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A COMPLETE PC BASED ELECTRON!CS COURSE'

: our populor  electonics
~ software. Now containing
even mote analogue, digital  ond
microcomputer  theory. PLUS over a
;-:hundred new mathematics topics 10
Cro paramelers selup mpevious scieen. 1 _ 749 9gun further your understanding of formuids
ikt ond calculations.  Telephone for B

e = 0125 ‘comprehensive list or upgrade details.

AZ2=12% ;

This software has been developed to
T "I",—rf teach electronics and is suited to both the
- -RL b =E9TOSH — | complete novice and the mome
‘ advanced student or hobbyist wanting o
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electronics formulae. |t is extremely easy
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with those analogue fo digital functions of the PIC16C71. if you
would like to leam more about the principles of these popular
microcontfrollers then it could not be made easier,
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Maplin and RS Extend CD-
Rom and Web Business

The Maplin catalogue is now on CD-rom as well as it's well-
known print format.

The latest version of the Maplin catalogue has been
redesigned as well as reformatted, and from March '98 it has
been available as a CD-rom as well as in the newsagent’s
catalogue. The new catalogues have over 1,000 new
products in them, and the CD-rom allows faster searching
and ordering. The CD also has a number of “how to” video
features on it to introduce new users to the catalogue.

Information can be called up using the Maplin order code,
or using a keyword search. Browsing is easy. ltems can be
added to the order form by highlighting the item and clicking
“add to order”. The CD-rom also has information on Maplin's
48 retails stores in the UK, including location maps.

Details of previous orders are stored on the disc for
reference. Completed orders can be printed out, and Maplin
recommends faxing or posting orders to guard against credit
card fraud, which is still a problem with email and Internet
commerce.

To order the new catalogue, call 01702
554002, or refer to the Maplin website at
www.maplin.co.uk it
Meanwhile, RS/Electromail has added to its
electronic trading facilities with a new website,
rswww.com . The new website provides users
with fast search, retrieval and on-line ordering
of RS's 100,000-product catalogue, channeling
into RS's same-day dispatch system for stock
items,

RS's parent company, Electrocomponents plc,
is the first UK plc in the marketplace to make
an investment in excess of seven figures in the
Internet as a major channel for self-service and
other business transaction.

Ordering and payment is on-line, and the
site recognises customers and tracks their
buying habits to offer “tailored incentives” -

Product Explarer
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buli: discounts and promotions suited to the user's business.
The site is VeriSign certified for securs payments, and uses
Netscape's industry standard Secure Sccket Layer (SSL)
encryption protocol, To locate items in the catalogue, Search
is by keyword, RS Stock Number, manufacturer's part
number or type of product.

A significant advantage of the web site is that information
can be updated more regularly than the regular print and CD-
rom catalogues, which are issued three times a year. Services
previcusly only available by phone can be accessed via the
site, such as RS data, manufacturers' instructions and CHIP
sheets.

Internet use and Interet trading are growing fast in the
UK. RS estimate that at present only around 25% of
customers aiready have Internet access, but that more than
40 percent have an Internet connection either from their home
or via a colleague's PC. Feedback from customers who were
consulted while the site was being set up was used to tafior
the site’s specifications.

RS Components receive on average more than 15,600
phone calls a day, and each day sends out around 25,000
parcels.
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Fujitsu Ultra Miniature Colour CCD For mere information, contact Aditai Ltd., 30 Ayleswater,
Camera Aylesbury, Bucks HP19 3FB, UK. Tel 01296 337755 fax

The photograph shows a miniature Fujitsu CCD (charge- 01296 398065.
coupled device) camera, the GMC-810, which claims to be
the smallest high-resolution colour CCD camera
commercially available.

All the interface electronics needed to generate a
standard composltion video signal output are contained in
the goff-ball-sized housing, including a 5-volt DC/DC
converter supplying both the logic and the CCD. The 0.25-
inch CCD array uses 440,000 pixels and 460 horizontal
lines in its standard PAL format (380,000 pixels and 470
horizonta! fines in its NTSC format), and is complemented
by a high quality optical lens.

Weighing only 30 grams, the camera’s applications will
include video conferencing and multimedia, where a high-
quality moving or still colour image is needed, and, of
course, discreet uses in the security industry.

DTI Pledges New Bus to Encourage,
Girls into Science

Science Minister John Battle has announced that
his department is offering £25,000 to assist the
refurbishment of a new WISE (Women into Science
and Engineering) exhibition bus to visit schools and
give girls in the 13-14 age range the opportunity to
use new technologies and meet women working in
science and technology.

This follows a DTI survey to find out what holds
girls back from choosing a career in science.

The survey was carried out among 15- and 16-
year old girls attending the recent Girls Into Science
conference run by the DTI's Develecpment Unit on
Women in Science, Engineering and Technolgy.
Many girls felt that physics and physics-related
technologies were more interesting to boys, and
would opt for biology or medicine if considering a
science career. Girls still feel out of place following
careers which are traditionally male-dominated,
such as engineering.

Said Mr. Battle: “Our survey and video will be
available to schools to help us press home the
message that there are exciting and good job
opportunities for girls in science and engineering.”

Public enquires about WISE and Girls Into
Science should be directed to the DTls public
enquries line 0171 215 5377 and 5962.

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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Super-TFT Flat LCD
Displays Continue
Development

The revival of the Super-TFT low-profile
LDC display is continuing with Hitachi's
release of two new displays. The 14.1-in
TX36C01VCOCAA panel has a CMOS
interface, and the same-sized
TX36D11VCOCAA panel has an LVDS
interface. Super-TFT display technotogy
dlows a substantially wider viewing angle
than conventicnal TFT without degradation
of image quality or contrast, and is
becoming an important technology for
desktop monitors, allowing a viewing angle
of 180 degrees in alt directions without
colour shift. The improved viewing angie
has been achieved by using a technique

known as “in-plane switchir.g” (IPS), where
the liquid crystal molecules act as an
optical switch, while keeping their long axis
paraliel to the plane of the substrate.

The displays have contrast ratios of
200:1 with brightness of 200 candelas per
square meter and replaceable longiife
backiight units. The moduies have XGA
resolution, 1024 x 768 pixels, Super~TFT
technology with 256K colours and a
dispiay area of 285.7 x 214.3 mm. Full 8-
bit colour can be obtained using frame rate
control when using Hitachi's interface
board.

Other advantages of advanced LCD
technology will be space economy and
low power use for appiications such as
point of sale terminals, bank temminals and
information displays. The two modeis

ELECTRONICS TODAY INTERNATIONAL
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described here will be ready for use in
production guantities in the middie of
1998.

For more information contact Vince Pitt,
Hitachi Eurcpe Ltd., Whitebrook Park,
LLower Cookham Road, Maidenhead,
Berks SL6 8YA. Tel 01628 585000 fax
01628 585160.




Young Amateur of the Year Award, 1998
The Amateur Radio Young Radio Amateur of the Year Award
has been announced for 1998 by the Radio Society of Great
Britain and the Radiccommunications Agency. The Award is for
the most outstanding achievement by a young amateur radio
enthusiast. It is open to anyone under 18 who has an interest in
radio {they do not have to be licence-holders). The following
areas will be taken into account when the applications are
assessed:

DIY radio construction; radio operation; community service
(for example, helping the disabled or assisting in emergency
communications); encouraging others to take an interest in
radio, for instance through the Novice Licence scheme; projects
undertaken at school.

The scheme hopes to generate interest in amateur radio and
encourage people to become involved for themselves.

The prize for the most outstanding achieverent between 1
August 1997 and 21 Juty 1998 will be awarded by the RA at
the RSGB's annual HF Convention in September 1998. All
entrants wifl receive a copy of the RSGB amateur radio log
book, and the winner will receive £300 in cash from the RA and
radio equipment from the RSGB.

The closing date for applications is 31 July 1998. The Award
is open to any resident of the UK, the Channel Islands or the Isle
of Man who has not reached his or her 18th birthday by the
closing date. Entrants must be nominated by an adult sponsor.

Applications should be sent to the Young Amateur of the
Year Award, RSGB, Lambda House, Cranbourne Road, Potters
Bar, Herts EN6G 3JE. Tel 01707 659015.

Fast NiCad Chargers for the Hobby
Market

A new range of switch-mode NICad battery chargers meeting
the safety requirements of the toy and hobby markets has been
introduced by Arlec Power.

The new rapid chargers, part of the company's CB Series,
comply with European safety standards, including EN 60-335-2-
29, EN 60-742 and NFC 52-290, as well as the 89/336 EMC
Directive. The chargers are designed for operation from 230 VAC
or 12 VDC supplies. These units incorporate automatic switching
from fast charge to trickle charge, with accurate detection of the
end of the charging cycle using a delta-peak detection
technique. Red, green and yellow LEDs provide indication of fast
charge, normat charge and power on, respectively.

The three models are the CB147, offering switch-selectable
current ratings from 1.2 to 5A at 10.5 votts; the CB146, providing
5A at 10.5 voits and the CB167, providing 3A at 10.5 volts. The
CB147 can charge a pack of four to seven cells, while the other
two handie packs of 6-7 cells.

All the chargers include automatic protection against
overioad, short circuit and wrong polarity, with a security timer
which ends quick charging after 40 minutes.

For more information, contact Arec Power UK Ltd., Kingsway
House, Laporte Way, Luton, Beds LU4 8RJ.

ELECTRONICS TODAY INTERNATIONAL
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New Smart Card Technology Goes
into Use in Japan

Leading stripe and smart card makers Gemplus have
brought three advanced smartcard technologies onto the
market in Japan.

One is a range of environment-friendly contactless
smart cards made from paper 0.27mm thick and PET
plastic 0.25mm thick. Contactless cards are already in use
in applications such as access control and emplioyee
Identification tags. Until now, the smart cards’ embedded
processor needed a card thicker than normal magnetic
strip cards and made of very rigid material, keeping
manufacturing costs up and uses limited. The thinner base
material that can now be used includes paper, useful and
economic for mass-market prepaid cards such as
telephone cards and game cards. !n addition, they can be
safely incinerated after use, reducing pollution and
increasing security.

A second new product is the world's first 32-bit RISC
chip card meeting the JAVA Card API 2.0 standard. This

mezns that several services can be offered on the same
card. Conventional smart cards have 8-bit processors with
limited memory and processing power. The new card’s
improved memory and processing allows more complex
applications. For instance, when verifying a card-user’s
identity, 8-bit cards can only check with a PIN number, but
the 32-bit card can verify against the owner’s fingerprint.
In addition, the Java programming language can be used
in smart card applications.

The third new product is the EarthCard, made with a
low-poliution chlorine- and halogen-free polyester film. The
EarthCard will not leach dangerous chemicals into
underground water after it has been buried in landfill, and
will burn in the same manner as wood or paper. The
material also increases the card’s durability, extending its
use time, which will itself tend to conserve resources.

For more information, contact Lisa Colley, Gemplus
Ltd., New Lane, Havant, Hants PO9 2NR. Tel 01705
486444 fax 01705 472081. Web: www.gemplus.com

L
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Volume 27 Issue 4: Tic Tac Toe. The PCB foil on the Foils Page has been shown from the component side instead of the
copper side as usual. Keypad switches for the unit were Maplin KR92A. Anyone who woulid like a printout of the foil,
please write c/o the Editor, ETI, Nexus House, Azalea Drive, Swanley, BR8 8HU. Please mark your envelope “Tic Tac Toe”.

The extra query about Smartcam mentioned in our previous issue has been resolved with nothing further to report.

Volume 27 Issue 4: Medium Wave Loop Aerial. For anyone having difficulty finding the 2k pot, R3, a suitable 2k2 variety is
listed by JAB Electrical Components, P O Box 5774, Birmingham B44 8PJ. Tel 0121 682 7945 fax 0121 681 1329. Because of
the slightly higher track resistance, the value of R4 could be reduced from 1k to 820 ohms to maintain the brightness of

the iow current LED, but the difference is minimal.
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A graphic display outlines a personal organiser application for the
future ...

Following last month’s introduction to current advanced display screen
technologies, Part Two continues with Light Emitting Plastics (LEPs), developed at
the Cavendish Laboratories at the University of Cambridge) and commercialised by

Cambridge Display Technology; Planar Optical Displays (PODs) developed at

Brookhaven National Laboratory, and new 3D TV dispilays from Philips.

or many years, researchers have been trying to

make semiconductors from polymaers - in other

words, plastic. Cambridge Display Technology (a

spinoff company from the Cavendish Laboratories

B at the University of Cambridge) have succeeded to

the extent of making plastic light emitting diodes with useful
efficiencies, and have reached the stage of procducing a
demonstration plastic LED colour television display in co-
operation with Japanese corporation Seiko-Epson.

Philips also have a non-exclusive license to use this
technology, so that with support from at least two large
companies, it Is likety that we shall see products on the market
using this dramatic new technology.

This uses the principle that fight can be emitted when an
electron falls from a high energy state to a lower energy state.
The frequency of the photon thus emitted is determined by the

... and one for health monitoring and personal video on a wrist
display.

energy difference between the two electron states. (The energy
of the photon is equal to h x f where { is the frequency and h is
Planck's constant.) In order for visible light to be emitted, there
must be a gap between two adjacent energy levels equal tco
the required energy, which tumns out to be around 2 eV
(electron volts) for an orange shade of red.

This is a quantity of energy unlikely to be gathered by an
electron in a short path length before its next collisicn. There
are materials, including polymers, which have a suitable gap
betwsen the bottomn of the conduction band and the top of the
valence band, but in order to raise electrons from valence to
conduction band enormous electric fields are required. It has
been possible in the laboratory to make this work, with a layer
of palymer between two electrodes, but the high voltages
needed are impractical, and the polymer degrades at the
interface with the electrodes. The quantum efficiency is also
low - typically of the order of 0.01 percent.

What is needed is some means 1o raise electrons to the
required energy level without high voltages, and to increase the
proportion of downward transitions which result in the emission
of a photon rather than a phonon (that is, merely excitation of
the material).

Light emitting diodes using classical semiconductors
achieve this by use of a junction, and it tums out that the same
idea can be used with polymers.

In silicon, a junction is made between two doped layers of
silicon. In a crystal of pure silicon at absolute zero, ali the
electrons are in the ground state in the valence energy band.
At a realistic temperature a few will be raised to the conduction
band from the ground state, but only a tiny propertion wil
accurmulate enough thermal energy before a collision dissipates
some of that energy. (This is at least partly responsible for the
reverse current in & diode.)

To explain the next stage, Pauli’s exclusion principle is

ELECTRONICS TODAY INTERNATIONAL
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INTERACTIVE DISPLAY

R Tulpwe

FIGURE 3

flow diagram for an interactive display control configuration with
POD screens

required. This is a piece of quantum theory which states that
no two electrans can be In exactly the same state. Two
electrons can be at nominally the same energy level if they are
of opposite spin, but that is the limit. Further electrons in a
matertal must take up different energy levels. In the above
silicon crystal, there are exactly as many ground states
available as there are electrons to fill those states, so the
electrons have no mobility.

The junction

If a dopant atorm which accepts an electron is added, then a
space is created in the valence band. Of course, the electron is
stilt present, but now it is at an energy level just outside what
was the valence band. If all the other electrons shuffle around,
it can seem as if a space or hole is actually moving around. In
semiconductor physics the hole is often treated as a particle,
and its effective mass and mobility may be determined.

If an electron donor atom is added instead, there is one
more electron than can be accommodated in the valence
band. The next available energy level is in the conduction
band, so that is where the eiectron goes. it is available for
conduction, and is more mobile than a hole.

If you make a junction between two oppositely doped types
of silicon, then at the junction and very close to it, electrons in
the conduction band of the N type material (with the electron
donor atom) make the transition to the lower energy state in
the valence band of the P type material (with the electron
acceptor atom). This gives nse to an electric field, because the
silicon on each side of the junction no longer has the same
number of electrons as it started with. The process continues
to the point at which the increase of energy due to the electric
field, if an electron crosses the junction, matches the decrease
due to the transition from conduction to valence bands. At this
point the system has reached its lowest energy state, and
nothing further will happen unless an extra electric field is
applied.

The electric field keeps the charge imbalance close to the
junction. it may be regarded as similar to a capacitor in this
respect: there is a separation of charge, and further physical
separation of the same charge would Increase the voltage, and
hence require energy. There iS a narrow region, the depletion
region, where ali the electrons have combined with the holes,
with an imbalance of charge immediately either side of it. if a
voltage is applied to the diode thus made, attempting to force
more electrons from the N type material to the p type, then this
happens easily. At the junction, electrons need enough energy

to overcoma the electric field of the junction, and then they fall
from a higher energy level to a lower one.

If the voltage is connected the other way round, electrons
must increase in energy from the valence band to the
conduction band in order to cross the junction. The energy
which an electron is likely to galn from a reasonable applied
electric field between one colliston and the next will not
apr.roach this level, so that negligible current will flow.

Benzine rings

The class of plastic materials useful as organic semiconductors
are called conjugated polymers. These are potymers which
possess a delocalised pi-electron system along the polymer
backbone; the delocalised pi-electron system confers
semiconducting properties to the polymer-and gives it the
ability to support positive and negative charge carriers with
high mobllities along the polymer chain.

This is illustrated in figure 13. The polymer shown here
consists of benzene rings linked together by two more carbon
atoms. The benzene ring on its own has an electron cloud
above and below it - in this particular polymer the cloud is
enabled 1o extend between rings, linking from end to end of
the chain,

The benzene ring has a bond structure different from that of
other carbon-carbon bonds. The number of covalent bonds
available might be expected to give rise to alternating single
and double bonds around the ring, but in this case the bonds
are shared around the ring, and there is a concentration.of
electrons above and below it. The afternating double and single
bonds in the chain joining the benzene rings enable this
electron sharing to continue along the chain.

Benzine has a band gap of the range which may make it
useful as a semiconductor. incorporating it into a polymer has
the effect of making a solid material in which the properties
may be exploited, and, according to the exact material
composition, modifying the band gap of the overall material
and adding doping properties.

One of the particularty clever parts is in obtaining a mobile
electron, which might otherwise have been expected to form
part of a covalent bond, without the material being very
unstable and splitting apart readity under thermal or optical
excitation.

This is how CDT describe it: “Though the mechanism for
charge transport in these materials Is not the same as in more
traditional inorganic semiconductors (due to the chain
distortion of the polymer on charge injection, and therefore the

Jdim Vellgan at Brookhaven National Laboratory with a prototype
small POO screen
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Figure 13: overlap of Pz orbitais lsads to the formation ofa |
| g:—allocallsed pl electron cloud above and below the polymer |
n

coupling of the charge carmier and the polymer chain to form a
mobile polaron), device engineering of the materials can take
advantage of many of the lessons previously learnt from classic
semiconductors, Thus device designs and material structures
can be copled into the new technology. For exampie, the use
of heterostructures, commonpiace in -V technology, can also
be applied to polymer devices for improved carrier
confinement, or for varying offsets with respect to injection
electrodes.”

Polymers offer much easier manufacturing methods than
traditional semiconductors. You can't go guite as far as
injection-moulding complex electronic parts, but a technique
known as spin coating is used to build up layers, and is much
simpler than epitaxial growth.

With classical semiconductors, complex multi-doping is
tricky, and it can be difficult to make the doped material match
the periodicity of the substrate on which it is grown. If it does
not match, then microscopic defects In the lattice structure can
render it useless.

With polymers, the structure is effectively amorphous, but
the defects tend to have energy states outside the bandgap
{that is, they are confining), and there are no dangling bonds.

There are disadvantages to polymer semiconductors:
lifetime and mobility. Mobilities are low due to the largely
amorphous nature of conjugated polymer films. In thin film
devices like light emitting diodes and solar cells, the mobility is
not the limiting factor.

In Field Effect Transistor devices, however, channel lengths
are substantially larger and the total device size has to be
comparatively large (with large channel width) to allow
reasonable switching times. Therefore polymer devices are
more useful in the applications areas where amorphous silicon
would otherwise be considered than in most traditional
crystalline device types.

The first applications for conjugated polymers have been as
conductors. Here Is what CDT say on the subject:

*The doping of semiconducting conjugated polymers such
as polyaniline and polypyrrole leads to the presence of states In
the band-gap (hopping states) and at sufficient dopant
concentrations the band-gap effectively disappears and the
polymer acts as a metal with high conductivities. Intrinsic
conductivies of materials such as PPV are of order 10-12
Ohmem-1; doped conjugated polymers have achieved
conductivities of more than 105 Ohm/cm-1, which is close to
that of copper.

A major problem has been producing processible forms of
these conducting polymers that are sufficiently stable for
commercial applications ... It is interesting to note that most of
the challenges did not relate to the stability of the conjugated
polymer itself, but more of the doped state.”

It well known that most potymers break down in sunlight.
Everyday plastics have additives in them to improve resistance

Slanted Lenticulars

P iy

IHustration of a display showing interleaving of the views from
different angles

to photo-oxidation, {(which initially causes discolouration). In the
area of light emitting polymers, research is taking place to
improve material lifetimes both through use of materials that
are resistant to oxidation and through improved encapsulation.

Display development

Since five years ago, there has been an improvement of four
orders of magnitude on the 0.01 percent quantum efficiencies
{the number of photons generated in the polymer film relative
to the number of carriers injected into the polymer) then
achieved. Even if the efficiency which can be achieved in a
commercial mass-produced product is not as good as this, the
efficiency is now sufficient for a display.

Part of the reason for the rapid improvements has been the
application of lessons learned from inorganic semiconductors.
The use of a heterostructure that allows carrier confinement at
the polymer/polyrner interface is significant, in that it has been
found to increase the proportion of light to heat produced
when the electrons and holes recombine.

Other significant improvements arise from choosing the
electron/hole injection barriers to be similar - this can be done
through both the choice of the injection electrode material and
by modifying the polymer material to be more or less electron
withdrawing and therefore to have higher or lower electron
affinity. In the exampie shown the cyano group is electron

ELECTRON
ACCUNIULATION

ﬁ
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Au

Y
m"'l“ "

Figure 14: hetereostructures can be designed using polymer
material. Organic synthesis allows additional degrees of
freedom in tuning bandgap and work function of
sermiconductors
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Slanted Lenticular Resolution
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Calculation of the resolution of a 1024*768 slanted lenticular display with 7 views.

withdrawing and therefore pushes down the barrier to electron
injection (see figure 14). The cyanoPPV layer therefore acts as
an electron transport layer. Because the bandgap of the
cyanoPPV layer is lower than the PPV layer, recombination
takes place in this layer. In addition to the increase in efficiency,
emission from blue to the near-infrared has been observed, all
at efficiencies of over 1 percent,

Therefore in a short time these polymer materials have
reached a performance Jevel comparable with inorganic LEDs.

Polymer light emitting devices can be patterned simply by
pixellation of the metal (there is no highly doped semiconductor
layer required by the inorganic LEDs for ohmic contact). Hence
large-area pixallated displays made from one sheet are
possible, with added features such as flexibility. The cross
section of a couple of pixels is shown in figure 15.

Plastic television
Cutting to the chase, polymer light emitting displays were
demonstrated in 1997. Now, a monochrome television display
has been made. Because the devices emit light over a wide
angle, flat displays using this technology will not suffer from the
problem of limited viewing angle, which still limits the
usefulness of tft displays. In principle, screens may be any
shape, though thin and flat is likely to be the most useful one.
If you remember the report on flat loudspeakers in ET last
year, it would appear possible that the plastic displays could
eventually be engineered to have the right acoustic
characteristics so that the viewing screen and the loudspeaker
would be a single item. Now we are beginning to see Star
Trek-type technology in the distance, at least in this respect.
Cambridge Display Technology and Seiko-Epson in Japan
have also recently announced the joint development of a
prototype tv display as an early step towards producing tvs
and monitors based on the light-emitting plastics. The current
prototype is just a 50mm-diagonal monochrome screen, but it
is a narrow 2mm thick, and can show complete tv pictures
with no restriction on viewing angle.

As LEPs can be switched very fast, they avoid the loss of
resolution on fast movement that limits STN LCD screens. The
mono screen itself could function as a monitor for portable
cameras and VCRs, but the processes used to make it are
scaleable, so that the path between making the small mono
display and a full size full colour screen has already been
worked out. A full colour display is planned for later in 1998.
Seiko-Epson’s polymeric semiconductor inkjet printing and
active matrix backplane technologies enable them to print the
pixels of the display by ink-jet directly on top of the pixel-
switching element in the active matrix, giving a screen with
traditional tv quality or better, but made from much thinner and
lighter materials.

Further, as light emitting plastics do indeed emit their own
fight, many of the components (polarisers, colour fitters,
backlights, etc.) needed in an LCD are not needed for LEP

Slanted Lenticulars

Slanted lenticular display showing the vertical line of a single view.
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WIND GENERATORS 380 WATT

| 34 malre Gia DIaGeS, CACDON METX DIAGes, 3 year warranty, 12vdc
Ao, Ziv version avallable, control electronics included, brushiess
seadymeum cubie curve atternator, anly two moving parts, mamtenance
Sun, smple roof top installaton, slart up speed 7mph, Mmax output
(0Omph) 380w £499 ref AR

HYDROPONICS

PO YOU GROW YOUR OWN?
We have a full colour hydroponics catalogue
available centaining nutrients, pumps, fittings,
enviromentsl control, light fittings, plants, test
equipment etc
Ring for your free copy.

PORTABLE X RAY MACHINE PLANS Easy to construct
plans on & simpie and cheap way &8 build 8 home X-ray machine!
Effactive devica, X-my sealed assembiies. can by used for expenmental
purposes. Not a 1oy or for minors! E6/set Rel FP1.
TELEKINETIC ENHANCER PLANS Mystfy and amaze your
fhends by Creating MObon Wi PO KNOWR apparent means or causs
Uses ppelectyical of mechanical connecbons, no specil gimimis yet
produces positve motion and effect Excellent for science projects.
magic shows, party Gemonstations OF $enows reSearch § development
of this strange and amazing phychic phenomenon

£4/set Ref FITXE".

ELECTRONIC HYPNOSIS PLANS & DATA This dsta
ShowE Saveral ways 10 put subjects undes your control, Included s afull
wolume reference texd and several constructon plans that when
assembied can produce highty effective stmuti. Thes matenal must be
used ceutously, it s for use as enlertainment @t parbes efc onfy, by
those experienced in s use £15/6et Ref FAEHZ

GRAVITY GENERATOR PLANS Thes unique plan demonstrales
@ simple electrical phencmena Thal produces an anti-gravity effect You
can actually build a8 smail mock spaceship out of $imple materialks and
without any visibie means- cause It o levitate £10/set Ref F/GRAY,
WORLDS SMALLEST TESLA COIULIGHTENING
DISPLAY GLOBE PLANS Produces up o 750000 vons of
discharge, experiment with extracrdinary MV effects, ‘Plasma in a jar,
St Elmo's fire, COrona. SxCHENt SCONCe Droject of Conversaton Dinoe.
£5/5et Rel FABTCIAGS

COPPER VAPOUR LASER PLANS Produces 100mw of
visiblg green hght High coberency and spectral quality similar to Argon
laser but easser and lest costly 10 bulkd yet far more efficent This
particular design was deveioped at the Alomic Energy Commsion of
NEGEV In Israei £10/set Rel FICVL1

VOICE SCRAMBLER PLANS Minature solid siate systern turns.
speach sound into indecipherable nore that cannol be understood
‘without 8 secord matehing unit. Use on telephone to prevent third party
listening and bugging £6/set Ref F/VSS

PULSED TV JOKER PLANS Litle hand held dovice uthses
puise techniques that will completely disrupt TV preture and sound!
works on FM 0ol DISCRETION ADVISED £8/set Ref F/TJ5
BODYHEAT TELESCOPE PLANS +ighty directicnal long
range device Uses racent technoiogy to detect the presence of ivng
bodies, warm and hot spols, hea? leaks ote. Intenced for securmy, law
entorcament, research and development. etc. Excellent securty device
or very interesting sciance project £fMsat Rel FBHT1T
BURNING, CUTTING CO2 LASER PLANS Proscts an
imasible beam of heat capabie of burning and melfting matenals over 3
corsderable detance Tius lacer ig one of the most efficient. converting
10% input power info usefut Gutput Not only is this device B workhorse
In welding, cuting and heat process:ng materials but it is slso & likety
candidate as an affectve directed energy beam weapon ageinst
missiles, aircraft, ground-w0-ground, efc. Particie beams may very well
utitize a taser of ths type [0 blast @ channel in the atmosphere for & high
enorgy sirsam of neutrons or other parbcles. The device i easily
appiicable i buming and eiching WoOd, Cuting, plastics, texttles etc
£12/set Ref FACT

DYNAMO FLASHLIGHT interesting concept, no battenas needed just
squeaze the tNgger for nstant pht apparently even works under water
In an emergency although we haven't tnec it yet! £5 99 ref SC152
ULTRASONIC BLASTER PLANS Laboratory source of sonc
shock waves Blow holes 1 metal, produce ‘cokf steam, atomize
quides. Many cleaming uses for PC boards, jewflery, coins, smak parts
etc £6/set Ref FAULBY

ANT! DOG FORCE FIELD PLANS Highly effectve cwcurt
produces tme vanabie puises of accoustical energy that dogs cannot
tolerate £6458t Ref FADOG2

LASER BOUNCE LISTENER SYSTEM PLANS Allows you
o hear sounds from a premises without gasning access. £12/set Ref F/
LLIST1

PHASOR BLAST WAVE PISTOL SERIES PLANS
Handhetd, has targe transducer and batiery capaciy with exiefnat
comrols. £8/set Ref F/IPSP4

INFINITY TRANSMITTER PLANS Teiephone (ine grabber
TO0M monior. Tha uibmate in homedoffice secunty and safety! simpte
0 use! Calt your hofhe of office phone, push a secret 1006 on your
telophons 1o access edher. A} On premisas sound and voices of B)
Exsting conversaton with break-ftcapabriily for emengency mes3ages
£7 Ref FTELEGRAS

BUG DETECTCR PLANS s that someone gething the goods on
you? Easy to construct device ‘focates any hidden source of radio
energy! Snffs out and finds bugs and other sources of bothersome
interferance. Delecis low, Migh ana UHF frequencies £5/set Ref Fi
BDt.

ELECTROMAGNETIC GUN PLANS Projects a metal object
8 considerable distance-requires adult supervision £5 ref FEEML2
ELECTRIC MAN PLANS, SHOCK PEOPLE WiTH THE
TOUCH OF YOUR HAND! £5/set Ret FEEMAY,

SOLAR POWERED WIND UP RADIOS BACK IN] These
FM/AM radic’s hiave & SO8r pane: and @ hand ooerated charger! £17.95
ref SOLRAD

PARABOLIC DISH MICROPHONE PLANS Listen to distant
sounds and voices, open wandows, sound sources i thard fo ged of

hostie premises Uses satelite technology 10 gather distant sounds
and focus tham to our ultra sensirve electronics. Sans atso show an
oplional wireless link system £8/et ref F/PMS

2 FOR 1 MULTIFUNCTIONAL HIGH FREQUENCY
AND HIGH DC VOLTAGE, SOLID STATE TESLA COIL
AND VARIABLE 100,000 VDC OUTPUT GENERATOR
PLANS Operates on 9-12wde, many possible experiments. £10 Ref
FHVM?? TCL4

COLOUR CCTV
VIDEO
CAMERAS,

BRAND NEW AND, CASED, FROM £99.
Works with most modern video's, TV's,
Composite monitors, video grabber cards.
Pal, 1v P-P, composite, TSohm, 1/3“ CCD, 4mm F2.8,
500x582, 12vde, mounting bracket, auto shutter,
100x50x180mm, 3 months warranty,1 off ptice £119
7 150, 4 more £99 ea I+

" 'acks of 35 cWcun dagrams covenng lasers.
SW radios. Qeigers bugs. char etc. Pack, Pack2, Pacic £4 99 sach
SMOKE ALARMS Mans powersd, made by the famous Gent
company, easy fit next to iight fitings ,power POt £4 99 ref SMKX
CONVERT YOUR TV INTO A VGA MONITOR FOR £26!
Converts a colour TV into a basic VOA screen Complete with buil in
psu, lead and s/ware . ideal for laptops o a cheap upgrade. Suppled
in 1t form for home assembiy SALE PRICE £25 REF SA
*45 WATT FM TRANSMITTER Already assembled but some
RF imowledge will be usetul for setting up. Preamp req'd. 4 stage 80-
108mhz, 12: 18vac, can use ground plane, yagi or dipote £68 ref 1021

INFRA RED FILM 6" square piece of flexibre iofra red film that wll
only aflow R light through, Perfect for comvertng ordinary torches.
fights, headiights etc 10 infra rec output onty using standard light bulbs
Easily cut 1o shape. 6" square £15 ref iRF2

RYDROGEN FUEL CELL PLANS Loags of informaton on
hydrogen $10rage and produchon, Practicat pians 1 build @ Hydrogen
fuel cell (good workshop facilibes requirec) £8 set ref FCP1
STIRLING ENGINE PLANS Interesting mformation pack
covenng all aspects of Striing engines, pictures of home made
engines made from an 2erosol can running of 2 candie! £12 ref STIR2
12V OPERATED SMCKE BOMBS Type 31s a 12vingge and
3 smoke cannisters, aach cannister vwall fill a room In B8 very shortspece
of tmet £14 99 ref SB3. Type 2 is 20 smaker cannisters (Suitable for
simulsted equipment fires eic) and ¥ ngger module for E29 ret SB2
Type 1is a 12v thgger and 20 large cannisters £49 ref 881

HI POWER ZENON VARIABLE STROBES Usetu: 12v PCB
fitted with hi power strobe tube and control electronics and speed
control potenbometer Perfect for interesting projects etz 70xS5mm
12voe operation £8 ea ref FLS1, pack of 10 £45 ref FLS2
RUSSIAN BORDER GUARD BINOCULARS £1798
Probably the best binoculars in the worldl nng for colour brochure.
NEW LASER POINTERS 4.5mw, 75 metre range, hand heid unt
runs on two AA batteries (suppited) 670nm. £28 ref DEC49

HOW TO PRODUCE 35 BOTTLES OF WHISKY FROM
A SACK OF POTATOES Comprehensive 270 page book
covers all aspects of spirit producton from everyday matenais.
Includes construction detsils of simple sotts et £12 ref MS3
NEW HIGH POWER MINI BUG wWith a range of up to 800
retres and & 3 says use from 8 PR3 this 15 our top setling bugl less
than 1° square ana 8 10m voice pickup range. £28 Rel LOT102.
BUILD YOU OWN WINDFARM FROM SCRAP New
publficancn gives step by stea guide to building wind generators and
propellors.  Armed with This. puBlication and a good kcal scrap yard
could make you seif sufficrent mr electnclty! £12 ref LOTE1

NEW LOW COST VEHICLE TRACKING TRANSMITTER
KIT £29 range 1.5-5 mikes. 5.000 hours on  AA battenas, transmits
info on car direction, left and nght turns, start and stop mformaton
Works wath any good FM radio, £29 ref LOT101a

CCTV CAMERA MODULES 46X70X29mm, 30 grams, 12v
100mA. auto electronic shutter, 38mm F2 lens CCIR. 121492
potets, video output i 1v p-p (75 chm). Works directly jnto a scart or
wdec 1nput on 8 ty or video, IR senstve £79 95 ref EF 137,

IR LAMP KIT Suttable for the above carmers, enables the camens
0 be uted in total darkness: £6 el EF138

UK SCANNING DIRECTORY As supplied to Police, MOD M15
and GCHQI coverers everything from secret govemment frequencies,
@ye in the sky, prisons, mittary aviabon eic £18 50 ref SCANB
iNFRA RED POWERBEAM Handheki battary powered lamp, 4
inch reflector, grves out powesful pure infrared ight! perfact for CCTY
use, mghtsights otc, £29 ref PB1

SUPER WIDEBAND RADAR DETECTOR Detects both
racar and laser , X K and KA bands, speed camenas, and all inown
speed detection systems. 360 degree caverage, front

*4 WATT FM TRANSMITTER KIT Small but FM
transmitter kit 3 RF stages. mic & audio preamp ncluded £24 ref
10z

YUASHA SEALED LEAD ACID BATTERIES 12v thAH at
£13 tof LOTS and beiow spec Bv 104H a1 £5 a par

ELECTRIC CAR WINDOW DEJCERS Complete with cabie.
plug etc SALE PRICE JUST £4.99 REF SA28

AUTO SUNCHARGER 155x300mm solar panel with giode and
3 maotre lead fited with a cigar plug. 12v 2wett. £42.99 REF AUG10P3.
SOLAR POWER LAB SPECIAL You get 2 66" 6v 130mA
cells, 4 LED's, wite, buzzer, switch 4 1 relsy or motor. £7.99 REF
B8A27

SOLAR NICAD CHARGERS 4 x AA size £8 95 ref 6P478, 2x
C size £9.99 ref 6P4TT

GIANT HOT AIR BALLOON KIT Buid a 4. 5m circumfrence,
futty funchioning bathoon, Can be unched With home made burmer #1c
Reusabie {until you locse i) £12 50 ref HAt

AIR RIFLES .22 As used by the Chinese army for traning
puposes. so there 1s a lot about! £39.95 Ref EF78. 500 petiets £4.50
red EFB0

REGISTER FOR OUR
ELECTRONIC NEWSLETTERS
BULL-ELECTRICAL.COM

BULL ELECTRICAL

250 PORTLAND ROAD, HOVE, SUSSEX .
BN3 SQT. (ESTABLISHED 50 YEARS).
ORDER TERMS: CASH, PO OR CHEQUE
WITH ORDER PLUS £3.50 P&P PLUS VAT.

24 HOUR SERVICE £5.00 PLUS VAT.
OVERSEAS ORDERS AT COST PLUS £3.50

(ACCESS,VISA, SWITCH, AMERICAN EXPRESS)

phone orders : 01273 203500

FAX 01273 323077
Sales@bull-electrical.com

&ear guides, 1 1°%2.Txd 6" fits on sun visor of dash £149 ref

CHIEFTAN TANK DOUBLE
LASERS 9 WATT+3 WATT+LASER
OPTICS

Coukd be adapted for laser istener, iong range commumcabons etc
Dauble besm units des:gned to fit in the gun barrel of a tank, aach unt
has two semi conduclor lasers and motor drive ufts for alignement
7 mile range, PO circurt diagrams dua to MOD, new prce £50,0007 us?
£195. Each unit has two gellium Arsenide injection lasers, 1 x 9watt.
1 x 3 watt, 900nm wavelength, 28vde, 600KZ puise frequency. The
units aisa contain an electronic recerver to detect reflected signate
from \argets  £199 for one Ref LOTA
NEW LOW PRICED COMPUTER/WORKSHOP/HIFI
RCB UNITS Compiete protecton from faulty squipment for
everybody! Inline un? fits in standard IEC lead {extends #t by 750mm),
fitted in less than 10 seconds, resetltest bution, 10A raung £6 99
sach ref LOTS, Or a pack of 10 at £49 90 ref LOTSE. If you want & box
of 100 you can have one for £250
DIGITAL PROPORTIONAL B GRADE RADIO
CONTROLLED CARS From World famous manufacturer these
are returns so they will need attenton {usually physical damage)
cheap way of buyng TX and RX plus servos etc for new projects etc
£20 each sold 25 seen ref LOT20P
MAGNETIC CREDIT CARD READERS AND ENCODING
MANUAL £9.95 Cased wih fiyleads. aesigned 1o read standard
credtt cards! complete with control eictronics PCB and marual
covenng everything you could want io inow about whats hididen in that
magnebc stnp on Your card! just £9 95 ref BAR31
WANT TO MAKE SOME MONEY? STUCK FOR AN
JDEA? We have coflated 140 business manusls that give you
tnformation on seting up diMarent DUSINGSSES, You peruse these at
your jeisure Using the text aditor on your PC, Also included 1s the
cenificate enabling you to reproduce (and sell) the manuals as iuch
as you liket £14 ret EF74

HIGH POWER DC MOTORS, PERMANENT

MAGNET

12 - 24v operation. probably about 174 horse power, body measures
100m x 75mm with & 80mm x 5mm output shaft with a mactuned fiat on
# Foang is simple using the twothreaded baits protruding from e front

£22ea REF motd
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Figure 15: typical LED Cross section, showing simple device
structures

displays. Apart from making the display thinner and less
complex, this also reduces cost - always desirable. Apart from
this, LEP manufacture shares many stages with LCD
manufacture - which also reduces costs - and printing the
active materials onto the matrix also reduces complexity - and
costs.

LEPs are driven from a low DC voitage, compatible with the
widely-used TFT active matrix drivers. This fits them for use in
the same areas as TFT displays, for example displays for
laptop computers. Being solid-state, they are naturally rugged,
also desireable for portable eguipment, assisting what | believe
wilt be a steady move towards portable rather than fixed
electronic equipment in many areas, particularly personal
computing. Much of the fabrication of LEPs can be done on
existing equipment, which avoids expensive re-tooling for
manufacturers who want to use it. Costs again!

Poiyplanar optical display
Projection television has not lived up to its early promise,
though it is extremely useful in large arenas and suchlike.
Conventionally, very bright small cathode ray tubes are used to
generate the picture, which is then focussed onto large
screens. Catches are that the picture is not bright encugh to
be seen easily when the lights are on in the viewing room, and
that the projector must be a significant distance from the
screen to give a large picture. LCD shutter technology has also
been used. This can use a bright light source behind, but a
significant fraction of the area of the display is opaque, being
taken up with the drive electronics and so forth.

Two technological developments have occurred which could
revolutionise this type of display, as well as having cther
applications.

-VE CONTACT

+¥E CONTACT TOP ELECTRODE

-VE CONTACT
CN-PPV

PPV
- TRANSPARENT ELECTRODE

LIGHT

UGHT

Figure 16: a Polyplanar Optical Display

The first development is the reflective video display. This
uses an array of mirrors on a chip. The mirrors ¢an De tilted by
means of a piezoelectric activator, and cover almost all the
area of the display. Because this, like the Icd shutter screen,
can be illuminated by a powerful external light source, it has a
higher maximum brightness,

A new and improved means to display the output from a
television projector has been developed. It is called the Planar
Optical Disptay, and it uses a sandwich of transparent sheets
to guide light to a screen, as shown in figure 16. The sheets
form a relatively thin sandwich at the bottom, and are cut at an
angle and glven a frosted finish to form a screen, as detailed in
figure 17.

The image from the projector is compressed in one
dimension, making it as thin as the sandwich of transparent
laminations. The display decompresses the image to restore it
to full size, so that perhaps 4 inches of picture height from the
projector is expanded to several feet for viewing. Total internal
reflection guides the light from the projector to the screen with
little loss. In effect, the transparent sheets are working as
optical waveguides.

This is the sort of idea which seems obvious when you have
seen it, like many of the best ideas throughout the ages. Some
of the important details may not be quite so obvious, however.
For example, high contrast is achieved partly by the use of
black cladding of a lower refractive index than the transparent
material. This is so designed that it does not absorb light from
the projector, despite being black, but does absorb light
shining onto the face of the screen (because of the different
angle of incidence).

Of course, some of the light falling on to the face of the
screen must be at a suitable angle for total internal reflection to
take place. This light will be guided down to the end where the
projector sits, and there mostly dissipated because there is
nothing to reflect it back the way it came. The overall effect Is
to give a black screen, even in a lit room. Light does not reflect
off it to the extent which it does from a normal television screen
or computer menitor. High contrast, even in high light levels, is
a very useful characteristic.

The fact that light will be guided back to the thin end of the
wedge can be useful. Optical sensors could be used to detect,
for example, a laser pointer shining on the screen. This could
work, as another example, as a mouse for software training
with a room full of pecple.

REFRACTIVE INDEX n

BLACK CLADDING
REFRACTIVE INDEX <r

e

INPUT LIGHT

Figure 17: a detail of a Polyplanar Optical Display screen
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Figure 18: cross section of a 3D display showing the
lenticular plate

Of course, each line of video display requires its own layer
of optical waveguide. For a standard computer resolution of
1024 x 768, at least 768 transparent layers are needed.
Efficient manufacturing is necessary if this type of display is to
be economic in many situations.

The concept is not limited to large projection video displays.

Curved is also an option. If production displays could be made
from acrylic sheets, car instrument panels or, initially, aircraft
instrumentation could be made more effective and adaptable
using these displays. Equally, instead of a console having a
screen in it, the whole console could be made as a planar
display.

Personally, | look forward to the computer display which
forms the desktop. Finally Microsoft's opening windows screen
will become literal reality! This would be particularty useful for
CAD, as anyone who has worked with mechanical or printed
circuit design packages would probably agree.

3D displays
Not so much a display as an addition to a display, this

development from Phifips may catch on in the PC community
when it comes onto the market.

Since 1994 Philips have been developing a type of 3D
display which does not require the viewer to use special
glasses. Instead, a lenticular panel is added to a normal colour
liquid crystal display, though no doubt it could be added to
other types of flat panel display. This is illustrated in cross
section on figure 18.

As an aside, it is interesting to speculate as to whether it
would be possible to make the polyplanar optical display with a
lenticular front so that it would become a 3D display. My
estimate is that it probably could be done, perhaps at very little
extra cost. A 3D display the size of a cinema screen would be
spectacular!

What the lenticular panel does is to refract the light from
different pixels in different directions, so that each eye sees a
different part of the image, as shown in figure 1.

One might expect this to be workable only with one precise
head position, and indeed systems using sensors to adjust for
head position have been tried. However, the Philips Multiview
3D-LCD is truly autostereoscopic because no head tracking is
necessary, and the technolegy has the potential to be
economic for consumer 3D displays the price of liquid crystal
displays continues to drop. Because head position is not
tracked, the system is suitable for viewing by a number of
people at the same time. This may be seen as an advantage
over, for example, a VR headset.

To make the picture appear as natural as possible is key.
The 3D system uses muttiple views, and without speciai effort
the appearance would be of views which flip from one to the

Multiview Editor

Multiviewing with one video screen in the future

PHILIPS
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3D Applications

fedical
Surgery
Training

Diagnostics

Professional Inspection
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Figure 19: 3D viewing conditions.

other, rather than a sofid object. Also, the division between the
images would appear as vertical black lines. The main
challenges are to reduce the picket fence effect of the black
mask and to try to get away with as few perspective views as
possible.

Philips' solution is to 'blur’ the boundaries between the
views. This hides the black mask image by spreading it cut
and softens the transition between one view and the next,
encouraging the user to perceive ‘solid cbjects' instead of a
succession of flipping views. One way to achieve this wouid be

Applications envisaged for 3D videb viewing

to use a new pixel design in which the pixeis are slanted with
respect to the column direction.

Another way is to place the lenticular at a small (3.46
degrees) angle to the LCD columns. The effect of either
method is that, as the observer moves sideways in front of the
display, he always 'sees’ a constant amount of black mask.
This renders the black mask, in effect, invisible and eliminates
the picket fence effect.

There is a downside to the ability to display 3D without
special goggtes. If you have a colour screen of 1024(x 3 for
RGB) x 768, and you need seven views to give a falrly natural
3D view, then each picture has only 438 x 256 x RGB
resolution. LCD panels with greater resolution become
disproportionately expensive, as the yield is reduced. Perhaps
the lenticular solution will match well with another display
technology, if one is avaitable to give more pixels for less cost.
We shall see.

ETI wishes to thank the following in particular for data and
background matenial for both parts of this article: Frank Cornelf
of JDK (Fujitsu Electronic Devices); Joanne Korosi, MMD and
Storm Communications (Pioneer), Blitz and Jonathan Dorninic
{NEC), Ruth Lioyd (Matsushita/Panasonic), Linda Kandy
(Mitsubishi); K Van Berkel (Philips Research Laboratories);
James Veligman (Brookhaven National Laboratory); Danielle
Leach of The Weber Group (Cambridge Display Technologies);
Roger Bassett (GEC Aisthorn Engineering Research Centra)
and a number of other people who kindly assisted us.
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POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS-

LOUDSPEAKERS-19INCHSTEREDO RACK AMPLIFIERS

OMP MOS-FET POWER A FIERS|
HIGH POWER, TWQ CHANNEL 19 INCH RACK

THOUSANDS PURCHASED
BY PROFESSIONAL USERS

THE RENOWNED MXF SERIES OF POWER AMPLIFIERS
FOUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W)
MXF600 (300W + 300W) MXF900 (450W + 450W)

ALL POWER RATINGS R.M.5.iNTO 4 OHMS, BOTHCHANNELS DRIVEN
FEATURES: Windependent power supplies with two toroldal Iransformers % Twin L.E.D. Yu melers #
Leval conltrols % Iluminaled on/off switch % XLR conneciors * Standard 775m¥ inputs % Open and shor circult
prool # Latest Mos-Fels for stress Iree power delivery inlo vidualty any load & High slew rate % Very low
dislortion ® Aluminium cases # MXFG00 & MXF00 lan cooled with D.C. loudspeaker and thermal protectian.
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.

SIZES:- MXF200 W19 xH3 %" (2UnD11"
MXFA00 W19 xHS " (AUD12"
MXF500 W19 xH5%" (3UD 13"
MXFO00 W19 xHE " (3UD 143"
PRICES:-MXF200 £175.00 MXF400 £233.85
MXF600 £329.00 MXF900 £449.18
SPECIALIST CARRIER DEL. £12.50 EACH

OMP XO3 STEREO 3-WAV ACTIVE CROSS-OVER,|

Advanced 3-Way Stereo Acllve Cross-Over, housed In a 19 x tU case. Each channel has three leve] conirols:
bass, mid & top. The removable front lascia allows access lo the programmable Dil swilches Io sdjusi the
cross-over Irequency: Bass-Mid 250/500/800H2. Mid-Top 1.8/3/5KHz. al) al 24dB per octave. Bass invert switches
on each bass channel. Nominal 775m¥ inpul/oulpul. Fully compalible with OMP rack ampiifier and modules.

Price £117.44 + £5.00 P&P

SUPPLIED READY BUILT AND TESTED.

Thase modules now enjoy & worid-wide tion for queiity, and par st a reslistic prics. Four
models BFe avsHable to sull INe needs of the prolessional snd hobby market Le. Industry, Lelsure, Instrumental snd HI-Fi
#ic. When comparing prices, NOTE that all modaels include toroidal power supply, integral heat sink, glass fibre P.C.B. and
drive circults 10 power 8 compatibie Yu meler, All models are open end short circult proof.

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP/MF 100 Mos-Fet Outpul power 110 watls
R.M.S. into 4 ohms, frequency response THz - 100KHz
-3d8, Damping Factar >2300, Slew Rate 45V/uS,
T.H.D. typicai 0.002%, Input Sensitivity 500mV, S.N.R.
-110 dB. Size 300 x 123 x §0mm.
PRICE £40.85 + £3.50 P&P

OMP/MF 200 Mos-Fet Output power 200 watls
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 50V/uS,
T.H.D. typical 0.001%, Input Sensitivity 500mv, S.N.R,
-110 dB. Size 300 x 155 x 100mm.

PRICE £64.35 + £4,00 P&P

OMP/MF 300 Mos-Fet Output power 300 watts
R.M.S. into 4 ochms, irequency response 1Hz - 100KHz
-3dB, Damping Faclor >300, Slew Rate 60V/uS§,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R,
-110 dB. Size 330 x 175 x 100mm,

PRICE €B1.75 + £5.00 P&P

OMP/MF 450 Mos-Fet Output power 450 watts
R.M.S. intc 4 ohms. frequency response 1HzZ - 100KHz
-3dB, Damping Faclor >300, Slew Rate 75V/uS,
T.H.D. typical 0.001%, input Sensitivity 500mv, S.N.R.
-110 dB, Fan Cooled, D.C. Loudspeaker Protection, 2
Second Anli-Thump Detay. Size 385 x 210 x 105mm,
PRICE £132.85 + £5.00 P&P

OMP/MF 1000 Mos-Fet Output power 1000 watts
R.M.S. inte 2 ohms, 725 watts R.M.S. intc 4 ohms,
trequency response 1Hz - 100KHz -3dB, Damping
Factor >300. Slew Rate 75VivS, T.H.D. typical
0.002%, tnput Sensitivity 500mV, S.N_R. -110 dB, Fan
Cooled, D.C. Loudspeaker Protaction, 2 Seocond
Anti-Thump Delay, Size 422 x 300 x 125mm.

PRICE £259.00 + £12.00 P&P

WOTE: MOS-FET MODULES ARE AVAILASLE IN TWO VERSIONS:

% ECHO & SOUND EFFECTS«

TEREO DISCO MIXER SDJ3400SE]

STEREO DISCO MIXER with 2 X 7 band
L & R gresphic equalisers with bar graph
LED Vu meters. MANY OUTSTANDING
FEATURES:- inciuding Echo with repeat &
speed control, DJ Mic with tslk-over
switch, 8§ Channels with individual faders
plus cross fade, Cue Headphone Monitor. B
Sound Effects. I.lufu! combinstion of the

inputs:- turntab {mag), 3
mics, 5 Une foe CD, Tape, Yideo ete,

Price £144.99 + £5.00 P&P

SiZE: 482 x 240 120mm

STANOARD - INPUT SENS 500mY, BAND WIDTH 100K Hx.
PEC (PROFESSIONMAL EQUIPMENT COMPATIELE) - INPUY SENS
TTSnV, BAND WIDTH SOK Hz. ORDER STANDARD OR PEC.

LARGE SELECTION OF SPECIALIST LOUDSPEAKERS
AVAJLABLE, INCLUDING CABINET FITTINGS, SPEAKER
GRILLES, CROSS-OVERS AND HIGH POWER, HIGM
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E.
{60p STAMPED) FOR COMPLETE LIST,

McKenzie and Fane Loudspeakers are also available.

1EZ0 ELECTRIC TWEETERS - MOTOROLA

Join the Pigzo revolution! The low dynamic mass {no voice toif) ol a Piezo twesler produces an improved
irznsieni response wilh a lower dislortion level than ordinary dynamic tweelers. As a crossover is nat required
thess units can be added fo @aisting speaker systems of up lo 100 wahs (more I two are put in series. FREE
EXPLANATDRY LEAFLETS ARE SUPPLIED WITH EACH TWEETER.

. TYPE 'A' {KSN103EA) 3" round with protective wire mesh. Ideal for
bookshelf and medium sized Hi-Fi apeakers. Price £4.90 + 50p P&P.
TYPE ‘B' (KSN1005A) 3% super horn for general purpose speakers,
disco and P.A. systems etc. Price £5.99 + 50p P&P.

TYPE ‘C’ {KSH101BA) 2°x5" wide dispersion horn for quality Hi-Fi sys-
lems and quality discos ete. Price £6.99 + 50p P&P,

TYPE ‘D' (KSN!O!SA) 2°x6" wide dispersion horn. Upper frequency
resp {f g down to mid-range (2KHz). Suitable for high
quality Hi- Fl systems and quallty discos. Price £9.99 + 50p P&P,
TYPE‘E' (KSN1038A) 34" horn tweeter with altractive silver finish trim.
Suitabte tor HI-Fl monitor systems elc. Price £5.99 + 50p P&P.

LEVEL CONTROL Comb , 0N & rec ting piate, bevel control
l and cabinet input jack socket, 85x85mm. Price £4. 10 + 80p PAP.

L\’“\

TYPE D

ALL EMINENCE UNITS 8 OHMS IMPEDANCE
B” 100 WATT R.M.S. ME2-100 GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID, DISCO.

RES. FREQ. T2Hz, FREQ. RESP. TD 4KMa, SENS 9748, PRICE £32.71 + €2.00 P&P
10" 100 WATT R.M.S5. ME 10-1 00 GUITAR, VOCAL, KEYBOARD, DISCO, EXCELLENT MID.

AES. FREQ. 71Hz, FREQ. RESP. TO 7XHz, SENS97JE. PRICL €33.74 + £2.50 PAP
10" 200 WATT ALM.S. ME 10-200 GUITAR, KEYB'D, DISCD, YOCAL, EXCELLENT HIGH POWE R MID.
RES. FREQ. 65Hz, FREQ. RESP. TO 3.5KKz, SENS 98dB. PRICE £43.47 + £2.50 P&P
12° 100 WATT RLM.S. ME12-100LE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR.
RES.FREQ. 454z, FREQ. RESP. TO 6K Hz. SENS 100¢B. PRICE £35.64 + £3.50 P&P
12" 100 WATT R.M.S. ME12-100LT (TWIN CONE) WIDE RESPONSE, P.A. VDCAL, STAGE
MONITOR. RES. FREQ 42Hz. FREQ. RESP. TO 10KH2. SENS 9848, PRICE £36.67 + £3.50 P&P
12" 200 WATT ALM.S. ME12-200 GEN. PURPOSE, GUITAR, DISCO, YOCAL, EXCELLENT MID.

RES. FREQ. 58Hz, FREQ. RESP. TO 6XHz, SENS 98dE. PRICE £48.71 + £3,50 P&P
12" 300 WATT R.M.S ME12-300GF HIGH POWER BASS, LEAD GUITAR, KEYBOARD, DISCO ETC.
RES. FREQ. 47Hz, FREQ. RESP. TO 5KHz, SENS 103¢B. PRICE £70.19 + £3.50 P&P
15° 200 WATT R.M.S. ME15-200 GEN. PURPOSE BASS, INCLUDIHG BASS GUITAR.

RES. FREQ. 46Mz, FREQ. RESP. TQ 5KMHz, SENS 98dB. PRICE £50.72 + £4.00 PAP
15" 300 WATT RLM.S. ME1 5-300 HIGH POWER BASS, INCLUDING BASS GUITAR.

RES. FREQ. 39Hz, FREQ. RESP, TO 3KHz, SENS 103dB. PRICE €73.34 + £4.00 P&P

ALL EARBENDER UNITS 8 OHMS (Except £82-50 & EB10-50 which are dusl impedance Lapped @ 4 & 8 ohm)

[ibI FLIGHT CASED LOUDSPEAKER

A new fange of quallty loudSpeakers, designed 1o lake advantage of the [afest
speaker technology and enclosure designs. Both modeis utilize studio quaiity
12" cast atuminium loudspeakers with factory fited grilles, wide dispersion
constani directivity horns, #xtruded aluminium corner protection and stee|
ball corners, complimented with heavy duly biack covering. The enclosures
are fitted as standard with top hats for optional loudspeaker stands.

POWER RATINGS GUOTED tN WATTS RMS FOR EACH CABINET
FREQUENCY RESPONSE FULL RANGE 45Hz - 20KHz

bl FC 12-10OWATTS (100d8) PRICE £159.00 PER PAIR
(BIFC 12-200WATTS (100dB) PRICE £175.00 PER PAIR
SPECIALIST CARRIER DEL, £12.50 PER PAIR

OPTIOMAL STANOS PRICE PER PAIR £48.00
Delivery £6.00 per pair

BASS, SINGLE CONE, NiGH COMPLIANCE, ROLLED SURROUND

8" 50wltl EB&-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS. HI-F1, IN-CAR.

RES. FREQ. 40Mz, FREQ. RESP. TO 7KHz SENS $7dB. PRICE £8.80 + £2.00 P&P
10" BOWATT EB10-80 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS. HI-F1, IN-CAR,

RES. FREQ. 40Hz, FREQ. RESP. TO SKHz. SENS. 99dB. PRICE£13.65 ~ £2.50 PAP
10" 100WATT EB10-100 BASS, HI-FI. STUDIO.

RES. FREQ. 35Hz, FREQ. RESP. TO 3KHz, SENS 96d8.

42° 10OWATT EB12-100 BASS, STUDIO, HI-FI. EXCELLENT DISCO.
RES. FREQ. 26Hz, FREQ. RESP, TO 3 KMz, SENS 83dB. PRICE £42.12 + £€3.50 P&P
FULL RANGE TWIn CONE, HIGH COMPLIANCE, ROLLED SURROUND

8%," BOWATT EB5-60TC {TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC.
RES. FREQ. 63Hz. FREQ. RESP. TO 20KHz, SENS 920B.

6%° 6OWATT EBG-60TC {TWIN CONE) HI-FI, MULTI.LARRAY DISCO ETC.
RES. FREQ. 38Hz. FREQ. RESP. TO 20KHz, SENS 54d8.

8" 8OWATT EB3-80TC (TWIN CONE) HI-Fi, MILTI-ARRAY DISCO ETC.
RES. FREQ. 40Hz. FREQ. RESP. TO 18KHz, SENS BSdB. PRICE £12.99 + T1.50P&P
10" 6OWATT £B10-80TC (TWIN CONE) HI-F1, MULTI ARRAY DISCD ETC.

RES. FAEQ. 35Hz. FREQ. RESP. TO 12K Hz. SENS 984d8B. PRICE £16.49 + £2.00 P&P

PRICELI0.39 + £3.30 P&P

PRICE £9.99 + £1.50 P&P
PRICE €10.9% + 1.60 P&P

THREE SUPERB HIGH POWER
CAR STEREQ BOOSTER AMPLIFIERS
150 WATTS (75 + 75) Stereo, 150W
Bridged Mono
250 WATTS (125 + 125) Slereg, 250w
Bridged Mono
400 WATTS (200 + 200) Siereo, 400W
Bridged Mono
ALL POWERS INTO 4 OHMS
Features:

* Sfarec, bridgabie monc * Chokce of
high & low level inpuls « L & R level
controls & Remote on-oft % Speaker &

| N-CAR STEREO BOOSTER AMPS

PRICES: 1S0W C40.990 250W £99.99
400W €109.85 PAP £2.00 EACH

POBTAL CHARGEE PER CADEA £1.00 MINIMUM. OFFICIAL

ORCERS FROM SCHOOLE, COLLEGES, GOVT. BODIES, M.Cs ETC.

PRICES INCLUSIVE OF VAT SALER COU 3 B,
ACCESS ACCERTED BY POS T, PHONE OR FAX.

RANSMITTER HOBBY KITS
PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS

COMPLETE WITH CIRCUIT AND INSTRUCTIONS
IW TRANSMITTER 20-108MHz  VARICAP CONTROLLED PROFESSIONAL
PERFOAMANCE. RANGE UP T0 3 MILES. SZE 38 1 123mm. SUPPLY 12¥ ao.uul.
PRICE €14.85 + (1.00 PAP
FM MICRO TRAKSMITTER 100-108MHz. YARICAP TUKED, COMPLETE WITH

VERY SENS FET MIC, RANGE 100-300m, SIZE 56 x 46mm. SUPPLY 9¥ BATTERY,
- PHOTO: W FM TRAMSMITTER

B.K.ELECTRONICS

UNITS 1 & S COMET WAY, SOUTHEND-ON-SEA
ESSEX. 552 6TR

Tel. 01702 - 527572 Fax: 01702-420243




HT-8955
Digital Echo

This is a new echo unit by Robert Penfold based on the HT-8955 delay line chip
which produces delays of up to 800 milliseconds, and the 41256 D-ram. Variable
delay control also enables short echoes down to a reverb effect,
giving maximum flexibility.

n order to produce an echo effect a
delay of at least 60 milliseconds is
required, and the delay should
preferably be adjustable up to around
500 milliseconds or so. Generating
delays as long as these is quite difficult, and in the
distant past it required the use of tape machines.
More recently the introduction of CCD delay lines
has provided a neater alternative, but CCD devices
capable of providing long delays are quite
expensive. Digital techniques provide another
alternative, but until quite recently this route has
been both expensive and complex. Fortunately,
things are different these days and the introduction
of purpose designed chips has made it possible to
produce simple but effective digital delay lines.
The digital echo unit featured here is based on
the HT-8955 delay line chip which contains most of
the circuitry required to produce dslays of up to
800 milliseconds. Included in the chip are 10-bit
digital-to-analogue and analogue-to-digital
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converters, a preamplifier stage, a clock generator, and a
large amount of control logic. The only omission is the
memary, which must be provided by a standard 4164, or
41256 DRAM chip. These respectively provide maximum
delay times of 200 and 800 milliseconds, and it is the
41256 that is utilised in this unit. This makes it possible to
obtain quite long echo effects if required, but a variable
delay control also enables short echo effects to be
produced. At the minimum delay setting the effect is rather
more a reverberation type than a normal echo effect,
giving the unit for the useful range of effect settings.

System operation
The way in which a digital delay line functions is basically
quite straightforward. The essential ingredients are an
analogue to digital converter, a digital to analogue
converter, and some memory. In a practical unit there must
also be a fair amount of control logic to manage the flow
of data in and out of memory. The basic action of the
circuit is to start by writing the contents of the first
memory location to the digital to analogue converter. Next
the analogue to digital converter takes a reading which is
stored in the first memory location, over-writing the
existing contents of that memory location. This general
procedure is repeated for the second and third memory
locations, and all the subsequent locations, working
through them in seguence. Once all the memory has been
used the whole process is repeated. In fact this process is
repeated for as long as power is appiied to the’'system.

A delay is provided because the samples stored on one
complete cycle of the system are not output until the

following cycle. The delay obtained depends on the rate at
which samples are taken and the amount of memory used.
As with any sampling system, there is definite limit on the
minimum rate at which samples can be taken. The
sampling rate must be at least double the maximum input
frequency, and should preferably be three or more times
this frequency. In this case we are using a minimum
sampling frequency of about 30 kHz, which provides an
audio bandwidth of about 10 kHz. This is something less
than the full audio range, but is more than adequate to
give good results.

Pinout details for the HF-8955 integrated circuit are
provided in figure 1, and the block diagram showing its

[
HT-8955
BIAS [_]1 _\/ 24| Ve
INPUT [} 2 23[_]CASB
PRE-OUT 3 22[7] A8
OUTPUT []4 21 JDATA
SELECT []5 20[JwRs
0SC1[|s 15| RASB
oscz2 7 18[1 A0
0Ssc3 [1a 17 A
0sca g 16 A2
GND 10 15[ 1A3
Ab C 1 14 : A4
A7 42 13[J A5
Figure 1: pinout details for the HT-8955 digital delay line chip
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CASB RASB WRB
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0SC1—»—]
SYSTEM

05C2 OSCILLATOR

| TIME-BASE
GENERATOR

ROW/COLUMN MULTIPLEXER

e

ADDRESS

BIAS —— 4 =

INPUT —»{ —

PRE-OUT —————

CONVERTER

COUNTER

0OsCc3
DELAY TIME
OSCILLATOR osca

DRAM TYPE SELECT

SELECT

OQUTPUT —e—

" —
DiA SHIFT :
CONVERTER REGISTER ———— DATA

Figure 2: the block diagram showing the interest arrangement of the HT-8855

internal arrangement appears in figure 2. As pointed out
previously, virtually all the stages needed for a digital echo
unit are included in this chip, with the only major exception
being the memory. An operational amplifier is included at
the audic input, and this is intended for use in the inverting
mode. The preamplifier is followed by an analogue to
digital converter, which has the usual high-speed
comparator input stage. As one would expect, at the
audio output of the device there is a digital to analogue
converter.

The HT-8955 is designed to operate with standard 4164
and 41256 DRAM chips, and it requires only one memory
chip. This brings a slight complication in that these chips
provide one bit by 64k or 256k, but the converters are 10-
bit types. Each 10-bit word read from the analogue to
digital converter must therefore be placed in memory one
bit at a time. The shift register is used to provide the
parallel to serial conversion. Cbviously the single bits of
data stored in memory must be re-assembled into
complete 10-bit words that can be read back by the digital
to analogue converter. This serial to parallel conversion is
provided by the same shift register.

The delay time is controlled via the rate at which the
address bus cycles through its 262144 addresses, which
Is in turn controlled by a built-in oscillator. Addressing
some 256k of memory requires some 18 address lines, but
the 41256 uses a simple method of multiplexing that
enables addresses to be written in the form of two 9-bit
words. An internal system clock oscillator and timebase
generator circuit generates the control signals for the
DRAM chip. An internal control logic circuit enables the
chip to be set up for operation with the correct type of
memory chip via a single input.

Circuit operation

As will be apparent from the circuit diagram of figure 3,
using a dedicated delay in line chip enables a remarkably
simple circuit to be used. Most pins on the HT-8955 (IC1)
connect to the corresponding pins on the 41256 memory
chip {{C2). Pin § of IC1 is connected to ground for
operation with the 41256 or left unconnected if the
memory will be provided by a 4164 DRAM. In this case a
41256 is used, and pin 5 is therefore connected to the 0-
volt earth rail. R3 is the timing resistor for the system clock
oscillator. VR1 and R4 perform the same function in the
delay osciltator. The delay time varies from about 100
milliseconds with VR1 at minimum resistance to around
600 milliseconds when it is set at maximum resistance.
The HT-8955 is probably being operated somewhat
beyond its maximum guaranteed clock frequency in order
to provide the shortest delay times, but the samples of the
device | tested worked perfectly with sampling rates of
more double the maximum used in this circuit.

Capacitor C5 and resistor R5 are the discrete
components in the bias circuit of the preamplifier. Due to
the high value of R5 it is several seconds after switch-on
before the input circuitry begins to function properly.
During the first memory cycle random values are output to
the digital to analogue converter, producing a burst of
noise. The switch-on delay provided by C5 suppresses
this noise and other glitches that would otherwise find
their way into the audio output channel. Resistors R1 and
R2 are the negative feedback network for the operational
amplifier at the audio input of IC1, and they set the volitage
gain at unity. Capacitor C4 couples the output of the
preamplifier to output socket SK2, and the input signal
therefore appears in non-delayed form at the output
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Figure 3: the circuit diagram of the Digital Echo unit

socket. It Is important that there are no input signais at
frequencies close to the sampling frequency as these
could produce heterodyne tones on the audio output
signal. In this case we are not trying to push the system to
its limits, and the minimum sampling frequency is around

30 kHz. This is well above the upper limit of the audio

range, but capacitor C3 is used to provide a small amount
of high frequency roll-off. This should be sufficient to

suppress any stray pickup of high frequency noise.
Additional filtering should only be necessary if the input
signal is not reasonably “clean” for some reason.

In order to obtain an echo effect the delayed signal must
be mixed with the input signal. As the preamplifier is

‘operating in the inverting mode this mixing action is easily

achieved. Simply adding an additional input resistor
converts the preamplifier into a simple summing mode

4 6 & 8 5 4 & 4 48 &% s 0w ¥

4'c 8 8 % o o 8 & B b 56 s 8 B b
e C———— R e —

Figure 4: the component layout on a stripboard panel of 47 holes x 29 strips
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mixer circuit. The series resistance of R9 and VR2
provides this additional input resistor, and VR2 enables the
amount of feedback to be varied over wide limits. With
VR2 at minimum resistance the amount of feedback is stili
less than 100 percent, but this is essential because signals
would otherwise circulate around the system indefinitely.
Even with slightly less than one hundred percent feedback
there would be a problem with excessive noise and a
gradual build up in the signal levels. The maximum amount
of feedback possible with this system represents a realistic
maximum. With VR2 set at maximum resistance the echo
effect is so slight as to be barely perceptible, but the effect
can be switched out altogether by opening switch SW1.
Like any sampling system, this delay line produces a
stepped output signal that jumps straight from one sample
level to the next. Some lowpass filtering is all that is
needed in order to remove the steps and produce an
ordinary audio output signal. In this circuit the lowpass
filtering is provided by an active three stage (18 decibels
per octave) circuit based on |C3. The cut-off frequency 'of
the filter is approximately 10 kHz.
The circuit requires a single five-volt supply, and this is
derived from a nine-volt battery via monolithic voltage
regulator IC4. The current consumption of the circuit is
about 20 milliamps, making it preferable to use a fairly
high capacity battery such as 6 AA size cells fitted in a
plastic holder. If the unit Is to be built in the form of a small
pedal unit it can be powered from a “high power” PP3 size
battery, but this is likely to be a more expensive means of
powering the circuit.

Construction

The stripboard layout for the digital echo unit appears in
figure 4 (component layout) and figure 5 (copper side
view). All three integrated circuits are MOS devices, and
therefore require the normal anti-static handling

precautions. The most important of these is that they
should be fitted in holders, and that they should not be
fitted in thelr holders until the unit is otherwise complete.
Until then they should be left in their anti-static packaging,
and they should be handled as little as possible when it is
time for them to be plugged into the holders. The
integrated circuits should obviously be kept well away from
any known sources of static electricity such as computer
monitors. Note that the CA3140E used in the IC3 position
of this circuit is one of the few operational amplifiers that
will work properly on a five-volt supply. The use of
alternative operational amplifiers is definitely not
recommended.

Finding a suitable holder for iC1 might pose problems
because 24-pin integrated circuits seem to exist in at least
three different encapsulations. Most component retailers
seem to offer the 0.6 inch spacing variety, whereas the
encapsulation for the HT-8955 has 0.3 inch row spacing.
Probably the easiest solution is to use ordinary eight-pin
and 16-pin DIL holders butted end-to-end. Provided they
are of the same make and type they will effectively

A Bl+ B c F G E H

A s 2 44 s A

' ) jalic¥ol fe

SW2 @ SK1 Sk2
VR1

Figure 6; details of the hardwiring
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produce a 24-pin holder having the correct row spacing.

in most respects construction of the board is very
straightforward, but be careful not to omit any of the
numerous link-wires. Some of these are quite long and
pass close to other wires. In order to avoid short circuits
these wires must either be kept very taut or they must be
insulated with pieces of PVC sleeving. The links are shown
uninsulated for clarity on the prototype, but it is more
secure to include the pieces of insulation, At this stage
only fit single-sided pins to the board at the points where
connections to the sockets and controls will eventually be
made,

The physical form of the unit must be varied to suit its
intended purpose. If it is to ba constructed as an effects
pedal the case must be a fairly tough metal box. A diecast
aluminium box is ideal, but cases of this type are relatively
difficult to obtain and tend to be expensive. Cases of
simple folded aluminium construction are much cheaper
and easier to obtain, and | have always found them to be
sufficiently strong for this sort of application. If the unit is
constructed in pedal form, SW1 must be a heavy-duty
pushbutton switch mounted on the top panel of the case
so that it can be operated by foot. Standard jack sockets
would be more appropriate for an effects pedat than the
phono sockets specified in the components list.

A metal instrument case Is probably the best cholce if the
unit Is to take a more conventional form. Either way, the
low voltage gain and medium input impedance of the unit
avoid any major restrictions on the general layout.
However, try to avoid any long connecting wires to RV2
and SW1, and keep this wiring well clear of IC2. The small
amount of hard wiring is shown in figure 6. This should
present no problems, and there is no need to use any
screened cables.

Testing and use

In order to obtain a good signal to noise ratio from the unit
it is essential to use a fairly high input level. The circuit can
accommodate input signals having amplitudes of up to at
least one volt peak-to-peak, and in most cases signals of
atmost twice this level will be usable. Ideally the input level
should be about one volt peak-to-peak, and most items of
equipment supply a signal at about this tevel. Two obvious
exceptions are low output guitar pickups and virtually any
type of microphone. In both cases a suitable preamplifier
will be needed for successful operation with this echo unit,
The voltage gain of the circuit is approximately unity, and
connecting the unit baetween any signal source and an
amplifier (or whatever) should give no obvious change in
volume. Use good quality screened cables to connect the
unit to the other pieces of equipment in the system.

As explalned previously, it takes a few seconds after
switch-on before the DC levels in the circuit settle down
and it starts to function properly. With VR2 weil advanced
in a clockwise direction and SW1 closed, the effect should
be very obvious at any setting of VR1. With VR1 set for a
very short echo time a sort of simple reverberation effect is
obtained, but with longer detays very obvious echoes
should be heard. Backing off VR2 results in the initial
echoes being reduced In volume, and it atso results in
each one being repeated fewer times before it subsides to
an insignificant level. As with any effect, it must be used
sensibly if it is to provide worthwhile results. Long echo
times generally work best with sounds of an intermittent

nature that enable the echoes to be heard reasonably
clearly. The unit can be used with short echo times to add
reverberation 1o practically any signal. This effect is very
good at making singers with thin volces sound much
better than they really are, and it is built into many karaoke
unitsl

2u2 50V r:

330p ceramic
10u 25V radial
100n oera_r!ﬂc
3n3 polyester
4n7 polyester
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THE ORIGINAL SURPLUS WONDERLAND!

Surplus always
THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS |Wanted for cashl

plus always
wanted for cash!
IC's -TRANSISTORS - DIODES 19" RACK CABINETS

LOW COST PC's
QOBSOLETE - SHORT SUPPLY - BULK Superb quality 6 foot 40U
SPECIAL BUY .. 6,000,000 items EX STOCK Virtually New, Ultra Smart
i | For MAJOR SAVINGS - CALL FOR SEMICONDUCTOR HOTLIST Less than Half Price!

40Mb HD + 3Mb Ram V’DEO MON’TOR SPECIALS Top quality 18" rack cabinels made in UK by

gpllma nc:(o;uroryu! Lid, léril'sr feadlura
cusiriel grade 12Mhz HI GRADE 266 syslems Made in the USA . et . asigner, smoked acrylic lockable frent door,
= an nousial speciﬁcaztion. the system wayssdesigned for total refia- One of the highest specification full height lockable hall louverad back door
20y The compact case houses the motherboard, PSU and EGA monltors you Wi" ever see - and jouvered ramovable side panels. Fully
w0 card with single 5%" 1.2 Mb floppy disk drive & Integrat 40Mb A h. . D "t . P adjustable intemal fixing struts, ready punched
aerd dizk driva fo tha front. Real lime clock with battery backup is t this price - Don’t miss it!!

for any configuration of eg:jipmenl mounting
grovicked a3 standard. Supplied in used condition complete with plus ready mounted integral 12 way 13 amp
B ssted kuybosrd, G40k + b RAM, DOS 481 and 90 DAY MRsubishl FASMEETEL 16 SUGA ey oot e e

socket switched maing distribution strip make
these racks some of the mos? versatile we

srantee. Aa n f .
g‘a?uu H|GRADEad Gm Hou hl y £ 9 9 o0 i variety of have ever soid. Racks may be stacked side by side and therafore
- (E 2 , 3 raquire only two sida panels to stand smgry or in multiple bays.

[Optional Fitted extrss: VGA graphics card £29.60 | ot ESW mﬁfﬂqﬂ 1200, Overadl dimensions are: 77%" H x 32%" D x 22 W. Order as:

1 4Mb 3%" floppy disk drive (instead of 1.2 Mb) £19.95 — by “’esmﬂdum"*’ OPT Rack 1 Compiste with removable side panels. £345.00 (G)
‘ riect 6.0 for Dos - when 3%" FDD option ordered  £32.50 e, looplat texd Swtching e LOW IO T+ __OPT Rack 2 Rack. Less side pansls £245 00
2000 Ethamal {thick, thin or twistad) network card £29.00 Spesoalion Ly (oRRktsecfeEpRlod i g =

LENT e used condition, Order a8 Qver 1000 racks, shelves, accessories
INTEL 486DX-33 SYSTEMS ot ouve o ron Only £119 @ wrssvaa “ 29" " wi -
Umited quantity of this 2nd o siak sizat eI R P EM EC ot 19" 22" & 24" wide 3 to 46 U high.
quan Q 18 £Nd USer, supero si 1 un. H
Fully featured with standard simm conneclors 30 & 72 pin, Supplied EXtemal cabies for other types of comprsiers CALL Available from stock !l
with keyboard, 4 Mb of RAM, SVGA monitor output, 256k cache and As New - Ex Demo

B O e By ity > PPLk 9™ | 7= 0.26 SVGA Mitsublshi Dismond Promonitors || 32U - High Quality - All steel RakCab
wany other options svaliabie « call for detalls. £199.00 & [ Full muitisync etc. Full 90 day guarantes. £325.00 (E}| ‘Wage by Eurocraft Enclosures Lid o tha highest possible spec,
Just In - Microvitec 20° VGA (800 x 500 res.) colour monitors. rack features all steel construction with removable

FLOPPY D’SK DR’VES 31/2 " 8" side, front and back doors. Front and back doors are

Good SH condition - from €209 - CALL for Info hinged for easy acceas and all are lockable with S
Massive purchases of standard 5%- and 3%® diives enables Us 10 PHILIPS HCS3S (same styls as CMB833) sttractively styled 147 five secure 5 lever barral locks. Tho front door (e 42?’9’
present prime product at industry beating low pricas! All unils UNIBSs o516, monitor with both RGB and standard composite 15.625 s constructed of double walled sleel with g P
siated) are BRAND NEW or removed from often brand new equin- ghs video Inputs via SCART socket and separate phono jacks. ‘designer styte’ smoked acrylic front panel to §
ment and are fully tested, aligned and shipped to you with & full 80 |nieqral audio powar smp and speaker for all audlo visual Usas. enable status indicators to be seen through th
day guarantea. Calffor over 2000 unfisted drives for spares of rapair.  wajl connact direct to Amiga and Atarl BBC computers. Ideal for all” panel, yet remain unobirusive. Intemally the rack £
B o e ot e o ot colout Camotan. Hion cuaihy wih many fealurvs quch as A et 10 S e Abrig) o131
;:- miﬂ';::m m;asg,clﬁ 11‘4 n"gﬁ’g’,ﬁg‘; il %ﬁjgs gl front concealed flap controls, 3cn correction button elc, Good equipment. The two movabia vertical fixing strut
§%" Teac FD-55GFR 1.2 Mag (for IBM pc's) RF X used conditipn - fulty lasted.- guara.n(eed Only £99 ‘(onrns av’astAable)l ared rfl u?lched fofls_mndafd B
5%~ Teac FD-55F-03-U 720K 40/B0 (for BEC's etc) RFE X Dimensions: W14® x H12%" x 15%" D. {€) ‘'cage nuts'. A mains distrl on pansl internal-

- I ted to th + £
5%" BRAND NEW Mitsubishi MFS01B 360K £22. PHILIPS HES31 Ulira compact 9° colour video monitor with stan- o Eurg so@j’(e,ff,‘,’.f"i",“'{’;g,ﬁ?;‘%?: ey

Table top case with Imsgral PSU for HH 5%" Fiepp or HD£§29. dard composite 15.626 Khz videa input via SCART socket. Idesl yility socket. Overall ventilation is provided by'

8" Shuger 800/801 B =S refurbished & tested 10.00(E) 5 gl monitoring / security applications. High quality, ex-squipment ]

™ : s fully louvered back door and double skinned top section
e Shugng “? o gs :g aa?dd Nﬁ%'shad & 1ested gg%}g fully tasted & guaranteed (possible minor screen bums). In attrac- \:mz lopvand side louvres. The top pan;&mmayc?esremoved for fitting
:: aﬁ;‘:ﬁhﬁugaﬁs e, NEW {oe oes.00(E] li¥e square black plastic case moasuring W1O™ x H10" x 13" D. of Intagral tans to the sub plate etc. Other features Include: fitted
8 Mitsubishi M2896-63-02U DS slimfine NEW £205.00(E) 240 V AC mains powered. Only £79.00 (p) castors and floor levslers, prepunched utility panel at fower (ear for

cable f connector access atc.  Supplied in excellent, slightly used
condition with keys, Colour Royal blue. Externai dimensions
mrme1625H x 835D x 603 W. {84 Hx 25" D x 23%" W)

Sofd at LESS thari @ third of makers price I

A superb buy at only £245.00 ©
42U version of the above only £345 - CALL

Dus! 8° casad drives with intagral power supply 2 Mb £400.00(E) KME 10" 15M 10003 high definition colour menitors with 0.28" ot
HARD DIS D V plich. Superb clarity and modern styling
K F" ES Operates fromnan 15.625 khz sync RGB video §
2% TOSHIBA(19 mm H ) MK2101MAN 2.16 Gb. New £199.0p Soufce, with angiog and composite sync
" TOSH.(12A(5 mm HL K1002MAV 1.1 Gb iaptop. New £115.00 Such as Atari. Commodore Amiga, Acom
it

24" 1o 34" conwersion kit for Pe's, complete with connactors £15.95  Archimedes & BBC. Measures only 13%" x 12° x
3%" FUJI FK-308-26 20mb MFM I/F RFE e5p.95 117 Goodused condition.  Qply £125 (E)

3%' CONNER CP3024 20 mb IDE I/F {or equiv.) RFE £59.95 "
34 CONNER CPaodd Jomh IDE IF (orequn}RFE  £60.00 20" 22" and 26" AV SPECIALS BATTERY SCOOP - 50% off !!
%' AODIME RO3057S 45mb SCS! I/F (Mac & Acom i Superbly made UK manufacturs. PIL all solid state colour monitors, "
. B - ; A special bulk purchase from a canceiled sxport order brings you
3%' QUANTUM 40 Prodrive 42mb SCSI IF, New RFE  £48.00 complete with composile video & optfonal sound input. Attractive 3 A0 =) ?ng savings on these ulira high spec 12v DC 14 Ah

%" WESTERN DIGITAL 850mb IDE [F New £485.00 teak style case. Perfect for Schools, Shops, Disco, Clubs, etc.in

$W" MINISCRIBE 3425 20mb MFM i/F (or equiv.) RFE £48.95 EXCELLENT little usad cordition with full 90 day guarantee.

5%' SEAGATE ST-228R 30 mb RLL I/F Refurb £68.95

5%° CDC 94205-51 40mb HH MFM LF RFE tested

5% HP 97548 850 Mb SCS! RFE tested

§%° HP C3010 2 Gbyte SCSI aitferent/af RFE lested

8 NEC D2246 85 Mb SMD interface. New

g FUJITSU M2322K 160Mb SMD UF RFE tested

g FUJITSU M2392K 2 Gb SMD I/F RFE tasted 345.
Many other drives in stock = Shilpping on all drives Is code (D)

THE AMAZING TELEBOX

;echa';'g‘eable batterias. ade'gg anfwke'r Em;rgyI thjr,‘ tgpe SBS1S
gaturing pure lead plates which offer a far superior sheit & guaran-
20"...£135 22°..£155 26" teed 15 year service [fe. Fully BT & BS6290 approved. Supplied
BRAND NEW and boxed, Dimensions 200 wide, 137 high, 77 deep.

SPECIAL INTEREST ITEMS M6 bolt terminals. Fully guaranteed. Current makers prica over £70
MITS. & FASMEETRL 14" Indusiial spee SVGAmoniors. £245 °2C" 'OUr Price £35 each «) or 4 for £99 p)

il ulhe il sttt M REL AYS - 200,000 FROM STOCK

Wayne Kerr RA200 Audio frequency response analyser 5 1
& 0 obe ave £EEE's by choosing your next relay from our Massive
:gﬁﬁ:ﬁgk;wﬂgﬁggfjé‘ &fnilSZZQg?:S%SSON stocks covering types such as - Milltary, Octal, Cradie,

] ; Hermetically Seaisd, Contactors, Time Deigy, Read, Mercu:
AIM 501 Low distortion Oscillator 9Hz to 330Kz, IEEE eonad Sofid State. Printed Clrcuit Mounting’ CALL, US WITH

Converts your colour monitor Into s GUALITY COLOUR TVII

TV SOUND &
VIDEO TUNER

Trend DSA 274 Data Analyser with G703(2M) &4 Vo YOUR NEEDS. Many obsolate types from stock. Save ££££'s

LOW COST RAM & CPU’S

Marconl 6310 Programmable 2 to 22 GHz sweep generator
HP1650B Loglc Analyser

HP3781A Patiem generator & HP3782A Error Detector
HP6621A Dual Programmabie GPIB PSU 0-7 V 160 watts
HP6264 Rack mount variable 0-20V @ 20A meterad PSU

INTE;.(;:?OVE’ Memory ExpansioﬁbBoard.' Full langth zt;;:g
and PC-AT compatible card with 2 Mbytes of memory on board.
v HPE41214 DC 1o 22 GHz four channel test set Card is fully selectable for Expanded of Extended (285 processar
The TELEBOX is an attractive fully cased mains powered unit, con- HP7580A A1 B pon HPGL high speed drum piottar and above) memory. Fuli data and driver disks supplled. RFE.
taining all elecironics ready 10 plug into & host of video monitors F&B Wardrobe size, insurance spec 1 hour rated fire safe  £650 1 actad and guarantsed. Windows compatible, %%9,95
made by makers such as MICROVITEC, ATARI, SANYOQ, SONY, EG+G Brookdeal 95835C Precision lock in amp H:Hylength 8 bit memory upgrade cards for PC AT XT axpands
COMMODORE, PHILIPS, TATUNG, AMSTRAD stc. The composite  Yiew Eng. Mod 1200 computerised inspection system memory sither 256k or 512k i 64k steps. May also be used to fil
vidoo output will aiso plug directly into most video recorders, allowing Sony DXC-3000A High quality CCD colour TV camara in RAM above 640k DOS limit, Complete with data,
mecaption of TV channels not normalty recsivable on most televi: CSZ VERY Largle 3 cavity thermal shock chamber Order as: XT RAM UG. 256Kk, ssap‘ 95 or 512k £39.95
slon recalvers® (TELEBOX MB). Push button controls or the front  Phllips PW1730/10 XRAY generator with accessories , SIMM SPECIALS .
ganel aliow reception of 8 fully tuneabls 'ofl air' UHF colour tolovision  Kefthley 530 CV capacitor / voftage analyser 1MB x9 SIMM chip 120ns only
channals. TELEBOX MB covers virtually all television frequencies Racal ICRA0 dual 40 channal voice recorder system 1 M8 x 9 SIMM 3 chip 80 ns £10.50 o 70ns
VHF and UHF including the HYPERBAND as used by most cable Fiskers 45KVA 3 ph On Line UPS - New batteries 1MB X5 SiMM 5 o8O ns §10.50 o 70ns
TV operators, A cormposite video output is iocated cn the rear panel 1C1 RS030UV34 Cisanlina ultrasonic cleaning syslem 4 MB ;0 72 pi SlhelM nsm, e = Only £35.00
sor direct connection to mest makes of monitor or desktop computer  Mann Tally MT645 High speed line printer £2200 e CRHEI Y 522
con p compu INTEL X33 CPU £19.95 INTEL 486-DX56 CPU £59.00

g 486-D
video syst For complete compalibility - even for monlors with-  1ntel SBC 486/133SE Muttibus 486 system. BMb Ram £945 X
e B emecor & ot v amiifior and tow jevel i 1 Intel SBC 486/125C08 Enhanced Mulibys (MSA)NEW  £1450  FULL RANGE OF CO PROCESSOR'S EX STOCK-GALL FOR TS

sudio autput are provided as standard. Zeta 3220-05 AQ 4 pen HPGL fast drum plotiars £1150 MOTOROLA 25 Mhz 68040 {(XC68040RC25M) CPU'S £59.00
nsussog ST for composite videa input type moniors £36.85 Nlkon HFX-11 (Ephgggt) exposure control untt e QE:’?AO shipping charges for RAM / CPU upgrades is code B

TELEBOX STL as ST but fited with integral spaaker £39.50 Motorola VME Bus Boards & Components Lisl,
TELEBOX MB Munibana VHEUHF/CaniaHyperband tuner £59.85 Tr0 0-18 vk linear, metered 30 amp bench PSU. New  £550 SOFTWARE SPECIALS
For oversaas PAL versions state 5.5 o 6 mHz sound specification.  Fujltau M3041# 600 LPM bang printer ; £1950 n - ;
*For cable / hyperband signal reception Telebox MB shouid be con- Fujltsuy M30410 600 LPM printer with network interface 21250 NT4 _WorkStatmn, complate with service pack 3
nected 10 a cable typa sarvice. Shipping on all Taleboxe's, code (B)  Perkin Eimer 2598 Intrared spectropholomeler £500 and licence - OEM packaged.
Price ONLY £99.00

CABLE COMPATIBLE *

" Perkin Elmer 587 Inirared s roB:glomawr £3500 Specia
DC PO WER SUPPL IES Lcrﬁlﬁ':%“m}& L%h spoc 2u ra:kdﬂ?}uun?vmgﬂs cgzgg Mlcrpfo{f; Windows for Workgroups 3..:11 & DOS ?22 Supglzd
Virtuafly every type of power Sekonlc SD 150H 18 channel digital Hiybrid chan recorder £1995 B e B O Pt
supply you can imaglne.Over Taylor Hobson Tallysurt amplifiar / recorder Wordperfect 6 for DOS supplied on 3%" disks with manual £24.95

System Vidao 1152 PAL form monits - 3
i ke 53 17 7:, rs ]u np o”/eﬁ, gEf,x A Slemans K4400 64Kb to 1'1%1% darmux ar?'aryser shipping charges for software is code B

Visit our London shop for a fall range of Test Equipment and other bargains
ALL B ENQUIRIES

0181679 4414

FAX 0181 679 1927

Al pricss for UK Mainianc. UK customers add 17.5% VAT to TOTAL order amount Minimum order £10. Bona Fide acoourt orders accepted from Govemment, Schooss,
Universiies and Loce! Authoribes - minimum acoount order £50. over £100 are subject to 10 mm.mmdmgg):mm.mpﬂm
(B)=£5.50. (CW=EB.50, (D)=£12.00, (E)=£15.00, (F}=£18.00, (G}=CALL approx 6 days for shipping - faster CALL. Al goods suppied 10 our 1rd Conditons of Sale
and uniess stated guaranteed for 90 ‘Al guaraniaes on & retum to base basis. Al fights ressrved to change prices / speciications without pror notica. Crders subject 10
stock. Discounts for volurne. Top CASH prices paid for surpius goods. Al trademarks etc acknowledged. © Display Electronics 1997.EA OE. 018

Open Mon - Frl 9.00 - 5:30 - Sat 9:00 - 5:30

Open .
Dept ET1, 32 Biggin Way T T Visit our web site

www.distel.co.uk
emall admin @dlatel.co.uk

Upper Norwood On 88A Bus Aoite
LONDON SE18 3XF Seihuret Pars SR Aah Sutions




PINHOLE CAMERA MODULE WITH AUDIO! Supert board
camera with on board sound| extra small just 28mm square {including
microphone) weal for covert surverdiance. Canbe hidden knside anything
. even a matchbaxt Compiete with 15 metre cable, psu and tviver
connnectors. £73 95 ref CC6

BBEC SELECTORS WITH SMART CARD SLOT ANDVIDEO CRYPT
interesting new e in ths week I ths Sekector, Oniginally made for the
BBC to send encrypted video films to your VCR at right tima. The
project seems to have falked. Viery comphe units consisting of 8 smart
card siot in the front plus several swiches and an IR recerver. Fully
cased and massuring 230 x 430 x 80mm, new and boxed. On the back
of the unit 1s 8 scan socket plus.a UHF input and output Achannel tuning
control numbered 28 o 40 and an IR socket Inside is 8 comprenansive
tuner sechon. smart card reader mechamem and control electronics
plizs & power supply secton . These units are sold as sifippers but we
imaging you coukd use one 10 Conven a montor Into a TV of maybe use
e wdeocrypt s:de of things for somathing else. Supplied compiete with
manual and mains lead, Clearance pnee just £9 95 ref BBCIX,
INLINE RCB UNITSThis in line mnature earth leakage unt
instantly shut off the mains supply In the event of any current flowing
batween Ive and earth thus preventing 8 polentialty lethal shock. IEC
plug one end, socket the other, fited In seconds, reset button The
ulimate safety axd when working on eectronic equipment. computers
etc. As these unfts are fitted with an in-line JEC plug on one end and
socket on the other than could even be used to extend standard IEC
computer leaos Pack of 3 £9.99 ref LOTSA

THE ULTIMATE ENCLOSURE for your propects must be one
of theselWell mage ABS screw together bewge case measuring 120
150 x 50rnen. Already fitted with rubber feet and front mounted LED
Inside is a peb fitted with other bits and preces you may find useful Sokd
eitiver as @ pack of five for £10 ref MD1, peck of 20 for £18,95 ref MD2
17 WATT 12V SOLAR PANEL A solar panet cesigned to give a
nominal 12v. The sotar celis are larminated within & high quality resin
matena!l which offers excellent protection against UV and morsture
Maounted on tempered giass in an atauminium frame  The panal s Weat
for charging sealed lead acrd battenes and 8 protecton diode in the
arcutt prevents reversed current flow. Mounting 15 by four adjustabie
hooks and coONNBCBON IS by Screvw Terminats. Max oower 17 wattts, 35
cells, T7vde peak, 433x402x15mm, 1000mA max. 1 Skg Sofar panel
£118 ref SOL4

SOLAR POWERED AM/FM RADIO A compact. AMFM mono
radio completawith aarphone and a solar paned that recharges the built-
In battery when placed in direct suniight or under @ stong lamp it
festures @ rotary Volume/OnvOIF controt (which must be set 1 ‘O for
recharging). AMFM selector switch, rotary tunig controi, metsl beit clip
and socket for external 3V DC supply Solar Radic £7.35 ref SR23
MOTOR CYCLISTS RADAR DETECTOR New m i§ the Whittier
1560 Lasen/RBARr Oetector COMDets with a speaker for motorcycle
heimets. Super wid band covenng X.K and Ka plus iasers at 350nm-+/
= 10nm. 360 dag tal perimeter protecton, detects aser, edar and VG-
2 wherever they come from £159.95 ref AD4

MAGIC EAR Uniike previous ‘sound-magnifiers’ we have offered
Magic Ear fits unobtruscvely behink the sar mseif, Magic Ear's micro
technology & very advanced hs buitn microphone 5 extremely
Sensive afxl there's also a volume control % help you adjust 1o all
condibons In use, Magic Ear s startlingly effectrve It Ik halp you to follow
every word of convensaton even at a distance, and enjoy theafre,
Cinema o ihve Musit with STUNNing Mew sound  Comes fitted with 3 long
ife batteries, a free travel pouch, plus a chowoe of 3 different ear preces
desgned to fit all shapes of ear, Magic ear £16.99 ref MAGED
RADIO METER Perhaps the best of the scientfic knick-knacks of
the pest and well averdue for revivall Fasoinating, scothing and edu-
cationai in the vacuum inside tha inverted bulb like container the vanes.
revobve. driven round Oy ight partcies alone! (each vane is biack of
one side white on the other) Radiometer £9.93 ref SCT208
SATELLITE NAVIGATION E119 The GARMIN- GPS 38- s the
ona navigaticnal too! for the great outdoors that offers big features in
a smali, hghtweight paciage - all ot a truly effordable price. Maric your
favorte fishing spot. tree stand or camp site. Or retrace your steps back
10 the safety of your Starting point using ouf all - new TracBack feature
The GPS 28 shows you axacly where you are, where you've beer and
where you're gong The GPS 38 faatures easy, one-thumb Operabon
and weighs only 2550. There's a resettabie thp odometer, graphi:
“ompass” and highway steenng gudance And ft provides up to 20
hours of use on a set of 4 AA batteres. The GARMIN GPS 38 The
afforaabie way to bring you back £119 ret GPS1
DIFFERENTIAL THERMOSTAT KIT An electronic salf as-
sembly lot designad for use In solar heating systams, heat recovery
systems efc. The principie of the kot 1s that 1t has twa thermistors that
#re placed on the s to be measured (typrcally m solar panel and &
water storage tank) the controlier then operates a reiay all the tme
00 temparature 1S mgher than the ofher, The temperature differance
15 adjustable A typrcal use woulc be to cperate @ pump aii the tme a
solar panal was at & higher temperature than the water siorage tank
Ditferential thermostat kit £29 ref LOTS3

10 WATT SOLAR PANEL Amomphous siticon panel fted in a
anodized aluminium frame Panel measures 3 by 1* with sorew term-
nals for easy connecbon One of these panels will run our solar water
pum m full suniight although we woukd recommend that for opimum
parformance twe panets would be prefereable. 3 x 4" sotar panel £55
ref MAGAE

12V SOLAR POWERED WATER PUMP Perfect for many 12v DC
uses, ranging from solar to hy Smal and

yet powerful Wil work direct from our 10 watt solar panel i bhght
suniight Max head 17 ft Max fiow rate . B 1pm Current -1 5A {Ref ACB)
£18.99

BOOST CELL PHONE RECEPTION ON THE MOVE!
Compared to high-powered carphones, hand-portable mobiie phones
don always work 100 wel) in moving vehicies. Sometimes the signal
"arops out' dUng a call, other TMes there's 100 MUCK Interterence 10 get
through at all However, the affordable Cell Patch provides a magpor
improvenent, dramatcatly boostng signal reception without wires of
batteries. The 3.5 x 9 5cm (3.3° X 3.3 microthin antenna aghaeres o
YOUF CBF WaNGOw SuiviSor, ideally within 61-122cm {247 of the handset
or can be camed in a pocket Worles with ail types of portable cedlular
phone Cell Patch £11.99 ref CELY

CAT SCARER produces a bianket of high sonic and low ufirasomc
SOUNG. WINCH 1S INBUIDIR 10 Numans, Dirds and fish « 50 ik 16 Keal where
you want §o protect your bird table or fish pond against feline predators
It wall deter cats from your garden and other peotectad areas. Rwill also
dater foxes. mains operzted, 10 m of cable. Running cost will be
approximatety 1 p per day Gargen watcher £42 .45 ref GW2

VIDEO PROCESSOR UNITS?/6v 10AH BATTS/24V 8A
TX Not too sure what the function of these units is but they certainty
make good sinppers! Measures 390X320X120mm, on the front are
controts for scan speed. scan detay, scan mode, joads of connechons
on the rear. Inside 2x Bv 10AH sasled load acid batts. peb's anda 847
24v torrowdial ransformer (mairs in), sokd as seen, may have ones or
two broken knobs etc due ¥ poOF storage £995 ref VP2X
SOLAR MOTORS Another new line for us are thase iny motors
which tun quite happily on voltages from3-12vdc. Wa have tned one
00 our Bv amorphous 67 panets snd you can tun them from the syn|
32mm dea 20mm thick £1.50 each

TELEPHONES Just in this week I8 3 huge deirify of telephones,
&l brand new and baxed Two peece coRSTLCHON with the following
features- liuminated keypad, nice ciear easy I Lse keyped, lone or
pulse [switchable), Teacall. redial and pause hghiow and off nnger
Switch and Quality construchion Each tekephone I fimshed in a smart
off whie colour and 's sypphed with g standard mematonal lead
(same as US or modem card sockets) f you wishto have a BT lead
suppived ¥ convert the phones these are also avalable at £1.55 each
ref BTLX Phones £4.99 each ref PN2

INFRARED CAR PHONE KIT £7.99 interesting box of
goodies! thrs kot was designad to cormvert car phones. to enable hands
free dhathng, the ot contans the foliowiny tems 1) Akeypad designed
to mourt In the centre of the steerng wheel, & reguires a Bv PP3
Dattery and transmits the NuMbers using Mree ot board high Power
infra red LEDs 140 x 120mm 2) An infra red recerver module
comaning a IR photo diode, IR fitter ana comrol electronics 60 % 20
X 15mm (cased) 3) Control box (nice case) 100 x 170 x 35mm which
we understand i§ he interface between the infrg red and the car
phone, it 15 aiso sUPpPosed 10 adjust the volume of YOUr car stereo at
the same time! made for Phiflips car phones (but we don't know the
madel)Complet it m £7.99 ref CP1

Hl power 12v xenon strobe vanabie rate flasher modules and
tubes £8Useful 12v PCB fitted wath control electronics and a powerful
Xenon tube! just eppiy 12v DC to the input and the tuba winl fash On
the boatd it a small polentidmeter which can be used to vary the flash
ratl PCB measwes just 70x 55mm and coukd be meorporated ifo
many imeresting projectsi £6 ref FLS1 Pack of 10 is £49 ref FLS2
WANT TO MAKE SOME MONEY? Stk for an icea? We
have collzted 140 business manuais that give you informabon on
setting up dfferent businesses you Deruse these Bt your Wisure
using the text aditor on youf PC. Also included is a certificate enabling
you to reproduce the manuals as much as you iike!£14 ref EP74
TALKING WATCH Yes. t actually Telis you the tme at the push
of a button Alsd featunes a viece alarm that wakes you up and teils you
what the tme s/ Lithium cell included E8 99 ref EP28A
POWERBEAM INFRA RED Lamp AK ths lamp grves out s infra red
light and nads of#! perfectfor suppimentngghtsightandsureitsnce
eguipment Most mono CCTV video cameras are infra red sensitve
0 used i conjunchon with this lamp would greatty enhance thedr
aperating pertormance Water resistart case And rubber covered
swilch meke s unit perfect fof afl weathers Krypton bulb 4 D cells
required. Powerbeam jamp £29 ref P81

GIANT SCREEN VIEWERTum your TV picture ino @ supersze
sereen! This fegh precstion Fresnel kens converts even the smallest
screen up to @ massive 26, ghing a crystal clear picture at a tracton
ot the cost of a big TV. Easily fitted in minutes Alsc ideal for PC
monmors ete £28 85 ref SVGA2

NOGALIGHT NIGHT VISION £129 Open up & new word of
adventures and expenances. Wikiite enthusias?s and adventurers in
he witderness. armateur astronomers, hunters, wargamers, private
ayes 00 surveriiance, all find Nightspy indispansable for ther use
Nightspy's umque features include a special he PIOMCBON Sevice:
te eliminate over exposure, and Infrared dluminator used in totat
darkness. such as i cave exploration and operabons in dark rooms
The Nightspy is hight and hand held, or can be mounted on @ standard
pod 1 uses wo standard AA battenes and can be opefted by left
or nght hand users, with or without optical glasses
Opneal Magnificabon X 1.7 Fleld of View: 10Degrees Focusing
Range 25¢m to infinity obyective Focal Length 50 mm FIN 1.6
Dropter Range +i- 3 MechancalLength. 182 mm Width §5mm
Hesght 100 mm Weight 700 gr. Electncal Powsr Source: 3 VDC, 284
battenes Bamtery Life 40 hours Infra-rect Hlurmnator built-in imaging
Dewvicer Naght Vigion Irmage Imensfier Tube £129 ref NOGA

Register with us at
www.bull-electrical.com
for your free e-mail

DRILL OPERATED PUMP Fits to any
drill in seconds, uses standard garden hose,
will pump up to 40 gallons per hour! £8.99
ref DRL3

BULL ELECTRICAL

250 PORTLAND ROAD, HOVE, SUSSEX .
BN3 5QT. (ESTABLISHED 50 YEARS).

STEREO MICROSOPES BACK IN STOCK Russian, 200x
compiete with jenses, ights. fiters efc efc very comprehensive
Microdoope that would normalty be around the £700 mark, our prce i
JuBt £299 (full money back g ) fult cetails 1 catak
SECOND GENERATION NIGHT SIGHTS FROM £748
RETRON Russwan night sight, 1.8x, infra red lamp, 10m-inf, standard
MA2 long, 1.1kg £349 ref RET1

MAINS MOTORS 180 RPM 90X70mm, 50XSmm SOx5mm
output shalt. start cap ncluded. £22 ref MGM1

PC POWER SUPPLIES, CUSTOMER
RETURNS, ALL FAN COOLED, CUR CHCICE,
BARGAIN AT 8 PSU'S FOR £9,99 REF XX17

LOW COST CORDLESS MIC 500 range, 80 - 105mhz, 1159,
193 x 26 x 30mm, 9 PP3 batery requered £17 ref MAG15P1
JUMBO LED PACK 15 10mm dicolour eds, pius 5 grant (55mm)
seven segmant dispiays all on g pcb £8 ref JUM1, Pack of 3 55mm
Sevon seg drsplays on pebs s £19 ref LED4, pack of 50 £31 ref LEDSO
12VvDC 40MM FANS MADE BY PANAFLO, NEW E4 REF
FAN1Z

ELECTRONIC SPEED CONTROLLER KIT For the above
motor 15 E19 ref MAGAT Save £5 d you buy them both togethar, 1
0N0r pius speed controller mp s £47, offer price £36 ref MOT5A
RUSSIAN 500X MAGNIFICATION ZOOM MICROSCOPE
metal cONSTUCHOn, burt iy hght, MaTor et Russan shimp farmi,
group viewing screen, lots of accessones £29 ref ANAYLT

AA NICAD PACK Pack of 4 tagged AA meads £2.99 ret BAR34
RUSSIAN NIGHTSIGHTS Mode! TZS4 wih inifra red illuminator,
wviews up 10 75 metres in fyll darkness in infrared modse, 150m range,
45mm lers. 13 deg angle of view, focussing range 1 5m toinfintty. 2 AA
batteres required 850g wesght £199 ref BARES. 1 yeers warranty
LIQUID CRYSTAL DISPLAYS Bargain prices,

20 character 2 fine, 83x19mm £3.99 ref SMC2024A

16 character 4 line, 6225mm £5.99 ref SMC1640A
TAL-1,110MM NEWTONIANREFLECTOR TELESCOPE
Russan Superb astronomical 'scope, svenytiung you need for some
senous star garngl up 'o 165 magnificstion. Send or fax for further
miormation 20ug. B85xB00x1650mm  nef TAL-1, £249

YOUR HOME COULD BE SELF SUFFICENT IN
ELECTRICITY Comprehensive plans with  loads of info on
Ges/gMNQ SYRINTR. Daneis. CONrol slectronics otc E7 ref PV
PHOTOMULTIPLIER TUBES Boxed and unused strafght from
the mmestry of defence Made by EMI with a MOD part no of 10/CV/
5114 and packed 3imost 30 years ego | Do you have 8 use? do you
want 1 count hght particles” They would lock nce on the mantle
prece:Offared 1 you 2t £15 each {we thank the MOD pad more than
s 5 1958 €15 each ref P

CLOCK CAMERA WITH AUDIO Drscretely monitor Imving
rooms., recenbon, office, blis or any other area Fully workeng clock
houses B iMvisibie SDY CAMEa COMDiete with audio Comphee setup
inciudes clotk, camera. MICFophone, CIoCK battery, 15 metros of cable.
power supply adapter for efther scart or phono. Everything you need,
no soiderng fequined. Full instructons inciuded, Easlly instalied in just
2 few Mmutes. Plugs straght into VCR or TV (scant or phono)Clock
camera wath audio £89 95 ref OC$

AUTO RECORD KIT Ths automanc system will instruct your
VCR to start recording when movemant is detected via the PR Re-
cording will stop 30 seconds after YOUF visaor hat left which saves
nours of mpes as the video only records what you want to see Com-
Diate System with PIR, Wil work with all remate control video recocg:
ers 8% ref CVC2

TELEPHONE VOICE CHANGER Changes your vorce to a
v or unlamilee one Simply place over the telephone mouth pece
and speek info the changer Fully adjustable for different voices. Sup-
pied complete with batfenes, ready to go Unit meesures 90 x 60
x20mm Telephons voice changer £14.95 ref CC3

EXTERNAL CAMERA introducing the Bulldeg model 4 vandal
resstant camer in heavy steel case for intenor or exterior use. Top
Quaity case housing 8 420 line camera modulke Each camera s sup-
phed with 2 15m cable terminating in Scart and phono plugs. Mufh
angle bracket for easy installation in any situation A 12vdc psu 1s
aiso nciuded Easily instaliadt in a few minutes. plugs straight intb VCR
or TV (phono or scart) Bargain price £89.95 ref CCY

GIANT INSULATORS Just in Dis week are 50me giant Ceramic
rsulators, each one measures 130mm high and about 170mm diam-
etar. Fineahed 0 8 hegh gloss brown and hiack giaze. In the base of
esch Insulstor = a threaded hole approx 1° dameter, rathel fike a8
mop/room head thread ¥ you are imo shortwave racdio, crystal sets
or gh vORRge expanrments then these ane for you. (We've got one
&5 & Joor $2p) NOL DD sure what thed ofiginal purpose was. all we

| know is they were made for export about 25 years ago, never ex-

ported and been in store since then Price ts £8 cach ref INSX
NATO RADIATION MONITORS Imerestng new (el These
are small modules that stran on your wist {strap suppled) and monr-
for raciation We heve stnppsa one apart and they contain @ small
prece of “crystaf™ ths coukd be something ke Naphthatene or any
other rare radiahon sensiive crystal When radtistion stnikes the crystal
R scmtilates and & smali amaunt of light 18 produced in the crystal in
reacton 10 the radabon exposute That ight s then pecked up by &
mcro pv cell measunng about 2mm square! AlSo ih the UNT i a sheet
of foif, a cxrousar metal plats (insulation between the bwo) and a small
oar of addtonat paraliel metal plates. NATO pant no s 5665-99-225-
2314 any information gratefully recened!l Alternatively & you wish to
buy one they are just £3 each ref NATOX

AII. ORDER TERMS: CASH, PO OR CHEQUE.
WITH ORDER PLUS £3.50 P&P PLUS VAT.

24 HOUR SERVICE £5.00 PLUS VAT.
OVERSEAS ORDERS AT COST PLUS £3.40
L(ACCESS.VISA. SWITCH. AMERICAN EXPRESS)

phone orders : 01273 203500
FAX 01273 313077
Sales@bull-electrical.com
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This economical unit by Raymond Haigh gives continuous coverage from 155KHz to
30MHz. The output can be modulated, and a 1kHz spot frequency is available for
checking audio stages.

nyone interested in constructing or servicing

radio receivers will at some time have felt the

need for a signal generator. A unit of this kind is

essential for the accurate alignment of a

superhet, and the abllity to determine tuning
ranges with some accuracy can be extremely useful when
setting up simple receivers,

The cost of purchasing a new signal generator is
substantial, even for a fairly basic model, and second-hand
equipment dealers seem to specialise in laboratory
instruments which carry an appropriate price tag. Designed
with simplicity and the lowest possible cost very much in
mind, the unit described here should more than meet the
needs of most home constructors and experimenters. The
entire MF and HF radio spectrum, from 158kHz to around
30MHgz, is covered without a break, and harmonics extend
the usefulness of the instrument welt into the VHF region.
The signal can be modulated, if required, and its amplitude
is reasonably constant over the entire coverage. A spot
frequency of around 1kHz Is availabie for checking audio
stages.

Although not quite small enough to be described as pocket-
slze (unless you wear a trench coat), it is lightweight and
compact and will not take up an excessive amount of space
on the workbench.

The oscitlators
The heart of any signal generator is, of course, the
oscillator. A Butler source- coupled circuit was chosen for
this design (first described in 1944, during the valve era, it
was originally known as the cathode-coupled oscillator).
This circuit osciliates vigorously with coils of modest ‘Q’,
even when they are arranged in tuned circuits with
comparatively high ratios of capacitance to inductance. A
single-winding coll is all that is reguired: feedback windings
or tappings are not needed. This simplifies range switching
and widens the choice of commercially avallable inductors.
Provision has to be made for modulating the RF output
of the generator. If this is not done, it will not produce an
audible tone in 2 domestic superhet. (A beat frequency
oscillator is needed to make an unmodulated carrier wave
audible, and these are only provided in communications
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receivers.) A multivibrator Is inciuded for this purpose. This
is another gircuit which osclllates reliably, and it does not
require close-tolerance components.

The circuits

The circuit of the unit is given in figure 1. inductors L1 to
L6, tuned by variable capacitor C2, determine the frequency
of oscillation of Q1 and Q2, two fets arranged in the source-
coupled Butler circuit. Range switch SW1A selects the
appropriate coil (miniature RF chokes are used here), and
C1 is an optional component, placed in series with the
tuning capacitor In order to reduce its swing. More is sald
about this, and the coil shorting switch, SW1B, later.

Zener diode ZD1 in combination with R2 keeps the
supply voltage to the RF oscillator reasonably constant. The
operating frequency of a Butler oscillator Is not excessively
dependant on supply voltage, but the kind of changes
encountered with dry batteries (aimost 10V with a fresh PP3
battery down to 7V or so at the end of Its usefui life) wiil
affect the calibration accuracy of the unit. In this circuit, ZD1
only conducts when the battery is fresh, but it does prevent
excessive voltage changes noticeably affecting the accuracy
of the generator.

C3 and C4 are RF bypass capacitors, and R3 ensures the
correct biasing of Q2. The value of feedback capacitor C5
has been chosen to ensure reliable oscillation, at the lowest
operating frequency, with all specimens of 2N3819.

The 'hot' end of common source resistor, R1, is a
convenient low-impedance point for extracting the signal
from the oscillator. Coupling capacitor C6 applies it to the
gate of a source-follower buffer stage, Q3. Configured in
this way, Q3 has a very high input impedance and a low
output impedance. This minimises loading on the oscillator
and enables the generator to be connected to other
equipment by means of screened leads without an
excessive drop in signal veoltage. Equally important, the

buffer stage isolates thesosciltator from the equipment under
test and prevents any frequency ‘pulling’ or other
disturbance 1o its proper operation. R4 ensures the correct
biasing of the buffer stage.

Output from the generator i§ developed across the
source load of Q3, which is made up of R7, R8 and R9.
SW3 is wired to short out different sections of this resistor
chain In order to vary the output voltage. In the maximum
position, output is approximately 800mV RMS, This can be
reduced to around 400mV (down 6dB) and 200mV (down
12dB) by the operation of the on-off-on type toggle switch.
Purists will no doubt point out that the output impedance of
the generator changes slightly as the signal level is varied,
but this does not detract in any way from the usefulness of
the instrument. C9 functions as a DC blocking capacltor.

Bipolar transistors Q4 and Q5 arranged in a conventional
multivibrator circuit, provide the audio signal which is used
to modulate the RF output of the generator. This
arrangement is no more than two amplifier stages coupled
together in such a way that the whole of the output is fed
back to the input. A sguare wave with a rounded leading
edge is developed across the collector load resistors. This
is less than perfect { a sine wave would be ideal), but the
modulator does work well in practice, and the need for
feedback transformers or close tolerance components is
avoided,

The peak-to-peak signal voitage at the collectors Is
approximately 3.5V. This is too vigorous for our purpose,
and the output is accordingly taken from a tapping on the
collector load of Q4, at the junction of R5 and R6, in order
to reduce it to around 1V. With the component values
shown, the operating frequency is in the region of 1kHz.
However, the ceramic feedback and frequency determining
capacitors, C8 and C10, have a wide tolerance, and the
frequency of oscillation can range from around 800Hz to
1.2kHz. R10 and R11 set the bias on the transistors, and
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R12 is the collector load of Q5.

~ Medulation is applied by connecting part of the collector
load of Q4 in parallel with R2 in order to impose the
audio frequency osclllations on the supply voltage to the
RF oscillator. Bypass capacitor C3 and zener diode ZD1
maodify the wave form of the AF modulation, but they are
not able to suppress it, Indeed, C3 reduces the unwanted
harmonic content of the multivibrator output, and the
arrangement works well in practice.

Rotary switch SW2 connects the RF and AF sections
of the circuit to the power supply and selects the output
required: unmodulated RF, modulated RF, and AF. Bypass
capacitor C11 is connected acrcss the supply when the
multivibrator is operating. C7 is a DC blocking capacitor.

Tuning arrangements
In order to simplify construction and keep the cost of the
unit as low as possible, a solid dielectric variable
capacitor and miniature RF chokes are used to tune the
RF oscillator. Because of their small size, the chokes have
a comparatively high self-capacitance, and this reduces
the tuning range which can be obtained with individual
inductors. Nevertheless, continuous coverage from around
150kHz to 30MHz can be achieved with only six switched
ranges and a tuning capacitor with a 10 to 350pF swing.
Polythene dielectric variable capacitors are often
available very cheaply on the surpius market, and they can
sometimes be salvaged from discarded transistor radios.
Individual AM gangs usually have a swing of around SpF to
270pF, and connecting the aerial and oscillator sections in
parallel produces a unit with a 10pf to 540pF swing. A

maximum value of 540pF would result in excessive
overlapping of the ranges and needlessly critical tuning, and
provision is made on the PCB for wiring a fixed capacitor in
series with the variable component in order to reduce its
fully-meshed value tc around 350pF. A capacitor of 1000pF
placed in series with one of 540pF will produce the required
value of 350pF. This is a useful starting point if a component
is to be selected by trial and error. A surplus variable
capacitor, connected in this way, was installed in the
prototype generator.

Figure 1: the circuit diagram of the Signal Generator
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26mm BOLT OR LENGTH OF STUDDING EXTENDS

CAPACITOR SHAFT AND CARRIES POINTER

2mm ACRYLIC SHEET

~.
~

SPINDLE BUSH

SELF-TAPPING SCREWS
/
/
/

PIANO WIRE POINTER
FIXED TO SOLDER LOG

GEAR WHEEL ]
CLAMPED BETWEEN B
WASHERS * .

/
>
TUBULAR STAND-OFF

ENLARGES DRIVE BRACKETS CARRYING
SPINDLE TO SUIT WORM SPINDLE SOLDERED
CONTROL KNOB TOLANDS ON PCB

Figure 2: details of the drive, dial and pointer

Tuning capacitors removed from low-cost transistor
portables are not likely to be suitable: even when both AM
gangs.are connected in parallel, the resulting maximum
capacitance is usually too low for our requirements. When
using surplus or salvaged components, always check the
vanes for shorting, over their entire swing, with a multimeter
set to the highest resistance range.

There is, of course, no reason why a more expensive air-
spaced component shouldn't be used if one is to hand. It
will have to be mounted off the PCB, and the over-all size of
the cabinet increased to accommodate it. Moving vanes
should be connected to the negative supply rail, and any
built-in timmers are best removed.

Absorption effects
Inductors are tuned by their own self-capacitance to
resonate at a particular frequency. Even when they are
switched out of circuit, they can absorb energy from an
adjacent inductor in a tuned circuit oscillating at this
frequency, often to an extent where they quench oscillation.
Because of this, inductors in multi-band tuners are usually
either screened, or shorted out, or both, when not in use.
The self-resonance of out-of-circuit inductors causes
three sharp notches in generator output. Gaps in coverage
are very narrow and will be of no concern to most
constructors. The 330uH range 3 coil causes a notch in
range 4 at around 2.8MHz. The 68uH range 4 coll affects
range 5 at around 6.2MHz, and the 10uH range S coil
affects range 6 at approximately 29MHz. This phenomenon
can be eliminated by using SW1B to short out the offending
inductors. Details of the necessary wiring are given in
figures 1 and 3.

Components
Miniature RF chokes of the reguired inductance values are
listed in the Cirkit catalogue. They are colour-coded in the

NUTS CLAMP ____ H L ;

—~.___5mm x 5mm STRIP
WOOD FRAME

~ SPINDLE-BUSH (CUT
FROM 5 AMP CONNECTOR)

ALUMINIUM BOX
AS CASE

o

same way as resistors, and the vaiue is given in uH. Cirkit
can also supply a suitable variable capacitor. Manufactured
by Toko, it incorporates two AM tuning gangs, each with a
quoted value of 355pF, together with two 20pF FM gangs.
Only one AM gang is needed for the generator, and its S5pF
minifmum capacitance will ensure coverage above 30MHz.
This capacitor is recommended to constructors who are
purchasing a new component.

If C1 is fitted to reduce the swing of a surplus or
salvaged variable capacitor combination, it shouid be of the
specified polystyrene dielectric type. Ceramic capacitors do
not have such a good ‘Q’ factor, and the circuit may fail to
oscillate on the highér frequency ranges, when the tuning
capacitor approaches full mesh, if a component of this type
is substituted.

Inexpensive, plastic cased, Lorlin rotary switches are
suitabte for SW1 and SW2 and the tag identification letters
and numbers given in figures 1 and 3 relate to these
components. Together with the on-off-on (single pole
doubte throw) toggle switch used for SW3, they are retailed
by Cirkit and Maplin.

The BC238 transistors are low cost versions of the BC108,
but any small signal NPN transistors should prove
satisfactory in the multivibrator circuit. The 2N3819 fets,
and the rest of the components, are widely available.
Suppliers of parts for the slow motion drive are quoted later
to assist constructors who wish to duplicate the
arrangement adopted in the prototype unit.

The tuning drive
If a simple direct drive is to be adopted for the tuning
capacitor, its stubby spindle will have to be extended so
that a control knob can be fitted. Plastic extenders can be
supplied by Cirkit.

Although not essential, some form of slow motion drive
will make it easier to set the generator to a particular
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frequency. An epicyclic reduction drive, or a drum and cord
drive salvaged from a transistor radlo, could be used. In the
prototype unit, a worm and gear wheel drive were fitted.
This compact system gave a reduction of 20:1 and made it
possible to bring out all of the controls at the side of the
case.

Figure 2 and the photographs illustrate the arrangemant.

The plastic gear wheel is clamped between washers and
secured to the spindle of the tuning capagcitor by means of
a 25mm long bolt or length of studding (2mm diameter
metric thread) which also carries the dial pointer. Lock nuts
hold the wheel and the pointer firmly in place. When
tightening up the fixings, grip the actual capacitor spindle

TOTAG

TO TAG 4

probably find suitable gears, spindle and brass strip at their
iocal model shops. Maplin list items of this kind in their
catalogue, and Greenweld, of 27 Park Road, Southampton,
S0O15 3UQ (Tel 01703 236363), retail a range of plastic
gears and matching spindles.

Constructing the generator

With the exception of the switches and C9, all the
components are mounted on a PCB. Figure 3 shows the
layout of the components and the connections to the
switches and output sockets. Figure 4 depicts the foil side
of the board. Veropins, inserted at the lead-out points,
simplify the task of off-board wiring.

RF OUTPUT SOCKET

AF OUTPUTSOCKET

y

COMMON 'NEG'

T St

~
BATTERY NEGATIVE

Figure 3: the compenent layout with details of the switch wiring

with a pair of long-nosed pliers. Do not place any stress on
the case or vanes of the component or it could be ruined.
The worm drive shaft is supported by small brackets
soldered to lands on the PCB. Suitable brackets can be
fabricated from 6 x 1mm brass strip. Connectors removed
from 5-amp terminal blocks (the type encased in polythene)
are used to hold the shaft in position. A threaded stand-off
or PCB spacer, plus a few turns of masking tape, enlarge
the 2mm drive shaft so that a standard control knob can be
fitted. Superglue locks the shaft inside the stand-off.
Constructors wishing to duplicate the system will

The PCB track iayout makes provision for both screw-
fixed and solder tag fixed variable capacitors. These
capacitors must be orientated correctly or a 20pF FM
section may be wired into circuit instead of the higher value
AM variable. An examination of the component through its
transparent case will usually reveal how the two FM and two
AM gangs are connected to the pins and tags. If in any
doubt, wire the capacitor to the PCB by means of short
leads and check that the correct connections have been
rmade before soldering it permanently into circult. If two
sections have to be connected in parallel in order to
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A universal 20 MHz
storage oscilloscope

e

b

A slimline storage oscilloscope and digital
voltmeter with a sampling rate of up to 20 MHz.

Inclusive software enables the recorded signals to

be displayed simultaneously on a PC screen.
Sample Rates: From 50 ns to 1 ms. Purveyors of Guality
Input Voltage: 1V, 10 V, 100 V. Electronic Thingies
Trigger: tinternal, tExternal, Auto. -

Voltmeter: AC and DC. Very Friendly Prices

Supply Voltage: 9 V to 13 V DC, 13 mA, external.
Trigger, ground, power & serial cables included.

Also Available;

CCD Camera Modules from £60
Complete CCD Kits, with housing,
cable and connectors. Ready to run.
B/W + Audio CCD Kit E8S

Colour + Audlo CCD Kit £150

Please add £2 p&p to all orders.

Pinhole Board Camera (B&AW) 12v
DBC, 0.1LUX,
380 TV Resolution

Size: 35mmx35mm £35.00

Pinhols Board Camera (Color) 12v
DC, 0.5 LUX,

420 TV Resolution

2 board foldable
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Audio/Video Transmitter module
12v DC, 4 Channel Selection
900Mhz-1200MHz, FM Modutation
£120.00

4 Channel Receiver + Switcher
12v DC, Composite Audio/Video
Output £150.00

TFT 4" Colour Monitor
12vDC £150.00

We also stock:
Time & Date Generator, Minature PIR etc.
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increase the swing, this must be done by means of a wire
link: provision is not made for this on the PCB.

It is best initially to bridge the C1 position with a wire link
and to insert the swing reducing capacitor later if
excessive overlapping on the lower frequency ranges
makes this desirable. This component is not required, and
the wire link must be inserted, if the recommended Toko
polyvaricon is used.

If a screw-fixed capacitor is fitted, make sure the screws
do not extend through its front plate or It may be
damaged,

Initial testing
It is a good idea to test the unit before it is enclosed within
a case. Check the PCB for badly soldered joints and
bridged tracks, and check the orientation of the
transistors, diode and electrolytic capacitor. Connect up a
fresh 9V battery. Current consumption with the generator
switched to give an unmodulated RF output should be
approximately 7mA, This will increase to around 15mA
when modulation Is applied, and be in the region of 8mA
when only an audio signal is being delivered.

Bring the unit close to a transistor radio, preferably an
‘all-band’ model. The receiver should pick up the

modulated output from the generator when the two units
are tuned to the same frequency. (It will probably be
overioaded.) Check as many of the generator ranges as
the receiver’s coverage permits.

Calibration of the generator must be postponed until it is
enclosed in its case.

Housing the generator

When the tuning capacitor wiring has been finalised and
everything is in working order, the PCB and switches can
be mounted in a case. A metal enclosure is much to be
preferred as it will shield the wiring of the generator from
external influences and limit unwanted radiation.

Figure 2 and the photographs depict the arrangement
adopted for the prototype, which was housed in a
standard AB13 aluminium case measuring 152 x 102 x
50mm. Bringing out the controls at the end of the case
has left the front free for the dial, which is very legible
despite the modest dimensions of the unit.

The battery Is retained by an aluminium clip Supergiued
In position. A bush, salvaged from a discarded
potentiometer, is provided for the spindie of the tuning

control. The case exterior is finished matt grey, and rub-

down transfers, indicating the switch and output socket
functions, are protected by a coat of mat varnish.

Rub-down transfers are also use to annotate the dial,
which is marked out on thin card. The card Is held in place
by a frame formed from a 5-mm square strip of wood,
Superglued together and painted matt grey. This frame
provides clearance for a piano wire pointer, which is
protected by a piece of acetate sheet, 2mm thick (the type
of material used for DIY double glazing). A disc of white
emulsion paint on the underside of the acetate hides the
nuts and solder tag which secure the pointer,

Calibration

The dial of the prototype unit is reproduced in figure 5.
This gives a good idea of the coverage obtained on each
range with a 350pF tuning capacitor. The simplest and

MHz |

———w

Figure 4: the calibrated dial, Individual dials with vary, but the prototype reproduced above
I will give a good idea of the coverage of the six ranges |
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sasiest way of calibrating the unit is to connect it to a
frequency counter and mark appropriate points on the dial
as it is switched and tuned through its ranges. If the
constructor has access to an ‘all-band’ radio with a digital
frequency read-out, this will serve just as well, but
remember to keep the input from the generator as low as
possible or unwanted responses In the receiver may
produce misleading dial readings. (Setting the generator to
10MHz will produce harmonics at 20 and 30MHz to which
the receiver will respond if the fundamental is strong
enough.} If in any doubt, check the results against the
prototype dial. The inductors are fixed and of fairly close
tolerance, and the calibration shouid not deviate too far
from the original.

The use of a receiver with an analogue dial, unless it is
of very high quality, is not likely to result in an acceptable
degree of accuracy. However, if a crystal calibrator is
avaitable, this can be used in conjunction with an
indifferent receiver to obtain resuits as good as those
produced with a frequency counter. The technique involves
injecting the calibrator signals into the receiver and setting
the generator output to zero beat with them on their
fundamentals and harmonics. The procedure takes time
and a little patience, but a highly accurate dial can be
marked out in this way.

Using the signal generator

Articles describing the construction of recelvers, or data
sheets covering their servicing, usually give detailed
alignment instructions. Some general guidance may,
however, prove helpful.

Always keep the generator output as low as possible.
Keep reducing the signal level as the state of alignment
improves and the receiver becomes more sensitive. A
direct connection between the generator and the recelver
is not likely to be necessary. Simply place the output lead
close to the aerial socket or close to the wiring of the
section under alignment.

If a domestic superhet is being aligned, the generator
output must be modulated in order to produce an audible
tone. Simple regenerative receivers, or communications
receivers fitted with a BFO, should preferably be adjusted
to render the unmodulated output audible.

A high-impedance test meter, set to a low voitage
range and connected across the AGC line, will afford a
clear visual indication of comparative signal levels and
enable the receiver to be aligned mare accurately than it
can by ear.

If the IF stages are badly out of alignment, begin by
injecting a signal into the base of the transistor {gate of
FET or grid of valve) which feeds the final IFT and then
work back towards the freguency changer, adjusting
transformer cores to peak the output. Modern receivers
often incorporate ceramic or mechanical filters and these
devices, rather that the tuned transformers, determine the
intermediate frequency of the receiver. When these are
encountered, gently rock the generator tuning In order to
establish the resonant frequency of the filters, then peak
up the transformer cores at this setting.

High performance, multiple conversion receivers have
complicated alignment procedures which sometimes
require specialised equipment. Anyone with the least
doubt about their ability would be wise to leave the
servicing of sets of this kind to authorised agents:

l"
]
4
-
-
& 4
-
1
t
4
N
-4
"
-
N

4 #WVs Bl B " N,

C3, C4, C8, C10 100r

cs

C6,C7,C9 10nF cera
Ctt 10uF radial

Inductors ”

Alf miniature RF chokes e

L1 2200uH Cirkit 35-71225
L2 1000uH Cirkit 35-71105
L3 330uM Cirkit 35-71334
L 68uH Cirkit 35-71683
L5 $0uH Cirkit 35-71103

fuH Cirkit 35-71102

, 4-way
s on (single pole,

e switch

ELECTRONICS TODAY INTERNATIONAL

as




[ £1 BARGAIN PACKS

I you would fike to receive the other four £1 lists and a lot ol other
lists, request these when you order or send SAE.

TEST PRODS FOR MULTiMEY'ERS with dmm sockets. Good length
very flexible lead, Ref. 086,

8 OHM PM SPEAKERS, size 8” x 4", pack of two. These may be
slightly rusty and that is why they are so cheap but are electrically
OK, Ref: D102,

PAXOLIN PANELS, size 8" x 6", approximately 1/18" thick, pack of
two, Ret: 0103,

13A SDCKET, virtually unbreakabile. (deai fot trailing lead. Ref: D9S.
PIEZO BUZZER with electronic sounder circuit, 3V to 9¥ D.C.
operated. Ref D76.

DITTO but without internal electronics, pack of twe, Ret:D75.
LUMINGUS ROCKER SWITCH approximatety 30mm sq. pack of two,
Ref DE4.

ROTARY SWITCH, 3-pole, 5-way, small size ?? spindle, pack of two,
Ref: D54,

FERRITE RODS. 7° with coils for Long and Medlum waves. pack of
two, Ref: D52,

DITTO but without coils, pack of three, Ref: D52,

MAINS DP ROTARY SWITCH with 1/4 control spindle, pack of five,
Ref: D49,

ELECTROLYTIC CAP, BOOyF at 6.4¥, pack of 20. Ref:D48.
ELECTROLYTIC CAF, 1000pF ¢ 100uF 12V, pack o110, Ret: D47,
MINI RELAY with 5V coil, size onfy 26mm x 19mm X 1mm, has two
sets of changeover contacts, Ref. 042.

MAINS SUPPRESSOR CAPS }.1uF 250V A.C., pack of 10. Ref: 1050
TELESCOPIC AERIAL, chrome plated. extendable and folds over for
improved F. M. reception. Ref: 1051.

MES LAMP HOLDERS, slide on to 1/4” tag, pack of 10, Ref: 1054
PAXOLIN TUBING 3/16" internat diameter, pack of two, 12° lengths,
Ref 1056.

ULTRA THIN DRILLS, 0.4mm, pack of 10, Ref: 1042.

20A TOGGLE SWITCHES, centre off, part spring controlled, will stay
on when pushed up but will spring back when pushed down, pack of
two, Ref: 1043,

HALL EFFECT DEVICES, mounted on smail heatsink, pachk of two,
Ret: 1022,

12V POLARISED RELAY, two changeover contacts. Ref: 1032,
PAXOLIN PANEL. 12" x 12" 1/18" thick, Ref. 1033.

MIN! POTTED TRANSFDRMER, only 1.5VA 15V-0V.15V or 30V, Ref:
964.

ELECTROLYTIC CAP, 32yF at 350¥ and SOpF section at 25V, In
aiuminium can for upright mounting. pack of two, Ref: 995,

PRE:SET POTS, one megohm, pack of five, Ref: 998,

WHITE PROJECT BOX with rocker switch In top left-hand side, slze
78mm x 115mm x 35mm. unprinted, Ref: 1006,

SV SOLENOID. good strong puil hut quite small, pack of two, Ref:
1012,

FIGURE-B MAINS FLEX, aiso makes good speaker lead, 15m, Ref:
1014,

HIGH CURRENT RELAY, 24V A.C. or 12V D.C., threa changeover
contacts, Ref: 1016

LOUDSPEAKER, 8 Ohm 5W, 3.7° round, Ref: 962.

NEON PILOT LIGHTS, obiong for front panel mounting, with internal
resistor for normal mains cperation, pack of fout, Ref: 970.

3.5MM JACK PLUGS, pack of 10, Ret: 975,

PSU, mains operated, two outputs, one 9.5V at 550mA and the
other 15V at 150mA. Ref: 968,

ANDTHER PSU, malns operated. output 15V A.C. at 320mA, Ref:
989.

CAMCHARGER
CAMCORDER BATTERY
QUICK CHARGER (WITH

RECONDITIONER & TESTER)

Brand new and boxed. Normal price £35. yours for £15, Order Ref:
15P73.

TOROIDAL MAINS TRANSFORMERS

All with 220/240V primary winding,
0.30V + 0.30¥ at 120VA, would give
you 30V at 4A or 0¥ at 24, price £8.
Order 8PE2. Order Ref: 8PGZ, 0.110V ¢
0.110V at 120VA would glve you 110V
at Just over 8A or 220V at 1/2A, price
£8. Drder Ref: BPG3. 0.35Y + 0.35v at
150VA would give you 35V at 4A or TOV at 2A. Price £8. Order Ret:
8PGY. 0,35V + 0.35V at 220VA would give you 35V at 61/2A or 7OV
at 31/4A, price £3. Order Ref: 9PG4, 0.110V + 0.110V at 220vA
would give you 110V at 2A ot 220V at 1A, price £10. Order Ref:
10PGS. 0.45V + 0.45V at 500VA would glve you 45V at 11A or 90V
at 51/2A, peice £20. Order Ref: 20PGT. 0.110 + 0.110V at S00VA
would gtve you 110V at SA or 220V at nearty 3A, price £25, Ordsr
Ret: 25PGT.

SUPER WOOFERS. A 10 4ohm with a power rating of 250W music
and normal 150W, Normal selling price for this |5 £55 + VAT, you can
buy at £29 Inctuding VAT and carrlage, Order Ref: 29P7. The second
one is @ 8 4ohm. 200W muskc, 200W
normal. Again by Challengex price £18, 4
Order Ref: 18P9. Z

Deduct 10% from these prices If you
ofder in pairs or can collect. These are
all brand new in maker's packing.

SOLDERING IRON.

Super mains powered with long life ceramic element. heavy duty
40W for that extra special job. Compiete with plated wire stand and
245mm leads. £3, Order Ref: 3P221.

YOU SAVE £40
THE JAP MADE 12V
12A.SEALED BATTERY
trom regular suppllers
costs £50, you can
have one from us for W
only £10 including VAT .
#t you collect or E12 if st
we have to send. Being gy e
sealed k can be used In
any position and Is maintenance free. All in tip top condition and
tully guaranteed. Order Ref: 12P32. Or if you want a smaller one we
have 12V 2.3AH, regular price £14, yours for only £3.50, Order Ret:
3.5P11
FLASHING BEACON. Uses an XENON tube and has ambercoloured
dome with separate bracket. 12V opetated. Price only £5. Order Ref:
5P 267,
HIGH RESOLUTICN MONITOR. 9% by Phillps, In metal frame for sasy
mounting. Brand new, offered at less than the price of the tube
alone. £185, Order Ref 15P1.
15W 8" SPEAKER AND 3" TWEETER. Amstrad, made for their high
quality music centre. £4 per pair. Order Ref: 4P57.
INSULATION TESTER WITH MULTIMETER. Internally generates
voitages which enabies you to read Insulation directly in megoh
The multimeter has four ranges. AC/DC Yoits. 3 ranges milllamps. 3
ranges resistance and 5 amp range. These instruments are ex.
British Telecom but in very good tested and g teed
OK. probably cost at least £50, yours for only £7.50 with leads.
carrying case £2 extra. Order Ret: 7.5P4.
We have some of the above testers but slightly faulty. not working
on 2 ranges. should be repairabie, we supply. diag £3, Order
Ret: 3P176.
250W LIGHT DIMMER. Wil fit in piace of normat walt switch, only £2
each. Order Ref: 2P380. Note these are red, biue, green or yellow
but will take emulsion to suit the colour of your room. Please state
cofour required.
LCD 31/2° DIGIT PANEL METER. This Is a multkrange
vometer/ammeter using the A-D converter chip 7106 to provide
five ranges each of volts and amps. Supplied with full data sheet.
Speclat snip price of £12, Order Ref: 12P19,
MIN BLOW HEATER. 1kW, ideal for under desk or airing cupboard,
etc. Neads only a simple mounting frame, £5, Order Ret: 5°23.
MEDICINE CUPBOARD ALARM. Will wam when cupboard door is
opened. Light makes the bell ring. Neatly cased, requires only a
battery. £3. Order Ref: IP155.
DON'T LET IT OVERFLOW. Be it bath, sink, cellar, sump, etc., this
device will tell you when the water has risen to the pre-set level.
Adjustable, neatly cased for wall mounting. £3, Order Ref: 3P156.
OIGITAL THERMOMETER. Suitable for outdoors or indoors, has an
extra wide temperature range -50° to +70°C, complete with heavy
duty battery which should last several years. Its sensor can be
outside, but with the read-out inside, £4, Order Ref: 4P104.
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SMART HIGH QUALITY ELECTRONIC KITS

All kits are complete with PCB and other components in a blister pack.
If you want more information about them, we have copies of
the lliustrated Smart catalogue avallable price £1.

. J . ipti Pri
PHOTOCELLS, sllicon chip type, pack of four, Ret: 939. z:‘ Be=chiop P';_'“ :z‘ Description :e
tgﬂg::::::' .5’: : g.'.‘ ’: grmr?:vngé:: '9:: & 1003 S watt electronic siren 2,55 1089  LEO. flasher/555 tester 1861
P gt L 1005  Touch switch 2.87 1080 Stress meter 3

gg;ﬁ:ﬁ%&gﬁ;ﬁ'i“ﬁﬁ p:;k;fm:’ :::3‘?“ it Ret 1008 SF tunctlon generator 6.90 1093 Windscreen wiper controtler 3.68
o ey ; s, ru 1010 Sinput stereo mixer, with monitor output 1931 1094 Home alarm system 12.42

. & 4 1016  toudspeaker protection unit 322 1095  Lead acid battery charger 345
:;;:;I:e:’gzgl. B1/2° x 31/2 width electrolytics 250pF and 1017 Linear CB 30W amp 4,70 1100 2 X 18 watt Integrated ampiifier 18.39
CAR SOCKET PLUG with P.C.B. compartment, Ret; 917 1020 0.5 min. time switch .70 1101 Dollar tester 470
FOUR-GORE FLEX suitable for telephone extensions, 10m, Ref. 918, 1023 Dynamic haadphone preamp 250 1103 LED. power meter 184
PROJECT CASE, 95mm X 66mm x 23mm with removable [id. held by 1025 7 watt hi-fi power ampiifier 2.53 1106 Thermometer with 1.e.d.5. €.90
four screws, pack of two, Ref: 576 BB Ll 4.60 1107 Electronics {0 help win the pools 3.68
SOLENOIDS, 12V to Z-WIMH .push of pull, pack of two, Ret: 877, 1027  NiCad battery charger 191 1112 Loudspeaker protection with delay 4.60

y s . - 877, .
2M MAINS LEAD, 3-core with instrument piug moulded on, Rel: 879 ig;g ;g:“ d't':::rco o ::: fs (2:: "ﬁ“\;ﬁx:;;mmmﬂ :::
TELESCOPIC AERIAL, Cty ted, extendable, f 4 bk . . ul .
884, R e g i 1035  Space sound effects 2.30 1118 Xxaxswitch, with triac, 0,10 ming 414
MICiRDPHONE, dynamic with normal body for hand holding, Ret: B85S 1039 Stereo VU meter 4.60 1119 Telephone line recording device 5.25
CROCODILE CLIPS, superior qualty Rex, can be attached without 2042 AF generator 250H1-16kHz 170 1123 Morse code genetator 1.84
soldering, five each red and biack. Ref:886 1043 Loudness stereo unft 3.22 1124 Electronic bell 2.6
BATTERY CONNECTOR FOR PP3, superior quality, nack of four, Ret 1047  Sound switch 5.29 1425 Telephonetock 268
BST. 1048 Electronic thermostat 368 1126 Microphone preamplifier 4.60
LIGHTWEIGHT STEREQ HEADPHONES Ret: 898. 1050  3-nput hifl stereo preampiifiét 12.42 1127  Microphone tone control 460
PRESETS, 470 Ohm and 220 kilahm, mounted on single panel, pack 1052 3-input mono mixer & 11283 Power flasher 12V d.c. 2.53
of 10, Ref: 849. 10563 Electronic metronome 3.22 1133 Stereo sound-tolight 5.26
THERMOSTAT for ovens with 1/4 spindie to take control knob, Ret: 1054 &dnput instrument mixef 2.76
857. 10686  8V-20V 82 stabilised power supply 12.42 TERMS
12V-QV-12V 10W MAINS TRANSFORMER, Ref: 811. 1057  Cassette head preamplifier 22 Send‘tash, PO, cheque or quote credit card number - orders under
18V-QV-12V 10W MAINS TRANSFORMER, Ref: 813, 1059  Telephose amplifier 4.60 £26 add £3,50 service chatge.
AIR-SPACED TRIMMER CAPS, 2pF to 20pF, pack of two, Ret: 818. 1060 +40V 8 A power supply 8.28
AMPLIFIER, 9V o 12V operated Mullard 1153, Ref: 823. 1061 12V 1/2A stabilised power supply 3.36 J & N FACTO RS
2 CIRCUIT MICROSWITCHES, licon, pack of 4, Ref: 825. 1062 :: 0.5A stabilised supply for TR i.ag
LARGE SIZE MICROSWITCHES changeover contacts, pack of two. 1063 V 2A power supply .3 ek
Ref: 825, 1064 +12V 0.5A stabilised supply 32 Pitgrim Works (Dept. E.T.l.)
MAINS VOLTAGE PUSHSWITCH with white dolly, through panel 1067  Stereo VU meter with teads 9.20 Stairbridge Lane, Boln
mounting by hexagonal nut, Ref. 829. 1068 18V 0.5A stabilised power suppiy 253
POINTER KNOB for spindle which Is Just under 1.4%, like most 1070 HiFl preamplifier 7.47 Sussex RH17 5PA
thermostats, pack of four, Ref: 833, 1085  D.C. converter: 12V to 6V or 7.5V or 9V 258 Telephone: 01444 881965
1086 Wusic-tolight for your car 4.60 — . . -
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ver the past few years there has been increasing

interest in projects based on PIC microcontrollers

both within ETI and in other magazines. There

have also been a number of articles written to

introduce beginners to the device. | have been a
programming PICs for the last four years, and | have
developed a wide range of applications with different needs for
functionality and processing power.

In this series | hope to be able to take a design proved in
earller articles and build on them a range of library functions
which may be of assistance in a variety of projects. | will be
concentrating particularly on functions where | know
programmers have had difficulty In the past, or which have a
range of uses in different applications.

All of the library functions which | will describe operate as
self-contained applications in their own right. Readers may be
reassured that they can start with the function, and adapt it to
their own use, in the knowledge that it operates correctly in the
base application. The functions
shown in the articles will also
be available on disk, or from
the Web.

If people then want another
series in ETI introducing
readers to the PIC series of
microcontrollers, then it may be
possible to cover this later in
the year.

These are the areas which
will be covered in this series:

Interrupt driven serial communications, and debugging
applications in-circuit

Driving LED displays: multiplexed and non-multiplexed drives
Driving LCD displays and modules

Measuring and generating pulses

Driving the 12C bus

Using the peripheral functions of the PIC devices

Using the 8-pin PIC devices

Most of the projects in this series will use a serial port to
demonstrate their functions, as this is a cheap and effective
method of getting information in and out of a PIC. In this first
article we shall consider reading and writing to an RS232 serial
interface on a PC.

{ shall assume a basic knowledge of PICs and PIC
assembler language throughout this series. | shalt avoid

Robin Abbott tackles some PIC functions that give programmers difficulty. This
month: a development board for 18-pin 16C84 or 16F84 devices.

unwieldy code listings, instead showing how each application
builds up in a series of small modules. All the examples may be
compiled and simulated using MPASM and MPSIM, or the
PICDESIM program from Forest Electronics.

The 18-pin PIC card

During this series | shall show several applications which run
on general purpose development boards, One board is for 18-
pirt PICs, and the ‘84’ device (16C84 or 16F84) will be used as
an example. The other board is for 40-pin PICs, and for these
the '74’ device (16C74 or 16C74A) will be used as the
example,

In this issue | shall consider a small development board for
16C84 or 16F84 devices. The circuit diagram of the board is
shown in figure 1. It is based on the Basic interpreter module
used in ETI over a number of issues in 1895. The component
layout is shown in figure 2. This board can be easily
constructed, and aiternatively the circuit can be built on Vero
board. The circuit contains a
simple serial interface, which
has been shown on a number
of projects in the past. It also
contains a brown-out reset
circuit for protection of the
program when the battery is
changed, or when connecting
or disconnecting a power
supply.

The circuit operates with a
4MHz crystal, which is the standard for a low range 84 device.
In/Out capability is provided on a 16-pin dual in line socket,
which may be used with a short header to connect to an
application circuit, or to a prototyping board. Finally the board
contains an 8-pin socket for an eeprom device operating from
an 12C bus. This allows external storage eeprom, or to provide
additionat ram.

The circuit is straightforward to construct. Insert the ic
sockets first, then the resistors, transistors, capacitors, and the
crystal. Finally insert the serial socket, and the power regulator.
The board is drilled to accept either a 1A power regulator, or a
100mA regulator.

Delays

There are two methods of generating delays for
microcontrollers iike the PIC. The first is to use software timing
loops, where the delay is introduced by undertaking null
operations for a defined period of time to stop the program
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by the main program making the total delay

=Y 8+3*(W-1).
14
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during the delay. This technique has the advantage that the
delays may be timed very accurately, normally to within one
instruction cycle of the microcontroller. However no other
functions may be undertaken during the delay, so this is not a
useful technique for long delays.

The second method is to use the device'’s internal timers,
and to detect the end of delay period by the internal counter
reaching a pre-set value, or to cause an interrupt when the
counter overflows, and to undertake an action as a resuft of
the interrupt. In this article we shall look at the former method,
which is used for driving a serial port for the simpler devices. In
later articles we shall look at using the internal timer for defining
delays.

Software timing loops are quite easy to write for PIC
devices, because every instruction takes only one or two
instruction cycles. An instruction cycle is four cycles of the
device clock, so on the exampie board the instruction cycle
time is 1 microsecond. This allows timing to be determined
very simply.

Despite thls it can be quite tedious to write exact timing
loops for different applications. For this reason the first
software that the we will look at is a macro which allows a time
delay of anywhere between 1 instruction cycle, and 180,000
instruction cycles to be generated within the code
automatically. The macro Is used quite simply within the
program as follows:

Delay N

Where N is the total number of cycles to delay. We will now
examine how the macro operates.

There are two code routines, and the macro inserts calls to
these routines. Listing 1 shows the first delay routine which
must be included within the program. This routine will delay
any period between 7 cycles, and 755 cycles. As shown in the
listing, the equation for the total delay is calculated as 5 +
3*(W-1). Note that W needs to be loaded and the routine called

Figure 1: PIC general purpose card circuit

—{> Pumi293

; this routine, and 1 cycle to load
; W before calling it

Delay?2 nop <1
Delay1 nop i
DelayO movwi Delaylindex sl
DelayLop decfsz Delaylndex ;172
goto Delaylop 7
Del4 return oot

The basic routine (DELAYQ) will only delay to the
nearest three cycles. To allow any time to be
delayed, the routine is preceded by two NOP
statements, either of which may be called to add
one or two extra cycles.

For the longer time delay it is necessary to use an outer loop.
Listing 2 shows a function which calls the short delay function
in listing 1 a number of times. In similar fashion 1o tisting 1 the
total delay is 730 + (W-1)"728 cycles.

Listing 2

; Big delays need an outer loop
; This delays 730 + (W-1)*728 cycles

BigDel movwi DelaylndexH o

BDLop moviw OxfO il
call Delay0 ;724
decfsz DelaylndexH ;172
goto BDLop 0 2
return 32

The routines require two variables to be defined at the top of
the program, these are Delaylndex, and Delaylndex1 {shown at
the top of listing 3). We now come to the macros shown in
listing 3.

Listing 3
cblock OxOc ; Variables in RAM
Delayindex
DelaylindexH ; Delay variables
endc
noexpand

; This macro delays an exact
; number of clock cycles between
; 0-at minimum or 186420 at max

DELAY macro Cyc
LOCAL Nx
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STEVENAGE

Professional Sub-Contract Manufacturing & Suppliers to the

Electronics Industry

Do you have a requirement for any of the following services:

PCB Assembly (Conventional and
Surface Mount)

Wave & Hand Soldering
Complete Equipment
Manufacture

Device Programming from hand
written shts or PC 3%" disc
Cable Hamess Assembly/lcom
Manufacture

Card Cage and Module Wiring
Full Inspection

Product Design/Consultation
Full Procurement Service
PCB Test & "Bum in® Facllities
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

EQT LTD, Cromer House, Caxton way, STEVENAGE, HERTS, SG1 2DF

Surplus

27256-2
27C256-120
27C812-2 1
27C1001-20
CD4046BCN
CD4066BCN
MC74HC373

E

Exampla price aach for 25 off quantity:
.75

.80
2.
.20
.10
.16
For a Full List: Write, Phone, e-mail or 24hr Fax-on-demand

60

lectronic
Components

76M08 .16 e
78M12 .16 gt
7812 16

7815 16

7906 .20

4N25 10
LM339N .09

email:

Harrison Electronics
Century Way, March, Cambs. PE15 8QW
harrison.electronics@emcmail.com

Tel/Fax:(01354) 651289

Mint waterproo! TV camera 40x40x 15mm requires 816 13
Vvoits at 120mA with composite video output (fo feed into &
meou.rvmm.scmrm)nmsanwm
of 450 TV lines Yertcal and 380 TV #nes horzontal,
slacirone auto Ins lor nearly dark (1 LUX) o Mg’ﬁ
surthghl 0peration and & small lens with @ 92 degres feid

of view, | focusas down 1o & few CM. it is fifted with a 3
wwe lead (12vin gnd and video our), Now also available
with wail mount it and swivel case (at the same prce).
£83.57 + val = £109.95 o 10+ £85.32 4 vat « £104.95
Board cameras afl with 512x582 pixeis 4.4x3 3mm sénsot
9-13 voits power supply and composhe video out. Al need
to be housed in your own enciosure and have tragde
axposad suriace mownd parts. 47MIR size BOXIEX27mm
with 6 infra red lads ( the sasne iluminalion as & small
torch  would) £50.00svat = £58.75 40MFP  aize
38x36x23Imm spy caméa Mﬂ‘\lﬁlod'owspmmlem
for ha behind g very small hale. £57+val « £66.98
40MC sze 39x38x28mm camera tor 'C' mount lans this
gves o much ciearer picture than with the small lanses
£68 79+ VAT = £80.83 standard 'C” mount lens F1.8 16mm
for OMC £26 43svat a £31.06

steosmq mohor kits (@l Inchuding stepping

DTA30 Hang heid transistor analyser il fells you which
{ead is the basa, tha collector and emtter and i & is NPN
of PNP or faulty (NEW VERSION does not say FETs &

Speaker cabingls 2 way speaker systems with Motorola
tweelars

e da 15 r L
power ratng 250WRNS. 175WRMS  100WRMS
rpsoance ) Bohm Sohm
frequency nge Az 20ch: Aoy A0n-20K
sersivty! WM o748 0] )
sze i mm OO 7234 dSeBA34S 315460020
L™ 148 T4y
frich sach for
biack vyl cosng  £139.95  £99.99 £54.94
g7y et costing £159.97  £119.97 (6499
(** = ot normally in stock atiow 1 Mlordslwery)
Pmr anwmm 19" rack mount with gain controis & YU
sTA:m 2¢130Wms (4ohm losd) 11kg  £339.00
STABOD 2x490Wrms (4ohm load) 15g  £533.00

LED's 2mm or Smm red ot green ., 7p each yellow 1ip
each cable hes 1p sach £5.95 per 1000 £49.50 per 10,000
Rachargeabis Batteres

AA(HP7) SOOMAH £0.99 AA S00MAH with sokger taga
£1.55 AASSOMAHE1.7S C{HP11)12AH £220 C
2AH with solder 1ags €380 D{HP2) 1 2AH €280 D
4AH with soider lags £4.95 PP3 8.4V 110MAH £4.95
1/2AA with soi0et 1ags £1.55 Sub C with solder tags
£2.50 AAA (HP18) 180MAH £1.75 173 AA wih tags
(phipeCTV) £1.85 Nickel Metal Hyodnde AA celis high
capachy with no mamory, Il chamgad at 100ma and
discharged af 250ma of less 1100mAH capacity {iower
capacity lor high discharge rates) £3.75

Special ofters please check for availability shick

of 4 42 x 16mm nicad batteries 17 immx 16mm dia

with red & black eads 4.8v £5.95

5 button <ell BY 280mAN battery with wires (Varta
5x250DK) £2.45
Orbrtel 866 baftery pack 12v 1.6AH contains 10 sub €
cells with solder tags {the size most commonly used in
Coriess SCrewdnvers and anlis 22 ta x 42mm 1ail) It is
sasy o crack open and was manufactured in 1994,
£8.77 each or £110.50 per box of 14
BCi box 130x 106x50mm with siots 16 house a peb the lid
COMAINS BN edge connector {12 way Bmm pich) and
screw terminals 10 connect 10 wires ahd 5 shde in cabie
blanks £2.95
7 segment common anode led display 12mm  ©0.45
GaAs FET iow leakage currant SBAT3 £12.95 sach £9.95
10+ £7.95
BCS4TA ransistor 20 for £1.00
SL852 UHF Limring lnviﬁch 18 surtace mmng

with data sheel £1.95

comverter Retiability mode V12PS5 12V in Sv 200ma
mmmn output isolation with data £4.95 sach of
pack of 10 £39.50 Awpax A82903-C iarge rAO!
14y 7.5 step 270hm 63mm dia body 6.3mm shaft £8.95 or
£200.00 for & box of 30 Polyesier capachiors box type
22,5mm laad piach 0.9uf 250vdc 18p sach 14p 100+ 9p
1000+ 1uf 250¥dc 20p each,15p 100+,10p 1000+
fut 50v bipolar sisctrolytic axai ieads 18p each. 7.5p
1000+ 0.22uf 250v polyestet axal leads 15p each, 7.5
100+ Potypropylene Tut 400vdc (Wima MKP10} 27 Smen
pch 32x29x17mm case 75p each 60p 100+
Phiips 123 senes solid aluminkum axial leads 33ud 10v &
2.2ul 40v 40p each, 25p 100« Prilips 108 seres long e
22uf 83v axial 30p sach 15p 1000+ 500pf compression
imvner 600 Solid carbon resistors very low inductance
ioeal for RF cmouits 27ohm 2¥, 88ohm 2\ 25p each 15p
a4ch 100+ we have & range of 025w D 5w tw and 2w
solld carbon ressstors pisase send SAE for ks
PC. «00W PSU (irisl pan 201035-001) wrth standard
motherboard and 5 dsk drive connectors. fan and mains
inieYoutie! CONNECtors on back and swich on the side | top
for towar casa) dme212x149x14Smm exciuding swiich
£26.00 wach £138.00 tor 6 WX180 Digial mumtimeter {7
ranges 1000vde 750vac 2iMohm 200mA transisior Hie 5v
and 1.5v banacy test £9.95
Hand held ukrasoric remole control £3.95 CV2486 gas
ralay 30 x 10mm dia with 3 wire terminals will alsc work as
& neon kght 20p each or £8.50 per 100 Verbatrn RIOCNH
Streamei taps commonly used on nc machines and
peinting presses #ic. [ K0OKS (ke & normal cassetts with &
siot cut out of tha top £4.95 sach (£3.75 100+) Heatsink
tube £0.95

HV3-2405-E5 5-24v S0mA tor ic 18-264vac inout 8
oin DiL package £3.49 each (100 £2.25)
LM 555 timer Ic 16p. 8 pin DiL socket 8p alt products
advertised are new ang unysed unkess otherwise stated
wide range of CMOS TTL 74HC 74F Lnear Transsstors
Wiy rechargeable baftenes capacors 100is el always in

stock

Please aod £1.98 towards PAP (orders from the Scottish
haghlands, Nohem Intland, [sie of #an, Isie of Wight and
overseas may ba suttect to higher PAP for heavy flems).
VAT inciuded in a0 prices

JPG ELECTRONICS

dlgltal panel meter for just £8 95

Vann Draper is offering over 30% discount to readers of Electronics Today
International on their PM128 3.5 digit LCD panel meter.

The PM128 normally sells at an already low price of £12.87 but is available to
readers of ETI magazine for just £8.95 fully inclusive of vat and delivery.

The main features include single 9-12V operaticn, auto polarity, decimal point
selection, high input impedance and an accuracy of 0.5%.

This general purpose panel meter contains high contrast 13mm characters with
polarity and over range annunciators. Two on board resistors select either
200mV, 2V, 20V or 200V ranges and the meter may be used for a number of
applications including a digital volimeter, ammeter and frequency meter.

The PM128 digital panel meter is supplied complete with front panel mounting
bezel, operating instructions and a 12 month guarantee.

“Name:

Addraess:

Tel no:

Total £..........

Card type:
Card No:
Expiry datei

Signature:

Please supply me:

...PM128 panel meter(s) at £8.95 inc vat & del

Cheques payable to Vann Draper Electronics Lid
Or debit my visa,

master, access or switch card;

Switch iss no:

Overseas readers can still obtain this discount but
details vary according to country. Please phone or fax.
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A2V ——

IDLE | START BIT 1 BIT3

BIT

BIT 0 BIT 2

+12V

BIT 6 STOP

BIT

BIT 4 BITS BIT 7

Figure 2: a byte on an asynchronous interface

SmallCyc=Cyc
if (SmallCyc<8)
if (SmallCyc&1)
NOP
SmallCyc-=1
endif
while (SmallCyc>=4}
call Del4
SmallCyc-=4
endw
if (SmallCyc==2)
goto Nx
Nx:
SmallCyc-=2
endif

: Short detays

endif

if Cyc>.775
BigCyc=(Cyc-.730)
LoopDelay=BigCyc/.728
moviw LoopDelay+1
call BigDel
SmallCyc=Cyc-{.730+LoopDelay*.728+3)

endif

if (SmallCyc}
LoopDelay=(SmaliCyc-3}-5 ; Delay<=775 Cyc
moviw LoopDelay/3+1
call DelayD-LoopDelay%3

endif

; Long.delays

endm

For delays of less than eight cycles, the macro simply inserts
NOP, GOTO, or CALL/RETURN statements to delay the
reguisite number of cycles. For longer delays the macro inserts
calls to the long delay time and/cr short delay routines with the
correct values loaded to the W register. The number of
program words used by the macro is up to three words for
delays less than eight cycles, two words for delays between 7
and 775 cycles, and four words for delays greater than 775
cycles.

To use these functions, insert the macro into the program
header, or at the top of the first file in the program, The delay
functions may then be placed anywhere within the program
memary.

Serial interfaces
The standard asynchroncus serial interface is quite
straightforward to read and to write from a device such as the

PROGRAMMER

PL1 9-WAY FEMALE

PIC. We shall not use any of the hardware flow control signals.
{software flow control will be considered in the next article).

Figure 3 shows the waveform for a complete byte sent on
an asynchronous serial interface. There are 10 bit periods in
total. On the serial interface a voltage of about -12V represents
“high”, and +12V represents “low”. In the idle state the serial
interface is high. There is a single low start bit, followed by the
eight serial data bits, least significant first. Finally there is a high
stop bit. On a typical interface running at 9,600 bits per
second at maximum rate, there are actually transmitted 960
bytes per second.

On the general purpose circuit shown in figure 1 the input
is inverted and passed to the PIC on pin 1, the RA2 input. The
input is also fitered by the negative power supply circuit
formed by D20, R204/R205 and C201. This filtered voltage is
passed to the output. The idle state is defined by leaving Q202
turned off leaving the output at a negative voltage. To pull it to
a high voltage Q202 is turned on by dropping pin RA3 to a low
level,

We shall now look at a complete serial application. Listing
4 shows the header and the main locop of a simple application
which takes serial character passed to the PIC on the serial
interface, and passes it straight back out on the same
interface. Note that we will be using the same delay routines as
shown above, and therefore the variables Delaylndex and
Detayindex1 are also defined.

In listing 4 the processor frequency and required bit rate
are defined. PROCFREQ is the processor frequency in kHz.
BITRATE is the required baud rate on the serial interface, this
will be one of the standard rates for communicating to a PC,
but can be an arbitrary rate if two PICs are communicating.
These two values must be set up by the user. From these
values the time for a single bit in instruction cycles is caiculated
in the value BITTIME.

Listing 4

#include “p16f84.inc”

cblock 0Ox20 ; Variables in RAM
Delayindex
DelayindexH ; Delay variables
RxByte ; Serial byte received
Temp ; Temporary variable
Temp1 Temporary variable
endc

PC CONNECTOR TYPE:
9-WAY MALE

25-WAY MALE

25-WAY FEMALE

Figure 3: serial cable connections from the programmer to the host PIC
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call Txw
goto lop

The main program sets up the ports of the PIC so that RAZ Is
an input and RA3 is an output. It then calls the function TxW
with a letter ‘K’ in the W register, which sends the letter to an
attached PC at power up. The program then enters a
continuous loop which waits for a character to be received
using the function Receive, the received byte is then
transmitted straight back using TxW. The functions Receive
and TxW are described below.

The function Receive is shown in listing 5.

Listing 5

;Wait for a byte to be received

Receive btisc SerPort,RxBit : 1/2 wait for start bit

goto Receive ; 2 Avg. 1.5 cycles here
moviw 8 ;1 pick up 8 bits
movwi Temp 4l
DELAY BITTIME"3/2-(BITTIME-7+2+4) ; Wait middle of stop
RxLoop DELAY BITTIME-7 ;
bcf STATUS,C : 1 sample incoming bit
btfsc SerPort,RxBit )
bsf STATUS,C il
rrf RxByte ; 1 rotate data LSB arrives
first
decfsz Temp bl
goto RxLoop e
WaitEnd btfss SerPort,RxBit ; Wait for end of last bit if
0
goto WaitEnd
moviw RxByte
Figure 4: the component overfay of the card return

This function takes only 18 program words. It enters a

RxBit equ? ; Receive bit continuous loop waiting for the input to fall. Once a low is
TxBit equ3 ; Transmit bit detected, the program waits for half a bit (so that sampling is in
SerPort equ PORTA ; Serial port the centre of the received bit) and then enters a loop where a
single bit delay is incorporated. The input is then sampled and
#define PAGEO  bcf STATUS,RPO rotated into the variable RxByte which holds the received byte.
#define PAGE1  bsf STATUS,RPO Once all eight bits are read the function waits for the end of the

last bit (to avoid detecting a low bit as a start bit if the function
; is re-entered quickly). It returns with the received byte in
;Set up the processor frequency and bit rate RxByte and the W register.
5 The function TXW is shown in tisting 6. It transmits nine bits
in total, the first bit is always O (for the start bit), followed by the

#define PROCFREQ 4000 ; Processor Frequency in eight data bits. Finally it waits for at least one bit with the
kHz interface in the idle state for the stop bit. Note that some care
#define BITRATE 19200 ; Baud rate In bps must be taken to ensure that the bit duration is the same
BITTIME EQU (PROCFREQ".1000/4)/BITRATE whether a 0 or a 1 bit is to be transmitted.,
. Time for a bit in cycles
Listing 6

start bsf SerPort, TxBit

PAGE1 X ; P eaee e

moviw ~{1<<TxBit) ; set transmit output ; Transmit single character in W

andVVf SerPOrt ;.n-u-unnunann-"mmn

PAGED TxW movwf Temp

moviw ‘K’ moviw 9

call Txw movwf Temp1

bef STATUS,C ; first bit is start bit

lop call Receive TxLoop btfss STATUS,C ; 1/2 Set output bit
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goto ZBit .
bsf SerPort, TxBit ; 1
goto NBit Al
ZBit bef SerPort, TxBit ; 1
nop ; 1 Make both ams of loop equal
NBit DELAY {BITTIME-9) ; Wait for next bit
rrf Temp &
decfsz Temp1 AL
gotc TxLoop =)
bsf SerPort, TxBit ; 1 Stop bit
DELAY BITTIME ; 50 Stay idle after Transmit
return e

Assembling the application

To make a single file with the complete application ready for
assembly the listings shown above are merged as follows.
Take listing 4, and add the definition of the DELAY macro
shown in listing 3 at the top. Now add the delay routines
shown in figures 1 and 2, and the transmit and receive
functions shown in listings 5 and 6 at the end of the file. The
complete file may then be assembled to create the application.
Program a PIC 84 with the code, insert it into the application
board, and connect it to a PC on a 9-pin serial interface. The
wiring of the cable is shown in figure 4. We are now ready to
test the simple serial interface.

Testing and experimenting

The best way to test the interface is to the use a terminal
emulator. "Hyper terminal’ included with Windows 95 is a good
example. Set the emulator to operate on the communications
port that you have connected to the PIC, and to set it to
19200 bits per second, 8 bits, no parity, and no flow controt.
When power is applied to the application board, then
characters typed at the PC should be echoed back. A 'K’
character should always be received when the board is
powered up,

To perform a comprehensive test of the interface, we can use a

simple QBasic program, as shown in listing 7. This program

transmits random characters to the serial interface, and checks

that they are read back correctly.
Listing 7
OPEN “COM1:19200,N,8,1,RS,DS,BIN" FOR RANDOM AS #1

Erors = 0
Oks =0
nc =0
CLS

WHILE™

RandSend = INT(RND * 64 + 32)
PRINT #1, CHR$(RandSend},
WHILE LOC(1) < 1: WEND

nc=nc+ 1

in$ = INPUTS(LOC(1), #1)

IF ASC(in$) = RandSend THEN
Oks = Oks + 1

ELSE
Errors = Errors + 1

END IF

IF ((nc MOD 100} = 0} THEN

PRINT “Characters OK= *, Oks;
PRINT * Characters in Error="; Errors
END IF
WEND

it can be quite instructive to try changing the data rate of
interface within the PIC, and then testing the board to
determine the maximum bit rates achievable. The prototype
worked with nc errors at up to 38400 bits per second, but
failed at a 57600 bits per second. For safety | assume a
maximum rate of about 19200 bits per second is safe for a
variety of applications. However higher rates shouid not be a
problem with a higher processor frequency, and a better
RS232 serial interface circuit such as one based on a MAX232
device.

Next episode

Next month we shall take a look at interrupt driven serial
communications, using both the 84 device, and the hardware
provided on a 74 device. We shall also look at using this
month's code as a debugging tcot to enable devices which are
running in circuit to be examined.

Obtaining code

At the end of this series a disk with all the examples shown In
the series will be available. The programs may alsc be
downlocaded from the web, and a web address will be provided
as soon as this has been set up. The author is a happy to
answer guestions on the series at his own email address:
robin.abbott@dial. pipex.com.

-
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AC TSI N O

(Premises situated close to Eastern-by-pass in Coventry with easy access
to M1, M6, M40, M42, M45 and MES)

Beckman 9020 — 20MHz — Dual Channel £150
Cossor 3102 — 80MHz Dual Channel By
Gould 05 245A/250/255/300/3000/335 1/400 from £125
Hewlatt Packard 180A/180C/181AMB2C... .from £200

Hewlett Packard 17404, 1741A, 1744A, 1
Hewlett Packard 541000 — 1GHz Digitizing
Howlett Packard 54200A — S50MHz Dgitizing
Hewlett Packard 542014 — 300MHz Digitizing
Hitachl VE€50F — 60MHz Dual Channal
Hitachi V152F/V3028/V302F/V353F/¥550B/V650F ...
Intron 2020 - 20MHz Digital Storage (NEW)
Iwatsu SS 5TIWSS 5702 — 20MHz
Klkusul GOS 6100 ~ 100MHz_ 5 Channel, 12 Trace « ...
Klkusul 5100 — 100MHz — Dual Channel.
Meguro — MSO 1270A = 20MHz {NEW)

Nicolet 310 — LF. D.S5.0. with iwin Disc Drive
Nicolet 3091 = L.F. D.S.
Lecroy 9450A — 300MHZ/400 Ms/s D.S.0. 2 ¢h £2250
Philips PM 3211/PM 3212/PM 3214/PM 3217/PM 3234/PM 3240/PM 324/PM 3244/PM 3260/

PM 3262/PW 3263/PM 3540 . from £125
Philips PM 3295A — 400MHz ‘Dual Channel
Phillps PM 3335 - 50 MHz/20Ms/s D.5.0. 2 ch
Philips PM 3055 — 5¢ MHz DUAL Timebase ..
Tektronix 434 — 25MHz — 2 Channel Analogue lorage
Tektronix 454 — 150MHz ~ 2 Channel
TYektronix 468 — 100MHz D.SO. ...
Tektronix 2213 — 60MHz Dual Channal
Tektronix 2221 — 50MHz Digital Slorage 2 Channe'- o
Tektronix 2215 — 60MHz Dual irace ..
Tektronix 2235 - 100MHz Dual trace ..
Tektronix 2335 — Duai trace 100MHz (portable)...
Tektronix 2225 - 50MHz dual ch
Tektronlx 2440 - 300 MHZ/500 Ms/s D.5.0.2 Ch
Tektronix 455 — 50MHz Dual Channet ...
Tektronix 464/466 — 100MHz An siorage
Tektranix 465/4658 — 100MHz dual ch...
Tektronix 47S/475A — 200MH2/250MHz Dual Channel ..... g
Tektronlx 485 — 350MHz = 2 channel
Taktronix 5403 — 60MHz — 2 or 4 Channe ..
Tektronix 7313, 7603, 7613, 7623, 7633, 100MHz 4 ch......_A
Tektronix 7704 - ZSOMHZ 4 ch... -
Tektronlx 7904 - 500MHz
Trio C8-1022 - 20MHz - Di

Other scopes lvallaﬂblo too

SPECIAL OFFER
HITACHI V212 — 20MHZ DUAL TRACE .
HITACHI V222 - 20 MHZ DUAL TRACE + ALTERNATE MAGNIFY ... ceiiricans

Advantest 41338 — 10KHz — 20GHz (B0GHz with extemal mixars) + Ex'L Keyboard.
Advantest 41318 ~ 10KHz —3.5GHz ...
Ando ACB211 - Spectrum Analyser 1. 7GHz.
Anritsu MS6108 — 10KHZ - 2GHz ~ (Mint}
Anritsu MS341A + MS3401B — (10Mz - 30
Anritsu MS62B = 10KHZ = 1700MHz ...
Aveom PSA65 S - 1000MHz - portable.
Hewlett Packard 35804 — 5Hz-50KHz .
Hewlett Packard 182T with 88594 {10MHz — 24 GHZ.
Hewlett Packard 35601 A — Specirum Analyser Interface

Hewlatt Packard 35624 Dual Channel Dynamic Sig. Analyser..
Hewlett Packard 3562A Dual Channel Dynamic Sig. Anaryw......
Hewlett Packard 853A + 85588 - 0.1 to 1500MHz

Hewlett Packard 87544 — Network Analyser 4-13001
Hewlett Packard B591 4 — 9KHz — 1. BGHz o =
Hewlett Packard 8S94€ — 9KHz - 2.9G
Hewiett Packard 3582A - 0,02Hz - 25 SKHz (dual ch.}
Hewlett Packard 3585A —20Hz — 40MH2.

Hewlett Packard 8754A (opt. H26) ~ 4MHz — 2.6GHz ......
IFR 7750 10KHz - 1GHzZ ..
Marcon| 2370 - 110MH
Marconi 2371 - 30KHz
Meguro MSA 4901 — 1-300GHz (AS NEW)
Meguro MSA 4312 — 1-1GHZ (AS NEW). . ...
Palrad 641-1 — 10MHz - 18GHz ..
Rohde & Schwarz -~ SWOB 5 Polyskop 0.1 - 1300MHz .
Takeda Riken 4132 - 1,0GHZ Spectrum Anatyser .
Tektronlx 7L18 with mainframe (1.5-60GHz with axternal muors)
Tekironix 495P — 100Hz — 1.8GH2 prograrmable.

s+ 25

Adret 740A — 100KHz - 1120MHz Synthaesised Signal Generator ...
ANRITSU ME 462B DF/3 Transimissici Analyser e
Danbridge JP30A ~ 30KV Insulation Tester . .
Anritsu MG642A Pulse Pattem Generator ...
Dranetz 626 — AC/DC — Multifunction Anatyser .
EIP 331 — Fraquency counter 18GHz
ELP 545 — Fraguency counter 18GHz.
EIP 545A — Frequency counler 18GHz
EIP 575 - Froquency counter 18GHz..
Farnell APT0-30 Power Supg?y (O-TOVISOA) Auto Flangmg
Farnell TSV-T0 MKIl Power Suppl é 0V — 5A or 35V A)
Farnell DSG-1 Synthesised S nJ enarator .

Farnell ESG-1000 Synthesised Signal Genarator 1GH2 (as newl........
Flure 5100A — Calibrator
Guijidline 9152 — T12 Battery Standard Cell ... S ——
Hewlett Packard 331A - Distortion h

Hewlett Packard 3336C ~ Synthesised étgnal Gensrator (‘IOHZ - 2|MHz)
Hewlett Packard 3437 A System voltmeter...
Hewlett Packard 3456A Digltal volimeter
Hewlett Packard 3438A Digial muttimeter......
Hewlstt Packard 3488A — Switch/Control Unit
Hewiett Packard 35600A Dual Ch. Dynamic Signal Anatyser

Hewlett Packard 435A or B Power Meter (with 8481A/84844) ... SUR— R ]
Hewlett Packard 4279A - 1MHz G-V Meter
Hewlett Packard 49484 - (TIMS) Transmisston impairment M/Set ...
Hewlett Packard 4972A — Lan Prolocol Analyser . v
Hewlatt Packard 5420A Digi nal Analy
Hewleit Packard 5335A — ?/I Parformance Systems Counter.
Mewlett Packard 53144 — (NEW) 100MHz Unvarsat Counter.

Hewiett Packard 5316A — Universal Counter (IEEE)......
Hewlett Packard 5133 — Wavetorm Recorder .

Hewlett Packard 5238A Frequency Counter 100MH2 . :
Hevidett Packard 5370A ~ 100MHz Universal Timer/Counter .
Hewlett Packard 53844 ~ 225 MHz Fraquency Counler
Hewlett Packard 5385A Freguency Counter — 1GHz — (HPIB) with OPTS OOM)OM)OUOOE..“
Hewiett Packard 6253A Power Supply 20V — 3A Twin ...
Hewlett Packard §255A Power supply 40V — 1.5A Twin
Hewlett Packard 62668 Power Supply 40V — 5A..
Hewlatt Packard 62718 Power su gply 60V — 34
Hewlett Packard 6622A — Powsr Supply, Duat O/P
Hewlett Packard 6623A - Pover Supply, Triple O/P...
Hewlett Packard 6652A — Powe: Supply (0 - 20V, 0 - 25
Hewlett Packard 62848 — Power Supply (0 — 20V, 0 - 254).
Hewlett Packard 74754 = 6 Pen Plofter...
Hewlett Packard 75504 — 8 Pon Plotior AY/A4 .

HEWLETT PACKARD 6261B
Power Supply 20V-50A £450 Discount for Quantities

Hewlett Packard 835554 — Milimeler —~ Wave source Module 33- SOGHz -
Hewlett Packard 8015A — SOMHz Puise Generator. -
Hewlett Packard 8405A — Vector Voltmatar
Hawlett Packard 8165A — 50MHz Programmable Signal Source
Hewlett Packard 83508 — Sweep Oscillator Mainframe {vanous Piug -Ins avadable) extra
Hewlett Packard 8152A — Opbcal Average Power Mater
Hewlett Packard 81588 — Optical Attenuator (OPTS 002 + 011)..
Hewlett Packard 8180A — Data Generaior.
Hewlett Packard 8182A — Dala Analyser
Hewilett Packard 83508 — Sweep Oscillalor Mainframe (var\ous plug-in opnons ava
Hewlett Packard 835544 — Wave Source Module 26.8 1o 40G:
Hewlett Packard 8620C Sweap osciator mainframe ..
Hewlett Packard 8656A — Synthesised Signal Generator (990MHZ)
Hewlett Packard 86568 — Synthesised Signal Generator........ .
Hewlett Packard B750A Storage normaliser.........
Hewlett Packerd 8756A — Scalar Network Analyser
Hewlett Packard 8757A — Scalar Network Analyser ...
Hewiatt Packard 8903A — Audic Analyser (20Hz ~ 100KHz)
Hewilett Packard 8903E — Distortion Analyser (Mint) ..........
Hewilett Packard B958A — Celiular Radio Interface ...
Hewlett Packard 8901A — Modulaban Analysev . i vttiee
Hewlelt Packard 89204 — A/F Comms Tes|

Hewiletl Packard 8922b — GSM Radio Comms Test Set..
Hewiett Packard P382A Aftenuator.
Hewlett Packard 16300 - Analysar (43 Channeis)
Hewlott Packard 165004 ~ F w\th 16510A/18515A/16530A/16531A — Logic Anatyser......
Hewlett Packard 117298 - Camer Notse Test Sel
Krohn-Hite 2200 Lin/Log Sweep Generatar ..
Krohn-Hite 40244 Oscilator ...
Krohn-Hite 5200 Sweep, Funct
Krohn-Hite 8500 Phasa Meter
Leader 3218 - Signal Generaior (100KHz - 140KH 2) AMfFM/CW with buil
maodulator (mint).

Marconi 2019 — BOKHZ — 1040MHZ Syn(hesased “Gen.
Marcon] 2019A — BOKHz — 1040MHz - Synlhemseg Signal Generator ..
Marconi 20224 - 10KHz - 1GHz AM/FM Signal Generator ..
Marconi 2041 — (10KHZ -~ 2.7GHz) Low Noise ..
Marconi 2305 — Modulation Metar ...
Marconl 2610 — True RMS Voitmater.
Marconi 2871 Data Comms Analysef ...
Marconi 2955 - Radic Comms Test Seft .
Marconi 6960 — Powar Meter & Sensor...
Philips PM $167MH2 function gen..
Phllips 5190 LF. Synthesisar (G.P.1. B) "
Philips 5193 Synthesised Funciion GONBIAION .o rer s
Philips 5518 Synthasisad Function Generator.
Philips PM5519 — TV Patlern Generalor ... —
Phitips PM5716 - 50MHz Pulse Generator
Philips PM6652 — 1,5GHz Programmabie High Resotution Timer/Counte
Philips PM6673 — 120MKz High Resolution Universal Counter
Prema 4000 - @ % Digit Multimater (NEW)
Racal 1992 - 1.3GH2 Frequency Counter ...
Aacal Dana 9081/9082 Synith sig. gen SZOMHZ

Racal Dana 9084 Synth.
Racal Dana 9303 AF anxer & Haad

Racal Dana 9917 UHF frequency meter SGOMHz
Aacal Dana 93024 R/F mullivolimeter (new version)

Racal Dana 9682 Symhemsad am/fm sig gen (520MH1)
Racai 9301A — True RMS R/F M

S

-in FM stereo

Rohde & Schwarz Scud Radio Code Test Set .........
Rohde & Schwarz CMS 54 Radio Comms Monitor
Rohde & Schwarz CMTA 94 GSM Radic Comms Analysel
Schaftner NSG 203A Line Voltage Varfation Simulator ..
Schafiner NSG 222A Interference Simuiator.. -
Schatiner NSG 223 Interterence Generator ..
Schaftner WSG 431 Electrostatic Discharge Smulalo
Schlumberger 4031 - 1GHz Radio Comms Test Set.
Schiumberger 2720 1250MHz Fraguency Counter.
Schlumberger 7050/7065/7075 Multimeters ...
Schiumberger Stabtlock 4040 Radio (:omms Test Set.
Solartron 1250 - Freq. Response Analyse:

Stanford Research DS 340 — 15MHz Synlheslsed Function (NEW) and arbnrary

wavalorm generator . - £1200
Systron Donner 6030 — Microwave Frequency Counter (26 SGHz)
Teiequipment CT71 Curve Tracer .
Tektronix TM5003 + AFG 5101 A
Tektronix 1240 Logic Analysar ..
Tektronlx DAS9100 — Senes Loglc
Tektronlx — Plug-ns — many avaiable such as SC504, SW503, 56502,
PGS508, FGS04, FGS503, TG5G1, TRS03 + many mora .
Tektranlx AMS03 + TM501 + F6302 Current Probe Amdrllo
Tektronix PG506 + TGS01 + SG503 + TM503 - Oscilloscopa Calibrator
Tektronlx AA5001 & TM5006 M/F — Programmable Drstorton Ana#yser
Tektronix 577 - Curve Tracer ..
Time 9811 Programmabie Resistance .
Time 9814 Voltage Calibrator
Toeliner 7720 - Programmabla 10MHz Function Gen (AS NEW)
Valhaliz Sciantific - 2724 Programmable Resistance Standard
wande| & Goltermann PFJ-8 - Erroc/Jitter Test 51 ......
Wandel & Goltermann PCM4 .
Wandet & Goltermann PCM4 (0 options) ... -
Wayne Kerr 4225 — LCR Bridg
Wayne Kerr 6425 — Precision Component Analy
Wayne Kerr 8905 — Precision LCR Meter...
Wavetek 171 -~ Synthetised Function Generator
Wavetek 172B Programmabie Sig Source (0.0001HZ — 13MHz) ...
Wavetek 184 — Swaep Generalor — 5SMHz
W, k 3010 — 1-1GHz Signal Generator

ry Function Gen,

Hewlett Packard 3711 A/3712A/3791B/3793B Microwave Link Analysel
Hewleti Packard 3325A — 21MHz hesiser/Function Gen ...
Hewlett Packard 3488A ~ HP ~ 18 Switch controt unit (vanous Plug-lnl avauame)
Hewletl Packard 3455A 6% Diglt M/Meter (Auocal). ...
Hewlett Packard 347BA — Mulimeter (5% Digit) + HP — 1Bunee.
Hewlatt Packard 3586A — Selective Level Meter

Hewiett Packard 3779A/3779C - Primary Mux Analyse
Hewlett Packard 3784A — Dighal Transmission Ana'yser
Hewilett Packard 379000 — pnalhngTesl Set (No 7 and
Hewiett Packard 42624 - | LCH Meter ..

Hewlett Packard 4275A — LCR Metar (Mufti- Frequency)
Hewlett Packard 4338A — Millionmeter (As New) e
Hewlett Packard 43424 ‘Q° Meter . -

Wiltron 6409 ~ RF Analysers (1MHz - 2GHz)
Wiltron 66205 — Programmable Sweep Generator (3.6 - 6.5GMz) ..
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Let your car headlamps help you to the door with this add-on car circuit
by Terry Balbirnie

fter you have driven home in the dark, this
circuit will allow you to walk to your front door
using the headlamps to light your way. To use
the device, you press a button on the unit
before getting out of the car. The headlights
will then operate and switch off automatically a short while
later.

Owners of garages which do not have mains lighting
installed will find this circuit particularly useful. The light
reflecting from the interior walls wilf be more than sufficient
to light up your route to the door without stumbling over
the tools and garden equipment which you always meant
to put somewhere safer,

Dashboard-mounted

The circuit is housed in a smail plastic case mounted
under the car dashboard or in some other convenient
place. On the front edge is the push-button switch which
activates the lights and an LED indicator which shows that
the circuit is operating (see photograph). A piece of screw
terminal block on the rear is used to link the unit to the car
electrical system. Connections will need to be made to
four points: the headlight main-beam circuit, to a fuse
which Is active only while the ignition is on, to a fuse
which is ltve all the time and to vehicle “earth”.

There is an on-off switch on the rear of the unit but this
will not normally be used because the circuit is usually left
switched on. The standby current requirement is very smali
{about 300uA) so It will not drain the battery significantly
while the car is left standing, as/long as your battery is in
reasonable health. (If you are léaving the car unused for a
couple of weeks or more, it is prudent to switch the unit
off.) The unit will only work while the ignitlon is switched
off, and this prevents inadvertent operation while the car is
in motion. If it were possible to do this, the lights would

come on if the button was pressed accidentally and this
could be dangerous and confusing to other road users. If
operation needs to be cancelled for any reason, it is only
necessary to switch the ignition on then off again.

In the prototype unit, the time delay is adjustable
between ten seconds and four minutes approximately. This
will be found sufficient for most purposes and will be set
for the required effect at the end of construction. It would
be a simple matter to extend the period, but the user
would need to be sure that the car battery was kept in &
good state of charge. if it was drained excessively, the
engine would not start the following morning. A pair of
headlight filaments require some 120W which corresponds
to about 10A on the standard 12V system. Two minutes of
operation will only drain the battery by some 0.3Ah or
about 1 percent of its total capacity.

How it works

The circuit is shown in figure 1. The timing section does
not need to be very sophisticated, because the operating
period does not have to be particularly accurate. A simple
monostable based on CMOS 555 timer (IC1) will do the
job well.

The circuit is powered from a continuous feed ("+12V
direct”) obtained from the car electrical system. This is
made via an existing fuse, internal fuse FS1, on-off switch
SW2 and diode D3. FS1 provides protection should a
wiring error be made. The diode, in conjunction with
capacitor C4, smoothes the supply. This may be thought
unnecessary because the circuit only works while the
ignition is off, so it will receive a smooth feed direct from
the car battery. However, the unit is connected to the
electrical system all the time and when travelling along a
“noisy” supply from the alternator could possibly cause
false triggering.

{+12V VIA IGNITION

FS1

193 - 42V DIRECT
RELAY
¥ O MAKE' CONTACTS
1N4001
LIGHTS
8
IC1
7565
- (o] D 3
470
T 2 o H swi
(CAR CHASSIS

Figure 1: the circuit of the Headlamp Delay
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Assume for a moment that the ignition is switched off.
There is therefore no +12V feed to the anode of D1.
Resistor R2 keeps the base of transistor Q1 low so it
remains off and no collector current flows. The collector is
therefore maintained in_a-high condition via resistor R3.
This high state, when applled to IC1 pin 4 (reset input)
‘enables operation of the monostabie. However, nothing
will happen until it is triggered by a low pulse applied to
the trigger input (pin 2). This is the purpose of push-button
SW1. When this is operated for an instant, a low state is
transferred to pin 2 and this initiates a timing cycie. R4
keeps pin 2 normally high and this prevents faise
operation.

While timing, 1C1 output (pin 3) goes high and current
enters the base of transistor Q2 through current-limiting
resistor, R6. Collector current then flows through the coil
of RLA1 so energising it. The normally open (“make”)
contacts then close anddirect current from the direct
+12V feed to the main beam filaments of the headlight
bulbs. At the same time LED1, connected in parallel with
the relay coil, operates with current limited to its correct

it . -
| TB1
’I - 1

working value by series resistor R7. D2
bypasses the reverse high-voltage pulse
which appears across the relay coil
when the current switches off. Without
this, semiconductor components in the
circuit could be damaged.

The time during which the relay
remains energised, and the lights on,
depends on the time period of the
monostable. This, in turn, is related to
the values of RS, RV1 and C3. With the
values given, this will be some ten
seconds (with RV1 wiper at minimum
adjustment} and four minutes (when set
to maximum). Due to the large tolerance
of the electrolytic capacitor used for C3,
these timings are subject to fairly wide
variation. To extend the timing, the value
of C3 could be increased in proportion.
However, this would need to be done
with caution for the reason mentloned
earlier.

Feeling Inhibited

When the ignition is switched on, a +12V signal (“+12V via
ignition”} is applied to the base of Q1 via D1 and R1. The
transistor switches on, and the collector goes low. When
applied to IC1 pin 4, this resets the ic and inhibits
operation. Even if trigger switch SW1 is pressed, nothing
wlll happen. if the ignition Is switched on during the course
of timing, IC1 will reset and operation will be cancelied. C1
smoothes the signal arriving through D1 to prevent the
noisy alternator output from possibly triggering the circuit.
C2 keeps IC1 reset input low for a short time when the
circuit is powered-up and thls prevents possible seif-
triggering when the supply is first connected.

RLA1 must be chosen with some care and the specified
device has worked well. Its “make” contacts must be
capabie of carrying the large current (about 10A) needed
to operate the headlight filaments. However, just as
important is their ability to switch the much higher "inrush
current” which occurs at the instant of switching on. This
comes about because the resistance of the cold lamp

A +12V VIA IGNITION

+12V VIAFS1

3
4\'\0 UGHTS
\—D CAR CHASSIS

SW1

Figure 2: the component layout. Note the reinforced tracks, essential for heavy cumrent-carrying in this project
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Figure 3: the in-car connections

filaments is much less than at operating temperature. In
practice it will probably be necessary to use a relay which
has been specially designed for heavy-duty automotive
applications (see the Parts List).

Construction
The PCB layout for the Headlight Delay is shown in figure
2. Begin by drilling the two mounting holes in the PCB.
Solder the relay, ic socket and PCB-mounting screw
terminal block, TB1 in position, Reinforce the tracks from
each relay "make” contact pin to the corresponding
position on the terminal block. This should be done along
the entlre length of each track using 18 SWG tinned
copper wire as indicated. Doing this Is important,
because these tracks carry the entire headlight current
while the unit is in operation.

Solder all remaining components in place taking
particular care over the polarity of the diodes, LED,
transistors and electrolytic capacitors C3 and C4. Arrange

for the LED to stand about 15mm above the circuit panel,
then bend the leads to right-angles so that the body
projects to the front (see photograph). Adjust the preset
fully clockwise (as viewed from the top edge of the PCB)
to give minimum timing, which will be convenient to begin
with. Solder short pieces of stranded connecting wire to
the points labelled “SW1” and “SW2".

To prepare the box, begin by drilling a hole in the rear
for on-off switch, SW2. Drill two holes to attach the four-
section piece of 15A screw terminal block. Allowlng space
for the fuse holder on the bottom of the box (see
photograph}, hold the PCB in position bending the LED
leads out of the way as necessary. Mark through the
mounting holes and drill these through. With the PCB held
slightly above the base of the box in its correct position,
mark the position of the LED on the front panel. This
should be somewhere along the centre line. Remove the
PCB and drill a small hole so that the tip of the LED
protrudes slightly through it when the PCB is in position.
Drill a hole for push-button switch, SW1. Make sure that
this and the LED are in a straight line since the final
appearance of the unit iargely depends on how well this is
done. Mount the switches and fuseholder, then attach the
PCB using plastic washers on the bolt shanks so that the
soldered connections on the underside remain clear of the
base of the box. Take care that the top of the relay is not
left too high for the lid of the box to be fitted. Wire the
“SW1" and "SW2" wires leading from the PCB to the
appropriate switches.

Mount the piece of 15A terminal block (TB2) on the rear
of the unit. Refer to figure 3 and wire it up. It is essential
to use stranded wire of 10A rating minimum for the
connections from TB1 terminals 2 and 3. The connections
from TB1 terminals 1 and 4 may be made using light-duty
wire.

Insert IC1 into its socket. Since this is a CMOS device,
it could be damaged by static charge. Touch something
earthed {such as a water tap) before handling the pins.

Testing

The circuit can be tested using a bench 12V
supply rather than connecting it up immediately
to the car system. It will then be easier to correct
any small faults. The prototype was even found to
work using a 9V battery. Connect the positive
and negative terminals of the supply to TB2
terminal 1 (“+12V direct”) and TB2 terminal 4 (“car
chassis” respectively. Press SW1 and note that
the LED lights and the relay clicks. After a short
time, the LED and relay should go off. if the
supply voitage is too low, the LED will still show
correct operation but the relay will not work. If this
check shows that all is well, attach the lid of the
box.

Connecting up

Locate the outlet side of a fuse which is live all
the time and which has a current rating of at least
16A. A suitable feed may perhaps be obtained
from the existing headlight flasher circuit. It is
essential that the wiring is thick enough to cany
the cumrent involved and alsc that the fuse has
sufficient cument rating. it may be possible to
obtain a supply from the cigarette lighter socket
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winng instead, but check that the fuse has sufficlent current
rating and that the circuit is “live” all the time (that is, with the
ignition either on or off). Do not up-rate a fuse without due
care and, if necessary, seeking professional advice.
Locsate the outlet side of a further fuse which only becomes
live when the ignition is switched on. Any such fuse will, do
because the additional current needed by the circuit Is only a
fraction of a milliamp. Now, disconnect the car battery positive
terminal. This will avoid accidental short-circuits.

Decide on a suitable position for the unit - possibly under
the dashboard - and make connections to the terminal block
in the following way: From TB2 terminal 1 to the outlet side of
the fuse which is live all the time. From TB2/2 to the main
beam headlight circuit. This couid possibly be made to the
output side of the headlamp flasher switch. It is Important to
make this connection before the existing fuses. Use
automotive-type wire of at least 10A rating for these two
connections. From TB2/3 run a piece of light-duty auto-type
wire to the outlet side of the fuse which is live only when the
ignition is on. Finally, connect TB2/4 to the vehicle chassis
{“earth”). The most convenient method is to find an existing
nearby earth point. Again, light-duty wire may be used for this.
For all wiring, use automotive connectors of the appropriate
type. Also, wherever a wire needs to pass through a hole in
metal, a rubber grommet must be used. Do not, under any
circumstances, use “twisted and taped” joints. The wirng
diagram in the workshop manual will help if difficulty is found
with this work. Attach the unit under the dashboard or as
required using adhesive fixing pads or a small bracket.
Connect the car battery and test the system. Over a period of
time, RV1 may be adjusted to provide the required delay.

Capacitors
C1 4701
c2 220n Q&- nm
C3, C4 220u25V

- '-r-l\L

Semiconductors
- 1c1 7555
D1, D3 1N4001

¢ 1N4148
ZTX300

3mm red LED

neous

Miniature push-to-make switch
Miniature SPST slide or toggle switch

~ 20mm 10A “slow blow” fuse and

chassis fuse holder

ions of PCB-mounting screw

block - S5mm pin spacing

s of 15A screw terminal

relay with 12V coil
rated at 16A

-

ox for project.
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BASIC Stamps-
reprogrammable stamp sized computers

Easy to use BASIC language

® 8 or 16 input/Output lines each 20mA capabllity

@ B0 or 500 Program lines

® Re-programmable thousands of times from *C

or Mac @ 5-12vDC Supply. Stamps from £25.00 each.
Development Kits including programming software,
Stamp, Cable, Project Board and 25+ Application
notes from £79.00.

DISTANCE
LEARNING COURSES in:

Analogue and Digital Electronic
Circuits, Fibres & Opto-Electronics
Programmable Logic Controllers

Mechanics and Mechanisms MUSCLE WIRES
Mathematics Wires that contract approx 5% when heated [
{eg 250mA current) -120 page Project book

and 3 one metre lengths of wire. £40.00

i Courses to suit beginners

and those wishing to update STAMP BUG

Autonomous roving insect using the BASIC Stamp

their knowledge and practical skills as its "brain”. Approx 300mm overall length.
#  Courses are delivered iR o -
as self-contained kits
5 No travelling or college attendance f\ : /I
Learning is at your own pace \ T
¥ Courses may have r/
BTEC Certification and Tutoring LYNX ARM

5 Axis robot arm kit; approx size 300mm.
Control from any serial comms port or Stamp.

For informat[on contact: Includes software to run from PC, KITS FROM £85,00
NCT Enterprises

Barnfield Technology Centre
Enterprise Way, Luton LU3 4BU
Telephone 01582 569757 + Fax 01582 492928
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Timing In

Electronics

Part 1: The basics - and the workhorse ics

Proper choice of components can make RC timing circuits more accurate than you
might expect, as Owen Bishop describes

he concept of time is deeply built into our
everyday life, even in such casual phrases as
‘Good morningl’, 'Hurry up!' and ‘Have a nice
dayl’. All imply the passage of time. Yet the
more we probe into the nature of time, the
more difficult it is to understand. Does it always run from
past to future, or can it sometimes run backward? Does it
march relentlessly at a constant rate, or does it pass faster
for some people or in some places? But when we emerge,
perplexed, from our thoughts on the theories of time and
wonder how long it is till tea-time, we have only to glance
at the clock to know the answer. Practical time, to us, is
real timet

However, this mysterious aspect of the universe can at
least be measured locally with a wide range of techniques,
some of them of astonishingly high precision. The Earth
orbits the Sun, the Moon orbits the Earth and the Earth
spins on its axis. These natural physical processes give us
our fundamentat units of time, the year, the month and the
day. Primitive societies do not need any others. With the
increasing pressures of agriculture and civilisation, we
added hours, minutes and seconds to our timing, and
many kinds of instrument to measure them. Some, like the
sundial, rely on the spinning of Earth. Others rely on the
reasonable constancy of processes such as sand running
through a hole, water dripping from a vessel, or a candle
burning down. There are sophisticated mechanical devices
based on the regular rhythms present in certain physical
laws, of which the pendulum and the balance wheel are
the two main examples. These are precise enough for
almost all everyday timing.

In many fields, electronic clocks have largely replaced
mechanical cnes. Some of these rely on eiectrical
processes, such as the charging of a capacitor. Some are
using electronics only to interface the timing display to a
non-electronic process. In a quartz crystal clock, for
example, the electronics link the timekeeping circuits to
the mechanical vibrations of the crystal lattice. In a
caesium atomic clock, electronics are used to probe into
the natural time-dependent behaviour of the caesium
atom. This will be a practical series, and atomic clocks are
a bit toc difficult to build at home, so | will direct my
attention malnly to charging capacitors and to crystal-
based osclllators.

-

i + R VR
Vv
Cs Ve
<9 c
| Figure 1: charging Ve
a capacitor from a
constant voltage

The RC network

In figure 1, current from a constant voltage source Vs is
flowing through a resistor of resistance R, and charging a
capacitor of capacitance C. At any instant the voltage
across the capacitor plus that across the resistor is equal
to Vs. At time zero, the capacitor is uncharged, so that Ve
= 0. The voltage Va across the resistor is therefore equal to
Vs. Current passes through the resistor and, according to
Ohm’s Law, | = V&/R.

The current begins to charge the capacitor. Over a
period of t seconds, the charge in Q coulombs carried by
a current of IA is given by Q=It. From this we can
determine the voltage across the capacitor, which is given
by Ve = Q/C. All of these equations depend directly on the
definitions of the ohm, the coulomb and the farad. Note
that if | varies, so do Q and Ve. As current begins to flow
into the capacitor, charge builds up and Vc starts to
increase. Because of this, VR starts to decrease, since Vr
= Vs -Ve. We should therefore re-write the Ohm’s law
equation as:

| = (Vs -Ve)/R.

Now we can see what is happening. To begin with, Vo= 0
and | has its maximum value, depending on the value of Vs
and R. But as socn as charge begins to build up across
the capacitor, the voltage across the resistor is reduced to
Vs - Vg, and there is a corresponding reduction in |.

As | becomes smaller, so the amount of charge carried
per second is smailler, and the rate of increase in Ve is
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Figure 2: the way in which current through the resistor and
the voltage across the capacitor vary with time

smaller. Vecontinues to rise but at an ever-decreasing rate.
Figure 2 shows the way in which | and Ve change in time.
Current begins at a maximum and falls at an ever-
decreasing rate toward zero. The voltage across the
capacitor begins at zero and rises at an ever-decreasing -
rate toward the source voltage. The curves are exponential
and therefore somewhat complicated to describe, but a
heipful concept is that of time constant. It can be shown
that the voltage reaches 63 percent of the source voltage
after a period of time t, the time constant of the circuit,
and that t = RC. So the time constant is directly
proportional to both the resistance and the capacitance,
and to nothing else.

It is not passible to say how long it takes to charge the
capacitor to the full source voltage. In theory, it never
charges completely, such is the nature of an exponentia!
curve. There may be practical reasons too, for most
capacitors have a certain amount of leakage and
eventually the charging current just equals the leakage
current, and no more charge Is stored. As a rule of thumb,
we can take It that the capagitor is fully charged (actually
just over 99 percent) after 5 fime constants.

Practical resistors

Since the time taken to charge a capacitor depends on
the value of the resistor, any critical timing circuit based on
capacitor charging required precise and stable resistors. A
5 percent tolerance reststor gives a timing error up to §
percent, which may be acceptable in an egg-timer but not
in a digital clock. For most circuits, we use 2 percent or 1
percent tolerance metal film resistors, with tempcos
{temperature coefficients) in the range +/-50 to +/-200
parts per million per degree Celsius. For more critical
circuits, metal film resistors with 0.1 percent tolerance are
obtainable with a tempco of only +/-15 ppm/degrees C.
For the maost precise work (but see next paragraph), there
are wirewound 0.1 percent precision resistors with a
tempco as low as +/-3 ppm/degrees C at temperatures
around room temperature. For the really precise circuits
such as digital clocks we abandon the RC network In
favour of the crystal oscillator.

Practical capacitors

The time constant of a circuit is no maore precise than the
least precise of the components. There is no point in using
a high-precision resistor in conjunction with a low-

Vg=2-18Vo

1,

7555

i

Figure 3: a monostable circuit based on a 7555 timer

L 2
TRIGGER®— | t=1.1RC
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precision capacitor. Unfortunately the precision of readily
available capacitors does not match that of resistors. The
only really precise capacitors are polystyrene foil with a
tolerance of 1 percent and a tempco of -125 +/-60
ppm/degrees C. The next most precise are multilayer
ceramic capacitors type COG or NPO. These have only 2
percent tolerance but their tempco is low, from zero to 30
ppm/degrees C.

So, if you trim the resistor to match the particular
capacitor that you are using, you can obtain a
temperature-stabie time constant. Note that not all
ceramic multitayer types are suitable. The Z5U typs, for
example, has tolerances of -20 percent to +80 percent
and a very high tempco from +22 percent (Yes, percent)
to -56 percent. There is no use for this in a timing circuit.

The problem with the capacitor types described above
is that they are not available in values larger than about
10nF. This keeps time constants short, in the milliseconds
range. If a longer time constant is required, we can use
polycarbonate capacitors, which range up to 10uF. These
give us time constants of seconds or tens of seconds
duration. They generally have 5 percent tolerance and a
tempco of less 1 percent/degrees C, and much less at
temperatures around room temperature. The relatively
poor tolerance can be circumvented by including a
variable resistor in the network and adjusting this to adjust
the timing. If we need a longer time constant we would
need to use capacitors of 100uF or more. The only way to
obtain capacitance of this order is to employ atuminium

trigger

capacitor

output
3

0
00000

12.000 14.000
time (seconds}

20000 40000 60000 8.0000 10000

Figure 4: changes in voitage levels in figure 3 during one
cycle of operation
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electrolytic capacitors or tantalum capacitors. These
always have very poor tolerance (+/-20 percent is typical).
They also have rather large leakage currents, typically 1uA
to 3uA, which compares badly with the types mentioned
above which have resistances of the order of 10 gigochms
to 1 tera-ohm, making leakage currents at 10V, only
100pA or much less. The capacitance of the aluminium
electrolytic type alters appreciable with age, and also
depends on the voltages they have been subjected to in
use, which means that timing circuits must be readjusted
regularly. In summary, these two types of capacitor are
suitable only for the most inexact of timing circuits. The
cholce remains between polystyrene film, COG/NPQ, and
polycarbonate, of which the latter type is probably the
most generally usefui. Polyester capacitors can sometimes
be used whan low precision and stability is acceptabie.

The 555 timer ic

The deslgn of timing circuits was revolutionised with the
intreduction of the 555 timer ic. Since this versatile ic first
came on the scene in 1972, it has been put to innumerable

applications, many of them only vaguely related to timing. it

is possibly one of the most useful ics ever produced. It
works on the basis of charging and discharging a capacitor
through a resistor, and there are two basic circuits. Figure
3 shows the simplest of these, in which the ic is connected
as a monostable multivibrator, a circuit which produces a
single output pulse of specified length when it is triggered.

One of the difficulties in designing reliable timing circuits
is detecting when the capacitor has charged exactly to a
given level. As figure 2 shows, the rate of increase of
voltage across the capacitor is very slow after 2 time
constants, with more scope for error. it is important to
restrict the timer to the earlier stages of the charging curve
to get a sufficiently precise switching point. The timing
period in the 555 (and the 7555 and other more recent
CMOS-based timer ics) begins with the capacitor
discharged and ends when it is charged to 2/3 the supply
voltage.

Treating the ic as a black box, we need only be
concerned with what connections need to be made to it.
Pins 8 and 1 are connected, respectively, to the positive
and ground supply lines. The positive supply may have any
value between 4.5V and 15V for the original BJT-based 555
timer, or from 2V to 18V for the CMOS-based 7555
version.

Figure 4 shows the input and output voltage levels
during one cycle of operation. This starts when a negative
pulse is applied to the trigger pin (pin 2, upper curve}.
Normally this is held at supply voltage (9V in this example)
and is brought down to below 1/3 of the supply for an
instant. Pin 6, the threshold input, monitors the voitage
across the capacitor, This is plotted as the middle curve in
figure 4, revealing the exponential rise of charge across
the capacitor. The output comes from pin 3 (lower curve).
it 's normally low but rises almost instantly to the supply
voltage when the timer is triggered. When the capacitor
charge reaches 2/3 of the supply (6V in this example) pin
7 rapidly discharges the capacitor to ground. At the same
time output at pin 3 falls aimost Instantly to zero. The time
taken for one cycle is:

—_

t=1.1RC

oPa

i
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Figure 5: cascaded monostables
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where time is in seconds, R is in ohms and C is in farads.
The higher the supply voltage the greater the current
through the resistor, but the higher the shut-off voltage
that is to be reached. These two requirements cancel out
so the timing period is completely independent of supply
voltage, a important feature in battery-powered circuits.

The output can sink or source 200mA in the 555 or
100mA in the 7555, so this ic has effective driving ability.
In general, it is preferable to use the 7555 version because
it requires much less operating current {120uA at 18V)
than the 555 {(10mA at 15V). Because of its higher current
requirement, the 555 is much more likely to cause
transient spikes of the supply line when it changes state. It
is usual to decouple it by wiring a 10uF capacitor across
its supply terminals. The 7555 does not need this.

Pin 5 connects to one of the comparators inside the ic.
A voltage applied here modifies timing but this pin is
seldom used. In the 555 is should be connected to ground
by a 100nF capacitor. In the 7555 is may be left
unconnected. The ic also has a reset pin (4) which Is
normally held high. If a low pulse is applied to this while
the circuit is triggered, it over-rides the timing and brings
the output low instantly. Further triggering at pin 3 whila,
the ©utput is high has no effect on timing.

Monostabies are often used in logic and other circuits
to produce puises of predefined length {usually in the
microsecond or millisecond range) for co-ordinating the
timing in different parts of the circuit.

Cascaded monostables

Muitistage process-timing can be obtained by cascading
several 555 monostables. All that is needed is a capacitor
connecting the output of one stage to the trigger input of
the next (figure 5). As the output of one monostable goes
low the low-going edge produces a downward pulse in the
trigger input of the next stage.
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Figure 6: 4047 monostable
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Figure 7: 4528 monostable

4047 monostable

Although the 555 is the standard work-horse for simple
timing circuits, there are a few other ics that perform a
similar function and have some special features that are
useful in certain applications. A popular example is the
CMOS 4047 ic {figure 6) It has two features that the 555
lacks. One is that it is triggerable by either a positive pulse
or a negative pulse. The figure shows the connections for
a positive pulse applied to pin 8. To use a negative trigger
instead, wire pin 8 directly to the positive supply and apply
the pulse to pin 6. The second special feature is that the ic
has two complementary outputs, deliveting a positive
output pulse from pin 10 and a negative pulse from pin 11.
This ic operates over the range of supply voltage usual for
CMQS, 3-15V. The timed period is 2.48RC.

4528 monostable
The 4528 ic (which has replaced the 4098) contains two
identical monostables. In figure 7 the pin numbers in
brackets are for the second of these. The timed period is
1 time constant, t = RC. The Clear input (pin 3/13},
normally held high, resets the timer when pulsed low, and
timing can not begin until the Clear input is
made high again. The ic has positive-edge

Vg=2-18Vo
oy
7555
fe_144

(R, +2Re)C

e UUUL

\—T—O OQUTPUT

oo
Figure 8: an astable circuit based on a 7555 timer

from 10 kilohms to 10 megohms) so that the capacitor,
and hence the start-up delay s as small as possible.

555 astable

By connecting the trigger input of the 555 to its output,
we make the ic trigger itself at the end of every pulse. This
makes it produce a continuous series of pulses instead of
only one pulse. There are two timing resistors in the
astable circuit (figure 8). The charging current flows
through R, and Rg in series, charging the capacitor from
1/3 of Vg to 2/3 of V. The length of the high output is
given by tH = 0.69(R, + Rg)C. At the end of the high
period, the capacitor is discharged through RB only, and
output is low. This is not instantaneous discharge as in
the monostable and the period of discharge is tL =
0.69RgC. Combining these two equations we obtain an
equation for the frequency of the astable:

f=1.44/(Rs + 2Rg)C

The equations show that the ON time is necessarily longer
than the OFF time. In other words, the mark-space ratio is
greater than 1. There are ways to produce a ratio less than
1, which we shall discuss in the next part of this series.

A practical astable
This modute generates a square-wave signal of a fixed
frequency, and mark-space ratio depending on the choice

and negaive-edge triggering. Use pin 5
(11} for negative-edge triggering and wire
pin 4 (12) to OV. Other special features of
this monostable are complementary
outputs and the fact that the monostable WV
is retriggerable. That is to say, if it is
triggered again after the first triggering, the
ON period is timed from the most recent
triggering. One feature, that could be a
disadvantage under some circumstances,
is that the capacitor is discharged at the
beginning of the cycle, before charging ov
starts. This means that there is a delay of
perhaps several milliseconds {depending
on capacitor size) before timing begins. |If
there is a choice of capacitor and resistor
values, it is preferable to use as large a
resistor as possible {it can take resistors

o A0
§ r_ ADJUST
FREQUENCY

- Figure 9: stripboard layout for the astable module. See A practical astable in
‘the text for component values
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equation requires that Ry + 2Rg =
2.1MR (just over). For a capacltor of this
size the best choice is polycarbonate
(figure 9). To bring the mark-space
ratio close to 1, Ry should be small, say
1k. This leaves Ry at about 1.06M. The
precision of the capacitor is +/-5
percent, s0 RB may need to range
between 1.01M and 1.111M. Use a 1M
fixed resistor (metal film} and 100k
preset.

This does not quite cover the
required range but it uses easily
obtainable standard types and, if you
find you can not adjust the timing, try a
different 1M resistor. We used a 6-turns
preset to allow the timing to be set
more easily.

The stripboard layout for the astable module

of resistor and capacitor vaiues. For the example, we have
picked a frequency of about 1Hz, so that it cant58 used
for flashing an LED. or a low-voltage filament lamp, or for
puising a solid-state buzzer. As an LED flasher, it is an
accurate timer for counting seconds, or it can serve as a
thief-confuser if disguised as an element in a simulated
home or car security device. It could also drive a relay
which could then be used to switch other etectricat
devices on and off at regular intervals.

To obtain a frequency around 1Hz we expect to use a
capacitor of about 680nF. Given this capacitor, the

If the astable is intended to drive an

LED, a series resistor is required. Given
that the supply voitage is 9V, and the LED is to take about
10mA, the reguired value is {9-2)/0.01 = 700R. A standard
680 resistor is suitable. The astable can directly drive a 9V
filament lamp, a solid-state buzzer, or a relay rated to
operate on 9V. If lamps or relays of other operating
voltages are to be driven, the circuit can be powered by
any voltage in the range 2V to 18V.

This module is simple to construct and is the basis for
other more elaborate circuits that will be described along
with other astable devices in subsequent parts of this
series.

o,

PIC & AVR Microcontroller Programmers
PIC Original - 16C5X, 16C55X,16C6X, 16CTx, 16x8x. Price : £40/kit £50
buift & tested.
PIC Serial - Handles newer PIC devices in a 40 pin multi-width ZIF sacket.
16C55X, 16C6X, 16CTX, 16C8x, 16F8X, 12C508, 12C509, PIC 14000, Also
In-Circult programming. Price : £40/dt, or £50 buift & tested.
PIC Introductory - Programs 8 & 18 pin devices : 16CS5X, 16C61, 16C62X,
16C71, 16C71X, 16CBX, 16F8X, 12C508, and 12C508. Price £22/kit.
AVR - Programs all current DIP devices in a 40 pin ZIF, Price : £40/kit £50
buitt & tested.

| Note : All our programmers operate on a PC, using a standard RS232 serial
| nterface (COM1, 2, 3, or 4). No hard to handle parallel cable swapping !

All programmers are supplied with instructions, Windows 3.1/85/NT
| assembler and programming software for the AVR or PIC.

AVR, PIC, & HC11 Windows Based Development:

Simulator allows assembly and simulation of your AVR, PIC or HC11 projects
in one Windows program. Incorporate multiple files, view help file information
directly from the code, edit within project, build and track errors directly in the
source, then simulate. Simulator allows 3 breakpaint types, follow code in the
source window, set breakpoints directly In code. Run programs, or single
step, or step over subroutines. Track variable vaiues and trace for display on
the Trace Analyser. Input stimuli include clocks, direct values and
asynchronous serial data. Profile your program - examine frequently called
routines which are timed and use the information o optimise out bottle necks.
PIC Version Simulates up to 50 times faster than MPSIM |

32 bit verslon allows full use of W'95/NT4.0 facilities & long filenames.

Cost £30.00, or £25.00 for existing and new purchasers of any of our
programmers. Please specify Windows 3.1, or Windows '96 (32 biy)
and either AVR, PIC, or HC11 version
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PIC BASIC
FED's PIC BASIC products - straightforward, capable, powerfil,
rapid development

Operating in a Windows Development Environment our modules need no
assembler or UV eraser to program your PIC's, and operate from a serial
link to your PC. The 16C74 module features - 8k EEPROM, up to 2000
lines of BASIC, 27 lines of programmabie /0, 8 A/D Inputs, Interrupt driven
serial RS232 interface, Peripheral I°C bus interface, LCD display driver
routines, up to 178 bytes for variables and stack, extendlble with optional
external RAM and all the standard 16C74 features, Ask about the 16C57
version.

Compiler - The FED PIC BASIC compller for the 16C74. 1t produces hex
code to program your 16C74 directly with no need for external EEPROM.
Compatible with the EEPROM versions of PIC 16C74 BASIC modules -
develop on an EEPROM based module then compile and program your PIC
chips directly.

46C57 Module Kit (8k EEPROM, 4MHZz) £25,00, Pre-bullt £30.80

16C57 Module Kit (8k EEPROM, 10MHz) £31.00, Pre-bullt £37.00

16C74 Module Kit (8k EEPROM, 4MHz) £35.00, Pre-bullt £42,00

46C74 Modula Kit (8k EEPROM, 20MHz) £40.00, Pra-bullt £46.00

16C84 chip programmed with BASIC - £25.00

Compiler - £60.00, or £50.00 when ordered with a module

AVR, PIC and HC11 devices

PIC18CT74/JW Erasable 20MHz £24,00 PIC16C558 4MHz £500
PIC16C74-04POTP 4AMHz £8.00 PIC16C74-20°F OTP 20MHz £11.00
PIC16C57-04POTP 4vMHz  £500 PICI6CS7-10P OTP  10MHz £6.00
PIC16CB4-04P 4MHz £6.00  PICI16C84-10P 10MHz £8.00
PIC16F84-04P 4MHz £6.00 PIC12C508-04P OTP 4MH2 £2.20
PIC14000-04P OTP 4MHz £10.00  PIC14000/JW Erasable £23,00
PIC12C508-04P OTP  AMHz £270 AVR AT90SB515 BMHz £12.00
AVR AT9052313 12MHz £8.00

Forest Electronic Developments
15 Springfield Buildings, Chippenham,

Wilts, SN15 1LS.  httpierww lakewood. win-uk.net/fed htm
01249-658348 (Voice/Fax)

Prices are inclusive, please add £3.0{} for P&P
and handling to each order.

Cheques/POs payable to Forest Electronic
Developments, ot phone with credit card
details. Serial Cables - £7.50.
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Thomas Edison’s

1885

Train

Telegraph System

Long before radio communication with moving trains was attempted, Edison made
a system in the USA which appears to have coupled telegraph (Morse code) signals
to Toving trains by means of capacitance. George Pickworth investigates.

homas Edison’s 1885 train telegraph provided the
world's first commercial two-way telegraphy service
to passengers on moving trains; they were able to
receive or send messages to virtually anywhere in
the world connected by a telegraph fine or cable.

Although Edison’s train telegraph was patented in England
on June 22nd 1885 in the jolint names of T A Edisonand R T
Gilliland, and evolved from systems developed in this country, |
have no record of it belng employed here; indeed, it seems
that its use was confined to the USA presumably because
distances and journey times there were much longer than in
the UK.

Edison’s system was first tried on Staten Island Railway in
1886 and after proving successful was installed on the
Chicago, Milwaukee and St. Paul line, a length in the order of
425 km. In 1887 it was installed on the Lehigh Valley Railroad
which was linked to Jersey City via Easton.

In 1887 about 230 members of the American Electric Club
were invited by the Consolidated Railway Telegraph Company
to witness the working of Edison’s train telegraph on the Jersey
City to Easton section. The Lehigh River valley lay some
distance west of Easton.

According to contemporary writer J J Fahie, about 400
messages were sent from and received on the train without
difficulty during the 200km journey even though the train was
often moving at 80km/h. A long message was also sent to a
carrespondent in London. The train telegraph service gained
much publicity during the winter of 1887 when a severe
snowstomn stranded trains in Lehigh Vailey. Fortunately, the
guards were able to report the exact position of snowed-up
trains, expediting the rescue parties. Moreover, stranded

TEANGMSSION LINE

passengers were able to keep in touch with the outside world,
which must have been a considerable comfort to them under
the circumstances.

But remarkably, shortly after the Lehigh Valley snowstorm,
the train telegraphy rapidly fell into disuse. This was simply
because nobody wanted to use the service. Business travelers
in particular did not want messages from their office disturbing
their card games, which seem to have been the great
attraction of rail travel in those days! It took aimost a century
for communication with passengers moving trains to come into
common use and this was thanks - or no thanks, if you are not
an enthusiast - to mobile phones. And some people are
petitioning to ban or restrict the use of mobile phores on
passenger trains today!

Evolution

Edison’s train telegraph evoived from earlier British
experimental systems intended to complement trackside
semaphore signals by providing a direct electric telegraph link
to the train driver. The earliest system is attributed to W F
Cooke, who in 1844 installed his system on the Great Eastern
Railway linking Norwich and Yarmouth.

Cooke's system employed an overhead cable and a sliding
contact attached to the roof of the rail cars. The raif track
completed the circuit. Unfortunately, the siiding contacts were
not only mechanically troublesome but generated sc much
electrical noise that they swamped the signals.
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Figure 1: the location of the metal strips and the transmission line

Figure 2; coupling office telegraph equipment to the transmission line
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In 1885, A C Brown of the Eastern Telegraph Company
replaced the sliding contacts with an electromagnetic induction
fink employing a track side transmission wire and cumbersome
pick-up coil wrapped around the engine. As far as actual
signaling was concerned, Brown's system seems to have been
successful, but the coil presented insuperable practical
problems and the system was abandoned. Remarkably, since
then British train drivers have relied almost entirely on trackside
semaphore signals and coloured lights.

Brown's system would probably have had a better chance
of success had the coil been wrapped around one of the
coaches, but presumably this approach was rejected because
of problems with tinking the coil 1o the telegraph eguipment
installed in the cab of the engine.

Passenger service

Unlike Brown's system, Edison’s system was designed to
extend the landline telegraph service to rall passengers, so it
was logical to install signaling equipment in the rail cars.
Edison's system employed metal strips attached lengthwise o
the wooden rail cars just below the roof line. However, instead
of the single wire of Brown's system, Edison employed a stack
of four horizontal wires attached to sturdy pests running
alongside the track, and arranged to be directly opposite the
metal strips (see figure 1). In this study, the stack of wires is
referred to as the transmission line. When the train was mobile
the distance between the metal strips and the transmission line
varied between 2.0 tc 8.0m.

The metal strips were attached to both sides of the rail car
and brought into use as required; this avoided having to rotate
the car if the strips happened 1o be on the "wrong side” of the
car. It also proved advantageous to fit metal strips to & number
of rail cars and connect them together.

At felegraph offices, the equipment was connected directly
to the transmission lines via four separate capacitors, that is,
one for each of the four wires making up the transmission line
(see figure 2).

The senders on both trains and at telegraph offices
employed induction coil/interrupters to generate high voltagé
pulses with a repetition rate of about 200Hz; these produced
an audible noise in the telephone earmpiece which was used as
a receiver. Communication between trains and telegraph
offices was by producing long and short bursts of pulses to
represent Morse code characters.
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Figure 3: a schematic of a capacitor coupled circuit. The current
reverses as the capacitor alternately charge and discharges

Induction coils

The induction coil, which generated the electrical pulses, was
fundamental to Edison's train telegraph. So, to help readers
who may be unfamiliar with induction coils and interrupters,
gain a better understanding of the train telegraph system we

will now take a closer look at these devices.

A high voltage pulse with a very fast rise time develops
across the secondary winding each time current through the
primary winding is suddenly interrupted and although there is
generally a weak oscillation, the rising edge of the pulse is
probably of most importance in transferring signal to the
receiver on the train. Peak potential Is determined by the turns
ratio of the primary/secondary windings and the abruptness by
which the primary current is interrupted.

METAL STRIPS ATTACHED TO RAIL CARS

|
¢ SEND/RECEIVE
SWITCH

T

IGNITION
CoiL

ROTARY
INTERRUPTER

|

EARPIECE
MORSE
REGISTER
T0 RAIL CAR CHASSIS

Figure 4: a schematic of send/receive equipment on a train,
based on contemporary diagrams

If interruption was instantaneous (which is Impossible with
ordinary mechanical interrupters) and with no load across the
secondary winding, the peak potential of the pulses would
theoretically rise to infinity. (The load in use is probably best
described as a mismatched transmission fine, long encugh to
have significant loss, and therefore attenuate reflections.)

Indeed, even with ordinary contact breakers, and more
especially with electronic interrupters, spark type induction
coils should not be operated without a load otherwise the coil's
insulation may break down.

Load

The load can be resistive or capacitive; let us now look at the
effect of a capacitive load. If a high voltage capacitor is
connected across the coil's secondary winding, each pulse
charges the capacitor to & certain value in Joules. The actual
value of the charge is determined by the amplitude and
duration of the pulse. However, after sach pulse, the capacitor
discharges back through the coil.

Provided that the capacitor has a significant value, the
potential across the capacitor is much lower than the cpen
circuit potential across the coil's secondary winding. Indeed,
the potential across the capacitor varies in inverse ratio to its
value, but the amount of stored energy remains the same.

However,-because of the short duration of the pulse,
typically 1.0msec, the amount of energy that can be stored in
the capacitor during each pulse is limited.
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Capacity coupled?

At first sight it would seem that coupling between the metal
strips on the rail cars and the transmission line was by
capacitance, that is, the metal strips formed one plate of a
capacitor and the transmission line the other plate (see figure
3). Indeed, as we have seen this was the case at telegraph
offices.

However, the low capacitance value presented by the metal
strips and transmission line makes capacitive coupling
questionable. It appears to be too low for sufficient current to
flow in the circuit to produce an audible sound in the earpiece.
However, only a small transfer of energy to the receiver is
needed to give an audible response, and atthough the
capacitance is low, the voltage in use was probably very high.
With sufficiently high voltage, a low value of capacitance will
still suffice to transfer a useful amount of energy.

Nonetheless, because neither train nor office telegraph
equipment had metalic contact with the transmission line, this
could aiso be used for DC land-line telegraphy even when to
train telegraph was in use. Indeed it was generally possible to
modify existing DC telegraph lines thus dramatically reducing
the cost of installation.

| have no information about the range of the senders, but
obviously the pulses only had to travel to the nearest telegraph
office from where signals would be relayed along a land line.

Operation

When sending messages from a train, one terminal of the
induction coil's secondary winding was connected via the
send/receive gwitch to the metal strips whilst the other
connected with the rait car's chassis and utimately via its
whesels to the rail track, as shown in figure 4, The effect was
that pulses were induced on the transmission line. At a distant
telegraph office, current puises flowed from the transmission
line via the coupling capacitors, through telephone earpiece
and to the rail track, By the sarme token, when a telegraph
office was sending messages, current pulses flowed from the
transmission line to'the metal strips on the rail car, then via the
earpiece to the rail track.

The pulses could also be made to activate a Morse register.
However, the commonly used siphon type Morse inkers could
not tolerate the vibration of the train, so Edison developed his
own register; this was essentially a stylus attached to an
earpiece type of diaphragm. Pulses caused the stylus to
oscillate laterally along a rotating metal cylinder covered with
chaik dust thereby causing the trace to indicate Morse signals.
Shades of Edison’s phonograph!

DC Telegraph line

Diagrams show the land line telegraph system using wires
running alongside the railway to be DC single wire system with
earth return (see figure §). The wires extended the whole length
of each specffic rail track, for example the St. Pauls to Millwauke
section, and were earthed only at the ends.

Relays, which activated Morse sounders or registers, were
inserted in series with the line at intermediate telegraph offices.
The line was constantly energised by celis inserted in series at
varicus points along its length, typically at telegraph offices. The
Morse keys were connected so that the contacts were normally
closed.

So, with no keys pressed, a steady current flowed along the

wire, holding all the relays with their contacts in the open position.

But as scon as an operator pressed a Key, current along the wire
was interrupted and relays at all offices on that particular line

changed to the closed position, energising the Morse sounder.
So, somewhat paradoxically, signaling was by breaking contact
instead of making contact.
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Figure 5: a schematic of a DC railway telegraph station. The three
unused wires could be used for other land tine telegraph services

The remaining three wires, which collectively made up the
transmission line for train telegraph signals, were presumably
used for communication with different telegraph offices.

Bypass capacitors

While the relay coils presented a relatively low resistance to DC
signals, they presented an aimost infinite impedance to the
train telegraph pulses riding on the DC along the line. So, a
pathway for the pulses was provided by connecting capacitors
across the relay’s terminals.

However, as { have already mentioned, | can see no reason
why train signal pulses should need to extend past the first
telegraph office where | wouid have assumed that signals
would have been read and relayed along the DC land line
{figure 6). One might think that using the inductance of the
relays to confine communication pulses to one section would
enhance the utility of the system. However, a relay normally
uses a magnetic core which is not optimised for low loss at
high frequencies. It is likety that, at the frequencies in use, a
relay would have acted more like a resistiveload than an
inductor. This may be the reason why the relay coils were
decoupled with capacitors, so that no high frequency energy
would pass through the relays themselves.
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Figure 6: a schematic diagram showing trains and telegraph offices

Capacitance coupling

It is almost certain that Edison’s system was a capacitance-
coupled; though this cannot be proved without experiment or
extensive mathematics. This can be simulated by inserting a
telephone earpiece is in series with an induction coil and
capacitor (see figure 3 above). Charging pulses cause a “click”
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to be heard in the earpiece, and then a second “click” is heard
as the capacitor discharges through the induction coil. Pulses
In rapid succession produce a continuous noise in the
earpiece.

Ediscn employed a rotary Interrupter which was essentially
a brush pressing against a wheel with lateral slots filed with
insulating material. The wheel was driven by a small electric
motor thereby interrupting the cument about 200 times/sec.
With this arrangement the breaks were far from being “clean”.

The magnitude of the sound produced by the earpiece is
directly proportional to charging current; this is determined by
the potential of the pulse, impedance of the earpiece and the
value of the capacitor in Farads.

Obviously, there has to be a minimum product of voltage
and capacitance if enough energy is to be coupled to result in
an audible response in the earphcne.

Nonetheless, bearing in mind the short duration of the
charging pulse it is still hard to understand, intuitively, how
sufficient current would flow through the circuit to give an
audible scund in the earpiece. So, let us iook for a possible
alternative operating system.

Electric and magnetic fields

A conductor carrying alternating current or pulsed DC
generates changing electric and magnetic fields which extend
into the environment. The electric field extends radially while
the magnetic field is circular (figure 8).

The magnetic field causes voltages in parallel conductors,
and, if the illustrations of the connection scheme are not
accurate, and the earphone was connected in series with a
long line of strips, then coupling could have been magnetic in
nature. However, this is highly speculative.

METAL FOU ATTACHED
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Figure 7: Edison’s demonstration to promote his train telegraph
system. At first sight, the two elements would seem to be
coupled by capacitance as in figure 3

Demonstration

During a publicity demonstration with a mock-up simulating a
metal strip along a single rail car together with a similar length
of transmission line, Edison beasted that he could make
electricity “jJump” over a distance of 10m separating the two
slements (figure 7).

However, while the four stacked wires of the transmission
line had the same overall width as the metai strips, their
effective surface area was very small, so the actual
capacitance must have been very low even though Edison
connected the strips of a number of rail cars in series giving a
total length possibly in the order of 100m.
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Figure 9: a speculation: pulses propagating along a line of
apparently infinite length. The travelling pulses would induce
current in the metal strips.
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Figure 8: possible coupling between transmission line and metal
strips by magnetic fields

Travelling pulses?

it may also be significant that by fitting bypass capacitors
across the DC telegraph relays, the effective length of the
transmission line, in as far as pulses were concerned,
extended to hundreds of kilometers, for example, the length of
the Milwaukee to St. Paul railway section,

Moreover, the long effective length of the transmission line
and the fact that the fairly high resistance of the galvanised iron
wire used for the conductors would have dissipated energy,
may welt have caused senders to see the transmission line as
having infinite length. Train telegraph pulses could therefore

‘have propagated along the transmission line and thereby

induced currents on the metal strips as they passed by
(figure 9)

The problem is to apply the traveling pulsés concept to
Edison’s demonstration (see figure 7 above} where the
transmission line seems to be open ended and of relatively
short length!

This idea is quite speculative and | have not been able to
test it, but | think it is a good idea to keep the door open on
the unexplained. So far, 50Hz pollution has frustrated attempts
to conduct experiments with my reproduction of Edison’s
demonstration. Nonetheless, | hope to repeat these
experiments in the future in a place where electromagnetic
pollution Is minimal. | know of just such a place - in far away
New Zealand!

Reference: JJ Fahie A History of Wireless Telegraphy 1901
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ETI can supply printed circuit boards for most of our current projects - see the list

{Due to price breaks there ls @ small discount on this tem.)

below for poards avallable. For recent boards not listed, check the constructional The 1Q Tester (previously E/897/2 E/1097/7 o
article for an alternative supplier.
Please use this order torm ot a copy of it. Check that all relevant intormation is ETi Issue 9 1997
filled in, including the Unit Order Code, and that you have signed the form if sending Eprom E/997/1 £16.49
8 credit card number. Overseas customers please add postage appropriate to the The Pg ' Sup £/997/2 £5.00
number of units you are ordering. Make cheques/POs/money orders, in £ sterling ronio Door Chi E/997/3 £5.00
only, payable to Nexus Special interest Limited. Please allow 28 days lor delivery. » g1m1 Power Supply E/997/4 £10.11
Access/Visa orders may be made on 01442 266551 {ask for Readers Services).
Only boards listed here are available from our PCB Service. For past issues of ETI Issue 8 1997
magazines, copy articles or binders, please see the admin panel (page 74} or contact | m Tester E/897/1 £5.00
Readers Services {see below) for information. 0C Motors (3 experimental BBards)
OC Motors: The first Control E/897/3 £5.09
Name and issue of project OC Motors: The 4 ircuit E/897/4 £5.09
DC Motors: Tha Chystal Drive uit E/897/5 £5.09
ETlissue 6 1998 All throe otors boards E/897/3/4/6 £11.50
PIC Development Board S,
Signai Generator : - X 7T issve 7 1997
Headlight Delay Unit Eprommer; main board (doubla E797H £13.32
6-tmtervat Ga Eprommer: PSU board E797/2 £5.64
Eprommer: personality modul
{doubie sided): E797/3
"\ Any DNE mod £5.09; two moduies: £7.90; three modules: £11.85;

UHF Transmitter =/588 four module 5.80: five modules: £19.75; Alksix modules: £23.70

* 5e gpecttySich Eprom mccd dos you req L16. 2732, 2764, 27128,
UHF Receiver {F stage y E INCIERE or 273 One ordar oode/overss " bro0 applies ™ g selection or all six
Fridge Thermo /58 E o icadll i 10 o

' Brom Programmer ) _Ane¥our Light E/T97/4 £5.09
lerval Games Timer 08/! . Peak B J ] E/797/5 £5.0

Guardian Light

ET! issue 4 1398
LED Voltmeter
BB Ranger Control Board

BB Ranger Score Board
Line-Up Oscillator with Glitch
Tic Tac Toe
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Mrunepnmmaduﬂmymismoehea.ﬂmamsam

p that appess in the ETI Fols Pages for the appropriate ssue. P e
- mmwmmtﬂmm%a@g& ol
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g | 1550€ kS, . s, ¢ . in thd ersede prioces and Stock apPea I &y prevous
dium DOp E

| Eiminator
PiC it Dgui pes Tuner
5 Range TCapacitor Meter /3 e
MIDi Drum Pads Y ¥ L g e i f

5
ETLissue 2 1998 | Please supply: , : : 1
Smartcam main board QuantltyL Project : Unit Order Code : Price | Total price |
Smartcam opto-sensor board ; : H i :
Both smartcam boards t I
Switched Mode Internal Power Supply : :1
Auto Cupboard Light | [

1 1
ETl issve | 1998 : ’ 4 i :
Control Centre Desk-Top Unit \ Prices are Inclusive of post and packing in the UK. Overseas Postand |
Control Centre Main Section | Packing {if applicable): Add £1 per unit :

1
El issue 13 1997 ™ ‘
4-Go Rocket Launcher ~ maln board ; Name |
4-Go Rocket Launcher - E/1397/2 f :
Mighty Midget E/1397/3 1 }

] T
ET1 issve 12 1987 | Address i
PC Phonecard Reader: {TT Cannon only ENM29TH £6.22 : :
Minute Minder E/1297/2 £13.98 ] !
Medium Wave Receiver - RF board E/1297/3 £11.76 : """"""" .
Medium Wave Recelver - Tuning board E/1297/4 £€5.09 T R UL 1
Medium Wave Receiver - Audio board E/1297/5 £5.09 ll :
et S A ¢ g S e ! 1 enclose payment of £ w.....wsuiesens - {cheque/PO/money order in€ |
ETi ssue 11 1997 ; Sterling only) to: i
Total Harmonic Distortion Meter E/11971 £13.43 : PCB Service, READERS SERVICES DEPARTMENT, Nexus Special Interests Ltd., |
Alphanumeric Morse Touchkey E/1197/2 £5.09 1| e , Bounciary Way, H J Hempstead, Herts HP2 7ST UK. :
ETI issue 10 1997 ] !
&= = (0000000000000000 |
Fake Flasher E/1097/2 £5.09 : i
DC Motors (Part 2} E/1097/3 £6.77 I f
Valve Tester - Main Board E/1097/4 £214.22 |' STGNAMUIEE s o oty o i o s s i s o h
Valve Tester - Socket Board E/1097/5 £5.09 : l|
Valve Tester - Heater Reguiator E/1097/6 £5.09 . i
All three Valve Tester boards E/1097/4/5(6  £30.30 :L e et i
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Review: Educational Software

Electronics
Principles 5.0

A new version of the popular screen-by-screen interactive educational software
has recently been released, and now includes a PIC menu, as well as maths.

Vin = 200mV
Rin s 1n

din = 200pA

=3 4
|+ A7 Vinus Ennh ¢ 0pY

Ly
| Cutrest considered almoct piin.

Vit EAAD = Via - (Fan = lin)
Note Virsal enrt eftectively 1erc voRke

As there is a negligible current flow into the op-anp (high impedance) there will
be na vohage developed across Rop. Note (#) input held st geound patensal
Zero volts drop across Rop' means the (-input) muat alvo be 3 grownd of
wirtual earth. Theretore, any small input custent can only flaw thraugh the
fredhack resistor towar da the low impadance output end.

Figure 1: Op-Amp Theory: Virtual Earth box (bp-Amp menu) with
Theory Notes and Calcuiations boxes open. The boxes can be
moved round the screen without disturbing other parts of the
display. Theses boxes cannot be open at the same time as the
Parameter dialogue boxes, or vice versa

Electronics Principles has been becoming more popular in
its 3.0 and 4.0 versions over the last couple of years. No
EPT Educationat Software have released Electronics
Principles 5.0 at more or less the same price as its
predecessor Electronics Principles 4.0, that is, £59.95 plus
tax and postage (see the end of this review).

The most obvious (and interesting) new addition is a
section on PIC microcontrollers, featuring microcontroller
principles and instruction set simulation based on the PIC
16C84. EPT say that Microchip, makers of the PICs, will
be including Electronics Principles on their recommended
fist of PIC support material, which is good news for
users.

As well as the PIC section, there are now Mathmatics
principles, and a section on microprocessor hardware,
instruction set and addressing modes.

Finding your way around

Electronics Principles is based on a series of pull-down
screens which illustrate the operation of different types of
components in-circuit. There are also starter screen on
some of the basic physics background, and an extensive
menu of maths basics. It is very straightforward to look
things up: the more basic topics are at the left of the menu
bar, working up to more compiex topics on the right, There
is also a complete menu screen which appears when you
open the software. This acts as a master index for all the
menu headings, and the screens that can be opened under
them - something i felt the lack of in the version of EP 3.0
a year ago. Unfortunately, although it lists all the sub-menu
headings and screens, it still does not list the pull-down
menu headings. There is no Search facility, so you must
continue to rely to some extent on memory and instinct to
guide you to a particular screen.

The index also acts as a quick-opener menu, with a
single click of the mouse button. The catch is that if you
want to move down the menu using the mouse, you
quickly find that you have opened the nearest screen
instead, Double-clicking would have been useful here. You
can however move very quickly up and down the menu

Vin = 200mY
Rin = 1k
Iin > 200uA

it cansidercd almost zetn.

Virval Earth = Vie - (Rin = lin)

How Virtgal garth cfeddrvely 7erd voits

Figure 2: the Op-Amp Theory: Virtual Earth box with a Parameters
dialogue box open. The “Formatted Value" box ensures that the
figure you enter is converted into the right units for the box. it can
indicate if you enter an unacceptabie figure - but not necessarity
explain it
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using the sliding bar - although you may not be able to
access this if you already have a screen open. In switching
back to the master index, you must click the cursor either
on the top bar of the index screen or on part of the frame.
If you try clicking inside the index screen (as you can with
most Windows software), instead of finding that you have
brought the index to the front, presto! you may find that
you have opened yet another topic screen, whether you
wanted to or not. However, only three topic screens can be
opened at once from the master index (after this, you can
move up and down without “triggering” extra screens,
although each click will put you back into the last screen in
use).

Further screens can be opened from the puli-down
menu bar, and they cascade neatly, So-that you can see at
a glance what is open. When the cascadirg has filled the
whole display, any new screens that are opened will start
again from the top, forming a new layer. It is unlikely that
anyone would want to do this, as the lower layer quickly
becomes inaccessible under the new one. But by now
there are more than enough different screens open at for
people who like to jump from screen to screen. The new
V5.0 contains 560 screens under more than 100 screen
headings, so you will not be short of choice.

For movement within menus, each screen under a given
sub-menu has its own pull-down menu incorporated. This
will move you to any other screen under that sub-menu -
replacing the screen you are already in quickly and neatly.
That is useful, as you can fiip topics quickly without filling
up the monitor screen.

Some of the screens, particularly the early ones, are simple
drawings of physical principles, accompanied by notes.
Most of the screens, however, are interactive and will
display the results of changing component values and other
‘paramenters’ in simple circuits. The user enters the new
values into the Parameters dialogue boxes, and the values
displayed on the circuit diagram and any equatlons on
show will be updated accordingly. Many of the screens
have separate Calculations boxes where different or more
extensive equations are shown. These can be called up
separately; in fact, they must be, as Electronics Frinciples
is arranged so that Calculations and Topic Notes boxes do
not remain open while the Parameters dialogue boxes are

in use (figures 1 and 2).

Take, for instance, the “DC CURRENT: Kirchhoff's
Current Law” screen (figure 3) under the DC menu. The
voltage, and the values of six different resistors, can all be
altered, and the changed values are displayed both on the
circuit diagram and on a table of values alongside, with
totals. The cumulative Current {I) values at each node are
displayed in the Calculations box (which you must open
separately, and does not remain open as the changes take
place). | believe the voltage (V) value is also intended to be
interactive (there is a dialogue box) but it firmly refuses to
accept an altered value on my software.

The menu at the bottom right of the screen enables the
user to move quickly between the Current Divider, Further
Current Divider, Kirchhoff's Current Law and Further
Current Law screens.

In the POWER SUPPLY: Half Wave Rectifier screen
entering an inappropriate value in any of the Parameters
boxes raises the message "Result error - The calculated
ripple voltage is greater than the available voltage across
the load. Increase the value of C1." In Electronics Principies
0.3 the user was often left to work out why the program
was not responding after entering an unsuitable component
value, so this is an improvement. If you are unsure where
your error is, you can reset the screen back to the original
set of values, by closing the screen and re-opening it. On
this screen, the ripple voltage diagram changes, as well as
the component values, giving a graphic illustration of the
waveform.

| would have llked to see the power supply section take
into account the effects of the transformer and leakage
reactance. The simplified approach is probably suitable for
schools but not so helpful for further education. Similarly,
no input resistance is included in the full wave rectifier
situation. The half wave power supply example
corresponds with the system sometimes used to power
small mains powered devices which need little current, are
completely insulated from the user, and must be low cost. |
could not get the values that | would expect to use in this
kind of design to line up with the results given by the
screen calculations. It is important to note that theoretical
examples, while they are usefu! for demonstrating how the
equations work, are not necessarily an indication of how a
specific class of circuit will behave.

Throughout the program, it is necessary to work through
the screens sequentially, and make your own notes. There
is no help in deciding what values are appropriate and what
are not - you must build up awareness of the necessary
calculations from earlier in the course.

Under the Micro menu, the Topic Notes for each screen
explain briefly what the current instruction does, and the
screen will run a simulation of the processes inside a
microprocessor when values are entered and the comrect
keys operated. Explanation of the practical functions of the
instructions are left to the course teacher. ]
The screen INSTRUCTION SET 1: ORA Inclusive OR
with Accumulator, under the Micro menu (figure 4), is one
of the screens illustrating variations on the operation code
working on different registers. You can select which
variation to show, then enter the RAM contents and the
address to use. When it is ail set up, operate the CRA
button to simulate the command. The Topic Notes follow
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on sequentially from the first screen under Instruction Set
1: LDA {Load the Accumulator) through the subsequent
screens, so that gradually a picture of the data movements
is built up.

New to Electronics Princples are the Maths section and
the section on PICs. The PIC section, courtesy of
Microchip Technology, extends step by step over five
menus and 60 screens, mainly covering the 16C84, and is
a clear indication of the importance of microprocesscrs in
even basic electronics today.

The PIC screens make free use of ancther of the
program's features, extra information boxes that ocpen
when you click on the part of the screen concerned. In the
screen PIC16C71 ANALOGUE TO DIGITAL: A/D
Conversion Block Diagram (figure 5), clicking on the
ADRES Register box, or any of the ADCON Register boxes,
and various other screen locations, opens a text box
explaining that specific tocation. This is flagged on this
screen by the legend “Click box/register top left for
details”, but it is worth clicking around the screen, as there
is more extra information than you might guess. Indeed, it's
quite easy to get spoiled by this feature and click around
hoping for even more. You never know what you might find.

It is not difficult to feel under-informed in places. To give
a very small example, in the second screen under PIC
16C84 HARDWARE, Program Memory Map and Stack, the
term PC is introduced, but it is left to screen number six for
the Topic Notes to explain that this refers to the Program
Counter. Users with some familiarity with the subject may
have already deduced this from its inclusion in the mass of
materlal iflustrated in screen one (the PIC16C84 block
diagram) but as the notes are brief, much sifting bf thi$
kind has to be done as the student goes along. On'the one
hand, it certain makes the student think things through. On
the other hand, it may act as a barrier for students whose
personal memory stacks overflow easily.

The Maths section has been brought into Electronics
Principles from EPT's original package Mathematics
Principles, which was marketed as a separate program at
around £50. The Topics run from Simple Numbers: Adding
Positive Values up to Complex Numbers: Rectangular
Subtraction.
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Figure 5: the PIC16C71 Analogue to Digital: A/D Conversion Block
Diagram box, with a click box relating to ADCSO0 open

Figure 4: the INSTRUCTION SET 1: ORA inclusive. OR with
Accumulator screen, under the Micro menu

Make your own nhotes

Even without a course teacher, armed with a notebook and
pencil to jot down the results of your experiments and
anything you want to refer to later, and a lot of
concentratlon (many of the screens are packed with detail
and change only small details), you can absorb a good deal
from Electronics Principles. It would be even easier to use if
value changes could be keyed directly into the table of
values on each screen, instead of via individual, separately-
opened dlalogue boxes. The removal of the Topic Notes
boxes when the interactive screens are in use can be
vexing, but it is possible to print the contents of any box to
a wordprocessor by using the Print button on each screen.
Window users note: the Print button copies the contents of
the last box opened {including Topic Notes and
Calculations boxes} to the Clipboard (or off-screen storage
area, for those new to computing jargon}, from where the
Ctrl-V or Shift-Insert command will insert it into any
document that Is open when you use the command. In this
way, you can build up your own notebook, which you can
then edit and add to.

This aspect of the program is recommended to course
teachers, with the reminder that use for classes requires
the Muiti-User Site Licence, costing £470 (inclusive of VAT).
This is good value for a licence that allows a unlimited
number of users on one site, for a program which for the
single user costs £119.97 (inclusive of VAT and carriage) in
the UK and other EU countries, and £103.45 (inclusive of
carriage) outside the EU. (Prices as at April 1998.)

Backup
Teaching yourself through software is a lonely business if
there is no-one to turn to for extra explanation or help. EPT
recommend accompanying the course with a basic
electronics book, and can supply A Complete Electronics
Course by Alan Winstanley and Keith Dye for £3.95 (add
£1.50 for UK postage). Teachers will find Electronics
Principles useful for demonstrating circuit principles and
allowing students to run through calculations. The
publishers, EPT Educational Software, are always interested
to hear from users with comments and suggestions, and will
also help with technical queries about the program.
Contact: EPT Educationai Software, Pump House,
Lockram Lane, Witham, Essex UK CM8 2BJ. Tel/fax 01376
514008 email sales@eptsoft.demon.co.uk Web
www.eptsoft.demon.co.uk.

ELECTRONICS TCDAY INTERNATIONAL

61



A UHF MODEL RADIO
CONTROL SYSTEM

Geof Pike GIOGDP describes how to build and test the UHF Radio Control
transmitter and receiver.

In the previous issue, | described the design and

workings of the four transmitter and receiver

boards for the UHF radio control system,

complete with parts list and component layouts.

This month | will complete the construction and
antenna information.

Transmitter construction

From the pcb layouts it can be seen that the encoder is a
single-sided glass fibre board, and the transmitter by virtue of
the uht circuitry needs to be double sided, with the top folil
forming a continuous ground plane.

Both boards were originally made with a Dalo pen and ic
pad transfers, and worked using this method. Areas marked
with a large dot on the transmitter component layout are
upper ground plane connections. Isolated areas are indicated
with a dot *." . These areas were cut into the copper with a
3mm drill just to the depth of the copper - no further! Or it
will weaken the board. Note that R13 and R14 on the IC3
side should have their respective leads made into locps for
the unused channels designated by an x on the clrcuit

diagram. Al holes on the pcb are 1 mm except for L4 and
the cage jack sockets for X1 - see the relevant drawings for
the positions of the Veropins.

The transmitter case

The case can be made either from a sheet of 22¢ aluminium,
or from any commercial plastic or aluminium case that is
150mm x 180mm x 50mm. My set uses an old 27-MHz set
with the electronics removed. See figure 7 for the location of
boards in relation to the stick assemblies and battery pack.
The placing of the RF board depends largely on the case
being used. In my set, the rf board is fitted between the
sticks. The helical filter end is connected directly to the BNC
socket on the case, and the crystal end only requires minimai
support from a couple of stiff wires soldered onto the ground
plane side of the Tx board to the encoder board negative rail,
which runs along its cuter edge. Earth straps were soldered
directly from the top ground plane to the socket mounting
bolts. A commercially available case and sticks can be
obtained from Micron Radio Control , tel 0115 972 3893. In
the case in the parts list, the TX board needs to be mounted
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following pre-set before starting: iL1:
3mm into coil former; VC1: 30
percent meshed; VCc2: 90 percent;
VC3: 35 percent; VC4: 30 percent;

ﬂfNC SOCKET

150mm |

and vc5 (if fitted) 50 percent. VC5
can if desired be removed and
replaced with a 2.2 pf capacitor,
and its long lead can form LB.
Power up without X1 fitted to the
socket. The current drain should be
of the order of 30-40 mA. Check for
equal voltage drop across R35/R36
and for 7V5 after the voltage
regulator. Assuming everything is ok,
you will need a dummy load
connected to the output, or a very

: /ENCODER PCB

== 3]
=

short-leaded 47R resistor. A BNC

ALU. S!-IELF

ethernet terminator would do the
job, preferably a 50R type, but 75R
is ok. Insert the crystal X1, and the
current should rise considerably. if it
does not, adjust L1 until the

i 180mm

The case is left to the constructor to lay out.

Figure 7: the refationships between the transmitter joysticks, transmitter
PCBs and battery compartment in a case. The encoder PCB here sits on
an aluminium shelf, which also forms the top of the battery compartment.

oscillator starts. If the oscillator
refuses to start, then change C20 to
15pf. Once running, peak up the
trimmers VC2-VC5 and observe a
rise in output power either using a
uhf power meter or a diode probe.
See figure 8. Maplin atso sell a

directly under the inside of the case top. This will then lie
parallel to the encoder board, which sits on a shelf of its own
about the battery compartment.

The rear of the board was supported from the encoder
using 18 g sclid wire. The encoder board was fitted to a
dedicated shelf at the bottom of the case, which alsc serves
as a top to the battery compartment, as showrrin-figure 7.

Testing
The encoder board is best linked up and tested separately to
the rf board.

Remember to tie all unused channels to point “x” and
connect the control pots between +7V5 and ground. Power
up and check that RV1 changes the sync pause length and
RV2 the neutral settings. Check for about 4V pk-pk at the
wiper of RV3. Alsc check that the pulse widths are slowed on
both the negative and positive

diode probe.

With everything peaked up, a
final adjustment using the slugs in the helical filter will be
needed. You should have about 350 mW, depending the
battery supply voltage used. The current will have jumped to
about 180-200 mA.

Check for current batance in Q8/Q8 by checking again the
voltage drop across R35/R36. Under no circumstances
operate the rf board without a 50R termination, or Q8/9 will
most likely fail. With a good dfm and R25 temporarily
connected to the 2V test source provided by R37-39 and
D13, adjust L1 for the marked crystal frequency. When you
are finished, reconnect R25 to the encoder board. With this
done, recheck the final output frequency. It will be slightly
different from the centre frequency, but close encugh to it.
This will be more accurately set when the receiver is set up
by measuring the IF frequency.

edges by about 100
microseconds. There is little to go
wrong with this board, but
because of its self-clocking it can
be a problem to sort out if you
have a component in the wrong
place or the wrong way round, so
check the diodes first for proper
orientation.

Finally, check that the control
swing from the stick pot is Tms in
total, that is, +/- 0.5ms. Ifitis

RF IN

10k

not, then adjust R15 accordingly.

The RF board
The RF board will need the

USE 1N4148 FOR OA91 FOR HIGH POWER

Figure 8: an outline circult diagram for a diode probe
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Figure 9: the interconnections between the receiver RF and IF boards

The transmitter antenna

For temporary test purposes a length of 18g wire about 15
cm long can be used. This is a quarter-wavelength at 459
MHz. For final use, a 5/8th-wavelength antenna will be used
(see below). The 15-cm wire can be soldered into a BNC
plug and connected to the Tx socket.

Receiver construction
This is again split into a double sided rf board and a single
sided IF amplifier and decoder section. Note the positions of
the Veropins and the connections made direct to the ground
plane. All holes are 1mm except for the crystal socket X2.

Note that R10 is fitted under the board, and that R31 is
under C17. The link from the top rf board carrying the 10.7
MHz IF to the lower board will need to be short. VC2 is
mounted over the top of Q5, and R28/C38 are mounted in air
from the junction of D2/C27 through the hole in the pcb near
the helical filter. This finally connects with the junction of
R11/C17 on the IF board.

R4 is mounted vertically. The longer lead is wound over a
2mm drill as a former for one and a half turns, and stretched
out a bit to avold the turns.

The rf board is mounted above the IF pcb using 20g wire
supports in the pcb corners {figure 9).

The receiver case

A commercial plastic box can be used here, but most boxes
will probably be a little on the large side. This will need a bit
of ingenuity to make a neat job.

Testing
It is probably better to test the complete receiver, that is, with
both boards connected together {see figure 10).

Observe that the rf board is fed from +10V, while the if
amp board is fed from +5V. Essentially, this is a centre
tapped 9V6 nicad pack.

Temporarily attach a piece of solid wire about 15 cm long
to L1 where it connects to C2 to act as an antenna.
Temporarily up end R10. Power up without the crystal fitted,
and check for 7V5 at the output of IC4.

Next, confirm that R4 drops about 5V across itself, and
that about 0.4V is dropped across R6. Insert the crystal and
preset 12 to 3mm into its former, and VC2 15 percent
meshed. Using a diode probe, confirm that drive is available

at the junction of R25/R26. As

WIRE SUPPORTS

one, and the IF amplifier board is the lower

RF BOARD

Figure 10: the relationships between the two receiver boards: the RF board-is the upper

before, If the oscillator won't start,
change C25 to 15pf. With this
done, confirm the lo signal is at
the junction of L5/VC2, and
measure it with a dfm. It should be
6 x crystal frequency +/- 448 XXX
MHz. The preset VC1 should be
45 percent meshed and the helical
and T1 as supplied. Measure the
voltage at pin 10 of IC1 and set it
for about 1.8-1.9V by adjusting T2
slightly.

The next step will assume that
the Tx is working correctly.
Connect a scope probe to the
junction of R7/C8, switch on the
Tx and distance it so that the
signal is about 50 mV on the

ANTENNA CO-AX
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BNC plug. The whole thing is filled with epoxy resin and the
g " - cover from an In-line car fuse was slid over the top for

support.

ABOUT 25mm OF HEATSHRINK
TUBING ON END FOR EYE l

e [ The RX antenna

This is a quarter-wavelength ground plane antenna without
the ground plane radials. See figure 12. Cbserve that the
miniature coax RG174/u must be connected to the receiver in
multiples of 21.5 cm to ensure correct impedance matching
after tuning with the temporary whip. A final tweak of VC1
can be made if desired, but is generally not needed.

Logmm The Rx antenna should be mounted in a prominent

(584 position in the model, and must be as near vertical as

, possible.

Crystal specification
These are third overtones, HC25/u.

The Tx crystal will exceed the current normal limit for third
OVT, but Quartslab Marketing Ltd. will make them {see
below). The Tx final frequency is 6 times the crystal
frequency.

The Rx crystal is [Tx freq - 10.7] / 6, so for 459 MHz

IN-LINE CAR FUSE ! operation the crystals are:

HOLDER TOP ™ .

“——~ COIL IS 4 TURNS OF 18G WIRE 4smm@

Tx = 76.5000 MHz
Rx = 74.7167 MHz

T FILL WITH EPOXY

——BNC PLUG |

Figure 11: the transmitter antenna I

o
|~ SOLDER WASHER ON

‘'scope screen. Adjust VC1, the helical filter, and T1 for FOR EYE PROTECTION
maximum signal at this point. T1 does not have a sharp
peak. Move the scope probe to the junction of R9/C18, and
confirm that the second lo is working at 11.155 MHz at pin 1 \

of IC1 with a dfn. o PR

Ensure that the encoder waveform Is present at the

Junction of RS/C18. This should be about 1V pk-pk, offset
from ground by about 1.8V. Adjust with T2, but don’t position
it too close to ground or vee. This gives a window over which

it can drift without compression. |

Setting in the middle will coincide with the maximum DRILL 3mm HOLE FOR
output from the discriminator. Move the scope probe 1o pin i
14 of IC3 and observe a squared-up version of the signal. On RN \
pin 15 the reset puise should be seen. Adjust the sync pause "SCREW | ! SAWCUT ON PCB

in the Tx for this.

Connect a dfm to the junction of R7/C8 and position the
Tx for a stable reading. Connect R25 In the encoder to the
temporary 2V supply and observe the IF fraquency. This
should be 10.7 MHz +/- 1 kHz. Slightly adjust 12 in the Rx to
to achleve this. Switch off and reconnect R25 in the Tx and
R10 in the Rx. This will establish the afc loop. Finally, switch
on again and check that the signal at R9/C18 is dc
referenced at about 1.8V above ground. This wifl ensure
correct afc tracking.

This completes the setting up of the Tx and Rx. A final
check on range will be needed. | tested mine up to half a |
mile. |

Ensure that only nicad batteries are used in both the Tx
and Rx. Current consumption in the receiver is quite high,
and only nicads are suitable for this.

SCRAP PCB
10 x 20mm

/

The. Tx anter'm_a ; ’ RG174/U CO-AX (MULTIPLES OF 21.5cm)
See figure 11. This is made from a piece of brazing rod ‘
about 408 mm long and soldered, after filing down, into a Figure 12: the receiver antenna
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Using Roy Bebbington’s little portable LED-driven timer, games and quizzes are
sure to be fast and friendly

his little circuit allows you to select six different
time intervals, from a few seconds to half an hour
or more, to be terminated by an audible alarm. As
a gentle reminder that time is slipping away, a

e = light-emitting diode (LED) glows when half the
selected time interval has elapsed.

Fun and games! /

Popular TV word games like "C}zﬁntdown". “Supermarket
Sweep”, and so on all depend on Interval timers counting away
the seconds while contestants make their decisions. The radio

game, "Just a Minute” gave the contestant exactly sixty
seconds in which to tell a story without deviation, repetition or
hesitation. In all these games, the important principle is that
contestants are put on the spot for the same duration of time,
and that is not necessarily a standard interval. Similarly, in most
board games, some kind of interval counter could help to
prevent the more dilatory players turning them into “bored”
games by limiting the length of play during each turn. “Your
thirty seconds starts now!”

A simple version of this six-interval games counter can be
made using just one ic, if non-standard time intervals are
acceptable; for example, the prototype produced
intervals of 24 seconds, 48s, 96s, 192s, 384s

J 1Hz BINARY %%T;“’(T
INTER
ey i e, INDICATOR

2
|
i

2 4 8 SECS

L

and 768s. For game purposes, this offers a
useful range of intervals from a few seconds to
over 12 minutes, and if you are culinarily inclined,
you could sucecessfully boil an egg In the 192-
second interval (as long as it is not your turn to

play).

Basically speaking

Probably the easiest way to make an electronic
interval timer is to charge up a large capacitor via
a resistor in the input of a transistor switching
circuit. However, as the tolerance of electrolytic
capacitors varies widely, a circuit using a binary
counter has the edge for longer intervals of time,

Figure 1: the block diagram of the divider timer principle

as well as the ability to divide. This is illustrated in
the block diagram of figure 1. A clock circuit, for

W2 wvE
{ —C

o——0- —

|?Q ik ] ooff—  CONNECTION
J aifl—  PADS

100e i 2p—
aep— J .
;6 10
! 5 e |
* 4020 Qs O I
Por 12 o 8 l
==
. 81 ) arll4 Pl [
) 2z Qal1S .16 l
] 1 T o
—7 2a osp ot Lo 05m e

T atof o4 " 1m A HALF-TIME

4 anid o ° —t Swia LED
\ 4 ;. 87 [ ——Oum —0 INDICATOR
D1 ﬁ1 oarI“!im R L e
R2 SET DELAY
1k WD1

1 ov = SOLID STATE BUZZER
]

L

Figure 2: the circuit of the 6-Interval games timer
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interval you want and connect it
to an output indicator, for
example a piezo sounder or a
LED. As shown, a free-running
astable at a frequency of 1Hz

/ preduces delays of 1, 2, 4, 8

=1 W (X seconds, and so on. You may of
o' W LRt course connect indicators to one
or more of the outputs, as we
21 shall see.

TO BATT OV

A practical circuit

The simpie timer in figure 2 is
based on the CMOS 4020 14-
stage binary counter, using just
six of its divider outputs. The
clock input in this case is derived

FLASHING
LED

from a flashing LED, with a flash

Figure 3: the components and connections of the 6-interval games timer

frequency of 2Hz (+/- 1Hz) at 9V.
This means that the intervals will

B}JZ!

half-time

0.5

depend on the particular LED
selected. If you are aiming for
“Just a minute”, then a 555 timer
ic in astable mode could replace
the flashing LED as the ciock
generator, and much longer time
intervals can be obtained.

The clock input on pin 10 is
triggered by the puises of DI,
which is energised via R1 from
the 49V rail. The counter
advances on the high to low
transitions of the clock input and
has twelve buffered outputs,
although only seven (outputs 6 to
12) are used in this application.

This number was adequate for
most games applications, and
could be accommodated on a 2-
pole six-way switch, which is
commercially available. The SWia

+9V

i

25 TOPRINIO
55 (FIG.2)

Py -
—

o

Figure 5: a variable astable circuit to replace D1-R1 (see text)

example an astable giving a traln of pulses, is applied to a
binary counter. The first divider gives an output after two
pulses, the second divider gives an output after four pulses,
the third after eight pulses, and so on. Simply select the delay

switch contacts are wired to pins

13,12, 14,15, 1and 2

respectively (outputs 7 to 12)).
Nominally, these intervals are 0.5 to 16 minutes. The piezo
sounder connected to the wiper can select any one of these
intervals. Note that the switch contacts of SW1b are coupied
to pins 6, 13, 12, 14, 15 and 1 {outputs 6 to 11). The "half
time” LED indicator, D2, coupled to the wiper of SW1b,
therefore selects output 6 when the wiper of SW1a (the
sounder) selects output 7. This means that the indicator D2
glows half-way through each interval, and continues to glow
until WD1 sounds at the end of it. Switch off SW2 to reset the
alarm, and switch on to start a fresh interval.

Variations on a theme

Besides indicating the haff-way stage for a contestant, this idea
of equally dividing each interval can be further exploited in
games where two contestants (or teams) perform alternately. If
preferred, two visual outputs can be used to indicate which
one is in action. For example, a green LED coutd be used for
the contestant (or team) that starts, and a red LED for the “half
time” contestant (or team). The red LED is, of course, D2. The
additional LED (green) should be connected in series with a 1-
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kilohm limiting resistor, bstween SW1b wiper and 1d pin 16.
Ensure that the anode pin of the LED is towards the positive
rail

if alternating coloured LEDs are alil that are required as
output indicators, then disconnect the sounder and let them
flash in bligsful solitude. The timer could be further simplified by
replacing SW1 by a single-pole 6-way switch,

If a longer interval is required, move the output connection
sequence to outputs 7 to 13. Using a flashing LED as clock
input, this should give an interval of about half-an-hour.
Obviously, this can be considerably extended, and standard
times more precisely determined if a 555 timer is used to
provide clock putses. A suitable circuit using a 555 in astable
mode is given in figure 5. This circuit directly replaces the
resistor R1 and D1, the flashing LED, in figure 2. Capagitor
C1, charging through resistor R1 and variable resistor RV1,
enables a wide range of clock speeds, giving intervals from a
few seconds to several hours. A low value of R1 has been
chosen to sharpen the negative-going edge triggering the
counter.

Construction
Apart from the ic socket and two resistors mounted on a
single-sided printed circuit board {(PCB), shown in figure 3, the
other components were mounted on the plastic box (MB2 97 x
73 x 38.5 mm), and connected by flexible wires. The two
switch sections need to be very carefully wired to ensure that
the staggered connections are correctly made - it Is easy o
get a wire out of place.

A suggested front-panel layout, is indicated in figure 4, but
this will depend on individual preference and the type and size
of enclosure available.

Resistors
All fixed resistors 0.25W 5 percent
R1, R2 1k

Capacitors
C1 220n 0.2in pitch

Semiconductors

ic1 4020 14-stage binary counter
Di flashing LED (QY96E Maplin)
D2 red LED

Miscellaneous

WD1 DC piezo buzzer (eg KU5S6L
Maplin)

SW1  2-pole 6-way rotary switch (FF74R
Maplin)

SW2 Miniature slide or toggle switch

PCB; 16-pin dil socket; PP3 battery and
connector; plastic box (see text).
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follows:-
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Variable Voltage
Technology Ltd
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For valve and transistor Circuits
HT Filament chokes high & iow voltage
Standard and custom design
large and small quantities
Unit 24E, Samuel Whites Estate, Medina
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PRINTED CIRCUIT BOARDS
DESIGNED & MANUFACTURED
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Generaxy

s anummvnss-m

ANALOGUE MULTRIETER uwmnoﬂcm
ncc.mkunw mhlmrTm'm

'

STEREQ le B»\LMK:E L] UHGALAMED CONVERTOR

Am¥m Syinessed Porabe Racko Servicng Un-h4ad £10
Un-Usaed £1500 Lread 1955 e —
FARNELL AMM2000 SOPHRSTICAT
o Hoon e KHZ 246 5‘7;3'}}‘;"«"’
(Looks samar o axne MO004
Us-Used 11250 ; Un-tisad £75
POWER SUPPUES
FARMELL AP100TIH0-10K08 8-30kmps Auto Rangrg £10m0
FARMELL MBI2S (-E00olls. 0-25Ampe. a0
FAAMELL TSy TOM Mivels, Fihmgs 20
FARMELL | 1212C 817V 0- 10Amps o
WAYNE KERR AMMZSS FARMELL LT0-2 {-30t, 3-24mps Tace 10
Automeac boduiaton Vieer AV 1 ST . 262 12 Dige FARELL (7363 0-x0m a®
Uad £500 THURLBY- TRANDAR TEX1 826 Pracamcn PSU . i
THURLBY-THANDAR TST2R2 T, e
DUNMY LOAD  TYPE loricpAhpe o g aw
Sk 75 Wame THURLIY PLI10 030, 8- Amps Diris k]
Un-Used £30 MANY SUPPLIES AVANLANLE

STEWART of READING

110 WYKEHAM ROAD, READING, BERKS. RG6 1PL. | WISA
'

Telephone: (0118) 9268041, Fax: (0118) 9351696 L
Callers Walcems 9 am - 5.30 pm Monday 1o Friday {othar tmes by arrangamant;

Used Equipment - GUARANTEED. Manuals supplied

This ts a VERY SMALL SAMPLE OF STOCK. SAE of Telephone for lists. Please check availability before
ardering. CARRIAGE all units £16. VAT to be added to Total of Goods and Carriage.
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CROWNHILL ASSOCIATES LIMITED
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

PDRIVE EXTERN
| Intelligent programmer for Smart Cards using the International Standard
T=0 or T=1 protocols also Memory and Secure Memory using 1?C, 2-wire &
3-wire interfaces
Supplied with software to read and write t¢ most popular
secure smart cards , inc GSM, PAY PHONE and

ACCESS CONTROL cards.
T=0 or T=1 @ 3.579MHz £69 + VAT
£7.50 P&P

RS232 @ 9600 -11500 bps
Internal Supply / Ni-MH
 Slze: 100x70x80 mm

- Weight 660 Gram

Supplied with CardServer AP for easy
development of SmartCard Applications
using Visual Basic. Delphi or G++
Supplied with Sample Memory cards &
Secure Smart cards

CE Compliant

Most popular smart
cards are plastic,
the size of a creadit
card, with an embed-
ded Microprocassor
contalning an oper-
ating system and
erasablo non-volanile
memory.

Physical protection
against unautho-
rized tampenng with
the card is provided
through the following
scheme:

NEW CHIPDRIVE - micro The microprocessor
and mamory ara created as a sin-

Fully Compatibte with TOOLBOX fot W ote chip. This ensures there are no
application development. Featuring the B Gara paths that can be monitored
same functicnality as Chip Crive Extemn or probed. This chip is connscted
but in a smali neat low cost package, 8 10 g thin circul board and encap-
similar in size to 8 smart card. Supplied ll cyjated with an epoxy. The
with cardserver.dif “modtie” is then glued within a well
millad into the plastic card. This
£65 + £5P&AP prohibits physical access 1o the
+ VAT microprocessor and provides a
more durable medium than mag-
netic stnpe cards.

ChipDrive Developer Kit
micro. sampie cards and Too/box

£99.95 + PEP + VAT

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

The microprocessor aperates
under control ol a bullt in” pro-
gram called an operating sys-
tom. A serial interface — which
makes it impossible t0 access
the memory directly -~ s
employed to communicate with
the card. An iSO f{intermational
Stancards Organization) proto-
col is used to exchange com-
mands and dala with the card.

Finally, Holograms, signature
stripes, photos, eic can bs
appied to the card for addiional
security. And the card can be
custom printed with your artwork.

Crownhill can supply OPEN
ARCHITECTURE cards, that
will allow you, the end user lo
create your own oparating sys-
tem, to control access to the
EEpromm memory of up to
64Kbits (8Kbytes) in size.
Crownhiil have off tha sheilf
operating systems for Contro!
access. Electronic purse and
Portable Document applica-
tions. Others can be written to
your specification.

Chip Drive Intern
3.5" floppy bay version of the CHIPDRIVE.
Applications are avallable 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 devalopment. Supplied with

cardserverdit AR £85 4+ £5 P&P + va

Driver and application software is available for
the CHIPDRIVE famlly of terminals including
the command set DLL for Windows 3.11/35/NT,
@asy 10 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-
tlon. Featuring automatic protocol and card
type detection. Allowing several applications to
access one terminal dependent on the type of
card inserted. Supptied on CD ROM containing
cardserver.dil, applications and source code
exampies.

£29.95 + £5 P&P + var
|

SMARTCARDS Avaliable from Stock:
GemPlus, Atmesl, Xicor, Siemans, SGS Crownhill and more..
SLEA442,4432.4418.4428,4404. ATB8SCxx, AT24cCT-16.
GPMI03,GFMIK, 2K, 4K,GPM416 Phone Cards, Loyalty Cards

THE SMARTEST SOLUTION

Crownhlifi can offar a broad range of smart cards from just £1.00. and
' Smart Card sockets for Just £1.45 ea. PIC Microchip based Smart Cards
now avallabie at Just £4.50 ea........DEVELOP YOUR OWN SMART CARD {

Crownhlli can supply over 150 different types of IC from more than {2
silicon suppliers, which can all be Incorporated into smart card format.
Some cards are available from stock, most are manufactured fo the
customers’ specification.

NAME

[ SERVICE MANUALS

& Technical Books

Available for most equipment, any make, age or model.
.

MAURITRON TECHNICAL SERVICES (ETI)
8 Cherry Tree Road., Chinnor, Oxon, OX9 4QY,

Tel:-01844-35 1694, Fax: 01844 352554 email:- mauritron @ dial.pipex.com
Please forward your latest cataloguc for which I enclose 2 x st Class Stamps, or
£4.11 inc. vai for the compiete Service Manuzls Index on PC Disc plus catalogue.

>4

ADDRESS

POSTCODE

Photocopy this coupon if you do mot wish B cul the magatine J

ATTENTION ALL
NORTH AMERICAN READERS!

Did you know that you can order an annual
subscription to this magazine direct from
our official U.S. subscription representative?

For more information and rates contact:
Wise Owl Worldwlde Publications
4314 West 238th Street,
Torrance, CA 90505 4509
Tel: (310) 375 6258
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Practically Speaking

By Terry Balbirnie

ver the next few months, we shall look at the
topic of fuses. The catalogues from major
component suppliers present the constructor
with a bewildering array of these. Apart from the
current rating, there are the physical
dimensions, operating speed and material from which the
body is made to be taken into account.

Note that a fuse is ptaced in a piece of equipment to
protect against excessive current which could cause
overheating of wiring and components and possible
fire. It does not provide protection agalnst electric
shock. For this, you need a residual current device
(RCD) and this will be discussed in a future part of
Practically Speaking.

Too hot for comfort
The traditional type of fuse is simply a piece of wire which
may be bare (as in older household installations) but is more
usually enclosed in a glass or ceramic tube with metal ends.
The fuse is connected in series with the circuit so that the
current passes through it. If the current exceeds a certain
value, the wire overheats, meits and breaks the circuit (that
is, the fuse "blows”). This effectively switches off the supply
s0 bringing to a halt (but not curing) the problems above.
The most important parameter of a fuse is its current
rating. This is the maximum current which it may carry for a
long period of time without blowing, Referring to the
manufacturer's data, it may be found that a given fuse
cannot carry the rated current for ever. It may blow after a
few hours. it may therefore be necessary to use a fuse with
a slightly higher value than the maximum current which is
intended to flow through it. Catalogues list small fuses with
ratings between about 50mA and 10A. The wire in a 10A
fuse will be relatively thick while that in a 50mA one will be
almost invisible without the aid of a magnifying glass. In
every case, the fuse wire must be

temperature. There will therefore be a much larger current
flowing until the filament heats up. With a small bulb, this
may take such a short time that the fuse wire will not have
time to reach its melting point before the current falls to the
normal value. However, with larger bulbs the fuse could
blow during this perfectly normal surge.

Slow blow

These problems may be avoided by using a slow-blow (time
delay) fuse. This will withstand a high current for a short
time. Whereas a small quick-blow fuse carrying twice the
rated current may blow within about 1 second, the
corresponding time delay type would withstand it for some
5 seconds, preventing spurious “blowings” on switch-on
and other normal functions. These figures are subject to
wide vartation and should be taken for illustrative purposes
only.

If you look at one of the metal ends of a typical small
glass fuse, you will see the value marked on it. This is often
expressed in amps rather than milliamps such as 0.2A
rather than 200maA. If it is of the time delay type it will be
prefixed with a letter “T". So, “T 0.5" means a time-delay
fuse having a value of 500mA. if you look inside, you will
see that the time-delay type has a “spring” at the end of the
fuse wire. There will also be a voltage figure. This is the
maximum voltage allowed in the circuit in which the fuse is
used. This might be, for example, 250V.

if you are replacing a blown fuse with a new one, it is
first of all necessary to try to find out why it blew in the first
place. A little investigation will probably come up with the
cause. It may be due to a short-circuit somewhere in the
wiring, If the cause cannot be found, the fuse may have
blown simply due to old age. It should then be replaced
with one of the same specification and the equipment tried.
If the fuse blows again, a more detailed examination will be
needed to find the cause.

much thinner than any other wire in
the circuit.

Current surge

It sometimes happens that when the
circuit is switched on, a targer current
than normal flows for a short time.
This is likely to happen when
inductive components such as
transformers are involved. It also
occurs in a power supply due to the
inrush current to a large-value
smoothing capacitor. Motors aiso
pass a large current for a short time
until they reach full speed. A further
example is a filament bulb. Here, the
current-surge is due to the cold
filament having a much lower

resistance than at operating
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verse and sociology

Computing fared a bit better, |mage wise”
{thanks in part to support from the BBC) but
only recently have schocls latched on to the
way computers are used in offices and
industry.

Now technology and craft teachers must
teach electronics as part of the “craft”
syllabus. Fair enough, you might say - but
here's the catch. Suppose your life’s work
was drafting, or woodwork, or cooking, and
somebody told you that you must now
master the equivalent of the Radio
Amateur's Examination after a two-day
course?

Is this an exaggerated comparison? The
RAE goes into considerably more depth
than first year craft electronics. Even so,
somebody with'a good working knowledge
of maths and basic physics should be able
to pick it up pretty quickly. Two days of sofid
work? A bit tight, maybe.

Well, you all know how much work you
invested in leaming to put your own projects
together - anything invoiving a handful of
components, a lash-up and some
calculations. How much do you reckon you
could achieve after two days of lectures with
a full roster of coffee- and meal-breaks,
some course notes - and absclutely no

ckons about 4-5
ith some more in
ry lucky. A doorbell?
pith logic?
Uld you expect to pay
. £2007 £400?
ently, is what many
e country are
version” from skilled
n disciptine into the
s expert for an entire
> technical skills pool of the

LF mole thinks he has found out.

Many schools run electronics or radio
clubs to encourage practical experience.
Into one of these clubs comes the school
Inspector in charge of determining that the
craft syllabus is being properly taught.

The inspector targets one of the
students for a closer look. Oddly enough,
the chosen student is a slight, very quiet 15-
year-cld girl, No doubt such a retiring being
might appreciate a bit of expenrt advice. The
Inspector begins to explain in detail how the
logic circuit the 15-year-old is working on
actually works.

“But that's all wrong! It doesn't work like
that at all! It works like this!” echoed around
the classroom. This was the student talking
to the Inspector.

This is not a wry tale of an official who
chose the wrong student. It's worse than
that. Says our mole: “This Inspector knew
virtually nothing. He didn't have & clue how
the circuit worked. But he had been sent to
report on the club and the students’ work.”

Pity the teachers who have to teach a
technical subject with insufficient
background. Pity the teachers and students
who are being inspected by non-experts
who know even less. It may make it easier
for failing teachers and students to conceal
their failures this way, but what is it doing for
the skilis of the future?
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AR

SYSTEMS

IAR Microcontroller Develepment Tools

C-Compilers, Assemblers, Simulators

8051, Atmel AVR, Hitachi H8

System Contents

* Combined Serial & Paraflel Device Programmer

= Evaluation module for 8, 20 & 40-pin DIL devices
* In-System Programming (ISP} Cable

* Integrated Windows™ Development Environment
= AVR™ Basic LITE {1k bytes code) Compiler

¢ AVR™ Assembler

* Mains Power Supply Adaptor

* PC Serial Cable {Connects to PC COM Port)

+ Atmel CD-ROM Datbook

¢ One AT9051200 DIL Microcontroller

Order Codes:

AVR-BAS-LITE
AVR-BAS-8K
Only...

d ftee
Weris o
%m.m ¥
.r,l

* Compiled BASIC generates
tight AVR™ machine code

* Not a Run-Time Interpreter;
NO code overhead|

* Target speeds comparable
with assembler

+ Breaks the cost barvier for
small projects

+ Ideal for educational, hobbyist
and professional use

D KEIL
SOFTWARE

MICROCONTROLLERS
Atmel 89C,89S, S0S(AVR),
Generic 87C, Dallas 87C520
FLASH MEMORY

Atmel 29C, 49F
SERIAL/PARALLEL EEPROM
Atmel 24C, 25C, 59C, 93C, 28C
CONFIGURATORS

Atmel 17C, Xilinx XC17

Noi all devices may be supported within each famify.

Micro-ISP

Serial Programming

System for the =
Atmel AVR™ & 9
89S microcontroller b
families mﬂ] |

Figure 1

Order Code: AVR2-ST

FLASH 8051 Professional

Starter System
System Contents

Typical In-System Programming {SP)
Scenario shown below:
* Comkined Serial & Paraltel Device Programmer Supports: Atmel 895, 89LS, 90S(AVR)
+ Evaluation module for 20 & 40-pin DIL devices
* In-System Programming (ISP) Cable
* Keil PK51-2K Integrated Windows™ Development
Environment (2K code limit). Includes C-Compiler,
Macro Assembler, Linker, Hex Creator, Editor & Simulator
v Mains Power Supply Adaptor
+ PC Serial Cable
+ Atmel CD-ROM Datbock
« One AT8958252 40-pin DIL Microtontroller

System layout shown in Fig 1 above

Order Code: EQ-8051-ST1

10-Way IDC Cahly

Target Yo LED

e Target Vv |11

Target Power LED
158 10-Way Header

Only... 7 '3

i Bl LKA TR

On Iy‘ ' ﬂrﬂuﬂlﬂlm ”‘

Ties

pVision = Optimising Ansi-C

Integrated Development Compiler

Environment for Windows™ s Macro Assembler
* Linker

Software Simulator &
Target Debugger

=y
- bt

For sales tel: +44 (0) 1204 529000, fax: +44 {0) 1204 535555, e-mail: sales@equinox-tech.com, Web Site: www.equinox-tech.com

Software Simulator
Integrated Editor
Hex Creator

€EQUINOX

TECHNOLOGIES
Starter Systerns supplied with 2K TQUINOX TECHNOLOGIES UK LIMITED
Toolset & Development Systems
supplied with 8K Toolset are
available for Atmel, Dallas,
Siemens, Temic 8051
microcontroller derivatives

3 Atlas House 5t Georges Square Bolton BL1 2HB €ngland

;ﬁ?

EQUINOX DISTRIBUTORS: AUSTRALIA Farrelf +51 2 9645 8388 AUSTRLA Famel +43 0660 B7 75 BELGIUM alcom Electronics Nvisa +32 3 227 36 47 Farnell +32 03 227 36 47 BRAZIL Hastec +55 11 522 1799 Anacom 455 11 453 5588 DENMARK Farnell 45 44 53
66 44 EIRE Famell +353 1 8309777 FINLAND Farnedl +358 9 3455 400 FRANCE Farneli + 33 474 55 94 66 Newtek +33 1 4687 2200 GERMANY Elekond: Laden <49 52 32 31 71 Farmesi 449 69 61 39 39 32 ineltek Gimbh +43 7321 93850, MSC Vertnebs GmbH +49 08
9945537 12 GREECE Microlec +30 1 5395042 4 HONG KONG Famell B0 968 280 (WK Durect Tok Free! ITALY Famedl +44 112 231 1311 Grfo Nahan Techaoiogy 439 51 89 2052, Newtek Naka 39 2 33 10 53 08 MALAYSIA Farmell +60 3 773 8000 NETHERLANDS Akcom
Electronks By +3110 4509533 Antratek 31 10 450 4345 Famell +31 30 247 2323 NEW ZEALAND Farrelt +64 9 357 0646 NORWAY ACTE N +47 63892900 Jakob Hatteland Flectroric AS +47 53763000 PORTUG AL Mnatronic 435 119 371 834 Famell +44 113 289 0040
SINGAPORE farnef +65 788 0200 SPAIN Anatrgnir A +34 T 366 01 59 Farnell +44 113 731 0447 SWEDEN ACTE NC +46 8 445 28 70 Farnet +45 § 730 50 00 SWITZERLAND Anatec Ag +4§ 4T°748 32 41 Farmel +41 1 204 64 64 UNITED KINGDOM Abacus Fol
+44 1925 626626, Parnell +44 113 263 6311 Rapwd Electronics +44 1206 751166 Quamdon Elecronecs +44 1337 332651 USA Hitoolk inc +1 408 298 9077 Newark Ehctronins +1 8O0 T18 1997, Peachtree Jechnology +1 770 888 4002 Boneer Standard +1 BSB 832 1676

Equinox reserves the right to change prices & spetifications of any of the above products witheut prior notice, E&QE. All prices are exclusive of VAT & carriage, AVR™ is a trademark of the Atmel Corporation



Schematic Capture

Component Auto-Placer
Pinswap/Gateswap Optimizer
Background Regeneration of Power Planes

Enhanced Autorouting with Tidy Pass

Full Control of Schematic Appearance
Exensive New Component Libraries

®Produces attraclive schematics like you see in the magazines.
®Netlist, Parts List & ERC reports. ®Hierarchical Design. ®Full
support for busss including bus pins. ®Extenslve
component/mode! librarias. ®Advanced Property Management.
@Seamless integration with simulation and PCB design.

Tl (woim f& Josh Despn Groh Towdwe Sedow Ha
Vi<ons 1

w1 o gy ! E
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UED1) 4 my

........

|- Tap Cope miﬁrmﬁﬂimm;—lmﬁ“

e®Automatic Component Placement, ®Rip-Up & Retry
Autorouter with tidy pass. ®Pinswap/Gateswap Optimizer &
Backannotation. ®32 bit high resolution database. ®Full
DRC and Connectivity Checking. ®Shape based gridless
power planes. ®Gerber and DXF Import capability.

®Non-Linear & Linear Analogue Simulation. ®Event driven
Digital Simulation with modelfing language. ®Partitioned

swnulat»on of large designs with muitiple analogue & digital
. #Graphs displayed directly on the schematic.

RRONEUS

isgparticularly; :_7 uuﬁ

SHAREWARE VERSIONS EWW January 1997
SORTWARE ‘2 AVAILABLE TO DOWNLOAD pIthiits) it.lv‘-t_.aém-w} Etry,
Isis & ARES Lite <5 FROM OUR WEBSITE & f"’
Schemate & °Co N hitp/www.labeenter.co.uk JUQJ-( JJ d

Write, phone or fax for your free demo disk, or ask about our full evaluation kit.
Tal: 01756 753440. Fax: 01756 752857.  EMAIL: Info@fabcenter.co.uk
53-55 Main St Grassmgton BD23 5AA. WWW: hﬂp.//www labcenter.co.uk
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