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THE MOST COMPREHENSIVE RANGE OF COMPONENTS, KITS
AND MODULES IN THE WORLD & THERE’S ONLY ROOM FOR A
FRACTION HERE, GET THE CATALOGUE AND FIND THE REST.
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ALL PRICES SHOWN EXCLUDE VAT. P&P 60p per order.
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Ersin Multicore

Ersin Multicore, solder contains 5 cores of non-
corrosive flux, instantly cleaning heavily oxidised
surfaces. No extra flux is required.

Comes in handy dispensers and tool box reels in two
different alloys 40/60 tin/lead for general purpose
electrical soldering and 60/40 tin/?ead ideal for
small components and fine wire soldering.

- oot
‘Z'W suth

tny,,

Size 3 40/60 tin/lead
£4.37 Per reel 16mmda

Size 10 60/40 tin/lead
£4.37 Per reel v.7imman

Size PC115 60/40 tin/lead
£1.38 Handy pack 0 tzxmm e

Multicore Savbit
Multicore Savbit, solder increases the life of your
soldering bit by 10 times, for better soldering

efficiency and economy.
Comes in two handy dispensers and tool box reels.

Size 19A 60/40 tin/lead
£1.15 Handy pack ! 2nmds

At

Size 12 Savbit
£4.37 Per reel 1 20md.

Size 5 Savbit
£1.15 Per pack 12mmds

Multicore Alu-Sol
Multicore Alu-Sol. solder contains 4 cores of flux,
suitable for most metals especially aluminium.
Comes in handy dispensers on tool box reels.

Size AL150 Alu-Sol
£2.07 Per pack oammas

Size SV130 Savbit

Size 4 Alu-Sol
£7.82 Per reel 1ommaa

All prices inclusive of VAT.

Available from most electrical and DIYs stores. If
you have difficulty in obtaining any of these products
send direct with 50p for postage and packing. For
free colour brochure send S.AE.

£1.73 Per pack oosoman

Multicore Solder Wick

Multicore Solder Wick, absorbs solder instantly fro
tags and printed circuits with the use of a 40 to 50
watt soldering iron.

Quick and easy to use, desolders in seconds.

Size AB10 Solder Wick
£1.43 Per pack

Multicore Tip Kleen
Multicore Tip Kleen, soldering iron tip wiping pad.
Replaces wet sponges.

Size 2 Tip Kleen
£0.92 Per pack

Bib Wire strippers and cutters
Wire strippers and cutters, with precision ground
and hardened steel jaws. Adjustable to most

wire sizes. With handle locking-catch and easy-grij
plastic covered handles.

Size 9 Wire Strippe
£2.69 Per pair

Bib Audio/Video Products Limited
(Solder Division), Kelsey House,
Wood Lane End, Hemel Hempstead,
Hertfordshire, HP2 4RQ.

Telephone: (0442) 61291

Telex 826437
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Fourth London Computer Fair
— 1983

The Fourth London Computer Fair is to be
held from 14 to 16 of April at the Central
Hall, Westminster. This year, the com-
puter fair will be part of a larger London
Computer Festival, which is being held to
bring together all the activities organised
by the Association of London Computer
Clubs, and events held in London and the
South East to mark Information
Technology Yearin 1982.

The Computer Fair is the latest of an
annual event organised by the Associa-
tion of London Computer Clubs (ALCC), a
group of some fifteen local computer
clubs in the London Area. The Fair started
out when the North London Hobby Com-
puter Club invited other clubs to join them
in organizing the event, and since then it
has become yearly more popular, so that
now it has become one of the major ex-
hibitions for micro-based systems and
projects, attracting both major UK micro
companies and the smaller companies in
south east England.

This year, as part of the Computer
Festival, the Computer Fair is being co-
sponsored by the ALCC and the GLC
(with the actual running being done for
the first time by a professional organisa-
tion, Goddard, Steadman and Partners).

The main aim of the ALCC and its
member clubs is simply to spread
knowledge about the use of micros,
especially for home users, to put people
with computers in touch w1th each other,
and to run seminars, meetings and lec-
tures to teach people what can be done
with home computers. They want to
establish new clubs, and help information
to circulate between groups. Eventually,
any kind of group with an interest in hob-
by computing should be able to join.
There is a three-man executive commit-
tee, and the chairman and secretary from
each member club will form a clubs coun-
cil. There will be specialist sub-
committees to deal with specific aims and
projects within the ALCC, so there will be
opportunities for people with particularin-
terests to actively do something about
them.

Members of associated clubs can at-
tend each other’s meetings, and newslet-
ter is circulated to club secretaries. Infor-
mation is available on Prestel, starting on
page 80080, including a newsletter
which is updated daily. Remember that
Prestel terminals are now available foruse
in many public libraries. The ALCC also
has various discount and bulk purchasing
schemes formembers.

The main clubs participating are the
Croydon Micro Computer Club (01 653
3207 or 764 4043), Harrow Computer
Club (01 950 7068), North London Hob-
by Computer Club (where the whole thing
started) (01 607 8349), East London
Amateur Computer Club (01 554 3288),
North Kent Amateur Computer Club (Big-
gin Hill 71742), Richmond Computer
Club (01 892 1873), South East London
Micro Computer Ciub (01 853 5829),
West London Personal Computer Club
(01 997 9437), and Worcester Park
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Computer Club (01 337 1609), as well
as in-house clubs in places like the Post
Office HQ, Home Office, etc. All these
clubs have regular meetings, monthly or
more often, and the North Ltondon Hobby
Computer Club is run from the
Polytechnic of North London, where it
holds structured courses on a termly
basis, open to members of the public.

The London Computer Festivalis being
organised by a consortium of computer
interests, including the National Com-
puting Centre Micro Systems Centre, and
local authority computer centres. For in-
formation on the Festival, contact the
Secretary to the Consortium, GLC Central
Computer Service, Room 431, County
Hall, London SE1 (01 633 3348).

For more information about the ALCC,
contact the ALCC at North London Hobby
Computer Club, Polytechnic of North
London, Holloway, London N7 8DB. Tel:
(01607 2789).

Going Up

Many a radio amateur wants to setup a
radio mast in the back garden, but, having
overcome all obstacles and finally put it
up and into operation, finds that he’s got
the thing the wrong way round, or the
mast isn’t quite tall enough, or it's prone
to blow over — and so on. Allweld
Engineering’s Altron SP1 Swing Post is a
practical way to reduce access problems
on radio masts: it is basically a hinged
post which can be either latched upright,
or swung into a horizontal position at
about waist height for adjustments. The
swing post will hold a mast made of any
piece of aluminium tubing, from 1% to
2in in diameter and up to 6m (20ft) long,
and Allweld also supply 2in tubing up to
5mlongat £6.50 ameter, ifrequired.

The swing post is made of galvanised
steel and simply sets into concrete, or im-
pacted filling, in a hole in the ground (it
could even double as a washing-line post,
couldn’tit?). The SP1 costs £49.50, inc.
VAT and UK carriage.

For mobile broadcasters, the Altron
PM1 portable mast is made in zinc-plated
steel tube and is designed to telescope in-
to 1.5m sections for easy carriage. Thus
it can be packedinto any car and easily set
up, with the car as a support, at any loca-
tion. An adjustable-height bracket clamps
to the guttering of most car roofs, while
allowing the mast to be rotated. The PM 1
extends to 5.5m (18ft) and costs
£40.50, VAT and UK carriageinc.

Finally, a universal aerial mounting, for
television, CB,-amateur radio aerials, etc.
The QM1 is a pressure-bar which fits
across most window openings or similar
from 25 to 42in (or more with an exten-
sion) in a vertical or horizontal position.
The fixing clamp takes tubes from 1% to
2in, and no drilling or brackets are needed
for fixing. For rotatable or long masts, up
to 8ftlong and 12lb weight, an extra sup-
port arm is available which can mount on
the QM1 itself, or be set into the wall. We
don’t have a price for this one, but all
orders and enquiries should go to Allweld
Engineering, Unit 6, 232 Selsdon Rd., S.
Croydon. Tel: 01 681 6734 or 01 680
2995.

Shorts

Camtec Circuits and Systems have ptio-
duced four new finger heatsink desugns
for use with SOT32 and TO220 case

-plastic transistors. The heatsinks, made

from high-grade black anodised
aluminium, come with composite drillings
to allow a variety of devices to be
mounted either flat, or on legs that pass
through the PCB. They are also availablﬁ
undrilled or with special drillings if r
quired.

For details and prices contact Camtec
Circuits and Systems, 5 York Rd., Bognor
Regis, W. Sussex. Tel: (024 3) 86291 1

Electronic Hobbies have sent us '@
description of how to convert their
3% -digit Digital Panel Meter kit for use as
adigital thermometer. The kit contians an
IC, PCB, liquid crystal display, com-
ponents and hardware to build a DPMon a
single chip, run from a 9V battery. Extra
components needed for the conversion
have to be obtained in addition to the kit.
Other applications mentioned are inp
attenuator, AC voltage meter, multi-
range DVMs, current and resistance
meters. Details from Caroline Stewart,
Electronics Hobbies Ltd., 1 7 Roxwell Rd!,
Chelmsford, Essex CM1 2LY. Tel:
(0245)62149.

Black Star are supplying the Sabtronics
8000 nine-digit frequency meter, a por-

“table, battery or mains operated meter,

capable of measuring frequencies bet

ween 1Hz and 1GHz with ‘impressive ac-
curacy’. Frequencies are covered in three
ranges and three gate times are provided.

ﬂ
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There are two BNC inputs (10Hz to
TO0OMHz/1TMR and 10MHz to
N1000MHz/50R) and a sensitivity con-
trol. Sensitivity ranges from 20V to 10Hz
to 35mV at 1GHz. Maximum resolutionis
0.1Hz (onthe 10MHz range), 1Hz (on the
100MHz range) and 10Hz (on the 1GHz
range), all using a ten second gate time.

The 8000 costs £155.00 plus VAT.
Specification and information from Black
Star Ltd., 9A Crown St., St. lves, Cambs
PE17 4EB. Tel: (0480) 62440.

Stotron have added miniature relays
by National to their catalogue, including
subminiature DIP relays with single or
double pole operation and very low
operating power, for 12 or 24 V; four pole
miniature relays capable of switching 5A
at 250VAC, for 24VDC or 220VAC;
several kinds of low-profile relays, and
various sealed terminals to give higher
reliability and to prevent solder con-
tamination.

General enquiries to Stotron Ltd.,
Haywood Way, Ivyhouse Lane, Hastings,
E. Sussex TN35 4PL. Tel: (0424)
442160.

Electronic Hobbies have produced a
range of ‘Simplex’ lightweight soldering
irons. These are available for 24 or 48V,
and 18 or 23W, and cost £5.00 plus
£1.00 p&p, with VAT to be added to the
total cost. The irons conform with inter-
national CEE11 and BS 3456 safety
regulations. A wide range of iron-clad
soldering bits is also available.

. Order or enquire: Electronic Hobbies
Ltd., 171 Broomfield Rd., Chelmsford,
' EssexCM1 1RY. Tel: (0245)62149.

Casio, who are already known for
pacemaker watches for joggers and run-
ners, have now produced a water-
resistant watch (over a distance of 50
meters) for swimmers and people in train-
ing for other water sports.

One characteristic of these watches is
their ability to bleep at regular, pre-set in-
tervals, to help a runner keep his stride
rate steady, important for athletic train-
ing. The water-resistant J30 also has a
daily alarm, countdown timer alarm and
stopwatch feature.

Price is £14.95 (RRP). For further in-
formation, contact Casio Electronics Co.
Ltd., Unit 6, 1000 North Circular Rd.,
London NW2 7JD. Tel: 014509131.
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A New Hobby Shop

Hobbyists from South London and further
afield will be interested to know of a new
component and hardware shop opening
in SW18, near Southfields and Earisfield
stations. JEE Distribution’s shop will be
open usual hours plus 10 am to 4 pm on
Saturdays, and will be stocking over
4000 electronics items, with the aim of
providing a complete equipment source
for the hobbyist. A catalogue aimed
specifically at hobbyists is available for
25p, and you can write for a complete
catalogue and mail-order prices to Roger
Buckingham, JEE Distribution Ltd., 43
Strathville Rd., London SW18 4QX. Tel:
018700075 (5lines).

Telephone Ringer

Inspired by our ‘Telephone Repeater’ pro-
ject back in October ‘8 1, Tutchings Elec-
tronics have sent us infarmation about
the new ‘Door Bell Repeater’ they are pro-
ducing. This can be set up just about
anywhere that a length of wire will reach
(Tutchings mention the garage and the
garden, but do not say specifically that it
is suitable to be mounted out of doors, so
you will have to check that) and will sound
a bell and flash a green light when the
doorbellrings.

This is obviously useful for anyone
some distance from their doorbell, or
engaged in some noisy pursuit like
watching the telly, and the light facility
(an optional switch is available to switch
off the bell when required) is especially
handy when a silent alarm is wanted, or
for the hard of hearing. The repeater can
be set to sound as many times as you
wish for each ring of the doorbell. Ap-
parently, it doesn’t work with chimes, but
it might be possible to wire it in to some
chime systems, so it may be worth ask-
ing.

The repeater can be powered either by
PP9 battery or from an AC adaptor (which
can be supplied for £3.50). The price of
the Door Bell Repeater is £11.50 plus
£1.50 p&p, and it is guaranteed for one
year. Write to Tutchings Electronics Ltd.,
CrestHouse, 3 Grange Rd., Southbourne,
Bournemouth BH6 3NY. Tel: (0202)
424858.

Nellie Goes Home

Still on the subject of computers, but go-
ing back a bit in time, one of the oldest
first generation computers actually to be
put to regular commercial use in Britain is
being returned to its makers, STC (who
no longer make computers now), for their
archives.

The computer, known as Nellie, is a
Stantec Zebra, ‘which can be described
as a serial digital computer with a 33-bit
word length. Operation is based entirely
on a magnetic drum rotating at 100
revolutions per second, 32 words per
track giving a word cycle time of about
312 microseconds. Although this sounds
slow compared with modern computers,
the long word length enables a high
degree of arithmetical precision to be
combined with a multiplicity of switching
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operations that could take place in one
word time. For precision mathematics,
the machine’s efficiency is still close to
that of the latest equipment available.’
For comparison’s sake, it takes three kW
to heat up Nellie’s 600 valves, and 21
fans to make sure they do not overheat. it
then takes another four kW to enable her
to calculate, when the high-tension cir-
cuits are switched on, and she requires a
270sq ft computer room to herself. She
has the capacity of a small desk-top micro
today.

Nellie has had a fairly impressive
history: she was the main computer at
Woolwich Polytechnic until the mid-
1960s, when STC stopped making com-
puters, which effectively made her ob-
solete. Later, she was acquired by a
gentleman called Mr. MacRae as abackup
computer for another Zebra that he was
already using in his business — this was
long before business computers were the
commonplace they now are — and Mr.
MacRae’s computers were also used by a
firm of sail designers, Bruce Banks Sails
Ltd. The two computers were used
together, each providing a backup for the
other, but when the first machine was
destroyed by fire in the early 70s, Bruce
Banks Sails took over Nellie full-time

‘(such was her reliability that she had
never required the backup) and used her
for all their research and development
work until January 1981, when all her
programs were transferred to a modern
micro.

By taking a gamble and relying on
Nellie at a time when she was obsolete
and when there was no outside source of
maintenance, Bruce Banks Sails was able
to use a computing facility which they
would not have been able to afford in any

" other form, and gain a world lead in the
scientific approach to yacht sailmaking,
which is today a precise science. Nellie
could be said to represent the birthplace
of sail technology.’

Comparing the dimensions and enor-
mous power of old computers with the
tiny size of modern micros which can do
the same tasks is a awe-inspiring exer-
cise. Here's hoping that other old
machines like Nellie will be preserved in
museums and by private owners so that
we canlook back on them in the future.
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Software For Sinclair

Sinclair Research have announced eigh-
teen new software cassettes, mostly
adventure games, for the Spectrum and
ZX81.

The most expensive tape is The Hob-
bit, designed for the 48k Spectrum, a fan-
tasy game based closely on the book of
the same name, and indeed the game
package from Melbourne House
publishers includes a copy of said book to
give the player hints on what to do next.
The game, of course, develops according
to the player’s decisions, and if he takes
too long over them, it willdevelop without
him! The Hobbit has been written to use
the full potential of the 48k Spectrum,
and has a built-in 500-word ‘inglish’
vocabulary to instruct the computer. Will
Bard the Bowman miss this time? Will
Smaug the Dragon eat the thirteen
dwarves and re-invest his hoard? Here's
your chance to find out — it costs
£14.95.

There will be areview of The Hobbit
game in a future issue of HE.

Also for the Spectrum are four adven-
ture games: Adventure A (Planet of
Death) Adventure B (Inca Curse), Adven-
ture C (Ship of Doom) and Adventure D
(Espionage Island), all published by Artic
at £6.95. Sounds like a normal day's
work for Harrison Ford. Then there is
Reversi, amodern version of the late nine-
teenth century board game (also known
as Othello) with nine levels of difficulty,
from Games Of Skill, price £7.95, and
two practical programmes from ICL, the
Collectors Pack, which enables collectors
to hold a minimum of 600 records of up to
nine items on one cassette, and the Club
Record Controller, both £9.95.

All these are for the 48k Spectrum, ex-
cepting Reversi, which is for the 16k ver-
sion, and Adventure A, which can be
played on either the 16 orthe 48k model.

For ZX81 users, the four adventure
games are available for use with the 16k
RAM pack, and are priced £5.95 each.
Reversicosts £6.95 and needs 16k. Aiso
for the 16k ZX81 is Thro' the
Wall/Scramble, and a tape with two in-
teractive games in machine code, Super
Glooper and Frogs, both from
Psion/Microgen at £4.95.

Forthe 1k ZX8 1 there is a Games Pack
with eleven items (£6.00) and a new
ZX81 Chess tape (£2.95) — these are
both from Artic.

For the experienced ZX81 operator,
there is a new ZX Toolkit (Artic, £5.95)
which gives nine new functions:
renumber, delete, MEM, dump, find,
replace, save and append, and remkill.

Prices are all inc. VAT and the tapes
are available now from Sinclair Research,
Stanhope Rd., Camberley, Surrey, and
from retail stockists.

Oric the Third — andForth

A 32k version of Oric Products Interna-
tional’s Oric | microcomputer will be
available from January 1983 — it should
bein the shops now. ltretailsat £139.95
(inc. VAT), making a trio with the 48k
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Oric at £169, and the 16k version
(£99.95).

All the Orics run on extended BASIC,
but for mail order purchasers only there is
a free cassette containing FORTH as a
second language with the 48k model.
This cassette is to be available as an op-
tional extra for other buyers of the 48k
and 32k Orics. More information from
Oric Products International, Coworth
Park, London Rd., Ascot, Berks SL5 7SE.
Tel: (0990)27686.

OK, OK, OK

OK Machine & Tool have now issued their
1983 catalogue with ‘*108 pages of in-
formation on tools and equipment for
electronics, telecommunications,
manufacturing, field services, labs, as
well as schools and hobby users. . . It
also features a unique product line of iow
cost tools and products, especially for
educational and home use, and is full of
useful technical and product informa-
tion.”” Updates will be added every
quarter.

Also from OK is a series of wire binding
posts by BP which can be connected to a
phono plug, banana plug, alligator clip,
spade lug or wire, and plastic washers are
available for complete insulation from
PCB or chassis. For amateurs, these are
available in packages of four (one red, one
yellow, one green, one black); there are
also bulk packages of 100 of any one col-
our.

A hand-held voltage and continuity

tester, the Steinel Combi-Check, claims:

to be foolproof and fully protected against
any damage to the unit (or the user) from
wrong operation. Covering a voltage
range of 6 to 660V AC/DC in eight in-
crements, it is shock protected by a high
input resistance, and protected against
voltage surges.

The Combi-Check can be used for
phase-to-ground testing, polarity, con-
tinuity in the O to 2MR range, and diode
testing, as well as AC/DC voltage testing.
Its performance and display levels can be

checked on a voltage indicator before ot
during voltage testing, and it gives visual
and audible readouts.

For further news or catalogue, contact
OK Machine & Tool (UK) Ltd., Dutton
Lane, Eastleight, Hants SO5 4AA. Tel:
(0703)610944.

Open And Closed

Open Sesame? It’s not quite as simple as
that, but if you are fed up with climbing
out of your car on wet windy evenings
and struggling with the garage keys, you,
could consider a remote-controlle
garage door mechanism. Slave-Dor, long-i
time specialists in automatic door control,
are now handling the US-made Moore O:
Matic screw-driven remote-controlled
garage door operator.

The newest model, called the Ultra Lift
838, costs £247.00, and is operated by:
remote control from inside the car. The
basis of the opening mechanismiis a triple-
thread % “ hollow aluminium screw and
belt-drive mechanism with a
microprocessor controlled circuit board
(easy to replace in case of failure). The
‘door open’ and ‘door closed’ limits of the *
screw, and the pressure needed to stop
automatic opening or closing in case of
obstruction are adjustable by the owner.
The whole mechanism is designed to
resist interference by ice, gravel and other
driveway hazards, and includes an in-
garage light which comes on
automatically.

Slave-Dor haven't told us whether the
unit is user-installable, or whether the
remote is IR or uitrasonic, but they have
told us that there is a cheaper version for
£181.75, and that they will be intro-
ducing a version for domestic gates,
whichis user-installable.

For full details, contact Slave-Dor
(UK), (Division of Amplite Electrical Ltd.),
1 Maidstone Rd., New Southgate,
LondonN11 2TR. Tel: 01 881 2905.

Going Down

What lies at the bottom of Loch Ness?
What lies at the bottom of the
generations-old desire to know what lies
at the bottom of Loch Ness? Everybody
(just for once, we can use this oft-abused
cliche with some accuracy) has heard of
the Monster — generous time and
resources have been spent on tracking it
(him? her?). But the Loch Ness Explorers
Club are taking an entirely different and

down to earth track, by ignoring the

palaeontology and getting on with the
archaeology.

The Explorers Club are planning to
survey the entire floor of Loch Ness, and
record — on computer and video and any
other appropriate method which is
presented — the geography of the loch
and any man-made remains which have
sunk to the bottom during the loch’s
millenia-old history as a cross-country
waterway (it's part of the Caledonian
canal and was at one time the main route
across Scotland). They have two
sailing boats, video and computer equip-
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% #SATURDAY BARGAINS * *
R

EMOS SATURDAY SALES
Starting February 12th we will be open from 10am to 4pm every
Saturday to sell our vast range of components at bargain prices.
You will easily find us in Daventry on the A45, opposite the John
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remote-_contro ed grabs, V Ca.mer.as, BC 308 13p IN1132 20p 2NB258 (250w) 180p

water-tight cases, low level lighting BC3I27  18p  N2222A  20p (ROTIW s
. BC3I7  13p 2N2369A  15p 13 30p
systems, sonar (tight beamed), computer BCSSA  14p  oN3F02  10p IN3055 11

recording data methods, position fixing
systems. . . thelistis endless! Anything
that a hobbyist can dream up and wants
testing. Tinte is plentiful, so any modifica-
tions that may be needed to someone’s
idea will be able to be tried out, too. No
projectis too small, too trivial.”’

. Members of the club will get a quarter-
ly progress report, opportunities to visit
the site and use the equipment, and con-
tribute any ideas, even seemingly unlikely
ones, which come tothem.

This sounds like a good opportunity for
inventors and adventurers, as well as
down to earth hobby designers, to try out
their ideas in the field.

The address to contact is: The Loch
Ness Explorers Club, ‘John William",
Foyers, Inverness-shire, IV1 2YB,
Scotland.

O~ *— - 4 <

TMS2516JL 8 ~ 2K EPROM £14.90 BENCH POWER SUPPLY

" \ 14 TMS4030JL 4K RAM £3.00 . s 9
Q\OOQ‘Q( 8255 P LA, £1.90 See constructional articie in February '82

; cal bk
6 ¢ 2N3055 £0.35 “Practica Elec\'romc: B
Nable in kil !
Panel mounting 20mm tuseholders 20p Av.a able in kit form or built up.
Continental relays 2p cio 24V or 48V S0p Prices {inc VAT p+p):
Heavy duty relays — SA - 2pclo 24V 65p Xit gtk

Microswitch — ¥ type — push on terminals 25p £44.00  £72.00

- + O—

4000 10p | 4049 33p | 4528 42p oy 7400 9 7476 29 1500 9 1585
4001 9p [ 4051 41p | 4532 4Sp o 7401 9 7482 55p LS01 9 LS86
4002 10p | 4052 45p | 4539 80p 7402 9 7483 62p 1502 9p 1S90
4006 35p | 4053 45p | 4543 99p 7403 10p 7485 89p 1503 21p 1593
4007 12p | ap54 106p | 4555 49p 7404 10p 7486 26p LS04 21p  LS95
4008 29p | 4055 123p | 4556 49 7405 13p 7488 140p LS05 21p 18107~
4009 49p | 4056 127p | 4566 99p 7406 24p 7490 17 1508 10p 1S109
4010 49p | 4063 93p | 4584. S56p 7407 28p 7491 a7 1509 10p 1S112
4011 9p | 4066 39p | 4585 70p 7408 12p 7492 23p ts10 10p LS113

— [—AA 200 —— A~
:

Prestel Editing

Continuing on the theme of computer
clubs: The Association of Computer
Clubs (ACC — not to be confused with
the ALCC), acting in its role as the
national body representing the computer
hobbyist, has linked up with Micronet
800 to create Club Spot 800, anew way
to involve the ordinary computer
enthusiastin Prestel editing.

Club Spot 800 will be on Prestel
*8008 +, and will contain news and
‘ideas about micros and micro clubs,
programs, sales, wants, views etc.

The ACC is holding an editors
conference on Saturday 26 February, at
the Institute of Grocery Distribution,
Grange Lane, Letchmore Heath, Watford,
Herts. The nearest station is Watford
Junction, and lifts can be arranged from
there. Registration is free in advance, or
£5.00 on the door, subject to space.

There will be an introductory talk on Dept 2C, High March, Daventry, Northants NN11 4HQ

Prestel editing' a hands-on session and Tel: 03272 5523 Telex: 31 1245 GRENEL G

questions and discussions. Please add 50p per order postage and packing

For information, contact Rupert Steel, (except where higherisindicated) plus 15% VAT (\

ACC National Prestel Committee on total. No VAT on overseas orders, postage at

Secretary, St. John's College, Oxford cost. Cheques and postal orders made payable to

0X13JP.Tel: (0865)512811. Emos Limited. Send Large S.A.E. for

HE comprehensive catalogue.  /
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YRapid

YElectronics

SPDT 80p. SPDT centre off 90p,
OPOT 90p. DPDT centre off 100p.
Standard roggle:

SPST 35p. OPOTA8p

Miniature OPDT slide 12p.

Push to make 12p.

Push 1o break 22p.

Rotary type adjustabie stop.
1P12W, 2PEW, IP4W all 55p each.
DIL switches:

AVA 06, 06 ©0.254;0-9,09 @C.1

12VA 06,06 @ 1A;
@ 0.4A 2950 (plus 40p carriage).

0.8A 330p each (plus 60p carriage)
60vA 0-12,0-12 @ 2A,0-15,0-15@

5A:0-12,0-12 @ 0.12A 200p each.

6VA D6, 06 @0.54:09, 09 @0.3A:0-12,0.12 @ 0.25A 270p each.
High gquality. Split bobbin construction

6VA 06,06 @0.5A;09,0-9@0.4A:0-12,0-12V @ 0.3A 220p each,
9:0-9 @ 0.8A, 0-12, 0-12 @ 0.5A:0-15, 0-15

25VA 06,06 @1.54; 09,09@1.2A; 0-12,0-12@1A;015,0-15@

1.5A. 440p each (pius 75p carriage)

MAIL ORDERS:

Unit 2, Hill Farm Industrial Estate,

Boxte
TELEPHONE ORD

ERS:

Colchester (0206) 36412.

, Colchester, Essex CO4 5RD.

L f Pt |

ACCESS AND

BARCLAYCARD
WELCOME

20 metre pack single core connect-
ing cable ten different colours.65p

Speaker cable 10p/m
Standard screened 16p/m
Twin screened 24p/m
2.5A 3 coremains . . 23p/m
10 way rainbow ribbon 65p/m

20 way rainbow ribbon

LM339 45 LM3911 120 NES66 140 TLoe4 96 CRYSTALS
LINEAR 211412 75 ZBOACPU 290 B1LS96 85
- tmgg gg LM3914 175 ::gg% ;9’3 TLO7Y 30 MICRO 216 205 ZBOAPI0 260 BILS9Y 85 N 100KHz 238 4.43M 100
S55CMOS 80 |CL7106 780 (M377 170 fmiseso ioe NEST . 370 Teen: 2 e L ZONEE T KD 55 fimHe 275 6.0M 340
SS6CMOS 150 |CL7611 95 BLMIBO 68 mersse. a5 BRCAII6 55 BTios) oo BEST 232 340 28 oA ST 55 || 18432m 200 7.0M 150
709 25 1oL7621 180 MGLISE ., UEH e »TLOSY 25 PRICES 4116 P20 70 280ADMA 1150 Epson Printersand O [ 20M 225 B.OM 140
» 741 14 cLr622 180 Lnﬁ?;;' :% S 'gg sugo = .?8 -}:Loez o 6116-P3150nS 365 ZBOA DART 500 Connectors now avail- l§ 2.4576M 200 10.0M 170
748 35 |GLgoss 298 imaer 1% :Atﬂng'ZOCN ioo i e Ttl')% gg ANYWHERE! 4164 440 B1LS95 85 #bie ot low lowprices. [l 35670M 95 12M 170
9400C) 350 ICL@211A 200 LM3B6, 66 ML924 195 SLTBOI8 150 UA2240 120 JL M T L)
:zg';gzg 3732 LM387° 120 ML926 210 PSN76477 380 - ULN2003 85 40 4054 40193
Te0 12! 549 LM393 100 ML92G 140 SPB629 250 ULN2004 90 (il ReVTery 4017 30 4036 249 4085 4502 6O 4528 150
e Ta .LM709 25 MLE27 140 TBA120S 70 XR2206 290 4018 45 4039 280 4059 4603 32 4532 60
Soasioao | LM711 140 7BABOO 75 2N414 100 W 4000 10 4019 25 4040 40 4060 4507 35 4534 400
CA3089 190 140 TBAS10 96 2ZN423 1356 Wl 4001 10 4020 42 4041 40 4063 4508 110 4538 60
CA3090AQ 375 465 TBAB20 70 ZN424 135 W 4507 12 4021 40 4042 38 4066 45 4543 60
CA3II0E B8 225 TBA9SO 220 2ZN425E 350 4006 50 4022 45 4043 40 4067 40 4549 360
e = 150 © TDA1008 320 2ZN426E 330 M 4007 14 4023 18 4044 40 4068 40 4553 216
L 205 BTDA1022490 ZN427E 650 M 4008 36 4024 33 4046 40 4069 115 4555 35
CA3189 290 16 TOA1024 125 ZNA28E 480 Wl 4000 24 4025 12 4047 35 4070 115 455 35
PCA3240E 110 LM3362 S LT 40 ZN459 285 Wl 4010 24 4026 75 4048 38 4071 56 4559 390
10 TLO62 60 ZN1034E 200 B 4011 10 4027 20 4049 21 4072 40 4560 140
4012 16 4028 40 4050 21 4073 40109 110 50 4584 35
MPSUBE B0 ZTX108 8 2N3056 SOl 4013 20 4029 45 4061 42 4075 13 40163 60 4521 130 4585 60
TRANSISTORS TIP29A 30 2TX109 12 2N3442 120 4014 45 4030 14 4052 48 4076 45 40173 100 4526 0 4724 140
AL TIP298 55  2TX300 :g ;5;‘7307;2 g 4016 40 4031 125 4053 48 4077 14 40175 75 4527 0
AC125 35 1
AC126 25 B8C1567 8 15 »2N3704 6 Ls20 12 LS75 20  1s123 34 LS160 36 LS197 45 (5353 60
AC127 26 BCI158 10 17 2N3705 9 LS21 12 LS76 17  LS125 24 LS161 35 LS221 S0 LS365 28
PACI28 20 BCIS9 8 30 2N3706 9 LS22 12 LS78 17  LS126 26 LS162 35 LS240 60 LS366 28
AC176 25 B8C160 45 15 2N3707 108 1500 11 Ls26 14 LS83 35  L§132 35 LS163 35 L8241 55 s3gy 28
AC187 22 8C1868C 10 15 2N3708 10 1501 11 Ls27 12 LSB5 48  LS136 26 LS164 40 LS242 56 LS368 29
AC188 22 BC169C 10 15 2N3709 10 so2 11 LS30 12 LSB6 16  LS138 30 LS165 65 LS243 55 L5373 58
AD142 120 BC170 8 18 2N3772 170 @ 1503 12 LS32 13 LS90 24 1s139 30 LS166 60 LS244 55 LS374 60
AD149 80 8CI71 10 26 B2NITTII9S I 1504 12 US37 14 LS92 25 (5145 70 LS170 75 LS45 70 LSSIS 43
AD161 40 BC172 8 20 B2N3819 18l 1505 12 LS3E 15  LS93 24 LS147 150 LS173 60 LS247 . 48 LS377 60
AD162 40 BC177 18 40 2N3820 40 (SoB 12 LS40 13 LS95 38  Ls14B 75 LS174 45 5251 28 LS378 67
AF124 60 BC178 18 20 2N3823 BS I 1509 12 LS42 28 LS9 95  LSIB1 38 LS175 45 LS257 32 LS390 45
AF126 S0 8C179 18 20 2N3866 90 M (510 12 LS47 35 LS107 40  LS163 38 LS190 35 S268 32 LS393 40
AF139 40 BC182 10 35 2N3903 10 597 12 LS48 45 LS109 21 LS164 75 LS191 35 |S250 S5 LS399 156
AF186 70 PBCIB2L 8 22 2N3904 10 1597 92 LSST 14 LS112 2 LS155 33 LS192 35 1S266 20 LSS41 78
AF239 75 BC183 10 .30 2N3905 6 1gy3 45 LSS6 14 LS113 21 LS156 36 LS193 36 LS273 58 LS670 13§
BC107 10 BC183L 10 2N2210K 45 2N3906 10 LS167 26 LS196 32 LS279 30
BC1078 12 8C184 10 2N2219A 25 2N4037 LS158 29 LS196 46 LS283 38
»8C108 9 BC184L 7 TIP120 90 4 IN2221A 25 2N4058
BC1088 12 8C212 10 TIP121 90 202222A 20 2N4060 7483 30 74122 38 74161 46 74190 40
BC10BC 12 8C212L 10 TIP122 90  2n2368. 2B ZN4061 7485 60 74123 38 74162 46 74191 40
»BCI09 9 BC213 10 TIP141 98  2N2368. 36 2N4062 7486 19 74125 33 74163 48 74192 40
8C109C 12 BC213L 10 TIP142 98 NS4 26 .2NGAB7 7489 180 74126 33 74164 46 74193 40
BC114 18 BC214 10 TIP147 110 2N28B6 45 &Y 7490 19 74132 30 74165 46 74194 40
8C116 22 »BC214L 8 TIP28556 60 2N2904 20 2hiB4S9 7491 34 74141 54 74167 150 74195 40
8C117 18 8C237 8 TIP3055 56 2N29044:20 2N5485 7492 24 74145 48 74170 115 74196 40
8C119 35 B8C238 14 TIS43 40 2N2905 22 2NSIT1 7433 24 74147 75 74173 58 74197 40
B8C137 40 8C308 12 TIS44 45 2N2005A 22 2NBO22 3G 74394 33 74148 60 74174 53 74198 80
8C139 40 BC327 14 BF200 30 MPSAO6 25 TISSO 30 2N2906 25 40360 7495 33 74150 48 74175 45 74199 80
8C140 28 BCI28 14 PBF2448:22 mpSA12 30 TISO1 30 2n2906A 25 20361 7496 38 74153 38 74176 35
BC141 30 BC337 14 BF245 30 wmpSA5S 30 VNIOKM 45 2N2907 25 40883 7497 86 74154 47 74177 42
8C142 25 BC338 14 BF256B - 45 MpSA66 30 VN4GAF 75 2N2907A 25 40408 74100 78 74156 36 74179 76
BC143 25 BC477 30 BF257 .32 MPSUO5 55 VNGGAF B85 2N2926 9 74107 22 74156 36 74180 38
8C147 8 BCA78 30 BF258 26 MPSUOE 55 VNBBAF 95 B2N30S3 23 74109 24 74157 28 74181 100
BC148 8 BC479 30 BF259 6 MPSUS5 60 ZTX107 8 2N3054 65 74121 55 74182 65
-
Please add carriage charges
SWITCHES TRANSFORMERS to our normal post charges. HOVENENIEYE TOOLS
Submin toggle: Miniature mains: P | Rotary. Carbon track Log or Lin Small trimming tool 22
SPST 55p. SPOT 60p. DPDT 65p. | 606V: 909V, 12012V all @ 100mA 100p each. e e mrn oY | 1K-2M2Z. Singie 320 Stereo 85p. | Smail maries wormonriver o
Miniature toggle: PCB'mounting. Miniature: B Y g '_0_15' Sangle switched B0p. Stide 60mm Large pocket screwdriver 13

travel single Log or Lin 6K - 500K

0. 63p each 6 piece precision screwdrlver set
20p; 1u - L . P in plastic case .. . 170
Electrolytic, radial o xial lagas: | §resot submin. hor. 100 ohms 1M Loweostsdecurers | 160
LR el Nl SOV, | Cormat precision muttiturn, 0.75w | {300 Juslity side catters 4
His L STZSV-80: | 37100 ohms to 100K - 885 each. | Fom So%t PleTS L
100/25V - 9p; 220/25V - 18p; igh quality pliers
470/25V - 22p; 1000/25V - 30n, Wire strippers 120
2200425V - 50p. REGULATORS Expo reliant dril 695
Tag end power supply ejectrolytics: EKPO Titan drill . . 1025
2200/40V - 110p: 4 700/40V - 1 18LOS 30 79L05 65 | Drill stand .. . 1200
2200/63V - 140p: 4700/63V - 230p F 78LIR 30 79L12 65 | Reduced shank arill bits for
Polyester, miniature Siemens f083/ 118 30 79L15 65 J| above 0.8mm, tmm, 1.4mm 60 4
1n, 2n2,3n3,4n7,6n8, 10n, 150, Tpy 35 7905 40
22n,33n, 470, 68n, Bp; 100n, 95 12 36 7912 40 T
150n, 11p; 220n, 13p: 3300, 20p:\. § 7815 a5 7915 40
470n 26p;680n, 290: 1w 33p; 202, LM309K 136, LM723 35 e e | .
?gr[\}{alum bead. tm;;# 11’23 %&Mi’g.‘?;A 475 »3mm green 10 »Smm green 10
0.1,0.22,0.33,0.47, 1.0 @ 36V - M3 3800 bEY . »3mmyellowl0 P Smm yellow10

12p.2.2,4.7,10 @ 25V - 20p;
15/16V - 30p; 22/16V - 27p. 33/
16V - 46p; 47/6V - 27p; 47/16V -
70p: 68/6V - 40p. 100/10V - 90p.
Cer. disc. 22p-0.01u S0V, 3p each.
Mullard miniature ceramic plate:
1.80F to 100pF 6p each.
Polystyrene, 5% toi: 10p-1000p, 6p;
1500-4 700, 8p;6800 0.012u, 10p,
Trimmars. Mullard 808 series: 2-90
pF, 22p; 2-22pF, 30p;5.5650F, 35p

RESISTORS

%W 5% Carbon film E12 series 4.7
ohm - 1M, . . 1peach,
%W 6% Carbon film E12 series 4.7
ohm to 4M7 . 2peach,
%W 1% metal fllm E24 series 10
ohm - 1M . . 6peach,

1

Dato etch resist pen .
Fibre glass board
Ferric chloride 250m| bottle.

ype (e.g. DIL pads etc.)

Antex CS 17W Soideringdron 460
2.3 and 4.7mm bits 10 aiit
CsS1w
Antex XS 25W

3.3 and 4.7mm bils o suig,
Solder pump desoldering thel. 480
Spare nozzle for above

10 metres 22swyg solder
PCB MATERIALS ‘vh

Alfac transfer sheets — please state
45

65

Iron 450, elsment: 210
& 480

o 100
3.75"x8” 80

100

Clips to suit - 3p each.

Rectangular TiL32 40
»rad 12 TiL78 40
green 17 PTILINY 60
yetlow 17 ORP12 85
>TIL38 40 TILY00 90
2NS777 45 Dual colour 60
Seven segment displays:

Com cathode Com anode
1704 0.3” 95 DOLI07 03" 95

FNDS0?

0.5 100 0.5" 100
TIL3130.3™116 TiL31203°115
TIL3220.5%115 TiL3210.5"115

LCO: 3% digit 580p. 4 digit620p.

400V 8A 65
UEIACS 400V 16 A 95
400V 44 50 BR100 25

Stocks include Denco coils,

4SPST BOp 6 SPST 80p. BSPST
1000, HARDWARE CONNECTORS
PP3 battery clips " - R 6l OIN Plug Skt Jack  Plug Skt
VERO Red or biack crocodile clips 6fl 2pin 9 9 2.5mm 10p lgp
Black pointer control knob . 16§l 3pin 12p 10p 3.5mm 9p p
VEROBLOC 4 350 B prUirasonic transducers 350 | Spin 13p 11p Standard16p 20p
Size 0.9 matrix: BBV Electronic buzzer 60 il Phono 10p 12p Sterea 24p 25p
2.5x1 22 § »12v Electronic buzzer 65l 1mm 120 13p 4mm 180 17p
25x3.75 7S | PB2720 Piezo transducer. 76 || UHF (CB) Connectors:
25x5 85 ¥ »64mm 64 ohm speaker PL250 Plug 40p. Reducer 14p,
3.76x6 . 95 ¥ »6amm 8 ohm speaker 70 || 50239 square chassis skt 38p.
va board 160§ 20mm panel fuseholder 25 [| SO239S round chassis skt 40p.
Veropins per 100: 1EC 3 pin 250V/6A.
Single sided e Plug chassis mounting 38p
e 5iced - Socket free hanging . 60p
Spot face cutter . 105 Aluminium Socket with 2m lead 120p
Pin insertion tool . 162 Plastic with 3x2x1" 70
Wiring pen and spool - 310 W jid + screws 4x3x1%" 85
Searespool 750 Comts .6 f 3,2x1” 55  ax3x2” 100 ULTIMETERS |
A%x3x1%" BB  Bxdx2” 120
m 42 160  6x4x3” 150 M HT-120 4,000 opv
A smart looking 11 range pocket
»C1060 30§ sized muttimeter with an impressive
8Y127 12 »1N4001 3 400V 8A 70 il spec. Complete with battery, etc.
0A47 10 1N4002 6 400V 124 95 l 650p each.
g:g? g] Im% ; HT-320 20,000 opv.

1 Highly sensitive 19 range multi-
oa200 8 inss0r 12 HEGINTS a0V aof meter including transistor tester.
OA202 8  1IN5404 16 RECTIFIERS 64 100V g0 [ Overload protection. DC voits
1N914 4 1N5406 17 ¥ 6A 400V 95 1000, AC volts — 1000; OC current
»1N414B 2 400mWzen 6 1A 50V 20 VM18 OIL 0.9a [ 0-25A. & resistanceranges Complete

1A 400V 35 200V E 50 with batterles, leads, etc. 1395p
GARIES NEW CATALOGUE » NEW CATALOGUEN! 111!

Our iatest catalogue has just been released containing
over 2000 stock lines all at extremely competitive
prices backed by Rapid’s return of post service,

tools, Verocases, data

sheets etc. etc. Send 45p for your copy now (sent
free of charge with all orders over £10).

The Rapid Guarantee

* Same day despatch * Competitive prices
* Top quality components * In-depth stocks

10

[
SOCKETS [
L prolile
Bpin
14 pin
16 pin
18 pn
20 pin
22pin
24 pin
28 pin
40 pir
Soldercon pins 60P/100

of 650 resistors) .

Ceramic Cap. kit. 6 of each value - 22p 0 0.01u {135 caps)
t. 5 of cach value from'0.01 to 1uF {65 caps)
Preset kit. Contains 5 of each value from 100

Polyester Cap,

65 presets

Nut and Bolt kit (total 300 iterms): 1800
60 68A washers
25 48A 4" bolts
26 6BA %" bolts.

26 6BA %' bolts
25 68A %" bolts
50 684 nuts

COMPONENT KITS

An ideal opportunity for the beginner or the experienced constructor
0 obtain a wide range of components st greatly reduced prices. %W 5%
Resistor kit. Contalns 10 of each value from 4.7 ohms to 1M (total

ORDERING INFOQ. All components brand rew and full specification. All prices exclude VAT,
Please add to total order. Please add 50p carriage to all orders under £15 in value. Send cheque/
P.O. or Access/Visa number with order. Qur detailed catalogue costs 45p (free with orders over
£10). Callers most welcome. Telephone orders welcome with Access or Visa. Official orders
accepted from colleges, Schools, etc. . . Callers most welcome, we are open Monday to Saturday.

480
30
5§78

ohms to 1M {total
Lo 426

50 68A nuts
50 6BA washers

Hobby Electronics, March 1983



eleclro%ue AUTO- EIECTRONlc PRODUCTS

KITS OR READY BUILT

ELECTRON

TOTAL ENERGY DISCHARGE

“ 1..“\.. Tlactroniie

\ Design
Tarne Nallay ing. kot
Wilnscete. Tarmwoeth

Uxunmc T T 21060

EAECTRONIC 1GWTION

YOUR CAR
AS GOOD AS IT COULD BE ?

Y Is it EASY TO START in the cold and the damp? Total Energy
Discharge will give the most powerful spark and maintain full
output even with a near flat battery.

* Is it ECONOMICAL or does it "’go off”’ between services as
the ignition performance deteriorates? Total Energy Discharge
gives much more output and maintains it from service to
service.

Yr Has it PEAK PERFORMANCE or is it flat at high and low revs.
where the ignition output is marginai? Total Energy Discharge
gives a more powerful spark from idie to the engines max.
{even with 8 cylinders).

Y Do the PLUGS and POINTS always need changing to bring
the engine back to its best. Total Energy Discharge eliminates
contact arcing and erosion by removing the heavy electrical
load. The timing stays ‘‘spot on” and the contact condition
doesn’t affect the performance either. Larger plug gaps can be
used, even wet or badly fouled plugs can be fired with this
system,

* s the PERFORMANCE SMOOTH.The more p/owerful spark
of Total Energy Discharge eliminates the 'near misfires’whilst
an electronic filter smooths out the effects of contact bounce
etc.

Most NEW CARS aiready have ELECTRONIC IGNITION.
Update YOUR CAR with the most powerful system on the
market - 3% times more spark power than inductive systems -
3% times the spark energy of ordinary capacitive systems, 3
times the spark duration.

Total Energy Discharge also features:

EASY FITTING, STANDARD/ELECTRONIC CHANGEOVER
SWITCH, LED STATIC TIMING LIGHT, LOW RADIO
INTERFERENCE, CORRECT SPARK POLARITY and
DESIGNED IN RELIABILITY.

* IN KIT FORM it provides a top performance system at less than
half the price of competing ready built units. The kit includes:
pre-drilled fibreglass PCB, pre-wound and varnished ferrite
transformer, high quality 2uF discharge capacitor, case, easy
to follow instructions, solder and everything needed to build
and fit to your car. All you need is a soldering iron and a few
basic tools.

FITS ALL NEGATIVE EARTH VEHICLES
6 or 12 volt, with or without ballast.

OPERATES ALL VOLTAGE IMPULSE TACHOMETERS:
(Older current impulse types need an adaptor).

STANDARD CAR KIT £15-90
Assembled and Tested £26-70

PLUS
P.&P.
£1({U.K.)
b

TWIN OUTPUT KIT £24-55

- For Motor Cycles and Cars with twin ignition systems

Assembled and Tested £36-45

Prices
include
VAT

PROTECT

YOUR CAR

WITH AN
ELECTRONIZE
ELECTRONIC ALARM

* 2000 COMBINATIONS provided by an electronic key - a
minature jack plug containing components which must match
each individual alarm system. {Not limited to a few hundred
keys or a four bit code).

¥ 60 SECOND ALARM PERIOD flashes headlights and sounds
horn, then resets ready to operate again if needed.

Y 10 SECOND ENTRY DELAY allows owner to dis-arm the
system, by inserting the key plug into a dashboard mounted
socket, before the alarm sounds. {No holes in external
bodywork, fiddly code systems or hiiden switches). Re-
closing the door will not cancel the alarm, before or after it
sounds, the key plug must be used.

¢ INSTANT ALARM OPERATION triggered by accessories or
bonnet/boot opening.

Y& 30 SECOND DELAY when system is armed allows owner to
lock doors etc.

_”5‘ Access and Visa
Welcome . Write or

- Phone Quoting Number

Hobby Electronics, March 1983

Don’t Wait Until
Its too Late ~
Fit one NOW!

Y DISABLES IGNITION SYSTEM when alarm is armed.

Y IN KIT FORM it provides a high level of protection at a really
fow cost. The kit includes everything needed, the case,
fibreglass PCB, CMOS IC’s, random selection resistors to set
the combination, in fact everything down to the last nut and
washer plus easy to follow instructions.

FITS ALL 12 VOLT NEGATIVE EARTH VEHICLES.
SUPPLIED COMPLETE WITH ALL NECESSARY LEADS
AND CONNECTORS PLUS TWO KEY PLUGS

PLUS
P. &P,
£1(U.K.)
Prices
include
VAT

CAR ALARM KIT £24-95

ASSEMBLED AND TESTED £ 3795

ELECTRONIZE DESIGN

Dept.E - Magnus Rd - Wilnecote
Tamworth B77 58BY
tel: 0827 281000

"



B Feature

HOWEVER long you have been building
your own electronic projects, the problem
of how to house them remains a perennial
one. No matter how well the project
works, you won't want to show it off to
the girifriend, boyfriend, neighbour,
mother-in-law, budgerigar, cat etc.
unless it looks good . . . will youl

Over the next couple of pages you’ll
find all of the information you need to be
able to put a project into a box or case and
give it the high-quality appearance that it
deserves. When you’ve finished reading
this article we think that, even if you have
never put a single electronics project into
a case before, you will agree that housing
aproject is just a matter of following a few
simple rules.

First things first. What sort of housing
are you going to use? There are hundreds
of different boxes and cases on the
market — some cheap, others not so
cheap. You might even make your own if
you can, but the problem remains the
same, whatever box you decide to put
your project in: how do you make it look
presentable? After all, you might argue
that it doesn’t matter what it looks like in-
side, it’s what is outside that people see,
so the box itself is important to the final
appearance of your project.

Assuming that you have already built
up your project on a printed circuit board
(PCB) or piece of Veroboard and tested it
to make sure it works and does every-
thing it’s supposed to, the peripheral
components (called panel hardware) such
as potentiometers, meters and connec-
tion sockets will be joined to the PCB by
short lengths of wire.

Write a list of all these controls —
sockets, meters etc. — which need to be
accessed from outside the case. Other
examples of controls are the volume, tre-
ble, bass and balance on a stereo
amplifier, while input and output sockets
are almost always needed. Now, take a
few minutes and try to visualise a layout
for the front panel of the project box.
Some projects will have an obvious layout
— for example an amplifier looks ‘right’ in
acase havingalong, thin front panel, with
all controls in a straight line. Front panels
of other projects could take a bit more
thought.

There are two ways of going about
this, depending on whether you already
have your box or not. If you have a box
then the size and shape of the panel is fix-
ed. However, if you haven’t gotabox you
can decide your own front panel size and
shape — but then you have the problem of
finding a box to suit your requirements.
Keep a few catalogues from mail-order
companies handy because they will give
you a good idea of what boxes you can
get (and how much they cost!). Aboveall,
don’t rush this stage; take your time,
perhaps draw out in pencil on paper a few
rough-sketched panel layouts until
you’ve got the one most suitable for your
project.

It's worthwhile remembering, while
you are designing your front panel, the
rule of the ‘Five Ps’ — Prior Planning
Prevents Poor Performance. In other
words, a bit of careful thought before you
put your project in its box will help stop
you making any mistakes. Don’t make a
move until you are sure you have every-
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thing planned! Don’t drill a hole, don’t
even mark the case until you are positive
you haven’t missed anything out; once
you've marked or drilled the case you
can‘t go back and start again — you have
ruined the casel

Centres of all holes for all panel hard-
ware should now be marked using a ham-
mer and punch; a punchmark will keep a
drill bit in the right place and
prevent it from slipping, scratching or
scoring the panel. Small holes can be drill-
ed out using a hand-drill and bit, but a
power drill fitted with the correct sized bit
is better still. Large holes can be a bit
trickier. There are two general methods —
punching, or sawing and filing. Punching
gives by far the neatest and cleanest of
holes, but you have to have the correct
sized punch. If you want a lot of different
sized holes you need a good selection of
punches, and the problem here is that
punches are quite expensive. If you can’t
afford to buy more than a couple thenit’s
best to buy sizes which you will use most
often. Forexample, a punch whichgives a
hole to suit potentiometers is a good size
to buy because most projects use at least
a couple of ‘pots’.

Using a punch is simple. Drill a pilot
hole in the panel to fit the centre bolt of
the punch. Now, following the instruc-
tions which will be supplied with it, hand-
tighten the parts of the punch until the
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Keith Brindley
With patience, a few sim
a home-built project can
as ““abou

cutting edge bites onto the panel. Now,
using a spanner or Allan key tighten the
punch until the hole is cut. It really
couldn’t be simpler.

The other method of making large
holes is a bit more fiddly and takes more
care, but is decidedly cheaper. Using a
pair of dividers or compasses, mark out
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Top left: the professional touch —
custom metalwork for the HE TV Amp
by Newrad Instruments Ltd, assembly
and finish by Paul Coster.

Above: A project wired-up for testing.
Later it will have to be disassembled for
mounting in a case.

Left: A range of simple metal and plastic
enclosures.
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ple tools and a little skill,
be made to look as good
ght one”’.

the exact size of the hole in its correct
position. Next, punch-mark and drill a
number of holes around the inside of the
circumference of the hole. Now, using a
padsaw, or junior hacksaw, cut round the
marked hole, keeping fractionally to the
inside edge of the circumference, going
from each small drilled hole to the next.
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INCREMENTS

Above: Front panel artwork for the HE
Incremental Timer, drawn up from the
printed circuit board.

Top right: Even a small bench drill is
suitable for drilling PCBs, plastic and
light metalwork.

Right: Panel mounted displays require
square or rectangular holes, made by
drilling, cutting and filing as described in
the text.
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When you have cut all the way round, the
centre will fall out. Then, using a half-
round file, carefully file all round the inside
edge of the hole until it is the correct size.

Take extreme care when you do any
metalwork, because one slip with a drill

the commercially available kitchen scour-
ing creams. Make sure your hands are
clean at this point!

Transfer lettering is bought as a sheet
with a quantity of each letter of the
alphabet and the numbers ‘0’ to ‘9’ onit.

bit, scriber, file etc. could make a scratch ——Have a good look at the selection of styles

on the panel which you can never remove
— the appearance of your project will be
ruined.

The Inside Story

When you’ve made all the necessary
holes in the front panel, it’s time to think
about how you are going to mount the
project’s circuit board. Plastic pillars are
ideal; alternatively simple nuts, bolts and
washers can be used to do the job.
Whatever method you use, you will need
to drill more holes to suit, but in the bot-
tom of the case this timel

Next step on the agenda is to label the
front panel so that all controls and swit-
ches etc. can be clearly identified. Rub-
down transfer lettering is the best for this;
there are many different makes of
transfer letters but they are basically the
same in use. The surface of your project
must, first, be perfectly clean and free
from grease — the lettering won’t stick
unless the panel is grease free so spend a
bit of time cleaning the case. You can use
a piece of rag sparingly damped with
methylated spirits or, alternatively, one of

of lettering (called ‘faces’) you can buy;
most manufacturers produce a catalogue
for the purpose. Choose a face which you
like and which will suit the project. A good
tip is to buy a fairly plain face (so'the style
will suit more than just the one project)
and one which is quite small in size {so
that you get more letters per sheetl).
Transferring a letter is simply done by
laying the sheet ink side down over the
panel, making sure the letter you want is
exactly over the place you want it. Now,
with a soft-leaded pencil or a ball-point
pen, slowly rub over the letter so that it
sticks to the panel and stays behind when
you remove the sheet. There are three
useful tips here:’
® lightly rule a pencilled line where the
{abel is to placed; this way, the word will
be ’straight’
® where alabel is to be central, above or
under a definite point (such as a pot) start
labelling with the middle letter; this en-
sures the word is not lop-sided
® make sure your spelling is correct;
once you’ve misspelt a word, you'll have
to redo it!
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If you do make any mistakes, ordinary
cellophane adhesive tape can be carefully
used to remove the offending letters. Lay
a piece of adhesive down over the error,
rub it down then pull the tape off; the let-
ters underneath the tape will be removed
with it. Be careful it doesn’t catch any let-
ters you don’t want removed!

Spray it Again, Sam?

Transfer letters can be easily scratched
and damaged so they have to be pro-
tected from mishandling. Clear protective
lacquer is available in aerosol form, and
this gives a hardwearing finish to your
project’s front panel, preventing all but

the fiercest of scratches from damaging
the lettering. Most manufacturers of rub-
down letters also produce their own
forms of aerosol lacquer.

After you've sprayed the front panel,
let the lacquer dry thoroughly. There's
nothing more irritating than a messy (and
irremovable) thumbprint on an otherwise
perfect front panel, so allow at least the

"il!![
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Above: Plastic mounting strips simplify
the problem of securing a PCB or
Veroboard within a case.

Below: Using rub-down lettering; a soft
pencil will do as well as the special
burnishing tool!

Above: A neatly completed Hobby

Electronics project and. . . Middle: A
not-so-neatly completed project; the
‘birds nest’ effect could have been
avoided by the use of ribbon cable

or. . . Below: Cable ties, such as these
self-adhering types.

manufacturer’'s recommended drying
time before you touch it!

When the panel is perfectly dry, the
time has arrived to put the whole project
into the completed case. Unsolder all con-
necting wires which were on the PCB for
testing, and discard them. Now, mount all
panel hardware and the PCB in their
respective places in the case. At this
stage you can put all control knobs onto
any pot shafts, too. You may have to
shorten the pot shaft to suit — but don‘t
do this with the pot in the case, otherwise
you might damage the case; take the pot
out and, holding it in a vice, cut the shaft
to the correct length using a hacksaw.

We're at the point now, where we com-
mence final wiring-up of the project.
Following the projects’s circuit, cut each
connecting wire to the correct length; this
helps to keep the project looking neat in-
side. Make each connection in two steps:

1. Solder one end of the connecting lead
to one point, say the PCB.

2. Take the lead around the case to the
other point, cut it to length, then solder
it.

Make all connecting leads go around the
case in the same fashion so that generally
they group together. Then, when all con-
nections have been made and you have
checked the project, {making sure it still
works), tie the group of leads together
with a cable tie. Plastic cable-ties, lacing-
cord or simple string can be used for this
job. Forming all connecting leads into
such a bunch gives a very neat ap-
pearance to the inside of your project,
much better than the ‘'bird's nest’’ ap-
pearance you get when a project is wired-
up with all connecting leads simply taking
the shortest distance between two
points. It really is worth the extra few cen-
timetres of wire you might use in forming
the group of leads.

Now, the only thing to do is put the lid
onto your case and then you can take a
step back to admire your fully housed and
completed project. Neat, isn‘t it!
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THREE FOR FREE-

EXPERIMENTOR BREADBOARDS
No soldering modular breadboards, simply plug
components in and out of letter number 1dentified
nickel-silver contact holes. Start small and simply
snap-lock boards together to build a breadboard of
any size

All EXP Breadboards have two bus-bars as an integral
part of the board, if you need more than 2 buses
simply snap on 4 more bus-bars with the aid of an EXP
4B.

EXP 325 £2.00 The ideal breadboard
for 1 chip circunts. Accepts 8, 14, 16 and
up to 22 pin ICs " Has 130 contact points
including two 10 point bus-bars

EXP 350 £3.15 Specrally designed ,
for working with up 10 40 pin ICs
perfect for 3 & 14 pin ICs

Has 270 contact points including ¢
two 20 point bus-bars

EXP 300 £6.00 The
most widely bought
bread-hoard in the UK
With 550 contact & T,

points, two 40 point

bus-bars, the EXP 300 will accept any size IC and up
1o 6 x 14 pin DIPS . Use this breadboard with
Adventures in Microelectronics.

EXP 600 £6.30 Most
MICROPROCESSOR
projects in magazines ﬁ
and educational books

are built onthe EXP 600. * °

EXP 650 £4.25 Has -6" centre
spacing so 1s perfect for
MICROPROCESSOR applications.

EXP 4B £2.50 Four
more bus-bars in
“snap-on’’ umt.

The above pnices are exclusive of P&P and 15% VAT

THE GSC 24 HOUR SERVICE
TELEPHONE (0799) 21682
With your Access, American Express,
Barclaycard number and your
order will be in the post immediately
GLOBAL SPECIALTIES CORPORATION

-G.S.C. (UK) Ltd, Dept. 14TT

Unit 1, Shire Hill Industrial Estate,
Saffron Walden, Essex CB11 3AQ.
Tel: Saffron Walden (0799) 21682
Telex: 817477
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Available from selected stockists

ELECTRONICS BY NUMBERS

No. 10 SOIL MOISTURE TESTER
No more wilting houseplants with this soil
moisture test, Just place the probes into the
soil and it will light up to tell you whether
the soil is “'too wet"’ or “toodry”. You
don’t even need green fingers.

No. 11 DIGITAL ROULETTE

The suspense and excitement of the casino
in your own home, Just press the button,
the circle of lights go round and there is the
sound of the roulette wheel as well, both
gradually slowing down to reveal the
winning number.

No. 12 EGG TIMER

How do you like your eggs done, hard or.
soft, just set the timer and it will sound
when the egg is done to your liking. Long
battery life because it switches itsetf off
automatically. So get cracking now!

Want to get started on building exciting
projects, but don’t know how? Now using
EXPERIMENTOR BREADBOARDS and
following the instructions in our FREE
‘Electronics By Numbers' leaflets,
ANYBODY can build electronic projects.
For example, take one of our earlier
projects, a L.E.D. Bar Graph;

ol

—~VE l —
You will need; One EXP 300 or EXP 350
breadboard 15 silicon diodes

6 resistors 6 Light Emitting Diodes

Just look at the diagram, Select R1, plug it
into the lettered and numbered holes on the
EXPERIMENTOR BREADBOARD, do the
same with all the other components,
connect to the battery, and your project’s
finished. All you have to do is follow the
large, clear layouts on the ‘Electronics by
Numbers’ leaflets, and ANYBODY can build
a perfect working project.

For full detailed instructions and layouts of
Projects 10, 11 and 12, simply take the coupon
to your nearest GSC stockist, or send direct

to us; and you will receive the latest
'ELECTRONICS BY NUMBERS' leaflet.

if you have missed projects, 1, 2 and 3, or 4, 5
and 6, or 7, 8 and 9, please tick the appropriate
box in the coupon.

PROTO-BOARDS

The ultimate in breadboards for the minimum of cost.
Two easily assembled kits.

S5 GoATEINTM $MOSITRS 00RPARATION

PB6 Kit, 630 contacts, four 5-way bm_ding posts
accepts up to six 14-pin Dips.
'PROTO-BOARD 6 KiT £11.00

¢ o

Proto lioa.1n0.100

PB 100 Kit complete with 760 contacts accepts up to
ten 14-pin Dips, with two binding posts and sturdy
base. Large capacity with Kit economy.
PROTO-BOARD 100 KIT £14.25

[ = = == === (T'SEASY WITH G.S.C.omwm o o mm =
TO RECEIVE YOUR FREE COPY OF PROJECTS 10, 11 and 12

J Just clip the coupon

Give us your name and full postal address {in block
capitals). Enclose cheque, postal order or credit card

I number and expiry date, indicating in the appropriate
box{es) the breadboardis| you require.

For immediate action

The GSC 24 hour, 5 day a week service.

Telephone (0799} 21682 and give us your Access,
American Express or Barclaycard number and your
order will be in the post immediately.

GSC (UK) Ltd., Dept. 14TT Unit 1, Shire Hill Estate, Saffron Walden, Essex CB11 3AQ.

Tel: Saffront Walden (0799) 21682, Telex: 817477,
—

I EXPERIMENTOR IC CAPACITY IUNIT PRICE INC | Qty I
BREADBOARDS| CONTAC ‘_! T4PINDIP  |PuP & 153 vAT| req | NAME.
QI D0 (o N R 1
| | ExP®s 1 |  £316 ADDRESS '
| o - £
| EXP360 | 170 3., £483
I EXP300 | 50 6 £ 8.05 |
EXPOO0 | £ 948
' use with I
06 pitch | enclose chi /P.O. for €
270 £ 575 enclose cheque &
EXP 650 Dip s Stesp Debit my Barclaycard, Access,
' Bus Bar '
Four 40 Point American Express card No.
EXP 48 £373
' Bus Bars | 3 =) Expiry date . '
PROTO BOARDS| .
If you missed project No's
' Pas 630 6 I £13.80 I l 1 to 9 tick box. 5 I
PB100 ~ 760 0 | _£1753 For Free catalogue tick box 3
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B into Computing

COMPONENTS
FOR

COMPUTING

Paul Kelly

Like elephants,
ROMs never forget
(unless you want
them to).

Last month we outlined the different
types of memory used in microcom-
puting systems and discussed, in detail,
RAMs (Random Access Memory). We
continue this month by looking at the
other main memory type, ROMs (Read
Only Memory). A ROM is in fact a type
of random access memory (but rarely
referred to as a RAM), in that it consists
of a number of memory cells organised
as a number of randomly addressable
data words, each of one or more bits
wide. The most significant difference
between a ROM and a RAM is that the
data stored in a RAM may be freely
altered during normal operation of the
device whereas in a ROM, the data is
fixed at manufacture or by a programm-
ing procedure (depending on the type of
device) and is unalterable in-circuit. The
property enables ROMs to retain data
when no power is applied to the device
and is called ‘non-volatility’. Such
devices are of particular use in micro-
computer systems where it is desirable
to have the machine’s operating soft-
ware available immediately from power-
up, whether it be a BASIC interpreterin a
home microcomputer, a Disc Operating
System (DOS) of a business machine or
an industrial control system.

There are a huge variety of ROMs, in
general use, which vary in the techno-
logies of fabrication, in the means of
data fixing and, of course, in their capac-
ities and organisations. Most of the
devices fall into one of the following
broad categories: mask programmed
ROMs, bipolar programmable (fusible
link) ROMs, UV-Erasable ROMs (EPROM)
and electrically alterable ROMs
(EEPROM).

In a mask programmed ROM, the
stored ‘data is determined by the set of
masks used in the manufacture of the
device. It is unlikely that these devices
will ever be used by hobbyists, as the
manufacturer’s masking charge,
although steadily falling, is of the order
of £2,000! Mask programmed ROMs
are used widely by high volume manu-
facturers of microprocessor based equip-
ment (eg microcomputers) where the
overall cost per unit (over, say 10,000
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devices) is very small.

EPROMS are the most popular ROMs,
used almost universally by hobbyists,
small volume equipment manufacturers
and Research & Development depart-
ments. The popularity of these devices
lies, firstly, in their field-programmability,
and secondly in their ability to be erased
(by ultra-violet light) and reprogrammed
many times. We will be looking at these
devices, in particular, in the final half of
this article.

EEPROMS have only recently hit the
market and are, at present, too expen-
sive to be in general use though no doubt
they will completely replace EPROMS in
the long term. EEPROMS vary in type.
Generally they are programmed in the
same manner as EPROMs but can be
erased electrically (rather than by UV),

R M e e B 0
TS rrrrTryEreE Y

PN

some devices one location at a time and
others, all locations together.

Bipolar PROMs are almost always
programmed by a method of ‘blowing’
fusible links within the device. The pra-
gramming process is irreversible — once
a data bit has been programmed (usually
from ‘1’ to ‘O’) it cannot be reversed.
The basis principle of fusible links is il
lustrated in Figure 1; when the cell it
selected (addressed) by its row drive, i
will pull the column output high if the link
is intact — if the link is blown the columm
output remains low. The fuse, which i$
usually made of nichrome, is blown by
momentarily passing a high current
through the transmitter and for this, Vcé
is often increased to a high voltage-
(although the particular programming re-
quirements vary widely from one manu,

COLUMN ROW
O

FUSE ALUMINIUM

Vee

P ISOLATION

Vee COLUMN

FUSE

(b}

{c) (d)
FUSE INTACT FUSE BLOWN

Figure 1. (a) The physical structure of a bi-polar fusible link PROM caell; (b) the circuit
of a single cell; (c.d) these drawings, showing the fuse intact and then blown, were
made from a pair of photomicrographs of a PROM cell.

SOURCE

CONTROL GATE DRAIN

FLOATING
GATE

SUBSTRATE

Figure 3. The structure of a UV erasable EPROM memory cell.
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Table 1
TYPE ORGANISATION TECHNOLOGY SUPPLY CURRENT PINS COMMENTS
2708 1K x 8 NMOS +5,+ 12V 65mA 24 Now obsolete.
2716 2K x 8 NMOS +5V 100mA 24 Low cost type.
2532 4K x 8 NMOS +bV 100mA 24 No OE pin.
2732 4K x 8 NMOS +5V 100mA 24 Uses OE pin.
2764 8K x 8 NMOS +5V 150mA 28 Pin compatible with 2732; expensive.
2564 8K x 8 NMOS +5V 150mA 28 Pin compatible with 2532; expensive.

The essential characteristics of the most common EPROM types are tabulated above. As chip densities have increased low-
capacity ICs such as the 2708 have become obsolete. However, the very high density chips remain expensive.

facturer to another). Bipolar PROMS of-
fer an advantage in speed when com-
pared with other PROMs, which are
usually MOS (access time of the order of
20nS versus 200nS for MOS). Because
this extra speed is not required by the
average microcomputer system, and
because of the high cost and difficult pro-
gramming procedures, bipolar PROMs are
rarely used for storing software in
rnicrocomputers. However they are used
in minicomputers and mainframes, within
the CPU microprogram control unit
(where speed is crucial); a more frequent
use is as a substitute for a logic array, as
shown in Figure 2. Each of the PROM’s
outputs is a logical function of the input
faddress) lines; if any required function is
tabulated (as in a truth tabie) by storing
the contents of the table as data in the
PROM, it will then function as an
equivalent array of combinational logic

Ag O—— ———0 Dg
48IT MO——  ,6us [—OD
SULTIPLIER | Ay | ——00, |5

=,

Ao ——00;3 |8

TBP28L22 o <

Ag0—— TExAS) D4 =

4 BIT Ag O—r ——0D5 |®@

MULITIPLI- < o o, |®
CAND 6 O—1 —=C0g
A7 O] ——=00y

CE
Figure 2. An EPROM can be used as a
look-up table; the 8-bit result is stored at
'an address corresponding to the values
of the 4-bit multiplier and multiplicand.

DATA STABLE

ADDRESS STABLE )—
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1
N
g
H
!

25V

5V

QE : !

—Dll,‘<— —>Ilh -—
I T [
| |

l 50 m§ l

CE/PGM

t, = SET-UP TIME
t, = HOLD TIME

Figure 4. The timing diagram of a single
program cycle for the 2716 EPROM.
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which might otherwise be used to imple-
ment the function. The example given is
of a 4-bit multiplier used to give an eight
bit product, implemented with one ROM
chip — an equivalent circuit with NAND
and NOR gates would require many chips!

We return, now, to the subject of
EPROMSs because, as a hobbyist, this is
the type you are most likely to encounter
(particularly if you build the programmer
presented in this issue). A profile of the
‘silicon slice’ of one memory cell is shown
in Figure 3. Each cell is based on a single
MOS transistor, with a ‘floating gate’ im-
planted in the silicon dioxide insulator nor-
mally placed between the transistor con-
trol gate and the drain-source conduction
channel. During programming, a high
potential applied between drain and con-
trol gate causes an injection of electrons
into the floating gate across the SiO2 bar-
rier, but when the high potential is re-
moved, a charge remains on the floating
gate indefinitely. This charge on the
floating gate inhibits the control gate,
preventing it from turning on the trans-
istor; thus two logical states exist for the
cell, depending on whether the floating
gate has been charged or not. The
presence of UV light raises the conduc-
tivity of the SiO2 sufficiently to permit a
gradual leakage of charge from the
floating gate. Typically, an EPROM will
take 30 minutes to complete erasure us-
ing a commercial UV erasing unit. The UV
light of sunlight is not strong in the re-
quired spectrum (short wavelength UV)
and could take several weeks to erase an
EPROM. However, erasure boxes can be
purchased as cheaply as £40, these
days, with tubes running at about £12
each, if you wish to DIY.

In Table 1 we have presented some of
the characteristics of most of the popular
EPROMS on the market, together with
their pin configurations. Most of the
devices are in 24-pin DIL packages (ex-
ceptthelarger 8k x 8) EPROMS, which are
28-pin) and have a glass ‘window’ at the
top of the package to allow UV light to
strike the exposed silicon chip. After pro-
gramming, a paper label or similar must be
placed over the window to prevent
gradual erasure in sunlight or artificial
firouescent lighting.

We have not gone into the internal ar-
chitecture of a ROM, as the interconnec-
tion of memory cells within the device is

_basically the same as for RAMs (see last

month’s instaliment). Externally, the
devices are very similar as well; they have
an address bus (the number of lines being
determined by the memory capacity), a
data bus (which for most devices, being
intended for microcomputing applica-

tions, is eight bits wide) and a chip select
line (CE) which allows many devices to
connect onto the data bus (when high,
the CE pin disables the data output
drivers). Obvously, fora ROM, there is no
R/W (Read/Write) line, and in its place a
Program Voltage pin is provided.

The earlier EPROM types (eg 2708)
were quite complicated to program, in
that it was necessary to cycle through all
address locations many times so as to
avoid localised heating of the chip. Most
of the modern EPROMS, though, are fairly
standardised and may be programmed a
byte at a time; we will consider the 2716
EPROM (probably the most popular, at
£2.50 each) in particular. A programming
cycle for the 2716 is illustrated by the
timing diagram of Figure 4. With the
device enabled (CE low) and the pro-
gramming drive, Vpp, at 25V, a stable ad-
dress and data word are presented to the
appropriate pins of the device; the OE
(Output Enable) pin is also taken high to
avoid conflict with the data ‘blanks’
already present in the ROM. The data is
then programmed by applying a high to
the PGM/CE pin for a period of 50mS. Itis
important to note that a blank EPROM as
supplied by the manufacturer has all its
bits ‘high” and that, during programming,
the appropriate bits are forced low; it is
not possible to bring a bit back from a low
to a high without erasing the entire
device. For a 2716, it takes about a
minute and a half to program all 2048
locations on an automatic programmer
and it takes at least 20 mins to erase the
device. This gives the software developer
a very fast turn around on modifications
he makes during program development.

It is also worth mentioning some
details of commercial programmers,
although they are priced from ‘as little’ as
£200! Some of the cheaper programmers
are simple copiers, and therefore of
limited use to software developers (but of
considerable use to ’pirates’, most
noticeably of video games!) For manufac-
turers, bulk copiers (to program several
EPROMS at a time) have become a cheap
time-saving device — again not much use
to the amateur. The ‘intelligent’ EPROM
programmers, now beginning to flood the
market, are becoming just within the
reach of the amateur’s pocket, and offer
all the facilities he could wish. Most of
these have video displays (as opposed to
the earlier LEDs) and, in conjunction with
an integral keyboard, allow data to be
entered and manipulated as required
before programming. The project
presented in this issue, however, is a
compromise between what one would
like and what one can afford! H!
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COMING SOON TO. . .

RADIO CONTROLLED GERBIL PROJECT

The April issue of Hobby Electronics features a special project of particular interest to all radio control
enthusiasts and connoiseurs of digital devices.
You’ve seen HEBOT, now meet HOPPY, the Hobby Electronics Radio Controlled Gerbil!
This unique project uses special circuitry to create a remarkable, life-like toy that will provide hours of fun for
all the family (with the possible exception of the household cat).
Look for it only in the April issue of Hobby Electronics!

TOOL AND TEST EQUIPMENT FOR THE
ELECTRONICS HOBBYIST

Also featured in next month’s issue is another great Hobby Electronics survey, this time providing all the !
information needed to select the most useful items of tools and test equipment for your workshop.

AUTO POWER-DOWN

A simple but ever-so-useful project that can be built into many battery Operate'd projects.

EPROMmer

Our two-part EPROMmer for 6502-based home computers is rounded off next month with full
constructional details and a complete listing of the operating program.

Naturally, the April issue of HE will also include our popular regular features such as THE ELECTRONIC
REVOLUTION and COMPONENTS FOR COMPUTING, plus your own letters in POINTS OF VIEW,; despite all
our efforts to restrain him, CLEVER DICK will be here as usual. .

Fiossereserve . . copiesf the Fabruary et |
ololy/ by

{ p— QO v . ;

L= g i

IS . o e TG T | March issue on sale at

' Address] e s AN TR s, . . o B D ¢ oy Py v ' your newsagent

i, o | _from 11th February.

e pp—p—— Place your order now!

Although these articles are being prepared for the next issue, éifgqmstances méy aiter the final.content.
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RUGBY ATOMIC CLOCK
This Z80 micro controlled clock/calender ,FLOPPY DISC INTERF_ACE R
receives coded time data from NPL Rugby. The inc. 1.0 0.S £95 + £20 installation.
f:lock never needs to be reset. The facilities BBC FLOPPY DISC DR'VES
include 8 independent alarms and for each S|ng|e drive 5‘/‘" ][][]K £235 . fﬁ =

alarm there is a choice of m(_elody or alt_ematively ) -

these can_be usead Yor electr(;t_:al s»;ntchmgz.:(\)' M l CRO CO M P ER Dual drive 5%:, BUUK f799 " £8 carr.

L P e A QFFICIAL DEALER BBC COMPATIBLE DRIVES

gacilitilesp?'vided. -y - These ':11re drives v;/lth TEAhC FD50 mechanism
cadly Built Unit . 145 + £5.00 carr and are complete with power supply

Remmmt o E11aries  £1.00 % a0 BBC Model B £399 SINGLE: 100K £190; 200K £260; 400K £340

(inc! VAT) Carr £8/unit . . ]
AS DESCRIBED IN Model A to Model B DUAL: 200K £360; 400K EASDJU[]K £610
MICRO TIMER

JUNE/JULY/AUGUST de ki £50
ISSUE F":?gra ﬁ It £15 | The programmable clock/nm;r is a 6502 based

dedi d d4di
M |CROTRA| NER | Ing C arge edicated micro computer with memory an igit

7 segment displays to form an extremely versatile
timing device with following features:

Complete Kit £64.00 + £1.00 p& B0 A

8V 1.8A PSU £7.00 + 70p pgfp i individual upgrades also available. ® 24 hour 7 day timer

1802 Ref. £7.00 WORD PROCESSOR 'VIEW’ ® 4 completely independent switch outouts

IDEAL for HOBBYETS — learn and 0 0 0 | @ 6digit 7 segment display output to indicate
16K ROM £52 real time turn-off times and reset times

explore the workings of microprocessors

and unravel the mystical field of computers. TELETEXT ADAPTOR £195
INVALUABLE for training centres, schools PRESTEL ADAPTOR £90

and industries — gives effective insight into

micros to engineers, electricians etc not 2nd PROCESSOR 6502/280 £170

@ Individual outputs to day of week, switch and
status LEDs
@® Data entry through 8 simple matrix pad

directly involved in the computer field. Further details on request

INEXPENSIVE — a truly low cost teaching ACORN SOFT/BBC SOFT/GAMES PADDLES Complete Kit £56.00 + £1.00p&p
aid — in fact a short step towards IN STOCK PSU £7.00 + 70pp & p
developing new ideas and systems. Construction details supplied

PLEASE ADD 40p p&p & 15% VAT

TecuNomatic Lo

MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 tED Orders from Government Depts. & Colleges etc. welcome

SHOPS AT: 17 BURNLEY ROAD, LONDON NW10 — .
(Tel: 01-452 1500, 01-450 6597. Telex: 922800) P o R e
305 EDGWARE ROAD, LONDON W2 '
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EPROMmer

For 6502-Based

Computers

lan Hickman

Originally designed to operate in conjunction with a UK101
computer, the HE EPROMmer can be made to work with any
computer using the 6502 MPU. Full construction details,
including the PCB, component overlay and the operating program
listing, will be presented in the April ‘83 issue of HE.

Part 1: The Circuit and How It Works.

OVER the last few years the cost of
PROMs (Programmable ROMs), and
particularly UV Erasable Programmable
Read Only Memories, has.dropped
sharply, while single rail 5V types have
largely displaced the earlier and less
convenient three-rail types. For the
budget conscious home constructor, the
beauty of EPROMs is that.if you get it
wrong, the PROM can be ‘wiped’ and
used again, unlike a fusible link PROM,
where one ‘‘burns one’s boats’’ the first
time it is programmed. To erase an
EPROM, one simply exposes it to short
wavelength Ultra-Violet light from, for
example, a T2in 8W uncoated
fluorescent tube. The ‘’black light’’
tubes sold for such purposes as
demonstrating the fluorescence of
various minerals or rock samples

are not suitable for erasing

PROMs, as they only emit longer
wavelength, less harmfui, ultra-violet
light. The author purchased an EPROM
Eraser replacement tube and found that
this works perfectly in a 12V transistor
fluorescent ballast which, at other
times, is used as a tent light run from
the car’s cigar lighter socket when
camping. The short wavelength UV
radiation from the tube will completely
erase an EPROM in twenty minutes or
less, but on no account look at the tube
when lit as the radiation is very bad for
the eyes.

This EPROM Programmer is designed
to program Ultra-Violet Erasable
Programmable Read Only Memories,
namely 2K by 8 EPROMSs such as the
2716 and 2516, and 4K by 8 2732s.
The author designed it to work with his
Compukit UK101, but it should work

20

equally well with any 6502-based
personal computer. The EPROM
Programmer contains a 25V power
supply for the programming voltage VPP,
but draws the small current that it needs
at + 5V from the host computer.

It was decided before the design was
commenced that operation should be
simple. Thus, the only controls on the
EPROM Programmer are two toggle
switches; one selects 2716 or 2732
(16K or 32K) operation whilst the other
selects Read or Program. Reading,
programming and verifying are all carried
out under the control of a “‘user
friendly’’ operating system written in
BASIC. The Programmer has been in use
for many months now, and has proved
extremely useful and completely
reliable.

Circuit Design

To cope with 2716 and 2732 EPROMSs,
the circuit must be able to change the
functions of pins 18, 20 and 21 of the
PROM socket — all other pin
designations for the two devices are
identical. Table 1 shows the functions
of these three pins for the two different
PROMS, and it can be seen that the
logic level applied to pin 18 needs to be
inverted for the 2732 (relative to the
2716) in the PROGRAM mode, but not
in the READ mode. This can be achieved
by using an EXOR (Exclusive OR) gate
which inverts the signal to pin 18 only
when + 25V is applied to pin 20. How
this is arranged will shortly become
clear. ’
Figures 1 and 2 show the complete
circuit of the HE EPROM Programmer.

Figure 1 shows the circuit board, with a
40 way DIL socket J1. This socket is
connected by a 40 way jumper lead to
the expansion socket of the host
UK101 computer, though the EPROM
Programmer does not use all of the
signals available. Addresses A8 — 15
are decoded to define the position of the.
6821 PIA (Peripheral Interface Adapter)
in the UK101's memory map. With the
connections shown, this is 32768.
Addresses AO and A1 are also used by
the PIA directly, to provide access to
Control Register A, Peripheral Register
A, Control Register B or Peripheral
Register B as appropriate. For those who
have not used the 6821 PIA before,
Figure 3 shows its internal structure.
RSO and RS1 are connected to address
lines AO and A1 of the host computer’s
address bus and route the PIA's data
bus (connected to the UK101’s data
bus) as shown in Table 2. When RSO,

TABLE 1

PROGRAM
EPROM | PIN | READ [START INHIBIT
2716 18 0 1 0
2732 0 0 1
2716 20 0 1 1
2732 0 +25V  +25V
2716 21 | +5V | +2bV +25V
2732 A11 | A11 A11
2716 |IC5al O 0 0
2732 | PIN1 0 1 S

Two switches are used to change the
logic functions according to the
programming operation and the type of
EPROM, as shown above.
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Figure 1. The main circuit board carries the sockets connecting to the host computer (J1) and to the EPROM (J2), the PIA (IC3)
and its address decoders (ICs 1 and 2), plus the EPROM address Iatch (IC4). IC5 and Q1 are concerned with the EPROM pin
functions; two spare gates are used to drive the ‘Busy’ LED.-
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Figure 2. The power supply and pin function logic circuits are designed as separate modules.

48V
LD3

‘BUSY' LED

RS1

= 1,0 respectively, access is

provided to Control Register A. Then,
writing a "0’ in bit two of the eight bit
Control Register A — CRA2=0 —
provides access to Data Direction
Register A (DDRA)if RSO, RS1 = 0,0.
For each bit in DDRA which is then set
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to a '0’, the corresponding bit in
Peripheral Interface A (PAO — 7} is set
as an input, whilst a “1’ sets it as an
.output. That is, RSO, RS1 = 0,0
accesses DDRA if CRA2 = O, or
Peripheral Interface A if CRA2 = 1. 1In
the latter case, PAO — 7 are all inputs if

DDRA holds zero and are all outputs if
DDRA holds 255. (The EPROM

Programmer uses all eight lines, PAO —
7, as all inputs or alternatively as all
outputs, although under control of
DDRA, any mixture of inputs and
outputs can be set up).
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TABLE 2
RSO RS1 CRA2 CRB2 LOCATION SELECTED
CONTROL REGISTER A
DATA DIRECTION REGISTER A
PERIPHERAL DATA REGISTER A
CONTROL REGISTER B
DATA DIRECTION REGISTER B
PERIPHERAL DATA REGISTER B

00 =200-=
= =2=20000
XX X =20X
= O X X X X

The 6821 Register selection programming. Control signal RS1 selects either control
Register A or B, while RSO selects either the Data Direction Register or the Peripheral
Data Register of the selected side.

{ROA 38 - T INTERRUPT STATUS[#——40 CA1
CONTROL A |w—— 39 CA2

00 33 |
D1 32 =i

CONTRDL
REGISTER A
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a2s DATA BUS
D3 30 <ttt BUFFERS
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Figure 3. The internal architecture of the 6821 PIA. Not all the functions are used by
the EPROMmer circuit!
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Figure 4. Detail showing the PIA address decoding circuitry. With the connections
shown, this places the PIA at 32768, though other addresses can be arranged by
selecting the appropriate outputs from each decoder section.
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We do not use bits O, 1, 6 or 7 of
CRA, but in addition to bit 2 we also
need bits 3, 4 and 5. These control line
CA2, and we configure this as an
output, whichis settoaQora 1 as
appropriate by the BASIC operating
system, as will be explained later.

Similar comments apply to the B sidt
of 6821, as shown in Table 2.

The arrangement of the 6821 thus
provides access to a total of six
registers whilst only occupying four
consecutive memory addresses. The
present circuit does not take advantage
of this economy of address space since,
for simplicity and economy, partial

Building Blocks__.

The 74LS139 is adual 1-0f-4
Decoder/Demultiplexer IC containing
two independent decoders. Each
decoder accepts two binary inputs and:
produces a single, unique active LOW
output for each combination of inputs,
as shown in the Truth Table. Each
decoder has an active LOW ENable (g)
input which forces all four outputs HIGE
when it is taken HIGH itself.

In the EPROM Programmer, two
74L.51389s are used to provide addresss
decoding for the PIA as shown in Figure
4; when the correct address is
presented on the host computer’s ad-
dress bus, pin 12 of IC2 goes low,
ENabling the PIA.

Eal1) A0(2) A1(3)

™
L4

0A(4) TA(5) 2418} 3A(7)
{ }=PIN NUMBERS

The circuit of one half of a 74LS139.

INPUTS OUTPUTS

of
=
Nl

AOA

| m

X X H

T

H
L ook e H
L H L|H 'L H

T 2 F T4 S

L L H H H L

L H H H H H

-

H = HIGH VOLTAGE LEVEL .
L =LOW VOLTAGE LEVEL

The Truth Table for the decoder;
each combination of inputs produces

a single unique output.
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Popular Computing

.How It Works

THE HEART of the Programmer circuit
is the 6821 Peripheral interface
Adaptor (PIA). This contains two
independent sets of DATA registers,
PAO-7 and PBO-7, each controlied by
separate control Registers CRA and
CRB, plus a pair of Data Direction
Registers DDRA and DDRB. Register
PB is used to store the data to be
programmed into the EPROM, while
register PA is used to hold the address
in the EPROM where the data is to be
located. Both sets of information are
transmitted via the host computer’s
Data Bus.

Thus storing a single byte of data
requires two separate operations; first
the EPROM address is sent to register
PA, then the data to be stored in the
EPROM at that address is sent to
Register PB. These operations are
carried out under the control of the

DATA BUS
ADDRESS BUS 3

" HOST d
COMPUTER

CONTROL BUS

r

DATA BUS A

CONTROL BUS "

A8-AT1 ), ic1

operating software.

However, since only eight address
bits are supplied, only 256 bytes of
EPROM can be programmed, therefore
it is necessary to increment the
EPROM address after each block of
256 addresses. Before the low-order
address bits are sent to Register PA,
four address bits are first loaded into
the four-bit latch IC4, and these are
presented to the EPROM address bus:
at the same time as PAO-7 loads the
low-order address into the EPROM.
That is, programming one byte of data
actuelly required three operations;
first, EPROM addresses AB-A11 are
latched into IC4; then address bits
AO-A7 are presented via PAO-7, then
the data is loaded via PBO-7.

Since the Programmer is designed
to program both 2716 and 2732
EPROMSs, which have some slightly

different pin functions, the appropriate
logic levels are derived from two
switches and a small amount of
control logic; the switching and logic
circuit is described fully in the text and
Table 1. |

Finally, ICs 1 and.2, a pair of 1-of-4
line decoders, are used to ENable the
PIA when the appropriate address ap-
pears on the host computer’s address
bus. Address lines A8-A15 are decoded
by ICs 1 and 2 while AO and A1 are ap-
plied directly to the PIA (see text and
Building Blocks for further details). This
system locates the PIA’s Control and
Data Direction Registers at 32768 —
32771. However, because address
lines A2 — A7 are not decoded, the
register’s addresses also occur at the
next four addresses, the four after that
and so on.

PBO-7
(EPROM DATA)

PAO-7
{EPROM ADDRESS)

AD,A1 PIA {IC3)

EPROM/
FUNCTION |s—— +5V
CONTROL

S T

EPROM

=+ 25V

EPROM
ADDRESSES

AB-A10

PAO-3 )

A12-A15

A1l
EPROM ADDRESS

) 1c2

address decoding is used. Address bits
AO and A1 are applied to the 6821
directly and, in conjunction with A8 to
A15 decoded by IC1 and IC2, locate
the PIA’s four registers at
32768-32771. But as address bits A2
to A7 inclusive are not used, the PIA
could equally well be addressed at the
next four memory locations or the four
after that and so on. This is satisfactory
in the author’s set-up as the 256
addresses following the PIA are unused,
but the point must be borne in mind if
you wish to relocate the PROM
Programmer’s PIA address, say to tuck
it away in one of the odd spaces near
the top of RAM.

Returning then to Figure 1, it can be
seen that address lines O to 7 of the
EPROM are driven by Peripheral Register
A, PAO — 7, of the PIA. Do not confuse
the EPROM’s address lines with the
computer’s address bus; the EPROM
address is written into PAO — 7 via the
computer’s data bus. The data bus also
supplies the data to be stored in the
EPROM, and this program data is held in
Peripheral Register B, PBO — 7, of the
PIA. That would be the end of the story
if the EPROM only held 256 bytes, but
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in fact it holds 2048 bytes (27 16) or
4096 bytes (2732), so the eight
address bits held in PAO — 7 must be
augmented by three or four more
EPROM address lines. These extra
address bits are held in four bit latch
IC4. The latch inputs D1 — 4 are from
the four low order outputs PAQ — ‘3 of
Peripheral Register A; the appropriate
address data is stored in Peripheral
Register A and then latched in IC4 by
momentarily taking PIA control output
CA2 high. This extra operation only
represents a tiny overhead as EPROM
addresses A8 — 10 {or AB — 11 inthe
case of the 2732) only need updating
once for every 256 lower order
addresses.

Having set up the complete EPROM
address in latch IC4 and PAO — 7 of the
PIA, and with the corresponding data
byte to be stored sitting in PBO — 7,
PIA control line CB2 is taken high for 50
mS. Provided VPp is at + 25V, this has
the effect of ‘'burning’’ the data into the
EPROM at that address. If a 2732 is in
course of being programmed, then
+ 25V will be present at pin 20 of the
PROM. This is detected by Q1, which
places a ‘1’ on pin 1 of EXOR gate IC5a,

causing it to act as an inverter, as
required (see Table 1). Under all other
conditions (2732 read or verify, 2716
all operations), there will be a 'O’ at pin
1 of IC5a and the CB2 signal is
therefore not inverted. This looks after
pin 18’s requirements, and the
functions of pins 20 and 21 for the two
types of PROM are sorted out by
switches SW1 and SW2, again in
accordance with Table 1.

Two of the spare EXOR gates have
an input tied to PA3. Thus during
reading, programming or verifying, as
successive addresses are set up in
Peripheral Register A, red LED 1 will
blink on and off, showing that it is "'all
happening’’; PA3 was chosen as giving
a suitable blink rate. A green LED driven
from the + 25V supply indicates that
the mains supply to the EPROM
Programmer is on, whilst a yellow LED
powered from + 5V indicates that the
Programmer is indeed receiving this
supply from the host computer. The
+ 25V supply is actually more like
+ 24V7 nominal, using as it does a
7824 regulator with the common leg
propped up on a small signal silicon |
diode D2. HE
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graphics...
From only

£125!

First, there was the world-beating
Sinclair ZX80. The first personal computer
forunder £100.

Then, the ZX81. With up to 16K RAM
available, and the ZX Printer. Giving more
power and more flexibility. Together,
they’ve sold over 500,000 so far, to make
Sinclair world leaders in personal
computing. And the ZX81remains the
ideal low-cost introduction to computing.

Now there’s the ZX Spectrum! With
up to 48K of RAM. A full-size moving-key
keyboard. Vivid colour and sound. High-
resolution graphics. And a low price that’s
unrivalled.

Professional power-
personal computer price!

The ZX Spectrumincorporates all
the proven features of the ZX81. But its
new 16K BASIC ROM dramatically
increases your computing power.

You have access toarange of 8
colours for foreground, background and
border, together with a sound generator
and high-resolution graphics.

You have the facility to support
separate datafiles.

You have a choice of storage capa-
cities (governed by the amount of RAM).
16K of RAM (which you can uprate later
to 48K of RAM) or a massive 48K of RAM.

Yet the price of the Spectrum 16K
is anamazing £125! Even the popular
48K version costs only £175!

You may decide to begin with the
16K version. If so, you can still return it later
for an upgrade. The cost? Around £60.

Sinclair ZX Spec

16K or 48K RAM...
full-size moving-
key keyboard...
colour and sound...
high-resolution

/B zx Spectrum

Ready to use today,
easy to expand tomorrow

Your ZX Spectrum comes with a mains
adaptor and all the necessary leads to
connect to most cassette recorders
and TVs (colour or black and white).

Employing Sinclair BASIC (now used
in over 500,000 computers worldwide)
the ZX Spectrum comes complete with
two manuals which together represent a
detailed course in BASIC programming.
Whetheryou're abeginner or acompetent
programmer, you'll find them both of im-
mense help. Depending on your computer
experience, you'll quickly be moving
into the colourful world of ZX Spectrum
professional-level computing.

There’s no need to stop there. The
ZX Printer—available now - is fully
compatible with the ZX Spectrum. And
later this year there will be Microdrives for
massive amounts of extra on-line storage,
plus an RS232/networkinterface board.

|
|
|
|
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Key features of the
Sinclair ZX Spectrum

@ Full colour -8 colours each for
foreground, background and bort
plus flashing and brightness-inter
control.

® Sound-BEEP command with vari;
pitch and duration.

® Massive RAM-16K or 48K.

@ Full-size moving-key keyboard- a
keys at normal typewriter pitch, wi
repeat facility on each key.

® High-resolution—256 dots
horizontally x 192 vertically, each
individually addressable for true hi
resolution graphics.

® ASClicharacter set-with upper-a
lower-case characters.

® Teletext-compatible —user softwar
can generate 40 characters per lin;
or other settings.

@ High speed LOAD & SAVE-16Kin 1
seconds via cassette, with VERIFY
MERGE for programs and separate
data files.

@ Sinclair 16K extended BASIC -
incorporating unique ‘one-touch’
keyword entry, syntax check, and
report codes.




ypectrum software on
iettes —available now

2 Spectrum software library is

g every day. Subjects include

, €ducation, and business/

10ld management. Flight
tion...Chess.. Planetoids ...

/...Inventions.. VU-CALC...VU-3D
Record Controller...there is
hing for everyone.And they all

‘ulluse of the Spectrum’s colour,

,and graphics capabilities. You'll

e a detailed catalogue with your
um.

-xpansion Module

lis module incorporates the three
»ns of Microdrive controller, local
etwork, and RS232interface.

ctit to your Spectrum and you can
| up to eight Microdrives,

unicate with other computers, and
 wide range of printers.

e potential is enormous, and the

e will be available in the early part
3foraround £30.

a a
imnci=ir
air Research Ltd, Stanhope Road,

yerley, Surrey GU15 3PS.
amberley (0276) 685311.

The ZX Microdrive-
coming soon

The new Microdrives, designed
especially for the ZX Spectrum, are set to
change the face of personal computing
by providing mass on-line storage.

Each Microdrive can hold up to 100K
bytes using a single interchangeable
storage medium.

The transfer rate is 16K bytes per
second, with an average access time of
3.5seconds.And you'll be able to connect
up to 8 Microdrives to your Spectrum-via
the ZX Expansion Module.

A remarkable breakthrough ata
remarkable price. The Microdrives will be
available in the early part of 1983 for
around £50.

The ZX Printer-
available now

Designed exclusively for use with the
Sinclair ZX range of computers, the
printer offers ZX Spectrum owners the full
ASCII character set-including lower-case
characters and high-resolution graphics.

A special feature is COPY which
prints out exactly whatis on the whole TV
screen without the need for further
instructions. Printing speed is 50 charac-
ters per second, with 32 characters
perline and 9lines per vertical inch.

The ZX Printer connects to the rear of
your ZX Spectrum. A roll of paper (65ft
long and 4in wide) is supplied, along with
fullinstructions. Further supplies of paper
are available in packs of five rolls.

How to order your ZX Spectrum

BY PHONE-Access, Barclaycard or
Trustcard holders can call 01-200 0200 for
personal attention 24 hours a day, every
day. BY FREEPOST ~use the no-stamp
needed coupon below. You can pay by
cheque, postal order, Access,

Barclaycard or Trustcard.

EITHER WAY-please allow up to 28
days for delivery. And there's a 14-day
money-back option, of course. We want
you to be satisfied beyond doubt-and we
haveno doubt that you will be.

|—T_o: Sinclair Research, FREEPOST, Camberley, Surrey, GUI5S 3BR. Order—l
| Qty Item Code itemPrice Total |
£ £
l Sinclair ZX Spectrum ~16K RAM version 1 100 1250_0_______ ___
SinclairZX Spectrum-48KRAMversion 101 17500
Sinclair ZX Printer "R~ J 278 5995
Printerpaper (packof5rolls)y 16 1195
_ Postage and packing: ordersunder £100 28 2958
orders over £100 28 495 -
Total £

*Please charge to my Access/Barclaycard/Trustcard account no.

I

|

|

|

|

Please tick if you require a VAT receiptl:] _—— I
|

*Please delete/complete {
I

|

|
|
|
|
|
| *|l enclose acheque/postal order payable to Sinclair Research Ltdfor&
|
|
|
|
|
|

. | i | IO T O S (5 |l |
as applicable
|Signature i —
PLEASE PRINT
\Name:Mr/Mrs/Miss | | | | | | | | | | | m iy P 4]
Address | | | | | | | ! | | [ | ] || L1
I8 1 5y W 5 0 AN 1 O 5 T
| o [ S S TR S I T [ e 1HEL903J|



POINTS OF VIE

Feel like sounding
off? Then write to
the Editor stating
your Point Of View!

Gordon Channer Again!

Now, replies to a reader’s query, from
other readers:

Dear Sir,

With regard to Gordon Channer’s letter
HE January ‘83) may | suggest he
contacts Black Star Ltd., who advertise
in ETI (they appear in Monitor and in our
suppliers’ surveys from time to time, too
— Ed.). They stock a range of Crotech
oscilloscopes, two of which may be
operated froma 10V to 15V DC supply.
! hope this information will be of use.
J.M. Oakley,

Ormskirk,

Lancs.

Thanks, J.M. — you’ve furthered the
cause of hydro-electronics. (Anybody
who doesn’t understand that hasn’t
read their January HE properly — shame
on you.)

Dear Sir for Madam),

In answer to Gordon Channer’s letter in
HE January ‘82 about a 12VDC oscillo-
scope, the instrument he is looking for is
obviously the superb instrument that
was offered by ETI in their May ‘82
issue and the following couple of issues.
C. Williams,

Willenhall,

West Midlands.

This letter continued with various
facetious comments concerning Clever
Dick, Steven Spielberg, binders and the
_dotted lines on our survey sheet. . . all
of which are being referred to the proper
authorities, who will doubtless be round
with rubber truncheons ‘one evening
quite soon. As for the query about
whether ETI is actually extra-terrestrial,
we can't reply to that one as we can’t
understand a word their editorial team
says. Sorry!

Generating Some Curiosity

Dear Sir,

! have just read the ‘Wireless Goes To
War’ article in HE January ‘83 and
found it very interesting. Can | suggest
that John Biggins writes about the
wartime development of radio during
World War Two, which should also
make interesting reading.
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The caption for Fig. 3 on page 56
states that the purpose of the ‘fan
{propellar)’ is not known; [ think the
purpose is quite obvious. It is an air
driven generator to provide power for
the aeroplane’s radjo, to save the
weight of battery power packs. What do
other readers think?

C.M. Daw,
Flitwick,
Beds.

It's easy when you know how! We had
one or two readers contact us about this
propellor, and they all agree with you.
Now, when will our modern electronics
companies think of something similar for
personal stereos? I'm sure we’d all be
willing to walk a bit faster to avoid the
frustration of batteries conking out in.
the middie of a loud bit!

Flash It Again, Please

Dear Sir,

Last year | built the circuit you published
using two 555 timers and LEDs to make
the ‘Twinkling Star’ tree decoration, and
it worked perfectly. However, when |
made the ‘Christmas Tree Lights
Flasher’, neither of the 555 timers
would work the relay specified. When
put back into'the ‘Star’ circuit they both
functioned perfectly. Both circuits were
powered by new PP3 batteries, which
pulled the relay in when directly
connected.

Could you offer any explanation for
this, or should | boost the output of the
555 with a small transistor in order to
power the relay?

Robin R. Davies,
Horley,
Surrey.

Uh oh. Deeply involved as you are in
building this circuit, your description of
it must seem to you all-embracing.
Unfortunately, to us, with our miles of
files and lengthy editorial history, it
sounds pretty much like any of a dozen
other circuits.

As a matter of general policy, please
can you try to name the month and year
of the Hobby you were working from
when writing about circuits? If you send
an SAE, you will get a personal reply; if
you don’t, you will eventually appear in
POV; but if we can’t work out what
you're talking about, you may never get
a reply which makes any sense! So
please, gentle readers — name, rank and
serial number when you’re reporting
projects for misconduct.

Ear Errata

Dear Sir,

May | point out what | think are a
number of errors concerning the project
‘Big Ear’ in HE December ‘82.

1) Reference page 80 (Circuit
Diagram): The volume control RV'1 has
the bottom end connected to OV. This
would place a dead short across C5 and
R6.

2) Reference page 81 (Component
Layout): R2 is shown as going to Pin 2
of the IC1 (TLO82). Circuit Diagram
shows R2 going to Pin 3.

3) In the description of the Circuit
{page 81) it is stated that ""The input
from the mic is fed to the non-inverting
-ve input of IC1a”’, but the Circuit
Diagram shows the input from.mic to
the +ve input of IC1a.

4) The article states that “'The junc-
tion of the two resistors is bypassed to
OV by C3”, but the Circuit Diagram
shows the bypass capacitor to be C5 at
the junction of R3/R6.

A. Lord,
Southport,
Merseyside.

Dear Sir,
An electronics engineer has informed
me that at least one error is present in
the Circuit Diagram of the directional
néicrophone published in HE December
‘82.

! would be grateful if you would send
me a correct circuit diagram should the
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'statement be true. | have already pur-
chased the components and am keen to
complete the project.

P.E. Philpotts,

Brentwood,

Essex.

‘Well, notwithstanding what we say
about feedback sometimes taking
months to come through, where the
errors are less subtle they come back to
us pretty fast! Here are the errata from
our own correction card:

a) Page 80, Fig 2: Junction of R6,
C5 and RV4 should not go to OV.
b) Page 81, Fig 3: R2 should go to

pin 3 of IC1, not pin 2.

c) Page 81, Text: Input from mic is to
non-inverting { + ve) input.
d) Page 81, Text: Junction R2,

R3/R6 is bypassed to ground by C5, not

C3.

A Bit Off The Beat

Dear Sir,

/ have constructed the circuit board and
components for the Metronome project
in HE November ‘8 1. The accented beat
is very unreljable. After a few seconds
the 4017 IC breaks down and the
accented beat is at random interyals. |
have tried two fresh ICs, but the same
fault develops after a couple of minutes.
! have tried various voltages, and
breakdown seems to occur soon after
7V. | am quite convinced that it is not a
circuit fault.

Is it possible that there is an inate
problem with the 4017 when the reset
pin is connected to one of its output
pins? | once used the 4017 as a djvide-
by-five counter, but eventually had to
resort to other means because of its
poor reliability. In any event my niece
who was so looking forward to having
the metronome is very disappointed.
C.A. Bearfield,

Sale,
Cheshire.

Unfortunately, there was more than one
error in this project, so we can’t correct
it in a few words. Anyone who thinks or
knows, that there is an error in a project
they are building, send us an SAE. Mark
your own envelope ‘project errata’ and
we’ll forward a correction sheet as a
matter of priority. The only snag can be
that some project problems are subtle
and may not come to light for months
after a project is published, so anyone
writing for corrections too soon after
publication may not find what they’re
looking for. It's safest to do what Mr.
Bearfield has done: test out all the
possibilities to see if it’s a construction
or a component fault, and then contact
Hobby.

Faults in projects seem to be
inevitable because Hobby projects are
effectively production designs — they’re
being made up in multiple copies by
different people with components from
different sources in different places.
Designs for commercial production can
have months of strenuous testing under
all sorts of conditions before they‘re
released for cloning — if we did that,
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your Hobby would shoot up to about
£3.00 a copy. So we rely on careful
testing and — er — proofreading, and
feedback from designers and readers,
and cheer loudly when we get a design
for publication that has been tested in
the field for a year or two — not, alas,
all that common, but nice if we can get
it.

Heat But No Light

Dear Sir,

Some months ago you published an arti-
cle on solar cells which I found very in-
teresting. We are interested in using
these solar panels to provide lighting in
some of the bush missions and out-
stations. You mentioned one particular
type of panel which appeared suitable.
We would be very grateful if you could
send us the name and address of the
manufacturers and/or suppliers. We
would also like to have an idea of the
cost,

When we get your magazine (which
is unfortunately very seldom) we find it
very interesting and instructive. Keep up
the good work.

Martin O’Neil,
Mansa,
Zambia,
Central Africa.

We have to admit that, unli.-- Jear old
England, you have no shortage of sun
out there. The cells, unfortunately,
might prove a problem. The cells we
featured were at the time listed in the
RS Components catalogue, but on
checking, they no longer appear to be
available. Can any reader or supplier
help? If so, contact us at POV. Mean-
while, somebody had better get HE onto
the Bush Telegraph double quick and
make sure Mr. O’Neill gets our reply!

Seeking The Light

Dear Sir,

/ am a student at East Ham College of
Technology, studying my final year in a
TEC Diploma Electrical Engineering
course.

The class has been asked to carry out
a full year project. | have therefore
decided to make and research on the
Light Dimmer featured in HE October
‘80.

Can you therefore please be kind
enough to send me some information
based on this project.
llyas Syed,

Forest Gate,
London E7.

I'm afraid we don't keep files of extra
information on our projects — what we
have is what we publish in the
magazine. Of course, back issues are
always obtainable through our back-
numbers service {details in most Hobby
issues — not this one, alas. Check out
February or April. Cost is £1.25 per
issue or article). Also, there are in
London some very good libraries that

have stocks of technical magazines
going back many years which you can
look at for reference, even if you don’t
live in the same local area. Try asking
your local library for advice.

Microlog Mistake

Dear Sir,

HE Microlog (December ‘82).

Thank you for this excellent project
which | am in the process of building. |
think this is a good introduction into the
world of analogue computing. With
reference to Fig. 6, there appears to be
a misprint. The top part of the
secondary of T1 is taken straight to
regulator IC3, instead of into the top
part of BR1. Thanks for this great
magazine and please keep up the good
work.

H. Meidner,

Kensal Rise,

London NW10.

Yes, we caught that one, unfortunately,
just too late to stop it from getting into
print, but the correction was published
in January's Hobby as part of Monitor,
with the corrected diagram on page 72.
Thank you for contacting us anyway —
it might have been something no-one
else had yet spotted. Just to recap, the
top of T1 should go to the top of the
diode bridge BR1, but not to IC1.

Might As Well Stay Home . . .

Dear Sir,

| read with interest both the letter from
Mr. Gordon Channer (POV HE January
‘83) and the article ‘Light and Power’,
both of which dealt with DC/AC
inverters. | had already drafted out a
letter to you on the same subject, now
disposedof. | was going to state, and /
do now, that I’m sure there are many
people like myself who garage their car
some distance from their home and
would welcome such an inverter to
enable them to use an electric drill, etc.
That would mean something with a
power capability of around 4-5000
watts. Perhaps your engineers can
come up with something in the near
future.

The other point | would like to raise,
again for your engineers. What | would
like to see is a project on a digital
scoring device, like two seven segment
displays that would retain their
respective figures until they are
updated, but only using one key-pad
that could be switched (by a two-way
switch) from one to the other. This
could be used for many games like
darts, cards, dominoes, etc.

A.W. Guy,
Forest Gate,
London E7.

As stated in the article on supplies,
power in excess of around 200 watts is
very difficult to realise, so it’s unlikely
that a more powerful supply will appear
as a Hobby project, regrettably. :

However, as for the scoring systems:
we have something in mind, so watch
this space!
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HE PROJECT KITS

Make us your No. 1 SUPPLIER OF KITS and COMPONENTS for H.E. Projects. We

supply carefully selected sets of parts to enable you to contruct H.E. projects. Kits
include ALL the electronics and hardware needed. Printed circuit boards (fully etched,
drilled and roller tinned} or Veroboard are, of course, included as specified in the ongmal
article, we even include nuts, screws and |.C. sockets. PRICES INCLUDE CASES unless

otherwise stated. BATTERIES ARE NOT

INCLUDED. COMPONENT SHEET

INCLUDED. If you do not have the issue of H.E. which includes the project — you will
need to order the instruction reprint at an extra 45p each.

Reprints available separately 45p each + p. & p. 40p.

PHASE FOUR Dec 82 £18.71

STEREO NOISE GATE Dec 82 £15.35

TQAPE/SLIDE SYNCHRONIZER Dec 82
1.73

BIG EAR Dec 82 less pipe parts £6.21
gI&ROAMMHER ADAPTOR Dec 82
ODOMETER Nov. 82 £14.98
DIANA V.C.0O. Nov 82 £4.89
‘CB SQUELCH UNIT Oct 82 £9.19
'JUNIOR’ SLOT CAR CONTROLLER
Sept 82 £5.60 less case.
ZX INTERFACE BOARD Sept 8 inc
edge con £11.33.
T.V.I. FILTER July 82 £5.33
AUTO WAH June 82 £18.98 inc case or
£12.28 less case.
AUTO GREENHOUSE SPRINKLER
June 82 £15.38 less pump and power
supply {12V 2A).
TELEPHONE TIMER June 82 £33.42 less
power supply (suitable type below).
POWER SUPPLY DESIGN 12V 500mA
June 82 £9.98
ECHO REVERB UNIT May 82. Less case
£33.98. Economy case W83 £3.76 extra
DIGITAL THERMOMETER May 82 ex-
cluding case + bezel £16.90
&glo SIGNAL GENERATOR May 82

CABLE TRACKER May 82 £9.98

DIGITAL CAPACITANCE METER Apr
8 £21.37

SIGNAL TRACER Apr 82 £3.86

BIKE ALARM Apr 82 £11.74

DIGITAL DICE Mar 82 £7.29

BICYCLE SIREN Mar 82 £10.89

NOISELESS FUZZBOX Feb 82 £10.45

MASTHEAD AMPLIFIER Feb 82 £14.74

DRUM SYNTHESIZER Dec 81: Full kit

£21.37

GUITAR HEADPHONE AMPLIFIER

Dec 81 £3.72

IN CAR CASSETTE POWER SUPPLY

Dec 81 £4.77

SCRATCH FILTER Nov 81 Mano £5.82

Stereo £8.98

LED VU METER Nov 81 less case £4.87

SIMPLE STYLUS ORGAN Nov 81 less

case £4.98

METRONOME Nov 81 £12.71

TELEPHONE BELL REPEATER Oct 81

£13.67

Med linking wire extra 14p metre

COMBINATION LOCK Oct 81 less

solenoid £18.65

MORE PROJECT KITS — SIMILAR STYLE TO H.E.
INSTRUCTIONS INCLUDED (SEPARATELY 45p EACH)

BABY ALARM Oct 81 £8.70, Fig 8 linking
wire 7p metre
‘DIANA’ METAL LOCATOR Sept 81

£34.50
REACTION TESTER GAME Sept 81
£12.81

VARIABLE BENCH POWER SUPPLY
Aug 81 £26.98
ULTRASOUND BURGLAR ALARM
July 81 £19.98
ELECTRONIC DOOR BUZZER July 81

E4LECTRONIC METRONOME July 81
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CONTINUITY CHECKER June 81 £5.71
ENVELOPE GENERATOR June 81
£17.98
AUDIOQ MIXER June 81 £5.33
PUBLIC ADDRESS AMPLIFIER March
81 £19.48. Extras - horn speakers £6.83
each, PA MIC £4.40
FUZ2ZBOX March 81 £10.98
WINDSCREEN WIPER CONTROLLER
March 81 £8.20
STEAM LOCO WHISTLE March 81
£12.98
PHOTOGRAPHIC TIMER March 81
£3.50

HEARTBEAT MONITOR Feb 81 £24.98
TWO-TONE TRAIN HORN Feb 81 £5.60
less case

medium wave radio Feb 81 £8.20
BENCH AMP Jan 81 £10.80

NICAD CHARGER Jan 81 £8.20
CHUFFER Jan 81, less case £7.53
gsA;,TERY CHARGE MONITOR Dec 82

MEMORY BANK — MINI SYNTH-

ESISER Nov & Dedc 80 £29.98

TRANSISTOR TESTER Nov 81 £6.54 inc

test leads

GUITAR PRE-AMP Nov 80 £6.65

case (diecast) extra £2.29

INTRUDER ALARM Oct 80 £20.98
-TOUCH SWITCH Sept 80 £2.75 less case

& contacts

GUITAR PHASER Sept 80 £16.28

SOUND OPERATED FLASH TRIGGER

July 80 no skt £6.33

FOG HORN June 80 £6.64

SPEED CONTROLLEK FUK H/C Aprii U

£17.55 {less case)

UIGITAL FREQUENCY METER April 80

£39.98

GUITAR TUNER Nov 79 £12.82

CAR ALARM Feb 79 £12.91

PLEASE QUOTE REF. NO. WHEN ORDERING

B1 PEST CONTROL 'Ultrasonlc cat
scarer’ £7.65

B2 COMPONENT TESTER £8.88

B4 GUITAR NOTE EXPANDER £17.98
B5 CAMERA OR FLASH GUN
TRIGGER Infra red system £12.61

B6 SIMPLE INFRA RED REMOTE
CONTROL £17.20

B70-12v POWER SUPPLY £17.98
BS4SOUND TO UGHT - single channel

£8.42 .
B10 THREE CHANNEL SOUND TO
LIGHT £21.44

B11 IN SITU TRANSISTOR TESTER
£6.98

B12 WEIRD SOUND  EFFECTS
GENERATOR £5.98

B13 AUDIBLE VISUAL METRONOME
£5

B14 ELECTRONIC DICE £5.71

B16 MINI EGG TIMER £4.34

B18 LED JEWELLERY — Cross brooch
£2.77 Star brooch £9.91 Spiral brooch
£7.98

MORE KITS AND
COMPONENTS
IN OUR LISTS

FREE PRICE LIST
Price list included with
orders or send sae {9 x 4)
CONTAINS LOTS MORE
KITS, PCBs &
COMPONENTS

1982 ELECTRONICS
CATALOGUE

lllustrations, product descriptions, circuits all’ in-
cluded. Up-to-date price list enclosed. All products
are stock lines for fast delivery.

Sends 80p in stamps or add 80p to order.

e — )
MORE H.E. PLUS E.E. and E.T.l. PROJECT.

KITS IN THE PRICE LIST

= ul

MAGENTA glves yo’u F.AsT DELIVERY OF‘ QUALITY COMPONENTS & KITS.
All products are stock lines.and are new & full specificatlon. We give personal service &

d to ail our t

quality pi

AVE YOU TRIED US

'MAGENTA ELECTRONICSLTD

HV34, 135 HUNTER ST., BURTON-ON-TRENT, STAFFS.

?ADD

ACCESS and BARCLAYCARD {VISA)
ORDERS ACCEPTED BY PHONE OR

POST.
SAE ALL ENQUIRIES.

. 0283 65435, MM—FRI 9-5. MAIL ORDER QNLY
46p P&P TO ALL ORDERS _ PRICES INC VAT

Prices inc. VAT

OFFICIAL ORDERS WELCOME
OVERSEAS, Paymen( must be in sterling.
IRISH REPUBLIC and BFPO: UK PRICES.
EUROPE: UK PRICES plus 10%.
EL_SEWHERE: write for quote.
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1.Cs TOOLS
TRANSISTORS RESISTORS
CAPACITORS HARDWARE

CASES
KITS

MAGENTA

SOLDERIN

ANTEX X5 SOLDERING IRON 25W
SOLDERING IRON STAND . £1
SPAREBITS. Small standard, large,
65p each. For X5 + X256

SOLDER. Handy size.............
SOLDER CARTON........
DESOLDER BRAID
HEAT SINK TWEEZERS. .
DESOLDERPUMP..........
HOW TO SOLDER LEAFLET ..
LOW COST CUTTERS
LOW COST LONG NOSE PLIERS

WIRE STRIPPERS & CUTTERS. . £2.69

PRECISION PETITE

12V PCB Drill..........c.ce.
Drill Stand
Grinding Stone
Grinding Wheel
Saw Blade
Brass Wire Brush
Burr.

VERO SPOT FACE CUTTER ..£1.49
PIN INSERTION TOOL . ...... £1.98
VEROPINS (pk of 100)0.1".. ... 52p

MULTIMETER TYPE 1 {1,000 onv) U

MULTIMETER TYPE 2 (20,000 opv)
with transistor tester. Very good
.......................... £14.75
CROCODILE CLIP TEST LEAD SET.
10 leads with 20clips .......... 99p

MULTIMETER TYPE 2 -
YN360 TR, £14.75

G/ TOOLS

RESISTOR COLOUR CODE

CALCULATOR .. ............. 21p
93 CONNECTING WIRE PACK TYPE

ED.Mcolours................ 49p

ILLUMINATED MAGNIFIERS
Small 2 dia. (5 x mag.}....£1.14
Large 3 dia. {4 x mag) ..... £2.40

CASTIRON VICE. ....... . E28

SCREWDRIVER SET. .

POCKET TOOL SET £3.98

DENTISTS INSPECTION MIRROR

£2.85

L£150

JEWELLERS EYEGLASS .
PLASTIC TWEEZERS . 69p
PAIR OF PROBES WITH LEADS

1.68 (cc}.. ... TIp

20,000 opv. Includes transistor tester.
AC + DC volts. DC current. 4 very
useful resistance ranges.

We've used it and we like it.

SPEeAKERS. Miniature, 8 ohm
64-75 ohm °
CRYSTAL EARPIECE ...
MONQO HEADPHONES.
TELEPHONE PICK-UP

MIN. BUZZERS. 6V. 50p. 9V. £1-10.
12V. 65n.

MAGENTIC EARPIECE .
STEREO HEI\DPHONES

VEROBOARD 0.1 COPPER STRIPS
10 strips 24 holes . ..£1.20per§

PP3CLIPS 10p
PPACLIPS 11p PANEL METERS

50uA; 100uA; TmA,

24 strips 37 holes. 85 .78p
24 strips 50 holes

36 strips 37 holes .

36 strips 50 hole

Terminal pins 0.

BOOKS

SEMICONDUCTOR DATA BOOK Newnes|
.90

BIMBOAR

LECTRONIC PROJECTS FOR HOME
SECURITY
LECT. PROJECTS IN PHOTOGRAPHY

£3.

110 ELECT. ALARM PROJECTS £5.

ODEL RAILWAY PROJECTS £1.
BASIC ELECTRONICS. Theory & practice

£7.98

BEGINNERS GUIDE TO BUILDING ELECT
PROJECTS

.35
35
35
95
ce

ADVENTURES WITH ELECTRONICS

ROSREADBOARD . .
E%EC SREADSCARD .

1A, 25V. 100uA-0-
100uA; 5A. AU

D 1 BREADB £4.98 each. State

VEROBLOC BREADBOARD ..£4. value.

ADVENTURES WITH
VICROELECTRONICS
Similar to 'Electronics’ below.
Uses 1.C.s. Includes dice, elec-
' tronic organ, doorbell, reaction
| imer, radio, etc. Based on Bim-
board 1 bread board.
Adventures with
Microelectronics
Component pack £29.64 less
battery.

by Tom
Duncan

An easy to follow book suitable for all ages. ldeal for beginners.
No soldering, uses an S-Dec breadboard. Gives clear instructions
with lots of pictures. 16 projects—including three radios, siren,:

metronome, organ, intercom, ti

mer, etc. Helps you learn about

electronic components and how circuits work. Component pack

includes an S-Dec breadboard
projects.

and all the components for the

Adventures with Electronics £2.40. Component pack £18.98

less battery.

Q MAX PUNCHES

7 Qut

£3
J NIOR HACKSAW.
SPARE BLADES,
ABRAFRAME HACKSAW (cuts In all

SPARE BLADES..
VEROBLOC BREADBOAR

directions) ..

CKTEST {quick connect mains block)

HELPING HANDS JIG £6.30

Heavy base.

Six ball and socket

joints allow infinite variation of clips

through 360°.

{25x } mag

Has 2%” diameter
nifier attached, used and

recommended by our staff.
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BACKNUMBERS

')
February 1980 September 1980 April 1981
Passion Meter, Win Indicator, MicroMixer, Reaction Tester, Pre-Amplifier Part 1, Super
Short Circuit Special, Kit Review Guitar Phaser, Development Siren, Guitar Tremolo, Russian
Special, Into Electronics Timer, Teletext Explained, Into Roulette Game, Doorbell
Construction Part 1. Digital Electronics Part 1. Monitor, Anatomy of a Space
Shuttle.

May 1980 October 1980

MiniClocks, 5080 Preamp, Model Kitchen Timer, Tug ‘o’ War May 1981

Railway Track Cleaner, 5080 Game, Light Dimmer, Freezer Electronic Organ, Voice-
Loudspeakers, Loudspeaker Alarm, Intruder Alarm, Operated Switch, Infra-Red
Crossover Design, Radio Temperature-Controlled Controller, Pre-Amplifier Part 2,
Controlled Model Survey. Soldering Iron. Audio Millivoltmeter.

June 1980 January 1981 June 1981

Microbe Radio Control System, Car R v C 8 h Power Amplifier Part 1,

Egg Timer, Two Watt Amplifier, Aa' I'?Y- "g"mea'l encL. h Continuity Checker, Envelope
Fog Horn, Short Circuits, LEDs G EIIDT, SXDCG = e Generator, Early Radio, Gadgets,

and LED Displays. gonverter,.Chuffer, Electronic  Games and Kits Supplement.
ames reviewed.
A July 1980 July 1981
Sound-Operated Flash Trigger,  February 1381 ) Burglar Alarm, Doorbuzzer,
18 + 18 Car Stereo Booster, Heartbeat Monitor, High-  Treble Booster, Electronic Aids
Hazard Flasher, Electronics in Impedance Voltmeter, Medium for the Disabled, Power
Photography, Electronic Wave Radio, Two-Tone Train  Amplifier Part 2.
Espionage, Piezo Electricity. Horn, Audio Signal Generator.
August 1981
. August 1980 March 1981 Electronic Ignition,
. %"ggf;:g,.‘i.o;;uem EquiTone Car Equaliser, Pass- Public Address Amplifier, Thermometer, Electronic Organ
e The-Loop Game, Gaztec Gas Windscreen Wiper Controller, (final part), RPM Meter, Bench

Detector, OP-Amp Checker, In- Bicycle Speedometer, Power Supply, Radio Control
Car Entertainment Survey, Photographic Timer, Survey, Into Electronic
Introducing Microprocessors. Microcassettes. Components Part 1.

e g VAN AR, All of the 1980 issues, except January and April, are still available together

with the remaining issues from 1981.

All backnumbers cost £1.25 each. For those of you who only want copies of articles, we

do offer a photocopying service. Each copy costs £1.25 and information as to its title and

publication date should be given. Ordering backnumbers and photocopies could hardly be
easier, just fill in the coupon, cut it out and send it to:

Hobby Electronics,
145 Charing Cross Road,
London WC2H 0OEE

Please remember to mark your envelope with the service you require,
BACKNUMBERS or PHOTOCOPIES,
otherwise our mailroom won't like you.

3 ——. S SN £ 4 S N >0
| HOBBY ELECTRONICS | HOBBY ELECTRONICS If
I BACKNUMBER ORDER FORM | PHOTOCOPY ORDER FORM |
| Please send me the following items: : Please send me the following items: |
I NAME oot : T I S N S S :
I D HESER AN, ol . . o . oo b b oo s I ADDIREESL & . & bl b b e ceive ol e g 23 !
D Reen N R AR BL - - & i -E2aeit-q-wet(iprct | R — I
| [ I
] sojavo-pao0a0aanaana oo BBBEE TS SR e S Ao T IR S T - ey RS i e 8 i I
: ................................................ l Photocopiesof ............................ inthe |
: Backissues .............oiiieina.. at£1.25 each { ............. oyl 9l T issue at £1.25 each {
I l enclosef.......... l lenclosef.......... I
| s s P O o b it pavable 0 A0 15| rd andPor et s i papih o ASP .|
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B Project

Pop Amps .

Simple circuits based on operational amiplifiers

BOTH of this month’s Pop Amp circuits
are concerned with the measurement of
resistance. Like the previous circuits in
this series, they are low-cost add-ons
which give an inexpensive multimeter
those extra facilities normally found only
on the high grade models. You need only
add a simple voltmeter or a multimeter
switched to a DC volitage range.

Most multimeters include a circuit for
measuring resistance; Usually it is
powered by a cell hidden inside the case
of the meter. This is wired in series with
the coil of the meter and one of a set of
standard resistors which can be swit-
ched into the circuit according to the
range required (Figure 1). There are four
snags to this arrangement: one is that
the accuracy of the reading depends on
the cell delivering the correct voltage. If
it is not fresh, the reading is wrong. The
second is that this circuit inevitably pro-
duces a non-linear reading. You will
notice that the multimeter has a special
scale for resistances; this is a non-linear
scale with the lower gradations widely
spaced and the higher values crowded
toward the left-hand end. This highlights
a third disadvantage which is that the
scale reads from right to left, instead of
the direction to which we are all more ac-
.customed. Finally, there is the serious
limitation that the amount of current
flowing through a resistor of several
megohms is usually far too small to be
measured precisely with the kind of

microammeter found in the average
muitimeter. Consequently, resistance in
excess of about 1M ohms can not be
measured with precision, if at all.

This circuit provides a linear reading,
using the ordinary scale of a 10V
voltmeter, and reads from left-to-right.
Its accuracy is not affected by battery
condition until the batteries are really
worn out, and it gives equally precise
readings on all ranges, up to 9M ohms.

Operating Amps

The op-amp is wired as a inverting
amplifier, with the resistance which is to
be measured (Rx, in Figure 2) as the
feed-back resistor. The op-amp used in
the prototype is a 7611 CMOS ampli-
fier; the output of this device can swing
fully between + 9V and — 9V, giving the
maximum range of readings on one
range setting.

The way the op-amp works as an in-
verting amplifier is explained for the
benefit of readers who have missed
earlier circuits in this series. The first
point to note is that the amplifier has a
balanced power supply of -+9V and
-9V, provided by the two batteries.
The two inputs to the amplifier have ex-
tremely high impedance — 10'20hms
(one teraohm) — and for all practical pur-
poses we can consider that .no current
can flow into these terminals.

The amplifier detects the potential of
each input, and when they are equal, the
output of the amplifier is OV. If the
potential at the non-inverting input
(positive) is greater than that at the in-
verting input (negative), the output

swings to a positive voltage; if the
positive input is less than that of the
negative input, it swings negative. In this
circuit, the positive input is wired directly
to the OV line and all input voltages to
the negative input are positive. Conse-
quently the potential at the negative in-
put is either equal to or greater than that
of the positive input, so the outputs are
OV or less. This is why the meter is con-
nected with its negative terminal to the
output of the amplifier and its positive
terminal to the OV line; the output
voltages are actually negative, but we
read them as positive.

The positive input to the inverting in-
put comes from a reference voltage
source, which will be described in a mo-
ment. A current flows toward the input
through a resistance, called the input
resistance, RIN. In practice, this may be
any one of a number of different
resistances, each made up from a fixed
resistor in series with a variable resistor,
which can be switched into circuit. This
allows changing the range of measure-
ment. Because of the high input im-
pedance referred to above, however, vir-
tually no current can enter the inverting
input, so the current flows along un-
changed, through the test resistor, Rx to
the output of the amplifier. Since this has
swung to a negative voltage (for a posi-
tive input), the current flows /nto the
amplifier's output.

Rin and Rx are in series and the same
current flows through each, so they act as
a potential divider. Think of it as a see-
saw which turns around a point at a
distance from its middle (Figure 3). The
high end is at VIN (a positive voitage), and
the low end is at VouT (a negative

15

|||| -
—
RANGE
RESISTORS
e 1 £
Rp + Ry g

RANGE
SWITCH

I PROBES
AAANO

Figure 1. The resistance measuring
circuit-of a typical multimeter.

30

/I"sw1a

R1
+9v § 680R

R

SW2
s

<

rof

5]
@t

RV5
RS 1M0
470k
W W‘

B2 ="

—T_ /sww_

NOTE:
IC1 = ZN423E

IC2~=7611
M1 =10V FSD

Figure 2. Figure 2. Circuit diagram of the Linear Ohmeter.
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Project B

voltage), and somewhere between posi-
tive and negative there must be OV. The
amplifier adjusts Vout until this OV point
is located exactly at the negative input,
then both inputs are at OV and the circuit
becomes stable. In this condition, the
voltage drop across RN is VREF, so the cur-
rent through RIN is | = VREF/RIN. Also the
voltage across Rx is VouT, so | =
VouT/Rx, and the same current, |, is flow-
ing through both resistors, so VREF/RIN =
VouTt/Rx. We already know VREF and RIN,
and we can measure VouT on the meter,
so we can easily calculate Rx.

VREF is provided by a band gap
reference IC (ICl) which acts in a way
similar to a reverse-biased Zener diode but

with much greater precision; the voltage
across this is typically 1V26. If RN is ex-
actly 1V26R and the voltage across it is
exactly 1V26, the current flowing
through it is 1TmA, and if Rx is exactly
9kR, it requires a voltage of 9V to make
1mA flow through it. In other words, with
a 9kR resistor as the test resistor, VouT
swings to — 9V, and remains there — the
meter reads 9V.

If Rx is 8kR, then VouT swings to
— 8V; the current through Rx is 1mA, as
before, and the voltage at the negative in-
putis OV as before. Now the ‘see-saw’ is
tilted less steeply, with its long arm only 8
times longer than the short one, and the

-meter reads 8V. The same happens for all

POSITIVE
VOLTAGE
- v
Vin=tv2e & oy
N Rin
ov -
INVERTING
INPUT OF
1C2 = 0V
Vour

NEGATIVE Vour Ry
VOLTAGE =

Vin RN

= — .
R
Figure 3. The voltage see-saw around an op-amp.
Rx
PROBES
@ZN'SLE ® =STRIP CUT BENEATH THE BOARD
1 2 3 4 5 68 7 B8 9 107112137415 181718 1920212223 24 26 26 27 28 S

00 O00O0OMOO0O0O®OO0O0OO O

f
/

1 B2
ov

\H

Sw2
(REAR VIEW)

Figure 4. Component layout of the circuit board; note that the track cuts are shown

viewed from the component side.
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other resistances up to 9kR; the meter
reading in volts equals the resistance .of
Rx, in kilohms.

If we make RN equal to 12k6, |‘s
reduced to 100uA, so to obtain full-scale
deflection of 9V, Rx must be 90k. Then
the meter reading in volts equals the
resistance of Rx in tens of kilohms. Table
4 shows the details of the four ranges
which this circuit provides.

To obtain a 900R range we would
need to make RN equal to 126 ohms, and
the current would be 10mA. TheICis not
able to hold VRerF steady when the current
is as large as this. If you would like alower
range, make RIN 252 ohms, giving a full-
scale reading equivalent to 1k8; take the
scale reading, divide it by five and call it
kilohms.

The only other part of the circuit which
needs comment is the zero adjustment.
The inputs of the amplifier behave as if
there is a very small voltage difference
between them, even if there is not, and
when amplified, this small difference
would appear as a significantly large
reading on the meter. We compensate for
this by setting RV 1, as explained later.

Construction

A board of the size recommended has
room for four sets of fixed and preset
resistors but you can leave out some of

_ Partslist___

RESISTORS
(All Y% watt 5% carbon)
FE s Sa R 680R
FETR A -] 393 s o o oldo old o ol 1kR
FEhaht it BERE o cmo o o om 10k
R A B CERL B T TLEE R 100k
FEAY . Rl e T, .TMR
POTENTIOMETERS
(All horizontal sub-miniature presets)
RENMEEE . v e* P . vrrim . wer 2k2
[/ R T BER R 470R
RYSEEE =il k% on s . .ol - 4k7
[Fiidly | . S R 8 el 47k
BYSTEIEY. -2 1P Fomer KRR 470k
CAPACITORS

. CBY - -k - - -DEEE 100n

ceramic

IS Ty S P o o = Ol ZN423

o8B .£: - ' -
CMOS op-amp
MISCELLANEOUS
SEVAREE. . " LR L. DPDT
toggle or slide
SWV2 e kN0 T Ml rotary
single pole six-way
BRI, 5 . L . e 10VFSD

0.1" stripboard, 72 x 46mm (18 strips
x 28 holes); 8-pin DIL socket; 9 x 1Tmm
terminal pins; 2 X crocodile clips; case
{optional); wire, solder etc.

Calibration resistors — see Buylines

BUYLINES .............. page 34
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Table 1 these if you do not want all the ranges
listed in Table 1. If you are unable to ob-
Rin R2-5 RV2-5 CURRENT FULL SCALE tain a 2k2 preset for RV1, use a 4k7

preset instead. L
: Wire up the whole circuit before
1k26 1kR 470R J1mA 9kR testing it; it can readily be powered by
two PP3 batteries though you can use
12k6 10k 4k7 100uA 90k other types, or a mains power pack, if you
prefer. Switch on the power and first
check that ICl is working; the voltage

126k 100k 47k 10uA 900k across C1 should be close to 1V26.

To make the offset null (set zero) ad-
1M26 T 470k 1uA 9MR justment, temporarily connect pins 2 and

3 of IC2 together, using a lead with
crocodile clips, and adjust RV 1 until the
needle of the meter rests at OV, This
operation requires patience, since the
needle tends to swing violently to either
side of zero, but it can be achieved with a
\ little care. Then remove the connection
between pins 2 and 3.

You will need a standard resistor to
testeachrange; a 1 % toleranceresistoris
best. Choose a value whichis near the up-
per end of the scale you are calibrating, at-
tach the probe clips and select the range
on SW2. Adjust the corresponding preset
until the meter reading shows the value of
the standard resistor; all otherreadings on
that range will now be correct. When all

‘the ranges have been calibrated, the cir-
cuit is ready for use.

Table 1 shows the input resistance, the values of the input resistors and
potentiometers which make up Rin, the reference current I, and the full scale
resistance reading for each range of the Linear Ohmeter.

BEAGSTIES
-

EVERY TIME | USE THE ALARM
N WY W4ITAL Wit THIS
NUT W THE (AR APPEARS !/

You'lL REVEVE A
VAL OF QUZZ.CAN
Qv

MINIKITS

MK 3 TEMPERATURE
GOWMTAT

Uses LM3911 IC to sense tempers.
ture (80°C max.) and triac to w‘:tch gsm and diode check. Input im)
heater. 1KW £4.00

J9 3NOTEDOORCHIME J3

Based on the SAB0B00 IC the kit Is supplied with all
components, including joudspeaker, printed circuit
board, a pre-drilled box {95 »x 71 x 35mm} and full
instructions. Requires only a PP3 9V battery and push-

LCD 342 DIGIT MULTIMETER
16 ranges including DC voltage (200 mv-1000
v) and AC voltage, DC current (200 mA-10 A}
and resistance (0-2 M) + NPN & PNP transistor
ance 10M

For a detailed booklet on
remote control — send us 30p
and S.A.E. (6" x 9") today.

HOME LIGHTING KITS

Thesa kits contain all necessary componants and full _

instructions & ars designed 10 replsce & standard wall

switch and control up to 300w. of lighting.

TDR300K Remote Controt  £14.30
Dimmer

MK§ Transmitter for above £ 4.20

TD300K Touchdimmer £ 7.00

TDEX  Extensionkit for 2-way

switching for TD30ok £ 2.00

Rotary Controlled
Dimmer

£3.50

switth to complete, AN IDEAL PROJECT FOR
BEGINNERS. Order as XK102 £5.00

XK113 MW RADIO KIT
Based on ZN414 IC, kit includes PCB, wound aerial and
crystal earplece and all components to make a sensitive
miniature radio. Size: 5.5 x 2,7 x 2cms. Requires PP3
SV battery. IDEAL FOR BEGINNERS. £5.00

OMPONENT PACKS
650 Resistors 47 ohm to 10 Mohm — 10 per
value £4.00
40 x 16V Electrolytic Capacitors 10uF to
1000uF — 5 per value £3.25
60 Polyester Capacitors 0.01 to 1uF/250V -
5 per value £5.55
45 Sub-miniature Presets 100 ohm to 1 Mohm
— 5 per value £2.90
30 Low Profile IC Sockets 8, 14 and 16 — pin

MK2 Solid State Relay

Ideal for switching motors, lights,
heaters, setc. from logic. pto-
isolated with zero voitage switching.
Supplied without triac :o
MK3 BAR/DOT DISPLAY

Displays an analogue voltage on a
linear 10 elomcn!q_ED display as a
bar or slngle dot. Ideal for thermo-
meters, level indicators, etc. May be
stacked to obtsin 20 to 100 element
displuys Requires 5-20v .upply

K4 PROPORTIONAL
TMATURE CON'I'ROLLER
Based on the SL441 zero voltage
switch, this kit may be wired to form
a “"burst fire® power controller,
enabling the tempersture of an en-
closure to be mainteinad to within
0.5°C. Max. load 3KW £5.55
MK5 MAINS TIMER
Based on the ZN1034€ Timer IC this
kit will switch a mains load on {or off)
for a preset time from 20 mins. to 35
hrs. Longer or shorter periods may

ize 155x88x31 mm. Requires P!
ON

9v battery.
Test leads included LY £29.00

ELECTRONIC LOCK KIT XK101
This KIT contains a purpose designed
lock IC, 10-way keyboard, PCBs and all
components to construct a Digltal
Lock, requiring a 4-key sequence to
open and providing over 5000 different
combinations. The open sequence may
be easily changed by means of a pre-
wired plug. Size: 7 x 6 x 3 cms. Supply:
6V to 15V d.c. at 40uA. Output:
750mA max. Hundreds of uses for
doors and garages, car anti-theft
device, electronic equipment, etc. Will
drive most relays direct. Full instruc-

tions supplied. ONLY £10.50

Electric lock machanisms for use with

— 10 of each £2.40
25 Red LEDs {Smm dia,) £1.25

Have you got our FREE ORANGE CATALOGUE yet?
NO?! Send S.A.E. 6 TODAY!!
It's packed with details of all bur KITS plus large range of SEMICONDUCTORS

including CMOS LS TI

.be realised by minor component

{atch locks and above kit
changes. Max. load 1KW. £4.50 £13.50

THERMOMETER KIT
This new design is based on the
ICL7126 (a lower power versbn of
the ICL7106 chip) and a 3 12 digit
form the basis of s digital multi-
meter {only a few additional re-
sistors and switches are required—details supplied),
or a sensitive digital thermometer (—50°C to+150°C)
200mV for a full tcale reading, automatic polarity in-
dication and an ultralow power requirement: ivupg
8 2 year typical battery lite from a standard 9
when used 8 hours @ day, 7 days a week

DVM/ULTRA SENSITIVE
liquid crystal display. This kit will
feading to 0.1°C. The basic kit has a sensitivity of
Price £15.50

Optional opto Input DLAY
Allowing audio (“beat*)
—dlight response.

BL3000K

This 3 channel sound to light kit features zero
voltage switching, automatic level control &
built in mic. No connections to speaker or amp
required. No knobs to adjust - simply connect

o CmaapBlY 81575 Only £11.95

DISCO LIGHTING KITS
D& 1000K
near, microprocessors and memaories This value-'or-mor_\ev kit
range of LEDs, capacitors, resistors, hardware, relays, switches etc e ey 0 bl dizegcnal
We also stock VERO and Antex products as well i'.’.‘é“‘ﬁi?.’.,i'n’ii" 5 e
as books from Texas Instruments, Babani and Elektor Cr:::’?:vo' wfm;’“"’;:’:: a:;
ALL AT VERY COMPETITIVE PRICES. incorporates’al master:dimming control.
ORDERING IS EVEN EASIER — JUSTRING THE NUMBER £14.60
YOU CAN'T FORGET FOR PRICES YOU CAN'T RESIST. N o 3wy of Fevabovs, Wbl
- directional channel i
5-6~7 8-9-10 Answering Vicable by moans of & praser por. Ouiputs
and give us |voyr Actt‘:ess or Barclav_car(\;' No service evngs o :‘e‘:.iht::(: ?:c;ivo7;:’:;;?:nz;r:oc;:;mu?no.l "
or write enclosing cheque or postal order
Official orders accepted from schools, etc & Weekends Only £8.00
60p
FAST SERVICE - TOP QUALITY - LOW LOW PRICES [ =oessoee -~ SRl
No circult is complete without acallto- furth PR |CES
11 Boston Road TEL: 01:5678910 ORDERS
01-579 8794 ENQUIRIES
Londpn W7 3SJ 01.579 2842 TECHNICAL AFTeR apm

Send 8.AE. for turther STOCK DETAILS.
‘Goods by return subject to avasilability.

OPEN "::tnze™
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MINI-MU LTl TESTER Oetuxe pocket size precision mov-
ing coil instrument, Jewelled bearings - 2000 o.p.v.mirrored scale.
11 instant range measures: DC volts 10, 50, 250, 1000.

AC volts 10, 50, 250, 1000.

DC amps 0 — 100 mA.

Continuity and resistance Q0 - 1 meg ohms
in two ranges. Complete with test prods
and instruction book showing how to
measure capaclty and inductance as well,
Unbelievable value at only £6.76 + 60p
post and insurance.
FREE Amps range kit to enable
you to read DC current from 0 -
10 amps, directly on the 0 - 10
scale. It's #ree if you purchase
quickly. but If you already own a
Mini-Tester and would like one,
send £2.60.

SUPER HI-FI SPEAKER
|CABINETS

Made for an expensive Hi-Fi outfit
— will suit any decor. Resonance
free, Cut-outs for 6% woofer and
2%" tweeter. The front material is
Dacron. The completed unit is most
pleasing. Supplied in pairs, price
£8.90 per pair {this is prohably less
than the originat cost of one
cabinet) carriage £3.00 the pair,

GOODMANS SPEAKERS
6%"* 8 ohm 25 watt £4.50. 2%'* 8 ohm

tweeter. £2.50, No extra for postage i
ordared with cabinets. Xover £1,50,

DITTO but for 8" speaker and 4*
£7.50 + £3.50.

tweeter,

VENNER TIME SWITCH

. Mains operated with 20 amp switch, one
Lon and one off per 24 hrs. repeats daily
automatically correcting for the lengthen-
ing or shortening day. An expensive time
switch but you can have it for only £2.95.
These are without case _but we can supply
a plastic base £1.75 or metal case £2.95,"
Also available Is adaptor kit to convert
this Into a normal 24 hr. time switch

but with the added advantage of up to

12 on/ofts per 24 hrs. This makes an

ideal controller for the immersion heater. .
Price of adaptor kit is £2.30.

THERMOSTAT ASSORTMENT

10 ditferent thermostats. 7 bi-metal types and 3 liquid types.
There are the current stats which will open the switch to protect
devices against overload, short circuits, etc., or when fitted say
in front of the element of a blow heater, the heat'would trip

the stat if the blower fuses; appliance stets, one for high temp-
eratures, others adjustable over a range of temperatures which
could include 0 — 100°C; There s also a thermostatic pod which
can be immersed, an oven stat, a calibrated boiler stat, finally an
ice stat which, fitted to our waterproof heater element, up in the
loft could protect your pipes from freezing. Separately, these
thermostats could cost around £15.00 - however, you can have
the parcel for £2.50.

50 THINGS YOU CAN MAKE

Things you can make include Multi range meter, Low
ohms tester, A.C. amps meter, Alarm clock, Soldering
fron minder, Two way telephone, Memory jogger, Live
line tester, Continuity checker, etc. etc., and you will still
have hundreds of parts for future projects. Our 10Kg
patcel contains not less than 1,000 items - panal meters,
timers, thermal trips, relays, switches, motors, drills, taps,
and dies, tools, thermostats, colls, condensers, resistors,
neons, earphone/microphones, nicad charger, power unit,
muiti-turn pots and data on the 50 projects.

YOURS FOR ONLY £11.50 plus £3.00 post. )

EXTRACTOR FANS

Mains operated — ex-computer,

Woods extractor 4% 4** Muffin 115v.
5" — £5.75, Post £1.25 £4.50. Post 75p.
6" — £6.95, Post £1.25 4'"x 4" Muffin 230v.

& Plannalr extractor £5.75. Post 75p.
£6.50. Post £7.25.

ROTARY WAFER SWITCHES

5 amp silver plated contacts. %' shaft. 1 dia. wafer,
Single wafer types, 29p each. as follows:

1 pole 12 way 2 pole 6 way 3 pole 4 way

4 pole 3 way 6 pole 2 way 4 pole 3 way

Two wafer type, 59p aach, as follows

2 pole 12 way 4 pole 5 way 4 pole 6 way

6 pole 2 way 8 pole 3 way 12 pote 2 way

3 wafer types. 99p sach,

9 pole 4 way 6 pole 5 way 6 pole 6 way
12p 3 way 18p 2 way

EXTRA POWERFUL 12v MOTOR

Made to work battery lawnmower, this probably develops up to
% h.p., 50 it couid be used 10 power a go-kart or to drive a
compressor, etc. etc. £6.90 + £1.50 post.

{This is eesily reversible with our reversing switch - Price £1.15).

MINI MONQO AMP on pcb., slze 4 x 2"
approx. Fitted volume control and a hole
for a tone control should you require

it. The ampiifier has three

transistors and we estimate

the output to be 3W rms.

More technical data will be

included with the amplifier.

Brand new, perfect condition,

offered at the very low price of

£1.16 each, or 10 for £10.00.
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POPULAR PROVEN PROJECTS

MULTI-CHANNEL or ROBOT CONTROLLER
This Is two kits. The 8 channel transmitter kit and the 8
chennel recelver kit. Each kit comes with diegrams and notes,
but no circuit boards, the componant leyout being left 1o you,
The data shows how to drive, reverse and steer two or more
motors. With spare channels to perform other functions. Price
£9.50 for both kits.

3 CHANNEL SOUND TO LIGHT KIT

Complete kit of parts for a three channel sound to light unit
controlilng over 2000 watts of lighting. Use this at home if you
wish but it is plenty rugged enough for disco work. The unitis
housed in an attractive two tone metal case and has controls for
each channel, and 8 master on/off. The audio input and cutput

are by %' sockets and three panel mounting fuse holders provide
thyristor protection. A four-pin plug and socket facilitate ease of
connecting lamps. Special price is £14.95 in kit form or £25.00
assembled and tested. Case & meta! Chassis No. Fully punched and
prepared,

WHY BE COLD - Build a tangential blower heater.

TANGENTIAL BLOW HEATER

2.5 Kw qulet,
efficient instant
heating from
230/240 volt
mains. Kit consists
of blower as
fllustrated, 2.5 Kw
element, control switch and data all for £4.95. post £1.50.

CAR STARTER AND CHARGER KIT

In an emergency you can start car off mains or bring your battery
up to full charge In a couple of hours. The kit comprises:

250 watt mains transtormer, 40 amp bridge rectifier, start/charge
switch and full instructlons. You can assemble this in the evening,
box it up or leave it on the shelf in the garage, whichever subts
you best, Price £12.50 + £3.00 post.

TRANSMITTER SURVEILLANCE

Tiny, easily hidden but which will enable conversation to be picked
up with FM radio. Can be made jn a matchbox — all electronic parts
and circult. £2.30.(not licenceable in the U.K.).

RADIO MIKE

Ideal for discos and garden parties, allows complete freedom of move-
ment. Play through FM radio or tuner amp, £6.90 complete kit.
{not licenceable In the U.K.)

FM RECEIVER

Made up and working, complete with scale and pointer needs only
headphones, ideal for use with our surveillance transmitter or radio
mike. £5.85. or kit of parts £3.95.

3-30v VARIABLE VOLTAGE POWER UNIT
With 1 amp DC output, for use on the bench, students, inventors,
service engineers, etc. Automatic short circuit and overload protect-
fon. In case with a volt meter on the front panel. Complete kit
£13.80,

INTERRUPTED BEAM

Thig kit enables you to make a switch that will trigger when a steady
beam of infra red or ordinary light is broken. Main components —
relay, photo transistor, resistors and capacitors, etc. Circuit diagram
but no case. Price £2.30.

IONISER KIT

Refresh your home, office, shop, work room, etc. with a negative
1ON generator. Makes you feel better and work harder — complete
mains operated kit, case Included, £11.95 plus £2.00 post.

RADIO STETHOSCOPE

Easy to tsult find — start at the aerial and work towards the speaker
~ when signal stops you have found the fault. Complete kit £4.95.

INVISIBLE AND SILENT SENTINEL
Uitra-sonic beam when broken could warn you of visitor — two kits
— transmitter & receiver, To operate light or bell. £9.50.

BURGLAR ALARM

Complete kit includes 8°" extrenal alarm bell, mains povwer unit,
control box with keyswitch, 10 window/door switches, 100 yards of
wire. With instructions. £29.50,

12v MOTOR BY SMITHS
Made for use in cars, these are series
wound and they become more
powerful as load increases. Size
3%" iong by 3" dia. These have

& good length of %" spindle —

price £3.45,

Ditto, but double ended £4.25.

Ditto, but permanent magnet, £3.75.

WATERPROOF HEATING WIRE

60 ohms per yard, this is 8 heating element wound on s fibre glass
coll and then covered with p.v.c. Dozens of uses — around water
pipes, under grow boxes in gloves and socks. 23p a metre.

J. BULL (Electrical) Ltd.

(Dept HE)}, 34 36 AMERICA LANE
HAYWARDS HEATH,

MAIL ORDER TERMS: Cash, P.O, or cheque with order. Orders under
£10 add 60p service charge. Monthly account orders accepted from
schools and public companies. Access & 8/card orders accepted day or

" night. Haywards Heath (0444) 464563. Bulk orders: write for quote.

Delivery by return. Shop open 9.00 « 5.30, mon to Fri, not Seturday.

SCHOOLS-LABS-STORES-
WORKSHOPS-FACTORIES

Your chance to re-stock at less than cost prices!!

LIGHTING & POWER CABLES
Copper clad. PVC sheathed. Made by Volex to BSS

1.5mm single per 100 metres .. £2.00
1.6mm fiat twim per 100 metres £3.
1.5mm fiat 3 core & E per 100 metres . . . £5.50
4mm single per 100 metres T - £3.
6mm flat 3 core per 100 metres £27.80

16mm flat twin & E per 100 metres £47.50
Telephone and multiway cables, Reliance as used bv GPO.

16 core per 200 metres ol
10 core per 200 metres

THERMOSTATS & HEAT SWITCHES

Thermostat: 3 levei contact type . . .30
10 amp eppliance type thermostat. Spmdle adius( o o 40
Contact typa with changeover, 10 amp switches, 0 - 100°C 58
Wall mounting, metal case, c/o contacts low voitage . £2.30

TIMERS & CLOCKSWITCHES

Time and Set Switches. Smiths, Glass fronted 25 amp, 230v  £2.30
24 Hour time switch. 100 amp Smiths and clockwork

reserve. Ex-Electriclty Company . . . . £550
Cooker clock switch. Smiths 12 hour o . . £1.00
Clockwoek operated switches:

15 amp, 230v. On time up to:

10 minutes . . £1.37 120 minutes . . £1.37
30 minutes . £137 360 minutes . . £1.37
OMRON mini- nm.v ref STP NH . E £3.50
BLEEPERS - SIRENS - BELLS - BUZZERS
Siren/Hooter — Delta 6 or 12v DC or 24v AC . . 37
Open type buzzer, ex GPO, 10 - 20V . e .30
Underdome beil, 4v - 9v 5 .85
Fire alarm beil, 12" gong, heavy cast Irun constructlon . £12.00
COUNTERS
6 digit ‘counter. Mains operated. Not resettable p B .60
Ditto, But even numbers only . 50
6 digit counter. 48v OC, 115v AC, ‘Resettable £188
SWITCHES - ROCKER, TOGGLE, ETC.
Rocker switches: white push into hole 17 x 7/16". AH rated
10 amp, AC 250 voit. on/ott . . . A2
changeover c-ntn o" . A6
on/otf with neon " 5 .30
push to make spring retum B .20
push to break spring return . .20
Larger two circult one on one with mounting plate B .20
13 amp rocker switch. Car Fastener (DoT) . . . . A5
Pistol Grip Switch: with lock-on as in electric drills . .30
Interiocking switch: blow heater, 3 rockers, 10 amp .30
Micro switches. V3 types. 10 amp c/o contacts 20
mains button operated: 15 amp c/o contacts .25
10 amp off/fon . . . 16
15amp offfon . . .20
Lever operated sdd . . .10
Lever with roller operation add 15
Ministure types: Burgess V4T8 c/o o - .30
Two mounted with roller operator . o .65
Glass reed switches: 60 watt 10p. 40 watt 5p.
flat multi stackable 60 watt . 50
Operating coils for reed switch multi vullage 3,6,9,0r12 50
Ceramic magnets Multard . ¢ .10
Mini Magnet . . . . . . 5 By ) o A5
MISCELLANEOUS ITEMS
Neon Mains indicators. Standard . . 3 15
Extra small p .25
Bench isolation mains in 230/240v output. 250 Watts . £4.50
Mains input. Porcelain removable fuse .20
Light operated switch 12 voit. Encapsulated 1.25
Insulating board. srbp etc. Approx 10 tons. Sheet ;ile a'xa’
or larger. Various thicknesses. price per [b. . .50
Ditto, Tufnol, price perlb. . . . £2.00
Aerosol can ICI Fluon lubricant - E .35
Varicap P.B. TV wner . . 50
Battery holder takes 6 U2 mnenes snaD cunnectov .25
Car Battery clips, as for charger, 4 and ~. perpair . . A0
MAINS TRANSFORMERS
6 volt 1 amp . ol .50 35 volt 2 amp £2.00
6.3 voit 2 amp . £1.00 38 volt 2% amp . £2.50
12volt X amp . . .75 26 volt 10 amp £4.00
12 volt 4 amp . £2.00 50 volt 2 amp £2.00
12volt 1 amp . £1.00 12.0-12, 2 amp £2.50
85-0-8.518mp £1.00 12-0-12,1amp . £2.00
18 volt 1 amp s £1.50 100W auto 115v o/p  £2.00
25voit 1 amp . . £1.50

MOTORS - MAINS & BATTERY

3 - 6 volt battery motor, very small . . 5 o .16

3 - 12 volt battery motor, very low current . 20
Mains motor with gear box 5 rev minute , £2.25
80 rev per minute £3.00

110 rev minute £2.00

200 rev minute £1.50

Mains motor, double ended fan motor a £1.20
Ditto single ended fan motor £1.00
Fan blade for above o o 3 .50
Mains motor, double ended vavy puwer'ul 1‘ N stack . £1.50
Mains murument motors Jrev 24 hours . . £1.50
with ge 1rev 1 hour . £ £1.50
16 rev minute £1.50

4 rev minute . £1.50

2 rev minute . £1.50

1 rev minute . £1.50

Motor clockwork, setup to 1 hour . . Ipom e d .38

Motor, clockwork set up to 1 hour with nnger ), .75
Malns motor % h.p. 1425 revs, ex<omputer . £4.25
Vent opening motor with end stop switches , £12.80
12 volt motors, Smiths, single ended %’ spindle £1.50
12 volt motors, Smiths, double ended %’ spindle £2.00
12 volt motors, P magnet type, single ended = Mo £1.75
1% hp. motor 3450 rpm 100 volt. 50Hz, New . £5.00

SPECIAL TERMS. For items in this column. Order
no less than 10 of any item. Then add VAT at 15%,
and 20% for carriage in the case of transformers
and electric motors. All other items in this column
are free post & packing. '
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Pop Amps

We do not usually give sources of supp-
ly for the components used in these sim-
ple projects because they are generally
easily available! This month though,
there are several that are a little hard to
get hold of. These are: the ZN423 preci-
sion voltage reference, the 7611 CMOS
op-amp {used in the Linear Ohmeter,
Pop Amps No.6) and the 334Z pro-
grammable current source used in the
Low Range Ohmeter (Pop Amps No.7).

The calibration resistors for the
Linear OChmeter should ideally be 0.4
watt 1% tolerance metal film types, for
best accuracy, and these are not stock-
ed by every supplier either. The values
required are 8k2, 82k, 820k and 8M2,
though lower values in each range
would do at a pinch. Fortunately,
though, almost all of these components
are stocked by Rapid Electronics.

Loudspeaker Protector

The difficult items in this project are the
1N5349B 12V/5W Zener diode and the
TIP31C transistor; note that a TIP31A
will not do, here! Also, the 12V PCB
mounting relay and the 2k2 2.5W
resistor may be somewhat hard to

1
|
i
f
|
!

locate; a 5W resistor will do instead.
You may find all these at your local

upplier or in your favourite catalogue
but if not, try Watford Electronics or
MS Components, who stock all the hard
to find items. MS Components are at
Zephyr House, Waring Street, West
Norwood, London SE273LH, ‘phone
01-670 4466.

Since the Protector circuits are
designed to fit into the loudspeaker
cabinets, cases are not required and the
cost should be in the region of £6.00,
excluding the price of the PCB.

CHECK LIST

RESISTORS

(All %4 watt 5% unless noted)

1x47R; 1 x 2k2, 2.5W or greater;
2x47k; 2x100k; 3 x 470k; 1 x 220k; 1
x 2M2; 1 x 10M,

POTENTIOMETERS

1 x 20k miniature carbon trimpot.
CAPACITORS

1 x 1000u 25V axial electrolytic; 2 x 220n
polyester.

SEMICONDUCTORS

1 x CD4050; 1 x TIP31C; 1 x 1IN53498B;
4 x TN400O4; 4 x IN914, 1N4148 etc.
MISCELLANEOUS

1 x 12VDC PCB relay; PCB, wire, solder
etc.

Overvoltage Cut-Out

Once again, there are a couple of hard t¢
get items; the 2N33904 transistor,
which is however stocked by Electro-
Value, and the 2N6403 SCR, which ap-
pears to be available only from Ambit.
However, Greenweld stock a suitable
substitute for the SCR (the C126M,
rated at 12A and 400V PIV) and also
the last awkward item, the OR47 5
watt resistor; thus they are a convie-
nient source for all the components used
in this project.

The cost of this project excluding the
PCB should be about £3.50; a suitable
two-part aluminium case can be had for
around £1.00.

CHECK LIST

RESISTORS

{All ¥» watt 5% carbon unless noted)
1x2k2;2x22k; 1 x5k6;1x2M2;

1 x 330R; 1 x 330R; 1 x OR47 5W 10%.
CAPACITORS

1 x 10u 25V axial electrolytic.
SEMICONDUCTORS ‘

1 x2N3904; 1 x CA3140; 1 x 2N6403 or
C126M; 1 x BZYB8BC6VS;
MISCELLANEOUS

Chassis mounting 20mm fuse holder;
20mm quickblow fuse, current rating as re-
quired; input and output terminal; optional
case (as above}; mounting fixings, PCB,
wire, solder etc.

SAFGAN DSCILLOSCOPES- 5 mV/div sensitivity. Choice of Band»
width 10, MHz, 15 MHz, 20 MHz. 18/div-100n S/div. Calibrated
timebase. Solid trigger with bright line auto, normal and TV.

XY facility. Z modulation. Calibration output. Bright and clear

ELECTRONIC COMPONENTS AND

TEST EQUIPMENT

35, HIGH BRIDGE, NEWCASTLE
. UPON TYNE NE11EW TEL: 0632 326729

display. Portability. ®Model DT410-10 MHz £205.85.
Model DT415-15 MHz £217.35. @ Model DT420 20 MHz

£228.85. Send S.A.E. FOR FULL spec.

THANDAR TM354 3% DIGIT LCD DIGITAL POCKET MULTIMETER

© OC volts 1 mV to 1000V ® AC volts 1V to 500 V AC rmseDC current

1a to 2A e Resistance 1¢2to 2 M¢2 - Diode check® Basic accuracy +
.(0.75% of reading + 1digit) ® Battery life typically 2000 hrs ® l2ads

EXP-600
EXP-300
EXP-48

EXP-650
EXP-350
EXP-325

inc. » £45.94 ® 40KV Probe £34.85 e Universal test lead set £12.95.

KD55C LCD DIGITAL MULTIMETER
® 3§ digit ® Auto zero @ Autb polarity ® Full overload protec-
s tion ® 10 Megf) input impedance ® Over range and low battery in-
) dication ® DC votts 200 mV-1000 V 6 ranges ® AC volts
200 mV-700 V 5 ranges ® DC current 200 a 10 A 6 ranges ® AC
current 200 ua-10 A 6 ranges ® Resistance 200 1-200 Meg)
® Complete with battery, test leads, spare fuse and carrying case

£39.95

THANDAR SC110 SINGLE TRACE LDW POWDER 2"
DSCILLDSCOPE © Bandwlidth DC to 10 Mhz e Sensitivity: 10mV/
: div to 50 V/div.e:Sweep speeds: 0.1 secs / div to 0.5 secs/div.
A2 - e - Power requirements 4-10V DC 4 "C’ cells : Size & weight
) & ' 265 x 150 x 40mm : 800gms £171.35 a truly portable and superb  *
o instrument e Carrying case £8.86 e AC Adaptor £5.69 e Nicad Batt, oa
pack £8.63 x1 probe £9.78 e x10 probe £11.50 Complete range of
Thandar instruments available from stock S.A.E. for CAT. & prices.

—
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6.5.C. SOLDERLESS BREADBOARDS e Accepts ail components with
leads up to -033" e Replaceable nickel-silver spring clip contacts.

® Combines bus strip with board e Unlimited expansion e -3" and 6"
centre chanels o Three free experimental circuits with every purchase

Centre  Strip Strip Tie Term i.c.

Channel Length  Width Points|Clips _ Cpty.  Price
5mm  152um  Glmm 550 10 C26pin 8.3
Bmm  152om  53mm 550 110 Supin 90
n/a 152mm 25mm 160 32 nla f2.87
15mm  $imm  6lmm 270 54 lagpin €488

gmm  9imm  S3mm 270 54 Cupin B8
8mm  4Bmm  53mm 130 26 '2pin  £2.%

Please send S.A.E. for catalogue listing complete range of 6.5.C.
Instruments and Boards.

SABTRONICS LCD MULTIMETER MDDEL 2033. « DC volts 100 uv-
1000V Accuracy + -5% e AC volts 1004V-1000 V Accuracy * 1%
o OC current 104A-2A Accuracy * 1% e AC current 1004-2A Accuracy

* 1%  Resistance 1Q2-20 M€ Accuracy * 1% © £42.27.  Please
send 30p for full Sabtronic catalogue and price list

TMK 500 MULTIMETER o 30 kopv. o AC volts 2.5 10 25 100 250
500 1000V  OC volts 0.25 1 2.5 10 25 10 25 100 256 1000 « DC
current 50ua SMA-SO0MA 12 amp e Resistance 0-8K GOK, 60 meg.
®Decibels -20 to + 56 d/b e Buzzer continuity test e Size 160x110
xB5 ® Batteries and leads inc. £26.95

YN360 TR MULTIMETER e AC volts 10 50 250 1000 © OC volts
Y 0.1, 0.5, 2.5, 10v 150v 250v, 1000v. ® DC current 50ua 2.5 MA,

25MA, 250 MA o Resistance 0-2K 20K 2M €, 20 M2, e Translstor
check 08 -10db —+ 22db £16.95

{2 DESOLDERING TOOLES ..

B SCHOOLS, COLLEGES, UNIVERSITIES SUPPLIED. PHONE OR
SEND YOUR ACCESS OR BARCLAYCARD NUMBER,

PRICES INCLUDE VAT. PLEASE ADD 75p POSTAGE T0

ORDERS UNDER £10.00
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mail order
products for
electronic
projects

SPECIAL INTRODUCTORY
KIT OFFERS

To enable the price conscious enthusiast to be &

PROFESSIONAL

Hobbyboard Systems are derivatives from well proven, high quality
PCB manufacturing techniques — they produce quality products for
technical projects — why settle for less?

' g
r | SARGLAYRARD ! i 7 HUGHENDEN

——— % | ROAD, HASTINGS,

: i . SUSSEX. TN34 3TG

Telephone:
! HASTINGS (0424)
‘ 30 436004
! ELECTRONIC KITS

Post & Packing 505 tor KS kits, 75p for UK kirts, £1.00 for Cabinets. Send 20p S.A.E. for
Catatogue of our extensive range of kits & Cabinets. Trade, Educational & Exoport enquiies
weicome A

i

. KS.100 " Mini F.M. !
PR.NTED cl RCUIT TRANSFER pLg S':::':I-:ganautwu m:‘:’:}?;::ﬁ’{i“’:}&z \ u':l:ﬁtuu F.M. transmitter,
& ETCH (xiTHB/1) B ini VAT .37 inc. VAT, e o VAT,

A complete kit whichincludes simple Foil Pattem transfer system, rub down

transfers, copper clad PCB and all processing materials and requirements S—
including explicitinstructions. (Up to 10 circuits/kit} CE }
Normal Price £15.00 SPECIAL OFFER PRI
£12.001 CL.VAT ‘ !
ks
PR.NTED c‘ncu‘ PHOTO RESIST 2 Tone Siren, output 10W at | | UK 875 L UK 160
4 ohm, 6W at 8 chm, 100 C;m;:;::ﬁ";;m*' Amplifier Output Voitmeters
PRINT & ETCH (xiTHB/2) L e e AT R
A complete kit which enables you to make top quality PCB's the professional T
way. Includes full set of artwork aids, photo resist PCB and all process .
materials and requirements. (Up to 10 circuits/kit) ICE £
Normal Price £24.00 SPECIAL OFFER PR m b
£16.001 CL.VAT :.
DAYLIGHT PHOTOGRAPHIC - ! >
UK 114/U UK 22 ‘
20W Intagrated Circuit A Amplifier f
SYSTEM (xIT HB/3) Aol EaiiC. A MW-LW Radlo Recaiver
AT £5.27 inc VAT 7 .37 inc VAT

Now you can make your own Photopositives and Negatives to professional
standards — NO DARKROOM - complete kit with Pos. & Neg. film and all

~

process ards. R PRICE
Normal Price£19.50 [EIIE0L heaibit VAT r’
£13.001 CL.
KIT HB/4 Ks 272 UK 1w KS 142
{Jow make prole’ssional labels & panels for your project cases — finish the job SO e g Onlt Eloctionic Siro tragly LT, ooy GSRESE
properly — complete kit includes artwork transfers and materials to print fully £15.79 inc VAT £10.62 Inc VAT £9.12 Inc VAT

laminated Plastic Panels in 5 colours. (Up to 20 labels/kit).

Normal Price £22.50 SPECIAL OFFER PRICE

KITSHB/2, /3, /4 REQUIRE
UV EXPOSURE €15.00INCL. VAT

BUILD YOUR OWN UV UNIT (HB/UV1)

UV Lamp, Holder & Shade supplied with full assembly instructions to build a

'.ﬂ
W
KS 238 %

3 channel microphone

" = o . UK 233 operated sound to light,
unit which will give superb results normally only obtained from very high cost Car Radio Antenna Amplitier | UK 558 300W hannel, 240V A.C.
systems—FAgT EXPOSURES - FINE LINE REPRODUCTION e for AM/FM 600MHZ Prescalor £11.58 Inc. V.AT.

€5.27 inc VAT £28 42 inc VAT

Normal Price £27.00 SPECIALOFFER PRICE
£18.00 INCL. VAT

Hobbyboard UV ARTBOX (HB/UV2)

Aftully built, self-contained artwork table and UV exposure unit - TWO for the

price of ONE - EXPOSURE AREA 9" x 6" — EXCELLENT VALUE CE p g d
Normal Price £65.00 ER PRI XS 240 KS 260 KS250
o SPE °L°|FFcL. VAT 3 channei sound to light, 3 channel chase light, 1KW 12V-0.5A i‘::;lllvl.d POsEr
Even greater savings if you order £4 g ST A\ P 082 me VAT | £7.37inc. V.AT.

kits HB2, HB/3 and HB/4 with your new exposure unit.
KIT HB/S FULL PHOTO KIT - £60.00 INCL. VAT

KIT HB/6 FULL PHOTOKIT - £90.00 INCL. VAT A —
D EED GED SR UED EED SRR 0D GED I SIS GED OED 1 I
ORDER FORM (Cheques or Pustal Orders b “_-i £ ’
only piease for Special Offers ) P . &(y"r
Please send me the following as quickly as possible Nicad battery charger, KS 420
QTY DESCRIPTION PriceCat. TOTAL || e o 1 ™ St uninglindigztor Eole; et l
[0 KITHB/1-PCBTRANSFER&ETCHKIT-  £12.00- £ : £8.42 inc. V.AT. £37.88 inc. V.A.T. £17.89 §nc. V.AT,
O KITHB/2-PCBPHOTORESISTKIT~ £16.00- ¢ l
O KITHB/3~DAYLIGHT PHOTOKIT- £13.00- ¢ l
O KITHB/4 - PHOTO LABEL/PANELKIT - £1500- € 3
0O KITHB/5 - FULL UV/1 PHOTOKIT - £60.00- € I ﬁg’
O KITHB/6 - FULL UV/2PHOTOKIT- £90.00- £ < ’
O HB/UV1-DIY UVEXPOSUREUNIT- £18.00- ¢ l .l"'ls:
HB/UV2-Hobbyboard UV ARTBOX - £49.00- € S 300 KS 165
TOTAL £ - I Wastminster chimes, UK 662 Dusk Switch 9v D.C. ’
{Big Ben) Transistor and diode testar Switches 240V-5A max
Address P&P £ 0:60 I £9.48 inc. V.A.T. I £14.73 Inc. V.A.T. £12.63 Inc VAT

Cheque/POL
I
Please Send further details [ ] I K
S
3006

KELAN (Hobbyboard)

North Works, Hookstone Park, [

Harrogate, North Yorkshire. 00 300670

= 0423-883672 instrument Cablnet H 84mm, | |ngtrument Cebinet, H 88mm,

20
3
®

3003-00
p W &mm, L MB{_nm W 263mm. D 216mm Heat %nk so:.:::‘:mm, w
ISi ! ] ] , €6.27 inc VA £11.58 inc VAT mm, m
A division of Kelan Engineering Ltd, HE/383 J T L 1158 inc VAT o Y
\---------—-----‘
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BRANDLEADING ELECTRONICS

NOW AVAILABLE IN KIT FORM
VOYAGER Car Drive Computer

@ A most sophisticated accessory. ® Utilises a single chip mask
programmed microprocessor incorporating a unique programme
designed by EDA Sparkrite Ltd. ® Affords 12 functions centred
on Fuel, Speed, Distance and Time. ® Visual and Audible alarms,
warning of Excess Speed, Frost/ice, Lights-left-on. ® Facility to
operate LOG and TRIP functions independently or synchronously.
® Large 10mm high 400ft-L fluorescent display with auto
intensity. ® Unique speed and fuel transducers giving a
programmed accuracy of + or —1%. @ Large LOG & TRIP
memories. 2,000 miles. 180 gallons. 100 hours. ® Full imperial
and Metric calibrations. ® Over 300 components to assembte

A real challenge for the electronics enthusiast!

Electronic Car Security System

® Arms doors. boot, bonnet and has security loop to protect
fog/spot tamps, radio/tape, CB equipment

® Programmable personal code entry system

® Armed and disarmed from outside vehicle using a speciat
magnetic key fob against a windscreen sensor pad adhered to
the inside of the screen @ Fits all 12V neg earth vehicles

® Over 250 components to assembte

$X1000

TX1002

Electronic Ignition Electronic Ignition
® Inductive Discharge
® Extended coil energy @ Contactless or contact triggered
storage circuit @ Extended coil energy storage circuit
® Contact breaker driven @ inductive Discharge @ Three position
® Three position changeover switch changeover switch @ Distributor
@ Over 65 components to assemble triggerhead adaptors included @ Die cast

@ Patented clip-to-coil fitting

weatherproof case @ Clip-to-coil orremote
® Fits all 12v neg. earth vehicles

mounting facility ® Fitsmajorityof 4 & 6 cyl.
12V. neg. earth vehicles @ Over 145
components to assemble.

TX2002

Electronic Ignition

@ The ultimate system ® Switchable
contactless. ® Three position switch with
Auxiliary back-up inductive circuit.
® Reactive Discharge. Combined capacitive
and inductive. ® Extended coil energy storage
| : circuit. ® Magnetic contactless distributor trigger
® Combined Inductive and head. @ Distrigutor triggerhead adaptors included.
Capacitive Discharge @ Can also be triggered by existing contact breakers.
® Contact breaker driven . ® Die cast waterproof case with clip-to-coil fitting @ Fits
® Three position changeover switch majority of 4 and 6 cylinder 12v neg. earth vehicles.
® Over 130 components to assemble @ Over 150 components to assemble
@ Patented clip-to-coil fitting
® Fits all 12v neg. earth vehicles

$X2000 "%

Electronic Ignition
® The brandleading system

on the market today
® Unique Reactive Discharge

All SPARKRITE products and designs are fully covered by one or more World Patents.

MAGIDICE

Electronic Dice
® Not an auto item but great fun
for the family
@ Total random selection
@ Triggered by waving of hand
over dice
® Bieeps and flashes during a 4 second
tumblie sequence :
@ Throw displayed for 10 seconds
® Auto display of last throw 1 second in &
©® Muting and Off switch on base
® Hours of continuous use from PP7 battery
® Over 100 components to assembie

SPECIAL OFFER

“FREE” MAGIDICE KIT WITH
ALL ORDERS OVER £45-00

= _ /AN N I . - GE UE am =
SPARKRITE | 82 Bath Street, Walsali, West Midlands, WS 1 3DE England. Tel: (0922) 614791 Allow 28 days for delive,
SELF
' ASSEMBLY KIT! Zgg:ess
SX 1000 £12.95
l SX 2000 £19.95
TX 1002 £22.95
I 300 - Y I ENCLOSE CHEQUE (S)/POSTAL ORDERS FOR
AT 80 £32.95 g KIT REF
I “VOYAGER £64.95 CHEQUE

MAGIDICE £9.95 ~
PRICES INC.VAT.POSTAGE & PACKING i & s e

CUT OUT THE COUPON NOW!
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Still half full of Christmas Spirit, CD attempts
to answer another motley selection of

reader’s letters.

Christmas comes but once a year. . .
fortunately. Letters like this next one
arrive more frequently, though.

Dear CD,

| am writing to ask you this question:

what are the units of conductance?
If you cannot answer the question

then I think that a binder would

compensate me, don‘t you?

Yours hoping that you don’t answer,

A. Sutton,

Rishton,

Lancs.

PS I’'m trusting you not to consult a

dictionary, nor to ask anybody else.

Don’t cheat!

Who needs a dictionary? The unit of
conductance, as you seem to know
already, is the ‘'mho’; that is, the inverse
of resistance which is measured in
‘ohms’. Get it? Good.

The author of the next letter receives
the CD Bright Idea award . . . a very
large raspberry.

Dear Clever Dick,

[ think HE is fantastic, brilliant, clever
etc. BUT your printers are chronic. Here
is a solution (how about a binder?):
rebuild all your projects after the designs
have been mangled by the printer, ie
build them from the finished article.

M. Cummings,

Chepstow,
Gwent.
Well. . . yes. It sounds like a good idea,

in theory. Unfortunately, it just can’t be.

First, though, any errors which occur
in HE are certainly not the fault of our
printers. We manage them ourseives,
thank you very much! Second, the
editor takes every precaution to catch
arrors in circuits or projects before the
issue is sent to the printers. Last, your
suggestion is impractical for the simple
reason that'it is far, far too late to
correct errors which are found only after
tens of thousands of copies of the
magazine have been printed!

And if there was an award for Dumb
Letter of the Month, this next one would
win hands down. . .

Dear Clever Dick,
| was wondering if you could tell me
whether or not it would be safe to wire
a single-wired intercom, that is mains
operated, through the earth of the mains
socket?

Could you also please tell me where |
could buy an Eagle L T700 transformer
and the ZN4 14 silicon chip?

Hobby Electronics, March 1983

S. Williams,

Keighley,

West Yorks.

PS Is it true that the OC?71 transistor is
going out in place of the AC128?

Is this man winding me up?

On the basis of the information
supplied, | can only reply — No! Better
to be safe than sorry, you see. (I'm
tempted to say ‘‘yes’’ but | do hate to
lose readers!).

For the transformer, why don’t you
try Eagle International? Their address is:
Precision Centre, Heather Park Drive,
Wembley HAO 1SU. The telephone
number is 01 902 8832. The ZN414 is
widely available from most of the
compenent suppliers advertising in
Hobby Electronics. . . TK Electronics,
for example.

As usual, the subject of my precious
binders arises once more. Anybody
would think | had thousands to sparel

Dear Clever Dick,

Would you mind telling me who / could
send off to, and how much | would pay
if | actually want to (wait forit. . . ) BUY
a HE binder!? It’s all very well you sitting
there with your pile of binders, careless-
ly discarding them in the direction of
grovelling electronics enthusiasts when
the whim takes you; how about telling
us unfortunate and wretched beings
how we can obtain these priceless gems
to keep our equally priceless HEs in
without grovelling to some anonymous
llwl'tll.

Incidentally, I’'ve been buying HE
regularly since February 1979 and /
desperately need some binders — how
about sending me one immediately (and
free) so | don’t have to bother to write
off again?

P. Spring,

Bath,

Avon.

PS Notice the lack of scrounging,
squirming, crawling, truckling, scraping
and fawning (and any other nasty words
of such like meaning) in this letter.

Of one thing | can assure you: my
binders are never discarded
"carelessly’’, or on a whim!

Astute readers may have noticed in
last month’s issue, that | have actually
agreed (under considerable pressure, it
must be said) to award one of my blue
and gold masterpieces free of charge to
any reader clever enough to fill out a
subscription form for Hobby Electronics.

And now for something a little more
exotic, to borrow a phrase.

Clever Dick Sir,

| am a guitar player in a rock group and
would like to build a radio
transmitter/receiver for use with my
instrument, as | and many other
guitarists are tied to our equipment by
leads, cables etc.

Commercially | fear, those units are
very expensive ({hundreds of pounds)
and | would be very pleased if you have
any ideas or could put me in touch with
anyone who has plans for such a
profect.

Finally, would | have to apply for a
licence, as the range would only need to
be approximately 100 ft?

E.C. Mountford,
Stone,
Staffs.

| felt this question required an expert
answer, so | contacted Mr. Steve Stow
of Martellow Sound Ltd., manufacturers
of the popular ‘Rello’ range of radio
mics.

First, a licence is required to operate
any such system and will only be issued
for Home Office approved equipment.
This means it is most unlikely that you
will ever see a radio mic system project.

Second, it is virtually impossible to
design a guitar transmitter/receiver
system at a reasonable price, that will
satisfy all guitarists. Any inexpensive
system must incorporate a limiter,
making it unrealistic for those players
who use a wide dynamic range (a
system that did not use limiting would
cost over £1000!).

However, Martello will shortly be
releasing a new narrow-band system
designed primarily for speech
transmission. It will be shown at the
annual APRS event in June ‘83 and
will retail for approximately £2989 plus
VAT. Martello Sound will be able to
supply individual modules at a slightly
lower price to anyone who wishes to
experiment. See you at the APRS?

I'm continually amazed by the poetic
nature of some of my fans. Not so much
by their poetry, though.

Dedicated to Seedy.

Being a nice sort of fellow

I’'m sure you will oblige,

Now that I've forty issues

Down in a scruffy old drawer,
Eventually they‘re going to get torn,
Rendering them pretty messed up.

But you have just the cure,

If only you'll read from the top,

Next to the left hand side

Downwards towards the bottom,

Ending then starting again,

Read carefully and you will see
the perfect cure for me!

The Poet,

C/0 S.A. Lilleyman,
Sale,

Cheshire.

| hate to be seen to encourage any more

of this appalling stuff, but it is the

cleverest letter of the month — not that
that’s saying very much. You win. The
Binder is presently being despatched. HE
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(w)m ¢ Modular
Amplifiers

the third generation

Due to continous improvements in components and design ILP
now launch the largest and most advanced generation of
modules ever,

WE'RE INSTRUMENTAL
IN MAKING A LOT
OF POWER

In keeping with |LP’s tradition of entirely self-contained modules
featuring, integral heatsinks, no external components and only 5
connections required, the range has been optimized for efficiency,
flexibility, reliability, easy usage, outstanding performance, value
for money. ;

With over 10 years experience in audio amplifier technology ILP
are recognised as world leaders.

BIPOLAR MODULES MOSFET MODULES
Moduls | Output Load DISTORTION Supply Size WY | Price Module |Output Load I DISTORTION Supptly Size WT | Price
Number | Powsr jimpedance | T.H.D. 1.LM.D. Voltage mm pms | inc. Number | Power | Impedance| T.H.D. 1.M.D. Voltage mm gms | inc.
Wartts n Typ ot 60Hz2/ Typ VAT Wates 0 Typat 60Hz/ Typ VAT
ems 1KH:  7KHz 4:1 rms 1KHz  TKHz 4:1
NED ) 18 DOISK  <O.006% [ * 18 |76 x 68 x 40 240 | £8.40 MOS 128] 80 4.8 |<0005% <0.006% | £45 [120x 78x40 | 420[£30.41
HY 6y Kl A8 0.015% <0.006% £ 25 76 x 68 x 40 240 | £9.55 MOS 248| 120 4.8 <0.005% <«0.006% * 55 120 x 78 x 80 B50| £39.86]
NG| 30 e 30 A8 0.015% <0.006% | £25 [120x78x40 | 420 |£18.69 MOS 364 180 q <0.005% <0.006% { *55 [120x 78« 100 |1025] £45.54]
Hy 124 60 a 001%  <0.006% | £26 |120x78x40 | 410 |£20.75
HY 128 60 4 0.01% <0.006% +35 120x 78 x 40 | 410 ]£20.75 Protection:  Abte 1o cope with complex loads without the need for very special
ny2ea | 120 a 001% <0006% | £35 [120x78 x50 | 520 [£25.47 protection eircuitry (fuses will sutfice).
Hyoag | 120 8 00t% <0006% | 50 [120x78x50 | 520 |£25.47 Siew rate:  20v/ps. Rlise ime: 3ps. SIN ratio: 100db
HY64 180 4 0.01%  <0.006% £.45 120 x 78 x 100 | 1030 | £38.41 Frequency response (—3dB): 15Hz = 100K Hz. Input sensitivity: 500mV rms
HYH6E 180 8 001% <0.006% .| 60 120 x 78 x 100 | 1030 | £38.41 Input impedance: 100K fl.  Damping factor: 100Hz >400.
Protection: Full Ioad Iine. Slew Rate: 16v/ps. Risetime: Sps. S/N ratio: 100db. ‘NEW ILP’ ) Entertainments
Frequency response {—3dB) 15Hz — 50KHz. Input sensitivity: 500mV rms, tolL n Car o
Input tmpedance: 100K {1 . Damping factor: 100Hz >>400. (313
Mono Power Booster Amplifier to increase the output of your existing car radio
PRE-AMP SYSTEMS ot cassette player 10 8 nominal 15 watts rms.
Very e b
Module | Madute Functions Current | Prics inc. gy o v .
Nisibet Required VAT Robust construction. £9.14 (inc. VAT)
HYE Mani pre amp | Mic/Mag. Cartridge/Tuner/Tape/ 10mA £7.60 Mounts anywhere in car.
Aux + Vol/Bass/Treble Automatic switch on,
HYG6 | Sterea pre omp | Mic/Mag. Car triddge/ Tuner fTape/ 20mA £14,.32 A -
Aux + Vol/Bass/T reble/Balance Output power maximum 22w peak into 41
HY73 | Gurtar pre smp | Two Guitar (Bass Lead) and Mic + 20ma £15.36 Frequency response {—3dB) 15H2 to 30KHKz, T.H.D. 0.1% st 10w 1KHz
seporate Volume Bass Treble + Mix S/N ratio (DIN AUDIO) BOdB, Load Impedance 341
HY78 | Sterau pre amp | As HYB6 less tone controls 20ma | £14.20 iz & and e | 700mV rms into 15K A 3V rms into 8.1

Size 95 x 48 x 50mm. Weight 256 gms.

Mos1 pre-amp madules can be driven by the PSU driving the main power amp.
A separate PSU 30 is svaitable purely for pre amp modules if required for 1518

£5.47 linc. VAT). Pre-amp and mixing modules in 18 ditfecent variations. Stereo version of C15. £17.19 (inc. VAT)
:::’f"f:;";":"::'“"' - Size 95 % 40 x 80, Weight 410 grns,

For ease of construction we recommend tha B6 for modules HY8—-HY 13 £1.05

{inc. VAT} and the B66 for modules HY66—HY 78 £1,29 (inc. VAT).

POWER SUPPLY UNITS (incorporsting our own toroidal transtormers}

Mode! For Use With Price inc. Model For Uss With Price inc. Model For Use With Price inc.
Number VAT | Number VAT Nurher VAT
PSU 21X | 1-or ZHY30 £11.93 PSU 52X% | 2x HY124 €17.07 PSU 72X ]2 x HY248 £22.54
PSU 41X |10r 2HY60, 1 x HY6060, 1 x HY¥124 | £13.83 PSU 53X | 2 x MOS128 £17.86 PSU 73x |1 x HY364 £22.54
PSU 42X | ' x HY128 £15.90 PSUS4AX | 1x HY248 £17.86 PSU 74X ] 1 x HY368 £24.20
PSU 43X { ' x MOS128 £16.70 PSU 55X | 1 x MOS248 £19.52 PSU 75X | 2 x MDS248. 1 x MOS368 £24.20

PSUBIX |2y HY128, 1 x HY244 £17.07 PSU 71X | 2x HY244 £21.75

Please note: X in part no. indicates primary voltage. Please insert "0 In ptace of
X for 190V, 1" in place of X for 220V, end 7" in place of X tor 240V,
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WITH A LOT OF

HELP oL

PROFESSIONAL HI-Fi THAT EVERY ENTHUSIAST
GAN HANDIE...

Unicase

Over the years | LP has been aware of the need for a complete
packaging system for it’s products, it has now developed a
unique system which meets all the requirements for ease of
assembly, adaptability, ruggedness, modern styling and above
ali price.

Each Unicase kit contains alt the hardware required down to
the last nut and bolt to build a compiete unit without the
need for any special tools.

Because of [ LP’s modular approach, ‘open plan’’ construction
is used and final assembly of the unit parts forms a compact
aesthetic unit. By this method construction can be achieved in
under two hours with littie experience of electronic wiring
and mechanical assembly.

Hi Fi Separates

UC1 PRE AMP UNIT: Incorporates the HY78 to provide a
“no frills”, low distortion, (< 0.01%), stereo control unit,
providing inputs for magnetic cartridge, tuner, and tape/
monitor facilities. This unit provides the heart of the hi fi
system and can be used in conjunction with any of the UP
Unicase series of power amps. For uitimate hum rejection the
UC1 draws its power from the power amp unit.

POWER AMPS: The UP series feature a clean line front panel
incorporating on/off switch and conceated indicator. They are
designed to compliment the styie of the UC1 pre-amp. @nw R o
Performance for each unit which inciudes the appropriate
power supply, is as specified on the facing page.

TO ORDER USING QOUR FREEPOST FACILITY
ower aves Fill in the coupon as shown, or write details on a separate sheet of paper,
quoting the name and date of this journal. By sending your order to our
QOur power siaves, which have numerous uses i.e. address as shown at the bottom of the page opposite, with FREEPOST
instrument, discotheque, sound reinforcement, feature in clearléhshown ondthe envelo%e, you negd not st.;mp;t. w; pay p(tJJsItage 'foLr :
it 41 A H H you. eques and money arders must be crossed and made payable to |.L.P.
addition to the hi ﬂ.se”es' front par!ell input jack, level Electronics Ltd. if sending cash, it must be by registered post. To pay C.0.D.
controi, and a carrying handle. Providing the smallest, please add £1 to TOTAL value of order.

fowest cost, stave on the market in this format.

PAYMENT MAY BE MADE BY ACCESS OR BARCLAYCARD IF
REQUIRED

UNICASES PriveinG TED 0N I ED N BN N BN G G I EE M e =
ee Inc.
Post to: ILP Electronics Ltd, Freepost 6,
HiF{ Separates VAT ' Graham Bell House, Roper Close. ‘
uct Preamp £29.95 - l F Canterbury. CT2 7EP, Kent. England.
UP1X 30 + 30W/4—8£1 Bipolar Stereo HiFi £54.95 I Telephone: {0227) 54778, I
UP2X sow/an) Bipolar Mono HiFi £54.95 L LECTRONICS Technical: (0227) 64723. =
UP3X 60wW/8 L) Bipolar Mono HiFi £54,95 E o Telex: 965780. l
UP4ax 120W/486 Bipolar Mono HiFi £74.95 l 1
UPSX 120w/841 ‘Bipolar  Mono  HIFi  €74.95 " Please send me the following == [y
UP6X 60W/4—8£1 MOS Mono HiFi £64.95 .
UPTX  120W/4-8Q0  MOS Mono  HiFi  £84.95 Total purchase price i
Power Slaves l | enclose Chequer_—] Postal Ordersr__] int. Money OrderD
us1X 60W/4 N Bipolar Power  Slave £59.95 . l
us2x 120w/4 Bipolar  Power Slave  £79.95 B Piease debit my Access/Barciaycard No.
us3x 60W/4—8£) MOS Power  Slave £69.96 l Name l
usax 120w/4-864  MOS Power  Siave £89.95 r
Address
Please note X in part number denotes mains voltage. Please insert ‘O’ in place ot l l
X for 110V, *1’ In place of X for 220V {Europe), and ‘2’ in place of X for 240V
(U.K.) Alt units except UC1 Incorporate our own toroidal transformers. Signature '
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B Feature

THE ELECTRONIC REVOLUTION:

PICTURES
FROM AFAR

John Biggins

A GREAT DEAL of the trouble with televi-
sion in its early days stemmed from the
‘fact that it came so close upon the heels
of radio broadcasting. The first public-
service wireless broadcasts took place in
the USA late in 1920. Within ten years,
the first regular mechanical-scan TV
transmissions were being made and atthe
end of 1936, still a month short of the
BBC’s fourteenth birthday, the worid
witnessed the start of the first television
service using the all-electronic system
which is the direct ancestor of TV as we
know it today. All in all, an astonishingly
short time-scale when you consider how
long it had taken public electricity supply,
forinstance, to get established in the mid-
19th Century.

An amazingly rapid development per-
haps, but it was also a remarkably difficult
one when you compare it with the birth of
sound broadcasting in the years im-
mediately after the Great War. The trou-
ble with television was quite simply that
the idea existéd long before anyone had
much idea of how to put it into practice.
With wireless broadcasting it had been
the other way around, of course: the
basic technology — radio telephony —
had lain there virtually unnoticed for near-
ly two decades before the idea had
dawned, some time in 1919, that there
was enjoyment to be had (and perhaps
money to be made) from using it to talk to
a mass audience. But, once the idea of
sound broadcasting was firmly estab-
lished, about 1923, people naturally
began to wonder why you couldn’t broad-
cast pictures as well . . .

The problem was that in the early
1920s, no more than a tiny handful of
visionaries around the world had even the
remotest idea of how this was going to be
put into practice. In fact, most of the In-
formed Opinion in the electronics world
thought that if the transmission of moving
pictures could be achieved at all (which
was far from certain) it would take at least
half a century to do it. The next fifteen
years were to prove the doubters drama-
tically wrong, but only at the cost of one
near-disastrous false start, great ex-
pense, and a legacy of bitterness and ill-
feeling which was to plague television for
years to come.

Early Days

The possibility of transmitting pictures
electrically over long distances had been
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The idea of
transmitting pictures
electrically over long

distances had been
around since the
middle of the 19th
Century, but it took
nearly 100 years to
develop the
technology.

examined half-heartedly since the
1850s, when French experimenters had
managed to pass a few slow, fuzzy
reproductions of still pictures along
telegraph wires. The idea never really
caught on but it remains one of the
curiosities of technological history that in
the end, a reasonably fast and reliable
system for telegraphing press photo-
graphs came into use in the early 1930s,
only a couple of years before the start of
the first high-definition TV service. In fact
it was rather as if the steam engine had
beeninvented only a few years before the
aeroplanel

The idea of pictures-from-afar was
given a major boost in 1873 with the
discovery of selenium and its photoelec-
tric properties. After a few years’
research, though, this line 'of enquiry ap-
peared to lead to nothing, as it was realis-
ed that the new substance was too slow
inresponding to light variations for it to be
much use in transmitting a moving pic-
ture. In 1888 the German experimenter
Nipkow achieved a major breakthrough
(though it was scarcely recognised as
such at the time) by cracking the problem
of image dissection — how to break a pic-
ture down into separate elements capable
of being transmitted over a single wire as
a succession of electrical pulses. His solu-
tion was the Nipkow disc: a spinning disc
with a series of holes spiralling inwards
fromthe edge, so that as each successive
hole passed between the subject and a
photo-electric cell, the light reflected
through the hole onto the cell wouid give
an electrical analogue of the light/shade

{British Crown Copyright, Science Museum, London.)

pattern on that part of the subject which
the hole had just scanned. With this pro-
cess reversed at the receiving end, a
crude picture could be built up, with the
number of lines corresponding to the
number of holes in the disc. Atthough weli
ahead of its time — it had to wait for the
invention of the valve as an effective cur-
rent amplifier — this device was to form
the basis of the first attempts at a working
TV system.

Mechanical scanning, then, was the
obvious starting-point when researchers
began to think seriously about television
— but it took along time for them to begin
thinking about it at all! Prior to the First
World War, a few scientists had toyed
with the idea as part of theirresearches in-
to something else. Boris Rosing in Russia
and A.A. Campbell-Swinton in Britain, for
example, whose early work on cathode
ray tubes had given them an inkling at
least that they might one day be used in
television systems, if only at the receiver-
end. It is only in looking back on it,
though, that we can see the beginnings of
television, and in later years Campbell-
Swinton used to become very annoyed
when journalists described him as the
‘Father of Television’. The Great War did
nothing for TV, since its military value
was far from clear. In fact, it set research
back by a good few years when the Rus-
sian Revolution broke up Rosing’s team of
scientists at St. Petersburg. Then, when
the War ended, attention was focussed
for several years on the business of set-
ting up sound-broadcasting in America
and Europe. But as life returned to normal
a few pre-War experimenters got working
again.

John Logie Baird in Britain and C.F.
Jenkins in the USA were pursuing the
task of marrying the Nipkow scanning

‘system to the valve-based radio transmit-

ter, while an obscure Russian immigrant
called V.K. Zworykin, an old pupil of Ros-
ing’s, was beavering away in.the
Westinghouse research laboratories in
Pittsburg, developing the all-electronic
iconoscope scanning system which was.
eventually to drive all before it.

Flying Spots

At the beginning of 1924 though, when
Baird gave the first demonstrations of his
TV systemin London, itlooked very much
as if mechanical scanning systems would
be the basis of all future work on televi-

Hobby Electronics, March 1983



Feature B

sion broadcasting. Baird’'s television
camera in these demonstrations was réal-
ly little more than an up-dating of
Nipkow s apparatus. The maininnovation
was that the subject was scanned by a
spot of light shone onto it through a
Nipkow disc by a lamp mounted on the
camera. The light reflected back — only a
tiny percentage of that given out by the
lamp — was focussed onto the photo-
electric cell by lenses fitted over the suc-
cessive holes in a second Nipkow disc,
synchronised to spin with the first. The
current given out by the cell modulated a
medium-wave radio signal. The receiver,
for its part, was a disarmingly simple con-
traption consisting of a neon light whose
output was varied by the signal from the
transmitter. It shone through another
motor-driven Nipkow disc, synchronised
with the camera, onto the back of a
ground-glass screen. Given luck with syn-
chronising the spin of the camera and
receiver discs, the result was a postcard-
sized picture made up of twenty-five
curved, vertical strips of yellowish light
and greyish shade in which those with a
good imagination might discern the
smudgy, distorted semblance of ahuman
face or some similar-sized object.

It was this rather unpromising system
which Baird and his motley, quarrelsome
crew of financial backers set out to
perfect and sell to the British public during
the years 1924-30. Before they could do
so, however, they first had to win over
the GPO and the BBC to the idea of a
television service: the former so that it
would grant the Baird Company asizeable
slice of the already-crowded MW band for
experiments and the latter so that it
would relax its statutory monopoly of
broadcasting, lend a transmitter and
eventually (it was hoped) take the new in-
vention aboard as the BBC Television Ser-
vice. Contrary to later legends, the Post
Office and the BBC seem in fact to have
been interested in the idea of television,
and tolerably helpful despite the difficulty
of negotiating with Baird (who was an
outstandingly poor businessman) and
his financial partners (some of whom
were more than a little shady).

Demonstrations for the benefit of the
GPO’s engineers and then the BBC, in the
autumn of 1928, seem to have given far
from outstanding resuits even for an ex-
perimental system, and while the general
verdict was that television was an idea

i

i |

A Mihaly mirror-drum scanner, in use around 1929; the arrows show the path

of the light.

{Photo. Science Museum, London.}

well worth developing, the GPO thought
that it would need to have a lot of work
done on it before they could inconven-
ience radio users by giving it part of the
medium-wave band for trial broadcasts.
Baird’s associates were furious and im-
mediately began a press campaign, ac-
cusing the Post Office and ''the BBC
bureaucrats’’ of trying to strangle the
new invention at birth. This lead to the
Postmaster-General twisting the BBC's
arm until it agreed to lend the Baird Com-
pany a transmitter at Brookman’s Park in
North London, for six months of the ex-
periment, problems with the transmitter
led to a typically British compromise
whereby the vision and the sound were
broadcast on alternate days! Once the
service was working properly however,
the BBC (who were producing the pro-
grammes) were quite adventurous about
what they broadcast. in May 1930 they
put out the world’s first television play,
Pirandelio’s *“The Man With A Flower In
His Mouth’’, undetered by the fact that
the entire cast had to act seated around a

{British Crown Copyright. Science Museum, London.}
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John Logie Baird’s 1925 experimental TV camera.

four foot-wide table. in June 1931 the
Derby was televised in the first outside
broadcast, the Nipkow disc being replac-
ed on this occasion by a rotating drum of
mirrors, each angled slightly from the nex-
t. In the autumn of 1932 the BBC formed
a television committee and agreed with
the Baird Company to provide two pro-
grammes per week until the spring of
1934,

Unfortunately public interest in the
new service was minimal, however much
of a stir TV demonstrations might cause
on the stands at the Radiolympia exhibi-
tions. Baird manufactured ’‘televisors’’,
at 25 guineas a time, to be on sale for the
opening the experimental broadcasts but
few of these were ever sold. Only thirty
were knownto exist when the broadcasts
began in September 1929 and eighteen
months later, only about 10,000 were in
operation. True, most of these were
home-built from kits of parts, since the
receiver was simple enough for most
radio amateurs to make for themselves.
But as a public service, mechanical-scan
TV failed to catch on, despite the fact that
the Brookman’s Park transmitter gave
theoretical coverage over a large part of
southern England. This was partly due to
the fact, no doubt, that sound-broad-
casting was only just becoming accepted
as a regular public service. The main
reason, certainly, was that the picture
was simply not good enough.

Studio productions were very limited
because the most the camera could take
in was one or two people in head-and-
shoulders close-up. Any larger scene or
outside broadcast had to make use of the
clumsy intermediate film process, which
involved shooting it first with a conven-
tional cine camera, developing the film
and running it through a scanner a minute
or so later. Those appearing in the studio
had to be thickly painted with a coating of
flat white and dead black make-up, so as
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One of Baird’s Televisors; the serial number on the bottom left corner of the

cabinet reads '*1936-647"".

{British Crown Copyright. Science Museum, London.)

to get the maximum constrast from facial

features. Then, sitting in the tiny blacked-
out studio being scanned by a brilliant,
fiickering light was unpleasant for most
people, and it was even said to trigger
epileptic fits in some. Nor were the results
* particularly impressive when they arrived
in the living-room: the screen was about
3in by 7in, the picture swayed up and
down the whole time, it smeared and it
often lost sync and dissolved into a
rushing smudge of light and shade. Even
when the picture was received atits best,
viewers said that it compared unfavour-
ably with the early cine-films. All in all it
was something people might watch out
of interest but scarcely something they
would pay to watch for pleasure!

The End of the Beginning

Baird tinkered with the system for three
years in an effort to achieve acceptable
definition and screen-size, but the
mechénics and the electrics were both
against him. A larger screen meant a
larger scanning disc; a larger scanning
disc had to spin faster and this inevitably
led to loss of synchronisation and smear-
ing of the picture, as the photo-electric
cell found itself unable to keep up with the
changing light values. In any case, better
definition would have meant taking up an
even larger slice of the MW band. Baird
was a formidably stubborn man and his
backers tended to blame the BBC for not
trying hard enough to make mechanical
TV work. But there were other opinions to
be considered: wireless-users were com-
plaining about interference from the TV
transmissions and, in the USA and Ger-
many, RCA and Deutsche Rundfunk (us-
ing the Mihaly-Traub system) were
prepafing to abandon their own TV ex-
periments at the end of 1932 as a waste
of time and money. Early in 1933, then,
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the BBC announced to the Baird Company
that it would end the broadcasts from
Brookman'’s Park in September 1935.
While all this was going oh, Zworykin
had been at work in the United States,
first for Westinghouse and later for the
Waestinghouse associate RCA. He had
taken out a patent on his iconoscope TV
camera as early as 1923, but it was not
until 1931 that he and his growing
research team had developed it to a point
where its picture could be compared with
mechanical-scan television. The principle
of the iconoscope was that an electron
beam was fired obliquely at a metal-
mosaic plate, being electromagnetically
deflected in the process to scan back and
forth across the plate from top to bottom.
The camera lens focussed the image onto
the plate and as the electron beam
traversed, it created a succession of tiny
electron discharges corresponding to the
light and shade of the image; these were
amplified to modulate a VHF signal.
Secondary emission of electrons was a
serious problem, at first, and the haloes
which it caused around the brighter parts
of the picture were so persistent that at
one point, latein 1932, RCA was prepar-
ing to give up its experiments with all-
electronic TV and go back to mechanical
scanning. But the problem was gradually
overcome during the early months of
1933 to the extent that by mid-year Baird
— who had once confidently said that
‘there is no hope for television by means
of cathode ray tubes’’ — was sufficiently
alarmed to begin his own experiments
with electronic TV, borrowing the
American inventor Philo T. Farnsworth’s
image-dissector tube (a primitive
cathode-ray device) for the purpose.
Part of Baird’s alarm was caused, no
doubt, by the talks which were in pro-
gress between the BBC and RCA'’s British
sister-company, EMI, following a very
promising demonstration of electronic-

This exotic piece of glassware is an
EMITRON camera tube, dating from
1935.

{Lent to the Science Museum by Elactrical & Musical
Industries Ltd.)

scan TV in April 1933. The BBC was
determined to try the new system in an
experimental public service, but the
newspapers were beating the patriotic
drum about American competition with
the all-British Baird system. Baird’s sup-
porters, like the journalist Sydney
Moseley, had always believed that the
BBC was operating a vendetta against the
Company, and they had sufficient in-
fluence in Parliament and Fleet Street for
the Postmaster-General to be wary of do-
ing anything which might lead to accusa-
tions that the Government had killed off
Baird’s Television by favouring
foreigners. The result was that, however
much the BBC might be impressed by the
superiority of the EMI system over
Baird'’s, it had to allow some sort of com-
parison when the Corporation’s television
service began broadcasts on 2 November
1936.

*String and Sticky Tape’’

The arrangement was that each com-
pany’s system would be used in alternate
weeks: the EMI 405-line, 50-scan per se-
cond transmissions going out from the
Alexandra Palace in North London and the
Baird 240-line, 25-scan broadcasts from
Crystal Palace on the other side of town.
In the event, though, it was hardly much
of a competition. The Baird pictures, put
out by a hastily-assembled jumble of
mirror-drums, image-dissectors and in-
termediate filming, were so patently in-
ferior to those from the EMI cameras that
it hardly needed the bad luck of the
Crystal Palace fire to bring about the Baird
system’s demise after only three months,
in February 1937. From then on, elec-
tronic scanning was to rule the world’s
television systems, with only minor
changes like the introduction of orthicon
cameras in the late 1940s and the Euro-
pean switch to 625 lines in the
mid-1960s.

The technical argument was over, but
television took many years to live down
the collapse of mechanical scanning and
the bitter quarrels which followed.
Development was slow during the years
1936-39, both in Britain and in the USA.
In fact, by the time the Alexandra Palace
transmitter was closed down abruptly at
the end of a Mickey Mouse film on the
morning of 1st September 19389 (it was
feared that the Luftwaffe woulduseitas a
navigation beacon), the number of sets in
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use had barely reached 20,000. Trans-
missions went out for a mere twenty
hours per week and they could only be
picked up within a radius of about 25
miles from Alexandra Palace. True, sets
had got markedly cheaper over the three
years — from around 95 guineas to 21
guineas for some of the most basic
models — and they had also become
noticeably less bulky, as improvements
were made to the large iron-cored trans-
formers needed to provide the 2,5000
volt anode potential. But 21 guineas was
stil 3-4 weeks’ wages for a skilled
workman in 1939 and, in any case, peo-
ple were extremely reluctant to invest
such a large sum in a set whichmight well
end up as a useless relic like the 1930
televisors, if the BBC decided to abandon
TV at some future date. Television ex-
cited little public interest in the last years:
of peace, either here or in the States,
where NBC began regular broadcasts on-
ly in February 1939.

Radio was still the dominant medium
and TV was regarded as a faintly crankish
and unreliable experiment for years, even
after it became a regular service. Indeed,
there have been some historians in recent
years who have said that much of the
British Government’s interest in television
around 1936 arose from the fact that the
Air Ministry needed a cover-story to ex-
plain the mass production of cathode ray
tubes for use in the chain of top-secret
radar stations which it was building along
the South Coast!

Not a prototype Dalek, but an eariy EMI
TV camera.

{British Crown Copyright. Sdence'Musgum, London.)

The War put paid to television services
the world over. The USA’s embryonic TV
network was closed down by order from
Washington early in 1942, to free tube-
manufacturing capacity for the Navy and,
by the end of 1943, the German ex-
perimental transmitters had been bombed
out of existence — though for some
mysterious reason the Wehrmacht was
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A pre-war (1938) EKCO TV receiver;

_the size of the screen can be judged

against the operating knobsl

{British Crown Copyright. Science Museum, London.)

tinkering with transmissions from the Eif-
fel Tower right up to the liberation of Paris
in 1944. The story of television begins
once more on 7th June 1946, the day
before the Victory Parade, when the BBC
resumed television broadcasts from the
Alexandra Palace. TV was back on the air,
but it was there only as a rather thread-
bare version of the pre-War service. The

number of sets in use had actually gone |

down as a result of the Blitz, and new
manufacture was a very fitful affair as the
electronics industry readjusted to peace.
A few skilled enthusiasts managed to
build their own sets from surplus radar
equipment, but for most people a TV set
was an undreamed-of luxury item; the
climate of Austerity Britain was not at all
favourable to expensive new services like
television. It was not until 1949 that the
8BC got its second TV transmitter, at Sut-

ton Coldfield, and during 1950 set:

manufacture stopped altogether because
of the Korean War. The actor’s unions
and the theatre managers were hostile
while BBC radio broadcasting was reluc-
tant to share its immense wartime
prestige with this upstart newcomer.

Towards the Future

In spite of all these difficulties, television
was busy preparing itself for its great
take-off in the mid-1950s. The produc-
tion teams were rapidly learning their new
trade in the dingy, cluttered studios of the
Ally Pally and the realisation slowly
dawned, even on the BBC management,
that television was a completely separate
medium from radio: a process of educa-
tion which was greatly helped by a
disastrous attempt to put on Tommy
Handley’'s "“ITMA’’ programme as a
simultaneous TV and radio broadcast.
Scriptwriters began to cater exclusively
for television and the first ‘‘personalities’”
began to emerge at the beginning of the
1950s: people like Gilbert Harding and
MacDonald Hobley and Philip Harben.
Sets were still expensive, though, and —
worse than that — the populace at large

still regarded TV as a slightly suspect
plaything for the rich. It needed some ma-
jor event to force TV in to the public con-
sciousness.

That event came with the Coronation
in June, 1953. Unlike the earlier Corona-
tion in 1938, the BBC was allowed to
televise the whole ceremony, including
the scene inside Westminster Abbey.
Large numbers of sets were hired for the
occasion by people who would normally
no more have thought of acquiring a TV
set than a Rolls Royce. In the event, the
whole proceeding turned out to be such
an impressive spectacle that few of the
sets went back to the showrooms after-
wards. The number of licences had risen
to two and a half million by the end of the
year and, from then on, the television era
hadreally arrived, both in Britain and in the
United States where the three major net-
works CBS, NBC and ABC were soon able
to parcel out the national TV audience
among themselves much as they had
shared out wireless broadcasting in the
1930s.

A Bush model TV22 9" television slet
from 1950; millions of viewers watched
the 1953 Coronation on sets such as
this.

{Photo, Science Museum, London.}

Technical improvements were few
after 1950. The size and weight of sets
were reduced still further as transformers
were made more compact and scanning
angles were increased to allow a wider
screen for a given length of tube, even-
tually doing away with the early solution
of mounting the tube vertically and plac-
ing an angled enlarging mirror over the top
of it. At the studio end, the orthicon
camera replaced the iconoscope and the
zoom lens replaced the earlier four-lens
turret, which made it necessary to cut
from one camera to the other while
changing focus. Video recording arrived
in 1956, live satellite relay in 1962 and
colour TV at the end of the 1960s. With
these developments television came to
cover the whole Earth and the last stimuli
to the imagination were removed. TV's
direct influence on the world has been
small in comparison with radio’s. But the
era of cable, satellite, home video and
high-definition digital TV can only confirm
‘it in its undisputed position as the world’s
most popular pastime. HE
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I-PAK BARGAINS

5121 SCREWDRIVER SET

6 precision screwdrivers in hinged plastic

case. Sizes: — 0.8.1.4. 2. 2.4,
2.9and3.8mm £1.75

57131 NUT DRIVER SET

$ precision nut drivers in hinged plaslic case.
With turning rod.

Sizes: - 3.3.5. 4. 4.5 and Smm. b

5741 TOOL SET

5 precision instruments in hinged plastic case
Crosspoint (Phillips} screwdrivers:

HO0 and K 1 Hex key wrenches: —

1.5.2and 2.5mm £1.75

5151 WRENCH SET
5 precision wrenches In hinged plastic case.
Sizes: —4.4.5.5.5.5and 6mm. £1.75

BUY ALL FOUR SETS: 5T21-5T51 and ge!
HEX KEY SET FREE

HEX KEY SET ON RING.

Sizes: 1.5.2.2.5.3.

4.5.5.5and 6mm.

Made of hardened steel.

HX/1.£1.25

SIREN ALARM MODULE

American Police type screamer powsred from
any 12-volt supply into 4 or 8 chm speaker.
\deal for car burglar slarm, freezer break-
down and other security purposes. BP124 §
watt 12v max —~ Siren Alarm Module

T‘;Orde.r No
BP124

BI-PAK SOLDER -
DESOLDERKIT

Kit comprises  OROER NQ. SX80

1 High Quality 40 wait General Purpose
Lightweight Soidering iron 240v mains incl.
3716 {4.7mm) bit.

1 Quality Desoldering pump . High Suction with
automatic ejection. Knurled. anti-corrosive
casing and telion nozzle.

1.5 metres of De- soldering braid on piastic
dispenser.

-2 yds (1.83m) Resin Cored Soider on Card.
1 Heat Shunt tool tweezer Type.

Total Retail Value over £12.00

OUR SPECIAL KIT PRICE £8.95

““IRRESISTABLE
RESISTOR BARGAINS'

Descnpbon
Mized "All Type'" Resistors
Pre-formed %-% watt Carbon
Resistors [3
Y% watt Carbon Resistors
% watt Carbon Resstors
Y% watt Resistors 22 ohm-
2m2 Mixed
| and 2 watt Resistors 22
ohm-2m2 Mixed
Paks SX12-15 contain a range of Carbon Film Reststors
of assorted vatues from 22 ohms fo 2.2 meg. Save
pounds on these resistor paks and have a full range to
cover yout projects.
*Quantities approximate, count by weight.

25 pieces of Audio P|u%s Sockets and Uon-
nectors to include DIN 18(°- 240° Inline
36 Pin, Speakers, Phono, Jack Ste

and Mono etc Valued at well oveanormaIOrder

. SX25.
| 0urPrIce1 SODer pak.

Guaranteed to save you money.

SX26 3 Prs of 6 pin 240° OIN Plugs and
Chassls Sockets

ASX27A 60 Assorted Polystyrene Bead

Capacitors Type 9500 Series PPO
SX2BA 50 Assoned ilver Mica Caps.

5.6pF-150pF
SX29A 50 Assorted Silver Mica Caps.
180pF4700pF £1.00
SX30A 50 High Vollage Disc Ceramics 750v
min up to 8KV Assorted useful values £1.00
SX31A 50 Wirewound 9 watt (avg) Hesuslors
Assorted values 1ohm-1

"' The Third and
l FourthHand...

.+ YOU dlways need
but have never got “until now ™.
This helptul unit with Rod mounted

~horizontally on Heavy Base, Crocodile clips
altached to rod ends. Six ball & socket joins
give infinite variation and positions through
360° also avatiable attached to Rod a 2" diam
magnifier giving 2.5 x magnification. Helping
hand unit available with or without magnifier.
Our Price with magnitier as ilustrated ORDER
NQ.T402 £5.50

Without magnifier GROER NO. T400 £4.75

'BI-PAK PCB ETCHANT

AND DRILL KIT

Complete PCB Kit comprises

1 Expo Mini Orill 10.000RPM 12v OC incl 3
collets & 1 x 1mm Twist bit.

1 Sheet PCB Transfers. 210mm x 150mm.
1 Etch Resist Pen.

1 '21b pack FERRIC CHLORIDE crystals.

3 sheets copper clad board.

2 shegts Fibregiass copper clad board.
Full instructions for making your own PCB, .
boards.

Retail Value over £15.00

QUR BI-PAK SPECIAL KIT PRICE £0.75
OROER NO. SX81

TECASBOTY

The Electronic Components and Semiconductor Bargain of the Year. A hosl of Electronic
components including potentiometers — rotary and slider, presefs— horizontal and vertical.
Resistors of mixed values 220hms to 2M2 — 1/8 102 Walt. A comprehensive range of
capacitors including electrolytic and, polyester types plus disc ceramics etcetera.
Audio plugs and sockets of various types plus switches, fuses, heatsinks, wire. nuts;/bolts,
gromets, cable clips and tyes. knobs and P.C. Board. Thenadd to that 100 Semiconductors
to include transistors, diodes, SCR's oplo's, al! of which are current everyday usable devices.
IrraH a Fantastic Parcel. No rubbishall idesitifiable and valued in current catalogues at well

sver £25.00. Our Fight Against Inflation
— Beat the Budge!
Nown with Depression

I-PAK

Price —

JUST £6.50.

HCAPABLE
CAPACITOR PAK.

Description
Capacitors Muxed Types
Ceramic Capacitors Miniature
Mined
Mued Ceramucs 1pf- S6p!
Mixed Cerarmics 68p!-.0.5m{
Assorted Polyester/ Polystyrene
Capacitors

sx2l § Mixed C280 type capacitors
metal forl

sx22 Electiolytics. all sorts

$K23 Qualty Electrotytics
50-1000mt

SX24 2 Tantalum Beads, mined

*Quantities appronimate. count by weight.

BARGAINS

20 x Large .2"" REDLED

20 small .125 Red LED's

10 Rectangutar Green LED's 2

30 Assorted Zener Oiodes

250mw-2 watt mixed voltages.

ali coded. New.

4 Blach Instrument

Knobs—winged with pointer %

Standard sceew. Fit size 29 x

20mm. 500

20 Assorted Shder Knobs

Black/Chrome, etc £l

12 Neons and Filament Lamps. Low
_voltage and maims — various types

and colours — some penel mounting  £1

SX52
6 Black Heatsink wili fit T0-3 and
10-220. Ready drilled. Hal! price
value. £1
SX53 1 Power finned Heatsink, This heatsink
gives the greatest possible heat dissipation -
1n the smallest space owing to its unique
staggered fin design. pre dnlled.
10-3 Size 45mm squarex 20mm high. 40p
T0-66size. 35mmx I0mmx {2mm,  35p
| Heat Efficiency Powes Finned Heatsink,
90mm x B0mm x 35mm High. Diilled to
take uptod x
70-3 devices
£1.50 each

PAOGRAMMABLE UNIJUNCTION TRANSISTOR
“PUT" case T0106 plastic MEU22 Similar to
2N6027 /6028 PNPN Siticon

Price: 1-9 1049 50-99 100+«
Each:20p18p 15p  13p

Normai Retail
Price £0.35 each

'SX33A 6small (mm(SDSY/SPDTToggIen P

Switches 240v 5a
SX35A G Rocker Switches

V 2A £101
SX32A 12Assoned Jack & Phono plugs.
sockets and adaptors, 2.5m,
3.5mm and standard sizes £1.00
SX71 50 BC108 “Fallouts” Manufac-
turers out of spec on volts or
ain You test,
SX72 A mixed bundle of Co dpper clad
Board Fibre glass an oaper
Single and double sided. A
fantastic bargain

SX38 100 Silicon NPN Transistors—all
perfect Coded mixed types with
data and eqvt sheet. No re|ects.
Real value.
SX39 100 Silicon PNP Transistors—
all geﬂect Coded mixed ty es
with data and eqvt. sheet.
rejects. Fantastic value. £3.00

The best known Power Transistors in the
World — 2N3055 NPN 115w.
Our B1-PAK Specisl Offer Price;

50 otf

£16.00

80312 COMPLIMENTARY PNP POWER
TRANSISTORS: TO 2N3055.
Equivalent MJ2955 — BD312 - 103
SPECIAL PRICE £0.70 sach
10 off £6.50

SHOP AT 3BALDOCK ST., WARE, HERTS

ERMS, CASH WITH ORDER, SAME DAY DESPAICH, ACCESS
BARCLAYCARD ALSO ACCEPTED TEL 109201 3182. GIRO 388 7006

VAT AND 75p PER ORDER POSTAGE AND PA

BRAND NEWLCD
DISPLAY MULTITESTER.
RE 188m
LCD 10 MEGOHM INPUT IMPEDANCE
3% digit *16 ranges plus hFE test facility for
PNP and NPN transistors *Auto zero. auto
polarity *Singte-handed. pushbutton
operation *Over range indication *12.5mm
{ 'k -inch) farge LCO readout *Diode check
*Fust circuit protection * Test leads, battery
and instructions included.
Max indication 1999 or - 1999
Polarity indication Negative only.
Positive readings appear
without + sign
Input impedance . 10 Megohms
Zero adjust Automatic
Sampling time 250 milliseconds
Temperature range — 5°C o 50°C
Power Supply 1 x PP3 or equivalent 9V
battery
Consumption 20mwW
Size 155x 88 x 31mm
RANGES J
DC vottage 0-200mv 4
0-2-20-200-1000V. Acc: 0.8%  «
AC Voltage 0-200-1000V .
Acc. 1.2% OC Current 0-200uA. &
0-2-20-200mA.0- 10 A. Acc: 1.2% .8
Resistance 0-2-20-200K'ohms.  *§
0-2 Megohms. Acc: 1% Q
BI-PAK VERY LOWEST POSS PRICE *
£35.00 eacn

é

SINGLE SIDED FIBREGLASS
BOARD
Order Mo. Pieces Size Sq.Ins.  Price
L 1} 4 9x2%” 100 £1.50
FB2 3 1x3 100 £1.50
m 4 . 132 3" 156 £2.00
DOUBLE SIDED FIBREGLASS
BOARD
FB4 2 14z 4" 110 £2.00

SILICON POWER TRANSISTORS

NPN like 2N3055 —~ but not full spec
100 watts SOV min.

10 for £1.50 — Very Good Value -
100s of uses — no duds

Order No. SX90

REGULATED"

[VARIABLE

STABILISED
|POWER SUPPLY "

Varabie from 2:30 vots and 02 Amps Kit includes —
1 - ¥PSI Module, 1 - 725 voit 2 amp transtormer,
I-DH)VT Panel Meter, 1 - 02 amp Z* Panel Meter,
l ~ 470 ohm wirewound potentiometer, 1 — 47 ohm
witewound powntometer Wiring Disgram

]
Jeided VPSI KT £ t

MORE BARGAINS!

SX51 60 metres PVC covered Hooh-up
wire single and stranded. Mined
colours.

SK58 29 Assorted TTL Gates 7400
Series. 7401-7460.

S159 ll'(T) Assorted flip Flops and MS1

L

SX60 20 Assorted Slider
Potentiometers
s162 JO Assorted Pre-Spts Hor/Vert

$179 10 Reed Switches — glass type
3 Micro Switches — with leves

rour Credil catd Ring us on Ware 5187 NOW ang
et rour order even taster Gouds numally sent 2ng
Class Mg
Remeenbes gou must 2dd v o
tot. e 2da Iop det Total orde
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TRIACS — PLASTIC

4 AMP — 400v — TI2R — TAG 138D

1 0FF 10 OFF S0 OFF 100 OFF Minatuse round nose side cutters
A0p £3.75 £12.50 £30.00 insulated handles A¥unch length Drder
8 AMP 400v — 10220 - TAG 425 No Y043

0p £5.7% £21.50

Mimature long nose phers - 1nsulated
handles S%vnch fengrh. Order No YDA4

SUDER POTENTIOMETERS

Plastc §0mm Travel Mono Min@tute bend nose pheis  nsulated
ALL AT handles S%anch fengih Order No YOS -
SXE3 & z 470 ohm= Ui SX675 ' A7k Ln
)
g::; : i ;;-IT.. 2 - s PE?\ PAK Miature end nigpers - nsuiared hangles
n e Wy ! A
SX66 § 1 72t 109 SXTO6 1 meg in o e D Gl L
Min@ture snpe nose phers with side ALL AT

SX40 250 Silicon Orodes—Switching like
1N4148 DO-35. All good—uncoded. Worth
doubleour price. 45v75mA £1.25

SI41 250 Silcon Oiodes—General Purpose, ke
0A200/202. BAX13/16. Uncoded.

30-100v200mA DO-7.

cutter angd serrated jaws - insulated
handles Smch length Order No Y042

All with insulated handles

1.25

sach

£1.25

EXPERIMENTOR

BI-PAK'S OPTO 83 SPECIAL

A selection of Large & Small size LED's in Red
Green, Yellow and Clear, plus shaped devices
of differeni types. 7 Segment displays, photo
transistors, emitters and detectors.

Types like MEL11, FPT100 etc. Plus Cadmium
Cell ORP12 and germ. photo transistor

SEMICONDUCTO

A Collection of Trans:

100

OCP71. TOTAL OF 25 PIECES \ i [/ vours
/N SISTA X o,'"l’;

Notmal Rerait £12.00
Our Price

£5.00

1 Amp SILICON RECTIFIERS
Glass Type similar INAOOO SERIES INADO1-INAOO4
50 — 500v — uncoo.d — you select for VLTS
ALL pertect devices — NO duds Min 50v

50 for £1.00 — worth double OROEA NO SX76

Vaived +

Silicon NPN‘L’ TypeTransitors
T0-92 Plastic centre collector

Like BC182L — 1831 — 184L

VCBQ 45 VCEQ 30 1C200mA Hfe 100-400

ALL perfect devices — uncoded ORDER AS SX183L
50 oft 100 off 500 oft 1000 off
£1.50 €2.50 £10.00 £17.00

PNP SILICON TRANSISTORS:
Similar ZTX500 — ZTX214 — E-Line
VCEQ 40 VCBO 35 Kt 300mA Hte 50-400

Brand New — Uncoded — Petect Devices

Silicon General Purpose NPN Transiiors T0-18 Case 3
Lock fit leads — coded Cv7644 Similar to BC147 5
= BC107— 7189 ALL NEW' VCE 70v 1C500mA
Mie 75-250 S0 oft 100 oft 500 off 1000 oft 3
PRICE £2.00 £3.80 £17.50 £30.00 5
Sificon General Puipose PNP Transistors T0-§ Case
Lock i eads coded CVI507 simdar 2NZ905A to
BFX30 VC 50 IC 600mA Min Hie 50 ALL NEW!

of 1000t 500 offt 1000 oft . 90 oft 100 of 500 oft 1000 oft
PRICE £2 50 £4.00 t19 00 E%ggg? £2.00 £€3.50 €£15.00 £25.00
e Qrde TXPNP

MULTITESTERS
1,000 opv Including 1est leads b Battery. §30.000 opv. Including test leads and case
! AC vots:- 0-15- 150-500-1,000. AC valis:- 0.2.5-10-25-100-250-500-1,000:
0€ volis-- 0-15-150-500-1,000. DC vohs:- 0-0.25-1-2.5-10-25-100-250-1,000.
OC currents - 0-1ma- 150ma OC current:- 0-50va 0-5ma-50ma 0-12amps.

{Resistance:- 0-2.5 K ohms 100 K ohms Resistance:- 0-6K ohms-70K chms-6meg ohms-
= Oims- 90 x 61 x 30mm. t0meg ohms
.0/No.1322.0UR PRICE £6.50 ONLY JDecibels:- -20db o plus 56db.

Short tesr:- Internal buzzer.

Dims- 160 x 110 x 50mm.

0/No. 1315. OUR PRICE
ONLY £24.75

DOME TWEETER

Dome Tweeter for systems up to 50W. impedence 8
ohms, Frequency Response 2000-20000Hz. Dims
98mm dia x 31mm deep.

OUR PRICE £2.85 0/No. DMT200

nd your orders to Dept. H
SHOP AT 3BALDOCK ST..
. TERMS: CASH WITH ORDER. SAME DAY DESPATCH. ACCESS,
IARCLAVCARD ALSO ACCEPTED. TEL. 103201 3182. GIRO 388 7006
dd 15% VAT AND 50p PER O
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I-PAK BARGAINS

FLEXEY ORIVER

A tenibie shaht screwdiver lor those awkward 10 gel at screws Dveralt
length BManch Order No FS-1 Flat blade 4mm FS-2 Cross pomt na.1 £1.75 each

AROUND THE WORLD

Charges
Triacs, IC's both Logic and Linear plus Opto's all of PP3 (ggv) :;:gmv AC
which are current everyday usable devices. U12(1 5V pentite)  Dims:
U115V CY)  210x 100 x 50mm
Guaranteed Value over £10 at Normal Retail Price U2(1.5v"D") £6.95

8A NUT DRIVER SET
Set of § BA spanner shatts plus unmversal handie in roll-up
waltet, Sizes 0 BA 24-8-8 BA. Order No T182

NEON SCREWDRIVER

74in biade no NS1 0:88p sach
5{in blade no NSZ 0.50p sech

GRIP-DRIVER
Binch long screwdaver wath sprng loaded gnp on
end 10 hold screws in pasition while reaching into
those ditticult places Ordes No SO-1 Flai blade dmm
SD-2 Cross pomt o0 95p asch
INEXPENSIVE TOOLS OF IMMENSE VALUE
Cambined ware singper, custer, crmper acl 25 assi
termunats for cnmping Order No WS2. Our low prce €120 sach.

Satistaction or your money back has

always been BI-PAK's GUARANTEE and it still 1s
All these Sale items are in stock, in quantity and
we will despatch the same day as your
order 1§ recewed.

IC SOCKETS
The lowest price ever.

Plastic Boxes

Coloured Biack. Close fitting.

SR LOASeR T e :8::%; ALUMINIUM - Flanged Lid, fixing screws into brass bushes. :h: ’“°"’IL°“"°“';3' Ic'"“‘l’;;)"":‘ comel
: [ . | SIZE'L W M OrgerNo.  Price - & g &
ﬁ?'(gv 2 x 400v. Super vaiue less than ‘hn ALUMINIUM BOXES 4 2 1 141 ¢1i°° S 35  £1S0  £6.00
Made wilh Bright Aluminium folded 4% 2% 1% 143 £1.30 Wom 90p £175  £6.50
X 3
Sk ;gost ;ER‘EJ?GAGI, fo'dfg'af"";?& “' Econstruction with deep lid and.screws 6 3% 2 144 S1a00] [IC *7 %%k TEeR0 €no
gueawayal. £l W H  OrderNo. Price  Plastic as above buf with alyminium top pane!
S%h 2% 1% 159 83p 4 2% 1 146 £1.40
4 2% 1% 161 83p  Plastic sioping front
« M2 1 83 sn 4% 2 VOLTAGE, RQEGULNATORS
a 2 1 164 57p slope ositive + egative +
8 6 2 166 £1.69 1o 10220 73?3 —50p ;g‘l)g T
4 2 167 £1.12 Y - 2P
& & U (Eh 181550 7315 — S5
S824 —50p 7924 - S5

RS FROM

Universal Ni-Cad ballery charger All plashc
case with lift up hd. Charge/Test switch. LED
nrticators at each of the five charging points.

stors, Diodes, Rectitiers. Bridges, SCR's)

&

Fused for safety Polartty reversing socket
Voitage switch Lead with muit plug

Inpul: - 240V AC 50HZ Output -3.4 5.6.
7.5.98 12y DC Ratng. - 300 M3 MWBB

I Data ete in POWER SUPPLY OURPRICE £3.25
o every pak Power supply fits direclly into 13 amp socket
Order No SXS¢

Sl

A

DIGITAL VOLT METER MODULE
3 1 7 segment dispiays Basic Circuit 0- V-
wnstuctions provided [g extend voltage & ‘curent
ranges Operating voltage 9-12V
Typ Powet Consumption 50mA
0/NO.5X39 Once only pnce

£9.95

SILICON BRIDGE
RECTIFIERS

Comprising 4 x 1§ amp

rectifiers mounted on PCB

+-
;_—

gt |

VAM — 150vits
IFM — 1.5Amps
Size: 1 inch square

-
ELECTRONIC SIREN 12y OC
fled plasuc case with adusiabie haing
brackel Ermits ugh-pitched waniing note of

bk

}———dq

varymg pich - 100 cycles per munute ;
Owns - 90mm da | ;g g: g.g
60mm |degth) 100 off £7.50
Power - 12 v OC i

Order No. As: 4RI BRect.

Dur Price:- £5.50

SPECIAL OFFER OF STEREO AUDIO MODULES .

Fully bulit and tested in our factory
A COMPLETE SET TO GIVE YOU 70 WATTS TOTAL
35 WATTS (rms) PER CHANNEL 55v POWER SUPPLY
Kit comprises
2 x ALBO Power Ampiifiers

1 x PA 200 Stereo Pre-Amplifier
1 x Front Panel Black with White lettering 2 x Coupling Capacitors & 1 Reservoir Capacitor

4 x Black Knobs with White Pointer Full hook-up chart

NORMAL RETAIL PRICE £52 COMPLETE  SAVE {14
COMPLETE

1 x SPM120/55 Power Supply
1 x Transformer 55v

OUR SPECIAL OFFER PRICE FOR 1 MONTH ONLY
Order by phone NOW with your Credit Card —

Ring: Sue on 0920 3442/3182 for Immediate despatch
{Order as* SX70 watt AUDIO KIT|

Use your credn card Ring us on Ware 3182 NOW and
el your order even taster Goods normally sent 2nd
Class Mail

£3, BIPAK PO BOX 6 WARE HERTS AQar~

WARE. HERTS.

Remember you musl add VAT at 15% to your order
Total Pastage add 500 per Total orde:

RDER POSTAGE AND PACKING
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B Project

Pop Amps .

Simple measuring circuits based on operational amplifiers.

THIS CIRCUIT has two ranges, O to 9R
and- O to 900mR. A typical multimeter
rarely has the ability to-measure
resistances as low as these, yet there
are occasions on which you want to
know the value of a resistance with
some degree of precision. You may
have made your own low-value wire
resistor for use as a dropper in a
current regulating circuit, for example;
or you may want to measure the
resistance of the coil of a loudspeaker
or of a solenoid. Such devices often
carry high currents when in use, and
possibly the circuit is operating close to
its limits. In this event the difference
between 3.5 ohms and 3.7 ohms may
make all the difference between safe
operation and dangerous overloading of
the other components. This device
measures such resistances precisely. It
can also be used for measuring the
resistance of short lengths of cable,
enabling you to calculate the resistance
of a longer run. It can measure contact
resistance in relays and similar devices,
which usually have resistances of a
few tens of milliohms.

Low Class Circuits

As in the previous circuit, the op-amp
is wired as an inverting amplifier. The
amplifier works in the same way as in
that project, but the input to it is
derived in a slightly different way. The
principle is that a known current is
made to flow through the unknown
resistance, Rx, and the amplifier is used
to measure the voltage developed
across Rx. Since RX is very low, the
voltage is very low too, but this is
amplified to give a voltage which is
measurable by an ordinary voltmeter.
The constant current is derived from
IC], which is a programmable constant
current generator. Provided that the
voltage across ICl exceeds about 1V5,
the current flowing from IC| remains
unchanged no matter what the
operating voltage may be; this means
that the current is independent of the
freshness of the battery. The IC is
programmed by the value of R1. With
R1=10R as in Figure 1, the constant
current is 6m77A at 25°C. It varies in
proportion to the absolute temperature

46

/I"swu
| RV1
2k2
V4
IC1
(Y s
R4 RS
MR 470k
+9V
s R1 R2
v 10R L 10k
S sw2
- 5
e
o R3 6
0-900mR 1k 8 8
M1
+
ov " >
i Iner §
& —'J'_ gvi 2 Rx/\_
o —_ r | o FEAG - NOTE:
/| 1
[ =
SW1ib M1 =10V FSD
Figure 1. The Pop-Amp No. 7 circuit, a Low Range Ohmeter
Rx
i POSITION
OF SLIDER

® = STRIP CUT BENEATH BOARD
123 456 78 9 1011121314151617718 13 2021222324

9R RANGE < £ OFF

900 AN AON
mR RANGE i B OFF

o V+ ooooooo
Blo R R1 @
Ec,ov—
Eu 50 A0k
H ll l
ooooo ooooo\voooooooo

c©o0o0oO0

o

INTERNAL
STRUCTURE
OF sw2

JOINED BY LINK

V+ R V—

3342 (1IC1)

81
Vv

METER

ol [® 0

L@l

B2
Vv

Figure 2. The stripboard component overlay, showing track cuts viewed from the top.

but, unless you are likely to be using
the circuit at sub-zero temperatures,
this results in an error of less than 1%
in the readings.

Suppose that Rx has the value 9R;
the voltage developed across it is 9 x
6.77 x 103 = 60m93V. If the
voltage at pomt ‘A’ is 60m93V, the

Note that the measuring circuit draws
less than a ten thousandth of the
current coming from the current

- current flowing through R2 is 6u093A.

generator, making virtually no
difference to the voltage across Rx.
This current flows on through R4 and
R5. Since R4 and R5 have a combined
resistance 1M47, the voltage at the
output must fall to 6.093 x 108 x
1.47 x 108 = 8Vv986.

When Rx is 9R, the meter reads
8V96, so the meter reading, in volts, is
approximately equal to the resistance in
ohms. To give a more precise reading it
would be necessary to substitute an
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Project H

RESISTORS
(All 0.4 watt 1% metal film, unless
noted)
R1 ..... %m0 i P 10R
OW25 5% carbon
R2 . : .ot o - B~ & - B 10k
RSBl D R s 1k
AL dlon®o o o[0T T ol e | 1MR
REL. ... . gl . N8 470k
POTENTIOMETERS
RV1 . .. 2k2
horizontal sub-min preset
SEMICONDUCTORS
G . ... . .. .. ki Bb- 334z
programmable constant current source

Parts List

IC2 e m - Ml B i - e 0N 7611
CMOS op-amp

MISCELLANEOUS
S P e I DPDT
toggle or slide switch
SWek e Rl AL T SPDT
toggle or slide
R e - a0 L O 10V FSD meter

Stripboard, 27 x 63mm (24 holes x 10
strips); 8-pin DIL socket (IC2); 7 x 1mm

.terminal pins; 2 x crocodile probe clips;

connecting wire, solder etc. Optional
case.

BUYLINES

. page 34

8.2 resistor and 4k7 preset for R2, but
in this application it is probably not
worth while.

On the other scale, which covers O to
900R, the voltage across Rx has a
maximum value of 6m0O93V, which is a
tenth of the maximum of the O to 10R
range. This means that amplification
must be ten times greater, so R3 has
the value 1kR range. This means that
amplification must be ten times greater,
so R3 has the value 1kR. Then a full
scale reading of 9V corresponds to a
resistance of 900mR.

You will have noted in Figure 1 that
there are two wires going to point ‘A’;
this is to allow for a possible error due to
the probe lead resistance. One wire
delivers current direct to point ‘A’ — the
whole current goes to this point. The
other wire makes a direct connection
between point ‘A’ and the voltage
measuring circuit and the current in this
lead is so small that the resistance of the
wire causes negligible voitage drop at
the IC.

As explained in Pop Amps No. 6, an
op-amp may deliver an appreciable

output voltage even when its inputs are
at equal potential. This ‘offset voltage’
is compensated by adjusting the setting
of RV1.

Construction

The circuit fits easily onto the smallest
standard size of Veroboard, though you
may want to use a larger board if you
intend to fit trimmer presets for the two
resistance ranges. The circuit requires
so little current that it can be powered
by two PP3 batteries. Note that the
terminals of RV 1 have to be slightly
bent out of alignment in order to fit it
into a convenient place on the board.

Complete the circuit before testing it,
then clip the two probe wires together
and switch on the power. The inputs of
the op-amp are then joined together so
they are at the same potential and the
output should be zero; if not, adjust the
setting of RV 1 until the needle of the
meter rests at OV. Unless you have
decided to fit trimmer presets, no
further adjustments are necessary. Clip
the probes to a known resistance in the
0 to 10R range, and select the range
using SW2. The voltmeter should
indicate the resistance. Use two or more
1R resistors wired in parallel for testing
the lower range.

+ .. ZINTRUDER ALARM CONTROL UNIT

\“ \'

ULTRASONIC

CA 1250

Adjustable range
from 5ft. to 25f.

This exciting new madule ofters all the possible
features likely to be required when building an
ntruder alarm system. Whether used with only 1 or
2 magneuc switches or 1n conjunction with several
ulirasonic atlarm modules or infra-red units, a really
effective system can be constructed at a fraction of
the cost of comparable ready-made units. Supplied
with a lully explanatory Data Sheet that makes
nstallation stearght forward, the moduie 1s fully
tested and guaranteed.

*avadable in kit form £16.95 + VAT

@ Buwlt-in electronic siren drives 2 loud speakers @ Stabihsed ouput voitage for external units

@ Provides exn and entrance delays together @ 2 operating modes - full alarm/ant-tamper and
with fixed alarm time pame faciiy

@® Batery back-up wih inckle charging faciity @ Screw connections for ease of mstallation

@ Operates with magnenc switches. u/sonic or @ Separate relay contacts for switching external
loads

@ Test fuop facihty

LR unus
@ Anti-tampes and panic facility

ALARM

MODULE
US 4012

Fully buiit
& tested

A really

eftective fully built
module containing both
ultrasonic transmitter and
recetver and circuitry for providing
false alarm suppression. This module,
together with a suitable 12V power supply
and relay unit as shown. forms an effective

though inexpensive intruder alarm. Supplied with
comprehensive Data Sheet. it 1s easily mounted in a
wide range of enclosures. A ready-drilled case and necessary

hardware 15 available below.

DIGITAL VOLTMETER MODULE DVM 314

Fully.buiit & tested

@ Posiive & negative voltage with an FSO of
999mV which 15 easily extended

@ Requires only single supply 7:1 2v

@ High overalt accuracy - 0.1% + 1 dignt

@ Large bright 0.43" LED displays

@ Supplied with full apphcatons data

With this fully built and calihrated module a wide range of accurate equipment such as multimeters.
thermometers, battery indicators etc. can be constrcted at a fraction of the cost of reacty-made units. Full
detwis are supphed for extending the voltage range, g current, and Jre

Futly quaranteed. the unit has been supplied 10 etectiicity authonties, Government departments, etc.

Power Supply & Relay
Units PS 4012 £4.25 4 vat

Prowides a stabsised 12V output and relay with 3A
contacts. The unitis designed to operate one of two
of the above ultrasonic units. Fully built and tested.

Hardware Kit
HW 4012 £4.25 + VAT

A surtable ready-dnilled case with the varnous mount-
ing pihars, mains switch socket and nuts and bolts.
Designed 10 house the ultirasonic alarm module

Temperature Measurement Kit DT.10 £2.25 +var

Using the 1.C. probe supplied, this kit provndes a linear output of 10mV°C over the temperature range from
10°C to + 100°C. The unit is ideal for use in conjunction with the DVM module providing an accurate digital
thermometer.

Power Supply PS.209 £4.95 +var

Thid fully built mains power supply provides two stabilised tsolated outputs of 9V. 250mA each. The unit
15 teally suited for operating the DVM at Temperature Measurement module.
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Siren Module
SL 157 £2.95 +var

Produces a loud and penetrating shding tone operat-
ing from 9-15V. Capable of driving 2 off 8 ohm

g with its power supply
Size: 153mm x 120mm x 45mm.

# ACCESSORIES *

3-position Key Switch for use with

speakers 10 SPL of 110db at 2M. CA 1250 supphed with 2 keys €3.43
Contains an inhibrt faciity for use with shop
Wfting loops etc. or other break to activate Magnetic switch {with n_\agnel) £1.17
5" Horn speaker for use with CA1250
FCils a1 SL157 £4.95
Add 2 & Op pos dp Q .
0 ord
op ho 9.00 0p Den
d. 9.00 00 p
O a O O € ee
0 A 7 Risborough, B
q 2 Rishoroug 084 44) b §
47
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Electronics and
Computing Monthly looks at a
computer as the beginning of
something interesting rather
than an end in itself.

We thought that using a
micro to drive something other
than a TV screen could open up
fascinating possibilities.

A few simple circuits,
used as building blocks, can
stretch your computer, your
imagination and your fun, a
long way.

If you understand the
basics of digital electronics,
you'll appreciate the funyou can

WHERE ELECTRONICS AND COMPUTING INTERFACE.

KLlof?

The magazine with |
a different approach
Micros.

=5 ==
: , .

have by L,
linking logic g
circuits to your micro.

If you don't, then
read our new series which
starts this month and explains
digital electronic circuits from
basics. Also this month, we
show you how to build an infra-
red remote controller for your
micro.

That's what Electronics
and Computing is all about -
giving you ideas for new

i
p‘l' applications,and giving you
Y the software to expand your

micro.Project by project we
show you how to add another
dimension to your computer.

For example, in this
month’s issue we explain
dialogue programming using
the PILOT system—what it is
and how it works.

And inside is enough
information to build your ow
hi-res graphics computer.

All you need is a
hot soldering iron
and a cool 75p.
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DIGITAL IC
PROJECTS £1 .95
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CONSTRUCTION digital 1Cs.

—

Power SupPlY
Prajects

£1.7%

How to build and use
a wide range of test
equipment for the
hobbyist.

INTERNAT\ONAL
TRANSISTOR
EQUIVALENTS
GUIDE £2.95
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popular user-
orientated selection

POWER SuPPLY

PROJECTS £1 .78 ot modem
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AMPS £2.25

Al you need to know
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projects based
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Computer
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AUDIO PROJECTS
£1.95
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COMPUTER
EXPERIMENTS
£1.75
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computer circuit
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M Project

“’Holy Smoke”’,
exclaimed Robin,
““that’s another bass
driver gone up in a
puff’’. The Caped
Crusader reached
for the stereo
headphones.

] warned you,
Robin. You should
build the HE. . .

Signal Powered

NOT with a bang, not even with a
whimper — most loudspeakers, when
subjected to intolerable strain, simply
stop, cease and desist from operating.
The vital signs no longer present, the
hapless audiophile sits for a moment in
wonder at the pallid absense of sound
before filling the air himself with tones
of electric blue.

Usually, the power amplifier has gone
faulty and applied the full DC supply to
the loudspeaker terminals. Without
some form of protection, the result is at
least an open circuit bass driver — or
worse. A protection circuit prevents this
by monitoring the loudspeaker lines for
the presence of DC, opening a set of
relay contacts if this occurs and
disconnecting the speakers from: the
faulty amplifier.

However, conventional speaker
protection circuits suffer from two
disadvantages: first, they are active
devices, and thus require a separate
power supply, either from batteries or
from mains. The second problem results
from the type of filter used to
distinguish between DC and the audio
signal; a standard passive filter, set at
around 10Hz, is often used, but it is
possible that a large amplifier will
produce sufficient energy at low
frequencies to trigger the protector,
even though there is not actually a fault
present.

These problems are both overcome

50

by this new circuit. The result is a
particularly small, compact circuit board
which can be mounted inside a
loudspeaker enclosure. Thus it is not
necessary to run mains power leads, or
to continually check and replace
batteries (the unit, while suiting all types
of loudspeakers in general, is therefore
very suitable for sound reinforcement
systems). The solution used in this
project is to power the protection circuit
from the audio signal itself.

This is done by placing a full wave
rectifier across the speaker lines and
charging a 1000u capacitor through a
4 7R resistor. The worst possible load
presented to the speaker lines is
therefore 47 ohms — and this is only
while charging the capacitor and for
signal voltages in excess of 12V. This
ensures that the unit has no discernable
effect on audio quality but makes
possible a truly ‘set and forget’ speaker
protector that can, if required, be
mounted inside the enclosure.

The second problem, that of the
filter, is solved by a new design which
has an almost ‘brick wall’ response; it
enables the unit to be used with very
high power amplifiers without danger of
false triggering by very low frequency
content.

Power Monitor
Another cause of speaker failure is the

Loudspeaker
Protector

application of too much power for too
long — a problem that is most often
encountered in professional applications
where the sound level can peak into the
red and stay peaked for minutes, unless
the sound engineer is alert. The Signal
Powered Protector also tests for over-
power, with an adjustable level control,
and disconnects the speakers should the:
amplifier exceed the limit for more than
a certain period.

This feature needs to be adjusted
carefully when the unit is being used in a
hifi set-up; if the trigger level is too low,
the speakers.will be cut out by the
sudden dynamic peaks which normally
occur in some types of music.

The maximum power is determined
by the type of regulator transistor {Q1)
used; we have specified a TIP31C for
this device. It has a collector-to-emitter
breakdown voltage {Vceo) of 100V, and !
since the emitter is at 12V, the
maximum voltage that can be aplied to
the unit is 112V. This is equivalent to
an amplifier capable of supplying
approximately 784 watts into an 8R
load, or 1568 watts in four ohms. If the
amplifier to be used is capable of
powers greater than this(!), the regulator
transistor should be changed for a
device with a higher VCEO rating.

The relay pulls about 40mA when
operated, so power dissipation in the
regulator transistor will be around *
watts when there is 100V acro
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Project B

FROM
JAMPLIFIER

+0 Ol

NOTE:

IC1 = 4050
Q1= TIP31C
D1-D5 = 1N4004
D6-D9 = 1N914
ZD1 = TNG3498

\/

5| 4 3 3 2
I' | Ic1c ] o — ]
R11
M2 11 12 |
14[\15

Ic1f

\/

R12

Lo
J; 220n 10M
77

Figure 1. All there is to know about the circuit of the Signal Powered Loudspeaker
'Protector.

FROM TO
AMPLIFIER SPEAKER
- = N — N
+} & \id &

v

RLA1

Figure 2. The component layout drawn on the PCB pattern; the full-sized foil is-
reproduced on the PCB Printout page.

Although this is not particularly high, it
is high enough to be outside the safe
operating limits of many high voltage
transistors, so be careful when choosing
a substitute.

Protection Circuit

The signal from the power amp is
rectified by the fullwave bridge formed
by D1-D4. The output from this is fed
through a 12V regulator circuit formed
by Q1 and the associated components,
with ZD1 setting the regulated voltage.
Capacitor C1 is charged to this level,
and powers the remainder of the circuit.
The output of the bridge rectifier also
feeds the input of the DC sense circuitry
and the over-power detector.

Buffers IC1a and c form the DC filter.
Resistors R4, 6 with IC2a form a
Schmitt trigger with a small deadband.
When the signal goes above the trigger
voltage, the output of IC1a swings hard
to the positive supply rail, charging C2
through the 220k resistor, R6. Buffer
IC1c, together with R10 and R11, form
a second Schmitt trigger, monitoring the
voltage across C2. If this reaches the
second trigger voltage then its output
goes toward the positive rail, activating
IC1d, e and f, which pull in the relay and
disconnect the loudspeaker lines.

It takes about 100ms to charge C2
via R8. However, the input to IC1ais
fullwave rectified unsmoothed DC. The
output, therefore, will switch between
high and low as the input swings above
and below the trigger voltage. With a
normal audio input, then, the output of

Parts List

RESISTORS
(All %> watt 5% unless noted)
RT .| 5 i 3 30 1 47R
52 1] e S S 2k2,2.5W
(%908 DAL - Slciio] £ 3 47k
R, D S O e 100k
R, 750 SR A& il iy 470k
BERE .1 %! FBeoen-nx - CEEC 220k
Rl U, ISRl I I S Rt 2M2
FUZ2 Pl | S o - 10M
POTENTIOMETERS
RVAIS. . .1 .} S N AW 20k
min. trim pot
CAPACITORS
(G| 4 R § I —— 1000u
25V electrolytic
C2830% .. 5 R . . LB 220n
polyester
SEMICONDUCTORS
[ e C A Bt " 4050
o1]) " SR AS N I TIP31C
FD) T - = R v 1N53498
12V/BW Zenerdiode
(D) i . . P 1N4004
D6-9...... 1N914, 1IN4148etc.
MISCELLANEOUS
RIVANIE L A SN s . . 12Vrelay
SPDT, 10A contacts
PCB, wire, solder etc.
BUYLINES .. ......... page 34
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Project 1

IC1a will go low before C2 can charge
to the second trigger level, and it will
discharge rapidly into the low output via
diode D6. Thus only signals which do
not have a zero crossing for longer than
100ms will trigger the protector.

The over-power detector consists of
a voltage divider, formed by R3 and
RV1, driving a third Schmitt trigger.
Whenever the voltage exceeds the
trigger level, the output of IC1b will be
driven high and C3 will commence to
charge. f this condition persists for long
enough, the output buffers will drive the
relay, disconnecting the speaker lines.

Note that both the DC sense and
the over-power detector charge C3
when a fault condition occurs. The
circuits are decoupled from the
capacitor by diodes, so that it can only
discharge through R12 (the effect of the
input impedance of the buffers is
negligible). Together, R12 and C3 have
a time constant of about one second,
therefore the relay will hold on for this
length of time. Thus the speaker lines
are re-connected approximately one
second after a fault condition has been
detected.

Construction

Construction is straightforward since all
of the components are mounted on the
PCB. The usual precautions should be
taken to ensure that all polarised

components have been mounted with
the correct orientation. The |C used is a
CMOS type and is therefore static
sensitive. Solder this last, and preferably
using an earthed soldering iron. It is a
wise precaution to discharge yourself
before handling the device by first
touching an earthed metal appliance.

It is a wise precaution, also, to
space the 2.5W resistor, R2, off the
PCB slightly. In the case of a high
powered loudspeaker going faulty with
DC this component will get quite hot,
and spacing improves ventilation around
the component and prevents the
possibility of charring the board. If you
can’t obtain a 2.5 watt type thena 5 W
type may be substituted.

Before mounting the unit check
operation by connecting around 20VDC
across the speaker input terminals on
the PCB. The relay should cut in after
about one tenth of a second. If the
protector passes this test, connect the
speaker wiring. If the preset is turned
fully down (turn it anticlockwise when
viewing the board with the components
on top and the relay to the right) the
relay will cut in when the power
exceeds around 20 watts for an
extended period. The protector allows
transients to the full supply rail to pass
but will prevent a continuous 20W from
being applied to the loudspeaker. To
increase this, turn the preset clockwise
until the desired response is achieved.

Performance

We tested the loudspeaker protector
for its effect on audio performance as
well as its reliability. A variety of powe;
amps were used to ensure that the loac
represented by the protector would nof
affect audio performance. Even a very
low power amplifier, with a
comparatively small damping factor
(high output impedance) could drive
the unit with no degradation to the
sound quality. During every test the
protector worked well and cut in at the
correct time to prevent damage to the
loudspeakers.

NOTE. Some amplifiers are unstable
when driven into an open circuit.
This is particularly true of valve
power amplifiers, some of which
destroy themselves the moment the
speaker is disconnected.
Loudspeaker protectors are,
however, not usually required for
use with valve power amps, since
the possibility of DC on the speaker
lines is remote. But over-power
protection may be required.

Electronic Components & Microcomputers

Telephone: (0462) 33031
TBAB20M " 85p,
ch)lgPUTERIC‘s’ MEMORIES B

708
6522 340pf] 2114L  son | TBA990Q 130p
6800 290p il 2716 210p || TBA4BOQ 175

68B00 450p il 2532 380p [l TBAS40Q 130,
6802 3450l 4116 75p | TBAB0O 90p
6809 845p ll 4164 500p | TBAS20 190
68809  1350pfl 6116P3  390p | TCA650  3%0p
6809E  1295p Ml 6116LP3 450, TCA910  180p

6840 390p [ AY-3-1350 350p l§f TLO064 98p
sss0  seop | AY-3-8910 435p l Ti071 30p
6844 1295p [l AY-3-8912 620p l§ TLO72 50p
6845 7es0 | AY-5-1230 4500l TLO74  100p
8850 1a0p 709 3spll Ti081 25p
6852 2500 741 8pin  25p lf TL082 45p
6854 680p [l 741 14 pin  25p l TLOB4
6875 asop 7415 sspll UPC575  1a9p
8T26A  120p 747 65p ll UPC1167 158p
8728 120p [ 748 3p ll UPC2002C 285p
8T95 90p il CA3080E  70p i UPD7002 450p
8796 90p ] CA3130E  75pl ZN414  100p
gre7  wpliA3? ool VOLTAGE
90p,
80350  340p ] LF356 %00l REGULATORS
80391  290p @ LF357  100p +Ve
8080A 360p LM301A  26p 100mA
8085A  450pf LM3 50p
8158 450p [ LM308A  95p
8212 155p | LM3TIN  66p
8216 1000 f LM324  35p

8224 150p f LM339
Pl vzas 750

8226 195p
8228 250p LM358 60p
8243 210p LM380 9%p
8251 300p LM3s1 150p
8263 450p i LM393  90p

255 280, P
8 p ff LM3909 85y
8257 450p MC1310P 210p

1500 ] MC1456  135p
g0 P mcCiass  3sp
75451 5p
75462 s5p ] MC3242A 630p

D
5491 MC3302  %p
754 70p
75492 00  MC3340 1209
p
AY-3-1015D mMC3401  B5p

3000 | MC3403  70p
AV-B-1013A MC3456  107p

2000 ] MC3480
MC1408 MC34001 58p
MC1488  55p [ NESS5 16p

MC1489  S5p ff 555 CMOS 90p
MCaasy 266y | NEBSE S6p
4]

ZBOACPU 350p [ NESSS  155p
P
ZBOAPIO 300p f§ NES67  140p
ZBOACTC 300p
ZBOADART |
750p ] TBAS60Q 160p
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nemmqs Electronics Lrd  worsmissn

16 BRAND STREET, HITCHIN, HERTS, SG5 1JE

T8A530Q 140pfl TRANSISTORS
BC107

Sat 9am to 5.00pm

Wed Closed

port orders or books.

BD679A 60p F’ TIP36A  175p |1 2N3822

BD6BOA  65p ! TIP36B 186p 2N3823

BFY50 24p | TIP36C 199p 2N3824

BFY51 24p | TIPat 2N3866

BFYS0 85p § TIP41A 50p 2N3903

BF244A 30p 4 TiPA1B 60p 2N3904

BSX19 28p | TiP41C 50p 2N3905

8SX20 20p § TIP42 58p 2N3906

MJ2955 %p | TIP42A 680p 2N4123

MJE241 80p 4 TiP428 75p 2N4125

MJE251 80p § TPa2C 86p 2N4391

MJE340 S50p § TiP47 50p 2N4392

MJE3S0 90p § TIPA8 50p 2N4400

MJE370 95p | TIP49 50p 2N4401

MJES20 90p i TIPSO 48p 2N4402

MJE2955 90p § TIP110 30p 2N4403

MJE3055 65p §| TIP111 75p 2N4410

MPF102 46p TiP112 50p 2N4416

MRF475 TIP115 40p 2N4856

MPS2369 25p f§ TIP116 73p 2N4857

MPS3640 30p TIP117 45p 2N4918

MPS3646 30p | TIP120 3%p 2N4919

MPSA06 20p i TIPI21 80p 2N4920

MPSA12 3p § TIP122 75p Wi 2N4921

e mlime EF o cars

MPSA14  20p [l 80p

MPSA18 20p TIP140 130p Ll ID RY TAL

MPSA27 ‘aspfl TIP141 1400 - DISPLAY MODULES

MPSA42 25p . TIP142 180p PCIM177 Frequency Counter

MPSA56 25p fl TIP145 140p 5 Digits, 0.35"

MPSA63 30p il TIP146 180p FM, SW, MW, MHz, KHz

MPSA64 45p ll TIP147 1720p Annunciators

MPSA7? 50p il TIP2955 70p Sample and Hold Capability

MPSA92 30p ll TIP30S5  70p ggsa .Capabt;;lnl\; o

TIP29 3 304 lectal sets.

TIP29A :g TIS8BA 48:: Prescaler Available

TIP29B s5p i TIS151 50p incandescent Backlighting

TIP29C 40p § 2N1613 25p Supply Voltage Bv

TIP30 50p f 2N1711 26p ) Operating Current 4mA

e Bl & Ty
P. 50p A 45p Pt i r

TP0C 0o f 2N2218 25p | 5D grar Meter Module

TIP31A 40p it 2N2221 30p +, — and Decimal Point

TP318  42p | 2N2221A  30p | 200mV Full Scaie Input

TiP31c 45p | 2N2222 25p True Ditferential Input

TIP32 SO0p | 2N2222A  25p Guaranteed “0’* Reading

TIP32A 45p | 2N2369A  20p Single 9v Operation

TIP328 60p [l 2N2304A  25p Il power Consumption 20mwW

TIP32C  45p ff] 2N2905  Z5p § Accuracy 0.15%, +/ - 1 Count

TIP33 65p il 2N290BA  25p Temperature Drift 80ppm/C

TIP33A 65p Ml 2N2306A  25p Low Battery Indicator

TiP338 70p ll 2N2907A  26p | {ncandescent Backlighting

TIP33C 75p [l 2N3053 30p 50

TIP34 75p | 2N3054 70p . §

TIP34A 75p 2N3055 45p ‘ Modules are supplied with Data

TIP348  98p fll 2N3439  aop [ Sheet.

TP34C 90p 2Ng440 60p FIBRE OPTIC

e @l ) ot cao

L A 10m coil of 1mm cora optical
TIP358 170p §| 2N3773  250p » heathed in black
TIP35C 186p P 2N3819 fibre cable shea in

25p i
- 2N3821 120p polyethylene for protection £4.95

TERMS OF BUSINESS — Professional quality electronic components brand new and tully quaranteed. Mail
order by return of post. Cash, Cheque, Postal Order or Bankers Draft with order payabte to HEMMINGS ELEC-
TRONICS LTD. Access or Barclaycard available using our 24 hour answerphone service. Monthly Credit Ac-
counts available on request 1o government and educatlonal authorities. Industrial customers wishing to open a
credit account are required to furnish & bank refe
to atl orders under £10. All prices are exclusive of VAT. Please add 18% 1o total including p&p. No VAT on ex-

ALFAC ETCH CRYSTALS

RESIST TRANSFERS  § 32.768kHz 100p 6.000MHz 1ép
Make your own Printed Circuit 1.0000MHz 20p 6.144MHz  180p
| Boards with our PCB transfars 1.8432MH; 240p . 6.880MHz 240p
® Draw your artwork on 0.1° grid f 2.0000MHz 225p 8.000MHz  160p
® Transfer to copper board 2.4576MHz 225p  10.000MHz 170p
using carbon paper 3.0000MHz 240p  16.000MHz 190p
® Burnish 1he Alfac transfers to 3.5795MHz 120p  18.432MHz 150p
the board using a spatula using 3.6864MHz 240p  19.6608MHz 240p

carbon marks to assist in accurate
alignmant

® Using Aitac chemical eraser to
correct mistakes

® Etch in Ferric Chioride

ECS00/1 0.1" Edge Connectoe

7 EC902/1 0.156" Edge Connector

{ EC940  0.016" Lines L2 Emh!EFHAHED =
EC941  0.031” Lines Y 5o
€C942  0.038” Lines TIL78 Ph . i2)
£C943  0.049" Lines ! otoligns stor S4p
£C943  0.061° Lines TIL100 Photodiode 70p
Egg:g gfgg: tiﬂgj EPSON MX80F/T TYPE it
£C947  0.124" Llnes PRINTER

;- EC950/1 0.031" 90° Bends
EC950/2 0.061" 90° Bends
£C952/1 0.031" 30°,46°,60°

Bends Auto Underlining

EC952/2 0.061° 30°,45°,60° Subscripts and Superscripts

Bends

EC908  0.063" Pads i
EC910  0.094° Pads Secugzores

€C911  0.189" Pads

£C960/1 TO-5 Transistor Pads
. EC993/1 IC Pads

EC997/1 IC Pads with tracks

6 identical sheets in sealed
pack 196p
Individual sheets 45p|
Spatula AR4 for burnishing 46p

* Alfac knife - Demonstration Cassette
Spare Blades (pack of 10) 280pfl, Game Cassette
Alfac Eraser 40pfl| 10 Blank Cassettes

Alfac Precision Grids
Polyester film, matt finish
0.14mm thickness, 20 lines/in
A3

A4
Double Sided Fibregiass Board
1/16" thickness, 16z Copper

5% x 4 25pfl 64K RAM, 26K ROM
6" x 8" 45pfl 25 Lines of 40 Characleré
16 Colours, 512 x 256 Graphics
GO FORTH AND Options — VIC Peripherals
MULTIPLY Alternative Languages

and two trade

. Postage and packing add 45p

4.000MHz  150p
4.193MHz  180p
5.0688MHz 240p

20.000MHz 200p
27.000MHz 170p
48.000MHz 170p

80 Characters per Second
Friction and Tractor Feed
High Resolution 360 Dots/Line

VIC-20 COLOUR
COMPUTER

® SPECIAL OFFER ©
VIC-20 Colour Computer
C2N Cassette Deck
| Programmer’s Ref Guide

between pads

VIC Computing Magazine
£195 inc. VAT

COMMODORE 64
COMPUTER

199p| I
100p!|

QUICKER

MUCH Second Processor
JUPITER ACE COMPUTER

KEYNET Network

Securicor £8
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SAVE £4.25 by receiving
¢ FREE magazine binder
when you
subscribe to =S¢

It’s true, by subscribing to Hobby
Electronics you will not only receive
your personal copy direct to your door
for a whole year but aiso have a
superb A S P magazine binder In
which to keep your coples AND IT’S
FREE!

All you have to do to receilve your FREE
binder Is book a hew subscription or
renew an existing subscription to
Hobby Electronics before 30th April
1983. What could be simpler? Normally
priced at £4.25, these attractive
binders wiil hoid approximately 12
Issues of Hobby Electronics.

Not for you any longer the chore of
having to track down dogeared coples
of your favourite magazine, instead
you wlil merely go to your booksheif
and they will be waiting for you In
pristine condition.

Don't miss out on this outstanding
offer — subscribe today and receive
your FREE binder within 14 days of
your order being received.

——-’—————'——————————_———-‘

r s S GEED S e — G— — A S— N —— N S— — ——— —— — — N T — — Ve T — S c—— S S S S — — — —  — —
} SPECIAL OFFER
I I am enclosing my (delete as necessary)
| Cut °“$ and SEND TO.: Cheque/Postal Order/International Money
| s Crderdforits. §. 53" -
IC (made payable to ASP Ltd)
1 OR
| 513. LONDON ROAD, Debit my Access/Barclaycard *
| THORNTON HEATH, ( ‘delete as necessary)
| SURREY, CR4 6AR meencaduo || L L.l U L T & 114 7 1
| ENGLAND. .
| Please send my free binder and Please use BLOCK CAPITALS and include post codes
commence my personal subscription to 1
: with the o A Name (Me/ Mro/ Miss) ..........ooovmiiissiins
911‘95 for12 lssues Addross ................. T -

| SUBSCRIPTION ) )
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TEST EQUIPMENT CE

NT RES ALL MODELS ON DISPLAY
OPEN SIX DAYS A WEEK J

HAND HELD

KDB25C* 13 range 0.2A DC 2 meg chm
KD30C* 26 rangs 1A AC/DC 20 meg ohm
KDSSC* 28 range 10A AC/DC 20 meg chm  £39.85
6010+ 22 range 10A AC/OC 20 meg ohm £34.40
7030+ As 6010 but 0.1% basic. £41.30
188M 18 range 10A DC. 2 meg plus e tester £39.95
189M 30 range 10A AC/DC. 20 meg plus Hie
lester

HAND HELD AUTO RANGE

DM2350#21 range 10A AC/0C 20 meg ohm
[Miniature| £49.95
HD30 16 range 0.2A AC/0C 2 meg ohm £41.95
HO30/8 As abave plus cont. buzzer £44.50
HD31 22 range 10 AC/DC 2 meg ohms plus canl.
buzzer £58.95

£24.95
£34.95

£69.95

BENCH MOOELS (3% digil uniess stated)
TM353¢ 27 range LCD 2A AC/DC

TM355¢ 29 range LED 10A AC/DC

TM351¢ 29 rangz LCD 10A AC/0C

2001 28 range LCO 10A AC/DC plus Srange

Cap. Meter wilh case £108.00
TMA51 4% digit LCD every faciiily (0.02%} £171.00
15033 4 digit LCO every facility [0.05%} £171.00
1503Ha 0.03% hasic version of abave £189.00
+0ptional carry case £2.85  ®With free carry case
s0ptlonal carry case £6.84

EDUCATIONAL DISCOUNTS AVAILABLE FOR
ALL STOCKS - PLEASE ENQUIRE

e _

FREQUENCY COUNTERS

P{l{"mA 200 MKZ hand heid pocke! 8 digit
L

£67.50
B8110A 8 digit LED bench 2 ranges 100 Mi2 £77.00
85103 9digit LED banch 2 ranges 600 MHZ £113.85
80008 9 digit LED 3 ranges 1 GHZ 00
TFO40+ 8diglt LCD 40 MHZ

TF200* 8 digit LCD 200 MHZ

® Oplional carry case £6.84

Prescalers - Extonded range ol most counters
TP&OO0 £C0 MHZ £43.1
TP1000 | GHZ £74.00

SIGNAL GENERATORS
(220/240v AC}

FUNCTION : Ail sine/square/triangle/TTL. etc
T6100 1 HZ - 100 KHZ £80.00
TG1020.2HZ - 2 MHZ £166.75
PULSE
T&105 Various facilities SHZ - 5 MHZ
AUDIQ : Multiband Sine/Square
LAG27 10HZ 10 1 MHZ
AG202A 20 HZ 0 200 KHZ

F

£97.75

£86.00
£78.00

L]
$6402 100 KHZ 10 30 MHZ £59.95

LSG17 100 KHZ to 150 MHZ

ELECTRONIC INSULATION TESTER
YF 501 500 V/0-100m with carry case £63.00

AUDIO @ RF @ FUNCTION  PULSE

MULTIMETERS
{UK C/P B85p)
Y7206 20K/V.
19 range packet metar
SPECIAL PRICE
7081 50%/V 21 ranges.
Range doubier 10A OC.
SPECIAL PRICE £1595 8
ETCSOC0/5001 21 ranges. 50K/ V. Range
doubler. 10A OC.
TMKS500 23 ranges 30K/V. 124 OC plus
cont. buzzer.
NH56R 20K/V. 22 range packet
EU102 14range 2K/V pocket
B30A 26 range 30K/V. 10A AC/0C overload
pretecilon, elc.
360TR 23 range 100K/V. Large scale
10A AC/UC plus Hie
AT1020 18 range 20K/V. Deluxe pius Hls
tester
*ST303TA 24 range 20K/V plus Hle lesier

rl'.iS(:Ill(LS(EI)PES

Full specification any modei on requesL SAE by post.

‘MM’ Series HAMEG: "SC' THANDAR:

‘CS’ Series TRI0: 3’ Series CROTECH

SINGLE TRACE

3030 15 MHZ SmV. 35mm tube plus companent

tester C/P £3.00 £172
SC1904= Miniature 10 MHZ isattery portable

Pogt Iree 1
HM103 15MRZ 2mV. 6 x 7 display plus

camponent lester C/P £3.00 £177.00
# Optional carry case £6.84  AC adaptor £6 69
Nicads £12.50

DUAL TRAGE (UK C/P £4.00)
HM203/4 Dual 20 MHZ plus component
tester £276.00
CS 1366A Oual 20 MHZ. Al facilities

VARIABLE POWER
SUPPLIES

PP2410/12/24V.0/1A.
£35.00

PP243 3 amp verslon £59.95
(UK C/? £1.00)

£299.00
HM204 Dual 20 MHZ plus component tester
swesp delay. £419.75
OPTIONAL PROBE KITS
X1 £7.95 X10 £9.45
X1 -X10 £10.50 X100 £16.95

1STS FOR TRI0: HAMEG: CROTECH:

:}e‘zﬁ'scona MOST MODELS IN STOCK.

TH301 LCO -50°C to +750" with

thermocouple £68.43

DIGITAL THERMOMETER <?<

HIGH VOLTAGE METER
Direct reading 0/40 KV
20K/ Voit. (UK C/P85p) £18.40

AC CLAMPMETER
87300 0/300A: 0/600
VAC, 0/1 Kohm 8 ranges

With carrycase (UKC/P65p} £28.80

DIGITAL CAPACITANCE
0.1 pf to 2000 md LCD 8 ranges
DM6013 £57.98 (Carry case £2.95)

LOGIC PROBES

LP10 10 MHZ £28.50
LDPO76 50 MHZ £56.90

AUDIO €LECTRONIC

TRANSISTOR TESTER |

Direc! reading PNP: NPN. elc.
TC1 £
[UK C/P 85p)

Cubegate
Limied

30! EDGWARE ROAD, tONDON W2 1BN. TEL: 01-724 3564

ALSO AT HENRYS RAODIO.
404/406 EDGWARE ROAD. LONDON W2

Order by Poel with CHEQUES/ACCESY
VIBA or you can Iwephone your erders

Al ordars Gespatched within § aeye
aovised

speed to approx. 50rpm.

ahead.

SIMON GAME

.P(.:B‘s for this Hashing light/pulsating
compulerised game is now with us. Supplied, tested
and working with speaker & instructions £4.95.

REED RELAYS

Manufacturers rejects — DIL and other PCB moun-
ting types. SP, DP and 4P — make, break & c/o
contacts. Not tested, so may be only partially work-

ing or o/¢ etc, so very iow price pack of 10
assorted £9; 25 £2.00; 100 £7.00
FERRIC CHLORIDE

New supplies just arrived — 500mg bags of granules,
aasily dissoved in 500ml of water. Only £1.15
Also abrasive polishing biock 36p.

AA NI-CADS 10 for £9.25
Brand new nickel cadmium batteries by GE, standard
1.2V 1 450mA/H. Profassional quality with solder
tags both ends. Special price, £1.40 ea; 10 for £9.95;
Box of 80 £656.

Nicad Charger: Charges up to 4AA, C or D cells +
PP3. Only £7.95

FILAMENT DISPLAYS
Z653 7 seg dispiay 12.5mm high. ideai for TTL
operation, taking 5V BmA per seg. Std 14 DIL
package. Only £1 each, 4 for £3.00. Data
supplied.

ELECTRO-DIAL

NOW

DOWN

IN
PRICEI

Electrical combination lock for maximum securi-
ty, absolutely pick-proofll One million combina-
tionstl Dial is turned to the right to one number,
left to & second number, then right again to a
third number. Only when this has been com-
pletad in the correct sequence will the elactrical
contacts close. These can be used to operste a
reiay or solenoid etc. Overalt dia 85mm x 60mm
deep. Finished in bright chrome, With combina-
tion the price is reduced to £3.96.°

“BIG TRAK” MOTORIZED GEARBOX

These units are as used in the “Big Trak” computerized vehicle, and offer the
experimenter in robotics the opportunity to purchase the elec_trovmechamcal parts
required in building remote controlled vehicles. The unit comprises: ——
a) 2 x 3V motors, linked by a magnetic clutch, thus enabling turning of the vehlc_le,
b) A gearbox contained within the black ABS housing reducing the final drive

i i i i i i i il tors, as well
Data is supplied with the unit showing various options on driving the mo' , 88 ¥
as a direction controlier circuit, enabling the unit to turn right, left or go straight

. is back agamn. Another supply of ready built
tone

%r\
4/ON'LY

£4.95

LIE DETECTOR

Not & toy, this precision instiument was originalty
part of an ‘Open University’ course, used 1o measure
a change in erotional balance, or as a lie detector.
Full details of how to use it are given, and a circuit
diagram. Supplied complate with probes, leads and
conductive jelly. Needs 2 4}V batts. Overall size 156

| % 100 x 100mm. Only £9.9 ~ worth that for the
case and meter alonel

COMPONENT PACKS

K503 160 wirewound resistors from 1W to
12W, with a good range of vaiues £1.76

K506 20 assorted potentiometers, all types in-
cluding single ganged, rotary and slider £1.70
K534 100 sitver mica caps from BpF to & fow
thousand pF. Tolerances from 1% to 10% £2
KB20 Switch Pack. 20 different rocker, siida,
rotary, toggle, push, micro, etc., Only £2

‘ COMPUTER BATTLESHIPS

Probably one of the most popular slectronic
games on the market. Unfortunately the design
makes it impractical to test the PCB as a work-
ing model, although it may well function
pe_rfeclly. Instead we have tested the sound
chip, and sell the board for its component value
only {PCB may be chipped or cracked).
SN76477 sound IC; TMS1000 U-processor;
batt clips, R’s, C's etc. Size 160 x 140mm. Onty
£1.50. Instruction book and circuit 30p extra,

1982/3 CATALOGUE
Bigger! Betterll Buy onelll
Only 7Bp inc. post — Look what you getll
@ Vouchers worth 60p
@ st class reply paid envelope
® Wholeesle list for bulk buyers
® Bargain List with hundreds of surplus lines
@ Huge range of components
@ Low, low prices
Sent free to schools, colleges etc.

REGULATED PSU PANEL
Exclusive Greenweld design, fully vanabie
0-28V & 20mA-2A. Board comtains all
components except pots and transformer. Only
€7.75. Suitable transformer and pots £6. Send
SAE for fuller details

ALL PRICES INCLUDE VAT — JUST ADD 50p P&P

GREEN\WELD

443F Mill Brook Road, Southampton SO1 OHX
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Into Radio B

RADIO RULES

YES, AERIALS! | know that all of the US
magazines use the word antenna, but
what Marconi called it is good enough for
me. As you might have gathered by now,
this Part is about how you get that
modulated carrier winging its way from
the transmitter to the receiver, which
means that we’'re dealing with the most
tricky of all electronic components, emp-
ty space.

As it happens, most of the space that
iwe use is not exactly empty, but the
presence of air makes so little difference
to the way a radio wave behaves that it
might as well be empty space. One of the
great mysteries that baffled great brains
for centuries was how light waves could
reach us from the sun if there was no
'material between us and the sun to carry
the waves. The problem was finally solv-
ed by Clark Maxwell (see Famous Names,
HE May '81) who, in a brilliant piece of
theoretical reasoning, showed that a
wave consisting of both electrical and
magnetic fields could move through emp-
ty space. In this respect, electromagnetic
waves are totally unlike the more familiar
waves of sound and of water.

Both electrostatics and magnetism are
involved in the electromagnetic field. A
varying voltage between any two points
causes a magnetic field, and a varying
magnetic field causes a voltage. The elec-
tric and magnetic fields chase each other
along, needing no matter to contain them
or be affected by them, and their speed is
around 300 million metres per second.
What we call ‘light’ is just one of the huge
range of electromagnetic waves, all of
which travel at the same speed in space,
and which are distinguished from each
other only by their different frequencies
and wavelengths. These two quantities
are, incidentally, related, because fre-
quency x wavelength = speed, and the
speed is constant — see Table 1. Forradio
waves, then, we can always find what
the wavelength is for any given frequen-
cy, or the other way round, and Figure 1
shows some examples.

Electromagnetic waves can travel in
insulators, though at a lower speed than
in air or in free space, but they cannot
travel in their normal form through good
conductors, because a good conductor
will short-circuit the electric field part of
the wave. Waves cantravel along the sur-
face of a metal, however, and can be
reflected from conducting surfaces. For
many of our purposes, the electric field
component of a wave is the important
one, and most of our transmission
systems cause the electric field to move
in one particular direction. When this is
so, the wave is said to be plane-polarised.
If the electric field is parallel to the surface
of the Earth, the wave is horizontally
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Propagation and aerials

polarised, andif the electric field is 90° to
the surface of the earth, the wave is ver-
tically polarised. The direction of the
magnetic field is always at 80° to the
direction of the electric field, and both
fields are at 90 ° to thedirection of motion
(Figure 2).

WAVELENGTH x FREQUENCY = VELOCITY

(in metres) {in Hert2) OF LIGHT
(3 x 108 m/s)

WAVELENGTH FREQUENCY

85 m 3.5 MHz

42 m 7 MHz

30m 10 MHz

21 m 14 MHz

14 m 21 MH2

107 m 28 MHz

FREQUENCY = 11.24 MHz = 11.24 x 106

3 x 108

————————=26.69m
11.24 x 106

WAVELENGTH =

Table 1. Calculations on wavelength
and frequency.

MAGNETIC
FIELD

DIRECTION y
ELECTRIC
FIELD

ta)

Figure 1a. The electric and the magnetic
waves are at 90° to each other and also
at 90° to the direction of movement.

B Sy o oo

F2 LAYER .
300 TO 400 km s 77 N

F1 LAYER
200 km

E LAYER
120 km

EARTH

Propagation

Propagation means the way in which a
wave travels from one place to another.
Over short distances, the path of a wave
can be taken as a single straight line, the
‘line of sight’ from the transmitter to the
receiver. For many of the distances we
are interestedin, however, the path of the
wave will involve at least one reflection
from the ionosphere, which is the reflec-
ting layer above the atmosphere of the
Earth (Figure 3). This reflecting layer is
created by the action of sunlight on the
low-pressure gases more than 70 miles
above the surface of the Earth. The high-
energy ultra-violet rays of the sun (which
at that height would burn you up to a fraz-
zle in seconds) separate the oxygen and
nitrogen of the air into charged particles,
called ions, so making the low-pressure
gas behave like a conductor. In darkness,
these particles recombine (sometimes
causing a glow in the sky, hence the Nor-
thern Lights or Aurora Borealis), which is
why there are such considerable dif-
ferences between daytime and nightime
radio ranges. There are also considerable

Y VY

ELECTRIC FIELDI MAGNETIC FIELD t—
(h)

Figure 1b. Another representation of the

- polarisation of electromagnetic waves.

R

Figure 2. How waves bounce from the ionosphere for long-distance communications. }

55



B Into Radio

variations in the ultra-violet output from
the sun, which leads to the degree of
ionisation varying considerably from time
totime.

The way in which radio waves travel
by bouncing from the ionosphere also ac-
counts for reception problems. Fading is
caused because waves that have travell-
ed along different paths can be received
simultaneously. Because the path length
is never constant as the ionosphere
churns around, waves which meet at the
receiver may be in phase, out of phase, or
any amount of phase degrees apart, caus-
ing the amplitude of the received signal to
vary considerably, right down to almost
zero at times. For some reflecting condi-
tions, the phase of the reflected wave
may depend on its frequency, so that the
two sidebands of the AM signal may be
out of phase, causing severe distortion.
This is why suppressed-carrier SSB
signals are so often -superior in signal
_quality.

Launching-Pad

An aerial is a form of launching-pad for
waves, and since all of our aerials are
made of metal, they create an electric
field in the air around them, so that what
you acutally launch is the electric-field
part of the wave. Liké Mary’s little lamb,
its magnetic field is sure to go every
where with it.

Launching a wave into space (Figure
4) is like transferring power to anything; it
needs some matching of impedance. You
can’t, for example, expect to transfer
much power to an eight ohm loudspeaker
from an amplifier with a 2k output
resistance, and the same applies to
aerials, so that the action of an aerial
depends to a large extent on the im-
edance of space. What on earth do we
mean by the impedance of space? Just
this: a radio wave carries power, and
power means volts and amps. When a
radio wave travels through space, we can
measure the volts between two points in
the wave, and we can also measure the
amps that are flowing. The ratio of volts
to amps is called the impedance, and it is
measured in ohms (R). The ratio of peak
voltage to peak current in a wave is called
the characteristic impedance of free
space, and that’s a figure which can be
calculated (rather than measured) at
~about 377 ohms. When we put an aerial
into this space, however, the aerial acts
as a contact which alters the impedance
to some extent, so that what we have to
match is not the impedance of free space,
but the impedance of aerial plus space,
whichis usually alower quantity.

The most efficient aerial for transmit-
ting purposes is one which has the max-
imum amount of electric field between its
ends when a wave is sent to it. The
shortest possible aerial of this type, called
a half-wave dipole (yes, it's half a
wavelength long) will also have a fairly

low impedance, around 70 ohms, and is.

almost perfectly resistive — it dissipates
power into space with no reflections. In
general, an efficient aerial needs to be cut
to a length which is a whole number of
half-wavelengths. For example, the
wavelength of a 28MHz wave in space is
10.7 metres, and if we allow for the
wavelength on the wire of the aerial being

56

about five per cent less than this, we ar-

“rive at the figure 10m. Half a wavelength

is 5m, so that aerial lengths of 5m, 10m,

*15m, 20m and so on would be accep-

table. Table 2 shows the half-wavelength
lengths corresponding to some popular
amateur bands.

The reason for preferring aerials of this
half-wave length can be understood more
easily if we superimpose against a draw-
ing of the aerial a diagram of the voltage in
a wave (a 'standing wave'), using the
same scale. A half-wave aerial has a pat-
tern of the type shown in Figure 5. The

‘maximum voltage is at each end, so that
‘the electric field across the aerial is large,

and the maximum current is in the middle.
The conditions for drawing these stan-
ding waves are that there should always
be maximum voltage at the ends and
maximum current in the middle — the

FREQUENCY HALF-WAVE
{(MHz) {metres)
1.8 74.9
35 39.0
7.0 20.1
14.0 10.05
21.0 6.7
28.0 5.02
70.0 1.8
144.0 0.97
430.0 0.32

Table 2. Half-wave lengths in metres for
the popular amateur bands.

o \\
\\ \\ \\ \\ \

POWER \ \ \
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A

Figure 3. A half-wave dipole radiates
waves, behaving as far as the
transmitter is concerned like a 75 ohm

. resistor (which radiates heat).
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Figure 4. Wave pattern of a half-wave
dipole aerial. The maximum wave
voltages are at the ends, and the
minimum in the middle.

Figure 5. The wave pattern for a full- »
wave aerial. There are three maximum
positions and two minimum positions.

HAS THE SAME
EFFECT AS

wave cannot be stable otherwise. Figure
6 shows the standing-wave pattern for &
full-wave aerial length.

Theratio of voltage to current obvious-
ly varies from one part of an aerial to
another, being very large at the ends of a
half-wave aerial, and very small at the
middle. Note, however, that if the aerial is
correctly cut to length, there is no phase
difference between current and voltage
— they rise and fall in step. These
standing-wave patterns are permanent
on an aerial of the correct length — there‘
will never be a time when the voltage at
the centre of the half-wave aerial is large
and the current small, for example.

An aerial which is cut to a number o
half-waves in length is said to be reso-
nant, and an aerial of this type works.
most efficiently at the frequency for
whichitis designed, though it may radiate
at some harmonic frequencies as well,
because it will also be a number of half-
waves long for some harmonic frequen-
cies. The radiation of a horizontal half-

-wave aerial is not equally strong in all.

directions; it tends to be strongest along a
line at right angles to the aerial’s length,
following the pattern shown in Figure 7.
Longer resonant aerials, (one-wave, one-
and-a-half-wave, two-wave, etc.) radiate
over a wider range, and very long reso-
nant aerials will radiate almost in the
direction of the wire, but few people,
unless they live on farms, can use long
resonant aerials, particularly on the lower
frequency, longer wavelength bands.
When the half-wave aerial is used ver-

v
POWER

= 4

RADIATED
’)Ooq 75R » POWER
(HEAT)
-~

a

————— MAX

e
~TlinoDE)

Nd] (vopE)

————tmax
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HALF WAVE

3 HALF-WAVES
4 HALF-WAVES
Figure 6. Theoretical radiation patterns

for aerials — these show how the wave
goes out in different directions.

0.15
WAVELENGTH
0.
WAVELENGTH
—— — i
S
@
2
15}
Q '3
& g =]
3 = (=
= < &
o ]
W
&
DIRECTION OF
MAXIMUM
RADIATION

Figure 7. A three-element Yagi, made by
adding a director and a reflector to the
dipole. The director is shorter than the
dipole, and the reflector is longer.

% WAVELENGTH

SHORT OPEN
CIRCUIT CIRCUIT
—, —
—— _—

ZERO VOLTAGE

AT SHORTED END MAXIMUM

VOLTAGE

MAXEIMUM VOLTAGE ZERO VOLTAGE
AT % WAVELENGTH, EQUIVALENT TO
EQUIVALENT TO A SHORT CIRCUIT
AN OPEN EiRCUIT HERE

Figure 8. Quarter-wave sections. A
shorted quarter-wave piece of cable
acts like an open circuit; an open circuit
quarter-wave section acts like a short
circuit because of the wave patterns,
shown here.
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tically, however, its radiation pattern is
omnidirectional — equal in all directions
aroundit.

These patterns are theoretical and are
found in practice only when aerials are
spaced well away from the ground and
any other conducting objects, but they
form a reasonable guide to what we can
expect. We can modify the patterns very
considerably by adding ‘dummy’ aerials
or parasitic elements parallel to the main
half-wave aerial and spaced some

distance away from it. One popular ar-

rangement is the three-element Yagi of
Figure 8 in which a slightly longer ele-
ment, the reflector, is set at 0.15
wavelength from the radiating aerial, and
a shorter element, the director, is set at
0.1 wavelength in the opposite side. This
arrangement gives a very much more
directional beam, and if you want to
change the direction of transmission, you
will have to turn the whole assembly —
just about possible for a 10m
wavelength.

Feeding the Power

One of the most critical parts of radio
transmission practice is the correct
feeding of power from the transmitter to
the aerial, and it's all a matter of
wavelengths again. We get accustomed
to the idea that if you have a voltage on
one end of a piece of wire, you'll have ex-
actly the same voltage on the other end.
That's true of AC and DC generally when
no current flows, but not when the length
of the wire is something like the
wavelength of the AC. When a piece of
wire is some appreciable fraction of a
wavelength long, like a quarter
wavelength, then it can have very dif-
ferent voltages on its ends, simply
because a wave has formed on the wire.

Normally, this effect doesn’t bother
us. Our electronics equipment is made so
that the dimensions of conductors are all
very small compared to the wavelength of
the signals that they are handling. This
becomes much more difficult for UHF
signals, and that’s why UHF is so tricky to
work with. In any transmitter circuit,
however, there is one piece of connecting
wire which just has to be long — the wire
that connects the output of the transmit-
ter to the aerial, called the tranmission
line. For best results, an aerial should be
placed as far away from buildings as
possible, and that means that the
transmission line, or feeder, will be long,
often considerably longer than one
wavelength. Ideally, we want the waves
to travel along this line from transmitter to
aerial, but if we get things wrong, the
waves may be reflected back to the
transmitter, causing a loss of radiated
power. The transmission line can, if not
correctly designed, waste a lot of that
precious power.

What happens? The line is carrying a
wave and it, like the space round the
aerial, has a characteristic impedance,
usually of 75 oehms or 300 ohms, depen-
ding on the construction of the line. Unlike
space, though, we can do things to a line,
such as shorting or open-circuiting the
ends. When we do such things, the line
can behave very differently, as we can
demonstrate by drawing wave diagrams.
A shorted line one quarter wavelength

long, for example, will behave like an
open circuit for waves of that length,
(Figure 9) and an open circuit quarter-
wave line will behave like a short circuit.
Pieces of line attached to the main line can
therefore be made to act like
transformers, or as resonant filters, mak-
ing the way the waves behave work forus
instead of against us.

Standing Waves and Travelling
Waves

Our ideal transmitter rig would feed
waves from the transmitter, up the
transmission line to the aerial where they
would be wholly radiated into space. The
speed of the waves along the transmis-
sion lineis not as high as their speedin free
space, and can be taken as about 66 % of
free space speed in coaxial cable and
85% of free space speed in twin-line
feeder. These ideal conditions are met if
the transmitter output impedance, the
feeder impedance and the aerial - plus
-space impedance are all identical at the
frequency of transmission. This is what is
termed a perfectly equalised load condi-
tion, with a non-resonant feeder. Such
conditions can be.approached even if the
equalisation is not perfect, providing that

“#—- AERIAL —

MATCHING
STUB

FEEDER
{TRANSMISSION LINE)
Figure 9. Using a matching stub to

match an aerial to a transmission line.
The stub acts like a transformer..

————» WAVE OUT

F Y N
AT S

AVl
\/ "\/

ANTINODE

—WAVE OUT (MAXIMUM
OLTAGE)

T SR
/ \\ // N\
/ \ / —\
N\ /\/\ /\/
.// \\ //

REFLECTED
WAVE

NODE
{ZERO VOLTAGE)

Figure 10. Reflection in lines. (a) Pattern
of a wave travelling along a line with no
reflections. (b) A wave travelling along a
line, with some reflection which causes
a wave to travel in the opposite
direction. (c) Total reflection, so that the
pattern shown, a standing-wave
pattern, forms. No energy is being
radiated from the line now.
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the length of the feeder can be adjusted,
or some other means of matching used.
As transmitters are universally con-
structed nowadays to have an outputim-
pedance of 50 ohms, aerials can be con-
structed to a variety of impedance values,
and feeders generally have an impedance
of 75 ohms or of 300 ohms. We usually
have to take some steps to match these
differentimpedances to each other.

At the aerial, this is achieved by the'

correct shaping of the aerial, or by the ad-

dition of ‘matching stubs’, which are the'

short sections of line that behavelike
transformers (Figure 10). At the transmit-
ter, the transmission line is matched to
the output impedance of the transmitter
by using a wideband variable transformer
which is called an aerial tuning unit (or
antenna tuning unit, if you must),
shortened to ATU.

How do we know when we have
achieved matching? The answer lies in
the way that waves behave when a
mismatch is present. The worst possible
mismatches are open circuits or short cir-
cuits, and these will both cause power to
be completely reflected back down the
line (Figure 11). Even a small mismatch,
however, will reflect some power, so that
measuring the reflected power is a good
way of measuring the closeness of the
matching. When a reflection occurs,
standing waves form on the line, causing
some parts of the line to be permanently
at higher voltages than other parts. The
ratio of the amplitude of such a standing
wave to the (desirable) travelling wave
amplitude (the one which goes up the
spout and radiates away) is another good
measure of matching, and we can obtain
instruments which measure this standing
wave ration, SWR for short. The SWR
meters use a type of bridge circuit to
balance the amplitude of waves travelling
up the transmission line against the
amplitude of waves reflected back, and
the lower the SWR reading the better is
your system. The minimum possible
value (because of the way the SWR is
defined) is one, but it's practically im-
possible to obtain such areading — if you
do it’s time to have the meter checked! A
SWR reading of less than two is pretty
good, and if the line is a low-loss type,
then you work with SWR values greater
than two without greatly reducing the ef-
ficiency of your system, because in such
circumstances, the amount of power
which you get out will not be greatly af-
fected by the SWR value. If the line is
lossy (low-grade coax, for example), then
high SWR spelis low power output, and
there is also the danger, whenever the
SWRiis high, that the reflected power will
damage PA stages. Valve output stages
are very much less likely to be damagedin
this way than transistor stages.

Note by the way that the ATU will be
used to match the transmitter to the
transmission line. If the aerial is not cor-
rectly matched to the line, then no
amount of fiddiing with the ATU will get
the SWRreally low.

Aerial Shapes and Sizes
One thing that will strike you when you

look through magazines and books is theQ

huge range of aerials that you will find
described, and the claims that are made
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BALANCED

Figure 11. A balun circuit. A
transformer construction is shown, but
the balun can be constructed with
lengths of transmission line.
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Figure 12, A trap dipole aerial. The trap
is the parallel resonant circuit in each
arm of the aerial.

for them. You might easily conclude that
almost anything could act as an aerial —
and you're quite close to the mark.
Almost any piece of wire will act as an
aerial for reception and for transmission
anything that can be matched reasonably
well will get a signal out. To get the best
from the power of your transmitter,
though, a correctly designed, con-
structed and matched aerial is essential.
The simplest type of aerial to construct
is the half-wave dipole. This means a
length of wire or rod equal to half a
wavelength (allowing for the length of a
wave on a wire being about 80 per cent of
the length in free space), and cut at the
centre to allow two connections. The im-
pedance atthe centre of such an arrange-
ment is about 70 ohms, and resistive for
the frequency at which the aerial is one
half wavelength long, or an odd number
(one, three, five, seven etc) of half-
wavelengths long. An aerial of this type

looks like a good impedance match for 70-

ohms coaxial cable, but there is one snag
— the aerial is a ‘balanced’ arrangement,
requiring signals of opposite phase on its
two arms, and arranged so that the sum
of the signals is zero. Coaxial cable, by
contast, is unbalanced, with all of the
signal on its inner core, and the outer core
earthed. To ensure correct matching of a
dipole aerial with coaxial feeder, then, we
need a unit which will obtain balanced
signals at the end of the coaxial cable;
such a unit is called a ‘balun’, short for
balanced to unbalanced transformer
(Figure 12). This can be constructed — it
consists of tightly-coupled windings on a
ferrite core — but is more easily bought.
Coaxial cable is convenient because most
transmitter outputs are unbalanaced, so
the coax is the most obvious type of
feeder to use, being comparatively cheap,
and with a balun at the end it operates

FEEDER

Figure 13. A folded dipole. Folding
increases the impedance fourfold.

% WAVELENGTH
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Figure 14. A simple vertical aerial. The
snag is getting an efficient earth.
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Figure 15. A horizontal (Hertz) type of
aerial, and matching section.
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Figure 16. A Marconi aerial, much
favoured at low frequencies.

very satisfactorily. If you use a transmit-,
ter which has abalanced output, then you
must use either twin line (balanced line) or’
the correct impedance (usually 300
ohms), and no balun at the aerial end, or
you can use coax with a balun ateach end
of the cable. In general, the fewer devices
like baluns that you need to use, the bet-
ter, because each device mustlose some
power. '

Because the simple half-wave dipole is
aone-frequency (plus odd-numbered har-
monics) aerial, many variations on the
design attempt to extend its use to other
bands. The most successful of these
variations is the "trap dipole’, which uses
two sections in each half of the aerial,
separated by a parallel LC circuit (tuned
circuit). At its resonant frequency, its im-
pedance is so high that it completely
isolates the outer sections of the aerial, so
that only the inner sections radiate. Figure
13 shows the arrangement of a trap
dipole aerial that can be used at amateur
frequencies ranging from 3.75MHz to
30MHz. The trap uses a 10uH coil and
50pF capacitor, making it resonant at
around 7.1MHz. The inner dipole is of
9.85 m and the outer of 6.46 m. it can
give SWR figures of less than 2.5 on all
the amateur bands withinits range.

At 7NJHz, the resonant trap complete-
ly isolates the outer sections of the aerial
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from the inner ones, so that the inner sec-
tions are used as a straightforward 7MHz
dipole. At 3.5MHz, the total length of the
aerial, plus the equivalent length of the in-
ductor of the trap, gives an aerial which
will operate well at this low frequency.
Above 7MHz, the end sections are not
isolated but, with the operating fre-
quency well above the resonant fre-
quency of the traps, the traps act as
capacitors which will resonate with the
inductance of the outer sections of the
aerial at frequencies which are odd har-
monics of the fundamental frequency. At
14MHz, for example, with a wavelength
of around 17m in wire, the half-way
length is; 8.57m, and 3/2 wavelengths
(three half-waves) amount to 25.7m.
The combination of the 2 X 6.45m
outers with 2 x 9.75m inners, plus the
capacitance of the trap, produces the
same effect as this length of aerial.
Similarly, it acts as a five-halfwave aerial
at 21MHz, and as aseven-halfwave aerial
at 28MHz. The aerial matches well to a
75 ohm line, but, like all muitiband ar-
rangements, will not have the same high
performance in every band. You can’t
have it all ways.

A simple dipole matches to 750hms,
but if the dipole is folded, as shown in
Figure 14 then itsimpedance is four times
as much, 300 ohms, and this arrange-
ment can be fed by 300 ohm twin line,
providing that suitable matching exists at
the transmitter. A dipole can always be
matched by using ‘matching stubs’:

'quarter wavelength pieces of transmis-

sion line (Figure 10) with the feeder at-
tached at any point which gives the mini-
mum SWR reading.

Dipoles can be formed into Yagi ar-
rangements by adding reflector and direc-
tor wires parallel to the dipole. A Yagi is
much more directional than a plain dipole,
so that it's useful mainly if you are trying
to get out with maximum power in one
direction only. The impedance of a dipole
is considerably reduced by adding the
other sections to make a Yagi but, by
folding the dipole part, a reasonable
match to 750hms can usually be achiev-
ed.

Unbalanced Aerials

An aerial can be fed from one end rather
than from the centre, and in such a case
unbalanced coax cable is appropriate as a
feeder. One form of unbalanced aerial is
the vertical type, using a quarter-wave-
length of vertical wire fed by 50 ohm
coaxial cable (Figure 15). This type of
aerial needs an earth under the wire, and
because satisfactory low-resistance
earth connections are difficult to make
unless you live in a bog (| mean a peat-
bog, of course), the ‘ground-plane’ con-
struction, using wires a quarter of awave-
length long arranged as radii of a circle on,
or just under, the ground can be used in
place of an earth connection (Figure 16).
For VHF, the roof of a car makes a good
ground plane, and lower frequencies can

be catered for by using a loading inductor
to increase the effective length of the
aerial.

Another type of unbalanced aerial is
the end-fed horizontal wire of Figure 17,
which, for best results, should be half a
wavelength long. Careful matching is
needed to avoid harmonic radiation, and
it’s usually better to use a dipole unless
you are keen on experimenting. An aerial
of this type for the lower amateur fre-
quencies needs a lot of wire, and shorter
lengths can be used in what is called the
Marconi aerial. This one uses an inductor
connected at the far end of the aerial
(remote from the feeder), with an auto-
transformer and capacitor at the feeder
end for matching purposes (Figure 18).
An earth directly into soil (NOT to mains
earth or to a water pipe) will be needed.

In general, if you want to make your
own aerial, then you must consult some
of the’ magazines and books which are
published by the RSGB (in Britain) or the
ARRL (in the US). These are gold-mines of
information on amateur radio, and if you
are a determined constructor you will find
in their pages information on every imag-
inable thing which has any application to
amateur radio transmission and recep-
tion.

Next month: interference problems,
and what to do about them.

19” RACK MOUNTING CABINET.
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TOOLS

EXPO DRILLS

KITS

ACCESSORIES

lightweight, suspended or bench munted
Polisher/Grinder (iltustrated),
engineering works in particular,
jewellery, electronics, sculpture and model engineering. The
Flexible Drive is light in weight, highly flexible, and bends
without strain. The Hand Piece is' aluminium and has two
baliraces to obtain maximum precision at high speed, and is
complete with a pin chuck and four steel collets, zero, 1.5mm,
2.5mm and 3.0mm.

has been designed for smaii
clock making, dentistry,

Please send 35p for our latest catalogue of tools, power units,
stands, flexible drives and other products

EXPO (DRILLS) LTD cLock TOWER
WORKS, BROOK LANE

WARSASH HANTS SO3 6FH

Teiephone: Locksheath 83966/7/8
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ELECTRONICS

‘STEREO TUNER
MODULE

3BAND — L.W./M.W./F.M.

MONO/F.M. STEREQ
# FULLY ASSEMBLED
* COMPLETE WITH

CIRCUIT DIAGRAMS
FERRITE ROD AERIAL
4 WAY FUNCTION SWITCH
WITH POINTER KNOB
12V d.c. INPUT SUPPLY
OUTPUT 0-1V R.M.S. ADJUSTABLE

WAVEBAND COVERAGE:
L.W, 165-270KHz

M.W, 625-1650KHz

F.M. 87.5-108MHz

F.M. SENSITIVITY 2.5uV

PRICE £6. 00 (PLUS £1.25 p&p)

# 2 WAY SPEAKER KIT — High Quality Peerless 61“ Full
Range & 2” Tweeter. 8 ohms, 26W rms. Complete with Cross-
over Network and Full Wiring Diagram. PRICE £5.75 ipLUS £2 pép)
# 3 WAY SPEAKER KIT — High Quality Peerless 8” Woofer
& 5” Midrange & 2” Tweeter. 8 ohms, 40W rms. Complete
with Crossover Network and Wiring Diagram. PRICE £9.26
{PLUS £2.50 p&sp)

# 12V d.c. POWER SUPPLY UNIT 220/240V 50Hz input.
14.3V d.c. output Max. 1.1VA. Manufactured in U.K. to
BS4435. Switched-Centre: Off. 3 Forward and 3 Reverse

Posmons Complete with input and output leads. PRICE £2.50
PLUS 75p pétp)

ALL GOODS FULLY GUARANTEED. DESPATCH BY RETURN OF POST. PRICES
APPLY U.K. ONLY. TRADE ENQUIRIES WELCOME: CALLERS BY
APPOINTMENT ONLY PLEASE.

MEON eLecTrONICS
49 Wadeson St., London E2 9DP. Tel: 01-981 7834

UNIVERSAL NICAD CHARGER
TYPE FC4 £24.50+ £1.50 PaP

1240 v AC 60 Watts. Capabilities : Will trickle charge at
Pc:we' ’EQU"EI’“‘E"‘ " 14 hrs. rates up t0 12,
nstant curren
enerator : Variable from 10 mA to 1.2 V Cellsor 2 110I mAH
y 4 amps, Log Scale. 8.2 V mass plate cells.
'Regula'tion OK’ lamp Wil fast chargeAup 107 of
ingui: igh most types of sintered
Ie:a‘('jngmsnes . 1.2 V cells within one hour.
Auto Timer : Variable from 1 min. to

60 mins. + 14 hrs. switched

e At 4 amp rate :D Cells .. 60 mfnsA
position. CCells ...... 30 mins.
SonlaRad S 506 C Cells .. .. 18 mins.
Sasons; AA Cells . . 7 mins.

Timer on lamp.

:Power on lamp, mains
switch on current control
knob.

Other Indicators {Note: Lower currents and longer times may of

course be used)

SOUTHERN TECHNICAL
SYSTEMS,

UNDERLYN FARM,
MAIDSTONE ROAD,
MARDEN,

KENT TN12 9BE .
Teléphone Maidstone 831022

NEW SURPLUS RELEASE

Ex-GOVT LEAD ACID ACCUMULATORS. Brand new 10V SAh famous manutacture, Easily tap-

ped in 2V stages. Size only 7inx5inx2in. Ideal for emergency lighting and power supplies. Burglar
alarms, etc. Must have cost Govt over £20 each. Our price £5.50 each, carriage £2.50. Two for £10
camage £3.50. 4 for £18 carriage £6. 8 for £32 carriage £10. All despatched unfilled. Robust wooden

ay with carrying handies. Holds 8 accummulators £5.

CORDLESS INDUCTIVE LOOP HEADPHONES. Self powered. Input via loop or eternal min BNC
socket. Contains transistorised high gain amplifier. Operates from internal batteries. Noise excluding
muﬂs Swhch on when placed on head. Special offer while stocks last £8 pp £2. Two pairs for £12

UGN‘TWEIGNT HEADSETS {Govt release). Brand new 600 ohms impedance. A bargain at £3.60
pp £1. Two pairs for £7 post free.
RIDICULOUS RESISTOR SALE Brand new } watt carbon film resistors. 5% tol. High quality
resistors made ot . E12 range IRO to IOM in lots of
1000 (25 per value). Onh/ £8 per 1000. Lots of 5000 for £36. 1 RO to 10M. 1000 PCB type resistors
£2.50. Bulk purchase enables us to offer 1000 mixed pre-formed carbon fitm resistors, 5% tof for
PCB mounting. Huge range of preferred value, £2,60 per 1000. 4000 for £8. Postage 15p in £1.
GENUINE AFV TANK HEADSETS AND MIKE £3.50 per pair pp £1. 2 pairs £7 post free. All head
phones fitted with Ministry jack plugs 28p each. 2 for 40p. Headphone
extension sockets ava-inble at 25p each 2 for 40p. Impedance of first two items 600 chms. All head-
phones in good conditiot
SCOOP PURCHASE: PYE SOCKET PHONE RECEIVERS. Type PF1 normal freq. 450 mHz.
SUpleed in used condition less battery. £4.50 each. Carriage £1. Two pairs £8.00 post free. Four
pairs £16.00 post free.
THE GOVT, SURPLUS WIRELESS EQUIPMENT HANDBOOK. Gives detailed information and
clvcun diagrams for British and American Government Surplus Receivers. Transmitters and Test
. etc. Aiso details and improverments for Surplus equipment. In-
corporated is @ Surplus/Commercial cross referenced valve and transistor guide. The standard
reference work in this field. Only £7.80 p+p £1.50. No VAT on books.
New reisase of MODERN DYNAMIC MOVING COIL MICROPNONES 200 ochms impedance,
Switch Incorporated. Mostly with lead and DIN plug. Used but nice condition. Three designs of case
housing. Price one mike our choice £2 plus 50p pp. Bargain offer all three mikes £4.50 pp £1.
GENUINE EX-GOVT. COLLAPSIBLE AERIALS. A fully adjustable highly efficient whip aerial in
five sections. Length 1; metres. Closed 300 m/m. Copper plated séctions. As used on ex-Govt.
Manpacks. Brand new in makers box £2.50 each pp 75p. Two for £8 post free.
HAVE YOU SEEN THE GREEN CAT? 1000x of new components, radio, electronic, audio at
unbelievably low prices. Send 50p and receive catalogue and FREE RECORD SPEED INDICATOR.

Try a JUMBO PACK.
Contains transistors, resistors,
€aps, pots, swnches radlo
& electronic devices.
Over £50 worth for £11
Carriage & packing /.
£2.50.

MIN] JUMBO PACK (£20 worth}
For £6 pp £1.50. PLEASE ADD 15% VAT to ali orders including carriage and pp

IRyers Efectronie

Deyjess

12/14 Harpur Street, Leeds, LS2 7EA. Tel: 462045

New retail premises at above address (opposite Corals)
‘ Callers weicome 9 to § Mon to Sat. Sunday 10 till 3. Govt Surplus items always in stock
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Outstanding Features
® Super strong nylon and steel
construction, built to last ® A total of 8
directions plus 2 large fire buttons ® Arcade
; proven moulded leaf switches ensure incredible

reliability ® Complete with self contained boxed
interface which simply plugs into the Spectrum expansion port (with or
without printer) ®Easily programmed in BASIC or M/C.

These arcade games, designed exclusively for the Joystick by leading
software houses, are now available for Spectrum:

TimeGate M/C 48K £695  Spooky Man M/C
Meteroids M/C 16K £695  Cosmos M/IC

Watch this space for new software! Available only from:

KEMPSTON

MICRO ™ ELECTRONICS

16K  £4.95
16K  £4.95

Dept HE3, 180a Bedford Road, Kempston, Bedford MK42 8BL
— -
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‘WITCHED MODE PSUs

pecially for those interested in extending their knowledge of
lectronics (which must be about 100% of you), we are
eturning to the Designer’s Notebook feature with not one

ut two articles. As you may gather from the heading, one of
hese is not a million miles away from the subject of switched
1ode power supplies, one of the design fields often regarded
§ a no-go area for the hobbyist — that is, until that hobbyist
eads ETI. The other Designer’s Notebook will be on voltage
nultipliers, so start queueing at the newsagents now.

REAL-TIME CLOCK CALENDAR
\ project for all those readers with 6502-based micros that
an't tell the time, or remember what day it is. If you liked the

3502 Sound/DAC card this month, you'll love this project: Hw-riin- M

snly in the April edition of ETI.
ZX81 MUSIC BOARD

This is a quite sophisticated though cost-effective music board
lor the ZX81. The board is capable of playing music without
continuous CPU maintenance, and three notes may be played
at once, each with independently variable volume. If you want
more out of your micro, get next month's ETI.
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NDFL

NDF what? We’re afraid you'll have to wait until the next

ETI is published to find out what those letters stand for, but it
will culminate in an entirely new audio amplifier design.
Sounds interesting. Meanwhile, here are a few clues . . .
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‘Articles described here are in an advanced state of preparation. However, circumstances may dictate changes to the final contents.
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M Feature

CARC

Keith Brindley

OYAGER
OMPUTER

Ex HE-Man Keith returns with a tale about a kit designed
for more economical motoring.

THE Voyager kit arrives through the
post, from Sparkrite, securely pack-
ed in a polystyrene foam box, which has
formed spaces for each main part.
Everything you need to build and fit the
kit (except tools) comes with it, and that
includes wire, solder, nuts & bolts, and
screws. All you have to supply are the
necessary tools (a small soldering iron,
long-nosed pliers, wire cutters, a small
screwdriver and a small cross-head
screwdriver) plus a reasonable com-
petance at soldering.

There are, apparently, over 300 parts
{(mechanical and electronic) in the kit (|
didn’t stop to count them) and it took
about five hours’ continuous work to get
the Voyager ready for installation into a
car. A very good instruction booklet
takes the builder through each stage, ina
clear and concise, step-by-step way.
The tasks are divided into the assembly
of three printed circuit boards (PCBs):

1) Ice-warning PCB

2) Main display PCB

3) Keyboard PCB
followed by instructions for fitting the
ice-warning PCB into its metal housing
and fitting the other two boards into the
plastic Command Module housing.

Without a doubt, the most difficult
board to construct is the main display
board. There are about 80 electronic
components to insert and solder; in-
cluding a fair nhumber of polarised com-
ponents, so great care must be taken to
selectthe correct components. This PCB
holds all main integrated circuits and
they all are soldered directly into the
board — no IC sockets are used. But the
Anstructions are quite clear on how to
solder them in without damage. The
vacuum fluorescent display also mounts
onto this board, but is raised (by about
5 mm) from the board’s surface.

The keyboard PCB contain sixteen
push-button switches and a bank of six
small bulbs (to backlight the front panel);
only three other components are
soldered onto this board.

These two PCBs are interconnected
in a number of places but, instead of
wired connections (which can mean a
‘birds-nest’ of leads), the connections
are made by fixed PCB connector plugs
and sockets. Thus, the two boards are
literally pushed together and pulled
apart. A thin sheet of plastic film fits bet-
ween them to prevent possible short-
circuits. The whole arrangement makes
a neat and professional combination
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which fits easily into the plastic Com-
mand Module housing which is then
ready for its front panel and fitting into
the car.

Three sensors, one to measure
temperature for the ice warning, one for
fuel-flow and one for distance/speed
measurement, have to be fitted to the
vehicle. Temperature is detected by a
thermistor, which should be mounted
somewhere away from possible sources
of heat which could affect accuracy. The
Voyager fitting instructions, in a
separate fold-open booklet, suggests
that the temperature sensor be mounted
either in the space behind the vehicle
grille (but well clear of the radiator) or
behind the front bumper.

Fuel-flow has to be measured by in-
serting the sensor, the right way round,
into the carburrettor feed pipe. All

necessary clips and connection pieces,
for all standard petrol-engined cars but
not high-pressure fuel systems such as
diesel or petrol injection), are supplied.

Next, the speed sensor and magnets
have to be fitted to the vehicle so that the
magnets rotate past the sensor at a
rate proportional to the speed of the car.
The magnets are tied securely onto the
car’s propellor shaft on a rear-wheel
drive car, or to one of the two drive
shafts of a front-wheel drive car. The
number of times a magnet passes the
sensor is proportional to the number of
times the road wheels turn, and hence
proportional to vehicle speed. This, in-
cidentally, is the same system used in
the HE Digital Speedometer of the
December 1980 issue.

| fitted my Voyager Command
Module centrally, above the dashboard

The collected parts of the Voyager kit.
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The manual is
well written and clearly 'illustrated.

of my car, using the special windscreen
fitting, self-adhesive pad and short, ball-
jointed connecting rod. A variety of fit-
ting methods are supplied in the kit to
enable the module to be mounted above
or below the dash in most required posi-
tions.

Connections between the various
sensors and the Command Module are
made by joining the leads from each sen-
sor to one end of a length of ribbon cable.
The ribbon cable is fitted with a female
connector to mate with the male connec-
tor in the rear of the Command Module.
At the sensor end of the cable, individual
plugs and sockets are used to connect to
the sensor leads. Power connections are
all made using fuses and the special clip-
type connectors supplied. Again, easily
understandable instructions make the
module fitting an easy — if time-
consuming — job. Voyager is, at this
time, ready to test, calibrate and use.

Road Test

Testing is a straighforward pro-
cedure, given in the operating handbook,

to make sure all functions are up and run-

ning.

The microcomputer, within Voyager,
needs to be programmed to suit the car it
is fitted to. This entails driving over a
measured distance and keying in that
distance (to calibrate the distance/speed
sensor) and then using a measured
amount of fuel and keying in that amount
(tocalibrate the fuel sensor). At the end of
this calibration period, Voyager can be
programmed to provide two figures
which the user should note. Then if, at
some future date, Voyager is removed
for any reason, or if the car battery is
taken out and Voyager's internal
memory is erased, the figures can simply
be re-inserted, thus saving the bother of
having to go through the whole calibra-
tion procedure again. The kilometre-
spaced marker-posts on a motorway
are a convenient measure of the distance
to programme into Voyager.

Eating up the miles, my car went
through about seven gallons of petrol on
a motorway trip, so | was very quickly
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The assembled PCBs before installation.

able to see Voyager fully operational.
One of the most amazing things you
become aware of on a ‘consumption
now’ reading ie, how many miles-per-
gallon the car is doing on a second-by-
second basis, is how little fuel is used
cruising at high speed, and how much
fuel is being guzzled around town, in
lower gears. For example, at a constant
70 mph in top gear my car registered
about 32 mpg, whereas in second gear
the car registered no higher than 12 mpg
(at any engine speed) and in third gear:
22 mpg. The most economical speed of

all was about 60 mph, when the car
returned over 40 mpg.

All-in-all, Voyager represents good
value for money as a well presented and
well produced kit. It’'s fun to build, and
can, in fact, save you money if you
watch your fuel consumption figures. If
you feel that you're not capable of
building it yourself, Voyager is also
available from  Sparkrite, (at 82
Bath Street, Walsall, West Midlands
WS 1 3DE) as a ready-built and working
device — all you have todois fitit to your

car. HE
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L The firm for Speakers

Bigger and Better
the colourful Wilmslow Audio brochure
— the definitive loudspeaker catalogue!

Everything for the speaker constructor — kits, drive units,
components for HiFi and PA.

50 DIY HiFi speaker designs including the exciting new
dB Total Concept speaker kits, the Kef Constructor range,
Wharfedale Speakercraft, etc.

Flatpack cabinet kits for Kef, Wharfedale and many others.

* Lowest prices — Largest stocks *
* Expert staff — Sound advice *
#* Choose your DIY HiFi Speakers in the comfort of our #
two listening lounges
{Customer operated demonstration facilities)
* Ample parking *

Send £1.50 for catalogue
{cheque, M.O. or stamps — or phone with your credit card number)

# Access — Visa — American Express accepted ®
also HiFi Markets Budget Card.

0625 529599

CAN WE SELL YOU SOME
FRESH AIR?

ZEPHION

NEGATIVE (ON GENERATORS

Dr J.B.Smith writes:— "Did you know that the air you breathe
7s made up of billions of tiny molecules, many of which may
be either positively or negatively charged ? . The negatively
charged molecules (called ions) are particularly interesting.
For eldmple. they attach themselves to dirt, smoke and pollen
particles in the air making them heavier so that they fall to
the ground, leaving behind purer air for you to breathe !

The ZEPHION negative ifon generator produces millions of
these negatively charged molecules every second, flooding your:
home or office with mv:goratmg mountain-fresh air.

Many users of these fon generators claim greatly increased
alertness, loss of lethargy (particularly in stuffy, smoky
offices) and relief from hay fever, asthma and many breathing
problems. "

| BULLD IT YOURSELE! __ ____ cip e cowonne
TO:— Dataplus Developments NAME : —
81,Cholmeley road =il i
Reading, Berks. ADDRESS : —

RG1 3LY TEL:- 0734 67027
PLEASE SEND :- - - =

ZEPHION KITS @ £21.50p
Kits include all parts)
ZEPHION AIR TONERS Money immediately refunded If
BUILT AND TESTED. @ £29.80p items returned in good condition.

Prices inclule VAT & postage; allow 14 days for delivery. BATAPLUS PE

WHOLESALE & TRADE COUNTER
BOWNESS MILL, SHAWCLOUGH ROAD,
WATERFOOT, ROSSENDALE, LANCS. TEL:
ROSSENDALE 215556
RETAIL SHOP
6A TODD STREET, MANCHESTER (next to
VICTORIA STATION) TEL: 061-835 1185

Teletekst Panels
Main Board, and information, untested £15 set

200 MHz frequency counter kits
Kit contains 2 PCB’s one for main component and one for
displays. 8 digit. All parts except case (using the ICM 7216B
£45 set

Stereo Cassette Deck

COmplete with pre-amplifiers £14.95 + £1.50 P&P
AY-3-8500  200p LM319 200p A132
AY-53507  200p LM324 350 ¢ Necos ?gg: o haer
éx-;;g:oo? zogp LM 339 600 | NEsgE 160p TDA2530 300p
i 11855 :gov LM 380 85p | NE 5018 700p TDA2540  350p
P LM 1458 S0p | NG 6553 120p JTDA2541 3509

ICH 8510KA 1000p LM 2901 80p | NG 56554 120p TDA 2866073 350p
ICL 7103 400p LM 3401 80p TBA 810P 80p TDA2571A 375p
ICL7106  750p LM 3900 55 | TDA 1001A TDA2581  325p
ICL7109  800p Menhn 150n | TDA1003A 220p TDA2611A 225p
(CIHOSRBRIREIngD MC 1312 TDA1004  300p I[DA3310
LR o MC 1327 TDA 1008  300p, TDA3950
ICL 8049 1000p MC 1349 TOA 1050 250p * Computer ICs
ICL8260 MC 1360 80p  TDA 1071 2o b
ICM7205IPG 900p  MC 1357 TDA1170  200p 4118 sop
ICM7211  400p  MC 1456 80p | TDA1190  200p 2174 20
ICM7212  300p MC 1488 150p
ICM 72168 1800p MC 1489 200p
ICM 7216C  1800p MC 1495 320p
ICM 72160 MC 1496 80p
1CM 721 7C MM 53100N  200p
1CM 7218 MM57105  200p
ICM 7235A Ereen
L1687 R

NE 543K 200 )

NE 541 5 ALL PRICES INCLUDE VAT

NG 550 90p PLEASE ADD 50p P&P

NE 555 16p

NG 556 40p

NG 558 100p

Call in the shop for lists and a
browse. We feel sure you will
be pleasantly surprised at the
stock we keep.

62 NAYLOR ROAD

DELTA TEc LONDON N20 OHN

All items full spec and by well known manufacturers. Prices VAT inclusive. Postage
20p. Mail order only. Phone 01-445 8224, SAE for full list including capacitors,
resistors and others.

POWER SUPPLY PCB for 1A5/5V/12V )
Full data supplied INS459
MAINS TRANSFO 2N6027
Compact by air-link 360p aIN128
PRESETS horizontal mini 100R to IM CMOS

4p
LOG POTS 4K7, 22K, 47K, 220K, 470K
20p

2M2 .
ZENER DIODES {400mwW} 3V3 to 27SV
P

LEDS 3mm red, green, yellow and 5mm
green, yellow 9p. ORP12
BARGAIN PACKS useful values only
100 ceamic capacitors . 1
100 polystyrene capacitors
100 polyester capacitors ..
100 electrolytic capacitors
. 100 carbon film resistors ..

THYRISTORS | AC187K 13p
8A/400V  30p
12A/100V  16p
VOLTAGE
REGULATORS

TRANSISTO-
RS

AC127 20p
AC128 22p
AC187 2NA058 to

TBAB418X1 150
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Famous Names B

lan Sinclair

Herman Hollerith

An inventor who made a fortune from...a piece of cardboard?

THE HOLLERITH CARD was a device
which was widely used in the dawn of
computing, but the life and work of Her-
man Hollerith is not as well-known as it
might be, despite this major contribution
to the 20th Century.

Herman Hollerith was born in 1860 in
Buffalo, New York State in the USA, of
German immigrant parents. He went
through school with little distinction, and
graduated from Columbia University
School of Mining in 1879. He is,
therefore, yet another example of an in-
ventor who made his name in a field of ac-
tivity for which his training was virtuaily
irrelevant. The moral of this is, that it's a
background knowledge of subjects like
maths, chemistry and, especially,
physics, along with that indefinable urge
to solve problems which motivates the
true inventor that counts, rather than
what you specialise in — though it
sharpens your mind to have specialised in
something. Hollerith, in fact, never pur-
sued acareer in mining engineering.

Computer Challenges

One of the lecturers at Columbia at that
time was William P. Trowbridge, who
was placed in charge of the 1880 census

by the US Government. Trowbridge °

found that Hollerith was interested in
what he (Trowbridge) was doing, and ap-
pointed Hollerith as his assistant in the
slow and laborious process of gathering
and' analysing statistics for the census.
When most of the work was finished,
Hollerith took a teaching job at the newly-
founded Massachusetts Institute of
Technology, and after that, for the best
part of ten years, he worked for the US
Patent Office in Washington as a Patent
examiner. There must be something
about this type of work that provokes
curiousity, because this is the job that
Einstein also was doing while he for-
mulated the Laws of Relativity.

Hollerith seems to have spent most of
his time outside the office in brooding
over the problems of the census. The
tabulation work in the 1880 census had
been done by hand, and even by that time
the job was clearly becoming too much,
with the looming danger that the results
of one census would not be analysed by
the time of the next one! Hollerith realised
that only an automated system could
possibly cope with the information from
the next census in 1890, because of the
huge increase in the population of the US
and the number of new headings that
would have to analysed. There were, for
example, several hundred new job titles”
to account for, and the flood immigrants
to the US meant that the statistics on the
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origins of new citizens were expanding
enormously. Hollerith set about designing
a system that would cope with the ex-
pected flood, and the results of his work
were the beginning of data processing,
the foundations of information
technology.

A Simple Idea

The idea he came up with was, like so
many good ideas, basically quite simple.
Each census result was tabulated by pun-
ching holes in a card, using a card of as
many columns (for headings) and as
many hole positions (for data under each
heading) as were needed. Modern cards
use ten hole positions 40 columns. Each
of these columns would be used to repre-
sent some measurable quantity, such as
age range, and the position of the hole
punched in that column would show the
answer of that particular respondant.
Similarly other answers on the sex,
employment, marital status, number of
children and educational achievement of
the people who replied could be coded in-
to one small card by the position of the
hole punched in each column. The holes
were punched by a small machine, like a
cash register, and the rate at which a skill-
ed operator could prepare cards fromcen-
sus forms was an enormous improve-
ment on the filling-in of tables by hand.
The Hollerith cards were made from a
non-conducting material, cardboard, so
that the presence of a hole in a card could
be detected electrically. This meant that
comparatively simple electromechanical
machines, using contacts and relays (no
electronics in these days!) could carry out
sorting. Even nowadays, the sight of a
Hollerith card sorter in operation is rather
awe-inspiring, as the cards are whipped
across the sorting slots and pushed into
the correct piles by small solenoids.
Hollerith hoped, incidentally, that letters
would be sorted in the same way, but this
development did notttake place.

Beasties / 2
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Statistical Breakthrough

Hollerith’s cards, and the punches and
readers that he had developed to make
use of them, were just the breakthrough
that statisticians needed, because
methods of tabulation that depended on
metal rods fitting into the cards had prov-
ed to be much too slow and cumbersome.,
By using electrical contacts on each side
of the card, Hollerith’s system ensured
very rapid reading, so that the resulits of
a census could be available in a few
months. His system was ready for the
1980 census, and it proved enormously
successful, drastically shortening the
time that was needed to obtain results
from the census. It would probably be no
exaggeration to say that this prompt
availability of statistics laid the founda-
tion for the expansion of the US economy
which persisted for the next 40 years.
Oddly enough, though, despite the clear
advantages of the system, and the un-
doubted success that it had, it was not.
widely adopted in the US outside the cen-
sus office. For some curious reason, com-
panies in the US at that time did not ap-
pear to realise the usefulness of
Hollerith’s data processing system.

In a strange reversal of the normal pro-
cedure, Hollerith took his invention to
Europe, where it was enthusiastically
taken up for statistical purposes (but not,
at that time, in the conservative UK), and
encouraged by this success, Hollerith
returned to the US to form the Tabulating
Machine Co., incorporatedin New York in
1896, to manufacture tabulators of “all
types. This time the idea caught on, and
tabulating machines bearing the Hollerith
imprint started to appear in the accounts
offices of organisations all over the world.
The name ‘Comptometer’ started to be
used — how many readers remember the
number of job vacancies for comptometer
operators in the late 40s and early 50s?
The punched-card system became a
world standard, and when | first started
computer programming, the program had
to be punched onto Hollerith-type cards.
Herman Hollerith himself died in 1929 in
Washington, D.C.

Whatever became of the Tabulating
Machine Co.? Well, it's a fact of life that a
lot of companies that start off with a few
employees, and are successful, will even-
tually grow to be very big companies. The
Tabulating Machine Co. was absorbed by
one take-over after another, devoured
other companies in turn, and eventually
changed its name to International
Business Machines, now the jolly green
giant of computer manufacturers. |
wonder if Acorns grow as fast? HE
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ELECTROVALUE

Understandably
Britain’s most popular
and relied-upon
suppliers of

SEMI-CONDUCTORS
I.Cs
COMPONENTS
COMPUTING EQUIPMENT
TOOLS, BOXES, CONNECTORS
and much, much more

THE LATEST PRICE LIST TELLS ALL

Large S.A.E. brings your FREE copy by return
GOOD PRICES - GOOD SERVICE -DISCOUNTS

Send for yours now to:

ELECTROVALUE LTD.

Head Office, Mail Order Dept. and Shop
289 5t. Judes Road, Er;%l-ﬁ'ld Green, Egham, Surrey TW20 OHB

Telephone Egham (STD 0784; London 87) 33603; Telex 264475
Also in Manch for p i shoppers at:
680 Burnags Lane, Burnage, Manchestar M19 INA - Telsphone 061-432 4945
Computing Shop—

700 Burnage Lane, Manchestar - Telaphone 061431 4866
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D’ U2 1.2AH o1 |63 oe e ll[2Na0s3 STYLE 10%
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TECHNICAL TRAINING

IN ELECTRONICS,
TELEVISION AND AUDIO

IN YOUR OWN HOME — AT YOUR PACE

ICS can provide the technical knowledge that is so essential
to your success,knowledge that will enable you to take advant-
age of the many opportunities open to the trained man. You
study in your own home, in your own time and at your own
pace and if you are studying for an examination ICS guarantee
coaching until you are successful.

City & Guilds Certificates

Radio Amateurs ‘
Basic Electronic Engineering (Joint C&G/ICS)

Certificate Courses

TV and Audio Servicing

Radio & Amplfier Construction .
Electronic Engineering* and Maintenance
Computer Engineering* and Programming
Microprocessor Engineering*

TV. Radio and Audio Engineerin
Electrical Engineering.* Installation

and Contract ng *Qualify for IET Associate Membership

ey
CAQCC| Approved by CACC Member of ABCC

POST OR PHONE TODAY FOR FREE BOOKLET

Please sand me your FREE School of Electronics Prospectus.
Subject of Interest

.Name

Address

B o — {All Hours) 1
1 7 1 B 0 0 0 0 0 J ]

. Dept E262
l Rostio: I€S School of Electronics
160 Stewarts Road, 01-622 9911
I i tondon SW8 4UJ
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Send for my CATALOGUE ONLY 75p

(ptus 25p post/packing)

My all-inclusive prices quoted in the Catalogue are

the lowest. All below normal trade price — some at

only one tenth of manufacturers quantity trade.
See my prices on the following:

“CAPACITORS . . . ELECTROLYTIC; CAN, WIRE END, TANTALUM, MULTIP[E,
COMPUTER GRADE, NON POLAR, PAPER BLOCK, CAN, POLY, M!CA,_GEWIC.
LOW AND:HIGH VOLTAGE, RESISTORS. 1/8th WATT T0-100 WATT; 0.1% T0
10% CARBON, METAL AND WIRE WOUND + NETWORKS. FANS, BATTERIES,
SOLENOIDS, TAPE SPOOLS, VARIABLE CAPACITORS AND RESISTORS,
TRIMMERS, PRESETS, POTS . . . SINGLE, DUAL, SWITCHED, CARBON,
CERMET AND WIREWOUND, SINGLE OR MULTITURN, ROTORY AND SLIDE.
DIODES, RECTIFIERS, BRIDGES, CHARGERS, STYLIl, SOCKETS, PLUGS,
RELAYS, TRANSISTORS, IC'S, CLIPS, CRYSTALS, ZENERS, TRIACS,
THYRISTORS, BOXES, PANELS, DISPLAYS, LED'S, COUPLERS, ISOLATORS,
NEONS, OPTO'S, LEADS, CONNECTORS, VALVES, BOOKS, MAGAZINES,
TERMINALS, CHOKES, TRANSFORMERS, TIMERS, SWITCHES, COUNTERS,
LAMPS, INDICATORS, BELLS, SIRENS, HOLDERS, POWER SUPPLIES, HARD-
WARE, MODULES, FUSES, CARRIERS, CIRCUIT BREAKERS, KNOBS,
THERMISTORS, VDRS, INSULATORS, CASSETTES, METERS, SOLOER,
‘HANDLES, LOCKS, INDUCTORS, WIRE, UNITS, MOTORS, COILS, CORES,
CARTRIDGES, SPEAKERS, EARPHONES, SUPPRESORS, MIKES, HEATSINKS,
TAPE, BOARDS and others. '

Prices you would not believe before inflation!

BRIAN J. REED

TRADE COMPONENTS
| ESTABLISHED 26 YEARS
161 St. Johns Hill, Battersea, London SW11 1TQ

Open 11 am till 7 pm Tues. to Sat. Te|ephone: 01-223 5016
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anchester Home Computer Show
MIDLAND HOTEL
April 22/23/24

Your diary dates are: Sponsored jointly by:
Personal Computing Today

ZX Computing

. . . . September Computing Today

October Micro Update

Personal Software

At the Home Computer Shows will be a complete cross section of the
hardware and software available to the home user. The emphasis is on the
lower end of the price bracket with computers from £50-£400.

If you are interested in computers and what they can do for you then come
along to our COMPUTER ADVICE CENTRE: experts will be on hand to
give you impartial advice on equipment available.

Try out the machines in our own demonstration area and see programs
running covering educational, games and small business applications.

There is a COMPETITION at every show to:

WIN TWO COMPUTERS.

Win a computer for yourself as well as one for the school of your choice:

free entry form with advance tickets. Also available at the show with the

show catalogue. A
ADMISSION £2.00 (CHILDREN UNDER 8 & O.A.P’s FREE) g
AND IF YOU’RE A PARTY OF 20 OR MORE, THERE’S A 25% o
DISCOUNT o4
Friday 22 April ’83 (10am-6pm) é“é. £

Saturday 23 April ’83 (10am-6pm) Q
Sunday 24 April ’83 (10am-4pm) &

&

O®
| 2y 4

The Manchester Home Computer Show Y O 4@
Midland Hotel. (Opposite Town Hall). Y§ S%y
For advance tickets send cheque/postal order to: § &
ASP Exhibitions P 9 B
Argus Specialist Publications / \@{"‘ el B -
145 Charing Cross Rd, ¥{ & F
London WC2H OEE " ﬁ\«\ o
Tel: 01-437-1002 | &

bl &
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B Project

A super circuit
protector for all
mains-powered
projcts.

WHEN a stabilised supply becomes faul-
ty, this often results in a substantial in-
crease in the output voltage, but the first
indication that a fault has occurred s like-
ly to be when the supplied equipment fails
due to semiconducters or other delicate
components being damaged by the ex-
cessive supply potential! The voltage dif-
ference between the unregulated and
regulated supplies can be surprisingly
large, incidentally, with an overload in the
region of 50% being quite possibie if the
unregulated supply finds its way to the
output.

A simple method of protecting equip-
ment against an excessive supply voltage

is to use an overvoltage cutout between.

the power source and the equipment con-
cerned. The circuit described here is of
the ‘crowbar’ type thatinstantly short cir-
cuits the power supply if an input poten-
tial above a certain threshold level is
detected. The virtual short circuit that is
placed across the supply almost instantly
pulls the supply voltage down to a safe
level, and limits the duration of the
overload to an insignificant period of a
fraction of a millisecond. A fuse, in series
with the input of the cutout, then blows
so that power is cut off altogether until
the fault has been rectified and the fuse
has been replaced.

Itis possible to have a purely electronic
cutout, and this ‘crowbar’ method may
seem a little crude. However, it has the
‘advantage of a negligible voltage drop
through the fuse {which is the only com-
ponent in series with the supply), so that
adding a unit of this type should give no
degradation of performance.

The Circuit

The circuit dlagram of the Overvoltage
Cutout is shown in Figure 2. Operational
amplifier IC1 is used as the comparator,
while R5 provides a small amount of
positive feedback over IC1 so that the
output triggers either to the high state or
low state, but cannot be at an in-
termediate level. The output is low if the
inverting input (pin 2) is at a higher
voltage than the non-inverting input (pln
3), or the high state if the comparative in-
put levels arereversed.

The inverting input is held at a'stable
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Overvolt
Cut-out

[+V O~ =3~
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[2 R1 R4
%2 5k6 NOTES:
IC1 = CA3140
a1 Q1 = 2N3904
2D1=BZY88CEVS
= SCR1 = 2N6403
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Fig'ure 1. The circuit diagram of the Overvoltage Cut-out.

OUTPUT

\l-i“* |f

- e

L[&] F—=—

INPUT

SCR'I

Figure 2. The PCB component overlay. The full-sized foil pattern is reproduced on

the PCB Printout page.

potential of 6V8 by the simple Zener
stabiliser circuit formed by R2 and ZD1.
The non-inverting input is fed from the
supply lines via a potential divider whichis
formed by R1, R2 and R3, and this divider

circuit supplies a little under half the supp-
ly voltage to the non-inverting input. R1
and C1 form a simple filter which
prevents transients on the supply from
producing spurious triggering of the unit.
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Project B

With a nominal 12V supply (allowing
for the fact that some items of equip-
ent, such as a mains power supplies for
CBtransceivers, actually give about 13.8
Vi, and a car supply can reach a similar
Ie'vel), the potential fed to the non-
inverting input of IC1 is still below the

A COMPARATOR is used as the basis
of the circuit; this compares the supply
-/ voltage with a stable reference
voltage. Normally the difference
between the reference potential and
the supply voltage is quite small and
the output of the comparator is
consequently at a low voltage. The
thyristor, which it drives via Q1, is
therefore switched off and has no
effect.
If the supply voitage rises to a high
. enough level the potential difference
between the reference and supply

(+VO—E;

How It Works

6V 8 reference potential applied to the in-
verting input. IC1’s output is low, Q1 is
biased off and SCR1 is switched off.

The situation is different if a fault oc-
curs; if the supply voitage rises above
about 14.3V, the non-inverting input is
then the one at the higher potential. This

voltages is sufficient to trigger the
comparator to the high state and the
thyristor is then switched on via Q1. It
virtually short circuits the supply, so
that the voltage is reduced to a low
and safe level, but the high current
flow causes FS1 to blow and
completely cut off the supply from the
output. The unit is primarily intended
for use with 12 V equipment such as
power supplies for mobile CB
transceivers. The nominal trigger
voltageis 14.3 V.

FS1

IN4 V.REF

COMPARATOR THYRISTOR 7 ouT

RESISTORS

(All %4 watt 5% unless noted)

R1 . ... ... . . . . . . ..., 2k2

R2#3pw. ... . o e B 22k

BAS . . . s maeim - g 5k6

RIGEPS i A ! 2M2

R6E . .. .% . :d o mwranr 330R

RiZe . L B OR475W 10%

CAPACITORS

Cllmas . o e 10u
25V axial electrolytic

SEMICONDUYCTORS

ZD1 . L, BZY88C6V8

6V8 400mW Zener

Parts List

QN L0 . Al A 2N3904

[ e T b -l CA3140

SCR1........ 2N6403 orsimilar

MISCELLANEOUS

BSA". . L4 20mm quickblow fuse
current rating as required

Chassis mounting 20mm

fuseholder; input and output ter-
minals; printed circuit board; case;
6BA fixings, connecting wire, solder
etc.

BUYLINES . .......... Page 34
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causes the output of IC1 to be triggered to
the high state, turning on Q1 and SCR1;
the supply is ‘crowbarred’, with SCR1 ef-
fectively short circuit, and fuse FS1
blows. The output current ot IC1 is insuf-
ficient to reliably operate most thyristors,
and Q1 is therefore used as an emitter
follower buffer stage to produce a
suitably high drive current; R6 prevents
excessive gate current from flowing into
SCR1. R7 gives a certain amount of cur-
rent limiting when SCR1 is triggered,
although this is probably not, strictly,
necessary as SCR1 only has to conduct
for a few milliseconds before FS 1 discon-
nects the supply, and a considerable cur-
rent overload could probably be tolerated
for such a short duration.

FS1 is a 1 amp fuse on the prototype,
but the rating of this fuse must obviously
be varied to suit the particular item of-
equipment fed from the output. It should
have a current rating approximately equal
to or alittle higher than the maximum cur-
rent drain of the equipment being
powered. For example, a current con-
sumption of 1.8A would require a
2A fuse, this being the nearest current
rating available, but higher than the
1.8A figure.

Construction

All the components (including FS1 and its
chassis mounting fuseholder) - are
mounted on a printed circuit board which
is detailed in Figure 2. This is constructed
in the usual way, but bear in mind that IC 1
has a MOS input stage and therefore
needs the standard MOS handling
precautions. Both the CA3140E (which
is an 8 pin DIL package) and the
CA3140T (which has an 8 pin TO-99
metal package) will readily fit onto the
printed circuit board. Note that SCR1
does not need a heatsink, as it conducts
too briefly to heat up significantly. Any
thyristor having a current rating of about
12A or more should be satisfactory in this
design, and it is not essential to use a
2N6403.

The printed circuit board is small
enough to fit into practically any small
metal or plastic case. Pairs, of spring ter-
minals are fitted at each end of the case to
provide an easy way of connecting the in-
put and output leads to the unit, and these
are colour coded red and black to indicate
the polarity of the supply lines. Clearly
mark which set of contacts are the input
terminals and which are the outputs, and
be sure to connect the unit correctly.
There will be dire consequences if a
mistake is made here since, if the unit is
triggered, the fuse will not biow because
it would be at the output of the unit in-
stead of the input.

A simple way to test the unitis touse a
bench power supply to provide an input
voltage which is steadily increased from
about 10 volts until the circuit triggers; a
voltmeter is used to monitor the voltage.
The current limiting facility of the supply
canbeusedtoprevent FS1 from blowing,
and the circuit can then be reset by reduc-
ing the supply voltage and momentarily
disconnecting the supply from the input
of the unit. If necessary, the trigger
voltage can be reduced slightly by
decreasing the value of R2, or increased
by raising the value of this resistor. HE
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PRINTED CIRCUIT BOARDS (PCBs) for HE projects have oftenrepresented an L rs
obstacle for our readers. Some of you, no doubt, make your own RS

but our PCB Service saves you the trouble. ;
NOW you can buy your PCBs direct from HE. All (non-copyright) PCBs will be available |
automatically from the HE PCB Service. Each board is produced from the same master as
that used for the published design and so each will be a true copy, finished to a high stan- |
dard. |
Apart from the PCBs for this month’s projects, we are making available some of the
popular designs from earlier issues. See below for details. Please note that only boards for
projects listed below are available: if it isn’t listed we can’t supply it.

October 80 September 81 Computer PSU £7.68
Nobell Doorbell £2.64 Power Pack £1.69 Solar Radio £1.98
Intruder Alarm £2.561 Reaction Tester Game £1.71
Tug O’ War £2.65 ‘Diana’ Metal Detector £3.31 August 82
Digital Millivoltmeter
November 80 October 81 {Set of Two} £4.34
Memory Bank Synth: . Combination Lock £2.65 Audio Analyser
Mainboard PCB £3.31 {Set of Two) £11.55
Keyboard PCB £3.60 November 81
Party Grenade (set of three) £3.47 Sound Torch (Set of Two) £5.31 September 82
Double Dice £2.95 Signal lights
December 81 Main Module £1.96
December 80 Pedalboard Organ £5.64 Junction Module £1.70
Stereo Power Meter £2.83 ZX PCB £3.34
January 82 Slot Car Controller £1.98
January 81 Inteltigent NiCad Charger £2.83
Car Rev Counter £2.99 : October 82
February 82 Flash Point Alarm £2.13
February 81 Relay Driver £2.07 Negative Voltage Generator £1.49
Heartbeat Monitor £2.53 Mast-Head Amp £1.08 Squelch Unit £2.562
Audio Signal Generator £2.47
March 82 November 82
March 81 Digital Dice £1.40 Pedometer/Odometer £2.13
Steam Loco Whistle £2.65
April 82 ‘December 82
April 81 Digital Capacitance Meter £4.02 Phase Four £2.83
Super Siren £1.97 Dual Engine Driver £3.27 Microlog £3.98
Russian Roulette Game £1.60 Bike Alarm £2.45 Tape/Slide £5.26
{two boards)
May 81 May 82 I TVAmp £5.70
Voice Operated Switch £1.67 Digitai Thermometer £462 | Lofty £2.61
Organ 1 £4.64 (Set of Two)
Echo-Reverb £5.63 January 83
June 81 Cable Tracker £1.85 Chip Probe £1.82
Envelope Generator £1.87 Switched Mode Regulator £1.96
Organ 2 £2.53 June 82
Power Supply Design £2.48 February 83
July 81 Auto-Wah £3,08 Incremental Timer £7.13
Organ 3 £6.00 Auto Greenhouse Sprinkler £3.45 DigiTester PSU £6.70
Organ 4 £6.00 Telephone Timer
Ultrasound Burglar Alarm £2.53 (Set of Two) £6.50 March 83
Loudspeaker Protector £2.51
August 81 July 82 Overvolt Cut-out £2.25
RPM Meter £1.77 Tanover £2.13
Thermometer £1.67 TVI Filter £1.78
PLACE an order for your PCBs using the form below (or a piece of plain paper if you prefer not to
cut the magazine), then simply wait for your PCBs to drop through yourletterbox, protected by

a Jiffy bag.

e — B K WEE REMLT FEW. ==

HE PCB Service, Argus Specialist Publications Ltd, 145 Charing Cross Road, London WC2H OEE
| enclose a cheque/Postal Order made payable to ASP Ltd,

for the amount shown below Price. Boards Required Price

OR

| wish to pay by Barclaycard. Please charge my account number :
_' = 1

..................................... . WSA

OR | ]

DA By e - - ot e e e T TR e - B e -
{BLOCK CAPITALS)

ADDRESSI RSN . . . .. .. e s
{BLOCK CAPITALS)

..................................... Add45pp&p | 0.45

Total Enclosed £

Please allow 21 days for delivery
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Universal NI-CAD, battery charger. All plastic case
with lift up lid. Charge/Test switch. LED indicators
ut each of the five charging points.

Charges:- PP3 (9V), U12 (1-5V penlite), U11
{1-8V “C"), U2 (1-5V “D"), Power:- 220-240V
AC, Dims:- 210 x 100 x 50mm, Knock down
price only whiie stocks
last.

Ligt\_l,r'\ing ELECTRONIC COMPONENTS

THE CHOICE IS YOURS — CALL AT OUR NEW
SHOWROOM OR USE OUR VERY FAST MAIL ORDER
SERVICE.

EITHER WAY WE'LL KEEP YOU HAPPY ®*###+ Only £6.00
Furthermore we promise if any part ordered by mail fails Order No. MW 338
to please just return within 7 days for a full refund. g'e"‘";"g & Transistor Tester
: ) volts 0-1v-5v-2-5v-10v-50v-250v-1000v £3%
For- a vast selecslon of elt_actromc components & AC volts 0-10v-50v-250v-1000v +3%
equipment of all kinds. Here is just a selection of our ggsic;;'r"’c";°'5°“A'2'5'"A'25"‘A'°'25A B0 Only
stot_:lk:'.| Many7 0more Ite::ls listed in our catalogue Minimum 6~2-2-25)0—200k ohms 02;9{:’0
available now ost paid. Midscale 20-200-20k-200k ohms *+3% i
P postp - I——— Maximum 2k-20k-2m-20m ohms HT320 £
POTENTIOM As a transistor tester
IO reiiod asTsatelioalio ST LY ETERSB‘) ACI28 024 TIP29A Leakage current 0-150uA at 21k range
W 5% C.F 10Rt0 1M 2p sach 1W Veri 1 AF117 0-52 TIP29C 0-15mA at X10 +5%
W5%CF. 10R to 820K 5p wach Std singhe Pot B gei07 0-10] TIP30A mA at ) range +5%
W 1% M.F 10R 10 680K 5p each 100 for £3 00 Single & Swatch L 'TIP30C 0-150mA at X1 range
100 oM prices one vaiue only  no ruRing Dual Gang re BCH07C 012
1 BG108 010/ TIP3TA PLEASE ADD 16% VAT & £1 P&P
SA:Acngn's o o BC108C  0-12 ‘{:g;g
e @b v ., trmoyines S0 SRR ENFIELD
f?’é&p; :: 4700pF :: Varabie 0 to 508pF %o BC182L  0-10| TIP33C 208 BAKER ST,, ENFIELD,
100 0 any one rype less 30% 8C184L  0-10{TIP34C ELECTRON'CS MIDDX. Tel: 01-366 1873
Electrolytics — potys ~ Tants — Full 1ange in catalogus BC212L  0-10| TIP35C

8C2t4L  0-10)TIP3BC
BD112  0-80/TIP41A

ERERESahbLREERREELLERBREBELREEEE

V. REGULATORS (FIXED) PR (TG 8011 0-69{ TIP41C

sVe  f0omA 78105 - 78L12 - 78L1s Tl (MOMK LA Ao P ggug 1-58{ TIP42A POST 65p 25p PACKSI! ADD VAT 15%
e NAme e D7 i wp W@sex  doams ool (Met) B

Ve TAmp 7905 - 7912 - 7915 e {73 099 e  BD240A 0-80 100 6BA Washers 10 No 8 Cup Washers 5 5-way Tag Strips

8D241A  0-60 TIP115 o

FOTO COATED RESIST BOARD - g qusiy s s lameate BFig0 030 TIP121 O 10 No 8x3" Woodscrews 3 PP3 Snaps 3 3.5mm Jack Skts
‘.",:f,,“',,',’t’gl:,d’“:‘,‘?‘.":‘;’-”‘;‘-.;"' L o LD gggga g1 Rg}}f % 3 TO5 Heatsinks 10m Connecting Wire 4m 1mm Sleeving
1:6mm Sege e % Vomm Douste e e BRSSO TiPla2 1 3 8-pin DIL Skts 1 100K Multiturn Preset 4 100K Presets
33 3 it o e 2o BFR3g 024 TIP146 1 2 10004F/50v Cans 10 100F/40v Elects 3 100xF/16v PCB
187 % oo Hr s +° Bfai0 o2 TRIE. ) 1 84F/350v Ax 8 680R 1W Res 1 20mm Panet Fuse
g o horons on 'ornse s Tik30ss oo/l || 1 B7G Skt 1 B9A Skt 1 B9A Skirted
odir i 1 A ©% grRs) 026 NS O 2 18-pin DIL Skis 1 28-pin DIL Sk

etate Sheet . B
Tearator Pock Stsatd shows G i = grwts o Tisso 0. g T !

0 40v Min Ceramlic Platas: 25p/pack. 8 per pack ane value.

Ul’ﬁNEL IY!E:I’E’5§ ‘A. The foltawng D ranges BFY90 086 2N305§ 1p, 2.2p, 3.3p, 3.9p, 5.6p. 6.8p, 7.5p, 8.2p, 10p, 15p, 18p, 33p, 47p, 68p, 220p, 270p, 330p,
Unt o g e et - i g YW B 12¢g;§ﬁgggs oy 470p, 820p, 1000p, 1500p, 4700p, 10,000p, 15,000p. E.g.: 8 x 2.2p = 25p.

romct N > .
R tae o i Y | oMYD e Y e 120F, 27, 399, 475, 68p. B2, 1000, 1505, 2300, 300p, 4700, 560, 6305, 1600p, 2700p, 4700,
32mm Square Meter » MPSAOS 021 40673 5600p, 6800p, 8200p. E.g.: 8x470p = 25p.

5 MJI5003 4-05 40871
Postage & Packing 50p per order {free over £10) Please add VAT at 15%. 5.04 40872

Telephone orders weicome by Access or Barclaycard MJ15004

LIGHTNING ELECTRONIC COMPONENTS
Showroom & Mail Order Distribution Centre at: —

18 Victoria Road, TAMWORTH, Staffs B79 7HR
Telephone 0827-65767.

: VALVES
OF96/63p, EABC/78p, ECHB1/70p, ECLBO/70p, EF80/57p, EFBS/59p, EFB6/72p, EF89/99p,
EF91/£1.25, EF92/£1.76, EL34/£1.70, EL84/70p, E280/65p, E281/75p, KTE6/£8, KTB8/£12.50,
PL619/£5.50, PY500A/£1.70, UABCB0/76p, UCC85/65p, UCH81/85p, ULB4/85p, 5Z4GT/99p,
6BA6/68p, 6BWE/E6, 80Y/£1.45.

LETCHWORTH ELECTRONIC COMPONENTS

Spirella Bullding, Bridge Road, Letchworth, Herts SG6 4ET
TEL: (04626) 70354/79681

RECHARGEABLE

BATTERIES

AND CHARGERS

FREE CATALOGUE!

'OUR GREAT NEW ILLUSTRA ATA
PACKED Jvm-l ﬁ%ﬁ,@ﬁgﬂc OTN Lgﬁggﬁ'g PRIVATE OR TRADE ENQUIRIES WELCOME

QUALITY, PROFESSIONAL BURGLAR ALARM FULL RANGE OF NICADS AND SEALED LEAD
EQUIPMENT W AVAILABLE SEND SAE FOR LISTS

J !;!‘ AT UNBEATABLE PRICES! _ £1.45 for booklet Booklet ‘Nickel Cadmium Power’
SEND SAE. O PHONE NOW & A.D. ELECTRONICS SANDWELL PLANT LTD
({

T TS - 2 Union Drive, Boldmere, Sutton Coldfield, West Midlands
i) TWEFCHECKBURGLAR AN AINTREE LNVERPODL 021-354 9764 After hours 0977 616913

ALARM D-1Y SYSTEM  'DISTRIBUTOR L9 OHU/051 523 8440

r——————— e

STORAGE CABINETS  sun coonec, ~ SAVE £££'s ON HOME HEATING BILLS +

12° wide x 5 deep x 22° high
| et O SsiBLe FUEL ~
astic drawers.
SAVINGS OF
Avasilable units:— UP TO 25%
e Deo x 'Z Normally manufactured exclusively for the trade. Features: @

48 x B Continuous readout of ambient temp via 3 digit 7 segment display
B ® LED indicates when pump is in operation ® 0.2°C Hysterises
® 240v 3A control contacts ® Switched set temperature

High specification — Simple to calibrate —
mad k Connect in place of existing thermostat —
. Requires 240v 2VA supply — Kit includes all
necessary components, Enclosure, diagrams
and instructions.

Kit price only £39.90. Assembled Price £49.90
Accesa/Barcleycard MILLHILL SUPPLIES P Prices include PEP and VAT

e T R T Vel sy ey RO Send cheque or PO to: DICON ELECTRONICS LIMITED
Bond Street, Bury, Lancs BL3 7DU Tel 061-797 5666

30xA4xD,2xE

CONLY et
£19.90  (nc ot

FYNIINT
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HE PCBs

Below: The PCB foil pattern for the
Signal Powered Loudspeaker Protector.

Foil pattern of the Overvolt Cut-out.

r- © HE OVERVOLT { o _l

MASTER ELECTRONICS NOW'!
The PRACTICAL way!

This new style course will enable You will do the following:
anyone to have a real understanding  @Build a modern oscilloscope

of electronics by a modern, practical . ;
A S TR Mo iEdlous @ Recognise and handle current electronic

knowledge is required, no maths, and components ) )
an absolute minimum of theory. @ Read,draw andunderstand circuit diagrams
You learn the practical way in easy  @Carry out 40 experiments on basic

steps mastering all the essentials of o .
o holib GV i oy Mizther o electronic circuits used in modern

career in electronics or as a self- equipment |- 1 .=
employed servicing engineer. @Buiid and use digital electronic circuits
All the training can be carried out in and current solid state ‘chips’

the comfort of your own home and at .
your own pace. A tutor is available to @ Learn how to test and service every type

whom you can write personally atany  Of electronic device used in industry and
time, for advice or help during your commerce taday. Servicing of radio, T.V.,
work. A Certificate is given at the end Hi-Fi and microprocessor/computer
of every course. .

: equipment.

NewdJob? New Career?New Hobby ?Get into Electronies Now!

| Please send your brochure without any obligation to | am interested in: HE/3/821
']
I COLOUR BROCHURE NAME ] COURSE IN ELECTRONICS l
as described above
I ADDRESS ] RADIO AMATEUR LICENCE l
[ MICROPROCESSORS OTHER SUBJECTS
] LOGIC COURSE - I

BLOCK CAPS PLEASE
POST NOW TO:

|
| British National Radio& Electronics School Reading, Berks. RG1 7BR; !
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on request)

ADVERTISEMENT !
RATES Semi-Display (min 2 cms)

insertions £7.50 per cm

4-11 insertions £7.00 per cm

12 + insertions £6.50 per cm
Lineage 26p per word (min-15 words)
Box Nos. £2.50

Closing date 2nd Friday of the month
preceding publication date.

All advertisements in this section must be prepaid
Advertisements are accepted subject to the terms and
conditions printed on the advertisement rate card tavailable

Send your raquisements snd cheque P O v

HOBBY ELECTRONICS CLASSIFIED
ADVERTISING, 145, CHARING CROSS RD,
LONDON WC2H OEE.

PRINTED CIRCUITS. Make your own sim-
‘ply, cheaply and quickly! Golden Fotolac:
light-sensitive lacquer —_ngw greatly im-;
proved and very much faster. Aerosol
cans with full instructions, £2.25. De-
veloper 35p. Ferric Chloride 55p. Cle
acetate sheet for master 14p. Copper-cla
fibreglass board, approx. 1Tmm thick
£1.75 sq. ft. Post/packing 75p. White
House Electronics, Castle Drive, Praa
Sands, Penzance, Cornwall.

AMAZING ELECRONIC PLANS Lasers,
Super-powered Cutting Rifle, Pistol, Light
Show, Ultrasonic Force Fields, Pocket
Defence Weaponry, Giant Tesla, Satellite TV
Pyrotechnics, 150 more projects. Catalogue
£1  (refundable) from Plancentre,
Eg)ényard Road Industrial Estate, Ledbury

TELETEXT (ORACLE/CEEFAX) add-on
adaptors for any television only £149.95
inclusive. Also Prestel/Viewdata and Tele-
software. Cytel (HE) Freepost, Bristol BS10
6BR. (0272) 502008 any time.

r-
HAVEN HARDWARE

ZX81 £49.90. inverse Video £4.80. Repeating Keymodule £5.95,
ZX Spectrum sottware: Repulser fruit machines and Solitair
£4.95 each. Mancala and Patience £5.95 each.
Jupiter Ace £89.90. Inverse Video £4.95.
Access taken. SAE for details.
HAVEN HARDWARE
4 Asby Road, Asby, Workington, Cumbria
094686 627

Agency enquires weicome

LIE DETECTORS Brand new in steel case
with 100-0-100 microamp meter. Complete
with probes and gel. Price £7.00 (This
includes VAT but not postage). Q"
Services, 29 Lawford Crescent, Camberley,
Surrey. (Yateley) 871048.

PARAPHYSICS JOURNAL Russian trans-
lations); Psychotronic Generators, Kirliano-
graphy, gravity lasers, telekinesis. Details:
S.A.E. 4 x 9" Paralab, Downtown, Wilts.

ELECTONIC kits for sale: Morse Practice
£4.10, Dice £8.10. SAE for details. Bee
Micro, 33 Bevendean Crescent, Brighton, E.
Sussex.

CLEARANCE SALE of High -Quality
assorted Electrical Terminal Connectors.
Rings, Spades, Forks etc. at £5.56 for 100.
Space Enterprises, Springfield, The Ridge,
Epsom, Surrey.

CONVERT ANY TV into Large Screen
oscilloscope (by external unit). Costs approx.
£12 to build. Circuit and plans £3 or SAE
details. J. Bobker, 29 Chadderton Drive,
Unsworth, Bury, Lancs.

POWERAMPLIFIERS 200 WATT £11.95p!

case and controls, volume, balance and
sockets. 4 x MJ3001 outputs, 100 + 100
watts!! (R.R.P. + data = £38.40). Kia, 8
Cunliffe Road, llkley.

WAVEBANDS

Auto Electronics, 103 Coventry
Street, Kidderminster. Tel: (0562)
2179

Brand new components by return post or ring

with Access/Barclaycard number for same day

despatch.

All manufacturers guaranteed new stock. All at

most competitive prices. Catalogue available
only 50p. All prices inclusive of VAT.

SPECTRUM GAMES SALE. Venture (7
games in 1), was £6. 3 Compulsive Games,
was £5. The lot on one cassette for just £6.
Bobker, 29 Chadderton Drive, Unsworth,
Bury, Lancs.

SELLING YOUR PRODUCTS?
SELL THEM QUICKLY AND CHEAPLY
FOR FURTHER INFORMATION CALL

ASP CLASSIFIED
01-437 1002
extn. 213 or 282

Hobby Electronics, March 1983
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BUMPER BOX OF BITS

WOWII1l We've got so many components in stock, we
can’t possibly list them allll — So buy a box, in it you'll
find resistors, capacitors, displays, switches, panels
with transistors, diodes, IC's, etc., coils, pots . . . and
so on. All modern parts — guaranteed at least 1000
items. Minimum weight 10lbs. ONLY £8.50 inc.

ELECTRONICS WORLD
1F Dows Road, Salisbury, Wilts SP2 78N

POWERFUL SW Medium FM portable radio,
only £14.95 p+p £2.55. Sharland Enter-
prises, 7 Mountview, Mill Hill NW7 3HT.

DIGITAL WATCH REPLACEMENT parts.
Batteries, displays, backlights etc. Also
reports, publications, charts. S.A.E. for full
list. Profords, Copnersdrive, Holmergreen,
Bucks HP15 6SGE.

ELECTRONICS BOOKS. International
publishers. Lowest rates. Ask list. Business:
promotion. 376 Lajpatrai Market Delhi india.

BURGLAR ALARM EQUIPMENT. Please
visit our 2,000 sq. ft. showrooms or write
or phone for your free catalogue. C.W.A.S.
Ltd. 100 Rooley Avenue, Bradford BD6
1DB. Telephone 0274-308920.

ELECTRONICS component shop in MAID-
STONE, KENT! Thyronics Control Systems,

8 Sandling Road, Maidstone, Kent.
Maidstone 675354,
AERIAL AMPLIFIERS [mprove weak

television reception. Price £6.70. S.A.E. for
leaflets. Electronic Mailorder, Ramsbottom,
Lancashire BLO SAGH.

CENTURION

We manufacture, you save £££'s
Send s.a.e. or phone for our Free list of
professional D.1.Y. Burglar Alarm Equip-
ment and accessories, ' F
Discount up to 20% off list prices,
e.9. Control Equipment from £15.98,
Decoy Bell Boxes from £5.95 inc.
TRADE ENQUIRIES WELCOME
43 '0484-21000

or 0484 35527 (24 hr.ans.)

CENTURION ALARMS (HE)
1265 Wakefield Road, Huddersheld

HDS 9BE, W. Yorkshire
m Access & Visa
Orders Welcomed
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HOBBY ELECTRONICS

CLASSIFIED ADVERTISEMENT — ORDER FORM

If you have something to sell now's your chance! Don’t turn the page — turn to us!
Rates of charge: 26p per word per issue (minimum of 15 words). Box Nos. £2.50

and post to HOBBY ELECTRONICS, CLASSIFIED DEPT., 145 CHARING CROSS ROAD, LONDON WC2

3

£3.90

£5.20

£6.50

£7.80

£9.10

£10.40

£11.70

£13.00

Please place my advert in HOBBY ELECTRONICS for

I'am enclosing my Chegue/Postal Order/ International Money

Order for: {delete as necessary) £

OR Debit my Access/Barclaycard
(Delete as necessary)

{Made payable to A.S.P. Ltd)

'\ N

Al classified adVe'rrisemen_lrs must be paid-!or in advance.

issues commencing as soon as possible.
Please use BLOCK CAPITALS and include post codes.

Name (Mr/Mrs/MISS/MS) ..............cccoveuveennnnnnn... poeeen b Toeeeenne
(delete.accoraingty)

Address.............ccoeevvvnvenninnnenn.ne g

Daytime Tel. NO. ......ccceeeeereeriiiireeeiiieieiiiiiecc e

LI I I I Y Yy I Y T Y T T T Y T X T Y T e

ADVERTISERS INDEX

A.D.E.

f

~
=

AITKEN BROS

AMBIT INTERNATIONAL

AMTRON .

AUDIO ELECTRONICS

BIB AUDIO

BI-PAK

5a88%

B K ELECTRONICS ...

_&
[+
(1]

BNRS

JBULL

CRICKLEWOOD
CRIMSON COMPONENTS

DATAPLUS DEVELOPMENTS

DELTATECH

DICON ELECTRONICS

ELECTRONICS & COMPUTING
ELECTRONIZE DESIGN

BNRRRABY

-
=

ELECTRO SUPPLIES

ELECTROVALUE

&L

ENFIELD ELECTRONICS

~
s

EXPOLTD

GREENWELD

GENSON ELECTRONICS

G.S.C.

HEMMINGS

ICS

ILP

BR0FeE

KELAN ENGINEERING

&
ol
W
o

KEMPSTON............

LETCHWORTH

LIGHTNING ELECTRONICS

MAGENTA ELECTRONICS

MEON ELECTRONICS

MILL HILL SUPLIES

MYERS ELECTRONICS,

RAPID ELECTRONICS ...

BRIAN J REED ........

RELAY-A-QUIP

pghaypiiye

RISCOMP

47

SANDWELL PLANT

SINCLAIR RESEARCH

SOUTHERN TECHNICAL SYSTEMS

SPARKRITE

TECHNOMATIC

T.K. ELECTRONICS

WILMSLOW AUDIO

t's easy
to complain
about

advertisements.

The_ Advertising Standards Auﬂ\ontyJ
Iif an advertisement is wrong.we're here to put it right.
ASA Ltd. Brook House. Tomngton Place. London WCIE 7HN.

|
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MULLARD SPEAKER KITS

Purposefully designed 40 watt R.M.S. and 30
watt R.M.S. 8 ohm speaker systems recentty
daveloped by MULLARD'S specialist team in
Balgium. Kits comprise Mullard woofer (8" or
§”) with foam surround and aluminium voice coil.
Mullard 3° high power domed tweeter. B.K.E.
built and tested crossover based on Mullard
clrcuit, g low loss comp , glass
fibre board and recessed loudspeaker terminals.
SUPERB SOUNDS AT LOW COST. Kns supphed
in polysty packs with

8" 40W system — recommended cabinet size 240
x 216 x 445mm

Price £94.90 each + 200 P & P.

5 30W system -- recommended cabinet size
160 x 175 x 295mm

Price £13.90 sach + £1.50 P8 P.

Designer approved flat pack cabinet kits,
including grill fabric. Can be finished with iron on
veneer or self adhesive vinyl etc.

8" system cabinet kit £8.00 each + 250 P & P.
§* system cabinet kit £7.00 each + £2.00P & P.

STEREO CASSETTE TAPE DECK MODULE.
Comprising of a top panel and tape mechanism coupled to
a record/play back printed board assembly. Supplied as
one complete unit for horizontal instailation into cabinet or
console of own choice. These units are brand new, ready
built and tested.

Faaturas: Three digit tape counter. Autostop. Six piano
type keys, record, rewind, fast forward, play, stop and
eject. Automatic record leve! control. Main inputs plus
secondary inputs for stereo microphones. Input
Sensitivity: 100mV to 2V. Input Impedance: 68K.
Output level: 400mV to both left and right hand
channels. Output Impedance: tOK. Signal to noise
ratio: 45dB. Wow and flutter: 0.1%. Power Supply
requirements: 18V DC at 300mA. Connections: The
left and right hand stereo inputs and outputs are via
individual screened leads, alt terminated with phono plugs
(phono sockets providedl. Dimensions: Top panel 5}in
x 11}in. Clearance required under top panel 2}in.
Supplied complete with circuit diagram and connecting
diagram. Attractive black and silver finish.

Price £26.70 + £2.50 postage and packing.
Supplementary parts for 18V D.C. power supply
{transformer, brnidge rectifier and smoothing capacitor)

LOUDSPEAKERS
15 100 watt R.M.S. (HI-FI, P.A., DISCO.
BASS GUITAR) Die cast chassis, 2
aluminim voice coil, white cone with
aluminium cenire dome. 8 ohm imp., Res.
Freq. 20Hz., Freq. Resp. to 2.5KHz., Sens.
97dB (As photograph}. Price: £32.00 +
£3 carriage.

12" 100 watt RM.S. {HI-F!) Die cast
chassis. 2 aluminium voice coil. Black
cone. 8 chm imp., Res. Freq. 20Hz., Freq.
Resp. to 4.5KHz. Sens. 95dB. (As
‘photogvaph) Price: £23.50 + £3 carriage.

50 watt RM.S. (HIFl, P.A) 1%"

alummlum voice coil. White cone. 8 ohm
imp. Res. Freq. 40Hz., Freq. Resp. to 6KHz.
Sens. 92dB. Also availabie with black cone
fitted with black metal protective grille. {As
photograph}. Price: White Cone £8.90,
Black cone/grille £9.50 P&P £1.25.

12 85 watt R.M.S. McKENZIE C1ZBSGP {LEAD GUITAR, KEYBOAROD, DISCO) 2°
aluminium voice coil, aluminium centre dome, 8 ohm imp., Res. Freq. 45Hz., Freq.
Resp. to 6.5KHz., Sens. 98dB. Price: £22.00 + £3 carriage.

12" 85 watt R.M.S. McKENZIE C1285TC{P.A., DISCO) 2" aluminium voice coil. Twin
cone. 8 ohm imp., Res. Freq. 46HZ., Freq. Resp. to 14KHz. Price £22 + £3 carriage.

15" 150 watt R.M.S. McKENZIE 615 (BASS GUITAR, P.A) 3" aluminium voice coil.
Die cast chassis. 8 ohm imp., Res. Freq. 40Hz., Freq. Resp. to 4KHz. Price: £47 + £4
carriage.

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
I a wire mesh, ideal foy bookshelf and medium
'&F sized Hi-fi speakers. Price £3.45 each.
TYPE ‘B’ (KSN1005AI 3% super horn. For
TYPE TYPE 'B’

general purpose speakers, disco and P.A
systems etc. Price £4.35 each.

TYPE ‘C’' (KSN6016A) 2" - 5 wide dispersion
horn. For quality Hi i systems and quality
discos etc. Price £5.45 each.

TYPE 'D’' {KSN1025A) . - 6" wide dispersion
horn. Upper frequency response retained
extending down to mid range {2KHz). Suitable
for high quality Hi-fi systems and quality
discos. Price £6.90 each.

TYPE ‘E’ (KSN1038A) 3% " horn tweeter with
TYPE 'D* attractve sitver tinish tnm. Sunable tor Hi-fi
monitor systems etc. Price £4.35 each.

TYPE 'C

TYPE ‘F"

TYPE ‘F' (KSN1057A) Cased version of type

E' Free standing sateliite tweeter. Perfect

add on tweeter for conventional loudspeaker

systems. Price £10.75 each. : !

P&P 20p ea. {or SAE for Piezo leaflets). : . i
B.K. ELECTRONICS

[M) 80 LOUDSPEAKER

The very bast in quality and value. Ported
tuned cabinet in hardwearing black vynide with
protective corners and carry handie. Built and
tested, empioying 10in British driver and Piezo
tweeter. Spec: B0 watts RMS; 8 ohms; 45Hz-
20KHz; Size: 20in x 15in x t2in; Weight: 30
pounds.
Price: £49.00 each. £30 per pair
Carriage: £5 each. £7 per pair

BK ELECTRONICS

Prompt Deliveries
VAT inclusive
prices
Audio Equipment
Test Equipment
by
Thandar
and
Leader

Controls loads up to 1KW
Compact size

anx 37 w2y
16

Easy snap in fixing through

panel/cabinet cut out

Insulated piastic case

Full wave control using 8amp|

tnac

@ Conforms to BS800

@ Suitable for both resistance
and inductive loads

Innumerable applications in and A-F functions.

contacts.

industry, the home. and discos; Size: 100mm x 100mm x 2mm. Prce: 5.9 + ¥p plp
Alpha Numeric Keyboard Full size 55
key non encoded keyboard with the
commonly requied functions in a
Qwerty array. Matrix outpul via a t6 pin

theatres etc.
Price: £11.70 each + 50p P&P
Ny guan }
DIL socket.

BSR P256 TURNTABLE
P256 turntable chassis @ S shaped tone arm
@ Belt driven @ Aluminium platter @
Precision calibrated counter balance ® Ant
skate (bias device)} ® Damped cueing lever
® 240 volt AC operation {Hz) @ Cut-out
template supplied ® Completely manual arm
This deck has a completely manuat arm and is
designed primarily for disco and studio use
where all the advantages of a manual arm are

required

Price: £28. 50 + £2.50 P&P

POWER AMPLIFIER MODULES

MOOULES

transformer power

optional extra.
SPECIFICATION:

Supply: 240V 50Hz

MEMBRANE KEYBOARDS
manufactured trom a tough poly-
carbonate film mounted on 1mm
glass fibre printed circuit board
assembly incorporating silver plated

16 way numerlc
Standard keyboard providing 0-9

100 WATT R.#M.S. AND 300 WATT R.M.S.

Power Amplifier Modules with integral toroidal
supply, ond hear sink, Supplied
as one complete built and tested unit. Can be fitted
in minutes. An LED Vu meter is available as an

Max Output Powar: 110 watts R.M.S. {OMP 100|
310 watts R.M.S. (OMP 300}

Loads: Open and short circuit proof. 4-16 chms.

Frequency Response: 20Hz — 25KHz 1 3dB.

Sensitlvity for Max. Output:

S00mV at 10K {OMP 100) 1V at 10K {OMP 300|

T.H.D.: Less than 0.1%

Sizes: OMP 100 360 x 115 x 72mm
OMP 300 460 x 153 x 86mm
Prices: OMF 100 £31.50 eech + £2.00 PEP
P 300 £89.00 each + £3.00 P&P
Vu Meter £6.50 aach + SOp P&P

TK.WATT SLIDE DIMMER | KEYBOARDS

keyboard

Size: 350mm x 100mm x 2mm. Price: £13.99 + 50p plp

Matching 3-way loudspeakers
and crossover

Build a quality 60watt RMS system 8ohms
Build a quality 60 watt R.M.S. system.
* 10" Woofer 35Hz-4 5KHz

% 3" Tweeter 2.5KHz-19KHz

% 5” Mid Range 600Hz-8KHz

% 3-way crossover 6dB/oct 1.3 and 6KHz
Recommended Cab-size 26" x 13”7 x 13"
Fitted with attractive cast aluminium fixing es
cutcheons antl mesh protective guibls winch are
removable enabling a unigue choice of cabinet
styhng Can be mounted directly on to baffle
with or without conventional speaker fabrics
Ail three units have alumimom centre domes
and rolted foam surround Crossover com
hines spring loaded loudspeaker terminals and
recessed mounting panel
Price £22.00 per kit + £2.50 postage and pack
Availabie separately. prices on request

12" 80 watt R.M.S. loudspeaker.

A superb general purpose twin cone loud
speaker. 50 o0z. magnet. 2 atumimum
voice coil. Rolled surround. Resonant fre
quency 25Hz. Frequency response to
13KHz. Sensttivity 95dB. Impedance 8ohm.
Attractive biue cone with aluminium
centre dome

Price £97.99 each + £3.00 P&P

37 Whitehouse Meadows, Eastwood, Leigh-on-Sea, Essex SS95TY
% SAE for current lists. % Official orders welcome. % All prices include VAT. 4 Mail order only % All iterns packed (where
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applicable) in special energy absorbing PU foam. Callers welcome by prior appointment, please phone 0702-527572.




EXCLUSIVE MAIL ORDER FORPRICE CONSCIOUS ENTHUSIASTS

Drills & Machines.

*
*
*
*
*
*
*
*

Copper Clad Boards % Veroboards
Breadboards w Artwork materials
Hobbyboard Photo Resist System the
simplest, cleanest method ensuring
high quality PCB’s EVERYTIME.
Plastic & Die Cast Boxes & Cases
Connectors % Sockets

Terminals % Screws, Nuts, Spacers
etc. % Workshop Tools

the complete Printed Circuit Workshop ~
c
COPPERCLAD LAMINATE o

ZX81 & SPECTRUMINTERFACING

SYSTEMS AND ACCESSORIES.

Microboard

Eurocards

Desk Top
Case

Driils

mnrﬁnmﬂﬂ Ml ' KR

1" &_
Terminals

Top quality glass fibre with 10z Cufoil.
Will reproduce tracks downto .01 inch.
Peel off btack protective film.
Compatibte with all positive systems.

Veroboard” i
1/C Sockets

IEleneral Purpose .
astic
Boxes Q Q

\/

Minishear_s:.

Hand Held
Box

Breadboard

'h————-

Connectors % ﬂ /

Printed Circuit
Etch Resist
Transfers

||||||§
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Please send me details of -

Hobbyboard mail order catalogue ]
Hobbyboard Photo Resist System ]
Hobbyboard ZX81/SPECTRUM SYSTEM ]
Hobbyboard special offer ]
NAME

I have completed [ ] electronic projects during the past 12 months

e

KELAN (Hobbyboard )LTD
North Works, Hookstone Park,
Harrogate, North Yorkshire.

2 0423-883672

l—-—-\



