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£1 BAKERS DOZEN PACKS
Price per pack is £1.00. Order 12 you
may choose another free. Items
marked (sh) are not new but
guaranteed ok.

1. 5 - 13 amp nag mon junction boxes
2. 5 - 13 amp ring main spur boxes
4. 5 - surface mounting winches suitabh insulated for mans voltage
5. 3 - electncal switches intermediate type. will else replace 1 oe 2 way switches,

white flush mounting
7. 4 - in flex hire switches with peons
9. 2 - mains transformers with 6V 1A secondanes
10. 2 - mains transformers with 12V A secondaries
11. 1 - extension speaker cabinet for 6}" speaker
13. 12 - glass reed switches
17. 2 - okra transmitters and 2 receivers with wait
19. 2 - light dependent resistors
25. 4 - wafer switches - 69 2 way, 4p 3 way, 2p 6 way, 2p 5 way, 1p 12 way small

one hold fixing and good lewth spindle your choice
28. 1 - 6 digit counter mains voltage
30 2 - Mod battery chargers
31 I - key switch with key
33 2 - aerosol cans of ICI Dry Lubncant
34. 96 - 1 metre lengths colour -coded connecting wire
39 1 - long and medium wave tuner kit
41. 8 - rocker switch 10 amp mains SPST
45. 1 - 24 hour time switch mains operated (sill
48. 2 - 6V operated reed switch relays
49. 10 - neon ashes - make good night lights
50. 2 - 12V OC or 24V AC, 3 CO relays
51. I - 12V 2 CO immature relay very motive
52. I - 12V 4 CO miniature relay
53. 2 - mains operated relays 3 x 8 amp changeover Is.h.)
54. 10 - rows of 32 gold plated IC sockets (total 320 sockets)
55. 1 - locking mechanism with 2 keys
56. I - miniature *malodor wrth cocurt for electric jigsaw pude
60. 5 - ferrite rods 4" x 5/16" diameter aerials
81. 4 - fermi, slab wads with L & M wave cods
63. 1 - Mulled three trigger module
64. 10 - lamed knobs l spindles
85. 6 - different thermostats, steely br-metal types
68. 1 - magneto brake - stops rotation instantly
67. 1 - few pressure 3 level switch can to mouth coveted
69. 2 - 25 van pots 8 olun

70. 2 - 25 watt pots 1000 ohm
71. 4 - wire wound pots - 18. 33, 50 and 100 ohm your choice
72. 1 - 1250 wen dimmer Ore ref SE20
77. 1 -time reminder eljustable 1-60 mins clockwork
81. 2 - 30A panel mounting slyslok fuses
85. 1 - mans shaded pole motor i" *ad - 1 shaft
89. 1 - mains [note wrth gear box 1 rev per 24 hours
91. 2 - mains motors with gee box 16 rpm
98. 1 - thermostat for Inds.
98. 1- motorised stud swath (5.11.1
101. 1 - 2} hours delay switch
103. 1 - mains power supply unit - 6V DC
104. 1 - mans semi supply anti - 4}V DC
105. 1 - 5gin flex plug and panel sod*
107. 1 - 5 speaker size radio cabinet with handle
110. 10 - slider type volume COMMIS
111. 2 - musical boxes (less keys)
112. 1 - heating pad 200 watts mains
113. 1 - FM front and with tuning condense and data
114. 1 - 1W amplrher Willard 1172
115. 1 - wall mounting thermostat 24V
118. 1 - seek effect enenson speaker cabinet
120. 2 - pc boards with 2 entp hr I wave and 17 other rens
121. 4 - push push swrtches for table lamps etc
122. 10 - mfrs twin screened flex white p.v.c. outer
123. 100 - staples for thin flex
124. 25 - dear plastic lenses 1i diameter
127. 4 - pilot bulb lamp metal clip on type
128. 10 - very fine this for pths etc.
129. 4 - extra inn screw drivers for inStromentS
132. 2 - plastic boxes with windows, ideal for intempted beam switch
134. 10 - model aircraft motor - require no on/off switch, just spin to start
138. 2 - car radO speakers 5" round 4 ohm made for Radiomotale
131, 1 - fii" 4 ohm 10 wen speaker and 3" tweeter
142. 10 10 -4 BA spanners 1 end open, other end dosed
145. 2 -4 reed relay kits 3V ail normally open or c/o if magnets added

1

20 - pits butts 6.5V.3A Philips
15 1 - sac t synch kit with data
148. 4 - socket covers (protect Ingmar. hole fingers) for wan 13A
152. 1 - air or gas shut off valve - clockwork operated
153. 1 - air or gas shut off valve - thermostat operated
154. 1 - 120 drip prod relay - deal for car jobs
155. 3 - vancap push button tuners with kscks
158. 5 - 12 way connector blocks 2A 2505
159. 3 - 12 way connector blocks 25A 2500
182. 1 - 134 fused end welched spur for surfara mounting or can t113 removed from box

for flush mounting
183. 3 - 13A sockets good British make but brown
189. 4 - short wave an spaced trimmers 2-301
171. 1 - shacking to kit with data - have fun with this
172. 10 - 12V 6W bulbs Philips m.s.
170. 3 - oblong amber indicators with Idliprits 1211
180. 6 - round anther indicators with aeons 2405
181. 100 - p v c. grommets 8 hole size
182. 1 - short wave tuning condenser 50 pf with i" spindle
184. 1 -three gang tromp condenser each section 500 of with trimmers and good

Mouth E" spindle
188. 1 - plastic box sloping meal front, 16 x 95mm average depth 45mm

2 - double pole 20 amp 2500 flush mounting switch -white
191. 1- B.C.lamp holder adaptors white
193. 6 -5 amp 3 pm flush sockets brown
195. 5 - B.C. lampholders brown bakelite threaded entry
198. 1 - in flex simmerst* for electric blanket soldering eon etc
197. 2 - thermostats, spindle setting - adjustable range tor ovens etc
199. 1 - reams operatedsolenoid with plunger 1 travel
2(0 1 - 10 digit switch pad for telephones etc
201. 8 - computer keyboard watches with knobs, pch or veto mounting
206. 20 -nitres 80 ohm. standard type co -ex off white
211. 1 - electric clock mains dnven, chows right time - not cased
2113 1 - stereo pre -amp Mallard EP9001
232. 2 - 1211 so(enoids, smell with plunger
238. 1 - mains trinsformer 9V 1 amp secondary C core construction
241. 1 - car door speaker loony flat) 6i- 15 ohm made for Radionxibile
241. 2 - speakers 6" x 4" 4 ohm 5 wan made for Rathomobile
243. 2 - speakers 6" x 4" 16 ohm 5 wan made for Radiomobile
244. 1- mains motor with gear -box very small, toothed output 1 rpm
245. 4 - standard size pots, map with dig switch
249. 1 - 13A switched socket on double plate with fused spur for water heater
208. 2 - mains transformers 9V }A secondary split primary wok also for 115V
287. 1 - mains transformers 15V-14 secondary p.c.b. mounting
299. 50 3.5V torch bulbs
290. 3 7" reel to reel tape spools
291. 1 ten rums 3 wen pot E Spindle 110 ohm
292. 5 two plate brown bakelite ceiling rows
293. 50 silicon diodes mixed unmarked
294. 50 Germanium transistors mixed and unmarked
295. 10 round pointer knobs E spindle
296 3 car roar lighter socket plugs
297 1 cover for 24hr time switch rid 13045
298. 2 15 amp round pin plugs brown bereft
300. 1 mains settee,* with plunger compact type
301. 10 ceramic magnets Mallard 1" x 3/8 x 5/16
303. 1 12 pole 3 way ceramic wave charge switch
304. 1 stew amp 1 wan per channel
305 1 tubular dynamic microphone wrth desk rest
306 1 module, speaker & battery to make musical card
301. 5 thermal fuses 15 amp woods metal
308. 1 T V turret tuner (black & white T V.)
309. 12 adaptable Impended knobs i" smndle
310 2 wen thermosterts
311. 1 Clare Elliot sealed relay 12V
312 1 pressure pad watch 24 x 18 (Tnigger Merl
313. 5 sub miniature micro switches
314. 1 12" 8 watt min fluorescent tube whoa
315. 1 6" 4 watt non fluorescent tube white
318. 1 round pm kettle plug with moulded on lead

MULLARD UNILEX AMPLIFIERS
We are probably the only firm in the country with these now in
stock. Although only four warts per channel, these give superb
reproduction. We now offer the 4 Mullard modules - i.e. Mains
power unit (EP9002) Pre amp module (EP9001) and two amplifier
modules (EP9000) all for £8.00 plus E2 postage. For prices of
modules bought separately see TWO POUNDERS.

CAR STARTER/CHARGER KIT
Flat Battery! Don't worry you will start your car in a few minutes
with this unit - 250 watt transformer 20 amp rectifiers, case and all
parts with data £18.50 or without case £15.00 post paid.

VENNER TIME SWITCH
Mains operated with 20 amp switch, one
on and one off per 24 hrs. repeats daily
automatically correcting for the
lengthening or shortening day. An
expensive time switch but you can have it
for only £2.95 without case, metal case
- £2.95, adaptor kit to convert this into
a normal 24hr. time switch but with the
added advantage of up to 12 on/offs per
24hrs. This makes an ideal controller for

Ex -Electricity Beard. the immersion heater. Price of adaptor kit
Seersetsed 12 walla. Is £2.30.

SOUND TO LIGHT UNIT

/13 I
Complete kit of parts of a three channel sound to light unit
controlling over 2000 watts of lighting. Use this at home if you
wish but it is plenty rugged enough for disco work. The unit is
housed in an attractive two tone metal case and has controls for
each channel, and a master on/off. The audio input and output are
by I" sockets and three panel mounting fuse holders provide
thyristor protection. A four pin plug and socket facilnate ease of
connecting lamps. Special price is £14.95 in kit form.

12 volt MOTOR BY SMITHS
Made for use in cars, etc. these are very
powerful and easily reversible. Size
31" long by 3' die. They have a good
length of r spindle -
1/10 hp £3.45
1/8 hp £5.75. 1/6 hp £7.50

25A ELECTRICAL PROGRAMMER
Learn in your sleep. Have radio playing and kettle
boding as you wake - switch on lights to ward
off intruders - have a warm house to come home
to. You can do all these and more. Bye famous
maker with 25 amp on/off switch. A beautiful
unit at £2.50

THE AMSTRAD STEREO TUNER
This ready assembled unit is the ideal tuner for a music centre or en
amplifier, it can also be quickly made into a personal stereo radio -
easy to carry about and which will give you superb reception.
Other uses area "get you to sleep radio-, you could even take it
with you to use in the lounge when the rest of the family want to
view programmes in which you are not interested. You can listen to
some music instead.
Some of the features are, long wave band 1 1 5 - 1 70KHz, medium
wave band 525 - 1650KHz, FM band 87 - 108 MHz, mono, stereo
& AFC switchable, fully assembled and fully aligned. Full wiring up
data showing you how to connect to amplifier or headphones and
details of suitable FM aerial (note ferrite rod aerial is included for
medium and long wave bands). All made up on very compact

WarreOffereded at a fraction of its cost only £4.95

GOODS ARE ON APPROVAL
these notes are often hastily written and technical information
sheets are seldom available about the items we have to
describe, also advertisements sometimes go to press without
our having a chance to correct any mistakes, however,
everything we sell is supplied on the understanding that if it is
not suitable for your project you may return it within 7 days for
credit. If there was a definite error of description in our copy
then we will pay postage. If not. then you pay the postage.
Note this offer applies to kits, but only if construction is not
started.

FANS & BLOWERS
Woods extractors
5" £5 * E 1.25 post. 6" E6 + Et .50 post
4' x 4" Muffin equipment cooling fan 1 1 5V E2.00
4" x 4" Muffin equipment cooling fan 230/240V £5.95
5" Merman extractor £5.50
9' Extractor or blower 1 1 5V supplied with 230 to 1 15V adaptor
£9.50 + E2 post.
All above are ex computers but guaranteed 12 months.
10^ x 3" Tangential Blower. New. Very quiet - supplied with 230 to
1 1 5V adaptor on use two in series to give long blow £2.00 +

1.50 post or £4.00 if £200 post for two.

IONISER KIT
Refresh your home, office, shop, work room, etc. with a
negative ION generator. Makes you feel better and work
harder -a complete mains operated kit, case included.
£11.95 plus £2.00 post.

TELEPHONE BITS
Master socket (has surge arrestor - ringing condenser etc) and
takes B.T. plug £3.95
Extension socket £2.95
Dual adaptors (2 from one socket) E3.95
Cord terminating with B.T. plug 3 metres £2.95
Kit for converting old entry terminal box to new B.T. master socket,
complete with 4 core cable, cable clips end 2 BT extension
sockets £11.50
MINI MONO AMP on p.c.b. size 4" x 2" (app.)
Fitted volume control and a hole for a tone con-
trol should you require it. The amplifier
has three transistors and we estim-
ate the output to be 3W rms.
More technical data will be included
with the amp. Brand new,
perfect condition, offered at the very
low price of £1.15 each, or 13 for £12.00

J & N BULL ELECTRICAL
128 PORTLAND ROAD, HOVE,
BRIGHTON, SUSSEX BN3 5QL

MAIL ORDER TERMS: Cash, P.O. or cheque with order. Orders
under E20 add El service charge. Monthly account orders accepted
from schools and public companies. Access & B/card orders
accepted. Brighton 0273 203500. Bulk orders: write for quote.

OVER 400 GIFTS
YOU CAN CHOOSE FROM

There is a total of over 400 packs in our Baker's dozen range and you become
entitled to a free gift with each dozen pounds you spend on these packs. A
classified list of these packs and our latest "flews Letter" will be enclosed wrth
your goods, and you will automatically receive our next news letters.

TWO POUNDERS*
2P2 -Wall mounting thermostat, high precision with mercury switch and

thermometer
2P3 -Venable and reversible 8-12u psu for model control
2P4 -24 volt psu with separate channels for stereo made for Mullard UNILEX
2P6 -100W mains to 115V auto -transformer with voltage tappings
2P7 -Mini key, 16 button membrane keyboard, list price over £12
2P8 -Mains motor with gear box and variable speed selector. Series wound so

suitable for further speed control
2P9 -Time and set switch. Boxed, glass fronted and with knobs. Controls up to

15 amps Ideal to program electric heaters
2P10 -12 volt 5 amp mains transformer - low volt winding on separate bobbin

and easy to remove to convert to lower voltages for higher currents
2P11 -Power amp module Mullard Unilex EP9000 (note stereo pre -amp module

Unilex 9001 is 131:1216
2P12 -Disk or Tape precision motor - has balanced rotor and is reversible 230v

mains operated 1500 rpm
2P14 -Mug Stop kit - when thrown emits piercing squawk
2P15 -Interrupted Beam kit for burglar alarms, counters, etc.
2P17 -2 rev pr minute mains driven motor with gear box, ideal to operate mirror

ball

2P18 -Liquid/gas shut off valve mains solenoid operated
2P19 -Disco switch -motor drives 6 or more 10 amp change over micro switches

supplied ready for mains operation
2P20 -20 metres extension lead, 2 core - ideal most Black and Decker garden

tools etc
2P21 -10 watt amplifier, Mullard module reference 1173
2P22 -Motor driven switch 20 secs on or off after push
2P24 -Clockwork operated 12 hour switch 15A 250V with clutch
2P26 -Counter resettable mains operated 3 digit
2P27 -Goodman Speaker 6 inch round Bohm 12 watt
2P28 -Drill Pump - always useful couples to any make portable drill
2P29 -24 position Yaxley switch contacts rated 54 - < spindle
2P31 -4 metres 98 way interconnecting wire easy to strip
2P32 -1401 Wire amp meter - 4 round surface mounting 0-104 - old bid

working and definitely a hit of history
2P34 -Solenoid An Valve mains operated
2P35 -Battery charger kit comprising mains transformer, full wave rectifier and

meter, suitable for charging 6v or 12v
2P36 -20 Amp meter, wrth shunt ulnused but ex.equipment
2P38 -200 H.P.M. Geared Mains Motor 1" stack quite powerful, definitely large

enough to drive a rotating aerial or a tumbler for polishing stones etc
2P42 -Tubular heater, 60 watts per ft, unusued but slightly storage soiled, made

by G.E.C. Perfect order (must be collected by appointment as 12ft long)
2P43 -Small type blower or extractor fan, motor inset so very compact, 230V
2P46 -Our famous drill control kn complete and with prepared case.
2P47 -Joy switch kit complete as previously sold
2P48 -Telephone ringing unit reduces mans to 50 volts and changes frequency

from 50 hz to 25 ho to give right ringing tone.
2P49 -Fire Alarm break glass switch in heavy cast case
2P51 -Stereo Headphone amplifier, with pre -amp
2P54 -2 1 kw. blow heater section of coal or log effect fire, this is a sheet metal

assembly which holds the elements, the motor with fan, and the lamp
holders and bits which give the flickering flame effect. Collect or add f 3 to
cover p&p

2P55 -Mains motor, extra powerful has 1 stack and good length of spindle
2P62 -1 pair Goodmans 15 ohm speakers for Unilex
2P63 -1 5Kv 20 mA mains transformer ex -equipment
2P64 -1 five bladed fan 6Y with mains motor
2P65 -2 resettable trips 4.5A mains
2P68 -1 2Kw tangential heater 115v easily convertible for 230V
2P67 -1 12v -0-12v 2 amp mains transformer
2P68 -1 15v -0-15v 2 amp mains transformer
2P69 -1 250v -0-250v 60 mA & 86 3v 5A mans transformer
2P70 -1 E.M.I. tape motor two speed and reversible
2P71 -1 PAPST 240 5 hz motor
2P72 -1 115v Muffin fan 4" x 4" approx.
2P75 -1 2 hour timer, plugs into 13A socket
2P76 -1 audas tweeter partner to 5P26 speaker
2P77 -1 instrument box with key size 12" x 4; " wide 6" deep
2P81 -ORACLE VB100 instrument panel, is a MOGEM with extras, it is the heart

of many viewdata systems including the Prestel unit we recently stocked.
It uses 25 I.C's, 2 crystals, u.h.f. meddler Aztec UM1 2 33 etc. etc. You
receive this, new, unused and complete except for 7 of the plug in EC's.

2P82 -9v-0-9v 2 amp mains transformer
2P83 -25m .75 twin flat flex for mains appliances
2P84 -Modem board with press keys for telephone redialler
2P85 -20v-0-20v 1A Mains transformer
2P88 -Sangamo 24 hr time switch 20 amp S.H.
2P89 -120 min. time switch with knob
2P90 -90 min. time switch with edgewise engraved controller
2P91 -Panel meter size 2}"" x 2" scaled power factor
2P92 & Macky pressure switch 50 p.s.i.

£5 POUNDERS*
1. 12 volt submersible pump complete with a tap which when

brought over the basin switches on the pump and when pushed
back switches off, an ideal caravan unit.

2. Sound to light kit complete in case suitable for up to 750 watts.
3. Silent sentinel ultra sonic transmitter and receive kit, complete.
4. Dial indicator, measures accurately down to .01mm, "John

Bull" or equally first-class make, a must for toolmaker or lathe

5.
work

:Utt isolating transformer to make your service bench
safe, has voltage adj. taps, also as it has a 1 1 5V tapping it can
be used to safely operate American or other 115V equipment
which is often only insulated to 1 1 5V. Please add E3 postage if
you can't collect as this is a heavy item.

6. 12V alarm bell with heavy 6" gong, suitable for outside if
protected from direct rainfall. Ex GPO but in perfect order and
guaranteed.

7. Tape punch and matching tape reader, not new but believed in
perfect working order if not so we would repair or replace within
12 months. Please add E2.50 postage.

8. Sensitive voltmeter relay, this consists of a 4i" die moving coil
meter with electronics (we will supply cct. dig.) over £120 each,
they are new and still in maker's boxes.

9. Box of 25 fluorescent tubes 40 watt daylight or warm white
ideal window pelmets, signs, etc. Please collect or add E2
postage.

10. Box of 25 18" fluorescent tubes assorted colours, please
collect or add E2 postage.

11.24 x 8 ft 85-120 watt warm white tubes. Ideal plant growing.
Collect or send open cheque to cover carriage.

12.Equipment cooling fan - minin snail type mains operated.
13 Ping pong ball blower - or for any job that requires a powerful

stream of air - ex computer. Collect or add E21 post.
14 Uniselector 360 degrees rotation. 5 poles, 50 ways, 50V coil.
15 Washing machine water pump, main motor driven so suitable

for many applications.
16 Control panel case, conventional design with hinged front and

finished metallic silver, easily arranged as lockable size approx.
15" x 10" x 5}", wall mounting.

1 7 Two kits, matchbox size surveillance transmitter and 2 FM
receivers.
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Fro/leas
LIGHT PEN by Ashley Lane
Low cost project that will light up your screen
PERSONAL RADIO by Jeff Macaulay
Inexpensive, fun to build, m.w. radio giving excellent performance-
Ideal for the beginner
PERCUSSION SYNTHESISER by Mark Stuart
Can mimic real instruments or produce synthetic "electronic"
percussion sounds
HOME TELEPHONE by T. R. de Vaux Balbirnie
Easy -build communicator for the home, workshop or playroom
VOLTMETER ADD-ON FOR BBC MICRO
Simple circuit that allows you to use your micro as a "service" tool
WATCHDOG by Michael Perrow
Don't be caught with a flat car battery-effective lights -on reminder
EXTERNAL PSU FOR SPECTRUM
Take the strain out of the Spectrum's internal PSU

genies
TEACH -IN '86
by Michael Tooley BA & David Whitfield MA MSc CEng MIEE
Part Nine: Concluding article deals with practical applications of
digital circuits
AMATEUR RADIO by Tony Smith G4FA1
Oldest Club; QRP Tests; Free Booklet; Question Corner
ACTUALLY DOING IT by Robert Penfold
Making your own printed circuit boards
BBC MICRO by R. A. Penfold & J. W. Penfold
New regular spot for Beeb fanatics
ON SPEC by Mike Tooley BA
Reader's Sinclair Spectrum page

Featmees
EDITORIAL
FOR YOUR ENTERTAINMENT by Barry Fox
Radiation Scare; Health and Safety; Check List; Number Game
SPEAKING TO MACHINES by Tom Ivall
Development of speech recognition
DOWN TO EARTH by George Hylton
Variometers
SHOPTALK by David Barrington
Product news and component buying
NEWS
What's happening in the world of electronics
ECONOMICAL REPAIRS by L. J. Stean
Basic fault finding guidelines
MAN BEHIND THE SYMBOL by Morgan Bradshaw
Symbols, and the men they are named after, explained
NEW PRODUCTS
Facts and photos of instruments, equipment and tools
BOOK SERVICE
A new service for readers of EE
PRINTED CIRCUIT BOARD SERVICE

Our July 1986 issue will be published on Friday, 20 June.
See page 327 for details.
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TEACH -IN '86
As usual, GREENWELD are supplying all TEACH -In '86 items - as we have done
over the past 10 years. Our experience with these projects ensures you receive top
quality components as specified at the best possible price, so you can order with
confidence. This years kits are available as follows:
BASIC ITEMS: MI0282 multimeter; Verobloc, bracket & design sheets, 10 leads
with croc clips + FREE - The latest GREENWELD Catalogue and a resistor colour
code calculator!! PRICE, inc. VAT and post £21.95
or separately: M10282 £14.95; Verobloc etc. £8.21; croc clip leads £1.97.
EXTRA COMPONENTS required for parts 1 and 2 £1.50
EXTRA COMPONENTS required for parts 3 and 4 £3.60
EXTRA COMPONENTS required for parts 5 and 6 £4.95
EXTRA COMPONENTS required for parts 7, 8 and 9 £2.17
PSU-EE Special Offer mains adaptor £4.95
REGULATOR UNIT: All parts including case, also in -line fuseholder, fuse and 2mm
plugs for PSU £16.95
LCR BRIDGE: All parts including case £23.95
DIODE/TRANSISTOR CHECKER: All parts inc. case £15.95
AUDIO SIGNAL TRACER: All parts inc. case £11.95
AUDIO SIGNAL GENERATOR £19.50
RF SIGNAL GENERATOR £19.95
DIGITAL PULSE GENERATOR £13.20

1986 CATALOGUE
Big 64 page catalogue packed with
thousands of items from humble resis-
tors to complex disco mixers. 8 page
Bargain List + order form included, also
Bulk Buyers List & f 1.20 discount
vouchers. All this for just £1.00 inc.
post.

BOING...BOING...BOING
Spring Supplement out now,

FREE. 16 pages of bargains

COMPUTER BOOKS
all at 99p -send for list

BUZZERS
Piezo ceramic sounders by STC offered
'72 original price. Up to 115dB output.
SAE full list and spec (B/L 23).

KEYBOARDS
ems

R
TATUNG VT1400 Video Terminal
Keyboard. Brand new cased unit
445x225x65/25mm 71 Alpha -nu-
meric and function keys, + separate 14
key numeric keypad. ASCII output via
curly cord and 6 way plug. Data and
connection sheet supplied. £22.50
CAMPUTERS LYNX keyboard. 58
full travel keys. Size 334x112mm.
Brand new. £8.95

7 SEG DISPLAYS
A remarkable purchase of red seven
segment LED displays allows us to
make this amazing offer - buy now
whilst stocks last!
Type Sue CC/CA OP 1 10

MAN6740 .56" CC RH 120p 800p
6710 .56" CC RH 70p 450p
4710 A3" CA RH 65p 420p
4720 43" CA LH 65p 420p
47413 43" CA RH 65p 420p
4770 43" ± 1 65p 420p

4920 43" CA none 65p 420p

3719 .3" CA RH 60p 4130p

3729 3" CA LH Rep 400p
100 Asst'd CAD 1000 Asst'd £300

Nur choice)

SWITCH MODE PSU
Z993 65 Watt switch mode multi -
output power supply. Astec Model
AA 12790. Offered at around one-third
normal price, this has to be the Bargain
of the Year!! Compact unit
195x 105 x5Omm accepting
1 15/230V ac input. Outputs:

+5V@ 3A
+12V-@ 2.9A
+18V @ 1.0A
-5V @ 0.2A £29.95

AMP/PRE-AMP PANELS
Z974 Mixer Amp Panel
115x115mm. 1 watt output from
TBA820M chip. 2 inputs (1 via pre -
amp) from phono sockets and separate
volume controls. A third pot is used to
fade from one input to the other. There
are also 2x4p3w rotary switches. All
pots and switches have black knobs.
Attached to the main panel by flying
leads is a socket panel with the 2
phono i/p sockets, 2x5 pin DIN sock-
ets and a 2 pin DIN speaker socket.
Also on the panel are 2x3.5mm moni-
tor sockets. Data sheet supplied. Very
good value at just £2.50
Z914 Audio amp panel 95x65mm
with TBA820 chip. Gives 1W output
with 9V supply. Switch and vol. con-
trol. Just connect batt. and speaker.
Full details supplied. £1.50
Z915 Stereo version of above
115x65mm featuring 2xTBA820M
and dual vol. control. £3.50
AM Tuner Panel
Z916 For use with mono amp above.
Neat panel 60x45mm. £1.50

NOISE PANEL
PCB contains keypad + components +
57mm dia speaker. These are new
units and are powered by 2xPP3 batts.
Membrane keys offer: waves, steam
train (slow & fast) car engine,
siren. £2.95

BUGGY KIT
Make your own computer controlled
buggy - very simple circuit, an ideal
introduction into the world of robotics.
Uses our very popular motorized gear-
box. All parts inc. gearbox and wheels,
connectors, wire etc.
Spectrum/ZX81 £13.95
C64/VIC20 £11.95
BBC £12.95
Amstrad £12.95
Full instructions and circuit + program
listing supplied free with kit, or 50p
separately.

SWITCH -BOX

Z996 OAS Tape Selector. Satin finish
aluminium case 130x70x45mm with
three push buttons on front wired to
three 5 pin DIN sockets on back, en-
abling either of two tape recorders to
be connected to an amplifier, or to each
other. Comes complete with leaflet in
presentation box. £2.50
Z997 OAS Tape Selector. Three way
version, enables one amplifier and
three tape recorders to be connected in
many combinations. Satin finish alu-
minium case 180x70x45mm contains
8 push buttons and 4 5 pin DIN skts, all
mounted on a PCB. Very neat. Leaflet
explains all possible switching permu-
tations. Supplied in presentation box.
Special low price. £4.95

THIS MONTH'S PROJECTS
RING FOR PRICES!

111MIL
GREENWELD

ELECTRONIC
COMPONENTS

All prices include VAT; just add 60p P&P.
MM Access order £5. Official
orders from schools etc. wel-
come - min invoice charge £10.
Our shop has enormous stock of components and is open

9-5.30 Mon -Sat Come and see us!!

443D Millbrook Road Southampton
SO1 OHX Tel (0703) 772501/783740

'RESISTOR KITS

1/2 WATT RESISTORS
5 OFF EACH VALUE

/4.75
10 OFF EACH VALUE

£7.95

1/4 WATT RESISTORS
5 OFF EACH VALUE

£3.35
10 OFF EACH VALUE

£5.75

TRANSFORMERS
- 240V

4.5-0-4.5 400m/A
6-0-6 350n/A
50p EACH 10 OFF 40p

.100 OFF 30p

"1" P & P14.60
forSpf 10

£5.00 for 100
.......erereeeeeteerrereeree

GAS SOLDERING IRON ORYX

SPARE TIPS rORTASOL
14.50 /13.90

tt'i, 12V RECHARGEABLE
UNIT

CONTAINING 10
D S X-IZE CELLS

EOUIPMENT

14/C*4:/AP%, I,
MANUFACTURED

Y SOFT)
05.99

1-004 SA ';'D.a.

1.85 PE,

LATEST
CATALOGUE

!NI -CAD CHARGER

UNIVERSAL
CHARGER TO CHARGE
PP3, AA, C

£5.17 EACH

SEND 1 NOW
(FASO OVERSEAS)

FOR YOUR COPY

NELUDINO A SOP VOUCHER
ORDER FORM, PRE -PAID

ENVELOPE a SPECIAL
OFFERS

PEE TO SCHOOL
A COLLEGES

JUNE
SPECIAL OFFER

[74%

4-WAY0oOlet% SOCKET

MASTER SOCKET £2.85
SECONDARY SOCKET 11.95
ADAPTOR 10/3A /2.05
ADAPTOR 95A/87 £3.25
DUAL OUTLET Ulla:,

MASTER £4.80
SECONDARY 12.85
BELL TONE RINGER

£7.50
4 -CORE CABLE
15p per metre
CABLE CLIPS
75p per 100

3 -PIN SOCKETS - FUSED &
WITH NEON INDICATOR

ONLY £3.50
WITH ORDERS OVER

£5.00

121EGIEEREn EOUIVALENT
BOOKS

2 -WAY MULTI -PLUG I.C. VOL. 1 8 2

13A OUTLETS 90p 110.95
3 -WAY MULTI -PLUG kTRANSISTORS
13A OUTLETS 12.10 A-2 and 29.30

4 -WAY EXTENSION SOCKET
WITH LEAD 15.75
TWIN EXTENSION SOCKET
WHITE NYLON /1.65
13A PLUG WHITE FUSED
46p EACH 10 for £3.95

LIGHTWEIGHT STEREO HEADPHONES
11.99

19.00
I.C.-CMOS £7.50
I.C.-TTL 12.75
DIODES VOL. 1 A 2

£10.7

DRY
CELL
BA TERIER

3 -CHANNEL CHART RECORDER
£40 EACH + £10 P

!CERAMIC KITI
CERAMIC CAPACITORS
5 OFF EACH VALUE

14.75
NI -CAD

ATTERIES

RECHARGEABLE CELLS
AA (HP7) 95p EACH

10 off 65p EACH
C (HP11) £2.14 EACH

10 off £1.90 EACH
D (HP21 £2.30 EACH

10 off £2.10 EACH
PP3 £3.-75 EACH

10 off £3.65 EACH

SOLDERING
ANTE% 25W IRON £5.75
ANTEX 15W IRON £5.25
ANTEX BITS 80p).EACH
SOLDERSUCKER 04,50
SPARE NOZZLE 65o
TAND £2.10

ZENER KIT
OFF EACH VALUE

03.50

CTi otet.4,

MINIMUM ORDER
15.00

HATERS RECEIVED
BY 4 p.m.
DESPATCHEO
SAME DAY

LOOK OUT FOR
OUR NEW SPECIAL
OFFER EACH
MORN,

OR WRITE/PHONE TO: -

MARCO TRADING DEPT EE6
The Makings
High Street
Wem. Shropshire SY4 5EN
Tel: 0939 32763 Telex: 35565

r77

THESE ITEMS ARE ONLY A
FRACTION Of OUR RANGE

PLEASE ADO 65p P & P AND
15% V.A.T. TO ALL ORDERS

Universal Semiconductor Devices Ltd.
17 GRANVILLE COURT, GRANVILLE ROAD,
HORNSEY, LONDON N4 4EP, ENGLAND. ---
TEL. 01-348 9420/9425 * TLX. 25157 usdco g
WE OFFER ONE OF THE LARGEST RANGES OF SEMICONDUCTORS AT HIGHLY
ECONOMICAL PRICES. THE FOLLOWING SEMICONDUCTOR TYPES ARE AVAILABLE
FROM STOCK. IF WE DON'T STOCK WHAT YOU NEED THEN WE CAN GET IT FAST
FROM OUR FACILITIES IN WEST GERMANY AND USA UPON REQUEST.

TRANSISTORS - BIPOLARS - GERMANIUM AND SILICON
SMALL SIGNAL
POWER

DARLINGTONS - ALL SHAPES AND SIZES
VHF/UHF DEVICES - ALL SHAPES AND SIZES

FETS - POWER MOSFETS 4/_;)
UNIJUNCTIONS

DIODES - GERMANIUM AND SILICON
RECTIFIERS AND BRIDGES
OPTO-ELECTRONIC DEVICES
LEDS OF ALL SHAPES AND SIZES

THYRISTORS AND TRIACS - ALL
SHAPES

4).° SIZES

RATINGS

INTEGRATED CIRCUITS:
CONSUMER - DIGITAL/ANALOGUE
MICROPROCESSORS AND PERIPHERALS

IC SOCKETS

JAPANESE COMPONENTS - VAST RANGE OF DISCRETES AND CONSUMER IC's.

MAIL ORDER CUSTOMERS: PLEASE SEND FOR OUR COMPREHENSIVE PRICE LIST,

ENCLOSING £1 IN STAMPS, CHEQUE OR POSTAL ORDER.

CATALOGUE SENT FREE OF CHARGE, WHEN REQUESTED ON OFFICIAL LETTERHEAD

(WITHOUT REFUND), TO OEM'S, SCHOOLS, COLLEGES, UNIVERSITIES, GOVERNMENT
INSTITUTIONS, COMPUTER FIRMS, ELECTRONIC REPAIR FIRMS AND DISTRIBUTORS.

SPECIAL DISCOUNTS AND PAYMENT TERMS ARE AVAILABLE TO ABOVE
INSTITUTIONS.

PLEASE ENQUIRE FOR QUANTITY DISCOUNTS.

WE WELCOME TELEPHONE AND TELEX ENQUIRIES!
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DIGITAL VOLTMETER MODULE
WITH HIGH BRIGHTNESS LED DISPLAY

* High accuracy
± 0.1% + 1 digit.

* Operates from single
supply 7-12V.
Reads - 99mV to 999mV
which is easily

FULLY extended.
BUILT - Large Bright 0.43" LED

& TESTED Displays.
We are pleased to once again offer this
tried and tested Digital Voltmeter module
which is suitable for use in a wide range of test equipment Supplied with full
details describing how to easily extend the basic range, measure current
resistance and temperature. The module, which is fully guaranteed, has been
supplied to Electricity Authorities, Government Departments, etc etc

TEMPERATURE MEASUREMENT
KIT DT10

A simple though effective
module which, when
constructed, provides a linear
output of 10mV per °C over the temperature range -10°C to +100°C.
This unit is ideal for use in conjunction with the above DVM module,
providing an accurate digital thermometer suitable for a wide
range of applications.

DUAL POWER SUPPLY PS 209

Only
£14.95
+ VAT

This fully built mains power
supply provides two, 9V
stabilised outputs up to 250mA
each. The unit is ideally suited for
use with the Digital Voltmeter and the
Temperature Measurement unit DT10.

Only
£2.95
+ VAT

£5.65
+ VAT

Order by post. order by 'phone Riscom. De EE 16,
Add 15sy V A T to all prlces r 51 POPPY ROAD.
U K orders add 75p PO. & packeny PRINCES RISBOROUGH,
Export orders Post & P.sk.s5. LIMITED BUCKSst Tel (084 4416326co

Happy Memories
Part type 1 off 25-99 100 up
4116 15Ons 1.25 1.15 1.10
4164 150ns Not Texas .98 .88 .80
41256 150ns 2.50 2.35 2.10
2114 200ns Low Power 1.75 1.60 1.55
6116 150ns 1.45 1.30 1.20
6264 150ns Low Power 2.85 2.55 2.35
2716 450ns 5 volt 2.95 2.65 2.45
2732 450ns Intel type 2.75 2.45 2.25
2764 250ns Suit BBC 1.90 1.75 1.70
27128 250ns Suit BBC 2.50 2.25 2.05
27256 250ns 3.95 3.75 3.60

Low profile IC sockets:Pins 8 14 16 18 20 24 28 40
Pence 5 9 10 11 12 15 17 24

Available now - The ROAM BOARD for the BBC
Micro. Reads Roms via a Low Insertion Force Socket
and saves their contents as files, then reloads a file
into its sideways Ram as required.

Full details on request.

74LS series TTL, wide stocks at low prices with DIY
discounts starting at a mix of just 25 pieces. Write or
'phone for list.

Please add 50p post & packing to orders under fl5 and VAT
to total. Access orders by 'phone or mall welcome.

Non -Military Government & Educational orders welcome,
£15 minimum.

HAPPY MEMORIES (EE),
Newchurch, Kington, Herefordshire HR5 3QR.

Tel: (054 422) 618

C-a-m1=ciaral
Electronic Prototyping Board

No Soldering Components Re -Useable
Theory or P.C.B. Layout

The Camboard prototyping board enables you
to construct circuits in either a theory
(schematic) or PCB layout (the only solderless
board to do this). The components need no
soldering and are re -useable. Potentiometers
and switches can be mounted directly without
the need for a separate bracket and ic's can
be placed anywhere on the board, Power
lines are made by connecting the battery to a
stud/sleeve where up to ten 1.0mm wires can
then be pushed in.

THEORY LAYOUT

CM Series
CM -0 Board on it's own
CM -1 With one ic holder
CM -3 With three ic holders
CM -6 With six ic holders

£4.25
£4.95
£5.95
£7.95

All prices include VAT and postage + packing
Trade enquiries welcome.

Please send me

I enclose cheque/PO for

Name

Address

Send to: (no stamp required)

Hogg Laboratory Supplies
FREEPOST, BIRMINGHAM, 81 1BR
TELEPHONE 021 233 1972

E E 6.86
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Send
SAE now

for our FREE CATALOGUE
or ring: 01-567 8910 for

the keenest prices on -
CMOS TRANSFORMERS
TTL CONNECTORS
OPTO MICROPROCESSORS
TRIACS HEATSINKS
NICADS MULTIMETERS

AND LOTS LOTS MORE
We also STOCK ANTEX SOLDERING IRONS & VERO
PRODUCTS, a wide range of VELLEMAN and PANTEC
KITS. PLUS over 30 KITS for Timers, Remote Control,
Disco Lights, Temperature Control, etc.

BOOKS
TOOLS
BOXES
RELAYS
SWITCHES

XK 113 MW RADIO KIT XK 102 3 -NOTE DOOR CHIME

Based on ZN414 IC, kit includes PCB,
wound aerial and crystal earpiece and all
components to make a sensitive minia-
ture radio.

Size: 5.5 x 2.7 x 2cms. Requires PP3 9V
battery.

IDEAL FOR BEGINNERS £5.50

Based on the SAB0600 1C the kit is
supplied with all components, including
loudspeaker, printed circuit board, a pre -
drilled box (95 x 71 x 35mm) and full
instructions. Requires only a PP3 9V
battery and push -switch to complete.
AN IDEAL PROJECT FOR
BEGINNERS £5.50

HOME LIGHTING KITS DISCO LIGHTING KITS
These kits contain all necessary com-
ponents and full instructions & are de-
signed to replace a standard wall switch
and control up to 300W of lighting.
TDR300K Remote Control

Dimmer £14.95
MK6 Transmitter for

above £4.50
TD300K Touchdimmer £7.75
TS300K Touchswitch £7.75
TDE/K Extension kit for 2 -way

switching for TD300K £2.50

DVM/ULTRA SENSITIVE
THERMOMETER KIT

Based on the ICL 7126 and a 3 digit
liquid crystal display, this kit will form
the basis of a digital multimeter (only a
few additional resistors and switches
are required - details supplied), or a
sensitive digital thermometer (-50*C to
+1513"C) reading to 0.1'. The kit has a
sensitivity of 200mV for a full-scale
reading, automatic polarity and overload
indication. And a low power require-
ment giving a 2 year typical battery life
from a standard 9V PP3. £15.50

DL1000K - This value -for -money 4 -way
chaser features bi-directional sequence
and dimming. 1 kW per channel.£15.95
DLZ1000K - A lower cost unidirec-
tional version of the above. Zero
switching to reduce interference. £8.95
Optional opto input allowing audio
'beat' /light response (DLA/ 1). 70p
DL3000K -3 -channel sound to light kit
features zero voltage switching, auto-
matic level control and built-in micro-
phone. 1kW per channel. £12.95

ELECTRONIC LOCK KIT

With hundreds of uses indoors, gar-
ages, car anti -theft devices, electronic
equipment, etc. Only the correct easily
changed four -digit code will open itl
Requires a 5V to 15V DC supply. Output
750mA. Fits into standard electrical wall
box.
Complete kit for car ignition
or door locks XK 101 £11.50
Electric lock mechanism for use with
existing door locks and the above kit.
(Requires relay.) 12V AC/DC coil.
(701 150). £14.95

24 HR CLOCK/APPLIANCE
TIMER KIT

Switches any appliance up to 1kW on
and off at preset times once per day. Kit
contains: AY -5-1230 IC, 0-5" LED dis-
play, mains supply, display drivers,
LED's, triacs, PCB's and full instructions.
CT 1000K Basic Kit £14.90
CT 1000K with white box
(56 x 131 x 71mm) £17.40

I ELECTRONICS SEND 9"x6" S.A.E.
OR CALL AT SHOP13 BOSTON RD MON-FRI 9-5pm

LONDON W7 3SJ SATURDAY 10-4pm
ORDERING INFORMATION:
ALL PRICES EXCLUDE VATM: FREE P&P on orders over £20 (UK only), otherwise add

75p + VAT. Overseas P&P: Europe £2.75. Elsewhere
£6.50. Send cheque/PO/Barclaycard/Access No.

with order. Giro No. 529314002.

LOCAL AUTHORITY AND EXPORT ORDERS WELCOME
GOODS BY RETURN SUBJECT TO AVAILABILITY

Ell

DIGITAL ELECTRONICS

SUPERKIT £22.00
SUPERKIT II £16.00
(£35.00 if bought together)
The SUPER KIT series introduces beginners to practical digital electronics.
SUPERKIT (SUP I) is the first kit, which contains an instruction manual,
a solderless breadboard, and components (7 integrated circuits, switch,
resistors, capacitors, LEDs and wire). It teaches boolean logic, gating,
flipflops, shift registers, ripple counters and half adders. SUPERKIT II
(SUP II) extends SUPERKIT. It contains an instruction manual and
components (10 integrated circuits, 7 -segment display, resistors,
capacitors and wire), and explains how to design and use adders,
subtractors, counters, registers, pattern recognisers and 7 -segment
displays.

DIGITAL COMPUTER LOGIC
DIGITAL COMPUTER DESIGN
MICROPROCESSORS Et
MICROELECTRONICS

£7.00
£9.50

£6.50
The SUPERKIT series is backed by our theory courses. DIGITAL
COMPUTER LOGIC (DCL), the beginners' course, covers the use and
design of logical circuits, flipflops and registers. DIGITAL COMPUTER
DESIGN (DCD), a more advanced course, covers the design of digital
computers both from their individual logic elements and from integrated
circuits. MICROPROCESSORS and MICROELECTRONICS (MIC)
teaches what a microprocessor is, how it evolved, how it is made and what
it can do.

GUARANTEE. If you are not completely satisfied. return the item to us in good condition within 28
days for a full refund. All prices include worldwide surface postage (ask for prepayment invoice for
airmail). Orders despatched within 48 hour, Overseas payment by international credit card or by
bank draft drawn on a London bank.

CAMBRIDGE LEARNING LTD, Unit 33, Rivermill Site,
FREEPOST, St. Ives, Huntingdon, Cambs. PEI 7 4BR, England
Telephone: 0480 67446.
VAT No. 313026022 Transcash No. 2789159 Reg. No. 1328762

MEN

Please send me (initial letters used):

SUP I @ £22.00 DCL @ £7.00
SUP II @ £16.00 DCD @ £9.50
SUP I+ II @ £35.00 MIC 9 £6.50

Full details of all your courses (please tick)

I enclose a cheque/PO payable to Cambridge Learning Ltd.
for £

Please charge my

No. Expiry date

credit card,

Telephone orders from credit card holders accepted on 0480 67446 (24
hrs).

Name

Address

Signature

CAMBRIDGE LEARNING LTD
Unit 33, Rivermill Site, FREEPOST,
St. Ives, Huntingdon, Cambs PE17 4BR
England.
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=Rapid
=Electronics
[Fast component distribution]

LINEAR
555 CMOS
550 CMOS
709
741
703
4,3-8910
40-3-11912
C43048
CA30806
CA3130E
CA31406
CA32406
ICL71136
ICL71311
IC18038
10182114

55
150

35
16

35
390
430
so
65
75
38

100
860
,00
ass
200

ICM7555
LF3417
11351
LF353
LF356
LM3014,
LM311
18318
L51324
LM334Z
183352
LM339

1813461

18358
LM377
LM380
L81381
LM382

55 LM386
90 18387
40 LM393
70 18710

90 1M711
30 LM725
45 LM741

110 18747
40 Lk11458
65 LM2917

130 LM3909
40 1513914
60 LM3915
40 LMI 3600

210 MC3302
60 MC3340

130 MFIOC9
130 1.11.922

85
90
45
48
46

270
16

60
35

170
65

190
190
100

75
130
330
415

14L924
ML925
81926
ML927
81928
511929
NE531
NE555
NE5S6
NE565
NE566
NE567
96570
146571
NE5532
NE5534
004136
504558

290 51488 240
290 61490 280
275 6976477 380
275 5P0256412 425
275 Data on above 50
275 TBA800 70
135 700810 65

20 T13482051 50
45 TC4940 65
95 1081022 270
95 TL061 40

100 TL062
230 71064
195 71071
180 TL072
105 11074

65 11081
45 71082

65
05
32
SS

105
20
45

11084
71170
71170
ULN20003
ULN2004
U192803
652208
Z9414
ZN423
Z14424
26425E
Z94266
214427E
294286
2144356
29,1486
Z9459
Z910346

so
50
50
so
so

130
395

75
100

70
340
200
580
435
360
525
190
100

TRANSISTORS
AC127
AC128
AC176
AC187
AC188
BC107
001078
BC108
BC108C
BC109
BC109C
BC140
BC141
80142
BC143
BC147

30 8C148
30 BC169C
25 BC171
25 BC178
25 BCI79
10 BC182
12 BC182L
10 BC183
12 BC1831
10 BCI84
12 BC16.11
29 BC2t2

30 BC2121
20 BC2I 3
30 8C213/.
10 EIC214

10
10
10
16
10
10
10
10
10
10
10
10

10
10

10
10

8C2101
BC237
BC238
BC327
BC328
BC337
BC338
BC477
BC478
BC479
BC517
80547
BC548
130549
BC557
BC558
BeY70
BCY71 1

BCY72 1

22
22
22
30

80131
110132
130139 35
80140 35
BF180 35
13F24461 35
0F337 35
BFR80 23
131X85 30
BFX88 30
8E050 25
8E051 25
0F552 27
ER739 50
13SY954 30
BU208 170
MJ2955 99
606340 50
MJE3055 70

40
40

MPF102
MPS412
TIP294
TIP29C
TIP304
TIP30C
TIP31C

TIP324
T1P32C
TIP334
TIP33C
T1P344
TIP34C
TIP354

T1P3SC
TIP364
TIP36C
7115414

40 TIP424 45
29 T115120 60
35 7115121 50
35 T1P122 60
35 T1P2955 70
40 T1P3055 80
35 01410KM 65
40 VI44041 94
35 0N61541 110
40 09815.4F 120
65 ZTX109 11

75 27X300 14
70 I7X500 13
60 275502 18

105 2922214 25
125 2922224 20
115 2142369 15
130 2142646 60

45 292904 26

2529040 26
292905 26
21479054 28
2142907 24
2929074 24
292926 10
293053 28
2930,4 55
293055 50
2143702 9
293703 10
293704 9
293705 10
293773 195
2143819 32
253886 90
293904 10
293906 10
295457 30

RESISTORS
Carbon film 74, 25+
1/4W 5% 4.7ohrn-10M 2p 1p
1/250 5% 4.7ohrn-4M7 3p 2p
Metal film
I/4W 1% I Oohm-1M 3P 3P
25+ price applies to 25+ per value
611 resistor networks
8 resistor 9 pin type 200

BRIDGE RECTIFIERS
IA 50*

2000
4000

14 8000

2A 2000
2A 4000
6A 1000
6A 4000

CABLES
20 metre pack single core connecting
cable ten afferent colours 75p
Speaker Cable 100/51
Standard screened 16p/R1
Twin screened 24918
3 core 2.54 mains cable 230/11
Four core screened 3434

OPTO
3 or 5mm red 8

3 or 5mm green 11

3 Of 5mm yellow 11

3 or 5mm clips 3

5mm superbright 30 TIL32
5mm tricolour 30 TIL38
11074 95 71178

11074 185 TIL100
MO03020 180 ORP12

Seven segment diS040
0 3in common anode or cathode
O. Sin common anode or cathode
0 56in common anode or Cathode

10 bar DIL LED array (20pin DO
High efficiency red

40
35
40
75
85

95
100
105

140

DIN 41612
Gold flasned Rt ang wirewrap
contacts plug

13

socket
64 way 4, 110 170
84 way 4+0 115 175
96 way 4+13+0 150 445

CONNECTORS
2081 23 way .09..090410
Spectrum 28 way edge Conn
24 way IEEE male
36 way Centronis male

150
200
350
330

POTENTIOMETERS
Single pots 470ohms-2142
Stem pots 1K-2512 110

Switched pots 1K-2612 105

Slider pots 5K -500K (60mrn) 70

Min hor. presets 100-1M 7

Single turn cermet 100-1M 30

20 turn cermet 10ohms-5006 65

COMPONENT KITS
Our component kits offer a considerable saving when buying a complete range of
components Ideally suited for re -stocking eta
0.25W Resistor kb. Contains 1000 0 25W 5% resistors from 4.7ohms tniu to 1014
Quantities depend upon popularity i.e. 10x10r, 3004701, 300100, 2504700 Just E7.90
each

Ceramic capacitor Mt. Total of 240 miniature ceramic capacitors from 22pF MN to
0 1uF Just 86.90 each
Polyester caputtor 101. Total of 110 miniature polyester capacitors from 0 Olu to
0 470F Just E11.90 each
Radial electolytle NI. Totalof 93 miniature radial electrolyses from lu 63V Oyu to 22000
16V Just 07.50 each
Preset kit. Total of 110 miniature horizontal mounting presets horn 1008 thru to 114 Jam
E6.90 each

REGULATORS
IBLOS
78112
78115
7805
7812
7815
LM3170
1113171"
LM323K

30
30
30
40
45
45

29030

420

163380
LM723
79105
79112
79115
7905
7912
7915
78H05

8110

40
50

50
50
45
45
45

950

137127
0447
0490
0491
04200
04202
1,1914
1.148

DIODES
12 194001 4

10 194002 5

8 1144006 7
7 195401 12
6 195404 14

195406 15
4 40011W zeners 6
3 1 3W zeners 13

RELAYS
Ultrammature SPOT relay rated 2A
6 01 120
Uttraimature ()PDT relay rated 2A
6 01120
Miniature relay SPOT rated 104
6 or 12V
Miniature relay DPDT rated 54
6 or 12V

105

160

160

180

AUDIO CONNECTORS
ON Plug Ski Jack Plug Skt
2 pin 6 8 2 5mm 10 9

3 prn 13 13 3 5mm 10 9

5 pin 14 13 2Sin 17 20
Phono 10 14 Stereo 25 25

4mm plu s and sockets red or black
Plugs 12 Sockets 12
4mm terminals 36

D CONNECTORS

Plug solder lugs
Rt. angle PCB plug
Socket solder lugs
RI angle PCB skt
Cover

9 ay 15 way 25 way 37 way
35 40 55 100
05 130 200 260
45 50 65 120

115 170 290 350
70 BO 80 05

1MHz
1 00138
I 84328
2 0M
2 4576
3.276
4 014Hz

CRYSTALS

275
270
180
100

es

90

5 008100
6.084H7
6.1441.11-12
8 Okelz
10 OMHz
12 (MHz
16 OkaHr
18 GMHz

100
55

110
55
85
55
85

100

SOLDERING IRONS

--(=M#IEA111
High quality desolder 1001
Ante CS 17W soldering iron
Ante XS 25W soldering von
Iron stand to suit CS or XS
10 metres 22 .4 solder
0 5Kg reel 22 swg solder

450
450
500
170

75
750

BOXES Deck ABS win
lid and screws

71x46X22mm 50
95x71x3.5mrn 93
140X90X55mm 150

MGM!
Low cost DK switch
4 way 8 pin 70
6 way 12 pin 80
8 way 16 pin 90

Submin toggle switches
SPST 55 SPOT 60 DPDT 65

Miniature toggle
SPOT 60 SPDT centre off 65
DPDT 70 131.137 cense off 75

Standard toggle
SPST 35 ()PDT 46

Miniature push to make 15

Miniature push to break 25

Slide swaches DPDT
Miniature 14 Standard 16

Unit 3,
Hill Farm Industrial Estate
Boxted, Colchester
Essex C04 5RD

Telephone orders: 0206 36412
Telex: 987756

BREADBOARDS
Protobloc breadboards are extremely
useful for quick construction of
electronic circuits without
soldering All sockets are on a WAIMEA'S%2.54mm pitch enabling Cal Y
circuits and a wide range of
components lo be plugged
in lo the board The contact pattern contains Iwo separate contact groups each of
rows of 5 interconnected contact sockets. Bus strtp5 are provised for power use
All contact positions are clearly marked on an alphanumeric god Supplied
complete with approx 20 layout sheels Two sizes are available

length width fie P.M rows
80mm 60mm
172mm 65mm

390
800

29
64

max no16
pin devices

3
7

prices

395p
695p

MICRO
271e
2632
2732 sm..

Pesevornebie
2732
2704260

333
e.se

SOO

WO

1;12622.0 are,
340

400
is0
310
leo
100
180
leo
leo
018
032

6800
6802
6809
6510
6821
6840
6850
6852
6875
6880
6502

200
2150
600
140
140
360
166
240
500
100
370

6522
6532
6551
80854
8156
8251
8253
8255
8259
MC1488
MC1489

330
520
540
320
380
350
370
320
400
60
60

HARDWARE
PP3 battery clips
Red or black crocodile Clips
Pair ultrasonic transducers
20mm panel fuseholder
6 0112* electronic buzzer
66mm 8 ohm min. Speaker
66mm 64 ohm min speaker
12 way 'chocolate block'
Red or amber panel neon

5

396
25
65
70
75
21

28

TOOLS

Lav cost side cutters 11111
Low cost pliers 1.0
Both the above represent
exceptional value We have seen suntan
tools advertised at C51,,
Bib wire stripper 180
Automatic wire stripper 590
Light duty cutters 300

SOCKETS

8 pin
14 pm
16 pin
18 pin
20 pn
22 an
24 pin
28 pin
40 pin

Low
profile

4p
70
Bp

OP

10p
12p
13p
14
149

Wire
wrap

2/10
414
550

75p
80P
85p
1000
140p

CAPACITORS
Mini polyester 63V DC type.
In. 2n2, 407, 10n. 22n. 69, 47n.
100n, Sp, 220n. 11p. 470n, 13p.

Electrolytic. Radial head type
lu, 202,457 9 63V 5p, 10135, 22u 0
25V 50 07u 25V 79, 1005 25V 49;
220u 25V 13p, 470u 160 1400
10000 18V 205, 1000u 25V 300
22000 16V 34p, 2200u 25V 42p.

Tantalum bead
0.10, 0 47u. 10 90 350 69, 202 9
25V 6p, 457 0 250 Es 100 0 25V
14p, 220 0 160150; 47u 0 16V 40P.
Ceramic disc 500.
1003-10n 30 ee0h, 100n 250 60

IDC CONNECTORS

16 way
20 way
26 way
34 way
40 way

PCB
plug
st

80
90

110
120
140

PCB
dug

ang
85
95

110
130
150

skt
90
90

106
130
145

Edge
corm

165

PCB EQUIPMENT
We offer a comprehensive range of c

equipment.
Expo Reliant 125 PCB drill 575
Expo Titan 12V PCB drill 1040
Drill stand to suit 1250
Variable speed power supply 1440
0.0, 1 0 02 1 firnm drills so

Phot0-etCh PCB (Professional quality)
single double
sided Sided
180 200
seo 640
1180 1310

100 a 160mm
233.4 a 220mm
305 a 457mm

Plain fibre glass board
Single 00Uble
Sided Oded

100 2 160mm 70 75
33.4  220 160 175

203 x 95 80 90
203 x 306 200 220

tch resist pen 700
ull range of PCB transfers also available

- see catalogue

VERO
gerObOard, Size 0.17 matrix
2.5 x 1 26 2 5 3 75 95
3 75 5 120 3.75x17 390
4.75  17 495 VO board 190

Veropins per 100
ingle sided 55 double aided 65

Spot face cutter 150

NEW CATALOGUE
Our new folly illustrated 96 page catalogue is now
available Contatns over 3400 stock lines at Me
most competnwe once* in the market We now sell
more components than all the 01341 mail order
companies put together! When you have our new
catalogue easy to see whYl Price lust f 1
including postage (includes Cl discount voucher) or
bee with orders over C20 in value. Send for your
copy nowt

AVAILABLE NOW

RIBBON CABLE
Grey
In way
16 way
20 way
26 way
34 way
40 way
50 way

per foot 1001t reel
4 650

25 1050
26 1310
38 1720
58 1150
68 2650
90 3320

L SOO

1500
LSO1

1502
LSO4
LSO5
LSO8
LSO9
LSIO
1511
1512

L513
1514
LSI5

18 1620
20 LS21
20 L526
15 LS27
20 LS30
20 LS32
20 LS37
20 LS38
20 1640
20 LS42

16,47
LS48
LS73
LS74
LS75
LS78
LS78
LS83
LS85
L586
L590
LS92
LS93

80 LS95
65 L596
33 LS122
25 LS123
30 LS125
30 LS126
35 LS132
45 L5138
50 LS139
22 L5148
25 LS151
35 18154
30 LS155

50 LS157
15158
LSI61
LS163

38 LS184
38 LS166
45 LS170
38 LS173
38 LS174

100 LS175
35 LS190

120 LS191
45 LS192

75
45
45

35
35
55
55
55
65

100
45
45
45
60
55
55

LS193
LSI95
LS221
LS240
LS241
LS242
LS244
LS245
IS247
LS251
LS257
LS259
10266

LS273
IS279
LS283
LS365
LS366
LS387
16373
LS374
L5375
L5390
LS393
L9541
10670

55
50
60
40
90
40
60
60
40
55
55
96

110

CMOS
4000 15
4001 15
4002 15
4006 40
4007 15
4009 25
4011 15

4012
4013
4015
4016
4017
4018
4020
4022
4023
4024

15
24
44
20
35
40
40
40
15
30

0025
4026
4027
4028
4029
4030
4040
4042
4643
4044

4046 48
4047 50
4049 23
4050 23
4051 45
4052 45
4060 45
4066 25
4068 16
4069 15

4070
4071
4072
4073
4076
4077
4081
4082
4093
4098

20 40106
16 4502
16 4507
18 4508
50 4510
30 4511
15 4514
15 4516
22 4518
50 4520

4526
4526
4532
4538
0503
4553
4555
4566
4584
4585

ss
40
so
so
so

215
35
35
35
so

hal
7400
7401
7402
7404
7405
7406
7407

7408
7413
7410
7416
7417
7420
7421
7422
7427
7428

7430
7432
7433
7437
7438
7440
7442
7414
7446
7447

28
30
38
30
35
29
70

105
130
68

7448
7450
7451
7453
7454
7460
7472
7473
7474
7475

40 7476
25 7483
28 7485
28 7486
28 7489
26 7490
35 7491
35 7492
35 7493
45 7494

7495
7496
7497
74121
74123
74132
74150
74154
74157
74161

60
30
501

40
50
50

135
135
70
SO

74163
74175
74177
74190
74191
74192
74193
74194
74195
74196

80
80
BO
70
75
75
70
75
75
75

The Rapid Guarantee -
* Same day despatch * Lowest prices
* Brand new components * In-depth stocks

rORDERING INFO. MI components Mend new and to MI spell
fall price* exclude VAT - alms.; add to total order. Rome add
70ocaniape to a. orders under 620in woke, Minimum order*.
if5 Send cheque/POs Aoce0/Vieenumb4 with on.. Our new
'6 pegs catekrgue rs given free with orders over 620. Telephone
orMrs svelcorne with Accent or Visa. Official orders welcome
'from cages. echools. public convenes, ex. Export orders no

but pleme add for cerne903147rtent.51.9191,155514- Wa
'ars open Monday -Friday from 9.00 e.m.-8.00 p.m.

Everyday Electronics, June 1986 285



E.E. PROJECT KITS MAGENTA
Full Kits inc. PCBs, or veroboard, hard-
ware, electronics, cases (unless stated).
Less batteries.
If you do not have the issue of E.E. which
includes the project - you will need to
order the instruction reprint as an extra -
70p each. Reprints available separately
70p each p&p 80p.

THIS MONTH'S KITS
SAE or 'phone for prices

PERCUSSION SYNTH June 86
MINI STROBE May 86
PA AMPLIFIER May 86
LOGIC SWITCH May 86
AUTO FIRING JOYSTICK May 86
STEREO REVERB Apr 86
VERSATILE PSU Apr 86
CIRCLE CHASER Apr 86
FREELOADER Apr 86
STEPPER MOTOR DRIVER Apr 86
BBC MIDI INTERFACE Mar 86
INTERVAL TIMER Mar 86
STEREO HI -Fl PRE -AMP
MAINS TESTER 8 FUSE FINDER Mar 86
FUNCTION GENERATOR Feb 86
POWER SUPPLY FOR ABOVE
TOUCH CONTROLLER Feb 86
pH TRANSDUCER (less Probe( Feb 86
LIGHT EFFECTS/GAMES UNIT Feb 86
SPECTRUM OUTPUT PORT Feb 86
HEADLIGHT ONE SHOT Feb 86
OPORT Jan 86
TACHOMETER Jan 86
MAIN DELAY SWITCH left case Jan 86
ONE CHIP ALARM Jan 86
MUSICAL DOOR BELL Jan 86
TR. LOGIC PROBE Dec 85
DIGITAL CAPACITANCE METER Dec 85
DIDOE/TRANSISTOR TESTER Oec 85
UNIVERSAL LCR BRIDGE Nov 85
FLUX DENSITY TRANSDUCER Nov 85
FLASHING PUMPKIN less case Nov 85
SQUEAKING BAT less case Nov 85
SCREAMING MASK less case Nov 85

E211.98

£12.49
E23.77
f14.22
f11.29
£23.98
£22.39
f 19.98

£7.70
£4.66

£25.34
f17.11
244.62

E7.98
f 22.53

£1.26
211.67
£22.01
(10.37
£10.21
£10.69
f 6.80

623.40
f 17.93

f 7.90
£16.98

f 8.59
£35.98
f 15.98
223.49
£26.15

£3.82
£8.63
f 9.98

STRAIN GAUGE AMPLIFIER Oct 85 £25.46
SIMPLE AUDIO GENERATOR Oct 85 £2.59
SOLDERING IRON POWER CONTROLLER Oct
85 f4.72
VOLTAGE REGULATOR Sept 85 £6.78
PERSONAL STEREO P.S.U. Sept 85 £8.99
R.I.A.A. PRE -AMP Sept 85 £14.49
CARAVAN ALARM Sept 85 £9.37
FRIDGE ALARM Sept 85 £6.82
SEMI -CONDUCTOR TEMP. SENSOR Sept

85 f 18.93
RESISTANCE THERMOMETER Sept 85 Less

Probe f 18.83
PLATINUM PROBE Extra E22.00
LOW COST POWER SUPPLY UNIT Aug 85 f 16.72
TRI-STATE THERMOMETER (Ban) Aug 85 £6.05
TREMOLO/VIBRATO Aug 85 £34.48
STEPPER MOTOR INTERFACE FOR THE BBC
COMPUTER less case Aug 85 f13.99
1035 STEPPER MOTOR EXTRA 214.50
OPTIONAL POWER SUPPLY PARTS £4.67
EMERGENCY LIGHTS FLASHER less lamps July
85 £6.39
CONTINUITY TESTER July 85 £5.37
TRAIN SIGNAL CONTROLLER July 85 28.78
AMSTRAD USER PORT July 85 £15.33
ACROSS THE RIVER June 85 £17.97
ELECTRONIC DOORBELL June 85 £0.55
GRAPHIC EQUALISER June 85 223.33
AUTO PHASE May 85 216.39
INSULATION TESTER Apr 85 E16.96
LOAD SIMPLIFIER Feb 85 f16.96
SOLID STATE REVERB Feb 85 239.98
GAMES TIMER Jan 85 £7.63
SPECTRUM AMPLIFIER Jan 85 f 5 98
TV AERIAL PRE -AMP Dec 84 £12.36
Optional PSU 12V £2.03 2400 29.86
MINI WORKSHOP POWER SUPPLY Dec 84E34.98
DOOR CHIME Dec 84 614.91
BBC MICRO AUDIO STORAGE SCOPE INTERFACE
Nov 84 E28.77
PROXIMITY ALARM Nov 84 EI7.98
MAINS CABLE DETECTOR Oct 84 £4.39
MICRO MEMORY SYNTHESISER Oct 84 E47.98
DRILL SPEED CONTROLLER Oct 84 £6.89
GUITAR HEAD PHONE AMPLIFIER Sept 84 £6.38
SOUND OPERATED FLASH less lead Sept 84£5.91
TEMPERATURE INTERFACE FOR BBC MICRO Aug
84 f 19.70
CAR RADIO BOOSTER Aug 84 £13.87
CAR LIGHTS WARNING July 84 £1.99
VARICAP AM RADIO May E.4 f 10.43
EXPERIMENTAL POWER SUPPLY May 84 £18.12
SIMPLE LOOP BURGLAR ALARM May 84 f 13.62

MASTERMIND TIMER May 84 25.44
FUSE/DIODE CHECKER Apr 84 £3.45
QUASI STEREO ADAPTOR Apr 84 £10.90
DIGITAL MULTIMETER add on for BBC Micro Mar
84 f 24.98
NI -CAD BATTERY CHARGER Mar 84 £9.85
REVERSING BLEEPER Mar 84 28.78
PIPE FINDER Mar 84 £3.60
IONISER Feb 84 £23.98
1X81 EPROM PROGRAMMER Feb 84 £14.48
SIGNAL TRACER Feb 84 214.89
CAR LIGHT WARNING Feb 84 £3.76
GUITAR TUNER Jan 84 £17.73
BIOLOGICAL AMPLIFIER Jan 84 £19.15
CONTINUITY TESTER Dec 83
CHILDREN'S DISCO LIGHTS Dec 83 £8.42
NOVEL EGG TIMER Dec 83 Inc case £10.24
SPEECH SYNTHESIZER FOR THE BBC MICRO Nov
83 less cable + sockets f 21.98
MULTIMOD Nov 83 f 16.98
LONG RANGE CAMERA/FLASHGUN TRIGGER Noy
83 £13.50
HOME INTERCOM less link wire Oct 03 £14.38
DIGITAL TO ANALOGUE BOARD Oct 83 less cable,
case & connector £19.98
HIGH POWER DAC DRIVER BOARD Oct 83 less
case £12.52
HIGH SPEED A TO D CONVERTER Sept 83 less cable

& connector £27.98
STORAGE 'SCOPE INTERFACE FOR BBC MICRO
Aug 83 less software £15.38
HIGH POWER INTERFACE BOARD Aug 83 no

Case f 10.38
USER PORT I/O BOARD less cable + plug f 10.49
USER PORT CONTROL BOARD July 83 lass cable +
plug + case £25.14
GUITAR HEADPHONE AMPLIFIER May 83 27.92
MW PERSONAL RADIO less case, May 83 OM
MOISTURE DETECTOR May 83 £5.46
CAR RADIO POWER BOOSTER April 83 £11.99
FUNCTION GENERATOR Apnl 83 245.98
RANGER SOUND EFFECTS April 83 £24.17
NOVELTY EGG TIMER April 83 less case 25.48
DUAL POWER SUPPLY March 83 £59.38
BUZZ OFF March 83 £4.51
PUSH BIKE ALARM Feb 83 £11.73
ZX TAPE CONTROL Nov 82
CONTINUITY CHECKER Sept 82
2 -WAY INTERCOM July 82 no case
ELECTRONIC PITCH PIPE July 82
REFLEX TESTER July 82
SEAT BELT REMINDER Jun 82 £4.10
EGG TIMER June 82 25.44
CAR LED VOLTMETER less case May 82 £3.18
V.C.O. SOUND EFFECTS UNIT Apr 82 f 12.71
CAMERA OR FLASH GUN TRIGGER Mar 82213.65
less tnpod bushes
POCKET TIMER Mar 82 £4.10
GUITAR TUNER Mar 82 217.19
SIMPLE STABILISED POWER SUPPLY Jan

82 £26.98
MINI EGG TIMER Jan 82 24.40
SIMPLE INFRA RED REMOTE CONTROL Nov
81 £18.70
CAPACITANCE METER Oct 81 £25.81
SUSTAIN UNIT Oct 81 £13.99
TAPE NOISE LIMITER Oct 81 £4.98
HEADS AND TAILS GAME Oct 81 £2.75
CONTINUITY TESTER Oct 81 £4.48
PHOTO FLASH SLAVE Oct 81 £3.80
FUZZ BOX Oct 81 £7.98
SOIL MOISTURE UNIT Oct 81 £6.39
0-12V POWER SUPPLY Sept 81 £19.48
COMBINATION LOCK July 81 less case £21.58
SOIL MOISTURE INDICATOR E.E. May 81 £4.49
PHONE BELL REPEATER/BABY ALARM May
81 £6.15
INTERCOM April 81 £24.43
MODULATED TONE DOORBELL Mar 81 £7.35
2 NOTE DOOR CHIME Dec 80 f11.35
LIVE WIRE GAME Dec 80 £12.87
GUITAR PRACTICE AMPLIFIER Nov 80 £14.10 less
case Standard case extra £4.99
SOUND TO LIGHT Nov 80 3 channel £23.40
TRANSISTOR TESTER Nov 80 f12.80
AUDIO EFFECTS UNIT FOR WEIRD SOUNDS Oct
80 £14.40
MICRO MUSIC BOX Feb 80 £17.80
Case extra f 310
SPRING LINE REVERB UNIT Jan BO £27.20
UNIBOARD BURGLAR ALARM Dec 79 £6.70
DARKROOM TIMER July 79 f 3.20
MICROCHIME DOORBELL Feb 79 f1 7.41
SOUND TO LIGHT Sept 78 f 9.20
CAR BATTERY STATE INDICATOR LESS CASE Sept
78 f 2.29
R.F. SIGNAL GENERATOR Sept 78 631.20
IN SITU TRANSISTOR TESTER Jun 78 67.60
WEIRD SOUND EFFECTS GENERATOR Mar
78 26.20
ELECTRONIC DICE Mar 77 24.96

£7.13
f 5.47
£4.52
£5.40
f 7.77

FUN WITH
ELECTRONICS

Enjoyable introduction to electronics. Full
of very clear full colour pictures and easy to
follow text. Ideal for all beginners - chil-
dren and adults. Only basic tools needed.
64 full colour pages cover all aspects -
soldering - fault finding - components
(identification and how they work).
Also full details of how to build 6 projects
- burglar alarm, radio, games, etc. Re-
quires soldering -4 pages clearly show
you how.
COMPONENTS SUPPLIED ALLOW ALL
PROJECTS TO BE BUILT AND KEPT.
Supplied less batteries & eases.
FUN WITH ELECTRONICS,
COMPONENT PACK £18.98
BOOK EXTRA £1.75.
Book rabble separately.

INTRODUCTION
TO ELECTRONICS

An introduction to the basic principles of
electronics. With lots of simple experi-
ments. Uses soldering. Lots of full colour
illustrations and simple explanations. A
lovely book. Ideal for all ages.
INTRODUCTION TO ELECTRONICS
COMPONENT PACK

BOOK EXTRA

Book also available separately.

£9.99

f2.45

BOOKS
A practical Introduction to Microprocessors.
Panfold £2.10
Basic Electronics. Hodder & Stoughton £8.98
Beginners Guide to Building Electronic Projects.
Fanfold 22.26
DIY Robotics & Sensors Billingsley. BBC 27.95
Commodore 64 £1.99
Elementary Electronics. Sladdin £5.98
Science Experiments with Your Computer £2.43
How to Design & Make Your Own PCBs. BP121f 2.16
Hew to Make Computer Controlled Robots. Potterf 3.20
How to Make Computer Model Controllers. Potterf 3.19
Interfacing to Microprocessors & Microcomputersf 6.50
Machine Code for Beginners. Osborne £2.45
Micro Interfacing Circuits Book 1 E2.45
Microprocessors for Hobbyists. Coles 24.911
Prectical Computer Experiments. Parr 21.95
Practical Things to do Wrth a Microcomputer.
Osborne 22.19
Ouestions & Answers - Electronics. Hickman £3.45
Understanding the Micro. Osborne 21.95

TEACH IN 86
MULTIMETER TYPE M102112 as specified. Guaranteed. Top quality. 20k/V, with battery check, continuity
tester buzzer and fuse and diode protection. 10A dc range.
Complete with leads, battery and manual. £13.98
VEROBLOC BREADBOARD, DESIGN PAD, MOUNTING PANEL AND 10 CROCODILE CLIP
CONNECTING LEADS. £6.98
REGULATOR UNIT FOR SAFE POWER SUPPLY. All components including the specified case. Also the
plugs, fuse and fuseholders to suit the EE mains adaptor. f 16.78
COMPONENTS FOR PRACTICAL ASSIGNMENTS. Parts 1 and 2 (Oct & Nov) f 1.94. Part 3 (Dec) f 1.37.
Part 4 (Jan) £2.48. Part 5 (Feb) £2.22. Part 6 (Mar) £6.31. Parts 7, B & 9 (combined) £2.55.

All the above include VAT. P&P Plus 80p.

TEACH IN 86 PROJECTS
UNIVERSAL LCR BRIDGE Nov 85
DIODE/TRANSISTOR TESTER Dec 85
USEFUL AUDIO SIGNAL TRACER Jan 86
AUDIO SIGNAL GENERATOR Feb 86
R.F. SIGNAL GENERATOR March 86
FET VOLTMETER Apr 86
DIGITAL PULSE GENERATOR May 86

f23.49
f 17.98
f 15.95
f24.96
f23.32
f20.46
f 15.89

MOTOR - GEARBOX ASSEMBLIES
Miniature precision made. Complete with quality electric motor. Variable reduction ratios
achieved by fitting from 1-6 gearwheels (supplied) as required. Operates from 1.5V to 4.5V.
Small unit type MGS speed range 3rmp-2 20Orpm depending on voltage & gear ratio. Large
unit type MGL (higher torque motor) 2rpm- 1 1 5Orpm. Long 3mm dia output shafts. Ideal for
robots and buggies.
Small Unit (MGS) £3.49. Large Unit (MGL) £3.98.
Pulley wheels 3mm bore. Metal flange with
brass hub. 10mm dia. £1.75. 20mm dia.
£1.84. 30mm dia. £1.99.
Metal collar with fixing screw, 3mm bore
24p. Flexible spring coupling 5mm. Length
31mm 68p.
Flexible metal coupling (universal) 3mm
£2.98.

TOOLS
ANTEX MODEL C IRON
ANTEX X5 SOLDERING IRON 25W £7.25
ST4 STAND FOR IRONS £2.85
HEAT SINK TWEEZERS 45p
SOLDER HANDY SIZE 5 f 1.39
SOLDER CARTON £2.50
SOLDER REEL SIZE 10 £4.67
LOW COST PLIERS £1.98
LOW COST CUTTERS £1.99
BENT NOSE PLIERS £1.09

MINI DRILL 129 (M01)
MULTIMETER TYPE 1 1

MULTIMETER TYPE 2 2071w
MULTIMETER TYPE 3 30.000opy
MULTIMETER TYPE 4 1044 DIGITAL
DESOLDER PUMP
SIGNAL INJECTOR
CIRCUIT TESTER
HELPING HANDS JIG LS MAGNIFIER
MINIATURE VICE (PLASTIC)

£8.38
ft 98

f 1 7.98
£27.98
£39.98

£5.48
£2.98

f71.3
f1.115

CATALOGUE

FULLY REVISED CATALOGUE. Brief details of
each kit, our books, & illustrations of our
range of tools & components. Also step-
per motor, interface kit & simple robotics.
Plus circuit ideas for you to build. If you
read Everyday Electronics then you need a
copy of the MAGENTA catalogue.

CATALOGUE & PRICE LIST - Send E1 ie stamps
eta. or add f I to your order. Price list - 9a4 sae.

Catalogue FREE TO SCHOOLS/COLLEGES RE-
QUESTED ON OFFICIAL LETTERHEAD.

ADVENTURES
WITH

ELECTRONICS
An easy to follow book sortable for all ages. Ideal 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, timer. etc. Helps you learn about electronic
components and how circuits work. Component pack
includes en S -Dec breadboard and all the components for

the projects.
Adventures with Electronics E3.58. Component pack
£20.98 less battery.

OUR PRICES INCLUDE VAT

MAGENTA ELECTRONICS LTD
EE41, 135 HUNTER ST.,
BURTON -ON -TRENT,
STAFFS, DE14 2ST.
MAIL ORDER ONLY.
0283 65435, Moe -Fri 9-5.
Access/Barclaycard (Visa) by
phone or post
24 he Answegabon for credit card orders.

ADD BOP PAP TO ALL ORDERS.
PRICES INCLUDE VAT.
SAE AU ENQUIRIES.
OFFICIAL ORDERS WELCOME.
OVERSEAS Payment must to sterling
IRISH REPUBLIC and BFPO. UK PRICES.
EUROPE: UK PRICES plus 10%
ELSEWHERE wine for p.ote
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Editorial Offices
EVERYDAY ELECTRONICS EDITORIAL,
6 CHURCH STREET, WIMBORNE,
DORSET BH21 1JH
Phone: Wimborne (0202) 881749

We regret that lengthy technical enquiries cannot be
answered over the telephone

Advertisement Offices
EVERYDAY ELECTRONICS ADVERTISEMENTS
4 NEASDEN AVE., CLACTON -ON -SEA, ESSEX
C016 7HG. Clacton (0255) 436471

GETTING IT TOGETHER

LAST month I touched on the problems of teaching electronics in schools.
On a similar subject I was pleased to see an initiative by the Electronic

Engineering Association (EEA) recently to encourage more students to take up
electronics as a profession. There has long been a feeling in UK schools,
colleges and universities that the arts are rather "better" subjects to take than
to go in for some form of engineering. Thankfully this totally erroneous notion
is beginning to subside in all but the most old fashioned bastions of education.

With many people unemployed it is sobering to know that the electronics in-
dustry has a 10 per cent shortage of technicians and engineers while hundreds
of arts students find nowhere to go when they leave full-time education. Our
schools are coming round to the thought that perhaps it is better to educate
young people for their life ahead rather than just to educate them!

Getting back to the EEA initiative, which is being backed by all 60 member
companies of the Association, a video has been produced which will be
distributed to schools, colleges and local education authorities to be shown to
students. The video is presented by BBC personality Mike Smith who talks to
a group of young people working in the electronics industry. Those inter-
viewed come from a variety of backgrounds and abilities which range from
school leavers with CSEs to university graduates. Schools can also arrange
visits from EEA member companies who will explain the advantages of a
career in electronics and discuss the opportunities available.

Such an initiative must be welcomed by all sides and we hope the schools
will be keen to show the video to students. Schools can contact the EEA should
they not have any information on the video; ring Jessica Chilton of the EEA on
01-437 0678, who will be able to provide more information.

REPAIRS
This issue carries a short article on repairing commercial equipment, it is

not intended to be comprehensive but will give readers some ideas and
pointers to get them started. We must, however, make it quite clear that we are
unable to supply any information on any commercial equipment or to help
readers with queries about commercial equipment. Quite simply we would
need a massive reference library and far more time than we ever get to be able
to help with such queries.

BACK ISSUES & BINDERS
Certain back issues of EVERYDAY

ELECTRONICS and ELECTRONICS
MONTHLY are available price £1.25
(£1.75 overseas) inclusive of postage and
packing per copy. Enquiries with remit-
tance, made payable to Everyday Electron-
ics, should be sent to Post Sales Depart-
ment, Everyday Electronics, 6 Church
Street, Wimborne, Dorset BH21 1JH. In
the event of non -availability remittances
will be returned. Please allow 28 days for
delivery.

Binders to hold one volume (12 issues)
are available from the above address for
£5.50 (£6.25 overseas) inclusive of p&p.
Please allow 28 days for delivery.

Payment in £ sterling only please.

Editor MIKE KENWARD
Personal Assistant
PAULINE MITCHELL
Assistant Editor/Production
DAVID BARRINGTON
Assistant Editor/Projects
DAVID BRUNSKILL
Editorial: WIMBORNE (0202) 881749
Advertisement Manager
PETER J MEW Clacton (0255) 436471
Classified Advertisements
Wimborne (0202) 881749

READERS' ENQUIRIES
We are unable to offer any advice on the

use, purchase, repair or modification of
commercial equipment or the incorpora-
tion or modification of designs published in
the magazine. We regret that we cannot
provide data or answer queries on articles
or projects that are more than five years
old. Letters requiring a personal reply
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LIGHT PEM

Simple Light Pen
for the BBC Micro,
giving excellent
results

IF you own a BBC Micro, you have a
computer with the facility to accept a light

pen. However, you may be surprised at the
cost of a ready -built light pen. This is partly
due to the difficulty in manufacturing a
reliable piece of hardware. Some manufac-
turers have attempted to produce such a
device, but owing to marketing consider-
ations, i.e. cost and potential sales, the
resulting units often leave a lot to be
desired. In this article we present a Light
Pen which, in component parts, will cost
around £5.00, yet give an excellent resolu-
tion and accuracy.

HOW A LIGHT PEN WORKS
To explain how a light pen works, you

must first have an idea of how a television
picture is created. The phosphor, coating
the inside of the screen, glows when struck
by a beam of electrons emitted by a cathode
gun. This beam is deflected from left to
right by a set of electro-magnets called
horizontal deflection coils. When the spot
reaches the right hand side the beam is
blanked and it is moved at high speed to the
left side. During this time a vertical deflec-
tion coil is slowly moving the spot down the
screen so that on the next sweep it. is below
the previous line. This repeats until all 625
lines have been drawn, at which time the
spot returns to the top left hand corner. This
is a highly simplified description as in a real
TV or monitor the process is far more
complex (i.e. there is interlacing).

At the most basic level the light pen is a
detector of light. In the Beeb the video/TV
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Fig. 2. Layout and wiring of the Light Pen Veroboard.

display is controlled by the 6845 CRT
controller chip. Every time the light spot
passes the tip of the pen, the pen generates a
digital pulse. This in turn causes the 6845 to
store a number in two of its registers
(R16-high byte, and R 17-low byte). The
number has a minimum value when the pen
is at the top left hand corner of the screen
and increases in unit steps to a maximum
reading at the bottom right.

CIRCUIT AND
CONSTRUCTION

As can be seen from the circuit diagram
(Fig. 1) there are very few components
needed to make the pen. The most impor-
tant is the light detector. It must have good
sensitivity and fast reaction characteristics.
The TIL 81 phototransistor is ideal and is
available at around £1.25. If unavailable the
more expensive BPX 25 phototransistor
can be used with identical results. Both
these devices have a built-in glass lens on
the tip. This is worth noting as if the glass

PIN OUT FOR
b TIL81 AND BPX 25

IEE2801.11

TO PL1
PIN 1

15VI

PIN 9
(LP STB)

SWITCH
(OPTIONAL SEE TEXT)

1.1

PIN 13
IPB0)

PIN 2
10V)

Fig. 1. Circuit diagram of the complete Light Pen.

lens is in contact with the monitor screen
scoring may occur. Therefore, it is a good
idea to surround the detector with some
plastic to keep it off the screen.

The only thing of any interest as far as the

COMPONENTS

Resistors
R1 15k
R2 47k (see text)
R3 1k
R4 1M
R5 150
All L -W ±2%

page 313

Capacitors
Cl 10n as small as

possible

Semiconductors
TR1 TIL81 (or BPX25)
TR2 2N3904
TR3 2N3906

Miscellaneous
15 -way D connector; 15 -way cover
for D connector; very small piece of
Veroboard; 3 (or 4) -way cable (see
text); single pole push to make
switch (optional-see text).

Approx. cost
Guidance only 5
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PEN TOP WITH END CUT OFF
TO PREVENT PHOTOTRANSISTOR
TOUCHING THE SCREEN.

PHOTOTRANSISTOR
HELD IN PLACE BY
A BLOB OF EPDXY
OR OTHER GLUE.
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Fig. 3. Construction of the Light Pen inside the pen case.

Constructed unit ready to mount in the case.

Completed Light Pen showing connector.

circuit is concerned is that the response
speed of the phototransistor is improved by
biasing it into conduction, and by applying
a negative feedback to the base. This is
achieved by TR I , RI, R2 and R3.

The circuit is constructed on a very small
piece of Veroboard (Fig. 2) so that it can be
housed in a pen casing of about 7.5mm
internal diameter. Construction, although a
little fiddly, should present no problems
-ensure all components are as close to the
board as possible so that it will fit inside the
pen used as a case.

After completion, try the light pen out
with one of the demonstration programs.
Ideally, the pen should only work within
3cm of a white screen, though this is
dependent on the brightness. If it seems too
insensitive try turning up the brightness
control or increasing the value of R2. (This
was not made variable as presets are rela-
tively large.) If on the other hand it is too
sensitive, decrease the value of R2.

If, when the pen is used with the drawing
program, it gives a fluctuating pen position,
it will be necessary to shorten the leads
between the circuit board and the photo -
transistor (about 4cm max.). This is due to
the signal from the phototransistor being
reduced on the wire. In fact, the phototran-
sistor can be soldered directly to the board
if necessary.

ALTERNATIVE IDEAS
Some thought ought to be put towards

choosing a cable for the light pen: Points to
bear in mind are: flexibility, weight and size
of the cable, as these affect the ease of use of
the device. Ribbon cable was found to be
ideal.

There are two main reasons for not
putting a switch on the light pen. It is hard
to obtain a switch small enough to fit neatly,
and there are plenty of keys on the Beeb's
keyboard anyway! If you do want to fit a
switch, connect it from 0 volts to PBO on the
D connector (pin 13). For the computer to
sense this make the program read ADVAL
(0) AND3.

PROGRAMS
The programs listed are by no means the

only ones (or even the best) for use with the
light pen, but are mainly for testing. Also
they reveal a simple machine code routine
to read the pen position (BASIC is too
slow). The first program is an example of a
light pen driven menu. You can have many
more options than those shown. The advan-
tage then is that you do not have to use vast
numbers of letters as options.

The second program is a simple drawing
program. Select a colour by sweeping over

MENU PROGRAM
10 160:

20 xcorrect=-2:ycorrect=0 :RE (see text) 170 DEFPROCpen

30 PROCcompile 160 087,2820 :REM (see text)

40PROCmenu 190 T7.=(U5R(pen)ANDL,FFFF)-05%

50 END 200 XP7.=(1-7. MOD 40),,correct

60: 210 YP7.=(T% DIV 40).ycorreCt

70 DEFPROCcompile 220 ENDPROC

80 DIMP%100 230:

90 COPTO 240DEFFROCmenu

100 .pen LDX#16:LDA#17:LDYe16 250VIDU23,254,255,255,255.255,255,255,255,255

110 STX&FEOO:LDX &FE01 260FOR1=0707:FORm=11-03:P.TAB(0,1*4:,m):CHR$254;CHR$254:CHR$254:NEXT,

120 STA&FEOO:LDA &FE01 270FOR1=0707:PRINTTAB(5,1X4+1);" Menu choice .;1:NEXT

130 STY&FEOO:CPX &FEOI:BNE pen 280choice=0:REPEAT:PROCpen:IF XP%<4 AND XP7.>-1 THEN choice=VP% DIV 4

140 RTS:] 290PRINTTAB(30,4);"Choice ";choice:UNTILO

150 ENDPROC 300ENDPROC
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DRAWING PROGRAM
230 X5=16*(T5 MOD 80)

10 DIM P7. 100 240 Y7.=32*(32-T% DIV 80)

20 t.pen LDX*16:LDA417:LDY416 250 ENDPROC

30 STX &FEOO:LDX &EEO' 260 DEFPROCgo:REM WAIT FOR PEN DOWN

40 STA t.FE00:LDA &FE01 270 REPEAT TS5=T7.

50 STY tFE00:CPX &FE01:BNE pen 280 17.=USR(pen) AND &FFFF

60 RTS:] 290 UNTILT5=TS%+80

70 MODE2:GCOL0,135:COLOURIT5:CLS 300 PROCPEN

90 VDU5:VOU23,754:0:24:040: REM see text 310 CX7.=X%:CY7.=Y%

90 PROCc:PROCgo:V5=0 320 ENDPROC

100 REM DRAW LINE UNTIL PEN IS STATIONARY 330 DEFPROCc

110 REPEAT FROCPEN 340 VDU4,23,255,&FCFC:WCFC:&FCFC:WCFC:23:8202:0:00:28,0,31,0,0

120 IFX%>64 XXX=X%-CX% ELSE XX5=0 750 COLOUR135:CLS

130 YY5=Y5-CY5 360 FORT=128 T0134:COLOURT

140 IF ABSXX%>600 THENXX5=0 370 VDU32,255,255,32

150 CX5=CX5-f-XX5DIV4 380 NEXT:*FX15,0

160 CY5=CY5,YY5DIV4 390 REPEAT PROCPEN:Z=INKEY(0):UNTIL(X5>16 AND X464)0PZ0

170 MOVECX%-32,CY5:VDU254 400 IFZ=32 CLG:GOT0350

ISO IFARSXX%<20 AND ABSYY7. 20 V5=1,7.+1 ELSE V5=0 410 C=7-Y5DIV128

190 UNTILV-1.25 420 GCOLO,C

200 GOT090 430 COLOURC+128:CLS

210 DEFFROCPEN 05=1543 440 COLOURI28:CLS

220 T%=(USR(pen)ANDP,FFFF)-05 450 VDU5:ENDPROC

it. Then start drawing. A space clears the

screen in option mode. The character de-

fined at line 80 defines the resolution of the

line. (You could have this variable in option

mode.) This program compensates for hav-

ing no switch by waiting for the pen to stop

moving (or be removed from screen).

In the menu program Xcorrect and Ycor-

rect are used because there are slight speed

differences between display devices (i.e. a

monitor may vary by a few positions to a

u.h.frv).
C)S96isveryinnportant.Thisisthetiming

delay for different modes. It should be:

MODE VALUE
0-2 1542

3 2054

4-5. 2820
6 3076
7 10248

Also the number after MOD and DIV
lines 200/210 may need to be changed to 80

if other modes are used.

FINAL NOTES
A few points to bear in mind:

1. The pen needs to detect light, so it works

best on solid white. However, it does work

well with bright colours, but not at all with

black.

2. Text scrolling changes the mapping of the

RAM to the screen, so either begin afresh

with a CLS or MODE statement, or subtract

the start address in R12/13 from the
Light Pen registers R 16/ 17.

pibrokyArowi
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FOR YOUR
ENTERTAINMENT

BY BARRY FOX

Radiation Scare
Every week now there is a new scare on

the harmful radiation which is supposed to
leak from computer terminals and VDUs.
The fact that there is no factual evidence of
leakage or damage doesn't seem to
matter.

The debate is fuelled by firms which
make a healthy profit out of selling expen-
sive shields for whatever it is VDUs are
currently supposed to be radiating. Like
nuclear shelters, it's a good business to be
in.

By the time anyone gets to test a nuclear
shelter, the Sale of Goods Act will be
somewhat academic. In any case those
who have cause to complain that their
shelter didn't work won't be around long
enough to prove their complaint. With
VDUs there can never be conclusive proof
that something dangerous isn't leaking
silent and undetected from the screen or
chassis.

The latest scare is on the adverse ef-
fects of magnetic radiation. Common
sense tells that the field leakages can't be
very strong or it would wipe the magnetic
discs being used to store data. But when
VDU scare stories are involved, common
sense seldom enters the picture. What
might reassure scared users, however, is
the reminder that exactly ten years ago
Japanese company TDK was selling mag-
netic radiation as a cure for aches, pains
and ailments.

Magnetic Syndrome
With Japanese government approval,

TDK and the Japan Medical Journal pub-
lished the results of research at the Isuzu
hospital in Tokyo, and the Tokyo Univer-
sity medical faculty. The researchers con-
cluded that magnetism is good for humans
because the earth's magnetic field is de-
creasing at a rate of 0.05 per cent per year.
This creates a "magnetic field deficiency
syndrome".

Doctors hung powerful cobalt magnets
round the necks of patients suffering from
shoulder stiffness, lumbago, constipation,
insomnia, dizziness and chest pains. A
similar number wore dummy necklaces.
More people wearing magnets felt better
than those with dummies.

TDK sold magnetic necklaces in Britain
which for 18 each, were claimed to help
rheumatic pains and muscular stiffness.
The Medical Research Council warned that
magnetic necklaces should be treated with
the same suspicion as copper bracelets.
Nevertheless several thousand people
bought TDK's magnets.

The necklaces were being sold by an
agent, not TDK's own branch company in
Britain. The adverts disappeared and TDK
UK never sold the gismos.

I always had the sneaking feeling that
TDK in Japan was simply looking for a
convenient way to flog off some surplus
magnets. But recently in the Far East I

noticed that some pharmacists now sell
magnetic sticking plasters. These are
claimed to relieve pains in much the same

way as the TDK necklaces. Perhaps in due
course computer shops will be selling
VDUs as a health aid.

Health and Safety
Meanwhile, if anyone is still worried and

wants some reassurance, I suggest read-
ing a new pamphlet published by the
Health and Safety Executive "Working with
VDUs". It's free from area offices of the
HSE (check in your phone book) or from
the HSE's Head Office at Regina House,
259-269 Old Marylebone Road, London
NW1 5RR.

The pamphlet also contains some useful
advice on eyestrain, epilepsy and skin
rash-all of which, and much more, are
blamed on VDUs. Sometimes the blame is
justified, but modifying the work environ-
ment and length of time spent in front of a
screen will often cure the problem.

Portable Control
The latest portable stereo from Aiwa

has an interesting electronic feature. An
optional miniature remote control key-
board can be plugged into one of the two
headphone sockets. It starts and stops the
music tape, re -winds and runs the tape
fast forward. The way this works gives an
interesting insight into the amount of tech-
nology which is now packed into tiny
portable stereo cassette players.

The headphone socket has 3V d.c.

Numbers Game

across its pins. The headphones, being
responsive to a.c. audio only, ignore this
d.c. bias.

The remote control contains a network
of miniature resistors which are bridged by
the push-button controls. When the play
button is pressed the 3V supply is
dropped by 470 ohms to 1.6V; in re -wind
it is dropped by 390 ohms to 2V; fast
forward drops it through 330 ohms to
2.3V; and "stop" drops it through 270
ohms to 2.5V.

Inside the player main body compara-
tors sense the d.c. voltages coming in
from the remote control and trigger logic
chips which control the motor drive. The
control panel on the main unit works in
exactly the same way, being wired in
parallel with the remote control.

Check List
Muddled over monitors? If you want to

try using a video monitor with a computer
you face all kinds of problems over match-
ing the video signals and making the right
connections. Philips has now put together
an information pack on "personal com-
puter monitors". It includes a neat check
list on which monitor works with which
computer and what lead is needed to make
the connection.

There is a useful list of firms which
supply the monitors and leads; also a hot
line for technical information. Write to
Philips, PO Box 298, City House, 420-430
London Road, Croydon.

But be patient, mine took far too long to
come through. If I'd been in need of a
monitor I would surely have bought one
before hearing from Philips.

Digits can be very confusing to non -
mathematical mortals like me. The
same words, kilo and mega, can mean
two quite different things, depending
on who uses them.

In communications technology kilo
means what you expect it to mean, a
thousand (1,000) and likewise mega
means a million (1,000,000). But in
computer technology kilo means 210 or
1024 and mega means 220 or 1048576.
As the borderlines between communi-
cations and computer technology blur
this can cause all kinds of confusion.
Incidentally, when a Smart Alec firm
advertises a job quoting a salary as
£8K, the chances are they mean
£8,000, not £8192!

For telecommunications, audio and
video digitisation, kilo and mega have
their pre -computer meaning. For in-
stance, when British Telecom converts
a telephone channel to digital code, it
is sampled at 8kHz, which is a rate of
8,000 samples a second. Each sample is
then described by an 8 -bit word, to

give a data stream of 64,000 bits per
second.

When BT multiplexes 32 of these
channels together as a single bit stream
running down a single cable, the result
is a data rate of 2,048,000 bits per
second. Telecom's engineers refer to
these as 64Kbit/second and 2Mbit/
second streams. They are right, but it's
easy to get muddled.

Suppose that these data streams are
to be stored in digital memory. The
terms mega and kilo now take on their
other meanings. A 64 kilobit block of
data is actually 65536 bits (64 x 1024
bits). Likewise a 2 megabit block is
really 2097152 bits (2 x 1048576).

Perhaps it is fortunate that the num-
ber of bits of data which can be stored
in a kilobit memory is greater than the
number of bits which arrive in a kilobit
stream. Imagine what a muddle it
would be if there were more bits in a
kilobit stream than there are bit spaces
in a kilobit memory.
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Speaking to

AUTOMATIC speech recognisers provide an alternative way of
PA communicating with machines when the hands are too busy
with other tasks to allow manual operation of controls or key-
boards. You simply speak your information and the recogniser
translates it either into alpha -numeric text form or into command/
interrogation signals.

This new kind of man -machine interface is already helping
disabled people by providing voice control of domestic equipment.
But it will probably find its widest use in factory automation. The
drive to improve labour productivity by automation is steadily
reducing the numbers of workers needed to operate industrial
plants. Those who remain tend to be more fully occupied than in the
past. For example, in certain jobs not suitable for mechanisation
-such as handling and examining mat carcases or inspecting and
sorting fragile objects-the operator's hands and eyes are fully
engaged, but he is still required to enter information about the items
into data collection terminals.

A similar problem is developing with military machinery. In a
modern fighter aircraft, for example, the number of systems with
controls and indicators requiring some degree of attention and
often quick response from the pilot has multiplied enormously in
recent years. Up to 2000 controls and indicators in a cockpit is not
unusual.

One answer to this over -loading of human sensory and effector
nerve pathways has been to turn to the medium of sound. Hand and
eye can be supplemented by speech and hearing. This has been
understood for some time but only recently has speech technology
research and development (R&D) started to concentrate on specific
projects. Voice-input/voice-output for computers and other sys-
tems is an important part of R&D programmes such as the Alvey
project in the UK, the Japanese national plan to produce fifth -
generation computers, and similar initiatives in the USA, France,
Germany and other industrialised countries.

Not surprisingly, voice output has been the first to arrive on the
scene. It is very much easier to achieve. Among speech technology
researchers there is a saying that, if speech synthesis is like
squeezing toothpaste out of a tube, speech recognition is like trying
to get it back again through the same nozzle!

FUNDAMENTAL PROBLEMS OF RECOGNITION
The main reason for this difficulty is the tremendous variability

of natural human speech. In speech synthesis the sounds available
and the ways they are assembled are entirely under the control of
the system designer. In speech recognition, the sounds uttered are
neither standardised nor precisely controlled as time/amplitude/
frequency patterns. Even within a given language, human speech
can vary according to anatomy, age, sex, regional or class accent,
ethnic origin, health, mental or emotional state,'clegree of fatigue,
mannerisms such as drawling or clipped delivery and a whole host
of those subtle, individual characteristics which distinguish one
person's voice from another's.

And even the same person when asked to utter a standardised
phrase over and over again will do this at different speeds.

There is also the big problem of ambiguity, resulting from the
same sounds having different meanings. First there are the simple
homophones like "to", "too" and "two". Then we have complete
phrases which sound almost identical but mean different things,
like "A tax on shipping" and "Attacks on shipping".

Nevertheless, automatic speech recognisers are a practical reality.
They range from large research machines through ready -to -use
commercial units to built-in systems in personal computers. They
take the form of stand-alone recognisers in cabinets, or p.c. board
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products which can be incorporated in other electronic equipment,
or just software which can be run on general-purpose computers or
microprocessors. There are also speech recognition i.c.s available
which perform most of the difficult signal processing tasks and
allow electronics manufacturers and experimenters to design their
own systems.

The fact that these speech recognition products are available at all
is really due to the overall design strategy: don't ask the recogniser
to do too much. By deliberately imposing constraints on the user it
is possible to restrict the performance requirements and thus reduce
the complexity of the product so that it can be manufactured
economically and sold at an acceptable price.

For example, it helps considerably to limit the number of words
that have to be recognised, the 'vocabulary', to something below
about a hundred at one time. It also helps if the user has to make
pauses between words in a phrase (an unnatural way of speaking) so
that the recogniser is not required to distinguish words from each
other in a continuous stream of speech-a most difficult technical
problem. A recogniser assisted in this way is classed as an 'isolated -
word' type, in contrast to a `connected -word' type.

A further constraint that simplifies design and manufacture is
when the recogniser is restricted to use by one particular speaker at
a time-say for a working day or a shift. The recogniser is, in fact,,
`trained' by the user to respond to words or phrases spoken in his or
her particular voice alone (see later). Such recognisers are classed as
`speaker -dependent' in contrast to `speaker -independent' types.

But these deliberate limitations are not necessarily to be regarded
as drawbacks. In many applications the voice -input requirement is
specialised and restricted. It would be a waste of technical resources
and money to use a speech recogniser of greater capability than that
required for the job. Thus in practice it becomes possible to match a
recogniser of limited performance to a voice -input task of restricted
range.

Speech recogniser board with headset microphone (top) allowing
operator freedom of movement. This RM 150A speaker -depen-
dent recogniser made by Vecsys allows a vocabulary up to 112
words, uses 8 -channel frequency analysis, an Intel 8088 micro-
processor, a 16K byte RAM for reference patterns, and has both
serial and parallel interfaces. The unit will recognise isolated
words 300ms to 2s long and has a response time of 300ms.
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KINDS OF RECOGNISERS
These 'factors have resulted in a relatively large number of

limited -performance, low -price speech recognisers and a very small
number of high-performance systems with correspondingly high
prices. The first group are largely designed as voice data entry
devices for computers or other digital systems. They are in fact
computer peripherals, equivalent to other data entry devices such
as keyboards and bar-code readers and give similar outputs in
standard data codes.

The high performance recognisers are still largely confined to the
laboratory. In contrast to voice data entry devices, they are
intended for recognising relatively long sequences of words, like
sentences, spoken continuously in a natural manner. Classed as
`speech -to -text' systems, they are mainly designed for office
automation. An effective speech -operated typewriter, for example,
would greatly reduce the number of shorthand and audio typists
needed in business offices.

But the R&D here has a long way to go, and the first speech -to -
text recognisers will probably only be capable of producing rough
drafts of letters, memoranda, reports etc., which will have to be
corrected and edited. The technical problems here are in coping
with a large vocabulary of several thousand words, connected
speech and -ambiguities of meaning resulting from confusable
utterances.

HOW SPEECH RECOGNISERS WORK
Confining ourselves to the simpler voice data entry systems, these

speech recognisers work on whole words, spoken either with pauses
between them or in a continuous stream. The basic principle is very
simple-that of acoustic pattern matching. This does not depend on
'any explicit theory of speech and would work equally well for
recognising other kinds of sounds. When a word is spoken the
resulting acoustic pattern is compared with a whole set of word
acoustic patterns, or 'reference patterns' already stored in the
recogniser. When an input acoustic pattern is found to match a
stored reference pattern to a pre -determined level of accuracy, the
input pattern is accepted as valid and thereby 'recognised'.

This successful matching of patterns causes the recogniser to send
out a sequence of characters, in a standard data code, corresponding
to the spoken word. As already mentioned, this output data can be
either the word spelled out as text or the code for a command/
interrogation signal.

Fig. 1 shows this general principle. The user speaks into a
microphone and the resulting audio signal passes into an acoustic
analysis section of the recogniser. This extracts 'features' of the
signal from the basic amplitude, frequency and time information it
contains, to form a pattern in time. The pattern could simply be the
envelope of the audio waveform, but in most speech recognisers of
this type it is a frequency spectrum analysis showing the distribu-
tion of signal power at different frequencies and at successive
instants of time as the word is being uttered.

Fig. 2 shows a recording in three dimensions of a spectral analysis
of the audio signal resulting from the spoken sentence. "The girl was
watching the fat men in the park." The horizontal axis represents
time throughout the utterance, the vertical axis represents frequen-
cy, while the density or degree of blackness of the recording is
proportional to signal power.

Here the successive words can be seen fairly clearly as 'clumps',
across which run various black bands. These bands show concentra-
tions of power at particular frequencies, mainly during the vowels,
and are called formants. In some recognisers these formants are
extracted as the acoustic 'features' mentioned above.

Many commercial recognisers perform this kind of spectral
analysis by applying the input audio signal to a bank of bandpass
filters. Each filter selects the power present, at successive instants,

within the frequency band it covers. These filter banks provide
anything from 8 to 32 outpilt frequency channels. Sometimes they
are constructed from discrete components, but integrated banks are
available. Interstate Electronics, for example, offers a 28 -pin i.c.,

'the ASA-16, which provides a bank of 16 analogue bandpass filters
integrated in NMOS technology. These active filters, formed from
op -amps and capacitors, cover a total voice frequency range of
200Hz to 7kHz. In other systems digital bandpass filtering is used.

In Fig. 1 the information from the acoustic analysis section
emerges as digital data. It then passes to a pattern. classification
section. Here the digital input patterns are compared with similar
digital reference patterns, held in a random access memory (RAM),
by a pattern matching process as outlined above.

Also stored in the RAM are strings of digitally encoded alpha-
numeric characters, each string being associated with a particular
acoustic reference pattern. These character strings, which can be the
text versions of the acoustic word patterns, are prepared in advance,
off-line, by the user, working with the keyboard and screen of a
computer terminal or personal computer. They are internally
stored, usually in a magnetic disk memory, then down -loaded into
the RAM of the recogniser, thus forming its 'vocabulary'.

Once a spoken word is recognised by pattern matching, the
associated character string appears at the output and passes into a
data communications interface, such as an RS -232C serial interface
or an 8 -bit parallel bus.

GENERATING REFERENCE PATTERNS
But how do the acoustic reference patterns get into the RAM in

the first place? There are two methods in use. In speaker -
independent recognisers the acoustic patterns are put there by the
manufacturer of the product. This means, of course, that the
operational flexibility of the recogniser is severely limited. First of
all it is confined to a single natural language, so the product will only
be usable in countries where this language is spoken. Then the
manufacturer must provide an 'average voice, perhaps a composite
formed from several individuals. This means that any user's voice
must always be an approximation to the reference voice and the
recogniser will not work very accurately on users' voices which
depart a long way from this average.

Furthermore the vocabulary must be strictly limited to a small
number of standard words which have acoustic patterns markedly
different from each other (e.g. "yes" and "no") whoever speaks
them. Otherwise, the larger the vocabulary the greater the probabili-
ty of error in the recogniser's pattern matching process.

For example, the Scott Instruments VET-232SD voice data entry
terminal has a limited speaker -independent option of twelve
standard words-"yes", "no" and the decimal digits "zero" to
"nine"-or a custom -designed vocabulary of similar size. In its
normal, speaker -dependent mode of operation, though, this pro-
duct allows the much larger vocabulary of 200 words.

Speaker -dependent recognisers are, in fact, much more widely
used. They can be 'trained' to recognise the speech of any user,
regardless of language and all other individual characteristics.
Training simply consists of speaking the complete set of words
required for the vocabulary. Their audio signals are acoustically
analysed as described above and the resulting digital acoustic
patterns are fed straight into the RAM. This is indicated by the
switch in Fig. 1, but in fact the training is performed with the aid of
a program run on a host computer to which the recogniser is
interfaced. The training program is arranged so that the user speaks
each word of the already loaded text vocabulary when he is
prompted by that text word appearing on the computer/terminal
screen.

Typically the RAM might store up to 100 vocabulary words-
acoustic reference patterns and their corresponding text character
strings-but this is only the 'active' or working vocabulary. A very
much larger total vocabulary can be held in reserve in, say, a disk

MICROPHONE

[EE24314,1

ACOUSTIC
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FREQUENCY
SPECTRUM
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DIGITAL
DATA

PATTERN
CLASSIFICATION

' TRAIN '

REFERENCE

PATTERN

MEMORY

IRAMI

' RECOGNISE '

PATTERN
MATCH ING

STANDARD
DATA

CODE

Fig. 1. Basic principle of pattern matching
speech recogniser. The change -over
switch represents a software program
instruction for changing the mode of oper-
ation. With speaker-iridependent recog-
nisers there is no 'train' mode.
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Fig. 2. Frequency spectrum analysis recording of the spoken phrase "The girl was watching the fat men in the park". Recording
density is proportional to signal power. (Analysis kindly made by Wessex Electronics Ltd, using Model 7800 Digital Sona-Graph
from Kay Electronics Corp. of Pine Brook, NJ, USA.)

memory, and subsets of this can be up -loaded and down -loaded
between this data file and the recogniser's RAM. A typical RAM
size for the activity vocabulary is 16Kbyte.

PATTERN MATCHING TECHNIQUE
In many data -entry speech recognisers the pattern matching

process shown as one block in Fig. 1 is performed by a digital signal
processing i.c. or chip set. This can be a standard microprocessor
like the 16 -bit Intel 80186, a signal processing chip like the 32 -bit
Texas Instruments TMS320, or an entirely specialised speech
recognition set of ICs like the NEC three -chip set (MC4760,
1.1PD7761, µPD7762) or the Interstate VRC100-2A two chip set.

with a pattern
matching algorithm provided as a firmware program in a read-only

memory (ROM or EPROM). It carries out its processing in response
to instructions received from a host computer-including, for
example, one instruction to 'train', another instruction to 'recog-
nise.' The instruction set also controls and co-ordinates the actions
of other parts of the system such as the frequency spectrum analyser
and the loading of the reference pattern RAM in Fig. 1.

A common pattern matching algorithm is based on the principle
of breaking down both the reference and the input acoustic patterns
into elements called 'frames' and comparing these, frame by frame,
to measure the degree of matching. Each frame is, in fact, a short-
term spectral analysis at a particular instant of time during the
utterance of a word or phrase. Looking at Fig. 2, these can be
regarded as taking place at a succession of discrete points along the
time axis. If the individual input frames match, to a pre -determined
acceptance value, the individual reference frames, then the two
whole acoustic patterns for a word are acceptably matched as well.

Fig. 3. Time normalisation by dynamic programming is performed by the internal functions shown here of the NEC speech recogni-
tion processor chip pPD7761D, part of a three -chip set. (ALU = arithmetic logic unit; DR = data register; SR = status register; A,
selects between DR and SR; PC = program counter; DORQ = data output request; SCLK = serial clock; SMPL (0 and 1) = sampling
clock inputs for A/D strobe; RST = reset signal.)
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TIME NORMALISATION IN PATTERN
MATCHING

There is, however, a problem about timing. The user will
probably not speak the input word at exactly the same speed as he
spoke the reference word during the training routine. So there is no
guarantee that the input frames will in fact be compared with their
correct reference frames and effective matching may not be
achieved. This problem is overcome in the algorithm by computa-
tionally distorting the time scale of the input pattern so that it
corresponds to the time scale of the reference pattern (or vice -versa,
giving the same result).

Simple time compression or expansion over the whole word
pattern does help. But this is not sufficient because timing
variations between the input frames and the reference frames
actually occur within the word. In short, there is a non-linear
relationship between the two time scales. This can only be corrected
by dynamically distorting the time scale of the input pattern of
frames, during the utterance of the input word, so that the two sets
of frames line up with each other. The process is called 'dynamic
time warping'.

To achieve it the speech technologists have brought into play an
established mathematical technique called dynamic programming.
It is used generally to obtain optimum performance in time -varying
processes which are subject to unpredictable, non-linear distur-
bances (e.g. ship steering on an optimum course; inventory control
in a factory).

Fig. 3 shows an NEC chip that matches patterns by dynamic
programming. It works in conjunction with a control chip and an
analogue interface chip, and also performs, separately, the initial
process of frequency spectrum analysis by digital filtering. First the
chip is programmed into a 'spectral analysis' mode and receives at
its digital voice input the serial output of an 8 -bit A/D converter in-
tegrated in the analogue interface chip.

Once the spectral analysis is calculated the result is output in
parallel bytes of data through the data bus Do D7 to the control
chip. Next the control chip programs the Fig. 3 processor into a
`pattern matching' mode. The chip then receives the input and
reference voice patterns from the control chip and performs the
dynamic programming algorithm.

Fig. 4 shows diagrammatically how this dynamic programming
algorithm is carried out. The two patterns to be compared, input (I)
and reference (R), are shown in relation to each other as sequences
of frames (i iZ . .. etc. and r,, r, ... etc.). If the I and R patterns were
identical the curve relating them would be a straight line (i = r). In
reality the timing non-linearities make the curve a crooked one, as
shown, with its sequence of points (p 13, ... etc.) indicating the tim-
ing differences between the two patterns.

Fig. 4 (below). Graph showing principle of time normalisation
between input pattern (I) and reference pattern (R) by dynamic
programming. Graph line shows 'distances' between input
frames (i) and reference frames (r).
Fig. 5 (right). Use of Interstate Electronics two -chip
set (ASA-16 and 100-2A, in broken -line box) in a
complete speech recognition system. The reference
pattern RAM is expandable to 16K bytes to allow a
vocabulary of 200 words.

IZ

INPUT PATTERN11)

TIME
IEE2451.11

This curve is a function which maps the I -pattern time scale onto
the R -pattern time scale-a 'time warping' function. The dynamic
programming algorithm finds the optimum path for the curve from
the many paths possible in this step-by-step process-that is, the
best correspondence between the time scales of the I and R patterns.

It does this by computing a 'score' which is the sum of the frame
dissimilarities, or 'distances', for the best way of aligning a given
number of input (i) frames with a given number of reference (r)
frames. This is computed for all the reference patterns, and the
score giving the smallest sum is defined as the optimum path and
the best match. This smallest sum is the residual 'distance'
value-what remains after the timing differences between the two
patterns have been eliminated.

This same dynamic programming principle can be extended from
single word pattern matching to the matching of whole sequences of
connected words as in continuous speech. It is used in this way, for
example, in Logica's Logos 2 recogniser and NEC's DP -200 model.

The result of matching is either acceptance or rejection of a
spoken word, depending on whether the dynamic programming
`score' exceeds or falls below a chosen threshold value (a decimal
number on a scale) programmed in by the user. In Fig. 3 this result
is output through the data bus to the control chip. If accepted, and
therefore 'recognised', it then passes via a data communications
interface to the host computer.

Fig. 5 expands the general principle in Fig. I by showing how a
two -chip set, the Interstate VRC100-2A, is used in a complete
speech recognition system. The EPROM firmware in this chip set
provides 17 instructions for the user and the system will recognise
up to 100 words, or 200 words with additional RAM capacity.

SYNTAX CONTROL
Most of these whole -word pattern matching recognisers also offer

a programming facility called 'syntax control' which allows the user
to specify a permitted order for any sequence of spoken words to be
recognised. This can improve recognition accuracy by eliminating
spurious word orders-resulting from poor matching-which do
not make sense in the application. A commercial advantage of this
control method is that it reduces the number of word choices that
have to be made in classifying a sequence of words. This in turn re-
duces the amount of computation required, by restricting the
calculation of pattern matching 'scores' to only those word
sequences allowed by the syntax.

This syntax control works on a 'tree' or branching principle. At
each branching point you can choose one path or another one-each
path representing a particular word which can be selected to follow
the already chosen word preceding that branching point. Thus the
number of branching points available to the user determines the
extent and flexibility of this word order control. It varies with
products from about 10 to 250 branching points.
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PART 9 - Michael Tooley BA David Whitfield MA M Sc C Eng MIEE

1-HIS final part of our "Teach In"
I series is devoted to some applica-

tions of digital circuits. In particular,
we shall be introducing an extremely
useful device; the 555 timer.

COMBINATIONAL
LOGIC

Last month we introduced four
basic TTL gates, now let's consider a
practical application of these gates.
Suppose, for example, that we have
been given the task of designing an
automatic lighting system for an of-
fice car park. We would first examine
the criteria for switching the lights
"on", which would be something like
this:
Monday to Friday

8.00am to 8.00pm-Lights "on"
whenever the amount of daylight
falls below a certain value. Other-
wise lights "off".
8.00pm to 8.00am-Lights "off"
regardless of the light level.

Saturday and Sunday
Any time-Lights "off".

We would do well to express these
conditions in the form of a truth table,
as shown in Table 9.1. This will be
invaluable when we come to design
the logic and will also help us to avoid
any states which we may otherwise
forget to allow for.

In order to correctly control the car

DAY OF THE
WEEK

TIME OF
DAY

LIGHT
LEVEL

CEE<JSC,

LOGIC CONTROL

SYSTEM CAR PARK
LIGHTING

Fig. 9.1. Outline logic for the car park
lighting control system.

WEEKDAY

DAY LIGHT ON

DARK

WEEKDAY

DAY

DARK

WEEKDAY

DAV

DARK

LIGHT ON

LIGHT ON

(EE439G1

Fig. 9.4. Partial solution of the modified car
park lighting control system.

Table 9.1

Day of the week Time of day Light level Car park light

weekend night light off
weekend night dark off
weekend day light off
weekend day dark off
weekday night light off
weekday night dark off
weekday day light off
weekday day dark on

park lights we need to be aware of
just three things:

(a) Day of the week; is it a week-
day or is it a weekend?
(b) Time of day; is it day or night?
(c) Light level; is it dark or is it
light?

Each of these parameters can be
considered to be an input to our logic
system (shown in outline form in Fig.
9.1). The light level input can be
derived from an appropriate trans-
ducer fitted with signal conditioning
to provide us with a digital output
from what is essentially an analogue
input.

In addition, we would almost cer-
tainly wish to incorporate some
means of adjusting the light thresh-
old. A suitable circuit could be based
on a light dependent resistor and an
operational amplifier comparator. The

Fig. 9.2. Logic circuit for the car park
lighting control system.

WEEKDAY

DAY

DARK

LIGHT
ON

RE< 39 GI

Fig. 9.5. Final solution for the modified car
park lighting control system.

weekday/weekend and time of day
inputs can be derived from a conven-
tional digital clock. In this case the
outputs would already exist in digital
form.

The next step involves assigning a
logic level to each of the three input
signals so that we can determine the
logical function of our gate arrange-
ment. In practice the logic levels
would depend upon those provided
by our digital clock and transducer
signal conditioning and this might
take the following form:

(a) Day of the week: 1=weekday,
0=weekend.
(b) Time of day: 1=day, 0=night.
(c) Light level: 1=dark, 0=light.

We are now in a position to draw a
truth table showing all of the possible
input conditions together with the
resulting output (the logic for which is

WEEKDAY

DAY

DARK

(EE 637 GI

LIGHT ON

Fig. 9.3. Practical realisation of Fig. 9.2
using two two -input AND gates.

DAY

DARK

WEEKDAY

LIGHT ON

Fig. 9.6. More elegant alternative to Fig.
9.5.
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Table 9.2

Day of the week Time of day Light level Car park light

0 0 0 0

o 0 1 o

0 1 0 0

0 1 1 0

1 0 0 0

1 0 1 0

1 1 0 0

1 1 1 1

assumed to be: 1=light "on", 0=light
"off"). This truth table is shown in
Table 9.2 and shows that the required
logical function is nothing more than
AND. Hence, to control the car park
lights we only need to combine our
input signals using a three -input AND
gate to provide a signal for switching
the car park lights "on" and "off".

The logic circuit shown in Fig. 9.2
should solve the problem nicely pro-
vided, of course, that we have a
three -input AND gate handy! Such
things do exist but suppose that we
only have access to the simple two -
input gates described last month.
How then could we solve the
problem?

The arrangement shown in Fig. 9.3
could come to our aid. Here we are
using two two -input AND gates (this
could be realised using just ONE i.c.
package and still leave two gates
unused) to simulate the action of a
three -input AND gate-simple really!

Now, let's suppose that business is
booming and we need to allow for a
night shift during weekdays and work
during the days at weekends. We
would need to amend Tables 9.1 and
9.2 so that they look like Tables 9.3
and 9.4. These are obviously a little
more complex than before since there
are now three input conditions in
which we require a logic 1 output. The
car park lights should come -on"
whenever any one of these conditions
is satisfied but go "off" for all other
conditions. We could simply OR the
three conditions together.

Let's attempt to put this into words
before we develop the logic:

Car park lights "on" whenever:
weekend AND daytime AND
dark.
OR weekday AND daytime AND
dark.
OR weekday AND night-time
AND dark.

The words AND and OR are very
important since they provide us with
some good clues as to the logic that
we will require. Let's solve each con-
dition separately (see Fig. 9.4) and
then OR the results together (see Fig.
9.5).

This arrangement works but it is
certainly not the most elegant solu-
tion. Fig. 9.6 shows another, arguably
more elegant possibility. Whilst there
is a strong case for designing logic
arrangements so that they use the
minimum number of gates, the solu-
tion one finally adopts in practice is
usually conditioned by the logic gates
which one has available or which
would otherwise be redundant from
the unused sections of i.c.'s within an
existing logic system! In any event,
the ultimate arbiter of whether a logic
arrangement is any good is whether,
or not, it actually works!

The subject of minimisation of logic
gate arrangements is beyond the
scope of this series. However,
readers seeking further information
should be aware that there are two
methods which can be used for tack-
ling this task; one is based on Boolean
algebra whilst the other is based on

Table 9.3

Day of the week Time of day Light level Car park light

weekend night light off

weekend night dark off

weekend day light off

weekend day dark on

weekday night light off

weekday night dark on

weekday day light off

weekday day dark on

Table 9.4

Day of the week Time of day Light level Car park light

0 0 0 0

0 0 1 0

0 1 0 0

0 1 1 1

1 0 0 0

1 0 1 1

1 1 0 0

1 1 1 1

Karnaugh maps. Many books on digi-
tal logic adequately describe both of
these techniques.

BISTABLES
In any other than the most elemen-

tary of logic circuits, one sooner or
later realises the need for a device
which can remember a logic state in
the form of a logic 1 or logic 0. Such a
device should possess the ability to
remember a transitory logical condi-
tion and thus it constitutes a simple
form of electronic memory, the most
fundamental form of which is the
bistable. (The name simply indicates
that the device has two stable states
corresponding to outputs of either 1

or 0.)
Another word synonymous with

bistable is "latch". To explain the
significance of this term let us con-
sider the difference between two
commonly available types of switch;
"momentary" and "latching".

A momentary switch is one in
which the switch contacts make (or
break if it is a normally closed rather
than a normally open typel only when
the switch is actually being operated.
This is, for example, the case with a
bell -push. We only want the bell to
sound when the button is actually
being pushed. It should not be possi-
ble for callers to walk away leaving
the bell ringing!

A latching switch is one in which
the contacts make (or changeover)
whenever the switch is operated; the
mechanical design of the switch en-
sures that it remains biased in that
state until it is operated again. A word
sometimes used to describe this ac-
tion is "toggle". An example of a
switch having a mechanical latching
action is that normally associated
with a room light. Once the switch is
operated, the room light must stay
"on" allowing one to move away
from the switch without being
plunged into darkness!

A SIMPLE BISTABLE
LATCH

The simplest form of bistable ar-
rangement uses nothing more than
two inverters, as shown in Fig. 9.7.
Readers should, by now, be very
familiar with the way in which an
inverter operates; a 1 input produces
a 0 output, and vice versa.

The logical state of the outputs of
the two gates in Fig. 9.7 must, there-
fore, always be complementary. If the
first gate is producing a 1, the second
gate must produce a 0. If the first gate
produces a 0, this must result in a 1

from the second gate.

[11
(EEC< ?GI

Fig. 9.7. Simple form of bistable using two
inverters.
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Fig. 9.8. Pump control system

If we were to assemble such a
circuit the state of its outputs would,
initially at least, be indeterminate. It
would be impossible to say which of
the outputs would assume a logic 1

state and which would assume a logic
0 state.

Worse than that, there is no ob-
vious method of changing the state
other than by shorting one, or other,
of the outputs to logic 0 in order to
force the logical state at that particular
point to become a 0. Such an arrange-
ment is not considered good design
practice but, don't worry, we shall
show how this disadvantage can be
overcome later.

The time has now come to intro-
duce a practical example of the use of
a bistable. Let's imagine that we
require a logic system to control the
operation of a pump. We wish to use
two push -buttons to control the
pump; one to switch it on (PUMP ON)
and one to switch it off (PUMP OFF).

The arrangement shown in Fig. 9.8
shows how these switches can be
added to the simple bistable latch of
Fig. 9.7. We simply pull -down the
input voltage of one, or other gate, to
OV momentarily whenever the appro-
priate switch is operated.

Note that, when the power is first
applied, the output of Fig. 9.8 may be
in either state. Disconnecting the
power supply and then reconnecting
it again may sometimes effect a

change of state but this cannot be
relied upon. It will, therefore, be nec-
essary to re -set the bistable latch into
the inactive condition by first pressing
Si (PUMP OFF) as soon as the supply
has been connected. (On real logic
systems there are, of course, quite
simple methods of achieving this au-
tomatically!) When S2 (PUMP ON) is
operated the output should go to logic
1 regardless of its earlier state. Fur-
thermore, depressing S2 for a second
time will have no further effect on the
logical state of the circuit.

By now, the perceptive reader may
have counted three quite different
logical input conditions. These may
be summarised briefly as:

(a) S1 "off" and S2 "off".
(b) Si "on" momentarily whilst
S2 remains "off".
(c) S2 "on" momentarily whilst
Si remains "off".

There is, however, one further pos-
sible input condition which we should
consider. This occurs when Si and
S2 are both "on" and would arise if
we were foolhardy enough to operate
both push -buttons at the same time
(i.e. operating PUMP ON and PUMP
OFF simultaneously). Such a condition
is clearly one which should, if at all
possible, be forbidden!

SET
RESET

(EE443 GI

Q

OUTPUT

Fig. 9.9. RS bistable latch using two NOR
gates.

RESET

SET

(1E44301

Fig. 9.10. Alternative form of Fig. 9.9.

Fig. 9.11. RS bistable using two NAND
gates.

AN IMPROVED
BISTABLE LATCH

A much better solution to the prob-
lem of constructing a bistable is with
the use of two two -input gates rather
than inverters. Such an arrangement
eliminates the need to short the gate
outputs in order to effect a change of
state. It should also be obvious that
the gates we choose must be invert-
ing types since a non -inverting gate
will not produce the complementary
state that we require in order to latch
the bistable.

It thus remains to choose between
two -input NOR or two -input NAND
gates but, happily, we can use either
and thus we shall describe bistable
arrangements using both types. The
bistable constructed from NOR gates
is slightly easier to describe and so
we shall start with this type.

Fig. 9.9 shows how a bistable can
be constructed from two two -input
NOR gates. We have labelled the
inputs "SET" and "RESET". The rea-
son for the choice of these terms is
that a 1 on the SET input produces a 1
at the output. We would say that it
"sets the output" (to logic 1). Con-
versely, a 1 on the RESET input
produces a 0 at the output. It can thus
be said to "reset the output" (to
logic 0). The output is labelled "Q".
There is no particular significance in
the choice of this letter other than that
it satisfies the convention adopted for
bistable elements generally. Since the
inputs are named SET and RESET,

Table 9.5

RESET SET Q

0 0 0

0 1 1

1 0 0

Table 9.6

RESET SET Q Q

o 0 0 1

o 1 1 0

1 0 0 1

1 1 0 0

this simple form of bistable is called
an "RS bistable".

We have already learned how use-
ful truth tables can be for describing
the logical function of a gate. Let's
now take a look at a partial truth table
for the RS bistable and which is
shown in Table 9.5.

Another way of drawing the bista-
ble arrangement using NOR gates is
shown in Fig. 9.10. This symmetrical
circuit shows clearly how the gate
outputs are cross -coupled to the in-
puts. It also shows that we are only
using one, of two, possible outputs. It
would be a very simple matter to
obtain a complementary, Q, output
from the gate which may be useful in a
more complex logic system.

Unfortunately, our improved NOR
gate bistable still has one shortcom-
ing. We would normally expect the Q
and Q outputs to be always comple-
mentary. What happens when both
the SET and RESET inputs are simul-
taneously taken to logic 1? The an-
swer, as you might have suspected, is
that the arrangement behaves in an
unpredictable manner (see Table 9.6)
as the Q and Q outputs both go to
logic 0!

We should clearly identify this as a
"disallowed" input condition and,
whilst not wishing to pretend that
such a condition NEVER arises, we
should take positive steps to ensure
that it is unlikely to happen. At the
very least, if it does occur, we should
be aware and not place any reliance
on the output!

RS BISTABLE USING
NAND GATES

Simple RS-bistables can also be
constructed using two -input NAND
gates as shown in Fig. 9.11. The
important difference between this ar-
rangement and that of the NOR gate
equivalent is that the SET and RESET
inputs are logically inverted, i.e. they
are active when they are at logic 0
rather than when they are at logic 1.

This is an important point and one
which often confuses the newcomer.
Such inputs are referred to as "active
low" (on some logic diagrams a circle
is used at the input of more complex
logic gates to indicate this). However,
we shall simply refer to them as (NOT
SET), S, and (NOT RESET), R. If it is
essential to have conventional SET
and RESET inputs to the bistable it is,
of course, a relatively simple matter to
invert these signals prior to the bista-
ble stage.
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Fig. 9.12. NAND gate equivalent to Fig
9.9.

SET

DATA

CLOCK

CLEAR

5

rEE44701

Fig. 9.13. Symbol for a D -type bistable.

With a quad two -input NAND we
could, for example, achieve this by
bringing into service the remaining
two unused gates in an arrangement
like that shown in Fig. 9.12. The
operation of the bistable is then iden-
tical to that of the NOR gated bistable
which we met earlier.

CLOCKED BISTABLES
Whilst the simple RS bistable ele-

ment is useful in a number of applica-
tions, it does have very severe disad-
vantages when several such stages
are to be incorporated in a complex
logic system. These problems arise
from the way in which changes of
state occur in the system. Earlier, we
assumed that the RS bistable changed
state immediately the correct SET and
RESET inputs are received. At first
this may sound quite acceptable, after
all one of our chief aims with the
design of electronic circuits is to
produce the fastest possible speed of
operation.

The difficulty with RS bistables is
that such rapid changes are not very
predictable. In many cases we have
what is known as a "race condition"
in which the logical output from a
system may well be determined by
the speed at which individual gates
operate rather than the logical rules
which they should obey.

What we really need is a system in
which the changes occur in a con-
trolled fashion. In such a system we
can accurately predict the output
states, all we need is a means of
synchronising the changes within the
system. This leads us to the very
important concept of "clocked lo-
gic"; a logic system which employs a
clock signal to control the transfer of
logical information from one stage to
the next.

D -TYPE BISTABLES
A further improvement on the RS

bistable can be obtained by adding an

+0

THRESHOLD

CONTROL

TRIGGER

DISCHARGE

(664480.1

COMPARATORS C NT A VPL1 IER

ET

Fig. 9.14. Simplified internal arrangement of a 555 timer.

additional input which determines the
state of the outputs at the instant the
clock changes. This, edge triggered,
bistable is referred to as a "D -type".
The "D" stands for "data" which is
effectively loaded into the bistable
stage when the clock transition
occurs.

The symbol for a D -type is shown in
Fig. 9.13. This has four inputs and, as
usual, two outputs. The inputs are;
SET, CLEAR, CLOCK and D. The out-
puts are our old friends, Q and Q.

The D -type is rather difficult to
construct using individual logic gates
(one can be constructed from no less
than six three -input NAND gates!) and
thus a purpose -made integrated cir-

OR C

TRIGGER C

OUTPUT C

RESET C

[EE4.4901
(TOP VIEW )

]+V
DISCHARGE

THRESHOLD

CONTROL

Fig. 9.15. Pin connections for a 555 timer

Fig. 9.16. Astable pulse generator using a
555 timer.

cuit version is always preferable. We
shall, therefore, not concern our-
selves with the internal arrangement
of the device which, for most applica-
tions, would be considered a purely
academic exercise.

THE 555 TIMER
We shall close this final part of

"Teach In" by introducing another
extremely versatile device; the 555
timer. This device neatly combines
modern analogue and digital techni-
ques within a single integrated circuit
and has found an enormous range of
applications in today's electronic
circuits.

The simplified internal arrangement
of the 555 timer is shown in Fig. 9.14.
Essentially, the device comprises two
operational amplifiers (used as com-
parators) together with an RS bista-
ble. In addition an output buffer is
incorporated so that a considerable
current can be supplied to a load (such
as a relay). A single transistor switch,
TR1, is also provided in order to
discharge an external timing
capacitor.

The 555 timer is housed in an 8 -pin
DIL package, the pin connections for
which are depicted in Fig. 9.15. Fig.
9.16 shows how the device can be
used as an "astable" pulse generator.
(The word "astable" simply refers to
the fact that the output does not
remain in a stable state, i.e. it continu-
ously alternates between logic 0 and
logic 1 and thus can be considered to
be yet another form of free -running
oscillator.)

In order to understand how the
astable pulse generator works, as-
sume that the output (at pin -3) is
initially at logic 1 (high) and that TR 1 is
not conducting. The capacitor, C, will
begin to charge with current supplied
by means of the series resistors, R1
and R2.

When the voltage at the threshold
input (pin -6) exceeds two-thirds of
the supply, the output of the compar-
ator will change state and the bistable
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Fig. 9.17. Output waveform for the astable pulse generator shown in Fig. 9.16.

will toggle, making the output go low
and turning TR1 "on" in the process.
The capacitor will now discharge with
current flowing through R2 and into
the collector of TR1.

At a certain point, the voltage ap-
pearing at the trigger input (pin -6) will
fall to one-third of the supply voltage
at which point the other comparator
will change state and return the bista-
ble to its original condition. TR1 then
switches "off", the final output (pin -
3) goes high and the entire cycle is
repeated.

The output waveform produced by
the circuit of Fig. 9.16 is shown in Fig.
9.17. The essential characteristics of
this waveform are:
Period for which output is at

logic 1: t1 = 0.693 (R1+R2) C
Period for which output is at

logic 0: t2 = 0.693 R2 C
Period of output signal: t1 + t2 =

0.693 (R1+2R2) C
Frequency of output signal:
f - 1.44

(R1+2R2) C
Duty cycle of output signal:

t1 R1 + R2
t2 R2
Typical limits to the range of com-

ponent values employed in conjunc-
tion with the circuit shown in Fig. 9.16
are as follows:
Minimum value of R1 or R2: 1k
Maximum value of (R1 +R2): 3.3M
Minimum value of capacitance, C:

500p
Maximum value of capacitance, C:

limited only by leakage current
Typical value for the bypass

capacitor, C1: 100n

Fig. 9.18. Circuit used in Assignment 9.1.

By making R2 very much larger than
R1 we can use the timer to produce an
almost symmetrical square wave out-
put. If, for example, R1 is 1k and R2 is
1M the difference in the charging and
discharging resistance will only be 0.1
per cent. Alternatively, there may be
some applications in which an asym-
metrical output waveform is desir-
able. In such cases we can easily
calculate the required values of R1, R2
and C.

Readers should, however, note that
the logic 1 time will ALWAYS be
longer than the logic 0 time. The
reason, of course, is that the charging
resistance (R1+R2) must always be
greater than the discharging resis-
tance, R2.

Practical
Assignments

ASSIGNMENT 9.1
This assignment is designed to

demonstrate the operation of a 555
timer used as an astable pulse gener-
tor. The output of the pulse generator
is displayed using an I.e.d. and may
also be observed using the
multimeter.

PROCEDURE
Connect the circuit shown in Fig.

9.18 on your breadboard using the

Meter+VE V

V

Meter -VE

RE4626

R3

wiring diagram shown in Fig. 9.19.
Carefully check the orientation of the
i.c. BEFORE connecting the 4.5V sup-
ply. The multimeter should be
switched to the 10V d.c. range and
initially connected in the "V1'
position.

Connect the supply and check that
the I.e.d. flashes "on" and "off" with
a period of about two seconds. Ob-
serve the indication on the multimeter
and note that it reads approximately
4V when 01 is illuminated and OV
when D1 is extinguished.

Now reconnect the multimeter in
the 'V2' position. Observe the indica-
tion on the meter and note that, when
D1 is illuminated the voltage is in-.
creasing from 1.5V to 3V (approxima-
tely) whereas when D1 is extin-
guished the voltage is falling from 3V
to 1.5V (approximately).

Readers should justify these
tage levels in relation to the supply
voltage (one-third and two-thirds re-
spectively). This should also provide a
clue to the solution of Problem 9.5!

ASSIGNMENT 9.2
This assignment demonstrates the

use of a 555 as a simple variable
frequency square wave oscillator.

Fig. 9.20. Circuit used in Assignment 9.2.

PROCEDURE
Connect the circuit shown in Fig.

9.20 using the wiring diagram shown
in Fig. 9.21. Where readers are lucky

RI

R2

B1 +VE

B1 VE

COMPONENTS

RI 1k

R2 22 k

R3 270

Cl 100e

LED

ICI 555

Fig. 9.19. Wiring diagram for Assignment 9.1.
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enough to have access to an oscillo-
scope this may be connected in place
of the loudspeaker in order that the
output waveform may be
investigated.

Readers should note the effect of
varying potentiometer VR1 (the low-
est output frequency coincides with
the largest value of resistance). If time
permits, readers may wish to substi-
tute different value capacitors for Cl
in which case the following values are
suggested; 10p, 1p, 10n, and 1n.
These values will provide two decade
frequency ranges below and two de-
cade frequency ranges above the
original range.

Fig. 9.21 (right). Wiring diagram for As-
signment 9.2.

PROBLEMS
Difficulty rating: (e) easy; (d) diffi-

cult; (m) moderate

9.1 What single logic gate could be
used to replace those shown in Fig.
9.22? (e)

9.2 Devise an arrangement of logic
gates which can be used to replace
the switch circuitry shown in Fig.
9.23. (e)

9.3 Devise an arrangement of logic
gates which will produce a logic 1

output whenever two, or more, of its
three inputs are at logic 1. (m)

9.4 A 555 timer is to be used as an
astable oscillator which provides a
logic 1 time of 1 ms and a logic 0 time
of 500ps. If a capacitor of 10n is to be
used, determine the resistance values
required. (m)

9.5 If the 555 timer in question 9.4 is
used in conjunction with a +5V supply
rail, sketch the waveform that would
appear at the THRESHOLD and TRIG-
GER inputs. (d)

Answers to these problems will be
given next month

EPILOGUE
For all of you that have stayed with

us during the past nine months we
would like to offer our sincere good
wishes. Furthermore, it would not be
right to mark the conclusion of "Teach
In 86" without thanking those
readers who have taken the time and
trouble to write to us with comments
and suggestions.

Producing a nine -part series which
aims at providing an "in-depth" intro-
duction to modern electronics yet
assumes no previous knowledge has
been something of a challenge; we
hope that readers have found some-
thing of interest and value within
these pages.

LS

LS

(6(4636

Fig. 9.22. Logic arrangement for Problem
9.1.

A

16E4 061

Fig. 9.23. Switch logic arrangement for
Problem 9.2.

B I -I-VE

COMPONENTS

RI

R2 10k

R3 270

VR1 100k
Cl 100n

C2 100y

LS 40 -8011
ICI 555

ANSWERS TO LAST
MONTH'S PROBLEMS
8.1 Logic 1
8.2 See Fig. 9.24
8.3 (a) Single inverter

(b) Two -input NOR
(c) Two -input AND
(d) Single buffer

8.4 Four -input OR
8.5 See Table 9.7 (this gate is known

as an "exclusive -OR")

Table 9.7

A B Y

0 0 0

0 1 1

1 0 1

1 1 0

A

B

1E646161

Fig. 9.24. Solution to Problem 8.2.

TEACH -IN SOFTWARE

Tape 2 NOW AVAILABLE
To complement each published part of the Teach -In series, we
have produced an accompanying computer program. The
Teach -In Software is available for both the BBC Microcom-
puter (Model B.) and the Sinclair Spectrum (48k) or Spectrum -
Plus. The programs are designed to reinforce and consolidate
important concepts and principles introduced in the series. The
software also allows readers to monitor their progress by
means of a series of multi -choice tests, with scores at the end.

Tape 1 (Teach -In parts 1, 2 and 3) and Tape 2 (parts 3,4 and
5) are now available for £4.95 each (inclusive of VAT and
postage) from Everyday Electronics and Electronics Monthly,
.6 Church Street, Wimborne, Dorset, BH21 1JH. IMPOR-
TANT State BBC or Spectrum; add 50 pence for overseas
orders; allow 28 days for delivery.
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PERSOML RADIO

Inexpensive, easy
to build and yet
capable of
excellent
performance

DESPITE their huge popularity personal
cassette players do have a disadvantage;

if you get tired of your cassettes you have no
alternative to listen to. Once again Every-
day Electronics comes to the rescue with a
viable alternative, the Personal Radio. The
requirements for such a project are fairly
simple. The radio must be capable of good
quality sound, be cheap, portable and eco-
nomic to run.

Another just as important requirement is
the ability to work into both high and low
impedance headphones, eight ohm cans are
standard for use with hi fi systems although
the walkman types have a rather higher
impedance typically in the region of 30 to
64 ohms.

As far as the circuitry is concerned this
means that different output voltages are
required for different pairs of phones. In
practise this presents no real difficulties
since if the gain is set for the worst case
impedance it will be suitable for all types.

RADIO CHIP
F.M. radio would seem at first sight to be

the ideal solution. Unfortunately, in prac-
tise, this idea is difficult to achieve because
of body capacitance effects that make reli-
able reception very difficult. A.M. radio, on

JEFF MACAULAY

R1

di
N414

TUNING

vC1
500p

CI
100n

C2
100

II -

EE

R2
660

C3
10041

[VOLUME'

VR1
100

83
447

R5
100k

R4
3k3

C4
100

MEI
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184148

02
IN4145
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ION

R6

TR2
2N4124

TR1
284124

VR2
100k TR3

2N4126
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at.
B1
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C 7 .4LN

[UN/OFF

R7
1004
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Fig. 1. Complete circuit diagram for the Personal Radio. This radio is suitable for high and
low impedance headphones.

the other hand offers reliable reception with
a good choice of programme material. The
only fly in the ointment is the lack of fidelity
of most A.M. circuits, the problem can be
mainly solved by using the Ferranti
ZN4I4Z radio chip. This i.c. enables a
simple high performance radio to be built
which should operate first time without
problems. This chip is the basis of the
Personal Radio described here.

The ZN4I4Z is a complete t.r.f. (tuned
radio frequency) radio circuit on a chip.
Unlike the normal radio circuits in your

 average "tranny" there are no i.f. stages in
this design. In a normal radio the incoming
r.f. signal is mixed with another r.f. signal of

slightly different frequency, generated by an
internal oscillator. A difference frequency is
generated, termed the i.f. (intermediate
frequency), this is amplified further by
stages tuned to the i.f. frequency by means
of tuned interstage transformers.

In this way a greatly amplified i.f. signal,
modulated by the audio signal, is obtained.
This signal is demodulated by a diode
detector to produce just the audio signal.
This form of radio receiver is universally
used; it is called the superhet.

The main problem with the superhet
from the performance point of view is that
the tuned transformers limit the effective
frequency response of the audio signal and
can contribute distortion. The ZN4I4 ap-
proaches the selectivity and sensitivity of
the superhet but uses entirely different
techniques. Essentially high sensitivity is
achieved by feeding the r.f. signal picked up
from the tuned circuit into a high imped-
ance. A high level of r.f. amplification is
then applied before active rectification
within the i.c. The result is an audio signal
of reasonably high quality.

Power sources for portable equipment
always pose a problem. However, with a
little careful design the current consump-
tion of this circuit has been reduced to
about 5mA quiescent. This allows a PP3 to
be used, giving more than 30 hours of
continuous use at high volume. As current
consumption is totally dependent upon
volume level it depends on the user how
long his or her batteries will last.

CIRCUIT DESCRIPTION
Fig. 1 shows the full circuit diagram of the

Personal Radio. Radio signals are picked up
by the tuned circuit formed by L 1 and VC I.
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At all frequencies away from the main
resonance the parallel combination of LI
and VC I looks like a near short circuit and
any r.f. signals are effectively grounded
through C 1 . At resonance the tuned circuit
presents a very high impedance to the
incoming signal. So if the resonant fre-
quency of the tuned circuit happens to
coincide with the incoming r.f. signal a
relatively large signal appears across it.

The greater the impedance at resonance
the stronger the required signal will be in
comparison with the amplitude of unwant-
ed stations. In order to retain the inherent
selectivity that this provides the signal
needs to be fed into a high impedance. ICI
provides an input impedance of four meg-
ohms, IC 1 also acts as a high gain r.f.
amplifier and detector. Because the signal
level obtained from various radio signals
are so different automatic gain control
(a.g.c.) is also incorporated in the chip.

The chip operates from a maximum of
1.5V but takes a low current, typically
200µA, from the supply. In order to get a
loud signal from the amplifier it is necessary
to use a higher voltage to drive the radio.
The required supply voltage for the chip is
provided from the forward voltage drop
across the two diodes, DI and D2. Current
is fed into these via the potential divider
consisting of R3, R4, and the decoupling
capacitors, C3 and C4, this also provides
the bias for IC2.

The output signal from ICI is produced
across VRI, the Volume Control. C2 re-
moves any remaining r.f. leaving just the
audio signal. Having achieved an audio
signal it now needs amplifying to a suffi-
cient level to blast the eardrums of the
listener! This is the function of the remain-
der of the circuit.

AMPLIFIER
During the development of this project

many kinds of radio amplifier were tried.
The obvious choice, the LM386 quarter
watt power amp in a nifty eight pin d.i.p.
proved unstable. Instead the hybrid circuit
used here offers the same level of perfor-
mance with unconditional stability.

As previously mentioned the potential
divider formed by R3 and R4, DI and D2 is
used to bias the op -amp IC2. The voltage at
the junction of R3 and R4 is at roughly
4.5V, C4 decouples the junction of R3 and
R4 to ground at audio frequencies.

Resistor R5 defines the input impedance
of the amplifier. Signals from the slider of
VRI are coupled to the non -inverting input
of IC2 by C6. This also ensures isolation
from any d.c. levels that may be present on
the input. Substantial voltage gain is re-
quired to bring the level up to a suitable
value for driving the headphones and this is
set by the overall feedback loop consisting
of R7, C5 and R6. In particular the gain is
set by the ratio of the values of R7 to R6, in
this case to 100 times with the Volume
control fully advanced.

Although the 741 is capable, in principle,
of driving the headphones direct the sound
level obtainable is definitely on the low
side, thus necessitating the use of TR2 and
TR3. These transistors form a simple, con-
ventional push-pull output stage. When the
output from the IC2 is positive going TR2
conducts allowing current to flow via the
output capacitor C7 to the load. On nega-
tive going signals TR3 conducts and pro-
vides the required drive.

Unfortunately, as yet, no one has come
up with transistors that do not require some

bias current to avoid crossover distortion.
This form of distortion sounds particularly
nasty and is due to the fact that transistors
are basically non-linear devices when oper-
ated at or near their cut-off points. The
distortion problem is overcome in this
design, as in all other practical amplifiers,
by biasing the output transistors so that a
small current is always flowing. This needs
to be done with care and the best way is to
make use of another transistor circuit, in
this case TR1 and associated components.

TR I in conjunction with VR2 forms what
is known as a Vbe multiplier. To explain, an
npn transistor will not start to conduct until
the base terminal is taken some 0.6V posi-
tive of the emitter. To just make TR2 and
TR3 conduct requires a bias of about 1.2V
between the bases. If VR2 is set with the
slider midway then transistor TR I will turn
on so that 0.6V will appear across both the
base/emitter and base/collector terminals.

Resistor R8 in series with the Vbe multi-
plier completes the driver circuitry. The
current required is provided by IC2's out-
put stage. The whole output stage is en-
closed within the feedback loop for 1C2
reducing overall distortion to an insignifi-
cant level.

Capacitor C7 couples the output signal to
the headphones while simultaneously pre-
venting the d.c. level at the output from
flowing through the load.

CONSTRUCTION
Construction starts with the drilling of

the case to suit the components purchased.
Once this has been completed (see photos)
attention can be turned to the winding of
LI. This comprises 65 closely wound turns
of 28 s.w.g. enamelled copper wire, the
detail is shown in Fig. 3.

Start by stripping one end of the wire.
This is best done by scraping the end with a
very sharp knife. After stripping the insula-
tion winding can begin. Leave about
100mm of lead free and using a strip of
insulation tape anchor it to the rod. Now

COMPONENTS

Resistors
R1,R5,R7 100k (3 off) See
R2 680
R3,R8 4k7 (2 off)
R4 3k3
R6 1k
All 0.25W ± 5% carbon page 313

Potentiometers
VR1 100k log. with d.p.s.t.

switch (Si)
VR2 10k skeleton preset

(vertical mounting)

Capacitors
C 1,C2 100n polyester (2 off)
C3,C4,C7 100pf elect. 16V

radial (3 off)
C5,C6 10pf elect. 16V radial

(2 off)
VC 1 500pf, solid dielectric

trimmer

Semiconductors
iC1 ZN4I4Z
IC2 741 op -amp.
TR3 2N4126
TR1,TR2 2N4124 (2 off)
D1,D2 IN4148 (2 off)

Miscellaneous
B1 PP3 battery and connecting
clip; SK1 stereo jack socket
(I inch); ABS case, 100 x 76 x
40mm; two control knobs; inch
diameter Ferrite rod approx.
90mm long and 28 s.w.g. enam-
melled wire to form L1; p.c.b.
available from the EE PCB SER-
VICE, order code 526; connecting
wire, solder, fixings, etc.

Approx. cost .E9 50Guidance only
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Fig. 2. Component layout and full size printed circuit board master. This board is available
from the EE PCB Service: code EE526.

Fig. 4. Interwiring details to the circuit board. Note the use of solder pins on the p.c.b.
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CLOSE WOUND

11111111111111111111111111111

Fig. 3. Ferrite aerial coil winding details and
construction.

wind on the 65 turns, small gaps between
turns are irrelevent but try not to wind one
turn on top of the other!

Having completed the winding anchor
the free end to the rod using another strip of
tape. Scrape and tin the free end and the coil
is complete.

CIRCUIT BOARD
Most of the components are mounted on

a p.c.b., the layout and wiring of which is
shown in Fig. 2. Carefully insert the com-
ponents and solder them into place. Make
sure that all the polarised components are
correctly orientated. Especially D I and D2.
Incorrect connection here will lead to the
instant demise of ICI when the power is
applied!

Finally, attach the flying leads to the
board. These should be left at least 100mm
long to facilitate easy connection. Attach
VC1, VR1, SKI and the finished p.c.b. to
the case.

The last part of the construction is to
terminate the flying leads to their respective
destinations, see Fig. 4. Check your work
thoroughly, if you're happy that all is well
set up VR2.

Start by setting VR2 so that the base of
TR I is shorted to the emitter as measured
between these points with a multimeter.
Now advance the control to just under half
its travel. Attach the battery and switch on.
Several stations should be heard as VC I is
adjusted. Pick the strongest and turn the
volume down till you can barely hear it.

If the signal sounds distorted then slowly
adjust VR2 until the distortion just disap-
pears. Do not adjust the preset any further
than you have to otherwise TR2 and TR3
may overheat. Once this is done the project
is complete.

MAKE IT A GIFT

EVERY MONTH . . .

Make sure of getting your copy every
month by placing a regular order

with your Newsagent NOW!
(Distributed by Seymour)

BACK ISSUES & BINDERS

Certain back issues of EVERYDAY ELECTRONICS and
ELECTRONICS MONTHLY are available price £1.25 1E1.75
overseas) inclusive of postage and packing per copy.
Enquiries with remittance should be sent to Post Sales
Department, Everyday Electronics, 6 Church Street, Wim-
borne, Dorset BH21 1JH. In the event of non -availability
remittances will be returned.

Binders to hold one volume (12 issues) are available from
the above address for £5.50 inclusive of p&p world-wide.
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IL IP FROM JAYTEE

THE SPECIAL DISTRIBUTOR FOR SPECIAL AMPLIFIERS
ILP have long been recognised as manufacturers of top quality
amplifiers.

All ILP products are built to extremely high specification for the
ultimate in hi-fi performance. They're unique in being completely
encapsulated with integral heatsinks, and can bolt straight onto the
chassis. They're also extremely robust, ensuring high levels of reliability
as well as performance.

ILP Amplifiers are now available through Jaytee. The UK Distributor
with the availability and service to match the quality of the amplifiers.
POWER BOOSTER AMPUFIERS
The C15 and C1515 are power booster amplifiers designed to increase
the output of your exisiting car radio or cassette player to 15 watt rms.
C15 15 watts £10.65
C1515 15 + 15 watts £19.78

ILP LOUDSPEAKER
power 350 watt rms
size 12 inches
impedance 8 ohms
range 20 Hz to 5 KHz

NEW £78.61
FOR FREE DATA PACK PLEASE
WRITE TO OUR SALES DEPT.

PREAMPLIFIER MODULES
All modules are supplied with in line connectors but require potentionmeters,
switches, etc. If used with our power amps they are powered from the
appropriate Power Supply.

Type Application Functions Price
HY6 MonoPreAmp Full Hifi facilities £8.45
HY66 StereoPre-At.ip Full Hi Fi facilities £13.95
HY73 GuitarPre-Amp TwoGuitarsplusMicrophone..£14.45
HY78.......StereoPre-Amp As HY661esstone controls £13.45
NEW! HY83 Guitar and Special Effects Pre -Amp as HY 73 Plus Overdrive and
Reverb £1895
MOUNTING BOARDS: For ease of construction we recommend the 136
for HY6 £0.95. B66 for HY66-83 £1.45.

IMOSFET MODULES

Ideal for Disco's, public address arid
applications with complex loads (line
transformers etc.), Integral Heatsink
slew rate 20v/µs distortion less than 0.01%

Type Output Load Price
Power Impedence
Watts (rms) 0

MOS128 60 48. . 04.45
MOS248 120 48 £3945
MOS364 180 4 £6445

BIPOLAR MODULES
Ideal for Hi Fi. Full load protection
integral Heatsink, slew rate 15x/ps

POWER SUPPLY UNIT
Type For Use With

PSU30 WE AMP

Price

£6.45

Type Output
Power

Load Price
Impedence

PSU212... 1 or 2 HY30
PSU412... 1 or 2 HY60, 1 HY6060, 1 HY124

E1645
E18.45

Watts (rms) 0 PSU422... 1 HY128 E20.45

HY30 15 48 £1045
PSU432 1 MOS128
PSU512 2 HY128, 1 HY244

E21.45
£22.45

HY60 30 48 £1045 PSU522 2 HY124 E2245

HY6060 30+30 48 £2195 PSU532 2 MOS128 C22.95

HY124
HY128

60
60

4 E17 45
8 £1745

PSU542 1 HY248
PSU552 1 MOS248
PSU712 2 HY244

C22.95
E24.95
£26.45

HY244 120 4 02.45 PSU722... 2 HY248 £27.45
HY248 120 8 E22 45 PSU732 . 1 HY364 C27A5

HY364 180 4 £33 45 PSU742.. 1 HY368 029.45

HY368 180 8 E34 95 PSU752 .2 MOS248, MOS364 C29.45

Distortion less than 0.01% All the above are for 240v operation

Jaytee Electronic Services, 143 Reculver Road, Bekinge,
Herne Bay, Kent CT6 6PL Telephone: (0227) 375254
All Prices include VAT, Post & Packing

AMATEUR RADIO
& ELECTRONICS

HOBBY FAIR:

TO BE HELD AT

WEMBLEY CONFERENCE CENTRE
Saturday 5th & Sunday 6th July, '86

THE FIRST TWO DAY FAIR TO BE HELD
IN THE SOUTH OF ENGLAND,

A MAJOR EVENT IN THE AMATEUR RADIO CALENDAR.
OVER 200 RETAIL & MANUFACTURERS STANDS - PLUS LOTS MORE

THERE WILL BE A HOST OF SPECIAL INTEREST GROUPS - STAR PRIZE RAFFLES
AND TOMBOLAS, ETC.

ALONG WITH A SPECIAL SOUVENIR PROGRAMME - SHOULD MAKE THIS AN
OCCASION FOR ALL TO REMEMBER

THE ORGANISERS ARE AMATEUR RADIO PROMOTIONS, WOODTHORPE HOUSE, CLAPGATE LANE, BIRMINGHAM, B32 3BU
TELEPHONE 021-421 5516
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OLDEST CLUB
BACK in 1911, Professor G. P. Bailey gave

a lecture in Derby's Guildhall on "Scien-
tific Progress in our Time", demonstrating
the ringing of bells and the lighting of lamps
by means of wireless waves. Inspired by
this, local enthusiasts formed the Derby
Wireless Club, and set up an experimental
wireless station, call -sign QIX.

This was the very first wireless club in
Britain, possibly in the world. It held an
exhibition in 1913 which received national
newspaper coverage, and that year saw
the foundation of clubs in other places,
some with the assistance of members of
the Derby club.

There is a well documented history of
the club's activities up to the outbreak of
WW2 (World War 2), when all transmit-
ting licences were withdrawn. Many items
constructed by early members have been
preserved, together with original docu-
ments and photographs.

In 1947, the Derby and District Amateur
Radio Society was formed, catering for all
aspects of amateur radio and electronics
and, after discussion with surviving
founder members, incorporated in its title,
"Derby Wireless Club 1911".

Nov, in 1986, the Society is celebrating
the 75th anniversary of its inception with a
programme of events, many of which are
open to the pubic. A demonstration ama-
teur radio station is operational, at various
locations in Derby, throughout the year
using the callsigns GB2, GB3, or GB4ERD,
reflecting the Society's original call,
G3ERD (Experimental Radio Derby). The
first demonstration was at a commemora-
tive Mayoral reception on 8 January, when
contact was established with a number of
stations in Derby's twin city, Osnabruck, in
Germany, and with other cities having
twinning links with Osnabruck.

Amateurs contacting the demonstration
station, together with a number of other
Derby stations, during 1986, will qualify
for a special certificate issued in conjunc-
tion with the City Council, and commemor-
ative QSL cards will be sent for all contacts
with the club station.

TONY SMITH G4FAI

If you are in the Derby area, look out for
the station at, amongst other places, the
Elvaston Castle Steam Rally, July 5-6;
Markeaton Park, Derby Carnival Week,
August 9-17; and the City Museum and
Art Gallery, December 13-January 24,
when a collection of vintage radio will also
be on show.

Finally, an invitation is extended to
readers of this magazine having an interest
in amateur radio to visit the Society at its
clubroom, 119 Green Lane, Derby, any
Wednesday at 7.30p.m. Like many other
local radio clubs, they have a good pro-
gramme of activities, including lectures,
film shows, discussions on matters of
topical interest, and the ever popular "sur-
plus sales". Newcomers are particularly
welcome. Just say you read about the
Society in EE! Ken Griffin, G4HDP, Anni-
versary Organiser, can provide more infor-
mation about the celebrations, or the club,
on Derby 556005.

QRP TESTS
The G-QRP Club, the British organisation

catering for low power enthusiasts, ar-
ranged an interesting weekend activity in
February. This was to allow Czechoslova-
kian amateurs to test their QRP transmit-
ters over the path to the UK on a number of
different frequencies at pre -arranged times
throughout the two days.

A new Czech club has about 30
members compared to the British club's
3000 plus members, so an additional
purpose in holding the tests was to en-
courage the new club in its activities. The
UK end was co-ordinated by Gus Taylor,
G8PG, communications manager of G-
QRP-C, who arranged for two teams, one
in England and one in Scotland, to take
part. The Czech end was organised by Petr
Doudera, OK 1 DKW, who is also a member
of the British club.

Radio conditions were found to be rea-
sonable considering the low level of sun-
spot activity and participants, who used
between one and four watts r.f. output,
were surprised to find that the 10MHz
band (30 metres), which is not normally

Petr Doudera OK1DKW, at his station in Prague. Apart from a
vintage WW2 AR88-receiver, all equipment is home-made.

used a great deal, provided more contacts
than any other.

A further interesting point was the dif-
ference between the path from Czechoslo-
vakian stations to southern and northern
parts of the UK. Stations in the north of
England and in Scotland made few con-
tacts, and most were made by those
located south of a line drawn between the
River Mersey and the east coast. This
experience confirms previous observa-
tions that on such east/west paths the
further north one of the stations is, the
more difficult it is to make contact
between them.

Apart from providing an interesting and
enjoyable weekend for the participants, a
number of useful lessons were learned,
and a suggestion has already been made
that the tests should be repeated next
year.

FREE BOOKLET
An informative booklet. "How to be-

come a Radio Amateur", is published by the
Department of Trade and Industry. It con-
tains the conditions for holding an amateur
licence, details of the types of licence,
licence fees, tuition available, the examina-
tion, the Morse test, and so on.

This is available, free of charge, by
writing to: Radio Amateur Licensing Unit,
Post Office Headquarters, Chetwynd
House, Chesterfield, Derbyshire S49 1 PF.

QUESTION CORNER
Last month I explained what QSL cards

are, and mentioned that special bureaux
exist to avoid the need to send cards
individually.

The RSGB's QSL bureau, set up in 1930,
is one of the Society's most popular
membership services, and last year
handled 2.4 million cards. Individual ama-
teurs send their cards in bulk to the central
bureau where they are sorted and sent to
other bureaux, in the countries concerned,
for distribution to the amateur stations
named on the cards.

The reverse applies to incoming QSL's.
Foreign amateurs send cards to their own

The G-QRP Club founded .in 1975,
represents Amateurs and SWL:s. world
wide. . interested in Low Power
Communications.

The Club magazine, 'SPRAT. contains
many constructional and news articles
together with details of Contests and Club
Services.

The part circuit on this card is that of a
simple yet efficient transceiver typical of
those used by QRP operators.

For the rest of the circuit, work a few
more Members !!!!

Membership is open to all. Any Member
will be pleased to put you in touch with the
Secretary.

Reverse of QSL card used by members of the G-QRP Club.
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bureaux which, in turn, send all those
addressed to British stations to the RSGB
bureau. The cards are then distributed to
sub -managers who hold stamped ad-
dressed envelopes lodged with them by
individual amateurs, and the envelopes are
posted off when sufficient cards have
been received to fill them. QSL's to and
from British stations are routed from the
central bureau to the appropriate sub -
managers, who are responsible for parti-
cular series of call -signs, e.g. G4FAA to
G4FZZ.

Arrangements vary in different countries
and, unlike Britain, it is sometimes neces-
sary to pay a fee. One of the most famous
bureaux is Box 88 in Moscow, which
handles all QSL's for Soviet amateurs. In
the USA, the American Radio Relay League
(ARRL) operates separate incoming and
outgoing bureaux, and charges for all out-
going cards.

The despatch and receipt of QSL cards
worldwide is an extensive, and expanding,
amateur radio activity. In total, it costs a
great deal of money and occupies the time

of a large number of people. The RSGB
bureau, for example, has two full-time
staff, plus over fifty unpaid sub -managers.
Multiply this by the number of countries
having amateur radio, taking account of
their relative amateur populations, and you
have some idea of what is involved!

This is yet another facet of amateur
radio which attracts a great deal of volun-
tary effort, and undoubtedly this highly
popular activity could not continue in its
present form without such help.
More news from the airwaves next month.

DOWN TO

BY GEORGE HYLTON

L J

's.

AREADER has come across an old issue
of Practical Wireless containing a de-

sign for a crystal set. Tuning is performed
by a variable -inductance device, a vario-
meter, without the aid of an associated
capacitor. In other words, there is a vari-
able L, but no C. How, he asks, can tuning,
which calls for both L and C, be obtained in
this circuit?

First, what is a variometer? It has two
coils, connected in series. One coil (Fig. 1)
is inside the other, and can be rotated by
turning a shaft.

In one extreme position, the movable
coil is in -line with the fixed coil, and the
fields of the two windings assist one
another; inductance is maximum. In the
reverse position, the fields oppose each
other and the inductance is minimum. As
the shaft is rotated to move the coil from
one extreme to the other the inductance
changes smoothly.

EARLY RADIO CIRCUITS
Variometers weren't just used in crystal

sets. They were incorporated into early
valve radio receivers, too.

Fig. 2 shows part of a receiver circuit
published by John Scott Taggart, a pio-
neer of d.i.y. radio construction, in 1923.
The crossed -coil symbols are variometers:
L1 tunes the aerial and L2 the output circuit
of the r.f. amplifier valve V1.

As our reader found in his crystal set
circuit, there are no capacitors connected
across L1 and L2. So how was tuning
accomplished?

The answer is that there were capaci-
tances, but in the form of "strays". The
aerial itself behaved like a capacitance
across L1. In those days of long-wire
aerials it could easily amount to hundreds
of picofarads, quite enough to tune L1 to
medium waveband stations.

I EE27614 I

Fig. 1. Construction of a variometer. The
inner coil can be rotated to vary the
inductance.

The stray capacitance across L2 was
smaller. It consisted mainly of the self
capacitance of L2 (caused by the insulation
between adjacent turns acting as a dielec-
tric and the wire of the turns as plates),
plus the input capacitance of the next
stage, plus wiring strays. To compensate
for the relatively low capacitance, L2 was
of greater inductance than L1.

LOSSES
Stray capacitances often involve dielec-

tric materials which are far from perfect.
The result is that there are high -frequency
"losses", that is, energy is absorbed by
the dielectric, which behaves like a mixture
of capacitance and resistance. A tuned LC
circuit in which C is all strays is likely to be
a poor thing with a low quality factor (0)
and poor selectivity.

Fig. 2. Part of Scott Taggart's ST91 radio
circuit (1923) showing variometers (L1
and L2).

A

sOp
L1 VR1

V1

(EEn9MI

In 1923 such things hardly mattered.
There were far fewer stations to be re-
ceived, so selectivity was not such a
problem. In any case, damping of tuned
circuits was actually encouraged, by mak-
ing valves like V1 take grid current.

The object was to discourage a circuit
like Fig. 2 from bursting into oscillation
because of stray feedback from L2 to L1.
So variometer tuning was workable.

There is, of course, no reason why a
capacitor should not be connected across
a variometer, if required. It was often
done.

SNAGS
Variometers are relatively easy to make.

So why have they been replaced by tuning
capacitors?

One shortcoming is a relatively poor
performance at the h.f. end of a variome-
ter's tuning range. Here, the inductance is
at its minimum, with the movable coil in the
"opposing" position. This reduces the
inductance all right, but the coils are still in
series and still have just as much resis-
tance. High resistance makes for low Q.

Another problem is to get a wide enough
tuning range. On the face of it, this should
be easy. If L1 and L2 have equal induc-
tances, then in the "opposing" position
they should cancel one another out, reduc-
ing the inductance to zero and raising the
tuned frequency to infinity!

In practice, this can't happen. The coils
are not perfectly coupled. That is, the field
of one does not link completely with the
field of the other. The inductances don't
cancel, but merely fall to a minimum.

This means that it is hard to cover the
medium -wave band as it exists today. But
a tuning capacitor can achieve it easily.
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PERCUSSION
SYNTHESISER

It won't cost a lot
of notes to stay in
tune with the
latest hits
'THIS single channel synthesiser is capable

I of producing a wide range of percussion
sounds. It can be set up to mimic real
percussion instruments or to produce syn-
thetic "electronic" percussion sounds.

The sound may be triggered by positive
pulses from a sequencer or by tapping a
piezo electric pick-up device. In the latter
mode the circuit is touch sensitive the
sound level varying according to how hard
the pick-up is hit.

MARK STUART

The circuit has seven controls altogether
as follows:
Sensitivity Sets the gain of the trigger input
circuits to suit the sequencei or pick-up
output.
Pitch The frequency of the master VCO
which produces the basic triangular output
waveform.
Sweep This control varies the frequency of
the master VCO during the beat. The effect
of this control is very important and adds
greatly to the quality of the synthesiser
output. Sweep can be set to increase or
decrease the pitch of the VCO. At its centre
setting it has no effect.
Level Sets the level of the VCO signal in the
output mix.
Noise Level Sets the level of the noise
generator signal in the output mix.

Noise Filter A six position switch control-
ling a high "Q" factor tuned circuit which
enables different frequencies to be empha-
sised from the noise generator.
Decay Sets the time constant of the output
waveform envelope. The range of the
control covers from 10 milliseconds to
I second.

Power is provided by two PP3 9V batte-
ries which should last for a considerable
time. The output signal is fed to a standard
jack socket and is suitable for any amplifier
with an input impedance of around 50
kilohms and standard "line level"
sensitivity.

CIRCUIT DESCRIPTION
The complete circuit diagram of the

Percussion Synthesiser is shown in Fig. 1.

Fig. 1. The complete circuit diagram for the Percussion Synthesiser. The input and output sockets are standard kin. mono jack sockets.
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As with all complex circuits it is best
understood if it is explained one section at a
time. The two batteries B1 and B2, connec-
ted in series, provide +9V and -9V supplies
with a common centre OV or "ground" line.
A double -pole switch S2a and S2b on the
sensitivity control switches these two sup-
plies on and off.

Capacitors C16 and C17 provide supply
decoupling for the majority of the circuit. A
separate -9V supply is provided from the
standard supply via diode D2 decoupled by
C10. This extra decoupling ensures that the
output signal is pure and free from low
frequency voltage shifts.

WHITE NOISE
A small signal silicon transistor junction

(TR1) operating in reverse breakdown at
very low current is used to produce the
white noise signal. A high input impedance
non -inverting amplifier ICI a amplifies this
signal and provides a suitably low output
impedance to drive the output filter circuit.
The a.c. gain of ICla is set to 100 by R2 and
R3.

Transistor TR2 is connected as a com-
mon emitter amplifier. Its gain is deter-
mined by the components connected in its
emitter circuit.

Normally in such circuits a large electro-
lytic "bypass" capacitor connected in paral-
lel with the emitter resistor provides a low
impedance path for signal currents. This
ensures a high gain over a wide frequency
range.

However, in this circuit the emitter resis-
tor R4 is bypassed instead by a series tuned
circuit consisting of L1 and one of the
capacitors C3 to C7, according to the setting
of S I. The series tuned circuit has a high
impedance except near to its resonant fre-
quency where its impedance falls to a low
value. Signal currents at or near to the
resonant frequency therefore pass easily
and the circuit has a high gain. Above and
below resonance the circuit gain falls to
much lower levels.

The effect that this filtering has on the
noise signal is hard to describe, but the
change is quite dramatic. Different settings
of SI enable different bands of frequencies
to be emphasised as required.

The resistor R5 broadens the frequency
peak on the last setting of Si to provide a
more standard type of "white noise" out-
put. The signal from TR2 appears across
VR3, the Noise Level control. From the
slider of VR3 the signal passes via C2 and
R30 to be mixed with the VCO signal at the
input to IC4.

VOLTAGE CONTROLLED
OSCILLATOR

Integrated circuits IC2 and IC3 form a
voltage controlled oscillator (VCO) produc-
ing a triangular wave output. Capacitor C13
is alternately charged and discharged by the
output of IC2. Switching over from charg-
ing to discharging is done by IC3 which
senses the voltage level on capacitor C13.

When the voltage on C13 reaches the
negative trigger threshold of IC3 the output
of IC3 switches from -9 volts to 0 volts. The
output of IC3 is connected to the input of
IC2 via resistor R I8 so that when the output
voltage of IC3 changes the output current
from IC2 changes also.

The voltage on C13 now begins to move
towards the positive input threshold of IC3
at which point the output of IC3 switches
from 0 volts to -9 volts, the current from

IC2 reverses and CI3 begins to charge once
more towards the negative input thresholds
of IC3. In this way the circuit oscillates
continuously.

The frequency of oscillation is set by the
value of C13 and the amount of current
used to charge and discharge it. The current
is provided from the output of IC2 which is
a CA3080 variable transconductance am-
plifier. This means that the amplifier output
current depends on the input signal voltage
and upon the transconductance or "gain" of
the amplifier.

The input voltage to IC2 is constant. It is
set by potential divider resistors R18 and
RI9 from the constant output voltage swing
of IC3. The transconductance of IC3 can be
varied over a wide range by altering the
current fed into the "bias" terminal, pin 5.

A "high" current on pin 5 produces a high
gain and so C13 is charged and discharged
rapidly giving a high frequency output.
Similarly a low current produces a low
frequency output.

The bias current to IC2 is derived from
the output of IC1c via resistor R20 and the
Pitch control VR6. When the sweep control
is set to neutral (centre position) the output
of IC1c remains fixed at OV. In this condi-
tion the bias current to IC2 is set solely by
VR6 which provides a frequency adjust-
ment range of 22 to 1.

VOLTAGE CONTROLLED
AMPLIFIER

The output from the VCO is amplified by
ICI d and fed to the Tone level control VR7.
The signal from the slider of VR7 passes via
R24 and C I 2 to be mixed with the noise
signal at the input to IC4. The mixture of
input signals at IC4 is exactly as it will
appear at the output of the synthesiser.

The percussive nature of the sound is
dependent not on the waveform of the
output signals but upon their "dynamics".
That is the rise and fall (attack and decay) of
the signal level. The dynamics are imparted
to the signal by varying the bias and hence
transconductance or "gain" of IC4 in the
same way as the gain of IC2 was varied in
the VCO circuit.

The envelope control current is provided

by transistor TR4 which produces a current
output proportional to the voltage on capa-
citor C9 which is connected to its base. C9 is
charged rapidly via R I1 and D 1 whenever
TR3 is turned on. Transistor TR3 is turned
on either by positive trigger pulses applied
to the trigger input from a sequencer or
during positive half cycles of the signal from
a piezo electric transducer XI. ICIb inverts
and amplifies the trigger signal. VR1 sets
the gain of the trigger amplifier stage to
accommodate different transducers and
trigger signal levels.

After the trigger pulse TR3 turns off and
C9 discharges via R l0 and the Decay
control VR2. Setting VR2 to a low value
produces a very rapid decay, a high value
produces a slow decay.

The current from TR4 follows this vol-
tage and controls the gain of IC4. Thus
when the circuit is triggered the gain of IC4
rises rapidly and then falls gently at a rate
set by the Decay control VR2.

In the absence of trigger pulses the gain of
IC4 falls to zero so that the circuit is silent.
Depending upon the setting of sensitivity
control VR1, a soft tap on the input trans-
ducer may only partially charge C9 so that a
quieter output signal is produced.

SWEEP GENERATOR
The voltage across C9 is also used by the

sweep amplifier IC 1 c. The Sweep control
VR4 allows the gain of this stage to be
varied from +1 through 0 to -1. The output
voltage of IC I c is used to provide the bias
current which controls the frequency of the
VCO. Varying this voltage causes the fre-
quency of the VCO to vary.

As the Sweep control VR4 is moved from
the centre (neutral) position a proportion of,
the envelope control voltage also modulates
the frequency of the VCO. This means that
the pitch and level of the output signal vary
together. The amount of pitch change can
be varied to introduce extreme "swooping"
effects or very subtle effects which add
realism when synthesising natural percus-
sive sounds. The control can be set to
introduce a pitch rise or a pitch fall by
turning the control clockwise or anti-
clockwise.

The completed Percussion Synthesiser showing the seven front panel controls and their
respective functions.
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Fig. 2. Full sized printed circuit board master for the Percussion Synthesiser. This board is available from the EE PCB Service: code EE525.

Fig. 4. Details of the interwiring of the jack sockets, battery connectors and the
piezoelectric pick-up. The completed p.c.b. mounted on the rear of the front panel is
shown in the photograph below.

The entire circuit is built on a single
printed circuit board and the master p.c.b.
pattern is shown in Fig. 2. The board
component layout is given in Fig. 3. This
board is available from the EE PCB Service:
order code EE525.

Before inserting any components use the
bare board as a template to mark out the
front panel of the case. Note that the track
side of the board is the side that will be
nearest to the panel. The front panel should
be drilled with On diameter holes to take
the mounting bushes of the controls as these
are used to fix the assembled board to the
case.

CIRCUIT BOARD
When the case front panel is complete the

board can be assembled. Refer to the com-
ponents list and to Fig. 3, the p.c.b. compo-
nent layout diagram.

First fit seven single -sided soldering pins
to the board in the positions that will be
used for making connections to the battery
and signal wires. The pins should be pressed
right into the board from the track side so
that they are almost flush and then
soldered.

Next fit the wire links, preset, resistors,
diodes, i.c. sockets, capacitors, and inductor
LI. Solder and crop all the leads as close to
the board as possible so that there is no
danger of an accidental short circuit to the
front panel when the circuit is finally
assembled.
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COMPONENTS
Resistors

R1,R3,R21, 1M (5 off)
R27,R29
R2,R8,R20 10k (3 off)
R4,R24, 22k (3 off)
R30
R5 2k2
R6,R7,R12, 100k (8 off)
R14,R15,
R18,R26,
R28
R9 4k7
R10,R19, 1k (4 off)
R22,R23
R11 100
R13 4M7
R16,R17 47k (2 off)
R25 470k
All 0.25W ± 5% carbon film

Potentiometers
VR1 1M lin, with DPST

switch
VR2 100k lin
VR3 10k log
VR4 100k lin
VR5 1M preset
VR6 2M2 reverse log
VR7 10k log

Capacitors
C 1,C2,C6, 100n Polyester
C8,C14, C368 (6 off)
C15
C3
C4
C5
C7

See

3n3 ceramic plate
10n polyester C368
33n polyester C368
470n polyester
C368

C9,C11 10p elec. 16V radial
(2 off)

C10 220p elec. 16V
radial

C12 220n polyester
C368

C13 150n polyester
C368

C16,C17 100p elec. 16V
radial (2 off)

Semiconductors
IC1
IC2
IC3
IC4
TR 1

TR3
TR4
TR2
D1
D2

page 313

Approx. cost
Guidance only £28.95

The potentiometers should now be
mounted on the board. Carefully bend their
tags forward at 90 degrees so that they fit
into the appropriate holes. Washers should
not be used as the most must be made of the
available length of mounting bush to pass
through the front panel. Fit one nut to each
potentiometer to fasten them to the board
and then solder the tags.

The rotary switch SI should be fitted with
the markings as shown in Fig. 3 and wired
to the board using tinned wire as shown. S2
should be wired to the board using insulated
wire leads. When all components are fitted
refer to the interwiring diagram Fig. 4 and
connect the battery clips, jack sockets and
piezo electric pick-up. Note that the sockets
must be connected exactly as shown as they
are switched types. If the specified case is
used allow about 20cm of screened wire for
each socket.

At this point the circuit is ready for
testing (see next section). Assuming the tests
are satisfactory the board should be moun-
ted onto the case front panel with one nut at
each control. It may help to fit a thin layer
of card between the board and the panel to
ensure that short circuiting cannot occur if
the panel is flexed.

TL064
CA 3080
4093
CA 3080
BC183
BC213
BC213
BC 183
IN4148
IN4148

Miscellaneous
Ll 33mH inductor
X1 PB2720 piezo
S1 2 -pole 6 -way rotary

switch
S2 Part of VR1
B1,B2, 9V PP3 battery; i.c. sock-
ets; ,Lin mono jack sockets (2 off);
PP3 clips (2 off); case; knobs
(7 off); printed circuit board, avail-
able from the EE PCB Service
-order code EE525

Fig. 3. Component layout on the printed circuit board. The integrated
circuits should be mounted in i.c. holders. Make sure that all wire links
are in position.
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(left) The completed "Drum synth" show-
ing the output and trigger sockets. This
allows the sound pick-up to be mounted in
a separate "practice pad".

Fig. 5 (below). Full size front panel label
used in the prototype.

The pick-up can be mounted anywhere in
the case using a piece of double -sided
adhesive tape, alternatively it can be
mounted separately in a "practice pad" and
connected to the socket via a standard jack
plug and lead. It is also possible to use an
internal pick-up and have a second plug-in
one. The socket is wired so that the internal
pick:up is disconnected whenever a plug is
inserted.

Mount the sockets in a suitable place on
the case taking care that they do not foul the
board when in position. The batteries can
be fixed using double sided sticky pads.

The front panel can be labelled using
letraset as shown in Fig. 5. Push fit knobs
with skirts that cover the control mounting
nuts are recommended. The control spin-
dles will need cutting slightly to get the
knobs to fit flush to the panel.

TESTING
Testing should be carried out after the

sockets and connectors have been fitted but
before the board is fitted to the front panel.
Ensure that the transistors, diodes, i.c.s and
electrolytic capacitors are correctly fitted by
careful visual inspection.

Set VR4 and preset VR5 to mid position
and all other controls fully anti -clockwise.
Connect the batteries, switch on and ad-
vance VR1 to mid position.

Connect the output socket to a suitable
amplifier with the volume turned to a low
setting. Tap the pick-up to trigger the
synthesiser and listen. There will probably
be a faint click or else nothing.

Now advance VR3 and trigger again. If
the noise generator is working there should
be a short burst of noise like an explosion. If
all is well check that VR3 varies the noise
level and that S1 produces six different
sounds. If the noise is present but only at a
low level check IC la, TR2 and associated
components.

Next keep triggering and turn up VR7. A
low frequency tone should now be present
when triggered. Advance VR2 and check
that much longer decay times can be ob-
tained for both noise and tone outputs.
Check that VR6 varies the pitch of the tone
output.

Now check the effect of the Sweep control
VR4. At each end of its range the effect
should be a very pronouned shift of fre-
quency, sweeping up or down as the note
decays.

The circuit consists of a number of
independent sections so fault finding
should be straightforward. Work back from
the output and make d.c. voltage checks
around the stages with a multimeter.

The split supply configuration can be
confusing so be careful to interpret the
readings properly. One useful trick is to
connect pin 5 of IC4 to OV via a 100k
resistor, this permanently turns on the
output amplifier and enables the results of
any tests to be heard.

When everything is working satisfactory
VR5 can be trimmed to null any d.c. offset
in 1C4. Turn VR3 and VR7 to minimum
and keep triggering the input. Set VR5 to
null out the click produced by each trigger
pulse. The setting is not critical.
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Catalogue Received
We have only just received the latest

Rapid Electronics April-September '86
Components Catalogue, and as a general
electronics components supplier, with an
emphasis on semiconductor and i.c. de-
vices, we can recommend this company
as a very useful source of parts for the
constructor. In fact, this catalogue is so
well laid out and full of useful component
lines that we would put it almost at the top
of our list of "most wanted" catalogues.

This latest edition is larger than previous
issues and contains 96 pages, most with
photographs and illustrations. In addition
to semiconductors, there are sections on
connectors, p.c.b. equipment, tools and
cases.

It contains over 3500 product lines
sourced from over 150 manufacturers.
Rapid claim that all orders are despatched
on day of receipt, including telephone
orders received up to 5p.m.

The catalogue costs £1, including pos-
tage, and contains a discount voucher
worth £1 against future purchases. It is
free to schools/colleges or companies,
provided it is requested on official letter-
head paper.

Copies of the Rapid April-Sept '86
catalogue may be obtained from: Rapid
Electronics Ltd., Dept EE, Hill Farm
Industrial Estate, Boxted, Colchester,
Essex C04 5RD.

Digital Storage Scope
The more advanced constructors,

schools and colleges will be pleased to
hear of an oscilloscope add-on for the ZX
Spectrum computer. Called the AliDin
Scope, this new peripheral is a plug-in
module with three signal input connectors.
This connects to the expansion port on the
ZX Spectrum computer and the software
is provided on tape or microdrive.

Using the module and software, the
Spectrum computer is converted into a
digital storage oscilloscope using the TV
screen for display. All the normal oscillo-
scope controls are available, but instead of
adjusting knobs and dials, the Spectrum's
keyboard is used and the settings are
displayed on the screen along with the
scales and other useful operating
information.

The waveform seen on the screen is a
continuously updated waveform, as dis-
played by any normal oscilloscope, how-
ever, the waveform may be captured and
held on the screen or in memory while
displaying a normal waveform for compari-
son. A screen copy function is provided,
so that waveforms may be recorded on a
printer.

These are useful for reports and hand-
books, or for comparison over a period of

BY DAVID BARRINGTON

A display from the AliDin Scope module

time. The oscilloscope settings, such as
timebase, amplitude and trigger mode,
etc., will also be printed out since they are
displayed on the screen along with the
waveforms.

The AliDin Scope module retails at
£49.95, complete with a signal lead and
handbook. Other features such as single -
shot capture and trace accumulation are
also included, making this a very useful all-
round tool.

The software to drive the module in a
"Scope" configuration retails at £24.95.
Further software is to be introduced en-
abling the scope module to work as an
intelligent chart recorder, or as a wave-
form spectrum analyzer.

For a complete specification and further
details, readers should write to: AliDin,
Dept EE, 39 Kingsclere Road, Overton,
Hants RG25 3JB.

Code Lock
Ideal for domestic use and for high

security areas, such as offices, hospitals,
hotels and schools, Paxton Automation
have just introduced an "electronic con-
trolled keyless lock". Called Touchlock, it
consists of a high security fixed bolt latch
and microprocessor controlled keypad.

The 12 -digit code programming keypad
remembers the user's 4 -digit entry code,

The Touchlock programming keypad from
Paxton Automation

which can be changed in seconds. The
fixed bolt latch is designed to meet
BS5872 requirements and a novel latch -
plate portal allows a door to be put
securely "on" or "off" the latch.

There is an audible warning programme
for entry and exit and a bell -push which
operates a door tone or separate doorbell.
Extra security is provided by a palindromic
code.

The logic circuitry is housed in a control
"box" and is powered by four 1.5V batter-
ies, with a claimed life expectancy of two
years. There is an automatic battery low
condition, audible warning facility, and a
defence mechanism which protects
against intruders. The control unit also
contains a door release button.

Also being marketed is the Touchlock
Junior, which incorporates most of the
Touchlock system but uses an electronic
strike release with the existing cylinder
lock in place of the fixed bolt latch.

The Touchlock system sells for around
£137, including VAT, and the Junior for
approximately £110. For further details,
readers should contact: Paxton Auto-
mation Ltd., Dept EE, 64 High Street,
Lewes, Sussex BN7 1XG.

CONSTRUCTIONAL PROJECTS

Percussion Synthesiser
Looking through the list of components

for the Percussion Synthesiser, the only
item that could cause sourcing problems is
the "reverse log" potentiometer VR6.
This potentiometer is available from
Magenta.

A complete kit of parts (£29.58, includ-
ing p&p) for this project is available from
Magenta Electronics, Dept EE, 135
Hunter Street, Burton -on -Trent, Staffs
DE14 2ST.

Personal Radio
The only stockists we have been able to

locate who lists Ferrite rods for use in the
Personcl Radio, is Cirkit. This is available in
two lengths, 140mm (35-14147) and
75mm (35-14757). If readers choose the
larger length, extreme care must be exer-
cised when cutting it down to size as
ferrite is very brittle and likely to
"fracture".

Watchdog
We do not expect any component buy-

ing problems for the Watchdog project.
The printed circuit board for this project

is available through the EE PCB Service;
code EE524.

Home Telephone
The only item that could cause difficul-

ties when purchasing components for the
Home Telephone is the telephone handset.

We understand that J&N Bull stock the
old type handset and these may be used in
this project. We would point out that we
have not tried them in this circuit, but as
they cost only £2 each they are well worth
trying. J&N Bull, Electrical, Dept EE,
128 Portland Road, Hove, Brighton,
Sussex BN3 5QL.

Teach In '86
Kits for the Teach In '86 Series have been

specially prepared by some of our adver-
tisers. Readers should browse through the
advertisements in this issue to locate a
stockist nearest to their town.
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N LAST month's Actually Doing It we dealt
I with the home production of printed

circuit boards up to the point where the
board is ready for etching. In this article the
final stages of production are covered,
taking things through to the point where
the board is ready for the components to
be added. This really breaks down into
two main tasks, etching and drilling.

ETCH ANT
There are a number of chemicals which

can be used for etching printed circuit
boards, but only ferric chloride is normally
used when producing boards at home.
This is a relatively safe chemical to use, but
it still needs to be treated with respect.

Some component suppliers sell ferric
chloride in the form of a solution which is
ready for immediate use, but it is more
widely available as crystals or pellets. The
crystals look like chunks of yellow -brown
rock, while the pellets are much smaller
and easier to deal with.

Both types are treated in much the same
way, and are dissolved in about two to
four times their own weight of water (e.g.
250gms of ferric chloride should be dis-
solved in about 500 to 1000m1 of water).

Some of the constituents required for etching
boards: mixing jar; etching powder and plastic
tongs. Always add the powder to the water, never
the water to the powder.

The chemical will dissolve more readily in
warm water and the container agitated.

Ferric chloride is corrosive to many
metals, and it should never be placed in
metal containers. Plastic containers sold
as storage bottles for photographic chemi-
cals are of all plastic construction, and are
consequently ideal for storing ferric chlo-
ride solution. Many glass bottles have
metal screw -tops and are unsuitable.

PRECAUTIONS
Although ferric chloride is a relatively

safe chemical, it still has some traits which
could lead to problems for the unwary.
Firstly, it is poisonous and should never be
ingested. Secondly, it is an irritant, and if
you get any on your skin it should be
washed off at once with plenty of warm
water.

The solid forms are deliquescent, which
basically means that they can soak up
water from their surroundings (even mois-
ture in the air) and turn themselves into a
solution. Solid forms of the chemical
should always be stored in air -tight con-
tainers, but wherever possible it is pro-
bably best to store ferric chloride as a
solution.

Applying rub -down transfers ensures a neat, clean
finish on the etched board.

Cleaning off the etch resist from the remaining
copper tracks. This can be carried out with a
scouring cloth or pad.

If any pellets or crystals should be
spilled, make sure that they are cleared up
properly before they have a chance to turn
into a mess on the floor. Apart from
attacking many metals, ferric chloride so-
lution will tend to stain anything it comes
into contact with, and accordingly it is
necessary to take great care not to acci-
dentally spill it or let clothing droop into it.

ETCHING THE BOARD
For etching purposes the ferric chloride

should be placed into a plastic or glass
dish, or any other non-metalic container of
adequate size to take the board. The
standard approach is to use a flat dish such
as the type sold as photographic develop-
ing dishes, and to place the board copper
side uppermost at the bottom of the dish.
This is a less than ideal way of doing things
in that etching is generally rather slow
unless the dish is almost constantly
agitated.

During the etching process the copper
replaces the iron in the ferric chloride, so
that the etchant gradually changes to cop-
per chloride. This can be seen as a change
in colour from the original yellow -brown to
a green -blue colour when the etchant is
exhausted. The displaced iron from the
ferric chloride is left as a precipitate on the
surface of the board, and it is this that
hinders the etching process unless agita-
tion is used to remove it.

Faster etching can usually be achieved if
the board is positioned vertically, or best
of all, suspended copper side down in the
etchant. With suitably shaped dishes or
jars of the appropriate size this is not too
difficult to arrange, as shown in Fig. 1.

Dishes and jars sold for use with food
are ideal for our present purposes, but it

Using an etch resist pen to "clean-up" tracks prior
to etching. These pens can be used for complete
boards.

Using one of the many low voltage "mini" drills to
drill out the component mounting holes.
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has to be emphasised that containers used
for etching should not also be utilised with
food, and they should be stored and kept
well away from food containers and uten-
sils so that there is absolutely no confusion
as to which is which.

ETCHING TIME
If you adopt the system which has the

board copper side down in the solution,
initially have the board copper side upper-
most and make sure that it is properly
covered with the solution with no air
bubbles trapped on the surface. Then turn
the board over and agitate the dish slightly.
This should avoid having spots of un-
etched copper on the finished board.

The time taken for etching varies enor-
mously, and can be anything from a few
minutes with fresh etchant under ideal
conditions, to a couple of hours or more
under poor conditions with virtually ex-
hausted etchant. Inspect the board care-
fully before deciding that etching is com-
plete, as there may be a few small but
important areas of copper left unetched.

inevitably very fragile and easily broken,
and must be treated with due care.

Long -life drill bits are available, and are
probably a worthwhile proposition when
drilling fibreglass boards as the glass con-
tent in these tends to blunt ordinary drill
bits quite rapidly. These drills are mostly
very fragile though, and are only intended
for use with a miniature electric drill and
stand.

Such a set-up is ideal for drilling the
component mounting holes, but when you
first start making printed circuit boards it is
unlikely that you will have access to a
suitable tool, or will wish to buy one. The
best alternative is a small and inexpensive
hand drill used with expanded shank twist
drills.

BOARD CLAMP
The board should be firmly held in place
while it is being drilled, and one of the
many miniature bench or "anglepoise"
vices are ideal for this purpose. It is a good
idea, when clamping the board in the vice,
to "back" the board with a piece of scrap

Fig. 1. Method of etching the circuit board copper side down.

Do not leave the board in the etchant
longer than is really necessary as this will
cause under -cutting of the tracks and
pads.

Plastic tongs are used to remove the
board from the etching solution, or when
manoeuvring the board in any way once
etching has commenced. Suitable tongs
are available from photographic stores.
Hold the board vertically over the dish for
several seconds to let as much etchant as
possible drain off, and then thoroughly
rinse the board under a tap.

DRILLING THE BOARD
The holes at the centres of the pads

make accurate placement of the holes
quite simple, as the point of the drill will be
naturally guided into the centre of each
pad. The main difficulty when drilling the
component mounting holes is caused by
the small drill sizes involved.

I use 1 millimetre diameter holes for
components such as resistors and compa-
citors, 0.8 millimetre diameter mounting
holes for semiconductors, and 1.5 milli-
metres for presets, coils, etc. Ordinary drill
bits of these sizes will not fit into many
hand and power drills, but some compo-
nent suppliers can supply miniature drill
bits with wider shanks (usually 2.35 milli-
metres) which will fit most drills.

These are generally somewhat easier to
use than ordinary drill bits of the same
diameters as they are more rigid, and they
are also somewhat less prone to snapping.
However, drill bits of these sizes are

softwood. This helps to stop burrs or
chipping of the hole as the drill suddenly
breaks through.

Resist the temptation to rush through all
the holes as rapidly as possible, and
proceed with due care. It would be very
easy to compromise the quality of the
board and break several drill bits by rush-
ing things at this stage.

CLEANING UP
Once all the holes have been drilled there

is still one task to complete before the
board is finished, and this is the removal of
the etch resist. Etch resist remover can be
obtained, and this is a solvent which will
wash away most types of resist.

However, I prefer to use a polishing
block or a scouring pad as this method
polishes the copper pads to a very clean
and bright surface which will help to
produce good soldered joints when the
components are fitted in place. If the
components are not fitted soon after the
board has been finished it might be found
that the surface of the copper becomes
slightly oxidised (and dull looking) by the
time you do get around to using the board.
It is then a good idea to polish the board
again before fitting the components.
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GROUP PA. DISCO *

-AMPLIFIERS post E2 - 0 0 1....) 0 .. vu

150 watt Output, 4 input. All purpose illustrated £99
150 watt Output, Slave 500 mv. Input 4+8+16 ohm. Outputs£80
150+150 watt Stereo, 300 watt Mono Slave 500 rm. Inputs£125
150 watt P.A. Vocal, 8 inputs. High/Low Mixer Echo Socketf 129
100 watt Valve Model, 4 inputs, 5 Outputs. Heavy duty ...£125
60 watt Mobile 240v AC and 12v DC. 4-8-16 ohm+ 100v linef 89
MIKES Dual Imp £20, Floor Stand £13, Boom Stand £22. PPE2.
Reverb Unit for Mircrophone or Musical Instruments £35 PP E 1.
Electronic Echo Machine for mic/etc. £85. Deluxe £95 PP El .
30 WATT COMBI 12ins Speaker Treble Bass, Treble Boost,
Switch, Black Vinyl Finish, Carrying Handle £95 PP f5.
DITTO Amplifier only £65 PP f4.
DISCO CONSOLE Twin Decks, mixer pre amp f145. Carr £10.
Ditto Powered 120 watt £199; or Complete Disco 120 watts
£300. 150 watt £300; 360 watt £410. Carr £30.
DISCO MIXER. 240V, 4 stereo channels, 2 magnetic, 2
ceramic/tape, 1 mono mic channel, twin v u. meters, headphone
monitor outlet, slider controls, panel or desk mounting, matt black
facia. Tape output facility £59. Post £1.
DELUXE STEREO DISCO MIXER/EQUALISER as above plus
L.E.D., V.U. displays 5 band graphic equaliser, left/right fader,
switchable inputs for phone line, mike/line.
Headphone Monitor, Mike Talkover Switch f129 PP E2
As above but 3 deck inputs, 4 line/aux inputs, 2 mic Muts, 2
headphone monitors £145.
DELUXE MIXER DESK. 8 Channels, built-in echo £250 PP £4.8
- Phono, Microphone, Line INputs. VU Meters,. Stereo/Mono,
Treble Bass & Volume Slider Controls.

FAMOUS
SIZE POWER

WATTS IMP
31/2 in 10

5 in 10

51/4 in 60
5,/2 in 25

6Y2 in 60
6%2 in 25
6i/2 in 15

61/2 in 35

8 in 20
8 in 30

8 in 50

8 in 40

8 in 60

8 in 60

8 in 60

8 in 60

10 in 30

10 in 50
10 in 15

10 in 20
10 in 50

10 in 50
10 in 60
10 in 300
12 in 30
12 in 45

12 in 80
12 in 75

12 in 100
12 in 120

12 in 100
12 in 100
12 in 150
12 in 200
12 in 300
13x8 10

15 in 100
15 in 100

15 in 193
15 in 250
18 in 230

18 111 260

P.A. CABINETS
WITH SPEAKERS
200 WATT
300 WATT
TWEETER

WATERPROOF
E23. 40 watt
MOTOROLA PIEZO
100 watts. No

METAL GRILLES

LOUDSPEAKERS - SPECIAL PRICES
OHMS (PHYSICAL SIZE IS NOMINAL MAX FRAME DIMENSION)

MAKER APPLICATION PRICE POST
Audax Mini -Woofer f4 fl

or 8 Goodmans Fold Car Radio E6 ft
Sound Lab Hi Fi Twin Cone Full Range flO ft
Audax Betanne Cone Woofer 010.50 El
Sound Lab Hi Fi Twin Cone Full Range fit C2

£7.50 ft
or 15 EMIA" Woofer, , H"i' FiF £6.50 fl

Audax Bo -Mine Cone woofer £17.50 fl
Far East Twin Cone, Hi Fi, Full Range £5.95 El
Wharfedale Roll Surround Woofer E9 fl
W.F. Ribbed Betnne Cone Woofer f16 fl
Audax Ht Fi Woofer Beturine Cone £76.50 D
Sound Lab Or Fr Twin Cone Full Range £14 E2

Goodman PA & Hi Fr Woofer f14 £2

Goodmans Guitar PA Woofer Elf £2

Goodman Disco -Guitar -PA £16 0
or B Far East Bass Woofer, Hi Fi f14 £2

SEAS Bass Woofer Hi Fi f19.50 f2
Rigonda General Purpose f5 fl

or 16 Celeston DiSco-PA Full Range f15 £2

or 16 Baker Disco -Gutter -PA f20 f2
or 16 Celesbon Disco -PA £21 f2

Sound Lab 'Iron Cone Full Range £19.50 f2
WEM Woofer Guitar PA I:36 £2

or 8 or 16 Baker Twin Cone Full Range £18 £2

or 8 or 16 Baker Disco -Guitar -PA £18 f2
Baker Bass Woofer £25 f2

or 8 or 16 Baker Disco -Guitar -PA f22 f2
Goodman Woofer PA Hi Fi 110 E2

or 16 Goodman Disco -Guitar -PA f36 f2
H + H PA f39 f2

or 16 Baker Disco -Gutter -PA f28 f2

Celestion Disco -Bass Guitar E85 E3

H + H PA -Disco £59 £3

WEM Woofer £44 1:3

EMI 14501 lit h with Tweeter £5 El

Celesbon Disco + Group £69 £3

or 16 Baker Disco -Guitar -PA f39 £3

or 8 or 16 H + H Disco + Group £49.50 f:3

Goodman Disco + Group £74 f3
Goodman Disco + Group £87 f4

or 16 Celesbon Disco + Group f110 f4

(empty) Single 12 £34; Double 12 £40. carr £10.
45W £52; 75W £56; 90W £75; 150W £84.

COMPACT SYSTEM £100, 400 Watt £150. carr £12.
MID -N -TOP SYSTEM Complete E125 carr £12.
HORNBOXES 200 Watt E32, 300 Watt £38. PP £2.

HORN SPEAKERS 8 ohms. 25 watt f20. 30 watt
£29. 20W plus 100 volt line £38. Post £2.

ELECTRONIC HORN TWEETER, Atin. square E6

crossover required 4-8-16 ohm, 73A3x Pain. £10

8in 83, 10in £3.50. 12in £4.50, 15in £550, 18in E7.50.

R.C.S. DISCO LIGHTING EQUIPMENT
READY BUILT DELUXE 4 CHANNEL 4,000 WATT sound chaser + speed + 4
programs EM. Mkt 16 programs, E89 PP £2.

PARTY LIGHT 4 coloured Flood Lamps Flashing to Music.
Self-contained Sound to Light 410 x 1% x 115mm E34.95 PPE2.

FULL STOCK OF COMPONENTS, PLUGS, LEADS, ETC.

MAINS TRANSFORMERS Price Post
250-0-250V 80mA. 6.3V 3.5A. 6.3V 10. £7.00 £2
350-0-350V 250mA. 6.3V 6A CT £12.00 E2
220V 25mA. 6V 1 Amp £3.00 220V 45mA. 6V 2 Amp E4.00 £1
LOW VOLTAGE MAINS TRANSFORMERS £5.50 each post paid
9V, 30; 12V, 3A; 16V, 2A; 20V, 1A; 30V, 11/2A; 30V, 5A+ 17-0-17V,
2A; 35V, 2A; 20-40-60V, 10; 12-0-12V, 2A; 20-0-20V, 1A; 50V, 2A.
LOW VOLTAGE TAPPED OUTPUTS AVAILABLE
1 amp 6, 8, 10, 12, 16, 18,20,24, 30, 36, 40, 48, 60 volts E6.00 E2
Ditto 2 amp £10.50 3 amp £12.50 5 amp E16.00 E2
31'26'0'26'31 volt 6 amp £14.00 £2
7mememv

E8.50 post 50p MINI -MULTI TESTER
Pocket size instrument. AC/DC volts, 15-150-500-1000.
DC current 0-150mA. Resistance 0-100K 1000 o.p.v.
De -Luxe Range Doubler Meter, 50,000 o.p.v. 7 x 5 x
2in. Resistance 0/20 meg in 5 ranges. Current 50rnA to
10A. Volts 0.25/1000v DC, 10v/1000v AC. E25.00 PP f 1

PANEL METERS 50m0, 100mA, 500mA, lmA, 5mA, 100mA, 500mA,
1 amp, 2 amp, 5 amp, 25 volt, VU 21/4x 2 x 11/4in. £5.50 post 50p

PROJECT CASES. Black Vinyl Covered Steel Top, Ali Base
4x 21/2 x 21/4in. £2.50; 6 x 4 x 11/2in. E3.60; 8 x 5 x 2in. £4.00; 11x
6 x 3in. £5.50; 113/4 x 6 x Sin. E9.00; 15 x 8 x 4in. £12.00.
ALUMINIUM PANELS 18 s.w.g. 12 x 12in. £1.80; 14 x 9in. £1.75;
6 x 4in. 55p; 12 x 8in. E1.30; 10 x 7in. 96p; 8 x 6in. 90p; 14 x 3in.
72p; 12 x 5in. 90p; 16 x 10in. E2.10; 16 x bin. £1.30. PP Extra.

ALUMINIUM BOXES. MANY OTHER SIZES IN STOCK.
4 x 21/2 x 2in. £1.20; 3 x 2 xlin.£1; 6 x 4 x 2in. £1.90; 8 x 6 x3
in. £3; 12 x 5x 3in. E3.60; 6 x 4 x 3M. £2.20; 10 x 7 x 3in. £3.60
HIGH VOLTAGE ELECTROLY11CS
16/450V SOP 220/400V £2 32+32/500V E2
20/500V.. 75p 8+8/450V ... 75p 32 -I -32/350V

5°32/350V 45p 20+20/350V 75p 16+32+32/500V .I&
RECORD RAVER
Make
BSR Single
BSR Single
BSR Single
AUTOCHAN
Many others
DECCA TEAK
Board cut for

DECKS. P&P £2.
Drive Model Cartridge Price
Belt 240v Magnetic £30
Belt 12 volt Ceramic £22
Rim 240v Ceramic 122
GER BSR Ceramic £22

in stock. Phone for details.
VENEERED PLINTH space for small amplifier.

Garrard 183/4in. x 141/4in. x 4in. £5. Post £2

RADIO COMPONENT SPECIALISTS
Dept 4, 337, WHITEHORSE ROAD, CROYDON

I ACCESS I SURREY, U.K. Tel: 01-684 1665 1 VISA
Welcome.Post 65p Minimum. Callers

Full Lists 34p Stamps 7 day delivery Closed Wednesday
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...from the we
END OF AN ERA?

BEGINNING OF A NEW?
Our super sleuth Barry Fox reports on the behind -the -scenes developments and possible future paths of the star

characters in the "headline news" that Sinclair have sold out to Amstrad for LS million.

AYOU will doubtless have read, Sinclair has sold out to Amstrad.
News of the Amstrad buy-out broke fast. Sugar and Sinclair

talked for a couple of months, finalized the deal over a weekend and
the press were phoned on Monday morning (April 7) with invitations
to attend a 12 noon conference.

A pointer to the future? It was the PR agents for Sinclair, not
Amstrad, who made the phone call. Amstrad has been selling budget
audio, CB radio, car audio, TV sets and video recorders for the last
ten years. It is only in the last two years, when Amstrad has been fry-
ing to crack the computer market, that boss man Alan Sugar has
shown any interest in courting the press. And most of the courting has
been of financial journalists in Fleet Street.

Like Tandy, Amstrad talks about products only when they are
either in the shops or due on the shelves within a couple of weeks.
Amstrad has shown no interest, more accurately studied disinterest,
in the specialist press. It's unlikely that the name Sinclair will now
be linked with much in the way of innovation.

During the press conference Alan Sugar let slip that his deal with
Sir Clive Sinclair, £5 million cash for all current and future
manufacturing and marketing rights, covers more than computers.
If Amstrad wants to, it can use the Sinclair brand name on other
hardware, for instance portable hi fi. So there's no reason why there
should not be an Amstrad Walkman, labelled Sinclair. As Amstrad
buys in from the Far East, it's a depressing possibility.

moment they are assembling
what Alan Sugar calls hi fi, but

The Amstrad factory at Shoe- hi fi buffs would prefer to call
buryness has a staff of three audio. It is made up from com-
hundred who make whatever ponents sourced from the Far
the company judges it is econo- East, for example Taiwan. Am-
mical for them to make, At the strad's computers come straight

Manufacturing

Alan Sugar (right), Chairman of Amstrad Consumer Electronics with
Sir Clive Sinclair at the announcement of the take-over of Sinclair
Research by Amstrad.

in from South Korea, ready-
made.

So what will happen now
about the manufacture of Sin-
clair computers? Currently they
are made by AB Electronics in
Wales, Timex in Dundee and
Thorn -EMI in Middlesex.

Thorn looks to be out of the
picture. Alan Sugar also let slip
that the QL is no longer made
and he has no intention of sell-
ing it. Thorn made the QL.

Timex is main contractor for
the Spectrum and new Spec-
trum 128. AB in Wales has been

CLIVE TAKES SLICE OF THE ACTION
SIR Clive Sinclair sat at the press conference, looking

surprisingly sanguine at hearing his product range
written off as games toys for eleven -year -old kids. You can, I
suppose, afford to look sanguine when someone else has
paid £5m for a failing company, which has been struggling
to clear £7m in debts.

I also reckon Sinclair knew it was coming, when on
February 13 he launched his Spectrum 128. At the press
conference for that launch he acknowledged that "games
playing is on the increase and business use is on the
decrease."

He seemed curiously resigned to the fact that his compu-
ters were being used to waste time. Now we know why. He
was probably already considering selling the business lock,
stock and barrel to Alan Sugar.

In the beginning Sir Clive,
then just plain Clive, sold hi fi
systems that didn't work too
well. A digital switching ampli-
fier, far ahead of its time,
tended to blow up.

Then there were calculators,
digital watches, two generations

of tiny TVs, a string of home
computers which broke the
£100 price barrier, the memo-
rably unsuccessful QL, the even
more memorably unsuccessful
C-5 electric trike and hard -to -
swallow promises of satellite
dishes for under £100, wafer

scale integration and giant
memory chips.

Sir Clive still hopes to suc-
ceed with wafer scale integra-
tion. He promises a 40 megabit
memory on a single chip next
year. He also plans to pursue
what he vaguely describes as
"telecommunications" work in
Winchester. And if all goes well,
he will do "blue sky" research
for other companies who need
to hire a think tank. The silly
electric trike and car project
looks as dead as it was clearly
destined to be.

No-one knows what goes on
for sure at the Winchester tele-
coms lab, not even engineers at
the IBA's laboratory a few miles
away. The best bet is that Sin-
clair's team of seven there are
trying to make a budget satellite
dish system, and a portable cel-
lular radio of pocket size.

The wafer scale integration
idea was patented by private
inventor Ivor Catt, over ten
years ago. The rest of the UK
electronics industry turned the
idea down. Sinclair picked it up
and 14 people work on it at
Metalab near Cambridge.

Work goes on, too, with the
flat screen TV tube and Pan-
dora portable computer which
uses it. The big question, as yet
unanswered, is whether the flat
tube-which relies on a fresnel
lens to widen the picture to
conventional 4:3 format-can
provide enough resolution for
text processing on screen.

An even bigger question mark
hangs over the wafer scale mon-
ster chip project. The theory is
simple. Chips are convention-
ally made, a hundred or so at a
time, on a single slice of silicon,
several inches in diameter. The
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making a few Spectrum ma-
chines. Sugar says he will look at
what deals these companies can
offer and then decide whether
to manufacture in Britain or the
Far East. "We are a computer
company, not a benevolent so-
ciety," he warns. "We will see
what prices the UK contractors
can offer."

Fair Trading
So how will Sugar cope with

two different ranges of compu-
ter, the Amstrad which has 20
per cent of the market and the
Sinclair which has 40 per cent
(by volume) and will the Office
of Fair Trading be worried
about a 60 per cent monopoly?
Sugar admits he has not talked
to the OFT. He may have to.

The double product line also
does not worry Sugar. He sees
the Amstrad as aimed at the
small business market. Sin-
clair's computers (except the
QL which is on the way out) are
aimed at the entertainment or
games market. "I know there
are a lot of eleven -year -olds who
are now bored with their com-
puters and have them stuffed
under their bed," says Sugar.
"But remember there are a lot
of ten -year -olds coming up."

Alan Sugar looks pleased at
what he has bought. He hopes
now to pressure the Common
Market Eurocrats into giving
him a better deal on imported
electronics. "We have to buy
our chips from Japan," explains
Sugar. "European companies

slice is then diced, and only the
good chips used.

Catt's idea is to leave all the
chips on the slice, both good
and bad. Fusible links and cross
connections let the slice diag-
nose its own good and bad
circuits. After self -diagnosis the
slice uses only the good areas..

As long as around half the
chips are good, the slice delivers
the required amount of memory
or processing power. It's an in-
teresting idea, and it will be
even more interesting to see
whether it works on a produc-
tion scale.

By coincidence the Amstrad
sale came just a couple of days
after Sir Clive Sinclair put his
plush London home, complete
with indoor swimming pool, on
the market. Now Sir Clive has
no jacuzzi and cannot even use
his own name in business. He'll
be back, though. He always is.

complain and talk a lot about
making chips, when actually
they are making about three a
week. But the people in Brussels
protect them by putting an 18
per cent import duty on chips.

"We want Brussels to remove
duty where there isn't a Europe-
an equivalent. That would stim-
ulate UK manufacture. The ball
is in the Government's court."

Sir Clive recalls that Robert
Maxwell and Pergamon Press
were going to rescue his com-
pany. The deal fell through.
"Alan has a better track record
on making computers than Per-
gamon Press," he muses.

Footnote
Sugar has good reason to be

thankful that much of the com-
puter press is staffed by people
who know nothing about any-
thing outside the world of com-
puters. They think of Sugar as
someone who sells computers,
not as someone who has flitted
from product to product in the
consumer electronics business,
and for the last two years hap-
pens to have settled on
computers.

The computer press have sel-
dom explained that Amstrad
uses the 3in., rather than 3lin.,
disc format (see For Your Enter-
tainment April). He did so be-
cause the format failed and a
half million 3in. drives were on
sale cheap.

The computer press has let
Amstrad get away with quoting
the price of the word processor
at £399, when in fact it was
£399 plus VAT. Sugar says this
is because it is a business
machine. But so was the QL, for
which the price was always
quoted including VAT. The in-
struction manual for the Am-
strad word processor May be
fine for computer buffs, but it is
a pig for human beings.

It will be interesting to see
whether, after a few months of
dealing with Amstrad on Sin-
clair business, the computer
press changes tune. It will also
be interesting to see whether, in
a few years time we shall be
writing about Sir Alan Sugar.

Late News
It has just been announced

that, "Any Sinclair computer
product which becomes faulty
within the guarantee period
must be returned to the dealer
from whom it was purchased.
This will safeguard your rights
as a consumer under the sale of
goods act and will result in a
more satisfactory method of
repair."
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Word processors were once
only to be found on very expen-
sive main-frame computers. The
explosion of micros in the home
has led to an increasing aware-
ness of the potential of these
versatile machines.

Consequently a new bi-
monthly magazine, entitled
Word Processing-On the Home
Computer, has been launched by
Word Processing of Wolver-
hampton. The magazine carries
features on getting the best out of
the printer, regular reviews and
latest products.

For further details write to:
Word Processing, Dept EE, PO
Box 67, Wolverhampton,
W. Midlands.

Evaluating
Software

The National Computing
Centre (NCC) has been awarded
a contract by the Department of
Employment to produce stan-
dard software evaluation proce-
dures and model test reports for
micro accounting packages. The
NCC' will work with the Institute
of Chartered Accountants and
also in close liaison with HM
Customs and Excise with regard
to VAT and other statutory
requirements.

The Department of Employ-
ment has become involved
because of its concern about the
problems small firms meet when
evaluating packaged programs
and the job losses that can result
from inappropriate decisions
and subsequent financial losses,
particularly if software packages
do not meet. VAT or other statu-
tory needs.

AIR -LINK
Airline travellers are about to

take off into a new era of trouble
free-traffic controllers and air-
port staff willing-flight
arrangements. All they need is
an office or home micro and a
subscription to Microlink.

The reason is that Microlink,
one of the UK's fast growing
electronic mail services, can
now provide instant round the
clock information from the
bible of globetrotters, the inter-
national Official Airlines Guide
(OAG). At the touch of a com-
puter key, Microlink subscrib-
ers are linked by satellite to the
OAG computer in Oak Brook,
Illinois, USA, which monitors
the 38,000 changes of fares
which take place daily and the
30,000 weekly schedule
revisions.

The fares for all airlines on
any given route are made avail-
able, from the lowest to the
highest. The service also boasts
an "elapsed time" feature
which takes into account the
stopover time during flights, so
enabling the passenger to select
the shortest duration for his
journey.

Even for those inexperienced
with computers or unfamiliar
with airline codes, the OAG is
easy to use. It will accept full
spellings or airline codes and
the user can select information
either by single line entries or by
using prompts on the systein.

"We believe this will prove a
major boon to our subscribers,"
says Derek Meakin, head of
Microlink. "It is yet another
significant addition to our grow-
ing range of services".

Retraining Collaboration
Speaking out at a Careers Research Advisory Council

conference held in Cambridge recently, the Industry Under
Secretary John Butcher announced a small pilot scheme to
improve retraining links between colleges and local
employers.

"We are proposing that limited DTI grants will be given to
colleges to help with the introduction of projects designed in
collaboration with local employers," he said. "The contribu-
tion of a third from my department is intended to act as a cata-
lyst and enable employers to seriously examine whether much
of their training could be better done by their local college both
in the short-term, and perhaps more importantly, on an on-
going basis."

The project is still in its formative stage but Mr. Butcher
went on to say. "Matching funds are being found, and
employers are coming forward with help, both in the form of
money and, equally importantly, with advice and technical
assistance for the planning of new initiatives."



HOME TELEPHONE
SYSTEM
T.R. de Vaux Balbirnie

Efficient
cornmuniction for
the home, office
or workshop

WHEN considering communication
between two sites, the intercom

springs first to mind. The telephone has
certain advantages, however, which some-
times make it a wiser choice. The most
important point in its favour is that natural
two-way conversation is possible without
having to press buttons and wait turns. The
telephone gives improved privacy com-
pared with the intercom and is also more
intelligible under difficult conditions.

This project could be useful as a means of
communicating between the house and a
distant garage or workshop. It could be
equally useful in offices, factories and
shops. Fitted with a long interconnecting
line the sytem is also suitable for portable
use. The prototype has been tested with the
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units separated by up to 100 metres. The
author is certain that a much greater range
could be obtained if need be.

The telephones are made for wall mount-
ing. This is thought to be most useful for the
above applications. Although commercial
handsets are used, the rest of the system has
been redesigned to give a neat and distinc-
tive appearance. The handset at each end
hangs by its earpiece in a large hole cut in
the front of a plastic box (see photograph).
When the handset is removed, internal
switching initiates a calling tone at a distant
unit. This is automatically silenced when
the called party removes his or her handset.
A speech circuit is then established.

Traditional bells have been avoided in
favour of solid-state buzzers. Bells would
increase the size of the boxes and would
consume more power. Solid-state buzzers
are more reliable and the sound "carries"
more effectively under noisy conditions.
The tone is also distinctive and the current
requirement is so low that excellent life is
obtained from a PP3 battery housed in one
of the boxes.

As is the case with a commercial system,
the calling tone is heard in the local earpiece
so confirming that the distant unit is operat-
ing correctly. A further point is that the
caller hears his or her own voice in the
earpiece as well as that of the distant party;
this is true with commercial telephone
systems too. As well as simplifying the
wiring, it also helps the caller to regulate the
voice to the correct volume level-an
example of biological feedback.

HANDSETS
Before starting to construct the telephone

system, find a supplier for the handsets.
These may be of any traditional pattern
having a carbon microphone and magnetic
earpiece. They may be obtained new but
used British Telecom units are often avail-
able cheaply. Although, if possible, it is
better to buy handsets on their own it may
be that complete instruments must be
bought.

CIRCUIT DESCRIPION
The circuit for the Home Telephone

System is shown in Fig. 1. It will be seen
that the two stations A and B are slightly
different from one another; A has two
handset -operated microswitches rather
than one. Also, the battery is housed in the
case of B. The reason for using two single
pole double throw microswitches in A in-
stead of just one double pole double throw
component is that the former type is readily
available.

When a handset is removed from the hole
in the case, the appropriate microswitch(es)
will move from the down to the up position.

Fig.1. Circuit diagram of the Home Tele-
phone System. Switches shown with
handsets removed-speech circuit
established.

 Consider both handsets at rest with all three
microswitches in the down position. No
battery current flows since the circuit is
broken at S1 and S3. If handset A is now
lifted to call B, S2 allows current to flow
from battery positive through the yellow
wire, through WD2 (so sounding it) through
S3 and back to the battery negative. When
handset B is lifted to answer the call, S3
breaks the circuit so the calling tone stops,
SI allows current to flow through the local
handset (microphone and earpiece in
series), along the red wire to the distant
handset (microphone and earpiece in series)
hence through S3 to the negative of the

COMPONENTS

Capacitors
Cl ,C2

SOO

page 313

100n (2 off)

Miscellaneous
WD1, WD2 6V solid state
buzzers (2 off). S1, S2, S3 single
pole, double throw micro -
switches (3 off). B1 9V PP3 bat-
tery and connecting clip. Tele-
phone handsets, British Telecom
type with carbon microphones
and magnetic earpieces (2 off);
plastic cases approx 150 x 80 x
50mm (2 off); four core line wire;
connecting wire; aluminium; fix-
ings; solder etc.

Approx. cost
Guidance only £8
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Fig. 2. Method of testing the handsets.

battery. The black wire forms a common
return path for both ringing and speech
circuits. If B calls A, a similar situation
arises with WD I operating through the blue
wire.

Capacitors Cl and C2 allow an a.c. path
between ringing and speech circuits. This
has the effect of injecting some of the
pulsating signal from the distant buzzer into
the local earpiece so reproducing the tone. If
the sound in the earpiece is too loud, Cl and
C2 may be reduced in value.

CONSTRUCTION
To commence construction, first remove

the plastic caps from both microphone and
earpiece of each handset and establish the
wiring colours. Those of the prototype are
shown in Fig. 2 and Fig. 3.

A check should be made to confirm that
both handsets are in good working order.
This is especially important where second-
hand instruments are used. Connect to-
gether one earpiece and one microphone
wire of each handset (blue and green in the
prototype). Connect the remaining handset
wires together in series with a 9V battery
-see Fig. 2. Check that conversation is
possible from one handset to the other. If
this is so, construction may proceed.

Measure the diameter of the earpieces
(66mm in the prototype). Cut a hole slightly
larger than this in the front of each plastic
box. Check that the earpieces may be
inserted and removed easily see photo.

Make holes in the sides of the cases for
the handset and line wires. If a British

Photo showing mounting of the
microswitches
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Fig. 3. Complete wiring of the system.

Telecom square grommet is fitted to the
handset lead make use of this. Cut keyhole
shaped holes in the rear of each box for
mounting the units on the wall later. Make
aluminium brackets to support the micro -
switches (see photographs). Attach the
microswitches and mount the brackets in
position. It may be necessary to cut a little
from the, ends of SI and S2 terminals to
allow the lid to be fitted to the case. If
terminals need to be bent, proceed carefully
or cracked microswitch bodies may result.

Mount WD I and WD2 on the base of the
respective cases. Sufficient sound will
emerge through the large earpiece hole.
Note that the buzzers are polarised and will
not work if connected the wrong way round.

Connections are made to a 6 -way termi-
nal block in unit A and a 5 -way block in unit
B (see Fig. 3). Those blocks can be glued or
screwed inside the cases and must not
interfere with the action of the micro -
switches. Wires may be soldered direct to
the micro -switch terminals if reasonable
care is taken. The type of wire used for the
handset leads may prove a problem to
connect. A good method is to bind the bared
ends with thin copper wire (for example,
five amp fuse wire) before offering them up
to the terminals.

TESTING
Mount the cases on the wall and check

that both handsets are easily inserted and
removed. Listen for the clicks of the micro -
switches and make certain that these work
reliably; make minor adjustments as need
be.

Link the units together using four core
cable. If this is not available, use four runs
of single wire twisted together. Use four
different colours for identification. The
lightest duty wire is perfectly satisfactory.

Connect the battery and secure to the rear
of case B using a mirror fixing pad or
something similar. Check the operation of
the entire system. When a handset is re-
placed after a call, the local buzzer will
sound until the distant handset has been
replaced too. This effect is common with
other simple telephone circuits and is sim-
ply ignored.

Just one disadvantage of the system. You
might find yourself too easily contacted to
do the washing up!
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ALTHOUGH the analogue port of the BBC
.computer is included primarily for use
with games controllers, as discussed in the
two previous articles, it can also be used to
good effect in accurate measuring applica-
tions. The converter is not a high speed
type, and it provides only about one
hundred conversions per second. The four
inputs are provided by a multiplexer and a
single converter. In other words, each of the
inputs is connected to the converter in turn,
and a reading is taken and stored for each
channel. This process continues indefi-
nitely, and when reading a channel the
value returned is actually the last one to be
taken and stored for the relevant channel,
and it is not necessarily an accurate repre-
sentation of the current input voltage.

In practice most applications do not
require a vast number of readings per
second, and the BBC machine's converter is
probably capable of far more conversions
than will normally be required. With all
four channels in use the maximum number
of readings that can be taken is about 25 per
channel, but using the *FX16,X operating
system commands it is possible to switch off
some of the channels to maximise the
number of readings on the channels that are
used. Details of these commands are pro-
vided below:

*FX 16,1
*FX16,2
*FX16,3
*FX16,4

Enables ADVAL(1)
Enables ADVAL(1),(2)
Enables ADVAL(1),(2),(3)
Enables all ADVAL channels
(default setting)

If only one channel is in use it may be
worthwhile using ADVAL(1) plus the
*FX16,1 command to boost the maximum
number of fresh readings from 25 to 100 per
second. Applications such as audio digitis-
ing (which require many thousands of read-
ings per second) are clearly beyond the
capabilities of the analogue port even with
only a single channel being utilized, but
many useful applications such as tempera-
ture measurement, and the measurement of
electrical quantities (voltage, resistance,
capacitance, etc.) are not.

Accuracy

The accuracy of the port is quite good as
it is a twelve bit type. Unfortunately, it is
not guaranteed to have more than ten bit
accuracy and resolution, and in practical
applications even this level of accuracy may
not be achieved. The problem is mainly
caused by noise picked up at the input of the
converter, and with a steady input voltage
the returned readings tend to fluctuate
slightly. Where operating speed is not a
problem it is possible to obtain improved
accuracy by taking a number of readings

and then averaging them, but in most cases
this is not really necessary.

Ten bit accuracy is better than 0 l per
cent, and is obviously better than that
provided by many electronic measuring
devices, including some expensive up-mar-
ket types. In fact in most cases the overall
accuracy of the system will be determined
predominantly by the circuit placed ahead
of the analogue port, rather than the port
itself.

Voltage Measurement

The full scale value of the analogue port is
nominally 1.8 volts, and readings are in the
range 0 to 65520. However, as explained in
last month's article, the values increment in
16s, and returned values must be divided by
16 to give a range of 0 to 4095 with
increments of one. In normal use the re-
turned values will require a certain amount
of further manipulation in order to provide
values directly in volts, amps, or whatever
the port happens to be measuring. While it
is possible to use complex software calcula-
tions to manipulate readings in order to
provide the correct relationship between
PRINTed values and whatever is being
measured, it is generally best to arrange
things so that there is a fairly straightfor-
ward relationship between the two and only
some simple mathematics is required.

Fig. 1 (above). The basic voltage measur-
ing circuit.

Fig. 2 (right). A simple three range volt-
meter add-on.

As an example, the computer could be
made to measure d.c. voltage by dividing
returned values by 36400 (65520/1.8 =
36400). The problem with this method is
that many returned values when divided by
36400 give a result which runs to many
decimal places. Of course, the software
could be made to limit the number of
decimal places printed on -screen, but a
more reasoned way of doing things is to
scale the full scale input voltage to match up
well with the 12 bit resolution of the
converter. This is easily done by either
adding a d.c. amplifier to boost the sensi-
tivity of the port, or using an attenuator
to reduce it. By reducing the sensitivity
slightly to 2.0475 volts full scale, dividing
returned values by 32000 then gives correct

voltage values, with a resolution of 0.5
millivolts (0.0005 volts). This is more sen-
sible than the original method, with its
resolution of 0-4395 millivolts.

Reducing the sensitivity at the analogue
inputs is very straightforward, and is sim-
plified by the fact that the input resistance
at these inputs seems to be extremely high,
and can normally be ignored. Fig. 1 shows
how an attenuator can be added to the
analogue port, and although this is shown as
connecting to the CHO input, it will of
course work with any of the other channels.
Resistor Rb sets the sensitivity in terms of
ohms per volt, and a value of 180k with a
full scale voltage of 1.8 volts gives a sensiti-
vity of 100k per volt (180k/1.8 = 100k). The
value of Ra for a given full scale voltage is
easy to calculate, and is obtained by first
multiplying the required full scale voltage
by 100k to give the total resistance required,
and then deducting the 180k contributed by
Rb. For example, a full scale voltage of 8
volts would require a total input resistance
of 1440k, and deducting the 180k of Rb
from this gives a value of 1260k (1.26M) for
Ra.

Diode DI is a Zener diode which protects
the analogue port against gross overloads.
Small overloads do not cause any problems,
but potentials of about five volts or so can
cause the converter chip to malfunction.
Switching off the computer for a few sec-

onds and then switching on again seems to
restore normal operation, but obviously a
severe overload could permanently damage
the converter and should be avoided.

Ranges

Usually it will be necessary to use a preset
resistor (or a preset and a fixed resistor in
series) for Ra. One reason for this is that the
required value is unlikely to be a preferred
value, or even one that could be made up
from two or three preferred values connec-
ted in series or parallel. Another reason is
that the use of a preset enables the full scale
value to be trimmed to precisely the correct
voltage, with any errors due to resistor
tolerances or the true full scale voltage of
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the converter being other than precisely 1.8
volts being trimmed out. Fig. 2 shows the
circuit for a three range d.c. voltmeter with
full scale values of 2.04, 16.38, and 131
volts. Cl is used to minimise problems with
noise being picked up at the output of the
unit, which is at quite a high impedance.

Calibration

In order to calibrate the unit it must be
fed from a known voltage that is something
approaching the full scale value of the range
being calibrated. The appropriate preset is
then adjusted for the correct reading. For
instance, on range one the unit can be
calibrated against using a 1.5 volt battery,
with an accurate multimeter being used to
find the precise battery voltage. The three
ranges are calibrated separately. The ac-
companying listing gives suitable software
for use with the unit. This is an uncompli-
cated program which uses function keys 1 to
3 to select the range (which basically just
means setting the right divisor). Displayed
values are limited to three decimal places in
order to give clearer readings on range one
with no real loss of accuracy.

The analogue port can be used to measure
anything that can be converted to a propor-
tional voltage, and with the aid of the user
port things such as autoranging are possible.
These are topics that will be pursued in
future articles.

REVIEW
Printer Commands Revealed

Printer manuals are not always the most
easily understandable of documents. There
are a few good ones (notably with Juki
printers) but others can be obtuse, and a few
are downright misleading.

The example programs demonstrating
printer features are normally given in
Microsoft BASIC. This can be awkward for
BBC Micro users as the BBC VDU printer
commands bear little resemblance to the
Microsoft LPRINT equivalents.

Watford Electronics have now published
a booklet, entitled "Printer Commands Re-
vealed", to solve this problem. Specifically
for the Epson FX80 and RX80 and the
Kaga/Taxan printers (and also the identical
Canon models), it gives the printer control
code sequences in BBC form, and also gives
demonstration programs in BBC BASIC. It

also gives the control sequences as used
with the Wordwise word processor. In fact,
much of the information will apply to any of
the many Epson compatible printers
available.

This book does not replace the printer
manual, in fact, it gives page references to
the printer manual for each feature. There
are a couple of pages of information on
using printers with the BBC Micro,
however.

You should not expect too much from the
book. It is not a full treatment of what can
be achieved with dot matrix printers, but is
really only what the title says, a translation
of the control codes. Given that, the price of
£5.99, for what is quite a small, ring -bound
booklet does seem a bit excessive.

However, what it does it does well, and
many owners of BBC micros and Epson -
compatible printers should find it useful.

Watford Electronics are at Dept EE, 250
High St., Watford WD I 2AN. Tel. 0923
37774.

If you have any comments or ideas for
inclusion in the Beeb Micro pages, please
send them to: Everyday Electronics, 6

Church Street, Wimborne, Dorset BH21
IJH.

LISTING 1:
THREE RANGE VOLTMETER

10@%=&2030A
20*FX225,160
3OMODE 7
40VDU23;8202;0;0;0;
50PRINTTAB(0,2);"Select ranges 1 to 3 with func

tion keys."
60PROCrange(161)
70PRINTTAB(33,10)"Volts"
B0PRINTTAB(33,11)"Volts"
90REPEAT
100K=INKEY(0)
110IF K<>-1 THEN PROCrange(K)
120PRINTTAB(10,10);CHR$(141),ADVAL(1)/divisor
130PRINTTAB(10,11);CHR$(141),ADVAL(1)/divisor
140UNTIL FALSE
150
160
170DEF PROCrange(range)
180IF range=160 OR range>163 ENDPROC
190range=range-160
200IF range=1 divisor=32000
210IF range=2 divisor=4000
220IF range=3 divisor=500
230PRINTTAB(0,20);"Range selected is ";LEFT$(STR

$(range),1)
240ENDPROC

LIFE GUIDE PLAN

THERE IS AN IRREFUTABLE LINK BETWEEN YOUR
ATTITUDES MOODS AND YOUR DATE OF BIRTH.
IT IS CALLED BIORHYTHMS

AT KHT WE HAVE ADDED A NEW AND SIGNIFICANT
DIMENSION TO THIS AGE OLD EQUATION,NAMELY
YOUR HANDWRITING STUDY.
IT IS CALLED GRAPHOLOGY

THIS COMBINATION OF BIORHYTHMIC STUDY AND
GRAPHOLOGY RESULTS IN THE MOST ACCURATE
OF PERSONAL ANALYSIS AND INSPIRED PREDICTIONS

WE CALL IT YOUR LIFE GUIDE PLAN

WE ARE INDEED PROUD TO OFFER THIS SERVICE
TO READERS AT TWELVE POUNDS ONLY
WHICH REPRESENTS A 60% DISCOUNT ON OUR
NORMAL CURRENT RATES

BY RETURN OF MAIL YOU WILL RECEIVE
ACKNOWLEDGEMENT OF YOUR FEE AND THE DATE
YOUR LIFE GUIDE PLAN WILL BE DESPATCHED
TO YOUR ADDRESS BELOW.

SEND TO:
THE RESIDENT DIRECTOR
KINGSBOROUGH HERITAGE TRUST
KINGSBOROUGH HOUSE
PO BOX NO 329
GLASGOW GI2 9PQ
SCOTLAND U K

NAME

ADDRESc

POST CODE

PLEASE REMEMBER TO SEND/ADVISE
 COUPON (ABOVE)
 HANDWRITING SAMPLE (SENTENCE 20 - 30 WORDS)
 WHETHER LEFT OR RIGHT HANDED
 FEE OF £72.00 (CHEQUE, CASH, PIO)
 YOUR USUAL SIGNATURE(S)
 DATE AND PLACE OF BIRTH
 SEX

FULL MONEY BACK GUARANTEE
IF NOT TOTALLY SATISFIED
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ECONOMICAL
REPAIRS

L. J. STEAN
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IT is not generally appreciated that many of the problems
that can cause electronic consumer equipment to mal-

function are due to relatively minor faults. The high prices
charged by the shops that specialise in these repairs are a re-
flection of the high cost of skilled labour, and the amount of
time that must be allowed for, in order to repair some of the
very complex faults that occasionally do occur.

In this brief article I will attempt to give the reader an out-
line of some general fault-finding techniques which may be
used on a variety of different items. It is very often the case
that a cheap cassette recorder or radio will be consigned to
the dustbin when it fails to operate properly. These hints
and tips may be useful enough to considerably extend the
lifetime of these appliances. They may also come in handy
when appliances are purchased cheaply from jumble sales
and market stalls.

Many people who are capable of constructing highly
sophisticated electronic projects may be unduly daunted by
the prospect of tackling a repair to a factory made appliance.
It is hoped that this article may demonstrate that many of
these repairs are within the reach of the home constructor.
In no way is the article intended to be comprehensive and
readers should understand that it is simply not possible for
EE to assist readers with information or advice on commer-
cial equipment.

TRANSISTOR RADIOS
In these days of multi -function digital apparatus, the

"tranny" no longer seems the marvellous technological
innovation that it appeared to be during the nineteen fifties.
However, they still come in useful in many locations such as
the bathroom and the garden shed.

When considering the purchase of a radio from a sale,
there is often some uncertainty over whether it is working or
not. It is worthwhile carrying a few batteries on these
occasions so that a test can be made on the spot.

After the radio has been brought home give it a complete
external visual inspection and make a note of any defects
such as missing knobs and loose switches. Open the battery
compartment and look at the terminals. If they show any
signs of corrosion they should be cleaned with a piece of
very fine emery paper until no trace remains of the greenish
deposit. The battery compartment can be cleaned with a
cloth that has been slightly dampened with methylated
spirit. It is surprising how many battery operated articles are
discarded due to this fault, which is usually caused by
leaving zinc -cased batteries inside the apparatus whilst it is
not in use.

Try turning the tuning indicator. If the marker does not
appear to move the drive cord may be broken. The tuning
knob is usually connected to the tuning capacitor by a nylon

TUNING
I(

FERRITE
OB AERIAL

ROD TUNING
CAPACITOR

OU
TRANSISTORS

PUT DEMODULATOR
DIODE

r

S
0

11111

VOLUME CONTROL WAVE
ANO ON/ OFF SWITCH SWITCH

CHANGE LonspEAKI,
TERMINALS

IEF4S44 I

Fig. 1. Simplified layout diagram of an old MW/LW transistor
radio showing the main features.

TO RADIO

fEEASSG

OPAQUE
PLASTIC COVER

WIRE DETACHED
INSIDE BATTERY
CONNECTOR COVER

Fig. 2. Check for a break in the battery connector lead underneath
the plastics cover.

cord via a series of pulleys. It may require some experimen-
tation to find the exact arrangement that will operate the
tuning drive successfully and it can be an aggravating task
on some badly designed radios. Nevertheless, this is a
common fault to find on. discarded radios, and one that
needs no specific knowledge of electronics to rectify.

You can now connect up the radio to the correct type of
battery or to a variable power supply set to the correct
voltage. Switch it on; if no sound at all comes from the radio
do not despair. Disconnect it and remove the back (Fig. I).
Find the two leads from the loudspeaker terminals and
check for continuity back to the main circuit board using an
ohmmeter set to the lowest resistance range. Do the same
with leads from the on -off switch and the battery leads.

A common cause of malfunction in radios using "snap
on" battery connectors is a break in the wire underneath the
plastic cover due to the bending stresses which come about
when the batteries are changed. All appears to be intact to
the naked eye but the meter soon shows up the fault (Fig. 2).
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If the on -off switch does not make an audible click, it is
probably faulty and will have to be replaced. Another "no-
go" condition is due simply to minute traces of dirt and
grease on the contacts of the wavechange switch. Alterna-
tively, the radio may only function on one waveband. It is
always a good plan to clean these mechanisms when the
radio has not been in use for some time by spraying them
with an aerosol switch cleaner. However, make sure that the
brand that you use does not attack plastics or the radio itself
will show signs of disintegration! A crackly noise and
intermittent operation is probably a sign that the volume
control potentiometer needs cleaning in the same way.

Another fault occurs when one of the windings on the
ferrite rod aerial becomes detached from the circuit board.
This will either put one waveband or both out of action. A
little detective work with a magnifying glass may reveal the
break. In fact it is a good idea to examine the circuit board
fairly carefully to see if there are any cracks in it, and to look
for components with broken leads.

DISTORTION
If there is considerable distortion to the sound, or if there

is a complete absence of sound after making the other
checks, it is probably worth testing the output transistors.
These are usually grouped closely together. They may have
heatsinks on and they will have at least one connection
directly to the loudspeaker. These transistors work harder
than any of the others and have more of a tendency to fail.
They should be unsoldered from the board and checked on a
transistor tester or multimeter for the usual fault conditions,
and replaced if necessary.

The glass demodulator diode occasionally goes open -
circuit; a slight hiss may be heard from the amplifier but no
stations will be received. Replacement is an easy matter
once the correct diode is located.

If by now results have not been forthcoming, it is probably
best to consign the radio to the spare parts draik Other
faults that occur call for a detailed knowledge of a radio
beyond the scope of this article. In my experience however,
the above simple faults account for over 50 per cent of those
found in discarded radios.

PORTABLE CASSETTE RECORDERS
Portable cassette recorders, usually originating from the

Far East, and bearing a variety of unfamiliar brand names,
are also proliferating on the secondhand market. They all
use transistors, and can usually operate on mains or
batteries.

The switches, leads, and circuit leads can all be checked in
the same way recommended for radios. There are some
special points on recorders which may require attention.

It is a good idea to make sure that the tape heads are clean
otherwise recordings will sound faint or distorted. A special
head cleaning cassette may be used, or a matchstick with a
small piece of cloth wound around it and dampened with
methylated spirit may be rubbed gently on the heads to
remove all trace of oxide. It is usually only necessary to press
the "Play" switch to expose the heads to view. It is also
important not to bring any metal object too near the heads
as they may become magnetised. A pronounced hiss will
then be noticeable on playback and a demagnetiser will have
to be procured to rectify the condition.

A small screw at the side of the playback head is used to
adjust the azimuth angle. If playback sounds muffled
delicate adjustments should be made to this screw whilst a
tape is playing to secure the brightest tone possible. Special
tapes with audio tones are available for adjusting the heads
on hi-fi equipment but are not really necessary for cheap
recorders.

If the speed of the recorder is slow or uneven the drive
band is the usual culprit. These rubber bands become
stretched with age; they are usually fairly easy to replace
although the recorder will have to be partially dismantled.
Keep a careful note of the locations of the various small

screws as they are easily forgotten whilst band replacement
is being tackled. Audio shops often stock replacement bands
for recorders so be sure to save the old one so that the correct
size replacement is purchased.

RADIO -CASSETTE RECORDERS
The combined radio and cassette recorder need not be

treated in any way differently than the separate appliances.
Do not let the compact circuitry dissuade you from looking
for simple faults. The extra switches may need replacement
or cleaning if only one part of the machine operates. Some of
the newer equipment now use integrated circuit amplifiers
and unless you are experienced at handling these, it is wise
not to attempt replacement.

RECORD PLAYERS
I will only discuss those record players with transistor

amplifiers here although some of the remarks will apply to
older models using valves. The examination of the amplifier
and speaker proceeds along the same lines as that given in
connection with radios. However, first of all check the
condition of the stylus by inspecting it for wear with a
magnifying glass. Make sure that the delicate wires coming
from the cartridge are securely fastened. If the sound seems
distorted changing the cartridge often solves the problem.
Some record players will accept a signal input to the
amplifier from another source. If this sounds alright then
you can be reasonably sure that the stylus or cartridge is at
fault.

If a mechanical fault exists on the autochange or turn-
table, it is probably a good idea to look around for obvious
causes, e.g. broken springs or loose screws, but unless you
are mechanically minded it is wise not to spend too much
time attempting a repair. The mechanisms are often
complicated and vary according to the design of the
individual manufacturer.

GENERAL NOTES
It is important to retain a methodical approach when

attempting to repair a piece of equipment that is being
dismantled for the first time. Keep a careful note of any
wires that you have to disconnect and keep all the nuts and
screws in a small container. Otherwise much time can be
lost scrabbling around on the floor looking for a necessary
part. Refer to other articles on soldering and testing
components if you are uncertain in these areas. The use of a
signal generator can be of much help if you decide to tackle
circuit board repairs.

In these days of rapidly increasing service charges it
makes sense for everyone who has an interest in electronics
to feel confident enough to look at their own mass produced
equipment if it starts to play up. You may not find the fault
every time but in the end you will be bound to save on some
repair bills . . . thus saving cash to spend on projects!

Very often the value of the equipment is less than a
potential repair bill and therefore it is well worth having a go
at repairing the unit before discarding it.

A Complete Fantasy Adventure Game Magazine

Another fantasy game plus a free
full colour fantasy poster.

ON SALE NOW 80p
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WATCHDOG

Electronics to
watch your car
battery, by
reminding you to
turn off the lights

IT is probably just a matter of time before
anyone who drives a car gets caught out

with a flat battery as a result of leaving their
lights on when the vehicle is left unattend-
ed. In winter this can happen all too
frequently-having set off to work in pitch
darkness and arriving at work in broad
daylight. Beware, though, I have been
caught in summer, too. A sudden down-
pour, dull skies, poor visibility etc., on go
your lights. You continue driving and the
weather gradually improves but of course
you forget about your lights. When you park
up your battery is slowly drained of energy
and when you return the engine will not
even turn over.

Having been caught out many times I
decided to bring some electronics to the
rescue. "Watchdog" was conceived as a
simple but effective lights -on reminder. The
p.c.b. has deliberately been designed to be
large so that even if this is your first attempt
at a project you will stand a very good
chance of success. It is also an ideal project
to try your hand at making your own
printed circuit board, if you so wish (see
Actually Doing It).

HOW IT WORKS
Transistors TR1 and TR2 (Fig. 1) form a

very basic audio frequency oscillator which
will generate an audio note of about 800Hz
(with the component values shown) provid-
ing that there is a potential difference of
about 10 volts between points A and B.

MICHAEL PERROW

Switch S 1 is shown in the "Watchdog"
position. With the ignition switch on but
with the sidelights off the 12 volts positive
from the car battery is fed via the ignition
switch and the Sla to point A; point B also
assumes 12 volts positive. If the sidelights
are now switched on there is still no change
because the 12 volts positive via the light
switch, SIb and D1 still leaves point B

unchanged. In both these conditions there is
no output from the oscillator. However, if
the ignition is now switched off with the
lights still on, point B stays at 12 volts but
point A goes down towards earth via R2.
There is now a potential difference between
points A and B and the oscillator functions
giving an audio output in the speaker. Thus
indicating that your lights have been left on.

COMPONENTS Approx. cost
Guidance only £5

Resistors
R1 68k
R2 820
1W carbon ± 10%

Capacitors
C1 100n
C2 4.7p elect. 15V
C3 100p elect. 15V

SOO

VEN
page 313

Semiconductors
TR1 ZTX 109 or BC109 (npn)
TR2 ZTX502 or BC327 (pnp)
D1 1N4001

Miscellaneous
LS1 50 ohm (or greater imped-
ance) loudspeaker; S1 2 -pole -
changeover switch; connecting
wire; three-way connecting
block; printed circuit board (avail-
able from the EE PCB Service order
code 524)

EXISTING
CAR WIRING

IGNITION
SWITCH

SIDE
LIGHTS 1

t
NEG

Sj C3 1
ORANGE I c'""*".

IL
1BROWN 0

BLUE
Cl>-(0
FUSE

INN

1NACCI

1101

820
TR1

LSI
50

aC2

T'''
TR1.7ZTX 109 /BC 109
TR2=ZTX 502/8C 327

EE4113G1

Should you wish to park with your lights
on-no problem-just change over S1. This
will remove the 12 volts from point B
because SIb is now open. In this condition
when you return and switch on the ignition
then point B will again assume 12 volts via

Fig. 1. Complete circuit diagram of the
Watchdog. Wiring to the left of the broken
line shows connections to the car. See text
for reference to the fuse link.
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Fig. 2. Printed circuit board layout and wiring
of the Watchdog. Normal connecting wire can
be used to connect the unit to the car.
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S 1 a and D I and the oscillator will sound.
This will remind you to switch the circuit
back into the "Watchdog" position.

CONSTRUCTION
Referring to Fig. 2, mount the switch,

capacitors and resistors in their correct
positions. Note capacitors C2 and C3 are
polarised and must be connected the correct
way round, as must the diode. The two
transistors can then be mounted. Any avail-
able loudspeaker with an impedance of 50
ohms or above can be used -the smaller the
size the better. The fuse is simply a single
strand of wire taken from a length of multi
stranded hook up wire. This saves having to
buy a fuse and fuse holder and helps keep
down costs whilst still providing a measure
of protection.

The casing and mounting is left to the
individual and will vary depending upon
the type of car and mounting position.
When the unit has been built, the oscillator
can be tested out by connecting 12 volts
between points A and B -B is positive.

Using the coloured wire indicated, con-
nect the orange lead to the switched side of
the ignition and the brown lead to the
switched side of the sidelights. The blue
wire should be connected to any suitable
good earth. You may need to refer to the
electrical wiring diagram for your car to
establish the most suitable positions to
connect up the wires.

Once the unit is connected, test it by
switching the lights on with ignition off -
"Watchdog", should sound -switch SI
over -"Watchdog" should go quiet. Next,
turn on the ignition -"Watchdog" should
sound again, until SI is reset. El

BI-PAK BARGAINS
Pak
No Oty
VP1 300
VP2 300
VP3 200
VP4 200

VP5 200
VP6 200
VP7 100

VP8 100

VP9 100
VPIO 60

VP11 50

VP12 40
VP13 30

VP14 50

VP15 25

VP16 50
VP17 50
vP18 30
VP19 40
VP20 6

VP21 10

VP22 200
VP23 10

VP24 10

VP25 10

VP26 15

VP27 15

VP28 10

VP29 30

VP30 10

VP31 10

VP32 20

VP33 200
VP34 200
VP35 50

VP36 100

VP37 8

VP38 100

VP39 100

VP40 40
VP41 40
VP42 10

VP43 4

VP94 15

VP45 50

VP46 50

VALUE PACKS

Description Price
Assorted Resistors Mixed Types 01.00
Carbon Resitors Wan Pro-FoRmd.. 1"
1/8 Watt Min Carbon Resistors Weed ................£1.00
1/,-1 Watt Resistors......................01.00
Assorted Capacitors All Types 01.110

Ceramic Caps. Miniature Mixed 01.00
Mixed Ceramic Disc. 1pf 56pf ............................£1.00
Mixed Ceramic Disc. 68pf-.015pf 01.00
Assorted Polyester/Polystyrene f1.00
C280 Ceps, Metal Foil Mixed. 01.00

......................................01.00Electralpics-All Sons
Electrolytics - .47mf-150m1 Mixed VIts......... £1.00
Electrolytics - 150mf-1000nif Mixed Vits...........01.00

.01/250V Min Lave Metal Caps f 1.00
Wirewound Res. Mixed Wand
Metres PVC Single Strand Wee Mixed
Metres PVC Multi Strand Wire Mixed Cols...........£1.00
Metres PVC Single/Multi Strand Wire

Assorted Switches Slider/Push Etc .....................£8.00
So Inches Total Copper Clad Board ......................01.00

Mixed Shape and Colours LED's .....................f1.00

Lame r Red LED's ...........................................01.00
Rectangular r Red LED's.. . f 1.00
Assorted Volts Zanies 250nnv-2w. .01.00
Assorted Volts Zeners lOw Coded .£1.00
5a SCR's T066 50-4004 Ceded .01.00
3e SCR's 7066 Up To 400v Uncoded. .01.00
Sil. Diodes Like IN4148 .01.00
Sit Diodes Like 0A200/BAX13/113.............. f 1.00
la IN4000 Diodes All Good Uncoded..................f 1.00
Sq Inches Total Cooper Fibre -Glass Board._ ..f 1.00
Black Pointer Knobs '/0w Std _.01.00
Sil. Trans NIPS Plastic Coded Data 3.00
Sil. Trans PNP Plastic Coded 3.00
TTL LC.'s All New Gates - Flip Flop - MSI Data. £4.00

Black Heatsinks Fit TO -3 TO -220 Drilled
Power -Fin Heatsinks 2 x TO -3 2 x 10-66..........01.00
Asst. Heatsinks TO -1-3 5 18 220.......................01.00
BC107/8 NPN TrensMtors Good Unceded............£1.00
BC177/8 PNP Transistors Good Uncoded...........11.110

Pak
No Oty Description
VP47 10 Sil. Power Trans Similar 253055 Uncoded .......................
VP48 5 Pairs NPN/PNP Plastic Power Trans. Data 4a ........ ..........

VP50 60 NPN Sil. Switching Trans TO -18 10-92........... ....... .........
VP51 60 PNP Sil. Switching Trans TO 18 TO -92 ........... ........ ..........
VP52 25 Asst. Audio Plugs Phono-Din-Jack ........ ........
VP53 25 Asst. Audio Sockets Mono -Din -Jack Etc ....

VP56 100 Semiconductors From Around the World

VP59 20 Asst. Coled. Linear, Etc

VP82
VP83

VP84
VP85
VP86
VP87
VP88
VP89
VP90
VP95
VP96
VP97
VP98
VP99
VP100
VP101
VP102
VP103
VP104
VP107
VP108
VP113
VP114
VP115
VP116
VP120
VP127
VP128
VP130
VP131
VP132
VP133
VP134
VP135
VP136
VP137

Telephone Pick -Up Cod

Electronic Siren, 12v DC
Small Plastic Vice, with suction bar
Signal !Nestor, Push Button Operation.
LogP Probe
Current/Pol Checker
Universal Tester with Ceramic Bata
Electrical Circuit Tester.
Battery Checker. suitable all twee of batteries
13 Piece Tool Kit and Case.
8 Piece "Stanley" Screwdriver Set...
Ratchet Screwdrins Kit, 4 blades
Piro Bores minions. 12r.
Piro Borer, Miniature 240r .
Antenna Switch, 2 way
Antenna Switch, 3 way
High Pass Fiker/Supreessos CB/TV.

FM Monitor, 2 MIN Band
Remote Control Switch .....................
Miniature FM Transmitter/Balm:bone
RED 7 Seg. CC 14nim x 7.5mm ROP END353 LED............
GREEN 7 Seg. CA .6" LDP
RED 7 Seg. CC .6" LOP
REd Over -flow .6" 3 x CA 3 x CC 81330/50 LED...........
GREEN Over -flow .6" CA
RED 7 Seg. CA .3 -
DUAL RED 7 Seg. .5" CA 01527 DPR D1SPLAYS..................
DUAL RED 7 Sag. .51" CA DL727 CIPR

Price
f1.00
01.00
01.00
01.00
01.00
01.50
01.50
02.50
02.00
£4.00
05.00
04.00
02.00
01,00
EOM
00.96
00.95

0.00
01 .26

..n.40

.11.76
£6.60

..01.76
02.60

010.50
03.26
05.00
MOO
04.60

.07.60
.13.60

£1.75
01.25
01.25
04.60
04.75
00.60

..03.00

..04.50
_01.00

06.60
..02.00

02.00
_02.00
_02.00
_02.00

02.00
02.00
02.00

Pak

No aty Description
W138 20 Assorted LEI

VPI39 1 Pick -Up Tool, spring loaded ....
VP140 50 Precision Resistors 2-1% Tol . ........ ......... .........
VP141 40 1144002 &I. Rents 1a 100v Preformed Fitch ........ ........ .........
VP142
VP143
W144 4 10014 lit Multi -turn Pots, idol rri. a0 tuning..
VP145
VP148
VP147 1 Pair Opto Coupled modules...........................................£0.60
VP148
VP150 20 BC183B Sil. Trans. NPN 30r 20014a Hfe240.4 7092 f1.00
VP151 25 BC171B Sd. Trans. NPN 45v 100mA ......... T092 01.00
VP152
VP153 15 T1S91 Sil. Trans. PNP 40r 400mA Hfe100+ . 7092 01.00
1/P154
VP155
VP158 20 BE495 &I. Trans. NPN emit. 8E173 H.F 7092 £1.00
VP157
VP158
VP159 15 ITX108 Sit Trees NPN emit. BC108 Plastic. 01.00
VP1130 1092 01.00
VP1131 25 BC183L Sit. Trees. NPN 30e 200mA.. . T092 01.00

VP1132 5

VP183 2 NPN/PNP Mrs Sil Power Thins lie SJE5451
W184 4
VP185 B 0E733 NPN Oil. Trans. 80v 5A life 50-200 T039
VP188 5 8E734 NPN Sil. Tms. 100r 5A 14150-200 7039
VP1137 1 BUY139C NPN TO3 VCB 500 1041 100w 8%15*..............................................01.00
VP188 10 BC478 put. BCY71 P1F &I Trna. 1010 '......... ....... ...01.00
VP189 10 BXS21 amt. BC394 NPN Sit. Teens. 80v 50m/1 7018..........._..........._...........£1.00
VP170 10 Assorted Paver Trans. NPN/PNP Coded &
W171 10 BF355 NPN TO -39 &I. Trois. pr. 8E258 225r 100mA .................................01.00
VP172 10 SM1502 PNP 1039 Sil. Teens. 100v 100mA 8%100+

. .

f1.00
VP173 150 De -soldered Sil. Teens. front boards lOrnm leads. Good ..£1.00

Price
05.00
01.75

BI-PAK BOOK BARGAINS 1986 "NO VAT"
BPX1 4 Different popular books on 01.mo:fir Projects Hours of interestirg reading and construction.

Normal Retail £8.00. 0i-Pek Special Of* E8.00.
BPX2 IC Projects Book, including IC Errs. Book, Digital, CMOS end Op Amps & TTL Data Book.

Normal Retail £8.50. ei-Pak Special Offer Egli°.
P03 3 Computer Books on Programming -Micro Processors - 7X111 etc. Norms' Retail £8.00. 81 -Pak

Special Offer 02.60.
B PX4 1 Intemetional Transistor Equivalents Guide, Babeni Pub Utast edition BP85. Plus "FREE" with

Bi-Pi's compliments, 10 papules Sd. Trans, rued 01,111 £1.00. 8i -ft Special OR., £2.95.
B PX6 1 IC 555 Projects Book (Tarr) 187 rw, over 50 project circuits to build and Oats etc, on

IC555 Timers. Plus "FREE" with compliments, 4 x IC555, valued at 01.20. Bi-Pali
Special Offer £2.60.

PLEASE NOTE "NO vAr ON BOOKS.

Use your credit card. Ring us on 0763-48851 NOW

and get your order even faster. Goods normally
sent 2nd Class Mail.

Remember you must add VAT at 150/v to your order.

Total Postage add £1.00 per Total order.
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The Man Behind
the Symbol

NO10 Joseph Henry

AST

month we met Michael Faraday and
the dynamo. At about the same time,

working independently, 3000 miles away in
America on the problems of induction was
Joseph Henry who gave his name to the unit
of inductance. (See Table 1.)

Henry was born in Albany,'New York, on
17 December 1797, the only son of Scottish
immigrant parents. Attending a local
country school until the age of 13 he showed
"little interest in study". He began his
career as a watchmaker's apprentice. At the
age of 16 he chanced upon a book, "The
Problems of Natural Philosophy".

This changed his outlook on life and
interests so much that he enrolled as a
student at the Albany Academy where he
studied Chemistry, Anatomy and Physio-
logy with a view to becoming a doctor. In
1825 he received an unexpected appoint-
ment to survey- a route for a road across
New York State from the Hudson River to
Lake Erie, this broadened his interests to
engineering.

In 1826 he returned to the Albany Aca-
demy to teach mathematics and natural
philosophy, and it was here that he started
his first experiments in electromagnetism.
Henry was the first to insulate wire for the
magnetic coil. He also invented the "spool"
or "bobbin" winding which allowed electro-
magnets to be wound with extremely long
lengths of wire.

The resulting electromagnets were more
sensitive than their predecessors and could
be used for the detection of electric currents
sent over great distances. Electrical dyna-

Photo: Courtesy IEE Library

mos or motors use the electromagnet in
practically the form in which it was left by
Henry.

TELEGRAPH
Using such a magnet in a mile long

electric circuit of copper wire Henry, in
1830, caused a small bell to ring at the end
of the line. This is believed to have been the
first electrical magnetisation of iron at a
remote point, the starting point of the
telegraph.

Transferring to the College of New Jersey
(later to become Princeton University) in
1832, Henry startled the campus by setting
up a telegraph line between the laboratory
and his house. He added the "relay" to his
telegraph machine, and is believed to have
been the first to use the earth as a return
conductor.

It was also in 1832 that he published his
paper on self induction. He found also that
a second induced current could induce a
third: the third a fourth: and so on, indefi-
nitely, and that these currents could be
induced at a distance.

Some of his experiments on induction
involved the transmission of electric force
without wires through the floors and walls
of buildings, and in one case he magnetised
a needle by the transmission from a lighting
flash eight miles away. This appears to be
the earliest record of the action of electro-
magnet waves of the type employed in radio
telegraphy and telephony today.

The discovery of the oscillatory character
of the electrical discharge came in 1842.

LONDON
Henry has been called the "Father of the

Wireless Telegraph". Early in his career
Samuel Morse of Morse Code fame came to
Henry for advice and in 1837 when visiting
London, Henry helped Cook and Wheat-
stone who were constructing their telegraph
line along the Great Western Railway.

Whilst in London Henry took the oppor-
tunity of meeting his competitor Michael
Faraday. He had actually duplicated
Michael's fundamental discovery of electro-
magnetic induction early in 1832. A con-
temporary recorded "The two great men
met at King's College, London, as friends
not as competitors or enemies, talk was
soon replaced by experiment".

In December 1846 Henry resigned the
Professorship of Natural Philosophy at
Princeton to become the organiser and first
secretary of the newly formed Smithsonian
Institute. Under his secretaryship govern-
ment support for all scientific activity was
enlisted, but not content to be known only
as an administrator, Henry continued with
a wide range of practical experiments in

by Morgan Bradshaw
various fields, ranging from researches in
meteorology, which laid the foundation for
the US Weather Bureau, to the invention of
a new method for determining the velocity
of projectiles.

Table 1:
The Henry (H)

The unit of self and mutual in-
ductance was named in recogni-
tion of Joseph Henry's work by
the International Electrotechnical
Commission at a meeting in Chi-
cago in 1893, who defined it as
the inductance of a closed circuit
in which an e.m.f. of 1 volt is
produced when the electric cur-
rent in the circuit varies uniformly
at the rate of 1 ampere per second.

Mutual Inductance
When two coils are coupled by

their magnetic fields, a changing
current in one coil will produce a
changing magnetic flux and in-
duce an e.m.f in the other coil.
The mutual inductance is a mea-
sure of the closeness of the cou-
pling between the two coils.

Self Induction
When the current flowing

through a coil changes, the ac-
companying change of magnetic
flux will produce an e.m.f. which
tends to oppose the change in the
current. The self inductance is a
measure of the impedance offered
to the flow of current.

RECOGNITION
Accounting for Henry's failure to gain

international and general recognition of his
achievements, friends and students alike
commented that he was always dilatory
about publication, but as Joseph Henry
himself wrote. "I have sought no patent for
inventions, and solicited no remuneration
for my labours, but have freely given their
results to the world, expecting only in return
to enjoy the consciousness of adding to the
sum of human knowledge and to receive the
credit to which they may justly entitle me".

Henry died in Washington on 13 May
1878. The boy who had "shown little
interest in studying" had by general consent
become one of America's foremost physi-
cists and scientific administrators.
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Xff, JY-(1 D1N Nc).00

ALARM
Portable, easy to operate, with a two
minute alarm time out. This simple alarm
was designed initially to attach to the
handle of the inside of a hotel room, but the
list of applications is almost endless.

CARAVAN

BATTERY MONITOR
This unit takes the guesswork out of battery
care for caravanners. It shows current being
consumed and the state of battery charge.
Invaluable to prevent a flat battery.

%PLOWING
ELECTRONICS

new series that introduces
the various

elements
of electronics

by employing
them

in simple circuits.
the same bread-

board as Teach
In '86..mow w

HEADPHONE MINER
SVOL PWR

0 (t)

cosoureertirearAces
The operation

of the three rnost corn-

rnon interfaces
is

nics,
RS232C

and IEEE88-thus
a

lowing
the reader

to understand
some

of the problems
of interfacing.

Allows up to four signal sources to be
monitored using headphones. The unit
can also be used as an ordinary mixer if
desired. Suitable for stereo or mono
operation.

EireirRomics
and Lr- N MON110

JULY ISSUE ON SALE FRIDAY, JUNE 20
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lova/on
fear/trek

the glee0a4/
CitNer,

by Mike Tooley BA

AST month we introduced some routines in
BASIC and FORTH which can be used

to drive our stepper motor interface. This
month we shall turn our attention to reduc-
ing the load on the Spectrum's over -worked
internal power supply by describing some
external supplies which can be used in
conjunction with our various interface pro-
jects. Before we get started, however, one or
two points concerning the layout of our
various On Spec projects should be made.

Layouts
Several readers have written requesting

p.c.b. or Veroboard layouts for On Spec
projects. The policy, at least as far as On
Spec is concerned, has been that of cram-
ming as much information as possible into
these pages and, since layouts and wiring
diagrams tend to occupy some considerable

space, detailed constructional information
has usually been omitted.

Happily, most of the circuits described in
the column can be laid out quite easily and,
provided one carefully checks the layout
before applying power or connecting to the
Spectrum, few problems should be
encountered.

In order to assist readers in the task of
laying out circuits for construction, our On
Spec "Update" now includes a sheet which
can be used for laying out Veroboard
circuits. This sheet is enlarged to A4 size
and, if desired, may be photocopied by
readers in order to produce further layout
sheets.

Whilst on the subject of layouts, T. A. C.
Gigg of Bristol has sent in a very useful
BASIC program which will allow readers to
print their own layouts using a ZX or
Alphacom 32 printer. The program should
be entered, saved to tape and then run.
Thereafter, the COPY command may be
used to dump the screen and produce a neat
layout sheet comprising 30 strips by 42
holes.

Here is Mr Gigg's program:

10 FOR y=0 TO 175 STEP 6
20 PLOT 0,y
30 DRAW 255,0
40 NEXT y
50 FOR x=2.5 TO 255 STEP 6
60 FOR y=2.5 TO 175 STEP 6
70 PLOT x,y
80 NEXT y: NEXT x

External Power Supplies
When several interface modules are to be

used simultaneously with the Spectrum, or
where a single interface module requires an
appreciable supply current (as is the case
with our Stepper Motor Interface), it be-
comes necessary to provide the supplies
externally and not rely on the Spectrum's
own hard pressed internal power supply.

Fig. 1. Complete circuit diagram for the Spectrum external d.c. power supply.
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COMPONENTS

Resistors
R1 470
0.25W ± 5% carbon

Capacitors
Cl
C2
C3 to C8

C9 to C11

4700p elec. 25V
2200p elec. 25V
100n polyester
(6 off)
10p elec. 25V (3 off)

Semiconductors
D1,D2 1N5401
D3,D4
D5
IC1
IC2
IC3

1N4001
Red I.e.d.
7812 +12V 1 A reg
7805 +5V lA reg
7905 -5V lA reg

Miscellaneous
Ti Mains transformer

(see text)
FS1 1 A fuse and panel

mounting fuseholder
Output 4mm (various
terminals colours)
Heatsink(s) (see text)
S1 SPST mains on/off

switch

ALTERNATIVE VERSION

Resistors
R1,R2
R3

270 1W 5% (2 off)
2700.25W 5%

Semiconductors
D1 Red I.e.d.

Miscellaneous
Switched
mode PCB
T1

FS1

Output
terminals
S1

Tandy 277-1016
Tandy 273-1515 or
273-7023 (see text)
1 A fuse and panel
mounting fuseholder
4mm (various
colours)
SPST mains on/off
switch

Approx. cost
Guidance only £6.50
For most purposes three separate supply

rails should suffice. These should have the
following ratings:

+5V at 400mA (or more)
+12V at 300mA (or more)
-5V at 100mA (or more)

The above rails will more than adequately
replace those which are respectively avail-
able at pins 3B, 22A and 20A of the
Spectrum's edge connector.

A conventional external power supply
arrangement, based upon three monolithic
three -terminal voltage regulators, is shown
in Fig. I. The mains transformer should be
rated at a minimum of 20VA and should
have two separate secondary windings each
rated at I 2V 0.8A minimum. Alternatively
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a similar transformer having a centre -
tapped 12V -0V -12V secondary winding
may be employed.

Construction
Construction is extremely straightfor-

ward, however adequate heatsinks will be
required for use in conjunction with ICI,
IC2 and 1C3 (the latter will require an
insulating kit if a common heatsink is to be
employed). The thermal resistance of in-
dividual heatsinks should be 6.8°C/W, or
lower, whereas the thermal resistance of any
common heatsink should be no more than
3°C/W.

The decoupling capacitors, C3 to C8, are
required in order to ensure high -frequency
stability and should be mounted as close to
their respective regulators as is possible.

Switch Mode Version
An alternative to the conventional ar-

rangement is shown in Fig. 2. This circuit
employs a ready -built switched mode power
supply module which can be obtained from
most Tandy shops and is very reasonably
priced at around £5.

The input to the p.c.b. module is derived
from a mains transformer having a single
18V secondary rated at I -5A. Alternatively
a centre -tapped 9V -0V -9V unit may be used
(see components list); in such cases the
centre tap is simply ignored.

ON/OFF

LO Ct,d)
FI S I

IA 240

AC
MAINS
INPUT

E 0

HITE

SWITCHED MODE
POWER SUPPLY MODULE

(TANDY 277 -1016 )

R3I
270 /4W

+12V
400mA

+5V
I IA

LED
OV

(COMMON)

-so
200 m A

0 EAR T H

IEE43361

Fig. 2. Circuit diagram of the alternative switched mode external d.c. power supply.

Any comments and suggestions for inclu-
sion in On Spec should be sent to:

Mike Tooley,
Department of Technology,
Brooklands Technical College,
Heath Road, WEYBRIDGE,
Surrey KT13 8TT

P.S. Don't forget to include a large (A4 size)
stamped addressed envelope if you would
like to receive a copy of our "Update"!

NEXT MONTH: An ultra -simple Output
Port which can be used in a wide range of
applications, from operating your central
heating system to controlling your model
railway!

Fig. 3. Output connections for the Tandy
switched mode PCB module.

TEACH IN '86
BASIC ITEMS
Regulator Unit Kit
Universal Bridge Kit
Diode/Transistor Tester Kit
Audio Signal Tracer Kit
Audio Signal Generator Kit
R.F. Signal Generator Kit
F.E.T. Voltmeter
Digital Pulse Generator

Save 5%. Order any two of the above kits, deduct 5% from total
price. Article reprint 60p if required.

Extra Components - Part 1 70p, Part 2 11, Part 3 11.45, Part 4 f2,
Part 5 £1.90, Part 6 £6.85, Part 7 45p, Part 8 £1.75, Part 9 25p.

SPECIAL PRICE FOR LATE STARTERS -
ALL ABOVE ITEMS £155 plus £2.50 P & P

£23.70
Project 1 £17.95
Project 2 £20.50
Project 3 £12.45
Project 4 £9.80
Project 5 £17.95
Project 6 £21.00
Project 7 £16.45
Project 8 £10.85

EVERYDAY ELECTRONICS KITS
Graphic Equaliser June 85 C22.50p

Across the River June 85 C13.45p

Caravan PSU June 85 C9.95p
Electronic Doorbell June 85 C0.25p

High Z Multimeter (Exc. Case) June '85 f26.35p

TEACH IN COMPONENTS
Case -Black ABS-213.142 57mm C2.75p

Veroboard-36 stripsx50 holes £1.35p
PolLtn CarbonAK. 4K7, 10K, 100K etc. ea. 49p

Pot Lin Wirewound-1K etc. ea. C2.20p
Dual Pot. -5K etc. ea. C1.45p

Continuity Tester July '85 E8.35p Rotary Switches 2P6W. 3P4W, 4P3W, 1P12W ea. 65p

Train Signal Controller July '85 C10.45p SPST Toggle Switch 55p

Drill Control Unit (Exc. Case) Aug '85 C18.45p Push to Make Switch 23p

TremoloMbrato Aug. &5 131.00p BIY188 Series Zener-All Voltages 10p

Fridge Alarm Sept '85 (7.45p Jack Socket - Standard Switched 28p

Caravan Alarm Sept '85 C15.00p Test Leads - 10 Leads with Croc Clips (1.80p

Strain Gauge Amplifier Oct '85 C24.95p Terminal Posts - Various Colours ea 45p

Oport Jan '86 C9.25p 4mm Sockets - Various Colours ea. 18p

One Chip Alarm Jan '86 C6 90p 4mm Plugs - Various Colours ea 18p

Mains Delay Switch Jan '86 C1785p lmm Sockets - Red or Black ea 17p

lmm Plugs - Red or Black ea. 17p

Adhesive Feet - Per 4 32pELECTRONICS MONTHLY KITS
Visual Doorbell (PCB Version) June '85 (14.00p Edgewise Meter £4.35p

Footpedal Hanger June '85 (22.85p Knob Black/Red Cap 113p

Heartbeat Monitor July '85 C22.90p 103 Heatsink 87p

Freezer Alarm July '85 (3.959 TO5 Heatsink 15p

Sound Effects Box July '85 (13.75p BC108 14p IN4001 4p 7805 43p

HI -Fr Intercom Aug. '85 (22.90p BC109 14p IN4148 3p 555 24p

Hot Water Indicator (with ABS Box) Aug. '85 (13.95p BC461 62p 0047 12p LM317K C2.85p

Intelligent Windscreen Wiper Aug. '85 521.80p BEY50 32p 0A91 8p LM380N (1.10p

AF Signal Generator Sept. 35 122.45p 2N3053 390 W005 24p TL084 (1.05p

Household Battery Checker Sept. 85 C13.45p 283819 741. 23p 11072.......

Smewave Generator Sept. '85 111.95p ALL KITS COMPLETE (LESS BATTERIES) UNLESS SPECI-
Compressor/Sustain Pedal Oct. '85 £19.95p FIED. INCLUDE ALL COMPONENTS, PCB (OR VERO), CASE

AND HARDWARE. ALL COMPONENTS NEW AND FULL
SPEC. DO NOT ADD V A.T ADD 70p P&P PER ORDER &PRACTICAL WIRELESS KITS

FET Dip Oscillator Oct '85 C19.90p SEND CHEQUES OR POSTAL ORDERS ICY

Capacitance Meter Oct '85

Meon-50MHz Transverter (+ CI .50p&p)Od '85
£23.90p
C49.50p C.P.L. ELECTRONICS

Two Tone Oscillator Dec. '85 C22.45p 8 Southdean Close, Hemlington, Middlesbrough,
Crystal Calibrator Jan '86 (79.95p Cleveland TS8 9HE. Tel 0642 591157
RTTY/Morse Modem Jan '86 C35.85p FREE PRICE LIST ON REQUEST

AFFORDABLE ACCURACY
Quality Multimeters from

Cirkit

ANALOGUE
H91-102 BZ - 10ADC Range. 201d2MDC,
Buzzer, Battery Test Scale 5.12.50
19 measuring ranges
HM -102R - Low end voltage & current
ranges, Jack for Audio o/p voltages 511.00
20 measuring ranges
HM -1015 - Rugged. Pocket sized meter,
for general purpose use 5.7.50
16 measuring ranges

Battery, Test Leads and Manual included
with each model.

Please add 15%
for VAT and
60p for p&p

A

comprehensive
range of

Analogue and
(Pushbutton or

Rotary
Switched)

Digital Models

DIGITAL
HC -7030
0.1% Accuracy. Standard Model 539.50
HC -6010
025% Accuracy. Standard Model .533.50
HC -5010
0.25% Accuracy. TR Test Facility 539.50
DM -105
0.5% Accuracy. Pocketable .... ... £21.50

An models have lull functions and ranges and
feature: digit 0.5" LCD display - low battery
indication - auto zero & auto polarity - ABS
plastic casing - DC AC 10amp range (not
DM -1051 - Overload protection on all ranges -
battery. spare fuse. test leads and manual

Full details and specification from:

Cirkit Distribution Ltd
Park Lane, Broxbourne, Herts, ENIO 7NQ
Telephone (0992) 444111 Telex 22478

TRADE ENQUIRIES WELCOME
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SURFBOARDS

L

IN -CAR ENTERTAINMENT
11D1' quality domestic hi-fi

I loudspeakers have been the
hallmark of AR for the past
thirty years. In fact many of
their developments have be-
come hi-fi "milestones" and in
hi-fi circles Acoustic Research is
well respected for quality and
innovation.

Now their expertise has been
used to create a new range of in -
car hi-fi louspeakers which
combine AR's latest advance-
ments in Polypropylene cone
and tweeter technologies to de-
liver a level of musical enjoy-
ment normally associated with
domestic systems. Polypropy-
lene, it is claimed, is unaffected
by heat or moisture and so is
ideal for consistent, reliable per-
formance in the harsh car
environment.

The new loudspeakers have
been engineered to fit com-
monly used mounting aper-
tures. In addition, models
GCS300, GCS400, GCS500
and GCS600 have black pain-
ted metal grilles and "gold" -
finished trim.

The GCS300 is a three-way
system using a 6 x 9in (15.3 x
23cm) woofer, with an axially -
mounted 2 in (5.7cm) liquid -
cooled midrange and a one inch
(2.54cm) liquid -cooled tweeter.
Full crossovers on midrange
and tweeter are provided. They
are priced at £69.95 per pair.

The smaller GCS400, priced
at £49.95 per pair, uses a 61 in

(16.5cm) woofer/midrange and
a iin (19mm) liquid -cooled
tweeter mounted coaxially, to
combine compact dimensions
with excellent musical
reproduction.

Coming down slightly in size,
the GCS500 includes a 51in
(13.3cm) woofer/midrange and

a coaxially-mounted one inch
(2.54cm) liquid -cooled tweeter.
GCS500s are priced at £45.95.

Where cost and space are
important considerations, full -
range units are the answer. For
instance, GCS600 comprises a
single 4in (10.2cm) dual -cone
full -range drive unit, with black
grilles and "gold" finish and are
priced at £29.95.

The dashboard -mounting
GCS1200, competitively priced
at £19.95 per pair, incorporates
a 4 x 6in (10.2 x 15.2cm) driver
to cover the whole range.

Some of the new automotive
loudspeakers will be available
only to special order and these
include the top -of -the -range
GCS100 range model. This is a
true three-way loudspeaker with
a full crossover for superb
sound. Also available only to
special order are AR's GCS200,
a high -quality two-way loud-
speaker, and the GCS1400
dash -mounting full -range
single -driver system.

Teledyne Acoustic Research,
Dept EE, High Street,

Houghton Regis, Dunstable,
Beds, LU5 5QJ.

ANEW concept for building
prototype circuits using

surface mounting chips
(SMD's) has just been marketed
by Global Specialties.

With Global's Surfboard the
designer places a Plastic Leaded
Chip Carrier (PLCC) into a
carrier socket and has instant
breadboarding access to the
electronics within the chip,
without the need for soldering
or permanent connections.

The board provides a num-
bered breadboarding tie -point
for each lead on the chip carrier.
Connection of a particular lead
is achieved by inserting stan-
dard 22 -gauge hook-up wire

into the corresponding tie -
point.

Changes are easily made
without damage to the chip car-
riers or components. More than
one SMD can be included in a
prototype circuit through the
use of additional Surfboards
inter -linked through the con-
necting "blocks".

Three models are available
which accommodate 44 -pin,
68 -pin and 84 -pin devices. For
further details of local stockists
and prices contact:

Global Specialties (UK) Ltd.,
Dept EE, Shire Hill Industrial

Estate, Saffron Walden,
Essex, CBI I 3AQ.

PERIPHERAL OF THE YEAR
The WS3000 Professional modem from Miracle Technology has

won the Peripheral of the Year category of the prestigious British
Microcomputing Awards 1986.

It is the second year running that Miracle Technology has reached
the Awards finals, its WS2000 Modem was runner-up in the same
category last year. On both occasions Miracle's were the only
modems even to be shortlisted.

Miracle Technology (UK) Ltd., Dept. EE,
St. Peters Street, Ipswich, IP1 IXB.
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DATA AND REFERENCE
DIGITAL IC EQUIVALENTS
AND PIN CONNECTIONS
A. Michaels
Shows equivalents and pin connections of a popular
selection of European, American and Japanese digital
i.c.s. Also includes details of packaging, families, func-
tions, manufacturer and country of origin.
256 pages Order code BP140 £4.95

LINEAR IC EQUIVALENTS
AND PIN CONNECTIONS
A. Michaels
Shows equivalents and pin connections of a popular
selection of European, American and Japanese linear
i.c.s. Also includes details of functions, manufacturer
and country of origin.
320 pages Order code BP141 £4.95

INTERNATIONAL TRANSISTOR
EQUIVALENTS GUIDE
A. Michaels
Helps the reader to find possible substitutes for a popular
selection of European, American and Japanese transis-
tors. Also shows material type, polarity, manufacturer
and use.
320 pages Order code BP85 £2.95

INTERNATIONAL DIODE
EQUIVALENTS GUIDE
A. Michaels
Designed to help the user in finding possible substitutes
for a large selection of the many different types of diodes
that are available. Besides simple rectifier diodes, also
included are Zener diodes, I.e.d.s, diacs, triacs, thyris-
tors, OCIs, photo and display diodes.
144 pages Order code BP108 £2.25

RADIO
AN INTRODUCTION TO RADIO DXING
R. A. Penfold
Anyone can switch on a short wave receiver and play
with the controls until they pick up something, but to find
a particular station, country or type of broadcast and to
receive it as clearly as possible requires a little more skill
and knowledge. The object of this book is to help the
reader to do just that, which in essence is the fascinating
hobby of radio DXing.
112 pages Order code BP91 £1.95

INTERNATIONAL RADIO STATIONS
GUIDE
Completely revised and updated, this book is an invalua-
ble aid in helping all those who have a radio receiver to
obtain the maximum entertainment value and enjoyment
from their sets.

Clearly shown are the station site, country, frequency
and/or wavelength, as well as the effective radiation
power of the transmitter.
128 pages Order code BP155 £2.95

PROJECT CONSTRUCTION
HOW TO GET YOUR
ELECTRONIC PROJECTS WORKING
R. A. Penfold
We have all built projects only to find that they did not
work correctly, or at all, when first switched on. The aim
of this book is to help the reader overcome just these
problems by indicating how and where to start looking
for many of the common faults that can occur when
building up projects.
96 pages Order code BP110 £1.95

HOW TO DESIGN AND MAKE
YOUR OWN P.C.B.s
R. A. Penfold
Deals with the simple methods of copying printed circuit
board designs from magazines and books and covers all
aspects of simple p.c.b. construction including photo-
graphic methods and designing your own p.c.b.s.
80 pages Order code BP121 £1.95

BEGINNER'S GUIDE TO BUILDING
ELECTRONIC PROJECTS
R. A. Penfold
Shows the complete beginner how to tackle the practical
side of electronics, so that he or she can confidently build
the electronic projects that are regularly featured in
magazines and books. Also includes examples in the
form of simple prdjects.
112 pages Order code No. 227 £1.95

The books listed below have been
selected as being of special interest to
our readers, they are supplied from
our editorial address direct to your
door.

CIRCUITS AND DESIGN
PRACTICAL ELECTRONIC

BUILDING BLOCKS-BOOK 1
PRACTICAL ELECTRONIC

BUILDING BLOCKS-BOOK 2
R. A. Penfold
These books are designed to aid electronic enthusiasts
who like to experiment with circuits and produce their
own projects, rather than simply following published
project designs.

BOOK 1 contains: Oscillators-sinewave, triangular,
squarewave, sawtooth, and pulse waveform generators
operating at audio frequencies. Timers-simple mono -
stable circuits using i.c.s, the 555 and 7555 devices, etc.
Miscellaneous-noise generators, rectifiers, compare -j
tors and triggers, etc.

BOOK 2 contains: Amplifiers-low level discrete and
op -amp circuits, voltage and buffer amplifiers including
d.c. types. Also low -noise audio and voltage controlled
amplifiers. Filters-high-pass, low-pass, 6, 12, and 24dB
per octave types. Miscellaneous-i.c. power amplifiers,
mixers, voltage and current regulators, etc.
BOOK 1 128 pages Order code BP117 £1.95
BOOK 2 112 pages Order code BP118 £1.95

HOW TO DESIGN ELECTRONIC
PROJECTS
R. A. Penfold
The aim of this book is to help the reader to put together
projects from standard circuit blocks with a minimum of
trial and error, but without resorting to any advanced
mathematics. Hints on designing circuit blocks to meet
your special requirements are also provided.
128 pages Order code BP127 £2.25

POPULAR ELECTRONIC CIRCUITS
-BOOK 1
POPULAR ELECTRONIC CIRCUITS
-BOOK 2
R. A. Penfold
Each book provides a wide range of designs for elec-
tronic enthusiasts who are capable of producing working
projects from just a circuit diagram without the aid of
detailed construction information. Any special setting -up
procedures are described.
BOOK 1 160 pages Order code BP80 £1.95
BOOK 2 160 pages Order code BP98 £2.25

A PRACTICAL INTRODUCTION TO
MICROPROCESSORS
R. A. Penfold
Provides an introduction which includes a very simple
microprocessor circuit which can be constructed so that
the reader can experiment and gain practical experience.
96 pages Order code BP123 £1.95

HOW TO USE OP -AMPS
E. A. Parr
This book has been written as a designer's guide
covering many operational amplifiers, serving both as a
source book of circuits and a reference book for design
calculations. The approach has been made as non -
mathematical as possible_
160 pages Order code BP88 £2.25

COMPUTING
AN INTRODUCTION TO
COMPUTER PERIPHERALS
J. W. Penfold
Covers such items as monitors, printers, disc drives,
cassette recorders, modems, etc., explaining what they
are, how to use them and the various types and
standards. Helps you to make sure that the peripherals
you buy will work with your computer.
80 pages Order code BP170 £2.50

COMPUTER TERMINOLOGY EXPLAINED
I. D. Poole
Explains a wide range of terms that form the computer
jargon used by enthusiasts. Includes a reference guide to
the more commonly used BASIC commands.
96 pages Order code BP148 £1.95

THE PRE -COMPUTER BOOK
F. A. Wilson
Aimed at the absolute beginner with no knowledge of
computing. An entirely non -technical discussion of com-
puter bits and pieces and programming.
96 pages Order code BP115 £1.95

Popular
Electronic
Circuits
Book 1

Digital IC
Equivalents
and Pin
Connections.

A.Itnt,othiction
toComputerI

PeOpherals

Linear
EqUivaients
and Pin
e"nections

Proctival Mechanic
Soilding Stooks
Book

international
Diode
Equivalents
Guide

TO ORDER
Add 50p per order postage (overseas readers add £1, surface mail postage) and send a PO, cheque or

international money order made payable to IPC (quoting the order code and quantities required) to EE &
EM BOOKS SERVICE, 6 CHURCH STREET, WIMBORNE, DORSET. BH21 1JH.

PLEASE ALLOW 28 DAYS FOR DELIVERY
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Printed circuit boards for certain constructional projects are now
available from the PCB Service, see list. These are fabricated in glass -
fibre, and are fully drilled and roller tinned. All prices include VAT and
postage and packing. Add £1 per board for overseas airmail.
Remittances should be sent to: The PCB Service, Everyday Electronics
and Electronics Monthly Editorial Offices, 6 Church Street, Wimborne,
Dorset BH21 1JH. Cheques should be crossed and made payable to
Everyday Electronics.

Please note that when ordering it is important to give project title as well
as order code. Please print name and address in Block Caps. Do not
send any other correspondence with your order.

Readers are advised to check with prices appearing in the
current issue before ordering.

NOTE: Please allow 28 days for delivery. We can only supply
boards listed in the latest issue.

PROJECT TITLE Order Code Cost

- JULY '83 -
User Port Input/Output M.I.T. Part 1 8307-01 £4.82
User Port Control M.I.T. Part 1 8307-02 £5.17

- AUGUST '83 -
Storage 'Scope Interface, BBC Micro 8308-01 £3.20
Car Intruder Alarm 8308-02 £5.15
High Power Interface M.I.T. Part 2 8308-03 £5.08
Pedestrian Crossing Simulation M.I. T Pt 2 8308-04 £3.56

- SEPTEMBER '83 -
High Speed A -to -D Converter M.I.T. Pt 3 8309-01 £4.53
Signal Conditioning Amplifier M.I.T. Pt 3 8309-02 £4.48
Stylus Organ 8309-03 £6.84

- OCTOBER '83 -
D -to -A Converter M.I.T. Part 4 8310-01 £5.77
High Power DAC Driver M.I.T. Part 4 8310-02 £5.13

- NOVEMBER '83 -
TTL/Power Interface for Stepper Motor

M.I.T. Part 5 8311-01 £5.46
Stepper Motor Manual Controller

M.I.T. Part 5 8311-02 £5.70
Speech Synthesiser for BBC Micro 8311-04 £3.93

- DECEMBER '83 -
4 -Channel High Speed ADC (Analogue)

M.I.T. Part 6 8312-01 £5.72
4 -Channel High Speed ADC (Digital)

M.I.T. Part 6 8312-02 £5.29
Environmental Data Recorder 8312-04 £7.24
Continuity Tester 8312-08 £3.41

- JANUARY '84 -
Biological Amplifier M.I.T. Part 7 8401-02 £6.27
Temp. Measure & Control for ZX Comprs

Analogue Thermometer Unit 8401-03 £2.35
Analogue -to -Digital Unit 8401-04 £2.56

Games Scoreboard 8401-06/07 £9.60

- FEBRUARY '84 -
Oric Port Board M.I.T. Part 8 8402-02 £9.56
Negative Ion Generator 8402-03* £8.95
Temp. Measure & Control for ZX Comprs

Relay Driver 8402-04 £3.52

- MARCH '84 -
Latched Output Port M.I.T. Part 9 8403-01 £5.30
Buffered Input Port M.I.T. Part 9 8403-02 £4.80
VIC-20 Extension Port Con. M.I.T. Part 9 8403-03 £4.42
CBM 64 Extension Port Con. M.I.T. Part 9 8403-04 £4.71
Digital Multimeter Add -On for BBC Micro 8403-05 £4.63

- APRIL '84 -
Multipurpose Interface for Computers 8404-01 £5.72
Data Acquisition "Input" M.I.T. Part 10 8404-02 £5.20
Data Acquisition "Output" M.I.T. Part 10 8404-03 £5.20
Data Acquisition "PSU" M.I.T. Part 10 8404-04 £3.09
A.F. Sweep Generator 8404-06 £3.55
Quasi Stereo Adaptor 8404-07 £3.56

Simple Loop Burglar Alarm
Computer Controlled Buggy M.I.T. Part 11

Interface/Motor Drive
Collision Sensing - MAY '84 -

Power Supply

8405-01

8405-02
8405-03
8405-04

£3.07

£5.17
£3.20
£4.93

Infra -Red Alarm System 8406-01 £2.55
Spectrum Bench PSU - JUNE '84 - 8406-02 £3.99
Speech Synthesiser M.I.T. Part 12 8406-03 £4.85
Train Wait 8406-04 £3.42

Ultrasonic Alarm System 8407-01 £4.72
Electronic Code Lock - JULY '84 -

Main Board 8407-03 £2.70
Keyboard 8407-04 £3.24

- AUGUST '84 -
Microwave Alarm System 8408-01 £4.36
Temperature Interface -BBC Micro 8408-02 £2.24

- SEPTEMBER '84 -
Op -Amp Power Supply 8409-01 £3.45

Micro Memory Synthesiser - OCT '84 -Drill Speed Controller
8410-01'
8410-04

£8.20
£1.60

- NOVEMBER '84 -
BBC Audio Storage Scope Interface 8411-01 £2.90
Proximity Alarm 8411-02 £2.65

TV Aerial Pre -Amp 8412-01* £1.60
Digital Multimeter - DEC '84 - 8412-02/03* £5.20
Mini Workshop Power Supply 8412-04 £2.78

Power Lighting Interface 8501-01 £8.23
Games Timer - JAN '85 - 8501-02 £1.86
Spectrum Amplifier 8501-03 £1.70

Solid State Reverb '85 8502-01 £3.68
Computerised Train Controller FEB - 8502-02 £3.38

- MARCH '85 -
Model Railway Points Controller 8503-01 £2.78

Insulation Tester - APRIL '85 -Fibrelarm
8504-02
8504-03

£2.53
£3.89

Auto Phase 8505-01 £3.02
Amstrad CPC464 Amplifier

Mains Unit - MAY '85 - 8505-02 £2.56
Micro Unit 8505-03 £2.56

Voltage Probe 8505-04 £2.67

Graphic Equaliser - JUNE '85 - 8506-01 £3.21
Computerised Shutter Timer 8506-02 £2.09
Mono-Bi-Astables (Experimenters Test Bed) 8506-03 £2.45
Across The River 8506-04 £2.63

Amstrad User Port - JULY '85 - 8507-01 £3.17
Nascom Printer Handshake 8507-02 £1.90

Electronic Building Blocks -1 to 4t 8508-01 £2.98
Tremolo/Vibrato 8508-02 £4.03
Stepper Motor Interface- AUGUST '85 - 8508-03 £2.40
Drill Control Unit 8508-04 £2.90

- SEPTEMBER '85 -
RIAA Preamplifier Input Selector 8509-01 £2.36
Transducers Resistance Thermometer 8509-03 £2.64
Transducers Semiconductor Temp. Sensor 8509-04 £2.72

Transducers Strain Gauge - OCT '85 - 501 £2.87
Soldering Iron Power Controller 504 £2.09

Transducers- - NOV '85 -
Magnetic Flux Density Amplifier 505 £3.93

Hallowe'en Projects (single board price) 506 £2.68

Electronic Building Block - 5 to 8t 508 £3.07
Opto Intensity Transducer - DEC '85 - 509 £2.70
Digital Capacitance Meter 512 £5.22

Mains Delay 503 £2.13
Musical Doorbell - JAN '86 - 507 £2.91
Tachometer -Transducers 513 £2.52

Touch Controller 510 £2.65
Function Generator - FEB '86 - 514 £3.10
Function Generator PSU Board 515 £2.09
pH Transducer 516 £2.75

*Complete set of boards.
M.I.T.-Microcomputer Interfacing Techniques, 12 -Part Series.
tFour separate circuits.
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PROJECT TITLE Order Code Cost

Mains Tester & Fuse Finder 517 £2.27
BBC Midi Interface '86 518 £3.26- MAR -Stereo Hi Fi Preamp 519 £5.70
Interval Timer 520 £2.36

Stereo Reverb - APRIL '86 - 521 £2.89

PA Amplifier - MAY '86 - 511 £2.67
Mini Strobe 522 £2.24
Auto Firing Joystick Adaptor 523 £2.73

Watchdog - JUNE '86 - 524 £2.81
Percussion Synthesiser 525 £5.65
Personal Radio 526 £2.07

Prices for ELECTRONICS MONTHLY PCBs are shown below.

PROJECT TITLE Order Code Cost

Cymbal Synth '84 EM/8412/2 £4.86- DEC -
The Thing EM/8412/4 £3.18

Speak Board - JAN '85 - EM/8501/2 £3.97

Headphone Amp EM/8502/ 1 £2.08
Intelligent Nicad Charger EM/8502/2 £3.50
Anti Phaser - FEB '85 - EM/8502/3 £4.56
Logical Lock EM/8502/4 £3.58
Touch Dimmer EM/8502/5 £3.29

Courtesy Light Extender MAR '85Disco Light Chaser
EM/8503/4
EM/8503/5

£3.29
£8.11

Sound to Light Unit EM/8504/1 £4.02
Car Audio Booster - APRIL '85 - EM/8504/2 £3.12
Short Wave Converter EM/8504/3 £4.15

Car Burglar Alarm - MAY '85 - EM/8505/3 £2.88

Metal Detector EM/8506/1 £4.24
Power Supply Module - JUNE '85 - EM/8506/3 £3.20
Flanger EM/8506/4 £4.29

r- -I. - - - - - - - - - - - - - 1
I

EE PRINTED CIRCUIT BOARD SERVICE I
Please send me the following p.c.b.s.

Make cheques/PO payable to. Everyday Electronics I
I Order Code Quantity Price I
I
I I
I I
I I

I enclose

Name I
Address I

I I

cheque/PO for £

Please make cheques/PO payable to:
Everyday Electronics

=II NM INN MI J

El Tom/EI Tom+ EM/8507/ 1 £4.10
El Cymb - JULY '85 - EM/8507/2 £4.10
Heartbeat Monitor EM/8507/3 £3.98
Real Time Clock EM/8507/4 £4.62

Intelligent Windscreen Wiper
(incl. Terminal Board)

EM/8508/ 1/2 £4.12

HiFi Intercom (2 boards) EM/8508/3 £2.92
Plug Power Supply - AUG '85 - EM/8508/4 £2.28
Hot Water Alarm EM/8508/5 £1.93

Sinewave Generator - SEPT '85 - EM/8509/ 1 £2.76
Household Battery Checker EM/8509/2 £1.97
Audio Signal Generator EM/8509/3 £3.65

Compressor Pedal EM/8510/1 £2.87
Computer Cont Filter - OCT '85 - EM/8510/2 £2.94
Spectrum MIDI Interface EM/8510/3 £3.20

"If last month's issue of EVERYDAY
ELECTRONICS and ELECTRONICS

MONTHLY hadn't sold out, I'd have
got the thing
off the
ground by
now."

Sell-out disappointment can upset
even the less ambitious reader! So
why not take out a year's subscription
and make sure of every issue, straight
from the Publisher? Complete the
order form below and post to:
EVERYDAY ELECTRONICS and
ELECTRONICS MONTHLY,
Subscription Dept., 6 Church Street,
Wimborne, Dorset BH21 1JH.
Tel. 0202 881749.
Annual subscription rates:
UK £13. Overseas £15

EVERYDAY ELECTRONICS and ELECTRONICS MONTHLY

Annual subscription rates: SUBSCRIPTION ORDER FORM
UK f 13. Overseas £15

To: Everyday Electronics and Electronics Monthly,
Subscription Dept., 6 Church Street, Wimborne,
Dorset BH21 1JH.

Name

Address

I enclose payment of £ (cheque/PO payable to Everyday
Electronics)

Everyday Electronics, June 1986 333



Eilammics
and N ;IONE
Reach effectively and economically today's enthusiasts anxious to know of your
products and services through our semi -display and classified pages. The prepaid rate
for semi -display spaces is £8.00 per single column centimetre (minimum 2.5cm). The prepaid
rate for classified advertisements is 30 pence per word (minimum 12 words), box number
60p extra. VAT must be added. All cheques, postal orders, etc., to be made payable to
Everyday Electronics. Treasury notes should always be sent registered post. Advertise-
ments, together with remittance, should be sent to the Classified Advertisement Dept.,
Everyday Electronics, 6 Church Street, Wimborne, Dorset BH21 1JH. Tel.: 0202 881749.

Service Sheets
SOLE SUPPLIERS TVNideo repair manuals/cir-
cuits. 1000s s/manuals supplied by return. S/sheets
£2.50 except CTV/M. centres/stereos £3.50 LSAE
with every order/query please brings free pricelist/
magazine inc s/sheet - or phone 0698 884585 (883334
outwith business hours) TIS(EE) 76 Church Street
Larkhall Lanarkshire. .

SERVICE MANUALS. Any make, model, age. Tele-
visions, audio, video, test, amateur, vintage, etc.
Thousands stocked. SAE enquiries. MAURITRON
(EE), 8 Cherrytree Road, Chinnor, Oxfordshire
OX9 40Y.

Receivers & Components
TURN YOUR SURPLUS capacitors, transistors etc.,
into cash. Contact COLES HARDING & CO., 103
South Brink, Wisbech, Cambs. 0945-584188.
Immediate settlement.

Receivers & Comps-Cont.

1000 RESISTORS £6.50 full spec, carbon film not
preformed. At least 10 per value 4R7 to 10M E12.
Cheque/postal orders to I. SPEARMAN, No. 18
Queensway, Shelley. Ongar, Essex, or S.A.E. for
list.

Please mention
EVERYDAY ELECTRONICS

when replying to
Classified Ads

Repairs

WE REPAIR ANYTHING electronic, from PC -
XT's to transceivers. Fast turnaround. Quotes by
phone. W.T.S. ELECTRONICS, 5-9 Portland
Road, Luton, Beds. Tel: (0582) 458375. Tlx.
265871.

Plans & Design

AMAZING electronic plans, lasers, gas, ruby,
light shows, high voltage teslas, van de graph,
surveillance devices, ultrasonics, pyrotechnics,
new solar generator, 150 more projects, catalogue
S.A.E., Plancentre, Old String Works, Bye Street,
Ledbury HR8 2AA.

Miscellaneous

THE SCIENTIFIC WIRE COMPANY
811 Forest Road, London Ell. Telephone 01-531 1568

ENAMELLED COPPER WIRE
SING 1 lb 8 oz 4 oz 2 oz
8 to 34 3.63 2.09 1.10 0.88

35 to 39 3.82 2.31 1.27 0.93
40 to 43 6.00 3.20 2.25 1.61
44 to 47 8.67 5.80 3.49 2.75
48 15.96 9.58 6.38 3.69

SILVER PLATED COPPER WIRE
14 to 30 9.09 5.20 2.93 1.97

TINNED COPPER WIRE
14 to 30 3.97 2.41 1.39 0.94
Fluxcore
Solder 5.90 3.25 1.82 0.94

Prices include P&P VAT. Orders under £2 add 20p.
SAE for list of copper and resistance wire.

Dealer enquiries welcome.
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FORM PLEASE WRITE IN BLOCK CAPITALS

insert the advertisement below in the next available issue of Everyday Electronics for Insertions. I enclose Cheque/P.O.
(Cheques and Postal Orders should be made payable to Everyday Electronics)

for,

6/86

IIII.III

1986

I
I
1

I
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I

HEADING REQUIRED: EVERYDAY ELECTRONICS
and ELECTRONICS MONTHLY
Classified Advertisement Dept.,
6 Church Street,
Wimborne,
Dorset BH21 1JH.
Telephone 0202 881749
Rate: 30p per word, minimum 12 words. Box No. 60p extra.
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EDUCATION
AND

CAREERS

MAKE YOUR INTERESTS PAY!
More than 8 million students throughout the world have found it worth their while! An
ICS home -study course can help you get a better job, make more money and have more
fun out of life! ICS has over 90 years experience in home -study courses and is the largest
correspondence school in the world. You learn at your own pace, when and where you
want under the guidance of expert 'personal' tutors. Find out how we can help YOU.
Post or phone today for your FREE INFORMATION PACK on the course of your choice.
(Tick one box only!!

Electronics n- Radio, Audio
and TV Servicing III

Basic Electronic
Engineering (City & Guilds) ill

Radio Amateur Licence
Exam (City & Guilds) III

Electrical Engineering EI Car Mechanics CI

Electrical Contracting/
Installation CI

Computer
Programming El

GCE over 40 '0' and 'A' level subjects CI

Name

Address P. Code
International Correspondence Schools. Dept ECS66, 312/314 High St.,
Sutton, Surrey SM I 1PR. Tel: 01-643 9568 or 041-221 2926 (24 hrs).

cRi ELECTRONICS LTD0 D

It's no secret!
. . . that there is a

real difference at Cricklewood Electronics.
That's why you should never be without the FREE
CRICKLEWOOD ELECTRONICS COMPONENTS
CATALOGUE, for sheer variety, competitive prices

and service from the U.K.'s number one 100%
component shop. No gimmicks, no gadgets or

computers, just components, millions of them, all
easily available by mail order, calling or credit card

telephone orders. Just pick up the phone (or a pen) to
get your FREE copy now (no S.A.E. required). You

have nothing to lose.

CRICKLEWOOD ELECTRONICS LTD.
40 Cricklewood Broadway NW2 3ET
01-450 0995 & 01-452 0161

ALL MAJOR CREDIT CARDS ACCEPTED
Telex 914977 Phone or write toda

TELEVISION/COMPUTER
FULL-TIME TRAINING

(FULL TIME COURSES APPROVED BY THE BUSINESS & TECHNICIAN
EDUCATION COUNCIL)

2 YEAR
BTEC National Diploma (OND)

ELECTRONIC &
COMMUNICATIONS ENGINEERING

(Electronics, Computing, Television, Video, Testing & Fault Diagnosis)

15 MONTHS
BTEC National Certificate (ONC)

ELECTRONIC EQUIPMENT SERVICING
(Electronics, Television, Video Cassette Recorders, CCTV, Testing & Fault Diagnosis)

15 MONTHS
BTEC National Certificate (ONC)

COMPUTING TECHNOLOGY
(Electronics, Computing Software/Hardware, Microelectronic Testing Methods)

9 MONTHS
BTEC Higher National Certificate (HNC)

COMPUTING TECHNOLOGY & ROBOTICS
(Microprocessor Based Systems, Fault Diagnosis, ATE, Robotics)

THESE COURSES INCLUDE A HIGH PERCENTAGE OF COLLEGE BASED
PRACTICAL WORK TO ENHANCE FUTURE EMPLOYMENT PROSPECTS

SHORTENED COURSES OF FROM 3 TO 6 MONTHS CAN BE ARRANGED FOR
APPLICANTS WITH PREVIOUS ELECTRONICS KNOWLEDGE

NEXT SESSION TO COMMENCE
ON SEPTEMBER 15th
H.N.C. SEPTEMBER 1986

FULL PROSPECTUS FROM

LONDON ELECTRONICS COLLEGE (Dept EE)
20 PENYWERN ROAD, EARLS COURT,
LONDON SVV5 9SU. Tel: 01-373 8721.

Master
Electronics -Microprocessors

- Now! The Practical Way!

 Electronics - Microprocessors
- Computer Technology is the
career and hobby of the
future. We can train you at
home in a simple, practical
and interesting way.

 Recognise and handle all
current electronic components
and 'chips'.

 Carry out full programme of
experimental work on electronic computer circuits
including modern digital technology.

 Build an oscilloscope and master circuit diagram.
 Testing and servicing radio - T.V. - hi-fi and all types of

electronic/computer/industrial equipment.

NewJob?NewCareer?NewHobby?
SEND THIS COUPON NOW.

cOLOUR ERDCHUFCE
Please send your brochure wrthout any obl.gabon io

NAME

OR TELEPHONE OS 062 67 6114
OR TELEX 22758 124 HR SERVICE)

I am interested in

ADDRESS

CD
w

I 1 ELECTRONICS
.1 MICROPROCESSORS

CACC

I RADIO AMATEUR LICENCE
I CITY & GUILDS EXAMS

Other Subjects

.itish flaticmal lladiacillectronics School P O. Box 7, leigrumuth,Devon,TQl4CLIS
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A COMPLETE SECURITY
SYSTEM
FOR ONLY
£39.95 + v.A.T.
contains
Control U. CA 1250

Enclosure& mechanical fixings
HW 125(

Key Switch & 2 Keys KS 3901

LEDs LED 1

51,1 Horn Speaker HS 589

4 high paltry surface mounti7is
10251MagnelK %Aches

Well only a dew 11081s of your time 0 is pour* to asomble and instal, en effectve security system
ICJ protect your family and properly. at the angoingly low cost of C3995 a V A T No compromises
have been made and no comers have been cut The outstanding value results from volume
Production and direct supply essemdy s snaiyhtlorward with the detailed instructions provrded
When nstalled you can enjoy de peace of mind that results from a secure home Should you wish
to increase the /eyed of security, the system may be mended at any tone with addrtonal magnetic
swItclies.pressure pada Multrasonic sensors Don't wail until irstoo ate order today

Order Code. CS 1310

EXTENDED SYSTEM CS 1480 Price f62.50+ V.A.T.
Tors system contams in addhon to the CS 137C an uNresonu detector type US 5063  its enclosure,
an addrtonal horn speaker and a further 2 magneto swathes Tors system represents outstanding
value for money or the high lever of securrty orovded Oren coed C51403

DIGITAL ULTRASONIC DETECTOR US 5063

 Adjustable ranee up to 25f,
 31ewrisoldiscromunahon against false alarm
 Crystal controlled
 low -consumption 12V operation
 Bullrm delays et fixed alarm time

An advanced ultrasonic movement detector which employs digow
cirCuit techniques Is provide a cupetio performance for security
moor.. light syntching and rndustnal applications

Suitable metal enclosure
U.95 +VAT

ALARM
CONTROL
UNIT
CA 1250
E19.95
* V.A.T.

The heart of any alarm system is the control unit The CA 1259 offers
every possde feature that is !defy to be 'Beloved when constructing

irinstallation or simply controlling a single magnetic switch on the
on door

 131111iin ekoromc wen doves 2 loud speakers
 80V,des exit and entrance dereystogether kedh freed alarm time
 Eon, back,up wrth Irdare charge faddy
 CV -arm th magnet SWOPS oress,e pads ,lvasorhc or

 Ant, tamper and pan, lacadv
 $tachlrsed output voltage
2 opetatmg modes lull alarm anti tamper and panic facility

 Screw connections for ease 01 installation
 Separate relay contacts tor external loads

st loop lac as,

Suitable enclosure for CA 1250 as shown in
Complete Security System - HW 1250
Price £9.50 + V.A.T.

Add 15/0 V.A.T.to all prices Write or telephone for full
U.K. orders at 75se PAP. details of our complete range
export postage at cost Please allow 7 days for delivery
Units on demonstration Order by telephone or postShop hours 9.00 to 5.30 p.m.

usingClosed all day Wednesday INruaNli
Saturday 9.00 to 1.00 p.m. your credit card,

INFRARED
SYSTEM
IR 1470

 Operates over distance up to 5011.
LEO indKator for easy alignment

 17V low current operation.
 Snore note mounting

The ift 14% vr,,,des an 0,,s.bre beam of hght Arne, weh

inm,ism in men m order 10 operate Ole, 2
ldudMS or eduromert Idea for use m securrty, photogfaOhd

ral apolrcatOnS

Price only E25.61 + V.A.T.

Suitable power supply and
timed switching unit for use
with IR 1470, etc.
Price f13.95 V.A.T.

Dept EE1 5,
RISCOMP 51 Poppy Road.

Princes Risborough,

LIMITED !Princes RiPsborough
Bucks. H17 9DB

(084 441 6326

INDEX TO ADVERTISERS
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SAME DAY DESPATCH
COMPONENT PACKS

Ref Qty Description Price

EP1 300 Assorted Resistors Mixed Types £0.95
EP2 350 Carbon Film Resistors Pre -Formed £0.95
EP3 200 Assorted Capacitors All Types £0.95
EP4 75 C280 Capacitors Mixed Values £0.95
EP5 200 Ceramic Capacitors £0.95
EP6 4 1000mfd 16V Axial Electrolytic Capacitors £0.40
EP7 20 Zener Diodes £0.30
EP8 20 Assorted LEDS £0.95
EP9 50 Electrolytics Assorted £0.95
EP10 5 Red LEDS 3mm £0.30
EP 11 5 Yellow LEDS 3mm £0.30
EP12 5 Amber LEDS Triangle 3mm £0.30
EP16 5 Small Screwdrivers Plastic Handles £0.40
EP17 20 Tantalum Capacitors 330mfd 63V 5% £1.25
EP20 1 Solder Pack of 18 swg 3 Metres £0.40
EP21 30 Metres PVC Multi -Strand Wire Mixed Colours £0.90
EP22 40 Metres PVC Single Strand Wire £0.90
EP26 1 Copper Clad Pack Mixture of Sizes, etc. £2.00
EP28 200 Silicon Diodes Like 1N4148 (unmarked) £0.95
EP29 50 BC107/8 Transistors (uncoded) £0.95
EP30 50 BC177/8 Transistors (uncoded) £0.95
EP31 50 1 amp 1 N4000 Diodes (uncoded) £0.95
EP32 50 Wirewound Resistors Mixed £0.95
EP33 15 Assorted Heatsinks TO -1-3-5-18-220 £0.95
EP34 10 Silicon Power Transistors like 2N3055 £0.95
EP35 20 Assorted LED Displays £4.75

* LOWEST PRICES
* SAME DAY DELIVERY IF YOU ARE

WITHIN 20 MILES OF HERTFORD
(MIN ORDER £50)

* NEW PRICE LIST NOW AVAILABLE
* TELEPHONE ORDERS WELCOME
* OFFICIAL ORDERS WELCOME
ADD 75p P&P plus 15% VAT (No Min Order)

NEW MAIL ORDER

CATALOGUE
£1.60

(Free with orders over £10)

STEREO REVERB UNIT
Delay Time 35mS
Decay Time 2.5 to 3 seconds
Reverb Level Control
(EE APRIL 86) KIT PRICE £22.50
Front Panel, Labelled with punched slots PRICE £3.50

3 WARREN PLACE, RAILWAY STREET, HERTFORD, HERTS
TEL HERTFORD 0992 54319
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POWER AMPLIFIER MODULES
PRICES INCLUDE V.A.T. * PROMPT DELIVERIES * FRIENDLY
SERVICE * LARGE S.A.E. 28p STAMP FOR CURRENT LIST

;VIP POWER AMPLIFIER M  DULES Now enjoy a
world-wide reputation for quality, reliability and performance at a realistic price. Four models
available to suit the needs of the professional and hobby market. i.e., Industry, Leisure,
Instrumental and Hi-Fi. etc. When comparing prices, NOTE all models include Toroidal
power supply, Integral heat sink, Glass fibre P.C.B.. and Drive circuits to power compatible
Vu meter. Open and short circuit proof. Supplied ready built and tested.

OMP100 Mk II Bi-Polar Output power 110
watts R.M.S. into 4 ohms, Frequency Res-
ponse 15Hz - 30KHz -3dB, T.H.D. 0.01%,
S.N.R. --118dB, Sens. for Max. output
500mV at 10K, Size 355 X 115 X 65mm.
PRICE f33.99 + f3.00 P&P.
OMP/MF100 Mos-Fet Output power 110
watts R.M.S. into 4 ohms, Frequency Res-
ponse 1Hz - 100KHz -3dB, Damping Factor
80, Slew Rate 45V/uS, T.H.D. Typical
0.002%, Input Sensitivity 500mV, S.N.R.
-125dB. Size 300 X 123 X 60mm. PRICE
PRICE £39.99 + £3.00 P&P.

OMP/MF200 Mos-Fet Output power 200
watts R.M.S into 4 ohms, Frequency Res-
ponse 1Hz - 100KHz -3dB, Damping Factor
250, Slew Rate 50V/uS, T.H.D. Typical
0.001%, Input Sensitivity 500mV, S.N.R.
-130dB. Size 300 X 150 X 100mm. PRICE
PRICE £62.99 + £3.50 P&P.

OMP/MF300 Mos-Fet Output power 300
watts R.M.S. into 4 ohms, Frequency Res-
ponse 1Hz - 100KHz -3dB, Damping Factor
350, Slew Rate 60V/uS, T.H.D. Typical
0.0008%, Input Sensitivity 500mV, S.N.R.
-130dB, Size 330 X 147 X 102mm. PRICE
PRICE f79.99 £4.50 P&P.

NOTE: Mos-Fels are supplied as standard (100KHz bandwidth & Input Sensitivity500mV). If required,
P.A. version (50KHz bandwidth & Input Sensitivity 775mV). Order - Standard or P.A.

Vu METER Compatible with our four amplifiers detailed above. A
very accurate visual display employing 11 L.E.D. diodes (7 green, 4
red) plus an additional on/off indicator. Sophisticated logic control
circuits for very fast rise and decay times. Tough moulded plastic
case, with tinted acrylic front. Size 84 X 27 X 45mm.
PRICE £8.50 + 50p P&P.

LOUDSPEAKERS 5" to 15" up to 400 WATTS R.M.S.
Cabinet Fixing in stock. Huge selection of McKenzie
Loudspeakers available including Cabinet Plans. Large
S.A.E. (28p) for free details.
POWER RANGE
8" 50 WATT R.M.S. Hi-Fi/Disco.
20 oz. magnet. 1Y," ally voice coil. Ground ally fixing escutcheon. Res. Freq. 40Hz. Freq. Resp. to
6KHz. Sens. 92dB. PRICE£10.99Available with black grille £11.99 P&P £1.50 ea.
12" 100 WATT R.M.S. Hi-Fi/Disco
50 oz. magnet. 2" ally voice coil. Ground ally fixing escutcheon. Die-cast chassis. White cone. Res.
Freq.
25Hz. Freq. Resp. to 4KHz. Sens. 95dB. PRICE £28.60+ £3.00 P&P ea.

McKENZIE
12" 85 WATT R.M.S. C1285GP Lead guitar/keyboard/Disco.
2" ally voice coil. Ally centre dome. Res. Freq. 45Hz. Freq. Resp. to 6.5KHz. Sens. 98dB. PRICE £28.76
+ £3.00 P&P ea.
12" 85 WATT R.M.S. C1285TC P.A./Disco 2" ally voice coil. Twin cone.
Res. Freq. 45Hz. Freq. Resp. to 14KHz. PRICE £29.80 + £3 DO P&P ea.
15" 150 WATT R.M.S. C15 Bass Guitar/Disco.
3" ally voicecoil. Die-cast chassis. Res. Freq. 40Hz. Freq. R esp. to 4KHz. PRICEE54.991- £4.00 P&P ea.
10" 60 WATT R.M.S. 1060GP Gen. Purpose/Lead Guitar/Keyboard/Mid. P.A.
2" voice coil. Res. Freq. 75Hz. Freq. Resp. to 7.5KHz. Sens. 99dB. PRICE £19.15 +£2.00 P&P.
10" 200 WATT R.M.S. C10200GP Guitar, Keyboard. Disco.
2" voice coil. Res, Freq. 45Hz. Freq. Resp. to 7KHz. Sens. 101dB. PRICE £51.00 + £3.00 P&P.
15" 200 WATT R.M.S. C15200 High Power Bass.
Res. Freq. 40Hz. Freq. Resp. to 5KHz. Sens 101dB. PRICE £59.45 + £4.00 P&P.
15" 400 WATT R.M.S. C15400 High Power Bass.
Res. Freq. 40Hz. Freq. Resp. to 4KHz. Sens. 102dB, PRICE £85.00 + £4.00 P&P.

WEM
5" 70 WATT R.M.S. Multiple Array Disco etc.
1" voice coil. Res. Freq. 52Hz. Freq. Resp. to 5KHz. Sens. 89dB. PRICE .£19.99 + £1.60 P&P ea.
8" 150 WATT R.M.S. Multiple Array Disco etc.
1" voice coil. Res. Freq. 48Hz. Freq. Resp. to 5KHz. Sens. 92dB. PRICE £29.49 + £1.50 P&P ea.
10" 300 WATT R.M.S. Disco/Sound re -enforcement etc.
1y3" voice coil. Res. Freq. 35Hz. Freq. Resp. to 4KHz. Sens. 92dB. PRICE £33.49 + £2.00 P&P ea.
12" 300 WATT R.M.S. Disco/Sound re -enforcement etc.
11/2" voice coil. Res. Freq. 35Hz. Freq. Resp. to 4KHz. Sens. 94dB. PR10E£41.49 + £3.00 P&P ea.

SOUNDLAB (Full Range Twin Cone)
5" 60 WATT R.M.S. Hi-Pi/Multiple Array Disco etc.
1" voice coil Res. Freq. 63Hz. Freq. Resp. to 20KHz. Sens. 86dB. PRICE £9.99 + £1.00 P&P ea.
6'/2" 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc.
1" voice coil. Res. Freq. 56Hz. Freq. Resp. to 20KHz. Sens. 89d8. PRICE £10.99+ £1.50 P&P ea.
8" 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc.
13/4" voice coil. Res. Freq. 38Hz. Freq. Resp. to 20KHz. Sens. 89dB. PRICE £12.99 £1.50 P&P ea.

10" 60 WATT R.M.S. Hi-Fi/Disco etc.
1)4," voice coil. Res. Freq. 35Hz. Freq. Resp.1015KHz. Sens. 89dB. PRICE £16 49 + f2.00 P&P

HOBBY KITS. Proven designs including glass
fibre printed circuit board and high quality
components complete with instructions.

FM MICROTRANSMITTER (BUG) 90/105MHz with very sensitive
microphone. Range 100/300 metres. 57 x 46 x 14mm (9 volt)
Price: £8.62 + 75p P&P.
3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap controlled
professional performance. Range up to 3 miles 35 x 84 x 12mm
(12 volt) Price: f14.49+ 75p P&P.
SINGLE CHANNEL RADIO CONTROLLED TRANSMITTER/
RECEIVER 27MHz. Range up to 500 metres. Double coded modulation.
Receiver output operates relay with temp/240 volt contacts. Ideal for
many applications. Receiver 90 x 70 x 22mm (9/12 volt). Price:
£17.82 Transmitter 80 x 50 x 15mm (9/12 volt). Price: £11.29
P&P + 75p each. S.A.E. for complete list. 3 watt FM

Transmitter

IIII7POSTAL CHARGES PER ORDER £1.00 minimum. OFFICIAL
ORDERS WELCOME, SCHOOLS, COLLEGES, GOVERNMENT
BODIES, ETC. PRICES INCLUSIVE OF V.A.T. SALES COUNTER
VISA/ACCESS/C.O.D. ACCEPTED.

BURGLAR ALARM
Better to be 'Alarmed' then terrified.
Thandar's famous 'Minder' Burglar Alarm System.
Superior microwave principle. Supplied as three units,
complete with interconnection cable. FULLY
GUARANTEED.
Control Unit - Houses microwave radar unit, range
up to 15 metres adjustable by sensitivity control.
Three position, key operated facia switch - off - test
- armed. 30 second exit and entry delay.
Indoor alarm - Electronic swept freq. siren.
104dB output.
Outdoor Alarm - Electronic swept freq. siren. 98dB
output. Housed in a tamper -proof heavy duty metal
case.
Both the control unit and outdoor alarm contain re-
chargeable batteries which provide full protection
during mains failure. Power requirement 200/260 Volt
AC 50/60Hz. Expandable with door sensors, panic
buttons etc. Complete with instructions
SAVE ti 38.00 Usual Price £228.85

IDEAL for Work-
shops, Factories,
Offices, Home,
etc. Supplied
ready built.

BKE's PRICE £89.99 + £4.00 P&P
Why buy a co)!ection of self -assembly boards!

OMP LINNET LOUDSPEAKERS
The very best in quality and value. Made specially to suit todays
need for compactness with high sound output levels. Finished in
hard wearing black vynide with protective corners, grille and carry
handle. All models 8 ohms. Full range 45Hz - 20KHz. Size 20" X
15" X 12". Watts R.M.S. per cabinet. Sensitivity 1W. 1mtr. dB.

OMP 12-100 Watts 100dB. Price £149.99
per pair.
OMP 12-200 Watts 102dB. Price f 199 .99
per pair. Delivery: Securicor £8.00 per pair

19" STEREO RACK AMPS

Professional 19" cased Mos-Fet stereo
amps. Used the World over in clubs, pubs,
discos etc. With twin Vu meters, twin
toroidal power supplies, XLR connections.
MF600 Fan cooled. Three models (Ratings
R.M.S. into 4ohms). Input Sensitivity 775mV
MF200 (100 + 100)W. £169.00 Securicor
MF400 (200 + 200)W. £228.85 Delivery
MF600 (300 + 300)W. £274.85 £10.00

BSR P295 ELECTRONIC TURNTABLE
* Electronic speed control 45 & 33'/, r.p.m. * Plus/
Minus variable pitch control * Belt driven * Alu-
minium platter with strobed rim * Cue lever * Anti -
skate (bias device) * Adjustable counter balance *
Manual arm * Standard 1/2" cartrige fixings *
Supplied complete with cut out template * D.0
Operation 9-14v D.C. 65mA

Price £36.99 - £3.00 P&P.

ADC Q4 ma g. cartridge for above. Price f4.99 ea. P&P 50p

1 K -WATT
SLIDE DIMMER

* Control loads up
to 1Kw
4 Compact Size
43/3 X 1" X 21/2"
* Easy snap in fix-
ing through panel/
cabinet cut out
* Insulated plastic
case
* Full wave con-
trol using 8 amp
triac
* Conforms to

BS800
* Suitable for both resist-
ance and inductive loads. In-
numerable applications in
industry, the home, and
disco's, theatres etc.
PRICE £13.99 + 75p P&P4)

111

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 ordinaiy dynamic tweeters. As a
crossover is not required these units can be added to existing speaker systems of up to 100 watts
(more if 2 put in series). FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH TWEETER.

TYPE 'A' (KSN2036A) 3" round with protective wire
 mesh, ideal for bookshelf and medium sized Hi-fi
speakers. Price (4.90 each + 40p P&P.
TYPE '8' (KSN1005A) 31/2" super horn. For general
purpose speakers, disco and P.A. systems etc. Price
£5.99 each + 40p P&P.
TYPE 'C' (KSN6016A) 2" X 5" wide dispersibn
horn. For quality Hi-fi systems and quality discos etc.
Price £6.99 each + 40p P&P.
TYPE '13' (KSN1025A) 2" X 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 £9.99 each
+ 40p P&P.
TYPE 'E' IKSN1038A) 33/4" horn tweeter with
attractive silver finish trim. Suitable for Hi-fi monitor
systems etc. Price £5.99 each + 40p P&P.
LEVEL CONTROL Combines on a recessed mount-
ing plate, level control and cabinet input jack socket.
85 x 85 mm. Price £3.99 - 40p P&P.

TYPE

YPE 'C'

TYPE 'B'

TYPE E'

STEREO DISCO MIXER
STEREO DISCO MIXER with 2 X 5 band L. &
R. graphic equalisers and twin 10 segment
L.E.D. Vu Meters, Many outstanding features
5 Inputs with individual faders providing a
useful combination of the following: -
3 Turntables (Mag), 3 Mics, 4 Line plus Mic
with talk over switch. Headphone Monitor.
Pan Pot. L. & R. Master Output controls. Out-
put 775mV. Size 360 X 280 X 90mm.

Price (134.99 - 0.00 P&P

B. K. ELECTRONICS
UNIT 5, COMET WAY, SOUTHEND-ON-SEA,

ESSEX, SS2 6TR TEL: 0702-527572



Lowest possible prices?
Top quality components?

Fast reliable service?
Large range?

it speaks for itself.

Pick up a copy of our new 1986 catalogue from any branch of
W.H. Smith for just £1.45.
Or post this coupon now, to receive your copy by post for just
£1.45 + 40p p & p. If you live outside the U.K. send £2.50 or
11 International Reply Coupons. I enclose £1.85.

Name

Address

FF

MAPLIN ELECTRONIC SUPPLIES LTD.
Mail Order: P.O. Box 3, Rayleigh, Essex SS6 8LR.
Telephone: Southend (0702) 552911

SHOPS
 BIRMINGHAM Lynton Square, Perry Barr, Tel: 021-356 7292.
 LONDON 159-161 King Street. Hammersmith, W6.

Telephone: 01-748 0926.
 MANCHESTER 8 Oxford Road, Tel: 061-236 0281.
 SOUTHAMPTON 46-48 Bevois Valley Road, Tel: 0703 225831.
 SOUTHEND 282-284 London Rd, Westcliff-on-Sea, Essex.

Telephone: 0702-554000
Shops closed all day Monday.


