola ultrasonIC remote canto] £3.95

Stamp 2 based

4 thou resolution

standard 'C' mount lens F1.5 carom for 401,10 1726.4.3.vat =
£31.06

STA300 2x190Wrrns (4ohn: Iced) Mg

IR Decoder

M39.00

CV24.56 gas relay 30 x lOrnm die with 3 wire terminals war
also work as a neon light 20p each or 28.50 per 100 vafeeeri,
03000H Streamer tape commonly used on nc machines and
printing presses etc. it looks like a nonnal cassene with a skit
tut out of the top £4.95 each (03.75 100..)
Heats/ 11 compound tube £0.95
HV3.2406-E5 5.240 50mA regulator is 18.264vac InpUt a pin
DIL package £3.49 each (100. 2.25)
all prod.= advertised are new and unused unless otherwise
Mated wide range of CMOS TTL 74HC 74F Linear Transistors
low rechan;able batteries capaOthes tools etc always in kook

Please add £195 towards P&P (orders tern the &cash
i-5ghlands. Northern 111Sard isle of Man. Isle of Wight and
over.seas may be .0i.: to nigher P&P for heavy Cerns).
vat ricSeed n all prices
Ekscronics 276-278 C'essorth Road Chesterfield S40

£585.170
STA900 2x490Wrrn5 (4ohn: load) 15kg
2BH
LEDs 3rnm or Sr= red or green .. 7p each yob* 11p each Ma_ erins-dVem Orders (01246) 211202 fax 550959
cable lies 1p each £5.95 per 1000 £49.50 per 10,000
cakes welcome 9-93am to 5-300m Monday s.b.clay
Rechargable Batteries
£0.99
AA(HP7) 500rnAH
£1.55
AA 50OrnAH with solder tag
£1.75
AA 950mAN
£220
C(SP11) 12AH
C 2AH with solder tags
£3.60
27e,270 Cnats,,orn Ross.
D(HP2) 1.2AH
£2.60
Chesterfield S=40 281-I
£495
D 4AH with solder tags
AoCess
Visa
Orders (01246) 211202 fax 550959
£4.95
PP3 8.4V 110mAH
Capers Welcome 9.30aim5.30pm Menckay-Saturaay
£1.55
1/2AA with solder tags

Uses any remote
7 digital outputs
Toggle/momentary
Re -Programmable

Milford Instruments 01977 683665 www.milinst.demon.co.uk
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TECHNOLOGY

DISTANCE
LEARNING COURSES in:
Analogue and Digital Electronic
Circuits, Fibres & Opto-Electronics
Electronic Testing & Fault Diagnosis
Programmable Logic Controllers
Mechanics and Mechanisms
GCSE and BTEC Mathematics

.IFC

........ .....

E:T

Courses to suit beginners
and those wishing to update
their knowledge and practical skills
Nat Courses are delivered
as self-contained kits
No travelling or college attendance
Learning is at your own pace
CZ Courses may have
BTEC Certification and Tutoring
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NCT Ltd., P.O. Box 11
Wendover, Bucks HP22 6XA
Telephone 01296 624270; Fax 01296 625299

Step art of R6adipc

Web: http://www.nct.ltd.uk.
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PRACTICALLY SPEAKING
By Terry Balbirnie
ver the last two months of Practically
Speaking we have been looking at the
magnetic reed switch. This month we shall
continue by examining the encapsulated
variety and also the reed relay.

+6V

I fCONTACTS A

+6V
CONTACTS A

TOUCH TO EITHER
1' OR '0'

I

CONTACTS B

TOUCH TO EITHER
CONTACTS B

'I' OR '0'

Easily damaged
COIL B
COILA
The glass envelope of the unprotected reed switch is
COILA
COIL Et
very vulnerable to damage if it is knocked or dropped.
DV
OV
More significantly, if the wire ends are bent too close
to the body, the glass will crack. In either case the
switch will be made useless, so it must be stored
Figure 1: an AND gate
Figure 2: an OR gate
handled with due care.
An encapsulated reed switch is more robust because of the
Compared with an ordinary relay, a reed relay operates
protection afforded by the plastic case. Since the wire ends are
more quickly (typically 1ms compared with about 4ms for
brought out to pins on the body, they can be plugged into
a comparable miniature relay of the standard pattern). The
prototype boards. Although more expensive, the encapsulated
reed relay also has a longer life (about 100 million
type would be a better choice for experiments, especially in a
operations at full load compared with some 100,000 for a
school or laboratory environment.
standard one). However, it has a rather limited

voltage/current switching capability. This is likely to be
around 500mA at a maximum of 100 volts or so.
Exceeding the current, even by a small margin, can cause
the contacts to stick together.
Reed relays may be bought in various configurations with
single -pole or changeover contacts. Some are built in a
14 -pin dil type case so that they may be integrated with
ics on the PCB and will also fit a stripboard layout. They
are also available in a sil (single in line) outline which have
a very narrow profile. These are useful when space is
restricted. Some reed relays have a built-in diode
connected in parallel with the coil so that an external one
is no longer required. However, when using these it is
essential to connect the external circuit to the coil in the
correct sense. If it was the wrong way round, the diode
would be left in a forward -biased state. The current would
bypass the coil so it would not work and the diode could
be damaged.

Reed relays
A reed relay consists of an encapsulated reed switch with a
coil of insulated copper wire wrapped onto its body. Passing a
current through the coil will generate a magnetic field and
cause the contacts to operate. The number of turns is usually
very high - often several thousand. Suppose the sensitivity of
the switch is 20AT (this term was explained last month). It can
be seen that if the coil had 2000 turns, it would operate when
10mA flowed through it. Since the wire is extremely thin, it will
have a high resistance - say, 1000 ohms. If the ends of the coil
were connected to the terminals of a battery, Ohm's Law
shows what voltage is needed to operate it:

V = I x R; = 0.01 x1000 =10V
The operating voltage for a given reed relay ma7 be adjusted
by the manufacturer by using the appropriate number of turns.
In practice, this is usually a nominal 5V or 12V

Open gate
For demonstration purposes, you can use reed relays to
show the principle of 2 -input logic gates in a very easy -to understand way. Use two 5V reed relays in conjunction
with a 6V battery and a 6V bulb of either 40mA or 60mA
rating. Regard +6V as "logic 1" and the OV line as logic 0"
as far as inputs are concerned. For the output, regard the
bulb being on as a logic 1" output and off for "logic 0".
One pair of coil wires is permanently connected to OV. The
others may be touched on to the OV (or just left
unconnected) or positive rail to give a logic 0 or logic 1
input respectively. The lamp will light or not and the truth
table of the gate checked through. In figure 1, you need
to operate both coils to activate the bulb because the
contacts are connected in series. This is equivalent to an
AND gate. In figure 2, operating either coil will cause the
lamp to come on. This is because the contacts are
connected in parallel. This is equivalent to an OR gate.

Left to right: encapsulated reed switch; single in line (sil) reed
relay; stand -type reed relay; reed relay in dual in line (dil) package
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Round the

orner
ood listeners
needed
The skills shortage is still
with us. Mr. Peter
Mendelson and the DTI
have launched a new poster campaign to
encourage young people, particularly
women, to take up science and
technology careers. The posters are
colourful, detailed and show energetic
young women commanding men and
machines, having a lively social life and
making a respectable living. This life is
certainly the least we should offer our
scientists, engineers and technicians.
The DTI reports that many 14-16 year
old girls are "alienated by what they see
as the impersonal and value -free content
of science". If that doesn't scare you, it
should. Why is science assumed to be
more value -free than any other career?
Why are other options seen as more
personal? Personal experience can be
either misunderstood or understood, and
the resulting knowledge can be either
rubbish or fact. It's usually a messy mix of
the two, but anyone who has watched a
technician try to assemble a flat -pack
desk without reading the instructions first
knows that facts are ultimately intractable,
regardless of gender and training,
whatever spin you put on them. I believe
the results are now in the Tate Galley.
The question of why people go into
technical careers has not, I believe, been
fully addressed. The most concentrated
rush of women into IT I recall was in the

,ELECTRONICS
.10050 INTEtNATIOYAL

Published by
Nexus Special Interests Limited
Nexus House, Azalea Drive.

late 1970s when a sudden need for
computer operators pushed salaries up,
and good, free training was given.
But most of the women I knew who
went into that career fought their way out
again eventually. Despite the money and
the intellectual challenge, they never
became reconciled to spending long
hours staring at a machine.
If you work in electronics or IT, you
must spend long hours staring at the
machine. That (unless you go into
management) is the job. Doctors must
care about getting people well; parents
must care about getting children raised,
engineers and technicians must care
about getting the machine to work.
Researchers say that, above all, women
want to communicate. Well, this is a
communications issue.
We need engineering managers, but
more importantly we need engineering
engineers. A capable engineer must want
to do the job. He or she must want to
stare into the machine, and want
desperately to analyse, with a great deal
of patience and practice (and gradually
developing intuition), what the machine is
doing when it stares right back.
It's a communications issue. It's a
relationship. Check it out and make sure
it's the real thing. If you are still on
speaking terms with your machines after
20 or 30 years, you'll be a genuinely
useful member of society, and, what is
more, you'll be an engineer, my daughter
(or son).

Swanley, Kent BAB 8HU
Tet 01322 660070 Fare 01322 615636
Sony, we cannot answer queries about projects or other
technical queries on the phone. Our administration assistant
Jenny can often help with other queries about this issue

Our web is http://www.aaelectron.couk/eti/
Erna address: eti@aaelectroricauk
Please note! This is currendy only an editorial web site.
Please send enquiries about subscriptions, advertising
etc. to Nexus Special Interests' postal address above.
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Next Month
We join forces with Everyday Practical Electronics - see the announcement
elsewhere in this issue. Watch out for the joint logos on the front cover of the next
issue - published 5th February 1999. Terry Balbirnie has an Auto Cupboard
Light . . Tony Hart keeps tabs of time on video recordings with a Time and Date
Generator . .. Bill Mooney makes the workbench fume free with his SMT Smoke
Absorber ... and much more
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New Features
Component Auto -Placer
Pinswap/Gateswap Optimizer
Background Regeneration of Power Planes
Enhanced Automating with Tidy Pass
Full Control of Schematic Appearance
Extenshm New Component Uhraries
Available in 5 levels - prices from £295 to £1625 + VA
Call now for further information & upgrade prices.

*Produces attractive schematics like you see in the magazines.
Netlist, Parts List & ERC reports. *Hierarchical Design. *Full
support for buses including bus pins. *Extensive
component/model libraries. *Advanced Property Management.
*Seamless integration with simulation and PCB design.
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*Automatic Component Placement. Rip -Up & Retry
Autorouter with tidy pass. Pinswap/Gateswap Optimizer &
Backannotation. S32 bit high resolution database. *Full
DRC and Connectivity Checking. Shape based gridless
power planes. *Gerber and DXF Import capability.
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*Non -Linear & Linear Analogue Simulation. *Event driven
Digital Simulation with modelling language. *Partitioned
simulation of large designs with multiple analogue & digital
n *Graphs displayed directly on the schematic.

FREE

SOFTWARE
ISIS & ARES Lite
Schematic & PCB
Design

SHAREWARE VERSIONS
VAILABLE TO DOWNLOAD
FROM OUR WEBSITE
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http://www.labcenterco.uk

a center
Elec Tonics

Write, phone or fax for your free demo disk, or ask about our full evaluation kit
Tel: 01758 753440. Fax: 01756 752857. EMAIL: Mfo@labcenter.co.uk
53-55 Main St, Grassington. BD23 5AA. WWW: http:',ifeww.labceriter.co.uk
Fully interactive demo versions available for download from our WWW site_
Call for educational, multi-user and dealer pricing - new dealers always wanted.
Prices exclude VAT and delivery. All manufacturer's trademarks acknowledged.
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8 CAVA NS WAY,

BINLEY INDUSTRIAL ESTATE,
COVENTRY CV3 2SF
Tel: 01203 650702
Fax: 01203 650773

MEM Mobile: 0860 400683

(Premises situated close to Eastern -by-pass in Coventry with easy access
to Ml, M6, M40, M42, M45 and M69)

OSCILLOSCOPES
Beckman 9020 - 20MHZ - Dual Channel
Cossor 3102 - 60MHz Dual Channel
Gould OS 245A/250/255/300/3000/3351/4000
Hewlett Packard 180A/180C/181A/182C
Hewlett Packard 1740A, 1741A, 1744A, 100MHz dual ch
Hewlett Packard 541000 - 1GHz Digitizing
Hewlett Packard 54200A - 50MHz Digitizing
Hewlett Packard 54201A - 300MHz Digitizing

Hitachi V152FN302BN302FN353FN550BN650F

Hitachi V650F - 60MHz Dual Channel
Hitachi V1100A - 100MHz 4 Channel
Intron 2020 - 20MHz Digital Storage (NEW)
twatsu SS 5710/SS 5702 - 20MHz
Meguro - MSO 1270A - 20MHz Digital Storage (NEW)
Nicolet 310 - LF. D.S.O. with twin Disc Drive
Nicolet 3091 - L.F. D.S.O.
Lecroy 9450A - 300MHz/400 Ms/s D.S.O. 2 ch

£150
£250

from £125
from £200
from £350
£1500
£500
£1250

from £125
£295
£950
£450

front £125
£450
£400
£750
£2250

Panosonic VP5741A - 100MHz - Dual Channel D.S.O.£1750

£450
Philips PM 3055 - 50 MHz DUAL Timebase
Philips PM 3211/PM 3212/PM 3214/PM 3217/PM 3234/PM 3240/PM 3243/PM 3244/PM 3261/
from £125
PM 3262/PM 3263/PM 3540
£1750
Philips PM 3295A 400MHz Dual Channel
£1500
Philips PM 3335 - 50 MHz/20Ms/s D.S.O. 2 ch
£250
Tektronix 434 - 25MHz -2 Channel Analogue Storage
£400
Tektronix 454 - 150MHz -2 Channel
£0000
Tektronix 455 -50MHz Dual Channel
from £0000
Tektronix 464/466 - 100MHz An storage
from £0000
Tektronix 465/465B - 100MHz dual ch
..
£650
Tektronix 468- 100MHz D.S.O
£995
Tektronix TAS 475 - 100 MHz -4 Channel
from £0000
Tektronix 475/475A -200MHz/250MHz Dual Channel
£750
Tektronix 485 - 350MHz -2 Channel
£375
Tektronix 2213 - 60MHz Dual Channel
£400
Tektronix 2215 - 60MHz Dual trace
£1250
Tektronix 2220 - 60MHz Dual Channel D.S.O.
£1250
Tektronix 2221 - 60MHz Digital Storage 2 Channel
£395
Tektronix 2225 - 50MHz dual ch
..,
£600
Tektronix 2235 -100MHz Dual trace
£600
Tektronix 2335 - Dual trace 100MHz (portable)
£2950
Tektronix 2440 - 300 MHz/500 Ms/s D.S.O. 2 Ch
£1200
Tektronix 2445 - 150 MHz -4 Channel + DMM

Tektronix 2445A -100 MHz -4 Channel
Tektronix 2445A - 150 MHz -4 Channel
Tektronix 5403 - 60MHz -2 or 4 Channel
Tektronix 7313, 7603, 7613, 7623, 7633. 100MHz 4 oh
Tektronix 7704- 250MHz 4 ch

Tektronix 7904- 500MHz
Trio CS -1022 - 20MHz - Dual Channel

£900
£1250

from £200
from £225
from £450
from £600
£125

Other scopes available too

SPECIAL OFFER
HITACHI V212 - 20MHZ DUAL TRACE
HITACHI V222 - 20 MHZ DUAL TRACE -I- ALTERNATE MAGNIFY

£160
£180

SPECTRUM ANALYSERS
Ando AC8211 - Spectrum Analyser 1.7GHz
Anritsu MS62B - 10KHz - 1700MHz
Anritsu MS341A + MS340113 - (10Hz - 30MHz)
Anritsu MS6106 - 10KHz - 2GHz - (Mint)
Anritsu MS710F - 100KHz - 23GHz Spectrum Analyser
Avcom PSA65 S - 1000MHz - portable
Hameg 8028/8038 - Spectrum Analyser/Tracking Gen +100MHz Oscilloscope
Hewlett Packard 182T with 8559A (10MHz - 21 GHz)
Hewlett Packard 1827 + 8558B - 0.1 to 1500MHz
Hewlett Packard 853A + 8558B - 0.1 to 1500MHz
Hewlett Packard 8591A - 9KHz - 1.8GHz with Option 10 Tracking Generator
Hewlett Packard 8594E - 9KHz - 2.9GHz
Hewlett Packard 35601A - Spectrum Analyser Interface
Hewlett Packard 3561A - Dynamic Signal Analyser
Hewlett Packard 3562A Dual Channel Dynamic §ig. Analyser
Hewlett Packard 35804 - 5Hz-50KHz
Hewlett Packard 3582A - 0.02Hz - 25.6KHz (dual ch.)
Hewlett Packard 3585A - 20Hz - 40MHz
Hewlett Packard 8753A - Network Analyser
Hewlett Packard 8753B- Network Analyser
IFR 7750 10KHz -1GHz
Marconi 2370 - 110MHz
Marconi 2371 - 30KHz - 2000MHz
Meguro MSA 4901 - 1-300GHz (AS NEW)
Meguro MSA 4912 -1-1GHz (AS NEW)
Rohde & Schwarz - SWOB 5 Polyskop 0.1 - 1300MHz
Takeda Riken 4132 - 1.0GHz Spectrum Analyser
TektroniX 7L18 with mainframe (1.5-60GHz with external mixers)
Tektronix 495P - 100Hz - 1.8GHz programmable
Tektronix 496P - 1KHz - 1.8GHz Spectrum Analyser

£22£225500

£3995 + £4500
£4750
£5950
£850
£1250
£3750
£1750
£2500
£6500
£7000
EL -147050W

£6500
£995
£2000
£4500
£4995
£6500
£2500
£750£5°°

£850
£1250
£1500
£2500
£2000
£4950
£4500

MISCELLANEOUS
Adret 740A -100KHz -1120MHz Synthesised Signal Generator
Anritsu MG 360A Signal Generator 0.1-1040MHz
Anritsu ME 4628 DF/3 Transmission Analyser
Anritsu MG 6458 Signal Generator 0.05-1040MHz
Boonton 92C R/F Millivoltmeter
Boonton 93A True RMS Voltmeter
Dranetz 626 - AC/DC - Multifunction Analyser
EIP 331 - Frequency counter 18GHz
EIP 545 - Frequency counter 18Gliz
EIP 575 - Frequency counter 18GHz
Eitek SMPS - Power Supply 60v -30v
ENI 550L - Power Amplifier (1.5-400MHz) 50W
Famell TSV-70 MKII Power Supply (70V - 5A or 35V -10A)
Fame!! DSG-1 Synthesised Signal Generator
Famell ESG-1000 Synthesised Signal Generator 1GHz (as new)
Farrell AP 30250A Power Sta)ply 3v - 250A
Feedback PFG 605 Power Function Generator
Fluke 5100A - Calibrator
GN ELMI EPR31 PCM Signalling Recorder
Guildline 9152 - T12 Battery Standard Cell
Hewlett Packard 1630D - Logic Analyser (43 Channels
Hewlett Packard 16500A - Fated with 165104/16515A/116530A/16531A-Logic Analyser

Hewlett Packard 3314 -Distortion Analyser
Hewlett Packard 3334 - Distortion Analyser
Hewlett Packard 334A - Distortion Analyser
Hewlett Packard 33254 -21MHz Synthesiser/Function Gen
Hewlett Packard 3336C - Synthesised Signal Generator (10Hz -21MHZ)
Hewlett Packard 34374 System voltmeter
Hewlett Packard 3438A Digital mullimeter
Hewlett Packard 34554 6iDigit M/Meter (Autocal)
Hewlett Packard 3456A Digital voltmeter
Hewlett Packard 34884 - HP -113 Switch cannel unit (various Plug -ins available)

£800
£1500
£2500
£850
£250
£250
£600
£600
£1250
£1450
£400
£1500

1250
£125
£995
£1750
£200
£2500
£3000
£550
£650
£4000
£300
£300
£300

11500
£1000
£250
£200
£600
£600
£550

Hewlett Packard 3478A - Multimeter (5',4. Digit) + HP - 18
Hewlett Packard 35600A Dual Ch. Dynamic Signal Analyser
Hewlett Packard 3586A - Selective Level Meter
Hewlett Packard 3711A/3712A/379113/3793B Microwave Unk Analyser
Hewlett Packard 3746A - Selective Measuring Set
Hewlett Packard 3776A - PCM Terminal Test Set
Hewlett Packard 3779A/3779C - Primary Mux Analyser
Hewlett Packard 3784A - Digital Transmission Analyser
Hewlett Packard 3785A - Jitter Generator . Receiver
Hewlett Packard 379000- Signalling Teal Set (No 7 and ISDN)
Hewlett Packard P382A Variable Attenuator
Hewlett Packard 4192A - LF Impedance Analyser
Hewlett Packard 4262A - Digital LCR Meter
Hewlett Packard 4279A -1 101-lz C -V Meter
Hewlett Packard 4342A 'O' Meter
Hewlett Packard 4354 or B Power Meter (with 8481A/8484N_
Hewlett Packard 4948A- (TIMS) Transmission impairment PA/Set
Hewlett Packard 4972A - Lan Protocol Analyser
Hewlett Packard 5183 - Waveform Recorder
Hewlett Packard 5238A Frequency Counter 100MHz
Hewlett Packard 5314A - (N0/0 100MHz Universal Counter
Hewlett Packard 53164 - Universal Counter (IEEE)
Hewlett Packard 5335A- 200MHz High Performance Systems Counter
Hewlett Packard 537013 - Universal Timer/Counter
Hewlett Packard 53844 -225 MHz Frequency Counter
Hewlett Packard 53854 Frequency Counter - 1GHz -(HP1B) with OPTS 0011003/004/005
Hewlett Packard 54204 Digital Signal Analyser
Hewlett Packard 6033A Power Supply Autoranging (20V -30A)
Hewlett Packard 6253A Power Supply 20V -3A Twin
Hewlett Packard 6255A Power supply 40V - 1.54 Twin

L

£550

°5
£2250

£107000

0750
£1500

from £600
£5000
£7££14022055000

£250

£4500

from £750
£1750
£250
£250
£500
£600
£2000
£650
£995
£350
£750
£200
£200

HEWLETT PACKARD 62618
Power Supply 20V -50A £450 Discount for Quantities

Hewlett Packard 626413 - Power Supply (0 - 20V, 0 - 25A)
Hewlett Packard 62668 Power Supply 40V -5A
Hewlett Packard 62718 Power supply 60V -3A
Hewlett Packard 6632A - Power Supply (20V -5A)
Hewlett Packard 7475A -6 Pen Platte
Hewlett Packard 7550A -8 Pen Plotter A3/A4
Hewlett Packard 8015A - 50MHz Pulse Generator
Hewlett Packard 8152A - Optical Average Power Meter
Hewlett Packard 81580- Optical Attenuator (OPTS 002 + 011)
Hewlett Packard 8165A - 50MHz Programmable Signal Source
Hewlett Packard 8180A - Data Generator
Hewlett Packard 8182A - Data Analyser
Hewlett Packard 83508 - Sweep Oscillator Mainframe (various plug-in options evadable)
Hewlett Packard 83554A - Wave Souse Module 26.5 to 40GHz
Hewlett Packard 83555A - Millimeter - Wave source Module 33-50GHz
Hewlett Packard 84054 - Vector Voltmeter
Hewlett Packard 8620C Sweep oscillator mainframe
Hewlett Packard 864013 - Signal Generator (512MHz + 1024MHz)
Hewlett Packard 86564 - Synthesised Signal Generator (990MHz)
Hewlett Packard 86568 - Synthesised Signal Generator
Hewlett Packard 8657A - Signal Generator (100KHz-1040MHz)
Hewlett Packard 86600 - Synthesised Signal Generator (1
2600MH
Hewlett Packard 8750A Storage normaliser
Hewlett Packard 8756A Scalar Network Analyser
Hewlett Packard 8757A - Scalar Network Analyser
Hewlett Packard 8901A - Modulation Analyser
Hewlett Packard 89018 - Modulation Analyser
v.'
Hewlett Packard 89034 -Audio Analyser (20Hz -100KHz
Hewlett Packard 89038 - Distortion Analyser
Hewlett Packard 8903E - Distortion Analyser (Mint)
Hewlett Packard 89204 -FVF Comms Test Set
Hewlett Packard 8922b -- GSM Radio Comms Test Set
Hewlett Packard 8958A - Cellular Radio Interface
Keytek MZ-15/£C Minizap 15Kv Hand Held ESD Simulator ...... ... ..... ........
Krohn -Hite 2200 Lin/Log Sweep Generator
Krohn -Hite 4024A Oscillator
Krohn -Hite 5200 Sweep. Function Generator
Krohn -Hite 6500 Phase Meter
Leader LDM-470 - Distortion Meter
Leader 3216 - Signal Generator (100KHz - 140KH'z) AWFWCW with butt -in FM -stereo
module or (mint)
Marconi 2019 - 80KHz - 1040MHz Synthesised Sig. Gen

Ma rcon 2019A- 80KHz- 1040MHz- Synthesised Signal Generator
Marconi 2305 - Modulation Motor
Marconi 2337A - Automatic Distortion Meter
Marconi 2610 -True RMS Voltmeter
Marconi 2871 Data Comm Analyser
Maroon' 2955 - Radio Comms Test Set
Maroon 6960 - Power Meter & Sensor
Philips PM 5167MHz function gen
Philips 5190 L.F. Synthesiser (G.P.I.B)
Philips 5193 Synthesised Function Generator
Philips 5518 Synthesised Function Generator
Philips PM5519 -TV Pattern Generator
Philips PI115716 - 50MHz Pulse Generator.
Prema 4000 6 2 Digit MulliMeter (N
Cluartzlock 24 - Off Air Frequency Stan ard
Racal 1992 - 1.3GHz Frequency Counter
Racal 6111/6151 - GSM Radio Corms Test Set
Racal Dana 9081/9082 Synth. sig. gen. 520MHz
Racal Dana 9084 Synth. sig. gen. 104M1-tz
Racal 9301A - True RMS FVF.Multivoltmeter
Racal Dana 9302A FVF multivollmeter (new version)
Racal Dana 9303 RIF Level Meter & Head
Racal Dana 9917 UHF frequency meter 560MHz.
Rohde & Schwarz LFM2 - 60MHz Group Delay Sweep Gen
Rohde & Schwarz Scud Radio Code Test Set
Rohde & Schwarz CMTA 94 GSM Radio Comms Analyser
Schaffner NSG 2034 Line Voltage Variation Simulator
Schaffner NSG 222A Interference Simulator
Schaffner NSG 223 Interference Generator
Schlumberger 2720 1250MHz Frequency Counter
Schlumberger 4031 - 1GHz Radio Comms Test Set
Schlumberger Stabilock 4040 Radio COMM Test Set
Schlumberger 7060/7065/7075 Multimeters
Solartron 1250 - Freq. Response Analyser
Stanford Research DS 340 -15k4Hz Synthesised Function (NEW) and arbitrary
waveform generator
Systron Donner 6030 - Microwave Frequency Counter (26.5GHz)
Telequipment CT71 Curve Tracer
Tektron x AM503 +114501 + P6302 - Current Probe Amplifier
Tektronix P0506 + TG501 + SG503 + TD,1503 - Oscilloscope Calibrator
Tektron x 577 - Curve Tracer
Tektronix 1240 Logic Analyser
Tektronix 141A PAL Test Signal Generator
Tektronix AA5001 & TM5006 M/F - Programmable Distortion Ana
Tektron x 1M5003 + AFG 5101 Arbitrary Function Gen
Tektron x DAS9100 - Series Logic Analyser
Tektronix - Plug -Ins - many available such as SC504, SW503, SG502,
PG508. FG504.FG503, TG501, TR503 + many more
Time 9811 Programmable Resistance
Time 9814 Voltage Calibrator
Valhalla Scientific -2724 Programmable Resistance Standard
Wendel & Goltermann PFJ-8 - Error/Jitter Test Set
Wendel & Goltermann PCM4(+ options)
Wendel & Goltermann MU30 Teat Point Scanner
Wayne Kerr 4225 - LCR Bridge
Wavetek 171 - Synthetised Function Generator
Wavetek 172B Programmable Sig Source (0.0001Hz-13MHz)

Wavetek 184 -Sweep Generator 5MHz

Wavetek 3010 - 1-1GHz Signal Generator
Wiltron 6409 - RF Analysers (1MHz - 2GHZ)
Wiltron 6620S - Programmable Sweep Generator (3.6- 6.5GMz)
Wiltron 6747-20- Swept Frequency Synthesiser (10MHz-206Hz)
Yokogowa 3655 - Analysing Recorder

MANY MORE ITEMS AVAILABLE SEND LARGE S.A.E. FOR LIST OF EQUIPMENT
ALL EQUIPMENT IS USED WITH 30 DAYS GUARANTEE.
PLEASE CHECK FOR AVAILABILITY BEFORE
ORDERING - CARRIAGE & VAT TO BE ADDED
TO ALL GOODS

£400
£220
£225
£800
£250
£450
£750
£1250
£1100
£1650
£1500
£1500
£2500
£3500
£4250
£350
from £250
from £850
£1250
£1750
£2500
£3250
£375
£1500
£2250
£2750
£1600
£2500
£2000
£4995
£8500
£2000
£1750
£995
£250
£350
£250
£350
£995
£950
£1250
£1995
£150
£850
£1000
£2250

from £950
£400
£800
£1500
£1500
£350
£525
£450
£200
£800
£POA

from £500
£450
£300
£375
£650
£175
£1600
£300
£7500
£950
£850
£850
£500

14995
front £350
£2500
£1200
.£2500
£250
£995
£1995
£1150
£500
£250
£1995
£1500
£500

£POA
£400
£550
£P.O.A.
£12500
£9950
£2000
£600
£250

0.0,A.

£250
£1250
£POA
£650
£4950
£POA

