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HIGH QUALITY MODULES FOR STEREO, 

 

MONO & OTHER AUDIO EQUIPMENT 

 

Audio Amplifiers 

 

POWER DIP MAX SUP. 

 

O/No R.M S. VOLTAGE PRICE 

 

AL 30A 10 Watts 30V £4.95 

 

AL 60 25 Watts 30-50V E5.92 

 

AL 80 35 Watts 40-60V E8.75 

 

AL 120 50 Watts 50-70V £15.22 

 

AL 250 125 Watts 50A0V E20.60 

 

Stabilised Power Supplies -

Output current 2.5 Amps 

 

C/No. AC Input Price 

 

SPM 120/45 4048V ES.OS 

 

SPM 120/55 50-55V ES, 05 + toy 

 

SPM 120/65 6065V EBOS as. 

 

Stereo sal, 

 

Pre-Amplifier 

 

O/No. Supply Vtg, Price 

 

PA 100 30/55V E18.50 

 

Mono Pre-Amplifiers - Operating Vtg. 40-65V 

 

O/No 

 

MM 100 Suitable for Disco Mixer 

 

MM 1DOG Suitable for Guitar Pre-Amp Mixer 

 

Magnetic Cartridge Pre-Amplifier 

 

O/No. MPA30. Sup Vtg. 20-3OV. Price E4.29 

 

Monographic Equaliser 

 

GE 100 MKII 10 Channel 

 

OUR PRICE ONLY E2000 

 

Full Specifications and Data 

 

available on request. Please 

 

send self addressed envelope. 

 

AL 250 

 

Price 

 

E14.75 

 

E14.75 

 

1W 

 

GE 100 MKX 

 

PRECISION MORSE KEYS 

 

No

y 

 

T

xx 

 

Well designed beginners key. Fully adjustable 

 

Dims Base 82mm • 45mm. O/No. VP 122 £1.85 

 

ANTENNA SWITCH 2 and 3 WAY 

 

Co axialswitch for one transceiver 

 

to two antennae or one antenna to 

 

two transceivers. Dims. 86 • 55 x 

 

32mm (Body). 

 

O/No.VP 113 

 

As above but 3-way. 

 

O.No. VP 114 

 

iI. 
L 
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ELECT & PIEZO BUZZERS 

 

Q  „ PIEZO 

 

Miniature round cuu. electron, 

 

Lune, White plastic low 

 

onsumption 

 

Frequencv /I,117 approa 

 

Output TOM IAI @ I M 

 

Powe, 17Vd c 4mA 

 

Dims 22Ida I • 11 5mm 

 

hung Centres 2651-
O/Nu VP 107 

 

95p 

 

Y, 
,

e 

 

0/No VP IM 

 

E1 15 

 

TO 

 

Preto boner WNIe pose, 901... 

 

leads For use on ac ,same 

 

Frequencv 35kHt appro. 

 

Output R5dB (Al @ Im tvp 

 

Power 24ova c 5mA 

 

Dims 32 Ida I • 14rim 

 

h.rng centres 38mm 

 

ELECTRONIC 

 

M,-I.,e eleclromc bun.,. 

 

so Solid le Ivory plastic I`O 

 

leads Frequency 500 H/ 

 

appr.. 

 

Dm, 22 - 16 - ISmm 

 

0 tput 82d6 IAI @ ,n typ 

 

h m ung centres 26m 

 

N 75tH 0/Nn VP 82 

 

9V 25mA, O,No VP 8/ 

 

sop each 

 

SUB-BOX 

 

A neat swivelling disc provides 

 

close tolerance substitution re 

 

sivors of 36 preferred values 

 

I,,- 5ohms to TKohm Simply 

 

fix clips into circuit and swivell 

 

until optimum r suit i 

 

achieved 

 

O/No. VP 112 E475 

 

6V 25mA VP 81. 

 

12V 75mA VP Ill, 

 

0 

 

£4.50 

 

£4.75 

 

MINIATURE VICE 

 

Miniature plastic and metal 

 

vice with strong suction base 

 

d6i 

 

for portability Single action to 

 

'a^FI�Fkk�J 

secure or release suction 

w 

. 

 

Plastic las with rubber pads 

 

20mm wide, open out to 

 

40mm Dims 85 • 65 

 

6011 approa 

 

FANTASTIC VALUE 

 

O/No. 11 95 ONLY El 60 

 

HIGH PASS FILTER/SUPRESSOR 

 

CB/TV. High pass filter. Reduces 

 

unwanted signals picked up by an-
tenna. Dims: 45 t 25 • 17mm. 

 

O/No. VP 115 

 

45p 

 

LEARN A LINGO! 

 

PILLOW SPEAKER 

 

Sim under pillow unit Bohms 

 

2
-
 speaker 1.5m lead with 

 

3.5mm mono lack plug Black 

 

Dims 65 Idia 1 • 17mm 

 

O/Na VP88 17.25 

 

LOW PASS FILTER 

 

Designed to reduce harmonics on 

 

The VHS and TV band. 

 

Cut-off frequency: 30MHz. 

 

V.S.W.R.: Less than 1.2 to 1. 

 

Insertion loss: -0.2dB @ 27MHz 

 

Impedance. 50ohms. 

 

Dims: 80 n 55 x 40mm. 

 

O/No. VP 116 

 

£2.75 

 

ANTENNA COUPLER 

 

Transceiver/car radio anten-
na coupler. With co axial 

 

cables. One co-axial ter-
minates in antenna plug 

 

and the other in PL259 plug. 

 

Dims: 67 - 46 r 30mm. 

 

0/NO. VP 
117.00 

 

111 

 

LOW-PASS FILTER 

 

LP-30 

 

re 

 

O 

 

C 

 

wn 

 

TAPE RECORDER SWITCH 

 

Unit to control motor of tape recorder. 1.8m cord and 

 

2 5m plug attached. On/Off switch. Dims: 55 „ 20 

 

0/No, VP 127 £1.00 

 

DC-DC POWER SUPPLY 

 

DC to DC adaptor. Plugs into car cigar lighter aperture. 

 

Output 3, 4.5, 6, 7.5, 9, 12V @ 800mA. Has universal 

 

output spider plug, also 9V battery snap and polarity 

 

reversin facility. 

 

O/No V� 119 £2.45 

 

METRIC & 

 

BRITISH 

 

MEASURES 

 

Steel tapes m sturdy ABs 

 

plastic Use Sill, wnst strap These 

 

yellow coated comex tapes nave Inch 

 

and metric graduations Automatic push-button return 

 

2m long 13mm wide 0/No VP 89 E1.00 

 

3m long 13mm wide 0/No VP 90 Ell so 

 

Sm long 16mm wide 0/No VP 91 E2.00 

 

1 nstrucuons 

 

J No VP 101 

 

BATTERY TESTER 

 

Tests all Ivor, of battery Including 

 

standard NICAD. Alkaline etc Takes 

 

all standard vies including 6V Lan 

 

tern batteries and watch/heanng 

 

ad cells Also tests fuses and 

 

lamps by means of Internal 9V 

 

IPP31 twnery can also be need 

 

to recharge NICAD banenes 

 

by means of external 31 Nd c 

 

power suppEy Inot moludedt 

 

proedea D,ms 185 107 lOmm 

 

E7 00 Irmo.I 

 

SPEAKER PROTECTOR 

 

Limits voltage to speaker or 

 

to the permissible max., by 

 

automatically introducing a 

 

resistor in series with speak-
ers. When excessive voltage is re-
duced the unit resets itself. Electronic 

 

voltage-sensing relay circuit. Spring terminals. Cut-off 

 

level adjustable from IOW 120W, Full instructions includ 

 

ed. Dims: 85 • 74 , 25mm. 

 

0/No VP 118 

 

Send your orders to Dept EE8 BI-PAK PO 807(6 WARE. HERTS SPM_ 

 

SHOP AT 3 BALDOCK ST. WARE. HERTS L� 

 

. 
TERMS CASH WITH ORDER. SAME DAY DESPATCH. ACCESS. 

 

BARCLAYCARD ALSO ACCEPTED. TEL 1092013182. GIRO 398 7D 

 

ADD VAT AND "IT PER ORDER POSTAGE AND PACKING 

 

BI 

 

£9.95 

 

FM MONITOR 

 

FM monde for 2 metre band All 

 

metal Attached earphone PL259/ 

 

50239 connectors I44MHI 19W 

 

i m Dims IBodyl 55 • 30 

 

re
2

 

 

0/No VP 120 C42o 

 

DUMMY LOAD 

 

So qnm: 70N 

 

UHF co-anal plug 

 

Ming IPL2591 

 

U/No VP 121 
E520 

 

PICK-UP COIL 

 

r puk up cod for high 

 

sin tv Suction pad to stick to 

 

-. phone 90cm lead to 351ack plug 

 

netts direct to cassette recorder 

 

Dims 32 Idw I • 17mm Monist 31drm 

 

I dal sucker Ell Do 

 

FM 

 

_
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as 

VPI 

 

VP7 

 

VP 

 

VP4 

 

vps 

 

VP5 

 

VP7 

 

We 

 

VP9 

 

VP,O 

 

vpI 

 

VP17 

 

VP0 

 

IT,  

 

VPI5 

 

W16 

 

ion 

 

VPI. 

 

VP19 

 

VPM 

 

W71 

 

100 

 

VALUE PACKS 

 

oN onenprrpn Prire 

 

3m Assand 11-1 s Mued types (1 m 

 

30[1 C-11 ... tors ; , Will Ni, In-d fl m 

 

2m if as 

 

iw , Wan lievvius IN chi IM I EI m 

 

200 Assorted Capacitor. All Types [1 in 

 

200 Ceram. Caps MmHlee Mued E, so 

 

100 Mued Ceramxs on, Ipr %pt [I W 

 

IN used Ceram, Drsc Sept 015PI flat 

 

100 Assorted Polyeste ri evsMere Lips [I in 

 

W C2110 Type Caps Metal Foil Mued 11.1 

 

100 Ekctrdyrns Ap Son' [1 m 

 

Ed Bead Type PdvsMene Mn Caps [IN 

 

SO Save Mica cap, caps Ass 5for Wlf EIM 

 

50 s= 14- Laos Ass INor Most fin 

 

50 High Vosee, Diu Ce,amc 750, Bev 

 

Mued [too 

 

50 Wnewound Res 9W cns l Ass I olrn 

 

17K Elm 

 

50 Mertes PVC Covered sngk slrard 

 

III IM.ed Coburs IT e0 

 

D Metres PVC covered M., Stand 

 

Wee IAxed Coco- rim 

 

40 Metres PVC Single/Muir, Strand 

 

Nook Up Wne Mued [t m 

 

6 Rocker 5wnches 5 Amp 247, ri m 

 

20 tics I 2 & / mm Plugs & Sodens 

 

Haitian, Sues El m 

 

yell 100 S, ^ rtes T11a1 Copper clad ic-i 

 

M,.ed Sues if 00 

 

vP23 20 Assorted Slide, Pots Mul,d Values E, 00 

 

VP24 10 Side, Pots q mm 22K 5 Log 5 

 

Lm E1 00 

 

VPh 10 Sal Pots q mm 47K S Log 5 

 

Uri [1 W 

 

VP26 20 smut 125- Red LEDs if 00 

 

VP27 2D Large r Rea LEO'S D 00 

 

VP28 to Rec-guw r Green LEDs (I 00 

 

VP29 30 Ass Iane, Diodes 250nW 2W 

 

Mist It's coded [100 

 

VP30 10 An low 2me, Diodes 10I ws 

 

Coded n op 

 

VP31 t0 5 Amp SCRs TO 66 50 4M, Coded E, oo 

 

VP32 A 3 Amp SCRs TO 66 Up % 100. 

 

Urroded if 00 

 

VP33 2m Sa Diodes S-Nng Like IN41M DO 

 

VP31 20D sa Divides Gen Purpose cut, Oa2O0 

 

BA%1311617/16 (I m 

 

VP35 W I Amp IN411110 Series SI Diodes 

 

Uncpded AM Grind if m 

 

VP36 8 Bridge 11- 1 . 1 loop 4 . 7 Amp 

 

Mired ws coded EI m 

 

VP]) 8 Black lnv umenl T,W Knobs With 

 

Ponce, Std Elm 

 

VP42 10 Black Heatsnki, In 1­1 TO 3 TO 220 

 

Reedy Drees! Et g0 

 

VPM3 4 Poe e, Fn He.lsnks 2 - TO 3 2 - 

 

to 66 sue D m 

 

TRANSISTOR CLEARANCE 

 

All Sorts Transistors. A mixed bag NPN-PNP Silicon & Germ. 

 

Mainly Uncoded You To Sort Pack includes Instructions For 

 

making Simple Transistor Tester. Super Value. 

 

Order No. VP60 

 

SOLI

 1\

 � 

 

SOLDER -

DESOLDER KfT 

 

Krt comprises. O/No VP 80 

 

I High Quality 25 Watt General 

 

Purpose Lightweight Soldering Iron 

 

24N mans Ind. 3/16" 14.7mm) bit. 

 

1 Quality Desoldenng Pump High 

 

Suction with automatic election 

 

Knurled anti-corrosive casing and 

 

Teflon nozzle 15 metres of 

 

De -Sold. Ing braid on plastic 

 

dispenser 

 

2 finds 11 83m) Resin Cored 

 

Solder on Card 

 

1 Heat Shunt too tweezer Type 

 

Total Retail Value over 112.00 

 

OUR SPECIAL KIT PRICE E9.95 

 

TECASBOTY 

 

1 

 

BFPAK PCB ETCHANT AND 

 

DRILL KR 

 

Complete PCB Kit composes 

 

1 Expo Mini Drill 10,000RPM 

 

12Vd.c. Lott. 3 collets & 

 

3 x Twist Bits 

 

1 Sheet PCB Transfers 210mm 

 

50mm 

 

1 Etch Resist Pen 

 

1 }Ib pack FERRIC CHLORIDE 

 

crystals 

 

3 sheets copped clad board 

 

2 sheets Rgreglass copper clad board 

 

Full instructions for making your 

 

own PCB boards 

 

Retail Value over 115.00 

 

OUR BI-0AK SPECIAL KIT PRICE E9.95 

 

ORDER NO VP 81 

 

THE ELECTRONIC COMPONENTS AND 

 

SEMICONDUCTOR BARGAIN 

 

OF THE YEAR  

 

This collection of Components and Semiconductors for the 

 

hobbyist is probably the most value-packed selection ever offered, 

 

it consists of Resistors, carbon and wirewound of various values. 

 

Capacitors: All types, sorts and sizes including electrolitics. 

 

Potentiometers - single, dual, slider and preset. Switches, Fuses, 

 

Heatsinks, Wire, P.C.B. Board, Plugs, Sockets etc., PLUS a selection 

 

of Semiconductors for everyday use in popular Hobby Projects. 

 

These include: SCR's, Diodes, Rectifiers. Triacs & Bridges as well 

 

as a first class mix of Transistors and I.C.'s. In all, we estimate the 

 

value of this in current retail catalogues to be over f251 So, help 

 

yourself to a great surprise and order a Box TODAY for 1 

 

ONLY at BI-PAK. Remember, stocks are limited so . 

 

hurryl You can call us on 0920-3182/3442 and order jUSt £6.50 

 

with your Barclaycard or Access Card - 24hr 6 

 

Answerphone Service NOW. Order No, VP 85. 0 id 
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OUR GREAT NEW 1984 CATALOGUE 

 

Presented with a Professional Approach and Appeal to ALL who 

 

require Duality Electronic Components, Semiconductors and other 

 

Accessories ALL at realistic prices. There are no wasted pages of 

 

useless information $o often Included In Catalogues published 

 

nowadays. Just solid facts lie. price description and Individual 

 

features of what we have available But remember. 81-PAK's 

 

policy has always been to sell quality components at 

 

competitive prices and THAT WE STILL DO 

 

We hold vast stocks In stock for Last Immediate delivery. all 

 

Items In our Catalogue are available ex stock. The Catalogue 

 

Is designed for use with our 24 hours'ansaphone" service 

 

and the Visa/Access credit cards. which we accept over 

 

the telephone 

 

To receive your NEW 1984 BI-PAK Catalogue, send 

 

75p PLUS 25p p&p to:-

se 

 

Use your credit card. Ring us on Ware 3112 NOW 

 

end get your order even faster. Goods normally 

 

sent Ind Class Med 

 

Remember you must add VAT at 15% to your 

 

order 

 

Tool Postage odd 75p per Total order 

 



EVERYDAY 

 

ELECTRONICS 

 

and computer PROJECTS 

 

VOL. 13 NO. 8 AUGUST 1984 

 

PROJECTS ... THEORY ... NEWS ... 

 

COMMENT... POPULAR FEATURES... 

 

I IPC Magazines Limited 1984. Copyright in all 

 

drawings, photographs and articles published in 

 

EVERYDAY ELECTRONICS is fully protected, and 

 

reproduction or imitations in whole or in part are 

 

expressly forbidden. 

 

PROJECTS 

 

KITCHEN APPLIANCE TIMER 

 

by T. R. deVaux Balbirnie 

 

An extra help in the home 

 

BBC MICRO TEMPERATURE INTERFACE 

 

by R. A. Penfold 

 

Provides temperature input of —500 to + 1501 Centigrade 

 

CAR RADIO BOOSTER by R. A. Penfold 

 

Boosts output up to 17W 

 

MICROWAVE ALARM SYSTEM by I. F. H. Goult 

 

Invisible protection for your home 

 

WASHER FLUID MONITOR by A. R. Winstanley 

 

Car screen washer warning 

 

THERMOSTATIC SEED PROPAGATOR 

 

by John Lewis 

 

Warm up your seed trays 

 

SERIES 

 

TEACH-IN 84 by George Hylton 

 

Part II: New Developments 

 

ANATOMY OF YOUR MICRO by Owen Bishop 

 

Part Two: Data flow and memory 

 

OSCILLATORS by J. R. Davies 

 

Part 3: Digital CMOS Devices 

 

FEATURES 

 

EDITORIAL 

 

Funtronics Around The World 

 

NEW PRODUCTS 

 

Facts and photos of instruments, equipment and tools 

 

EVERYDAY NEWS 

 

What's happening in the world of electronics 

 

FOR YOUR ENTERTAINMENT by Barry Fox 

 

Canal Turn; Video Opera; Digital Pictures 

 

WHAT IS RADIATION? by A. J. Bentley 

 

Introduction; types of radiation 

 

PLEASE TAKE NOTE 

 

Spectrum Bench Power Supply (July 1984) 

 

SQUARE ONE 

 

Beginners' Page: CMOS Devices 

 

RADIO WORLD by Pat Hawker G3VA 

 

In-Car Radio; Private Robot, Infantryman; Consumer Risks; 

 

30-line Museum Piece 

 

COUNTER INTELLIGENCE by Paul Young 

 

A retailer comments 

 

SHOP TALK by Dave Barrington 

 

Product news and component buying 

 

CIRCUIT EXCHANGE 

 

A forum for readers' ideas 

 

PRINTED CIRCUIT BOARD SERVICE 
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Our September 1984 issue will be published on 

 

Friday, August 17. See page 531 for details. 
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Multicore makes solderi* 

 

The Five Core Advantage 

 

Only Multicore wire solders have a 5-core, or 4-core 

 

flux construction. The 5-cores identify non 

 

corrosive fluxes; the 4-core, water soluble 

 

fluxes. 

 

If you were to slice through a section of 

 

Multicore cored solder you would see 

 

separate round cores of flux symmetrically 

 

arranged around its perimeter. Only a 

 

thin wall of solder separates the flux 

 

cores from the surface. 

 

What are the advantages of the 

 

Multicore construction? 

 

1. Because the flux is peripherally / 

 

arranged it will react and flow 

 

faster. 

 

2. Flux voids are eliminated 

 

with Multicore. That's why 

 

you can depend on con-
tinuity of the flux stream for 

 

complete wetting . .. every 

 

time. 

 

3. Because wetting is faster, complete and uniform, 

 

you use less solder and transmit less heat to the 

 

joint area. With Multicore Solders, you get the 

 

highest purity metals, vigorous fluxing action and 

 

a wire solder that meets all applicable International 

 

standards. 

 

Ersin Multicore 

 

Contains 5 cores of non-
corrosive flux. 

 

Uses: For all electrical joints. 

 

Handy Pack: Size 19A 60/40 

 

tin/ lead 1.22mmdia 

 

£1.50 

 

Tool Box Reel: Size 3 60/40 

 

tin,/ lead 1.6mm dia 

 

£4.37 

 

Multicore Savbit 

 

Increases the life of your 

 

soldering bit by 10 times. 

 

Uses: For all electrical work. 

 

Reduces copper errosion. 

 

Handy Pack: Size 5 1.2mm 

 

dia £1.38 

 

Tool Box Reel: Size 14 

 

1.2mm dia £4.37 

 

0
0

 

 

Ersin Multicore 

 

Contains 5 cores of non-
corrosive flux. 

 

Uses: Small transistors. 

 

components and fine wire. 

 

Handy Pack: Size PC115 

 

60/40 tin /lead 0.7mm dia 

 

E1.61 

 

Tool Box Reel: Size 10 60 40 

 

tin/ lead 0.7mm dia £4.37 

 

All prices stated are Recommended Retail and include VNr 
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YOUR CAREER..YOUR FUTURE-.YOUR OWN BUSINESS..YOUR HOBBY 

 

THIS IS THE AGE OF ELECTRONICS! 

 

meworastastesrgraMm Mushy... 

 

Our new style course will enable anyone to have a real 

 

understanding of electronics by a modern, practical 

 

and visual method. No previous knowledge is required, 

 

no maths, and an absolute minimum of theory. 

 

You learn by the practical way in easy steps, mastering 

 

all the essentials of your hobby or to start, or further, 

 

a career in electronics or as a self-employed servicing 

 

engineer. All the training can be carried out in the comfort 

 

of your own home and at your own pace. 

 

A tutor is available to whom you can 

 

write personally at any time, for advice 

 

or help during your work. A Certificate 

 

is given at the end of every course. 

 

CACC ' ' 

 

You will do the following: 

 

• Build a modern oscilloscope 

 

• Recognise and handle current electronic 

 

components 

 

• Read, draw and understand circuit diagram. 

 

• Carry out 40 experiments on basic 

 

electronic circuits used in modern 

 

equipment using the oscilloscope 

 

• Build and use digital electronic circuits 

 

and current solid state 'chips' 

 

• Learn how to test and service every type 

 

of electronic device used in industry and 

 

commerce today. Servicing of radio, T.V., 

 

Hi Fi, VCR and microprocessor/computer 

 

equipment. 

 

Brrt�shNatLonalRadio&Electronics School Reading,Berks.RGl 1BR 

 

rte,  

 

Please send your brochure without any obligation to 

 

NAME 

 

COLOUR ADDRESS  

 

Im BROCHURE 

 

w Iw 

 

L
Post now to: 

 

BrltishNatienalRadio&Electronics School Readirlg,Berks.RG11BR 

 

I am interested in 

 

482 

 

BLOCK CAPS PLEASE 

 

f 

 

COURSE IN ELECTRONICS 

 

as described above 

 

  RADIO AMATEUR LICENCE 

 

C 1 MICROPROCESSORS 

 

OTHER SUBJECTS 

 

please state below 

 

CACC  

 

 is 

 

I 

 

I 

 

OR TELEPHONE US I 

 

0734 51515 OR 

 

TELEX 22758 

 

(24 HR SERVICE) 
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g easy, fast and reliable 

 

Multicore Solder Cream 

 

Mixture of powdered 60/40o 

 

(tin/ lead metal alloy and rosin 

 

flux). 

 

Uses: Microelectronics and 

 

printed circuits. 

 

Handy Tube: Size BCR 10 

 

E1.73 

 

Multicore Alu-Sol 

 

Contains 4 cores of flux. 

 

Uses: Suitable for aluminium 

 

and aluminium alloys. (non-
electrical). 

 

Handy Dispenser: Size HP27 

 

1.6mm dia £0.99 

 

Tool Box Reel: Size 4 

 

1.6mmdia £7.82 

 

Multicore All Purpose 

 

Handyman Solder Pak 

 

Contains three types of solder 

 

for electrical, metal and 

 

aluminium repairs, all in 

 

handy easy to use dispensers. 

 

Handy Pak: Size 8 

 

£2.99 

 

Bib Wire Strippers and 

 

Cutters 

 

With precision ground and 

 

hardened steel jaws. 

 

Adjustable to most wire sizes. 

 

With handle locking-catch and 

 

easy-grip plastic covered 

 

handles. 

 

Wire Strippers: Size 9 

 

£2.88 

 

Multicore Solder Wick 

 

Absorbs solder instantly from 

 

tags and printed circuits with 

 

'the use of a 40 to 50 watt 

 

soldering iron. Quick and easy 

 

to use, desolders in seconds. 

 

Handy Pack: Size AB 10 

 

£1.43 

 

Bib Audio/Video Qroducts Limited, 

 

(Solder.Division), 

 

Kelsey House. Wood Land End. 

 

Hemel Hempstead. Hertfordshire.HP24RQ 

 

Telephone: !04421 IT 1291 Telex R2363 

 

If %ou have difficultc in obtaimny ant' of these products send direct adding'r0p for postage and packmy ..•nd G A I 

 

MOTORIZED GEARBOX 

 

As featured in 'Computer Control of 

 

Small Vehicles' in May issue. Complete 

 

set of components (not PCB) + 

 

Gearbox & Wheels (as recommended 

 

by the authors) for E37. 

 

These units are as used in a 

 

computerized tank, and offer the 

 

experimenter in robotics the 

 

opportunity to buy the electro-
mechanical parts required in building 

 

remote controlled vehicles. The unit 

 

has 2 x 3V motors, linked by a 

 

magnetic clutch, thus enabling turning 

 

of the vehicle, and a gearbox contained 

 

within the blade ABS housing, reducing 

 

the final drive speed to approx 50rpm. 

 

Data is supplied with the unit showing 

 

various options on driving the motors 

 

etc. E5.95. Suitable wheels also 

 

available: ?" Dia plastic with blue tyre, 

 

drilled to push-fit on spindle. 2 for £1.30 

 

(limited qty) 3" dia aluminium disc 

 

3mm thick, drilled to push-fit on 

 

spindle. 2 for 68p. 

 

NICAD CHARGERS 

 

Versatile unit for charging AA, C. D and 

 

PP3 batteries. Charge/test switch, LED 

 

indicators at each of the 5 charging 

 

points. Mains powered. 210 x 100 x 

 

50mm £7.95. 

 

Model A124. Unit plugs directly into 

 

13A socket, and will charge up to 4 AA 

 

cells at a time. Only E4.80. 

 

NI-CAD BATTERIES 

 

AA size 99p each, C size 199p; D size 

 

220p; PP3 size 395p. 

 

SPECIAL!! 6 x 'D' size, only Ell 0011 

 

THE 1984 

 

GREENWELD 

 

84 PAGE CATALOGUE 

 

NOW AVAILABLEH 

 

It's Bigger, Brighter, Better, more 

 

components than ever before. With 

 

each copy there's discount vouchers. 

 

Bargain List, Wholesale Discount List, 

 

Bulk Buyers List, Order Form and 

 

Reply Paid Envelope. All for just f 1.00! 

 

/ OTATMG 0, ` 

 

Einstein 

 

COLOUR MICRO COMPUTER 

 

• 64k RAM + 16k for 

 

Display 

 

* Built-in Disc Drive, 500k 

 

• 16 colours, 32 sprites 

 

• Runs CP/M 

 

• 3 Channel Sound 

 

It Proper keyboard 

 

• RS232 Interface 

 

• Centronics printer port 

 

It Monitor or UHF Output 

 

It Switched mode PSU 

 

All for £499.95 

 

14" Colour Monitor £240.35 

 

Dot Matrix Printer £228.85 

 

`end 
/or Colour Brochure 

J
 

 

Official orders welcome - minimum 

 

invoice charge E10. No min. on CWO. 

 

Goods normally despatched by return of post 

 

.tee x9a.m.e k�.0 

 

95)O Mon SP Cam. a ,r w�' 
1ro

   «aa [9(O 

 

GREENWELD 

 

4430 Mlllbook Road Southampton 

 

801 OHX TN (07031772501/783740 

 

ALL P"IM "M VAT J 111 ADD OOP P&P 
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SUNFNFIt! 

 

Buy Sparkrite Brand Leading Auto Electronics 

 

in self-assembly kit form — And save pounds!! 

 

• Electronic Ignition systems - contact triggered and contactless 

 

• Electronic Car Security Systems- including a new ultrasonic unit 

 

• Car Drive Computer - with 12 functions 

 

SEND FOR FREE LITERATURE PACK—TODAY! 

 

8 SOPHISTICATED 

 

KITS TO CHOOSE 

 

FROM. 

 

To: 

 

I 

 

1 SPARKRITE (A Division of Stadium Ltd.), Oueensway, Enfield, EN3 4SD. 1 

 

Telephone: 01-8044343 
1 

 

NAME  

 

1 
ADDRESS  

 

EE8� 

 



W 

 

Rapid 

 

=Electronics 

 

MIN DCONNFCTORS 

 

9 way 15 wav 25 wav 37 wav 

 

Plugs solder lugs 600 850 1250 1 70 

 

Right anal. 110" 18
D

o 2400 3 5D 

 

Sockets 1.r 9DP 1300 195p 290P 

 

Righ si ngle ngle 1600 2100 290P 4400 

 

Covers loop 900 IOOp flop 

 

L ONNIC TORS 

 

DIN Plug Skl Jack Plug Skt 

 

2 p:n 9p 9P 2 5mm 10P 104 

 

3P t 2P t Do 3 5mm 9P 9p 

 

50rn 17P Ito Standa,d16P 20P 

 

Pro 

 

no lOp 120 Stereo 24p 250 

 

Imm 120 tap 4mm top 17p 

 

UHF 'CBI Connectors 

 

PL 59 Plug Opp Reducer lap 

 

502]8 tuwre cros%rf %let 380. 

 

502]95 round ce.,. fkt 40P 

 

IEC 3 pen 250 Vf6A. 

 

Plug chn,%moun, nq 380 

 

Socket fen hngmg 600 

 

Socket wnlh 2m lead 1200 

 

SWITCHES 

 

SCR 

 

►Ct D 30 

 

400 V A 70 

 

400V 12A 95 

 

SOLDERING IRONS 

 

Ante. CS 11W Snlderurg non 495 

 

2.3 and 4 7mm beta to furl 85 

 

CS 17Wor XS25W element 210 

 

Ante. XS 25111 525 

 

3.7 and 4. 7mm ats to part 85 

 

Solder pump defoldenng tool 480 

 

Soar. no,re for above 70 

 

10 metres 22,e g sold, 100 

 

MAIL ORDERS: 

 

Unit 3, Hill Farm Industrial Estate, 

 

Boxted, Colchester, Essex C04 5RD. 

 

Tel. Orders: Colchester (0206) 36412. 

 

Telex: 987756. 

 

CABLES 

 

20 me a Pack s,nale core connect 

 

.no cable ten tlrl %stem colours. 7So 

 

Speaker cafe ,Iop/m 

 

Standard acreenerf I6plm 

 

Twin screened 24p/m 

 

2 5A J core morns 210/m 

 

10 way rainbow ribbon 26p/1t 

 

20 war ear n bow ribbon 47P/1t 

 

10 war gery ribbon 14PA, 

 

20 way pay ribbon 70P!I, 

 

Submin toggle 

 

SPST 550. SPOT 600. DPDT 650. 

 

"Al..t11& 109910 

 

SPOT 600. SPOT centre oft 900 

 

DPDT 900. DPOT can o 0. il 100 

 

Stanam .castle 

 

SPST35P. DPDT48P 

 

M.- re DPDT slide 141 

 

Puth m melee 140 

 

Pu.h to beak 220 

 

Rotary IVpa ad,usub-. iIP, 

 

IP17W. 2P6W, 3P4W all 550 each 

 

DIL swnchet 

 

4SPST 800 6 SPST BOP. BSPST 

 

too. 

 

VOICE SYNTHESISER' 

 

Now your comou ter can lack 

 

The GI SP0256 speech wucewor 

 

s able through noted program to 

 

sy nthesrre speech. Allcohona 

 

(xunad phonsl system gear 

 

unl.m.l.d vocabulary 

 

Erlly mtolaced with env dear ul 

 

fvftam an TTL <omPat. No fig 

 

nalf are used to select the silo 

 

phone% 

 

SP0256AL2 550 Data 500 

 

V'ERO 

 

Verobloc 4 

 

Veroboled Sex 0.1 mew. 

 

25. 1 . . 

 

Zs x 3.15 

 

2.5x5   

 

375x5 . 

 

Napa N+e 3.75 x 17 

 

Napa uee 4.75 x 17 

 

VD board 

 

V.=p per 100: 

 

Single srdd 

 

Double pled 

 

Spot face cutter . 

 

Pin rn.r .. tool 

 

W 
, 

tag pen 

 

So re wool 75P 

 

375 

 

22 

 

75 

 

85 

 

95 

 

330 

 

415 

 

160 

 

50 

 

60 

 

130 

 

162 

 

330 

 

ComM 6 

 

MICRO 

 

11141_2 200 

 

27th 295 

 

2532 290 

 

27128 25 2150 

 

2732 440 

 

1764 

 

-BBC 680 

 

2764 600 

 

4116P20 85 

 

6116P7 600 

 

6502CPU 325 

 

6522 VIA 295 

 

6532 570 

 

6551 ACIA 650 

 

6800 CPU 220 

 

60D2CPU 250 

 

6809CPU 620 

 

6810RAM 115 

 

6821 40 

 

6&10 360 

 

6850 110 

 

6852 210 

 

6875 495 

 

6880 100 

 

81LS95 85 

 

81 IL 85 

 

8' LS97 85 

 

9080A 250 

 

W85AC 340 

 

8156 350 

 

8212 110 

 

8216 100 

 

8724 120 

 

8228 

 

8251 

 

8253 

 

8255 

 

8259 

 

MC1488 

 

MC 489 

 

ZBOACPU 

 

ZBOAPIO 

 

ZBOACTC 

 

220 

 

320 

 

390 

 

225 

 

790 

 

55 

 

55 

 

290 

 

260 

 

260 

 

Z90A 510 900 

 

ZBOADMA 1150 

 

R E G  L A T ORS 

 

78L05 30 

 

SL12 30 

 

78L15 30 

 

805 35 

 

I12 35 

 

15 35 

 

LM309K 130 

 

LM3t7K 270 

 

L"0 7T 90 

 

LM32]K 420 

 

DIODES 

 

0Y127 12 

 

OA47 10 

 

OA90 8 

 

OA91 7 

 

OA200 8 

 

OA202 8 

 

1 N914 4 

 

►IN4148 3 

 

791-05 

 

7OIL 2 

 

79L15 

 

7905 

 

7912 

 

7915 

 

LM 723 

 

7SH05 

 

45 

 

45 

 

45 

 

40 

 

40 

 

40 

 

35 

 

550 

 

►1N4001 3 

 

1N4002 5 

 

1 N4006 7 

 

1 N4007 7 

 

1N5401 1 

 

N6404 16 

 

I N6406 17 

 

400mWren 6 

 

13W tenets 17 

 

HAHI)NJARF 

 

PP3 moor clip 

 

Red w k erocodrle clip 

 

Black P.=., control knob 

 

Pr UlPatomc tr nsducers 

 

►6V Electronrc
a

bur:er 

 

►12V Ele<lr onr<bu Tier 

 

►PB7720 P e o transducer 

 

►64mm 64 Wm spanker 

 

►64mm B ohm speaker 

 

20mm panel fuMholder 

 

Red w black probe chP 

 

4m In nals 

 

12 wry 'Chocolate dock 

 

ultra min. 6 or12vre1 SPDT 

 

dr, o. but DPDT 

 

6 

 

5 

 

790 

 

60 

 

65 

 

75 

 

70 

 

70 

 

25 

 

35 

 

33 

 

30 

 

170 

 

195 

 

ACCESS AND 

 

BARCLAYCARD 

 

WELCOME 

 

E 1780 CONNECTORS 

 

G
o

oltl Il 
actf 

asked Rt angle W.e r-
ntPlug sock.) 

 

64 way A.B 
95 

1 230 

 

64 way A.0 220 270 

 

96 way A.B•C 320 330 

 

SOCKETS 

 

8 p,n 

 

11 Pin 

 

6 pin 

 

18 Prn 

 

10 P
rn 

 

m 

 

22 P 

 

24 Prn 

 

28 p.n 

 

40 Pin 

 

Low 

 

Prpfde 

 

6P 

 

So 

 

9p 

 

12P 

 

13P 

 

160 

 

18P 

 

23P 

 

25P 

 

Wrr 

 

rev 

 

w

28P 

 

asp 

 

55p 

 

600 

 

ra 

 

E50 

 

2p 

 

% 

 

1350p 

 

COMPONENT KITS 

 

An ideal opportunity for the Wenner w the expe,enced constructor 

 

to obtaln a wide range of components at really reduced P-an '.W 

 

as 
5% 

 

Rntor kit. Con[a rnf 10 of each value from 4.7 ohms to 1 M R.I., 

 

of 6
'c

 530 

 

Ceramic Cast kit. 5 of each value 220 to O.Otu 035 cap) 370 

 

Polras tar Cap. kit. 5 of each value from 0.01 to IuF 165 cape) 575 

 

Preset kit. Conuina 5 of each v.lus from 100 ohms to 1 M ("'b"

65 P-1. 425 

 

Nut and Bolt kit (total 300 �tarml 1800 

 

2568A 'o" born 50 68A wash- 50 68A nun 

 

256BA Y' Wits 2548A ':"bolts 5068A washer. 

 

50 6BA nun 25 68A X" bola 

 

OPTO 

 

►3mm tad 7 ►5mm tad 7 

 

►3mm green 10 Ill, 5mm peen 10 

 

►3mmya0ow10 115mm veuowlo 

 

Cls to Wit 3P each 

 

Ztangutar TIL32 40 

 

►red 12 TIL78 40 

 

green 17 ►TIL111 60 

 

yellow 17 ORP12 85 

 

IM 4 95 IL074 185 

 

►TIL38 40 TILI00 70 

 

2N5777 45 Duel colour 60 

 

Sewn tapment dnplii 

 

Coin cathode Com nod 

 

D 1-7040.3" 95 DL7070.3" 95 

 

►FND500 FND507 

 

0.5' 100 0.6" 100 

 

10 Par DIL LED dnplev, red 180 

 

LCD 34 d.ga 4)5P 4 dirt 520P 

 

TRIACS 

 

4001 4A 

 

400V BA 65 

 

400V 16A % 

 

5p BR100 25 

 

JUMPER LEADS 

 

Lan gth 14 Prn 160,- 24p.n 40- 

 

S91a andtl CI Plheedr PIug1 lumpar 

 

24- 145 165 240 380 

 

Dble ended OI Plheedr plug) I.mPeI 

 

bins. 185 205 300 465 

 

12:nt 195 215 315 490 

 

24 ens 210 235 345 540 

 

36.n. 230 250 375 595 

 

25 way D ConnKfor Iutem, 

 

19nf. long smgla ended male 4950 

 

18- long ,note ands i f finals 5250. 

 

CAPACITORS 

 

Polvesnr, radial lead. 250v C280 

 

tree 0.01, 0.015. 0.022. 0 037 

 

6p. 0.a 7, 0.088, 0.1 - 7p. 0 15, 

 

0.22 9P. 0.33, O l7 - 13P. 0.68 

 

200. to 23. 

 

ElKlrply,c, radial or nlN Ina 

 

0,47/63V 1163V.  2.2163V,4 7/63V 

 

10125V 7p. 22/25V, 47125V So 

 

100125V 9P. 220/25V 140, 

 

470125V 220. 1000725V 30P. 

 

2200/25V SOP. 

 

Tag end power supply elKtrolytics 

 

2100/40v 1100,1700/40V -1600 

 

2200/631 140p.1700/63V 230P 

 

Polvastar, mi..a,. re Sramam PCB 

 

1 n, 2n2,3e3,4n7,6n8, Ion. 15n, 71, 

 

22n.33n,47n, 68n, Bp. loon, 9p. 

 

'50n 

 

.1 
 P.220n.17P.330n.20P. 

 

470n 26P. Soon, 290. lu 33P. 2.2, 

 

500. 

 

Tntalum bead. 

 

0A, 0.22, 0.37, 0 47, 1.0 @ 35V 

 

120. 2.2, 4.7, 10 0 251 200. 

 

t5' 30P.2211 6V 270:33: 

 

161 450,47/GV 27p.47/16V 

 

70p. 68/81 - 400. 100/10V - 900 

 

Car. ileac. 220-0.Olu SOV, 3p each 

 

Mallard mtat mum ceramic Ptate 

 

1.8pF to I00pF So each 

 

Polvstvrene, 5%tol 100 10000, 60, 

 

15007700, So. 6800 O.Of 2u, 
 Top 

 

. 

 

Trim s Mulnrdwell 210 

 

pF, 220,2 22pF, 300. 5.565pF, 350 

 

BRIDGE 

 

RECTIF IE 

IA SOV 

 

1 A 400V 

 

RS 

 

2A 200V 40 

 

2A 400V 45 

 

A 100 V 90 

 

6A 4001 95 

 

20 VMI8 DIL 0.9A 

 

35 2001 50 

 

COMPUTER CONNECTORS 

 

ZX81 2. 
fn

23 wa1 eaov 

 

wrap r 2X81 150 

 

SPECTRUM 2.28 way edge 

 

nac ter wire wrap. 200 

 

AMPHENOLPLUGS 

 

24 way IEEE IDC 450 

 

16 we Camlr .. IDC 490 

 

RIBBON CABLE 

 

Geer Ribbon cable <e Par toot 

 

10 wav 14 34 w.r 58 

 

115- 25 /0 we 68 

 

20 wav 28 50 wav 90 

 

26 wev 38 60 way 100 

 

IOC CONNECTORS 

 

PCB PCB Socket Edge 

 

Plug Plu C. 

 

St Rt an, 

 

10 war % 90 85 

 

l6 w.v 130 130 

 

20 wav 115 145 

 

26 wav i75 175 

 

71 wav 205 205 

 

40 wav 220 '20 

 

50 wav 235 235 

 

60 wav 330 330 

 

110 

 

125 

 

150 

 

170 

 

190 

 

200 

 

230 

 

120 

 

175 

 

195 

 

240 

 

720 

 

340 

 

395 

 

495 

 

LINEAR 

 

555CMOS 80 

 

556CMOS 150 

 

709 25 

 

►741 14 

 

748 35 

 

9400CJ 350 

 

AY-31270 720 

 

AY 3
.
8910 370 

 

AY 3 8912 540 

 

CA3046 60 

 

►CA3080 65 

 

CA3089 190 

 

CA3D9OA0 375 

 

CA3130E 85 

 

►CA3140E 36 

 

CA3161E 100 

 

CA3189 290 

 

►CA3240E 100 

 

CL7106 

 

CL7611 

 

CL 62 

 

CL7 22 

 

CLS03B 

 

CL8211A 

 

CW224 

 

CM7555 

 

►LF3S1 

 

LF353 

 

LF3So 

 

LMI0 

 

LM301A 

 

LM311 

 

LM318 

 

LM321 

 

LM334Z 

 

LM335Z 

 

680 

 

95 

 

180 

 

180 

 

295 

 

200 

 

785 

 

80 

 

45 

 

85 

 

90 

 

325 

 

50 

 

70 

 

20 

 

30 

 

100 

 

125 

 

LM339 

 

LM348 

 

LM358 

 

LM377 

 

►LM380 

 

►Lhf381 

 

LM382 

 

LM364 

 

LM386 

 

LM387 

 

LM393 

 

LM709 

 

LM711 

 

LM 725 

 

LM ]33 

 

LM 711 

 

LNO 

 

LM1458 

 

LM2917 

 

LM3900 

 

►LM3909 

 

40 

 

60 

 

50 

 

170 

 

5 

 

120 

 

120 

 

130 

 

90 

 

20 

 

40 

 

25 

 

60 

 

350 

 

75 

 

14 

 

60 

 

40 

 

200 

 

45 

 

75 

 

LM3911 120 

 

LM3914 225 

 

LM3915 125 

 

LM; 
3600 105 

 

NIC 14% 68 

 

MC3340 135 

 

► MFIGCN 750 

 

ML922 400 

 

ML924 195 

 

kl 210 

 

ML926 140 

 

ML977 140 

 

ML928 140 

 

ML929 140 

 

MM5387A 465 

 

NE529 225 

 

NE531 140 

 

NE544 705 

 

►NE555 16 

 

►NE556 45 

 

NES65 110 

 

NE566 140 

 

►NES67 100 

 

►NE570 370 

 

NE571 370 

 

►RC4136 55 

 

►RC4558 40 

 

SL480 170 

 

SL490 250 

 

SL76018 150 

 

IS N76477 390 

 

SP0256AL2550 

 

TBA120S 70 

 

TB ABDO 75 

 

TORAO10 96 

 

TO A820 70 

 

TSA950 220 

 

TDA1008 320 

 

►TDA1022490 

 

TDA1024 125 

 

TLO61 40 

 

TLO62 60 

 

TL064 

 

TL071 

 

TLO72 

 

TL074 

 

le  L081 

 

TLO82 

 

TL084 

 

TL170 

 

UA2240 

 

ULN2003 

 

ULN2004 

 

XR2206 

 

ZN414 

 

ZN423 

 

ZN124 

 

ZN42SE 

 

ZN426E 

 

ZN427E 

 

ZN42SE 

 

ZN459 

 

ZN1034E 

 

% 

 

30 

 

45 

 

95 

 

25 

 

45 

 

90 

 

SO 

 

120 

 

70 

 

70 

 

290 

 

80 

 

135 

 

35 

 

750 

 

300 

 

600 

 

410 

 

285 

 

200 

 

fit SISTORS 

 

:W 5% Cerblm film 

E: 

2 se- 4.7 

 

ohm -TOM 1p each. 

 

%W 5% Carbon Idm E 2 ferias 1.7 

 

ohm to 4M7 2P each. 

 

'.W 1 , rmtN film E21 were% 10 

 

ohm IM 6p each. 

 

CRYSTALS 

 

tab H 

 

IMHr 
r

 

 

1 9432, 

 

2
4676

 

 

M 

 

276M 

 

3 5 

 

3 3 
57979, 

 

4 OM Hr 

 

235 

 

275 

 

200 

 

220 

 

200 

 

150 

 

95 

 

140 

 

4194MHr 150 

 

4 43MH7 100 

 

5 Point NO 

 

601'1 140 

 

61441 He 150 

 

OM. W 

 

BOMHr 40 

 

100MHr 
17
0 

 

MHr 120o 

 

16 oMHr 200 

 

R0  ES 

 

Aluminium 

 

3:2x1" 65 

 

Plnitrc path ltd 4 • 2%x 1 %" 95 

 

6 acnws 4.2%x 2" 95 

 

3x 2x 1" 55 6x4x2" 120 

 

411 x3x l,, 88 7.5.2'4" 165 

 

7 x4x 2' 160 8. 6. 3" 205 

 

TRANSISTORS 

 

AC126 30 

 

AC177 30 

 

AC128 30 

 

AC176 25 

 

AC187 22 

 

AC198 22 

 

AD142 120 

 

AD149 80 

 

AD161 40 

 

A0162 40 

 

AF124 60 

 

AF126 50 

 

AF139 40 

 

AF 186 70 

 

AF239 75 

 

BC 107 10 

 

BC107B 12 

 

►BC108 10 

 

BC1088 12 

 

BC116C 11 

 

►BC1D9 t0 

 

BC1D9C 12 

 

BC 114 18 

 

OC115 22 

 

SC117 18 

 

SC119 35 

 

BC137 40 

 

OC139 40 

 

BC140 Z8 

 

eC 141 70 

 

.C1.2 25 

 

BC143 25 

 

BC147 8 

 

BC148 8 

 

BC149 9 

 

SC 157 8 

 

BCt58 10 

 

SCI 

 

59 

 

BC160 45 

 

BC160C 10 

 

BC169C 10 

 

BC17 

 

SC171 10 

 

BC172 B 

 

OC177 18 

 

OC178 t8 

 

BC179 18 

 

SC182 10 

 

►SC182L 8 

 

BC183 10 

 

S

C183L 10 

 

C' 
as 

10 

 

BC184L 7 

 

BC212 10 

 

BC212L 10 

 

BC2/3 10 

 

8C 213L 10 

 

BC 214 1n 

 

►BC214L 8 

 

SC231 8 

 

BC238 14 

 

BC308 12 

 

SC327 14 

 

SC328 14 

 

BC737 14 

 

eC338 14 

 

80477 30 

 

BC478 30 

 

B 479 30 

 

8 

 

8 

 

BC517 40 

 

BC547 7 

 

BC 518 10 

 

BC149 0 

 

BC558 10 

 

BCv70 8 

 

eCv71 B 

 

BCY72 18 

 

BDI15 55 

 

BD171 35 

 

OD132 35 

 

ED 33 50 

 

13D1 35 40 

 

BO136 30 

 

60137 30 

 

SD138 30 

 

►SD139 35 

 

►BD140 35 

 

B D101 110 

 

BD206 110 

 

B D222 85 

 

8F180 75 

 

BF 182 35 

 

BF164 25 

 

BF 185 25 

 

SF194 12 

 

BF 195 12 

 

BF I% 12 

 

8F1 97 12 

 

OF198 10 

 

BF199 18 

 

BF 200 30 

 

►BF244B 22 

 

01145 70 

 

BF 2568 45 

 

BF 257 32 

 

BF258 25 

 

BF259 35 

 

BF337 

 

B FR40 

 

.

F R80 

 

►BFR81 

 

BFX29 

 

BF X64 

 

BF X85 

 

BFX96 

 

BFX87 

 

BFX88 

 

BFY50 

 

B FY51 

 

BFY52 

 

B FY53 

 

OF Y55 

 

OF  56 

 

BRY39 

 

BSX20 

 

BSX29 

 

BSYBSA 

 

9U205 

 

BU206 

 

BU208 

 

MJ2955 

 

MJE340 

 

MJE520 

 

MJE521 

 

MJE3056 

 

MPF102 

 

MPF 104 

 

MPSA05 

 

MPSA06 

 

MPSA 12 

 

MPSA 55 

 

MPSA56 

 

MPS 05 

 

MPSU06 

 

MPSUSS 

 

40 MPSU56 60 

 

23 TIP29A 70 

 

23 TIP29B 55 

 

20 TIP29C 37 

 

25 TIPJOA 35 

 

25 TlP300 50 

 

ZS TIP30C 37 

 

28 TIP31A 35 

 

25 TIP31C 37 

 

25 TIP32A 35 

 

23 TIP32C 37 

 

20 TIP33A 50 

 

23 TIP33C 75 

 

32 TIP34A 60 

 

32 TIPNC 85 

 

32 TIP35A 105 

 

40 TIP35C 125 

 

20 TIP36A 125 

 

15 TP36C 135 

 

25 TIv41A ♦5 

 

160 TIP42A 45 

 

IBO TIPt20 90 

 

170 TIP121 90 

 

TIP122 

 

TIP1.1 

 

TIP 142 98 

 

TIP147 110 

 

TIP2955 60 

 

TIP 3056 55 

 

T1 S43 40 

 

TIS44 45 

 

TIS90 30 

 

T 1581 JO 

 

VN10KM 50 

 

VN46AF 75 

 

VN66AF 85 

 

VNBBAF 95 

 

ZTX107 10 

 

99 

 

SO 

 

65 

 

95 

 

70 

 

40 

 

10 

 

22 

 

25 

 

30 

 

30 

 

30 

 

55 

 

55 

 

60 

 

90 

 

% 

 

27X108 10 2143055 50 

 

ZTX109 12 2143442 120 

 

ZTX300 14 ►2143702 8 

 

ZTX301 16 2143703 9 

 

ZT X302 15 ►2N3704 8 

 

27X304 17 2N3705 9 

 

27X341 30 2147 708 9 

 

2T X500 15 2143707 10 

 

ZT X501 15 2N37OB 10 

 

ZTX502 IS 2143709 10 

 

ZT X503 18 2143772 170 

 

27X504 25 ►2N3773195 

 

2N697 20 1, 2N3819 20 

 

2N698 40 2143820 40 

 

2N706A 20 2N3823 65 

 

2N708 20 2143866 90 

 

2N
I

 35 2143903 10 

 

2x,132 22 2N3904 10 

 

2N1613 30 2N3905 8 

 

2N1119A 45 2143906 10 

 

2N22 19A 25 2N4037 45 

 

2141221A 25 2144058 10 

 

214222 2A 20 2144060 10 

 

2142368 25 2144%1 10 

 

2N2369 16 2N4062 10 

 

2142484 25 2IN5457 36 

 

2142646 45 2145158 36 

 

2142904 20 2NS459 3
6

 

 

2142904A 20 2145485 38 

 

2N 2905 22 2N5777 45 

 

2142905A22 2146027 30 

 

2142906 25 40360 40 

 

2142906A 25 40361 50 

 

2142907 15 40362 50 

 

2142907A 25 40408 70 

 

2N2926 9 

 

10-2143053 23 

 

2N3054 55 

 

The Rapid Guarantee 

 

* Same day despatch * Competitive prices 

 

* Top quality components * In-depth stocks 

 

CMOs 

 

4000 

 

4001 

 

4002 

 

4006 

 

4007 

 

4008 

 

4009 

 

4010 

 

4011 

 

4012 

 

4013 

 

4014 

 

4015 

 

16 

 

16 

 

6 

 

50 

 

16 

 

40 

 

30 

 

30 

 

16 

 

6 

 

30 

 

45 

 

4016 

 

4017 

 

4018 

 

4019 

 

4020 

 

4021 

 

4022 

 

4023 

 

4024 

 

4025 

 

4026 

 

4027 

 

4028 

 

4029 

 

4030 

 

50 4031 

 

30 

 

40 

 

50 

 

45 

 

50 

 

45 

 

50 

 

16 

 

40 

 

16 

 

85 

 

JO 

 

45 

 

50 

 

16 

 

130 

 

4034 

 

403 

 

403 

 

464 

 

4041 

 

4042 

 

404 

 

404 

 

4a 

 

.24 

 

404

 

 

464 

 

4050 

 

4051 

 

4052 

 

4053 

 

140 

 

270 

 

280 

 

40 

 

45 

 

78 

 

40 

 

45 

 

50 

 

50 

 

45 

 

70 

 

30 

 

40 

 

SO 

 

50 

 

4054 

 

1055 

 

4059 

 

4060 

 

4063 

 

4066 

 

4067 

 

4068 

 

4069 

 

4070 

 

1071 

 

4072 

 

4073 

 

4075 

 

4076 

 

4077 

 

78 4081 

 

80 4082 

 

430 4085 

 

55 4086 

 

80 4089 

 

30 4093 

 

240 4094 

 

16 4095 

 

6 4097 

 

6 4098 

 

6 4099 

 

16 10106 

 

16 40109 

 

16 40163 

 

65 40177 
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25 LS125 33 LS161 57 LS221 70 LS365 38 
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LS 
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30 1-5158 12 LS195 50 L5279 50 
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]/1% IBo 

 

1199 180 
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ORDERING INFO. All components brand new and full specification. All prices exclude 

VAT., 

 

Please add to total order. Please add 500 carriage to all orders under E 15 in value. Send chedue/ 

 

P.O. or Access,Vna number with order. Our detailed catalogue is given free with all orders over 

 

E70. Callers most welcome. Telephone orders welcome with Access or Visa. Official orders 

 

accepted from colleges, schools, etc... Callers most welcome, we are open Monday 10 Friday. J 
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FUNTRONICS 

 

PERHAPS one of the most enjoyable aspects of editing EE is that you never 

 

know what the post will bring, or who will phone up to discuss future 

 

projects or plans. The high standing and reputation for excellence that EE 

 

has achieved over the years, plus total issue sales that are 177 per cent that of 

 

our nearest rival, means that all sorts of individuals, companies and 

 

educational establishments have been and continue to be, deeply involved 

 

with the future of EE. 

 

Just recently the post brought us a new idea for a page entitled Funtronics; 

 

the artwork came in "out of the blue" from a reader with whom we had had 

 

no previous contact. The page submitted was of a very high standard—good 

 

to look at, fun, interesting and informative to read. It has plenty of good data, 

 

cartoons, puzzles, tables, etc. and must be rated as one of the best innova-
tions in EE ever. Furthermore, the man behind the idea and the artwork has 

 

plenty of exciting ideas that we hope will come into the page in the future. To 

 

get the flavour of Funlronics, see page 531 and don't miss the first one 

 

next month. You will not be disappointed! 

 

AROUNDTHE WORLD 

 

Also popping up in our postbag, and sometimes on the phone, are en-

quiries and requests from readers around the globe. It is not unusual for us 

 

to get phone calls from Scandinavia, Australia or almost anywhere else. 

 

Perhaps the most interesting aspect of such correspondence is the similarity 

 

in interests of hobbyists in electronics around the world. Obviously not all 

 

countries are at the same technical level as the UK, but most hobbyists seem 

 

to find ways of getting components and building our projects. 

 

One recent letter from Portugal brought a complaint that we cover pro-
jects for computers and few people can yet afford such items. This shows 

 

how lucky we are in the UK where most of our readers own a microcomputer 

 

or at least have the use of one at work, school, college, evening institute or 

 

university. Perhaps we take such things for granted, but in many countries 

 

computers are still not widely available at realistic prices. 

 

With every aspect of life being "invaded" by new technology, it will 

 

become more and more important to have some understanding of electronics 

 

and computing. It will also be necessary for many people, now employed in 

 

industries that are being modernised or ones that are becoming outdated, to 

 

be retrained. Our series on electronics and computing will provide an ex-
cellent grounding for all. 

 

The understanding that can be gained from Anatomy of the 

 

Microcomputer or our Teach-In series could provide the difference necessary 

 

to secure a promotion or even employment. We will continue to publish such 

 

information so that you can help yourselves! 

 

Readers' Enquiries 

 

We cannot undertake to answer readers' letters requesting modifications, 

 

designs or information on commercial equipment or subjects not published 

 

by us. All letters requiring a personal reply should be accompanied by a 

 

stamped self-addressed envelope or international reply coupons. 

 

We cannot undertake to engage in lengthy discussions on the telephone. 

 

Component Supplies 

 

Readers should note that we do not supply electronic components for 

 

building the projects featured in EVERYDAY ELECTRONICS, but these 

 

requirements can be met by our advertisers. 

 

All reasonable precautions are taken to ensure that the advice and data 

 

given to readers are reliable. We cannot, however, guarantee it and we 

 

cannot accept legal responsibility for it. Prices quoted are those current 

 

as we go to press. 
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Certain back issues of EVERYDAY ELECTRONICS are available world-

wide price £1 .00 inclusive of postage and packing per copy. Enquiries 

 

with remittance should be sent to Post Sales Department, IPC Magazines 

 

Ltd., Lavington House, 25 Lavington Street, London SE1 OPF. In the event 

 

of non-availability remittances will be returned. 
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Please state which Volume. 
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London S E 1 9LS. 
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KITCHEII i4PPLIiI110E 

 

TINIER 

 

T. R. de Vaux Balbirnie 

 

ELECTRIC food mixers and blenders are 

 

common items in every modern 

 

kitchen. Although taking much of the 

 

hard work out of food preparation, most 

 

models have one major drawback. They 

 

do not have a built-in timer so a lot of 

 

time is wasted "clock watching". This 

 

simple project frees the hands of the busy 

 

cook by providing a mains power socket 

 

which switches on kitchen appliances for 

 

a selected time. Although designed prin-
cipally for food mixers there could be 

 

other uses for this project, as an enlarger 

 

timer, for example. 

 

The Kitchen Timed Outlet appears as 

 

a plastic box which plugs into the mains. 

 

A 13-amp socket, rotary switch and two 

 

push-button switches are mounted on top. 

 

The rotary switch selects the required 

 

time interval from a choice of eleven 

 

values or "continuous". The push-button 

 

switches initiate the process and end it 

 

prematurely if need me. Safety features 

 

include: a fuse, and a double-pole mains 

 

on-off switch with neon indicator. 

 

The electronic part of the circuit is 

 

battery-powered for reasons of low cost 

 

and simplified construction. Excellent ser-
vice should be given by the battery since 

 

it is totally disconnected from the circuit 

 

except while actually timing. The battery 

 

may be replaced without removing the lid 

 

of the case. Although construction is 

 

straightforward, this project does involve 

 

making mains connections and readers 

 

are advised to seek help if they are unsure 

 

of their ability to make a safe job. 

 

CIRCUIT DESCRIPTION 

 

The circuit for the Timed Outlet is 

 

shown in Fig. 1. The timing section con-
sists of a 555 timer integrated circuit and 

 

associated components. These are con-
nected as a monostable. This means that 

 

when IC I is triggered by taking pin 2 low, 

 

the output (pin 3) will go high for a time 

 

then revert to its original state. The time 

 

period is determined by the values of C 1 

 

and the "switched resistance" (R t to 

 

R 11). In this circuit C 1 has a fixed value 

 

so timing depends on the value of the 

 

switched resistance (R 1 to R 11). The 

 

rotary switch, S1, selects R1 + R2 + R3. 

 

etc, to gain the required timing. VR l is 

 

the calibration control whereby the tim-
ings are adjusted accurately. This is 

 

necessary since the value of C 1 is not 

 

known precisely due to its range of 

 

tolerance. 

 

The output of the 555 is far too small 

 

to operate mains equipment and this is 

 

where the relays RLA and RLB are 

 

necessary. Both these components have 

 

normally-open contacts. While IC 1 is on, 

 

both relay coils will be energised. The 

 

contacts of RLB connect the appliance to 

 

the mains. Meanwhile, the contacts of 

 

RLA short-circuit the "start" switch, S2. 

 

Thus, when S2 is pressed for an instant, 

 

the i.c. will be triggered by the pulse of 

 

charging current to C2 taking pin 2 low. 

 

The contacts of RLA then "take over" 

 

from S2 in allowing battery current to 

 

flow until the end of the timing cycle. 

 

Timing may be interrupted at any time by 

 

momentary breaking of battery current 

 

by means of S3 which is a push-to-break 

 

switch. 

 

The reason for using two relays instead 

 

of just one component with two pairs of 

 

contacts, is to keep the battery and mains 

 

totally separate. This avoids the 

 

possibility of "flash over" from one set of 

 

contacts to the other. 

 

D1 is necessary to prevent false 

 

triggering which could occur in its ab-
sence. No diode need be connected in 

 

parallel with either relay coil as would be 

 

normal practice, as RLA has a diode 

 

already built in which serves RLB also. A 

 

diode is important in by-passing the 

 

reverse voltage spike which occurs when 

 

the magnetic field in a relay core 

 

collapses. 

 

MAINS RELAY 

 

The choice of RLB deserves special 

 

mention. This component must have at 

 

least one pair of normally-open or 

 

changeover contacts. Readers who are 

 

not using the specified relay must give 

 

consideration to contact current rating, 

 

coil operating voltage, coil resistance and 

 

overall physical size. 

 

For mixers and blenders a maximum 

 

load figure of 500 watts will be found 

 

adequate (that is, about 2 amps on 240V 

 

mains). The relay contacts must be rated 

 

to this figure at least. Catalogues often 

 

specify contact ratings for a resistive 

 

load; for a motor or other inductive load 

 

de-rating , is necessary. In practice, a 

 

resistiva contact rating of 5 amps will be 

 

satisfactory. The coil should operate from 

 

as low as 6 volts. Some relays have an 

 

8.4 volt coil which is not suitable, es-
pecially as the battery ages. The relay coil 

 

should have as high a resistance as possi-
ble to minimise drain on the battery. 
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COMPONENTS 

 

Resistors 

 

R1-4 82kn (4 off) 

 

R7 150W (1 off) 

 

R5,6,8 180kil (3 off) 

 

R10 220kQ (1 off) 

 

R9 270W (1 off) 

 

R11 470kO (1 off) 

 

R12 1 O 

 

All resistors } to }W ±5% 

 

Potentiometer 

 

VR 1 1 O miniature preset 

 

potentiometer 

 

horizontal mounting 

 

Capacitors 

 

C 1 47µF electrolytic 

 

10 volt working or 

 

higher 

 

C2 100µF 10 volt 

 

working or higher 

 

Semiconductors 

 

IC1 NE555V timer 

 

D1 1 N4001 silicon 

 

Relays 

 

RLA 

 

page 534 

 

d.i.l. reed relay 5 volt 

 

500 ohm coil with built 

 

in diode and one set of 

 

N/0 contacts 

 

RLB "Open relay" 410-ohm 

 

coil: 6 volt operation. 

 

N/0 or changeover 

 

contacts rated at 240V 

 

a.c. 5 amps (Maplins 

 

"Open Relay" or R.S. 

 

type 349-125 

 

Miscellaneous 

 

S1 12-way rotary switch 

 

with knob 

 

S2 miniature push-to-
make switch 

 

S3 miniature push-to-
break switch 

 

S4 mains on/off switch 

 

d.p.s.t. with neon 

 

indicator-3-amp 

 

contacts or higher 

 

FS1 5A fuse and holder 

 

SK1 13-amp mains outlet 

 

socket 

 

131 9V PP3 battery and 

 

drawer matrix 

 

stripboard, size 16 

 

strips x 40 holes 

 

Approx. cost 

 

Guidance only 

 

£10.50 
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Fig. 1. Circuit diagram of the Kitchen Appliance Timer. 

 

CONSTRUCTION 

 

The wiring diagram is shown in Fig. 2. 

 

Prepare the circuit panel using a piece of 

 

0.1in matrix stripboard 16 strips by 40 

 

holes in size. Cut it a little larger then file 

 

it to fit tightly into the runners of the 

 

plastic box. Solder all components into 

 

position but do not insert the 555 into its 

 

holder until all construction work has 

 

S4a 

 

L 

 

1� 

 

MAINS 

 

y N 

 

o� 

 

54b 

 

E 

 

+9, 

 

been completed. Solder RLA direct to the 

 

panel using minimum heat from the 

 

soldering iron to prevent damage. Make 

 

the eight interstrip links and all breaks in 

 

the copper tracks as indicated. Note that 

 

the strips are broken between the pins of 

 

ICI but not between those of RLA. If 

 

RLB is not as specified then some 

 

modifications will be needed to its 
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Fig. 2. Wiring details of the Kitchen Appliance Timer. 
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mounting and connecting details. After 

 

soldering the pins of RLB to the copper 

 

strips, these strips should then be broken 

 

in several places, as indicated, to isolate 

 

them from the battery part of the circuit. 

 

Carefully-made connections should be 

 

made to the normally-open contacts of 

 

RLB on the topside of the panel using 15 

 

centimetres of 3A stranded wire. A 

 

careful check should be made to ensure 

 

that no contact connections to RLB make 

 

contact with the low voltage side of the 

 

panel. 

 

Insert the 555 into its holder then 

 

solder 15 centimetres of connecting wires 

 

to each of the copper strips A, B, H and 

 

P. The rotary switch, S1, may now be 

 

prepared by soldering the resistors R2 to 

 

R I I around its contacts l to 1 1 (see 

 

photograph). Note that R 1 is already on 

 

the circuit panel and contact 12 has no 

 

resistor connected to it as this is the "con-
tinuous" setting. 

 

Prepare the case by making holes in 

 

the lid for the mains outlet socket and for 

 

Sl, S2 and S3. Make holes in the side of 

 

the box for the mains on-off switch, fuse, 

 

inlet lead and battery drawer. All remain-
ing components should be assembled and 

 

the wiring completed as in Fig. 2. Make a 

 

scale of times for S 1 and fit this and the 

 

knob in position. 

 

ON NO ACCOUNT MOUNT RLB 

 

BY BOLTING IT TO THE CASE. 

 

THIS IS BECAUSE THE FRAME OF 

 

THE RELAY IS "LIVE" AND THE 

 

HEADS OF THE BOLTS WOULD BE 

 

"LIVE" TOO. 

 

TESTING 

 

Before operating this project from the 

 

mains for the first time, it is essential to 

 

test it and adjust VR I using a battery. To 

 

do this, connect the live and neutral pins 

 

of a discarded 13A plug to a 6-volt bulb. 

 

Plug this into the mains outlet socket to 

 

simulate the mixer. Connect the mains in-
let wires to the terminals of a 6 or 9-volt 

 

battery. Adjust the slider of VR 1 to ap-
proximately mid-track position. Place a 

 

PP3 battery in the drawer and the fuse in 

 

its holder. Set the mains switch to "on" 

 

and S  to "15 seconds". Press S2. The 

 

lamp should light for a time then go off. 

 

VR1 may be adjusted for an accurate 15 

 

seconds. Clockwise rotation of the slider 

 

will increase the time. Check operation on 

 

other time settings and adjust VR 1 for 

 

best overall performance. Check the 

 

"stop" switch, S3. 

 

When the system is operating correc-
tly, replace the lid of the case, plug a 

 

mixer into the outlet socket and test the 

 

unit on the mains. Never remove the lid of 

 

the case while the project is plugged in. 

 

OTHER APPLICATIONS 

 

This timer can be used for any low 

 

power operation of mains equipment, 

 

such as photographic timers, hi fi or 

 

video application. O 
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Fig, 3. Component layout of matrix stripboard for Kitchen Appliance Timer. 
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Fig. 4. Drilling details of matrix stripboard for Kitchen Appliance Timer. 
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TEMPERATURE 

 

111TERFi4CE -BBC ICRO 

 

H.A.PENFOLD 

 

A HOME COMPUTER is ideal for use in 

 

many measurement applications 

 

since it can be used as a digital readout, 

 

or results can be displayed on the monitor 

 

or TV screen as a graph or in some 

 

similar form. With the aid of a suitable 

 

printer it is even possible to produce hard 

 

copies of graphs or charts. 

 

This article describes a simple tem-
perature interface for the BBC model B 

 

microcomputer, and it makes use of the 

 

machine's four channel analogue-to-
digital converter. This converter has only 

 

a rather limited sampling rate of once 

 

every 40ms if all four channels are used, 

 

or once every IOms if only channel 1 is 

 

used. However, in an application such as 

 

this the response time of the sensor is 

 

very slow and the limited sampling rate of 

 

the analogue-to-digital converter is of no 

 

consequence. The converter is a 12-bit 

 

type which gives the system good resolu-
tion, and as there are four inputs it is 

 

possible to simultaneously use up to four 

 

temperature interfaces with the unit. 

 

The interface uses a semiconductor 

 

temperature sensor which gives good 

 

linearity and accuracy over a wide tem-
perature range of —50 to +150 degrees 

 

centigrade. 

 

THERMISTOR SENSOR 

 

Perhaps the most obvious way of 

 

providing a temperature interface for the 

 

machine is to use a simple thermistor type 

 

such as the one outlined in Fig. 1. There 

 

are just two components used here; ther-
mistor RTH 1 and resistor R 1. These are 

 

wired as a simple potentiometer connec-
ted between the OV rail and the 1.8 volts 

 

reference output of the analogue port. 

 

The output of the divider circuit is con-
nected to the channel I input of the 

 

analogue port. This responds to input 

 

voltages of between OV and 1.8 volts, and 

 

the output of the potential divider must 

 

therefore be within the correct voltage 

 

range. 

 

The specified thermistor is a negative 

 

temperature coefficient type, in that its 

 

resistance falls as the applied temperature 

 

is increased. Thus, increased temperature 

 

results in a higher voltage from the cir-
cuit, decreased temperature produces a 

 

lower output voltage, and it would be 

 

reasonably easy to devise software that 

 

would convert the values returned from 
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the A/D converter into the correct tem 

 

perature values. A slight problem with 

 

this arrangement is that the linearity is 

 

only good over a fairly narrow range of 

 

temperatures, and this would complicate 

 

the software if a wide temperature 

 

coverage was required. Also, a very wide 

 

temperature range could not be achieved 

 

properly since the voltage changes 

 

produced at the extremes of the range 

 

would be inadequate. 

 

One final problem is that if several cir-
cuits of this type were to be connected to 

 

the computer the software for each chan-
nel would need to be slightly different in 

 

order to compensate for the tolerances of 

 

the thermistors and resistors. 

 

Despite these limitations, there are ap-
plications where a simple interface of this 

 

type will suffice, and where the use of a 

 

more sophisticated circuit would just be 

 

over complicating matters. With the cir-
cuit of Fig. 1 the nominal centre of the 

 

temperature range is 25 degrees cen-
tigrade, and the value returned from 

 

channel 1 of the A/D converter changes 

 

by approximately 650 per degree cen-
tigrade for temperatures about 20 degrees 

 

or so either side of the centre point. 

 

THE LM335Z 

 

The LM335Z is a high quality tem-
perature sensor integrated circuit which is 

 

contained in a standard TO-92 plastic en-

capsulation and looks much like an or-
dinary plastic cased transistor. The two 

 

basic methods of using this device are 

 

shown in Fig. 2. 

 

This device can be regarded as a high 

 

quality voltage regulator, but the voltage 

 

developed across the component depends 

 

on its temperature, and is nominally 10 

 

millivolts per degree Kelvin. In terms of 

 

degrees centigrade this represents 2.732 

 

volts plus 10 millivolts per degree cen-
tigrade (or minus 10 millivolts per degree 

 

for temperatures below zero). The circuit 

 

of Fig. 2(a) can be used to trim the device 

 

for optimum accuracy, but for most pur-
poses the simple method of Fig. 2(b) is 

 

adequate. These circuits are not signifi-
cantly affected by normal supply voltage 

 

fluctuations, and it is only necessary to 

 

stabilise the supply if there would 

 

otherwise be extremely large variations in 

 

the supply potential. 

 

BLOCK DIAGRAM 

 

The block diagram of Fig. 3 shows the 

 

general arrangement used in the tem-
perature interface. The temperature sen-
sor drives the analogue port of the com-
puter via a buffer amplifier which 

 

provides a low output impedance. A 

 

variable attenuator is used between the 

 

sensor and the buffer stage since the 

 

nominal output voltage swing of the sen-
sor is 2 volts (200 degrees x 10 

 



Fig. 1. Simple thermistor circuit. 
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Fig. 3. Block diagram of the Temperature Interface. 

 

millivolts = 2000 millivolts or 2 volts) and 

 

the computer requires an input voltage 

 

swing of 1.8 volts, as explained earlier. 

 

A minimum output voltage of 0 volts is 

 

required, but the sensor circuit gives a 

 

minimum output potential of about 2.232 

 

volts. Originally a circuit in series with 

 

the output which provided a suitable 

 

voltage drop was tried, but the bridge cir-
cuit was finally adopted as this was found 

 

to give better results. With this system a 

 

precision voltage regulator is used to 

 

provide a 2.232 volts reference level, and 

 

when the output to the computer is taken 

 

from the output of the sensor and the 

 

reference level, rather than between the 

 

output of the sensor and the OV rail. The 

 

computer is fed with the potential dif-
ference across the two outputs, and with 

 

the sensor at its minimum operating tem-
perature the two outputs are at the same 

 

potential and the voltage difference is 

 

zero. At higher temperatures the sensor 

 

produces a higher voltage and a potential 

 

is produced across the outputs. This is ef-
fectively the same as reducing the output 

 

Fig. 4. Circuit diagram of the Temperature Interface. 

 

of the sensor by the desired amount, but it 

 

must be borne in mind that neither output 

 

of the circuit is at its OV supply potential. 

 

The voltage reference is made variable so 

 

that it can be adjusted to give precisely 

 

the required potential, and it actually con-
sists of a fixed voltage source feeding a 

 

variable gain amplifier. 

 

CIRCUIT DESCRIPTION 

 

The full circuit diagram of the tem-
perature interface is shown in Fig. 4. 

 

IC 1 is the precision fixed voltage (1.2 

 

volts) reference device, and RI is its load 

 

resistor. The ZN423E requires a current 

 

now of about 10 milliamps in order to 

 

operate efficiently and R I therefore has a 

 

fairly low value. If low current consump-
tion is considered important ICI can be 

 

replaced with the more expensive 8069 

 

device and R 1 can be increased to I 0 

 

in value. Note that this application re-
quires the use of a high quality voltage 

 

regulator having temperature compensa-
tion, and a simple regulator using a cou-
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ple of forward biased silicon diodes or 

 

something of this type would not be ade-
quate. 

 

IC2 is an operational amplifier which 

 

is used in the non-inverting mode, and 

 

amplifies the potential developed across 

 

IC 1. The gain of the amplifier can be 

 

varied by means of R3 from unity to 

 

about three times, giving an output 

 

voltage range of about 1.2 volts to 3.6 

 

volts. A CA3140E is used in the IC2 

 

position because this has an output which 

 

can swing down to virtually the negative 

 

supply potential. Most i.c. operational 

 

amplifiers are not quite able to supply the 

 

minimum output voltage called for in this 

 

circuit. 

 

TEMPERATURE SENSOR 

 

IC4 is the temperature sensor and this 

 

will normally need to be located away 

 

from the main unit. It is therefore coupled 

 

to the rest of the circuit via a twin lead 

 

and SK2. C I helps to filter any mains 

 

hum or other electrical noise which is 

 

picked up in the connecting cable (which 

 

can be several metres long if necessary). 

 

R3 and VR2 form the variable at-
tenuator, and IC3 is another CA3140E 

 

operational amplifier, but in this case it is 

 

used as a straightforward unity gain buf-
fer stage. 

 

BATTERY CHECK 

 

A battery check facility is built into the 

 

unit to reduce the risk of misleading 

 

readings being obtained due to an inade-
quate battery voltage. When S2 is 

 

operated R5, D 1 and D2 are connected 

 

across the supply lines. About 7.5 volts 

 

must be developed across D 1 and D2 

 

before they will conduct, and the supply 

 

voltage must therefore be slightly higher 

 

than this level before a significant voltage 

 

is developed across R5 and the circuit 

 

passes a high enough current to cause D2 

 

to light up. If D2 switches on when S2 is 

 

operated this indicates that the battery 

 

voltage is sufficient. 

 

The current consumption of the circuit 

 

is about 14 milliamps, and a PP3 size 9-
volt battery is adequate to power the unit 

 

provided it will not be used for prolonged 

 

periods. If it will be used for long periods 

 

of time it would be advisable to use a 

 

larger 9-volt battery such as a PP9 size, 

 

or rechargeable NiCad cells would 

 

probably be the most practical power 

 

source if the unit is to be used for many 

 

hours at a time. 

 

CONSTRUCTION 

 

PRINTED CIRCUIT BOARD 

 

Provided the unit is to be powered 

 

from a small 9-volt battery a plastic case 

 

measuring about 120 x 80 x 35mm is 

 

large enough to comfortably accom-
modate all the components. The simple 

 

front panel layout of the prototype can be 

 

seen from the photographs, but any sensi-
ble layout is acceptable. 

 

COMPONENTS 

 

Resistors 

 

R 1 82052 

 

R2 4.7k52 

 

R3,4 

 

R5 

 

VR1,2 

 

See 

 

Talk 

 

1 OkO (2 off) page 534 

 

27052 

 

10k52 15 turn Cermet 

 

preset(2 off) 

 

Fixed value types are aW ±5% 

 

Capacitors 

 

C 1 1 p  63V axial 

 

electrolytic 

 

C2 100nF polyester 

 

Semiconductors 

 

D1 BZY88C5V65 6V 

 

400mW Zener 

 

D2 TIL209 red Le.d. or 

 

similar (with panel 

 

holder) 

 

IC1 ZN423E 1 -2V 

 

precision regulator 

 

IC2,3 CA3140E MOS 

 

op-amps (2 off) 

 

IC4 LM335Z temperature 

 

sensor 

 

Miscellaneous 

 

S1 Rotary on/off switch 

 

S2 Push-to-make, release-
to-break type 

 

SK 1,2 3.5mm jack (2 off) 

 

B 1 9-volt PP3 size 

 

Plastic box 120 x 80 x 35mm, 

 

printed circuit board, two 8-pin 

 

d.i.l. sockets, control knob, battery 

 

connector, 15-way D connector, 

 

screened lead, two 3.5mm jack 

 

plugs, 6BA fixings, Veropins, wire. 

 

Approx. cost 

 

Guidance only 

 

£8.85 

 

Apart from the LM335Z sensor the 

 

small components are all mounted on a 

 

printed circuit board which measures 70 

 

x 35mm. The p.c.b. design and the com-
ponent layout and wiring are shown in 

 

Figs. 5 and 6. IC2 and IC3 have MOS in-

put stages and should therefore be moun-
ted in (8 pin) d.i.l. sockets. They should 

 

not be fitted in place until the rest of the 

 

board is complete, and they should be 

 

handled as little as possible once removed 

 

from their anti-static packaging. 

 

VR 1 and VR2 must be the appropriate 

 

Cermet multi-turn trimpots if they are to 

 

fit onto the printed circuit properly. The 

 

use of ordinary preset resistors is not 

 

recommended as fine adjustment of the 

 

unit would be very difficult using these, 

 

and it is likely that they would not have 

 

adequate resolution anyway. 

 

Veropins are fitted to the board at 

 

points where connections to off-board 

 

components will be made, and then the 

 

completed board is mounted on the rear 

 

panel of the case using 6BA fixings. The 

 

unit is then completed by adding the hard 

 

wiring. 

 

The LM335Z temperature sensor is 

 

wired to SK2 by way of a twin lead ter-
minated in a 3.5mm jack plug. If the lead 

 

is more than about one metre long it is 

 

advisable to use screened cable with the 

 

outer braiding connected to the barrel of 

 

the plug and the inner conductor to the 

 

tip. Note that the LM335Z must have its 

 

+ (cathode) terminal connected to the tip 

 

of the plug and its — (anode) terminal 

 

connected to the barrel. Also note that 

 

IC4 must be an LM335Z temperature 

 

sensitive voltage source and not the 

 

LM335 which is a temperature sensitive 

 

current source and is used in a slightly 

 

different way. Use sleeving over the 

 

leadout wires of IC4 to prevent them 

 

from accidentally short circuiting 

 

together, and this component must be 
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Fig. 5. P.c.b. design. 
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Fig. 6. Component layout. 
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fitted in a probe of some kind (such as a 

 

small test tube) if the unit is to be used to 

 

measure the temperature of liquids. Apart 

 

from protecting the sensor against corro-
sion this is also essential to prevent 

 

current from flowing from one terminal of 

 

the sensor to another through the liquid 

 

and giving spurious results. 

 

TESTING AND CALIBRATION 

 

When initially testing and calibrating 

 

the unit it is necessary to immerse the 

 

sensor in water, but a simple measure 

 

such as covering the leadout wires with 

 

Bostik Blue Tack is sufficient to tem-
porarily insulate the leadouts during this 

 

setting up procedure. 

 

The connection to the computer is 

 

made via a screened lead about one or 

 

two metres long fitted with a 3.5mm jack 

 

plug at one end and a 15-way D type con-
nector at the other. The barrel of the jack 

 

connects through to pin 5 of the D plug 

 

(analogue ground) and the tip connects to 

 

pin 15 of the D plug (channel I input). 

 

Refer to Fig. 1 of this article or to the 

 

"User Guide" for the computer pin 

 

numbering of the D connector. If you 

 

wish to use any of the other analogue in-
puts, channels 2, 3 and 4 are at pins 7, 12 

 

and 4, respectively. 

 

o2- l+ 

 

ADJUSTMENT 

 

Before connecting the unit to the com-
puter it is advisable to set the output from 

 

IC2 at approximately the right voltage. 

 

This is just a matter of adjusting VR1 to 

 

give about 2.2 volts from pin 6 of IC2 to 

 

the negative supply rail. VR2 should be 

 

adjusted to give almost maximum output 

 

from IC3. 

 

The number returned from a reading of 

 

an analogue channel is from 0 to 65520, 

 

and presumably the 12-bit output of the 

 

converter is fed to the 12 most significant 

 

bits of a 16-bit word so that the number 

 

obtained is effectively multiplied by six-
teen. Anyway, to give suitable scaling the 

 

following simple program can be used: 

 

10 X%=ADVAL(1)/32 

 

20 Y=X%-500 

 

30 Z=Y/10 

 

40 PRINT Z 

 

The first line simply takes the reading 

 

from channel I of the converter and 

 

divides it by 32 to give an integer value of 

 

between 0 and 2047. Line 20 deducts 500 

 

from this quantity so that negative num-
bers are obtained if fairly low values are, 

 

returned from the converter. Line 30 then 

 

divides this result by ten to give an output 

 

range of —50 to +154.7 in 0.1 incre-
ments, which obviously covers the re-
quired —50 to +150 with no significant 

 

overflow at either end of the scale. 

 

Finally, line 40 prints the result on the 

 

screen, and a simple loop could be used to 

 

.automatically update the reading. 

 

The next step is to adjust the interface 

 

so that readings obtained correlate 

 

properly with the temperature of the sen-
sor. Probably the easiest way of doing 

 

this is to first place the sensor in water 

 

kept at 0 degrees centigrade with the aid 

 

of ice cubes. VR1 is then adjusted for a 

 

reading of 0, but note that noise in the 

 

system might cause the reading to fluc-
tuate very slightly (by no more than 

 

about plus or minus 0.1 degrees). The 

 

sensor is then placed in water at a higher 

 

temperature of about 50 degrees centi-
grade or so, and a thermometer is used to 

 

monitor the exact temperature of the 

 

water. VR2 is then adjusted to give the 

 

correct reading. 

 

This procedure is repeated several 

 

times until no further improvement in ac-
curacy can be obtained. Note that it takes 

 

at least a few seconds for the sensor to 

 

adjust to a large change in temperature, 

 

and that any probe assembly in which it 

 

is placed will further reduce its response 

 

time. Let the reading stabilise properly 

 

before adjusting VR I or VR2. 

 

PROGRAM SUGGESTIONS 

 

Because there are so many possible 

 

ways of using the temperature interface, it 

 

is not practicable to provide a single 

 

program to cover all uses. The programs 

 

provided are not intended to be fully-
finished stand-alone programs, but rather 

 

collections of ideas, to show what can be 

 

done. The various procedures and func-
tions can be extracted from these and 

 

incorporated into your own programs. 

 

However, these programs can be used as 

 

they are, if they suit a particular purpose. 

 

The best way of converting the 

 

ADVAL reading into a temperature 

 

reading is by a defined function. The 

 

basic function to produce a centigrade 

 

reading is: 

 

100 DEF FNtemp(c) 

 

110 LOCAL reading,temp 

 

120 reading=ADVAL(c)/32 

 

130 temp=(reading-500)/10 

 

140 =temp 

 

The parameter c is the ADVAL chan-
nel number, which can be passed as a 

 

constant or a variable, i.e., PRINT 

 

FNtemp(1) or temp=FNtemp(channel). 

 

You can use one or more of the four 

 

available channels as required. 

 

The first listing shows how a three-
channel system can be set up to record 

 

maximum and minimum readings, in ad-
dition to the current reading, separately 

 

for the three channels. The readings are 

 

displayed in bar-graph form, and also in 

 

digital values. 

 

Any particular channel can be updated 

 

at any time by pressing the appropriate 

 

number key. Lines 50 and 60 deal with 

 

out-of-range values. 
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LIST 

 

10 REM 3-channel max/min 

 

20 DIM maxtemP(^c):DIM mint.emP(2) 

 

:30 DIM initia.lis.ation:(2) 

 

35 MODE 2:PRINT "Charnel?" 

 

40 cha.nnel$=GET$ channel=VAL(ch.3nne1.#) 

 

50 IF cha.nnel<l channel=l 

 

60 IF ch.annel)3 channel=3 

 

7O PROCbargra.Ph(FFJtemP(charrnel),mint.emP,'cha.nnel-1),maN•t.emP(cha.nnel-1)) 

 

80 GOTO 40 

 

90 END 

 

100 DEF FNt.er,.P(c ) 

 

110 LOCRL r-eading,temP 

 

120 reading=ADVRL(c)f32 

 

t?0 t.emP=(readin9-500)!10 

 

140 PROCmi nm.ax temP 

 

150 =temP 

 

200 DEF PR.00minmax(c,net-�t.emP) 

 

210 IF initial isation (c-1)=0 THEN PROCinit(c,ne!•rtemP) 

 

220 IF netdt.emP>maxtemP(c-1) THEN maxteW c-1)=newtemP 

 

:'SO IF nekdt.emP<mintemP<c-1) THEN mint.emP<c-I )=neofemP 

 

-40 ENDPROC 

 

300 DEF PROCinit(c:temP) 

 

'310 maxtemP(c-1 )=temp 

 

•320 mintemP(c-1)=temP 

 

330 initia.li=a.tion%(c-1)=1 

 

140 ENDPROC 

 

400 DEF PPOCbargra.Ph<naa.min,ma,:) 

 

410 CLS:PROCIa.bel_ nor, .min. max) 

 

420 MOVE 600,400:DRAW 1200,400 

 

430 MOVE 500.?00 DRAW 600.700 

 

:140 MOVE 700:400:r,COL 0.4 

 

:150 DRAB! 700:400+2*rnin:PLOT S5:300:400:P1_OT R5,S00,400+2tmin 

 

450 MOVE 900.400:GCOL 0:2 

 

470 DRAW 900,400+2%noi.�:PLOT S5,1MOO.400:PLOT 

 

4SO MOVE 1100,400:000L 0,1 

 

490 DRAW 1100. 400+24'max : PLOT 

 

500 ENDPROC 

 

1000 DEF FPnCla.belsCnrra:min,ma.x) 

 

1010 COLOUR 1:PRINT TRe(1,2)"TEMPEPRTUPF GRRPH" 

 

:020 COLOUR. 4:PRINT TRS(0,14)"MIN":PRINT TAB<0,15N;min 

 

1030 COLOUR 2:PRINT TAe(0,17)"NOW"'PRTNT TAE(0,l4 �!nnr, 

 

1040 COLOUP.. 1:PRINT TAP<0:20)"MAX",FRTNT TAB(0,21)rma.x 

 

10501 COLOUR 7: PRINT TAPS ^ • �0"rHRtdNEL" ;channel 

 

1053 VDU 23,1.0;0:0;P 

 

to-.0 ENDPROC 

 

95.1000.400+?*now 

 

Listing to record maximum and minimum reading. 

 

`MODE 7 

 

LIST 

 

10 REM t.emPer^at�ere rea.dj no=. 

 

20 REM at timed intervals 

 

30
 CL`- MODE 1 

 

40 channel-1 

 

50 PROCgra.t.ic!(le 

 

60 PPOCtemPgraPh 

 

70 STOP 

 

100 DEF FNt.emP 

 

110 LOCAL rea.ding:temP 

 

120 rea.diWD=RDVRL< channel )!32 

 

1?0 temr=(r-ea.din9-500)!10 

 

140 =t.emP 

 

200 DEF PP.009ra.t i cu l e 

 

210 r-,COL 0.1 

 

220 MOVV 200, 1001 DPgw 2010: 900 

 

20 MOVE 200,300: DRAW 1200., ?00 

 

240 MOVE 200.100 PLOT 21.1200,100 

 

250 MOVE 1200,500:PLOT 21,200,'00 

 

260 MOVE 200:700 PLOT 21:1290:700 

 

270 MOVE 1200:900:PLOT ?1,200,900 

 

290 MOVE 1200,100:DPAW 1200,900 

 

?90 PROCIRbels 

 

^00 ENDPROC 

 

400 DEF PPOClahel 

 

41A PRINT TRB<.3, 22)"O" 

 

420 PT. INT TRE( I, 2S)"-50" 

 

:330 PRINT TRP(1,16)"+50" 

 

440 PRINT TAP(S.tO)"109" 

 

450 P"TN" TAP! 1, 4 )" 150" 

 

46.0 ENDPROC 

 

500 DEF PPOCtemP?raPh 

 

510 MOVE 200,300:GCOL 0.2 

 

520 FOR X=?Pn TO 1.200 STEP 1f70i 

 

5?@ Y=300+4*FNter.)P 

 

540 DRRW X:Y 

 

550 T=TIME 

 

550 PEPEPT UNTI!_ TIME=T+1000 

 

570 NEXT X 

 

580 ENDPPOI 

 

Listing to record temperature changes over a period of time. 

 

The maximum and minimum values 

 

are stored in two arrays, dimensioned in 

 

line 20. Remember, BBC BASIC num-
bers array elements from 0, so these 

 

arrays have three elements. Note also the 

 

complications this causes in lines 70, 

 

210-230, and elsewhere. The other array, 

 

declared in line 30, is used to "remember" 

 

whether a particular channel has been 

 

used. On first use, minimum and maxi-
mum values are set to the current value, 

 

by PROCinit. Thereafter, they are up-

dated as appropriate by PROCminmax. 

 

The rest of this program is fairly 

 

straightforward graphics. PROCbar-
graph has been written using the absolute 

 

commands MOVE,DRAW, and PLOT 

 

85, to keep it easily understandable for 

 

the inexperienced. It can be slightly shor-
tened by using the relative drawing com-
mands. 

 

Line 1055 keeps things tidy by turning 

 

off the cursor. This particular line will 

 

only work with O.S. 1.0 onward. 

 

The second listing shows how the com-
puter's TIME function can be used to 

 

record temperature changes over a period 

 

of time. In this case, the temperatures are 

 

recorded as a graph, but they could also 

 

be displayed as digital values, or stored 

 

in an array or on tape/disc for later 

 

analysis. 

 

This program takes 10 readings at 10-
second intervals, but much longer inter-
vals and/or more readings are of course 

 

quite possible. ❑ 
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ADHESIVE FOR P.C.B. ASSEMBLY 

 

MPONENTS such as transfor-o

mers, coils, and edge connec-
tors need to be mechanically 

 

secured to a printed circuit board. 

 

The Electronics Tak Pak has 

 

been specially developed for this 

 

purpose and makes a strong, per-
manent mechanical bond within 

 

Fifteen seconds. 

 

The adhesive is non-
conductive, and designed to 

 

remain effective over a tem-

perature range of — 100 to + 175 

 

degrees Fahrenheit. It will not 

 

affect electrical functions or 

 

attack insulation. 

 

The Electronics Tak Pak, 

 

together with over 3,000 other 

 

tools and production aids, can be 

 

found in the current Toolrange 

 

catalogue. 

 

Toolrange Ltd.. 

 

Dept EE, 

 

Upton Road, 

 

Reading, 

 

Berkshire RG3 4JA. 

 

_
 

_ 
a 

 

TrIl  

 

ACCELERATOR 

 

+rwrrtiAmp 

 

REMOTE 

 

CONTROL FOR 

 

SECURITY 

 

CAMERAS 

 

AROTATABLE mounting for 

 

closed-circuit TV cameras, 

 

or CB or f.m. radio aerials is 

 

available from Semiconductor 

 

Supplies at £49.45 by mail order. 

 

The cast-metal mounting will 

 

support equipment weighing up to 

 

1001b, and is weatherproof. 

 

Called the 200XL, it is designed 

 

to accept a spigot mounting for 

 

cameras, but clamps on top of the 

 

rotator allow tubular aerial masts 

 

to be fitted if required. One com-

plete revolution under remote 

 

control takes 65 seconds. 

 

The control box is connected 

 

to the rotator by means of or-

dinary p.v.c.-sleeved cable, and 

 

this allows the unit to be con-
trolled at distances of 30 to 40ft. 

 

Greater distances are possible by 

 

making use of heavy-duty cable. 

 

The control box has a heavy 

 

base for precise operation of the 

 

control knob, and a follower 

 

arrow on the dial indicates the 

 

relative position of the rotator 

 

unit. When the follower arrow 

 

coincides with the direction of the 

 

pointer the rotator is in position. 

 

Semiconductor Supplies Ltd., 

 

Dept EE. Sutton, 

 

Surrey. 

 

ULTRA-SLIM STEREO RADIO 

 

FIE WORLDS thinnest and 

 

lightest f.m./a.m. personal 

 

stereo radio was recently ex-
hibited in London. 

 

Panasonic's RF-07 measures 

 

91mm by 55mm by 3.9mm, and 

 

weighs just 38g. Powered by 

 

rechargeable Ni-Cad batteries, 

 

the RF-07 comes complete with 

 

carrying case, stereo earphones 

 

and battery charging stand. The 

 

retail price for this package has 

 

not yet been finally decided, but 

 

Panasonic say it is likely to be a 

 

three-figure sum. 

 

To achieve such a small size, 

 

the local oscillator, mixer, and 

 

amplification circuits have had to 

 

be redesigned, and an ultra-thin 

 

a.m. aerial developed. 

 

The printed wiring board has 

 

also been reduced in thickness 

 

from 0.5mm to 0.3mm and has 

 

been designed as an integral part 

 

of the radio's rear panel. 

 

The RF-07 will not be 

 

generally available in this country 

 

before the end of the year, but 

 

further information is available 

 

from: 
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Panasonic UK Ltd., 

 

Dept FE, 300-318 Bath Road, 

 

Slough, 

 

Berkshire SLI 6JB. 
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LST month I mentioned the attractions 

 

of designing one's own electronics 

 

system. It so happens that many of the 

 

practical problems which electronics can 

 

help to solve call for techniques and com-
ponents not yet well established in the 

 

consumer field. To give an elementary ex-
ample, if you indulge in home brewing 

 

you may wish to have a temperature con-
troller and instruments for measuring 

 

chemical quantities such as acidity. 

 

Historically, such things were around for 

 

a long time in industry before they began 

 

to enter the home. 

 

It often happens that the very latest 

 

electronic devices and materials appear 

 

first in military equipment. Integrated cir-
cuits arrived by this route. The first ex-
periments were made at a British govern-
ment establishment then the idea was 

 

taken up by the Americans. The incentive 

 

was the chance of developing lightweight, 

 

reliable electronics for use in aircraft, mis-
siles, computers, space vehicles, and so 

 

on. 

 

OPTICAL CABLES 

 

The communications industry has 

 

always been a breeding-ground for inven-
tions. Readers will be aware that there is 

 

a revolution now going on in cable com-
munications, where the transmission of 

 

information in the form of electrical 

 

signals is being superseded by techniques 

 

where the information-carrier is light. 

 

This development of optical cables will 

 

produce many useful spin-offs in other 

 

spheres. It's quite possible, for instance, 

 

that the car driver of the future will turn 

 

his headlamps on or off not by a switch 

 

which controls the current directly but by 

 

one which sends light along glass-fibre to 

 

the lamp. On arrival, the light will turn on 

 

an opto-electronic current switch. In this 

 

way, instead of running heavy copper 

 

cables from battery to instrument panel 

 

and from instrument panel to headlamps, 

 

A TWELVE-PART HOME STUDY COURSE IN THE 

 

PRINCIPLES AND PRACTICE OF ELECTRONIC 

 

CIRCUITS. ESSENTIALLY PRACTICAL, EACH PART 

 

INCLUDES EXPERIMENTS TO DEMONSTRATE AND 

 

PROVE THE THEORY. 

 

USE OF A PROPRIETARY BREADBOARD 

 

ELIMINATES NEED FOR SOLDERING AND MAKES 

 

ASSEMBLY OF CIRCUITS SIMPLE. 

 

THE IDEAL INTRODUCTION TO THE SUBJECT FOR 

 

NEWCOMERS. ALSO A USEFUL REFRESHER 

 

COURSE FOR OTHERS. 

 

By GEORGE HYLTON 

 

�NNV TNISN9,11
1
TEATN� 

 

short direct cables from battery to 

 

headlamp will suffice. 

 

In the long run optical cables are 

 

bound to be cheaper than copper ones 

 

because the raw materials are cheaper. 

 

Systems on these lines have already been 

 

developed for use in aircraft where the 

 

saving of weight makes it economic 

 

despite the present high cost of "fibre 

 

optics" 

 

The eye of a needle gives some idea of the 

 

scale of a typical optical fibre cable. 

 

NOTHING NEW .. . 

 

Oddly enough, the designer can also 

 

learn from the past. It may not be ab 

 

solutely true that there's no new thing 

 

under the sun. (The originator of that idea 

 

was thinking of the course of nature, not 

 

technology.) All the same, most of the 

 

new technical developments we see have 

 

their roots in past ideas. This means that, 

 

buried in the files of the Patent Office 

 

(which are open to anybody, by the way) 

 

and in old books and magazines there 

 

must be a wealth of long-forgotten ideas 

 

which came to nothing because of some 

 

problem which has now been solved. 

 

Let me give you an example. Alexan-
der Graham Bell, the man who in 1876 

 

made the first successful telephone, also 

 

invented an instrument which we today 

 

would call a metal detector. Bell called it 

 

an induction balance. He used it, on one 

 

occasion, to locate an assassin's bullet in 

 

the body of an American president. 

 

METAL DETECTORS 

 

The history of metal detectors is in-
structive. When radio was developed it 

 

was realised that the presence of metal 

 

near the coil of an LC tuned circuit 

 

altered the tuning. The reason is that 

 

signal currents in the coil produce an a.c. 

 

field which induces voltages in adjacent 

 

metal. Currents then flow round and 

 

round in the metal (they are called "eddy 

 

currents") and in turn create magnetic 

 

fields. These oppose and partly cancel the 

 

coil's own field. The effect is to alter the 

 

inductance. 

 

In radio this can be a nuisance. But in 

 

time it was realised that the effect could 

 

be put to good military use in searching 

 

for buried land mines. In this case the coil 

 

(called a search coil) is deliberately 

 

shaped so as to create a large "stray 

 

field" around itself. If this field links with 

 

buried metal the resulting change in in-
ductance can in principle be detected. 

 

BEAT FREQUENCY 

 

TECHNIQUE 

 

If World War II designers of metal 

 

detectors had made use of Bell's induc-
tion balance their efforts would have been 

 

more successful. Instead, they went off on 
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a different, more "electronic" tack. (Bell's 

 

work was pre-electronic; that is, long 

 

before the invention of the radio valve.) 

 

They used the search coil as the tuning 

 

coil of an oscillator and detected the 

 

change in frequency as the coil ap-
proached a metal-cased mine. The change 

 

is small, perhaps one part in 10,000. If 

 

the oscillator operates on IkHz then the 

 

frequency change is only 0• IHz which is 

 

not detectable by ear. 

 

The solution adopted was to work at 

 

about IOOkHz. A change of one part in 

 

10,000 then gives a frequency shift of 

 

IOHz. This was made audible by "mix-
ing" the IOOkHz with a nearby frequency 

 

derived from a second oscillator. If the 

 

resulting beat frequency is set at 250Hz 

 

(which is close to "middle C" on the 

 

piano) a shift of IOHz is audible to 

 

anybody with a reasonable sense of pitch. 

 

The beat-frequency oscillator (b.f.o.) 

 

type of metal detector still exists. But the 

 

vast majority of modern detectors use an 

 

induction balance technique, just as Bell's 

 

did. They are of course full of transistors 

 

and i.c.s and even microcomputers. But 

 

the basic principle (Fig. 1 1.1) is Bell's. 

 

INDUCTION BALANCE 

 

Referring to this diagram, A is the 

 

"transmit" coil. It is energised by an os-
cillator. (Bell used a mechanical os-
cillator, a trembler switch which chopped 

 

up battery current into a mixture of a.c. 

 

and d.c.). Coil B is the pick-up coil. 

 

If A and B overlap exactly, large 

 

amounts of voltage are induced in B. If A 

 

is moved just outside B so there is no 

 

overlap some induction still takes place. 

 

But the induced voltages are now of the 

 

opposite polarity. If there is a small 

 

overlap, both effects take place. Opposing 

 

voltages are induced in B. At one critical 

 

degree of overlap the opposing voltages 

 

exactly cancel. There is no pick-up. The 

 

induction is balanced. 

 

This fine balance is upset when the 

 

coils are brought near metal. Voltage now 

 

appears across B, is amplified and detec-
ted. By using a high gain tiny amounts of 

 

unbalance can be detected. Also, the sen-
sitivity no longer depends on frequency. 

 

CHOICE OF FREQUENCY 

 

The designer can use any frequency he 

 

likes. He usually likes rather low frequen-
cies (for example lOkHz) because the 

 

effects of iron objects can then easily be 

 

distinguished from those of non-ferrous 

 

objects. 

 

This is of interest to "treasure hunters" 

 

who want to find coins but ignore rusty 

 

nails. It is also of medical use. Detectors 

 

exist which can find tiny bits of metal in 

 

the eye; if iron it may be possible to 

 

remove them with a magnet. So, after a 

 

century, Bell's induction balance is again 

 

Finding medical applications. 

 

EXPERIMENT 11.1 

 

METAL DETECTOR 

 

EXPERIMENTS 

 

I have gone on about the history of 

 

metal detection because it illustrates some 

 

important points about how inventions 

 

appear, are forgotten and rediscovered. It 

 

also illustrates the principle of balance 

 

which crops up again and again in elec-
tronics and can be a very powerful aid to 

 

the designer. But it's high time you did a 

 

bit of practical work. 

 

You can use the medium-wave receiver 

 

described in Part 9 (Fig. 9.5) as a crude 

 

short-range metal detector. Set the reac-
tion control so that the circuit oscillates. 

 

Tune to a strong station and adjust to get 

 

a pleasant musical beat note. Metal held 

 

near the ferrite rod will cause the note to 

 

change. 

 

One reason why the detection range is 

 

very short is that the ferrite concentrates 

 

the magnetic field inside itself. Real-life 

 

metal detectors use circular coils with a 

 

diameter of 150mm (six inches) or more, 

 

and no core. 

 

Even so, the range is still quite short. 

 

(For a small object such as a coin it's 

 

usually less, in a b.f.o. detector like this, 

 

than the diameter of the coil.) This is 

 

because the field strength falls off very 

 

rapidly as you move away from the coil. 

 

This is a case where the designer is up 

 

against a law of nature, which no amount 

 

of ingenious circuitry can get round. So 

 

even the most sophisticated metal detec-
tors can do little better than find a fairly 

 

large coin at a depth of 300mm (one 

 

foot). 

 

TRANSDUCERS 

 

When electronic equipment has to in-
teract with the outside world special 

 

devices are needed to turn non-electronic 

 

quantities into electronic ones, or vice-
versa. These devices have the general 

 

name, transducers. A microphone is a 

 

OSCILLATOR 

 

EE59P 

 

transducer. It converts sound waves 

 

(which are air-pressure variations) into 

 

voltages and currents. A loudspeaker, 

 

which does the reverse, is a transducer. A 

 

gramophone pick-up converts movement 

 

into electrical signals. In the world of in-
dustry and science many kinds of 

 

transducer exist. Any sort of physical 

 

quantity: temperature, pressure, vibra-
tion, light, nuclear radiation, velocity, 

 

chemical properties ... can be made to 

 

yield an electrical signal. 

 

The art of chemical transducer-making 

 

has just been extended in a very elec-
tronic fashion. It has become possible to 

 

replace the gate electrode of a field effect 

 

transistor (f.e.t.) with a film of material 

 

sensitive to particular chemicals. The 

 

current through the f.e.t. is then propor-
tional to the concentration of the 

 

chemical. 

 

In principle, f.e.t.s sensitive to almost 

 

any chemical substance can be made, 

 

including biochemicals. The medical 

 

possibilities are exciting. You might use a 

 

"biofet", for example, to monitor the in-
sulin level in the bloodstream of a diabetic 

 

and automatically turn on a tiny pump to 

 

give him a dose if the level falls too low. 

 

EXPERIMENT 11.2 

 

HIGH TEMPERATURE ALARM 

 

In your kit of parts for this Teach-In 

 

you have the means of making an experi-
ment which illustrates some of the princi-
ples of a typical "electronics meets out-
side world" situation. 

 

People, and the goods they use, are 

 

sensitive to temperature and it's impor-
tant to take remedial action if it gets too 

 

hot (or too cold for that matter). There 

 

are many ways of producing an electrical 

 

signal in response to a rise in temperature. 

 

Most thermostats make use of the dif-
ferent rates of thermal expansion of dif-
ferent metals to actuate a contact, when a 

 

preset temperature is reached. 

 

Fig. 11.1. Essentials of an induction-balance metal detector. In practice the coils 

 

shown here as single-turn loops usually have many turns. 
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Armed with your knowledge of metal 

 

detection you might envisage winding a 

 

little coil round the stem of a mercury 

 

thermometer so that when the thread of 

 

mercury enters the coil the change of in-
ductance can be detected. 

 

In our temperature alarm, however, 

 

we'll make use of the fact that any 

 

ordinary bipolar transistor is sensitive to 

 

temperature. Earlier in this Teach-In we 

 

saw this as a nuisance, which it is, nor-
mally. But if you want to detect tem-
perature changes it can be useful. 

 

CIRCUIT OPERATION 

 

In Fig. 11.2, TR 1 is the temperature 

 

sensor. As the temperature rises, the size 

 

of the base-emitter bias voltage needed to 

 

turn it on falls. By setting VR I carefully it 

 

can be arranged that TR I is non-
conducting at temperatures below the 

 

"too hot" level but conducts at higher 

 

temperatures. 

 

Conduction causes a sharp fall in 

 

collector voltage because of the high 

 

collector load (R2) of I Mfg. 

 

The op-amp IC 1 is used to compare 

 

the collector voltage (on pin 2) with a 

 

fixed voltage on pin 3. Once the voltage 

 

on pin 2 becomes less positive than that 

 

on pin 3 the op-amp output goes high 

 

(remember that a positive on the inverting 

 

terminal, pin 2, gives a negative at the 

 

output and vice-versa). 

 

The I.e.d. lights when the output goes 

 

high. This, in our case, is the alarm, but 

 

clearly the same change in output could 

 

be made to ring a bell, turn on a sprinkler, 

 

or whatever is needed. 

 

If VRI is set so that the I.e.d. just fails 

 

to light, then warming TR I with the 

 

fingers will light it, showing that quite a 

 

small temperature rise above the set tem-
perature (which is room temperature in 

 

the present case) is enough to set off the 

 

alarm. 

 

The critical base-emitter voltage of 

 

TR 1 falls by about 3mV per degree C 

 

over a very wide range of temperatures, 

 

so if the op-amp is sensitive enough to 

 

turn a 3mV input into enough output to 

 

sound the alarm, the circuit should be 

 

capable of being set up within one degree 

 

C. 

 

Possible uses include freezer alarms, 

 

which should sound off when the tem-
perature inside a deep-freeze rises sub-
stantially above its nominal value (usually 

 

about —40 degrees). 

 

FAIL SAFE 

 

The design as it stands has two ob-
vious defects. One is that the accuracy of 

 

temperature setting is affected by the sup-
ply voltage. VR 1 taps off a bit of the sup-
ply voltage to apply the appropriate base-
emitter voltage to TR 1. If the supply 

 

voltage changes then the wrong VRE is 

 

applied. One way out of the difficulty 

 

might be to use two transistors, one as 

 

shown and the other connected in place 

 

of R4. 

 

If the transistors were identical then 

 

both should apply the same voltage to the 

 

op-amp if both were at the same tem-
perature. By exposing TR I alone to tem-
perature change while insulating the 

 

second transistor from change only TR I 

 

could then set off the alarm. Changes in 

 

Vcc would affect both the transistors 

 

equally and not upset the balance of the 

 

circuit. 

 

The other obvious defect is that the cir-
cuit does not fail safe. If the power supply 

 

+9V 

 

Fig. 1 1.2. Circuit of Temperature Alarm. 
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Fig. 11.3. EBBO i.c. board layout for Fig. 11.2. 
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fails the alarm becomes inoperative. One 

 

possible answer would be to operate from 

 

a rechargeable battery kept charged by a 

 

mains power pack. If the mains failed the 

 

circuit would go on operating from its 

 

battery (for a time). A mains-failure 

 

alarm could draw attention to the 

 

problem so that the mains power could be 

 

restored before the battery ran out. 

 

IMAGING 

 

imaging, that is making pictures of 

 

things by technical methods, is a rapidly-
growing field in which electronics plays a 

 

large part. We are all familiar with televi-
sion. But ordinary TV cameras can't see 

 

in the dark. (Some special TV cameras 

 

can give pictures in what seems to human 

 

eyes to be darkness but is actually not 

 

total darkness.) 

 

Even in total darkness images can still 

 

be obtained, by using heat. All things in 

 

the world contain thermal energy. If they 

 

are warmer than their surroundings they 

 

radiate heat. If cooler they absorb it. If 

 

your eyes could see heat, the warmer ob-

jects would look bright and the cooler 

 

ones dark. They can't, but cameras which 

 

can see heat (or infra-red radiation, which 

 

is what heat rays are) can be made. 

 

For military reasons, infra-red imaging 

 

has become very important. It enables 

 

you to see your enemy at night. As usual, 

 

civilian spin-offs from this technology 

 

have appeared. There are infra-red in-
truder alarms and night-watch gear, and 

 

infra-red body scanners which enable 

 

doctors to see hot spots on the skin which 

 

give clues to medical conditions below it. 

 

NUCLEAR MAGNETIC 

 

RESONANCE 

 

Images can be obtained in other ways. 

 

X-ray scanners linked to powerful com-

puters can give images of sections 

 

through the head or body. A more recent 

 

development does it without X-rays. 

 

When liquids are put in a steady magnetic 

 

field their molecules become tuned to 

 

radio frequencies. The frequency of tun-

ing depends on the field strength and the 

 

nature of the liquid, including what is dis-
solved in it. 

 

This effect, called nuclear magnetic 

 

resonance, NMR for short, enables the 

 

body—which is mostly liquid—to be ex-

plored with radio waves. By processing 

 

the results in a computer images can be 

 

made. 

 

For instance, the computer can 

 

produce a map of a slice through the 

 

body, a map showing where the water is. 

 

Since different organs contain different 

 

amounts of water the map shows the 

 

shapes of the organs. It so happens that 

 

NMR is good at seeing the soft tissues of 

 

the body, which don't show up well on 

 

X-ray pictures. 

 

CHECK YOUR 

 

PROGRESS 

 

Questions on Teach-in 84 Part 11 

 

Answers next month 

 

Q1 1.1 A b.f.o. type metal detector is 

 

to be fitted with an indicator 

 

based on a frequency dis-
criminator which produces a 

 

voltage proportional to the 

 

beat frequency. This voltage 

 

rises linearly from zero to 1V 

 

d.c. over the range 0-1 kHz. 

 

To improve sensitivity, 

 

changes in this voltage are 

 

amplified 1,000 times by an 

 

op-amp. If the output of the 

 

op-amp must change by 

 

500mV to produce a clear in-
dication: 

 

(a) What is the minimum 

 

detectable frequency 

 

change? 

 

V If the search oscillator 

 

operates at 100kHz, what 

 

is then the sensitivity in 

 

parts per million? 

 

RADAR IMAGES 

 

The very latest integrated circuits and 

 

computing techniques are being used to 

 

enable aircraft to make very detailed 

 

maps of the ground by radar. These new 

 

radars transmit bursts of microwave 

 

energy and detect their echoes from the 

 

ground just like older radars. But by 

 

using a technique first developed for quite 

 

a different purpose (radio astronomy) 

 

much finer detail can now be seen. 

 

In this "synthetic aperture radar" 

 

(SAR) objects about the same size as the 

 

diameter of the radar "dish" are detec-
table at long range. Images constructed 

 

by computer from SAR information look 

 

very like aerial photographs. Features like 

 

roads and buildings show clearly. One 

 

discovery made by SAR was archaeo-

logical. SAR images of tropical forests in 

 

Latin America show the remains of an-
cient irrigation channels, hidden from 

 

sight by foliage but still detectable by 

 

radar. 

 

SYSTEMS AND CIRCUITS 

 

I've been talking about these new 

 

developments because they illustrate a 

 

basic point which beginners in electronics 

 

can easily overlook. It's this. There are 

 

two kinds of electronic engineering. 

 

There's circuit design, which occupies a 

 

lot of space in magazines like EVERYDAY 

 

ELECTRONICS, and there's systems 

 

engineering. 

 

(c) If changes of tempera-
ture of the search coil 

 

cause the search fre-
quency to change at a 

 

rate of 100 parts per 

 

million (p.p.m.) per 

 

minute, how often will the 

 

user need to re-tune to 

 

keep the detector working 

 

properly? 

 

ANSWERS TO PART 10 

 

A 10. 1 High. When any even number 

 

of inverters are "cascaded" 

 

like this the output and input 

 

have the same polarity. 

 

A 10.2 (a) 5V, (b) Still 5V approx., 

 

because if the gate is CMOS 

 

the very high input resistance 

 

of CMOS gates makes this 

 

type of bias circuit insensitive 

 

to resistance changes. 

 

A 10.3 Frequency falls to about 

 

160Hz. (In RC oscillators in-
creases in the time constants 

 

reduce the frequency, usually 

 

in proportion.) 

 

Systems engineering looks at a need as 

 

it were from a distance, and tries to view 

 

it in perspective, mapping out the things 

 

which have to be done to make the 

 

system work without getting down to 

 

details. 

 

For radio, TV, audio and other com-
mon areas of electronics this was done 

 

long ago and need not be repeated in 

 

every article on these subjects. But for 

 

new applications of electronics, systems 

 

engineering is necessary. 

 

Instead of saying: "I need a circuit for 

 

doing this new task" it usually pays to 

 

say: "What do I need to know before I 

 

can get down to circuits?" The answer to 

 

this question may not be an electronic 

 

answer at all. 

 

If you are designing an electronically 

 

controlled system for cooling a hot room 

 

by blowing cold air into it, then long 

 

before you get down to electronics you 

 

need to establish what airflow speeds and 

 

temperatures can be tolerated by the peo-
ple in the room before reaching the point 

 

where they complain of cold draughts. 

 

This is not an electronic question, but the 

 

answer to it will certainly affect your 

 

ultimate design. 

 

It's more than likely that you'll come 

 

up against problems which call for a 

 

systems-engineering approach, so be 

 

prepared. Also, be encouraged. It's very 

 

satisfying to come up with something that 

 

works because you yourself have made it 

 

work, breaking new ground in the 

 

process. 

 

Next month: Aids to Design 
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EVERYDAY 

 

news 

 

... from the world of 

 

EXPERIMENT IN SPACE 

 

SCHOOLS BATTLE FOR SPACE 

 

ON 1986 SHUTTLE LAUNCH 

 

N EXCITING and quite unique competition is now open to all 

 

A secondary school students and apprentices in the UK. 

 

The challenge is to recognise the potential that space offers 

 

their future, and to create an experiment that takes into con-

sideration the special environmental conditions in space, in 

 

particular vacuum and weightlessness. 

 

The winning entry will have a reserved spot in the payload 

 

bay of the space shuttle due to be launched in early 1986. The 

 

simpler the project the better its chances as it must be small and' 

 

simple enough to be housed in a self-contained cylinder no larger 

 

than 502mm diameter, 359mm long with an all up weight 

 

restriction of 27.2kg (601b). 

 

The competition is being run by ITN (Independent Television 

 

News), one of Europe's leading space consultants SSI (Space 

 

Services International) and NASA (National Aeronautics and 

 

Space Administration). 

 

NASA's technological expertise is undoubted and it would be 

 

easy for the entrant, in this prestigious company, to get "too 

 

technical". Don't forget that (as far as we know) the most basic 

 

of Earthbound natural phenomena have never been asked to 

 

perform in space. 

 

The ITN-SS1 competition will be judged by a panel of experts 

 

in the space sciences. Finalists will be asked to construct the 

 

winning package from their own resources. 

 

Full details and conditions can be obtained by sending a 

 

large stamped addressed envelope to: Experiment in Space, 

 

ITN, PO Box 4B Y, London WIA 4B Y. 

 

��'ri•rrrrrrrl t 1 
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The Hitachi H- t model MSX microcomputer on which will be 

 

based the MB-H80 family computer for the UK market. 
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HITACHI TO LAUNCH HOME COMPUTER 

 

Hitachi is to enter the UK home computer market with the launch 

 

this autumn of its MSX product, the Hitachi MB-H80, in good time for 

 

the Christmas buying season. MSX is based on the hardware specifica-
tions and computer language developed by ASC I I Microsoft of Japan. 

 

Giving preliminary details of the new home computer, Colin Leader 

 

of Hitachi Sales (UK) Limited explained that Hitachi was one of the 

 

original group of companies to subscribe to the development of 

 

hardware to meet the MSX specification in Japan—a success that he 

 

expects to be repeated in the UK. 

 

"But we are not just taking the Japanese version of the MB-H80 and 

 

bringing it to the UK. We carried out a great deal of research into UK 

 

market needs, and enhanced the MB-H80 accordingly, with the result 

 

that we now have one of the most powerful and flexible machines in the 

 

MSX range. 

 

"The MB-H80 is one of the most sophisticated of the MSX offerings, 

 

giving a total of 80K of RAM, made up of 64K user RAM and 

 

16K video RAM controlled by its own video display processor. In 

 

addition, the system has 40K of ROM. It features two cartridge slots, 

 

allowing expansion up to 576K and the facility to connect the soon to 

 

be announced Hitachi MSX disc drives. 

 

"The two joystick ports are sensibly situated on the side of the 

 

machine, as is the socket for an ordinary cassette recorder, together 

 

with the r.f. output for TV sound and picture. The MB-H80 has a full 

 

QWE?RTY typewriter style keyboard which includes numerics, cursor 

 

control and five special function keys." 

 

Current projected price for the Hitachi MB-H80 is less than f200, 

 

and it is expected to be popular as a family computer. 
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EXPORT BAN 

 

Exports from the UK of 

 

spacecrgft and launch vehicles, 

 

military thermal imaging equip-
ment, and equipment for 

 

mangfaeturing or testing printed 

 

circuit boards are now covered by 

 

an "Export of Goods" control 

 

and an export licence must first 

 

be obtained. 

 

The new controls, introduced 

 

for strategic and security reasons, 

 

are in line with similar controls 

 

agreed with the other members of 

 

the Western Alliance. 

 

BRITISH FIRM 

 

WINS OLYMPICS 

 

Thousands of visitors to Los 

 

Angeles, during the July Olym-
pics, will be able to keep right up-
to-date with results thanks to a 

 

new "Teletext decoder from 

 

Greendale Electronics of Dron-
field, Derbyshire, part of the 

 

Crystalate Group of companies. 

 

Greendale have won an order 

 

worth £848,000 from Keyfax 

 

National Teletext Magazine—the 

 

first US company to provide such 

 

a service—for several thousand 

 

decoders. One hundred of these 

 

will be used during the Olympics 

 

in prime public locations, such as 

 

bank lobbies, hotels, airports and 

 

restaurants, to enable customers 

 

to access results via a hand-held 

 

remote control. 

 

Colin Wemyss, Greendale's 

 

managing director said: "We are 

 

concentrating on the US market 

 

because no-one manufactures 

 

ready converted televisions as in 

 

the UK. This means cable TV 

 

users rely on adaptors for both 

 

cable and teletext—and our 

 

product meets both needs." 

 

The Olympic's teletext project 

 

is called "KTTV's Metrotext" 

 

and operated by KTTV, a 

 

metromedia television station in 

 

Los Angeles. The station will 

 

originate a 100-page teletext 

 

magazine using the world system 

 

technology. 

 

Computer Clinic 

 

Lion Micro, who recently an-
nounced the opening of their giant 

 

computer store "Micro Systems 

 

at Lion House" in Tottenham 

 

Court Road, London, have an-
nounced that, together with 

 

General Computer Systems UK 

 

Ltd. (GCS Bus Shop), they will 

 

be providing over-the-counter 

 

maintenance and repair services 

 

in the store. 

 

A team of engineers will 

 

provide over-the-counter service 

 

on a wide range of micros and 

 

other associated peripherals. The 

 

service is not only aimed at Lion 

 

customers, but at anyone in the 

 

London area who has a 

 

microcomputer and is without 

 

satisfactory service. 

 

Customers hand their micros 

 

over the counter and an engineer 

 

will, wherever possible, identify 

 

and recto, minor faults "on-the-
spot" or advise as to the likely 

 

time of repair with, of course, an 

 

estimate. All repairs are fully 

 

guaranteed. 

 

Top Spot for Sinclair 

 

Britain's Sinclair Research 

 

continued to dominate the UK 

 

personal computer market during 

 

the first quarter of 1984, achiev-
ing 43 per cent of unit sales— 
according to independent market 

 

research organisation, Audits of 

 

Great Britain Ltd. (AGB), who 

 

sampled 25,000 households. 

 

Reporting total quarterly unit 

 

sales through all outlets of 

 

215,000, up sharply from 129,000 

 

(Q1, 1983). AGB gave second 

 

and third places to Commodore 

 

(28 per cent), and Acorn (10 per 

 

cent). Sinclair's ZX Spectrum 

 

remained the most popular model 

 

with an individual 36 per cent 

 

share, up 2 per cent from fourth 

 

quarter 1983. 

 

BRITOIL has chosen the 

 

GRID Compass personal com-

puter for a range of professional 

 

staff to use in their day-to-day 

 

planning and analytical work. 

 

EXHIBITIONS 

 

"The International Computer 

 

Graphics User Show and Con-
ference" is the first of an annual 

 

series of shows and conferences in 

 

the UK for computer graphics 

 

users to be sponsored by the 

 

World Computer Graphics 

 

Association (WCGA). 

 

The exhibition, aimed at im-
proving productivity and 

 

technological advancement by 

 

computer graphics, is to take 

 

place from 19-21 February, 1985 

 

at London's Barbican Centre. 

 

An exhibition and conference 

 

devoted to the use of computers 

 

in the hotel industry, HOTECH 

 

84, takes place at the Royal Gar-
den Hotel, London, from October 

 

3-4,1984. 

 

JAPANESE DISH FOR 

 

HALLEY'S COMET 

 

Mitsubishi Electric Corporation recently finished assembling a 

 

huge, 64-metres-diameter antenna for observation of the Halley's 

 

Comet. When completed in late October this year, it will be Japan's 

 

largest deep space probing antenna. 

 

The antenna is being built for the Education Ministry's Institute 

 

of Space and Astronautical Science which is in charge of the 

 

PLANET-A Project to observe Halley's Comet approaching the sun 

 

in 1986. It will be installed in Usuda Town, Nagano Prefecture, for 

 

communications with the PLANET-A, a Halley's Comet probe. The 

 

comet comes close to the sun every 76 years. 

 

The 70-metres-high gigantic antenna weighing approximately 

 

1,900 tons can horizontally rotate, carried by six platform cars 

 

that run on rails. As it is also able to change its vertical angle, the 

 

parabolic antenna can be trained in any direction. 

 

To track the deep space probe 180 million kilometres away and 

 

receive its very weak, 5-watt radio waves and telemetric data, and 

 

give instructions to the probe, Mitsubishi Electric introduced 

 

various new technologies to the antenna. These advanced 

 

technologies include: homology designing to always hold the 

 

parabola's shear down to 1.5 millimetres or less from an ideal 

 

parabola; the world's first beam transmission system that reduces 

 

noise and enables the use of various frequencies; and a master 

 

collimator which ensures high directional accuracy of 0.003 

 

degree. 

 

The antenna will also be used for probing the moon and planets 

 

and astronomical experiment programs to be conducted in 

 

cooperation with overseas deep space probe stations. 
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Car Radio 

 

ALTHOUGH primarily intended as a 

 

booster amplifier for a car radio to 

 

give either 9 watts r.m.s. into an 8-ohm 

 

impedance speaker, or about 17 watts 

 

r.m.s. into a 4-ohm type, this circuit can 

 

be used in any similar application where a 

 

fairly high output power is needed using 

 

only a 12-volt supply. The booster am-
plifier is simply connected between the 

 

radio (or other high level signal source) 

 

and the loudspeaker, and it is therefore 

 

very easy to install. 

 

The prototype booster is a negative 

 

earth monophonic unit, but as explained 

 

in more detail later on in this article, it 

 

can easily be built as a stereo and (or) 

 

positive earth amplifier. 

 

BRIDGE AMPLIFIER 

 

When using an ordinary transformer-
less power amplifier and a 12-volt supply, 

 

the maximum nominal peak-to-peak 

 

voltage swing that can be applied to the 

 

speaker is 12 volts. This gives an output 

 

power of only about 2.25 watts into an 8-
ohm load, or 4.5 watts into a 4-ohm load. 

 

Amplifiers of the type described here 

 

use two amplifiers in a bridge circuit to 

 

double the maximum output voltage 

 

swing available for a given supply 

 

voltage, and therefore produce a fourfold 

 

increase in maximum output power (bear-
ing in mind that doubling the output 

 

voltage also doubles the output current, 

 

and thus gives the fourfold boost in out-
put power). 

 

504 

 

R.A.PENFOLD 

 

A bridge circuit uses the basic arrange-
ment shown in Fig. 1. One amplifier is fed 

 

with the input signal in the normal way, 

 

and its output couples to one terminal of 

 

the loudspeaker. However, the other 

 

loudspeaker terminal does not connect to 

 

earth, but is instead connected to the out-
put of the other amplifier of the bridge 

 

arrangement. This second amplifier stage 

 

has a voltage gain of unity, inverts its 

 

input signal, and is fed with the output 

 

signal of the first amplifier stage. 

 

Under quiescent conditions both am-
plifiers have an output voltage of about 

 

half the supply voltage, giving no signifi-
cant voltage across the loudspeaker. If an 

 

input signal is applied to the circuit, the 

 

output voltage of each amplifier stage 

 

changes by an identical amount, but one 

 

will be positive going while the other is 

 

negative going. Thus if the amplifier is 

 

fully driven, when the output of one am-
plifier stage is fully positive the output of 

 

the other stage is fully negative. The 

 

loudspeaker is therefore driven with the 

 

full supply voltage with one polarity, and 

 

then driven with the full supply voltage 

 

but with the opposite polarity, giving a 

 

peak-to-peak output voltage swing of 

 

double the supply voltage. 

 

Of course, a practical amplifier will not 

 

give quite this voltage swing at the output 

 

as there will inevitably be voltage drops 

 

through the output devices, but the maxi-
mum output voltage swing is still con-
siderably in excess of the supply voltage, 

 

and a very high output power is available 

 

IN 

 

0--►- 

 

POWER 

 

AMP 

 

L51 

 

INV 

 

POWER 

 

AMP 

 

Fig. 1. Schematic diagram of bridge 

 

circuit. 

 

for a given speaker impedance and supply 

 

potential. There are other ways of obtain-
ing similar or even higher output powers, 

 

but these are all more expensive and in 

 

general much more complex. 

 

COMPONENTS 

 

Resistors 

 

R1 1 20k 

 

R2,4,5 560kO (3 off) 

 

R3 2.20 

 

R6,7 6-8kn (2 off) 

 

All watt ±5% 

 

Capacitors 

 

C1 

 

220nF polyester 

 

(C280) 

 

C2 47nF polyester (C280) 

 

C3 330nF polyester 

 

(0280) 

 

C4 3.3µF 25V electrolytic 

 

C5 100nF polyester 

 

C6 100µF 25V electrolytic 

 

Semiconductors 

 

IC1,2 TDA2006 (2 off) 

 

DI-4 1 N4002 (4 off) 

 

Miscellaneous 

 

S 1 Rotary on/off type 

 

Metal case 152 x 114 x 44mm; 

 

0. 1 in matrix stripboard; 3.5mm 

 

jack (SK 1); 2-way terminal panel 

 

(SK2,3); 20mm chassis mounting 

 

fuseholder; 3A quick blow fuse; 

 

2-way connector block; control 

 

knob; 18 s.w.g. aluminium for 

 

mounting bracket; wire, solder, 

 

etc. 

 

Approx. cost 

 

Guidance only 

 

£10.00 
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Fig. 2. Circuit diagram of the Car Radio Booster. 

 

THE CIRCUIT 

 

The circuit is based on two TDA2006 

 

audio power amplifier i.c.s, as can be seen 

 

by referring to the circuit diagram in Fig. 

 

2. The TDA2006 is a five terminal device 

 

which is rather like an operational am-

plifier, but the output stage is a high 

 

power class B type. This device has both 

 

output short circuit and thermal shut-
down protection circuitry. 

 

Both amplifiers have their non-

inverting inputs biased to about half the 

 

supply voltage by R6 and R7, with C4 

 

being used to decouple any noise on the 

 

supply lines. IC I is used as an inverting 

 

amplifier and has its inverting input 

 

biased by R2. R2 together with R 1 also 

 

sets the closed loop voltage gain of the 

 

amplifier, and although the gain is only 

 

about 4.5 times, this is more than ade-

quate in this application where an input 

 

signal of several volts peak-to-peak will 

 

be available. C 1 provides d.c. blocking at 

 

the input of the unit. 

 

IC2 has purposely been biased in exac-

tly the same way as IC I so that the two 

 

output voltages will be accurately balan-
ced, and only a very small quiescent out-

put current will be fed to the loudspeaker. 

 

Input resistor R4 has been given a value 

 

which is identical to that of feedback 

 

resistor R5 so that the required closed 

 

loop voltage gain of unity is obtained. C2 

 

couples the output of IC 1 to the input of 

 

the second amplifier stage. 

 

PROTECTION AND STABILITY 

 

DI to D4 are protective diodes, while 

 

R3 plus C3 form a Zobel network and aid 

 

the stability of the circuit. The unit has 

 

only one control, and this is the on/off 

 

switch S1. The quiescent current con-

sumption is only about 40mA, but this 

 

rises to over I amp at full output into 8 

 

ohms, and over 2 amps at full output into 

 

4 ohms. These figures would normally be 

 

much less than this on speech and music 
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signals (rather than a sine-wave test 

 

signal), but a car battery is well able to 

 

supply currents of this order anyway. 

 

4 NOTES 

 

3 3 DIA 

 

WWI 

 

ALL DIMENSIONS IN — 

 

Fig. 3. Dimensions of mounting 

 

bracket/heatsink. 

 

starts here 

 

HOUSING DETAILS 

 

The unit must be housed in a metal 

 

case as this is used as the heatsink for the 

 

two integrated circuits. An instrument 

 

case measuring about 152 x 114 x 

 

44mm was used as the cabinet for the 

 

prototype, and this readily accom-
modates all the components. 

 

The switch and input socket, S 1 and 

 

SK I are mounted on the front panel, and 

 

SKI can be a 3.5mm jack or any other 2-

way audio connector. The right-hand side 

 

of the rear panel (as viewed from the rear) 

 

is drilled with a hole to take the power in-

put leads, and this should be fitted with a 

 

p.v.c. or rubber grommet. The loud-

speaker terminals (SK2 and SK3) are 

 

also fitted on this side of the panel. 

 

A mounting bracket/heatsink for the 

 

component panel is fitted on the other 

 

side of the rear panel, and Fig. 3 gives 

 

details of this bracket. It is constructed 

 

from 18 s.w.g. aluminium, and it is not 

 

advisable to use a thinner guage than this. 

 

Thicker material is perfectly suitable, but 

 

making the right angled bend in the 

 

bracket might then become very difficult. 

 

The completed bracket is bolted to the 

 

rear panel using M3 or 6BA fixings. 

 

The 20mm fuseholder and a 2-way ter-
minal block are fitted to the base panel of 

 

the case in the vacant area between the 

 

input socket and the speaker terminals. 

 

Reference to the interior photograph of 

 

Photograph showing stripboard layout. 
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the unit will show the general layout of 

 

the unit and help with the positioning of 

 

the main components. The connector 

 

block, incidentally, is used as a con-
venient way of connecting the power in-
put leads to the amplifier. It is usually 

 

only possible to obtain connector blocks 

 

in 12-way lengths, and so it will be 

 

necessary to cut a 2-way block from one 

 

of these. A sharp knife is sufficient to do 

 

this. 

 

STRIPBOARD LAYOUT 

 

Most of the circuitry is fitted onto a 

 

0• lin matrix stripboard which measures 

 

13 copper strips by 18 holes. Details of 

 

the component panel, plus all the other 

 

wiring of the amplifier, are provided in 

 

Fig. 4. Construction of the board is very 

 

straightforward as there are no breaks in 

 

any of the strips and no mounting holes 

 

to be drilled. Make sure that the three link 

 

wires are not omitted. C3 and R3 are not 

 

mounted on the component panel, but are 

 

soldered onto the output terminals, as 

 

shown in Fig. 4. 

 

When the component panel and all the 

 

point-to-point wiring has been completed, 

 

it is only necessary to mount the compo-
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Fig. 4. Stripboard and wiring diagram. 

 

nent panel in order to complete the unit. 

 

The panel is mounted by bolting IC 1 and 

 

IC2 onto the mounting bracket fitted on 

 

the rear panel. M3 fixings are suitable 

 

here. 

 

MOUNTING 

 

BRACKET 

 

USING THE AMPLIFIER 

 

It is a good idea to check all the wiring 

 

of any newly constructed project before 

 

connecting it to a power supply and 

 

switching on, and is especially important 

 

in the case of a project of this type which 

 

is powered from a low impedance power 

 

source which can supply heavy currents. 

 

When quite sure that all is well, con-
nect the amplifier to the 12-volt supply, 

 

the output to a loudspeaker of adequate 

 

rating, and the output of the radio or 

 

cassette unit to the input of the amplifier. 

 

The lead carrying the input signal to the 

 

amplifier does not need to be screened 

 

since it is a low impedance high level 

 

signal in the lead. One output lead of the 

 

radio or cassette unit will probably be 

 

earthed, and this must be the one that 

 

connects to the chassis of the amplifier if 

 

the unit is to function correctly (reversing 

 

these leads will result in the input signal 

 

being short circuited). Note that neither 

 

speaker lead is at earth potential, and 

 

neither lead should be earthed. The 

 

TDA2006 i.c.s have output short circuit 

 

protection, as was mentioned earlier, and 

 

no damage to the unit should occur if one 

 

of the output terminals or leads should be 

 

accidentally short circuited to earth. 

 

If a positive earth version of the unit is 

 

required, IC I and IC2 must be insulated 

 

from the heatsink and case using the 

 

usual insulating washers and bushes, 

 

since their heat-tabs connect internally to 

 

their negative supply leadout wires. FS 1 

 

should be wired into the negative supply 

 

input lead rather than the positive one, 

 

and the chassis should be wired to the 

 

positive supply using a lead between the 

 

appropriate tags of S 1 and SK 1. 

 

For a stereo unit it is necessary to 

 

build two amplifiers, but these can share a 

 

common cause, on/off switch, and supply 

 

input connector block. ❑ 
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ENTERTAINMENT 

 

Voicebank 

 

There is some interesting technology 

 

behind Voicebank, British Telecom's new 

 

answering service. According to BT it's 

 

aimed at people who don't want to own 

 

their own answering machine. 

 

As far as I can see the only real advan-

tage to Voicebank is that it doesn't tie up 

 

your phone line. But at what cost' 

 

Voicebank subscribers are allocated an 

 

extra phone number which callers must dial 

 

to leave a message. As the message is 

 

spoken the sound is converted into digital 

 

code, by the technique known as delta 

 

modulation. 

 

Whereas for PCM (pulse code modula-

tion) the digital bits are arranged in words, 

 

for delta modulation (DM) only signal 

 

changes up or down are coded. This lets BT 

 

record speech with the very low data rate of 

 

32 kilobits a second and still achieve nor-

mal telephone speech quality. 

 

The digital code is recorded onto eight 

 

Winchester computer hard discs, each with 

 

a capacity of 66 megabytes. The discs 

 

together hold a total of 40 hours of speech 

 

and BT hopes for 5,000 subscribers. 

 

Snag number one is that each subscriber 

 

is only allowed seven messages, of up to 

 

25 seconds each. Snag number two is that 

 

the messages are only stored for 12 hours. 

 

After that they are automatically erased. So 

 

you would have to call in twice a day to be 

 

sure of getting any messages left. 

 

Service Charge 

 

To simplify things, and avoid this call-in 

 

routine, the system can automatically page 

 

subscribers by radio when there is a 

 

message to be heard. The Winchester discs 

 

are under control of Z-80 micros which are 

 

hooked into the BT's paging system. 

 

Provided you are within paging range 

 

you get a bleep when you have a message. 

 

But this is where the cost really mounts up. 

 

You pay f45 plus VAT for the Voicebank 

 

key pad. Then you pay £35 plus VAT for 

 

rental a quarter for Voicebank. 

 

For paging you pay £31.50 plus VAT per 

 

quarter for coverage in the London area. 

 

The rest of England is divided into 40 

 

zones, which cost an extra f 1.50 a zone per 

 

quarter. 

 

So, with VAT the full Voicebank and pag-
ing service costs the best part of £145 a 

 

quarter. This is far more than you would pay 

 

for the outright purchase of some telephone 

 

answering machines. And these machines 

 

will store far more than seven messages of 

 

25 second lengths for as long as you like. 

 

Of course, answering machines go 

 

wrong. But no-one, not even BT, can 

 

guarantee that the Voicebank micros will 

 

never crash. 

 

I use Telecom Gold, the electronic mail 

 

service which runs on a similar principle for 

 

written messages that you pick up by com-

puter. Quite often the computer is tem-

porarily out of service. If the Voicebank 

 

micros go out of service everyone will be in 

 

the same boat; they can't pick up their 

 

messages. 

 

Frankly I'll be very surprised if Voicebank 

 

is a commercial success. 

 

BY BARRY FOX 

 

Video Opera 

 

Late in April, Channel 4 TV screened 

 

"Perfect Lives", described as a video opera 

 

in seven parts. If you missed it don't worry, 

 

it will doubtless be repeated. 

 

If you didn't miss it you may well be 

 

wondering how some of the technical ef-
fects were achieved. In fact, although it is 

 

unlikely that anyone realised it, there was 

 

not a single moment of audio or video 

 

signal in the whole three and a half hour 

 

performance that had not been artificially 

 

processed in one way or another. 

 

I only know because producer Robert 

 

Ashley told me. The clever part was that the 

 

effects were often so subtle and ordered 

 

that they were easily mistaken for reality. 

 

The technology used were digital effects 

 

processors, made by British firm Quantel 

 

and American firm Ampex. Most pop music 

 

promotion films are made using the same 

 

technology, but pictures which continually 

 

and obviously spin, fold, squeeze, zoom and 

 

wipe can be very fatiguing, simply because 

 

the effects are so obvious. 

 

Although Robert Ashley talks about the 

 

story line of "Perfect Lives" as if it were an 

 

episode from any TV soap opera, the story 

 

on screen is so obscure as to be virtually in-

visible. He says he wanted a "repertory 

 

effect" which would sustain repeated view-

ing, like unpeeling the many layers of an 

 

onion. He certainly achieved that. 

 

The poetry and jazz dialogue and slightly 

 

surreal visuals are either enterprising art or 

 

pretentious rubbish, depending on how you 

 

look at it. But from a technical point of view 

 

"Perfect Lives" was unique. 

 

Ashley hit on the idea of tailoring the pic-
ture content so that throughout the entire 

 

seven episodes there is consistent colour 

 

and contrast level. If the picture is analysed 

 

electronically, he says, it shows almost no 

 

change in energy content even though the 

 

picture images on the screen are con-

tinually changing. 

 

For the soundtrack, Ashley used a CBS 

 

domestic organ, of the popular semi-
automatic type which enables non-musical 

 

people to pretend they are playing music. 

 

He programmed the CBS organ to play 

 

rhythm backing tracks and then added 

 

orchestral music over the top. This was 

 

Canal Turn 

 

If you were driving in Holland recently and 

 

thought you were on Candid Camera, 1 can 

 

explain. It's all thanks to video. 

 

The flat country is criss-crossed with 

 

canals. The road bridges are low so have to be 

 

raised, like Tower Bridge, every time a boat 

 

comes through. 

 

Until recently every bridge has had its own 

 

man in charge, to stop the traffic. Now a sub-

sidiary of Philips has rigged up an optical fibre 

 

system which pipes video pictures of a bridge 

 

several miles upstream to a central control 

 

point. When they see a boat coming, they 

 

switch the road traffic lights to red and raise 

 

the bridge. 

 

The operators wanted to demonstrate this 

 

overlaid with improvised jazz piano and 

 

spoken poetry during the video filming. 

 

It was the video post production work, 

 

however, that gave him what he wanted; "a 

 

cartoon effect just slightly beyond realism". 

 

This took three months in a video studio. 

 

Digital Pictures 

 

The technology of digital picture process-
ing is very new. It dates back only to 1976 

 

when British firm Quantel was first to build 

 

a solid state memory store which could 

 

freeze a full TV picture in digital code. 

 

While the picture is stored in code it can 

 

be altered under computer control, by 

 

what is really nothing more than pure 

 

mathematics. This technique allows pic-
tures to be changed in shape, viewed from 

 

a changing angle, rotated through a full cir-

cle, and even turned inside out to create a 

 

mirror image. 

 

The processing all happens in real time, 

 

but only after laborious preparation of the 

 

geometrical transitions through which the 

 

picture will pass. This alone took Ashley 

 

and his team 300 hours of studio time. 

 

To get all the picture sequences looking 

 

superficially similar, he used artificial 

 

colouring, often into pastel shades. Almost 

 

nothing on screen is seen with an exactly 

 

natural colour balance contrast range. But 

 

because the processing follows a planned 

 

and consistent theme, nothing jars. 

 

Why did it take until 1976 for digital 

 

processing to become possible? For a start 

 

you need a very rapid action analogue-to-
digital converter. Then you need a battery 

 

of memory chips capable of holding enough 

 

digital bits for a full broadcast quality TV 

 

picture. 

 

The black and white or luminance infor-
mation is sampled at 13.5MHz and two 

 

chrominance or colour signals are sampled 

 

each at 6.75MHz. The samples are then 

 

described in 8-bit words or bytes. 

 

A European TV picture has around 575 

 

active lines (the rest aren't seen on the 

 

screen), which means you need a memory 

 

store of around 0-5 megabytes for the 

 

luminance and the same again for 

 

chrominance. This adds up to a total 

 

memory store of around 1 megabyte, or 8 

 

megabits, which has to be built up from 

 

64K bit RAMs, each holding 8K bytes. 

 

That's a total of well over 100 64K RAM 

 

chips, just to store one picture frame. The 

 

store is refreshed at the rate of 25 pictures 

 

a second (30 pictures a second for the 

 

American NTSC TV standard) and for some 

 

effects, like the zooming and picture com-

pression, the sampling rate is continually 

 

varied as the picture is processed. 

 

to the press recently. But there wasn't a boat 

 

in sight. So they stopped the traffic and raised 

 

the bridge anyway. 

 

Watching on monitors several miles away 

 

we could see puzzled car drivers get out of 

 

their vehicles and wander in bewilderment as 

 

the bridge ahead rose for an invisible boat. 

 

The remote operator then played his ace. A 

 

microphone in his control cabin is hooked up 

 

to hidden loudspeakers. "Get back into your 

 

cars. It is dangerous," he bellowed. 

 

On the monitors we watched a gaggle of 

 

frightened Dutchmen run back to the safety of 

 

their cars. The year is 1984, and in some 

 

places Big Brother really is watching on a TV 

 

screen. 
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PART TWO 

 

THE Z80 microprocessor has many 

 

features in common with the 6502, but 

 

has several more registers. There are also 

 

differences in the way we can handle the 

 

numbers in these registers. In general, the 

 

Z80 is a more powerful microprocessor 

 

than the 6502 and has many more op 

 

codes. However the 6502 retains its pop-
ularity in spite of this. Among the recen-
tly introduced micros, we have the Com 

 

modore 64 and the BBC microcomputer, 

 

both based on the 6502. 

 

The Z80 has two control lines for read 

 

and write operations. These are called 

 

R13 and WR (Fig. 2.1). Normally these 

 

are both at a "high" level, but one or the 

 

other is made low by the microprocessor 

 

when it wants to read or write data. The 

 

Z80 also has another pair of control lines 

 

concerned with reading or writing data. 

 

These are called  the MRQ (memory re-
quest) and IORQ (input/output request). 

 

When the Z80 wants to read from or 

 

write to memory, it not only makes either 

 

the RD or WR line low, but also the 

 

MRQ line. This indicates to the memory 

 

chips that it is engaged in transferring 

 

data between itself and memory. Two 

 

BASIC statements which cause this to 

 

happen are POKE and PEEK. When the 

 

Z80 wants to read data from or write 

 

data to a peripheral device, such as a 

 

telephone modem, it makes RZ or WR 

 

low but does not make MRQ low. The 

 

memory chips will therefore ignore the 

 

read or write operation. Instead it makes 

 

the (bRQ line low. This alerts all the 

 

peripheral devices and the addressed one 

 

responds. The two BASIC statements 

 

which bring about this type of operation 

 

are IN and OUT. This is not to say that 

 

IORQ is necessarily used for com-
municating with peripherals for it is possi-
ble to allot some memory addresses to 

 

these and treat them as if they were part 

 

of memory. This is often done in small 

 

machines. The chief advantage of IORQ 

 

is that it allows all the memory space to 

 

be occupied by memory (all 64 kilobytes 

 

if you want), and peripherals are ad-
dressed independently. This is the usual 

 

approach in machines with large memory 

 

or where the designers want to cater for 

 

maximum memory expansion. 
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MEMORY MAPS 

 

The memory map of a well-known 

 

6502 based micro is shown in Fig. 2.2. 

 

Note the addresses reserved for 

 

peripherals (I/O). Unlike the Z80, the 

 

6502 does not have an IORQ line. The 

 

rest of memory is divided into two parts, 

 

RAM (or random access memory) and 

 

ROM (or read-only memory). We will 

 

look into these in more detail later but, for 

 

the moment, it is sufficient to note that it 

 

is possible to both read data from RAM 

 

and write data into it. In other words, the 

 

contents of RAM can be changed. Also 

 

the contents are lost for ever when the 

 

power supply is interrupted or switched 

 

off. ROM can be read from but cannot be 

 

written to (except during manufacture, 

 

which we shall deal with later). ROM is 

 

permanent; its contents do not disappear 

 

when the power supply is discontinued. 

 

ROM is used for storing the programs 

 

which the computer needs when first 

 

switched on. These include the monitor 

 

program which is usually a short 

 

program to initialise the system and make 

 

the micro ready to receive instructions 

 

typed in at the keyboard. It may also in 
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Fig. 2.1. The Z80 microprocessor, showing 

 

the connections referred to in the text. 

 

OWEN BISHOP 

 

clude short routines to put a greetings 

 

message such as "CBM BASIC V2, 3583 

 

BYTES FREE" on the screen as with 

 

VIC-20. Most popular micros have their 

 

BASIC interpreter program in ROM. 

 

This means that the language is available 

 

from the moment the computer is 

 

switched on. 

 

An exception is the Jupiter Ace, which 

 

has the FORTH language in ROM, in-
stead of BASIC. The Sord M5 has no 

 

resident language (as a language in ROM 

 

is called). Instead, the user is provided 

 

with a plug-in cartridge containing ad-
ditional ROM which holds its BASIC. 

 

The Sharp MZ-80A and MZ80-B require 

 

BASIC to be loaded from tape. The ad-
vantage of not having a resident language 

 

is that it leaves the user free to choose 

 

which language to use with the machine. 

 

The required language can then be either 

 

plugged in as a cartridge or loaded into 

 

RAM from tape or disk. If part of the 

 

memory space is already taken up by the 

 

ROM for a language you do not want to 

 

use, this space is wasted. The language 

 

you prefer must then be put into RAM 

 

taking up a large part of this and leaving 

 

less for program storage. Many com-
puters do not have all their ROM present 

 

when you first buy them. The VIC-20, for 

 

example, can accept plug-in cartridges 

 

containing games programs or utilities. In 

 

effect, you are plugging in extra ROM. 

 

The BBC micro has empty sockets to 

 

take additional ROMs containing 

 

programs such as "VIEW", a word 

 

processor program. 

 

Another type of ROM which is found 

 

in micros is the character generator. This 

 

contains the codes used by the micro 

 

when putting together the signals used for 

 

displaying letters, numerals and other 

 

symbols. It may have addresses in 

 

memory space, or may be separate, as 

 

part of the video circuits. 

 

The other kind of memory, RAM, is 

 

mainly used for storing the program that 

 

the computer is currently running (or 

 

which you are writing). Programs may be 

 

put into RAM either by typing them in at 

 

the keyboard, by loading them from tape 

 

or disk, or by down-loading them from 

 

Teletext or Prestel. The greater part of the 
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space used is normally taken up by the 

 

program itself, but other areas of RAM 

 

need to be set aside for storing the data 

 

used by the program. There will be a 

 

variable table in which the current values 

 

of each variable are stored. If many of the 

 

variables are string variables, this may 

 

take up a sizeable proportion of available 

 

RAM. The contents of arrays are also 

 

stored in part of RAM set aside for this 

 

purpose. 

 

RESERVED AREAS 

 

Certain parts of RAM are reserved 

 

for use by the MPU itself. It needs 

 

somewhere to keep important informa-
tion such as the present position on the 

 

screen of the cursor, the name of the most 

 

recently pressed key, the colour currently 

 

selected as foreground colour. In 6502-
based machines, such data is usually 

 

stored at the very beginning of RAM 

 

(Fig. 2.2). This takes advantage of a sim-

plified addressing mode which can be 

 

used with addresses in "zero page" (0 to 

 

255). Another section of RAM may be 

 

set aside for storing program lines or text 

 

which is on its way from one part of the 

 

system to another. Such areas are called 

 

buffers. There is nearly always a 

 

keyboard buffer (or input buffer) where a 

 

program line is stored while it is being en-
tered. When "RETURN" is pressed, this 

 

line is then transferred to the end of the 

 

program, stored in the main RAM. If you 

 

have a disk system, an area of RAM is 

 

reserved for materials being sent to the 

 

disc or being read from it. 

 

Another section of memory may be 

 

taken up for storing the characters which 

 

are to appear on the TV or monitor 

 

screen. This is often referred to as Video 

 

RAM. The amount of memory required 

 

for Video RAM depends on a number of 

 

factors, including the degree of resolution 

 

of the screen image, the number of rows 

 

and columns of characters, and the extent 

 

to which colours are used. A high-
resolution colour display may take 

 

several tens of kilobytes of RAM, leaving 

 

relatively little for the program. Certain 

 

micros, such as the TRS-80 have special 

 

Video RAM chips, which are under the 

 

control of video circuits. There is thus no 

 

conflict between requirements for picture 

 

generation and requirements for program 

 

storage. 

 

Before leaving memory maps, it is 

 

worth noting that the map for a Z80 

 

system is quite different in layout from 

 

the one shown in Fig. 2.2. As well as hav-
ing zero-page storage, which means that 

 

the lowest areas of memory must be 

 

RAM, the 6502 always reads certain ad-
dresses at the very top of memory when it 

 

first begins to operate. Here it finds the 

 

addresses of the routines to which it must 

 

go to initialise the system. Consequently, 

 

the top addresses in memory must be 

 

ROM. It is usual for the whole of the 

 

monitor program to be placed at the top. 

 

By contrast the Z80 always begins 

 

reading its program from address 0, so 

 

ROM must occupy the lowest addresses 

 

in memory. 
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Fig. 2.2. The memory map of a Apple II. Apart from the lower 2K, the whole of RAM is 

 

available for BASIC programs, unless part of it is taken over for the Disk Operating System 

 

or for High Resolution Graphics. Note the relatively large amount of memory required for 

 

high-resolution colour graphics. 

 

Inside the Sinclair ZX Spectrum. The three large chips are the microprocessor, Read-Only 

 

Memory, and an Uncommitted Logic Array (ULA). The ULA is a specialised device which 

 

takes the place of a large number of discrete logic components. The rest of the circuitry 

 

comprises the RAM chips, and the interfacing for the cassette recorder and TV output. 
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RAM 

 

Two identical RAM i.c.s connected in 

 

parallel are shown in Fig. 2.3. This is 

 

necessary because each i.c. has only four 

 

connections to the data bus. One is con-
nected to the lower four lines (DO to D3) 

 

and the other to the upper four lines (D4 

 

to D7). The other connections to each i.c. 

 

are identical, so that they act together to 

 

deal with all eight lines (one byte). 

 

There are 10 address bus connections, 

 

(the 10 lower lines of the bus). The ad-
dresses within the i.c. run: 

 

Decimal Binary 

 

From 0 00 0000 0000 

 

To 1023 11 1111 1111 

 

This gives 1024 addresses, which is 

 

normally referred to as one kilobyte. 

 

Each of these addresses refers to an array 

 

of four bistable circuits, the members of 

 

which can either be set (giving "l" out-

put) or reset (giving "0" output). 

 

Depending on which address is present 

 

on the bus, one of these arrays of four 

 

bistables is put into connection with the 

 

data input/output pins. 

 

The WE input determines whether the 

 

chip is to be read from (read bistable out-

puts) or written to (set or reset the 

 

bistables). NFE could be connected direc-

tly to the R/W of the 6502, so that the 

 

write operation is enabled when the R/W 

 

line is "low". However, we do not want 

 

the i.c. to take in data every time R/W 

 

goes low, for such data might be intended 

 

for other sections of memory _This is 

 

where the "chip select" input (CS) is im-

portant. The i.c. is incapable of receiving 

 

or sending out data except when CS is 

 

low. _ 

 

The level on CS is determined by the 

 

output from an address decoder circuit. 

 

This may be made up from a collection of 

 

simple logic i.c.s or a special decoder 

 

such as that shown in Fig. 2.4. This has 

 

three "select" inputs which may be con-
nected to three address lines, as shown. 

 

These are the next three above those used 

 

for addressing the RAM i.c.s. When all 

 

three lines are "low", output "0" goes 

 

low, so enabling the pair of RAM i.c.s 

 

connected to this line. The effect is that 

 

these RAMS have the address range: 

 

Decimal 

 

From 0 

 

To 1023 

 

Binary 

 

00000 0000 0000 

 

00011 lilt lilt 

 

A second pair of RAMS is connected 

 

to output "I" of the decoder, which goes 

 

low when the input to the decoder is 

 

"001". The address of this pair of RAMS 

 

is: 

 

Decimal 

 

From 1024 

 

To 2047 

 

Binary 

 

00100 0000 0000 

 

00111 lilt lilt 

 

In each case, the lower 10 bits are 

 

decoded within the RAM i.c. covering 

 

one kilobyte of memory. The upper three 

 

bits are decoded by the decoder, allowing 

 

us to use up to eight pairs of RAMS, and 

 

510 

 

LOWER 10 BITS _ 

 

OF ADDRESS BUS 

 

-

AO 0  

 

Al O  

 

A20  

 

A30  

 

A4 O  

 

A50  

 

A6 O  

 

A70  

 

AS O  

 

A9 0  

 

R/w 0  

 

FROM ADDRESS DECODER 

 

ffiflin 

 

I 

 

• 

 

AO 

 

Al 

 

A2 

 

A3 

 

A4 

 

AS 

 

A6 

 

A7 

 

AS 

 

A9 

 

WE 

 

C
T

S 

 

2114 

 

RAM 

 

AO 

 

Al 2114 

 

A2 

 

A3 

 

A4 

 

AS Dl/0, 

 

A6 

 

A7 

 

AS 

 

A9 

 

WE 

 

TS 

 

RAM 

 

DI/Ol 

 

DI/02 

 

DI/04 

 

 OD1 

 

 002 

 

 O D3 

 

�� D4 

 

 006 

 

—007 

 

Fig. 2.3. Two 2114 RAM i.c.s wired to store 1 kilobyte of data. 

 

covering an address range of eight 

 

kilobytes. As Fig. 2.4 shows, the decoder 

 

also has some strobe inputs which can in 

 

turn be fed from another decoding circuit, 

 

so allowing several 8K blocks of memory 

 

to be addressed individually. 

 

In many of the smaller machines, it is 

 

unnecessary to decode all 16 bits of the 

 

address bus. Fourteen lines address 

 

16384 locations (16K) and there may not 

 

be need for more. To save cost and com-

plexity, the top two lines may be omitted 

 

from the system. Alternatively, they may 

 

be reserved for special functions, such as 

 

controlling a printer. This makes the 

 

design of the computer easier, though it 

 

gives problems to those who want to 

 

design and build add-on circuits. 

 

DATA BUS 

 

ROM 

 

The most frequently used kind of 

 

ROM is that known as a mask program-
med ROM. It is programmed during 

 

manufacture so that addressing any given 

 

location always produces the same byte 

 

of data from its data bus outputs. The 

 

term "mask" refers to the photographic 

 

masks used in preparing the chips for 

 

etching. These are custom-designed to set 

 

each memory location as required. For 

 

example, the masks might be designed so 

 

that the finished ROM contains a monitor 

 

program or a word-processor program, 

 

or perhaps the data required for character 

 

generation. Designing these ROMs is 

 

costly but, once the design has been 
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Fig. 2.4. Using the 74LS 138 to decode the addresses for 1 kilobyte blocks of RAM. 
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tested and found correct, it is possible to ROM is certainly not for "one-off' ap-
manufacture such ROMs by the thou- plications. 

 

sand at relatively low cost. This kind of When a system is under development, 

 

CONTROL GATE (USED TO 

 

CHARGE FET GATE DURING 

 

PROGRAMMING) 

 

FET GATE (NEGATIVELY CHARGED 

 

AND ISOLATED) 
TO VSS 

 

ELECTRONS BEING REPELLED 

 

BY THE CHARGE ON THE GATE 

 

SO DEPLETING THE ­ TYPE 

 

CHANNEL AND TURNING THE 

 

TRANSISTOR OFF 

 

am 

 

SILICON OXIDE (A VERY 

 

GOOD INSULATOR) 

 

­ TYPE CHANNEL, NORMALLY 

 

INDUCED BY POSITIVE IONS IN 

 

THE SILICON OXIDE 

 

Fig. 2.5. MOSFET with isolated gate, as used in an EPROM. 
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Fig. 2.6a. Unprogrammed 16-byte fusible-link PROM. The address decoder is part of the 

 

chip, and as any of the 16 rows is selected (addresses 0000 to 1111), the "1"" on the out-
put from the selected row of the address decoder will appear, via the diodes and fusible 

 

links as all " 1 s" on the data bus. 

 

Fig. 2.6b. Programmed FPROM. Address 1101 (thirteen) is shown with fuses blown to 

 

give bit pattern 11000101 on the data bus. 
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or when it is known that only a few iden-
tical ROMs will ever be required, it is 

 

usual to program each ROM chip in-
dividually after manufacture. One type of 

 

programmable ROM is the fusible link 

 

ROM. When manufactured, all memory 

 

cells give a "1" output. The ROM may 

 

then be programmed by addressing each 

 

bit in turn (or perhaps eight at a time) and 

 

either "blowing" a thin wire link, by pass-
ing a high current, or omitting to blow it. 

 

Blowing the link makes that location give 

 

a "0" output from then on. The work 

 

may be done automatically, under com-
puter control. Once such a device has 

 

been programmed it cannot be altered. 

 

The erasable programmable ROM (or 

 

EPROM) is very popular, not only for 

 

dedicated systems for which the expense 

 

of mask programming is not justified, but 

 

also for systems in development (as many 

 

owners of the BBC micro will know). 

 

These are programmed by addressing 

 

each location in turn, putting the required 

 

data on the bus and then applying a 

 

programming pulse of short duration but 

 

of relatively high voltage, in order to 

 

charge the gate of a field effect transistor 

 

(Fig. 2.5). The effect of this is to turn the 

 

transistor permanently on or off. When, 

 

in future, we address the memory cell of 

 

which the transistor is a part, the output 

 

is "1" or "0" depending on the state of 

 

the transistor. Since the gate is electrically 

 

insulated, the charge remains on the gate 

 

for years, retaining the stored data in-
definitely. Reading from the memory 

 

does not reduce the charge, for this is a 

 

field effect transistor—its action depends 

 

solely on the field created by the charge, 

 

and does not require any current to flow 

 

from the charged gate. 

 

An EPROM can be programmed 

 

automatically by an inexpensive device 

 

which can be controlled by a home com-
puter. The advantage is that, if it is subse-
quently necessary to amend the program, 

 

it can be completely erased by exposing 

 

the chip to ultraviolet radiation. This is 

 

the reason that there is a quartz "win-
dow" in the package. Ultra violet radia-
tion is an "ionising" radiation; it produces 

 

a copiou§ supply of electrical ions in any 

 

material on which it falls. These ions 

 

cause the charge to be lost from the gates 

 

of the transistors. This erases the stored 

 

program in a period of a few tens of 

 

minutes. The EPROM may then be 

 

reprogrammed. 

 

A typical UV EPROM, showing the circular 

 

quartz window above the memory circuit. 

 

When exposed to ultra-violet light, the 

 

whole memory is erased. 
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RADIATION 

 

NUCLEAR Power and the "Bomb" are 

 

topics of grave public concern. The 

 

bright promise of unlimited cheap elec-

tricity is dimmed by the spectre of 

 

Nagasaki and Hiroshima and by the grim 

 

reminder from Three Mile Island. These 

 

very real threats are made doubly menac-

ing by the lack of agreement displayed by 

 

opposing groups of "experts". Discus-
sions on the subject opened in the news 

 

media rapidly degenerate into acrimony 

 

over statistics, with no attempt to make 

 

clear what it is that is being argued over. I 

 

wonder what sort of an answer we would 

 

get from a Politician or a General if a TV 

 

Interviewer asked: "O.K. so what is 

 

radiation then?" 

 

Fig. 1. Classical model of an atom, showing 

 

electrons orbiting around a nucleus. 

 

ACTIVE ATOMS 

 

Everything in the world is made of 

 

atoms, we have been told. Each atom 

 

consists of a central core or nucleus with 

 

a collection of orbiting electrons as in Fig. 

 

1. The nucleus has a strong positive elec-
tric charge which holds the negatively-
charged electrons in orbit. Among the un-
told numbers of atoms in the universe are 

 

certain "rogues" whose nucleus has an 

 

ability to "spit", usually only once in its 

 

life. This nuclear phlegm is known to us 

 

as radiation. 

 

512 

 

A.J. BENTLEY 

 

ILLUMINATING DISCOVERY 

 

In order to continue a little more 

 

seriously we have to study a bit of 

 

history. Around the turn of the century, it 

 

was found that certain types of rock were 

 

able to fog photographic film even 

 

through quite thick wrappings. Apparen-
tly this was due to some invisible em-
manation from the rock. After much 

 

effort scientists were able to purify the 

 

substances in these rocks which were 

 

responsible for the rays. Some of these 

 

"radioactive" materials were found to 

 

glow in the dark, especially when mixed 

 

with other substances. 

 

For a while everyone had great fun 

 

with the stuff. You could buy luminous 

 

paint and luminous watches and even ob-
tain special intimate garments with sewn-
in radium to bathe yourself in its in-
vigorating rays. Meanwhile the scientists 

 

plodded on with their investigations and 

 

found that there were three distinct types 

 

of ray, each with different penetrating 

 

powers. These were named Alpha, Beta 

 

and Gamma rays from the first letters of 

 

the Greek alphabet. Gamma rays are the 

 

most penetrating and Alpha rays the 

 

least. (Fig. 2). 

 

Many more years of investigation 

 

revealed the fact that these three types of 

 

ray were in fact sprays of tiny particles 

 

which had already been discovered under 

 

other circumstances; thus the mystery 

 

was dispelled quite simply. 

 

ALPHA RAYS 

 

These turned out to be helium gas 

 

atoms moving at incredibly high speed. 

 

For some unknown reason, many types 

 

of atom are able to suddenly split up into 

 

two parts, entirely of their own accord. 

 

One of these parts is invariably a helium 

 

atom, the other part depends on what is 

 

left over from the original atom. This 

 

residual atom may or may not also be 

 

radioactive. 

 

We do not know yet just why some 

 

atoms are stable and others are liable to 

 

split up in this way. Nor do we know why 

 

the result is always a helium atom when 

 

this happens. It is known that the helium 

 

atom or alpha particle as it is sometimes 

 

called is totally stable, perhaps there is a 

 

clue there somewhere. 

 

Because the helium atom is moving so 

 

fast, it loses its attendent cloud of orbiting 

 

electrons (strictly, we should be referring 

 

to alpha particles as helium atom nuclei). 

 

This means that the particle is positively-
charged and can be deflected easily by 

 

electric fields. When an alpha particle hits 

 

an object it is affected by the local elec-
trostatic field of the surrounding atoms 

 

and comes to rest quite quickly. A sheet 

 

of paper will stop alpha particles with 

 

ease. 

 

BETA RAYS 

 

These are even more easily under-
stood, being nothing more than electrons. 

 

They don't come from the orbiting elec-
tron cloud but are ejected from the 

 

nucleus itself. Sometimes they are anti-
matter electrons or positrons. This is how 

 

antimatter was discovered in fact. Elec-
trons are not so highly charged as alpha 

 

particles and being lighter they move 

 

rather faster so they are not so easy to 

 

stop. Nevertheless, a sheet of metal say 

 

2mm thick will take care of them. 

 

GAMMA RAYS 

 

Gamma rays are a little different from 

 

the other two, being short pulses of in-

credibly high frequency radio waves, even 
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The effect of an electric field on radiation. 

 

The positive alpha particles are attracted to 

 

the negative plate, the negative beta parti-

cles to the positive plate. The uncharged 

 

gamma "particles" go straight through. 

 

higher than X-rays or light, having a fre-

quency of over one thousand million 

 

million Megahertz. They can penetrate 

 

several feet of concrete without slowing 

 

down. At such high frequencies, these 

 

pulses behave much like particles when 

 

they "bounce oft" things so it is often 

 

convenient to regard them as particles in 

 

calculations, in which case they are 

 

referred to as "photons". 

 

Radiation then, can be described sim-

ply in terms of fragments of material shot 

 

out of atomic nuclei with a muzzle 

 

velocity close to the speed of light. 

 

Pushing the analogy with bullets a little 

 

further we can add that the calibre is 

 

about one million millionth of a milli-

metre. You can imagine therefore that 

 

each one of these projectiles would do 

 

very little damage to the human body, 

 

and what damage was done would nor-

mally be repaired by the body's own heal-

ing mechanism. This is true but unfor-

tunately one particle may just happen to 

 

strike one of the d.n.a. molecules in a liv-

ing cell in exactly the right way to initiate 

 

a cancer which may or may not be malig-
nant. If we knew what the chances were 

 

of this happening with any one particle 

 

we could calculate the probability of a 

 

person being killed by a specific dose of 

 

radiation. This is the sort of thing the "ex-

perts" love to argue over, but the truth is 

 

we do not really know. There have not 

 

been a sufficient number of deaths from 

 

measured amounts of radiation for us to 

 

form a conclusion. 
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Fig. 2. The penetrating power of radiation. 
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Gamma radiography: the first effect of 

 

radiation to be discovered is still used in 

 

industry to detect faulty welds. 
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Photons "bouncing". Waves and solid ob-

jects both obey the same rule of reflection: 

 

angle of incidence equals angle of reflec-

tion. 

 

FRIEND OR FOE 

 

The radiation which surrounds us 

 

comes from the rocks in the earth and the 

 

water in the sea, from dust and gases in 

 

the air, even the atoms from which our 

 

bodies are made emit radiation. This has 

 

always been so since the earth was for-

med and always will be so. Radioactivity 

 

is not some evil man-made thing but a 

 

natural consequence of the way the 

 

universe is constructed. It is new only in 

 

the sense that we have only just become 

 

aware of it. As always there are those 

 

who wish to use this discovery to kill 

 

others, and there are those who wish the 

 

knowledge to be lost and forgotten. It 

 

must have been the same when the first 

 

shivering cave-dweller discovered fire. 

 

If we compare that first open fire to a 

 

modern central heating system, is it too 

 

much to hope that we can safely benefit 

 

from this find? 

 

NEXT MONTH Fission and Fussion 

 

7

*

�

4KE NOTE 

 

Spectrum Bench Power Supply (July 1984) 

 

The circuit diagram for the Spectrum bench power supply showed 

 

the bridge connections short circuited and the diodes reversed. 

 

The correct connections are shown in the circuit diagram below. 

 

The actual diodes are an integral part of the bridge rectifier. 
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From a simple 15 watt model to a precision 

 

temperature controlled iron, we stock solder 

 

irons to suit all manual requirements to-

gether with supporting stocks of bits, de 

 

solder tools, materials, etc. 

 

ANTE:X 

 

C.240 - 15W/24OV: 

 

CSCN - 15W/240V 
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to ," 

 

De-solder heads, stands, ele-
ments and handles. 

 

ERSA 
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seconds! 
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T.V. SOUND TUNER 

 

SERIES II BUILT AND TESTED Complete with can. £26,50 a E2.00 p&p 

 

In the cut-throat world of 

 

consumer electronics, one 

 

of the questions designers 

 

apparently ponder over 

 

is "Will anyone notice if 

 

we save money by chopp-
ing this out?" In the 

 

domestic TV set, one of the 

 

first casualties seems to be 

 

the sound quality. Small speakers 
Also evadable with built in headphone 

 

and no tone controls are common P 

 

and all this is really quite sad, as the amp. ONLY £32.50 ♦ £2.00 p&p. 

 

TV companies do then best to transmit the highest quality sound. Gwen this background a 

 

compact and independent TV tuner that connects direct to your HrF, is a must for quality 

 

reproduction. The unit is mains operated. 

 

This TV SOUND TUNER offers full UHF coverage with 5 preselected tuning controls. It can 

 

also be used in conjunction with your video recorder. Dimensions 10R"x7%/ x2i.". 

 

E.T.I. kit version of above without chassis, case and hardware. E16.20 plus E1.50 p&p. 

 

PRACTICAL ELECTRONICS STEREO CASSETTE 

 

RECORDER KIT 

 

COMPLETE 

 

WITH CASE 

 

ONLY £34.50 plus £2.75 p&p. 

 

• NOISE REDUCTION SYSTEM.. AUTO 

 

STOP.. TAPE COUNTER. • SWITCHABLE 

 

E.O.. INDEPENDENT LEVEL CONTROLS. 

 

• TWIN V.U. METER, • WOW & FLUTTER 

 

0.1%. • RECORD/PLAYBACK I.C. WITH 

 

ELECTRONIC SWITCHING. • FULLY 

 

VARIABLE RECORDING BIAS FOR 

 

ACCURATE MATCHING OF ALL TYPES. 

 

Kit includes tape transport mechanism, ready punched and back 

 

printed quality circuit board and all electronic parts. ie. semiconductors, 

 

resistors, capacitors, hardware, top cover, printed scale and mains transformer. 

 

You only supply solder & hook up wire. Featured in April P.E, reprint 5W. Free with kit. 

 

125W HIGH POWER 

 

AMP MODULES 

 

The power amp kit is a module for high 

 

Power applications - disco units, guitar amplif. 

 

iers, public address systems and even high 

 

power domestic systems. The unit is protected 

 

against short circuiting of the load and is safe 

 

in an open circuit condition. A large safety 

 

margin exists by use of generously rated com 

 

ponents, result, a high powered rugged unit. 

 

The PC board is back panted, etched and 

 

ready to drill for ease of construction and the 

 

aluminum chassis is preformed and ready to 

 

use. Supplied with all parts, circu it diagrams 

 

and instructions. 

 

Accessories: Stereo mains power supply kit with 

 

trans. £10.50 r E2p&p Mono: E7.50 r E2p&p 

 

SPECIFICATIONS: 

 

Max. output power (RMS) 125 W. Operating 

 

voltage (DC): 50 80 max. Loads. 4 - 16 ohm. 

 

Frequency response measured (a 100 watts. 

 

25Hz - 20KHz. Sensitivity for 100w: 400mV 

 

@47K. Typical T.H.D. @ 50 watts, 4 ohms
-

0.1%. Dimensions. 205x90 and 190x36mm. 

 

KIT £12.00 BUILT £17.50 

 

-E1.15 p&p E1 15 p&p 

 

GOODMANS SPEAKERS AT BARGAIN PRICES 

 

7 ' 60 watt Bass/Midrange speaker. 12". 65W, impedance 4 ohms. 

 

8 ohm impedance. Frequency 
® 

Frequency response: 35 - 

 

response 40 - 6,000Hz. 4Z "x /S'• 6.500Hz. Magner %: x 4 

 

magnet t� 
dia. Foam surround, vinyl 

 

£14.95 plus E7.75 p&p laminated one, For use in Hi.F, 

 

systems up to 65 watts. Bass/ 

 

Midrange. £13.95 , E2.50p&p. 

 

EISR RECORD DECKS 

 

Auto Changer model takes up to 6 records 

 

with manual override. Supplied with stereo 

 

eramic cartridge. £12.95 plus E1 75 p&p. 

 

3 speed, auto, set-down, with 

 

auto return. Fitted with viscous 

 

damped cue, tubular alumimum 

 

counterweighted arm, fitted with 

 

ADC magnetic head. Ideally suited 

 

for home or disco use 
£25.95 

 

Manual single peal' record deck 

 

with auto return and cueing 

 

lever. Fitted with stereo co
g

 

 

mic cartridge 2 speeds with 45 

 

rpm spindle adaptor ideally 

 

suited for home or 

 

disco 13"xl1"approx £14.95pws E1.75p&p 
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STEREO TUNER KIT 

 

SPECIAL 

 

OFFER! �e-

£13.95 

 

t E2.50 P&P. 

 

This easy to build 3 ba-I srt.,eo AM 'F M 

 

tuner kit is designed in conjunction with 

 

P.E. (July *81). For ease of construction and 

 

alignment it incorporates three Mulford mod 

 

tiles and an I.C. IF System. From scale size 

 

t OY,"x 2'/a" approx. Complete with diagram 

 

and mstructions. 

 

HI-FI SPEAKER BARGAINS 

 

AUDAX 8" SPEAKER £5.95 • E2 20 p&p. 

 

High quality 40 watts RMS 

 

bass/mid. Ideal for either 

 

H,F, or Disco use this speaker 

 

features an aluminium voice 

 

coil and a heavy 70mm dia. 

 

magnet. Freq. Res.. 20Hz 

 

to 71kHz Imp. 8 ohms. 

 

AUDAX 40W FERRO-FLUID 

 

HI-FI TWEETER Freq. res. 5KHz - 22KHz. 

 

Imp. Rohm, 60mm sq. £5.50 ♦ 60p p&p. 

 

GOODMANS TWEETERS 8 ohm 

 

colt dome radiator tweeter 13% sq) 

 

jor use in systems up to 40W. 

 

E3.95 ea r E1 p&p. E6.95pr i E1.50. 

 

MONO MIXER AMP 

 

ideal t, 

 

halls a  

 

clubs 

 

£45.00 

 

E2 p&p 

 

5O Watt, six individually mixed inputs for 2 

 

pickups (Cer or mag), 2 moving coil micro- 

 

phones and 2 auxiliary for tape tuner, organs 

 

etc. Eight slider controls - 6 for level and 2 

 

for master bass and treble, 4 extra treble 

 

controls for mic. and aux. inputs. Size. 

 

13 : x6'h"x 3 app. Power output 50 W 

 

RMS (cons.) for use with 4 to 8 ohm 

 

speakers. Attractive black vinyl case with 

 

matching fascia and knobs. Ready to use. 
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FOR 

 

BEGINNERS 

 

FOR SOME YEARS NOW, CMOS devices have 

 

been readily available, and this month 

 

Square One considers how they work, and 

 

also the kind of precautions that need to be 

 

taken when handling them. 

 

STRUCTURE AND 

 

OPERATION 

 

A conventional transistor works by making 

 

use of a small current (to the base) to control a 

 

larger one (through the collector load). The 

 

transistor may he either n-p-n or p-n-p type, 

 

but in either case the material used is normally 

 

silicon. The designation n-p-n or p-n-p refers 

 

to the structure of the transistor: n-type silicon 

 

has a relatively large number of free electrons, 

 

while p-type has a shortage. Pure silicon is a 

 

semiconductor: its ability to conduct elec-

tricity lies between that of a conductor and an 

 

insulator. When small quantities of phos-

phorous are added to pure silicon, the 

 

resulting "doped" silicon has an excess of elec-

trons and is called n-type. When, instead, 

 

boron is used, the boron attracts electrons 

 

from the silicon atoms, creating "holes" in the 

 

structure. Silicon doped in this way is called p-

type. The charge carriers in p-type silicon— 

"holes'—are locations that electrons can 

 

move to easily. 

 

A field-effect transistor (f.e.t.) also makes 

 

use of p- and n-type silicon. The basic 

 

arrangement for an "n-channel" device is as 

 

shown in Fig. 1. When the f.e.t. is conducting, 

 

electrons will flow from n-type silicon at the 

 

"source" to n-type silicon at the "drain". In 

 

order to do this, they need to pass through the 

 

Fig. 1. Basic MOSFET structure. 

 

p-type silicon in between—the substrate. Con-
nections are made to the "source", the "gate" 

 

and the "drain"—"source" and "drain" in-
dicate the direction of electron flow. Electrons 

 

possess a negative charge, and so the drain 

 

terminal is made positive, attracting electrons 

 

from the source. This electron flow is con-
trolled by the electric charge on the gate, and 

 

this electric charge is related to the voltage on 

 

the gate. 

 

Connections are made to metal (usually 

 

aluminium) contacts, and in the case of the 

 

gate, the metal is insulated from the substrate 

 

by a layer of silicon dioxide. Hence there is 

 

virtually no current flow possible through the 

 

gate; instead, as mentioned above, the voltage 

 

on the insulated gate creates an electric field 

 

—a positive voltage creating a field that 

 

attracts electrons, and a negative voltage 

 

repelling them. All this is summed up by the 

 

abbreviation MOSFET, standing for Metal-
Oxide Semiconductor Field-Effect Transistor. 

 

STANDARD CIRCUITS 

 

When the source is at zero volts and the 

 

drain is made positive—say at +12 volts— 
electrons are attracted to the drain. A smaller 

 

positive voltage on the gate—say +5 volts— 
will repel positive "holes from the p-type sub-
strate (or, looked at another way, it will 

 

attract electrons) and so create a "channel" of 

 

n-type silicon between source and drain, as in 

 

Fig. 2. Electrons can then pass freely from 

 

source to drain. 
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Fig. 2. N-channel MOSFET. 

 

A p-channel device (Fig. 3) works in essen-

tially the same way, except that this time a 

 

negative voltage is used to repel electrons from 

 

the n-type substrate and so create a con-

ducting channel rich in "holes". The electric 

 

current flow is then a flow of "holes" from 

 

source to negative drain. 

 

vss 
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p SOURCE ++++++ p DRAIN 

 

*+++++ 
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vpp c-12v1 
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TO DRAIN 

 

am 

 

Fig. 3. P-channel MOSFET. 

 

Devices which make use of both p-channel 

 

and n-channel f.e.t.s are referred to as 

 

CMOS—Complementary Metal-Oxide Semi-
conductors, and this arrangement offers sev-
eral advantages. The basic CMOS inverter 

 

shown in Fig. 4 works very simply: a high in-

put will make TR2 conduct and turn off TR 1. 

 

The output will thus be at Vss (ground). A low 

 

input will switch off TR2 and switch on TRI 

 

and the output will switch to Vdd (positive). 

 

From this inverter, all the usual logic functions 

 

can be built up—NAND and NOR gates, flip-
flops, registers, as in TTL technology. 

 

The two major advantages of CMOS over 

 

TTL are: very low power dissipation; and ex-
cellent noise immunity. The low power dis-

sipation is due to the fact that there is only 

 

current flow at the input when the device is ac-

tually switching. Because the gate is insulated, 

 

there is no current flow at any other time. This 

 

becomes less advantageous, of course, as the 

 

frequency of switching increases. The good 

 

noise immunity is a consequence of the fact 

 

that CMOS circuits will work over a wide sup-

ply voltage range—anywhere from about +3 

 

volts to + 15 volts. So if the device is operated 

 

from a + 12 volts supply, "noise", in the form 

 

of transient voltage spikes, has to be of an 

 

amplitude greater than +6 volts to affect the 

 

circuit. 

 

The major disadvantage of CMOS is its 

 

relatively slow speed of switching (though 

 

speeds are increasing all the time). This low 

 

switching speed is a direct result of the need 

 

for the voltage on the gate to set up an electric 

 

field; rather like charging a capacitor, this 

 

takes time. 

 

I/P 

 

ItESGAI 

 

Fig. 4. CMOS inverter circuit. 
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STATIC SENSITIVITY 

 

The major problem encountered with early 

 

CMOS devices was their vulnerability to static 

 

electricity. The thin gate insulation will break 

 

down at less than 100 volts, and someone 

 

walking through a carpeted office can easily 

 

acquire a static charge of many thousands of 

 

volts. Virtually all CMOS devices now have 

 

built-in protection, in the form of diodes to 

 

short-out high input voltages before the gate 

 

insulation can be damaged, but some care is 

 

still necessary when handling them. 

 

Professional workshops and laboratories 

 

usually have a "safe-handling area": this is an 

 

area in which the workbench is covered in 

 

conductive foam, which is in turn connected to 

 

ground. The operator wears a wrist-strap 

 

made of conductive material, which is also 

 

connected to ground. Circuit boards are 

 

protected in transit by being packaged in con-
ductive bags (see photo). 

 

For the amateur, the important thing is to 

 

keep in mind the fact that CMOS circuits are 

 

vulnerable. They are normally sold pushed 

 

into a conductive foam pad, and should be left 

 

there until actual component insertion; and if 

 

possible, the work-area should be at ground 

 

potential. 

 

Anti-static packaging for circuits that in-
clude static-sensitive devices. 
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MICRO i4VE 

 

ilLiIRM SYSTEM 

 

ACERTAIN mystique is often implied 

 

when microwaves are mentioned. 

 

this is completely unjustified. Micro-
wave devices are usually very simple, and 

 

lend themselves to simple applications. 

 

One such application is a motion detec-
tor. 

 

The generation of a transmitted wave 

 

pattern of specific wavelength and fre-
quency, and the resulting signals received 

 

by a receiver have been described in a 

 

previous article. Suffice it to say here that 

 

reflections from stationary objects result 

 

in a received signal at the same frequency 

 

as the transmitter. Reflections from a 

 

moving object will result in signals having 

 

a frequency faster than the transmitted 

 

frequency if the object is moving towards 

 

the transmitter-receiver system, and 

 

slower than the original frequency if the 

 

object is moving away from the 

 

transceiver. The increase or decrease in 

 

frequency will be directly related to the 

 

speed to or from the transceiver. This is 

 

known as the doppler effect. 

 

If a microwave signal is generated and 

 

transmitted in free space having a fre-
quency as recommended by the Home 

 

Office for the domestic user of such 

 

devices—namely 10.687GHz (ten thou-
sand, six hundred and eighty-seven 

 

million cycles per second) then the dop-
pler return signal frequency will be 2Hz 

 

for a person moving one foot per second 

 

to or from the transceiver. Normal walk-
ing speed is about 2ft per second. A 

 

typical microwave transmitter-receiver is 

 

described here. 

 

MICROWAVE DOPPLER 

 

MODULE 

 

Typical modules are illustrated in the 

 

photograph. The transmitter-receiver will 

 

comprise a microwave oscillator and a 

 

mixer diode to compare the original 

 

oscillator frequency with the received 

 

signal frequency. 

 

The simplest form of oscillator is the 

 

gunn diode oscillator. A gunn diode is 

 

similar to a conventional diode but has 

 

gallium arsenide as the semi-conductor 

 

material. Such a diode exhibits a 

 

"negative resistance" effect over part of 
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its voltage current characteristics. Fig. I 

 

illustrates this effect. 

 

An electrical oscillator is analogous to 

 

the oscillating pendulum of a grandfather 

 

clock. The pendulum has to be supplied 

 

with energy to overcome the frictional 

 

resistance of the bearing on which it 

 

hangs, otherwise it would stop. The losses 

 

in a circuit are the electrical equivalent of 

 

the frictional losses of the clock and no 

 

electrical oscillations can be sustained 

 

unless these resistive losses are cancelled. 

 

The introduction of the gunn diode 

 

working in its negative resistance region 

 

into a waveguide cavity will cancel out 

 

the resistance losses. 

 

A gunn diode placed one half of the re-
quired wavelength from the reflecting wall 

 

of the cavity, as illustrated in Fig. 2, will 

 

sustain electrical oscillation in the cavity. 

 

The tuning screw in the cavity provides 

 

fine frequency adjustment. 

 

The electrical pressure pattern is 

 

transmitted along the waveguide, which is 

 

open at the end to radiate the electrical 

 

pressure pattern (oscillating at IOGHz) 

 

into free space as a radio wave. The 

 

wavelength � will be approximately 3cm. 

 

I.F. H.GOULT 

 

This radio wave will be reflected back 

 

from any solid surface; coming back to 

 

the transmitter source at the same fre-
quency, although delayed slightly in time 

 

(less than 1 millionth of a second). 

 

THE RECEIVER 

 

The receiver consists of a mixer diode 

 

placed in a suitable position in front of the 

 

gunn diode; or in an adjacent waveguide 

 

cavity having a hole coupling a small 

 

amount of leakage from the transmitter 

 

waveguide to the receiver waveguide. 

 

The mixer diode gives an electrical out-
put which contains any difference fre-
quencies between the transmitted and 

 

received frequencies. These difference fre-
quencies, which must have been caused 

 

by motion, can be amplified and used to 

 

trigger an alarm. 

 

BASIC CIRCUIT FOR DOPPLER 

 

ALARM 

 

The basic circuit arrangement and cir-
cuit diagram recommended by one dop-
pler unit manufacturer are shown in Fig. 

 

3. TR I and IC 1 are low frequency am-
plifiers. 

 

The mixer current will normally be 

 

about 400 microamps d.c. due to the 

 

coupled signal from the cavity oscillator. 

 

VR1 is set to give a d.c. voltage of 

 

about half that of the supply at the collec-
tor of TR 1. IC 1 has 100 per cent negative 

 

feedback to d.c. but will amplify low fre-
quency signals. 

 

The amplifier output will be constant 

 

for no movement. A signal of a few cycles 

 

per second will be amplified by TR 1 and 

 

IC 1, passing through C3 causing TR2 to 

 

SPECIFICATION 

 

Operating frequency 10.687GHz 

 

Mean transmitted power <10mw 

 

Current consumption in 

 

detector mode 1 mA approx. 

 

Range 8 metres approx. 

 

No susceptibility to interference from 

 

similar units operating locally 
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Mixer diode in waveguide 

 

adjacent to gunn diode 

 

oscillator. 
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Mixer diode in same wave-
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Applied vats across diode v 

 

Fig. 1. Typical gunn diode negative 

 

resistance characteristics. 

 

Narrow beam horn aerial. 

 

Fig. 2. Waveguide resonant cavity. 

 

conduct during the negative half cycles of 

 

the signal. The current through TR4 will 

 

progressively charge C4 over several 

 

cycles of signal; typically five or six 

 

cycles, requiring one or two seconds of 

 

continuous movement before the positive 

 

potential on C4 is sufficient to switch on 

 

transistor TR3. 

 

The sensitivity control VR2 sets the 

 

signal gain of amplifier IC I to ensure that 

 

the noise level will not trigger the alarm 

 

when there is no movement. 

 

The relay has been held on by the 

 

positive potential at the collector of TR3 

 

which holds the positive input of IC2 

 

above the —ve (inverting) input. When 

 

TR3 conducts the +ve input of IC2 falls 

 

below that of the inverting input cutting 

 

off the current in TR4. The relay is now 

 

de-energised. 

 

The alarm is arranged to operate in the 

 

de-energised state in order to cater for the 

 

condition when the power supply wires 

 

may be cut by an intruder. 

 

A gunn diode operating continuously 

 

takes a current of about 100mA to 

 

125mA. This is too much for battery 

 

operation. Most microwave dopplers are 

 

usually wired systems. 
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SELF-CONTAINED BATTERY 

 

UNIT 

 

Fig. 4 illustrates a circuit of a self-
contained battery operated unit. Battery 

 

power is saved by connecting the 

 

switches of ICI to form a multivibrator 

 

which gives a positive pulse output of one 

 

millisecond about five times per second. 

 

The total current drain is reduced from 

 

well over 100 milliamps to about I milli-

amp. This will allow operation for about 

 

1000 hours in the detection mode using 

 

eight alkaline type AA cells. 

 

The pulse which switches the gunn 

 

diode is also fed to a switch to connect 

 

the received signal to C2 during the 

 

transmission period. C2 thereby samples 

 

the level of the return signal which will 

 

remain at a constant potential if there is 

 

no movement: but will receive different 

 

potentials each time it is switched if there 

 

has been movement during the time be-
tween transmission pulses. 

 

The amplifier and detectors will only 

 

pass the varying potential. TR8 will be 

 

latched ON when a varying signal is 

 

received to energise the piezo-electric 

 

sounder. 

 

When the alarm is on C l I will slowly 

 

charge and after about one minute will 

 

Fig. 5. Block diagram of the doppler module 

 

applications system. 
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A graphic description of how the circuit works. 

 

apply sufficient potential at the input to 

 

the switch (pins 6, 8 & 9 of IC 1) across 

 

C8 causing it to close, discharge C8 and 

 

unlatch the alarm to reset the circuit into 

 

the detection mode. 

 

This entire self-contained unit can be 

 

accommodated into a stylish wood-
veneered cabinet which looks very much 

 

like a small loudspeaker unit. 

 

The sounder can be replaced by a relay 

 

to trigger alternative alarms, lights, etc. 

 

OPERATING INSTRUCTIONS 

 

Place unit on firm, steady surface and 

 

switch on, using the key provided. Leave 

 

the detection area within 30 seconds of 

 

switching on. The unit is now set to sound 

 

the alarm for any further movement in 

 

the area. 

 

If movement is detected there will be a 

 

10-second delay and then the alarm will 

 

sound for approximately one minute; 

 

after which the unit will reset to its move-
ment detection mode, for example, the 

 

alarm will sound again if there is any 

 

Fig. 6. Full circuit diagram of the adaptor kit. 

 

further movement in the area. 

 

On your return you have 10 to 15 

 

seconds to switch off before the alarm 

 

will sound. 

 

Domestic pets in the area will trigger 

 

the alarm also, fluorescent lights if 

 

switched on should be at least 10ft from 

 

the unit. 

 

BATTERY CHECK 

 

A push-button near the "ON/OFF" 

 

switch will give a green light indication 

 

that the batteries are in good condition. If 

 

the light does not glow, replace the bat-
teries. The unit requires eight Duracell 

 

I.5V size AA batteries (Duracell MN 

 

1500). The batteries should give approx-
imately 1000 hours of operation with the 

 

unit in the detection mode. 

 

It is necessary to check the unit opera-
tion from time-to-time. It should be noted 

 

that the current consumption is increased 

 

by about thirty times when the alarm is 

 

sounding. When testing the alarm the 

 

sound should be left on for a few seconds 

 

only in order to conserve battery life. 
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MODIFICATION KIT FOR 

 

MICROWAVE ALARM 

 

The self-contained battery unit descri-
bed in this article, was found to have cer-
tain unsatisfactory features. A limited 

 

quantity were manufactured, housed in a 

 

veneered loudspeaker style cabinet to 

 

blend with living-room furniture. The 

 

units were never marketed and are now 

 

available at cost price to the reader. The 

 

modifications listed below overcome the 

 

original limitations. 

 

The first operational drawback was 

 

battery life. The design target was 1,000 

 

hours using AA style alkaline batteries, 

 

but only about half this life was 

 

achievable. Thus the modification kit of-
fered adapts the unit to mains operation; 

 

with back up Ni-Cad batteries in case of 

 

mains failure as an option. 

 

The second problem in the original 

 

design was an effect known as "popping" 

 

in the gunn diode. This had the effect of 

 

giving a momentary kick to the mixer of 

 

sufficient level to trigger the alarm, caus-
ing false alarms. An additional time delay 

 

circuit is introduced by the modification 

 

which inhibits the activation of the alarm 

 

until continuous movement has been 

 

detected over a period of a few seconds. 

 

These modifications take the form of 

 

an extra circuit board to add to the 

 

microwave unit. The basic microwave 

 

alarm unit would not meet with Home 

 

Office approval if built by the hobbyist 

 

and is not the constructional element of 

 

this article. The reader should purchase 

 

the alarm from AS(H) at cost price and 

 

construct the adaptor board described 

 

here. 

 

THE BASIC INTRUDER ALARM UNIT 

 

a 

 

A" 9990AA 
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CIRCUIT DESCRIPTION 

 

Mains transformer TI and two 12-volt 

 

secondary windings: these are connected 

 

in series to provide 24V to the bridge rec-
tifier formed by D1 to D2. The ripple is 

 

smoothed by R I, C I and C2. The 22V 

 

Zener diode D6 protects the regulator 

 

from an excessive input voltage when 

 

there is negligible current drain on the cir-
cuit. The regulator IC l provides a con-
stant 12V at its output. This supplies the 

 

d.c. supply to the circuits through the ON-
OFF key switch on the back of the 

 

microwave unit. It will also provide a 

 

trickle charge to the Ni-Cad stand-by 

 

batteries if fitted. These batteries are 

 

optional. 

 

As described earlier, movement detec-
ted by the microwave circuit will switch 

 

on TR7 in this unit. TR7 collector is con-
nected to point A on the time delay cir-
cuit. C3 will start to charge positively at a 

 

rate determined by the value of R2 and 

 

C3. When the voltage on C3 exceeds that 

 

on the slider of VRI the output of IC3 

 

will change from zero to about 9 volts 

 

positive switching on transistor TR 1 to 

 

operate the relay or sounder. 

 

When the output of IC2 goes positive, 

 

current through R6 holds on TR6 until 

 

condenser C I I has charged via R19 to 

 

switch on the semiconductor switch at 

 

pins 8 and 9 of IC 1, re-setting the circuit 

 

to its stand-by operation. 

 

MODIFICATION INSTRUCTIONS 

 

Remove the back panel of the alarm 

 

unit by extracting six Philips head screws. 

 

View, showing the gunn diode in its 

 

resonant cavity, and the audible sounder. 

 

Remove battery cover. Release the bat-
tery box by extracting the four wood 

 

screws holding it in place. 

 

The purpose of releasing the battery 

 

box is to obtain access to the printed cir-
cuit board which may now be released 

 

from its plastic holding clips. Fit the 

 

mains connector to back panel. Before 

 

any circuit modifications are carried out 

 

it is advisable to protect the microwave 

 

gunn and mixer diodes on the microwave 

 

module. Connect a one-inch length of 

 

wire first to the earth pin on the body of 

 

the unit, then to the mixer/gunn diode pin. 

 

The earthed wire should be touching the 

 

diode connection all the time the solder-
ing iron is applied. 

 

Remove the following components 

 

from the circuit board, R17, R21, R18, 

 

R25, R12, R15, R19, D14, CIO, TR8 

 

(the plastic transistor with the metal heat-
sink). 

 

Disconnect the sounder wires. Replace 

 

R12 and R15 with 270kQ resistors. 

 

Replace R18 with a 2.7kQ resistor. 

 

Replace R19 with a 2.7MQ resistor. 

 

Replace R25 with a IMQ resistor. 

 

Connect a six-inch length of insulated 

 

wire to the position vacated by R17 

 

which connects to diode D3. Connect a 

 

six-inch length of insulated wire to TP4 

 

(just above R22). 

 

Drill the chassis ready to accept the 

 

bracket assembly, previously made up as 

 

illustrated. Fix the made-up and tested 

 

time delay circuit board to the bracket 

 

assembly, first having connected the wire 

 

from D3 on the original p.c.b. to the land 

 

provided at (B) and the wire from the pin 

 

adjacent to R22 on the original p.c.b. to 
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Resistors 

 

R1 1800 

 

R2 1 MCI 

 

R3 330 

 

R4 2 7k 

 

R5 1OkO 

 

R6 47kQ 

 

R12,15 270kfI (2 off) 

 

R18 2-7kQ 

 

R19 2.7MO 

 

R25 1 MQ 

 

R 12,15,18,19,25 for alarm unit 

 

p.c.b. replacement 

 

C< 

 

v 

 

0-4 R1 1--V 

 

SWITCHED +VE SUPPLY TO KEY SWITCH AND 

 

BATTERY +VE 

 

MAIN CHASSIS 

 

EARTH 

 

a 

 

a 

 

E 

 

MAINS 

 

EE 

 

8408-01 

 

Capacitors 

 

C1,2 22µ125V tant. bead 

 

Maplin WW73012 off) 

 

C3 4-7p F  16V or 25V 

 

cant. bead 

 

Diodes 

 

D 1-4,6,8 1 N4001 (6 off) 

 

D7 1N4148 

 

D5 BZX61 C 22V Zener 

 

Integrated circuits 

 

IC 1 12V regulator µA 

 

78L12AWC 

 

IC2 CA3140E 

 

Potentiometers Transistors 

 

VR 1 100 O Maplin WR61 P 

 

TR1 2N2222 

 

J 

 

Fig. 7. P.c.b. layout of the 

 

adaptor board (actual 

 

size). This board is 

 

available from the EE PCB 

 

service, Order code 

 

8408-01. 

 

Fig. 8. Component layout 

 

of the adaptor board. 

 

Approx. cost 
r�.00 

 

Guidance only L 
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Miscellaneous 

 

Batteries (optional) Ni-Cad: 

 

size AA. 

 

Maplin YGOOA (8 off). 

 

Relay: Maplin YX96E. 

 

Mains plug and Socket: 

 

Maplin HL15R and HL16S 

 

Transformer: Maplin WB10L 

 

Everyday Electronics, August 1984 

 



  177 

 

6NOLES 3701A 

 

134 

 

SEE 6,PJ 

 

170 

 

MATERIAL - 

 

18 -165WG 

 

AL ALLOY 

 

11 7-16—) 

 

DIMENSIONS IN mm 

 

Fig. 9. Mounting bracket for the adaptor 

 

p.c.b. 

 

the land provided at the junction of R2 

 

and D3, point "A". Interconnect the 

 

switch and power supply wires as il-
lustrated. Note that the switched supply 

 

must be disconnected from the alarm unit 

 

circuit board and connected to the new 

 

p.c.b. The supply line on the alarm unit 

 

p.c.b. is now connected to the +ve diode 

 

protected supply line on the new p.c.b. 

 

The battery leads may be left in their 

 

original positions. 

 

Ensure that the p.c.b. is spaced off the 

 

bracket assembly sufficiently to avoid a 

 

short from the bracket to the track. 

 

Finally fix the bracket assembly to the 

 

chassis; check and re-assemble the alarm 

 

unit. 

 

For mains operation fit only Ni-Cad 

 

batteries for standby operation. These 

 

will be on continuous trickle charge so 

 

long as the mains is connected. 

 

Remove shorting links from the 

 

microwave module, disconnecting the 

 

earth pin last. Make sure the earth link is 

 

touching the diode connection until the 

 

soldering iron is removed. 

 

TESTING 

 

The time delay circuit should be 

 

checked independently before fitting to 

 

the main unit. Temporarily connect "A" 

 

to the zero volt line. Connect the sounder 

 

as illustrated. Connect to mains supply 

 

from the socket to the transformer input, 

 

ensuring the mains plug is not in! 

 

Connect to mains supply, voltages at 

 

the positive of C I and C2 should be 

 

about 22V d.c. The output at R3 with no 

 

batteries connected, should be 12V d.c.— 
and about 10 volts on the positive supply 

 

line when switched on through the key 

 

switch. VR 1 should be set in the centre of 

 

its travel. 

 

Disconnect "A" from earth and con-
nect it to the +ve supply line. Note the 

 

time delay before the sounder is 

 

energised. Adjust VRI to give a delay of 

 

about five seconds. Always connect "A" 

 

to earth for a short time to dump the 

 

charge on C3 before re-connecting it to 

 

the positive supply line to set the timing. 

 

Complete the fitting of the delay p.c.b. 

 

to the chassis. Connect "A" to the pin ad-
jacent to R22 and "B" to D3 using the 
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Fig. 10. Rear view of the unit, showing the 

 

added mains input socket. 

 

copper land previously used by R17. Fit 

 

eight fully-charged Ni-Cad batteries if 

 

battery back-up for mains failure is re-
quired. The original p.c.b. was factory set 

 

and should need no further adjustment. 

 

The system may now be checked by 

 

switching on, allowing one half to one 

 

minute for the system to settle down and 

 

then moving in the room for about five 

 

seconds. The alarm should trigger re-set 

 

after one to two minutes. The alarm delay 

 

time may be altered by adjustment of 

 

VRI, but it should be remembered that 

 

the shorter the delay time the more likely 

 

are false alarms. 

 

RE-SETTING THE DOPPLER 

 

UNIT 

 

As stated in the previous section, the 

 

original p.c.b. was factory set. If re-
setting, either for interest or because the 

 

adjustments have been disturbed, is 

 

necessary then adopt the following 

 

procedure using an oscilloscope. If no os-
cilloscope is available an alternative 

 

procedure is also described using a high 

 

resistance voltmeter. Either disconnect 

 

the sounder, or temporarily connect a 

 

shorting link across C8. VR2 should be at 

 

maximum resistance (fully clockwise). 

 

Connect the oscilloscope probe to the 

 

collector of TR 1. (C I provides an ac-
cessible point for the oscilloscope probe.) 

 

The unit should have open space in front 

 

of it for at least 5ft. 

 

Switch on unit and allow one minute to 

 

settle. A negative-going pulse will be ob-
served on the oscilloscope. VR3 should 

 

be set so that the pulse amplitude is 4V 

 

negative relative to the positive supply. 

 

Connect the oscilloscope probe to R6 
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Fig. 1 1. Locational strategy of the unit. 

 

at output of IC2. The d.c. level on the os-
cilloscope should be between 6V and 8V 

 

d.c. relative to the zero (earth) line. A 

 

pulse "spike" will be visible on the os-
cilloscope trace. This should be less than 

 

IV peak when there is no movement 

 

detected by the microwave module. A 

 

very slight movement will increase this 

 

pulse amplitude. 

 

Connect the oscilloscope probe to the 

 

collector of TR4. When there is no move-
ment no pulse should be observed. The 

 

slightest movement will create a negative 

 

pulse at this point. The sensitivity is ad-
justed by VRI. VR2 should always be left 

 

for maximum resistance (fully clockwise) 

 

and no adjustment is necessary. If no os-
cilloscope is available the pulse level can 

 

be set by connecting a high resistance 

 

voltmeter to the output of IC2 at R6. 

 

VR2 is adjusted to give a d.c. level of 6V 

 

to 7V relative to earth. Care must be 

 

taken to ensure no movement occurs dur-
ing this adjustment. 

 

The sensitivity control VRl is turned 

 

clockwise to increase resistance and 

 

reduce sensitivity to the point where there 

 

are no false alarms when there is no 

 

movement within the area. ❑ 

 

NOTE 

 

Although this device radiates 

 

negligible radio frequency power, in 

 

order to operate, it is necessary to 

 

possess a Telapproach System 

 

Licence as defined in the Wireless 

 

Telegraphy Act 1949. 

 

Application forms processed at: 

 

Home Office Accounts Branch, 

 

Tolworth Tower, 

 

Ewell Road, 

 

SURBITON, Surrey KT6 7DS. 
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In-Car Radio 

 

For many years it has been accepted that 

 

listening to music from a car radio or tape 

 

cassette while driving does not represent a 

 

safety hazard—indeed may soothe a driver 

 

whose temper could otherwise be frayed by 

 

delays and traffic jams. But there are still 

 

doubts about some aspects of listening to 

 

more demanding material, such as the use 

 

of stereo headphones by drivers or cyclists 

 

and the operation of two-way radio 

 

telephones. 

 

About 1966 the Ministry of Transport 

 

even announced that it proposed to ban the 

 

use of a radio transmitter while a car was in 

 

motion. However, following strong repre-
sentations from the radio communications 

 

industry and radio amateurs this idea was 

 

dropped. 

 

Although some research into the whole 

 

question of using radios in cars was carried 

 

out in the UK in the 1960s, little effort has 

 

been made to investigate this subject in re-

cent years. Some American States now ban 

 

the use of stereo headphones by cyclists or 

 

drivers. 

 

In the UK it is a clear offence to drive 

 

without proper control of the vehicle or to 

 

have a television screen within view of the 

 

driver (passengers in the back can be 

 

viewers). "Proper control" has been held to 

 

make it illegal for a driver to use an electric 

 

shaver, but does not cover straightforward 

 

use of a microphone. In the States there 

 

have been a few cases of mobile transmit-
ter power leads short-circuiting and causing 

 

fires. 

 

An article by Lydia Taylor, "Facing the 

 

Music," in Care on the Road (April, 1984) 

 

the journal of the Royal Society for the 

 

Prevention of Accidents (RoSPA) shows 

 

that there is still concern on some aspects 

 

of in-car entertainment. 

 

Dr. Ivan Brown, assistant director of the 

 

Medical Research Council's Applied Psy-

chology Unit, is quoted as suggesting that 

 

sound inputs to a driver's brain that require 

 

"mental processing" can allegedly interfere 

 

with his visual inputs. In other words, 

 

listening to undemanding music presents 

 

no hazard but "road safety could be 

 

reduced if drivers use their in-car 

 

radio/cassette players to do their Open Un-

iversity homework". 

 

There is also the feeling that the control 

 

of some equipment involves too much 

 

knob-fiddling and the need for the driver to 

 

take his eyes off the road. The use of stereo 

 

headphones or over-loud speech or music 

 

can, it is suggested, impair the driver's 

 

monitoring of useful auditory information, 

 

for example, from horns outside the vehicle 

 

or any warning signs coming from the 

 

engine. 

 

There are EEC regulations governing 

 

equipment installed in cars intended to en-
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sure that the driver could not be cut by any 

 

part of a radio, get his fingers entrapped, or 

 

receive an electric shock. Radio/cassette 

 

units are expected to be reasonably easy to 

 

operate and to have rounded, recessed con-
trols. 

 

European broadcasters are currently in-

vestigating a new "radiodata" system 

 

which, for example, would automatically 

 

tune a radio to a selected programme, etc., 

 

without the driver touching any controls, 

 

and which might be used in connection 

 

with traffic information. But such a system 

 

is, operationally, still some way away and is 

 

likely to be incorporated only in the more 

 

expensive car radios. 

 

There would appear to be few regula-
tions applying specifically to two-way radio, 

 

although, for example, the R.S.G.B. does 

 

have a list of safety recommendations for 

 

mobile operators. With the vast increase in 

 

two-way car radios stemming from CB and 

 

from the introduction soon of 900MHz 

 

cellular radio systems, it is surely time for 

 

more detailed research into safety aspects 

 

of in-car radio and electronics. 

 

Private Robot, Infantryman 

 

There are many people who regret that 

 

such a high proportion of the British and 

 

American electronics and communications 

 

effort is directed towards what is 

 

euphemistically called the Defence 

 

Industry. Military communications have 

 

advanced a long way from the old wartime 

 

sets but it often appears that no sooner has 

 

a new system been developed than the 

 

same team set about finding an effective 

 

way of jamming it, and then a method of 

 

countering the jamming, and so on ad 

 

infinitum. 

 

The electronic equipment fitted in some 

 

military aircraft now costs about ten times 

 

as much as the basic aircraft; there is also a 

 

rule-of-thumb estimate that the cost of 

 

maintaining military equipment throughout 

 

its operational life can similarly cost ten 

 

times as much as the original equipment. 

 

Currently much effort on both sides of 

 

the Atlantic is being put into what is called 

 

C'l, tactical radio systems for communi-

cations, control, command and Intelligence; 

 

also in protection of electronic and 

 

telecommunications equipment against 

 

EMP, the destructive electromagnetic pulse 

 

that can follow a high-altitude nuclear 

 

explosion; and "stealth" aircraft that would 

 

not be detectable by radar or infra-red 

 

sensors—not to mention the whole frightful 

 

concept of "star wars". 

 

But at least the US Advanced Research 

 

Projects Agency is busy working out how to 

 

use "artificial intelligence" on the battle-
field. One idea is to develop a robot 

 

machine that instead of having wheels or 

 

tracks would clomp around the battlefield 

 

on legs, remotely or self-guided by means 

 

of TV eyes and super-computers to form an 

 

autonomous land vehicle, a sort of all-
electronic infantryman. 

 

Provided they can be fought out entirely 

 

by such robots, preferably in the middle of 

 

some remote desert, this sounds a sensible 

 

way of fighting wars; an activity from which 

 

most humans will be only too glad to opt 

 

out! 

 

Consumer Risks 

 

The news that RCA is ending 

 

manufacture and marketing of their CED 

 

video disc players after losing an admitted 

 

$500-million land probably a good deal 

 

more if all development costs were 

 

included) underlines the risks involved even 

 

for major firms in attempting to introduce 

 

new technology to the consumer-
electronics market. Yet, if the video disc, 

 

with its very high technical quality and the 

 

lower-cost of discs than tape, had been 

 

marketed a few years before, instead of 

 

after the rival VCR machines, the story 

 

might have been very different. 

 

Tape is more expensive, technical quality 

 

of the pictures significantly lower, but the 

 

VCR has the attractive feature of "record" 

 

as well as "playback That advantage 

 

appears to have been decisive in market 

 

appeal. 

 

Meanwhile, the City is pondering the 

 

financial risks in cable TV, direct 

 

broadcasting from satellites, home video 

 

networks and the like. It is interesting to 

 

note that during 1983 deliveries in the UK 

 

of television sets (about 1-million 

 

monochrome, 3.5-million colour) was an 

 

industry record. The two-set home is 

 

becoming the norm and, with home 

 

computers and so on, the three-set home is 

 

no longer a rarity. But the VCR boom is 

 

slowing down with 2.2-million machines 

 

delivered in 1983—almost exactly the 

 

same figure as for 1982. 

 

XW-fine Museum Piece 

 

Plessey Radar are to he congratulated on 

 

restoring one of the extremely rare 30-line disc 

 

£ 18 Televisors made by Plessey for the 

 

original Baird company between 1929 and 

 

1932. This has now been loaned to Douglas 

 

Byrne, G3KPO, for his Arreton Wireless 

 

Museum on the Isle of Wight. It is believed 

 

that this is one of only six still in existence. 

 

But what puzzles me is the fanatic deter-
mination of some academics and others to 

 

perpetuate the idea that the Baird 30-line 

 

system, forced on the BBC by the Post Office 

 

and the politicians, ever had any real chance 

 

of success. 

 

Apart from the extremely crude pictures, 

 

the system had no effective method of 

 

providing synchronisation. The disc televisors 

 

used a phonic wheel that was expected to lock 

 

on to the black edge of the picture, since there 

 

were no "blacker-than-black" synchronising 

 

signals in the transmitted waveform sent out 

 

on the medium-wave band. Effective television 

 

had to wait for the coming of v.h.f. and syn-
chronising pulses. 

 

I shall not be popular in Scotland for saying 

 

so, but it is stretching credibility to the limit to 

 

pretend that Baird was the sole inventor of 

 

television! Campbell-Swinton, Zworykin, 

 

Blumlein and others deserve an equal share of 

 

the credit! 
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OSCILLiITORS 
 

A variety of different types of resistance capacitance feedback oscillators, all having wide 

 

use, are described in this short series. Some of the circuits are based on discrete 

 

semiconductors, others on familiar i.c.s. In addition to theory of operation, design pointers 

 

for particular needs and applications are given. Each part in the series also includes a 

 

detailed circuit for a practical project. 

 

Part Three: DIGITAL CMOS DEVICES 

 

By J. R. DAVIES 

 

ALTHOUGH not primarily designed for 

 

use as oscillators, digital CMOS in-
verters, NAND gates and NOR gates can 

 

be readily employed in simple RC os-
cillator circuits. These are dealt with in 

 

this chapter. One digital CMOS device, 

 

the 4047 monostable/astable multivi-
brator, is specifically intended to function 

 

as an oscillator in its own right and will 

 

also be described. 

 

Digital CMOS NAND gates with 

 

Schmitt trigger inputs can also be em-
ployed as RC oscillators, and this ap-
plication will be covered in the next part 

 

of this series, which describes hysteresis 

 

oscillators. 

 

CMOS CIRCUITRY 

 

A basic understanding of the internal 

 

functioning of CMOS inverters, NAND 

 

gates and NOR gates is desirable before 

 

carrying on to their use as oscillators. 

 

Fig. 3.1 shows a CMOS inverter compris-
ing a p-channel f.e.t. and an n-channel 

 

f.e.t. When the input voltage on the gate 

 

of the p-channel f.e.t. is high, that is, at or 

 

near the positive rail, this f.e.t. is turned 

 

off. If the p-channel gate is taken negative 

 

( 1; 
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(EESS6 

 

Fig. 3.1. A CMOS inverter. The out-
put is low when the input is high and 

 

vice-versa. 
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of the positive rail, a gate voltage is 

 

reached at which the f.e.t. commences to 

 

turn on. The p-channel f.e.t. is fully 

 

turned on when its gate voltage is low, at 

 

or near the negative rail. 

 

The n-channel f.e.t. has a similar per-
formance with all polarities reversed, and 

 

it is turned off when its gate voltage is 

 

low. Taking its gate positive causes the n-
channel f.e.t. to turn on after a certain 

 

voltage is reached, and it is turned fully 

 

on when its gate voltage is high. 

 

The device functions as an inverter 

 

because when the input is high the p-
channel f.e.t. is turned off and the n-
channel f.e.t. is turned on, giving a low 

 

voltage at the output; and because when 

 

the input is low the n-channel f.e.t. is tur-
ned off and the p-channel is turned on, 

 

with a high voltage being given at the out-
put. The gate drive current required at the 

 

input is negligibly low, being in the order 

 

of pA (picoamps, or millionths of 

 

microamps) only. 

 

The solid line curve of Fig. 3.2(a) 

 

shows a typical input voltage/output 

 

voltage transfer characteristic for a 

 

CMOS inverter. The supply voltage is 9 

 

volts. When the input gate voltage is low, 

 

OUTPUT 

 

VOLTAGE 

 

(EE 606J 

 

INPUT VOLTAGE 

 

Fig. 3.2(a). The solid line illustrates a typical 

 

transfer characteristic for a CMOS inverter 

 

with a 9-volt supply. The two broken lines 

 

indicate permissible characteristic limits. 

 

at zero, the output voltage is high, at 9 

 

volts. Both voltages are with respect to 

 

the negative rail. 

 

As the input voltage is taken positive, 

 

up to about 2 volts, the output voltage 

 

stays high, but after this it commences to 

 

go low. The rate of change is small at 

 

first, increases to a high rate of change at 

 

an input voltage of around 4.6 volts, and 

 

then slows again until, at an input voltage 

 

of around 7.3 volts, the output is fully 

 

low. It stays low as the input voltage con-
tinues up to 9 volts. 

 

The two broken line curves in Fig. 

 

3.2(a) show outside limits for the transfer 

 

characteristic. The CMOS inverter meets 

 

specification if its transfer characteristic 

 

is within the two outside limits. As may 

 

be seen, a fairly wide spread is permissi-
ble but the output is always fully high for 

 

input voltages below about 1 volt, and is 

 

always fully low for input voltages above 

 

about 8 volts. 

 

A typical curve illustrating inverter 

 

supply current drawn from the supply for 

 

different input voltages is shown in Fig. 

 

3.2(b). At input voltages nearly up to the 

 

point at which the typical transfer charac-
teristic of Fig. 3.2(a) starts to go negative, 

 

SUPPLY 
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( m A ! 
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Fig. 3.2(b). Supply current consump-
tion corresponding to the typical 

 

transfer characteristic of Fig. 3.2(a). 

 

INPUT VOLTAGE 

 

Everyday Electronics, August 1984 

 



the current drawn from the supply is too 

 

small to be shown on the graph, and can 

 

be expected to be of the order of 0.01µA. 

 

As the input voltage increases, causing 

 

the transfer characteristic to enter its 

 

curved section, supply current increases 

 

because both the p-channel f.e.t. and the 

 

n-channel f.e.t. are now turned on. Supply 

 

current increases to a maximum of 

 

around 3mA near the input voltage point 

 

where the transfer characteristic has max-

imum slope, then falls off to the negligibly 

 

low value in the order of 0.01µA for 

 

input voltages above some 7.5 volts. 

 

Thus, the supply current drawn by the 

 

CMOS inverter can, for nearly all prac-
tical purposes, be considered as being 

 

negligibly low under quiescent conditions, 

 

and it rises to a peak of around 3mA dur-

ing the transition from one state to the 

 

other. 

 

The curves of Fig. 3.2(a) and 3.2(b) are 

 

applicable to a supply voltage of 9 volts. 

 

They can be scaled up or down, roughly 

 

proportionally, for higher or lower supply 

 

voltages. 

 

NAND, NOR GATES 

 

Circuit Fig. 3.3 shows a CMOS 2-

input NAND gate with its four f.e.t.s 

 

identified as TRA to TRD. When both in-

puts are low, TRA and TRB are turned 

 

on, and TRC and TRD are turned off. 

 

The output is high. If input A is high and 

 

input B is low, TRA is off, TRB is on and 

 

TRD is off. TRC cannot turn on because 

 

no current is available for it through 

 

TRD, and the output is high. Taking in-

put B high with input A low results in 

 

TRA being on and TRC being off, so that 

 

the output is once more high. The output 

 

goes low when both inputs are high 

 

because TRA and TRB are then turned 

 

off and TRC and TRD are both turned 

 

on. 

 

A 2-input NOR gate is shown in Fig. 

 

3.4, and this is virtually the NAND gate 

 

turned upside down. When the two inputs 

 

are low both the p-channel f.e.t.s are tur-
ned on and the output is high. If either 

 

one or both of the inputs is taken high, 

 

either one or both of the n-channel f.e.t.s 

 

turns on and the output goes low. 

 

A 2-input NAND gate can be used as 

 

an inverter by connecting together its two 

 

inputs to form a single input. Similarly, a 

 

2-input NOR gate becomes an inverter if 

 

its two inputs are connected together. 

 

Both configurations are shown in Fig. 

 

3.5. When so connected, the NAND gate 

 

and NOR gate exhibit the same transfer 

 

characteristic and supply current curves 

 

as does the simple inverter. 

 

Inverters are available in a number of 

 

CMOS devices, including the 14-pin dual-
in-line 4007, whose internal circuitry is 

 

illustrated in Fig. 3.6(a). This i.c. has one 

 

true inverter with an input at pin 10 and 

 

an output at pin 12 and two complemen-
tary pairs, and all three sections may be 

 

interconnected to produce a number of 

 

different logic functions. If the 4007 is 

 

connected up as in Fig. 3.6(b) it provides 

 

three separate inverters. 
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Fig. 3.3 (above left). A CMOS 2-
input NAND gate. The output goes 

 

low only when both inputs are high. 

 

Fig. 3.4 (above). A 2-input NOR 

 

gate. The output is low when either 

 

one or both inputs are high. 

 

Fig. 3.5 (left). Connecting together 

 

the inputs of a NAND gate, or a NOR 

 

gate, causes the gate to function as 

 

an inverter. 
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Fig. 3.6(a). The internal circuitry of the Fig. 3.6(b). The 4007 provides three 

 

4007. inverters if its pins are connected as 

 

shown here. 
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Fig. 3.7. The pin-outs of the 401 1 quad NAND gate and the 4001 quad NOR gate. 
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It has become common practice to use 

 

NAND and NOR gates as inverters 

 

because these gates are cheap and readily 

 

available. Also, if two gates of a quad 

 

gate i.c. are connected as inverters and 

 

employed in a CMOS oscillator, the two 

 

remaining gates can be used for logic cir-
cuitry. Two very popular gates for os-
cillator applications are the quad 2-input 

 

NAND gate type 4011 and the quad 2-
input NOR gate type 4001. These have 

 

the pin-outs shown in Fig. 3.7. 

 

CMOS HANDLING 

 

The current range of digital CMOS 

 

devices with the letter "B" immediately 

 

following the type number is suitable for 

 

supply voltages from 3 to 18 volts with an 

 

absolute maximum of 20 volts. (Earlier 

 

devices with the letter "A" immediately 

 

following the type number had supply 

 

ratings of 3 to 12 volts with an absolute 

 

maximum of 15 volts.) 

 

The gate insulation in each gate is very 

 

thin and can readily breakdown at quite 

 

low voltages outside the positive and 

 

negative supply rails. The gates are, in 

 

consequence, protected by internal diode 

 

circuits of the type illustrated in Fig. 3.8. 

 

The diodes prevent any gate being taken 

 

more than about 0.6 volt higher than the 

 

positive rail or more than about 0.6 volt 

 

negative of the negative rail. 

 

The diodes do not give full protection 

 

against high static voltages, and CMOS 

 

devices need to be handled with some 

 

care. They should be kept in their con-
ductive packing until required and should 

 

be soldered into circuit with an iron hav-
ing a reliably grounded (earthed) bit. 

 

As we shall next see, the protective 

 

diodes play a part in the operation of sim-
ple CMOS oscillators. 

 

CMOS OSCILLATOR 

 

What is probably the most commonly 

 

encountered digital CMOS oscillator is 

 

shown in Fig. 3.9(a). This is illustrated 

 

with two NAND gates, and the same 

 

results would be given with two NOR 

 

gates or two inverters. 

 

At one instant in the oscillator cycle 

 

we have the voltage conditions shown in 

 

Fig. 3.9(a). The input of gate G I is low, 

 

the output of G 1 is high and the output of 

 

G2 is low. Capacitor C is therefore 

 

charging via R2 with its left-hand plate 

 

going positive. Virtually zero current 

 

flows through R l into the input of G 1, 

 

but this input is still being taken con-
tinually positive by left-hand plate of C. 

 

After a time the input of gate G 1 goes 

 

sufficiently positive for the gate transfer 

 

characteristic (see Fig. 3.2(a) ) to enter its 

 

curved section and the gate output starts 

 

to go negative, taking the input of gate 

 

G2 similarly negative. After a further 

 

period the input of gate G2 also enters the 

 

curved section of its transfer charac-
teristic, whereupon there is a chain of 

 

linear amplification from the input of gate 

 

G l to the output of gate G2. The circuit 

 

then very rapidly changes to its alternate 

 

state, with G 1 input high, G I output low 

 

and G2 output high. This is shown in Fig. 

 

3.9(b). 

 

Now, at the instant before this rapid 

 

changeover capacitor C was charged, 

 

with its left-hand plate positive. Im-
mediately after the changeover, which 

 

caused G2 output to go high, the left-
hand plate of C is actually taken positive 

 

of the positive supply rail for the gates, so 

 

that at the start of the half-cycle C is dis-
charging via R I into the protective diodes 

 

at G I input, as well as into the low G I 

 

output via R2. The discharge current into 

 

the diodes continues for a small fraction 

 

of the half-cycle until the voltage on the 

 

left-hand plate of C falls below that at 

 

which the protective diodes conduct. The 

 

only current from the capacitor which 

 

then flows is through R2 into the low out-
put of gate G 1. 

 

Capacitor C 1 is now charging in the 

 

opposite direction and its left-hand plate 

 

is going negative whereupon, after a 

 

period, the input of G 1 reaches the cur-
ved section of its transfer characteristic 

 

and, later, so does the input of gate G2. 

 

Again there is a chain of linear amplifica-
tion through the two gates, and it causes 

 

a rapid transition to the first state, with 

 

GI input low, GI output high and G2 

 

output low. 

 

This time the left-hand plate of C goes 

 

negative of the negative supply rail, and 

 

current from the capacitor initially flows 

 

via R 1 into the protective diodes at G 1 

 

input. Shortly after, the only capacitor 

 

current which flows is via R2 into G I 

 

output and the circuit is in the same state 

 

as it was when we started to examine it. 

 

OSCILLATOR FREQUENCY 

 

The best place in the oscillator circuit 

 

to take an output is from the output of 

 

gate G2. If both gates have a transfer 

 

characteristic in the centre of the per-
missible spread this output is a square-
wave whose voltage swings between the 

 

positive and negative supply rails. In 

 

practice, different transfer characteristics 

 

can cause the duty ratio to lie between 

 

some 30 per cent and 70 per cent. 

 

Voo+ 

 

INPUT PIN 

 

IE EGO G1 

 

Fig. 3.8. Protection circuit for a CMOS 

 

input. 
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Fig. 3.9(a). Two NAND gates connected 

 

as a CMOS RC oscillator. At one instant 

 

in the oscillator cycle the gate inputs 

 

and outputs will have the voltages 

 

indicated. 
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Fig. 3.9(b). The input and output 

 

voltages change on the alternate half-
cycle. 
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Fig. 3.10. Making R2 partly ad-
justable to provide a specific os-
cillator frequency. 
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Fig. 3.1 1. Frequently, the oscillator is 

 

employed with R 1 omitted. 
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The transfer characteristic spread also 

 

makes it impossible to calculate oscillator 

 

frequency precisely, although it is 

 

nevertheless a simple matter to arrive at 

 

rough approximations. 

 

During the initial part of each half-
cycle current from C flows into the 

 

protective diodes at the input of GI 

 

whilst, over the whole half-cycle, the 

 

capacitor current flows through R2 into 

 

the output of gate G 1. If R 1 is given a 

 

value which is equal to, or greater than, 

 

R2 it has only a small effect on oscillator 

 

frequency, whereupon the major control 

 

is exerted by C and R2 only. It is found in 

 

practice that the length of each half-cycle 

 

is then very approximately equal to the 

 

time constant of C and R2. 

 

If, for instance, C is 0.01µF and R2 is 

 

WOW (= 0. IMP), with R1 having the 

 

same or a greater value, the length of 

 

each half-cycle calculates as 0.01 x 0. 1, 

 

or 0.001 second. The length of the total 

 

cycle is 0.002 second, the reciprocal of 

 

which gives a frequency of 500Hz. So, if 

 

we make C 0.01µF and R2 100kQ, we 

 

can expect the oscillator to operate at 

 

around 500Hz. 

 

ADJUSTABLE RESISTANCE 

 

Normally, digital CMOS oscillators of 

 

the type described here are not required 

 

to have accurately determined frequen-
cies, and variation in frequency from one 

 

device to the next is quite acceptable. If a 

 

fairly precise oscillator frequency is re-
quired, R2 can be made largely variable, 

 

as in Fig. 3. 10, and its resistance can then 

 

be adjusted until the desired frequency is 

 

obtained. R2 now consists of a fixed and 

 

variable resistor in series. 

 

Should the calculated value for R2 at a 

 

required frequency be say 200kQ, the 

 

Fixed resistor could be 100kil and the 

 

variable resistor 220kQ. It should then be 

 

possible to arrive at the required fre-
quency by adjusting the variable resistor. 

 

The oscillator circuit is often used with 

 

R 1 omitted, as in Fig. 3.11. In many 

 

cases this tends to significantly increase 

 

the frequency because at the start of each 
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Fig. 3.13 (above). Block diagram illus-

trating 4047 internal logic circuitry. 

 

Fig. 3.12 (left). The pin allocations of the 

 

4047 monostable/astable multivibrator. 

 

Fig. 3.14 (right). The 4047 connected 

 

for continuous astable operation. Out-

puts are available at pin 13 (oscillator 

 

frequency) and at pins 10 and 11 (half 

 

oscillator frequency). 
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half-cycle C rapidly discharges into the 

 

protective diodes at G 1 input. The circuit 

 

of Fig. 3.11 saves a resistor and has the 

 

slight disadvantage that the frequency of 

 

oscillation may be further removed from 

 

the approximate value given by calcu-
lating the time constant of C and R2. 

 

Suitable practical values for R2 are 

 

between some 2kQ and IMP, whilst 

 

those for C lie between about 0.001µF 

 

and 0.5µF. These figures point to max-
imum and minimum frequencies of about 

 

250kHz and IHz, respectively, although 

 

oscillator performances may be a little 

 

unpredictable at these extremes. 

 

CURRENTS 

 

The supply current drawn by the os-
cillator is relatively high for a circuit 

 

incorporating CMOS devices, and at 9 

 

volts can be of the order of 0.3 to 0.7mA, 

 

or even higher. The high current is partly 

 

explained by the fact that gate G 1 is on 

 

the curved part of its transfer charac-
teristic for a significant part of each half-
cycle. Also, the two gates pass through 

 

their current consumption peak twice 

 

during each cycle. 

 

The output current capability of the 

 

oscillator, when using 4001, 4007, 4011 

 

and similar devices with a 9-volt supply, 

 

is in excess of 2mA both when the output 

 

is in the high and in the low condition. 

 

THE 4047 

 

The 4047 is a digital CMOS device 

 

which is specifically intended to operate 

 

as an astable (free-running) or mono-
stable ("one-shot") multivibrator. It tends 

 

to be a little more expensive than the two 

 

inverters, NAND gates or NOR gates 

 

employed in the previous oscillator cir-
cuit, but it offers three advantages. 

 

The first of these is that oscillator fre-
quency is defined by manufacturer's 

 

specification and can be readily 

 

calculated. The second advantage is that 

 

the 4047 offers a true 50:50 squarewave 

 

output. The third advantage is that, with 

 

a suitable choice of external frequency 

 

control components, it is capable of run-

ning at very low supply current levels. 

 

The i.c. is housed in a 14-pin dual-in-
line package having the pin allocations 

 

shown in Fig. 3.12. A block diagram 

 

illustrating its logic functions is given in 

 

Fig. 3.13. The i.c. contains a low power 

 

astable multivibrator whose output, after 

 

passing through a buffer amplifier, ap-
pears at pin 13. The oscillator frequency 

 

is controlled by the external capacitor 

 

and resistor connecting to pins 1, 2 and 3. 

 

The oscillator output also passes to a 

 

divide-by-2 circuit which presents a Q 

 

output at pin 10 and a not-Q output (bar 

 

over the letter signifies "not") at pin 11. 

 

In this series we are interested in the 

 

astable operation of the 4047 and the 

 

trigger, retrigger and external reset pins 

 

are not involved in this function. These 

 

pins are returned to the positive or 

 

negative rails as indicated in Fig. 3.14, 

 

which shows the circuit required for con-
tinuous astable running. 

 



Table 3.1: 4047 FREQUENCIES 

 

0.001µF 

 

0.0033µF 

 

0.01µF 

 

0.033µF 

 

0.1µF 

 

0.33µF 

 

1µF 

 

3.3µF 

 

1OkS2 

 

22.7kHz 

 

6.89kHz 

 

2.27kHz 

 

689Hz 

 

227Hz 

 

68.9Hz 

 

22.7Hz 

 

6-89Hz 

 

27M 

 

8.42kHz 

 

2.55kHz 

 

842Hz 

 

255Hz 

 

84.2Hz 

 

25.5Hz 

 

8.42Hz 

 

2.55Hz 

 

68kil 

 

3.34kHz 

 

1 •01 kHz 

 

334Hz 

 

101 Hz 

 

33.4Hz 

 

10. 1 Hz 

 

3-34Hz 

 

1 •O1 Hz 

 

100ki2 

 

2-27kHz 

 

689Hz 

 

227Hz 

 

68.9Hz 

 

22.7Hz 

 

689Hz 

 

2.27Hz 

 

0.689Hz 

 

270kil 

 

842Hz 

 

255Hz 

 

842Hz 

 

25.5Hz 

 

8.42Hz 

 

2.55Hz 

 

0.842Hz 

 

0.255Hz 

 

680kQ 

 

334Hz 

 

101Hz 

 

33.4Hz 

 

10.1Hz 

 

3.34Hz 

 

1.01 Hz 

 

0-334Hz 

 

0.101Hz 

 

1 MQ 

 

227Hz 

 

68.9Hz 

 

22.7Hz 

 

6.89Hz 

 

2.27Hz 

 

0-689Hz 

 

0.227Hz 

 

0.0689Hz 

 

An output at oscillator frequency is 

 

given at pin 13, and outputs at half os-
cillator frequency at pins 10 and 11. The 

 

output at pin l l is always opposite in 

 

phase to that at pin 10. 

 

The oscillator can be gated by apply-
ing control voltages to the astable and 

 

not-astable input pins. For astable gating, 

 

pin 5 is disconnected from the positive 

 

rail and has applied to it an input pulse 

 

which swings between the two supply 

 

rails, as in Fig. 3.15(a). There are no 

 

changes at the other pin connections. 

 

Oscillation is inhibited with pin 5 low, 

 

and starts when pin 5 is taken high. When 

 

pin 5 is taken low again the oscillation 

 

continues until both pin 13 and pin 10 are 

 

low, and then stops. 

 

For not-astable gating, pin 5 is taken 

 

to the negative rail and the input pulse is 

 

applied to pin 4, which is now disconnec-
ted from the positive rail, as shown in Fig. 

 

3.15(b). Again, no changes are made at 

 

the pins not shown. The oscillator does 

 

not run when pin 4 is high and starts 

 

when pin 4 is taken low. When pin 4 is 

 

taken high again, the oscillation carries 

 

on until both pins 13 and 10 are low, and 

 

then stops. 

 

WAVEFORMS AND 

 

FREQUENCY 

 

The oscillator output at pin 13 is the 

 

upper waveform shown in Fig. 3.16. Its 

 

duty ratio depends mainly on the transfer 

 

characteristic of the internal f.e.t. im-
mediately following pin 3, and is not a 

 

guaranteed squarewave. The total time 

 

for one cycle is shown as Tow. 

 

Immediately below the oscillator wave-
form is the divided-by-2 waveform 

 

available at pin 10. This waveform 

 

changes state on alternate positive-going 

 

pulse edges in the oscillator waveform 

 

and is, in consequence, a true 50:50 

 

squarewave. The total time of one cycle 

 

at pin 10 is designated in the diagram as 

 

TQ. 

 

When the f.e.t. following pin 3 has a 

 

transfer characteristic in the centre of its 

 

permitted spread, the cycle time is given 

 

by 

 

TQ = 4.40RC 

 

where TQ is in seconds, and R and C (the 

 

external frequency control components) 

 

are in megohms and microfarads. If the 

 

transfer characteristic goes to its extreme 

 

in either direction (to left or right in Fig. 

 

3.2(a)) the cycle time is given by 

 

TQ = 4.62RC 

 

This time is precisely 5 per cent higher 

 

than that given with the transfer charac-
teristic at the centre of its spread. 

 

To calculate cycle time, the approach 

 

is to work to the 4.40RC figure (which 

 

corresponds to f.e.t.s in the centre of the 

 

transfer characteristic spread), accepting 

 

that the actual time given will have a 

 

tolerance of +5 per cent and -0 per cent. 

 

Frequency is the reciprocal of cycle 

 

time, so that 

 

f
 0.227 

 

RC 

 

where f is in hertz. This is the frequency 

 

available at the pin 10 and pin 11 out-
puts; the pin 13 frequency has twice this 

 

value. To take an example, the calculated 

 

frequency given by frequency control 
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components of 270M and 0.1µF would 

 

be equal to the reciprocal of 4.40 x 0.27 

 

x 0. 1, or 8.42Hz to three significant 

 

figures. Table 3.1 gives calculated fre-
quencies for different values of R and C. 

 

The recommended range of values for 

 

R is IOkQ to 1M0. The value of C 

 

should be 100pF or more, with no limit 

 

on maximum value. The capacitor must 

 

be a non-electrolytic component, and the 

 

oscillator works reliably with high values. 

 

If, for instance, R in Fig. 3.14 is IMQ 

 

and C is 10µF, the total cycle length at 

 

the pin 10 or pin 11 output calculates as 

 

44 seconds, and this cycle length, within 

 

the +5 per cent tolerance, is given in 

 

practice. 

 

The current drawn by the 4047 run-
ning as an astable multivibrator is largely 

 

dependent upon the value of the fre-

quency control resistor, and can be made 

 

much smaller than the current consump-
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 To 
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Fig. 3.15(a) (above left). The connec-
tions required at pins 4, 5 and 6 for 

 

astable gating. The oscillator runs 

 

when the input pulse is high. 

 

Fig. 3.15(b) (left). With pins 4, 5 and 

 

4047 6 connected as shown here, the os-
cillator runs when pin 4 is low. 

 

Fig. 3.16 (above). Output waveforms 

 

at pin 13 and pin 10. The pin 10 out-
put is a true square wave. 
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tion of the 2-inverter CMOS oscillator. 

 

With R at MCI, a typical current con-

sumption is of the order of 20µA. This in-

creases to around 40µA when R is 

 

100kil, and to some 700µA when R is 

 

MD. 

 

All these current figures apply to a 

 

supply of 9 volts and a value in C of 

 

0.001µF or more. If low current con-

sumption is important, it is obviously 

 

desirable to give R a high value. With a 9-
volt supply the output current capability 

 

at any of the three output pins is in excess 

 

of 2mA for both the high and low condi-
tions. 

 

Like all CMOS devices, the 4047 

 

needs to be handled carefully in order 

 

that high static voltages are not applied to 

 

any of the pins. However, extra care is 

 

needed with the 4047 at its pin 3. To per-
mit larger input voltage swings, this pin 

 

has a modified diode protection circuit 

 

and is more sensitive to high static 

 

voltages than are the other input pins. 

 

STORE SENTINEL 

 

A practical project to protect valuables on 

 

display in stores or your home 

 

A very useful practical project incor-

porating a 4047 and a 4011 has the cir-
cuit shown in Fig. 3.17. This is a security 

 

unit which protects items on display in a 

 

store and it employs the familiar ap-
proach of threading a guard wire through 

 

the handles or other apertures in the 

 

goods. If the guard wire is cut or interrup-
ted an alarm sounds. 

 

DESIGN PRINCIPLES 

 

It is necessary for a unit of this nature 

 

to be battery driven in order that it 

 

remains operational during power cuts 

 

and other cessations in the electricity sup-

ply. In the interests of economy it then' 

 

becomes desirable to design the unit so 

 

that it has a very low standing current 

 

consumption, say less than half a 

 

milliamp. Such a supply current would 

 

enable standard dry batteries to be used 

 

and these would have a very long life. 

 

Conflicting with the low supply current 

 

requirement is the fact that, for robust 

 

working, the current flowing in the guard 

 

wire should be in the order of several 

 

milliamps so that false alarms are not 

 

caused due to current leakage between 

 

conductors and similar factors. 

 

CIRCUIT DESCRIPTION 

 

These two requirements are reconciled 

 

in the circuit of Fig. 3.17 by having a 

 

4047 produce a squarewave which is fed 

 

through the guard wire. The current con-

sumption of the 4047 is much less than 

 

half a milliamp, but its output current 

 

capability is in excess of several 

 

milliamps. If the insulation in the guard 

 

wire system is good the 4047 supply 

 

current will be low. Should the insulation 

 

deteriorate for any reason the 4047 will 

 

still supply the squarewave, even at 

 

leakage currents up to several milliamps, 

 

and security will be maintained. 

 

There will, however, be a corres-

ponding increase in battery current. The 

 

overall result is that battery current con-

sumption will normally remain low if 

 

reasonable care and maintenance is 

 

provided, and that the unit will continue 

 

to function, with increased battery 

 

current, if the guard wire insulation 

 

becomes poor. 

 

The 4047 produces a squarewave hav-

ing a frequency of about 84Hz at its pin 

 

10, and this is fed into the guard wire. 

 

The wire consists of flexible audio 

 

screened cable which leaves the housing 

 

in which the unit is assembled, passes 

 

through the goods being protected, then 

 

returns to the housing to connect to diode 

 

D 1. This diode rectifies the squarewave 

 

and causes C3 to charge. 

 

The time constant of C3 and the 

 

parallel resistor R2 is 0.047 second, and 

 

the voltage across these two components 

 

is about 0.5 volt lower than the peak-to-

peak amplitude of the squarewave. If the 

 

guard wire is cut, or if its inner and outer 

 

conductors are short-circuited, the 

 

voltage across C3 rapidly falls to zero. 

 

An output short-circuit does not damage 

 

the 4047. 

 

LOGIC 

 

The simple logic in the circuit is 

 

provided by the four NAND gates of a 

 

4011, all of which are connected as inver-

ters. The first gate, G1, couples to C3 and 

 

R2. The voltage at the gate input is nor-

Fig. 3.17. Protection circuit for displayed items in a store. The bell sounds continuously if the guard wire is momentarily opened or short-

circuited. 
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mally high and its output is low. If the 

 

guard wire is cut or short-circuited, the 

 

gate input goes low and its output goes 

 

high. 

 

Gates G2 and G3 form a latch, with 

 

the input of G2 and the output of G3 

 

being normally low. The latch maintains 

 

this state due to the coupling, through R3, 

 

from G3 output back to G2 input. The 

 

latch output couples to G4, whose output 

 

is normally high. This output connects to 

 

the base of the emitter follower, TR 1, 

 

whereupon no current flows through the 

 

relay coil in its emitter circuit. 

 

When the guard wire is cut or short-
circuited, G l output goes high, taking G2 

 

input high via diode D2. The latch now 

 

takes up its alternate state with input and 

 

output both high, and remains locked in 

 

this condition even if GI output goes low 

 

again because D2 is then reverse biased. 

 

Thus, it takes only a momentary break or 

 

short-circuit in the guard wire to change 

 

the latch to its alternate condition, which 

 

it then maintains. 

 

When the latch output goes high, the 

 

output of gate G4 goes low and TR I 

 

causes the relay to energise. The normally 

 

open relay contacts complete the circuit 

 

to the alarm bell (or other warning device) 

 

and this rings continually until either the 

 

unit is switched off or the Reset button is 

 

pressed. A separate battery, B2, is used 

 

for the bell to keep bell transients away 

 

from the electronics. 

 

The high value capacitor, C 1, ensures 

 

that the initial relay energising current 

 

does not affect CMOS operation if BI 

 

should happen to have a high internal 

 

resistance. When the on-off switch is 

 

turned off, C 1 rapidly discharges through 

 

current limiting resistor R4. This dis-
charge of C 1 is necessary because the 

 

voltage across it, due to the low running 

 

current of the unit, would otherwise fall 

 

slowly, and the CMOS circuitry would 

 

remain active for a significant period after 

 

it was supposedly turned off. 

 

SETTING-UP 

 

At switch-on it is possible for the 

 

CMOS latch to take up the state in which 

 

its input and output are high, and the 

 

latch can then be brought to its normal 

 

state by momentarily pressing the Reset 

 

button. If desired, the button can be 

 

pressed at the same time as the unit is 

 

switched on at S2. There are other means 

 

of ensuring that the latch takes up its nor-
mal state at switch-on, but the use of a 

 

Reset button is the simplest and most 

 

reliable since it offers direct control into 

 

the circuit. 

 

The relay can be any type having a coil 

 

resistance of about 20052 or more and 

 

which reliably energises at less than 9 

 

volts. The three diodes are shown as 

 

I N4002, but they are not critical and any 

 

other small silicon diode could be used 

 

instead. 

 

HOUSING 

 

Apart from the bell, the whole unit can 

 

be housed in a small plastic or metal case. 

 

The two ends of the guard wire can con-
nect into the main circuit by way of jack 

 

plugs and sockets, phono plugs and 

 

sockets, or by any other convenient coax-
ial plugs and sockets. Coaxial line plugs 

 

and sockets can be inserted along the 

 

length of the guard wire to ease installa-
tion and to allow the insertion of extra 

 

lengths of screened wire in the loop. 

 

In the quiescent condition, and assum-
ing no leakage in the guard wire system, 

 

the total current drawn from battery B 1 is 

 

approximately 100µA plus the leakage 

 

current in C 1. About 60µA of this 

 

current is charging current for C3. The 

 

electrolytic leakage current in C 1 can be 

 

expected to be of the order of 10µA. 

 

When the guard wire is cut or short-
circuited, the main current drawn from 

 

B 1 is that which flows in the coil of the 

 

relay. 

 

Part Four of this series will discuss 

 

hysteresis oscillators. 

 

COUNTER 

 

INTELLIGENCE 

 

Intelligent Computers 

 

With the modern computer trying to 

 

emulate the human brain, a question many 

 

of us ask ourselves, is it conceivable that it 

 

will ultimately surpass the human brain in 

 

matters of intelligence and reasoning? 

 

I was reminded again of this conum-
drum, by the appearance of a book entitled, 

 

"The Fifth Generation," by E. A. Feigen-
baum and Pamela McCorduck. Subtitled, 

 

"Artificial Intelligence and Japan's Com-
puter Challenge to the World the authors 

 

consider the possibility of reasoning com-
puters. Could Arthur C. Clarke's villainous 

 

HAL one day become a reality? 

 

It is not easy to come up with a satisfac-
tory answer. The computer is already able 

 

to deal with mathematical problems in 

 

seconds, that would take the average 

 

mathematician weeks to solve. It can play 

 

chess up to the standard of a Grand Master. 

 

It can diagnose illness with a higher rate of 

 

success than most GPs so one can be 

 

forgiven for deciding yes, it will happen. 

 

First we must decide on two points: Will 

 

the computer ever be able to give out more 

 

than has been put into it? Will it ever be 

 

possible to program it with heuristic 

 

knowledge? 

 

On a more mundane level, I can think of 

 

many reasons why they won't replace us. 

 

Taking your average Homo Sapien, he has a 

 

wage packet (at least the lucky ones do) he 

 

BY PAUL YOUNG 

 

(or she) is competitive and wants to keep 

 

up with the Jones's. Can you ever imagine 

 

the Apricots being worried about not keep-
ing up with the Apples? 

 

Consider the Arts, a computer could 

 

compose music at the present moment, but 

 

it would only be fit for other computers to 

 

listen to. I once read that some genius had 

 

worked out that if a group of monkeys were 

 

left to scribble for a million years they 

 

would write all the Beethoven Symphonies. 

 

By the same token a computer could 

 

write them. It seems to me that the fallacy 

 

here is, that, the group of monkeys could 

 

scribble away for a million years and still 

 

not write them. 

 

As for painting, I'm sure any computer 

 

worth its software could produce works 

 

superior to much that appears at the Royal 

 

Academy Summer Exhibition. I don't think 

 

writing novels would present much dif-
ficulty either, but poetry—could it produce 

 

lines like: 

 

"Kissing with golden lace, the 

 

meadows green, 

 

Gilding pale streams with heav-
enly alchymy" 

 

describing the sun shining on streams and 

 

meadows, I very much doubt it. 

 

One scientist stated, that if a computer 

 

were constructed with the mental power of 

 

the human brain, it would be the size of 

 

Europell If they did achieve all this without 

 

acquiring top heavy heads, could they one 

 

day become Members of Parliament? I 

 

don't think so, we couldn't program them to 

 

be mendacious enough. 

 

Although I have treated the subject with 

 

a certain amount of levity, it is a serious 

 

one, and one that we shall be arguing about 

 

for many years to come. 

 

Rusty Programme 

 

With Cheltenham very much in the news 

 

of late, I was rather amused to read the 

 

following: It appears that the BBC Radio 

 

Station at York had asked permission to 

 

erect a medium-sized relay station at Scar-
borough. A short time after its completion 

 

the BBC was asked by the Home Office to 

 

reduce its power by 75 per cent. 

 

The reason given was National Security. 

 

Apparently a listening station nearby, linked 

 

to Cheltenham, tunes into the Russian 

 

trawlers. Instead of getting the latest news 

 

on the size of the herring catches, they 

 

were receiving an up to the minute account 

 

of the traffic situation in York. 

 

After the BBC Engineers proved that this 

 

was impossible, a very embarrassed 

 

security man from GCHQ explained why it 

 

was happening. Their listening station had 

 

never been cleaned since it was built, and 

 

consequently suffers from something 

 

known as "Dry Rust This causes the sta-
tion not only to hear a report of the number 

 

of vehicles on the road at Nether Poppleton 

 

but also local pop music as well. 

 

I wonder if this is why I sometimes pick 

 

up television on my tape recorder? Perhaps 

 

it needs rust-proofing. 

 

Meanwhile the BBC said they would 

 

send round engineers to clean the place up 

 

with wire brushes, no, not Paul Young's 

 

shack, but the listening station. So now we 

 

can all sleep soundly in our beds once 

 

more. 
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ONE of the latest features found on 

 

some new high-specification cars is a 

 

device which informs the driver when the 

 

windscreen washer reservoir is nearly 

 

empty, to warn you to replenish it at the 

 

earliest opportunity. 

 

The Washer Fluid Monitor is a simple 

 

electronic circuit which will tell the 

 

motorist by means of a warning lamp that 

 

the washer bottle requires re-filling. 

 

The device can be especially useful on 

 

long motorway journeys in dirty road 

 

conditions; under these circumstances, 

 

the screen washers can be in almost con-
tinuous use and the Monitor will warn 

 

you in good time to pull in at the next 

 

stop to re-fill the reservoir. The tell-tale 

 

lamp also warns you to economise on 

 

screen washer fluid in the meantime! 

 

CIRCUIT DESCRIPTION 

 

The circuit diagram is shown in Fig. 1. 

 

Firstly, TR 1 and associated components 

 

form a simple transistor switch. Two sen-
sor wires are taken from the points shown 

 

to the fluid bottle where the two probes 

 

dip into the water contained inside. The 

 

water, whilst not being a perfect conduc-
tor, forms a resistive path between the 

 

two probes and thus the base terminal of 

 

TR I is forward biased. 

 

TR I is therefore permitted to conduct, 

 

so the collector terminal goes low, to 

 

roughly OV. In turn, this biases off the 

 

base of TR2 and so TR2 is held off by 

 

TR 1. 

 

Should the water drop to a level below 

 

that of the probes, then the base current 

 

for TR I is cut off, switching out that 

 

transistor. Base current for TR2 then 

 

flows through R4 and so TR2 can switch 

 

on. As TR2 switches on the voltage at its 

 

collector falls. 

 

A transistor astable multivibrator, 

 

comprising TR3 and TR4, forms the 

 

collector load for TR2 and the astable is 

 

now permitted to oscillate. The astable 

 

drives a filament indicator LP1, simple 

 

bulbs being more suited, in the author's 

 

opinion, to automotive purposes than 

 

light-emitting diodes. 

 

The warning lamp will now flash, 

 

thereby alerting the driver that the washer 

 

fluid level requires topping up. 

 

A capacitor CI is included to in-
troduce a time delay into the operation of 

 

the circuit. This prevents the lamp from 

 

flashing for about four or five seconds, so 

 

that, should the water level temporarily 
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fall below the pre-determined point as the 

 

car corners or travels along uneven sur-
faces (like the Ml!),  the delay will inhibit 

 

the operation of the warning light for a 

 

short period. 

 

None of the component values are 

 

critical: the circuit should function quite 

 

normally if nearest-value components 

 

from the junk box are employed instead. 

 

The same applies to the types of tran-
sistors used in the circuit. 

 

CONS 

 

TRUCTION 

 

VEROBOARD 

 

All the components, with the exception 

 

of LP1, are assembled on 0•lin matrix 

 

PROBES 

 

781/S 

 

7 7aF 

 

cz 

 

71 100nF 

 

Mn 22 

 

To, 

 

R 

 

ion 

 

ci R2 TR1 

 

2-2m Bc1W 

 

e 

 

R4 

 

Is 

 

Veroboard of dimensions 16 strips x 29 

 

holes, as shown in Fig. 2. 

 

The Veroboard has been cut to fit 

 

inside a plastic Bimbox type 2002 and 

 

measuring 100 x 50 x 25mm. It is then 

 

possible to mount the board horizontally 

 

inside the box by employing four 

 

"Bimadaptors" cut to length; these slot 

 

into the p.c.b. guides moulded within the 

 

case. No mounting hardware is therefore 

 

necessary for the circuit board. 

 

Start the assembly by cutting the 

 

Veroboard to size, and then making the 

 

two breaks in the copper tracks as shown 

 

in Fig. 2. The components should be 

 

soldered in position. As always, take the 

 

usual handling precautions with the tran-
sistors and ensure that all the polarised 

 

capacitors are inserted the right way 

 

round. 

 

TR4 

 

TR2 TR2-TR4: ZTX300 

 

Fig. 1. Circuit diagram of Washer Fluid Monitor 
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Fig. 2. Veroboard layout, wiring diagram and sensor construction. 

 

CONNECTIONS 

 

The connections to the Washer Fluid 

 

Monitor are made via a 5-way screw ter-
minal block mounted on the exterior of 

 

the case. Flying leads are then passed 

 

from the terminal block and through an 

 

adjacent hole in the case to the circuit 

 

board inside. You can use Veropins 

 

where the wires join the component 

 

board. 

 

Note that Terminal 1 shares the con-
nections for both the 12V positive input 

 

and one leadout to the lamp. The d.c. in-

put should be taken from an ignition-
controlled circuit, for example, the radio 

 

or similar. LP I can be mounted in any 

 

convenient position on the dashboard, but 

 

it will probably be necessary to extend the 

 

lamp's leads with hook-up wire. 

 

The completed module is best fitted 

 

inside the passenger compartment out of 

 

harm's way. The prototype was stuck 

 

inside the centre console by using 

 

double-sided adhesive foam strip. 

 

SENSOR CONSTRUCTION 

 

The proposed arrangement for incor-

porating the fluid-level, sensor has been 

 

designed to be used in conjunction with 

 

plastic bottles of the injection-moulded 

 

type: the sensor assembly will not be 

 

suitable with those "flexible bag" types 

 

found on older cars. 

 

The recommended sensor design is 

 

also shown in Fig. 2, and this was used in 

 

the author's car with great success. 

 

Firstly, empty out the contents of the bot-
tle. Then drill two 2BA clearance holes in 

 

the top of the bottle on either side of the 

 

re-fill opening. 

 

Two solid-core uninsulated wires are 

 

bolted, via a solder tag, to the inside of 

 

the bottle so that the wire forms a probe 

 

dipping into the water. It should be possi-
ble to reach inside the bottle with a finger 

 

in order to feed the bolt through the hole 

 

made in the washer bottle. 

 

Another solder tag mounted outside on 

 

top of the bottle is used to take a connec-
tion away from the probe to the Monitor 

 

fitted inside the car. 

 

The probe wires used in the prototype 

 

set-up were gold-plated since this kind of 

 

wire is resistant to corrosion. A suitable 

 

source of this wire is indicated in the com-

ponents list. Being rather thin, the wires 

 

COMPONENTS 

 

Resistors 

 

R1 22kn 

 

R2 2.2kf2 

 

R3 

 

R4 

 

R5 

 

ion 

 

1 8k 

 

1kn 

 

R6 1 O 

 

R7 4-7kn 

 

All }W carbon ±5% 

 

Capacitors 

 

C1 

 

See 

 

Shm 

 

Talk 

 

page 534 

 

47µF 16V axial lead 

 

electrolytic 

 

C2 0. 1µF 35V tantalum 

 

bead 

 

C3,4 150µF 16V axial lead 

 

electrolytic (2 off) 

 

Transistors 

 

TR1 BC108C npn 

 

TR2-4 ZTX300 npn 13 off) 

 

Miscellaneous 

 

plastic box, Bimbox type 2002 

 

100 x 50 x 25mm; 0.1 in matrix 

 

Veroboard, 16 strips x 29 holes; 

 

(LP1)-14V 40mA filament in-
dicator, amber; 1781)-5-way 

 

screw terminal block; Bimadap-
tors, cut to suit; gold-plated wire, 

 

cut to length (Maplin); 2BA nuts, 

 

bolts, washers, solder tags; inter-
connecting wire; solder. 

 

Approx. cost 

 

Guidance only 

 

£6.00 

 

should be bent double to introduce an 

 

element of rigidity into the probes. Of 

 

course, the probes need to be cut to 

 

appropriate length, say 25mm to 30mm 

 

or so, from the bottom of the bottle. 

 

When the water drops below the probes, 

 

then the warning lamp will flash on the 

 

dashboard. 

 

With construction and installation 

 

completed, and the washer reservoir still 

 

empty, now switch on the ignition to con-
nect the Washer Fluid Monitor to the 

 

car's electrical supply: the warning lamp 

 

on the dashboard should be flashing. 

 

Switch off and then repeat the process 

 

after having filled up the bottle with 

 

water. This time of course the lamp 

 

should remain extinguished. ❑ 
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Catalogue 

 

The new 450-page "Electronic 

 

Superstore" catalogue from 

 

Verospeed is their largest edition to 

 

date. It now lists over 8000 products, 

 

of which 500 are completely new. 

 

Several areas have been expanded 

 

and these include, A/D and D/A con-
verters, sealed lead acid batteries, 

 

computer peripherals and cleaning kits, 

 

drawing aids and a new card frame 

 

data-bussing system. 

 

As an indication of the vast amount 

 

of information listed in the catalogue it 

 

now occupies 300 Megabytes of disc 

 

storage. Data stored includes prices 

 

and detailed product summaries, 

 

together with photos and diagrams. 

 

Altogether, the 450-page catalogue 

 

covers a range of products from over 

 

160 supplibrs. It is Verospeeds claim 

 

that all stock items are available on a 

 

"same day despatch" basis. 

 

Copies of the 450-page "Electronic 

 

Superstore" catalogue are available 

 

from: Verospeed, Dept EE, Stansted 

 

Road, Boyatt Wood Industrial Es-
tate, Eastleigh, Hants S05 4ZY. 

 

High Powered 

 

Following their very successful and 

 

now widely accepted 10OW bi-polar 

 

power amplifier module, BK Elec-
tronics have just launched a follow-up, 

 

high specification, range of MOS-FET 
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Power Amplifier models under their 

 

OMP brand. 

 

With respective power ratings of 

 

100W, 20OW and 30OW r.m.s., they 

 

are ideal for the designer of instrumen-
tal, P.A., disco and hi fi equipment. 

 

They are also aimed at the expanding 

 

studio and leisure industry. 

 

All models are built on glass-fibre 

 

printed circuit boards with aluminium 

 

chassis/heatsinks and power supplies, 

 

incorporating a toroidal mains transfor-
mer. On-board drive circuits are 

 

provided to power a compatible eleven 

 

segment I.e.d. A Vu-meter is available 

 

as an optional extra. 

 

A brief technical specification is as 

 

follows: Frequency response: 1 Hz to 

 

100kHz; Sensitivity: For maximum out-
put 500mV; Slew rate: 45V/µS; 

 

Signal-to-Noise Ratio: 125dB; Total 

 

Harmonic Distortion (THD): Full power 

 

0.002 (typical 0001); Power: Output: 

 

Into 4 ohms, 100W, 20OW and 30OW 

 

r.m.s. (dependent on model). Amplifiers 

 

with a reduced frequency range are 

 

also available. 

 

Prices for the OMP/MF100 to 

 

MF300 range from approximately £40 

 

to £80, including VAT. These figures 

 

do not include postage and packing. 

 

For more details readers should con-
tact: B.K. Electronics, Dept EE, Unit 

 

5, Comet Way, Southend-on-Sea, 

 

Essex SS2 6TR. 

 

Please mention 

 

EVERYDAY 

 

ELECTRONICS 

 

when replying 

 

to products 

 

mentioned 

 

on this page 

 

and to 

 

Classified Ads 

 

Tape It 

 

Repairing printed circuit boards and 

 

altering prototype layouts is always a 

 

tricky undertaking and sometimes it 

 

becomes a case of "ditching" the 

 

board in frustration and starting again. 

 

However, the latest offering from 

 

Copperfoil Enterprises should help to 

 

alleviate some of the above problems. 

 

Taking the form of adhesive-backed 

 

copper tape, Copperfoil can easily be 

 

cut to length and placed in position on 

 

the "baseboard" to make-up the 

 

desired circuit. 

 

Tested and approved at 24V 5A d.c., 

 

and conforming to BS safety regula-
tions, Copperfoil is available in 4, 4.75, 

 

6 and 8mm widths in 33m rolls. In-
clusive prices per 33m roll are: £2.95, 

 

£3.35, £3.95 and £4.25 respectively. 

 

For addresses of nearest stockists 

 

readers should contact: Copperfoil 

 

Enterprises, Dept EE, 141 Lyndhurst 

 

Drive, Hornchurch, Essex RM11 1JP. 

 

CONSTRUCTIONAL PROJECTS 

 

Microwave Alarm System 

 

As the Microwave Alarm System can 

 

only be completed by the purchase of the 

 

special microwave module, we have been 

 

able to convince Avionic Systems that they 

 

should offer these units at a discount price. 

 

They are prepared to make a special 

 

allowance to EE readers and are offering 

 

them at below manufactured price. 

 

The microwave alarm unit is being offer-
ed at £29 plus £3 post and packing. We 

 

understand that this is a saving of E10 on 

 

the "bought-in" price. 

 

The unit and the warning sounder can be 

 

obtained from Avionic Systems 

 

(Heathrow) Ltd., Dept EE, Viscount Way, 

 

London (Heathrow) Airport, Hounslow, 

 

Middx. TW6 2JW. 

 

The remaining components for the 

 

"adaptor" should be available from our 

 

advertisers. 

 

Seed Propagator 

 

The 1-metre 28 s.w.g. Nichrome wire 

 

called for in the Seed Propagator project is 

 

available from Scientific Wire Co. 

 

This wire is usually sold in 2oz lots and 

 

will cost E3.09, including VAT and p&p, 

 

from Scientific Wire Co., Dept EE, Forest 

 

Road, London, Ell 7. 

 

We cannot envisage any component 

 

buying problems for the rest of this month's 

 

constructional projects. 
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all in your 

 

SEPTEMBER 

 

issue! 

 

NEPTUNE 

 

ROBOTS 

 

Of ever increasing interest and importance are robotics, ano PE 

 

has been at the forefront of this subject, having featured as 

 

constructional projects the first educational servo controlled 

 

robot and the first low pressure hydraulic robot. These robots 

 

are now a common sight in the education institutions and R & D 

 

laboratories throughout this country and abroad. 

 

Breaking new ground again we present Neptune 1 and 2, tunes. 

 

hydraulic robots of novel design powered by pure water) Also A pro-publication preview of Neptune and Mentor will be given 

 

featured will be Mentor, a rugged little fixed axis electro servo at the Education Training and Development Exhibition at the 

 

controlled robot which is software compatible with the Nep- National Exhibition Centre, Birmingham, 10-12 July. 

 

mono/STEREO ECHO L REUE 

 

Based on the TDA 1097 bucket brigade device this neat solid state 

 

unit features echo delays up to 200ms and reverberation to infinity. 

 

0151 DRIVES 

 

PRACTICAL 

 

This article takes the lid off disc drives and 

 

explains how to choose which drive is best 

 

for your particular needs and how to get 

 

the best from them. 
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ROBOTICS - MICROS - ELECTRONICS - INTERFACING 
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CIRCUIT 

 

EXCHANGE 

 

BF 

 

SIGNAL - 

 

INPDT 

 

A 

 

e)  

 

This is the spot where readers pass on to fellow enthusiasts useful 

 

and interesting circuits they have themselves devised. Payment is 

 

made for all circuits published in this feature. Contributions should 

 

be accompanied by a letter stating that the circuit idea offered is 

 

wholly or in significant part the original work of the sender and that 

 

it has not been offered for publication elsewhere. 

 

k 

 

O 
DI 

 

OA92 

 

R3 

 

I 1kn 

 

�VRI 

 

rokn 

 

R4 

 

'OOA 

 

ICI 

 

LM 3934 

 

21 4 

 

D2 O
e 

 

q RS 

 

k 
r�Un 

 

03 0  

 

R6 

 

k 

 

a r00n 

 

Dt 

 

D6 'f,� 

 

,4 R9 

 

k
 IOGfI 

 

/

D7 IV� 

 

k\ZJa jam' 

 

DB 

 

16 R,1 

 

k a b0•, 

 

R9 �� 

 

n R,2 

 

k 
roil 

 

RIO *� 

 

,9 R17 

 

k a IOOn 

 

Dn ♦,, 

 

� Ril 

 

k 
I. 

 

EMPTY WINDSCREEN 

 

WASHER INDICATOR 

 

Tests circuit provides early warning of 

 

an empty windscreen washer bottle. A 

 

varying amplitude voltage is applied 

 

across two stainless steel electrodes 

 

suspended inside the bottle. The varying 

 

voltage is used to help prevent coating of 

 

the rods. When there is no water present 

 

to short out the rods, diode DI conducts, 

 

thus switching TR t on. Pin 4 of IC  goes 

 

high causing the I.e.d. D2 to Bash. If the 

 

rods are shorted out again the charge in 

 

C4 results in D2 flashing for a further IS 

 

to 20 seconds. This is necessary as the 

 

level of water around the rods will not be 

 

constant while the car is running. 

 

R. Ormston, 

 

Southampton, 

 

Hants. 
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LUMINOUS OUTPUT LEVEL 

 

INDICATOR 

 

IDESIGNED this luminous modulator for 

 

my stereo hi fi. It replaces the classic 

 

galvanometer type of output indicator. 

 

The project is based on the LM3914N 

 

integrated circuit which incorporates 10 

 

op-amps. It can sense analogue voltage 

 

levels and directly drive 10 l.e.d.s to 

 

provide a linear 10-step display. It has its 

 

own adjustable reference source that con-
trols the internal 10-step divider chain. 

 

The audio signal is applied to the in-
verting terminal (—) of each op-amp (pin 

 

5) via resistors R 1 and R2 (points A and 

 

B). These op-amps are utilised as com-
parators, that means when the voltage 

 

level of the audio signal applied to the in-
verting terminal is greater than the 

 

reference voltage level applied to the non-
inverting (+) terminal (pin 6), the I.e.d. 

 

will glow. The reference level is adjusted 

 

by potentiometer VR 1. 

 

The OA92 diode (DI) mounted be-
tween pin 5 and the positive line rectifies 

 

the waveform of the audio signal, which 

 

eliminates the positive component of the 

 

BF signal. 

 

The required power supply is between 

 

3V to 12V. The audio signal is taken from 

 

the speaker. For a stereo system, I 

 

coupled two circuits together. 

 

Anis Hably, 

 

Beirut, 

 

Lebanon. 
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I  IT11ii11 I 

 

CIRCUIT 

 

EXCHANGE 

 

NAUGHTS AND CROSSES 

 

THis is a simple electronic naughts and 

 

crosses game, ideal for passing the time 

 

when travelling. The I.e.d.s are arranged in the 

 

normal matrix layout, and are operated by a 

 

d.i.l. switch arrangement. All the I.e.d.s are BI-
coloured and are supplied via a low voltage 

 

current source TR 1. 

 

It should be quite easy to construct an at-
tractive little project using this idea. All the 

 

components can be mounted on either a strip-
board or a p.c.b. which should be mounted in-
side a suitable box. The I.e.d.s can be brought 

 

out to the top of the box and arranged in the 

 

standard naughts and crosses, three by three 

 

matrix. 

 

Despite being a very simple project, it will 

 

provide hours of fun, and can be built by 

 

anyone, as all the components are readily 

 

available and are quite cheap. 

 

G. McLintock Esq., 

 

Bishopbriggs, 

 

Glasgow. 

 

INTELLIGENT TTL LOGIC PROBE 
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33On 
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D2 

 

GREEN 

 

RI PROBE 

 

< 7kn 

 

EE10681 

 

THE Intelligent Logic Probe, unlike any 

 

other probe I know of, can distinguish 

 

between a logic 0 and ground, or between 

 

logic 1 and Vcc. This is achieved by com-
paring various reference voltages with the 

 

probe voltage. 

 

The power for the circuit is derived from 

 

the circuit under test, and the measurement is 

 

displayed on four I.e.d.s. green represents logic 

 

0, yellow logic 1 and no I.e.d.s indicates un-
defined. A green and red indicates short to 

 

ground and a yellow and red, short to Vcc. 

 

Resistors R I and R2 act as a potential 

 

divider giving a reference of half the probe 

 

voltage. Other reference voltages are obtained 

 

from the divider chain R3 to R8. To make 

 

various comparisons on these references a 

 

quad op-amp (LM324) with no feedback is 

 

used. Depending on the probe voltage the out-
put of these comparators will be close to Vcc 

 

or ground. The outputs are used to drive I.e.d.s 

 

via current limiting resistors. This circuit has 

 

been tested at a frequency of 15kHz with a 

 

square-wave input. However, if a quad com-
parator such as the LM339 is used then it will 

 

probably work at much higher frequencies. 

 

It should be noted that the input impedance 

 

of this probe is quite low, and may cause 

 

problems if used in circuits with large "fan 

 

outs". 

 

D. Kirby, 

 

W althamstow, 

 

London. 
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THERMOSTdTK, 

 

SEED John Lewis 

 

PROPAGATOR 

 

IN SPRING, it is an advantage for the keen 

 

gardener to be able to sow seeds in 

 

warm, controlled conditions. An elec-
trically heated seed propagator is ideal for 

 

this purpose as it avoids the considerable 

 

expense of heating the entire greenhouse 

 

to a high temperature. It may also be 

 

used near a south facing house window 

 

where the maximum light may be ob-
tained. 

 

Seed propagators available from gar-
den centres may not be thermostatically 

 

controlled and can be quite expensive if 

 

this feature is included. 

 

The inexpensive seed propagator 

 

described in this article has very good 

 

temperature control and provides ade-
quate heating for use in normal condi-
tions. 

 

GENERAL DESCRIPTION 

 

The propagator consists of a modified 

 

standard size seed tray which has heating 

 

wires covered with sand in its base. A 

 

small thermistor senses the sand tem-
perature and an electronic unit controls 

 

the 12-volt supply current to the heating 

 

element. This element is made from 

 

Nichrome wire which is protected by high 

 

temperature glass-fibre sleeving. 

 

Square plastic or peat pots are ideal for 

 

seed sowing and a number of these can be 

 

fitted inside the seed tray, resting on the 

 

heated sand. Peat can be packed around 

 

the pots to provide extra insulation and a 

 

clear plastic cover can be used over the 

 

seed tray to help maintain warmth while 

 

still allowing light to enter. Sufficient light 

 

is important if the plants are to grow well. 

 

The required sand temperature may be 

 

set with a variable resistor and an I.e.d. 

 

shows when the heating current is 

 

switched on. The optimum germination 

 

temperature for most seeds is between 

 

18°C and 211C (651F and 70°F) and 

 

this can be easily achieved with this unit 

 

provided that the surrounding tem-
perature is not too low. The unit should 

 

be calibrated before use with a ther 

 

mometer inserted into the sand near the 

 

thermistor, a scale can then be drawn 

 

under the variable resistor pointer. 

 

CIRCUIT DESCRIPTION 

 

The circuit diagram of the Seed 

 

Propagator is shown in Fig. 1. 

 

IC 1 is a 741 operational amplifier used 

 

to compare two voltages. The non-
inverting input on pin 3 of the op-amp is 

 

held at a reference voltage of about half 

 

the supply voltage by the resistors R I and 

 

R2. VRI is variable and together with 

 

thermistor RTH 1 and R3 sets the voltage 

 

on the inverting input of the op-amp 

 

which is pin 2. 

 

If the voltage on pin 2 is greater than 

 

the voltage on pin 3, then the op-amp out-
put on pin 6 is at 0 volts and the tran-
sistor TR 1 is on. The collector of TR I is 

 

then at 12 volts, the I.e.d. is lit and tran-
sistor TR2 is also on so current will flow 

 

through the heating element. 

 

As RTH 1 warms up, its resistance 

 

decreases and the voltage on pin 2 will 

 

decrease until it is just less than the 

 

voltage on pin 3. The op-amp then greatly 

 

amplifies this small voltage difference and 

 

pin 6 changes rapidly to about 1 I volts. 

 

TR 1 switches off, extinguishes the I.e.d. 

 

and switches off TR2. The current 

 

through the heating element is therefore 

 

rapidly switched off. As the thermistor 

 

cools, the operation is reversed. R5 

 

provides a feedback loop which gives 

 

about I °C between the switch-on and 

 

switch-off temperatures. This reduces the 

 

sensitivity of the circuit to a suitable level 

 

and prevents an excessive number of 

 

switching operations. 

 

C 1 smooths the 12-volt power supply 

 

which should be capable of providing 

 

about 2 amps. It need not be a regulated 

 

supply as the circuit is relatively immune 

 

to power supply voltage changes. 

 

Fig. 1. Circuit diagram of the Seed Propagator. 
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Remember that a mains supply in a 

 

greenhouse should be connected through 

 

an earth leakage circuit breaker, now 

 

referred to as a residual current circuit 

 

breaker, this provides a very great deal of 

 

protection from electric shocks. 

 

CONSTRUCTION 

 

STRIPBOARD 

 

The circuit is built on 0.1 inch matrix 

 

stripboard which is 24 holes wide by 18 

 

strips (Fig. 2 and Fig. 3). The 741 op-amp 

 

should be mounted in an 8-way socket 

 

which will prevent damage due to 

 

overheating when soldering. Care must 

 

also be taken when soldering the 2N3703 

 

transistor on the circuit board. The i.c. 

 

and the transistor must be correctly inser-
ted into the board as incorrect insertion 

 

will cause damage. 

 

A diecast aluminium box about 110 x 

 

60 x 60mm is ideal for containing the cir-

cuit board. The variable resistor should 

 

be mounted on the box together with the 

 

I.e.d. The l.e.d. must be correctly connec-

ted, usually the flat side is the negative 

 

connection. Note that these devices must 

 

never be connected directly across a 

 

power supply without a series resistor, 

 

this is R6 on the circuit board. 

 

The TIP3055 transistor should be 

 

bolted to the inside of the box using an in-
sulated mica washer and a small amount 

 

of heatsink compound. The box provides 

 

enough heat dissipation and no other 

 

heatsink is required unless a plastic or 

 

other insulating box is used. 

 

External connections are most con-

veniently made to a terminal block moun 

 

ted on the outside of the box (Fig. 4). 

 

HEATING ELEMENT AND SEED 

 

TRAY MODIFICATION 

 

The heating element is made from one 

 

metre of 28 s.w.g. Nichrome wire which 

 

has a resistance of 9.7 ohms. This gives a 

 

power of 14.5 watts from a 12-volt sup-

ply. Notice that no attempt should be 

 

made to run the heating element directly 

 

from the mains. The length specified gives 

 

COMPONENTS 

 

Resistors 

 

R 1,2 t Okn (2 off) 

 

R3 680 

 

R4 1k0 

 

R5 3.3kn 

 

R6 3300 

 

R7 220CI 

 

VR 1 1 Okf2 linear variable 

 

RTH1 VA1066S thermistor 

 

All resistors are "W (± 10% 

 

tolerance) 

 

page 534 

 

Capacitors 

 

C1 2200µF 25V axial 

 

electrolytic 

 

Semiconductors 

 

D 1 light emitting diode (any 

 

colour) 0.2in diameter 

 

TR 1 2N3703 pnp silicon 

 

transistor 

 

TR2 TIP3055 npn silicon 

 

transistor 

 

IC1 741 8-pin d.i.l. operational 

 

amplifier 

 

Miscellaneous 

 

Stripboard (0. 1 in matrix), 24 

 

holes wide x 18 strips; 8-pin d.i.l. 

 

socket; I.e.d. clip; 1 metre 28 

 

s.w.g. Nichrome wire; 2 metres 

 

2mm glass-fibre sleeving; heat-
sink compound, mica washer; 

 

diecast aluminium box, 110 x 60 

 

x 60mm; 6-way terminal block; 

 

connecting wire, assorted nuts 

 

and bolts; knob for variable 

 

resistor. 

 

*Residual current circuit breaker. 

 

`See text. 
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Fig. 4. Wiring details. 
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a power which is comparable with com-
mercial units of similar size. 

 

To protect the heating wire from corro-
sion and mechanical damage it must be 

 

inside a suitable length of glass-fibre 

 

sleeving. Heatsink compound should be 

 

smeared over the wire as it is inserted into 

 

the sleeving and a liberal amount rubbed 

 

over the outside of the sleeving will help 

 

to keep moisture out. 
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Fig. 2. Stripboard track cutting details. 
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The seed tray should be a standard 

 

full-size tray (350 x 210 x 80mm) made 

 

from strong plastic, the drainage holes in 

 

its base should be covered with water-
proof tape. The heating element should be 

 

arranged in a zig-zag pattern on top of a 

 

10mm layer of sand 1n the base of the 

 

tray (Fig. 5). Screw terminals on the side 

 

of the tray secure the ends of the heating 

 

element, holes for these screw terminals 

 

are most easily made with a hot soldering 

 

iron rather than with a drill. More sand is 

 

then put into the tray to cover the heating 

 

element to a depth of about 20mm. 

 

The thermistor is quite delicate and 

 

must be protected by being sealed into a 

 

plastic pen-top or something similar using 

 

epoxy resin or silicone rubber bath 

 

sealant. Its leads should also be protected 

 

by glass-fibre sleeving, screw terminals on 

 

the side of the tray should be provided for 

 

connecting these leads. ❑ 
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Fig. 5. Seed tray layout. 
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EXCHANGE 

 

EArED rear screens consume large 

 

amounts of energy and if left on too 

 

long can deplete the battery power 

 

reserve, so much so that the task of cold 

 

starting can become impossible. 

 

This simple circuit solves this problem 

 

by timing out five minutes after activation 

 

of the dashboard switch. This time delay 

 

allows sufficient time for the heater to do 

 

its job efficiently, and if the heater is 

 

needed again during the journey, a simple 

 

"off-on" movement of the switch will give 

 

another five minutes heating. 

 

The circuit is cheap and easy to build 

 

and can easily be installed to most cars. 

 

Only three connections to the heater relay 

 

are required. An I.e.d. is included to in-
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G. R. Cornell, 

 

Chelmsford, 

 

Essex. 

 

TELEPHONE PEN 

 

REMINDER 

 

Two RC oscillators form the basis o f 

 

his telephone pen reminder circuit. 

 

After removal of a modified pen from its 

 

holder, an alarm will sound after a preset 

 

time to remind the user to replace the pen. 

 

Only after the pen is replaced will the 

 

alarm cease to operate, thus avoiding 

 

those times when a pen cannot be found. 

 

The first oscillator, IC Id and e, is 

 

tuned by V R l until WD I resonates at a 

 

frequency of approximately 4.5kHz. The 

 

second oscillator, IC 1 b and c, pulses this 

 

tone at approximately 0.3Hz, and the in-
verter IC l a together with RI and CI 

 

provide a delay when the circuit is ac-
tivated. 

 

A small magnet is glued to a cheap 

 

pen, making sure that it will operate the 
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change-over contacts on the reed switch. 

 

In normal use the pen is placed in its 

 

holder so as to operate the reed switch 

 

and thus discharge C 1. When the pen is 

 

removed the contact will close and the 

 

circuit will energise when C I charges to a 
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01 
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high logic level. The time delay is set by 

 

R I and with the values shown, will give a 

 

delay of approximately 60 seconds. 

 

S. Digby, 

 

Gately, 

 

Stockport. 
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EVERYDAY ELE(TR0111C5 

 

PRII'ITED CIRCUIT BOARD 

 

SERVICE  

 

Printed circuit boards for certain EE constructional projects are now 

 

available from the EE 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 air-

mail. Remittances should be sent to: EE PCB Service, Everyday 

 

Electronics Editorial Offices, Westover House, West Quay Road, 

 

Poole, Dorset BH15 1JG. Cheques should be crossed and made 

 

payable to IPC Magazines Ltd. 

 

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 ordering both p.c.b.s and software cassettes may send a 

 

single cheque/PO for the combined amounts listed. 

 

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 here. 

 

PROJECT TITLE 

 

Order Code 

 

Cost 

 

PROJECT TITLE 

 

Order Code 

 

Cost 

 

- JUNE *83 -

Eprom Programmer, TRS-80 

 

8306-01 

 

£9.31 

 

Eprom Programmer, Genie 

 

8306-02 

 

£9.31 

 

Eprom Programmer, TRS-80 & Genie 

 

8306-03 

 

£1.98 

 

- JULY'83 -

User Port Input/Output M.I.T. Part 1 

 

8307-01 

 

£4.82 

 

User Port Control M.I.T. Part 1 

 

8307-02 

 

£5.17 

 

- AUGUST'83 -

Storage 'Scope Interface, BBC Micro 

 

Car Intruder Alarm 

 

8308-01 

 

8308 02 

 

E3.20 

 

£5.15 

 

High Power Interface M.I.T. Part 2 

 

8308-03 

 

£5.08 

 

Pedestrian Crossing Simulation 

 

M.I.T. Part 2 

 

8308-04 

 

£3.56 

 

Electronic Die 

 

8308-05 

 

£4.56 

 

- SEPTEMBER'83 -

High Speed A-to-D Converter 

 

M.I.T. Part 3 

 

8309-01 

 

£4.53 

 

Signal Conditioning Amplifier 

 

M.I.T. Part 3 

 

8309-02 

 

£4.48 

 

Stylus Organ 

 

8309-03 

 

£6.84 

 

Distress Beacon 

 

•8309-04 

 

£5.36 

 

Distress Beacon Pocket Version 

 

8309-05 

 

£3.98 

 

- OCTOBER'83 -

D-to-A Converter M.I.T. Part 4 

 

8310-01 

 

£5.77 

 

High Power DAC Driver M.I.T. Part 4 

 

8310-02 

 

£5.13 

 

Electronic Pendulum 

 

8310-03 

 

£5.43 

 

- NOVEMBER'83 -

TTL/Power Interface for Stepper Motor 

 

M.I.T. Part 5 

 

8311-01 

 

£5.46 

 

Stepper Motor Manual Controller 

 

M.I.T. Part 5 

 

8311-02 

 

£5.70 

 

Digital Gauss Meter 

 

8311-03 

 

£4.45 

 

Speech Synthesiser for BBC Micro 

 

Car On/Off Touch Switch 

 

8311-04 
8311-05 

 

£3.
93

 

 

1 1 

 

- DECEMBER'83 -

4-Channel High Speed ADC (Analogue) 

 

M.I.T. Part 6 

 

8312-01 

 

£5.72 

 

4-Channel High Speed ADC (Digital) 

 

M.I.T. Part 6 

 

8312-02 

 

£5.29 

 

TRS-80 Twin Cassette Interface 

 

8312-03/09 

 

£7.43 

 

Environmental Data Recorder 

 

8312-04 

 

£7.24 

 

Touch Operated Die (Dot matrix) 

 

8312-05/06 

 

£4.34 

 

Touch Operated Die (7-segment) 

 

8312-05/07 

 

£4.34 

 

Continuity Tester 

 

8312-08 

 

£3.41 
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- JANUARY'84 -

Central Heating Pump Delay 

 

Biological Amplifier M.I.T. Part 7 

 

Temp. Measure & Control for ZX Comprs 

 

Analogue Thermometer Unit 

 

Analogue-to-Digital Unit 

 

Games Scoreboard 

 

8401-01 

 

8401-02 

 

8401-03 

 

8401-04 

 

8401-06/07 

 

£3.33 

 

£6.27 

 

£2.35 

 

£2.56 

 

£9.60 

 

- FEBRUARY'84 -

Eprom Programmer/ROM Card for ZX81 

 

Oric Port Board M.I.T. Part 8 

 

Negative Ion Generator 

 

Temp. Measure & Control for ZX Comprs 

 

Relay Driver 

 

••8402-01 

 

8402-02 

 

'•8402-03 

 

8402-04 

 

£ 7.84 

 

£9.56 

 

£8.95 

 

£3.52 

 

- MARCH '84 - 

 

Latched Output Port M.I.T. Part 9 

 

Buffered Input Port M.I.T. Part 9 

 

VIC-20 Extension Port Connector 

 

M.I.T. Part 9 

 

Commodore 64 Extension Port Connector 

 

M. 1. T. Part 9 

 

Digital Multimeter Add-On for BBC Micro 

 

8403-01 

 

8403-02 

 

8403-03 

 

8403-04 

 

8403-05 

 

£ 5.30 

 

£4.80 

 

£4.42 

 

£4.71 

 

£4.63 

 

- APRIL'84 -

Multipurpose Interface for Computers 

 

Data Acquisition "Input' M.I.T. Part 10 

 

Data Acquisition "Output' M.I.T. Part 10 

 

Data Acquisition "PSU" M.I.T. Part 10 

 

Timer Module 

 

A.F. Sweep Generator 

 

Quasi Stereo Adaptor 

 

8404-01 

 

8404-02 

 

8404-03 

 

8404-04 

 

8404-05 

 

8404-06 

 

8404-07 

 

£5.72 

 

£5.20 

 

£5.20 

 

E3.09 

 

£3.58 

 

£3.55 

 

£3.56 

 

- MAY'84 -

Simple Loop Burglar Alarm 

 

Computer Controlled Buggy M.I.T. Part 11 

 

Interface/Motor Drive 

 

Collision Sensing 

 

Power Supply 

 

8405-01 

 

8405-02 

 

8405-03 

 

8405-04 

 

£3.07 

 

£5.17 

 

£3.20 

 

£4.93 

 

- JUNE'84 - 

 

Infra-Red Alarm System 

 

Spectrum Bench PSU 

 

Speech Synthesiser M.I.T. Part 12 

 

Train Wait 

 

8406-01 

 

8406-02 

 

8406-03 

 

8406-04 

 

£2.55 

 

£3.99 

 

£4.85 

 

£3.42 

 

- JULY'84 -

Ultrasonic Alarm System 

 

Atom EPROM Simulator 

 

Electronic Code Lock 

 

Main board 

 

Keyboard 

 

8407-01 

 

8407-02 

 

8407-03 

 

8407-04 

 

£4.72 

 

£ 3.08 

 

£2.70 

 

£3.24 

 

- AUGUST'84 -

Microwave Alarm System 

 

Temperature Interface-BBC Micro 

 

8408-01 

 

8408-02 

 

£4.36 

 

£2.24 

 

"Set of four boards. 

 

Calibrated with C1, V81 and IC3 fitted. 

 

M./.T.-Microcomputer Interfacing Techniques, 12-Part Series. 
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EVERYDAY 

 

ELECTRONICS AT YOU 

 

anq computer PROJECTS 

 

Reach effectively and economically to-days enthusiasts anxious to know of your 

 

through our semi-display and classified pages. Semi-display spaces may be booked at 

 

timetre (minimum 2.5cm). The prepaid rate for classified advertisements is 33 pence per word 

 

number 60p extra. All cheques, postal orders, etc., to be made payable to Everyday Electronics 

 

crossed "Lloyds Bank Ltd." Treasury notes should always be sent registered post. Advertise-
tance, should be sent to the Classified Advertisement Department, Everyday Electronics and 

 

2612, [PC Magazines Limited, King's Reach Tower, Stamford St, London SE1 9LS. (Telephone 

 

When replying to Classified Advertisements, please 

 

ensure: 

 

(A) That you have clearly stated your requirements. 

 

(B) That you have enclosed the right remittance. 

 

(C) That your name and address is written in block 

 

capitals and 

 

(D) That your letter is correctly addressed to the 

 

advertiser. 

 

This will assist advertisers in processing and des-

patching orders with the minimum of delay. 

 

Security 

 

SECURITY 

 

Alarm Systems 

 

FREE COMPREHENSIVE CATALOOUEI 

 

• LOWEST DISCOUNT PRICES 

 

• HIGHEST QUALITY EQUIPMENT 

 

• FREE DI Y DESIGN GUIDE 

 

• FULLY ILLUSTRATED 

 

• MACROCHIP CIRCUITRY 

 

•QUACK DESPATCH SERVICE 

 

• F(AL INSTRUCTIONS 

 

SEND SAE OR PHONE 

 

C-TEC SECURrTY, Dept EE, 

 

60 Market St, Wigan WN1 1HX. 

 

Telephone (0942) 42444 

 

542 

 

Miscellaneous 

 

FREE! Parcel of components worth £10. Send only 

 

80p postage! D. HORSLEY, 113 Clare Road, Brain-
tree, Essex. 

 

P.C.B. PLANT (Instagraphic) unused £100. 

 

Develop, wash etch tanks. Capacity 10" x 8". Temp. 

 

control, agitator. BAYFORD (Hens) 397 evenings. 

 

EPROM PROGRAMMER SERVICE from master 

 

or hex listings. Low rates, most types. Ring 0438 

 

720671 evenings. 

 

PCB'S MADE to own personal requirements, drilled 

 

or undrilled. Send for details. Reasonable rates. 

 

B. M. ANSBRO, c/o 38 Poynings Drive, Hove, 

 

Sussex. 

 

Receivers & Components 

 

4 PLASTIC BOXES E2 

 

1 Thick black, four screw top. size 90mm by 70mm. 

 

deep 26mm. 

 

2. Thick black four screw top. sue 150mm by 87mm. 

 

deep 43mm 

 

3.Thm while flick on top. size B1mm by 64mm, deep 26mm 

 

4. Thm semKlear while top, sue 81 mm by 64mm, deep 64mm 

 

ONE OF EACH TYPE Isample) E2.00 plus P&P 30p, 

 

ELECTRONIC MAILORDER, 

 

62 Bridge Street, Ramsbottom, Lancs.. BLO 9AG. 

 

Tel. 1070 682) 3036. - ACCESS/VISA 

 

CAPACITORS, DIL Sockets, Heat-Sinks, LEDs, 

 

Regulators, Transistors and Resistors. Send for VAT 

 

inclusive price list. HUNT ELECTRONICS, PO Box 

 

57, Derby, DE6 6SN. 

 

TURN YOUR SURPLUS capacitors, transistors etc., 

 

into cash. Contact Coles Harding & Co., 103 South 

 

Brink, Wisbech, Cambs. 0945-584188. Immediate 

 

settlement. 

 

AMERICAN POLICE SIREN KIT. Whooping out-

put (5W/80). Includes case. (£4.25 + 35p P&P). 

 

Weatherproof speaker (+ 5.70p) if regwired. 

 

MARTEX ELEC I RONICS, 51 Kempton Grove, 

 

Fiddlers Green, Cheltenham, Glos. GL51 (11X. 

 

Service Sheets 

 

INVENTORS 

 

Think of something new? 

 

Write it down! 

 

American industry offers potential 

 

royalties for you innovations and new 

 

products. We offer free confidential 

 

disclosure registration and initial con-
sultation in London regarding your 

 

idea's potential value. Write without 

 

delay for your free information 

 

package. 

 

American Inventors Cor3oration 

 

82 Broad Street, Dept. v, 

 

Westfield, Massachusetts 01086, 

 

United States of America 

 

A fee based marketing company 

 

ORDER FORM PLEASE WRITE IN BLOCK CAPITALS 

 

Please insert the advertisement below in the next available issue of Everyday Electronics for 

 

Insertions. I enclose Cheque/P.O. for £   

 

(Cheques and Postal Orders should be crossed Lloyds Bank Ltd. and made payable to 

 

Everyday Electronics) 

 

NAME   

 

ADDRESS   

 

Company registered in England Registered No 53626 

 

EVERYDAY ELECTRONICS 

 

Classified Advertisement Dept.. 

 

Room 2612, King's Reach Tower, 

 

Stamford Street. London SEt 9LS 

 

Telephone 01-261 5942 

 

Rate: 

 

33p per word. minimum 12 words 

 

Box No 60p extra 

 

Registered Office King's Reach Tower, Stamford Street. London SE1 9LS 

 

L 
8/84 
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ISERVICE 

 

products and services 

 

£7.80 per single column cen-
(minimum 12 words), box 

 

and Computer Projects and 

 

ments, together with remit-
Computer Projects, Room 

 

01-261 5942) . 

 

Service Sheets 

 

BELL'S TELEVISION SERVICE for service sheets 

 

on Radio, TV etc. £1.50 plus S.A.E. Service Manuals 

 

on Colour TV and Video Recorders, prices on 

 

request. S.A.E. with enquiries to: BTS, 190 King's 

 

Road, Harrogate, N. Yorkshire. Tel: 0423 55885: 

 

FULL SIZE SERVICE SHEETS £2 + Isae; CT V/ 

 

MusC £3 + Isae. Repair/sires almost any named TV/ 

 

VCR £9.50. Isae free quotations for manuals, sheets 

 

- free mag inc. service sheet. T.I.S.E.E. 76 Church 

 

Street. Larkhall, Lanarks - Phone 0698 883334. 

 

Courses 

 

CONQUER THE CHIP- master modem electronics 

 

the practical way by seeing and doing in your own 

 

home. Write for your free colour brochure now to 

 

BRITISH NATIONAL RADIO & ELECTRON-
ICS SCHOOL. Dept C3. Reading, Berks RGI I BR. 

 

NO! 

 

If you see an 

 

advertisement in the 

 

press, in print, on 

 

posters or a cinema 

 

commercial which 

 

makes you angry, 

 

write to us at the 

 

address below. (N 

 

and radio commer-
cials are dealt with 

 

by the I.B.A.) 

 

The Advertising 

 

Standards Authwity. 

 

ASA Ltd., Brook House, Torrington Place, 

 

London Wit 'G 7HN 

 

1t BAKER ,fr 

 

GROUP P . DISCO 

 

AMPLIFIERS Pus, t 2 

 

150 watt Output. 4 input Myer pie amp lllus-1111 E99 

 

150 Wan Output. Slave 500 my Input 3 Speaker Outputs 190 

 

150 • 150 wan Stereo, 300 wan Mono Slave 500 my Inputs E125 

 

150 wan PA vocal, 8 inputs. High/Low Mixer Echo Socket 1729 

 

t00 an Valve Model, 4 inputs, 5 Outputs. Heavy duty E125 

 

60 wan Valve Model. 4 inputs. Low imp and 100v line output E69 

 

60 wan Mobile 240v AC and 12v DC 4-8 16 ohm - 100v line E89 

 

BAKER LOUDSPEAKERS Post 12 1 11 r 

 

Type Model Si., Wans Ohms Price 

 

PA./Disco/Group DG50/10 10 50 8/16 11800 

 

Midrange Mid 100/10 10 100 8 E25 00 

 

H. Malor 12:n 30 4/8/16 Ell 00 

 

Hi-FI Superb 12,n 30 8/16 E26 DO 

 

P A./Draco/Group DG45 12m 45 4/8/16 E16 00 

 

HIi 
Woofer 12�n 80 8 125 00 

 

Hi FI Auditorium 15�n 60 8/16 E37 DO 

 

P.A./D,o,Group DG75 12in 75 4/8/16 E20 00 

 

PA Th' Group DG100 12in 100 8/16 E26 DO 

 

PA/D,scor Group DG 00/15 15-n 100 8/16 13500 

 

DISCO CONSOLE Twin Decks mixer pre amp 1106. Can C6. 

 

COMPLETE DISCO 150 wan E330. 300 wan C390. Carr EW 

 

DISCO MIXER 240V. 4 stereo channels. 2 magnetic. 2 ceramic/ 

 

tape I -_ rmc channel, twin v u meters. headphone monitor 

 

,ullel. slider controls, panel or desk mounting, grained aluminum 

 

faoa Tape output facilRY E49 Post E7. 

 

DELUXE STEREO DISCO MIXER/EQUALISER as above plus 

 

L E D V U displays 5 band graphic equaliser, 
r

len/nght fader 

 

witch able inputs for phone/bite. mike%line 
L� 

 

Headphone Monitor. Mike Talkover Switch L 12 PP , 2 

 

din. 7 Band Graphic 1129.  

 

P A CABINETS Iemptyl Single 12 E30. Double 12 E36. carr 00 

 

WITH SPEAKERS 6OW E27. 75W E52: Bow 171. 15OW ESO 

 

HORNBOXES 200 Wan 130 300 Wan 135 Post 14 

 

WATERPROOF HORNS 8 ohms 25 wan 120. 30 wan C23 40 wan 

 

C29. 20W Pius 100 volt line E38. Post 12 
ES 

 

MOTOROLA ►IEZO ILEEnIDNIe NOUN TWEETER. 3en square 
110 

 

Im vans N. oos e, required 4816 ohm. 71 •3Mn 

 

CROSSOVERS. TWO WAY 3000 01 30 van 0. Im ran Es 

 

3 wsy 950 cps/3000 cps 40 wen rating E4. EO wan Ell 100 wan 110 

 

LOOOSPEAKEif BARGAINS Pteaw enquire many others w stock 

 

4 able, Sin 7.4n 0.59: 60n. 8 .5n 0. an E3 5f7. 60 low 17.50 

 

100. 20n 3in 0, 5 .lit. 6 ,4w. 7 . an, 51n 0.50; 60n. MW 110.00, 6 • In 

 

0. an EISS: Ion CS. 12w EO. an 25W 11.59 

 

15 able. 21n 31rn. 5.3in. 6 •4w 0.50. 6yn IOW IS an H Ion 17 

 

2S able. 3, 0: 5�3n. 5.4rn 7.en 0.50 1201H. 30 d. it  

 

make 

 

AUDAX 

 

GOODMANS 

 

GOODMANS 

 

WHARFEDALE 

 

CELESTION 

 

GOODMANS 

 

GOODMANS 

 

GOODMANS 

 

GOODMANS 

 

Model 

 

WOOFER 

 

HIFAx 

 

HB WOOFER 

 

WOOFER 

 

olsco/Group 

 

HPG/GROUP 

 

HPO/DISCO 

 

MP /BASS 

 

HPD/BASS 

 

Sue 

 

5. 

 

71 .1}w 

 

an 

 

Nn 

 

on 

 

12. 

 

12. 

 

ISw 

 

M 

 

Wans 

 

25 

 

too 

 

60

 

 

30 

 

50 

 

120 

 

120 

 

250 

 

23D 

 

hms Prase Post 

 

[18.50 p
no 12 
f13 50 it 
is so Q 

 

/16 E21 12 

 

/i5 EHFSO E2 

 

/15 09. SO C2 

 

172 E/ 

 

E84 E4 

 

RCS SOUND TO LIGHT CONTROLLER KIT 

 

Printed circuit Cabinet 3 channels 1,000 leans each Will 14-1-11 

 

hom H, Fi or Disco 119 Post El 

 

Ready Built Delete 4 Channel 4,000 wan with chaser • speed 

 

programme controls E69 Post 12 

 

MAINS TRANSFORMERS Price Post 

 

2W 0250V 80mA 63V 35A 63V IA E700 E2 

 

350 0 350V 250mA 6 3V 6A CT E12.00 Shrouded E14 00 17 

 

250" 6pmA 63V 2A 14.75 El 

 

220V 25mA 6V t Amp E3.00 220V 45mA 6V 2 Amp EL 00 11 

 

Low voltage tapped outputs available 

 

1 amp b, 8. 10, 12, 16, 18. 20. 24. 30, 36. 40, 46 60 Eli 00 r2 

 

dino 2 amp E10.50 3 amp 112.50 5 amp 118.00 12 

 

LOW VOLTAGE MAINS TRANSFORMERS E5.50 each post paid 

 

9V, 3A 12V, 3A, 16V, 2A. 20V I  30V I A. 30V. 5A 17 0 17V. 2A 

 

35V, 2A, 20-40-WV, IA, 12.012V. 2A, 200-20V. IA. 25-025V. 2A 

 

E8.50 post SOP MINI-MULTI TESTER 

 

Deluxe pocket sue pr-s- moving coil 

 

instrument Impedance - Capacity 4000 

 

o p v Sanery included 11 instant ranges 

 

measure DC volts 5. 25, 250, 500 AC volts 

 

10 50. 500, 1000 DC amps 0 250µa 0 

 

250ma Resistance 0 to 600K ohms  

 

Dwt... Range Doubler Meter• 50.000 

 

o.p.v. 7 5 hit Remstance 0/20 meg m 

 

5 rarges Current SO:A to 1OA. Volts 0.25/ 

 

1000v DC. 10v/1000v AC_ C21.00 post Cl 

 

PANEL METERS ES 50 post 50%) 

5owA. loopA, 500yA 1mA 5mik 10DmA, SODmA. I amp 2 amp 5 

 

amp. 25 voh. VU 1; 2 • 1. Stereo VU 3; • I - fin  

 

ALUMINIUM CHASSIS 1B s.w.8., 4 sides. rivalled corners 

 

6 x 4 x 2iin. C7.755 8 x 6 x 21 in. E2.20: 14 1 9 x 2}m 

 

C3.60. 12x3x24in. E1.80-12 x8 x 2}in. 13.20 . 

 

ALI ANGLE BRACKET 6 - 7 • In 30P. 

 

ALUMINIUM PANELS 18 s.w 
t 

12 - 121n 11.60; 14 • 9n. El 76. 

 

6 - 41, 55p. 12 - Bin Ell 30.1 • 7.n96P:8 - 6m 90p, 14 - 3,n 

 

72p. 12 5m 904, 16 • 10,n E210 16 - Fin Ell 30 

 

ALUMINIUM BOXES MANY OTHER SIZES IN STOCK. 

 

4 x 21 . 2m. E1.20: 3 x 2 x 1k,. C1.00. 6 x 4 x tin. E1.90. 

 

a. 6 x Sin. E3.00, 12 x 5 x 3in. E3.60. 6 x 4 x Sin. 02.20. 

 

10 x 7 x 3in. E3.60, 7 x 5. 3m C2.90, 12 x 8 x 3in. E4.30  

 

HIGH VOLTAGE ELECTROLYTICS 32.32/350V 5OP 

 

20/500V 75p 8.8/500V E1 32.32.32/450V 11.50 

 

32/350V 45p 8, 16/450V 75P 125/500V E2 

 

32/5DOV 95P 16. 16/350V 75p 16.32.32/500V E2 

 

SINGLE PLAY DECKS, Post 12 

 

Make Model Canridge Price 

 

BSR P170 Ceramic E20 

 

GARRARD 6200 Ceramx E22 

 

BSR P182 Ceram�r f26 

 

BSR P232 Magnet¢ 126 

 

BSR ne P200 Magnetic 04 

 

AUTOCHANGER BSR Ceramic E20 

 

DECCA TEAK VENEERED PLINTH 

 

Superior finish with space and panel for small amplifier 

 

Board cut for BSR or Garrard 181 fin . 14;in - an E5 

 

Black/chrome facia trim Tinted plastic cover ES Post 11  

 

TINTED PLASTIC COVERS fo, Decks. Music Centres, etc Post 11 

 

17 . 12. - 3iio E5 16; 13 am E5 

 

22: 13. 3in E3 14; 13, - 21m CS 

 

21- 14• 2,­ E5 17, 13: • 4{in 0 

 

14j 13 • 3jn, ES 21 13. 4un ES 

 

16, ti "1 
C6 

301 13.  3;m ES

4. 12 

 

ACCESS 

 

4141 4,337, WHITEHORSE ROAD, CROYDON 

 

SURREY, U.K TEL 01-684 1665 

 

Pop KP Mmimvm Ca 
riul,

 Welr°me 

 

lr.h uP S.me e., ea.pemn nmm was 

 

VISA 

 

tAa 

 

leada i

r 

 

0 tA a 

 

ac .3 

 

BIG VALUE RESISTOR PACKS 

 

WATT CARBON FILM 

 

1 
w-

11-10Ml1 Ion values. i
L

 

 

Total 720 resistors. 

 

1%50ppm 10f1-1Mf1 124 range. 

 

1 WATT METAL FILM 

�� 

 

Total %0 resistors. 

 

FREE 

 

CATALOGUE 

 

S" 10*my new C 

 

AC/DC COMPONENT PACKS 

 

Pack 

 

MY 

 

Description 

 

Price 

 

No 

 

TF11 

 

12 

 

RED 5mm LED 

 

E1.00 

 

TF12 

 

30 

 

500mz ZENERS 5% 

 

0.00 

 

TF13 

 

100 

 

IN4148 Diode 

 

El DO 

 

TF14 

 

100 

 

IN4151 Diode 

 

E1.00 

 

TF15 

 

50 

 

1 amp Rect Diodes In 4000 

 

series 

 

fl.00 

 

TF16 

 

6 

 

1 amp Bridge Rect 

 

(1.00 

 

TF17 

 

100 

 

Transistor pads 

 

fl.00 

 

TF18 

 

20 

 

A/S Fuses 20mm 

 

fl.00 

 

TF19 

 

10 

 

3A Rect Diodes 

 

11.00 

 

TF110 

 

2 

 

DRIP 12 

 

E1.00 

 

TF111 

 

5 

 

BR 100 DIAC 

 

E1.00 

 

TF112 

 

10 

 

BC109B 

 

0.00 

 

TF113 

 

10 

 

IC's all different 

 

fl.00 

 

TF114 

 

50 

 

BFB86 

 

11.00 

 

TF115 

 

12 

 

8 pin OIL sockets 

 

(1.00 

 

TF116 

 

20 

 

10mm Honz Pre set 

 

(10 values) 

 

11.00 

 

TF21 

 

200 

 

47pf 160v Polystone cap 

 

f2.00 

 

TF21 

 

10 

 

LM 3900 N 

 

E2 00 

 

TF23 

 

10 

 

Mixed DTL 

 

E2.00 

 

TF24 

 

5 

 

4700 mf 25v Tag Elect 

 

2" x 1" 

 

f2.00 

 

TF25 

 

10 

 

1000 mf 63v Ax Elect 

 

E2 00 

 

TF26 

 

50 

 

022 mf 400v FAD POLY 

 

E2.00 

 

TF27 

 

10 

 

100mf 250v Ax 

 

E2.00 

 

TF28 

 

10 

 

2 2m 160v Polyester RAD 

 

E2OO 

 

TF51 

 

100 

 

white/red 5mm LED 

 

f5.00 

 

TF52 

 

50 

 

BC 10BC 

 

E5.00 

 

TF53 

 

2 

 

10,000mf 63v comp grade 

 

elect 

 

E5.00 

 

TF54 

 

3 kg reel 22g ersm multicore 

 

solder 

 

6.00 

 

TF55 

 

10 

 

2N3055 HIRCA) 

 

f5.00 

 

TF56 

 

5 

 

OCP71 

 

(5.00 

 

ALL PRICES INCLUDE VAT - ALL GOODS BRAND 

 

NEW & NORMALLY DESPATCHED BY RETURN 

 

POST 

 

TERMS Cash with order. POST & PACKING 

 

Please add 75P to total order 

 

AC/DC ELECTRONICS 

 

COMPONENTS 

 

DEPT E.E. 45 CHURCH STREET, 

 

ENFIELD, MIDDLESEX. 
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BSR P256 TURNTABLE 

 

P256 turntable chassis e S shaped tone arm 

 

e Belt driven a Aluminium patter a Preawn 

 

calibrated counter balance a Antiskate (bias) 

 

device) a Damped cueing lever a 240 volt AC 

 

operation (Hzl a Cutout template supplied e 

 

Completely manual arm This deck has a com 

 

pletely manual arm and is designed primarily 

 

for disco and studio use where all the advan-
tages of a manual arm are required 

 

Price E33.60 each. f2.50 P&P 

 

POWER AMPLIFIER MODULE 

 

PIEZO ELECTRIC TWEETERS — MOTOROLA 

 

Joni the Piezo revolution The low dynamic mass (no voice tort) o f a Piezo 

 

tweeter produces an improved transient response with a lower distortion 

 

level than ordinary dynamic tweeters As a crossover is not required these 

 

units can be added to existing speaker systems o f u p to 100 watts (more if 2 

 

put in series) FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH 

 

TWEETER. 

 

NEW OMP100 Mk.II POWER AMPLIFIER 

 

MODULE Power Amplifier Module complete 

 

READY BUILT L wnh integral heat sink, toroidal transformer 

 

power supply and glass fibre p c b assembly 

 

Incoporates drove circuit to power a compel 

 

able LED Vu meter New improved specdi 

 

cation makes this amplifier ideal for P A 

 

Ins'rumental and Hi F, applications 

 

SPECIFICATION 

 

Output Power.-- 110 warts R.M.S. 

 

Loads. Open and short circuit proof 4 16 

 

ohms 

 

Frequency Response:— 15Hz - 30KHz - 3dB 

 

T. H. D.. 0 01 % 

 

S.N.R. (Unweighted):— - 118c1B • 3 SdB 

 

Sensitivity for Max Output:— 500mV at 

 

10K. 

 

Sue — 360 • 115 72mm Price -- (31.99 

 

f250 P&P Vu Meter Price —f8.50 - 5op 

 

P&P  

 

New model. 

 

Improved specification 

 

MOS-FET 

 

HIGH SPEC. 

 

MODULES 

 

a
MOS-FET VERSIONS AVAILABLE UP TO 300 W. R.M.S. 

 

100 Watt 300mm - 123mm 60mm Price. £39.99 f2 50 P&P 

 

200 Watt 300mm 150mm 100mm Price: (62.99 - E3 50 P&P 

 

300 Watt 330mm 147mm 102mm Price: (79.99 f4 50 P&P 

 

TYPE 

 

A' 

 

TYPE B' 

 

YPE C —Re 

 

TYPE E 

 

T',PE D 

 

LARGE S.A.E. 

 

For details of 

 

disco mixers. 

 

speakers. kits. 

 

amp - modules, 

 

buglar alarms, 

 

turntables, etc 

 

TYPE 'A' (KSN2036A) 3" round with protective wire 

 

mesh, ideal for bookshelf and medium sized Hi-fi 

 

speakers. Price E4.29 each + 40p P&P. 

 

TYPE 'B' (KSN1005A) 3i" super horn. For general 

 

purpose speakers, disco and P.A. systems etc. Price 

 

E4.99 each . 40p P&P. 

 

TYPE 'C' (KShW16A) 2" x 5" wide dispersion horn. 

 

For quality Hi-fi systems and quality discos etc. Price 

 

E5.99 each . 40p P&P. 

 

TYPE 'D' (KSN1025A) 2" x 6" wide dispersion horn. 

 

Upper frequency response retained extending down 

 

to mid range (2KHz). Suitable for high quality Hi-fi 

 

systems and quality discos. Price E7.99 each . 40p 

 

P&P. 

 

TYPE 'E' (KSN1038A) 31" horn tweeter with attractive 

 

silver finish trim. Suitable for Hi-fi monitor systems 

 

etc. Price E4.99 each + 40p P&P. 

 

[PAf TIt 

 

HOBBY KITS. Proven designs including glass 

 

fibre printed circuit board and high quality 

 

components complete with instructions. 

 

FM MK:ROTRANSMITTER (BUG) 90/105MHz with very sensitive 

 

microphone. Range 100/300 metres. 57 " 46 x 14mm (9 volt) 

 

Price: E8.62 - 75p P&P. 

 

3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap controlled 

 

professional performance. 
Range 

up to 3 miles 35 x 84 x 72mm 

 

112 volt) Price: Ell 3.74 . 75p P&P 

 

SINGLE CHANNEL RADIO CONTROLLED TRANSMITTER/ 

 

RECEIVER 27MHz. Range up to 500 metres. Double coded modulation. 

 

Receiver output operates relay with 2amp/240 volt contacts. Ideal for 

 

many applications. Receiver 90 x 70 x 22mm (9/12 volt). Price: 

 

E17.92. Transmitter 80 x 50 x 15mm (9/12 volt). Price: E11.27 

 

P&P - 75p each. S.A.E. for complete list. 

 

i wall FM 

 

nsn.rtte 

 

* SAE for current lists. * official orders welcome. 

 

Be K. ELECTRONICS 

 

LOUDSPEAKERS POWER RANGE 

 

THREE QUALITY POWER LOUD-
SPEAKERS (15' 12" and 8" See Photo) 

 

Ideal for both Hi-Fi and Disco applications. 

 

All units have attractive cast aluminium 

 

iground finish) fixing escutcheons Specifi-
cations and Prices. 

 

15" 100 watt R.M.S. Impedance 8 ohms 

 

50 w magnet 2" aluminium voice cod Res 

 

Freq 20 Hz Freq Resp to 2 5KHz Sens 

 

SIMS Pnce: (34.00 each , f300 P&P 

 

12" 100 watt R.M.S. Impedance 8 ohms 

 

50 oz magnet 2" aluminium voice cod Res 

 

Freq 2511z Freq Resp to 4 KHz Sens 95d8 

 

Price E26.00 each + £3.00 P&P. 

 

8" 50 watt R.M.S. Impedance 8 ohms 20 

 

oz magnet 1'.," aluminium voice cod Res 

 

Freq 40Hz Freq Resp to 6 KHz Sens 92dB 

 

Black Cone Price: t9.50each. Alsoavadable 

 

with black protective grille Price: f10. 60 

 

each. P&P 11 50 

 

12" 85 wafts R.M.S. McKENZIE C1285GP (LEAD GUITAR. KEYBOARD, DISCO) -' 

 

aluminium voice coil, aluminium centre dome. 8 Ohm imp. Res Freq 45Hz. Freq Resp to 

 

6 5kHz , Sens 98dB Price (24.99 a f3 carriage 

 

12" 85 watt R.M.S. McKENZIE C1285TC (P.A., DISCO) 2" aluminium voice cod Twm cone 

 

8 ohm imp Res Freq 45HZ . Freq Resp to 14KHz Price (24.99 r 13 carnage 

 

15" 160 all R.M.S. McKENZIE CI 5 (BASS GUITAR, P.A.) 3"alummum voice coil D,ecast 

 

chassis 8 ohm imp Res Freq 40Hz Freq Resp to 4KHz Price f49 f4 carriage Cabinets 

 

fixings in stock S A E 

 

+ All prices include VAT. tr Sales Counter. 

 

UNIT 5, COMET WAY. SOUTHEND ON-SEA. 

 

ESSEX SS26TR TEL 0702527572 

 

VISA 

 

l 

 

METERS: 110 x 82 x 

 

35mm 

 

30µA, 51 100µA. £8.90 

 

Post 50p. 

 

METERS: 45 x 50 x 34mm 

 

50µA, 100µA, 1mA, 5mA, 10mA, 

 

25v, 1A, 2A, 5A 25V. 

 

£3.54. Post 30p. 

 

METERS: 60 x 47 x 33mm 

 

50µA, 100µA, 1mA, 5mA, 10mA, 

 

100mA, 1A, 2A, 25v, 50v, 

 

5110-50µA, 100-0-100µA. £6.04. 

 

VU meters £8.04. 

 

Post on above meters 30p. 

 

Silicone grease 50g £1.32. 

 

Post 16p. 

 

NI-CAD BATTERY 

 

CHARGER 

 

Led indicators charge-test 

 

switch. For PP3, HP7, HP11 & 

 

HP2 size betteries. 

 

Price £5.85. Post 94p. 

 

Motorola Piezo Ceramic Tweeter 

 

£5.20 Post 33p 

 

METERS: 60 x46 x33mm 

 

illuminated. Require 6V 

 

supply. 

 

50µA,100µA, 500µA, 

 

100-0100µA, 

 

1 mA, 1 A, 2A, 25V, 30V & VU. 

 

£4.50 post 30p 

 

ALSO IN STOCK 

 

2, 3, 4, 6 & 8A Transformers 

 

TRANSFORMERS 

 

240v Primary 

 

3-0-3v 100mA 82p 

 

6-0-6v 100mA £1.20 

 

6-0-6v 250mA £1.33 

 

12-0-12v 50mA £1.13 

 

12-0-12v 100mA £1.21 

 

9-0-9v 75mA £1.20 

 

9-0-9v 250mA £1.37 

 

Post on above transformers 48p. 

 

9-0-9v 1A £2.05 

 

12-0-12v 1A £2.52 

 

15-0-15v 1A £3.11 

 

6-0-6v 1 JA £2.20 

 

Post on above transformers 94p. 

 

Rotary Switches: 1 Pole 12 

 

Way 2P6W, 3P4Way, 4P3W 42p 

 

Post 16p 

 

Illuminated Rocker Switch 

 

240V 6A Red 88p Post 16p 

 

All above prices include V.A.T Send Lt for a new comprehensive 

 

1983/84 fully illustrated catalogue with a new price list. Send S.A.E. 

 

with all enquiries. Special prices for quantity on request. 

 

All goods despatched within 3 days from receipt o/ the order 

 

M. DZIUBAS 

 

158 Bradshawgate, Bolton, 

 

Lancs. B11 1 BA. Tel: 29324 
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E.E. PROJECT KITS MAGENTA TEACH IN 84 

 

THIS MONTHS KITS 

 

PHONE OR WRITE FOR PRICES 

 

Full Kds inc. PCBs, or veroboard, hard-

ware, electronics, cases (unless star 

 

edl. Less battenes. 

 

If you do not have the issue of E.E. 

 

which includes the project - you will 

 

need to order the instruction reprint as 

 

an extra - 50p each. Reprints available 

 

separately 50p each - p&p 50p. 

 

SPEECH SYNTHESISER June 84 E29 22 

 

TRAIN WAIT June 84 E15 83 

 

CHANNEL SELECTION S WITCH June 84 110 28 

 

VARICAP AM RADIO May 84 fill. 

 

EXPERIMENTAL POWER SUPPLY May 

 

M 118 72 

 

SIMPLE LOOP BURGLAR ALARM May 

 

M E13 62 

 

MASTERMIND TIMER May B4 "S

 
44 

AUDIO SINEWAVE SWEEP GENERATOR Apt 

 

84 C28 34 

 

DATA ACQUISITION & CONTROL Apr 

 

84 E67 81 

 

FUSE/DIODE CHECKER Apr 84 E315 

 

QUASI STEREO ADAPTOR Apr 84 E10.90 

 

TIMER MODULE FOR CENTRAL HEATING 

 

SYSTEMS Apr 84 E17.64 

 

DIGITAL MULTIMETER add on for BBC Micro 

 

Mar 84 f24.98 

 

NI-CAD BATTERY CHARGER Mar 84 E9.85 

 

REVERSING BLEEPER Mar 84 E678 

 

DIN LEAD TESTER Mar 94 E8.32 

 

PIPE FINDER Mar 84 E3 60 

 

LOW POWER STEREO AMP Mar 84 E27 88 

 

IONISER Feb 84 E23 98 

 

EPROM PROGRAMMER Feb 94 £7448 

 

SIGNAL TRACER Feb B4 E14 89 

 

CAR LIGHT WARNING Feb 84 E3 76 

 

GUITAR TUNER Jan 84 fl7 73 

 

BIOLDGICAI AMPLIFIER Jan 84 E19. 16 

 

CONTINUITY TESTER Dec Rl f9 99 

 

CHILDREN'S DISCO LIGHTS Dec 83 EB 4 

 

ec 

1 

 

NOVEL EGG TIMER D &3 inc ca E1024 

 

SPEECH SYNTHESIZER FOR THE BBC MICRO 

 

Nov a3 less cable • sockets f21 98 

 

MULTIMOD Nov a3 E16 98 

 

LONG RANGE CAMERA/FLASHGUN TRIGGER 

 

Nov 83 E13 so 

 

HOME INTERCOM less link wire Oct. 83E114 38 

 

IMMERSION HEATER TELL-TALE Oct. 83E8 .9e 

 

SHORT WAVE RADIO less 'phones, Oct. 

 

83 E25.63 

 

Mono headphones extra E3.36 

 

ct

 

 

DIGITAL TO ANALOGUE BOARD O 83 E79.98 

 

less cable, case & connector 

 

HIGH POWER DAC DRIVER BOARD Oct. 93 less 

 

case E12.52 

 

A TO D CONVERTER FOR RM38OZ Sept 
83,;; 

 

 

plug E35  

 

HIGH SPEED A TO D CONVERTER Sept R3 less 

 

cable & connector E27.98 

 

SIGNAL CONDITIONING AMP Sept 83 no 

 

Ee 98 

 

STORAGE 'SCOPE INTERFACE FOR BBC MI 

 

CAD Aug 93 less software E15.38 

 

PEDESTRIAN CROSSING SIMULATION 

 

BOARD Aug 83 no case [10 29 

 

HIGH POWER INTERFACE BOARD Aug 93 rw 

 

E10.38 

 

CAR INTRUDER ALARM Aug 83 E16.98 

 

AUTOMATIC GREENHOUSE WATERING SYS-
TEM Jly 83 E10.98 

 

TRI BOOST GUITAR TONE CONTROLLER July 

 

83 E8.35 

 

USER PORT 1/0 BOARD less cable - 

 

plug E10.49 

 

USER PORT CONTROL BOARD July 83 less 

 

cable • plug E25. 14 

 

BINARY BANDIT GAME July a3 less case E9
 
Be 

EPROM PROGRAMMER Jun 93 less software. 

 

TRS80 E44 99 Genie E45.73 

 

ENVELOPE SHAPER Jun 93 less case E12.33 

 

REAL TIME CLOCK May 83 less software and 

 

cases 

 

Apple II E33 98 BBC E39.59 less power plug 

 

MODEL TRAIN CONTROLLER May 83 E27.17 

 

GUITAR HEADPHONE AMPLIFIER May a3f7.92 

 

MW PERSONAL RADIO less case, May 83 E7.62 

 

MOISTURE DETECTOR May a3 E5.46 

 

CAR RADIO POWER BOOSTER April 83 Ell 99 

 

FUNCTION GENERATOR April 93 E45.98 

 

FLANGER SOUND EFFECTS April 83 E24 17 

 

NOVELTY EGG TIMER April R3 less case E5 48 

 

ZX SPECTRUM AMPLIFIER April 83 E9 87 

 

DUAL POWER SUPPLY March 93 E59 38 

 

BUZZ OFF March 83 

 

SPEECH PROCESSOR Feb M 

 

PUSH BIKE ALARM Feb 83 

 

DOUBLE DICE Jan 83 

 

ELECTRONIC VA METER Dec 82 

 

ZX TAPE CONTROL Nov. 82 

 

SINE WAVE GEN Ot. 82 

 

G P PRE AMP Oct 82 

 

LIGHTS ON ALERT Oct. 82 

 

CONTINUITY CHECKER Sept. 81 

 

SOUND SPUTTER Sept. 82 

 

SOUND RECOMBINER Sept. 81 

 

SCREEN WASH DELAY Sept. 82 

 

CS ROGER BLEEPER Aug. 82 

 

2 WAY INTERCOM July 82 no case 

 

ELECTRONIC PITCH PIPE July 82 

 

REFLEX TESTER July 82 

 

SEAT BELT REMINDER Jun 82 

 

EGG TIMER June 82 Es" 

 

CAR LED VOLTMETER less case May 81E3. 18 

 

V C . SOUND EFFECTS UNIT Apr 82 E12.71 

 

CAMERA OR FLASH GUN TRIGGER Mar 82 

 

£13.65 less tripod bushes 

 

POCKET TIMER Mar 82 E4.10 

 

GUITAR TUNER Mar 82 E17. 19 

 

SIMPLE STABILISED POWER SUPPLY Jan 82 

 

E26.96 

 

MINI EGG TIMER. Jan 82 E440 

 

SIREN MODULE Jan 82 less speaker E6.10 

 

MODEL TRAIN CHUFFER Jan 82 fit 98 

 

SIMPLE INFRA RED REMOTE CONTROL 

 

Nov 81 EIS 70 

 

CAPACITANCE METER Oct 81 F25 81 

 

SUSTAIN UNIT Oct 81 E13 99 

 

'POPULAR DESIGNS' Ot 81. 

 

TAPE NOISE LIMITER E4 98 

 

HEADS AND TAILS GAME E2 75 

 

CONTINUITY TESTER E4 48 

 

PHOTO FLASH SLAVE E3 80 

 

FUZZ BOX E7 98 

 

SOIL MOISTURE UNIT E6 39 

 

ICE ALARM E8 70 

 

0-12V POWER SUPPLY Sept 81 E1948 

 

CMOS CAR SECURITY ALARM Sept 81 E9 95 

 

CMOS DIE Sept 81 E880 

 

CMOS METRONOME Aug. 81 E8 99 

 

COMBINATION LOCK July 81 less case f21.58 

 

SOIL MOISTURE INDICATOR E.E May 81 E4 49 

 

GUITAR HEADPHONE AMP E E May 81 E4.66 

 

PHONE BELL REPEATER/BABY ALARM May 

 

81 E6 15 

 

INTERCOM April 81 E24.43 

 

SIMPLE TRANSISTOR & DIODE TESTERS Mar 

 

81 Ohmeter version £2.22 

 

Led version E2.98 

 

LED DICE Mar 81 f9.35 

 

MODULATED TONE DOORBELL Mar 81 E7.35 

 

1 NOTE DOOR CHIME Dec. 80 £11.35 

 

LIVE WIRE GAME Dec. 80 E12 87 

 

GUITAR PRACTICE AMPLIFIER Nov. 80 

 

E14. 10 less case Standard case extra E3 88 

 

SOUND TO LIGHT Nov 80 3 channel E23 40 

 

TRANSISTOR TESTER Nov 80 f12 so 

 

AUDIO EFFECTS UNIT FOR WEIRD SOUNDS 

 

Oct 80 E1440 

 

IRON HEAT CONTROL Oct 80 E6.30 

 

TTL LOGIC PROBE Sept 80 E5.68 

 

ZENER DIODE TESTER Jun 80 E7.30 

 

LIGHTS WARNING SYSTEM May 80 E520 

 

BATTERY VOLTAGE MONITOR May 80 E5.66 

 

CABLE & PIPE LOCATOR less coil former Mar. 

 

80 E4.61 

 

KITCHEN TIMER Mar 80 E1620 

 

MICRO MUSIC BOX Feb 80 E17.86 

 

Case extra E3.60 

 

SLIDE/TAPE SYNCHRONISER Feb 80 E13.50 

 

MORSE PRACTICE OSCILLATOR Feb 80 E4.98 

 

SPRING LINE REVERE UNIT Jan. 80 E27.20 

 

UNIBOARD BURGLAR ALARM Dec. 79 E6.70 

 

DARKROOM TIMER July 79 E3.20 

 

ELECTRONIC CANARY Jun. 79 E6 40 

 

TRANSISTOR TESTER Apr. 79 E5.38 

 

MICROCHIME DOORBELL Feb. 79 E17.48 

 

FUSE CHECKER Sept. 78 E2.54 

 

SOUND TO LIGHT Sept 78 E920 

 

CAR BATTERY STATE INDICATOR less rase 

 

Sept 78 E2.29 

 

R F SIGNAL GENERATOR Sept. 78 E31.20 

 

IN SITU TRANSISTOR TESTER Jun 78 E7.50 

 

FLASHMETER less talc & diffuser May 

 

78 El 650 

 

WEIRD SOUND EFFECTS GENERATOR Mar 

 

78 E6.20 

 

AUDIOVISUAL METRONOME Jan. 78 E6.58 

 

ELECTRONIC TOUCH SWITCH Jan 78 E2. So 

 

RAPID DIODE CHECK Jan 78 E3 15 

 

PHONE/DOORBELL REPEATER July 77 E8.20 

 

ELECTRONIC DICE Mar 77 E4 96 

 

E4 51 

 

fit 66 

 

Ell 73 

 

Ell 90 

 

E12 52 

 

E7 13 

 

E16 11 

 

E6 09 

 

E4 68 

 

E5 47 

 

E17 35 

 

E4 07 

 

E4 93 

 

E9 32 

 

E4 52 

 

[5 40 

 

E 7 

 

E4 10 

 

MORE KITS AND 

 

COMPONENTS 

 

IN OUR LISTS 

 

FREE PRICE LIST 

 

Price list included with 

 

orders or send sae (9 - 41 

 

CONTAINS LOTS MORE 

 

KITS, PCOs & 

 

COMPONENTS 

 

ELECTRONICS 

 

CATALOGUE 

 

Illustrations, product descriptions, circuits all in-

cluded. Up-to-date price list enclosed. All pro-
ducts are stock lines for fast delivery. 

 

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

 

Free to Schools/Colleges requested on official 

 

letterhead. 

 

MAGENTA ELECTRONICS LTD. 

 

EE19, 135 HUNTER ST., 

 

BURTON-ON-TRENT 

 

STAFFS, DE14 2ST. 

 

MAIL ORDER ONLY. 

 

0283 65435, Mon-Fri 9-5. 

 

Access/Barclaycard (Visa) by 

 

phone or post. 

 

24 hr Answerphone for credit 

 

ADD 50P P&P TO ALL ORDERS. 

 

PRICES INCLUDE VAT 

 

SAE ALL ENQUIRIES. 

 

OFFICIAL ORDERS WELCOME. 

 

OVERSEAS. Payment must be sterling. 

 

IRISH REPUBLIC and BFPO UK PRICES. 

 

EUROPE. UK PRICES plus 10". 

 

ELSEWHERE. write for quote 

 

card orders. 

 

* MAGENTA'S TEACH IN III INCLUDES ALL OF THESE TOP 

 

* QUALITY ITEMS: resistors, pot, capacitors, semiconductors, 

 

* varicap diode, leds, ferrite rod, sockets, crystal earpiece, termi-
nal blocks, wire and of course 2 breadboards. PLUS A FREE 

 

3F
 COMPONENT IDENTIFICATION SHEET AND A COPY OF OUR 

 

* CATALOGUE & PRICE LIST. AVAILABLE NOW - TEACH IN 84 

 

*KIT £22.98 inc VAT. P+P 50p. Send now for fast delivery. 

 

* Reprints of previously published parts 50p each. Official 

 

• school/college orders welcome. 

 

* * * * * * * * * * * * * * * * * * * * * * 

 

Ali XS SOLDERING IRON 25W 

 

SOLDERING IRON STAND 

 

SPARE BITS. Small, standard. large 

 

ach For X5 • X25 

 

SOLDER. Handy vie 

 

SOLDER CARTON 

 

DESOLDER BRAID 

 

HEAT SINK TWEEZERS 

 

DESOLDER PUMP 

 

HOW TO SOLDER LEAFLET 

 

LOW COST CUTTERS 

 

LOW COST LONG NOSE PLIERS 

 

WIRE STRIPPERS & CUTTERS 

 

PRECISION PETITE 

 

12V PCB DRILL 

 

DRILL STAND 

 

VERO SPOT FACE CUTTER 

 

PIN INSERTION TOOL 

 

VEROMMIS Ipk of 1001 0.1' 

 

MULTIMETER TYPE 1 (1,000 opy) 

 

CROCODILE CLIP TEST LEAD SET. 

 

with 20 clips E1.65 

 

RESISTOR COLOUR CODE CALCULATOR 23p 

 

CONNECTING WIRE PACK TYPE ED. 11 

 

nln�rs 

 

ILLUMINATED MAGNIFIERS 

 

Small 2" da 15 • magl E7 48 

 

Large 3' die. (4 • magl f2.52 

 

CORE TRIM TOOL 45p 

 

PRESET TRIM TOOL 72p 

 

FREEZER AEROSOL E1.90 

 

CONTACT CLEANER AEROSOL E1 B0 

 

ELECOLIT CONDUCTIVE PAINT E4 99 

 

PVC TAPE (RGB) 3 reels 39p 

 

SCREWDRIVER SET E2 So 

 

POCKET TOOL SET E4 40 

 

PGB ETCHING KIT E648 

 

ZX87 EDGE CONNECTOR E2 25 

 

ZX81 EDGE PLUG IT 50 

 

ZX SPECTRUM EDGE CONNECTOR E2 55 

 

CRYSTAL EAR PIECE 62p 

 

EUROBREADBOARD E645 

 

PLASTIC TWEEZERS 69p 

 

BOOKS: 

 

E7.25 

 

E2 85 

 

E7 25 

 

El 38 

 

E2 50 

 

69p 

 

asp 

 

E6 48 

 

13p 

 

E 198 

 

E7 99 

 

E3 57 

 

E14 80 

 

E9 78 

 

El 90 

 

E2 68 

 

68p 

 

15.85 

 

10 leads 

 

sop 

 

A Practical Introduction to Digital IC's E1 90 

 

How to design and Make Your Own PCB's 

 

E2 15 

 

Simple L  D Circuits Book 2 E7 50 

 

How to Make Walkie Talkies E2.10 

 

Projects in Opto-Electronics E2.10 

 

Electronic Projects for Beginners E2 10 

 

Electronic Security Devices E2 10 

 

50 Circuits Using 7400 Series IC's El 95 

 

Second Book of CMOS IC Projects E7 75 

 

Electronic Household Projects E7.90 

 

Radio Control for Beginners E2.05 

 

Electronic Synthesiser Projects E2.05 

 

How to Identify Unmarked IC's 70p 

 

International Diode Equivalents Guide E2.45 

 

Handbook of Integrated Circuits (IC's( Equiv. 

 

& Substitutes E2.15 

 

Beginners Guide to Building Electronic 

 

Projects E2.15 

 

Second Book of Transistor Equivalents and 

 

Substitutes E2 10 

 

How to Build Your Own Solid State 

 

Oscilloscope f2 15 

 

Semiconductor Data Book Newnes E8 35 

 

Basic Electronics Theory and practice E8 98 

 

Burgular Alarm Systems ES 95 

 

Electronics. Build and Learn E4 80 

 

Electronic Projects in Music E4 55 

 

Electronic Projects in Photography E4 55 

 

Microprocessors for Hobbyists E4 98 

 

Electronic Test Equipment Construction 

 

BP75 E2 05 

 

Electronic Projects for Home Security Ea.55 

 

Questions and Answers Electronics E3 45 

 

20 Solid State Projects Car and Garage E4.98 

 

110 Electronic Alarm Projects E5.98 

 

52 Projects using IC741 El 75 

 

IC555 Projects E2.10 

 

Electronic Music Projects E2 D5 

 

Practical Construction of Pre 'Amp' Tone 

 

Control Filter + Anen E2 10 

 

How To Make Walike Talkies E2 10 

 

Mobile Disco Handbook E1.50 

 

More books in our price list 

 

MULTIMETER TYPE 2. (YN360TR) 20K o p v 

 

with transistor tester E17.98 

 

AC r DC volts. OC current. 4 very useful ress 

 

lance ranges We ye used it and we like ,t. 

 

HELPING HANDS JIG E7 98 

 

Heavy haw Six ball and 

 

sockel joints allow infinite , 

 

variation of clips through 

 

360`. Has 21' diameter 
(25 

 

magnifier nached). used 

 

and recommended by our 

 

staff 

 

PAIR OF PROBES WITH LEADS Icc) 87p 

 

Q MAX PUNCHES 

 

3/8- E4 18, 1/2' E4.24; 5/8" E4.35; 3/4 E4.52 

 

* * * * * * * * * * * * * * I 

 

* 
FUN WITH ELECTRONICS 

 

Entoyable introduction to electronics Full of 

 

* very clear full Colour pictures and easy to follow 

 

text. Ideal for all beginners - children and 

 

)♦ adults Only basic tools needed. 64 full 

 

v 
colour 

 

* 

 

pages cover all aspects -- soldering - fault 
finding - components (sdentification and ho 

 

they work). 

 

* Also full details of how to build 6 projects 

 

* 
burglar alarm, radio, games, etc. Requires sui 

 

daring 4 pages clearly show you how 

 

* 
COMPONENTS SUPPLIED ALLOW ALL * 

 

PROJECTS TO BE BUILT AND KEPT 

 

* Supplied less bananas & cases. 

 

FUN WITH ELECTRONICS, 

 

7� COMPONENT PACK f16 98 

 

BOOK EXTRA E1 65 

 

* Book available separately 

 

ADVENTURES WITH 

 

MICROELECTRONICS 

 

More project kits from our range, similar style 

 

to E E. Instructions/reprint included with theca 

 

kris providing the code number is quoted 

 

GO GUITAR ACTIVE TONE CONTROL 

 

less case £12 47 

 

GL2 CHORUS EFFECTS UNIT E4948 

 

GL3 PARAMETRIC EQUALISER E76 90 

 

GL4 DRUM SYNTHESISER (dual) E39 98 

 

GL5 ANALOGUE ECHO E49 98 

 

GL6 COMPRESSOR/EXPANDER E1448 

 

GO MICRO BASS SYNTHESISER If 3 98 

 

GL8 KEYED NOISE GATE E2848 

 

GL9 ZX81 SEQUENCER E25 Be 

 

GL10 MONITOR AMP less case Ell 98 

 

rase extra E6 40 

 

GL71 AUDIO MIXER 14 inputs) E48 98 

 

GILT  ADSR ENVELOPE GENERATOR 

 

less cawfl9 98 

 

GL13 PHASER MODULE less case C18 98 

 

case extra E3 98 

 

GL14 DUAL MIC PRE AMP E14 48 

 

GL15 ENVELOPE GENERATOR E1698 

 

GL16 GUITAR NOTE EXPANDER E19 98 

 

GL 17 GUITAR PRE AMP less case Ell 99 

 

case extra E3.50 

 

ADVENTURES WITH ELECTRONICS ca� 

 

* 

 

* 

 

* 

 

An easy to follow book suitable for all ages. Ideal for beginners. No soldering, uses an S 

 

Dec Breadboard. Gives clear instructions with lots of pictures. 16 projects - including 

 

three radios, siren, metronome, organ, intercom, timer, etc. Helps you learn about 

 

electronic components and how circuits work. Component pack includes an S-Dec 

 

breadboard and all the components for the projects. 

 

Adventures with Electronics E2.98. Component pack E20.98 less battery. 

 



M®rwPUn Massive range of components 

 

for your hobby.."insist on Maplin quality! 

 

THIS LAST 

 

MONTH 

 

t. O ll M 

 

2. (2) N 

 

Case also 

 

3. (3) N 

 

4. (8) • 

 

5. (4) • 

 

6. (6) N 

 

7. (11) • 

 

8. (9) 

 

9. (10) • 

 

10. (12) : 

 

11. (7) • 

 

 MAPL/N'S TOP TWENTl/ KITS 

 

DESCRIPTION OF KIT 

 

75W Mosfet Amp Module 

 

Modem 

 

available. YK62S Price £9.95 

 

Car Burglar Alarm 

 

Spectrum Easyload 

 

Partylite 

 

Syntom Drum Synthesiser 

 

Ultrasonic Intruder Detctor 

 

8W Amp Module 

 

Logic Probe 

 

VIC20 64 RS232 Interface 

 

ORDER 

 

CODE 

 

LW51F 

 

LW99H 

 

LW78K 

 

LK39N 

 

LW93B 

 

LW86T 

 

LW83E 

 

LW36P 

 

LK13P 

 

LK11M 

 

KIT 

 

PRICE 

 

£13.95 

 

£44.95 

 

£7.49 

 

£9.95 

 

£9.95 

 

£12.95 

 

£10.95 

 

£4.45 

 

£10.95 

 

£9.45 

 

DETAILS IN 

 

PROJECT BOOK 

 

Best of E&MM 

 

5 XA05F 

 

4 XA04E 

 

10 XA10L 

 

Best of E&MM 

 

Best of E&MM 

 

4 XA04E 

 

Catalogue 

 

8 XA08J 

 

7 XA07H 

 

9 XA09K 

 

£39.95. 

 

8 XA08J 

 

4 XA04E 

 

Best of E&MM 

 

Best of E&MM 

 

Best of E&MM 

 

Best of E&MM 

 

18. INew) • 50W Power Amplifier LW350 £15.95 Catalogue 

 

19. (New) • 80m Amateur Receiver LK41U £15.95 10 XA10L 

 

20. (17) • Burglar Alarm LW57M £49.95 2 XA02C 

 

Over 80 other kits also available. All kits supplied with instructions. 

 

The descriptions above are necessarily short. Please ensure you know 

 

exactly what the kit is and what it comprises before ordering, by checking the 

 

appropriate Project Book mentioned in the list above. 

 

Spectrum Keyboard LK29G £28.50 

 

Also required: LK30H £6.50; Case: XG350 £4.95 - Total 

 

Also available complete ready-built: XG36P £44.95. 

 

12. (14) • Spectrum RS232 Interface LK21X £19.95 

 

13. (5) • ZX81 10 Port LW76H £10.49 

 

14. 06) • Noise Gate LK43W £9.95 

 

15. (New) • Car Battery Monitor LK42V £6.95 

 

16. (13) • Harmony Generator LW91Y £17.95 

 

17. (19) • Guitar Tuner LW90X £12.95 

 

MAPLIN'S FASCINATING PROJECTS BOOKS 

 

Full details in our Project Books 

 

Price 70p each. 

 

In Book 1 (XA01B) 120W rms Mosfet 

 

Combo-Amplifier • Universal Timer 

 

with 18 program times and 4 outputs • 

 

Temperature Gauge • 6 Vero Projects. 

 

In Book 2 (XA02C) Home Security 

 

System • Train Controller for 14 trains 

 

on one circuit • Stopwatch with 

 

multiple modes • Miles-per-Gallon 

 

Meter 

 

In Book 3 (XA03D) ZX81 Keyboard 

 

with electronics • Stereo 25W Mosfet 

 

Amplifier • Doppler Radar Intruder 

 

Detector • Remote Control for Train 

 

Controller. 

 

In Book 4 (XA04E) Telephone 

 

Exchange for 16 extensions • 

 

Frequency Counter 10Hz to 600MHz • 

 

Ultrasonic Intruder Detector • 10 Port 

 

for ZX81 • Car Burglar Alarm • 

 

Remote Control for 25W Stereo Amp, 

 

In Book 5 (XA05F) 300 Baud Duplex 

 

Modem to European Standard • 10OW 

 

240VAC Inverter • Sounds Generator 

 

for ZX81 • Central Heating Controller 

 

• Panic Button for Home Security 

 

System • Model Train Projects • 

 

Timer for External Alarm 

 

In Book 6 (XA06G) Speech Synth-
esiser for ZX81 & VIC20 • Module to 

 

Bridge two of our Mosfet Amps to make 

 

a 350W Amp • ZX81 Sound on your 

 

TV • Scratch Filter • Damp Meter • 

 

Four Simple Projects 

 

In Book 7 (XA07H) Modem (RS232) 

 

Interface for ZX81 VIC20 Commodore 

 

64 • Digital Enlarger Timer Controller 

 

• DXers Audio Processor • Sweep 

 

Oscillator • CMOS Crystal Calibrator 

 

In Book 8 (XA08J) Modem (RS232) 

 

Interface for Dragon 32 & Spectrum • 

 

Synchime • 10 Ports for Dragon 32 • 

 

Electronic Lock • Minilab Power 

 

Supply • Logic Probe • Doorbell for 

 

the Deaf 

 

In Book 9 (XA09K) Keyboard with 

 

Electronics for ZX Spectrum • Infra-
Red Intruder Detector • Multimeter to 

 

Frequency Meter Converter • FM 

 

Radio needs no alignment • Hi-Res 

 

Graphics for ZX81 • Speech Synth-
esiser for Oric 1 • VIC20 Extendiboard 

 

• ZX81 ExtendiRAM • Dynamic Noise 

 

Limiter for Personal Cassette Players 

 

• TTL Levels to RS232 Converter • 

 

Logic Pulser • Pseudo-Stereo AM 

 

Radio • Ni-Cad Charger Timer • 

 

Post this coupon now for your copy of the 1984 

 

catalogue Price £1.35 - 30p post and packaging. 

 

If you live outside the U.K. send £2.20 or 11 

 

International Reply Coupons. I enclose £1.65 

 

Address  

 

L
 EE 8,84 

 

Desparcn oy . 

 

Adder-Subtracter • Syndrum's Inter-
face • Microphone Pre-Amp, Limiter 

 

In Book 10 (XA10L) Cassette 

 

Easyload for ZX Spectrum • 80m 

 

Amateur Receiver • Auto Waa-Waa 

 

Effects Unit • Oric 1 Modem Interface 

 

• 2.8kW Mains Power Controller • 

 

Extendiport for Dragon 32 • 12V Fluor-
escent Tube Driver • 32-1-ine 

 

Extension for Digi-Tel. 

 

1984 

 

CATALOGUE 

 

A massive 480 big pages of 

 

description, pictures and data 

 

and now with prices on the page. 

 

The new Maplin catalogue is the 

 

one book no constructor should 

 

be without. Now includes new 

 

Heathkit section. On sale in all 

 

branches of W.H. Smith. Price 

 

£1.35 - It's incredible value for 

 

money. Or send £1.65 (including 

 

p & p) to our mail-order address. 

 

In Book 11 (XA11 M) Mapmix Six 

 

Channel Audio Mixer • Mk II Noise 

 

Reduction Unit • Xenon Tube Driver • 

 

Enlarger Exposure Meter • Mother-
board for the BBC Micro • Cautious Ni-
Cad Charger • Servo & Driver Module 

 

• 8 Channel Fluid Detector • Door 

 

Alarm • THD Filter • Cassette 

 

Processor • Volume Expander • 

 

Parametric Equaliser 

 

GREAT PROJECTS 

 

FROM E&MM 

 

Our book "Best of E&MM 

 

Projects Vol. 1
-
 brings together 

 

21 fascinating and novel pro-
jects from E&MM's first Year. 

 

Projects include Harmony 

 

Generator, Guitar Tuner, Hexa-
drum, Syntom, Auto Swell, 

 

Partylite, Car Aerial Booster, 

 

MOS-FET Amp and other 

 

musical, hi-fi and car projects. 

 

Order As XH61R. Price £1. 

 

nn m p i i i n 

 

ELECTRONIC 

 

SI IPPLIES LTD 

 

Mail Order. P.O. Box 3, Rayleigh, Essex SS6 8LR. Tel: Southend 

 

(0702) 552911 • Shops at: 159-161 King Street, Hammersmith, 

 

London W6. Tel: 01-748-0926. • 8 Oxford Road. Manchester. Tel: 061-
236-0281. • Lynton Square, Perry Barr, Birmingham. Tel: 021-356-
7292. • 282-284 London Road, Westcliff-on-Sea. Essex. Tel: 0702 

 

554000. • 46-48 Bevois Valley Road. Southampton. Tel: 0703 25831. 

 

All shops closed all day Monday. 

 

All prices include VAT and carriage. Please add 50p handling charge 

 

to orders under £5 total value (except catalogue). 

 


