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No. 1 LIST BAKERS DOZEN PACKS
All packs are £1 each, if you order 12 then you are
entitled to another free. Please state which one you

4twant. Note the figure on the extreme left of the pack
ref number and the next figure is the quantity of items
in the pack, finally a short description.

BD I 5 13A junction boxes for adding extra points to your
ring main circuit

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

BD7 4 In flex switches with neon on/off lights, saves
leaving things switched on.

B09 2 6V 1A mains transformers upright mounting with
fixed clamps.

6011 1 61/in speaker cabinet ideal for extensions, takes
our speaker. Ref BD137.

BD13 12 30 watt reed switches, it's surprising what you can
make with these -burglar alarms, secret switches,,
relay, etc., etc.

BD22 2 25 watt loudspeaker two unit crossovers.
0029 1 B.O.A.C. stereo unit is wonderful value.
BD30 2 Nicad constant current chargers adapt to charge

almost any nicad battery.
B032 2 Humidity switches, as the air becomes damper the

membrane stretches and operates a microswitch.
8034 48 2 meter length of connecting wire all colour coded.
BD42 5 13A rocker switch three tags so on/off, or change

over with centre off.
BD45 1 24hr time switch, ex -Electricity Board, automati-

cally adjust for lengthening and shortening day.
original cost £40 each.

BD49 10 Neon valves, with series resistor, these make good
night lights.

BD56 1 Mini uniselector, one use is for an electric jigsaw
puzzle, we give circuit diagram for this. One pulse
into motor, moves switch through one pole.

6059 2 Flat solenoids -you could make your multi -tester
read AC amps with this.

8067 1 Suck or blow operated pressure switch, or it can
be operated by any low pressure variation such as
water level in water tanks.

O 091 2 Mains operated motors with gearbox. Final speed
16 rpm, 2 watt rated.

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

O 0120 2 Stripper boards, each contains a 400V 2A bridge
rectifier and 14 other diodes and rectifiers as well
as dozens of condensers, etc.

BD122 10m Twin screened flex with white pvc cover.
00128 10 Very fine drills for pcb boards etc. Normal cost

about 80p each.
BD132 2 Plastic boxes approx 3M cube with square hole

through top so ideal for interrupted beam switch.
80134 10 Motors for model aeroplanes, spin to start so needs

no switch.
80139 6 Microphone inserts -magnetic 400 ohm also act

as speakers.
80148 4 Reed relay kits, you get 16 reed switches and 4 coil

sets with notes on making c/o relays and other
gadgets.

BD149 6 Safety cover for 13A sockets -prevent those inqui-
sitive little fingers getting nasty shocks.

BDI80 6 Neon indicators in panel mounting holders with
lens.

BD193 6 5 amp 3 pin flush mounting sockets make a low
cost disco panel.

BD196 1 in flex simmerstat- keeps your soldering iron etc.
always at the ready.

BD199 1 Mains solenoid, very powerful, has tin pull or could
push if modified.

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

BD210 4 Transistors type 2N3055, probably the most useful
power transistor.

BD211 1 Electric clock, mains operated, put this in a box and
you need never be late.

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

BD242 2 bin x 4in speakers, 4 ohm made from Radiomobile
so very good quality.

BD246 2 Tacho generators, generate one volt per 100 revs.
80252 1 Panostat, controls output of boiling ring from sim-

mer up boil.
BD259 50 Leads with push -on lain tags -a must for hook-

ups -mains connections etc.
60263 2 Oblong push switches for bell or chimes, these can

mains up to 5 amps so could be foot switch if fitted
into pattress.

B D268 1 Mini 1 watt amp for record player. Will also change
speed of record player motor.

BD275 1 Guitar mic-clip-on type suits most amps.
BD283 3 Mild steel boxes approx 3M x 3in x lin deep -stan-

dard electrical.
BD293 50 Mixed silicon diodes.
80296 3 Car plugs with lead, fit into lighter socket
BD305 1 Tubular dynamic mic with optional table rest
Most other packs still available and you can choose any as your
free one.

VERY POWERFUL 12 VOLT MOTORS -93rd HORSEPOWER
Made to drive the Sinclair C5 electric car but equally adapable to
power a go-cart, a mower, a rail car, model railway, etc. Brand new.
Price £15.00 plus £2.00 postage. Our ref 15P1.

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 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 letter.

NEWLY ADVERTISED ITEMS

LASER TUBE
Made by Phillips Electrical. New and unsued. This is helium -neon and
has a typical power rating of .9mW. It emits random polarised light and
is completley safe provided you do not look directly into the beam
when eye damage could result. Do not use in the present of children
unless a diverging lens is fitted. DON'T MISS THIS SPECIAL BAR-
GAIN -f29.95 plus E3 insured delivery.
MUSIC CENTRE PANEL
Top section is the radio which is Long, Medium FM and Stereo, with
calibrated scale and edgewise tuning control. Below this are the main
function controls. To the left, :- Bass, Treble, Vol and Bal. These are all
slider controls. In the centre section are the press button function
switches:-CD/AUX, Tape, Disc, AFC, FM, LW and MW, and on the right
a socket for stereo headphones. Below this are twin cassette decks.
Again stereo, giving standard playback and record, also tape copying,
editing etc. Finally the tape controls:- Record, Play, Rewind, Forward,
Stop, Eject and Pause. There is also lead and plug for a Compact Disc
Player. Requires only a mains transformer and a pair of speakers. The
unit is beautifully made on a panel, size approx. 1411"x1011".
Designed originally for a very expensive HiFi or Midi equipment it is

"lovely to look at"'. Coincidentally, it is almost the identical width of the
Akai midi racks we are offering and you could easily fit it into this rack.
Price f15. Our ref 15P12.
Ex GPO MULTI -RANGE TEST METER 12/C1
Complete in real leather case with carrying handle -this is a 20,000
OPU instrument, with 19 ranges including AC and DC volts -dc current
5mA to 1A, 4ohms ranges up to 20meg-the low ohms range is particu-
lady useful, you will be able to read right down to one ohm and below.
This meter also has provision for reading dc current 0-5 amp and 0-25
amp. Meter size 6" long x 3" wide x2" deep. Leather case has
compartment for test leads, prods, and croc clips all of which are
included. Can be used in the case. Not new but are in first class
condition -tested and guaranteed. Price is £7.03. Order ref 7P5. Leather
case available separately E3.00 ref 3P47.
RE -CHARGEABLE NICADS 'D' SIZE
These are tagged for easy joining together but tags, being spot
welded, are easy to remove. Virtually unused, tested and guaranteed.
12.00 ref 2P141 or 6 wired together for f10.00 ref 10P47.
I TRACK CASSETTE DECK
Complete with cassette holder. In fact, if you have any 8 track cas-
settes, then with the addition of 2 speakers this unit would play them.
As 8 track cassettes are no longer made the units have become
surplus, however, they do contain lots of useful parts: motor, tape
head and drive, pulley wheels, etc. and a stereo amplifier. Mains
operated. Brand new in makers packing. Only E3.00 each plus Elle
additional postage. Order ref 3P46.
COMPUTER BARGAIN-MEMOTECH MTX 512 64K RAM
Full size QWERTY keyboard with 57 professional keys and additional 12
dual function keys arranged as a separate key pad with cursor control
and editing keys. Auto repeat is standard on all keys. This is a very
superior home computer and comes complete with power supply,
cassette lead, TV lead and 3 cassette programmes. Brand new in
manufacturer's original packing with 250 page Operator's Manual.
Price £45.00 plus £4.00 postage.
STEREO SPEAKERS
Each 10 watts 8 ohm and twin speakers mounted in Walnut -finish
cabinets, size 16" high x 10" wide x 6" deep. Front is black Dacron
and the finish is very pleasing. Price £7.00 per pair. Extra postage and
packing £3.110.
STABIUSED 15r 2a PSU
A kit which mounts on a SRB panel. Mains operated. Ideal to drive
monitor, etc. Price only fag°.
SMOOTHING CAPACITOR
2,350uf 63v 10 amp at 50°C. Can type with mounting bracket. Price
£2.00. Our ref 2P206.
SMOOTHING CAPACITOR
2,200uf 63v 5.8 amp at 50PC. Can type with mounting bracket. Price
£1.00. Our ref 00644.
10 amp 100r BRIDGE RECTIFIER ASSEMBLY
This comprises of 4 diodes mounted on two 4" x 3" sinks with bottom
insulators. Price E2.00. Our ref 2P207.
BRIGHT LIGHT SWITCH
This will control mains circuits up to 10amps, gets it switch pulses from
car headlights, sun, bright daylight, etc., so it does not use batteries
and it's sensor is completely isolated from the mains. With full instruc-
tions supplied. Price £10.00. Order ref 10P46.
UNUSUAL MAINS MOTOR
Quite small, measures only Txr x 1" approx., but is surprisingly
powerful. it revs at 3,000rpm and is reversible. It has good length To"
diameter spindle. Price £1.00. Our order ref 130640.
RUBBER 13amp EXTENTION LEAD SOCKET
Virtually unbreakable, made by Duraplug. £1.00 each. Order ref BD641.
PAPST AXIAL FAN -MANUFACTURERS REF NO. TYPNION.
This is mains operated. 15 watt rating and in a metal frame with metal
blades so OK in high temperatures. Body size approx. 43/4" square x
13/4" thick. E6.00 each, plus E1.00 postage. Our ref 6P6.
PRICE REDUCTION FOR THAT MODEM CONNECTOR
Standard BT flat plug and 3 metre lead. Price now reduced to 50p, 2 for
£1.00. Ref BD552
VERY POWERFUL MAGNETS
Although only less than 1" long and not much thicker than a pencil
these are very difficult to pull apart. Could be used to operate embed-
ded reed switches, etc. Price 50p each, 2 for f1 A0. Ref BD642.
AC GENERATOR
This is really a motor with a permanent magnetic rotor. You would
have to make a handle. The voltage out could be up to 100v and the
frequency would depend upon the speed of rotation. One use could be
to trigger our SS relay 2P183. Another use could be for ringing a bell in
a 2 wire telephone circuit. Price £1.00. Our ref 013640.
RIP -OVER DIGITAL CLOCK
Quite an eyecatcher, this is mains operated. The figures flip -over per
minute and per hour and give a larger than usual visual display.
Supplied complete with front and perspex panels to glue together to
make its case. £2.00 each. Our ref 2P205.
MOTOR TO WORK OFF SOLAR CELLS
Could drive a fan or other device. Speed would depend upon the
number of cells used. Six of our BD631's in series would cause it to rev
at a reasonable speed. With twelve it would be quite fast and current
would be 25-3OmA depending on load. Price of the motor is £1.00. Our
ref 80643.

J & N BULL ELECTRICAL
Dept. E.E., 250 PORTLAND ROAD, HOVE,

BRIGHTON, SUSSEX BN3 5QT
MAIL ORDER TERMS: Cash, PO or cheque with order. Oraers under
E20 add £1.50 service charge. Monthly account orders accepted from
schools and public companies. Access and Ilcard orders accepted.
BritiMitolVT31 7346411 or 203500

POPULAR ITEMS
Some of the many items described in our current list

which you will receive if you request it

31/2141 FDD CHINON 80 track 500k. Shugart compatible interlace. Stan-
dard connections, interchangeable with most other 31/in and 51hin
drives. Brand new. E28.50 plus £3 insured post
No RIO HITACHI HI0305SIUL Shugart compatible interface. 500k on
3M disc. Recommended for many Amstrads but interchangeable with
most drives. £29.50 plus £3 insured post.
HID CASE AND POWER SUPPLY KIT for the 3in or 31/in. £11.00. Ref
11P2 for the Chinon, 11P3 for the Hitachi.
Iin MONITOR made for ICL, uses Phillips black and white tube. Brand
new and complete but uncased. £16.00 plus E5.00 post.
ACORN COMPUTER DATA RECORDER REF ALF03 Made for the Elec-
tron or BBC computers but suitable for most others. Complete with
mains adaptor, leads and handbook. E10.00. Ref 10P44.

POWERFUL IONISER Uses mains transformer. Generates approx. 10
times more ions than the normal diode/cap ladder circuits. Complete
kit £11.50 plus £300 post.
3 RCN RID Hitachi ref. HFD 305SXA. Ideal replacement or second
drive in most computers, especially Amstrad 6128, etc. Price £30 plus
£3 post
FREE POWER! Can be yours if you use our solar cells -sturdily made
modules with new system bubble magnifiers to concentrate the light
and so eliminate the need for actual sunshine -they work just as well
in bright light. Voltage input is .45 -you join in series to get desired
voltage -and in parallel for more amps. Module A gives 100mA, Price

1, Our ref. 130631. Module C gives 400mA, Price £2, Our ref. 2PI99.
Module 0 gives 700mA, Price £3, Our ref. 3P42.

SOLAR POWERED NI -CAD CHARGER 4 Ni-Cad batteries AA IHP7)
charged in eight hours or two in only 4 hours. It is a complete, boxed
ready to use unit Price B. Our ref. 6P3.
50V 20A TRANSFORMER 'C' Core construction so quite easy to adapt
for other outputs -tapped mains input. Only £25 but very heavy so
please add £5 d not collecting. Order Ref. 25P4.
15A PANEL METER These have been stripped from Government sur-
plus battery charger units made originally for army use. Unused, tested
but of course rather old, diameter tin can be surface or flush mounted.
£3 each. Our Ref. 3P40.
SWITCH AC LOADS WITH YOUR COMPUTER This is easy and reliable
if you use our solid state relay. This has no moving parts, has high
input resistance and acts as a noise barrier and provides 4kW isolation
between logic terminals. The turn -on voltage is not critical, anything
between 3 and 30V, internal resistance is about 1K ohm. AC loads up to
10A can be switched. Price is £2 each. Ref. 2P183.
METAL PROJECT BOX Ideal size for battery charger, power supply
etc.; sprayed grey, size 8in x 41/4in x 4in high, ends are louvred for
ventilation other sides are flat and undrilled. Order Ref. 2PI 91. Price £1.
BIG SMOOTHING CAPACITOR. Sprague powertytic 39,000uF at 50V. E3.
Our ref. 3P41.
HEAVY DUTY CURLY MAINS LEAD. Can be loaded up to 13A, stretces
to almost 3 metres fitted with 13A plug. £3. Order ref. 3P42.

4 -CORE FLEX CABLE. Cores separately insulated and grey PVC covered
overall. Each copper core size 7/0.2mm. Ideal for long telephone runs
or similar applications even at mains voltage. 20 metres £2. Our
ref.2P196 or 100 metres coil Et Order ref. 8P19.
6 -CORE FLEX CABLE. Description same as the 4 -core above. Price 15
metres for E2. Our ref. 2PI97 or 100 metres Et Our ref. 9P1.

Metal case with chrome grill
front and with mounting lugs for screwing to ceiling, 8in. speaker. £10
each. Order ref. 10P43 add E2 post.
TWIN GANG TUNING CAPACITOR. Each section is .031150 with trim-
mers and good length Thin spindle. Old but unuse3d and in very good
condition. El each. Our ref. B0630.
13A PLUGS Good British make complete with fuse, parcel of 5 for E2.
Order ref. 2P185.
13A ADAPTERS Takes 2 13A plugs, packet of 3 for £2. Order ref. 2P187.
20V -0-20V Mains transformers 21/2 amp (100 watt) loading, tapped
primary. 200-245 upright mountings £4. Order ref. 4P24.
BURGLAR ALARM BELL -6" gong OK for outside use if protected from
rain. I2V battery operated. Price £8. Ref. 8P2,
24 HOUR TIME SWITCH- 16A changeover contacts, up to 6 on/offs per
day. Nicely cased, intebnded for wall mounting. Price E8. Ref. 8P6.
CAPACITOR BARGAIN -axial ended, 4700µF at 25V. Jap made, nor-
mally 50p each, you get 4 for fl. Our ref. 613.
PIEZO ELECTRIC FAN -An unusual fan, more like the one used by
Madame Butterfly than the conventional type, it does not rotate. The
air movement is caused by two vibrating arms. It is American made,
mains operated, very economical and causes no interference, so is
ideal for computer and -instrument cooling. Price is only El each. Ref.
BD598.
SPRING LOADED TEST PRODS -Heavy duty, made by the famous
Bulgin company. very good quality. Price 4 for El. Ref. BD597.
CURLY LEAD -Four core, standard replacement for telephone hand-
set extends to nearly 2 metres. Price El each. Ref. B0599.
ASTEC P.S.U.-Switch mode type. Input set for +230V. Output 3.5
amps at +5V, 1.5 amps at +12V, and 3 amps at +5V. Should be OK for
floppy disc drives. Regular price £30. Our price only £10. Ref. 10T34.
Brand new and unused.
APPLIANCE THERMOSTATS -Spindle adjust type suitable for convec-
tor heaters or similar. Price for El. Ref. 80582.
3 -CORE REX BARGAIN No. 1 -Core size 5mm so ideal for long exten-
sion leads carrying up to 5 amps or short leads up to 10 amps. 15mm
for E2. ref. 2P189.
3 -CORE REX BARGAIN No. 2 -Core size 1.25mm so suitable for long
extension leads carrying up to 13 amps, or short leads up to 25A. 10m
for E2. Ref. 2P190.
ALPHA -NUMERIC KEYBOARD -This keyboard has 73 keys giving trou-
ble free life and no contact bounce. The keys are arranged in two
groups, the main area is a OWERTY array and on the right is a 15 key
number pad, board size is approx. 13" x r -brand new but offered at
only a fraction of its cost, namely £3, plus ft post Ref. 3P27.
WIRE BARGAIN - 500 metres 0.7mm solid copper tinned and p.v.c.
covered. Only £3 plus El post. Ref. 3P31 -that's well under 1p per
metre, and this wire is ideal for push on connections.
INTERRUPTED BEAM KIT -This kit enables you to make a switch that
will trigger when a steady beam of infra -red or ordinary light is broken.
Main components -relay, photo transistor, resistors and caps, etc.
Circuit diagram but no case. Price £2. Ref. 2P15.
3-30V VARIABLE VOLTAGE POWER SUPPLY UNIT -with 1 amp DC
output Intended for use on the bench for experimenters, students,
inventors, service engineers etc. This is probably the most important
piece of equipment you can own (after a mufti range test meter). It
gives a vanable output from 3-30 volts and has an automatic short
circuit and overload protection, which operaes at 1.1 amp approxima-
tely. Other features are very low ripple output, a typical ripple is 3mV
pk-pk, lmV rms. Mounted in a metal fronted plastic case, this has a
voltmeter on the front panel in addition to the output control knob and
the output terminals. Price for complete kit with full instructions is £15.
Ref. 15P7
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Projects
BREAKING GLASS ALARM by Robert Penfold 504
Detects ultrasonic sounds generated by broken glass. Provides protect-
ion for most glass covered areas

HEART RATE MONITOR INTERFACE 508
Novel approach to monitoring the heart's activity using the BBC Micro

FET TOUCH SWITCH 510
An Exploring Electronics project

PIO FOR THE AMSTRAD by M. Snook 518
Low-cost parallel interface board for the PCW8256/512. Provides two 8 -
bit wide input/output ports

POWER CONTROLLER by A. R. Winstanley 524
A Multi -purpose controller based on phase control.
Maximum output 1200W at 250V

HOME SECURITY -4 by Owen N. Bishop 530
A simple infra -red beam alarm with many home security applications

AUDIO MINI BRICKS by John Becker 536
Part Four: Voice Operated Fader; Compressor; Autawah; Noise Gate;
Sample and Hold; Frequency Changer

genies
BBC MICRO by R. A. & J. W. Penfold 508
Regular spot for Beeb fanatics

EXPLORING ELECTRONICS by Owen Bishop 510
Part Twenty Seven: Field Effect Transistors

ACTUALLY DOING IT by Robert Penfold 514
Metalwork, the hole truth!

ON SPEC by Mike Tooley BA 528
Readers' Sinclair Spectrum page

ROBOT ROUNDUP by Nigel Clark 548
Investigating the world of robotics

features
PLEASE TAKE NOTE 501
Car Alarm; Audio Mini Bricks; Data Logger
EDITORIAL 503
SPECIAL REPORT 516
Digital Circuits Vol. 1 reviewed

FOR YOUR ENTERTAINMENT by Barry Fox 522
Video Call; 3-D Coke

SHOPTALK by David Barrington 527
Product news and component buying

DIRECT BOOK SERVICE 542
Special service to EE readers

DOWN TO EARTH by George Hylton 546
Leakage Currents; Locating a faulty bulb; Screening

PRINTED CIRCUIT BOARD SERVICE

ADVERTISER'S INDEX

549

552

Our October '88 issue will be published on Friday, Readers' Services  Editorial and Advertisement Departments 503
2 September 1988. See page 499 for details.

Everyday Electronics, September 1988 497



CII-1) EL IP
TRANSFORMERS FROM

111[JjAY,F5ff
The UK Distributor for the

Standard Toroidal Transformers
106 types available from stock
Sizes from 15VA to 625VA

Dual 120v primaries allowing 110/120v
or 220/240v operation

STEEL DISHED
WASHER

OUTER
INSULATION

SECONDARY
WINDING

INSULATION

PRIMARY
WINDING

TYPE SERIES
NO.

15VA 03010
03011
03012
03013
03014
03015
03016
03017

£9.15

30VA 13010
£10.35 13011

13012
13013
13014
13015
13016
13017

SEC
VOLTS

6+6
9+9
12+12
15+15
18,18
22+22
25+25
30+30
6+6
9.9
12+12
15+15
18+18
22+22
25+25
30+30

CORE

END CAPS

RMS TYPE SERIES
CURRENT NO.

1 25
0.83
0.63
0.50
0.42
0.34
0.30
0.25
2.50
1.66
1.25
1.00
0.83
0.68
0.60
0.50

5OVA 23010
£11.55 2233o0 1

23013
23014
23015
23016
23017
23028
23029
23030

80VA 33010

£12.90 333°,;3

33013
33014
33015
33016
33017
33028
33029
33030

120VA 43010

£13.70 :33°,1;
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
110
220
240
6+6
9+9
12+12
15+15
18+18
22+22
25+25
30+30
110
220
240
6+6
9+9
12+12
15+15
18+18
22+22
25+25
30+30
35+35
110
220
240

1111111.
VISA

4 16
2.77
2.08
1.66
1.38
1.13
1.00
0.83
0.45
0.22
0.20
6.66
4.44
3.33
2.66
2.22
1.81
1.60
1.33
0.72
0.36
0.33
10.0
6.66
5.00
4.00
3.33
2.72
2.40
2.00
1.71
1.09
0.54
0.50

Prices include VAT and carriage

160VA 53011

£16.10 53012

53014
53015
53016
53017
53018
53026
53028
53029
53030

225VA 63012

£17.60 2°01143
63015
63016
63017
63018
63026
63025
63033
63028
63029
63030

300VA 73013

£19.20 73°1473015
73016
73017
73018
73026
73025
73033
73028
73029
73030

500VA 83016

£25.35 :11;
83026
83025
83033
83042
83028
83029
83030

625VA 93017

En .95 9933(92168
93025
93033
93042
93028
93029
93030

NEOPRENE
WASHERS

SEC
VOLTS

9+9
12+12
15+15
18+18
22+22
25+25
30+30
35+35
40+40
110
220
240
12+12
15+15
18+18
22+22
25+25
30+30
35+35
40+40
45+45
50+50
110
220
240
15+15
18+18
22+22
25+25
30+30
35+35
40+40
45+45
50+50
110
220
240
25+25
30+30
35+35
40+40
45+45
50+50
55+55
110
220
240
30+30
35+35
40+40
45+45
50+50
55+55
110
220
240

RMS
CURRENT

8.89
6.66
5.33
4.44
3.63
3.20
2.66
2.28
2.00
1.45
0.72
0.66
9.38
7.50
6.25
5.11
4.50
3.75
3.21
2.81
2.50
2.25
2.04
1.02
0.93
10.0
8.33
6.82
6.00
5.00
4.28
3.75
3,33,
3.00
2.72
1.36
1.25
10.0
8.33
7.14
6.25
5.55
5.00
4.54
4.54
2.27
2.08
10,41
8.92
7.81
6.94
6.25
5.68
5.68
2.84
2.60

Quantity prices available on request
Write or phone for free Data Pack

Jaytee Electronic Services
143 Reculver Road, Beltinge, Herne Bay, Kent CT6 6PL

Telephone: (0227) 375254 Fax: 0227 365104

SUMMER SALE
Massive reductions on old Bargain List items -
mostly half price! Reductions on many Catalo-
gue Lines-inc. 10% off all Antex and Vero
products.
Ring or write for our special Free Sale List which
gives full details. (You'll need our 1988 Catalo-
gue, Price V, and our Spring Supplement and
Spring Sale List, both Free.)

Some of the goods on offer:
J135 headphones

1'9.45 £2.00
J136 Walkman headphones
plus speakers 19-96. £2.00

COMPONENT PACKS
K544 Mullard polyester

tit: -.7.6. £1.50
K540 500 Resistors 1'2750 £1.00
K503 100 Wirewound Resistors

ri'..490 £1.00
K547 100 Zeners t4:50. £2.00

SPEAKERS
Z945 5x 3in. 8011 1W

-f42 for £1
Z575 70 x 45mm 45R 0.5W

"59p 4 for £1
Z578 30x 30mm 16R 0.4W

--60p 3 for £1

POWER SUPPLIES
MW88 wasT-2. now 3 for £3

Z993 65W switch mode
12941.5 £14.95

Z660 8-24V in 5V 2A out
T-5-£2.50

Z975 14V 600mA l'67E10. £3.25

AMPLIFIER PANELS
Z914 1W amp 'ti -.6 a 75p
Z915 Stereo 1W amp

1":60 £1.75
Z974 Mixer amp 1P2751 . £1.25
Z469 AL30A panel -£2:59-£1.25

CPU/MEMORY PANELS
Z494 Newbrain Motherboard

1'5750E2.75
Z672 Reject Motherboards

19750 £1.75

'Jimmy'football game
T57914 £2.50

'Simon' panel "f4.3 for £1
Fibre Optics 20m coil twin

MIN ORDER TO OBTAIN SALE PRICES IS £20+f2 POST
1.01WISIZINIM*10111:1.1 * STAR BUY *

GREEN SCREEN HI-RES 1r MONITOR
CHASSIS
Brand new and complete except for case,
the super high definition (1000 lines at
centre) makes this monitor ideal for com-
puter applications. Operates from 12V DC
at 1.1A. Supplied complete with circuit dia-
gram and 2 pots for brilliance/contrast,
plus connecting instructions. Standard
input from IBM machines, slight mod (de-
tails included) for other computers.

Only f24.95+£3

1Z8837 DUAL SHEET FEEDER. Brand new
breakdown unit. Contains 3 x 12V stepper
motors (48 step) plus driver panel with 4 x
TIP115, 4 x TIP110, LM3302, 2 x 7407; 2
solenoids, buzzer, microswitches, control
panel, 2 optocouplers plus lots of gears
and mechanical bits. £24.95+£3 can.
Full details plus pic on B/L40. All parts
available separately, e.g.:
Z4089Stepper Motors £6.00
REMOTE CONTROL for Toshiba VCR. 165
x 55 x 25mm case has 7 push buttons,
slider pot and edge pot. 6mm long 8 core
lead. PCB has 4001 and 4582 plus few
other bits. £1.99
Back in stock Z8833 Tatung cased key-
board VT4100. 85 keys inc sep. numeric
keypad. 450x 255.65/25. £14.95
Z4081 CB Aerial eliminator. Black sleet
case 77 x70x30 for using car radio aerial
with CB. Has 2 x 500pF trimmers, switches,
coil etc +2 leads approx. 2m long. Orig-
inally £7.95 Our price £2.00
24080 AM/CB converter. Enables all CB
channels to be picked up on MW.
85x70x50mm £4.50
JOYSTICK
Z004 Skeleton Joystick, switch type. Good
quality, made by AB. Brass spindle has
44mm long black plastic handle attached.
Body has 4 mounting holes. These really
are a fantastic bargain!! Only £1

SOLDER SPECIAL!!
* 15W 240V ac soldering iron
* High power desolder pump
* Large tube solder

ALL FOR

£7.95

SOLAR CELLS
Mega size-300x300mm. These incorpo-
rate a glass screen and backing panel with
wires attached. 12V 200mA output. Ideal
for charging nicads. £24.00

Z4069 STEREO HEADPHONES-Hi-Fi,
compact, fold -up. Amazing value. £1.95

Z4071 MAP LIGHT -In car use with mag-
net and magnifier, curly lead and plug.

£1.95
Z345 OPTICAL SHAFT ENCODER. Similar
to RS631-632, but 80% cheaper! £8.50
LM358's for 5p I
2347 4 x LM358 op amps surface mounted
on ceramic substrate, easily removed.

5 panels for £1
COMMODORE INTERFACE
2030 Plugs into user port on C64 and gives
serial output to 5 pin plug. Uses 27256,
6502 plus LS & CMOS £5.95
SPEECH SYNTH KIT
Z315 All parts inc PCB to make a speech
synth for the BBC micro £4.99
2316 De -luxe version -also includes V216
case, 1m 20W cable plus connector £7.99
MAINS LEAD
Z4057 Mains Lead, 2m long grey 3 core 6A
lead with 13A plug fitted with 5A fuse.

70p; 10+ 55p; 100+ 40p

All prices include VAT; just add £1.00 P&P (E2 sale items);
Min Access E5. No CWO; min £20 sale items. Official orders
from schools welcome -min. invoice charge f10.00. Our

GREENINELD I

shop has enormous stocks of components and is open 9-5
Mon -Sat Come and see us!

ELECTRONIC
COMPONENTS

By post using the address below; by pitons (0703(772501 or
783740 (ansaphone out of business hours); by FAX
(0703)787555; by EMail Telecom Gold 72:MA636026; by
Telex 265871 MONREF G quoting 72:MAG36026.

443D MILLBROOK ROAD, SOUTHAMPTON SO1 OHX
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0001 City and Guilds
Du Certificate

Course
INTRODUCING DIGITAL
ELECTRONICS
Our first open learning course leading to a City & Guilds Certificate was published last year-it was
so popular we are now republishing it in book form (Teach In 88/89-Introducing Microprocessors
will be available in November). Due to demand we are now going to publiei a course for
Introductory Digital Electronics-City and Guilds 726/301-this course is just right for anyone who
wants to learn about electronics and, with a recognised qualification for successful students at
the end of it, it could be the start of a career-don't miss Part 1 next month.

Free Booklet
This 16 page booklet explains what the Introducing
Digital Electronics course entails, how to register with
a college for assessment and lists the registered
assessment centres around the U.K.

QUAD CAR

CONTROLLER
Double the thrill of scale
car racing. This simple
design enables two cars to
race on each lane of a
"Scalextric" track with
full independent control.

EPROM ERASER
This ultra safe inexpensive unit is capable of erasing up to four
EPROMS in less than twenty minutes. The inverter circuit
employed could also be used to drive fluorescent tubes from a
12V supply.

BATTERY TESTER
Get the most from your batteries; this
little unit will tell you when they have
expired and allow replacement of the
useless ones instead of all of them.

ErinEntoracs
OCTOBER ISSUE ON SALE FRIDAY SEPTEMBER 2
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BMULENU4
PROJECT KITS

ECUM NOM RAd
Magenta supply Full Kits: Including PCB's (or Stripboard), Hardware, Components, and Cases
(unless stated). Please state Kit Reference Number, Kit Title, and Price, when ordering.
REPRINTS: 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: 80p each. Reprints are also available separately -Send
£1 in stamps.

REF
NO.

770
765
767
713
764

739

740

741

744
746
734
736

736
723

729

721
730
724
711
119

720

721

722

711

715

703

717

705

703

700

501

513
564
570
579

575

KIT -TITLE PRICE

AMSTRAD PIO Sept 08 1phonel
TIME SWITCH Aug 88 f1161
SPIKEATER July 88 £399
UNIVERSAL NICAD CHARGER July 88 £6.99

ISOUNK July 88 E24.51

VIDEO WIPER July 88 133.59

HEADUGHT REMINDER June 89 E7.99

DOOR SENTINEL May 88 f12.111

SUPER SOUND EFFECTS
GENERATOR May 88 £1299
CABLE & PIPE LOCATOR April 88 E1535

STEREO NOISE GATE April 88 E26.91

INDUCTIVE PROXIMITY DET. April 88 E11.63

LOW FUEL ALERT April 88 E6.43

SEMICONDUCTOR TESTER Mar 88 £23.51

LIE DETECTOR Mar 88 £1110
ENVELOPE SHAPER Mar 88 £14.94

SOS ALERT Mar 88 £9.36

VARIABLE 25V -2A BENCH
POWER SUPPLY Feb 88 £49.73

CAR LAMP CHECKING SYST. Feb 88 £7.10

GAME TIMER Feb 88 E14.32

QUIZMASTER Jan 88 58.96
TRANSISTOR CURVE TRACER (BBC) £14,96

AUDIO SIGNAL GENERATOR Dec 87 £13.64

DUAL MAINS UGHTS FLASHER Dec 87 E20.98

ACCENTED BEAT METRONOME Nov 87 12035
ACOUSTIC PROBE Nov 87

lless bolt & probel £1626
BBC SIDEWAYS RAM/ROM Nov 87 57.53
VIDEO CONTROLLER Oct 87 59.14
TRANSTEST Oct 87 5.70
AUTOMATIC PORCH UGHT Oct 87 57.17
CARAVAN FRIDGE ALERT Oct 87 5.44
STATIC MONITOR Oct 87 ALM
ELECTRONIC MULTIMETER Sept 87 f46.96
NOISE GATE Sept 87 12325
PERSONAL STEREO AMP Sept 87 54.31
BURST -ARE MAINS CONTROLLER Sept 87 53.57
SUPER SOUND ADAPTOR Aug 87 58.39
3 BAND 1.6-30MH: RADIO Aug 87 £26.53

BUCCANEER 1.8. METAL DETECTOR inc. coils
and case. less handle and hardware July 87 56.45

DIGITAL COUNDEVRIE0 METER (10MFIr1
inc.case July 87 57.07

MONOMIX July 87 £21.00

FERMOSTAT July87 52.14
VISUAL GUITAR TUNER Jun 87 52.99
MINI DISCO UGHT Jun 87 5259
WINDSCREEN WASHER WARNING May 87 5.12
FRIDGE ALARM May 87 ESA
EQUALIZER IIONISERI May 87 5553
BULB UFE EXTENDER April 87 (less case) E524
EXP. SPEECH RECOGNMON April 87 EZRA
ACTIVE I/R BURGLAR ALARM Mar 87 £36.65

VIDEO GUARD Feb 87 E8939

CAR VOLTAGE MONITOR Feb 87 E12.51

SPECTRUM SPEECH SYNTH. (no caiFieb 17 E2692

SPECTRUM I/O PORT leas use. Feb 87 5.44
STEPPING MOTOR BOOSTER (for abovelFeb 87 5.65
STEPPING MOTOR M0200 Feb 87 £1610
HANDS-OFF INTERCOM (par station)

inc. casaJan 87 E10.49

CAR ALARM Dec 86 52.47
RANDOM NUMBER GENERATOR Dec 86 £15.72

BBC 16K SIDEWAYS RAM Dec 86 52.97
CAR RASHER WARNING Nov 86 6.37
ZOOMH: DIG. FREQUENCY METER Nov 86 EWA
10 WATT AUDIO AMPURER Oct 86 06.10
UGHT RIDER LAPEL BADGE Oct 86 L5020
LIGHT RIDER DISCO VERSION E19.12
UGHT RIDER 16 LED VERSION £13.64
SCRATCH BLANKER Sept 86 55.13
INFRA -RED BEAM ALARM Sept 86 E2135
FREEZER FAILURE ALARM Sept 86 E15.50

CAR TIMER Sept 86 E1.72

BATTERY TESTER Aug 66 E7.19
TILT ALARM July 86 E7.12
CARAVAN BATTERY MONITOR July 86 E17.17
SOUEEKIE CONTINUITY TESTER July 86 13.52
ELECTRONIC SCARECROW July 86 E117
PERCUSSION SYNTH June 86 £30.43

REF
NO.

542

543

529

521

523

524

526

513

514

515

512

503

504

497

493
411

473

464

461

459

455

453

444

4.72

430

417

392

799

292

293

277

271
270

263

262

255

242

243

240
231

225

205

206
207

209

211

197

111

149

124

122

111

113

111

1011

106

101

KIT -TITLE PRICE

PERSONAL RADIO June 86 E11.53
WATCHDOG June 86 11.24
MINI STROBE May 86 £13.66
PA AMPLIFIER May 86 E26.95
STEREO REVERB Apr 86 £26.44
VERSATILE PSU Apr 86 £24.69
FREELOADER Apr 86 16.46
BBC MIDI INTERFACE Mar 86 £21.94
INTERVAL TIMER Mar 86 £19.97
STEREO HI -R PRE -AMP £49.19
MAINS TESTER A FUSE ANDER Mar 86 £11.62

FUNCTION GENERATOR Feb 86 C24.14
POWER SUPPLY FOR ABOVE £7.62
MUSICAL DOOR BELL Jan 86 E1111.72

DIGITAL CAPACITANCE METER Dec 85 £41.55
SOLDERING IRON CONTROLLER Oct 85 5.47
R.IAA. PRE -AMP Sept 85 E16.74

STEPPER MOTOR INTERFACE FOR THE BBC
COMPUTER less case Aug 85 E11.61
11335 STEPPER MOTOR EXTRA £14.50
OPTIONAL POWER SUPPLY PARTS 6.14
CONTINUITY TESTER July 85 1620
AMSTRAD USER PORT July 85 E17.67
ELECTRONIC DOORBELL June 85 6.56
GRAPHIC EQUAUSER June 85 AAA
INSULATION TESTER Apr 85 E19.51

GAMES TIMER Jan 85 19.11

SPECTRUM AMPURER Jan 85 5.91
DOOR CHIME Dec 84 E16.71

BBC MICRO AUDIO STORAGE SCOPE
INTERFACE Nov 84 £3625

PROXIMITY ALARM Nov 84 AEA
MAINS CABLE DETECTOR Oct 84 E5.53
DRILL SPEED CONTROLLER Oct 84 5.66
GUITAR HEAD PHONE AMPURER Sept 84 699
VARICAP AM RADIO May 84 E13.15
EXPERIMENTAL POWER SUPPLY May 84 E23.51
SIMPLE LOOP BURGLAR ALARM May 84 £17.16
RISE/DIODE CHECKER Apr 84 E4.35
QUASI STEREO ADAPTOR Apr 84 f13.73
SIGNAL TRACER Feb 84 E11.77
BIOLOGICAL AMPLIRER Jan 84 E24.14
CONTINUITY TESTER Dec 83 E12.59
CHILDREN'S DISCO UGHTS Dec 83 E1648
NOVEL EGG TIMER Dec 83 inc. case £12.90
STORAGE 'SCOPE INTERFACE FOR
BBC MICROAug 83 less software E19.34
HIGH POWER INTERFACE BOARD

Aug 83 no case E12.99
USER PORT VO BOARD

less cable +plug £1322
USER PORT CONTROL BOARD July 83

less cable + plug +case E31.67
MW PERSONAL RADIO less case,May 83 E9.60
MOISTURE DETECTOR May 83 ERA
NOVELTY EGG TIMER April 83Iess case £0.91

BUII OFF March 83 6.69
PUSH BIKE ALARM Feb 83 E14.77

A TAPE CONTROL Nov 82 13.911

2- WAY INTERCOM July 82 no case 5.69
REFLEX TESTER July 82 5.79
EGG TIMER June 82 E6.116

CAR LED VOLTMETER less case. May 82 E4.00

CAMERA OR FLASH GUN TRIGGER
Mar 82 less tripod bushes E1720

SUSTAIN UNIT Oct 81 £17.63

TAPE NOISE UMITER Oct 81 6.97621
HEADS AND TAILS GAME Oct 81 13.47

PHOTO FLASH SLAVE Oct 81 £4.71

FUZZ BOX Oct 81 50.05
0-12V POWER SUPPLY Sept 81 f24.55
SOIL MOISTURE INDICATOR E.E. May 81 5.66
GUITAR PRACTICE AMPURER Nov 80 £72.95
SOUND TO UGHT Nov 80 3 channel £29.31
SPRING UNE REVERB UNIT Jan 80 0427
UNIBOARD BURGLAR ALARM Dec 79 5.36
DARKROOM TIMER July 79 £4.03
MICROCHIME DOORBELL Feb 79 E21.99

SOUND TO UGHT Sept 78 £10.911

IN SITU TRANSISTOR TESTOR Jun 78 5.42
WEIRD SOUND EFFECTS GEN Mar 78 67.12
ELECTRONIC DICE Mar 77 5.26

MAGENTA ELECTRONICS LTD.
SHOP NOW OPEN -CALLERS WELCOME

EE68, 135 HUNTER STREET,
BURTON -ON -TRENT,
STAFFS. DE14 2ST.
0283 65435, Mon -Fri 9-5
Access/Barclaycard (Visa) by
phone or post.
24 hr Answerphone for credit
card orders.
Our prices include VAT

TOP KITS
MOSFET VARIABLE BENCH
25V 2.5A POWER SUPPLY

A superb design giving 0-25V and 0-2.5A. Twin panel
meters indicate Voltage and Current. Voltage is vari-
able from zero to 25V.
Current -Limit control allows Constant Current charg-
ing of NICAD batteries, and protects circuits from over-
load. A Toroidal transformer MOSFET power output
device, and Quad op -amp IC design give excellent per-
formance.

OUR KIT REF. 769 £49.73

COMPONENTS, KITS, BOOKS, TOOLS,
MOTORS, GEARS, PULLEYS, OPTICAL

FIBRES, ROBOTICS, AND MUCH MUCH
MORE -IN OUR

NEW CATALOGUE £1.00

MOTOR -

GEARBOX ASSEMBLIES

Miniature gearboxes
complete with quality
electric motor. Variable
ratios by fitting 1 to 6
gears. 1.5-4.5v, 3-2200
rpm. Long 3mm shaft.
Ideal for robots and
buggies.

SMALL (MGS) £3.49 LARGE (MGL) £3.98

ADVENTURES
WITH ELECTRONICS

An easy to follow book suitable for all
ages. No soldering, uses an S DEC
breadboard. Lots of clear diagrams
and instructions to build 16 projects.
Component pack includes S DEC and
all components for the projects.

LEGO Technic Sets
TEACHERS WE ARE STOCKISTS OF
THE WHOLE RANGE. CONTACT US
FOR BROCHURES. VERY COMPET-
ITIVE PRICES AND QUICK DELIVERIES

STEPPING MOTORS 12
VOLT

48 STEPS 200 STEPS
1035 MD200

E14.50 f 1 6.80

OPTICAL
FIBRES
TRIAL

PACK OF
10

METRES.
Nine

assorted
types

& data.

£1.99

ADD £1 P&P TO ALL ORDERS.
PRICES INCLUDE VAT.
SAE ALL ENQUIRIES.
OFFICIAL ORDERS WELCOME
OVERSEAS: Payment must be
sterling.
IRISH REPUBLIC and BFPO. UK
PRICES.
EUROPE: UK PRICES plus 10%.
ELSEWHERE: write for quote
SHOP HOURS: 9-5 MON-FRI.
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0283 65435

FROM MAGENTA
A SELECTION OF OUR BEST PROJECT KITS
As usual these kits come complete with printed circuit boards, cases,
all components, wits, screws, wire etc. All have been tested by our
engineers (many of them are our own designs) to
ensure that you get excellent results.

INSULATION TESTER
An electronic High Voltage tester for mains
appliances and wiring. An inverter circuit
produces 500 volts from a PP3 battery and
applies it to the circuit under test. Reads
insulation up to 100 Megohms. Completely
safe in use.

OUR KIT REF 444 £19.58

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

£41.55
OUR KIT
REF 493

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

OUR KIT REF 718 £25.27

DIGITAL FREQUENCY METER
200 MHz
An 8 digit meter reading from A.F.
up to 200 MHz in two ranges. Large
0.5" Red LED display. Ideal for AF
and RF measurements, Amateur
and C.B. frequencies.

KIT REF 563 £62.98

Digital
Frequency Meter

'EQUALISER' IONISER

A mains powered Ioniser that
produces a breeze of negative
ions in the air. A compact,
safe, simple unit that uses a
negligible amount of electricity.

KIT REF 707 £15.53

SUPER SOUND-
-EFFECTS GENERATOR

A wide range SN76477 sound effects
board giving: Bird Chirps, Sirens, Heli-
copters, Explosions, Phaser Guns,

Steam Train sounds, and more. Sup-
plied without a case.

KIT REF 781 £12.99

ELECTRONICS

TEACH -IN

By Michael Tooley BA and
David Whitfield MA MSc CEng MIEE

ACOMPREHENSIVE background to modern
electronics including test gear projects. This 104

page, A4 size book forms a complete course in basic
electronics; designed for the complete newcomer it will
however also be of value to those with some previous
experience of electronics. Wherever possible the course is
related to "real life" working circuits and each part
includes a set of detailed practical assignments.

To complement the course computer programs have been produced
for the BBC Micro and Spectrum or Spectrum Plus. The software is
designed to reinforce and consolidate important concepts and principles
introduced in the course, it also allows readers to monitor their progress
by means of a series of multi -choice tests.

The book includes details of eight items of related test gear giving full
constructional information and diagrams for each one. The items of test
gear described are: Safe Power Supply; Universal LCR Bridge;
Diode/Transistor Tester; Audio Signal Tracer; Audio Signal Generator;
RF Signal Generator; FET Voltmeter; Pulse Generator.

This book is an excellent companion for anyone interested in
electronics and will be invaluable for those taking G.C.S.E. or
B.T.E.C. electronics courses.

See Direct Book Service-page 542
-for full ordering details.

PLEASE TAKE NOTE
BBC SOUND -TO -LIGHT
Page 360, lines 30 and 110 should read:

VDU 23,1,0;0;0;
VDU 19,1,C% ;0;

Note the use of semi -colons instead of commas.

(June 1988)

AUDIO MINI BRICKS (August 1988)
Pages 473, 475. The envelope shaper block (ES) shown in Figs.
3.9, 3.10 and 3.13 should show Fig. 3.7 and NOT Fig. 3.1.

DATA LOGGER (August 1988)
We have been informed that the price of the main p.c.b. is now
£13.75 and the interface p.c.b. has been increased to £5.50.

CAR ALARM (August 1988)
Page 481, Fig. 3. Note that the leads from the Chassis (Black) and
the I.e.d. (D2) anode should be transposed. the circuit (Fig. 2) and
p.c.b. pattern are correct.

19" RACK MOUNTING EQUIPMENT CASES
This range of 19" rack equipment cases have been designed with economy and versatility
as their objective. These cases are supplied as a flat pack kit with assembly instructions.
The . NEW IMPROVED DESIGN  now features a black powder coat 16SWG (1.5mm)
steel front panel with the rear box constructed from .9mm PVC coated steel.
All units are 10" (254mmi deep and are available in the following popular sizes:

TYPE HEIGHT PRICE
U1 1" (44rnm) 21.85
U2 r 188mm) 23.00
U3 5" (133mm) 23.50
U4 7" (178mm) 27.60
M6U Sloped mixer case £28.75
DELIVERY INCLUDED

MI prices INCLUDE VAT

Blanking Panels, Racking Consoles
and RxIi Cabinets also evadable

Please send SAE for details ,

 TRADE ENQUIRIES WELCOME 

Tel 0275 823983 FOR ACCESS/VISA SALES
OR CHEQUE WITH ORDER TO:

RACKZ PRODUCTS,
PO BOX No. 1402, MANGOTSFIELD, BRISTOL,

ENGLAND BS17 3RY
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For
GOttigoS°15ate

000se Send
50p* & SAE

for CATALOGUE
ORDERS: RING (01) 567 8910 - 24 HRS.

GIANT SOLAR CELLS

NOW IN STOCK these giant size solar panels
12 x 12in will deliver 12 volts 200mA in
bright sunlight and 11.5 volts 60mA on a
typical British summer day (dull and over-
cast). HUNDREDS OF USES in the car or
caravan, e.g. Charging NiCads, powering
low voltage circuits where mains or battery
supplies are inconvenient or coupled to a
lead acid battery and a simple inverter you
could build yourself a self contained mains
supply for low power appliances. Stock No.
303 145. £14.50 (plus £1.75 for p&p on total
order).

SOLID STATE RELAY BARGAIN
*Zero Voltage Switching: No radio interfer-
ence problems 2.5KV Input to Output Iso-
lation: No risk of damage to your computer
or driver circuits. 4KV Terminals to Heat -
sink Isolation: Simply bolt onto a heatsink.
3V to 32V Input Voltage: easily interfaced
to TTI or CMOS Logic. '24V to 240V rms
Load Voltage: Allowing mains loads to be
switched.  Built in Snubber Network: Ena-
bling switching of inductive loads.  10A
Maximum Current: 4A with no heatsink fit-
ted at 40 deg C.
CD240/10 £2.25

ELECTRONIC GUARD DOG KIT

woOFT
*..

One of
the best deterrents

to a burglar is a guard
dog and this new kit provides the barking without
the bite! The kit when assembled can be connect-
ed to a doorbell, pressure mat or any other
intruder detector and will produce a random series
of threatening barks making the would be intruder
think again and try his luck elsewhere. The kit is
supplied complete with high quality PCB, trans-
former, all components and instructions. All you
need is a mains supply, intruder detector and a
little time. The kit even includes a horn speaker
which is essential to produce the loud sound
required. The "dog" can be adjusted to produce
barks ranging from a Terrier to an Alsatian and
contains circuitry to produce a random series of
barks giving a more realistic effect
XK125 Complete kit of parts E24.00

DISCO LIGHTING KITS

"'tilt

VERSATILE REMOTE
CONTROL KIT

This kit includes
all components
(4- transformer)
to make a sensi-
tive IR receiver
with 16 logic
outputs (0-15V) which with suitable interface
circuitry (relays, triacs, etc - details supplied)
can be used to switch up to 16 Items of
equipment on or off remotely. The outputs
may be latched (to the last received code) or
momentary Ion during transmission) by spe-
cifying the decoder IC and a 15V stabilised
supply is available to power external circuits.
Supply: 240V AC or 15-24V DC at 10mA.
Size (excluding transformer) 9 x 4 x 2 cms.
The companion transmitter is the MK18
which operates from a 9V PP3 battery and
gives a range of up to 60ft. Two keyboards
are available-MK9 (4 -way) and MK 10 (16 -
way), depending on the number of outputs to
be used.
MK12 IR Receiver (incl. transformer)

£16.30
MK18 Transmitter £7.50
MK9 4 -Way Keyboard £2.20
MK10 16 -Way Keyboard £6.55
601 133 Box for Transmitter £2.60

131.1000K - This value -for -money 4 -way chaser
features bi-directional sequence and dimming
1kW per channel £19.25
DL21000K -A lower cost uni-directional version
of the above. Zero switching to reduce
interference £10.80
DLA/1 (for DL & DL21000K) Optional opto input
allowing audio 'beef/light response 77p
OL3000K - 3 -channel sound to light kit features
zero voltage switching, automatic level control
and built-in microphone lkW per channel E15.60

The DL8000K is an 8 -way sequencer kit with built
in opto-isolated sound to light input which comes
complete with a pre-programmed EPROM con-
taining EIGHTY - YES 80! different sequences
including standard flashing and chase routines.
The KIT includes full instructions and all compon-
ents (even the PCB :connectors) and requires only
a box and a control knob to complete. Other
features include manual sequence speed adjust-
ment. zero voltage switching. LED manic lamps
and sound to light LED and a 300 W output per
channel. And the best thing about it is the price.

ONLY£31.50

HOME LIGHTING KITS
These kits contain all necessary compon-
ents and full instructions and are de-
signed to replace a standard wall switch
and control up to 300W of lighting.
TDR300K Remote Control Dimmer
MK6 Transmitter for above
TD300K Touchdimmer
TS300K Touchswitch
TDE/K Extension kit for 2 -way

switching for TD300K
LD 300K Light Dimmer

£18.00
£5.10
f9.30
£9.30

£2.95
£4.75

0.44 POWER STROBE KIT
/7 Designed to produce a

high intensity light pulse
at a variable frequency of

1 to 15Hz this kit also
includes circuitry to trig-
ger the light from an ex-

ternal voltage source (eg. a loudspeaker) via
an opto isolator. Instructions are also sup-
plied on modifying the unit for manual
triggering, as a slave flash in photographic
applications or as a warning beacon in
security applications. The kit includes a high
quality pcb, components, connectors, 5Ws
strobe tube and full assembly instructions.
Supply: 240V ac. Size: 80 x 50 x 45.
XKl 24 STROBOSCOPE KIT £13.75

BARGAIN
COMPONENT

[;7 tkR PACKS
Refill those empty component drawers at a fraction of
the normal price and don't be caught without that odd

resistor or capacitor to complete your project. All
components supplied are full specification and not 1

seconds or surplus stock.
PACK A: 650x0.25W resistors 47R to 10M f4.25

PACK B: 60xElectrolytics luF-1000uF £3.25
PACK C: 30xPolyester Capacitors 0.01-1uF £4.50

PACK D: 36xHorontal presets 1 k -1M E3.00
PACK E: 30x1C sckets 8, 14 & 16 Pin E2.00

PACK G: 25xGreen LEDs 5mm £2.00
PACK F: LEDs 5mm El 35

PACK H: 30x5mm LEDs- red, green, yellow £2.50
PACK J: 50x1N4148 Si. diodes MOO

PACK K: 4OuNPN/PNP transistors BC182/212 General
Purpose £225

10% OFF when you buy ALL 10 PACKS
c,:4111

Good quality tools selected to offer outstanding
value for money.

850 004 bin mini. Snipe Nose Pliers. Serrated
jaws and return spring £2.10
650 005 Sin lap jointed side cutters. Insulated
handles and return spring f2.10
650 006 Light duty cutters. Cutting capacity
0.22-1 2mm copper wire. £1.60
TOOL KIT - Contains. side cutters, snipe nose
pliers, wire strippers, flat blade screwdriver, phi -
lips screwdriver in black textured, reinforced and
padded case which when opened out measures
240x 205mm £6.80

650 007 Self -adjustable automatic wire stripper
with built-in cable cutter. E3.95
650 012 Watchmakers Screwdriver Set
1.0/1 4/2 0/2.4/3 0/3 8mm f 1.75
650 019 Set of 4 Stainless Steel Tweezers.
Straight nosed, straight noosed -reverse action,
bent nosed, flat nosed. 110mm long £3.65
650 502 Reliant 9-12V dc Drill. £6.90
650 500 Titan 12V dc Drill. f10.25
650 570 Saturn Mains Drill. £16.50
WE ALSO STOCK ANTEX IRONS AND

ACCESSORIES

LOGIC PROBE

unnuen....ae=k=ca-
IMONTOTTSTTISTO;

A MUST for working with TTL & CMOS devices.
Displays logic levels and pulses down to 25nS
with LEDs and sound. Comprehensive instruction
booklet supplied
Working voltage 4-16V dc
Input Impedance 1M
Max 1/p frequency 20MHz

0 -\Is SUPER -SENSITIVE FM
MICROBUS

Highly sensitive FM transmitter measuring
only 45x25x15mm, including the built-in
microphone. Frequency 88-100MHz ena-
bling reception on a standard domestic FM
radio. Range approximately 300m
depending on terrain. Powered by 9V PP3
17mA). Its small size and highly sensitive
electret microphone makes it ideal for sur-
veillance, baby alarm, etc.
INTRODUCTORY PRICE £5.50

LOW COST MULTIMETER
A versatile meter with 19 ranges including 10A DC
Et BATTERY TEST. Case is tilted for easy reading.
Supplied complete with batteries, test leads and a
manual. Ideal meter for the beginner. Input
impedance 20K ohm per volt. AC Volts:
0 10 25 1000V 5%. DC Volts: 0-2-5-20-25-250 

1000V + 5%. DC
Current: 0-2.5-25m
250mA-10A + 4%.
Resistance: 0-10K -
100K -10M
Battery test: 9V -1.5V
AA-1.5VC&D
Protection: Fuse
Dimensions: 154 x 77 x
43mm

10, 103 £8.82

SOLAR POWERED NICAD CHARGER
Takes up to 4 x AA size.
Charges 2 batteries in 4-6
hrs. depending on strength
of sunlight. Ideal for
boating, caravanning,
modellers, etc £6.50

ELECTRONIC
WEIGHING SCALES

RECHARGEABLE SOLDERING IRON

0.* HIGH SECURITY LOCK KIT

TEN EXCITING PROJECTS
FOR BEGINNERS

This Kit has been specially designed for the beginner
and contains a SOLOERLESS BREADBOARD, COM-
PONENTS, and a BOOKLET with instructions to
enable the absolute novice to build TEN fascinating
projects including a light operated switch, intercom,
burglar alarm, and electronic lock. Each project
includes a circuit diagram, description of operation
and an easy to follow layout diagram. A section on
component identification and function is included,
enabling the beginner to build the circuits with
confidence. ORDER NO. XK118 £15.00

Designed for use with our lock

mechanism11011501 this kit will

operate Iron a 9V to 15V supply

drawing a standby current of only

50pA. Thera are OM 5000 possi-

ble 4 -digit combinations and the sequoia. can be easily changed

To make flange wen more difficult fig an onauthonsed user en

alarm can he sounded Aar 3 to 9 incorrect entries -selectable by

means of a link The alarm can sound for a feet seconds to ova 3

minutes during which time the keyboard is disabled preventing

further entries A latched on momentary output is rakeie mating

the mot ideal for door locks, burglar alarms, car immobilisers, etc.

A membrane keyboard or pushbutton switches may be used and a

beep sounds when a key is depressed Kr includes high quality

PCB, all components, connectors, high power pine borzoi and full

assembly and user instructions

XK121 LOCK KIT £15.95
350 118 Set of Keyboard Switches £4.00
701 150 Ekistric Lock Medwnism

12 volt £16.50

PROPORTIONAL TEMPERATURE

CONTROLLER KIT

Uses "burst fire" tech-
nique to maintain tem-
perature to within
0.5'C Ideal for photog-
raphy, incubators,
wine -making. etc. Max.

load 3kw (240V ac) Temp range up to 90'C Size:
7 x4x2 5cms.
MK4 £7.80

Powerful cordless iron complete with table -top/
wall -mounting charging bracket. Reaches solder-
ing temperature in 10 seconds. Includes lamp
which lights when soldering. Comes with mains
charging unit and 12V car battery
adaptor
S. ectal offer £15.95

HELPING HANDS

Magnifier and croco-
dile clips on ball and
socket joints mount-
ed on a heavy base.
Ideal for holding and
inspecting PCBs dur-
ing soldering, fault
finding, etc.
(650 035) f3.95

This kit contains a
Single Chip Micro-
processor, PCB,
displays and all elec-
tronics to produce a
digital readout of
weight in Kgs. or Sts.
and Lbs. in normal use
a toothed wheel
(pattern provided) is

made to rotate when a weight is placed onto the
scales, interrupting two infra -red beams. The
processor counts the number of teeth passing the
sensor (up or down, depending on which beam is
broken first), and shows the reading on the LED
display in Sts. and Lbs., Lbs or Kgms. A PCB link
selects the scale for bathroom or two types of
Kitchen Scales. A linear version of the toothed
wheel could also be used. Other uses include
up/down counters. A low cost digital ruler could be
made by using a wheel with the correct tooth to
diameter ratio. ESA

TINELECTRONICS
13 BOSTON RD
LONDON W7 3SJ
Tel: 01-567 8910

SEND 9"x 6" S.A.E.&
50p FOR CATALOGUE
OR CALL AT SHOP
MON-FRI 9-5pm
SATURDAY 10-4pm

ORDERING INFORMATION:
ALL PRICES EXCLUDE VAT=

FREE P&P on orders over £20 (UK only), otherwise add
01 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
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Editorial Offices
EVERYDAY ELECTRONICS EDITORIAL,
6 CHURCH STREET, WIMBORNE,
DORSET BH21 1JH
Phone: Wimborne (0202) 8 8 1 749

Fax: (0202) 841692
See notes on Readers' Enquiries below-we
regret that lengthy technical enquiries cannot be
answered over the telephone

Advertisement Offices
EVERYDAY ELECTRONICS ADVERTISEMENTS
4 NEASDEN AVE., CLACTON -ON -SEA., ESSEX
C016 7HG Clacton (02 5 5) 43 647 1

NEW COURSE
NEXT month we start another "open learning" series which will lead

successful readers to a City and Guilds Certificate in Introductory
Digital Electronics. This is the second time we have published a course
which can lead to a City and Guilds qualification -the last series Intro-
ducing Microprocessors is now to be republished in book form (a pri-
ority order form for this Teach -In 88/89 book will appear in next
month's issue).

The new course starts at a very basic level and will form an excellent
introduction to anyone wishing to learn about electronics. There is no
reason why it should not be undertaken by those following G.C.S.E.
courses. Although it is not necessary to take the City and Guilds assess-
ments if you do not wish to, for a small outlay it might be possible to
collect another formal qualification.

City and Guilds qualifications are of course recognised throughout
the UK business world and our course might lead you on to a good
career in electronics. There are further papers in the same C & G series
which eventually could lead up to Advanced Digital Electronics. Why
not make a start with us next month? The October issue will carry a free
16 -page booklet which forms an introduction to the course and provides
all the necessary information for students-don't miss it, place an order
with your newsagent or take out a subscription now!

AUTUMN PLANS
Just to keep you in the picture we have some exciting plans for our

autumn '88 and spring 1989 issues. Following the start of our new course
we will be giving away an advertisers 100 -page catalogue with the
November issue (more about that next month). Then we will start giving
away a special series of circuit boards on which you can build some very
useful projects, including a remote control. We are working hard on
these now- more information in a couple of months.

As I said, make sure of your copies of E.E.

SUBSCRIPTIONS
Annual subscriptions for delivery direct to

any address in the UK: £14.50. Overseas:
£17.50 (£34 airmail). Cheques or bank drafts (in

f sterling only) payable to Everyday
Electronics and sent to EE Subscriptions Dept.,
6 Church Street, Wimborne, Dorset BH21
1JH. Subscriptions can only start with the
next available issue. For back numbers see
below.

BACK ISSUES & BINDERS
Certain back issues of EVERYDAY ELEC-

TRONICS are available price £1.50 (£2.00
overseas surface mail) inclusive of portage
and packing per copy. Enquiries with remit-
tance, made payable to Everyday Electron-
ics, should be sent to Post Sales
Department, Everyday Electronics, 6 Church
Street, Wimborne, Dorset BH21 1JH. In the
event of non -availability remittance will be
returned. Please allow 28 days for delivery.
(We have sold out of Sept., Oct. & Nov. 85,
April, May & Dec. 88, Jan., Feb., April,
May, Nov. 87, March & April 88.)

Binders to hold one volume (12 issues) are
available from the above address for £4.95
(£9.00 overseas surface mail) inclusive of
p&p. Please allow 28 days for delivery.

Payment in £ sterling only please.

Editor MIKE KENWARD
Secretary PAMELA BROWN
Deputy Editor
DAVID BARRINGTON
Editorial Assistant
COLETTE McKENZIE
Editorial: WIMBORNE (0202) 881749
Advertisement Manager
PETER J. MEW Clacton 10255) 436471
Classified Advertisements
Wimborne 10202) 881749
READERS' ENQUIRIES

We are unable to offer any advice on the
use, purchase, repair or modification of
commercial equipment or the incorpora-
tion or modification of designs published in
the magazine. We regret that we cannot
provide data or answer queries on articles
or projects that are more than five years
old. Letters requiring a personal reply
must be accompanied by a stamped
self-addressed envelope or a self-
addressed envelope and inter-
national reply coupons.

All reasonable precautions are taken to
ensure that the advice and data given to
readers is reliable. We cannot, however,
guarantee it and we cannot accept legal
responsibility for it.

COMPONENT SUPPLIES
We do not supply electronic com-

ponents or kits for building the projects
featured, these can be supplied by
advertisers.
OLD PROJECTS

We advise readers to check that all parts
are still available before commencing any
project in a back -dated issue.

We regret that we cannot provide
data or answer queries on projects
that are more than five years old.
ADVERTISEMENTS

Although the proprietors and staff of
EVERYDAY ELECTRONICS take reason-
able precautions to protect the interests of
readers by ensuring as far as practicable
that advertisements are bona fide, the
magazine and its Publishers cannot give
any undertakings in respect of statements
or claims made by advertisers, whether
these advertisements are printed as part of
the magazine, or are in the form of inserts.

The Publishers regret that under no
circumstances will the magazine accept
liability for non -receipt of goods ordered,
or for late delivery, or for faults in manufac-
ture. Legal remedies are available in re-
spect of some of these circumstances,
and readers who have complaints should
address them to the advertiser or should
consult a local trading standards office, or
a Citizen's Advice Bureau, or a solicitor.
TRANSMITTERS

We would like to advise readers that certain
items of radio transmitting equipment which
may be advertised in our pages cannot be
legally used in the U.K. Readers should check
the law before using any transmitting
equipment as a fine, confiscation of equipment
and/or imprisonment can result from illegal
use.

The law relating to this subject varies from
country to country; overseas readers should
check local laws.
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Constructional Project

BREAKING
GLASS ALARM
ROBERT PENFOLD
Added protection for your home.
Senses ultrasonic sounds generated
by broken glass.

AS MOST readers will be fully aware, the
human senses are not without their
limitations. In particular, the eye only

responds to a very small part of the range of
frequencies generally accepted as being
forms of light, and the ear can detect sound
waves over a relatively small range of fre-
quencies. Although you cannot see infra -red
or hear ultrasonic sounds, they are both pre-
sent as part of our natural surroundings.

Electronics seems to be increasingly
involved with these unseen and unheard
parts of the electro-magnetic and sound spec-
trums. They find use in such things as remote
control systems, automatic light switches,
and intruder alarms.

ULTRASONICS
The unit featured here is a form of intruder
alarm, and it makes use of ultrasonic sound.
However, it is not of the usual "Doppler
Shift" movement detector or broken beam
varieties. It is designed to pick up the ultra-
sonic sound waves produced when an in-
truder tries to break into premises by
breaking a window.

On the face of it, the use of ultrasonics in
this application is unnecessary, since break-
ing glass produces strong sound waves in the
audio spectrum, and a normal sound
activated switch should do the job equally
well. In fact there would seem to be advan-
tages to an ordinary sound switch in that it
would probably give greater range and a less
restricted angle of "view". Ultrasonic sound
waves tend to be highly directional, and to be
more readily absorbed by air than audio fre-
quency sounds.

There are in fact advantages in using an
ultrasonic system. With most types of burg-
lar alarm there is no real difficulty in
obtaining good sensitivity. The main diffi-
culty is in avoiding false alarms.

FALSE TRIGGERING
A unit which responds only to ultrasonic

sound is likely to be less prone to false alarms
as there are fewer sources of strong ultra-
sonic sounds in most environments. The
directivity of ultrasonic systems is helpful in
cutting out possible causes of spurious trig-
gering.

The same is true of the high absorption of
high frequency sound waves in air. The
chances of loud but distant sounds activating
the unit are quite remote. For example,
something like a low flying aircraft would be
quite likely to activate an ordinary sound
triggered switch, but would be very unlikely
to trigger an ultrasonic type.

audio frequency sounds. Breaking glass
alarms have been known to operate when a
window in another building some distance
away has been broken. This is almost cer-
tainly due to this phenomena of audio to
ultrasonic conversion, rather than direct pick
up of the ultrasonic sound over a long dis-
tance.

As described here the alarm is a self con-
tained battery powered unit having a built-
in two tone alarm generator circuit. It is
intended to act as a simple stand-alone burg-
lar deterrent, but the unit could probably be

ULTRASONIC
TRANSDUCER

SPEAKER

HIGH GAIN

AMPLIFIER

AUDIO

OSCILLATOR

HIGH PASS

FILTER

LOW FRED.

OSCILLATOR

H1C,4 GAIN

AMP_ IF IER

INVERTER/

BUFFER

Fig. 1. Block diagram of the Broken Glass Alarm system.

An aircraft probably produces some ultra-
sonic sound, but very little of what is pro-
duced is likely to reach the ground. The
same is also true of thunder, with its pre-
dominantly low frequency content. Another
advantage of ultrasonics is that, unlike low
frequency sounds, they are largely blocked
by windows and walls.

Alarms of this type are not totally immune
to false alarms, but they are generally ac-
cepted as being less prone to problems in this
respect than many other types of alarm. The
most likely cause of a false alarm is when
strong audio sound waves vibrate something
in the vicinity of the alarm and cause it to
produce ultrasonic sound waves.

Apparently it is important that all the bro-
ken glass should be removed when a

smashed window is repaired, including any
tiny chips, as these can be stimulated into
producing ultrasonic sound waves by strong

incorporated into a comprehensive alarm
system without too much difficulty by some-
one with a reasonable knowledge of electro-
nics.

SYSTEM OPERATION
The block diagram of the overall make-up

of the Breaking Glass Alarm is shown in Fig.
1, and helps to explain the way in which it
functions. Ordinary microphones are very
inefficient at ultrasonic frequencies, and so
an ultrasonic transducer (of the type
designed for remote control applications
etc.) is used at the input of the unit.

Although ultrasonic transducers have a
sharp peak of sensitivity centred on a certain
frequency (usually 40kHz), they offer quite
good sensitivity over a much wider frequency
range. I tried out several different types of
transducer, including 25kHz, 32kHz, and
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Fig. 2. Complete circuit diagram for the Breaking Glass Alarm.

standard 40kHz components, but it was a
40kHz transducer that gave the best results.

The output level from the transducer is not
likely to be very high, and so this signal is
boosted by a high gain amplifier. The next
stage is an active high-pass filter which seve-
rely attenuates any audio frequency signals
produced by the transducer.

The sensitivity of an ultrasonic transducer
is very low indeed over most of the audio
frequency range, but a significant output sig-
nal can be produced over the upper part of
the audio spectrum. This filter greatly re-
duces the risk of audio frequency signals
spuriously activating the alarm. The filter is
followed by a second high gain amplifier
stage.

This gives quite a strong output signal
when breaking glass is detected. The func-
tion of the rest of the circuit is to convert the
strong ultrasonic sounds into a switching ac-
tion that operates an alarm generator circuit,
and keeps it switched on indefinitely.

The latching action is provided by a bista-
ble circuit that is driven from the output of
the amplifier via an inverter/buffer stage. An
electronic switch is driven from the output of
the bistable, and at switch -on the bistable is
provided with a "reset" pulse that places its
output low and turns off the switch.

Normally the output voltage from the
amplifier is too high to "set" the bistable, but
when an ultrasonic sound is detected the
bistable is "set" on the first negative half
cycle at the output of the amplifier. Once
"set" the bistable remains in this state until it
is manually "reset".

The alarm generator is controlled by the
electronic switch, and it is therefore
activated when the switch is turned on. The
alarm is a form of two-tone type, where the
pitch of the audio frequency oscillator is
swept up and down between two pitches by a
low frequency oscillator. This gives a sort of
warbling sound that is quite penetrating and
effective as an alarm sound.

CIRCUIT OPERATION
The full circuit diagram for the Breaking

Glass Alarm appears in Fig. 2.
MIC. 1 is the ultrasonic transducer, and

the first amplifier is a common emitter type
built around transistor TR1. This stage runs
at a fairly low collector current of well under
1 milliamp, but it still provides a high level of
gain over the ultrasonic range of about
20kHz to 80kHz. Transistor TR2 is an emit-
ter follower buffer stage, and this is needed
in order to give a low output impedance to
drive the next stage.

This is a conventional active high-pass fil-
ter having transistor TR3 as the buffer stage.
The filter is a "four -pole" (24dB per octave)
type having a cutoff frequency of slightly
over 20kHz. The output of the filter is coup-
led by capacitor C6 to the input of the second
amplifier stage, which is another common
emitter type.

Preset control VR1 enables the quiescent
output voltage of the amplifier to be
adjusted. This permits the output voltage to
be set high enough to ensure that the unit is
not simply activated at switch -on, but low
enough to give good sensitivity.

The inverter/buffer stage uses a CMOS
quad 2 -input NOR gate, ICla, wired as a
simple inverter, and two of the other gates of
ICI are cross -coupled so that they act as a
basic bistable circuit. Capacitor C7 and re-
sistor R11 provide the positive reset pulse to
the bistable at switch -on. One gate of IC1 is
left unused, and its inputs are tied to the
positive supply rail to protect them against
static damage.

The electronic switch has the common
emitter stage based on transistor TR6 driving
a second common emitter switch (TR5). This
combination gives very high gain, and can
easily handle the fairly high output currents
involved when the alarm is activated.
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ALARM GENERATOR
Both the oscillators in the alarm generator

are standard 555 astable circuits. 1C2 pro-
vides the low frequency modulation while
1C3 operates as the tone generator.

The modulation is applied to pin 5 of 1C3,
and it has the effect of varying the charge and
discharge thresholds of 1C3. This gives fre-
quency modulation, and with capacitor C9
omitted the operating frequency of 1C3 is
simply switched between two frequencies.
Capacitor C9, in conjunction with resistor
R14, provides lowpass filtering that produces
a smoother transition from one frequency to
the other, and a somewhat more effective
alarm signal.

The basic frequency of the alarm is easily
changed if desired, and it is inversely pro-
portional to the value of capacitor C10. Simi-
larly the modulation frequency is inversely
proportional to the value of capacitor CS.

The modulation depth is controlled by re-
sistor R14 (lower values giving greater mo-
dulation), while the values of both R14 and
capacitor C9 control the smoothness of the
modulation. By making changes to the va-
lues of these components a considerable rep-
ertoire of alarm sounds is available..

Output currents of well over 100 milliamps
are available from a standard 555 timer, and
using an eight ohm loudspeaker quite high
volume levels are achieved. The unit is cer-
tainly adequate in this respect for a simple
burglar deterrent for use indoors.

A load impedance as low as eight ohms
can tend to "pull" a 555 oscillator off its
natural operating frequency, but a good
alarm sound should still be obtained even if
this should happen. A higher impedance
loudspeaker can be used, but these seem to
give significantly lower volume levels. The
use of an "improved" version of the 555 for
1C3 is not recommended, as many of these
devices are low power types which have
much lower maximum output currents than
the standard device.

Burglar alarms often incorporate a timer
that automatically shuts off the alarm a few
minutes after it has been activated, so as to
prevent the alarm from causing a public nuis-
ance. This feature has not been incorporated
in the present design, and it would be of
limited value in a low power unit for indoor
use.

S1 is the on/off switch, and the alarm is
reset by switching off, waiting a second or so,
and then switching on again. It is advisable
to use a key -switch for S1 so that there is no
quick and easy way for an intruder to silence
the alarm once it has been activated.

The stand-by current consumption of the
unit is only about 1 milliamp. This is low
enough to permit economic battery oper-
ation, and six good quality HP7 size cells
fitted in a plastic holder are sufficient to
power the unit for well over 2000 hours of
operation, which equates to around 3 to 4
months of continuous operation. Assuming
the unit is used intermittently, the batteries
will have something not far short of their
"shelf' life.

Note that once the unit is activated the
current consumption increases to something
in the region of 80 to 90 milliamps. A fairly
high capacity battery MUST be used in order
to allow this fairly high current drain to be
met, as well as to give good battery life.

CONSTRUCTION
The printed circuit board accommodates

all the components apart from the loud-
speaker, battery, on/off switch and micro-
phone. The component layout and full size
copper foil master pattern is shown in Fig. 3.

COMPONENTS
Approx. cost
Guidance only £18

Resistors
R1, R10, R17 10k (3 off)
R2 4M7
R3, R20 22k (2 off)
R4, R6 5k6 (2 off)
R5 12k
R7, R8 82k (2 off)
R9 680k
R11, R13 1M8 (2 off)
R12, R14,
R15, R16 100k (4 off)
R18 1k
R19 33k

All resistors 0.25W 5% carbon

See page 527

Potentiometer
VR1 10k sub -min hor.

preset

Capacitors
C1, C11 100p, radial elec. 10V (2 off)
C2, C3, 1n polyester
C4, C5 (4 off)
C6 4n7 polyester
C7 330n polyester
C8 100n polyester
C9, C12 1µ radial elec. 63V (2 off)
C10 2n2 polyester

C

LS1

TR1

IEF15730I

2 TR2

11"

_t_
CC CS

--.7--je
c,

0-{

-2,

L10 R1, 4415

IC3
-1 RI4

Semiconductors
TR1, TR2,
TR3, TR6 BC549 npn

silicon (4 off)
TR4 BC559 pnp

silicon
11-ib BC327 pnp

silicon
IC1 4001BE CMOS quad

2 -input NOR
IC2, IC3 NE555P timer

(2 off)

Miscellaneous
B1 9V (six HP7 size cells in

holder)
Mic.1 40kHz ultrasonic

transducer (R40-16)
LS1 80mm diameter, 8 ohm

impedance speaker
S 1 Keyswitch
Printed circuit board available

from EE PCB Service,code EE617;
case (161mmx96x 59mm), with
aluminium front panel; 8 -pin d.i.l.
i.c. holder (2 off); 14 pin d.i.l. i.c.
holder; battery connector (PP3
type); wire; solder; etc.

T 1

e
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Fig. 3. Printed circuit board component layout and full size copper
foil master pattern.
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This board is available from the EE PCB
Service, code EE617.

Construction of the board presents little
that is out of the ordinary, but bear in mind
that ICI is a CMOS device and that it conse-
quently requires the usual anti -static hand-
ling precautions. Also, do not overlook the
single link -wire just to the right of resistor
R19. Pins are fitted to the board at the points
where connections to off -board components
will be made.

A plastic case having an aluminium front
panel is used as the housing for the proto-
type, this has approximate outside dimen-
sions of 161mm by 96mm by 59mm, but a
somewhat smaller case should be capable of
accommodating everything. For any security
application it is advisable to use a reasonably
tough case, but in this application it is not
essential to use something as hardy as a die-
cast aluminium or heavy gauge steel type.

Switch Si is mounted on the right hand
section of the front panel, and the compo-
nent I used required a 20mm diameter
mounting hole which was made with a chassis
punch. This seems to be typical of the
mounting requirements for keyswitches. The
loudspeaker is mounted to the left of Si,
leaving space for the batteries to fit between
these two components.

A loudspeaker grille can be made by drill-
ing a matrix of holes about 5mm in diameter.
Be very careful with the positioning of the
holes as it is a lot more difficult to make a
really neat job of this than you would ima-
gine.

With miniature loudspeakers there is
usually no obvious means of fixing them in
place, and it is generally a matter of carefully
gluing them in place using a good quality
adhesive such as an epoxy type. Try to avoid
smearing adhesive onto the diaphragm.

The situation is similar for the ultrasonic
transducer (MIC. 1), which is mounted on
the left hand end panel of the case, and
which will almost certainly have to be glued
in place. The unit will probably work quite
well with any 40kHz ultrasonic transducer,
but of the types tried the Chartland Electron-
ics R40-16 gave comfortably the best results.

To complete the unit the small amount of
point-to-point style wiring is added. The con-
nections to the battery holder are made via
an ordinary PP3 type battery connector.

Many ultrasonic transducers, including the
R40-16, have one terminal connected to their
metal case. With such transducers this ter-
minal should be the one which connects to
the negative supply rail.

Completed alarm showing the key -operated switch.

TESTING AND USE
After giving the wiring a thorough final

check, set preset VR1 at a mid -setting and
switch -on the unit. The alarm will probably
not be activated, but if it is, switch off again
and set VR1 fully clockwise. The alarm
should then fail to activate when the unit is
switched on again.

It is not necessary to smash glass to test the
unit, and any ultrasonic sound in front of the
transducer should activate it. Rubbing your
fingers together in front of the unit should be
sufficient!

By adjusting VR1 in an anticlockwise
direction it will probably be possible to gain
some increase in sensitivity. However, it is
probably best to adjust VR1 well off the
point at which the alarm is triggered, as
otherwise the unit may well be prone to
spurious triggering.

With the prototype there were no prob-
lems with vibration from the on/off switch
tending to trigger the unit at switch -on.
However, if this should prove to be prob-
lematical, making the initial reset pulse
longer by increasing the values of capacitor

C7 and (or) resistor R11 should eliminate the
problem.

When deciding where to install the unit,
bear in mind that the angle of "view" of the
transducers is fairly narrow. With a large
window, or several windows side -by -side,
coverage will probably be better with the
unit angled across the window rather than
aimed perpendicular to it.

During experiments, using two trans-
ducers connected in series, with the two of
them aimed in slightly different directions,
seemed to work quite well, giving a wider
acceptance angle. Optimum reliability would
probably be obtained with the transducer
mounted on the window, but this would be
likely to give away the presence of the alarm.
The sound of breaking glass should be
detected reliably at a range of at least three
metres.

Avoid mounting the unit very close to
electric fires, refrigerators, mains wiring, and
other likely sources of electrical impulses
that could be picked up by the unit and cause
false alarms.

The completed Breaking Glass Alarm with front panel removed to show
positioning of the circuit board and wiring to the transducer, speaker and
keyswitch.
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$Beeb...Beeb...Beeb...1
. . . HEART RATE MONITOR INTERFACE . . .

LECTRONICS in medicine is one of the
more interesting aspects of electronics,

ut is one that may seem to have no signifi-
cance whatever for the amateur enthusiast. I
would certainly not advocate do-it-yourself
diagnosis of heart conditions, which has
about as much to commend it as teach your-
self brain surgery! However, provided you
are not the type that gets every disease under
the sun within five minutes of starting to read
a medical book, there are some interesting
heart rate experiments that can be easily
carried out.

These do not need to be based on a com-
puter, but there are definite advantages in
using one. These are mainly a computer's
ability to do some mathematics so that data
can be displayed in a meaningful fashion,
and the graphics capability which enables
oscilloscope type displays to be obtained.

With the low frequencies involved in this
application the storage oscilloscope capabili-
ties of the BBC micro are very useful. These
low frequency signals are also well within the
digitizing capabilities of the BBC micro's
built-in analogue to digital converter.

Photoplethsymography
An alternative (and very simple) approach

to monitoring the heart's activity is to use an
optical sensor. I suppose that strictly speak-
ing this type of sensor detects blood -flow,
and is only indirectly monitoring the activity
of the heart. It is still quite an interesting and
effective way of doing things though.

The basic idea is to have a bright light
shining through some fairly thin part of the
body, which generally means a fingertip or
the flap of skin between two fingers (or the
forefinger and thumb). A photocell placed
opposite the light source registers the
amount of light passing through the fingertip
(or whatever), and this light level varies in
sympathy with the pulse of the person being
monitored. Apparently this method of sens-
ing is called photoplethsymography!

The block diagram of Fig. 1 helps to ex-
plain the set-up used in the design featured
here. The sensor uses an ultra -bright I.e.d.
as the light source and a cadmium sulphide
photo -resistor as the light detector.

The I.e.d. must be an "ultra -bright" or
"super -bright" type, and not a standard

O PHOTOCELL

X10
AMPLIFIER

HLOWPA SS
FILTER

X10
AMPLIFIER

Fig. 1. Block diagram for the Heart Rate Moni-
tor Interface

TRIGGER

0
ANALOGUE

OUTPUT

0
0101 AL
OUTPUT

Opto Sensor
One way of monitoring the activity of the

heart is via electrodes which pick up the
electrical signals in the body. This requires
less sophisticated equipment than you might
expect, and the only real difficulty is in
obtaining consistent electrical contact
between the electrodes and the skin of the
"patient". The special electrodes and con-
ductive jelly can be obtained though, or it is
possible to improvise something that will
give satisfactory results.

There is an additional problem when utili-
zing this method with the BBC micro, and
this is that the BBC computer is mains
powered. For safety reasons an isolation
circuit must be included between the person
being tested and any mains powered equip-
ment in the system. There is no great diffi-
culty here if the information being passed to
the computer is digital in nature, and the
most basic of opto-isolator circuits will then
suffice.

However, when measuring the electrical
activity of the body it _is interesting to view
the waveforms obtained, and this necessi-
tates the use of an analogue isolator circuit.
This is a little more difficult, but is perfectly
possible, and something that we will return
to at a later date.

device or even a high brightness type. I tried
these and found the standard devices to be
completely useless in this application, with
the higher brightness types failing to perform
adequately much of the time.

The best l.e.d.s for this application are
ones which give an output of around 250mcd
or more (as sold by Rapid Electronics and
Maplin Electronic Supplies for example).
Only use a 0.2in. (5mm) or other large types.
The 3mm diameter ultra -bright devices seem
to provide a far lower output level than the
larger types. Out of interest I tried some
infra -red I.e.d.s in the unit, but these just
failed to give sufficient output to drive the
unit reliably.

It is unlikely that the output from the
photocell circuit will be particularly strong,
and a signal of around 10 or 20 millivolts
peak -to -peak would be expected. This is
amplified by a factor of ten in the first ampli-
fier, and then by a further factor of ten in a
second stage of amplification. This gives an
output signal of typically about 1 to 2 volts
peak -to -peak which can drive the analogue
input of the BBC micro.

There is no need to worry about isolation
between this circuit and the micro because
the person being monitored is not in electri-
cal contact with the circuit. They need only

touch the plastic cases of the I.e.d. and
photo -resistor.

Noise
The circuit is likely to pick up a certain

amount of electrical noise, and in particular
mains -hum" may be loosely coupled from
the body of the person being monitored into
the photocell due to their very close proxim-
ity. Although the level of pick up is not likely
to be very great it can still cause problems.
Some low-pass filtering is, therefore, used to
attenuate any noise that is picked up.

Although mains "hum" is at the rather low
frequency of 50 Hertz, low- pass filtering can
still be used to good effect as the frequencies
we require are much lower at around 0.51-12
to 5Hz. Some simple filtering is sufficient to
severely attenuate any interference from the
mains supply.

If the unit is to be used as a heart rate
monitor it is a pulse output signal at standard
logic levels that is required. A suitable signal
is produced by processing the analogue out-
put signal with a Schmitt trigger circuit.

Heart Rate Interface
The full circuit diagram of the Heart Rate

Interface is shown in Fig.2. Diode D1 is the
I.e.d. and R1 is its current limiting resistor.
The latter sets the l.e.d. current at approxi-
mately 45 milliamps, but can be made a little
higher in value if the I.e.d. used for DI can-
not handle a current this high (100 ohms is

COMPONENTS
Resistors

R1
R2, R6, R12
R3

68
100k (3 off)
ORP12 light de-
pendant resistor

R4, R5 6M8 (2 off)
R7, R8, R13 1M (3 off)
R9 10k
R10 2k2
R11 10M

All 0.25W 5% carbon
Capacitors

C1 100u elec. 10V
C2 100n poly. layer
C3 4µ7 elec. 10V
C4 47n poly. layer
C5 470n poly. layer
C6 10u elec. 10,/
C7 4n7 poly. layer

Semiconductors
D1 Ultra -bright I.e.d.
IC1, IC2 CA3140E MOSFET

Op. Amp (2 off)
I C3 CA3130E

MOSFET Op. Amp
Miscellaneous
SK 1, SK2, co -axial socket (2 off); 8 -
pin i.c. holder (3 off); stripboard;
case; connecting wire, solder, etc.

Approx. cost CI 7
Guidance only
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suitable for 30 milliamp I.e.d.$). The photo-
cell, R3, is the ever popular ORP12 cad-
mium sulphide photo- resistor.

The two amplifiers are based on IC1 and
IC2, and use the non -inverting and inverting
modes respectively. Frequency selective
negative feedback is provided by capacitors
C4 and C7, and this gives the low-pass fil-
tering. Although only two stage filtering is
provided, giving a 12dB per octave attenua-
tion rate, this seems to be more than ade-
quate.

Note that the coupling and decoupling
capacitors have been made much higher in
value than would be the case if the circuit
was for audio use. This is essential as here we
are dealing with signals at frequencies in the
so called "infra -audio" range, and the circuit
must have an extended low frequency re-
sponse.

The trigger circuit is built around IC3 and
a certain amount of hysteresis is introduced
by resistor R12. This is important as the
input waveform can be quite complex and
there would otherwise be a danger of mul-
tiple output pulses being generated.

Note that IC3 is a CA313OE and not a
CA314OE (as used in the IC1 and IC2 po-
sitions). In the past I have used the

It is worth pointing out that the unit should
work properly with other computers having
suitable digital and (or) analogue inputs. It
could even be built as a simple stand-alone
unit with a 1.e.d. indicator being driven from
the output of IC3.

The output from SK1 can, of course, be
coupled to an oscilloscope if desired.

Construction And Use
Construction of the unit is, in the main,

quite straightforward. Although the unit has
quite high voltage gain, due to its very re-
stricted bandwidth it is highly unlikely that
any problems with instability due to stray
feedback will be experienced.

The only out of the ordinary aspect of
construction is the optical sensor. Obviously
the I.e.d. (Dl) and the photo resistor (R3)
must be positioned where it is easy for some-
one to place their fingertip between the two,
and with a suitable distance separating them
(about 15mm should suffice).

One possible approach is to have them
mounted on the circuit board and inside the
case, with a cutout in the case to accommo-
date the subject's (victim's?) finger. The
leadouts of both components would have to
be bent at right angles in order to get them

A crucial point to keep in mind is that the
optical sensor and the subject's fingertip
must be kept still when the equipment is
being used. This type of sensor is not suitable
for heart rate monitoring when the subject is
exercising or on the move. The equipment is
not suitable for use on the move anyway,
since the BBC micro is not exactly portable,
and so this is not a major drawback.

Another important point to bear in mind is
that the extended low frequency response of
the circuit means that it will take several
seconds after switch -on before it will begin to
function properly. Also, when a fingertip is
placed into the sensor it may take a few
seconds for the d.c. levels in the circuit to
settle down and the circuit to start function-
ing properly.

When initially testing the unit it is prob-
ably best to ignore the analogue output and
just use the digital signal at SK2. This simple
program, Listing.l, simply prints "HIGH"
or "LOW" on the screen, reflecting the logic
output level of the unit.

If the unit is functioning properly this
should switch from one state to the other at a
fairly consistent rate. It will not change to-
and-fro at an absolutely constant rate
though. For instance, it is normal for ones'

R1

o c100

11141414T)

R 2k
100

C2
100n

R3
05142

R5
6M6

6MB

IC1
470n

R7
1M

06
1005

C3
457

C4
47n

C6

RR

10k

CO R6
1M

R11 1C7

T

010
252

1R0205

r SK1
OUT 1

lEkis7o41 Fig. 2. Full circuit diagram for the Heart Rate Monitor Interface

52

r SK2
'5. OUT 2

- 02

CA314OE to successfully drive the digital
inputs of the BBC computer, but not all the
current devices give reliable results when
used in this way.

The CMOS output stage of the CA313OE
seems to give more reliable results with the
BBC micro's digital inputs. Either device can
drive the very high input impedance of the
analogue inputs successfully.
Note though, that these devices have output
stages that enable them to provide output
voltage almost right down to the OV supply
potential. Must other operational amplifiers
can not do this, and will not work in this
circuit.

A five volt supply is required and the cur-
rent consumption of the unit is about 50
milliamps. The +5V supply output of the
BBC micros's analogue port can, therefore,
be used to power the unit.

The analogue output at SK1 (Output 1)
can be used to directly drive any of the four
analogue inputs of the computer. The values
of bias resistors R8 and R9 have been chosen
to give an output voltage range that suits the
OV to 1.8V range of the analogue inputs. The
digital output signal from SK2 (Output 2)
could be used to drive an input of the user
port, but it is probably easier to use it with
one of the "firebutton" inputs of the analo-
gue port.

properly aligned. This method has the ad-
vantage that the photocell will be largely
shielded from the ambient light level.

The unit will work perfectly well with the
photocell subjected to a moderately bright
ambient light level, even if this light is gener-
ated by mains lighting and is heavily modu-
lated with a 100 Hertz "hum" signal. The
subject's fingertip should shield R3 to a large
extent and keep the problem down to an
acceptable level, but avoid having R3 sub-
jected to very high light levels.

Another approach is to have the two opto-
components constructed as a separate unit
and connected to the main unit via a screened
cable. This is likely to be much more diffi-
cult, but it enables the sensor to be used on
other parts of the body (earlobes for
example).

>LIST
10

20
30
40
50
60
70
80
90

heart rate to be marginally higher when
breathing in than when breathing out.

If the output state remains the same or
changes randomly do not panic. This indi-
cates a problem with the interface and not
imminent death!

The most likely cause of problems is the
sensor. Most ultra -bright l.e.d.s have a built
in lens that gives a very narrow beam of
light. The l.e.d. must, therefore, be accura-
tely aimed at photo -resistor R3.

Also, as explained previously, the finger-
tip must be kept still, or spurious signals will
be generated. If reliable operation of the
unit cannot be obtained, try boosting the
gain by making resistor R6 higher in value
(about 3M3), and reduce the hysteresis of
the trigger circuit by making resistor R12
higher in value (say 2M2).

Listing.1: Interface Test Program

REM HEART RATE MONITOR TEST PROGRAMME
REM USE EITHER "FIREBUTTON" INPUT
CLS
REPEAT
IF (ADVAL(0)
IF (ADVAL(0)
IF (ADVAL(0)
FOR D = 1 TO
UNTIL FALSE

AND 3) = 0 THEN PRINTTAB(10,10) "LOW "

AND 3) <> 0 THEN PRINTTAB(10,10) "HIGH"
AND 3) <> 0 THEN SOUND 1,-15,53,1
78: NEXT
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Part 27 Field Effect Transistors.

This series is de-
signed to explain the
workings of electronic
components and circuits
by involving the reader
in experimenting with
them. There will not be
masses of theory or for-
mulae but straightfor-
ward explanations and
circuits to build and ex-
periment with.

FIELD effect transistors, or f.e.t.s,
are widely used in electronic circ-
uits today and are taking over many

of the tasks for which we previously
used the ordinary bipolar junction tran-
sistor. We will look at the difference
between the two types but, before we
can do that, we must say something
about semiconductor junctions.

There are two types of semiconduct-
ing material, p -type and n -type. There
is not enough space here to go into the
nature of these materials, or precisely
what their names mean, but the essen-
tial point is that something interesting
happens when we join p -type to n -type.

The pn junction (Fig. 27.1) is the
basis of many semiconductor devices.
The simplest of these is the diode,
which we have met several times in this
series, and which consists of a single pn
junction.

We have previously shown in this
series that a diode conducts in only one
direction. This is because of the nature
of the pn junction. What happens is that
when the two types of material are
placed in contact, a potential difference
appears between them. The n -type has
a potential about 0.7V higher than the
p -type. Further, on either side of the
junction, there appears a depletion
zone, a zone in the semiconductors in
which there are no carriers of electrical
charge (e.g. no electrons).

To make current flow across the junc-
tion we apply a p.d. greater than 0.7V,
as in Fig. 27.2. This overcomes the p.d.
between p -type and n -type, the deple-
tion zone disappears and the diode con-
ducts. It is said to be forward -biassed.
But, if we apply a reverse p.d., the
depletion zone simply becomes wider,
as in Fig. 27.3. There is no conduction.

BIPOLAR JUNCTION
TRANSISTOR

Now we are ready to look at the ac-
tion of a bipolar junction transistor,
Fig. 27.4. The npn transistor (the com-

monest type used today) has a very thin
layer of p -type (the base) sandwiched
between two n -type layers (collector
and emitter).

Taken together, the base and emitter
form a "diode", as do the base and
collector. If the base is made positive of
the emitter (more than 0.7V), current
flows in at the base and out at the emit-
ter.

It might be thought that it is impossi-
ble for any current ever to flow from
collector to emitter, since the collector -

ANODE P CATHODE0-4 , 0

ANODE
0

DEPLETION
ZONE

EEISS6G

01
CATHODE

0

Fig. 27.1. The Diode, diagram and circ-
uit symbol.

base diode would be reverse -biassed.
However, because the base layer is so
thin, quite the opposite occurs. As Fig.
27.4 shows. when a small base current
/B flows from base to emitter and the
collector is a few volts positive of the
emitter, it causes a much larger col-
lector current k to flow from collector
to emitter.

ELECTRONIC SWITCH
By turning the base current on or off,

we can turn the collector current on and

BASE

lefAssioj

COLLECTOR

111

EMITTER

COLLECTOR

BASE

EMITTER

Fig. 27.4. Bipolar junction transistor,
diagram and circuit symbol.

+V
CURRENT

DV
Fig. 27.5. Junction f.e.t., diagram and
circuit symbol.

t >0*7 0 1

EirsT7Z1

Fig. 27.2. Forward -biassed, diode con-
ducts.

Fig. 27.3. Reverse -biassed, diode does
not conduct.
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off -the transistor works as a switch.
Since the collector current is much big-
ger than the base current (20-200 times)
we can also use the transistor as a cur-
rent amplifier. Circuits making use of
these properties have been demon-
strated many times in this series.

FIELD EFFECT
TRANSISTOR lf.e.t.)

The field effect transistor (f.e.t.)
works in an entirely different way. Fig.
27.5 shows it to be a single bar of semi-
conductor material (n -type in this
example, but it could be p- type). Cur-
rent flows freely along the bar of n -type
material. Normally one end, the drain,
is made positive of the other end, the
source, so electrons flow from the
source to the drain.

To one side of the bar is a small re-
gion of p -type material, the gate. This is
surrounded by a depletion zone, as ex-
plained above. The depletion zone insu-
lates the gate from the drain and
source.

If the gate is at zero volts (with re-
spect to the source) the depletion zone
is small. Electrons cannot flow though
this zone, so it restricts the flow of elec-
trons along the bar, but not unduly.
However, if the gate is made negative of
the source, the gate and n -type material
are equivalent to a reverse -biassed
diode.

The more negative we make the gate,
the wider the depletion zone becomes.
The conducting region of the bar grad-
ually becomes pinched off, reducing the
current along the bar. If the gate is
made negative enough, the depletion
zone extends right across the bar and no
current can flow.

The action of this type of transistor
depends not on the flow of current (such
as the base current of a bipolar transis-
tor) but on the effect of the electric field
caused by the potential of the gate. This
is why it is called a field effect transistor.

FET SWITCH

A circuit to demonstrate the switch-
ing action of a f.e.t. is shown in Fig.
27.6. The l.e.d. DI is used to show

52 1

-6v
0

EEI 56101

Fig. 27.6. Circuit diagram demonstrat-
ing switching action of an f.e.t.

Fig. 27.7. Demonstration breadboard
component layout for the FET Switch.

1-6V

IBI I

FLYING
LEAD

OV

1131/1321

-6V
1821

(EE156261

TR1

COMPONENTS

Resistors
R1

R2
R3
R4

All 0.25W
5% carbon

1M
100
470
2k7

Potentiometer
VR1 10k sub -min.

skeleton preset
horiz.

See page 527

Semiconductors
D1 TIL209 red I.e.d.
TR1 2N3819

n -channel f.e.t.
TR2 ZTX300 npn

transistor

Miscellaneous
Breadboard (Verobloc); B1, B2

6V battery and connectors (2 off);
materials for touch plate (see text);
connecting wire and Voltmeter
(multimeter), set to 10V f.s.d. scale.

Approx. cost Ea- (excluding
Guidance only meter)

whether or not current is flowing
through the f.e.t. The demonstration
breadboard component layout for the

Switch is shown in Fig. 27.7.
With the flying lead unconnected, re-

sistor R1 brings the gate potential to
OV. With the lead unconnected, the
l.e.d. in on.

Now touch the flying lead to the -6V
terminal. The negative voltage at the
gate, makes the depletion zone so wide
that the drain -source current is pinched
off. The 1.e .d . goes out.

Like the bipolar transistor, the f.e.t.
can be used as a switch. It has the ad-
vantage that its switching action is very
fast. It has another advantage that be-
comes apparent in our next demonstra-
tion.
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FET TOUCH SWITCH

A simple FET Touch Switch circuit
diagram is shown in Fig. 27.8. The circ-
uit has the gate connected by a short
lead to a small metallic touch plate.
This could be a drawing -pin pushed into
a piece of wood.

The demonstration breadboard com-
ponent layout for the simple FET
Touch Switch is shown in Fig. 27.9.
Switch on the power and note that the
l.e.d. is off.

Now touch the touch -plate with your
finger. It is obvious that the amount of
current that passes between you and the
gate is extremely minute. Yet the act of
touching the plate is enough to turn the
l.e.d. on.

Normally, the touch plate and gate
have a potential about 0.7V below that
of the rest of the transistor. Your body
has a potential somewhat higher than
this. This is due to the fact that you are
surrounded by electromagnetic fields
generated by the alternating currents
flowing in wires in your house, or in
power lines outdoors. Add to this the
effect of friction as you move around,
and you finish up with a potential rela-
tively higher than that of the gate.

When you touch the plate, a minute
current flows for an instant. The
potential of the gate is raised, the deple-
tion zone decreases and the f.e.t. be-
comes more conductive.

Increased current flows through re-
sistor R1 and the potential at point A
(Fig. 27.8) rises. This causes an in-
creased base current to flow from A to
TR2, turning TR2 on and causing the
l.e.d. to light.

This investigation shows that the
amount of current needed to operate a
f.e.t. is virtually nil. Such a device is
ideal for use in logic circuits where
thousands of transistors have to be
switched on perhaps millions of times a
second. The saving in power is enor-
mous.

Before leaving this circuit, try wiring
up the touch plate with a longer lead,
say 20cm long. Explain the effect of this
change.

+6V

(7Et56301

R2
700

Fig. 27.8. Circuit diagram for a simple
FET Touch Switch. The "touch plate" can
be a metal drawing pin or a piece of strip -
board, with tracks interconnected.

+ 6

Id
TOUCH
PLATE

ALTERNATIVE
TOUCH PLATE

(PLUG IN TO A71

TR1

k

TR2

EE156461

Fig. 27.9. Demonstration breadboard
component layout for the FET Touch
Switch.

Now substitute a short piece of insu-
lated wire, stripped at both ends, as the
touch plate. Try the effect of touching
the bare end. Try the effect of touching
the insulated part of the wire. Can you
explain what is happening?

VOLTAGE -CONTROLLED
RESISTOR

The bar of n -type material in a f.e.t.
has a resistance which varies according
to the width of the depletion zone. The

Fig. 27.10. (a) Standard potential -divider circuit and (b) f.e.t. potential divider circuit.

&1565 01
(0 lb

Fig. 27.11. Demonstration FET Potential
Divider circuit diagram.
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Fig. 27.12. Demonsration breadboard
component layout for the FET Potential
Divider.

width depends on gate potential. Thus
we have a resistor whose resistance is
controllable by its gate potential.

How this property may be used is
shown in Fig. 27.10. Fig. 27.10a is that
well-known configuration of resistors,
often quoted in this series-the
potential divider. VIN is related to VouT
like this:

VOUT= VIN+RB
RA -FRB

Fig. 27.13. Using a voltage -controlled
attenuator.
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Completed FET Touch Switch using a piece of stripboard as the "touch plate".

If either or both of the resistors are
variable, Vour can be varied. Fig.
27.10b shows a circuit using a f.e.t. in
place of RB. A variable negative voltage
is applied to the gate. A typical circuit
diagram for a f.e.t. potential divider is
shown in Fig. 27.11. To demonstrate
this circuit, connect the components on
the breadboard as shown in Fig. 27.12
and see what happens.

This type of circuit has many applica-
tions as a voltage -controlled attenuator.
You have probably used a remote -con-
troller to adjust the volume on a TV set.
At some stage in the sound amplifier,
the sound signal passes through such an

attenuator. The attenuator is controlled
by a voltage from the remote control
receiver i.e. (Fig. 27.13).

Although it is possible to construct an
attenuator from bipolar transistors,
f.e.t.s are better. This is because they
work just as well if the p.d. between
source and drain is only a few millivolts,
as it might be in an audio amplifier. To
work without introducing distortion, bi-
polar transistors need several volts
across collector and emitter.

OTHER FETS
The MOSFETs (f.e.t.s based on

CMOS technology) are widely used

both as individual transistors or as inte-
grated circuits. In the more popular
types, the gate is controlled by positive
voltages, obviating the need to have a
negative supply.

In logic circuits MOSFETS have the
great advantage that they use virtually
no current except when they are actu-
ally changing state from on to off. As
transistor switches (used similarly to the
f.e.t. in Fig. 27.6), they can be used to
switch analogue signals under logic con-
trol.

Readers of this series may remember
the Darlington pair, a configuration of
two bipolar transistors connected to
obtain very high gain. Recently the f.e.t
equivalent of this has been put on the
market -named appropriately, though
with scant regard to etymology, a
Fetlington!

Last, but by no means least, are the
VMOS transistors. These are MOSFET
power transistors, capable of handling
currents of several amps, up to 30A or
more for the heftier members of the
group.

It is obvious that f.e.t.s cover the
complete spectrum of transistor func-
tions. With the advantages that we have
discussed above, it is not surprising that
they are being used in an increasing
number of applications.

Next Month: We conclude the series
with a look at shift registers and
their applications.
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IMUST admit that one of my least
favourite aspects of construction is
making large cutouts in panels. These

are required for a variety of components,
such as slots for slider potentiometers,
exotic shapes for some of the larger com-
puter connectors and "windows" for
seven segment displays. Most cutouts
can be made using a twist drill and a
miniature round file, with a larger file
being used to tidy things up (see Actually
Doing It-August 1987).

This method can certainly provide
good results, it is applicable to virtually
any cutout in any case, and it does not
require either expensive tools or a very
high degree of skill. It is not particularly
fast though, and it requires quite a lot of
"elbow -grease". This month we will con-
sider some of the alternatives.

THE HOLE TRUTH
What is probably the nearest thing to a

standard tool for large cutouts of any
shape is the coping saw. A fretsaw is
pretty much the same, but it has a larger
frame that can reach further into a panel
(making it a little more awkward to guide
and use). These are general purpose
tools that are used in woodworking and
other applications, and no doubt most
readers are familiar with them. They are
straightforward in use. You drill a small
hole somewhere within the required cut-
out, thread the thin blade through the
hole, fix it to the saw, and start cutting.

Both types of saw are often suitable for
making cutouts in panels and cases.
Metal cutting blades are available, but
most cases used in electronics are made
of plastic, aluminium, or a combination of
the two. These are almost invariably soft
enough to be cut using any type of blade!
On the face of it these saws are just about
ideal for our purposes, but in practice
things are not necessarily quite so rosy.
They are most suitable when it is possible
to remove a panel from a case and fix it in
a vice while the cut is made. The more
skilled users can probably saw straight
along the cutting line, but the rest of us
can cut just within it, and then file out the
hole to precisely the required size and
shape.

Problems arise when trying to work on
cases where (say) only the rear panel is
removable, but you require the cutout in
the front panel. The case can probably
still be fixed satisfactorily into a large
vice, but the depth of the case may be
nearly equal to the length of the saw's
blade. This means that the sawing has to
be done using very short strokes, which is

likely to be both slow and awkward. Also,
it is all too easy to keep smashing the
frame of the saw into the case, possibly
damaging it.

CUTTING PLASTICS
When cutting plastics the blade can get

quite hot. This tends to melt the plastic
which then clogs the blade. I have found
some plastics to be virtually uncuttable
using a fretsaw or coping saw. You can
even end up with the blade sort of welded
to the case! The blades used in these
saws are necessarily very thin, looking
much more like thin pieces of wire than
saw blades.

The sawing needs to be done very care-
fully if the blades are to have a reason-
ably long life. Perhaps there is something
wrong with my technique, but the life of
my fretsaw blades seems to be so many
blades per cutout, rather than so many
cutouts per blade.

A similar alternative to coping and fret -
saws is available in the form of tension
files. These are very small diameter
round files which fit either into a special
frame, or into a hacksaw frame. They re-
quire a bit more effort than the saws due
to the wider cut they make, but the files
are generally quite tough and less prone
to breaking (but are a bit more expensive
to replace when they do break). Per-
sonally, I find these preferable to coping
and fret -saws as they seem to be less
prone to clogging.

It is also necessary to aim the saw in
the direction you wish to cut. With ten-
sion files you can cut in any direction
simply by applying pressure in that
direction. You can cut any desired shape
without moving the frame from a vertical
position, and this can make intricate
shapes much easier to cut.

HAND NIBBLERS
The cryptically named "hand nibbler"

is a tool I have only recently tried out, and
it seems to be well suited to the pro-
duction of many types of panel cutout.
These are by no means the cheapest of
tools, but one of the less expensive types
is probably suitable for our purposes
where the panels are mostly made from
relatively thin and soft materials.

A nibbler has two handles which are
joined by a hinge and held open by a
spring. Looking at one of these tools you
would probably get the impression (as I

did) that the cutting takes place at the
hinged part. In fact the nibbler I obtained
must be held with the hinged part to-
wards your body, and the cutting takes
place at the opposite end of one of the
handles (but apparently some of these
tools are of a different style and do in-
deed have the cutter at the hinged end).

At the "sharp end" of the tool there is
quite a simple arrangement, whereby a
heavy cutting blade is brought down into
a hole as the handles are brought to-
gether. With a panel placed over the hole,
operating the tool punches a small rec-
tangle out of the panel. By repeated oper-
ation of the tool you can literally nibble
into a panel. Most cutouts are some-
where in the middle of a panel rather than
at one edge, but by drilling a start hole
the cutout can be anywhere on a panel.
Unlike coping and fret -saws, a nibbler can
be used anywhere on a panel, no matter
how large it is. Also, if a panel cannot be
removed from a case, a nibbler can still
be used just as easily.

I expected panels to become distorted
by the cutting action of this tool, but there
was no evidence of this, even in the area
immediately around the cuts. I also
expected it to be quite tough going when
making large cutouts, but with plastic and
aluminium anyway, long cuts can be
made quite quickly and with remarkably
little effort. After a little practice on some

A hand nibbler
and a "nibbled"
piece of 18
s.w.g.
aluminium.

514 Everyday Electronics, September 1988



scraps of aluminium you soon master
accurate cutting, and a nibbler is by no
means difficult to use.

If there is a drawback to this tool it is
that it cannot make very fine cuts. The
one I have, makes a cut some 6 milli-
metres wide, which could preclude its use
on occasions. Despite this limitation I

would have no hesitation in rec-
ommending this type of tool, and wish I
had obtained one many years earlier.

BURRS
At a quick glance a burr looks very

much like a miniature high speed twist
drill of the type used for drilling holes in
printed circuit boards. In fact it still looks
very much like a miniature drill bit even
after quite close scrutiny. With the aid of
a magnifier it can be seen to have a sur-
face more like that of a file, and I suppose
that it is a form of file. The idea is to use it
in a miniature drill. After drilling a start
hole, the burr is placed into the hole, and
with sideways pressure it is used to cut
out the required shape.

As a hand-held tool I have never found
a burr to be very effective. It tends to
wander off course and be very difficult to
control accurately. A burr is generally
much more successful if the drill is
mounted in a stand. With the drill fixed
and both hands used to direct the work -
piece, accurate control is very much
easier. This method works well with
small to medium size panels, but may be
unusable with some work -pieces.

Something that surprises me about
burrs is the speed with which they cut, or
rather the lack of it. They are certainly
very good for accurately cutting out intri-
cate shapes provided the two-handed
approach described above can be used.
However, after trying several burrs and a
wide range of drill speeds I have always
found them to be rather slow going, even
in soft materials.

PUNCHING
For large round cutouts there are some

very quick and easy methods. The tradi-
tional one is the so-called "chassis -
punch", which operates in the manner
shown in Fig. 1. First a guide hole must
be drilled in the panel, and a large screw
plus the top piece of the punch (the "die")
are then fitted in place. Next the cutting
blade is screwed firmly in place on the
underside of the panel. Finally, the Allen
Key is fitted into the screw -head, and the
screw is rotated.

This forces the cutting blade, which is
of very heavy construction, through the
panel and into the top piece of the punch
assembly. Once it has cut right through
the panel, the assembly is removed from
the panel and dismantled so that the
punched -out piece of metal can be re-
moved from it. This piece of metal will be
very distorted and rough, but the hole in
the panel will be very neat with defined
edges. In fact I do not know of any tool
which produces neater cutouts than a
chassis -punch.

Although chassis -punches are only
generally available in round versions, the
blade could be shaped to give any
desired cutout within reason. The Electro-
mail catalogue lists some square and rec-
tangular punches designed to produce
cutouts for specific components (rocker
switches, battery holders, etc.).

Bolt

Panel

Allen Key

1

Washer

Die

Fig. 1. Correct method of assembly for a chassis -punch.

Provided the bolt is kept well greased
these tools are very quick and simple to
use. The only real problem with these
tools is the cost. A set of good quality
punches covering a wide range of sizes
would probably cost more than several
average sized projects. Some of the more
exotic types cost over £50, and the
smaller round types are still around a
tenth of this figure. A more practical sol-
ution might be to obtain one of the low
cost chassis -punch sets. These cover a
useful range of sizes, and should be ade-
quate for occasional use with aluminium,
plastics, and other reasonably soft
materials.

When using any form of punch (includ-
ing hand nibblers) with plastics, bear in
mind that there can be disastrous conse-
quences with the harder and more brittle
plastics. These tend to shatter unless they
are worked very carefully, and any form
of punching tool is likely to ruin them.
Fortunately, most cases seem to be made
of soft plastic these days. However, if you
are in any doubt, it would be as well to
play safe and use some other method of
making the cutouts.

REAMERS
A reamer is a cone shaped tool with

around eight blades each running the full
length of the cone (Fig. 2). It is used like a
drill, but to enlarge an existing hole rather
than to make a new one. They differ
somewhat in design at the top end, as
some are intended for use in an electric
drill, but most are for hand use. The hand
operated variety either have a screw-
driver style handle, or a hole through
which a simple rod handle can be th-
readed so that the tool can be used with
considerable force. Reamers are mainly
used for holes of around 6-30mm in dia-
meter.

With larger drills and chassis punches
tending to be extremely expensive, a few
drills and punches plus a reamer to fill in
the gaps in their coverage is a good low
cost solution. Some sets of chassis -
punches seem to be supplied complete
with a reamer. One slight problem with
reamers is that they invariably seem to
produce a pronounced rim around the
edge of the hole. This is easily removed
with a burr or a file though, and I now
frequently make use of a reamer.

Fig. 2. The tapered shape of a reamer enables holes to be enlarged.

Everyday Electronics, September 1988 515



igii-el
Circuits

you
reviewed

by
Mike

'Maley

FOR many people, whether employed in the electronics industry
or simply enthusiastic hobbyists, Open Learning provides the
obvious answer to the ever pressing need to keep abreast of

technology. For the newcomer to modem educational terminology,
Open Learning is the name given to flexible study programmes
which, unlike most further education courses, are not tied to a
conventional academic programme. Open Learning can thus be
tailored exactly to one's needs; in theory, one should be able to
obtain a ready made learning package whenever the need arises.

Having spent some time examining Open Learning packages (of
varying quality) I was pleased to be asked to take a look at this latest
package from the National College of Technology (NCT Ltd). This
particular course is designed to provide students with approximately
45 hours of study and the course material is based on Business and
Technician Education Council (BTEC) and City and Guilds (C&G)
material. Unlike most BTEC and C & G courses, however, the NCT
programme is designed to be studied in the workplace or in the
comfort of the student's own home. The ability to study when and
where a student wishes is a prime advantage of Open Learning; there
is no need to make the regular trek to the local Tech. after a hard
day's work when one probably just wants to get home and put one's
feet up!

It is important to realise that the NCT course is designed to teach
practical as well as theoretical skills. The kit comprises three work-
books, a digital circuit breadboard (together with a pack of six digital
integrated circuits, links and components), and an audio cassette.
The course is neatly packaged in an attractive "bookshelf style" case
and the only additional items required are a 9V PP9 battery and an
audio cassette recorder.

Students who follow the full programme (which includes tutorial
support via a telephone "hot-line" and an assessment programme
based on multi -choice tests) can qualify for a BTEC Certificate of
Achievement.

APPROACH TO OPEN LEARNING
Open Learning will almost certainly be an entirely new concept to

students of the NCI' Digital Circuits package. Open Learning de-
mands a radically different approach from that associated with con-
ventional study programmes and success depends primarily on two
factors; commitment on the part of the student and the overall quality
of the Open Learning package. The first of these is a matter for the
individual student but the second relies largely on the professionalism
of the provider of the Open Learning package and, more particularly,
on the extent of any back-up which he or she can provide the student
with. In this respect, personal tutoring and assessment feedback is
vital and both of these are very well catered for in the NCT Digital
Circuits package.

Open Learning courses require a good deal of self-discipline on the
part of the students and it is heartening to note that the importance of
a regular weekly study plan is stressed in both the workbooks and in
the audio cassette. Indeed, students are actively encouraged to plan
their timetable in advance; "Your tutor may very well ask you what
your timetable is" warns a pleasant sounding female in the audio
cassette . . .

HARDWARE
The circuit board supplied with the NCT Digital Circuits package is

of a very high quality. Approximately 40 per cent of the area is
devoted to a 0.1 inch matrix breadboard which is capable of accomo-
dating seven 14 -pin dual -in -line (d.i.l.) integrated circuits and asso-
ciated components. The remaining area is devoted to a bank of eight
I.e.d.s and associated drivers, a d.i.l. package containing eight
s.p.s.t. switches, a +5V regulator, and an on -off toggle switch.
Sockets are fitted to accommodate two daughter boards (for use with
more advanced courses) and two BNC sockets are available for
linking to external equipment such as an oscilloscope. NCI' can
provide a special adapter to convert a standard TV into a dual -chan-
nel oscilloscope but this item of equipment is not required for the
introductory Digital Circuits-Volume 1 package.

One further point should be noted. Students should regard the
circuit breadboard as something of an investment since not only can it
be used as the basis for further NCT programmes but it makes an
excellent breadboarding aid in its own right. I, for one, shall be
loathe to part with this particular component of the NCI- Digital
Circuits study package!

COURSE CONTENT
The course provides a comprehensive introduction to digital circuits
and covers the following topics:

* integrated circuits * combinational logic
* digital logic * exclusive -OR gates
* binary numbers * truth tables
* inverters
* AND, NAND, OR, AND NOR gates
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Tuition moves backwards and forwards between the workbooks
and audio cassette and this provides some useful variety in the study
programme. Self -assessment questions are provided within the work-
books and students are encouraged to attempt these before referring
to the answers provided. An assessment is provided at the end of
each workbook and, for those following the full version, this must be
returned to the tutor for marking and comment.

WORKBOOKS
It is important to realise that the workbooks are not only study

texts but also provide students with a personal reference of progress
through the course. Furthermore, since the course is highly struc-
tured, the workbooks should he followed in exact sequence. Each
workbook contains between 66 and 94 pages and the workbook for
part 3 contains an index for all three parts.

The standard of the workbooks is extremely satisfactory, with
"chatty" text and neatly presented computer -generated graphics. I
particularly liked the way the course had been divided into three
separate modules, each with its own workbook. This has the effect of
making the course easily manageable with a definite goal at the end
of each book. Spaces are provided within the workbooks for students
to complete and those wishing to obtain a BTEC Certificate of
Achievement should note that workbooks may he "called -in" for
inspection by an external moderator.

The workbooks contain numerous "student centred assignments".
This fashionable phrase (coined by BTEC) simply means that the
student is presented with a task (such as showing that a two -input
NOR gate can be made to act as an inverter) and left to get on with it!
Happily, each student assignment is supplied with a solution so that,
in the event of the task being unsatisfactorily completed, the student
is not left completely in the dark.

COST
Under NCT's special introductory offer, Digital Circuits-Volume

1 costs £135+ VAT (£20.25). This price includes full tutorial support
and the opportunity to qualify for the BTEC Certificate of Achieve-
ment. NCT will also be offering a cut -down version of the Digital
Circuits package in the Autumn. This package will be particularly

suitable for hobbyists and those operating on a limited budget and
will be priced at a more modest £89.99 (including VAT).

The reduced price version will be delivered without the bookshelf
style box and with a cheaper version of the workbooks. The package
will also be supplied without the tutoring and full assessment facilities
of the original version. A nice feature is that, having seen what the
course offers, students will be able to "buy back" into the tutoring
and BTEC assessment if they wish.

IN CONCLUSION...
Open Learning packages are bound to gain an increasing following

in the years to come since they permit flexible study which can be
available as, and when, required and NCT's package must be one of
the best that I have seen to date. My only reservation is related to the
cost of the package. At over £150 (including VAT), the full version of
Digital Circuits-Volume 1 is rather expensive. It will, therefore,
appeal rather more to corporate users (such as colleges, ITECs, and
company training departments) rather than to the independent
learner. At £90 (including VAT) the cut -down hobbyist version is
more realistically priced but, even so, the price tag may be something
of a deterrent. (Some investigation has shown these prices to be very
competitive in this market-Ed).

Furthermore, it is also important to be aware that Volume 1 pro-
vides an introduction to digital circuits. Students who follow the
programme to its conclusion will have certainly gained a thorough
understanding of digital logic but there still remains a huge area for
further work. Volume 1 does not, for example, deal with sequential
logic and students will certainly require further study of other import-
ant topics (such as monostable pulse generation, bistable circuits,
counters, and shift registers) before they have a complete grasp of
digital circuits. Later volumes of Digital Circuits will, therefore,
almost certainly be required and one should plan accordingly.

Having said this, Digital Circuits-Volume 1 can he highly rec-
ommended. It is thorough, comprehensive, very professionally pre-
sented, and ideal for the absolute beginner. I am eagerly looking
forward to future products from this talented concern-well done
NCT!

NCT Ltd are at Bicester Hall, 5 London Road, Bicester, Oxon
OX6 7BU. Telephone: (0296) 613067.

The NCT course is designed to teach practical as well as theoretical skills, comprising three work -books, a digital circuit breadboard
and audio cassettes.
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Constructional Project

PIO FOR THE
AMSTRAD
M. SNOOK
An easy to build, inexpensive interface for
the popular Amstrad PCW 8256/512
computer

NTERFACING the Amstrad PCW8256/512
can be achieved cheaply and simply, espe-
cially if you are familiar with other Z80

based machines, such as the Spectrum.
The Z80 microprocessor, which forms the

heart of the PCW8256/512, supports both
memory mapped I/O and input/output
mapped I/O, the latter being easily accessed
from BASIC using the INP and OUT com-
mands. Both types of I/O use the address
bus, however input mapped I/O only uses the
lower eight bits and is distinguished by taking
the IORO line low. Interface chips can be
programmed by selecting certain ports or I/O
addresses, and writing data to them. The
address bus is decoded so that the interface
chips are enabled when these ports are selec-
ted.

Probably the easiest interface chip to use is
the Z80A-P10, a parallel interface controller
specially designed to work with the Z80 -
CPU. This requires very few external com-
ponents and provides two 8 -bit wide in-
put/output (I/O) ports.

Since "Mallard BASIC", supplied with the
PCW8256/512 is relatively fast, it should be
adequate for most purposes, and will only be
dealt with in this article. Anyone with some
knowledge of Z80 machine code should have
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Fig. 1. Circuit diagram of the Amstrad PIO

no problem writing short machine code frag-
ments to drive this board, should it be
necessary.

CONSTRUCTION
The circuit diagram is shown in Fig. 1, it

consists simply of a Z80A-PIO (IC1) and a
NAND gate (IC2) to perform some limited
address decoding. The circuit can be built
either on stripboard or a p.c.b., and con-
nected to the computer by a 50 -way ribbon
cable terminated with a 50 -way insulation
displacement connector (IDC). Connection
information for the Amstrad PCW8256/512
edge connector is shown in Fig. 2, and the
PIO pinouts are shown in Fig. 3. The ports
themselves can be brought out to any con-
nectors of the user's choice. P.C.B. mounted
terminal blocks were used on the prototype
to provide a flexible method of connecting
wires.

Construction using the given p.c.b.
couldn't be easier providing reasonable care
is taken with the soldering. The foil pattern
for this p.c.b. is shown in Fig. 4. First solder
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Fig. 2. Amstrad PCW8256/512 edge
connector

in the wire links and then the i.c. sockets as
shown in the layout. It is advisable to use
insulated wire as the links run close to each
other. Next the decoupling capacitors should
be soldered and finally the ribbon cable
attached. There are a number of variations
on exactly how the cable is attached
depending on your requirements and how
much you want to spend. Since the ribbon
cable assembly is the most expensive part of
this project the following set-up is suggested:

At one end of the ribbon cable is fitted the

COMPONENTS

vac
See page 527

Capacitors
C1, C2 100nF ceramic (2 off)

Semiconductors
Z80A-P10 (4MHz)

IC2 74LS20 dual 4 -input
NAND gate

Miscellaneous
40 -pin i.c. holder; 14 -pin d.i.l.
i.c. holder; 50 -way ribbon cable
(approx. 300mm); 50 -way IDC
edge connector; polarising key;
either, 2x25 way d.i.l. IDC socket;
2x25 way p.c.b. header plug; or,
transition header; printed circuit
board available from the EE PCB
Service, order code EE618; insu-
lated wire for links; rubber feet or
case as required.

Approx. cost El
Guidance only 150
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Fig. 3. Pin connections for the Z80A-P10

50 -way IDC edge connector that plugs
directly onto the exposed p.c.b. at the back
of the VDU. This will be the same for all
methods. At the other end is a 2x25 way
d.i.l. IDC cable socket which attaches to a
p.c.b. mounted header plug on the board.
This means that only one lead need be made
up for a number of projects.

IDC connectors can be assembled with
care in a bench vice, however some compo-
nent suppliers (e.g. Maplin, RS) make IDC
leads to order and these are worth con-
sidering if there is any doubt as to the pro-
cedure.

Alternatively a p.c.b. transition header
could be used, thus providing a permanent
connection to the board. Finally the cheap-
est, but least reliable method is to simply
solder the individual wires to the board.
Whatever method is chosen, check that the
input lines to the board are correct. The
layout of connections on the component side
of the board is the same as the edge connec-
tor and is shown in Fig. 2.

There are seven unused pads on the p.c.b.
and these are attached to pins 16, 17, 18, 21,
22, 23 and 24 of the PIO. They need not be
connected, however, they have been pro-
vided for those who wish to expand the
board further. Pins 16, 17, 18 and 21 are used
in Modes I and 2 as handshaking lines. Pins
22, 23 and 24 are connected with interrupts
and should be used with care on the Ams-
trad. It is vital that the Z80-PIO data sheet is
obtained if these additional lines are to be
used.

TESTING
After the soldering has been completed

check the board for bridged tracks and dry
joints. When everything is in order, plug in
the i.c.s ensuring correct orientation (see
Fig. 4) and check that no pins have been bent
under, especially on the PIO. Finally the
board will be ready for testing.

Power to the board is supplied by the com-
puter whose internal supply is sufficient for
only a few external chips. This power supply
can be accessed from the p.c.b. mounted
terminal block, however it is important to

use an additional power supply to drive any
circuits that are attached to the PIO.

With the computer switched off press the
edge connector onto the exposed p.c.b. at
the back of the VDU, making sure the num-
bers on the connector run from top to bot-
tom. This can be facilitated by fitting a
polarising key to the edge connector between
the 11th and 12th rows.

Next switch on and try to boot up by in-
serting the CP/M system disk. If the operat-
ing system refuses to load, remove the disk
and switch off immediately. Check that all
the i.c.s and connectors are orientated cor-
rectly and there are no loose wires or other
obvious errors on the board. When these
have been corrected reconnect the board and
try again.

When CP/M is installed, load BASIC and
proceed to test the board with the programs
given. If at any time the computer Pocks up,
remove any disks and switch off. Disconnect
the board and recheck for loose wires and
bad connections.

Note that the programs given are for guid-
ance only and each application will have its
own routines. To test the board small circuits
can easily be built up on a breadboaird or
pieces of stripboard. Some ideas have been
given in Fig. 5.

Once the board is up and running it is
advisable to keep the ribbon cable attached
to the computer and disconnect the board at
the PIO end. This will help to avoid wear
and tear on the computer's p.c.b. The P.I.O.
p.c.b. can be enclosed in a plastic case if
required or rubber feet can be added to pro-
tect work surfaces.

ADDRESS DECODING
The I/O addresses on the Amstrad

PCW8256/512 are something of a mystery to
many users, and it is perhaps for this reason
that few electronic projects have appeared so
far.

To begin interfacing it is necessary to
know only which I/O addresses are not used
by the computer itself, so that projects can
be built that will not interfere with the com-
puter's function.
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The Z80 supports 256 I/O addresses in all,
but only four of these are needed, and they
are numbered 156-159. In order to enable
the PIO, pin 4 (chip enable) must be taken
low and this is achieved by NANDing
address lines A2, A3, A4 and A7 of the
address bus. Only when A2, A3, A4 and A7
are all high will the output of the NAND gate
go low. In addition the Al line is used to
select either Port A or Port B, and All is used
to select either the control register, or the
data register for each port. The full list is
shown in Table 1. (See Fig. 3 for the PIO
pinouts).

TABLE I

Address Function
156 data
157 control
158 data
159 control

Port
A
A
B
B

PROGRAMMING THE PIO
The Z80A-1310, supports four software
selectable modes of operation, these being:

Mode
Mode
Mode
Mode

0-Byte output
I -Byte input
2- Bytebidirectional (port A only)
3-Bit control

For each of the two ports, A and B, there
are two registers, a control register and a
data register. The operating mode required
is specified. by sending a byte to the control
register of the desired port, immediately
after a reset, in the following format:

D7 D6 D5 D4 D3 D2 Ell DO
NH NW X X 1 1 1 1

MI al.0 MO being defined as follows:

MI MO

0
0

0

0

- Mode 0
- Mode 1
- Mode 2
-Mode 3

So to set up port A of the PIO in Mode 3
the binary byte 11111111 (255 decimal or
&I-iFF hex) can be sent to the control regis-
ter of port A. Note that X means that bits D5
and D4 can take any value (1 or 0).

Although all these modes have their appli-
cations, for practical experimentation Mode
3 is the most useful. In this mode each bit of
the PIO port can be specified as either an
input or output bit. This means that a total of
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Some simple interface circuits that could be attached to the PIO
board are given in Fig. 5. If mains powered devices are to be con-
trolled it is suggested that opto-isolators are used to protect the
computer and operator from any high voltage faults that may occur.

It is hoped that this article has geven an insight into the use of Z80
peripheral chips. The Z80-PIO has other functions that have not
been described here, such as interrupt control, and these are all open
to the user. However if further experimentation is intended, it would
be advisable to obtain a copy of the manufacturer's data sheet. 0

16 lines can each be read or written to.
Therefore almost any interface circuit that
has been produced for other microcomputers
with parallel ports, such as the BBC, can be
used with an Amstrad PCW8256/512. This
includes A to D converters, speech synthesis
and stepper motor control to name but a
few.

To program the PIO in Mode 3, the sequ-
ence of events is as follows:

1) After a reset, select the control register
for port A or B and write the data byte 255.
This selects Mode 3.

2) Select the control register as above and
send a byte that describes which lines are to
be input and which are to be output. Defin-
ing a bit as a 1 means it is an input and a 0
means it is an output. So a binary byte of
11000011 (195 dec or &HC3 hex) defines bits
P7, P6, P1 and PO as inputs and P5, P4, P3
and P2 as outputs.

3) Select the data register and write the
byte of data to be output, or read this regis-
ter for the state of the inputs.

Consider the following example program
fragment,

10 REM initialise the PIO
20 da= 156: ca= 157: db= 158: cb= 159
30 OUT ca,255: OUT cb,255
40 OUT ca,0
50 OUT cb,255
60 REM this completes the initiation
70
80 OUT da,15
90 x= INP (dh)

+5v

P80

PB 1

PB2

PB3

fr,57 041

Ok PUSH
TO MANE

SWITCHES

Fig. 5. Some interfacing ideas for the
Amstrad PSO

:REM define the I/O addresses
:REM put both ports in Mode 3
:REM make port A all outputs
:REM make port B all inputs

:REM output the pattern 00001111 on port A
:REM x holds the data value read in from port B

The crucial lines of this program are 30-50 which define the mode
of operation and specify which lines are inputs and outputs. Lines 40
and 50 could also be of the following form, for example,

40 OUT ca,128 :REM PA7=input, PAO-PA6=output
50 OUT cb,1 :REM PB0=input, PB1-PB7=output

Similarly the Mode of operation could be changed by altering line
30. Note that Mode and data direction need only be set once, and not
for each data transfer.

In order to interpret a read value correctly, it will be necessary to
mask off those bits that are not connected, as these may take any
value (0 or 1). For example if four switches are connected to port B
lines, PBO-PB3, then the following program fragment will read them
correctly.

10 REM Initialise the PIO
20 db=158: cb=159
30 mask= 15
40 OUT cb,255
50 OUT cb,mask
60
70 REM Read the switches
80 x= INP (db)
90 x= x AND mask
100
110
120

:REM define the I/O addresses
:REM mask is bits P0 -P3
:REM Port B in Mode 3
:REM define PBO-PB3 as inputs

:REM read port lines PBO-PB7
:REM mask off lines PB4-PB7

REM write the value of the switches to the VDU
PRINT x
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FOR YOUR
ENTERTAINMENT

BY BARRY FOX

Video Call
My bet is that the next phone gadget to

go on sale in Britain will be the video
phone. Already they are in Japanese and
American shops, and not selling particu-
larly well. So it is only a question of
months before someone siphons off
some container loads for the UK and sells
them here, with or without "green
sticker" approval.

The idea of a video phone is as old as
the idea of television-even older. Sci-fi
writers have often painted the picture of
two people talking by telephone, while
watching each other's every move on a
screen.

Technically there is no magic in send-
ing pictures down telephone wires- the
snag is that a TV signal contains frequen-
cies around a thousand times higher than
a telephone call-so you need to sacrifice
a thousand speech lines to make one pic-
ture connection. That would put the price
of using a picture phone at £50 a minute,
just for a local call.

The Germans experimented with video
phones before the war, building public
booths from which callers in different cit-
ies could talk to each other.

The police in Britain already use a new
generation of video phones to send mug
shots from station to station; so do hos-
pitals and doctors, to communicate X-
rays.

How it Works
The new systems use a technique

called slow scan, which has been made
possible by low cost solid state computer
memory.

An ordinary telephone is plugged into a
display unit that looks like a small black
and white television, with a 5" screen on
its side, i.e. as an upright oblong. This
unit plugs into an ordinary telephone wall
socket which incorporates a budget TV
camera.

The unit has three keys, marked
"view", "take" and "transmit". When the
operator presses "view", the screen
shows what the camera sees. When the
"take" key is pressed the displayed image
is converted into digital code and frozen
as a still picture into solid state memory.
When the "transmit" key is pressed the
stored image is transmitted over the tele-
phone line to a matching unit at the other
end.

The image is frozen by breaking the
picture down into 16,000 picture points or
"pixels" and then coding each point into
a 4 -bit word. The digits then amplitude
modulate a 2KHz analogue carrier tone at
a rate of 8000 bits per second.

It takes around six seconds for all the
bits needed for one still picture to travel
down the telephone line. The callers can-
not speak while the a.m. warble goes
down the line.

At the receiving end of the line the
incoming warble is converted back into
digital code and stored in a solid state

memory. The stored code is then dis-
played as a still picture on the recipient's
screen. In practice the picture scrolls
down from the top of the screen as it
builds up in the memory.

Each telephone has enough memory to
store three pictures and as the picture
tone is carried by a conventional tele-
phone line there are no extra hidden
charges, over and above the cost of the
call.

There is a bonus in amplitude modulat-
ing the carrier tone. The data is effectively
converted into a conventional audio sig-
nal and can then be taped by a conventio-
nal audio cassette recorder and replayed
later through the video phone monitor.

Therefore, anyone making a telephone
call can illustrate a point by showing an
object and the person at the other end
can keep a visual record of the illustration
on an audio cassette.

Only a Gimmick!
A video phone system from Sony has

been selling for at least a year now in
Japan along with a system produced by
Mitsubishi.

I recently saw Mitsubishi's system
demonstrated in Tokyo and although the
monochrome pictures were reasonably
clear, they were nowhere near as crisp as
the public has grown to expect from dom-
estic television.

Mitsubishi are quoting a price of
around £200 per station, but similar sys-
tems are available in America, and the
price has now fallen to around £200 a
pair, which sounds like a "flog -off".

The adverts talk about children phon-
ing Grandma and sending her a picture,
but in practice low definition monoch-
rome still picture video phones are likely
to have only gimmick appeal for most
people.

They are more useful for Oriental and
Middle Eastern countries where the al-
phabet is pictorial, or where businesses
need to communicate sketches. However,
for most people fax does the job far bet-
ter.

Videophones could be useful for send-
ing how -to -get -to -my -house sketch
maps. Even so, in Britain BT is decidely
cool on the idea.

As BT introduces the new ISDN digital
services, it will be easier to send pictures
which move, and are in colour, but com-
plex digital circuitry is needed to "com-
press" the digital data and the quality will
never be as good as for conventional TV.
High prices will keep high quality video-
phones a business tool.

Even if all the technical problems were
solved, who really wants to be seen talk-
ing on the telephone? Most people prefer
privacy and would rather not pay extra
for the privilege of being seen half-
dressed at home or surrounded by a
mess of paper in their office, and bored
by an unwelcome call.

3-D Coke
Coca Cola in the US was recently stuck

with 40 million pairs of 3-D spectacles.
The plan was to distribute them through
40,000 retail outlets, so that TV viewers in
North America could watch a Coca Cola
commercial in 3-D.

This was scheduled for transmission
during the last episode of the TV series
Moonlighting which also had a 3-D sequ-
ence, but the plan fell apart thanks to a
film and TV scriptwriters' strike in
Hollywood. However, with all those spec-
tacles ready to hand out, you can be sure
that the idea will re -surface again before
long.

The 3-D system to be used is called
Nuoptix and Coca Cola may well try to
persuade a British TV station to try a simi-
lar transmission because inventor Terry
Beard of California has filed patent appli-
cations on the idea all round Europe.

Nuoptix is one of two systems devised
recently which work with a single lens
camera and only creates an illusion of
depth if the camera or scene on screen is
moving. One system, called Aspex, relies
on colour fringing- which looks decidedly
odd to anyone not wearing coloured
spectacles.

Natural Phenomenon
Instead of colour fringing, Nuoptix re-

lies on a natural phenomenon known as
the " Pulfrich effect". Both eyes see the
same view but one eye is given a dimmer
image than the other. so if the image is
moving, the brain is fooled into seeing 3-
D because it takes longer to process the
dimmer image and thus registers diffe-
rent perspectives for each eye.

For Nuoptix to work there must be rela-
tive movement between the camera,
scene and actors. The camera can move
in an arc, circle round the actors, track
alongside them or it can pan and turn on
its own axis.

Alternatively, the actors can keep mov-
ing backwards and forwards in front of
the camera, or the image can be manipu-
lated by a digital special effect system, as
used for pop videos.

Shades of Colour
To see 3-D, the cinema audience or TV

viewer must wear a pair of spectacles,
with different light attenuation for each
eye. One lens can be clear glass, and the
other a grey, neutral density filter of the
type used by photographers to cut down
excessive light on sunny days.

Beard says colour heightens the effect,
and the Coca Cola spectacles will have a
deep purple filter for one eye and pale
green for the other. This system, claims
inventor Terry Beard "creates a dramatic
and entirely real three dimensional ef-
fect'.
Although Coca Cola's system will create
none of the colour fringing which mars
Aspex images for viewers without spec-
tacles, audiences will surely soon get
tired of watching images on screen which
rely on continual relative movement
between the scene and camera to achieve
a 3-D effect.

It is also doubtful whether patents can
legally protect the age-old idea of moving
a camera while filming, or wearing
coloured spectacles to watch the results
on screen.
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SOLDERLESS WIRIN
EASIWIRE

Construct your electronic circuits the new, quick and easy -to -learn
way, WITHOUT solder: with Circuigraph Easiwire from BICC-VERO

With Easiwire all you do is wind the circuit wire tightly around the
component pins. No soldering, no chemicals, no extras, simplicity
itself. Circuits can be changed easily, and components re -used.

Easiwire comes in kit form. It contains all you need to construct
circuits: a high -quality wiring pen with integral wire cutter, 2 reels of
wire, a tool for component positioning and removal, a flexible
injection moulded wiring board, double -sided adhesive sheets,
spring -loaded terminals and jacks for power connections and an
instruction book. Of course, all these components are available
separately too.

To take advantage of the special introductory offer, complete the
coupon on the right and send it to:

BICC-VERO ELECTRONICS LIMITED,
Flanders Road,
Hedge End,
Southampton, SO3 3LG

1=11iERO
BICC ELECTRONICS

Please rush me Easiwire kits, retail price £18.-;
special introductory offer £15.-. (includes p & p and VAT).

I enclose cheque/postal order for
BICC-VERO Electronics Limited

Please debit my credit card as follows:

Card Number

, made payable to

Expiry Date

Name

Address

Signature

or phone 04892 88774 now with your credit card number
(24 -hour answering service).
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Constructional Project

POWER
CONTROLLER

 ',Y....4,
,

4. 6
. : 

A R. ININSTANLEY
A multi -purpose mains power
controller based on phase control.
Maximum output 1200W at 250V.
Incorporates full F?Fl suppression.
Robust and simple design makes for
easy construction.

ANY READER who Will be familiar with
The operation of a light dimmer
switch will no doubt be aware of the

principle of mains power control by chopping
the a.c. sinewave, in order to vary the total
power applied to the load. A dimmer switch
incorporates a triac and a triggering circuit,
and the triac can be made to conduct at
differing points in the a.c. cycle. The effect is
that the sinewave can be curtailed by cutting
off the triac part way through a mains cycle
(see "How It Works").

The effect is that the power output can be
reduced, and in this example the light level
emitted by the lamp can be reduced in
accordance with one's requirements. Of
course, the light level cannot be increased
beyond the brilliance which would be
observed if there were no dimmer switch at
all.

In practice, this phase control method is
probably the simplest method of power con-
trol, although technically it is perhaps a little
crude. It is still a major improvement on its
rheostat predecessor! One drawback is that
there is a considerable amount of radio fre-
quency interference (R.F.I.), because of the
sharp "edges" which result in the waveforms
when the a.c. cycle is suddenly interrupted.
This necessitates r.f.i. suppression compo-
nents to combat this.

In the interests of simplicity the Power
Controller to be described here employs a
phase -control circuit to vary the power
applied to the load. To further simplify mat-
ters, the Power Controller is based upon a
thick -film CSR device which incorporates its
own firing circuit within the same package.
This reduces the number of mains connec-
tions we have to make, easing construction
and generally improving reliability.

The Power Controller can be used for
light -dimming (except fluorescent tubes),
heater control or motor speed control, and
further application notes are given at the
end. The design also includes a complete
r.f.i. suppressor circuit to substantially re-
duce interference.

cycle, so that the "chopped" waveform is
applied to the load, resulting in an overall
reduction in power output.

The waveforms as seen by the load under
low power and higher power output levels is
shown in Fig. 2. In Fig. 2a the shaded area
under the sinewave represents the portion of
the a.c. sinewave when the triac is conduct-
ing, i.e. it is the power applied to the load.

In this case, the load operates at a low
power. The unshaded area is lost com-
pletely, so that all the load sees is a series of
"spikes".

A C SINE WAVE

EEI992G J

Fig. 1. Block diagram for the Power Controller. The controller employs a
special i.c. incorporating both the trigger circuit and triac in a three pin pack-
age.

HOW IT WORKS
The mains a.c. waveform is applied as

shown in Fig. 1, and a trigger circuit causes
the triac to conduct at a certain point in the
sinewave cycle.

When the triac is triggered at the start of
each sinewave, it passes full power to the
load. The trigger circuit can be made to
interrupt the sinewave part way through its

Fig. 2 (left). Output waveforms of the
controller under (a) low power and
(b) high power. This is depicted by
the shaded areas.

In Fig. 2b, with the triac conducting more
fully, the power applied to the load is in-
creased, as the shaded area depicts more
power is driving the load.

CIRCUIT DESCRIPTION
The full circuit diagram of the Power Con-

troller appears in Fig. 3. ICI is a power
controller i.c. around which the design is
based. It has three terminals, those desig-
nated A (Anode) and K (Cathode) are in
effect connected in series with the load to be
controlled.

The S terminal (pin 1) is connected via a
220k potentiometer (VR1) to the mains sine -
wave, and by adjusting VR1, the triggering
point of the internal triac is advanced or
retarded. This chops the a.c. sinewave
applied to the load, thereby varying the
power across the load.

Whilst it is customary to include r.f.i. sup-
pressors to reduce interference, sometimes
the suppression is in the form of a small
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Fig. 3. Complete circuit diagram for the Power Controller. The dotted area
marked SP1 is the mains suppressor unit, which prevent interference reaching
the mains supply.
choke and these may only be partially effec-
tive. The Power Controller includes a com-
plete r.f.i. mains filter unit which takes care
of r.f.i. generated in the triac component.

As can be seen from the circuit diagram,
the mains filter unit SP1 incorporates several
devices, namely a delta capacitor which
shunts noise away, and a 2mH 5A choke
which further reduces r.f.i. There is also a
"bleeder" resistor which discharges the
capacitor network when the mains supply is
switched off-important to prevent electric
shocks when handling the mains plug.

The mains supply itself is connected
through a 5A fuse FS1, and LP1 is a neon
indicator which illuminates when the mains is
on. The load itself is plugged into SKI, a
panel mounted 13A square pin mains socket.

Although the specified power controller
i.c. is rated at 10A r.m.s., the power output
of the complete design is determined by the
current rating of the suppressor (5A maxi-
mum) and also the thermal resistance of the
heatsink used to cool IC1. Obviously other
factors such as the rating of the interwiring
etc., determined the maximum current, too.

CONSTRUCTION
It is recommended that the Power Controller
is built into a diecast aluminium box. This
provides a very rugged housing, which is
especially important if the unit is to be used
on a workbench, for example. The box also
acts as a heatsink for ICI, though normally
you can expect it to barely rise in temper-
ature in normal use.

The box used for the prototype was BIM -
BOX No. 5006-16 measuring 192
x113x61mm and this comfortably housed

all components with some room to spare.
The main criterion when selecting the box is
to ensure that there is adequate depth for the
mains filter, which measures 38mm diame-
ter.

The front panel of the case must be pre-
pared to take the potentiometer, fuseholder,
neon lamp and socket. If the specified socket
is used, then a 50mm round cutout is re-
quired; on the prototype this was achieved
with a Q -Max chassis cutter, using a smaller
Q -Max to punch the pilot hole.

The alternative is to drill out a ring of
holes and/or saw out the centre with a hack-
saw -type Abrafile blade, then file the edge

COMPONENTS

Potentiometer
VR1 220k linear

Semiconductor
IC1 UAL1004B See page 527

power controller,
10A 240V

Miscellaneous
SP1 mains suppression

filter Roxburgh
SDC 051, 5A

SK1 Panel mounting 13A
mains socket

FS1 20mm panel mounting,
5A fuse

LP1 240V a.c. panel mounting
neon indicator

Case, diecast box BIM5006-16,
192 x113x61mm: knob to suit
VR1: aluminium for SP1 mounting
bracket; 13A 3 -core mains cable,
1.5 metres approx; 13A plug, fused
5A; cable gland, large, to suit 3 -
core cable; nuts; bolts; solder; etc.

Approx. cost 1.25
Guidance only X,

with a half -round file until a smooth finish is
achieved.

Two countersunk holes will also be re-
quired for the 3.5mm socket mounting
screws, and these holes are 30.5mm from the
centre of the large 50mm cutout. It is quite
essential that these holes align correctly with
the socket, of course: to make marking out
easier, the socket itself can be used like a
template to mark the mounting holes, once
the main 50mm cutout has been punched.

Further drilling is required for a cable
entry gland. As usual, it is necessary to pro-
vide some support around the cable at the
point where the cable passes through the
box. Normally a grommet would be used,
but because the walls of the diecast box are
comparatively thick-3mm or so, including
the moulded p.c.b. guides-then a grommet
will not fit in this application. Instead, it is
best to utilise a cable gland, since this will
accommodate the thickness of the wall; it
will also firmly clamp the cable, so it dis-
penses with the need to use a "P" clip to
prevent the cable from pulling out.

The completed Power Controller showing
diecast metal box.

the layout of components inside the
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THE DIECAST BOX IS EARTHED
THROUGH THIS CONNECTION

I SEE TEXT I

Fig. 4. Dimensions of the aluminium
mounting bracket for the mains sup-
pressor SP1.

ALUMINIUM
MOUNTING BRACKET

ISEE DIAGI

Fig. 6. Method of mounting the sup-
pressor inside the case.

Two 4BA clearance holes are drilled along
the bottom side of the case to carry the mains
filter bracket. This bracket can be fabricated
from a small piece of scrap aluminium, and
the dimensions are summarised in Fig. 4.

After all drilling and metalwork has been
completed, the diecast box can be painted as
required; the prototype box was in its raw
unfinished state and so it was given a coat of
spray -on primer. Several coats of a car
touch-up aerosol paint were applied after-
wards. You may also wish to embellish the
case by adding labelling etc. according to
taste, and rub -down lettering can be used in
the normal manner.

The next stage of construction is the inter -
wiring and it is recommended to start with
the potentiometer and power controller i.c.
sub -assembly, see Fig. 5. The bush of the
potentiometer passes through the large hole
in the tab of IC1: using the mounting nut of
VRI , loosely bolt the two components to-
gether while you complete the interwiring
between ICI and VR1. Next solder two fly-

.

SP1
(END -ON VIEW I

EE13350

MAINS
INPUT

Fig. 5. lnterwiring details to the "load" socket SK1, mains suppressor SP1,
IC1NR1, power on lamp and fuse FS1. Use cable rated at 6A minimum and
cover all soldered joints with insulated sleeving.

ing leads to terminals two and three of IC1 as
shown, taking care to insulate with heatsh-
rink tubing or p.v.c. sleeving as necessary.

The power controller i.c. and potentiome-
ter can now be bolted finally into place in the
mounting hole on the front panel. The rest of
the interwiring is very straightforward and is
completed in accordance with Fig. 5.

It is preferable to wire the connections to
the mains filter SP1 and mains socket SK1
prior to bolting these components into their
intended positions. When soldering wires to
SP1, a larger tip or iron may be needed to
bring the joints up to the correct temper-
ature.

Since all wiring is at mains voltage it is
essential that the soldered joints are of a
good quality and they should be properly
insulated as necessary. Cable of 6A rating
should be used, i.e. 32/0.2mm, though the
neon lamp can be hooked up with general-
purpose interconnecting wire.

The mains input cable is rated 13A, chosen
more for its mechanical strength rather than
its electrical rating. It is fitted with a square
pin plug fused at 5A.

EARTHING
The Earth input lead is wired straight to

the earth terminal of SKI as shown in Fig. 5
and a further Earth wire then runs to the
appropriate terminal of the mains filter SP1.
It will be seen that the Earth terminal of SK1
is electrically connected to the socket mount-
ing screws, and it is through these two screws
that the diecast box is earthed. To ensure

that the screws are in sound contact with the
diecast box, remove any excessive paint from
around the screw holes to make certain of a
good connection.

When you are satisfied that all construc-
tion is complete, you can test the assembled
Power Controller in conjunction with a table
lamp or desk light, since this will suffice as a
low power load to check for correct oper-
ation of the device. If the lamp can be dim-
med by rotating the control knob of the
Power Controller, then go on to test the unit
with, say, an electric drill just to confirm that
it functions correctly.

APPLICATION NOTES
The Power Controller will find several

uses in the home and workshop, but there
are some appliances that the device CAN-
NOT control. We have already mentioned
fluorescent lamps, and brushless motors such
as shaded -pole "gram" motors or other in-
duction motors, should not be connected to
the controller; such motors respond more to
a change in frequency than the applied volt-
age, and the Power Controller therefore can-
not provide effective control.

In general terms, any mains motor up to
1000 Watts (1kW) which is fitted with
brushes can be used, and the prototype has
been used with motors up to 800W with suc-
cess. When used with electric drills, when
the load on the drill is increased, the torque
output will decrease. At the extreme, when
the drill is running at very low speeds under a
high load, the motor may stall completely.

In these circumstances the power applied
to the drill is very low and it is improbable
that the motor will be damaged. However,
since the Power Controller does not of
course include any feedback elements, it can-
not compensate for the decreased torque
when a slow -running motor is under load.
This implies that it cannot operate an electric
drill with a view to power-screwdriving or
machining.

You will still find the design of benefit
when starting off drilling centres, wire brush-
ing, or other applications where it is undesi-
rable to run a drill at full speed.

The prototype has been pronounced a suc-
cess when powering electric fires up to 1kW
(one bar)- though you MUST NOT use the
controller on electric Fan Heaters, because
they incorporate a shaded -pole motor to
drive the fan. No doubt readers will find
other applications for this simple and robust
design.

1
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SHOP
TALK
Catalogue Bargains

With the busy autumn season fast
approaching there is just time enough to
blitz the workshop, draw up a shopping
list and take advantage of some of the
excellent "summer bargains" still on
offer from advertisers. Mind you, having
seen just some of the plans for the
months ahead (including a 100 -page cata-
logue being given Free to EE readers) it
might be a case of "not putting all your
components in one basket".

Coinciding with their Catalogue update,
TK Electronics (21 01 567 8910) are cur-
rently offering giant size solar panels
(12"x12") which, they claim, will deliver
12V 200mA in bright sunlight and 11.5V
60mA on a typical British summer day
(dull and overcast. They also claim that
coupled to a lead acid battery and a
simple inverter you could build a self-
contained power supply for boat or cara-
van to run low power appliances.

These solar cells cost £14.50 plus VAT.
However, the cells are deposited on glass
to protect them against the environment
and are, therefore, fairly fragile to send
through the post. Consequently TK have
to levy a p&p charge of £1.75 per order.

With the recent publicity surrounding
fires in the home, another item from TK
that caught the eye was a Smoke Alarm
for £8.50 (plus VAT) or £8.00 each(plus
VAT) for three or more.

One of the incentives to buy the 184 -
page Cirkit Summer Catalogue is that,
not only does it contain "discount
vouchers" and an easy to enter competi-
tion with a top prize of a 10MHz oscillo-
scope, worth over £200.00, but for the
first 500 constructors who send in orders
valued at over £50.00 (excluding VAT)
each will receive a Free digital travel
alarm.

Being shown for the first time among
over 3,000 lines are a low cost 10MHz
scope and the latest Vero Easiwire solder -
less wiring system. The catalogue cost
£1.30 and is available from newsagents
or direct from Cirkit (st 0992 444111).

The new 70 -page Magenta catalogue
has just been released and contains a
range of EE project kits and sets of Leggo
Technic educational products, including
computer control models such as a robot
arm.

The Robotics and Computing section
also lists stepping motors and accesso-
ries, and a low cost 68000 microprocessor
computer board. It is designed to be used
as an evaluation tool with particular em-
phasis on educational applications.

The catalogue is issued with a separate
price list, for future updating, costs £1.00
and is available direct from Magenta
Electronics (6/ 0283 65435).

The Maplin 16 -page Summertime Col-
lection brochure includes a novel stereo
infra -red link (£39.95, YP63T) which al-
lows users to listen, via headphones, to
their favourite programme or piece of
music without disturbing other people in
the room and also without trailing head-
phone leads across the carpet.

BY DAVID BARRINGTON

The system has a range of about 30ft.
You simply plug a small transmitter into
the headphone socket on your hi-fi or TV
and plug your headphones into the re-
ceiver. The receiver can be clipped to any
convenient pocket or attached to a belt.

The brochure also contains details on
radio control models and a range of digi-
tal thermometers, including a quality clin-
ical digital thermometer for family care.

The Summertime Collection brochure
should still be available from any Maplin
shop or direct from Maplin Head Office
(St 0702 554161).

Finally, we would mention that Green -
weld have issued a 4 -page listing of spe-
cial "summer sale" bargains from their
1988 components catalogue.

Many of the items mentioned are at
half price or less. These include power
supplies, headphones, connectors and a
vast range of semiconductor devices.

To take advantage of the Greenweld
offer ring them on at 0703 772501 for full
details, the sale will be finishing at the
end of this month (August).

Shop Front
With over 1000 sq. ft. of sales area

offering not only a wide selection of com-
ponents, including 100's transistors, i.c.s,
cables, opto devices, but also loudspeak-
ers rated from 4W to 200W,Marco Trad-
ing have just opened their third retail
shop in the heart of Birmingham.

Called Supertronics, the new shop also
carries large stocks of new and sec-
ondhand test equipment and video sur-
veillance cameras. Another bonus is that
they have a resident engineer who runs a
full on -site audio and video repair ser-
vice.

At the opening of the new shop Mrs.
Cox of Marco commented. "We have
designed this shop so that we are able to
display nearly all the items we sell. Nat-
urally our Mail Order catalogue (only
£1.00) is available 'over- the-counter'.-It
comes complete with £6.50 worth of
credit vouchers".

"We invite readers to come and browse
at their leisure during opening hours of
between 9.00 a.m. to 6.00 p.m.-Mon-to-
Sat (closed Wednesday)-You will find
many bargains".

Supertronics is five minutes walk from
New Street Station and Birmingham's
new shopping area at 65 Hurst Street,
Birmingham B5. OR 021 666 6504). There
is a large car park directly opposite.

CONSTRUCTIONAL
PROJECTS

PIO For The Amstrad
All the components required to com-

plete the PIO For The Amstrad project
should be feely available from most ad-
vertisers. The coloured ribbon cable, the
"locking" header plug, 50 -way IDC edge
connector and polarising key are now wi-

dely stocked and should not cause any
purchasing problems.

Some of the copper tracks on the
printed circuit board are very fine and it is
advisable to use a soldering iron with a
fine pointed tip when soldering compo-
nents on the board. This board is avail-
able from the EE PCB Service, code
EE618. (see page 549).

Breaking Glass Alarm
Checking through the components list

for the Breaking Glass Alarm, it appears
that most component suppliers only sell
ultrasonic transducers as matched trans-
mitter/receiver sets. These are usually
priced at about £5 per set.

If readers do have difficulty in locating
a suitable 40kHz transducer, the R40-16
device (£2.20 plus 60p postage) used in
the author's prototype is available from
Chartland Electronics Ltd., Dept EE,
Chartland House, Twinoaks, Cobham,
Surrey. fog 037284 2553.

The printed circuit board for the Break-
ing Glass Alarm project is available
through the EE PCB Service, code EE617

Power Controller
The two main components used in the

Power Controller project are "special"
items and only available from one
source.

The power triac i.c. and mains filter unit
are stocked by Verospeed. The latest
prices we have for these devices are:
power controller i.c. £8.66, order code
253-25997H; mains filter £4.96, code 228-
41490G. For latest prices contact: Veros-
peed, Dept. EE, Boyatt Wood, Eastleigh,
Hants, S05 4ZY. fit 0800 272555.

Although the controller is built around
the two main components, mains voltage
is still present and extreme care should
be taken when carrying out any work on
the unit. In fact, it should always be dis-
connected from the mains before under-
taking any wiring and then switched on
again after checking the work over.

The use of a suppression/filter unit
does keep the number of mains connec-
tions down to a minimum and can, with
care, be tackled by the less experienced
constructor. Also, it is a good idea to use
a plastic bodied and spindle potentiome-
ter or, at least, the more common plastic
insulated spindle type.

Audio Mini Bricks
The master printed circuit board

(255A-£7.90) for the Audio Mini Bricks
series of projects is available from Pho-
nosonics, 8 Finucane Drive, Orpington,
Kent BR5 4ED.

Heart Beat Monitor Interface
There should be no problems in

obtaining components for the Heart Rate
Monitor Interface described in this
month's BBC Micro column.

For best results, it is important that a
5mm "ultra -bright" or "super- bright"
17-.Tbe used in this circuit.

Home Security
The only components likely to cause

local sourcing problems to readers who
wish to construct the Infra Red Beam
A/arm-this month's Home Security pro-
ject-are the infra red lenses. These were
purchased from Maplin and are listed as
red plastic lens and cost 48p each, order
code FA95D (Plastic Lens).

Locating the components called up for
this month's Exploring Electronics pro-
ject-FET Touch Switch-and the I/O
Address Select (On Spec) circuit should
be trouble -free and available from any
good component stockist.

Everyday Electronics, September 1988 527



in Rion
feei/tineir,in
1/te g ant
akeinto

by Mike Tooley BA

THIS month, in response to requests from
several readers, we shall be taking a
look at the Plus -D Disk Interface avail-

able from Miles Gordon Technology. For
those of you wishing to operate a number of
I/O devices simultaneously, we have details
of a simple address selector which can greatly
simplify the task.

I/O Address Selector
One of the limitations of the Spectrum, at

least as far as I/O provision is concerned, is
the method of partial address decoding em-
ployed within the Spectrum's Uncommitted
Logic Array (ULA). This "single -line"
address decoding involves sensing the state
of individual address lines (AO to A4 in the
case of an unexpanded Spectrum) rather
than detecting the presence of a unique
address within the lower 256 addresses of the
Z80's I/O memory map.

The upshot of this is that external hard-
ware (such as our On Spec projects) must not
respond to a low state on any one (or more)
of the address lines AO to A4 when an I/O
operation is to be performed. This unfortu-
nate restriction leaves only three of the lower
eight address lines to play with (A5 to A7)
and thus a total of only eight further unique
I/O addresses is available for the hardware
developer to use!

The most effective way of decoding these
extra I/O addresses in order to provide the
active -low signals required to select or ena-
ble external devices is with the use of a three -
to -eight line decoder (e.g. 74LS138) as
shown in Fig. 1. Readers who are contem-
plating complex I/O arrangements (as would
be required if, for example, several of our
On Spec projects were to be assembled to-
gether to form a single multi -function I/O
circuit) should find this circuit a great
improvement on employing several address
decoders based on conventional logic gates
(e.g. typically OR or NAND).

The address decoder provides eight chip
select lines (any that are not used can simply
be left floating) and a master switch is pro-
vided in order to disable all external I/O
(useful when developing software routines).
The circuit operates according to the truth
table shown in Table. 1. As an example, the
chip connected to CS4 will be enabled (as-
suming, of course, that its chip select line
conforms to the usual active -low convention)

when an 110 operation (using IN or OUT)
makes reference to a port address of 9F hex-
adecimal (or 159 decimal).

Plus -D Disk Interface
Readers will doubtless already be well

aware of the advantages of magnetic disk
storage. Amstrad, it appears, have at last
acknowledged this fact by incorporating a 3
inch disk unit within the Spectrum Plus -
Three. Unfortunately, this device offers
rather limited storage compared with other
comparable units (approximately 800K of
formatted disk storage is now typical for a
3.5 inch or 5.25 inch double- sided drive).

For existing Spectrum owners, the Plus -D
interface from Miles Gordon Technology
(well known for their Disciple disk interface)
provides an arguably better alternative to
that of upgrading to a Plus -Three. The Plus -
D interface is housed in a neat metal enclo-
sure and is attached to the expansion connec-
tor at the rear of the Spectrum. The unit
measures 92 x 108 x 20mm and is fitted with a
"snapshot" push- button (more of this later),
1.e.d., and two connectors (one for the Shu-
gart standard floppy disk bus and one for a
Centronics printer).

The plus -D interface can be used with a
variety of different disk drives (provided
they are compatible with the Shugart specifi-
cation) but drives must be double -density
types (older single -density drives are not

suitable). I tested the Plus -D with a variety
of drives including 3.5 inch and 5.25 inch, 40
and 80 track, single and double -sided types
and all performed satisfactorily, the only dif-
ference, of course, being the amount of stor-
age provided. It is interesting to note that an
80 track double- sided drive (either 3.5 inch
or 5.25 inch) will provide 780K of formatted
storage per disk (approximately four times
that provided by a 3 inch disk using an Ams-
trad Spectrum Plus -Three!). The Plus -D will
support one or two drives, the latter having
obvious advantages when copying or trans-
ferring files between disks.

Snapshot
The snapshot facility is undoubtedly one of

the most valuable assets of the Plus -D (and
one which is not available on the Plus- Three
unless one cares to invest in some external
third party hardware). The snapshot facility
(invoked by simply pressing the snapshot
button) allows users to freeze the current
program and either dump the screen to a
Centronics printer (in either 32 -column or
"large size" modes), save the screen to disk,
or save the entire contents of the Spectrum's
memory as a 48K (or 128K) snapshot file.

Snapshots allow the user to quickly and
easily transfer existing software to disk and I
put the Plus -D through its paces by trans-
ferring a huge variety of commercial soft-
ware to disk. Happily, all but one of my
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Fig. 1. Complete circuit of the I/O address selector.

Table 1: Truth table tor the I/O address selector.

ADDRESS
LINES CHIP SELECT LINES

I/O ADDRESS
SELECTEDEN2 IORQ

A7 A6 A5 CS7 CS6 CS5 CS2 CS1 HEX. DEC.CS4 CS3 CSO,

0 0 0 0 0 1 1 1 1 1 1 1 0 1F 31
0 0 1 0 0 1 1 1 1 1 1 0 1 3F 63
0 1 0 0 0 1 1 1 1 1 0 1 1 5F 95
0 1 1 0 0 1 1 1 1 0 1 1 1 7F 127
1 0 0 0 0 1 1 1 0 1 1 1 1 9F 159
1 0 1 0 0 1 1 0 1 1 1 1 1 BF 191
1 1 0 0 0 1 0 1 1 1 1 1 1 DF 223
1 1 1 0 0 0 1 1 1 1 1 1 1 FF 255

X X X 1 X 1 1 1 1 1 1 1 1 - -
X x x X 1 1 1 1 1 1 1 1 1 -
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personal "top -ten" games and all of my
favourite utilities transferred without a hitch.
Loading a saved snapshot file takes just a few
seconds and the program restarts at the exact
point at which it was left (ideal for games
addicts!). The snapshot facility copes with
both 48K and 128K versions of the Spectrum
(the latter taking a little longer by virtue of
the larger file size) and up to 16 48K snap-
shot files can be accommodated on a double -
sided 80 track drive.

The Miles Gordon disk operating system
(G+DOS) proved extremely straightforward
with simple and easily memorised commands
for catalogueing, loading, erasing, and re-
naming files. The usual wild card characters
(? and C) are supported and the operating
system also recognises Sinclair Microdrive
syntax (useful when transferring software
designed for use with microdrives).

An excellent configuration and installation
program is supplied on cassette. The only
thing I didn't like about this software was the
somewhat nauseating opening screen (which
not only offers "congratulations" to the user
for purchasing the system but assaults the ear
by playing the tune of the same name!). This
said, the installation program is a model for
all programmers, and one can only hope that
other manufacturers will sit up and take
note.

One limitation of the Plus -D interface is
that it does not provide an extension of the
Spectrum's expansion bus for use by other
external hardware (such as a joystick inter-

face). Miles Gordon Technology can, how-
ever, provide a reasonably priced adapter
which will overcome this problem.

Manual
A 32 -page A5 format manual accompanies

the Plus -D package. This document consti-
tutes a comprehensive guide to installing and
configuring the Plus -D system and provides
users with a gentle introduction to the Plus -
D's command syntax and the process of sav-
ing, loading, copying and renaming disk
files. Incidentally, to keep faith with soft-
ware suppliers, the Plus -D will not allow
users to make copies of snapshot files. The
Plus -D manual also deals with configuration
of the Centronics printer port and has a sec-
tion for the more advanced user in which the
procedure for reading from and writing to a
disk sector is discussed as is the use of
streams and channels and the automatic exe-
cution of single sector machine code files.

Further support for the Plus -D is forth-
coming from an independent user group
which caters for Disciple and Plus -D users.
This active group, INDUG, provides a reg-
ular newsletter which is packed with hints
and tips supplied by members. U.K. mem-
bership of INDUG is moderately priced at
£10 per annum.

During the past three months, I have used
the Plus -D with half a dozen different vari-
ants of the Spectrum, including an early
Issue 3 machine, an Issue 6 Spectrum Plus,

It ' milt A
P.O.81
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443
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Electronic components at bargain prices!

WRITE OR

PHONE FOR
1988 CATALOGUE

Some of the electronic components available from our cata-
logue are:

SEMICONDUCTORS OPTO ELECTRONICS
74LSOO Quad 2 Input NAND 20p Small red LED, 3mm 9p

555 Timer 20p Large Red LED, 5mm 8p
741 Op -Amp 19p Red Flashing LED, 5mm 40p
LM 324 Quad Op -Amp 29p Very Large Red LED, 8mm. 50P
4000B Dual 3 Input NOR+ INV 20p Red 7 seg. 0.3" DAP
ULN2003 Transistor -Army 60p High Power IR sensor 70p
Zn414 AM Receiver £1 .00 High Power IR source 26p
ZN426E 8 -bit D/A Converter £2.30 Opto Isolator ILD74 £1.00

BATTERY CHARGER

RELAYS
& SOLAR MODULES

Solar Charger £6.45
& SWITCHES Universal Charger £4.50

Solar Panels (various sizes)
Ultra -Miniature 1 Pole 75p
Uttra-Miniature 2 Pole £1 .30 RECHARGEABLE
Sub -Miniature 1 Pole
Miniature Power

70p
£1.50 BATTERIES

Sub -Miniature SPDT 65p HP7 `Op
Miniature DPDT 70p HP11 E1.90
Miniature Push -Button 6mm 25p HP2 £2.25
Illuminated Rocker SPST Red 90p PP3 £4.20
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'Tom. CD
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RIDERS.
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and a recent Plus -Two. In all cases the Plus -
D behaved impeccably. Furthermore, since
the Plus -D has its operating system in ROM,
the system is protected against an inadver-
tent reset (there is no need to reload the
system from disk).

In conclusion, I have absolutely no hesi-
tation in recommending the Plus -D as it rep-
resents outstanding value for money.
Existing users of the Spectrum should take
heart as there is no longer any good reason
for upgrading to a Plus -Three; at £139.95,
the Plus -D and a 3.5 inch 80 track double -
sided drive from MGT is a much cheaper and
more powerful combination.

Miles Gordon Technology is at Lakeside,
Phoenix Way, Swansea Enterprise Park,
Swansea, SA7 9EH. INDUG can be con-
tacted at 34 Bourton Road, Gloucester,
GL4 OLE.

Next month: We shall be taking a look at
books on the much neglected Forth program-
ming language. Also, as promised in the Au-
gust issue, we include two fast machine code
routines for those who built the Dual DAC
featured in July and August issues.

In the meantime, if you would like a copy
of our On Spec Update, please drop me a line
enclosing a large (250mm x 300mm) adequa-
tely stamped addressed envelope. Mike Too -
ley, Department of Technology, Brooklands
Technical College, Heath Road, Weybridge,
Surrey, KT13 8TT.

ERLIN
MERLIN WAY, BOWERHILL,

MELKSHAM, WILTSHIRE
SN12 6TJ

YSTEMS
MISCELLANEOUS
1 x I.E.C. 1 amp mains filter socket
1 x I.E.C. 3 amp mains filter socket
1 x I.E.C. 6 amp mains filter socket
5 x push latching pcb switches
5 x slide pcb switches
10 x phone plugs
5x 240V panel neons
5 x 24V panel lamps
5 x MES lamp holders
5 x 2 -way 3 -pole switches with knobs
4 x 4 -way dill switches
5 x 1.7 amp 200V bridge rectifiers
3 x 1 amp 50V bridge rectifiers
10 x 5mm x 2mm red leds
10 x 5mm x 2mm green leds

1.25

1.50

1.75

70p
70p

SOP

70p
70p
50p

120
30p
1.20
50p

1.00

1.00

NEW!
Made by well-known Japanese manufac-
turer. Twin cassette mechanism, complete
with stereo heads, counter, doors and leads,
only £6.00, P&P 0.00
Complete working pcb from LW, MW, FM,
stereo music centre. Only f5.00, P&P £1.00.

NEW SYSTEM
Merlin Systems PC Turbo 256K RAM, 8088
CPU, 1 Disk Drive, Hires Mono Monitor, 84
Keyboard, Par printer port, Radio and MSDos
software and Merlin Systems backup.
£450.00 plus £15.00 P&P.

2nd USER SYSTEMS
Apple II+ with diskm drive and software

150,00

Franklin with disk drive and software 150.00

Apple parts, S100 cards, IBM cards, disk
drives, CPN systems, MSDos systems, IBM
PC, and mono/colour monitors.

PAYMENT: Credit card, cheque, PO, cash.
Port and packaging, £0.00 to £10.00 add
£1.50; £10.00 to £20.00 add E1.00

Tel: 0225 706886

Look out for Merlin Systems
at the following Rallies and
Exhibitions: September
17th -Scottish Amateur radio
Society, Aberdeen. Sep-
tember 25th -Harlow Ama-
teur Radio Society Mobile
Rally, Harlow.

POWER
RADIAL ELECTROLYTICS
ELECTROLYTICS 5x50ufx50uf 200V 60p
10x9.7u1 25V 30p 2x220u1 315V 1.75
10x22uf 10V 30p 2x220u1 4000 200
10x22uf 25V 35p 2x470uf 200V 1.50
10x47uf 250 35p 2x15000uf 25V 1.75

10x47uf 35V 40p 2x22000u1 25V 200
5x47uf 250V 60p 5x3300u1 25V 1 30
10x100uf 100 35p 2x3400u1400 750
10x220uf 10V 35p

10x220uf 16V 35e DIGITAL RESEARCH
10x220uf 25V 40e MANUALS
10x220uf 400 45p 1xGSX Graphic,
10x220uf 500 95p PC CPM86 1 50
10x470uf 25V 35p 1x0r Draw PC CPM86 150
10x470uf 50V 50p 1x0r Net PC CPM86 1 50
10x1000uf 25V 357 1xConcurrent CPM 150

1xCPM86 user 150

COMPUTER DESK
Up -Market Desk, L 102cm xW 74cm x H
74cm with' keyboard recess and cableing
trunking. New only £50.00 plus £16.00 P&P.

POWER SUPPLIES
AND TRANSFORMERS
Bench power supply in blue case, with
switched 240V mains input and HT output.
Outputs, 6.3V ac at lamp and 250V dc stabil-
ised at 50mA H 115mm, W 185mm, D 125mm.
Just the job for valves! AS NEW ONLY £9.50.

2nd USER TEST EQUIPMENT
SE Labs SN111 18MHz bandwidth, twin
beam, mains or battery input. Only (160.00
plus £15.00 p&p. Ring for list.
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Constructional Project

HOME
SECURITY
SYSTEMS Part
OWEN BISHOP
Part 4 Infra -Red Detector
In this series our main concern will be
securing the home against intruders, but
we shall also describe devices for securing
it against fire. The system is modular, so
that you can adapt it to your needs.

IN this, the final part of the series, we look
at the construction of an Infra Red Detec-
tor which will provide a useful addition to

the Home Security System, the unit can also
be used as a stand-alone detector.

INFRA -RED DETECTOR
This device depends upon a beam of infra-

red being broken by the intruder. Ordinary
visible light could be used for such a system
but the advantage of using infra -red is that it

is invisible to the intruder. The unwelcome
visitor is thus more likely to walk into the
beam unawares.

The requirements for operating such a sys-
tem are not quite as simple as they may at
first seem. It is not sufficient to have a source
of infra -red directing a beam on to an infra-
red sensor, and arrange for the alarm to
sound when the beam is broken.

Light from most sources of illumination,
including incandescent lamps and fluorescent

tubes, contains a proportion of infra -red. If
lighting levels are high, the sensor may be-
come saturated and the breaking of the infra-
red beam will not be detected. If the house is
unoccupied, the intruder may switch on
room lighting and inactivate the system.
Furthermore, an intelligent intruder who
spots the sensor, may try to swamp it by
shining a bright torchlight at it.

In this system, an intermittent infra -red
beam is directed at the sensor. The logic
circuit confirms that the sensor detects infra-
red when the beam is on, and detects the
absence of infra -red when the beam is off. If
the sensor fails to detect infra -red when the
beam is on, this indicates that someone is
blocking the beam -the alarm is sounded. If
the sensor detects infra -red when the beam is
off, this indicates that room lights have been
switched on, or that someone is swamping
the sensor, or perhaps that an intruder has
unwittingly shone a torch at the sensor while
investigating the premises, In either case the
alarm sounds.

Fig. 4.1. Clock, logic and relay circuits of the Infra -Red Detector
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COMPONENTS

vac
See page 527

Resistors
R1 1k
R2 1M, then 100k
R3 2k2
R4 to R6 15, 0.5W carbon

or 0.6W metal film (3 off)
R7 68
R8 33k
R9 4k7
R10 10k
R11, R12 2k7 (2 off)
R13 330k
R14 220
R15 2k7
R16 1k
R17 33k

All 1/4W 5% carbon, unless
otherwise stated

Potentiometer
VR1 47k horizontal sub-

miniature preset

Capacitors
C1 470n polyester

layer
C2, C3 100n polyester

layer (2 off)
C4 470p, elect. 16V

Semiconductors
D1 to D3 TIL38 high power

infra -red emitting
diode (3 off)

D4 TIL100 photodiode
D5 TIL209 red I.e.d.
D6 BZY88 Zener diode

4.7V
TR1, TR2,
TR4, TR5 ZTX300 npn

transistor(4 off)
TR3 BD131 npn medium

power transistor
(or ZTX300, see text)

ICI 7805, 5V, 1A
regulator

IC2 555 timer
IC3 74LS73 dual J -K

flip-flop
IC4, IC5 74LS00 quadruple

2 -input NAND gate
IC6 CA3140 MOS-FET

op. amp.

Miscellaneous
RLA1 d.i.l. reed relay, single pole

make, 5V; 0.1 inch matrix strip -
board, 22 stripsx 38 holes, 8 strips
x11 holes, 11 strips x24 holes, 13
strips x24 holes (cut from a piece,
36 strips x50 holes; 1mm terminal
pins (16 off; 14 -pin d.i.l. sockets (4
off; 8 -pin d.i.l. sockets (2 off); plas-
tic lenses -red, 37mm diam,
f=80mm (2 off; cases, black a.b.s
68mm x 130mm x 42mm (2 off);
wire; fixings etc.

Approx. cost E
1.11Guidance only

CLOCK

A

B

& TRANSMITTER

RECEIVER

IEE1582G1

Cr EE.

C MPA E

. I

Fig. 4.2. Logic timing diagram

CIRCUIT
The clock, logic and relay circuits em-

ployed are shown in Fig. 4.1. The clock oper-
ates at about 70Hz, producing a stream of
pulses (Fig. 4.2) referred to as CLOCK.
These pulses are fed to a J -K flip-flop (IC3)
wired with J and K high so that the output
changes every time CLOCK goes low. This
gives a pulse -train A, running at half the
frequency of CLOCK. Pulse train A is sent
to a second J -K flip-flop, giving a train B
which has one quarter the frequency of
CLOCK. B is used for driving the transmit-
ter, which switches a set of infra -red I.e.d.s
on and off. This produces the intermittent
beam referred to above.

The beam is detected by a receiver circuit,
which produces a logic high output when the
beam is on and a logic low when it is off. If
the beam is not broken (output continuously
low) and is not swamped (output continu-
ously high), the signal from the receiver
should be identical with and in phase with B,
as shown in Fig. 4.2. We use an exclusive-
-OR gate to compare these two signals.
Since we need only one EXOR gate it is
made from four NAND gates (IC5). As long
as the signals are identical, the output from
this gate is high. If they differ, it immediately
goes low.

If we were to rely simply on comparing the
two signals continuously, we could run into
trouble owing to response times of the trans-
mitter I.e.d.s and the receiver. Instead we
arrange to compare the signals some time
after the I.e.d.s have been switched off or on.
Fig. 4.2 shows that the comparison is made
when CLOCK is low and a signal A is high.
IC4 provides the necessary logic; the output
of pin 6 is high only when CLOCK is low and
A is high.

If the output of pin 6 is low, the output of
pin 8 is high, no matter what signal is being
received from the EXOR gate. However,
during the sampling period, pin 6 is high and

we find the inverse of the EXOR output at
pin 8. Thus, the output at pin 8 is high when
the system is functioning normally, but drops
to low if the beam is broken or the sensor is
saturated. The output from pin 8 drives a
transistor TR1 which controls a relay.

The relay is normally closed, but opens in
the alarm condition. The relay may thus be
wired into the peripheral loop of the security
system. Note that with this method of con-
nection, the alarm will also be sounded if the
intruder finds and cuts the wires carrying the
power supply to the Detector, or between
the Detector main unit and the transmitter
unit, or the wire of the peripheral loop lead-
ing to the Detector.

CONSTRUCTION
Build the 5V regulator board first (Figs.

4.3 and 4.4). Do not mount it in the case yet,
as it is much easier for testing to have all the
boards laid out on the bench. The 12V
supply may be obtained from the p.s.u. of
the security system (Part 1, June 1988), or
from a low -current transformer unit, such as
a 12V "battery eliminator". The Detector
normally needs only 200mA, though it could
require more if extra -large currents are used
for the I.e.d.s (see later).

Cv

RECULATEL,

(EE,,81,

Fig. 4.3. Circuit of the regulated 5V
supply
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Fig. 4.4. Regulator board construc-
tion

Fig. 4.5. Layout and wiring of the
main board

The main board is built next and wired to
the 5V regulator board (Figs. 4.1 and 4.5) R2
has the value 1M, which gives a clock rate of
about 7Hz, to facilitate testing. Substitute a
100k resistor later, when the complete circuit
has been tested. For testing this board, tem-
porarily connect the transmitter output (P8)
to the receiver input (N26). When the circuit
is switched on the output at IC4, pin 8,
should remain high. If the connection
between P8 and N26 is then removed, the
output from pin 8 should go low briefly about
twice a second. If the logic appears faulty.
check all connections, check that strips that
should have been cut really have been cut
right across, check that all solder joints are
good.

TRANSMITTER
The switching transistors for the transmit-

ter (Fig. 4.6) are also on this board and
should be assembled at this stage. The 68
ohm resistor (R7) is optional. Its purpose is
to reduce the current to the I.e.d.s to about
50mA (total), which has been found to give
an adequate beam for operating the system
at distances of two to three meters or more.
This distance is suitable for protecting a
doorway, a small room or a corridor and
there is no point in allowing the l.e.d.s to
operate at their maximum rating. The dia-
gram stipulates that TR3 should be a me-
dium -power transistor (BD131) but, if R7
has a value of 68 ohms, a ZTX300 may be
substituted here.
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For greater distances, you may find that
R7 has to be reduced in value, or even omit-
ted altogether. If R7 is omitted, each l.e.d.
passes 150mA, and it is essential to fit a heat
sink both to TR3 and to the regulator IC1.
With such a large current, a p.s.u. capable of
delivering over 500mA is essential. It should
be well stabilized, otherwise voltage surges
caused by switching the 1.e.d.s may affect the
operation of the other parts of the circuit.
The transmitter board has three infra -red
I.e.d.s (Fig. 4.7). One would be sufficient for
short distances but three gives a larger region
of emission, making it easier to align the
system optically. It also caters for applica-
tions in which the transmitter is to be a long
way from the sensor. The board is cut so as
to fit into a slot in the transmitter case (Fig.
4.8).

This design uses inexpensive red plastic
lenses to focus the radiation into a roughly
parallel -sided beam. The focal length of
these lenses is about 80mm for infra -red, so
the I.e.d.s should be 80mm behind the lens.
The board is a little further back than this
and the leads of the l.e.d.s bent so that they
are the correct distance from the lens and are
grouped around its optic axis.

A hole 32mm diameter is cut in one end of
the case and the lens is glued in place. When
you have completed the transmitter board,
solder two wires about 2m long to it (you can
increase the length later), slot it in place, run
the two leads out of the hole at the back and
screw down the lid.

RECEIVER
The receiver circuit (Fig. 4.9) uses a re-

verse -biassed infra -red diode to detect inci-
dent radiation. When infra -red is received,
the increased reverse -current through D4
causes a reduction in potential between R8
and D4. This reduces the base current to
TR4, so reducing the current through R9,
and hence the potential between TR4 and
R9. The operational amplifier (IC6) is wired
so that changes in the input potential (at
TR4/R9) are amplified and inverted. Thus,
the reduced input potential when infra -red is
detected gives an increased output from the
op. amp. The output from the op. amp.
swings sharply between OV and about 9V
(relative to the OV rail), in phase with the
incident infra -red beam.

+5V 0

DI - D3
TIL 38

R4 - RS
15

LEADS TO
TRANSMITTER UN IT

FROM
LOGIC

OV

TR3
50131 *

SEE TEXT

(FE 1 5.9 50

Fig. 4.6. Circuit of the infra -red
transmitter
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The output is clipped, using a TR5 as an
emitter -follower, so that the output of IC6
appears also across R16 but is limited to a
maximum of 4.7V by the Zener diode D6.
This limited voltage, suitable for TTL inputs,
is then fed to the logic circuit. The output
state is indicated by the red l.e.d (D5), which
is useful when setting up the system. The
main case has a lens fitted as in the transmit-
ter case.

The receiver circuit is assembled on a
piece of board (Fig. 4.10) that slots into the
main case in a similar way to the transmitter
board (Fig. 4.8). The sensor diode is
mounted on its long leads so that its position
may be adjusted to bring it to the focal point
of the lens. A hole cut in the side of the case
opposite to D5 allows this I.e .d. to be viewed
when the case is closed.

Fig. 4.8. The optical system and
general layout

SETTING UP
When the receiver circuit is assembled,

slot it in position in its case. Connect it to the
12V supply (Note: NOT the 5V supply) and
switch on. With the case open and exposed
to normal room artificial lighting, adjust
VR1 until the I.e .d. just comes on, but goes
out again when you shade the sensor with
your hand. Then put the lid on the case.

Connect the transmitter board to the ter-
minal pins on the main board (A38, 138).
When the 5V supply is switched on, use a
voltmeter to monitor the voltage across R7.
It should be pulsating regularly at about 2Hz,
indicating that the l.e.d.s are being switched
on and off as a result of signal B.

Align the transmitter and main cases as in
Fig. 4.8, with about 5cm between the lenses.
The l.e.d. on the receiver board (D5) should
begin to flash regularly at about 2Hz. Place
your hand so as to interrupt the beam; the
I.e.d. goes out. Remove the lid of the main
case, or shine a bright light into it through
the lens; the l.e.d. stays on. It may be
necessary to adjust VR1 slightly but, usually,
the correct position is found first time. Re-
peat the above tests, measuring the output
from the op. amp. (not yet connected to IC5
on the main board). This output should
alternate between OV and 4.7V as the l.e.d.
goes off and on.

Now connect the receiver output to IC5
(terminal pin N26 on the main board). Moni-
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Fig. 4.9. Receiver circuit diagram
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tor the output from pin 8 of IC4, or connect
an ohmmeter across the relay contacts. With
an uninterrupted beam, the output of pin 8
stays high and the relay contacts are closed.
Interrupt the beam: after a delay of a frac-
tion of a second, the output begins to fall
repeatedly to OV, and the contacts re-
peatedly open. The delay is due to the time
taken to reach a "compare" stage (Fig. 4.2).
When you are certain that the circuit is oper-
ating correctly, replace R2 with a 100k re-
sistor; the clock runs 10 times faster and this
delay is not noticeable.

MOUNTING
A compact way of fitting the boards into

the main case is to mount the main board in
the bottom, with the receiver board across it,
in its slot (Fig. 4.11). The region of the main
board from columns 27 to 29 has been left
clear of components to allow the receiver
board to rest on the main board. The main
board is the full width of the box and the top
of the receiver board comes flush with the
top of the box, so the boards are held in
place when the lid is fitted. If the case or
boards are of other dimensions it will prob-
ably be necessary to secure them with bolts.

Fig. 4.10. Layout and wiring of the
receiver board

Fig. 4.11. Positioning and interwir-
ing of the various circuit boards

The regulator board is bolted beside the hole
in the end of the case. The inter -board wiring
is then completed as in Fig. 4.11.

INSTALLATION
The two cases are mounted on either side

of the doorway or room. Normally the beam
is horizontal and about 75cm above the
floor. This ensures that it will be broken by
an intruder, but pets will pass under it freely.
There is the problem of the intruder who
locates the cases and then either crawls
under the beam or steps over it. Conceal the
cases as far as possible, possibly behind cur-
tains or actually inside furniture or partition
walls.

If the system is being used to protect the
doorway of a room, the cases are mounted so
that they cannot be seen until the room has
been entered and the beam has already been
broken. The main case must be positioned so
that it is directed towards a darker part of the
room, not at a window or lighting fitting.

Before finally mounting the cases in po-
sition, check the operation of the circuit.
Switch on and observe the flashing I.e.d.
(D5). Align the cases so that the I.e.d.
flashes regularly. If no response is obtained,
check the positioning of the infra -red I.e.d.s
and sensor to make certain that they are at
the focal points of the lenses. If D5 is on
continuously, the sensor may be swamped by
room illumination. A tube, painted matt
black inside, and placed in front of the lens
will help narrow the field of view of the
sensor. If D5 is continuously off and the
distance between the cases is more than 3-4
metres, try reducing the value of R7 to 56 or
47 ohms, to increase the current through the
l.e.d.s. When the system is working prop-
erly, fix a piece of black insulating tape over
the spy -hole in the main case, to prevent the
flashing l.e.d. from giving away the fact that
a security system is operating.

STAND-ALONE
DETECTOR

The detector can be used as a stand-alone
device as already explained for the Temper-
ature Monitor (Fig. 3.9). The difference is
that this circuit normally has the relay con-
tacts closed and opens them in the alarm
condition. Instead of the relay specified, use
a relay with normally -closed contact that
open when the coil is energised. Such relays
are not readily available in di]. packaging,
but you can use a small 6V change -over
relay, mounted off -board, wiring to the
appropriate pair of contacts.
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POWER CONDITIONER
FEATURED IN ETI
JANUARY 1988

The ultimate mains
purifier. Intended mainly
for lowering the noise
floor and improving the
analytical qualities of
top-flight audio equipment.

The massive filter section contains thirteen capacitors and
two current balanced inductors, together with a bank of six
VORs, to remove every last trace of Impulsive and RF
interference. A ten LED logarithmic display gives a second by
second indication of the amount of interference removed.

Our approved pans set consists of case, PCB, all
components (including high permeability toroidal cores. ICs,

transistors, class X and Y suppression capacitors, VDR5,
etc.) and full instructions.

PARTS SET £28.50 VAT

Some parts are available separately. Please send SAE for lists, or
SAE + Et for lists, circuit, construction details and tattler information

(free with parts sell.

THE DREAM

MACHINE
FEATURED IN ETI
DECEMBER 1987

Adjust the controls to suit your mood and let the gentle.
relaxing sound drift over you. At first you might hear soh rain,
sea surf, or the wind through distant trees. Almost hypnotic,
the sound draws you irresistably into a peaceful, refreshing

sleep

For many, the thought of waking refreshed and alert from
perhaps the first truly restful sleep in years is exciting enough
in itself. For more adventurous souls there are strange and
mysterious dream experiences wading Take lucid dreams,
for instance. Imagine being in control of your dreams and able
to change them at will to act out your wishes and fantasies.
With the Dream Machine it's easy!

The approved parts set consists of PCB, all components.
controls, loudspeaker, knobs, lamp. fuseholders, fuse. mains
power supply, prestige case and full instructions.

PARTS SET £16.50 VAT

AVAILABLE WITHOUT CASE FOR ONLY £11.90 +VAT

MAINS

CONDITIONER
FEATURED IN ETI
SEPTEMBER 1986

Cleans up mains pollution
easily and effectively.
You'll hardly believe the
difference in your Hi-Fi, TV, Video, and all other sensitive

equipment.

PARTS SET £4.90 VAT

RUGGED PLASTIC CASE £1.65 VAT

POWERFUL AIR

IONISER
FEATURED IN ETI
JULY 1986

Ions have been described as
'vitamins of the air by the
health magazines. and have
been credited with everything
from curing hay lever and asthma to improving concentration and
putting an end to insomnia. Although some of the claims may be

exaggerated, there is no doubt that ionised air is much cleaner
and purer, and seems much more invigorating than 'dead air

The DIRECT ION ioniser caused a great deal of excitement when
II appeared as a constructional project in ETt. At last, an ioniser

that was comparable watt (better than?) commercial products,
was reliable, good to build and fun! Apart from the serious

applications, some of the suggested experiments were outrageous'

We can supply a matched set of parts, fully approved by the
designer, to build this unique project. The set includes a roller
tinned printed circuit board. 66 components. case, mains lead,
and even the parts for the tester. According to one customer, the

set costs 'about a third of the price of the individual components
What more can we sap Instructions

are

PARTS SET WITH BLACK CASE £11.50 VATThcluded

PARTS SET WITH WHITE CASE £11.80 VAT

KNIGHT RAIDER
FEATURED IN ETI JULY 1987

The ultimate in lighting effects for your Lamborghiny Maserati, BMW
for any other car. for that matter). Picture this: eight powerful lights in
line along the front and eight along the rear You flick a switch on the
dashboard control box and a point of light moves lazily from lett to
right leaving a comet's tail behind It. Flip the switch again and the
point of light becomes a bar. bouncing backwards and forwards
along the row. Press again and try one of the other six patterns
An LED display on the control box let's you see what the main lights

are doing.

The Knight Raider can be tided to any car (it makes an excellent fog
lightil or with low powered bulbs it can turn any child's pedal car or
bicycle wto a spectacular TV.age toy'

The pads set consists of box. PCB and components for control. PCB
and components for sequence board, and full instructions.

Lamps not included.

PARTS SET £19.90 r VAT

RAINY DAY

PROJECTS

All can be built in an afternoon!

JUMPIN' JACK FLASH (ETI March 15851
Spectacular rock, Stage and disco lighting effect, E6.90 - vs,

CREDIT CARD CASINO IETI March 19871

MAINSE5.90CONTROLLER (ETI January 1987)

The wicked pocket gambling machine

Isolated logo to mains interface £6.20 VAt

MATCHBOX AMPLIFIERS (ETI April 19861
Listen 5011/ of FleFi power from an amp small
enough to fit in a matchbox'

Matchbox Amplifier (20W) £6.50 vAl

Matchbox Bridge Ampll ler

L165V Power Amplifier IC with data and circuits £3.90 - VA1

TACHO/DWELL METER (ETI January 1987)
Turn your Metro into a Porsche, E16.40

HI-FI POWER METER (ETI May 1987)

Measures output power up to 100W
- includes PCB, components, meters

Mono power meter £3.90 - VAT

Stereo power meter £7.20  VAT

\FEATURED IN ETI
SEPTEMBER 1988

The MISTRAL AIR IONISERAir ions are as
essential to life as food

and drink. In sterile city environments
the natural ions

are wiped out by dirt, dust, pollution
and traffic fumes. The

resulting feelings of pale, tired
listlessness

are so easy to change.

The Mistral is designed
to restore the natural

ion balance, and
with it your sense of energy,

health and vitality. A highly developed
circuit combined with an efficient

phosphor -bronzewithin hours!
emitter tills the most spacious room

with life giving ions.
You'll feel the difference

 Variable ionisation
potential for maximum

ion rush

 Hundreds of phosphor
bronze ion

thrust points

 Built-in ion counter
- see the output level

at a glance

LM2917

EXPERIMENTER SET

Consists of LM2917 IC, special printed circuit board and
detailed instructions with data and circuits for eight different
projects to build. Can be used to experiment with the Circuits
in the 'Next Great Little IC' feature (ETI, December 1986).

LM2917 EXPERIMENTER SET £5.80 VAT

 Over 100 top grade components
 Speedy relief for

hay fever and
asthma sufferers

 Feel the difference
within hours

Some parts are available
separately, Please sendSAE for lists, or SAE

+ £1 for lists, circuit, constructiondetails and further information
(free with parts set).

LEDs a
Green rectangular LEDs
for bar -graph displays.

50 for £3.50 500 for En
100 for E6 1000 fbr C45

DIGITAL AND AUDIO EQUIPMENT LEDs

Assorted 3mm LEDs: red, green, yellow and orange.

25 of each (100 LEDs) for £6.80

Prices shown are exclusive of VAT so please add 15% to the
order total. UK postage is 70p on any order. Carriage and
insurance for overseas orders 04 .50. Please allow up to 14 days
for delivery

D)UgUICDi
LIMITED

SALES DEPT., ROOM 111 , FOUNDERS HOUSE, REDBROOK, MONMOUTH, GWENT

EATURED
IN ETI

There's nothing quite so encouraging as a
AUGUST 1988

having a quantifiable result to show for your training efforts. If you are not

particularly IC, your resting heart rate will be around BO bests per minute
As your Jogging, aerobics or sport strengthens your head. the rate will drop
dramatically - possibH lo 60bprn or less. With the 5101, you can watch
your progress day by day

Breathing is important too. How efficiently do you take up oxygen'
How quickly do you recover from 'oxygen debt aver strenuous acne v

The S101 will Mt you know.

The approved pans set consists 01 case 3 printed Circuit

boards, all components ,including 17 ICs. quartz crystal
75 transistors, resistors, Modes and capacitors(. LCD
switches, plug, sockets, electrodes, and full instruction
for construction and use

PARTS SET £33.80 + VAT
Some parts are available separately Please send SAE',.
SAE tar isle circuits sonstruceon details an: is.,

ARMSTRONG 75W

AMPLIFIER
FEATURED IN PE
JULY 1988

A.J. Armstrong's exciting
new audio amplifier
module is here at last,
Delivering a cool 75W (conservatively rated - you ft get
nearer 100W), this MOSFET design embodies the finest

minimalist design techniques, resulting in a clean.
uncluttered circuit in which every component makes a

precisely defined contribution to the overall sound.
You can read all about it in the July issue of PE, but why

bother with words when your ears will tell you so much

more
Parts set includes top grade PCB and all components

SPECIAL INTRODUCTORY PRICE FOR FULLY
UPGRADED MODULES.

SINGLE PARTS SET £14.90* VAT
STEREO PAIR £25.901- VAT

Please send SAE a Pt tor data and circuits (tree win Pads set' includlo9
diagrams for matching pre., and power supply this amplifier was not
be available troth your usual audio espalier - we produce the only designer

approved parts set

BIO

FEEDBACK
FEATURED IN ETI
DECEMBER 1986

Biofeedback comes of age
with this highly responsive.
self -balancing skin
response monitor! The
powerful circuit has found application in clinical situations
as well as on the biofeedback scene. It will open your
eyes to what GSR techniques are really all about.

The complete parts set includes case. PCB, all
components. leads, electrodes, conductive gel, and full
instructions

ir/B.77 4TO,,

PARTS SET £13.95 VAT

BIO-FEEDBACK BOOK £3.95 (no VAT)

Please note the book. by Stern and Ray, is an authorised guide to
the potential of bodeedback techniques. It is not a hobby book.

and will only be of interest to intelligent adults

BRAIN E MONITOR

FEATURED IN ET1

AUGUST 1987

The most antonishing project ever to have appeared in an
electronics magazine. Similar in principle to a medical EEG
machine, this propel allows you to hear the characteristic
rhythms of your own mind, The alpha beta and theta forms can
be selected for study and the three articles give masses of ix

information on their interpretation and powers

In conjunction with Or Lewis's Alpha Plan. the monitor can be
used to overcome shyness. to help you feel confident in
stressful situations, and to train yourself to excel at things you're
'no good at

Our approved parts set contains case, two PCBs. screening can
for No -amplifier. all components (including three PHI precision
amplifiers), leads, brass electrodes and full instructions

PARTS SET £36.90 VAT ALPHA PLAN BOOK £2.50

SILVER SOLUTION nor slating eleCtrOMI £3.60 VAT

Parts set available separately We also have a range of accessories

pans

electrodes, books, etc. Please send SAE Mr lists. or
SAE E2 Mr lists. COnstruCtien details and ludner information (tree with
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Constructional Project

AUDIO
MINI -BRICKS
JOHN BECKER Part 4
A planned series of audio building "bricks" that can be connected together in numerous
different ways to produce all kinds of sound effects. These basic building modules are
examined in detail and, with one exception, all the circuits use identical i. c. s and a master
printed circuit board.

The circuits are all self-contained and you can select whichever circuits you want to
build. All projects are suited to assembly by novice and experienced constructor alike.

AUSEFUL add-on for our Envelope
Shaper (details last month) is a note
or level triggered pulse generator.

This enables a pulse to he generated by a
musical instrument, such as a guitar.

The simple Level Triggered Pulse Gener-
ator circuit shown in Fig. 4.1 does this in
response to input level changes. When a note
is played on an instrument, unless it is an
organ or similar, there will he an increase in
its level. If the note is fed to diode D5, the
rising level will pass through and charge
capacitors C8 and C9.

However, as resistors R19 and R20 are of
different values, capacitor C8 will charge
faster than C9. An imbalance between the
two inputs of IC2a will result. Consequently
its output will be tripped into its high state.

If the note is held, eventually the charge
on capacitor C9 will rise above that on

capacitor C8, and so IC2 will be tripped
down again. Thus a pulse is generated, and is
suitable for controlling an envelope shaper
or other circuits.

Diode D8 ensures that the minimum out-
put level of IC2a, which is somewhat above
ground level, does not adversely affect the
controlled circuit. Resistor R54 ensures a
grounded reference level. With this circuit it
is possible to play notes at a fairly fast rate
since the level will normally decay slightly
between each one, so allowing the trigger
points to reset.

The pulse generator in use with a signal
pre -amp and an Envelope Shaper plus VCA
is shown in Fig. 4.2. With this set up once the
Envelope Shaper is triggered it will normally
need to follow through its full cycle. It can-
not be forced into a fast decay by the pulse
generator.

IC2. 00082
P20
10k

J1_

Fig. 4.1. Circuit diagram for a simple
Level Triggered Pulse Generator.

VOICE OPERATED FADER
A combination of several circuits so far

described, including a variation on the pulse
generator, can be used as a Voice Operated
Fader (see Fig. 4.3). This is of particular
interest for disco control, and for recording
home movie or video commentaries with
music. The microphone provides both the
voice and the trigger source.

When speech starts, the level of the music
fed into a second input is automatically re-
duced, so giving priority to the commentary.
The pre -amp shown serves both for raising
the mic level, and also acts as a buffer to the
trigger stage. This is similar to Fig. 4.1.
except that the controlling capacitors are
kept charged for as long as speech continues.

Short speech pauses are ignored, but after
a longer pause, the capacitors start to dis-

VGA / PULSE
PRE - AM PA/ IN GENERATOR

FIG 4.1 "o-
-0

FIG :.1.5

IFE140i0

11516

ES /VGA

FIG3.8
OUT

0-0

Fig. 4. 2. Note triggered envelope shaper.

Fig. 4. 3. (below) Arrangement for Voice
Operated Fader.

VOICE
IN

PRE -AMP

Fl 305

tErt,011G)

1C2. TL 062

05
1N4148

22p

08
1N1.148

ES

FIG 3.7

R47
100k

V RFF

645
100k

IG2b

RSO
100 6 INVERTER

MUSIC VCA
IN

,t1

FIG 3.1.

MIX

FIG 1.6
IN 2

UT
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charge until the threshold level of compara-
tor IC2a is reached, at which point the
output state falls allowing the Envelope
Shaper to start its decay. Since the trigger
levels need to reduce the music volume
rather than increase it, the Envelope Shaper
output is inverted prior to the VCA.

Both music and voice signals are combined
at the two input mixer. The composite mix
can be fed to an amplifier or recorder in the
normal way.

AUTOWAH
The block diagram for a note triggered

Wah-Wah unit is given in Fig. 4.4. The music
comes in through the buffering pre -amp. The
split signal goes to the VCF in one direction,
and to the pulse generator in the other.

This is triggered by note level changes, and
controls the envelope shaper. In turn, this
sets the response of the VCF, and wah ef-
fects are produced during the envelope
swing. The effect is most pronounced with
harsher input sounds in the upper frequency
regions.

COMPRESSOR
With signals having a wide dynamic range,

it is often desirable to restrict the range to a
more even level. This enables speech for
example to be evened out for such purposes
as commentary recording, or radio trans-
mission.

It also helps reduce the possibility of signal
overload when high level peaks occur. The
compression function of the transconduc-
tance amplifier (TCA)chip ICI was
described earlier, but that method is less
controllable than the circuit in Fig. 4.5. This
automatically compresses the level to an
amount set by the variable limiting control.

To avoid overloading the signal source a
buffer, such as the pre -amp from Fig. 3.5,
should be used immediately prior to capaci-
tors C14 and C20. The signal is then split into
two directions. The first route takes it
through a VCA where the gain can be
changed in response to the level detected.
The second route takes it to be rectified by
diode D12.

Capacitor C22 charges to the maximum
level passed, which is then picked up by the
inverting amplifier IC2b, the gain of which
can be set by potentiometer VR14. The re-
sulting output swing is sufficient to change

SIGNAL
IN 0...4D

VCA /
PRE -AMP

FIG 3.5

PULSE
OUT IN GENERATOR,

FIG Z.  1 oU

IEE141061

TRIG

ES

FIG 3.7

CONTROL

IN VCF0- -o
FIG 2.1

SIGNAL
OUT

Fig. 4. 4. Auto -triggered Wah-Wah set up.

1C1=. LM 13600
102. T L082

Fig. 4. 5. Circuit diagram for a Compressor. The block dia-
gram below shows where the Compressor might fall in the
"chain" of signal processing.

UNLIMITED
SIGNAL IN

f EE142041

BUFFER OUT IN COMPRESSOR

(SEE TEXT) FIG 05
RESTRICTED
LEVEL OUT

the current going to the VCA control node
via the level trimmer preset VR4.

When the signal level rises above approxi-
mately 4.5V as seen at capacitor C22, the
output of IC2b starts to fall. As it does so the
current reaching the node of ICic also falls.

This fall progressively closes the VCA as
the swing increases. Consequently the VCA

V OUT

Al

ROTATION

AI 0 p

vRIA

-OA

Graph. 7. Typical response or "compression"
curves for various settings of VR14.

output also falls, thus resulting in signal com-
pression. Graph 7 shows the response curves
for various settings of potentiometer VRI4.
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COMPONENTS
IN

COMPRESSOR
CUT

COMPRESSOR

t

PULSE GENERATOR &
COMPRESSOR

Resistors
R2 -R4, R17,
R20, R32

10k (9 off)R39, R40
R54
R6, R23, R33 100k (6 off)
R36, R44, R46
R19 200
R28, R2_ R53 4k7 (3 off)
R34, R35 1k (2 off)
R49 47k

All 0.25W 5% carbon

Potentiometers
VR4 100k skeleton
VR6, VR11 1M mono rotary

(2 off)
VR14 100k mono rotary

Capacitors
C2, C8,
C10 C14,
C16, C20,
C25
C5, C11

C9, C22

C23

1ttelect. 63V
(7 off)

22µ. elec. 16V
(2 off)
4µ elec. 63V
(2 off)
100n polyester

Semiconductors
D5, D8, 1N4148 signal diode
D12 (3 off)
IC1 LM13600 trans -con-

ductance op. amp
IC2 TL082 dual BIFET

op. amp

See page 527

Miscellaneous
Printed circuit board, 255A;

p.c.b. clips (4 off); 8 -pin i.c. socket;
16 -pin i.c. socket; knobs (3 off);
connecting wire; solder etc.

Approx. cost
Guidance only £15

CONSTRUCTION
-PLAN F

The printed circuit board component
layout for the pulse generator from Fig. 4.1,
the pre -amp (Fig. 4.3 and Fig. 4.2), and also
the compressor (Fig. 4.5) is shown in Fig.
4.6. The full size copper foil master pattern
was given in Part One, Fig. 1.1 (June '88).

AUTOMATIC LEVEL
CONTROL

Compression restricts the upper ranges of
an input signal. Whereas the use of an Auto-
matic Level Control (ALC) ensures that the
overall output signal is maintained at a set
level, whether the original is above or below
that point.

cr
o X <
cr

z cc
w 0-

w t-
on 3
a_

cr

62

S. i 1.
R3 R4

TIT T
RS

061 0R11

I

PRE -AMP GAIN PRE -AMP
COMPRESSION

R40

04 Fa-

O IiIR

) IC 2

Ouu

-Ec2c 1-S1
C-0

R13 ", 62e IM
+C9

TI RI9 OH:: C8 Fe

5H
00
0

u.t <
UJ

0.Z
C25

PuNj.SE
GENERATOR

E

-f 623 1.0

er-Lo

0014

1173j
P E .AMP COMPRESSOR

OUT RANGE PULSE
OUT

-- CY

Fig. 4. 6. Pulse Generator and Compressor component layout on the
master printed circuit board. -Plan F.

C14 633

SIGNAL
y 100k

IN

cewooj

VR6 R32
100k 47k IC1 o 0413600

I C2 o TL 082
R45
100k

FIXED
LEVEL
OUT

PRESET
LEVEL

OUT

Fig. 4. 7. Circuit diagram for the Automatic Level Control (ALC).

V OUT

1,4

oo

Graph. 8. Response of the
Automatic Level Control with
rotation of control VR6.
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The one shown in Fig. 4.7 also behaves in
a manner similar to a noise gate, as it auto-
matically reduces the response for signals
below a threshold point. Typical response
curves are given in Graph 8.

The input signal goes to the VCA IC1c.
Unlike most other signal inputs, the level
here is only attenuated to one tenth.
Potentiometer VR6 sets the gain response
and the signal passes through to the buffer
stage IC2b.

The signal also goes to ICid. Internally
this is a Darlington transistor high impe-
dance stage and will only conduct when the
signal level exceeds the transistor gate volt-
age. This is about 1.5V above the output
voltage at IC1d.

As the signal passes the gate level, ICid
conducts and capacitor C13 charges for the
duration of the gate excess. The compression
input of IC1c is controlled by the voltage at
capacitor C13. As it increases, so the TCA
compresses the gain. When the voltage falls,
so the compression is reduced.

The end result is that for signals above the
threshold level, a constant output amplitude
is maintained. The final level sent to other
circuits can be restricted by the volume con-
trol VR13.

NOISE GATE
Still in the same vein of level control, a

Noise Gate is shown in Fig. 4.8. These are
useful when background noise from a micro-
phone or effects circuit exists.

Under normal signal level conditions, the
noise will usually be disguised by the main
signal. However, during quiet passages, or
when no main signal is present, the un-
wanted noise can be a distraction.

Using a gate of this nature, the full

but as it falls, so the gain reduces by an
amount proportional to the level. The effect
is that the low level noise signal is reduced at
a greater rate than the main signal. Finally,
at a preset threshold point, the gate closes
entirely.

This is an extremely useful facility in many
applications, as for example, keeping
speaker systems mute when not needed. It
should though be used with care for speech,
as the rise and fall of background noise dur-
ing short pauses can sometimes be more noti-
ceable than the constant background from
ungated signals.

The most usual place for a noise gate is
immediately before the final amplification
stage, as shown in Fig. 4.9.

CIRCUIT OPERATION
Circuit operation of the Noise Gate Fig.

4.8 is quite simple. The input signal is fed to
the VCA ICla and IC1b. It also goes to the
high gain stage IC2a which amplifies by
around 100 times. The output goes to a diode
and capacitor network.

During high signal level passages, capaci-
tor C6 is kept fully charged, and so the VCA
is held open. As the signal strength falls
below threshold levels, the charge on C6
reduces, and so the VCA gain is progress-
ively lowered.

Eventually the charge falls to below the
VCA sustaining level, and the gate closes.
When the signal recommences, capacitor C6
recharges almost instantaneously, so rapidly
opening the gate.

Despite the speed though, very fast open-
ing transients may have their attack rate
slightly dampened. Gate threshold levels are
given in Fig. 4.10.

SIGNAL jy8INQIl

014
100k

R16 P15
100 16

C4 010
104146

1041091.8

VR1 01 IC1.LM13600
100k 4k7 1C2rTL0132

823
100

C6 0
22 y

C25
16

ICla

R3 R4

ICU) C2

SIGNAL
11..60 OUT

I

R6 R39
1k 10 Ok 10k

V REF

fEE147161

Fig. 4. 8. (above). Circuit
diagram for a Noise Gate.

Fig. 4. 9. (right). The Noise
Gate as a final signal stage.

END OF
ALL

PREVIOUS
STAGES

OUT IN

NOISE
GATE

FIG 4.8
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TO
AMPLIFIER

OUTPUT
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OF
INPUT

(6E143261

1001/.

50%

0
20 mV

50mV 100 mV 150m V BV

INPUT LEVEL

Fig. 4. 10. Typical threshold level to be expected
from the Noise Gate.
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Fig. 4. 11. Printed circuit board component layout for the Automatic
Level Control and the Noise Gate. -Plan G.
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COMPONENTS
NOISE GATE & ALC

Resistors
R1, R28, R29 4k7 (3 off)
R3, R4, R15 1k (3 off)
R6, R14, R16
R23, R33
R36, R43
R45, R46, R50,
R32 47k
R34, R35, R39 10k (3 off)
R38 56

All 0.25W 5% carbon

100k (10 off)

Potentiometers
VR1 100k skeleton
VR6 100k mono rotary
VR13 100k log mono

rotary

TAIK
Capacitors

C2, C4, C8
C10,C14 1i/ elec. 63V
C19, C25 (7 off)
C6, C11, C13 22/2 elec. 16V(3 off)
C23 100n polyester

See page 527

Semiconductors
D9, D10 1N4148 signal diode (2 off)
IC1 LM13600 trans -

conductance op. amp
IC2 TL082 dual BIFET

op. amp

Miscellaneous
Printed circuit board, 255A;

p.c.b. clips (4 off); 8 -pin i.c. socket;
16 -pin i.c. socket; knobs (2 off);
connecting wire; solder etc.

Approx. cost
Guidance only £14

CONSTRUCTION
-PLAN G

The printed circuit board component
layout for the ALC and the Noise Gate is
shown in Fig. 4.11.
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1801,

VR7
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IC1b D5
164148

R39
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ICI = LM13600
IC2 IL 082

V

R47 5

100k

R27
100k

IC2

846
100k

645
100k
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Fig. 4.12. Circuit diagram fora Frequency to Voltage Converter.
(Tachometer.)

FREQUENCY TO
VOLTAGE

The rate at which a capacitor is allowed to
charge can form the basis of a Frequency to
Voltage conversion unit. The circuit in Fig.
4.12 is suitable for simple control of other
functions or as a rate tachometer. Its re-
sponse curves are in Graph 9.

The input frequency can come from a va-
riety of sources such as a musical instrument,
from an oscillator, or even batch counting
detectors. The actual source is irrelevent as
long as the frequency remains constant long
enough for the converter to sample it.

The input frequency comes to the level
clipping stage IC2a. The gain is set by the
values of resistors R14 and R22. Diodes D6
and D7 limit the swing to about 1.4V peak -
to -peak to standardise the waveform level.

An additional output is provided here so
that the limited waveform can be fed to other
circuits, either as a signal or pulse source. An
example will be seen later with the Sample
and Hold in use.

At ICI a the signals pass through to charge
capacitor Cl at the rate set by the control
current via preset VR1 and variable
potentiometer VR7. The former presets the
range, and the latter gives manual control
over the response width.

The level to which capacitor Cl rises is
proportional to the frequency, though it con-
tains a residual ripple waveform. Passing
through diode D5 the voltage is smoothed by

Fig. 4. 13. (right)
Frequency con-
trol of VCA or
VCF. VCO may
also be similarly
controlled.

6,

F V
V Out

FIG 4.12

Graph 9. Fre-
quency to Voltage
range against
control resistance.

tOONE IhNt

INPUT FREQUENCY

10101[ 50,11

Fig. 4. 14. (below)
Simple Fre-
quency Meter
block diagram.

capacitor C5. Lower frequencies will charge
capacitors Cl and C5 at a rate faster than
high ones, so C5 is followed by an inverting
stage to produce a rise in voltage from a rise
in frequency.

A possible use of the converter for setting
the response of a voltage controlled unit is
shown in Fig. 4.13. Fig. 4.14 shows it in use
as a simple frequency meter.

SAMPLE AND HOLD
It is sometimes necessary to sample an

event at a point in time, and to store the
result for further use. A basic Sample and
Hold circuit is shown in Fig. 4.15. Once
again this consists of a TCA and a capacitor.

The signal presented to ICla can be a d.c.
or a.c. voltage. When a positive level is sup-
plied to the TCA control node, capacitor
C15 is allowed to charge to the level present
at the input. When the control level goes, the
sample is held by C15.

ICId buffers the charge to minimise the
rate at which it leaks away. It is inevitable
that the charge will drift as the buffer does
not have an infinitely high impedance, and
the capacitor itself will have a leakage factor.
The useful storage time though can still be
several minutes.

Increased capacitance values will extend
the hold time, but electrolytics should be
avoided as their leakage rate is usually quite
high. The output can be fed to any of the
voltage control nodes described in this series
of articles, or to other external units.
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IN

fEE14,2GJ
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V IN

R32
10k

R33
00k OUT
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TRIG _FL
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LM 13600

EE1tt t6

C15
220n

V REF

Poe
100

Fig. 4. 15. Sample and hold circ-
uit diagram.

FREQUENCY CHANGER
One use of the Sample and Hold unit is

shown in Fig. 4.16. Here it is part of a fre-
quency changing circuit.

The signal is converted to a voltage which
is sent to the S & H, the output of which
controls an oscillator frequency. The limited
trigger signal from the F -V is doubly ampli-
fied by IC1b and ICI a to generate a full level
trigger control for opening both the S & H,
and the VCA Envelope Shaper.

While the VCA is held open the VCO
output is passed through and is the replace-
ment frequency. Once the original ceases,
the S & H will hold the last level received.

The Envelope Shaper then allows the
VCA to close at a set decay rate. This should
be timed for a smooth fade out before the S
& H charge has signicantly decayed. The
VCO output frequency can be selected for

COMPONENTS
F -V CONVERTER &

SAMPLE HOLD
Resistors

R1 47k
R3, R4 1k (2 off)
R11, R16, R22
R27, R33
R45 -R47
R14
R28, R29
R30, R32
R39, R40 10k (4 off)

All 0.25W 5% carbon

100k (8 off)
1M
4k7 (2 off)

Potentiometers
VR1 100k skeleton
VR2 1M mono rotary

Capacitors
C5, C7,
C10 1µ elec. 63V (3 off)
C11 22p, elec. 16V
C15 220n polyester
C23 100n Polyester

Semiconductors
D5-D71N4148 Signal diode

(3 off)
IC1 LM13600 transcon-

ductance op. amp
IC2 TL082 dual BIFET

op. amp

Miscellaneous
Printed circuit board, 255A;

p.c.b. clips (4 off); 8 -pin i.e. socket;
16 -pin i.c. socket; knob; connec-
ting wire; solder etc.

Approx. cost
Guidance only £12

101.Lm13600
047
100k

SIG
IN F -V
o --o

FIG 4.12

IC1b

R50
10Cik

V REF

C8
1y

R17
100

TRW

V IN

FIG 4.15

S+H
V OUT

CONTROL

V C 0
CUT

IN

TRIG

ES/VCA ouro-o
FIG 3.8

Fig. 4. 16. Circuit arrangement for a Frequency Changer with outs..
gate.
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(EE,1641
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CONTROL
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ES/VCA
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Fig. 4. 17. Block diagram for external control of VCO and VCA.

any waveform, so that a tonal change as well
as frequency change can he made.

A unit like this is quite fun to use with a
musical instrument as the source. It may not
be harmonically precise, but it is an
interesting gimick.

The block diagram in Fig. 4.17 shows how
the control voltage and trigger pulse from a
keyboard source can be used to generate
envelope shaped notes.

TRIGGER IN

V IN V OUT

>

RANGE

T

OUT

CONSTRUCTION
-PLAN H

Both the Sample and Hold, and the Fre-
quency to Voltage converter can go on the
same circuit board. The printed circuit board
component layout is shown in Fig. 4.18.

Next Month: Delay Module, Reyerb,
Echo, Double Tracking and Flanging

T

R4.5

I 1, I
124C

T 71 T

CS

RIO R22

047

J L

Fig. 4. 18. Printed circuit board component layout for the Sample and
Hold and the Frequency to Voltage Converter. -Plan H.
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IN

SERVIIICE

The books listed have been
selected as being of special
interest to everyone
involved in electronics and
computing. They are sup-
plied by mail order direct to
your door. Full ordering de-
tails are given on the last
book page.

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 sr 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 £2.50

HOW TO DESIGN AND MAKE
YOUR OWN P.C.B.a
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

ELECTRONICS SIMPLIFIED
-CRYSTAL SET CONSTRUCTION
F. A. Wilson, C.G.I.A., C.Eng., F.I.E.E., F.I.E.R.E.,
F.B.I.M.
Especially written for those who wish to participate in the
intricacies of electronics more through practical con-
struction than by theoretical study. It is designed for all
ages upwards from the day one can read intelligently and
handle simple tools
80 pages Order Code BP92 £1.75

EtOCIfOni465Simplified -
CrYstat Sc
Construction

50 CIRCUITS USING GERMANIUM
SILICON AND ZENER DIODES
R. N. Soar
Contains 50 interesting and useful circuits and applica-
tions, covering many different branches of electronics,
using one of the most simple and inexpensive of
components-the diode. Includes the use of germanium
and silicon signal diodes, silicon rectifier diodes and
Zener diodes, etc.
64 pages Order Code BP36 £1.50

CIRCUITS AND DESIGN
MICRO INTERFACING CIRCUITS-BOOK 1
MICRO INTERFACING CIRCUITS-BOOK 2
R. A. Penfold
Both books include practical circuits together with details
of the circuit operation and useful background informa-
tion. Any special constructional points are covered but
p.c.b. layouts and other detailed constructional informa-
tion are not included.

Book 1 is mainly concerned with getting signals in and
out of the computer,. Book 2 deals primarily with circuits
for practical applications.
Book 1 112 pages Order code BP130 E2.25
Book 2 112 pages Order code BP131 £2.75

SOCIrculltsUsine
CierrnsMism
Silicon &Utter
Diodes

50 SIMPLE LED CIRCUITS
R. N. Soar
Contains 50 interesting and useful circuits and applica-
tions, covering many different branches of electronics,
using one of the most inexpensive and freely available
components-the light -emitting diode (LED). Also in-
cludes circuits for the 707 common anode display
64 pages Order Code BP42 £1.95

Practical
troduction to
icroprocessors

Coil Design and
Construction
Manual

-311E
COIL DESIGN AND CONSTRUCTION MANUAL
B. B. Babani
A complete book for the home constructor on "how to
make" RF, IF, audio and power coils, chokes and
transformers. Practically every possible type is dis-
cussed and calculations necessary are given and ex-
plained in detail. Although this book is now rather old,
with the exception of torroids and pulse transformers
tittle has changed in coil design since it was written.
96 pages Order Code 160 £2.50

A MICROPROCESSOR PRIMER
E. A. Parr, B.SC., C.Eng., M.I.E.E.
Starts by designing a small computer which, because of
its simplicity and logical structure, enables the language
to be easily learnt and understood. The shortcomings are
then discussed and the reader is shown how these can
be overcome by changes and additions to the instruction
set. In this way, such ideas as relative addressing, index
registers, etc., are developed.
96 pages Order code BP72 £1.75

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 Temporarily out of print

How To Use
OP Amps

11
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 £2.95

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-Lc. power amplifiers,
mixers, voltage and current regulators. etc

BOOK 1 128 pages Order code BP 117 £1.95
BOOK 2 112 pages Order code BP118 £1.95

ELECTRONIC CIRCUITS HANDBOOK
Michael Tooley BA
This book aims to explode two popular misconceptions con-
cerning the design of electronic circuits: that only those with
many years of experience should undertake circuit design
and that the process relies on an understanding of advanced
mathematics. Provided one is not too ambitious, neither of
these popularly held beliefs is true.

Specifically, this book aims to provide the reader with a
unique collection of practical working circuits together with
supporting information so that circuits can be produced in
the shortest possible time and without recourse to theor-
etical texts.

Furthermore, information has been included so that the
circuits can readily be modified and extended by readers to
meet their own individual needs. Related circuits have been
grouped together and cross-referenced within the text land
also in the index) so that readers are aware of which circuits
can be readily connected together to form more complex
systems. As far as possible, a common range of supply
voltages, signal levels and impedances has been adopted.

As a bonus, ten test gear projects have been included.
These not only serve to illustrate the techniques described
but also provide a range of test equipment which is useful in
its own right.
277 pages Order code NE05 £14.95

to Design

Electronic
Projects

.11114,4

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 2 760 pages Order code BP98 E2.25
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ELECTRONIC CIRCUITS FOR THE COMPUTER CONTROL OF
MODEL RAILWAYS
R.A. Penfold
Home computers may easily be applied to the control of
model railways and really quite sophisticated control, which
needs only simple programming, is not too difficult to
achieve. The main problem lies in interfacing the computer
to the layout, but fortunately it is not too difficult or expens-
ive to build suitable interfaces, and this book shows you
how.
The projects consist of various types of controller, including
a high quality pulse type, as well as circuits for train position
sensing, signal and electric points control etc. The use of
computers does not have to be restricted to massive layouts.
Something as simple as an oval of track with a single siding
can be given a new dimension by adding computer control
and much fun can be had from these relatively simple set-
ups.
88 pages Order code BP180 £2.95

MODERN OPTO DEVICE PROJECTS
R.A. Penfold
In recent years, the range of opto devices available to the
home constructor has expanded and changed radically.
These devices now represent one of the more interesting
areas of modern electronics for the hobbyist to experiment
in, and many of these devices have useful practical applica-
tions as well. This book provides a number of practical

designs which utilize a range of modern opto-electric
devices, including such things as fibre optics, ultra bright
I.e.d.s and passive IR detectors etc.
While many of these designs are not in the "dead simple"
category, they should be within the capabilities of anyone
with a reasonable amount of experience in electronics con-
struction and some of the more simple designs are suitable
for beginners.
104 pages Order code BP194 E2.95

ELECTRONIC CIRCUITS FOR THE COMPUTER CONTROL OF
ROBOTS
Robert Penfold
Robots and robotics offer one of the most interesting areas
for the electronics hobbyist to experiment in. Today the
mechanical side of robots is not too difficult, as there are
robotics kits and a wide range of mechanical components
available. The micro controller is not too much of a problem
either, since the software need not be terribly complex and
many inexpensive home computers are well suited to the
task.
The main stumbling block for most would-be robot builders
is the electronics to interface the computer to the motors,
and the sensors which provide feedback from the robot to
the computer. The purpose of this book is to explain and
provide some relatively simple electronic circuits which
bridge this gap.
92 pages Order code BP179 E2.95
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ELECTRONICS TEACH -IN
Michael Tooley BA and David Whitfield MA MSc
CEng MIEE (published by Everyday Electronics)
This value for money EE book provides a comprehensive
background to modern electronics including test gear
projects. A complete course in basic electronics; designed
for the complete newcomer it will however also be of value
to those with some previous experience of electronics.
Wherever possible the course is related to "real life"
working circuits and each part includes a set of detailed
practical assignments. Includes details of eight items of
related test gear giving full constructional information and
diagrams for each one. They are: Safe Power Supply;
Universal LCR Bridge; Diode/Transistor Tester; Audio
Signal Tracer; Audio Signal Generator; RF Signal
Generator; FET Voltmeter; Pulse Generator. An excellent
companion for anyone interested in electronics and
invaluable for those taking G.C.S.E. and BTEC electronics
courses
104 payed (A4 size) Order code EE/T-I £1.95

PRAC1 ICAL ELECTRONICS
CALCULATIONS AND FORMULAE
F. A. Wilson, C.G.I.A., C.Eng., F.I.E.E., F.I.E.R.E.,
F.B.I.M.
Bridges the gap between complicated technical theory,
and "cut -and -tried- methods which may bring success
in design but leave the experimenter unfulfilled. A strong
practical bias-tedious and higher mathematics have
been avoided where possible and many tables have been
included

The book is divided into six basic sections Units
and Convents, Direct -current Circuits, Passive Compo-
nents, Alternating -current Circuits. Networks and Theo-
rems, Measurements
256 pages Order Code BP53 £2.95

ESSENTIAL THEORY FOR THE
ELECTRONICS HOBBYIST
G. T. Rubaroe, T.Eng (C.E.I.), Assoc.I.E.R.E.
The object of this book is to supply the hobbyist with a
background knowledge tailored to meet his or her
specific requirements and the author has brought to-
gether the relevant material and presented it in a readable
manner with minimum recourse to mathematics.
128 pages Order Code 228 £2.50

MICROPROCESSING SYSTEMS AND CIRCUITS
F. A. Wilson, C.G.I.A., C.Eng., F.I.E.E., F.I.E.R.E.,
F.B.I.M.
A truly comprehensive guide to the elements of micro -
processing systems which really starts at the beginning.
Teaches the reader the essential fundamentals that are
so important for a sound understanding of the subject
256 pages Order Code BP77 £2.95

Practical
Digital
Electronics
Handbook
Mike

I) Hill

ELECTRONIC HOBBYISTS HANDBOOK
R.A. Penfold
Provides an inexpensive single source of easily located
information that the amateur electronics enthusiast is likely
to need for the day-to-day pursuance of this fascinating
hobby. Covers common component colour codes. Details
the characteristics and pinouts of many popular
semiconductor devices, including various types of logic
ICs, operational amplifiers, transistors, FETs, unijunctions,
diodes, rectifiers, SCRs, diacs, triacs, regulators and
SMDs, etc. Illustrates many useful types of circuits, such
as timers and oscillators, audio amplifiers and filters, as
well as including a separate section on power supplies.
Also contains a multitude of other useful data.
88 pages Order code BP233 E4.96

AUDIO
F. A. Wilson, C.G.I.A., C.Eng., F.I.E.E., F.I.E.R.E.,
F.B.I.M.
Analysis of the sound wave and an explanation of
acoustical quantities prepare the way. These are fol-
lowed by a study of the mechanism of hearing and
examination of the various sounds we hear. A look at
room acoustics with a subsequent chapter on micro-
phones and loudspeakers then sets the scene for the
main chapter on audio systems-amplifiers, oscillators,
disc and magnetic recording and electronic music.
320 pages Order Code BP111 £3.50

HOW TO IDENTIFY UNMARKED ICs
K. H. Recorr
Shows the reader how, with just a test -meter, to go
about recording the particular signature of an unmarked
i.c.which should enable the is to then be identified with
reference to manufacturers' or other data. An i.c.

signature is a specially plotted chart produced by mea-
suring the resistances between all terminal pairs of an ic.
Chart Order code BP101 £0.95

RADIO AND ELECTRONIC COLOUR CODES AND
DATA CHART
B. B. Babani
Although this chart was first published in 1971 it
provides basic information on many colour codes in use
throughout the world, for most radio and electronic
components. Includes resistors, capacitors, transfor-
mers, field coils,.fuses, battery leads, speakers, etc. It is
particularly useful for finding the values of old
components
Chart Order code BP7 £0.95

CHART OF RADIO, ELECTRONIC,
SEMICONDUCTOR AND LOGIC SYMBOLS
M. H. Banani, B.Sc.(Eng.)
Illustrates the common, and many of the not -so -com-
mon, radio, electronic, semiconductor and logic symbols
that are used in books, magazines and instruction
manuals, etc., in most countries throughout the world.
Chart Order Code BP27 £0.95

RECOMMENDED READING

FOR...
INTRODUCING

MICROPROCESSORS
(THE EVERYDAY ELECTRONICS

CITY AND GUILDS SERIES)

PRACTICAL DIGITAL ELECTRONICS HANDBOOK
Mike Tooley (Published in association with Everyday Elec
Ironies)
The vast majority of modern electronic systems rely heavily
on the application of digital electronics, and the Practical
Digital Electronics Handbook aims to provide renders with
a practically based introduction to this subject. The book
will prove invaluable to anyone involved with the design,
manufacture or servicing of digital circu try, as well as to
those wishing to update their knowledge of modern digital
devices and techniques. Contents: Introduction to
integrated circuits; basic logic gates; monostable am:
bistable devices; timers; microprocessors; memories; inpu;
and output devices; interfaces; microprocessor buses.
Appendix 1: Data. Appendix 2: Digital test gear projects;
tools and test equipment; regulated bench power supply;
logic probe; logic pulser; versatile pulse generator; digital
IC tester; current tracer; audio logic tracer; RS -232C
breakout box; versatile digital counter /hi y, i y meter.
Appendix 3: The oscilloscope. Apper d s -s -d

reading. Appendix 5: Further study.
208 pages Order code PC100 £6.95

Bea ifirie!'S

Microprocessors
E

N.,,MAsTatelaseattlIdcbt

BEGINNERS GUIDE TO MICROPROCESSORS
E.A. Parr
An excellent grounding in microprocessors, this book is
broadly relevent to the whole of our li:troducing
Microprocessors course. It is easy to read and well
illustrated.
224 pages Order code NE03 £4 95

MICROELECTRONIC SYSTEMS 2 CHECKBOOK
R. Veers
The aim of this book is to provide a fcandation ii.
microcomputer hardware, software and interfacing
techniques. Each topic is presented in a way that assumes
only an elementary knowledge of microelectronic sysern
and logic functions. The book concentrates on 6502, Z80
and 6800 microprocessors and contains 60 tested
programs, 160 worked problems and 250 further pi oblems.
194 pages Order code NE04 £4.95

RECOMMENDED READING
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OSCILLOSCOPES: HOW TO USE THEM-- HOW THEY WORK
Ian Hickman
Oscilloscopes are essential tools for checking circuit oper-
ation and diagnosing faults, and an enormous range of mod-
els is available. But which is the right 'scope for a particular
application? Which features are essential, which not so
important? What techniques will get the best out of the
instrument?
Ian Hickman, experienced in both professional and hobbyist
electronics, has revised this well -established book to help all
oscilloscope users and potential users.
133 pages Order code NE09 E5.95

---r-amorgarow
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PRACTICAL ELECTRONICS HANDBOOK
Ian Sinclair
Ian Sinclair has now revised this useful and carefully selec-
ted collection of standard circuits, rules -of -thumb, and
design data for professional engineers, students and
enthusiasts involved in radio and electronics. Covering pass-
ive and active components, discrete component circuits
(such as amplifiers, filters and oscillators) and linear and
digital i.c.s, the book includes many items which are not
elsewhere available in a single handy volume. The operation
and functions of typical circuits are described, while math-
ematics is limited to that necessary for deciding component
values for any application.
This revised edition contains more details on computers and
microprocessors and has been brought up to date through-
out.
199 pages Order Code NE06 £7.95

BEGINNER'S GUIDE TO HI -FT
Ian Sinclair
The Beginner's Guide to Hi-Fi will appeal to the audio
enthusiast, whether newly won over by advances in tech-
nology or well established and wondering whether to up-
date equipment. The book deals with the sound from its
sources in the studio to its ultimate end in your ears, and
shows what sound is, how it is recorded and how it is repro-
duced.
Every aspect of Hi-Fi, from pickup cartridges to loudspeak-
ers, has been covered, and the emphasis has been on ex-
plaining design aims. Cassette systems have been given
considerable prominence, including the more modern Dolby
C and dbx noise reduction systems. The CD record has been
covered in detail so that you can find out just why this
system of sound reproduction is so superior.
194 pages Order Code NE07 f4.95

ELECTRONICS -BUILD AND LEARN
R. A. Penfold
The first chapter gives full constructional details of a circuit
demonstrator unit that is used in subsequent chapters to
introduce common electronic components -resistors, capaci-
tors, transformers, diodes, transistors, thyristors, fets and op
amps. Later chapters go on to describe how these compo-
nents are built up into useful circuits, oscillators, multivibra-
tors, bistables and logic circuits.

At every stage in the book there are practical tests and
experiments that you can carry out on the demonstrator unit
to investigate the points described and to help you under-
stand the principles involved. You will soon be able to go on
to more complex circuits and tackle fault finding logically in
other circuits you build.
120 pages Order Code PC103 £5.95

COMMUNICATION
F. A. Wilson, C.G.I.A., C.Eng., F.I.E.E., F.I.E.R.E.,
F.B.I.M.
A look at the electronic fundamentals over the whole of
the communication scene. This book aims to teach the
important elements of each branch of the subject in a
style as interesting and practical as possible. While not
getting involved in the more complicated theory and
mathematics, most of the modern transmission system
techniques are examined including line, microwave,
submarine, satellite and digital multiplex systems, radio
and telegraphy. To assist in understanding these more
thoroughly, chapters on signal processing, the electro-
magnetic wave, networks and transmissions assess-
ment are included, finally a short chapter on optical
transmission.
256 pages Order Code BP89 £2.95

ONIC COLOUR
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GETTING THE MOST FROM YOUR MULT1IVIETER
R.A. Penfold
This book is primarily aimed at beginners and those of
limited experience of electronics. Chapter 1 covers the bas-
ics of analogue and digital multimeters, discussing the rela-
tive merits and the limitations of the two types. In Chapter 2
various methods of component checking are described, in-
cluding tests for transistors, thyristors, resistors, capacitors
and diodes. Circuit testing is covered in Chapter 3, with
subjects such as voltage, current and continuity checks
being discussed.
In the main little or no previous knowledge or experience is
assumed. Using these simple component and circuit testing
techniques the reader should be able to confidently tackle
servicing of most electronic projects.
96 pages Order code BP239 £2.95
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PRACTICAL MIDI HANDBOOK
R.A. Penfold
The Musical Instrument Digital Interface (MIDI) is sur-
rounded by a great deal of misunderstanding, and many of
the user manuals that accompany MIDI equipment are quite
incomprehensible to the reader.
The Practical MIDI Handbook is aimed primarily at
musicians, enthusiasts and technicians who want to exploit
the vast capabilities of MIDI, but who have no previous
knowledge of electronics or computing. The majority of the
book is devoted to an explanation of what MIDI can do and
how to exploit it to the full, with practical advice on connec-
ting up a MIDI system and getting it to work, as well as
deciphering the technical information in those equipment
manuals.
128 pages Order code PC101 f5.95

INTRODUCTION TO DIGITAL AUDIO
Ian Sinclair
Digital recording methods have existed for many years and
have become familiar to the professional recording engin-
eer, but the compact disc (CD) was the first device to bring
digital audio methods into the home. The next step is the
appearance of digital audio tape (DAT) equipment.
All this development has involved methods and circuits that
are totally alien to the technician or keen amateur who has
previously worked with audio circuits. The principles and
practices of digital audio owe little or nothing to the tradi-
tional linear circuits of the past, and are much more compre-
hensible to today's computer engineer than the older
generation of audio engineers.
This book is intended to bridge the gap of understanding for
the technician and enthusiast. The principles and methods
are explained, but the mathematical background and theory
is avoided, other than to state the end product
128 pages Order code PC102 f5.95
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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
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TRANSISTOR RADIO FAULT-FINDING CHART
C. E. Miller
Used properly, should enable the reader to trace most
common faults reasonably quickly. Across the top of the
chart will be found four rectangles containing brief
description of these faults, vis-sound weak but undis-
torted, set dead, sound low or distorted and background
noises. One then selects the most appropriate of these
and following the arrows, carries out the suggested
checks in sequence until the fault is cleared.
Chart Order code BP70 £0.95

DIGITAL IC EQUIVALENTS
AND PIN CONNECTIONS
A. Michaels
Shows 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 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, does, triacs, thyns-
tors, OCIs, photo and display diodes.
144 pages Order code BP108 £2.25

NEWNES ELECTRONICS
POCKET BOOK
E. A. Parr
Newnes Electronics Pocket Book has been in print for
over twenty years and has covered the development of
electronics from valve to semiconductor technology and
from transistors to LSI integrated circuits and micro-
processors. To keep up to date with the rapidly changing
world of electronics, continuous revision has been
necessary. This new Fifth Edition takes account of recent
changes and includes material suggested by readers of
previous editions. New descriptions of op amp. applica-
tions and the design of digital circuits have been added,
along with a totally new chapter on computing, plus
other revisions throughout
315 pages (hard cover) Order Code NE02 £8.95

TRANSISTOR SELECTOR GUIDE
This unique guide offers a range of selection tables
compiled so as to be of maximum use to all electronics
engineers, designers and hobbyists,
Section 1: Covers component markings, codings and
standards, as well as explaining the symbols used.
Section 2: Tabulates in alpha -numeric sequence the
comprehensive specifications of over 1400 devices.
Section 3: Tabulates the devices by case type.
Section 4: Considers particular limits to the electrical
parameters when compiling the tables.
Section 5: Illustrates package outlines and leadouts.
Section 6: Consists of a surface mounting device markings
conversion list.
192 pages Order code BP234 £4.95
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AN INTRODUCTION TO RADIO °XING
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 8P91 £1.95

INTERNATIONAL RADIO STATIONS GUIDE
P. Shore
Provides the casual listener, amateur radio DXer and the
professional radio monitor with an essential reference work
designed to guide him or her around the ever more complex
radio bands. This new edition has been completely revised
and rewritten and incorporates much more information
which is divided into the following sections:
Listening to Short Wave Radio; ITU Country Codes; World-
wide Short Wave Radio Stations; European, Middle East and
North African Long Wave Radio Stations; European, Near
East and North African Medium Wave Radio Stations; Cana-
dian Medium Wave Radio Stations; USA Medium Wave
Radio Stations; Broadcasts in English; Programmes for
DXers and Short Wave Listeners; UK FM Radio Stations;
Time differences from GMT; Abbreviations; Wavelength/F-
requency Conversion.
320 pages Order code 8P255 £4.95

BEGINNER'S GUIDE TO AMATEUR RADIO
F.G. Rayer Second edition revised by Gordon King G4VFV.
Whether you are new to radio, or have become interested by
way of C8, it is hoped that this book, will further whet your
appetite and put you in good stead for passing the Radio
Amateur's Examination and becoming a licensed radio ama-
teur.
188 pages Temporarily out of print

AN INTRODUCTION TO SATELLITE TELEVISION
F.A. Wilson
As a definitive introduction to the subject this book is pre-
sented on two levels. For the absolute beginner or anyone
thinking about purchasing or hiring a satellite TV system, the
story is told as simply as such a complex one can be in the
main text.
For the professional engineer, electronics enthusiast, stu-
dent or others with technical backgrounds, there are numer-
ous appendices backing up the main text with additional
technical and scientific detail formulae, calculations, tables
etc.
There is also plenty for the DIY enthusiast with practical
advice on choosing and installing the most problematic part
of the system-the dish antenna.
104 pages Order code BP 195 £5.95

COMPUTING
GETTING THE MOST FROM YOUR PRINTER
J. W. Penfold
Details how to use all the features provided on most dot-
matrix printers from programs and popular word proces-
sor packages like Wordwise, Visawrite and Quill, etc.
Shows exactly what must be typed in to achieve a given
effect.
96 pages Order Code BP181 £2.95

A Z80 WORKSHOP MANUAL
E. A. Parr, B.Sc., C.Eng., M.I.E.E.
This book is intended for people who wish to progress
beyond the stage of BASIC programming to topics such
as machine code and assembly language programming,
or need hardware details of a Z80 based computer.
192 pages Order Code 8P112 £3.50

AN INTRODUCTION TO 68000 ASSEMBLY
LANGUAGE
R. A. & J. W. Penfold
Obtain a vast increase in running speed by writing
programs for 68000 based micros such as the Commo-
dore Amiga, Atari ST range or Apple Macintosh range
etc., in assembly language. It is not as difficult as one
might think and this book covers the fundamentals.
112 pages Temporarily out of print

THE ART OF PROGRAMMING THE ZX
SPECTRUM
M. James, B.Sc., M.B.C.S.
It is one thing to have learnt how to use all the
Spectrum's commands and functions, but a very differ-
ent one to be able to combine them into programs that
do exactly what you want them to. This is just what this
book is all about --teaching you the art of effective
programming with your Spectrum
144 pages Order code BP119 £2.50

AN INTRODUCTION TO PROGRAMMING THE
COMMODORE 16 & PLUS 4
R. A. Penfold
Helps you to learn to use and program these two
Commodore machines with the minimum of difficulty by
expanding and complementing the information supplied
in the manufacturer's own manuals.
128 pages Order code BP158 £2.50

AN INTRODUCTION TO PROGRAMMING THE
BBC MODEL B MICRO
R. A. & J. W. Penfold
Written for readers wanting to learn more about pro-
gramming and how to make best use of the incredibly
powerful model B's versatile features. Most aspects of
the BBC micro are covered, the omissions being where
little could usefully be added to the information provided
by the manufacturer's own manual.
144 pages Order code BP139 £1.95

THE PRE -BASIC BOOK
F. A. Wilson, C.G.I.A., C.ENG., F.I.E.E., F.I.E.R.E.,
F.B.I.M.
Another book on BASIC but with a difference. This one
does not skip through the whole of the subject and
thereby leave many would-be programmers floundering
but instead concentrates on introducing the technique by
looking in depth at the most frequently used and more
easily understood computer instructions. For all new and
potential micro users.
192 pages Order code BP146 £2.95

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

AN INTRODUCTION TO PROGRAMMING THE
ACORN ELECTRON
R. A. & J. W. Penfold
Designed to help the reader learn more about program-
ming and to make best use of the Electron's many
features. Adds considerably to the information already
supplied in the manufacturer's own instruction manual.
144 pages Order code BP142 £1.95

AN INTRODUCTION TO PROGRAMMING THE
ATARI 600/800 XL
R. A. & J. W. Penfold
Especially written to supplement the manufacturer's own
handbook. The information supplied will help the reader
to master BASIC programming and to make best use of
the Atari's many powerful features.
128 pages Order code BP143 £1.95

AN INTRODUCTION TO PROGRAMMING THE
AMSTRAD CPC 464 AND 664
R. A. & J. W. Penfold
The Amstrad CPC 464 or 664 running with Locomotive
BASIC makes an extremely potent and versatile machine
and this book is designed to help the reader get the most
from this powerful combination. Written to complement
rather than duplicate the information already given in the
manufacturer's own manual. Also applicable to the CPC
6128.
144 pages Order Code BP153 £2.50

AN INTRODUCTION TO PROGRAMMING THE
SINCLAIR QL
R. A. & J. W. Penfold
Helps the reader to make best use of the fantastic Sinclair
QL's almost unlimited range of features. Designed to
complement the manufacturer's handbook.
112 pages Order code BP150 £1.95

AN INTRODUCTION TO Z80 MACHINE CODE
R. A. & J. W. Penfold
Takes the reader through the basics of microprocessors
and machine code programming with no previous know-
ledge of these being assumed. The Z80 is used in many
popular home computers and simple programming ex-
amples are given for Z80 -based machines including the
Sinclair ZX-81 and Spectrum, Memotech and the Am-
strad CPC 464. Also applicable to the Amstrad CPC 664
and 6128.
144 pages Order code BP152 £2.75

AN INTRODUCTION TO 6502 MACHINE CODE
R. A. & J. W. Penfold
No previous knowledge of microprocessors or machine
code is assumed. Topics covered are: assembly lan-
guage and assemblers, the register set and memory,
binary and hexadecimal numbering systems, addressing
modes and the instruction set, and also mixing machine
code with BASIC, Some simple programming examples
are given for 6502 -based home computers like the VIC-
20, ORIC-1 /Atmos, Electron, BCC and also the Commo-
dore 64.
112 pages Order code BP147 £2.50

HOW TO GET YOUR COMPUTER PROGRAMS
RUNNING
J. W. Penfold
Have you ever written your own programs only to find
that they did not work! Help is now at hand with this book
which shows you how to go about looking for your
errors, and helps you to avoid the common bugs and
pitfalls of program writing. Applicable to all dialects of
the BASIC language.
144 pages Order code BP169 £2.50

AN INTRODUCTION TO COMPUTER
COMMUNICATIONS
R. A. Penfold
Provides details of the various types of modem and their
suitability for specific applications, plus details of con-
necting various computers to modems, and modems to
the telephone system. Also information on common
networking systems and RTTY.
96 pages Order code BP177 £2.95

THE PRE -COMPUTER BOOK
F. A. Wilson
Aimed at the absolute begipner with no knowledge of
computing. An entirely non -technical discussion of com-
puter bits and pieces and programming.
96 pages Order code 8P115 £1.95

NEWNES COMPUTER ENGINEER'S
POCKETBOOK
Michael Tooley
An invaluable compendium of facts, figures, circuits and
data, indispensable to the designer, student, service
engineer and all those interested in computer and
microcomputer systems. It will appeal equally to the
hardware or software specialist and to the new band of
"software engineers". This first edition covers a vast
range of subjects at a practical level, with the necessary
explanatory text. The data is presented in a succinct and
rapidly accessible form so that the book can become part
of an everyday toolkit.
205 pages /hard cover) Order code NE01 £8.95

DIRECT BOOK
SERVICE

(A Division of Wimborne Publishing Ltd.)

TO ORDER
Please state the
order code clearly,
print your name
and address and
add the required
postage to the total
order.

Add 75p to your total order
for postage (overseas readers
add £1.50, surface mail post-
age) and send a PO, cheque or
international money order (£
sterling only) made payable to
Direct Book Service (quoting
the order code and quantities
required) to DIRECT BOOK
SERVICE, 33 GRAVEL HILL,
MERLEY, WIMBORNE, DOR-
SET, BH21 1RW (mail order
only).

Although books are nor-
mally sent within seven days
of receipt of your order, please
allow a maximum of 28 days
for delivery. Overseas readers
allow extra time for surface
mail post.

Please check price and availability
before ordering from old lists.

Note-our postage charge.
is the same for one book or

one hundred books!
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BY GEORGE HiLTON

/
v7

flT ALL started when we watched "Tomor-
row's World". They showed this gadget

or locating the faulty bulb in the string of
Christmas tree lights. You just held it
against one lamp after another until it
gave an indication.

"That's clever!"
-"Reckon I could make one of those

myself."
"Why don't you, then? Our lights are

always going out and it takes you half an
hour to find the trouble." So there I was,
lumbered.

HIGH IMPEDANCE
My rash claim stemmed from the fact

that I was in the middle of some work
using CMOS inverters. These have extre-
mely high input impedance (virtually infi-
nr'e for most purposes). Consequently, as

quickly discover when you try to cash
csa this, they pick up stray mains volt -

aces from the work bench or your own
hands.

L.

t
240V LAMP
50Hz FILAMENTS

MAINS/

FAILED
LAMP

Fig 1. When one lamp in a string fails
tho-P is mains voltage on one side (X) but
not the other (Y). Detecting the difference
identifies the failed lamp.

CMOS gates, which are built up from
inverters, have this same property. The
failed -lamp detector evidently made use
of it. A capacitive probe placed near the
live side of a failed lamp (Fig. 1, point X
wolild "pick up some voltage resulting
from the minute leakage current through
the insulation of the mains cable. How-
ever, at Y, on the other side of the broken
filament, the cable is effectively earthed
via the lower string of lamps and the
mains neutral connection (Overseas read-
ers nlease note: YOUR mains may not
have a neutral like this). In a word, there

should be mains leakage to a probe held
near X but not Y.

Some back -of -an -envelope calculations
showed that the scheme should work. If
the capacitance from mains to probe via
the cable insulation were a plausible 1pF
and the input to the CMOS gate looked
like 10pF then one eleventh of the mains
voltage should reach the gate, or about
22V r.m.s., 31V peak. More than enough
to turn the gate on and off.

For indication I could either hang a
I.e.d. on the gate output or rig up some
sort of audible indication. I decided on
sound rather than light because that
would leave my eyes free to position the
probe. Using a quadruple NAND gate
(4011) I would have (Fig. 2) one gate for
the leakage detector, two for a simple
audio oscillator and the fourth for gating
the oscillation to a piezo sounder or crys-
tal earphone.

After settling down the leakage cur-
rents apportion Vcc between the stray
capacitances C1 and C2. If the d.c. leak-
age is such that there is insufficient volt-
age across C2 to turn on the gate then the
output stays high. Hence the latch -up.

Having seen the problem, the solution
was simple. Instead of connecting the
detector output directly to the audio gate
use a CR coupling as shown dotted (see
Fig. 2). The resistance then ties one gate
input to OV. This holds the gate off unless
positive half cycles arrive from the detec-
tor and turn it on. This happens when the
probe picks up enough mains leakage,
and bursts of tone from the oscillator
then reach the sounder.

SCREENING
I wasn't yet out of the wood. When

transferred from work bench to Christ-
mas tree a fresh defect showed up. The

PROBE

LIVE
WIRE

1p

CAPAC ITANCE
CABLE CORE
TO PROBE

240V
MAINS

IEE1522Gi

DETECTOR

C IN
INPUT

CAPACITANCE
110pI

c

MI

AUDIO GATE

PI EZO SOUNDER

Fig. 2. Principle of live conductor detection. When the probe is in contact with the
insulation of a live wire enough leakage flows to set up a detectable voltage across a
very -high -impedance load such as the input of a CMOS gate.

D.C. LEAKAGE
My circuit failed. It simply "latched up".

The detector output went high and stayed
high, opening the audio gate all the time
and so giving a continuous sound output
irrespective of where the probe was.

Why? Quiet contemplation, aided by a
glass of "Christmas" port, suggested that
the answer probably lay in the internal
arrangements of a CMOS gate chip (Fig.
3). This varies from maker to maker, but
the one shown here is common.

Protection diodes D1 and D2 are re-
verse biassed by the d.c. supply Vcc.
They do, however, pass tiny leakage cur-
rents, as each diode is shunted by a stray
capacitance of a few pF.

IN

tEEIS 230

+Vcc

OUT

OV

Fig. 3. If the input of a CMOS inverter is
left floating d.c. leakage charging the
input capacitances Cl and C2 may set up
enough voltage to turn the inverter on or
off

detector was too sensitive. It went off
when the probe was anywhere near a live
mains lead. I needed something which
would pinpoint a failed bulb.

Inspection of Fig. 2 shows that sensitiv-
ity can be reduced by adding to Cin, but
this still leaves the full length of the probe
to receive leakage.

1M TO
DETECTOR

INPUT0PRcP CO -aXiAL CABLE."3
1EE154G I

.L
TV

Fig. 4. Screened probe made from co-
axial cable. The 1M safety resistor has no
effect on operation.

A neater method is to use a short
length of coaxial cable (TV downlead) as
the probe, with the outer screen earthed
to the OV line. A 1M resistor soldered to
the inner (Fig. 4) then provides a short
probe with protection for both user and
CMOS in case of accidental contact with
the mains.

The earthed outer prevents leakage to
the main part of the probe from reaching
the detector. Only leakage to the probe
tip gets through.

The capacitance of the co -ax adds to C1
and reduces sensitivity so a crude
adjustment of sensitivity can be made by
trying different co -ax. I started with 400
mm of semi-airspaced coax thinking to
chop bits off to increase sensitivity, but it
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worked all right as it was. It gave a
"live"reading with the probe held against
one side of a two -core mains flex and a
"dead- reading on the other side, indicat-
ing not only that the cable was live but
showing which side the live conductor
was on.

The circuit proved more difficult to use
on the Christmas tree lights themselves.
Mine have TWO strings of bulbs in paral-
lel. When one fails but the other stays
alight capacitive leakage from the work-
ing string to the failed string can give
false indications.

The answer is to squeeze the cable
firmly with the fingers and make probe
tests near the squeezed point. The body
then "earths" the cable -to -cable leakage
and only the real live strand shows up.

In the same way (Fig. 5), if you use this
sort of detector to search out a hidden

_

MAINS

BREAK

G81 5 2 50 I

CABLE
1CAPAC I TAN CE

LOAD

FALSE LIVE
SECTION

Fig. 5. Leakage via the conductor -to -
conductor capacitance of a mains cable
can give false readings from one section
of the neutral leg.

break in a plain live cable core -to -core
coupling can make the neutral leg appear
live. Connecting a load (e.g. a lamp) to

the end of the cable improves matters by
making the neutral really live right up to
the break. This gives a more abrupt
change when the probe crosses the break
point.

MAGNITUDES
These experiments demonstrate how

even minute leakage currents can have
marked effects in high impedance circ-
uits. A capacitance of 1 pF would normally
be regarded as a complete block to 50Hz
signals, since its impedance is about 3000
megohms.

However, 1pF can transfer significant
voltage at 50Hz to a really high impe-
dance load. In audio circuitry where even
a few millivolts can cause objectionable
hum the importance of good screening is
obvious.

TUTORKIT MICROELECTRONICS TUTORS
SEQUENTIAL LOGIC TUTOR LT2
Everything you need for a first course in flip-flops, counters
and shift registers. Has four JK Flip-flops, five NAND gates
and three Logic Input Switches. One input switch is
"debounced ' and can be used for pulsing counters, shift
registers etc.

Logic Tutor LT2 (kit) E26.00 plus VAT

TUTORKIT PRODUCTS
(Div. of Limrose Electronics Ltd.),
Llay Industrial Estate, Wrexham,
Clwyd, LL12 OTU, UK
Tel: 097 883 2285

24 HR. ANSWERING
MACHINE

11-r lac d Ca.- I IV
THE MALTINGS, HIGH STREET, WEM,

SHROPSHIRE SY4 5EN
- Lycr I . ccu

Tel (0939) 32763 Telex 35565
Electronic Component Mail Order Company Established 1972

100+ Pegs Catalogue Available -send E1 for your copy including discount tickets, 50p off ES+ order. El
off 010+ ender. L5 off LE41+ order

All orders +85p P&P +15% VAT Free Catalogues to
unless otherwise stated. Schools and Colleges

MARCO KITS
Ceramic 50V(125) £3.50
Electrolytics Rad.1100)
Fuse 20mm 0/B 180)

Pre-set Pots. Horiz. (120)

E£37

E6.75

:7255

Fuse 20mm A/S (80) E7.50

Pre-set Pots. Vert. 11201 £6.75
Resistors
0.25W Popular (1000) £6.50
0.25W 5 off (305) £295
0.25W 10 off (610) £4.50
0.5W Popular (1000) £9.50
0.5W 5 off (365) £4.70
0.5W 10 off 1730) £7.75
1W 5 off 1365) E13.75
2W 5 off (365) E21.75
Zener idiodes 5 off (55) E3.50
0.25W Resistors 1+ 2p, 10+ 1.5p
0.5W Resistors 1+ 2p, 10+ 1.5p

SEPTEMBER SPECIAL
ONLY

ANTEX---- , -£5.25 .

fil XS SOLDERING

.-+-...-. IRON &
tr----.),.., PACK OF

SOLDER
IRON ALONE NORMALLY E5.90

- __
CHARGER FOR NI -CAD BATTERIES

Charges AAA, ... .iAA, C, D&
PP3 NI -CADS

E4.50 U..
,

--,...-

1--..
,----

ANTEX SOLDERING
C Iron 15W £5.40 SK2 Kit 03.30
CS Iron 17W £5.60 SK5 Kit £7.99
XS Iron 25W £5.80 SK6 Kit 18.20
ST4 Stand £2.20

TCSU-D Soldering station £72.50
Spare Elements from £3.20
Spare Tips for above irons £1.20

-
NI -CAD RECHARGEABLE BATTERIES
AAA - E1.25 (10 + £1.20ea.)AA - 90p (10+ 85pea.)
C - 12.10 10+ f1 .90ea.)
D - £2.50 110+ f2.20ea.)
PP3 - £4.10 (10 + 0.90ea.)

BT APPROVED EQUIPMENT
Master Socket (flush) £2.90
Master Socket (surface) £2.75
Secondary Socket (flush) £1.90
Secondary Socket (surface) £1.85
BT Cable (per metre) 15p
Line Jack Cord with plug E1.25
Extension lead, 5 mtr £3.90

K

SOLDER -ONLY £4.99!
500g Reel of 18 SWG or 22 SWG Multi-
Core Solder, 60% tin, 40% alloy non-

corrosive. i +£4.99 10+13.76 .
OVER 7,000 ITEMS STOCKED

VISIT OUR RETAIL SHOPS
WEM (MARCO), The Makings, High Street (0939) 32763

WOLVERHAMPTON (WALTONS), 55A Worcester Street 10902) 22039

BIRMINGHAM (SUPERTRONICS), 65 Hurst Street 1021) 666 6504

OSCILLOSCOPES
TELEQUIPMENT 083. Dual trace 50MHz Delay
swoop large tube with manual £350

COSSOR OSCILLOSCOPE COUI50. Dual trace
35MHz delay sweep, solid state. Portable 8 u
10cm display. With Manual

NOW ONLY E1110 each
Optional front Protection cover containing 2

Probes & Viewing Hood EIO

S.E. LABS SMI 11 Dual trace 18MHz Solid State
portable AC or external DC operation 13 x 10cm
display with Manual £150
ADVANCE 0S250TV. Dual Trace 10MHz With
Manual £150
TELEQUIPMENT D43 Dual trace 15MHz With
Manual £100
SOLARTRON OSCILLOSCOPE CDI400. Dual beam
15MHz. With Manual. .... ...... ONLY 185 each
TELEQUIPMENT S54A. Single Trace IOMHz.

- Solid State. With Manual. ............... . .... 130

MULTIMETERS
AvO 8 Complete with Batterres & Leads From 645

AVO8 MIN Complete with Batteries & Leads

'90M/0 TEST SOT Nn I Wilda, version of AvO 81 Corn
pieta with batteries 8 leads Dis
TEST LEADS suitable for AVOMETERS. Red 8 Black with 2
ore, Clips 8 2 Prow IPBP dl .. -f3
AVO Model 7s Complete with Batteries, Haas and Carrying
case Pocket Mu"0AV072 Mutineer AC antno curr mtge With. M£40
nes 8 leads
ANALOGUE POCKET MULTIMETERS Philips & Taylor etc
With Battenes and leads Item £10

TRIO OSCILLOSCOPES
CS2I50 4 Trace 150MHz Delay Sweep... CUM
CS1100 Dual Trace 100MHz Delay Sweep £100
CSI065 3 Trace 60MHz Delay Sweep £900
Bruel & Kjoer Equipment Available.
Please enquire.
Audio Frequency Spectrometer type
2113, unused 1300
AVO VALVE TESTER CTI60. Suitcase style. 22 Bases

ONLY E25 eaclap&P L71

AVO TRANSISTOR ANALYSER me 21674461 Surmase style
Complete anal batteries& operating unduCtrons

&ay ta eed loft ril
DISK DRIVE PSU 240V in 5V IAA 8 I 2V 1.5A out.
Size WI25mm, H75mm. D180mm cased unused

Only (1010&0131
SWITCHED MODE PSU. 12V 0.25A, 5V 15A etc

£12 each gap £3)
OTHER SWITCHED MODE PSU available, please
enquire.
DISK DRIVES 5V4in. double sided, double
ity, 80 track fee. 130

den-s--
MARCONI AF POWER METER MEGA 20Hz-35eNz
20uW/ 10W. With Manual IP&P C71 ONLY C36
MARCONI RF POWER METER TF1152A/ I
DC - 500MHz. 0.5 to 25 Watts 50 Ohm. With Manual
IP&Pt71 ONLY E45

MARCONI ATTENUATOR TF2162. DC IMHz 600
ohm,ohm, 0-111dB in 0.1dB steps (p&p £71 E35

ATTENUATOR DC 250MHz 50 ohm O-
100dB IpSp Ell RN
ADVANCE SG62B AM 150KHz 220MHz 646

LABGEAR CROSSHATCH GENERATOR CM6038 DB
Crosshatch/Grey scale/blank raster. mains or Battery
IP8P 1131. Unused E111 Used E12

NEW EQUIPMENT
NAMED OSCILLOSCOPE 6D1 Dual trace 60MHz Delay
Sweep Component Tester 8 2 FOAMS CM
HAMEG OSCILLOSCOPE 203 6 Dual Trace 20MHz.
Component Tester Et 2 Probes 6314

All Other Models Available.

LABGEAR Colour Bat Generator KG1 8 Test Paderns IMP
C41 ONLY E40 each

ISOLATING TRANSFORMERS
240V INPUT

240V out 500VA C15 'pup 151, 100VA 19 (p&p 131. 24V out
500VA CI (p&p C51. 200VA 841p8mC41

BLACK STAR FREQUENCY COUNTERS P&P C4
Meteor 100 - 100MHz E99

Meteor 600 - 600MH' £120
Meteor 1000 - 1GHz 6175
BLACK STAR, JUPITOR 500 FUNCTION GENERATOR.
sinois,,,,.., Triangle. 0.1Hz.500kHz. P&P C4 6110
BLACK STAR ORION. PAL TV/VIDEO COLOUR
PATTERN GENERATOR E199

STEPPING MOTORS
Type 1.200 Steps per rev 4 Rhasel5 weal 12/24V. Torque
25oz MO, will run on 5V with reduced torque . .L15 ea.
Type 2.6/12 Steps per r. 3 phase, 12/24V twill work on
5V) £2 ea 5oft ago
Type 3. NORTH AMERICAN PHILIPS 24 Steps per rev,
4 wire 5V 3.3 Amps 0-25Orprn 0-200 PPs 66 ea.
Type 4. 200 Steps per rev, 120V 13 wire( Torque 25 oz
inch &tea.
Type 7. WARNER 24 Steps per rev. 3 Phase 16 yore* 2EN,
Holding Torque 45oz inch 65..

HUNG CHANG DMM 7030. 3% digit. Hand held 28
rang. including 10 Amp AC/DC 0.1%. Compbte with
batten. & leads. P&P 64 039.50
AS ABOVE. DMM 6010 0.25% E33.50
CARRYING CASE FOR ABOVE. 0 owl

OSCILLOSCOPES PROBES. Switched .1: .10.
P&P f3 ED

Used equipment - with 30 days gua antee Manuals supplied if possible.
This is a VERY SMALL SAMPLE OF STOCK. SAE or Telephone for Lists. Please check availability before

ordering. CARRIAGE all units f 1 6 VAT to be added to Total of Goods & Carriage

STEWART OF= 110 ROAD, READING,
READING

BERKS 1PL lkWYKEHAM RG6
Telephone: 0734 68041 Callers welcome 9am - 5.30 pm Mon. -Fn. (until 8 pm Thurs.)
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R:..., r servants are feasible. Advances
in technology combined with diffe-

i ways of looking at the uses to which
an be put should result in useful robots
Lind the house in the not too distant

'rue.
That is the view of Richard Pawson and

I.,,- has backed his faith by setting up a
robot research company called Personal
Robots, the company which has been
selected to lead the feasibility study for
the domestic applications group in the
Departmenk of Industry's Advanced Ro-
botics Initiative.

His company is already working on ro-
,ts to help with vacuum cleaning, secur-
/ and mowing the lawn, and he is sure
.at once the study gets under way many
)ore applications will come to light.
"In the last five years technology has
oved on and we are a long way from

ie early attempts at personal robots
vhich were fairly simple devices," he
ays.
"Processing power has seen a major
volution and has become very, very

heap indeed. People have also started to
ealise that the old approach of getting a
machine to model its environment is not
necessary. All that is needed is a robot
which can react to its immediate environ-
ment".

Warming to his subject he points out
' at although human beings have large

rains it does not mean that the whole of
tt-,e brain is being used to carry out a
particular task. In fact it is probable that
only a small part is used most of the time.
Can that basis robots do not need large

'ains. He added that it would be better
, ) model robots on less complicated life
'arms such as insects.

LAWN -MOWER BRAIN
To back up his argument he gives an
ample of mowing the lawn as an
tivity in which the brain is rarely

troubled to perform anything compli-
cated. While cutting, the only thinking
involved is in keeping the mower at the
edge of the previous cut. The most com-
plex thought is needed when turning
round or when an obstacle is encoun-
tered.

The robot would have no difficulty fol-
1-,wing a line and during the more difficult
procedures it would be moving slowly
enough to give it time to work out the
necessary moves.

Pawson bases his views on an involve-
ment with new technology in one form or
another for many years. After gaining an
engineering degree he was European
software manager for Commodore, edi-
tor of three computer magazines and
wrote The Robot Book.

Personal Robots was created when he
joined with a former computer magazine
colleague, Julian Allason, with venture
capital backing from City institutions. The
company now has a 12 -strong develop -

C
. )

ment team working on a variety of pro-
jects.

PET
Among the group's completed projects

is a robot pet, 'Scamp', for a major toy
company. According to Pawson it is
much more sophisticated than the Petster
type of toy, having its own personality,
but as fashion moved away from electro-
nic toys the toy company decided not to
go ahead with it. Scamp now sits on a
shelf at Personal Robots waiting for
fashion to change again.

Personal Robots is also interested in
modular technology, creating building
blocks which can be used in a variety of
ways by other robot builders to create
different robots. The system, which is
complete, is centred on a file of stan-
dardised software around which the ro-
bots are built using standardised
electronics and mechanics. Called Robo-
kit Professional, the collection of blocks is
being offered at about £2,000.

As a spin-off, Atari has asked the com-
pany to develop a less expensive version
to be known as Atari Robokit, containing
software and electronics for driving a va-
riety of robots built from Lego and Fis-
chertechnik parts. It should be available
soon.

BRAINSTORMING
The DTI feasibility study will fit in with

all this work with a report promised in the
spring of next year. It will involve brain-
storming sessions with other members of
the domestic group, seeing what work is
being done throughout the world and
watching how technology is advancing.

The resulting ideas will then be sifted
on the basis of whether they are techni-
cally possible, if they can be produced at
an economic cost and whether there will
be a demand. The result will be three
ideas and the group will then decide if it is
worthwhile taking any of these to the next
stage of development. That work would
require outside funding as the DTI pays
for only 50 percent of that cost.

Pawson said that part of the feasibility
study would be involved in identifying
possible sources of funding. He added
that at the moment the people involved in
the domestic group did not have the re-
sources to provide the cash. "For
example no major domestic appliance
manufacturer is involved at the
moment," he said.

He did not wish to pre-empt the conclu-
sions but he thought that vacuum clean-
ing, security and lawn mowing uses
would be featured as part of the study. He
added that price was an important factor
and his own view was that an appliance
should cost no more than f300.

ALL PURPOSE
The cost contrasts with the path being

followed by Joe Engleberger in the States

NIGEL CLARK

who is looking at producing an all-pur-
pose robot at a cost of about $50,000.
They are being aimed at people buying
new homes in the $250,000 price bracket,
a market which is said to be quite large.

The emphasis on new homes is import-
ant because certain conditions have to be
built into the homes so that the robots
can be used. For example no steps and
no thresholds on the doors.

The theory is that a limited number of
people will buy them, enough to cover
costs, but the lessons learnt in their oper-
ation will allow costs to be cut, therefore,
expanding the market. Thus, the robot
will eventually become a mass market
product.

Pawson is persuasive about the possi-
bilities of domestic robots and has be-
come experienced in dealing with those,
like myself, who have reservations. How-
ever, he sometimes feels that he cannot
win.

He tells the story of suggesting a use in
the kitchen where the robot could be told
to take a convenience meal from the
freezer, put it in the microwave and have
it ready by a particular time. He is then
accused of advocating living off conveni-
ence food when his intention was to ex-
plain how the convenience of
convenience food could be increased. He
did not think that it should exclude other
forms of food preparation.

I look forward to the group's conclu-
sions with interest.

Richard Pawson behind two of the
prototypes produced by Personal
Robots.



Printed circuit boards for certain constructional projects (up to two years old)
are 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 Editorial Offices, 6
Church Street, Wimborne, Dorset BH21 1JH. Cheques should be crossed and
made payable to Everyday Electronics (Payment in £ sterling only.)

Readers are advised to check with prices appearing in the current
issue before ordering.

NOTE: Boards for older projects -not listed here -can often be obtained from
Magenta Electronics, 135 Hunter St., Burton -on -Trent, Staffs DE14 2ST. Tel:
0283 65435 or Lake Electronics, 7 Middleton Close, Nuthall, Nottingham
NG16 18X. Tel: 0602 382509.

NOTE: please allow 28 days for delivery. We can only supply boards
listed in the latest issue. Boards can only be supplied by mail order
and on a payment with order basis.

PROJECT TITLE Order Code Cost

Tilt Alarm - JULY '86 - 527 £2.65
Electronic Scarecrow 528 £2.86
VOX Box Amplifier 529 £2.93
Headphone Mixer 530 £5.71

Solar Heating Controller - AUG '86 - 533 £4.16

Car Timer - SEPT '86 - 538 £2.53
Freezer Failure Alarm 534 £2.38
Infra Red Beam Alarm (Trans) 536 £4.16
Infra Red Beam Alarm (Rec) 537 £4.16
;Scratch Blanker 539 £6.80

- OCT '86 -
10W Audio Amp (Power Amp) 543 £3.23

(Pre -Amp) £4.78 Pair 544 £3.97
'Light Rider -Lapel Badge 540 & 541 £2.97

-Disco Lights 542 £5.12
-Chaser Light 546 £4.04

Modem Tone Decoder - NOV '86 - 547 £3.46
200MHz Digital Frequency Meter 548 £5.14

- DEC '86 -
Dual Reading Thermometer 549 £7.34
Automatic Car Alarm 550 £2.93
BBC 16K Sideways RAM 551 £2.97

(Software Cassette) 551S £3.88

Random Light Unit - JAN '87 - 552 £5.88

Car Voltage Monitor - Ff B '87 - 553 £2.48
Mini Amp 554 & 555 £5.68
Video Guard 556 £3.80
Spectrum I/O 557 £4.35
Spectrum Speech Synthesiser 558 £4.86

- MAR - '87
Computer Buffer/Interface j 560 £3.32
Infra Red Alarm : Sensor Head 561 £4.19

PSU/Relay Driver 562 £4.50

Alarm Thermometer - APR '87 - 559 £2.60
Experimental Speech Recognition 563 £4.75
Bulb Life Extender 564 £2.48

Fridge Alarm - MAY '87 - 565 £2.40
EE Equaliser -Ioniser 566 £4.10

!Mini Disco Light - JUNE '87 - 567 £2.93
'Visual Guitar/Instrument Tuner 568 £3.97

Fermostat - JULY '87 - 569 £3.34
I EE Buccaneer Metal Detector 570 £4.10
Monomix 571 £4.75

-AUG '87 -
Super Sound Adaptor Main Board

PSU Board
Simple Shortwave Radio, Tuner

Amplifier

572
573
575
576

£4.21
£3.32
£3.15
£2.84

Noise Gate - SEPT '87 - 577 £4.41
Burst Fire Mains Controller 578 £3.31
Electronic Analogue/Digital Multimeter 579 £6.40

Transtest - OCT '87 - 580 £3.32
Video Controller 581 £4.83

Accented Metronome - NOV '87 - 582 f3.77
Acoustic Probe 584 £2.78
BBC Sideways RAM/ROM 585 £4.10

Pseudo Echo Unit - DEC '87 - 586 £4.60
Dual Mains Light Flasher 587 £3.66
Twinkling Star 588 £2.61
Audio Sine Wave Generator 589 £3.03

Capacitance Meter - JAN '88 - 590 £4.10
Bench Amplifier 591 £5.51
Transistor Curve Tracer 592 £2.84

- FEB '88 -
Bench Power Supply Unit 593 £4.01
Game Timer 583 £3.55

Semicond.Jctor Tester - MAR '88 - 594 £3.19
SOS Alert 595 £2.78
Guitar/Keyboard Envelope Shaper 596 £4.23

Stereo Noise Gate - APR '88 - 597 £6.65
Pipe & Cable Locator 598 £2.72
Inductive Proximity Detector 574 £2.97

- MAY '88 -
Multi -Channel Remote Light Dimmer

Transmitter 599 £2.78
Receiver 600 £3.07

Door Sentinel 605 £2.60
Function Generator -Main Board 606 £5.91
Function Generator -Power Supply 607 £4.19
Super Sound Effects Generator 608 £4.78

- JUNE '88 -
Multi -Channel Remote Light Dimmer

Relay/Decoder 601 £4.86
Dimmer Board 602 £3.07
Power Supply 603 £2.72
Mother Board 604 £7.76

Headlight Reminder 611 £2.78

Video Wiper - JULY '88 - 612 £6.75
Isolink 613 £4.21

Tea Tune - AUG '88 - 609 £2.56
Time Switch 614 £4.84
Suntan Timer 610 £3.07
Car Alarm 615 £3.12

- SEPT '88 -
Breaking Glass Alarm 617 £4.27
Amstrad PIO 618 £6.77

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.

EE PRINTED CIRCUIT BOARD SERVICE
Please send me the following p.c.b.s.

Make cheques/PO payable to: Everyday Electronics
(Payment in f sterling only)

Order Code Project atiantity Price 114

4

a.

4

4

I enclose cheque/ PO for £
0

Name

Address

Please allow 28 days for delivery
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EVERYpAY

ELECTRONICS
CLASSIFIED

Reach effectively and economically today's enthusiasts anxious to know of your products and services
through our semi -display and classified pages. The prepaid rate for semi -display spaces is £8.00 (plus VAT)
per single column centimetre (minimum 2.5 cm). The prepaid rate for classified advertisements is 30 pence
(plus VAT) per word (minimum 12 words), box number £1 extra. All cheques, postal orders, etc., to be made
payable to Everyday Electronics. VAT must be added. Advertisements, together with remittance, should be
sent to the Classified Advertisement Dept., Everyday Electronics, 6 Church Street, Wimborne, Dorset BH21
1JH. Tel: (0202) 881749.

Electronic Components

WALTONS OF WOLVERHAMPTON
Established since 1947 - offering a

complete range - I.C.s, transformers,
switches, pots, capacitors, resistors, kits,
speakers, test equipment, books and lots,
lots more!
COME AND SEE US AT: MON-SAT 9-6.00 pm
55A WORCESTER STREET,
WOLVERHAMPTON TEL: 0902 22039

PRINTED CIRCUIT BOARDS made to own re-
quirements. For details send sae to Mr. B. M.
Ansbro, 38 Poynings Drive, Hove, Sussex BN3
8GR.

S.M. COMPONENTS presents 18 pages of very
competitively priced semiconductors, switches, op-
toelectrics, etc., plus sample. Send 85p to 17 Bee -
ley Road, Grimsby, S. Humberside.

Special Offers

100 WATT audio modules £8.99!! complete -
+mounting heatsink . . . tested+directions.
A.D.S., 1 regent Road, Ilkley, LS29 9EA.

Special Offers

MICROTRANSMITTER - Matchbox size, 500 metre
range, tuneable 80-120MHZ, receive on any VHF/FM
receiver. ONLY £4.50.
TELEPHONE MONITOR - With the addition of a tape
recorder will automatically record both sides of
telephone conversations. ONLY £14.95.

Please add 50p p&p per order. SAE for details.
Cheques/P.O.s payable to:

OUANTEK ELECTRONCS LTD
(Dept EE), 45a Station Road, Northfield, Birmingham B31 3TE

Miscellaneous

TEKTRONIC OSCILLOSCOPE Type 536,
10MHz, dual trace, good condition £75. Tel. (0708)
855763.

RELAXATION safeguards your health. Free book-
let. write Tomkins, Confey, Leixlip, Co. Kildare.

PLASTIC CASES or special shapes made to order.
SAE for details. Impex Products, 59 Fakenham
Way, Owlsmoor, Camberley, Surrey GU15 4YS.

RCS VARIABLE VOLTAGE D.C. BENCH POWER SUPPLY
o to 20 VOUS, up to 1.5 Amps d.c. Fully stabilised. Twin panel
meters for instant voltage and current readings. Overload pro-
tection, fully variable. Operates from 240V a.c. Compact unit, size
9 x 51/2 x 3in E36 plea pest O.

VISA I
RADIO COMPONENT SPECIALISTS

RADIO COMPONENT SPECIALISTS
337 WHITEHORSE ROAD, CROYDON, SURREY, U.K.

Tel: 01-6!41665
Lip, large SAE Delivery 7 days Callers welcome Close/ Wedaesdry

1E3 TECHNICAL INFO SERVICES IEE)
76 Church St., Ladthall, Lanarkshire ML9 IHE

PMeee 109111114515 Men -Fri, 9-S,
any ell Vero 16314113334. FOR FAST QUOTES

WORLD'S LARGEST COLLECTION SERVICE MANUALS Most unobtainable
elsewhere Prices range from onN f4.50 large s a e any quotabon, no obh
dation to buy
WORLD'S SOLE Suppliers of TV Pt Video Repair manuals, etc from TV TECHNIC.
also such publishers as Heinemann, Newnes. TV Technic. Thorn etc Every
published service sheet in stock, supplied full sae, nor this ti pieces. C1V's or
any combinabon 1150 plus !sae. any other single item £2.50 plus !sae. Com-
plete Circuit Sets for most Videorec orders only El set (no sery shts made!.

LSAE gar QUOTATIONS plus GIANT CATALOGUE - NEWSLETTERS --
BARGAINS - MEE S/StA m roailaIrle.

Comprehensive TV Repair Manual £950 Complete Radio Service and Repair
Course £9.50 Complete Repair & Service Manuals Mono TV E12.50, CDV
f11.00, Video £19 .50. Complete Repair Data AIM circuit-Mono TV £9.50. CTV
£1250, Video f10.50
OAS plat LSAE BMNGS THE ONLY COMPREHENSIVE SERVICE SHEETS

MANUALS, CATALOGUES ales FREE CHASSIS GUIDE sad E4.00 OF
VOUCHERS

CIRCUIT DIAGRAMS
Most Makes. Models, Types, Audio, Music Systems,

Colour, Mono Televisions, Amateur Radio, Test
Equipment, Vintage etc. £3.50 plus LSAE.

State Make/Model/Type with order.

Full Workshop Manual prices on request with LSAE

MAURITRON (EE), 8 Cherry Tree Road,
Chinnor, Oxfordshire OX9 4QY

Kits

NEW FEATURES! Gil CAR COMPUTER (EE
JAN. '88). Now kpl, km, litres, kph or mpg, speed,
fuel etc. £64.50 full kits only. Red displays (green
£1.50 extra). MSE, 11 Church Green Road,
Bletchley, Milton Keynes, U.K. Tel. (24 hrs) 0908
641548.

GCSE Physics Technology Electronics Kits.
S.A.E. for details. Sir -Kit Electronics, 70 Oxford
Road, Clacton, Essex. C015 3TE.

ipsommommisimmosimmummuummionmemmommomommummommomi
! ORDER FORM PLEASE WRITE IN BLOCK CAPITALS

Please insert the advertisement below in the next available issue of Everyday Electronics for Insertions. I enclose Cheque/P.O. for 111
(Cheques and Postal Orders should be made payable to Everyday Electronics) I

The advertisement must include an address, box number, or phone number as part of the paid wordage. Please
I remember to add VAT.

111

I NAME
ADDRESS

HEADING REQUIRED:

EVERYDAY ELECTRONICS
Classified Advertisement Dept.,
6 Church Street, Wimborne, Dorset BH21 1JH.
Telephone (0202) 881749
RATE: 30p per word, minimum 12 words. Box No. El extra. VAT MUST BE ADDED

9/88
11111011.11111101113111INIMMI111111111MMII.MMNIIIIIMINIMMMINMINIMMINIM11111111111111111111111111111
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OMNI ELECTRONICS
174 Dalkeith Road, Edinburgh EH16 5DX 031 6672611

The supplier to use if you're looking for
*A WIDE RANGE of components aimed at the hobbyist *

* competitive VAT inclusive prices
* mail order - generally by return of post *

* fast, friendly service*
- by mail order, telephone order or personal call

NEW CATALOGUE NOW AVAILABLE
Send 2 x 18p stamps for a copy -

we do try to keep the goods we list in stock.
Whether you phone, write or call in we'll do our best to help you.

Open: Monday -Friday 9.00-6.00
LamillftAW Saturday 9.00-5.00mi J

kalI1J6NAL ©01/PONEW twn
* SPECIAL OFFERS * SPECIAL OFFERS *

7, ASSORTED 2 1
UTJ CAPACITORS

(PICOFARADS  2200uf)

6 555 TIMER pc..) 1

20 AND PRRTEESDEPRESETS 2 1

II RESISTORS rj

1 MYSTERY =1
PACK

I a RLEEDDO'RSG(5ZErnN) 21
* ALL SIX PACKS FORA FIVER ! *

P.O.or Cheque to: NATIONAL COMPONENT CLUB, DEPT EE1, HIGHER ANSFORD,
CASTLE CARY, SOMERSET BA7 7.1G. Please add El P & P but do not add VAT.

* FREE CLUB MEMBERSHIP

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

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

THE DETECTOR - features Analytical Discrimination
& Ground Exclusion, backed by the proven pedigree of
C -Scope, Europe's leading detector manufacturer.
A comprehensive instruction book is available @ £5 (deductable from order).

Ask at your local Hobby/Electronics shop or contact C -Scope for a copy of a
published Field Test Report.

U© 0 rpg. =toopne
IRoadnter nAatsihofnoarldL tKde. tD eTpf\12. E E8L6r

Telephone: 0233 29181.

ELECTRONICS TECHNICIAN
FULL-TIME TRAINING

(FULL TIME COURSES APPROVED BY THE BUSINESS & TECHNICIAN
EDUCATION COUNCIL)

2 YEAR
BTEC National Diploma (OND)

ELECTRONIC Et
COMMUNICATIONS ENGINEERING

(Electronics, Computing, Television, Video, Testing Et Fault Diagnosis)

1 YEAR
BTEC National Certificate (ONC)

ELECTRONIC ENGINEERING
1- INFORMATION TECHNOLOGY

(Electronics, Satellite TV, CD, Networks, Telecom.)

2- ELECTRONIC EQUIPMENT SERVICING
(Electronics, Television, Video Cassette Recorders, CCTV, Testing Et Fault Diagnosis)

3 -SOFTWARE ENGINEERING
(Electronics, Assembler, BASIC, PASCAL, CADCAMI

4- COMPUTING TECHNOLOGY
(Electronics, Computing Software/Hardware, Microelectronic Testing Methods)

10 MONTHS
BTEC Higher National Certificate (HNC)

COMPUTING TECHNOLOGY Et ROBOTICS
(Microprocessor Based Systems, Fault Diagnosis, ATE, Robotics)

THESE COURSES INCLUDE A HIGH PERCENTAGE OF COLLEGE BASED
PRACTICAL WORK TO ENHANCE FUTURE EMPLOYMENT PROSPECTS

NO ADDITIONAL FEES FOR OVERSEAS STUDENTS

SHORTENED COURSES OF FROM 3 TO 6 MONTHS CAN BE ARRANGED FOR
APPLICANTS WITH PREVIOUS ELECTRONICS KNOWLEDGE

O.N.C. 19th September 1988
FULL PROSPECTUS FROM

LONDON ELECTRONICS COLLEGE (Dept EE)
20 PENYWERN ROAD, EARLS COURT,

LONDON SW5 9SU. Tel: 01-373 8721.
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CaOADLITIteSTBRS
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S

FREE
Send a stamped addressed envelope or '

up to 50p in coins to cover handling to:
BI-PAK CATALOGUE,

P.O. BOX 33, ROYSTON, HERTS. SG8 5DF
Please do not send cheques

FREE
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READ ALL
ABOUT
IT!
IN THE
SUMMER 'SS tr4-r---

Cirkit la
CATALOGUE
Discount
vouchers,
competition, free
gift and, of
course, the latest
new products.
Available at your
newsagent or
direct from Cirkit
at the address
below.

reiPo9N

Cirkit
PRICE £ 1 .30

U

Cirkit Distribution Ltd.
Park Lane. Broxbourne. Herts EN10 7N0
Telephone (0992) 444111 Telex: 22478

ADVERTISERS INDEX

G ELECTRONICS 529 MERLIN SYSTEMS 529

BICC-VERO ELECTRONICS 523 NATIONAL COMPONENT

BI-PAK 551 CLUB 551

BK ELECTRONICS Cover (iii) OMNI ELECTRONICS 551

BULL, J. N Cover Iii) RACKZ PRODUCTS 501

CIRKIT DISTRIBUTION 552 RADIO COMP SPECIALISTS 550

C -SCOPE INTERNATIONAL 551 SPECIALIST

ELTRAK ELECTRONICS 513 SEMICONDUCTORS 535

GREENWELD ELECTRONICS 498 STEWARTS OF READING 547

ICS 552 TECH INFO SERVICES 550

JAYTEE ELEC. SERVICES 498 TK ELECTRONICS 502

LONDON ELECTRONICS COLLEGE 551 TUTORKIT PRODUCTS 547

MAGENTA ELECTRONICS 500 WALTONS 550

MAPLIN ELECTRONICS Cover (iv) XEN ELECTRONICS 552

MARCO TRADING 547 ZENITH ELECTRONICS 513

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
wan: under the guidance of expert 'personal' tutors. Find out how we can help YOU.
Post or phone today for your FREE INFORMATON PACK on the course of your choice.

Vl= one box only!)

Electronics n
`---'

Radio, Audio
and TV Servicing 0

Basic Electronic
Engineering (City & Guilds) LI

Radio Amateur Licence
Exam (City & Guilds) 0

Electrical Engineering [j] 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. ECS79, 312/314 High St.,
Sutton, Surrey SM1 1PR. Tel: 01-6439568 or 041-221 2926 (24 hr.)

(0983) 292847 Xen-Electronics (0983) 292847MU

Just a sample of stock. Ask for items not listed. Super Project Kit Bargains
icy
400ILIB .12

40111113 .12

4011 .12

4017 .31

4028 20

4040 .38

4053 97

41366 .19

4081 .12

4514E1 95

ZBOACPU 1 85

Z80APIO 1.68

72171PI 4.00

64021PL 730
555 41

558 330
741

2,
LM380N 1.87

TDA3810 5.56

TLOPICP
51

SG3526N 169
SG3526J 492
SL486DP 220
SL490DP 2.13

ML926DP 394
55768

268

LED.'s
Seen dia
Red .13

Green .12

Orange .21

Yellow .15

3min dm
Red .13

Green .13

Orange .21

Yellow 13

MTPBNIO 144
TIPI21 34

TIPI26 34
TIP31C 30

TIP32C 30

2N2646 1.18

2N3055 47

15W Cover 107
25W Skt 60

25W Plug 53
25W Cover 1.16

PCB Mount
15W Skt 1.02

15W Plug .39

25W Plug 215

Mobilised
Polyester
5/7 5rnm Pitch
3.3nF 400V 08

0.0101.5100V 08
0.022µF 6.3V 08

0.047µF 103V .08

0.10 63V .08

0.15µF 03V 17

0.330 63V .33
0.47µ163v .17

Z80 BASED CONTROLLER BOARD
This super little micro board using the very powerful Z80A CPU running
at 4Mhz has all the necessary hardware to control menial to the most
complex tasks. The PTH PCB measuring only 107 x 118 comprises 2K
EPROM (empty), 2K static RAM, 16 input lines using two 74LS244 and 16
output lines using two 74LS37 3. The port connections are via four 10W
pin strips, each having eight data lines, one 9round and either NMI, INT,
WAIT or RESET. A must for the small application.

Order as: Z80A-CTRUK Kit Form f.20.45
Z80A-CTRUB Built and Tested £24.95
Z84C-CTRUK Cmos Kit Form £26.95
Z84C-CTRU B Cmos Built and Tested £31.45

RS232 TO CENTRONICS CONVERTER
This handy little interface is ideal for running parallel printers from a
serial port, the low cost way out of buying expensive parallel ports for
your computer. Originally designed for the Sinclair QL and Northstar
Dimension in mind. The PCB measuring 60 x 62 comprises of the 6402
UART, Baud rate generator and all necessary logic, comes complete with
wire and ribbon cable and 36W Centronics plug. (For 'D' Type connector
and hoods see selection on left. Sinclair QL SER1 Plug available extra at
f 1.68, order as 900-71052Fl.

Order as: RS232 -8/K Kit Form £18.40
RS232 -8/B Buik and Tested £23.90

DISTANCE MEASURING INSTRUMENT
An invaluable handy instrument ideal for quickly measuring rooms no
bigger than 50 feet sq. The ultrasonic processing PTH PCB measuring
only 77 x 85 has all the necessary components to output the distance in
four digit BCD (multiplexed) reflecting either feet, meters or yards
selectable by a three position switch. The kit comes complete with Para -
bolic reflector and transducer. Available extra is a liquid crystal display
board measuring 51 x 101 which can be wired to the BCD output to the
above board directly to display the distance in 0.5 inch high digits.

Order as: UDMI26/K Kit form £24.95
UDMI26/B Built and Tested £34.95
LCDM4/K LCD Kit form £14.30
LCDM4/B LCD Built and Tested £16.95

Triacs
2N6070A 100V 4A 1.29
B 7137 600V 102 Capacitors

Radial Lead
2.2µF 50V 06

2 2AT 63V 11

47F 63V 06.. µ
.33µ1 I6V 04

47µF 10V IS
41µF 25V .06

88

47µ63V .08F

47µF 100V 15

100 35V .06

10µF 63V 06

22µ1100V 21

100pf 10V 06

IOW 16V .06

100µF 25V 07
100035V .08

100µF 50V .19

100µF 63V .21

220µF 10V .06

330µF 16V .19

470µ116V 25
4700 50V .40

470063V 03
I000µF 10V 23
I 000µF 16V 27

2200µF 16V .45

fixed Voltage
Rageletors

7805Infra-Red36

79°9 .68

7812 .36

7815 .36

7824 .68

79°5 .39

7912 2.10

7915 .39

7924 .39

78L05 .2878108
78L12 .20

78L15 .36

79105 30.

79112 30
79115 .30

Infra -Red Emitter
TLNIII6A 69

Disc ceramic
10pF 63V .05
100pF 50V ,06

150pF 50V .05

220pF 50V .05

0.01µ125/50V .05
0.0IµF IkV .27
0.022µF 63V .10

aC47"F .12

50V
0.1µF 25V .136

0.1µF 50V .07

Sensor

TPS7O3A 1.89

I.C.Sockets
Low C
6 Wayost g5

8 Way 07

14 Way 11

16 Way 13

18 Way 15

20Way
22 Way .18

24 Way 20
28 Way .23

40 Way 33
Turned Pin
6 Way 12

8 Way
2814 Way 28

igway 32

18 way .36
20 Way 40

22 Way
64,

24 Way .,88

28 Way 56
40 Way 80

Remo.
D. -b. Filet
0.25 Watt 5%
1 to 10H

.02 each
0.5 Watt 5%
10(7 is 101,417

.04 each

Diodes
1744001 .05
18140132 .05

1N4003 .05

1N4004 95
1N4W5 .05

1744007 .06

1745401 .12

1745406 .14

Transistors
13C107 .16
BC108 .21

BC109C .19
BC182 .05
BC2I2 .05
BC54613 -94
BC556A .04
80233
BD675A

.42

.32

BD676A .32

BEY51 .54

8E259 .58

BSR50 49

IRF520 1.61

IR1840 4.10

JI12 57.

,Themi.....,, silw Bead
1.1.1G M 4 7 2 W
(4.71(11) 1.95

potenti~ OM
PCB 414004
Canoe! Top Adj
10011 30
1867 30

51(11 30

101(11 50

20811 50

100811 50
200861

'5°

Axial Lead
4.7µ£63V .06

10µF 35V .11
47µ125V .10
100µF 25V 18

100µF 100V 18

470µE 10V .22
1000µF 10V .31

loser Diodes
2V7 OW .05

5VI 4W 05
7V5 4W 06

9111 4W .06

10V 4W .06

11V 4W .05

Connectors
D -Type solder
9W Skt .43

9W Plug 38
9W Cover .98

15W Skt 50
15W Plug .53

Mail or Telephone Orders only please to:
Dept 14, Samuel Whites Estate, Bridge Road, Cowes, Isle of

Wight P031 7LP. Please add £1 for 1st class post and
packaging, and 15% VAT to total. Stock listing available

soon, please send SAE to be put on the mail list.
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Subscriptions INLAND £14.50 and OVERSEAS £17.50 payable to "Everyday Electronics" Subscription Department, 6 Church Street, Wimborne, Dorset BH2I I J H. EVERYDAY ELECTRONICS
is sold subject to the following conditions, namely that it shall not, without the written consent of the Publishers first having been given, be lent, resold, hired out or otherwise disposed of by way of Trade
at more than the recommended selling price shown on the cover, and that it shall not be lent, resold, hired out or otherwise disposed of in a mutilated condition or in any unauthorised cover by way of
Trade or affixed to or as part of any publication or advertising, literary or pictorial matter whatsoever.



op POWER AMPLIFIER MODULES 28p STAMP FOR CURRENT LIST
RICES INCLUDE V AJ.. PROMPT DELIVERIES FRIENDLY SERVICE LARGE S A E

OMP POWER AMPLIFIER MODULES Now enjoy a world-wide repu-
tation 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 response 15Hz-
30KHz -3dB, T.H.D. 0.01%, S.N.R. -118dB, Sens.
for Max. output 500mV at 10K. Size
355x115x65mm.
PRICE E33.99+0.00 P&P.

OMP/MF100 Mos-Fet Output power 110 watts
R.M.S. into 4 ohms, Frequency Response 1Hz-
100KHz -3dB, Damping Factor 80. Slew Rate
45V/uS, T.H.D. Typical 0.002%, input Sensitivity
500mV, S.N.R. -125dB. Size 300x 123 x 60m m.
PRICE E39.99+0.00 P&P.

OMP/MF200 Mos-Fet Output power 200 watts
R.M.S. into 4 ohms, Frequency Response 1Hz-
100KHz -3dB, Damping Factor 250. Slew Rate
50V/uS, T.H.D. Typical 0.001%, Input Sensitivity
500mV, S.N.R. - 130dB. Size 300x 150 x 100m m.
PRICE £62.99413.50 P&P.

OMP/MF300 Mos-Fet Output power 300 watts
R.M.S. into 4 ohms, frequency Response 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 E79.99 -1-E4.50 P&P.

NOTE: Mos-Fets are supplied as standard (100KHz bandwidth & Input Sensitivity 500mV). If
required, PA version (50KHz bandwidth & Input Sensitivity 775mV) Order - Standard or P.A.

Vu METER Compatible witj our four amplifiers detailed above. A very
accurate visual display employing 11 L.F.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 E13.50+50p P&P.

LOUDSPEAKERS 5" to 15" up to 400 WATTS R.M.S.
Cabinet Fixing in stock. Huge selection of McKenzie
Loudspeakers available including Cabinet Plans.
Large S.A.E. (28p) for free details.

POWER RANGE
8" 50 WATT R.M.S. Hi-Fi/Disco.
20oz magnet, 112" ally voice coil. Ground ally fixing escutcheon. Res. Freq. 40Hz Freq. Resp. to 6KHz. Sens
92dB. PRICE E10.99. Available with black grille £11.99. P&P E1.50 ea.
12 100 WATT R.M.S. Hi-Fi/Disco
50oz magnet, 2" ally voice coil. Ground ally fixing escutcheon. Die-cast chassis. Whoite cone. Res. Freq.
25Hz Freq. resp. to 4KHz. Sens 95dB. PRICE C28.60-i-E3.00 P&P ea.

MCKENZIE
12" 85 WATT R.M.S. C1285GP Lead Guitar/Keyboard/Disco.
2" ally voice coil. Ally centre dome. Res. Freq. 45Hz. Freq. Resp. to 6.5KHz. Sens. 98dB. PRICE £34.57 +E3.00
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 f35.35+f3.00 P&P ea.
15" 150 WATT R.M.S. C15 Bass Guitar/Disco.
3" ally voice coil. Die-cast chassis. Res. Freq. 40Hz Freq. Resp. to 4KHz. PRICE E66.39 £4.00 P&P ea.
10" 60 WATT R.M.S. 101,0GP Gen. Purpose/Lead Guitar/Keyboard/Mid. P.A.
2" voice coil. Res. Freq. 75Hz Freq. Resp. to 7.5KHz Sens 99dB. PRICE £23.72 -k f2.00 P&P.
10" 200 WATT R.M.S. C10200GP Guitar/Keyboard/Disco.
2- voice coil. Res Freq. 45Hz. Freq. resp. to 7K1 -1z. Sens. 101dB. PRICE £47.49+E3.00 P&P.
15" 200 WATT R.M.S. C15200 High Power Bass.
Res, Freq. 40Hz. Freq. Resp. to 5KHz. Sens 101d8. PRICE E73.26+f4.00 P&P.
15" 400 WATT R.M.S. C15400 High Power Bass.
Res. Freq. 40Hz. Sens. 102dB. PRICE E94.12+E4.00 P&P.

WEM
S' 70 WATT R.M.S. Multiple Array Disco etc.
1" voice coil. Res. Freq. 52Hz. Freq. resp. to 5KHz. Sens. 89d8. PRICE £22.00+E1.50 P&P ea.
8-150 WATT H.M.S. Multiple Array Disco etc.
1" voice coil. Res. Freq. 48Hz. Freq. resp. to 5KHz. Sens. 92dB. PRICE £32.00+£1.50 P&P ea.
10r 300 WATT R.M.S. Disco/Sound re -enforcement etc.
11/2" voice coil. Res. Freq. 35Hz. Freq. Resp. to 4KHz. Sens. 92dB. PRICE £36.00+f2.00 P&P ea.
12" 300 WATT R.M.S. Disco/Sound re -enforcement etc.
11/2" voice coil. Res. freq. 35Hz Freq. resp. to 4KHz. Sens. 94dB. PRICE £47.00-k£3.00 P&P ea.

SOUNDLAB (Full Range Twin Cone)
5" 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc.
1" voice coil. res. Frey. 63Hz Freq. resp. to 20KHz. sens. 86dB. PRICE E9.99 +£1.00 P&P ea.
az' 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc.
1" voice coil. Res. Freq. 56Hz. Freq. Resp. to 20KHz. Sens. 89dB. PRICE f 10.99+ £1.50 P&P ea.
8' 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc.
11/4" voice coil. Res. Freq. 38Hz. Freq. resp. to 20 KHz. Sens 89dB. PRICE £12.99+E1.50 P&P ea.
10" 60 WATT R.M.S. Hi-Fi/ Disco etc.
11/4" voice coil. Res. Freq. 35Hz. Freq. Resp. to 15KHz. Sens 89aB. PRICE £16.49+f2.00 P&P ea.

7.
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 micro-
phone. Range 100/300 metres. 57 x46 x 14mm (9 volt). Price £8.62+75p
P&P.
3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap controlled
professional performance. Range up to 3 miles 35x 84 x 12mm (12 volt).
Price £14.49+75p P&P.
SIMGLE CHANNEL RADIO CONTROLLED TRANSMITTER/RECEIVER
27MHz. Range up to 500 metres. Double coded modulation. Receiver
output operates relay with 2 amp/240 volt contacts. Ideal for many applica-
tions. Receiver 90 x 70 x22mm (9/12 volt). Price £17.82. Transmitter
80 x 50+15mm (9/12 volt). Price £11.29+75p P&P each. SAE for complete 3 watt FM
list Transmitter

T C c

BURGLAR ALARM
Better to be 'Alarmed' than terrified.
Thandar's famous 'Minder' Burglar Alarm System.
Superior microwave principle. Supplied as three units
complete with interconnection cable. FULLY GUARAN-
TEED.
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. 104d8 out-
put.
Outdoor alarm - Electronic swept freq. siren, 98dB out-
put. Housed in a tamper -proof heavy duty metal case.
Both the control unit and outdoor alarm contain rechar-
geable 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 E228.85
BKE's PRICE f89.99+4.00 P&P

'Why buy a collection of self -assembly boards!

IDEAL for Work-
shops, Fac-
tories, Offices,
Home, etc. Sup-
plied ready
built.

OMP LINNET LOUDSPEAKERS
The very best in quality and value. Made specially to suit today's 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"+ 12". Watts
R.M.S. per cabinet. Sensitivity 1W. 1 mtr. dB.
OMP 12-100 Watts 100dB. Price £149.99 per
pair.
OMP 12-200 Watts 102dB. Price £199.99 per
pair.
Delivery; Securicor E8.00 per pair

19" STEREO RACK AMPS 1 K -WATT
SLIDE DIMMER

Professional 19" cased Mos-Fet stereo
amps. Used the World over in clubs, pubs,
discos etc. With twin Vu meters, twin toroi-
dal power supplies, XLR connections.
MF600 Fan coo0led. Three models (Ratings
R.M.S. into 4 ohms). Input sensitivity 775
mV.
MF200 (100+1001W. £171.35 Securicor
MF400 (200+200)W. £228.85 Delivery
MF600 (300+300)W. £322.00 £10.00

BSR P295 ELECTRONIC TURNTABLE
* Electronic speed controls 45 & 331/3 rpm * Plus
Minus variable pitch control * Belt driven * Alumi-
niun planer with strobed rim * Cue lever * Antiskate
(bias device) * Adjustable counter balance * Manual
arm * Standard 1/2" cartridge fixings * Supplied com-
plete with cut-out template * D.C. Operation 9- 14V
D.C. 65mA

Price £36.99+£3.00 P&P

ADC Q4 mag. cartridge for above. Price E4.99
ea.+50p P&P

* Control loads up to
1 kW
JJ Compact size

.42/3x rx 21/2"
* Easy snap in fixing
through panel/cabi-
net cut out
* Insulated plastic
case
* Full wave control
using 8 amp triac
* Conforms to
BS800

* Suitable for both resistance
and inductive loads. Innume-
rable applications in industry,
the home. discos, theatres,
etc.
PRICE £13.99+75p P&P

PIEZO ELECTRIC TWEETERS -MOTOROLA
Join the piezo revolution. the low dynamic mass (no voice coil) of a Piezo tweeter produces an improved
transient response with a lower distortion level than ordinary dynamic tweeters. As a crossover is not
required these units can be added to existing speaker systems of up to 100 watts (more if 2 put in series).
FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH TWEETER.

TYPE 'A' (KSN2036A) 3" round with protective wire mesh,
ideal for bookshelf and medium sized Hi-Fi speakers. Price
£4.90 each+40p P&P.
TYPE 'B' (KSN1005A) 31/2" super horn. For general pur-
pose speakers, dico and PA systems etc. Price £5.99
each -I -40p P&P
TYPE 'V (KSN6016A) 2"x5" wide dispersion horn. For
quality Hi-Fi systems and quality discos etc. Price E6.99
each+40p P&P
TYPE 13' (KSN1025A) 2"x6" wide dispersion horn. Upper
frequency response retained extending down to mid
range (2KHz). Suitable for high quality Hi-Fi systems and
quality discos. Price £9.99 each+40p P&P
TYPE 'E' (KSN1038A) 33/4" horn tweeter with attractive

11*- silver finish trim. Suitable for Hi-Fi monitor systems etc.
Price £5.99 each+40p P&P
LEVEL CONTROL. Combines on a recessed mounting
plate, level control and cabinet input jack socket.
85 x 85mm. Price £3.99+40p P&P

'E

STEREO DISCO MIXER
STEREO DISCO MIXER with 2 x 5 band L & R graphic
equalisers and twin 10 segment LED Vu meters. Many
outstanding features. 5 inputs with individual faders
providing a useful combination of the following: 3
Turntables (Mag), 3 Mics, 4 Line plus Mic with talk
over switch. Headphone monitor, Pan Pot L & R Mas-
ter Output controls. Output 775mV. Size
360x 280x 90rtim ,, a

Price £134.99-1-£3.00 P&P

B. K. ELECTRONICS
IllaMMH POSTAL CHARGES PER ORDER £1.00 minimum. OFFICIAL ORDERS(

VisA WELCOME, SCHOOLS, COLLEGES, GOVERNMENT BODIES, ETC.
PRICES INCLUSIVE OF VAT. SALES COUNTER VISA/ACCESS/C.O.D.
ACCEPTED.

UNIT 5, COMET WAY, SOUTHEND-ON-SEA,
ESSEX. SS2 6TR TEL: 0702-527572



SINGLE-ACTION
WIRE -STRIPPERS

Extremely quick and
easy to use. Just place
wire in jaws and te.
squeeze handles. Wire
is neatly stripped in
one simple action.
Also includes tension
adjustment and cutter.

NEW LOW PRICE

YOU CAN'T
BUY CHEAPER

HELPING HANDS
Remarkably low price on this most useful
piece of equipment. Two fully adjustable
crocodile clips hold pcb's etc. firmly and
glass magnifier allows close inspection.

SUPPLY THE
TOOLS!

SO YOU CAN
FINISH THE
JOB WITH

EASE!
SALES 0702 554161

HOBBY VICE
Lever operated suction grip base holds
tightly to smooth non -porous surfaces. Ideal
for holding small components and
assemblies. Metal faced jaws 37 x 11mm,
open to 35mm. Base 60 x 60mm. Height 68mm.

UNBELIEVABLE
PRICE ONLY

95
YP3BR

SOLDER by ADE
INCREDIBLE LOW -PRICE

OFFER TO LAUNCH
OUR NEW BRAND

'/zkg reel 18 swg

= £5.99+ VAT)
PER REEL

or in boxes of
20 reels (10kg)

A991
(= £4.34+ VAT)
PER REEL
(SC2OW price £99.80).

22 swg

Top quality standard flux -cored solder
designed for hand and machine soldering of
electronic components. Manufactured to
BS219 Grade KP, BS44 I Grade 2 and BS5625
Class 5a. The solder is a 60% tin, 40% lead
alloy containing a non -corrosive flux. Solder
starts to melt at 183°C and is fully molten at
188°C. Available on Vakg reels in 0.7mm dia.
(22 swg) and 1.2mm dia. (18 swg). Perfect
for use with all hand soldering irons
including Antex, Weller etc.
UNBEATABLE TRIAL OFFER
PRICE ON ADEPTO FINE
QUALITY SOLDERS.

'/zkg reel
ONLY

( = £6.95+ VAT)
PER REEL

or in boxes of
20 reels (10kg)

74

( = £4.99+ VAT)
PER REEL

(SC21X price £114.80).

"The finest soldering irons in the world." - Maplin recommend Antex.
Precision soldering irons that are a pleasure to use. Low leakage currents, ceramic
element, shatterproof handle. It all adds up to the number one soldering equipment for the
hobbyist. Use CS type for very 17W TYPE CS

fine work, XS for general use.

SOLDERING IRON KITS
CS or XS Iron complete with stand, solder
and 'How To Solder' booklet

17\

XS:61T 1

£ 15

ALL ITEMS SUBJECT TO AVAILABILITY

SOLDERING
IRON STAND

Suitable for most
soldering irons.

SUPER
LOW

PRICE

ALL PRICES
INCLUDE VAT.
PLEASE ADD 50p

TOWARDS POSTAGE.

IF ORDER BELOW
£5 PLEASE

ADD 50s,

INCREDIBLE
LOW PRICE

NOW
ONLY

DESOLDER
PUMP

Powerful pump
action and

plunger
guard

95
FR26D
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ffAolciplin ELECTRONICS

P.O. Box 3, Rayleigh, Essex, SS6 8LR.
MANY
MORE
PRODUCTS
INSIDE!

Pick up a

copy of our

gia nt 512 page

catalogue from

WH SMITH
for just £1.60.

Shops al: 0 Sutton New Road, Erdington, Birmingham. 0302

Gloucester Road, Bristol. 0159-161 King Street, Hammersmith,

London. 0 8 Oxford Road, Manchester. 0 46-48 Bevols Valley

Road, Southampton. 0282-284 London Road, Southend-on7Sea.


