
EVERYDAY JANUARY 1988 

Ligcutorn 
INCORPORATING ELECTRONICS MONTHLY £1.20 

MEE INSIDE 
DATA \ 
CARD 

DIGITAL 
SAMIITE 
INVOLUTION 

• //// 
1//1 

AMPLIFIER ,„"/Af , 14, 

NNW 

1Ii CAR \ 
COMPUTER 

The Magazine for Electronic Et Computer Projects 



£1 BAKERS DOZEN PACKS 
Price per pack is f1.00.• Order 12 you 
may choose another free. Items marked 
Ishl are not new but guaranteed ok. 

1 -513 amp ring main junction boxes 
2 - 5 13 amp ring main spur boxes 
5 - 3 flush electrical switches 
7 - 4in flex line switches with neons 
8 - 2 80 watt brass cased elements 
9 - 2 mains transformers with 6V 1A secondaries 
10-2 mains transformers with 12V 'h A secondaries 
11 - 1 extension speaker cabinet for 6 % ' speaker 
12-5 octal bases for relays or valves 
13 - 12 glass reed switches 
14-4 OCP 70 photo transistors 
16-4 tape heads. 2 record. 2 erase 
17-1 ultrasonic transmitter and 1 ditto receiver 
18-2 15000 mfd computer grade electrolytics 
19-2 light dependent resistors 
20-5 different micro switches 
21 - 2 mains interference suppressors 
22 - 23 watt crossover units 2 way 
- 140 watt 3 way crossover unit 
2s- 16 digit counter mains voltage 
38-2 Nicad battery chargers 
31 - 1 key switch with key 
23- 2 humidity switches 
34 - 96 x 1 metre lengths colour-coded connecting wires 
38-2 air spaced 2 gang tuning condensors 
37-2 solid diaelectric 2 gang tuning condensors 
38 - 10 compression trimmers 
41-6 Rocker Switches 10 amp mains SPST 
43-5 Rocker Switches 10 amp SPDT Centre Off 
44-4 Rocker Switches 10 amp DPDT 
45 - 1 24 hour time switch mains operated Is.h.) 
46- 1 6 hour clock timeswitch 
48- 2 6V operated reed switch relays 
49 - 10 neon valves - make good night lights 
50-2 .12V DC or 24V AC. 4 CO relays 
51 - 1 x 12V 2C 0 very sensitive relay 
52-1 12V 4C relay 
55 - 1 locking mechanism with 2 keys 
56 - Miniature Uniselector with circuit for electric jigsaw 
57-5 Dolls' House switches 
60-5 ferrite rods 4' x 5/16' diameter aerials 
61 - 4 ferrite slab aerials with L Ef M wave coils 
62 - 4 200 ohm earpieces 
52-1 Mullard thyristor trigger module 
64 - 10 assorted knobs % spindles 
66-5 different themostats. mainly hi metal 
66 - Magnetic brake - stops rotation instantly 
67 - Low pressure 3 level switch 
69 - 23 watt pots 8 ohm 
70-2 3 watt pots 1000 ohm 
71 - 4 wire wound pots - 18. 33. 50 and 100 ohm 
73 - 4 3 watt wire wound pots 50 ohm 
77-1 time reminder adjustable 1-60 mins 
78 - 5.5 amp stud rectifiers 400V 
66-1 mains shaded pole motor Y." stack - Yr shaft 
86 - 2 5" ali fan blades fit 'A " shaft 
07-2 r plastic fan blades fit 'A ' shaft 
88 - Mains motor suitable for above blades 
89-1 mains motor with gearbox 1 rev per 24 hours 
91 - 2 mains motors with gearbox 16 rpm 
93 - 411 pin moulded bases for relays 
94-5 87G valve bases 
95-4 skirted B9A valve bases 
96 - 1 thermostat for fridge 
98 - 1 motorised stud switch Is  
101 - 1 2% hours delay switch 
103 - 1 6v mains power supply unit 
104 - 1 4YrV mains power supply unit 
105 - 15 pin flex plug and panel socket 
107 - 15' speaker size radio cabinet with handle 
109 - 10/." spindle type volume controls 
110 - 10 slider type volume controls 
112 - 1 heating pad 200 watts mains 
114 - 1 1W amplifier Mullard 1172 
115 - 1 Wall mounting thermostat 24V 
118 - 1 Teak effect extension 5" speaker cabinet 
120 - 2 p.c.b. with 2 amp full wave and 17 other recs 
122 - 10 mtrs twin screened flex white p.v.c. outer 
132 - 2 plastic boxes with windows, ideal for interrupted 

beam switch etc 
155 - 3 varicap push button tuners with knobs 
108 - 1 plastic box, sloping metal front, 16 x 95mm, average 

depth 45mm 
241 - 1 car door speaker (very flat) 6%" 15 ohm made for 

Radiomobile 
243 - 2 speakers 6' x 4" 15 ohm 5 watt made for Radiomobile 
266 - 2 mains transformer 9V 'h A secondary split primary so 

OK also for 115V 
267 - 1 mains transformers 15V 1A secondary p.c.b. mounting 
330 - 2 6V 0.6V mains transformer .3a p.c.b. mounting 
350 - 40 double pole leaf switches 
365 - 1 7uf 660V 50hz metal cased condenser 
453 - 2 2% in 60 ohm loudspeakers 
454 - 2 2% in 8 ohm loudspeakers 
463 - 1 mains operated relay with 2 sets c/o contacts 
464 - 2 packets resin filler/sealer with cures 
465 - 3 5A round 3 pin plugs will fit item 193 
466 - 4 7 segment I.e.d. displays 
470 - 4 pc boards for stripping, lots of valuable parts 
480 - 1 3A double pole magnetic trip, saves repairing fuses 
498 - 4 1CO3uf 25V axial electrolytic capacitors 
504 - 1 Audax PM 8" speaker 15 ohm 5 watt rating 
515 - 100 4BA 1%' cheesehead plated screws and 100 IBA nuts 
541 - 1 pair stereo tape head as in cassette recorder/players 
546 - 1 bridge rectifier 600V international rectifier ref 36E1100 
548 - 2 battery operated relays (3-6v) each with 5A c/o contacts 

2 pairs 
553 - 2 lithium 3V batteries (everlasting shelf lif el 

TELEPHONE BITS 
Master socket has surge arrestor - ringing condenser etc) 
and takes B.T. plug  E3.116 
Extension socket  12.16 
Dual adaptors 12 from one socket)   
Cord terminating with B.T. plug 3 metres  El 
Kit for converting old entry terminal box to new B.T. master 
socket, complete with 0 core cable, cable clips and 2 B.T. 
extension sockets  £11.50 
100 mtrs 4 core telephone cable  £9.50 

COMPACT FLOPPY DISC DRIVE EME-101 
The EME-101 drives a 3" disc of the new standard which 
despite its small size provides a capacity of 500k per disc, 
which is equivalent to the 3% " and 5%" discs. We supply the 
Operators Manual and other information showing how to 
use this with popular computers: BBC, Spectrum. Amstrad 
etc. All at a special snip price of 127.50 including post and 
VAT. Data available separately £2, refundable if you purchase 
the drive. 

MULLARD UNILEX AMPLIFIERS 
We are probably the only firm in the country with these now in 
stock. Although only four watts per channel, these give superb 
reproduction. We now offer the 4 Mullard modules - i.e. Mains 
power unit IEP9002I Pre amp module lEP9001) and two amplifier 
modules (EP9000) all for £6.00 plus £2 postage. For prices of 
modules bought separately see TWO POUNDERS, 

CAR STARTER/CHARGER KIT 
Flat Battery' Don't worry you will start your car in a few minutes with 
this unit - 250 watt transformer 20 amp rectifiers, case and all parts with 
data case £17.50 post £2. 

THIS MONTH'S SNIP 
is e2YakWtangential heater, metal box to contain it and 3 
level switch to control it. Special price £7.50 post paid. 

Ex-Electricity Board. 
Guaranteed 12 months. 

12 volt MOTORS BY SMITHS 
Made for use in cars. etc. these are 
very powerful and easily reversible. 
Size 3% " long by 3" dia. 
They have a good length of 'h" 
spindle - 1/10 hp £3.45 
1/8 hp E5.75. 1/6hp r7.5o  SOUND TO LIGHT UNIT 

VENNER TIME SWITCH 
Mains operated with 20 amp switch, one 
on and one off per 24 hrs. repeats daily 
automatically correcting for the 
lengthening or shortening day. An 
expensive time switch but you can have it 
for only 12.96 without case, metal 
case -12.96. adaptor kit to convert this 
into a normal 24hr time switch but with the 
added advantage of up to 12 on/offs per 
24hrs. This makes an ideal controller for 
the immersion heater. Price of adaptor kit 
is f.30  

-me 

Complete kit of parts for a three channel sound to light unit 
controlling over 2000 watts of lighting. Use this at home if you 
wish but it is plenty rugged enough for disco work. The unit is 
housed in an attractive two tone metal case and has controls for 
each channel, and a master on/off. The audio input and output 
are by %" sockets and three panel mounting fuse holders provide 
thyristor protection. A four pin plug and socket facilitate ease of 
connecting lamps. Special price is £ I6 in kit form. 

9" MONITOR 
Ideal to work with computer or video camera uses Philips 
black and white tube ref M24/3136W. Which tube is implosion 
and X-Ray radiation protected. VDU is brand new and has a 
time base and EHT circuitry. Requires only a 16V dc supply 
to set it going. It's made up in a lacquered metal framework 
but has open sides so should be cased. The VDU comes 
complete with circuit diagram and has been line tested and 
has our six months guarantee. Offered at a lot less than 
some firms are asking for the tube alone. only £16 plus £5 
post. 

LIGHT BOX 
This when completed measures approximately 15" x 14'. The light 
source is the Philips fluorescent 'W' tube. Above the light a sheet 
of fibreglass and through this should be sufficient light to enable 
you to follow the circuit on fibreglass PCBs. Price for the 
complete kit, that is the box, choke, starter, tube and swrtch, and 
fibreglass is El plus £2 post, order ref 5P69. 

TANGENTIAL HEATERS 
We again have very good stocks of these quiet runnng instant 
heat units. They require only a simple case, or could easily be 
fitted into the bottom of a kitchen unit or book case etc. At 
present we have stocks of 1.2kw, 2kw, 2.5 kw, and 3kw. Prices are 
£5 each for the first 3. and £6.95 for the 3k. Add post £1.50 per 
heater if not collecting. 
CONTROL SWITCH enabling full heat, half heat or cold blow, 
with connection diagram, 50p for 2kw, 75p for 3kw 

FANS Et BLOWERS 
5' ES + £1.3 post. 6" Ell+ £1.50 post 
4" x4 Muffin equipment cooling fan 115V £2.00 
4" v 4" Muffin equipment cooling fan 230/240V £5.00 
9' Extractor or blower 115V supplied with 230 to 115V adaptor 
£9.50 +C2 post. 
All above are ex computers but guaranteed 12 months. 
10"v r Tangential Blower. New. Very quiet - supplied with 230 to 
115V adaptor on use two in series to give long blow £2.00 -r £1.50 
post or £I.00 + £2.00 post for two 

TELEPHONE LEAD 
3 mtrs long terminating one end with new OT, flat plug and the 
other end with 4 correctly coloured coded wires to fit to phone or 
appliance. Replaces the lead on old phone making it suitable for 
new BT socket. Price £1 ref 6D552 or 3 for £2 ref 2P164. 

POWERFUL IONISER 
Generates approx. 10 times more IONS than the ETI and 
similar circuits. Will refresh your home, office, shop, work 
room etc. Makes you feel better and work harder - a 
complete mains operated kit, case included. 01.50 +E3 P&P. 

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

BRIGHTON, SUSSEX BN3 5QT 
MAIL ORDER TERMS: Cash, P.O. or cheque with order. Orders 
under £20 add  service charge. Monthly account orders 
accepted from schools and public companies. Access b B/card 
orders accepted. Brighton 102731134648 0r203800. 

NEW ITEMS 
So me of the many described in our current list 
which you will receive with your parcel. 

E2 POUNDERS' 
2P122  - 1 304 rotary switch, surface mounting with pointer knob 
2P 123  -1 26. rotary switch. surface mounting, cover engraved, high. 

medium low and off 
2P124  - 1 28ky .001 rnfd block condensor 
2P129  - 1 lOrprn motor 116V so supplied with adaptor for 230V 
2P131  - 1 Crowat motor n:111 fits the Crotizet gearbox 
2P132  - 1 ceiling h.tatet for fire warning or protection 
2P133  - 1 Circuit breaker 20a. Crebtree ref C50 
2P134  - 19V 500mA psu, plugs into 13. socket 
2P1315  - 10m 10 conductor intercom cable 
2P136  - 1 2 %kw element made for tangential blowers 
2P137  - 1 Thermo couple, stainless steel tipped for measuring internal 

heat 
2P138  - 1 Mains transformer 20V-0-20V 1a upright mounting 
2P141  - 1 rechargeable battery D size 14 AMI solder tag ended 
2P142  - lOrn 4 pair intercom cable White PVC outer 
2P144  - 1 mains operated relay with 4 = ft c/o contacts 
2P146  - 1 7,800 at 150C d.c. smoothing capacitor 
2P148  - 1 Technical information on r FDD refundable if you buy fdd 
2P149  - 5 cliff battery operated model motors 
2P150  - 1 PSU chassis with all components for 24V 2A a c unwired 
2P151  - 1 Metal box 14% 014, 4 with lid add £2.00 post 
2P152  - 1 Motor start capacitor 80uf 250V 
2P153  - 1 Two station intercom unused but line reject 
2P154. - 1 Nicad charger - plug into 13. socket 5.2V 7UA output 
2P1S4b - 1 Si mi charger - plug mmo 13. socket 6V OVA output 
2P156  - 1 Mains transformer gising 11 17. 18 Es 20V 60W 
2P158  - 1 Oven thermostat with temp calibrated knob 
2P15.9  - 1 9V 50Orna cased with mains lead and output lead 
2P160  -113. plug adaptor fused takes 3= 38 plugs 
2P161  - 16' diagonal side cutters 
2P162  - 1 Stereo Matrix PC8 mounting deernphasis 1(35 
2P163  - 1 AC Working capacitor 12uf 660V AC or 1500V dc 
2P164  - 3 Phone leads 3 mtrs long tags one and B T plug other end 

£ POUNDERS* 
3P7  - 1 DC voltage, doubler or halver for 12V to 24V 12 to 6V 24 to 12V 
3P8  - 1 24hr time switch Sangamo, new condition Guaranteed 1 year 
3P9  - 12V 5410mA psu plugs in 13a socket regulated 
3P10  - 1 Mains transformer 50V 2A with 6.3 pilot light winding, 

upright mounting. fully shrouded plus fl post 
3P13  - 1 Noise filter to fit in mains lead of appliance up to 00. 
3P15  - 1 waterproof case will take 150 watt transformer 
3P16  - 1 signal box. 3 lamps on face plate of metal box size 5 = 
3P17  - 1 choke and starter to work 1 fluorescent tube at 125W 
3P18  - 122V 3. mains transformer with bridge rect fitted on top panel 
3P20  - 1 0-5e ammeter 3'6 ac/dc ex equipment 
3P2I  - 1 power lector correction condenser 35uf 350ec 
3P22  - 1 200va - auto transformer 230 to 115V torroidal encapsulated 

f1.50 post 
3P24  - 1 3' floppy disc for Amstrad etc 
3P25  - 1 7' Electricians pliers 

£4 POUNDERS* 
4P12  - 50m low loss co-ex 75ohm • fl post 
4P13  - 3 Horstrnann time and set switches 'Mama 
4P14  - 1 150w mains transformer "c" core 43V 3 5A secondary 
4P15  - 1 powerful motor 2' stack fitted with gearbox final speed 

6Orprn mains operated, could operate door opener etc. 
4P17  - 1 Uniselector 3 pole 25W. 50V coil standard size 
4P18  - I Volt meter with digital display IDIGIVISOR) 

COMPUTERS 
ACORN ELECTRON  ZX SPECTRU M  PLUS  20 
SPECTRUM 126 - COMMODORE 64 - COMMODORE C16 - 
ALL IN STOCK AT TIME OF GOING TO PRESS 

Phone for details 

£5 POUNDERS* 
5P86  - 1 Transformer upright mounting 233/240V primary 2 = 100 la 

secondary 
5P88  - 1 Transformer in waterproof metal box 24V 5A add £2 post 
5P89  - 1 4 bank heating element each 2kw ideal convector h   
5P90  - 1 Ifr long tangential blower with motor at one end 
5P91  - 1 IC blower, motor in middle 
5P92  - 10m Audio co-ex double screened 75ohrn super low loss for TV 
5P93  - 16' Alarm bell 24V dc or ac 
5P94  - 1 Current transformer 14V out with la dc input 
5P96  - 1 Vintage photo cell 
5P97  1 Impedance matching transformer 0-4-51-160 ohm 100 add 

f 1 50 post 
5P911a  1 0-90a ammeter tor mounting outside control panel 
51491311 - 1 0-180a ammeter for mounting outside control panel 
51199  - 1 Mains operated blower centrifugal output size app 5  1 
5P100  1 Mains splitter 45. switch 3 = 16. fused circuits 
5P101  - 1 Model motor 1 rpm from 6V reversible 

£7 POUNDERS' 
7P1  - 1 Instant heat solder gun - mains with renewable tip and job 

light 

£8 POUNDERS* 
8111  - 1 Charger transformer 10a upright mounting 230/240 primary 

16v 10a secondary 
8P2  - 16" underdorne elermbell suitable for a fire alarm or burglar 

alarm mains operated 
8113  - 1 heat sink big powerful so ideal for power transmitter 
8P6  - 1 24hr time switch - 2 on offs 111a c/o contacts 3' = r n Ph" 
8P7  1 Silent sentinel invisible ray kit 
13P8  - 1 Pepst Ian 3% = 36 = 1 Y2 230V metal bodied 

£10 POUNDERS* 
10P14  - 1 1035 time switch 1 on/off per 24hr extra triggers fl per pair 
10P15  - 1 Merl demand meter 230 ac mains 
10P16  - 1 powerful air mover 2 small type blowers with motor in middle 
10P18  - 1 mains operated klaxon 
10P19  - 1 12V alarm bell really loud, mains operated, in iron vase • CS 

post 
10P22  - 1 ”nsitive volt meter relay 
10P23  - 1 fruit machine heart 3 fruit wheels each stepper 'stator 

operated add £3 post 
10P24  - 1 big panel meter face size 4% = 2% 200uA movement scaled 

1-10 
10P30  - 1 inetrument psu on pc b has 4 outputs 12V/ 5V 6A/12V 5A15V 

.5A 
10P31  - 1 7 day time switch 16e c/o contacts sap switches ton each day 
10P32  -1 88 rpm 1/6th hp motor reversible 

£15 POUNDERS* 
15P1  - 1 kit for 115W hi Ii amp 
15P2  - 1 kit for psu to supply one or two 15P1 amps 
16P3  - 1 time switch battery or mains operated - 16a c/o contacts. 7 

day programmable has 36hr reserve 

LIGHT CHASER KIT motor driven switch 

bank with connection diagra m, used in 
connection with 4 sets of xmas lights 

makes a very eye catching display for 
ho me, shop or disco, only £5 ref 5P56. 
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Prig?cts 
BENCH AMPLIFIER by Andy Flind 
A high input impedance amp, with overload protection, 
designed specially for use in the workshop 

QUIZMASTER by W. Hunter 
No more arguments! A four contestant (or morel quiz controller 
with a chairperson master monitor 

GTI CAR COMPUTER by Steve Cousins 
This easily fitted car computer is designed to operate in any 
type of petrol or diesel engined car. 
CAPACITANCE METER by Andy Flind 
An easy-to-use test meter that will measure from 100pF to 1000m, 
in switched ranges 

TRANSISTOR CURVE TRACER INTERFACE 
Basic transistor curve tracer using a BBC microcomputer 
REACTION TIMER 
Test your reflexes with this simple Exploring Electronics project. 
LIGHT UP, SQUEAK UP, SHUT UP 
Novel continuity! junction tester, with auto switch off. 
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INTRODUCING MICROPROCESSORS by Mike Tooley BA  16 
Part Three: Fetching, decoding and executing instructions. 
ROBOT ROUNDUP by Nigel Clark  24 
Investigating the World of Robotics 

BBC MICRO by R.A. Et J. W. Penfold  42 
Regular spot for Beeb fanatics 

EXPLORING ELECTRONICS by Owen Bishop  46 
Part Nineteen: Introducing High Speed Logic 
ACTUALLY DOING IT by R.A. Penfold  50 
Abbreviations and their meaning 
ON SPEC by Mike Tooley B.A.  56 
Readers Sinclair Spectrum page 

Matures 
EDITORIAL  5 
DIGITAL SATELLITES by John Wroe  32 
A look into the effects that the "digital revolution" is having on space comms. 
SHOPTALK by David Barrington  40 
Product news and component buying 
AMATEUR RADIO by Tony Smith G4FA1  49 
National Society; Volunteers; Learning Morse 

FOR YOUR ENTERTAINMENT by Barry Fox  55 
Digital Exchange; Audiofile 

MARKET-PLACE  58 
Free readers buy and sell spot 
BOOK SERVICE  60 
Our own service to readers of EE. 
PRINTED CIRCUIT BOARD SERVICE  62 
ADVERTISERS INDEX  64 

SPECIAL OFFERS 
10-Band In-Car Graphic Equaliser/Booster 
Headphones 
Gas Soldering Iron 

FREE 
DATA CARD 

11 
23 
59 

Our February 1988 issue will be published on Friday, 
8 January 1988 Sae peg. 45 for details. 
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Full Kits inc PCBs. or veroboard. hardware. 
electronics. cases (unless stated)  Less 
batteries 
If you do not have the ssire of E E which 
includes the protect - you will need to order the 
instruction reprint as an extra - 8Cip each 
Reprints  available  separately 
80p each v p&p f 1 00 

THIS MONTH'S KITS Isa 
AUDIO SIGNAL GENERATOR Dec 87  f12 99 
DUAL MAINS LIGHTS FLASHER Dec 87  E19 98 
ACCENTED BEAT METRONOME Nov87  fl9 95 
ACOUSTIC PROBE Nov 87 less boll  probe, fl3 84 
BBC SIDEWAYS RAM/ROM Nov87  122.6 22 
OIL TANK GAUGE liess drivel Nov 87  E10 24 
VIDEO CONTROLLER Oct 87  U7 75 
TRANSTEST Oct 87  El 24 
AUTOMATIC PORCH LIGHT Oct 87  816 35 
CARAVAN FRIDGE ALERT Oct 87  C5 18 
STATIC MONITOR Oct 87  Ell 25 
ELECTRONIC MULTIMETER Sept 87  E44 72 
NOISE GATE Sol:, 87 f22 14 
PERSONAL STEREO AMP Sept 87  f13 63 
CAR OVERHEATING ALARM Sept 87  El 21 
BURSTFIRE MAINS CONTROLLER Sept 87 £l2 91 
SUPER SOUND ADAPTOR Aug 87  f 36 56 
IMMERSION HEATER TIMER Aug 87  f 17 99 
3 BAND 1 6- 30MHz RADIO Aug 87  f 25 27 
BUCCANEER 18 METAL DETECTOR lac cods end 
case less handle end hardware July 87  ( 25 19 
DIGITAL COUNTER/FRED METER (1011tHrl inc 
use July 87  f 61 07 
MONOMIX July 87  (20 00 
FERMOSTAT July 87  E11 56 
VISUAL GUITAR TUNER Jun 87  121 99 
MINI DISCO LIGHT Jun 87  (II 99 
WINDSCREEN WASHER WARNING May 87 (4 88 
FRIDGE ALARM May 87  ( 9 41 
EQUALIZER (IONISER) May 87  f 14 79 
ALARM THERMOMETER Apnl 87  f 25 98 
BULB LIFE EXTENDER April 87  (leas use) fit 99 
EXP SPEECH RECOGNITION April 87  119 98 
COMPUTER BUFFER INTERFACE Ma 87  Ell 96 
ACTIVE I R BURGLAR ALARM Mar 87  f 33 95 
VIDEO GUARD Fell 87  f 7 99 
MINI-AMP cell 87  ( 14 99 
CAR VOLTAGE MONITOR Feb 87  £1196 
SPECTRUM SPEECH  SYNTH  (no case)  Feb 
87  f 19 92 
SPECTRUM 1,0 PORT less case Feb 87  Ell 99 
STEPPING MOTOR BOOSTER (for above) Feb 
87  f 5 19 
STEPPING MOTOR MD200 Feb 87  (16 80 
HANDS-OFF INTERCOM (per station) i.e cam Jac 
87  f 9 99 
CAR ALARM be, 86  f 10 97 
DUAL READING THERMOMETER Iles, case) Dec 
86  (39 98 
RANDOM NUMBER GENERATOR Dec 86  f 14 97 
8 CHANNEL A-0 (SPECTRUM) CONVERTER Dec 
86  (34 29 
BBC 16K SIDEWAYS RAM Dec BE  Eli 35 
MODEM TONE DECODER No, 86  f 18 99 
OPTICALLY ISOLATED SWITCH Nov 86  Ell 99 
CAR FLASHER WARNING Noe 86  f 7 92 
200MHz DIG FREQUENCY METER Nov 86 f 59 98 
10 WATT AUDIO AMPLIFIER Oct 86  f 34 95 
LIGHT RIOER LAPEL BADGE On 86  E9 71 
LIGHT RIDER DISCO VERSION  69 
LIGHT RIDER 16 LED VERSION  f 12 99 
SCRATCH BLANKER Sept 88  (53 17 
INFRA-RED BEAM ALARM Sept 86  (26 99 
FREEZER FAILURE ALARM Sept 86  f 14 76 
CAR TIMER Sept HE  CO 30 
BATTERY TESTER Aug 86  f 6 85 
TILT ALARM July 86  f 7 45 
HEADPHONE MIXER July 86  f 27 69 
CARAVAN BATTERY MONITOR July 86  f 16 35 
SQUEEKIE CONTINUITY TESTER July 86  13 35 
ELECTRONIC SCARECROW July 86  fll 45 
VOX BOX AMP July 86 
PERCUSSION SYNTH Suite 86 
LIGHT PEN Ilass caul June 86 
PERSONAL RADIO June 86 
WATCHDOG June 86 
MINI STROBE May 86 
PA AMPLIFIER May 86 
LOGIC SWITCH May 86 
AUTO FIRING JOYSTICK May 86 
STEREO REVERB Apr 86 
VERSATILE PSU Apr 86 
CIRCLE CHASER Apr 8h 
FREELOADER Apr 86 
STEPPER MOTOR DRIVER Apr 86 
BBC MIDI INTERFACE Ma, 86 
INTERVAL TIMER Mar 86 
STEREO HI-Fl PRE-AMP 

112 13 
fa 98 
f 5 80 
110 98 
f 85 
f 13 11 
f 24 95 
f14 93 
f 11 86 
E25 18 
123 51 
f20 98 
f 8 08 
f4 89 
f 26 61 
f17 97 
(46 85 

MAINS TESTER & RISE FINDER Mar 86  Ell 40 
FUNCTION GENERATOR Feb 86  (23 66 
POWER SUPPLY FOR ABOVE  f 7 62 
TOUCH CONTROLLER Feb 86  112.25 
SPECTRUM OUTPUT PORT Feb 86  f 10.72 
TACHOMETER Jet 86  (24 57 
MAIN DELAY SWITCH less case Jan 86  f 18 83 

MUSICAL DOOR BELL Jan 86  f 1 7 83 
TTI. LOGIC PROBE Dec 85  f 9 45 
DIGITAL CAPACITANCE METER Dec 85  f 39 57 
FLUX DENSITY TRANSDUCER PAW 65  f 28 72 
STRAIN GAUGE AMPLIFIER Oct 85  f 28 00 
SOLDERING IRON CONTROLLER Oct 85  f 21 
VOLTAGE REGULATOR Sept 85  E7 46 
PERSONAL STEREO P S U Sept 85  f9.119 
RIAA PRE-AMP Sept 85  f 15.94 
FRIDGE ALARM Sept 85  f 7 50 
SEMI-CONOUCTOR TEMP SENSOR Sept 85 120 82 
RESISTANCE  THERMOMETER  Sept  85  Less 
Probe  (20.71 

EE PROJECT KITS MAGENTA 
e or 'phone for prices) 
PLATINUM PROBE IKI,d  f 24 20 

LOW COST POWER SUPPLY UNIT Arig 85 f 18 39 
SRI-STATE THERMOMETER (Bain Mao 85  f 6 66 
TREMOLO/VIBRATO Aug 85  f 37 92 
STEPPER MOTOR INTERFACE FOR THE BBC 
COMPUTER less case Aug 85 
1035 STEPPER MOTOR EXTRA 
OPTIONAL POWER SUPPLY PARTS 
CONTINUITY TESTER July 85 
TRAIN SIGNAL CONTROLLER July 85 
AMSTRAD USER PORT _hay 85 
ACROSS THE RIVER June 85 
ELECTRONIC DOORBELL June 85 
GRAPHIC EQUALISER June 85 
AUTO PHASE May 85 
INSULATION TESTER Apt 85 
LOAD SIMPLIFIER Feb 85 
GAMES TIMER Jan 85 
SPECTRUM AMPLIFIER Jan 85 
TV AERIAL PRE-AMP Dec 84 
Optional 'SO 170 (2 44  2401/ Ell 83 
MINI WORKSHOP POWER SUPPLY Oec 84 f41 98 
DOOR CHIME Di 84  (17 89 
BBC MICRO AUDIO STORAGE SCOPE INTERFACE 
Noy 84  f 34 52 
PROXIMITY ALARM N. 84  f 21 58 
MAINS CABLE DETECTOR Oct 84  f 5 27 
MICRO MEMORY SYNTHESISER Oct 84  f 57 57 
DRILL SPEED CONTROLLER Oct 84  f 8 27 
GUITAR HEAD PHONE AMPLIFIER Sept 84 f 7 66 
SOUND OPERATED FLASH less lead Sept 84 f 6 98 
TEMPERATURE  INTERFACE  FOR 88C Aug 
84  f23.54 
CAR RADIO BOOSTER Aug B4  E16.64 
CAR LIGHTS WARNING July 84  f 8.68 
VARICAP AM RADIO May 84  (12.52 
EXPERIMENTAL POWER SUPPLY May 84 122.46 
SIMPLE LOOP BURGLAR ALARM May 84  f 16.34 
MASTERMIND TIMER May 84  f6.52 
FUSE,1310DE CHECKER Apr 84  f4.I4 
Quasi STEREO ADAPTOR Apr 84  f 13.08 
DIGITAL MULTIMETER add vii for 88C Micro Met 
04 
NI-CAD BATTERY CHARGER Mat 84 
REVERSING BLEEPER Mar 84 
PIPE FINDER Mat 84 
IONISER Feb 84 
SIGNAL TRACER Feb 84 
CAR LIGHT WARNING Feb 84 

BIOLOGICAL AMPLIFIER Jan 84  122 99 
CONTINUITY TESTER Get 83  (II 99 
CHILDREN'S DISCO LIGHTS Dec 63  18 42 
NOVEL EGG TIMER Dec 83 Inc fare  (12 29 
SPEECH SYNTHESIZER FOR THE BBC MICRO No, 
83 less cable • sockets  126 38 

HOME INTERCOM less link wife Oct 83  f 17 26 
STORAGE 'SCOPE INTERFACE FOR BBC MICRO 
Aug 83 less sof-twee  11842 
HIGH POWER INTERFACE BOARD Aug 83 no 
case  112 45 
USER PORT PO BOARD less cable o plug  (12 59 
USER PORT CONTROL BOARD July 83 less cable .1. 
plug  case  130.16 
MW PERSONAL RADIO less case. May 83  f 9 14 
MOISTURE DETECTOR May 83  f 6.55 
NOVELTY EGG TIMER April 83 less case  (6.58 
DUAL POWER SUPPLY March 83  (69 49 
BUZZ OFF March 83  15.41 
PUSH BIKE ALARM Feb 83  f 14 01 
ZX TAPE CONTROL Nov 82  f 8 55 
2-WAY INTERCOM JuN 82 no case  f 5 42 
REFLEX TESTER July 82  (9.32 
SEAT BELT REMINDER Jun 82  (4.92 
EGG TIMER June 82  f 6 53 
CAR LED VOLTMETER less case A43,, 82  13.91 
V C 0 SOUND EFFECTS UNIT Apr 82  (15.25 
CAMERA OR FLASH GUN  TRIGGER Mai 
82 less tripod hushes  f 16.38 

SIMPLE STABILISED POWER SUPPLY Jan 
82  (32 37 
MINI EGG TIMER Jan 82  f 5 28 
SIMPLE INFRA RED REMOTE CONTROL Nov 
81  f 22 44 
SUSTAIN UNIT Oct 81  f 16.79 
TAPE NOISE LIMITER Oct 81  15.97 
HEADS AND TAILS GAME Cln 81  f 3.30 
PHOTO FLASH SLAVE Oct 81  f4.56 
FUZZ BOX Oct 81  if9.57 
SOIL MOISTURE UNIT Oct 81  f 7 66 
0 129 POWER SUPPLY Sept 81  f 23.38 
COMBINATION LOCK July Al less case  (25.89 
SOIL MOISTURE INDICATOR El. May 81  (5.39 
PHONE  BELL  REPEATER/BABY  ALARM  May 
81  f 7.38 
MODULATED TONE DOORBELL Mat 81  ES 82 
2 NOTE DOOR CHIME Dec 80  (13.62 
LIVE WIRE GAME nec 80  fl5 44 
GUITAR PRACTICE AMPLIFIER Nov 80 [14.10 Ins 
case Standard case extra  f 5.98 
SOUND TO LIGHT Nov 80 3 channel  f 28 08 
SPRING LINE REVERS UNIT Jan 80  132.64 
UNIBOARD BURGLAR ALARM Dec 79  (7.98 
DARKROOM TIMER .luly 79  f 3.64 
MICROCHIME DOORBELL Fob 79  (20.98 
SOUND TO LIGHT Sept 78  £10.98 
IN SITU TRANSISTOR TESTER Jun 78  f 9.00 
WEIRD SOUND EFFECTS GENERATOR Mar 
78  f 7 44 
ELECTRONIC DICE Mar 17  (5.91 

£13 99 
(14 50 
(514 
£5 90 
(9 66 
(16 83 
119 77 
(7 20 
125 66 
(1798 
(18 65 
(18.68 
(8.311 
(658 
£14.83 

E29.911 
(11.82 
f8.14 
£4.32 
f 28 78 
f 1718 
14 51 

TOOLS 
ANTEX MODEL C IRON  IBM  LOW COST PLIERS  El 98  DiGda,  03999 
ANTEX US SOLDERING  LOW COST CUTTERS  0.99  DESOLDER PUMP  65 49 
IRONS-1N  (725  RENT NOSE PLIERS  11.69  SIGNAL INJECTOR  12 98 
ST4 STAND FOR IRONS  E2 85  MINI DRILL 120 MOti  BM  CIRCUIT TESTER  lip 
HEAT SINK TWEEZERS  450  MULTIMETER TYPE 11000opy  (1.911  HELPING HANDS JIG Es 
SOLDER HANDY SIZE 5  1139  MULTIMETER TYPE 220,010c.E17.91  MAGNIFIER  1796 
SOLDER CARTON  E2.50  MULTIMETER TYPE 330.000oovE2798  MINIATURE VICE PLASTIC  11 95 
SOLDER REEL SIZE 10  fil 67  MULTIMETER TYPE 41044 

DIGITAL 
TROUBLESHOOTING 

Top quality kits & parts for this new 
series Our excellent technical back-up 
service helps to ensure that your pro-
jects succeed every time 
PART 1 BENCH PO WER SUPPLY -Full 
kit £24.98. 
LOGIC PROBE -£7.58 including case 
LOGIC PULSER -£7.48 including case 
VERS ATILE  PULSE  GENERA-
TOR -£29.98 including case 
DIGITAL I C TESTER -f29.21 (case 
different) 
CURRENT TRACER -E20.56. 
AUDIO LOGIC TRACER -E13.99. 

EXPLORING 
ELECTRONICS 

ull set of parts including the Verobloc 
breadboard to follow the series right up to Aug 
87 issue E29.43 
Follow this excellent beginners series Full set 
of reprints (5.00 or 193p per issue 
SEPT PARTS 72p  OCT PARTS f.2.56 
NOV PARTS £3.32. 
Extra Verobloc Used in part Ill E7.99 

NE W 
BOOKS 

Modern  Opts  Device 
Protects  f 2 95 
Elecnona Circuits for Pie Con 
trol ot Model Railways £2 95 
A T V CIXers  Handbook 
BP176  ES 95 
Midi Protects Peeled f 2 95 
Getting The Most From 
Tour Printer Penlold  12 95 
More Advanced 
Electronic MuSIC P,CIPCIS 
Pentold  f 2 95 

INTRODUCTION 
TO ELECTRONICS 

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

f 10 99 
f 2 45 

BOOKS 
How to Get YOU Electronic Protects 
Working Fanfold  (2.15 
A practical Introduction to Microprocessors 
Penick  f2.10 
Basic Electronics Hodder & Stoughton  ft 98 
Beginners Guide to Building Electronic Protects 
Pent old  f2.25 
DIY Robotics & Sensors Billingsley BBC  E1 95 
Commodore FA  (1.99 
Elementary EleCt1011.3 Sian&  (5.66 
Science Experments with Tour Computer  (2.43 
How to Design & Make Tour Own PCBs BP121i 2.15 
How to Make Computer Controlled Robots POnilf 3.20 
How to Make Computer Model Controllers Potteri ng 
Interlacing 10 MICrOprOC MOIS A MicrocomputersE6.50 
Machine Code for AllgifIne13 Usborne  E2 45 
AC M Interfecing Circuits Book 1  f2.45 
Microprocessors for HOttlyISIS Coles  f4 98 
Practical Computer EVIttlfIlelltS Parr  E1.95 
Nemo* Things to do With a Mraocomputer 
Usbome  E2 19 
Questions & Answwt - Electronics Hickman (3.45 
Understanding the Micro Usborne  f 1 95 

• JUST A SMALL SELECTION LOTS MORE IN 
OUR PRICE LIST • 

TEACH IN 86 
MULTI METER TYPE M102132 as specified Guaranteed. Top quality. 20k /V, with battery 
check. continutty tester buzzer and fuse and diode protection. 10A dc range. 
Complete with leads, battery and manual  £14.96 
VEROBLOC BREADBOARD, DESIGN PAD. M OUNTING PANEL AND 10 CROCODILE 
CLIP CONNECTING LEADS  f9.98 
REGULATOR UNIT AND SAFE PO WER SUPPLY. All components including the specified 
case Specially re-designed by Magenta. No external transformer or adaptor required. PCB 
design for complete safety and ease of assembly  £26.64 
CO MPONENTS FOR PRACTICAL ASSIGN MENTS. Full set.  £16.84 

TEACH IN 86 PROJECTS 
UNIVERSAL LCR BRIDGE Noy 85  £25.83 
0100E/TRANSISTOR TESTER Dec 85 £16.69 
USEFUL AUDIO SIGNAL TRACER 

Jan 86  £1835 
AUDIO SIGNAL GENERATOR Feb 86  (26.21 
R.F. SIGNAL GENERATOR March 86  (24.48 

FET VOLTMETER Apr 86  f 21.48 
DIGITAL PULSE GENERATOR May EIE f 16,68 

 NE W   
MINI MODEL MOTORS 
1j-3V, 2 TYPES MM1 -59p MM? - 61p 

LEGO. Technic Sets 
TEACHERS WE ARE STOCKISTS OF THE 
WHOLE RANGE. CONTACT US FOR 
BROCHURES. VERY COMPETITIVE PRICES 

AND QUICK DELIVERIES. 

STEPPING MOTORS 12 VOLT 
-• 

48 STEPS  200 STEPS 
1035  MD200 

£14.50  (18.80 

MOTOR - GEARBOX ASSEMBLIES 
Miniature precision made Complete with quality electric motor Variable reduction ratios 
achieved by fitting from 1-6 gearwheels (supplied) as required Operates from 1 5V to 4 5V 
Small unit type MGS speed range 3rmp-2 20Orprn depending on voltage & gear ratio Large 
unit type MGL (higher torque motor) 2rpm- 115Orpm Long 3mm dm output shafts Ideal for 
robots and buggies 
Small Unit (MGS) £3.49. Large Unit (MGL) £3.98 

PULLEY WHEELS. New Range- PLASTIC 
WITH BRASS BUSH 5" dm hole -easily 
drilled to 3 or 4mm 4- cha 35p. i" dia 
36p. 1- dia. 44p. 1" dia. 44p. 
Metal collar with fixing screw. 3mm bore 
24p. Flexible spring coupling 5mrn Length 
3 1 mrn 68p. 
Flexible metal coupling (universal) 3mm 
f2.98; 2mm £3.34. 

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

CATALOGUE & PRICE LIST -- S..d f I 4 stamps 
etc. or Hid El to your order. PM* kit - gad sae 

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

ADVENTURES 
WITH 

ELECTRONICS 
An easy to follow book suitable for all ages Ideal for 
beginners No soldering, uses an S Oec Breadboard 
Gives clew antructions vnth hilt of pictures 16 protects 

including three radios siren metronome organ, 
intercom timer etc Helps you lawn about electronic 
components and non atoms work Component pack 
includes an SDK breadbowd and all the components tor 
the prowls 
Adv•ntufe• WIth fleclron.“ 
Componiont pock 120  1••• 

MAGENTA ELECTRONICS LTD 
EE60, 135 HUNTER ST . 
BURTON-ON-TRENT. 
STAFFS 13E14 2ST. 
0283 65435. Mon-Fri 9-5 
Access Barclaycard (Viso) by 
phone or post 
24 hr Answerphom for credit card orders 
Our prices include VAT 

SHOP NOW OPEN-CALLERS WELCOME 
ADO f 1 PIP TO ALL ORDERS 
PRICES INCLUDE VAT 
SAE ALL ENOUIRIES 
OFFICIAL ORDERS WELCOME 
OVERSEAS Pernent must be 'Whop 
iRISH REPUBLIC and BFPO All PRICES 
EUROPE UK PRICES Pk. ION 
ELSEWHERE svote Mt out. 
SHOP HOURS 9-5 MON-FRI 

VISA 

1E:1 
PRICE LIST FREE WITH ORDERS OR SEND SAE 
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TOP KITS  
A SELECTION OF OUR BEST PROJECT KITS 
As usual these kits come complete with printed circuit boards, cases, 
all components, nuts, 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 E444 f18.65 

DIGITAL CAPACITANCE METER 
Simple and accurate 11 % I measurements 
of capacitors from a few pF up to 10,000 
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. 

£39.57 
OUR KIT 
REF E493 

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 E718 £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 E 563 £59.98 

Digital 
Frequency Meter 

.„ • 

'EQUALISER' IONISER 

ist011A1018  

• 

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 E707 £14.79 

VISUAL GUITAR 
TUNER 

A crystal controlled tuner with a 
New type of 'rotating' LED display. 
Clockwise or Anticlockwise rotation 
indicates high or low frequency. 
Perfect tuning is obtained when the 
pattern is stationary. Suitable for 
electric guitar pick-ups or may be 
used with a microphone for 
acoustic instruments. Also has an 
audio 'pitch pipe' output. 

KIT REF E711 £21.99 

FROM MAGENTA 

A comprehensive background to electronics, 
including practical experiments, plus full 
construction details of eight test gear-projects. 

From the 
Publishers of 

Einelitoracs 

ELECTRONICS 
TEACH-IN 
By Michael Tooley BA and 

David Whitfield MA MSc CEng MIEE 

ACO MPREHENSIVE  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, 
electronics courses. 

AT YOUR NE WSAGENT NO W— or send a 
cheque, PO or bank draft for ft.95 (overseas readers please add 80p 
postage. Payment in  sterling only) to Wimborne Publishing Ltd., 
6 Church Street, Wimborne, Dorset BH21 1JH. Tel: 0202 881749. 
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44,* ELECTRONIC GUARD DOG KIT 

yor_IFL 

One of the best deterrents to a burglar is a guard 
dog and this new kit provides the barking without 
the brie( 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 

KK125 Complete kit of parts  £21.95 

DISCO LIGHTING KITS 
DL1000K - This value-for-money 4-way chaser 
features bi-directional sequence and dimming. 
lk W per channel  £17.50 

0121000K - A lower cost uni-diractional vwsion 
of the above  Zero switching to reduce 

interference   £9.85 
OLA/1 (for DL & DL21000K) Optional opto input 

allowing audio beat/light response  70p 
CI(3000K - 3-channel sound to light kit features 
zero voltage switching, automatic level control 

and built-in microphone lk W per channelf 14.25 

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. 
taming EIGHTY - YES 801 different sequences 
including standard flashing and chase routines 
The KIT includes full instructions and all com pon-
ents been the PCB :onnectorS1 and requires only 
a box and a control knob to complete Other 
features include manual sequence speed adjust-
ment, zero voltage switching LED mimic lamps 

and sound to light LED and a 300 W output per 
channel 

And the best thing about it is the price 

ONLY £28.50 

TEN EXCITING PROJECTS 

FOR BEGINNERS 
This Kit has been specially designed for the beginner 
and contains a SOLDERLESS BREADBOARD, COM 
PONENTS. and a BOOKLET with instructions to 

enable the absolute novice to build TEN fascinating 
proiedS including a light operated switch, ntiercoM, 
burglar alarm, and electronic lock  Each proiect 
includes a orcud 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 XKl 18  £13.75 

XK102-3-NOTE DOOR CHIME 
Based on the SAB0600 1C the kit is 
supplied with all components, including 
loudspeaker, printed circuit board, a pre-
drilled box (95 x 71 x 35mm) and full 
instructions. Requires only a PP3 9V 
battery and push-switch to complete. 

AN IDEAL PROJECT FOR 
BEGINNERS £6.00 

XK113 M W RADIO KIT 
Based on ZN414 IC, kit includes PCB, 
wound aerial and crystal earpiece and all 
components to make a sensitive minia-
ture radio Size 5 5 x 2 7 x 2cms 
Requires PP3 9V battery 
IDEAL FOR BEGINNERS  £6.00 

VERSATILE RE MOTE 

CONTROL KIT 
This kit includes 
all components 

I.  transformer) 
to make a sons.-
try. IR receiver 

with  16  logic 
outputs (0-15V) which with suitable interface 

circuitry (relays, troacs. 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 (on 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 

M K12 IR Receiver (incl transformer) 
£14. 85 

M K 18 Transmitter   £7.50 
M K9 4- Way Keyboard   £2.00 
M K10 16- Way Keyboard  £5.95 
601 133 Box for Transmitter  £2.60 

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 300 W of lighting 
TDR3OOK Remote Control Dimmer 
MK6  Transmitter for above 
TD3OOK  Touchdimmer 
TS300K  Touchswitch 
TOE 'K  Extension kit for 2-way 

switching for TD3OOK 
LD 300K Light Dimmer 

£18.45 

£4.95 
£8.50 
£8.50 

£2.70 
£4.35 

61171:111:110:11 =11  
Designed to produce a 
high intensity light pulse 
at a variable frequency of 

inctItc; 
de1s5Hczirc tutlitsry ktiot at rl,sgio-

ger the light from an ex-
ternal voltage source leg. 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, 5 Ws 
strobe tube and full assembly instructions 
Supply 240V ac Size 800 50 k 45. 

XK 124 STROBOSCOPE KIT  £12.50 

0.'14 HIGH SECURITY LOCK KIT 

De wed for use with our loci 
mechanism /01 IbOltlss ktadl 
*ewe from a 9V to 15V supple 
Oaring a stardby MI MI of only 
50uA There are over 5000 porn 

*4-dept combinations and TM sequence can be .ably changed 
To make thews wen more defficult for an unauthorised use Si 
eloom cant:emended re 3109 ncorrect entries  selectable by 
means of a Ink The alarm can sond he a few seconds to ova 3 

menu* during Medi ore the keyboard is disabled preverong 
further entries A latched or momentary maul is evadable *lung 
the ant ideal to door locks. burgle darrns. us immobilisers. etc 
A membraw keyboard or sushi:talon swedes nuy be used and 
beep sounds when e key is *vested Kit includes hph quelny 

PCB ell consponents. =rectors. Isph power pato hazer and full 
mem* end user noncoms 

XK121  LOCK KIT  £15.95 
350 118  Se of Kiyboird Switches  £4.00 

701 150  Electric Lock Mechanism 
12 rolt £16.50 

PROPORTIONAL TEMPERATURE 
CONTROLLER KIT 

Uses -burst fire" tech-
nique to maintain tem-
perature to within 

0 SC Ideal for photog-
raphy,  incubators, 
wine-making, etc Max 

load 3kw (240V ac) Temp range up to 90'C Size 
7x4x2 5cms 
MR4  £7.10 

PACK A 
650 x 25W 

Resistors 4711 to 10M 
£4.25 

PACK D 
35 Horizontal Presets 

IK to IM 
£3.00 

P ACK 0 
25 Great LEDs 

5nes 
£2.00 

P A CK K 
40 x1P14 PIP Travenol 
BCI82 212 Miami None 

£2. 25 

PACK B 
60 x flectrolytxs 
hi 01000uF 
£3.25 

PACK E 
30 0 IC budgets 
13, 14 9 16 per 
£2.170 

PACK H 
30 t 5rem LEN 
Had, Green Yellow 
£2.50 

SOLDERING EQUIPMENT 

Good quality tools selected to offer outstanding 
value for money 

650 004 Kin mini Snipe Nose Pliers Serrated 
jaws and return spring  £2.10 

650 005 Kin lap jointed side cutters insulat ed 
handles and return spring  £2.10 
650 008 Light duty cutters Cutting capacity 

0 22-1 2mrn copper wire  £1.150 
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 

240 405mm  £8.80 

650 007 Self -ad:Listable automatic wire stripper 
with built-in cable cutter  £3.95 
650 012 Watchmakers Screwdriver Set 
1 0/1 4/2 0/2 4/3 0/3 8rnm  £1.75 
650 019 Set of 4 Stainless Steel Tweezers 

Straight nosed, straight noosed-reverse action, 
bent nosed, flat nosed 1 lOnim long  £3.65 
650 502 Reliant 9-12V dc Drill  £8.90 
650 500 Titan 12V dc Drill  £10.25 
650 570 Saturn Mains Drill  £16.50 
WE  ALSO  STOCK  ANTEX  IRONS  AND 

ACCESSORIES 

LOGIC PROBE 

111•1110-1 =att(t 
: 

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 i/p frequency  20MHz 

RECHARGEABLE SOLDERING IRON 
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  £17.95 

HELPING HANDS 

Magnifier and croco-
dile clips on ball and 
socket pints mount-
ed on a heavy base 
Ideal for holding and 
inspecting PCBs dur-
ing  soldering,  fault 
finding, etc 
(650 035)  £3.95 

P ACK C 
35 x Pohester 

CapaotorslOuF-leF 
£4.50 

P ACK F 
25Rse LEOs 
Siwo 

£1.76 

PACK J 
50 x11141.18 
S. DeAts 
£1.00 

SPECIAL OFFER 
10% OFF if you buy 
ALL TEN PACKS 

HELPING HANDS 

SCOOP PURCHASE  ONLY 4 r.11111) 

Comprises ready-built AM Tuner module (super. 
het), separate audio amp with volume control and 
miniature speaker All you have to do is connect 
these three items to a 9V battery. Full instructions 
supplied AVAILABLE WHILE STOCKS LAST 

LO W COST MULTI METER 

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 

405 103  £8.82 

P.C.B ETCHING KIT 
Ideal starter pack  2 pieces Copper Laminate, 
Circuit Etchant  Etch Resist Pen, 7 Assorted 
Transfer Sheets and Tray Full and comprehensive 
instructions on laying out and etching your own 
PCB designs  f 5 20 

SOLAR POWERED NICAD CHARGER 

Takes up to 4 x AA size Charges 2 batteries in 
4-6 Iris  4 in 10-14 hrs depending on strength 

of sunlight Ideal for boating, caravanning, model. 

hers, etc  £5.95 

ELECTRONIC 
WEIGHING SCALES 

• *4 .1* 

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. 
ESI  £5.50 

TIN ELECTRONICS 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 INFOR MATION: 
ALL PRICES EXCLUDE VAT 

FREE P&P on orders over £20 (UK only), otherwise add 1011 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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INGENUITY THE electronics around us — the electronics we all take for granted are 
becoming more and more ingenious and complex every day. This month's 

feature on The Digital Satellite Revolution will give some idea of the ingenuity that 
British Telecom International is employing to make international communications 
more efficient and to improve quality. The complexity of operation and of course 
the electronics employed are quite staggering. 
Those readers who are getting to grips with microprocessors for the first time, 

throughout our City and Guilds Certificate course, will no doubt by now have 
realised just how ingenious a microprocessor is. Bear in mind that such components 
have been around for 14 years and again you have some understanding of the 
present level of technology. 
All this high tech is based on an understanding of current flow and component 

operation — every engineer involved in design and development had to start at this 
level at some time. For many of them, that start in electronics came from magazines 
like EE and, for a quite a few, that start was not very many years ago. 

TRAINING AND EDUCATION 
We are proud of our reputation in the area of training and education, it is obvious 

that many readers have gained from articles and series we have published. Our 
Electronics Teach-In book is now aiding about 20,000 more readers (see page 3 for 
details of this book). 
We will look at possible future developments in a related area of technology next 

month. The London to Sydney in Three Hours article looks at the Hermes, 
HOTOL, and NASP space projects and considers a possible Soviet Shuttle. Could 
we be taking day trips to Australia in thirty years? Come to that, will you be 
involved in the development of such a space craft? 

TI MES PAST 
Just about the same time as the microprocessor was being developed, a 

component supply company was formed in the UK. Fifteen years ago Nazir Jessa 
established Watford Electronics — he held a dinner to celebrate the fact recently. In 
that 15 years Watford has grown from a part time job for Nazir into a multimillion 
pound turn-over company. The interesting thing is that when Watford was launched 
the founder knew virtually nothing about electronics. That has of course changed 
but it does show that you can make a fortune from selling high tech without 
understanding how it works. There will always be room for salesmen. 

SUBSCRIPTIONS 
Annual subscriptions for delivery direct to 

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

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

BACK ISSUES Et BINDERS 
Certain back issues of EVERYDAY 

ELECTRONICS are available price £1.50(E2.00 
overseas surface mail) inclusive of postage and 
packing per copy. Enquiries with remittance, 
made payable to Everyday Electronics, 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. Fs Nov. 85, April, May Et Dec 
86, Et Jan 87.) 
Binders to hold one volume 112 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 E sterling only please. 

Editor MIKE KENWARD 
Secretary PAMELA BROWN 
Deputy Editor 
DAVID BARRINGTON 
Editorial Assistant 
COLETTE McKENZIE 
Editorial: WIMBORN E (0202) 881749 
Advertisement Manager 
PETER J. MEW Clacton (0255) 436471 
Classified Advertisements 
Wimborne (02021881749 
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. 

TRANS MITTERS 
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 

BENCH 
AMPLIFIER 
ANDY FUND 

A simple high input impedance test 
amplifier for the workbench 

ALmos-r all electronic enthusiasts oc-
casionally find themselves dealing 
with audio circuits. From hi-fi 

equipment design to experiments with the 
analogue areas of Midi interface, or perhaps a 
circuit that alerts the user with an audible 
signal, or maybe just repairing a friend's 
cassette player, the applications of audio 
signals seem endless. 
Often they are just that, electronic signals, 

and whilst the well-equipped workshop will 
have an oscilloscope, a device for actually 
listening to them would be a very welcome 
facility. Usually some sort of amplifier is 
available, in the author's case a channel of the 
workshop stereo was sometimes pressed into 
service, but this often proved less than 
satisfactory. A custom workbench amplifier, 
designed specifically for the task, needs special 
features not normally provided. 

BOMB PROOF 
To start with, like most test equipment it 

should have a high input impedance to mini-
mise loading of the circuit on trial. A megohm 
would be adequate, though most general 
purpose amplifiers have much lower input 
impedances than this. Next, a wide range of 
input sensitivities is needed to cope with all the 
signal levels likely to be encountered, from 
millivolts to several volts r.m.s. 
It should be "bomb-proof", in that gross 

overloading should not cause damage. Some 
sort of noise limiting is desirable to prevent 
overloads damaging the speaker (and the 
ears!), and this might be adjustable. Visual 
indication of input level would be useful. 
For most applications the unit should be 

mains-powered for economy but battery 
operation is sometimes necessary, either for 
portability or for "floating" it at some 

Fig. 1. Complete circuit diagram for the Bench Amplifier. 
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potential other than earth, so switchable 
supplies would be an advantage. Finally, whilst 
amplifiers of this type usually have small, 
cheap speakers, these give a poor impression of 
the sound quality to be expected from the 
finished circuit. A large, effective speaker 
giving good sound quality is desirable. 

CIRCUIT DIAGRA M 
The way in which these various objectives 

have been achieved is best explained with the 
help of the full circuit diagram, Fig. I. The high 
input impedance is given by TR I , a f.e.t. 
connected as a source follower. 
The desired one Megohm is easily obtained 

though careful screening is required, this will be 
described in detail in the construction. 
Transistor TR1 is not intended to handle 
signals greater than 100mV r.m.s., but in the 
case of really severe overloads it will be 
protected by diodes DI and D2 in conjunction 
with resistor RS. 
1Cla provides a voltage gain of ten before 

passing the signal through capacitor CS to 
VR1, the Volume control. From here it goes 
through C6 and R17 to 1C1d, which buffers 
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and transfers it via CI Ito the output amplifier 
IC2 which drives the speaker. The working 
points for IC la and IC Id are set to about 4V, 
roughly half the full supply voltage. 
The use of 100014F capacitors for CIO and 

C17, with suitable coupling values elsewhere, 
extend the low frequency response to about 
30Hz, below audio threshold. This is the main 
audio signal path, which is quite straight-
forward, but some additional features have 
been added en route. 
Input level is indicated by a simple meter 

amplifier formed with IC4 and associated 
components. This has a basic sensitivity of 
100mV r.m.s. for full scale, adjustable with 
resistor k32 and preset potentiometer VR3. 
Diodes DI2 and D13 protect the meter from 
overload. 

INPUT SENSITIVITY 
The input sensitivity is switched as follows. 

On the most sensitive range, 10mV full scale, 
the signal goes straight to TRI whilst the meter 
is connected directly to IC la output. An input 
of 10mV thus gives full scale on the meter but, 
although just ImV gives clearly audible sound, 
the full 10mV is required for maximum audio 
output. 
On the next range, 100mV, the input is again 

fed directly to TR I but the meter input is 
attenuated by a factor of ten. Although 100mV 
is now required for full meter scale, full audio 
output can be obtained with any input above 
ten per cent of this range. 
This also applies to the next two ranges, IV 

and 10V r.m.s., which are obtained by input 
attenuation before TR1. Although this may at 
first appear an odd way to obtain the most 
sensitive range, it's not at all intrusive in use 
and it avoids the instability and noise problems 
that would occur if all ranges were obtained 
through input attenuation and extra gain. 

NOISE LIMITER 
The noise limiter, built around IC1b and 

lac, acts on the signal path between VR I and 
ICId. An adjustable voltage of 10mV to 
300mV is developed across VR2, the lower limit 
being set by resistor R2I. This corresponds 
(approximately!) to the peak-to-peak value of 
signals from about 4mV to 100mV r.m.s. 
The voltages from the ends of VR2 are fed to 

the non-inverting inputs of the two amplifiers, 
whilst the mid-point, obtained with resistors 
R18 and R19, is superimposed on the signal by 
resistor RI6 and taken to the inverting inputs. 
Starting with IC I b, so long as the positive peak 
value of the signal is less than half the voltage 
across VR2, the non-inverting input remains 
positive of the inverting, its output stays high, 
diode D3 is reverse biased and the signal path is 
unaffected. 
However, if it rises above this, the output 

falls and diode D3 conducts to clamp the signal 
level at the selected maximum value. ICIc does 
the same thing to negative peaks. 
This method of noise limiting isn't perfect, 

the main disadvantage being "squaring" of the 
signal. Square waves sound much noisier than 
pure sines, as is readily apparent if a sine is 
applied to the input and increased until limiting 
begins. However, it's much more effective than 
simple "soft" diode limiting for really severe 
overloads, and the truly horrible distortion 
generated will warn the user quite unmistakably 
that the limiter is active. 

PO WER SUPPLY 
Power supplies for the circuit consist of a 

simple mains supply or a 9V battery, selected 
by switch S3. The 5V regulator, IC3, prevents 
supply voltage fluctuations from reaching 
sensitive parts of the circuit and also provides a 

COMPONENTS 
Resistors 
131,R13  1M (2 off) 
R2,R12,R14  100k (3 off) 
R3,R4  22k (2 off) 
R5,R7,R9, R11 
R15,R17,R18,  10k (12 off) 
R19,R23,R27, 
R28, R30 
R6  10M 
R8  2k2 
R10,R16  470k 

All 0.6W 1 per cent metal film type 

Potentiometer 
VR1  10k carbon log 
VR2  1k carbon log 
VR3  100 submin horizontal preset 

Capacitors 
Cl,C2,C6,C8,C9 
C3,C4,C5,C11 
C7,C12,C14 
C10,C17 
C13 
C15 
C16 
C18 
C19 

R20 
R21 
R22 
R24 
R25 
R26 
R29 
R31 
R32 

3k3 
33 
12k 
330 
56 
1 
560 
4k7 
47 

100n polyester layer (5 off) 
10paxial 24V (4 off) 
100p axial 35V 13 off) 
1000p axial 16V (2 off) 
47µ axial 16V 
220p polystyrene 
220n polyester layer 
470p axial 16V 
100p ceramic plate 

Semiconductors 
D1,D2,D3,D4,D8,D9,D10,D11,  IN4148(10 off) 
D12,D13 
D5, D6 
D7 
TR1 
TR2,TR3 
TR4 
'Cl 
IC2 
IC3 
IC4 

See page 40 

IN4001 (2 off) 
3mm high brightness, red led. 
2N3819 f.e.t. 
BC184L npn silicon (2 off) 
BC214 pnp silicon 
TL074 quad low-noise J-fet op-amp 
TBA820M power amp 
78L05 5V 100mA positive regulator 
3130 CMOS op-amp 

Miscellaneous 
Case, Verobox type 203, 205 x 140 x 110mm; Printed circuit board, available from 

EE PCB Service, code 591; Knobs, (3 off); 8-pin DIL sockets (2 off). 14-pin DIL 
socket; Speaker, 6" x 4" elliptical; Meter, lmA FSD; Transformer, 9-0-9V 25OrnA; 
Switch, 3-pole 4-way rotary; Switches, miniature 2-pole 2-way, 240V a.c. rated. 
BNC chassis socket; Mains chassis plug, 3-pin low current type P429 (and free 
socket to suit); Battery holder to take 6 x AA cells; Tagstrip; Ribbon cable; 
Screened cable; Aluminium sheet. 

tiZ,;(.7.sntly £30.50 excl. case 
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Fig.2. Details and dimensions of the front panel drilling. 

reference for the supply monitor, TR2 to TR4. 
These transistors are arranged so that the 1.e.d. 
is normally lit, but extinguish it sharply around 
7.5V, warning of impending supply failure if 
batteries are in use. 

CONSTRUCTION 
Construction of this project should not 

present any difficulty so long as a few points 
are noted. Although it's not essential to stick to 
the case and layout given, it would be advisable 
for constructors not experienced in the 
problems of "earth loops" and strays as hum 
pick-up can be quite severe. 
The suggested arrangement includes a metal 

front panel, a metal plate beneath the printed 
circuit board, and screening over the input 
stage, all of which are earthed to a common 
point. Care has been taken to place the mains 
transformer and all output signal paths well 
away from the input, including that for the 
meter, where the switching of 1C4's output 
between diode forward potentials can induce a 
small but unpleasant harmonic into the signal. 

CASE DETAILS 
Construction should start with the hardware 

and control wiring. Testing of the board is 
easier if the controls, etc, are to hand, and the 
sight of the finished front panel will inspire 
completion! 
A plate cut from thin sheet aluminium covers 

the bottom of the case, from just behind the 
front pillars all the way to the back, where cut-
outs are made to clear the rear pillars. The plate 
is eventually screwed to the four larger 
mountings with self-tappers so holes can be 
drilled for these. A sheet of paper cut to the 
shape of the plate and laid in place has the hole 
positions traced in pencil, this then serves as a 
drilling template. 
The p.c.b. is positioned about 15mm from 

the front edge of the plate, with transistor TR I 
towards the volume control side. Two 6BA 
screws form mounting pillars, the p.c.b. can be 
used to mark and drill these. They are secured 
with single full nuts which also act as spacers to 
keep the p.c.b. clear of the plate. 
The screw nearest TR1 should be about 

25-30mm long as it also carries a screening plate 
and earthing tags. The "L" shape of this plate 
and its position should be apparent from the 
photographs; it guards the input circuitry from 
stray electrostatic fields. 
The transformer and battery pack fit behind 

the board, the transformer being furthest away 
from the input end. When mounting this; make 
sure adequate clearance is left for the mains 
plug, mounted on the back panel as far as 
possible from the input. 

Front panel layout and lettering. 

A small tagstrip next to the transformer 
supports diodes D5 and D6. On the prototype, 
a short length of cable tninking, into which the 
battery pack clips firmly, was screwed to the 
plate. 
Precise dimensions for drilling the front 

panel are given in Fig. 2 to ensure that 
everything fits properly. It can be marked out 
with a soft pencil, which will rub out later as if 
on paper. 
A BNC input socket is recommended as the 

improvement this gives over co-axial or phono 
types is well worth the small extra cost. It also 
looks more professional! 
The speaker is the largest that will fit, a 

4in x 6in elliptical mounted in the lid. Its 
connections face the meter end, away.from the 
input. 

TO PCB 
S10 

CONNECTIONS 

TO PCB 
INPUT 

1101176j 

Cl 

INPUT 
SOCKET 

R2 

Fig.3. lnterwiring to the range switch 
Si. The unused tags are used as anchor 
points for the range resistors. 

A neat pattern of holes drilled in the plastic 
forms the "grille", and is secured with four 
"L" shaped steel brackets and self-tappers. To 
allow it to lie flat against the surface, it is 
necessary to trim away some of the lid 
mouldings with a sharp knife. 
The range switch, SI is a standard 3-pole 

4-way type. Since only two poles are required, 
tags of the third can be used to mount some of 
the range and input components. Resistors R 1 
to R4, R13 to R15 and capacitor Cl are all 
attached to this switch as shown in Fig. 3. 
To keep the input wiring as short as possible 

the input socket is wired directly to Sla, note 
that the front panel is also "earthed" via the 
screen of this lead. Connections to S 1 b are 
made through a piece of ribbon cable. This and 
the screened lead from S I a should be about 
40cms long at this stage, to facilitate p.c.b. 
testing. 

CIRCUIT BOARD 
Following this work, construction of the 

p.c.b. should provide a pleasant interlude! The 
track pattern is shown in Fig. 4; the bit of track 

Close-up of the internal wiring and view of the large "screening" plate beneath the 
circuit board. 
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around TR 1 and R5 that appears to go 
nowhere is in fact a guard line shielding the 
input. The printed circuit board for this project 
is available from the EE PCB Service, code 
591. 
The component layout shown in Fig. 5 is 

fairly straightforward, the only point to watch 
is orientation of polarised components, the 
diodes, electrolytics and transistors. There is no 
pattern to these — some are one way up, some 
the other, so care must be taken to fit them 
correctly. 
Both testing and final wiring into the case are 

simplified if 0.1mm "solderpins" are used for 
external connections. Insertion of these can 
require some force so they should be fitted 

before the components. 
DIL sockets are recommended for ICI, IC2 

and IC4, these make testing and trouble 
shooting easier. On the prototype, IC4 failed 
during final assembly, probably due to static. It 
was a simple matter to plug in a replacement, 
but the hassle that would have resulted had it 
been soldered can well be imagined. 

BOARD TESTING 
Testing of the circuit board should 

commence without ICI, IC2 and IC4 being in 
circuit. Apply a source of 9V to the appropriate 
points, preferably from a current-limited 
supply although this isn't essential. The supply 
current will surge briefly as the decouplers 

charge, notably capacitor CIO, but should then 
settle to just a few milliamps. 
Check that regulated 5V is present across 

capacitor Cl. If so, connect up led. D7, which 
should light (and raise the consumption a bit!). 
If the facility is available, reduce the supply 
voltage gradually until D7 extinguishes, which 
should happen between 7V and 7.5V. 
Check the voltage at the source of TR1 with 

respect to negative supply. An easy place to 
find this is the top end of capacitor C2. An 
exact value cannot be given as f.e.t. 
characteristics vary widely, but if it is outside 
the limits of IV to 4V, change TRI and try 
again. 
When all seems satisfactory, temporarily 
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Fig.5. Printed circuit board component layout and 

wiring details for the case mounted components. 
Fig.4. Full size printed circuit master foil pattern. This 
board is available from the EE PCB Service, code EE591. 
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Fig.6. (a) Switch connections, centre and upper tags connected when toggle is 
down. (b) Alternative connections where switch centre and lower tags are connected 

when toggle is down. 

connect the leads from Sla, SI b, VR1 and 
VR2, plug in ICI (with the power off, of 
course), then power up again and check the 
four outputs of this chip. These are the four 
corner pins. ICI a, pin I, should show about 4V 
d.c., as should 1Cld, pin 14. 1C1b, pin 7, 
should be about 8V and ICI c, pin 8, about I V. 
Meter amplifier IC4 can now be tested. (As a 

matter of interest, for sharp-eyed readers who 
have noticed that the prototype is fitted with a 
100&A movement, this is in fact shunted with a 
470 ohm resistor to convert it to 1mA which 
proved a better choice for this circuit.) To 
continue, set preset potentiometer VR3 to 
about mid-scale, plug in IC4 and power up. On 
switching on, the meter will probably drive to 
full scale and then quickly settle back. 
With the input circuitry unscreened there will 

probably be a fair amount of hum pick-up 
which will cause a reading; if it's too much 
select a less sensitive range with SI. Touching 
the input should increase the reading. If it does, 
this stage is probably working correctly. 
Connect up the speaker and plug in IC2. 

Varying degrees of hum should be obtainable, 
depending on Range switch and Volume 
control settings. If it's loud, backing off the 
"Clamp" control VR2 should produce an 

audible change in the quality of the sound and 
perhaps a drop in its volume, though this won't 
be all that apparent on a messy low frequency 
signal. This completes p.c.b. testing. 

INTER WIRING 
I he board can noNA be fitted into the case 

and permanently connected to the controls and 
internal power supplies. Most of the wiring is 
self explanatory, but the following notes may 
help. 
Concerning the mains/battery and on/off 

switching, miniature switches are used but these 
MUST be rated for 240V a.c. operation. The 
contacts on 2-pole changeover types are nearly 
always arranged as shown, but in some types 
"on" means centre and upper tags connected, 
in others its centre to lower. As mains voltage is 
involved, connections for both types are shown 
in detail in Fig. 6. 
Check which type you have with a meter and 

follow the appropriate diagram carefully. Take 
care not to touch live parts when testing with 
mains power operation. 
Diodes D5 and D6 are attached to the 

tagstrip by one end only, the others being 
attached directly to the transformer leads. 
These connections should be sleeved; 

The completed amplifier showing the speaker mounted in the top of the case and the 
small L-shaped input screening plate together with the "earthing" solder tags. 

TO PC P   
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TO 
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NEUTRAL 

TRANSFORMER 
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"heatshrink" is ideal. The transformer centre 
tap goes to the other tag on the strip, 
completing the mains supply. 
The screened lead from Sla is cut to length 

and soldered to the input before the shield is 
fitted. Also, 5cm of wire with a 6BA solder tag 
is soldered to the "ground" input connection 
along with the screen. 
The shield can now be fitted with two nuts, 

beneath the top one of which goes the above 
solder tag, plus another for the earth lead from 
the mains plug. All the case metalwork is thus 
earthed at the same point, effectively avoiding 
loops. 
Of course, the transformer is in contact with 

the plate, but on the prototype this hasn't 
caused problems. It could be insulated and 
connected to the same point should this prove 
necessary. 

CALIBRATION 
The only adjustment necessary is calibration 

of the meter. Meters, it must be said, ain't what 
they used to be. They cost the same, they look 
the same, but the movements are often just 
moulded plastic and metal stampings, not the 
all-metal construction they once were. 
The accuracy is generally less than the 2 per 

cent f.s.d. claimed, in places a lot less. In 
particular there is sometimes a sudden severe 
loss of accuracy at f.s.d., so calibration at 
about 50 per cent scale is recommended as the 
best compromise. 
Simply inject an input of about half-scale on 

any range (a transformer giving 5V to 6V into 
the 10V range will do!) monitor it with a good 
meter and adjust preset VR3 until the readings 
correspond. Although intended as a rough and 
ready guide to input level, the circuit is capable 
of surprising accuracy, probably to 1 per cent 
with a good movement should this be available. 
This amplifier should quickly prove 

invaluable in most workshops. The ease with 
which signals can be tracked and their quality 
assessed will simplify many tasks, both in 
design and repair. The meter provides an 
immediate reading of signal level and can be 
used to check gain, attenuation, etc. 
Although not tried on the prototype, it 

would probably be possible to make a test lead 
incorporating a diode demodulator probe, 
allowing checks of amplitude modulated 
signals such as the i.f. stages of a.m. radio 
receivers. This would increase its usefulness 
even further. 
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£20.95 
including VAT, plus postage 

W E ARE pleased to offer this excellent Academy 
AD10 slim line ten band graphic equalizer and 

booster to readers. The neat unit is designed to power 
both twin and four speaker set-ups. It will provide 
excellent listening with 40 watts r.m.s. total output. The 
unit is supplied with full fitting instructions, circuit 
diagram, operation information, mounting brackets, 
connecting socket, in line fuse and wiring. 
The AD10 has twin I.e.d. bar graph power level 

indicators, I.e.d. on/off indicator/switch and a front/rear 
fader for use with four speaker set-ups. 
It can be fitted to virtually any 12V negative earth in-car 

stereo system. Finished in dark grey with gold lettering 
and silver controls the unit is very neat and attractive. 

SPECIFICATION 
*Output Power 

r.m.s. power (10%THD): 20 watts/channel 
max. power: 30 watts/channel 

*S/N RATIO: 70dB 
*FREQUENCY RESPONSE: 20-30,000Hz 
*DISTORTION: 0.2% 
*CHANNEL BALANCE: 1dB 
*TONE EFFECT: 12dB 
*VOLTAGE GAIN: 10dB 
*CHANNEL SEPARATION: 60dB 
*INPUT IMPEDANCE: 100ohm 
*SPEAKER SYSTEM 

2-speakers: 3 to 8ohms 
4-speakers: 6 to 8ohms 

*POWER SOURCE: 11 to 16 volts d.c. 
*DIMENSIONS: 164( W) x 26(H) x 110(D)mm 

Sorry, this offer is only available to UK readers. 

IN-CAR 
GRAPHIC EQUALIZER/BOOSTER 

Post to: EE Graphic Equalizer Offer, RTVC 
21 High Street, Acton, London W3 6NG 

Telephone Orders: 01-992 8430 
_  

Please supply 

Quantity Value 

AD10 Graphic Equalizer 0 £22.15 
each (including post) 

Only available to UK readers  Total   

Please make cheques payable to RTVC Ltd. 

I iu Visa/Access or Cheque No   
.In 
I et Signature   
Lu 

I. Name   

RI Address   

10. 
4 

1) 

10 

111   

OFFER CLOSES Friday, January 29, 1988 

Name   

Address   

Post to: EE Graphic Equalizer Offer, RTVC 
21 High Street, Acton, London W3 6NG 

Telephone Orders: 01-992 8430 

L   

—1 

••=01, 

Everyday Electronics, January 1988  11 



Constructional Project   

QUIZMASTER 

W. HUNTER   
No more arguments! You will always be 
in control if you build this low cost quiz 
controller. 

RLCLNIl 1 a member of one of the local 
youth clubs asked the author to design 
a quiz controller similar to those usee 

in television quiz shows. The club was about to 
begin running a series of quizzes where four 
contestants would compete to answer a series of 
general knowledge questions. The quiz con-
troller was required to indicate which of the 
contestants pressed their answer button first. 
The device was to be simple to use, inex-

pensive, reliable, and battery operated. The 
latter was required because the device might 
have to be used in locations where a mains 
socket would be unavailable. Several designs 
were looked at, but the one described here was 
the simplest and least expensive reliable design 
that was tried. 

CIRCUIT DESCRIPTION 
The circuit diagram for the QuiLmaster is 

shown in Fig.1, consists of four identical 
sections each dealing with one push button. At 

switch on, six volts is applied to the circuit 
through the toggle switch SI, and through the 
Reset switch S2. 
The gates of the thyristors are all tied to the 

zero volt line through the resistors R3, R5, R7 
and R9, and so the thyristors are held off. If 
push button S3 is pressed, current is fed 
through resistor R2, Zener diode D5 and switch 
S3 to the gate of the thyristor CSRI and it is 
turned on. Current flows from the supply line 
through resistor RI, light emitting diode DI 
and thyristor CSR I to the zero volt line, and 
thus lights DI. 

INHIBITOR 
Resistor RI fulfills two functions, it limits 

the current flowing through the I.e.d. whose 
thyristor is turned on, and it provides a voltage 
drop on the common supply line which feeds 
power to each of the channels. This drop 
reduces the voltage on the common line by 
about four volts, so that it sits at around two 

volts instead of six. 
If any other contestant's button is pressed 

now, the gate of their thyristor will be 
connected to this common supply line, but 
because the voltage is reduced to about one 
third of its previous value, there will be 
insufficient current to turn their thyristor on. 
Thus the first thyristor to "fire" inhibits all the 
others from firing and so only one I.e.d. can 
light. 
Originally the circuit had only resistors 

feeding the thyristor gates from the common 
supply line, but on test it was found that the 
gate sensitivity of the thyristors varied so much 
that it was not possible to choose a resistor 
value that would work reliably with every 
thyristor. The gates of some thyristors were 
found to be so sensitive that they would still 
turn on with the current supplied from the 
reduced common supply rail through the 47k 
gate resistor. 
If this resistor was increased in value 

sufficiently, this problem could be prevented, 
but less sensitive thysistors would not then 
trigger with this resistor value even on the full 
supply. It would have been possible to tailor the 
value of each gate resistor to suit the sensitivity 
of the gate, but it was felt that this was not 

Fig. 1. Circuit diagram for the Quizmaster. The components 
inside the dotted box are repeated for each channel. The inset 
diagam shows the contestants' slave switch and jack plug 
wiring. 
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really solving the problem and any drift in the 
component values or supply voltage could 
cause the circuit to become unreliable. Also if a 
thyristor ever required changing, then the 
resistor value would probably have to be 
modified too. 
Because of these factors, Zener diodes were 

added to eliminate the above problems. These 
are 4.7V Zeners, so that when the common 
supply line drops to around two volts, there is 
insufficient voltage to cause the Zeners to 
conduct, and therefore no current flows into 
the gate of the thyristors and the thyristors are 
not turned on. 

TURN ON 
It may seem possible for two thyristors to 

turn on if two "slave" buttons were pressed at 
exactly the same time, but in practice one 
channel always wins and inhibits the others. 
This was tested by wiring a two-pole toggle 
switch to two of the channels and repeatedly 
switching on and off. It was found that it was 
impossible to get two channels on at once. 
It was also found that during this test, it 

could be either of the two channels which 
would come on, thus showing that the poles of 
the toggle switch closed at virtually the same 
time. The test was repeated for many 
permutations of channels and the circuit was 
found to perform faultlessly. 
The thyristor which turns on is latched into 

the conducting state by virtue of the current 
flowing through it, and so the I.e.d. will remain 
lit even if the contestant releases his button. 
Indeed, it will remain lit until the "master" 
Reset switch interrupts the supply to the circuit 
allowing the current flowing through the 
thyristor to fall to zero. 
Capacitor CI is required to limit the rate of 

rise of voltage on the common supply line when 
power is first applied, or when the Reset button 
is released. It is a characteristic of a thyristor 
that if the voltage across it rises too quickly, the 
thyristor will turn on, Cl prevents this. 
When any channel turns on, the negative 

going voltage level on the common supply line 
is transmitted through capacitor C2 and 
triggers the CMOS 555 timer. This is wired as a 
monostable with a period of a second or so and 
its output drives an audible warning device, 

WD I, to indicate that a contestant has pressed 
his button. The period of the monostable can 
be adjusted by preset VR1 to a value that suits 
the user. 
The audible warning device is driven by a 

monostable so that the duration of the bleep is 
fixed and is not dependent on the length of time 
that the contestant holds his button down. As 
well as ensuring that the bleep sounds long 
enough to be noticed, this also ensures that the 
duration is not too long so as to conserve 
battery life. 
With the values given for VRI and C3 the 

duration of the bleep can be varied over a fairly 
wide range. If desired, the duration of the 555 
can be calculated from T=0.64CR, (where C is 
the value of capacitor C3 in Farads and R is the 
value of resistor RIO plus preset VR I in Ohms) 
and a fixed resistor wired in place of the 
variable one. 
The thyristors carry very little current and so 

could be very low power devices, but the 
designer used C106 thyristors in the prototype 
because although they are fairly high power 
devices they were found to be amongst the 
cheapest available. Other thyristors could be 
substituted, but the gate resistors may need to 
be adjusted if the substitute has a very different 
gate current. 

CONSTRUCTION 
The Master Control circuit can be built on a 

piece of 0.1m matrix stripboard, size 14 
strips x 37 holes. The component layout and 
underside view showing breaks in the copper 
strips is shown in Fig.2. 
The circuit board is fixed to the bottom of 

the box using self-adhesive printed circuit 
guides. The unit can be housed in any suitable 
case, the author's model being built in a plastic 
case with a sloping front panel whose 
dimensions are 16Imm x 96mm x 39mm. A 
sloping box was used as this gives good 
visibility of the 1.e.d.s for the operator, and 
does not slide away when the Reset button is 
pressed. 
Each of the contestant's "slave" push-

buttons is housed in a small plastic box 
measuring 72mm x 50mm x 25mm and is 
connected to the main box by an 8 metre length 
of two-core flex. The flex enters the contestants 

COMPONENTS 
Resistors 
Al 
R2 — R9 
R10 
R11,R12 

All 0.25W carbon 

Potentiometer 
VR1 

Capacitors 
C1, C2,C4 
C3 
C5 

150 
47k (8 off) 
560k 
10k (2 off) 

500k miniature 
skeleton preset, 
horizontal. 

10n polyester layer 
tant. 35V 

/447 elec. 63V 

Semiconductors 
D1 — D4  Green led. 
D5 — D8  BZY88 4V7 
CSR1 — CSR4  C106 Thyristor 
IC1  CMOS 555 Timer 

Switches 
Si 

S2 

S3 — S6 

s.p.s.t. miniature 
toggle 
s.p. push button 
(push-to-break) 
s.p. push button 
(push-to-make) 

Miscellaneous 
WD1 6V solid-state buzzer; JKI-JK4 

jack plugs (3.5mm), 4 off; SK1-SK4 jack 
sockets (3.5mm), 4 off; sloping front 
case, 161mm x 96mm x 39mm; small 
plastic box, 72mm x 50mm x 25mm (4 
off); 81, 4 x AA cells; battery holder; 
stripboard, 36 holes by 14 strips 
(240mm x 90mm); connecting wire and 
solder, etc. 

Approx. cost  £/2 (excl. 
Guidance only  cases] 
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Fig. 2. Stripboard component 
layout for the Quizmaster. 
Wiring to the front panel 
mounted components will 
depend on the final layout. 
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box through a small grommet and is anchored 
inside the box with a P-clip to prevent it being 
pulled free. 
The other end of the flex is terminated in a 

miniature jack plug. The contestants boxes 
could be wired directly into the main box, but 
because of the long wires required on the boxes, 
they would tangle very easily and the extra cost 
of the jack plugs and sockets is money well 
spent. The battery BI is made up of four AA 
type cells which are housed in a battery holder 
and this along with the jack sockets is mounted 
on the back panel of the control case, see 
Fig. 3. 

FRONT PANEL 
The layout details of the "Master" front 

panel and back of the case is shown in Fig. 3. 
The final layout will depend on components 
used, but once it has been completed, the front 
panel should be labelled with instant lettering 
or something similar and then sprayed with a 
coat of clear protective lacquer. It is also 
advisable to label the jack socket positions on 
the rear panel with the appropriate channel 
numbers so that there is no confusion when the 
unit is in use. 

When all the wiring is completed, it only 
remains to insert the batteries, plug in the 
contestants boxes, and test the unit. Because of 
the simplicity of the circuit, it should prove to 
be very reliable, the weakest part being the 
wires which connect to the contestants slave 
units. But if these are not abused, they should 
give years of trouble free use. 
The power consumption of the unit when 

"idling" is very low, being mainly the quiescent 
current of the CMOS 555, which is well below 
100µA at 6V and the current through the 
resistors R II and R12 which is about 300/4A. 

ktilsaof 

BATTERY 

QUIZMASTER  

1  2  3  4 

0  0  0  0 

POWER 

ON 

WD I 

0 

RESE T 

Fig. 3. Suggested front panel and back of the "master" case component layout 
and labelling. The grille for the buzzer WD1 can be made by drilling a series of 
small holes or a single larger hole in the sloping panel. 

This current rises to a few tens of milliamps 
when the bleeper and I.e.d.s are on, but even so 
the batteries should last for a very long time 
before requiring replacement. 
The unit as described is for four contestants, 

but it could be extended to cover any number 
by merely adding the components shown inside 
the dotted lines in the circuit diagram. 
Obviously a larger case and stripboard would 
also be required. 

.ci)I IL 

ar  
TRANSFORMERS FROM 

if- 7 

The UK Distributor for the 
Standard Toroidal Transformers 
* 106 types available from stock 
Sizes from 15VA to 625 VA 

Write or phone for free Data Pack 

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

Telephone: (0227) 375254 

1(1)1 IIL IF' 
AMPLIFIERS FROM 

pL7L 
The UK Distributor for the 
complete ILP Audio Range 
* Bipolar Modules — 15 watts to 180 watts 
* Mosfet Modules — 60 watts to 180 watts 
* Power Booster-15 watts (for 12v dc supply) 
* Power Supplies 

* Pre-amplifier and Mixer Modules 
* 100 volt Line Transformers 
* Loudspeakers — 12" 350 watt Bass and 
200 watt Wideband Bass 
* Power Slave Amplifiers 

Write or phone for free Data Pack 

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

Telephone: (0227) 375254 
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MUSIC, EFFECTS 
COMPUTER AND 
SECURITY KITS 

* POPULAR PROJECTS FROM A LEADING AUTHOR 

BURGLAR ALARM 
CONTROLLERS 

DETECTORS DETER DELINQUENTS 

MULTIZONE CONTROL 
(PE) SET280  £22.77 
Two entry-zones, anti-tamper loop, personal attack, 
entry-exit timing, timed duration, automatic resetting, 
latching LED monitors 

SINGLE ZONE CONTROL 
(PE) SET279  £9.32 
With timed duration control and latching LED monitor. 

Both units can be used with any standard detection 
devices, such as contact or magnetic switches, 
pressure pads. tremblers. ultrasonics, infrared etc, and 
will activate standard bells, strobes or sirens 

CHIP TESTER (PE) SET258F  £39.30 
Computer controlled logic and chip analyser 

CHORUS-FLANGER (PE) SET235 £59.99 
Mono-stereo Superb dual-mode effects 

CYBERVOX (EE) SET228  £44.76 
Amazing robot type voice unit, with ring-modulator arid 
reverb 

DISCO-LIGHTS (PE) SET245F  £62.50 
3 than sound to light chasers. auto level 

ECHO-REVERB (PE) SET218  £57.66 
Mono-stereo  200ms echo, lengthy reverb, switchable 
multeracking 

EPROM PROGRAMMER 
(PE) SET277 
Computer controlled unit for 4K Eproms. 

EVENT COUNTER (PE) SET278 
4-digit display counting for any logic source. 

MICRO-CHAT (PE) SET276 
Computer controlled speech synthesiser. 

MICRO-SCOPE (PE) SET247 
Turns a computer into an oscilloscope. 

MICRO-TUNER (PE) SET257  £55.32 
Computer controlled, tuning aid and freg counter 

MORSE DECODER (EE) SET269 £22.16 
Computer controlled morse code-decoder. 

POLYWHATSIT! (PE) SET252  £122.69 
Amazing effects unit, echo, reverb, double tracking, phasing, 
flanging, looping, pitch change, REVERSE tracking! 9K 
memory, 

REVERB (EE) SET232 
Mono, with revert> to 4 secs, echo to 60ms. 

RING MODULATOR (PE) SET231 £45.58 
Fabulous effects generation, with ALC and VCO. 

STORMS! (PE)  £29.50 each unit 
Raw nature under panel control! Wind 8. Rain SET250W 
Thunder P. Lightning SET2507 

*COMPUTER KITS 
The software listing published with the computer kit projects 
are for use with C64. PET and BBC computers 

MANY MORE KITS IN CATALOGUE 
KITS include PCBs and instructions  Further details in 
catalogue PCBs also available separately 

mAl• mealEIMIIMEE,  mom-  M I M. 

£25.25 

£31.50 

£64.50 

£44.50 

£27.35 

LOW COST 
GEIGER 

COUNTERS DETECTORS 

NUCLEAR FREE ZONES? 
CHECK THEM OUT - 
GET A GEIGER 

Detectors for environmental end geological monitonng. 

METERED GEIGER (PE MK2) 
Built-in probe, speaker, meter, digital output. Detector 
tube options - ZP1310 for normal sensibvity. ZP1320 
for extrasensitivity. 

Kit-form - SET 264 - (ZP1310) £59.50, (ZP1320) 
£79.50 

Ready-built  TZ272  (ZP1310) £75.50, (ZP1320) 
£95.50 

GEIGER-MITE SET271 £39.50 
Miniature gager with ZP1310 tube, LED displays 
radiation impacts. Socket for headphones or digital 
monitoring. Kit-form only . 

THE PE GEIGER WAS 
SHOWN ON BBC TV 

"TAKE NOBODY'S WORD 
FOR IT" PROGRAM 

Send SAE for detailed catalogue, and with al enquiries (overseas 
send £1.00 or 5 I.R.C.'s). Add 15% VAT. Add P&P - Sets over 
£50 add £2.50. Others add £1.50. Oversees P&P in catalogue. 
Text photocopies - Geiger, 264 & 272 El.50 each, others 5, 
plus 50p post or large SAE. Insurance 50p per£50. MAIL ORDER, 
CWO, CHO, PO, ACCESS VISA. Telephone orders: Mon-Fn, Sam 
- fipm. 0689 37821. (Usual/ answering machine). 

PHONOSONICS, DEPT EE81, 8 FINUCANE DRIVE, ORPINGTON, KENT BR5 4ED.  MAIL ORDER 
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ak  City and Guilds 
C+3 

INTRODUCING 
MICROPROCESSORS 
MIKE TOOLEY B.A. 

MICROPROCESSORS  part 3 

In Part 2 we examined the internal architecture and external 
control signals of a hypothetical microprocessor. In this part we 
shall explain the process of fetching, decoding and executing the 
sequence of instructions which constitutes a program. We shall 
also introduce readers to some of the facilities offered by a 
typical system monitor. 

LEARNING OBJECTIVES 
The general learning objectives for part 

three of Introducing Microprocessors are 
that readers should be able to: 
(a) Understand and use a subset of the 
instruction set of any common 8-bit 
microprocesor (2.2) 
(b) Describe, using appropriate diag-
rams, the microprocessor instruction 
fetch/execute cycle (2.3) 
(c) Understand the facilities provided 
by a monitor program (2.4) 

(Note: City and Guilds module document 
reference numbers are shown in 
brackets). 
The specific objectives for this part are as 
follows: 

2.2 INSTRUCTION SETS 
2.2.1 Explain what is meant by the terms 
instruction and instruction set. 
2.2.2 Explain the form in which 
instructions are stored and presented to 
the microprocessor for execution. 
2.2.3 Categorise instructions in the 
following groups: 
data transfer 
arithmetic and logical 
test, branch and control 
2.2.4 Explain the following modes of 
addressing: 
implied 
immediate 
absolute. 
2.2.5 Examine a subset of the instruction 
set of any common 8-bit microprocessor 
and identify the types of instruction for 
data movement (transfer), control, and 
arithmetic. 

2.3 FETCH-EXECUTE CYCLE 
2.3.1 Explain each stage of the fetch-
execute cycle. 
2.3.2 Explain the function of the Program 
Counter,  Instruction  Register and 
Instruction Decoder during the fetch-
execute cycle. 
2.3.3 Draw a timing diagram showing the 
state of the read, write (or read/write), 
and bus lines at each stage of the fetch-
execute cycle for a representative 8-bit 
microprocessor. 
2.3.4 Draw a timing diagram to show the 
movement of data during each stage of 
the fetch-execute cycle. 

2.4 MONITOR PROGRAMS 
2.4.1 Use a monitor program. 

INSTRUCTIONS AND 
INSTRUCTION SETS 
The individual commands contained 

within a microprocessor program are 
called  instructions.  Clearly,  if a 
microprocessor is to be capable of 
performing a variety of operations, a 
range of different instructions must be 

available.  Some of these will be 
concerned with moving data from place 
to place and are aptly known as "data-
transfer" instructions. Others are used to 
perform "arithmetic and logic" functions. 
A third type of instruction is needed to 
control the overall flow of the program. 
Such instructions form part of the "test, 
branch and control" group. 
The microprocessor keeps track of its 

progress through a series of instructions 

by regularly updating its Instruction 
Pointer (or Program Counter).  This 
sixteen bit register effectively points to 
the address of the next instruction to be 
fetched in the sequence of execution. 
A simple IMP program (expressed in 

hexadecimal format) might take the form: 
3E 
01 

0602  

First instruction (two bytes) 

Second instruction (two bytes) 

80  Third instruction (one byte) 
The five byte program contains three 

instructions. The first two take up two 
bytes each whilst the last instruction only 
requires a single byte. The hexadecimal 
representation is compact but not very 
explicit and readers might be forgiven for 
wondering what the program actually 
does.  Furthermore, writing anything 
other than the shortest of programs in 
hexadecimal format is clearly going to be 
a rather tedious process! 
In practice we make use of a mnemonic 

shorthand for writing our instructions 
rather than resorting to hexadecimal 
code. However, even programming in 
hexadecimal is one step removed from 
the binary codes that the microprocessor 
actually requires (readers may be unaware 
that the first generation of computer 
programmers actually wrote their code in 
binary!). 
As far as the microprocessor is con-

cerned, each instruction comprises an 
individual binary code (the operation 
code) which may be followed by one or 
more further bytes (which constitute an 
operand). The operand qualifies the 
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instruction in some way and typically may 
be used to form an address at which data 
is to be stored or from which data is to be 
fetched. Clearly, if we are dealing with an 
operand which is used to denote a 16-bit 
address, it will require two bytes. IMP 
knows how many bytes to take as an 
operand since it is implicit in the operation 
code which it will have previously 
decoded. 

Assembly language 
We have already stated that IMP 

responds to instructions presented in 
binary form and that a form of shorthand 
is used to simplify the task of writing a 
program. This shorthand is known as 
"assembly language" and it provides us 
with a means of expressing our programs 
in terms of a set of mnemonics. 
Assembly language is a low-level 

language which is (relatively) easy for 
humans to learn and remember and 
which can quite easily be translated into 
the binary code required by a micro-

processor. The function of translating 
mnemonic assembly code into binary 
code is performed by a utility program 
known as an "assembler".  Some 
assemblers produce intermediate prog-
rams in hexadecimal format which are 
then translated into binary code for final 
loading into program memory. 
Unfortunately, each microprocessor 

family has its own dialect of assembly 
language. This makes it difficult (if not 
impossible) to transfer programs written 
in assembly language from one micro-
processor to another.  High level 
languages, such as BASIC or PASCAL, 
are much more "portable" since, with a 
few changes, they can usually be mod-
ified to run on a wide variety of machines. 
Happily, IMP's assembly language is 

reasonably conventional. The following 
instructions (and their hexadecimal 
equivalents) constitute a small subset of 
IMP's instruction set. For convenience we 
have divided these instructions into the 
three major groups associated with "data 

Function Instruction 
Mnemonic form  Hexadecimal form 

Data transfer 

Immediate data 
to accumulator 

Immediate data 
to B register 

Memory to accumulator 

Accumulator to memory 

Accumulator to 
register B 

Register B to 
accumulator 

Immediate data to 
HL register pair 

Memory (pointed to by 
HL register) to 
accumulator 

Accumulator to memory 
(pointed by HL register) 

Arithmetic and logic 

Add register A to 
register B 

Subract register B 
from register A 

Increment register A 

Increment register B 

Increment register HL 

Decrement register A 

Decrement register B 

Decrement register HL 

Test, branch and control 

Jump unconditionally to 
specified IP address 

Jump to specified IP 
address if zero flag 
is set 

Jump to specified IP 
address if zero flag is reset 

LD A,n  3E xx 

LD B,n  06 xx 

LD A,(nn)  3A 11 hh 

LD Inn),A  3211 hh 

LD B,A  47 

LD A,B  78 

LD HL,nn  21 

LD A,(HL)  7E 

LD (HL),A  77 

ADD B  so 

SUB B  90 

INCA  3C 

INC B  04 
INC HL  23 

DEC A  3D 

DEC B  05 

DEC HL  2B 

JP nn  C311 hh 

JP Z,nn  CA II hh 

JP NZ,nn  C2 II hh 

transfer", "arithmetic and logic", and 
"test, branch, and control" 

Notes 
(a) Mnemonics are used as follows: 
LD = LoaD 
ADD = ADD 
SUB = SU Btract 
INC = INCrement 
DEC = DECrement 
JP =JumP 
Z = Zero 
NZ =.Non-Zero 

(b)n and xx represents an immediate data 
byte (values ranging from 00H to FFH) 

(c) nn represents a two byte address 
(values ranging from 0000H to FFFFH) 

(d)II represents the low byte of an 
address (values ranging from 00H to 
FFH) 

(el hh represents the high byte of an 
address (values ranging from 00H to 
FFH) 
Readers should note that the general 

format used for IMP's data transfer 
instructions involves a destination 
followed by a source and that these are 
separated by a comma. As an example, 
the instruction LD A,B specifies A as the 
destination and B as the source. It is also 
important to note that the load 
instructions do  NOT involve the 
destruction of the source byte; data is 
effectively copied from source to 
destination where it replaces whatever 
was there before the instruction was 
executed. 
Finally, the meaning of the brackets 

shown in instructions such as LD A,(HL) 
are taken to mean "address pointed to 
by" or "memory location given by". Thus 
LD A,(HL) means "load the accumulator 
with the data found at the address 
pointed to by the HL register pair". This 
may sound a little wordy but, in order to 
avoid confusion, it is important to be 
quite precise. 

Addressing modes 
The different ways of locating the data 

to be used by a microprocessor instruc-
tion are referred to as "addressing 
modes". Three commonly used address-
ing modes are known as "implied", 
"immediate", and "absolute". 
In the "implied" addressing mode 

another register pair is used to hold the 
address of the location being accessed. In 
IMP's case, the instruction LD A,(HL) is 
an example of this mode.  In the 
"immediate" mode of addressing the data 
to be used is contained within the 
instruction itself (i.e. the data in question 
immediately follows the operation code). 
The instruction LD A,n is an example 
drawn from IMP's instruction set. In the 
"absolute" mode of addressing, the 
address at which the data is located forms 
part of the instruction. This mode is 
exemplified  by IMP's  LD A,(nn) 
instruction. 
A number of other (more complex) 

addressing modes exist. These, however, 
are not really appropriate to an intro-
ductory level module and will be left for 
readers to explore in the event that they 
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continue with studies at a higher level. 
For the moment, it is merely necessary for 
readers to be able to recognise and 
distinguish between the three modes 
previously mentioned. The following table 
summarises these modes of addressing 
and includes examples from IMP's 
instruction set: 

THE FETCH-EXECUTE CYCLE 
The operation of a microprocessor is 
based upon a continuous sequence of 
events each of which is known as a 
"fetch-execute" cycle. The fetch-execute 
cycle involves the following stages: 
(a) Fetching the instruction from 

Addresing mode  Data located . . . Example 

Implied 

Absolute 

Immediate 

. . at an address pointed to 
by other CPU registers 

. . at an address specified 
in the instruction 

. . in the instruction itself 

LD A,(HL) 

LD A,(nn) 

LD A,n 

Problem 3.1 
(a) IMP encounters the hexadecimal 
values 3E and 00 which appear as 
successive bytes in a program 
instruction. What action do they 
produce? 

(b) IMP is performing the assembly 
language instruction SUB B. If the A 
register contains the 14H before the 
instruction was performed and OAH 
after the instruction is executed, 
determine the contents of register B. 

(c) A single-byte  IMP  instruction 
expressed in binary (MSB first) takes 
the form 00101011. What action does 
the instruction perform? 

(d) It is necessary to load the HL register 
pair with 3CO2H. What IMP assembly 
language instruction is required? 

(e) What hexadecimal code is used to 
represent the instruction in (d)? 

(f) What addressing mode is used in the 
instruction LD A,FFH? 

(g)To which group or class of instructions 
does the instruction  LD A,(HL) 
belong? 

Fig. 3.1 Flowchart for the fetch-execute cycle 

FETCH THE NEXT 
BYTE OF THE 
INSTRUCTION 

START 

FETCH THE 

OPERAT ON CODE 
AND DECODE 

INCREMENT THE 
INSTRUCTION 
POINTER 

HAVE ALL 
BYTES BEEN 
FETC HED 

EXECUTE THE 
INSTRUCTION 

memory and placing it in the micro-
processor's Instruction Register. 

WI Decoding the instruction (using the 
Instruction  Decoder)  and 
determining what subsequent 
action is required. 

(c) If necessary, fetching more data. 
(d) Executing the instruction. 

This process is illustrated by the flowchart 
shown in Fig. 3.1. 

Timing diagrams 
Timing diagrams show the relationship 

between control signals and the data and 
addresses which appears on the 
microprocessor buses. Fig. 3.2 shows a 
typical timing diagram which illustrates 
the sequence of events when IMP 
performs the instruction LD A,3F. This 
fetch-execute sequence occupies just two 
complete machine cycles. During the first 
machine cycle, IMP fetches the operation 
code and decodes it. On the second 
machine cycle, IMP fetches the data byte 
(3FH) and copies it into the accumulator. 

Read and write operations 
When performing memory read or 

write operations IMP performs different 
tasks on the first and second half-cycle of 
the clock. During the first half cycle of the 
clock signal (i.e. when the clock line is 
high) IMP Places a valid memory address 
on the address bus and selects either a 
read or write operation by taking the R/ W 
line high or low respectively.  Data 
exchanges then take place during the 
second half of the clock cycle (i.e. when 
the clock line goes low), the direction of 
data movement (i.e. to or from IMP) 
being determined by the previously set 
condition on the R/ W line. 
A read cycle (Fig. 3.3) can be used to 

transfer a byte of data from an address in 
ROM, RAM, or I/O to one of the IMP's 
internal registers. A write cycle (Fig. 
3.3b), on the other hand, is used to 
transfer a byte of data from one of the 
IMP's internal registers to either RAM or 
I/O. Note that, whilst it is possible to 
undertake a write operation to an address 
in ROM there is little point in doing so as 
this would, by definition, have no effect 
on the contents of the address location in 
question. 

Example 1 
Now, let's consider a simple example. 

Suppose that we wish to add together 
two bytes of data stored in RAM as part 
of IMP's program. This task will involve 
three instructions. The first will load the 
first operand (in this case a byte of 
immediate data) into the accumulator (A). 
The second will load the second byte of 
data into the B register. Finally, the third 
instruction will add the contents of the A 
and B registers and deposit the result 
back into the accumulator. 

Fig. 3.2 Simplified timing diagram for a typical fetch-execute cycle 
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CLOCK, 9 

R/174 

A15 — AO 

07 —130 

IMP SIGNALS A READ 
OPERATION BY TAK ING 12/V./-
HIGH 

IMP PLACES A MEMORY OR OD 
ADDRESS ON THE ADDRESS 
BUS 

DATA IS READ FROM MEMORY 
- -  OR 1/0 INTO THE DESIGNATED 

IMP REGISTER 

Fig. 3.3a Simplified timing diagram for a read cycle 

Fig. 3.3b Simplified timing diagram for a write cycle 

CLOCK,0 

R/ 1,74 

A15 —A0 

07 —  0 

Ci =11 

IMP SIGNALS A WRITE 
CPERATION BY TAKING R/7/ 
LOW 

IMP PLACES A MEMORY OR I/O 
ADDRESS ON THE ADDRESS 
BUS 

IMP PLACES DATA ON 
THE DATA BUS FROM 
THE DESIGNATED REGISTER 
THIS IS THEN LATCHED INTO 
THE MEMORY OR 1/0 DEVICE 

We shall assume that the program 
starts at a hexadecimal address of 1000. 
Written  in  assembly  language 
mnemonics, the program looks like this: 
LD A,01 
LD B4O2 
ADD A,B 
The hexadecimal representation of the 

program is as follows: 
3E 01  First instruction 
06 02  Second instruction 
80  Third instruction 
Readers will probably have spotted that 

this program is identical to that which we 
introduced earlier! Note how each of the 
two load instructions is followed by the 
respective data to be loaded. Within 
IMP's memory, the program will thus take 
the form: 

IMP places the contents of its 
Instruction Pointer (1000H) onto 
the address bus and takes the R/ W 
line high. The byte returned on the 
data bus (3EH ) is read during the 
second half of the clock cycle and 
passed into the instruction register. 

2. Executing the first instruction (see 
Fig. 3.4b). 
IMP executes the first instruction 

which involves copying the next 
byte (i.e. that which follows the 
operation code, 3EH) into the 
accumulator. IMP also updates the 
Instruction Pointer so that it points 
to the address of the next instruc-
tion byte at 1002H. 

3. Fetching and decoding the second 
instruction (see Fig. 3.4c) 

Address (hex)  Byte (hex) Function 

1000  3E  Operation code for LD A, n 
1001  01  Immediate data byte 
1002  06  Operation code for LD B,n 
1003  02  Immediate data byte 
1004  80  Operation code for ADD A,B 

At the start of the program, the 
Instruction Pointer will be set to 1000H 
whilst, at the end, it will have reached 
1005H. Execution of the program involves 
the following steps: 
1. Fetching and decoding the first 
instruction (see Fig. 3.4a). 

IMP places the contents of its 
Instruction Pointer (1002H) onto 
the address bus and takes the R/ W 
line high. The byte returned on the 
data bus (06H) is read during the 
second half of the clock cycle and 
passed into the instruction register. 

4. Executing the second instruction 
(see Fig. 3.4d). 
IMP executes the second in-

struction which involves copying 
the next byte (i.e. that which 
follows the operation code, 06H) 
into the B register. IMP also 
updates the Instruction Pointer so 
that it points to the address of the 
next instruction byte at 1004H. 

IMP 

A 

IP 

X X 

X X 

IR  3   

X X INDETERMINATE 

(a) 

MEMORY 

80  1004 

2  1003 

06  1002 

01  1001 

3E  1000 

121117_11 

IP 

IR 

xx z INDETERMINATE 

IMP 

01 

X X 

1 0 0 2 

3E 

b 

MEMORY 

80  1004 

02   1003 

06   1002 

01   1001 

3E  1000 

L44 11344 I 

IMP 

A 

I P 

IR  08  F  

0,1 

X X 

1 0 0 2 

X X INDETERMINATE 

c 

MEMORY 

80  1004 

O2  1003 

06  1002 

O1  1001 

3E  1000 

(it insol 

IMP 

A 01 

02 

06 

( d ) 

MEMORY 

80   1004 

2   1003 

6   1002 

O1   1001 

3 E  1000 

Fig. 3.4 Flow of data between IMP and 
memory in Example 1 (continued overleaf) 
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IMP A 
a 

IP 
IR 

01 
0 
1004 

(e) 

MEMORY 
80 P 2 05 

ELL, 

100 4 1003 1002 1001 1000 

A 

IP 

IR 

IMP 03 
02 -..6.31+02 =03 
1005 
L 8 0 

ED 

If 

MEMORY 
1 

80 

0 2 

06 01 3 E 

1004 
1003 1002 
1001 

1000 

EE1134 G 1 

Fig. 3.4. (continued) Flow of data between 
IMP and memory in Example 1 

5. Fetching the third instruction (see 
Fig. 3.4e). 
IMP places the contents of its 

Instruction Pointer (1004H) onto 
the address bus and takes the R/ W 
line high. The byte returned on the 
data bus (80H) is read during the 
second half of the clock cycle and 
passed into the instruction register. 

6. Executing the third instruction (see 
Fig. 3.4f). 
IMP executes the third instruc-

tion which involves passing the 
contents of the A and B registers 
into the ALU and adding the two 
bytes together. The result is then 
passed back into the accumulator 
(replacing the byte that was origin-
ally present). Also note that the 
byte present in the B register has 
remained unchanged. IMP also up-
dates the Instruction Pointer so 
that it points to the address of the 
next instruction byte at 1005H. 

Example 2 
Now, as a further example, suppose 

that we wish to copy a byte of data from 
an address in ROM (GO4EH) to an 
address in RAM (2ABOH I. This task 
would obviously involve two instructions; 
a read operation followed by a write 
operation. We shall again assume that the 
program again starts at a hexadecimal 
address of 1000H. The program would be 
written in assembly language as follows: 
LD A,(C04EH) 
LD (2ABO),A 
The hexadecimal machine code 

corresponding to these two instructions is 
given below: 
3A 4E CO 
32 BO 2A 
The program thus comprises six bytes. 

Each operation code byte is followed by a 
two byte address (in low-byte/high-byte 
order). Within IMP's memory, the 
program will thus take the form: 

IMP executes the first instruction 
which involves reading the next 
two bytes (4EH and COH) and 
using them to form an address 

Address (hex)  Byte (hex) Function 

1000  3A 
1001  4E 
1002  CO 
1003  32 
1004  BO 
1005  2A 

Operation code for LD A,Inn) 
Low byte of address operand 
High byte of address operand 
Operation code for LD Inn),A 
Low byte of address operand 
High byte of address operand 

At the start of the program, the 
Instruction Pointer will be set to 1000H 
whilst, at the end, it will have reached 
1006H. The execution of the program 
involves the following four steps: 
1. Fetching and decoding the first 
instruction (see Fig. 3.5a). 
IMP places the contents of its 

Instruction  Pointer  onto  the 
address bus and takes the R/ W 
line high. The byte returned on the 

data bus (3AH) is read during the 
second half of the clock cycle and 
passed into the instruction register. 

2. Executing the first instruction (see 
Fig. 3.5b). 

A 
I P 

IR 

IMP  MEMORY 

X X 
1 0 0 0 
3 A 

XX .INDE TERMINATE 

20  IC04 E 
x X 12AB0 
2 A B 0 32 
C 0 E 

la I 

3 A 

1005 1004 
1003 1002 
1001 

1000 

A 

IP 

IR 

I NP 

20  I.  

MEMORY 

1 0 0 3 
34 

X X .INDETERMINATE 

(a Incas  (b) 

20 C04 E 
X X 
2 A 
El 0 32 
C 0 4 3 A 

2ABO 
1005 1004 
1003 

1002 

1001 

1000 

(C04EH) which is then placed on 
the address bus. The data present 
at CO4EH is then copied into the 
accumulator during a further read 
operation. IMP again updates the 
Instruction Pointer so that it ends 
up pointing to the address of the 
next instruction byte at 1003H. 

3. Fetching the second instruction 
(see Fig. 3.5c). 
IMP places the contents of its 

Instruction Pointer (1003H) onto 
the address bus and takes the R/ W 
line high. The byte returned on the 
data bus (32H) is read during the 
second half of the clock cycle and 

A 
IP 

IR 

IMP 

20 
1 0 0 3 
32 

X X 'INDETERMINATE 

11(11010  (c) 

MEMORY 
2 0   C04E 
x X  24E40 
2 A B 0 32 
CO 4 E 3 A 

1005 1004 
1003 1002 
1001 

1000 

A 
I P 

IR 

IMP 

2 
1 0 0 6 

32 

fEEllti ci (di 

MEMORY 
20 C04E 
20 24130 
2 A 
B 0 32 
C 0 4E 3 A 

1005 1004 
1003 1002 
1001 

1000 

Fig. 3.5 Flow of data between IMP and memory in Example 2 
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MACHINE 

CYCLE 
M1 M2 M 3 M 4 

TYPE OF 
CYCLE 

MEMORY READ 

I OP - CODE FETCH I 

MEMORY READ MEMORY READ MEMORY WRITE 

(EXECUTE) 

ADDRESS 

BUS 

I P 

r LOCATION OF OP-CODE 
BYTE I 

I P+ 1 

(LOCATION OF SECOND 
INSTRUCTION BYTE I 

I P +2 

I LOCATION OF THIRD 
INSTRUCTION BYTE I 

ADDRESS ASSEMBLED 
FROM DA TA READ 

DURING M2 81.13 

DATA 
BUS 

Fig. 3.6 Table for Problem 3.2 

passed into the instruction register. 
4. Executing the second instruction 
(see Fig. 3.5d). 
IMP executes the second 

instruction which involves reading 
the next two bytes (BOH and 2AH) 
and using them to form an address 
(2ABOH) which is then placed on 
the address bus. The data present 
in the accumulator is then written 
to address 2ABOH during a final 
write operation. IMP also updates 
its Instruction Pointer so that it 
ends up pointing to the address of 
the next instruction byte at 1006H. 

Readers should now be getting a "feel" 
for the way in which IMP operates. In 
particular, the following should be noted: 
(a) instructions may comprise one, two, 
three (or more) bytes. 

(13( instructions comprise an operation 
code which may be followed by a 
further byte or bytes which constitutes 
an operand. 

(c) instructions may involve further read 
and/or write operations, not just 
fetching (i.e. reading) the instruction 
itself. 

Problem 3.2 
Fig. 3.6 shows the sequence of oper-

ations which occur during the fetch-
execute cycle associated with the 
instruction LD (2E00),A. Given that the 
accumulator contains 7FH immediately 
before the instruction is executed, 
complete the table showing the byte 
present on the data bus at each stage of 
the fetch-execute cycle. 

Problem 3.3 
Write  simple  assembly  language 
programs (using only the given subset of 
IMP's instruction set) which will: 
la) add 1 to the data stored in memory 
location 3E00H, 

(b) exchange the data bytes present at 
memory locations 3E00H and 
3E01H. 

MONITOR PROGRAMS 
Monitor programs provide us with a 

variety of useful facilities which can not 
only aid our understanding of the oper-
ation of a microprocessor but also allow 
us to enter, test and debug simple 
programs. A typical monitor program 
comprises about 2K of code and provides 
the user with the means to: 

(a) display the contents of a given 
block of memory in hexadecimal 
and ASCII (see note 1) format 

(b) modify or edit hexadecimal bytes in 
memory 

(c) display the contents of the CPU 
registers 

(d) modify the contents of the CPU 
registers 

(el disassemble a given block of 
memory into assembly language 
mnemonics 

If I insert breakpoints (see note 2) into 
a program 

(g) execute a program from a given 
start address until a breakpoint is 
encountered 

(h) trace the execution of a program 
with a continuous display of the 
CPU registers and memory con-
tents as each instruction is 
executed 

Notes: 
1. ASCII stands for "American Standard 
Code for Information Interchange". The 
ASCII code is commonly used for rep-
resenting alphanumeric characters (i.e. 
letters, numbers and punctuation) within 
a microprocessor system. Each character 
is represented by a single byte (i.e. 8 bits). 
Since the standard ASCII code uses 
seven bits,  the leading  (i.e.  most 
significant) bit is either ignored or used to 
distinguish special graphic characters or 
tokenised keywords. 
2. A breakpoint is a code (usually a single 
byte) inserted into a program during 
testing or debugging which, when 
encountered during the course of a 
program, suspends execution and returns 
control to the monitor program. This 
facility allows the user to examine the 
state of the system when a certain point is 
reached in the program. 

NEXT MONTH: we shall explain how the 
system monitor is used. We shall also 
pause to review parts one to three of the 
course and prepare readers for the first 
assessment and first practical assign-
ment. We shall also attempt to deal with 
points which readers have raised in our 
first Readers Forum. 

BACKGROUND READING 
The following background reading is 

suggested for this month: 
(a) Chapter  3  (Software  and 

Programming) of Beginner's Guide 

to Microprocessors by E.A. Parr (a 
Newnes Technical Book published by 
Heinemann-Newnes) ISBN 0 408 
00579 3. Available from the EE Book 
Service — see page 60. 

(b) Chapter  3  (Microprocessor 
Instruction Sets) of Microelectronic 
Systems 2 by R. Vears (published by 
William Heinemann Ltd) ISBN 0 434 
92194 7. Available from the EE Book 
Service — see page 60. 

CORRESPONDENCE 
Comments and queries from readers 

are welcome and should be sent directly 
to the author at the following address: 
Department of Technology, Brooklands 
Technical  College,  Heath  Road, 
Weybridge, Surrey KT13 8TT. 
Please include a stamped addressed 

envelope (and be prepared to wait a little!) 
if you require an individual reply. General 
queries will be dealt with in Readers 
Forum which will appear in Parts Four 
and Nine of the series. 

MODULE DOCUMENTATION 
Readers requiring their own copy of the 

module documentation should send a 
cheque or postal order for £10 to the 
following address,  clearly stating 
"Everyday Electronics — Introductory 
Microprocessors  726-303"  in  an 
accompanying letter (do not forget to 
include your name and address!): 
Publications  Department,  City and 
Guilds, 76 Portland Place,  London 
W1N 4AA. 

GLOSSARY FOR PART THREE 

Address modes 
The various methods of specifying an 

address as part of an instruction. 
Assembler program 
A program which translates assembly 

language statements into the binary code 
machine code which is directly executable by 
the microprocessor. 
Assembly language 
Assembly language is a machine-oriented 

low-level programming language as distinct 
from human-oriented high-level languages. An 
assembly language program is normally written 
as a series of statements using mnemonics. It is 
then translated into machine code by an 
assembler program. 
Decrement 
Programming instruction which decreases 

the contents of a register or storage location. 

Execute (cycle) 
The last part of the fetch-execute cycle 

during which the operation specified by the 
instruction is actually performed. 

Fetch (cycle) 
The first part of the fetch-execute cycle 

during which the instruction is fetched from 
program memory. The first part of the 
instruction to be fetched is the operation code. 
Increment 
Programming instruction which increases 

the contents of a register or storage location. 

Instruction cycle 
The total group of instructions that can be 

executed by a given microprocessor. This 
information provides the programmer with the 
basic information necessary to produce a 
working program. 

Machine language 
Binary coded language (often represented in 

hexadecimal) that is directly understood by the 
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microprocessor. All other programming 
languages must be translated into binary code 
before they can be executed by the 
microprocessor. 
Mnemonic code 
Mnemonic code l are a form of shorthand 

which helps the programmer remember the 
function of a particular microprocessor 
instruction. 

Operation code (op-code) 
The first part of a machine-language 

instruction which specifies the operation to be 
performed. 

ANSWERS TO PROBLEMS 
3.1 (a) load the accumulator with 

immediate data of 00H 
(b) OAH 
(c) DEC HL 
(d) LD HL,3CO2 
(e) 21 02 3C 
(f) immediate 
(g) data transfer 

3.2 See Fig. 3.7 
3.3 (a) Any of the following would be 

acceptable: 
LD A,(3E00) 
LD 6,1 
ADD A,B 
LD (3E00),A 

or  LD A,(3E00) 
INCA 
LD (3E00),A 

MACHINE 
CYCLE 

M1 1.12 M3 M4 

TYPE OF 
CYCLE 

MEMORY READ 

(ce-cooE FETCH) 
MEMORY READ MEMORY READ MEMORY WRITE 

(EXECUTE) 

ADDRESS 
BUS 

IP 

(LOCATION OF OP-CODE 
BYTE ) 

IP+1 

(LOCATION OF SECOND 
INSTRUCTION BYTE ) 

IP+2 

(LOCATION OF THIRD 
INSTRUCTION BYTE 1 

ADDRESS ASSEMBLED 
FROM DATA READ 
DURING 1.128M3 

DATA 
BUS 

32 

(0P-CODE) 

00 

(LOW BYTE OF 
ADDRESS OPERAND) 

2E 

(HIGH BYTE OF 
ADDRESS OPERAND) 

7F 

(BYTE FROM 
ACCUMULATOR) 

Fig. 3.7 Answer to P oblem 3.2 

or  LD HL,3E00 
LD AAHL) 
INC A 
LD (HL),A 

or  LD HL,3E00 
LD B,1 
LD A,(11L) 
ADD A,B 
LD (HL),A 

3.4 One possible solution would be: 
LD A,(3E00) 
LD B,A 
LD A,(3E01) 
LD (3E00),A 
LD A,B 
LD (3E01),A 

PLEASE NOTE 
We apologise for a couple of errors 
which unfortunately appeared in Part 
1. We actually managed to miss out 
Table 3 completely (the Editor did the 
make up!); however a similar table 
was published on Data Card 2 — 
Powers of 16 — given in last month's 
issue. 
Under Addition (page 597) the 

second paragraph set an example and 
we then added two completely 
different numbers — please disregard 
the second paragraph. 
Finally, the answer to Problem 

1.14(a) should have been 00000101, 
the MS B was wrong. 

The Archer Z80 61)C 
The SDS ARCHER — The Z80 based single board 
computer chosen by professionals and OEM users. 
* Top quality board with 4 parallel and 2 serial ports. 
counter-timers, power-fail interrupt, watchdog timer. 
EPROM & battery backed RAM. 

* OPTIONS: on board power supply. smart case. 
ROMable BASIC. Debug Monitor. wide range of I 0 & 
memory extension cards. 

The bowman 68000 MC 
The SDS BOWMAN — The 68000 based single board 
computer for advanced high speed applications. 
* Extended double Eurocard with 2 parallel & 2 serial 
ports, battery backed CMOS RAM, EPROM, 2 counter-
timers, watchdog timer, powerfail interrupt. & an 
optional zero wait state half megabyte D-RAM. 

* Extended width versions with on board power supply 
and case. 

Sherwood Data 6y6tem6 Ltd 
Sherwood House, The Avenue, Farnham Common, Slough SL2 3JX. Tel. 02814-5067 
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£3.95 
SB7 Headphones 
including VAT and postage 

L OFR 

SB12 Headphones 
and Speakers 

£3.50 
including VAT 
and postage 

Made by Altai these two special price items would 
make excellent Christmas gifts. 

SB7 Headphones 
High quality lightweight stereo headphones. Black 
adjustable headband with coloured earpieces. 
Packed in attractive display box. 
Impedance:   32fl 
Response.   30-12,000Hz 
Power:   100m W 
Lead:   1.8m Straight Screened 
Plug  •  6.35mm Stereo 
Weight.   140g 
Available in white or yellow — please state 
preference when ordering. 

SB12 Headphones + Speakers 
Combination pack of "Walkman" type player 
units consisting of stereo headphones and a pair 
of micro speakers with leads, in a variety of 
colours. Packed on clear plastic display card. 
Speakers 
Impedance:   87 
Rating:   0 5W 
Dimensions:   87 x 55 x 29mm 
Headphones 
Impedance:   32S2 
Response.   20-20,000Hz 
Power:   100m W 
Available in blue, yellow or green — please 
state preference when ordering. 

BLOCK CAPITAL
S PLEASE 

Please supply 

Quantity Value 

SB7 Headphones @ £3.95 

SB12 Headphones + speakers @ £3.50 

Overseas readers please  Total £ 
add £1 for postage 

Please make cheques payable to Greenweld Electronic 
Components 

Access or Cheque No   

Signature   

Name   

Address   

OFFER CLOSES Friday, January 29, 1988 

Name   

Address   

Post to: EE Offer, Greenweld Electronic Components 
443 Millbrook Road, Southampton SO1 OHX 
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[l(Atobcot Ito 
DRAINPIPES do not readily come to mind 
I./when considering the latest developments 
in new technology. Useful and necessary they 
might be but they are hardly things which set 
the hearts of roboticists racing. Yet 2 1/2 inch 
drainpiping is an essential component in a 
system being offered to schools by a new 
company, Tribotics, which was set up recently 
by a group of people who had previously been 
involved in supplying vision systems to industry. 
They saw that robots were getting very 

expensive, thought that the developments 
were becoming very complex and decided to 
find out if schools were getting what they 
required for the teaching of technological 
subjects. 
Tribotics thought that there might be a 

particularly pressing need following the 
introduction of the new GCSE syllabuses last 
September. Their investigations involved 
asking local schools in the Oxfordshire area 

what equipment they would like to assist in the 
teaching of some of the technical subjects. 
"The demand was for something fairly large 

and robust yet inexpensive, to be used in the 
teaching of control technology," said Bob 
Vidler, one of the directors. "A number of 
teachers said that the existing kits were too 
small and the bigger robot arms were too 
expensive." He added that they had also 
wanted to demystify the subject as they felt 
many people were being put off technology 
because it was being made unnecessarily 
complicated. 

As a result Tribotics came up with a series of 
kits which can be used for a variety of subjects. 
They considered that to concentrate on the 
teaching of control technology would have 
been too limiting. Choosing robotics allowed 
them to cover a number of subjects, including 
control. 
There are two basic d.c. motor units, one 

powering a hinge for joints and the other a 
rotating tube for powering items like a 
conveyor; potentiometers provide feedback. 
The drainpiping provides the other main 

building block. 
"We realised that we would need some sort 

of tube to build the machines and decided on 
drainpiping because it was cheap and easy to 
obtain if any had to be replaced," said Vidler. 
Prices begin at £75 plus V.A.T. for the starter 

unit which includes one motor, a hinge and tee 
connector. The starter kit, the next stage up, 
has sufficient pieces for a three-axis arm with a 
lifting capacity of lkg at full stretch. 
There is an extra gripper, with an ingenious 

design, which can be added to the arm. The 
closing mechanism is provided by inflating a 
balloon, giving a clamping power of between 
31b and 51b. An elastic band re-opens the three 
fingers. 

The kits also include a SCARA arm, con-
veyor, carousel and, at the top of range, a two-
legged device for £650 plus V.A.T. When asked 
if it could walk Vidler said that depended on the 
correct instructions being given to ensure that 
the various limbs moved in a sequence which 
prevented the machine falling over as it moved. 

CONTROL 

All the devices can be controlled by the 
company's own communications box which 
can be connected to any micro with an 8-bit 
parallel output. Interfaces are available for 
6502-based and Z80-based machines. No 
specific software is available but instructions 
can be given in normal Basic. 
It is planned to develop the system to 

provide simple building blocks for use in 
industry. The company is also looking at 
requests for a smaller version with which 
children in primary schools could work. Vidler 
said that the conveyor system had attracted a 

lot of interest from the younger schools. 
However he was not sure that smaller kits to 
the same design could be produced for the 
same price. 
Other developments include the provision of 

a light sensor and a RAM camera vision 
system. It is hoped to have them available by 
the spring of next year. 

The Tribotics kits were the highlight, from 
the robotics point of view, of the Design and 
Technology Education Exhibition in October. 
Otherwise the exhibition, which celebrated its 
tenth anniversary by moving to the National 
Exhibition Centre in Birmingham from the 
Wembley Conference Centre, London, was 
rather lacklustre. 
Many suppliers did not attend including 

Feedback  Instruments,  LJ  Electronics, 
TecEquipment and Clwyd Technics. And those 

which did take space had little new to show. 
Cybernetic Applications put on its usual 

good show with its four robots working 

l u 

NIGEL CLARK P 
together in its workcell. Intriguingly there was 
a model gantry crane at the back of the stand. 
It was without electronics or a gripper and no 
detailed explanation of what it would become. 
But it is clearly something to watch out for in 
the future. 
As foreshadowed in this column in 

November the show was used to launch the 
Plawcotech kit and the Shesto Armtech 2000 
and its accessories. Plawcotech is the technical 
expansion of the Plawco wire frame 
construction system. The basic pack for about 
£17 includes a d.c. motor, three types of gear, 
pulleys, belts, friction drive components, 
wheels and axles as well as metal components 
which give the models greater sturdiness than 
is possible with the plastics rods and 
connectors of the basic Plawco kits. 
There is also a larger collection containing 

both the mechanical and the usual Plawco 
parts for about £50. Computer control of the 
models is not available at the moment. But the 
company says that the parts are compatible 
with other kits on the market which do have 
interfaces available for a variety of micros. 
As expected the Shesto accessories included 

a conveyor, carousel, linear slide base and 
vacuum gripper. There was also an Armtech 
2000 Plus — looking remarkably like an 
Armdroid — with a built-in interface for FMS 
accessories and costing £45 more than the 
basic Armtech's £450. 

However there was no sign of Research 
Development Associates, the company formed 
to take over the production of the Alfred robot 
arms and which said it would be relaunching 
the machine at the show. 
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Constructional Project 

GTI CAR 
COMPUTER 
STEVE COUSINS 
This easily fitted car computer is 
designed to operate in any type of petrol 
or diesel engined car. 

THE Outrider GTI car computer design 
will fit any type of diesel or petrol 
engined car including fuel injection 

vehicles. Fuel injection vehicles are of special 
interest both because of the trend away from 
carburettored engines and the fact that car 
computers have traditionally not been available 
as high street add-ons to GTI vehicles. Fuel 
injection itself has many advantages stemming 
from the more precise delivery of fuel to the 
cylinders leading in turn to greater efficiency of 
combustion. This improved efficiency is then 
available to the driver as either lower fuel 
consumption or higher performance. 

COST AND SAVINGS 
The reason for conventional car computers 

not being available for fuel injection vehicles is 
that fuel is delivered to the injectors off a 
circulating fuel system in which fuel is pumped 
from the tank and back to the tank again via 
the injection unit. Inserting a single flow meter 
is unsuitable for measuring flows in such 
systems. Instead manufacturers have taken a 
signal directly from the injector itself, 
measuring for example the time the injectors 
are open. But in these cases the car computers 
have to have tailor-made adaptors for each 
model of injector. This kind of bespoke 
engineering comes expensive and the prices we 
were quoted this month indicate this: £233 for 
a car computer on Vauxhall injection cars to 
£362 on BMW. 
Car computers have justified these kinds of 

prices partly on high-tech image and partly on 
efficiency grounds. There is certainly plenty to 

be saved on fuel. The average motorist drives 
9000 miles each year while the average 
company car does 18000 miles in the same 
period. Assuming 30 m.p.g. this means 
consuming 300 or 600 gallons of fuel 
respectively at a cost of around £500 or £1000 
per year. 
The Outrider GTI car computer has been 

developed after the first wave of car computer 
novelties, and we are able to build on their 
experience. We have concentrated on achieving 
a high standard of design so that the Outrider 
will be simple and safe to use whilst driving, 
easy to fit to the car and easy to refit if you 
change cars. But most important of all we have 
developed a high quality digital m.p.g. readout 
which is stable under continuous driving 
conditions, such as on a motorway, yet is also 
responsive to acceleration and responsive too 
when easing off the accelerator pedal. It is not 
necessary to fit sensors to the accelerator 
incidentally! 
When the car is stationary other features of 

the computer can be accessed. For example, the 
computer will predict the gallons of fuel 
required for a trip before you travel. To 0o this 
simply enter into the computer the distance you 
expect to travel and view the appropriate 
functions. Precisely how data is entered is dealt 
with later, but it is worth noting at this stage 
that, as a safety measure, data can only be 
entered into the computer when the car is 
stationary. 

BUSINESS TRAVEL AND 
COMPANY CARS 
Many of us have to record our mileage in 

INPUTS 

DISTANCE SENSOR 

TIMER 

EISEMAN'S \ 

SIGNAL CONDITIONING 

ELECTRONIC NOTEBOOK 

COMPUTER MODEL 

OUTPUTS 

nnnn 
nnnn 

M EM 

Fig.1. Basic configuration of 
the GT7 Car Computer. 

order to reclaim expenses from our employers. 
The trip distance key is invaluable for this as it 
is easy to underestimate the true length of trips 
when claiming expenses. Self-employed people 
and company managers may also benefit from 
knowing the cost of car operation for particular 
business trips. 

HO W THE COMPUTER 
WORKS 
The overall configuration of the computer is 

shown in Fig. 1. Distance travelled is detected 
by a sensor coil located behind the 
speedometer. Fuel consumption information is 
calibrated on the computer via the computer 
keyboard. This is done by entering into the 
computer's electronic notebook the volume of 
fuel purchased between tank fill-ups and the 
distance travelled. The latter is indicated by the 
computer and is used to calculate a reference 
m.p.g. as a starting point for the computer 
model of fuel consumption. 
The distance sensor controls the dynamic 

behaviour of the computer outputs in 
conjunction with the crystal oscillator which 
provides a time source. Together the distance 
and time inputs are used to determine distance 
travelled, cold starts, vehicle speed, vehicle 
acceleration and vehicle braking. These factors 
are used in the computer model to determine 
instantaneous m.p.g. using the reference 
m.p.g. to calibrate the model itself. Readers 
will recognise this kinetic method of calculating 
instantaneous m.p.g. as being very similar to 
the approach taken in the standard EEC 
driving cycle for new cars. Here m.p.g.s are 
given according to the speed at which they are 
driven (56m.p.h. and 75m.p.h.) and for an 
urban driving cycle involving acceleration and 
braking. 
There are advantages to this kinetic method 

of determining instantaneous m.p.g. Flow 
meters in the fuel line can be inaccurate or 
expensive and there is always a slight additional 
risk of a petrol leak if a meter is introduced into 
the fuel line. In non-fuel injection cars fuel 
flows reflect the characteristics of the 
carburettor float chamber as well as driver 
behaviour and the combination can be 
confusing to the driver particularly during 
motorway driving. By contrast the kinetic 
method can give a high quality signal to the 
driver. 
Trip m.p.g. is the average of the instan-

taneous values over the period since the tip data 
were reset to zero. Fuel consumed on trip is also 
calculated from the trip average m.p.g. figure. 
Provided that the power supply to the 

computer is maintained, all trip and calibration 
data are retained when the computer display is 
off and the car is not in use. 
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ACCELERATION MODE 
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Fig.2. The hybrid display system used. 

THE M.P.G. READOUT 
There has been considerable debate about 

whether a digital or analogue readout is best for 
car instrumentation in general and for the 
m.p.g. display in particular. The Outrider 
display (Fig.2) is something of a hybrid using 
three of the seven-segment I.e.d.s to display 
digital m.p.g. while the fourth I.e.d. is 
effectively an analogue display summarising 
how the car is being driven. This horizontal bar 
can be usefully positioned at the edge of the 
driver's vision when the driver is at the wheel 
and looking straight ahead. 

MAIN BOARD 
The heart of the circuit is a Motorola 6803 

single chip microcomputer (Fig.3). This chip 
contains the processor, 128 bytes of RAM, a 
programmable timer and 13 input/output lines. 
The program for the microcomputer resides in 
a 2K byte EPROM. A 74LS373 is used to latch 
the low order address lines from the 8 bit 
multiplexed address/data bus. Timing inform-
ation is derived from the 3.579545MHz crystal. 
This part is commonly available as it is used in 
colour t.v. sets. 

KEYBOARD AND DISPLAY 
Each of the four Led. digits and the 

function indicator I.e.d.s are controlled by a 
transistor driven from one of five output lines 
of the 6803. Rapid scanning of the digits 
synchronising with the data which is held in the 
74LS374 latch, to switch segments on or off 
gives the impression of all digits being on 
simultaneously but with great economy in 
wiring and components. 
The 7-segment I.e.d.s were selected for both 

their appearance and their high brightness. The 
latter is particularly important for car 
instruments which must be readable in all light 
conditions. 

The five digit lines are also used to scan the 
five input keys, which have a common line of 
input to the processor. The processor detects a 
key press when this line goes high. 
The Outrider contains calibration and trip 

information which must not be lost when the 
ignition is switched off. 64 bytes of the 6803 
memory can be retained even when the 
processor is turned off, through the Vcc 
standby pin. This pin is connected directly to 
the 5V regulator which is in turn connected 
directly to the I2V car battery. The power to 
the rest of the circuit is switched by a transistor 
which is turned on either by the ignition or an 
output line from the 6803. This enables the 
6803 to hold the power on to enter a defined 
power down sequence. 

TRANSDUCER 
The transducer is a high inductance coil 

mounted as close as possible to the rotating 
magnet  found  in  all  conventional 
speedometers. Normally it is sufficient to place 
the coil tight up against the back of the 
speedometer case and mounted at right angles 
to the axis of the drive cable. Exceptionally it 
could be necessary to drill through the 
speedometer side or back and locate the 
transducer internally although we have not 
known this to be necessary on any car to date. 
Each time a pole of the speedometer magnet 

passes the sensor coil a voltage is induced which 
is then converted to a digital signal by a Schmitt 
trigger on the main circuit board. The wires 
connecting the sensor coil to the main board are 
twisted to remove any electrical noise problems 
coming from the car's ignition circuit, Fig.4. 

PRINTED CIRCUIT BOARDS 
The main p.c.b. is fairly complicated and 

double sided. If you are building up your own 
boards then all holes are to be drilled to 0.8mm 
except for specific instances. On the main 
board the IN4003 diodes and the voltage 
regulator require Imm and the variable resistor 
1.5mm. The OV,  +12V and ignition 

THE COMPUTER OUTPUTS 

The keys display these functions 

Keys 
DIST 
FUEL 
MPG 

SPEED 

SET 

Functions 
Distance travelled on trip 
Fuel used on trip 
Instantaneous m.p.g. (above 20 m.p.h.) 
Trip average m.p.g. (below 20 m.p.h.) 
Instantaneous m.p.h. (above 20 m.p.h.) 
Trip average m.p.h. (below 20 m.p.h.) 
Display brightness 

COMPONENTS 
Resistors 
R 1,R5  270 (2 off) 
R2,R11  3k3 (2 off) 
R3  22/2W 
R4,R9,R15  10k (3 off) 
R6  470 
R7,R14,R20 
to 24  1k (7 off) 
R8  12k 
R10, R16  220k (2 off) 
R12  620k 
R13  2k2 
R17  22k 
R18  6k8 
R19  100k 
R25  4k7 

Potentiometers 
VR1  10k 0.1 W skeleton 

vertical, preset 

Capacitors 
Cl 
C2,C8,C9,C10 
C3,C5 

C4 
C6, C7 
C11 

1000µ elect. 40V 
47n (4 off) 
4714 elect. 16V 
(2 off) 
470n elect. 16V 
22p (2 off) 
10n 

Semiconductors 
ICI  7805 regulator 

(T0220) 
IC2  6803 mP 
IC3,1C4  3140 op. amp. (2 off) 
IC5  74LS10 
IC6  74LS373 
IC7  2716 EPROM 
IC8  74LS374 
XI to X4  D201PA 7-sag. 

display (4 off) 
TR 1,TR2,TR4 
to TR8 
TR3 
D 1, D3, D4 
D2, D5, D6 
D7 to D11 

2N3706 (7 off) 
2N3703 
1N4003 (3 off) 
1N4148 (3 off) 
3mm yellow I.e.d. 
(5 off) 

Miscellaneous 
S1 to S5  REKN 1A push 

switch (5 off) 
XTAL  3.579545MHz 
Sockets for i.c.s; sensor coil and clip; 

wire; p.c.b.s (see Shop Talk); heat sink; 
red filter; case 

Approx. cost  £65  
Guidance only 
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- —  TRANSDUCER 

— SPEEDOMETER 

TRANSUCER CORRECTLY FITTED ON SPEEDOMETER 

Fig.4. Distance sensor fitting to the 
speedometer. 

Fig.5. Front panel p.c.b. construction. 
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111111111111111, 

RIBBON CABLE OR W RES TO 
MAIN BOARD 

 0  

gmiu•Zi ameme memiime me miNi mimilme   
0-0 

connections also require I mm. On the front 
panel the two locating lugs on each of the five 
switches require I mm holes; the upper lug goes 
into the 5mm pad at the top of the switch 
position on the p.c.b. and the lower lug into the 
vacant small pad directly below this on the 5V 
rail. The case-front has a locating lug which 
requires a 3.5mm hole in the p.c.b. and a pad is 
provided between the switches and the 
7-segment I.e.d.s for this purpose. 

CONSTRUCTION — FRONT 
PANEL 
The front panel is a single sided p.c.b. 

(Fig.5). Put in the 10 wire links first. The five 
function indicator I.e.d.s come next. The 
shorter lead on the 1.e.d. is the cathode and 
should be inserted into the p.c.b. hole adjacent 
to the negative sign. A 5mm gap should be left 
between the board and the base of each I.e.d. 
This will allow the I.e.d.s to protrude into the 
holes provided in the case-front. 
Before soldering the 7-segment displays 

0 -0 -0 0 -0-0 0 -0 -0 0-0 -0 

 oo 60 flo 10 10  

oA a  OA  3 Ce° ,,  )  1 21.1 j 

inspect the p.c.b. for any bridges between 
adjacent tracks. Take extra care when soldering 
these particular components on. The 7-segment 
I.e.d.s can be placed in sockets which are 
soldered to the board, or soldered direct into 
the board themselves. The appearance of the 
computer when finished is enhanced if these 
1.e.d.s are soldered direct to the board. The 
other components can now be fitted but check 

that the five switches are correctly mounted 
with the location lugs in the board. The 
connecting wires from the front panel to the 
main board should remain on the rear of the 
front for soldering i.e. the connector wires 
should not wrap round onto the component 
side of the front panel, see Fig.9. But do not at 
this stage connect the front panel p.c.b. to the 
main board. 
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MAIN BOARD 
To asemble the main double sided board do 

not solder on components but begin by 
soldering the connections required between the 
two sides. There are 70 of these illustrated as 
single "black dots" in Fig.6. Next fit those 
components which require soldering on the top 
of the board (Fig.7). They are as follows: 
3k3 — pull-up resistor on pin 1 374 (R11) 
3k3 — pull-up resistor on the reset line (R2) 
6k8 — resistor into pin 8 of the 6803 (R13) 
2k2 — into the + 5V rail, potential divider in 
sensor circuit (RI 3) 
470 — pull-down resistor on pin 12 of the 
6803 (R6) 
diodes, anode on pins 10,8 of 6803 (D5, 
D6). 

Next, fit the resistors R20-R24. These should 
be inserted in the holes next to IC2 leaving 
about 3mm gap between the components and 
the p.c.b. These can now be soldered to the 
p.c.b. top and underside. The lead from the top 
of R24 should be bent back along the top leads 
of R20 tb R23 and down into the hole next to 
R20, see Fig.8. The tops of the resitors can now 
be soldered. The variable resistor is mounted 
vertically. Do not connect to the front panel 
yet. 

CASE ASSEMBLY 
Bend forward the heat sink vanes so that the 

main board fits snugly into the bottom runners 
of the case. Place the assembled front panel in 

01 

Fig.6. Through hole connections and details of the layout of the main, double sided p.c.b. 

1:0 

position too. In the main case there are two 
slots on each side which retain the case-front in 
position. These should be visible when both 
boards are in position and any obstructions 
trimmed off if this is required. Now solder the 
sensor and power leads to the underside of the 
main board, first passing these through the hole 
in the back of the case. 
We do not advise frequent opening and 

closing of the case so therefore do the bench 
tests (next section) before completing the 
assembly. Solder the connections between the 
two boards — these connection wires should 
not be pinched by the boards when the case is 
closed, i.e. it should close easily, see Fig.9. 
Again check that the slots in the case are visible 
with the boards in position. 
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You should check the operation of the 
Outrider GT1 before final assembly. Here are 
some guidelines: 
With the 12V connected, but with the ignition 
line open circuit, check that there is 5V on the 
ouptput of the regulator and Vcc standby (pin 
21 6803), and that Vcc and reset are low (pins 6 
and 7). The Outrider should draw a current of 
about 400mA with the display on and 300mA 
with the display immediately off which is 
reduced to 10mA after 15 minutes. If you have 
an oscilloscope or access to one the crystal 
frequency should be clearly seen on pins 2 and 
3 of the 6803. 
The keyboard/display strobes (pins 13 to 17) 

.on IC2 have a cycle period of 1.8ms. The cycle 
starts with all lines going high for the first 

RIGHT WIRING 

CASE 

(11111240J 
WRONG WIRING 

°V I (1+ 12  V 

• 
C3 

'Cl 

• • 

•  •  • 

RIBBON CABLE OR WIRES TO 
DISPLAY BOARD 

0.3ms. The remaining 1.5ms are divided into 
five slots in each of which one strobe line goes 
high. 
The variable resistor (10k pot.) should be 

adjusted until I .5V is given on pin 6 of the op. 
amp. (IC3) directly connected to the sensor. 
Care should be taken to set this voltage when 
the system has warmed up. To test the 
operation of the distance sensor hold the coil 
close to a mains transformer. A 50Hz signal 
should appear on pin 8 of the 6803. With the 
default calibration of the computer a 50Hz 
signal corresponds to a speed of around 
180 m.p.h. which is outside the range of 
normal operation of the m.p.g. function. 
However, the distance function will work 
normally with this signal. 

INSTALLATION 
Begin by choosing where you are going to 
mount the computer. It is very important to 
place it where you can read the display without 
taking your eyes from the road. Therefore the 
computer should be placed on top of the 
dashboard or high in the dashboard area. To 
mount the computer low in the dashboard can 
be dangerous. 
When fitting the distance sensor do use 

Blutak or similar product, not sticky tape. 
Blutak absorbs vibrations and keeps the sensor 
very firmly positioned which is essential to 
proper signal detection from the speedometer, 
see Fig.4. 
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There are just three electrical connections to 
be made between the computer and your car, 
these are the OV, + 12V permanent and + 12V 
when ignition on. The computer is designed for 
fitting to negative earthed vehicles only. Use a 
test light to identify the required connection 
points on the car. Each of these connections 
should be firm clean connections. The existing 
terminals and connectors on the car battery 
should also be in good condition. For positive 
earth cars write in for circuit modifications. 

DATA ENTRY AND 
CALIBRATION 
Pressing each of the four function keys, 

distance, fuel, m.p.g. and speed causes the 
appropriate digital readout to be displayed. To 
enter data as is needed for calibration the car 
must be stationary. The SET key is used in 
conjunction with the desired function key in the 
followinz ways: 
depress the set key for 2 seconds and SET is 
displayed 
depress the set key for 4 seconds and CAL 
is displayed. 
While either SET or CAL is displayed press 

the function key that you wish to tell the 
computer about, e.g. Fuel. Now any number 
between 00.00 and 99.99 can be entered as 
follows. Each of the four left-hand keys rolls a 
separate digit on the display. "roll-up" your 
desired number then press the SET key to 
finish. 
This is the sequence keys you will press to 

enter data 
SET  FUNCTION  NUMBER  SET 
(2 secs) 

Remember the car must be stationary and the 
SET key pressed for two seconds. 
Data entries are as follows for each function 

key: 

SET DIST 0000 SET - Resets all trip data to 
zero, e.g. fuel used on trip, distance travelled 
on trip and cost of trip 
SET DIST NUMBER SET - Predicts the fuel 
required and cost of a trip a NUMBER miles 
long 
Set fuel, set m.p.g. and set speed have no 

function. 
Calibrate the computer as follows: The 

calibration mode CAL is obtained by pressing 
the SET key for four seconds. Begin calibration 
by entering. 
CAL  DIST  0001  SET 
Now go for a drive. Drive for one mile and 

note the number which is displayed on the 
computer. Suppose this number were 1530, 
then enter this number (which is the number of 
pulses per mile detected by your distance 
transducer on the back of the speedometer) 
thus. 
CAL  DIST  1530  SET 

That completes the distance calibration. 
The next function is m.p.g. You should enter 

an estimate of what the average fuel con-
sumption of your vehicle is, in miles per gallon. 

Nom.. 

Accuracy is not important here as the computer 
will compute this figure for itself once it is 
fitted and a tank of petrol has been used. 
Suppose your estimate m.p.g. is 35, then, 
CAL  MPG  35.00  SET 

That provides initial m.p.g. calibration. 
The next function to calibrate is fuel. Fill the 

tank completely and reset the trip distance to 
zero and do not reset distance again until 
calibrate fuel is completed. Drive and use 
approximately a tank of fuel then refill the tank 
completely. Enter the number of gallons used 
between fill-ups, say 10.43 galls, 
CAL  FUEL  10.43  SET 

The computer will now calculate a new 
reference m.p.g. which may be viewed by 
pressing CAL MPG and then SET to return to 
normal again. 
Calibrate speed has no function. That 

completes all calibration. 
The Outrider GTI computer kit or part kit is 

available from Mark Space Enterprises - see 
Shop Talk page 40 for details. The computer 
design is protected by Patent GB 2 127 
545 B. 

A 600MHz 
.4 ....Zenith Electronics. 

Kits — Modules — Hardware 
CHRISTMAS SPECIAL: 
10-Channel variable speed running light 
Kit, drives LEDs or Mains lamps - plus 2 
FREE LED display boards and LED lamps. 
An ideal festive project. 

The following are examples of our proven product designs: 

*High quality touch dimmer 500W R/Built  £12.99 
*Selectable Tone Generator, 9V-12V operation  £5.50 
*3 Note Electronic Door Chime unit; 9 volt operation, 
3 melodious tones; variable frequency. Kit  £9.83 
*Miniature FM Transmitter; 60-145MHz. Kit  £6.95 
R/Built  £8.95 
*3 Watt FM Transmitter, 80-108MHz. Kit  £13.99 
R/Built  £18.99 
*300 Watt Light Dimmer unit for 240 volt mains lights. Kit  £6.95 
*4 Code Digital Code unit plus Key Pad - select own 
code; 9 volt. Kit  £15.95 
*5-100 Watt Electronic Loudspeaker Overload 
Protector, adjustable. Kit  £11.11 
*VU Meter 10 LED indicator; -5 to + 12dB range. Kit  £12.59 
*Automatic light controller; automatically turns on and off 
lights at pre-set times and triggered by darkness. Kit  £25.08 
*Mains Wiring and Metal Detector. R/Built  £11.00 
*Zenith Speech Processor P-202 R/Built  £25.00 
*18-Watt Car/Home Power Amp. I2-V. Kit  £13.23 
*Amplifier Power Meter; 10 LED indicator from 
0-25 - 100 Watt Input - 9 volt operation. Kit  £9.52 
*Light sensitive relay unit; variable sensitivity trigger 
control; senses light or dark - selectable . Kit  £8.45 

ALL KITS CONTAIN FULL INSTRUCTIONS: P.C.B.5 AND COMPONENTS. 
ALL PRICES INCLUDE VAT AND POSTAGE & PACKING. 
OVERSEAS ORDERS - add 10% TO ABOVE PRICES. 
PLEASE SEND CHEQUE OR POSTAL ORDERS WITH ORDER. 

Zenith Electronics, 
14 Cortlandt Business Centre, 
Hailsham, E. Sussex, U.K. BN27 1AE. 
Tel: 0323 847973  Telex: 878334 
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FREQUENCY COUNTER! 
IN THE NEW STYLE WINTER 1987/88 

Cirkit CATALOGUE 

• Oscilloscope Digital Storage Unit 

• Temperature Controlled Irons 
• 5 and 50W RF Power Heads 

•Eils of Discount Vouchers 

• Easy to Enter Competition 
• Quantity Price Discounts 
• PCB Prototyping System 

• 2 new HF Receiver kits 

• 24 hour order line 

• Component Packs 
• 12 new books 

• Special Offers 

electronic 

PACKED WITH NEW LINES I 
Available from your local newsagent or 

direct from Cirkit at the address shown below 

Grid 
Cirkit Distribution Ltd. 

Park Lane, Broxbourne. Herts EN10 7NQ 
Telephone (0992) 444111  Telex: 22478 
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DIGITAL 
SATELLITE 
JOHN WROE 

British Telecom International are now using a variety of high 
tech methods to increase the traffic and improve quality of 
satellite communications. 

THIS article is about a revolution in British Telecom Inter-
national's telephone services via satellite. BTI provides 
these services using its large satellite antennas at 

Goonhilly and Madley, BTIs second satellite earth station near 
Hereford. BTI has routes to about 110 countries and have over 
10,000 circuits. 
About 8 per cent of the satellite circuits are leased circuits, but 

the main telephony service is the simple dialled telephone call, 
calls for business, calls for pleasure, and a growing number of 
calls to machines. 
Most of this traffic has, since the beginning of satellite 

communications in the 1960's, been carried using an analogue 
technique known as frequency modulation. Several 10's or 100's 
of channels are carried on a single carrier which is separated 
from other carriers by being transmitted at a different frequency. 
Since those early days the technology has not changed 
dramatically. Until now. 

Frequency Division Multiple Access 

Frequency - -... 

Analogue transmission using Frequency 
Modulation 

Now we are witnessing the digital revolution — a wholesale 
change to digital technology which is affecting the entire global 
telecommunications network. By the early 1990's our 
international satellite network will be almost totally digital. This 
revolution is fuelled by two major advantages afforded by digital 
transmission. The first of these important factors is improved 
quality. 
Digital transmission improves quality because it becomes 

easier to control transmission impairments in a digital 
environment. Once the voice signal has been digitally encoded, 
it can be protected against noticeable degradation until after it 
has been decoded back into analogue form. As this digital 
encoding and decoding is brought nearer and nearer to the 
customer, often in his local exchange or even in his own 

BTI 
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TELEPHONE 
CIRCUITS 
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1994 1987 1990 1993 
company PABX, the opportunities for noise and crosstalk to 
affect the customer are reduced. Furthermore, distance becomes 
of no significance — calls half way round the world will sound as 
clear as a call to the next office. 
Digital transmission also helps us in our drive to improve 

efficiency of operation. The digital techniques which I am about 
to describe allow more traffic to be carried through the same 
satellite capacity than was possible using analogue frequency 
modulation. 

TD MA 
One of the digital transmission systems used is known as 

TDMA. This stands for Time Division Multiple Access. 

BTI ACHIEVEMENTS WITH TDMA 
OCTOBER 1985 

JANUARY 1986 

MAY 1986 

SEPTEMBER 1986 

Start of TDMA service on Atlantic MP2 satellite - 
first commercial operation of TDMA in INTELSAT 
network 

Start of TDMA service on Indian ocean primary 
satellite. World's first all-digital ISC-to-ISC link 
(London Keybridge to Oyama Japan) enters 
service via TDMA 

Start of TDMA service on EUTELSAT network 

Start of TDMA service via Goonhilly Aerial 6 
on Atlantic Primary satellite 
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With TDMA, instead of the transmissions from different 
stations being separated from each other by transmitting them at 
different frequencies, they are transmitted at different times. 
The digital information is transmitted in short bursts in a 
prearranged sequence every two milliseconds. At any one 
instant, only one burst is passing through the satellite 
transponder. 
This leads to a major advantage of TDMA. Since the 

amplifier in the satellite transponder has to cope with only one 
signal at a time, higher powers can then be used for the 
transmission back to earth without intermodulation in the 
amplifier causing interference to other signals. 
The signals have to be carefully timed such that, when they 

arrive at the satellite, they do not collide and interfere with each 
other. Instead they interleave and reach the satellite one at a 
time. The timing has to be extremely accurate — the gap between 
bursts is only one microsecond. Let me put that in context. 
First I should explain that a signal takes about 120 

milliseconds to get from an earth station to the satellite. So if a 
burst is transmitted from a particular station every two milli-
seconds, there will be about 60 bursts "in transit". Furthermore 
the various earth stations are different distances from the 
satellite. 
The guard time allowed between the bursts I said was only one 

microsecond, and at the speed of light that corresponds to a 
distance of only 300 metres. You can see that the timing of each 
burst is critical. 
The task is made even more difficult by the fact that the 

satellite, though geostationary, can move by as much as 300km 
each day. It makes the police displays with motorcycles criss-
crossing in front of each other look tame indeed. 
British Telecom International, together with COMSAT in the 

United States, established the first commercial traffic using 
TDMA in the INTELSAT system in October 1985. BTI now has 
four TDMA terminals in operation, two over the Atlantic, one 
in the Indian Ocean region, and one in the European 
EUTELSAT network. The latest of the terminals is installed at 
Goonhilly and operates via Aerial 6. 
A major milestone was the introduction of BTIs second 

TDMA terminal at the Madley earth station, in January 1986. A 
digital service to Japan was introduced facilitating what is 
believed to be the world's first intercontinental all-digital link 
between the digital international exchanges at Oyama in Japan 
and Keybridge in London. 
TDMA now provides BTI with service to 20 countries and is 

carrying over 30 per cent of the satellite telephony traffic. 

LOOKING FOR WARD 
The next generation of INTELSAT satellites, the INTELSAT 

VI series, will allow a further advancement. Current satellites 
transmit and receive with various different beams, their signals 
are directed to particular parts of the earth's surface as hemi, 
zone and spot beams. Unfortunately the interconnection 
between these beams has to be static and since the amount of 
traffic in each beam will not fill an integer number of 
transponders, this represents a constraint on efficiency. 

INTELSAT V Atlantic Ocean beam coverages 

Four stories high — The prototype of Intelsat VI, the world's 
largest commercial communications satellite, undergoes its 
final series of tests at the Space Simulation Laboratory of 
Hughes Aircraft Company in El Segundo, California. During 
more than 30 months of developmental tests, the 40-foot-high 
prototype, acted as a guinea pig for engineers building the 
five Intelsat VI flight spacecraft. Operated by the International 
Telecommunications Satellite Organization, each Intelsat VI 
will be able to simultaneously carry 120,0(Y) telephone calls 
and three television channels, making it the world's highest 
capacity commercial satellite. The first in the series is 
scheduled to be launched on an Ariane rocket in 1989. 

Need a lift? — In the weightlessness of space, the antennas of 
Intelsat VI will be able to unfold on their own, but during 
earthly tests the two larger antennas need a lift to defy gravity. 
Engineers at Hughes Aircraft Company in El Segundo, 
California, turn to helium-filled balloons to do just that. 
Intelsat VI, shown without its solar-cell skin, is the world's 
largest commercial communications satellite. 
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The INTELSAT VI satellite has on-board a fast acting switch 
matrix which will route bursts coming up in one beam to various 
different down links. Similarly, a single downlink can have 
traffic routed from various different uplinks. The switching is 
dynamic and has to be synchronised to the operation of the 
TDMA network. Thus it switches in-between bursts from 
different earth stations and provides improved-connectivity 
through the satellite. The result is a further improvement in 
utilisation of the valuable resource which the satellite represents. 

IDR 
The other main digital transmission system which is to be used 

via satellite is known as Intermediate Data Rate (or IDR) 
Carriers. In this case the signals are once again separated by 
frequency as they were for the original frequency modulated 
carriers, however the IDR carriers use digital modulation (four 
phase Phase Shift Keying) and a sophisticated error correcting 
system to achieve an efficiency of operation which still exceeds 
that of the frequency modulation systems. 

Intermediate 
Data Rate 

DIGITAL CARRIERS 

FREQUENCY 
Modulation:  4 phase shift keyed 
Error Correction: soft decision 3/4 rate punctured VITER/11 

IDR does not attain quite the same high efficiency s TDMA 
but it provides a simpler alternative for those many smaller 
countries for whom the expense of a TDMA terminal cannot be 
justified. 

CME 
Whilst these digital transmission systems are, in themselves, 

more efficient than their analogue predecessors, they also permit 
use of digital speech processing techniques which can provide a 
dramatic further increase in efficiency. These techniques are 
termed "Channel Multiplication". 

30 
CUSTOMERS 

Imagine this situation where the transmission system provides 
30 circuits between two countries — so permitting 30 telephone 
conversations. By adding channel multiplication equipment, we 
can at least double the effective capacity to 60 circuits. How do 
we do it? 

Circuit Multiplication Equipment 

30 
CHANNELS 

60 
CUSTO MERS 

If you listen to a telephone channel in one direction, you will 
hear that there are natural pauses in the speech while the 
customer is listening to the other party. So for more than 50 per 
cent of the time our valuable transmission capacity is carrying 
silence! What a waste! 

HELLO YES IT'S ME HOW ARE YOU? 

60% is silence! 

While that customer is silent, why not use his transmission 
channel to carry snippets of speech from another customer? We 
could switch each customer onto the transmission channel only 
while he is speaking, like this: 

Speaker 1 

HELLO 

Speaker 2 

frEs rrs ME 

TONIGHT THEN? 

HOW ARE YOU? 

YES DARLING 

Of course, we cannot expect our two customers here to time 
their conversation so conveniently, but if we have a large number 
of circuits it does become possible to carry them on a pool of 
transmission channels, or bearer channels, numbering less than 
half the number of transmission channels. For example 60 
conversations could be carried over just 30 bearer channels in 
each direction, a channel multiplication of two. 
The Digital Speech Interpretation equipment has to detect 

activity on each input channel and then assign the active 
channels to a pool of bearer channels over the satellite. When an 
input channel becomes silent, the equipment will assign the 
bearer channel to another input channel which has become 
active. The equipment has to send control messages to the 
receiving equipment so that the right bearer channels can be 
connected to the right circuits and hence to the right listener! 
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Digital Speech Interpolation 

OMIT Cluurna1.6 

ACTIVITY 
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SWITCH 

116.4 .11:11 
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Digital Speech Interpolation gives a gain of from 2 up to 2.5 

TO 
SATELUTE 

This may seem a fanciful way of increasing network efficiency 
. . . in fact it is in service and operating on over 30 per cent of 
BTI satellite telephony traffic. It operates so well that the 
customer does not even notice! 

LRE 
Another method of improving our tranmission efficiency is 

known as Low Rate Encoding (LRE). Speech is normally 
encoded for digital transmission using PCM - pulse code 
modulation - and requires 64,000 bits per second to provide 
telephone quality. 
International standards are now being established which 

permit transmission of speech, with comparable quality using 
only 32,000 bits per second, half the bit rate of normal PCM. 
The techniques is known as ADPCM - Adaptive Differential 
Pulse Code Modulation. By converting the speech coding to 
ADPCM it is possible to halve the transmission capacity 
required for a given number of circuits. This provides a circuit 
multiplication of two. 
Equipment which combines both techniques - DSI and LRE 
- is being developed and will be in service next year in BTI's 
network. The gains achieved using these techniques multiply 
together - two and a half for DSI and two for LRE - to give 
an overall gain of five. 

Digital Circuit Multiplication Equipment 

150 INPUT 
CHANNEI-5 
15x 30) 

ACTIVITY 
DETECTOR 

ASSIGNMENT 
PROCESSt,R 

DCPAE 

CONTROL 
CHANNEL 

SWITCH ADPCM 

30 
BEARER 

CHANNELS 

DCME, combining DSI and LRE, gives a gain of about 5(2 x 2.5) 

TO 
SATELLITE 

CONCLUSION 
The use of techniques such as I have described is leading to 

much improved efficiency of utilisation of the satellites currently 
in orbit. This means that the continuing rapid growth in demand 
for international telephone traffic can be accommodated 
without increasing the number of satellites. Hence BTI are 
avoiding the need to build additional antennas and are keeping 
down the cost to the customer. 
The use of digital techniques is not only bringing economic 

advantages. They simultaneously bring improved and more 
consistent quality. The introduction of digital transmission 
systems and circuit multiplication equipment and the abolition 
of the old analogue regime, is nothing short of revolutionary.0 

*John Wroe is Head of Digital Systems BTI. 

NEW THIS MONTH 

Z810 KEYBOARD. Really smart alpha 
numeric standard qvverty keyboard with 
seperate numeric keypad, from ICL's One 
Per Desk' Nicely laid out keys with good 
tactiled feel. Not encoded  - matrix 
output from PCB taken to 20 way ribbon 
cable. Made by Alps. Size 333 x 106mm. 
73 keys. £8.95 

BARGAIN OF 
THE MONTH! 

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 £1.00 

Z811 Cunlana Touch Pad for the  BBC 
Computer. This remarkable add on enables 
you to draw on the screen using a stylus with 
the touch sensitive pad. Supplied with 2 styli,. 
pfoweridata connecting lead Es demo tape 
with 4 progs. Contains state of the art 
electronics. Originally being sold at £9.95, 
later reduced to £49.95 - but we can offer a 
limited quantity of these brand new and 
boxed for lust £19.96 

OUT NO W - 88 pages of bargains from 
resistors to disco mixers. Price includes 
latest bargain list, discount vouchers, 
order form. Don't be without your copy 
- send E1.00 now! 

Z494 Motherboard microprocessor 
panel 265 , 155mm. Complete PCB for 
computer. Z80, char EPROM, etc. 68 
chips altogether  + other associated 
components, plugs, skts, etc.  £5.50 

-2495 RAM panel. PCB 230 x 78mm with 
14 x MM5290 - 2 141161 (2 missing) giving 
28k of memory. Also 8 LS chips. These 
panels have not been soldered, so chips 
can easily be removed if required. £5.00 

'NE WBRAIN' PSU 
BRAND NEW Stabilized Supply in heavy 
duty ABS case with rubber feet. Input 
220/240V ac to heavy duty transformer 
via suppressor filter.  Regulated DC 
outputs: 6.5V @  1.2A;  13.5V @ 
0.3A;  12V @ 0.05A. All components 
readily accessible for mods etc. Chunky 
heatsink has 2. TIP31A. Mains lead 
(fitted with 2 pin continental plug) is 2m 
long. 4 core output lead 1.5m long fitted 
with 6 pole skt on 0.1" pitch. Overall size 
165 x 75 x 72mm.  £5.95 ea 10 for £40 

Z679 KEYBOARD 62 keys on ally chassis 
260  90mm. No PCB.  £6.50 

Z670 HANDBOOK 204pp.  Useful 
appendix (about 5 the book) gives some 
tech info.  £5.00 

Z674 DATA PACK. Interfaces and 
connector pin-out, i/p, o/p, port map, cct 
diagram + data on COP420C  £2.00 

2672 MOTHERBOARDS Complete but 
probably faulty.  £3.50 

AMPLIFIERS 
2806 Sturdy steel case 305 300  12Ornm 
contairisILP HY60 amp module, control/pre-
amp PCB. PSU, small monitor amp + 
speaker. £12.50 r- 1.3 car,. 

Z807 As above but incorporates cassene deck 
built into top of case, also batt. back-up 
k 6V 1.2AH sealed lead acid bans). Push-

button bank on front panel controls cassette, 
power etc.  £22 + £3 
Full details of these on B iL 33  carr. 

SOLAR CELLS 
Giant size, 90mm die giving 0 45V 1.1A 
output. (4 each; 10 £3.50 
Mega  size  - 300  300mm  These 
incorporate a glass screen and backing panel, 
with wires attached 12V 200mA output. Ideal 
for charging nicads. £24.00 

2652 COIN ACCEP10F1 MECHANISM 
Made by Coin Controls, this will accept 
various size coins by si mple adjustment of 4 
screws. Incorporates various security features 

magnet, bent coin rejector etc. 
Microswitch rated 5A 240V. Front panel 
115 64, depth 130mm Cost £10.85. Our 
price  £4.00 

CREAM DISPENSER 
1801 Coin operated machine for dis-
pensing hand cream. Cabinet 620. 365 x 
200mm, wt 10kg, contains coin mech, 
PCB, counter, pump mech consisting of 
high torque geared 6V motor driving cam 
that  pumps  cream  and  sensing 
components, all powered by internal 6V 
2.6A rechargeable battery  £15 + £5 

carr. 
Parts available separately. See list 30  

SPEECH CHIP 
2733 SP0256A + index chip  ULA chip 
as used in Currah microspeech. Cct and 
info for using SPQ256 with Spectrum, 
ZX81, BBC, VIC Et C64. No info on other 
2 chips. All 3 for  £3.00 

AUTO DIALLER 
Sloping front case 240 x 145 x 90/50 
contains 2 PCBs: one has 4 keypads (total 
54 switches) + 14 digit LED display, 
2 x ULN2004, ULN 2033 and 4067; the 
other has 12 chips + 4 power devices etc. 
Case contains speaker. 8 core cable 2m 
long with plug. For use with PA BX £9.00 

SWITCHED MODE PSU 
Astec type AA7271. PCB 50 x 50mm has 
6 transistor cct providing current overload 
protection, thermal cut-out and excellent 
filtering. Input 8-24V DC. Output 5V 2A. 
Regulation 0.2%  £5.00 

PANELS 
2620 68000 Panel, PCB 190 x 45 believed 
to be from ICL's 'One per Desk' computer 
containing MC68008P8 18IV1Hz 16/8 bit 
microprocessor, i- 4 ROMs, all in skis; 
TMP5220CNL, 74HCT245, 138, LS08, 38 
etc  £5.00 

Z625 32k Memory Board. PCB 170 x 170 
with 16 2k x 8 6116 static RAMs. Also 
3.6V 100 mA memopack nicad, 13 other 
HC/LS devices, 96w edge plug, 8 way 
DIL switch, Rs, Cs etc.  £4.80 

SOLDER SPECIAL!! 
* 15 W 240V ac soldering iron 

* High po wer desolder pu mp 
* Large tube solder 

ALL FOR 

£7.95 

V I M 
GREEN WELD 

ELECTRONIC 
COMPONENTS 

All prices include VAT; lust add El .00 P&P 
Min Access order (5. Official 
orders from schools etc. 
Nelcome min invoice charge 110. 
Our shop has enormous stock of components and is open 
9-5.30 Mon-Sat. Come and see us' 
Send S A.E. for latest Bargain List 

443D Millbrook Road, Southa mpton 
SO1 OHX. Tel. 107031 772501/783740 
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Constructional Project   

CAPACITANCE 
METER 
ANDY FUND 
An easy-to-use test meter that will 
check values from 1 00p to 1 000,uF. 
Invaluable for checking unmarked 
capacitors 

REsisroRs are easy to check. Every 
electronic workshop has (or should 
have!) a Multimeter, which will 

measure resistance directly on suitable ranges. 
This is only right, considering that the resistor 
is the most frequently used component in many 
circuits. 
The next most common item is the capacitor 

however, and by contrast, it is generally quite 
difficult to check the value of one of these. The 
generally accepted method is with a capacitance 
bridge but few hobbyists seem to possess one. 
Probably because a good bridge is expensive. 
Also, a certain amount of experience is often 

required to operate it. Obviously, a need exists 
for a simple„ inexpensive capacitance 

measuring instrument. 
The Capacitance Meter described here is as 

simple to use as a voltmeter. The capacitor is 
placed across the terminals, a suitable range 
selected, and the value can be read on pressing 
a button. Should it be out of range the meter 
will read zero or full scale, indicating the 
direction of range switching needed. 
Despite its simplicity it offers ranges from 

100pF to 1000g, greater than most previous 
designs. At one extreme it can measure the few 
picofarads between tracks on stripboard, at the 
other the actual value of a 470pF electrolytic 
can be indicated. Despite their enormous 
tolerance factors these still appear as "timing" 
capacitors in some projects! 

HO W IT W ORKS 
Although simple to use, the instrument's 

operation is moderately complex and requires 
some explanation. The block diagram for the 
Capacitance Meter is shown in Fig. I. 

The capacitor being checked, Cx, is 
connected as the timing element in a simple 
oscillator circuit built around a 555 timer. The 
latest version of this is used, the TLC555 
produced with "linCMOS" technology. This is 
faster than the CMOS ICM7555 and in the 
author's experience less electrically fragile, yet 
it retains CMOS characteristics; low 
consumption, high input impedance and an 
output that switches all the way to the supply 
rails. 
During positive half-cycles of oscillation, 

capacitor C is charged through resistor R. 
Whilst the output is negative this capacitor is 
discharged through the timer's own discharge 
transistor. 'Inc maximum voltage reached 
across C therefore depends on the length of the 
charge periods, which in turn depend upon the 
value of C. 
The rate of rise of voltage across C is in fact 

Fig.2. Complete circuit diagram for the Capacitance Meter. 
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Fig. 1. Block diagram of the 
capacitance meter. 
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exponential, but as full scale corresponds to 
only about a fifth of the supply voltage the 
voltage reached is practically linear with time. 
The maximum value is detected, and with 
suitable values of C and R gives a direct 
indication of the value of C. 
Where Cx is above, say, 1001.4F the frequency 

of oscillation is low, a few hertz at most. 
Greater speed would require too much current 
for the intended battery operation. 
A low frequency rules out any form of 

"averaging" output circuit though, as this 
would take an unreasonably long time to settle. 
Instead, a sample-hold technique is used. The 
peak detector follows the voltage on C as it 
rises, then remains at the maximum value 
reached. 
A second oscillator drives circuitry that 

periodically reads and stores the detected 
voltage before resetting it. The meter indicates 
the currently stored voltage. The frequency at 
which this happens is about I Hz; the meter can 
be seen "stepping" and should reach a stable 
reading within two or three cycles, regardless of 
the range in use. 

CIRCUIT DESCRIPTION 
The full circuit diagram for the Capacitance 

Meter appears in Fig. 2. The oscillator follows 
the simplest possible arrangement, a, the 
capacitor "under test" being connected 
between ground and ICI pins 2 and 6, with a 
single feedback resistor from the output, the 
value of which is selected by "Range" switch 
S Ia. 
The lowest resistor value required for the 

100pF and 1000p4F ranges, is 100 ohms. ICI's 
output cannot provide enough current for this 
so transistors TR1 to TR4 buffer it. The 
coupled collectors of TR3, TR4 follow pin 3, 
but provide greater current. 
Whilst positive, they also charge capacitor 

CI through the resistor selected by Slb. Whilst 
they are negative Cl is discharged rapidly 
through ICI pin 7, behind which lurks the 
chip's "discharge" transistor. 
If the voltage on Cl exceeds 

that on capacitor C2, IC2, 
through TR5, pulls C2 up to 
match it. Initially there is a 
discharge path across C2 so it 
will retain the highest voltage 
reached. 
Sample-holding is implemen-

ted through IC3, a CMOS 4016B 
"quad analogue switch". 
Switches IC3c and IC3d are 
connected  as  an  astable 
oscillator, the frequency being 
set by capacitor C5 and resistor 
R21 to about 1Hz. 
There are two outputs, 

appearing across resistors R17 
and R22, which go positive 
alternately. As they do so, they 
pulse the two remaining switches 
IC3a and IC3b for brief periods 
set by R18,C4 and R16,C3. 
When IC3a is closed, the voltage 
on capacitor C2 is transferred to 
capacitor C6; when IC3b closes 
resistor RI5 leaks some charge 
from C2. Between each "read" 
and "discharge" pulse there is 
plenty of time for C2 to regain 
the peak value from Cl, at even 
the slowest operating speed. 
A simple voltage-to-current 

arrangement, for displaying the 
voltage from capacitor C6 on the 
meter, is made up by the 
components  around  IC4. 
Transistor TR6 is a clamp circuit 
for limiting the maximum input. 

Range. 

In the course of design it was found that on 
powering up, the meter drove hard to full scale. 
The cause seemed to be some form of 
breakthrough occurring in 1C3 as the supply 
voltage first appeared across this chip. As push-
button operation was intended, and the sight of 
the meter being overdriven each time was 
disconcerting, a cure was provided by capacitor 
C7, which operates the clamp briefly as power 
is applied. 
A stable supply voltage is necessary, this 

being provided by the 5V regulator IC5. 
Transistors TR7 to TR9 compare the battery 
voltage against the regulated supply and drive 
I.e.d. D4. So long as the battery is healthy the 
I.e.d. is lit, but it extinguishes sharply at around 
7.5V. 

LO W VALUES 
The difficulty of measuring large capacitors 

has been mentioned but at the other end, the 0 
to 100pF scale presents its own problems. This 
is likely to be very useful to radio enthusiasts, 
so it should be as accurate as possible. 
During breadboarding, it was found that the 

meter would not zero on this range due to stray 
input capacitance, probably including that of 
ICI. The solution was the use of the variable 
capacitor VC I , which can be adjusted to 
neutralize the strays. When the complete 
instrument was assembled however, the 
imbalance had swung the other way. 
The range-switch wiring was contributing 

too much neutralising capacitance on its own. 
A 22pF polystyrene capacitor was placed 
directly across the input, which allowed zero 
adjustment with VC1 as before. 
There remains some non-linearity across this 

range though, about five per cent of scale, 
which is probably unavoidable in a simple 
meter of this type. Options for dealing with this 
will be described in the setting-up procedure. 

•toouF 

• 1000uF 

• power 

COMPONENTS 
Resistors 
R 1, R2, 
R 10, R27  I 

R3,R4,R7,  1 
R15,R17,R22, 
R23,R24,R25, 
R26, R28 

R5,R12,R16, 
R18 

R6,R11,R19 
R8,R14,R29 
R9 
R13,R20 
R21 

All 0.6W 
1% metal film 

4k7 (4 off) 

10k (11 off) 

1M (4 off) 

1013k (3 off) 
1k (3 off) 
100 
10M (2 off) 
4M7 

See page 40 

Potentiometers 
VR1  10k Cermet skeleton 

preset, horizontal 
VR2  1k Cermet preset 

Capacitors 
Cl 
C2 
C3,C4,C5, 
C10,C11 
C6 
C7,C9 

C8 
C12 
C13 

VC1 

47n polyester layer 
14 polyester layer 
100n polyester layer 
(5 off) 
10n polyester layer 
1014 axial elect. 25V 
(2 off) 
in ceramic 
10001.4 axial elec. by 
22p polystyrene, to fit 
across input 
(see text) 
2-20p trimmer 

Assorted 1% values for calibration; 
10n, 100p, values below 100p, 
see text. 

Semiconductors 
D1, D2, D3  IN4148 (3 off) 
D4  3mm Hi-bright, 

red I.e.d. 

BC184L npn silicon 
(6 off) 
BC214L pnp silicon 
(3 off) 

IC1  TLC5551inCMOS 
timer 

IC2,1C4  3130 CMOS op-amp 
(2 off) 

IC3  4016B CMOS quad 
analogue switch 

IC5  78L05 5V 100mA 
voltage regulator 

TR 1, TR4, TR5, 
TR6,TR7,TR8 
TR2,TR3,TR9 

Miscellaneous 
Case, ABS plastic box 150mm x 

80mm x 50mm; printed circuit board, 
available from the EE PCB Service, 
code EE590; ic sockets, 8-pin (3 off), 
14-pin (1 off); Si, "Maka-Switch" 
miniature shaft assembly and "Make-
Wafer", 2-pole 9-way; S2, push-button 
switch — "press to make"; ME1, 1mA 
f.s.d. meter; red and black terminal 
posts; multicoloured ribbon cable; PP3 
battery and connector; Pointer knob. 

Approx. cost 
Guidance only £24 
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Fig.3. Printed circuit board component layout, interwiring details to case mounted components and full size underside 
copper foil master pattern. This board is available from the EE PCB Service, code EE590. 

CONSTRUCTION 
Before commencing construction, care 

should be taken to see that the board is clean. 
Parts of this circuit operate at very high 
impedance where leakage can cause substantial 
errors, so it's worth giving it a wipe with a 
solvent cleaner and washing one's hands before 
assembly to prevent any risk of contamination 
by skin oils, etc. 
All the components including the range' 

selection resistors, are assembled on a single 
printed circuit board. The component layout 
and full size copper foil master pattern being 
shown in Fig. 3. 
In some places components are quite closely 

packed, so care and a fine-tipped iron are called 
for. In general it's best to fit components in 
order of physical height, as this makes for 
easier handling and less problems keeping them 
in place whilst soldering. "Heigett order" for 
this project begins with three links, followed by 
fifteen horizontally mounted resistors. 
Sockets are recommended for ICI to IC4 as 

this both protects them and aids testing. These 
ICs should not be plugged in yet. The two 
variable resistors VR1 and VR3 were 
"cermets" on the prototype; these are 
recommended, but standard sub-miniature 
types can be used, the board is designed to 
accommodate either. 
When the board is assembled, some testing 

can be carried out before fitting in the case and 
wiring to the range switch. A long lead should 
be connected to the "meter" points (it can be 
shortened later) and the light emitting diode D4 
fitted on about 8cm of lead. 
Ribbon cable is suggested for all con-

nections, for neatness and reliability. 
Temporary leads can be soldered to the battery 
points for testing. 
If the board is now powered with just the 

I.e.d. connected, this should light. Following an 
initial surge as the electrolytics charge, the 

consumption should be around I 1mA, most of 
which will be drawn by the I.e.d. 
A potential of 5V should appear across 

capacitor C9, indicating correct operation of 
IC5. If the facility is available (bench power 
supply, etc), the supply voltage can be reduced 
until the led. extinguishes, this should happen 
at about 7 to 7.5V. 
If all appears well, the meter can be con-

nected and IC4 plugged in. With potentiometer 
VR2 set mid-way, as the board is powered the 
meter will probably "twitch". 
The meter circuit's input can be accessed 

through pin II on IC3's socket (fourth one up, 
right-hand side). If this is touched with one 
hand, touching positive supply with the other 
should cause the meter to rise, possibly to the 
stop, whilst touching negative should cause it to 

fall. It should hold at random points when the 
input is open circuit, reading whatever voltage 
is retained by C6. 
If this test is successful, IC3 can be plugged 

in and the board powered again. This time the 
meter should read zero but a very slight pulsing 
may be visible at about 1Hz, which may 
increase when the top of capacitor C2 is 
touched. 

Touching the positive supply with the other 
hand at the same time should cause the meter to 
rise but it should return to zero when released, 
in steps at about 1Hz. Next, IC2 can be 
inserted, after which touching the right-hand 
side of capacitor Cl with one hand and positive 
supply with the other should cause the meter 
reading to rise, and CI with negative a fall to 
zero. 

The completed meter with the board removed. All wiring passes under the board and 

should be long enough to allow it to be removed during calibration. 
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Fig.4. Position of the range switch shaft 
assembly prior to fitting the contact 

wafer. 

RANGE SWITCH 
Further testing requires the use of the range 

switch, so assembly and wiring of SI should be 
completed. The ranges provided on the meter 
require more than one component value to be 
switchable, so a 2-pole 8-way switch is needed. 
A "miniature Maka-switch" assembly is used 
as a suitable wafer is available. 
The correct assembly and wiring of this is not 

obvious, so it will be described in detail. The 
parts required are a "Shaft Assembly" and a 
"2-pole 9-way" wafer, preferably "break-
before-make". A point to note is that the wafer 
contacts are delicate and may catch and bend if 
the rotor is carelessly turned before assembly. 
Whilst they can be straightened again, a watch-
maker's skill is called for! 
The first step is to remove the fixing nut, 

lock washer and locating tab from the shaft 
assembly bush. Adjust the stop to No. 8 and 
replace the other components with the locating 
tab facing forwards. Cut the shaft to suit the 
knob and check that there are indeed eight 
positions. 
Rotate the switch spindle anticlockwise (to 

position 1), then turn over so that the wafer 
side is uppermost and the locating tab is lower 
left, as shown in Fig. 4. Next take the wafer, 
which has contacts and a rotating centre on 
each side. It will be seen that one of the moving 
poles is in one piece, with a single wiping 
contact, whilst the other is in two parts with 
two wipers. 
With this latter side facing away from the 

switch, turn carefully to the position shown in 
Fig. 5 and fit to the shaft. When wired as 
shown, the assembly will now provide the two 
8-way switches required. 
Two separate lengths of multicoloured 

ribbon cable with five and six-ways are used to 
connect the board to the switch, one for each 
section. These should be 18cm long, and are 
soldered first to the board, then to the switch. 
On the prototype this was done before 

assembly into the case, the switch being held in 
a small vice. The links between contacts are 
made from insulated wire to avoid risk of 
shorts. 

CASE 
Detailed case drilling dimensions are given in 

Fig. 6 as some of the internal clearances are 
small. The board and other components are 
mounted in the case as shown in the photo-
graphs, all connections save those to the power 
supply being made with ribbon cable. The 
wiring to the circuit board is shown in Fig. 3. 
All the wiring passes under the board and the 

use of ribbon cable makes it easier to lie flat. It 
should all be long enough to allow the board to 
be pulled out for access beside the case during 
calibration. 
Red and black input terminals are provided 

for Cx ("capacitor under test"), with the black 

WAFER VIEWED AS FITTED TO SHAFT 
AND TURNED TO POSITION .1. 
THIS IS REAR VIEW - ROTATION TO 
OTHER POSITIONS IS ANTI -CLOCKWISE 

Fig.5. Interwiring details for the range switch Si. The switch should be wired to the 
circuit board using 6-way and 5-way multicoloured ribbon cable. 
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Fig.6. Case drilling details. The circuit board and other components are mounted in 

the case as shown in the photograph below. 
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being connected to the negative supply side of 
the input, indicating polarity for electrolytic 
testing. A 22pF polystyrene capacitor (C13) 
should be connected directly across them. 

CALIBRATION 
For calibration only, bypass the push-button 

so that the supply is on continuously whilst the 
battery is fitted. A simple short across the 
button terminals will accomplish this. 
Calibration is carried out with suitable test 

capacitors,  1 per cent silvered mica or 
polystyrene types being ideal.  Begin by 
connecting a lOnF capacitor across the 
terminals and switching to the lOnF range. 
Adjust VR2 for a full scale reading. 
This is the only calibration needed for all 

ranges save 100pF. For this, first connect a 
100pF capacitor and adjust VR I for full scale. 
Then connect a 10pF and adjust VC1 for 10 per 
cent scale. Then connect a 10pF and adjust 
VC1 for 10 per cent scale. Repeat this 
procedure until the reading is correct at both 
points. 
When calibrated in this way the prototype 

exhibited some non-linearity on this range, 
from 20 per cent to 90 per cent the readings 
were a little high. If the lower adjustment was 
carried out at 22pF instead of 10pF the 
accuracy improved, but below 22pF the 

readings became so inaccurate that the ability 
to indicate values below 10pF was virtually lost. 

A slightly better solution was to adjust for 
"best compromise", but best of all is to 
calibrate as before, then, with the help of 
suitable values of silvered mica, mark the 
cardinal points for this range separately on the 
meter scale. Quite outstanding accuracy for 
such a simple meter can be obtained in this 
way. 

CONCLUSION 
This instrument should prove invaluable in 

any workshop. It's far quicker and simpler to 
use than a bridge, and quite accurate enough 
for most purposes. 
The true value of large electrolytics can be 

easily checked, useful where tolerances can be 
as much as —20 per cent to + 50 per cent. At 
the other end of the scale, the capacitance 
between adjacent stripboard copper tracks, 
ribbon wires and the cores and screens of 
shielded cables can be measured. 
In between it will cope with all those 

capacitors whose markings are ambiguous or 
have rubbed off, and with trimmers of 
uncertain origin and span. Even the effects of 
temperature on ceramics can be observed. In 
short, most constructors will soon wonder how 
they ever managed without it. 

SHOP 
TALK 
Catalogue Received 
With so many new lines in the latest 

176-page Cirkit catalogue it is difficult to select 
one particular product for special mention. 
However, just to mention two items that 
caught the eye there is a printed circuit board 
"workstation" that is claimed to remove most 
of the mess from making your own p.c.b.s and 
under the "Kits Et Modules" section is a new 
mobile CB rig. 
The Uniden 400 is claimed to be the first CB 

kit in the UK to be designed and approved to 
the new CEPT regulations. Designed for the 
27MHz CB band, the 400 is a 40 channel, 
synthesized controlled,  f.m.  transceiver 
suitable for mobile operation. 
The new edition has been completely 

restyled and the pages certainly seem better 
visually and easy to follow. The only minor 
criticism is that devices would be easier to 
locate and make the "semiconductor index" 
easy to follow if it was in alphanumeric order. 
With over £200 in prizes to be won, the top 

prize in this year's, easy to enter competition is 
a Thandar 600MHz Frequency Counter valued 
at £156.25, including VAT. Second prize is a 
digital multimeter and third, fourth and fifth 
prizes are a Cirkit 2000 digital timeswitch. Five 
runners-up will each receive a component pack 
containing an assortment of components. 
The Winter 1987/8 edition catalogue lists 

well over 3,000 product lines and still only costs 
the reader £1.20 from most large newsagent 
stores. It also contains redeemable discount 
vouchers with values from f 1 to £4, usuable on 
orders over £15, £30, £45 and £60 respectively. 

BY DAVID BARRINGTON 

GTi Car Co mputer 
At first sight some readers may feel that the 

GTi Car Computer may be beyond their 
expertise, but don't be put off, with the use of 
a double-sided printed circuit main board the 
construction of this excellent project should be 
within most constructors capabilities, provided 
the instructions are followed carefully. 
Obviously, with a project of this nature some 

of the components used are "specials" and 
arrangements have been made with Mark 
Space Enterprises to supply these in kit form. 
A kit comprising those parts not generally 
available, i.e. case, front panel label and 
switches 15 off), p.c.b.s, four seven-segment 
displays, sensor coil and a programmed ROM is 
available for the sum of £34.50. 
A complete kit 1£64.50, inclusive of p&p) for 

the GTi Car Computer may be purchased from 
Mark Space Enterprises, Dept EE, 11 
Church Green Road, Bletchley, Milton 
Keynes MK3 613J. 

Bench A mplifier 
Although it is quite in order to use lower 

spec' resistors in the Bench Amplifier, we 
strongly advise constructors to use the one per 
cent metal film types recommended. Metal film 
resistors are carried by most component 

stockists and though slightly more expensive 
than carbon types the final performance well 
justifies the outlay. 
When purchasing the BC184L transistor 

remember to specify the L type as pin 
connections for this device vary. The printed 
circuit board is available from the EE PCB 

Service, code EE591. 

Capacitance Meter 
All the components required to build the 

Capacitance Meter appear to be fairly standard 
devices and we do not expect readers to 
experience any buying difficulties. The cermet 
presets, the "Maka- Switch" assemblies and 
the ribbon cable is now extensively stocked by 
component suppliers. 
The linCMOS low power timer, type 

TLC555, is a pin-for-pin replacement for the 
ubiquitous 555 timer, but requires only about 
one fiftieth of the supply current and has an 
extremely low trigger, threshold and reset 
current. The operating voltage ranges from 2V 
to 18V. This device is currently stocked by 
Maplin, order code RA76H 1TLC555CP) and 
Cirkit, stock code 61-15550. 

Light-up, Squeak-up, Shut-up 
The switch Si used in the prototype Light-

up, Squeak-up, Shut-up project is an old spare 
biased-off key type switch. You can, of course, 
use any of the common biased-off push-button 
switches in this circuit. 
Having been almost spiked on the prototype 

probe "needles" several times, it is probably a 
wise precaution to keep the probe points 
inbedded in a piece of polystyrene or in some 
flower arranging "oasis" when not in use. 

Transistor Curve Tracer 
All of the components required to build the 

Transistor Curve Tracer, described in this 
month's BBC Micro feature, seem to be 
available as "off-the-shelf" items. 
A suitable printed circuit board for this 

project is available from the EE PCB Service, 
code 592. The use of a four-pole three-way 
rotary switch was chosen as this item was in 
the "spare box" and is also readily available 
from component suppliers. 
The 8-bit D/A converter chip type ZN426E 

should be available through most of our 
component suppliers. If readers do experience 
difficulty in locating this device it is currently 
listed by Greenweld, Maplin, Omega and 
Xen. 
We cannot foresee any component buying 

problems for the Quizmaster project or the 
Reaction Timer -- this month's Exploring 
Electronics project. 
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TEL: 0939-32763  TELEX: 35565 

BT APPROVED EQUIPMENT 

Master Socket (Flush) 
Master Socket (Surface) 
Secondary Socket (Flush) 
Secondary Socket (Surface) 
B.T. Cable (per metre) 
Wiring Tool 
Plug - 431A 
Line Jack Cord with Plug 
Extension Lead 5 mtr 
Conversion Kit with Wiring 
Diagram 

Slimtel Phone 
Viscount Phone 

£2.90 
£2.75 
£1.90 
£1.85 
15p 
50p 
25p 
El .25 
£3.93 

£6.99 
£17.35 
126 04 

- Of- t r '( Q  -01Z/  

I 4, 

I 1̀....1 

THE MALTINGS, HIGH STREET, WEM 
SHROPSHIRE SY4 5EN 

DEPT EE12 
ELECTRONIC COMPONENT MAIL ORDER COMPANY - ESTABLISHED 1972 

100 + PAGE CATALOGUE AVAILABLE - SEND ft FOR YOUR COPY. 

4- 4-- -6- -44-6- -f0-, 

24 HR ANSWERING MACHINE 

INCLUDING DISCOUNT TICKETS - 
50p OFF f5 - ORDER fl OFF f10 + ORDER, f5 OFF BO. ORDER 

10A DC/BATTERY CHECKER/ 
BUZZER/AUDIO OUTPUT TEST 
Versatile Tester with handle/stand, 
19 ranges. 
Leads with 4mm plugs, 
battery, instructions. 
mirrored scale. 
fuse protection 

£11.76 

ELECTRET MICROPHONE INSERT 
lOmm diam 6 5mm thick 
3V-10V (9V tYP•) 600  ohm f 
20-1200 Hz AUD/MIC/1 
60p 

JANUARY SPECIAL OFFER  1-iiiiirED  
s _cya 9E-C p.se  EXCEPTIONALLY LOW PRICE  144 kiiVIL/MBE 
Pk.”' eLE PENSOL GAS 

SOLDERING IRON ONLY £9.99 
Plus 15% VAT • gsp p/p 

Lightweight and compact, excellent for out-of •the. way applications. Uses ordinary 
butane lighter fuel - refills in approx. 15 seconds. Heats in approx. 20 seconds. 
adjustable temperature up to 400°C. Operates for 1 hour on 1 fill of gas, power 10-60 
watts. Various easy-to-change tips available. 

SPARE TIPS - 2.4m, 3 2mm or 4.8mm f3.50 

MARCO KITS 
Ceramic 50V (1251 
Electrolytics Rad. (100) 
Fuse 20mm 0,8 (80) 
Fuse 20mm A/S (80) 
Nut Et bolt (800) 
Pre-set pots. horiz. (120) 
Pre-set pots. yen. (120) 
Resistors 
0.25W Popular (1000) 
0.25\4%5 off (305) 
0.25W 10 off (610) 
05W Popular (1000) 
0.5W 5 off (365) 
0.5W 10 off (730) 
1W 5 off (3651 
2W 5 off (365) 
Zener diodes 5 off (55) 

£3.50 
£7.25 
£3.75 
£7.50 
£3.60 
£6.75 
16.75 

4 
44 ) 

£6.50 ThZ7S 
£2.95 
£4.50 
£9.50 
£4.70 
£7.75 
£13.75 
£21.75 
£3.50 

0.25W Resistors  1 2p  10  1.50 
05W Resistors  1 + 2p  10  1.5p 

STANDARD ABS BOXES 

High impact ABS 

Colour: Black 

Internal dimensions (mm) 

A  B  C  1 +  10 * 

76  58 35 BOX /MB1 £1.04  98p 
95  71 35 BOX /M82 £1.14 £1.05 

115  95 37 BOX /MB3 £1.34 £1.24 

140  90 55 BOX /MB5 £1.88 El .70 

207 122 77 BOX /MB4 £3.60 £.40 
213 142 57 BOX'MBE £2 70 £2 60 

NI CAD RECHARGEABLE BATTERIES 
AAA - £1.25  (10 r El 20 ea I 
AA  -  90p  110 + 85p ea I 
C  - £2.10  110 + C1.90ea 
D  - 12.50  110+ C2.20 oa 
PP3  £4 10  (10  E3.90 ea 

SOLDER AT A RIDICULOUSLY 
LO W PRICE) 
A 5009 reel of 22 swg 
multi core solder 60% 
tin 40% alloy non-corrosive 

ONLY £4.99 

SERVISOL PRODUCTS 
Supa Freeze-it 
Switch cleaner 
Foam cleanser 
Super 40 
Fire extinguisher 
Tape head cleaner 
Anti-static spray 
Silicone grease 
Plastic seal 

£1.40  * 
£1.24 
£1.22 
£1.88 
£3.30 
£1.10 
£1.20 
El 38 
El 35 

10 + 
£3 75 

NI CAD BATTERIES - Ex-equipment but fully guaranteed 
10 off 100 off  10 off 100 off 

C Normal BUt1011 Cell 1 BAH  75p  65p  D - Normal Button Cell 4AH Saft Et5p  75p 
C Tag Type 1 BAH  65p  55p  D  Tag Type 4AH  Salt  BOP  70P 
Other makes are General Electric and Vera  BUY NOW WHILE STOCKS LAST - LIMITED NUMBERS. 

ANTEX SOLDERING 
C IRON 15W £5.40 
CS Iron 17W £5.60 
XS Iron 25W £5.80 
ST4 stand  £2 20 
TCSU-D soldering station 
Spare elements for £3.20 
Spare tips for above irons 

SK2 kit  £8.30 
SK5 kit  £7.99 
SK6 kit  £8.20 

£72.50 

4C) 

EI 20 

ALL ORDERS +85p PEtP +15% VAT 
UNLESS OTHERWISE STATED 

HELPING 
HANDS 
WITH 

M AGNIFIER 

13 99 

EQUIVALENT BOOKS 

Data Vol 1 
Data Vol 2 
Data Vol 3 
Data Vol 4 
Diodes Vol 1 
Diodes Vol 2 

Both for E20.60 

£9.99 
£10.75 
£10.20 
£13.50 
£10.25 
£10.65 

AE3- -q  -i43-  ,c 

IC - CMOS  £.95 
IC - LIN Vol. 1  £6. 95 
IC  LIN Vol. 2  £.99 

Both for £13.00 
IC  TTL  £7.99 
Thyristors  £10.45 
Transistors A-Z  £5.40 
Transistors 2N-3N  £5.50 

Both for £10.013 

BATTERY CHARGER 
Suitable for AAA, AA, C, D and PP3 
NI-CAD battery charging 

tJ 
£4.50 

DESOLDERING PU MP 

g e ffilli ° W .E2 99  * 

THREE ACES FROM ALCON! 

20 0.IN d.c. and 6 .0611  a .c . 

2b RANGES*ATIAPROIECIP/ E FUSE 

Accutact.  d.c. and tesstance,  a.c. koI 
IS RANGES:. d.c. V: 100mV, 1N , 10N. 30\1, 100V , 300V , 
1006, d.c. I: 500A,AmP,A0mA, 10014,1 A, 3A-, e.c. V: 
IN, \ ,103\J ,300 ,10: 0, 4.c. I: 3mA,30criA,33OrnA, 
'IA, Ohms: 0-50,  0.5004, 0-50tiia 

00enitotss.. 105 $ 130,i fiOngn 014L.̀105.30 

SUPER 50 A•t• 

T50 super a  misetco 

_AMMONS_ 

54AQ/V d.c. and a.c. 

39 RANGES - INDESTRUCTIBLE 
Electronically protected on all ranges but 3A 

Accuracy. 2% d.e. - 3 ac. - I% centre scale on ohms 
39 RANGES: d.c. V: 150mV, IV, 3V, 10V, 30V, 1WV, 
V. 1000V; d.c. 1: 20µA, 100uA, 300A, lmA, 3mA, 

10mA, 30mA, 100mA, 1A, 3A; ex. V: 10V, 30V, 100V, 
V. 1000V, ex.,: 3mA, 10mA, 30mA, 100mA, 1A, 3A, 

Ohms: 0-50,  0-500kG, 0-5M0, 0-50Mcf• 
dB from - 10 to + 61 in 5 ranges 
Dimensions:105 130.40mm ONLY f39.50 

20k11/Va.c. and d.c. 

40 RANGES - electronically protected 
plus 30.4 for the power man! 

Accuracy.' dc. ranges and ohms 2,5% a.c. 3% of 1. sd 

40 RANGES: Oa k.' 100ink, 300mV, 1.0V, 3.0 V, 10k, 
30k, look. 300v. 70031%. a.c. t 54.1. toeu,4 300A4 tonti, 3,77.4, ioN, 30InA 100mA  04  

100V, 300V, 1Ctlov,.1. 0.c. r• . 

x   

orn.4. XrnA, 100mA, 1 OA, 6.04 304. 0104' 101112. 
Dim ensions: 105•130 v  10041,1141.0. 491rorn - 10 to -61 in 6 ranges. 

ONLY £38.35 

HIGH QUALITY TEST INSTRUMENTS 
.7 AT SUPERDEAL PRICES 

EACH INSTRUMENT HAS A CLEAR MIRRORED SCALE AND COMES COMPLETE WITH A ROBUST 
CARRYING CASE, LEADS P. INSTRUCTIONS 
PRICES Our prices include VAT and postage and goods are normally despatched by return 
Please write or telephone for details of these and the many other instruments in the Alcon range, including multimeters 
components measuring automotive and electronic instruments 

zi ef2 Alle ,nstrurnents Ltd. 

19 MULBERRY WALK • LONDON SW3 6D2 • TEL: 01-352 1897 • TELEX: 918867 
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)...Beeb...Beeb...Beeb...Bee 
... Transistor testing. 

pROGRESSING from last month's article dealing with basic transistor testing using 
the BBC micro, in this month's BEEB Micro 
article we will consider basic transistor curve 
tracing. Detailed data on transistors tends to 

have large numbers of graphs showing a 
variety of curve types, and I would guess that 
virtually all of these could be produced using 
the BBC micro plus a reasonably simple 
interface. 
Some transistor graphs are of more 

academic significance than practical import-
ance, and are probably not worth bothering 
about. Others are of little academic value, but 
are of great practical help. 
The simple curve tracer interface that is 

described here is in this second category. It is 
rather too rough and ready to be of great 
scientific value, but it clearly shows whether 
the device under test is functioning properly. 
It can also provide current gain measure-

ment. It is in fact a slight development of the 
interface described in the previous BEEB Micro 
article. 

Base Response 
The basic action of a transistor is to produce 

a current flow in its collector circuit that is 
proportional to the current fed into its base 
circuit. However, the collector current is much 
larger than the input current to the base, and 
the transistor therefore provides amplification. 

. . Transistor Curve Tracer Interface. 
type can be avoided by first checking each 
device with its base lead left unconnected, so 
that a high leakage current will be brought to 
light. 

If a high leakage level is detected, connect-
ing the base terminal might produce a 
significant increase in current which would 
indicate that the device does have a reasonable 
current gain. Even so, silicon transistors should 
have very low leakage currents (usually well 
under one microamp), and most circuits are 
designed on the assumption that the leakage 
level is so low that it can be ignored. A device 

that has a high leakage current is unlikely to be 
of much use in practice. 
A few transistors that exhibit low leakage 

levels have been encountered and when tested 
at a spot current seem to offer a reasonable 
level of gain. But despite this, when tried in a 
circuit results were far from good. 
This is generally the result of damage due to 

excessive voltages or heat, and the problem 
seems to be a lack of linearity in the 
input/output current characteristic. This can 
produce what is more of a switching action 
than a linear characteristic, but the most 
common problem is the collector current failing 

to rise significantly once a certain base current 
is reached. 

The certain way of testing the gain char-
acteristic of a transistor is to feed it with a wide 
range of base currents, noting the resultant 

TO COMPUTER P
ORTS 

+5V. 0  

eV.  0  

I BIT 

INPUT 

ANALOGUE 

OUTPUT 

PNP 

0 

EMIT. 
NPN 

CURRENT 
LIMITING 
RESISTOR 

NPN 

801SISNY81 1S
31 01 

Fig.1. Block diagram showing general arrangement used in the Transistor Curve Tracer 

Most transistor testers, including the one 
described in the previous article, provide a 
small base current to the test device, and then 
measure the resultant collector current. With 
suitable calibration this gives a direct readout in 
terms of current gain. 

This is not a totally reliable way of doing 

things, and a plausible current gain reading 
does not necessarily indicate that the transistor 
under test is fully serviceable. The main risk is 
that the device will have a high leakage level 
(i.e. a high current flow with no base current 
applied). This could give the impression that 

the base current is producing a suitable 
collector current, whereas it might be purely 
the leakage current. The test transistor might 
even have zero again! Misleading results of this 

collector current for each one. This kind of 
testing can be a bit tedious to carry out 
manually, but it is the sort of thing that a 
computer can carry out very rapidly, giving the 
results either in tabular or graph form. Fig. 1 
shows the basic arrangement needed to carry 
out this type of testing using the BBC 
computer. 

Reading the current flow in the collector 
circuit presents few difficulties since the 
analogue port provides inputs that can easily be 
used to measure current. The only slight 
problem is in accommodating both npn and 
pnp transistors. 

The pop typed can directly drive the 
analogue port, but a current mirror is needed in 
order to provide a suitable output signal from 

• 

npn transistors. A mode switch gives either 
direct connection or switches in the current 
mirror, and it also connects the emitter terminal 
to the appropriate supply rail for the type of 
transistor being tested. This part of the 
interface is actually identical to the design 
described in the previous article. 
Where this interface differs from its 

predecessor is in the method of driving the 
base terminal. In the original design the base 
was connected to the appropriate supply rail 
via one pole of the mode switch and a series 
resistor, so that it received a fixed current. 
In this case there is no npn/pnp switching in 

the base circuit. This could be incorporated in 
the interface, but the alternative of software 
switching offers a zero cost solution. The base 
is fed via a current limiting resistor, but this is 
fed from the output of an amplifier, which is in 
turn fed from the output of an 8-bit digital-to-
analogue converter (DAC). The converter is 

driven from the user port. 
The output voltage from the amplifier (in 

millivolts) is equal to the value fed to the user 
port multiplied by twenty, and values from 0 to 
250 therefore produce an output that varies 
from 0 to 5V in 20 millivolt steps. An important 
point to note here is that the circuit is powered 
from the + 5V supply of the computer, and 

that the output of the amplifier can be varied 
from one supply rail potential to the other. 
For npn transistors outputting values from 0 

COMPONENTS 
Resistors 
R1  390 

R2, R3  22k 1% (2 off) 
R4  8k2  See 
R5  43k 
R6  220k 
R7  180 

All 0.25 W 5% carbon, 
except where stated 

Capacitor 
Cl 

page 40 

ly radial elec. 63V 

Semiconductors 
TR1,TR2  BC559 npn silicon 
IC1  ZN426E 8-bit DiA 

convertor 
IC2  CA3140E MOSFET 

input Op. Amp. 

Miscellaneous 
S 1  4-pole 3-way 

rotary switch 
S 2  d.p.d.t. slide 

switch 
Printed circuit board, available from 

EE PCB Service, code 592; sockets, 
ribbon cable; connecting wire, pointer 
knobs, etc. 

Approx. cost 
Guidance only £10 
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to 250 gives a steady rise in base current. For 
pnp devices, which have the emitter connected 
to the + 5V rail, it is values from 250 down to 0 
that provide a steady increase in base current. 
It is this factor that enables software npn/pnp 
switching to be used in the base circuit. 
Although it was stated that a steady increase 

in the base current is produced, this is not 
strictly true. The input characteristic of a 
transistor is much like that of a forward biased 
silicon diode. 
In other words, about 0.5V or so is needed 

before there is any significant current flow. The 
resistance into the base then becomes quite 
low, and the current flow is largely determined 
by the value of the current limiting resistor, and 
the margin by which the input voltage exceeds 
the forward threshold voltage of the base. 
What this means in practice is that about the 

first fifty values have no effect, and (with a 
functioning device) produce zero output 
current. This could be largely overcome in 
software by using a starting value of about fifty 
for npn transistors, or around two hundred for 
pnp types, but in practice it is probably not 
worthwhile doing this. As you know what to 
expect this lack of output will not be inter-
preted as a fault in the test device, and it is 
interesting to see that some transistors have 
significantly higher turn-on threshold voltages 
than others. 

TRANSISTOR CURVE TRACER 
The full circuit diagram for the Transistor 

Curve Tracer Interface is shown in Fig.2, but 
this will not be described in detail. The right-
hand section of the circuit is the same as the 
equivalent part in the Transistor Checker 
described last month, and the rest of the circuit 
is based on a Ferranti ZN426E Digital to 
Analogue Converter which has also been 
covered in a previous article. 
A suggested component layout and full size 

printed circuit foil master pattern is shown in 
Fig.3. This board is available from the EE PCB 
Service, code 592. 
One aspect of the circuit that is worthy of 

mention is that IC2 is powered from the + 12V 
supply and not the + 5V line that is used to 
power the other parts of the circuit. The 
CA3140E specified for IC2 has an output stage 
that will operate at voltages virtually right down 
to the 0 volt supply rail voltage. This obviates 
the need for a negative supply rail. 
However, IC2's output stage does not 

operate at voltages within about 2V of the 
positive supply rail though. Thus, in order to 

RI 

10k 
CI 

NMI 001a 

R2 

100k 

•  II I 

ICI 

NE555 

DI 
1N4 002 

C4 
100,N 

+EV IN 

 ° 
.8, ou. _  

C3  02 
100p  I N4002 

C2 
10n T  Sy 
 0 

F'g.4. Circuit diagram to provide a + 8V supply 
for IC2. 

achieve the required maximum output potential 
of 5V, IC2 must have a positive supply of about 
7V or more. 
Provided the computer is not being used to 

power a disc drive or drives, the + 12V supply 
can be obtained from the power port. Alterna-
tively, the circuit of Fig. 4 can be used to 
provide a supply of just under 8V from the 5V 
output of the user or analogue port. This circuit 
may well prove to be cheaper (and easier) than 
obtaining a plug and lead for the power port! 

FROM 
USER 
AND 
POWER 
PORTS 

02 

01 

04 

05 

06 

D7 

CHO 

TO 
AN  
PORT 

ONO 

Fig.2. Complete circuit diagram for the Transistor Curve Tracer Interface. An alternative 
power supply for IC2 is shown in Fig.4. 
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+  5V 41 -• 
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PO I 

Pet 41-4 -4  

P02  • 
PS4 ••  • 

P05 

Pee 
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Iv  a 

-‘7;-• 

C 
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31 TRI  TR! 171  IP 

TT 

lr 
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•  

•  

OK!  SKI  G  F  E 
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 • t_f_i 
1#417-".••  rf›--•. 1E 7 Low 

R .4 :11 
0. 1  .1 p ( 1 1  

: 7-*  U n t il 

ik• CHI 

CND 

Fig.3. Suggested printed circuit board component layout and full size underside master foil 
pattern. The leads terminated with letters are wired to corresponding points on the 
switches shown above. 
This board is available from the EE PCB service, code 592 (see page 62). 
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UUll eFILI MUE15Itle5, W ert resist ors 114, 115, and 

R6 giving maximum base currents of about 

5001JA, 100pA, 20µA respectively. It is a matter 
of selecting the resistor that gives the greatest 
vertical deflection on the graph without any 

readings going off-scale, and this can only be 
done by trial and error. One final point about 
the circuit is that resistors R2 and R3 should 
have a tolerance of one per cent. 

Software 
The accompanying listing is for a basic curve 

tracer programme, and it clearly demonstrates 

that using a computer to plot graphs does not 
necessarily mean resorting to massive prog-

rams. The program is largely self explanatory in 

operation and in use, but note that an upper 
case "N" is needed to select the npn mode and 

produce a graph (any other key will select the 
pnp mode). There is plenty of scope for adding 

"frills" to the program, such as calibration 

marks on the X and Y scales, and possibly a 
table of results including calculated gain values. 

Curve tracer is perhaps not a very apt name 
for this particular gadget as with most transist-
ors the line produced is virtually straight. All 

transistors tend to have relatively low current 

gains at low collector currents, and the classic 
response from a unit of this type is an initial 
curve leading into an almost straight line. 
A steep slope and a high final value 

indicates high gain. A straight line means that 
the test device has perfect linearity (which will 

not happen in practice) while a pronounced 
curve indicates that the device will generate 
relative large amounts of distortion. 

Some transistors do produce what are far 
from straight lines, but these are generally 

types that are only intended for switching 

applications, or some other specialist applic-
ation. Any pronounced kinks or other severe 

10 REM Curve Tracer Program 
20 MODE 1 
30 MOVE 276,950 
40 DRAW 276,96 
50 DRAW 1280,96 
60 VDC24,280;100;1279;950; 

70 REM sets graphics window 
80 VDC29,280;100; 

90 REM sets graphics origin 
100 PRINTTAB(20,30)"Input Current >" 
110 PRINTTAB(5,12)""" 

120 PRINTTAB(2,13)"Output" 
130 PRINTTAB(1,14)"Current" 
140 ?&FE62=255 
150 REPEAT 

160 PRINTTAB(0,0)  "Press  'N'  for NPN 
170 type$=GET$ 
180  PRINT type$; 
190 CLG 

200 MOVE 0,0 
210 FOR Y=0 TO 250 STEP 1 

220 IF type$="N" THEN OV=Y ELSE OV=250-Y 
230 ?&FE60=0V 
240 IV=ADVAL(1) 
250 DRAW Y*4,IV/80 
260 NEXT Y 

270 UNTIL FALSE 

SOFT WARE 

or  'P'  for PNP 

irregularities in the graph indicate that test 
device is faulty (or that you have selected the 

wrong operating mode on the interface). 

It you have a VMOS transistor to hand you 
may care to try connecting this to the unit. 
These are voltage rather than current operated, 
and what the unit will actually plot is input 

voltage versus output current (the setting of Si 
will be irrelevant incidentally). The drain, gate, 

and source of a field effect transistor (f.e.t.) are 
equivalent to the collector, base, and emitter 

(respectively)  of a bipolar type.  VMOS 

transistors have enormous power gains, and 

the slope of a graph will probably be quite 

steep. Do NOT try testing j.f.e.t. devices 
(2N3819 etc.) with the unit as it is totally 
unsuitable for operation with these. 

Another experiment worth trying is to feed 
the base of the component under test direct 

from the output of IC2. The system will then 
plot base - emitter voltage versus collector 

current. The rapid turn on as the forward 
threshold voltage is reached should be clearly 
shown, with an almost vertical trace. 
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Please add 75p p&p and VAT at 15'0 Govt . Colleges, etc . orders welcome 

Universal Semiconductor Devices Ltd. 
UNIT 4, SPRINGFIELD ROAD, 
CHESHAM BUCKS HP51PU, ENGLAND. 
TEL: 0494 791289 FAX. 0494 791296 
TELEX: 837707 usdcog 

WE OFFER ONE OF THE LARGEST RANGES OF SEMICONDUCTORS AT HIGHLY 
ECONOMICAL PRICES THE FOLLOWING SEMICONDUCTOR TYPES ARE AVAILABLE 
FROM STOCK IF WE DON'T STOCK WHAT YOU NEED THEN WE CAN GET IT FAST 
FROM OUR FACILITIES IN WEST GERMANY AND USA UPON REQUEST 

TRANSISTORS  BIPOLARS - GERMANIUM AND SILICON 
SMALL SIGNAL 
POWER 
DARLINGTONS - ALL SHAPES AND SIZES 
VHF/UHF DEVICES - ALL SHAPES AND SIZES 

PETS - POWER MOSFETS  4L)  -ja) 
UNIJUNCTIONS 

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

THYRISTORS AND TRIACS - ALL 
SHAPES 

El  SIZES 
RATINGS 

INTEGRATED CIRCUITS: 
CONSUMER  DIGITAL/ANALOGUE 
MICROPROCESSORS AND  PERIPHERALS 
IC SOCKETS 

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

MAIL ORDER CUSTOMERS PLEASE SEND FOR OUR COMPREHENSIVE PRICE LIST, 
ENCLOSING f 1 IN STAMPS, CHEQUE OR POSTAL ORDER 

1988 CATALOGUE NOW IN PRINT AND SENT FREE OF CHARGE WHEN 
REQUESTED ON OFFICIAL LETTERHEAD (WITHOUT REFUND), TO OEM'S, 
SCHOOLS, COLLEGES, UNIVERSITIES, GOVERNMENT INSTITUTIONS, 
COMPUTER FIRMS. ELECTRONIC REPAIR FIRMS AND DISTRIBUTORS. 
SPECIAL DISCOUNTS AND PAYMENT TERMS ARE AVAILABLE TO ABOVE 
INSTITUTIONS 

PLEASE ENQUIRE FOR QUANTITY DISCOUNTS 

WE WELCOME TELEPHONE AND TELEX ENQUIRIES! 
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LONDON TO 
SYDNEY IN 

THREE HOURS 
Hermes, HOTOL, NASP and a possible Soviet Shuttle? You have probably 
read all about them in the news recently - we take a look at what the 
future may hold without getting involved in the politics. A day trip to Australia! 

ONE VALVE 
RECEIVER   
Ever felt like a change from anonymous plastic packages and printed circuit 
boards? Fancy a radio with a nice warm glowing valve on a metal case - 
something that you can "see" is working? Then this project is for you. 

EMERGENCY 
LIGHT UNIT   
Just the job for winter power cuts, this project will provide up to 12 hours of 
automatically controlled light in the event of mains failure. Two different versions 
are described, each providing emergency lighting from rechargeable cells. 
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Part 19 
High Speed Logic 

CIRCUITS  built using integrated 
circuits have several advantages 
over circuits built from separate 

transistors, resistors and other comp-
onents. They occupy less space, they are 
simpler to assemble and often cost less 
too. Another advantage is that most i.c.s 
are designed to operate at high speed. 
All of these advantages explain why the 

arrival of low-cost home computers 
depended upon the availability of i.c.s. 
This month we have two projects that 
depend upon the high speed operation of 
i.c.s. The i.c.s used are not the fastest 
available but, even so, are more than 
adequate for the purpose. 

PROJECT ONE 
REACTION TIMER 

The circuit diagram shown in Fig. 19.1 
allows you to measure your reaction time 
to the nearest tenth of a second. This is 
really the same circuit as the Christmas 
Lights described last month  — an 
oscillator followed by a counting chain. 
The difference here is that this circuit is 

stopped and started under the control of a 
bistable. In the non-running state the 
bistable holds the reset input of the 555 
timer (IC2) low, so it does not oscillate. 
The 7493 binary counter IC3 is first 

reset by pressing switch S3. All lamps go 
out. Now your friend presses the "start" 
button (SI). Instantly the bistable changes 
state. The reset of the 555 goes high and it 
begins to produce 10 pulses a second. 
These are counted by the 7493. 
At the same time as counting begins, 

the light emitting diode (I.e.d.) D6 comes 
• on. You should be watching for this and 
as soon as you see it come on, you press 
the "Stop" button (S2). When you press 
this, the state of the bistable is reversed, 
the counter stops counting and D6 goes 
out. 
The count indicated by 1.e.d.s DI to D5 

tell you how many tenths of a second 
elapsed between the instant when your 

ON 

1-1  

Er 

START I 

!STOP] 

'Cl 
PIN 7 

(fEtto281 

IC3 ICI  IC2 
PIN 14  PIN 

'Cl 
112 X 7407 

76 

II MSE MININIM MIF 

102  R3  IC3 
PIN 1  ISO  PIN 10 

Cl 
2p2 

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. 

±67 

PINS 

RES, 

DI — D6 TIL 209 

'RESET! 

Fig.19.1. Circuit diagram for the Reaction Timer using the 555 timer i.c. 
Fig. 19.2. Demonstration breadboard component layout for the Reaction Timer. 
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friend pressed the Start button and the 
instant you pressed the "Stop" button. 
This is a measure of your reaction time. 

CONSTRUCTION 
The demonstration breadboard comp-

onent layout for the Reaction Timer is 
shown in Fig. 19.2. If possible, place the 
start button out of sight, so that you can 
not tell when your friend is about to press 
it. When the circuit is assembled, let it run 
steadily and watch the final I.e.d. of the 
sequence. This should go out every 3.2 
seconds. 
You will need to adjust potentiometer 

VR 1 to make the 555 timer run at the 
correct frequency. The easiest way is to 
watch the fifth I.e.d. as it goes out. 
Measure how long it takes to go out 10 
times, this should be 32 seconds exactly. 

Then you know that the count indicated 
on the 1.e.d.s is your reaction time in 
tenths of a second. 

VARIATION 
Here is a problem for you to work on. 

How can you adapt the timer circuit so 
that it can be used as a lap-timer for races, 
for example with model racing cars? 

PROJECT T WO 
W HO WAS FIRST? 

It is all to easy to disagree about who 
did something first. With the circuit 
diagram shown in Fig. 19.3 there can be 
no argument — even when one person is 
only 25 seconds before the other. Since a 

Fig. 19.3. Circuit diagram for a simple Who Was First? project using the 7400 quad 
2-input NAND gate i.c.s. 

IC2  IC2 
1/2 X 7400 

11[110401 

PIN 14 
'Cl 
7400 

1C2 
PIN 14 

COMPONENTS 

REACTION TI MER 

Resistors 
R1  10k 
R2  27k 
R3-R8  180 (6 off) 

All 0.25W 5% carbon 

Potentiometer 
VR1  10k linear, carbon 

track 
potentiometer 

Capacitors 
Cl  442 electrolytic 

Semiconductors 
D1-D6  TIL 209 (or similar) 

I.e. d. (6 off) 
IC1  7400 quad 2-input 

NAND gate 
IC2  555 timer 
IC3  7493 4-bit binary 

counter 

Miscellaneous 
S1-S3  Push-to-make or 

push-button 
switch (3 off) 

Breadboard (2 off, or 1 large); 
connecting wire; knob for VR1 and 5V 
to 6V supply. 

W HO WAS 
FIRST? 

See page 40 
Resistors 
R1,R2  1k (2 off) 
R3,R4  180 (2 off) 

Semiconductors 
D1,D2  TIL209 (or similar) 

Le.d. (2 off) 
ICI-IC2  7400 quad 2-input 

NAND gate )2 off) 

Miscellaneous 
S1-S3  Push-to-make 

push-button 
switch (3 off) 

Breadboard  (e.g.  Verobloc); 
connecting wire and 5V to 6V supply. 

Approx. cost 
Guidance only 

nano second is only a thousand-millionth 
of a second, most close ties can be decided 
easily. 
The circuit (Fig. 19.3) is triggered by 

push-buttons operated by two players — 
perhaps they are playing "Snap" or some 
other game in which it is necessary to 
know who was first. It could instead be 
triggered by two phototransistor light 
sensors and be used in deciding which 
model car was first to cross the finishing 
line. 
For each player there is a bistable, 

which operates an I.e.d. When the circuit 
is reset (press S3) and ready for action, 
both I.e.d.s are out. 

• 
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TO BATTERY 
14-6V) 

TO BATTER Y 
Oby 

Fig. 19.4. Demonstration breadboard component layout for the Who Was First? 
circuit 

Between each push-button and the  One input to the gate comes from the 
corresponding bistable is a NAND gate.  player's push-button. The other input 

AUDIOKITS PRECISION COMPONENTS 

THE 30+30 INTEGRATED AMPLIFIER 
*DESIGNED FOR OUTSTANDING SOUND QUALITY 
*VERY HIGH QUALITY COMPONENTS SUPPLIED 
*LOW TEMPERATURE GENERATED DISTORTION 
*ULTRA LOW NOISE MC STAGE 
* STAR EARTHING - MAPPED ON PCB TRACKS 
*CLEAN SOUND RIGHT UP TO FULL OUTPUT 
*7 SEPARATELY RECTIFIED PO WER SUPPLIES GIVES 
OUTSTANDING STEREO IMAGERY 

*LATEST KITS HAVE IMPROVED HEAT SINKS AND LO WER 
RESIDUAL NOISE 

IMPROVED VERSION ALSO FEATURES 
*BULK FOIL RESISTOR (Temp, Coefficient 5ppm/°C) IN CRITICAL PLACES 
*HOLCO RESISTORS FOR OUTPUT TRANSISTOR EMITTER RESISTORS 
*POLPROPYLENE AND POLYSTYRENE CAPACITORS 
*LONG LIFE ELECTROLYTIC CAPACITORS 
*KIMBER CABLE FOR INTERVAL WIRING 
*GOLD PLATED PHONE SOCKETS 
• EXTRA OUTPUT TRANSISTORS FOR 40 WATT OUTPUT 

PRICES Standard 30 + 30 kit £172 + £6 p&p = £178 
Standard with extra o/p transistors £186 + £6 p&p = £191 
Improved kit f380 + f6 p&p = 13136 

Export version to order with 110V or 220V primary transformers, PEtP charges by 
quotation. Delivery 14 to 21 days, but can be longer as lead times for manufacture of 
case or supply of some top quality parts used in improved version is much greater. 

For full parts price list of the EE Apex preamp and details 
of AUDIOKITS audiophile components and kits, please 
send 9" x 4" SAE to: 

' 
6 MILL CLOSE, BORROWASH, DERBY DE7 3GU. Tel: 0332 674929 

comes from the bistable of the opposing 
player. 
Each bistable feeds a "high" input to 

the NAND gates, so that if the other input 
is made high, by pressing the button, the 
output of the gate goes low. This triggers 
the bistable. 
Suppose that player A changes state 

and the lamp comes on, to indicate the 
winner. At the same time a "low" input is 
fed to the NAND gate belonging to player 
B. Now it makes no difference if B presses 
the button or not. The output of that 
NAND gate is bound to be "high" what-
ever B does and it is impossible for B's 
bistable to be triggered. 
If B had pressed the button first, then 

the opposite would apply and A would be 
unable to trigger the bistable. So the lamp 
lights for whoever was first, and stays lit 
until the whole circuit is reset. 

The  demonstration  breadboard 
component layout for the Who Was 
First? circuit is shown in Fig. 19.4. 
Commence construction by inserting all 
the link wires followed by the on-board 
components. Finally insert the switch and 
battery leads. 

Next month: Doing sums by logic. 

OMNI ELECTRONICS 
174 Dalkeith Road, Edinburgh EH165DX•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 

Send 2 x 18p stamps for a copy of our latest catalogue — 
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 
Saturday 9.00-5.00 

VISA 

.4•1156111... 

You've finished your project ... 

. . . Now CO MPLETE it! 
Build an enclosure to fit it exactly 

ENCORE has been developed and designed to make any 
enclosure to the exact dimensions you want. 
Brand new ENCORE is an ingenious but simple extruded 
strip system that you can shape, bend, file and cut. 
Incorporated in the section profile is a screw fastening hole 
When the plastic sheet is cut to size the drilled 
holes will register exactly using the jig and drill 
supplied with each kit. 
Angles, projections, odd shapes (even circular) - can all be 
made easily and quickly for a fraction of the cost of off 
the-peg 'boxes'. 
Our trial kit is just £11.50 including delivery and free jig and 
drill. 
Try ENCORE for your current project you'll be surprised 
what a clean professional finish it gives to any kind of project. 

Send for 
full details, 
FREE 

LEAFLET 
and price 

list 

ENCORE ENCLOSURES lEE) 

UNIT 3 
WILLAND INDUSTRIAL ESTATE 
CULLOMPTON, DEVON EX15 2OW 

Phone 108841 820955 
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A NATIONAL SOCIETY 
The  first  legislation  putting  radio 

transmission under some form of control was 
the Wireless Telegraphy Act of 1904, which 
granted licences for "wireless experiment-
ation" under very restrictive conditions. From 
that time governmental control of radio 
communication has steadily increased, and 
today individual governments are frequently 
bound by international agreements when 
allocating or controlling the radio frequency 
spectrum on a national basis. 
So much of amateur radio can affect, or be 

affected by, the activities of others that it 
became obvious, even in the early days, that 
there was a need for an organisation to 
represent and support the needs of amateurs in 
dealing with officialdom, and this was not long 
in coming. 
The organisation for radio amateurs in the 

UK today is the Radio Society of Great Britain, 
which has its origins in the London Wireless 
Club founded in 1913. It was not the first club 
to be formed but shortly after its formation its 
representatives met the Secretary of the Post 
Office to protest about a recent decision of the 
Postmaster General to introduce a licence fee 
of one guinea (£1.05) for all wireless 
experimenters. 
At the same time a letter was published from 

the secretaries of the Derby, Birmingham and 
London Wireless Clubs on the same subject, 
suggesting a reduction in the fee to 5/-125p) or 
7/6d (37 1/2 p), and inviting other clubs to join 
the campaign. 

UNSUCCESSFUL 
It would be nice to report that what must 

have been the first attempt by British amateurs 
to protect their interests by joint action was a 
success, but it was not. The PMG regretted 
that he could not see his way to reducing the 
fee, but he did accept an offer by the London 
club to make arrangements for certifying the 
qualifications of applicants for licenses, 
"provided those submitting the testimonials 
possess an expert knowledge of wireless 
telegraphy and are qualified to give such 
testimonials." 
By November 1913 there were 162 members 

of the re-named Wireless Society of London, 
including many names which subsequently 
became famous in the history of radio 
communication. The society suspended its 
activities in 1915, resuming in 1919. 
Many local societies then sought affiliation to 

it as London was increasingly representing the 
views of all amateurs, particularly in pressing 
for the re-introduction of the amateur licence 
which the government seemed reluctant to 
agree to following the end of the war. An 
affiliation conference was held in 1920, where 
a representative of the Post Office announced 
that licences would shortly be re-issued, and 
the first post-war callsigns were heard on the 
air shortly after. 

@ @ @ 

TONY SMITH G4FAI 

INTERNATIONAL NEEDS 
In 1922, the Society, becoming ever more 

involved in national affairs became the Radio 
Society of Great Britain. Two years later saw 
an international meeting in Paris to which all 
known national societies were invited to send 
delegates. Following this the International 
Amateur Radio Union (IARU) was set up to 
represent the interests of radio amateurs at 
international level. 
The first Congress of the IARU, apart from 

making detailed arrangements for its own 
constitution,  discussed the then current 
transatlantic amateur radio tests, the question 
of wavebands for amateur use, the adoption of 
an international language for amateur contacts 
and the use of special letters in call-signs to 
indicate the country from which the amateur 
was transmitting. 
Those early delegates could not have 

visualised, however, just how complex and 
how extensive the matters to be dealt with by 
the IARU and its member societies would 
become. 
The RSGB today has well over 35,000 

members, and an annual turnover in excess of 
£1,000,000. It publishes a monthly journal, 
Radio Communication; it publishes and sells 
authoritative books on amateur radio subjects, 
and provides a daily reference service from its 
headquarters to assist members in a wide 
variety of matters connected with the hobby. 
It negotiates with the Department of Trade 

and Industry, which is the radio licensing 
authority for the UK, and works with the City Et 
Guilds of London Institute which is responsible 
for setting the Radio Amateurs' Examination. 
At the beginning of 1987 it took over 
responsibility for administering the Amateur 
Morse test on behalf of the DTI. 

VOLUNTEERS 
There is a small hardworking headquarters 

staff, but a vast amount of the work of the 
RSGB is carried out by volunteer members of 
the society, acting as office holders, members 

of the Council, or its various committees. They 
co-ordinate or provide a wide range of services 
or activities ranging from advice on aerials (in 
terms of the requirements of the Town & 
Country Planning Acts) and television inter-
ference, to provision of the QSL bureau. 
Contests are organised; exhibitions and 

rallies arranged; slow Morse and news bulletins 
are broadcast; the amateur bands are 
monitored for unauthorised transmissions; 
propagation conditions are forecast; beacons 
and repeaters are operated under the aegis of 
the Society. 
Apart from amateur transmissions, the radio 

bands are fully occupied by other services 
including government,  military, aviation, 
shipping, commercial and broadcast stations, 
each with their allotted segments of the 
spectrum. The pressure to obtain more space 
at the expense of others is enormous and there 
is need for constant vigilance to ensure that far 

from being pushed aside and deprived of its 
hard-earned frequencies amateur radio itself 
has the opportunity to expand. 
This happened in 1979 when a world 

administrative radio conference agreed to 
allocate additional bands to amateurs. But this 
could not have happened if the RSGB, 
together with societies from other countries, 
had not carried out an enormous amount of 
preparatory work and persuaded their respect-
ive governments to support their proposals at 
the conference. 
International amateur radio could not survive 

today without the existence of its 124 national 
societies working together through the IARU in 
a common cause. The Radio Society of Great 
Britain celebrates its 75th anniversary in 1988. 
It has a lot to celebrate and a number of special 
events and activities are being arranged. I hope 
to tell you about some of these as we go 
through the year. 

FREE LEAFLETS 
If you would like to find out more about what 

the RSGB does it has two free leaflets, 
Amateur Radio — an introduction, and The 
RSGB and the Radio Amateur, which are well 
worth reading. The Society's address is: Dept 
EE, Lambda House, Cranborne Road, 
Potters Bar, Herts EN6 3J W. 

LEARNING MORSE 
A new book, The Secret of Learning Morse 

Code, by Mark Francis, GOGBY, is intended 
specifically to help amateurs learn the code and 
pass the official Morse test. The interesting 
thing is that it is not written by an "old hand" 
passing on the benefit of his years of 
experience to newcomers, but by someone 
who only passed the test himself in October 
1986. 
He received so much help and advice from 

other amateurs that he felt he should record 
and publish it for the benefit of others. The 
result is a well-written comprehensive 
discussion of just about every aspect of 
learning Morse code, sending and receiving it 
competently, and passing the test itself. 
As I have mentioned before, international 

regulations require amateurs to pass a Morse 
test before they can operate on the bands 
1.8Hz to 28MHz, with the result that many 
amateurs take the trouble to learn Morse, 
whether they intend to use the code of not, in 
order to obtain an A licence. 
Mark Francis's book is a major addition to 

the range of publications already available to 
help with the learning process. Its strength lies 
in its understanding of those aspects of 
learning Morse which cause difficulties for 
beginners, and in the anxieties which they 
experience in contemplation of being examined 
in the subject. Published by Spa Publishing 
Ltd, it costs £4.95 from most amateur radio 
shops, or £5.85 post paid from Waters Et 
Stanton, Dept EE, 18-20 Main Road, 
Hockley, Essex. 
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I usr about every hobby, technical or other-
wise, seems to have at least its fair share of 

jargon and abbreviations. Electronics certainly 
has more than its fare share, which is perhaps 

inevitable for such a technical subject. Jargon 
and abbreviations can be rather bewildering for 
the uninitiated, but they act as an invaluable 
short-hand for those with some experience of 
the subject. 

Some electronic abbreviations have become 
standard parts of the English language, with 
led. (or just plain "led") being a good example 
of this. Others are at the other extreme, and are 
highly technical and theoretical in nature. In 

this article we will look at some of those in the 
middle ground. In particular, we will consider 
those which the beginner is likely to encounter 
fairly early on, and where the complete 
meaning of the abbreviations is considerably 
less than obvious. 

SWITCHING TERMS 
When first taking up electronics I found 

some of the abbreviations used to describe 

( d ) 

3 

Fig.l. Circuit symbols for the four 
basic types of switch. 
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Fig.2. The standard contact 

arrangement for the four basic types 
of switch. 

switches rather confusing, and many beginners 
would seem to be puzzled by the terminology. 
Even when you have learned that s.p.d.t. 
stands for "single pole double throw", this is 
not necessarily of much help. 
Taking the most simple types of switch first, 

there are four basic varieties, as follows: 
s.p.s.t.  single pole single throw (Fig.1c) 
s.p.d.t.  single pole double throw (Fig.1a) 
d.p.s.t.  double pole single throw (Fig.1d) 
d.p.d.t.  double pole double throw (Fig.lb) 
Fig.1 shows the circuit symbols for these 

switches, and Fig.2 shows the standard 
contact arrangements for each type. All the 
switches I have encountered in recent years 
conform to these contact arrangements, but I 
obviously cannot guarantee that every switch 
will do so. If you are ever in any doubt about 
the contact arrangement of any switch, 
remember that a few checks with a continuity 
tester will soon sort things out. 

POLES 

The single pole switches have a single set of 
contacts, whereas the double pole types have 
two, and are effectively two switches operated 
via a single lever. The "pole" incidentally, is t)Ie 
terminal of the switch at which the moving 
contact pivots. Single throw contacts are two 
contact types that provide a basic on/off 

action. The double throw type have three 
terminals and provide a change-over action. In 
other words, the pole is connected to one or 
other of the other terminals. The term 
"change-over" or "C.O." is often used instead 

of "double throw", particularly when 
describing relay contacts rather than manually 
operated switches. 

Switches of the type described above are 
mostly of the toggle or slider variety, the main 
exception being d.p.s.t. rotary types intended 
for mains on/off switching. There are a few 

more complex toggle and slider types, 
including "biased" and "centre off" types. The 
"biased" types are spring loaded so that they 
return to a particular setting when released, 

and the "centre off" variety are double throw 
switches where the pole(s) do not connect to 
any of the other contacts when they are in the 
middle one of three positions. There are more 
exotic types, but with these the retailer's 
catalogue must be consulted in order to find 
full details of the contact arrangement. 
A useful point to bear in mind is that a 

double pole switch can be used in place of a 
single pole type if one section is ignored, and a 

double throw switch can be used in place of a 
single throw type if one of the contacts (but not 
the "pole") is ignored. A d.p.d.t. type can 
therefore replace the other three types. This 
can be helpful if you have (say) a d.p.d.t. 
switch in the spares box and urgently need a 
d.p.s.t. switch to complete a project. Also, 
some retailers only stock s.p.s.t. and d.p.d.t, 
types, and expect the constructor to use the 
d.p.d.t. type where an s.p.d.t, or d.p.s.t, 
switch is called for. 

ROTARY SWITCHES 
Where more complex switching than 

d.p.d.t. contacts are required a rotary switch is 

the most common solution. These are 
generally described as having "x" number of 
poles and "y" number of ways. A six way two 
pole switch would often just be referred to as a 
6w 2p type. In the past it often needed a quick 
check with a continuity tester to determine the 
contact arrangement of these switches. All the 
types I have obtained recently have had the 
poles marked "A", "B", "C", etc., and the 

other contacts marked with numbers from "1" 
to "12" to indicate their sequence. Taking our 
6w 2p example, when adjusted in a fully anti-

clockwise direction pole "A" connects to 
terminal "1", and pole "B" connects to 
terminal "7". Clicking the switch one position 
in a clockwise direction results in "A" 
connecting to "2", and "B" connecting to "8", 
and so on. 

These rotary switches are available in "break 
before make" and "make before break" 
versions. Components lists do not usually 
stipulate one type or the other, and either type 
should then be entirely satisfactory. The 
difference is that with the "break before make" 
type, as the switch is moved from one position 
to the next, the pole is disconnected from one 
contact before it connects to the other. 
With the "make before break" switches, 

during the switch-over the two terminals 
become momentarily shorted together via the 

pole. If a components list does specify one type 
or the other, be sure to obtain the right type. 
There can be problems with momentary short 
circuits on the supply lines and the like if the 
wrong type is used. This could seriously 
shorten the life of the switch, and might not do 
some other components in the project much 
good either! 

RELAYS 
When dealing with relay contacts you are 

likely to encounter the abbreviations "N.C." 

and "N.0.". These stand for "normally closed" 
and "normally open" respectively. A relay is 
merely a switch that is operated by an electro-
magnet. A pair of normally closed contacts are 
closed (on) when the relay is not activated, 
whereas normally open contacts are open (off) 
when the relay is not energised. 

The layout of relay terminals is frequently 
less logical than that of most switches. Some 
relays actually include a layout diagram on the 

cover, and retailer's catalogues are also a useful 
source for this kind of information. Otherwise it 
is again a matter of checking with a continuity 
tester to determine the method of connection. 
Most projects are based on printed circuit 

boards these days, and relays are generally 
printed circuit mounting types. These are 
unlikely to give any difficulties, since they plug 
into the board and will almost certainly only fit 
one way round. This assumes that you use the 
specified component and not some near 
equivalent. With relays I would definitely not 
recommend the use of anything other than the 
specified component, since physical differ-
ences between relays make it difficult to fit 
even very similar substitute devices. 

PC MOUNTING 
A lot of components are described as "PC 

mounting", or even just as "PC" components. 
The "PC" in this context simply stands for 
"printed circuit", and it indicates that the 
component is only intended for use with 
printed circuit boards. With something like a 
relay or transformer it means that the 
component is a reasonably small type with pins 
on the underside to fit the board rather than 

having a bracket for chassis mounting plus tags 
for hard-wired connections. 
When applied to smaller components such 

as capacitors it generally indicates that they are 
some form of vertical mounting type of small 
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physical size, possibly with pins instead of true 
leadout wires. When used to describe electro-
lytic capacitors it means the type having both 
leadout wires emanating from the same end of 
the device. These are also known as "radial" 
electrolytics (the tubular type with a leadout 
wire protruding from each end are "axial" 
components). 
The trend amongst commercially produced 

equipment to have as many of the components 
as possible mounted on the printed circuit 
board is gradually spreading to home 
constructor designs. Switches, potentio-
meters, and sockets designed for printed circuit 
mounting now appear in component cat-
alogues, and in projects. 
It is often possible to use ordinary panel 

mounted components where printed circuit 
mounted types have been specified, and to 
hard-wire them to the board. The finished 
result is likely to be somewhat less neat 

though, and while printed circuit mounting 
components generally guarantee correct 
connection, mistakes can easily occur when 
wiring in off-board components. If a project is 
designed to take printed circuit mounting 
sockets, switches, etc., then I would advise the 
use of these components. 

LEDs 
Just about everyone knows that "led." 

stands for "light emitting diode", but "c.c." 
and "c.a." are much less well known. These 
are types of I.e.d, display, and they stand for 
"common cathode" and "common anode" 
respectively. Something you have to keep in 
mind when dealing with I.e.d.s is that, unlike 
filament bulbs etc., they will only light up if 
they are fed with a voltage of the correct 
polarity. 
Seven segment I.e.d, displays do not have all 

sixteen terminals available, but instead have a 
"common" terminal which connects to one 
side of every segment, plus individual pins for 
the other connection to each segment. 
Common anode displays have the common 

Fig.3. The system of segment identifi-
cation used for seven segment displays. 

terminal connected to the positive supply rail, 
and they are mostly used with TTL integrated 
circuits. With common cathode displays the 
common terminal connects to the negative 
supply rail, and these devices are much used 
with CMOS and other non-TTL based circuits. 
Using a common cathode display instead of 

a common anode type (or vice versa) stands no 
chance of success. Apart from the fact that the 
drive signals will have the wrong polarity, the 
pin functions for the two types of display are 
not the same either. 
When dealing with seven segment led. 

displays you may come across references to 
something like an "A" segment or a "B" 
segment. These letters do not stand for 
anything,  and the convention has the 
segments identified by letters from "A" to "G", 
as in Fig.3. Of course, the "DP" segment is the 
decimal point segment. 

ICs 
Integrated circuits are commoOly referred to 

as just "i.c.s". The TTL type are logic devices 
having the 74" • type numbers. In this context 
TTL stands for "transistor transistor logic". 
This may seem a rather odd name for the 
devices, but the "transistor transistor" part 
refers to the fact that the output has a trans-
istor switch with a transistor load. Originally 

there were other logic families with similar 
names such as "RTL" (resistor transistor logic) 
and "DTL" (diode transistor logic), but these 
devices are now all obsolete. There are a 
number of improved TTL families, as listed 
below: 
LS  Low power Schottky 
ALS  Advanced low power Schottky 
HC  High-speed CMOS 

Schottky 
High-speed 
Low-power 

These are designed for higher speed and (or) 
lower power consumption than the standard 
types. Unless you know what you are doing, I 
would recommend that precisely the specified 
TTL device should be used, and not an 
equivalent device from another TTL family. 
CMOS, incidentally, stands for "complement-
ary metal oxide silicon", and is the type of 
transistor used in these integrated circuits. 
D.I.L. integrated circuits are types in a "dual 

in-line" package. In other words, devices of the 
type which have two rows of pins, which is the 
vast majority of integrated circuits. The pins in 
each row are spaced 0.1 inches 125.4 milli-
metres) apart. The rows are 0.3 inches apart 
(76.2 millimetres) for the smaller types, and 0.6 
inches (152.4 millimetres) for components with 
twenty-four pins or more. There are a few q.i.l. 
(quad in-line) devices which have the pins in a 
sort of staggered arrangement that effectively 
gives four rows. There are also some s.i.l. 
(single in-line) types (mainly power devices) 
which have a single row of pins. 
Do not be confused if you see other types of 

components described as soil or d.i.l. types. 
There are now many types of component avail-
able in s.i.l. and d.i.), encapsulations, including 
relays, resistor networks, switches, plugs, and 
sockets. 

aienizki 
New Book 
Title: 
Author: 
Pages: 
Format: 
Illustrated: 
ISBN: 
Price: 

Practical Digital Electronics Handbook 
Mike Tooley 
208 
216 x 138mm 
100 line drawings 
1 870775 00 7 
£6.95 

We are pleased to bring you this new book; published in association 
with PC Publishing it has been reprinted and updated fro m the Digital 
Trouble Shooting series published in EE. 

The vast majority of modern electronic systems rely heavily on the application of 
digital electronics, and the Practical Digital Electronics Handbook aims to provide 
readers with a practically based introduction to this subject. The book will prove 
invaluable to anyone involved with the design, manufacture or servicing of digital 
circuitry, as well as to those wishing to update their knowledge of modern digital 
devices and techniques. 
The book introduces digital circuits, logic gates, bistables and timers, 4es well as 

microprocessors, memory and input/output devices, before looking at the RS-232C 
interface and the IEEE-488 and IEEE-1000 microprocessor buses. 
A special feature of the book is the section on digital test gear projects, and the 

practical emphasis is continued with appendices on test equipment and useful reference 
data. 
Contents: 
Introduction to integrated circuits; Basic logic gates; Monostable and bistable 

devices; Timers; Microprocessors; Memories; Input 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/frequency meter. Appendix 3 The oscilloscope; 
Appendix 4 Suggested reading; Appendix 5 Further study. 

The book is available through the EE Book Service — 
see page 60. 
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Constructional Project 

LIGHT UP, SQUEAK 
UP,SHUT UP 
D. KING 

A simple continuity/junction tester 
with timed switch-off to prolong 
battery life 

THE traditional advice offered to a person 
required to make a speech is, "Stand up, 
speak up, shut up", and this was in my 

mind when a PP3 battery was found "dead" in 
my continuity tester that had been switched on, 
used briefly and . . . not switched off. 
Over the years the intercom, test amplifiers 

and other battery-operated gear have at various 
times all been left switched on for much too 
long in between sessions in the workshop so 
that the resulting inconvenience, cost and the 
accusing look on my wife's face as I steal the 
batteries from her radio made me think of the 
following approach to the problem. 

BASIC CIRCUIT 
A circuit is needed to allow the on-off switch 

to be replaced by a push-button type, 
momentarily-on and a simple, cheap timer to 
give automatic switch-off or power-down after 
a fixed, pre-determined time suited to the 
apparatus. A test is often performed in a few 
seconds, sometimes only once a day. The 
timing depends upon a charged capacitor 

Supply 
Voltage 

Load 
Voltage 

4011 
Quad Two 
Input NAND 

4049 
Hex Inverter 

4069 
Hex Inverter 

All inputs paralleled; all outputs paralleled 
Available load current ImAl 

3 2.5 2 3 3 
6 5.5 )  4 12 8 
9 8.5 8 15 7 
12 11.5 10 18 3 
15 14.5 10 24 2 

Table 1 

discharging slowly via a resistor and reaching 
about 50 per cent of the starting voltage after 
some 70 per cent of the time-constant of the C-
R combination. 
If the capacitance is C (Farads) and the 

resistor is R (Ohms) then the time-constant t (in 
seconds) is given by t=Cx R while if C and R 
are in units of microfarads and megohms 
respectively, the time t is again in seconds. Thus 
a 4.4 capacitor in parallel with a 10M resistor 

has a time-constant of 10 seconds, a 16p would 
produce a 160 second time-constant with the 
same resistor, and so on. 
Now CMOS logic gates consume virtually no 

current from the supply when the gate inputs 
are fully logic "1" or "0" and the gate is not 
feeding a load. A CMOS i.c. may, therefore, be 
connected across an un-switched supply voltage 
with no resulting battery drain, waiting for 
input states to be changed and perhaps to then 
feed a current via the gate(s) output to a load. 
Tests were made on three cheap and 

common i.c.s, the 401 I, 4069 and the 4049, to 
determine the output current available at a 
voltage no more than 0.5V below the supply 
voltage; results are given in Table I. From this 
table it will be seen that it is quite possible to 

Fig. 1. An inverter switching a low current 
load. 

PARALLED 
GATES OF 
CMOS IC 

fri$49oI 

BATTERY 
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Fig. 2. Using a transistor to increase 
available current. 

operate a low-current load as in Fig. 1 where 
upon pressing the "on" button C is charged to 
full supply voltage, taking the inputs to "0" 
and with, say, a 2.2p capacitor, and 10M 
resistor after about 70 per cent of 22 seconds 
the inputs are changing to "1" so that the load 
will be fed by the logic "I" voltage for some 15 
seconds and then, within half a second or so, 
the circuit goes to sleep and, taking no battery 
current, waits until needed again. Fifteen 
seconds does not sound a very long time but is 
ample for the continuity/junction tester 
described later. The additional expense of the 
CMOS i.c. is only about 30p, while the use of a 
biased switch or a push-switch in place of the 
normal s.p.s.t. type adds enormously to battery 
life. It also increases the life of your partner's 
radio and of yourself! 
If the current available from even the 4049 is 

insufficient, more current is provided with less 
voltage difference between the battery supply 
and the load voltage by a saturated transistor 
connected as shown in Fig. 2. With a typical 
minimum current gain, hFE , of 100 a 2mA feed 
from the i.c. gate can switch on up to 200mA 
with only some 0.2V dropped across the 
transistor. As C discharges and the gate input 
voltage falls, the output goes high to "1", there 
is less than the required 0.6V between base and 
emitter to cause conduction and the transistor 
turns off to leak a mere microamp or so. 
If you should wish to switch on the negative 

side of the supply, then use an npn transistor in 
an inverted version of Fig. 2 circuit. If even 
more load current is needed then Fig. 3 will 
enable an ampere or more to be switched. The 
values of components in Fig. 3 are for a 
suggested supply voltage of 12V; it is unlikely 
that you will manage to obtain an ampere from 
a PP3 or even from a PP6 battery! 

Fig. 3. Using two transistors to switch 
up to 1A. 

TIMING 
Timing with an electrolyte capacitor is a 

rather hit-or-miss affair, due to the unknown 
leakage current of electrolytics and, of course, 
to the rather loose tolerance or accuracy of the 
chosen value of capacitance. The simple answer 
to these questions is to try a capacitor for its 
performance in a timing circuit; do make sure 
to use a resistor for discharge, do not rely upon 
the leakage to take the capacitor to a true 
discharged state reliably and repeatedly. 
Several electrolytic capacitors, both old and 
new, were tried with success for the production 
of long on times of 30 to 40 minutes. 

CONTINUITY TESTER 
The times continuity and junction tester 

circuit is shown in Fig. 4. It looks quite 
impressive at first sight but requires only two 
i.c.s and about ten other components. ICI, RI 
and Cl form the timed voltage supply to IC2. 
IC2 a and bare in a standard astable oscillator 
circuit, producing about 5Hz. Anti-phase 
outputs are taken to parallel connected gates 2c 
and 2d, 2e and 2f to provide an alternating 
voltage feeding the two probes. A diode 
junction is thus repeatedly tested in each 
direction for "easy conduction" via the probes, 
the conventional direction of current being 
identified by a flashing I.e.d. in the probe at the 
cathode or "sharp end" of the junction under 
test. 
For the probes, two discarded felt-tip or ball-

point pen bodies are shaped as shown in Fig. 5, 
the I.e.d. is soldered to the silicon diode and the 
pin as shown, the l.e.d. is angled away from the 
pen tip to allow easy viewing and the end is 
then tidied up with a suitable resin-putty that 
will hold the pin in piaci solidly. Be careful 
about the polarity of the two diodes and make 
two identical probes, using flexible or multi-
strand wiring to connect the probes to the tester 
circuit. 
Since the current to the oscillator and test 

probes flows via R4, there is a small volt drop 
across R4 when a pulse of current flows 
through the probes and the device or circuit 
under test. A piezo electric sounder (X1) across 

COMPONENTS 
Resistors 
R1  10M 
R2  220k 
R3  2M2 
R4  330 
R5  680 
R6  100 
'4W±10% carbon 

Capacitors 
cl  2p2 
C2  100n 

VAC 
(value depends on 
timing required — 
see text) 

Semiconductors 
D1, D2, D5 red I.e.d.s (3 off) 
03, D4  1N4001 silicon 

diodes (2 off) 
IC1, IC2  4069s, CMOS Hex 

Inverters (2 off) 

Miscellaneous 
Si  Push-to-make  or  spring-
biased toggle switched 

WD1 piezo electric sounder AS 
249-794 used by author 

Stripboard Olin. matrix, 20 strips by 
30 holes; terminal pins to fit 
stripboard; 9V PP3 battery; dis-
carded pen bodies (see text); two 
pins; plastic case 50 x 75 x 
33mm approx. 

Approx. cost 
Guidance only  £5.50 

R4 is thus energised when either of the probe 
I.e.d.s light up and so there is both a "squawk 
and flash" when continuity is found by the 
probes. Also, even when the probes are not in 
use, the circuit operation produces a noise from 
the sounder as the oscillator circuit charges and 
discharges C2, the sound dying away as Cl 
discharges. Resistor R4 and the sounder may be 

Fig. 4. Circuit diagram of the 
continuity and junction tester with 
timed switch off. 
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Fig. 5. (right). Construction of the two 
probes. 

LEO 
CAR BODY-REPAIR PUTTY 

OR SIMILAR 

omitted from the circuit if wished but they have 
been found to add to the versatility of the 
whole apparatus. 

CONSTRUCTION 
A layout for Veroboard is shown in Fig. 6. 

Due to the paralleled gates there are a number 
of link wires but currents are very small and 
even one strand from flexible wire is adequate, 
as well as being easily drawn tight, straight and 
neat during soldering. I.C. holders are 
recommended since CMOS i.c.s can sometimes 
be damaged during the assembly process. Fit 
the i.c.s into their holders (with due care for pin 
numbering) after the circuit has been 
completed. Check carefully for missing track-
breaks, track-breaks that may have the smallest 
sliver of copper remaining across the gap and 
solder blobs or splashes between tracks. 
The Veroboard sits nicely in the bottom of 

the plastic case, the PP3 battery being secured 
by a double-sided sticky pad to the top of the 
board as shown in the layout diagram. These 
sticky pads are very useful for all sorts of little, 
light-duty jobs like this in electronics where 
drilled holes and nuts/bolts would otherwise be 
an untidy necessity. Make sure that your 
particular switch and sounder will fit under the 
lid of the box without colliding with the other 
parts inside and also will fit your hand/fingers 
to make the operation easy — neatness and 
symmetrical layout come second in importance 
to the demands of operator ease of use. Note 
that the sounder recommended is polarised, so 
connect it the right way round; the I.e.d.s also. 

IN USE 
Is the box a gimmick? Definitely not; one 

has been in use for years testing diodes and 
transistors for polarity and open/short circuits, 
wiring and p.c.b.s for continuity. Build one 
yourself, use it and cut down the profits of the 
battery manufacturers! 

Fig. 6. Layout and wiring of the tester 
on Veroboard. 
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FOR YOUR 
ENTERTAINMENT 

BY BARRY FOX 

Digital Exchange 
Held in the unlikely - but surprisingly ideal 

-- surroundings of the restaurant and reception 
area at London Zoo, the Digital Information 
Exchange has now become an annual event 
sponsored by Sony and HHB, the professional 
audio hire and sales company. The aim of DIE 
is to bring together a wide range of people who 
are working with compact disc and digital 
sound so that they can exchange information 
and know-how. 
Delegates range from colourfully clad young 

studio engineers to grey men in suits using 
digital technology for unspecified secret 
research in anonymous government depart-
ments. Last year I went as a spectator and 
picked up some interesting first hand 
information. 
For instance not a lot of people know that 

the maintenance manuals for a Boeing 747 
aircraft, weigh as much as the aircraft itself. 
But the same data can be stored on a handful 
of CD ROM discs . 
Alan Parsons is well known as a music and 

record producer, who records his own work 
but never performs live. Musicians, says 
Parsons, should program their synthesizers or 

drum machines at home or at rehearsal, instead 
of wasting valuable studio time. "Thousands of 
hours of studio time have been wasted trying 
to recreate the feel of an original demo," he 
warns. 

The record companies, says Parsons, have 
an odd attitude towards digital recording. "If 
this album does well," they tell the artist, "we'll 
do your next one in digital." 
Each year at the DIE there is a surprising 

absence  of  any  record  company 
representatives. "It indicates their general 
attitude to new technology," noted Alan 
Parsons. 
He thinks that in future studios will gang two 

24-track digital machines together, to give the 
equivalent of one 48-track recorder. The 
Mitsubishi system, which is incompatible with 
Sony's, and its main rival, is a 32-track format. 
"32 tracks is not enough," says Parsons. 

"But a pair of machines giving 64 tracks is too 
much for most studio mixing desks to handle." 

Memory Lane 
Those with long memories may recall that it 

was Alan Parsons who worked on the original 
Beatles recordings which were made at Abbey 
Road on four-track machines. They sounded 
pretty good and sold pretty well. Times, 
attitudes and priorities change. 
Parsons also notes that although it is 

possible to cut and splice digital studio tape, 
with a razor blade and sticky tape, it is 
impractical. "You need a dust free room," he 
says. "So it's much better to edit electronically. 
The video industry threw out razor blades long 
ago. Also with electronic editing you can retain 
the original version because the tape is never 
actually cut." 

Parsons is clearly now fully committed to 
digital recording. He wonders why the record 
companies don't buy digital equipment. 
Instead they spend a fortune hiring it. "At 
Abbey Road it takes two hours before an 
analogue session to line up the recorder, 
checking azimuth, bias, Dolby level and so on. 
With digital the only day to day check is on 

level in and level out. After that you just leave 
the level adjustments alone. You switch on, 
check a 1 kHz tone across all tracks and are 
ready to go." 
An interesting point made by Parsons is that 

originally at Abbey Road the engineers used to 
monitor sessions off-tape. As the musicians 
played onto tape, the engineer would listen to 
a replay of the actual recording a fraction of a 
second later. 

But the advent of noise reduction, like Dolby 
and DBX, made this impractical because the 
extra cost of a decoder for each encoder was 

too high for EMI. So they went back to 
monitoring the live sound and thus were never 
quite sure what was going down onto tape 
until it was played back afterwards. "With 
digital," says Parsons, "we can't monitor off 
tape, but we can monitor the sound from the 
digital processor which gives a good idea of 
what's being recorded." 

David Smith works with the Editel digital 
editing studio in New York, and gave DIE 
delegates some interesting insights into how 
the market for CD is going across the Atlantic. 
Quite simply the end of vinyl looks far closer 
than anyone expected. The famous Schwann 
catalogue, which lists all available recorded 
material, is now 75 per cent CD, and rray cease 
vinyl listings altogether. 
The Metropolitan Opera in New York has 

bought its own digital 24-track recorder. Bruce 
Springsteen bought two Sony PCM 1630 
digital processors, three 1610 Sony processors 
and four U-Matic recorders. He paid for them 
as a tax loss but then used them for the boxed 
set re-issue of five CDs. 

Springsteen took all the analogue multi-track 
masters and dubbed them onto digital multi-
track tape. He then re-mixed down into stereo 

onto the 1630 machines and edited digitally, 
with level adjustments and equalization, before 
dubbing onto U-Matic tape for CD mastering. 
It took him three months of rented studio 

time to re-mix all 40 songs. In New York, it 
costs the equivalent of around £140 an hour to 
rent any studio, plus a premium of around £300 
or £400 a day for the use of digital equipment. 
But of course Springsteen's investment has 
already paid off many times over, thanks to 
sales of the boxed sets. 

Audiofile 
Some studios are now using "hard" or 

Winchester discs to record digital sound for 
editing. AMS of Burnley makes the Audiofile 
disc recorder. Each disc drive is actually a stack 
of eight 5.25in discs in a tight vertical 
sandwich. 

This eight pack disc drive has a total capacity 
of 380 megabytes. When "formatted", so that 
the digital information on the disc is labelled 
and thus easily found, this capacity reduces to 
320 megabytes  + equivalent to 2,560 
megabits. 

The Audiofile converts analogue sound into 
digital code of CD quality or better, by 
sampling at up to 50kHz and coding in 16-bit 
words. Although the error rate in data stored 
on disc is very low, one error in 1012 bits, some 
extra error correction is needed. 

With this, and labelling, each megabyte of 
disc capacity stores around 10 seconds of 
audio. So the 320 megabyte disc pack holds 

around one hour of CD quality mono. The 
AMS Audiofile has two disc packs, so can 
store either one hour of stereo or two hours of 
mono. 

Like all Winchesters, the disc is an 
aluminium platter, coated with nickel cobalt 
magnetic alloy. The disc rotates at 360Orpm, 
with data packed at a density of around 20,000 
bits per inch and streamed on and off disc at 10 
megabits per second. 

As with all Winchester discs, there is no 
contact between the head and disc surface - 
the head flies on a very thin cushion of air. 
Thus there is no wear of either head or disc. So 
there is no loss of quality, or buildup of digital 
errors, through repeated plays during editing. 
The head can find any part of the disc in 

under 50 milliseconds, and usually 30 
milliseconds, which is 0.03 of a second and 
virtually instantaneous. In practice this search 
delay is slightly extended because the Audiofile 

has a solid state memory buffer, capable of 
holding about one second of sound. 
This is necessary because Winchester hard 

discs were designed to store computer data, 
which runs in bursts, rather than audio data, 
which runs as a continuous stream. The buffer 
bridges the gaps between bursts. 
In the first six months of production AMS 

have sold 50 Audiofile units. Because the 
system is big and bulky, there is no real 
possibility of using it as a portable recorder. 
The drill is to go out and record onto tape, 

and then dump the recording from tape onto 
disc for editing. But the instant access makes it 
ideal not just for sound effects, but for storing 
large quantities of speech. 
The aircraft industry is now experimenting 

with hard disc recorders for flight simulators, to 
give pilots running sound effects. And one 
secret police body in Eastern Europe wanted to 
buy an Audiofile, for who knows what reason. 
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LII AST month we described yet another —application for the Z80-CTC Counter/ 
Timer Interface described in October's On 
Spec. This month, by popular request. I shall 
attempt to dispell some of the mystery concern-
ing interrupts and interrupt handling. We shall 
round off this instalment by taking a look at a 
pair of useful utilities currently on offer from 
Picturesque. We begin by agonising over a 
decision which must confront many of us 
confirmed Spectrum addicts. 

Is The Battle Over? 
With the battle for the Christmas home 

computer market nearing its conclusion, people 
at Amstrad must be awaiting news of how well 
the Spectrum + 3 has faired against its arch 
rivals. Whether Amstrad's recent price cut for 
the +3 will have been instrumental in 
outwitting competition from Atari's ST range 
remains the burning question for those with 
interests in the home computer scene. 
Having identified Atari's machine as the 

+ 3's arch rival, I must come clean and admit 
to having been a user of the ST ever since it first 
arrived in the UK. Furthermore, it should be 
clear to anyone who can sift through the hype 
of advertising copy that the + 3 is a vastly 
inferior machine. Why then should I, or 
anyone else for that matter, consider 
purchasing a + 3? 
It is a fact of life that, for many people 

planning to purchase a home computer, 
superiority of performance and technical 
specification is a less important consideration 
than that of the availability of a huge range of 
software at modest cost. With the + 3 in mind 
it is unfortunate that, in order to exploit this 
huge software base, one has to resort to 
running in 48K mode. This means abandoning 
many of the features which make the + 3 so 
attractive! 
Since the future of a machine is so dependent 

on the availability of software, one can only 
hope that software houses show continued faith 
in the Spectrum line by modifying existing 
software packages to exploit the new features 
of the machine. The long term success of the 
+ 3 will surely depend on software support 
more than anything else. Should this not be 
forthcoming, and given its current £200 price 
tag, I would give absolutely nothing for its 
chances in the 1988 Christmas stakes regardless 
of how well it performs this year! 

Interrupts (and how to manage 
them!) 
There appears to be a good deal of mystique 

surrounding the subject of interrupts and 
interrupt handling. Interrupts are simply 
signals generated by external devices when they 
wish to gain the attention of the Spectrum's 
Z80 central processing unit (CPU). Readers 
may be blissfully unaware that an interrupt is 
generated every 20ms (i.e. 50 times a second) 
within the Spectrum as part of the process of 
updating the video signal fed to a TV or 
monitor. 
Interrupts can be extremely useful when 

adding external hardware to the Spectrum since 
they allow an external chip (such as the 
Z80-CTC which we met in October EE) to 
indicate that a certain condition exists. The 
CPU can then decide what action it should 
take. 
It can, if it has been programmed accord-

ingly, ignore the interrupt and carry on with a 
current task which takes precedence. Alterna-
tively, the Z80 may wish to suspend its current 
task (retaining sufficient information so that it 
can later resume the task) and then execute an 
"interrupt service routine" appropriate to the 
interrupting device. 
The Spectrum has two interrupt inputs. One 

of these is described as "non-maskable" (i.e. 
the Z80 has to obey an interrupt signal appear-
ing on this line) whilst the other is "maskable" 
(i.e. the programmer can configure his or her 
program to ignore or respond to interrupts at 
will. 
The non-maskable interrupt is clearly more 

versatile than its maskable counterpart which, 
in a typical Z80 system, would be used to 
implement some form of "break" facility. 
(Note that, due to an unfortunate progriim-
ming error in the Spectrum's ROM, this does 
not work correctly in all versions of the 
Spectrum other than the + 3!) 
The Spectrum's Z80 microprocessor 

provides three different Interrupt Modes. In 
normal operation (i.e. using BASIC) the 
Spectrum operates in Mode I. This mode is 
rather limited since it only allows for a single 
response to an interrupt signal. 
It was provided for use in what can best be 

described as a "minimum system" (i.e. a 
microcomputer which supports minimal 
external hardware). The other two modes 
(Mode 0 and Mode 2) both allow for several 
interrupt routines to cope with interrupts from 
different external devices, each with its own 
customised service routine. 

Interrupt Service Routines 
Interrupt service routines operate in a similar 

fashion to that associated with the subroutines 
with which most readers will already be 
familiar. 
An interrupt service routine is stored away 

from the main body of code and simply called 
when an interrupt occurs. There is, however, 
no need for a CALL instruction since interrupts 
may occur at virtually any point in the 
execution of the main program (provided they 
have not been disabled or "masked"). 
The response to an interrupt must be 

automatic; the CPU must suspend its current 
task and save the return address so that the 
program can be resumed at the point at which it 
was left. Thereafter, the programmer is 
responsible for preserving the state of any other 
registers which may be changed during 
execution of the interrupt service routine and 
restoring them so that the main program may 
be resumed at the point at which it was left. 

Interrupt Modes 
As stated earlier, the Z80 has three different 

interrupt modes. The programmer can select a 

desired mode by means of the IM instruction. 
Interrupts can be enabled or disabled by means 
of the El and DI instructions respectively. 
Interrupt Mode 0 was incorporated merely to 

retain compatibility with the interrupt 
mechanism implemented on the 8080 micro-
processor. In Mode 0, the CPU uses the data 
passed by an interrupting device to determine 
the address at which the interrupt service 
routine can be found. 
The data byte (one of eight possible vectors) 

is placed on the bus in response to an interrupt 
acknowledgement generated by the CPU and is 
directly equivalent to a single-byte ReSTart 
(RST) instruction. The values of the data byte 
(together with its equivalent RST instruction 
and destination address) are given in the 
following table: 

Data Byte 
(opcode) 
C7 
CF 
D7 
DF 
E7 
EF 
F7 
FF 

Equivalent RST 
Instruction 
RST OH 
RST 8H 
RST YOH 
RST 18H 
RST 20H 
RST 28H 
RST 30H 
RST 38H 

Destination 
Address 
0000H 
0008H 
0010H 
0018H 
0020H 
0028H 
0030H 
0038H 

RST 0 is equivalent to a hardware CPU 
RESET and thus is of little use. The 
programmer is thus able to implement seven 
different interrupt service routines in Mode 0. 
Note that it is not necessary to have the 
complete service routine present in Page Zero 
since code can be easily vectored to another 
address by means of one, or more, JumP (JP) 
instructions. 
Mode 1, as normally used on the Spectrum, 

is rather more limited as it only offers a single 
interrupt service routine which should be 
located at 0038H or jumped to from this 
address. A Mode 1 interrupt is equivalent to an 
RST 38H instruction and no data is passed by 
the interrupting device. 
The last of the Z80's interrupt modes (Mode 

2) offers programmers a great deal of flexibility 
and allows for a maximum of 128 different 
interrupt service routines. When the interrupt 
request is accepted, the CPU disables further 
interrupts (so that the interrupt service routine 
cannot itself be interrupted) and saves the 
Program Counter in the stack. 
The CPU then reads the data passed on the 

bus by the interrupting device in response to the 
interrupt acknowledgement and uses this to 
form the address of a pointer to the required 
interrupt service routine. Execution continues 
from the start address of the particular 
interrupt service routine. 
The first few lines of code within the 

interrupt service routine must be used to 
preserve the contents of all CPU registers which 
may be affected by the routine. Register 
contents may be preserved in the stack or may 
be preserved in the alternate register set. 
After completing execution of the main body 

of the interrupt service routine, the routine 
restores any registers that were saved and then 
enables interrupts (using an El instruction). 
The routine then closes with a RETI (RETurn 
from interrupt) instruction. 

In Practice 
Having spent some time dealing with the 

technicalities of interrupt handling it is high 
time we put something into practice by 
describing a little routine which readers can test 
out for themselves. This, after all, is the fun 
side of programming! 
The demonstration routine makes use of the 

Spectrum's normal video interrupt which 
occurs every 20ms and thus avoids the need for 
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any external hardware. When this interrupt 
occurs, our demonstration routine will be 
executed along with the usual jump to ROM 
location 38 hex. or 56 dec.. 
We shall, of course, need to initialise the 

Spectrum into Mode 2, set up a skeleton vector 
table, and place an appropriate byte in the 
Interrupt Register. This is how it is done: 

The interrupt code is loaded into the 
Spectrum's printer buffer (starting at 
address 5B00 hex. or 23296 dec.). 
Provided, one is not making use of a 
ZX-type printer, this is a "safe" place 
for storing short code modules! 
In this simple example we shall only 

be using a single interrupt service 
routine and thus will only require a 
single address in the Mode 2 interrupt 
vector table. This address will be 
represented by the label VECT and will 
be equivalent to BFFF hex. or 49151 
dec. (the data bus will return a byte of 
FF hex, in the absence of any external 
hardware device). 
This address was chosen for no 

particular reason other than the fact 
that it was clear of both the short 
BASIC demonstration program and did 
not conflict with addresses used by the 
SP-DOS operating system. In practice, 
a higher address above RAMTOP 
would be advisable. 
Lines 30 and 40 set up the address of 

the interrupt service routine CHK (5B05 
hex. or 23311 dec.) in its position at the 
top of the vector table. The high byte of 

VECT (BF hex.) must be loaded into 
the Interrupt (I) register but note that 
we must disable interrupts whilst 
carrying out this task and re-enable 
them when it is completed. This is 
accomplished in lines 50 to 90. 
The interrupt service routine CHK 

starts at address 5BOF hex. or 23311 
dec. and starts by disabling any further 
interrupts (we should avoid the possib-
ility of interrupting the interrupt service 
routine!). Since the routine makes use 
of the AF and BC register pairs, these 
must be preserved by pushing them onto 
the stack. 
Lines 140 to 170 read the key row 

associated with keys 8, 9 and 0 (i.e. the 
keys which correspond to a standard 
Sinclair joystick) and then output the 
value returned to the screen border. 
Finally, the values previously pushed 
onto the stack are popped back again, 
interrupts are enabled, and the program 
jumps back into the Spectrum's ROM 
at address 0038 hex. or 56 dec. in order 
to complete the normal interrupt 
process. 
Readers having access to an assembler may 

wish to enter the code given in assembly 
language mnemonic form shown in Fig. 1. 
Alternatively, readers can make use of the 
Machine Code Loader published in the Update. 
Alternatively, a BASIC loader and simple 

BASIC demonstration program is shown in 
Fig. 2. The demonstration program given in 
Fig. 3 is designed for use when the code has 

been entered and located in memory using an 
assembler. 
Readers should run one or other of the 

demonstration programs (depending upon 
whether or not an assembler has been used to 
generate the interrupt service code) and then 
examine the effect of pressing the 8, 9 and 0 
keys (or making equivalent movements on a 
Sinclair compatible joystick). The border 
colours should be seen to change as the 
program runs. Furthermore, when the program 
completes, the interrupt service routine will still 
be in place and the 8, 9 and 0 keys will continue 
to produce the same colourful if somewhat 
disconcerting effect! 
For the benefit of readers wishing to learn 

more about interrupt handling, a somewhat 
more complex demonstration interrupt service 
routine has been included in the current On 
Spec Update. This piece of code can be used to 
clear the screen whenever the "true video" key 
is depressed. In effect, the "true video" key 
behaves as a CLS (clear screen) key, even when 
a program is running! 

Code Machine 
Like most "serious users" of the Spectrum, 

I am always on the look-out for new utilities 
and software tools which can simplify the task 
of program development. I was, therefore, 
interested to learn that Picturesque had 
produced a successor to the popular EDITAS 
and MONITOR packages in the shape of 
CODE MACHINE. 
Unlike some packages which I have 

mentioned in this column, there is nothing 

*H1SOFT GENS3 ASSEMBLER* 
48K ZX SPECTRUM / SPDOS 

Copyright  (C)  HISOFT 1984 
All  rights  reserved 

Pass  1 errors:  00 

5B00  10 
BFFF  20 

5800 210F5B  30 
5B03 22FFBF  40 
5806 F3  50 

5807 3EBF  60 

5B09 ED47  70 

5BOB ED5E  80 

5BOD FB  90 

5BOE C9  100 

5BOF F3  110 CHK 

5B10 F5  120 
5B11  C5  130 
5B12 OEFE  140 

5B14 06EF  150 

5816 ED78  160 
5B18 D3FE  170 

5B1A Cl  180 
5B1B Fl  190 

581C FB  200 

SB1D C33800  210 

Pass 2 errors:  00 

CHK  5BOF 
VECT  BFFF 

Table used: 

VECT 

START 

START  5800 

46  from 

ORG 

EQU 

LD 
LD 
D 

LD 

LD 

IM 

E I 

RET 

DI 

PUSH 
PUSH 
LD 

LD 
IN 

OUT 

POP 
POP 

E I 

JP 

115B00 

IIBFFF 
HL, CHK 
( VECT ) , HL 

A, *BF 

1, A 

2 

AF 
BC 

C,254 

B,239 
A, (C) 

(254),A 

BC 

AF 
Fig.3. BASIC demonstration program for use 

#38  with previously assembled code 

10 REM  Initialise handler 

20 RANDOMIZE USR 23296 
100 REM Test  loop 

110 FOR  i=1 TO 10000 
120 PRINT AT 0,0;i 

130 NEXT i 

129  140 STOP 

SOFT WARE 
Fig.2. BASIC interrupt code loader and 
demonstration program 

10 REM  Install  interrupt code 

20 FOR  i=23296 TO 23327 

30 READ x 

40 POKE i,x 

50 NEXT  i 

60 DATA 33,15,91,34,255,191 

61 DATA 243,62,191,237,71,237 
62 DATA 94,251,201,243, 245,197 
63 DATA 14,254,6,239, 237,120 

64 DATA 211, 254,193,241,251 

65 DATA 195,56,0 

BO REM  Initialise handler 
90 RANDOMIZE USR 23296 
100 REM Test  loop 

110 FOR  i=1 TO 10000 
120 PRINT AT 0,0;i 

130 NEXT i 

140 STOP 

Fig. 1. Interrupt code in assembly language format 
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E MI 

=  

.= =_ -=-= =  =  = = = = = = 
—   

COMPLETE 
SECURITY 
SYSTEMS 
START AT 

ONLY 

£39.95 

RiSCOMP 

PASSIVE INFRA 
RED DETECTOR 
RP33 

Hi-tech 
Sensor 
which 
operates 
by detecting 
body 
heat. £23.95 VAT 

DIGITAL ULTRA-
SONIC DETECTOR 
LJ_SJ_p_§_3 

4.4 .op 
4#46. • 

For use in a wide 
range of movement 
detection 
applica-
tions  £13.95 VAT 

For 
Security 

Photography or 
Lighting applications 

£25.61 VAT 
PLUS MAGNETIC CONTACTS. BELL BOXES. P A SWITCHES. etc. etc.... 

LiMiTED THE SECURITY SPECIALISTS 

ADVANCED 
CONTROL UNIT 
WITH AUTO 
LOOP 
TEST 
CA1382 

Available 
in kit form 
(fully built 
electronics)LOV.VO 4- VAT 
Fully built  „ „ 
and tested £44.95 + VAT 

SEND OR TEL 

FOR FULL DETAILS 
OR CALL AT OUR 
SHOWROOM Et 

SEE THE UNITS ON 
DEMONSTRATION. 
MON-FRI. 9-5. 

CLOSED SAT Et SUN. 

FULL TECH. ADVISORY 
SERVICE 

Dept EE1, 
51 Poppy Road, Princes Risborough 
BUCKS HP17 9DB Tel: (084 44)6326 

particularly new or revolutionary about 
Picturesque's latest offering; it is simply an 
updated and re-packaged version of EDITAS 
and MONITOR. 
CODE MACHINE comprises an editor and —  

assembler (EDITAS Version 3.1) together with 
a monitor (MONITOR Version 3.1). These 
programs are supplied on two sides of a cassette 
tape but Picturesque supply instructions for 
customising the programs for your own use 
(including a wide range of printer options). I 
found it convenient to place customised 
versions on one side of a cassette tape to 
simplify loading one after the other. 
MONITOR comprises approximately 7K of 

machine code and users are prompted to 
specify a load address. This, however, can be 
defaulted in which case the program is located 
at the highest possible address (usually 57778 
dec.). 
After loading, the program prompts the user 

with the entry point for the monitor which 
should be noted down for future reference. 
Thereafter, access from BASIC is by a 
command or statement of the form: 
RANDOMIZE USR 57778 

The monitor offers a comprehensive range 
of facilities including a particularly pleasing 
trace facility. The assembler, EDITAS, can 
usefully be made co-resident with the monitor. 
Assuming that it is loaded immediately below — 
the MONITOR, access to the assembler from 
BASIC can be achieved by a command or state-
ment of the form: 
RANDOMIZE USR 51565 
Again, it is important to make a note of the 

entry address supplied by the program when 
loading is complete. 
EDITAS is a fairly conventional Z80 

assembler but, unlike Hisoft's DEVPAC, it 
does not support macros. For many purposes 
this does not present too much of a handicap, 
indeed, the over enthusiastic use of macro 
expansions can often result in programs 
becoming excessively long. 
Modular assembly of code is, however, 

possible using either cassette or microdrive and 
up to ten code modules (each with the same 
filename) can be assembled in turn to produce 
one long object code file. A comprehensive 
range of cassette, microdrive, RS-232 and 
network commands is available for saving, 

loading and verifying text and object code files. 
Assembler commands make use of a variety 

of the BASIC keywords printed on the 
Spectrum's keytops. Unfortunately, this poses 
problems for + 2 and + 3 users since it forces 
the user to make numerous references to the 
handbook. Things are much simpler for 48K 
and + users. 
CODE MACHINE is supplied with a useful 

61 -page manual. The software is very 
competitively priced and can be recommended 
as a straightforward and effective development 
aid. So, if you do not already possess EDITAS 
and MONITOR, it is well worth considering 
this package. Picturesque is at 6. Corkscrew 
Hill, West Wickham, Kent BR4 9BB. 
If you would like a copy of our On Spec 

Update, please drop me a line enclosing a large 
(at least 250mm x 300mm!) stamped addressed 
envelope. 
Mike Tooley, Department of Technology, 

Brooklands Technical College, Heath Road, 
Weybridge, Surrey KTI3 8TT. 
Next Month: We shall he delving into the 

system of memory "paging" used on 128K 
versions of the Spectrum. 

rtintrr PLAcc 
COMMODORE interface VC20. Needs 
attention. £10. Tel: 021-788 1123. 

WANTED: Oscilloscope for Third World 
teaching schools. Will pay reasonable price. 
Must be in working order. Mr. R. Hiremath, 1 
Cottage, Hawkhead Hospital, Paisley PA2 
6AL. Tel: 041-889 1126 evenings. 
HELP! I'm trying to obtain a UM3166xx 8-pin 
melody chip or UM3561 four tone siren. Mr. J. 
Wilkinson, 8 Baron Path, Bargeddie, Baileston, 
Glasgow G69 7QL. 

FOR SALE: Everyday Electronics 1973 to 1976 
inclusive. Various other magazines same 
period. Tel: 01-961 0413. 
WANTED: Circuit for Sony compact disc type 
CDP-M20 or any info on compact disc 
systems. Mr. J. Jackson, 53 Erringdon Close, 
Offerton, Stockport SK2 5LN. Tel: 061-456 
8029. 
CMOS car alarm kit. Contains approx. 30 
components with instructions and drawings. 
O. Mark Williams, 30 Bron Haul, Bagillt, Clwyd 
CH6 6JZ. Tel: Holywell 714274. 

FREE READERS ADS. 
RULES Maximum of 16 words plus ad-
dress and/or phone no Private advertisers 
only (trade or business ads can be placed 
in our classified columns) Items related to 
electronics only No computer software 
EE cannot accept responsibility for the 
accuracy of ads or for any transaction 
arising between readers as a result of a free 
ad We reserve the right to refuse adver 
tisements Each ad must be accompanied 
by a cut-out valid "date corner"' Ads 
will not appear (or be returned) if these 
rules are broken 

CAN YOU design and etch P.C. boards for my 
simple circuits? Cash paid for neat work. 
George Short, 18c Marine Square, Brighton, E. 
Sussex BN2 1DN. Tel: 0273 672938. 

Name & Address: 

BLOCK CAPITAL
S PLEASE 

Please read the RULES then write your advertisement here— 
one word to each box. Add your name, address and/or phone no. 
Please publish the following small ad. FREE in the next available 
issue. I am not a dealer in electronics or associated equipment. I 
have read the rules. I enclose a cut-out valid date corner. 

Signature  Date   
COUPON VALID FOR POSTING BEFORE 8 JAN '88 
(One month later for overseas readers.) 

SEND TO: EE MARKET PLACE, EVERYDAY ELECTRONICS, 6 
CHURCH STREET, WIMBORNE, DORSET BH2 1 1JH. 

For readers who don't want to damage the issue send a photostat or a copy of the coupon (filled in of course) with a cut-out valid date corner-
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ECM. 
OFF E MI 

PENSOL GAS IRON 
f11 .74 including VAT and postage 

Quantity 
GAS SOLDERING IRON 
This go-anywhere gas powered 
soldering iron comes complete 
with a 2.4mm tip and plastic cap 
with pocket clip. An invaluable 
tool for occasional repair jobs 
wherever they may be. 
* Power 10-60 watts. 
* Uses ordinary Butane gas-lighter 
fuel. Refills in approx 15 seconds. 

* Adjustable temperature up to 400°C 
* Heating time approx. 20 seconds 
* Continuous operating time one 
hour 

* Various easy-to-change soldering 
tips available 2.4mm, 3.2mm and 
4.8mm. 

* Lightweight and compact. 
Quantities are limited; if all irons 
have been sold your payment will 
be returned. 

Post to: EE Gas Iron Offer, Marco Trading 
The Maltings, High St., Wem, Shropshire SY4 5EN  L_   

Please supply 

Value 

Penson Gas Irons @ £11.74 

Spare Tips @ £3.50  sizej 

Total 

Please make cheques payable to Marco Trading 

Visa/Access or Cheque No   

Signature   

Name   

Address   

OFFER CLOSES Friday, January 29, 1988 

Name   

Address   

Post to: EE Gas Iron Offer, Marco Trading 
The Maltings, High St., Wem, Shropshire SY4 5EN 
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The books listed below have been 
selected as being of special interest to 
our readers, they are supplied from 
our editorial address direct to your 
door. 

DATA AND REFERENCE 
PRACTICAL ELECTRONICS 
CALCULATIONS AND FOR MULAE 
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 Cons,ants, 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 SYSTE MS 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 

CO M MUNICATION 
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 

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 

HO W TO IDENTIFY UN MARKED ICs 
K. H. Recorr 
Shows the reader how, with just a test-meter, to go 
about recording the particular signature of an unmarked 
c which should enable the i c to then be identified with 
reference to manufacturers' or other data  An ic 
signature is a specially plotted chart produced by mea-
suring the resistances between all terminal pairs of an i c 
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 
Chan  Order code BP7  £0.95 

CHART OF RADIO, ELECTRONIC, 
SE MICONDUCTOR AND LOGIC SY MBOLS 
M. H. Banani, B.Sc.(Eng.) 
Illustrates the common, and many of the not-so-com-
mon, radio, electronic, semiconductor and logic syrribols 
that are used in books, magazines and instruction 
manuals, etc , in most countries throughout the world 
Chart  Order Code BP27  £0.95 

INTERNATIONAL TRANSISTOR 
EQUIVALENTS GUIDE 
A. Michaels 
Helps the reader to find possible substitutes for a popular 
selection of European. American and Japanese transis-
tors Also shows material type, polarity, manufacturer 
and use 
320 pages  Order code BP85  £2.95 

ELECTRONICS SI MPLIFIED 
-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 

50 CIRCUITS USING GER MANIU M 
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 

50 SI MPLE 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 

COIL DESIGN AND CONSTRUCTION M ANUAL 
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 
little has changed in coil design since it was written 
96 pages  Order Code 160  £2.50 

CIRCUITS AND DESIGN 

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 

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. vcs -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 
Chan  Order code BP70  £0.95 

DIGITAL IC EQUIVALENTS 
AND PIN CONNECTIONS 
A. Michaels 
Shows equivalents and pin connections of a popular 
selection of European, American and Japanese digital 
c s Also includes details of packaging, families, func-
tions. manufacturer and country of origin 
256 pages  Order code BPI 40  £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 
lc 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 5, diacs, macs, thyris-

t7o4rs, pages  C el, photo and display diodes 
4  g   Order code BP108  £2.25 

NE WNES 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 L91 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 

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  £2.25 
Book 2 112 pages  Order code BP131  £2.25 

A MICROPROCESSOR PRI MER 
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  Order code BP123  £1.95 

HO W TO USE OP-A MPS 
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, 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 Fitters- high-pass, low-pass, 6, 12, and 24d13 
per octave types Miscellaneous-I c power amplifiers, 
mixers, voltage and current regulators, etc 
BOOK 1  128 pages  Order code BP117  £1.95 
BOOK 2  712 pages  Order code BP118  £1.95 

HO W 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 Te mporarily out of print 
BOOK 2  160 pages  Order code BP98  £2.25 
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CO MPUTING 

GETTING THE M OST FRO M 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, Visawnte and Quill, etc 
Shows exactly what must be typed in to achieve a given 
effect 
96 pages  Order Code BP181  £2.95 

A Z80 W ORKSHOP 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 Cod. BP112  £3.50 

AN INTRODUCTION TO 68000 ASSE MBLY 
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  Order Code BP184  £2.95 

THE ART OF PROGRA M MING THE ZX 
SPECTRU M 
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 cod* BP119  £2.50 

AN INTRODUCTION TO PROGRA M MING THE 
CO M MODORE 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 PROGRA M MING 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 

AN INTRODUCTION TO PROGRA M MING THE 
ACORN ELECTRON 
R. A. &  W. Penfold 
Designed to help the reader learn more about program-
ming and to make best use of the Electrons many 
features Adds considerably to the information already 
supplied in the manufacturers own instruction manual 
744 pages  Order code BP142  £1.95 

AN INTRODUCTION TO PROGRA M MING 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 PROGRA M MING 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 PROGRA M MING 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 M ACHINE 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 cods 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 sell and memory, 
binary and hexadecimal numbering systdms, 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 /A mos, Electron, BCC and also the Commo-
dore 64 
112 pages  Order cods BP147  £2.50 

PROJECT CONSTRUCTION 

HO W TO GET YOUR 
ELECTRONIC PROJECTS W ORKING 
R. A. Penfold 
We have all built projects only to find that they did not 
work correctly, or at all, when first switched on The aim 
of this book is to help the reader overcome just these 
problems by indicating how and where to start looking 
for many of the common faults that can occur when 
building up projects 
96 pages  Order code BP110  £1.95 

HO W TO DESIGN AND M AKE 
YOUR O WN P.C.B.• 
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 pc bs 
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 

RADIO 

AN INTRODUCTION TO RADIO DXING 
R. A. Penfold 
Anyone can switch on a short wave receiver and play 
with the controls until they pick up something, but to find 
a particular station, country or type of broadcast and to 
receive it as clearly as possible requires a little more skill 
and knowledge The object of this book is to help the 
reader to do just that, which in essence is the fascinating 
hobby of radio DXing 
112 pages  Order code BP91  £1.95 

INTERNATIONAL RADIO STATIONS 
GUIDE 
Completely revised and updated, this book is an invalu-
able aid in helping all those who have a radio receiver to 
obtain the maximum entertainment value and enjoyment 
from their sets 
Clearly shown are the station site, country, frequency 

and/or wavelength, as well as the effective radiation 
power of the transmitter 
128 pages  Order code BP155  £2.95 

RECOMMENDED READING 

FOR • • • 
INTRODUCING 
MICROPROCESSORS 

BEGINNERS GUIDE TO MICROPROCESSORS 
E.A. Parr 
An excellent grounding in microprocessors, this book is 
broadly relevent to the whole of our Introducing 
Microprocessors course. It is easy to read and well 
illustrated. 
224 pages  Order code NE03  £4.95 

MICROELECTRONIC SYSTE MS 2 CHECKBOOK 
R. Veers 
The aim of this book is to provide a foundation in 
microcomputer  hardware,  software  and  interfacing 
techniques. Each topic is presented in a way that assumes 
only an elementary knowledge of microelectronic systems 
and logic functions. The book concentrates on 6502. Z80 
and 6800 microprocessors and contains 60 tested 
programs, 160 worked problems and 250 further problems. 
194 pages  Order code NE04  £4.95 

RECOMMENDED READING 

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 

HO W TO GET YOUR CO MPUTER PROGRA MS 
RUNNING 
J. W. Penfold 
Have you ever written your own programs only to find 
that they did not workl 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 BP 169  £2.50 

AN INTRODUCTION TO CO MPUTER 
CO M MUNICATIONS 
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 RT TY 

Order code BP177 96 pages  £2.95 

AN INTRODUCTION TO 
CO MPUTER 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 BP 170  £2.50 

CO MPUTER TER MINOLOGY 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 BP 148  £1.95 

THE PRE-CO MPUTER BOOK 
F. A. Wilson 
Aimed at the absolute beginner with no knowledge of 
computing An entirely non-technical discussion of com-
puter bits and pieces and programming 
96 pages  Order code BP115  £1.95 

NE WNES CO MPUTER 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 

EE BOOK SERVICE 

TO ORDER 

Please check the latest issue of 
Everyday Electronics for price 
and availability. 

Add 50p per order postage 
(overseas readers add £1, surface 
mail postage) and send a PO, 
cheque or international money or-
der (£ sterling on)y) made payable 
to Everyday Electronics (quot-
ing the order code and quantities 
required) to EE BOOK SERVICE, 
6 CHURCH STREET, WIM-
BORNE, DORSET BH211JH. 

Although books are normally 
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. 
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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 I sterling only.) 
Please note that when ordering it is important to give project title as well 

as order code. Please print name and address in Block Caps. Do not send 
any other correspondence with your order. 

Readers are advised to check with prices appearing in the current 
issue before ordering. 

NOTE: Please allow 28 days for delivery. We can only supply boards 
listed in the latest issue. Boards can only be supplied by mail order 
and on a payment with order basis. 

PROJECT TITLE Order Code Cost 

- DEC '85 - 
Digital Capacitance Meter 512 £6.52 

- JAN '86 - 
Mains Delay 503 £2.65 
Musical Doorbell 507 £3.63 
Tachometer - Transducers Series 513 £3.15 

- FEB '86 - 
Touch Controller 510 £3.32 
Function Generator 514 £3.54 
Function Generator PSU Board 515 £2.56 
pH Transducer - Transducers Series 516 £3.30 

- MAR '86 - 
Mains Tester Et Fuse Finder 517 £2.84 
BBC Midi Interface 518 £4.08 
Stereo Hi Fi Preamp 519 £7.13 
Interval Timer 520 £2.95 

- APRIL'86 - 
Stereo Reverb 521 £3.73 

- MAY '86 - 
PA Amplifier 511 £3.34 
Mini Strobe 522 £2.79 
Auto Firing Joystick Adaptor 523 £3.42 

- JUNE'86 - 
Watchdog 524 £3.51 
Percussion Synthesiser 525 £7.06 
Personal Radio 526 £2.58 

- JULY'86 - 
Tilt Alarm 527 £2.65 
Electronic Scarecrow 528 £2.86 
VOX Box Amplifier 529 £2.93 
Headphone Mixer 530 £5.71 

- AUG '86 - 
Solar Heating Controller ral £4.16 

- SEPT'86 - 
Car Timer 538 £2.53 
Freezer Failure Alarm 534 £2.38 
Infra Red Beam Alarm (Trans) 536 £4.16 
Infra Red Beam Alarm (Red  ) 537 £4.16 
Scratch Blanker 539 £6.80 

- OCT '86 - 

'IOW Audio Amp (Power Amp)  £4.78 Pair 543 £3.23 
(Pre-Amp) 544 £3.97 

Light Rider - Lapel Badge 540 Et 541 £2.97 
- Disco Lights 542 £5.12 
- Chaser Light 546 £4.04 

- NOV'86 - 
Modem Tone Decoder 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  - FEB '87 - 
Mini Amp. 
Video Guard 
Spectrum I/O 
Spectrum Speech Synthesiser 

553 
554 Et 555 
556 
557 
558 

£2.48 
£.68 
£3.80 
£4.35 
£4.86 

- MAR '87 - 
Computer Buffer/Interface 560 £3.32 
Infra Red Alarm: Sensor head 561 £4.19 

PSU/Relay Driver 562 £4.50 

- APRIL'87 - 
Alarm Thermometer 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 

- JUNE'87 - 
Mini Disco Light 567 £2.93 
Visual Guitar/Instrument Tuner 568 £3.97 

- JULY'87 - 
Fermostat 569 £.34 
EE Buccaneer Metal Detector 570 £4.10 
Monomix 571 £4.75 

- AUG '87 - 
Super Sound Adaptor, Main Board 572 £4.21 

PSU Board 573 £3.32 
Simple Shortwave Radio, Tuner 575 £3.15 

Amplifier 576 £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 - rIFO £3.77 
Acoustic Probe 584 £2.78 
BBC Sideways RAM/ROM 585 £4.10 

Pseudo Echo Unit  - DEC '87 - 586 £4.60 
Dual Mains Ligllit Flasher 587 £.66 
Twinkling Star 588 £2.61 
Audio Sine Wave Generator 559 £3.03 

Capacitance Meter  - JAN '88 - 590 £00.00 
Bench Amplifier 591 £0.00 
Transistor Curve Tracer 592 £00.00 

ELECTRONICS 
TEACH-IN-SOFTVVARE 

To complement each published part of the Electronics Teach-In 
book, we have produced an accompanying computer program. 
The Teach-In Software is available for both the BBC Micromputer 
(Model B) and the Sinclair Spectrum (48k) or Spectrum-Plus. The 
programs are designed to reinforce and consolidate important 
concepts and principles introduced in the series. The software 
also allows readers to monitor their progress by means of a series 
of multi-choice tests, with scores at the end. 
Tape 1 (Teach-In parts 1, 2 and 3), Tape 2 (parts 4, 5 and 6) and 

Tape 3 (parts 7, 8 and 9) are available for (4.95 each (inclusive of 
VAT and postage) from Everyday Electronics, 6 Church Street, 
Wimborne, Dorset BH21 1JH. IMPORTANT State BBC or 
Spectrum; add 50 pence for overseas orders; allow 28 days for 
delivery. 

_ 

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  Quantity  Price 

I enclose cheque/ P0 for E   

Name   

Address   

L Please allow 28 days for delivery 

BLOCK CAPITAL
S PLEASE 
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ariimmics 
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 per single column centimetre (minimum 2.5cm). The prepaid 
rate for classified advertisements is 30 pence per word (minimum 12 words), box number 
60p extra. All cheques, postal orders, etc., to be made payable to Everyday Electronics VAT 
must be added. Treasury notes should always be sent registered post. Advertisements, to-
gether with remittance, should be sent to the Classified Advertisement Dept., Everyday Elec-
tronics, 6 Church Street, Wimborne, Dorset BH21 1 JH. 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 

ELECTRONIC 

COMPONENTS 

• Velleman Electronic Kits 
• Test Equipment & Tools • Instrument Cases 

New 1988 Catalogue now available £1.85 incl. P&P 

Station Road, Cullercoats, North Shields, 
Tyne Er Wear NE30 4PG. Tel: 091-251 4363 

WE ARE IN BUSINESS FOR 
QUALITY COMPONENTS 

Turnable belts, Tape heads. Plugs, leads, Soldering 
irons,  Aerials,  Crossovers,  Video copy  kits, 
Multimeters, Speakers. 

ALTAI SOLDER PUMP £4.50 post free. 
ALTAI ETC5000 Multimeter 50K /V £28.60 
SEND OR PHONE FOR FREE LISTS 
STRACHAN ELECTRONICS (EEL 

9 CROALL PLACE, EDINBURGH EH7 4LT 
Tel: 031-556 9549 

Special Offers 

QUALITY HAND TOOLS. Genuine Micro-Shear 
side cutters, Pliers. Screwdrivers at Competitise 
prices. SAE for listing. Quinton Tool Supplies, 
Dept. EE, 52 Grayswood Park Road, Birmingham, 
W. Midlands B32 I HE. 

r E MI NI M MI NI M MINUM M ENI MI ni M MI NIMI U M MU M MIS M EIM Milii  

Service Manuals 

CIRCUIT DIAGRAM MANUALS 
Any Make/Model/Type of equipment 
available. Audio, Television, Video, Test, 

Vintage, etc. 
Thousands stocked, LSAE enquiries; 

MAURITON ME). 
8 CHERRY TREE ROAD, 
CHINNOR, OXON OX9 4QY 

Transmitters 

MICRO TRANSMITTER KIT,)Turnable between 
80-140MHz, Range 1000m. complete kit only £3.95. 
We also have a full range of surveillance equipment 
(SAE list). Cheque/PO to: TX ELECTRONICS, 
UNIT 16, 54 COLLEGE ROAD, PERRY BARR, 
BIRMINGHAM B44 8BS. Tel: 021-356 4360. 

MICRO TRANSMITTER KIT, 500m range, tunable 
88-1I5MHz,  sensitive  microphone,  £3.95. 
Cheques/PO to: Quantek Electronics (EE), 267 
Rednal Road, Kings Norton, Birmingham B38 8EB. 

Miscellaneous 

TURN YOUR SURPLUS 
ICS transistors etc., into cash, immediate 
settlement. We also welcome the 
opportunity to quote for complete factory 
clearance. 

Contact COLES-HARDING Et CO, 103 
South Brink, Wisbech, Cambs. 
•ESTABLISHED OVER 10 YEARS* 
Tel: 0945 584188  Fax: 0945 588844 

NATIONAL COMPONENT 
CLUB 

All our packs are brand new, no manufacturers 
rejects faulty or unmarked components  you 
are anything less than delighted with your order 
please send a back for a toil money refund 
within seven days ot purchase 

ALL PACKS ONLY 1 EACH 
•Pkt 300  ASSORTED RESISTORS Values from 1 

ohm to 1M all lull length leads 
•Pk2  50  WIRE WOUND RESISTORS All high 

wattage. lots of different values 

•Pk3  25  POTS AND PRESETS Sliders. multiturn. 
multigang. cermet. carbon etc 

•pk4  70  ASSORTED CAPACITORS All different 
types values up to 4700u1. voltages to 

250V 
•Pk5  20  LARGE ELECTROLYTICS Values like 

4700u1. 2200uf at voltages up to 250V 
•pk6  1 25.0000 Electrolytic capacitor 
•Pk7  20  ASSORTED IC s TTL. Linear etc all brand 

new and fully marked 
•Pk8  60  ASSORTED DIODES Zeners, signals like 

the IN4148. rectifiers from the IN4000 

series 
•pkg  10  18 WAY IC SOCKETS 107. profile 
•Pkt 0 1 PROJECT BOX 153mm x 83mm x48rnm 

complete with lid and screws 
•Pkt 1 1 4 DIGIT  DISPLAY  Seven  segment 

multiplexed with data sheets 
•Pk12  1 9V  105db  SIREN  120mA  electro 

mechanical 
•Pk13 10  ASSORTED SWITCHES micro-switches 

highpovver rockers etc 
•Pk14  5 MICRO-SWITCHES all different 
•Pk15  MYSTERY PACK Our best selling pack 

last month 
•Pkt 6 75  ASSORTED HARDWARE Rubber feet. 

cbble ties bolts. grommets. sleeving. PCB 

mounts etc 
•Pk17  5 FUSE  HOLDERS  20mm  new  style 

complete with protective boots 
•Pkt 8 15  PP3 BATTERY CLIPS With 100mm red 

and black leads 

Please send your order together with cheque or postal 

order to 
DEPT EE. WOODSIDE DOWSETT LANE 

RAMSDEN HEATH hr BILLERICAY ESSEX CMII 1JL 

Please add 75p towards P & P. 
All prices include VAT at 15°. 

ORDER FORM PLEASE WRITE IN BLOCK CAPITALS 
II Please insert the advertisement below in the next available issue of Everyday Electronics for   Insertions. I enclose Cheque/P.O. for 

 (Cheques and Postal Orders should be made payable to Everyday Electronics) 

• NAME    

I ADDRESS   

m ummoim minumm uli 

HEADING REQUIRED: EVERYDAY ELECTRONICS 
and ELECTRONICS MONTHLY 
Classified Advertisement Dept., 
6 Church Street, 
Wimborne, 
Dorset BH21 1 JH. 
Telephone 0202 881 749 
RATE 30, per word mkornum 12 wards Bo, No SO/ otra VAT murt to Kidd 

( 87 II 
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TECHNICIANS INDEX TO ADVERTISERS 

Looking for a brighter future? 
Join the fast moving and lucrative 
computer servicing industry. 
Vacancies are now available on our 

MICROPROCESSOR SYSTEMS 
TECHNICIANS COURSE 

A 16 week full time course designed for 
Electronics Technicians wishing to retrain in: 

MICROPROCESSOR TECHNOLOGY 

The course concentrates on realistic 
hands on practical work. 

Start dates: November 87 Et March 88 

Apply with full CV to: 

Swindon SkilIcentre 
Faraday Road, Dorcan Industrial Estate, 

Swindon, Wiltshire SN3 5HB 
Tel: (0793) 641671 

OR 
Milton Keynes Skillcentre 

Chesney Wold, Bleak Hall, Milton Keynes. 
Tel: (0908) 670001 

A training allowance and lodging/travel 
allowance will be paid. 

This is an M.S.C. funded Equal Opportunities Training Course 

ALCON INSTRU MENTS  41 
AUDIOKITS  48 

BAFBOX LTD 

B.K. ELECTRONICS  Cover III 
BULL, J. & N.   Cover II 

CIRKIT DISTRIBUTION  31 

COLES-HARDING  63 
C-SCOPE   15 

ESR CO MPONENTS  63 

GREEN WELD ELECTRONICS  35 

(.C.S.   64 

JAYTEE ELECTRONIC SERVICES   14 

LONDON ELECTRONICS COLLEGE 

MAGENTA ELECTRONICS  2 

MAPLIN ELECTRONIC SUPPLIES  Cover IV 
MARCO TRADING  41 
MAURITRON   

MILTON KEYNES SKILL CENTRE   
M.J.R. W HOLESALE   

NATIONAL COMPONENT CLUB 

OMEGA ELECTRONICS 
OMNI ELECTRONICS   

PHONOSONICS   

RADIO CO MPONENT SPECIALISTS   
RISCO MP LTD 

SHER WOOD DATA SYSTE MS 

STRACHAN ELECTRONICS 
S WINDON SKILL CENTRE 

 64 

63 
64 
64 

63 

44 
48 

15 

55 
58 

 22 
 63 

 64 

UNIVERSAL SE MICONDUCTOR DEVICES   

W ALTONS OF W OLVERHA MPTON   

XEN-ELECTRONICS   15 

48 

T.K. ELECTRONICS  4 

44 

63 

ZENITH ELECTR  NICS  31 

ELECTRONICS TECHNICIAN 
FULL-TI ME TRAINING 
(FULL TIME COURSES APPROVED BY THE BUSINESS ft TECHNICIAN 

EDUCATION COUNCIL) 

2 YEAR 
BTEC National Diploma OND) 

ELECTRONIC Et 
COMMUNICATIONS ENGINEERING 

lElectronics, Computing. Television. Video, Testing Fe Fault Diagnosis) 

1 YEAR 
BTEC National Certificate (ONC) 
ELECTRONIC ENGINEERING 

1- INFORMATION TECHNOLOGY 
lElectronics, Satellite TV, CD. Networks. Telecommsl 

2-ELECTRONIC EQUIPMENT SERVICING 
(Electronics. Television. Video Cassette Recorders, CCTV. Testing Et Fault Diagnosisl 

3- SOFT1NARE 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, Roboticsl 

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 FRO M 3 TO 6 MONTHS CAN BE ARRANGED FOR 
APPLICANTS WITH PREVIOUS ELECTRONICS KNO WLEDGE 

O.N.C. 11th January 1988 
FULL PROSPECTUS FROM 

LONDON ELECTRONICS COLLEGE (Dept EE) 
20 PENYWERN ROAD, EARLS COURT, 
LONDON SW5 9SU. Tel: 01-373 8721. 

MAKE YOUR INTERESTS PAY! 
More than 8 million students throughout the world nave found it worth their while , An 
ICS hOme study course can help you get a better lob, make more money and have more 
fun out of life , ICS has over 90 years experience in home-study courses and is me largest 
correspondence school in the world YOU learn at your own pace when and where you 
want under the guidance of expert personal tutors Find out now we can help YOU 
Post or phone today for your FREE INFORMATION PACK on the course of your choice 
(Tick one box only') 

El  r onics ect n 
— 

Radio, Audio 
and TV Servicing 0 

Basic Electronic 
Engineering (City & Guilds) 0 

Radlo Amateur Licence 
Exa m (City & Guilds) 0 

Electrical Engineering o Car Mechanics 0 
Electrical Contracting/ 
Installation 0 

Co mputer 
Progra m ming 0 

GCE over 40 '0' and 'A' level subjects 0 
Name 

Aadress 
intern...nal Correspondence Schools, Dept EC SIB, 312 314 lirgh St 
Sutton, Surrey SAA1 I PR Tel 01 643 9568. 041 221 2926124 h,51 

P Code 

El B A R G AI N P A C KS 
Fitly  paCkti ... get one free (your choice) 

P1(1 350 Assorted res,sois lv erigiri eads 
PK 2 400 Assorted resistors PreTorrned leads 
PK 3 60 Assorted resslas Wire wound 
PK 4 200 Assorted mead capacitors 
PK 5 200 Assorted cerarnrc cadantas 
PK 6 60 Elect:n*1e capacitors 
PK 7 2 2200W 100volt capacitors 
PK 8 2 4700030 volt capacitors 
HI 9 12 Assorted rotary potentiometers Single gang 
PK 10 6 Assorted rotary potentiometers Dual pang 
PK 11 12 Assorted slider potentiometers 
PK la 40 ASSOTtklpte-set poientoreelers 
PK 135  100K lin mulleurn potentiometers 
Pt( 14 5 1 meg tin ',barium paean:meters 
PK 15 12 Assorted witches 
PK 16 1 bank 44iiay push button swedes chi knobs. 
PK IT 1 4 pole 5-way wily synth. 
PK 18 15 Assoned control knobs. 
N 19 20 Assorted plugs and sockets 
PK 20. 2 Paws DC plugs 8 sockets an leads& PP3 alp 
PK 21 25 Assorted transistors All nee& coded.  PK 48 25 Assorted Zener diodes 

Postal order or cheque with order. Please add El postage & packing per order. 
Access and Barclaycard orders welcome, minimum Et 0 

Electronics magazines, we have an extensive range of hack issues. 50p for current lists. 

10 22 15 Assorted C s Ail new 8 cooed 
P1( 23. 50 A33o, ursr,aged& unIeslrdl Cs 
IN 24 100 Assorted °lodes 
N 26. 3 Lvwpdenseinheatsinks 103 
IN 27 I 4nedioe7 Orerstl.ed clock aspiay 
N 28 20 Assorted was Panel mounting & *ire ended 
Pk 2B 1 IlooPhOnitle lead. witch plugs& stand 
PK 31 3 D micearpeces CAS lead & 3 5rrry plug 
PA 32 2 Telescopic aerials 
N 35 1 Large cassette motor 
PK 36 1 Wirepal. Namable. 
N 38 I Wawa. Connecting Imre Assorted colours 
PK 39 300 Assorted resisko 1/1V4 or les5 F leacts 
N 40 200 Assorted Pobesler capacitors 
PK 41 12 Push to make sneWes Da mounting 
PK 43 4 Assorted toaster elements 
P1( 41 3 ASSartei record Nara seeli 
PK 45 50 Assorloi I F and tuning cods 
Ft( 46 35 Assortoi resistors I% tolerance 
PK 47 1 Bag ot surprises 

NUR 1V1101,ESALE,Nlount Farm. tlarfor(I, 
1.1anweda, Dyfed, Wales SA 
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J4 POWER  AMPLIFIER  MODULES 
* PRICES INCLUDE V A T * PROMPT DELIVERIES * FRIENDLY 
SERVICE * LARGE S A E 28p STAMP FaR CURRENT LIST   

ifrws 40 , 

OMP P• WER AMPLIFIER Me DUL Now enioy a 
kvor Id wide reputation for quality reliability and performance at a realistic price Four models 
available to suit the needs of the professional and hobby market i S Industry Leisure. 
Instrumental and Hi Fi etc When comparing prices, NOTE all models include Toroidal 
power supply, Integral heat Sink. Glass fibre PC B and Drive circuits to power compatible 
Vu meter Open and short circuit proof  Supplied ready built and tested. 

O MR1 00 Mk II Bi-Polar Output power 110 
watts R M S into 4 ohms, Frequency Res-
ponse 15Hz - 30KHz -3dB. THD 0 01%. 
S N R  -118dB. Sens  for Max output 
500mV at 10K. Size 355 • 115  65mm 
PRICE £33.99 • £3.00 P&P. 

OMP MF100 Mos-Fet Output power 110 
watts R M S into 4 ohms. Frequency Res-
ponse 1Hz - 100KHz -3dB, Damping Factor 
80. Slew Rate 45V uS, T H D Typical 
0 002%, Input Sensitivity 500mV. S N R 
125dB Size 300 • 123 • 60mm PRICE 

PRICE £39.99 - £3.00 P&P. 

OMP/ MF200 Mos-Fet Output power 200 
watts R M S  into 4 ohms. Frequency Res 
ponse 1Hz • 100KHz - 3dB. Damping Factor 
250, Slew Rate 50V uS, T H D Typical 
0 001%. Input Sensitivity 500mV. S N R 
- 130dB Size 300 • 150 • 100mm PRICE 
PRICE £62.99 • £3.50 P&P. 

OMP MF300 Mos-Fet Output power 300 
watts R M S into 4 ohms. Frequency Res 
ponse 1Hz  100KHz -3dB, Damping Factor 
350. Slew Rate 60V uS. T H D Typical 

(rIN  00008°o. Input Sensitivity 500mV. S N R 
130dB, Size 330 • 147 • 102mm PRICE 

PRICE £79.99  £4.50 P&P. 

NOTE: Mos Fets are supplied as standard (100KHz bandwidth & Input Sensitivity 500mV) If require,' 
PA version (50KHz bandwidth & Input Sensitivity 775mV1 Order - Standard or PA 

Vu METER Compatible with our four amplifiers detailed above A 
very accurate visual display employing 1 1 CPC, diodes (7 green 4 
red) plus an additional on off Indicator Sophisticated logic contr.,' 
circuits for very fast rise and decay times Tough moulded Plast , 
case with tinted acrylic front Size 84 • 27 • 45mm 
PRICE f 8 50 • 50p P&P 

BURGLAR ALARM 
Better to be *Alarmed then terrified 
Thandars famous 'Minder Burglar Varm System. 
Superior microwave principle Supplied as three units 
contpiete  with  interconnection  cable  FULLY 
GUARANTEED. 
Control unit - Houses microwave radar unit, range 
up to 15 metres adiustable by sensitivity Control 
Three position, key operated facia switch - off - lest 
- armed 30 Second exit and entry delay 
Indoor alarm  -  Electronic  swept  freq  siren 
104dB output 
Outdoor Alarm - Electronic swept freq siren 98dB 
output Housed in a tamper-proof heavy duty metal 
case 
Both the control unit and outdoor alarm contain re-
chargeable batteries which provide lull protection 
during mains failure Power requirement 200/260 Volt 
AC 50/60Hz Expandable with door Sensors, panic 
buttons etc Complete with instructions 

SAVE t 138.00 Usual Price L228 85 
BKE's PRICE £89.99 - £4.00 P&P or  Why buy a ,  issembly boards, 

IDEAL for Work 
shops, Factories, 
Offices. Home. 
etc  Supplied 
ready built 

LOUDSPEAKERS 5- to 15" up to 400 WATTS R MS 
Cabinet Fixing in stock Huge selection of McKenzie 
Loudspeakers available including Cabinet Plans Large 
S A E (28p) for free details 
POWER RANGE 
8 50 WATT R.M.S. Hi•Fi Disco. 
20 oz magnet 1'  ally voice cod Ground ally fixing escutcheon Res Frey 40Hz Freq Resp to 
ciKH, Sens 92dE1 PRICEI10 99Available with black grille (11 99 P&P It 50 ea 
12" 100 WATT R.M.S. Hi-Fi Disco 
00 or magnet 2" ally voice coil Ground ally fixing escutcheon Die cast chassis White cone Res 
• req 
.•Shlz Frey Resp to 4KHz Sens 9508 PRICE (28 60 • C3 00 P&P ea 

'SW 
McKENZIE 
12' 85 WATT R.M.S. C1285GP lead Guitar/Keyboard/Disco. 
2. ally voice coil. Ally centre dome. Red. Freq 45Hz. Freq. Resp to 6 5KHz Sens. 98dB. 
POICE 04.57 . (3 00 P&P ea 
12" 85 WATT R.M.S. C1295TC P.A./Disco 2" ally voice coil. Twin cone. 
Res Freq 45Hz Frey Resp to 14KHz. PRICE (35.35 . E3:00 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 C66.39 • E4.00 P&P ea. 
10'60 WATT R.M.S. 10600P Gen. Purpose/Lead Guitar/Keyboard/Mid. P.A. 

2" voice coil Res Freq 75Hz Frey Resp. to 7.5KHz Sens 99dB. PRICE E23.72 0 C2.00 P&P. 
10" 200 WATT R.M.S. C10200GP Guitar/Keyboard/Disco 
2" voice coil Res. Freq. 45Hz. Freq. Resp. to 7KHz. Sens. 101dB. PRICE E47.49 + E3.00 P&P. 
15" 200 VVATT R.M.S. C15200 High Power Bass. 
Res Freq. 40Hz. Frey Resp. to 5KHz. Sens. 101dB. PRICE (73.26 • E4.00 P&P. 
15" 400 WATT R.M.S. C15400 High Power Bass, 
Res Freq 40Hz Freq Resp to 4KHz Sens 102dB PRICE (94 12 • E4.00 P&P. 

WEM 
5 70 WATT R M S Multiple Array Disco etc 
1" voice coil Res Freq 52Hz Freq Resp to 5KHz Sens 89dB PRICE E22 00 • El 50 P&P ea. 
8- 150 WATT R.M.S. Multiple Array Disco etc. 
1" voice coil Res Freq 48Hz Freq Resp to 5KHz Sens 92dB PRICE C32 00 + E1 50 P&P ea 
10'300 WATT R.M.S. Disco/Sound re-enforcement etc. 

voice coil Res Freq 35Hz Frey Resp to 4KHz Sens 92c18 PRICE (36 00 • E2 00 P&P ea 
12'300 WATT R.M.S. Disco/Sound re-enforcement etc. 
1 j" voice coil Res Frey 35Hz Frey Resp to 4KHz Sens 94dB PRICE (47 00 + (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 £9 99 . It 00 P&P ea 
6 ." 60 WATT R.M.S. Hi-Fi Multiple Array Disco etc. 
I voice coil Res Frey 56Hz Frey Resp to 20KHz Sens 89dB PRICE £10 99. El 50 P&P ea 
8 60 WATT R.M.S. Hi-Fm. Multiple Array Disco etc. 
7  voice coil Res Frey 38Hz Frey Resp to 20KHz Sens 8948 PRICE (12 99 • fl 50 P&P ea 

10" 60 WATT R.M.S. Hi-Fi/Disco etc, 
voice cod Res Freq 35Hz Freq Resp to 15KHz Sens 89dB PRICE f16 49 • (2 Cc P&P 

HOBBY KITS. Proven designs including glass 
fibre printed circuit board and high quality 
components complete with instructions. 

FM MICROTRANSMITTER (BUG) 90/105MHz with very sensitive 
microphone  Range 100/300 metres  57  • 46  • 14mm 19 volt) 
Price (8 62 • 75p P&P 
3 WATT FM TRANSMITTER 3 WATT 85/116MHz varicap controlled 
profess/one( performance Range up to 3 miles 35 . 84 • 12mm 
,12 volt) Price I? 4 49 • 75p P&P 
SINGLE  CHANNEL  RADIO  CONTROLLED  TRANSMITTER/ 
RECEIVER 27MHz Range up to 500 metres Double coded modulation. 
Receiver output operates relay with 2amp/240 volt contacts Ideal for 
many applications  Receiver 90 • 70  • 22mm (9/12 vottl  Price: 
117 82 Transmrner 80  • 50  . 15mm (9/12 volt)  Price  /11 29 
P&P - 75P each S A E for complete list 

 O  
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O MP LINNET LOUDSPEAKERS 
The very best in quality and value Made spt,,,  to suit toad, 
need for compactness with high sound output levels Finished 
hard wearing black vynrde with protective corners. grille and cao , 
-andle All models 8 ohms Full range 45Hz - 20KHz Size 20 -

' 5 • 12" Watts R M S per cabinet Sensitivity 1W 1 mtr dB 

OMP 12 100 Watts 100dEt. Price £149.99 
per pair. 
OMP 12-200 Watts 102dB. Pricef199.99 
per pair.  Delivery Secor it-or t8 00 per Pair 

 4 

9" STEREO RACK AMPS 

e's 

.1100 

Professional 19" cased Mos-Fet stereo 
amps Used the World over in clubs, pubs. 
discos etc. With twin Vu meters, twin 
toroidp1 power supplies, XLR connections 
MF600 Fan cooled Three models (Ratings 
R M.S into 4ohms).  ••  775 "-V 

MF200 (100 + 100) W. E171.35 Securicor 
MF400 (200 + 200) W. £228.85  Delivery 
MF600 (300 + 300) W. £322.00  £10.00 

P295 ELECTRONIC TURNTABLE 
• Cie, tion,c speed control 45 & 33 , p m aPSis 
M O W, variable pitch control • Belt driven • Alu 
111111111171 platter with strobed rim • Cue lever • Anti-
skate (bias device) • Adjustable counter balance • 
Manual arm • Standard '." carorge fixings • 
Supplied complete with cut out template • D.C. 
Operation 9-14v DC  65mA 

Price £36 99  (3 00 P&P 

ADC 04 ma. cartridge for above Price 14.99 ea 

PIEZO ELECTRIC TWEETERS  MOTOROLA 
Join the Piezo revolution The low dynamic mass Ino voice coin of a Piero tweeter produces ar 
improved transient response with a lower distortion level than ordinay dynamic tweeters As 
crossover is not required these units can be added to existing speaker systems of up to 100 watt, 
(more if 2 put in series) FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH TWEETER 

TYPE 'A' (KS N2036A) 3" round with protective wire 
mesh  ideal for bookshelf and medium sized Hi.fi 
speakers Price 14 90 each • 40p P&P 
TYPE 'B' (KS N1 005A) 31: super horn For general 
purpose speakers disco and PA systems etc Price 
£5.99 each • 40p P&P 
TYPE 'C' IKSN6016A) 2- • 5" wide dispersion 
horn For quality Hi 'fi systems and quality discos etc 
Price £6.99 each • 40p P&P 
TYPE 'D' (KSN1025A) 2" • 6" wide dispersion 
horn Upper frequency response retained extending 
down to mid range (2KHz) Suitable for high quality 
Hi-fi systems and quality discos Price £9.99 each 
• 40p P&P 
TYPE •E' (KSN1038A) 31," horn tweeter with 
attractive silver finish tom Suitable for Hi-fi monitor 
systems etc Price £5.99 each • 40p P&P 
LEVEL CONTROL Combines on a recessed mount-
ing plate. level control and cabinet input lack socket 
85 - 85 rroil Price (3 99  .10, P&P 

• 

1 K-WATT 
SLIDE DIMMER 

• Control loads up 
1Kw 

• Compact Size 

• Easy snap in fix. 
r'g through panel 
cabinet cut out 
• Insulated plasti, 
Case 
• Full wave con 
trol using 8 amp 
triac 
• Confor ms to 

• Suitable for both resist 
.ince and inductive loads In 
numerable applications o 
industry  the home, and 
disco's. theatres etc 

PRICE £13.99 • 75p P&P 

STEREO  DISCO MIXER 
STEREO DISCO MIXER with 2 • 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 (Magl 3 Mics 4 Line plus Mic 
with talk over switch Headphone Monitor , 
Pan Pot L 8. R Master Output controls Out 
put 775mV Size 360 • 280 • 90mm 

Price /134.99 - (3 00 P&P 

111111 0 . POSTAL CHARGES PER ORDER (1 00 minimum. OFFICIAL 
visA  ORDERS WELCO ME, SCHOOLS. COLLEGES, GOVERN MENT 

BODIES, ETC PRICES INCLUSIVE OF V A T SALES COUNTER 
VISA/ACCESS C 0 D ACCEPTED 

4e 4P ...I 4 ; "." 

ARI AL Air 
- 4r-  411 

B. K. ELECTRONICS 
UNIT 5, COMET WAY, SOUTHEND-ON-SEA, 

ESSEX. SS2 6TR  TEL: 0702-527572 

4 
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The Z80 Microprocessor 
Developed by Zilog as a successor to 

the Intel's popular 8080 microprocessor, 
the Z80 is arguably the most powerful of 
the popular 8-bit microprocessors. The 
Z80 is found in a diverse range of applic-
ations, from industrial process control to 
popular home computers (such as the 
Spectrum and Japanese MSX machines). 
The Z80 has relatively complex internal 

architecture which comprises no less than 
eighteen 8-bit and four 16-bit registers. 
For convenience, the Z80's internal reg-
isters can be divided into three groups; a 
main general purpose register set, an 
alternate general purpose register set, and 
a group of special purpose registers. The 
main and alternate general purpose 
register sets are identical and can be inter-
changed at will. Six of the 8-bit general 
purpose registers within each group can 
be used "end-on" to form 16-bit registers. 
This permits implied addressing (using, 
for example, the HL register pair) as well 
as 16-bit counting (using the BC register 
pair). 
The special purpose register group 

contains a program counter (PC) and 
stack pointer (SP) both of which are 
16-bits in length. Two independent 16-
bit index registers (IX and IY) are provided 
as are 8-bit interrupt (I) and memory 
refresh (RI registers. This latter register is 
of little practical value to the programmer 
(other than as a simple random number 
generator) and is used in conjunction with 
the Z80's memory refresh facility (a 
means of automatically refreshing the 
contents of dynamic RAM during normal 
program execution). 
The Z80 has three interrupt modes 

(Mode 0, 1 and 2). During reset, the Z80 is 
initialised in Mode 0 but, thereafter, the 
programmer can alter the interrupt mode 
using appropriate software instructions. 
Interrupt Mode 0 is the same as the 8080 
interrupt response and it allows for up to 
eight different interrupt service routines 
with execution restarting at addresses 

MAIN REGISTER SET 
 A   

ALTERNATE REGISTER SET 
 A  

87  0 15  87 0 

ACCUMULATOR 
A 

FLAGS,F 

B c 
D E 

H L 

07 

ACCUMULATOR 
A' 

FLAGS F' 

B C' 

0' E' 

H' V 

0 15 

INTERRUPT MEMORY 
VECTOR,I  REFRESH.R 

INDEX REGISTER.IX 

INDEX REGISTER, IY 

STACK POINTER, SP 

PROGRAM COUNTER. PC 
) 

SPECIAL 
PURPOSE 
REGISTERS 

spaced every eight bytes between 0000H 
and 0038H. Interrupt Mode is designed 
for systems with minimal I/O and allows 
for only one service routine with 
execution restarting at address 0038H. 
Interrupt Mode 2 (the most complex of 
the three) allows for a total of 128 
different service routines with addresses 
placed in a 256-byte table of vectors 
located on a page boundary defined by 
the programmer at any convenient 
location within the Z80's 64K memory 
space. 
The Z80 has a very large instruction set 

(over 170 basic instructions). Some of 
these instructions have exact equivalents 
within the 8080 instruction set but use 
different mnemonics. Advanced instruct-
ions are used for bit manipulation (testing 
and setting) and also for moving blocks of 
data in memory. 
The Z80 is well supported with a family 

of peripheral devices suitable for a wide 
variety of applications. These devices 
include: 
Z80-CTC (Z84301 Counter timer circuit 
with four programmable counter/timer 
channels 
Z80-P10 (Z84201 Programmable parallel 
I/O device with two independent 8-bit 
I/O ports 
Z80-DMA (Z8410) Direct memory access 
controller 

) 

GENERAL 
PURPOSE 
REGISTERS 

Z80-SIO (Z8440)  Serial input/output 
controller 
Z80-DART (Z8470) Dual asynchronous 
receiver/transmitter 
8080 and 8085 peripheral devices may 
also be readily used with the zsp device. 
MSX machines, for example, make use of 
the 8255 programmable parallel interface 
(PPI). 
The Z80 and its associated peripheral 

devices is available in an A-series (i.e. 
Z80A, Z8430A etc) which will operate 
with clock frequencies up to 4MHz and a 
B-series (i.e. Z80B, Z8430B) which will 
operate with clock frequencies of up to 
6MHz. CMOS versions are also available 
(e.g. 84C00A is a CMOS version of the 
Z80 which will operate with a clock 
frequency of up to 4MHz). 

Z80 Signal Lines 

Signal  Function 

AO - Al5 Address bus 

DO  D7  Data bus 

RD  Read 
WA Write 
MREQ Memory request 
IORQ  Input/output 

request 
NMI  Non-maskable Input 

interrupt request 
INT   Interrupt request 
RESET  Reset 
0   Clock 
RFSH Refresh 
HALT Wait 
WAIT Wait 
BUSRQ Bus request 
BUSAK  Bus acknowledge 
MI  Instruction fetch 

Direction 

Output 
(tn-state) 
Bi-directional 
Itri-state) 
Output 
Output 
Output 
Output 

Input 
Input 
Input 
Output 
Input 
Input 
Input 
Output 
Output 



Popular semiconductor RAM devices 

Type  Technology  Size  Organization  Package 
(bits! 

2012A  NMOS static  1024  1K words x 1 bit  16-pin d.i.l. 
2110  ECL static  1024  1K words x 1 bit  16-pin d.i.l. 
2112  ECL static  1024  256 words x 4 bits  16-pin d.i.l. 
2112A  NMOS static  1024  256 words x 4 bits  16-pin d.i.l. 
2114  NMOS static  4096  1K words x 4 bits  18-pin d.i.l. 
2118  NMOS dynamic  16384  16K words x 1 bit  16-pin d i.l. 
2128  NMOS static  16384  2K words x 8 bits  24-pin di.). 
2142  ECL static  4096  4K words x 1 bit  20 pin d.i.l. 

2147  NMOS static  4096  4K words x 1 bit  18-pin d.i.l. 
2148  CMOS static  4096  1K words x 4 bits  18-pin d.i.l. 
2167  CMOS static  16384  16K words x 1 bit  20-pin d.i.l. 

2168  CMOS static  16384  4K words x 4 bits  20-pin d.j.!. 
2504  TTL static  256  256 words x 1 bit  16-pin d.i.l. 
2510  TTL static  1024  1K words x 1 bit 16-pin d.i.l. 
2511  TTL static  1024  1K words x 1 bit 16-pin d.i.l. 
4116  NMOS dynamic  16384  16K words x 1 bit 16-pin d.i.l. 

4118  NMOS static  8192 1K words x 8 bits 24-pin d.i.l. 
4164  NMOS dynamic  65536 64K words x 1 bit 16-pin d.i.l. 
4256 NMOS dynamic 262144 256K words x 1 but 16-pin d.i.l. 
4334 CMOS static 4096  1K words x 4 bits 18-pin d.i.l. 
4416  NMOS dynamic 65536  16K words x 4 bits 18-pin d.i.l. 
4464  CMOS static 65536 8K words x 8 bits 28-pin d.i.l. 
4716  NMOS dynamic 16384  16K words x 1 bit 16-pin d.i.l. 
4801  NMOS static 8192  1K words x 8 bits 24-pin d.i.l. 
4802  NMOS static 16384  2K words x 8 bits  24-pin d.i.l. 
4816  NMOS dyamic 16384  16K words x 1 bit  16-pin d.i.l. 
4864  NMOS dynamic 65536  64K words x 1 bit 16-pin d.i.l. 
4865  NMOS dynamic 65536  64K words x 1 bit 16-pin d.i.l. 
5101  CMOS static 1024  256 words x 4 bits  22-pin di!. 
5257  CMOS static 4096  4K words x 1 bit  18-pin d.i.i. 
5516  CMOS static  16384  2K words x 8 bits  24-pin di.l. 
6116  CMOS static  16384  2K words x 8 bits  24-pin d.j.!. 
6117  CMOS static 16384  2K words x 8 bits  24-pin d.j.!. 
6147  CMOS static  4096  4K words x 1 bit  18-pin d.i.l. 
6148  CMOS static  4096  1K words x 4 bits  18-pin d.j.!. 
6167  CMOS static  16384  16K words x 1 bit  20-pin d.i.l. 
6168  CMOS static  16384  4K words x 4 bits  20-pin d.i.l. 
6264  CMOS static  65536  8K words x 8 bits  28-pin d.i.l. 
10422  ECL static  1024  256 words x 4 bits  24-pin d.i.l. 
10470  ECL static  4096  4K words x 1 bit  18-pin d.i.l. 
10474  ECL static  4096  1K words x 4 bits  24-pin di.). 
10480  ECL static  16384  16K words x 1 bit  20-pin d.i.l. 
41256  NMOS dynamic  262144  256K words x 1 bit  16-pin d.i.l. 
43256  CMOS static  262144 32K words x 8 bits 28-pin d.i.l. 
50256  NMOS dynamic  262144  256K words x 1 bit 16-pin d.j.!. 
50257  NMOS dynamic  262144 256K words x 1 bit  16-pin d.j.!. 
50464  NMOS dynamic  262144  64K words x 4 bits  18-pin d.i.l. 
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