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NEXT MONTH

BY POPULAR REQUEST!

“Set it free”, was the cry after we showed you
how to control a robot car tethered to a
computer. And, “Set us free”, was another cry
after we presented you with some embedded
microcontroller projects : “show us how to
program our own 8748s!” Well, we're slaves
to your command and two of our designers
have lately been chained firmly to their irons.
The pains of their toil will be brought before
you next month, satisfying both calls for
freedom. A masterful stroke! And there’s
more freedom for pedallers: part two of the
Bike Computer with construction and
alternative microcontroller use details. We've
the usual liberal selection of unfettered
features too, and the 1990 Annual Index.

PLUS

A BUMPER BONUS:
GREENWELD’S
132 PAGE
CATALOGUE!

* UNSHACKLE YOUR DESIRES
WITH OUR DECEMBER 1990
ISSUE
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synthesis tuner, enabling the
channel number to be directly
keyed in quickly and easily.

The information received about
these VCRs does not specifically
mention the number of events that

SUPER BRIGHT
LEDS

anasonic’s new low cost ultra-

bright Galium-Arsenide leds
have become available through
Trident Microsystems. The leds have
been designed for bright ambient
light applications and use high
efficiency chips. providing two
candellas at a forward current of
20mA. They feature a Smm diameter
lens made from a water-clear
inaterial. which focuses the light
forward into a very narrow viewing
cone.

Applications include outdoor
display or information boards. or
emergency signalling in any
equipment where bright red graphics
are required. The forward voltage
drop is typically 1.8V.

For further information
contact John Turney, Trident
Microsystems Ltd, Trident House,
§5 Ormside Way, Redhill, Surrey,
RH12 2LS. Tel 0737 765900.

ecent research by Ferguson
has indicated that as many as

28% of users either never set the
video to record or find it difficult
1o do so. Ferguson recognise that
ease of use and ease of
programming are critically
important factors for new users
and replacement purchasers alike
and has introduced a couple of
video recorders which should help
to overcome the problems
experienced by so many people.

The new Videostar FV41R and
the FV42L feature Instant Help
Programming (IHP), a full on-
screen programming function with
‘Instant Help’ pages.

IHP is unique to Ferguson and
makes life easy by guiding users
step by step through the

programming process. Whatever
stage the user is at, a simple press
of a button will give instant access
to one of several instant help
pages, providing a comprehensive
on-screen facility

A useful facility is the 8-event
over one year timer. Events can be
recorded in any order, and a
daily/weekly repeat facility allows
the allocation of events to regular
times. A particularly unusual extra
feature is the ability to switch on
the television set a pre-determined
time. Another useful feature is the
Go To function enabling the tape
1o be automatically wound to a
specific counter number.

And, very relevant to the
increasing availability of channels,
is the 40 programme frequency

can be pre-programmed for non-
repeat recording. The remote
control handset can handle four
events, so it is likely that the VCR
handles the same number. This is
another area to which Ferguson
should possibly give attention:
four events are not enough when
people go on two weeks holiday
and perhaps want to record many
more short events which are within
the limits of the tape length.
Perhaps an automatic tape
changing facility would be useful
100.

These two new machines
should now be in your local high
street shops, at around £329 for
the standard play FV41R, and
£349 for the 8-hour long play
FV42L.

Our browse through recently

received literature

Multi Sources have introduced themselves to us sending through data on
some of their products. For over two years they have been marketing DC
Metrology products manufactured by Measurements International Ltd. utilising
National Research Counci! of Canada's innovative technology. In addition Multi

Sources are manufacturers of pulse sources and generators. The data received
covers some of those products, including low cost high performance pulse
generators. an automated potentiometer system. a four terminal scanner. and an
automated dc voltage calibration system. These products are uniikely to be of
interest 10 the average hobbyist. but PE readers in the test and deveiopment
sectors of the trade should find benefit from asking for more information from
Multi Sources, Unit 2, Stable Yard. Downs Bam, Milton Keynes. Bucks. MK 14
TRZ. Tel: 0908 666042.

Harrison Electronics has sent through a 6-page list of surplus components
for sale. Since it is dated July 1990 it is reasonable to suppose that the company
specialise in surplus components and issue lists on a regular basis. This
particular issue is devoled mainly to integrated circuits, from cmos 4000 to all
varieties of 74ttl. Also included are linear ics. microprocessors. diodes.
transistors, triacs, regulators and crystals. If you are looking for a quantity source
of surplus parts at reasonable prices. give Harrisons a call. note though that there
is a minimum order charge of £25 plus vat. Harrison Electronics, Century Way.
March, Cambs, PE15 8QW. Tel: 0345 51289.

Gem-Tech have sent in their interesting new catalogue. It is aimed at anyone
who loves electronics and wants to build simple and useful projects. and 1o leam
from doing so. To back up the kits are a range of other items. including a good
selection of books to teach you more about electronics. There is also a cross-
section of the essential tools which any enthusiast is likely 1o need. from
screwdrivers and soldering irons. to meters and other important test gear. To
round off nicely. printed circuit board making materials are available too. plus an
excellent CAD pcb design software package. There are some valuable discounts
on offer this month. Gem-Tech. Unit §, 8 Finucane Drive. Orpington. Kent.
BRS 4ED.
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PC BUS EXPANSION BOARDS

rcom has deveioped a new
A range of control and
monitoring 1/O expansion boards
for IBM-compatible PCs. The
range offers unprecedented levels
of system integrity and ease-of-use.
say Arcom.

The fundamental limitations ot
existing PCbus devices has been
addressed by Arcom’s range, which
use an evolution of the PC 1/0
scheme. The limitations addressed
include the difficulty of finding
tree PC 1/O address space for

expansion boards, inadequate
specifications for industrial tasks,
and the lack of a coherent and well-
defined signal conditioning scheme
to make connection to the real
world.

The new 1/O boards can be
fitted and proven operational in
minutes. tested and maintained
with ease.

For more information contact
Anthony Winter, Arcom Control
Systems Ltd, Units 8-10 Clifton
Road, Cambridge, CB1 4WH. Tel
0223 411200.

DYNAMIC DUO

wo new low cost analogue

multimeters from Alpha are ideal
for a host of general purpose
applications. Both measure ac and dc
voltage. direct current, resistance, dBs.
and have a diode and battery test
function. Pivot and jewel screw
mechanism with a mirror scale are
features of the analogue displays. which
have both fuse and diode input
protection.

Model AM100! is the smaller of

the two, measuring just 100 x 65 x
32mm and weighing only | 10gms. Both
ac and dc voltage can be measured to
S00V and direct current to 250mA.
AM2001 measures 1000V on both ac

and dc plus direct current to 10A. One
drawback of the AM 1001 for some
hobbyist experimenters is that its dc
sensitivity is only 10k ohms per volt,
placing more load on some circuits than
may be desirable. The other meter,
though. the AM2001, has a better
sensitivity of 20k ohms per volts.

Both models are fully guaranteed
and supplied ready for use with test
leads, battery, spare fuse and instruction
manual. The prices are £9.95 and
£19.95 respectively. plus vat.

For more information contact
Alpha Electronics Ltd, Unit 5,
Linstock Trading Estate, Wigan
Road, Atherton, Manchester, M29
0QA. Tel: 0942 873434.
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If you are organising any event to do with

electronics, big or small, drop us a line,

Please note : Some events listed here may be trade or restricted
category only. Also, we cannot guarantee information accuracy, so
check details with the organisers before setting out.

Oct 18-19. Direct to Home Broadcast by Satellite. IEEIE conference
— registration £105 per day. IBA Conference Hall, Brompton Road,
London SW3. 071-836 3357.

Nov 6-8. Total Solutions. NEC Birmingham. 0799 26699.

Nov 27. Installation and Maintenance of Security Equipment. IEEIE
symposium. National Motorcycle Museum, Solihull. 071-836 3357.

1991

Mar 19-21. Nepcon Europe and Electronics Intenational (formerly
British Electronics Week). NEC, Birmingham. 0799 26699.

April 17-18. Laboratory Manchester. Windsor Hall, G-Mex Centre,
Manchester. 0799 26699.

May 15-16. Laboratory Scotland. Scottish Exhibition Centre,
Glasgow. 0799 26699.

IEE FARADAY LECTURES 1990-91

Presented by the Universities of Bath and Sussex.

1990: Oct 17 Brighton. Oct 30 Edinburgh. Nov 7 Liverpool. Nov 13
Middlesborough. Nov 21 Manchester. Nov 27 Reading. Dec 4
Coventry. Dec 12 Ipswich.

1991: Jan 15 Exeter. Jan 22 Swansea. Jan 29 Southampton. Feb 5-7
London. Feb 12 Hanley, Stoke-on-Trent. Feb 27 Nottingham. Mar 6
Sheffield. Mar 13-14 Bath.

For free tickets and further information contact (enclosing SAE) The
Faraday Officer, IEE. Michael Faraday House, Six Hills Way,
Stevenage, Herts, SG1 2AY.

MICROPROCESSOR TRAINING COURSES

In conjunction with Colchester Institute, Flight Electronics is
offering a range of intensive four-day microprocessor courses.
Contact: Suzanne Kittow, Flight Electronics Ltd, Flight House,
Ascupart Street, Southampton SOI 1LU. Tel: 0703 22721.
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STEREO MIXER

WMIX-00538
|

KOMPACT PAGING

T ele-Nova tell us that when
they launched their first start-
up radio paging system, Kompact.
they were overwhelmed by the
sheer number of small to medium
sized companies who had now
recognised that on-site radio
paging systems were affordable.
The original Kompact
comprises a central decoder and
four receivers that simply plug into
a mains socket. Now a new model
the Kompact Plus, has been
launched. It is an updated system
incorporating lightweight pagers as

small as credit cards with a simple
to use keyboard control that
enables operators to contact ket
members of staff anywhere on site.
Four receivers and a console can be
installed and ready for use at £70
per quarter. The system can be
expanded to support up to 100
pagers. It can be linked to monitor
machinery and interfaced to most
telephone systems.

For further information
contact Paul Lester, Tele-Nova,
111 Endwell Road, London SE4
2LY. Tel: 081 692 9816.

MIXING WITH THE BEST

rimarily intended for use in
disco applications, Maplin’s

professional audio mixing desk
should surely raise the roof and the
amp levels! The boldly coloured (red
and black) stereo mixer has six main
input channels, each with preset
level and slide fader controls.

Channels one and two are mic
inputs with switches to select low or
high levels. Chans three and four,
and tumtable/line leve! inputs are
switch selectable. A special feature
on these channels is the provision of
auto (turntable) start outputs.
Channels five and six are cd/line
level inputs, which are also switch
selectable.

Additional to the six main input
channels is a DJ mic input with tone,
level and talkover. A headphone

monitor output with level control is
provided and a rotary switch allows
selection of the input channel to be

monitored. Alternatively the master
output may be monitored.

Two seven band (left and right)
equalisers are provided to enable the
master output to be equalised to suit
room acoustics. The mixer also has a
bucket brigade (BBD) echo circuit
that can produce effects ranging
from rapid ‘slapbacks’ to reverb and
discrete echoes.

Obviously this is just the job to
get that disco swinging!

For further information
contact any of Maplin’s
nationwide shops, or their head
office at PO Box 3, Rayleigh,
Essex, SS6 8LR. Tel 0702 554161.

FOUR IN

A single instrument with four
separate test and measuring
systems is another new unit from
Alpha. Their DOS 141 combines a
DMM, function generator,
frequency counter and power
supply into an easy 10 use compact
instrument

As you will see from the photo,
the instrument is full of functions _
100 many to list here. Judging from
Alpha's data it is obviously a high

ONE

accuracy unit offering many
applications in R&D, production
and education. It is also ideal for
the serious hobbyist who is
prepared to spend the necessary
£395 plus vat.

For further information
contact Alpha Electronics Ltd,
Unit 5, Linstock Trading Estate,
Wigan Road, Atherton,
Manchester, M29 0QA. Tel: 0942
873434.
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DEFUMIGATING IRON

he fumes from soldering irons

really grime up your Editor's
glasses after a hard day's work, If
yours are 100, or you're fed up with the
aroma, how about asking
Greenwood/Oryx for details of their
new iron? The Skylab is a soldering
iron that has been designed to also
extract fumes directly from the area of
the tip itself, reducing the possibility of
gasses escaping into the atmosphere.
Featuring a lightweight ergonomic

design, the iron incorporates the
heating element within the tip. The
extraction pipe is unobtrusively
integrated into the tool itself and can
be adjusted or replaced in seconds if
required. However, you do also need a
standard fume extraction system to
which to connect the pipe.

For further information
contact Greenwood/Oryx,
Portman Road, Reading, Berks,
RG3 INE. Tel: 0734 595843.
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MULTI-TURN LEDS

The bezel, which fits a 68 x
33mm cut out, is supplied with an
antiglare filier and mounting
hardware. Supply voltage is S5Vdc at
120mA and the operating temperature
is rated at 0°C to 50°C. Temperature
coefficient is 50ppm/°C and the error
specification is quoted at 0.05%rdg x
32.5mm

For more information contact
John Leather, Martel Instruments
Ltd, Tanfield Lea Industrial Estate,
Stanley, Co Durham, DH9 9QX. Tel
0207 290266.

here is a new high efficiency

three and half digit led digital
panel meter module which features
optional scaling for its 199.99mV
range.

The MDM350 has auto-zero
auto-polarity and over-range
indication, and the assembly has
single-ended, differential or floating
measurements, together with a digital
display hold and high stability
bandgap reference. A multi-turn scale
feature is provided for readouts in
engineenng umits.

CONTROLS UNDER CONTROL

ere’s a neat idea to get rid of still be used as a replacement. It is
H that jumble of remote controls pre-programmed with ali the
cluttering up your home: information it needs for every type

The One For All remote control of home entertainment product you
has just carried off a prestigious can think of, say the manufacturers,
Product of Year Award from the Celtel. You simply select the
Television and Radio Industries appropriate 3-digit code from the
Club. It apparently can replace all memory for each of your products.
the remote controls you currently All the features of the original
have - and even the ones you don’t remotes are then instantly at your
have! fingenips.

It is unique from other types of One For Ali will control up to 15
universal remote control because it different products at any one time
does not have to ‘learn’ from the and offers many unique features and
originals. so even if the originals are benefits to the user. At £79.95 the
missing or broken, this control can price compares favourably with the
other altematives on the market.

For more information contact
Ruth Repton, Celtel Ltd, PO Box
135, Basingstoke, Hants, RG25
2HZ. Tel 0256 64324.

Newsworthy news of
your new product
could be on these

pages — send us
details and
preferably a
photograph
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CHIP COUNT

74F1766 DRAM CONTROLLER

The new Burst Mode DRAM Controller (BMDC) type 74F 1766
from Philips is a high performance memory timing generator
designed to support Page, Nibble or Static Column modes of
operation in addition to the normal DRAM access cycles. It
performs memory access/refresh arbitration, refresh and memory
access timing, RAS interleaving, CAS byte decoding and controls
up to four banks of DRAM.

The device generates DRAM timing and so requires a companion
address multiplexer like, for example, the 74F1762 Memory
Address Multiplexer (already available from Philips) for row and
column generation. This provides the flexibility of using the
controller with any size of DRAM array by simply choosing an
appropriate address multiplexer.

Output drives are designed for incident wave switching for
maximum speed of operation so maximising the data rate in and out
of the DRAM.

EMBEDDED MICROCONTROLLER 87C552

Philips’ new 87C552 microcontroller is the most highly
integrated 8-bit type to become available. It is 80C51 based and
intended for real time embedded control applications. It incorporates
a 10-bit analog to digital converter plus 8K bytes of eprom.

The 87C552 is fully software compatible with the 80C51 and
thus provides the user with a migration path across the entire family.
In addition to the above features, the microcontroller provides two
PWM outputs, two standard counter/timers of the 80C51, an
additional timer with four capture registers and three 16-bit compare
registers, a watchdog timer, a full-duplex UART and a series 1IC
interface. The on-chip 8-channel successive approximation a/d
converter has a conversion time of 50us and a resolution of 10 bits.

TLC3204X ANALOGUE FAMILY

Texas Instruments’ TLC3204X family of analogue interface
circuits (AIC) is designed to provide an interface between a digital
signal processor (DSP), such as the TMS320C25, and real world
analogue signals. Since it was first released, the family has
expanded to provide new options.

The AIC consists of two basic parts, a transmit and a receive
section for two-way communication between analogue and digital.
All devices in the family have a series of common features:
switched capacitor filter (SCF), input anti-aliasing filter and output
reconstruction filter; 14-bit dynamic range ADC and DAC with
sampling rate variable up top 19.2 kHz; standard modem samplings
can be easily programmed; input stage featuring programmable gain
to maximise signal to noise ratio; serial port for direct interface to
DSP with just six lines.

The TLC32040/42 were the original designs and have a bandpass
anti-aliasing filter and a passband of 300Hz-3.4kHz. The difference
is in the TLC32042 whose bandpass filter has a less sharp cut off at
low frequencies. At 170Hz it is only 2dB down compared to 25dB
for the TLC32040. These lower frequencies are important to
preserve the quality of speech in some applications. The
TL32044/45 are designed for voice band applications with a
passband of 150Hz-3.65kHz.

The AIC family is built upon a flexible internal structure,
developed mainly for voiceband applications. In high-speed
modems for example, as data rates get into the range of 2400 to
9600 baud the cost of a dedicated custom chip solution tends to rise
rapidly. A more flexible solution is to use a DSP and an analogue
interface.

SOURCE DATA

Philips Components Ltd, Mullard House, Torrington Place,
London WCIE 7HD. Tel 071-636 0394.

Texas Instruments Ltd, Manton Lane, Bedford, MK41 7PA. Tel
0234 270111.




t hardly seems possible but, after

spending nearly three years back to the

drawing board, British Telecom's new
version of its Electronic Yellow Pages syste
as bad as the first version.

In theory EYP lets anyone with a home or
business computer search through a database
of two million businesses in the UK. For
someone in John O’Groats hunting for a
business in Land's End, the effort of
penetrating EYP  might perhaps be
worthwhile. But for most people it will still
be far easier, and cheaper, to browse through
BT’s printed Yellow Pages books.

The clear picture I get is of BT’s computer
boffins dictating “They’ll use it our way or
not at all”.

1 first ran across EYP in January 1987
when BT’s Yellow Pages division in Reading
connected modems to its Vax computers so
that anyone with a personal computer or
viewdata terminal could program it to access
database by telephone. Up to 64 callers could
connect at the same time.

BT’s publicity made the idea sound
attractive; all the user had to do is enter a

estimated number of computer owners in the
catchment area. But after a year BT admitted
that there was a hard core of only 2,000
regulars left. The others had given up. BT
then paid market researchers to phone the
drop-outs. The researchers admitted that they
heard again and again how users found the
system incomprehensible, unfriendly and
unusable.

CRITICAL TRIALS

When [ phoned, Paul Fry business
development manager for EYP, he put on a
brave face.

“It was only a trial. We wanted to find out
what people wanted by offering them
something and then asking what they thought
of it. We now know that what people want is
wider scope and a more powerful search -
although 1 don’t think they realise that this
will entail more effort learning how to set up
the search parameters”.

The EYP system invited callers to leave a
message on the computer saying what they

ELECTRONIC YELLOW PAGES

keyword for a trade or service and let the
computer search through its memory and
display a selected list of names and addresses.

The first EYP database was a test which
covered only the London area plus Reading,
Guildford and Watford. Even this restricted
database was absurdly incomplete. Only firms
which paid for display advertisements in the
Yellow Pages book were entitled to a free
entry in EYP. After a year only 40% of those
entitled to a free entry had filled in the form
to claim it. The first time round, only 29% of
display advertisers bothered. Firms which had
only simple text entries in the Yellow Pages
book could not go on the electronic database
even if they wanted to.

OBSTACLE COURSE

Although people accessing EYP did not
pay a search charge, they had to pay British
Telecom for the phone call, to Reading. At the
rates of the day, anyone in London using EYP
during peak business hours had to pay 4.4
pence per 22.5 seconds on line, equivalent to
12p per minute (plus vat).

To connect with EYP, the caller had to
understand enough about computers to load
and configure communications software for
teletype or videotex transmission mode,
match the transmission speed or baud rate
with the EYP modem telephone number and
then choose the right data, stop and parity bit
parameters. Although computer buffs would
find this easy, everyday users need to beg or
buy advice.

Once connected, the caller faced an
obstacle course through the incomplete
database. Strings of numbers appeared on

BY BARRY FOX
Winner of the UK
Technology Press Award

Despite BT's market
research and EYP
upgrading it still
seems easier to
thumb the printed
book than the
keyboard.

screen, from which the caller had to select
options and then enter key words. Often these
were rejected. Because the EYP system was
based on viewdata software which uses 24
line pages, anyone attempting to print out the
results of the EYP search onto paper got a
string of blank or only partly used sheets.

As a test, | tried using EYP to search for a
London dealer who sold pumps for a pond.
Not counting the time spent setting up the
computer parameters, it took 10 minutes and
20 sheets of paper to achieve nothing. For
example, | could not stop EYP offering me
the London region Ponders End.

By comparison, it took exactly one minute
to take the printed Yellow Pages book off a
shelf, look up “pond”, follow one cross
reference go straight to a firm advertising
pumps for ponds.

BT’s £0.5m campaign of full page
newspaper advertisements, posters and radio
commercials for EYP attracted nearly 40,000
potential users, which was around 25% of the

thought of the system. Fry told me that he was
encouraged by the fact that out of 3,000
messages left, fan mail outnumbered hate
mail by 3:1. But as leaving a message was as
awkward as searching, it seems likely that
many people gave up on EYP before learning
how to leave a critical message.

Soon after, EYP’s computer mailed me a
personalised circular letter.

“l am pleased to say that there has been a
great deal of interest shown in EYP” wrote
Mike Rowley, Head of EYP ““and the response
has generally been very favourable™.

“We don't see the current system as long
term EYP”, said Fry when | asked him what
on earth was happening. “We are already
designing EYP 11, a second generation system
to take criticism into account”. His plan was
to launch a revamped system late in 1988.

ENHANCED SERVICE

Now, two years late, EYPII is finally ready
and BT is sending a circular letter to those
who tried EYPI, urging them now to try the
new “enhanced national service”. This, says
BT, provides a database of 2 million
businesses, available at any time.

The new service is cheaper to use, because
it uses one national dial up number (0345 444
444) which is charged at local call rate from
anywhere in the UK. Connection is easier,
because the EYP modems now automatically
intelligently set themselves to match any data
speed (up to 240 baud) and all the length and
parity settings used for electronic mail
communication.

Continued on page 43. =
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t the beginning of this year’s
promising Spring while con-
tinuing my cyclic exploration
of the Thames Estuary, | chanced
upon another cyclist of like-minded-
ness. We exchanged pleasantries
about the technology of our
respective machines, the prime cause
of my interest being the computer he
had on his handlebars.

it measured about two-by-two inch-
es and was less than an inch thick. Its
top surface was almost entirely taken
up with a liquid crystal display, plus a
couple of touch keys. He said it had
been a present from a relative in
France, and aithough not knowing the
exact cost, thought it was around £35-
£40. One key controlled the display of
three journey factors: speed, dis-
tance, and elapsed time. The second
key simply switched the unit on and
off, which caused all the trip data to
be lost: its memory was volatile.

My imagination was set into high
gear by this unit and | began consid-
ering the best way of making one. To
achieve such miniaturisation the man-
ufacturers would have incorporated
everything on to one chip: software,
lcd, microprocessor, the lot. This,
regrettably, is where the hobbyist con-
structor is unable to compete. There's
no way in which the size of his unit
could be achieved without having the
backing of industrial facilities. | thus
gave thought to what techniques
could be used by the readers for

[PRACTICAL]
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ON YOUR
MICRO-BIKE

'vw-/hom | would also be designing my

micro-cyclo.

Obviously, it had to be micropro-
cessor controlled, the lcd had to be
readily available, and the unit had to
have appeal to a readership with a
wide range of capabilities. For a
while, | was severely tempted to make
the unit as small as | could. This
would have required the use of an
embedded microcontroller, a device
which embodies the microprocessor
itself, plus eprom, memory and inter-
face circuitry. The problem here is
that such devices, like the 8748 for
example, need special programmers -
a factor which deterred some readers

from building two recent PE projects. |
also decided to give readers the
opportunity to build a general purpose
controller as well. Consequently, |
opted to design the unit around a well
established microprocessor, the 6502,
plus standard peripheral chips.

The big advantage of the 6502 is
that it is a device that has been
around for a number of years and
many readers have computers which
use it, or variations on it, and so are
more likely to be familiar with its cod-
ing language, and to have the facili-
ties for programming it. The 6502 is
very much still part of the mainstream
scene, despite the proliferation of
more sophisticated processors. It has
also been upgraded by the manufac-
turers. The cmos version which | use
here, the 65C02, has a lot more com-
mand calls available on it than the
original device, but is essentially pin
and code compatible. Another advan-
tage of the 65C02 is that it consumes
less power, making it better suited to
battery use. And, unlike the original, it
doesn’t need external pull-up resis-
tors.

To use the main control board on
its own as a microcontroller for other
applications, all you really need to do
is change the eprom contents! But as
a bike computer, the complete unit
does far more than the one that
inspired me.
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COMPUTERICS
80C31 MICRO

P8743H MICRO
BBC MICRO PARTS

ISNTEABIAN .o 750kt s oot s 24 s - 4= £3
VIDEO ULA 201647 10en 10+ £8
6845 CRT £5
6522 PIA ... £3
DM88LS120 £4.50
AY3-1015D0 UART ... £2.50
8086 processor ex-equipment £2
USED 41256-15 £1.50
USED 4164-15 ex-equipment £1

£10
£8
£2
.£3

9x41256-15 SIMM MODULE NEW ..
8 x 4164 SIP MODULE NEW
HD 146818 CLOCK IC
2864 EEPROM ..o

27128A 250nS EPROM USED £1.50 NEW £2 100&5‘ .50
6ea

FLOPPY DISC CONTROLLER CHIPS 1771
68000-8 PROCESSOR NEW
HD63484-8 =
ALL USED EPROMS ERASED AND BLANK CHECKED
CAN BE PROGRAMMED IF DESIRED.

2716-45 USED .. £2 100/£1
273245 USED ... £2 100/£1
2764-30 USED .£2 100/£1.60

.£2

27C256-30 USED ...

27C512 USED (ALSO 27512)
1702 EPROM EX EQPT
2114 EX EQPT 60p 4116 EX EQPT
6264-128k static ram
62256-12 32K static Ram .
2532 EPROM USED ..
4416 RAM
USED 4416-15 RAM ”
USED 41464-15 .....ccoociviiiininiiinins

REOULATORS

LM317T PLASTIC T0220 variable 1
LM317 METAL €2.20
7812 METAL 12V 1A c1

7805/12/15/24V plastic
7905/12/15/24 plastic

38p 100+ 20p 1000+ 18p
38p 100+ 20p 1000+ 18p

CA3085 T099 variabie reg 21
LM338 5A VARIABLE cs
CRYSTAL OSCILLATOR

1.8342 £1 each M, 1.8402M, M. AEM oo 1,50 aach
CRYSTALS

277 MH2/4 000 MH24 9152WH2 20MHz 49 504MHz, 8M, 16.586M £1 smch

TRANSISTORS
8C107, BCY70 PREFORMED LEADS

full spec €1 €4/100 £30/1000
BCSS7. BC548B. BC236C. BC308B 30/£1 £3.80100
POWER TRANSISTORS
N POWER FET IRF531 7y
P POWER FET IRF531 81
25C1520 sim BF 259 3/£1 100/£22
TIP141/2 £1 ea TIP112/125/428 13
TIP358 TIP35C £1.50
SE9301 100V 10A DARL SIM TiP121 €1
2N3055 EX EQPT TESTED )
PLASTIC 3055 OR 2955 equiv 50p 100/£38
2N3773 NPN 25A 160V £1.80 10£18

QUARTZ HALOGEN LAMPS

A1/216 24V 150 WATTS €2.28
H1 12V 50W (CAR SPOT) €1.80
14 WAY OOF SKT €1
TEXTOOL single in iine 32 way. Cn be ganged (coupling upulad)
for use with any dual in line devices.

28 WAY TEXTOOL 2IF SOCKET EX NEW EOUIPMENT o tz 50

CAPACITORS COMPUTER GRADE

3300uF 350V SIC SAFCO FELSIC 037 £8{C1.80)
2200uF 160V SIC SAFCO FELSIC CO38 C4(C1.20)
24,000uF 50V .. £3(1.30)

TURNS COUNTING DIALS i/ 025 snan

10 turn gial 21 mm dia. fits 3Imm spindie €2

10 turn digital dial (3 digits) for Imm or 6mm shaft €3.80
10 turn clock lace dial for 6mm spindle ()
MISCELLANEOUS

LM335Z TO92 TEMPERATURE SENSOR 10mV/DEGREE

G . : £1ea
SLOPING FRONT PLASTIC CASE 228 x 218 x 76mm

76mm WITH ALI FRONT PANEL 200 x 130mm ..., ..£3.30
HUMIDITY SWITCH ADJUSTABLE [ ]
WIRE ENDED FUSES 0.25A 30/€1
NEW ULTRASONIC TRANSOUCERS 40kHz ......... C2/par
12 CORE CABLE 7.0.2mm OVERALL SCREEN . .70p/METRE
OP AMP LM10CLN £2.90

BNC 50 OHM SCREENED CHASS!S SOCKET ......... 3/€1

BNC TO CROC CLIPS LEAD 1 metre ............ . €1
LEMAG EARTH LEAKAGE TRIP 35A 30mA ip ..£9.00
AMERICAN CHASSIS 2/3 pin SOCKET 2
USEQ 3 1722° FLOPPY DISCS D/S 720K 50p 10/24
T0-220 HEAT SINK sim RS 403-162 10/£2. lo

SMALL MICROWAVE DIODES AEI DC1028A
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KEYTRONICS

D.I.L. SWITCHES 10 WAY €1 8 WAY 80p 4/56 WAY ... 50p
180 volt 1 watt ZENERS also 12v & 75v 20/€1
VN10LM 60v “4A Sohm TO-92 mostet 4/€£1 100/€£20
MiIN GLASS NEONS 10/€1
MINIATURE CO-AX FREE PLUG RS 456 071 e
MINIATURE CO-AX FREE SKT. RS 456-273 2/€£1.80
DIL REED RELAY 2 POLE n'o CONTACTS . e

PCB WITH 2N2646 UNIJUNCTION with 12v 4 POLE RELAY €1
400m 0.5w thick film resistors (yes four hundred megohms) 4/€1
STRAIN GAUGES 40 uhm Foil type polyester backed baico gnd
alloy £1.80 ea 10+ L1
ELECTRET MICROPHONE INSERT £0.90
Linear Hall eftect IC Micro Switch nc 613 SS4 sim RS 304-267

€£2.80 100+ £1.80

HALL EFFECT IC UGS3040 + MAGNET 1

OSCILLOSCOPE PROBE SWITCHED X1 X10 ‘ c10
CHEAP PHONO PLUGS 100/€2 1000/€18
1 pole 12 way rotary switch 4a/€9
AUDIO ICS LM380 LM3S6 ...........L1 sa  LM324 AR

555 TIMER 5/€1 741 OP A 5L
ZN414 AM RADIO CHIP 80p
COAX PLUGS nice ones 4/
COAX BACK TO BACK JOINERS e
4 x 4 MEMBRANE KEYBOARD €1.80
15.000uF 40V €2.80 (C1.28)
1.25" PANEL FUSEHOLDERS kY 3]
CHROMED STEEL MINGES 14.5 x 1" OPEN €1 each

12v 1.2w small wire ended lamps it AUDI VW TR7 SAAB

VOLVO 10°€1
12V MES LAMPS 10/€1
STEREO CASSETTE HEAD c2
MONO CASS.HEAD €1 ERASE HEAD 80p
THERMAL CUT QUTS 50 77 85 120°C C1ea
THERMAL FUSE 121°C 240V 15A 220°C 5€1
TRANSISTOR MOUNTING PADS TO-5/TO-18 £3/1000
TO-3 TRANSISTOR COVERS 10/€1
STICK ON CABINET FEET 30/€1
PCB PINS FIT 0.1 VERO 200C1
TO-220 micas + bushes 10/80p 100/€£2
TO-3 micas + bushes 15/€1
PTFE min screened cable 10m/E1
Large heat shnnk sleeving pack €2
CERAMIC FILTERS 6M/9M/10.7M 50p 100/£20
IEC chassis plug i fitter 10A £3
Potentiomenters short spindles values 2kS 10k 25k 1m

2M8 Iin S/€1
500k Itn 500k log 4/€1

40Khz ULTRASONIC TRANSDUCERS EX-EQPT NO DATA

OMRON 12V G2V DIL RELAY 2 POLE CHANGEOVER W28
SCART CONNECTOR tl
BZV48C12 WIRE ENDED 12V 7TWATT ZENER 17K STOCK ..
3IM/SCOTCHFLEX 50 WAY ROUND JACKETED FLAT CABLE 3659/50
(50 WAY IDC RIBBON WITH FOIL AND BRAID SCREENS, ROUND

SECTION WITH BLACK PVC OUTER) £1.METRE. 100' REEL ...£65 6 pin 15/€1 8 pin 12/€1 14/16 pin 10/€1 18/20 pin 7/&1,
FANS 240V 120mm .£6(1.50)  22/24/28 pin 4/€1 40 pin 30p
(OTHER VOLTAGE /S1ZE S USUALLY AVAILABLE) SOLID STATE RELAYS
MOULDED INDUCTOR 470UH SIZE OF 1W RES BE1T 202250V AC SOLID STATE RELAYS c1s
DIODES AND RECTIFIERS POLYESTER/POLYCARB CAPS
1N4148 100/£1.50 100 220n. 63v Smm e 2081 1003
1N4004/SD4 1A 300V 100/€3 1/3n3/5n6/8n2/10n 1% 63v IOmm 100/K6
1N5401 3A 100V Jorey  10n/15n/220/33r/47/68n 10mm rad 100/€£3.80
BA158 1A 400V fast recovery 100/£3 1000 250v radial 10mm 100723
BA159 1A 1000V fast recovery 100/c4 100N 600v sprague axial 10/€1 100/€8 (L1)
120V 35A STUD e8p 22 160v RAD 22mm. 2u2 100v RAD 15mm ...
BY127 1200V 1.2A 10/€1 10n/33n/47n 250v ac x rated 15mm
A e 470n 250v ac x rated rad
332:; ?g’gg\?,, e/g1 VU600V MIXED DIELECTRIC
6A 100V SIMILAR MR751 4/€q 100 100v RAD 15mm. 1,0 22mm RAD
1A 800V BRIDCE RECTIFIER a/61 2U2 250V PMT CAPS. STOCK 6K ...............
4A 100V BRIDGE ae1  RF BITS
6A 100V BRIDGE 2€1  MNIATURE CO-AX 500 URM9S .100m/e12
8A 200V BRIDGE 2£1.38  TRIMMER CAPS ALL 4/30p
10A 200V BRIDGE €1.80 SMALL Spf 2 pin mounting S5mm centres
25A 200V BRIDGE €2 10/€18  SMALL MULLARD 210 22pF 4/80p
25A 400V BRIDGE £2.80 10/€22  SMALL MULLARD 5 to 50pF 4/80p
larger type grey 2 to 25pF black 15 to 90pt
SCRS TRANSISTORS 2N4427 s0p
PULSE TRANSFORMERS 1 141 €1.28 FEED THRU CERAMIC CAPS 1000pF 10/21
2P4M EQUIV CI06D 361 MICROWAVE X BAND GUNN OSCILLATOR 9 TO 11GHz EX-
MCR72-6 10A 600V SCR €1 EQUIPMENT (DOPPLER SHIFT MICROWAVE MODULE) ...£9.50
T yet1ooess MINIATURE RELAYS suabie for AF
MEU21 PROG. UNIJUNCTION g 2VoticotlipoEhaneover £
S volt coil 2 pole changeover [3]
TRIACS ... .conme DIACS 4/£4 12voltcoil 1 pole changeover 1
BT 137-600 84 TO-220 6 MONOLITHIC CERAMIC CAPIGITORS
BT138-600 12ATO-220 ........... Fop. & VST
MEU21 PROG. UNWUNCTION . T I S G Tiooes
NEC TRIAC ACO8F BA 600V T0220 .. SR2100k30 (0002500 eads e
TXAL225 8A 400V 5SmA GATE 2/............... ~£1100835 4001 50v il package 0.3° rad . €10/100
ITA08-400 BA 400V SmA GATE ISOL TAB £ STEPPER OTORS
CA3059 0 VOLTAGE SWITCH ..£1 each
7.5 DEGREES PER STEP 2 12 vait windings ... (7]
MAII. ORDER ONLY
MIN CASH ORDER £3.00  OFFICIAL ORDERS WELCOME

TEL. 0279-505543 MIN ACCOUNTORDER£1000
FAX. 0279-757656 - Astsssw OYTVHE:V%ISE (EIE(;HT() nex;\s)
PO BOX 634 ADD 15% VAT TO TOTAL
BISHOPS STORTFORD ELECTRONIC COMPONENTS

UNIVERSITIES COLLEGES SCHOOLS GOVT. DEPARTMENTS

BOUGHT FOR CASH

CONNECTORS

D25 1DC SOCKET FUJITSU

34 way card edge IDC CONNECTOR (d-sk drive type)
CENTRONICS 36 WAY IDC PLUG

CENTRONICS 36 WAY IDC SKT

B8BC TO CENTRONICS PRINTER LEAD 1.5M .
CENTRONICS 36 WAY PLUG SOLDER TYPE ce
USED CENTRONICS 36W PLUG + SKT 3

USED D CONNECTORS price per pair
D9 60p, D15€1.80,025€2, D37 £2, D50 £3.80 covers 50p ea.

WIRE WOUND RESISTORS
W21 or sim 2.5W 10 of one vaiue c1
R10 OR15 OR22 2R0 4R7 SR0O 5R6 8R2 1OR 12R 15R 18R 20R
22R 27R 33R 47R 56R 62R 91R 120R 180R 390R 430R 470R
680R 820R 910R 1K15 1K2 1K5 1K8 2K4 2K7 3K3 3K0 S5KO
4FORCY
W22 or sim 6W 7 OF ONE VALUE 1
R47 R62 1RO 1RS 1R8 3R3 6R8 9R1 12R 20R 24R27R 33R51R
56R 62R 68R 100R 120R 180R 220R 390R 560R 620R 910R 1K0
1K2 1KS 1K8 2K2 2K7 3K3 3K9 4K7 BK2 10k 15K 16K 20K

CRYSTAL OCILLATORS

1.8342 £1 each 1M, 1.8432M, 4M, 16M 1.50
1.000M 4M00O 6MODO 10M000 12M000 15MO00 16MOOO
18M000 20M000 24M000 25M0O00 32M0O00 40MO00.£1.50
0.512M 1M8432 2M4576 4M096 SM396 8BM064 12M228
16M384 16M485 17M280 17M408 29M4912 44M44 £1.25

PHOTO DEVICES

SLOTTED OPTO-SWITCH OPCOA OPBB15
2NS777

TIL81 PHOTO TRANSISTOR

€2
€1.28
£2.80
£4.00
£3.00

€1.20

80p
(3]

TIL38 INFRA RED LED e
4N25. OP12252 OPTO ISOLATOR 80p
PHOTO DIOOE 80p e/t2
MEL12 (PHOTO DARLINGTON BASE n/c) 80p
4 DIGIT LED 7 SEG. DL4770 ....... S——
LEDs RED 3 or Smm 12/£1 100/
LEDs GREEN OR YELLOW 10/£1 100/€6.80
LEDS ASSORTED RD/GN/YW + INFRA/RED 200728
FLASHING RED LED 5mm S0p 10040
HI BRIGHTNESS LEDS CQX24 RED K7

STC NTC BEAD THERMISTORS
G22 220R, G13 1K, G23 2K, G24 20K. G54 50K. G25 200K, RES

@ 20°C DIRECTLY HEATED TYPE ... £102
F822BW NTC BEAD INSIDE l“ﬂo" GLASS PROBE
@ 20°C 200R Bles

A13 DIRECTLY HEATED BEAD YHERIISTOR ll res. Hullu
sudio Wien Bridge Osciilator £2 e

CERMET MULTI TURN PRESETS %"
10R 20R 100R 200R 250R 500R 2K 2K2 2KS 5K 10K 47K
S0p each

50K 100K 200K 500K 2M2

IC SOCKETS

—




@'@8 LEISURE PROJECT

he aim of this exciting computing and
I leisure project is three-fold:

* To enable you to build a micro-controlled
unit that will tell you all the essential details
about your journey on a push-bike or other
wheeled vehicle.

* To use the main circuit board as an
independent microcontroller under command
from eprom data of your own choosing.

* To show those of you who have had no
experience of microprocessors that at their
simpler levels they are easy to use and that you
need have no fear of experimenting with them.

In its complete form, the project consists of
the cmos versions of a 6502 microprocessor
and 6522 VIA interface input-output controller,
an eprom or eeprom containing the instruction
codes for the microprocessor, a 2K non-volatile
memory chip, a power-saving circuit, a push-
button function selector, and a 16-digit alpha-
numeric lcd display. The block diagram is
shown in Fig.1.

The bike computer keeps track of eight
parameters during the course of your journeys:

BIKE

* current speed

* distance travelled since start of trip

* peak speed reached during trip

* average speed during trip

* elapsed time since start of trip in hours,
minutes and seconds

/ 7. [t AN

COMPUTER

The computer may be used with any wheeled
vehicle and with wheels of any diameter. The
data for a given diameter is set into the eprom
during initial programming.

A ninth option is also provided :

Monitor your
pedal power with
John Becker's

* elapsed time since start of trip expressed as
decimal hours

* total revolutions of the wheel since start of trip

* total distance travelled since computer was

micro-cyclo - and

* to use the bike computer as a security
alarm controller triggered by unauthorised use
of the bike. Resetting of the alarm requires a

H code number to be correctly entered on the
gain a general- oy

purpose 6502 PROGRAMMED EPROMS

micro-controller as
In order to complete the project you will

we“. need a fully programmed eprom or eeprom. To
program it yourself you will need an eprom or
eeprom programmer capable of handling 2Kbyte
devices (16384 bits arranged as 2048 words x 8

first installed.

All distances and speeds are shown in miles
and kilometres according to the switch function
selected. You may instantly switch between the
two measurement systems.

All functions may be reset to zero at any time,
except for the total distance travelled since the
computer was first installed. The latter parameter
is reset to zero when the eprom is programmed.

Fig. 1. Block diagram for the Bike Computer. bits) having the pin configuration shown in
Fig.2. Alternatively, you may care to take
s S advantage of a friend of mine who has kindly
EPROM > HICROPROCESSOR < HEMORY agreed to supply pre-programmed chips. Details
later.
A A
1 Ve 24
B S Fig. 2. 1 o e |
A < As As =
3 2816 g As 22
CLOCK AND - ; eeprom 4 — 21
INTERFACE DISPLAY =1
POVER SAVER pinouts  ©| 7t (o HE 75
. =S 05 2
6 — 19
= R2 CDF!IO Té
A v <] At o~ CE \Tf
A = Ao > D7 =
9 P 16
=1 DO D6
19] D1 DS L
WHEEL 14
SENSOR KEYPAD ALARM i_é_ 02 D4 %
=1 GND DSy
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Fig. 3. Biock
:Eltxumn CLocx diagram of a basic
microprocessor
system.

MICROCONTROLLER

There is a minimum of four hardware
sections required for any microprocessor
controlled system, as shown in Fig.3. The
microprocessor is the heart of the system and it
has been designed and manufactured to perform
a number of arithmetic or logical functions in
response to specific binary code instructions.

The instructions are stored in a non-volatile
memory which usually takes the form of an
eprom (electronically programmable read only
memory) or an eeprom (electrically erasable
read only memory). It is also possible to use a
battery-backed rom to store the data, though not
with the same degree of data security. In use,
eproms and eeproms are identical in purpose;
the main difference between them is that the
former can only be reprogrammed following
erasure by exposing it to ultra-violet light,
whereas the latter can be erased or
reprogrammed simply by changing the logic
level on one pin. At least one random access

memory (ram) is required with the system. This
allows for the temporary storage of data by the
microprocessor  during  its  processing
operations, and for storing data which may have
been derived as the result of calculations or
from external sources. More than one ram can
be used to increase the memory capacity. The
ram is usually of the volatile type, that is, it
loses its data when the power is switched off.
Alternatively, a lithium battery-backed ram may
be used which can retain its data for at least ten
years without external power.

An eeprom may be used for secondary ram
storage providing the number of changes to its
data are likely to be few - an eeprom typically
has a life time of 100,000 data changes. Since
the internal requirements of a microprocessor
may produce this number of changes in less
than a second, an eeprom cannot be used as the
primary ram.

The fourth hardware block required is the
input-output block, allowing data to be
exchanged between the system and the outside
world.

AB-ALS AG-A18 ) RD-A10 DB-D?

(o

Em—m Q@ -
E R
:) R
RB-ALG RO-A10 06-07 K 0o-07
HEMORY
RST CLK AL3~Al4 OE/CE
CLOCK RESET

Fig. 4. Minimum 6502
system configuration.
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BLOCK EXPANSION

The block diagram of Fig.3 is expanded in
Fig.4 to show the typical interconnections
between a microprocessor of the 6502 type and
its three associated hardware blocks.

The 6502 has eight data lines which have
the joint function of inputting and outputting
data to and from rom, ram and the interface
device. There are 16 address lines originating
from the 6502 which are responsible for
selecting which rom, ram or interface device is
to be accessed and at which address within it.
The devices are arranged so that each address
can be treated as unique, ensuring that data
conflict between the devices is avoided.
Whether the devices are to be written to or read
from is controlled by the R/W line. Other lines
allow for the microprocessor to be interrupted
during processing, or reset.

A secparate clock generator sends the
necessary timing pulses to the microprocessor
triggering it to perform each instruction and
internal operation. The clock pulses are usually
produced at a crystal controlled frequency of at
least IMHz to ensure consistent high speed
timing. However, they do not need to be so fast
or so accurate and less precise and slower
clocking rates can sometimes be used (although
not in the Bike Computer).

MICROCONTROLLER

CIRCUIT

Fig. 5 shows the actual interconnection
details of the four parts of the microcontroller
as required for the Bike Computer. For this
application you will see that not all of the
address lines are used, and that four inverters,
IC5a-d, have appeared.

ICSb and its associated circuitry form the
clock pulse generator running at 1MHz, as
determined by the crystal’s natural frequency.
This clock frequency is routed direct to VIA
chip IC3, and indirectly to ICI, for reasons we
shall see presently.

Between them, IC5c, IC5d plus R1 and Cl
control the initial resetting of the system when
it is first switched on. At switch on, C1 will be
completely empty of charge, consequently the
outputs of IC5c and IC5d will respectively be
high and low, so holding at reset the
microprocessor IC1 via its pin 40 and the VIA
(versatile interface adaptor) chip via its pin 34.

Cl begins to charge up via R1. As soon as

. the charge has risen sufficiently, IC5c and IC5d
invert their output states, removing the reset
level from IC1 and IC3. This condition will
remain for as long the power is switched on.

INITIALISATION

As soon as its reset pin has gone high, the
microprocessor becomes active. The first thing
it does is to look at the eprom, IC2, to get its
first instruction. That instruction is always
located at the very last two addresses within the
eprom, and it takes the form of another address
to which the processor must then jump.
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Fig. 5. Main circuit diagram for the bike microcontroller.

When designing a microprocessor-based _
system, the designer must always consider
how the microprocessor is going to know
where the eprom is located in order to get its
first instruction byte. What the
microprocessor does is to send all its 16
address lines high. It then reads the data on its
data lines at that moment and takes that
information as the next address to which it
should jump. Obviously, we can’t have all the
*various additional chips of any circuit all
responding to all the address lines being high;
only the eprom must respond. It is necessary
to put the eprom at what the system will
regard as the top-most address block and to
inhibit any other devices lower down the

14

address table while the top address block is
being called. In the system presented here I've
placed the eprom at the block (hex) &4000-
47FF, the VIA interface at &2000-27FF and
the memory at &0000-07FF.

The first address looked at by the
microprocessor, if all the address lines were to
be used, would be &FFFF. All address lines
are not used and the maximum effective
address is &47FF. Having read &47FF, the
processor then reads the next address below it,
&A4TFE. &47FF holds the most significant bit
(msb) and &47FE holds the least significant
bit (Isb) of the next address. The address can
be anywhere in the programmed system at
which the designer/programmer has decided

to start his program. Purely for my
programming convenience my software
instructions start in the eprom at address
&4560. Consequently, the top two eprom
addresses hold &60 (Isb) and &45 (msb)
respectively. (Had I, for example, wished to
start directly at &4000, the two top codes
would have been &00 and &40.)

While the eprom is being read, VIA IC3
and Memory IC4 are inhibited by processor
address lines A13 and A14: IC4 is only active
while its OE and CE lines are low. Therefore,
by routing Al14 and A5 via the simple OR
gate consisting of D1, D2 and R4, IC4 will be
inhibited if either of these lines are high, as
they will be when the eprom is being read.

PRACTICAL ELECTRONICS NOVEMBER 1990




ITEISURE PROJECT @%8

SECTION
NORMALLY OPEN OF1IC3

B — 8 10 2

) (& e [:10) PAQ
S2 ol 1 3

P, el PR PA1
B —N 12 i

oy WL R | (T PA2

B ——

13 5

p— Ol P8 3 PA3
S —— " 6

i O—— PB PAL

S6
1
P—.o o—_s- PBS PAS 7
W =
sl .
v/ Lol

39

Fig. 6. Detail of ¢
VIA lines and FROM
the lcd module. L%SB

(A TR VR1

W7
PT 100k

Z

IC3 is only active if its CS1 input is high and
at the same that its CS2 pin is low.

While either IC3 or IC4 are being accessed,
the eprom needs to be inhibited. This is
achieved by taking its OE and CE lines high
when address line Al4 is low, using inverter
IC5a to invert the logic. Although in Fig. 5 you
will see that IC5a and the eprom lines OE and
‘CE apparently connect to IC7, that routing can
be ignored for the moment. Just imagine that
the two points in question in Fig. 5 are joined.

VIA CHIP IC3

The routing of data to and from the outside
world is via IC3. It has two input-output ports,
each of 8 lines (bits), labelled PAO-PA7 and
PBO0-PB7 respectively, any of which can at any
time be set as an input or an output. There are
four other lines that can be used for real-world
communicating, CAl-2 and CBI-2. The
functions of all 20 lines, and other internal
functions of the VIA, are controlled by the status
of the intemmal registers, which in tumn are
accessed via lines RS0O-RS3.

It is the microprocessor which controls the
reading and writing functions of all these lines
and registers, in accordance with the instructions
present at each address within the eprom.

BIKE MONITORING

As a bike computer, the microcontroller
circuit here needs to do five principal things:
monitor a wheel rotation detector; keep track of
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time; perform calculations based on rotation and
time; monitor several switches; send data to the
lcd display.

Fig. 6 shows detail of the VIA lines which
carry the data from the wheel detector and
function selector switch, and send display data
to the lcd.

The figure also shows the simple negative-
voltage generator around C13, C14, D3, D4 and
VR3 which feeds to the lcd module. The clock
source is taken directly from the output of the
clock generator IC5b.

Lines PB0O-PB6 and PA6 are internally held
high within IC3. When any of switches S1-S8
are pressed, the corresponding line is taken low,
the event is registered by the system and the
program causes the necessary action to be taken,
usually resulting in a change of data display
function.

PAO-PA4, PA7 and CA2 send data to and
control the actions of the lcd module. PAS and

PB?7 are associated with the power-saving circuit
described later.

Monitoring of the bike’s wheel rotation is
performed by line CB1 which is connected to
the circuit in Fig.7.

ROTATION DETECTOR

A Hall effect sensor is used to monitor the
wheel’s rotation. The sensor is a device which
produces an output voltage which varies in level
depending on the magnetic field close to it. In
this instance the sensor is mounted on the one of
the bike’s front forks, facing the spokes. A
magnet is fixed to a plate spanning between two
spokes. Each time the wheel revolves and the
magnet passes the sensor, IC10, the output
voltage at its pin 2 fluctuates. (ICIO0 is
incorrectly labelled as IC7 in Fig. 7 and 10.)
Opamp IC9 amplifies the voltage change by an
amount governed by RI10 and RI1l. The
amplified output feeds to the Schmitt trigger
circuit around IC6¢c which changes its output
logic state when a sufficiently strong voltage
change is detected. The resulting output pulse is
sent direct to the VIA on its CBI line.

VR2 presets the sensitivity of the sensor by
varying the threshold at which IC6c responds.
C12 governs the attack and decay rates of the
triggering, thus restricting the effects of minor
voltage changes, and setting a minimum pulse
length.

An internal shift register within VIA IC3 is
triggered by each pulse. The register is read by
the system at regular intervals, and then reset.

CLOCKED SAMPLING

The system has to be able to not only
register pulses from the wheel sensor, but also
to relate them against a precise timing factor. A
combination of software programming and
VIA internal timing have been used so that the
wheel register count, subsequent calculations,
and sending of data to update the lcd screen are
performed once a second.

The VIA has an internal timer which can be
set, under software control, to produce output
pulses at a rate related to the crystal clock
frequency. At a IMHz clock speed, the
minimum VIA pulse rate is eight pulses per
second. This is divided by eight under eprom
program control resulting in a pulse rate of
1Hz, which is a nice easy figure to work with

Fig. 7. Hall sensor and Schmitt trigger circuit.
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for subsequent calculations.

Under many circumstances 1 would feed
such pulses directly to the microprocessor on
one of the data lines. However, 1 use the
pulses here to control the power saving
circuit.

POWER SAVING

The memory and eprom chips can, in
effect, be almost completely turned off when
their use is not immediately needed. In this
state they consume considerably less power
than when active. Since we only need to
sample the bike data at one second intervals,
there is no point in consuming any more
power than we need between the sampling
points.

Ideally, we don’t really need the
microprocessor to be active during these
periods either. The 6502 processor, though,
cannot be turned off as such. But what we can
do is to stop its controlling clock, and so
prevent it from endlessly cycling through a
program loop, repeatedly accessing the
eprom. The timing of the clock stopping

16

COMPONENTS

MAIN UNIT

RESISTORS

R1,R2 1M (2 off)

R3 1k

R4 10k

All 0.25W 5% carbon film

CAPACITORS

c 11 16V elect

C2.C3 33p polysterene (2 off)

C4-C7 100n polyester (4 off)

SEMICONDUCTORS

Dl, D2 IN4148 (2 off)

IC! 65C02 cmos microprocessor

IC2 2816 eeprom or 27C16 cmos eprom

IC3 65C22 VIA

IC4 MK48T02 lithium battery-backed cmos
ram

IC5 4584 cmos Scmitt hex-invener

MISCELLANEOUS

DIL sockets: 40-pin (2 off), 24-pin (2 off), 14-pin. Printed
circuit board.

SENSOR, POWER SAVER AND DISPLAY
RESISTORS

R5-R7 100k (3 off)

R8,R9 2k (2 off)

R10. R14 10k (2 off)

R11,R13 330k (2 off)

RI12 33k

All 0.25W 5% carbon film
POTENTIOMETER

VR1 100k skeleton preset
CAPACITORS

C8,C9 1n polystyrene (2 off)
C10,C11,C12 100n polyester (3 off)
(K] Iy 16V elect

Cl4 4.7u 16V elect
SEMICONDUCTORS

D3, D4 1N4148 (2 off)

IC6 4011 cmos quad-NAND
{(og) 4071 cmos quad-OR
IC8 4013 cmos dual flip-flop
109 741 opamp

IC10 634582 Hall effect sensor
MISCELLANEOUS

DIL sockets: 8-pin, 14-pin (4 off), LCD module LCM570 or
similar, 12-switch telephone keypad, bar magnet, printed
circuit board, plastic box 120 x 65 x 40mm.
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needs to be accurately synchronised with the
processor’s internal activities to avoid
erroneous functioning. This requires the use
of a moderately complicated sync control
circuit, as shown in Fig. 9.

Each 8Hz timing pulse from IC3 goes
through the OR gate IC7a to trigger the flip-flop
IC8b. This in turn sets the Data input of a
second flip-flop IC8b under trigger control on
pin 11, direct from the clock oscillator ICSb.
IC8b's Set input is under control from the
microprocessor’'s  Sync  output, pin 7.
Consequently, IC8b can only be triggered under
the correct combination of sync, clock and data
settings. When triggered, IC8b’s Q output goes
high allowing the AND gate IC6b to pass the
clock pulses (coming through IC6a) to the
microprocessor’s clock input.

In this condition, IC8b's Q output has no
affect on the OR gate IC7c, which can continue
to pass the Al4 address line logic levels from
IC5a to the OE and CE pins of the eprom.

With clock signals available, the
microprocessor reads and actions as much of the
software program as fast as it can - until the
software tells it to send a Stop pulse back to IC8
etc. The Stop command comes along to the VIA
IC3, and out along its PAS line to C10 in Fig. 9.

Via OR gate IC7b, the resulting pulse triggers
IC8a, which inverts the Data signal on IC8b, so
allowing the next correct combination of clock
and sync signals to trigger the flip-flop to its
opposite logic state. IC6b then closes, stopping
clock pulses from reaching the microprocessor.
IC8’s Q output then forces a high level, via
IC7c, on the OE and CE inputs of the eprom, so
turning it off.

Since the processor is no longer operating,
memory chip IC4 will also remain in an off
condition. This state of affairs remains until the
next 8Hz pulse is received, whereupon the cycle
restarts.

We cannot totally turn off the VIA in this
circuit (though we could in other circumstances)
because we need it to continue performing two
activities: using its internal timer to generate the
8Hz clock, and to continue monitoring the bike
wheel rotation sensor.

The power saving circuit has also had to
allow for the circuit initialisation process at
power switch-on, hence the OR gates IC7a/b.
IC8a is held reset by IC5c until C1 has charged
up, at which point a pulse is generated across C9
providing the first clock pulse to trigger IC8a
and so start the system.

the

Only the cmos versions of
microprocessor and VIA chips should be
used. These are coded 65C02 and 65C22
respectively and are made by several
manufacturers with various prefix and suffix
codes. Either an eeprom or a normal eprom
may be used for IC2 but a cmos eprom may
be preferable because of its lower power
consumption. The memory chip is a lithium
battery-backed device allowing for data
retention even after power switch-off. A
normal volatile ram of the same pin
configuration may be used if you don’t mind
losing the total-miles-covered storage facility.
The lcd module used in the original is an
LCMS570 16-character alphanumeric display
arranged as two rows each of eight characters.
There are other types available, including low
cost ones on the surplus market. Fuller details of
the LCM570 were covered in PE May-Jun 90.

Friend Malcolm Harvey has kindly agreed
to supply pre-programmed eproms for a
limited period at £18.00 including post and vat.
Send a cheque or postal order made payable to
him, ¢/o Unit P, 8 Finucane Drive, Orpington,
Kent, BRS 4ED. Ensure you state the diameter
of the wheel with which the unit will be used.
Either he or I will be pleased to advise you of
component sources if you have difficulty
finding a supplier for any of them.

Continued on page 38.
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asers which once existed only in the
minds of science fiction writers, are
now so commonplace around us, in
holograms, eye surgery, printing, etc, that people
have ceased to wonder what the letters stand for.

Laser stands for Light Amplification by
Stimulated Emission of Radiation and since one
is dealing with light what better way to amplify
the signals than with mirrors. So with the semi-
conductor laser at least, one need not be
ashamed to admit that it is all done with mirrors.

Lasers operate in the spectrum between the
ultraviolet and infrared (0.1pm to 1000um) as
shown in Fig.l. The advantage of operating
higher in the frequency spectrum is that a higher
transmission bandwidth is obtained and in the
optical range the signals are also immune to
electrical noise.

A feel for the attainable bandwidths can be
obtained by comparing a radio signal
transmitting at 10°Hz with a laser operating at
10'*Hz. The maximum bandwidths obtainable
from each are 10° and 10" respectively showing
that the bandwidth of the laser is six times
greater than the radio in this example. With the
larger bandwidth it is possible to transmit at a

Photograph kindly supplied by laser manufacturers Spindler and Hoyer.

LASERS

higher speed and so it is possible to transmit
about thirty volumes of the Encyclopaedia
Britannica in one second. The biggest
application of lasers is in communications using
optical fibres and the bandwidth is a
compromise between distance and number of
repeaters. This aspect will be dealt with under
optical fibres.

The main features of lasers are the stimulated
emission and the amplification. In order to
sustain the lasing, optical feedback is employed
using mirrors. This is similar to using feedback
in electronic amplifiers.

PROPERTIES OF LASERS

Lasers have a high brightness since the beam
diverges very little. They can also be focused to
a small size of the order of a wavelength of the
particular laser, for making small holes, cuts,
marks, etc in materials.

Depending on the type of laser, low power in
the range of microwatts to high power in the

Fig. 1. Laser operating range.
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Part One.
Mike Sanders
coherently shines
light on the science
fiction devices that
have become
common-place
realities.

range of kilowatts can be obtained. In addition,
pulsed lasers can provide high instantaneous
energy in the region of terawatts or hundreds of
joules per pulse.

Lasers display a high degree of chromaticity
(pure colour) because of the small spread in
wavelength and some of the lasers that will be
discussed are helium-neon, ruby, carbon
dioxide, dye, neodymium-YAG, neodymium-
glass and semiconductor lasers. The ruby laser
was invented in 1960, followed by the gas laser
in 1961 and the semiconductor laser in 1962.

Lasers also have good coherence. Coherence
is a complex subject but the simple explanation
is to say that if the emission is all of the same
frequency and travelling in parallel, in the same
direction, and in phase, the radiation is coherent.

As an example of non-coherent radiation, the
sun’s rays may be considered. Random
frequencies at random intervals are produced.
Similarly with a spotlight whose beam spreads

by about two degrees of arc. By contrast a laser
diverges only a few seconds of arc and therefore
the concentrated energy can be used for space
communications.

There are two aspects of coherence, spatial
and temporal coherence. Temporal coherence
means that all the emission from the same
source has a fixed phase relationship at a point
in space at different times. Spatial coherence is
when all the emissions have a fixed phase
relationship at the same time but at different
points in space. Two pure sinusoidal waveforms
of the same frequency would be perfectly
coherent.

One method of obtaining coherence using
ordinary sources of light is to place a pinhole in
front of the light. The hole acts as a diffraction
grating and since only a small part of the
emission is allowed through the hole, good
spatial coherence is obtained. Another method is
to place a diffraction grating (slits) far enough
from the emitting source so that the slits are
illuminated uniformly.

In comparison with ordinary sources, lasers
have nearly perfect coherence but this can be
improved even further as we shall see later, by
altering the geometry of semiconductors, using
injection locking etc. Researches are pursuing
these and other avenues with almost manical
commitment since, the purer the wavelength and
the more coherent the emission, the wider the
bandwidth that can be transmitted.

THEORY OF OPERATION

The theory of light states that light energy
travels in discrete bundles called photons.
Stimulating a photosensitive material with
light will release electrons and the converse is
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Fig. 2. Electron orbits.

also true, that is, stimulating the electrons in a
laser will release light.

Three types of transitions involving
photons are of interest in laser operations:

a) absorption

b) spontaneous emission

¢) stimulated emission

When light of the correct wavelength falls
on a photosensitive material, it is absorbed.
The other two terms spontaneous emission
and stimulated emission will become clear in
the explanation below.

But to begin at the beginning, all material
is composed of atoms consisting of a nucleus
with a positive charge, and one or more
electrons with a negative charge, in one or
more orbits around the nucleus, as in Fig.2.

TWO LEVEL SYSTEM

When energy is supplied to a material, say
by heating it, the electrons revolve in larger
orbits from the nucleus until they escape from
the material, if sufficient energy has been
applied. This is illustrated in the energy level
diagram of Fig.3.

In solids, atoms are packed tightly together
and therefore energy levels exist more in the
shape of energy bands (Fig.4). The number of
electrons in the valence band would depend
on the group of the periodic table to which the
element belongs.

Figs. 3 and 4. Energy levels and
bands.
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At a temperature of absolute zero, all the
electrons would be in the valence band and in
order for the material to conduct heat or
electricity some of the electrons must be
raised into the conduction band.

In between the valence and conduction
bands, there are forbidden states where the
electrons are not allowed to reside. The gap
between the valence and conduction bands
depends on the construction of the material
and can be altered by chemically doping the
material since this alters the physical bonds.

When an electron drops across the energy
gap, light is emitted with a wavelength equal
to the distance between the valence and
conduction bands. For optical fibre
communications wavelengths around 0.85um,
1.3um and 1.55pm are of interest because of
certain features in glass fibre which we shall
examine under Optical Fibres.

The emission from light emitting diodes is
spontaneous, ie the electrons are excited and
light is emitted whereas the emission from
lasers is stimulated. This means that in lasers
the electrons are pumped to a higher level and
then allowed to engage in an avalanche effect.
Rather like carrying a rock to the top of a hill.
Not only is the potential energy of the rock
raised but it will also dislodge other rocks on
the way down.

There are more electrons in orbits closer to
the nucleus than there are in orbits further
away from the nucleus. This can be compared
to the earth’s atmosphere which is rarer the
further one gets away from the earth.

The stable distribution of electrons is often
displayed by the exponential graph of Fig.5,
which shows more electrons at a lower energy
levels. The number of electrons in the energy
levels is related by the following equation:

N1 (E2-El)
— =exp -
N2 KT
where

K is Boltzmann'’s constant

T is the absolute temperature

N1 is the number of electrons at energy

level E1

N2 is the number of electrons at energy

level E2

This is the position at thermal equilibrium.
In order to provide lasing, the electrons need
to be supplied with energy so that more
electrons are raised to the higher energy level
in the outer orbit. This process is called

Fig. 5. Electron distribution.
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Fig. 6. Inverting the population.

population inversion and the exponential
graph now looks like that of Fig.6 with more
electrons at the higher level.

A system with two energy levels is called a
two level system and the transition from one
energy level to the other takes place at the
edges of the band. The ammonia maser and
the laser diode are examples of two level
systems.

Two level systems are pulsed systems
since they go through a continuous pump-
emit, pump-emit cycle, (Fig.7). The power
output from a ruby laser is like that shown in
Fig.8. The build up and depletion of the
population leads to the spikes and the gradual
decline in height of the spikes is because the
output power of the flash lamps decline. The
spikes are unevenly spaced.

Figs. 7 and 8. Pulsed system, and ruby
laser output pulse.
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In multimode lasers there is more than one
mode of operation, ie wavefront peaks as in
microwave transmission. Modes will be dealt
with later. Multimodes allow the lasing to hop
from one mode to another, resulting in random
pulsing. If the mode can be restricted to a single
mode, the output is as in Fig.9 with less spiking
and a gradual dying out of the oscillations. The
oscillations are also evenly spaced.
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Fig. 9. Single mode pulsed output.

THREE AND FOUR LEVEL

SYSTEMS

The ruby laser can also operate as a three
level system, as can a dye laser. In a three
level system electrons are pumped to a much
higher level E2, Fig.10. If electrons will stay
at level E2 for a few milliseconds, it is called
a metastable state.

If they do not stay there, then spontaneous
emission takes place. But assuming they do
stay there for a little while, continuous
pumping can take place between levels El
and E2. The electrons then drop to an
intermediate level E3 without emitting light.
Lasing then follows as they drop back to El.

Just as pumping is continuous, lasing is
also continuous as the electrons drop back to
El. The frequency that is emitted is
proportionate to the distance between E2 and
El:

where h is Planck’s constant.
The pumping energy for such lasers is

COMMUNICATIONS FEATURE -E_————;

quite high since the whole population of the
lasant needs to be inverted.

In a four level system, the electrons are
pumped to level E2 as before where they stay
for a while before dropping to level E3 in
Fig.11. This is followed by lasing between
levels E3 and E4 and then a transition back to
E1 without radiation.

The advantage of a four level system is
that less pump energy is required compared to
a three level system since the whole lasant
population does not have to be inverted and
therefore continuous wave operation is
simpler. The frequency of radiation is given
by:

Typical lasers employing four level
systems are neodymium-YAG, helium-neon,
ion and carbon dioxide. The excitation in gas
lasers is by electric discharge, and by optical
methods in solid lasers.

Energy transfer by collision with other
ions, atoms and molecules is one of the main
methods of achieving population inversion in
metal vapour, carbon-dioxide and helium-
neon lasers.

TYPES OF LASERS

Lasers come in all shapes and sizes from
low power to high power, continuous wave
and pulsed. A variety of materials can be used
in liquid, solid and gas form. The excitation of
these ranges from electric discharge to
physical collision. Some of the commonly
used materials and their methods of
excitation, power outputs and frequency range
will be dealt with briefly.

Fig. 12. Helium-Neon lasers.
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HELIUM-NEON LASERS
The most common of all the visible lasers
€2 - A ; ’
is the helium-neon which emits at two
wavelengths in the red part of the spectrum.
The popular wavelength is 0.6328um with
€3 power outputs from 0.5mW to 50mW
E3-E continuous wave.
=g Most helium-neon (He-Ne) lasers are
constructed as narrow tubes with only about
€e 2mm diameter. The original helium-neon laser
tube was 1.5cm in internal diameter and 1
metre long (Fig.12). An electrical glow
discharge of about 50mW is produced by
€l means of a voltage of about 2kV. But several
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kilovolts are required to get the discharge
started. Alternatively, excitation is by RF
methods.

This is a low gain laser and therefore about
99% feedback is required to keep it lasing.
Mirrors are mdunted at each end to amplify
the light by bouncing it back and forth. The
mirrors are adjustable so that they can be
moved both towards each other as well as
parallel to each other.

One mirror is also made less opaque so
that it can transmit. The original device used
internal mirrors which were difficult to adjust
in the low pressure gas. Today external
spherical mirrors are used which are several
layers of dielectric substrate.

Helium and neon are chosen because they
have similar energy levels so population
inversion can be achieved by transferring
energy from helium to neon, neon being the
lasant. The atoms that engage in the lasing are
not ionised and therefore this is a neutral gas
laser.

The helium-neon laser is a fairly reliable,
low cost laser and is used for image and
pattern recognition and in reading bar codes.
It is also used in the construction industry for
tunnelling and constructing sewers.

A major application of this laser is in
recording and playing back holograms. It is
used to measure displacement using
interference fringes and to locate the edges of
materials in industrial processes. In factories,
the helium-neon laser is used to detect flaws
on a surface and measure the roughness; this
is called non-destructive testing. It is also
used in alignment, ranging and flow
measurements. The helium-neon laser is used
to guide high power lasers to work areas and
align them onto the material.

CARBON DIOXIDE LASERS

In general gas lasers can provide
continuous wave operation at room
temperature without the coolifig required for
other lasers. Also, because gases do not have
the physical deformities that solids do, their
emissions are closer to a single frequencies,
ie, they are said to be monochromatic.

Pure carbon dioxide lases quite weakly,
therefore it is common to introduce nitrogen
and helium or helium and neon in small
quantities. The wavelength is 10.6um and the
power output is from a few watts to several
kilowatts, continuous or pulsed.

Molecular vibrations provide the lasing
action rather than electronic transitions.
Hydrogen fluoride and carbon monoxide also
use molecular vibrations in order to supply
the lasing action. Carbon monoxide lasers can
supply from a few watts to several kilowatts,
continuous or pulsed.

Molecular vibrations provide the lasing
action action rather than electronic transitions.
Hydrogen fluoride and carbon monoxide also
use molecular vibrations in order to supply
the lasing action. Carbon monoxide lasers can
supply from a few watts to about 15kW but
they are only about 10% efficient.

Carbon monoxide lasers are much more
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efficient, about 40% efficient but they are not
only toxic but corrosive as well and therefore
not employed in high power applications.

Industrial processes employing carbon
dioxide lasers include cutting, welding, heat
treating, scribing, marking and hole piercing.
Materials that can be worked by carbon
dioxide lasers are wood, paper, glass, most
metals, ceramics, cloth and plastic.

Laser Wavelength (um) Power(W)
Argon 05145100488 0.005 to 20
Krypton 0.6471 0.005 to 6
Xenon  0.995100.5395 200 (pulsed)

Fig. 13. Comparison of ion lasers.

ION LASERS

lonised gas is the lasant and these are
usually four level systems. An electrical
discharge is started in a plasma of the gas and
the output is from a few milliwatts to several
watts. Gases that are commonly used are argon,
krypton and xenon. Typical power outputs and
wavelengths emitted are shown in Fig.13.

The lasers can be tuned to wavelengths
other than those shown in Fig.13 but those
shown are the most common operating ranges.
In addition the xenon laser can provide a higher
output than the other two by operating it in a
pulsed mode.

The argon laser was used by astronauts to
measure the distance from the moon to the
earth, and it is also used in eye surgery. The
xenon laser is used for processing materials
particularly is removing thin sheets of metal.
Both argon and krypton lasers are used in
spectroscopy, particularly Raman spectroscopy.

DYE LASERS

An organic dye is used as the lasant. A
typical dye such as xanthene (rhodamine 6G)
which is an organic dye could be used and
pumped by nitrogen or argon lasers. An output
of about 10mW could be obtained with a
hundred pulses per second.

A wide bandwidth is obtained, typically 10
Hz, encompassing hundreds of lines in the
spectrum. Therefore it is possible to scan the
visible spectrum merely by changing the dye,
which can be made automatic. With this
automatic facility, it is not surprising that it can’
be wused to detect pollution and in
photochemistry.

METAL VAPOUR LASERS

A process called cataphoresis is used
where, for instance, cadmium is evaporated at
an anode and condensed at the cathode. In this
process about one gram of cadmium is used up
in a thousand hours. The power is only in the
range SOmW to 100mW and the current is also
low so that air cooling is sufficient.

Such lasers are used in photochemistry,
spectroscopy and laser light shows.
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AMMONIA MASER

The ammonia maser (Microwave
Amplification by Stimulated Emission of
Radiation) was invented in 1954. The

researchers were attempting to construct an
amplifier but instead the device oscillated.
Unable to stabilise it, the scientists accepied it as
an oscillator and attempted to check its
oscillating frequency range. To their amazement
it could not be tuned to any other frequency
apart from its frequency of oscillation.

It was then decided to use the ammonia
maser as a clock since it is accurate to one
second in 10,000 years. By comparison, the best
clocks of the day were accurate to only one
second in ten years. For time keeping the
ammonia maser has been replaced by rubidium
and caesium which are even more accurate.

The other use for the maser was in reception
of satellite signals. Although these have now
been replaced by parametric amplifiers the
maser was the best available technology in those
first exciting days of satellite experiments.

In order to reduce the noise in the detectors
and front end amplifiers the maser was operated
at -271.5°C (1.5K) which is not far off absolute
zero (-273°C). This is achieved by immersing
the devices in helium and at absolute zero all
molecular vibration stops.

All this may seem excessive effort but when
one is trying to detect a signal as low as 103
watts, in the presence of noise, extreme
measures are required. Masers cannot handle
powers above 1073, therefore they are ideal for
these low level applications. Masers also have
an edge over travelling wave tubes and klystrons
since they have very little inherent noise.

Fig. 14. Ruby laser.
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RUBY LASER

In 1960 Maiman constructed and operated
the first laser made from a crystal of ruby. The
ruby laser uses sapphire (Al,0,) as the host and
triply ionised chromium ions (Cr*) as the
lasant. The chromium replaces about 0.05% of
the aluminium atoms.

The wavelength is 0.6943um in the red part
of the spectrum and because of the poor thermal
properties of sapphire the output has to be
pulsed. Nevertheless several joules of energy
can be provided for piercing holes, drilling
diamonds, spot welding, space probes and
pulsed holograms.

XENON FLASH
TUBE

Ruby is easy to cut into the required shape,
usually a rod lem in diameter and 10cm long,
(Fig.14). The ends are silvered in order to
amplify the light with one end partially
transmitting to provide an output path for the
pulses. )

A number of capacitors of about 100uF with
a potential of a few kV is discharged into a flash
tube. The flash tube containing zenon is
wrapped around the ruby crystal. The energy
absorbed from the flash tube into the ruby
crystal provides enough energy for population
inversion.

NEODYMIUM-GLASS LASERS

Glass is used as the host substance and triply
ionised neodymium, Nd*, as the lasant. The
output wavelength is 1.06um but the bandwidth
is much wider than the output from the
neodymium-YAG laser. This results in several
modes of oscillation and when these are locked
together, a bandwidth as wide as 10'2Hz can be
obtained with a pulse as narrow as 102 sec.
Pumping is by gas discharge lamps.

But glass has a low thermal conductivity,
therefore the duty cycle must be kept low,
around one pulse per second. However,
reasonably high energies can be obtained,
around 100 joules per pulse. This makes the
laser practical for hole piercing and welding.

NEODYMIUM-YAG LASERS

Once again triply ionised neodymium Nd>* is
used as the lasant. The host is yttrium-
aluminium-garnet (YAG) which is also used as
synthetic diamonds. The chemical formula of
YAG is Y;Als0y,. From 1% to 2% of the metal
ions are replaced by neodymium.

The output is 1.06um and can be operated
pulsed or continuously from a few watts
continuous up to 1kW pulsed. It is a four level
system therefore population inversion is
obtained with a low threshold energy.

The laser can be pulsed with a high repetition
rate but above 2000 pulses per second, the
average power starts to decline. Continuous
wave lasers can be Q switched (Q switching will
be dealt with later) in order to provide high
energy pulses.

The neodymium-YAG laser is used for spot
welding, seam welding, cutting, piercing holes
in gemstones and exciting dye lasers.

One of the biggest application of lasers is in
communications using optical fibres, therefore
the semiconductor laser has been under intense
development in order to provide higher power
from small chips as well as purer frequencies
and single modes.

The development of the semiconductor laser
will be dealt with in the next part as well as
methods of producing short, high peak power
pulses. Such techniques for pulsed lasers include
mode locking, Q switching and cavity dumping.

Next month we shall look at semi-conductor

lasers.
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SURVEILLANCE

PROFESSIONAL QUALITY KITS

No.1 For KiTs

Whether your requirement for surveillance equipment is amateur, professional or you are just fascinated by this
unique area of electronics SUMA DESIGNS has a kit to fit the bill. We have been designing electronic surveillance
equipment for over 12 years and you can be sure that all of our kits are very well tried, tested and proven and
come complete with full instructions, circuit diagrams, assembly details and all high quality components

including on an
ordinary VHF FM radio.

UTX Ultra-miniature Room Transmitter.
Smallest room transmitter kit in the world! Incredible 10mm x 20mm
including mic. 3-12V operation. 500m range

MTX Micro-minjature Room Transmitter.
Best-selling micro-miniature room transmitter. Just

17mm x 17mm
including mic. 3-12V operation. 1000m range

....812.95

STX h-Performance Room Transmitter.

Hi performance transmitter with a buffered output stage for greater
stability and range. Measures 22mm X 22mm including mic. 6-12V
operation, 1500m range ..... £14.95

VT500 High-Power Room Transmitter.
Powerful 250mW output providing excellent range and performance. Size
20mm x 4-12Voperation. 3000m range £15.95

VXT Voice Activated Room Transmitter.

Triggers only when sounds are detected. Very low standby current. Variable
sensitivity and delay with LED indicator. Size 20mm x 67mm. 9V operation.
1000m range £18.95

HVX400 Mains Powered Room Transmitter.
Connects directly to 240V AC supply for long term monitoring. Size 30mm
x 35mm. 500m range ........ £18.95

SCRX Subcarrier Scrambled Room Transmitter.

Scrambled output from this transmitter cannot be monitored without the
SCDM decoder connected to receiver. Size 20mm x 67mm. 9V operation,
1000M FanZE et mmesisss e uwos £21.95

SCLX Subcarrier Telephone Transmitter.

Connects to telephone line anywhere, requires no batteries. Output
scrambled so requires SCDM connected to recefver. Size 32mm x 37mm.
1000m range................ e £22.95

SCDM Subcarrier Decoder Unit for SCRX.
Connects to receiver earphone socket and provides decoded audio output to
headphones. Size 32mm x 70mm. 9-12V operation ........................ .£21.95

ATR2 Micro Size Telephone Recording Interface.

Connects between telephone line (anywhere) and cassette recorder. Switches
tape automatically as phone is used. All conversations recorded. Size 16mm x
32mm. Powered from line ..£12,95

* %k Specials k%%
DLTX/DLRX Radio Control Switch

Remote control anything around your home or garden, outside lights
alarms, paging system etc. System consists of a small VHF transmitter with
digjtal encoder and receiver unit with decoder and relay output. momentary
or alternate, 8-way dil switches on both boards set your unique security
code. TX size 45mm x 45mm, RX size 35mm x 90mm. Both 9V operation.
Range up to 200m. Complete System (2 kits) ..................... . £49.95
Individual Transmitter DLTX................... - S

Individual Receiver DLRX

MBX-1 Hi-Fi Micro Broadcaster.
Not technically a surveillance device but a great idea! Connects to the
headphone output of your Hi-Fi. tape or CD and transmits Hi-Fi quality to
a nearby radio. Listen to your favourite music anywhere around the house,
Farden. in the bath or in'the garage and you don't have to put up with the
)J's choice and boring waffle. Size 27mm x 60mm. 9V operation. 250m
S £19.95

SUMA
DESIGNS

breglass PCB. Unless otherwise stated all transmitters are tuneable and can be receive

UTLX Ultra-Miniature Telephone Transmitter.

Smallest telephone transmitter kit available. Incredible size of 10mm x
20mm! Connects to line {anywhere) and switches on and off with phone
use. All conversation transmitted. Powered from line. 500m range....£14.95

TLX700 Micro-Miniature Telephone Transmitter.

Best-selling telephone transmitter. Being 20mm x 20mm it is easler to

assemble than UTLX. Connects to line {anywhere) and switches on and off

with phone use. All conversations transmitted. Powered from line. 1000m
TP —. Lo 3 L )

STLX High-Performance Telephone Transmitter.

High power transmitter with buffered output stage providing excellent stabili
and performance. Connects to line (anywhere) antr switches on and off wi
phone use. All conversations transmitted. Powered from line. Size 22mm x
22mm. 1500m range

TKX900 Signalling/Tracking Transmitter.

Transmits a continuous stream of audio pulses with variable tone and rate.
Ideal for signalling or tracking purposes. High power output giving range up
to 3000m. Size 256mm x 63mm. 9V operation - £21.95

CD400 Pocket Bug Detector/Locator.

LED and piezo bleeper pulse slowly, rate of pulse and pitch of tone increase
as you approach signal. Gain control allows pinpointing of source. Size
45mm x 54mm. 9V operation £29.95

CD600 Professional Bug Detector/Locator.

Multicolour readout of signal strength with variable rate bleeper and
variable sensitivity used to detect and locate hidden transmitters. Switch to
AUDIO CONFI1 mode to distjn%l ish between localised bug transmission
and normal legitimate signals suc etc. Size 70mm
x 100mm. 9V operation.................. SRRRIRRRIR - £:) (2 1<)

QTX 180 Crystal Controlled Room Transmitter.

Narrow band FM transmitter for the ultimate in privacy. Operates on 180
MHz and requires the use of a scanner receiver or our QRX180 kit (see
catalogue), Size 20mm x 67mm. 9V operation. 1000m range ............ £39.95

QLX180 Crystal Controlled Telephone Transmitter.
As per QTX180 but connects to telephone line to monitor both sides of
conversations. 20mm x 67mm. 9V operation. 1000m range £39.95

Q@SX180 Line Powered Crystal Controlled Phone Transmitter.
As per QLX180 but draws power requirements from line. No batteries
required. Size 32mm x 37mm. Range 500m..................... £34.95

QRX 180 Crystal Controlled FM receiver.

For monitoring any of the 'Q’ range transmitters. High sensitivity unit. All
RF section qu)Flled as a pre-built and aligned module ready to connect on
board so no difficulty setting up. Output to headphones. 60mm x 75mm.
OV ODETAUIOTY gt . . s o4’ owomw's v v on ST + 7T os RS T . cisrrinnen. 559,85

A build-up service is available on all our kits if required.

UK customers please send cheques, POs or registered cash.
Please add £1.50 per order for P&P. Goods despatched ASAP
allowing for cheque clearance. Overseas customers send
sterling bank draft and add £5.00 per order for shipment.
Credit card orders welcomed on 0827 714476.

OUR LATEST CATALOGUE CONTAINING MANY MORE
NEW SURVEILLANCE KITS NOW AVAILABLE. SEND TWO
FIRST CLASS STAMPS OR OVERSEAS SEND TWO IRC'S.

THE WoRKsHOPS, 95 MAIN ROAD,
BAXTERLEY. NEAR ATHERSTONE,
WARWICKSHIRE CV9 2LE

0827 714476
Fax: 0827 712706




ONE POUND PACKS
All packs are £1 each Note the figure on the extreme left of the
pack ref number and the next figure is the quantity of items in the
pack, finally a short description.

BD2 5 13A spurs provide a fused outlet to a ring main where
devices such as a Clock must not be switched off.

BD9 2 6V 1A mains transformers upright mounting with fixing

clamps.

12 30 watt reed switches, it's surprising what you can make

with these - burglar alarms, secret switches, relay, etc., etc.

2 25 watt loudspeaker two unit crossovers.

2 Nicad constant current chargers adapt to charge almost

any nicad battery.

2 Humidity switches, as the air becomes damper the

membrane stretches and operates a microswitch.

S 13A rocker switch three tags so on/off, or change over with

centre off.

1 24hr time switch, ex-Electricity Board, automatically adjust

for lengthening and shortening day, original cost £40 each.

5 Neon valves, with series resistor, these make good night

lights.

1 Mini uniselector, one use is for an electric jigsaw puzzle,

we give circuit diagram for this. One pulse into motor, moves

switch through one pale.

1 Suck or blow operated pressure switch, or it can be

operated by any low pressure vanation such as water leve! in

water tanks.

1 6V 750mA power supply, nicely cased with mains input

and 6V output leads.

2 Stripper boards, each contains a 400V 2A bridge rectifier

and 14 other diodes and rectifiers as well as dozens of

condensars, etc.

10 Very fine drills for pcb boards etc. Normal cost about 80p

each.

2 Plastic boxes approx 3in cube with square hole through top

50 ideal for interrupted beam switch.

10 Motors for mode! aeroplanes, spin to start so needs no

switch.

6.5" 4 Ohm speaker, 10 Watt rating

6 Microphone inserts - magnetic 400 ohm also act as

speakers.

4 Reed relay kits, you get 16 reed switches and 4 coil sets

with notes on making ¢/o relays and other gadgets.

6 Safety cover for 13A sockets - prevent those inquisitive

little fingers getting nasty shocks.

6 Neon indicators in panel mounting holders with lens.

65 amp 3 pin flush mounting sockets make a iow cost disco

panel.

1 Mains solenoid, very powertul, has 1in pull or could push if

modified.

8 Keyboard switches - made for computers but have many

other applications.

1 Electric clock, mains operated, put this in a box and you

need never be late.

§ 12V alarms, make a noise about as loud as a car hom.

Slightly solled but OK.

1 Panostat. controls output of boiling ring from simmer up

boil.

50 Leads with push-on 1/4in tags - a must for hook-ups

mains connections etc.

2 Oblong push switches for bell or chimes, these can mains

up o 5 amps so could be foot switch if fitted Into pattress.

1 Mini 1 watt amp for record player. Will aiso change speed

of record player motor.

1 Tubular dynamic mic with optional table rest.

2 Miniature driver transformers. Ref. LT44, 20k to 1k centre

tapped.

BD548 23.5V relays each with 2 pairs changeover contacts.

BD667 24.7 uf non-polarised block capacitors, pcb mounting.

There are over 1,000 items In our One Pound Pack List. If you want a

complete Copy please request this when ordering.

GEIGER COUNTER KIT includes tube, PCB and all components to make

a 9V counter £34. Ref 39p1

PERSONAL STEREOS Again customer returns but complete and with

stereo head phones a bargain at only £3.00 each. Our ref 3P83.

MAINS OPERATED MICROWAVE CONTROL PANEL with Touch

switches. This unit has a 4 digit display with a built in clock and 2 relay

outputs - one for power and 1 for pulsed power level. Could be used for

all sorts of timer control applications. Only £6.00. Our ref 6P18.

EQUIPMENT WALL MOUNT Muttiangle for speakers etc. £3 each. ref

3P72.

SUB-MIN TOGGLE SWITCH Body size 8mm x 4mm x 7mm SBDT with

chrome dolly fixing nuts. 3 for £1. Order ref BD649.

COPPER CLAD PANEL for making PCB. Size approx 12in iorig x 8.5in

wide. Double-sided on fibreglass middle which is quite thick (about

1/16in) so this would suppart quite heavy components and could even

form a chassis to hold a malns transformer, etc. Price £1 each. Our ref

BD683.

MAINS FANS Brand new, snail type. Approx. 6° x 4" approx. 70W only

£€5.00. Ref. 5P166.

REAL POWER AMPLIFIER for your car, it has 150 watts output.

Frequency response 20hz to 20Khz and signal to noise ratio better than

60dB. Has built in short circult protection and adjustable input level to suit

your existing car stereo, so needs no pre-amp. Works into speakers ref.

30P7 described below. A real bargain at only £57.50. Order ref: 57P1.

BD13

BD22
BD30

BD32
BD42
BD45
BD49

BDS6

BD67

BD103A

BD120

BD128
BD132
BD134

BD137
BD139

BD148
BD149

BD180
BD193

BD199
BD201
BD211
BD221
BD252
BD259
BD263
BD268

BD305
BD653

REAL POWER CAR SPEAKERS. Stereo pair output 100W each. 4-Ohm
impedence and consisting of 6.5in woofer, 2in mid range and 1in tweeter.
Ideal to work with the amplifier described above. Price per pair £30.00.
Order ref: 30P7.

VIDEO TAPES These are three hour tapes of supefior quality, made
under ficence from the famous JVC Company. Offered at only £3 each.
Qur ref 3P63. Or 5 for £11. Our ref 11P3. Or for the really big user 10 for
£20. Our ref 20P20.

ELECTRONIC SPACESHIP. Sound and impact controlled, responds to
claps and shouts and reverses when it hits anything. Kits with really
detailed instructions. Ideal present for budding young electrician. A
youngster should be able to assemble but you may have 1o help with the
soldering of the components on the pcb. Complete kit £10. Our ref.
10P81.

COMPOSITE VIDEO KITS. These convert composite video into separate
H sync, V sync and video. Price £8.00. Our ref 8P39.

12" HIGH RESCOLUTION MONITOR Amber screen, beautifully
cased for free standing, needs only a 12v 1.5 amp supw.
Technical data is on fts way but we understand these are TTL
input. Brand new in makers’ cartons. Price: £22.00

Order ref: 22P2.

BUSH RADIO MIDI SPEAKERS Stereo pair. BASS reflex system, using
a full range 4in driver of 4 ohms impedance. Mounted in very nicely made
black fronted walnut finish cabinets. Cabinet size approx 8.5in wide, 14in
high and 3.5in deep. Fitted with a good length of speaker flex and
terminating with a normal audio plug. Price €5 the pair plus €1 post. Our
rel 5P141

3.5in FLOPPY DRIVES We still have two models in stock: Single sided,
80 track, by Chinon. This is in the manufacturers metal case with leads
and IDC connectors. Price £40, reterence 40P 1. Also a double sided, 80
track, by NEC. This is uncased. Price £60, reference 60P2. Both are
brand new. Insured delivery £3 on each or both.

YUASHA LEAD ACID BATTERIES 6V 10A. Superb Value at only £9.00
REF SPRH or 2 for £15.00 ret 15P37. Also some 12V 1.9AH £7.00 REF
7P19.

VERY POWERFUL 12 VOLT MOTORS. 1/3rd Horsepower. Made to drive
the Sinclair C5 electric car but adaptable to power a go-kan, a mower, a rail
car, mode railway, etc. Brand new. Price £20 + £2 postage. Our ref. 20P22.

SINCLAIR C5 WHEELS. Set of 4 wheels with inner tubes and tyres. 2
13" dia. front wheels and 2 16" dia. rear wheels. Brand new, £6 each,
13" Ref 6P10, 16" Ref 16P11.

C5 GEARED MOTOR, 800 RPM. £40.00.

ELECTRONIC SPEED CONTROL KIT Suitable for controlling our
powerful 12v motors. Price £17.00. Ret. 17P3 (heatsink required).
ORGAN MASTER is a three octave musical keyboard. It is beautlfully
made, has full size (piano size) keys, has gold plated contacts and is
complete with nbbon cable and edge connector. Can be used with many
computers, request information sheet. Brand new, only £15 plus €3
postage. Our ref 15P15.

PHILIPS LASER
This is helium-neon and has a power rating of 2mW. Completely safe
as long as you do not look directly into the beam when eye damage
could resutt. Brand new, full spec. £35 plus £3 insured delivery. Mains
operated power supply for this tube gives 8kv striking and 1.25kv at
5SmA running. Complete kit with case £15.

POWERFUL IONISER

Generates approx. 10 times more IONS than the ET1 and similar
circuits. Will refresh your home, office, workroom etc. Makes you feel
better and work harder - a complete mains operated kit, case Included

£18.00 + £2 p&p. Our ref 18P2.
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SOLDER
22-twg 60/40 resin cored solder 1/2 kg reel. Top quality. £4.00.
Ret 4P70.

HIGH RESOLUTION MONITOR. 9in biack and white, used Philips tube
M24/306W. Made up in a lacquered frame and has open sides. Made for
use with OPD computer but suitable for most others. Brand new. £20 pius
£5 post. Our ref 20P26.

12 VOLT BRUSHLESS FAN. Japanese made. The popular square shape
{4.5In x 4.5in x 1.75in). The electronically run fans not only consume very
little current but aiso they do not cause interference as the brush type
motors do. Ideal for cooling computers, etc., or for a caravan. £8 each.
Our ref 8P26.

MINI MONO AMP on p.c.b. size 4in x 2in (app.)

Fitted Volume control and a hole for a tone control shouid you require it.
The amplifier has three transistors and we estimate the output to be 3W
rms. More technical data will be included with amp. Brand new, perfect
condition, offered at the very low price of £1.15 each, or 13 for £12.00.
JOYSTICKS for BBC, Atari, Dragon Commodore, etc. All £5.00 each. All
brand new, state which required.

SUB-MIN PUSH SWITCHES Not much bigger than a plastic transistor
but double pole PCB mounting. 3 for £1.00. Our ref BD688.

AA CELLS Probably the most popular of the rechargeable NICAD types.
4 for £4.00, Our ref. 4P44.

20 WATT 4 OHM SPEAKER With built in tweeter. Really well made unit
which has the power and the quality for hifi 6.5in dia. Price £5.00. Our ref;
5P155 or 10 for £40.00 ref. 40P7.

MINI RADIO MODULE Only 2in square with femte aerial and solid dia.
tuner with own knob. It is superhet and operates from a PP3 battery and
would drive a crystal headphone. Price £1.00. Our ref. BD716.

BULGIN MAINS PLUG AND SOCKET The old and faithful 3 pin with
screw terminals. The plug is panel mounted and the socket is cable
mounted. 2 pairs for £1.00 or 4 plugs or 4 sockets for £1.00. Qur ref
POPULAR ITEMS - MANY NEW THIS MONTHBD715, BD715P, or
BD715S.

POPULAR ITEMS - MANY NEW THIS MONTH
MICROPHONE Low cost hand held dynamic microphone with on/off
switch in handle. Lead terminates in 1 3.5mm and 1.25mm plug. Only
£1.00. Ref. BD711.

MOSFETS FOR POWER AMPLIFIERS AND HIGH CURRENT DEVICES
140v 100watt pair made by Hitachl. Also available In H pack Ref 28J99
and 2SK343 £4.00 a pair. Ref 4P51.

TIME AND TEMPERATURE LCD MODULE A 12 hour clock a Celsius
and Fahrenheit thermometer a too hot alarm and a 100 cokd alarm. Approx
50x20mm with 12.7mm digits. Requires 1AA battery and a few switches.
Comes with fult data and diagram. Price £9.00. Our ref. 9P5.

REMOTE TEMPERATURE PROBE FOR ABOVE. £3.00. Our ref. 3P60.
25 WATT STEREC AMPLIFIER IC STK043. With the addition of a
handful of components you can build a 25 watt stereo amplifier. Supplied
with a circuit diagram. £4.00 REF 4P69.

600 WATT AIR OR LIQUID MAINS HEATER Small coil heater made for
heating air or liquids. Will not corrode, lasts for years. Coil size 3in x 2in
mounted on a metal plate for easy fixing. 4in dia. Price £3.00. Ref. 3P78
or 4 for £10.0. Our ref. 10P76.

EX-EQUIPMENT SWITCHED MODE POWER SUPPLIES Various makes
and specs but generally +-5, +-12V ideal bench supply. Only £8.00. Qur
ref 8P36.

ACORN DATA RECORDER Made for the Electron or BBC computer but
suitable for others. Includes mains adaptor, leads and book. £12.00. Ref.
12P15.

PTFE COATED SILVER PLATED CABLE 19 strands of .45mm copper
will carry up to 30A and is virtually indestructible. Available in red or black.
Regular price is over £120 per reel. Our price only £20.00 for 100m reel.
Ref. 20P21 or 1 of each for £35.00. Ref 35P2. Makes absolutely superb
speaker cablef

NEW PIR SENSORS Infra red movement sansors will switch up to 1000w
mains, UK made, 12 month manufacturers warranty, 15-20m range with a
0-10min timer, adjustable wall bracket. Only £25.00. Ref 25P16.

MAINS FANS 80mm square silent mains fans ideal for equipment cooling
where space is at a premlum. They give quite a@ good draught and use
about 12 watts. £9.00 ref 9P10.

10 MEMORY PUSHBUTTON TELEPHONES These are customer retums
and sold as seen. They are complete and may need slight attention. Price
£6.00 Ref 6P16 or 2 for £10.00 Ref 10P77 BT approved.

MINJATURE DOT MATRIX PRINTERS. These are 24 column 5v and
similar to the one sold by Radio Spares for £46.00. You can have one for
£10 ref 10P92.

MYLAR CONE SPEAKERS. These 85mm square 350hm 2 watt
speakers are ideal for outside use as they are virtually waterproof. £1.00
each ref BD903.

BBC JOYSTICK INTERFACE Converts a BBC joystick port to an Atan
type port. Price £2.00. Our ref. 2P261.

TELEPHONE EXTENSION LEAD 5m phone extension lead with plug on
one end, socket on the other. White. Price £3.00. Our ref. 3P70 or 10
leads for only £19.00! Ref. 19P2.

LCD DISPLAY 4.5in digits supplied with connection data £3.00. Ref.
3P77 or 5 for £10. Ref. 10P78.

CROSS OVER NETWORK 8 Ohm 3 way for tweeter midrange and
woofer nicely cased with connections marked. Only £2.00. Our ref. 2P255
or 10 for £15.00. Ref. 15P32.

BASE STATION MICROPHONE Top quality uni-directional etectrel
condenser mic 600r impedence sensitivity 16-18KHz - 68db built in chime
complete with mic stand bracket. £15.00. Ref. 15P28.

MICROPHONE STAND Very heavy chromed mic stand, magnetic base
4in high. £3.00 it ordered with above mic. Our ref. 3P80.

SOLAR POWERED NICAD CHARGER 4 Nicad AA battery charger.
Charges 4 batteries in 8 hours. Price £6.00. Our ref, 6P3.

MAINS SOLDERING IRON Price £3.00. Our ref. 3P65.

SOLDERING IRON STAND Price £3.00, Our ref. 3P66.

CAR IONIZER KIT Improve the air in your car, clears smoke and helps
prevent fatigue. Case req. Price £12.00. Our ref. 12P8.

NEW FM BUG KIT New design with PCB embedded coil 9v operation.
Priced at £5.00. Our ref. 5P158.

NEW PANEL METERS 50UA movement with three different scales that
are brought nto view with a lever. Price only £3.00, Ref. 3P81.

STROBE LIGHTS Fit a standard edison screw light fitting 240V 40/min.
flash rate available in yellow, green. Complete with socket. Price £10
each. Ref. 10P80 (state colour required).

WHIITE EXTENSION CABLE WITH A DIFFERENCE !t is flat on one side
making it easy to fix and look tidy. 4 core, suttable for alarms, phones etc.
Qur price only £5.00 for 50m reel. Rel. 5P153.

METAL PROJECT BOX Ideal for battery charger, power supply etc.
Sprayed grey size 8in x 4in x 4.5in. Louvred for ventilation. Price £3.00.
Ret. 3P75.

TV SOUND DECODER Nicely cased, mains powered with 8 channels
Will drive a small speaker directly or could be fed into HiFi system etc.
£12.00 each. Ref 12P22.

2KV 500 WATT MAINS TRANSFORMER Suitable for high
voltageexperiments or as a spare for a microwave oven etc. £10.00 Ref
10P93

STC SWITCHED MODE POWER SUPPLY 220V or 110V operation
giving 5V at 2A+24 at 0.25A +12 at 0.15A and +90V at 0.4A. £12.00
each, Ref 12P27.

PC STYLE CASES 18" x 18" x 6" Complete with fan and grill illuminated
power switch and IEC filtered power input plug. Priced at only £15.00, Re!
15P38.

PC POWER SUPPLIES Brand new with in-built fan and power switch on
the back +5 -5 +12 -12 150 Watt made by Aztec £25.00 each, Ref 25P18.
BOSCHERT SWITCHED MODE POWER SUPPLIES +5 at 15A, +12 at
2A +24 at 2A 220V or 110V input. Brand new and guaranteed. Retail
price is £180! Ours £20. Ref 20P30.

BULL ELECTRICAL
Dept. PE 250 PORTLAND ROAD, HOVE,
BRIGHTON, SUSSEX BN3 5QT.

MAIL ORDER TERMS: Cash, PO or cheque with order. Please add £2.50
service charge. Monthly account orders accepted from schools and public
companies. Access and B/Card orders accepted - minimum £5. Phone
(0273) 203500.Fax: (0273) 20377.

1990 CATALOGUE NOW AVAILABLE. PLEASE SEND 6" X 9" SAE
FOR FREE COPY!
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perational amplifiers were originally

developed for use in computers.

These were not digital computers -
the sort we are all familiar with nowadays - but
analogue computers. The main difference
between the two types of computer is that they
have different ways of representing numbers
while they are processing them. In a digital
computer, a numerical value is represented by
a set of high and low logic levels, each
corresponding to one digit of the number,
expressed in binary. The high and low levels
are represented by voltages; usually OV (or
close to OV) represents logic low, while +5V
(or close to it) represents logic high. The
essential feature is that there are only two
voltage levels recognised in the computer
circuits.

In an analogue computer too, a numerical
value is represented by a voltage. Here the
voltage can take not just one of two values but
any value within a given range. the number is
represented on a suitable voltage scale. For
example if the scale is 1V to 100, the number
135 is represented by 1.35V and 341 is
represented by 3.41V. The scale would be
different for much larger or much smaller
numbers. In the computer, these voltages are
added, subtracted, multiplied or divided,
according to mathematical operations that have
to be performed. It is easy to see that

BASIC TUTORIAL

Part 11: Owen Bishop
examines the most vital
of all active building
blocks in the analogue
world - the opamp.

one or more opamps. They take the voltage
from the transducer, perform a few simple
mathematical operations on it - perhaps
correcting for errors inherent in the transducer
- and then present the result to the digital
circuit for further processing. Opamps are so
simple to use that they have found applications
in many other fields too, including audio
circuits.

FEATURES

Fig.1 shows the symbol used for an opamp
in a circuit diagram, and illustrates its essential
features. The opamp has two input terminals,
known as the inverting input and non-inverting
input. The save space, we shall refer to these as
(-) and (+), respectively, from now on. The
opamp has one output terminal.

An opamp normally operates on a dual
power supply. This has three power rails:

An important characteristic of the opamp
is that the input terminals have very high
input impedance. In the case of the popular
741 opamp, which has bipolar junction
transistors at its inputs, the impedance is
about 2MQ. Some other types of opamp have
field effect transistors at their inputs, and the
impedance is often as high as 10'2Q (1
Teraohm). With such a high input impedance,
the amplifier draws virtually no current from
the circuit to which it is connected. In
particular, this means that voltages in the
circuit are unaffected by having the amplifier
connected there. Conversely, the output of the
amplifier is only a few tens of ohms. In other
words, it can supply a relatively large current
without any significant fall in its output
voltage. The twin characteristics of high input
impedance and low output impedance are
ideal for an amplifier and are of course
essential in amplifiers that are to perform
mathematical operations precisely.

The output voltage depends on the
difference between the input voltages at (+)
and (-). The bigger the difference, the bigger
the output (except that ‘it can not exceed the
power rail voltages). As might be expected,
the (+) and (-) inputs work in the opposite
sense. Output swings positive if (+) is
positive of (-); it swings negative if (-) is
positive of (+).
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amplifiers must play an important part in such
a computer. To multiply a number by 25, for
example, we use an amplifier with a gain of
25. We feed the voltage representing the
number into the amplifier; the output voltage
represents the number multiplied by 25.
Division is performed by an amplifier with a
gain of less than unity. As we shall show later,
amplifiers can also be used for addition and
subtraction. Since these amplifiers are used to
perform mathematical operations, they are
called operational amplifiers.

FUNCTIONS

The original operational amplifiers were
made from discrete components but,
nowadays, they are available very cheaply as
integrated  circuits.  Although  analogue
computers are still used for specialist purposes,
on the whole they have given way to digital
computers. In spite of the decline of analogue
computers, operational amplifiers or ‘opamps’,
as they have come to be called, remain with us
as one of the more important elements of
electronic circuitry. Often their function is to
perform some kind of mathematical operation,
even though the circuit that they form part of
would hardly be dignified by the name of
‘computer’. A common use for opamps is in
measuring devices, such as testmeters,
electronic  thermometers, and electronic
kitchen scales. Even though the display and
much of the operation of the device may be
digital, the early stages of the circuit often uses
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Positive rail

Ground rail, taken to be OV

Negative rail

The positive and negative rails are equally
positive of and negative of the ground rail.
For example, in Investigation 1 (below) the
voltages of the three rails are +3V, OV and -3V
respectively. The power supply terminals of
an opamp are connected to the positive and
negative rail. There is no power connection to
the OV rail, though in some circuits we may
wire one of the input terminals to OV to
obtain a OV input level. The voltages of the
power rails represent the maximum voltages
positive and negative, that can be applied to
the input terminals. Similarly the output
voltage always lies between these two
extremes. In many types of opamp, the output
voltage is restricted to a narrower range and
never rises as high as the positive rail or as
low as the negative rail. (Regrettably! Ed).

Fig. 1. Main features of an opamp.

POSITIVE POWER
SUPPLY

INVERTING
INPUT

NON-INVERTING OuTPUT
INPUT

1

NEGATIVE POWER

SUPPLY

To say that (+) is positive of (-) does not
necessarily mean that the (+) input is at a
positive voltage. For example, if the (+) input is
-1.5V and the (-) input is -2.5V, the (+) input is
positive compared with the (-) input, so the
output swings positive.

Opamps are able to respond rapidly to
changes of input voltage. Most can amplify
oscillating signals with a frequency of several
megahertz. Yet they also respond to dc signals,
ie to steady input voltages.

Another feature of the opamp is its very
high gain. The gain of the 741 opamp, for
example, is 200 000. Other types have gains as
high as a million. However, we very rarely
make use of this high gain. Instead, we use
external components to set the gain of the
amplifier circuit to the required level, which is
seldom more than a few thousand.

PRACTICAL OPAMPS

Opamp ics may be packaged in metal
cans similar to those used for certain
transistors, but most often they are in the
familiar dil (dual-in-line) package as shown
in Fig.2. Although there are dozens of
different opamps available, most of them
follow the standard pin-out shown in this
drawing. Pins 1, 5 and 8 are used for
connecting external components used to
compensate for various amplifier errors,
though this is required only in the most
critical applications. The types of
compensation provided and the method of
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Fig. 2. Typical opamp ic.

achieving it varies with the type of
amplifier. Compensation is required only in
the most critical applications and, with
most opamps, these terminals may be left
unconnected.

Opamps are also available in larger
packages, often two, three or four separate
amplifiers to a package, sharing common
power supply terminals.

There are several families of opamps,
mostly distinguished by the type of
transistor used. The most successful opamp
was the 741, based on bipolar junction
transistors. Although this was the industry
standard as a general-purpose amplifier and
is still in use, it has the disadvantage that its
output voltage range is limited. It can not
swing freely in either direction as far as the
supply voltages. It requires a minimum
supply voltage of +5V and -5V, which
restricts its use in certain areas. There are
many other opamps in the same family
offering (at suitable prices) various
. refinements on the 74]1. They may have
greater precision, faster action, higher gain,
lower noise, higher slew rate (the ability of
the output to swing very rapidly), or greater
output current (power opamps).

Another major family of opamps is
based on mosfet technology, of which the
CA3130 and CA3140 are popular
examples. These have the advantage that
the inputs have exceedingly high input
impedance. They require less power than
the bipolar opamps and their output voltage
is usually able to swing very close to that of
the supply rails in both directions. Many of
them are able to operate with low supply
voltages. The ICL7611, for example,
operates on voltages as low as +1V and
requires an operating current of only 10uA.

Fig. 3. Opamp wired as an inverting
amplifier.

Re

N Vout
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USING OPAMPS

As a first example, we investigate the use
of an opamp as an inverting amplifier. Fig.3
shows the essential connections. The function
of the circuit is to take an input voltage, Vin
and produce a corresponding output voltage
Vout. Vout is to be greater (ie, amplified) than
Vin but the opposite polarity (ie, inverted).
The circuit requires two resistors, the input
resistor R and the feedback resistor Rf. As this
is an inverting amplifier, Vin goes to (-) via
resistor R. The other input, (+), is held at OV
by a wired connection to the OV rail. The
feedback resistor connects the output terminal
to the (-); it feeds back the output voltage to
the inverting input. We will see how this
circuit behaves by trying it out on the
breadboard.

Investigation I - Inverting amplifier

The circuit of Fig.4 is powered by a 6V
battery, which is tapped between cell B and
cell C. The voltages at the tap is taken to be
OV, and the rails are at +3V and -3V
respectively. In Fig.4 we have given actual
values to the resistors of Fig.3. Note that the
feedback resistor has a higher resistance than

the input resistor.

Vin is to be a low voltage, since we are
to attempt to amplify it. We obtain this by
using a potential divider consisting of R3
and R4. We studied potential dividers in
Part 2 (Feb 90). Can you calculate what the
voltage at Vin will be when the flying lead
at the top of the divider is connected to
+3Vv?

Vout is measured by a voltmeter and, as
this is an inverting amplifier, we expect
Vout to be negative. Unless you are using a
meter with automatic polarity, connect the
positive terminal of the meter to the OV rail
and the negative terminal to the output of
the amplifier.

Set up the circuit (Fig.5); connect the
power; connect the flying lead to +3V.
Measure and record Vout. Calculate the
gain of the circuit.

Repeat with the flying lead connected to
+1.5V (between cell A and cell B). What is
the gain?

Repeat with a negative voltage input,
connecting the flying lead to -3V and then -1.5V
(between cell C and cell D).

Replace R2 with a 180k resistor and
repeat the above. What is the gain of the
circuit now?

Fig. 4. Investigation:
Inverting amplifier.

£ Fig. 5. Breadboard layout
for Investigation 1.
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Fig. 6. Voltages in an inverting amplifier. Fig. 7. (far right) non-inverting amplifier.

Vout ViN

FEEDBACK AND GAIN

In the inverting amplifier of Investigation 1, we
feed back the output voltage to the inverting input
(-). A positive-going input results in negative going
output, which is fed back to the input and opposes
the positive-going input. We call this negative
feedback. Under such circumstances there will be a
point at which the tendency for output to increase
is balanced by the effect of negative feedback. In
this condition the circuit is stable. The exact point
at which this occurs can be found if we remember
this rule, which applies to all opamp circuits with
negative feedback:

Output changes until (+) and (-) are at the
same voltage.

Let us see how this works in an example taken
from the investigation. This rule and Ohm’s Law
(volt/amps=chms) are all that we need to discover
what happens. Suppose that Vin is 0.11V. (+) is at
OV and, if the rule above is true, (-) is also at OV.
This means that there is a voltage drop of 0.11V
across R1. Ohm’s Law tells us that the current
through R1 is 0.11/10000 = 0.000011A = 11pA.
We have said earlier that the input terminals draw
virtually no current as this current (or almost all of
it) must flow on through R2. If the current through
R2 is 11pA, the voltage drop across R2 must be
0.000011 x 220000 = 2.42V. The (-) end of R2 is at
0V, so the other end (the end wired to the output
terminal) must be at -2.42V. If the output voltage
falls to -2.42V (which is what happens in the
investigation) the cumrent flowing along Rl
continues along R2 and enters the output terminal
of the opamp. The circuit is stable under these
conditions.

Exercise: Work out what should happen if (a)
Vin is 0.04V, R1 is 10k and R2 is 220k; (b) Vin is
0.15V, R1 is 20k and R2 is 180k.

Now we will look at the more general case. If
the input voltage is Vin, the current | through R1 is
given by:

1= Vin

R1

If the output voltage is -Vout, the current |
though R2 is:

I= -Vout

R2

Since the current is the same through both
resistors, we have:

Vin = -Vout

R1 R2

From this equation we can calculate the gain of
the circuit:

Gain = Vout = -R2

Vin Rl
Thus the gain of the circuit is determined
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simply by the ratio of the input and feedback
resistors. It does not depend on the gain of the
opamp itself. If we use high precision resistors, the
gain of the circuit can be determined very
precisely.

INPUT IMPEDANCE

There is one problem with the inverting
amplifier. Although the input impedance of
the opamp is very high, and we have
considered this to be a big advantage, the
input impedance of the circuit is far less.
Since the (-) end of R1 is always held at 0V,
the input impedance of the circuit is the
resistance of R1 - only 10k. We have thrown
away one of the opamp’s useful features.
Whether this matter or not depends upon the
application, but it is a point to be kept in
mind.

VIRTUAL EARTH

A useful concept arises from the study of the
inverting amplifier. Since (+) is held at 0V
(ground or earth voltage), and since the amplifier
always operates to keep (-) at the same voltage as
(+), (-) is always at OV too. It acts as a virtual
earth. Whatever current flows through RI, it
always seems to ‘disappear’ into the amplifier,
just as if R1 had been connected directly to the
OV line. Actually, it does not disappear, but flows
on through R2, but the effect is the same. We
shall return to this concept later.

NON-INVERTING AMPLIFIER

As Fig.7 shows, the input to this circuit goes
directly to the (+) input. The input impedance of
the circuit is as high as that of the opamp input.
Once again, we have negative feedback to (-) but,
in this circuit, the feedback voltage is taken from
a potential divider, R1/R2. This is negative
feedback, so the rule quoted above applies. As
Vin varies, the output varies so as to keep both
(+) and (-) at the same voltage. The feedback
voltage, Vfb (see Fig.7), is always equal to Vin.

The usual equation for a potential divider
applies, so we can say that:

Vfb = Vout x R2

R1+R2
So:
Vout = Vfbx Rl +R2 = Vin(l + R2/R1)
R1

The gain of the circuit is:
Gain = Vout = 1+ R2/RI
Vin

You may remember from Part 2 that, if
appreciable current is drawn from the divider, the
voltage is less than that calculated by using the
values of the resistors. In this case the amount of
current flowing to (-) is negligible, so the gain of
the amplifier is precisely determined by the
resistor values.

Investigation 2 - Non-inverting amplifier
Try breadboarding the amplifier of Fig.7, and
check that the gain is as quoted above.

VOLTAGE FOLLOWER

A variant on the non-inverting amplifier is
shown in Fig.8. Here Vout is fed directly back to
(). Applying the rule, we find that Vout is equal
to Vin. An amplifier that does not amplify may
seem to be of little use, but it has an important
application - impedance-matching. For example,
if we have a photodiode in series with a resistor
as in Fig.9, the voltage at A depends on the size

Fig. 8. Voltage follower and (Fig. 9a/b)
using it for impedance matching.
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of the leakage current and is proportional to the
amount of light falling on the photodiode. If point
A is connected to a sub-circuit with low input
impedance (Fig. 9a), a relatively high proportion
of the leakage current goes to the sub-circuit.
Less current flows through the resistor and,
consequently, the voltage across it is reduced. A
voltage follower connected as in Fig.9b takes no
appreciable current, so there is no fall in voltage.
Yet the amplifier can supply a current of several
milliamps to the following sub-circuit.

The voltage follower is similar in function to
the common-collector circuit, or emitter-follower,
described in Part 7, July 90. the Vin whereas, with
the emitter-follower, there is a constant voltage
difference of about 0.6V due to the forward voltage
drop of the base-emitter junction.

COMPARATOR

The opamp is essentially a difference
amplifier, with very high gain. Without
feedback, even a small difference in voltage at
its inputs causes the output to swing as far
positive or negative as it can. This is no use for
measuring a voltage; feedback is essential to
limit the gain to a known level. But if we want
simply to compare two voltages, to know which
is the greater, all we need to do is to apply these
voltages to the two inputs, without feedback,
and watch which way the output swings.

Investigation 3 - A comparator

Fig.10 shows the opamp wired to compare
two voltages. One voltage comes from a
potential divider consisting of a thermister Rl
(see Part 3, March 90) in series with a fixed

resistor R2. The voltage at point A rises as the
temperature of R1 increases. The second voltage
comes from another potential divider, consisting
of VRI. We set VRI to produce a standard
voltage against which the voltage at A is to be
compared.

Set-up the circuit as in Fig.11 and connect the
battery. Although we do not make use of the OV
line in comparator, we still refer to the power
lines as +3V and -3V.

1. Tum VRI anti-clockwise to supply a -3V
input to (1). What happens to the led? Explain
this.

2. Tum VRI clockwise to give a +3V input
to (1). What happens to the led?

3. Tum VRI so that the led comes on, then
turn VRI so that it just goes out. Now grip R1
between finger and thumb; what happens?
Remove you finger and thumb; what happens?

4. Add an input resistor R4 and feedback
resistor RS, as in Fig.12. What do you notice
about the feedback in this circuit? Repeat step 3.
If the led does not go out when R1 cools, try
cooling it further by touching a cube of ice
against it. Does the behaviour of the circuit
remind you of a circuit that we have described in
an earlier issue?

ADDER

The circuit for performing addition makes use
of the concept of virtual earth, discussed above. In
Fig.13 there are three input voltages, representing
values that are to be added together. A current
flows along each resistor, toward the virtual earth
at the (-) input. The currents are Il = VI/R, 12 =
V2/R and I3 = V3/R. These three currents flow on

Figs. 10 and 11.
Investigation 3:
Circuit for using an
opamp as a
comparator, and its
breadboard
implementation.
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Fig. 12. Modifying the circuit of Fig. 10.

through the feedback resistor, which has the same
value as the input resistors. The voltage drop
across R is:

Vout=-(I1 +12+13) xR

=-(¥2 +V2+V3) xR
R R R
=~(V1+V2+V3)

In other words, the output voltage is the
inverse of the sum of the input voltages. The
circuit has added the input voltages.

We shall investigate this further next month. In
the meantime, a brief discussion of the
investigations so far.

DISCUSSION

Investigation I:

Vin = 3 x R4/(R3+R4) = 3 x 180/4880 = 0.11V.
With the flying lead at +3V, Vout is -2.42V. (The
result varies slightly, depending on the values of
your resistors). Gain = -2.42/0.11 = -22.

With the lead at +1.5V, Vin = 1.5 x 180/4880 =
0.055V. Vout is -1.21V. Gain = -1.21/0.055 = -22.

With lead at -1.5V, Vin = -0.055V, Vout =

1.21V, gain = -22.
With the lead at -3V, Vin = -0.11V, Vout =
2.42V, gain = -22.

Using a feedback resistor of 180k, gives a gain
of -18.

Exercise: (a) current is 0.04/10000 =
0.000004A = 4uA; Vout = 0.000004 x 220000 =
0.88V; gain is 0.88/0.04 = 22

(b) current is 0.15/20000 = 0.0000075A =
7.5uA; Vout = 0.0000075 x 180 = 1.35V; gain =
1.35/0.15=9.

Investigation 3:

1. The led comes on, so Vout must be high
(almost +3V); this is because (-) is negative of (+).

2. The led goes out, so Vout must be low
(close to -3V); this is because (-) is positive of (+).

3. The led is just off because (-) is slightly
positive of (+). Warming R1 reduces its resistance,

* causing the voltage at A to rise; this makes (+)

slightly positive of (-), making Vout high and
turning on the led. Allowing R1 to cool reverses
the above and turns the led off.

4. When R1 is warmed and Vout goes high,
the increased output voltage is fed back; this is
positive feedback, pulling up the voltage at A even
further. Allowing R1 to cool does not bring the
voltage at A down far enough to be make (+)
negative of (-). We must increase the resistance of
R1 considerably (ie, by using ice to cool it) before
the voltage at A falls below (-) and the led is
turned off. The action of this circuit is the same as
the Schmitt trigger circuit described in Part 7, July
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ne of the greatest scientists of all
time. This statement has been used
about Faraday on a number of

occasions. He laid the foundations of much of
today’s electrical and electronic science as
well as making some major discoveries in
chemistry and other areas of science. He
discovered electromagnetic induction,
formulated the basic relationships between
electricity and magnetism upon which people
like Maxwell and Hertz were to build. In tumn
their discoveries lead on to the first wireless
transmissions in the late nineteenth century.

YOUNG FARADAY

Michael Faraday was bom on 22nd
September 1791 in the south of London. He
was the son of a blacksmith who had moved
down to the south from Yorkshire some years
before in search of work. He had a very
rudimentary education and this meant that his
research in later years was more practical in
nature than theoretical. In fact he very much
admired people like Maxwell who were able
to look at theories mathematically.

In 1805 the family moved to North
London and at about the same time when
Faraday was just 14 years old he started work

Michael Faraday as portrayed in 1852.
By courtesy of the Institute of
Electrical Engineers.

FURTHER WORK

In spite all of these successes the idea of
electromagnetic induction was never far from his
mind. He kept'working at it intermittently over a
number of years. Then in 1831 he undertook a
new series of experiments and on 29th August he
succeeded. He set up his famous experiment
which consisted of two coils wound on a soft
iron torroidal core. The first coil was connected
to a battery while the second one was connected
to a very makeshift galvanometer. He noted in
his experiment log book that the meter needle
deflected when the battery was connected or
disconnected, but that when a steady current was
flowing then nothing happened.

Faraday announced his momentous discovery
to The Royal Society later that year. However,
very soon Faraday heard that Joseph Henry in
America had performed some very similar
experiments and might actually have made the
discovery first. The news had actually taken
some months to reach him because of the slow
speed of communications in those days.

Faraday was still pursuing his work into other
topics as well. He put forward the idea of
magnetic lines of force. In keeping with his
method of working this was very much a
practical visualisation from the lines made by

ARADA

with a bookseller. Here he learned the arts of
book binding, but far more important he had
access to a very wide range of books which
he would not have been able to see anywhere
else. The young Faraday read them avidly and
soon he began to develop a keen interest in
science and the latest developments which
were taking place.

As the years passed Faraday’s interest in
science grew and when he was 21 he decided
to give up his job in the book trade in
preference for a new career in science.
Having heard of Humphrey Davy of the
Royal Institution, he applied for a job there
and was accepted. Here he took on a wide
variety of duties and even accompanied Davy
on his lecturing tours around Europe. Faraday
made the most of this experience and learned
a great amount from Davy's lectures. This
kindled his interest still further.

FIRST DISCOVERIES

Faraday was not content to let his
opportunities pass him by. He soon started on
some of his own research at the Royal
Institution. Initially, he spent a lot of his time
developing a form of stainless steel, and then
in 1820 he discovered a new compound
involving carbon, iodine and hydrogen.

However, at this time discoveries were
being made in the new science associated
with electricity. The magnetic field around a
wire carrying current had just been detected
and news of this greatly interested Faraday.
He set about investigating this discovery
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Faraday contributed
much to
electromagnetic
research in the 19th
century, making the
momentous discovery
that current could be
induced into a wire.

repeating many of the experiments himself.
He also proved that a wire carrying a current
in a magnetic field was deflected. However,
he wanted to find out whether a current could
be induced in a wire in any way. He tried
many experiments but they were all
unsuccessful, possibly in some instances
because his measuring equipment was not
sensitive enough.

Although Faraday pursued his work on the
idea of electromagnetic induction from time
to time he also worked on several ideas
related to chemistry. In fact he managed to
become the first person to isolate benzene.

Faraday was achieving a great deal of
success. With this came recognition, and in
1824 he was elected to the Royal Society.
Then a year later he was made director of a
laboratory at the Royal Institute where he
worked. He also started to lecture and he was
able to captivate his audiences with up-to-the-
minute science and intriguing demonstrations
as well as by his engaging style of lecturing.

iron filings when placed near a magnet. He was
also working on some ideas of electrolysis. The
names he used are still those we have today:
cathode, anode, ion, cation and anion.

HEALTH

The rate at which Faraday worked took its
toll. After his discovery of electromagnetic
induction he fell ill and only slowly recovered. It
was not until after 1840 that he started work
again. This time he set about investigating the
polarisation of light. Using some “heavy glass™
he had discovered some years before, he
managed to rotate the polarisation of light when
a magnetic field was present. This effect was
named after him as the Faraday Effect. He also
tried to find an equivalent effect using an electric
field, but to no avail. It took another 30 years
before this effect was discovered by Kerr.

RETIREMENT

Faraday continued to work for a while but the
effect of his illness was still apparent at times.
His powers of reasoning were not as good as
they had been and he suffered from loss of
memory. Realising that he could not keep up his
original pace of work he began to retire from his
many commitments from about 1860. He was
granted a place to live at Hampton Court where
he spent his last years with his wife. Faraday still
spent some time on his researches but he made
no more major discoveries and he died on 25th
August 1867 at the age of 75. m
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It's taken the best part of four years to be
realised, but by the time this is published, the
first of an initial batch of 5,000 Keyline
teleshopping terminals should be in the hands
of eager new owners.

We last covered news on the progress of
Keyline back in June. For those of you who
still aren’t sure what I'm on about, briefly,
Keyline is a new concept in armchair or
teleshopping. You're virtually given a terminal,
though there is a monthly standing charge. The
device itself uses sophisticated artificial
intelligence techniques to decipher plain
English command phrases the user types in and
convert them into legitimate shopping orders.
Connection is via the phone and all purchases
are done by credit card transactions.
Participating companies offering goods or
services will have special order processing
computers to handle Keyline traffic. Keyline
hopes to make the bulk of its money through
taking a cut of the purchase transaction value
from the service provider.

Originally, all Keyline terminals were to
have unique user identity information
embedded in them. However, along came the
smart card and now Keyline has announced
that it has adopted a smart card type
manufactured by Gemplus Card International,
part of the SGS-Thomson group. The card in
question includes a microprocessor, 2K bytes
of eeprom and the MCOS (Multi-application
Chip Operating System). Incidentally, Gemplus
makes the smart cards required for use with
Sky TV satellite receivers, for which over
1,500,000 smart cards have already been
produced from the Gemplus factory in
Livingstone, Scotland. Every registered
Keyline user will have their own unique smart
card containing their name and address, credit
card details and Keyline ID. It will be possible
for Keyline users to use each others’ terminals
simply by using their own cards. There are also
plans for public access Keyline terminals, so
while the personal Keyline terminal is
eminently portable you won’t necessarily have
to take it everywhere with you.

Eventually, it’s planned that Keyline
accounts will be linked to their owner’s bank

32

SHOPPING ON-LINE
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Gadget-mad lan Burley is
automating his shopping;
| could probably keep
131 J watchful record of his
BifSl CT2 rabbiting; though he
can't see a future for
back-seat viewers.

accounts so that credits can be downloaded into
the smart card for later use. This could be the
first definitive example of electronic cash in the
UK.

The current Keyline status is that STC is
building an initial 5,000 terminals, though
sadly these will not have the smart card facility
as implementation of this technology would
have forced the project to miss its end of 1990
targets. By way of recompense, Keyline is
offering any users signed up for the initial
batch of terminals six months usage without a
standing charge. After six months users will
have the option of returning their terminals and
getting their deposit money back or continuing
but with the standing charge from then on.

At this year’s Ideal Homes Exhibition alone,
2,500 requests for priority order forms were
taken on the Keyline stand. At the same
exhibition, the Daily Mail awarded Keyline its
Blue Riband Award for technical innovation.
The signs so far are good, but what will you be
able to do with your Keyline terminal in the
early days? Seven companies are expected to
be ready to do business with Keyline users by
the end of this year; the National & Provincial
Building Society, National Westminster Bank,
Littlewoods mail order catalogue, Kays of
Worcester mail order, Sun Alliance insurance,
Ladbrokes betting and the associated Hilton
Hotel group. The first thing which is apparent
from the list is that Keyline is by no means
restricted to tele-“shopping” specifically.
Betting, insurance quotations and claims, hotel
booking, building society and bank account
management are just some of the extra uses.
Online games, electronic mail and access to
public information services are just a few more
mooted applications. Addenbrookes Hospital in
Cambridge has even been experimenting with
Keyline terminals as a way of keeping in touch
with mothers in their post-natal clinic.

Putting my money where my mouth is I've
already ordered my Keyline Terminal. Success
is not guaranteed for Keyline supremo Chris
Curry, co-founder of Acorn Computers of BBC
Micro fame. It will be interesting to see what
news [ will have to report on Keyline in a
year’s time - by that time it will have hopefully
signed up hundreds of thousands of users, or
probably failed.

TALK TO YOUR WATCH!

Last month we featured a picture from the
Summer Consumer Electronics Show in
Chicago of a futuristic wrist watch called a
ChatterBox. From the picture, sectionally
reproduced below, you may have deduced that
this is a watch you can talk to - and it will play
back a digitised recording of what you’ve said.
The rather imposing black watch, which would
dwarf even my chunky wrist, has a built in
microphone and dual function selector
switch/miniature speaker. Up to 15 seconds of
sound can be digitised to an internal chip
memory though the play back can be speeded
up or slowed down in order to introduce fun
sound effects. Although not shown at CES this
time, the company behind the watch, Santa
Clara California based Chatter Box Inc., is
promising optional clip-on modules like an fm
radio, voice pitch changer and a sound effects
generator. The basic watch, which should be
ready in time for the American Christmas
market will sell for between $30 and $40, or
about £16-£21 before taxes, which sounds like
a bargain to me, especially after seeing the
incredible chip integration inside first hand. Oh
yes, a five function lcd quartz watch can be
found right in the middle of the thing if you
look hard enough!
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CORNERING THE RADIO

Respected hifi manufacturer, Bose, has
introduced a new multi-zone audio system
designed to serve several rooms around your
house simultaneously. This is nothing new -
Bang & Olufsen, for example, has offered such
a system for several years, but that relied on
infra-red remote controller technology which
isn’t very good at reaching control receptors
hidden away around corers. High frequency
sonic controllers popular in the seventies can
reach around corners but have a limited range
and they annoy the pets! Remarkably, Bose has
tumned to any obvious solution which hardly
anybody else uses - radio remote control. Bose
UK claims it is the first company to be officially
licensed by the Department of Trade and
Industry to sell a radio frequency remote
controller for hifi use according to the 1984
Telecommunications Act. For radio buffs, the
frequency used is 27.465 MHz. The system,
lavishly called the Lifestyle Music System, is a
slimline cd player and am/fm tuner with thirty
presets.

Designed to work with Bose Acoustimass
active speakers (power amplifiers are contained
in the speaker units rather than the music
centre), up to two simultaneous programmes can
be played - one for the tuner and another for the
cd. On top of that you can have several sets of
speakers in different rooms, each set to different
volumes, as required, using additional remote
controls. As the main remote control uses radio
transmissions there’s no need to point the device
and you can be up to 20 metres from the music
centre - in the garden, the bath, garage,
wherever! Not being a hifi expert, I can only
rely on reliable reports that the system is very
impressive, both to use and listen to. A starter
system costs a few pence shy of £2,000, which
I’m told is reasonably good value, especially
compared to the competition like B&O. Bose
has never been exactly conventional with its
characteristically recognisable speaker systems,
but perhaps this time the company is on the
verge of setting trend to be followed by others?
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HAVE VIDEO - WILL TRAVEL

Hitachi has been showing how it has
applied its television and video technology to
that most hostile of viewing and listening
environments; the inside of a car. A while ago
the company installed a state of the art VHS-
C hifi video player and tuner complete with
Dolby Surround multi-speaker audio into a
Lotus Esprit Turbo for the benefit of
entertaining journalists (I missed out,
unfortunately). The two-seater Lotus isn’t
really a very good place to install all this hi-
tech, and lately the system has been
demonstrated in a much larger Renault Espace
people mover. The driver or passengers view
tv or videos on the move via a high quality 5
inch tft (thin film transistor) active matrix
colour monitor. In fact British law only
permits passengers to watch tv in-car. A
remote control is provided for video/tv
selection and speaker balancing. 240 watts of
power amp complements the Pro Logic Dolby
Surround processor. The stereo tv tuner uses a
four aerial “diversity” system for optimal
signal strength. The video player unit is

removable for use out of the car. I can’t see
much of a future for bored back-seat
passengers if the Hitachi system catches on.

TELEPOINT SIX MONTHS ON

The first Telepoint CT-2 cordless telephone
networks went live over six months ago. On my
travels around the country, I have seen plenty of
evidence that the public base stations which
users require to use their tiny phones away from
home are now becoming commonplace. Next
time you're at a motorway service station for
example, look out for up to four one-metre long
vertical antennas strategically positioned near the
car park. Little Chef restaurants seem to bristle
with them these days. Zone Phone sponsors the
ITV London weather bulletin, Call Point and
Phonepoint logos have been spotted at various
sporting events and BYPS, with its catchy Rabbit
logo is beginning to catch the eye even after its
late arrival on the scene.

I haven’t seen much sign of any users yet,
however. Potential users I have spoken to have
all been put off by either the lack of an incoming
call facility away from home or, incredibly, by
the price. At usually just less than £200, the
phones are initially very attractive - being
incredibly small and light and around half the
price of their cellular counterparts. Unfortunately
the home base station which you need to use the
phone as a conventional cordless unit at home
still costs another £200. Call costs are attractive
in London where there is a premium rate on
cellular calls within the M25 boundary, but
elsewhere in the country cellular costs are
reasonably close to telepoint tariffs.

None of the telepoint dealers I spoke to six
months ago have seen much business from the
new phones, although one dealer claimed to have
discovered a niche market where office workers
were using the phones with a base station as a
high quality mobile phone around the office.

1 suppose the biggest indictment of the poor
start the telepoint services have acheived so far is
that I haven’t been tempted to buy one yet - and
I’'m gadget mad! I will buy one though - as soon
as the combined phone and personal base station
price breaks below the £200 barrier.

lan Burley is the Deputy Editor of BT
Micronet, an on-line computer and

technology magazine published on Prestel
by British Telecom.
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OSCILLOSCOPES IN THE COUNTRY
TEKTRONIX 2445 Four Trace 150MHz Dual T8

TEKTROMIX 2245A Four Trace 100MHz Dual T8

TEKTRONIX 2235 Dual Trace 1000MHz Delay Sweep £650
TEKTRONIX 2215 Dual Trace S0MHz Dsiay Sweep 2450
TEKTRONIX 475 Dual Trace 200MHz Detay Sweep £550
TEKTRONIX 485 Dual Trace 100MHz Detay Sweep £450

HP 17228 Dual Trace 275MHz Detay Sweep. SFMLEDM
for Real Tume Measurement

HP 1740A Dual Trace 100MHz Detay Sweep Tng usc
PHILIPS PM3217 Dual Trace SOMHz Delay Sweep £400
TELEQUIPMENT D775 Dual Trace S0MHZ Sweep £250
GOULD 053000 Dual Trace 40MHZ Delay Sweep TV Tng £250
GOULD 0S1100 Dual Trace 30MHz TV Tng £180
GOULD 0S300 Dual Trace 20MHz 250
GOULD 0S2508 Dual Trace 15MHz TV Tng €180
COSSOR CDY150 Dual Trace 35MHz Delay Sweep krom £100 - £150
SE LABS SM111 Dusl Trace 18MH2 13
TEKTRONIX 2210 Dxgal Sworage Dual Trace S0MMZ (20MS's
‘Samphng Rate) As New £150
GOULD 4035 Drgrtel Storage Dual Trace 20NHZ £7%0
GOULD 084020 Dagital Sworage Dual Trace 10MMHz £450
GOULD 084000 Drgutel Sworage Dual Trace 10MMHz £300
THIS IS JUST A SAMPLE — MANY OTHERS AVAILABLE

H.P. 8112A Programmabie Puise Generator SOMMZ £1500
BRADLEY Cadbrator 192 with Cal Cert. 0800
DATRON 1061 Auto Cal DMM. True RMS eic. 0850
SOLARTRON 7075 DVM up 10 7+1/2 digt. ACRMSOCOHM  £700
RS SWOB4 (Sweep Gen with dheplay) O 1-1000MMz £750
MARCONI TF2008 AWFM 10KHz-510MHz Sig Gen £450
MARCONI TF2015 AMFM 10-520MHz Sig Gen with TF2171 £400
MARCONI TF2015 with Synchrorser TF2171 £250
V TF2016 AMFM 10KHz-120MHZ Sig Gon with TF2173 £350
MARCONI TF2018 without Synchroniser TF2173 £175

MARCONI TF2354/2357 Lavel Qac/Meter 20MHZ . the paw €950
H.P 8620C Sweeper Masn Frame (Plug-ns avadable) £1000
LEADER LVSS5851A Vactorscope €500

TEXTRONIX 491 SPEC ANALYSER 1 5-12 4GHz  from £1000-£1400

SYSTRON DONNER 1702 Sig Gen 100HZ-1GHz £950
POLARAD S¢ Gen 11058 0 8-24GHz £500
POLARAD S¢ Gen 11068 184 GHZ 500
POLARAD S¢ Gen 1207A3.7-8 4GHz £500
POLARAD Si Gen 1207A with 1509 Freq Doubler so
POLARAD 8¢ Gen 1208A 6 95-11GHE £500
POLARAD S¢) Gen 1280A with 1510 Freq Doubler %
TEKTRONIX TMS04 with PGE0E SGSOXTG50) 2250
RACAL STORE 14DS 14 Channel Magnetc Tape Recorder £2000
RACAL 9081 Synihesssed S Gen 5-520MHz 850
RACAL 9009 Mod Meter 10MHz-1 SGHz £350
RACAL 6001 RMS Volmeter 10KH2-1 SGHz £250
TIME 2004 DC Voltage Standard 0 005% £450
SOLARTRON 7150 Dxtal Mulbmeter 84172 dgt £300
AVO Vaive Charactenssc Meter VCM163 from £250-6350
FERROGRAPH RTS2 Recorder Test Set from £200
THURLBY PLI20MO Twice 30V 2A Quad Mod. Digatal £200

Tel: 0734 88041

WE HAVE THE WIDEST CHOICE OF USED

Callers weicome Sem 1o 5.30pm MON-FRI (UNTIL Spm THURS)

TELEQUIPMENT CT71 Curve Tracer
MARCONI TF2700 Unrversal LCR Brdge. Satiery rom

MARCONI TF2337A Automanc Dustorson Meter 400Hz/ 1KH2 £100

MARCONI MOD Meters TF2300. TF23008. TF2303 rom
MARCON! TF2603 RF Millvolmensr SOKHz-1 SGHz,
MARCONI TF2430 Oxgrtal Freq Counter 10Hz-80MH2

MARCONI TF1152/1 RF Power Meter S00MHz 1025W S0ohm €25

MARCONITFESA AF Power Meter 20Hz-I5KHz 20mW- 10W £20

RACAL 9915 Fraq Counter 10-520MHz Crystal Oven
FARNELL PSU H30/100 0-30V 0-100A
UNINTERRUPTED Power Supply type RBS-AC. 500VA

AVO 8- MULTIMETERS
GOOD WORKING ORDER - PHYSICALLY NOT BRILLIANT
SUPPLIED WITH BATTERIES & LEADS ONLY £30
ALL OTHER MODELS AVAILABLE

LEADER LMV136A Two Ch MVmeter 5Hz-500KH2.1mV-300V  £100

KIKUSUI AVM23 AC Vometer Dual Ch 10MZ-500KHz
300uY -100V

£75

Sokariron 7045 Mulbmeter 44172 digt 30 ranges. AuioMan 95
FARNELL Puise Gon System 1Hz-10MHz Single-Double 0
LOGIC PROBE type 33000A TTLCMOS (PSP £3) €0

range of BENCH POWER SUPPLIES avadable from €40
X-¥ PLOTTERS Vanous Models #rom £26-£400

SOME BRUEL + KJOER EQUIPMENT ALWAYS AVAILABLE

PLEASE ENQUIRE

LEVELL TM38 AC Microvolmeter 1H2-3MHZ, SuV-500V

LEVELL Decade Osc TFS8A 0.2Hz-1. 22MML. Low dist

NEW EQUIPMENT

HAMEG OSCILLOSCOPE HM100S Tnpie Face 100MHz
Delay Timebase
HAMEG OSCHLOSCOPE HME04 Duel Trace S0MHz

Delay Sweep

HAMEG OSCILLOSCOPE HM203 7 Duel Trace20MHz
Component Tester

HAMEG OBCILLOSCOPE HM205 3 Duel Trace 20MHZ
Dugtal Storage

from £35

e

%610

£338

£610

AN other modeis svallable - ol Caciioscopes suppled with 2 probes

BLACK STAR EQUIPMENT (PP ol unas £5)
APOLLO 10 100MHZ Rato Penod Time imterval eic
APOLLO 100 100MHz2 (As above with more hunctions)
METEOR 100 FREQUENCY COUNTER 100Mhz
METEOR 600 FREQUENCY COUNTER 600MHz
METOER 1000 FREQUENCY COUNTER 1GHz

€222
£295
£109
£135
€178

JUPITOR 500 FUNCTION GEN 0. 1Hz-500KHz Sine Sqin €110

‘ORION COLOUR BAR GENERATOR Pal TV Video
umwsuw-vm
wmcnmowmaommmnmw
incluckng 10 amp ACDCO 1% ACC (PAP) £4

As above DMMG0100 25%

Cmc-nlolm

OSCALLOSCOPE PROBES Swiched xnuo(PAP t‘.l)

CARRAIGE ol units £16. VAT 10 be added to otal of goods and oarTiege.
STEWART OF READING
110 WYKHAM ROAD, READING, BERKS RGS 1PL

Fax: 0734 351606

£11

This is & very emall sampie of stock. SAE or ielephone for LIST of OVER 700 ITEMS. Plesse check sveliebility before ordering,

VARIABLE VOLTAGE TRANSFORMERS

INPUT 220/240V AC 50/60 OUTPU; :-'zoov

0.5KVA 2.6 amp max moonn £37.85 inc VA
1KVASampmax  £37.40 £4.25 (£47.90 inc VA
2KVA 10 amp max  £54.00 £5.48 (£68 40 inc VAT)
JKVA 15 amp max t71 50“.24 £89.40 inc VAT)
BKVA 25 amp max 26.50 {Carriage on request)

VOLTAGE CHANGING
1260 Watt auto. Tapped 0-80V, 100, 110, 115,

frame type. Availsble for immediate delivery.
ULTRA VIOLET BLACK LIGHT FLUORESCENT
4R 40 watt £10.44 (£12.00 inc VAT) Caller only
{£9.99 inc VAT)
{£253 inc VAT)

SR S T Ty

& watt £3.! i inc

ua 4watt £3.96 ;'r é:é? plp (£342incVAT)
DAL

DALLABY sither 8in, Sin or
12in tubes £6.50 + 55p plp (£6.96 inc VAT)
For 13in tubes £6.00 + 76p p¥p

(E275 inc VAT)

400 WATT UV LAMP

Dnly £34.00 + £2.50 plp (£41.98 Inc VAT)
178 WATT SELF BALLASTED BLACK LIGHT

MERCURY BULBS Available with BC or ES
fitting. Price incl VAT & pip £19.84.

12 VOLT BILGE PUMPS
Buy direct from the importers

iy
head 3 amp
£18.00 Inc.

1750 GPH 154t head 9 amp
£20.18 + £2.60 p&p (£26.20 inc VAT)
e EPROM ERASURE KIT
Build your own EPROM ERASURE for a fraction of
the price of 8 made-up unit kit of parts less case
inciudes 12in B watt 2537 Angst Tube Ballast unit
pair of bi-pin leads neon indicator on/off switch
safety microswitch and circuit £14.00 + £2.00 plip
(£18.40 inc VAT)

WIDE RANGE OF XENON FLASHTUBES
Write/Phone your enquiries

EXTENSIVE RANGE OF DIFFERENY TYPES OF
GEARED MOTORS AVAILABLE FROM STOCK
WASHING MACHINE WATER PUMP

8rand new 240V AC fan cooled can be usad for a variety
of purposes. Inlets 1% ins. Outet 1inch. Price
p::-nd\ll‘l’—tﬂ)ﬁullwmlmmw
VAT,

12V DC 20 RPM
REVERSIBLE MOTOR

Swiss precision built. Ideal for robotics. Size: length
inc. M 90mm. Dcmm..:b!vmm hxmg aaa\m
adverti nown su|

square.
mntﬂw mp&p&VAT Our Prle'ﬂl
nc. php & VA

GIANT BLOWER EXTRACTOR UNIT

Twin output centrifugel blower 1 HP 240V AC motor,
output spprox. 3800 ¢.f.m. Sire: Length 100cm; Noiqm
Z7cm; Depth 26cm; Fhlnq piste 106 33cm.

£128 + VAT. Ex wershouse,
mmm

230V ac 2.800 RPM 0.9amp 130mm diameter impetior
outiet 63 x 37mm overali size 195 x 160 x 150mm long.
Price £1250 + £2.50 p&p (£23 inc. VAT)

mnmcmmfou

in the following

9 RPM |2nmwam 160 RPM 110V AC or 240V AC
with capacitors (supplied). Price incl VAT & p&p £12.65

GEARED MOTORS

71 RPM 20ib inch torque reversabis 115V AC input
and A

operstion. Price incl VAT & p&p £23.00.

SOUD STATE EHT UNIT
Input 2307240V AC, Output approx 15KV, Producvm
10mm spark. Buift-in 10 sec timer. Easily modi
for 20 sec. 30 sec to continuous. Designed for bonlﬂ
ignition. Dozens of uses in the fisld of physics and
slectronics. ep supplying neon of argon tubes etc.
Price less case £8.50 + £1.00 p&p {£10.93 inc VAT) NMS

HEAVY DUTY MOTOR
Crouzet 115V/230V A.C. hesvy duty 1RPM motor.

S5mm long. 6mm
inc. VAT & pap £10.40.

SUPER HY-LIGHT STROBE KIT
o1 Dizeo,

3 users etc.
18 joutes. Adjustable speed £48.00 + £2.00 p&kp

{£52.50 inc. VAT)

Case and reflector £22.00 + £2.00 p&ip (£27.00 inc VAT)

SAE for further details including Hy-Light and

industrial Strobe Kits.

S0W 20hm Ssmp ceramic powser rheostst. Price inc.
VAT & p&p £10.35.

MICROSWITCH

Pye 18emp changeover lever microswitch, type $171
Brend new. Prics § for £6.90 inc. VAT & plp.
NMS = NEW MANUF SURPLUS

RAT = RECONDITIONED AND TESTED

=

Showroom open
Mondey/Fri

SERVICE TRADING CO

67 BRIDGMAN ROAD, CHISWICK, LONDON W4 588
081-995 1560
ACCOUNT CUSTOMEHS MIN. ORDER £10

Ample
Perking Space

'-;end t

|l order for £......

Practical Electronics Binders

As you save your monthly copies Practical Electronics quickly builds up into a valuable
reference library of projects and useful articles, especially when every December we
publish an index to the whole year. The best way to store your copies of PE for long-
term reference is in our special binders. Vinyl-covered for durability, they take a whole
year's issues each and are available for a mere £5.95 including postage. To order, use
the coupon below, or order by phone using your credit card on 081 743 8888.

: Intra Press, Intra House, 193 Uxbridge Road, London \W12 9RA.
Make cheques/postal orders payable to Intra Press. Allow 28 days for delivery. i

| Please rush me ...... PE binders at £5.95 each. | enclose a cheque/postal |
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11 the new public mobile telephone
systems are to be digital in
operation. The radio signals

received by the hand-

transmitted and
portables or carphones are carrier frequencies
modulated by digital codes. The speech signal

to be transmitted is analogue-to-digital
converted, then encoded into a stream of
binary digits. Typically these ‘1’ and ‘0’ bits
modulate the carrier frequency by a form of
frequency shift keying (fsk). Logic 1 shifts
the carrier frequency a predetermined amount
in one direction; logic O shifts it equally in the
opposite direction.

CT2

One of these new digital systems, called
CT-2 (cordless telephone 2), was pioneered in
Britain. In hand-portable form it’s intended
for three kinds of use: as a cordless phone for
the home; as a business/workplace cordless
phone; and as an outdoor mobile phone
restricted to working near base stations set up
in public places. The last-mentioned is of
course the telepoint service already running in

Digital Telepoint CT-2 handset made
by Siemens and due to enter full
service in 1991.

RADIO FEATURE

engineering is an output : input ratio. Here,
it’s the ratio:

communications achieved
spectrum space used

The ‘communications’ is measured in
erlangs (units of telephone traffic intensity,
where one erlang is one permanently engaged
circuit). ‘Spectrum space’ is measured not just
in frequency bandwidth but in geographical
space and time as well. This is because
efficient usage of the radio spectrum depends
on re-using the same radio frequencies at
different places or at different times. Fig.l
illustrates this concept that spectrum space
has the three dimensions of frequency
bandwidth, space and time. So the above
efficiency ratio in more precise form
becomes:

traffic intensity
bandwidth x space x time

In practical units this boils down to a
widely used formula in the telecoms field:
erlangs per MHz per sq km. (This includes the

WHY DIGITAL PHONES?

the UK (see Ian Burley’s Home Base reports
in the June and July 1990 issues).

In their mode of operation the digital
systems can be divided into two groups:
cordless and cellular. Quite possibly hybrids
could be formed from these.

Not yet in operation but due to arrive some
time in the 1990s are a pan-European cellular
digital system called GSM (Groupe Special
Mobile); a harmonised cordless phone
standard for all Europe known as DECT
(Digital European Cordless Tele-
communications); a low-priced, mass-market
cellular digital service for Britain called PCN
(Personal Communications Network); and a
pan-european PCN scheme named DCS 1800
(Digital Cellular System on 1800 MHz).

Public digital systems are also on the way
in Canada, the USA and Japan. The ultimate
in digital technology, little more than a dream
at the moment, is a global scheme known as
UMTS (Universal Mobile Tele-
communications  System). This  would
probably evolve from the PCN mass-market
idea and would integrate all pre-existing
technologies - cellular, cordless, paging and
so on. It would enable anyone owning a
suitable handset or carphone to travel with it
and use it throughout the world.

DIGITAL BENEFITS

All the cellular public phone services now
in operation are analogue systems. The carrier
frequency in each channel is frequency
modulated (see Mike Sanders’ article in PE
August 90 for fuller details). These analogue
systems are well established and well tried, so
why change them? It seems almost perverse

PRACTICAL ELECTRONICS NOVEMBER 1990

Tom lvall examines
the benefits to be
gained from the
incoming digital
public mobile
telephone systems.

to abandon analogue baseband signals when
the digitised version of a speech waveform
needs so much more bandwidth to transmit.

A major problem with the existing
analogue cellular systems (AMPS, TACS,
NMT etc) is their limited capacity.
Congestion is already occurring and
customers are complaining about difficulties
in making calls. In the UK, the extended
TACS system operated by Cellnet and
Vodafone will probably reach saturation at
about two million subscribers.

The limited capacity is a result of these
systems’ relatively low efficiency in the use
of spectrum space. Efficiency in all

‘time’ dimension because an erlang is a
circuit engaged over unit time.)

In the analogue cellular systems the
spectrum space efficiency is low basically
because of co-channel interference between
cells. The overall frequency allocation for the
system is fixed by international regulations,
and as each channel within it must have a
certain minimum bandwidth there is a limited,
fixed number of channels. So to cope with
thousands of simultaneous calls, all these
available channels have to be re-used many
times over.

The capacity of a system can be increased
by making the cells smaller in coverage area
and packing them closer together. But the
closer they are, the worse the co-channel
interference becomes. Then, this co-channel
interference can only be kept reasonably low
by reducing the transmitter powers.

Of course there is a practical limit to this
process. If you took it to the extreme you
would end up with the very low power and
few metres range typical of the cordless
phone in the home. So it’s co-channel
interference which fundamentally sets a limit
on the spectrum space efficiency of cellular
systems - a low value of erlangs/MHz/km? in
the analogue case.

Fig. 1. Spectrum
space available

space and time.

to radio

systems has

three

dimensions: GEOGRAPHICAL
bandwidth, A Al

VOLUME)

FREQUENCY
BANOWIDTH

TIME
OCCUPIED
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HIGHER NETWORK DENSITY

Digital signals provide better efficiency
because, for a given quality of telephony, they
allow much higher levels of co-channel
interference. Thus, for a given transmitter
power, more cells can be packed into a given
area, thereby increasing the communications
achieved for the same spectrum spaced used.
So the value of the erlangs/MHz/km? measure
of efficiency increases.

Engineers working on the GSM digital
system, for example, reckon that it will give
up to a three-fold improvement in spectrum
space efficiency over the NMT system taken
as a reference analogue system.

The reason for this superiority of digital
transmission is inherent in the nature of
digital signals generally. With analogue
telephony the quality of the speech
communication depends on how accurately
the speech waveforms are maintained
throughout  the  system.  Co-channel
interference disturbs or blots out these
waveforms at the receiver.

With digital telephony this does not occur,
at least in the same direct manner. The co-
channel interference can certainly disturb the
digital fsk waveform transmitted. But because
this waveform is a binary coded version of the
speech the disturbance doesn’t affect the
speech quality so much. In binary coded
speech it is the mere presence or absence of 1
or 0 bits in a sequence that affects the
accuracy, not the condition of the waveforms
delineating these bits.

However, the bit streams sent over the air
in the new digital systems are nof simple -
codes like pcm. As Mike Sanders pointed out,
straight pcm with its 64-kbit/s bit rate, would
require an excessive bandwidth for each
speech channel. So the speech coders adopted
are designed to reduce this. Both CT-2 and
DECT use adaptive differential pulse code
modulation, reducing the bit rate to 32 kbit/s.
And GSM uses a form of linear predictive
coding that produces a bit rate of only 13
kbit/s (and possibly 8 kbit/s later on).

In addition the GSM system has a further
layer of coding, called convolutional coding,
for error reduction purposes. Of course, this
also makes the system more tolerant to co-
channel interference by reducing the bit errors
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caused by this interference.

Apart from the capacity problem in
cellular telephony, there are three other
influences behind the decision to go digital in
cellular and cordless systems generally. First,
the whole of telecommunications is moving
towards digital technology, in both
transmission and signalling. The climax of
this process will be the integrated services
digital network (ISDN) which is now building
up. Since public mobile telephones are
connected into the fixed network, there will
be engineering, operational and economic
advantages in using its new technology,

Secondly, the size, cost and power
consumption of vlsi digital signal processing
electronics are falling rapidly. This makes the
digital technology extremely attractive for
producing much smaller, lighter and cheaper
handsets than the analogue equivalents.
Finally, because the digital methods of signal
processing and signalling are programmed by
software, a digital mobile system is easier and
less costly to change if it has to be modified
or enhanced in the future.

TIME DIVISION PRINCIPLE

All the new digital mobile systems use
time division as the basic principle for
multiplexing the digitised speech signals. As
Mike Sanders explained, this takes the form
of time-division multiple access (tdma) in the
GSM cellular system. The DECT scheme,
which is micro-cellular and operates within
buildings, also uses tdma but in a different
way.

Its carrier frequencies are in a band - not
yet fully decided - in the region of 1700 MHz.

Each carrier is shared by 12 speech channels
on the time division principle shown in Fig.2.
Time is divided into 10ms frames, and each of
these is subdivided into 417us slots for the 12
users as shown. Each slot contains a burst of
data consisting of digitised speech together
with synchronising and signalling data.

In both DECT and CT-2 the handset
transmits and receives speech signals on the
same, single carrier frequency. To achieve
this the radio channel transmits and receives
alternatively in very short bursts of bits.
Appropriately this is called ‘ping-pong’ - or,
more formally, time division duplex -
transmission. As shown in Fig.3, the CT-2
bursts are each 1 ms long and contain data at a
rate of 72 kbit/s. This data rate has to be just
over twice the basic speech coding rate of 32
kbit/s to allow speaking and listening to be
virtually simultaneous.

The GSM system works in the 900MHz
mobile radio band. Carrier frequencies are
200 kHz apart and each carrier takes eight
speech channels. As in CT-2, the carriers are
modulated by a form of fsk called Gaussian
minimum shift keying which occupies less
frequency spectrum than ordinary fsk. Here
the transmit and receive signals are separated
not in time but in frequency, by a spacing of
45 MHz.

Fig.4 shows the time division in the tdma
system. Time is divided into blocks of 26
frames. Each frame of 4.62 ms is then
subdivided into eight slots. Each slot, lasting
for 577 ps, contains 156 bits of data made up
of digitised speech, a guard period, control
and tail bits and a sequence of 26 bits which
the receiver uses to overcome multipath
transmission effects.

In the predictive and convolutional speech
order, every 20 ms of speech produces 456
bits and this number is conveyed by four of
the slots shown in Fig.4. Overall the data rate
transmitted by radio is 271 kbit/s.

The digital system to be used for the PCNs
is still being worked out in detail but broadly
it will follow the well-established GSM
technology, as an outcome of international
agreement. In Europe all such intemnational
agreements are now made through an
organisation called ETSI  (European
Telecommunication Standards Institute). In
1988 this body replaced the old CEPT
(Conference Europeenne des Administrations
des Postes et des Telecommunications)
originally set up by the telecoms authorities of
26 countries. GSM began as a CEPT group

Fig. 3. The ‘ping-pong’ time division duplex principle used in CT2 cordiess
telephony. A single radio frequency carries both transmit and recelve digitai

signals in aiternate short bursts of bits.
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Fig. 4. Timing arrangements in the GSM digital mobile phone system. Each radio frequency carries eight speech channels.
Duplex working is by frequency division rather than the time division of CT2 and DECT.

and is now within ETSI. New frequency
allocations for these digital services have to
be made by world-wide agreements through
the International Telecommunication Union.

PING-PONG SYNTHESISER

An example of the novel circuitry needed
for time division techniques is shown in Fig.5.
In the ‘ping-pong’ duplex transmission
system (Fig.3) the handset contains a
frequency synthesiser which has to switch
repeatedly between two frequencies: the
transmitter frequency, at about 800 MHz, and
the heterodyne receiver’s local oscillator,
which differs by about 10 MHz (to give a
10MHz IF). The problem is to maintain a
frequency accuracy of 1-2 kHz at these abrupt
transitions. It means that phase errors at the
transitions must be kept extremely small.

Fig.5 is actually the outline of a frequency
synthesiser used in the Ferranti telepoint
handset. Much of the circuitry is integrated in
a cmos gate-array chip. Basically it is a

conventional phase-locked synthesiser, with a
flip-flop phase comparator working on pulses
from the reference oscillator and
programmable frequency divider. The error
signal from the comparator adjusts the radio
frequency generated by the voltage-controlled
oscillator (vco). But the circuit also includes a
technique for making an extremely fine,
individual phase correction at every frequency
transition.

This technique uses the two capacitors,
which are alternately switched across the
opamp in synchronism with the frequency
transitions. The different voltages on these
shift the vco frequency. Also, the phase
comparator is enabled by a switched voltage
level. Broadly, the phase correction works by
making tiny changes to the division ratio of
the programmable divider. These give slight
time shifts, as small as 16 picoseconds, to the
divider’s output pulses. In principle the
correction method is analogous to that of a
vernier on a mechanical measuring
instrument, by which readings can be made to
a small fraction of a main scale division. g

One of the prototype digital phones
from Microtel, a consortium led by
British Aerospace.

REFERENCE
OSCILLATOR

FLIP- FLOP
PHASE
COMPARATOR

PULSES
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VOLTAGE
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Fig. 5. Principle of visi
frequency synthesiser, with
automatic phase correction
for '‘ping-pong' frequency
transitions, as used in the
Ferranti telepoint handset.
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BIKE COMPUTER Fig. 11. FUNCTION 123|567 ][8]9 [ |F]|COMMON
Keypad TOR
Continued from Page 17 cox,‘:ecﬁons_ SORMINAL R T SR el S | e o
EPROM HEX DUMP 1 l 1 L
PB1 P83 PBS PAB
PBO  PB2 PBL  PB6
P00 20 88 41 AD 60 26 29 7F
868 C3 ¥vF F@ 1A C9 3E DO BD
016 A9 PO A2 62 95 08 E8 EO =n- ) 298 13 86 18 69 E@ 85 6A AC
818 F@ 96 F9 A9 B4 EA EA EA 2A0 06 B6 A2 60 B3 B5 B6 9%
820 ER EA EA 206 60 44 A2 00 m 2A8 C? E8 C8 EB@ 83 98 FS RC
828 ARD BA 20 8E BA 26 85 6V 2BO B2 06 A2 60 B2 ¥S 00 95
930 A2 68 86 01 18 46 BO 96 @ @ 2B8 D7 E8 C8 EB® 83 298 F5 RS
838 87 20 S8 40 C6 81 DO F4 2C0 D7 C9 6R 96 13 AB 64 84
040 AS FF FO 68 C9 B3 FB @4 @ 2C8 03 AG 63 A2 00 18 76 D7
648 C9 87 DO 63 20 AB 43 4C 2DB ES 88 D@ FA C6 63 DB F1
850 80 40 0O 0O 0O OO 0B 6O 2D8 AS C7 C9 6A BB 6D AB 04
658 A9 89 85 1A AS 1A AB B9 ) & 2E@ A2 @3 18 36 C6 CA D@ FB
660 B0 47 AR BS 20 47 A8 206 LL J 2E8 83 DB FS A9 64 85 O7 A9
068 8@ 42 C6 1A D@ EE AS 69 J 2F0 99 8D 65 66 AS 64 85 B9
@70 29 BF AR F8 18 BS 36 69 2F8 RS 09 18 69 CS AR A4 69
By8 81 95 30 D8 660 0P 6O 60 ov PB2 360 B2 DS @0 85 65 F8 28 25
980 EE FF 66 RD FF @6 C9 @8 P86 ";22 308 42 C6 62 D@ EB A6 BR ARG
688 BG 63 4C 70 41 A9 BB 8D ,;'g(’, o 310 01 20 6@ 42 CE B85 06 RS
@99 FF 66 A2 @3 85 1A A4 1A PBL 318 Cé6 Fo D2 A9 @5 85 @9 18
@98 B9 10 47 AR B9 30 47 A8 320 RS 09 69 C4 AA A4 @9 B9
PAB 20 B0 42 Cé6 1R DB EF F8 328 D4 00 A8 20 GO 42 C6 09
BAS 38 A9 B0 65 69 85 69 C2 iAP 8D 11 67 A2 B0 8D 12 &7 330 DO ED A6 BA A9 B1 85 @5
©BO 60 98 14 A9 BB 85 69 65 iA8 4C DG 41 AD 16 67 DB B1 338 F8 20 25 42 E6 6A AO 04
PB8 68 85 68 C9 60 96 B8 A2 1BO 66 CO VF ER DB BB AS 42 340 18 A2 63 36 C6 CA D@ FB
@Co 0@ 85 68 &5 67 85 &7 D8 1B8 F8 38 ED 11 @7 C9 @3 96 348 88 D@ FS Cé 67 DO AB A2
OC8 A2 90 AA 85 B3 35 SO 95 1CO 6D R2 BV SE 61 26 CA EA 350 6A AG B9 BS EO CS 6A BO
@De AP ES EO OA 90 F7 AA BS 1C8 8E 03 20 20 90 46 DS 60 358 @65 CA D@ F7 FO 10 29 FO
6D8 30 A8 A2 A9 20 BB 42 E6 1D@ A2 61 86 1B EA 20 40 46 360 47 4A 4R 4R CA 95 EO ES
GEG B3 A6 B3 EG BA 98 FB AS 108 ARG 68 8C 16 @7 B9 E8 47 368 BS EO 29 OF 95 EO AG 60
GES A8 CS5 17 90 16 FO 62 BO 1EG R2 16 20 98 44 EE 16 @7 370 A2 66 B2 EO 80 O6R OR OR
BFG 66 AS A9 CS 18 90 OC AS 1E8 AC 16 B67 CO 68 DB BA A9 378 6R 18 C8 V9 EO @60 95 95
©F8 A8 85 17 AS A9 85 18 A9 1FG CB A2 08 20 98 44 AC 16 380 E8 C8 C6 6R 90 EC 60 00
160 81 85 12 AS 69 29 OF AA iF8 87 CO 10 90 EG 60 0B 606 388 00 GO0 00 OB 60 OO OO 60
168 AS BB 95 30 AS FF DB @9 200 F8 84 65 AB ©9 18 BS 0O 399 A2 09 B3 00 60 3D 6O 66
116 26 76 46 20 E8 44 4C 4F 268 65 05 95 60 90 68 CA BS 398 88 CR D@ F6 4C 3F 42 60
118 41 C9 61 D@ 12 AS 19 F@ 2160 66 69 60 88 DO F4 D8 60 3A6 A6 FF 8A BA 85 1C AA BI
1260 66 20 79 46 20 E8 44 AO 218 60 60 00 PO PO 68 BB 0O 3A8 76 47 85 1S BD 80 47 85
128 29 20 96 43 4C 4F 41 C9 220 F8 84 0S5 AP 63 38 BS 0O 3BG OB BD 90 47 20 30 44 A2
1360 63 DB 69 26 70 46 20 F4 228 ES 65 95 60 CA BS 00 E9 3B8 16 A4 1C BS AO 47 20 98
138 44 4C 4F 41 C9 @4 DO OF 230 06 83 D@ F6 D8 66 B8 0O 3C0 44 A4 IC B9 BO 47 20 98
146 AS 19 96 OB 26 v9 46 20 238 00 60 0P VO 0O B0 BB A9 3C8 44 A6 1C E8 BD 78 47 85
148 F4 44 A6 B9 20 90 43 20 240 80 AR 95 90 95 EO E8 EO 3068 15 BD 80 47 85 OB BD 20
150 40 46 20 A@ 43 4C 70 41 248 PA 90 F7Y 85 C6 85 D6 AB 3D8 47 20 30 44 A2 16 A4 IC
158 66 00 00 0O 0O 00 PO 60 256 83 A2 60 BD 65 06 DO B8 3EG C38 B AG 47 20 98 44 R4
166 B0 6O 0B OO 60 PO OO 06 258 E8 88 88 EG 63 96 F4 60 3E8 1C C8 BS BB 47 20 98 44
168 60 00 06 OB 6B VB BB 6L 2606 C9 6A Bo 61 88 8C 10 B6 3FP 660 EA EA ER EA EA EA EA
170 AD @01 26 85 B3 69 26 8D 268 8E 60 B6 AG ©1 A2 06 BS 3F8 EA ER EA EAR EA EA EA EA
178 81 260 EA EA EA AS 63 8D 276 7S Do @8 ES 88 88 E@ 63 400 R2 PP 38 4A 99 63 ES DO
180 81 20 4C 60 40 0O 6O 0O 278 90 FS 60 C9 6A BO 81 88 408 FA CS 60 86 FF A2 B1 86
188 AD 60 26 29 7F A8 AD 61 280 8C 11 86 SE 62 66 D8 38 410 1B 86 19 60 60 0O 0O 0O
196 20 29 40 DB 16 A9 B1 8D - 288 AD 1@ 66 ED 11 66 8D 12 418 60 60 60 06 GG 60 68 B0
198 186 687 A2 67 86 FF AS 49 290 86 38 RS B4 ED 12 66 8D 420 0P 00 GO PP 0P 60 BB 60
428 00 00 0O 60 00 GO 6O gg
12, nnections. 430 A2 60 85 BC 69 80 20
Fig. 12. lcd module connections 438 44 AE 15 AD B9 BS 00 4R
440 4R 4R 4A 20 61 44 BS GO
Fo) s 1 o) 448 29 OF 20 61 44 20 Y8 44
450 EA ER EA EA EA EA EA EA
DEN3 et ) 458 ER ER E8 C8 CO 63 98 DD
DoY) e e P 460 60 09 30 86 15 84 16 A2
L —— — T N [ i it e e ) 7 468 10 20 98 44 A6 15 A4 16
00 7 = D D (SEE 470 60 00 BA DA AR AR AR AR
R (e =70 - 0N [ () ™ PSSRyt BEC R e O] TEXT)
vl s RS & s—tee) O
¥ 1o P The hex dump will be continued next month,
2201020 O L § O when we shall also look at it in detail, and
describe the construction. m
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USE PC COMPILERS FOR AN SBC

For really fast development of stand alone systems, use a Lancer or Hunter target board with
Hexatron's PromDOS. This emulates DOS and BIOS calls, gives you silicon discs and even allows
you to run non-ROMable compiled code in a ROM
environment. Too good to be true ? - Call us now for
a free demonstration.

THE SDS LANCER

An 8088/v20 target board with two serial ports, four
parallel ports, six counter-timers, four 32 pin
memory sockets, battery backup, RTC, watchdog timer,
optional 8087, optional mains psu & case.

THE SDS HUNTER

An 80188 target board with 256k bytes EPROM, 256k bytes battery backed RAM, 256k bytes D-RAM, two
serial ports, three counter-timers, RTC, watchdog timer, optional mains power supply and case.
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Sherwood Data Systems Ltd

Unit 6, York ‘Nay, Cressex Estate, High Wycombe. Tel. 0494-464264
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Value £ 2.00 absolutely free ! ! ! = Doorphones/Alarm Systems FREE CAR PARKING
Simply complete and return the order form below and we will send your free gift. | TV, Video Distribution g ;r\:g C?r Parks (Bell and Church Streets)
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Components 071-723 1008 Fax: 071-724 0322
Trade/Education/Export 071-258 1831
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A & G ELECTRONICS LTD.

Free Post ,100 Park Avenue ,
London E 6 2BR. (No Stamp Required)
TEL : 081-552 2386 Fax : 081 - 519 3419.
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sing nicad rechargeable nickel-
mcadmium secondary cells can save a
lot of money, compared to using
throw-away primary cells or batteries,
whether of the zinc-carbon variety or the
more expensive but longer lasting alkaline
types. So much so, that as a result “trannies”,
Walkman type personal stereos, radio-
cassettes etc, probably get a good deal more
use. Normally one has to remove the cells
when exhausted and transfer them to a
charger unit for the recommended recharging
period, and then replace them in the battery
compartment. The unit described here enables
you to recharge your nicads *“in-situ”.
Why should you want to recharge them
without taking them out of the trannie, or
whatever? Here are just a few reasons:

1) To save time and trouble

2) To save wear and tear on the battery
cover and contacts

3) To ensure that all the cells receive the
same amount of charge

4) So that you can use the set whilst
recharging the batteries.

¢
POWER PROJECT - [

Dave May’s adaptor
lets you recharge
your nicads without
interrupting your
listening!

priced nicad chargers are in fact just not
suitable for some recharging applications.
For instance, my Sanyo personal stereo uses
three AA cells, whilst a charger for up to
four AA cells I was given can only charge
cells in pairs. All of these and the other
problems as well are swept away by the
handy little unit described below.

HOW IT WORKS

Fig.1 shows the circuit of the unit. It is
powered from a 3V to 12V 300mA
unregulated power supply of the sort

Switch S1 provides a choice of three
different values of series resistance to set the
charging current, and also enables the output
plug polarity to be set to centre contact
positive, or negative, as needed. The
charging current is indicated on the meter,
which monitors the voltage drop across the
4.7ohm resistor. The npn darlington
transistor is normally saturated by the base
current through the 8k2 resistor, so that the
available values of series limiting resistor
are 4R7, 4R7 + 33R, and 4R7 +33R + 120R.
In the event of excessive demand current, for
example a short circuit at the output plug,
the voltage drop across the 3k9 resistor turns
on the BC184, reducing the base current to
the darlington and limiting the current to a
safe value.

CONSTRUCTION

Fig.2 shows the layout and the all
important breaks in the track. Take my
advice and use a proper track cutting tool. A
twist drill bit can be used but the twist of the

N-SITU NI
RECHARG

CAD

Of these, reason three is particularly
important. With many of the nicad
rechargers available, you cannot be sure that
all cells will receive the same amount of
charge. Unless you mark the cells and
religiously rotate them around the charging
positions, this can lead in time to one cell
being repeatedly charged less than the
others and finishing up at the end of the
charge period with a lower and lower useful
life than the rest. Thus recharging is needed
more and more often. Some attractively

manufactured for a silly price in the Far East
and sold at a modestly reasonable price
from many UK outlets. This simply plugs
into the in-situ charger, with reverse
polarity protection provided by the 1N4001
power diode. At the other end, a lead
terminated in a “spider” plug with 2.1 and
2.5mm power plugs and 2.5 and 3.5mm jack
plugs will plug into the external power
socket of just about any battery operated
whatsit. It’s the bit in between that makes it
useful.

Fig. 1. Circuit Diagram of the in—situ nicad recharger
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flutes puts a front rake on the cutting edge
and this tends to tear the copper back as it
cuts: it can also leave an almost invisible
whisker of copper shorting to the adjacent
track. The proper tool has straight flutes and
no front rake, so it does a neater job. It is not
expensive and should last a lifetime. I find it
pays to check with an eyeglass that each cut
is complete, a moment or two spent doing
this can save much longer in fault-finding
when the completed circuit doesn’t work.

The circuit board can most conveniently
be connected to the switch and the meter
with a short length of colour coded ribbon
cable. The meter used is one of the very
cheap indicators mass produced in the Far
East and used as vu meters, power meters,
vswr meters etc. Full scale deflection differs
somewhat from make to make but is in the
range of 120 to 250 pA. The scale is
designed to provide extra resolution at low
current, becoming more cramped at the top
end. This type of indicator is widely
available on the surplus market and good
value at a pound or two. Fig.3 shows the
meter scale used on the prototype: it can be
photocopied if you don’t want to cut up your
copy of PE (none of our readers are
vandals! Ed.) and used to rescale your
meter. An alternative version may be used,
with the intermediate scale calibration marks
being filled in to suit the particular meter
being used, while setting up as described
below.
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Fig. 2. 10 10
Component ro'51 SOCKET METER
layout for CURRENT  METER
the circuit. t 1 1 1 1 LIMIT CALIBRATION
VR4 VR6
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“ B~ HOLES FOR SMALL HEATSINK :
RESISTORS Set the wiper of the BC 184’s 4k7 pot to of
R1 33R the TIP121 darlington. Connect the power
R2 120R supply, set to 6V, to the adaptor’s input. Short
R3 3k3 circuit the adaptor’s output spider plug via an
R4R6  4k7 min skel vert preset (2 off) ammeter - digital or analogue - set to, say, the
RS 4R7 1 amp range. Adjust the 4k7 pot for a short
R7 3k9 circuit current of 180mA. Now adjust Sl and
R8 8k2 the output voltage of the power supply so that
the ammeter reads 150mA or less. Adjust the
All 0.25W 25% carbon other 4k7 pot so that the reading on the
adaptor’s meter agrees with that on the
SEMICONDUCTORS external ammeter. The adaptor is now set up.
Dl IN4001
TRI TIP121 (with pcb vertical
mounting heatsink) SETTING UP
TR2 BC184
If you only intend to use the adaptor with a
MISCELLANEOUS single piece of equipment, omit the wiring on
Sl 2 pole 6 way rotary switch, with one side of S1, so that the adaptor can only
pointer knob to suit produce the required polarity output. Only the
Skl 2.lmm power socket (input) very simplest modification to the equipment
Pll Universal plug (e.g. FK08J Maplin) to be recharged is necessary: simply connect a
Ml Meter (see text) shorting link or suitable resistor across the
Box Small plastic (to suit) outer break contacts of the equipment’s
external dc power socket. Set Sl to L (low),

the power supply output voltage to 3V and
plug in. Now wind up the power supply volts
and/or adjust S1 to set the desired charging
current - SOmA to AA cells, 150mA for
commercial C and D cells - or as directed by
the manufacturer.

If you intend to use the adaptor with
several different items of equipment, some
having centre positive and others centre
negative power sockets, then S1 should be
fully wired as shown. In principle, the same
simple link across the power socket outer is
all that is necessary in each equipment, but
the inclusion of a reverse polarity connection
diode as in Figd4 is most strongly
recommended: remember that off load the
unregulated power supply will provide an
output of 18V or more - you wouldn’t want to
accidentally connect that back to front to the
equipment, especially if it had inadvertently
been left switched on! True, this involves
cutting a track as shown, but better safe than
sorTy.

If you measure and note the current
normally taken by the radio set or whatever,
say 20mA, then by setting the current
indicated by the meter to 20mA more than the
required charging current, you can use the
radio at the same time as charging the
batteries. Alternatively, the charging period
can be extended instead.

Fig. 4. Modification to typical portable
radio.
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= Continued from page 8.

But the search procedures are still
unfriendly, muddled and time consuming.
Callers first get a message on screen asking
them to type a code word to identify the type
of computer they are using, referred to as
either Prestel or VT100 microcomputer.
Illogically the caller must key VTI to signify
VTI100. Absurdly, the system rejects the very
similar and logical instruction VT1, wasting
valuable call time by transmitting the full
display page of text again before each rejection.

After that, the system wastes more
valuable call time on painting pretty viewdata
designs on screen before asking further
questions. For no apparent reason, control
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key strokes must be preceded by an unseen
question mark. While this is happening, any
printer connected to the PC spews out wasted
pages.

As a random and genuine practical test, |
tried hunting for any firm in North London
which sells security grilles for windows. It
took less than half a minute to take the North
London Yellow Pages book off the shelf,
look up the section labelled “Security
Services” and spot a display advert for
security grilles.

Dialling EYP and trying to key in similar
words, produced screenfulls of options but no
useful result. I tried again, several times, and
on each occasion got locked into search loops
which led nowhere. Escaping was difficult,
which wasted more time.

1 couldn’t work out how to step through
the fields of the search menu, to tell the
wretched thing what service or goods I was

looking for and in what area of the country.