'PRACTICAL JANUARY 1990 ¢ £1.25

3 { i

E
|
z
i
!

: |
B

SCIENCE A

IHIIHI!I I\I\I

977700007934001

l




Features front-panel socket for transistor and capacitor tests.
Low battery indicator, diode check function and continuity

sounder.

Measures to 1000 VDC, 750 VVAC, [0 amps ACIDC current, 20

negohms resistunce.

20 wF capacitance and transistor gain. Requares 9v bartery . 22-194

30-Range Digital Multimeter

High Technology
Test Equipment

MICAONTA
DIGITAL MLLTIMETER

@he
£0995 L4

Probe Style
Autoranging
Multimeter

MICRONTA

i Data hold function enables vou to freeze the display and to remove it from the circuit
gfor more convenient reading.

Meuasures to 400 volts AC/DC and resistance in K-ohms up 1o 2 megolms.
ginclicdes 2 button batteries. Overload protected. With carrving case

e

Regulated Power Supply

£5995

13.8VDC Regulated Supply.

Ideal for use with HAM transceivers. SA continuous.
{2A intermittent. 15SA surge. 240 VAC. 50 H:z.

Fused . 22-7001

13.8v 0C - 12 AMP

c o G W

For The Best In
High Quality Electronics

Over 400 Tandy Stores And Dealerships Nationwide.
See Yellow Pages For Address Of Store Nearest You.

InterTAN U.K. Lid.. Tandy Centre, [.eamore Lane,
Walsall, West Midlands, WS2 7PS. Tel: 0922 710000
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REDUCING CAD PCBS

recovered our initial launch and
development costs much sooner than
anticipated. We have also decided to
include both the HP-GL pen plotter
and Gerber Photoplotter output
drivers in with the basic price of
EAST-PC.”

This makes EASY-PC a package
for professional quality pcb artwork
creation and schematic diagram
drawing that, according to Adrian
Espin, “no electronics engineer can
now afford to be without.”

The package was singled out for

N umber One Systems has
announced a major change in
pricing and sales policy on its best-
selling EASY-PC printed circuit
board layout and schematic
draughting software package. True to
its altruistic aims of “Making
Electronics CAD affordable”, the
company has reduced the price to just
£98.00 plus VAT.

Managing Director Adrian Espin
commented, “Sales and resulting
customer response have been
outstanding to the extent that we have

praise by the 1989 British Design
Awards judges for its simple and
responsive user interface, and for its
exceptional speeds of zoom, pan and
redraw without the use of expensive
CO-Processors.

For more information contact:
Roger Wareham, Technical Director,
Number One Systems Ltd, Harding
Way, Somersham Road, St Ives,

Huntingdon, Cambs PE17 4WR. Tel:

0480 61778.

MAPLIN IR
CONTROL

mage, status, convenience and

safety are all factors contained in
the latest Maplin Electronics “Sound
Master” kit. The infra-red remote

inconvenient to use direct manual
switching. Such remote operational
areas include garage doors, loft, patio
or passageway lighting.

The controller will not onl
eliminate the need for unsightly or
difficult-to-install wiring, but
interference associated with radio
control systems.

The project will provide remote
switching of a single pole changeover
relay with the provision of either
selecting a latched output or
momentary output. Leds on both the
transmitter and receiver flash when
they are operating. A purpose made
case is provided for the transmitter
although the receiver needs to be
housed, preferably in a metal
enclosure.

Al parts for the transmitter and
receiver, excluding a metal case for
the receiver, are included in the kit.

control switch has a range in excess
of 10 metres, ideal for situations
where it may be impractical or

The order code for the IR remote
switch kit is LM69A. and it costs ¢
£17.95, plus VAT.

For further information contact
any of Maplin’s nationwide shops.

CATALOGUE

Continuing our alphabetical browse

through advertisers' literature

Fluke, who are part of the Philips Group, have sent a massive
hardbound catalogue of nearly 600 pages. In it, you should find
practically every item of very high quality test and measurement
gear that you could ever want. The range includes oscilloscopes,
multimeters, logic analyzers, signal sources, recorders, power
supplies, video test equipment, counters and timers, etc. This really is
a catalogue for the very serious constructor who is probably at the
semi-professional standard. For information on how to obtain the
catalogue, contact Philips Scientific Test & Measurement, Colonial
Way, Watford, Herts, WD2 4TT. Tel : 0923 240511.

Roadstar are a Swiss company who specialise in hifi systems
and equipment for a wide variety of automobile purposes. They
have sent in a bundle of data sheets, specifications and promotional
literature. It’s highly apparent that anyone wanting to add sound to
their wheels should definitely give close attention to Roadstar’s
large range. One item particularly caught my eye - a high power

autoreverse car cassette player with lcd, lw/mw/fm/fm-stereo pll
radio and tuner with 18 memories, separate bass and treble, and a
line output. The power is quoted at 64 watts - nearly enough with
which to operate a truly mobile disco! Ask your local car-audio
stockist for more information on this range, or write to Roadstar,
F.E.Fender Electronics SA, Via Passeggiata 1, CH-6828 Balerna,
Switzerland.

Sherwood Data Systems have sent a selection of interesting data
sheets which mainly relate to single board computers. These
include the SDS Archer, based on the Z80A microprocessor family,
the Bowman, based on the 68000, and the Lancer which is based on
the 8088. Various daughter boards and other accessories are
available as well. Sherwood Data Systems, Sherwood House, York
Way, Cressex Industrial Estate, High Wycombe, HP12 3PY. Tel :
0494 464264.

Softmachine’s price list recently received is marked as
confidential for the trade only. It covers computer casings, power
supplies, keyboards, main computer boards, add-on -cards,
monitors, computer tools and a selection of spares and cables.
Softmachine Distribution Ltd, Units F18/F25, Harbet Road, Lea
Valley, Edmonton, London N 18 3LR. Tel : 01-807 2748.

SCS Components are electronic component distributors. Their
78-page A4 mail order catalogue has been recently released and
features a wide range of kits, components, connectors, etc, for both
the professional and the enthusiast. It will cost you a mere 50p and is
a worth while addition to your catalogue library. SCS
Components, 218 Portland Road, Hove, East Sussex, BN3 5QT.

Specialist Semiconductors have an interesting selection of
unusual kits available in their price list. The first page includes
projects which relate to your health, such as air ionisers, a
brainwave monitor, and a biofeedback monitor. Other kits include
mains purifiers, surveillance equipment, fitness monitor, tv booster,
and a selection of other fascinating looking subjects. There are also
books available on biofeedback techniques. Don’t miss out on this
source of interesting projects, ask for a copy of the list. Specialist
Semiconductors, Founders House, Redbrook, Monmouth, Gwent.
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WAVE
CRESTING

D esigned for use on-board yachts
and boats, the new Grundig
Satellit 500 International radio has
just about every feature you could
wish for. Sailors and land-lubbers
alike can enjoy the Satellit 500s to
receive music, news, and programmes
from around the world along with all
shipping forecasts. Additional
capabilities of the easy-to-use radios
amply cater for both amateurs and
professionals.

The radio has a memory which
can store up to 42 stations freely
programmed by the user. For
simplified searching, all stations are
easily identified by an alphanumeric
readout shown on the large, easy-to-
read, illuminated Icd display. This
also atts as a multifunction
information centre and indicates the
frequency range, waveband, memory,
position, field stregth, and shows if
there is faulty operation.

Special features include a
rechargeable battery with a built in
recharger, automatic station search
and scan functions, along with
demodulators to improve the sound
quality and aid reception of weak or

SATELLT  sog

unstable signals. The telescopic aerial
rotates freely, but may also be
‘locked’ into a number of useful set
positions. Reception capabilities
include short wave, medium wave,
long wave and fm stereo. and there is
a reception range of 1.6 to 30MHz.
Stereo sound is provided via
headphones or an additional speaker.

The timer has a clock with two
time zones and a time switch for
turning on and then tumning off two
different radio stations. If the sleep
timer is used, the radio will gently
play while the listener falls asleep and
will then turn itself off after a pre-set
time of anything from 10-60 minutes.

There is a threaded socket for on-
board mounting when used in a boat,
and a practical cover to offer
protection from the elements.

Measuring 30.4 cm x 17.8cm x
6.6cm the radio weighs approxi-
mately 1.8kg and is housed in a
black/grey metallic cabinet.

Priced at £299.95 the Satellit 500
is available from selected Grundig
Dealers nationally.

Your Ed hopes Santa might
generously present him with one at
Christmas!

For more information contact:
Hammond and Deacon Ltd, 4
Earlham Street, London WC2H 9LA.
Tel: 01-379 7945.

If you are organising any event to do with
electronics, big or small, drop us a line, we

shall be glad to include it here.

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.

Dec 5. Safe use of electricity at work. IEEE lecture. Chester. 01-836
3357.

| Mar 7-8. Laboratory 90. G-Mex Centre, Manchester. 0799 26699.

Mar 9-10. London Amateur Radio Show. Picketts Lock Centre,
Edmonton, North London. Advance ticket sales and trade enquiries to
The Secretary. LARS, 126 Mount Pleasant Lane, Bricket Wood, Herts
AL2 3XD. 0923 678770.

Mar 28-29. Laboratory, Science & Technology Show. Kelsey
Kerridge Sports Hall, Cambridge. 0799 26699.

Apr 9-11. Cable and satellite exhibition and conference. Olympia,
London. 01-486 1951.

Apr 4-5. Drives, Motors, Controls. New Century Hall, Manchester.
0799 26699.

Apr 24-26. British Electronics Week. Olympia, London. 0799 26699.

Jun 26-28. Infrared Technology. Wembley Conference Centre. 0799
26699.

Sep 25-27. British Laboratory Week. Olympia, London. 0799 26699.

WAKE UP
WITH MAPLIN

he new attractively designed

Maplin alarm clock radio helps
you go to sleep and awake in style.
Whether your personal turn-on is for
Radio 1, 2, 3 or 4, the independent
stations or the local taxi cab radio
control room, Maplin say that their
alarm clock radio will meet your
every sound requirement. Or you can
choose to be awakened by a
melliferous buzzer!

But there is no respite for the
heavy sleeper. The radio or alarm
signal will continue to sound for two
hours. You can however grab that
extra sleep period when the snooze
facility is used. This will activate the

radio or alarm signal every nine
minutes.

Meanwhile, the power cut fail safe
function features a basic PP3-type
battery which serves to maintain the
internal time keeping. However, if
your-local power supplies have not
been re-established by the normal
alarm sounding time, as is the case
with all mains electrical-powered
alarm clocks, natural waking
procedures will be required, if the
day’s routines are to be met.

The battery, incidentally, will last
for a period of up to 10 years,
sufficient time to see out very many
power-cuts.

Specs: AM Waveband, 525 to
1605kHz: VHF FM band, 88 1o
108MHz.

Sleep time adjustable for a period
from | min. to 2 hours.
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Overall size: 182 x 114 x 48mm
high.

Maplin’s order code for the alarm
clock radio is YT 14Q, and the price is
£8.95 including VAT.

For further information, please
contact: Doug Simmons, Maplin
Electronics, PO Box 3, Rayleigh,
Essex SS6 8LR. Tel: 0702 554161.




|ICULOUS
METRICATION

Higlighting details of several new
meters for which we have been sent
information. If you're looking for
Christmas presents you might find

one here!

FLUKE 80s

luke 80 Series multimeters are

now available ex-stock from
Universal Instruments of Leicester
who say that all three models offer
more measurement capability than
other dmm plus state of the art
analogue and digital performance.
They not only measure volts, ohms,
amps, check continuity and perform
diode tests, they also measure
frequency, duty cycle and capacitance
while allowing simultaneous
measurement of mininum, maximum
and true averages - which other
handheld meters do not.

Liquid crystal displays give a 3.75
or 4.5 digit. 4000 or 20,000 count
updated four times a second. The
extra large display tells all with every

measurement being fully annunciated.

Fluke models 83 and 85 have a
bargraph for analogue reading that
updates 40 times per second to
capture changing or unstable signals,
and a x10 zoom mode for higher
resolution. Analogue readings on the
87, a true rms meter, use a full-time
high resolution pointer with a backlit
display that comes on at the touch of
a button and goes off automatically
after 68 seconds.

The prices, excluding VAT are
£153 for the 83, £179 for the 85 and
£215 for the 87.

For further information contact:
Universal Instrument Services Ltd.
Unit 62, GEC Site, Cambridge Road,
Whetstone, Leicester LE§ 3LH. Tel:
0533 750123.

POCKET LAB
TEST

ix new pocket-size digital
multimeters are now available

from Cirkit which offer a
combination of facilities previously
found only on larger, more expensive
units.

With prices starting at under £20,
TM multimeters range from the basic
TMS5315B unit - featuring dc and ac
voltage ranges. dc current
measurement, resistance
measurement, plus continuity and
diode test, a basic 0.8% accuracy - to
the advanced but economically priced
model TM175. described by Cirkit as
“the test lab in the pocket”.

For users requiring a unit for
testing oscillators. clock and timing
circuits, the model TM5375 with
frequency measurement up to 20MHz
is especially suitable. Continuity,
diode and HFE test are also available
on this unit, with overload protection
on all ranges. The next model up, the
TMS5365, additionally features
capacitance measurement from 2 to
20uF. and ail models have low battery
indication. auto zero and auto polarity
display.

Transistor gain test, continuity and

diode test, dc and ac voltage, dc and
ac current up to 10A and resistance
measurement are common features on
the TM115, TM 135 and TM175
models. The TM 135 also enables
temperature measurement in both °C
and OF, while virtually every facility
needed for all disciplines of fault
finding and testing are combined in
the top-of-the-range TM175. In
addition to the full complement of
ranges it features capacitance
measurement from 2nF to 20uF,
frequency measurement up to
10MHz, and continuity, diode, HFE.
logic and led test facilities.

Robustly constructed, TM series
multimeters are housed in tough
yellow ABS cases and are all
supplied with a full one year
warranty, test leads (TM 135
additionally comes with a
temperature sensor), battery and
manual.

direct current are to 10A. resistance to
20M and capacitance 10 20uF with a
IpF resolution. Other normal features
are continuity with an audible tone,
diode test and hFE measurement.
Rugged and reliable the DM 8433 is
manufactured from heavy duty
plastic, guaranteed for 12 months and
supplied ready for use with safety test
leads, battery, spare fuse, operator’s
manual and temperature probe.

HOLD AND
COLD DMM

he latest GoldStar 84 Series from

Alpha also doubles as an
accurate digital thermometer. Model
DM 8433 can measure from -20°C to
+150°C (-49F 10 +302°F) with a
temperature probe supplied with each
instrument. Other advanced features
include a separate battery
compartment for easy and safe
replacement without entering the
primary case. An easy t0 use single
rotary switch with distinct indexing
selects all functions and ranges and is
large enough to be operated by a
gloved hand.

Large and clear, the 2000 count
led indicates dc voltage to 1000V
with a basic accuracy of 0.3% and ac
voltage to 750V. Alternating and

ANALOGUE
VALUE

D on’t ever think that analogue
meters are outmoded by digital
instruments. That’s far from being the
case and they have a powerful role to
play in anyone’s workshop.

The AM2001 is the latest
analogue multimeter from Alpha
Electronics and offers real value for
money. Functions include ac and dc
voltage. direct current, resistance,
audible and visual continuity, battery
test and a dB scale. Full protection
with both fuse and diode make this
hand held meter ideal for a host of
general purpose applications.

Manufactured by GoldStar, the
pivot and jewel meter has a mirrored
scale to display dc and ac voltage to
1000V with sensitivities of 20k
ohm/V and 8k ohm/V. Direct current
is from 50mA 10 10A in five useful
ranges. The continuity mode is both
instant and loud enough to be clearly
heard in a noisy environment. Battery
test positions for both 1.5V and 9V
give instant colour coded indication
of whether the cells under test are
good or need replacing. Fully
guaranteed and supplied ready for use
in a carrying case, the AM 2001
measures 140 x 70 x 35 mm and
weighs just 200gm including the
internal hbattery. Its price is only
£19.80, excluding VAt. but including
a carrying case.
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A new platinum resistance
thermometer has been launched
by Burns Logitrol. The new LB300
benchtop unit has an extended range
of accuracy when compared to similar
priced products. Using standard
PT100 sensors for reliable sensing,
the meter has a crystal controlled
analogue to digital convertor for
consistent accuracy.

The LB300 has a resolution of
0.10° C over a -200° C 1o +300° C
range; and 0.5 degree C resolution up
to 850°C. With a basic accuracy of

BURNOMETER

0.1% the extended range and
resolution make the LB300 ideal for
monitoring many laboratory and
manufacturing processes.

The thermometer features a 4 digit
lcd display and a single range setting
control. Normally powered by
alkaline cells, the LB300 may also be
supplied with rechargeable lead-acid
batteries to allow extended periods of
use without battery replacement. It is
guaranteed for a period of two years,
and the price is £1 70 excluding VAT
and delivery.

CAP IN HAND

he new GDM 1.11 from Global

Specialities is a 3.5-digit
handheld multimeter which includes
capacitance measurement as one of
its eight functions.

The multimeter. which also
includes diode testing and
semiconductor hFE measurements,
has a basic dc accuracy of 0.5%. The
29 ranges, which include dc voltage
up to 1kV and dc/ac current up to
10A, are selected by a single rotary
control. Probes are included in the
purchase price of £49.95, and an
optional carrying case is also
available.

LETHAL
MEGGER
FAKES

M a world-wide alert following
the discovery of potentially lethal
pirate versions of two of its market
leading earth and insulation testers.

The fakes are being manufactured
in the Bombay factory of Indian
company, Radiant Devices. lts first
‘models’ to come to light are the so
called BM-12 insulation tester and
the ET6/2-500 earth tester.

They were sold as genuine
Megger instruments by a European

Photos: (Top) the genuine Megger
instruments, (below) the
potentially lethal fakes.

multi-national company under the
terms of a contract with an African
government department. A summary
inspection of the crudely copied
instruments resulted in the arrest and
detention of the multi-national’s
representative.

“The situation is extremely
serious. These fakes could prove
lethal,” says Megger Instruments
Marketing Director, Chris Burns.

“We have uncovered a catalogue
of faults that is nothing short of
frightening and we intend to make
every effort to see that this pirate
trade is stamped out - and that
includes a direct approach to the
Indian High Commission.™

So far none of the bogus instru-
ments have appeared in the UK.

1 Multi Measures

wo new instruments from TMK

are simple, hand held, small.
compact and very useful voltage
testers. Ideal for general purpose use
these new tools will carry out basic
tests normally required by
electricians.

Both models use two probes to
measure ac and dc voltage to 440V in
seven ranges with led indication and
input protection to 500V. ElectroMate
also indicates voltage polarity. has a
diode and lamp check facility plus
audible and visual continuity, weighs
150gm and measures 152 x 53 x 30m.
VoltMate, the ultra low cost unit
measures 185 x 32 x 22mm. Both are
rugged and reliable, and are supplied
ready for use complete with operating
instructions. The prices are £33.75 for
ElectroMate, and £4.95 for VoltMate.

MAKING CONTACT

Names and addresses for more information about the meters on these pages:

St. James Street, Bedford MK42
ODH. Tel: (0234) 217856.

Alpha Electronics Ltd, Unit 5,
Linstock Trading Estate, Wigan
Road, Atherton, Manchester M29
0QA. Tel: (0942) 873434 Megger Instruments Limited,
Archcliffe Road, Dover, Kent CT17
Burns Logitrol, Unit 1, Yeovil Small 9EN. Tel: (0304) 202620.
Business Centre, Houndstone
Business Park, Yeovil, Somerset

BA22 8WA. Tel: (0935) 33529.

TMK Instruments, Building 3, GEC
Estate, East Lane, Wembley, Middx
HA9 7PJ Tel: 01-908 3355.

Cirkit Distribution Ltd, Park Lane,
Broxbourne, Herts EN10 7NQ. Tel:
(0992) 444111.

Universal Instrument Services Ltd.
Unit 62, GEC Site, Cambridge Road,
Whetstone, Leicester LE8 3LH. Tel:

Global Specialities. 2nd Floor, 2 10 (0533) 750123.
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Analogue and
Digital

nother new instrument from

TMK is a value for money
digital multimeter for all general
purpose applications and is housed
in a rugged safety yellow case.
Model G40 has a 3.5 digit liquid
crystal display with full annunciation
and an analogue bar graph to
indicate the movement of unstable
readings. Auto ranging is
supplemented by manual range
selection for readings of a similar
value, a reading “hold” control and
memory mode for carrying out
relative measurements.

With a basic dc accuracy of 0.5%
the G40 can accurately handle dc
voltage to 1000V, ac voltage to
750V, both alternating and direct
current to 10A and resistance to
20M. Other test modes include
continuity with an audible tone,
diode and hFE tests for both npn and
pnp transistors. Fully guaranteed by
TMK this latest dmm comes ready
for use with an internal battery, test
leads, instruction manual and a
carrying case. Measuring 75 x 150 x
34mm, this useful hand held
multimeter weighs just 230gms, and
costs £65 plus vat.



ver since Britain got a cellular
radio service, in January 1985,
there has been talk of outsiders

eavesdropping on calls.

At first sight it seems obvious and easy;
any telephone call that relies on a radio link
must be open to reception by third parties.
But a closer look suggests that listening-in
may not be so easy, after all. Cell radio
relies on frequencies in the uhf band, above
tv, at nearly 1 GHz. Very few radios tune
this high. Also the two halves of a
conversation, to and from the mobile
phone, are carried on quite different radio
frequencies. And these frequencies change
as the caller moves between cells.

DISTASTEFUL

Also there had been a widespread
feeling that eavesdropping is illegal as well
as morally distasteful. So, on the whole, the
press has played down the idea. Until
recently, that is.

During 1989 there was a spate of

conversations, for fear of laying themselves
open to prosecution. Newspaper articles
have tended to warn cellphone users about
the risks of eavesdropping, rather than puff
the vicarious thrill of listening to other
people’s personal secrets.

In the spring of 1989 things changed. A
run of articles, culminating in a feature
published by The Guardian (July 14) and
re-printed by the Daily Mail (5 August)
made eavesdropping sound like fun and
quoted verbatim from numerous
conversations overheard.

“I listen in on other people’s phone
conversations”, confessed the Mail author
“It’s a hobby I really should be ashamed of
and I suppose I would be if it didn’t bring
me so much pleasure”.

I asked British Telecom about the new
hobby. ‘“We are concerned, but how can we
stop it? Our view has always been that no
telephone conversation is secure” was all
BT could muster.

Oftel took a similar line: “It’s
regrettable. We believe it is an offence
under the Telecommunications Act. But

CELLULA

EAVESDROPPING

articles glorifying the practice, as a hobby,
and telling what equipment is needed and
how much it costs. (Not by PE, it hasn’t!
Ed)

Now the awful truth has dawned. The
law may not be as strong as assumed. And
whatever the strength of the law, it is
worthless unless upheld by those with
responsibility to do so. Because
responsibility is shared, the buck is being
passed round.

So eavesdropping is fast becoming a
consumer fad. The press are now even
publishing transcripts of juicy dialogue
between bankers, lawyers and illicit lovers.

SCANDALOUS

“It is a scandal,” says John Baylis of the
Telecommunication Users Association.
“Cellphone users are very worried and we
have made official representations to the
service operators Cellnet and Vodafone,
and to  Oftel, the Office  of
Telecommunications. But nothing has yet
been done”.

“The cellular industry is a law unto
itself, it is not accountable to anybody”,
says Nicholas Michaelson, Chairman of the
Cellular Phone Users Association. “The
industry’s aim is to make as much money
as possible.

“Nearly 700,000 subscribers are each
paying 25 pounds a month network fee, in
addition to the 33p plus vat per minute it
costs to make calls in London.

“Cellnet and Vodafone are too busy
counting their money. They are treating a
professional business tool like soap
powder. Oftel is just a watch dog with

BY BARRY FOX
Winner of the
UK Technology Award

It's ‘nobody's job’
to put a stop to
telephone
intruders.

rubber teeth, and very soft rubber at that”.

When Cellnet, controlled by British
Telecom, and Vodafone, owned by Racal,
launched their cellphone services in
January 1985 on the 900 MHz band, radio
enthusiasts, with wide range receivers
soon found that they could easily listen in.
To their surprise they heard both halves of
conversations, even though they are carried
on separate frequencies. This is because the
cellphone call passes through the public
telephone network and both halves mix, to
let callers hear in their ear piece what they
speak into their mouthpiece.

UNDETECTABLE

Eavesdropping is undetectable unless
listeners publicise their actions. Licensed
radio amateurs know that the Wireless
Telegraphy Acts carry heavy fines and jail
sentences for misuse of the airwaves. And
they risk losing their licences. So they stay
clear (usually) and have been nervous even
of reporting overhead criminal

there is very little anyone can do about it.”

Racal told me: “We are concerned” and
cited at least six other articles this year, in
addition to discussions on radio. But what
was Racal actually doing about it?

Nothing.

Cellnet said it is taking legal advice and
issued a weedy statement: “It is our
understanding that listening-in to cellular
telephone conversations contravenes the
Interception of Communications Act
1985™.

A week later Cellnet had been unable to
say what it actually planned to do.

BUCKPASSING

The Department of Trade and Industry
thought it was not illegal under the
Wireless Telegraphy Acts to listen-in, only
to use any information obtained. The DTI
told me it had no plans to prosecute and
believed the best remedy lies with the
Interception of Communications Act, 1985
for which the Home Office is responsible.

The Home Office told me it thought that
any eavesdropping, whether by wire or
radio, contravenes its Act with unlimited
fines and up to two years in jail. But would
the Home Office be doing anything? No,
that was up to the police.

So, while the buck passes round in
circles, shops are cashing in on the sale of
radio receivers which can receive the cell
phone channels..

Eavesdropping might turn out to be the
best cure yet for congestion of the
airwaves. Any cellphone user with a
confidential a call to make will go back to
using an old-fashioned fixed phone.
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s we enter the new decade with

this January issue, | am filled

with excitement over what new
developments in technology we shall
experience over the next ten years. | am
additionally conscious of the number of
decades that have passed (no, I'm not
disclosing numbers!) since | first became
aware that electricity need not be lethal
and could, with the right approach, be
tamed.

Early experiments involved litle more
than adding jack sockets to various radio
units to permit tape recording without a
microphone interface. Usually, these
improvements were well within pocket
money budgets, and their success
prompted more adventurous endeavours.
On occasion, though, erroneous logic
crept in and the knowledge gained
became expensive, like the time | discov-
ered that loudspeakers don't like mains
current carelessly shorted across them,
especially when they're part of father's
deluxe gramophone!

In those days, though, the only way |
knew how to learn about electricity was by
trial and error. No-one told me how to
learn more in an academic way. With
hindsight, | know now that there were
magazines and books around, and | wish
that their existence had been brought to
my attention. The school, good as it was
in many ways regarding science, never
told me about electronics, indeed | don’t
recall the term ever being used, the whole
subject seemed to be regarded simply as
wireless.

PRACTICAL

ELECTRONICS

STARTING
TERMS

Because for many years | learned the
hard way until eventually becoming
assisted by the tutorials in PE, | am
extremely conscious of the educational
role that PE can play. Experimenting is
enormous fun but, before one becomes
greatly experienced, it can be even more
rewarding if assisted by high class tutors
who can tell you not only what you might
try, but also the reasons for things work-
ing as they do.

It's not my intention now to comment
on technology education in today's
schools {though from the letters | receive |
am prompted to do so sometime in the
future), but | know that many teachers

and students will greatly benefit from the
new series starting this month. The series
is aptly called Basic Electronics and thor-
oughly covers the principle aspects of the
theory of how and why electronics works,
the nature of the components that are in
common use, and many of the different
ways in which they can be put together to
cater for particular applications. At various
stages throughout the series, simple con-
structional projects will accompany the
text, illustrating the ideas discussed.

It's a series that will be of tremendous
value to anyone who is only just becom-
ing interested in electronics. It will also
serve as an excellent refresher course
even for those readers who have already
found themselves addicted to electronics.
Who amongst you can truthfully say that
you are fully conversant with all the basic
principles? Even I've been reminded of
one or two things I'd forgotten!

The author, Owen Bishop, is a top
class tutor of international renown. His
qualifications are far too lengthy to list, but
he has been closely associated with edu-
cation for many years and has written a
vast quantity of books on electronics and
computing. His name will, of course, be
familiar to many PE readers since we
have only recently completed his informa-
tive series on Digital Electronics.

And from the Bishop, on to Christmas!
It may be January on the cover, but you'll
probably read this during December, so
from all of us on PE and at Intra Press,
Happy Season’s Greetings!
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TECHNOMATIC

Techno House 468 Church Lane, London NW9 8TQ.
Tel: 01-205 9558 Fax: 01-205 0190

Orders welcome from
government depts &
educational establishments

Archimedes Computer Systems

All Archimedes systems are fitted with new RISC OS

systems.

Model Basic Colour*
A3000 £649 £849
310 £899 £1099
410/1 £1199 £1399
420/1 £1699 £1899
440/1 £2499 £2699
PC Emulator £60

Carriage £12/system £8/computer
*Colour monitor can be Acorn AKFII or Philips
CM8833

/Archimedes, ~ SOFTWARE

LANGUAGES & PROG. TOOLS

ANSIC/ISOPASCAL/

FORTRAN 77 each £95(c)
PROLOG X/LISP each £175(b)
TWIN Editor £27(d)
Archimedes Assembler £185(b)
Software Dev. Toolbox £185(b)
RISC BASIC Compiler (SV) £85(c)
Chares Toolkit £32(d) Clares Toolkit+ £41(d)

WORD PROCESSORS

MASTER SERIES

AN £439(a)

AMBIS Master 128
The Master package includes: View Word processor
and Viewsheet spreadsheet software and EITHER
Educational/Fun software bundle with
STARdataBASE package OR A 200K 40T DS single
drive TS200. Please specify your choice.

ADCO06 Turbo 65C102 Module £115(b)
Technomatic is a Acorn Authorised Econet
Referral Centre. We carry a full range of
Econet Accessories in stock.

¥ s Ist Word Plus  £79(c) Graphics Writer £27(d)
TeChnOmatlc Special Deal Pipedream £89(c) P. Spelichecker £43(d)
To get you going on any of the above Pipedream Ver 3 (inc Spelling checker) £129(c)
Archimedes systems you purchase from us,
we will contribute 10% of its cost towards SPREADSHEETS
any additional hardware or software e - ‘
purchase you make from us or to pay for Logistix £95(c) Sigmasheet £57(c)
extended finance if you require the facility. ACCOUNT SYSTEM
The following MultiScan Monitors can be supplied Minerva’s Suite* each £54(d)

at special prices when purchased with a computer:

TAXAN 770+ £419(a) MTS9600 £375(a)
CM1686 16" £1499(a)
(for the extra HiRes modes on 400 series)

Extended Finance
We can offer extended finance for 11
months: under our special offer detailed

above or for 24/36 month period at 12.75%
(approx APR 26%). Please send for details.
Technomatic is a licensed credit broker.

R140 UNIX SYSTEM
Technomatic is an authorised dealer.
Pse send for details

Techno 410/1 Upgrade Specials

3Mb RAM + 49Mb HD (fitted) £840
3MbRAM + 40Mb HD (fitted) £720
1IMb RAM + 20Mb HD (fitted) £325

(All hard drives are with fast access times)

These prices apply only when purchased with Arc410/1
(Your discount entitlement can be used towards paying for
any of the above kits)

EXPANSION SYSTEMS

RISCOS kit (305/310/440) £29(b)
1Mb RAM upgrade (410) £149(c)
3Mb RAM upgrade (410) £429(b)
2Mb upgrade (420) £290(b)
1Mb RAM upgrade A3000 £199(b)
3.5"Int Drive Upgrade £118(b)
(please specify 305/310 or 410)

External Drive Adaptor £30(c)
External 5.25” Drive with psu (40/80T) £90(b)
Acorn 20 Mb Upgrade (305/310) £449(a)
Techno 20Mb upgrade kit (410) £199(a)
Techno 40Mb upgrade kit (410) £349(a)
Techno 49Mb upgrade kit (410) £465(a)

Techno Ext HD upgrade (300 & 400series) POA

Acorn Backplane (2 slots) £37(c)
TechnoLog Backplane (4 slots) £39(c)
Fan for TechnoLog £8(d)
Acorn ROM podule £51(c)

We have a large range of expansion cards in stock
please send for details.

MULTI 1/O Podule

A low cost card provides: Video Digitiser, Sound
Sampler, a full RS232 interface, 3 ROM skts &
Joystick interface within RISCOS environment.
Details on request. £117(b)

(Order Processing/Sales Ledger/Stock Manager/
Purch. Ledger/Nom. Ledger%

*Requires System Delta plus
Home Accounts

GRAPHICS/ART/CAD

£41(d)

ProArtisan  £137(b) Artisan £30(d)
Artisan Support Disc £17(d)
Atelier £90(b) AutoSketch £55(c)
GammaPlot  £52(d) Render Bender £59(b)
Presenter £24(d) SVARC-PCB £167(b)

SVSolidCAD  £41(d) SV Super Dump
Sv Real Time Solids Modeller

NEW PRODUCTS

£20(d)
£75(c)

technoSCAN Scanner 200dpi £159(b)
Genius Digitising Tablet £249

GAMES

Hoverbod/Missile Control each £12(d)
Orion/Freddie’s Folly/Jet Fighter ~ each £12(d)
Fugitive Quest/Rise in Crime/Overload each £26(d)

Zarch £15(d) Conqueror £24(d)
EntharSeven £29(d) Minotaur £9(d)
Clares3Pack  £12(d) Viking £17(d)
Thundermonk  £12(d) Corruption £20(d)
Pacmaria £16(d) Terramex £16(d)
DATABASES
System Delta Plus £57(c)
System Delta Plus Prog Ref Manual £25(d)
Reporter*/Mailshot* each £33(d)
School Administrator £125(b)
Alphabase £37(d)
*Requires System Delta plus
MISCELLANEOUS
PC Emulator £79(d)
HEARSAY Comms Package £55(d)
MAYA Terminal Emulator £29(d)
Control (setup utility) £13(d)
(inc VT52, ANSI, Tektronix 4034, Kermit protocols)

Arcomm £29(d) Presenter II £POA
EMULATED PACKAGES
VIEW/Viewsheet/Viewstore each £47(d)
Interword/Intersheet each £35(d)
Wordwise £20(d)

Ex-SERVICE EQUIPMENT

Our Service department has a number of disc
drives, monitors and printers available for sale at
reduced prices. Please send for detailed list.

DISC DRIVES

400K/640K per mechanism (all drives)
5.25" Double sded (40/80T Sw):

TS400 Single £80(b)
PS400 Single with psu £90(b)
TD800 Dual £160(a)
PD800 Dual with psu £170(a)
PD80OP Dual with psu plinthmounted ~ £185(a)
3.5" Double Sided

TS351 (5.257) £69(b)
PS351 (5.25" Case + psu) £95(b)
TD352 Dual £126(a)
PD352 Dual with psu £139(a)
Combo Drives 5.25" + 3.5" & psu

PD853 £170(a)
PD853P plinth mounted £190(a)

WINCHESTER DRIVES
P30HD 30Mb Hard Drives £410(a)

Other sizes available

PRINTERS

EPSON

LX800 £145)a) LQS00 £225(a)
FX850 £285(a) LQ8s0 £405(a)
STAR
LC10 £149(a) LCI0Colour £199(a)

LC24-10 £269(a)
NATIONAL PANASONIC
KXP1081 incl master lead £139(a)
KXP1124 £269(a)
Integrex Inkjet Colour £515(a)
Hitachi 672XD A3 Plotter £479(a)

PLOTTERS

Hitachi 672XD A3 4 pen plotter Special £409(a)
Roland DXY880A A3 Flatbed 8 pen
plotter

£495(a)

I—This advertisement can only show anexample 1

| of the range of products stocked by |

Tchnomatic. So send for our latest free BBC |
catalogue providing detailed information and

[ priceson BBC Computer Systems, |

| Peripherals, Software and Books. |

[

et s et i et PostCode ...................... |

| Return to Technomatic Ltd, Techno House, |
| 468 Church Lane, London NW9 8TQ.
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{Tel 01 205 9558, Fax 01 205 0190, Telex 922800) el L
305 EDGWARE ROAD, LONDON W2, Tel: 01 723 0233 Detailed Price List on request. 48\

Stock items are normally by return of post.
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uite a few constructional projects
0 are published in which an eprom
memory device is used as part of

the automatic control system. For many PE
readers the programming of an eprom
presents no difficulty, either because they
already own a programmer, or have access to
one through the company for which they
work. There are, though, a significant number
of readers who do not have access to a
programmer and regard the cost of purchasing
one as uneconomic compared to the number
of times it is likely to be used.

ERASING ECONOMICS

There is an additional problem regarding
eprom programming since any code entered
into the eprom is permanently stored and can
only be removed by an ultraviolet eprom
eraser unit. For the occasional would-be user,
the purchase of an eraser is another expense
that might be regarded as uneconomic.
Furthermore, even if an eraser is owned, it is
still an inconvenience to have to spend
perhaps twenty or thirty minutes waiting for
the eraser to complete its task.

Why should we need to erase a

The author's prototype of the keyboard controlledprogrammer.

EEPR

}OM AND NVM
PROGRAMMERS

programined eprom code? some of you may
ask. There are two principal reasons: to
amend a incorrect entry, or to make the eprom
reusable for some other control function. The
latter reason particularly applies to those who
love experimenting and wish to try out
different ideas without the delay caused by
erasing, or the expense of holding a stock of
spare eproms. The problem of incorrect data
entry is one that mainly afflicts those who
only possess a simple eprom programmer in
which the data is entered directly and without
a buffer memory. The frustration of getting
nearly to the end of a lengthy chunk of code
only to then make a mistake is obviously
quite maddening, necessitating full erasure
and starting from the beginning again!

ALTERNATIVE PROMS

Among the eprom controlled projects
published there are some for which exist
alternative memory devices that do not
require erasing by uv light and which can
“have individual code bits immediately
changed without having to reprogram the fuil
code sequence. The alternative devices are
electrically erasable programmable read-only
memories (eeprom or e2prom) and non-
volatile memories (nvm) with an integral
battery.

Eeproms, in addition to not requiring uv

By Malcolm Harvey

Dabblers and
devotees: open up
new horizons for
programmed
projects!

erasure, have a further advantage over
standard eproms: they can be powered and
programmed using a 5V power supply,
whereas an eprom requires a separate higher-
voltage programming supply in addition to
the normal 5V supply.

The battery-backed nvms are more
expensive than eproms or eeproms and have a
lithium battery built into them which ensures
that a programmed code is retained even
when the main 5V power supply is turned off
or the chip is removed from its socket.
Typically, the lithium battery has a life of
around three years in the absence of the main
power supply.

The use of either of these alternative
devices has immediate implications for those
who, for whatever reason, do not wish to
purchase an eprom eraser or a sophisticated
eprom programmer. In addition to not

requiring total erasure, the devices can be
programmed by very simple and inexpensive
equipment, two examples of which I shall
describe to you in a moment.

The eprom devices which may be
considered for substitution by eeprom or
battery-backed types, and for which the two
projects cater, are those of the 2048 words x 8
bits variety having the pin configuration
shown in Fig.l. Such eproms include the
types 2516, 2716, 27C16 etc, irrespective of
their prefix and suffix letters. The equivalent
eeprom devices are those of the type 2816, eg
X2816AP-35. An equivalent lithium battery-
backed device is the MK48T02-20. Both the
latter devices are available from Electromail;

Fig 1. Pin-outs
for eprom
Edve..  types 2516.
S
3,
2] vee
b9 OE

[19] A

éﬁ/mm
o,

16§ O¢

=

Ho.

o,
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they are quite likely available from many PE
advertisers as well, either as identical devices
or 'as their equivalents from other
manufacturers.

KEYPAD PROMMER

First, I shall describe a simple keyboard
operated unit which includes an alpha-
numeric readout display. Next month I’ll
describe an even simpler and cheaper unit in
which the data is entered using switches and
monitored on a bank of leds.

There are four requirements to be met
when programming eproms, eeproms or
battery-backed substitutes: selection of data
code, selection of address code, activation of
read-write mode, and checking of correct data
acceptance.

With this month’s unit, data is entered
from a hexadecimal keypad. The address code
can be stepped through bit by bit using a push
switch, or run through constantly at a rate set
by a variable speed oscillator. Data is written
into the memory by pressing a push switch.
The data code can be monitored both before
and after it has been stored in memory, using
hexadecimal led displays.

HEX KEYPAD

I chose the cheapest keypad I could find. It
had the required 16 keys, though they were
numbered 0 to 9, A, B, C, D, plus a dot and a
blank, and were not in the desired order
(Fig.2.). It was simple matter, though, to
remove the screws at the back of the unit and
then rearrange the pads in the order shown in

[DnBE

6 66 6 0 a oo o

98786541321

DEEE
EEE
BE00

(E) (F)

Fig 2 (left). Keyboard before rearrangement.

Fig 3A (centre). After rearrangement.

Fig 3B (right). Rear pin connection humbering.

couples together the designated column and
line output connections. Referring to the main
circuit diagram in Fig.4, the output lines are
fed into the encoding chip ICl. This is
specifically designed as a keyboard switch
encoder ic incorporating all the logic
necessary to fully encode an array of up to 16
spst normally-open switches into a natural
binary code. The switch lines are sequentially
scanned at a rate determined by an internal
clock, the frequency of which is set by Cl1.
The chip automatically debounces the
switches, and produces an output pulse (flag)
indicating that the encoded data is available at
the binary outputs. The data available output
goes high when a keyboard entry is made and
returns low when the key is released, even if
another key is depressed. The flag returns
high to indicate acceptance of the new key
entry after the debounce period. Internal
latches store the last entry made even after the
key is released. Although it doesn’t concem

is shown in Fig.5, and its intermal block
diagram and truth table are given in Fig.6.
You will have noticed that the program
listing given for most eprom controlled
projects is shown as groups of 2-character
codes. Each character of the code is the
hexadecimal equivalent of the decimal

Fig 5. MM74C 922 pin-outs.
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keyboard controlled programmet.
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Fig 6. Block diagram and truth table for the MM74C922.

numbers O to 15. The keyboard can only
produce the code for one character at a time,
consequently we need a temporary storage
device into which two key presses can be
entered. IC2 is used as the data store and is a
tristate dual 4-bit latch. Either of the two 4-bit
sections may be selected for data input by
selection of the relevant clock input. The
chip’s pin-out block diagram is shown in
Fig.7.

READOUT

Since we need to store the keyboard output
as two consecutive blocks each of 4 bits, it is
necessary to toggle between each section of
IC2. This is readily accomplished by
triggering a flip flop, IC6A, each time the
output flag of IC1 indicates that data is
available. The flip flop is effectively a divide-
by-2 device with a given output going high on
the first input clock pulse, low on the second,
high on third, etc. The chip has two outputs,
one inverted with respect to the other. Each
output is coupled to one of the clock inputs of
IC2 by a capacitor, C6 and C7 respectively.
Each time an output goes high a positive pulse
is sent to the respective clock input, which
causes IC2 to store the data present at its
inputs. R8 and R9 ensure that the clock inputs
are returned low at the end of the pulse.

When enabled by the correct logic state on
its pins 3 and 15, IC2’s eight outputs are fed
to the data input-output lines of the eeprom,
IC3. The enabling control will be discussed in
a moment.

ADDRESS COUNTING

The address to which the keyboard data
will be written in the eeprom is determined by
the counter IC4. This is a 12-bit binary
divider of which only 11 outputs are used for
addressing. S3 is used to reset the counter
back to zero, and then the address is
incremented step by step using S2, R7 and C5
as the clock pulse trigger. Additionally, the
counter may be fast-forwarded by switching
the clock input, via S1, to the variable rate
oscillator around IC5a-c. This allows you to
quickly run up to a particular address and then
switch back to step mode. The frequency of

Fig 7. Block diagram for 4508.
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16 ——— 0O
18 D1 Q2
20 D2
22 D3

i

|

Mpp = Pin 24
Vgg = Pin 12

the oscillator is basically set by C3, and is
variable by setting the panel control VR1.

When both 4-bit blocks of keyboard' data
are stored in IC2, the resulting 8-bit code is
written into IC3 by pressing S4, so taking the
write-enable input, pin 21, to ground. When
S4 is released, pin 21 is returned high via R6,
so putting IC3 back into read mode.

ENABLING

The eeprom, of course, has common input-
output lines and it is necessary to avoid the
conflict of both IC2 and IC3 being in an
active output state simultaneously. This is
achieved here by using another oscillator to
alternately switch the output enable inputs of
IC2 and IC3 between open and closed. The
oscillator is formed around IC5d-e and clocks
at a rate set by C4 and the total resistance of
R4 and VR2. ICS5f inverts the output of IC5e
and the two outputs respectively control the
desired enable lines.

READOUT

Once the eeprom is programmed we shall
probably want to recheck its contents by
stepping or running through the address
sequence. In this instance we need to hold IC3
outputs open and those of IC2 closed. To do
this, S5 is switched so that the enabling
oscillator is halted with its outputs in the
correct logic state.

Visual readout is required for both the
address code and the data code. In the
interests of economy, both in terms of cost
and power consumption, I chose to use just
three displays, two of them doubling up for
both modes, Fig 8 shows the circuit.

Digits 1 and 2 are driven via two
multiplexed dual 4-bit data selectors, ICs 7
and 8. One half of each chip takes in four of
the address output binary lines, the other half
takes in the four of the data code lines. Which
of the two groups of four is output depends on
the status of the control input, pin 1, as
selected by S6.

The outputs of IC7 and IC8 then go to the
display ICs 9 and 10, representing digits 1 and
2. Digit 3 is fed direct from the final four
address code lines. Although IC3 only uses 11
of the address lines, the displays actually
reflect the status of all 12 outputs from IC4.

DISPLAYS

ICs 9, 10 and 11 are hexadecimal displays
which incorporate a ttl compatible 4-bit latch,
decoder and display driver. They have a 4 x 7
led dot format which allows any of the hex
characters, 0-9 and A-F to be configured.
They also have a choice of left or right
decimal point displays. The pin connection
data and internal block diagrams are shown in
Fig.9.

The right hand  decimal points of displays
1 and 2 are used to indicate which display will
receive the next number programmed into the
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latch. The decimal
controlled by the flip flop IC6b, which in turn
is set by the not-Q output of IC6a and the data
available flag of ICI.

keyboard points are

POWER NEEDS

The display chips have two +5V power
line connections, one for the logic circuitry,
and one for the leds. On the pcb I allowed for
separate +5V lines for the functions but in
practice I found no problem with simply using
one +5V line connected to both pcb points.

The power requirement is obviously for a
5V psu, and it should preferably be fairly well
stabilised. Do not use a psu greater than 5V
otherwise you could rapidly kill off most of
the chips. Power consumption is quite heavy,
around 150mA for the logic, including that
required by the eeprom, and another 150mA
for the displays with all leds lit. A suitable psu
was described in the Easibuild circuit of PE
July 89.

CIRCUIT BOARD

The printed circuit board track layout and
component positions are shown in Figs.10 and
11. It is preferable to use ic sockets for all the
chips, including the displays. For IC3, the
eeprom position, it is recommended, though

Fig 12. Control

wiring
. [ S S 1
diagram. <
S3 S6 SS
RESET DATA/ADDRESS RECORD/PLAY
12 13 16 17 1 15 1%
=0
23—t
[
S2 S1 VR1 St
STEP RUN RUN WRITE
ON/JOFF RATE

not essential, that a zif (zero insertion force)
socket should be used. ZIFs have a lever on
them which enables you to open the socket
pins and easily push in the chip without
excess pressure; an obvious advantage when
chips need to be frequently inserted or
removed.

Rather than go to the expense of a double-
sided pcb, I have used link wires to connect a
lot of the points together. There is no need to
laboriously strip plastic sheathed wires to
length for each link, just a single uncoated
strand of wire is all that’s needed, ensuring
that it’s taut enough not to touch any adjacent
links. Note that one link should be made
before IC2 is inserted.

For my own model I mounted the switches

and not directly onto the pcb, and did not feel
it necessary to put the unit in a box; wiring
details are shown in Fig.12. The keyboard
was also mounted on the board, inserting it
into a 9-way sil socket (one half of an 18-way
dil socket trimmed with wire cutters), and
covering ICs 1 and 2. The keyboard numierals
should face you from the righthand side of the
pcb. You could alternatively put the unit into a
box, mounting the switches, pot and keypad
on its lid.

TESTING

First test out the board without inserting
the eeprom, but with all other ics in place. Set

Fig 11. PCB track layout.
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to maximum resistance
(slowest oscillator rates) and S5 to pre-view
mode: Then, if you have a voltmeter, check
that the outputs of the two oscillators toggle
up and down. Switch S1 to constant run
mode, and S6 to address displdy mode. Check

VR1 and VR2

KEYBOARD PROGRAMMER

COMPONENTS

RESISTORS

R1,R3, R7-R9 100k (5 off)
R2, R4-R6 10k (4 off)
R10, R11 1k (2 off)

All 0.25W 5% carbon film

CAPACITORS

C1, C5-C11 100n polyester (8 off)
C2 47 16V elect

C3 220n polyester

C4 1pn 16V elect

SEMICONDUCTORS

IC1 74C922

IC2 4508

IC3 see text

IC4 4040

IC5 4069

IC6 4013

IC7,

IC8 74HC157 (2 off)
IC9-IC11 TIL311 (3 off)

POTENTIOMETERS

VR1 1M lin rotary
VR2 1M skeleton preset

SWITCHES

S1, 85, S6 min spcd toggle (3 off)

$2-S4 min push-make (3 off)

Keyboard 4 x 4 alphanumeric keypad (see
text)

MISCELLANEOUS
8-pin dil sockets (8 off), 18-pin dil sockets

(2 off), 24-pin dil sockets (2 off), knob,
printed circuit board.

that the led displays count upwards through
their full cycle of hex digits and that pressing
S3 resets the counter to zero. Switch Sl to
step mode and check that S2 steps the counter
through correctly.

Switch S6 to keypad data mode and check
that pressing the keys results in the correct
number being displayed on one or other of the
first two digit read outs, and that the keypad
interpretation circuitry switches alternately
between the digits each time a key 1s pressed.
Also observe that the decimal point displays
alternate for each key press.

If in the process of checking-out anything
misbehaves switch off and recheck your joins
and that no shorts exist between tracks (you
should, of course, have done this anyway
before switching on!). It’s likely that any
malfunction will be due to incorrect assembly
in some way rather than to chip failure, which
is extremely rare nowaddys (though not
impossible).

PROGRAMMING

Once satisfied, switch off, insert an
¢eprom and switch on again. Switch S1 to
step mode and press S3 to reset the counter.
You are likely to see the data readout displays
alternating between two numbers, probably
FF from the eeprom and whatever codes are
stored in IC2. Press two keys on the key pad
and observe the numbers displayed (still
alternating with the eeprom output code). The
rate at which the codes alternate can be varied
by adjustment of VR2.

Press the write switch, S4, and release it.
The code entered from the keypad should now
appear static, indicating that the eeprom has
accepted it. Press the step switch S2 once, so
incrementing the address counter by one.
Again you should see two codes alternating,
the code last entered into the keypad, plus the
code in the eeprom for the new address, again
probably FF. Enter a new two digit code, note
it and press the write switch to enter it into the
eeprom. Repeat several more times,
incrementing the counter each time. As a
check that the counter is being correctly
incremented it is advisable to briefly switch
the displays to address mode each time the
step switch is pressed. If in some way, the
address is incorrect, or later you discover that
you entered the wrong code, you can reset the
counter to zero, and either run or step it

COMPUTING PROJECT:

NIBBLE
A INPUTS 1

A3———
4

—1Y0

3 1
=" | pata

6 3 UTPUTS

=7

12

-

NIBBLE
8 INPUTS | gp—10

SELECT —'—] jI

BUTPUT 15
ENABLE

PIN 16 = Vg
PIN 8 = GND

Fig 13. Block function diagram for the
74HC157 chip.

through to the correct address and reenter the
code.

When you’ve programmed in as much
code as you want, switch S5 to post-view
mode (so stopping the enabling clock and
ensuring that only the eeprom outputs are
routed to the displays). Reset the counter to
zero, then step it through observing that at
each step you see the same code on the
displays that you had previously noted.
Assuming success on this checking, you’ve
built yourself a working eeprom programmer!
You can now get on with building and
operating an eprom or eeprom controlled
MICroprocessor project ...

Those who are wanting to build the even
simpler eeprom programmer are invited to
join us again next month. In the same issue
we shall also show how either of the two
programmers can be converted for
programming standard eproms of up to
4096 words by 8 bits. So, program yourself
not to miss Part Two!

EASI-BUILD PROJECT

So sorry but we have not had the
space to bring you an Easi-Build
project in this issue. We hope to offer
you another one next month.

Logic Tutors
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MAKING ELECTRONICS C.A.D. AFFORDABLE

= PCB CAD, FOR THE PC/XT/AT

TINY-PC

- Are you still using tapes and a Iigh‘t box?
- Have you been putting off buying PCB CAB software?

- Have you access to an IBM PC/XT/AT or clone inc Amstrad 1640 & 1512 BRITISH : N
- Would you like to be able to produce PCB layouts.up to 17" square? S = o b
- With up to 8 track layers and 2 silk screen layers? DES.G N ' =
- Plus drill template and solder resist? sme—— o
- With up to eight different track widths anywhere in the range .002 to .531" AWARD TN\ o o
- With up to 16 different pad sizes from the same range? _1m_ (\ =
- With pad shapes including round, oval, square, with or without hole and 0 o,
edge connector fingers? 2
- With up to 1500 IC's per board, from up to 100 different outlines? =
- With auto repeat on tracks or other features — ideal for memory planes? o
- That can be used for surface mount components? i
- With the ability to locate components arid pads on grid or to .002" o

resolution? .
- With an optionai auto via facility for multilayer boards?
- With the ability to create and save your own symbols?
- That can be used with either cursor keys or mouse?
- That is as good at circuit diagrams at it is a PCB's?

- That outputs to Dot Matrix Printer, Pen-Plotter or photo-plotter (via

bureaux)?
- Where you can learn how to use it in around an hour?

Price from:.

£49

inc. VAT

SMITH CHART PROGRAM — VA1 V1Y 61 5

CIRCUIT ANALYSIS BY COMPUTER - [:W/ARETS 5

For IBM, PC/XT/AT and clones inc. Amstrad 1512
and 1640 and BBC B, B+ and Master.

MAVELENGYHS TOMARDS :
GEMERATOR=R.8423
LOAD=8. 4577

REF  COEF .=0.731
ANGLE:149.57 DE6
SHR=6.42

 L=2.11F-8
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Z-MATCH - Takes the drudgery out of R.F. matching
problems, Includes many more features than the
stdndard Smith Chart.
Provides solutions to problems such as
TRANSMISSION LINE MATCHING for AERIALS and
RF AMPLIFIERS with TRANSMISSION LINE
TRANSFORMER and STUB MATCHING methods
using COAXIAL LINES MICROSTRIP, STRIPLINE
and WAVEGUIDES. The program takes account of
TRANSMISSION LINE LOSS, DIELECTRIC
CONSTANT, VELOCITY FACTOR and FREQUENCY.
Z-MATCH is supplied with a COMPREHENSIVE
USER MANUAL which contains a range of WORKED
EXAMPLES
£130 ex VAT for PC/XT/AT etc.
£65.00 ex VAT for BBC B, B+ and Master

For IBM, PC/XT/AT and clones.inc. Amstrad 1512,
1640, R.M. NIMBUS, and BBC B, B+, and Master.

"ANALYSER II" - Analyses complex circuits for GAIN,
PHASE, INPUT IMPEDANCE, OUTPUT
IMPEDANCE and GROUP DELAY over a very wide
frequency range.

Ideal for the analysis of ACTIVE and PASSIVE
FILTER CIRCUITS, AUDIO AMPLIFIERS,
LOUDSPEAKER CROSS-OVER NETWORKS,
WIDE-BAND AMPLIFIERS, TUNED R.F.
AMPLIFIERS, AERIAL MATCHING NETWORKS, TV
I.F. ahd CHROMA FILTER CIRCUITS, LINEAR
INTEGRATED CIRCUITS etc.

STABILITY CRITERIA AND OSCILLATOR CIRCUITS
can be evaluated by "breaking the loop".

Can save days breadboarding and thousands of
pounds worth of equipment.

£195 ex VAT for PC/XT/AT etc.
£130 for BBC, B, B+ and Master

All major credit cards accepted
WRITE OR PHONE FOR FULL DETAILS:- REF PE

Number One Systems Ltd

Harding Way, St Ives, Huntingdon Cambs, PE17 4WR

Tel: St lves (0480) 61778 (5 lines)

We provide full after-sales support with free telephone
‘hotline help' service.

Software updates are free within 6 months of purchase date.

18

PRACTICAL ELECTRONICS JANUARY 1990




his series aims to introduce you to
ﬁeleetronics from the very beginning.

Electronics is about devices that
work by using electric currents. Such devices
include radio sets, tape recorders, digital
clocks, television sets, fax machines,
automatic cameras, cash registers, tv sets,
video recorders, electronically controlled
washing machines, security systems, robot
arms, pocket calculators, computers and a
host of other electronic machines that we
meet every day at home, in the office, in the
shops, in the factory, and at school. Life
nowadays would be very different if it were
not for electronics. Since the working of all
electronic devices depends on electric
currents, we shall have to start this series by
talking about electricity. What is it and what
are its properties?

With any machine of any kind, from a
corkscrew to a computer, nothing happens
without a supply of energy. Converting
energy from one form to another is what
machines - including electronic machines -
are all about.

There are many forms of energy, including
light, the energy of a moving object (kinetic
energy), thermal energy (heat), chemical
energy and electrical energy. What is special
about electrical energy is that it is the result of
electrical charge. This brings us to a basic

Volts and currents
explained and
illustrated: the

beginner’s guide to

universal
electronics!

Investigation 1 -
Electric charges

You need: Two strips of polythene sheet
(this is the flexible, slightly cloudy plastic
used for making sandwich bags).

Two strips of cellulose acetate sheet (this is
the rather stiffer, clear plastic used for
packaging items such as shirts).

A piece of woollen cloth.

Everything used must be dry.

Take one of the polythene strips, wrap the
cloth around it, and pull the strip through the
cloth three or four times (Fig. 1) to charge it.
Lay it on the table while you charge the other
strip in the same way. Then hold one strip in
each hand (Fig. 2) about 80 cm apart, so that
they both hang vertically. Slowly move your
hands together, watching what happens to the
strips.
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ELECTRIC CHARGE

The investigation shows that there are two
sorts of charge. Since these two sorts have an
opposite effect, we call them positive charge
and negative charge. These names do not mean
that one kind of charge has got something that
the other kind lacks - it merely means that they
are opposite in nature.

The other things that the investigation
shows are that:

* like charges repel each other

* unlike (opposite) charges attract each other.

In the investigation, you charged the strips
by rubbing them. The rubbing did not make the
charge. The charge was there already. The
plastic had both positive and negative charges
on it. In that state it was nreutral, since the
effects of the positive and negative charges
cancelled each other out. Rubbing the plastic
with wool takes one kiad of charge on to the
wool and leaves the other kind on the plastic.
The rubbing provides the energy to separate the
two kinds of charges. You can see that energy
is essential to separate the two kinds, since
naturally they are attracted to each other.
Whether the negative charges remain on the
plastic and the positive charges come away on
the wool, or the other way round, depends on
the type of plastic.

BASIC ELECTRONICS

PART ONE - ELECTRICITY

question - what is electric charge? This
question is simple to ask but very hard to
answer. Probably no-one knows exactly what
electric charge is. The best we can say is that
it is a property of matter, more precisely a
property of the particles (such as electrons
and protons) from which atoms are made.

Although we can not say what charge is,
we can investigate some of its properties.

Repeat this, using the two acetate strips.
What happens?

Finally rub one pelythene strip and leave it
on the table while you rub one acetate strip.
Hold a strip in each hand, and slowly bring
them together. What happens?

Results are discussed later, but try to work
out what they mean before you read the
discussion.

Fig 1 (left). Charging a plastic strip.

Fig 2 (right). Bringing the charged strips together.

POLYTHENE
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ACETATE
STRIP
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1

~N
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ELECTRIC FIELDS

The way charges attract and repel can be
understood by using the idea of electric fields.
Imagine a single positive charge, all by itself
in Space. The region around it is filled with an
electric field (Fig. 3). What we mean by this
is that any charged object in this electric field
is subject to a force. The force gives the
object the energy with which to move.

If there is a negative charge in the field of
the positive charge, the field around the
positive charge attracts the negative charge
toward it. At the same time, the positive
charge is attracted by the field around the
negative charge. If both charges are free to
move, they are attracted to move toward each
other. The line in the diagram is a line of
force, showing the path along which the
charges move toward each other. If the two
charges are not free in Space but happen to be
attached to a polythene strip and an acetate
strip, as in the investigation, the force of the
electric field still attracts them to move
together. In this situation the force on the
charges pulls the strips together.

In the same way we can explain the effect
of like charges repelling (Fig. 4).

This discussion of electric charges and
fields may all sound very theoretical, and a bit
remote from hi-fi amplifiers and computers.
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Fig 3 (left). Field of a positive charge, with nearby negative charge attracted toward
each other. Fig 4 (right). Fields of two positive charges, repelled by each other.

These all have electric currents whizzing
around inside them. What has this to do with
charges on plastic strips? But the connection
is not as remote as it seems. In fact, several of
the electronic devices that we shall look at in
this series depend on the properties of charges
and fields, rather than on electric currents. Let
us try to make the connection between charge
and current.

Investigation 2 -

Does charge move?

You need: the equipment of Investigation 1.

Insulating supports, eg. large cardboard
box.

Charge one of the polythene strips and
attach it to an insulating support (Fig. 5). It
must hang vertically. Take a new polythene
strip and rub only one end of it so as to charge
only that end. Hold it as shown so that the
uncharged end is beside the hanging strip.
The strips may repel each other a little,
because it is almost impossible to avoid
rubbing the strip slightly while cutting it or
handling it. Now hold the strip the other way
up. What do you notice?

Investigation 3 -
Moving charges

You need: the equipment of Investigation 1.

A milk bottle.

A piece of ordinary single-stranded
connecting wire about 75cm long, with the
insulation stripped from about Scm at each
end.

Fig 5. Does charge move?

Charge a polythene strip and hang it
vertically from a support. Now support the
wire on the milk bottle with its stripped ends
bent, as shown (Fig. 6). Move the near end of
the wire slowly toward the hanging strip. You
will probably find that the strip is slightly
attracted toward the end of the wire. This is
due to an effect that we will not go into here.
Position the wire so that the strip just begins
to be attracted, but does not move toward and
touch the wire. Leave them for a second or
two until the strip hangs vertically again.

produce, but the charges themselves ‘stay put’,
where they were first separated by rubbing.
The polythene does not carry (or conduct) the
charges from one part of itself to another.
Other substances that have the same property
are cellulose acetate, other plastics, glass,
rubber, wool, cotton, and wood. These are all
said to be non-conductors, or insulators.

Investigation 3 shows that charges do
move about in the copper wire. The direction
in which they move is decided by any electric
fields that happen to be present. Other metals
and also carbon can carry moving charges
and, for that reason are said to be conductors.

The factor that decides whether a
substance is a conductor or non-conductor is
whether or not there is anything in the
substance to conduct charge. What we need
are charge carriers. These must be mobile
within the substance, so that the charge can be
carried from one place to another. Non-
conductors have no mobile charge carriers.
Atoms in the non-conductor may become
charged when they gain or lose electrons, but
the atoms remain fixed in position in the
structure of the material. They cannot carry
the charge about.

In metals the charge carriers are electrons.
These electrons belong to the atoms of the
metal, but they are free to move about from
one atom to another. It is as if the piece of
metal contained an electron gas. Electrons
have negative charge, so a current in a metal
is a flow of negative charge.

STICKY
TAPE

WIRE

CHARGED
STRIP

Fig 6. Effect of charge at a distance.
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Now charge another polythene strip. Hold
it about a metre away from the hanging strip.
Slowly bring it toward the far end of the wire.
Let it swing toward and touch the wire. What
happens to the hanging strip?

Now pull the strip away from the far end
of the wire. What happens to the hanging
strip? Repeat this several times to make sure
what happens. Finally take the wire away and
repeat the experiment, holding the strip at the
same place as before.

CHARGES AND

CURRENTS

Investigation 2 shows that charges on
polythene do not move from one part of the
polythene to another. They have an effect at a
distance, because of the electric field they

ELECTRIC CELLS

Another way of making a current flow in a
piece of wire is to connect it to an electric cell
or battery. There is an electric field between
the terminals of the cell. This is the result of
chemical changes occurring inside the cell.
The cell has converted chemical energy into
electrical energy. Compare this with rubbing
plastic strips, in which chemical energy in
your muscles is converted into the kinetic
energy of your moving hands, which is in turn
converted into the electrical energy of the
fields around the plastic strips. When the wire
is connected between one terminal of the cell
and the other the current flows from one
terminal to the other.

We normally think of the current as
flowing from the positive terminal to the
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negative terminal. This idea originated in the
days when we did not know what an electric
current is. It was simply assumed that it
flowed from what scientists just happened to
call the ‘positive’ terminal to what they
happened to call the ‘negative’ terminal. As it
turned out, this idea is wrong - though it is
still a useful one and we still normally think
of current in that way most of the time. But, if
we really want to understand what happens in
an electric circuit we must update our ideas on
current. What happens when current flows in
a metal (eg the wire connecting the battery
terminals) is that electrons flow from the
negative charge so they are repelled by the
negative terminal of the battery and attracted
by the positive terminal. The eleciric field
between the terminals make them move.

Electric current in a wire is a flow of
negative charge carriers (electrons) from
negative to positive.

This is the way current flows in most
circuits, since most circuits use metal wires or
tracks as the conductors.

OTHER KINDS OF

CHARGE CARRIER

Conduction in solutions occurs because
dissolved substances ionise to form positive
and negative ions. For example, copper

The copper atom has lost 2 electrons (2
units of negative charge), so leaving it
positively charged. The sulphate ion gained
these 2 extra electrons, so acquiring negative
charge. If two electrodes (eg rods of copper)
are placed in such a solution and a battery is
connected, the ions act as charge carriers (Fig.
7). The copper ions move toward the negative
electrode, since unlike charges attract. Here
they gain electrons which have come from the
battery through the wiring of the circuit. The
copper ions are discharged and deposited on
the electrode as a bright reddish layer of
copper. As the amount of copper ions in the
solution decreases, copper atoms of the
positive electrode give up two electrons each
and become copper ions:

Cu— Cutt+2e

The positive electrode gradually loses
copper. The electrons flow to he positive
terminal of the battery. Thus the copper ion is
a positive charge carrier. The sulphate ions are
attracted to the positive electrode but they do
not become discharged, so they do not act as
charge carriers.

Another type of conductor is a gas at low
pressure. The neon lamp, often used in
electronics as a pilot lamp, is an example.
Conduction is by electrons. Since neon has
few free electrons to act as charge carriers, it
needs a strong field to force electrons across
from one plate of the lamp to the other (Fig.
8). When the pd exceeds 70V a few electrons

sulphate in solution forms copper and are able to cross. As they pass they hit neon
sulphate ions: n atoms and knock more electrons from them.
CuSO4— Cu™™ + SOy This creates neon ions, which are positively
Fig 8. Flow of
electric charge in
GLASS BULB\ a neon lamp.
+ &, O -0 —
@*ﬁ --—o g O"
p, o O~ &
EUECEATE ELECTRODE
NEON GAS —= ELECTRON (e~}
O  NEON ATOM (Ne)
-—DJG|731
(®—= NEON [ON (Ne*)
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charged, having lost an electron. There are
now plenty of free electrons to act as negative
charge carriers, and the neon ions act as
positive charge carriers. The gas conducts
freely. The energy from the moving carriers
excites the neon atoms, making them glow
with a reddish light.

In all these instances of electric currents,
the essential point is that current is a flow of
electric charge, in the form of charged
particles (charge carriers).

OPPOSING THE FLOW

Earlier we thought about charged particles
moving in Space but, in real life (in a real
piece of wire, for example), the charge
carriers move through regions that already
contain other particles, charged or not. They
are not entirely free to move. There may be
other particles such as the atoms of metal of
the wire blocking their path, possibly
attracting them or repelling them. It has the
same effect (though it does not involve the
same kinds of forces) as air resistance has on
a ball when we throw it. Air resistance
opposes the motion of the ball. Electrical
resistance opposes the motion of the charge
carriers. The harder we throw the ball, the
more easily it flies through the air. Let us see
if the same sort of thing applies to electrons in
a wire.

Investigation 4
Electrical resistance

You need:

A battery box holding 4 cells, 1.5V each.

A testmeter or milliammeter, full scale
200mA or 500mA.

The element of a 2kW electric heater, or
an electric iron.
We use this as the electrical resistance
in this investigation. It is best to
remove the element from the heater
but you may be able to manage
without doing this. If you are using an
iron, you can usually connect the iron
into the circuit through the two pins
on its plug.

Connecting wire.

First draw out a table for your results:

Vi

Current
(I amps)

Potential difference
(V volts)

The first column of the table refers to the
potential difference (or voltage) across the
element. The voltage produced by each cell is
1.5V; if we have two cells joined in series we
get 3V; three cells gives 4.5V and four cells
gives 6V. By making the connection at the
right place in the battery box you can get all
four voltages listed in the table.

Connect the circuit as in Fig. 9. Touch the
flying lead against the point indicated, so that
the voltage across the element (and meter) is
1.5V. Measure the current. The meter is
reading current in milliamps (we should really
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Fig 9. Investigation 4(a) the circuit, (b)
where to tap the battery box with the
flying lead.

say ‘milliamperes’ but no one ever does!). The
table asks for the current to be written in amps
(amperes!). Since an amp is a thousand
milliamps, divide the meter reading by 1000.
For example, if the meter reads 50mA, write
‘0.050” in the table; if it reads 120mA, write
*0.120” in the table.

Now connect the flying lead so as to put 3V
across the heater. Read and record the current
again. Repeat for 4.5V and 6V.

What do you notice about your results? As
the voltage increases, what happens to the
current? Let us take this a bit further. The last
column of the table is headed ‘V/I’. Fill this in
by dividing each voltage (V) by the
corresponding current (I). What do you notice
about the figures you have just calculated?

RESISTANCE

The value V/I obtained in the investigation
is known as the resistance of the element. If
voltage is in volts, AND current is in amps, then
the resistance is in ohms:

R=V/

This equation can be re-written in other
ways that mean the same thing:

V=IRandI=V/R

The equation on the right says in symbols
what can also be said in words:

The current passing through a conductor at
constant temperature is proportional to the
potential difference between its ends.

The statement above is usually referred to as
Ohni’s Law, in honour of Georg Ohm, who first
investigated this subject. While we are name-
dropping we should also mention Andre
Ampere and Alessandro Volta, two other
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pioneers in the study of electricity whose names
have been given to our most frequently used
electrical units.

Ohm’s Law specifies that the conductor
must be at constant temperature. This is because
electrical resistance varies with temperature.
For metals, the resistance increases slightly as
temperature increases. If you were to measure
the resistance of the heater element when it is
hot, you would find that its resistance is much
less than was found in your investigation. The
resistance of some other conductors decreases
as temperature increases, a property that can be
useful but can also be a nuisance, as we shall
see later in this series.

RESISTORS

It might be thought that electrical resistance
is something to be avoided. In some branches of
technology it is, which is why so much research
is directed at finding superconductors -
materials which have virtually no resistance.
Once a current has been started in a
superconductor it goes on flowing for a very
long time. But, in electronics, resistance
frequently has an essential part to play. Usually
the first components on the ‘Parts Required’ list
for a project are the resistors.

A resistor is an electronic device which has a
specified resistance. Resistors are made of
several different materials, the commonest
being made of a carbon film on a rod of non-
conducting material. Other types have a metal
film or, for low-value high-current resistors, a
coil of wire wound round or embedded in a
ceramic material. Fig. 10 shows different types
of resistors and their symbols, including
variable resistors.

The value of a resistor may be marked on it
in numerals but, for most fixed resistors at least,
it is more usually marked by a resistor colour

code. This normally takes the form of three

coloured bands. The colours indicate the

following numerals:
Black =0
Brown = |
Red=2
Orange = 3
Yellow =4
Green =5
Blue =6
Violet =7
Grey=8
White = 9

The first two bands give the first two digits
of the resistance value. For example, a blue
band and a grey band indicate ‘68’. The third
band indicates how many times that value is to
be multiplied by 10. For example, blue, grey,
brown, means multiply ‘68’ by ten once. This
means ‘680 ohms’. On the other hand, blue,
grey, yellow means multiply ‘68’ by 10 four
times, giving 680000 ohms, which is 6.8
megohms can be written ‘6M8’. What would be
the colour code on such a resistor?

In the colour code, a black third band
signifies ‘do not multiply by 10’, so blue, grey,
black indicates a 68 ohm resistor. For resistors
of low value we use gold and silver bands to
mean ‘divide by ten’ and ‘divide by 100’
respectively. Blue, grey, gold means 6.8 ohms
and blue, grey, silver means 0.68 ohms.

Before we go any further try to work out the
resistances indicated by these colours:

(a) red, red, red

(b) yellow, violet, brown

(c) grey, red, yellow

(d) brown, black, orange

Now work out the colours corresponding to
these resistances:

(e) IM2

(f) 330 ohms

(g) 4.7 ohms

(h) 56k

Fig 10. (a) and (b) symbols in common use for fixed resistors; (c) carbon
resistor; (d) and (e) wirewound resistors; (f) preset variable resistor; (g), (h), (i)
and (j) symbols in common use for (f); (m) potentiometer; (k), (1), (n) and (o)

symbols in common use for (m).

TRACK

(a) " WIPER
—AAN -
(b) (g)
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Fig 11. Investigation 5. (a) the circuit; (b) breadboard version.

Resistors are rarely made to have a
precisely defined resistance. For example,
when we buy a 220 ohm resistor we do not
expect it to have a resistance of precisely 220
ohms. We allow the manufacturer a certain
margin of tolerance. If a resistor has 10 per
cent tolerance, its value is within 10 per cent
of the value indicated by the colour code. For
example, its nominal value is 220 ohms, but
its actual value could be any value between
198 ohms (220-22) and 242 ohms (220+22).
For most circuits we use resistors with 5 per
cent tolerance, although 2 per cent, 1 per cent
and 0.5 per cent resistors are available for
more precise work - and are correspondingly
more expensive. The tolerance of a resistor is
indicated by yet another coloured band:

1% brown
2% red

5% gold
10% silver
20% no band

Since resistors have tolerance, it is
pointless for manufacturers to make resistors
of all possible values. The most commonly
made values are known as the EI2 series.
This has 12 basic values:

1.0 1.2 1.5 1.8 2.2 2.7 33 39 4.7 5.6
6.8 8.2

Ten-times multiples of each of these are
also made, for example:

27 270 2k7 27k 270k 2M7

These values are all sufficient for most
purposes since, with 10 per cent tolerance, the
ranges of next-door resistors in the series all
overlap. For greater accuracy with 5 per cent
tolerance there is the E24 series whuch
includes ‘in-between’ values such as:

1.1 13 1.6 2.0 etc.

Now we will check up on the
manufacturers by measuring the actual values
of some resistors.

Investigation 5
Measuring resistance

You need:

a battery holder with four 1.5V cells (total
6V);

a switch;

a testmeter or milliammeter reading up to
500mA,;

a testmeter or voltmeter reading up to 10V
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(not essential, see below);

several resistors with resistance less than 1
kilohm;

a breadboard (optional).

Connect the circuit of Fig. 1], using one of
the resistors.

Switch on. Measure (a) the voltage across
the resistor (should be fairly close to 6V); and
(b) the current flowing through the resistor. If
you have only one testmeter, use this to
measure current and assume that the voltage
across the resistor is 6V.

Calculate the resistance, using the equation
we explained above: R=V/I. Remember I
must be in amps, not milliamps for this
calculation. How close is the actual resistance
to the nominal resistance as shown by the
colour code? Is this within the tolerance
limits?

Repeat this for a few other resistors.

MEASURING HIGH

RESISTANCE

The technique of Investigation 5 is not
suitable for measuring resistances higher than
about 1 kilohm. This is because the voltmeter
requires current to make it work. The
ammeter shows the current flowing through
the resistance and the current flowing through
the voltmeter. The current flowing through the
voltmeter is very small, usually less than a
milliamp. When measuring a low resistance,
the amount of current flowing through the
resistance is relatively large. The small extra
curr~ut flowing through the voltmeter makes

Fi_ 12. Circuit for measuring high
resistance.
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little difference to the result. But if we are to
measure a high resistance, a very smail
current passes through it. The current through
the voltmeter may be almost as much or
possibly more than this. The result is far from
correct.

Fig. 12 shows how to rearrange the circuit
for measuring high resistances. Now the
ammeter measures only the current going
through the resistor and not the current going
through the voltmeter. You might ask ‘Why
did we not use this more precise circuit for
Investigation 5?° The answer is that Fig. 12 is
not suifable for measuring /ow resistances. We
will explain why later.

RESULTS AND
ANSWERS

Investigation 1; When you move the
polythene strips together their free ends repel
each other. This is because they have been
charged. Some of the energy you put into
rubbing has appeared as electrical energy. It
forces the ends of the strips apart. :

The same thing happens with the two
acetate strips. With one acetate strip and one
polythene strip, the free ends of the strips
move together. They attract each other.

Charged polythene is repelled by charged
polythene, but attracted by charged acetate.
The kind of charge on polythene must be
different from the kind of charge on acetate.
They have opposite effects.

Investigation 2: The effect of charging is
restricted to the region of the strip that was
rubbed. The charge can not move from one
part of the strip to another part.

Investigation 3: When the wire is taken
away there is no effect. The effect of the
charged strip must have been transmitted
along the wire. This is explained by supposing
that the wire contains electrons that are free to
move. The polythene strip is negatively
charged - its surface has many electrons on it.
When the polythene strip is brought toward
the right-hand end of the wire, the electrons
on the strip repel the electrons in the wire.
They move along to the left-hand end of the
wire and become concentrated there. The
increase in negative charge at that end repels
the hanging polythene strip which is also
negatively charge. For this effect to have
happened the electrons must have moved
along the wire - there was an electric current
in the wire. The reverse effect occurs when
the strip is moved away.

Investigation 4: As the voltage increases,
the current increases. V/I is about the same
for all 4 voltages tested.

Colour Codes: 6M8 is blue, grey, green.

(a) 2k2 (e) brown, red, green

(b) 470 ohms  (f) orange, orange, brown
(c) 820k (g) yellow, violet, gold
(d) 10k (h) green, biue, orange

There will be more on resistors and
potential dividers next month.
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REGULATORS
LM317T PLASTIC T0220 variable
LM317 METAL

7812 METAL 12V 1A
7805/12/15/24V plastic
7905/12/15/24 plastic ....
CA3085 T099 variable reg ...
LM338 5A VARIABLE

COMPUTERICS

BBC MICRO PARTS
VIDEC ULA 201647
6845 CRT ..
6522 PIA
DM88LS120 ..
AY310150 UAR
IM6402 UART .
8086 processor equnpment .
USED 41256-15
USED 4 164-15 ex-equipment
9x41256-15 SIMM MODULE NEW
8 x 4164 SIP MODULE NEW .
HD 146818 CLOCK IC
2864 EEPROM
27128A 250nS EPROM USED

FLOPPY DISC CONTROLLER CHIPS 1771
FLOPPY DISC CONTROLLER CHIPS 1772 .
68000-8 PROCESSOR NEW
HD63484-8 ,
ALL USED EPROMS ERASED AND BLANK CHECKED
CAN BE PROGRAMMED IF DESIRED.

2716-45 USED
2732-45 USED
2764-30 USED
27C256-30 USED
27C512 USED ...
1702 EPROM EXEQPT
2114 EX EQPR 60p 4116 EX EQPT
6264-15 8k static ram
4416 RAM
USED 4416-15 RAM
USED 41464-15 ..

CRYSTAL OSCILLATOR

1.8342 MHz

CRYSTALS

2.77 MHZ/4.000 MHz/4.9152MHz 20MHz 49.504 MHz

TRANSISTORS

BC107, BCY70 PREFORMED LEADS
full spec

BC557, BC548B ..

POWER TRANSISTORS
OC35 (Marked CV7084)

POWER FET IRF9531 8A 60V .
28C1520 sim BF259 .

TIP141/2 €1 ea TIP112/125/42B .
TIP35B TIP35C ... o

SE9301 100V 10A L

2N3055 EX EQPT TESTED .......... Y
PLASTIC 3055 OR 2955 equiv 50p .
2N3773 NPN 25A 160V £1.80

QUARTZ HALOGEN LAMPS
A1/216 24V 150 WATTS
H1 12V 50W (CAR SPOT)

14 WAY AMP ZIF SOCKET

TEXTOOL single in line 32 way. g

supplied) for use with any dual in line devices.

28 WAY TEXTOOL ZIF SOCKET EX NEW EQUIPMENT £2

CAPACITORS COMPUTER GRADE
3300uF 350V SIC SAFCO FELSIC 037 £6(£1.50)
2200uF 160V SIC SAFCO FELSIC CO38 . £4(£1.20)

TURNS COUNTING DIALS :ifor0.25 shatt
10 turn diaf 21 mm dia. fits 3mm spindle .. s

10 turn digital dia! (3 digits) for 3mm or 6mm sha

10 turn clock face dial for 6mm spindie

MISCELLANEOUS
ASSORTED SWITCHES, ROCKER, SLIDE, PUSH .. £2.50
SLOPING FRONT PLASTIC CASE 225 x215 x 76mm
76 mm WITH ALI FRONT PANEL 200 x 130mm ... £4.00{£1)
HUMIDITY SWITCH ADJUSTABLE
WIRE ENDED FUSES 0.25A
NEW ULTRASONIC TRANSDUCERS 40kHz .. £2/pair
12 CORE CABLE 7/0.2mm OVERALL SCREEN .£1/3
metres
POWERFUL SMALL CYLINDRICAL MAGNETS
OP AMP'LM10CLN
BNC 50 OHM SCREENED CHASSIS SOCKET
BNC TO CROC CLIPS LEAD 1 metre
MOULDED INDUCTOR 470xH

size of a 1 watt film resistor

.35p 100+20p 1000+ 15p
35p 100+20p 1000+ 15p

£2 100/£1
£2 100/£1
£2 100/£1.60
£2

£3.50

£5

£2
£7

£1 each

.. £1 £4/100 £30/1000
.. 30/£1 £3.50100

£1

3/£1 100/£22

KEYTRONICS

TEL. 0279-505543
FAX. 0279-757656
POBOX 634

BISHOPS STORTFORD
HERTFORDSHIRE CM23 2RX

TO-220 HEAT SINK sim RS 403-162
SMALL MICROWAVE DIODES AEI DC102!
D.IL. SWITCHES 10 WAY £1 8 WAY 80p 4/5/6 WAY ...
180 volt 1 watt ZENERS also 12v & 75v -
PLASTIC EQUIPMENT CASE 9 x 6 x 1.25 in. WITH FRONT AND
REAR PANELS CONTAINING PCB WITH EPROM 2764-30 AND
ICS 7417 LS30 LS32 LS74 LS367 LM311 7805 REG, 9 WAY D
PLUG, PUSH BUTTON SWITCH, DIN SOCKET

10LM 60v '2A 50hm TO-92 mosfet 4/£1 100/£20
MIN GLASS NEONS 10/£1
RELAY 5v 2 pole changeover looks like RS 355-741 marked
STC 47WB0ST
MINIATURE CO-AX FREE PLUG RS 456-071
MINIATURE CO-AX FREE SKT. RS 456-273 ..
DIL REED RELAY 2 POLE n/o CONTACTS
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 ohm Foil type polyester backed balco grid
alloy ... £1.50 ea 10+ £1
ELECTRET MICROPHONE INSERT ..........c..... et £0.90
Linear Hall effect IC Micro Switch no 613 SS4 sim RS 304-267

£2.50 100+ £1.50

10/£2.50

50p

HALL EFFECT IC UGS3040 + MAGNET -

OSCILLOSCOPE PROBE SWITCHED X1 X10 _e10

CHEAP PHONO PLUGS 100/£2 1000/£18

1 pole 12 way rotary switch ...

AUDIO ICS LM380 LM386 ...

555 TIMER 5/£1 741 OP AMP .

ZN414 AM RADIO CHIP ...

COAX PLUGS nice ones ...

COAX BACK TO BACK JOINERS

4 x 4 MEMBRANE KEYBOARD

15.000uF 40V ...

INDUCTOR 20uH 1.5A

NEW BT PLUG + LEAD .

1.25" PANEL FUSEHOLDE

CHROMED STEEL HINGES 14.5x 1" OPEN .

12v 1.2w small wire ended Jamps fit AUDI VW TR7 SAAB
.. 10/£1

£2.50 (£1.25)
5/€1
.. £1.50

12V MES LAMPS

STEREO CASSETTE

MONO CASS HEAD £1 ERASE HEAD .
THERMAL CUT OUTS 50 77 85 120°C ..
THERMAL FUSE 121°C 240V 15A
TRANSISTOR MOUNTING PADS TO-5/TO-18
TO-3 TRANSISTOR COVERS .
STICK ON CABINET FEET ..
PCB PINS FIT0.1” VERO .
TO-220 micas + bushes ...
TO-3 micas + bushes
PTFE min screened cable
Large heat shrink sleeving pack .. £
CERAMIC FILTERS 6M/9M/10.7M . . 50p 100/£20
MAINS LEAD WITH MOULDED 13A PLUG AND IEC SOCKET

. 10/50p 100/£2
15/€1

IE chassis plug
Potentnomenters short spmdles values 2k5 10k 25k 1m

500k fin 500k log
40Khz ULTRASONIC TRANSD UCERS EX-EQPT NO DATA

PLESSEY INVERTER TRANSFORMER
11.5-0-11.5V to 240v 200VA

DIODES AND RECTIFIERS

1N4004/SD4 1A 300V ...
1N5401 3A 100V

BA158 1A 400V fast recovery
BA159 1A 1000V fast recovery .
120V 35A STUD
BY127 1200V 1.2A
BY254 800V 3A ...
BY255 1300V 3A .
6A 100V SIMILAR MR751 .

1A 800V BRIDGE RECTIFIER .
4A 100V BRIDGE

6A 100V BRIDGE

8A 200V BRIDGE

10A 200V BRIDGE ..

25A 200V BRIDGE £2

25A 400V BRIDGE £2,50 ...

SCRS

PULSE TRANSFORMERS 1:1+1
2P4M EQUIV CI06D

MCR72-6 10A 600V SCR

35A 600V STUD SCR

TICV106D 800mA 400V SCR
MEU21 PROG. UNIJUNCTION

TRIACS
BT137-600 8A TO-22

BT138-600 12A TO-220 .

NEC TRIAC ACO8F 8A 600V TO220
TXAL225 8A 400V 5mA GATE
TRAL2230D 30A 400V ISOLATED STUD .

. 50 CYCLES
£6 (£3)

100/£1.50
. 100/£3
10/£1
100/£3
100/£4
65p

8/E1

.. 6/£1
4£1
481
3/£1
281
2/£1.35
.. £1.50
. 10/£18
10/£22

. £1.25

DIACS 4/€£1
. 2%1

... 70p

. 5/£2 100/£30
. 2/£1 100/£35
.. £4 each

MIN CASH ORDER £3.00

CONNECTORS
D25 IDC SOCKET FUJITSU
34 way card edge IDC CONNECTOR {disk drive type)

CENTRONICS 36 WAY IDC PLUG
CENTRONICS 36 WAY IDC SKT ...

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

USEDDCONNECTORS prlce per pélr

D9 60p, D15£1.50, D25 £2, D37 £2, D50£3.50 covers 50p ea.
WIRE WOUND RESISTORS

W21 or sim 2.5W 10 of one value .

R10 OR15 OR22 2R0 4R7 5R0 5R6 8R2 10R 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 5K0 R05
(50 milll-ohm) 1% 3w
W22 or sim 6W 7 OF ONE VALUE

R47 R62 1RO 1R5 1R8 3R3 6R8 9R1 12R 20R 24R27R 33R51R
56R 62R 68R 100R 120R 180R 220R 390R 560R 620R 910R 1K0
1K2 1K5 1K8 2K2 2K7 3K3 3K9 4K7 8K2 10k 15K 16K 20K

W23 or sim 9W 6 of one value ...

R22 R47 1RO 1R1 56R 62R 100R

680R 1KO 1K5 5K1 10K

W24 or sim 12W 4 OF ONE VALUE

R50 2R0 9R1 18R 22R 27R 56R 68R 75R 82R 100R 150R 180R
200R 220R 270R 400R 620R 1K0 6K8 8K2 10K 15K

PHOTO DEVICES

SLOTTED OPTO-SWITCH OPCOA OPB815 .........
2N5777
TiL81 PHOTO TRANSISTOR

TIL38 INFRA RED LED

4N25, OP12252 OPTO ISOLATOR .
PHOTO DIODE 50p
MEL12 (PHOTO DARLINGTON BASE n/c)
RPYS58A LDR 50p ORP12LDR

LEDs RED 3 or'5mm 12/£1

LEDs GREEN OR YELLOW 10/€£1 .
LEDS ASSORTED RD/GN/YW + IN
FLASHING RED OR GREEN LED 5mm 50p 100/£35

STC NTC BEAD THERMISTORS
G22 220R, G13 1K, G232K, G24 20K, G54 50K, G25 200K,
G16 1M, RES @ 20°C DIRECTLY HEATED TYPE

FS22BW NTC BEAD INSIDE ENDOF 1" GLASS PROBE
RES @ 20°C 200R

A13 DIRECTLY HEATED BEAD THERMISTOR 1k
res. ldeal for audio Wien ..... £2 ea

CERMET MULTI TURN PRESETS 34"
10R 20R 100R 200R 250R 500R 2K 2K2 2K5 5K 10K 47K
50K 100K 200K 500K 2M2 50p each

IC SOCKETS
6 pin 15/€1 8 pin 12/€1 14/16 pin 10/£1 18/20 pin 7/£1,
22/24/28 pin 4/&1 40 pin 30p

SOLID STATE RELAYS
40A 250V AC SOLID STATE RELAYS

POLYESTER/POLYCARB CAPS
100n 63v 5mm 20/£1 100/€3 f000/£25
1n/3n3/5n6/8n2/10n 1% 63v 10mm ...
10n/15n/22n/33n/47n/68n 10mm rad
100n 250v radial 10mm ..

100n 600v sprague axial 1

2u2 160v rad 22mm

10n/33n/47n 250v ac X rated 15mm ..
470n 250v ac x rated rad

1U 600V MIXED DIELECTRIC ..

RF BITS

MINIATURE CO-AX 500 URM95

12 volt CO-AXIAL relays sim. RS 349-686
Ex-equipment, with BNC tails

TRIMMER CAPS ALL
SMALL 5pf 2 pin mounting Smm centres
SMALL MULLARD 2 to 22pF

SMALL MULLARD 5 to 50pF

larger type grey 2 to 25pF black 15 to 90pf
TRANSISTORS 2N4427

FEED THRU CERAMIC CAPS 1000pF

MINIATURE RELAYS suitable for RF
5 volt coil 1 pole changeover
5 volt coil 2 pole changeover
12 volt coil 1 pole changeover

MONOLITHIC CERAMIC CAPICITORS
10n 50v 2.5mm .. 100/£4.50
100n 50v 2.5mm or 5mm ...

100n ax short leads
100n ax long leads
10n 50v dil package 0.3" rad ..
100n 50v dil package 0.3"rad ....

STEPPER MOTORS
4 PHASE 2 9V WINDINGS

. £1.30

i . 70p
100/£6
3 100/26 50

100/£3.50

. 100/£3
00/£6 (£1)
. 100/£10

100/£3
100/£6
.. £4/100 £351000

£10/100

MAIL ORDER ONLY
OFFICIAL ORDERS WELCOME

UNIVERSITIES COLLEGES SCHOOLS GOVT. DEPARTMENTS
MIN. ACCOUNT ORDER £10.00
P&P AS SHOWN IN BRACKETS (HEAVY) ITEMS
65p OTHERWISE (LIGHT) ITEMS

ADD 15% VAT TO TOTAL

ELECTRONIC COMPONENTS
BOUGHT FOR CASH
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t is commonly expressed among
I]sympathetic car owners that the meagre

bunch of panel warning lights fitted to the
majority of today’s cars do not give sufficient
information as to what is happening under the
bonnet.  Realistically speaking, a low oil
pressure warning lamp lighting at 70 mph spells
disaster for your engine, whereas an oil pressure
gauge of some description should give advance
waming of a progressive drop in system
pressure at lower speeds. Similarly, by keeping
an eye on the rising engine temperature while
ascending a long steep hill (especially when
towing) the driver can choose the best place to
stop and rest the car, whereas a curt red

‘STOP-HIGH TEMP’ light can be most
inconvenient.
Therefore, many attentive drivers will

sooner or later begin to fit add-on gauges and
dials until the instrument panel ends up looking
like the flight-deck of Concorde.

Of course, there is the other breed of car
owner who couldn’t really care less what is
happening to the engine. They never check
fluid levels or tyre pressures, and as long as the
darned thing starts every morning and never lets
them down then why complain?

MOTORING PROJECT ()

TACHOMETER

0 1 2

3 4 5 6

r.p.m. x 1000

SPECIFICATION

Most revcounters are of the moving-coil
type using a revolving needle on a circular
scale. There are many disadvantages for the
home-constructor using such a display
because large circular meters are difficult to
obtain, expensive, delicate and bulky. The
cheap panel milliammeter is not an attractive
alternative.

at about 5500 rpm or higher, but the exact
figure obviously depends on the particular
vehicle. Anyway, spare a thought for your
poor engine: at 6000 rpm each piston oscillates
up and down in its cylinder 100 times every
second. The circuit shown will full scale
deflect (ie, light all the leds) at 6000 rpm on a
four cylinder engine, but only one resistor
needs to be modified for a six cylinder unit.
The response time of the circuit is fast
enough to keep up with the inertia of most
road-car engines and so it gives a reliable

ARGRAP
CHOMET

TACHOMETERS

One instrument that cannot be replaced by a
simple warning lamp is the tachometer or rev-
counter. This instrument is usually only fitted
to the higher price-bracket or high performance
vehicles but it is surprisingly useful in any car.
A tachometer displays the speed at which the
engine crankshaft rotates, in revolutions per
minute (rpm). Obviously engine speed is
related to road speed, but the exact link between
the two depends on the gear engaged.

All petrol engines have a characteristic
speed at which they produce their maximum
output power: the power peak. This figure can
sometimes be found in the owner's handbook
and, along with the tachometer, it can be used to
time gear changes accurately to obtain the best
performance from your engine. For example, a
large number of drivers will start an overtaking
manoeuvre in third gear, but then change into
fourth part way through, wasting the vital
acceleration necessary to overtake swiftly and
safely.

Those of us content to settle for more
mediocre performance can find the tachometer

“helpful for indicating clutch slip or wheelspin
on snow covered roads. It is also invaluable
when trying to locate that annoying but elusive
rattle which only occurs at certain revs.

Whatever your reason for fitting such an
instrument, the colourful but elegant display of
the Bargaph Tachometer described here makes
it an attractive module for any vehicle.

PRACTICAL ELECTRONICS JANUARY 1990

By Chris Walker BSc

First for the
revolutions, best
for unidentified
rattles, checks that
engine-speed.

Some manufacturers have equipped a few
of their vehicles with electronic dashboard
instruments reading on digital or bargraph
displays. A digital read-out, although
accurate, is difficult to read at a glance and it
is not easy to interpret the trend of a changing
figure, whether increasing or decreasing.
Also, one has to decide between a slow
response time or a continuously updated,
changing display. Bargraphs, however, are a
good compromise between digital and
analogue displays and their linearity enables a
slimline and attractive unit to be constructed.

The Bargraph Tachometer uses a three-
colour 20 led bargraph display, showing green
up to 3000 rpm, yellow between 3000 and
4500, and red above 4500 rpm. Connoisseurs
may comiment at this lowish ‘red-line’ figure:
many tachometers enter the red warning region

indication of engine speed under all
conditions.
Accuracy is typically 5% with the

recommended components, and the entire unit
is easy to fit; only three electrical connections
are needed, all on the ignition coil. This
should eliminate the painful contortions
needed to get one’s head under the dashboard,
and the even more painful ones to get it out!

Fig 1. Basic 'low tension’ ignition
circuit.
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IGNITION PULSES

Fig. 1 shows the basic low voltage circuit
of a petrol vehicle ignition system with
negative earth (the unit can also be fitted in
the less common positive earth cars, see

later). The contact breaker points are a
mechanical switch operated by a car on the
distributor drive shaft. In practice, the
‘points’ in very many new cars are replaced
by an electronic ignition system of some sort
but the principle of operation is the same.

As the engine turns over, the points open
and close; when closed, point A (Fig. 1) is
pulled down to OV and current flows through
the primary winding of the coil. As the points
open the current is abruptly stopped and the
sudden collapse of magnetic field around the

primary coil induces very high voltage
oscillations in the primary circuit, see Fig.
2a.  This ‘ringing’ lasts for about 1

millisecond and is stepped up to several tens
of thousands of volts .in the secondary coil to
produce a spark at the spark plugs.
Incidentally, the ringing produced when the
primary current is cut off is similar to the
knocking sometimes heard in loose plumbing
when a water tap is suddenly turned off.

F-V CONVERTER

POINTS POINTS
el CL RINGING
v /
12 -
® i
]
|
0 o ey - =P . | MRS | ==
t 1 [} 1 i
( o TIME
r —
1 CRANKSHAFT REVOLUTION ~ImS
{4 CYLINDER ENGINE)
0IGI716

Fig 2 (a). Signal at point A in Fig 1.
Fig 2 (b). Signal at point B in Fig 3.

Vout=756xR3xC2x f

Where f = pulse freq (Hz), R3 is in ohms
and C2 in farads.

Since, in a four cylinder engine, two pulses
will be produced for every crankshaft
revolution then at 6000 rpm, f=200Hz and so

cylinder engine the same range can be
accommodated by changing R3 to a value of
68k.

Capacitor C3 smooths the output signal
from IC1 and stops display flicker, although
some ripple is inevitable, especially at low
frequencies. Increasing the value of C3 will
reduce this but it also has the effect of

With reference to the main circuit diagram  Vout = 2.7V, approximately. For a six slowing the response time of the circuit.
in Fig. 3, the pulses from point A on the -
ignition coil are fed through resistor R1 to 1 PRI
point B. Capacitor C1 smooths out the edges
9 . GREEN R9
of the pulses as shown in Fig. 2b and prevents \:\ wn
the ringing of the coil from reaching the S o 7 =03
LM2917 frequency-to-voltage converter ICIL. W 3t Tow
This is necessary otherwise each ring may be » e+
counted as an opening of the points, giving a el 4
false tachometer reading. Zener diode DI IJ S Sy
‘clips’ the input pulses to a maximum of 12V, d 12 B e
protecting IC1 from damage. LM39 oo = 023
The signal at pin 1 of ICI is compared to - "'—-—f—ld}—os- G el
the fixed 2.4V reference at pin 11 derived 3550“ 2 =
from zener diode D2 and resistor R6. One 8 "_l_|<&.
complete cycle occurs every time the voltage - & n ; 2"
at pin 1 rises above 2.4V and then falls back Lo 2 10 | iy lD12
below. The LM2917 generates a voltage Vi, B
at its output (pin 5) which is directly c 4y cReEN
proportional to the pulse frequency on pin 1: - ’ Z[i
W
. YELLOW R0,
Fig 3. Circuit G r\t\_ . 3“’“
diagram for the = e
bargraph A B | ig 0%
K L ST
tachometer. LA SO
RS
2900 6 16 : :1 :D!G
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'Fig 4. Method of chaining two 10 - LED
bargraph displays.

Therefore, a compromise has to be made in
this respect.

The LM2917 is available in 8-pin and 14-
pin dil versions. The [4-pin device must be
used in this design since the input on the 8-pin
version is internally ground referenced.

BARGRAPH DISPLAYS

Two LM3914 linear bargraph display driver
ics are used, each one controlling ten led’s.

The output voltage from IC1 is fed into the
signal input of the bargraph displays, pin 5
1C2 and IC3. Each ic contains a string of ten
identical resistors across which is placed a
1.25V reference obtained from pins 7 and 8,
see Fig. 4. As the voltage on pin 5 exceeds the
potential at the top end of each resistor an extra
led is made to light. Notice how, by
connecting the low potential end of the resistor
chain in IC3 to the high end of IC2, leds D3 to
D12 will light in sequence as the pin 5 voltage
rises from 0 to 1.25V followed by D13 to D22
for a rise from 1.25V to 2.50V.

The display ics automatically control the
led current and series resistors are not required
on each output. The current through each led
is about ten times the current drawn from pin 7
of the ic. It has been found that about 20mA
lights the diodes sufficiently brightly to give
good daytime visibility without needing
dimming at night. Hence, since negligible
current flows through the internal resistor
chain, all the current from pin 7 of IC2 and IC3
flows through resistors R7 and R8 respectively.
So, considering IC2, for a 20mA led current
the current from pin 7 has to be:

PRACTICAL ELECYTRONICS JANUARY 1990

I=V =125 =1.8mA (=20mA)

R7

680 10

and similar for IC3, bearing in mind there is
2.5V across R8 because of the two resistor
chains in series.

Resistors R9 and R10 are 3W wirewound
types used to dissipate some power when
several leds are lit and prevent overheating of
IC2 and IC3.

Capacitors C4, C5 and C6 help to stabilise
the display circuits by decoupling various
points to earth. In practice, the only sure way
to prevent parasitic oscillations when using
these bargraph display chips is to connect the
earthed side of the capacitors as close to pin 2
as possible. It is for this reason that C4 and
C5 are mounted underneath the circuit board.

Finally, zener diode D23 together with fuse
FS1 protect the circuit from reverse polarity
connection or over-voltages which could be
caused by transients or a faulty charging
circuit on the car.

CONSTRUCTION

All the components are mounted on a single-
sided printed circuit board measuring
140x65mm which is mounted upside-down in
the case. The foil pattern for the pcb is given in
Fig. 5. Since there are no internal connecting
wires the unit is very simple to construct.

With reference to Fig. 6, begin by
soldering into place the small components:

MOTORING PROJECT

resistors, capacitors and zener diodes,
checking the polarity of the diodes and
tantalum capacitor C3. Insert the three wire
links, the ic holders, fuse clips and three
terminal pins for alter connection to the
vehicle. Itis a good idea to solder capacitors
C4 and C5 to the under-side of the board at
this stage, but notice that the negative lead
must be soldered directly to the pin 2 pcb pad.
When this part of assembly is complete insert
the two wirewound resistors R9 and R10: they
should be mounted about lcm above the
board to allow air to circulate around them as
they can become quite hot!

The pcb has been designed to accept four
5-led displays, two green D3-D7 and D8-D12,
one yellow D13-D17 and one red D18-D22.
These have to be mounted on the pcb with
their windows facing sideways, as in Fig. 7.
Start with the green display containing D3 to
D7 and, holding it horizontally with the leads
towards the bottom, bend all leads around a
matchstick so that they point vertically
downwards with about 2mmi of lead
protruding from the device before the bend.
When mounted on the pcb the main body of
the display should be flush with the front of
the board. Use a little adhesive to ensure the
display sits flat on the board and then, trying
not to overheat the device, solder all ten
connections. Repeat for the other displays.

Insert the ics into their holders: no special
handling precautions are necessary but make
sure they are inserted the correct way round.

The circuit board is mounted inside a clip-

Figs 5 and 6. PCB track and component layouts. Note that these are shown less
than life size ~ the pin spacing for the ICs is 0.1 inch. C4 and C5 should be hard
wired to the track side of the PCB, polarity as shown in Fig 3.
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S L.E.D. BARGRAPH DISPLAY (END VIEW)
HELD ON P.C.B. WITH ADHESIVE

S / WIRES PROTRUDE 2mm FROM
\ DISPLAY BEFORE BEND
1 ¥
Necs.

SHOULDER OF DISPLAY FLUSH
WITH FRONT EDGE OF P.C B.

DJG1722

Fig 7. Mounting detais for the display
LEDs.

together Verbox type 211 measuring
153x84x40mm. This is a two-tone plastic
case with removable aluminium side panels.
Since it would be difficult to cut a precise
rectangular slot into aluminium for the
bargraph display to protrude through, it was
decided to completely remove the front
aluminium panel and replace it with a piece of
clear, Imm thick rigid acetate sheet (available

RESISTORS

R1,R2,R4 10k (3 off)

R3 100k

R5 470R

R6 1k

R7 680R

R8 1k2

R9.R10 47R 3 watt wirewound
(2 off)

All 0.25W carbon, 5% unless otherwise
stated.

CAPACITORS

Cli 100n Ceramic

C2 18nF Polyester layer 5%

C3,C4,C5 2.2uF 35V Tantalum bead
(3 off)

Cé6 10nF Ceramic

SEMICONDUCTORS

Dl 12V 500mV zener diode

D2 2.4V 500mW zener diode

D3-D7,

D8-D12 Green 5-led bargraph display

(2 off)

D13-D17 Yellow 5-led bargraph display

D18-D22 Red 5-led bargraph display

D23 15V 1.3W zener diode

IC] LM2917 Frequency to voltage
converter, 14-pin dil version

IC2,IC3 LM3914 Bargraph display
driver (2 off)

MISCELLANEOUS

FS1 1A 20mm fast blow fuse and

pcb mounting holder.

Verbox type 211, pcb, 14-pin dil socket, 18
pin dil socket (2 off); terminal pins; thin 3-
core cable, strain relief grommet, 1mm thick
acetate sheet, rigid black card; white rub-

down lettering, mountings to suit.
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ALUMINIUM
REAR PANEL PCB.
\\ COMSP%‘EENT CLEAR ACETATE
UNDERNEATH / MEAIEREL
STRAIN
RELIEF o\
GROMMET =~ '
E IC)I | BLACK CARD
7 C
/ MOUNTING PILLAR
1imm SPACER BOTTOM HALF OF CASE {(ONLY REAR PAIR USED)

Fig 8. Mounting of PCB/viewing assembly in case.

from any good model shop) to act as a
viewing window. The displays then protrude
through a slot cut in a piece of black card
mounted behind the window. The slot is easy
to cut in card using a sharp knife.

Because the displays are partially cowled
by the case they are easier to view in bright
ambient lighting and also there is a good
contrast between them and the black card
backing. Last, but not least, this method of
mounting gives a professional look, especially
if the card is labelled with white rub-down
lettering, as shown in the photographs.

Thin 3-core mains cable is used to connect
the unit to the vehicle. Solder the conductors
to the terminal pins remembering to make a
note of which colour represents which
connection! A single hole needs drilling in
the rear aluminium panel through which the
cable passes, via a strain relief grommet.

Using the two rear mounting pillars in the
box, screw the pcb/black card assembly in the
case (with the component side downwards)
using 11lmm spacers to place the bargraph
display mid-way between top and bottom of
the viewing window, see Fig. 8.

VEHICLE MOUNTING

Find a suitable place to mount the
tachometer, preferably not in direct sunlight
for viewing reasons, although the driver
should not have to deviate his eyes far from
the road in order to read the display. Double-

sided self-adhesive pads may be found useful
to hold the unit in place. Take the 3-core
cable through to the engine compartment and
route it to the ignition coil. Take great care to
keep the .cable away from areas which
become hot such as the exhaust manifold.

The following applies to negative earth
vehicles only:

Remove the +ve terminal from the battery:
this is most important as a mistake during
wiring could be disastrous. Car batteries are
capable of delivering a current of hundreds of
amps which would very rapidly and painfully
melt a gold ring inadvertently causing a short
circuit.

The +12 line on the tachometer goes to the
‘live’ side of the coil, sometimes marked with
a ‘+’ sign. This connection is controlled by
the ignition switch ensuring that the unit is
only switched on with the ignition circuit.
Connection should be made using a ‘piggy-
back’ slide-on connector, or ‘Scotch Blocks’
can be used to splice into the existing wires.
The signal input lead is connected to the
points side of the coil (marked ‘-’) and the OV
wire is connected to the metal bodywork by
trapping it under one of the coil mounting
bolts.

For positive earth cars, the only
modification is to connect the +12 wire to the
car chassis and OV goes to the live side of the
coil.

Reconnect the battery, start the engine and

off you go!
Please drive sensibly and safely.

The bargraph tachometer as mounted in the author's car.
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HIGH GRADE COMPONENT PARCELS

PARCEL 9A:
200 SEMICONDUCTORS
for £10! + VAT

PRESETS

An attractive and very functional pack
of preset pots. The parcels contain a
high proportion of top quality cermets,
both single and multi-turn. In fact they
outnumber the carbon types! All styles
and types are represented: open,
enclosed, vertical, horizontal, square,
round, %" and 1%” multi-turns, and so
on. All values from a few ohms to
several megs.

PARCEL 11A:

200 PRESETS for £6 + VAT
PARCEL 118:

1000 PRESETS for £25 + VAT

SWITCH ES

Take a rocker switch in cne hand TSN
roller microswitch in the other, and
have yourself a rock 'n’ roll party! OK,
the the jokes aren’t up to much, but the
switches are superb. Lots of rocker
switches -~ -eal as spares for
houseb' . ,uugets. Some, so I'm told,
fit the dashboard cut-outs on Ford cars,
4 so just think of the extra lights and stuff
& you could fit! Then there are the
toggles, the push switches, the rotaries
and the sliders. All tucked up snugly,
bless their cotton socks, in our switch
parcels. And all for 10p each or less —
it's enough to make you explode with
joy. Well, nearly enough.

# PARCEL 14A: 100 ASSORTED
~_ SWITCHES for £10! + VAT :
PARCEL 14B: 300 .

ASSORTED
swiTcHes | !
for £25! +
VAT

HIGHGRADE

COMPONENTS LTD

Unit 108, 8 Woburn Road, Eastville, Bristol BS5 6TT

Tel: 0600 3715 Fax: 0600 72262

PRACTICAL ELECTRONICS JANUARY 1990

What a selection! Every single parcel will
contain: ICs, signal diodes, rectifiers, zeners,
semiconductor VDRs, transistors, FETSs, high
voltage transistors, power transistors, triacs,
voltage regulators, and a good deal more. Did |
mention the varicap tuning diodes? The VHF
transistors? The Schottky rectifiers? All the
semiconductors you've ever wanted, but could
never afford. This has to be one of the finest
parcels we have ever offered. Don't miss it!
PARCEL 98B:
1000 SEMICONDUCTORS
for £40! + VAT

SEMI
CONDUCTORS

PARCEL 10A:

; PARCEL 10B:
- 300 ASSORTED CONNECTORS
for £25! + VAT

MONSTER OPTO
PARCELS

If it has anything to do with light, it's in
here. There are LEDs of all shapes,
sizes and colours, seven segment
displays, infra-red senders and
receivers, bar graph assemblies, opto
switches, and who knows what else.
The larger parcels have LCDs too. An
excellent selection of top quality

LA

1 oo ot

e o L e T T
. R
BB . v e

[% devices.

f PARCEL 12A:

% 100 OPTO DEVICES for £10 + VAT
i# PARCEL 12B:

I 300 OPTO DEVICES

e

for €25 + VAT

£

e ndy

Above 100n or so the price of non-
electrolytic caps starts to rise steeply.
To get one above 1uF will cost the
earth, or at least a major planet. And
not even an asteroid for change. These
parcels contain caps to at least 4u7.
Replace those nasty non-polar
electrolytics in your speaker
crossovers, connect them across
electrolytic smoothing and coupling
caps in your hi-fi, stop using back-to-
back tants in your projects. The larger
caps will easily cost several ££€s each
from normal suppliers.
We've got too|many, so . . .

2 PARCEL 15A:
200 HV POLYESTERS
for £10 + VAT

PARCEL 158:
600 HV POLYESTERS
for £25 + VAT

R o AL S AT

” CONNECTORS

If you ever again need to connect anything to
anything else, the chances are you'll find the
plugs and sockets for it in this parcel. Computers?
There are D connectors, printer connectors, RS232

connectors, and so on. PCBs? There are edge
connectors and pin connectors. RF connectors?
No problem. Audio? There are speaker plugs
and sockets, DIN connectors and much more.
And all for 10p or less apiece! How can you'resist it?

100 ASSORTED CONNECTORS for £10! + VAT

b resistors, so these are|sold byweight £
As a rough guide 1000 VaW it
& resistors weigh about 240g,

. PARCEL 13A: :ff

Unless otherwise stated, all the clearance parcels we offer contain brand new, top grade
components. Jf some of the offers look toc good to be true, all | can say is that the
optimists will get some stunning bargains, the cynics will never know what
they've missed, so everybody will be happy! Al offers apply only while
current stocks last — watch out for next month's parcels or, better

still, be the first to hear about any new offers by
putting your name on our mailing list.

Access Orders:
Tel: 0600 3715

RESISTORS

Supplied to you as
they arrive with us:
some bagged, some
bandoliered, some
reeled, some loose. The
mixture has %W resistors
in every single E12 value,
with some E24 and an
assortment of E96 precision
types. Then there are 2W
resistors and a nice selection of
power types to 5W and above. The
proportions vary from parcel to parcel,
but you'll certainly have an excellent
range of types and values.
| have absolutely no intention of y
counting out' tens of thousands of ~ #%

so there are over 4000
of these to the Kg.

equipment, PCBs,
components,
hardware, mags,
books, data, everything
electronic turns up at
some time or other in our
legendary JUNK parcels.
There's so much unsorted stuff
around the place we hardly,
know what goes in there
ourseives! The components won't
be neatly packed — once we've
‘combed their hair and dressed them in
their Sunday best, they go onto one of
lists. In the JUNK parcel you see them in
the raw state.

The first 10Kg is yours for £18 + VAT.
After that, the price is £1 per! Kg, so
11Kg will be £19 + VAT, 12Kg will
be £20 + VAT, and so on.
Have as much'as you like!
JUNK SPECIAL:
1 cwt for £50!

+ VAT

10Kg RESISTOR
PARCEL £30
+ VAT P

UK Orders:

Please add £2.50
towards postage and
packing and 15% VAT
to the total

Europe and Eire:

Please add £6.00 carriage
and insurance. No VAT
Outside Europe:

Please add £12.00 carriage
and insurance. No VAT
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Bookmark Summary

Books reviewed during 1989

All-Time Favourite Electronic Projects. Delton T. Horn. Tab Books.
September
Audio IC Circuits Manual. R.M. Marston. Heinemann Newnes.
December
Build Your Own 80386 IBM Compatible and Save a Bundle. Aubrey
Pilgrim. Tab Books. December
Chambers Science and Technology Dictionary. Chambers
Cambridge University Press. January
Complete Electronics Career Guide. Joe Risse. Tab Books.
{Applicable to USA careers and not recommended for UK readers.)
December
Computers and Music. R.A. Penfold. PC Publishing. December
Computer Hobbyists Handbook. R.A. and J.W. Penfold. Babani.
December
Concise Introduction to UNIX. N. Kantaris. Babani. September
Designing DC Power Supplies. G.C.Loveday. Benchmarks.
January
Designing with Linear ICs. G.C. Loveday. Benchmarks. December
Digital Audio and Compact Disc Technology. Sony Service Centre.
Heinemann Newnes. January
Digital IC Handbook. Michael S. Morley. Tab Books. December
Digital Logic Gates and Flip-Flops. lan R. Sinclair. PC Publishing.
September
Electronics Build and Learn. R.A. Penfold. PC Publishing. January
Electronic Circuit Design - Art and Practice. T.H. O’'Dell. Cambridge
University Press. January
Encyclopaedia of Electronic Circuits - Volume One. Rudolf F. Graf.

Tab Books. December
Encyclopaedia of Electronic Circuits - Volume Two. Rudolf F. Graf.
Tab Books. September

Enhanced Sound - 22 Projects for the Audiophile. Richard
Kaufman. Tab Books. June
Experiments in Artificial Neural Networks. Ed Reitman. Tab Books:
January
Experiments in CMOS Technology. Daye Prochnow and D.J.
Banning. Tab Books. July
Experiments with Eproms. Dave Prochnow. Tab Books. June
Experiments with Gallium Arsenide Technology. D.J. Branning and
Dave Prochnow. Tab Books. July
Handbook of Microcomputer Interfacing - 2nd Edition. Steve
Leibson. Tab Books. December
Home Built Dynamo. Alfred T. Forbes. Todd- Forbes Publishing.
January

How to Design Solid State Circuits - 2nd Edition. Mannie Horowitz
and Delton T. Horn. Tab Books. July
How to Draw Schematics and Design Circuit Boards with Your
IBM PC. Steve Sokolowski. Tab Books. December
How to Make Printed Circuit Boards. Calvin Graf. Tab Books. July
Illustrated Dictionary of Electronics - 4th Edition. R.P. Turner & S.
Gibilisco. Tab Books. January
Improving TV Signal Reception. Dick Glass. Tab Books. July

30

Introduction to Loudspeakers and Enclosure Design. Vivian Capel.
Babani. June
Laser Cookbook - 88 Practical Circuits. Gordon McComb. Tab

Books. December
Laser Experimenters Handbook - 2nd Edition. Delton T. Horn. Tab
Books. December
LSl interfacing. Mike James. Heinemann Newnes. January

Make Money from Home Recording. Clive Brooks. PC Publishing.
July
Master Handbook of 1001 Practical Electronics Circuits. Edited by
K.W. Sessions. Tab Books. September
Practical Electronics for GCSE. Owen Bishop. John Murray.

December
Radio-Electronics Guide to Computer Circuits. Tab Books.  July
Remote Control Handbook. Owen Bishop. Babani. June

Satellite Television Installation Guide. John Breeds. Swift TY
Publications. June
Soft Ferrites - Properties and Applications - 2nd Edition. E.C.
Snelling. Butterworths. December
Superconductivity. Jonathan L. Mayo. Tab Books. July
Synthesisers for Musicians. R.A. Penfold. PC Publishing. July
Teach Yourself Electronics. Malcolm Plant. Teach Yourself Books
(Hodder and Stoughton). June
Troubleshooting and Repairing TVRO Systems. Stan Prentiss. Tab
Books. June
20 Innovative Electronics Projects for Your Home. Joseph
O'Connell. Tab Books. June
50 CMOS IC Projects. Delton T. Horn. Tab Books. July
50 Powerful Printed Circuit Board Projects. Dave Prochnow. Tab
Books. July

Publishers' Addresses

Benchmark Book Company, 59 Waylands, Swanley, Kent, BR8 8TN.
0322 64042,

Bernard Babani (Publishing) Ltd, The Grampians, Shepherds Bush
Road, London W6 7NF.

Butterworth Scientific Ltd, Westbury House, Bury Street, Guildford,
GU2 5BH.

Cambridge University Press. The Edinburgh Building, Shaftesbury
Road, Cambridge, CB2 2RU. 0223 312393.

Heinemann Professional Publishing, 22 Bedford Square, London
WC1B 3HH. 01-637 3311,

John Murray (Publishers) Ltd, 50 Albermarle Street, London W1X
4BD.

PC Publishing Ltd, 4 Brook Street, Tonbridge, Kent, TN9 2PJ.

Swift Satellite TV Services, 17 Pittsfield, Cricklade, Swindon, Wilts,
SN6 6AN. 0793 750620.

Tab Books are imported from the USA by John Wiley and Sons Ltd,
Baffins Lane, Chichester, West Sussex, PO19 1UD. 0243 779777.
Teach Yourself Books, P O Box 702, Dunton Green, Sevenoaks,
Kents, TN132YD. 0732 450111.

Todd Forbes Publishing, PO Box 3919, Auckland, New Zealand. -
Pl
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NOW!

198

CRICHR EWBOD

ELECTRONMICS

100 PAGE COMPONENT
CATALOGUE

PRICE &1

NOW!..

ORDER.

NW2 3ET

SEND OFF FOR YOUR COPY TODAY...

@ WE STOCK AN UNRIVALLED RANGE
@ ALL OUR COMPONENTS ARE FIRST CLASS BRANDED ITEMS
@ WE OFFER A SAME DAY SERVICE ON ALL STOCK ITEMS

@ FREE VOUCHERS WITH YOUR CATALOGUE—ORDER ONE

JUST FILL IN THE COUPON OPPOSITE AND POST IT WITH YOUR
£1 PAYMENT TO THE ADDRESS BELOW. YOU WILL RECEIVE NOT
ONLY OUR SUPERB 100 PAGE CATALOGUE, BUT ALSO FREE
VOUCHERS WHICH YOU CAN USE ON YOUR NEXT COMPONENTS

CRICKLEWOOD ELECTRONICSLTD 40 CRICKLEWOOD BROADWAY LONDON
TEL: 01450 0985/452 0161

@ NO MINIMUM ORDER—IF YOU NEED ONE COMPONENT WE
CAN SUPPLY ONE COMPONENT FREE VOUCHERS!

@ WE HAVE ADOPTED A NEW LOWER PRICING POLICY + SEND OFF FOR YOUR CATALOGUE
QUANTITY DISCOUNTS AND VOUCHERS TODAY.

Tape your £1 coin
here, or send a
cheque or postal

1 WOULD LIKE TO RECEIVE.....
COPY(COPIES) OF THE 1989
CRICKLEWOOD ELECTRONICS

COMPONENT CATALOGUE. I order for £1.00 for
ENCLOSES..... every catalogue you
PLEASE ENCLOSE MY FREE require.
VOUCHERS.

INAM ESR T8 e o

ADDRES S = s o 9

FAX:01-208 1441  TELEX: 914877

H‘yﬁ

Established since 1973 Hills
Components can offer the
trade a selection of nea

4,000 product lines cove

the following ranges

Aerials & Accessories
Baftteries & Accessoriex
Cables & Accessories
Computer Accessories
Connectors (all types!
Electronic kits/Modul-
Filters/Fuses
Hardware/Fixings
Headphones/Intercoms
Connecting leads (all types)
Microphones
Multimeters
Passive Components
P.C. Boards
Relays
Speakers
witches
Service Aids
Soldering Equipment
Telephones & Accessories
Transformers

TRADE ENQUIRIES ONLY
Please phone or write quoting your
company name & address for a
copy of our 1990 catalogue

TRADE ONLY

S e—
v\

v
ir%

Ra

\‘Hills./
ELECTRONIC KITS & MODULES

FOR HOBBYISTS ELECTRONICS ENTHUSIASTS
EDUCATIONAL ESTABLISHMENTS ETC.

Build your own:
Geiger-Meuller Indicator, Metal Detector,
Stereo Amplifier Digital Combination Lock, or
any of the many other kits available for numerous applications

OVER 100 KITS TO CHOOSE FROM
Some of the popular kits include

* Lie Detectors % Alarm Systems & Monitors
* Sirens — Kojak-Warship-FBI-Ships-Space

* Electronic Barking Dog
% Car Aerial Amplifiers

* Antenna Amplifiers

% Infra-Red Light Barriers

% Micro-Wave Indicators % Radios & Receivers
* Lighting Consoles % Amplifiers (up to 200w)

PLUS MANY MANY MORE
\\”f.( Call us now for details of your local Stockist
B ‘\ HILLS COMPONENTS LTD
Units 5 &6

Melinite Industrial Estate
Brixton Road, Watford
Herts WD2 5SL

0923 52000
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MAIL ORDER AND SHOP:
EE83 135 Hunter Street,
Burton-on-Trent,

Staffs. DE14 2ST

memm  Tel: 0283 65435
- Fax: 0283 46932

ELECTRONICS ¥ LTD

All prices include VAT MICRO IN CONTROL

Shop open 9-5 Mon-Fri; ﬁg‘;ﬂ s I . EI t Oni S NEW SERIES STARTS THIS ISSUE
9-2 Saturda
Official ordeyrs welcome all orders up p y ,ng ec, r c STARTERKIT £21.95
for Educatlon, ALL PARTS LISTED IN TABLE 1
. P INCLUDING 5V 250mA SUPPLY
[D.C. MOTOR GEARBOXES ___| Robotics, Music, AND K12 840 PIN BREADBOARD
Computing and much, >
much more! EDUCATIONAL BOOKS &
2 BOOK PROJECTS
Send NOW for our
Ideal for Robots and Buggies. A miniature plastic illustrated th‘TENTéjREsFMIIIITHbELkECT?fIfWCf Idl
reduction gearbox coupled with a 1-5-4-5 Volt BEEBIEERY U g8 o) B MRS Ell e, (i
mini motor. Variable gearbox reduction ratios CATA LOG U E obeginnerECREIden oy Lse s anl SR ECE
are obtained by fitting from 1 to 6 gearwheels : lees plear instructions Yvnh lots of pictures. 16 projects —
( lied). T ilable: Only £1.00! including three radios, siren, metronome, organ, intercom,
supplied). Two types available: timer, etc. Helps you learn about electronic components
SMALL UNIT TYPE MGS i k and how circuits work. Component pack includes an S-DEC
Speed range 3-2200 rpm. Size 37X43X25mm breadboard and all the components for the series.
£3.99 [ | STEPPING MOTORS ADVENTURES WITH ELECTRONICS £4.75
COMPONENT PACK ({less book} £22.35
LARGE UNIT TYPE MGL . : ;
Speed range 2-1150 rpm. Size 57x43X29mm o ’2"9*’:? 10&%‘;3[';‘1 sIcEFng 22%‘.22:5232',9 FUN WITH ELECTRONICS
£4 55 Clr el ITiE) . 9€0 B e From the USBORNE Pocket Scientist series— An enjoyable
. +computer control using simple interfacing introduction to electronics. Full of very clear full colour

technigues.
D35 PERMANENT MAGNET MOTOR — 48 steps
per rev. £ é’
MD200 HYBRID MOTOR — 200 steps per rev.
£16.80
MD35 % PERMANENT MAGNET MOTOR — 48
steps per rev. £12.
MD38 PERMANENT MAGNET MOTOR — 48
steps per rev. .

pictures accompanied by easy to follow text. Ideal for all
beginners — children and adults. Only basic tools are
needed. 64 full colour pages cover all aspects —~ soldering
— fault finding — components (identification & how they
work). Also full details of how to build 6 projects — burglar
alarm, radio, game, etc. Requires soldering — 4 pages
clearly show you how.

The components supplied in our pack allows all the projects
to be built and kept. The book is available separately.

FUN WITH ELECTRONICS Book £2.25
COMPONENT PACK {less book} £17.55

[ TOOTHED BELTS & PULLEYS |

Glass fibre reinforced belts with nylon coating.
Width %", Pitch 4". Available in a range of
lengths from 6"—26" £1.68-£2.60

Matching pulleys 8 tooth, 12, 25 + 40 £1.48,
£1.70, £2.80, £2.99

30 SOLDERLESS BREADBOARD PROJECTS

Abook of projects by R. A. Penfold covering a wide range of
interests. All projects are built on a Verobloc breadboard.

[EVERYDAY ELECTRONICS KIT PROJECTS N

Fef Price Ref Price Fgll layout drawings anq component'identification
815 EE TREASURE HUNTER Aug 89 Full Kit£39.95 578 g:ﬁc:&m IBO PORT less case Feb 87 gggi gl'fcgu';"c";eg‘:gl':r;h; m*;c;;‘r‘; Ejlﬁusttvzvr;flgr;"er;el:;:gatc:e
814 BATDETECTOR Jun 89 £19.98 569 ec 86 . !
812 ULTRASONIC PET SCARER May 89 £13.80 563 200MHz DIG. FREQUENSé giETER Nov86  £67.98 .S:IEZZ‘ZTE?QEZ‘ZJ.Tiﬁ‘;"J{’:.".?n"Q packallows all projects
807 MINIPSU Feb 89 £2271 561 LIGHT RIDER LAPEL BA Oct 86 £10.86 ] | A time. ]
806 CONTINUITY TESTER Feb 89 £10.28 560 LIGHT RIDER DISCO VERSION £20.89 Projects coveredinclude amplfflers, lightactuated switches,
803 REACTION TIMER Dec 88 £31.93 559 LIGHT RIDER 16 LED VERSION £14.52 tlmgrs, metronome, touch sv»llutch, sounfi activated switch,
801 DOWNBEAT METRONOME Dec 88 £18.71 556 INFRA-RED BEAM ALARM Sept 86 £30.19 moisture detector, M.W. Radio, Fuzz unit, etc.
800 SPECTRUM EPROM PROGRAMMER Dec 88  £28.72 544 TILT ALARM July 86 £8.33 30 SOLDERLESS BREADBOARD
796 SEASHELL SYNTHESISER Nov 88 £26.61 542 PERSONAL RADIO June 86 £12.28 PROJECTS Book 1 £2.95
795 [ R.OBJECT COUNTER Nov 88 £3156 528 PA AMPLIFIER May 86 £28.70 COMPONENT PACK £27.15
790 EPROM ERASER Oct 88 £2657 523 STEREO REVERB Apr 86 £28.16 VEROBLOC £7.49
786 UNIVERSAL NICAD CHARGER July 88 £7.44 513 BBC MIDI INTERFACE Mar 86 £29.76
780 CABLE & PIPELOCATOR April 88 £16.35 5'4:12 MG!SN(S: TLE[S)BE(?R&BEELS.E FIr;gER Mar 86 E::ggg ENJOYING ELECTRONICS
775 ENVELOPE SHAPER Mar 88 £15.96 497 MUSICAI an . L . ’
769 VARIABLE 25V-2A BENCH POWER SUPPLY Feb 83 493 DIGITAL CAPACITANCE METER Dec 85 £44.25 :n’g‘;;Tci‘f;’jgﬁg‘:::;g“:;f:c'l’:‘c’;f:i.ef;fa"’fef;"c':\’l‘:r‘l'ﬁg
£32. 550 151 RSECL R RO T PRl Es £ elements of electronics such as current, transistor switches,

763 AUDIO SIGNAL GENERATOR Dec 87 £1453 464 STEPPER MOTOR INTERFACE FOR THE BBC Hin-flons, oseillators, charee. pulses, etc. An excellant
739 ACCENTED BEAT METRONOME Nov 87 £22.31 COMPUTER less case Aug 85 £8.95 ; ¥|’| ops, A g€, lih R
740 ACCOUSTICPROBE Nov 87 {lessbolt&probe) £18.65 1D35 STEPPER MOTOR EXTRA £8.95 w ICI’W'“:’ 0 de;c c‘)" s g(‘yh° . h° ":“' series. Y
744 VIDEO CONTROLLER Oct 87 £31.03 OPTIONAL POWER SUPPLY PARTS £5.47 Il GEFHIETIiEE] Lok (e IIS 10p who has written many
745 TRANSTEST Oct 87 £10.33 461 CONTINUITY TESTER July 85 £6.60 ::;L‘;:;:eg'""efs articles in numerous electronics
734 AUTOMATIC PORCH LIGHT Oct 87 £18.29 455 ELECTRONIC DOORBELL June 85 £8.05 .
736 STATIC MONITOR Oct 87 £9.22 453 GRAPHIC EQUALISER June 85 £26.89 ENJOYING ELECTRONICS Book £3.60
723 ELECTRONIC MULTIMETER Sept 87 £50.01 444 INSULATION TESTER Apr 85 £20.85 COMPONENT PACK £14.31
728 PERSONAL STEREO AMP Sept 87 £15.24 430 SPECTRUM AMPLIFIER Jan 85 £7.36 VEROBLOP . ] §7.49
730 BURST-FIRE MAINS CONTROLLER Sept87  £14.45 392 BBC MICRO AUDIO STORAGE SCOPE INTERFACE Note - A simple multimeter is needed to fully fotlow this
724 SUPER SOUND ADAPTOR Aug 87 £40.89 Nov 84 £38.61 book. The M102 BZ is ideat. £13.98
718 3 BAND 1.6-300MHz RADIO Aug 87 £28.25 387 MAINS CABLE DETECTOR Oct 84 £5.89
719 BUCCANEER 1.B. METAL DETECTOR inc. coils and 386 DRILL SPEED CONTROLLER Oct 84 £9.24 A FIRST ELECTRONICS COURSE

case, less handle and hardware July 87 £28.17 362 VARICAP AM RADIO May 84 £14.00 A copiously illustrated book that explains the principles of
720 DIGITAL COUNTER/FREQ METER {10MHz) 337 BIOLOGICAL AMPLIFIER Jan 84 £25.71 electronics by relating them to everyday abjects. At the end

inc. case July 87 £7143 263 BUZZ OFF Mar 83 £6.05 of each chapter a set of questions and word puzzles allow
722 FERMOSTAT July 87 £1293 242 INTERCOM no case July 82 £6.06 progress to be checked in an entertaining way. An S-DEC
715 MINI DISCO LIGHT Jun 87 £1341 240 EGG TIMER June 82 £7.31 breadboard s used for this series - soldering is not required.
707 EQUALIZER {IONISER) May 87 £16.54 205 SUSTAIN UNIT Oct 81 £18.78 AFIRST ELECTRONIC COURSE BOOK €375
700 ACTIVE /R BURGULAR ALARM Mar 87 £37.97 108 IN SITU TRANSISTOR TESTER June 78 £10.03 PACK £22‘35
581 VIDEO GUARD Feb 87 £8.94 106 WEIRD SOUND EFFECTS GEN Mar 78 £8.33 ’
584 SPECTRUM SPEECH SYNTH. (no case) Feb87 £22.28 101 ELECTRONIC DICE Mar 77 £6.67
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Areliable electronic tester which checks
insulation resistance of wiring appliances etc., at
500 volts. The unit is battery powered simple and
safe to operate. Leakage resistance of up to 100
Megohms can be read easily. One of our own

designs and extremely popular. @

KIT REF 444
W
LA AN O

\/

INSULATION
TESTER

EE APRIL 85

|

A

A AR TS
spanD N

SHORT WAVE RADIO

EE AUG 87

Covers 1.6-30 MHz in 3 bands using modern
miniature coils. Audio output is via a built-in
loudspeaker. Advanced design gives excellent
stability, sensitivity and selectivity. Simple to

build.

KIT REF 718

MINI STROBE

EE MAY ‘86

A hand held stroboscope which uses 6 “ultra
bright” LEDs as the light source. Designed to
demonstrate the principles of stroboscope
examination, the unit is afso suitable for
measuring the speed of moving shafts etc.

The flash rate control covers 170~20,000 RPM in

two ranges.

KIT REF 529

EE L
EQUALISER

EE MAY ‘87

A mains powered loniser with an output of
negative ions that give a refreshing feeling to the
surrounding atmosphere. Negligible current
consumption and all-insulated construction
ensure that the unit is safe and economical in

use. Easy to build on a simple PCB.

KIT REF 707

' LIGHT RIDERS

EE OCT '86

Three projects under one title - all simulations of
the Knight Rider lights from the TV series. The
three are a lapel badge using six LEDs, a larger
LED unit with 16 LEDs and a mains version
capable of driving six main lamps totalling over
500 watts.

KIT REF 559 CHASER LIGHT £14.52
KIT REF 560 DISCO LIGHTS £20.89
KIT REF 561 LAPEL BADGE £10.86
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PET
SCARER

EE MAY 89

Produces high power ultrasound pulses. L.E.D.
flashes to indicate power output and level.
Battery powered (9V-12V or via Mains Adaptor).

KIT REF 812 @

Mains Adaptor £1.98

DIGITAL FREQUENCY
200 MHz METER

EE NOV 86

An 8 digit meter reading from AF up to 200 MHz
in two ranges. Large 0.5" Red LED display. |deal
for AF and RF measurements. Amateur and C.B.

frequencies.
£62.98

KIT REF 563
"

N

- ACOUSTIC :

PROBE

EE NOV ‘87 ' i
A very popular project C"
which picks up vibrations by

means of a contact probe e =

and passes them onto apair
of headphones or an : - =
amplifier. Sounds from engines, watches and
speech travelling through walls can be amplified

and heard clearly. Useful for mechanics,

instrument engineers and nosey parkers!

KIT REF 740

MUSICAL DOORBELL

EE JAN ‘86

This project uses a special |.C. pre-programmed
with 25 tunes and 3 chimes. A Magenta design,
the circuit is battery powered and only draws
current whilst producing sounds. Two rotary
switches select the tune required. Provision is
made for three bell pushes, each of which
sounds a different tune, so that three points of

entry can be identified.
KIT REF 497 @
EE TREASURE ¥
HUNTER '

EE AUG '89
A sensitive pulse induction

»
Metal Detector. Picks up 2%
coinsandrings etc., upto AN 77 ApfeF
20cms deep. Low “ground €225/ G
effect”. Can be used with ~ ot /o
search-head underwater. AT

Easy to use and build, kit
includes search-head, handle, case, PCB and all

parts as shown.
KIT REF 815 £39.95
Headphones £1 99

DIGITAL @
CAPACITANCE Vimem

METER

EE DEC 85

Simple and accurate (1%) measurement of
capacitors from a few pF up to 1,000 uF. Clear
5-digit LED display indicates exact value. Three
ranges — pF, nF, and uF. Just connect the
capacitor, press the button and read the value.

KIT REF 493 @

"/'/ -,

MOSFET 3\

VARIABLE
BENCH 25V 2.5A 18 =
POWER SUPPLY

EE FEB 88

A superb design giving 0.25V and 0-2.5A. Twin
panel meters indicate Voltage and Current.
Voltage is variable from zero to 25V. A Toroidal
transformer MOSFET power output device, and
Quad op-amp IC design give excellent
performance.

KIT REF 769

MAINS TESTER &
FUSE FINDER

EE MARCH 86

. A handy unit which sounds an audible warning

when the mains supply is disconnected and
gives visual indication on three neon lamps of
the connections to mains sockets. Designed for
checking correct connections of mains wiring
and for tracing which socket connects to which
fuse in fusebox. Can detect no live, no neutral, no

earth, L'N reversal, L E reversal. @

KIT REF 512

EPROM &
ERASER

EE OCT ‘88

Safe low-cost unit capable of erasing up to four
EPROM'’s simultaneously in less than twenty
minutes. Operates from a 12V supply. Safety
interlock. Convenient and simple to build and

use.
KIT REF 790 @

STEPPING MOTOR
INTERFACE

EE AUG '85

Thisinterface enables 4 phase unipolar stepping
motors to be driven from four output lines of any
computer user port. The circuit is especially
suitable for the ID35 motor and our MD200 which
are commonly used in buggies and robot arms.
Supplied complete with ribbon cable and

connector for the BBC user port.

KIT REF 464

N
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PE CHRISTMAS

CROSSWO
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Tony Smith's :
techno-
seasonal
lexicographic
maze to keep
you from going
crackers and
away from
festive over-
feasting.
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Answers next month
(but no prizes!)
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CLUES ACROSS

1) Unit of charge (7).

4) I trace fiction, mix up and become an ac to dc conversion process. (13).

9) Strength of an electric field. (9).

10) Pin 6 of LM325, or your eye, perhaps. (5,5):

12) Detection system providing three-dimensional positional
information (10,5)

14) ICT troops change to describe substance with same properties in all
directions (9).

15) Most likely cause of a flat battery! (4,3)

17) Sum up the fries? Yes, and a tally of IC packages. (4,5).

18) Voltage induced in current carrier by magnetic field, or passage-
way potential? (4,3).

19) Electrostatic Voltmeter. (1,1,1).

21) Prejudiced way of establishing potentials? (6)

22) Silicon-controlled rectifiers (6).

25) Fixed data storage device. (3)

27) Inverter. (3,4).

31) Next I risc, confused external properties. (9)

33) Napolean Bonaparte was his student. A transformed French
mathematician? (7)

34) Early form of digital communication. (5,4)

35) Constituent parts of popular, polarised capacitor. (4,3,8)

36) Permission to enter, the reciprocal of 7 down. (10).

37) Waved a baton and passed the current. (9)

38) Check to determine parameter drift. (4,2,3,4).

39) Stay indoors to have knowledge of company finance. (7)

34

DOWN

1) Beknighted entrepreneur, and PE contributor! (5,8)

2) Above audio frequency. (10)

3) Antenna effective in all positions. (15)

4) Beam (3)

5) Latent voltage source, or room for lazy prisoners? (5,4)

6) Organisation where all professional engineers should be locked
away? (9)

7) Reciprocal of 36 across, opposes ac. (9)

8) Resonance is normal. (7)

11) Flat, even effect of a reservoir capacitor. (6)

12) Gases. (7)

13) Found, as by 12 across, perhaps? (7)

16) Root-mean-square amounts. (9,6).

20) Device for storing melodies? (5,8).

22) Heat induced. (7).

23) Where the bits and bytes go. (2,2,3).

24) Membership class of 6 down. (10)

26) I'm small pi - a little current. (9)

28) Reeled information. (5,4).

29) Landslide breakdown? (9)

30) Electrical happenings. (6)

32) RF trace - in a way, bends the light. (7).

37) Computer aided engineering. (1,1,1).
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n up. How many times have you
ot chained up your pushbike while
ou went into the shop for a few

moments? Yet a few moments is all a thief
would need to cycle off with your mode of
transport. Yes, I know. It's such a hassle to
chain it up every time ... but how about
another deterrent? An alarm! Once it sounds,
believe me, all eyes turn towards where the
noise comes from, (as I can testify when I
forget to-disarm it, and attempt to "steal” my
own bike!) Any would-be thief would be
‘clockéd' by several passers-by. What's more,
the unit also doubles as a handy hooter; it's
far louder than any ding-a-ling bell.

SOUNDING CIRCUIT

Electronically speaking, initially, it's just
one component that does the work — the
handy ol' thyristor. This is helped along by
another couple of components, plus some
interestingly wired jack sockets. First of all,
there's the "arm/disarm” jack. When the jack

SECURITY PROJECT

%

Tilt! Ding ding
ding! Another
bike thief
thwarted.

in time. Again, the multi-option jack at the
bottom of the case serves as the charging
point. Thus, you simply unclip sensor wire,
take unit off bike, and take it indoors for a
recharge!

HOW IT WORKS

The sensor plugs into a multi function
jack in the base of the unit. The sensor — a
reed switch and magnet — acts as a normally
open switch. When they close, the alarm
sounds. Ahh, but here comes a clever thief.
Surely, if he pulls out the sensor jack, the
unit won't be able to sound. But how wrong
he is! As soon as he removes the sensor jack,
the alarm goes off! Even if he cuts the wire,
chances are he'll short the two wires
together, and ...

You never get owt for nowt in this life,
and a large current drain is the consequence
of 3 loud alarm. Rather than keep changing
batteries, I decided to use nicad batteries.

Taking the hooter option first. Power
travels to the jack plug, out via the tip,
around the internal link wire, and back into
the unit via thé sleeve contact. From here, it
travels to the normally open push switch.
When this is closed, power flows to the
sounder, and back to the neg of the battery.
Simple!

When the alarm option is chosen, ie the
jack is removed, power is diverted via the
jack's break contact to the anode of the
thyristor. Power is also sent to the sensor via
the other 3.5mm jack. Once the reed closes,
current travels back, via the 1k resistor to the
gate. The thyristor therefore turns on, and

BIKE ALARM

plug is in place, the alarm is off, but pressing
the push button on top of the unit makes the
sounder sing, ie it operates as a hooter. To
arm the unit, you simply remove the jack.
Now, when the wheel rotates, (because that's
where the sensor is situated), the alarm will
sound. And the only way to regain peace is
to insert the jack plug to disarm it.

BY CHRIS BROWN

This also meant the unit could be assembled,
and the case lid need never be removed
again, which helps since constantly screwing
and unscrewing self tapping screws into a
plastic case invariably wears the thread out

current travels through the sounder. The
diode protects the thyristor from any back
emf generated.

The sensor jack supplies a positive current
out to the sensor via the tip of the jack,
which comes back again via the ring of the
jack, and so to the resistor. The positive is
also connected to the normally open break

JACK SKT 1
® :" ______ T WIRE LINK INSIDE JACK PLUG
[
’ T AV L COE- ey
i J 3
_____ T | |
‘ | oo | PUSH BUTTON
B (©) Bl ®
| I @
i ®
T i< © ®
NLOO1
° l © @
e ’
) ®
CERLI® LY +
€ 106D RY
SOUNDER [
R2
@ R2 L, CASE
r ®
R1 TR -
=
—A\AN o TP :
i |
Sy A§
| RING I
Lee oo — -
JACK SKT2  [sLeeve

POSITIVE BATTERY TO JACK SOCKET 1
JACK SOCKET 1 TO JACK SOCKET 2

JACK SOCKET 1 TO THY. ANODE (q)

JACK SOCKET 1 TO PUSH BUTTON

THY. (k) CATHODE TO SOUNDER

THY. (k) CATHODE TO PUSH BUTTON

THY. (g)GATE TO R1/R2 JOIN

JACK SOCKET 2 TO SOUNDER NEGATIVE
SOUNDER NEGATIVE TO BATTERY NEGATIVE
DIODE .CONNECT FROM a & k ACROSS THY.

1k
10k
USED :PB1 (MAPLIN) LFO1B(White) LF14Q(Black)

ALL METAL \/

CONSTRUCTION ~

SOUNDER TYPE

Fig 1. Circuit diagram for the
bike alarm.
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contact. When the jack is removed, the
contact closes, and supplies current to the
2old side of the resistor. When the. charging
plug is inserted, this connects to the positive
line via the tip, and the negative via the
sleeve connection.

CONSTRUCTION

Place the sounder in the box, sounding
side facing you. Push it up against the screw
holding pillar, and measure from the
outside of the case to middle of sounder.
Place the sounder aside, and turn the case
upside-down. Measure down from top of
case, mark position and drill a 3mm hole.
Open out using a 15mm wood drill or
similar. With any luck, when you place the
sounder behind this hole, it will line up
centrally with its top edge resting against the
screw pillar.

On the top face drill a 3mm hole, and on
the left side another 3mm hole. Using a file,
or the blade of a scissor to shear off plastic,
open out these holes to accept the 3.5mm
socket and the push button.

At the bottom end of case, insert battery
holder, and press against the right side.
There's a space to the left. Roughly midway
across this area, mark and drill another 3mm
hole. Open this out to accept the other
3.5mm jack socket. Finally, drill a hole in

SECURITY PROJECT &F'

the lid to accept the device to attach unit to
bike. A 22mm plastic pipe clip was used in
the prototype.

Returning to the sounder hole, cut a
20mm piece of mesh, the type used to
reinforce car body repairs. Glue this over
hole. Next, mix some Araldite, and blob on
the front of the sounder, avoiding central
sounding mechanism. Place the unit in
position, and press down. Leave this to set,
usually in about 24hrs. The mesh helps to
reduce the amount of rain which hits the
sounder, but is only suitable for a light
drizzle. When it really pours, it's best to
temporarily tape over the sounder to avoid it
going rusty. It will probably still work when
rusty, but why risk ruining the unit?

INTERWIRING

Once the hardware is out the way, it's
simply a matter of interwiring the various
components  following the diagrams.
Remember to solder the resistors across the
lower 3.5mm jack, and the diode across the
thyristor.

The sensor is simply a magnet mounted
on the front wheel fork, (using Araldite
again), and the reed fixed to the front spoke.
How you mount the reed will be up to you. I
mounted mine inside a ball point pen's
plastic shell, then mounted this to a 3/8 inch
pipe clip. The latter allows the reed to be

moved closer to, or further away from the
magnet in a horizontal plane. If you don't
want to mess about with such a sensor, the
new vibration switch from Maplin might be
a better option. This switch stays open
circuit in whatever position it comes to rest,
but should it be moved, it closes, and
operates the alarm. This sensor could be
mounted inside the unit, making it self
contained. The lower jack could then be
replaced with a standard jack since it will
only be required to provide a charging point.

DISARMING

The arm/disarm jack also needs a little bit
of configuring, but is simply the two
contacts wired together internally. On my
own version, I made sure the contacts stayed
conducting by packing the inside of the
body with tin foil. For neat appearance, the
cut down body was then filled with plastic
filler, although Araldite will again serve just
as well.

AIR CALL

Has anyone an idea to help a forgetful
editor who has his pump pinched through
failing to remove it?! Ed.

THE PrROS SIONAL SOFTW ARE DEVELOPERS' IOU

PORTABLE WINDOWING
LIBRARY REVIEWED

PROGRAMMING
ELEGENCE

LINN'S REKURSIV
ARCHITECTURE
EXAMINED

DESIGN FOR
A PARALLEL
LANGUAGE

PROGRAMMING THE HERCULES
GRAPHICS ADAPTORS

DECEMBER 1989 51.50

PROGRAM

THE PROFESSIONAL SOFTWARE DEVELOPERs* JOuRNAL NOW

In the December issue:

v XVT. Painless Portability ¥ Rekursiv — the
efficient processing of object-oriented
programs sy Pascal Compiler — how to write

one ¢ Designing a Parallel Language
Hercules Graphics Adapter.

Plus all the regular features ...

Available now from all good
newsagents - Price £1.50

I PuDlished by Intra Press - Publishers of Practicai Electronics
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SURVEILLANCE
PROFESSIONAL QUALITY KITS

A range of high quality kits as supplied to leading UK security companies, alt in-house
designed and’ produced, not to be confused with cheap imports. All kits come fully
documented with concise assembly and setting-up details, fibreglass PCB and all
components. All transmitters are fully tuneable and can be manitored on a normal VHF
radip or tuned higher for greater security. Build up service available if required.

MTX Micro Miniature audio transmitter.
17mm x 17mm. 9V operation. t000m range.
V1500 Hi-power audio transmitter.
250mW output. 20mm x 40mm. 9-12V operation. 2-3000m range ..

VOX75 Voice activated transmitter.

Variable sensltivity. 30mm x 40mm. SV operation, 1000m range ..........

CTX900 Sub-carrier scrambled audio transmitter. Cannot be monitored

without decoder fitted to radio. 30mm x 40mm. 9V operation. 1000m range...

DSX900 Sub-carrier decoder unit for monitoring CTX900. Connects to radio

earphone socket. Provides output for headphones.35mm x 50mm. $-12V operation ......£21.95
HVYX400 Mains powered audio transmitter.

Connécts directly to 240V AC supply. 30mm x 35mm. 500m range . 8195
XT89 Crystal controlled audio transmitter.

High performance. 100mW output. Supplied with xtal for 108MHz. Others

available to 116MHz. 85mm x 28mm. 9V operation. 2-3000m range.............................£36.95
TKX900 Tracker/Bleeper transmitter.

Transmits continuous stream of audio puises. Variable tone and rate.

Powertul 200mW output. 83mm x 25mm. 9V operation. 2-3000m range. ...................... £21.95
ATR2 Micro size telephone recording Interface. Connects between telephone

line (anywhere) and cassette recorder. Tape switches automatically with

use of phone. All conversations recorded.Powered from line. 10mm x 35mm £12.95
TLX700 Micro Miniature telephone transmitter. Connects to line (anywhere)

switches on and off with phone use. Al conversations transmitted.

20mm x 20mm. Powered from line. 1000m range £12.95
XML900 RF bug detector. Variable sensitivity. Tnggers LED and bleeper when

in présence of RF field. Detects MTX 15-20 feet. 55mm x 55mm. 9V operation

XL7000 Professional bug d /t or. Variable sensitivy. Twin mode ten segment LED
readout of signal strength wnh variable rate bleeper Second mode AUDIO CONFIRM
distinguishes b I d bug tr n and normal Ieglllmate signal such as
pagers cellular etc. 70mm x 100mm. 3V £54.95

UK customers please send cheques, PO's or registered cash. Please add £1.50 per order
for P&P. Goods despaiched ASAP allowing for cheque clearance. Overseas: customers
send sterling bank draft or Eurocheque and add £5.00 per order for shipment. Credit card
orders accepted on 0827 714476. Full catalogue available on receipt of 28p stamp. Trade
enquiries welcome.

THE WORKSHOPS
SUMB 55 141 ROAD, BAXTERLEY = =

EEEENS e atherstone. WARKS CV9 2LE [‘E

10827 714476

NATIONAL COMPONENT CUUB
SPECIAL OFFERS  SPECIAL OFFERS
SCANNER KIT(T)

A complete, six channel LED chaser kit for less than a fiver!
The kit comes complete with all components, including PCB
and instructions simple enough for even a complete novice.

Works from 6-15vdc. @Wﬂy Q@
MAINS POWER SUPPLY FOR ABOVE £1

* SPECIAL OFFER PACKS *
ASSORTED CAPACITORS

1Y

NN

ASSORTED TRANSISTORS

ELECTROLYTIC CAPACITORS

LED's (5mm red or green)

555 TIMER IC's

741 OP-AMPS

FREE MYSTERY PACK WITH
ALL ORDERS OVER £6

Please add £1 P&P, but do not add VAT.

P.O or cheque to: NATIONALCOMPONENT CLUB, DEPT PE,
BAILEY HILL, CASTLE CARY,
SOMERSET BA7 7AD

We now accept Access - phone (0963) 51171
% FREE CLUB MEMBERSHIP %

Just phone above number or write for details
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RECOR

MICROPHONE

AUDIO AMP
HIGH QUALITY PCB

This simple to construct and even simpler to operate kit will record and playback
short messages or tunes. It has many uses - seatbelt or lights reminder in the
car, welcome messages to visitors at home or at work, warning messages in
factories ana public places, in fact anywhere where a spoken message is
announced and which needs to be changed from time to time. Also suitable for
toys — why not convert your daughter's £8 doll to an £80 talking doil!!

G176 Ry e P F———r———. 78x60x15mm
Message time ............ -....... 1 =5 secs normal speed, 2 - 10 secs slow speed

///////////////////A!".-’/é

N

////////////////////////////////////

DISCO LIGHTING KITS VERSATILE REMOTE

CONTROL KIT

\\\\\\\\\

2

DLBOOOK 8-way sequencer kit with built-
in opto-isolated sound to hght input. Only
requires a box and controt knod to com-
piete .£34.60
DL1000K 4-way cnaser features bi-

directional sequence and dimming TkW
per channel. . .. £21.00
DLZ1000K Uni-directional version of the
above. Zero switching to reduce in-
terterence £11.80
DLA/t {for DL & DLZ 1000K) Optional op-
to input allowing audio ‘beat'/light
response 80,

DL3000K 3-channel sound to light kit.
zero voltage switching. automatic level
control and built-in mic. 1kW per
channel £17.00

POWER STROBE KIT

Produces an intense

light pulse at a \o\ 4 /

variable frequency of

110 1€Hz. Includes =
nigh quaiity PcB. > U110

NN

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

Includes all components {+trans-
lormer) for a sensitive IR receiver with 16
logic outputs (0-15V) which with
suitable interlace circuitry ({refays.
triacs, etc — details supplied) can switch
up to 16 items of equipment on or off
remotely. Outputs may be latched to the
last recewved code or momentary (on dur-
ing transmission) by specifying the

decoder IC and a 15V stabilised supply i$
available to power external circuits. Sup-
ply: 240V AC or 15-24V DC at 1OmA
Size (exc. transformer) 9x4x2 cms
Companion transmitter is the MK18
which operates Irom a 9V PP3 baitery
and gives a range of up to 60ft. Two
keyboards are available - MK9 [4-way)
and MK10 (16-way).

MK12 IR Receiver

components, connec- (inc transformer) £17.00
tors. SWs strobe tube and assembly in- MK18 Transmitter £7.80
structions. Supply: 240V ac. Size MK9 4-way Keyboard £2.40
80 % 50x45. MK10 16-way Keyboard. £7.00
XK124 STROBOSCOPE KIT. .. £15.00 601133 Box for Transmitter £2.60

N

//////////////////////////////; /S 979999%4

ELECTRONIC LOCK KIT

Don't lock yourself out! This high security tock kit will secure doors
to sheds, garages or your front door and the buiit-in alarm wifl deter
would be prowlers. Scores of uses including area access preventing

unauthorised use of machinery or even disabling your
car. One correct 4 digft
code (out of 5000) will
LOCK CHIP open the lock. Incorrect
OUTPUT DRIVER entries sound the alarm

KEYBOARD

and disable the keyboard

> e
e PIEZD for up to 3 mins. Kit
. i’ ¢, BUZZER includes 12 way keypad,
. and operates from 9 to
XK121 15V (50uA) supply. Wil

drive relay or 701 150

£1 5 . 95 lock mechanism.
A e

ELECTRONICS

13 BOSTON RD. LONDON W7 3SJ

TEL: 01-567 8910. —
=

FAX: 01-566 1916
ORDERING INFORMATION:
Ail prices exclude VAT. Free P & P on orders over £50 (UK only),
otherwise add £1 + VAT. Overseas P & P: Europe £3.50. Elsewhere £10.
Send cheque/PO/Visa/Access No. with order. Giro No. 529314002
LOCAL AUTHORITY AND EXPORT ORDERS WELCOME
GOODS BY RETURN SUBJECT TO AVAILABILITY
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DISAPPOINTMENT

Dear Sir

'[ was quite disappointed with part
two of the ‘Home Security
Controller’ of Oct 89 as I had
expected some intelligent explanation
of programming a microprocessor
and on writing the software. Instead
we were given advice to purchase an
expensive manual. The table on page
52 is a mystery to me, so is the
expression ‘hex dump’.

May I also add that, although I am
a professional electronic engineer I,
like many other of my generation,
never had any training in computers
and software. My main reason for
obtaining PE is a hope of finding
articles dealing with this subject, and
giving me some interesting and useful
applications.

E. du Puget, Oadby, Leics.

You have, of cowrse, highlighred a
problem that faces any broad-based
magazine, that of satisfying the
varying abilities of a diverse
readership.

We try ro provide a fair mix of
projects of varying degrees of
sophistication, some suiting early
heginners, some for those with
average experience, plus some which
are best suited to readers who would
classify themselves as advanced. The
project you mention is one of those
for the many readers who are

TRACK
FEEDBACK

experienced in computer-rype
projects, and who know how o
prograni an eprom device.

With a more sophisticated project
ir is not righr thar we should cover all

the very elementary information, such |

as eprom programniing and the
nature of hex codes, that is from time
to time covered as general
instructional articles - we would be
guilty of extreme repetition. Readers
must decide for themselves whether
they are sufficiently experienced 1o
rackle a particular project. If they do
not have the experience, they have
several choices: not 1o artempt the
project; to do further research and
experimentation; to be patient and
wait for a more explicit nutorial
article on the techniques required.

If you need more basic
information on computers, read
Owen Bishop’s recent series of
articles on Digital Electronics. We
have also a couple of projects in the
pipeline which are for eprom
programmiers and may be of interest
to you. Photocopies of the PE

Microfile article referred in the Home
Security project are available ar £1.00

- (overseas 1.50) including posr. Ed

RABBIT FEEDER

Dear Ed

For my GCSE in Technology I
have to design and make a project and
[ want to make a rabbit feeder. I need
a basic circuit with a timing device to
tip a container of food into the rabbit
hutch. Can you give me any ideas or a
circuit?

Stuart Sands, Chesterfield,
Derbyshire.

1 regrer that I don’t have a circuit
1o offer you, but you might find food
for thought from some recent PE
articles. In Ask PE of Nov and Dec

" 89 two timing circuits were described

which might be useful. The ourpur
could be used to drive a relay, as for
example in the circuit shown in the

Teacher Locker of Oct 87. The relay
could perhaps swirch on a motor
which would rotate the food hopper
(at slow speed - you don’t want to
shoor the rabbir with ricochetting
food pellets!)

Frequently I am asked to offer
advice and even design circuits for
those doing GCSE. It pains me to
have to turn down the requests for in-
depth help, but I honestly do nor have
enough hours in the day to oblige
such pleadings. In any case, as I have
said before, you will be partly judged
in your exam on the thinking you
have put into your project. In the long
run you will be betrer off by not
asking someone else to do your
design for you. You will gain far more
by trying our your own ideas. Even if
they don’r work, you will hopefully
gain knowledge from reasoning our
why they didn’t work. One way you
can benefit from reading PE, apart
from reading the tutorial fearures, is
to study rhe circuits of the simpler
projects and see if they give you any
ideas or hints, such as rhose I given
above for keeping the poor rabbir
from starvation! Ed

If you have any
comments, criticisms or
suggestions,
write and let us know.
We are interested in
what you think and say.

...INONE GREAT KIT!

past.

page manual.

CSCorE

The K5000 Metal Detector Kit combines the
challenge of DIY Electronics assembly with the
reward and excitement of discovering Britain’s buried

THE KIT — simplified assembly techniques require littie
technical knowledge-and no complex electronic test
equipment. All stages of assembly covered in a detailed 36

THE DETECTOR — features Analytical Discrimination
& Ground Exclusion, backed by the proven. pedigree of
C-Scope, Europe’s leading detector manufacturer.

Ask at your local Hobby/Electronics shop or contact:—

C-Scope International Ltd., Dept. PE

Wotton Road, Ashford, Kent TN23 2LN.
Telephone: 0233 629181.

Packaged Short
Courses

The National College of Technology (NCT Ltd) offers a range of
packaged short courses in analogue electronics, digital
electronics and fibres & optoelectronics for study at home or at
work. The advantages are that you may,

- comumernce at any time

- work at your own pace

- have a tutor (optional)
and there is no travelling involved. BTEC certificates are
available subject to the conditions of the award. These highly
popular packed courses contain workbooks, a cassette tape,
circuit board and components necessary to provide both
theoretical and practical training.

Whether you are a newcomer to electronics or have some
experience and simply need updating, there is probably a
packaged short course ready for you. Write or telephone for
details, quoting Practical Electronics, to:

NCT Ltd, Bicester Hall
5 London Road, Bicester
Oxon OX6 7BU
or telephone (0296) 613067 Ext. 202
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CW TRANSMITTERS

n Morse transmission the carrier is

switched on and off at a low power stage

and one method of achieving this is by
controlling the bias of a low power stage.
The power supply of the final power amplifier
or driver amplifier could also be switched on
and off but this means switching high power.

The oscillator is not generally switched off
and on since this causes chirp which are small
variations in frequency. Keying affects the
rise time of the carrier and a 10ms rise time
should be aimed for.

A much slower time produces a soft sound
which the ear finds difficult to copy and a fast
rise time produces clicks which interfere with
communication on the adjacent channels. If
the stages after the keying stage are saturated,
the carrier will be clipped and clicks will also
be heard.

AM TRANSMITTERS

Double sideband transmission can be
achieved by several different methods:

i) controlling the gate bias voltage of a
Class C fet in the final rf power
amplifier.

- COMMUNICATIONS FEATURE :

AF AF
PREAMP DRIVER

RF RF

RF
PREAMP DRIVER FINAL

AMP

Fig 22. (left) AM by gate
bias control.

Fig 23. (below) AM by
transformer coupling.
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ii) varying the final rf power amplifier's
supply by means of transformer
coupling.

iii) variation of the final rf amplifier by

series control.

low level modulation as discussed
previously under cw.

iv)

Fig. 22 illustrates am modulation by gate
bias control. Varying the bias on the gate
causes the amplitude of the output voltage to
vary. The method is crude and produces a
distortion of 5% to 10% but the circuitry is

simple and therefore wused in cheap
transmitters. The distortion can be reduced
by envelope feedback.

If a vmos fet is used the gate bias
modulation is analagous to control grid
modulation in a vacuum tube.

Fig. 23 illustrates am by means of
transformer coupling.

FM TRANSMITTERS

The phase locked loop modulation (Fig.
24) can be employed as a modulator or
demodulator giving linear deviations up to *
180 degrees.

Frequency modulation can be achieved
directly by varying the oscillator frequency
with the audio or indirectly by phase
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Part Six
by Mike Saunders

In this last part we
look at RF and IF
stage design, filters
and detectors.

modulating the rf carrier by the integrated
audio signal.

Direct fm can be obtained by pulling the
frequency of a crystal oscillator by means of a
voltage variable capacitor (vvc). The vvc is
commonly known as a varactor diode, varicap
or epicap. These are popular in mobile or
portable transmitters.

The varactor operates on reverse bias with
a capacitance given approximately by:

c=_Cl
-Vp)
Where Vp € - 1, and C; is the capa-

citance with Vp=-1V

The parameters of the diode junction are
engineered to provide the required
relationship between the capacitance and
voltage.

Typical diodes have N approximately 1/2

and Q of 100 to 500 with a capacitance
variation of 3:1. Diodes with abrupt junctions
have a Q of about 200 and 10:1 capacitance
variation. Typical values of C1 are 100pf to
500pf and for VD , -2V to -10V. Varactors
with linear frequency to voltage relationship
also exist.

Indirect frequency modulation can be
produced by integrating the audio and then
comparing with a sawtooth. This is more
complex than other fm methods but the
quality is good. and is used in broadcast
transmitters.

The method is similar to that used in pulse
width modulation. An oscillator of double the
frequency of the output required drives a
sawtooth generator, Fig. 25. The integrated
audio is applied to the + input of the
comparator and the sawtooth to the - input.

Fig 24. PLL
modulator.
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For simplicity the positive and negative peaks
of the sawtooth are assumed to be equal.

This results in a high output when the
audio is greater than the sawtooth voltage.
The output of thc comparator is applied to a
multivibrator which switches at each falling
edge and the output of the multivibrator is a

rectangular  pulse  whose phase is
proportionate to the instantaneous value of the
audio voltage.

Such modulators are available in ic form
for operation up to a few MHz. The linearity
of the sawtooth determines the linearity of the
modulator. The maximum deviation of 180
degrees is not usually achieved because of
switching delays and fall time.

Frequency modulated feedback (fmfb) and
automatic frequency contiol (afc) can be used
to improve the linearity and stability of
frequency modulators. The methods are
similar to feedback in good quality audio
amplifiers and available as ics.

The circuits detect the frequency of the
oscillator or modulator output, compare it to
the audio input or detector output reference
and generate a correction voltage. Fmfb acts
at the audio frequency rate while afc acts at a
lower rate.

SSB TRANSMITTERS

Single sideband transmitters are used in
aircraft, marine, military and amateur
communication. Here the communication
spectrum could occupy slots over several
octaves whereas that for cw, am and fm is
confined to discrete bands.

The modulating signal is usually speech
and therefore speech compression is usually
employed. Transmitters and receivers may be

classed as direct conversion, multiple
conversion or broadband. In multiple
conversion, several stages of frequency

translation are employed.

DIRECT CONVERSION

Direct conversion is used in low cost
transmitters when a single band of
frequencies needs to be transmitted. Fig. 26
shows one possible configuration.

Fig 25. (right) FM
modulator using a
comparator.

Fig 26 (below). Direct
conversion.

v, COMPARATOR

SAWTOOTH
GENERATOR
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DISCRETE BAND

MULTIPLE CONVERSION

HF communication in the range 1.6MHz to
30MHz using ‘the ionosphere is subject to
rapid fading depending on the frequency used,
condition of ionosphere, time of day, latitude,
season of year, etc. Therefore several bands
within the spectrum are allocated. In order to
switch bands the stages need to be ganged
together, (Fig. 27) so that they may be
switched simultaneously.

Discrete band frequency translation started
during the vacuum tube era. At 3.5MHz and
during daytime one would expect a range of
300km, and [000km to 2000km at 14MHz on
the first hop.

In Fig. 27, the variable frequency oscillator
SMHz to 5.5MHz translates the 3MHz ssb
input into the 8MHz to 8.5MHz band. A
crystal oscillator then translates this band into

a discrete 0.5MHz band depending on the
crystal and bandpass filter selected. Fig. 27
shows some possibilities but the harmonics
require careful investigation. For instance the
third harmonic of the vfo is in the range
15MHz to 16.5MHz.

When mixed with the crystal oscillator
output of 12MHz, the output is in the 3MHz
to 4.5MHz band. Therefore if the third
harmonic of the vfo reaches the second mixer
when operating in the 3.5MHz to 4.0MHz
range, spurious signals will be heard.

BROADBAND

CONVERSION

Newer transmitters and receivers use
broadband conversion since it is beneficial to
standardise a design. Also  military
applications require transmitters to operate
anywhere in the hf band.

MODULATOR

Lew

VFD

SSB
MODULATOR

OMHz

SYNTHESISER
73-6-102MHz L

BAND SELECT

DUTPUT

-

~ .' ——
o] 1 6-30MHz
=

—

—~
-~
Y
e 4——0
0 | ouTPUT
b 0l
— |
|
_______ o

Fig 27. (Above) Discrete and
multiple conversion

Fig 28. (Left) Broadband
conversion.
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GAIN CONTROLLED
STAGE

Fig 29. AGC circuit.
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Fig. 28 shows a block diagram for
broadband conversion. The ssb at 10MHz is
mixed with 62MHz from an oscillator to
produce a 72MHz intermediate frequency
(IF). A frequency synthesiser with a range of
73.6MHz to 102MHz then translates the
72MHz so that it lies within the broadband
output 1.6MHz to 30MHz, of the transmitter.

The advantages of the broadband method
over the discrete method is that sideband
inversion is not encountered with changing
frequency since the IF is above the output
frequency. Also the image rejection is good.
For instance the unwanted product of the IF
and frequency synthesiser is above 145MHz
(72 + 73.6) and therefore above the
transmitter output range.

Having a high centre frequency (88MHz)
for the frequency synthesiser simplifies its
design since the changes (+ 14.2MHz) for
tuning over its range is only 16%.

AMPLIFIER CHAINS

A typical mixer output is ImW and this is
boosted to the required output level by a chain
of linear amplifiers. These amplifiers may be
Class A RF amplifiers of 100mW output or
class B of 1W and higher.

AUTOMATIC GAIN

CONTROL

Automatic gain control (agc) is used in
both transmitters and receivers. It guards
against over drive as well as against under
drive. For instance speech through a
microphone is of variable strength and a
whisper would drive the stages too weakly.
On the other hand, driving the final amplifiers
of a transmitter too hard causes distortion.

Agc circuitry in transmitters and receivers
are of similar configuration. In Fig. 29, the rf
output is fed to an envelope detector and the
overall gain depends on the peak signal rather
than the average signal. This is possible
because the envelop detector has a fast attack
(less than 10ms) and slow decay (0.1s to Is).

The feedback for controlling gain is
applied to a low power stage. That stage may
be a dual gate fet, pin diode or dedicated ic.
The current though a positive-intrinsic-
negative (pin) diode determines the
conductivity and the stored charge.

PRACTICAL ELECTRONICS JANUARY 1990

A pin diode acts like any pn junction diode
at low frequencies but at high frequencies,
only the dc controls the conductance of the
pin diode. The pin then becomes a current
controlled device with resistance:

R =K
0.88

where K is within 10 to 30

Iis 10uA to ImA

R is 150hms to 1000ohms

Fig. 30 shows how a pin diode is used for
gain control. The rf signal flows through the

capacitors, diode and load but the dc flows
only through the diode and chokes.

‘COMMUNICATIONS FEATURE

protection requires slightly more complex
circuits.

Transmission line theory uses the term
voltage standing wave ratio (vswr) to indicate
how well a load is matched to a resistive
source. Formulae exist for converting an
impedance Z into a vswr S and vise vera. At
one extreme S equals infinity for a complete
mismatch and S = | for a perfect match.

Proper vswr detectors employ loosely
coupled transmission lines to drive signals
which are proportionate to the forward as well
as reflected power. The circuit in Fig. 31 is
not strictly a vswr detector since the V1 is not
the vswr S connected with impedance Z.
Nevertheless, the circuit is commonly called a
vswr detector.

The agc circuit of Fig. 29 and the vswr
detector of Fig. 31 have similarities. Both may
be incorporated in the same loop by reducing
the output of the transformer so that when the
load is its nominal value Ry, the component of
the peak output voltage appears in V1.

SUMMARY

After some initial definitions of sensitivity,
selectivity, noise figure, IF and image
rejection, the design requirements of the RF
and IF stages were investigated. The rf stage
was required to have good stability and
selectivity and linear amplification to prevent
imd and cmd.

o
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Fig 31 (right). VSWR detector.

GAIN CONTROLLED
STAGE

Fig 30 (above). PIN circuit for gain control.

SET
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VSWR PROTECTION

The agc is designed so that a power
amplifier delivers the required power into a
specific load impedance. If this impedance
varies, the performance degrades, or worse
still, the transistors are stressed. The antenna
input impedance can vary for instance when a
mobile transceiver travels under a bridge.

If the output voltage drops because the
load resistance has dropped then the agc
drives the final amplifier harder in order to
restore the output. Reactive loads in particular
increase heat dissipation in transistors and
shorten their lives.

Low impedance loads can be guarded
against by a current limiter in the power
supply of the final amplifier but good

A low IF was selected in the days of the
vacuum tube and this does not assist image
rejection.  Nevertheless, cheap, portable am
receivers are possible because broadcast
transmitters are located in every cify. Although
transformer filters are good, the requirement for
small, light filters has led to the development of
ceramic, crystal and saw filters.

The most popular detector is the diode
detector because it is cheap and simple and for
stabilising the gain, agc is applied to ten RF and
IF stages. It was seen how squelch was
combined with agc to remove background noise
in shared channels.

Although fm receivers are not affected by
amplitude distortion, they are affected by phase
distortion and the IF stage must have a linear
transfer function. For each type of detector and
modulator index, there is a threshold snr and one
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can trade bandwidth for snr. Fig. 11 (last month)
shows how the input and output snr can be traded
against the threshold. Capture and quieting are
the benefits of an fm system.

The earlier Foster-Seeley detector was
replaced by the ratio detector and coincidence
detector.  Stereo fm broadcast involves the
transmission of a (. + R) and (L - R) signal
modulating a 38kHz subcarrier. A 19kHz pilot
is transmitted instead of the subcarrier to relax
the filter requirements. To guard against
attenuation during propagation, the frequencies
above 2122Hz are pre-emphasised by a
differentiator ‘before transmission and de-
emphasised by an integrator at the receiver.

In cw transmitters, a low power stage is
usually keyed and a carrier rise time of 10ms is
about right. For am transmission there are many
methods of achieving dsb operation.

In fm transmission, the use of a varicap in a
pll was illustrated. For better quality fm,
indirect modulation can be used by integrating
the audio and then comparing with sawtooth.
Fmfb and afc may be used to improve the
linearity and stability.

Unlike am and fm, ssb transmitters are
assigned several slots over the radio spectrum to
overcome atmospheric fading. The conversion
may be direct, multiple or broadband. Vswr
protection is necessary for the protection of the
transistors in a mobile transmitter and both vswr
protection and agc can be combined in the same
circuit.

Dedicated land lines dominate telephony
communications but for broadcasting and mobile
and marine communications, hf radio remains a
viable option in spite of atmospheric fading.

GLOSSARY

AFC automatic frequency control
AGC  automatic gain control

CB citizen's band

CMD  cross modulation distortion
Cw continuous wave

DSB/SC double sideband/suppressed carrier

FMFB frequency modulated feedback
IMD intermodulation distortion
LSB lower sideband

PLL phase locked loop

SAW surface acoustic wave

SNR signal to noise ratio

SSB single sideband

USB upper sideband

VCO  voltage controlled oscillator
VSWR voltage standing wave ratio
VVR  voltage variable capacitor

TUTORIAL KITS

REVIEW

e are proposing to

; publish a review of
educational electronics kits in
a future issue.

The types of kit we have in
mind are those that claim to
teach electronic principles to
novices and are frequently
available through high-street
stores. This review will not
cover the types of kit offered
for the constructional projects
published in PE and other
magazines.

If you have any information
or comments on educational
kits, we would be pleased to
hear from you. Manufac-
turers' and suppliers’ names
and address would also be
gratefully received.

e tivivo
0.00.0,

PE DUAL BEAM OSCILLOSCOPE

Details in catalogue.

D MEDIUM S.A.E. FOR CATALC AND
D B f ¢ ‘.-. ll:’l o:."' R PO
BURGLAR ALARM
CONTROLLERS
MULTIZONE CONTROL
SET280 £23.90

Two entry-zones, anti-tamper loop, personal attack, entry-
exit timing, timed duration, automatic resetting, latching
LED monitors.

SINGLE ZONE CONTROL
SET279 £10.50

With timed duration control and latching LED monitor.
Both units can be used with any standard detection
devices, such ds contact or magnetic switches, pressure
pads, tremblers, ultrasonics, infrared etc., and will
activate standard bells, strobes or sirens.

% LEARN BY BUILDING x ENJOY BY USING x

PROJECT KITS

NEW!
PE EEPROM

PROGRAMMERS
DETAILS IN CATALOGUE

2 S /L)
STy see XX

sy e s

PE ECHO STATION
DETAILS IN CATALOGUE

COMPUTER KITS

The software listings published with the computer kit
projects are for use with C64, PET and BBC computers.
CHIP TESTER SET258F £41.50
Computer controlled logic and chip analyser.

EPROM PROGRAMMER SET277 £26.20

Computer controlied unit for 4K Eproms.

MICRO-CHAT SET276 £69.50
Computer controlled speech synthesiser.
MICRO-SCOPE SET247 £49.50
Turns a computer into an oscilloscope.
MICRO-TUNER SET257 £57.40

Computer controlled, tuning aid and freq counter.

o0e
 RAda

PE FREQUENCY COUNTER
AND GENERATOR
DETAILS IN CATALOGUE

ENVIRONMENT
ELECTRONIC BAROMETER
SET285 £41.20
Computer controlled unit for monitoring atmospheric
pressure.
GEIGER COUNTER SET264 £65.50

A nuclear radiation detector for environmental and
geological monitoring. With built in speaker, meter and

MORSE DECODER SET269 £26.70

Computer controlled morse code-decoder.
VARIOUS

VOICE SCRAMBLER SET287 £49.50

32 switchable channels 10 keep your communications

confidential.

STORMS! £35.50 each unit

Raw nature under panel controll Wind & Rain SETZ50W.
Thunder & Lightning SET250T.

DISCO-LIGHTS SET245F £69.50
3 chan sound to light, chasers, auto level.
EVENT COUNTER SET278 £36.60

digital output. This project was demonstrated on BBC TV.

Add 15% VAT. Add P&P - Sets over £50 add £3.00.
Others add £2.00. Overseas P&P in catalogue. Text
photocopies - Oscilloscope £3.00, Geiger €£3.00,
Weather £2.00, others £1.00, plus 50p posf or large
SAE. Insurance 50p per £50. MAIL. ORDER, CWO, CHQ,
PO, Access visA. Telephone orders:
Mon-Fri, 9am - 6pm. 0689 37821.
{(Usually answering machine).

4-digit display counting for any logic source.

ORDERING

PHONOSONICS, DEPT PE91, 8 FINUCANE DRIVE, ORPINGTON, KENT, BR5 4ED.

MAIL ORDER
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No. 1 LIST BAKERS DOZEN PACKS

All packs are £1 each, if you order 12 then you are entitled
to another free. Please state which one you want. Note
the figure on the extreme left of the pack ref number and
the next figure is the quantity of ilems in the pack, finally
a short description.

802 5 13A spurs provide a fused outlet to a ring main where

devices such as a clock must not be switched off.

807 4 Inflex switches with neon on/off lights, saves leaving things
switched on.

809 2 6V 1A mains transformers upright mounting with fixing
clamps.

BD1) 1 6%in speaker cabinet ideal for extensions, takes our
speaker. Ref BD137.

8013 12 30 walt reed switches, it's surprising what you can make
with these - burglar alarms, secret switches, relay, etc., etc.

8022 2 25 walt loud speaker two unit Cross-overs.

BD29 1 B.O.A.C. stereo unit is wonderful breakdown value.

8030 2 Nicad constant current chargers adapt to charge almostany
nicad battery.

BD32 2 Humidity switches, as the air becomes damper the
membrane stretches and operates a microswitch.

BD42 5 13A rocker switch three tags so on/off, or change over wilh
centre off.

BD45 1 24hr time switch, ex-Electnicity Board, automatically adjust
for lengthening and shortening day oniginal cost £40 each.

B8D49 10 Neon valves, with series resistor, these make good night
lights.

BD56 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 pole.

BD59 2 Flat solenolds - you could make your multi-tester read AC
amps with this.

BD67 1 Suck or blow operated pressure switch, or it can be
operated by any low pressure vanation such as water level
in water tanks.

BD9t 1 Mains operated motors with gearbox. Final speed 16 rpm, 2
watt rated.

BD103A 1 6V 750mA power supply, nicely cased with mains input and
6V output leads.

80120 2 Stripper boards, each contains a 400V 2A bridge rectifier
and 14 other diodes and rectifiers as well as dozens of
condensers, ete.

80128 10 Very fine drills for pcb boards etc. Normal cost about 80p
each.

80132 2 Plastic boxes approx 3in cube with square hole through top
o ideai for Interrupted beam switch.

BD134 10 Motors for model aeroplanes, spin to start so needs no
switch.

BD139 6 Microphone inserts — magnetic 400 ohm also act as
speakers.

BD148 4 Reedrelay kits, you get 16 reed switches and 4 coil sets with
notes on making ¢/o relays and other gadgets.

BD149 6 Safety cover for 13A sockets — preventthose inquisitive little
fingers getting nasty shocks.

BD180 6 Neon Indicators in panel mounting holders with lens.

80193 6 5 amp 3 pin flush mounting sockets make a low cost disco
panel. Need cable clips

80196 1 inflex simmerstat ~ keeps your soldering iron etc. always at
the ready.

B8D199 1 Mains solenoid, very powerful, has 1in pull or could push if
modified.

80201 8 Keyboard switches — made for computers but have many
other applications.

80211 1 Electric clock, mains operated, put this in a box and you
need never be late.

BD221 5 12V alarms, make a noise about as loud as a car horn.
Siightly sofled but OK

BD242 2 6in x4in speakers, 4 ohm made from Radiomobile so very
good quality.

BD252 1 Panostat, controls outputof boiling ring from simmer to boi,

BD259 50 Leads with push-onb Y%in tags — a must for hook-ups -
mains connections etc.

80263 2 Oblong push switches for bell or chimes, these can mains
up 1o 5 amps so could be foot switch if fitted into pattress.

80268 1 Mini 1 watt amp for record player. Will also change speed of
record player mofor.

80283 3 Mild steel boxes approx 3in X 3in X 1in deep - standard
electrical.

80293 50  Mixed silicon diodes.

80305 1 Tubular dynamic mic with optional table rest.

BD400 4 Books, useful for beginners, describes amplifiers,
equipment and kit sets.

BD653 2 Miniature driver transformers. Ref. LT44.
20k to 1k centre tapped.

B0553a 2 3.5V relays each with 2 pairs changeover contacts.

There are over 1,000 items in our Bakers Dozen List. If you want a complete
copy, please request one when ordering.

EQUIPMENT WALL MOUNT it is a multi-adjustable metal bracket tht could
be used for mounting flood light,loud speakers, TV camera, even atan and on
almost any sort of wall or ceiling even between wall and ceiling. The main
fixing brackets rotate such that an inward or an outward corner can be
accommadated. Front panel aiso tilts upwards or downwards to a reasonable
angle and can be easily removed separately for wiring. A very useful bracket.
Reguiar price wuld be around £6 each. Our price only £3. Our ref 3P72. Or 2
for £5. Our ref 5P152,

EXTRA SPECIAL CROC CLIPS Medium size, just right for most hook-ups.
Normally sell for around 10p to 15p each. These are insulated and have a
length of wire connected to them but this is very easy to snip off if you do not
need it. 20 for £1, Our ref BD117A.

COPPER CLAD PANEL for making PCB. Size approx 12in long x 8%zin wide.
Double-sided on fibreglass middle which is quite thick (about%sin) so this
wouid support quite heavy components and could even form a chassis to hold
amalns transformer, etc. Price £1 each. Our ref BD683.

POWERFUL IONISER
Generates approx 10 times mare IONS than the ETI and simitar
circuits. Wil refresh your home, office, workroom, eic. Makes you
feel better and work harder —a complete mains operated kit, case
included. £12.50 plus £2 postage. Our ref 12P5/1.

REAL POWER AMPLIFIER for your car, it has 150 walts output. Frequency
response 20hz and signal to noise ratio better than 60d/b. Has built in short
circuit protection and adjustable 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.

REAL POWER CAR SPEAKERS Stereo pari output 100w eaach. 4-Ohm
Impedence and consisting of 6%" woofer, 2" mid range and 1" tweeter. Each
set in a compact purpose built shelf mounting unit. Ideal to work with the
amplifier described above. Price per pair £29.96. Order ref. 30P7.

STEREO CAR SPEAKERS Not quit so powerful — 70w per channel. 3"
woofer, 2" mid range and 1" tweeter. Again, in a super purpose built shelf
mounting unit. Price per pair £27.95. Order ref. 28P1.

ELECTRONIC SPACESHIP Sound and
impact controlied, responds to claps and
shouts and reverses when it hits anything.
Kit with really detailed instructions. Ideal
present for budding young electrician. A
youngsler should be able to assemble but
you may have to help withthe soldering of
the components on the pcb. Complete kit
£8. Our ref 8P30.

12" HIGH RESOLUTION MONITOR Black and white screen, beautifully
cased for free standing, needs only a 12v 1.5amp supply. Technical datais on
its way but we understand these are TTL input. Brand new in maker's cartons.
Price £25.00 plus £5 insured delivery. Order ref, 25P10,

14" COLOUR MONITOR made by the American Display Tek company. Uses
high resolution tube made by the famous Japanese Toshiba company.
Beautfully made unit intended for console mounting, but top and sides
adequately covered by plated metal panels. Full technical spec. on its way to
us. We have a limited number of these. All brand new stillin maker's cartons,
Price £89 each plus £6 insured carriage. Order ref. 89P/1.

BUSH RADIO MID! SPEAKERS Stereo pair, BASS reflex system, using a full
range 4in driver of 4ohms impedance. Mounted in very nicely made biack
fronted walnut finish cabinets. Cabinet size approx 8'%in wide, 14in high and
3%in deep. Fitted with a good length of speaker flex and terminating with a
normal audio plug. Price £5 the pair plus £1 post. Our ref 5P141.

3% FLOPPY DISC DRIVE — We stilt have two mode!s in stock. Single sided
80 track by Chinon. This 1s inthe manufacturers metal case withleads and ICD
connectors. Prive £40 reference 40P1. Also a double sided 80 track. This is
uncased. Price £59.50 reference 60P2. Both are brand new. Insured delivery

£3 on each or both.
ATARI 65XE
4 COMPUTER

; suitable for home and business.

~ Brand new, complete with PSU, TV
lead, owners manual and six
games. Can be yours for only £45
plus £3 insured delivery.

REMOTE CONTROL FOR YOUR 65XE COMPUTER. with this outfityou can
be as much as 20 feet away as you will have a joystick that can transmif and
areceiver 1o plug into and operate your computer and TV. This is alsojust right
if you want to use it with a big screen TV. The joystick has two fire buttons and
is of a really superior quality, with four suction cups for additional contorl and
one handed play. Price £15 for the radio controlled pair. Our ref 15P27.
65XE COMPENDIUM Contains: 65XE Computer, its data recorder XC12 and
its joystick, with ten games for £62.50 plus £4 insured deliver.

ASTEC PSU Malns operated switch mode, so very compact. Outputs: +12v
2.5A, +5v BA, £ 5v .5A, = 12v BA. Size: 7V long X 4%in wide X 2%in high.
Cased ready for use. Brand new. Normal price £30+, our price only £12.95.
Our ref 13P2.

VERY POWERFUL 12 VOLT MOTORS. '4rd Horsepower. Made to drive the
Sinclair C5 electric car but adaptable to power a go-kart, a mower, a rail car,
model railway, etc. Brand new. Price £20 plus £2 postage. Our ref 20P22.

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
result. Brand new, full spec. £30 plus £3 insured delivery. Mains
operated power supply for this tube gives 1kv striking and 1.25kv at 5SmA
running. Complete kit with case £15. Ditto for 12v battery. Also £15. Our
ref 15P22,

ORGAN MASTER Is there a three octave musical keyboard. It is beautifully
made, has full size (piano size) keys, has goid plated contacts and is compiete
withribbon cable and edge connector. Can be used withmany computers. We
can supply information sheet. Brand new, only £15 plus £3 postage. Our ref
15P15.

FULL RANGE OF COMPONENTS af very keen prices are avallable from our
associate company SCS COMPONENTS. You may already have their
catalogue, if not request one and we will send it FOC with your goods.

FULL RANGE OF COMPONENTS at very keen prices are available
from our associate company SCS COMPONENTS. You may already
have their catalogue, if not request one and we will send it FOC wity your
goods.

HIGH RESOLUTION MONITOR. In black and white, used Philips tube M24/
305W. Made up in a lacquered frame and has open sides. Made for use with
OPD computer but suitable for most others. 5 and new. £16 plus £5 post. Our
rel 16P1.

12 VOLT BRUSHLESS FAN. Japanese made. The popular square shape
14 x 4% x 17in). The electronically run fuse 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 8P28,

MINI MONO AMP on p.c.b. size 4" X 2" (app.)
Fitted volume control and a hole for a tone con-
trol should you require it. The amplifier
has three transistors and we estimate
the output to be 3W rms. More
technical data will be included

with the amp. Brand new, perect
condition, offered at the very fow
price of £1,15 each, or 13 for £12.00.

J & NBULL ELECTRICAL
Dept PE, 250 PORTLAND ROAD, HOVE
BRIGHTON, SUSSEX BN3 5QT

MAIL ORDER TERMS: Cash, PO or cheque with order. Orders under
£20 add £2.00 service charge. Next day delivery available £3.00 extra.
Monthly account orders accepted from schools and public companies.
Access and Bicard orders accepted minimum £5. Phone (0273)
734648 or 203500.

POPULAR ITEMS
MANY NEW THIS MONTH

SUB-MIN SWITCHES Not much bigger than a plastic transistor but double
pole. PCB mounting. Three for £1 Our ref 80688 v

CARTRIDGED for the Double Microdrive. Price 4 for £5. Our ref 5P146.

NICAD CHARGER UNIT Metal pronged, plastic case contains mains
transformer and rectifiers with output iead and plug — made to charge two cells
but no doubt adaptable or wonderful spares value. ONly 50p each, twofor £1.
Qur ref. DB386

EDGEWISE PANEL METER. If you are short of panel space then this may
beh answer. It has a FSO of 100uA and a nice full vision scale. It fits through
a hole approx. 1%in x %2in. Another feature is that it has an indicator lamp
behind the scale which you could light up. It would then serve as an on/oft
indicator. Price £1. Our ref BD700.

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

COMPUTER SPECIAL The Porex 16meg Byfe tape streamer. These are
brand new and really an exceptional bargain. A few only so hurry, Only £15.
Ourref 15P29.

20 WATT 40HM SPEAKERS With built-in‘tweeter. Really well made unit
which has the power and the quality for hi-fi reproduction. 6%in diameter.
Price £5. Our ref 5P185. It is heavy so please add £1 lo cover postage if not
collecting.

MINI RADIO MODULE only about 2in square with ferrite aerial and solid dai
tuner with its own knob. It is a superhat and it operates from PP3 baltery and
would drive a crystal headphone direct but be better with our mini mono amp.
Price £1. Our ref BD716

BULGIN MAINS PLUG AND SOCKET The old faithful 3 pin screw termina's.
The socket mounts through a 1%in hole and the mains is brought in by the
insulated plug. Used to be quite expensive but yo can have 2 pairs for £1 or 4
or either plug or socket for £1. You could make yourself a neat and compact
bench panel with these. Our ref BD715 or BD715P.

MICROPHONE 1f you want a low cost microphone then just arrived we have
a very small hand-held dynamic mic with on/off switch in the handle. Its lead
terminates with one 3.5 plug and the other a 2.5 plug for remote control. Price
only £1. Our ref BD711

EXTENSION CABLE WITH A DIFFERENCE 1t is flat on one side making it
easy to f and to look tidy. It is 4 core so suitable for telephone, bell, burglar
alarms, etc. 50 yard coil for £5. Our ref 5P153.

MOSFETS FOR POWER AMPLIFIERS AND HIGH CURRENT
DEVICES 140v 100w pair made by the famous Hitachi Company.
Reference 25K413 and its compliment 25J118. Only £4 the pair. Our ref
4P42.

BATTERY OPERATED TRAVEL MECHANISM On a plastic panel
measuring approx %in x 3%in. Is driven by a reversible 12v battery motor,
fitted with pulley and beit which rotates a threaded rod and causes a platiorm
to travel backwards and forwards through a distance of approx Sin. Price £5.
Qur ref 5P140.

MAINS OPERATED WATER VALVE with hose connection for inlet and
outlet suitable for low pressure. Auto plant watering, etc. Only €1 each. Our ref
BD370.

20 VOLT 4 AMP MAINS TRANSFORMER Upright mounting with fixing feet.
Price £3. Our ref 3P59.

150HM PM SPEAKERS Approx 7in X 4in, 5watts. Offered ata very low price
50 yOu can use two in parallel to give you 10 walts at 8 ohms. £1 for the two.
Our ref BD684.

EHT TRANSFORMER dkv 2mA Ex-unused equipment. £5. Our ref 5P139.

4 CORE TINSEL COPPER LEAD As fitted to telephones, terminating with flat
BT plug. 2for £1. Our ref BD639.

EHT TRANSFORMER 8kv 3mA. £10. Our ref 10P56.

VERY USEFUL MAGNETS Fiat, about 1in long, %in wide and %in thick. Very
poweriul. 6 for £1. Our ref BD274(a).

ACORN COMPUTER DATA RECORDER REF ALF03 Made for the Electron
or BBC computers but suitable for most others. Complete with mains adaptor,
leads and handbook. £10.00. £2 special packing. Ref 10P44.

SOLAR CELLS Wil give a good current (depending on size) from sunlight or
bright daylight. Module A gives 100mA. Price £1. Our ref BD631. Module C
gives 400mA. Price £2. Our ref 2P199. Module D gives 700mA. Price £3. Our
ref 3P42.

SOLAR POWERED NI-CAD CHARGER 4 Ni-Cad batteries AA (HP7)
charged in eight hours or two in only 4 hours. It is a complete, boxed ready to
use unit. Price £6. Our ref. 6P3.

METAL PROJECT BOX Ideal size for battery charger, power supply eic,;
sprayed grey, size 8in x 4%4in high, ends are louvred for ventilation other sides
are flat and undrilled. Order Ref. 2P191, Price £1.

CAPACITOR BARGAIN - axial ended, 4700uF at 25V. Jap made, normatly
50p each, you get 4 for £1. Qur ref. 613.

SINGLE SCREENED FLEX 7.02 copper conductors, pvs insulated then with
cooper screen, finally outer insulation. In fact quite normal screened flex. 10m
fo £1. Our ref DB568.

3-CORE FLEX BARGAIN No. 1 - Core size 1.25mm so suitable for long
extension leads carrying up o 13 amps, or short leads up to 10 amps. 15mm
for £2. Ref. 2P190.

3-CORE FLEX BARGAIN No. 2 - Core size 1.25mm so suitable for long
extension leads carrying up fo 13 amps, or short leads up to 25A. 10m for £2.
Ref. 2P190.

ALPHA-NUMERIC KEYBOARD - This keyboard has 73 keys giving trouble
free life and no contact bounce. The keys are arranged in two number pad,
board size is approx. 13" x 4" — brand new but offered at only a fraction of its
cost, namely £3 plus £1 post. Ref. 3P27. '

14TH HORSEPOWER 12 VOLT MOTOR Made by Smiths, the body length of
this is approximately 3in, the diameter 3in and the spindle %sth of an inch
diameter. It has acentre flange for fixing or can be fixed fromthe end by means
of 2nuts. A very powerful ittle motor which revs at 3,000 rpm. We have alarge
quantity of them so If you have any projects in mind then you could rely on
supplies for at least two years. Price £6. Our ref 6P1, discount for quantities of
10 or more.

SUM-MIN TOGGLE SWITCH Body size 8mm x 4mm x 7mm SBDT with
chrome dolly fixing nuts. 4 for £1. Our ref BD649.
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he four tables show the resistor
values obtainable when two E24
range resistors are connected in

parallel.

The left hand column in each table lists the
E24 resistor range from 10 ohms up to 91
ohms and the top row shows the same E24
range from 10 ohms (Table 1) to 910 ohms
(Table 4).

The tables can be used in several different

ways:

To determine the resistor value which
results from connecting components in
parallel, locate one resistor value in the left
hand column and the other in the top row.
Now run your finger to where the row and
column intersect and read the value indicated.
For example, to find the result of connecting
68 ohms in parallel with 82 ohms, take 68
ohms in the left hand column and 82 ohms in
the top row (Table 2), which intersect at a
value of 37.17 ohms.

OUT OF RANGE

Now suppose that the resistors are outside
the ranges shown, say 680 ohms and 1100
ohms. It takes no great knowledge of
mathematics to establish that 680 is 10 times
68. Therefore multiply borh the left hand and

Stuck for the odd
component value?
These tables from
Joe Chamberlain
will help!

top values by a factor of 10. You must
remember to multiply both scales. Then look
at the 68 (x10) row aned the 110 (x10)
column which intersect at 42.02 ohms and
multiply this answer by the same x10 factor to
give 420.2 ohms as the answer.

TOLERANCE

Two important things have to be stressed at
this point. Firstly, although the results are
quoted to two decimal places the actual value
which results will depend on the accuracy of
the two resistors used. If for example we take
the case of 10 ohms in parallel with 11 ohms
(Table 1), the chart shows a resulting value of
5.24 ohms. This will only be true if both
resistors used had a 1 per cent tolerance in the

first place. However if you consider 10 ohms
in parallel with say 100 ohms then a change
of 10 per cent in the nominal value of the 100
ohm resistor will only result in slightly less
than 1 per cent change in the final value.

SHUNTING

This example leads to a second use of the
tables which is to determine the effect of
shunting one component with a range of other
(usually larger) values. In the above example,
shunting 10 ohms with 91, 100, 110 ohms
gives values of 9.01, 9.09, and 9.17 ohms
respectively. This technique is of considerable
value in determining practical effects of
temperature  ccmpensating  resistors  or
thermistors.

NON-STANDARD

A third and probably the most important
application of the tables is in deriving a non-
standard resistor value from a range of
standard values. Take a couple of practical
examples - how can a resistor of value 31.05
ohms be constructed? Scan the tables to find
the nearest printed value, in this case giving at
least three options:

RESISTORS IN

ARALLE

RES 1 10 11 12 13 15 16 18 20 22 24 27 30 RES 1 33 36 39 43 47 51 56 62 68 73 &2 Gl
RES 2 | PRODUCT RES 2| PRODUCT

10.00 (5.00 5.24 5.45 5.65 6.00 6.15 6.43 6.67 6.87 7.06 7.30 7.50 10.00| 7.67 7.83 7.96 8.11 8.25 8.36 8.48 8.6l 6.72 E.82 6.9l ¢.0f
11.00 [5.24 5.50 5.74 5.96 6.35 6.52 6.83 7.10 7.33 7.54 7.82 8.05 11.00| 8.25 8.43 8.58 8.76 8.91 9.05 9.19 9.34 9.47 9.5y ¢.70 v.b!
12.00 [ 5.45 5.74 6.00 6.24 6.67 6.86 7.20 7.50 7.76 8.00 8.31 8.57 12.00| 8.80 9.00 9.18 9.38 9.56 9.71 9.88 10.05 10.20 10.34 10.47 16.60
13.00 |5.65 5.96 6.24 6.50 6.96 7.17 7.55 7.88 8.17 8.43 8.77 9.07 13.00| 9.33 9.55 9.75 9.98 10.18 10.36 10.55 10.75 10.91 11.086 il.2z 11.:%
15.00 | 6.00 6.35 6.67 6.96 7.50 7.74 8.18 8.57 8.92 9.23 9.64 10.00 15.00(10.31 10.59 10.83 11.12 11.37 11.59 11.83 12.08 12.29 12.30 12.6€ !z.kE
16.00 16.15 6.52 6.86 7.17 7.74 8.00 8.47 8.89 9.26 9.60 10.05 10.43 16.00(10.78 11.08 11.35 11.66 11.94 12.18 12.44 12.72 12.¢3 12.1% 13.2% [Z.€.
18.00 [ 6.43 6.83 7.20 7.55 8.18 8.47 9.00 9.47 9.90 10.29 10.80 11.25 16.00(11.65 12.00 12.32 12,69 13.02 13.30 13.62 12.95 14.23 14.32 14.7€ (1.(:
20.00 | 6.67 7.10 7.50 7.88 8.57 8.89 9.47 10.00 10.48 10.91 11.49 12.00 20.00(12.45 12.86 13.22 13.65 14.03 14.37 14.74 15.12 15.45 1.7¢ 1€.CE 1€.4C
22.00 | 6.87 7.33 7.76 8.17 8.92 9.26 9.90 10.48 11.00 11.48 12.12 12.69 22.00113.20 13.66 14.07 14.55 14.99 15.37 15.79 o
24.00 | 7.06 7.54 8.00 8.43 9.23 9.60 10.29 10.91 11.48 12.00 12.71 13.33 24.00{13.89 14.40 14.86 15.40 15.89 16.32 16.80 GG
27.00 [7.30 7.82 B.31 8.77 9.64 10.05 10.80 11.49 12.12 12.71 13.50 14.21 27.00(14.85 15.43 15.95 16.59 17.15 17.65 18.22 18.61 1%.32 1¢.85 2{.2) 2C.62
30.00 | 7.50 8.05 8.57 9.07 10.00 10.43 11.25 12.00 12.69 13.33 14.21 15.00 30.00(15.71 16.36 16.96 17.67 18.31 18.89 19.53 20.22 20.82 21.42 21.%6 22.36
33.00 [7.67 8.25 8.80 9.33 10.31 10.78 11.65 12.45 13,20 13.89 14.85 15.71 33.00(16.50 17.22 17.87 18.67 19.39 20.04 20.76 21.54 22.22 22.92 23.52 24.22
36.00 [7.83 8.43 9.00 9.55 10.59 11.08 12.00 12.86 13.66 14.40 15.43 16.36 36.00117.22 18.00 18.72 19.59 20.39 21.10 21.91 22.78 23.54 24.32 25.02 25.80
33.00 [7.96 8.58 9.18 9.75 10.83 11.35 12.32 13.22 14.07 14.86 15.95 16.96 39.00/17.87 18.72 19.50 20.45 21.31 22.10 22.99 23.94 24.79 25.66 26.43 27.30
43.00 |8.11 8.76 9.38 9.98 11.12 11.66 12.69 13.65 14.55 15.40 16.59 17.67 43.00|18.67 19.59 20.45 21.50 22.46 23.33 24.32 25.39 26.34 27.33 28.2] 29_.22
47.00 (8.25 8.91 9.56 10.18 11.37 11.94 13.02 14.03 14.99 15.89 17.15 18.31 47.00|19.39 20.39 21.31 22.46 23.50 24.46 25.55 26.73 27.79 28.89 29.88 30.99
51.00 [8.36 9,05 9.71 10.36 11.59 12.18 13.30 14.37 15.37 16.32 17.65 18.89 51.00§20.04 21.10 22.10 23.33 24.46 25.50 26.69 27.98 29.14 30.36 31.44 22.68
56.00 [8.48 9.19 9.88 10.55 11.83 12.44 13.62 14.74 15.79 16.80 18.22 19.53 56.00(20.76 21.91 22.99 24.32 25.55 26.69 28.00 29.42 30.71 32.06 33.26 34.67
62.00 (8.61 9.34 10.05 10.75 12.08 12.72 13.95 15.12 16.24 17.30 18.81 20.22 62.00|21.54 22.78 25.94 25.39 26.73 27.98 29.42 31.00 32.43 33.94 33.31 36.88
68.00 (B8.72 9.47 10.20 10.91 12.29 12.95 14.23 15.45 16.62 17.74 19.33 20.82 68.00(22.22 23.54 24.79 26.34 27.79 29.14 30.71 32.43 34.00 35.66 37.17 38.92
75.00 | 8.82 9.59 10.34 11.08 12.50 13.19 14.52 15.79 17.01 18.18 19.85 21.43 75.00(22.92 24.32 25.66 27.33 28.89 30.36 32.06 33.94 35.66 37.50 3°.17 4i.1
82.00 {8.91 9.70 10.47 11.22 12.68 13.39 14.%6 16.08 17.35 18.57 20.31 21.96 82.00]23.53 25.02 26.43 28.21 29.88 31.44 33.28 35.31 37.17 292.17 41.00 43.13
91.00 ;9.01 9.81 10.60 11.37 12.88 13.61 15.03 16.40 17.72 18.99 20.82 22.56 91.00]24.22 25.80 27.30 29.20 30.99 32.68 34.67 36.88 38.92 41.11 43.13 4°.°0
Tables 1 and 2: Range 10 to 91.
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COMPONENTS FEATURE A\~

Tables 3 and 4: Range 100 to 910.

RES 1 100 110 120 130 150 160 180 200 220 240 270 300 RES 1 330 360 390 430 470 510 560 620 680 750 820 910
ks 2| PRODUCT RES 2| PRODUCT |
10,00 9.09 9.17 9.23 9.29 9.37 9.41 9.47 9.52 9.57 9.60 9.64 9.68 10.00| 9.71 9.73 9.75 9.77 9.79 9.81 9.82 9.84 9.86 9.87 9.88 9.8Y
11.00| 9.91 10.00 10.08 10.14 10.25 10.29 10.37 10.43 10.48 10.52 10.57 10.61 11.00(10.65 10.67 10.70 10.73 10.75 10.77 10.79 10.81 10.82 10.84 10.85 10.87
12.00(10.71 10.82 10.91 10.99 11.11 11.16 11.25 11.32 11.38 11.43 11.49 11.54 12.00|11.58 11.61 11.64 11.67 11.70 11.72 11.75 11.77 11.79 11.81 11.83 1i.83
13.00(11.50 11.63 11.73 11.82 11.96 12.02 12.12 12.21 12.27 12.33 12.40 12.46 13.00|12.51 12.55 12.58 12.62 12.65 12.68 12.71 12.73 12.76 12.78 12.80 12.82

Tuo‘:.oa 13.20 13.33 13.45 13.64 13.71 13.85 13.95 14.04 14.12 14.21 14.29 15.00 |14.35 14.40 14.44 14.49 14.54 14.57 14.61 14.65 14.68 14.71 14.73 14.76
16.00(13.79 13.97 14.12 14.25 14.46 14.55 14.69 14.81 14.92 15.00 15.10 15.19 16.00]15.26 15.32 15.37 15.43 15.47 15.51 15.56 15.60 15.63 15.67 15.69 15.72
18.00(15.25 15.47 15.65 15.81 16.07 16.18 16.36 16.51 16.64 16.74 16.87 16.98 18.00{17.07 17.14 17.21 17.28 17.34 17.39 17.44 17.49 17.34 17.58 17.6] 17.65
20.00(16.67 16.92 17.14 17.33 17.65 17.78 18.00 18.18 18.33 18.46 18.62 18.75 20.00(18.86 18.95 19.02 19.11 19.18 19.25 19.31 19.37 19.43 19.48 19.52 19.57
22.00{18.03 18.33 18.59 18.82 19.19 15.34 19.60 19.82 20.00 20.15 20.34 20.50 22.0020.62 20.73 20.83 20.93 21.02 21.09 21.17 21.25 21.31 21.37 21.43 21.48
24.00{19.35 19.70 20.00 20.26 20.69 20.87 21.18 21.43 21.64 21.82 22.04 22.22 24.00(22.37 22.50 22.61 22.73 22.83 22.92 23.01 23.11 23.18 23.26 23.32 23.28
27.00{21.26 21.68 22.04 22.36 22.88 23.10 23.48 23.79 24.05 24.27 24.55 24.77 27.00{24.96 25.12 25.25 25.40 25.53 25.64 25.76 25.87 25.97 26.06 26.14 26.22
30.00(23.08 23.57 24.00 24.37 25.00 25.26 25.71 26.09 26.40 26.67 27.00 27.27 30.00[27.50 27.69 27.86 28.04 28.20 28.33 28.47 28.62 28.73 28.85 28.94 29.04
33.00(24.81 25.38 25.88 26.32 27.05 27.36 27.89 28.33 28.70 29.01 29.41 29.73 33.00(30.00 30.23 30.43 30.65 30.83 30.99 31.16 31.33 31.47 31.61 31.72 31.85
36.00{26.47 27.12 27.69 28.19 29.03 29.39 30.00 30.51 30.94 31.30 31.76 32.14 36.00{32.46 32.73 32.96 33.22 33.44 33.63 33.83 34.02 34.19 24.35 34.42 34.63
39.00{28.06 28.79 29.43 30.00 30.95 31.36 32.05 32.64 33.13 33.55 34.08 34.51 39.00(34.88 35.19 35.45 35.76 36.01 36.23 36.46 36.62 36.88 37.07 37.23 37.40
43.00]30.07 30.92 31.66 32.31 33.42 33.89 34.71 35.39 35.97 36.47 37.09 37.61 43.00(38.04 38.41 38.73 39.09 39.40 39.66 39.93 30.21 4C.44 40.67 1C.86 41.06
47.00[31.97 32.93 33.77 34.52 35.79 36.33 37.27 38.06 38.73 39.30 40.03 40.63 47.0041.14 41.57 41.95 42.37 42.73 43.03 43.36 43.69 43.96 39.23 44.43 4.6
51.00{33.77 34.84 35.79 36.63 38.06 38.67 39.74 40.64 41.40 42.06 42.90 43.59 51.00{44.17 44.67 45.10 45.59 46.01 46.36 46.74 47.12 47.34 47.7% 48,21 &8
56.00(35.90 37.11 38.18 39.14 40.78 41.48 42.71 43.75 44.64 45.41 46.38 47.19 56.00)47.88 48.46 48.97 49.55 50.04 50.46 50.91 51.36 S5I.74 =2.11 52.47 =0
62.00(38.27 39.65 40.88 41.98 43.87 44.68 46.12 47.33 28.37 49.27 50.42 51.38 62.00]52.19 52.89 53.50 54.19 54.77 55.28 55.82 56.36 56.82 57.27 4
68.00(40.48 42.02 43.40 44.65 46.79 47.72 49.35 50.75 51.94 52.99 54.32 55.43 68.00|56.38 57.20 57.90 58.7) 59.41 60.00 60.64 61.28 61.8. 62.35 65.7% 6.
75.00{42.86 44.59 46.15 47.56 50.00 51.06 52.94 54.55 55.93 57.14 58.70 60.00 75.00[61.11 62.07 62.90 63.86 64.68 65.38 66.14 66.91 67.55 65.14 65.~ L
82.00[45.05 46.98 48.71 50.28 53.02 54.21 56.34 58.16 59.74 61.12 62.90 64.40 82.00/65.68 66.79 67.75 68.87 69.82 70.64 71.53 72.42 73.18 73.92 74.3% E:
91.00[47.64 49.80 51.75 53.53 56.64 58.01 60.44 62.54 64.37 65.98 68.06 69.82 91.00]71.33 72.64 73.78 75.11 76.24 77.22 78.28 '79.35 80.26 81.15 81.91 8..~

From Table 2 82 and 51 = 31.44

From Table 3 39 and 160 = 31.36

From Table 4 33 and 680 = 31.47
The choice depends on what you have in
stock!

Now take the case where a 15.6k resistor is
required. First look for the right number, in this
case 15.6 and don’t worry about the magnitude:

From Table 3 18 and 120 = 15.65

From Table 4 16 and 620 = 15.60
Now 15.6k ts 1000 x 15.6 ohms (the value
shown in the tables) so multiply both row and
column by a factor of 1000.

The required values are 18k and 120k or
16k and 620k.

When a shunt value of 620k is used the

tables indicate that any shunt value between
470k and 1M ohm will give the required
result to within | per cent.

TABULAR STICK-UP

You may find it convenient to stick the
four tables together in line. There is a well
known law in electronics which states that
“Where information is contained on two or
more sheets the user will invariably need to
refer to both”. The corollary of this is “Where
cross references are made between two
similar documents or charts one or both
results will be misread”.

LAWFUL REMINDER

TOTAL OF RESISTORS IN SERIES

RT=RI1+R2+R3 .. etc.

TOTAL OF RESISTORS IN PARALLEL

I =1+ 1 + 1 ..etc
RT RlI R2 R3
STANDARD DECADE VALUES

E24 SERIES = 10, 11, 12, 13, 15, 16, 18, 20, 22,
24, 27, 30, 33. 36, 39, 43, 47, 51, 56, 62, 68, 75,

82,91

E12 SERIES = 10, 12, 15, 18, 22, 27, 33, 39, 47,

56, 68, 82

E6 SERIES = 10, 15, 22, 33, 47, 68

OHMS LAW

EXPRESSIONS: V=IR, R=V, =V
R

I

No inflation at PE.

- Still at the same price for over four years!

Don't
wait!

Yes, you can still save money! For a limited period the

at the old price of £15.00 ( overseas £18.00).

So, raid your piggy bank for hard cash (cheques or

to us. For full details see page 9!

subscription to your favourite magazine is being held

payments by credit cards accepted also) and send it

tidstitltinttttitunttiaftitutits
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must, alas, begin with a warning. For
[Isome time past an organisation calling
itself ‘the International Star Registry’
has been selling star names. Send them $35

which was put into the wrong orbit when
its on-board rocket ‘booster’ failed -
either by design error, human error or
both. It is still hoped to salvage

or so, and you will receive a certificate and

something from the mission, and this will

a map showing you the star which has been
named according to your choice.

It goes without saying that this has no
status whatsoever. It is equivalent to asking
someone to pay $35 so that the name of,
say, the Royal Festival Hall will be changed
to ‘John Smith Hall’. But this scheme is not
harmless fun; it has been preying upon
bereaved parents and others. One letter
came to the office of Astronomy Now from
a mother who had had a star ‘named’ after
her dead three-year-old daughter.

Unfortunately, it seems that the scheme
is not actually illegal. The organisers have
kept within the law, and have made very
large sums of money. I therefore urge you
to publicise the real facts, and to urge
people to have nothing whatever to do with
1t.

On a much more pleasant note, I am
delighted to record that Arthur C. Clarke,
the celebrated science-fiction writer (and
author of the script of the film 2001) has

become apparent in 1990, but
undoubtedly it has been a severe setback.

During 1990 we will have the planets
on view at various times; Saturn comes to
opposition in July, though it is still
inconveniently far south, while Mars does
so in late November, when it will be
nearly as well placed as it was in 1988.
For once there is no opposition of Jupiter
- the next will be on 29 January 1991. No
bright comets are expected, but, of
course, one never knows.

Of the four 1990 eclipses, only two are
visible from Europe. On February 9 there
will be a total lunar eclipse which should
be well seen from Britain - weather
permitting; and on July 22 the track of the
total eclipse of the Sun will cross the
northern part of the continent, including
Finland and parts of Russia. Various
expeditions are being planned. If you
consider visiting the Finnish lakes, book
your tickets now - though it is true that the

been awarded the C.B.E. The ceremony
took place in London; Arthur had flown in

BY DR PATRICK MOORE CBE

altitude of the Sun will be painfully low.
Of the various space-probes, Magellan

specially from his home in Sri Lanka. All
readers of Practical Electronics will, 1
know, join me in congratulating him. (PE
staff do so as well. Ed)

A LOOK AHEAD

1989 is nearly over. It has been a
mixed year in every way, including the
astronomical aspect. Voyager 2 was a
tremendous triumph, and the results from
the Neptune pass exceeded all hopes.
Against this, there was the virtual failure
of the Hipparcos astrometric satellite,

Now is the time to
plan your astro-
hols. Book now for
Bognor, Finland or 3

Venus.

is en route for Venus, and will reach the
neighbourhood of its target in August;
thereafter it will spend one Venus year at
least (225 Earth days) in mapping the
surface by radar. The Galileo probe is on
its way to Jupiter, but because it has to
take a roundabout route it will not arrive
till 1995, by which time it will have by-
passed Venus once and the Earth twice, as
as photographing two asteroids,
Gaspra and Ida. The route reminds me
rather of going from Bognor to Brighton
by way of Grimsby, but with the
resources available there was no
alternative.

THE DECEMBER SKY

lanetary enthusiasts have mixed fortunes this month.
Mercury is theoretically in the evening sky, but it is a long
way south of the celestial equator, and the only real chance
of seeing it with the naked eye will be between Christmas and
December 29. Venus, on the other hand, dominates the scene. It
reaches its greatest brilliancy on December 14, and is then much
brighter than any other object in the sky apart from the Sun and the
Moon; it is in its crescent stage, us any telescope or even powerful
binoculars will show. Venus far outshines Jupiter, even though the
Giant Planet comes to opposition on December 27 and is then
visible throughout the hours of darkness, it is in Gemini, and
therefore ideally placed for observation. Of the other planets, Saturn
has vanished into the evening twilight, while Mars is to be seen only
shortly before dawn. Mars is in Scorpius, and on December 30 it is
only 5 degrees away from Antares, so that it will be interesting to
compare the two. The name ‘Antares’ means ‘the Rival of Mars’
(Ares) and the fiery colours are much the same, but at the moment
Antares is about half « magnitude brighter than Mars.
The Moon is full on December 12, and new on the 28th. There are
no solar or lunar eclipses this month. However, there are two major

meteor showers, the Geminids (maximum on December 13) and the
Ursids (December 22). Generally speaking the Geminids are the
more spectacular of these showers, but this year the strong
moonlight will interfere.

Winter skies are now with us - and this means Orion, the celestial
Hunter, with his two leaders, the orange-red Betelgeux and the
brilliant while Rigel. Upward, the three stars of the Belt show the
way to Aldebaran, with the loose cluster of the Hyades, and then to
the ‘Seven Sisters’ or Pleiades; how many of the Sisters can you
count with the unaided eye? The record is said to be nineteen, but if
you can reach a dozen you are doing very well indeed. The stars in
the Pleiades make up a genuine cluster; they were formed at the
same time from the same nebula, and by cosmical standards they are
young, so that their leaders are hot, blue and energetic.

Capella, in Auriga (the Charioteer) is almost overhead, with the
Great Bear ‘standing on its tail’ in the north-east. The Square of
Pegasus is dropping in the west, and much of the low southern sky is
occupied by the large but faint constellations of Eridanus (the River)
and Cetus (the Whale).

46

PRACTICAL ELECTRONICS JANUARY 1990



THE ASHEN LIGHT

When Venus is in the crescent stage, as it
is during December, efforts will be made by
serious observers of the planet to look for the
Ashen Light, or faint visibility of the non-
sunlit side of the planet. Conditions will be
ideal, as the phase shrinks from 30 per cent at
the start of December to only 12 per cent at
the end.

When the Moon shows as a crescent, the
‘unlit’ part can often be seen shining faintly.
There is no mystery about this; it i due to
light reflected from the Earth on the Moon.
(Leonardo da Vinci knew all about it!) But the
same sort of effect, seen with Venus, is much
less easy to account for. Venus has no moon,
and light from the Earth would be much too
feeble over a distance of over 24 million
miles.

The so-called Ashen Light of Venus has
been seen by almost all serious telescopic
observers of the planet, though it is very
€lusive and, of course, very much dimmer
than the Earthshine on the Moon. But it seems
to be real, and it has to be explained. Earlier
attempts were somewhat wild. Franz von
Paula Guithuisen, a German astronomer of
the mid-19th century, put it down to vast
forest fires lit by the Venusians to celebrate
the election of a new Government; other ideas
involved shining oceans or regions of glowing
vegetation. But the only really serious
explanation which seems to be acceptable is
that the Light is caused by electrical

photographed during the Voyager 2 flyby. Photo by courtesy of NASA-JPL.

disturbances in Venus’ upper atmosphere, so
that in a way we are dealing with a more
powerful version of our own aurorae.

The problem here is that according to all
available measurements, Venus has no
detectable magnetic field, and this would
seem to cast doubt upon brilliant aurorae
therée. However, some sort of high-level
atmospheric phenomenon must certainly be
involved. True, a few astronomers dismiss the
Light as pure illusion, but it has been seen too
often and too clearly, and its reality is also
confirmed by spectroscopic observation.

A good, steady telescope is needed for
observations of the Ashen Light, and probably
the minimum aperture is six inches for a
Newtonian reflector or four inches for a
refractor. Observations have to be made
against a reasonably dark background, which
means that Venus will be low down, but the
effort is worth making - particularly now that
the Sun is active, because if any auroral
phenomena are involved they will be
enhanced by what is happening on the Sun.
So students of Venus look forward to an
intéresting time this December.
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ven in its simplest form, the

Universal  Counter  Timer is

undeniably a versatile measurement
systern, and used within its limits even the
cheapest model will prove an invaluable
addition to anyone’s collection of test gear. In
fact, for an outlay of around $200 or so, we
can afford to choose any one of several
modestly-priced instruments on the market,
most of which provide the basic measurement
modes at acceptable levels of accuracy.

Demanding applications, however, require
the use of a more sophisticated instrument
whose performance has been improved in one
or more of the following ways:

increased range of measurement (eg:
frequency measurements greater than [0MHz,
timeé measurements less than 100ns);

greater variety of measurement modes;

increased accuracy and resolution;

additional functions which enhance
operating versatility and permit complex
measurements on ‘difficult’ signals.

A variety of techniques is used to
implement these improvements: some
methods are relatively simple, requiring little
modification to the basic uct architecture; the
more complex techniques, however, usually
entail considerable extra circuitry =which

(FLIP-FLIP OUTPUT]

QUTPUT

DECADE DIVIDERS

INPUT J
SIGNAL CONDITIONING CLOCK PULSES
CIRCUIT o
TIME BASE ey
J toocus
DISPLAY
770000
CYOLES! GATE CONTROL
SWITCH FLIP-FLOP
(@) (TOGGLE MODE) GATING SIGNAL
CONDITIONED
INPUT SIGNAL
\ ]
! 1
DECADE DIVIDER ﬂ

GATING SIGNAL

TIME BASE
CLOCK PULSES

COUNTED CLOCK
PULSES

(b

-Dll‘:lb]7

Fig 1A. Multiple period averaging circuit

Fig 1B. Timing diagram for a ten period average.

INCREASIN(

UCT

PERFORMANCE

inevitably pushes up the price (high
performance ucts usually start at around $800,
with top-flight models costing $2000, or
more).

IMPROVING TIME

MEASUREMENTS

Two common techniques employed to
enhance time measurements are Multiple
Period Averaging and Time Interval
Averaging, both of which are statistical
processes used to reduce the effects of
random errors.

We can understand the essence of these
techniques by considering an analogy.
Imagine we buy a box of 100 ohm resistors.
Due to imperfections in the manufacturing
process, none of these resistors can be exactly
100 ohms; instead, the values will deviate
slightly from the nomimal resistance. For
example, if the tolerance is +5 per cent, the
resistance could be as low as 95 ohms, or as
high as 105 ohms.

If we take a resistor from the box and
measure it with an ohmmeter, we may find
the value to be 102 ohms; the next one might
be 98 ohms, the next 103 ohms, and so on.

Each individual resistance measured in
this way will be found to deviate from the
nominal value ini a random fashion due to the
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By Anthony H. Smith Bsc

“Have you got the
time?”
“If you've got the
interpolation”

manufacturing tolerances. However, if we
measure a large number of the resistors, the
average resistance will tend towards the
nominal value. In fact, the greater the number
of samples, the closer will be the average
value to the nominal resistance.

If we apply the same kind of averaging
process to the measurement of signal period,
we can reduce the effects of random errors
such that the reading approaches the true
value of the period. An additional benefit is
that the resolution is improved, too.

The basic concept of multiple peériod
averaging was introduced in Part One of this
series (page 24, June 88). However, it is worth
considering it in more detail, since both
period averaging and time interval averaging

are no longer restricted only to top-price ucts,
but are now available on many of the cheaper
models.

Fig. la shows the basic configuration for
period averaging. The ‘cycles’ switch is used
to select the number of input cycles (ie,
periods) to be averaged. (This switch should
not be confused with the ‘range’ switch of
Fig. 4a, Part One, which determines the
resolution and maximum value of the period
measurement. Although the cycles switch also
has an effect on the resolution and maximum
value, its role as part of the averaging process
is quite different to that of the range switch.
However, many counters with the averaging
facility only feature theé cycles switch, which
since it determines the ‘range’ of the
averaging process - is often referred to as the
range switch! To add to the confusion, the
same switch usually doubles as the Gate Time
selector when in frequency mode.
Consequently, deciding which ‘range’ to
choose can at first be a little bewildering: the
only solution - if all else fails - is to refer to
the instructions!)

In Fig. la, the input frequency is divided
by a factor of ten before feeding the gate
control flip-flop; consequently, the main gate
is held open for the duration of ten input
periods, thus accumulating ten times as many
clock pulses as in a single period
measurement. The timing diagram of Fig. 1b
makes this clear.
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Fig 2. Arrangement for time interval averaging.

Let’s assume the input period is, say,
12.3456us. With a time base clock period of
100ns, a single period measurement will
accumulate 123 * 1 clock pulses, producing a
typical reading of 12.3us. However, by
averaging the measurement over ten cycles,
the counter will clock up 1234 *1 clock
pulses, which will be displayed as 12.34us.

We can see that the resolution of the
averaged measurement is ten times greater
than that of a single period. Also, the relative
magnitude of the + count error is reduced by
a factor of ten; in fact, period error is given
by:
Period Error =
+ 1 Count Errort Trigger Error+Time Base Error

N N
where N is the number of cycles averaged.

Trigger error, like the 1 count error, is
also reduced by the factor N, since it, too, is a
random error. Time base error, on the other
hand, is not a random error, and cannot be
reduced by any amount of averaging. At first,
this may seem a little surprising. However,
consider again the box of resistors analogy:
even though averaging the resistances gets us
closer to the nominal value, the average itself
is only as accurate as the ohmmeter used to
make the measurements. So although period
averaging can reduce random errors, it can

Fig 3 (A). Direct gating
(B). Pulse truncation.
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never be used to improve the accuracy of the
time base frequency standard.

Furthermore, even though a large value of
N means better measurement results, there is a
limit to the number of periods which can be
averaged. The number of digits in the uct's
display poses the first restriction: every
decade increase in N requires an extra digit in
the reading to accommodate the increased
resolution. Thus, too large a value of N will
cause the display to overflow.

A second restriction concerns the
measurement time, which is equal to: period x
N. For example, averaging a SOHz signal over
100,000 cycles will take over half an hour! As
well as being rather tedious, the long
measurement time is likely to minimise
measurement accuracy due to drifts in the
time base oscillator frequency.

TIME AND MEASUREMENT[ P

time intervals has been averaged (the actual
number, N, is advanced in decade steps by the
‘intervals’ switch). In fact, using the dividers
to extend the gate time would produce a
totally incorrect measurement, since the gate
would be held open not only for the
prescribed number of time intervals, but also
for the same number of ‘dead time’ periods
occurring between the time intervals, thus
causing the decade counting unit to
accumulate far too many clock pulses.

Consequently, the main gate must be
opened only during each time interval;
however, unlike the single interval
measurement which ends after just one
interval, the circuit of Fig. 2 allows the dcu to
accumulate clock pulses during every
successive interval. The measurement does
not end unti N ‘stop’ transitions
(corresponding to N intervals) have been
counted by the decade dividers.

SYNCHRONISED

GATING

Synchronised gating is essential for correct
time interval averaging measurements. Last
month, we saw how a direct gating circuit (as
in Fig. 3) can produce a £l count error due to
a lack of coherence between the input signal
and the clock pulses. However, for some input
signals, the error can actually be greater than
one count.

An example is shown in Fig. 3b, where the

START SIGNAL

1

STOP SIGNAL

1y

A

T1=1-8 CLOCK PERIODS

"DEAD TIME"

% sl

CLOCK PULSES I I ‘ I I I

ARMING FLIP-FLOP
OUTPUT.Qq

)

GATING SIGNAL ; Qg

T

COUNTED
CLOCK PULSES

Fig 4. Synchronised gating for time interval averaging.

TIME INTERVAL

AVERAGING

Although time interval averaging is very
similar to period averaging, there are one or
two subtle differences which cause important
variations in the technique.

Fig. 2 shows the time interval averaging
circuit typical of most ucts (compare this with
the circuit for single time interval
measurements introduced in Fig. 5, page 23,
Part One).

Unlike the period averaging circuit, the
decade dividers are not used to extend the
gate time, but instead determine the end of the
measurement when the requisite number of

time interval is equal to 1.8 clock periods.
Because of the particular phase relationship
between the time interval and the clock signal,
a clock pulse is truncated at the beginning and
end of the interval. If the dcu is fast enough,
the truncated pulses will both be counted,
producing a reading of three counts.

Consequently, the reading is in error by 3 -
1.8 = 1.2 counts, ie, by more than one count.
For period averaging, this phenomenon is not
a problem since it would occur only once
during the entire measurement.

For time interval averaging, however,
where the gate is opened and closed for every
interval (no matter how many are averaged),
the error will obviously accumulate, causing a
significant bias in the counter reading which
will invalidate the averaged measurement.
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Fortunately, the problem can be solved by
synchronising the gating signal with the clock
signal. In Fig. 2, this is achieved using an
‘arming’ flip-flop in conjunction with the
gating flip-flop: the operation is illustrated in
Fig. 4. Because the gating flip-flop is clocked
by the time base, its output at QG can only be
integer multiples of the clock period, ie there
is no longer any chance of truncation.

Note that synchronised gating cannot
eliminate the *1 count error, but does ensure
than quantisation error is never more than one
count: it remains for the averaging process
itself to reduce the £1 count error.

We can see how averaging works by
considering the example in Fig. 4. For a I0MHz
time base, the clock period is 100ns and the
time interval is 1.8 x 100ns = 180ns. The figure
shows how each time interval causes either one
or two pulses to be accumulated. Consequently,
for a single time interval measurement, (ie,
N=1), the reading will be either 0.1us (=100ns),
or 0.2us (=200ns), a far cry from the true value
of 180ns.

However, the likelihood of counting two
pulses is much greater than it is for just one,
and in fact there is an 80 per cent chance of
counting two pulses, and a 20 per cent chance
of counting one. Thus, if we average the
measurement over, say, N=100 intervals, 80
of them will cause two pulses to be counted,
and 20 will cause one to be counted. So, at the
end of the measurement, we will have
accumulated (80 x 2) + (20 x 1) = 180 pulses,
which is displayed as 180ns.

Obviously, the resolution is better than that
of the single interval measurement. However,
unlike period averaging, the resolution and
accuracy are not improved by a factor N, but
only by VN. Consequently, the accuracy of an
averaged time interval measurement is given
by:

Time Interval Accuracy =
+1 Count * Trigger Error + Time Base
N VN

Error +- Systematic Error

(Systematic error, like time base error, is
not a random error, and so is not improved by
averaging).

The presence of the square root is deduced
statistically, and accounts for the fact that the
random errors can occur in all the averaged

intervals, unlike period averaging where
random errors occur only once per
measurement.

This can give rise to some confusion. For
example, when we averaged the 180ns
interval over 100 intervals, the number of

significant digits in the reading increased
from one to three. However, the resolution
increases only by a factor of N = 100 = 10.
(sq root signs) Thus, the least significant digit
is, in fact, a random number, and some
modern microprocessor-controlled  counters
(such as the Hewlett Packard HP5370A and
HP5315A) automaticaily eliminate these
random digits from the reading.

UNSYNCHRONISED

Although time interval averaging requires
that the gating signal be synchronised to the
clock, it is essential that the timer interval
repetition rate is NOT synchronous with the
clock! This condition ensures that true
statistical operation is achieved; in fact, if the
interval frequency becomes coherent with the
clock (ie, if the interval frequency becomes an
exact submultiple of the time base frequency),
the circuit behaves simply as a sampling
system, and does not implement a true
averaging process.

For example, if, in Fig. 4, the interval
repetition rate was exactly, say, a third of the
clock frequency, either just one, or just two
pulses would always be counted during each
interval, such that the reading would always
appear to be 100ns or 200ns. This problem
would exist no matter how many intervals
were averaged.

To overcome this coherence problem,
some high performance counters, such as the
Hewlett Packard HP5345A, use a noise
modulated time base which introduces phase
jitter to the clock signal such that a
synchronous relationship can never be
established.

MEASURING VERY

NARROW INTERVALS

In addition to improvements in resolution
and accuracy, time interval averaging
provides an extra benefit, namely that it
facilitates measurement of intervals which are
shorter than the clock period! (This is
impossible with a standard single interval
measurement. )

Assume, for example, that we have a
100ns clock period, and a 20ns time interval.
If we average the reading over, say, 100
intervals, there is a 20 per cent chance of
counting one clock pulse, and an 80 per cent
chance of counting no pulses. Thus, we
accumulate (20 x 1) + (80 x 0) = 20 pulses,
which is displayed as 20ns.

Fig 5. Improved
measurement by
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INTERPOLATION

IMPROVEMENT

One disadvantage of time interval
averaging is that it requires a repetitive
train of intervals; obviously, single-shot
intervals cannot be averaged, and other
techniques must be used to increase
accuracy and resolution.

The most obvious solution is to
increase the uct’s clock frequency: for
example, a 100MHz clock provides a
single-shot resolution of 10ns, whereas a
500MHz clock brings this down to 2ns.
However, even these values are poor
compared to the picosecond resolution
available with time interval averaging on
models such as the HPS345A, or the
Philips PM6652.

Nevertheless, SO0MHz is, at present,
about the highest practical clock frequency
available, so for single-shot resolution
better than 2ns, either anologue or digital
interpolation must be used.

ANALOGUE

INTERPOLATION

Consider the waveforms shown in Fig.
5, where TI is a single-shot time interval.
To measure TI, the uct actually measures
three intervals, namely Ta, Tb, and Tc.

The unknown time interval is given by:
TI=Ta+ Tb - Tec.

Ta is measured simply by counting the
number of clock pulses, Na, occuring
between the start and stop signals. In Fig.
5, Na = 7, so assuming a 100ns clock
period, Ta is simply 7 x 100 = 700ns.

The intervals Tb and Tc are measured
using analogue interpolation. Consider Tb:
as soon as the start pulse arrives, a
constant current begins to charge a
capacitor. When the charging is stopped
(on the rising edge of clock pulse number
1), the voltage on the -capacitor is
proportional to Tb. The capacitor is then
discharged by a constant current which is
1000 times less than the charging current.
Thus, the discharge time is 1000 times
longer than Tb, and is measured simply by
counting the number of clock pulses, Nb,
which occur during the discharge.

The interval Tc is measured in just the
same way, ie, by counting the number of
clock pulses, Nc, occuring during the
discharge of a capacitor.

Consequently, the uct displays the
precise time interval obtained from:

TI=Na + Nb - Nc x 100ns.
1000 1000

As well as increasing the measurement
resolution by 1000, this technique also
results in a considerable improvement in
accuracy which is limited only by the
quality of the interpolators.
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DIGITAL

INTERPOLATION

Various digital interpolation schemes have
been developed; a particularly interesting
version is known as the ‘dual Vernier’
technique, which, in addition to the time base
oscillator, employs two  phase-locked
oscillators (plos). The plos are ‘startable’
oscillators, which means that their oscillation
can be started by applying a trigger pulse.
Once started, the oscillations remain phase-
locked to the trigger pulse, and the frequency
of oscillation is held constant.

In Fig. 6, the start signal triggers the first
phase-locked oscillator, PLO1, and the stop
signal triggers the second, PLO2.

radar systems to measure target distances with
a resolution of less than half a centimetre!)
Interestingly, the dual Vernier technique
operates even if the stop signal arrives before
the start signal: when this happens, the time
interval is usually given a negative sign.

MEASURING HIGH

FREQUENCIES

In the basic frequency counting
configuration introduced in Part One (page
22), the conditioned input signal is fed
directly to the main gate and is counted by the
dcu. Consequently, the maximum input
frequency is limited by the speed of the logic
devices which form these sections.

seven significant figures. The only way to
Al ' l maintain resolution is to increase the gate time
1 by the factor N, which in this case would mean a
sTOP ) 1 ﬁ measurement time of 100 seconds.
i - ) Counters such as the Hewlett Packard
TIME BASE ; = Fig 6. Dual HP5386A can prescale input frequencies as high
PULSES ‘ ; Vernier as 3GHz: the measurement of higher
: M - interpolation frequencies, however, requires different
ouThUT ; techniques.
-] ¥ T .
3 0P .
e o HETERODYNE
' |
PLO2 OUTPUT
- CONVERTER
I 13 Pl
COUNTED e e
CLOCK : )
"ULSES—IIH_JL_ A typical example of a manuz.ally-.tuned
N3 PULSES heterodyne down-converter is shown in Fig. 8.
Both PLO1 and PLO2 are designed to Fia7.D =
have exactly the same frequency, ie, the blg - O“I'.n CulErSIRN H.F. INPUT
period is the same for each one. This period, Yy piescaling SIchAL 0 conormioning [ Q) FRESCAER fI 1/n
3 . FREQUENCY CIRCUITRY {DIVIDE BY N} | 10 MAIN
Tp, i1s arranged to be slightly longer than the f GATE &
clock period, Tc, and the two are related by:
Tp = Te(1+1/x), where x is the ‘interpolation
factor’.
After a time T1, the PLOI output signal INPUT  MIXER PEA
becomes phase coincident with the clock GREQUENCY | s e
. . . o N
signal - this occurs at the ‘start coincidence’. W\ﬂ. N DIFF Lo
P . MAIN GATE
Similarly, after a time T2, the POL2 output /\/
also becomes coincident with the clock at the e
‘stop coincidence’. The number of PLOI e HARMONIC | _ FREQ. | TIME
pulses, N1, occuring during T1 is recorded; Fig 8. Heterodyne i ITUNABLE FILTER) GENERATOR [Teg10MHz) | BASE
similarly for N2. Also, the start and stop down-converter CONTROL orr|
coincidences are used to gate a number of
clock pulses, N3, during the time T3. On lower-priced ucts, the maximum The 10MHz clock signal from the time

From the figure, we see that:

TI+ T2 =TI + T3 ; rearranging: TI = T1 +

T3-T2.

But, TI = N1.Tp = NLTc(1+1/x),

and T2 = N2.Tp = N2. Te(1+1/x) .

Also, T3 = N3.Tc,

and so: TI = N1.Te(1+1/x) + N3.Tc -

N2.Te(l; 1/x)
simplifying: TI = Tc[N3 + (1+1/x).(N1 - N2)]

It is now a simple procedure for an
arithmetic circuit to compute the time
interval, TI, according to the above formula.

The actual resolution of the measurement
depends on the choice of Tc and x, and is given
by Tc/x. For example, in the Hewlett Packard
HP5370A, Tc = 5ns and x = 256, giving an
amazing single-shot resolution of 5ns/256 = 20
picoseconds! (Incidentally, this order of
resolution makes it possible for time-of-flight
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TIME AND MEASUREMENT [3®

The prescaler ic is a high speed device which
reduces the frequency by the division factor N.
If, for example, the main gate can work only up
to 10MHz, and we wish to measure signals as
high as 1GHz (109Hz), we require a prescaler
with N=100, and which can toggle at the desired
1GHz frequency. (This could be achieved, for
example, by cascading two Plessey devices,
namely the SP8665B followed by the SP8660B.)

Prescaling has the disadvantage that the
measurement resolution is reduced by the factor
N. For example, the direct gating PM6675 can
display a frequency of, say, 543.219876MHz
with all nine significant figures for a one second
gate time. On a counter prescaled by N=100,
however, the frequency at the main gate would
be 5.43219876MHz, such that 5432198 counts
would be accumulated during a one second gate
time, producing a reading of 543.2198MHz only

frequency for direct gated measurements is
usually around 10MHz, while the more
expensive models can work at 100MHz, and
beyond. For example, the HP5345A features
direct gating up to SOOMHz, while the Philips
model PM6675 counts directly to 600MHz.
To measure higher frequencies, special
techniques must be used to ‘down-convert’
the input frequency to a value within the
capabilities of the main gate and dcu.

PRESCALING

Prescaling is the commonest and most
straightforward down-conversion technique, and
simply involves dividing the input frequency
before it reaches the main gate - Fig. 7.

base is fed to the harmonic generator (for
example, a step recovery diode) whose output
is a range of discrete frequencies spaced at
10MHz intervals, ie, 10MHz, 20MHz,
30MHz, etc.

The variable tuning of the harmonic
selector is used to pick out just one of these
harmonics, fH, which is mixed with the input
frequency, fin, in the mixer. ‘Mixing’ in this
sense means multiplying the two sinusoids
together. If we represent the input signal as:
input = Acos 2m fint, and the selected
harmonic as: harmonic = Bcos 2 fHt, then
using the trigonometric identity: cosX.cosY =
1/2cos(X-Y), we find that:

input x harmonic = 1/2ABcos 2 (fin+fH)t
+ 1/2ABcos 2 (fin-fH)t.

In other words, the mixer output signal has
two sinusoidal components, one at a
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INPUT MIXER
FREQUENCY VIDEO ZERD BEAT

fin AMPLIFIER DETECTOR . _

Fig 9. Basic
o COUNTED SIGNAL transfer
TO MAIN GATE .
oscillator.
VARIABLE
RARMONIG FREQUENCY

GENERATOR | ¢- | QSCILLATOR (VFO)

TUNING
CONTROL

frequency (fin+fH), the other at a frequency
(fin-fH). Now, the video amplifier is designed
to have a bandwidth from, say, 100kHz to
10MHz, such that signals outside this range
are attenuated. Consequently, the sum
frequency, (fin+fH), being much higher than
10MHz, is attenuated, whereas the difference
frequency, (fin-fH), lies within the amplifier
bandwidth and is amplified accordingly.

The amplified difference frequency - call if
fDIFF - is fed to the main gate of the counter
and measured in the normal fashion.
Consequently, the counter reads fDIFF, but
because fDIFF = fin - fH, we can determine fin
simply by adding the harmonic frequency
(which is read from the tuning dial) fo fDIFE.

An example should make this clear. Assume
the unknown input frequency is fin = 437MHz.
Starting at the low end of the tuning dial, we
tune up to the first harmonic that gives a
maximum reading on the peak indicator (this
tells us that a difference frequency within the
amplifier bandwidth has been obtained). In this
case, the harmonic will be fH = 430MHz. Next,
we read off the value of fDIFF from the display,
(which will be fDIFF = 437MHz - 430MHz =
7MHz), and calculate fin from fin = fH + fDIFF
= 430MHz + TMHz = 437MHz.

The heterodyne technique allows us to
measure frequencies as high as 20 - 30GHz
(well into the microwave range), and
measurement accuracy is limited only by
quantisation and time base errors, since the
down-conversion introduces no additional
errors. Also, the technique does not degrade
resolution, which is determined only by the
counter’s gate time.

The difference frequency must be continuous
for correct operation, and so the heterodyne
technique can only work with cw (continuous-
wave) signals (ie, pulsed radio frequency cannot
normmally be accommodated). However, the

system is highly tolerant of modulated inputs,
and can measure signals with as much as 50 per
cent amplitude modulation, and 40MHz peak-
peak frequency modulation.

Although this method has benefitted
considerably from recent developments, it is not
a new technique; in fact, it has been used (in a
slightly different form) for many years in
superheterodyne radio receivers.

TRANSFER

OSCILLATOR

Several variations of the transfer oscillator
down-converted have been developed, and
practically all of them depend upon relating a
measurable, low-frequency signal to the
unknown input frequency in order to determine
the latter.

The technique is shown in its simplest form
in Fig. 9. The variable frequency oscillator
output (frequency f0), is fed to a harmonic
generator which produces a range of harmonics
of f0 up to the 100th harmonic. These harmonics
are then combined with fin in the mixer in order
to produce a range of sum and difference
frequencies. Those difference frequencies within
the bandwidth of the video amplifier are
amplified and used to drive a ‘zero beat
detector’. This detector indicates a zero-signal
condition, which occurs when the difference
frequency (fin-Nf0) equals zero, N being the
particular harmonic involved.

Obviously, when fin - Nf0 = 0, then fin =
Nf0, and we can determine fin by counting f0 in
the usual way and multiplying the reading by N.
But there is a problem - we do not know which
harmonic of f0 is zero beating with fin, ie, we
don’t know the value of N. Fortunately, we can
circumvent this problem using the following
simple procedure.

Starting at a low value of f0O, we adjust the
tuning until a zero beat occurs at fin = NfOl.
Then, by increasing f0 from fOl to f02, we
obtain a second zero beat occuring at fin = (N-
1)f02, ie when fin zero beats with a harmonic of
f02 one less than the Nth harmonic of f0l.
Consequently:

fin = Nf01 = (N-1)f02, and so :

fin = f01.f02 ,

f02-f01

and thus, by measuring fOl and f02, we can
calculate fin without any knowledge of the
harmonics involved.

For example, assume the vfo can be tuned
over the range 100-200MHz, and that fin =
3.6GHz. A zero beat will occur at f0l = 144MHz,
and that fin (ie, 3.6GHz - (25 x 144MHz) = 0).
When f0 is increased slightly to f02 = 150MHz,
the 24th harmonic of f02 is zero beating with fin
(ie, 3.6GHz - (24 x 150MHz) =0).

Thus: fin = 144MHz x 150MHz = 3.6GHz.

150MHz - 144MHz

Although the measurement resolution can be
as good as that of the heterodyne converter, the
accuracy depends not only on quantisation and
time base errors, but also on several other
factors, such as the precision in detecting zero
beat, and upon any drifts in the vfo frequency.

However, the transfer oscillator can measure
almost any type of input signal (continuous-wave),
amplitude modulated, frequency modulated,
pulsed, or a combination of all four) over a wide
frequency range extending to around 40GHz.

AUTOMATIC DIVIDERS

Most modern microwave counters employ
automatic versions of the above techniques,
where the tuning, processing and arithmetic
manipulation are all carried out electronically.
Such schemes are usually called automatic
dividers. There is also a system which combines
the best features of the heterodyne and transfer
oscillator techniques, and is known as the
‘harmonic heterodyne converter’. This hybrid
technique is employed in the Hewlett Packard
HP5343A which can count frequencies up to
26.5GHz without requiring any manual
adjustment.

To be continued next month.

Newsagent Order Form

Dear Newsagent, I like reading Practical Electronics magazine. Please
deliver/save one copy each month until further notice.
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Do not miss a single issue of PE! Make a firm order with your Newsagent!
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Free

Reader
Adverts

Searching for that elusive
component?

Surplus equipment to sell?
Read the rules and fill in the
form below to have your free
ad published in

PE BAZAAR.

For Sale: Complete set P.E. and P.W. ‘64-
’85, only 2 or 3 missing, best offer secures.
Contact: Mr. P. Prescott, 5 Prenton Lane,
Birkenhead Tel: 051 608 8226.

100 channel expander and auto cassette
recording unit for realistic PR2004 scanner.
Contact Reg Moores G3GZT, 117 Horton
Road, Brighton BN1 7EG. Tel: 0273
503869.

For Sale: Lafayette communicatioh receiv-
er, any sensible offers or will swap for work-
ing multimode S.S.B. transceiver. Contact:
Mr. BJ. Gould, 156 Mountsteven Ave,
Walton, Peterborough, Cambs PE4 6HN.
Wanted for sick telly: AU113 transistor or
equiv. also service manuals for popular com-
puters and peripherals. Contact: Russell
Barbour 7 (TFR) Cornwall St, Edinburgh
EH1 2EQ. Tel: 031 229 0295.

Wanted: Service sheets or any data for
Phillips Video 2000, state price. Contact:
Mr. JM. Hughes, 33 St James Road,
Wallasey, Merseyside L45 9LR.

Advance Signal generator, 50 kc HIE
unused, £95, H1 £20, Contact: R.D.
Hollebon, 33 Leighlands, Pound Hill

Crawley RH10 3DN. Tel: Crawley 882552.
D63 Scope, PCBUX etching equipment, fre-
quently meter, new component, all for for-
mal sale. Contact: C.V. Curtis, 16 Polwithen
Road, Penryn Cornwall. Tel: Fal 77761.

Megger meters, two. both are 70143’s, one
in new condition, other for spares, £50.
Contact: Mr. S. Fowell, 5 Woodward Road,
Dagenham, Essex RM9 4SH. Tel: 593 8522.
Freq. meter, 10Hz to 50MhZ, £20. Gunson
auto ranger for car electrics, rpm dwell etc,
£20. Contact: G.W. Merl, St Clair Cottage,
Holm, Kirkwall, Orkney KW17 2RZ.

Video Genie EG3003 Micro complete per-
fect, £80. Alphacom 42 printer new (no
leads), £20. Contact: M. Small, 10 Sibleys
Rise, South Heath, Great Missenden, Bucks.
Maplin gold digital multimeter M5010,
new, exchange for freq. counter, must be in
good order. Contact: B.G. Jones, 33 Jean
Ave, Halton, Leeds LS15 OHU. Tel: (0532)
648944,

40MHZ Oscilloscope, £50. 200W amplifi-
er, 350. Lots bargain components.
Unwanted inheritance. £7 complete list.
Contact: B. Kennedy, Tinnakilly, Aughrim,
Arklow, Co. Wicklow Ireland.

Wanted: Avo Valve characteristic meter
mark IV or later version in good condition.
Tel: P.J. Gallagher, 42 New Street,
Macroom, Co. Cork, Ireland. Tel: 026
41131.

Disc Drives 3.5-inch S.S.D.D. 80T 1/3H,
£30. 5 1/4-inch D.S.D.D. 40T 1/2H, £40. 5
1/4-inch S.S.D.D. 80T F.H., £35. Tel: M.P.
Devoy, 10 Parkdyke, 10 Stirling FK7 9LR.
Tel: 0786 7863 1.

Electronic mags, £1.50, state copy wanted,
most from 1969 onward + S.A.E. to Mr. D.
Martin, 6 Downland Garden, Epsom, Surrey
KT18 5SJ. ;
Two 8-inch disk drives with manuals, 335
each. Components, panels, £5/bag. SAE for
list. Comntact: Nick Roberts, 19 Cautley
Close, Quainton, Bucks HP22 4BN. Tel:
029675 428.

Control gear for Sodium or Mercury elec-
tric discharge bulbs wanted. Bulb types are
SOX, SON, MBF. Contact: J.D. Hooker, 69
Hill Road, Clevedon, Avon BS21 7PL. Tel:
0272 873362.

TIP30 7805 7812 TIL312 1000uF
35v3300uF 25v axial 35p each, £3 for 10
plus strong S.A.E. Contact: Alan Auden,
206 Ellerdine Road, Hounslow TW3 2PX.
RAM Chips for Sale: 8K x 8 (6264 type)
suit BBC micro, all unused devices, £2.50
each. Contact: C. Greaves, Tel: 061 748
5351.

Wanted: back issues of PE Dec 85 and
Nov 86. Contact: J. Bond, Los Limoneros,
Camino al Monte 5, Alcalali, Alicante
03728 Spain.

Wanted: Toshiba RS232C interface type
HXR700PE. Contact: Stephen Armstrong,
11 Tullygarden Road, Richhill, Co.
Armagh, BT61 8QT N. Ireland. Tel: 0861
524315 or 0762 871059 after 6 p.m.

For Sale: Back copies Wireless World,
Aug 80 to Aug 88, £1 each. Contact: Sheila
Cooke, 39 Olivers Meadow, Westergate,
Chichester, West Sussex. Tel: 0243
545111.

Copper faced printed circuit boards, 16 1/4
x 4 1/4 - inch, new 100 only, £40. 340
Radio mags, PE, PW, RC 1960-73, £40.
Tel: 0744 27067.

Wanted: Circuit-manual for Heathkit IM-
1210 digital multimeter Heathkit V7AU
valve volt meter. Contact: C. Astbury, 16
Eaton Avenue, Handbridge, Chester CH4
7HB.

ICL System 25 processor, 4 VDUs, printer
(dot matrix) various manuals, ribbons.
Contact: J.M. Fairfoul, 21 Chiltern View,
Letchworth, Herts SG6 3RJ. Tel: 0462
670596.

Tektronix 535A/545A service manual,
£12.00. Also 551 manual, £18.00, 503, £10.
7403N, £18.00. Contact: S.J. Austin, 8
Greenwood Avenue, Channor, Oxon OX9
4HN.

Wanted: Photocopy of service manual for
Thandar SC110A oscilloscope (will pay
postage). Contact: Mr. S.M. Beukes, #2,
340 Florida Road, Durban, South Africa,
4001.

No Knowledge of electronics. I'm looking
for friends willing to assist in my education.
Contact: Paul Hugill, 49 Erica Road,
Tableview, 7441 Cape Province, South
Africa.

Sony EVC-8 electronic play back system
urgently required. Contact: M.C. Gregory,
c/o British Water Ways Caladonian Canal,
Corpach Sea Loch, Corpach, Invemess-
shire, Scotland.

AVO Multiminix, £20 fluke digital meter,
£50 HV probe, £10. Tel:01-554 2913 6 10 8
p.m.

Cortex computer twin 40 track disc drives
software £150. D.W. Brown, Tel:
Gloucester 417697.

Please publish the following small ad. FREE in the next

=
| PE BAZAAR

dvailable issue. I am not a dealer in electronics or
associated equipment. I have read the rules.

Signature................... S T g Date......ccooovrevrienennn.

Name & Address

PRACTICAL ELECTRONICS JANUARY 1990

RULES Maximum of 16 words plus address and/or
phone no. Private advertisers only (trade or business ads.
can be placed in our classified columns). Items related to
electronics only . No computer software. PE cannot accept
responsibility for the accuracy of ads. or for any transaction
arising between readers as a result of a free ad. We reserve
the right to refuse advertisements. Each ad. must be posted
within one month of cover date. (One month later for
overseas readers).

Send this form (or a photocopy of it) to:

PE Bazaar, Practical Electronics, 193 Uxbridge Road,
London W12 9RA.
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CLASSIFIEDS

"PRACTICAL ELECTRONICS CLASSIFIED

Reach thousands of serious electronic and computer enthusiasts. Advertise in PE Classified

pages: Rates 20p per word or £8.50 per single column cm (plus VAT). All classified
advertisements must be pre-paid. Send your co

or payment by Visa or Access accepted) to: Practical Electronics, Intra
Road, London W12 9RA. Tel: 01-743 8888. Fax: 01-743-3062
LET PE WORK FOR YOU!

y with the remittance (ﬁayable to Intra Press

ouse, 193 Uxbridge

FULL-TIME
TRAINING
COURSES

2 YEAR
BTEC NATIONAL DIPLOMA
Electronics and
Communications
Engineering
(TV, Computers,Programming,iT)

1YEAR
BTEC NATIONAL CERTIFICATE
1.Electronic Equipment Servicing
(TV, Video, CCTV)
2.Computing Technology
{Micropracessors, DataComms, Interfacing)
3. Information Technology
(Telecomms, SatelliteTV, Networks)
4. Software Engineering
(Assembler, BASIC, Pascal, CADCAM)
*Those eligible can appiy for E.T. grant supportk
* An equal opportuntties programme %
COURSES COMMENCE
Monday 8th Jan. 1990

LONDON ELECTRONICS

~ COLLEGE

Dep: AA, 20 Penywern Road,
London SW5 9SU. Tel: 01-373 8721

Start training now for

the following courses.
Q Telecomms Tech C&G 271
O Radio Amateur Licence C&G
O Microprocessor
Q Introduction to Television

Send for our brochuré - without obligation or
telephone us on 06267 79398 (Ref: PE12/89)
IE 0 b senerononoaoooncrooty .

@scsesecasscecsscaciseasreaniessesetrieesstccsecisecenensy

Radic & Telecommunications
Correspondence_School,
12 Moor View Drive Telﬁlnmouth,
Devon TQ14 9U

BATH |
fe——————————— =————— |

L.F. HANNEY

77 Lower Bristol Road, Bath,
Avon,
Tel: 0225-424811

Your electronics component specialist for
AVON, WILTS. & SOMERSET
Open every day, except on Thursday

EDINBURGH |
I =

-
AG-I:, A & G ELECTRONICS LTD.

ELECTRONIC COMPONENTS MAIL ORDER COMPANY.
Electronic components, [.C's, diodes, LED's,
capacitors, potentiometers, solar chargers,
computer disks, video tapes, aerosols, etc.

Brand new quality components at unbeatable prices.

1990 catalogue is out now

Access
A

100 Park Avenue, London E6 2SR, Tei:01-552 2386

l MANCHESTER

DEANSGATE ELECTRONICS

(SEND £1 FOR YOUR COPY}

refundable with first order | EEEES

IOMNI ELECTRONICS

stock a wide range of
electronic components at
174 Dalkeith Road
Edinburgh EH16 5DX

Tel: 031 667 2611
Open Mon-Fri 9am-6pm
Sat. 9am-5am
Send 2x208 stamgsfor

We stock a‘large range of electronic
components, test equipment,telephone
accessories, computer accessories,
micro?hones, speakers, discolighting, mixers,
meters, stylus, so calt in and have a ook
around,
263 Deansgate, Manchester
Telephone: 061-834 1185

SOUTHSEA
R A ——

ELECTRONIC COMPONENTS

HERTFORDSHIRE

Cirkit

Please see our display
advertisement in this issue

for more details.
I LTI

Help PE Readers!

Project your component image here!

Phone PE on 01-743-8888

EVERYTHING FOR YOUR NEXT PROJECT

THE BIGGEST DISPLAY IN THE SOUTH
IS AT

FRASER ELECTRONICS

42 ELM GROVE % SQUTHSEA % HANTS
Telephone: 0705-815584

Barclaycard

Access

STAFFORDSHIRE
D S—— |

MAGENTA
ELECTRONICS Lid

Shop now open
callers welcome
135 Hunter Street,

Burton-on-Trent
Staffs, DE14 2ST
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Resistors 1/4 W 5% carbon (E12) 1p metalfilm 1% .. 3p
Resistor Pack 85 different EI2 values + zero ohm link total conlcm
1000 resistors
LEDs red/green 3/5mm .

Cable ties 7Smm ....... ) peach 15,9571, 00(; £49.50 per 10 00
Stepping motor 4 phase 12v 7.5' step 50 ohms
SAA1027 siepping motor driver chip .....
FM transmitter Kit good quality sound .
High quality photo resist coper clad epoxy glass boards

cach. Ycllow 1 18

Dimensions  single sided double sided
3xdinches £0.95 £1.07
4x8 inches £240 £2.68
6x12 inches £537
12x12 inches £10.66

Special Offers

Computer Grade Capacitors with screw terminals 38000uf 20v £2.50
8700uf 10v £1.95, 6§0wuf 15v £2.95, 10000uf 16v £1.50
7 segment Commom anode led display 12mm .......cocccrcoee.. £0.45
LM2931AT5.0 Low drop out 5V regulator T0220 ackagc ...20.85
BS250 P channel MOSFET £0.45, iC559 transistor .....£3.95 per 100
T4LS0S hex inverter £10.00 per 100, used 8748 Microcontroller £3.50
Stereo LW/MW/EM Tuner pre-amp assembly complete with
volume/tone controls and tuning scale Brand new in makers carton .....
£595, faulty £2.50
Circuit diagram description and setting up procedure for tuner
assembly described above £0.50. 5 digit 6v electromagnetic counter ..

4095

Hour counter (used) 7 digit mains 240V AC 50Hz
LCD display 16 digit 7x) dots dot matrix .
Querty keyboard 58 key good quality swiches sy
%g_h_r&hmm
wide range of CMOS TTL 74HC 74F Linear transistors kits
capacitors, resistors tools eic always in stock
JPG Electronics 276 Chatsworth Road Chesterfield 40 2BH
Access orders (0246) 211202, Callers welcome

CAMBRIDGE COMPUTER SCIENCE LTD

10MByte Winchesters, used, 3 months Wy, £42.00 each
5.25* Disk Drives, 80 Track DSDD £34.00 each
5.25" Disk Drives, 80Tk, DSDD Used, No Wty £15.00 each
5.25" Disks, DSDD, 48tpi boxes of 10 £3.00box
SOW PSUSV 6A, 12V 25A, -5V 0.54, -12VOSA  £16.00 each
Gould PSU 0-30V @5A Limited quantity only at £45.00 each
Dual Data fead (BBC Micro to 2 Disk Drives) £4.00each
Power lead (BBC Micro to Disk Drive} £2.00 each
Dual power lead (BBC Micro to 2 Disk Drives) £4.00each
68000 GPUs (The first orders get 10MHz chips) £3.50 each
280A CPU, CTC, P10 £1.20 each; DMA £2.00 £4504l4
TALSTTL , pick and mix, buy 10 or more for £0.12 each

Tg;es available: '00 02 '04 '08 ‘11 13 15' 20 21 '%6 '27 30
'32 '38 '42 '75 '83 9% '107 '109 '122 132 '136 '139 '145 '151
163 '157 ‘158 '163 ‘164 '166 '191 '193 '298 365 '670

EPROMS 27128 used €150 each;  new 27128-25€2.50 each
6264 8K Byte SRAM -15 £3.00 each -12 £3.80each
65256 32K Byte rams £7.00 each

£3.00 each £10.00 four
20 pin dil low profite IC sockets £0.50 {ten) - £4.00(100)
40 pin dil low profile IC sockets £0.60 (ten) - £5.00(100)
Keyboard, 100 keys on board LCD & micro if £8.00 each
Torcidal mains transformer 12V 4A & 0.4, 12-0-12 @0.1A & 24,
30-9@02A £4,00 each - £6.00 for 2. -£8.00for 3
Prices include postage. Add 50p to orders below £5.00. Allitems
new unless stated . Add 15% VAT to all prices. Send an SAE for our
[atestlist or lor more info. Dept PE, 374 Milton Road,

8K Byte NV ram chips

Carbon Film Resistors YaW E24 series 0-51R to10M0 -1p
100 off per value — 75p 1000 off in even hundreds per value - £7
Metal Film vaW 10R0 to 1MO 5% E12 series — 2p 1% E24 series - 3p
%Watt metal/carbon film £24 series 1R0 to 10M0 - 1%p
1 Watt metal/carbon film E12 series 4R7 to 10M0 - 5p
BC107/8/9 - 12p BC547/8/3 - 8p BC182L 184L - 10p
BFY50/51/52 - 20p 2N3055 - 50p TIP31A,32A - 25p TIP41.42, - 40p

Tantalum head subminiature electrolytics {Mids/Volts)

0:1/35, 0:22/35, 0-47/35, 3-3/16, 4-7/16 - 14p 4.7/35 - 15p
2.2/35,4-7/25,10/5-15p  4.7/35,6/8/16 - 16p  10/16,22/6 - 20p
22116 - 30p 33/10 - 30p 47/10 - 35p 100/6 - 40p

Aluminium Electrolytics (Mids/Voits)

1/50, 2:2/50, 4-7/25, 4-7/50, 10/16, 10/25, 10/50 - Sp 22/16, 22/25 - 6p
22/50, 47/16, 47/25, 47/50 - 6p  100/16, 100/25-7p  100/50 - 12p
100/100 — 14p 220/16 - 8p 220/25, 220/50 - 10p 470/16, 470/25 - 11p
1000/25 - 18p 1000/35, 220/25 - 22p 4700/25 - 70p

Miniature Polyester Capacitors 250V Wkg. Vertical Mounting

-01, -015, -022, -033, -047, -068 -4p 0-1 -5p 0-15,-22 -6p 0-47-8p
My!ar Capacitors 100V Wkg. Vertical Mounting E12 Series

1000p to 8200p—3p -01t0-068-4p 0-1-5p 0:15,0-22 - 6p
Subminiature Ceramic Plate 100VWkg. E12 Series Vertical Mounting
2% 1P81047P-3p  56P 1o 330P-4p  10% 390P to 4700P - 4p
Ceramic plate/disc E6 Series 50V 22P to .047 — 2p

Polystyrene Capacitors 63V Wkg. E12 Series Axial Mounting

10P to 820P - 3p 1000P to 10,000 - 4p 12,000P - 5p
1N4148-2p  1N4D02-4p  IN5404-14p  WOI bridge - 25p

0A91 - 6p AA143-8p W005 - 20p 1N4006 - 6p
Zener diodes E24 series 3V3 to 33V 400mW - 8p 1 watt - 12p
L.E.D's Red, Green & Yellow 3mm & Smm - 10p 8mm — 35p

20mm fuse 0-1A to 5A quick blow - 5p Anti Surge - 8p
High Speed drills 0-8mm, 1-0mm, 1-:3mm, 1-5mm, 2mm - 30p

Expo Reliant drilling machines 12V d.c. with improved 3-jaw chuck 6.50
Nicads AA — 80p HP11 - £2 PP3 - £4.20 Universal Chargers - £6.50
Glass reed switches single pole make contacts-8p  Magnets~-12p

VAT inclusive. Return postage 25p {free over £5). Lists free.
THE C.R. SUPPLY CO,,

127 Chesterfield Road,
Sheffield S8 ORN. Tel. 557771.

Cambridge, CB4 15UTel: 0223 424602

= &» =

Cooke International

DO YOU WANT
SCOPES, GENERATORS, POWER
SUPPLIES, POWER METERS, DVM'S,
OSCILLATORS, ATTENUATORS.
TEST EQUIPMENT.

Contact: Cooke International, Unit Four,
Fordingbridge Site, Main Road, Barnham,
Bognor Regis, West Sussex PO22 0EB.
Tel: 0243 545111, Fax: 0243 542457
Wide range of items available. Send for lists.

SURPLUS/REDUNDANT ELECTRONICS
COMPONENTS WANTED

ICs - Tuners - Transistors - Valves - Diodes etc - any
quantity considered -immediate payment.
ADM ELECTRONICS SUPPLIES
Tel 0827 873311 Fax: 0827 874835

Do not g amb% w% your advertising!
Use Pracucal Electronics with confidence!

Phone our Advertisement Dept. on
1-743- for ils!

SURPLUS % STOCK  CLEAROUT
Surplus IC's & Electronic Components
at cost prices.

Please phone for quote.

Also available masses of 74's all types at super
low prices. IE 74HC14 @ .15p each - P+P .40p
plus VAT on total order value.

Cheque or P.O. with order please. 48 hour

guaranteed despatch.
Phone J. Philpot on 0532-489048

« Seri :
% up to 1.000 inputs

* 60+100 mm faders, pots,
panels and audio switches
* 6-9 echo sends

* versions for recording PA,
radio, disco

* circuit diagrams

* From £9.92

HicA
NS

Surbiton, Surrey KT6 6HN. Tel:01-399-3990

Send 40p for catalogue o K. Tek, P.O. Box 172a,

TURN YOUR SURPLUS

ICS transistors etc into cash, immediate

quote for complete factory clearance.
Contact:
COLES-HARDING & CO.,
103 South Brink, Wisbech, Cambs.
ESTABLISHED 15 YEARS
Tel:0945 584188 - Fax: 0945 588844

settlement. WE welcome the opportunity to

4 ) 1

74HC series ICs

74HCO00 19p 74HC02 19p 74HCO03 19p
74HCO04 19p 74HC08 19p 74HC10 19p
74HC11 26p 74HC14 39 74HC2019p
74HC27 31p 74HC30 35p 74HC74 38p
74HC86 29p 74HC107 36p 74HC13841p
74HC16148p  74HC17552p 74HC393 69p
74LS series ICs
74LS00 20p 74LS0220p - 74LS05 20p
74LS30 20p 741532 20p 741851 20p
74LS90 30p 741593 30p 7418107 23p
74LS11223p 7415138 35p 7418139 35p
74L5151 38p 7415164 38p 7415193 55p
7415245 58p 7415374 52p 7415375 64p
74F series ICs
74F00 32p 74F02 32p 74F64 32p
74F174 77p 74F251 64p 74F353 64p
74F37391p 74F398 96p 74F399 96p
ECL seriesICs
10101 1.15 10102 1.15 10103 1.15
10104 1.15 10124 3.68 10125 3.68

A wide range of components and TTL, CMOS and
ECL ICs are available. We also supply PC, XT and
AT spares at LOW PRICES. Write or phone for our
FREE catalogue.

Resistors at bulk prices Your Mix
Carbon film, 0.25W., 5% 1p each or 45p for 50
Metaj fitm, 0.25W, 1% 3p each or £1.35 for 50

V/C sockets, solder type (pin:price)
14:10p, 16:11p, 20:14p, 24(0.6 or 0.3):16p.
I/C sockets with 0.1uF decoupler
14:60p, 16:65p.
Prototyvping boards {Vero)
IBM XT £45.00, IBM AT £52.00
ACCESS welcome by post or phone. Callers by
appointment please. VAT INCLUDED. Please add

S0p for post and packing. Catalogue free. No min-
imum order charge.

BLACKMORE ELECTRONICS LTD.

FREEPOST, Biandford Forum
Dorset DT11 78R

‘8 0258 451347 (24hr answerphone) B

"

THE NEW TS-1.
ATl this in ONE unit.

each to:

B.B. Distribution,

38-42 Westgate Chambers,
Commercial Street, Newport,
Gwent NP9 1JP

Tel: 0633 252958

Send cheque or P.O. for £234.80

AUDIO OSCILLATOR
(10Hz - 30kHz)

FREQUECY COUNTER
(1Hz - 99.99 kHz)

dB METER
(-50 - +24dB)

£199.00 .var

& £5 p+p & Ins.
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in the display pages of
PE! Phone DAVID
BONNER on

01-743-8888 for details!

R.J.E COMPONENTS,
207, Godman Road,
Chadwell-St-Mary,

Grays, Essex RM16 4TR

Free Mail order catalogue of electronic
components, Velleman project Kits, Tools etc.
Also
PCB Design -Manufacture -Assembly
Repair-Service Commercial PCB's & Equipment

000000600690

| £ =

For Electronic Design and PCB
Manufacture call
PROTO DESIGN

Unit 8, liford Trading Estate
Paycocke Road Basildon
Essex SS14 4DR
Tel: 0268 289923

TECHNICAL INFO SERVICES (PE)
76 Church St, Larkhall, Lanarkshire MLY 1HE

Phone 0686 884585 Mon-Fri, 8-5
any other ime 0688 883334 FOR FAST QUOTES
WORLD'S LARGEST COLLECTION SERVICE MANUALS Most
unobtainable eisewhere. Prices range from only £4.50 - large s.a.e. any
quotation, no obligation to buy.
WORLD'S SOLE Suppliers of TV & Video Repair manuals, etc. from TV
' TECHNIC, Thorn etc. Every published service sheet in stock, supplied
full size, not bits & pieces. CTV's or any combination £3.50 plus Lsae,
any other single item £2.50 plus Lsae. Complete Circuit Sets for most
Videoracorders only #7 set (no serv shts mads),

LSAE for QUOTATIONS plus GIANT CATALOGUE NEWSLETTERS
BARGAINS FREE S/Sht as avallable.
Comprehensive TV Repair Manual £9.50. Complete Radio Service and

Repair Course £9.50. Complete Repair & Service Manuals Mono TV

£12.50; CTV £17.00; Video £19.50. Complete Repair Data with circuit -

Mono TV £9.50; CTV £12.50; Video £10.50.

£3,00 plus LSAE BRINGS THE ONLY COMPREHENSIVE SERVICE

SHEETS & MANUALS, CATALOGUES plus FREE CHASSIS GUIDE
and £4,00 OF VOUCHERS

ESKAN

ELECTRONICS

N
SURVE[LLANCE &
COUNTER
SURVEILLANCE

EQUIPMENT
WE MANUFACTURE AND SUPPLY

TOP QUALITY
SURVEILLANCE AND
SECURITY
EQUIPMENT

including VHF Transmitters,

Automatic Telephone

Recorders, Recording
Briefaces, Bug

4 Detectors, Telephone
' » Counter-Tap Units

/ We also offer a complete
7 range of accessories,
@ & including microcassette

recorders, microphones,
receivers, cassettes and batteries /

ESKAN ELECTRONICS LTD.
DEPT. Pl: 172 CAI.EDONIAN ROAD, LONDON N1

2101-278 1768k

CCTV AND SECURITY
SYSTEMS SPECIALISTS

NEW VHF MICROTRANSMITTER KIT,
tuneable 80-115 MHz, 500 metre range,
sensttive electret microphone, high quality PCB.
SPECIAL OFFER complete kit ONLY £5,
assembled and ready to use £8.95 post free.
Access orders telephone 021 411 1821.
Cheques/ P.O.'s to: Quantek Electronics Ltd,
(Dept P.E.), 45a Station Road, Northfield,
Birmingham, B31 3TE

Surveillance devices, lasers, Tesla coils,
scramblers, ultrasonic and many more,
over 150 designs. Send SAE to:
Plancentre, Old Wharf, Dynock Road,
Ledbury HR8 2HS

KITS MICROTRANSMITTER, VHF/FM,
received on standard radio, 25x15mm, free
microphone included - £4.50. Telephone
transmitter, amazingly uses no batteries -
£5.49, Bleeper transmitter vhf - £8.59 inc
p&p. SAE list. Remittance to: A.C.E. (PE),
99 Greenheath, Hednesford, Staffs. -
Access orders 05438 71902 - same day
dispatch.

BOOKS

WORKSHOP SERVICE MANUALS
Video Recorders - £12.50
Most Colour TV, Audio, Test, Vintage, Amateur etc. £6.00
Please state Make/Model/Type with order.

FREE Catalogue Unique Repair and Data Guides with all
orders or LSAE for your copy.
MAURITON ELECTRONICS LTD (PE),

8 Cherry Tree Road, Chinor, Oxoforshire 0X9 4QY
Tel: (0844) 516%4

73 AMATEUR RADIO

World's leading ham radio
magazine.
Annual subscription $39.00 (US Funds)
from: 73 Amateur Radio, P.O. Box
58866, Boulder, CO 80322-8866, U.S.A.

Remember! Good Selection of
Electronic & Computer Books is
available from PE Book Service!
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ELECTRONICS COMPONENTS & TEST
EQUIPMENT - For bargain list send SAE
to: Dept. PE , 76 Wensleydale Road, Great
Barr, BirminghamB42 1PL

C.5. COMPONENTS (Est. 4 years).
Suppliers & stockist of electronic
components, electronic valves, military
equipment and spares. Obsolete and hard
to find products are our speciality. C.S.
Components, Southfield House, 11
Liverpool Gardens, Worthing, West Sussex
BN11 1RY

MUSIC VILLAGE - Require a service
Engineer to work at their Chadwell Heath
store, repairing amplifiers, keyboards,
recording equipment and some computers.
Training available. Ring lan Woodcock on
01-597-7043

MISCELLANEOUS

Have a good idea?
Ideas, designs and

inventions wanted.
S.A.E. for more information: Martin Bliss
Prop. MD, Adapta Plan, Dept. PE,
28 Clerkenwell Crescent, Malvern,
Worcs WR14 2TX

Are you an electronics hobbylst’

If s0, you will benefit from joining Brmsh
Amateur Electronics Club!
BAEC, C. Bogod, 26 Forrest Rd., Penarth,
South Glamorgan

Fine hand made telescopes! Terrestrial
and astronomical. Contact lan Poyser, 15
Dale Road, Rochester, Kent ME1 2PJ Tel:
Medway 401220

VOICE/SOUND activated switches easy
to follow diagrams and uses only £1.00.
Components and P.C.Bs available:
Herrington, 63 Home Farm Road, Hanwell,
London W7 1NL.

RM Nimbus Experimental Analogue
port. Two analogue and two digital
channels, using mouse socket. Circuit,
layout and listing £5.00; PCB £3.50.
Logical Answers, 24 Elmwood, Mersea,
Colchester, Essex CO5 8RD.

SOLAR ECLIPSE JULY 1990 - Finland.
For your travel and accomodation needs
phone Margaret at Salford Travel Agency
on 061-832913. ABTA Members.



he UK must now look to Europe for any
further industrial success in integrated
circuits. Which is an optimistic way of

saying that there are no longer any British-owned
manufacturers in this sector, at least in world
market terms. During 1988 we saw the last two
firms go. Inmos was sold to the French-Italian
group SGS-Thomson Microelectronics. Then, as
an outcome of the big takeover, Plessey
Semiconductors passed into the hands of the
German-British company GEC-Siemens.

As the Plessey chip business is held 50 per cent
by GEC and 50 per cent by Siemens you could, of
course, say that half of Plessey is still British-
owned. But the Plessey activities are to be
managed by Siemens, which is the dominant
partner in this field (its semiconductor division
having an annual turnover of about $520 million).
So it seems pretty certain that the business will be
amalgated or rationalised more with Siemens’
interests than with GEC’s.

Certainly the UK still has a small industrial
presence in microchips through the integrated

for promoting collaborative projects in advanced
technology. As you may know, the members of
Eureka are the governments of the twelve EC
states, six EFTA countries and Turkey.

The Eureka project concerned with integrated
circuits is a research programme for vlsi
technology and applications originally called
JESSI (Joint European Submicron Silicon). One
aim is to produce sub-micron vlsi structures with
an integration density of 100 million devices per
chip by 1996. The plan was launched in 1988 by
Belgium, France, Germany, Italy and the
Netherlands (where was the UK?) and is reckoned
to need an R&D investment of $2.5 billion spread
over eight years.

Across the Atlantic something similar is
happening. In spite of the early success of
American visi firms in world markets, the
semiconductor industry there is now, like the
European one, extremely worried by the
effectiveness of the Japanese dumping. More
recently we have seen the unexpected sight - in a
land where the ideology of free enterprise and

-OPERA
COMPET

circuits made by GEC subsidiary Marconi
Electronics Devices Ltd at Lincoln. But how this
will fare as an independent producer in the face of
the huge R&D expenditure needed just to stay
afloat in the chip industry is by no means clear.

INTEGRATION

Some readers may think /ndustry Notebook has
become rather obsessive about integrated circuits
in commenting so much about this sector. Many,
however, will be well aware - for example from
PE’s regular Chip Count feature and the content of
the technical articles - that ics have become
absolutely central to electronics technology and
manufacturing.

As the possible integration density keeps on
rising, more and more of the circuitry of electronic
equipment is moving onto semiconductor chips.
Over the past five years, for example, the
proportion of ics in the total world sales of
electronic components has risen from 38 per cent
to 50 per cent. And experts predict that from 1990
onwards some two-thirds of all components going
into equipment will be ics.

Thus companies with a strong position in
integrated circuits are getting a powerful grip on
electronics manufacturing in general. And those
who are able to divert enough of their profits into
R&D to keep on bringing out new, more advanced
chips are acquiring a strong influence over the
design of electronic equipment. Once an
equipment manufacturer is benefiting
competitively through design features which
regularly result from new ics coming from a
particular chip maker he is not easily attracted
away by the products of rival semiconductor firms.

But the almost complete absorption of UK chip
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By Tom lvall

International co-
operation is very
desirable, but
beware loss of
identity.

manufacturing into the wider European industry
has not done very much for the European firms in
general. There are now three major producers here:
Philips, SGS-Thomson and Siemens. All are
greatly concerned about the increasing success of
the Japanese semiconductor firms in Europe.

COMPETING CO-OP

Part of the response has been “If you can’t beat
‘em, join ‘em”. This shows itself in various
technology and commercial agreements between
the European and Japanese companies. So here we
have the phenomenon of trading adversaries from
different cultures (occidental and oriental) co-
operating with each other. At the same time we see
trading adversaries from the same culture
(European in one case, Japanese in the other) co-
operating with each other to compete more
effectively with the common industrial adversary
from a different culture.

In Japan, for example, the competing chip firms
have a common national aim: of expanding into
Western European markets. In Europe the chip
makers are banding together, against the Japanese
commercial onslaught, through the Eureka scheme

unrestrained competition is probably at its purest
and strongest - of some of the biggest firms in the
electronics industry getting together to set up a
common front against the foreign threat.

MAGNIFICENT SEVEN

Seven companies have announced their
intention to form a collaborative venture called US
Memories Inc. Its main purpose is to try to reclaim
some part of the dram memory market which US
manufacturers have lost to the Japanese. The
‘magnificent seven’ are: Advanced Micro Devices,
Digital Equipment, Hewlett-Packard, IBM, Intel,
LSI Logic and National Semiconductor. About
thirty other American firms have expressed
interest.

At present the world dram market - worth about
$3.5 billion per annum - is completely dominated
by the Japanese, who have captured 87 per cent of
it. The remaining 13 per cent is shared between the
USA (7 per cent), Korea (4 per cent) and Europe (2
per cent). US Memories Inc hopes to increase the
American share to about 12 per cent by 1992.
Technologically its effort will be centred on the 4-
Mbit memory.

These events are a topical input to the continuing
debate about free-market versus state-controlled
economies, degrees of government intervention and
the possibilities of mixed systems. The inadequacies
of the Soviet Union’s and Polish economies show
what can happen when industry is totally state
controlled. Obviously free enterprise under
capitalism is a highly effective stimulus to economic
development. But untrammelled competition for
markets across national frontiers leads to some
countries losing their own industries. Perhaps we
still need collectivism in some form or.other.
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Books

PRACTICAL ELECTRONICS
BOOK SERVICE

Here is your Editor's choice of books he
thinks will be of interest to
electronics and
computer enthusiasts

Mini-Matrix Board Projects. Practical Electronic Building Blocks

‘ ]
R.A.Penfold. 112 pages. £2.50.
Order Code BP99

Shows a selection of 20 useful and interesting circuits
that can be built on a mini-matrix board of 24 holes by 10
copper strips in size - an ideal book for early
experimenters.

NIEW From Atoms to Amperes.
F.A.Wilson. 160 pages. £2.95.
Order Code BP254.

For the absolute beginner, clearly explaining the
fundamentals behind the whole subject of electricity and
electronics.

INI&EW Electronic Projects for
Beginners.

F.G.Rayer. 128 pages. £1.95.
Order Code BP48

Specially for the newcomer to electronics who is looking
for a book containing a wide range of easily made projects.
Some circuits need no soldering and many others show
actual component and wiring layouts.

Electronics Build and Learn
R.A.Penfold. 128 Pages. £5,95.
{0Order Code PC 101

| Combining theory and practice, the book describes a
eircult demonstrator unit that is used in subsequent
chapters to introduce common electronic components and
circult concepts, complete with practical experiments.

R.A.Penfold. There are two books -
Book 1 : 128 pages. £1.95.

Order Code BP117

Book 2 : 112 pages. £1.95.

Order Code BP118

Book 1 is about oscillators and gives circuits for a wide
range, including sine, triangle, square, sawtooth and
pulse waveforms and numerous others from voltage
controlled to customised ic types.

Book 2 looks at amplifiers, ranging from low level discrete
and opamp types to ic power amps. A selection of mixers,
fllters and regulators is included.

30 Solderless Breadboard Projects
R.A.Penfold. Two books each of 160
pages. Book 1 : £2.25. Order Code
BP107. Book 2 : £2.25. Order Code
BP113.

Each project Is designed for building on a Verobloc
breadboard and is accompanied by a description, circuit
and layout diagrams and relevant constructional notes.
Many of the components are common to several projects.
Book 1 covers linear devices, and Book 2 covers cmos
logic chips.

Beginners Guide to Building
Electronic Projects R.A.Penfold. 112
pages. £1.95. Order Code BP 227

Shows the complete beginner how to tackle the practical
side of electronics and includes simple constructional

~An Introduction o
Satelite Talevisi

Getting the Most from Your
Multimeter

R.A.Penfold. 112 pages. £2.95.
Order Code BP239

There's more to what you can do with a meter than mects
the casual eye. The book covers the basics of what you
can do with analogue and digital meters and discusses
component and circuit testing.

NEBW Test Equipment Construction
R.A. Penfold £2.95.
Order Code BP248

Describes in detail how to construct some simple and
inexpensive, but extremely useful, pieces of test
equipment,

Oscilloscopes

I.Hickman. £6.95.

Order Code NT3

Subtitled 'How to Use Them, How They Work' the book is
illustrated with diagrams and photographs and is
essential reading for any one who wants to know about
scopes, from first principles to practical applications.

How to Get Your Electronic Projects
Working.

R.A.Penfold. 96 pages. £2.50.

Order Code BP110.

Essential reading for anyone who wants first-time success
in project assembly. Covers tracing mechanical faults as
well as testing for fallures of active and passive
components of most types,

*NEW* Satellite TV Installation
Guide - 2nd edition John Breeds.
£11.95. Order Code STV1

Full of vital information for any competent diyer who
wishes to install a satellite tv antenna and obtain
optimum reception quality.

An Introduction to Satellite
Television

F.A.Wilson. 112 pages. £5.95.
Order Code BP195

Informative answers to many of the questions about
this communications revolution. The information 1s
presented on two levels, one aimed at the complete
beginner, the other at professional engineers and

sertous amateur enthusiasts,

AUDIO AND MUSIC
Introducing Digital Audio

LSinclair. 112 pages. £5.95.
Order Code PC102

A non-mathematical introduction to the new digital
technology, discussing the principles and methods|
involved in devices such as cd, dat and sampling.

Electronic Music Projects
R.A.Penfold. 112 pages. £2.50.
Order Code BP74

24 practical constructional projects covering fuzz, wah,
sustain, reverb, phasing, tremolo ete. The text is spltt into
four sections covering guitar, general, sound generation
and accessory projects.

More Advanced Electronic Music
Projects

R.A.Penfold. 96 pages. £2.95.
Order Code BP174

Complementing BP74 by covering more advanced and
complex projects including flanging, chorus, ring|
modulation, plus a selection of drum, cymbal and gong
circuits.

NEW Computer Music Projects
R.A.Penfold. 112 pages. £2.95.
Order Code BP173

Shows how hame computers can produce electronic music
and covers sequencing, analogue and Midi interfacing,
digital delay lines and sound generators.

Practical Midi Handbook
R.A.Penfold. 160 pages. £5.95.
Order Code PC103

A practical how-to-do-it book for musicians and
enthustasts who want to exploit the capabilities of Midt.
Covers keyboards, drums, sequencers, effects, mixers,
guitars, and computer music software.

Midi Projects
R.A.Penfold. 112 pages. £2.95.
Order Code BP182

Practical details of interfacing many popular home
computers with Midi systems, and also covering Midi
interfacing to analogue and percussion synths.

NEW Electronic Synthesiser
Construction.

R.A.Penfold. 112 pages. £2.95.
Order Code BP185.

Even relative beginners should find the monophonic|
synthesiser described here within their capabilities if the
book 1s thoroughly read. Individual aspects of the synth
are dealt with separately and pcb designs are shown for
the main modules.
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DOS.
N. Kantaris. 64 pages. £2.95.
Order Code BP232

A ready-reference guide for those who need a quick insight
into the essential command functions of this operating
system, but who don't have the time to learn it fully.

An Introduction to Computer
Peripherals

R.A. and J.W. Penfold. 80 pages.
£2.50. Order Code BP170

Covers such items as monitors, printers, disc drives,
cassettes, modems, etc, explaining what they are and how
to use them with your computer and with each other.

Microprocessing Systems and
Circuits

F.A.Wilson. 256 pages. £2.95.
Order Code BP77

A comprehensive guide to the elements of microprocessing
systems, covering the fundamental principles behind this
important subject.

Introduction to 6800/6802
Microprocessor Systems
R.J.Simpson and T.J.Terrell. 238
pages. £10.95. Order Code NT9

The book covers systems hardware, programming
concepts and practical experimental work that will assist
in understanding the 6800/6802 microprocessor, with
additional information on the 6802DSE evaluation
system.

NEW An Introduction to 68000
Assembly Language.

R.A. and J.W.Penfold. 112 pages.
£2.95. Order Code BP184

Covers the fundamentals of writing programs that will
vastly increase the speed of 68000 based machines such
as the Commodore Amiga, Atari ST range, Apple
Mackintosh, etc.

i,

DIGITAL AND COMP G
NIZW A Concise Introduction to MS- Getting the Most from Your Printer

J.W.Penfold. 96 pages. £2.95.
Order Code BP181

How to use the features found on most dot-matrix printers
from programs and popular wordprocessors, showing
examples of what must be typed to achieve a given effect.

Micro Interfacing Circuits
R.A.Penfold. Two books, each of 112
pages.

Book 1 : £2.25.0rder Code BP130.
Book 2 : £2.25. Order Code BP131

Both books include practical circuits and useful
background information though pcb layouts are not
included. Book ! mainly covers computer input-output
techniques. Book 2 deals primarlly with practical
application circuits.

NZW An Introduction to 6502
Machine Code.

R.A. and R.W. Penfold. 112 pages.
£2.50. Order Code BP147

Covers the main principles of machine code programming
on 6502-based machines such as the Vic-20, Oric-
1/Atmos, Electron, BBC and Commodore 64. It assumes
no ‘previous knowledge of microprocessors or machine,
code and gives illustrative programming examples.

NEW A Z-80 Workshop Manual.
E.A.Parr. 192 pages. £3.50.

Order Code BP112

A book for those who already know Basic but wish to
explore machine code and assembly language
programming on Z80 based computers.

Practical Digital Electronics
Handbook

M.Tooley. 208 pages. £56.95.
Order Code PC 104

Nine constructional projects introduce digital circuits,
logic gates, timers, microprocessors, memory and interface;
circuits - an essential book for anyone interested in digital
devices.

Getting The
Most From Your

\ Printer

Owen Bishop. 144 pages. £2.95.
Order Code BP104

A bumper bundle of experimental projects ranging in
complexity and including a colour temperature meter,
electronic clock, a solid state [led display) scope, an infra-
red laser, a fascinating circuit for measuring the earth's
eleetrical field strength, and many more.

Electronic Security Devices

R.A.Penfold. 112 pages. £2.50. BP56
Full of ideas for keeping your valuables safe. The circuits
include designs for light, infra-red, ultrasonic, gas, smoke,
flood, door and baby sensors.

NEW More Advanced Electronic
Security Projects. R.A.Penfold. 112
pages. £2.95. Order Code BP190

Follows on from where BP56 leaves off and describes a
number of morc up-to-date and sophisticated projects,
such as pyro-sensors, Infra-red and doppler-shift
detection, fibre-optic loops, and many others.

REW Electronic Projects for Cars
and Boats.

R.A.Penfold. 96 pages. £1.95.
Order Code BP94

Y P
and/or boat. Stripboard constructional details are
included, as are explanations of the circuit theory.

Power Supply Projects
R.A.Penfold. 96 pages. £2.50.
Order Code BP76

A selection of power supply designs, including simple
unstabilised, fixed voltage regulated and variable voltage
stabilised, ni-cad charger, voltage step-up, and inverter.

More Advanced Power Supply
Projects

R.A.Penfold. 96 pages. £2.95.
Order Code BP192

Covers more advanced topics than BP76 and includes
preciston supplies, switch mode and computer controlled
supplies, plus a selection of miscellaneous circuits.

N5W Popular Electronic Circuits.
R.A.Penfold. 160 pages. £2.95.

Order Code BP8O

Containing a wide range of circuit designs for experienced
constructors who are capable of producing working
projects direct from a circuit diagram without specific|
constructional detatls.

PRACTICAL ELECTRONICS JANUARY 1990

DATA AND INFORMATION BOOKS
Digital IC Equivalents and Pin
Connections

A.Michaels. 320 pages. £5.95.
Order Code BP140

Linear IC Equivalents and Pin
Connections

A.Michaels. 256 pages. £5.95.

Order Code BP141

Between them these two books show equtvalents and pin
connections of a popular user-orientated selection of]
European, American and Japanese ics. They also
include detatls of functions, manufacturer and country
of origin. The Digital ICs book also quotes details of]
packaging and families.

Opamps

B.Dance. £6.50. '
Order CodeNT2

Subtitled 'Their Principles and Applications’ this
interesting book s written in a simple non-mathematical

style and provides a source of practical circuits that use
both commonplace and more sophisticated opamps.

Electronic Hobbyists Handbook
R.A.Penfold. 96 pages. £4.95. Order
Code BP233

Provides a source of useful information that the amateur,

enthusiast 18 likely to need for day-to-day pursuance od
hobby electronics.

Practical Electronics Handbook
I. Sinclair. £7.95.
Order Code NT1

A useful and carefully selected collection of standard
circuits, rules-of-thumb and design data for enthustasts,
students and engineers involved in radio, computing and
general electronics

Newnes Electronics Pocket Book
LE.Parr. £6.95.

Order Code NT10

Presents all aspects of modem electronics in a readable
and largely non-mathematical style, and is a good source
of valuable information for enthusiasts and professional
engineers alike.

NEW _Key Techniques for Circuit
Design

G.C. Loveday. £6.95.

Order Code BM 101

Tackles the problems of designing circuits from scratch,
introducing the concept of target specifications, the
design sequence, device sclection, rules of thumb, and
useful equivalent circuits.

HOW TO ORDER

and address clearly. Enclose a
cheque, PO or international money
order (add 50p postage per book -
£1.00 for overseas surface mail), and
send to:

Intra House
193 Uxbridge Road
London W12 9RA

‘within 10 days but please allow 28
days for delivery.. ‘
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PE PCB SERVICE

IT IS EASY TO BUILD MAY 88
RF SPEECH PROCESSOR 172 £6.26
PRACTICAL ELECTRONICS PROJECTS!  .uness
AMSTRAD ROM EXPANSION 173 £10.80
- . . ... MAINS MODEM 174 £4.27
Simplify your project assembly - use a ready-made printed circuit ;1 y gg
board. All are fully drilled and roller tinned. Just slot in the components  \,ocaLs ELIMINATOR 175 £4.31
as shown in the project texts, and solder them. PCBs are the aug as
professional route to project perfection. SPEAKING CLOCK 176 £16.75
MAIL ORDERING R
Select the boards you want, and send your order to: PE PCB  BBC MULTIPLEXER 177 £4.50
SERVICE, PRACTICAL ELECTRONICS, 193 UXBRIDGE ROAD, oCTss
LONDON W12 9RA. METAL DETECTOR 178 £6.50
Prices include VAT and postage and packing. Add £2 per board for DEC 88
overseas airmail. Cheques should be made payable to Intra Press PANNING MIXER 181 £7.80
(Payments by Access and Visa also accepted). Quote the project name  JAN 89
and PCB Code Number, and print your name and address in Block RUDOLPH'S NOSE 182 £6.25
Capitals. Do not send any other correspondence with your order. ANGEL'S HALO 183A/B £9.40
TELEPHONE ORDERS CANDLE FLICKER 184 £6.25
Use your Access or Visa card and phone your order to 01-743-8888 MAR 89 )
clearly stating your name and address, card number and order details. CAMERA SHUTTER TIMER ez Eats
All orders receive priority attention. Many PCB's are held in stock, so 2l ag
they are dispatched within few days, but please still allow 28 days for ;iy :QLTIPORT 1668AB faasb
delivery in case a PCB is temporarily out of stock. KIRLIAN CAMERA 189A/C £10.50
We can only supply the PCB's listed here! Please always check JUNE 89 ’
the latest issue of PE before ordering. SOLAR HEATING CONTROLLER 197 £7.20
We can also supply the photocopies of the text at £1.50 for each e UXE METRONOME 198 £10.95
project part inclusive of postage and packing ( overseas £2.00). JULY 89
Please note that we do not supply components - they can ordered from  pROJECTOR SYNCHRONISER 190A £9.50
our advertisers! AUG 89
EASI-BUILD - VODALEK 191 £4.90
R e e e T e e s o we ] HAND CLAPPER 192 £6.50
APRIL Code SEP 89
VIGILANTE CAR ALARM - keeps cars alert 139 £5.90 EASI-BUILD - COMPRESSOR 193 £4.90
MAY 87 . FREQUENCY COUNTER-GENERATOR 194A/B £12.50
BRIGHT FUZZ - Foot operated overdrive 145 £3.90 OCT 89
JUNE 87 EASI-BUILD VOICE-OP-SWITCH 195 £4.90
AUDIO SIGNAL GENERATOR 146 £1020  HOME SECURITY CONTROLLER 196A/C  £1950
JUL 87 DEC 89
WORD GENERATOR - 16 bit binary words 147 £13.42 VIDEO AGC STABILISER 199 £6.50
SCOPE STORE oscilloscope add-on data storage148 £11.94 ECHO STATION 200A/B £11.50
SEP 87 3 MINI METRONOME 201 £4.90
SPEECH PROCESSOR - clarifies speech 150 £5.86 JAN 90
GCSE TIMER UNIT - versatile variable delay 151 £5.18 BARGRAPH TACHOMETER 202 £5.90
ZL::N'-C;EN 3 triple waveform signal generator 152/153 £9.69 EEPROM PROGRAMMER (KEYBOARD VER) 203 £14.50
TEACHER LOCKER - digital lock control 155 £7.50
POWER SUPPLY - stabilised +15V 156 £7.50 coms
GUITAR TO SYNTH - music interface 157A/B £9.95 \[
NOV 87 IL niy
DUAL POWER SUPPLY - GCSE 158 £6.20 = L-'-E
MIDI EXPANDER - Music Interface 159 £5.04 TR .
DEC 87 E
RS 232C TO MIDI 160 £6.43 2=
TEACHER RADIO - GCSE 161 £5.58 sSha
JAN 88 =
LEGO BUGGY DRIVER 163 £6. 42 -
FEB 88 g
TEACHER TALKBACK - GCSE 164 £6.36 ] I
DC MOTOR SERVO 165 £7.53
MAR 88 B
APPLIANCE TIMER 166A/B £9.38
TEACHER LIGHTSHOW - GCSE 167A/B £9.09 -
LOGIC ANALYSER - Double-sided 168 £20.65 PE PCB's are the professional route
APR 88 H s
LIGHT METAL EFFECTS 169 £7.10 to proleCt perfeCt’on"
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Personal i
Computer

BRITAIN'S BIGGEST COMPUTER MAGAZINE

Ata.rl s

Personal laser printers ® The unhackable Opus DataSafe
Getting to grips with DataEase ® Zortech takes C++ to version 2
Duncan Campbell on computer health hazards

® Exclusive Benchtest Atari's portable STe®
Zenith Minisport @ Personal Laser Printers
Sage Sterling ® Opus Datasafe ® Lotus 123
addins @ Duncan Campbell on computer
health hazards e Inmos Ai121 chip e Guy
Kewney on the 486 @ Dell Unix PC System

OUT NOW AT ALL GOOD NEWSAGENTS




SINGLE BOARD COMPUT

Interak 7-\

Jlﬂu

“SBC.1 ”

Gy

: 5]@@‘[][]0

A computer doesn't have to

SO on.

to 32K), a static RAM chip (up

"74LS" or "HC" parts.

cheapest too!

controller.

It doesn't have to have a keyboard and a screen and oppy disks and

The SBC-1 has the bare minimum of chips a Z80 computer can have
and still be a computer: A 4 MHz Z80-CPU chip, an EPROM chip (up

output) chips giving 48 individual lines to waggle up and down. There
are one or two additional “glue” chips included, but these are simple

A star feature is that no special or custom chips (ie PALs, ULAs, ASICs
eic) are used — and thus there are no secrets. The Z80A is the fastest
and best established of all the 8-

look like you'd expect a computer to look.

to 32K) and a pair of 8255A I/0 (input

bit microprocessors — possibly t'.e

Although no serial interface is included, it is easy for a Z80A to waggle
one bit up of down at the appropriate rate — the cost is a few pence
worth of code in the program: why buy hardware when software will do?

Applications already identified include:
printer intertace, printer buffer, push button keypad, LCD alphanumeric
panel interface, 40-zone security interface for auto sending of security
alarms, code converter (eg IBM PC keyboard codes to regular ASCIl),
real time clock {with plug in module), automatic horticultural irrigation

Magnetic Card reader, mini

By disabling the on-board Z8CA-CPU this card will plug into our Interak
1 CP/M Plus disk-based development system, so if you don't fancy
hand-assembling Z80 machine code you don't have to!

The idea is (if you are a manufacturer) you buy just one development

system and then turn out the cheap SBC-1

systems by the hundred. If

you are really lazy we can write the program for you and assemble the
SBC-1 cards 50 you can get on with manufacturing your product, leavin

all your control problems to us.

Greenbank

For more details
Greenbank Electronics. Dept

write or phone us:
(E10P) 460 -New Chester Road,

Rock Ferry. Birkenhead. Merseyside. L42 2AE. Tel: 051-645 3391
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GLOBAL ELECTRONICS

1 WINKLEY STREET
LONDON E2 6PT

The name for your components

ONLY QUALITY BRANDED COMPONENTS

LOW PRICES — NO MINIMUM ORDER

LARGE QUANTITY PRICING

HAVING PROBLEMS FINDING A

COMPONENT?

— CONTACT US!

PHONE FOR OUR FREE CATALOGUE

10% OFF CATALOGUE PRICES WITH
THIS ADVERT!!

OFFER VALID UNTIL FEBRUARY 1990

NEW PRODUCTS BEING ADDED
CONSTANTLY

PHONE: 01

-739 8199

VARIABLE VOLTAGE TRANSFORMERS

INPUT 220/240V AC 50/60 OUTPUT 0-260V

200W 0.1 amp max £24.00 p&p £3.00 (£31.05 inc VAT}

0.5KVA 2.5 amp max £26.50 £3.75 {£34.79 inc VAT)
1KVA 5ampmax £34.00 £4.25 {£43.99 inc VAT)

£5.50 {£62.68 inc VAT)

£6.25 (£81.34 inc VAT)

2KVA10ampmax £49.00

3KVA 15ampmax  £65.00

5KVA 25 amp max £115.00 -~
Carriage on request .

: L~
VOLTAGE CHANGING ]

TRANSFORMER 4
1250 Watt auto. Tapped 0-90V, 100, 110, 115,

120, twice to obtain voitages between 90

and 240V. Fitted in heavy duty louvered

metal case. Fused input. Price incl VAT &

p&p £38.50.
COMPREHENSIVE RANGE Of TRANSFORMERS-LT-
ISOLATION & AUTO (110-240V Auto transfer either
cased with American socket and mains lead or open
frame type. Available for immediate delivery.

ULTRA VIOLET BLACK LIGHT FLUORESCENT TUBES
4ft 40 watt £10.44 {£12.00 inc VAT} Caller only

2ft 20 watt £7.44 + £1.25 p&p {£9.99 inc VAT
13In 10 watt £5.80 + 75p p&p (€753 inc VAT}
12in 8 watt £4.80 + 75p p&p {£6.38 inc VAT)
9in 6 watt £3.60 + 50p p&p (£5.12 inc VAT}
6in 4 watt £3.60 + 50p p&p (£5.12 inc VAT}

230V AC BALLASTKIT for either 6in, 9in or
12intubes £5.50 + 55p p&p (£6.96 inc VAT)
For 13in tubes £6.00 + 75p p&ip

{£275 inc VAT)

400 WATT UV LAMP

Only £34.00 + £2.50 p8p (£41.98 inc VAT)

175 WATT SELF BALLASTED BLACK LIGHT
MERCURY BULBS Available with 8C or ES
fitting. Price incl VAT & p&p £19.84.

12 VOLT BILGE PUMPS
Buy direct from the importers
500 GPH 15t head 3 amp
| £16.00in¢.
1750 GPH 15ft head 9 amip
£19.25 + £2.00 p&p (£25.00 inc VAT}

EPROM ERASURE KIT

Build your own EPROM ERASURE for a Faction of he price of 8
madeup unit Kt of pt jess cass incudes 12in 8 watt 2! Angn
Tube Baliast unit psir of bi-pin tsads neon indicator on/ok switch
safoty microswiich and circuit £14.00 + £2.00 p8p (£18.40 inc VAT).

SUPER HY-LIGHT STROBE KIT

Designed for Disco, Theastricai users etc.

Approx 16 joules. Adjustabte speed £48.00 + £2.00 p&ip
{£57.50 inc. VAT)

Case and reflector £22.00 + £2.00 p&p {£27.60 inc VAT)
SAE for further details including Hy-Light and
industrial Strobe Kits.

WIDE RANGE OF XENON FLASHTUBES

Write/Phone your enquires

WASHING MACHINE WATER PUMP
Brand new 240V AC fan cooled cani be used for a variety
of purposes. Inlsts 1% ins. Outlet 1 inch. Price including
p&p and VAT — £10.95 or 2 for £20 including p&p and

SPECIAL OFFER AC CAPACITORS
1.5MFD 440V £2.00 5 MFD 440V £4.00
2 MFD440VE£2.50 5.4 MFO 280V £2.00
4.1 MFD 440V £3.50 5 MFD 860V £3.00
12 MFD 400 £4.00
p+p 50p per unit plus VAT to be added to total.

TORIN CENTRIFUGAL BLOWER

230V ac 2,800 RPM 0.9amp 130mm diameter impellor
outlet 63 x 37mm overall size 195 x 160 x 150mm long.
Price £17.50 + £2.50 p&p (£23 inc. VAT)

SHADED POLE GEAR MOTORS

In the following sizes:

9 RPM 12 RPM 80 RPM 160 APM 110V AC or 240V AC
with capacitors (supplied). Price incl VAT & p&p £12.65

GEARED MOTORS
71 RPM 20lb mch lorque reversable 115V AC input
for 240V AC

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

12 V DC COOLER EXTRACTOR FAN
New brushless mator 32mm sq. Price incl VAT & p&ip
£11.50.

SOLID STATE EHT UNIT
Input 230:240V AC, Output approx 15KV. Producing
10mm spark. Built-in 10 sec timer. Easily modified
for 20 sec, 30 sec to continuous. Designed for boiler
ignition. Dozens of uses in the field of physics and
electronics. eg supplying neon of argon tubes etc,
Priceless case £8.50 + £1.00 p&ip {£10.93 inc VAT} NMS

COOLING FANS-BRAND NEW!

200/400V AC American Boxer "Peewee’ 7-bladed high
efficiancy cooling unit 80mm sq zx 40mm deeps 40cm
approx. Price incl VAT & p&p £10.35.

EX-EQUIPMENT FANS 120mm sq x 38mm deep in
either 115V or 230V AC Tested and guaranteed. Price
incl VAT & p&p £7.76.

Large selection of various speed greased motors from
stock. Phone or write for detalls.

From stock at prices that defy competition
C/F Blowers Program Timers
Microswitches Synch Motors

write/phone your enquiries
NMS = NEW MANUF SURPLUS
RA&T = RECONDITIONED AND TESTED

Ample
Parking Space

Showroom open
Monday/Friday

SERVICE TRADING CO

57 BRIDGMAN ROAD, CHISWICK, LONDON W4 5BB
01-995 1560
ACCOUNT CUSTOMERS MIN. ORDER £10
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POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS-
LOUDSPEAKERS-19 INCH STEREO RACK AMPLIFIERS

(o] o)V NN I WIS I(0]o] VM)  supplied ready buitt and tested.

OMP POWER AMPLIFIER MODULES now enjoy a world-wide reputation for quality. reliability and
performance af a realistic price. Four models available lo suit the needs of the professional and hobby market, i.e.. Industry,
Leisure. Instrumental and Hi-Fi etc. When comparing prices, NOTE all models in¢lude Toroidal power supply, Integral heat sink.
Glass tibre P.C.B.. and Dnive circuits to power compatible Vu meter. Open and short circuit proof

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP100 Mk 11 Bi-Polar Qutput power 110 watts
R.M.S. into 4 ohms, Frequency Response 15Hz -
30KHz -3dB, T.H.D. 0.01%, S.N.R. —118dB, Sens. for
Max. output 500mV at 10K, Size 355 x 115x65mm.
PRICE £33.99 + £3.00 P&P.

NEW SERIES Il MOS-FET MODULES

OMP/MF 100 Mos-Fet Output power 110 watts R.M.S.

into 4 ohms, Frequency Response 1Hz - 100KHz

—3dB, Damping Factor, >300, Slew Rate 45V/uS,

T.H.D. Typical 0.002%, Input Sensmvny 500mV, S.N.R.
—125dB. Size 300 x 123 x 60mm.

PRICE £39.99 + £3.00 P&P.

OMP/MF200 Mos-Fet Output pdwer 200 watts R.M.S.
into 4 ohms, Frequency Response 1Hz — 100KHz
-3dB, Damping Factor >300, Slew Rate 50V/uS,
T.H.D. Typical 0.001%, Input Sensitivity 500mV, S.N.R.
—130dB. Size 300 x 155 x 100mm.

PRICE £62.99 + £3.50 P&P,

OMP/MF300 Mos-Fet Qutput power 300 watts R.M.S.
into 4 ohms, Frequency Response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 60V/uS,
T.H.D. Typical 0.0008%, Input Sensitivity 500mV,
S.N.R. —130dB. Size 330 x 175 x 100mm.

PRICE £79.99 + £4,50 P&P.

NOTE:— MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS, STANDARD — INPUT SENS, 500mV BAND WIDTH 100KHz
PEC (PROFESSIONAL EQUIPMENT COMPATABLE) — INPUT SENS, 775mV, BAND WIDTH 50KHz, ORDER STANDARD OR PEC

Vu METER Compatibte with our four amplifiers detailed above. A very accurate visual
display employmg 11 L.E.D. diodes (7 green, 4 red) plus an additional on/off indicator.
Sophisticated fogic control circuits for very fast rise and decay times. Tough moulded plastic
L« case, with tinted acrylic front. Size 84 x 27 x 45mm,

> PRICE £8.50 + 50p P&P.

*PRICES INCLUDE V.A.T. * PROMPT DELIVERIES * FRIENDLY SERVICE
LARGE S.A.E., 30p STAMPED FOR CURRENT LIST.

OMP VARISPEED TURNTABLE CHASSIS.

* MANUAL ARM “ STEEL CHASSIS % ELECTRONIC SPEED CON-
TROL 33 8 45 % VAR PITCH CONTROL % HIGH TORQUE SERVO
DRIVENDCMOTOR # TRANSIT SCREWS % 12 DIE CAST PLATTER %
NEON STROBE # CALIBRATED BAL WEIGHT % REMOVABLE HEAD
SHELL % '5"CARTRIDGE FIXINGS % CUELEVER % POWER 220 240V
5060Hz * 330x305mm % SUPPLIED WITH MOUNTING CUT-OUT

TEMPLATE.
PRICE £59.99 + £3.50 P&P.

STANTON AL500
PRICE £16.99 + 50p P&P

GOLDRING G850
PRICE £6.99 + 500 P&P

NEW MXF SERIES OF POWER AMPLIFIERS
THREE MODELS:— MXF200 (100w + 100w)
MXF400 (200w + 200w) MXF600 (300w + 300w)

All power ratings R.M.S. into 4 ohms.

FEATURES: * Independent power supplies with two Toroidal Transformers # Twin L.E.D. Vu meters * Rotary
indended level controls * llluminated onioff switch % XLR connectors * Standard 775mV inputs * Open and short
circuit proof * Latest Mos-Fets for stress free power delivery into vidually any load # High slew rate * Very low
distortion * Aluminium cases * MXF600 Fan Cooled with D.C. Loudspeaker and Thermal Protection.

USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.

SIZES:— MXF 200 W19"xH3'%:" (2U)xD11”

MXF 400 W19 xH5Y" {(3U)x D12

MXF 600 W19"xH5Y" (3U)xD13"

MXF200 £171.35

PRICES: MXF400 £228.85
MXF600 £322.00

LOUDSPEAKERS

LARGE SELECTION OF SPECIALIST LOUDSPEAKERS
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH FRE-
QUENCY BULLETS AND HORNS, LARGE S.A.E. (30p
STAMPED) FOR COMPLETE LIST.

McKENZIE:— INSTRUMENTS, P.A,, DISCO, ETC.

ALL McKENZIE UNITS 8 OHMS IMPEDENCE

8" 100 WATT C8100GPM GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID.. DISCO.

RES, FREQ, 80Hz. FREQ, RESP, TO 14KHz. SENS. 99dB. _PRICE £28.59 + £2.00 P&P.
10" 100 WATT C10100GP GUITAR, VOICE, ORGAN, KEYBOARD DISCO EXCELLENI MID.

RES, FREQ, 70Hz. FREQ. RESP, TO 6KHz. SENS, 100d RICE £34.70 + £2.50 P&P.
10" 200 WATT C10200GP GUITAR, KEYBOARD, DISCO EXCELLENT HIGH POWER MID.

RES, FREQ, 45Hz. FREQ, RESP, TO7KHz. SENS 103dB. . PRICE £47.48 + £2.50 P&P.
12" 100 WATT C12100GP HIGH POWER GEN, PURPOSE, LEAD GUITAR, DISCO.

RES, FREQ, 45Hz. FREQ, RESP, TO 7KHz. SENS, 98dB. PRICE £36.66 + £3.50 P&P.
12 100 WATT C12100TC TWIN CONE) HIGH POWER WIDE RESPONSE P A., VOICE, DISCO.
RES, FREQ, 45Hz. FREQ, RESP. TO 14KHz. SENS, 100dB. RICE £37.63 + £3.50 P&P.
12’ 200 WAT'T C12200B HIGH POWER BASS, KEYBOARDS DISCO, P. A

RES,FREQ, 40Hz. FREQ, RESP, TO 7KHz. SENS, 10 PRICE £64.17 +- £3.50 P&P.
12" 300 WATT C12300GP HIGH POWER BASS LEAD GUITAR KEYBOARDS, DISCO, ETC.

RES, FREQ, 45Hz. FREQ, RESP, TO 5KHz. SENS, 100dB. PRICE £85.79 + £3.50 P&P.
15" 100 WATT C15100BS BASS GUITAR, LOW FREOUENCY P.A. DISCO.

RES, FREQ, 40Hz. FREQ. RESP, TO 5KHz. SENS, 98dB. _PRICE £53.70 + £4.00 P&P.
15" 200 WATT C15200BS VERY HIGH POWER BASS.
RES, FREQ, 40Hz. FREQ, RESP. TO 4KHz. SENS, 99dB. -PRICE£73.26 + £4.00 P&P.
15" 250 WATT C15250BS VERY HIGH POWER BASS.

RES, FREQ, 40Hz. FREQ. RESP, TO 4KHz. SENS, 93dB. PRICE £80.53 +£4.50 P&P.
15" 400 WATT C15400BS VERY HIGH POWER. LOW FREQUENCY BASS.

RES, FREQ, 40Hz. FREQ, RESP, TO 4KHz. SENS, 102dB. PRICE £84.12 + £4.50 P&P.
18” 400 WATT C18404BS EXTREMELY HIGH POWER, LOW FREQUENCY BASS.

RES, FREQ, 27Hz. FREQ, RESP, TO 3KHz. SENS. 93dB. PRICE£167.85 + £5.00 P&P.

EARBENDERS:— HI-FI, STUDIO, IN-CAR_ETC.

ALL EARBENDER UNITS 8 OHMS EXCEPT EB8-50 AND EB10-50 DUAL 4 AND 8 OHM.
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED FOAM SURROUND

PRICE£9.99 + £1.50 P&P.

-PRICE£10.99 + £1.50 P&P.

SECURICOR DELIVERY £12.00 EACH
OMP LINNET LOUDSPEAKERS

THE VERY BEST IN QUALITY AND VALUE

OMP SLIDE DIMMER
1K WATT & 2.5K WATT

CONTROLS LOADS UP TO 1KW & 2.5KW,
SUITABLE FOR RESISTIVE AND INDUC-
TIVE LOADS BLACK ANODISED CASE,
READILY FLUSH MOUNTED THROUGH
PANELCABINET CUT-OUTS, ADVANCED
FEATURES INCLUDE :—

MADE ESPECIALLY TO SUIT
TODAY'S NEED FOR

PACTNESS WITH HIGH OUTPUT
SOUND LEVELS. FINISHED IN
HARDWEARING BLACK VYNIDE
WITH PROTECTIVE CORNERS,
GRILLE AND CARRYING HANDLE,
INCORPORATES 12" DRIVER PLUS
HIGH FREQ. HORN FOR FULL
FREQ. RANGE: 45H2-20KHz BOTH
MODELS 8 OHM, SIZE H18" x W15"

# FULL 65mm SLIDE
TRAVEL
* NEON
MONITOR INDICATOR
* FLASH OVERRIDE

x D12" BUTTON
* HIGH & LOW LEVEL
CHOICE OF TWO MODELS PRESETS
# FULLY SUPPRESSED
POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET TO BS 800
SIZES —

1KW H128 xW40xD55mm
2.5KW H128xW76xD79mm

PRICES:— 1K WATT £15.99
2.5K WATT £24.99 + 60p P&P

OMP 12-100 (100W 100dB) PRICE £159.99 PER PAIR
OMP 12-200 (200W 102dB) PRICE £209.99 PER PAIR

SECURICOR DEL..— £12.00 PER PAIR

PIEZO ELECTRIC TWEETERS-MOTOROLA

PIEZO ELECTRIC TWEETERS — MOTOROLA

Join the Piezo revolution. The low dynamic mass (no voice coil) of a Piezo tweeter produces an improved transient
response with a lower distortion level than ordinary dynamic tweeters. As a crossover is not required these units can
be added to existing speaker systems of up to 100 watts {more if 2 put in series). FREE EXPLANATORY LEAFLETS

SUPPLIED WITH EACH TWEETER. TYPE 'A’ (KSN2036A) 3’ round with protective wire
_ ~ mesh, ideal for bookshelf and medium sized Hi-fi

g ~ AN speakers. Price £4.90 each + 50p P&P.
|~
Y
TVP& \ &F

purpose speakers, disco and P.A. systems etc. Price
£5.00 each + 50p P&P.

TYPE ‘C’ (KSN6016A) 2"x 5 wide dispersion horn. For
quality Hi-fi systems and quality discos etc. Price £6.99
each + 50p P&P.

TYPE ‘D’ (KSN1025A) 2"x6" wide dispersion horn.
Upper frequency response retained extending down to
mid range (2KHz). Suitable for high quality Hi-fi systems
and quality discos. Price £9.99 each + 50p P&P.
TYPE ‘E’' (KSN1038A) 3%" horn tweeter with attractive
silver finish trim. Suitable for Hi-fi monitor systems etc.
Price £5.99 each + 50p P&P.

LEVEL CONTROL Combines on a recessed mounting
plate, level control and cabinet input jack socket.
85x85mm. Price £3.99 + 50p P&P.

TYPE ‘B’ {(KSN1005a) 3'2" super horn. For general
N—~ TYPE B

T~

&5

TYPE D

STEREO DISCO MIXER

STEREOQ DISCO MIXER with 2 x 5band L & R

8" 50 WATT EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR.
RES, FREQ, 40Hz. FREQ, RESP, TO 7KHz. SENS, 97dB. ... .PRICE£8.90 + £2.00 P&P.
10" 50 WATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR
RES, FREQ, 40HZ. FREQ, RESP, TO 5KHz. SENS, 93dB PRICE £12.00 + £2.50 P&P.
10" 100 WATT EB10-100 BASS, HI-FI, STUDIO.
RES, FREQ, 35Hz. FREQ, RESP, TO 3KHz. SENS, 960B. .PRICE £27.50 4 £3.50 P&P.
12" 60 WATT EB12-60 BASS, HI-FI, STUDIO.
RES, FREQ, 28Hz. FREQ, RESP, TO 3KHz. SENS, 92d| PRICE £21.00 + £3.00 P&P.
12" 100 WATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO.
RES, FREQ, 26Hz. FREQ, RESP, TO 3KHz. SENS, 9308 .PRICE £32.00 + £3.50 P&P.
EULL RANGE TWIN CONE, HIGH COMPLIANCE ROLLED SURROUND
5%" 60 WATT EB5-60TC (TWIN CONE) Hi-FI, MULTI-ARRAY DISCO ETC.
RES, FREQ, 63Hz. FREQ, RESP, TO 20KHz. SENS, 920B.
6%:" 60 WATT EB6-60TC (TWIN CONE) HI-Fi, MULTI-ARRAY DISCO ETC
RES, FREQ, 38Hz. FREQ, RESP, TO 20KHz. SENS 94dB
8" 60 WATT EB8-60TC (TWIN CONE) HI-F1, MULTI-ARRAY DISCO ETC.
RES, FREQ, 40Hz. FREQ, RESP, TO 18KHz. SENS, 89dB. . PRICE£12.99 +£1.50 P&P.
10" 60 WATT EB10-60TC (TWIN CONE) HI-FI, MULTI- ARRAY DISCO ETC
RES, FREQ, 35Hz. FREQ, RESP, TO 12KHz. SENS, 8608 PRICE£16.49 +-£2.00 P&P.
TRANSMITTER HOBBY KITS
PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS
COMPLETE WITH CIRCUIT AND INSTRUCTIONS

3W FM TRANSMITTER 80-108MHz, VARICAP CONTROLLED PROFESSIONAL PER-

FORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm, SUPPLY 12V @ 0.5AMP,
PRICE £14.49 + £1.00 P&P

FM MICRO TRANSMITTER (BUG) 100-108MHz VARICAP TUNED COMPLETE WITH

VERY SENS FET MIC, RANGE 100-300m, SIZE 56 x 46mm. SUPPLY 9V BATT, PRICE

3 watt FM
Transmitter

graphic equalisers and twin 10 segment L.E.D.
VuMeters. Many outstanding features 5 Inputs
with individual faders providing a useful com-
bination of the following:—

3 Turntables (Mag). 3 Mics. 4 Line including CD
plus Mic with talk over switch Headphone Moni-
tor. Pan Pot L. & R. Master Qutput controls.
Output 7756mV. Size 360x280x90mm. Supply §
220-240v.

Price £134.99 — £4.00 P&P

SCHOOLS, COLLEGES. GOVT. BODIES, ETC. PRICES INCLUSIVE OF V.A.T. SALES COUNTER.
VISA ACCESS ACCEPTED BY POST, PHONE QR FAX

£8.62 + £1.00 P&P
IEI ‘

B. K. ELEC TFIONICS Dept PE

UNIT 5, COMET WAY, SOUTHEND-ON-SEA, ESSEX. SS2 6TR
TEL: 0702-527572 FAX: 0702-420243

POSTAL CHARGES PER ORDER (100 MINIMUM, OFFICIAL ORDERS WELCOME FROM
PRACTICAL ELECTRONICS JANUARY 1990
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