


£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 ring main junction boxm
2. 5- 13 amp ring main spur boxes
3. 25 - 13 amp fuses for ring mains
4. 5 - surface mounting switches suitably insulated for mains voltage
5. 3 - electrical switches intermediate type, will also replace 1 or 2 way

switches, white flush mounting
7. 4 - in flex line switches with neon
9. 2- mains transformers with 6V 1A secondaries
10. 2 - mains tranforners with 12V 1/2A secondaries
11. 1 - extension speaker cabinet for 61/2" speaker
13. 12 - glass reed switches
17. 2 - ultra sonic transmitters and 2 receivers with circuit
19. 2 - light dependent resistors
25. 4- wafer switches - 6p 2 way, 4p 3 way, 2p 6 way, 2p 5 way, 1p 12

way small one hole fixing and good length 1/4 spindle your choice
27. 1 -6 digit counter 12V
28. 1 -6 digit counter mains voltage
30. 2 - Nicad battery chargers
31. 1 - key switch with key
33. 2 - aerosol cans of ICI Dry Lubricant
34. 96- 1 mtre 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 (s.h.)
46. 1 - hour clock work time switch
48. 2- 6V operated reed switch relays
49. 10 -nn valves - make good night lights
50. 2 - 12V DC or 24V AC, 3 CO relays
51. 1 - 12V 2 CO miniature relay very sensitive
52. 1 - 12V 4 CO miniature relay
53. 2 - mains operated relays 3 x 8 amp changeover, (s.h.)
54. 10- rows of 32 gold plated IC sockets (total 320 sockets)
55. 1 - locking mechanism with 2 keys
56. 1 - miniature uniselector with circuit for electric jigsaw puzzle
58. 2 - telephone hand sets with ear piece and mike, (s.h.)
60. 5 - ferrite rods 4" x 5/16" diameter aerials
61. 4 - ferrite slab aerials with L & M wave coils
63. 1 - Mullard thyistor trigger module
64. 10 - assorted knobs 1/4 spindles
65. 5- different thermostats, mainly bi-metal types
66. 1 - magnetic brake - stops rotation instantly
67. 1 - low pressure 3 level switch can be mouth operated
69. 2-25 watt pots 8 ohm
70. 2- 25 wan pots 1000 ohm
71. 4- wire wound pots - 18, 33. 50 and 100 ohm your choice
72. 1 - 1250 watt dimmer Ultra ref SE20
77. 1 - time reminder adjustable 1-60 min clockwork
80. 2- 10A bridge rectifiers 30V
81. 2 - 300 panel mounting slyslo fuses
85. 1 - mains shaded pole motor 4/4" stack - 1/4 shaft
89. 1 - mains motor with gear box 1 rev per 24 hours
91. 2 - mains motors with gear box 16 rpm
96. 1 - thermostat for fridge
97. 1 - infra red fire element 1000 watts
98. 1 - motorised stud switch (s.h.)
101. 1 - 21/2 hours delay switch
102. I - mains power supply unit - 9V DC
103. 1 - mains power supply unit - 61/ DC
104. 1 - mains power supply unit - 41/2V DC
105. 1 -5 pin flex plug and panel socket
107. 1 - 5" speaker size radio cabinet with handle
110. 10 - slider type volume controls
111. 2 - musical boxes (less keys)
112. 1 - heating pad 200 watts mains
113. 1 - FM front end with tuning condenser and data
114. 1 - 1W amplifier Mullard 1172
115. 1 - wall mounting thermostat 24V
118. 1 - teack effect extension 5" speaker cabinet
120. 2- p.c. boards with 2 amp full wave and 17 other revs
121. 4- push push switches for table lamps etc.
122. 10 - mtrs twin screened flex white p.v.c. outer
124. 25 - dear plastic lenses 13/4 diameter
123. 100 - staples for thin flex
125. 4 - items - rev per hour mains motor, counter, coin switch and srbp

panel
127. 4- pilot bulb lamp metal clip on type
128. 10 - very fine drills for pcbs etc.
129. 4- extra thin screw drivers for instruments
130. 2 - centre zero panel meters 100-0-100 UA
131. 1 - 100 UA edge wise balance meter
132. 2 - plastic boxes with windows, ideal for interrupted beam switch

etc.
134. 10 - model aircraft motor - require no on/off switch, just spin to start
136. 2 - car radio speakers 5" round 4 ohm made for Radiomobile
137. 1 - 61/2" 4 ohm 10 watt speaker and 3" tweeter
142. 10- 4 BA spanners 1 end open, other end closed
145. 2 -4 reed relay kits 3V coil can be normally open or c/o if magnets

added
146. 20 - pilot bulbs 6.5V .3A Philips
147. 1 - secret switch kit with data
148. 1 - printed circuit kit with 100 circuits
149. 4- socket covers (protect inquisitive little fingers) for twin 13A
152. 1 - air or gas shut off valve - clockwork operated
153. 1 - air or gas shut off valve - thermostat operated
154. 1 - 12V drip proof relay - ideal for car jobs
155. 3 - vari.p push button tuners with knobs
158. 5 - 12 way connector blocks 2A 250V
159. 3- 12 way connector blocks 25A 250V
162. 1 - 13A fused and switched spur for surface mounting or can be

removed from box for flush mounting
163. 3- 13A sockets good British make but brown
169. 4- short wave air spaced trimmers 2-30f
171. 1 - shocking coi kit with data - have fun with this
172. 10 - 12V 6W bulbs Philips m.e.s.
176. 4- heavy dory push switch. - ideal for foot operation 3A 250V

5- lilliput bulbs 12V
178. 3- oblong amber indicators with lilliputs 12V
180. 6- round amber indicators with neons 240V
181. 100 - p.v.c. grommets 3/8 hole size
182. 1 - short wave tuning condenser 50 p1 with 1/4" spindle
183. 1 - two gang 50 p1 short wave tuning condenser with 1/4" spindle
184. 1 - three gang tuning condenser each section 500 pf with trimmers

and good length 1/4" spindle
188. 1 - plastic box sloping metal front, size 16 x 95rnm average depth

4501m
2 - double pole 20 amp 250V flush mounting switch - white

191. 6- B.C. lamp holder adaptors white
193. 6- 5 amp 3 pin flush sockets brown
195. 5- B.C. lampholders brown bakelite threaded entry
196. 1 - in flex simmerstat for electric blanket soldering iron etc.
197. 2 - thermostats, spindle setting - adjustable range for ovens etc.
198. 1 - rod thermostat for water heater etc. 11" rod
199. 1 - mains operated solenoid with plunger 1" travel
200. 1 - 10 digit switch pad for telephones etc.
201. 8- computer keyboard switches with knobs, pcb or vero mounting
206. 20 - mtres 80 ohm, standard type co -ax off white
211. 1 - electric clock mains driven, always right time - not cased
216. 1 - stereo pre amp Mullard EP9001
230. 2- stereo headphone leads, curly and terminating with stereo jack

Plugs
231. 2 - TV aerial outlet sockets, brown but easily painted to match

skirting
232. 2 - 12V solenoids, small with plunger
236. 1 - mains transformer 9V 1 amp seconclary Csore construction
238. 3 - boxes with hinged lids size 21/4 x 14/4 x ,r8 made from clear

plastic
241. 1 - car door speaker (very flat) OR" 15 ohm made for Radiomobile
241. 2 - speakers 6" x 4" 4 ohm 5 watt made for Radiomobile
243. 2 - speakers 6" x 4" 16 ohm 5 watt made for Radiomobile
244. 1 - mains motor with gear -box very small, toothed output gives 1

m
245. 4- standard size pots, 1/2 meg with dp switch
249. 1 - 13A switched socket on double plate with fused spur for water

heater
266. 2 -mains transformers 9V 1/2A secondary split primary so ok also for

115V
267. 1 - mains transformers 15V 1A secondary p.c.b. mounting

MULLARD UNILEX AMPURERS
We are probably the only firm in the country with these now in
stock. Although only four watts 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 £6.80 plus £2 postage. For prices of
rnodules 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 £16.50 or without case E15.00 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
the immersion heater. Price of adaptor
kit is E2.30.

Ex -Electricity Board.
Guaranteed 12 months.

SOUND TO UGHT UNIT

Complete kit of parts for 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 1/4" sockets and three panel mounting fuse holders provide
thyristor protection. A four pin plug and socket facilitate ease of
connecting lamps. Special price is £14.95 in kit form.

FROZEN PIPES
Can be avoided by winding our heating cable around them - 15
mtrs connected to mains costs only about 10p per week to run.
Hundreds of other uses as it is waterproof and very flexible.
Resistance 60 ohms/metre. Price 28p/metre or 15m for £3.95.

25A ELECTRICAL PROGRAMMER
Learn in your sleep. Have radio playing and
kettle boiling 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. By a
famous maker with 25 amp en/off switch.
Independent 60 minute Memory jogger.
A beautiful unit at £2.50

THE AMSTRAD STEREO TUNER
This ready assembled unit is the ideal tuner for a music centre or
an 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 are a "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 115 - 170KHz, 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
board.
Offered 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.

TANGENTIAL BLOW HEATER
by British Solartron, as
used in best blow
heaters. 3Kw £5.95
complete with 'cold' 'ha
and 'full' heat switch,
safety cut out and
connection diagram.
Please add post £1.50 for 1 or 3 for £20 post paid
2.5 Kw KIT Still available: £4.95 + £1.50 post
or have 3 for £16 post paid.

CORDLESS TELEPHONES
"IT'S FOR YOU-OU" even if you are in the bath, its an infinite
extension any room and even in the garden - have one on
approval or come and try one here. BT approved.
SOCKETS PLUGS ETC for BT phones
Master socket (has surge arrestor - ringing condenser etc) and takesB.T.plug..._ _...£3.95Extension socket...............£2.95
Dual adaptors (2 from one socket)............................_..._........_ _..£3.95
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 and
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 E12.00.

J & N BULL ELECTRICAL
128 PORTLAND ROAD,

HOVE, BRIGHTON, SUSSEX.
MAIL ORDER TERMS: Cash, P.O. or cheque with order. Orders under
£20 add El service charge. Monthly account orders accepted from
schools and public companies. Access & B/card orders accepted day
or night. Haywards Heath (0444) 454563. Bulk orders: phone for
quote.

MORE
El BAKERS
DOZEN PACKS
289. 50 3.5v torch bulbs
290. 3 7' reel to reel tape spools
291. 1 ten turns 3 watt pot 1/4 spindle 100 ohm
292. 5 two plate brown bakelite ceiling roses
293. 50 silicon diodes mixed unmarked
294. 50 Germanium transistors mixed and unmarked
295. 10 round pointer knobs 1/4 spindle with grub screw
296. 3 car cigar lighter socket plugs
297. 1 cover for 24hr time switch ref BD45
298. 2 15 amp round pin plugs brown bakelite
299. 2 pull cord switch with cord and lassie
300. 1 mains solenoid with plunger compact type
301. 10 ceramic magnets Mullard 1" x3/8x5/16
302. 1 13 amp flat pin socket and fused spur on double size plate,

white
303. 1 12 pole 3 way ceramic wave charge switch
304. 1 stereo amp 1 watt per channel
305. 1 tubular dynamic microphone with desk rest
306. 1 module, speaker & battery to make musical card
307. 5 thermal fuses 15 amp woods metal
308. 1 T.V. turret tuner (black & white TV.)
309. 12 adaptable legended knobs 1/4" spindle
310. 2 oven thermostats
311. 1 Clare Elliot sealed relay
312. 1 pressure pad switch 24x 18 (Trigger Mat)
313. 5 sub miniature micro switches
314. 1 12" 8 watt min fluorescent tube white
315. 1 8' 6 watt min fluorescent tube white
316, 1 round pin kettle plug with moulded on lead

TWO POUNDERS
Following the popularity of our BAKERS DOZEN El PARCELS, we are
now introducing some BAKERS DOZEN £2 PARCELS. We feel that
you will agree that most are exceptional bargains but you can still get
a bit extra, as with the El parcel, it you buy 12 you get another free!
2F1 -24 hour time switch with 2 on/offs, an ideal heating

programmer
2F2 - Wall mounting thermostat, high precision with mercury switch

and thermometer
21'3 - Variable and reversible 8-12v psu for model control
21'4 - 24 volt psu with separate channels for stereo made for Mullard

UNILEX Amplifiers.
2P6 -100 watt mains to 115 volts auto -transformer with voltage

tappings
21'7 - Mini key, 16 button membrane keyboard, list price over £12, as

used on PRESTEL
21'8 - Mains motor with gear box and variable speed selector. Series

wound so suitable for further speed control
21'9 - Tme and set switch. Boxed, glass fronted and with knobs.

Controls up to 15 amps. Ideal to program electric heaters
2F10 - 12 volt 5 amp mains transformer - low volt winding on separate

bobbin and easy to remove to convert to lower voltages for
higher currents

2011- Power amp module Mullard Unilex EP9000 (note stereo pre -
amp module Unilex 9001 is BD216

2P12 - Disk or Tape precision motor - has balanced rotor and is
reversible 230v mains operated 1500 rpm

2013- Sun Lamp switch stays on for 112 hr or 1 hr depending on setting
of grub screw

2P14 - Mug Stop kit - when thrown emit piercing squawk
2P15- Interupted Beam kit for burglar alarms, counters, etc
2P17- 1 rev per minute mains dnven motor with gear box, ideal to

operate mirror ball
21'18- Uquid/gas shut off valve mains solenoid operated
21'19- Disco switch -motor drives 6 or mom 10 amp change over micro

switches supplied ready for mains operation sh
21'20- 20 metres extension lead, 2 core - ideal most Black and Decker

garden tools etc
21'21- 10 watt amplifier, Mullard module reference 1173
21'22- Motor driven switch 20 secs on or off after push
21'24- Clockwork operated 12 hour switch 15A 250V with clutch
2P26 - Counter resettable mains operated 3 digit
21'27 - Goodmans Speaker 6 inch round Bohm 12 watt
21'28- Drill Pump - always useful couples to any make portable drill
2P29- 24 position Yaxley switch contacts rated 5A - 1/4 spindle
2P30- 15 metres 6 way telephone or interconnecting wire
21'31 -4 metres 98 way interconnecting wire easy to strip
21'32- Hot Wire amp meter - 41/2 round surface mounting - old but

working and definitely a bit of history
2P34- Solenoid Air Valve mains operated
21'35 -Battery charger kit comprising mains transformer, full wave

rectifier and meter, suitable for charging 6v or 12v
21'36- 20 Amp meter, with shunt unused but ex -equipment
21'37- 0-100 micro amp meter, 2" square flush mounting good make
21'38 - 200 R.P.M. Geared Mains Motor 1" stack quite powerful,

definitely large enough to drive a rotating aerial or a tumbler for
polishing stones etc.

2P41 - Liquid crystal display, 8 digit 13mm black on silver.
2P42 - Tubular heater, 60 watts per ft, unused but slightly storage

soiled, made by G.E.C. Perfect order (must be collected by
appointment as 125 long).

21'43 -Small type blower or extractor fan, motor inset so very
compact, 230V.

2P44 - Inverter to operate 21" 13 watt fluorescent tube off 12 volts.
2P46 - Our famous drill control kit complete and with prepared case.
21'47 - Joy switch kit complete as previously sold.
21'48 -Telephone ringing unit reduces mains to 50 volts and changes

frequency from 50 hz to 25 hz to give right ringing tone.
2049- Are Alarm break glass switch in heavy cast case.
2P51 - Stereo Headphone amplifier, with pre -amp and normal

controls.
2P54- 21/2kw. 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. Please collect or add E3 to cover packing and
postage.

2P55- Mains motor, extra powerful has 11/7' stack and good length of
spindle both ends.

21'60- 1 17' uv tube and tube holders.
2P61 - 1 control panel kit for Unilox.
2P62- 1 pair Goodmans 15 ohm speakers for Unilox.
2P63 - 1 5Kv 20 ma mains transformer.
21'64- 1 five bladed fan 61/2" with mains motor.
21'65 -2 resettable trips 4.5A mains.
21'66- 1 2Kw tangential heater 115v.
21'67- 1 12v012v 2 amp mains transformer.
21'68- 1 15v012v 2 amp mains transformer.
21'69- 1 250v -0-250v 60 mA & 86.3v 5A mains transformer.
21'70- 1 E.M.I. tape motor two speed and reversible.
21'71- 1 PAPST 240 5 hz motor.
21'72-1 115v Muffin fan 4"x4" approx.
21'73-1 12v 15 watt soldering iron.
21'74- 1 pocket audio component tester.
2P75- 1 6 hour timer, plugs into 13A socket
3'76- 1 audax tweeter partner to 51'26 speaker.
2177- 1 instrument box with key size 12")141/7 wide 6" deep.
21'78- Metal clad switchbox with 4, 5 amp 250v switches G.E.C.
21'81- ORACLE VB100 instrument panel, is a MODEM 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. modifier
Aztec UM1233 etc etc. You receive this, new, unused and
complete except for 7 of the plug in I.Cs.

4

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 "News Letter"
will be enclosed with your goods, and you will automatically receive
our next news letters.
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Projects
BBC MIDI INTERFACE by R. A. Penfold
Link your Beeb to a musical keyboard or synthesiser

STEREO Hi Fi PREAMP by Alan Bowes
High quality preamplifier for your power amplifier

RF SIGNAL GENERATOR
by Michael Tooley BA & David Whitfield MA MSC CEng MIEE
Provides an output range of 300kHz to 25MHz-Teach-In Project 6

MAINS TESTER & FUSE FINDER by Mark Stuart
How safe is your mains wiring?

INTERVAL TIMER by C. J. Bowes
Time periods of 30 seconds to 15 minutes

series
TEACH -IN '86
by Michael Tooley BA & David Whitfield MA MSc CEng MIEE
Part Six: Principles of radio and a simple TRF Radio Receiver

AMATEUR RADIO by Tony Smith G4FA1
Emergency Calls; Lasting Problem

ACTUALLY DOING IT by Robert Penfold
Soldering pins and soldering

ON SPEC by Michael Tooley BA
Reader's Sinclair Spectrum page

features
EDITORIAL
SPECIAL OFFER
Crotech Oscilloscopes

BACK NUMBERS
NEWS
What's happening in the world of electronics

SHOPTALK by David Barrington
Product news and component buying

BOOK SERVICE
A new readers' service for EE

SUBSCRIPTIONS
MARKET PLACE
Readers' free advertisements

PLEASE TAKE NOTE
Digital Capacitance Meter; Computer Output Port

PRINTED CIRCUIT BOARD SERVICE
FOR YOUR ENTERTAINMENT by Barry Fox
Just the Ticket; Vintage Planning; Song Bird

Our April 1986 issue will be published on Friday, 21 March.
See page 155 for details.
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ciletOe
Send now

for our FREE CATALOGUE
or ring: 01-567 8910 for
the keenest prices on -

CMOS
TTL

LINEAR
SCRs
LEDs

HEATSINKS
NICADS RELAYS

MULTIMETERS
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AND LOTS LOTS MORE
or choose from our

range of over 30 kits . . .

TRANSFORMERS
CONNECTORS
REGULATORS

MICROPROCESSORS
SPEAKERS

BOOKS
TOOLS

PCBs
CRYSTALS
SWITCHES

HOME LIGHTING KITS DISCO LIGHTING KITS
These kits contain all necessary
components and full instructions and
are designed to replace standard
wall switch and control up to 300w of
lighting.
TDR300K Remote Control

Dimmer f14.95
Transmitter for above f4.50
Touchdimmer £7.75

Touchswitch £7.75
Extension kit for 2 -way
switching for TD300K £2.50

MK6

TD3OOK

TS300K

TDEK

0

DVM/ULTRA SENSITIVE
THERMOMETER KIT

Based on the ICL 7126 and a 31/2
digit liquid crystal display, this kit will
form the basis of a digital multimeter
(only a few additional resistors and
switches are required - details sup-
plied), or a sensitive digital thermom-
eter (-50°C to +150°C) reading to
0.1°C. The kit has a sensitivity of
200mV for a full-scale reading, auto-
matic polarity and overload indica-
tion. And a low power requirement
giving a 10 year typical battery life
from a standard 9v PP3. £15.50

DL1000K - This value -for -money 4 -
way chaser features bi-directional se-
quence and dimming. 1kW 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

MICROPROCESSOR
TIMER KIT

Designed
to control
4 outputs
independently
switching
on and off
at preset times over a 7 -day cycle.
LED display of time and day, easily
programmed via 20 -way keyboard.
Ideal for central heating control (in-
cluding different switching times for
weekends). Battery back-up circuit.
Includes box.
18 time settings.
CT6000K £39.00
XK114. Relay Kit for
CT6000 includes PCB,
connectors and one relay.
Will accept up to 4 relays.
3A/240V Go contacts £3.90
701115 Additional Relays £1.65

mELECTRONICS
13 BOSTON RD
LONDON W7 3SJ

SEND 9"x6" S.A.E.
OR CALL AT SHOP
MON-FRI 9-5pm
SATURDAY 10-4pm

erg ORDERING INFORMATION:
VISA ALL PRICES EXCLUDE VAT

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

AFFORDABLE ACCURACY
QUALITY MULTIMETERS FROM ARMON

ILLUSTRATED
HC -5010
C36.50 + VAT

A comprehensive range of
Analogue and (Pushbutton or

Rotary Switched) Digital Models

ANALOGUE
HM-102BZ
1OADC Range, 20kONDC, Buzzer, Battery Test
Scale C13.00
19 measuring ranges
HM -102R

Low end voltage & current ranges, Jack for Audio
o/p Voltages £11.00
20 measuring ranges
HM -1015
Rugged, Pocked sized meter, for general purpose
use C7.50

16 measuring ranges

Battery, Test Leads and Manual included with each
model.

DIGITAL
HC -7030 0.1% Accuracy. Standard Model

039.50
HC -6010 0.25% Accuracy. Standard Model

£33.50
HC -5010T 0.25% Accuracy. TR Test Facility

£39.50
DM -105 0.5% Accuracy. Pocketable

£21.50
All models have full functions and ranges and
feature:

31,2 digit 0.5" LCD display
Low battery indication
Auto zem & Auto polanty
ABS Plastic Casing
DC AC 10amp Range not DM -105)
Overload Protection on all ranges.
Battery, Spare Fuse, Test Leads and Manual.

FULL DETAILS ON APPLICATION FROM:-

ARMON ELECTRONICS LTD
DEPT.S HERON HOUSE, 109 WEMBLEY HILL ROAD, WEMBLEY, MIDDLESEX HA9 8AG

TELEPHONE 01-902 4321 TELEX 923985
PLEASE ADD 15% to your order for VAT. P&P Free of charge. Payment by cheque with order

Offer applicable to mainland UK only
Trade enquiries invited Please allow 28 days for delivery

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? New Career? New Hobby?
SEND THIS COUPON NOW.

51111E! COLOUR BROCHURE
Please send your brochure without any obltganon to

NAME

OR TELEPHONE US 062 67 6114
OR TELEX 22758 124 HR SERVICE)

I am interested in
ELECTRONICS

CACC

ADDRESS I MICROPROCESSORS
I I RADIO AMATEUR LICENCE

I CITY & GUILDS EXAMS

Other Subjects

Iltrit_ish National ilaclio&Ilectronics School PO.Box 7, Teignroouth,Devori,TQ 14 01:11
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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: M102B2 multimeter; Verobloc, bracket & design
sheets, 10 leads with croc clips + FREE - The latest GREEN -
WELD Catalogue and a resistor colour code calculator!! PRICE,
inc VAT and post £21.95.
or separately: M102B2 £14.95; Verobloc etc. £6.21; 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 and 8 £0.00
PSU - EE Special Offer mains adaptor £4.95
REGULATOR UNIT: All parts including case, also in -line fuse -
holder, 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

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 & £1.20 discount
vouchers. All this for just £1.00 inc.
post.

BUZZERS
Piezo ceramic sounders by STC offered
1/2 original price. Up to 115dB output.
SAE full list and spec (B/L 23).
Z101 - Type U535, 40mm sq. 12V
75dB £2.15
Z102 - Type U350, 60mm sq. 12V
80dB £3.25
2105 - Type U150, 80x6Omm continu-
ous or long pulsed tone 12V 85dB £4.50
Z107 - Type U250 60mm dia x 33mm
cont. short or long pulsed tone 12V
85dB £4.95
2113 - Type RHA101 175x 150 x 150mm
2 diff tone outputs 12V 110dB £14.35
2117 - Type RHA104 147x 203x232
warble tone 12V 115dB £23.25

(All above also available in 24V).

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.
SpectrumrD(81 £13.95
C64NIC20 f11.95
BBC/Electron £12.95
Amstrad £12.95
Full instructions and circuit + program
listing supplied free with kit, or 50p
separately.

99p BOOKS - see
SPECIAL READER OFFER

NEXT MONTH

AMP/PRE-AMP PANELS
Z974 Mixer Amp Panel 115x115mm. 1
watt output from TBA82OM chip. 2 in -
puts (1 via pre -amp) from phono sock-
ets 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 sockets and a 2 pin DIN speaker
socket. Also on the panel are 2 x3.5mm
monitor sockets. Data sheet supplied.
Very good value at just £2.50

Z914 Audio amp panel 95x 65mm with
TBA820 chip. Gives 1W output with 9V
supply. Switch and vol. control. 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
2916 For use with mono amp above.
Neat panel 60x45mm. £1.50

PACKS! - PACKS! - PACKS!
K539 Led Pack - not only round but
many shaped leds in this pack in red,
yellow, green, orange and clear. Fantas-
tic mix. 100 £5.95 250 £13.50

K517 Transistor Pack - 50 assorted full
spec. marked plastic devices PNP NPN
RF AF. Type numbers include BC114
117 172 182 183 198 239 251 214 255
320 BF198 255 394 2N3904 etc., etc.
Retail cost £7 + Special low price £2.75

K518 200 Disc Ceramic Caps - Big vari-
ety of values and voltages from a few
pF to 2.2uF; 3V to 3kV £1.00

K520 Switch Pack - 20 different assort -
ed switches - rocker, slide, push, rotary,

,toggle, micro etc.
Amazing value at only £2.00

K503 100 1Nirewound Resistors - From
1W to 12W, with a good range of values

f2.00

"SENSING & CONTROL
PROJECTS FOR THE BBC

MICRO"
Have you ever wondered what all those
plugs and sockets on the back of the
BBC micro are for? This book assumes
no previous electronic knowledge and
no soldering is required, but guides the
reader (pupil or teacher) from basic
connections of the user sockets, to
quite complex projects. The author, an
experienced teacher in this field, has
provided lots of practical experiments,
with ideas on how to follow up the
basic principles. A complete kit of parts
for all the experiments is also available.
Book, 245x 185mm 120pp £5.95.

Kit f29.95.

Radio Kit
Z900 Radio Kit utilizing the AM Tuner
and the mono amp panel. An inexpen-
sive radio can be easily constructed
using a V216 case & A301 speaker.
Total cost of all parts including knobs
etc. £4.95

THIS MONTHS PROJECTS
STEREO HI-FI PRE -AMP

BBC MIDI INTERFACE

RING FOR PRICES!

AllMEW Min Access

GREErinovELD
orders from
come - min
Our shop

ELECTRONIC
COMPONENTS 443D

501

prices include VAT; just add 60p P&P.
order E5. Official

schools etc. wel-
invoice charge f10.

has enormous stock of components and is open
9-5.30 Mon -Sat Come and see us!!

Millbrook Road Southampton
OHX Tel (0703) 772501/783740

PE & EE PUBLISHED EFFECTS

MONO -STEREO ECHO-REVERB (P.E. Sept. '84) 200ms echo (extendable), lengthy reverb,
multitracking. Kit as published. Set 218BK £57.66
ENHANCED PHASER (P.E. Oct '84) Enhanced phasing with modulated filter shifting. Kit as
published. Set 226BK E42.36

RING MODULATOR (P.E. NOV. '64) Fabulous effects generation. With multiwaveform VCO, noise
gate & ALC. Kit as published. Set 231BK E45.58

MONO -STEREO CHORUS -RANGER (P.E. Jan. '84) Superb dual mode music enhancement. Kit as
published. Set 235BK E59.99
CYBERVOX (E.E. Apr. '851 Amazing robot type voice unit, with ring modulator and reverb. Kits as
published. Set 2280K E44.76

STEREO NOISE GATE & VICA (P.E. May '85) Automatic noise reduction circuit for mono or
stereo. Kit as published. Set 227BK £26.61

SIGNAL GENERATOR & F -V (P.E. Jan. '851 Audio test equipment. Multiwaveform VCO, & freq. to
voltage converter & sweep gen. Kit as pub. Set 233 E46.96

SIMPLE REVERB (E.E. Oct '85) Super little lengthy reverb, mono Set 232BK £2735
DISCO UGHT CONTROLLER IP.E. Nov '85) 3 Chan sound to light, with chasers, auto level &
computer interface (BBC, CM. Pet, etc) Set 245FBK £62.98
MIXER - 4 Chan Stereo (P.E. Nov '851 Separate input gain, level pan, filters, echo send, PFL
Voltage controlled. Set 229SBK E89.95

MIXER - 4 Chan Mono P.E. Nov '85) Separate input gain, level, filter, twin output. Voltage
controlled. Set 229MBK £49.96

OTHER SUPER SOUND KITS
BLOW BOX: Voice operated VCF & VCA for fascinating effects SET 214 BK E29.33

COMPANDER: Mono or stereo compression -expansion, switchable SET 238 BK E22.99

ENVELOPE SHAPER: Note triggered ADSR with VCA SET 98 BK £2520
FREQUENCY DOUBLER: Guitar octave raiser & tone changer SET 98 BK E1530
FUZZ: Smooth distortion, retains attack & decay character SET 209F BK E19.58

GUITAR SUSTAIN: Extends note decay time, with noise gate SET 222 BK E25.31

GUITAR TO SYNTH INTERFACE: With voltage & trigger outputs SET 173 BK £41.41

HAND CLAPPER: Auto & manual variable clap effects SET 197 BK £26.69
MOCK STEREO: Splits mono signal into stereo simulation SET 213 BK E24.37

MUSIC MODULO: 8 variable tremolo & wah guitar effects SET 196 BK £23.56
RHYTHM GENERATOR: Computer driven, BBC, Apple, 64 & similar SET 185 BK E34.64

STORM EFFECTS: Auto & manual wind, rain & surf effects SET 154 BK £23.60

TOM-TOM SYNTH: Sound triggered, multivariable drum effects SET 190 BK £1937
TREMOLO: Mono variable depth & rate modulation SET t36 BK E15.62

VOCODAVOX: Modular vocoder, 7 chaos extendable SET 152 BK £79.96

VOCIALEK: Simple robot type voice modulator SET 155 BK £1831
WAH-WAH: Auto, manual & note triggered, switchable SET 140 BK £2436

Boxes are black steel & aluminium. All kits include PCBs, parts, instructions, boxes, wire, solder.
For catalogue of over 70 kits send 9 x 4 SAE (for overseas catalogue send ft or 5 IRC's).

Mail Order. Payment to Phonosonics, CWO. coa PO. Access, Visa. Insurance cover 50p per f50 (obligatory on credit
card orders). Details correct at press. E&OE.

Add 15% VAT. Add P&P £1.50 each kit. (Overseas Rates in Catalogue).

BECKER-PHONOSONICS, DEPT. EE63,
8 FINUCANE DRIVE, ORPINGTON, KENT BR5 4E0.
TEL: ORPINGTON 37821 (STD 0689, LONDON 66).

cR I LTD0 op

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
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BI-PAK BARGAINS
Pak
No

VP1
VP2
VP3
VP4
VP5
VP6
VP7
VP8
VP9
VPIO
VP11
VP12
VP13
VP14
VP15
VP16
VP17
VP18
VP19
VP20
VP21
VP22
VP23
VP24
VP25
VP26
VP27
VP28
VP29
VP30
VP31

VP32
VP33
VP34
VP35
VP36
VP37
VP38
VP39
VP40
VP41
VP42
VP43
VP44
VP45
VP46
VP47

VALUE PACKS

Qty Description

300 Assailed Resistors Mped Types
300 Carbon Resistors i/4-2 Watt Pre -Formed
200 I/8 Watt MM Carbon Resistors Mixed
200 2-1 Watt Resistors Mixed
200 Assorted Capacitors AM Types
200 Ceramic Caps. Miniature - Mixed
100 Mixed Ceramic Disc 1p1 -56p1
100 Mixed Ceramic Disc 68pf-0 15pf
100 Assorted Polyester:Polystyrene Caps
60 C280 Caps. Metal Foil Mixed
50 Electrolytics - At Sorts
40 Electrolytics 47m1150m1 Mixed Vlts
30 Electrolytics 150m1 -1000m1 Mixed Vlts
50 Silver Mica Caps. Mixed Values
25 .01/250v MM Layer Metal Caps.
50 Wirewound Res. Mixed Wand Values
50 Metres PVC Single Strand Wire Mixed Cols
30 Metres PVC Muth Strand Wire Mixed Cols
40 Metres PVC Single/Multi Strand Wire

6 Rocker Switches 2a 240V
10 Assorted Switches Slider/Push Etc

200 Sq Inches Total Copper Clad Board
10 40mm Slider Pots 100K Lin
10 .125" Clear Showing Red LED's
10 Mixed Shape and Colours LED's
15 Small 125" Red LED's
15 Large 2" Red LEO's
10 Rectangular .2" Red LED's
30 Asst 085 Zeners 250mw-2w
10 Asst Volts tOw Zeners Coded
10 5a SCR's T066 50-400v Coded
20 3a SCR's T066 Up to 400v Uncoded

200 Sil. Diodes Like IN4148
200 Sil. Diodes Like 0A200/BAX13/16

50 to IN4000 Diodes All Good Uncoded
100 Sq Inches Total Copper FibreGlass Board

8 Black Pointer Knobs 1/4w Std
100 Sit. Trans NPN Plastic Coded Data
100 ST. Trans PNP Plastic Coded Data
40 TTL I C.s All New Gates - Rip Flop - MSI Data
40 CMOS I.C.s All New Inc Data
10 Black Heatsinks Fit TO -3 TO -220 Drilled

4 Power -Fin Heatsinks 2 X TO -3 2 X TO -66
15 Asst Heatsinks TO 1 3 5 18 220
50 BC107/8 NPN Transistors Good Uncoded
50 BC177/8 PNP Transistors Good Uncoded
10 Sil. Power Trans. Similar 2N3055 Uncoded

Price

11.010
£1.00
01.110

01.00
C1.00
Cl .00
C1.00
C1.00
01.00
01.08
C1.00
(1.00
C1.00
01.00
C1.00
C1.00
C1.00
01.00
£1.00
£1.08
01.00
01.80
01.00
01.00
C1.00
E1.00
CI .00
£1 00
01.00
C1.00
C1.80
01.00
01.00
£1.00
C1.00
01.00
C1.00
03.00
03.00
C4.00
C4.00
E1.00
0.00
C1.00
01.00
(1.00
01.00

Pak
No Boy Descriplion Price

VP48 5 Pairs NPN/PNP Plastic Power Trans. Data 4a C1.00
VP49 30 Asst Sil Rects. 1a -10a Mixed Vlts £1.00
VP50 60 NPN Sil. Switching Trans TO -18 - T0-92 £100
VP5I 60 PNP Sil Switching Trans TO -18 - TO -92 £1.00
VP52 25 Asst Audio Plugs Phono-Din-Jack Etc 01.50
VP53 25 Asst Audio Skts Phono-Din-Jack Etc C1.50
VP54 20 Asst I.C. Dil Skts 8-40 Pin 02.50
VP55 10 I.C.s 4116 Memory's 02.00
VP56 WO Semiconductors From Around the World £4.00
VP57 25 Opto Special Pack. Assorted C5.00
VP58 10 Hybnd LED Colour Displays £4.00
VP59 20 Asst. I.C.s Coded. Linear, Etc £2.00
VP60 tOO All Sorts Transistors NPN/PNP £1.00
VP150 20 BC18313 Sil. Trans. NPN 30v 200mA Hfe240, T092 £1 .00
VP151 25 BC171B Sil. Trans. NPN 45v 100mA Hfe240.- T092 £100
VP152 15 TIS90 Sil. Trans. NPN 40v 400mA HO100. 1092 C1.00
VP153 15 TIS91 Sil. Trans. PNP 40v 400mA htfe100-, TO92 C1.00
VP154 15 MPSA56 Sil. Trans. POP 80v 800mA Flte50+ 1092 01.00
VP155 20 BF595 Sit. Trans. NPN Ecot.V184 B.F. T092 01.00
VP156 20 BF495 Oil. Trans. NPN Eqvt.BF173 H.F. T092 01.00
VP157 15 ZTX500 Series Sil. Trans PNP Plastic C1.00
VP158 15 ZTX107 Sil. Trans. NPN ergot BC107 Plastic £1.00
VP159 15 2T)(108 Sil. Trans. NPN egvt.BC108 Plastic £1.00
VP160 20 E5024 Sil. Trans. PNP ergot BC214L TD92 01.00
VP161 25 BC183L Sit Trans NPN 30v 200m0 T092 01.00
VP168 10 BC478 eqvl BCYP1 PNP Sil. Trans. 1018 C1.00
VP169 10 BXS21 eqvt. BC394 NPN Sil. Trans. 80v 50mA 1018 C1.00
VP170 10 Assorted Power Trans. NPN/PNP Coded 8 Data £1.00
VP17t 10 BF355 NPN TO -39 Sil. Trans. eqvt.BF258 225v 100mA E1.00
VP172 10 SM1502 PNP TO39 Sil. Trans. 100v 100mA Hfe100 C1.00
VP173 150 De -soldered Silicon Trans from boards all good 01.00

LED DISPLAYS
VP130 6 RED 7 CC 14mm 7 5mm RDP END353 £2.00
VP131 4 GREEN 7 CA .6" LDP XAN6520 £2.00
VP132 5 RED 7 Seg. C 6" LDP XAN6940 £2.00
VP133 6 RED Over -flow .6' 3 k GA 3 x CC 6630150 12.00
VP134 5 GREENS Over -Pow 6" CA XAN6530 £2.00
VP135 5 RED 7 CA 3" XAN3061 £2.00
VP136 3 DUAL RED 7 Seg. 5" CA DL527 DPR £2.00
VP137 3 DUAL RED 7 Seg 51" CA 01727 DPR £2.00
VP138 20 Assorted LED Displays - Our mix with Data 05.00

CC = Common Cathode
CA = Common Anode

RDP = Right Hand Decimal Point
LOP = Left Hand Decimal Point

Send your orders to Dept PE BI -PAN PO 80X 6 WARE. HERTS

TERMS CASH WITH ORDER. SAME DAY DESPATCH. ACCESS.
BARCLAYCARD ALSO ACCEPTED. TEL 0763-48851 GIRO 388 7006

ADD 15% VAT AND Cl 00 PER ORDER POSTAGE AND PACKING

TECASBOTY '86
THE ELECTRONIC COMPONENTS AND

SEMICONDUCTOR BARGAIN OF
THE YEAR FOR 1986

A parcel of Components and Semiconductors for the
hobbyist, bigger and better than ever before. Unbeat-
able value and Bi-Pak's money back guarantee if not
completely satisfied. You get, in every parcel, a selec-
tion of the following: Resistors, Carbon and Wirewound
of Assorted Values; Capacitors, all types, sorts and
sizes, including Electrolytics; Potentiometers, Single
and Dual, Slider and Pre-set; Switches, Fuses; Knobs;
Heatsinks; Wire; PCB Board; Plugs; Sockets; Etc. Plus

a selection of Semiconductors for every day use in
popular Hobby Projects, including Transistors, Diodes,
SCR's, rectifiers, Zeners and I.C.s. In all. we estimate
the value of this parcel, bought in current retail
catalogues, to be well over £25. So help yourself to a
great 1986 component surprise and order a box today.
Only at Bi-Pak.

Ring now on our Hot Line

0763-48851
and order with your Barclaycard or Access Card for
immediate delivery. Order No: VP86, or post with
cheque or P.O.s for this TECASBOTY '86. JUST £8.00

BI-PAK PCB ETCHANT & DRILL KIT
Complete PCB Kit Comprises:
1 12v Mini Drill, 2 Twist Bits
1 Sheet PCB Transfers, 1 Etch Resist Pen
1,5 lb Pack Fernc Chloride Crystals
6 Sheets Copper Clad Board -Paper -Fibre Glass
Double Sided.
Full instructions for making your own PCB Boards.

Actual Retail Value £16.

OUR SPECIAL PRICE £10.50 ONLY
Order No: VP81

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 15, to your order.

Total Postage add E1.00 per Total order

You can depend on lip

OVA\Z LE LT
for your supplies of

world famous
QUALITY

COMPONENTS
by

SIEMENS
52 PAGE
FREE CATALOGUE
Write, phone or call
 Priced & illustrated
 Over 8000 items
 Real discounts
 Prompt despatch

C

and other
leading
names

 I.Cs
 semi

conductors
 capacitors
 inductors
 ferrites
 connectors

ELECTROVALUE LTD 28 St. Jude's Road. Eng lefield Green. Egham.
Surrey TW20 OHO Phone Egham (0784) 33603 Telex 264475

North Branch, 680 Burnage Lane. Manchester M19 1NA
Telephone 061 432 4945

Please mention this publication when replying

BRITAINS FOREMOST QUALITY COMPONENT SUPPLIERS

Universal Semiconductor Devices Ltd.
11 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 DONT 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

FITS - POWER MOSFETS
UNIJUNCTIONS

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

THYRISTORS AND TRIACS - ALL

-0-

SHAPES

SIZES- r RATINGS

INTEGRATED CIRCUITS:
CONSUMER - DIGITAUANALOGUE
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 75 PENCE IN STAMPS, CHEQUE OR POSTAL ORDER. THIS SUM IS
REFUNDABLE WITH A FIRST ORDER VALUE OF £5.00 OR MORE.

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!

116 Everyday Electronics, March 1986



=Rapid
.TElectronics
[Fast component distribution]

LINEAR
555 CMOS
556 CMOS
709
741

748
AI03-6910
AY -3.8912
CA3046
CA30806
CA3130E
C.431406
CA32406
1C17106
IC17611
1C18038
IC182114

CM7555
LEM]
1E351
LF353
LF356
LM3014
LM311
LM318
LM324
L613347
LM3352
LM339
L51348
LM358
LM377
LM380
LM381
LM382

55 114386 45
90 LM3.57 90
40 L/4393 45
70 LM710 44

90 LM711 44
30 114725 270
45 114741 le

110 LM747 40
40 LM1458 15
55 LM2917 170

130 1143909 65
40 L663914 190
60 L143915 190
40 LM13800 IX

210 MC3302 75
40 MC3340 130

130 61F1OCN 330
130 61922 415

6.924
48.925
1.926
1.927
141928
1.929
NE537
NE555
NE556
NE565
7E566
NE567
6E570
616571
NE5532
NES514
FICA136
PC4558

290
250
275
275
275
275
136

20
45
95
95

100
230
195
160

06
65
45

SL486
SL490
5976477
5770258812
Data on above
7138800
TBA810
7134820M
TC46.0
TDA1022
11061
11062
11084
TL071
71072
11.074
71081
11082

240
260

340
425

50

65
50
66

270
40
65
05
32
55

106

45

11084
11.170
T1170
18920003
1892004
1892803
802206
29414
214423
27424
284425E
224423E
244276
29429E
2/4435E
2144486
24459
2141034E

90
50

40
50

40
IX
395

75
100

70
340
200
560
415
360
525
190
190

TRANSISTORS
AC127
AC128
AC176
AC187
AC184
BC107
BC10713
BCI08
BC1138C
80109
BC109C
BC140
BC141
BC142
BC143
130147

30
30
25
25
25
10
12
10
12
10
12
29
30
211

30
10

BCI49
001690
BC171
BC178
81179
8C182
801821
BC183
BC1834
BC164
BC1541
130212
812121
130213
012131
00214

10
10
10
16
18
10

10
10
10
10
10
10
10

10
10
10

AC2141 1 BD131
BC237 BD132
BC238 BD139
BC327 00140
00320 131180
130337 13124413

131338 1 01337
8C477 22 6E080
130478 22 07X85
00479 22 BF 888
BC5I7 30 81750
80547 BFY51
60548 BEY52
130549 I 80139
BC557 BSY954
80551 1.1206
851170 1 14.12955
BCY71 I PLE340
8072 1 ACE 3055

MPFt02
SIPS412

711.390
T1P304
TIP30C
T1P3I A
Sparc
7177320

TIP 330
TIP 334
TIP33C
TIP34A
11P34C
111.354
T1P35C
T1P364
TIP.,6
TIP A

25

35

35

35

36

40

75

40
40

105
125
115
130

45

TIP424 45
TIP120 60
TIP121 60

T1P122 60
0772955 70
01.3055 10

09101414 65
0144647 94
0046641 110
VN584F 120
218109 11

ZTX300 14

ITX500 13
ZTX502 16
21422214 26
2922224 20
2642369 10

292646 60
292904 20

2929040 20
292905 211

21129054 29
292907 24
21429074 24
292926 10
2143053 24
293054 55
293055 50
2143702 9

2143703 10
293704 9
mans 10
2743773 196
2141819 32
293888 20
2143904 10
293966 10
295457 30

RESISTORS
Carton Ism 7, 25+
I/4W 5% 4 70ln...10M 2p 19
1/2W 5%  7onrn.947 3p 20
Metal ftlm
1/4W 1% lOonm131 3p 39
25+ price apples to 25+ per value
SIL resistor reMaks

resistor 9 an lypa 200

BRIDGE RECTIFIERS
la 500
14 200V
14 4000
IA 800V

2A 2000
24 400V
64100V
64 bOv

CABLES
20 metre pack angle core connachng
cede ten different colours 75p
Speaker cable 10p/M
Stamndard screened
Tn screened
3 core 2.54 mains cads
Four core screened

lam
24106
230/11
3501

OPTO
3 or 5mm red
3 or 5rren green 11

3 or 5mm yellow 11

3 or 5rnm clam 3

5rnrn SuGer«.961 30
5rnrn tricolour 30

/1074 45
11074 156

16003020 ISO

11132
71138
71178
Tn. 00

OR P12

Seven segment displays
0 3n common anode or cathode
0 Sin common anode or cathode
0 560 common anode Cl cathode
10 mr D1L LED array /20pm Dal
High efficiency red

40
35
40
75
65

95
IOC

105

140

DIN 1 6 2
Gold hashed 01 .9 ww,evo

4S=1+8 III
M way A+C 175
96 way .4.1.84-C ISO gas

CONNECTORS
Z1161 23 way 0098 connector
Spectrum 28 way edge coon
24 way IEEE male
36 gray Centronix male

150
200
350
333

POTENTIOMETERS
Singe pots 470o11ms.21.42
Seri, pots 10-2312
Switch«, pots 16.2142
Slaver p015541 -580K (80mm I
MI, nor presets 100151
Single turn Cernlet 100.114
20 turn cermet 100hm4500a

110
105

70

30
66

COMPONENT KITS
Our component hits otter a cialsiderabe saving when Chiying a complete range d
components Ideally suited for re.stocking etc
0.25W Resistor Mt Contains 1000 0.25W 5% resistors from 4 lohrns two to I OM
Quantities depend upon popularity i e 10012. 3004701. 3041014 250470N A« 87.90
each
Ceramic capacitor Mt Total of 240 merlature cerannc calmotors from 220e thru to
0 1oF Jun (8.40 each
Polyester capecItor Mt Total of 110 mtneture polyester capautors from 0 010 to
0 47uP Jean 09.50 each
Radial electrolytic el Total of 93 miniature radial electrolyncs from 14 630 Oro to 2200.
180 Joel 11.50 each
P.m« Mt Total of 110 miniature horizontal mounting presets Worn 1008 Pro to 114 .hatt
0590 each

REGULATORS
78105
76112
78115
7805
7812
7815
LM3176
1.43177
1313238

30

30
40
45
45

40

230

420

11.133811 550
LM723
7.05
79112
7905
7905 45
7912 45
7915 45
78.405 550

40
50
50
50

671127
0447
0490
0491
04200
04202
114914

11441413

DIODES
12
10

.001
144002 5

144006
7 745401 12

S 95404 14

11 55406 15
4 400mW 2eners 6

3 3W aeners 13

RELAYS
latrarniniatore SPOT relay rated 2A
6 or 12V
Ultmenialure DPDT re147 r11.1 20
6 or 12V
1Aniature 'Pay SPOT rated 104
6 or 120
Miniature relay DPDT rated 54
6 or 12V

106

ISO

140

150

AUDIO CONNECTORS
DIN Rug Skz Jack Plug Sln
2 pin 5 9 2 5mn. 10 93. 13 13 3 5n1rn 10 $
5 pin 14 13 25, 17 20

PhOn0 10 14 Stereo 25 25

4n11.11 plugs and sockets red or black
Rugs 12 Sockets 12
4rnol te1rn11111111 36

0 CONNECTORS

Plug Solder lugs
Rt angle PCB plug
Socket sower lugs
RI angle PCB ski
Cover

9 way 15 way 25 way 37 way
35 40 55 100
65 130 200 MO
45 50 65 120

115 170 290 360
70 50 80 95

MEM
11411x

1008M
I 843214
2 OM
2 4576
3 276
4 0611-1.

275
270
1110

190

4.5

90

5 0081460 100
604112 SS

6 1441MH2 110
8 014.4 65
1001404 65
12 014614 65
1084, 165

14 MM. 100

SOLDERING IRONS

-I :4',!6-----13
21,11o41011). deems, MI
An1e5 CS 12W soidenno eon
41104 XS 25W soldering von
Iron and to suit CS or XS
10 metres 22 sag solder
0.51(g reel 22 sag solder

400
480
500
170
75

750

BOXES Bled, ABS with
lid and 'brat.

71046022mm 50
950710 Warn 93
140%90055mm 150

ENIM1311
wacost P1L switch
y 8 pin 70

6 way 12 pin 00
8 ray 16 pin 00

Submin toggle switches
SPST 35 SPOT 60 DPDT 65

Aniatura toggle
SPOT 00 SPOT contra al 66
DPDT 70 DPDT centre off 75

Standard toggle
SPST 35 DPDT

Miniature push to maim
/*nature puM to Wet.

Slide SwilC0e6 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 extreme!, 4
uselul far (neck construction of
electronic circuits without
soldering All sockets are on a
2 54mm poch enabling OIL
socials and a wale range 01
components to be plugged
0 10 Me board The contact panern contains Mo sep aaaaa contact groups emh 01
roves of 5 inbrconnecled contact spoke« Bus amps are provised for power use
All co0tecl posrhons are clearly marked on an alphinurnera Suppled
COMPle1e m. appro. 20 layout sheets Two sizes are av4riable

length

8Ornen
172rnm

width

60rnm
65mm

to points
390
840

rows

29
64

mal b16
prn devices

3

Praes

39So
89Sp

MICRO
2716 310
2532 380
2732 one Me
programmable

2732 250
2764-250 240
2764 -BBC 240

27128-250
27256-250
6116193
6264LP15
4164.15
41256-15
Z804 CPU
2804 PIO
280A CTC
2804 SIO
1804,0MA

20
4530
150
320
160
320
270
270
270
700
700

6800
6802

680109
68

6821
6840
6850
6852
6875
6880
6502

220000

140
140
300
165
250040

100
370

6522
6532
6551
80650
816
8251
8253
8255
6259
1401188
1401489

330
520
540
320
380
350
37
1200
400
60
so

HARDWARE
PP3 battery ceps
Red or Pack crocodile clips
Pair ultrasonic transducers
20mrn panel fuseholdie
6 or 12V electronic butter
86erirn 8 ohm min speaker
66mrri 64 ohm min spe4401
12 way 'chocolate dock'
Red or amber pan. neon

306
25
65
70
75
21

TOOLS

K''''\Low cost side cutlers 110
low cost tiers 160
Both the above represent
eacmtontri value We Mm seen Prrolaf
toots arNernsed at C5.11
Bib wire supper 1110

...mall< APP., 5912

1411 duty tunas 300

SOCKETS

Ban
pn

16 pin
200,0
20 pm
22 pm
24 pan

28 pit
pit

Low
Prof«

4p
79

9p
top
123
13p
144
1.04

Wire
wrap

469
556
65,
75.2
500
459
loop
1409

ra

CAPACITORS
Mn pay... 630 OC 1304

272, 407, iOn. 22n. 59 47n.
100, 49 220n. 99 470n. 130.

E.trohec Rade, .44,31,14
1 u. 202. 4u7 9 439 69. 100u. 224 0
259 59 470 25V 79, 100u 2501109,
220u 250 139 470u 160 119,
1000u 16V 209. 1003/ 250 509.
2200u tend 349 22000 25v 429

Tmtalum Marl
0 lu. 047u. lu 00 XV 49.202 0
25059.4u7025049, 100 0 250
140. 22u 016V 140. 47u  111v
Corte. Osc 500
1000-t On 30 mph. 100n 250 49

IDC CONNECTORS

16 wey
20 way
26 way
34 way
40 way

PCB PCB

0109
ang

00
90 96

110 110
120 130

40 150

6094
skt conn

90
90

105
130 155

PCB EQUIPMENT
We offer a compreheneve range of
Murnment
ExpO Relent 12V PCB dnil 675
Eepo 1440112V PCB dolt 1040
Of/Ostend to sun 1250
Variable speed power SUPPlY 149
0 8. 1 0 or 1 4rnm 60

Photo -etch PCB (Prof...nal gualityl
single double
sided sided
160 200

540 640
1140 1320

100.160mm
233.4.220n1m
305 a 457rnm

111111cf
PIam fibre mass board

range douNa
sided sided

100 160111rn TO 75
233 4 a 220 IGO 175
203  95 60 40
203 a 106 200 220

Etch resist pen 70p
range Cl PCB transfers also 40111a.

- see catAlogue

VERO
Ver.°. 5.80 0 In mem
2501 26 25.375 05
3 75 5 IX 3 75 11 NO
4 75 II MI6 VO hoard 190

veropms per 100
anglesKlea 56 don. 6.20/ 65

Spot face cube, 150

RIBBON CABLE
Grey
0 ray

18 way
20 way
23 wey
34 ray
40 way
50 stay

per foot
14

23
26
31

sa
90

100111.1
650

1050
1310
1720
15160

2650
3320

NEW CATALOGUE
Our new fully illusaaled 84 page catalogue 15 11/0
available Contains over 3400 MOCklones al the
most compentive pnces 111 the made) We now sell
mide component:Sakai all Ile other mad order
companies put Ingather, When you have our new
catalogue s «My 10 See whY1 P1.0 11431(1
.0001N C0Msge Onckales E1 Orscount voucher) or I-
copy rsowl

11,free with orders over E20 in value Send for your

AVAILABLE NOW
L SOO

1500
LSO1

1502
LSO4
1505
1508
L509
LSIO
LS11
LSI2

LS13
LS14
LS15
L520
LS21
LS211

LS27
1530
LS32
LS37
1538
1540
1.2

1.7
LSA8
1573
1574
LS75
L576
L578
LS83
LS85
16843
1690
LS92
LS93

LS95 50
LS96 75
LS122 45
LS123 45
LS125 311

L5128 30
L5132 45
LS138 38
10139 36
LS148 100
LS151 35
15154 120
LS155 45

LS157
1.8158
LS161
15103
15164
Isles
LS170
LS173
LS174
LS175
LS190
LS1511

LSI92

1.6113
LS195
LS221
15240
15241
LS242
LS244
LS245
LS247
LS251
LS257
LS259
1.5268

LS273
IS279
LS283
1.6365
LS366
LS367
1S373
L5374
LS375
LS390
L5393
16541
LS670

CMOS
WOO
4001
4002
4006
4007
4009
4011

15
15

15
40
15

25
15

4012
4013
4015
4016
4017
4016
4020
4022
4023
4024

15
34
40

3535

40
40
40
15

30

4025
4026
4027
4028
4029
4030
4040
4042
4043
4044

4046
4047
4049
4050
4051
4052
4060
4066
4068
4069

46
50
73
23

25
15

15

4070
4071
4072
4073
4076
4077
4001
40E12
4093
4096

s
18
18

30
15
15

so

40106
4502
4507
4508
4510
4511
4514
4516
4518
4520

4526
4528
4532
4538
4543
4553
4555
4566
4584
4585

40
SO

40
40

215
35
35
as
50

BIM 7408
7413
7414

7400 25 7416
7401 2$ 7417
7402 25 7420
7404 25 7421
7405 25 7422
7406 40 7427
7407 40 7428

7430
7432
7433
7437
7430
7440
7442
74.
7446
7447

7448
7450
7451
7453
7454
7460
7472
7473
7474
7475

7476
7493
7485
7486
7489
7490
7491
7492
7493
2494

7495
7496
7497
74121
74123
74132
74150
74154
74157
74161

60
110

150
a
50
so

136
135

40

74163 60
74175 SO

74177 60
74190 70
74191 75
74192 75
74193 70
74154 75
74195 75
74196 75

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

mama IWO. All components trend nee and to Neaps/
6/1 priors 4.4c1ole VAT -. pease .110 1014I 0.111. 05004 NO
709 carnage o all omers under 020 m value Mtneners pow
value C5 Sand onepoe/P0 or Access/V.4a number wall order.
Our nee 64 page catab2ue donee MN well orders over C20
Telephone orders welcome min access or 004 0111041 orders
seoorne from coseges. acne.. p.talic companies.. Export
orders no VAT but pimse add for carnage (p4yrnstro in Sterling
gig«, we re open kimoal-Pnday 0,6 00. re -6 00p re A...
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E.E. PROJECT KITS
Full Kits inc. PCBs, or veroboard, hard-
ware, electronics, cases (unless stat-
ed). 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 60p.

THIS MONTH'S KITS
SAE or 'phone for prices

MAINS TESTER & FUSE FINDER Mar 86 E798
FUNCTION GENERATOR Feb 86 £22.53
POWER SUPPLY FOR ABOVE £726
TOUCH CONTROLLER Feb 86 £11.67
pH TRANSDUCER (less Probe) Feb 86 E2201
LIGHT EFFECTS/GAMES UNIT Feb 86 E10.37
SPECTRUM OUTPUT PORT Feb 86 £10.21
HEADLIGHT ONE SHOT Feb 86 £10.69
OPORT Jan 86 E6.80

TACHOMETER Jan 86 E23.40
MAIN DELAY SWITCH lett case Jan 86 £17.93
ONE CHIP ALARM Jan 86 £7.90
MUSICAL DOOR BELL Jan 86 £16.98
TTL LOGIC PROBE Dec 85 £8.59
OPTICAL INTENSER TRANSDUCERS Dec
85 £16.34
DIGITAL CAPACITANCE METER Dec 85 £35.98
DIODE/TRANSISTOR TESTER Dec 85 £15.98
UNIVERSAL LCR BRIDGE Nov 85 (23.49
FLUX DENSITY TRANSDUCER Nov 85 126.15
FLASHING PUMPKIN less case Nov 85 £3.82
SQUEAKING BAT less case Nov 85 £8.63
SCREAMING MASK less case Nov 85 £9.98
STRAIN GAUGE AMPURER Oct 85 £25.46
SIMPLE AUDIO GENERATOR Oct 85 £2.59
SOLDERING IRON POWER CONTROLLER Oct
85 04.72
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 E9.37
FRIDGE ALARM Sept 85 E6.82
SEMI -CONDUCTOR TEMP. SENSOR Sept
85 £18.93
RESISTANCE THERMOMETER Sept 85 Less
Probe £18.83
PLATINUM PROBE Extra E22.00
LOW COST POWER SUPPLY UNIT Aug
85 E16.72
TRI-STATE THERMOMETER (Batt) Aug 85 E6.05
TREMOLONIBRATO Aug 85 E34.48
STEPPER MOTOR INTERFACE FOR THE BBC
COMPUTER less case Aug 85 £13.99
1D35 STEPPER MOTOR EXTRA £14.50
OPTIONAL POWER SUPPLY PARTS E4.67
EMERGENCY UGHTS FLASHER less lamps
July 85 £6.39
CONTINUITY TESTER July 85 £5.37
TRAIN SIGNAL CONTROLLER July 85 £8.78
AMSTRAD USER PORT July 85 £15.33
ACROSS THE RIVER June 85 E17.97
ELECTRONIC DOORBELL June 85 £6.55
COMPUTERISED SHUTTER TIMER June

£10.61
£23.33
£15.34
£22.48
E16.39
£16.96
£16.98
£39.98

£7.63
£5.98

£12.36
240V £9.86

85
GRAPHIC EQUALISER June 85
AMSTRAD CPC 464 May 85
MAINS VERSION
AUTO PHASE May 85
INSULATION TESTER Apr. 85
LOAD SIMPLIFIER Feb. 85
SOUD STATE REVERB Feb. 85
GAMES TIMER Jan. 85
SPECTRUM AMPUFIER Jan. 85
TV AERIAL PRE -AMP Dec. 84
Optional PSU 12V E2.03.
MINI WORKSHOP POWER SUPPLY Dec.
84 E34.98
DOOR CHIME Dec. 84 £14.91
BBC MICRO AUDIO STORAGE SCOPE INTER-
FACE Nov. 84 E28.77
PROXIMITY ALARM Nov 84 E17.98
MAINS CABLE DETECTOR Oct. 84 £4.39
MICRO MEMORY SYNTHESISER Oct. 84147.98
DRILL SPEED CONTROLLER Oct. 84 £6.89
GUITAR HEAD PHONE AMPURER Sept. 84

E6.38
SOUND OPERATED FLASH less lead Sept. 84

E5.91
TEMPERATURE INTERFACE FOR BBC MICRO
Aug. 84 E19.70
CAR RADIO BOOSTER Aug. 84 E13.87
CAR LIGHTS WARNING July 84 E7.99
VARICAP AM RADIO May 84 £10.43
EXPERIMENTAL POWER SUPPLY May
84 E18.72
SIMPLE LOOP BURGLAR ALARM May 84E13.62
MASTERMIND TIMER May 84 f5A4
FUSE/DIODE CHECKER Apr. 84 £3.45
QUASI STEREO ADAPTOR Apr. 84 E10.90
DIGITAL MULTIMETER add on for BBC Micro
Mar. 84 £24.98
NI.CAD BATTERY CHARGER Mar. 84 E9.85
REVERSING BLEEPER Mar. 84 E6.78

PIPE FINDER Mar. 84 E3.60
IONISER Feb 84 £2398
ZX81 EPROM PROGRAMMER Feb 84 E14.48

SIGNAL TRACER Feb 84 E14.89

CAR LIGHT WARNING Feb 84 £3.76

GUITAR TUNER Jan 84 £17.73
BIOLOGICAL AMPURER Jan 84 £19.16
CONTINUITY TESTER Dec 83 £9.99
CHILDREN'S DISCO UGHTS Dec 83 £8.42
NOVEL EGG TIMER Dec 83 inc. case £1024
SPEECH SYNTHESIZER FOR THE BBC MICRO
Nov 83 less cable + sockets £21.98
MULTIMOD Nov 83 £16.98
LONG RANGE CAMERA/FLASHGUN TRIGGER
Nov 83 £13.50
HOME INTERCOM less link wire Oct. 83E14.38
DIGITAL TO ANALOGUE BOARD Oct. 83 E19.98
less cable, case & connector
HIGH POWER DAC DRIVER BOARD Oct 83 less
Case £12.52
HIGH SPEED A TO D CONVERTER Sept 83 less
cable & connector coact
SIGNAL CONDITIONING AMP Sept 83 no
case £8.98
STORAGE 'SCOPE INTERFACE FOR BBC MI-
CRO Aug 83 less software £15.38
PEDESTRIAN CROSSING SIMULATION BOARD
Aug 83 no case £10.29
HIGH POWER INTERFACE BOARD Aug 83 no
case £10.38
USER PORT I/O BOARD less cable +
plug £10.49
USER PORT CONTROL BOARD July 83 less
cable plug t case £25.14
GUITAR HEADPHONE AMPLIFIER May 830.92
MW PERSONAL RADIO less case, May 83 £7.62
MOISTURE DETECTOR May 83 £5.46
CAR RADIO POWER BOOSTER April 83 011.99
FUNCTION GENERATOR April 83 £45.98
FLANGER SOUND EFFECTS April 83 E24.17
NOVELTY EGG TIMER April 83 less case £5.48
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 E7.13

CONTINUITY CHECKER Sept. 82 E5.47

2 -WAY INTERCOM July 82 no case £4.52
ELECTRONIC PITCH PIPE July 82 E5.40

REFLEX TESTER July 82 £7.77
SEAT BELT REMINDER Jun 82 £4.10
EGG TIMER June 82 £5.44
CAR LED VOLTMETER less case. May 82E3.18
V.C.O. SOUND EFFECTS UNIT Apr. 82 £12.71
CAMERA OR FLASH GUN TRIGGER Mar. 82

E13.65 less tripod bushes
POCKET TIMER Mar. 82 E4.10

GUITAR TUNER Mar. 82 E17.19
SIMPLE STABIUSED POWER SUPPLY Jan. 82

E26.98

MINI EGG TIMER. Jan. 82. £4.40
SIMPLE INFRA RED REMOTE CONTROL
Nov. 81 £18.70
CAPACITANCE METER Oct. 81 £25.81
SUSTAIN UNIT Oct. 81 £13.99
TAPE NOISE UMTIER Oct 81 £4.98
HEADS AND TAILS GAME Oct. 81 E2.75
CONTINUITY TESTER Oct. 81 £4.48
PHOTO FLASH SLAVE Oct 81 £3.80
FUZZ BOX Oct 81 E7.98
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 E4.49
GUITAR HEADPHONE AMP E.E. May 81 E4.66
PHONE BELL REPEATER/BABY ALARM May
81 E6.15

INTERCOM April 81 £24.43
MODULATED TONE DOORBELL Mar. 81 E7.35
2 NOTE DOOR CHIME Dec. 80 E11.35
UVE WIRE GAME Dec. 80 E12.87
GUITAR PRACTICE AMPURER Nov. 80
E14.10 less case. Standard case extra £4.99
SOUND TO LIGHT Nov. 80 3 channel £23.40
TRANSISTOR TESTER Nov. 80 E12.80
AUDIO EFFECTS UNIT FOR WEIRD SOUNDS
Oct. 80 £14.40
IRON HEAT CONTROL Oct. 80 E6.30
MICRO MUSIC BOX Feb. 80 £17.86
Case extra £3.60
SPRING LINE REVERB UNIT Jan 80 £2720
UNIBOARD BURGLAR ALARM Dec. 79 E6.70
DARKROOM TIMER July 79 £3.20
MICROCHIME DOORBELL Feb. 79 £17.48
SOUND TO LIGHT Sept. 78 1920
CAR BATTERY STATE INDICATOR less case
Sept. 78 £2.29
R.F. SIGNAL GENERATOR Sept. 78 E31.20
IN SITU TRANSISTOR TESTER Jun. 78 E7.50
WEIRD SOUND EFFECTS GENERATOR Mar.
78 £6.20
ELECTRONIC DICE Mar. 77 £4.96

MAGENTA
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 SUPPUED ALLOW ALL
PROJECTS TO BE BUILT AND KEPT.
Supplied less batteries & cases.
FUN WITH ELECTRONICS,
COMPONENT PACK f16.98
BOOK EXTRA £1.75.
Book available separately.

INTRODUCTION
TO ELECTRONICS

An introduction to the basic principles of elec-
tronics. With lots of simple experiments. Uses
soldering. Lots of full colour illustrations and
simple explanations. A lovely book. Ideal for all
ages.

INTRODUCTION TO ELECTRONICS
COMPONENT PACK E9.99

BOOK EXTRA £2.45

Book also mailable separately.

BOOKS
A Practical Introduction to Microprocessors.
Tenfold 4218
Basic Electronics. Holder & Stoughton
Beginners Guide to Building Electronic Projects.
Tenfold E225

DIY Robotics & Sensors Billingsley. BBC £7.95

Commodore M £799
Elementary Electronics. Sladdin E5.913

Science Expenments with Your Computer 12.43

How to Design & Make Your Own PCBs. BP121 £215

How to Make Computer Controlled Robots. Potter 0320
How to Make Computer Model Controllers. Toner £3.19
Interfacing to Microprocessors & Microcomputers 5.50
Machine Code for Beginners. Osborne £2.45

Micro Interfacing Circuits Book 1 1245
Microprocessors for Hobbyists. Coles £4.98

Practical Computer Experiments. Parr 01.95

Practical Things to do With a Microcomputer.
Osborne £219
Questions & Answers - Electronics. Hickman £3.45

Understanding the Micro. Osborne ETA

TEACH IN 86
MULTIMETER TYPE M102BZ as specified. Guaranteed. Top quality. 20kN, 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
CUP 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. £16.78.
COMPONENTS FOR PRACTICAL ASSIGNMENTS. Parts 1 and 2 (Oct & Nov) £1.94.
Part 3 (Dec) £1.37. Part 4 (Jan) £2.48. Part 5 (Feb) £2.22. Part 6 (Mar) £6.31

All the above include VAT. P&P 60p. Plus
FREE CATALOGUE with Teach In orders over £20.00.

UNIVERSAL LCR BRIDGE Nov 85 £23.49
DIODE/TRANSISTOR TESTER Dec 85 £17.98
USEFUL AUDIO SIGNAL TRACER Jan 86 £15.95
AUDIO SIGNAL GENERATOR Feb 86 £24.96

THIS MONTH'S PROJECT
R.F. SIGNAL GENERATOR £23.32

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 3rprn-220Orpm depending on voltage & gear ratio.
Large unit type MGL (higher torque motor) 2rpm-1150rpm. Long 3mm dia output shafts.
Ideal for robots and buggies.
Small Unit IMGS) £3.49. Large Unit IMGL) f3.98.
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
ST4 STAND FOR IRONS
HEAT SINK TWEEZERS
SOLDER HANDY SIZE 5
SOLDER CARTON
SOLDER REEL SIZE 10
LOW COST PLIERS
LOST COST CUTTERS
BENT NOSE PLIERS

£6.98
£725
12.85

45p
£1.39
£2.50
£4.67
E1.98
£1.99
E1.89

MINI DRILL 12V MIDI)
MULTIMETER TYPE 1 1000opv
MULT1METER TYPE 2 20.000opv
MULTIMETER TYPE 3 30,0000pv
MULTIMETER TYPE 4 10M DIGITAL
DESOLDER PUMP
SIGNAL INJECTOR
CIRCUIT TESTER
HELPING HANDS JIG & MAGNIFIER
MINIATURE VICE (PLASTIC/

0838
E6.98

£17.98
127.98
£39.98

£5.48
E298

17.98
78p

£1.85

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

CATALOGUE & PRICE UST - Send £1 in
stamps etc. or add El to your order. Price list -
9x4 sae.
Catalogue FREE TO SCHOOLS/COLLEGES
REQUESTED ON OFFICIAL LETTERHEAD.

ADVENTURES
WITH

ELECTRONICS
An easy to follow hook suitable 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, metro-
nome, organ, intercom, timer, etc. Helps you learn
about electronic components and how circuits work.
Component pack includes an S -Dec breadboard and
all the components for the projects.
Adventures with Electronics 058. Component pack
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OUR PRICES INCLUDE VAT
MAGENTA ELECTRONICS LTD.
EE38, 135 HUNTER ST.,
BURTON -ON -TRENT
STAFFS, DE14 2ST.
MAIL ORDER ONLY.

ADD 60P P&P TO ALL ORDERS.
PRICES INCLUDE VAT.
SAE ALL ENQUIRIES.
OFFICIAL ORDERS WELCOME.
OVERSEAS: Payment must be sterling.

0283 65435, Mon -Fri 9-5. IRISH REPUBLIC and BFPO: UK PRICES.
Access/Barclaycard (Visa) by EUROPE: UK PRICES plus 10%.
phone or post. ELSEWHERE: write for quote.
24 hr Answerphone for credit card orders.

BARCLAYCARD
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BBC
As yet there are few computers which

have a built-in MIDI interface, and due to its
rather specialised nature this could remain
the case (although MIDI ports can also
function as high speed serial interfaces for
communication between two computers).
As it is basically just a standard serial
interface it is not difficult to add a MIDI port
to most computers, and this article de-
scribes an add-on MIDI interface for the
BBC model B computer.

The BBC machine is a good choice for an
application of this type as it is easy to
interface to add-ons, it has a fast BASIC
which enables several channels to be
sequenced with good synchronisation,
and the built-in assembler is available for
applications that require the extra operat-
ing speed of assembly language routines.

MIDI BASICS
MIDI is a two way asynchronous serial

interface which is similar to the RS232C
and RS423 serial systems often used with
home computers. As we shall see shortly,
the MIDI system is sufficiently different
from these two forms of interface to
prevent either of them from being used in a
MIDI set-up. The MIDI word format is one
start bit, eight data bits, one stop bit, and
no parity, which is about the most com-
mon one these days. The baud rate is very
high at 31.25k baud, but it is necessarily
so as significant delays must be avoided
when sequencing several channels. The
highest standard RS232C and RS423
baud rate is 19.2k baud, which is one
reason for the incompatibility between
MIDI equipment and standard serial inter-
faces. Although 31.25k baud appears at
first sight to be a rather odd choice, it is a
practical one which enables a suitable

BBC MIDI IrITERFACE

This Musical
Instruments
Digital Interface
will link a BBC
Micro to a
keyboard or
synthesiser

MID is a term which will probably be
familiar to any readers who have an

interest in electronic music making, and it
is a form of interface which is appearing on
an increasing range of instruments from
portable keyboards to expensive synthe-
sisers. For the record, MIDI stands for
"Musical Instruments Digital Interface",
and it is a computer style serial interface. It
enables two or more instruments to be
connected together, and unlike the old
CV/gate system, it enables complex sys-
tems to be put together using a minimum
of connecting wires. One instrument acts
as the controller for the system, or a
special sequencer can be used to control
the system.

An attractive feature of the MIDI system
is that a home computer fitted with a
suitable interface can act as the sequencer,
and an extremely good one at that. Even
with a long sequencer program loaded, the
average home computer will still have
sufficient memory left to accommodate
several thousand notes. A home computer
also gives great versatility since any de-
sired feature (within reason) can be added
using suitable software.

IN

clock signal to be derived from a 1MHz
crystal oscillator (1MHz divided by 32
equals 31250).

With RS232C and RS423 serial systems
the signal levels are around +3V to 12V
and -3V to 12V. The MIDI system has an
opto-isolator at each input to avoid prob-
lems with earth and hum loops, and conse-
quently ordinary OV to 5V output logic
levels are all that is required. Alternatively,
open collector outputs to drive the I.e.d.s
in the opto-isolators can be used.

Most MIDI equipped musical instru-
ments can have practically any parameter
set via the MIDI interface, but the instruc-
tion codes for many facilities are non-
standard and can be found in the instruc-
tion manual concerned. However, there is
a standard format used for gating notes on
and off so that there is compatibility
between any two MIDI instruments at a
fundamental level at least. Bytes are sent
in groups of three, one group to switch a
note on, and another to switch it off.

BYTES
Taking the triggering of a note first, the

first byte breaks down into two four bit
nibbles. The most significant of these
contains the "trigger a note" header code
which is 1001 in binary (144 in decimal).
The least significant nibble contains the
MIDI channel number, and this is in the
range 0 to 15, but note that MIDI channels
are normally numbered 1 to 16 and not 0
to 15. To select (say) MIDI channel 8, a
channel value of 7 would therefore be
used.

The second byte is the note value and
must be in the range 1 to 127. Notes
increment in semitones and a value of 60
gives middle C. This gives a very wide
pitch range of well over ten octaves. Bear
in mind though, that although the MIDI
system accommodates this pitch range,
not all MIDI equipped instruments can do
so. The manual for each instrument should
specify the pitch range available via the
MIDI interface (which might actually be
wider than can be achieved via the key-
board). Of course, with something like a
percussion synthesiser only on/off gating
is required, and the note value (which must
always be sent) is ignored.

The third byte is the velocity value, and
is again in the range 1 to 127. A value of 1
represents a key that is played as gently as
possible, incrementing to a key struck as
hard as possible at a value of 127. Not all
instruments have touch sensitivity, and it
is actually a feaure which is absent from
the majority of instruments. However, in
order to maintain compatibility between
touch sensitive and non -touch sensitive
instruments this byte must always be sent.
Non -touch sensitive instruments normally
send a dummy value of 127.
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Fig. 1. Complete circuit diagram of the BBC MIDI Interface.

The system used to switch a note off
again is virtually identical to the one used
for triggering. In fact the second and third
bytes perform the same function as be-
fore. On the face of it there is no point in
including the note value, but in serial
control systems things are usually ar-
ranged so that a certain number of bytes
are transmitted in each control sequence,
and the note value is transmitted merely to
make up the three byte block. The least
significant nibble of the first byte is also as
before, and contains the channel value.
The header code in the most significant
nibble is different though, and is 1000 in
binary (128 in decimal).

MODES
MIDI interfacing can be a little confusing

at first as there are three operating modes,
and the system will probably not perform
as intended unless every component in it is
set to the right mode. The most important
mode is "Omni", which is one that every
piece of MIDI equipment has, and the one
which the equipment defaults to at switch -
on. In this mode the receiving device will
respond to all commands regardless of
which channel they are directed to. This
mode ensures a basic level of compatibility
between all pieces of MIDI equipment, and
it is adequate for monophonic sequencing
of a single instrument, or where two or
more instruments must play in unison.
Polyphonic sequencing of a suitable synth-
esiser is possible, but exactly how the
received notes are assigned to the chan-
nels of the instrument depends on the
design of the instrument. Whatever the
system of internal assignment, homo-
phonic operation (all channels having the
same voice) is all that is likely to be
possible.

The "Poly" mode gives slightly greater
versatility by enabling each instrument in
the system to have its own channel num-
ber, and commands can therefore be di-
rected to just one instrument in a multi -
component set-up. However, this still

effectively limits each instrument to homo-
phonic operation. The "Mono" mode is
the most sophisticated one, and it gives
individual access to each channel of an
instrument. With a suitable instrument this
permits polyphonic sequencing with each
channel having a different voice.

Only a few fundamentals of MIDI soft-
ware have been covered here, but this is all
that you need to know in order to under-
stand how sequencing via a MIDI interface
can be achieved. Other features can be
controlled via the MIDI interface of most
instruments, but the codes and system
used are not universal in many cases, and
it is a matter of consulting the handbook
for each instrument to see just what can be
achieved, and how.

CIRCUIT OPERATION
The full circuit diagram of the interface is

provided in Fig. 1. Most simple BBC add-
ons connect to the analogue and (or) user
port, but in this case where 8 bit bi-
directional operation is required the 1MHz
Bus represents the best option.

Most normal serial interface devices can
be used as the basis of a MIDI interface,
and the only exceptions are the few de-
vices which can not handle the fairly high
baud rate involved. The obvious choice for
a 6502 computer is the inexpensive and
6502 bus compatible 6850 ACIA (Asyn-
chronous Communications Interface
Adaptor), which is the device used here
(IC1). The data bus of IC1, plus the clock
and R/W lines simply connect to the
corresponding lines of the 1MHz Bus.
There is no reset terminal on IC1 as the
6850 uses a software reset. IC1 has two
read registers and two write types, and it
consequently occupies two addresses in
the memory map. Address line AO is used
to drive the single register select input of
IC1.

The 6850 can operate with the transmit-
ter and receiver clocks at 1, 16 or 64 times
the required baud rate. In practice this
device is not normally operated in the
mode where the clock frequency is identi-
cal to the baud rate, as the internal receiver
synchronisation circuit will not function in
this mode and an external synchronisation
circuit would be required. In this case the
1MHz clock signal is divided by two in IC3,
and the 500kHz output is connected to the
receiver and transmitter clock inputs of
IC1. With IC1 operated in the X16 mode
this gives the required 31.25k baud rate.

There are two decoded address outputs
on the 1MHz Bus; NPFC and NPFD. These
pulse low when any address in page &FC
or &FD respectively is accessed. In theory
one of these lines could be connected
direct to the negative chip select input of
IC1, but in practice this might not give
good results due to noise on the page
select outputs. In this application a missed
byte of information would almost certainly
cause the system to crash, and good
reliability in the interface is essential. The
problem is due to the BBC computer
having a 2MHz clock for normal operation,
but a change to 1MHz when input/output
circuits are accessed. A simple circuit is all
that is needed to rectify the problem, and
in this circuit three of the NAND gates in
IC4 are used to provide a "clean" version
of NPFC to IC1. This places the control and
status registers at address &FC00, and the
receive/transmit registers at address
&FC01. Note though that only partial ad-
dress decoding is used, and that the
interface appears at "echoes" throughout
page &FC. This page is therefore unavail-
able for other add-ons when the MIDI
interface is connected.

IC2 is the opto-isolator at the MIDI input.
Al is the collector load resistor for the
transistor at the output of IC2 while R2
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COMPONENTS
Si*

Resistors
R1 390
R2,5,8 220 (3 off)
R3,6 1k (2 off)
R4,7 470 (2 off)
All 5% carbon film

Capacitors
C1 100n ceramic

page 146

Semiconductors
IC1 MC6850P ASCIA
IC2 CNY 17 high efficiency

opto-isolator
IC3 4024BE CMOS binary

counter
IC4 74LS00 TTL quad 2

input NAND gate
TR1,2 BC109 silicon npn (2

off)

Miscellaneous
SK 1 34 way IDC header

socket and cable
SK2,3,4 5 way 180 degree DIN

printed circuit mount-
ing sockets (3 off)

SK5 1mm socket
PL1 15 way D plug
PL2 1mm plug
Printed circuit board, available
from the EE PCB Service, order
code 518; Plastic Verocase 150 x
80 x 50mm; two 14 -pin DIL i.c.
holders; 6 -pin i.c. holder; 24- 
pin d.i.l. i.c. holder; wire; fixings;
solder; etc.

Approx. cost
Guidance only f1540

provides current limiting at the input. IC4d
is used to invert the output from ICI, and
the inverted signal is then coupled to a
couple of switching transistors which pro-
vide the unit with twin MIDI outputs.

Most MIDI instruments have three inter-
face sockets, "IN", "OUT", and "THRU".
The "THRU" socket merely provides a
buffered version of the signal applied to
the input. A MIDI system is normally
"chained" together in the manner shown
in Fig. 2(a), but if two of the instruments
lack a "THRU" socket this is not possible.
The method of connection shown in Fig.

2(b), with the second MIDI output of the
interface being brought into operation,
must then be utilized. If the second output
is not required, simply omit R6, R7, R8,
TR2, and SK4.

An unexpected omission from the BBC
computer's 1MHz Bus is any form of
power supply output. The +5V supply for
the interface is therefore taken from the
analogue port.

CONSTRUCTION
Refer to Fig. 3 for details of the printed

circuit board. IC1 and IC3 are both MOS
devices and accordingly require the stan-
dard antistatic handling precautions to be
observed. The standard connector for
MIDI interfaces is a 5 way (180 degree)
DIN type, and here printed circuit mounting
sockets are used. Make sure that these are
pushed right down onto the board before
soldering them into place, and use plenty
of solder. There are four link wires on the
board which should not be overlooked.
Also, note that IC1 and IC2 have the
opposite orientation to IC3 and IC4.

The board is connected to the 1MHz Bus
of the computer via a piece of 34 ribbon
cable up to about one metre long and fitted
with a 34 way IDC header socket. Be
careful to connect the free end of the cable
to the board the right way around. Fig. 4
gives connection details for both the 1MHz
Bus and the analogue port (note that the

Fig. 2(a). The normal "chained" MIDI set-up. (b) A series -parallel combination can be
used if there are inadequate "Thru" sockets for the "chained."
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diagram on page 499 of the BBC compu-
ter's "User Guide" shows the 1 MHz Bus
connector incorrectly, and it is Fig. 4 rather
than this which should be followed). An
insulated lead about one metre long is
used to connect PL1 to the board.

The unit can be left as an open board or,
like the prototype, it can be fitted into a
case having outside dimensions of about
150 by 80 by 50 millimetres. The board is
mounted on the base panel of the case
using 6BA fixings, including inch
spacers. Cutouts to accommodate the
sockets are then made in one side of the
case, which then effectively becomes the
front panel. An exit slot for the 34 way
ribbon cable is filed in the rear panel of the
case, and the +5V lead to the analogue
port can also be taken through this. How-
ever, a neater solution is to connect the
+5V terminal of the circuit board to a 1mm
socket mounted on the rear panel of the
case, and to terminate the lead from the
analogue port in a 1mm plug which con-
nects to this socket.

TESTING
As this project connects to the compu-

ter's buses, albeit via buffers in most
cases, it is essential to connect it to the
computer prior to switch -on. Once
switched on the computer should give the
normal "beep" and screen display, and
you should switch off at once and recheck
everything if there is any sign of abnormal
operation. The interface is connected to
the synthesiser (or whatever) using a stan-
dard five way DIN to five way DIN lead. If
you are making up your own connecting
leads bear in mind that only pins 4 and 5
actually carry connections; pin 2 at each
output is earthed, and this connects to the
outer braiding of the cable to provide
screening and prevent radio frequency
interference from being radiated.

SOFTWARE
The 6850 needs only very simple driving

software. First the device must be reset by
writing a value of three to the control
register (i.e. ?&FC00 = 3), after which the
word format and baud rate are selected by
writing the correct value to the control
register. In this case a value of 21 is
required (i.e. ?&FCOO = 21). Data to be
transmitted is then written to address
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&FC01. Using assembly language it is
possible to write data to the interface
faster than it can be transmitted. This must
be avoided by reading the "transmitter
register empty" bit at bit 1 of the status
register and using a software loop to
provide the necessary hold -off. This bit
goes high when the register is empty and
ready to receive fresh data.

Data is read from the receive register at
address &FC01, but to avoid multiple
readings of each byte data should only be
read when the "receive data register full"
bit of the status register (bit 0) is set to 1.
The MIDI system does not include any
handshake lines to control the rate at
which data flows, and any device which
receives data must be able to keep up with
the very rapid rate at which it is transmit-
ted at times. In practice this means that the
interface can only be read properly using
machine code or assembly language.

As a quick test of the unit you can try
connecting one of the outputs direct to the
input socket. After writing the two values
to the status register, as described pre-
viously, you should find that any value
written to ?&FC01 can be read back from

Fig. 3. Printed circuit board layout and construction

that address, but only if the link from the
output to the input is maintained.

USE
The accompanying listing is for a simple

real-time sequencer that is suitable for
recording and backing of up to four parts.
The normal way of using a sequencer of
this type is to record a backing, and to then
have the computer play this while the user
plays the melody line. Most MIDI instru-
ments will accept input simultaneously
from the keyboard and the MIDI interface.

In theory there is no limit to the number
of notes that can be played simultaneously
using this sequencer program, which re-
cords notes in five byte blocks of memory
(three bytes from the synthesiser, plus
two from the computer's timer). In prac-
tice though, using more than four part

harmonies might produce data from the
instrument at a faster rate than the com-
puter can handle it, despite the extensive
use of assembly language routines in the
program. It might be possible to stream-
line the program to handle more than four
notes at a time reliably, and it should be
possible to add refinements such as
rhythm correction and the ability to vary
the playback speed. As it stands the
program uses a 5k block of memory which
gives a storage capacity of 512 notes, but
this could obviously be boosted consider-
ably if required. The program is largely self
explanatory in use.

Step -time sequencing can be achieved
relatively easily, and the high operating
speed of BBC BASIC avoids the need to
resort to assembly language unless a large
number of channels are to be controlled. 0

BBC MIDI SOFTWARE
'OREM MIDI INTERFACE
20REM REAL TIME RECORD/
30REM PLAYBACK PROGRAM
40REM VERSION 2.1 JWP 8/85
50MODE 7
60
70
BODIM CODE 1023
90DIM STORE 5119
100DIM CLOCK 4
110
120
130?&72=STORE MOD 256
140?&73=STORE DIV 256
150notecount1=574
160notecounth=575
170pointer=570
180pointerh=8.71
1900SWORD=5FFF1
2000SBYTE=5FFF4
210midi=5FC01
220status=8,FC00
230

240
250FOR I7.=0 TO
260P/.=CODE
270C
2800PT IV
290.firstnote
300LDA #0
310STA CLOCK
320STA CLOCK+1
330STA CLOCK+2
340STA CLOCK+3
350STA CLOCK+4
360STA notecountl
370STA notecounth
3BOLDA 572
390STA 570
40OLDA 573
410STA 571
420. start
43OLDA status
440AND #1
450BED start
46OLDA #2

470LDX *CLOCK MOD 256
2 STEP 2 480LDY #CLOCK DIV 256

490JSR OSWORD
500
510
520.getnote
53OLDX #0
54OLDY #0
550LDA midi
560STA (pointer),Y
570JSR increment
580.note
590LDA status
600AND #1
610BEO note
62OLDA midi
630STA (pointer),Y
640JSR increment
650.tail
660LDA status

continued overleaf
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BBC MIDI SOFTWARE
continued

670AND #1
680BE0 tail
690LDA midi
700STA (pointer),Y
710JSR increment
720JSR addnote
730JSR timing
740.next
750LDA #255
760CMP 578
770BE0 tobasic
780LDA status
790AND #1
8008E0 next
810JMP getnote
820
830
840.increment
8501NC 070
860BNE nocarry
870INC 571
880.nocarry
89ORTS
900
910
920.key
930PHA
940LDA #255
950STA 578
960PLA
97ORTS
980
990
1000. timing
101OLDA #1
1020LDX *CLOCK MOD 256
103OLDY *CLOCK DIV 256
1040JSR OSWORD
1050LOY #0
1060LDA CLOCK
1070STA (pointer),Y
1080JSR increment
1090LDA CLOCK+1
11005TA (pointer),Y
1110JSR increment
112ORTS
1130
1140
1150. addnote
1160INC notecountl
11708NE nohi
1180INC notecounth
1190LDA notecounth
1200CMP #4
1210BNE nohi
1220BRK
1230E0U8 100
1240EOUS "Note store full
1250BRK
1260.nohi
127ORTS
1280
1290
1300.tobasic
1310BRK
1320E008 102
1330EOU5"Key pressed"
1340BRK
1350
1360
13370. wait
1380LDA #591

139OLDX
140OLDY
1410JSR
1420BCC
143OLDX
144OLDY
145OLDA
1460JSR
147OLDY
148OLDA
1490CMP
15008E0
1510BCS
15208CC

#0
#0
OSBYTE
tobasic
*CLOCK MOD 256
*CLOCK DIV 256
#1
OSWORD
#4
CLOCK+1
(pointer),Y
l obyte
outwait
wait

1530.1obyte
1540DEY
1550LDA CLOCK
1560CMP (pointer),Y
1570BCC wait
1580.outwait
159ORTS
1600
1610
1620.firstplay
163OLDA #0
16405TH
1650STA
16605TH
1670STA
1680STA
169OLDA
17005TH
171OLDA
1720STA
173OLDA
1740STA
175OLDA
17605TH
177OLDA
178OLDX
179OLDY
1800JSR
1810JSR

CLOCK
CLOCK+1
CLOCK+2
CLOCK+3
CLOCK+4
572
570
073
571
574
576
075
577
#2
#CLOCK MOD 256
*CLOCK DIV 256
OSWORD
nextnote

1820. playnote
1830JSR wait
1840LDA status
1850AND #2
18608E0 playnote
187OLDY #0
1880LDA (pointer),Y
1890STA midi
1900JSR increment
1910.noteval
1920LDA status
1930AND #2
19408E0 noteval
1950LDA (pointer),Y
1960STA midi
1970JSR increment
1980.thirdval
1990LDA status
2000AND #2
20108E0 thirdval
2020LDA (pointer),Y
2030STA midi
2040JSR increment
2050JSR increment
2060JSR increment
2070JSR nextnote
2080JMP playnote
2090
2100
2110.nextnote
2120DEC 576
2130LDA 576

2140CMP #255
2150BNE nextout
2160DEC 077
2170LDA 077
2180CMP #255
2190BNE nextout
2200BRK
2210EOUB 101
2220E0US "All notes played"
2230BRK
2240.nextout
225ORTS
2260]
2270NEXT
2280
2290
23000N ERROR GOTO 2510
2310
2320
2330CLS
2340?status=3
23507status=21
23607&220=key MOD 256:?0221=key DIV 256
2370PRINTTAB(5,5);"Press R to record"
2380PRINTTAB(5,7);"Press P to playback"
2390PRINTTAB(5,9);"Press any key to sto
p recording/"jAB(5);"playing back, exce
pt ESCAPE."
2400PRINTTAB(5,12);"Press ESCAPE to qui
t program."
2410
2420
2430REPEAT
2440K=GET
2450K=K AND 223
2460IF K=82 THEN PROCrecord
2470IF K=80 THEN PROCplay
2480UNTIL FALSE
2490
2500
2510IF ERR=17 THEN STOP
2520*FX13,2
25307578=0
2540IF ERR=100 THEN PROCnotes:GOTO 2430
2550IF ERR=101 THEN PROCclearline:GOTO
2430
2560IF ERR=102 AND K=82 THEN PROCnotes:

GOTO 2430
2570IF ERR=102 AND K=80 THEN PROCclearl

ine:GOTO 2430
2580REPORT:PRINT " at line ";ERL
2590PRINT "PRESS ANY KEY"
2600REPEAT UNTIL GET
26105010 2330
2620
2630
2640DEF PROCrecord
2650*FX14,2
2660PRINTTAB(5,20);"Recording..."
26707status=3
2680?status=21
2690CALL firstnote
2700ENDPROC
2710
2720
2730DEF PROCplay
2740IF 7575=0 AND 7074=0 THEN PROCempty
:ENDPROC
2750PRINTTAB(5,20)"Playing..."
2760CALL firstplay
2770ENDPROC
2780
2790
2800DEF PROCnotes
2810notecount=(256*7575+7574)
2820PRINTTAB(5,20);notecount;" Events s

tored."
2830*FX21,0
2840PRINTTAB(5,21);"Press any key"
2850REPEAT UNTIL GET
2860PROCclear1ine
2870ENDPROC
2880
2890
2900DEF PROCclearline
2910PRINTTAB(5,20);SPC(20)
2920PRINTTAB(5,21);SPC(20)
2930VDU 31,5,20
2940ENDPROC
2950
2960
2970DEF PROCempty
2980PRINTTAB(5,20)"Nothing recorded."
2990PRINTTAB(5,21)"Press any key."
3000REPEAT UNTIL GET
3010PROCclearline
3020ENDPROC
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ELMASET INSTRUMENT CASE
300x133x217mm deep £10.00 ea (£1.50)

REGULATORS
LM317T Plastic T0220 variable £1.00
LM317 Metal £2.20
7812 Metal 12v lA £1.00
7805/12/15/24 plastic SOp 1000 + 18p
7905/12/15/24 plastic SOp 1000 19p
CA3085 T099 Variable regulator £1.00

COMPUTER ICS
Used Eproms are erased and verified
27128-300nS New £3.50 10+ £3 Used £2.50
2764 Intel/Fujitsu 300nS £2.50 Used £1.50
2716 EX EQPT E2 100- £1
2732 EX EQPT £2.50
2114 EX EQPT 60p 4116 EX EQPT 70p
4164-200nS NEW £1.50 100 + £1.00
6254LP15 8K static ram £4
6116 LP -2 (TC5517APL-2) £2.50
6116 -2 (TC5517AP-2) £2.20

POWER TRANSISTORS
TIP141, 142, 147£1 ea, TIP112, 125, 42B 2/£1.00
TIP35B £1.30 TIP35C £1.50
SE9302 100V 10A DARL SIM TIP121 2/£1.00
2N3055 Ex eqpt tested 4/£1.00
Plastic 3055 or 2955 equiv 50p 100/E30.00
2N3773 NPN 25A 160V £1.80 10/E16.00

DISPLAYS
Futaba 4 digit clock, fluorescent display 5 -LT 16

£1.50
Futaba 8 digit calculator, fluorescent display 9CT-
01-3L £1.50
LCD Clock display 0.7" digits £3.00
Large LCD Clock display 1" digits £3.00
7 seg 0.3" display comm cathode 2/£1.00

QUARTZ HALOGEN LAMPS
A1/216 24v 150w £2.25
H1 12v 55w (car spot) £1.25

MISCELLANEOUS
OSCILLOSCOPE PROBE KIT X1X10 £10.00
Cheap phono plugs 100/£21000/£18
Ipole 12 way Rotary switch 4/E1
Audio Ics LM380 LM386 £1 ea
Modem line transformer £1.60100-80p
Coax plugs 5/£1
4x4 MEMBRANE KEYBOARD £1.50
INDUCTOR 20)JH 1.5A 5/£1.00
COAX PLUGS 5/£1.00
15,000p.F 40v £3 (1.50)
NEW BRITISH TELECOM PLUG+ LEAD £4.50
1.25" Panel Fuseholders 5/£1.00
MAINS ROCKER SWITCHES 6A SPST 5/£1
STAINLESS STEEL HINGES 14.5" BY 1" OPEN £1.00
each 10/£7.00
MAINS TRANSIENT SUPPRESSORS 245v.... 3/E1.00
TOK KEY SWITCH 2 POLE 3 KEYS - ideal for
car/home alarms £3 £100+ £2.00
12v 1.2w small wire ended lamps fit AUDI/VW TR7 '
VOLVO SAAB 10/£1.00
Large Heat shrunk sleeving pack £2.00
PTFE sleeving pack asstd colours £1.00
250 mixed res diodes, zeners £1.00
Mixed electrolytic caps 100/E2.00
Stereo cass R/P head £2.50
Mono head £1, Erase head Sop
Thermal cut-outs 50', 77', 85', 120'C 80p
Thermal fuse 121'C 240v 15A 5/£1.00
Vero pins fit 0.1" Vero 200/E1.00
TO220 Micas + bushes 10/50p 100/E2.00

TO3 Micas + bushes 20/£1
RELAYS 240v AC coil PCB mounting 2 pole
changeover £1 3 pole c/o £1.00
Fig. 8 mains cassette leads 3/E1.00
KYNAR wire wrapping wire 2oz reel £1.00
PTFE min. screened cable 10m/£1.00
TOKIN MAINS RFI FILTER 250v 15A £3.00
IEC Chassis plug/rfi filter 10A £3.00
Mercury tilt switch small £1.00
Min. rotary sw. 4p c/o 1/8" shaft 2/£1.00
Thorn 9000 TV audio o/p stage 2/C1.00
10m7 CERAM IC FILTER 50p 100/£20.00
6m or 9m CERAMIC FITLER 50p 100/C25.00
240v AC FAN 4.6" SQUARE NEW £5.50 (£1.60)
240/115v AC FAN 4.6" SQ. NEW £7.00 (£1.60)
BELLING -LEE 12 -way block L1469 4/£1.00
POTENTIOMETERS short spindle
2k5 10k 25K 1M Lin 5/£1
500k lin 500k log long spindle 4/£1
40KHZ ULTRASONIC TRANSDUCERS EX-EQPT.
NO DATA PAIR/£1.00
STICK -ON CABINET FEET 30/£1.00
T03 TRANSISTOR COVERS 10/C1.00
TRANSISTOR MOUNTING PADS T05/T018 £3/1K
DIL REED RELAY 2 POLE N/O CONTACTS £1.00
ZETTLER 24V 2 POLE c/o relay 30x20x 12mm sim RS
348-649 £1.50 100. £1

RECTIFIERS
120v 35A stud 85p
12FR400 12A 400v small stud 4/E1.50
BY127 1200V 1.2A 10/£1.00
BY254 800v 3A 8/£1.00
BY255 1300v 3A 6/£1.00
1A 800v bridge rectifier 4/£1.00
6A 100v bridge 50p
10A 600v bridge £1.50
15A 100v bridge £1.50
25A 200v bridge £2.00 ea 10/£18.00
25A 400v bridge £2.50 10/E22.00

SCRs
MCR72-6 400v £1
35A 600v stud £2.00
2N5061 800mA 60V T092 4/E1.00
TICV106D .8A 400v T092 3/£1 100/C15.00
MEU21 Prog. unijunction 3/E1.00

TRIACS diacs 25p
TXAL225 8A 400V 5mA gate 2/£1.00 100/E35.00

CONNECTORS (EX EQPT. price per pair)
'D' 9 -way £1: 15 -way £1.50; 25 -way £2.00
37 -way 02; 50 -way £3.50; covers 50p ea

WIRE WOUND RESISTORS
W21 orsim 2.5VV100F ONE VALUE FOR £1.00
R47 1R0 2R0 2R7 3R9 5R0 10R 12R 15R 18R 20R 27R 33R
36R 47R 120R 180R 200R 330R 390R 470R 560R 680R 820R

910R
1K 1K15 1K2 1K3 1K5 1K8 2K4 2K7 3K3 10K
RO5 (50mil I i-ohm) 1% 3watt 4forEl
W22 or sim 6 watt 7 OF ONE VALUE for £1.00
R47 1R5 9R1 10R 12R 20R 33R 51R 56R 62R 120R 180
270R 390R R47 560R 620R 1K 1K2 2K2 3K3 3K9 10K
W23 or sim 9 watt 6 OF ONE VALUE for £1.00
R22 R47 1R0 3R0 6R8 56R 62R 100R 220R 270R 390R
680R 1K 1K8 10K
W24/ sim. 12 watt 4 OF ONE VALUE for £1.00
R50 2R0 1OR 18R 47R 68R 75R 82R 150R 180R 200R

KEYTRONICS
332 LEY STREET, ILFORD, ESSEX

Shop open Mon -Sat 10am-2pm
TELEPHONE: 01-553 1863

PHOTO DEVICES
Slotted opto-switch OPCOA OPB815 £1.30
2N5777 50p 100/E26.00
TIL81 T018 Photo transistor £1.00
TI L38 Infra red LED 2/50p
OP12252 Opto isolator 50p
Photo diode 50p 6/C2.00
MEL12 (Photo darlington base n/c) 50p
RPY58A LDR 50p ORP12 LDR 85p
LEDs RED 3mm or 5mm 12/£1 100/E5.00
GREEN or YELLOW 3 or 5mm 10/£1 100/£6.50
FLASHING RED 5mm 50p 100/C30.00

DIODES
1N4148 100/E1.50
1S3740 Germanium 100/C2.00
1 N4004 or SD4 lA 300v 100/£3.00
1N5401 3A 100V 10/£1.00
BA157 lA 400V Fast recovery 100/E2.50
BA159 lA 1000V Fast recovery 100/E4.00

MULTI TURN PRESETS
10R 20R 100R 200R 500R 50p
2K 5K 22K 50K 100K 200K

IC SOCKETS
6 -pin 15/£1 8 -pin 12/01; 14 -pin 10/£1.00; 18/20 -pin 7/£1:
100/£12; 1k/£50: 22/28 -pin 25p: 24 -pin 25p: 100/£20;
1k/£100: 40 -pin 30p; 16 -pin 12/01; 100/06

TRIMMER CAPACITORS small
GREY 1.5-6.4pF GREEN 2-22pF 5 for 50p
GREY larger type 2-25pF 5 forSOp

SOLID STATE RELAYS NEW
10A 250v AC
Zero voltage switching
Control voltage 8-28v DC £2.50
VARIAC 0 to 130v 6A new uncased £6.00 (£2)

POLYESTER/POLYCARB CAPS
1n/3n3/5n6/8n2/10n 1% 63v 10mm 100/£8
1On/15n/22n/33/47n/68n 10mm rad 100/C3.00
100N 250V radial 10mm 100/£3
1u5 P/carb 15mm rad 100/C7.00 (£1)
2u2 160v rad 22mm 100/£10.00 (£1.50)
470n 250v AC X rated rad 4/£1.00
33n/47n 250v AC X rated rad 15mm 10/£1.00
10n 250v AC X rated rad 10mm 10/£1.00
100n 600V SPRAGUE axial 10/£1 100/E6.00 (£1)

BEAD THERMISTORS
GLASS BEAD NTC Res ru 20'c 80p
250R 1K2 50K 220K 1M4
R53 THERM ISTOR £2.00

BEAD TANTALUM CAPS
8 25V 47u 3V 12/£1 100/E6.00
2u2 20V 8/£1 100/£8.00

MONOLOTHIC CERAMIC CAPS
100n 50v 100/£6 1k/E4010k/C300
100N 50V axial Shortleads 100/E3.00
iON 50V 100/£3.00
470N 50V 100/07 1pF 50V 100/C14
10N.50v dil package 0.3" rad. £4/100 E35/1k

STEPPER MOTOR 4 PHASE 2
9v WINDINGS
£3.50 10%£35.00

MIN CASH ORDER £3.00 OFFICIAL ORDERS WELCOME
UNIVERSITIES COLLEGES SCHOOLS GOVT DEPARTMENTS

MIN. ACCOUNT ORDER £10.00

P&P AS SHOWN IN BRACKETS (HEAVY ITEMS)
65p OTHERWISE (LIGHT ITEMS)

ADD 15% VAT TO TOTAL
ELECTRONIC COMPONENTS BOUGHT FOR CASH
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IN this month's instalment of "Teach -
In" we shall be discussing the prin-

ciples of radio as well as taking a look
at some simple receiver and Radio
Frequency (RE) oscillator arrange-
ments. Before we do, however, we
shall introduce another important se-
miconductor device, the Field Effect
Transistor (FET).

THE FIELD
EFFECT TRANSISTOR

The field effect transistor operates
on a different principle from that used
by the conventional junction transis-
tor. The fundamental difference being
that the FET is a unipolar device (i.e.
only one type of charge carrier is
involved).

Field effect transistors exist in
various forms; the two major sub-
families being Junction Gate (JUG-
FET) and Insulated Gate (IGFET) types

Fig. 6.1. JUGFET symbols.

Fig. 6.2. Simplified internal arrangement of
an n -channel JUGFET.

Fig. 6.4. Mutual characteristic for an n -
channel JUGFET.

(see Fig. 6.1). At this stage we will
only consider JUGFET devices and
will go on to use one of these devices
in a simple radio receiver.

Fig. 6.2 shows the simplified inter-
nal construction of an n -channel JUG-
FET. A thin slice of n -type silicon links
the "source" and "drain" connec-
tions. A narrow p -type region is
formed beneath a third electrode
called a "gate".

With no bias applied to the gate and
with a potential difference (of either
polarity) applied between the source
and drain, electrons will travel within
the n -type material in a region called
the "channel". We have illustrated
this in Fig. 6.3(a) for the normal case
in which the drain is made positive
with respect to the source.

Now suppose that a negative bias
voltage is applied to the gate. The p -n
junction formed between the gate
and the channel will become reverse
biased. The increase in negative

Fig. 6.3. JUGFET operation.

charge will repel the electrons away
from the p -type region effectively
reducing the width of the channel
available for conduction, as shown in
Fig. 6.3(b).

Increasing the reverse bias still
further will further reduce the width of
the channel until we eventually reach a
condition (known as "pinch -off") in
which the channel width has been'
reduced so much that electrons can
no longer flow from source to drain.
This condition is depicted in Fig.
6.3(c).

In terms of current flow, when no
bias is applied to the gate (i.e. Vas =
OV) current flowing into the drain and
out of the source (remember that
current and electron flows are oppo-
site) will take a maximum value. Note
that, since no current flows at the
gate, the drain and source currents
must be identical in magnitude.

NEGATIVE BIAS
When negative bias is applied, and

depending upon the magnitude of this
bias, the source and drain currents
will be reduced. Furthermore, no
source and drain current will flow at all
when the bias exceeds the pinch -off
value.

We can illustrate this relationship
with the aid of the "mutual" charac-
teristic curve shown in Fig. 6.4. This
shows drain current (ID) plotted
against gate -source voltage (VGs).
From Fig. 6.4, it should be noted that
the drain current falls linearly with
increasing negative gate -source bias.
A typical family of output characteris-
tics for a JUGFET are shown in Fig.
6.5. Readers may like to compare this
with the corresponding characteris-
tics for a bipolar transistor in Teach -In
Part 3 (Fig. 3.29).

Readers should note that JUGFETs
are not normally operated with the
gate -source junction forward biased.
(For an n -channel JUGFET this corre-
sponds to a positive value of gate -
source voltage). The danger, of
course, is that the gate -channel junc-
tion will become forward biased and
an appreciable value of gate current
will be drawn. In this condition the
device will no longer operate in a
linear manner indeed, an appreciable
gate current may destroy the device!

One of the principal advantages of
the FET (over conventional bipolar
transistors) should now be becoming
apparent. Since no current flows into
the gate (it is operated by charge
rather than current) the resistance
looking into the gate of a FET is
extremely high (in practice this can be
tens of millions of ohms!) and thus the
device presents very little loading
upon the input circuit.
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Fig. 6.5. Output characteristic for an n -channel JUGFET.

A typical JUGFET amplifier is
shown in Fig. 6.6. This should be
compared with the equivalent ar-
rangement for a bipolar transistor
which was shown in Teach -In Part 4
(Fig. 4.8(c) ). Readers will note that
the only difference (apart from the
symbol) is the absence of the base
bias resistor, RB.

Fig. 6.6. Typical JUGFET amplifier stage.

RADIO
Speech and music can be conveyed

over short distances using wires and
cables along which an audio fre-
quency electric current is sent. This
system works well provided the dis-
tance is relatively short and a direct
wire connection can be made
between the two ends of the circuit.

An alternative method of communi-
cation is, however, desirable where
information is to be "broadcast" gen-
erally or where the distances involved
are so great that the losses inherent in
cables and wires make their use
impractical.

In such cases we must resort to the
use of a high frequency carrier wave
to convey our information from one
end of the circuit to the other. When
the high frequency carrier is radiated
into space (as an electro-magnetic
wave) the system is called "radio",
the sending and receiving ends being
respectively known as a "trans-
mitter" and "receiver".

The modulated high frequency car-
rier may also be transmitted using a
coaxial cable linking the sending and
receiving ends of the circuit. By

Fig. 6.8. An electro-magnetic wave.

choosing appropriate carrier frequen-
cies, systems of this type can permit
a number of signals to be transmitted
simultaneously down the same line.
This "Frequency Domain Multiplex-
ing" (FDM) is used in many long
distance trunk telecommunication
systems.

THE RADIO
FREQUENCY
SPECTRUM

Radio signals occupy a very wide
frequency range which itself is part of

the complete electro-magnetic spec-
trum, as shown in Fig. 6.7. The
wavelength of a radio signal is simply
the distance between corresponding
points on consecutive cycles of the
electro-magnetic wave, as depicted in
Fig. 6.8. In air, or space, such a wave
travels at a velocity equal to that of
the speed of light (300 million metres
per second or 3 x 108m/s).

Velocity of propagation, v, wave-
length, A., and frequency, f, of a radio
wave are related by the following
equation:

v = fA.

(CLASSIFICATION) (FREQUENCY) (WAVELENGTH) ( PRINCIPAL SERVICES)

30 GHz

Super High Frequency

( SHF)

3GHz

Ultra High Frequency

(UHF)

';300MHz

VeryHigh Frequency
(VHF)

30MHz

High Frequency
( HF)

 3MHz

Medium Frequency
(MF)

Low Frequency
(LF)

Very Low Frequency_
( VLF)

\/300 kHz

30 kHz

 3 kHz

1cm

10cm

1m

10m

100 m

1km

10km

100km

Radar

Spaceand Satellite Communications

Citizens Band

Television Broadcasting Bands El/c,

Television Broadcasting Band Ill

FM Broadcasting Band II

Television Broadcasting Band I

Citizens Band

Short Wave Broadcasting

Medium Wave Broadcasting

Long Wave Broadcasting

Submarine Communications

Fig. 6.7. The radio frequency spectrum.
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Hence, when v = 3 x 108m/s:
v 3 x 108

and

X -
v -3 x 108
f

where is the wavelength expressed
in metres and f is the frequency
expressed in Hertz.

A radio wave with a frequency of
3MHz, for example, will have a wave-
length given by:

3 x 108X - = 100 metres
3 x 106

Similarly, a radio wave having a wave-
length of 1m will have a frequency
given by:

3 x 108f = = 300MHz
1

r

I

I. n

(a)Unmodulated RF Corner.

(b)Modulating Signal.

v t,
(c)Amplitude Modulated(AM) Carrier.

1

(d) Frequency Modulated (FM) Carrier

Fig. 6.9. Amplitude and frequency
modulation.

The lowest frequencies used for
practical radio communication are in
the low tens of kHz. Very Low Fre-
quency (VLF) waves travel close to
the surface of the earth and rely on
good earth conductivity. A typical
application of VLF transmissions is,
therefore, long distance telegraphic
communication with submarines.

At the other end of the spectrum,
frequencies of beyond 30GHz (i.e.
30,000,000,000 Hertz) travel only in
straight lines over an unobstructed
path. They are thus used for applica-
tions such as short range high resolu-
tion radar.

The use to which each frequency
range is put depends upon a number
of factors, paramount of which is the
propagation characteristics within the
range. Other factors that need to be
taken into account include the effi-
ciency of practical aerial systems in
the range concerned and the band-
width available.

Finally, though it may appear from
Fig. 6.7 that a great deal of the
frequency spectrum is unused, it

IEEE/Sing

AF

Amplifier

RF
Oscillator

'TRANSMITTER]

ELECTROMAGNETIC
WAVE

Fig. 6.10. Block schematic of a radio communication system.

should be stressed that competition
for frequency space is fierce. Fre-
quency allocations are, therefore, rati-
fied by international agreement and
the various radio services carefully
safeguard their own areas of the
spectrum.

MODULATION
In order to convey information from

one end of a radio circuit to another,
the signal information must be "mo-
dulated" onto the high frequency car-
rier. The process of modulation is
simply that of changing a particular
property of the carrier wave in accor-
dance with the instantaneous voltage
(or current) of the signal to be
conveyed.

Several methods of modulation are
in common use, two of the most
common being Amplitude Modulation
(AM) and Frequency Modulation (FM).
In the former case the carrier ampli-
tude (its peak voltage) varies accord-
ing to the voltage, at any instant, of
the modulating signal. In the latter
case the carrier frequency is varied in
accordance with the instantaneous
modulating signal voltage.

Typical waveforms showing a sinu-
soidal carrier modulated by a sinusoi-
dal modulating signal are shown in
Fig. 6.9. It should be noted that, in a
practical case, far more cycles of the
RF carrier would occur in the timespan
of one cycle of the modulating signal
than can actually be shown.

Consider, as an example, the case
of a 1MHz carrier modulated by a
1kHz signal. One thousand cycles of
RF carrier will occur during the time
interval occupied by only one cycle of
the modulating signal.

DEMODULATION
The process of recovering the sig-

nal from a modulated carrier is known
as "demodulation". This process is
carried out by a circuit known as a
"demodulator" (sometimes also
called a "detector").

The block schematic of a complete
AM radio system is shown in Fig.
6.10. The carrier wave (of constant
frequency) is generated by means of
an RF oscillator. In order to ensure
unconditional stability of such an os-
cillator the frequency determining ele-
ment is generally a quartz crystal. The

TEACH -IN SOFTWARE
To complement each published part of the Teach-ln series, we
have produced an accompanying computer program. The
Teach -/n Software is available for both the BBC Micro-
computer (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) is now available for
£4.95 (inclusive of VAT and postage) from Everyday Elec-
tronics and Electronics Monthly, Westover House, West Quay
Road, Poole, Dorset, BH15 1JG.

IMPORTANT State BBC or Spectrum; add 50 pence for
overseas orders; allow 28 days for delivery.

I
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Fig. 6.11. A diode demodulator for AM signals.
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Fig. 6.12. Waveforms for the circuit of Fig
6.11.

Fig. 6.13. Tuned circuits.

output of the modulator (a modulated
RF carrier) is amplified before output-
ting to an aerial system. The output is
usually also carefully filtered to re-
move any spurious signals (harmo-
nics) that may be present.

At the receiver, the signal produced
by the receiving aerial is a much
weaker copy of the transmitted sig-
nal. Also present will be countless
other signals at different frequencies.
These must be rejected in the re-
ceiver's RF tuned circuits if they are
not to cause interference at the
demodulator.

Besides selectivity, the RF amplifier
stage also provides voltage and
power gain so that a larger signal is
presented to the demodulator. This
stage then recovers the modulated
information.

The signal recovered by the de-
modulator normally has quite a small
amplitude (500mV, or less) and thus
further (audio frequency) amplification
is subsequently required to bring the
signal to a voltage and power level
suitable for connection to a

loudspeaker.

DIODE DEMODULATOR
A simple diode demodulator is

shown in Fig. 6.11 together with
representative voltage waveforms in
Fig. 6.12. The modulated RF carrier is
applied (usually via a radio frequency
transformer) to the diode which con-
ducts on positive going half cycles of
the RF input voltage. The diode used,
incidentally, should be a germanium
(rather than silicon) type by virtue of
the much smaller forward bias voltage
required for conduction to take place.
This helps to improve the sensitivity
and linearity of the detector.

Capacitor, Cl, charges to the peak
voltage of each RF cycle and main-
tains a voltage which resembles the

Fig. 6.14. Impedance frequency character-
istics for the tuned circuits of Fig. 6.13.

Impedance

I EE096CSI

Frequency
Resonant
Frequency, f

a) Series Tuned Circuit

Impedance

Rp

Frequency
Resonant
Frequency, fo

b) Parallel Tuned Circuit

shape of the "envelope" of the ampli-
tude modulated input waveform.

Series resistor, R1, and shunt capa-
citor, C2, then form a simple low-pass
filter which removes any residual car-
rier frequency components present
on the recovered audio frequency
output voltage. Finally, R2 completes
the d.c. path (required by the detec-
tor) whilst C3 acts as a d.c. blocking/
a.c. coupling capacitor to pass the
signal to the next stage.

TUNED CIRCUITS
We have already mentioned the

need for "selectivity" within the RF
amplifier stage. Selectivity is achieved
with the aid of a tuned circuit compris-
ing inductance, L, and capacitance, C.
Where the frequency of the tuned
circuit is to be made adjustable, either
of the components may be made
variable. In practice, however, it is
usually easier to make use of a vari-
able capacitor rather than a variable
inductor.

Two forms of series tuned circuit
are possible; "series" and "parallel",
as depicted in Fig. 6.13. We have
included, in each case, an equivalent
loss resistance which accounts for
the imperfections of the circuit (i.e.
the leakage resistance associated
with the capacitor and the winding
resistance of the inductor).

Fig. 6.14 shows the impedance/
frequency characteristic of each type
of tuned circuit. It should be noted
that the series and parallel tuned
circuits have opposite characteristics
and, furthermore, the series tuned
circuit has a minimum impedance of
Rs whilst the parallel tuned circuit has
a maximum impedance equal to Rp.

The resonant frequency of a tuned
circuit is given by:

1

fo Hz
27EN/LC

where L is the inductance (in henries,
H) and C is the capacitance (in farads,
F).

The characteristics of the tuned
circuit make it ideal for selecting or
rejecting a range of frequencies. For
this reason the series tuned circuit is
often known as an "acceptor" circuit
whilst the parallel tuned circuit is often
called a "rejector" circuit.

A SIMPLE RADIO
RECEIVER

A practical radio receiver can be
produced by combining a tuned circuit
with a diode demodulator, as shown
in Fig. 6.15. The tuned circuit pro-
vides a degree of selectivity whilst the
diode demodulator recovers the am-
plitude modulated signal. This ar-
rangement is often called a "crystal
set" since the first generation of such
receivers employed a piece of galena
crystal and a "cat's whisker" (a small
piece of spring steel with a sharp
point) to make a crude form of diode.

Provided that a reasonably efficient
aerial and earth system can be rea-
lised, our simple radio receiver should
be capable of providing acceptable
reception of around half a dozen of
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(he strongest broadcasting stations in
the medium and long wave bands.

The selectivity and sensitivity of the
receiver still leaves a geat deal to be
desired and thus the simple "crystal
set" must now be considered as
something of an "antiquity"!

Fig. 6.15. A simple "crystal set".

TRF RECEIVER
A modern "tuned radio frequency"

receiver using just one tuned circuit is
shown in Fig. 6.16. This receiver uses
a ferrite rod (the same as that em-
ployed for this month's practical as-
signment) and does not require any
external aerial or earth connection.
The integrated circuit provides all the
functions of an RF amplifier, demodu-
lator, automatic gain control (AGC)
and audio amplifier all contained on
the same 8 -pin dual -in -line plastic
packaged chip.

The circuit requires only six external
components (excluding medium/high
impedance headphones or small loud-
speaker) and is capable of operation
over the range 150kHz to 3MHz,
depending upon the tuned circuit em-
ployed. The i.c. provides a typical
power gain of 72dB and operates
from a nominal 1.5V single dry cell.

Despite its simplicity, this little re-
ceiver is capable of quite astonishing
performance producing reception of
more than a dozen medium wave
stations at reasonable volume. Hope-
fully, it should make an interesting
constructional project for readers
wishing to put the components used
in this month's practical assignments
to some good use!

RF OSCILLATORS
We shall conclude this month's

"Teach -In" with a brief look at an RF
oscillator circuit. Readers will remem-
ber that we introduced a simple trans-
former coupled oscillator in Part Five
of the series. Furthermore, we stated
that the disadvantage of such an
arrangement was the somewhat un-
predictable frequency of operation.
By tuning the transformer (i.e. placing
a capacitor across the collector wind-
ing), as shown in Fig. 6.18, we can
ensure that the circuit oscillates at a
known frequency (approximately
equal to the resonant frequency of the
tuned circuit). This now becomes an
extremely useful circuit!

NEXT MONTH
We shall be taking a look at opera-
tional amplifiers.

r ICI ZN416E1
00k 1k

16

L e 1VC RF Arnp/Demod
500p

10n

AF Amp.

rEE099CSI

2

470n

100n

4 7

10n

LiEarphone

(see text)

1.5V

Fig. 6.18. A simple tuned RF oscillator.

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

cult; (m) moderate.
6.1 An n -channel JUGFET operates
with a variable gate -source bias vol-
tage. When the gate -source bias is
-2.5V the value of drain current is
2mA whereas when the gate source
bias voltage is -3.5V the value of
drain current is 0-5mA. Assuming a
linear mutual characteristic, estimate
the "pinch -off" voltage for the
device.
6.2 An AF amplifier uses an n -channel
JUGFET in the arrangement shown in
Fig. 6.6. If the device operates with a
drain current of 2.5mA and gate -
source bias of 0.5V, determine the
value of source bias resistor, Rs. (e)

6.3 Calculate the wavelength of a
radio frequency signal at 600kHz. (e)

6.4 Calculate the frequency of a radio
frequency signal having a wavelength
of 2m. (e)

6.5 A parallel tuned circuit comprises
a fixed inductor of 100pH and a
variable capacitor. If the resonant fre-
quency of the circuit varies between
1MHz and 3MHz, determine the maxi-
mum and minimum values of
capacitance. (d)

iFig. 6.16. A modern tuned radio fre-
quency (TRF) receiver.

4Fig. 6.17. Pin connections for the Fer-
ranti ZN416E.

THE ANSWERS TO THESE
PROBLEMS WILL APPEAR IN
TEACH -IN PART 7

ANSWERS TO LAST
MONTH'S PROBLEMS
5.1 50
5.2 45 degrees
5.3 23.3kHz (maximum), 1.49kHz

(minimum)
5.4 The output voltage leads

the input voltage by
approximately 45 degrees

5.5 14.28
5.6 280

Practical
Assignments

COMPONENTS
Besides the items used in earlier

parts, you will need the following
components in order to complete the
practical assignments described in
this part of Teach -In:

Resistors (4W, 5%): 3k3 (1 off); 2M2
(1 off).

Capacitors (160V polyester): 2n2
(1 off); (polystyrene): 100p (2 off); 1n
(2 off).

Variable capacitor 500pF (solid dielec-
tric) (1 off).

Transistor 2N3819 (1 off).

Miscellaneous Ferrite rod (see below)
and approx. 1m of 30 s.w.g. ena-
melled copper wire.

Before commencing this month's
practical assignments, readers will
need to construct the RF transformer
which is used in all three assignments.
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Fig. 6.19. Winding details for the ferrite
rod RF transformer.

The RF transformer uses a ferrite rod
having approximate dimensions
125mm x 10mm diameter. The actual
size of the rod used is not critical and,
in practice, a ferrite rod inductor re-
moved from an old transistor radio
should prove to be quite adequate.

The method of winding the trans-
former is shown in Fig. 6.19. Starting
near one end of the rod, 55 turns of
30 s.w.g. enamelled copper wire are
"closewound" (i.e. no gaps are left
between adjacent turns) onto the rod.
This winding should occupy a length
of approximately 25mm, as shown in
Fig. 6.19(a).

The ends of the winding should
now be secured using PVC tape (or
Sellotape) and then a single layer of
tape should be wound over the centre
of the winding, as shown in Fig.
6.19(b) and (c).

Now wind ten further turns (again
closewound) over the centre of the
first winding and again secure the
ends using tape as shown in Fig.
6.19(d). Finally cover the entire trans-
former assembly with a layer of tape.

It is important to note that the
direction of both windings must agree
exactly with that shown in the figure
(failure to do this may result in lack of
oscillation in Assignments 6.2 and
6.3).

The ends of the enamelled copper
wire should be trimmed to a length of
approximately 80mm and the wire
should be carefully scraped to remove
the enamel from the last 5mm, or so,
of the wire. The ends should now be
tinned using a soldering iron. This
step is essential in order to ensure a
good electrical contact to the trans-
former windings.

The connections to the transformer
are numbered 1 to 4, as shown in Fig.
6.19(e) and, if required, coloured
sleeves may be fitted to aid identifica-
tion of the individual leads.

For the curious, the electrical speci-
fication of the ferrite rod inductor is as
follows:

Turns ratio: 1:5.5
Secondary inductance: 200uH
(approx.)
Q factor (measured at 1.5MHz): 278
Q factor (measured at 500kHz): 292
Resonant frequency (with parallel
C = 50pF): 1.5MHz (approx.)
Resonant frequency (with parallel
C = 500pF): 500kHz (approx.)

ASSIGNMENT 6.1
Radio Receiver Demonstration

This assignment is designed to
demonstrate the operation of a simple
radio receiver. The assignment uses
the circuit arrangement depicted in
Fig. 6.20. This comprises the follow-
ing elements:

(a) a tuned circuit to provide RF
selectivity (L2/VC1).

(b) an RF amplifier using a junction
gate FET (TR1). The very high
gate -source input impedance of
TR1 minimises the effect of
loading upon the tuned circuit.

(c) a diode AM demodulator (D1
and associated components).

So that it is possible to monitor
signals received, the output of the
receiver should be connected to the
"radio" or "auxilliary" input of an
external amplifier or Hi-Fi system.
Alternatively, where such equipment
is not immediately available, Fig. 6.22
shows an optional audio amplifier
stage capable of providing a modest
signal from medium/high impedance
headphones or a small loudspeaker
having an impedance of between 40
and 80 ohms.

PROCEDURE
Connect the circuit shown in Fig.

6.20 on your breadboard using the
wiring diagram shown in Fig. 6.21. If
the optional audio amplifier stage
shown in Fig. 6.22 is to be utilised,
the wiring diagram of Fig. 6.23 should
also be followed.

31

1

EEIGICS I

1 C6
100n R2

2k2

C2
OV

TR1
2N3819

9

)2
O
ci L2

I

.i.m1VC I/ 500p

d 100n

DI R4 C5

0,491

R1 R3"NCI
1k 2k7

100n

2k 2

C3 C4
In

100n

R5 OUTPUT
47k

Fig. 6.20. Circuit diagram used in Assignment 6.1.

C6

OV ss4...\t- T
TRid

9 
2L1

OUTPUT -....."0

COMMON \'=
)°,si

VC( (Earth)

V CI

Transistor
Connections

46e,

Variable
Capacitor Connections

COMPONENTS

RI tk CI 100n

R2 2k2 C2 100n

R3 2k7 C3 1n

R4 2k2 C4 In
RE 47k C5 IN"
DI 0491 C6 100n

TR1 2N3519 VCI 500p

L1,2 See text

E6

Fig. 6.21. Wiring diagram for Assignment 6.1.
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In either case, it is important to
ensure that the transistor(s) are cor-
rectly orientated and that the num-
bered connections to the ferrite rod
are as shown.

When the wiring is complete, con-
nect the 4.5V supply, set VC1 to mid -
position, and ensure that the ferrite
rod is supported clear of any metal
objects. After adjusting the volume
control of the external amplifier or
listening carefully into the head-
phones, readers should hear some
noise resulting from one, or more,
received signals.

If VC1 is now carefully tuned, it
should be possible to separate one
signal from another and, although the
tuning is rather "broad" (the single
tuned circuit is not particularly selec-
tive), reasonable reception of up to
half a dozen different broadcasting
stations should result. (If this is not
the case carefully check the bread-
board wiring!)

Fig. 6.22. Optional AF amplifier stage for
use with Assignment 6.1.

1,,1
R6

TR2
tr/

TR3

COMPONENTS

R6 2M2 TR2 BC108

LS 40 -800 TR3 BFY50

LS

Fig. 6.23. Wiring diagram for the optional
AF amplifier stage.

It should also be noted that the
ferrite rod inductor is directional. Best
reception occurs when the ferrite rod
is aligned so that it is broadside on to
the incoming signal. In this position it
is able to intercept the maximum
amount of magnetic field component.

ASSIGNMENT 6.2
This assignment demonstrates the

operation of a simple tuned collector
RF oscillator. In order to test the
circuit readers should have access to
a medium wave (AM) radio receiver.

PROCEDURE
Connect the circuit shown in Fig.

6.24 on your breadboard, using the
wiring diagram shown in Fig. 6.25. As

Fig. 6.24. Circuit diagram for Assignment
6.2.

before, take care to ensure that the
transistor is correctly connected.

Tune the radio receiver to around
650kHz, adjust the volume so that a
moderate amount of background
noise is heard, and then place the
receiver so that it is close to the ferrite
rod inductor. Now connect the 9V
supply and tune the receiver until a
strong unmodulated carrier is ob-
tained. (The receiver will appear to be
quiet since no modulation is present;
the effect of the carrier is simply that
of obliterating any background noise
and signals that may have been
present).

If you are uncertain as to whether
or not the signal has been located,
simply disconnect and then reconnect
the supply. Provided the wiring dia-
gram has been carefully followed and
the inductor has been wound correct-
ly, the circuit should oscillate!

ASSIGNMENT 6.3
This assignment demonstrates the

action of a simple modulated RF
oscillator.

PROCEDURE
First connect the circuit of Fig. 6.26

using the wiring diagram shown in
Fig. 6.27. (Readers should note that
this oscillator configuration is differ-
ent from the last). Then, using exactly
the same procedure as described in

Fig. 6.25. Wiring diagram for Assignment
6.2.

+9V

OV

IEE102CSI

2W"

3

4

LI / L2

COMPONENTS

RI 10k Cl 100n

R2 3k3 C2 100p
R3 470 C3 10n

TR1 BFY 50 C4 100n

THIS MONTH'S TEACH -IN PROJECT IS A
RF SIGNAL GENERATOR-See Page 140
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Fig. 6.26. Circuit diagram for Assignment
6.3.

Fig. 6.28. Modification to the circuit of Fig.
6.26 in order to permit modulation.

+9V

OV "C5 C R

2

2 1-- 1evy f
TA

3 3

Modulation _ Jo

Input /

Corn mon

rEE109C51

'a

Fig. 6.27. Wiring diagram
for Assignment 6.3.

COMPONENTS

RI 10k C1 100n
R2 3k3 C2 100p

R3 470 C3 2n2

TR1 BFY 50 C4 100p

C5 10 On

Assignment 6.2, check that the circuit
oscillates. The frequency of oscilla-
tion will be somewhat higher than in
the previous assignment and should
be between 800kHz and 900kHz.

Having checked that the circuit os-
cillates, the modification in Fig. 6.28
should now be added. (The additional
components have been shown dotted
in Fig. 6.27). The modulating signal
input can be derived from the "exter-
nal loudspeaker" or "headphone"
socket of a cassette recorder or Hi-Fi
system and the effect of changing the
depth of modulation (by altering the
setting of the volume control of the
cassette recorder/Hi-Fi system)
should be noted.

Readers should not worry over-
much if the signal produced by the
radio receiver sounds a little distor-
ted. The reason for this is simply that
the modulation employed is FM rather
than AM. Furthermore, best results
will be obtained if the receiver is
slightly off -tuned.

NEXT MONTH
You will need the following addi-
tional components in order to carry
out the practical assignments.

Semiconductors The only additional
components for next month are (2 off)
741 Operational Amplifier i.c.s.

COMPONENT PACKS
Ref No. Qty Description Price

EP1 300 Assorted Resistors Mixed Types £0.95
EP2 350 Carbon Resistors Pre -Formed 1/4W -1/2W £0.95
EP3 200 Assorted Capacitors All Types £0.95
EP4 75 C280 Capacitors Metal Foil Mixed Values £0.95
EP5 200 Ceramic Capacitors Mixed Values £0.95
EP6 4 1000mfd 16v Axial Electrolytic Capacitors £0.40
EP7 20 Zener Diodes Mixed Good Values £0.30
EP8 20 Assorted LEDS £0.95
EP9 50 Electrolytics Assorted £0.95
EP10 5 LEDS Red 3mm Type £0.30
EP11 5 LEDS Yellow 3mm Type £0.30
EP12 5 LEDS Amber Triangle 3mm Type £0.30
EP13 25 Bulbs, MES, LES Assorted £0.95
EP14 1 Wire Cutters Red Handles (worth £7) £1.95
EP15 1 Pliers Red Handles (worth £7) £1.95
EP16 5 Small Screwdrivers plastic handles £0.40
EP17 20 Tantalum Capacitors 330mfd 63V 5% £1.25
EP18 10 Switches Assorted Types £0.95
EP19 20 33mfd 16V Radial Electrolytic Capacitors £0.35
EP20 1 Solder Pack 3 metre Length, 18 swg Flux Type £0.40
EP21 50 Metres PVC Multi -Strand Wire Mixed Colours £0.90
EP22 50 Metres PVC Single Strand Wire Mixed Colours £0.90
EP23 30 Fuses Mixed Types & Values £0.70
EP24 15 Pots Assorted Types £1.15

Electronic Components, a package containing a vast selection of Resis-
tors, Capacitors, Switches, Potentiometers, Switches, Knobs, Diodes
etc . .. We estimate the total package to be worth at least £25. Order No.
EP25 Only £4.45

E P26 1 Copper Clad Pack contain a mixture of boards £2.00
EP27 1 Stylus Balance (Bib) for measurement of stylus pressure,

precision made £0.50
HP7 NI -CAD Rechargeable Batteries (made by SAFT) £0.95
LM311 30p. MC1496 50p. 4LS03 18p. LM733/UA733 50p.

All Prices include VAT. Just add 75p for Postage to Total Order

OPENING HOURS (9.00 am - 6.00 pm MON-SAT)

ELMWOOD KITS ELMWOOD KITS
BETTER BY DESIGN AT LOW LOW PRICES

No Description

EK1001
EK1002
EK1003
EK1004
EK1005
EK1007
EK1008
EK1009
EK1010
EK1011
EK1012
EK1014
EK1017
EK1018
EK1019
EK1020
EK1021
EK1026
EK1028
EK1029
EK1030
EK1031

Ultrasonic Intruder Detector
Car Burglar Alarm
Car Battery Monitor
80 Metre Amateur Receiver
Frequency Meter Adaptor
DXer's Audio Processor
FM Radio
Tunable Scratch Filter
Infra -Red Movement Detector
15W Power Amp
50W Power Amp
100W Mosfet Power Amp
Ultrasonic Car Alarm
Mains Live Wire Detector
Temperature Controller
Sound To Light Unit
8W Amplifier
Reverb Spring Line Unit
Infra -Red Rec & Trans
Temperature Controlled Switch
Stereo VU Meter (uses LEDS)
Light Dimmer

Price

£9.95
£6.95
£6.25

£17.95
£8.95
£8.95

£10.95
£24.95
£38.95
£5.45

£14.95
£16.95
£16.95
£3.95

£26.95
£8.95
£4.95

£13.95
£11.95
£7.95

£14.99
£4.50

All Kits are supplied with complete instructions.
We stock over 40 Kits, send SAE for complete details of
KITS & ELECTRONIC COMPONENTS

SAME DAY
DESPATCH

ELMWOOD COMPONENTS
3 WARREN PLACE
RAILWAY STREET TEL HERTFORD 54319

HERTFORD
HERTS

krupariails

Everyday Electronics, March 1986 133



STEREO HI-FI PREAMP

A high quality
preamplifier that
can drive a range
of power amps

GIVEN the vast range of power amplifiers
currently available, in kit or modular

form, it is surprising to note the relative
scarcity of suitable high quality pre -ampli-
fiers with which they may be used. Our hi-fi
pre -amp has been designed to meet this
need while keeping construction relatively
simple.

CIRCUIT DESCRIPTION

The circuit diagram for the Stereo Hi-Fi
Pie -amp is shown in Fig. I. Only one
channel is shown, the other channel is
identical.

The first section of the circuit, shown in
Fig. 1, is a two -stage RIAA equalisation
network. This is used to compensate for the
non-linear output of magnetic cartridges.

ALAN BOWES

Resistor R 1 and capacitor Cl match the
impedance/output capacitance of the car-
tridge. The values used will generally be
suitable for most cartridges, but may be
altered as required.

A very low noise, high quality dual op -
amp integrated circuit is used for ICI.
Together with selective feedback compo-
nents, it provides the two -stage RIAA equa-
lisation curve which boosts frequencies
between 30Hz and 1kHz, whilst cutting
frequencies between 1kHz and 21kHz. This

is to match the characteristic of the record-
ing on the record.

This stage has a gain of 32dB at a 1kHz
reference. It therefore provides an 80mV
output for a 2mV input. The stable charac-
teristics of the design make it ideal for most
applications, even where the cartridge out-
put is particularly low. The unit may be
driven by signals easily exceeding 2mV
without significant distortion.

Components R3, R4 and C3 set the low-
pass filter frequency for the first half of the

Fig. 1. Circuit diagram of one side of the stereo Hi-Fi Preamp.
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RIAA equalisation, using half of ICI. R2
sets the gain to 24dB at I kHz whilst C2
provides stability. Resistor R5 is used to
couple the two RIAA stages. Components
C4 and R6 set the feedback for the response
of the second stage using the second half of
ICI, and R6 sets the gain to 8dB at I kHz.

The incoming signal is selected by S 1 and
C5 decouples the signal from any d.c. levels.
R8 is used to set the input impedance, R9

r 0

and R 10 set the gain of IC2a to 16dB across
the range. At a nominal 100mV input, the
output will be 630mV, which is sufficient to
drive a power amplifer.

Resistor R I 1 couples the buffer stage to
the tone control stage. VR1 provides ba-
lance control between the two identical
channels. The tape output is taken from this
point to ensure an adequate signal.

Capacitor C6 decouples the buffer stage

from the Baxendall-type tone control stage,
which offers useful bass and treble, boost
and cut. A defeat switch is provided which
bypasses the tone circuit, enabling compari-
sons between flat and "coloured" outputs
and eliminating any noise generated in the
tone control section. The volume control is
VR4.

Positive and negative 9V supplies, as
required by the LM833N i.c.s, are supplied

IF:aa t°1 NEE
c tang rnirapt Le

VMa

I 4.161/064eirr= INZ
OM EM

VifGO

0

tIN

C13

C3

420 819 418

84 3 R2

4 R21 14.

IC 3

4 85 1.4)

111

Fig. 2. Printed circuit board design.

Fig. 3. Printed circuit board layout and wiring.
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COMPONENTS Approx. cost
Guidance only £38.50

See

page 146

Resistors
R1,17 47k (2 off)
R2,18 680 (2 off)
R3,19 6k8 (2 off)
R4,20 68k (2 off)
R5,21 20k (2 off)
R6,22 75k (2 off)
R7,11, 1k (4 off)
23,27
R8,24 100k (2 off)
R9,15,16, 4k7 (6 off)
25,31,32
R10,26 27k (2 off)
R12,14, 10k (4 off)
28,30
R13,29 18k (2 off)
All 0.4W ± 1% metal film

Potentiometers
VR1 100k lin pot. (Balance)
VR2,3 100k lin dual -gang

pot. (2 off) (Bass &
Treble)

VR4 100k log dual -gang
pot. (Volume)

Capacitors
C1,11

C2,12

C3,8,9
13,18,19
C4,14

C5,6,
15,16
C7,10,
17,20

220p 1% polystyrene
(2 off)
220u 16V p.c.b.
mounting elec. (2 off)
47n polycarbonate
(6 off)
1000p 1% polysty-
rene (2 off)
470n polycarbonate
(4 off)
4n7 polycarbonate
(4 off)

Integrated Circuits
IC1,2,3,4 LM833N (4 off)

Switches
S1

S2

S3

2 -pole 6 -way rotary
switch
d.p. changeover push
switch
d.p. miniature toggle
switch

Miscellaneous
SK1-12 Phono chassis socket
metal (12 off); 22mm Black alu-
minium knob (3 required); 28mm
Black aluminium knob (2 re-
quired); Suitable case measuring
205mm x 140mm x 75mm;
Printed circuit board available
from the EE PCB Service, order
code EE519; Single core
screened cable; twin core
screened cable; strapping wire
20swg; bell wire; PP3 battery clip
(2 off); Veropins: 1mm single -
sided.

REAR PANEL(INSIDE VIEW)

SK6

AUX TAPE OUT

6

TAPE IN TUNER PHONO

B2 -

P C B
-9V

53

POWER
ON/OFF

91+

PC B
-+9V

SELECT

16

i1 -COMPONENTS MOUNTED
ON VRI & VR3
BASS & TREBLE

FRONT PANELINSIDE VIEW)

17 16 BALANCE

S2

19 20

DEFEAT

rEF303 GI

SRI

(6;.3
23

(525)

TREBLE

30 29

SEE INSET OETAI
5

2 22

2

P.C.B.

IC3

13 15

14 16

11
51

IC4

IC2

23 7

VR I

VR3b

30 3'

22

21

VRI

VR3o

ITN
32 33 34

-9V
53.44)

(S2b)
23-011-25)

VR2b
26 -41-)

9V
VR4b

20

24-41-®

(52a)
21

27

V R
1".10.213

VR

6

Fig. 4. Wiring of the complete preamp.
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by two PP3 batteries. With the low current
requirement of this design such batteries
will last a long time and no problems with
noise on supply lines will result. An external
plus and minus 9V supply may be employed
but it must be well smoothed and "clean" to
ensure good noise performance from the
unit. The supply is switched by S3 which is
mounted on the rear panel; it could however
be relocated in any convenient position.

CONSTRUCTION
The circuit is constructed on a single

p.c.b. and the printed circuit master is
shown in Fig. 2. The circuit board compo-
nent layout is given in Fig. 3. The printed
circuit board is available from the EE PCB
Service, order code EE519.

As with any project start construction by
checking and identifying all components.
Then continue by fitting the five link wires
to the p.c.b. Next fit the resistors, capacitors
and i.c. sockets, as shown in Fig. 3. Ensure
that C2 and C12 are fitted the correct way
round.

Fit and solder the Veropins (shown as
small circles on the p.c.b.) and check the
board for faults. When you are satisfied, fit
the p.c.b. to the enclosure, using four screws
and spacers. Mount the potentiometers and
the switches to the front panel. Fit the
phono sockets, power switch and power
socket to the rear panel.

Connect the panel mounting components
to the p.c.b., referring to the wiring dia-
gram, Fig. 4. Use screened cable for all
connections except the power switch. Fit
the four capacitors to VR2, followed by the
two resistors between VR2 and VR3.

Push the four i.c.s into the sockets. Make
sure that they are correctly positioned; the
correct orientation is shown on the p.c.b.
layout. Fit the battery clips and batteries
and test the completed unit. If all is well,
assemble the box and secure.

Once the knobs have been fitted the unit
is ready for use and should give many years
of trouble free service in a variety of
applications. It may be connected to any of
the range of output amplifier modules avail-
able to the hobbyist through advertisers in
Everyday Electronics. El

_ .. l. baker;
* BAKERS ..._,,,, ....,...., ,

GROUP PA. DISCO 4 2 1 4

AMPURERS post £2 0 0 0 0
150watt Output, 4 input. All purposeillustrated. EN
150 watt Output Slave 500 rev. Input 4+8+16 ohm. Outputs .. 00
150+150 watt Stereo, 300 watt Mono Slave 500 my. Inputs £125
150 watt P.A. Vocal, B inputs. High/Low Mixer Echo Socket £129
700 watt Valve Model, 4 inputs, 5 Outputs. Heavy duty ............ £125
60 watt Mobile 240y AC and 12v DC. 4-8-16 ohm+ 100v line E89
MIKES Dual Imp E20, Floor Stand E13, Boom Stand 122, PP E2.
Revert! Unit for Microphone or Musical Instruments £35 PP £1.
Electronic Echo Machine for mic/etc. £85. Deluxe E95 PP El.
30 WATT COMB! 12ins Speaker Triple, Base, Triple Boost, Switch,
Black Vinyl Finish, Carrying Handle E95 PP £5.
DITTO Amplifier only £65 PP £4.

DISCO CONSOLE Twin Decks, mixer pre amp £145. Carr £10.
Ditto Powered 120 watt 1E199; or Complete Disco 120 watts £300.
150 watt £300; 360 watt £410. Carr £30.
DISCO MIXER. 240V, 4 stereo channels, 2 magnetic, 2 ceramid
tape, 1 mono mic channel, twin v.u. meters, headphone monitor
outlet, slider controls, panel or desk mounting, matt black facia.
Tape output facility. E59. Post Et.
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 £129 PP E2
As above but 3 deck inputs, 4 line/aux inputs, 2 mic inputs, 2
headphone monitors £145.
DELUXE MIXER DESK. 8 Channels, built-in echo £250 PP £4.

FAMOUS
SIZE POWER
iAsi, WATTS IMP

5 in 20

51(4 in 60

fir2 1"n 60
6/2 n 25

6y2 in 15

61/2 A 35
8 in 20

8 in 30
8 A 50
8 in 40
8 in 60
8 in 60
8 ID 60
8 in 60
10 in 30
10 in 50
10 in IS
10 in 20
10 in 50
10 in 50
10 111 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 203
12 in 303
13x8 10

15 in 103

15 in 100

15 in 100

15 A 250
18 in 235
18 in 200

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

WATERPROOF
E23. 40 watt
MOTOROLA PIEZO
1011 watts. No

METAL GRILLES

LOUDSPEAKERS - SPECIAL PRICES
OHMS !PHYSICAL SIZE IS NOMINAL MAX FRAME OIMENSIONI

11 APPLICATION PRICE POST
Audax Mini -Woofer E4 El

or 8 Goodmans Ford Car Radio £5 0
Sound Lab Hi h Twin Cone Full Range EIO El
Audax Bextnne Cone Woofer £1050 El
Sound Lab Hi Fi Twin Cone full Range £11 £2
Auden Woofer, Hi S £7.50 El

or 15 EMI Woofer, Hi Fi 11550 Of
Audax Bextdne Cone woofer £17.50 Of
Far East Twin Cone, Hi Fi, Full Range 0555 Of
Wharfedale Roll Surround Woofer f9 El
I.M.F. Ribbed Benne Cone Woofer 06 £2
Auden Hi Fi Woofer Bortrine Cone £16.50 E2

Sound Lab Hi Fr Twin Cone Full Range £14 £2
Goodmans PA & Hi Fi Woofer E14 12
Goodmans Gude, PA Woofer f76 12
Goodmans Disco -Guitar -PA 06 12

or 8 Far East Bass Woofer, Hi A £14 fl
SEAS Bass Woofer Hi Fi £1950 £2
Rigonda General Purpose £5 El

or 16 Celeston Disco -PA Full Range £15 122

or 16 Baker Disco -Guitar -PA £20 f2
or 16 Celestion Disco -PA 121 0

Sound Lab Tenn Cone Full Range £19.50 0
WEM Woofer Guitar PA 06 f2

or 8 or 16 Baker Tenn Cone Full Range El8 02
or 8 or 16 Baker Disco -Guitar -PA 08 02

Baker Bass Woofer £25 E2

or 8 or 16 Baker Disco -Guitar -PA £22 f2
Goodmans Woofer PA Hi Fi 00 0

or 16 Goodmans Disco -Guitar -PA f36 E2

H + H PA £79 f2
or 16 Baker Disco -Guitar -PA 028

Coles -bon Disco -Bass Guitar 085 113

H + H PA -Disco £69 0
MM Woofer 044 El
EMI 14501 Hi A with Tweeter £5 El
Celeston Disco + Group £59 f3

or 16 Baker Disco -Guitar -PA 09 0
or 8 or 16 H + H Disco + Group £4950 0

Goodmans Disco + Group £74 113

Goodmans Disco 0- Group £87 E4

or 16 CelesOon Disco + Group Elle E4

(empty) Single 12 £34; Double 12 £40. carr E10.
45W E52; 75W £56; 90W £75; 150W £84.

COMPACT SYSTEM flee, 400 Watt £150. carr £12.
MID -N -TOP SYSTEM Complete £125 carr £12.
HORNBOXES 200 Watt £32, 300 Watt E38. PP E2.

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

ELECTRONIC HORN TWEETER, 33/8in. square IS
crossover required. 4-8-16 ohm, 74 x 31y8in. £10

Bin £3, 10in COO, 12in £4.50, 15in E5.50, 18in E760.

R.C.S. DISCO LIGHTING EQUIPMENT
READY BUILT DELUXE 4 CHANNEL 4,000 WAIT sound chaser + speed + 4
programs £69. Mkt 16 programs, UN PP E2.

PARTY LIGHT 4 coloured Flood Lamps Flashing to Music.
Self-contained Sound to Light 410 x 196 x 115mm £34.95 PPE2.

FULL STOCK OF COMPONENTS, PLUGS, LEADS, ETC.

MAINS TRANSFORMERS Price Post
250-0-250V 80mA. 6.3V 3.5A. 6.3V 1A. £7.00 £2
350-0-350V 250mA. 6.3V 6A CT E12.00 E2
220V 25mA. 6V 1 Amp £3.00 220V 45mA. 6V 2 Amp £4.00 £1
LOW VOLTAGE MAINS TRANSFORMERS £5.50 each post paid
9V, 3A; 12V, 3A; 16V, 2A; 20V, 1A; 30V, 11/2A; 30V, 5A+ 17-0-17V,
2A; 35V, 2A; 20 -40 -WV, 1A; 12-0-12V, 2A; 20-0-20V, 1A; WV, 2A.
LOW VOLTAGE TAPPED OUTPUTS AVAILABLE
1 amp 6, 8, 10, 12, 16, 18,20,24, 30, 36,40,48, 60 volts £6.00 E2
Ditto 2 amp £10.50 3 amp E12.50 5 amp £16.00 £2
31'26'0'26'31 volt S amp £14.00 E2

E8.50 post 50p MINI -MULTI TESTER
Pocket sine 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 op.v. 7 x 5 x
2in. Resistance 0/20 meg in 5 ranges. Current 50mA to
10A. Volts 0.25/1000v DC, 10v/1000v AC. £25.00 PP El

PANEL METERS 50mA, 100mA, 500mA, lmA, 5mA, 100mA, 500mA,
1 amp, 2 amp, 5 amp, 25 volt, VU 21/4x2x 11/4in. E5.50 post 50p

PROJECT CASES. Black Vinyl Covered Steel Top, Ali Base
4x 21/2 x 21/4in. f2.50; 6 x 4 x 11/2in.f3.60; 8 x 5 x 2111E4.00; 11x
6 x 3in. £5.50; 113/4 x 6 x 5in. E9.00; 15 x 8 x 4in. E12.00.
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 6in. E1.30. PP Extra.
ALUMINIUM BOXES. MANY OTHER SIZES IN STOCK.
4 x 21/2 x 2in.£1.20; 3 x 2 xlin.E1; 6 x4x tin. 01.90; 8 x 6 x3
in. E3; 12 x 5x 3M. E3.60; 6 x 4 x 3in. 1220; 10 x 7 x 3i, £3.60
HIGH VOLTAGE ELECTROLYTICS
16/450V.... .. 50p 220/400V £2 32+32/500V .. .. £2
20/500V. 75p 8+8/450V 75p 32+32/350V .
32/350V ....... 45p 20+20/350V 75p 16+32+32/500V t

RECORD PLAYER DECKS. P&P £2.
Make Drive Model Cartridge Price
BSR Single Belt 240v Magnetic E30
BSR Single Belt 12 volt Ceramic 122
BSR Single Rim 240v Ceramic £22
AUTOCHANGER BSR Ceramic £22
AUTOCHANGER GARRARD Ceramic £24
Many others in stock. Phone for details.
DECCA TEAK VENEERED PURIM space for small amplifier.
Board cut for Garrard 183/4in. x 141/41n. x An. £5. Post E2

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

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

Full Lists 34p Stamps Same day despatch Closed Wednesday
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ECIA FFE
Crate& OSCILLOSCOPES

r
EE/CROTECH OSCILLOSCOPE OFFER

(UK READERS ONLY)

Quantity

Please supply

I
..1 and delivery)

I ;LE

F.

Access No.14
C.)

(Prices include VAT

1

Type 3132
Dual Trace 20MHz

£299
* 2mV/division to 10V/division (12 steps) calibrated

sensitivity (±3%)
* DC-20MHz bandwidth (-3dB). Rise time 17ns
* X-Y operation
* 130mm cathode ray tube
* 40ns/division to 0.2s/division (18 steps) timebase (± 5%)
* 14 trigger functions
* Triggering to 40MHz
* Z modulation
* 10 x 8 division display
* Component comparator
* DC source outputs
* Measures 210H x 280W x 450D (mm), weight 8kg (approx)

EVERYDAY ELECTRONICS is pleased to be able
to offer these quality CROTECH oscilloscopes to
readers at special discount prices which include
VAT and delivery. The 'scopes can be purchased
using Access to spread the load.
Any of these three items could be an invaluable
addition to the test gear used by an amateur or
professional engineer. Each unit is supplied withI g Signature
an input lead, instruction manual and a free copy

ISco I enclose cheque No. I of "Getting The Best From Your Scope". Addi-
tional probes and accessories are also available
including switched probes at £10 each if ordered
with an oscilloscope.
The 'scopes have the additional facility of a built-
in component comparator or tester which allows
in -circuit testing of both passive and active
devices and, on the 3132 direct comparison of

I t the components. Each 'scope employs regulated
internal supplies and features a 1 KHz, 200mV P-

I f, I P calibration output.
E Name THESE CROTECH PRODUCTS ARE ALL CO-

VERED BY A TWELVE MONTH GUARANTEE.
wAddressI Unfortunately we can only make this offer to UK

I -2 I readers due to delivery problems overseas.
Also these 'scopes are only available while
stocks last, so post your order form NOW!

Post to: Crotech Instruments Ltd., 2 Stephenson Road, St. Ives,
Huntingdon, Cambridgeshire PE17 4WJ.

VName
Iog- Address
 o
I cu

I 15

IEo_

Total Value

3132 @ E299 £

3036 @ £219 £

3031 @ £199 £

Probes @ £10 £

Please allow 28 days for delivery

OFFER CLOSES Friday, May 2nd 1986

Post to: Crotech Instruments Ltd., 2 Stephenson Road, St.
Ives, Huntingdon, Cambridgeshire PE17 4WJ.
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Type 3036
Single Trace 20MHz

£219
* 2mV/division to 10V/division (12 steps) calibrated sensitivity

(±3%)
DC-20MHz bandwidth (-3dB). Rise time 18ns
X-Y operation
130mm cathode ray tube
40ns/division to 0.2s/division (18 steps) timebase (± 5%)
Manual/automatic triggering
Triggering to 25MHz
10 x 8 division display
Component tester
Calibrator output
Measures 160H x 265W x 317D (mm), weight 6kg (approx)

Type 3031
SingleTrace 20MHz

£199
* 2mV/division to 10V/division (12 steps) calibrated sensitivity

( ± 3%)
* DC-20MHz bandwidth (-3dB). Rise time 17ns
* 400V (d.c. + pk a.c.) max i/p voltage
* 95mm P31 cathode ray tube
* 40ns/division to 0.2s/division (18 steps) timebase (± 5%)
* Various trigger functions
* Triggering to 25MHz
* 10 x 8 division display
* Component tester
* Probe test output
* Measures 125H x 240W x 317D (mm), weight 6kg (approx)

2ONIN, OSCILLOSCOPE

MAKE IT A GIFT
EVERY MONTH . . .

Make sure of getting your
copy every month by
placing a regular order
with your Newsagent
NOW!-Hand the coupon
to your nearest newsagent.

BACK ISSUES & BINDERS

Certain back issues of EVERYDAY ELECTRONICS and ELECTRONICS
MONTHLY are available world-wide price £1.25 inclusive of postage and
packing per copy. Enquiries with remittance should be sent to Post Sales
Department, Everyday Electronics, Westover House, West Quay Rd., Poole,
Dorset BH15 1JG. 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. I

li-rAk .0C C.)
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If SIGNAL GENERATOR
Michael Tooley BA

THIS MONTH'S project in the Teach -In
projects series is an RF Signal Genera-

tor. This is an ideal complement to the
Audio Signal Generator described last
month, as it extends the possible frequency
coverage to include signals in the range of
300kHz to 25MHz. The r.f. signal produced
may also be modulated with an audio signal
to allow it to be readily traced when trouble-
shooting r.f. circuits such as radio receivers.

CIRCUIT DESCRIPTION
A block diagram for the RF Signal Gener-

ator is shown in Fig. 1. The d.c. supply for
the unit is stabilised and filtered by the
power supply conditioning circuitry. This
stabilised supply is then fed to the modula-
tor and to the output buffer.

The modulator allows the r.f. signal pro-
duced by the oscillator to be amplitude and
(to a lesser extent) frequency modulated.
The rf. signal thus carries the modulating
signal, and is consequently often referred to
as a carrier. The application of a suitable
audio signal to the modulator input allows
the signal to be readily identified, e.g. on a
domestic LW/MW/SW radio receiver. A
suitable signal is readily available from last
month's audio signal generator project.

The oscillator section provides the basic
signal source, which may or may not be
modulated. Fig. 1 shows the typical wave-
form of an amplitude modulated signal; the
carrier frequency is shown much lower than
would actually be the case for reasons of
clarity. The oscillator output is then fed to

David Whitfield MA MSc CEng MIEE

the f. e.t. output buffer, which serves to
isolate the oscillator from the load, and
provides a low output impedance. This
stage also includes an output level control.

SUPPLY

POWER

SUPPLY
CONDITIONING

I1:3-.41.- MODULATOR

MODULATION

OSCILLATOR

1EE251M

mr

BUFFER

Fig. 1. Block diagram.

The complete circuit diagram for the RF
Signal Generator is shown in Fig. 2. The
incoming supply is shunt stabilised by the
combination of Zener diode D 1 and R7,
with filtering provided by C8 and C6. The
modulator is formed by TR2, which is
biased into conduction by R6 and R5, and
the modulating signal is a.c. coupled to the
base by C7.

Fig. 2. Circuit diagram for the RF Signal Generator.

When there is no modulating signal
present, the emitter of TR2 is held at
approximately 5-6V. The modulating signal
causes a variation in the emitter voltage,
and hence to the supply voltage to the
oscillator stage. This has the effect of impos-
ing modulation onto the carrier.

A 1 V peak -to -peak input on SKI pro-
duces approximately 10 per cent amplitude
modulation on the output, whereas 1 V

r.m.s. results in approximately 25 per cent
amplitude modulation. These are useful
amounts of modulation, corresponding to
readily available audio signal levels.

OSCILLATOR STAGE
The oscillator stage is built around TR1,

whose operating point is set by R1 and R2.
L I forms the a.c. collector load, and the
emitter bypass is selected by S I c to -suit the
operating frequency range. The frequency
of oscillation is set by the tuned circuit
combination of VC1 and the inductor
(L2-L7) selected by SI a. The maximum
frequency of each range is determined by
the stray capacitance in the circuit, which
includes that in the inductor itself.

The oscillator signal is a.c. coupled to the
output buffer, TR3, by C4. This buffer is a
j.f.e.t. unity gain source follower configura-
tion, with the output tapped from the
source load.

The typical maximum output level avail-
able depends on the range selected, but in
general falls with increasing frequency. The
prototype showed a mid -scale output level
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SK3

VC1

S1c

Si

COMMON

IEE75316

0

Ll

5

TR2

R6 C7 R

c b

B1

N.B.COMPONENT -SIDE VIEW

SKI

VR1

SK5

Fig. 3. Main circuit board component
layout.

of 2.5V r.m.s. on the lowest frequency
range, falling gradually to 0.15V r.m.s. on the
highest range.

CONSTRUCTIONAL DETAILS
The unit is built in the standard project

case, and uses a circuit board for mounting
many of the small components. The layout
for the main circuit board is shown in Fig. 3.
However, before soldering any components
in place on this board, four mounting holes
of suitable diameter need to be drilled,
although no track cuts are required.

When the board has been prepared, the
components may be fitted in the positions
shown. The order of assembly is not critical,
but a methodical approach (e.g. left to right
across the board) is to be recommended.
Care should be taken to correctly orientate
the polarised components (diode, transis-
tors and electrolytic capacitors). Terminal
pins are recommended for all off -board
connections, since this will simplify the
later installation of the interconnection
wiring.

Before moving on, it is well worth spend-
ing a few moments at this point making a
careful visual inspection of the completed
board. Particular points to look for are:
missing links; wrongly fitted components;
solder splashes and short circuits caused by
accidental solder bridges on the track side
of the board. A little time spent in checking
at this stage can save many hours of trouble-
shooting later on.

After the check, the board should be
mounted in the base of the case. Enough
space should be left to ensure adequate
clearance for all panel mounting compon-
ents. Plastic feet on the base of the case will
prevent the mounting hardware from
scratching bench or table surfaces.

COMPONENTS Approx. cost
Guidance only £24

Resistors
R1 10k
R2 6k8
R3 330
R4 1M
All 0.25W 5%

Potentiometer
VR1 1k lin.

R5
R6
R7

See

100k
47k
220

Capacitors page 146
C1,C5, 100n polyester (4 off)
C6,C9
C2,C15 100p ceramic (2 off)
C3,C10 10n ceramic (2 off)
C4 10p ceramic
C7,C8 10p elec. 16V (2 off)
C11 2n2 ceramic
C12 1n ceramic
C13 470p ceramic
C14 220p ceramic
VC1 500p solid dielectric

variable capacitor

Semiconductors
D1 9V1 400mW Zener
TR1 BC109
TR2 BFY50 or 2N3053
TR3 2N3819

Inductors
L1 2.5mH L5 4.7pH
L2 470pH L6 1pH
L3 100pH L7 0.22pH
L4 22pH
L1 is an open -wound r.f. choke on
a ferrite core. Inductors L2 to L7
are r.f. chokes with a Q of at least
45.

Miscellaneous
S1 2 -pole 6 -way rotary
SK1,SK3 4mm socket, red (2 off)
SK2,SK4 4mm socket, black

(2 off)
SK5 Co -ax socket (surface

mount-see text)
3 knobs with pointers; 4 stick -on
plastic feet; Veroboard 0.1in.
pitch 5in x 3.75in, and mounting
hardware; 7 Vero terminal pins;
Case: West Hyde Developments
type TEK A22, available in black,
grey or lobster red at £6.18 +
VAT, inclusive of carriage.
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Fig. 4. Full size front panel layout. The calibration should only be taken as a guide.
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N
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ICE 254M1

REAR

FRONT

Fig. 5. Assembly and interconnection wiring.

Fig. 6. Range switch Si detailed assembly.

FRONT PANEL DETAILS
The next step is to drill the front panel in

accordance with the layout given in Fig. 4.
The hole diameters required may vary a
little from those shown, depending on the
exact dimensions of the components used.
In particular, the selection of an appro-
priate screened output connector for SK5 is
a matter for personal preference. The proto-
type used the readily available TV type, but
constructors may wish to use BNC, PL259,
or other types to suit their own
requirements.

Once the panel has been drilled, the
overlay in Fig. 4 (or a photocopy) should be
fixed to the panel; a layer of self-adhesive
transparent library film can then be used for
protection. The rear panel requires two
holes in any convenient position to allow
mounting of SK3 and SK4. The panel
mounting components (i.e. the sockets,
VC1, VR1 and SI) can then be fitted as
shown in Fig. 5.

The remaining components (which
should comprise C9 to C15, and L2 to L7)
are fitted to the panel mounted controls as
shown in Fig. 5. The inductors L2 to L7 and
capacitors CIO to CI5 are soldered directly
to the tags of SI. The assembly of these
components is shown in greater detail in
Fig. 6.

One end of each component should be
soldered (with only a short lead) to the
appropriate switch tag. Each component
should be aligned so that it lies parallel to
the axis of the switch shaft, as shown. The
free end of each component lead should
then be soldered to a circular loop of heavy
gauge tinned copper wire, approximately
2cm in diameter whose ends have been
soldered together.

Capacitor C9 and the interconnection
wiring should then be fitted as shown in Fig.
5. The front and rear panels may then be
attached to the top and bottom of the case
using the screws provided. The unit is now
ready for testing and use.

TESTING
The first step to be undertaken when

testing is to measure the supply current
drawn by the unit. This should typically be
in the range 10 to 25mA for supply voltages
of 12 to 15V, although the unit will operate
satisfactorily from any d.c. supply in the
range 10 to 18V.
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Positioning of the circuit board within the case and interwiring to the rear and
front panel mounted components.

Any significant deviation from the supply
figures given should be investigated before
proceeding. Particular attention should be
paid to the orientation of the Zener diode
D1 and to the interconnection wiring.

The next step to verify that the generator
is actually producing an output signal on the
appropriate frequencies. The best way to do
this is with a digital frequency meter con-
nected to SK5, but in many cases such an
instrument will not be available. A good
alternative is to connect a short length of
wire to the output socket, with the output
level set to maximum, and tune a radio
receiver until the carrier is detected. If an
audio signal is available to drive the modu-
lator, this will aid signal identification.

The scale calibrations given in Fig. 4
should only be taken as a guide. Different
components (inductors in particular) and
component tolerances will all cause possible
deviations from these calibrations.

If a range is consistently too high, a small
value capacitor in parallel with the appro-
priate inductor will compensate for the
error. For situations requiring accurate cali-
bration of the frequency ranges, however, a
set of scales produced by using a digital
frequency meter (or well calibrated radio
receiver) are recommended.

NEXT MONTH: Project 7 will be a FET
Voltmeter.

STUDENT BOARD
A NEW Microelectronics Ap-

plications board which, it
is claimed, is a complete "con-
trol technology" laboratory on a,
single p.c.b. has just been
launched by Flight Electronics.
Complete with a comprehen-
sive experiment manual and
priced at £139, the experiments
take the student from instruc-

tions on entering a simple pro-
gram, through motor control, to
temperature control programs.

Designed by the Plymouth
College of Further Education,
and manufactured in England,
the compact unit contains all
that is needed to understand
"real time" microprocessor
based control systems. The ex -
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MODULAR SYNTHESISER
OUR photograph above shows just one of the many possibilities

available to the constructor from the range of synthesiser
modules from Digisound. With so many variations to choose from,

the kits or ready built "instru-

tensive experiment manual,
written by a lecturer at the
college, contains 15 easy to use
self -teach style experiments
which show how to interface a
computer to the outside world
and control external devices
such as motors, lights and heat-
ing systems. However, the man-
ual assumes no prior knowledge
of microprocessor systems.

Designed to teach closed -loop
and open -loop systems the
board can be used with Flight's
range of microprocessor tutors
and the BBC Microcomputer.
The board comes complete with
the experiment manual, a user's
manual which provides full
specifications, circuit diagrams
and interface requirements, a
9V IA mains adaptor, a 40 -way
ribbon cable connector and the
interface required for the BBC
computer.

The board is available direct
from:

Flight Electronics Ltd.,
Dept EE, Flight House,

Ascupart Street, Southampton,
Hants, SOl ILU.

ments" should appeal to the
professional and amateur alike.
Items of particular interest
should be the Digisound 80
modular synthesiser, (Specdrum
sequencer and the Digisound
Pitch Tracker.

The Specdrum drum se-
quencing package has been de-
veloped as a flexible method of
generating complete rhythmic
structure using the 48K Sinclair
Spectrum and a simple hard-
ware interface. The interface
provides four accented and two
unaccented. triggers. External
clock and joystick inputs are
also provided.

However, as a first time con-
structor you may be puzzled by
the increasing number of mo-
dules available. Don't be. Start
with a "basic" synthesiser con-
sisting: power supply (80-1);
VCO (80-2); VCF (80-6L); VCA
(80-9); and a ADSR envelope
generator (80-18A). Add key-
board, low frequency oscillator
and noise generator and you are
away! Digisound Ltd., Dept EE,
14/16 Queen Street, Blackpool,

Lancs, FYI IPQ.
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SPA CEWA TCH
DESPITE

the non-existence and complete shambles of the UK's efforts to
launch its own Direct Broadcast Satellite (DBS) system, satellite

television has been available for some time.
There is often confusion as to what precisely "satellite television" means.

The press has been filled with stories concerning cable television, DBS and
a variety of variations.

Essentially, satellite television covers all these areas, with a satellite
functioning as a transmitter mast occupying the "high ground" of a
geostationary earth orbit. By orbiting at the same speed as the Earth's
rotational velocity, the satellite appears to hover over the same spot on the
Earth's surface and this enables the antenna to be firmly locked in position.
All those areas within the "footprint" or reception area should receive good
quality sound and vision.

DBS satellites have powerful transmitters and consequently need only
small dishes to receive programme signals. However, until DBS becomes
well established, programme makers have turned to commercial communi-
cations satellites with "spare capacity" that can be employed for TV
broadcasts. These transmitters are weaker than those employed in DBS
satellites, but reception is just as good using a larger dish antenna.

At present, there are only two satel-
lites carrying programmes receivable in
the UK, namely Intelsat V and Eutelsat
Fl. These satellites are used primarily to
route telephone calls across Europe and
to the USA. It's their spare capacity
which is used for TV broadcasts.

Two frequency bands are used on the
satellite downlink and they cover the
ranges from 10.95GHz to 11.20GHz
and 11-45GHz to 11-70GHz. These are
used for both X and Y polarisations.

Transmitting from the Docklands
Teleport site in London, the Intelsat V
reception footprint spreads over the
British Isles and much of Europe. The
Eutelsat Fl is claimed to cover the whole
of Western Europe and transmits a wide
range of programme material. Between
them they broadcast about 17 TV chan-
nels throughout Europe, approximately
12 are English speaking, showing films,
pop videos, children's programmes,
sport and news.

The SAT -TEL satellite receiver.

(Left) The NEC dish antenna sited in the
garden and (above) the stack -mounted
low noise converters.

Earth Terminal
The customers satellite receive only

system, TVRO for short, consists of a
dish antenna, low noise converter/am-
plifier and the satellite tuner/receiver.

The dish aerial is usually located in
the garden, with the low noise converter,
and a low loss screened cable is run to
the receiver located beside the TV inside
the house. To receive satellite signals the
1.2m to 2.3m dish antenna has to be
accurately aimed at the selected satellite.
If you wish to watch programmes from
both Intelsat V and Eutelsat F I, the
polar mount aerial should be readily
adjustable or "steerable". For single
reception a cheaper fixed type of an-
tenna may be used.

Further Information
For those wishing further information

on satellite equipment readers should
write to the following companies:

Connexions satellite receiver.

NEC supplied some of the transmit-
ters for Intelsat series of satellites.

What's On
INTELSAT V
 Premiere -9 hours of recent box

office movies every day.
 The Children's Channel-exclu-

sively for young children and teen-
agers, 8 hours every day.
Screen Sport-sports and leisure
programming, 6 hours.

 Cable News Network -24 hour
US and international news coverage.
Mirrorvision-Films and general
entertainment, 9 hours.

EUTELSAT Fl
 Music Box-from the UK, 18 hours

a day of rock videos, chat shows and
concerts.

 Sky Channel-General entertain-
ment (coded).
Teleclub-German movie channel.

 Filmnet -Dutch movie channel
-English spoken.

 Worldnet-Daily news and current
affairs from the USA.

NEC Business Systems (Europe) Ltd.,
Dept. EE, 35 Oval Road, London NW1
7EA.
Connexions Satellite Systems Ltd.,
Dept. EE, 125 East Barnet Road, New
Barnet, Herts EN4 8RF.
*Space Communications (SAT -TEL)
Ltd., Dept. EE, 9 Edgemead Close,
Round Spinney, Northampton, NN3
4RG.
* (British designed, developed and
manufactured in the UK.)

NEC NETSAT satellite receiver.
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d of electronics
AMATEUR RADIO

The appointment of the Radio Society of Great Britain to
take over the running of the amateur radio morse tests has
just been announced by The Department of Trade and
Industry. This follows. the assessment of proposals from
City and Guilds of London Institute and also British Telecom
International as well as the RSGB. The new service will
commence from 1 April 1986.

Radio amateurs who wish to operate on the high
frequency (h.f.) bands with the potential for world wide
communication must, in accordance with the requirements
of the International Radio Regulations, have a knowledge of
morse code. In the UK this means that they must have a
Class A Licenceas distinct from a Class B Licence which
allows operation on the v.h.f. bands with, generally, much
reduced range of contact.

The RSGB's successful proposal includes a test fee of
£7, which will be held at this price for two years, and the
establishment of at least 70 testing centres, one in each
county, region or designated island. Tests will be held
every two months in each centre.

The Department believes that the RSGB's proposals
represent a significant improvement in the service offered
to radio amateurs who wish to take the morse test.

DESIGN
AWARDS

The 1986 Design Council
Awards will be announced on
February 26 and the winning
products will be on display at
the Design Centre, London,
from 27 February to 1 April.

Exhibits on display will in-
clude items from the medical
and automotive industries and,
for the first time, computer
software.

Marconi Instruments has ap-
pointed Electronic Brokers as an
authorised distributor for the
company's ranges of high-per-
formance r.f. and microwave test
and measuring instruments, in-
cluding signal sources, digital
voltmeters, power and modula-
tion meters and spectrum
analysers.

TECHNOLOGY.
AWARD

Philips, together with Sony,
has received the Japanese
Mainichi Technology Award
for the development and com-
mercialisation of the Compact
Disc (CD). It is the first time
that a non -Japanese company
has received this award.

To date, this is the eighth
international award which
Philips have received for the
development of the Compact
Disc system.

ELECTREX
'86

Working exhibits will form
the main displays on the Pho-
tain Controls stand (No. 5M20)
at the Electrex '86 exhibition at
the National Exhibition Centre,
Birmingham, from 24 to 28
February.

This year is Photain's "Silver
Jubilee" and they will be cele-
brating this event by introduc-
ing a new range of sophisticated
microprocessor based control
panels for both fire sensing and
control and for multiplex con-
trol and data communication
systems.

HOUSE
OF

REPAIRS
An exclusive contract to pro-

vide a back-up service for in and
out of warranty repairs on the
Advance House of Instruments'
ranges of electronic test and
measuring instruments has been
awarded to Beds. Industrial
Calibration Centre, Beds.

The Calibration Centre under-
takes repair, servicing and cali-
bration of a wide range of instru-
ments and also provides an
emergency repair facility and a
7 -day turnround as standard for
calibration.

SATELLITES IN EDUCATION
An initiative is being launched

to encourage the use of satellites
in British schools. Satellites in
orbit are transmitting data to
low cost ground stations.

Already many enthusiasts,
schools and colleges are receiv-
ing data directly from radio
amateur satellites, University of
Surrey satellites and weather
stations. The use of this data in
the secondary school curriculum
will, it is hoped, provide the
opportunity for technological
projects such as constructing de-
tecting apparatus and creating
computer models to be carried
out.

A number of interested organi-
sations have joined .forces to
form The UK National Coordi-
nating Committee for Satellites
in Education. The group will
assist and liaise with: teachers
who wish to become involved in
using satellite data in education;
individuals or institutions who
wish to conduct research on their
educational use; and also agen-
cies that may fund projects.

A strategy paper giving further
information about this initiative
is available, free of charge, from
Dr John Gilbert, Dept of Educa-
tional Studies (AA), University
of Surrey, Guildford, GU2 5XH.

Personality of the Year
Alan Sugar, Chairman of Amstrad Consumer Electronics plc,

was named "Personality of the Year" at the RITA Awards at the
recent Which Computer Show held at the NEC Birmingham.

Alan Sugar is founder and chairman of Amstrad. The company
was formed in 1968 to market low cost audio equipment, videos
and televisions. In 1980 the company went public and in 1984 he
was named the Guardian Young Businessman of the Year.

The year 1984 also marked Amstrad's entry into the computer
market.

GLOBAL LINK -UP
Professor David Pye of Queen Mary College, London, explains

the role of satellites to two young visitors to the Royal Institu-
tion's Christmas lectures on Communication.

A telephone call, especially set up by British Telecom Interna-
tional went right round the world involving BTI's satellite earth
station at Medley in Hertfordshire, two satellite hops and a cable
link touching down at Sydney, Australia, and Vancouver, Canada,
before connecting back to London.
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CONSTRUCTIONAL PROJECTS

SHOP
TALK
Home Security

Now that the annual deluge of holiday
brochures has stopped flooding through
letter boxes-plus, if we are to believe the
holiday industry, the fact that most ''pack-
ages" have been taken up-I wonder how
many people have considered the poten-
tial for burglars during the holiday period
and taken steps to protect their homes
against this ever increasing threat?

If you haven't, then now is the time to
start and there are numerous security
systems to choose from on the market.
These range from "hard -wired" systems
to ultrasonic and infra red "wireless"
systems.

Apart from a claimed saving of over
£130, the Thandar Minder system from
BK Electronics has been well tried and
tested over the last few years. The system
uses the "doppler" principle and comes in
three units.

The control unit houses the radar trans-
mitter/receiver with a range up to 15
metres, with an adjustable sensitivity con-
trol and a key -operated "arming" switch.
The indoor unit is a swept frequency siren
producing an 104dB output. The outdoor
unit is housed in a heavy duty metal case
and produces 98dB output. The system is
expandable with door sensors and panic
buttons.

For an infra red system the range from
Riscomp looks appealing and should pro-
vide protection from would-be burglars. It
is ideal for security, photographic and
industrial applications.

For the sum of £25.61, plus VAT, the
IR147 provides an invisible infra red beam
which, when interrupted energises a built-
in relay in order to operate external
switches or equipment. It will operate over
a distance of up to 50ft. uses I.e.d.s for
easy alignment and is powered by 12V
d.c.

A more conventional system is being
marketed by Smiths Security Systems
for the sum of £57.50, plus VAT.

Manufactured by Shorrock Systems and
distributed by Smiths, the Mode1,75 pro-
vides security control in premises where a
system with sounders only is required.
Conforming to BS4737 Part 1, it controls a
system of normally open or normally
closed circuit detectors.

Exit and entry are controlled by preset
time delays and the exit delay may be
terminated by a push button. L.e.d.s indi-
cate the circuit status.

Door entry phone and closed circuit TV
surveillance systems are also available.
For more details readers should contact
Smiths Security Systems, Dept
EE, 43 Park Parade, Harlesden,
London NW10.

BY DAVID BARRINGTON

Audio Power
One of the projects published in this

issue is a Stereo Hi Fi Preamp and together
with a good power amplifier should form
the basis of an excellent audio system.

There are some first class audio power
amp modules on the market and any one of
the ranges advertised in EE should give
good results. Typical prices range from
just over £15 to just under £85. Output
powers range from 100W to 300W r.m.s.

The OMP power amplifier modules from
BK Electronics feature Bi-Polar and
MOS-FET stages and are supplied ready
built and tested. The MF300 (£79.99 plus
£4.50 p&p) has a claimed typical total
harmonics distortion (THD) factor of
0.0008 per cent, frequency response of
1Hz to 100kHz and an output power of
300W r.m.s.

The rugged, top of the range module AL
12580 from Riscomp provides output
powers up to 125W into 4 ohms. This
module would be suitable for disco or PA
systems and costs only f 14.70 plus VAT.

A new range of audio amplifier,
preamps, p.s.u.s and active crossover
modules has been introduced by R.A.K.
Electronics. New models include a series
of MOS-FET power amplifiers and claim a
THD of 0.002 per cent, full power 1kHz
and output powers of 150W and 300W
r.m.s. into 4 ohms. For further details write
to R.A.K. Electronics, Dept EE,
Bridge Road, Downham Market,
Norfolk PE38 OAE.

Finally, there is the range of World
renowned ILP Audio modules available
through the UK distributor Jaytee Elec-
tronic Services. These excellent mo-
dules are available with outputs from 15W
r.m.s. to 180W r.m.s., distortion less than
0.01 per cent. Completely encapsulated
with integral heatsinks, they can be bolted
directly onto the chassis.

For details of the complete range of ILP
Audio Modules readers should write to:
Jaytee Electronic Services, Dept EE,
143 Reculver Road, Beltinge, Herne
Bay, Kent, CT6 6PL.

Book Service
Whilst Everyday Electronics provides lots

of information about electronics and
related technology, many readers like to
read specialist books which concentrate
on a particular area of the hobby.

Often these books are difficult to locate
and in many cases potential readers are
not even aware of their existence. To
overcome some of these problems, Every-
day Electronics have now started a Book
Service which covers a variety of subjects.
Books can be ordered direct from our
editorial office, see opposite page.

Mains Tester and Fuse Finder
Most of the components for the Mains

Tester and Fuse Finder should be readily
available from most of our advertisers.

The high brightness miniature mains
neons are now fairly common and should
be carried by most component suppliers.
The same applies to the ceramic trans-
ducer WD1, this is certainly stocked by
Rapid, Cirkit, Magenta, Maplin and
Marco Trading.

Note that the on/off switch Si is of the
"push -fit" type with side flanges and the
case will have to be cut very carefully to
accept the switch. Of course, you can use
the more common screw fixing types but
bear in mind that mains voltage appears on
some of the wiring within the unit.

A full kit of parts (£8.58, including p&p)
for the Mains Tester and Fuse Finder is
available from Magenta Electronics
Ltd., Dept EE, 135 Hunter Street,
Burton -on -Trent, Staffs, DE14 2ST.
A printed circuit board is available through
the EE PCB Service-see page 162.

BBC Midi Interface
At first glance, a number of components

required for the BBC Midi Interface look to
be special items.

The high efficiency opto-isolator device,
type CNY 17-3, would appear to be only
listed by Electrovalue and
Cricklewood Electronics. Other de-
vices have been tested but not all the
devices in batches of identical type
numbers, such as TIL111, have worked.
Therefore, we suggest you stick to the
CNY17-3.

The ACIA or Asynchronous Communi-
cations Interface Adaptor chip, type
MC6850, should be available from most
component sources. However, in case of
difficulty it is listed by Rapid
Electronics.

The demand for IDC and DIN plugs and
sockets for computer based projects is
quite common and any good component
stockist should be able to supply them.

Stereo Hi Fi Preamp
We cannot foresee any component buy-

ing problems for the Stereo Hi Fi Preamp.
The one per cent resistors and capacitors
are fairly readily available items and should
be stocked by local suppliers.

Be sure to specify a dual -gang "log"
potentiometer when purchasing the
Volume control VR4. All other potentio-
meters are linear types.

The printed circuit board may be
purchased through our PCB Service-see
page 162.

RF Signal Generator-Teach In
'86 Project

Component kits for the Teach In '86
Project Series-RF Signal Generator-have
been specially prepared by some of our
advertisers. Readers should browse
through the advertisements in this issue to
locate a stockist nearest to their town.

It may be possible that some advertisers
may quote a "special" price fora complete
set of inductors for this project.

Interval Timer
There should be no problems when

purchasing parts for the Interval Timer.
All items appear to be "off -the -shelf"

components, including the single tone
buzzer.
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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 projects.
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, compara-
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

Computer
 erm inotoqy
Explained

prof

'terert., ""fatonts

Digital IC
Equivalents
and Pin
Connections

An Introduction
toComputer Periphecata-

Practical Electronic
Ste/ding Blocks
Book I

TO ORDER
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MAIM TESTER
AHD FUSE FIFIDER

MARK STUART

How safe is your
mains wiring? Locate
that blown fuse! You
can do both with this
audio/visual tester

THE IDEA for this project came about
whilst trying to find which fuse in the

fusebox was connected to which set of
sockets in the house. There are two "tradi-
tional" ways of doing this. One way is to
remove a fuse, and then search the house for
"dead" sockets. The other way is to connect
a lamp to one socket and remove fuses one
at a time. An observer posted next to the
lamp is asked to shout when it goes out.

Both methods work. The first method is
tedious, especially if the fusebox is posi-
tioned (as usual) in the most inaccessible
corner of the house. The second method is
better, but needs two people and has been
known to put considerable stress on marital
harmony.

DESIGN CONSIDERATIONS
It was decided that the ideal "gadget"

would be one that could be plugged into a
mains socket and would emit a loud easily
recognized sound when the supply was
disconnected. In addition it would be help-
ful (and safer) to incorporate an indicator
lamp to give visual confirmation that the
supply was disconnected.

This could be done by fitting just one
lamp between the live and neutral connec-
tions. By adding two further lamps, how-
ever, it is possible not only to indicate
whether power is on or off, but also to check
the connections of live, neutral, and earth
wires to the socket.

The final design has proved to be a very
useful tool for checking sockets and finding
fuses, and has also been used as a mains
failure indicator when trying to track down
spurious tripping of an ELCB (now known
as RCCB).

CIRCUIT DESCRIPTION
The complete circuit diagram is shown in

Fig. 1. Three neon lamps LP 1-3 are fitted to
indicate that power is connected and that
the three leads to the sockets are correctly
fitted. Normally there will be mains voltage
between L and N, and between L and E,
lighting LP2 and LP3. Lamp LP1 will not
light because normally the neutral wire is
earthed at the local distribution
transformer.

If the wiring to the socket is faulty the
correct combination of lamps will not light.
By checking which lamps are on or off it is
possible to determine the nature of the
fault. The interpretation of the fault indica-
tions is dealt with later in the section
headed 'IN USE'.

The audible signal is produced by a
ceramic resonator, WD1, driven by ICI.
IC1 is a quadruple two input NAND

Schmitt trigger i.c. The first section, ICla, is
used as a gated low frequency oscillator.
Power for the oscillator is provided from
battery BI via SI.

The positive side of the supply is connect-
ed to the mains neutral. When mains
voltage is present a small amount of mains
current passes through capacitor C1. On
positive half cycles, the Zener diode D I is
forward biassed and acts like a normal
diode, clamping the voltage at point A in
Fig. 1 at +0.6V with respect to point B. On
negative half cycles of the mains DI is
reverse biassed and will not conduct until
point A is at -10V (the Zener diode break-
down voltage) with respect to point B.

Diode D2 conducts during the negative
half cycles so that the smoothing capacitor
C2 is charged to -10y. The voltage on point
C of Fig. 1 is a steady -10y with respect to
point B.

This voltage is passed via potential di-
vider resistors R8 and R7 to one of the
inputs of IC 1 a holding it low. As IC1 is a
NAND gate a logic low on any of the inputs
forces the output to a high state. ICI b is
connected as an inverter so that its output is
held low. This in turn holds down one of the
inputs of IC 1 c so that its output is forced
high. IC1 d is connected as an inverter and
so its output is held low. In this condition all
of the sections of IC I are held in steady
status and there is no audio output.

When the mains voltage is disconnected
C2 discharges via R7 and R8 and the
voltage on the input of ICla changes from
low to high. The voltage on the other input
of ICI a is also high because C3 has charged
via R9. With both inputs high the output of
ICla is held low.

Capacitor C3 now discharges via R9 and
the voltage on the associated input of IC la
begins to fall. After a time this voltage falls
to the lower input threshold voltage of IC la.
At this point the output switches from low
to high and C3 begins to charge via R9.

When the voltage across C3 rises to the
upper input threshold of ICla, the output
switches from high back to low. C3 now
begins to discharge through R9 again and
the cycle repeats.

This simple oscillator action is only pos-
sible with Schmitt trigger type inverting
gates, because it depends upon the output
switching rapidly between low and high
states. Normal gates will simply settle with
their outputs at around half the supply
voltage and not oscillate at all. The ease
with which these simple oscillators can be
put together makes the 4093 one of the
author's favourite chips.
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OUTPUT

The output of ICI a is a squarewave of
about 2Hz which is inverted by ICI b and
passed to one of the inputs of IC1c. IC1c is
another oscillator circuit similar to IC 1a but
operating at about 2.5kHz. It is turned on
during positive half cycles of the low fre-
quency input from ICI b. ICI d inverts the
input of IC1c and drives the ceramic reso-
nator WD1.

The resulting output is a piercing beep -
beep -beep sound whenever Si is on and the
mains off. The current consumption is very

specified is ideal and fits comfortably into a
pocket. All of the components are fitted on a
single printed circuit board. Fig. 2 shows
the copper foil pattern and Fig. 3 the
component layout. This board is available
from the EE PCB Service: quote order code
EE517.

Before mounting any components it is a
good idea to use the board as a template to
cut out the three holes in the bottom of the
case through which the lamps are viewed.
Figs. 4 and 5 show the layout of the
components in the case and the method of
assembly.

important that the holes do not align. Fig. 5b
shows a suitable pattern.

The resonator WD1 is mounted on the
bottom of the case by means of four strips of
double sided adhesive sponge tape 1.6mm
thick. These are first stuck to the case to
form a square around the six holes and then
WD1 is pressed into place. This arrange-
ment ensures that there is sufficient air gap
for the sound to travel efficiently.

A strip of 2 or 3mm thick clear or amber
Perspex 12mm wide x 50mm long should be
glued to the bottom of the case so that it
covers the three holes through which the
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Fig. 1. Complete circuit diagram for the Mains Tester and Fuse Finder.
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Fig. 2. Layout of components on the printed circuit board.
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Fig. 3. Full size printed circuit master. This board is available from the EE PCB Service: code
EE517.

low, a single PP3 will probably last for a
year or more of typical intermittent use.

CONSTRUCTION
As the whole circuit is connected to the

mains it is essential that it is housed in a
totally insulated enclosure. The plastic box

The holes for the neons should be about
8mm diameter. An additional hole or set of
holes is needed for the ceramic resonator
WD1. These holes should be drilled so that
they do not line up with the hole in the
resonator. A circle of 6 holes 3mm diameter
is ideal. The metallised top plate of the
resonator is connected to the mains so it is

COMPONENTS

Resistors
R1,3,5, 56k
R2,4,6 100 (3 off)
R7 1M5
R8 470k
R9 2M2
R10 15k
All 4 W ±5% carbon film

page 146

Capacitors
Cl 1n disc ceramic 750V
C2,4 100n polyester (C368)

(2 off)
C3 ipf axial elec. 16V
C5 100pf radial elec. 16V

Semiconductors
IC 1 4093 CMOS quad 2 -

input NAND Schmitt
trigger

D1 BZY88C10 10V Zener
D2 1N4001 silicon

Miscellaneous
WD1 PB2720

resonator
LP1-LP3 Miniature mains

neons, 4mm high
brightness type, 3 off

Si SPST rocker switch
B 1, 9V PP3; battery clip; connect-
ing wire; Veropins; cable clamp
and screws; 2A 3 -core mains
cable; printed circuit board, avail-
able from the EE PCB Service
-order code EE 517; 14 -pin i.c.
socket; case; double -sided adhe-
sive foam tape; clear or amber
Perspex

ceramic

Approx. cost
Guidance only £8
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Fig. 4. Layout of components inside the case and interwiring details. Note the "wings" on Si for holding the switch firmly in position.
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Fig. 5a. Arrangement for mounting the printed circuit board in the case.
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Fig. 5b. Suggested pattern of
holes to be drilled in the case
over the sound transducer.

The completed tester showing the cutouts in the board for the neon indicators. Note the
"strain" clamp for the mains lead.

C1400""
15.1
ARCOLECTR.0 fit

2

neons LP1-LP3 are viewed. The mains
cable enters the case through a hole drilled
in one end. This hole should be a close fit
around the cable to prevent accidental
access to the internal live parts.

The switch SI requires a rectangular
notch to be cut in the side of the case. Refer
to Fig. 4 and position the switch as shown.
The switch specified has a pair of "wings"
which snap into position to hold it in place.
Take care to cut the hole exactly the right
size otherwise the switch will wobble.

CIRCUIT BOARD
When the case cutting is complete the

printed circuit board should be assembled.
Begin by fixing six single sided "solder
pins" for the connections to B1, WD I and
SI.

These pins are inserted from the foil side
of the board and must be pressed in so that
their splined section passes into the board.
This operation can require considerable
force. Once the pins are fully home, solder
them on the foil side in the usual way.

Continue by fitting all of the other board
mounted components, starting with the
smaller low profile ones such as diodes and
resistors. A socket should be used for ICI.
Note that D1, D2, C3, C5 and IC I must all
be fitted the right way round. The other
components fit either way. The miniature
neons must be positioned so that they lie
centrally over the large holes in the board.

When all the components have been
fixed, the mains lead should be connected
to the board and fixed with a "saddle" type
cable clamp. At this stage the board should
be loosely fitted to the case, the connections
made to WD1, B1 and SI, and tested for
correct operation.

When all is well the board should be fixed
in position using double sided adhesive
foam pads. The battery can be fixed in the
same way, as it will not require changing
very often.

TESTING
The correct operation of the oscillator

section can be tested, without connecting
the mains, simply by fitting a battery and
closing SI. A loud 2kHz tone interrupted at
about 2Hz should be produced after a delay
of around 2 seconds. The beep is produced
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by ICI and its associated components so
this is the area to check if problems arise. It
should be possible to stop oscillation by
linking pins 7 and 13 of ICI.

Take extreme care when carrying
out the following tests. The remaining
tests are performed with the mains con-
nected so must be done with great care.
With a battery connected and S1 closed,
check that the circuit stops beeping when
the mains is connected, and re -starts
when the mains is disconnected. Problems
here will probably be due to either D1 or
D2 being fitted the wrong way round.

Finally, check the operation of the three
neon lamps. With a normal supply con-
nected LP2 and LP3 should be on and LP 1
off. Reverse the live and neutral connec-
tions and then LP 1 and LP3 should be on
and LP2 off. These tests ensure that all of
the neons are working. The next step is to
simulate all of the mains fault conditions
one by one and check for the correct
indication.

IN USE
The use of the fuse finder section of the

circuit requires little explanation. The unit
is switched on and plugged in to the circuit
under test. As soon as the fuse feeding the
circuit is removed, the beeping sound will
be heard. It is surprising how far away
interrupted high frequency sounds can be
heard and recognised, even in the presence
of considerable background noise.

OFF fuse ONfinder MAINS TESTER
& FUSE FINDER

-)1K-
ALL 0.K

- NO LIVE
NO NEUTRAL
NO EARTH 0* L/N REV.
L/E REV.

Fig. 6. Full size master of the front panel layout and lettering.

The three neon lamps are able to indicate
a wide range of fault conditions. In princi-
ple each neon indicates the voltage between
each pair of the incoming wires. The series
and parallel resistors R1 -R6 are chosen so
that above 200V the neons will light and
below 150V they will not.

If the earth lead is disconnected LP3 will
have 250V across it and will light. The other
two neons are effectively in series between

the live and neutral leads and so the supply
is divided equally, giving 125V to each
neon, which is not enough to light them.

The various other fault conditions and
their associated indications are shown on
the front panel label drawing in Fig. 6. The
one condition that the unit does not indi-
cate is reversed neutral and earth connec-
tions. Fortunately this is an unusual fault.

"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." r

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., Westover House,
West Quay Rd., Poole, Dorset BH15
1JG. Tel. 0202 671191 ex 259.
Annual subscription rates:
UK £13. Overseas £15
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EMERGENCY CALL
IMMEDIATELY following the recent Mexico

City earthquake, radio amateurs around
the world rallied to establish emergency
communications with Mexico, seeking
information about families for worried
relatives overseas.

In Britain, the Red Cross asked Raynet,
the Radio Amateur Emergency Network,
to act on its behalf on a national basis.
Raynet teams, plus individual amateurs,
throughout the UK, monitored the 20
metre international band for stations from
Mexico, and elsewhere, carrying emer-
gency traffic related to the disaster.

Over 500 enquiries were transmitted,
and a good number of replies were re-
ceived direct from Mexico, or via other
countries, with reassuring news. The
Foreign Office gave its approval to the
operation, and the DTI agreed that it would
take no action to hinder the passing of
third party traffic arising from the disaster.

Considering the nature of the event, this
last comment may seem rather strange,
but the fact is, transmissions from British
stations seeking or receiving information
about families affected by the earthquake,
were illegal!

The amateur radio licence conditions
forbid the passing of messages on behalf
of third parties, except at the request of
named user organisations engaged in
disaster relief operations, or exercises, in
the United Kingdom. That is why the Red
Cross could only ask Raynet to act on a
national basis.

Obviously, in an emergency situation,
officialdom may well give qualified appro-
val to activities it would not normally
permit-but what a ridiculous situation!
Amateurs in the US and Canada have long
been allowed to pass messages about
friends and relatives on behalf of others,
and have agreements with over 40 other

000
TONY SMITH G4FAI

countries for the international exchange of
third party traffic.

Australia obtained similar privileges in
1980. It has international agreements with
America and Canada, and is seeking
agreements with the other 40 countries,
plus a few more.

Where third party privileges exist, ama-
teurs can pass messages individually at
any time, or feed them into national or
international networks of stations working
on a more formal basis. When the need
arises, these nets go into emergency oper-
ation. While organisations similar to
Raynet provide emergency communica-
tions fqr the authorities, the third party
stations and networks assist and supple-
ment this work by providing health and
welfare communication facilities for the
general public.

Radio amateurs have a world-wide com-
munication ability which they are more
than willing to make available when the
need arises. Their response to the Mexican
disaster shows how they can help, even
when the event is thousands of miles
away. If every country, including Britain,
permitted its amateurs to pass third party
messages, as a normal everyday event,
there would be a greater preparedness,
and a greater ability, to provide assistance
whenever required.

LASTING PROBLEM
Modern amateur radio equipment often

uses specialised components, including
integrated circuits and microprocessor
chips. Some transceivers feature factory
programmed RAM devices controlling
basic functions, and these are powered by
built-in lithium batteries having a life of up
to seven years.

While all this adds up to a very high
standard of performance, it also leads to
the possibility of trouble in the years

ahead. Amateurs traditionally keep their
equipment going for years, but to do this
with modern hi -tech equipment may not
be so easy.

According to a recent note in QRV,
journal of the RAF Amateur Radio Society,
many specialised components have a

potential life -span in excess of the time
direct replacements are likely to remain
available. By the time repair is necessary,
quite extensive, and costly, modifications
may be required to bring a rig back into
use.

A similar problem may arise with battery
powered memories. When any fault
arises, or the battery expires, the equip-
ment, or part of it, must be returned to the
manufacturer, or agent, for battery re-
placement and re -programming of the
RAM.

Equipment is up -dated or re -designed
every few years. Manufacturers and
dealers come and go. Lithium batteries are
still in the development stage. How sure
can one be that, when the time comes, the
super -transceiver can be serviced, re -pro-
grammed, and put back on the air at
reasonable cost?

Maybe all will be well after the first seven
years, but what about the next? And the
next? Perhaps the original owner won't
want to keep it all that long, but what
resale value will it have in these circum-
stances? Buyers of expensive equipment
today should consider all these factors. If
they must have the latest all -singing and
dancing rig perhaps they should consider
putting aside depreciation sums each year
against inevitable obsolescence!

All this raises the question, "Is the
availability of near -professional type
equipment diminishing the hobby?". I

don't really think so. There is still some
basic type equipment available which com-
municates without frills. There is a large

Table 1:

Examples of the 0 -code. Intended for Morse operation, some codes are
used in speech communication.

Signal Reporting System

Readability

R1 Unreadable R4 Readable with prac-
R2 Barely readable tically no difficulty

Original meaning Amateur usage R3 Readable with considerable difficulty R5 Perfectly readable
QRM Is my transmission being

interfered with?
Interference from other stations

Signal Strength

OHO Shall I increase High power S1 Faint, barely perceptible S6 Good

transmitter power? S2 Very weak S7 Moderately strong

S3 Weak S8 Strong
QRT Shall I stop sending? Closing down S4 Fair S9 Extemely strong

QRZ Who is calling me? Who is calling me? S5 Fairly good

QSL Can you acknowledge

receipt?

Confirmation of information or GSL
card (confirmation of contact)

Tone

QSO Can you communicate

with . . direct?

Contact between stations
T1 Extremely rough

T2 Very rough

T3 Rough

T6 Trace of modulation
T7 Near perfect tone, smooth ripple
18 Near perfect tone

QTH What is your position in
latitude and longitude?

Location T4 Rather rough

T5 Modulated
T9 Perfect tone
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secondhand market for older style units,
and there are still a few who make their
own transmitters and receivers.

It's all a question of what you can afford.
If money is no object, then the possible
long-term disadvantages of sophistication
probably don't matter. If you want to make
a transmitter for just a few pounds, you
can do that as well, and it will probably last
a lifetime!

QUESTION CORNER
Q. Radio amateurs seem to speak a
language of their own. Can you ex-
plain what some of it means?
A. Like any specialised activity, the hobby
has developed its own jargon to express
particular meanings. Much of it originated
in Morse code communication to save
spelling out whole words, phrases, or
even sentences, and there is a tendency
to use some of this in speech
communication.

Basically, it is a series of internationally
understood abbreviations, such as the Q -
code. This comprises groups of three
letters, beginning with a 0, each group
having its own meaning. It is, however, a
commercial code. Its full meanings are not
entirely applicable to amateur radio, and
amateurs have adapted some for their own
purpose, while not departing entirely from
the original meaning. A few examples are
illustrated in Table 1.

Typical everyday
amateur radio third
party message, but
not allowed in
Britain!

4
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Some words are reduced to two letters,
comprising the first letter of the original
word, plus the letter "x" to represent all
other letters: Tx is transmitter, Rx-re-
ceiver, Wx-weather, and if used in
speech they are pronounced by spelling
out the letters.

During a contact, stations will exchange
reports with each other, for example, 5-9
in speech, or 5-9-9 in Morse. These are
based on a numerical reporting code with
readability assessed 1 to 5, signal strength
1 to 9, and tone quality (of Morse signals)
the same. 5-9-9 therefore means the
other station is perfectly readable or un-

derstandable, with an extremely strong
signal and perfect tone.

There's a lot more to it all than shown
here. Most amateur radio manuals give the
full lists, and advice on their use.

DON'T FORGET!
I will gladly answer general questions

about amateur radio in this column. Just
write to me c/o the Editor. 73, bcnu.
(That's two more abbreviations. 73 means
"best wishes". Work out for yourself
what the second one means in a Morse
transmission!).
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THE STORY so far has our notional
I project to the stage where everything

is mounted in the case (controls, circuit
board, etc.), which one might think was
the end of things. There is in fact still a little
way to go to completion, and one of the
outstanding tasks is the point-to-point
wiring (also known as "hard" or "spag-
hetti" wiring).

In the days of valve projects the elec-
tronic side of construction consisted of a
mass of hard wiring, but in modern de-
signs there is not necessarily any interwir-
ing at all, and with some projects all the
controls and sockets are printed circuit
mounting types. These tend to be in the
minority though, and with most home
constructor equipment all, or at least
some, of the components are mounted
off -board.

Printed circuit mounting types have the
advantage of greatly reducing the risk of
errors, but have the disadvantage of tying
the user down to a specific type of com-
ponent, and often give no option as to the
front panel layout and case to be used
either. It is worth noting though, that
where printed circuit mounting controls
and potentiometers are called for it is still
usually possible to use ordinary types hard
wired to the board if preferred.

WIRING -UP
Most constructional errors in projects

are due to either accidental short circuits
on the component board due to blobs of
excess solder, or to wiring errors. It is
therefore well worthwhile taking your time
over this aspect of construction, rather
than rushing things and taking pot -luck
with any wiring where you are unclear as
to the correct way of doing things, and
taking little care over the soldered joints.
Actually connecting the wires should not
present too many problems, but there are
a few pitfalls which must be avoided.

Most component suppliers stock at
least one type of connecting or "hook-up"
wire, and this is normally a fairly thin form
of p.v.c. insulated multistrand wire. Most
circuits these days operate with low cur-
rent consumptions, and any connecting
wire will do.

With something like a high current
power supply or a power amplifier it might
be necessary to resort to a heavier gauge
of wire. Thin wire when used with high
currents can become quite hot, and can
introduce unacceptable voltage drops.

Multistrand wire is generally preferable
to the single core variety since it is much
more flexible, less likely to break, and
easier to work with. The single core type is
mainly used where leads are to be formed
into specific shapes to give neat cable
runs. This method of construction can look
very impressive but is little used in home
constructor designs where there is usually
too little hard wiring to justify the effort
involved.

II
RIBBON CABLE

Where a number of wires are to run side
by side they can be tied together into a sort
of pseudo multi -way cable once the wiring
has been completed. A much easier way
of doing things is to use ribbon cable for
this type of wiring. I prefer the multicol-
oured ("rainbow") type to the single col-
our variety, since having each wire a
different colour greatly reduces the likeli-
hood of making errors due to muddling up
the leads.

Ribbon cable is generally only available
with ten or more ways, but it is easily
separated up into two or three-way leads,
and it is not usually necessary to resort to
using a knife or scissors. Most ribbon
cable can be easily pulled apart by hand.

Many beginners are tempted to strip
p.v.c. insulation using a knife or scissors
rather than obtaining proper wire strip-
pers. The insulation can certainly be re-
moved in this way, but the problem is
nicking of the core or cores of wire.

more difficult aspects of electronic
construction.

One type of insulated wire that should
not be used for wiring up projects is
enamelled copper wire. Apart from being
difficult to use in this application, the
enamel is relatively easily damaged and
short circuits would be likely to occur.

The wires can be connected to the
printed circuit board much like ordinary
component leadout wire, but this normally
requires the board to be temporarily dis-
mounted from the case to give access to
the underside of the board. Once some of
the wires have been soldered into place it
can become awkward to add the others.

SOLDER PINS
A much better way of doing things is to

fit pins to the board at the points where
off -board connections are to be made.
Single -sided pins (Fig.1a) are the type
normally used, and these enable the off -
board connections to be made with the
board still fixed to the case.

Double -sided pins (Fig. 1b) are used
where the board is mounted in such a way
that the connections must be made to the
copper side, or where connections are to
be made to both sides. Both of these
eventualities are rare.

A special pin insertion tool is available,
and this resembles a screwdriver with a
hole in the end into which a pin is placed. It
is not essential to use one of these, and the
pins can usually be pushed into place by
hand, or with the aid of pliers in awkward
cases.

IEE 250M I (c) (b)

Fig. 1. (a) Single -sided and (b) double -sided printed circuit pins. Both types are in-
serted from the underside of the board.

IEE249.1

Fig. 2. Where two or more leads must connect to one tag or pin, hooking or bind-
ing the leads will hold them in place ready for soldering.

Cutting slightly into the surface of the
wire may not seem to be important, and
electrically it will not make much differ-
ence. Mechanically things are very differ-
ent though, and the effect of even a slight
nick is to make the wire prone to breaking
at that point.

Proper wire cutters have two semicircu-
lar cutting blades which can be set so that
they will only close down to a certain
diameter. The idea is to set this diameter
so that it is slighly wider than the inner
conductor, making it impossible to nick the
wire.

Obviously this also makes it impossible
to fully cut through the p.v.c. sleeving, but
pulling the wire and the strippers firmly in
opposite directions breaks the insulation
away. It may take a little practise and some
experimentation with the aperture setting
of the strippers before good results are
obtained, but this is not exactly one of the

With a little ingenuity it should not be
difficult to make an insertion tool. There
are two sizes of pin, 1mm and 1.3mm
diameter. The 1mm size is the type most
frequently required as this is the size for
use with 0.1 inch pitch stripboard, and
most printed circuits are designed for this
size of pin as well. The 1.3mm type is
mainly for use with 0.15 inch pitch
stripboard.

SOLDERING
Most projects are designed in such a

way that only one connection is made to
each pin, or to each tag of off -board
components. This makes the wiring very
easy, and the basic technique is first to tin
the end of the wire and the pin or tag with a
generous amount of solder.

Next the bit of the iron is loaded with a
small amount of solder, the wire is placed
in position on the pin or tag, and the iron is

154 Everyday Electronics, March 1986



briefly applied to them. Keep the lead still
while the solder sets, and allow sufficient
time for the solder to completely set (it can
sometimes be two or three seconds).

This is not the standard textbook meth-
od of soldering, where the iron is placed
onto the lead and the tag, and then the
solder is applied. It is a more practical
method for those who do not have three
hands, and it works well provided the two
surfaces to be joined are adequately tinned
with solder. Do not be tempted to try this
method when fitting components onto cir-
cuit boards though, as it is likely to provide
more problems than it solves.

Where two or three leads are to connect
to one tag things are a little less straight-

forward. The standard method is to hook
all the leads around "Loop" type tags, or
to bind them around pins, as shown in Fig.
2. The iron and the solder are then applied
(in that order), and a generous blob of
solder is run onto the leads.

With this method it is still a good idea to
tin each lead and the pin or tag with solder
prior to making the joint, although only a
small amount of solder should be used.
With no tinning there is a strong possibility
of producing a dry joint, but with little or no
outward sign of there being anything
amiss.

Many constructors prefer not to use
hooked or binding connections. Both sys-
tems give very strong and reliable connec-

tions - possibly too good in fact as it can
be very difficult to undo connections if the
equipment needs servicing at some future
time.

An alternative that I have always found
to be completely satisfactory is to first tin
all surfaces to be joined with plenty of
solder. Then carefully hold them all in
position and apply a soldering iron bit
which is well loaded with solder. This is
easier said than done, but with a little
practice you should soon be able to make a
good job of it.

diafteitt dienield
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STEREO REVERE

FREELOA ER
A simple aid to loading computer programs
from cassette. This unit detects the end of one
program and the start of the next and incorpo-
rates a cassette motor switch.

VERSATILE PSU

0 0 0

A stereo simulator, headphone
enhancer or quadraphonic
synthesiser plus a musical ef-
fects unit-all these applica-
tions from a relatively simple
design.

A good power supply unit is essential
for any workshop and this design is
versatile enough to meet most require-
ments. Providing 1.2V to 1 5V at up to
1 A with voltage and current regulation.

ELECTRONICS
and E E MONDRY

APRIL ISSUE ON SALE FRIDAY, MARCH 21
Make sure of your copy-place an order with your newsagent NOW!
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ItITERWIL TIMER
C. J . BOWES

An inexpensive timer with many useful applications.
Time intervals from 30sec. to 15 min. in 12 switched
ranges. Features a variable tone burst function.

rHERE are numerous occasions when it is
I useful to have some sort of timer which

emits a signal at regular intervals. The
circuit described in this article has been
designed to fulfil this function in a versatile
way, by providing a range of switched
time intervals between 30 seconds and 15
minutes. The duration of the output tone
can be varied so that a range of signals,
between a short burst and a long tone can be
obtained.

CIRCUIT DESCRIPTION
The circuit diagram of the unit is shown

in Fig. 1. The heart of the circuit is a 555
timer (IC I ) which is connected as an astable
multivibrator.

In this configuration the output of the i.c.
swings from V+ to ground for a period "T2"
after a time interval "T I", as shown in
Fig. 2. The duration of both T1 and T2 are
determined by the values of the resistors RA
and RB, as shown in Fig. 3.

V+

OV

EE 198 PI

T1 T2

J
TIME

Fig. 2. Timing diagram for the circuit.

RA

RB

555

v+

.11.111

OUTPUT

on

peE 199 P1

OV

Fig. 3. The basis of the Timer circuit.

TI is calculated using the formula:
T1=0-7 x (RA + RB) x C
(Where T=time in seconds, RA=value of
RA in ohms, RB=value of RB in ohms and
C=value of the capacitor in Farads.)

T2 is obtained in the same manner from
the formula:
T2=0.7 x RB x C

By splitting the value of RA into several
smaller values it is possible to produce a
circuit in which a single switch can be used
to select a series of different values for T1.
This has been exploited in this circuit, so
that RA is in fact made up of a series of
fixed and variable resistors (VR I -VR12
and RI-R12) which are wired as a chain.

The proportion of the chain used as RA is
selected by the position of the wiper of the
time selector switch, S2. This determines
TI, which is the interval between the output
tones. The length of the tone corresponds to
T2 and is calculated from the second for-
mula given above. This is set by the total
resistance of VR13 and R13. RI3 is chosen
to give a minimum duration of tone of
about one second.

If the two timing formulae are combined
we see that the total time for the sequence
(shown as T in Fig. 2) is found from the
formula:
T=0.7 x (RA + (2 x RB)) x C

RB is the value which is adjusted to
increase or decrease the duration of the
tone. It is therefore necessary to alter the
value of RA by twice the alteration in the
value of RB if adjustment of the duration of
the tone burst is not to alter the duration
between tones.

This is achieved by
making VR13 a dual
gang "stereo" poten-
tiometer, connected
as shown in Fig. 1.

VR13 is connected so
that its wiper forms
the junction of RA
and RB and is con-
nected to pin 7 of
ICI.

The second half of
the stereo control is
connected in series
with the resistor
string (RA) to double
the changes in the val-
ue of RB. S3 is includ-
ed so that the dura-
tion of the tone can be
either included in or
excluded from the
time between tone
bursts.

In the inclusive position the interval set
by S2 runs from the start of one burst of
tone until the beginning of the next tone
burst. In the exclusive position the interval
selected by S2 runs from the end of one
burst of tone until the start of the next tone
burst. The longer time period is achieved by
placing the whole 5k of VR13a and RI4 in
series with the resistor chain.

CONSTRUCTION
Construction of the unit is reasonably

straightforward as the great majority of the
components are mounted on the printed
circuit board as shown in Fig. 4. The
remainder of the components are mounted
on the removable lid of the case, with the
exception of the buzzer. As this is rather
large in comparison with the depth of the
case, it is mounted inside the box and
protrudes through the removable lid as
shown in Fig. 5.

To facilitate correct location of this com-
ponent the construction should be done in
the order suggested.

The printed circuit board pattern shown
in Fig. 4 should be transferred to a suitable
board, etched and drilled in the normal
way. The components should then be inser-
ted in the appropriate positions and sol-
dered, starting with the smallest compon-
ents. After soldering has been completed,
any excess wire can be trimmed off.

The Timer, showing the front -panel controls.
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Fig. 1. Circuit diagram of the
Interval Timer. The wiring de-
tails are shown below, and in
the photograph overleaf.
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Completed printed
circuit board
showing the two
banks of presets
VR1-VR12.

£16.50

SWITCH WIRING
The wires required for making connec-

tions between the p.c.b. and the other
components can then be soldered into place
on the p.c.b. It is advisable to use ribbon
cable for the connections between S2 and
the p.c.b. The board should then be thor-
oughly inspected for solder bridges between
tracks.

Once the p.c.b. has been completed and
checked it should be inserted into the case
and a suitable position found for the piezo-
electric buzzer. This component is mounted
inside the case and protrudes through the
lid.

When a suitable position has been found.
the position of the component should be
marked on the case lid and an appro-
priately -sized hole cut out, preferably using
a circular -hole cutter. The positions of the
remaining components can be marked on
the case lid and suitable holes cut out or
drilled, including that required to mount
the buzzer on the case body.

Rub -down lettering should be applied to
the exterior of the case. The only compo-
nent requiring careful positioning of the
lettering is S2, which is the interval time
selector switch. A convenient method to
locate the lettering for this component is to
mount the switch temporarily in its correct
position and rotate the spindle to its far-
thest anti -clockwise position.

r -I CR .\TDC E°°`1.
7P13

W'7 EP

I E197P1 flTTTT 5 6 8 9 To TWIPER v81312

Fig. 4. Top, the printed circuit board, actual size-available from the EE PCB Service; above,
the component overlay.
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Front panel legend.

The knob is then fitted, with its line in the
appropriate position. A fine pencil spot
should be marked on the case directly below
the line engraved on the knob. This marks
the location of the first legend.

The switch is then rotated to its next
position and the process repeated until all
twelve positions have been marked. A small
rub -down spot can then be applied to cover
the pencil spot and the appropriate lettering
applied to complete the legend. With the
components specified the intervals will be
as shown in Table 1:

Table 1: Timing intervals.

Switch Position Interval
1 30 sec
2 1 min
3 2 min
4 3 min
5 4 min
6 5 min
7 6 min
8 7 min
9 8 min

10 9 min
11 10 min
12 15 min

Once applied, the lettering should be
protected by several layers of spray -on clear
lacquer.

When the case is dry the components can
be mounted onto the lid, cutting down the
spindles of the rotary components as re-
quired. Both Si and VR1 should be rotated

to their fully anti -clockwise position so that
the knobs can be placed in position and
correctly lined up before tightening the
securing screws.

The wiring between the panel -mounted
components and the printed circuit boards
should be completed, as should the connec-
tion between the battery connector and SI .
All solder -joints should then be thoroughly
inspected before connecting the battery and
testing the circuit.

IEE2001.1

Fig. 5. Buzzer and p.c.b. mounting details.

TESTING AND CALIBRATION
To test the unit the controls should be set

as follows:
S I On
S2 Position 1. (Fully anti -clockwise)
S3 Inclusive
VR1 Minimum (Fully anti -clockwise)

After a short period to stabilise the circuit,
the unit should start emitting a short tone
burst at about 30 second intervals. The
intervals between the output tones should
be identical but will not necessarily be
accurate, since the system will not have
been calibrated.

VR13 should then be rotated to check
that the duration of the tone is increased but
that the interval between the start of one
tone and the start of the next remains the
same, irrespective of the setting of VR13.
When S3 is placed in the exclusive position
the interval between the end of one tone and
the start of the next should remain constant
irrespective of the setting of VR13.

Calibration of the unit is, unfortunately, a
little tedious but, if done carefully and
methodically, worth the effort involved.

Completed timer showing ribbon cable wiring from S2 to the p.c.b.

COMPONENTS

Resistors
R1 5k6
R2 15k
R3 to R11 27k (9 off)
R12 100k
R13, R14 680 (2 off)
All W ± 5% carbon

Potentiometers
VR1 to VR12 10k skeleton pre-

set, horiz. mount-
ing (12 off)

VR13 Dual ganged 4k7
linear rotary

Capacitors
C

C2

2200p, 16V elect.,
radial leads
10n disc ceramic

Semiconductor
IC 1 555 timer

Miscellaneous
81 PP3 9V battery
S1 d.p.s.t. min. rocker
S2 single -pole, 12 -

way rotary wafer
switch

S3 d.p.d.t. min. rocker
WD1 piezoelectric trans-

ducer, single tone.
Printed circuit board, available
from the EE PCB Service, order
code EE520; knobs for rotary
controls; case, about 115 x 95 x
37mm internal dimensions
-e.g. MB3; rub -down lettering;
battery clip; interconnecting wire.

The unit should be switched on with S2 at
position 1, S3 at the inclusive setting and
VR13 set to give minimum tone duration. A
stop -watch should be used to time the
interval from the end of one tone to the end
of the next tone. VR I is then adjusted until
this interval is correct.

Once the first time interval is correctly
set, S2 can be rotated to the next position
and VR2 adjusted until the correct interval
is obtained. This process is repeated until
all the presets have been correctly adjusted.
If the correct time interval cannot be ob-
tained by adjusting the appropriate preset,
then the associated fixed -value resistor
should be substituted by one with a differ-
ent value.

To increase the time period, the value of
the fixed resistor should be increased and to
decrease the time period the value of the
fixed resistor should be decreased. Once the
unit has been calibrated, the buzzer can be
mounted in position, the printed circuit
board placed in the correct location and the
lid screwed down. Care should be taken to
ensure that the preset potentiometers are
not disturbed during this process.

USING THE UNIT
Operation of the unit is simple and

straightforward but it must be remembered
that there will be a longer delay than that
selected between switching on the unit and
the production of the first tone.

This is caused by the need for the circuit
to settle down and can be overcome by
switching to the lowest time interval and
waiting for the first tone to be produced
before commencing to use the timer as part
of an activity.
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ILP Toroidal Transformers are now available through Jaytee Electronic ServicesJaytee. The UK Distributor with the availability and
service to match the quality of the toroidals. Dept EE3, 143 Reculver Road, Beltinge,

Herne Bay, Kent CT6 6PL.

WINDING
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/NSULATION 1 j-
=17,°,:j c's. ,..

CORE

FOR FREE DATA PACK PLEASE V/14
WRITE TO OUR SALES DEPT. Telephone: (0227) 375254 ND GAPS

TYPE SERIES
NO.

SEC.
VOLTS

R.M.S.
CURRENT TYPE SERIES

NO.
SEC.

VOLTS
R.M.S.

CURRENT
TYPE SERIES

NO.
SEC.

VOLTS
R.M.S.

CURRENT

ILP
TRANSFORMERS15VA

Regulation 19%
62 x 34gs (See diagram)
035 K
Mounting bolt M4 x 12

03010
03011
03012
03013
03014
03015
03016
03017

6+6
9+9

12+12
15+15
18+18
22+22
25+25
30+30

125
0.83
0.63
aso
042
0.34
0.30
0.25

ISOVA
Regulation 8%
S
Alze 3 C
110 45 50
1.8 Kgs
Mounting bolt M5 0 50

53011
53012
53013
53014
53015
53016
53017
53018
53026
53028
53029
53030

9+9
12+12
15.15
18-.18
22+22
25+25
30+30
35+35
40+40

110
220
240

8.89
E66
5.33
4.44
163
3.20
2.66
2.28
200
1.45
0.72
0.66

E2SVA
Regulation 4%
S
Aize B C
140 70 75
50 Kgs
Mounting bolt M8 0 90

93017
93018
93026
93025
93033
93042
93028
93029
93030

30  30
35-35
40.40
45+45
50+50
55+55

110
220
240

10 41
8.92
7.81
694
6.25
5.68
5.68
2.84
260

ARE NOW
SUPPLIED WITH

DUAL PRIMARIES
PERMITTING 110V

OR 220/240V
OPERATION

30Va
Regulation 18%
Size
A B C
70 35 37
045 Kgs
Mounting bolt M5 x50

13010
13011
13012
13013
13014
13015
13016
13017

6+6
9+9

12+12
15+15
18+18
22+22
25+25
30+30

2.50
1.66
1.25
1.00
0.83
ass
aso
0.50

22SVA
Regulation 7%
Size
A B C
110 50 55
2.2 Kgs
Mounting bolt M5 x 60

63012
63013
63014
63015
63016
63017
63018
63026
63025
63033
63028
63029
63030

12+12
15.15
18+18
22+22
25.25
30+30
35+35
40+40
45.45
50+50

110
220
240

9.38
760
6.25
5.11
450
3.75
3.21
2.81
2.50
225
204
1.02
093

THE TOROIDAL POWER TRANSFORMER
Offers the following advantages: -
SMALLER SIZE AND WEIGHT TO MEET
REQUIREMENTS.
LOW ELECTRICALLY INDUCED NOISE
COMPACT EQUIPMENT.
HIGH EFFICIENCY ENABLING CONSERVATIVE
WHILST MAINTAINING SIZE ADVANTAGES.
LOWER OPERATING TEMPERATURE.

MODERN 'SLIMLINE'

DEMANDED BY

RATING

50Va
Regulation 13%
Size
A B C
80 40 43
09 Kgs
Mounting bolt M5 x 50

23010
23011
23012
23013
23014
23015
23016
23017
23028
23029
23030

6+6
9+9

12+12
15+15
18+18
22+22
25+25
30+30

110
220
240

416
277
2.08
166
1.38
1.13
1.00

045
022
5.2o 300VA

Regulation 61Y0
Size
A B C
110 57 62
26 Kgs
Mounting bolt M5 x60

73013
73014
73015
73016
73017
73018
73026
73025
73033
73028
73029
73030

15-15
18.18
22+22
25+25
30+30
35 . 35
40 /- 40
45+ 45
50+50

110
220
240

moo
8.33
6.82
6.00
5.00
4.28
175
133
100
2.72
1.36
1.25

801/a
Regulation 12%
Size
A B C
95 40 43
1.0 Kgs
Mounting bolt M5 x 50

33010
33011
33012
33013
33014
33015
33016
33017
33028
33029
33030

6+6
9+9

12+12
15+15
18+18
22+22
25+25
30+30

110
220
240

6.66
444
3.33
2.66
2.22
1.81
1.60
133
0.72
0.36
0.33

SIZES
VA SOWS..

NW
C VA ST°

.M.
E .), 1SOOVA

Regulation 5%
Size
A B C
135 60 65
40 Kgs
Mounting bolt MO x 70

83016
83017
83018
83026
83025
83033
83042
83028
83029
83030

25+25
0+0
35+35
40.40
45+45
50+50
55 r55

110
220
240

1000
8.33
7.14
625
5.55
600
4.54
4.54
227
208

120VA
Regulation 11%
Size
A B C
95 45 50
1 2 Kgs
Mounting bolt M5 x50

43010
43011
43012
43013
43014
43015
43016
43017
43018
43028
43029
43030

6+6
9+9

12-.12
15+15
18+18
22+22
25+25
30+30
35+35

110
220
240

10.00
6.66
5.00
4.00
133
272
2.40
2.00
1.71
109
054
050

15 0 8.37 160 5 14.95

30 1 9.67 225 6 16.33 irr

50

80

2

3

10.70

11 96

300

500

7

8

17.84

23.37

-

1. .z."...

120 4 12.71 625
1

9 25.96 -
ALL ABOVE PRICES INCLUDE VAT AND CARRIAGE. QUANTITY

.,

1DISCOUNTS AVAILABLE FOR 6 OR MORE OF ANY ONE TYPE

Interak 1
AN EXPANDABLE DISK -BASED TWA

DEVELOPMENT SYSTEM YOU CAN BUILD YOURSELF!

Universities, Colleges, Industry, Enthusiasts:
Unlike home computers, development systems have

entirely "open" architectures, use standard TTL etc chips (ie
no ULA's!), and are built in a proper engineering fashion.

Usually these superior products carry a correspondingly supe-
rior price tag, but you can build Interak yourself board by board
and thus afford a system which would normally be out of your

reach and/or understanding.
The initial development system, has 64K of RAM, a 4 MHz Z80A

0

A

g g

a'
a

Interak l's greatest asset -
space for expansion . r z=

(Up to 7 more cards,
each 41/2" x 8")4.--:

2808 64K 64x24 YOUR OWN EXPANSION ASCII DISK 2+1 MBYTE A?' DISKS

"U ""4 000 ETMODEM. BtEATio'rACT
(EXAMPLE)

CPU, parallel ASCII keyboard interface, VDU Interface (TV set or
monitor), and a floppy disk drive interface for up to 4 drives. Any
size (including 8" double density) can be used, but our 1

Megabyte 3.5" drives are proving very popular because they
can fit into the system rack (and they only cost £87.00 each +
VAT). CP/M 2.2 is available, giving access to thousands of
"public domain" programs.
The system can be described as "future proof" because it
uses plug in 4.5" x 8" cards in an industrial quality 19" 3U
rack. We have been established since 1970, and this
system was first made in 1977 so (unlike almost all other
computers) it has stood the test of time.

Send two second class stamps, or telephone for a
detailed descriptive leaflet, specification, prices etc

Greenbank
Greenbank Electronics (Dept E3E), 92 New Chester Road, New
Ferry, Wirral, Merseyside L62 5AG. Telephone 051-645 3391

AT THE LOWEST PRICES
Now Distributed by Riscomp

POWER AMPLIFIERS
AL 103014130)  Low cost general purpose 10W
8ohm module, supply voltage range -30V

AL 1540 - At 1570 Bohm medium power module
incorporating overload protection. Operating
voltage range 20-40V

£4.15 + V.A.T.

AL 2550 (AL60)  Compact 25W Bohm module for
domestic applications with a distortion figure of
06'.. operating voltage range 28 50V

£4.95 + V.A.T.

AL 5070 (AL120) - Top class 50W 8ohrn module
with self-contained heat sink and builtin
protection circuitry, produces really 1st class
sound with a distortion level at an incredible
02%

AL 12580 IAL250) A rugged top of the range
module providing output powers of up to 125W
into 4ohms which employs 4 heavy duty output
transistors to ensure a stable and reliable
performance. Currently used on disco units, public
address systems, iuke boxes and even domestic
Hi.Fi

PRE -AMPLIFIERS & MIXERS
PA 207 A quality stereo pre -amplifier and tone
control unit suitable for driving any of the above
amplifiers. Operates from a supply rail of 40-70V

MM 100 3 input mixer leaturing individual level
controls, master volume, treble & base controls,
with inputs for microphone, magnetic pick-up
and tape or second pick-up (selectable/ Operates
from 45-70V

MM 100G - As MM 100 except inputs are for 2
guitar t microphone. £12.40 + VAT.

POWER SUPPLY
SPM90/45/55/65 A stabiliser module available
in 3 voltages 45 55 & 65V providing a stabilised
output of up to 2A and providing a superior
performance especially with the higher power
audio modules (Requires an appropriate
transformer + reservoir capacitor)

£6.85 + V.A.T.

All modules supplied with a IL
Pr comprehensive Data Sheet. Pw

Order by post. order by 'phone ir,1 RISCOMp
Add 15',. V.A.T. to all prices
U.K. orders add 75p post and packing
Export orders - post & packing at cost LIMITEDPlease allow 7 days for delivery

Dept E 1

51 Poppy Road.
Princes Risborough.
Bucks. HP17 9DB.
Princes Risborough
(084 44) 6326
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SINCE Everyday Electronics joined forces
with Electronics Monthly, there has

been an absolute mountain of mail from
readers. Many of you have raised topics
worthy of a wider audience so we start this
month with some of these.

Square Wave Generator

First, Bruce Phipps from Hatfield has
taken me to task over a rather obvious error
in the machine code square wave generator
routine given in Oct 85's On Spec. Readers
who have used this will have found that it is
not possible to break out of the routine.

The problem, quite simply, is that having
disabled interrupts at the start of the pro-
gram I had forgotten to enable them again at
the end!

Bruce has kindly provided a corrected
listing together with the corresponding
BASIC data values. This corrected listing
has been included in our latest "Update" so
there is no longer any need to suffer in
silence; just drop me a line and enclose a
large stamped addressed envelope.

Input Interface
S. Lewis writes from Cheltenham and

says that he has been experiencing some
difficulties with the Four Channel Input
Interface described in last April's On Spec.
He is using an Issue 3B Spectrum and the
Interface works normally about 66 per cent
of the time but occasionally some false
readings are returned.

Mr Lewis says that the problem can, at
least partially, be cured by the use of the
following small machine code routine:

LD BC,O
IN A, (191)
LD C,A
RET

Have other readers suffered from the same
problem, I wonder? If anyone can throw
some more light on this please drop me a
line.

Power Supply

David Corder from Kirkby Stephen,
Cumbria, writes to ask for circuit informa-
tion on the Issue 2 Spectrum power supply.
David says that the -5V rail is missing. The
power supply is, without any doubt, the
worst engineered part of the Spectrum and
this particular complaint is extremely com-
mon with early issues of the Spectrum.

For the uninitiated, the Spectrum re-
quires its -5V and +12V rails for the lower
16k of RAM (the eight 4116 chips on the
front left-hand side of the p.c.b.). More
modern RAM devices (and those used for
the upper 32k RAM fitted in Issue 3 and
later) only require a single +5V supply rail.

Incidentally, failure of the d.c.-to-d.c.
converter transistor (TR4) will affect both
supply rails, though, in the case of Issues 1,
2 and 3, the +12V supply rail will actually
take on a slightly reduced voltage (typically
10.5V) and will not, like the -5V rail,
disappear altogether.

The reason for this somewhat anomalous
behaviour is that the a.c. voltage at the
collector of TR4 is rectified to produce the
+12V supply. If the oscillator fails for some
reason or other the rectifier diode still
conducts, placing the unregulated d.c. input
voltage on the +12V RAM supply rail. (This
effect does not appear on Issue 4 and 6
Spectrums as they use a capacitor to couple
TR4 collector to the rectifier.)

When delving into the Spectrum a copy of
the "official" service manual will be inva-
luable. This document is, unfortunately, not
generally available (it would appear that
most of the service agencies have been

However, Video Vault
Ltd. at 140 High Street West, Glossop,
Derbyshire, can supply a service manual (at
£20 plus £1.50 postage and packing) and
also carry a good range of Spectrum spares.

Servicing

While on the subject of servicing, perhaps
I can take this opportunity to sound a
cautionary note. The Spectrum, like any
other personal computer, can be very easily
damaged by inexpert servicing (having
spent some time training computer service
engineers I can speak from experience on
this).

A simple fault can become a total disaster
when "investigated" by an inexperienced
person. So, if you are not absolutely confi-
dent that you know what you are doing,
don't attempt to service the innards of your
Spectrum. In the long run it is usually far
cheaper (and quicker!) to send the computer
away for repair and have it professionally
repaired.

While on the subject, readers will pro-
bably be aware that around a dozen com-
panies now offer service facilities for the
Spectrum. The cost is usually around the
£20 mark and must be considered a real
bargain when compared with the cost of
removing a similar fault on a "business
computer" which can be up to ten times
that amount.

Fortunately, the competition amongst
service agents has been instrumental in

bringing the costs down to a rock bottom
level. This can only be good news for the
end user.

Using The Programmable
Interface

Last month we described a program-
mable I/O interface for the Spectrum. This
month we shall provide some guidance for
programming the interface together with a
few sample routines. First, however, a few
general points concerning the PIO.

Reset: the Z80 PIO automatically enters a
reset state whenever power is applied. Once
in this state the PIO remains inactive until a
control word is received from the CPU
(achieved by means of an OUT instruction
followed by the relevant port address and
control data).

Modes of Operation: port A of the PIO
may be operated in any of four distinct
modes: Mode 0 (output mode), Mode 1
(input mode), Mode 2 (bi-directional
mode), and Mode 3 (control mode). Port B
can operate in modes 0, 1 and 3 but not in
mode 2 (we shall see why later).

The Control Word: the mode of operation
can be established by writing a control word
to the PIO in the following format:

D7 D6 D5 D4 D3 D2 DI DO

X X 1 1 1 1

Mode X = don't Signifies that
select care a mode word is

being sent

The two most significant bits, bits 7 and 6,
select the desired mode according to the
following truth table:

D7 D6 Mode Function

0 0 0 Output

0 1 1 Input

1 0 2 Bi-directional

1 1 3 Individual control

Bits 4 and 5 of the control word are
ignored and bits 0 to 3 must all be set to
logic 1 to indicate that a control word is
being sent.

In case this is beginning to sound rather
complex, let's consider a simple example
which uses BASIC to initialise the PIO so
that all eight lines of Port A are configured
as outputs while all eight lines of Port B are
configured as inputs.

Table 1 last month gave the register
astignment for the PIO and shows that the
control register for Ports A and B are
allocated decimal addresses of 93 and 127
respectively. We can conveniently make use
of the BIN function provided in Sinclair
BASIC, stating the control word in binary
rather than decimal, as follows:

10 OUT 93, BIN 00001111
20 OUT 127, BIN 01001111

Line 10 sends the binary control word
00001111 to the Port A control register
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(decimal address 93) and sets Mode 0
operation (bits 7 and 6 both reset).

Line 20 sends the binary control word
01001111 to the Port B control register
(decimal address 127) and sets Mode 1
operation (bit 7 reset, bit 6 set).

Modes 2 and 3: while Modes 0 and 1 are
fairly obvious in their operation (byte out-
put and input respectively) Modes 2 and 3
require some further comment. Since Mode
2 makes use of all four handshake lines it is
only available for Port A. Furthermore, the
bi-directional buffer (IC2) used in conjunc-
tion with Port A is hardware, rather than
software, controlled and thus Mode 2 oper-
ation is not possible with our interface.

Readers requiring bi-directional opera-
tion in conjunction with Port A will have to
add the necessary handshake lines to the
Z80 PIO and use one from Port B (for
example, PBO) as a direction input to IC2.

UN -BUFFERED
Ba/BYTE

INPUT

IPORT 81

PBO

PBI

P82

PB3

PB/.

PBS

PB6

P137

8 -WAY OIL
SPST SWITCH

I

L _ _J
IEE247M1 OV

Fig. 1. Switch input arrangement for
testing the I/O interface. Switch
open = logic 1 input, switch closed
= logic 0 input.

BUFFERED
BYTE

OUTPUT
(PORT A

I Eucemj

1 - 08 R1 - H8
MIN, 1

RED LED 220. '4W

DO

);;k

DI )--104--/\AC-

D2 )---01--ANS-

03 )--H-AC-ii

04 )--f--/\A/s-

05

D6titi)-04-W-
D7 )-04-W-
av

Fig. 2. L.e.d. output indicator for
testing the I/O interface. L.e.d. illu-
minated = logic 1 output, I.e.d.
extinguished = logic 0 output.

Mode 3 operation is intended for status
and control applications and does not uti-
lise the handshake lines. When Mode 3 is
selected a second control word must be sent
to the PIO in order to define which of the
port data lines are to be configured as inputs
and which are to be configured as outputs.

Each bit position within the second Mode
3 control word corresponds to a particular
I/O line. If a bit is set (1) then the corre-
sponding data bus line will be configured as
an input. Conversely, if the bit is reset (0)
the line will be configured as an output. The

following example shows how Mode 3 oper-
ation is selected and Port B lines PBO to
PB3 configured as inputs whilst PB4 to PB7
are configured as outputs:

10 OUT 127, BIN 11111111
20 OUT 127, BIN 00001111

Line 10 sends the control word which
selects Mode 3 operation. Line 20 confi-
gures the individual lines as outputs or
inputs.

Again, since we have buffered Port A, it is
not possible to configure the individual
lines of Port A as inputs or outputs. They
can all be inputs or all be outputs but not
mixed! Mode 3 operation, therefore, must
be confined to Port B.

Demonstration Routines

In order to test the PIO and gain some
familiarity with its operation, readers may
like to construct either, or both, of the
circuits shown in Fig. 1 and Fig. 2. These
provide a means of inputting data to Port B
and displaying the logical state of Port A.

Now for some complete demonstration
routines! The first BASIC routine repea-
tedly outputs a binary count using the eight
lines of Port A (before use it is necessary to
ensure that the Port A direction switch is set
to the "Out" position):

10 OUT 93, BIN 00001111
20 FOR X=0 to 255 STEP 1
30 PRINT AT 0,0; X
40 OUT 31,X
50 PAUSE 20
60 NEXT X
70 CLS
80 GO TO 20

The next routine inputs data from Port B,
displays the value (in decimal) and then
outputs this value to Port A (the Port A
direction switch should be in the "Out"
position):

10 OUT 127, BIN 01001111
20 OUT 93, BIN 00001111
30 LET X=IN (63)
40 CLS
50 PRINT AT 0,0; X
60 OUT 31, X
70 PAUSE 20
80 GO TO 10

The last BASIC example prints the value of
a data byte input to Port A (before use it is
necessary to ensure that the Port A direc-
tion switch is set to the "In" position):

10 OUT 93, BIN 01001111
20 LET X=IN (31)
30 PAUSE 20
40 CLS
50 PRINT AT 0,0; X
60 GO TO 20

Finally, for all you machine code buffs,
Listing 1 shows a machine code routine that
uses PBO to turn "on" or "off" all Port A
lines simultaneously. Note that a bit mask is
used so that the state of lines PB1 to PB7 is
made unimportant.

Listing 1: Machine Code Routine

0000 0010 ORG 8000H
8000 3EOF 0020 INIT LD A,15
8002 D35D 0030 OUT (93),A
0004 3E4F 0040 LD A,79
8006 D37F 0050 OUT (127),A
8008 DB3F 0060 START IN A,(63)
800A E601 0070 AND 1

800C FEOI 0080 CP 1

BOOE 2006 0090 JR NZ,ALLON
8010 3E00 0100 ALLOF LD A,0
8012 D31F 0110 OUT (31),A
8014 18F2 0120 JR START
8016 3EFF 0130 ALLON LD A,255
8018 D31F 0140 OUT (31),A
BO1A 18EC 0150 JR START

0160 END

The program can be entered using our
hexloader (see December EE or send for the
latest "Update"). Simply set RAMTOP to
32767 and then key in the hexadecimal
values given in the second column (28 bytes
total). After first saving and then protecting
the code, readers can call the routine by
simply typing:

RANDOMIZE USR 32768

If you have any ideas for inclusion in On
Spec, please send them to:
Mike Tooley,
Department of Technology,
Brooklands Technical College,
Heath Road,
WEYBRIDGE,
Surrey KT 13 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: We shall be taking a look
at FORTH and describing a stepper motor
interface for the Spectrum.

F' Eft
TAKE NOTE
DIGITAL CAPACITANCE
METER (Dec '85)

Page 641, Fig. 2, IC6 is a 4534. The
supply leads from JK1 (Fig. 4, page
643) to the printed circuit board
should be transposed.

Also with reference to Fig. 4, the
three pairs of resistors R 1 (R I), R2
(R2) and R3 (R3) should read the
other way. From top to bottom: R3
(R3), R2 (R2), R I (RI). R I should be
5k15 (this is made up from two
resistors in series, i.e. 5k1 plus 470).

Check IC6 should be the Mullard
version type HEF 4534. The Moto-
rola version should work, but
"failed" devices have been reported.

If complete. kits have been pur-
chased from Magenta, they will re-
place any faulty IC6.

COMPUTER OUTPUT PORT
(Feb '86 -Building Blocks)

Page 98, Fig. 5 (circuit), lead from
pin 1, IC1a, should go to pin 11,
IC2. The lead from pin 13, IC1d,
should go to pin 1, IC2.

Fig. 8, termination of lead from
TB1a to board should read 7 not 8
as shown on the board. The p.c.b.
layout and wiring is correct.
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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, Westover House, West
Quay Road, Poole, Dorset BH15 1JG. 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./. 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 '84Drill 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.

162 Everyday Electronics, March 1986



PROJECT TITLE Order Code Cost

Mains Tester & Fuse Finder
BBC Midi Interface - MAR '86 -
Stereo Hi Fi Preamp
Interval Timer

517
518
519
520

£2.27
£3.26
£5.70
£2.36

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 '85 EM/8503/4 £3.29
Disco Light Chaser MAR EM/8503/5 £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

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

P C B SERVICE
r11111 1111M IMINI I=

EE PRINTED CIRCUIT BOARD SERVICE
Please send me the following p.c.b.s.

Make cheques/PO payable to: Everyday Electronics
Order Code Quantity Price

Lu

a.

I enclose cheque/PO for £

Name

Address

Please make cheques/PO payable to:
Everyday Electronics

LINN NMI MN IMO ..... J
Intelligent Windscreen Wiper

(incl. Terminal Board)
HiFi Intercom (2 boards)

EM/8508/1/2

EM/8508/3

£4.12

£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

CHART
RECORDER
SPECIAL

Brand new 3
channel pen
recorders
complete with
charts. Full spec.
upon request.
Once only price
LAO + f10 p&p
+ VAT.
SOLDERING
SECTION
Sok/enng Station complete
with 30W or IOW lion
(state whichl 876
XS25 W ken kit/ complete
with steel & plug attached

5080
990
5.25

550
575
275

CS 18W. as above
Antex 15W iron
Antex 18W iron
Ante,/ 25W von
Antex elements
Amex Its 010
Amex stands
Soldmsocker

210
550

Spare noules for
Soldersucker 11/15

SERVICE AIDS

Switch Cleaner 1.18
Circuit Freezer 1.34
Foam Cleanser 1.16
Aero Klene 1.10
Plastic Seal 128
Excel Polish 1.12
Antistat Spray 1.18
Aero Duster 140
Super 40 182
Video Head Cleaner 1.06
Fire Extinguisher, 3.06
Silicone crease Aero 1.42
Ditto Tube 1.64
Heat Sink Compound 1.08
Solda Mop 0.12rnrn 0.74
Ditto 0.06rnm 0.76

SONY
SPARES

ANALOG

METER
£11.20

13A TWIN SWITCH £3.45

MULTIMETER
U24N32:40:£1428p

0
-43

40673 £1.80

ROTARY SWITCHES 48P

RESISTOR KITS - each value individually packed
4W pack 10 each value E12 - 100 to 1M 610 pieces

W pack 5 each value El? - 100 to IM 305 py22issW

pack 10 each value E12 - 202 to 2M2 730 pieces
W pack 5 each value E12 - 202 to 2M2 365 pieces

1W pack 5 each value E12 - 202 to 1M 353 pieces
2W pack 5 each value E6 - 100 to 2M2 317 pieces

5.75
135
7.95
4.75

15.00
18.50

NI -CAD CHARGER

Universal Ni-Cad charger.
charges PP3, AA, C.D.
Pnce 6.17
Rechargeable Batteries
AA IHP71 55p 10/75p each
C (HP11) £1.75 1041.15 each
D (HP2) 6205 101195 each
PP3 £3.80 10/E3.70 each
Dry Cell Batteries - Button type for
Multimeters - set of 3 E1.50

TELEPHONE SPECIAL

BT App Telephone Plug 3m
Lead E125
BT App Master Socket inc Wiring
instructions f2.1115

BT App Secondary Socket E1.95
4 -way plug 50p eedl 1015.50
BT 4 -Core Cable per metre 15p
Cable clips tor above 100(75p

NEW
GAS

OLDERING
IRON
£13.90

MARCH
SPECIAL OFFER
CERAMIC KIT

(5 OFF 50 VOLT) 125
£3.50 (NORMALLY

WITH £4.75)
ORDERS OVER £10
PLEASE ADD 65p TO ALL
ORDERS & 15% VAT

MARCO TRADING (DEPT EE3)
The Maltings
High Street
Wem, Shropshire SY4 5EN
Tel: 0939 32763 Telex: 35565
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ITATIIIITAINMENT
BY BARRY FOX

Just The Ticket
There is some clever electronic tech-

nology and automation in the very modern
underground railway which serves Hong
Kong. London Transport could learn a lot
from the Chinese system.

The route maps tell what price ticket is
needed for each destination. When you
put the money into a ticket machine, out
pops a plastic card with a magnetic strip
-like a bank cash card. This lets you
through a turnstile and onto the trains.

At the other end of the journey you put
the same card into an "out" turnstile. If the
ticket is valid, the turnstile opens and the
ticket remains inside for recycling and
eventual re -use by someone else. The
clever part is what happens if the ticket is
of the wrong value for the journey.

The magnetic strip carries a coding
which was recorded by the issuing ticket
machine at the start of the journey. If the
recorded fare does not match the journey
length, the turnstile refuses to open and a
message lights up: "Go to excess fare
booth".

The ticket card is returned for the pas-
senger to take it to the booth. Here a
(human) worker takes the card, and puts it
into another machine. This reads out on a
digital display the excess fare due.

When the passenger pays over the extra
the booth operator keys a command into
the display unit which re -codes the mag-
netic card to signify that the full fare has
been paid. When the card is now put into
the turnstile, it opens and keeps the card.

One neat non -electronic touch keeps the
Hong Kong trains looking clean, even
though they are very heavily used. All the
seats are made from polished and con-
toured stainless steel. They feel surpris-
ingly comfortable and just wipe clean.
Compare this with the grotty upholstery on
British tubes.

Piece of Cake
Hong Kong goes back to Mainland China

in 1997. No-one is too sure what will
happen. "Don't worry, we'll still love you"
promise tee-shirts on sale from Chinese
street hawkers.

The People's Republic may get more
than it bargains for. Hong Kong is the most
capitalist society in the world. Recently a
lady baker hit on a bright idea; cake
vouchers. Instead of sending cakes
through the post you buy and send a
voucher bought from one of Madame
Wu's shops. The voucher is then re-
deemed at another of Madame Wu's
establishments.

It all sounds a wonderful idea, rather like
paper money and its promise to pay the
bearer gold. Obviously the similarity
dawned on the Chinese. After tens of
thousands of cake vouchers had been sold
someone started thinking. What happens
if Madame Wu cannot supply the goods?

Within hours of the rumour starting
there were crowds outside the cake
shops, demanding either a cash refund or
cakes to the full value of the vouchers
bought. Needless to say Madame Wu

could not bake enough cakes in time. She
was also handicapped by having invested
the takings in gold.

Danger was averted by a bank loan and
all-night baking under sub -contract. Now a
large number of Chinese people in Hong
Kong have cakes that were intended for
someone else.

Vintage Planning
I learned long ago that if you don't

understand something there is no point in
pretending you do. I have been to press
conferences where manufacturers have
talked grandly in jargon about some new
product they are launching, often bought in
from abroad and simply labelled with a
British name tag.

When asked what they mean by a
technical term, they frequently collapse
into embarrassed silence. This is worth
bearing in mind when a shop salesman
tries to bamboozle you with high tech talk.
There is a good chance that it's bluff. Two
examples recently came up.

The Government has promised to relax
the rules on planning permission, and
make it easier for people to erect dish
aerials and receive satellite broadcasts.
Unfortunately the Government depart-
ments don't talk to each other. The De-
partment of Environment is allowing
people to erect dishes of up to 0.9 metres
in diameter, without planning permission.
This size of dish is matched to high power
Direct Broadcast Satellite transmissions.

Presumably the DoE doesn't know that
Britain's plans for DBS crumbled. This is
why the Home Office has relaxed its rules
on satellite reception and said people can
buy a licence to receive programmes from
communications satellites. These pro-
grammes are intended primarily for distri-
bution between cable stations. The trans-
mitters are low power (under 20W
compared to 200W for DBS), so larger
dishes, around 1.6m in dia., are needed.

When I asked the Department of Envi-
ronment to explain the situation, a spokes-
man kept talking about "the need for
primary legislation". I owned up that I was
ignorant about planning laws and did not
know what was meant by "primary legisla-
tion". After a lot of fudging and fumbling
he had to admit that he didn't know either
and would have to go away and find out.

Not long before that, I had the good
fortune to visit a vineyard in California. A
charming French girl was showing visitors
around. We went down into the cellars
where there were rows and rows of cham-
pagne bottles, maturing in racks. They
have to be turned round every few days as
part of the champagne fermentation pro-
cess. "We used to turn all the bottles by
hand" she explained "but now we use a
specially designed VBM". Most people in
the crowd of tourists nodded sagely, obvi-
ously well familiar with VBMs. From a
corner, a brave voice piped up "What
exactly is a VBM?"

"It's this Very Big Machine in the cor-
ner" she explained pointing to a rusty,
dusty old wheel on which racks of cham-
pagne bottles were crudely secured.

Power of the Press?
In a previous column I told how the

Home Office had set such strict technical
standards for community radio that they
effectively barred stereo and made recep-
tion by hi-fi roof aerials impossible. Quiet-
ly, ever so quietly, the Home Office has
now backed down. It has published some
guidance notes on products and services
which may not be advertised on com-
munity radio. Clipped to the annexe is a
short technical note. It overturns the previ-
ous nonsensical restrictions.

The Home Office originally said that the
sidebands of community f.m. radio must
be at least 40dB below the carrier power,
at 100kHz away from the carrier. This is
what made stereo impossible. The new
rules say the vital 40dB measurement can
be made at 200kHz away from the carrier.

The previous Home Office rules said that
community radio could broadcast in f.m.
only with vertical polarization. This meant
that the signals could be received only by
vertical rod aerials.

As many roof aerials in Britain are hori-
zontal, because until recently the BBC used
horizontal polarisation, this meant that
many hi-fi radio receivers in Britain would
reject community radio. After all the whole
point of using vertical or horizontal polari-
sation is to exclude unwanted signals of
opposite polarisation.

Now the Home Office says that com-
munity radio stations may use horizontal
polarisation or a mixture of vertical and
horizontal, if they make a special request.
It really is very worrying to see Govern-
ment departments with as much power as
the Home Office and Department of Trade
and Industry, make gross technical errors
and then have to cover up quietly when
someone in the press looks closely
enough to spot them.

Song Bird
When Sony introduced Walkman, and

brought a new pidgin word into the English
language, it came in the nick of time. The
super -powerful portable stereo, known un-
affectionately as the "Ghetto Blaster" was
just starting to catch on. Now that at least
half the population seems to be walking
around in a cocoon of personal stereo
sound, and sales have predictably dropped
off, the electronics firms are again trying to
sell portable nuisance machines.

Philips has cooked up a portable radio
recorder with built-in CD player for under
£400. The latest brute from Akai has "deta-
chable 3 -dimensional speakers", a power
output of 30W-which is as much as many
home systems-and "a novel energiser but-
ton to enliven the sound reproduction".
When these hit the streets, people who have
been bitching about the scratchy sound
which escapes from personal headphones
may start counting their blessings instead.

Meanwhile, I am happy to report that
these portable sound machines do have a
use. A builder who likes birds (the feathery
kind) tells us how he hates having to disturb
them when they nest in a loft.

So as soon as there is any sign of nest -
building, he pills a portable radio alongside
the unwelcome guests, tunes to Radio I and
leaves it running until the batteries go flat.
Without fail, the birds find somewhere else
to nest.
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A4
A. MARSHALL (LONDON) LTD

A. Marshall (London) Ltd.
Electronic ComponentvvEsTGENDistributors

REGENT STREET

TELEPHONE: 041 332 4133
GLASGOW G2 2AW

TEACH-IN '86 KITS
Multimeter M-102BZ £12.25
Vero Plug Block with panel £5.25
Test Leads £1.50
PSU Components Complete £16.50
PSU Components Without Case £10.00
Regulator Unit Complete £21.00
Regulator Unit Without Case £14.50
LCR Bridge Complete £23.85
LCR Bridge Without Case £17.35
Diode Transistor Tester Complete £18.76
Diode Transistor Tester Without Case £13.26
Audio Signal Tracer £14.50
Audio Signal Tracer Without Case £8.00
AF Signal Generator £24.85
AF Signal Generator Without Case £18.35
RF Signal Generator £23.80
RF Signal Generator Without Case £17.30
Practical Assignments Parts 1 & 2 Oct, Nov '85 £1.75
Part3 Dec '85 £1.30 Part 4 Jan '86 £3.68

Part 5Feb '86 £2.24 Part 6 March '86 £2.20

PLEASE ADD
P -FP 50p PER

ITEM U.K.
± VAT @ 150/0

CATALOGUE

£1.00 U.K.

£1.50 EUROPE

£2.00 REST OF WORLD

75p CALLERS

WHERE TO FIND US CALL IN AND SEE US MAIL ORDER TELEPHONE
acne sr ... 1/1. 9-5.30 MON TO FRI

9-5.00 SAT
E XPRESS MAIL ORDERS
ACCESS/BARCLAYCARDS
WELCOME

WE REGRET WE CANNOT
ANSWER MAIL ORDER/
STOCK ENQUIRIES
WITHOUT AN S.A.E.
SAME DAY SERVICE
TRADE AND EXPORT
ENQUIRIES WELCOME

MAIL ORDER
041-332-4133
SHOP AND STOCK
ENQUIRIES
041-332-4133/5
TELEX
261507 REF 2194

+ i
0 r

WEST REGENTS 94 lla.

9
1 + SAME DAY Ask

SERVICE
yea

WEST GEORGE ST 41).-

7
PLEASE
01.13TE

YOUR
NUMBER

The MIGHTY Win
\f\A SOLDERING

IRONS AND ACCESSORIES

KOTITME
AVAILABLE or 240V

SPARESTANDS

SkILDER: SAVBIT 20'

LOWMELT 10'
LC DESOLDERING BIT

BIT SIZES: "c"9".5"1"")NO. 21(4.5mm)

Pfi^IL PRICE
'

PQSIAGL

NO. 20(3mm)
NO. 22(6mm)

From your Local Dealer or Direct from Manufacturers

SIR BREWSTER
86-88 UNION ST. PLYMOUTH PLI 3HG

0752 - 6 6 5011

OSCILOSCOPES
TELEQUIPMENT D67 Dual Trace 50 MHz Delay
Sweep with manual £250
COSSOR CDU150. Dual Trace 35MHz Solid
State. Portable 8 x 10cm display. With
Manual £200

PROFESSIONAL 9" GREEN
SCREEN MONITORS

Made by KGM for Reuters. Gives quality 80
column x 24 line display. Composite Video In
Cased. Good Condition. Now only £32 ea

S.E. LABS SM111. Dual Trace 18MHz Solid 51/4" FLOPPY DISK DRIVES
State. Portable AC or External DC operation 8 TANDON )/2 Height. Single sided double densi-

x 10cm display. With Manual £150 ty. Brand new E45 ea

TELEQUIPMENT D43. Dual Trace 15MHz. With MP1 Double sided. Double density. 80 track.

Manual MOO Un-used E100 ea

TELEQUIPMENTS54A. Single TracelCIMHz DISK DRIVE PSU. 240V in 5V 1.6A & 12V 1.5A
Solid State. With Manual £110 Out. Size W125mm. H75mm. D180mm.
TELEQUIPMENT S43. Single Trace 25MHz. Cased. Un-used. Only E10 ea (p&p U)
With Manual £75 OWERTY KEYBOARD (as in LYNX MICRO).

PHILIPS DIGITAL MULTIMETERS Push to make. Cased Only E5 ea (p&p E2)

4 digit. auto ranging. Complete with batteries LYNX MICRO - 128K. No power. Supply
and leads (p&p £5) available. Therefore Only E50 ea (p&p £5)
TYPE PM2517X (LCD) £75

MULTIMETERS
AVO TRANSISTOR TESTER TT169
Handheld GO NOGO for in situ testing. Corn-

AVO 8 Mk4 Complete with batteries & leads £60
AVO 8 Mkt Complete with battenes & leads £50
AVO TEST SET No 1 (Military version of Avo 8).

plete with batteries, leads & instructions. p&p
£3 Now only £12

RACAL 32MHz Universal counter timer. TypeComplete with batteries, leads & carrying
case E65 836 Only MO ea
AVO Model 7x. Complete with batteries, leads

NEW EQUIPMENT& carrying case £40
AVO Model 73. Pocket Multimeter (Analogue) HAMEG OSCILLOSCOPE 605. Dual Trace
30 ranges. Complete with batteries & leads £18 60MHz. Delay Sweep. Component Tester £515
AVO 72 - Similar to above but no AC current HAMEG OSCILLOSCOPE 203.5. Dual Trace
range. With batteries & leads EV] 20MHz. Component Tester £270
ELEMIC Multimeters. Un-used. Supplied with All other models available.
leads & batter es 018(11 BLACK STAR COUNTER TIMERS (p&p £5)
EBM20 - 37 Ranges £1 APOLLO 10 - 100MHz Ratio/period/time inter -
SUPER 50-57 Ranges (ind carrying case) £20 val etc £219
Other models available. APOLLO 103 - 100MHz (As above - with more

STEPPING MOTORS functions) E285

Type 1.200 Steps per rev 4 Phase (5 wire) 12/
24V. Torque 25oz inch (will run on 5V with

BLACK STAR FREQUENCY COUNTERS P&P £4
Meteor 100-100MHz £99

reduced torque).
ri 5 ., Meteor 600-600MHz £126

Type 2.6/12 Steps per rev. 3 Phase. 12/24V
( will work on 5 E2 ea. 5 off E7.50V)

Meteor 1000- 1GHz £175
BLACK STAR JUPITOR 500 FUNCTION GEN-

Type 3. NORTH AMERICAN PHILIPS 24 Steps
per rev. 4 wire 5V 3.3Arnps 0-250rpm 0-200

ERATOR. Sine/Square/Triangle. 0.1Hz -
.500KHz P&P £4 £110

P -Ps £5 ea HUNG CHANG DMM 6010. 31/2 digk. Hand held

Type 4.290 Steps per rev. 120V (3 wire) 28 ranges including 10 Amp AC/DC. Complete

Torque 25 oz inch £4 ea with battehes & leads. P&P £4 £33.50

Type 7. WARNER 24 Steps per rev. 3 Phase (6 OSCILLOSCOPES PROBES. Switched x 1;
wire). 28V. Holding Torque 45 az inch.. £5 ea x10. P&P 12 £11

This is a VERY SMALL SAMPLE OF STOCK. SAE or Telephone for Lists. Please check
availability before ordering. CARRIAGE all units £12. VAT to be added to Total Goods & Carnage.

STEWART OF READING Telephone: 0734 68041

.9F3.4 110 WYKEHAM ROAD, READING,ri BERKS RG6 1PL Ell
Mon -Fri (until 8pm Thurs)Callers welcome 9 a.m. to 5.30 p.m.
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EVERYDAY

u EVERYDAY

ELECTRONICS
I and
I
I ORDER FORM PLEASE WRITE IN BLOCK CAPITALS

ELECTRONICS
and computer PROJECTS
Reach effectively and economically todays 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. All cheques,
postal orders, etc., to be made payable to Everyday Electronics. Treasury notes should always be
sent registered post. Advertisements, together with remittance, should be sent to the Classified
Advertisement Department, Everyday Electronics, Westover House, West Quay Road, Poole,
Dorset BH15 1JG. (Telephone 0202 671191).

Receivers & Components

TURN YOUR SURPLUS capacitors, transistors etc.,
into cash. Contact COLES HARDING & CO., 103
South Brink, Wisbech, Cambs. 0945-584188.
Inunediate settlement.

SERVICE MANUALS. Any make, model, age. Tele-
visions, audio, video, test, amateur, vintage, etc.
Thousands stocked. SAE enquiries. MAUR' 1TRON
(EE)' 8 Cherrytree Road, Chinnor, Oxfordshire
OX9 40Y.

Service Sheets

SOLE SUPPLIERS TV/Video 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 Sheets - Cont.

BELL'S TELEVISION SERVICE for service sheets
on Radio, TV etc £1.50 plus SAE. Service Manuals
on Colour TV and Video Recorders, prices on
request, SAE with enquiries to BTS, 190 Kings
Road, Harrogate, N. Yorkshire. Tel. 0423 55885.

Miscellaneous

FREE LIST electronics surplus, sae. TRENT VAL-
LEY ELECTRONICS, Dept EE, 19 Trinity Street,
Gainsborough, Lincs. DN21 1HS.

FREE MEMBERSHIP to new national electronics
club. For details and free gift of components worth
over £10 send only f 1 P&P to WOODSIDE, Dowsett
Lane, Ramsden Heath, Nr. Billericay, Essex CM1I
IJL.

Miscellaneous Cont.

Build electronic
circuits without solder
on a Roden S -Dec.
This has built-in
contacts and holes into
which you plug your componen s.
Suitable for all ages. Can be used
time atter time. Ideal gift for
students or experiments.
Full instructions and 2 circuit
diagrams with each S -Dec.

Send. Cheque or P.O. to: -
Roden Products, Dep EE
High Merely Daventry,
Northants 5511 40E

r.i................................................1
I

Please insert the advertisement below in the next available issue of Everyday Electronics for
II £

Insertions. I enclose Cheque/P.O. for
(Cheques and Postal Orders should be made payable to EverydayEElectronics)

I I
1 II IIi III II II II HEADING REQUIRED: EVERYDAY ELECTRONICS II Classified Advertisement Dept,
I NAME Westover House,

I ADDRESS
West Quay Road,
Poole, Dorset

IIII Telephone 0202 671191 I
Rate: 30p per word, minimum 12 words. Box No. 60p extra. III I

III
IMMIEMIIMMMMEIMIIMMMINIMINIEMIIIIIMOOMMMMIEMMIMINIEM11.0.11.MMIENIIMMINEMIll
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Cirkit
Spring 1986

Electronics Component Catalogue
OUT NOW!

* New kits include transverter and PA for the new 6m band.
* Computer add-ons for the Amstrad CPC series.
* Linear IC data with pin outs.
* Plus the usual extensive range of components for all your

construction needs.
The Spring catalogue is on sale now at your newsagent or direct from our sales

counter at Broxbourne, Herts - Brentwood, Essex and Portsmouth, Hants.

Cirkit Distribution
Park Lane, Broxbourne, Herts, EN10 7NQ Telephone (0992) 444111 Telex 22478

200 North Service Road,
BRENTWOOD
Essex CMI4 4SG

53 Burrfields Road
PORTSMOUTH
Hampshire P03 5EB

Park Lane
BROXBOURNE
Herts ENIO 7NQ

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 APRIL 21st

H.N.C. SEPTEMBER 1986
FULL PROSPECTUS FROM

LONDON ELECTRONICS COLLEGE (Dept EE)
20 PENYWERN ROAD, EARLS COURT,
LONDON SW5 9SU. Tel: 01-373 8721.

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

£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

Save 5%. Order any two of the above kits, deduct 5% from total price.
Extra Components - Part 1 70p, Part 2 £1, Part 3 £1.45, Part 4 £2,

Part 5 £1.90, Part 6 £6.85, Part 7 45p.

SPECIAL PRICE FOR LATE STARTERS -
ALL ABOVE ITEMS £128 plus £2 P & P

EVERYDAY ELECTRONICS KITS
Graphic Equaliser June 85 02.509
Across the River June 85 03.45p
Caravan PSU June 85 13.959
Electronic Doorbell June '85 C5.259
High Z Multimeter (Exc. Case) June 85 £26.35p

TEACH IN COMPONENTS
Case -Black ABS-213 x 142 x 57mm 12.7641

Veroboard-36 stripsx 50 holes 0.35p
Pot. Lin Carbon -1K, 4K7, 101, 100N etc. ea. 41p
Pot. Lin Wirewound-1K etc ea. C2.259
Dual Pot -5K etc ea. £1.169

Continuity Tester July 85 0.359 Rotary Switches 2P6W, 3P4W, 4P3W, 1P12W es. 65p

Train Signal Controller July 85 £0.459 SPST Toggle Switch 55p

Drill Control Unit (Exc. Case) Aug 85 08.459 Push to Make Switch 23P
TremoloMbrato Aug R5 C31.009 BZY88 Series Zener-All Voltages 159

Fndge Alarm Sept R5 0.459 Jack Socket - Standard Switched 289

Caravan Alarm Sept. 85 £5.009 Test Leads - 10 Leads with Croc Clips LT .11(111

Sham Gauge Amplifier Oct '85 124.969 Terminal Posts - Venous Colours a. 45p

Oport Jan 86 0.259 4mm Sockets - Vanous Colours ea 189

One Chip Alarm Jan 86 £6.909 4mm Plugs - Various Colours a lip
Mains Delay Switch Jan 86 £17.859 1mm Sockets - Red or Black ea 17p

1mm Plugs - Red or Black ea 17p

Adhesive Feet - Per 4 32pELECTRONICS MONTHLY KITS
Visual Doorbell (PCB Version) June 85 04.60p Edgewise Meter £4.3513

Foolpedal Flanger June '85 f22.85p Knob Black/Red Cap lip
Heartbeat Monitor July '85 122.909 T03 Heatsink S7p

Freezer Alarm July '85 11.959 T05 Healsink 15p

Sound Effects Box July '85 03.75p BC108 14p IN4001 4 7805 4311

Hi-Fi Intercom Aug '85 122.959 BC109 14p 1N4148 59 555 240

Hot Water Indicator (with ABS Box) Aug '85 13.95p BC461 62p 0487 12p LM317K. 0.115p

Intelligent Windscreen Wiper Aug '85 01.859 BENS() 32p 0A.91 89 LM380N [1.110
AF Signal Generator Sept '85 f22.459 2N3053 3110 W005 249 TL084 0.059
Household Battery Checker Sept 85 03.45p 2N3819 42p

Sinewave Generator Sept '85 01.95p ALL KITS COMPLETE (LESS BATTERIES) UNLESS SPECI-
Compressor/Sustain Pedal Oct 15 09.95p FIED. INCLUDE ALL COMPONENTS. PCB (OR VERO). CASE

AND HARDWARE. ALL COMPONENTS NEW AND FULL
SPEC. DO NOT ADD V A T ADD 70p PAP PER ORDER 8PRACTICAL WIRELESS KITS

FET Dip Oscillator Oct. '85 £9.909 SEND CHEQUES OR POSTAL ORDERS TO
Capacitance Meter Oct. '85
Meon-59MHz Transverter ( +Et 50p8p)Oct '85

Two Tone Oscillator Dec '85

03.90p
£49.509
122.459

C.P.L. ELECTRONICS
8 Southdean Close, Hernli*n,

Crystal Calibrator Jan '86 LI9.959 Middlesbrough, Cleveland TS8 9HE.
RTTY/Morse Modern Jan. '86 05.8513 FREE PRICE LIST ON REQUEST
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* SECURITY MODULES *
A COMPLETE SECURITY
SYSTEM
FOR ONLY
£39.95 + V.A.T.
containsn

CAUnn 1250

nclosure& mechanical fixings
HW 1250

Key Switch & 2 Keys 0 3901
L.E.0 's LEO

Se Horn Speaker H55813

4 high quality surface mounting
Magnegc Switches MS 1025

With only a few hours of yOur lire! 0 IS possible 10 memble end inlWh an effective secur lb system.
to protect your family and properly. at the ambeingly lent lap of DL VAT. No compromises
have been node and no cornea Moe been cut The ou=n6rig value mulls from volume
prochAtion and direct supply humbly re onightfonvm4 vrith the &oiled ineentolons Provided
When installed you can enjoy the peace of mind that results from &secure home. Should you wish
to increase the level of security, the system may be eft -Underlie any time with additional magnetic
synch.. pressure pads Or ultrasonic sensors Don't wait unlit it's too late- order today

()mimeo& CS 1319

EXTENDED SYSTEM CS 1480 Price f62.50 + V.A.T.
This system contains, in addition to the CS 1370 an uttrasomc detector type US 5063 U 0s enclosure.
an additional horn speaker and a further 2 magnetic switches This system represents Outstanding
value for money for the high level of security provided Order Code CS 1410

DIGITAL ULTRASONIC DETECTOR US 5063

 AdjustaNe range up to 7511
 3 levels of discrimination against false alarm
 Crystal controlled
 Low -consumption I2V operation
 Built-in delays & bred alarm lime

An advanced ultrasonic movement detector which employs digital
Circuit techniques to provide a superior performance for secunw.
momatic light switching and industrial applications

Suitable metal enclosure
f2.95 + Y.A.T

ALARM
CONTROL
UNIT
CA 1250
f 19.95
VAT

The bean al any alarm system is the control unit The CA 1250 offers
every possible feature that is likely lo be required when ecnstructing
an restellatron or simply controlling a single magnetic switch on the
front door

&Olen electronic wen dynes 2 loud speakers
Provides cell and entrance delays together with fixed alarm lime
Battery back-up with trickle charge facto

 Operates with magnetic switches, pressure pad, ultrasonic or I R
ones
Antiearnper and panic facility

 Stabilised output voltage
 2 operating modes full alarm anti tamper and panic fabler,
 Screw connections for ease of mstallation
 Separate relay contacts for erternal loads
 Teg loop facile),

Suitable enclosure for CA 1250 as shown in
Complete Security System  HW 1250
Price £9.50 + V.A.T.

Add 15°. V.A.T. to all prices
U.K. orders at 75p P&P.
export postage at cost
Units on demonstration
Shop hours 9.00 to 5.30 p.m.
Closed all day Wednesday
Saturday 9.00 to 1.00 p.m.

Write or telephone for full
details of our complete range

Please allow 7 days for delivery
Order by telephone or post

Sm.* using
your credit card.

INFRA -RED
SYSTEM
IR 1470

 Operates over distance op to 50ft
 LED indicator for easy alignment
 1P5, low current operation
 Single hole mounting,

The IR 1470 provides an inwsiNe beam of light which, when
internfpled energises a built -10 May in order to operate ereernel
welshes or equipment Ideal for use in security, photographic, or
industrial applications.

Price only f25.61 + V.A.T.

Suitable power supply and
timed switching unit for use

dill with IR 1470, etc.
Price £13.95 + V.A.T.

Dept EE13.
RISCOMP 51 Poppy Road.

Princes Risborough.

LIMITED
Bucks. HP17 90B.
Princes Risborough
(084 44) 6326

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 N Servicing 0

Basic Electronic
Engineering (City & Guilds) 0 Radio Amateur Licence

Exam (City & Guilds) 0
Electrical Engineering 0 Car Mechanics 0
Electrical Contracting/
Installation 0

Computer
Programming 0

GCE over 40 '0' and 'A' level subjects 0
Name

Address
International Correspondence Schools. Dept ECS36 312/314 High
St_ Sutton. Surrey SM1 1PR Tel 01-643 9568 or 041-221 ed2b (24 hrs)

P code

DIY ALARMS
DOOR ENTRY PHONE CLOSED CIRCUIT TV

D.I.Y. OR
PROFESSIONALLY

INSTALLED TO
BS 4737 STANDARD

SHOW ROOM
DEMONSTRATIONS

FREE ESTIMATES,
SURVEY &

CATALOGUE

01-965 1230 01-961 3997
SMITHS SECURITY SYSTEMS

DEPARTMENT EE
43 PARK PARADE, LONDON NW10

MULTIMETER YN360TR
With Transistor Tester and
Audio output 20,000 ohm per
volt, 19 ranges £16.10 Post 48p

MULT1METER NH55

15 WATT MONO AMPLIFIER
CHASSIS With i.c. protection

£8.80 post 4.8p

2,000 ohm per volt 11 TRANSFORMERS
ranges £6.50 Post 48p 240v Primary
METERS: 110 x 82 x 35mm 3-0-3v 100mA 85p
30trA, 50pA, 100pA. £8.45
Post 50p.

6-0-6v 100mA £1.38
6-0-6v 250mA £1.52

METERS: 45 X 50 X 34mm 12-0-12v 50mA £1.32

50pA, 100pA, 1mA, 5mA, 10mA, 12-0-12v 100mA £1.40

25v, 1A, 2A, 5A, 25V. 9-0-9v 75mA £1.40

£4.32. Post 30p 9-0-9v 250mA £1.52
Post on above transformers 48p.

METERS: 60 X 47 x 33mm
504A, 100pA, 1mA, 5mA, 10mA,
100mA, 1A, 2A, 25v, 50v,
50-0-50pA, 100-0-100pA. £7.25.
VU meters £6.04.

9-0-9v 1A £2.37
12-0-12v 1A £2.95
15-0-15v 1A £3.45

Post on above meters 30p. 6-0-6v 11/2A £2.38
Post on above transformers 94p.

Silicone grease 50g
£1.32. Post 16p Rotary Switches: 1 Pole 12

NI -CAD BATTERY Way 2P6W, 3P4Way, 4P3W
CHARGER 42p Post 16p
Led indicators charge -test
switch, For PP3, HP7, HP11 & Illuminated Rocker Switch
HP2 size batteries. 240V 6A Red 88p Post 16p

Price £6.40. Post 94p

Motorola Piezo Ceramic ALSO IN STOCK
Tweeter £5.52 Post 33p 2, 3, 4, 6 & 8A Transformers

All above prices include V.A T. Send £1 for a new 1986
comprehensive fully illustrated Catalogue. Send S.A.E. with
all enquiries. Special prices for Quantity on request.
All goods despatched within 4 days from receipt of the order.

M. DZIUBAS
158 Bradshawgate, Bolton,

Lancs. BL2 1BA.
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CP POWER AMPLIFIER MODULES
* PRICES INCLUDE V.A.T. * PROMPT DELIVERIES * FRIENDLY

SERVICE * LARGE S.A.E. 28r STAMP F RR NT L

r OMP POWER AMPLIFIER  n uuuLca 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 + £3.00 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-Fets are supplied as standard (1 OOKHz bandwidth& Input Sensitivity 500mV). 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 £8.60 + 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. 1Y2" 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 6.5K Hz. 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 -I- £3.00 P&P ea.
15" 150 WATT R.M.S. C15 Bass Guitar/Disco.
3" ally voice coil. Die-cast chassis. Res. Freq. 40Hz. Freq. R esp. to 4KHz. PRICE f 54.99 f £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 + f1.50 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.
11/2" voice coil, Res. Freq. 35Hz. Freq. Resp. to 4KHz. Sens. 92dB. PRICEE33.49 + £2.00 P&P ea.
12" 300 WATT R.M.S. Disco/Sound re -enforcement etc.
1,/,." voice coil. Res. Freq. 35Hz. Freq. Resp. to 4KHz. Sens 94dB. PRICE £41.49 + £3.00 P&P ea.

SOUNDLAB (Full Range Twin Conel
5" 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc.
1" voice coil Res. Freq. 63Hz. Freq. Resp. to 20KHz. Sens. 86dB. PRICE £9.99 + £1.00 P&P ea
61/2" 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc.
1" voice coil. Res. Freq. 56Hz. Freq. Resp. to 20KHz. Sens. 89dB. PRICEf10.994- £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.
1y," voice coil. Res. Freq. 35Hz. Freq. Resp. to 15KHz. Sens. 89dB. PRICE £16.49 + £2.00 P&P

BURGLAR ALARM
Better to be 'Alarmed' then terrified.
Thandars 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 138.00 Usual Price £228.85
BKE's PRICE £89.99 + £4.00 P&P

Why buy a collection of self -assembly boards!

IDEAL for Work-
shops, Factories,
Offices, Home,
etc. Supplied
ready built.

thondof
SECUreyy

rOMP 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. 1 mtr. dB.

OMP 12-100 Watts 100dB. Price f 149.99
per pair.
OMP 12-200 Watts 102dB. Pricer 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 TUR NTABLE
Electronic speed control 45 & 33y3 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 V," cartrige fixings *
Supplied complete with cut out template * D.C.
Operation 9-14v D.C. 65mA

Price £36.99 - £300 P&P.

ADC 04 meg. cartridge for above. Price £4.99 ea. P&P 50p

PIEZO ELECTRIC TWEETERS MOTOROLA
Join the Piezo revolution, The low dynamic mass (no voice coil) of a Piezo tweeter produces an
improved transient response with a lower distortion level than ordinary dynamic tweeters. As a
crossover is not required these units can be added to existing speaker systems of up to 100 watts
(more if 2 put in series). FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH TWEETER.

TYPE 'A' (KS N2036A) 3" round with protective wire
mesh, ideal for bookshelf and medium sized Hi-fi
speakers. Price £4.90 each + 40p P&P.
TYPE 'B' (KSN1005A) 3Y," 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 dispersion
horn. For quality Hi-fi systems and quality discos etc.
Price £6.99 each + 40p P&P.
TYPE 'D' (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' (KSN1038A) 33," 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

1 K -WATT
SLIDE DIMMER

* Control loads up
to 1Kw
'* Compact Size
4%" X 1" X 2Y,"
* 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&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 .6 2 + 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: £14.49 75p P&P.
SINGLE CHANNEL RADIO CONTROLLED TRANSMITTER/
RECEIVER 27MHz. Range up to 500 metres. Double coded modulation.
Receiver output operates relay with 2amp/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: f 1 1 .2 9
P&P + 75p each. S.A.E. for complete list.

MN.
3 watt FM

Transmitter

POSTAL CHARGES PER ORDER £1.00 minimum. OFFICIAL
NSA ORDERS WELCOME, SCHOOLS, COLLEGES, GOVERNMENT

BODIES, ETC. PRICES INCLUSIVE OF V.A.T. SALES COUNTER
VISA/ACCESS/C.O.D. ACCEPTED.

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 (Magi, 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 - f3.00 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?

Just the ticket.

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

EE

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.


