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STEREO
TUNER
KIT

This easy to build 3 band stereo AM/FM tuner kit is designed in
conjunction with Practical Electronics {July Issue).

For ease of construction and alignment it incorporates three Mullasd
modules and an |.C. IF. System.

Features

VHF - MW. - LW. Bands. Interstation muting and A F.C. on VHF

Tuning Meter. Twa back printed P.C.B's. Ready made chassis and scale.
Aerial: AM - Ferrite Rod, FM - 75 or 300 ohms.

Stabilized power supply with “C” care mains transformer.

All companents supplied are to P.E. strict specitication.

Front scale size 10%" x 2%" approx.

Complete with circuit diagrams and instructions.

PRACTICAL ELECTRONICS

WTRODUCTORY
/m/cé—m/LY

£17.935

plus £250 p&p

PRACTICAL ELECTRONICS \
CAR RADIO KIT (Constructors‘pack 7).

2 WAVE BAND MW LW -
* Easy to build * 5 push button tuning
* Modern styling design * All new unused components
*6 watt output “Ready etched & punched P.C.B.

* Incorporates suppression circuits * Mow with tape input socket

All the electronic components to build the radio. you supply only
the wire and solder as featured in the Practical Electronics March
issue. Features: Pre-set tuning with five push button options,
black Hiuminated tuning scale, with matching rotary control knobs,
one. combining on/otf volume and tone-control, the other for
manual tuning, each se1 on wood simulaled tascia.

The P.E Traveller has a 6 watts output. neg ground and incor-
porates an integrated circuit output stage, a Mullard IF module
LP1181 ceramic filter type. pre-aligned and assembled and a Bird
pre-aligned push button tuning unit. The radio fits easily in or

under dashboards £1 0 . 5 0

plus £2.00 p&p

Complete with instructions

CONSTRUCTORS PACK 7A

Suitable stainless steel fully retractabte locking aerial and
per pack,
p&p £1.15

speaker {approx. 6" x 4"} is.
available as a kit complete

£1.95

plus £2.90 p&p

10+10 WATT
STEREO AMPLIFIER KIT

® Featuring latest SGS/ATES TDA 2006 10 watt output |.C.'s
with in-buiit thermal and short circuit protection
® Muliard Stereo Preamplifier module.
@ Attractive black vinyl finish cabinet. Size 9" x 8% x 3% approx
® Converts to a 20 watt Disco amplifier

To complete you just supply connecting wire and solder. Features
include din input sockets for ceramic cartridge. microphone, tape or
tuner. Outputs—tape, speakers and headphones. By the press of a
button it transtorms into a 20 watt mono disc amplifier with twin deck
mixing. The kit incorporates a Mullard LP1183 pre-amp module, plus
power amplifier assembly kit and mains power supply. Also featured

4 slider level controls, rotary bass and treble controls and 6 push button
switches. Silver finish tascia panel with matching knobs and contrasting
ready made black vinyl finish cabinet and ready made metal wark. For
further information nstructions are available price 50p. Free with kit.

SPECIFICATIONS

Suitable for 4 to 8 ohms speakers
Frequency responce  40Hz — 20KHz
Input Sensitivity P.U. 150mV Aux. 200mV Mic. 1.5mV
Tone controls Bass * 12db @ 60Hz

Treble + 12db @ 10KHz

1% typically @ 4 watts
220-250 volts 50Hz

Distortion
Mains supply
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30 + 30 WATT STEREO AMPLIFIER

BUILT AND TESTED

Viscount IV unit in teak simutate cabinet silver tinished rotary controts
and pushbuttons with matching fascia, red mains indicator and stereo
jack socket. Functions switch for mic magnetic and crystal pickups, tape
and auxiliary. Rear pane! features fuse holder. OIN speaker and input
socket 30 + 30 watts. RMS 60 + 60 watts peak tor use with 4 to 8 ohm
speakers. Size 14%" x 10" approx.

reany 1o pay £32.90

HI FI STEREO
AMPLIFIER |
MODULES %

® Mullard LP1183 built preamplifier suitable for ceramic and
auxiliary inputs. £1.95 plus 70p p&p.

@ Muflard LP1184 built preamplifier suitable for magnetic/ceramic
and auxiliary inputs. £4.95 plus 80p p&p

@ Matching L.C. 10 + 10 Stereo Power amplifier kit. £3.95
plus £1.15 p&p S

@ Matching power supply kit with transformer. £3.00 plus £1.96 p&p

® Matching set of 4 slider controls complete with knobs for bass,
treble and volumes. £1.70 plus 80p p&p.

@ Complete with application notes.

plus
£3.80 p&p

*

BSR chassis record deck with manual set -~
down and return. complete with stereo ceramic >
cartridge. : £8.50 plus £3.15 p&p .y
when purchased with amplifier

Available separately £1050 plus £3.16 p&p.

8 4 SPEAKER KIT& 8" aporox. twin ton;lni-t;}nestic use

speakers. £4.75 per stereo par plus £1.70 p&p when purchased with
amplifier. Avaitable separately £6.75 plus £1.70 p&yp.

STEREO MAGNETIC PRE-AMP
CONVERSION K'T All components including P.C.8. to

convert your ceramic input on the 10+10 amp to magnetic. £2.00 when
purchased with kit featured above. £4.00 separately inc. p&up.

T VHCF

HIGH POWER

MODULE KITS$
125 WATT MODEL £10.50

plus £1.15 p&p {lllus)

200 WATT MODEL £14.95

plus £1.15 p&p

SPECIFICATIONS

Max. Qutput power 125 watt RMS
Operating voltage (DC) 50-80 Max.
Loads 4-16 ohms
Frequency response measured at 100 watts 25H2-20KHz
Sensitivity for 100 watts 400mV @ 47K
Typica! T.H.D. @ 50 watts 4 ohms load 0.1%

Dimensions 205 x 90 and 190 x 36 mm
The power amp kit is a modute tor high power applications—
disco units, guitar amplifiers, 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 components,
result, a high powered rugged unit. The PC.Board is backprinted.
etched and ready to drill for ease of construction, and the
aluminium chasis is preformed and ready to use. Supptied with ail
parts, circuit diagrams and instructions.

atgalilz

£1.00

125W mode!

plus 25p p&p
Suitable LS coupling electrolytic for £ 1 25
200W model ]

plus 25p p&p.

Suitable Mains Power Supply Unit
for 125W model

£7.50

plus £3.15 p&p.

£13.95

plus £4.00 p&p

Sujtable Twin Transformer Power
Supply for 200W model

MULLARD LP1183 |
STEREO PREAMP o

Original listed price over £5.00. Suitahle /

for ceramic and auxiliary inputs, when you
purchase 2 power module kits.

Six individually mixed inputs for two pick ups (Cer. or Mag.), two moving
coit microphones and twao auxiliary for tape, tuner, organs etc. Eight slider
controls - six for level and two for master bass and treble. four extra trebte
controfs for mic and aux. inputs.

Power output 50 watt RM.S. {continuous) for use with 4 to 8 chms
speakers. Finish: Attractively styled black vinyl case, with matching

fascia and knabs. Complete

and ready for use.

323 EDGWARE ROAD, LONDON W2
21 AHIGH STREET, ACTON W3 6NG

ACTON: Mail Order only. No callers
ALL PRICES INCLUDE VAT AT 15%
All items subject to availability. Price correct at
1.5.81 and subject to change without.notice.
For further information send for instructions
20p plus stamped addressed envelape.
MOTE:  Goods despatched to mainland and N. Ireland only.
Persons under 16 years not served without parent’s authorisation.
R TVC LTD. reserve the right to alter, update

ar improve their products without notice.

100 WATT
MONO DISCO
AMPLIFIER

Brushed aluminium fascia and rotary controls

Size approx 14" x 4" x 10%. Five vertical slide

controls, master volume, tape leverl, mic level. deck

level, PLUS INTER DECK FAOER for perfect graduated change
from record deck No. ! to No. 2, or vice versa. Pre fade fevet
controls {PRL} lets YOU hear next disc betore

tading it in. VU meter monitors output level £7 6 0 n
Qutput 100 watts RMS 200 watts peak. olus [4.6:] o&p

Personal Shoppers EDGWARE ROAD LONDON W2 Tel: 01-723 8432 9.30am-5.30pm. Closed all day Thursday

ACTON: Mail Order only. No callers GOODS DESPATCHED TD MAINLAND AKD N IRELAND DALY
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Rd., YL Wht106p IFT 13; 14; 15; INote & | qajoov 25 | TICHS 29| BC148C 10 | BD214 115 | MJ2955 90 | TIP36C 199 | 2N2926G 10 | 25C2078
TBY.R. - 95p 16; 17 00| gIbwis, 1A/400v 20 BC149 9| BD245 138 | MJE30 54 | TIP61IA 60 [ 2N3053 26 | 2SC2091
-5 Green  130p IFT18/1:6 120p iNaooyjz 8 | 1ascey A ~|BCl49C 10| BDa7e 70 | MJE370/71 100 | TIP4IB 68 | 2N3054 58 | 2SC2314
e S el vIo IET 18146 1365 IN40O3 6 | 1A BC153/4 27 | BD434 55 | MJE2955 99 | TIPA2A 60 | 2N3055 48 | 25C2166
Rd.,, Wht.  140p TOC 1 "°° INdo04/5 8 | 2A/80V 35 | ypjacs BC157/8 10 | BD517 75 | MJE3055 10| TiPagB 75 | 2Nadz 140 | 25C1eTo
BY9A Valve Holder MWSFR 112 INAOOB/T T | aj200v 40 | 3a/100v 48 | BC138 11 | BD695A 85 | MPF102 TIP120 90 | 2N3663 15 | 250234
oo e | e L v | ey Bl R R iEBed R OB S, §we
= = 8AM100V 60 | BC167 0 56
VEROBOARDS 1" | COPPER SISOV zA/eoo\\; :: BA;AOOV 69 | BC168C 10 | BFt15 35 | MPF106 40 | TIP147 120 | 2N3706/7 10 | 40314
clad plain | clad boards AV O0NAN BN | L6 ATIE 8A/B00V 115 | BC169C 10 | BF167 29 | MPSA05 25 | TIP2955 60 | 2N308/3 10 | 40313
2 x 37 Tp szp | Fibreglass Oy T | Aoy, ate | 12AM00v 78 |BCI7T0 15 | BF180 38 | MPSAO6 25 | TIP3055 60 | 2N3710/1 10 | 40315
px 5% 83p  —|6x6  9p 3A/1000V 30 }OA/?;% 315 | 12A/400V 82 | BC172/3 11 | BF1s4/s 12 | MPSA12 32 | TIS43 32 | 2N3TH 178 | 40316
32 x33” B3p — | 6x12 1sop 6A/400V50p 25Al200v 215 | 12A/800V 135 | BC177/8 120 | BF196/7 12 | MPSAS5 30 | TIS44/45 45 | 2N3772 195 | 40361/2
3} x§  95p 79p | SRBP. | BoAI200V 25 | 1ca100v 103 | BC179/81 20 | BF186 16 | MPSAS6 30 | TiSs8A 50 | aNGT 270 | 4od0g
3 x 177 326p 201p | 95 x 8 95p “{“ ss | 16A/400vV 105 | BC182/3 10 | BF199 18 | MPSAT0 25 | TIS90 30 | 2N3819 22 | 40411
4, xS 4200 Ferric Chl ock a | yaiep) a3 | 25A/400V 185 | BC184 10 | BF200 30 | MPSUOG 55 | TISS! 32 | 2N38B20 45 | 40467
Pkt. 0f 100 pins e’”clb °F lection 25A/800V 298 | BC182L 10 | BF224 24 | OC26 170 | ZTX107 11 | 2N3822/3 65 | 40468
Spot Face Cuﬂer"ln ’A"’?,‘d 19sp | ©f Electronic T | 25A/1000V 480 | BC183L 10 | BF244/5 28 | OC28 130 | ZTX109 12 [ 2N3866 90 | 40504/5
Pininsertion Tool | APNYAr- 1950 | g s "and DIAC 0A/40OV 525 | BC184L 10 | BF2448 30 | OC35 125 | ZTX100 11 [ 2N3903/4  {- | 40603
| 162p | Dalo Pen90p | Magazines ST2 25 | T28000D 120 | BC187 26 | BF256 35/ 0C6 120 | ZTX300 13 | 2N3g05 15 | 40673
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JOIN UP WITH LITESOLD

New ‘L’ Series soldering irons, designed to latest safety
standards. Outstanding performance, lightweight and
easy maintenance. Heating elements enclosed in
stainless steel shafts and insulated with mica and
ceramic. Non-seize interchangeable bits, ‘Copper’
or ‘Long-Life’, fit over heating elements
for high efficiency. Non-roll GRP ol \-\" \
handles and screw-connected | "} ) \
3-core mains leads. \\ % l'. -

Order direct at these special Q‘l\ -
prices or send 25p for 4-page
colour leaflet, or 60p for
16-page colour catalogue.

Model LC18 General
purpose 18 watt iron for
virtually all electronics assembly and servicing.
Normally 240 volts but also availablein 12 and
24 volt. Iron fitted with 3.2mm copper bit:
£5.23. Iron with 3 spare bits 1.6, 2.4 and
4.7mm: £7.11

Model LA12
Intended mainly for
fine work this 12 watt iron has a slimmer shaft and smaller
bits. Normally 240 volts but available in 6, 12 and 24 volts.
Iron with 2.4mm copper bit: £5.19. Iron with 2 spare bits 1.2
and 3.2mm: £6.29

DEPT. EE 2 97-99 GLOUCESTER ROAD, CROYDON, SURREY CRO 2DN. TELEPHONE: 01-6890574. TELEX 8811945.

: No. 3 Spring Stand With

heavy heat resisting plastic base, chromium
plated spring and moulded phenolic top-piece. Holds
‘L’ Series irons and spare bits in safety. Complete with
wiping sponge and non-slip pads: £5.00

‘LOLA’ Solder Suckers For trouble free ﬂ
solder removal. Thumb action operation
and re-setting. Solder ejector and
replaceable PTFE nozzle. 2 sizes —
LOLA ‘A’ (standard): £7.37.

LOLA ‘D’ (miniature): £5.65

All prices indicated include post, packing nnd VAT.

EIRESOID

LIGHT SOLDERING DEVELOPMENTS LTD

é&’ Bean
< ELECTRONIC
ENGINEER

Do something PRACTICAL about your future.

Firms all over Britain are crying out for qualified people. With
the right training, you could take your pick of these jobs.

Now, the British Institute of
Engineering Technology will train
you in your spare time to be an
Electrical Engineer.

You risk nothing! We proni-
ise to get you through your
chosen course-or.refund your
fee!

So, join the thousands who
have built a new future through
home study Engineering courses.

POST COUPON FOR FREE 44 PAGE GUIDE
BRITISH INSTITUTE OF

Courses in
C & G Elect. Technicians
C & G Elect. Installations
Telecomms. Technicians Exams
Television Servicing
Radio Maint. & Repairs (BIET})
Pract. Radio & Electronics
Plus over 60 other
home study courses.

¥
ENGINEERING TECHNOLOGY ¢
I Aldermaston Court, Dept. Tee 63 Reading RG7 4PF, '
ﬁ NAME (Block capitals please) '
! ADDRESS I
POSTCODE ~——
E Other Subjects AGE a
LAccredited by CACC Member of ABCC J
[ N N B R B B B B BN B B N N §N |

442

Top Priority for

every constructor—

HOME RADIO
CATALOGUE

® About 2,000 items clearly listed.
® Profusely illustrated throughout.
® Large A-4 size pages.

® Bargain list, order form and 2
coupons each worth 25p if used
as directed, all supplied free.

Price £1, plus 50p for post, packing |

and insurance,

Send cheque or P.O. for £1-50.

HOME RADIO Components Ltd
Dept. EE P.O. Box 92, 215 London Road,

Mitcham, Surrey. 01-543 5653

"S5 SUITABLE FORMOST
HAND-HELD DRILLS
nnlll STAND ' o Como e Precision Petite

Designed for the Electronics Professional
and Enthusiast, along with the discern-
ing Model Maker who needs rigidity and
prefers quality with bench-top utility.
Please send stamp addressed
envelope, for prices & literature.

e Dremel ® Expo etc.

2 Precision Engineering
9, Radwinter Road,

Saffron Walden, Essex CB11 3HU Telephone (0799) 24376
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SEMICONDUCTORS

GIRO NO. 388 7006
TEL: 0920 3182
TELEX: 817861

DEPT. EE7, PO Box 6, WARE, HERTS.
Visit our Shop at: 3 Baldock Street, Ware, Herts.

LEDs NEW SHAPE LEDs LED CLIPS AND
1501  £0-10  TIL209 Red LED 125
1502  £0-16  TIL211 Green LED 1257 € HOUS|NGS
1503  £0-16  TIL213 Yellow LED -125” p .:‘ ;
1504  £0-10 FLVI17Red LED -2 (5 4 . 'e
1505  £0-16  FLV310 Green LED -2” .
1506  £0-16  FLV410 Yellow LED 2"
1507 £0-80 2nd Grade LED pack. 10 assorted b 8 (o D
1522  £0-12  MIL32 Clear iliuminating Red LED -125” ' y )
1532  £0-12  FLV111 Clear llluminating Red LED -2” 7 ;.& .
1524 £0-65 CQX21 Red Flashing LED | a 4
1525 £0-75 CQX95 Two Colour LED -
F G H
1561 3mm Cylindrical LED Red ) ,
OPTO-ISOLATORS 1o SmimyShiars Sing e 154 08  LED plastlc Glios 25
1563 3mm Triangular LED Red (eeam e 1L EDY 2 lc Cllps -2 L
1515  £0-55  Opto-isolator IL74 Single 1564 5mm Rectangular LED Red 0:26  LED Houslng (nickel plated) -125” A
1516 ~ £1-16  Oplo-isolator ILD74 Dual 1565 5mm Cylindrical LED Red 1551 £0-22  LED Housing (nickel plated) -1257 B
1517  £2-10  Opto-solator [LQ74 Quad 1566 5mm Square D Red 1552 £0-37  LED Housing (matt black) ~ 125" €
1567 smm Triangular LED Red 1553  £0-31  LED Houslng (matt black) -125” D
1568 3mm Cylindrical LED Green 1554 £0-34  LED Housling (nickel plated) -2” E
1569 3mm Square LED Green 1555  £0-28  LED Housing (nickel plated) -2” F
7 SEGMENT LED 3 L e ) ot 155  £0-44  LED Houslng (mattblack) = 2" G
1557  £0-36  LED Housing (matt black) -2” H
ISPLAYS 1571 5mm Rectangular LED Green
D 1572 Smm Cylindrical LED Green
18 %0 BDLUTTsegmentLEDdipiay v [ 179 e LED Croon BULBS AND NEONS
1223 20:;2 ggug; 7segment LED display 3" ' 1575 3mm Cylindrical LED Yellow 1534  £0-24  LES Bulb 6v 0-36w
1511 £1-75  BLD747 7 segment LED display -6” 1576 3mm Square D Yellow 1535  £0-24 LES Bulb 6-5v1w
1512 £1-90  BDL727 Dual 7 segment LED display -5” 1577 3mm Trlangular LED Yellow 1536 £0-24  LES Bulb 14v 0-T5w
1578 Smm Rectangular LED Yellow 1538 £0-24  MES Bulb, Round, 6v -04A
1579 Smm Cyllndrical LED Yeijow 1539 £0-20 MES Bulb: Round: 6-5v -15A
MISCELLANEOUS Tog0 5mm $°“afﬂl L D el 1540  £0-20  MES Bulb, Round, 6-5v -3A
581 5mm Triangular LED Yellow 1541 £0-20  MES Bulb, Round, 12-0v ‘1A
1514 £0-60 ORP12 Light Dependent Resistor 1542 £0-20 MES Bulb, Round, 12-0v 2-2w i
1518 £0-60 Photo Transistor P20 NPN 1543 £0-34 Neon Rec, Round, 240v
1519 £0-26 Photo Darlington MEL11 NPN 1544 £0-34 Neon Red, Rectangular, 240v
1520 £0-40 Photo Transistor OCP71 PNP 1545 £0-34 Neon Orange, Rectangular, 240v
{ggg 20?’: E%Evg)g lIn'ira :eg Eéfgtter 1546 £0-34  Neon Green, Rectangular, 240v
0 nfra Re: CERA N 1547 £0-18  MES Batten Holder
iIC PAKS
Containing a range of first quallty miniature ceramic
BEGINNERS PAK capacitors. CARBON FILM
No. 1—100 TRANSISTORS MC1 40 minlature ceramlic capacitors:
A pack of well known translistors, as used in many popular 5 of each value: 2201, 27pf, 33pf, 39pf, 47pf, 56pf, RESI STOR PAKS
projects. A must for beginners (and very useful to experl- 68pf, 82pf £1-00 Ttese Paks Cho'"ﬂll:‘ a range of Carbon Film Reslstors.
e"ca%é‘;gﬁgumrs %018 Metal NPN MC2 40 miniature ceramic capacltors: R 50 Mixed ;: 1300 ohmaesstn ohms £1-00
10 BC237 TO92 Plastic NPN 5 of each value: 1000, 120pf, 150pf, 180p1, 220pf, R2 80 Mixed jw 1K ohms-8-2K ohms £1-00
5 BC117/8 TO18 Metal PNP 27001, 330pf, 390pf £1:0 | R3 goMixed Iw 10K ohms-82K ohms £1:00
§ BC251 T082 Plastic PNP MC3 40 minlature ceramic capacitors: R4 80 Mixed 3w 100K ohms-1M £1-00
10 BFYS51-BCl14f TO35 Metal NPN § of each value: 470pf, 560pf, 680pt, 820p{, 100Cpf, RS 60 Mixed fw 100 ohms-820 ohms £1:00
5 ac11t;o Tgae Meta: PNP 1500p1, 2200p1, 3300p1 £1:00 R6 60 Mixed ;w 1KKoh’r‘ns—8~2a ohms £1-00
5 AC176 TO3 Meta NPN R7 60 Mixed jw 10K ohms-82K ohms £1:00
MC4 35 minlature ceramlc capacltors:
2 BD312/MJ2955  TO3 Metal PNP § or each value: 4700pf, 6800pf, -O1uf, -015u4f, R8 50 Mixed jw 100K ohms-1M £1-00
] TR0 Flpstlc e -022uf, -0334f, -047ui £
2 30- 220 Plastlc PN 0 ]
'S RCizmtes  Germantom Metal NP TANTALUM BEAD
5 - ermanlum Metal PNP
5 ACI76 Germanium Metal NPN CA PACITORS
5 OC44-45 Germanijum PNP
5 TIS42-UT46 lFJréu;_mcﬂon Plastic 401 r)-mFF 16v  £0-11 | 414  47-0uF 16v §o~ss
5 2N3819 E.T. 402 0-224F 16v ~ £0-11 | 415 100uF_ 10, £0-62
2 gs%1 ;gc:to '!’;ransistor Plastic SPEA KERS A N D 403 0-33‘4: 16v  £0-11 416 -1aF  35v 20-:2
2 1 26 Plasilc NPN 404 0-4TuF 16v  £0-11 | 417 -22uF 35v  £0-12
2 BD132 TO126 Plastic PNP CROSSOVERS 405 0-684F 16v  £0-11 | 418 -33uF 35v  £0-12
-— 4 406  1-0uF  16v  £0-11 | ‘419 -4TuF 35v  £0-12
100 TOTAL 1901 Dome Tweeter 31", 8 ohms, 50w £3-20 407  2-2u4F 16y £0-12 420 -88uF 35v  £0-12
ALL devices—brand new and full spec. as per device coding. | 1902 Dome Tweeter 3”, 8 ohms, 20w £2:60 | 408 3-3uF 16v £0-93 | 421 1-0uF 3/v  £0-12
Data and [ead out detalls included In Pak. " | 1903 Flared Hom Tweeter, 8 ohms, 30w £3:80 | 409 4-TuF 18v  £0-14 | 42 2-24F 3By  £0-13
Normal Retall Value £23-00 1904 2-way Crossover, 15w, 8 ohms £1-24 | 40 684F 16v £095 | 423  3-34F 35v  £0-15
Our Speclal Offer Price £15-00 1905 2-way Crossover, 40w, 8 ohms £2-70 | 411 10-0uF 16v £0-18 | 424 4-TuF 35v  £0-18
:ggg SP-‘way $’°ss'°"'- 60w, 8 ohms ﬁ;g 412 22:0uF  16v  £0-28 | 425 6-8uF 35v £0-30
e20 Tweeter . y s 10- 4
B G e T £1.59 | 413 3B-0uF  16v  £0-50 | 426 10-04F 3 £0-38
E IN N ERS PA K 1915 70mm 8 ohm Speaker £0-95
No. 2_400 RECTIFIERS, SCR's TRIACS, DIODES TS Saritae aler A ELECTROLYTIC PAKS
20 IN54D1-IN5407 gi :mg g}l:gm :sg:m:: 1918 24~ 64 ohm Speaker £0-82 A range of Paks each contalning 25 first quallty, mixed value
20 IN4148 Fast Switch Dlodes. Sllicon 1919 547 Whoofer, 4 ohms, 10w £3-90 | miniature electrolytics.
10 OA200BAX13-13  General Purpose Dlode, Silfcon 1920 557 Whooter, 8 ahms, 1ow £3-90 | EC1 Values from -47mFD-10mFD £1-00
s C106D Thyrlstor 400v, TO202 Case 1921 51" Dual Cone, wide tange, 8 chms £5-30 EC2 Values from 10mFD-100mFD £1-00
2 10 Amo Trlacs 400v  T0O220 Case, Isolated Tab 1922 87 Dual Cine, long throw, 8 ohms, 15w £4-34 | EC3 Values from 100mFD-1000mFD £1:00
“2) A. A“:tp ;—gaAcs 400v {—Sm Casngon-lsolated Tab 1923 8”7 Whoofer, dual 4 + 8 ohms rubber edge, 20w £7-80 -
ssorte: mp yrlstors 50-600 volts,
T064-T086 Case POWER SUPPLIES
S Assorted1 Amp Tr;!g;;oagg-soo volts, 137 AC-DC Adaptor 6, 74, 9 & 12 voits £3-75
6 OAB1-91 Geger;l Purpose Germanium 188 D C;DC]Adapfoni6r 75,8 valts B
— iodes
100 TOTAL
ALL devices brand new and full spec. Data and [ead out . DIL SOCKETS CA BINETS
detalls Included, 1601 8 Pin £0-09 | 1605 20 Pin £0-20 | 400 toak 30 Case £7:00
Normal Retal(!)v:h.;,e £17-00 1602 14 Pin £oiy| f 1DERZPID £328 | 140 Teak 60 Case £9-50
ur Speclal Offer Price £11-00 1603 16 PIn £0-12 :gg gg P:g 20'3;
1604 18 Pin £0-18 ' 1605 40 Pin £0-36
UNTESTED VEROBOARD
2201 2-5” x 5” 1 copper £0-76
SEMICONDUCTOR PAKS 2202 2-6” x 3-75" 1 copper £0-66
2203 2-5” x 17” 1 copper £2-28
B Bpmetmommon g AL s
erm Polnt Contact Diodes O AB £1-00 <757 x 3-75” pper 4
U3 150 Silicon &P, 200mA Diades Oazo0 £1-00 LATE ADDITIONS 2L 11 AT 1 geer £2998
con Fast Switc! odes 48 £1-00 - x 17- copper 3
Ug ';’5 tud_type Sllicon Rectifiers up to 10A £1-00 HIGH CURRENT TRANSISTORS 2208 2-5"”x 1 §’Ing|ack f_}:g
B eSS mEN T 6 £1-00 VCEO VCBO 1.C. Max, R e el Eouts
SI| Trans NPN, TO18 Case BC107/8/9 £1-00 BFT32 £0-80 60 80 3A 2210 3-75" x 2 aln
US 40 31l Trans NPN, TO15 cose BS1TTISIS £1.09 | BFT® o, 100 2 3312 voro pins Double sided -040mm 17 (in 100's)  £0-92
rans , TO18 Case 2N706/8 £1-00 K 2212 vero plns Double sided -040mm - n ]
g:? :g IIII ';:::s g:g' ;82/[%3 gmgg"s?n‘;z“ E: %L g:;g’ 23: :% :38 gﬁ g}g \!l)elr’;)éalnsdil‘;!:lde slded -040mm -1” (In 100's) ég;é
S s ) 0! c rea [{ i
U2 30 Sl Trans NPN, TO39 BFY51-’BC141 21 % | RPYZA Infra Red Detector E0-65 | 2215 Vero Cutter £1-06
U13 30 SIl Trans PNP, TO39 BC160-161, etc. £1-00 2216 Insertton Tool 1 £1-48
U4 10 Sil Trans NPN, TO3 2N3055 £1-00 2217 PCB Transfers
U1S 10 SIl Trans NPN, TO220 TIP29-31-33 £1-00 2218 12 volt minl drill £7-00
U16 10 SIi Trans PNP, TO220 TiP30-32-34 £1-00
U17 30 Sil Trans NPN, TO39 High Volts BREADBOARD
BF258/115 £1:00
U18 40 SII Trans, TO92 BC237/8 £1-00
U19 40 Sil Trans, TO92 BC251 £1-00 EARPIECES & BUZZERS 2195 EXP325 ﬁ:;
U20 40 SII Trans NPN, TO92 BC183-4 £1-00 | 500 - Solid State Buzzer 4-25v £0-75 | 2196 EXP350 2
U21 40 Sl Trans PNP, TO92 BC257BC212L  £1-00 | 501 Crystal Earplace £0-42 | 2197 EXP650 et
Code No.'s mentioned above are glven as a guide to the 502 8 ohm Earplece 2:5mm Plug £0-18 2198 EXP300 f,g-ss
type of device In the Pak. The devices themselves are normally 503 8 ohm Earplece 3-5mm Plug £0-13 2199 EXP4B 325
unmarked. 505 200 ohm Earpiece 3-5mm Plug £0-44 | 2200 EXP600 £

Please add 15% VAT ; Add 50p post per order—Just quote your Access of Barclaycard number

Terms: Cash with order, cheques, POs, payable to Bi-Pak at above address
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ELECTRONIRIT

Introducing our new

CHIP SHOP KITS

Each CHIP SHOP KIT is complete in every
way and contains all the components necessary
to build and operate the project described. All
you need is a Soldering Iron (see Kit No. 2) and
a 9v battery. Each kit includes step-by-step
instructions on construction and detailed
educational notes about the individual circuit,
together with advice about soldering tech-
nigues.

Kit No. 2—SOLDERING IRON—contains a
high quality British soldering iron,a1 Amp fuse
and solder together with straightforward
instructions upon how to handle your soldering
iron and the best techniques for its use and
maintenance.

Kit No. 3—ELECTRONICS TOOLS—con-
tains a selection of useful tools for anyone
starting in electronics, together with in-
structions about the use and care of your
equipment.

SOLDER is included with every kit.

Morning Call plus
Transistor Tester

Soldering !ron

Efectronics Tools

Electronic Organ

Morse Code Trainer and Siren
Oscillator

Light Operated Burglar Alarm

Buzzer—Aircraft

Light and Sound Alarm

Lie Detector

Lamp Flasher plus
Sleep inducer

Cat Sound plus
Night Light Reminder

Bicycle Horn plus
Electronic Shocker

Light Sensitive Alarm plus
Electronic Lamp

2-Transistor Radio

Morning Alarm

American Police Siren

Flashing Dual-tone Horn

Two-Way Interphone

4-Transistor Radio

Clicker—Helicopter Oscillator

All kits packed individually in attractive boxes.
Loudspeakers are included with each kit
(except nos. 2, 3, 14 where they are not re-
quired).
Kit nos, 1, 10, 11, 12, 13 contain two separate
projects.

These kits are becoming available in
Hobby and Electronics Stores all over
the Country—look out for the CHIP
SHOP DISPLAY in your local store.

If you cannot locate a stockist please order direct
from Electroni-Kit Ltd. Please add 50p per kit for
postage and packing.

Trade and Educational Enquiries welcomed.

Cheque/P.O./Access/Barclaycard (or 23p for full-
colour illustrated literature) to DEPT. EECS.

ELECTRONI-KIT LTD.
RECTORY COURT, CHALVINGT
E.SUSSEX, BN27 3TD (032 183 579)

N,

E.E. PROJECT KITS

Make us your No. 1 SUPPLIER OF KITS and COMPONENTS
for E.E. Projects. We supply carefully selected sets of parts to
enable you to construct E.E. projects. Kits include ALL THE
ELECTRONICS AND HARDWARE NEEDED. Printed circuit
boards (fully etched, drilled and roller tinned) or veroboard
are, of course, |ncluded as specified in the original article, we
even include nuts, screws and I.C., sockets. PRICES INCLUDE
CASES unless otherwise stated. BATTERIES ARE NOT
INCLUDED. COMPONENT SHEET INCLUDED. !f you do not
have the issue of E.E. which includes the project—you will need
to order the Instruction reprint at an extra 45p each.

Reprints available separately-45p each + p. & p. 40p.

LIGHTS REMINDER AND IGNITION LOCATOR E.E. May 8! £4-8!
SOIL MOISTURE INDICATOR E.E. May 8l........ccccooooooiininne £3-49
T.V.INTERFERENCE FILTERS E.E. May BI LOW PASS less tin-
plate £2-62. HIGH PASS £1-42
GUITAR HEADPHONE AMPLIFIER E.E. May 8i.
PHONE BELL REPEATER/BABY ALARM E.E. l“lay 8|
Rectangular cases.
AUDIO TEST SET E.E. Moy 8{. £40-84............ Less case. Case extra £6-95
DIGITAL RULE (ultrasonic) April 81 . £27-46
INTERCOM April 81 .............
FREEZER ALARM April 81 .... =
MODEL RAILWAY Deadman’s Handle April 81 ......ooooiiiniciieeennnns £6 80
S)JMPLE TRANSISTOR & DIODE TESTERS. Mar.
Ohmeter version ............... £1-72 Led version. £2-33
MINTESBIREIN Mar Bl wp ecnimmanerse s s e rsissiol
LED DICE. Mar. 81. ........
LEO FLASHER. Mar. 8l
MODULATED TONE DOORBELL. Mar. 81 ..
MODEL RAILWAY POINTS CONTROLLER. ‘Mar. 81 -
less power supply. Smoothing parts 42p. Power supply parts £3-58.
BENCH POWER SUPPLY. Mar. 8| £47-98
TREBLE BOOST.Mar, 8l. ................ <l 9 £6-22
CAR ACTUATED DRIVEWAY LIGHT b. 8 £21-73
THREE CHANNEL STEREO MIXER. fFeb. 81 . £15-89
SIGNAL TRACER. Feb. 81 ........... £6-95 less probe
FOUR BAND RADIO. Feb. 81 . .. £39-98
Ni-Cd BATTERY CHARGER. Fe .
UNIBOARD 3—POWER SUPPLY. Fe
ULTRASONIC INTRUDER DETECTOR. Jan

£3-60
£4-81

AUTO SLIDE CHANGER. Jan. 81 .... £8-44
PHASER SOUND EFFECTS. Jan. 81 £22-83
ICE ALARM. fan. 8l..ccciiiiienrrenennannns £6-71
LOGIC PULSE GENERATOR. Jan. 81. £6-80
2 NOTE DOOR CHIME. Dec. 80. £8-78
LIVE WIRE GAME. Dec. 80....... £9-95
SOUND TO LIGHT. Nov. 80. 3 channel £18-95
PRECISION TIMER. Nov. 80 ............. £24-48
GUITAR PRACTICE AMPLIFIER. Nov. 6 less case

Standard case £3-58. High quality case £8-33.
SOIL MOISTURE MONITOR. Nov. 80.
TRANSISTOR TESTER. Nov. 80 ....

£4-94 inc. probes
£9-89 inc. test leads

AUDIO EFFECTS UNIT FOR WEIR| DS. Oct. 80 £11-15
PHONE CALL CHARGE JOGGER. Oct. 80 . - . £6-19
BICYCLE ALARM. Oct. 80 .... £8 rackets
IRON HEAT CONTROL. Oct. : .. £4-99
DARKROOM CONTROLLER. Oct case differs
BEDSIDE RADIO. Sept. 80 ... £15-98

TTL LOGIC PROBE. Sept. 80.
TTL POWER SUPPLY UNIT
CRICKET GAME. Aug. 80....
WEATHER GAME. Aug. 80 (|

AUDIO MILLIVOLTMETER. Aug. 80.
AUTOPHASE. June 80, Rectangular Ca:
COURTESY LIGHT DELAY. June 80.
A.F. SIGNAL GENERATOR. june 80 .
AUTOWAA, june B0. Rectangular Case
G.P. AMPLIFIER. June 80 .
SIGNAL TRACER. june 80 .
ZENER DIODE TESTER. june 80.
4 STATION RADIO. May 80 ....
AUTOFADE. May 80

1981 ELECTRONICS CATALOGUE

Hundreds of lllustrations, product data,
KITS clrcuits, and detalls of all our kits and TooLs
1.Cs educatlonal courses. RESISTORS

TRANSISTORS | Uptodate pricelistincluded. All products | HARDW ARE
are stock ilnes for fast detlvery, Send 70p

CAPACITORS tn stamps or add 70p to order, 1 CASES

ADVENTURES WITH ELECTRONICS =..:n

An easy to follow book sulable for all ages, ideal for beginners. No Soldering, Uses
an 'S Dec' breadboard. Glves clear lnstrucllons with lots of plctures. 16 projects—
including three radios, stren, i , timer, etc. Helps you learn
about electronlc components ‘and how clrculh work Componem pack Includes an S-Dec
and the components for the projects.

Adventures With Electronics £1-90. Component Pack £16-72 less battery.

ADVENTURES WITH

MICROELECTRONICS

Same style as above book; 11 projects based on Integratea clrcuits—includes: dice,

two (one doorbell elec(ronlc organ, MWILW radlo, reaction timer, etc. Component pack
fug-in br d and the ts for the projects,

Adventures with Mlcroeleclronlcs £2-35. Component pack £26-95 |ess battery.
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LIGHTS WARNING SYSTEM. May 80
BATTERY VOLTAGE MONITOR. May 80
AUDIO TONE GENERATOR. May 80 .
GAS SENTINEL. April 80...............
AUTO LEVEL CONTROL. April 80
CABLE & PIPE LOCATOR. Mar. 80

KITCHEN TIMER. Mar. 80

STEREO HEADPHONE AMPLIFIER. Mar. 80
5 RANGE CURRENT LIMITER. Mar. 80 .
MICRO MUSIC BOX. Feb. 80 £13-82 ...
SIMPLE SHORT WAVE RECEIVER. Feb.

Headphones £2-98.

SLIDE/TAPE SYNCHRONISER. Feb. 80
MORSE PRACTICE OSCILLATOR. Feb. 80.
SPRING LINE REVERB. UNIT. Jan. 80.
UNIBOARD BURGLAR ALARM. Dec. 79.

BABY ALARM. Nov. 79
OPTO ALARM. Nov. 79..

MW/LW RADIO TUNER. Nov. 79

ONE ARMED BANDIT. Oct.

HIGH IMPEDANCE VOLTMETER. Oct. 79
CHASER LIGHTS. Sept. 79............
VARICAP M.W. RADIO. Sept. 79...
SIMPLE TRANSISTOR TESTER. Sept. 79
ELECTRONIC TUNING FORK. Aug. 79 ...
Suitable microphone & plug £1-59 extra.
WARBLING TIMER. Aug. 79 ....

9V POWER SUPPLY. Aug. 79.

SWANEE WHISTLER. Aug. 79 .

DARKROOM TIMER. July 79 .
TREMOLO UNIT. June 79 ....

ELECTRONIC CANARY. June 79..
LOW COST METAL LOCATOR. ]une 79
Handle & coll former parts extra £5-55.
QUAD SIMULATOR. june 79....
INTRUDER ALARM. May 1979 ...

79

. £7-69
0 less c0|| former

o £12-46
£15-43
. £4-24

£5-TT inc. optlonal ports

.. £15-50 less dial

. £22-37
£15-87
£19-98
.. £8-98
.. £6-26
. £9-15

£6-25
£9:94 inc. pcb

Less Ext. Buzzer & Lamp and Loop Components.

THERMOSTAT. ‘PHOTO"’ SOLUTIONS. May 79. ..........c...

Less socket, tube and grease.
TRANSISTOR TESTER. April
TOUCH BLEEPER. April 79.

ONE TRANSISTOR RADIO. Mar. 79. Less case.
MICROCHIME DOORBELL. Feb. 79

AUDIO MODULATOR. Feb.

THYRISTOR TESTER. Feb. 79 .

ADJUSTABLE PSU. Feb. 79....

HEADPHONE ENHANCER. Jan. 79

FUZZ BOX. Dec. 78 ...
MIC. AMP. Dec. 78 ...
AUDIBLE FLASHER. . 78.
VEHICLE IMMOBILISER. Inc.
PASSIVE MIXER. Oct. 78.......
FUSE CHECKER. Oct. 78..

TREASURE HUNTER. Oct. 78.
GUITAR TONE BOOSTER. Sept.

SOUND TO LIGHT. Sept. 78.
FHERER ... . 4 dacamsgomss i oo mamemt o

CAR BATTERY STATE INDICATOR. Sept. 78. Less case..
R.F. SIGNAL GENERATOR. Sept 78..
SLAVE FLASH. Aug. 78................

LOGIC PROBE. july 78.....

IN SITU TRANSISTOR TESTER. ]une 78.

FLASHMETER. May 78
POCKET TIMER. April 78..

79

79

P

WEIRD SOUND EFFECTS GEN

CHASER LIGHT DISPLAY. Feb. 78
AUDIO VISUAL METRONOME. Jan. 78.
ELECTRONIC TOUCH SWITCH. Jan. 78 .
RAPID DIODE CHECK. Jan. 78
AUTOMATIC PHASE BOX. Dec. 77

VHF RADIO. Nov. 77.

ULTRASONIC REMOTE CONTROL. Nov. /Dec 77
ADD-ON CAPACITANCE UNIT. Sept. 77 .
PHONE/DOORBELL REPEATER. July 77..............
ELECTRONIC DICE. March 77

ec. 78.
AUDIO EFFECTS OSCILLATOR. Nov 78 .

£16-02

... £4-05

. £3-52
£6-93
£13-48

£1-56 less case and pins
£3-22

£28-98
.. £2-60
.. £6-20
.. £2-80
.. €1-21
.. £5-74
. board
. £3-72
.. £1-97
‘former
£4-99 in. p.c.b.
.. £6-98
. £1-66
. £1-79
£22-77
£3~10 less SK |
£2-53

£5-76
£12-84 Iess calc and diffuser
. £2-98

. £4-80
£28-80
oo €512
£2:33 less case

£2-34

£16-09
. £5-99
. £6-38
. £4-83

MEMORY BANK
SYNTHESISER

Mintature syntheslser featuring
vibrato, envelope, tempo, volume
+ pltch controls. Uses 24 push
button switches in a keyboard
style layout. Based on a custom
designed J.c. The accessible
memory stores a 32 beat length
sequence of notes + spaces.
Can be played ‘llve’. Fitted with
an Internal speaker, Jack socket
allows the use of an external
amplifler if wished. Memory
Bank Synthesiser £33-85.

E. E. JUNE ’8I

TREMELO UNIT Jun '8l
less case £9-51
Rectangular case extra £3-53

TAPE AUTO START
Jun 81 £10-58 less wire

LOOP AERIALCRYSTAL
SET Jun '81 £4-9

TEACH-IN-80

E.E. 12 part series. Oct '79-Sept '80. Covers the basics of electronics
—Ilots of practical work. Circuits are built on a plug-in Eurobread-
board, which is built into a wooden console which houses the
power supplies, speaker, meter, pots and LED indicators. The
series uses a range of electronic components in the experimental
work including a photocell, I.C.s, transistors, etc.

Wooden Console (Tutor Deck) kit £5-98 extra. Includes all the
wood, glue, feet and strap handle.

Electronic components, including Eurobreadboard, for the console
and the experiments £25-40 (called list A + B + C by E.E.). Re-
prints available—Parts 1-12, 45p each.

List ‘'C’ only £2-45.

C106D 56p | 2Nses7 58p | BF Y51 24p | LINEAR 1.C.s | LM2017N £2-27
TiC46 49p | 2N5484 83p| BFY52 23p | 555 32p| LM3300W  85p
0A47 11p ) 40673 98p | BFXa8 32p | 556 79p| LM390SN  79p
0A90 9p| AC128 29p| BRY39 4sp | 741 28p| LM3911N £1-55
0A202 16p{ AC141 38p|MPSAGs  39p [ 748 55p| LM3914N £2-89
WO05 33p| AC142 39p|RPYS8A £1-16 | CA3080  £1-21] LM39I5N £2-98
06 47p| AC176 37p| TIP31A 52p | CA3085A £1-32| MC3340 £2-15
Z5) £2-92|BC182 1p)TIP32A  83p | CA3130T £1-12) TBAS20 £1-05
IN4001 sip|BCiB2L  11p|TIP33A 84p | CA3140E  57p| TLO64  £2-59
IN4005 6p|BC183 11p] TIP34A 99p | HA1388  £2-85) U237B  £1-69
IN4t48 5p|BC184 pTIP121  £1-12 | ICL7611  £1-04| ULN2283B £1-47
IN5404 18pfBC184L  11p|TIP2955  69p | ICLB03BCCES-92] ZN1034E £2-19
INS408 19p}BC212 1p|TiP3055  69p | ICMT7555 £1-18] ZN414  £1-08
BF244B 87p] BC212L 11p|Tise3 38p | LF351 58p] ZN419CE £2-59
MPF102  69p)BC213 11p|TPSA13 p | LF353 96p| ZN424E  £2-14,
TIS88A  57p|8C214 11p|2N3053 25p | LF3s6 99p| ZN425E  £5-98
VN6TAF £1-21]BC2ta.  11p|2N3055 59p | (M301AN £230| cMos
2N3819 28p| BD131 48p |2N3702 11p | LM309K  £2-98] 4001 27p
2N3820 8p{BFY50 25p |2N3704 11p | (M317K i 5| 4011 28p
LM317T  £2-55] 4013 s5p
i{W CARBON FILM RESISTORS LM324N  79p] 4017 95p
€12 SERIES. 1R-10M ...oooooo..o.. 14p each | LM38ON  99p| 4020 £1-20
MIN. HORIZ. PRESETS. 100R-4M7  12p each | LM38IN  £1-98 4024 76p
MIDGET POTS. LINEAR. 470R-4M7 31p each | LM332N  £1-62) 4069 31p
LOG. 4KT-2M3 .oooovreereeosrerian. peach | LM386N  £1-04f 4081 29p
SWITCHED POTS. 4K7-1M, LIN. 75p. LOG 76p | LM3s7N  £1-39 4093 89
LM389N  £1-29| 45 £1-79
POLYESTER (C280) CAPACITORS, 250V | LM1830  £2-32{ 40174 £1-50

10nF; 15nF; 22nF; 33nF; 4InF Tp each. 68nF;
100nF 8p. 150nF 220nF 12p 330nF 15p. 470nF 20p.
680nF 28p. 1uF Mp 1-5u4F 49p. 2-2uF 65p,

SUB MINIATURE PLATE CERAMICS, 63V
Values In pF: 2-2; 3-3; 4-7; 5:6; 6-8; 8-2; 10; 15;
22; 33; 47 & 56pF 7p each. SBpF 100pF Tp each
150pF 220pF, 330pF 11p each. 390pF, 470pF,

78
LEDS WITH CLIPS

1000pF 5p each. 2200pF 6p each. 3300pF, 4700pF | 3mm. Red 15p. Green 18p.
Yellow 20p.

Tp each. 10nF 13p. 100nF 22p. 47nF 14p. Shin pARe g 18ps WGreanii28n:

ELECTROLYTIC CAPACITORS Yellow 29p.

AXIAL Leads: 14F/16V 11p; 14F/63V, 14F/100V FLASHING LED 78p

12p; 2-2uF,63V, 3-34F,63V, 4 TuF/63V 12p; RECTANGULAR. Re 58p

10u;;16V 1‘1p;1ouF/25v,1ouF/savF1zp;22uFF,1ov, MAINS PANEL. Neon 32p

22uF|25V 12p; 22uF/63V 15p; 33uF/40V, 4TuF/25V ZENER DIODES $00mW

12p; 47uF/40V 15p; 47uF/63V 18p; 100uF/16V 12p; BZYsa, Range 2V7 to 33V,

100uF/25V 15p; 100,.F/40V 18p; 1004F/63V 29p;

2204F/10V 15p; 2204F/25V 19p; 470uF/16V 29 2ngennh:

470uF 25V 36p; 470uF/40v 55p; 680uF/16V 32p; IC SOCKETS

1000uF/10v 30p; 1DOOuFI16V 33p; 1000uF/25V 46p; wp 18 pln
10004F/40V 58p ; 1000uF/63V 79p ; 2200uF/10V 39p; .17 24 pin.
2200uF 25V 64p; 2200uF/63V £1 -10. llp 28 pin.
SWITCHES JACKSON

300pF dilecon

MIN. TOGGLE spst 58p; spdt Gsp, dpdl 19p.

MIN. PUSH ON. 18p. H OFF. 22p. 500pF dilecon

FOOTSWITCH & ALT. ACTION spco £1-39; C804 Ver, Ca
dpco £1-88. 25pF £2-46. SODF £2-48. 1OODF

ROTARY SWITCHES. 1p 12 way, 2p Bw 3p 4w, £2-83. 150pF £

. 69p each ‘01" 365pF £3* 48 'OZ'JGSDF £4-49,
. £2-98 '02' 208 + 176pF £3-98,

4p
12V 185R DPCO RELAY.

SPEAKERS. Mlnlalucre 8 ohm......... 87p

F.M. AERIAL .
MIN. BUZZERS. 6V. 50p. 9V, £1- 10 12V 65p.
ANTEX X25 SOLDERING IRON—25W.........couiininns -

E
WIRE STRIPPERS + CUTTERS
PCB ASSEMBLY JIG .
PCB ETCHING KIT .
PLASTIC TWEEZERS .
EUROBREADBOARD vwee o et e
BIMBOARD 1
S. DEC

PP3 CLIPS .. . 10p PPS CLIPS

PANEL METE Sm A, 100uA, 1nA, 1A

VERQBOARD 0-1” COPPER "10 strlps. 24 holes... 5
36.

24 SOH. 89, 365 3H. 89p.
PIN INSERTION TOOL U£1'89 " SPOT FACE CUTTER.

. 48p{100
.. £1-23

MAGENTA ELECTRONICS LTD.

BURTON-ON-TRENT, STAFFS,,
DE14 2ST. 0283 65435. MON.-FRI. 9-4. MAIL ORDER.

EK29, 135 HUNTER ST.

CALLERS BY APPOINTMENT.

ADD 40p P. & P. TO ALL ORDERS

ALL PRICES INCLUDE 15% V.A.

P\ N

T.

FFICIAL ORDERS WELCOME.

{RISH REPUBLIC & B.F.P.0. EUROPE:
Deduct 10% from prices shown Payment.
must be {n Sterling

CESS and BARCLAYCARD (VISA)

ORDERS ACCEPTED BY PHONE OR

Everyday Electronics, July 1981

MULTIMETER TYPE 1. 1,000 opv with probes. 27 x 3}” x 17 ...
MULTIMETER TYPE 2. 20000 opv with probes. 57 x 3}” x 1}”
CROC CLIP TEST LEAD SET. 10 leads with 20 clips..........

CONNECTING WIRE PACK. 5 x 5yd colls

RESISTOR COLOUR CODE CALCULA
TOWERS INTERNATIONAL TRANSISTOR SELECTOR
AM-FM AIRCRAFT BAND PORTABLE RADIO .........
2 STATION DESK INTERCOM £7-48 3 STATION
PLUG-IN POWER SUPPLY. 4-5V, 6V, 9V, 300mW ......
DIMMER SWITCH o e vonees o ambtnes oon ioasmoms asvams o
PVC TAPE. 3 reels.
DENTISTS INSPECTION MIRROR
JEWELLERS EYEGL
HAND MAGNIFIER.
ILLUMINATED MAGNIFIER. 1}” £1-14 [
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Horizon Electronics (Bristol) Limited

MAIL ORDER. CALLERS WELCOME. 7A HIGH STREET

VAT: Please add 15% to total costincl. P. & P,
Terms of Business: Cash/Cheque/P.Os. GLAS;S:ESQEYT
P. & P.: Please Add 40p to all orders under £10.

Overseas add £1-50 (Europe); £4 elsewhere for P. & P. TEL : 0458-33600
The following are all quality items and will be replaced should you not be satisfied.

TANT. BEAD CAPACITORS: -1/35v, -22/35v, -47/35v, 1/10v, 1/35v & 22/6-3v—alt at 10p each. 1-5/35v, 4-7/10v, 6-8/6-3v, 10/6-3v & 22/3v—all 9p
each. 2-2/25v, 3:3/16v, 4-7/35v & 10/25v—all 12p each. 100/3v—14p each. Solid Tant. Axial Type 2-2/35v—12p each.

ELECTROLYTIC AXIAL: 0-47/50v—3p each; 1/16v, 2-2/16v—4p each; 2:2/63v, 68/4v—5p each; 22/16v, 22/25v, 68/16v, 100/4v—6p each; 100/63v,
220/50v—17p each; 150/63v, 1000/6 - 3v, 1500/6 :3v—10p each; 1000/16v—17p each; 470/25v—20p each.

ELECTROLYTIC RADIAL: 1/100v, 10/16v, 22/10v, 47/10v—all 3p each; 10/6-3v, 25/25v—4p each; 2-2/50v, 100/6v—5p each; 100/20v—6p each;
47/63v—Tp each; 10/50v—8p each; 100/50v—9p each; 470/40v—14p each; 1000/25v—15p each; 3,300/25v inc. clip—65p each; 10,000/16v inc. clip—95p
each.

CERAMIC DISC/PLATE: 15pf, 18pf, 33pf, 39pf, 56pf, 68pf, 220pf, 2200pf, all at 3p each; 3,300pf/63v—4p each; ‘014/63v—2p each; -022/30v and
‘10 u/30v—3p each.

POLYESTER AXIAL Mullard—Most values, 2p each. POLYESTER RADIAL C280 or boxed—S5p each.

SEMICONDUCTORS: AAZ15—8p; BA157—12p; BAX13—1p; BAX16—3p; BC107, 108, 109C—9p each; IN4001/2—4p; IN4003/4—5p ; IN4006/7—8p;
IN4148—2p; IN5401/2—10p; IN5403/4/6—12p each. Zener Diodes 400mW. Range 2v7 to 39yv—6p each. Zener 1W,. Range 3v3 to 33v—12p each.
BC173—6p; BC117—14p; BC178—12p; BC183—6p; BC183L—6p; BC184—6p; BC204—8p; BC209—8p; BC213, BC213L—7p; BC252, BC253—5p;

BC327—10p; BC413, 415, 416—7p each; BD303B, BD304B—40p each; BR121T 12 amp, 70v bridge—95p ; BFR80L—20p ; BY154 (7kV)—10p.

TO3 POWER TANSISTORS: BUX12—£5; BUX15—£6; BUX20—£8.

SMALL SIGNAL TRANSISTORS : ME0402—12p; ME0462—12p ; ME0491—22p; ME501—12p; MEF3819 (F.E.T.)—15p.
BRIDGE RECTIFIERS: PW-005—45p; W04 (400v/1A)—20p; W06 (600v/1A)—25p; W08 (800/1 A)—30p.

REGULATORS : 7805—50p; 7812—50p; 7815—60p ; 7905—80p ; 7912—80p.

SPECIALS: 5FF96364 VDU Chip—£8 each; 6800E—£S5 each; 6880AE—£2 each; 6889E—£2 each.
CMOS: 4001B—16p; 4011B—16p; 4017A—35p. T.T.L. 7401—12p; 7409—19p; 74206—14p; 7430—14p.
LED's: 0-2” Red—10p; 0:2” Green—14p; 0-2” Yellow—14p; 0:13” Red—10p; 0-13” Green or Yellow—14p.
POTENTIOMETERS: Top quality Cermet Skeleton pre-set. Vertical and Horizental—20p each.
Miniature Carbon pre-set. Vertical and Horizontal-6p each.
Top quality Carbon enclosed pre-set. Vertical and Horizonta!—10p each.
RESISTORS : Top quality Carbon Film $W. 5%. E6 range—1p each (minimum 50 off).

Top quality Metal. 1%. E6 range—3p each (minimum 10 off).

TRANSFORMERS : Top quality. 20 VA Miniature (PR1-240v, sec-9v)—£1-75 each.
Top quality. 6 VA Open (0-4-5v, 0-4-5v sec)—£1 50 each. ;
CONNECTORS: ‘D’ type 15-way socket—70p; 37-way socket—£1; 25-way plug & socket—&4 the pair. I/C socket, low profile, 22-way (-60” pitch)—

10p; 28-way—15p; Fuseholder panel mounting, 20 x 5—28p.

TOOLS: Micro Nozzle Solder Sucker—£4-50; End Cutting Nippers (Bahco)—£5; Round Nose Pliers (Bahco)—£3-50; Microshear Cutters—£2-75.
MISC: 12v Continuous Buzzer (Roxburgh)—89p; VVI Suction Vice (O.K. Tools)—£1:99; K Bar Solder—£1-70.

Please note we also sell the following well known producis . —

ADCOLA; A.B. ENGINEERING; MICRO-E; UNGAR; BAHCO; BELCLERE; NEOHM; PLATO; O.K. TOOLS; THOMSON-CSF; SILICONE
PRODUCTS; LINK CABINETS? EGM SOLDER; ROXBURGH; DIODES LTD.

B.K. ELECTRONICS—A SOUND CHOICE

STEREO CASSETTE TAPE DECK MODULE

Full record and play-back facifities. Supplied as one complete unit for horizontal
installation into cabinet or console of own choice. Brand new, ready buift and
tested, Smart silver and black finish. Features: Three digit tape counter, Auto
stop, Six piano type keys, Record, Rewind, Fast Forward, Play, Stop and Eject.
Automatic record level control. Main inputs plus secondary inputs for stereo
microphones. Input sensitivity 100mV to 2V, Output level 400mV nominal.
Wow and flutter 0-1%. ldeal for hi-fi, disco and computer applications etc.
Easily connected. Dimensions—top panel 54” x 114", Supplied complete with
circuit and connecting diagrams. Power supply required—I[8V DC at 300mA.
PRICE £26-70 4 £2-50 post and packing. Power supply kit (including trans-
former) £3-00.

G.E.C. TUNER AMPLIFIER CHASSIS—AM/FM

Originally designed for installation into a music centre, Supplied as two separate
fully built and tested units which are easily wired together. Circuit diagram
and inter-connecting wiring diagram supplied. Rotary controls—tuning,
volume, balance, treble and bass. Push button controls—mono,. tape, disc,
A F.C, F.M. (VHF), LW, M.W,, S.W. Power output—7 watts RMS per channel
into 8. ohms. Tape sensitivity Output typically {50mV. input 300mV. Disc
sensitivity 100mV (Ceramic cartridge). Stereo Beacon indicator LED or
bulb, Dimensions—Tuner 23" x {57 X 74", Power amp. 2” X T4“ X 44",
PRICE £23-50 4+ £2-50 post and packing.

These loudspeakers are ideal for both

NEW RANGE QUALITY POWER
LOUDSPEAKERS (157, 12” and 8").

hi-fi and disco applications. Both the 12”7
and 157 units have heavy duty die-cast
chassis and aluminium centre domes. All
three units have white speaker cones and
are fitted with attractive cast aluminium
(ground finish) fixing escutcheons.

15”7 00 watt R.M.S. Impedance 8 ohm,
2” aluminium voice coil. Resonant Fre-
quency 20Hz. Frequency Response to
2-5KHz. Price £32 each. £2-50 Packing
and Carriage each.

12” 100 watt R.M.S. Impedance 8 ohm,
2” aluminium voice coif. Resonant Fre-
quency 25Hz. Frequency Response to
4KHz. Price £23-70 each. £2-50 Packing
and Carriage each.

8” 50 watt R.M.S. Impedance 8 ohm, |” aluminium voice coil. Resonant Fre-
quency 40Hz. Frequency Response to 6KHz. Price £8-90 each. £1°25 Packing
and Carriage each. Other units available.

PIEZO ELECTRIC TWEETERS—MOTOROLA
Join the Piezo revolution. The low dynamic mass (no voice coil) of a Piezo
tweeter produces an improved transient response with a lower distortion
level than ordinary dynamic tweeters, As a crossover is not required these
units can be added to existing speaker systems of up to 100 wates (more if 2
put in series). FREE EXPLANATORY LEAFLETS SUPPLIED WITH
EACH TWEETER. =

o Type ‘A’ 3in round with protective
wire mesh. ldeal for bookshelf hi-fi
speakers. Price (Type *A’) £3-45 each.
Type ‘B’ 3iin super horn. For general
purpose speakers disco and PA systems,
etc, Price £4-35 each.
Type ‘C’ 2in X S5in wide dispersion horn.
For hi-fi systems and quality disco etc.
Price £5-45 each.
Type ‘D’ 2in X 6in wide dispersion horn.
Frequency response extending down to
mid-range (2000 c/s) suitable for hi-fi
systems and quality disco. Price £6-90
each.
Type ‘A’ Type ‘'C’ Type ‘D' Post and Packing, all types, |5p each (or

]
VISA

B.K. ELECTRONICS

@S Dept. EE, 37 Whitehouse Meadows, Eastwood, Leigh-on-Sea, Essex SS9 5TY

SAE for Piezo leaflets).

% SAE for current lists. % Official orders. welcome. ¥ Al prices include VAT. ¥ Mail order only. % All items packed
(where applicable) in special energy absorbing PU foam. Callers welcome by prior appointment. Please phone 0702-527572

446

Everyday Electronics, July 1981




Now circuit designing is as
easy as pushing a lead
intoa hole...
No soldering
No de-soldering

No heat-spoilt
components

No manual labour
No wasted time

For quick signal tracing woor e e
MODEL SOLDERLESS | CAPACITY UNIT INC P&P | OTHER
and CIrCUIt modlflcatlon NO NO TIEPOINTS | (14pnDIP's)|  PRICE 15% VAT | FEATURES
For quick circuit analysis and ) 4 = o i O s ] g -
: : 3 | PB10Y 940 10 720 | 212
d'?gramm'ng - 1 ! 4 | PB102 1240 2 | 28 | 2780
With or without built-in regulated power supplies 5 (PB103 | 2250 | 24 | 3445 | 4134
1 ' 6 | PB104 3060 32 | 4595 | 5456
Use with virtually all parts — most 7 [PB203 | 2250 | 24 | 5515 | 6514 |sV@1A
i ; 8 |PB203A | 2250 24 7470 | 8763 |5V 15V
plug in directly, in seconds. 9 | PB203AK | 2250 24 50.00 | 69.57 |5V 15V
7 &Ki
Ideal for design, prototype and hobby !

Tomorrow’s tools for today’s problems
GLOBAL SPECIALTIES CORPORATION [ c5c. (U Limited, Dept, 4U, Unit 1. Shire il industrial Estate, Saffron Waiden, Essex CB11 34, |
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Projects... Theory...

and Popular Features ...

NOT BY CHIPS ALONE
What'’s in a name. Quite a lot it seems.
The term ‘microprocessor’”’ never
caught the imagination of the media
and the public at large and has now
been abandoned in favour of “micro-
chip”. Yet it is really just one par-
ticular kind of microchip, a micro-
processor, that is the true basis of
much comment in the media today.

As a marketing operation to stimu-
late general interest in the technology
the use of “microchip” has proved
effective. It is easy to remember and
it rolls off the tongue freely. Its
frequent inclusion into conversations
can help convey an impression of
deep understanding of technical mat-
ters and appreciation of the true
import of microelectronics in our ad-
vancing world. It has become, in
short, a “buzz word”.

Not that there is anything wrong in
popularising electronics and bringing
it into everyday conversation. Quite
the contrary. Yet there is a danger
that by concentrating on “the chip”
an unnecessary and unwarranted aura
is being created around this particular
kind of device. The notion that a
microchip is a magic box possessing
most extraordinary powers and that
it performs in splendid isolation is
nonsense and the proliferation of such
an idea in the public mind can only
be detrimental to a proper intelligent
understanding of electronics.

Such misunderstanding can lead to
serious consequences if it diverts
attention from the continuing need
for skilled persons to design circuits
and systems. These traditional skills
are going to be as much in demand
in future as they were before the
integrated circuit appeared omn the
scene.

So despite all the wonders attri-
buted to the microchip (actually, the
microprocessor) the human element
is likely to remain a vital factor in
the world of electronics for many
years to come. At this precise moment
the need is for more technical educa-
tion for young people so that we have
adequate properly trained manpower
to exploit fully the microchips that
are already, and will continue to be,
in abundance.

The principles of electronic circuit
theory and the practical aspects of
circuit design based on both discrete
and i.c. devices—with special atten-
tion to the interfacing of these com-
ponents—are key subjects for serious
and urgent consideration by our
educationalists when planning cur-
ricula for the eighties.

ot famr

Our August issue will be published on Friday, July 17. See page 473 for detalls.

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.

We cannot undertake to engage in 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 r bl ti

are taken to ensure that the advice and data given to

readers are rellable We cannot however guarantee it, and we cannot accept legal respon-
sibility for it. Prices quoted are those current as we go to press.
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BY G.HALLAM

MULTIME TE

HE ' NEWCOMER to electronics is
soon faced with the problem of
buying a multimeter. But what kind
of multimeter should be bought and
how much will it cost? The cost of a
good instrument can bring one out in
" a cold sweat for £40 is not too much
to pay for an analogue meter while
digital types are often twice this
amount.

ELECTRONIC INSTRUMENTS

Such would be the cost of the so-
called ‘‘electronic” instruments which
make ‘use of solid-state components
to obtain sensitivities of the order of
500 kilohm/volt and more. Multi-
meters costing less than £10 should
be avoided for they are often fragile,
difficult to read and of low sensitivity.

While moving coil meters are still
generally available, there is a .lot to
be said for building a multimeter,
especially if .its specifications are
competitive with the electronic
analogue types costing twice as much.

452

CIRCUIT DESCRIPTION

The design of the multimeter is
based on four integrated circuits, as
shown in the circuit diagram of
Fig. 1.

The first of these, ICl, is a pro-
grammable current source which, on
selection of one of the resistors Rl
to R5 by means of switch S1, enables
the value of a resistor placed across
the input sockets SK1 and SK2 to be
measured when the function switch
S2 is in the oHMs position and S3
is pressed.

IC2 is wired as a unity-gain buffer
amplifier which passes on the voltage
developed across the resistor under
test to-the third i.c

This component, IC3, is wired as a
times- ten non-inverting amplifier
which amplifies a 50mV signal at its
pin:3 to provide a full scale reading
on the meter MEl. This meter. in
association with the series resistor
R24, gives an approximate 0-5V f.s.d.
reading and the meter is calibrated

by adjustment of VRl as explained
later.

The final i.c., IC4, is wired as a
precision full-wave rectifier which
enables the meter to record a.c. cur-
rents and voltages when S6 is in the
A.c. position and VR3 is adjusted for
calibration. A

VOLTAGE MEASUREMENT

The measurement of voltage re-
quires the function switch S2 to be set
to voLTs, S6 in the p.c. position and S5
and S1 to be in the oFF position. The
oN/oFF switch S7 must, of course, be
on.

The voltage to be measured,
applied across SK1 and SK2, appears
across the voltage divider resistors
R8 to R1Z. Suppose S4, the voltage
range switch, is in position 2. If a
50mV d.c. signal is applied to the
inputs, this voltage appears at the
non-inverting input of IC3 and is
amplified to give a full scale deflec-
tion on the meter as required. But if
S4 is in position 5, say, a 50V signal
across the input terminals is reduced
by the voltage divider action of resis-
tors R8 to R12 so that-once again a
50mV signal is applied to the input
terminals of IC3 which again gives a
full scale deflection on the meter, but
this time corresponding to an input
of 50V.

Similarly, 50mV appears at the in-
put of IC3 for the other -positions of
S4 when the appropriate maximum
d.c. voltage is being measured.

If a.c. voltages are being measured,
S6 needs to be in the a.c. position so
that full-wave rectified signals from
IC4 are presented to the meter, VR3
being used to set the full scale deflec-
tion on the meter in this case.

RESISTANCE MEASUREMENT

The measurement of resistance re-
quires the function switch S2 to be
in the oHMs position, .S6 set to b.c.
and S5 and S4 in the oFF position.

—SPECIFICATION

Voltage Range
0 to 500V in five ranges: 50mV,
500mV, 5V, 50V, 500V, a.c. and d.c.

Current Range.

0 to 500mA in five ranges: 50uA,
500u A, 5mA, 50mA, 500mA, a.c.
andd.c.

Resistance Range
0 to 5MQ in five linear scales,
calibrated left to right

Display Format

Analogue moving coil meter with
integrated circuit input and range
control

Accuracy
Better than 2 per cent

Input Inpedance
20MQ on all voltage ranges

Everyday Electronics, July 1981



RESISTANCE RANGE  SOURCE

==

_CONSTANT CURRENT

BUFFER AMR

CURRENT-TO-VOLTAGE STAGE

DISPLAY

)

PUSH FOR
OHMS

SWITCH FUNCTIONS
SY OHMS
2 0jAlv
S3  PUSHFOR OHMS
sS4 VOLTS
S5  AMPS
s6  AC/DC.
S7  ON/OFF

SK1

SK2

VOLTAGE DIVIDER CHAIN

S VSN R |
TIMES-TEN AﬂPLIFIER RECTIFIER

Fig. 1. Full circuit diagram far the Electronic Multimeter. Note that the meter ME1 is a imA f.s.d. type.

S1 selects the resistance range on the.
meter by placing one of the resistors
R1 to RS into the circuit based on
IC1.

This three terminal device produces
a constant current which is variable
over the range 1xA to 10mA. Thus a
6-8 kilohm resistor gives a constant
current of about 10mA and a 68 ohm
resistor a constant current of 1mA,
and so on.

One of these currents flows through
the resistance placed between the
terminals of the multimeter. For ex-
ample, suppose S1 is in position 6 and
selects the 68 kilohm resistor. ICI is
now able to source a current of 1pA
which flows through the test resistor
when S3 is closed. If this resistor has
a value of 5 megohm, the voltage de-
veloped across the resistor is 5V.

This voltage is presented to the
input of the buffer amplifier IC2 and
appears at the “top end” of the
voltage divider chain R8 to R12 via
the function switch S2. Now S2e con-
nects pin 3 of IC3 to the 5V position.

- on the divider and so the actual volt-

Everyday Electronics, July 1981

age presented to pin 3 is 50mV which
is the voltage required to provide a
full scale deflection on the meter
indicating a resistance of 5 megohms.

A resistor of lower value than
§ megohm has the same current (1:A)
flowing through it and therefore pro-
duces a deflection on the meter which
is proportional to this resistance.

If S1 is in position 5, a 10mA cur-
rent flows through the resistor con-
nected between the sockets so that a
500 kilohm resistor produces a 5V at
the “top end” of the resistor chain
and once again the meter shows a
full scale deflection corresponding to
500 kilohms.

CURRENT MEASUREMENT

The measurement of current re-
quires S1 and S4 to be set to oFF
and the function switch S2 set to
AMPS. S5 now selects one of the
resistors R13 to R17 to enable cur-
rent to be measured.

Current flowing into SK1 passes
through the fuse FS1 and then

through one of these resistors say
R17, to OV. The voltage drop across
this resistor when a current of 500mA
flows through it is 50mV. This volt-
age is passed on to IC3 by means of
S2b and S2c¢ and is amplified by IC3
to produce a full scale deflection on
the meter corresponding to 500mA.

Similarly, a full scale deflection
corresponding to a current of 5mA
occurs when S5 is in position 4 and
a current of SmA flows through R15
and so on for the other current
ranges.

LINEAR SCALE READINGS
Note that the scale readings on the

meter for amps, ohms and volts are P

lirear for the following reasons. First,?
the meter itself is a linear transdu

producing a deflection proportional.to
the voltage across its input termig;a]s.
Second, Ohm’s law applies to any one
of the range resistors througﬁhich
current is flowing. Thind, op-a 1C3
and IC4 are wired as lineagvoltage
amplifiers.
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PRINTED CIRCUIT BOARDS

Most of the components for the
multimeter are assembled on two
p.cb.s as can be seen in the accom-
panying photographs. The foil lay-
outs of the two boards are shown in
Fig. 2 and you can either prepare
these separately or on a single piece
of copper-clad board to be split into
two when the etching process has
been finished.

In the completed unit the two
boards are mounted back to back. the
one nearest the case front (board A)
carrying the range switches and resis-
tors plus a few other odds and ends,
and the other (board B) the inte-
grated circuits and associated com-
ponents.

Board B should be assembled first
and the layout is shown in Fig. 3.
This is quite straightforward and
should present few problems. Make
sure that the tantalum capacitors,
diodes and IC1 are all inserted cor-
rectly. The d.il. integrated circuits
are mounted in sockets.

The other p.c.b., board A can be
tackled next. The layout is shown in
Fig. 4. The four rotary switches, S1,
S$2, S4 and S5, together with asso-
ciated resistors plus the resistance
test switch, S3. and fuseholder are
mounted. on this board. The orienta-
tion of these switches is important
and this is shown clearly in the dia-
gram.

RESISTANCE WIRE

Because resistors R16 and R17 are
very low in value, they each consist
of a length of resistance wire
mounted between the terminals of a
p.c.b. terminal block which has been
cut in half.

Suitable resistance wires should be
selected for these resistors to give
1 ohm and 0-1 ohm respectively. As
a guide, SO0mm of 32 s.w.g. nichrome
wire will give a resistance of about
1 ohm, and 40mm of 22 sw.g.
nichrome wire will give 0:1 ohm.

Clamp the wires between the p.c.b.
terminal blocks and if am accurate
ohmmeter is available adjust these
wire lengths to obtain the required
resistances. Otherwise wait and adjust
these lengths after the multimeter
has been initially calibrated.

RESISTORS

Accuracy is also essential for resis-
tors R1 to RS and it will be necessary
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Resistors

R1 68k R13 1kQ metal oxide
R2 6-8kQ R14 1000 metal oxide
R3  680Q R156 1092 metal oxide
R4 68Q R16 1Q2 wire **

R5 6-8Q R17 0-1Q wire **

R6  10kQ R18 1MQ

R7 2:2kQ metal oxide R19 1kQ

R8 18MQ high stability carbon film* R20 10kQ
R9 1-8MQ high stability carbon film R21 4-7kQ

R10 180kQ2 metal oxide R22 10k
R11 18kQ  metal oxide R23 10kQ
R12 2kQ metal oxide R24 470Q

All $W carbon + 5% except-where stated otherwise
* Made up of 10MQ + 6-:8MQ + 1-2MQ
** See text

Potentiometers 171
VR1 20kQ  20-turn cermet trimmer ‘ i
VR2 100kQ 20-turn cermet trimmer . . :
VR3 20Q 20-turn cermet trimmer %

Capacitors . i e
Cl  0-1uF polyester o £ 0
C2 0-1uF polyester ! N
C3  100uF 16V tantalum el Ll

Semiconductors
IClI  LM334Z programmable current source
1C2 741 op-amp 8-pin d.i.l.

IC3 3140 MOSFET op-amp 8-pin d.i.l.

IC4 741 op-amp 8-pin d.i.l.

D1,2 BZY88 Zener 3:3V 400mW (2 off)

D3-6 0OA202 small signal silicon diode (4 off)

Switches
S1  miniature wafer 1-pole 6-way (use 1-pole 12-way)* S
S2 miniature wafer 3-pole 3-way (use 3-pole 4-way)* ee
S3 miniature push to-make, release-to-break Sho
S4 miniature wafer 1-pole 6-way (use 1-pole 12-way)*
S5 miniature wafer 1-pole 6-way (use 1-pole 12-way)* Tal
S6 s.p.d.t. miniature slide switch
S7 d.p.s.t. miniature slide switch *Use p.c.b. page 472

mounting type.

Miscellaneous
B1, 2 9V, PP6 type (2 off)
FS1 800m A cartridge fuse and p.c.b. fuseholder
ME1 1m A f.s.d. moving coil meter
SK1,2 4mm socket with 3mm thick spacers (one red, one black)
Four knobs; two press connectors for batteries; three 8-pin d.i.l. sockets:
copper wire, p.v.c. covered size 7/0-2 mm; 18 s.w.g. tinned copper wire; 22 s.w.g.
and 32 s.w.g. nichrome resistance wire for 1 ohm and 0-1 ohm resistors; four-
way p.c.b. terminal block; plastics case 190 X 110 x 60mm; tinplate for screen,
190mm X 70mm; p.c.b, 100 X 70mm (2 off)
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Fig. 2. (above) Foil pattern for board B full size. Foil pattern for Fig. 4. (bottom right) Component layout for board. A Note that
board A is shown to the left on the facing page, also full size. resistors R17 and R16 are made of lengths of resistance wire, as

explained in the text, and R8 is made up of three resistors in
series. The four rotary switches S1, S2, S4 and S5 must be
orientated as shown.

Fig. 3. (below) Component layout for board B and interwiring to

certain off-board components.

Fig. 6. (below) This shows the two p.c.b.s joined together elec-

trically with 18 s.w.g. wire links. The actual physical mounting is

ME1

done using 4BA plastic nuts, bolts, and spacers.

N E BOARD B
18 SW.G. TINNED
COPPER WIRE

clere « IN_ MI7°

gr' m g:jh BOARDA@\\'

@

0L,
\. BOARD A

* SEE TEXT

Everyday Electronics, July 1981

455



/

RESISTOR TO
BE USED FOR
R1-R5

9V BATTERY

TEST METER SET
TO0 MEASURE FROM
1pA TO W0mA

Fig. 5. Temporary circuit for selecting R1 to RS.

to select the most suitable resistor
for each value from a selection of
resistors with the same nominal
value.

In order to do this a temporary
circuit should be wired to board B
as shown in Fig. 5. Resistors should
be chosen from nominal values of 68
kilohm, 6-8 kilohm, 680 ohm, 68 ochm
and 6-8 ohm to give 1xA, 104A,
100uA, 1mA and 10mA respectively
when measured with the test meter.
These resistors correspond to Rl to
R5 and should be soldered in their
correct position on board A. The
wires to the temporary circuit can
then be removed.

At this stage the wire links be-
tween the two boards can be inserted
according to Fig. 6. These are made
of lengths of 18 s.w.g. tinned copper
wire 15mm long.

CASE

The whole unit is mounted in a
plastics box size 190 x 110 x 60mm.
Cut and drill the front panel and
tinplate screen according to the
dimensions shown in Fig. 7, and label
the front panel as illustrated in the
accompanying photographs. You can
do this wusing rub-down transfers
which may be protected by a clear
varnish or fixing spray.

Fix the moving coil meter, ME1
and switches S6 and S7 to the front
panel. Before fixing the 4mm sockets,
raise the head of each socket with a
3mm spacer.

The two p.cb.s can be temporarily
secured to the front panel using the

" mounting nut of S3. The two sockets,
SK1 and SK2, are designed to be
soldered directly to board A but for
the time being are connected up
using lengths of insulated wire.

At this stage the other p.c.b., board
B, can be mounted above board A
using 4BA plastic nuts and bolts. The
accompanying photographs should
make this clear.
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Board A is shown fixed in position mounted on the front panel,

and board B is shown hinged back to reveal the wire links.

Final assembly can now go ahead
according to Fig. 3. When this has
been completed make a thorough
visual check and then insert the three
i.c.s. into their sockets making sure
that they are the correct way round.

Make sure that all the switches
are in their off positions and them
connect the two 9V batteries to the
circuit. Carefully and firmly support
the panel and boards and make sure
that you can gain access to the adjust-
ment screws of the trimmers VRI,
VR2 and VR3.

Incidently you will find it much
easier to adjust these multi-turn pre-
sets if you use a special adjusting
screwdriver. The unit is now ready
for calibration.

CALIBRATION

The following sequence of adjust-
ments must be carried out in order to
calibrate the multimeter ranges:

1. Switch S2 the function switch, to
voLTs and S4, the volts range
switch, to S0mV. Ensure that S1
and S5 are ofF. Switch S6 to p.c. and
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Fig. 7. Front panel and tin-plate screen drilling dimensions.
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CHOOSE VALUE OF VARIABLE
RESISTOR AS FOLLOWS:

500kil FOR  S0pA RANGE
50kl FOR 500pA RANGE
5kl FOR  5mA RANGE
5000 FOR 50mA RANGE
501 FOR 500mA RANGE

VARIABLE
RESISTOR

9V BATTERY

TEST METER SET
T0 MEASURE FROM
SOpA TO 500mA

Fig. 8. Temporary circuit for calibrating current

ranges.

link sockets SK1 and SK2 together.
The inputs to- IC3 are now effec-
tively grounded. Switch power to
the multimeter by means of S7 and
adjust trimmer VR2 until the
meter reads zero. Switch off the
multimeter, remove the short from
the input sockets and return the
range switches to OFF.

2. Apply an accurately known 5V d.c.
supply to the input sockets of the
maultimeter. Switch S4 to its 5V
position and S2 to voLTs. Leave
range switches S1 and S5 in their
OFF positions and ensure that S6 is
in its p.c. position. Switch on the
multimeter and adjust VR1 until
the meter reads full scale deflection.
At this stage linearity of the scales
may be checked by using other
values of d.c. input voltage. If any
d.c. volts scale is not accurate, a
change in the value of one of the
resistors in the voltage divider
chain may need to be made.

3. Similarly, the A.c. voLTS range can
be checked. Set S6 to a.c. S1 and
S5 remaining ofFfF. Apply a known
a.c. voltage to the input sockets.
Switch S4 to an appropriate range
and S2 to voLTs. Adjust VR3J until
the meter reads full scale deflec-
tion corresponding to the input
voltage. Having already checked
the d.c. volts ranges, the rest of
the a.c. volts ranges will automatic-
ally be correct. Remove the a.c.
input voltage and return all
switches to OFF.

4. Connect a kmown resistor across
the input terminals and switch S1
to an appropriate. resistance range.
Ensure that S4 and S5 are oFf and
switch S2 is set to oumMs. S6 should
be set to p.c. for resistance measure-
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View of the rear of the front panel. The tinplate screen is shown
mounted in position and the component side of board A is also
shown. Note thatthe input sockets, SK1 and SK2 are still mounted
in place on the front panel. When the circuit board is in posifion
these solder directly into board A.

ments. Switch on the multimeter
by means of S7 and check the value
of the resistance.

It is unlikely that any changes
are required to the values of re-
sistors R1 to RS since these have
already been selected to provide
the correct constant currents.
Check the other resistance ranges,
though, while you are about it. Re-
turn all switches to oFr and remove
the test resistor. Note the necessity
to press switch S3 when taking
resistant measurements,

The purpose of this procedure has
been explained earlier in this
article.

.In order to calibrate the five cur-

rent ranges, the values of resistors
R13 to R17 might need adjustment,
particularly R16 and R17 for these
determine the two upper current
ranges, S0mA and 500mA, respec
tively. Set up the temporary circuit
shown in Fig. 8 which will enable
a variable current to be passed
through the multimeter by the
variable resistor. Set S1 and S4 to
orf and the function switch S2 to
amMmps. S6 should be set to p.c. Set
S5 to the low current range and
adjust the variable resistor in the
temporary circuit so that the ex-
ternal test meter reads 50xA.
Check that the multimeter reads
full scale deflection to within a
tolerable scale division. If not, re-
place R13 on the board A until the
required accuracy is obtained. Note
that if the reading is too low the

value of R13 should be increased.

Repeat these checks on resistors

R14 and R15.

The lengths of the two wires
comprising R16 and R17 might
need adjustment when calibrating
the two higher current ranges.
Their lengths will need shortening
if the reading is too high and vice
versa.

When all the ranges have been
calibrated, remove the temporary
wires connecting the terminals of the
sockets to board A. Fit the p.cb.s to
the front panel using all the nuts to
the switches and solder the terminals
of the sockets to the board A. After
a final check that all the leads are in
place and that the two batteries
are firmly positioned inside the case
using pieces of foam, or better, alu-
minium brackets, the panel of the
multimeter can be screwed down to
the base of the box and the multi-
meter is then ready to use.

It should not be necessary to re-
calibrate the multimeter except that
you should avoid mistreating it by
exposing it to dampness or liquids or
letting it become too warm (or cold).
Good quality components have been
suggested for the circuit and normal
everyday changes of temperature
should not cause any noticeable
changes in reading. Note, finally that
you might like to use a 1A fuse in
the current circuit if the fuse blows
too frequently on slight current over-
load and the meter movement is pro-
tected by diodes D3 and D4. JE(
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N ELECTRONIC lock has several
advantages over a standard
mechanical lock. No more is it neces-
sary to fumble for door keys on a
dark wet night, nor does the problem
of lost keys arise.

This particular lock is operated by
a five figure combination which is
entered into the system by means of
a push-button key pad.

Changing the number combination
is also simple as this involves no more
work than removing a plug from the
circuit board, altering several con-
nections and replacing.

In fact several plugs could be kept
available for easy alteration of
numbers. The number of combina-
tions is enormous.

FIVE DIGIT DESIGN FOR ELECTRONIC SECURITY
EASY TO CHANGE NUMBER COMBINATION

The lock cannot be operated by
depressing all the keys at once for
a number of times, because all
unused keys are used to reset the
system timer. When the system timer
is reset, the outputs of all the
bistable stages are also set to zero.

In order to simplify the design, no
facility has been included to elimi-
nate keyboard contact bounce. Con-
sequently, consecutive numbers must
not be the same, otherwise contact
bounce will increment the register by
two positions instead of only one.

Another facility is that once the
first digit has been entered, only a
set time is then available to key in
the remainder of the combination
number and open the lock. At the

By G. SOUTHERN

end of the timed period, the timer
will reset the internal logic.

CIRCUIT

The circuit diagram is shown in
Fig. 1. Integrated circuit IC1 is con-
nected as a monostable, which is
triggered by the positive going edge
of a pulse on pin 8. The quiescent
voltage on pin 8 can be considered to
be equal to Vg (0 volts). When push-
button S7 is depressed, the voltage on
pin 8 will rise to a value near to
Voo (9 volts), limited by the values
of the potential divider network re-
sistors R3 and R4.

The rise in voltage will trigger the
monostable, starting the internal

Fig. 1. Full circuit diagram of the Combination Lock. Note that the switches S1 to S9 are arranged in the form of a keypad.
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oscillator in the chip and setting the
Q output to zero. The internal bistable
will count two oscillator pulses and
then set the Q output to logic level 1
(approximately equal to Vpp). The
frequency of the oscillator is set by
the value of capacitor C2 and resistor
R4, and this is directly related to the
period of the monostable.

When the bistables (IC2, IC3) reset,
lines are switched from logic ‘“0” to
logic “1” level, all Q outputs will be
switched to logic “0” level (Vss). The
bistables used are D-type versions,
that is to say if the D input is at logic
“1” level, the positive edge of the
clock pulse, will clock the Q output to
logic “1” level.

If the D input is now changed to
logic “0” level, the Q output will re-
main unchanged at logic “1” level
until the next clock pulse arrives.

RESET LINE

The condition of the Q output
depends on the D input and data on
the D input is only clocked to the
Q output when the clock changes
state from logic “0” to logic “1”. So
when the bistable reset lines are
held at logic “1” level, if pushbutton
S4 is depressed the voltage on pin 3
of IC2a rises from logic “0” to logic
“1” level.

As the D input pin 5 of IC2a is
already at Vpp (logic “1” level) the Q
output pin 1 of IC2a will be clocked
to logic “1” level. When the Q output
of IC2a rises to logic “1” level, the
D input of IC2b (pin 9) will also
rise to logic “1” level, thus allowing
the third digit of the combination
number to be “keyed in".

Bistables 1C2b, IC3a, IC3b are
clocked in the same way as IC2a. It
can be seen that the combination
number must be entered in the cor-
rect order, that is, the monostable
must be triggered first and then the
bistables in order.

The bistables are a form of indi-
vidually clocked shift register. All
unused keys are connected between
point A and Vpp. Thus when one of
these keys is depressed, the mono-
stable will be reset, so resetting all
the bistables At the end of the timed
period, which is typically 15 seconds,
with the values of C2 and R4 as
shown, the Q output of IC1 will rise
from logic “0” to logic “1” thus
resetting all the bistables.

Capacitor C1 is included to ensure
that IC1 is held at reset during initial
power switch-on.

OUTPUT CIRCUIT

When the Q output of IC3b (pin
13) rises to logic “1” level, the base
emitter junction of transistor TR1 will
be forward biased. This causes tran-
sistor TR2 to saturate via resistor R14
thus switching on the relay RLA.
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The operating current of RLA
should be less than 1 amp and with
the relay used was about S0mA. It
should be remembered that this unit
is battery powered so any large cur-
rent drain, such as a high power
relay, will drain the battery very
quickly.

A separate power supply to the
solenoid or whatever is connected to
the relay contacts will also be re-
quired. This will depend entirely on
the nature of the solenoid, be it mains
voltage or otherwise. Diode D1 is
included to minimise the effect of the
back e.m.f. generated by the switch
off of RLA.

The relay or solenoid will be de-
energised at the end of the mono-
stable period or when the monostable
is reset.

o

e

CIRCUIT BOARD

The main part of the circuit is
assembled on a printed circuit board
and its pattern can be seen in Fig. 2.
The three logic i.c.s are not soldered
direct to the board but located in
sockets. Start off by soldering in the
resistors and i.c. sockets followed by
the capacitors and finally the tran-
sistors and diode.

The off-board connections are made
via connector pins soldered into the

appropriate positions and ten-way
ribbon cable is used to connect up the
keyboard. This can be salvaged from
an old calculator as in the prototype,
although all the keys must be made
to operate independently and not in
matrix fashion.

An alternative would be to use
separate  push-to-make, release-to-
break push-button switches.

One novel feature is the method of
combination selection. Here the appro-
priate inputs to the various logic
stages and the connector pins to each
of the ten keyboard switches are all
terminated at a twenty way socket. By
means of links in a matching twenty
way plug, the required combination
can be connected to the appropriate
switches. This is explained in detail
later on.

RELAY

The output of the final bistable is
taken via a buffer amplifier to a relay.
The most appropriate type would be a
“Continental” relay and you should
choose the contact ratings according
to the sort of equipment you wish to
control with the lock. For example if
you are going to use a mains operated
solenoid, the contacts will have to be
mains rated.

INSTALLATION

It can be seen that this particular
unit is not housed in any specified
case. This is simply because every
installation is different, and so will
require different housing. The keypad
should be installed outside the door
or whatever is being controlled, suit-

COMPONENTS 7%=

Resistors
R1, 3,6, 8,10,12 10k (6 off)
R2,4,7,9, 11,13 56k (6 off)

All $W carbon +5%
Capacitors

C1  47nF polyester

C2 6-8uF non-polarised plastic
Semiconductors

TR1  BC107 npn silicon

TR2 BFY50 npn silicon

D1 1N4001 50V 1A silicon diode

Miscellaneous

wire,

C4 100uF 25V elect.

IC1  CD4047 CMOS mono/astable multivibrator
1C2, 3 CD4013 CMOS dual D-type flip-flop (2 off)

nine-way calculator type keyboard with separate normaily open
switches or nine push-to-make, release-to-break single push button

Continental type relay, 185 ohm coil resistance, with contacts to suit

S1-S9

switches (9 off)
RLA

load being switched (see text)
B1 9V PPT7 type

PL1/SK1 Twenty-way plug and socket for combination setting.
printed circuit board, 110 X 75mm; ten-way ribbon cable; battery connectors;
p.c.b. wiring pins; suitable case; p.c.b. mounting hardware; interconnecting

RS 1M See
R14 1-8kQ ShOR
C3  0-1uF polyester page 4'-12

£1 2 excluding

keyboard & case
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Combination Lock

PLU_123456789101121314151617181920
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Completed circuit board with the keypad salvaged from
an old calculator and a solenoid instead of a relay.
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Fig. 2.

Printed circuit board pattern and

component layout. Note the 20-way
socket on the circuit board. The corres-
ponding 20-way plug is shown top left
wired for the combination 74185.

Table 1. PLI Connections.

Socket Pin Connection

1 IC1 set

2 IC1 reset

3 keyboard 9
4 keyboard 8
5 keyboard 7
6 keyboard 6
7 keyboard 6
8 keyboard 4
9 keyboard 3
10 keyboard 2
11 keyboard 1
13 {C2a CK

14 IC2b CK

16 IC3a CK
17 IC3b CK
18-20, 12, 15 no connection
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ably weatherproofed, and the main
circuit board should be positioned in
some secure place where it cannot be
tampered with.

COMBINATION

The combination that operates the
lock can be set as follows. On the
circuit board is a twenty-way socket.
Each pin of that socket corresponds
to the connections listed in Table 1.
In other words each of the switch
outputs from the keypad has a pin
connection, and each of the CK inputs
to the i.c.s, and the set and reset
inputs to IC1 have pin connections.

To set the combination, you should
take a corresponding 20-way plug
and link pin 1 (Set of ICl), to the
pin that corresponds to the first
number in the combination. Then link
pin 13 (CK of IC2a), to the pin of the
second number of the combination,
pin 14 to the pin for the third num-
ber, pin 16 to the pin of the fourth
number and pin 17 to the pin of the
fifth number.

All the remaining number pins are
connected to pin 2 (reset of ICl).
The 0 key of the keypad is not used
and consecutive numbers cannot be
the same.

Once the combination has been set
up on a twenty way plug, this can be
inserted into the socket on the p.c.b.
and the lock is ready for operation. It
now becomes very easy to change the
combination as this can be done by
simply replacing the plug with
another, wired up with a different
combination.

For example to set up the combina-
tion 74185, the following links should
be made on the twentyway plug:

Link pin 5 to pin 1, pin 8 to pin 13.
pin 11 to pin 14, pin 4 to pin 16, pin
7 to pin 17 and pins 3, 6, 9, 10, to pin
2. s

LETTERS

School for thought

I am writing to you in disgust on reading
Mr. S. A, Courtney's letter in the May 1981
edition where he said "school children
are abusing the use of CB radio''.

Nothing could be further from the truth,
in Manchester anyway. | do not know of
any school children in Manchester who
abuse CB. | do not think that Mr. Courtney
knows what CB can and is used for.

But don't get me wrang, it can and is
used extensively in-emergency situations
and for giving 10-13's (weather/road
conditions). Take for example an accident
in the Peak District of Derbyshire where
a taxi with five people onboard suddenly
collided with a van. As a result of this
accident one man died and seven other
people were seriously injured.

Following shortly behind was another
CB'er "Flying Horse'' who immediately
put out a 10-33 (emergency) and another
CB'er relayed the message to the ambu-
lance service. The taxi driver was seriously
injured and at one point close to death.
but through the use of CB his life was
saved.

However, the main use of CB is to make
friends with people. One trucker put it
all succinctly when he said "CB radio is

a friendship-maker, bringing the world
a little step closer together'.
| have heard of many people who were
lonely for one reason or another and
have bought a CB "rig" and have said
that they are lonely no more because at
the press of a button they have hundreds
of friends who are willing to talk or give
help.
I would like Mr. S. A. Courtney to give
us an example of how school chiidren
are abusing CB (if he can) taking into
account that it is better ‘for us to make
new friends rather than to become mind-
less vandals.
The Prophet (aged 15),
Rainy City.

Neutralise

In the Letters column (March 1981) a
Mr. J. G. Burch asked for information on
a ferric chloride neutraliser. You stated
thalt there were none commercially avail-
able.

May | suggest that you first well dilute
the solution with water, then slowly
adding Calcium Carbonate. This is avail-
able as crushed lime stone, sold as
garden lime, to reduce soil acidity.

Because of this abillty to neutralise
ferric chloride, it is inadvisable to use
hardwater to make up a ferric chloride
solution for etching. Partial neutralisation
will reduce its effectiveness. Try using
rain water if this is the problem.

K. H. Young,
Victoria,
Australia.

JACK PLUG & FAMILY...

Light Reminder

In Mr. L. J. Privett's design for a
Lights Reminder and Ignition Locator
(May issue) he did not consider the many
cars that have a manual switch for operat-
ing the courtesy lights when the doors are
closed. If this switch is used when the
side lights are on the audible alarm will
operate.

This can be overcome by fitting a diode
as shown below.

F. A. Burgess
Oakham,
Leicester.
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MANUAL -
“SWITCH

/;IDE 7 ] \‘5’
LIGHT
DOOR
SWICH poan
MOUNTED
COURTESY
LIGHT SWITCH
>

Mr. Burgess’s suggestion for modifying the
Lights Reminder and Ignition Locator for
vehicles with a manual courtesy light switch.
This has not been tested by us.

BY DOUG BAKER

LOOK, DARLING, I DON'T
MIND YOU TESTING THE
INTERCOM. ..
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_..TEST IT AS MUCH
AS YOU LIKE...

/. BUT MUST YOU DO IT AT }
@

THREE O’CLOCK [N THE MORNIN
l
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PART TWO

S

BY J.B.DANCE

UR DISCUSSION. about diodes last

month is naturally followed by a
consideration of the various types of
transistor. Diodes have only two con-
nections, contain a single pn junction
and cannot amplify. However, tran-
sistors have three main connections,
may contain one or two pn junctions
and can be employed to amplify
signals.

The name transistor is derived
from the words transfer and resistor,
since the device effectively operates
by the transfer of current from a low
resistance emitter circuit to a high re-
sistance collector circuit.

The most commonly used types of
transistor are the bipolar types which
are given this name because the out-
put current flows through semicon-
ductor materials of both polarities,
that is, through p and n-type
materials.

In the field effect transistor the out-
put current flows only through one
channel of either p-type or n-type
material but not through both types,
so these devices are sometimes called
unipolar transistors. Unijunction tran-
sistors operate in a different way to
bipolar or unipolar types.

BIPOLAR TRANSISTORS

Almost all modern bipolar transis-
tors employ silicon as the semicon-
ductor material, although some ger-
manium types are still manufactured.
Gallium arsenide devices are also
used for special purposes.

Any bipolar transistor has one of
the two possible polarities, namely
npn or pnp. The npn type consists of
a single crystal of the semiconductor
material in which a thin, lightly
doped p layer is sandwiched between
two more heavily doped n layers as
shown in Fig. 2.1a.

Similarly a pnp transistor contains
a lightly doped n layer sandwiched
between two more heavily doped p
layers as shown in Fig. 2.1b.

In both npn and pnp tramsistors the
thin central layer is known as the
base, while the other two electrodes
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are known as the emitter and collec-
tor. In most circuits the base is the
input electrode and the current fed
to or taken from this electrode con-
trols a much larger current flowing
between the collector and the emitter.

It may seem from Fig. 2.1 that the
collector and emitter would be inter-
changeable, but in almost all tran-
sistors there is a considerable differ-
ence in construction between these
electrodes and they are seldom inter-
changeable.

TRANSISTOR FUNCTION

Let us consider how an npn tran-
sistor functions. For normal opera-
tion the base is biased positively with
respect to the emitter and the collec-
tor receives a positive bias too, but
the collector potential is usually
greater than that of the base, see
Fig. 2.2.

Thus the base-emitter junction is
forward biased (p-type material posi-
tive) and the collector-base junction
is reverse biased (p-type material
negative). A depletion region forms
around the collector-base junction as
in any reverse biased diode, so one
would expect little current to flow
across this junction.

FREE ELECTRONS

As indicated in Fig. 2.2, conduc-
tion in the forward biased base-
emitter diode is mainly by means of
free electrons passing from the emit-
ter material into the base, since there
are relatively few positive holes in
the p-type material of the base which
can pass into the emitter as the base
is lightly doped.

When an electron from the emitter
has entered the base, the chance of
it being neutralised by a hole is small
partly because the base region is very
thin (about 0-:025mm in thickness)
and partly because the hole concen-
tration in the base is quite low. Most
of the electrons which enter the base
from the emitter are therefore drawn
through the depletion region into the

collector by the electric field which
exists across the collector-base junc-
tion.

The negative electrons which move
from the emitter through the base
into the collector are equivalent to a
flow of a conventional current in the
opposite direction from the collector
to the emitter. However, this collec-
tor current will flow only when a
much smaller current flows in the
base circuit.

When electrons move to the collec-
tor, they are quickly replaced by
others which enter the base from the

COLLECTOR

(a) {b)

Fig. 21. The electrodes and struc- |
ture of (a) an npn and (b) a pnp
junction transistor. l

R2 1

COLLECTOR @am——u(G [QUTPUT

R!

+
'F EMITIER

Flg. 2.2, Functional circuit for a npn
transistor showing electron move-
ment from emitter, through the base

to collector.
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emitter. In many transistors about 99
per cent of the electrons from the
emitter reach the collector, the other
1 per cent giving rise to the external
current in the base circuit.

The value of the current from the
emitter to the base determines the
electron density in the base region
and this controls the number of elec-
trons reaching the collector and
hence the collector current.

Thus as the base current increases
the collector current increases in
proportion to it, so this simple tran-
sistor circuit provides current ampli-
fication. The collector current in
Fig. 2.2 passes through R2 and, if
this resistor has a relatively high
value, the output from the collector
shows a fairly large voltage change.
Thus voltage amplification can be ob-
tained.

In the case of a silicon npn tran-
sistor biased as in Fig. 2.2, the base
will automatically take up a potential
of about +0-:65V relative to the emit-
ter. The voltage applied to the collec-
tor is normally larger than this and
should be adequate to create a suit-
able electric field to attract electrons
from the base region, but not large
enough to produce collector-base
junction breakdown.

CIRCUIT SYMBOL

The circuit of Fig. 2.2 may be
drawn using the conventional circuit

symbol for an npn transistor as shown
in Fig. 2.3. In an npn transistor the
direction of the conventional current
is from the collector through the
base and out of the emitter.

The arrow in the circuit symbol
thus shows the direction of this con-
ventional current—which is opposite
to the direction of electron flow. The
base current also flows in the direc-
tion shown by this arrow.

PNP TRANSISTORS

The operation of a pnp transistor
is exactly similar to that of an npn
device, except that all polarities are
reversed. Thus in a pnp device holes
pass from the p-type emitter to the
lightly doped n-type base and hence
into the p-type collector.

A negative voltage applied to the
n-type base forward biases the base-
emitter junction. A negative voltage
is also applied to the collector so that
the collector-base junction is reverse
biased and a depletion region is
created.

The circuit of Fig. 2.4 shows a pnp
transistor circuit analogous to the
pnp circuit of Fig. 2.3. It should be
noted carefully that a negative bias
is applied to the base and a negative
bias to the collector—the opposite to
that used in Fig. 2.3.

In a pnp transistor the main cur-
rent from the emitter to collector is
carried by positively charged holes,

I+

Al----1

Fig. 2.3. Basic circuit for an npn
transistor

Fig. 2.4. Basic circuit for a pnp
transistor

INPUT ¢
——

5

ov
Fig. 2.5. A practical audio amplifier
circuit using an npn transistor in a
common emitter configuration.

|

L8
l SIGNAL|
§
I
{
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Fig. 2.6. An emitter follower circuit |
for providing low outputimpedance. !

50 the conventional current flows in
the same direction as these holes. The
arrow on the emitter symbol is there-
fore pointing towards the base and
collector. It is omnly the direction of
this arrow which distinguishes the
pnp transistor symbol from that of an
npn transistor.

As the bias required by a pnp
transistor is opposite to that required
by an npn transistor, it follows that
different external circuits must be
used for the two types of device.

High performance silicon transis-
tors are available in both the npn
and in the pnp polarities, but npn
types are more commonly used. Tran-
sistors for the very highest power
levels and for the highest frequencies
tend to be available only as npn
devices. Some circuit designs require
pnp and npn transistors with a similar
performance. Such similar transistors
of opposite polarities are known as
complementary types.

PRACTICAL CIRCUITS

The circuits of Figs. 2.3 and 24
require two batteries each and are
obviously very inconvenient. The cir-
cuit of Fig. 2.5 shows a practical npn
audio-amplifier circuit in which bias
for the base is derived from the posi-
tive supply line using the two resis-
tors R1 and R2. The capacitor C1
prevents any steady voltage at the
base from reaching the previous cir-
cuit from which the signal is derived.

The optimum values of the compo-
nents in the circuit of Fig. 2.5 de-
pend somewhat on the positive supply
voltage and on the input and output
impedances, but the values shown are
fairly typical for a circuit operating
from a 9V supply.

The use of a circuit biased in this
way keeps the operating point rela-
tively constant, that is, the steady
collector current passing through the
transistor and other parameters re-
main fairly constant as the tempera-
ture and supply voltage change. This
is a most important consideration.

The circuit of Fig. 2.5 uses the base
as the input electrode and the col-
lector as the output electrode with
the emitter as the common electrode
for both the input and output circuits.
However, two other electrode con-
figurations are used.

EMITTER FOLLOWER

In Fig. 2.6 the circuit of an
emitter follower is shown which is
used to convert a high input impe-
dance signal into a low output
impedance. In the emitter follower
the signal is applied to the base and
the output is taken from the emitter
with the collector as the common
electrode.

The emitter follower derives its
name from the fact that the emitter
voltage “follows” any change in the
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CURRENT
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Fig. 2.7. Variation of d.c. current

[= COLLECTOR CURRENT.I¢
| 4 -
| gain with collector current, |

base voltage. Input and output capa-
citors are required to prevent steady
voltages at the base and emitter from
reaching other circuits to which the
input and output of Fig. 2.6 are con-
nected.

The circuit of Fig. 2.6 (unlike that
of Fig. 2.5) cannot provide voltage
amplification. Indeed, the output volt-
age is very slightly less than the
input voltage, but the circuit can
provide current amplification. The
emitter follower is often used as an
output stage to provide a low impe-
dance output signal.

It is also possible to use the emitter
as the input electrode, the collector
as the output electrode and the base
as the common electrode. Such
grounded base circuits can sometimes
be useful for the amplification of high
frequencies.

CURRENT GAIN

One of the most important charac-
teristics of any transistor is that it
can provide a current gain. Let us
consider the grounded emitter or
common emitter circuit. The current
gain in such a circuit is the collector
current divided by the base current
and is given the symbol hgg.

Fig. 2.8a. Transistors in metal cans.
Note that the collector is sometimes
connected to the can.
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If one plots values of hpg against
the collector current, Iz, one obtains
a graph of the general form shown
in Fig. 2.7. Some transistors, such as
the well-known BC109, are designed
for use at values of collector current
mainly in the range 0-1 to 10mA and
give a maximum current gain some-
where in this range.

Other devices, such as the BFY30,
are designed to operate at medium
currents from about 10mA to about
1A. They are useful in such applica-
tions as audio driver devices, since
they can provide the moderately high
current required by an audio output
transistor of a high power amplifier.
These transistors are usually mounted
in small circular metal packages or
in plastic packages such as those
shown in Figs. 2.8a and b.

High current transistors for high
power work (such as the common
2N3055 which can operate at collec
tor currents of up to 15A) have in-
ternal junctions of greater area. They
are manufactured in metal packages,
which can be bolted to a heat sink
or in a plastic package with a metal
face piece which can be bolted to a
heat sink as in Figs. 2.9a and b.

Low current transistors do not re-
quire a heat sink, but a small heat
sink can be fitted to those medium
current transistors which are supplied
in metal packages.

The collector electrode of medium
and high current transistors is con-
nected to the metal case of the
device, since most of the heat is
developed in this electrode. The heat
sink connected to such a transistor
will therefore be at the collector
potential unless arrangements are
made to insulate the heat sink from
the metal case or the metal insert of
a plastic encapsulated device.

TRANSISTOR CHOICE

Our choice of a transistor for a par-
ticular purpose will thus be partly

determined by current carrying capa-
city, but we shall soon see that
various other considerations may be
important in many cases.

As hygy, varies with I, when quoting
a value of hpg for a device, the value
of I¢ should also be stated. In addi-
tion, the value of the collector-to-
emitter voltage Vg, should really be
stated, since hgg varies with this too.

The value of hgg is known as the
d.c. current gain. It is used for design-
ing a circuit from the steady current
aspects. For audio and other alternat-
ing signal design aspects, another
form of current gain is most impor-
tant. This is designated hs (or 8) and
is equal to a small change in the col-
lector current divided by the change
in the base current which produced
it, all measurements being made at
specified values of Ig, Vg, and so on.

It may be noted that hgg is not
equal to h¢ and that care is needed
to use lower case letters in their
correct places both in the quantity
symbol and in the subscript con-
cerned. For those who wish to study
it, Table 2.1 gives the basic rules on
the symbols used.

OTHER PARAMETERS

Apart from current gain, other
parameters are important in selecting
a transistor for a particular applica-
tion. For example, the maximum cur-
rent which the transistor can safely
handle without being damaged is
important.

The maximum power a transistor
can dissipate internally is another im-
portant factor, but it varies with the
temperature of the transistor case.
Manufacturers normally specify this
power for a case temperature of 25
degrees Celsius.

Yet a further factor influencing the
selection of a tranisistor is the maxi-
mum voltage which can be applied to
its collector without the danger of
breakdown. There are two ratings.
The Vggo value is the maximum

»
®

Fig. 2.8b. Transistors in plastic
packages.
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Table 2.1, Upper and lower case characters in symbols for semiconductor parameters collector-to-emitter voltage with the
base open circuited and Vggo the
SRS MEANING maximum collector-to-base voltage

Upper case quantity symbol The steady current value under no signal conditions. with the emitter open circuited.
plus upper case subscript The subscript (AV) may be added to indicate the total All transistors have a current gain
Example Ic average value with signal or (M) for the total peak value. which will fall off at very high fre-
Upper case quantity symbol The r.m.s. value of the alternating signal component. quencies. The fy value is the product
plus lower case subscript The subscript (av) may be added to indicate the of the gain and the bandwidth
Example Vee average value of the varying signal component or measured at some high frequency. It
(m) to indicate the peak value of this component. may be thought of as the frequency

at which the gain falls to unity in the

Lower case quantity symbo} The instantaneous total value of the quantity con- . A= -
plus upper case subscript el common emm.tt.er circuit and is known
Example is as the tranmsition frequency.
. ) X X Typical values of some of these
Lolme; ?g;irqgggéltsylug);?ﬁgtl ;)I'Qgelnrlstantaneous value of the varying signal com- parameters are given in Table 2.2 for
Example vb ‘ ’ some well-known transistors of

various types.

Table 2.2. Performance parameters for some typical transistors

Transistor Polarity Pr* Ic* Vceo* hee fr Comments
Type

E

(A) (V) (MHz) Devices are silicon unless
otherwise stated.

AC127 npn 0-34 05 12 50 2a5 Germanium audio output
AC128 pnp 0-7 —1:0 —16 60-175 b Germanium audio output
AC176 npn 1-0 1=0 18 50-250 3-0 Germanium audio output
AF139 pnp 0-06 —0-01 —15 55 550 Germanium mixer/oscillator
AF239 pnp 0-06 -0-01 —-15 50 700 Germanium for TV tuners
BC107 npn 0-36 01 45 110-450 250 Audio driver

BC108 npn 0-36 0-1 20 100-800 250 General purpose low current
BC109 npn 0-36 01 20 200-800 250 Low-noise audio

BC142 npn 08 0-8 60 over 20 80 Audio driver device
BC147 npn 0-35 0-1 45 110-450 300 Audio driver device
BC148 npn 0-35 0-1 20 100-800 300 General purpose

BC149 npn 0-35 0-1 20 200-800 300 Low-noise audio device
BC182L npn 0-3 0-2 50 100480 150 General purpose device
BC183L npn 0-3 0-2 30 100-850 280 General purpose device
BC184L npn 03 0-2 30 over 250 150 Low noise audio

BC212L pnp 0-3 —0-2 —50 60-300 200 General purpose device
BC213L pnp 0-3 —0-2 -30 80-400 350 General purpose device
BC214L pnp 0-3 —0-2 -30 140-600 200 General purpose device
BC477 pnp 0-36 —0-15 —80 110-950 150 Audio driver device
BC478 pnp 0-36 —0-15 —40 110-800 150 General purpose device
BC479 pnp 0-36 —0-15 —40 110-800 150 Low-noise audio device
BC547 npn 0-5 0-2 45 110-800 300 General purpose device
BC548 npn 0-5 0-2 30 110-800 300 General purpose device
BC557 pnp 05 —-0-2 —45 75-475 150 General purpose device
BC558 pnp 05 —0-2 —30 75-850 150 General purpose service
BD115 npn 0-8 0-15 180 60 145 High voltage power amp
BD131 npn 5 3-0 45 over 20 60 Small power device
BD132 pnp 15%* —3-0 —45 over 20 60 Small power device
BDX32 npn 12%® 5-0 1700 — — TV time base

BF173 npn 0-175 0-025 25 —- 1000 |.F. amplifier

BF180 npn 0-15 0-02 20 —_ 675 TV tuner r.f. amplifier
BF181 npn 0:15 0-02 20 — 600 TV tuner mixer/oscillator
BFY50 npn 0-8 1-0 35 30 60 General purpose device
MJE340 npn 20%* 05 300 over 30 — Small power service
TIP33A npn 80 10-0 60 20-100 3 Audio output

TIP34 A pnp 80 —10-0 —60 20-100 3 Audio output

T1P2955 pnp 90 —15-0 —60 5-30 8 Plastic audio output
TIP3055 npn 90 15-0 60 5-30 8 Plastic audio output
TPSA13 npn 0-6 0-3 30 10,000 200 Darlington device

ZT X300 npn 0-3 0-5 25 50-300 150 General purpose device
ZT X500 pnp 0-3 —~0-5 —25 50-300 150 General purpose device
2N697 npn 06 10 40 50-120 50 General purpose device
2N3053 npn 0-8 1-0 40 50-250 100 General purpose device
2N3054 npn 25 4:0 55 25-100 1 Power device

PN P3054 pnp 25 —4-0 —55 25-100 100 Power device

2N3055 nen 115 15-0 60 20-70 1 High power device
PNP3055 pnp 115 —-=15-0 —60 0-70 0-8 High power device
2N3703 pnp 0-3 —0-5 —30 30-150 10 General purpose device
2N3705 npn 0-36 0-5 30 50-150 100 General purpose device
2N3706 npn 0-36 0-5 20 30-600 10 General purpose device
2N3771 npn 150 30-0 40 15-60 0-8 High power device
2N3772 npn 150 20-0 60 15-60 0-8 High power device
2N3773 npn 150 16-0 140 15-60 0-8 High power, high voltage
2N3904 npn 0-31 0-2 40 100-300 300 Fast switch

2N3906 pnp 0-31 —-0-2 —40 100-300 250 Fast switch

* Maximum ratings at 25°C (except where marked **)
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Fig. 2.9a. Plastic package power transistors. The two devices in the centre are in
fact the two sides of the same package. The metal plate attached to the collector,
designed to be boited onto a heat-sink can be clearly seen.

TESTING TRANSISTORS

Most normal npn transistors can
be tested with a multimeter switched
to a resistance range using the

r N

Fig. 2.10a. Shosvt;) testing a npn
transistor with a multimeter turned
to the resistance range. (b) Shows
similar testing of a pnp transistor.
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method shown in Fig. 2.10a. The
emitter should be connected to the
meter terminal marked positive and
the collector is connected to the
terminal marked negative. In the case
of a silicon transistor, the meter
should indicate a very high resistance
until the resistor R1 (about 47 kilohm
for a typical transistor) is touched on
the base lead whereupon the meter
needle should move across a substan-
tial part of the scale.

This is a quick test for current
gain, but is not intended to be a per-
fect test for all transistors. Of course
pnp devices may be tested similarly
if the connections are all changed as
shown in Fig. 2.10b.

This test can be performed even if
one does not know the connections
of the transistor. If one uses a low
resistance range to find two elec-
trodes which do not conduct in either
direction, these are the emitter and
collector.

If conduction occurs when the base
is positive (the negative meter ter-
minal) to either of the other elec-
trodes, the device is npn and vice
versa. The device is then tested as
in Fig. 2.9, the collector and emitter
being distinguished by the configura-

Fig. 2.9b. Power transistor in metal
package. The collector is directiy
connected to the can and connec-
tion is made to it via the package.

tion which provides the greater cur-
rent gain (meter deflection when Rl
is touched on the base).

DARLINGTON DEVICES

Modern silicon bipolar transistors
have current gain values ranging
from about 5 to 2,000, the gain
generally being smaller in high cur-
rent devices.

If this is inadequate, a greater cur-
rent gain can be obtained by the use
of the Darlington circuit. One can
make a Darlington circuit using two
separate transistors, but it is often
more convenient to use a single Dar-
lington device which contains two
transistors suitably connected.

The internal circuit of an npn
power Darlington device is shown in
Fig. 2.11a and a similar pnp device
is shown in Fig. 2.11b. In addition to
the two transistors in each package,
there are two stabilising resistors
which help to prevent the operating
point from changing adversely.

The input signal is fed to the base
of the smaller transistor which ampli-
fies the signal by an emitter follower
action and drives the larger output
device. The total current gain ranges
from about 20 (in high power devices)
to over 100,000.

COLLECTOR
TR1
| BASE TR2
|
l R1
R2
npn (0 ) EMITTER

Fig. 2.11. Circuit of (a) npn and (b) pnp Darlington devices.

pop

(b) COLLECTOR
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JFETS

Field effect or unipolar transistors
may be divided into two main types,
JFETS and MoSFETS. The junction field
effect transistor (JFET) has either a
channel of n-type or of p-type silicon
with a gate of the opposite type of
silicon formed as a junction as shown
in Fig. 2.12.

A JFET may be used in the type of
circuit shown in Fig. 2.13. In the case
of the n-channel device shown, a
negative potential is applied to the
p-type gate so that the gate-to-chan-
nel diode is biased into the non-con-
ducting state.

As the negative gate potential is
made more negative, the depletion
region extends further into the chan-
nel until eventually it spreads right
across the channel and no current
can flow from the drain to the source
(Vp in Fig. 2.14).

A bipolar transistor is a current
amplifier, but the JFET is a voltage
amplifier like a thermionic valve.
Like the valve the input impedance
of the gate circuit of a JFET is very
high, since the gate is reverse biased.

The drain current is plotted against
the gate-to-source voltage for an n-
channel JFeT in Fig. 2.14, the drain
to-source voltage being held constant.
The drain current which flows when
the gate and source are connected to-
gether is designated Ipgs.

A p-channel JFET can be used in
the type of circuit shown in Fig. 2.15
which is similar to that of Fig. 213,
but with the polarities reversed. The
n-type gate electrode is made positive
with respect to the channel so that it
is reverse biased. Note the arrow of
the p-channel device of Fig. 2.15
points in the opposite direction to
that of the n-channel device in the
circuit symbol of Fig. 2.13.

Both n-channel and p-channel JFET
devices are readily available, but the
n-channel types are more common.
The plastic encapsulated types
2N3819 (nchannel) and 2N3820 (p-
channel) are two of the best known
JFET products for general purpose
applications.

MOSFET DEVICES

A Metal Oxide Semiconductor field
effect transistor (MosFET) is somewhat
similar to a JFET except that the gate
electrode consists of a small piece of
metal electrically insulated from the
channel by a very thin layer of silicon
dioxide. Thus the gate impedance is
very high irrespective of the polarity
of the bias.

An enhancement MOSFET passes
little drain current if the gate is con-
nected to the source, but the drain
current increases with the gate volt-
age. A depletion type MOSFET passes
a drain current even when the gate
is connected to the source. However,
the drain current varies with the
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voltage applied between the gate and
the source. The diagram in Fig. 2.16
shows the internal structure of an
enhancement MOSFET.

Unfortunately the thin layer of
silicon dioxide in a MOSFET is easily
damaged by stray electrostatic volt-
ages. The gate electrode of a MOSFET
device should therefore be shorted to
one of the other electrodes at all
times before the device has been
soldered into a circuit, after which
the circuit impedance provides pro-
tection against the accumulation of
electrostatic charges.

Next month: Unijunctions, thyristors,
triacs, thermistors.

Fig. 2.13. Basic circuit for using or
testing a n-channel JFET.

L Eis iR

P~ CHANNEL

Fig. 2.15. Basic circuit for using or

testing a p-channel JFET.

A GATE -SOURCE
p VOLTAGE Vg

Fig. 2.14. Variation of drain current
with gate-to-source voltage in a
n-channel JFET.
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Fig. 2.16. Structure of a low-power
enhancement MOSFET.

ULTRASONIC BONDS

GOLD/SILICON EUTECTIC
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RIGID COPPER
HEADER COMB

SPECIAL SiLICONE
PLASTIC ENCAPSULATION

ALUMINIUM WIRES BONDED ,
TO ALUMINIUM METALLISATION

Internal structure of a Mullard plastic encapsulated power transistor.
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FUEL

STRETCHER

e W o=

Tms article describes a fuel con-

sumption monitor for in-car use,
designed to fit most vehicles with a
carburetter fuel system and cable
driven speedometer.

The Fuel Stretcher gives instan-
taneous read-out of miles per gallon
(m.p.g.), with a frequency of update

quency of change and low flow rate
gives low frequency of change (up-
date), thus providing another indica-
tion of fuel economy.

Normally frequency of update is
between one and four seconds, but
the fuel consumption monitor has a
switch-to-half or -double this fre-

there is a built-in zeroing which auto-
matically changes the readout to -0
when the car stops, that is when no
speed pulses are produced.

The fuel monitor can be easily
changed to give litres per 100km.
This is the continental unit for fuel
consumption, and most likely will be
introduced into UK when the petrol
pumps start to dispense in litres by
the end of 1981. The mp.g. to
1/100km change is affected by chang-
ing two links on the processor circuit
board.

The electronics can also be used for
a variety of other applications, such
as measurement of r.p.m., flow ratio,
g per hr and 1 per hr, simply by chang-
ing transducer inputs or introducing
a time base.

This design is based on a well
proven, proprietary fuel consumption
monitor supplied by EnviroSystems
Ltd, Grange-over-Sands, Cumbria and
available through a nationwide dealer
network. The complete fuel consump-
tion monitor, and also a kit and com-
ponents are available from Marshalls,
Kingsgate House, Kingsgate Place,
London NW6 4AT.

MAIN FEATURES

The main features of the system
are:

a. Four-digit display on its own p.c.b.
with the counter/driver.

b. Processor board to process the sig-
nals from the road speed and fuel
flow sensors and feed this informa-
tion to the display unit. This board

determined by fuel flow rate; for ex- quency facility to suit individual contains the speed pulse calibration
ample high flow rate gives high fre- driving conditions. Furthermore, switch and rate of update switch.
[ V 7
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Fig. 1. Block diagram of the Fuel Stretcher. This shows the overall system and how it is arranged within the two units—the Processor and

the Display,
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Fig. 2. Circuit diagram of the Fuel Stretcher. The Display Unit circuitry occupies the lower r.h. corner. Clarification of the connections

to IC12 is given in Table 1,

Table 1
CONNECTIONS BETWEEN
R17 AND IC12
1C12
PIN  fUNCTION

1 BLANKING

3 DECIMAL POINT

21 COUNT DIRECTION
23 INHIBIT

N.B. PINS 21 AND 23 NOT
SHOWN ON CIRCUIT DIAGRAM

c. The system uses mainly low priced
TTL.

d. Fuel flow related pulses are pro-
vided by a flow sensor, normally
installed in the fuel line between
the fuel pump and the carburetter.

e. Speed proportional pulses are pro-
vided by a speed sensor mounted
in the speedometer cable. This sen-
sor is independent of cable fittings.

PRINCIPLE OF OPERATION

Basically the road speed sensor
counts pulses derived from the
speedometer cable, while pulses from
the flow sensor cause the generation
of a series of internal control pulses
which halt the speedometer cable
rotation counting process, store and
display the count to date, and reset
the counter.

This will, therefore, give effectively
a unit of distance covered over a
number of units of flow, which with

Everyday Electronics, July 1981

the proper calibration factors and
division factors will be m.p.g., and
with another calibration factor km/1.
For 1/100km two small linkages have
to be changed on the processor p.c.b.
and the counting process will work in
reverse, giving a unit of flow used
over a unit of distance.

CALIBRATION

The unit is calibrated for each
vehicle using its speedo calibration
figure (number of revolutions per
mile for the speedometer cable) and
the calibration switch. The calibration
switch for most UK cars is available
from Marshalls.

CIRCUIT DESCRIPTION

The overall system arrangement is
indicated in the block diagram, Fig. 1,
while the complete circuit is given
in Fig. 2. In practice, the circuitry is
divided into two units:

(1) The Processor Unit including
all the TTL circuitry and the power
supply circuit, and embracing tran-
sistors TR1, TR2 and TR3; and in-
tegrated circuits IC1 to IC11.

(2) The Display Unit which incor-
porates the integrated counter/driver
IC12 and the four-digit display X1
and the driver transistors TR4 to
TR7. Also TRS.

Interconnections between these two
units are made via SK2 and PL2.

The speed sensor is connected to
the Processor Unit via a 3-way cable.
The fuel sensor is connected via
PL1/SK1.

SPEED SENSOR SIGNALS

The speed sensor signal (10 pulses
per cable revolution) is applied to in-
put buffer transistor TR1 via filter
components R1, Cl1, R3, C3. The buf-
fered, TTL compatible, signal then
goes to IC11b, a 7493 binary counter.

Here, depending on the m.p.g./]
per 100km function link setting, it is
divided by 4 (at pin 8, IC11b) for
m.p.g. and then used to control the
display counter (IC12) via the coun-
ter start/stop control IC8b; or for 1
per 100km divided by a further factor
of 2 (+ 8 total from pin 11, IC11b)
and used to control the display LaTcH
and RESET controls.

FLOW SENSOR SIGNALS

Flow sensor signals enter via filter
network R2, C2 and (following the
m.p.g. case through) are divided by
32 or 64 (selectable by S1 for small/
large car respectively) by IC2b and
IC5a, which together with IC4a, b, ¢, d
(this constitutes a 5-input NOR gate)
and dual 3-input NaND gate IC7, form
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(below) The Display Unit prior to final assembly.
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Resistors
R1 10kQ R16 1-5kQ
R2 1kQ R17 1kQ
R3 10kQ R18 1kQ
R4 4:-7kQ  R19-25 68Q
R5 2-2Q (7 off)

wire wound 2-5W R26 270Q
R6 33kQ2 R27 270Q
R7 4:7kQ  R28 270Q
R8 1kQ R29 270Q
R9-15 2-2kQ  R30 10kQ
(7 off) s.ill. 8- R31 68Q
resistor package R32 10kQ

(one not used)
All W carbon film 4+ 5% except
where otheirwise stated

Capacitors

C1  10nF plate ceramic
470pF plate ceramic
10nF plate ceramic

C4  47uF 25V elect.

C5 1uF 10V tantalum
C6 0-1uF 25V tantalum
C7 4-7uF 10V tantalum

0-1uF 25V tantalum
2:2nF plate ceramic
4-TuF 10V tantalum
C11 10nF plate ceramic

C12 0-1uF 25V tantalum

Semiconductors
TR1, 3,8 ZTX 302 npn silicon
TR2,4,5 6,7 ZTX 502 pnp silicon

IC12 ZN1040E 4-decade counter/
— driver

D1 1N4001 1A 50V silicon diode —
D2 1N4001 1 A 50V silicon diode -~

X1 NSB 3882 See
“  4-digit display h
Switches o

page

Connectors 472

PL1, SK1 3-way plug and p.c.b.
mounting socket

PL2, SK2 6-way plug and p.c.b.
mounting socket

S1 single pole 2-way
KS?-? 6-way d.i.l. package

Miscellaneous
FS1 1A cartridge fuse and cable

type holder
(;((2 Speed sensor
\ 3
Processor p.c.b; display p.c.b.

Fuel sensorwit?\ 3-way cable
CB8200, wire for battery supply;
metal case for processor, plastics
case for display; screen, p.c.b.
pillar. 4-way cable with screen, 3-
way cable with plug p.c.b.

All parts and installation in-
structions are obtainable from
Marshalls, Kingsgate House,
Kingsgate Place, London NW6

IC1 7400 quad 2-input NAND
gate
IC2 7493 4-bit binary counter
IC3 LM340T5 voltage regulator
5V1A s—,
IC4 7405 hex inverter o.c. 1-16 1
IC5 7493 4-bit binary counter <
IC6 7404 hex inverter ).
IC7T 7410 triple 3-input NAND
gate S
IC8 7410 triple 3-input NAND ~ [9.5
gate
IC9 7493 4-bit binary counter s
IC10 7493 4-bit binary counter L
IC11 7493 4-bit binary counter Sl
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a rather complex circuit which pro-
duces the timing pulses which are to
be the main DISPLAY CONTROL pulses
controlling LaTcH and RESET on IC12
in a manner rather like a stop-watch,
In this way the fuel pulses are
“gating” the display counter so that
it displays speed pulses per fuel pulse
(which coupled with the various ad-
justment factors gives miles per gal-
lon or km per litre. The inversion
links then provide for 1/100km).

PROGRAMMABLE
MULTIPLICATION CIRCUIT

In order to cater for all speed
ratios, the couNT signal coming from
counter start/stop control IC8b is
passed to the counter input via
MULTIPLY BY 7 circuit which is pro-
grammable from 0—64 by a 6-pole
switch, S2—S7.

A pulse arriving at IC7b via reset-
table flip/flop ICl0a enables (on
Low to HIGH tranmsition) an oscillator
comprising IC7b, IC6e, R16, C9. The
pulse train from the oscillator is coun-
ted by programmable divider IC9,
IC10b and when the number set on
the 6-pole switch is reached the flip/
flop IC10a is reset (since it is a part
of IC10b which is reset via IC6c along
with IC9). So 1 pulse creates n pulses.

54  The times n output is then fed into

divider chain IClla, ICSb, IC2b, and
is divided by 8; and although this re-
duces the range of the times n circuit,
it allows multiplication factors other
than integer or whole numbers, that
*is times 13 to times 8 in steps of 14
-to give a ‘‘fine tune” capability to the
circuit.

IDLING RESET TO ZERO

When the car is idling and no dist-
ance speed pulses are produced and
fuel pulses are few and far between,
both 1/100km and m.p.g. readings
can be misleading. To prevent this,
the display counter is caused to reset
to zero by a charge-pump circuit com-
prising C5, D2, TR2, C7.

Pulses from speed buffer TR1 via
IClc are used to charge C5 on the
falling edge of the pulse and on the
rising edge the emitter of TR2 is
taken positive of the +S5V rail and
turns TR2 on.

In this way each consecutive charge
pulse charges C7 a little more as
pulse repitation rate increases from
zero. At a few m.p.h. the voltage
across C7 is high enough to turn TR3
on hence IC6b pin 13 is low and pin
12 high; this enables LATCH and RESET
pulses to occur normally through
gates ICla and b but as car stops C7
discharges via R6 into base of TR3
and TR3 turns off, IC6f pin 13 goes
low therefore inhibiting LATCH and
RESET and counter displays zero.

OPTIONAL AID

An optional service aid is provided
by R32 and C12 in the Display Unit.
These components cause all decimal
points to flash very briefly every reset
pulse. This verifies correct operation
of fuel sensor.

CONSTRUCTION

Component layouts for the two
p.c.b.s are given in Fig. 4 and Fig. 5.
The accompanying photographs pro-
vide additional details of the general
asembly of the Processor Unit and
the Display Unit.

PROCESSOR UNIT

After the components (including
SK1 and SK2) have been mounted
on the p.c.b., solder the battery leads
(red and blue) and the speed sensor
leads (blue, yellow and red of 3-core
cable) to the underside of the p.c.b.,
as indicated in Fig. 4.

Solder three leads (black, yellow,
red) to the voltage regulator IC3 and
their other ends to the p.c.b. Secure
IC3 to the top section of thé case
with screw and nut.

Fit a plastic p.cb. pillar to the
hole at one end of the p.c.b.

Place the p.c.b. into the case, allow-
ing the sockets SK1 and SK2 to pass
through the rectangular holes pro-
vided.

Secure the board in position by
means of a No. 6 self-tapping screw
fitted into the p.c.b. pillar,

Fit grommets to the battery and
speed sensor leads so that they fit
into the slots at one end of the case
when the leads are dressed over the
p.c.b.

Fit the bottom section of the case
and secure with two screws.

DISPLAY UNIT

After components have been as-
sembled on the p.c.b.,, feed the 5-core
cable through the hole in the corner
of the plastic case and then solder
the leads (red, yellow, blue, green
and metal braid) to the solder pads,
as indicated in Fig. 5.

The p.c.b. assembly is held in posi-
tion by the tongues and posts
moulded in the case.

The plastic screen slots into the
foremost groove, and the top section
of the case is then snapped into
position.

INSTALLATION

Detailed instructions for fitting the
sensors into a car and for calibrating
the complete system can be obtained
from Marshalls. See components list.

Certain miscellaneous items such as
spade terminals, nuts and bolts and
snap-on connectors are available from
car accessory shops. =
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New technology is in the forefront this
month and includes a unique innovation
from a British manufacturer.

Battery Saver Radio

A portable radio that will virtually "*pay for
tself' is the claim for the latest model from
Fidelity Radio.

Although the battery manufacturers will
not be over the moon about this latest
British designed set, the consumer will
certainly welcome the Battery Saver port-
able radio which recharges ordinary—yes
ordinary—batteries when plugged into the
mains.

Powered by a standard PP9 or equiva-
lent battery, circuitry is incorporated which
automatically recharges the battery when
the radio is plugged into the mains. Re-
charging can take place up to four times
and can be carried out whether or not the
radio is switched on. A red l.e.d. shows
when the battery is being charged.

The claim is based on current prices,
taking the average life of a radio as being
five years and each battery having a life of
three months. It Is estimated that batteries
will cost the owner of an ordinary radio
about £24, assuming future price rises are
similar to those over the last few years.

The Battery Saver will cost about £6 to
run over the same period. This saving of
£18 can be compared to the expected retail
cost of the new radio of around £20.

Talking Time

With the latest talking watch now being
marketed by Trafalgar Watch Company
Ltd., that old catch phrase of "if you want
to know the time ask a policeman'" will
have to be updated to *'. .. ask your watch''.

Using the very latest in microprocessor
technology,the Tel-Time actually'*speaks'
the time and can even be programmed,
before it leaves the factory, to tell it in one
of three languages—English, French, and
German.

The Tel-Time is expected to sell for
around £59. Addresses of nearest stock-
ists can be obtained from Trafalgar Watch
Company Ltd., Dept EE, Trafalgar House,
Grenville Place, Hale Lane, London, N.W.7.

The versatllity of the recent crop of new
generation timepieces is illustrated by the
latest Casio CA90 wristwatch. Not only is

472

it a good timekeeper, accuracy of +15
seconds a month, but it also incorporates
a four function 8-digit calculator and a
space invader game.

The watch function includes such
features as: 12 or 24 hour format; auto
calendar giving day, date, month and year
preprogrammed until 2002; a 24 hour alarm
and a hourly chime signal setting. There
is also a professional stopwatch facility
capable of 1/100 second to 24 hours
measuring net, lap and first and second
place times.

The calculator has the four basic func-
tions of addition, subtraction, multiplica-
tion and division.

For the game the keyboard is divided in
half, the left hand keys become aim and the
right hand keys the fire controls, The ran-
dom digital invaders "attack from the
bottom right and move across the display.
Apart from the attacks speeding up as the
game is in progress, it also has sound
eftects and scoring.

For the person on the move, particularly
during the holiday period, the Casio MA-1
quartz digital battery alarm clock, measur-
ing only 13 x 4% x 3in, has some useful
features, These include hourly time sig-
nals, a symphonic alarm or buzzer, snooze
facility and an integral amplifier with
speaker and volume control.

During the snooze setting, the melody
sounds for about 30 seconds and subse-
quently the buzzer sounds seven times for
60 seconds at intervals of four minutes at
and after the preset time. A large push
"button'' on top of the clock functions as
an alarm stop button and also as a night
time illumination button.

Both the Casio CA-90 wristwatch
(£24-95) and the MA-1 Quartz battery
alarm clock (£9-95) are available from
Tempus, Dept EE, Freepost, 164-167 East
Road, Cambridge, CB1 1DB.

Snnan ;
‘ :\
S —
Trafalgar

“talking’ watch Casio CA-90 watch

Fidelity Battery
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CONSTRUCTIONAL PROJECTS

Xenon Strobe Lamp

Very high voltages are present in the
Xenon Strobe Lamp and we strongly advise
readers to use only those components
specified.

The xenon flash tube and trigger coil
used are available from any Tandy Store
stock numbers 272-1145 and 272-1146.

The transformer T2 is a RS type 196-268
and the printed circuit board has been
designed to accommodate the transformer
pinning. Other similar types with a second-
ary rating of 3-0-3V at 200m A may be used
but its location on the board, and in the
case, may need to be changed.

It is important to pay special attention to
the working voltages of the capacitors
used and ones with lower ratings must
NOT be used. Higher rating working volt-
ages are quite acceptable.

Pay particular attention to C7 which must
NOT be an electrolytic type. A mixed die-
lectric type was found to be suitable.

The bridge rectifier is available from
Watford Electronics. A plastics case for
housing the components should be used.

The rotary switch is available in metal or
plastics construction. We strongly recom-
mend that readers use the plastics encap-
sulated type, with plastics spindle.

A ready-made p.c.b. is available from
Proto Design, 14 Downham Rd., Ramsden
Heath, Billericay, Essex at a cost of £3-10
incl. P/P.

Combination Lock

Only two parts look like being problem
items in the Combination Lock. These are
the keyboard and the 20-way connector.

The 20-way connector used in the
author's model is aRS printed circuitboard
connector; order as stock number 488-365.

Many advertisers now sell off old dis-
used calculators and their keyboards
could be salvaged for use here. Alterna-
tively several printed circuit board push
switches could be grouped together and
used for the keyboard.

Any relay or solenoid with a coil rating
greater than 185 ohms, with contacts to
suit may be used. Also,ribbon cable isnow
generally available from most suppliers.

Electronic Multimeter

The -only item that may cause buying
problems in the Electronic Multimeter is
likely to be IC1, the LM334Z programmable
current source device. This is available
from RS Components stockists and is
listed as stock number 308-540.

Multiturn  cermet trimmer potentio-
meters are fairly expensive components
but, in the interest of accuracy, we'suggest
they are used. These can be either 20 or
15-turn types.

Fuel Stretcher

Although it is not in the full construc-
tional class, all components for the Fuef
Stretcher project are available from A. Mar-
shall (London) Ltd. They issue a complete
price list and are able to supply complete
kits.

As the sensor items are speclal to the
system they are only available from Mar-
shalls. Also, they are supplying all the
necessary literature for installing the
system in the vehicle. 1

The fuel line hose should be obtainable
from any good car accessory shop.
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FOR YOUR SUMMER FETE
FUND RAISER... BUILD OUR

An all electronic version of this popular fairground game. A
random number generator means that the number indicated is
always unpredictable and a colourful light display shows the
winning number clearly.

ALSO

CMOS SIMPLE L.E.D.
METRONOME pH METER SANDGLASS

A simple design that gives an easy to build A useful instrument for schools and colleges. In this novel time-elapsed indicator, a
and reliable unit. The use of CMOS devices Uses a single i.c. and a moving coil meter in  vertical column of l.e.d.s lights up one by
ensures low current consumption and hence  a straightforward but useful design. Can  one to show times from 2 minutes, for soft
long battery life. be used with professional pH probes. boiled eggs, to 5 minutes for hard boiled.

Plus all the Regular Features

AUGUST 1981

ISSUE ON SALE
FRIDAY, JULY 17
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MOTESENS

Confusion reigns in the US while UK develops new picture analysis technique

EMOTE SENSING, or the use of satel-

lites in earth orbit to detect con-
ditions on the earth’s surface, has
been with us for about nine years
and in that time has been used to
collect useful data on such things as
mineral resources, crop growth, water
flow and so on.

This has been based largely on the
Landsat series of satellites, a project
run by NASA in the United States,
and to date three satellites have been
launched.

Landsat 1 was launched in 1972
and continued transmitting way be-
yond its one year design life until
1978 when it was shut down. Landsat
2 was launched in 1975 and operated
for a similar period. The craft cur-
rently in use is Landsat 3. This was
put into orbit in 1978.

EQUIPMENT

All three satellites carry a wide
variety of equipment including a
malti-spectral scanner (MSS), return
beam vidicon (RBV), and a data col-
lection system (DCS). By orbiting the
earth every 103 minutes, the satellite
can scan a strip on the surface 100km
wide. The satellite shifts westwards
on every orbit and so can scan adja-
cent strips, eventually building up a
complete picture of the earth’s sur-
face. This takes 18 days.

The MSS detects sunlight that has
been reflected from the surface.
Different rock formations, vegetation,
water and so on reflect light of
different wavelengths in different
strengths and this enables the MSS
to distinguish them apart. The equip-
ment is designed so that the sunlight

474

can be broken into five spectral bands
and these are broken down into in-
dividual picture elements or “pixels”
before being transmitted down to
earth in digital form.

The RBV equipment wuses high
resolution TV cameras to pick up in-
formation from the earth’sssurface.
Landsats 1 and 2 have three cameras
and Landsat 3 has two, each operat-
ing in a different part of the visible
spectrum.

The DCS is something of a side-line
as this picks up data transmitted
from over 1000 land stations and re-
transmits it back to ground stations
in the USA.

In addition to the Landsat series,
information is also used from Seasat
satellites and weather satellities such
as the GOES and TIROS series.

In Europe, remote sensing is
handled by the European Space

!
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Landsat's scanner sweeps across a 100km
wide strip of the earth's surface for every
orbit. The information gathered is then
transmitted back to a receiving station on
earth in digital form where it is then pro-
cessed and turned into meaningful
pictures.

Agency (ESA), who operate two
ground receiving stations for the
Landsat programme as part of the
Earthnet remote sensing network.
One of these is at Fucino in Italy, the
other at Kiruna in Sweden. From
here information is sent to the UK
point of contact at RAE Farnborough
for processing.

COMPUTER PRODUCED
MOSAIC

As it stands, the data is in digital
form and must be processed before
it is of any use. At the National Re-
mote Sensing Centre based at RAE
Farnborough computer specialists
have developed a technique for pro-
ducing a mosaic picture from the raw
data that is more accurate than any-
thing ever produced before and which
could bring real benefits to the third
world.

The mosaic is formed by taking
separate 185 by 185km scenes from
the MSS and combining them with
the same scenes shot with the RBV.
This gives additional density informa-
tion. The combined signals are then
fed through a computer which joins
the edges so that a continuous picture
emerges. This is possible because
there is some overlap in each shot
and this information can be used by
the computer program to arrive at
an average signal level. This can then
be processed to give the continuous
image.

The final picture can then be
matched to a map using prominent
landmarks to give a cartographically
correct image.
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CLAIM AND
COUNTER-CLAIM

Taking the Landsat project as a
whole, processing of the information
is almost as important as the actual
satellites themselves and here Britain
is in a leading position. However,
with the gathering uncertainty about
the future of Landsat, this advantage
may be short lived. There have been
problems with the satellites them-
selves. For instance Landsat 3 is only
partly operational with a broken
multi-spectral scanner.

To counteract this, the scientists at
NASA have been forced to restart
Landsat 2 even though it is well be-
yond its intended life span. In addi-
tion to this, the launch of Landsat 4
has been put back until 1982 so there
is little room for further unforeseen
difficulties.

The problem is further complicated
by the fact that there are moves to
transfer responsibility for Landsat
from NASA to NOAA (the National
Oceanographic and Atmospheric Ad-
ministration), a process destined to
take several years.

By doing this it is hoped to speed
up the turn-round time on data input.
Add to this the scientists’ scepticism
about the value of the work they are
producing, and the optimism of the
politicians’ hype, and the real benefits
of remotely sensed data become
buried in a confusion of claim and
counter claim.

Map below shows the positions of sandbanks in the Bristol Channel plotted both by satellite and
by conventional means. The disparity between the two can be clearly seen. The three photos to
the right show part of the Wash and were produced using data from Landsat 1. The top photograph
is an original image in the red end of the spectrum. Below that is a computer processed picture of #
the same area with enhanced density to show water depths and below thatis a cleaned up version. &

Returning to the UK for the
moment, the benefits of remote sens-
ing can be immediate and lasting.
For example the Bristol Channel is
notorious for its sandbanks, yet it is
impossible to survey the channel
month by month as the sandbanks
shift and change. Remote sensing
makes this immediately possible.
Other examples include crop and
water management.

Perhaps the most dramatic ex-
amples of the benefits of remote
sensing can be seen in such schemes
as a hydrology project in Botswana
undertaken by the NRSC where de-
tailed cartographic information has
been provided where maps were
either very sketchy or didn’t exist at
all.

THE FUTURE OF
LANDSAT

The future of Landsat and remote
sensing generally will ultimately de-
pend on the system getting off on a
commercial footing. At present this
system is little more than an elabo-
rate experiment. The demand for in-
formation exists and an infrastruc-
ture for the dissemination of the in-
formation also exists. Indeed the
NRSC is already geared to providing
a service to all sorts of industries
and users including forestry, mining,
agriculture as well as research and
higher education. The centre is also

concerngd with research into tech-
niques of remote sensing, data pro-
cessing analysis and interpretation
for a wide variety of applications om
‘behalf of or in conjunction with
users.

Further afield, third world coun-
tries 'are falling over themselves to
invest in sophisticated remote sensing
satellite equipment and data, often
for very dubious reasons. Local
politics, high pressure American sales
talk and a desire to safeguard valu-
able mineral resources are all too
often responsible for these countries
investing in expensive equipment
rather than any altruistic motives to
help local agriculture and living
standards.

However, all eyes will be on the
Americans. As much as two years ago
two senators tabled bills to make
Landsat a commercial service and
the proposal that NOAA. should
administer an operational land, sea
and air remote sensing system called
Stereostat was approved some 18
months ago. Let us hope that the
future of remote sensing is not
jeopardised by President Reagan’s
proposed budget cuts now before the
American government.

NEWPOV 7,

el L

Continuous lines - satellite data of 9 June 1976
Broken lines - air photographs dated 1963-70
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PART 3

BINARY ARITHMETIC
(b) Subtraction

Binary subtraction is similar to decimal subtraction but
anything borrowed from the next column becomes a two
instead of a ten.

example
Subtract 18 from 25.
decimal binary
1 22 borrow
25 11001
18 — 10010 —
7 111 equivalent to 750.

As there is no facility on a computer to represent two, this
method cannot be used. Subtraction is carried out by a process
known as complementary addition.

Two's Complement

The complement of a number means changing all the 0’s to
I’s and all the 1's to ®s—This is known as 1’s complement.
However this has limitaticns and in computers 2’s complement
is used. The lattér is formed by adding 1 to the I's complement.

In the method of complementary addition, the number to
be subtracted is transformed to its 2’s complement and then
added to the other number. Any overflow is ignored.

example
Subtract 18 from 25.
Take the 1's complement of 18 (10010), 01101
add 1 1

to give 2’s complement 111

decimal binary
28 11001
18 — 01110 — (add 2’s complement)
7 1 00111 = 710 when overflow is
2 overflow—! ignored

Negative Numbers

In computers it is necessary to be able to represent both

negative and positive numbers in binary. The complementary
-addition method of subtraction gives a clue to how this is
achieved.

In mathematics the statement 25 — 18 can be written as
25 + (—18), and since in complementary addition we subtract
by adding the 2's complement it follows that the latter must
represent the negative number.

example
18 = 00010010
therefore —18 = 11101101 + L = 11101110
An alternative method which some people find easier is to
write down the positive number, then starting from the right
hand side, copy up to and including the first 1 that you come to,
and then invert the rest.

example

To form —8, write down —+8 in binary = 00001000.
Then using the above rule, —8 = 11111000.
Exercises

3.1. Write down the binary for the following decimal numbers:
@) +3) =3 (c) +16(d) —16 (e) +127(f) —1.

Sign Bit

Using the 2's complement method of representing negative
numbers raises an obvious problem.

We have just seen that —18 is represented by the binary
string 11101110, but this string also represents the positive
number 238. The problem that now arises is how does the
computer know whether 11101110 represents — 18 or +238.

In computers and microprocessors numbers are stored in
registers of a certain length, for example 8 or 16 bits long (or
more) depending on the particular computer.

To distinguish between a positive and negative number in a
register, the extreme left hand bit, known as the most significant
bit (m.s.b.) is the sign bit, and is used to determine if the number
is positive or negative using the following code:

If the sign bit is 0, the number is positive.
If the sign bit is 1, the number is negative.

The remaining bits in the register represent the magnitude of

the number as illustrated in Fig. 3.1.

} BYTE

, BITT7 BIT6& BITS BIT4A BIT3 BIT2 BIT 1 BITO

M.S.B. LSB.
pe-SIGN MAGNITUDE e

Fig. 3.t. Arrangement of the sign and magnitude bits in a
computer 8-bit register.

Range of Numbers that can be held in a
register

For simplicity suppose the register was four bits in length.
Since the most significant bit cannot be a 1 if the number is
to be positive the highest positive number possible in a four-bit
register is 0111 (= 7). As a | can appear in the m.s.b. for a
negative number, the highest negative number possible in a
four-bit register is 1000 (= —8). It will be seen that there is
always one more negative number that can be stored than
positive numbers.

-
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The full range of numbers that can be stored in any register
is given by the formula:
Highest negative number = 2~V
Highest positive number = 2&=~-1 —]
where n is the number of bits in the register.
In an 8-bit register:
Highest negative number = 2(6-1 = 128
Highest positive number = 2(8-1 —]1
127

(c) Multipiication

Binary multiplication is the same as decimal multiplication,
that is, multiplying by each digit in turn, moving to the left
each time and then adding.

example
Multiply 12 by 13.
decimal binary
12 1100
13 x 1101 x
36 1100
12 0000
156 1100
1100
10011100 = 15610

As the computer can basically only do additions, it multiplies
by a process of repeated addition.

example
To multiply 9 by 3, the computer would add 9 together
three times, thus:
9+9+9 =27

(d) Division

The computer does division by repeated subtraction, takes
the 2’s complement and adds, until there is no remainder. It
then adds together the number of processes carried out to
reach this condition and this is the answer.

decimal binary
13 0001101
5) 65 101) 1000001
5 101
15 110
15 101
00 10t
101
000

example
To divide 9 by 3.

9 1
subtract 3
61 1L 3 processes so answer is 3.
l

subtract 3
1)

3
subtract 3
T

Advantages

Whilst counting in binary is very slow and cumbersome for
human use, it has many advantages in electronics:

(1) Binary only has two states, ! and 0 (on and off) and is
therefore very reliable.

(2) Electrical energy moves at 3 X 10® metres per second,
therefore any slowness due to long trains of additions is removed.

A computer can carry out about 500,000 additions per second.

(3) It makes subtraction using an addition process very easy.

LOGIC
Logic can be described as arriving at a reliable result by |
placing the correct information in the right order.

BINARY LOGIC

Binary logic is easier than most human logic since each
decision has only one of two possibilities. A clear yes/no
answer is given, there is no ‘“maybe”, “nearly”, or “could be”
as in human logic. Since switches are used for either of the two
states, if they are set in the correct order a reliable result is
obtained.

example

An automatic gas central heating system, see Fig. 3.2.

A result will not be obtained, that is no heat, unless:

(1) Pilot light is on.

(2) Temperature of the room drops below a certain .pre-
determined value.

(3) The time is set correctly.

[ — .
[TIME SWTCH] [THERMOSTAT]  [PILOT LIGHT]
= / s / O ._/o—- ]
‘ ! | AUTO I
‘ POWER  MANUAL E:‘
SUPPLY ACTUATOR |
OPENS GAS
TAP

Fig. 3.2. Simplified circuit for an automatic gas central heating
system.

GATES

As can be seen from the previous example a result can be
obtained by a number of switching circuits. In logic circuits
these switches are known as gates. These may be connected in
series or parallel, or in complex systems, a combination of both.
To use mechanical switches, such as relays for example, would
be bulky, slow, and léss reliable, so the transistor is used as a
switch in logic circuits.

Answers to Exercises in Part 2

2.1. (a) 524 (b) 3640 (c) 751.

2.2. (a) 001010110011 (5) 110101010001111 () LOO0T0110
(d) 101110010101 (e) 011010111

2.3. (a) 1001,0100 (4) 0100,0010,1001 (c) 0010,1001,0100,0111
(d) 0001,0111,0011,0110 (e) 0101,0011,1000
(f) 0111,0011,0101

2.4. (a) 95 (b) 709 (c) 364

2.5. (a) El (b) B8F (c) FC (d) 13

2.6. (a) 0100,1111 (4) 0001,1010,1100 (c) 0110,0111
(d) 0010,1010,1000 (e) 1110,1111 (f) 1010,0001,101 1

2.7. (a) 45 (b) 431 (c) 538 (d) 430 (e) 251 (f) 87

2.8. (a) 660 (b) 1EE (c) 1436 (d) 43 (¢) 7B.

2.9. (a) 1000 (b) 0001,0101 (c) 0001,1000 (d) 0001,0000,0000.
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BACK ~ BASICS

IN its earlier days the telephone was an
upright instrument. Still to be seen in
old films, a key feature was that the mouth-
piece and earpiece were separate. The
mouthpiece (containing the microphone or
transmitter) was mounted on a thing like a
candlestick. The earpiece or receiver was
a bell-shaped device on the end of a
flexible cable. To use it you held the ear-
piece to your ear and bent down to speak
into the mouthpiece.

It didn’t take the public long to discover
that a trick could be played with the
“candlestick” telephone. You called up a
number (via an operator, of course) and on
getting an answer you held the earpiece
against the mouthpiece. The person you
called then got a piercing howl into his ear.
Great fun . . . for the caller.

FEEDBACK

The effect was very like what happens
with present-day audio systems when a
microphone is placed too close to a loud-
speaker.

The resulting howl or whistle is usually
called positive feedback because it is caused
by sound being produced by the loud-
speaker, fed back to the microphone, going
through the amplifier, out again at the
speaker, back to the microphone, and so on
for ever—or until somebody turns down the
volume.

TELEPHONE CIRCUIT

In the case of the howling telephone, there
is just one problem. When the basic circuit
is inspected (Fig. 2.1) there is no amplifier
to be found. What there is consists of the
two microphones (one at each end of the
line), the two earphones and a battery.

Amplification implies an increase in
energy. So where does this come from?

The answer is, the battery.

But a battery isn’t an amplifier- either,
and the energy it normally gives out on
demand is a steady direct current, not the
rapidly-varying current needed to create a
howl. Somehow, the energy of the battery is
being converted into the sort of audio-
frequency alternating currents which cause
the howl.

The arrow from microphone to earphone
at one end of the line indicates that these
are coupled together (by holding them
together, in this case).

This provides feedback, since sound from
the earphone goes straight into the micro-
phone and the resulting current from the
microphone must flow right round the whole
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circuit and therefore through the same ear-
phone again, making more sound, and so
on.

What we have to explain is how the
volume gets greater as the sound signals go
round and round the circuit.

CARBON MICROPHONE

The key component is the microphone.
If you were to obtain an early telephone
microphone and take it to bits you’d find
a cone-shaped piece of thin aluminium.
The tip of the cone presses against a little
box or bag full of shiny black dust. It looks
like coal dust, but is really a collection of
tiny polished granules of a form of carbon.

Carbon is an electrical conductor, and
current from the battery flows through the
granules. But they are packed rather
loosely, and held in place by gentle pressure
from the aluminium cone. Increase the
pressure and the little granules make better
contact with one another, allowing current
to flow more freely. Reduce pressure and
less current flows.

The microphone is therefore capable of
turning pressure variations on the alumin-
ium cone into current variations. The trick
i1s to make it respond to the variations in
air pressure caused by the speaking voice.
This is what the cone is for.

Its real name is the diaphragm and it is
mounted so that it vibrates in sympathy
with the sound waves from the voice
(which are just rapid changes in air pressure).

As it vibrates it compresses or relaxes
pressure on the granules, depending on
whether the diaphragm is moving inwards or
outwards at a particular instant.

The sound variations make the resistance
of the carbon granules vary in sympathy,
so producing corresponding changes in the
amount of current drawn from the battery.

MICROPHONE

RECEIVER
H} » (EAR PHONE),

?A_ CirC. 10

In the receiver, the current flows through
the coil of an electromagnet. This produces
changes in magnetic field strength. These
changes vary the pull of the magnet on an
iron diaphragm, which moves to and fro
in sympathy, reproducing the original
sounds, as air waves again.

EQUIVALENT CIRCUIT

Evidently it is the microphone and ear-
phone at one end of the line which create
the howl. The ones at the receiving end are
merely part of the circuit which is inactive in
howl-production.

Let’s forget about the far end and rewire
the circuit using just the active, near-end
devices (Fig. 2.2.). The microphone is now
shown as a variable resistance operated by
the earphone. For the circuit to oscillate
(howl) the microphone must generate
more sound-producing current at each
pass round the circuit, so that the volume
builds up.

Fig. 2.1, Basic telephone circuit.

Fig. 2.2. Equivalent circuit with microphone
and earphone.

Fig. 2.3. Resistance-variation generator,
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A FOUR-PART INITIATION COURSE FOR NEWCOMERS

By Geor

RESISTANCE-VARIATION
GENERATORS

The microphone acts as a sort of tap to
turn the current on harder or softer. The
howling telephone demonstrates an im-
portant class of electrically active devices.
Forget about sound and think only of the
variations in resistance, ™

In principle, anything that varies can be
made to vary a resistance. The general idea
simplifies itself to Fig. 2.3. Here there is
just a variable resistance, a battery, and a
mysterious box marked Load.

A “load”, in electrical terms, is anything
driven by energy from some sort of gen-
erator. An electric lamp is a load on the
mains. A loudspeaker is a load on an
amplifier . . . and so on.

In this circuit, so long as the resistance is
not being varied but is just left at some
fixed value, a steady (direct) current flows
whose value depends on the total resistance
in the circuit, that is the load resistance plus
the “‘variable”. If the variable resistance is
now altered the current changes.

Since the load is traversed by the current
it, too, experiences a change, and absorbs
more energy or less energy as the current
increases or decreases.

In this way the battery and the variable '

resistance act together to form a sort of
generator of varying current. If the varia-
tions go on at audio frequency then the
load receives audio energy mixed up with
steady ‘‘d.c.”’ energy from the battery.

Fig. 2.4. Essentials of an amplifier.

Fig. 2.5. (a) Bipolar Transistor current-
controlled amplifier. (b) Field-effect transistor
voltage-controlled amplifier.

2-4

INPUT VOLTAGE
OR CURRENT
e e

BATTERY
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AMPLIFICATION _

What produces the variations in resist-
ance? In the case of the howling telephone it
was sound waves, but it could be other
things.

Some substances change resistance ac-
cording to how much light falls on them, for
instance, so that could be a possibility.
However, the most important class of
devices in electronics are those which are
controlled not by sound waves or light, but
by voltages and currents.

Imagine that somehow a current pro-
duces variations in the resistance. The
resistance, in its turn, produces variations
in the current of the battery circuit. If
these secondary variations are greater
than the ones which cause the change of
resistance then the circuit is amplifying.
“Amplifying” merely means, “making
larger”.

The earliest kind of transistors behaved
rather like the variable resistance in
Fig. 2.3. A small input current controlled
a larger output current, by changing the
resistance of the device. The name ‘‘tran-
sistor” (from ‘transfer resistor’) suggests
this form of action.

ACTIVE DEVICES

Transistors and other amplifying devices
are examples of active devices. Fig. 2.4
shows how active devices are’ used, in
general terms, without going into the
complexities of complete amplifier circuitry.

The active device is controlled by a small
input current, or input voltage in some
cases. This control input, known in elec-
tronics as the input signal, whether or not
it has anything to do with conveying
messages, turns the active device on or
off and so governs the amount of energy
from the battery which reaches the load.

L:

LOAD
+

COLLECTOR

EMITTER

-
—t

T

INPUT
CURRENT

yit

Note that the battery must be there. It
is the real source of energy.

Fig. 2.4 doesn’t say where the input is
coming from. It could be a radio aerial,
a microphone, a gramophone pickup or
many other things. Also, the current path
of the input signal is incomplete.

Fig. 2.4 shows one input terminal, but
there ought to be two, because the input
current must flow in at one terminal and
out at another if it is to have its own
complete circuit. And without a complete
circuit no input current can flow.

Most practical amplifiers use active
devices in which the missing signal terminal
is at the same time one of the device’s
other terminals, that is the one at the
bottom, where the battery is connected in
Fig. 2.4, or the one at the top where the
load is connected.

This shared terminal is called the
common terminal, and since it is very
often connected to the earth, or something
equivalent to the earth, it is also called the
earth terminal (“ground” terminal in
America).

TRANSISTORS .

Fig. 2.5 illustrates the point with two
kinds of transistor.

The bipolar transistor (a) is controlled
by an input current flowing between its
base terminal and its emitter terminal. The
emitter terminal is here the common
terminal since the main current from the
battery also flows through it.

The field effect tramsistor (b) is con-
trolled by a voltage applied between gate
and source. The source is here the common
terminal. In principle, however, any one
terminal can be common. '

Continued next month

DRAIN

SOURCE

INPUT
VOLTAGE
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Everyday News

INTER-GITY SPEGIAL

A novel way of publicising a novel industry is one way of describing the Migr'oelectro'nics
Applications Project’s latest venture. This is the MAP Microtrain, a roving exhibition destined
to visit 22 towns and cities before its run ends early in November.

This specially fitted out train was inaugurated on May
6 at Marylebone Station, London by Mr Kenneth Baker,
minister for Information Technology and its purpose was

spelled out when he said;

“We are taking the Microtrain all over the country to
show people what can be achieved with microelectronics
and help them get started. Microelectronics is going to
affect all of our lives and if Britain is to reap the benefits,
we have to begin taking our opportunities.

“Much has been achieved in the first phase of the Micro-
electronics Applications Project (MAP) in encouraging
British companies to take up the challenge but too many,
around 50 per cent, still have not appreciated that micro-
electronics is relevant to their business.”

The exhibition features
examples of micro-computers
currently available, industrial
applications and office equip-
ment including word pro-
cessors and Prestel equip-
ment and a very full pro-
gramme of seminars and
lectures has been arranged
on a wide variety of topics
for a wide range of people.

In fact the major target of
this exhibition is on the one
hand industrialists and on
the other schools and other
educational establishments
although the train will also
be open to the public free of
charge at certain times and
organised parties will be
particularly welcome,

One particular aspect of
the exhibits are the oppor-
tunities to actually operate
the equipment and gain some
idea of how it actually feels
to be faced with, say, a word

WORLD SERVICE

Fears that the BBC World
Service would be severely
cut appear to be ill-founded.
Marconi has won substantial
contracts for antenna sys-
tems for the relay stations
in Cyprus and at Orfordness
in Suffolk.

It is estimated that the
BBC has over 40 million
regular listeners overseas
plus an even greater num-
ber who casually listen.
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processor, whilst at the same
time representatives from
both manufacturers and the
Department of Industry will
be on hand to answer ques-
tions and talk in some depth
about their various responsi-
bilities.

At present the MAP Micro-
train is at the Reading
Motorail dock where it will
stay until June 26, after that
it moves on to Plymouth,
Gloucester, Cardiff and Wrex-
ham, stopping for a week at
each place and opening from
Monday to Friday. After a
summer break the exhibition
re-opens on August 31 at
Glasgow High Street, and
then visits Aberdeen, Dun-
dee, Newcastle-upon-Tyne,
Middlesborough, Birmingham
International, Liverpool Lime
Street, Manchester Piccadilly,
Hull and finishing in Shef-
field on November 2.

Avionics Takes
a Dive

Electronic fail - safe tech-
niques developed for ciyil
and military aircraft have
been adapted by Marconi
Avionics for use in remote
control systems for oil wells
on the sea bed.

First major installation in
conjunction with NL Shaffer
of Houston, Texas, is now in
operation in the BP Magnus
oil field.

Kenneth Baker M.P. aboard the MAP Microtrain.

_Iﬁmos Comes to Market

NEB-sponsored Inmos has appointed two distributors.
in the UK to handle v.ls.i. devices now coming off pro-
duction lines in the USA. They are Rapid Recall, High
Wycombe, and Hawke Cramer, Sunbury. European dis-
tributors are also being appointed.

First product is a 16K x 1 static r.a.m. to be followed
by a 64K x 1 dynamic RAM and a 4K x 4 static RAM.

Mobile

Question

The Mobile Radio Commit-
tee is reviewing the spectrum
requirements for land mobile
terrestrial services wup to
1000MHz in the United King-
dom up to the end of the
century in the light of the
outcome of WARC 1979.

Questionnaires will be dis-
tributed to representative
organisations and individual
users about their present and
future use of radio channels,
but any further contributions
will be welcome before the
end of June.

They should be addressed
to Room 708, Radio Regula-
tory Department, Waterloo
Bridge House, Waterloo
Road, London, SEI 8UA.

TV/DX Group

A national DXTV (long
distance) reception group
has been formed mainly
under the instigation of
George Grzebieniak (RS
41733) from Chiswick, West
London. The group has held
regular meetings in the Lon-
don area since February.

Several of the members
have already acquired and
used a large range of various
pieces of TV equipment, rang-
ing from a 5 inch multi-band
B/W TV set to a 27 inch full
colour model, which incor-
porates provision for satellite
reception. Anyone wishing to
contact this group should
write to George Grzebieniak,
c/o 183 Fleet Street, London
EC4A 2HS, enclosing a self
addressed stamped envelope.
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. . . from the World of Electronics - ‘

==ANALYSIS

A BURNING IDEA

Once in a while an idea burns itself into the mind so com-
pulsively it can't be resisted. This was the experience of Paul
Galvin just 50 years ago. He had recently set up the Galvin
Manufacturing Corporation in Chicago with five employees,
hardly any capital and little previous business success. His
trade was in radio sets and battery eliminators.

His inspiration was to make the world's first mass-produced
car radio. In another brilliant flash, which came to him one
morning while shaving, he conceived the name for the
product, Motorola, with its subtle suggestion of motion
coupled with radio. =

Working in an entirely new field, mistakes were bound to
be made both in the product and in installation with the
result that the burning idea, now converted into hardware,
had a habit of catching fire and burning all around it. While
Galvin was arranging a loan to finance the venture with a
friendly banker, his engineers fitted a radio to the banker,s
new Packard car. A nice gesture designed to convince the
banker of his sound business judgement. Within half an hour
the Packard was a burnt out shell.

Another early user was a Chicago undertaker who had a
set fitted in his hearse. On the way to the cemetery one day
the hearse caught fire and to the horror of the mourners the
intended burial became a cremation.

Despite these and other tragi-comic episodes, Galvin and
his small team persisted and eventually overcame the technical
problems, establishing Motorola as the number one name in
car radio. They even recalled the entire production of one
model, salvaged only the valves and speakers and smashed the
rest with sledgehammers to preserve the integrity of the name.

In the mid-50s Motorola, by now a great company bearing
the name of its first product, had a second testing period. A
decision had to be made whether to stay in the semiconductor
business with the huge risks involved, or to play safe and get
out. The Motorola directors decided to ‘‘go for broke" and
poured money into the plant at Phoenix, Arizona, with the
result we see and admire today.

Paul Galvin, whose first exercise in free enterprise was
selling Popcorn from a stall, died in 1959. His story has special
significance today because his burning idea and his faith in its
success came not in a boom time but in 1931 when the United
States was in deep rece:sion with bread lines and.soup
kitchens a common sight.

Given the idea, the man, and the will to succeed, there ‘s no
bad time to start a business.

Brian G. Peck

Changeover from old

JAPAN-UK LINK-UP

Britain’s Department of Industry and Japan’s Ministry of
International Trade and Industry have started exploratory
talks on joint projects for the future.

Among projects under discussion are computer-aided de-
sign and manufacturing equipment, computers, telecom-

munications and robotics.

Logic in UK

A top figure in world semi-
conductors and formerly
chairman of Fairchild, Wilf
Corrigan, is planning to have
a UK subsidiary of his new
company LSI Logic. Corri-
gan, British-born and educa-
ted, expects to have a UK
design centre and manufac-
turing unit in operation
sometime in 1982.

Main manufacturing base
for high speed integrated
circuits is now being estab-
lished near Santa Clara in
“Silicon Valley”. The opera-
tion, supported by US and
British backers, has re-
cruited top men from the
semiconductor industry and
has a high prospect of suc-
cess.

Digital Discs

Philips and Sony will mar-
ket digital audio disc players
by the end of 1982.

The format has been jointly
developed from the Philips
Compact Disc first demon-
strated two years ago, fol-
lowing the cross-licensing
agreement between the two
companies on video and
audio technology. The Com-
pact Disc system - finally de-
cided upon uses 16-bit linear
coding and like the Philips
video disc is laser read.”

National Semiconductors
has announced a 32-bit MPU
hard on the hsels of Intel’s
32-bit project. Samples
should be available to the
trade by mid-summer.

The Home Secretary has appointed the Baroness Pike of
Melton to be Chairman of the Broadcasting Complaints Com-

mission from June 1, 1981.

Vertical Player

Strowger to new electronic
telephone exchanges is ac-
celerating. Some 2!, million
of Britain’s 18 million tele-
phones are now coupled via
electronic exchanges and
present projections are 5
million by 1985 and 15 mil-
lion by 1990.

Following a partnership
agreement with Corning
Glass, BICC is to spend
£11:5 million on setting up
an optical fibre manufactur-
ing plant in the UK, meost
probably at Shotton on Tees-
side. Production of 50,000km
of fibre per year is planned
for 1984,

CB Assault

A major assauit on the
CB market is being planned
by Binatone when citizens
band is finally legalised in
the autumn (see Radio
World). .

They plan to launch two
models in September and
these will be on sale through
their usual High Street out-
lets.

A compact mobile set cal-
led “Breaker” will be sold at
£59-95 excluding aerial, while
a larger mains model will re-
tail at £99.
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The first machine in the world to be able to play both sides
of a record without it being turned over is the claim for the
Sharp VZ3000 Bi-Play Disc Compo System. -

The system comprises of a fully automatic 2-speed belt
driven vertical 12 inch turntable that detects the size and
required speed of the record, and its two linear tracking arms
with VM cartridges allow both sides of a record to be played
automatically without turning it over.

The VZ3000 unit also incorporates a lw./m.w./f.m. stereo
radio with a 4track 2-channel stereo cassette deck, featuring
the Sharp APSS (Auto Program Search System) that auto-
matically finds the start of a piece of music, and a Dolby
noise reduction system with metal tape capability.

The complete system, including speakers, is expected to
retail at about £325 and will be introduced in the autumn.
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HE unit described in this article
was designed to be used in the
workshop, laboratory and garage
where timing measurements and
observations are to be made on rotat-
ing, vibrating and other repetitive
motion machinery and apparatus.
The effect of a strobe unit such as
this is to “freeze the motion” making
it appear stationary when its flashing
rate is in sync with the speed of the
machinery. Also it will make the
machinery appear to be moving very
slowly when near-synchronised. With
a knowledge of the flashing rate the
rotational speed of a motor shaft or
pulley for example may be calculated
in revs per minute (r.p.m.).

FACILITIES

The xenon strobe can be set to
flash at a rate between about 180 and
1,800 fp.m. (3 to 30Hz). This is
accomplished by means of a stable
internal adjustable oscillator.

The device is also equipped with an
external trigger facility. Maximum
external trigger rate must be limited
to about 30Hz for regular consecutive
flashes. This facility is useful for
positional alignment and deviation
measurements. This input is also
thought to be useful for photographic
purposes to serve as an electronic
Hash  although no tests have been
carried out to verify this. A short is
required between the two poles of
EXT. TRIG. to trigger in this mode.

CAR TRIGGER

A further special external trigger is
included for use in car timing adjust-
ment. The pick-up for this is from
the No. 1 spark plug in the car and
this is fed directly to the trigger
electrode of the xenon tube. On no
account should the previously men-
tioned external trigger input be used
for this purpose.
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KEWONSTR

BY J. C. MAY

To make the unit portable and con-
venient to use, the power supply is
derived from four dry cells (total 6V)
contained in the case with the high
d.c. voltage required being derived
from an integral inverter.

Rechargeable cells, type AA, can
also be used in this unit and are more
suitable for prolonged use. Also, an
external power source may be em-
ployed via a case mounted socket.

Although the unit could be used for
local lighting effects by DJs in discos
and by pop groups, it is not suitable
for large area illumination due to the
limited output power capability.

CIRCUIT DESCRIPTION

The complete circuit diagram of the
Xenon Strobe Lamp is shown in Fig.
1. The internal oscillator is formed by
IC1, a 555 timer and local components,
A train of square waves is produced
at its output. The frequency of this
train is continuously variable from
about 3 to 30Hz by means of VRI.

A second 555 timer i.c. IC2, is con-
nected as a monostable multivibrator.
By grounding its trigger input, pin 2,
via C2, a single output pulse is pro-

Very high voltages, 400V d.c.
and a 4 kilovolt trigger pulse are
generated in some parts of the
circuitry. If touched a severe
electric shock could be received
so extreme care should be exer-
cised during the testing of this
project. For this reason we feel
that this project should only be
tackled by the more experienced
constructor and beginners are
urged to seek the help and
advice from such a person
before contemplating construc-
tion.

BEL

AP

duced at pin 3. R4 discharges C2
when not grounded. S1 selects internal
or external triggering. The chosen out-
put is differentiated by C4/R6 to pro-
duce a positive going short duration
spike to reach the gate of CSRI in
the high voltage part of the circuitry.

HIGH VOLTAGE CIRCUITRY

The inverter/diode bridge (des-
cribed below) produces pulsed d.c.
about 400V peak across XY. C5
charges up to this peak and acts as
the smoothing capacitor to maintain
a d.c. level of approximately 400 volts.

Capacitor C6 charges towards this
value through R7 and T1 primary
(CSR1 assumed off at this stage). The
charge time is proportional to the
values of C6 and R7 and these have
been chosen to make this time very
much shorter than the internal oscil-
lator maximum frequency, that is <<
33 milliseconds.

This state of affairs is demanded by
the xenon lamp, as a primary voltage
pulse on voltage step-up transformer
T1 of between 200 and 300 volts is
needed to induce the required 4kV
pulse across T1 secondary to reach the
lamp trigger electrode. On receipt of
a positive pulse at CSR1 gate, CSR1
turns on pulling one side of C6, which
has been charged to about 300V,
down to OV. The result of this is to
cause C6 to rapidly discharge through
T1 primary producing the trigger volt-
age across its secondary winding.

While CB is charging up, so is C7
through R9 to about 400V and this is
applied across the two extreme elec-
trodes of LP1. The 4kV trigger pulse
ionises the xenon gas in the tube and
current flows through the gas causing
brief but intense illumination. CSR1
turns off as C6 discharges allowing
C6 to recharge and be ready for the
next trigger signal to CSRI1 gate
terminal.
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The energy for each flash was con-
tained in C7 and all is spent when the
tube is activated. This energy is given
by (13)CV? joules, where C is the
value of C7 in farads and V is the
voltage it has charged up to at the
instant of triggering. For values
shown, energy equals 45 millijoules.

R9 prevents continued discharge in
the lamp between trigger pulses and
serves to limit recharging rate of CT7.
Thus the brightness of the flash is
determined by the value of C7 and its
maximum repeat rate set by R9 and
in this instance by the output imped-
ance of the inverter circuitry, The
latter is dominant.

Under no circumstances should an
electrolytic capacitor be used for C7
as the high discharge rate could des-
troy it.

INVERTER

The inverter first stage consists of
two gates from IC3, a cmos hex in-
verter, cross coupled with C8 and R12
to form a square wave generator.
There are two antiphase outputs avail-
able at pin 12 and pin 10 and these
are buffered by IC3a and b to feed
the bases of TR1 and TR2. The out-

puts are such that
TR1 is on while
TR2 is off and vice
versa.

The two 3V wind-
ings of T2 form
the collector loads
of TR1 and TR2
wired as common
emitter amplifiers.
The flux change in
these windings as
TR1 and TR2
are alternatively
switching on and
off causes a much
higher voltage to
be induced across
T2 secondary.

In fact T2 is a low voltage mains
transformer being used in reverse.
This is fairly inefficient and a switch-
ing d.c. supply of 6 volts is required
to produce 280 volts r.m.s. across T2
secondary. This is full-wave rectified
by D2-D5 to produce pulsed d.c. of
about 400V peak and this is fed to
the xenon lamp and associated cir-
cuitry.

PRINTED CIRCUIT BOARD
Nearly all the components are
mounted on a single fibreglass p.c.b.,

size 160X 100mm. The remainder of
the components are mounted on the
case. The case used in the prototype
was a Vero type which has an integral
battery compartment to hold four
HP7 batteries. HP16 batteries can be
accommodated if the connector clips
are suitably bent. These are capable of
supplying up to 1 amp (according to
manufacturer’s data sheet) and are
therefore able to handle the require-
ments of the circuit here. Current
consumption rises with flashing rate
and reaches a maximum of about
500mA for the highest rate.

Fig. 1. The complete circuit diagram for the Xenon Strobe Lamp. Type AA rechargeable cells may be used as the power source.
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CIRCUIT BOARD

The full-size master p.c.b. pattern is
seen in Fig. 2; the components moun-
ted on the topside of the board can be
seen in Fig. 3, together with wiring
to the case mounted controls and
sockets.

Sockets have not been used to hold
the 555 i.c.s, but for safety in con-
struction, a 14-pin d.il. was thought
wise for the cmos i.c.

Order of construction is not critical
but it is advised that the four distinct
sections of the circuit are assembled
and tested separately during construc-
tion: (1) internal oscillator, (2) mono-
stable, (3) inverter, (4) high voltage
circuitry.

ASSEMBLY

Assemble the components of the
oscillator section and connect all fly-
ing leads. Solder the appropriate leads
to VR1, S1, SK1, and SK2 after they
are fitted to the case. Connect a 6V
d.c. supply between the appropriate
+ve lead and 0V. Observe on an
oscilloscope or an l.e.d. with series
resistor that a square wave is being
obtained from IC1 pin 3 and that this
is reaching S1 pole for one of its
positions. This will be INT. TRIG. The
frequency should increase for clock-
wise rotation of VRI.

Next assemble the monostable cir-
cuit. A scope or le.d. at IC2 pin 3
should show a short duration pulse
when a wire is touched across the
contacts of SKI1. Check now that with
S1 in its other position, EXT. TRIG.,
this output reaches S1 pole. Solder C4
and R6 in place and observe that each
of these pulses is being transformed
to a spike across R6.

These can be seen as kicks on a
voltimeter needle. A diode should be
temperarily wired across R6, cathode
to +ve probe to absorb the negative
spikes generated by overshoot from

COMPONENTS Sz

Resistors

R 1-2kQ 2%
R2 10kQ 2%

R3  22kQ
R4 10kQ
R5  10kQ2
R6  1-2kQ

Capacitors

C1 2-2uF 6V tantalum

C2 0-022uF ceramic

C3 0-22uF polyester

C4 0-47uF polyester

C5 16uF 400V elect.

C6 0-022uF 400V polyester
C7 1uF 400V mixed dielectric

All 3W carbon +5% except where stated otherwise

C8 0-22uF polyester page 472
Semiconductors

D1 1N4004 1 A 400V rectifier diode

D2-D5 VM18 1A 400V bridge rectifier 4-pin d.i.}.

TR1, TR2 TIP31A silicon npn (2 off)

IC1,2 555 timer i.c. (2 off)

IC3 CD4069 CMOS hex inverter

CSR1 BTX18-400 1 A 400V thyristor
Miscellaneous

VR1 100 kQ carbon potentiometer lin, law

SK1 panel mounting phono socket

SK2,3 4mm insulated panel socket (1 red, 1 black)

L] Xenon flash tube (Tandy No. 272-1145)

T High voltage trigger transformer (Tandy No. 272-1146)

T2 Mains primary/200m A 6V centre tapped secondary (used in reverse)

(RS 196-268)

S1 Single-pole, two-way rotary switch

S2 Three-pole, three-way plastic rotary switch

B1 HP16 1-5 volt cells or type A A rechargeable cells (4 off)

Printed circuit board, fibreglass size 160 x 100mm; control knobs (3 off); case,
Vero plastic box Series |l size 190 x 138 x 45mm with integral battery com-
partment (65-2072D); p.v.c. covered connecting wire.

R7  120kQ
R8 1MQ W
R9  150Q 2W
R10 1kQ

R11  1kQ

R12 4-7kQ
R13  100kQ2

See

Yok
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the falling edge of the input pulse to
the differentiator, C4/R6.

The p.c.b. has been made to suit
a particular make of inverter mains-
transformer which had pins suitable
for direct insertion into the board
when mounted upside down. Alterna-
tive fixing and connection arrange-
ments will need to be devised for
other transformers. Assemble the re-
mainder of the inverter components.

- T

£12:50

- sxcluding case

For instant observation when the
inverter is being tested, a mains neon
can be connected to T2 secondary on
the underside of the p.c.b. Connect
+6V to the inverter positive supply
lead on the board and the supply
negative to board or terminal. The

The completed prototype showing re-
flector in position and the controls seated
in one section of the case. Note that SK2
and SK3 are mounted in the top half of the
case as seen.
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Fig. 3. The layout of the components on the topside of the circuit board and wiring details to the case mounted components.

The tags on S2 are shown splayed for clarity.
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EXT. TRIG.

[y

AR No.l

CHASSIS SPARK PLUG

Pian view of the section of the case which holds the circuit

View of the rear face of the case showing the external trigger |
board and emphasises the need for sleeving the tags on S2.

sockets clearly labelled.

NBTE. 7The Strobe will work satisfactorily when co;struc:ted as shown. However, to keep wifhin the specifications
of T1, an additional resistor (330 kilohm W) should be fitted across CSR1 anode and cathode. This will ensure that
T1 primary voltage does not exceed 300V. The resistor may be soldered directly to the copper tracks (a) and (b) on

the p.c.b. underside. Circuit description voltages assume this resistor is in circuit.

neon should glow brightly and the
voltage across this should be about
280 volts r.m.s.

Switch off and connect the bridge
rectifier in circuit paying attention to
polarity. A “+” is marked on the
p.c.b. foil pattern to correspond with
the same on the bridge. A d.c. volti-
meter set to 400V d.c. or more will
give a reading of about 380V across
the bridge outputs. Current consump-
tion will be about 100mA if all is well
so far.

Finally, assemble the trigger and
lamp components. T1 has a polarising
leg fitted to one side and this has
been accounted for on the p.cb. so
should be straightforward. Pay atten-
tion to polarity of the diode and more
importantly, CS, the electrolytic capa-
citor.

XENON LAMP

There is' a red spot on the glass
tube to indicate its polarity, so pay
special attention when fitting this com-
ponent in place. A pair of pliers
should be used when bending the
leads on the tube to fit the board in
a horizontal position. Place the pliers
between the glass and wire bend
position. Failure to do this may result
in a broken tube.

Connect the remaining flying leads
to S2, including the one to the battery
compartment positive terminal accord-
ing to Fig. 3.

All components to $2 must be made
using p.v.c. covered wire, and although
not shown in Fig. 3, all tags on S2b
should be completely sleeved after
soldering. Sleeves should also be fitted
over the leadout wires of R8, and
also its soldered connections to the
lead from SK3, and SK3 tag itself.
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Finally, connect the battery —ve ter-
minal lead to the Veropin on the
board.

FINAL TESTS—BEWARE

You will next be testing the board
with high voltages about so be especi-
ally careful. Keep your hands well
away from the tube, trigger trans-
former S2 and the large capacitors in
particular.

Before switching on make up a lead
using insulated wire to contain within
its length a 10 kilohm !W resistor.
This will be used to discharge capaci-
tors CS5 and C7 after testing to make
them safe to touch during the later
stages of construction. Placing the
two ends of the wire across each
capacitor in turn will discharge them
fully after a couple of seconds.

Set S1 to INT. TRIG. and VRI1 fully
anticlockwise and S2 to INT./eXT. The
tube should flash at regular intervals;
VR1 should increase flashing rate for
clockwise rotation. If this does not

Fig. 4. Scale (actual size) for fitting
around VR1, the rate control. This
has been drawn to suit potentio-
meters with 270 degrees electrical

rotation.

happen switch off, discharge the capa-
citors as described above and investi-
gate.

If all is well check the EXT. TRIG.
facility. The trigger input for connec-
tion to the car ignition system is best
tested in the garage with the unit
fully assembled in its case. When
doing this it is recommended that the
connection between unit and car, and
the appropriate settings, are made
before the car is started up. Also, use
of e.h.t. cable is advised.

CALIBRATION

With the circuit values shown, the
theoretical frequency range of the
internal oscillator should be from
3Hz to 30Hz (180 to 1,800 f.p.m.) and
measurements on the prototype were
extremely close to these theoretical
values.

A linear scale can be made to
encircle the control knob of VR1 over
its electrical travel which for many
potentiometers is 270 degrees. If this
is the case with the potentiometer
you have, then the scale shown in
Fig. 4 may be used.

The relationship between flash rate
and angular rotation of VRI1 is given
by:

32-48
=k T e
where r is the reading from the scale
and k is the correction coefficient to
allow for the tolerance on the timing
capacitor C1. A spot frequency check
will need to be made to determine the
value of k using the above formula.
fpm=60Xf
Periodic time=1/f secs

Ideally an oscilloscope will be
needed for this or a second accur-
ately calibrated strobe could be used
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for a comparison check. Potentio-
meters with other angular rotations
cannot use the scale in Fig. 4.

A calibrated knob is an alternative
to the scale in Fig. 4.

REFLECTOR

For maximum forward transmission
of the flash a reflector is needed
behind the xenon tube. Ideally, this
should be pdrabolic with the xenon
tube at the focal point but this is not
very easy to accomplish. Good results
were obtained from the prototype
which used curved cardboard covered
with silvered “Contact” which is an
insulator. The latter is self adhesive
and is thus easily secured to the card-
board templates. On no account
should metal be used for the reflector
system shown.

A suitable reflector can be made to
suit the specified case and dimensions
of this are seen in Fig. 5. It consists
of three sections: one is screwed to
the inside of the case using the fix-
ings available for a second board;
another smaller flat section is glued
to the circuit board beneath the xenon
tube; the last section becomes curved
when fitted in place and a little pack-
ing behind its extremes will hold it
firmly in position.

The case comes complete with a
metal front panel. This is not required
and should be replaced with a piece
of 1-5mm clear Perspex of the same
size, 124 X 34mm. e

% ——

Thunder Struck

Regular readers may remember, that a
short while ago, | was engquiring if any
Doctors could throw any light on the
phenomenon of people who suffer stomach
upsets during thunderstorms. Imagine my
delight when | received three letters, from
Flight Lieutenant P. Joiner, Dr. D. G.
Mayne and Mr. C. Stone, two of whom are
Doctors.

| am still trying to digest all the interest-
ing information they have given me on the
subject. | read their letters with great
enjoyment and the common factor in their
remarks, seems to be, that the effect could
be due to too many positive ions which are
present in the atmosphere after a storm.

I cannot resist quoting from the delight.
ful ending to Flight Lieutenant Joiner's
letter. ""Please keep up the good work on
EE, | have enjoyed the magazine since day
one, it hag served as a good introduction
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to electronics which now involves most of
my spare time and too much of my pocket
money''.

“lon storms occur at home every time
| order some bits, and their effect seems
to be a constant vocal discharge of ‘No'.
Further, | can verify that these attacks are
unrelated to weather, situation, time of
year or time of day."”

Great Achievement

The other day | read an account of a
production engineer who was made redun-
dant at sixty. To keep occupied, he made
himself a lathe out of an old bedframe and
started making bar billiard skittle sets.

These consist of nine small wooden
skittles, a small wooden ball on a string,
attached to a three foot pole. You throw
the ball at the skittles in an attempt to
knock down as many as possible.

Within a short while he had orders
worth about £10,000. Asked to what he
attributed his success he said he thought
it partly due to a reaction against all these
mechanical and electronic games that
have taken over.

Still on the subject of electronics, what
a triumph of electronic technology the
space shuttle was, even if one computer
did go wrong at the last moment and took
two days to repair. The most exciting part
was the landing, it had to be right first
time there was no second chance. Any-
one who has flown aeroplanes for any
tength of time, will at some time or other
have been in that position and believe me
it can be quite hair raising.

While we cannot help but admit that
electronics have immeasurably increased
the pleasure we obtain from life, television
and music naturally spring to mind, it has
not yet reached its full potential. Itis bound
eventually to fead to a shorter working day,
working week, and finally, working life.

Provided those in power, realise in
enough time, that this means a re-
appraisal of our.life style, worldwide, and
that teaching from an early age, must be
orientated to showing the young how to
enjoy their increased leisure, then all will
be well.

Finally 1 think of all the applications of
electronics, those that are used in the
making of various prosthesis, must be
accounted among the most praiseworthy.
Prosthesisisthe technical term foran elec-
tronic or mechanical substitute for a miss-
ing or defective part of the body.
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TOUCH SWITCH

WITH

VOUAGE-CONTROLLED
CUT-OUT

FOR Ni-Cd POWERED EQUIPMENT

ELECTRONIC equipment gets smaller

every year, bringing higher run-
ning costs due to the smaller bat-
teries used. Thus a small radio can,
in the author’s estimation, easily cost
about £7 p.a. to run.

Although expensive initially, re-
chargeable batteries cost virtually
nothing to run and the equipment
remains fully portable. The initial
cost is recovered in about a year.

Nickel cadmium cells are the most
common; direct replacements are
available for most dry cells, but the
voltage is 1-20 volts per cell (com-
pared with 1-5 volts per cell) drop-
ping to 1-1 volts when discharged.
Because of this steady discharge
characteristic, the reduced voltage is
not a problem in practice. The vol-
tage, however, must never fall be-
low 1:0 volts per cell, to avoid
damage.

The circuit to be described here
prevents this by automatically dis-
connecting the batteries when the
voltage falls below a preset level,
while simultaneously functioning as
an on-off touch switch. It thus greatly
extends the life of the combined
volume/on-off controls used in many
small radios, where repeated switch-
ing on and off wears the carbon
track.

By C.). Delmege

CIRCUIT DESCRIPTION

The circuit, Fig. 1, comprises three
transisors in cascade. TR1 controls
TR2 and TR3, the output switching
transistor; TR1 is itself controlled by
TR2 via a positive feedback loop from
TR2 collector ballast resistor, VR1, to
TR1 base via R3.

Initially, all three transistors are
off. When the oN plate is touched
momentarily a few microamps flow
across it to TR1 base and it turns on.
The collector voltage falls causing
TR2 and TR3 to turn on also. The
voltage across VR1 now rises to 4-8V—
0-7 volts (0-6 volts across TR1 base/
emitter and about 0-1 volts across
TR2 collector/emitter). About 0-7
volts (controlled by VRI1 setting) is
fed to TR1 base, sufficient to keep it
conducting.

When the battery voltage falls so
does the voltage across VR1 and the
voltage fed to TR1 base. Eventually,
this drops below 0-6 volts, and TR1
starts to turn off, reducing TR2 base
and collector currents and further
reducing the voltage across VR1. TR1
thus turns off even more and the
whole process is rapidly repeated
until all three transistors are fully
off.

Preset VR1 controls the proportion
of the battery voltage fed to TRl

Fig. 1. The complete circuit diagram of the Touch Switch with Voltage Controlied Cut-Out,

IN—BUILT
EQUIPMENT !
MASTER ON/OFF [
SWITCH £

10 EQUIPMENT
e | SUPPLY LINES

—
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and thus the cut-out voltage. The
higher its setting the lower the bat-
tery voltage at which TR1 turns off
and the circuit cuts out. The OFF
plate works by diverting TR1 base
current to ground, so turning it off
followed by TR2 and TR3 turning off
as described above.

Preset VR1 also limits TR3 base
current and thus its maximum col-
lector current. Small radios can draw
up to 120 milliamps; TR3 minimum
hyg is 100, so the minimum required
base current is 1-2 milliamp. With
4-1 volts (as would result from a
bank of four cells as shown in the
circuit) across it, VRl must be 3:3
kilohm or less. If less, a slightly in-
creased current is drawn from the
batteries.

Resistor R3 acts as a buffer between
TR1 and VRI, preventing current
from the touch plates flowing into
VRI1 instead of to TR1 base; R2 pro-
tects TR1 if the on plate is short cir-
cuited and R1 improves operation of
the oFr plate by limiting TR1 collec
tor current.

CIRCUIT BOARD

The unit does not have a separate
case as it is intended to be incor
porated in the equipment. So first
decide where it will be mounted.
Standard 0-lin pitch copper strip-
board is used and the unit can be
screwed in place, wedged with foam
plastic, or glued. Component layout
is not critical and may be altered to
suit. The prototype layout is shown
in Fig. 2.
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Solder the three resistors in place
first, then VR1 and finally the tran-
sistors. If the transistor leads are
very short use a heat shunt on their
leads to prevent thermal damage.

The prototype unit consumed less
than 20 microamps when in the ofFF
state and so was connected direct to
the batteries. The positive battery
lead to the equipment should be dis-
connected from the batteries and
joined to the “positive power line” in
Fig. 2.

Drawing pins, or brass carpet tacks,
make a neat form of touch plate.

Drill three holes in the equipment
case to suit the three drawing pins
(or in a piece of insulating material,
such as Formica). Then tin the stems
of the tacks and push them into the
holes. Now solder the touch plate
wires to the tips of the stems protrud-
ing through the case. The pins can
easily be made a tight fit by thickly
tinning the whole stem, then filing to
the required thickness. The head of
the oN pin can also be tinned to dis-
tinguish it from the other two.

SETTING UP

Ideally, some form of variable vol-
tage is required for setting up, other-
wise a set of fully charged and a set

OFF _ ON
\Ri¥/
\ 11 /7

CASE OR PANEL

Bl —ve

POSITIVE POWER LINE
TO EQUIPMENT MASTER

ON/OFF SWITCH

of discharged cells will be needed.

Set VR1 fully anti-clockwise then
advance it about 20 per cent of its
travel. Set the supply to the fully
charged total cell voltage (1-2 volts/
cell) and connect to the circuit board.
Now check the touchplate operation.

If VR1 is set too low the circuit
will only remain on with a finger
held on the on plate, while if it is
too high the orF plate will not work.
Now set the battery voltage level to
the total discharge value (1-1 volt/
cell)—the cut-out level. Slowly re-
duce VRI1 until the circuit cuts out.
VRI1 is very sensitive, so repeat the
operation a few times.

Note that the circuit is sensitive to
both electrical noise and moisture.
When VRI1 is correctly set, lock it
with a little candle wax. Before final
installation, cover the copper strips
with masking tape.

MODIFICATIONS

The transistors listed will give the
best performance. However, most
high-gain silicon transistors will work
well. To minimize leakage current
when the circuit is off TR1 should be
a really low-leakage type. If the
equipment is left idle for a lengthy
period put the in-built switch to off.

Resistors

R1  270kQ See

R2  12kQ Sh

RS  2.2MQ 0

All $W carbon + 5% Tal
Semiconductors page 472

TR1 BC107 npn silicon
TR2 BC214 npn silicon
TR3 2N4403 pnp silicon

Miscellaneous

VR1 2-2kilohm vertical miniature
preset

Stripboard: 0-1 inch matrix, 7

strips x 10 holes; drawing pins

(3 off); connecting wire.

Approx. cost £1 .oo

Guidance only
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Fig. 2. Circuit board tayout and interwiring of the unit.
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An early
prototype model
of the touch switch.

This will reduce current consumption.

The maximum recommended vol:
tage is 12 volts. As voltage is in-
creased the sensitivity of VR1 in-
creases. This may be reduced by
including a series resistor of not more
than 3 times the value of VRl be-
tween VR1 and TR2. So in Fig. 1 VR1
could be 1 kilohm in series with a
1-2 kilohm (so TR3 base current re-
mains the same).

Many radios have a socket for an
external power supply. This has an
integral switch to disconnect the bat-
teries when a plug is inserted. If it is
to be used for recharging with bat-
teries in situ the integral switch must
be bypassed.

HIGHER CURRENT OPERATION

With the listed component values
TR3 will supply about 150 milliamps
at 4-4 volts, rising to almost 300 milli-
amps at 88 volts, which is a sensible
limit for continuous operation. (Ic max
is 600 milliamps). For currents up to
600 milliamps replace TR3 by a
2N2905 with a cooling clip, and re-
duce R1 and VR1 proportionately to
increase base current to TR2 and TR3.
Alternatively a suitable relay can be
connected to TR3 if space permits.

When used with dry batteries set
the cut-out voltage level to two-thirds
of the nominal battery voltage.

If leakage current becomes a prob-
lem in very humid conditions, it may
be virtually eliminated by connecting
a 1 megohm resistor between TR1 col-
lector and the positive rail.

If the touch switch is to be
operated in a unit using a mains de-
rived power supply, hum pick-up may
sometimes cause erratic operation of
the touch plates. This can be cured by
connecting a 0-1 microfarad capaci-
tor across the oN touch plate. It may
be mounted either directly behind
the touch plates, or on the board
itself. i
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Keep Music Live

The Musicians' Union slogan is “Keep
Music Live". Every time a club or pub
plays tapes or discs instead of booking a
band more work is lost to everyday work-
ing musicians.

Singers now often carry cassette tapes
of pre-recorded backing tracks round
with them. To perform live they sing into
the microphone while the tape is replayed
over the house sound system.

Although it costs the artist money to
have the backing track tape professionally
made, it guarantees a good backing
wherever they go. And it also saves the
promoter money.

In Japan, where almost everyone seems
to fancy themselves as an amateur singer,
domestic amplifiers are now on sale
which incorporate a '‘voice cancelling"
switch. This reverses the phase of one of
the two stereo channels and subtracts it
from the other. So any equal-level, in-
phase material is eliminated.

On most commercially available re-
cordings the solo voice is usually re-
corded at ‘centre front", and thus at
equal-level and in-phase between chan-
nels. So the voice cancelling circuit
usually removes the solo voice and leaves
the backing, The proud owner of the
amplifier can thus sing along with some of
the world's best backing orchestras.

So far these ampliflers haven't yet
appeared on the UK market. When they
do they make the Musicians' Union job
even more difficult.

Recently the Union had a dispute with
the Royal Court Theatre management.
The theatre was putting on a play about
entertainment clubs and wanted to use a
pre-recorded tape of musical accompani-
ment for the singers appearing in the
club depicted in the play.

The theatre's argument was that be-
cause clubs so often use pre-recorded
backing tapes it would be unrealistic for
the theatre to employ a live band. The
Unlon pressed its case but the Royal
Court insisted on using the tape. Finally a
compromise was reached; The theatre
used the backing tape for the play but paid
an equivalent number of musicians not to
play.

It isn't only pre-recorded backing tracks
that worry the Musicians' Union; it's also
the replacement of live bands with discos.
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By BARRY FOX

Although (speaking as an ex-musician
and ex-MU member) I'm all for keeping
musicians in work, the sad truth is that
live music is all too often an anachronism.

There is just no way that a three or four
piece band can replicate the sound of a
muiti-tracked studio recording. So a band
is only better than a disco if it is playing
fresh music, or well known music in a
fresh style.

Unfortunately this happens only oc-
casionally. All too often a tired and
inappropriately small band churns out
unenterprising and anaemic mock-ups of
top twenty tunes. The best part of the

evening may well be when the band takes
a break and the management puts on
records.

Also recorded music has the advantage
that it always starts on time. How often
have you arrived at a pub, club or show at
the scheduled start time, and then had to
wait for the musicians to arrive piecemeal
and set up their equipment, while the
manager bites his nails and worries him-
self sick?

Two items, adjacent on the agenda of a
recent Musicians’ Union meeting say it all.
They also help explain why electronics and
recorded music are taking over, and why
live music is dying.

In the first motion the Central London
Branch of the MU was asking to vote that
"where musicians are engaged to fulfil
casual dance engagements in the Greater
London area and are called early for the
purpose of setting up equipment or for
other reasons, they shall be paid at the
appropriate hourly rate from the time at
which they are called irrespective of
whether or not they are required to play".
In other words a promoter, already hard
pressed to pay for a live band instead of
much cheaper electronic canned enter-
tainment, would have to pay even more to
ensure that the band started playing as
promptly as a gramophone recordl

Perhaps mischievously, the very next
motion on the agenda called for "‘an open
meeting'' because “this Central London
branch is concerned at the deterioration
in the casual dance business’. In other
words there is concern that more and
more promoters are abandoning live music
and opting instead for pre-recorded music
which is available, cheap and punctual, at
the flick of a switch.

Fast Talker

Some of the more exotic JVC VHS video
recorders now incorporate an interesting
audio circuit. This enables the video tape
to be run at twice the normal speed to
produce twice normal speed pictures on the
screen, and sound reproduced also at twice
normal speed, but at normal pitch.

This is no mean technical task. The
necessary audio circuit was developed in
the USA by a company called Variable
Speech Control and is being licensed to an
increasing number of companies for
incorporation in audio and video equip-
ment.

Donald Duck

Normally when a video or audio tape is
run at twice normal speed, the sound is
reproduced at twice speed with all the
frequencies doubled to raise its pitch by an
octave. This creates a Donald Duck sound
which renders speech virtually unintelligible.

Anyone with a two speed tape recorder
will already know the effect well. But by
making a fairly rough and ready con-
version of the sound into digital code, it is
possible to reduce all frequencies by a half.
So the sound reproduces at twice normal
speed with the pitch normal. The rough and

ready digital conversion loses some quality
but not enough to detract from intelligi-
bility of the speech.

Slow Classic

According to the professional magazine,
International Broadcasting, the VSC com-
pany has carried out research in the USA
which suggests that the human brain is
most comfortable when processing verbal
information at around 250 to 300 words a
minute, or twice the average speaking rate.
At this speed, say VSC, comprehension
increases since concentration improves.

I can vouch for this from personal
experience. I've used a VHS machine with
just such a circuit and found it very useful
for scanning through video tape that 1
needed to watch for work, rather than
entertainment for example, to cull a few
facts from a televised interview.

However, 1 do have reservations over the
suggestion, quoted by International Broad-
casting that ““Old movies are often quite
slow paced, and viewers will find the show
more lively if they increase the playback
speed”. 1 shudder to think of people
watching classic movies like Citizen Kane,
The Maltese Falcon and Casablanca, at
twice normal speed. It’s the slow pace of
these classics that has made them classics.
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PLS-1 LOGIC PULSER

The PLS-1 logic pulser will.superimpase o
dynamic pulse train {20 pps) or a single pulse
anto the circuit node under test. There is no need to]
unsolder pins or cut printed-circuit races even when
these nodes ore being clamped by digitol outputs.

PLS-1 is @ multi- mode, high current pulse generator
packaged in a hand-held shirt packet portable instrument.
‘}‘. It can séurce or sink sufficient current ta force saturated

o output transistors in digital circuits into the opposite logic state.

= Signal injection is by means of a pushbutton switch near the probe

PRB-1 Digital Logic Probe
Compatible with DTL, TTL, CMOS, MOS ond Micra-
processars using a 4 to 15V power supply. Thres-
holds automatically progrommed. Automatic re-
sefting memory. No adjustment required. Visuol

o
r

%k A DIVISION OF OK MACHINE & TOOL UK ILIMITED

indication of logic levels, using LED's to show high. > tip. When the button is depressed, a single high-going or low-gaing
low, bad level or open circuit lagic and pulses. pulse of 2u sec wide is delivered to the circuit node under test. Pulse
Highly sophisticated, shirt packet poriobl= (pro- polarity is aytomatic: high nodes are pulsed low and low nodes are pulsed
tective lip cop and removoble coil cord). Eliminates high. Holding the button down delivers a series of pulses of 20 pps to
need for heavy test equipment. A definite savings in B Cen! ol 'eal.
time and money for Engineer and Technicion.
Cobbies Ltd., Transom,

* London. 01-402-8137

A. Marshall {(London) Ltd.,
London. 01-624-0805

London. 01-699-2282

Microdigitol Lid.,
Liverpool. 051-227-2535

DUTTON LANE EASTLEIGH SOS 4AA TEL(O703)610944/5

Electronica CG Ltd., Interface Components Ltd.,
Manchester. 061-788-0656 AVAILABLE FROM ALL LEADING ELECTRONIC DISTRIBUTORS Amershom. 02403-22307
Spectron Electronics (Manchester) Ltd.,,  Jee Distribulion Ltd., Watford Electronics Ltd.,,  Technomatic Ltd., New Bear Computing Store Lid.,
Salford. 061-834-4583 Middlesex. 01-897-34 % Watford. 0923-37774 London. 01-452-1500 . Newbury. 0635-30505

A PROFESSIONAL
TOOLCASE FOR
UNDER |

Designed for the professional Electronics, T.V or
Instrument Technician who needs to carry a large
number of specialist tools.

Features

® 2 sided Reversible Multi-purpose
‘tool pallet

The T L99 sets a standard as a low cost alternative §
to more expensive cases.
it offers strength with a practical use of space

and many other features. @® Document area

@ 90° opening lock back stays

~ @ 3” deep ABS lid and base
@a'l\\l\c\ol'
A, ”"'ﬁbd;‘ @ Twin handles with 8 fixing points
eases"@% on aluminium frames
e/ Ny %,
& 51«0./ ' @ Burst proof toggle locks with keys
7,
) Ob/
c/osed e @ Moulded adjustable tray in base
No, M
o,,:"e. e, @ Heat sink for hot soldering iron
! dd,eg‘%},‘ Sk,
- = Dimensions 7L 99 17” x 12" x 6 split (shown)
R P ' : : L S AN S
Gpe‘?a’ f'a\g (0‘180) ? - also available TL100 19" x 14" x 6” split
Q65925 Coag, B5y, Sa, Tools NOT included. British made. _
o Tl Tl S [ Xy, 0, 9, A, v \\ Money back guarantee. Allow 7-21 days for delivery.
€E7 Vo Py e g Ty 3 0’7_ \\s; Teleman Products Ltd. Ermine House, Post St, Godmanchester, Cambs. PE 18 8BA
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How do we fit
over 2000
electronics tools,
toolkits and
accessories into
one envelope

Easy!

The 1981 all colour Toolrange catalogue is now
available, offering a more comprehensive
selection of electronics tools, toolkits and
production aids than in previous years, with all
items available from stock.

For your free catalogue contact Toolrange
today.

koolrange

Upton Road, Reading, Berkshire RG3 4JA
Telephone 0734 22245 Telex 847917

INTERESTED IN

ELEGTRONIGS ?

TRY A ZEDPACK!
COMPONENTS AT A PRICE
EVERYONE CAN AFFORD
Z1 300 mixed { and } watt resistors £1:95
Z2 150 mixed t and 2 watt resistors £1-95
Z3 300 mixed capacitors. £3-95
Z4 100 mixed electroiytics £2:20
Z5 100 mixed polystyrene caps £2:20

Z8 300 mlxed printed circuit
components 1
Z7 300 mlxed printed circuit resistors
£1:45

Z9 100 mixed miniature ceramic and
plate caps £1:20
Z10 25 assorted pots, £1-50
Z11 25 assorted presets, skaleton etc. £9

Z12 20 assorted vdr's and |hormmon

Z13 1l mixed hardware. Nuts, bolls
seif-tappers, sleeving, etc. £1-20
Z“ 100 mlxed new and murked full spec.

ack | 8,

BF154, BF274, BC2‘2L. BC238 BC184L,

PBC108 and, or lots of slmllav ty‘pa;
£

Z15 100 mixed diodes including:~zener,

10,000ut. 35v Tag ended. 20” x 10” diam,
wlm fixing stud and nut, High quallty,
£9 each, 3 for £2-50.
SMALL MAGNETS
With hole In 6 for £1
P/B SWITCH BANKS

These cost a fortunel Were made for
varlous muslc centres. Includes indepen-
dent and interdependent latching types
multl pole cfo etc. Can be modified.
Can't be repeated. 3 Banks for £1.
KNOBS for Switch Banks 10 for £9.
Chrome or spun aluminium finish.

MINIATURE MAINS TRANSFORMERS
Top quaiity. Split bobbin construction
wIII glve 4:5V-0-4-5V at 250MA. ﬂ" x 13"

x 1}”, all sorts of uses. ONLY £

3 lor £2-50.

PP3 Battery Connectors 10 for 50p.
Minlature Press to Make Swllchu Red
knob. 3 for 50p
.S;lbmlnlﬂuu 's.p.C.0. Slide Switches.

o1 50
Mlnllluu D.P.C.O. Siide Swliches.

St'andard 2P, 3 Position Siide Switch.

or 501

Loudlpnakor. 2}” Round 8(). 60p ea. 3
for £9.50.

Assorted Fuse Holders including 20mm,
P.C., Panel and chassis types. Pack of 7

ower, bridge, signal, germanium, for 50p.

:IIlcon a'c.l Ag|.| full gpec. L 324..5 3:5mm Jack Sockets, switched. En-
Z16 20 1N4148 £ ciosed type. P.C. or panel mounting.
Z17 20 1N4003/10D2 £1 WIth nuts and washers. 4 for 50
Z18 20 zeners, 1 watt and 400mw £1:50
Z19 12 -125” TIL 209 RED. LED'S £1
220 10 Agsorted switches, including push

button, silde, multipole, minlature etc.

9 Section, Chrome on Brass Tolucoplc
Aerlal. Plugs Into any 3:5mm socket.
Approx 25” extended £1 each. 3 for £2-50,
Hi Power infra Red Transmitter Smm
LED. TIL 38 60p ea. 3 for £1-50.

Crystal Clear 3mm LEDS very pretty
Red, Green, Yellow. 10 of one colour £1.
10 of each £2-50.

Fantastic value. £1:20.
UHF MODULATORS
Video In UHF out. Caljbrated to channel 36
£625 Il*ne Ulth) housed II? mdelg'!vbox 2§ 4
> wlith 9 coaxlal |ea plug an =
connection data. £2-50 ea. 3 for £6, ALTERNATOR RECTIFIERS
Aluminium finish slider knobs, standard Make lovely 60 amp bridges, ideal for
fitting. 10 for £9 gh Power Battery Chargers.
200uA Miniature levei/batt. meters, as TYW 4AFL, Set of 4 (2 neg. case +
fitted to many cassette recorders.  90p 2 pos, case) £2.
Deluxe FIBREGLASS printed circuit -
etching kits.
Includes 100 sq ins. of copperclad F/G
board, 1Ib terric chlorlde {made for U.S
army to MIL, SPEC.), 1 dalo etch resist pon
abraslve cleaner, tweezers, etehresistdish

Special Purchase enables us to offer
Mullard C280 Polyester Capacitors
(Liquorice Allsorts) at the unbeatable
price of £2 for 100 mixed. These
consist of factory clearance lots i.e.

and Instructions. OUR PRICE £5'95 spillages, fioor sweepings, cosmetic
1 ?J:I:I!ncl:trfzu’:d switches. £2:3 teisels siciwilsouiliTace) miniaturs
100 S e Reed Swiiches. £4:20 electrolytics 200 mixea £2.

To: “*GEMINI ELECTRONIC COMPONENTS" DEPT EE

“THE WAREHOUSE" SPEEDWELL ST. LONDON S.E.8.
Where shown. Send Cheque® or Postal Order. Plus 80p P&P, and 15% VAT,
Please Quote ZED Code. *Schools etc. SEND OFFICIAL ORDER
ZED PACKS now available for Callers at 50 Deptford Broadway, London, S.E.8.

Wilmslow
Audio

THE firm for speakers!

SEND 50p FOR THE WORLD'S BEST
CATALOGUE OF SPEAKERS, DRIVE
UNITS, KITS, CROSSOVERS ETC. AND
DISCOUNT PRICE LIST

AUDAX @ AUDIOMASTER @ BAKER
BOWERS & WILKINS CASTLE
CELESTION @ CHARTWELL @ COLES
DALESFORD @ DECCA @ EAGLE @ ELAG

‘ EMI @ FANE @ GAUSS @ GOODMANS
HARBETH @ ISOPHON @ I.M.F. @ JORDAN
JORDAN WATTS @ KEF @ LOWTHER

| McKENZIE @ MISSION @ MONITOR AUDIO
MOTOROLA @ PEERLESS @ RADFORD
RAM @ ROGERS @ RICHARD ALLAN

| SEAS SHACKMAN @ TANNOY
| TANGENT @ VIDEGTONE @ WHARFEDALE

WILMSLOW AUDIO LTD. oo co

35/39 CHURCH STREET, WILMSLOW,
CHESHIRE SK9 1AS
Tel: 0625-529599 FOR MAIL ORDER & EXPORT OF DRIVE
UNITS, KITS ETC.
Tel: 0625-526213 (SWIFT OF WILMSLOW) FOR HI-FI &
COMPLETE SPEAKERS
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RADIO WORLD

The CB Proposals

This issue by the Home Office Radio
Regutatory Department of draft “per-
formance specifications' for equipment
for what has now officially become '‘the
Citizens Band Radio Service' ("Open
Channel” is apparently now a closed
bookl) has at last shown clearly what,
unless there are yet further changes of
mind, will be with us legally later this year.

Two separate specifications cover
27MHz “angle modulated” (frequency
or phase modulated) equipment and
934MHz  angle-modulated equipment.
The onus is placed on the "'manufacturer,
assembler or importer”” to ensure that the
CB equipment he sells conforms with the
specifications together with “any addi-
tional requirement imposed by regulations
under the Wireless Telegraphy Act 1949".

Equipment will not have to be type-
approved by the Home Office but the
industry itself will be responsible for carry-
ing out any measurements and tests to
ensure compliance with the specification:
such equipment can then be indicated by
an authorised mark stamped or engraved
on the front panel, including the letters
CB in acircle.

All CB equipment—hand-held, mobile
or “base’ stations—must be covered by a
licence and it will be a condition of this
licence that “the apparatus fulfils, and is
maintained to, the minimum technical
standards of the specification.”” For the
user, this could be an important condition
since performance of moblle equipment
can often degrade quite rapidly in the
hostile environment of a vehicle.

Equipment

On 27MHz there will be 40 channels
allocated each with 10kHz spacing:
thus Channel 1 will have a nominal carrier
frequency of 27-601256MHz; Channel 2
27-61125MHz; Channel 3 27-62125MHz and
so on up to Channel 40 27-99125MHz.
Output r.f. power is limited to 4 watts,
which one would expect to be about
equivalent to around 7 watts d.c. input.

it is worth noting that, in amateur radio
practice, it is d.c. input power that is
normally specified for f.m. transmitters.
This power is intended to provide a limit
of 2W effective radiated power with
specified aerials.

However, if the aerial is mounted at a
height exceeding 10 metres "the licence
will require a reduction of transmitter
power of 10dB'". For this reason firms are
expected to offer 10dB attenuators as a
standard accessory.

UHF Equipment

The allocation at u.h.f. is now given as
a full MHz at 934MHz with equipment
expected to be sufficiently stable to
permit working with 25kHz separation
between- adjacent channel carrier fre-
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guencies, although the draft specification
shows 20 channels with 50kHz spacing.
The Home Office people assure me that
this was not a mistake but rather that it is
hoped that it will prove possible eventually
to operate this band as a 40-channe!
system if, in practice, stability of the
equipment shows that this can be done.

In the draft specification, Channel 1 is
934-025MHz; Channel 2 934-075MHz and
so0 on up to Channel 20 934-975MHz.

On this band r.f. output power is limited
to 8 watts and the effective radiated power
(ERP) limit is 25 watts, indicating that
directional aerials of moderate gain will
be permitted. For equipment with an
integral aerial the ERP is limited to 3
watts; this provision is clearly intended to
apply to hand-held equipment where it is
sensible to protect the eyes against
excessive radiation levels; the specified
power seems a logical choice.

Range

On 27MHz an effective radiated power of
2 watts f.m. could, at certain times of the
day, during certain seasons, and during
years of high sunspot activity be capable
of providing (in the absence of local
interference) inter-continental communica-
tion, although clearly the Home Office
proposals are designed to discourage
rather than encourage this. Indeed, one
feels that for those who seek long-distance
communication, an amateur radio licence
is the right answer. Additionally, on many
summer days, it would be sometimes
possible with this power to work over
ranges of some hundreds of miles by
taking advantage of the wafer-thin Spora-
dic-E ionic layers brought about by
windshears high above the Earth.

In practice, both bands should be
capable of providing useful communica-
tion ranges from and to mobile units; the
main snag with 334MHz being the expense.
A low-cost solid-state transmitter cap-
able of providing 8 watts of r.f. output at
this frequency would be quite a challenge,
and one suspects that it will be some time
before eguipments of this power are
marketed.

Other Provisions

Equipment need not, of course, be
suitable for use on all allocated channels
on either 27IMHz or 334MHz and indeed
hand-held equipment may make provision
for transmission on a few, or even only
one, channel.

No CB equipment will be permitted to
contain facilities for transmission on
frequencies other than those specified
for CB, and this would thus seem to rule
out any equipment in which trans-
mission is also possible in the 28MHz
amateur band. Another general point is
that “controls which if maladjusted might
increase the interfering potentialities of
the equipment, shall not be easily ac-
cessible.”

Most of the pages of the Home Office
draft specifications are taken up with
detailed information on how manu-
facturers can check that their equipment
complies with the specifications. It
perhaps needs to be emphasised that so
far these specifications are still only
"‘drafts ""and may possibly be modified.

Critical Response

‘One notices that the response from the
various organizations promoting CB has
been in general critical, mainly because
the 27MHz channels have been shifted up
in frequency compared to those used in
other countries. This will mean that even
if modified for f.m. operation, existing
“illegal" CB equipment will remain illegal.
Whether it would be possible to further
modify these for the proposed British
channels and a/so meet the performance
specifications probably depends on the
equipment, but almost certainly would not
often be possible.

Apart from the question of the "illegal’
sets, the British channels will make it
more difficult for sets carried in cars
travelling overseas to make contact with
"the natives'" but this-would probably be
illegal anyway unless specifically per-
mitted by the countries concerned. On the
other hand it should decrease the chances
of interference to radio-model controllers
(remember, only model aircraft are per-
mitted to use the new allocation of 35MHz)
sothey are likely to welcome this degree of
protection.

Social Problem

On the other hand, the placing of CB
channels right up to 27-99125MHz will
bring them right alongside the amateur
28MHz band. This is bad news both for
the amateurs and for the CB enthusiasts.
In fact the amateurs, through the Radio
Society of Great Britain, had specifically
asked that CB should not be located too
close to an amateur band.

The proposed arrangement seems
certain to result in considerable mutual
interference in those cases where a CB
base station is located close to an amateur
station legally using relatively high-power
in the 28MHz band. Such transmissions
seem bound to overload or swamp nearby
CB eguipment; further since the amateur
may well be seeking very weak signals,
the out-of-band radiation from even a
fow-power CB rig may affect his working.
Taken together this adds up to all the
elements of a considerable social prob-
lem, with both CBer and radio amateur
operating within the terms of their licences,
yet each interfering with the otherl

Workable Service

Apart from these frequency problems, |
feel that the Home Office proposals pro-
vide a workable basis for what one hopes
will be a useful, enjoyable and worthwhile
CB service.

If only these proposals had been put
forward in 1977 most potential users
would have been very happy indeed! It has
been the many delays and changes that
have brought about so much hassle—and
has also had the unfortunate effect of
making it seem that if enough people
break the law, then laws will be changed
accordingly. So let us hope that no
further time is lost.
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EE SPECIAL REPORT

CHI

SHOP KIT

ANY readers will already be

familiar with the range of non-
soldering plug-in electronic construc-
tion kits distributed in the UK by
Electroni-Kit Ltd. Now in response to
many requests, they have developed a
new range of simple soldering type
kits, known as CHIP SHOP KITS.
These are inexpensive, the highest
priced being only £5. We have seen
them all and believe them to be good
value for money.

Besides being useful, these projects
would also serve as a good introduc-
tion for anyone wishing to embark on
the hobby of electronics.

At present there are 20 different
kits in the series, 18 of these being
constructional projects and in some
cases two projects in one Kkit. It is
expected that the range will be ex-
panded later and will include some i.c.
based projects.

494

A soldering iron is a basic require-
ment for the assembly of each of
these, so it seemed logical to include
such a tool in the range. In this kit
there is a British soldering iron, a 1
amp fuse, some solder and instruc-
tions on basic soldering techniques.
The remaining kit contains some more
tools: a pair of wire strippers/cutters,
tweezers, magnifying glass and emery
paper—other necessary tools for con-
struction—together with instructions
on their use and application. See
page 444 for a list of the kits in
the CHIP SHOP SERIES.

CONTENTS OF KIT

All projects are based on p.ch.
which is supplied ready etched and
drilled. The kit contains all the com-
ponents necessary to produce a work-
ing model, and including, where

appropriate, loudspeaker(s), and in
all but one kit a brightly coloured
plastic case. All cases have an aper-
ture for the loudspeaker which is
“snapped” into position thereby elim-
inating the need for any form of hard-
ware fixings, cutting or drilling there-
by keeping construction as simple as
possible. A neat solution!

Full step-by-step assembly instruc-
tions, a description of how the circuit
works, circuit diagram, p.c.b. layout
drawings and component list accom-
pany each kit safely packaged in a
polystyrene box. Resistor values are
supplemented by their colour coding
for easy identification—a most helpful
addition especially for the beginner.

NO PROBLEMS

We chose a kit at random to build-
up No. 16, American Police Siren. We
followed the instructions and found
no difficulties in understanding them
or in the construction itself. Detailed
help in identifying components is pro-
vided in the text which is especially
useful for some of the small capaci-
tors one obtains these days originating
from foreign parts. Often the value is
obscure being coded with other num-
bers on the body. This confusion has
been eliminated here.

After making the final connection
the battery was quickly connected and
it worked—not an exact replica of the
American Police Siren sound, but
close enough to it nevertheless.

We were a little disappointed that
the battery would not fit inside the
case (with lid on) however we juggled
with board position—and also that to
turn the unit off the battery clip had
to be disconnected. For some reason
switches have not been made part of
some Kkits including this one.

AVAILABILITY

CHIP SHOP KITS are not available
by mail order from Electroni-Kit, but
are being made available through
Hobby Shops and Electronic Stores
throughout the UK. If you find diffi-
culty in locating a stockist in your
area, contact Electroni-Kit Ltd, Rec-
tory Court, Chalvington, Hailsham,
East Sussex BN27 3TD. pu
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BEGOME AN INSTANT MUSICIAN — NO EXPERIENGE NEGESSARY

CASIO’S REVOLUTIONARY VL-TONE
As featured on “TOMORROW’S WORLD”

The latest craze sweeping the country l

““CUBE MANIA”’ — FREE OF GHARGE! |

The success story of 1981. Hundreds sold already!

Create your own music with 2 VL-TONE. You combine the sound, rhythm and
tempo and the VL-TONE plays it back . . . beautifully!

CASIO VL-TONE (VL-1)
Electronic Musical Instrument
and Calculator =2 : , S5

(R.R.P. £39-95)

ONLY £35-95

Thanks to Casio’s V.L.S.L. circuit and revolutionary technology you can now
compose and play music with one finger! It’s as easy as this:

First choose one of the five Preset Instrument Sounds: Piano, Violin, Flute,
Guitar or Fantasy. Now enter the notes of a melody into the memory (maximum
100 notes) via the numbered keyboard.

Notes entered (or played back) are shown digitally on the liquid crystal display.
Memory break-in allows you to correct any mistakes and add or delete individual
notes.

You then simply press the One Key Play key to have each note played back in
sequence. Vary the tempo and duration of the keystroke to create a melody.
Now you’re playing music!

To add the professional touch, select one of the ten Auto Rhythm accompaniments
and adjust the 19-step Tempo Control, with digital readout. Playing in time to
the rhythm, record your best performance back into the memory.

The Auto Play function lets you re-listen to the melody you have just recorded.
A repeat function can give you four non-stop playbacks. Choose any of the
Auto Rhythms to accompany your recording and vary the tempo and pitch of
both, For a change select another instrument voice, or switch to ADSR and
programe in eight digits to create your own unique sound. With over 80 million
variations of Attack, Decay, Sustain level and time and Release, as well as tremelo
and vibrato intensities to play around with, the only limit to your creativity is
your own imagination.

Manual playing, with Auto Rhythm, can also be recorded and played back. A
medley of tunes can be entered up to a maximum of 100 notes.

VL-1: 29 note monophonic synthesiser with Octave Shift expanding the range
to almost 5 octaves.

Calculator: 4 basic calculations (4, —, X, =) with constants and percentage.
Non-volatile memory and square roots. 8 digit display.

Facilities: LC Display of notes, including sharps, tempo and calculations. Battery
saving . Auto Power Off with protection of the stored melody and the pre-set
ADSR data (or calculator memory total). Built-in amplifier and loudspeaker
Pitch control for tuning. Output jack for external amplifier or tape recorder
(O/p 0-5V rms.)

Power supply: Four AA size batteries last approx. 12 hours playing or 4,000
hours calculating. AC adaptor, type AD 4160 costs £5.

Dimensions: 30 X 300 x 75mm (1§ x 114 x 3”). Weight: 438g; 15-40z. Com-
plete with instruction book, Song book and soft cover.

«+»+ NEW GASIOTONE GT-202

the two harpsichords demonstra&c the Casiotone’s talent
. Even more impfessive is the clav . .

“Son of success . .
for sparkling, cryslal clear tones . .
(Melody Maker).

CT-202

(R.R.P. £325)
ONLY £275

Polyphonic playing of 49 instruments over 4 octaves. 3 vibrato settings and
sustain switch. 4 voice memory function with push-button selection. Pitch control
(+/— % tone). Built-in amplifier and speaker (10W output).

Qutput jack (5 kilohm, 1:4V max). Power source: AC only.

Dimensions: 90 x 866 X 284mm (34 x 34% x 11 {). Welght 7-15kgs (15-81b).
OTHER CASIOTONES (Polyphonic)

MT-30. 22 instruments. 3 octaves. Mains/battery (R.R.P. £115) £95.

CT-301. 14 instruments. 4 octaves. 8 X 2 rhythm accompaniments. Vibrato and
delayed vibrato. Pitch control. OQutput jack. AC only (R.R.P. £285) £245.
CT-401. As CT-301 but with Casio Auto Chord for one finger or auto accompani-
ment. Major, minor and 7 chords with bass. Sustain and hold. (£345) £295.

Send 20p (postage) for our illustrated catalogue of selected CASIO, CASIOTONE
and SEIKO products.

PRICE includes VAT and P&P. Delivery normally by return of post, subject to
availability. Send your order FREEPOST, no stamp required.

Send cheques. P.O. or phone vour ACCESS or BARCLAYCARD number to:

Dept EE FREEPOST

164;167 East Road
Cambridge CB1 IDB
Tel 0223 312866
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You can have this Hungarian Magic Cube (Rubik’s With step-by-step solution.
Cube) absolutely free with any purchase from us
totalling over £17-50.

Supplied only on request, at time of ordering.
Offer closes 31/8/81. Subject to availability.
Invented by Prof. Rubik of the Budapest
Academy of Design, this 3 x 3 x 3 array of
27 cubes starts off with each external face of
9 unit cubes in one of six colours. Although it
does not come apart, any single layer of 9 cubes
can be rotated about its centre, quickly con-
fusing the colour symmetry. Since there are
43,252,003,274,489,856,000 permutations, it may
take a while to make just one face all the same
colour again, and just a little longer to return it
to its original pattern!

Sold separately_

ONLY £3.50

THESE SPACE INVADERS WILL ALARM YOU ‘

CASIO’S MOST AMAZING WATGHES EVER

Display: Hours, minutes, seconds, am/pm, day
and date. 12 or 24 hour format.

Auto Calendar: Day, date, month, year.

Alarm: 24 hour, with “On" symbol.

Hourly Chimes: Time signal every hour, on the
hour. Easily switched on or off.

Professional Stopwatch: Lap times, etc., from
1/100 second to 24 hours.

Dual Time: Second time zone.

Calculator: 8 digits, four functlons with con-
stants and display symbols.

FINGER-TOUCH KEYBOARD.

DIGITAL SPACE INVADER GAME

with sound effects and scoring.

‘Water resistant case. Mineral glass.

CA-90: 46 x 36 x 10-55mm. Black resin.
(R.R.P. £29-95) [ ONLY £24-95
CA-901: 40-5 x 35-2 x 10-5Smm. Metal.

(R.R.P. £34-95) ONLY £29.95
CASI0O ALARM CHRONOGRAPHS

100-metre water resistant

W150C

Stainless- w100
steel case, All black
black resin moulded
strap resin
£25-95 £19-95

All have an easily-read display of full time and calendar, with half-hourly time
signals which can be switched on or off. Easy-to-use functions include: 24-hour
alarm. Professional stopwatch measuring lap times, etc., to 1/100 second. Count-
down alarm timer with repeater memory function. The time is always visible
regardless of the display mode. One-touch selection of 12- or 24-hour format.
Micro light for night viewing. 415 second/month accuracy. Amazing S5-year
battery life. 9:65mm thick case with mineral glass face.

OTHER CASIO WATCHES

Sports: FS, resin. £6-95. Sports Chronograph: F500, resin. £9-95.

ALARM CHRONOGRAPHS. F81, resin. £15:95. Melody A/C: MI2, resin.
£19-95. M1200 S/S. £29-95. LCD Analogue/dlgltal A/C: AAS8I, chrome. £29-95.
AAB2, S/S. £39-95. AABIG, gold plated. £49-9

sse NEW! **¢ UCsow, S/S 50 metre water Tesistant A/C with full month
calendar display with forward and reverse stepping, aiarm, chimes, etc. £19-95.

CASIO CALCULATORS

s** SPECIAL OFFER. FX502P programmable with FREE MASTERPACK
software kit (R.R.P. £17-95) and 3 Rubik’s Cubes ONLY £74-95. FA1 cassette
adaptor £19-95.

Digital Space Invader game: MGRB80 £10-95. MGT770 £12-95.

With alarm/s, calendar, etc.: BQ1100 Biolater. £16-95.

With melody alarm/s: UC360 £19-95. UC365 £19- 95 UCJOOO £27-95.
ML75 £17-95. ML90 £19-95. MQ1200 £19-95. ML2000 £22

SCIENTIFICS: FX81 £12-95. FX100 £16-95. FXS510 £l9 95 Programmable:
FX2700P £19-95. FX180P £19-95. FX3500P £22-95.

With clock, alarms, stopwatch, etc.: FX6100 £18-95. FX7100 £24-95. FX8100
(also has calendar function) £24-95.
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Allthese
advantages...

® Instant all-weather starting

©® Smoother running

@ Continual peak performance

@ Longer battery & plug life

® Improved fuel consumption

® Improved acceleration/top speed
©® Extended energy storage

Inkitform

SPARKRITE X5 1s a high performance top quahty inductive

discharge elect CIGMILion sy Velesigned for the elect
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Fits all 12 v negative-earth vehicles
with coil/distributor ignition up to 8 cylinders.

THEKITCOMPRISESEVERYTHINGNEEDED

Die pressed case Ready drdled alummuum extruded

base and heat sink. coll mounting chps and accessories All kat

components are quaranteed for a perod of 2 years from date of

purchase Fully dlustrated assembly and installation nstructions are

included Roger Clark the world famous rally driver
says "Sparkriteelectronicignitionsystems
are the best you can buy’’

parhrine

IGH PERFORMANCE
ELECTRONIC IGNITION

Electronics Design Assoc.
82 Bath Street, Walsall WS1 3DE

Electronics Design Associates, Dept. EE 7
82 Bath Street, Walsall, WS1 3DE. Phone: {0922) 614791

Name
Address

Phone your order with Access or Barclaycard
| enclose cheque/PO's for

Inc VAT and PP QUANTITY REQ'D.
X5KIT £1695 prmenr o
LEEESSE BARETAY (NG Send SAE Hf brochure only requred
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ARGON

CONTINUE THEIR SPECIAL OFFER

mini 20

20k V d.c. 6-6k(Y/V a.c.

Mmultimeter

only £19.50

INCLUSIVE OF POST
PACKAGE VA.T.

The Mini 20 is an idea! instrument for the constructor.
This special offer is a wonderful opportunity to acquire an
essential piece of test gear with a saving or nearly £10
on the normal retail price.

The 26 ranges cover all likely requirements. Operation is
straight-forward, just turn the selection switch to the re-
quired range.

RANGES:
d.c.V:100mV, 1V, 10V, 30V, 100V, 300V, 1000V. |
a.c.V: 10V, 30V, 100V, 300V, 1000V.

d.c.l: 50uA, TmA, 10mA, 100maA, 1A, 3A.
a.c.l: 3mA, 30mA, 300mA, 3A. 1
Ohms: 0-1kQ, 10k, 100k, 1MQ.

Movement protected by internal diode and fuse.

The instrument is supplied complete with case, leads
and instructions.

For details of this and the many other exciting instru-
ments in the Alcon range, including muitimeters
component measuring and electronic instruments please
write or telephone:

@@@N Instruments Ltd.

19 MULBERRY WALK - LONDON SW3 602 - TEL: 01-352 1897 - TELEX: 918867
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OQUARE

CAPACITORS come in a bewildering
range of types and sizes mainly
because, unlike resistors, it is impos-
sible to devise a single method of con-
struction that will yield a sufficiently
wide range of values and working
voltages.

A capacitor consists of two plates
of conductive material separated by
an insulator or dielectric. It is the
combination of materials for these
two elements that -causes the con-
fusion.

Besides its value, a capacitor also
has a working voltage and tolerance.
If either of these are important, they
are specified in the components list.

Another major division is polarised
and non-polarised types. Generally
the polarised types are large in value
and must be connected up correctly.
Variable capacitors form yet another
class on their own.

Within the above parameters, a
capacitor is often chosen because of
its size and stability. This being the
case, it means that virtually any capa-
citor with the same value and the
same or a higher voltage rating will
work in a given circuit and this
should be borne in mind when experi-
menting with spare or surplus com-
ponents.

This month we look at the various
non-polarised types.

A The two capacitors on the left are
silvered-mica types. These are available
in values up to about 10,000 picofarads and
are used where high stability is required,
such as in tuned circuits. Tolerance is
very close, typically 1 per cent, and work-
ing voltage is typically 350V,

The next two along are disc ceramics.
Although they are both similar in physical
size, the one on the left is a 0-001uF, 750V
type and the other a 0-1uF, 18V type. This
shows clearly the trade off between value
and voltage common with capacitors.
Tolerance here is a very wide.

The capacitor far right is aresin dipped
ceramic type for use where small size is
mportant. Tolerance is 10 per cent.

B

JB\uF£20%
400 Vdc

C Various forms of polyester capacitor. Top left is a moulded
case metallised type with radial leads. This is a useful general
purpose device with a tolerance of 20 per cent and working
voltage up to 400V d.c. There are no problems in identifying the
value as this is actually moulded into the case itself.

Next to this are two miniature dipped case types. They are wax
treated and covered with a hard lacquer. The various coloured
bands represent the value of the capacitor in nanofarads using a
similar code to the resistor one. The two top bands give the first
two digits, and the third the multipiier. The actual colours are
identical to those used for resistors. A fourth band gives tolerance
and the fifth the working voltage, red for 250V, yellow for 400V d.c.
These capacitors are often referred to as C280 types and are
designed for general purpose applications.

The small device in the centre is a miniature layer type. This
gives a superior tolerance of 10 per cent as well as small physical
size and an improved operating temperature range.

The two devices along the bottom are both miniature sleeved
types. They are protected by a shrunk-on plastic sleeve and are
designed to give rapid recovery from adverse environments, They
are available in a small range of values with voltage ratings up to
750V d.c. Tolerance is 20 per cent.
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B A selection of different plastic dielectric capacitors. Top left
is a metallised polypropylene film capacitor encapsulated in a
flame retardent plastic case. This is a general purpose type of
device, tolerance 20 per cent and voltage rating 400V d.c.

Next to this is a polycarbonate type. This has similar proper-
ties to the polypropylene types and also comes in a flame re-
tardent case although some examples are available in cylindrical
cases with axial leads. These capacitors are not recommended
for continuous working on mains supply lines, but are par-
ticularly suitable for timing circuits.

Below these is a mixed dielectric capacitor. It is built from an
impregnated paper/foil construction and can be used in a wide
variety of applications. It is packaged in a polypropylene case and
is physically larger than the metal film types. Working voltages
can range up to 1000V d.c. and tolerance is 20 per cent,

The device at the bottom of the picture is a plain foil tubular
capacitor with polystyrene dietectric—polystyrene for short.
These can be used as a general purpose low value type where
tolerance is not so important. They are physically smaller than
mica types with much the same range but tend to be available
only with low voltage ratings (160V d.c.). In fact tolerance is still
very good at 2% per cent and the only real drawback is a suscepti-
bility to heat damage when soldering.

C
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Semiconductor News

LUCY—THE VIEWDATA SYSTEM OF THE 80s

A revolutionary new integrated circuit system has just
been announced by Mullard and they describe it as “with-
out doubt the definitive solution to viewdata problems for

this decade”.

The heart of the system is the new SAA5070 control
chip code named LUCY. This is designed as a dedicated
integrated circuit for viewdata-type applications and is
intended specifically as a microprocessor peripheral. In
previous viewdata systems the central processor was sur-
rounded by a whole host of peripheral chips including
information converters, UART type devices and other con-
trol chips. Even then software space has been limited and
little has been spared for anything other than basic func-

tions.

However, the LUCY chip
combines most of these
functions and is able to take
the pressure off the proces-
sor in terms of time and
software, It also provides
other features not previously
incorporated into viewdata
decoders. In fact Lucy can
be considered as am inter-
face between the processor
and the outside world.

One outstanding feature
of this system is its compact-
ness, so much so that the
ic. package count for basic
viewdata acqusition is re-
duced to only four including
the SAA5070 and the central
processor, 8048. A further
advantage comes from the
fact that the accent is very

much on the system soft-
ware. The basic and optional
features are all under the
control of the microproces-
sor and are determined by
the software that sits in the
ROM so the same LUCY chip
can be used for all systems,

Furthermore, a user who
needs a simple system is not
paying a loaded price for
features he doesn’t need,
and the more sophisticated
user gets the extra facilities
at no extra cost,

The SAAS5070 chip is in
production now and already
orders are being received. A
three-module viewdata sys-
tem based on the chip is in
an advanced state of de-
velopment and should be
available next year.

A look inside LUCY—the Mullard SA A5070 i.c.
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HIGH PERFORMANCE
MPU

Following the success of
their Z80 cpu, Zilog have now
announced the Z800, a high
performance 8-bit micropro-
cessor, binary code compat-
ible with the Z80.

Quite part from this com-
patibility, the Z800 features
multiply and divide instruc-
tions, three times perform-
ance improvement over the
780, 8 and 16-bit bus ver-
sions and on-board memory
mapper for 4 megabyte
address space. The Z800 will
be available in this country
from mid 1982.

CAR RADIO
AMPLIFIERS

The monolithic i.c. power
amplifier makes audio stage
design very simple, a fact
that has not been missed by
manufacturers of consumer
equipment. Not only are
design and construction
costs lower, but reliability is
also increased—always a
good selling point,

It is with this in mind that
Mullard have introduced two
new amplifier i.cs, the
TDA1020 and the TDA1510.
They are both designed for

| use in a wide range of car

entertainment equipment
and many different con-
figurations are possible with
the two circuits both of which
are designed to run from a
nominal 14-4V supply.

The first i.c., the TDA1020,
is a single channel device
incorporating a preamplifier
and power amplifier, A
simple control circuit may
be placed either before or
after the preamplifier and
the overall voltage gain is
49dB. This means a power
output of 12W into a 2 ohm
load.

The other device, the
TDAI1510, is aimed at the up-
market high quality equip-
ment manufacturer. It com-
prises two power amplifiers
delivering 12W each, which
can be connected as a single
channel circuit delivering
24W into a 4 ohm load.

This particular i.c. features
variable gain, fixed by an
external resistor and allows
high quality control circuits
to be connected in front of
the device.

Both circuits are fully
protected and are not sensi-
tive to interference and car
ignition signals. They also
feature low output noise
and distortion.

COMPUTER CHIPS

Another new product from
Zilog is the Z6132, a high-
density byte-wide quasi-
static RaM, This new device
has a 4K-bit capacity and
conforms to the JEDEC 2716
28pin  package standard.
Operating voltage is 5V and
the chip consumes about one-
sixteenth ot the power needed
by an equivalent type RaMm
array.

Although this device is a
dynamic memory, it never-
theless behaves like a static
device as far as the user is
concerned. This is because
all memory refresh control
and implementation is car-
ried out within the chip and
is “transparent” to the user.

Still on the subject of low
power, Intersil ave just
announced two new 256X4
1K-bit static RAMSs,
are designated
IM65X51 and IM65X61 and
differ only in their pin-out
arrangements. The former
comes in a 22-pin package
with separate data input and
output lines, and the former
is an 18pin chip with multi-
plexed data lines.

The new devices are manu-
factured usin%l a selective
oxidisation high density cMos
process called Selox-C and
this provides better reliability
and improved performance,

Many versions of these two
devices are available all of
which will retain data even
when the power supply volt-
age drops down to as little
as 2V d.c. and this allows the
use of battery standby for
long periods without losing
information.

FL AT
TAKE
NOTE

Digital Rule {April 1981)

There were three errors |n the presentation
of this project.

In Flg. 5, pin 1 of IC4 should be left
unconnected. This can be achieved by
removing the track from the pad at position 1
of IC4,

In Flg. 3, pin 15 of IC4 shouid be left
unconnected. The p.c.b. layout of Fig. 5 is
correct.

Also in Fig. 3, capacitor C15 should be
connected between pin 3 of IC4 and +9V
and not as shown. Once again the p.c.b.
layout in Fig. 8 Is correct.
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OUR CURRENT BARGAIN LIST WILL
BE ENCLOSED WITH ALL ORDERS.

FREE

TRANSMITTER SURVEILLANCE *

Tiny, easily hidden but which will enabie conversation to be picked
up with FM radio. Can be made in a matchbox — all electronic
parts and circuit. £2.30.

RADIO MIKE *

Ideat for discos and garden parties, allows complete freedom of
movement. Play through FM radio or tuner amp. £6.90 comp. kit.

SAFE BLOCK

Mains quick connector will save you valuable time. Features include
quick spring connectors, heavy plastic case and auto on and off
switch. Complete kit. £1.95.

LIGHT CHASER

Gives a britliant display — 3 psychedelic light show for discos, par-
ties and pop groups. These have three modes of flashing, two chase
patterns and a strobe etfect. Total output power 750 watts per
channel. Comlete kit. Price £16. Ready made up £4 axtra.

FISH BITE INDICATOR

Enables anglers to set up several lines then sit down and read a book.
As soon as one has a bite the loudspeaker emits a shrill note. Kit.
Price £4.90.

6 WAVEBAND SHORTWAVE RADO KIT

Bandspread covering 13.5 to 32 metres. Based on circuit, which
appeared in a recent issue of Radio Canstructor. Complete kit in-
cludes case materials, six transistors, and diodes, condensers, resist-
ors, inductors, switches, etc. Nothing else to buy if you have an
amplifier to connect it to or a pair of high resistance headphones.
Price £11.95,

SHORT WAVE CRYSTAL RADIO

All the parts to make up the beginner’s model. Price £2.30. Crystal
earpiece 65p. High resistance headphones {gives best results) £3.75.
Kit includes chassis and front but not case.

RAOIO STETHOSCOPE

Easy to fault find — start at the arial and work towards the speaker
— when signal stops you have found the fault. Complate kit £4.95.
INTERRUPTED BEAM

This kit enables you to make a switch that will trigger when a
steady beam of infra-red or ordinary light is broken. Main compon-
ents — relay, photo transistor, resistors and caps etc. Circuit diagram
but no case. Price £2.30

OUR CAR STARTER AND CHARGER KIT has no doubt saved
many motorists from embarrassment in an emergency you can start
car off mains or bring your battery up to full charge in a couple of
hours. The kit comprises: 250w mains transformer, two 10 amp
bridge rectifiers, start/charge switch and full instructions. You can
assemble this in the evening, box it up or leave it on the shelf in the
garage, whichever suits you best. Price £11.50 + £2.50 post.

GPO HIGH GAIN AMP/SIGNAL TRACER. In case measuring
only 5%in x 3%in x 1%in is an extremely high gain (70d8) solid
state ampiifier designed for use as a signal tracer on GPO cables, etc.
With a radio it functions very well as a signal tracer. By connecting
a simple coll to the input socket a useful mains cable tracer can be
made. Runs on standard 4%v battery and has input, output sockets
8nd on-off volume control, mounted flush on the top. Many other
uses include general purpose amp, cueing amp, etc. An absolute
bargein at only £1.85. Suitable 80ohm earpiece 69p.

NEW KIT THIS MONTH!

CB RADIO ~ Listen in with our 40channel monitor.
Unique design ensures that you do not miss sender or
caller.

Complete kit with case and instructions only £5.99.

8 POWERFUL BATTERY MOTORS
For models, Meccanos, drills, remote control planes, boats etc. £2.50.

WATERPROOF HEATING WIRE

60 ohms per yard, this is a heating element wound on a fibre glass
coil and then covered with p.v.c. Dozens of uses — around water
pipes, under grow boxes_in gloves and socks. 23p per metre.

COMPONENT BOARD Ref. W0998

This is 8 modern fibreglass board which contains a multitude of
very useful parts, most important of which are: 36 assorted diodes
and rectifiers including 4 3amp 400w types {made up in a bridge} 8
transistors type BC107 and 2 type BF Y-51 electrolytic condensers.
SCR ref 2N 5062, 250uf 100v DC and 100uf 25v DC and over 100
other parts including variable, fixed and wire wound resistors,
electrolytic and other condensers. A real snip at £1.15.

FRUIT MACHINE HEART. 4 wheeis with all fruits, motorised and
with solenoids for stopping the wheels with a little ingenuity you can
defy your friends getting the "jackpot”, £9.95. + £4 carriage.
4-CORE FLEX CABLE

Whita pvc for telephone extensions, disco lights, etc. 10 metres £2,
100 metres £15. Other multicore cable in stock.

MUGGER DETERRENT

A high-note bleeper, push latching switch, plastic case and battery
connector. Wilt scare away any villain and bring help. £2.50 com-
plete kit.

EXTRACTOR FANS — Mains Voltage
Ex-computer, made by Woods of Colchester,
ideal as biower: central heating

systemns, fume extraction etc. Easy fixing
through panei, very powerful 2,500 rpm

but quiet running. Choice of 2 sizes,

5" £5.50. 6" £6.50. post £1 per fan.

KEYBOARD BARGAIN

50 computer type keys, together with 5 miniature toggle switches,
al mounted on a p.c.b. together with 12i.c.’s and many tran-
sistors and other parts, in 8 case

but the case may be cracked or

otherwise damaged.

£11.50 + £2 post. This is far

less than the value of the

switches atone. Diagram of

this keyboard is included if

you request It, or it is availabie

separately. Price: £1

*{Not licenceable in the U.K.)

J.BULL (Electrical) Ltd.

(Dept. EE), 34 - 36 AMERICA LANE,

SUPER HI-FI SPEAKER
CABINETS

Made for an expensive Hi-Fi outfit
-= will suit any decor. Resonance
free cut-outs for 8'* woofer and

4" tweeter, The front material is
carved Dacron, which is thick and
does not need to be stuck in and
the completed unit is most pleas-
ing. Colour black. Supplied in pairs,
price £6.90 per palr {this is prob-
abty less than the original cost of
one cabinet) carriage £3.50 the pair.

Vu METER SNIP.

Approximately 1 5/8" square, suitable for use

as a recording level meter power output in-

dicator or many similar applications. Full vision
front, cover easily removable if you wish to

alter the scale. Special snip price £1.00, or 10

for £9.00. {

MOTORISED DISCO SWITCH

With 10 amp changeover switches. Multi-
adjustable switches ali rated at 10 amps,
this would provide a magnificent display.
For mains operated 8 switch model
£6.25, 10 switch model £6.75, 12 switch
model £7.25.

3 CHANNEL SOUND TO LIGHT KIT

Complete kit of
parts for a
three-channel
sound to light
unlt controil-
Ing over 2000
watts of light-
ing. Use this

at home i

you wish but It
is plenty rugged enough for disco work. The unit is housed in an
attractive two-tone metal case and has controls for each channel,
and a master on/off. The audio input and output are by %"
sockets and three panel mounting fuse holders provide thyristor
protection. A four-pin plug and socket facilitate ease of connect-
ing lamps. Special snip price is £14.95 in kit form or'£19.95
assembled and tested.

FLUORESCENT TUBE INVERTER
For camping — car repairing — emergency lighting
from a 12v battery you can’t beat fluorescent
lighting. It will offer plenty of -well

distributed light and is econ-

omical. We offer

Phillips inverter for

12" 8 watt minfature

tube for only £5.25.

{With tube and tube

holders as well.

THIS MONTH’S SNIP

% PRICE CABLES! Fiat P.V.C. covered
mains cables — for lighting and power
instalations.

SIZE  TYPE

1.5mm  Single

1.5mm  Flat twin

1.5mm  Flat threecore & E
6mm Single

4amm Flat twim

6mm Flat three core
16mm  Twin & €

AL

CARRIAGE
£2.00

12v MOTOR BY SMITHS

Made for use in cars, these are series
wound and they become more power-
ful as load increases - they will

in fact burn themselves out if
overioaded to stopping point, Size
3% long by 3" dia. These have a good
tength of %" spindle — price £3.45.
Ditto, but double ended £4.25.

SOLENOID WITH
PLUNGER

Mains operated £1.99
10 — 12 volts DC
operated £1,50.

MINI-MULTI TESTER peluxe pocket size precision mov-
ing coil instrument, Jewelled bearings - 2000 0.p.v.mirrored scale.
11 instant range measures: DC volts 10, 50, 250, 1000.
AC volts 10, 50, 250, 1000.
DC amps 0 — 100 mA,
Continuity and resistance 0 - 1 meg ohms in
two ranges. Complete with test prods and in-
struction book showing how to measure cap-
acity and ind as well. U i
value at only £6.75 + 50p post and insurance.

’} FREE Amps range kit 10 enble you to read
DC current from 0 - 10 amps, directly
on the 0 - 10 scale. It's free if you
purchase quickly, but of you already
own a Mini-Tester and would like
one, send £2.50.

HAYWARDS HEATH, SUSSEX RH16 3QU.
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MULLARD UNILEX
A malns operated 4 + 4 stereo
systemn. Rated one of the 0=
finest performers in the

stereo field this would < (

make a wonderful gift for

almost anyone. In easy to assemble

moduiar form this should sell at about £30

— but due to a special bulk buy and as an in-

centive for you to buy this month we offer the sys-

tem complete at only £16.75 including VAT and post.
FREE GIFT — buy this month and you will receive a pair of
Goodman’s elipticai B“x 5" speakers 10 match this amplifier.

VENNER TIME SWITCH
Mains operated with 20 amp switch, one
on and one off per 24 hrs. repeats dafly
automatically correcting for the lengthen-
ing or shortening day. An expensive time
switch but you can have it for only £2.95.
These are new but without case, but we
can supply plastic cases (base and cover)
£1.75 or metal case with window £2.95.
Also available is adaptor kit to convert
this into a normal 24hr. time switch but
with the added advantage of up to 12 on/
offs per 24hrs. This makes an ideal con-
troller for the immersion heater. Price of
adaptor kit is £2.30.

DELAY SWITCH

Mains operated — delay can be accurately
set with pointers knob for periods of up
to 2%hrs. 2 contacts suitable to switch 10
amps — second contact opens a few min-
utes after 1st contact. £1.95.

LEVEL METER

Size approximately %" square, scaled signal
and power but cover easily removable for
rescaling. Sensitivity 200 uA, 75p.

STEREO HEADPHONES
Japanese made so very good quality.
8 ohm impedance. padded, term-
inating with standard %" jack-

plug. £2.99 Post 60p.

BRIDGE RECIFIER
1 amp 400v 30p each.
10 for £2.50. 100.for £20.00

BURGLAR ALARM CONTROL PANEL

Contains labelied connection block, tatching relay, test switch and
removable key control switch, Simplifies the whole installation,
all you have to do is to take wires to pressure pads and to alarm
bell. Price £7.95, with complete diagram.

PRECISION MAINS OPERATED CLOCK

For only £1.99. Sounds unbelievable but that’s what you can
have if you send your order right away. The clocks which have
large clear dials were made by the famous Smiths Company for
use with domestic cooker/gwitch, brand new and guaranteed.

12V SUBMERSIBLE PUMP

Just join it to your car battery, drop it into the liguid to be moved
and up it comes, no messing about, no primling, etc. and you get a
very good head. Suitable for water, paratfin and any non-explosive
non-corrosive liquid. One use if you are a camper, make yourself

a shower. ice: £8.50.

POPULAR SNIP — STILL AVAILABLE

And it still carries a free gift of a desoidering pump, which we are
currently selling at £6.35p. The snip is perhaps the most useful break-
down parcel we have ever offered. It is a parcel of 50 nearly all
different computer panels containing parts which must have cost at
least £500. On these boards you will find over 300 IC’s. Over 300
diodes, over 200 transistors and several thousand other parts, resist-
ors, condensors, muiti-turn pots, recifiers, SCR, etc. ete. f you act
promptly, you can have this parcel for only £8.50, which when you
deduct the value of the desoldering pump, works out to just a little
over 4p per panel. Surely this is a bargain you should not missi
When ordering please add £2.50 post and £1.27 VAT,

MAINS MOTORS precision made as
used in record players, blow heaters, etc.
Speed usually 1,400. All have ample
spindie length for coupling fan biade,
pultey, etc. Power depends on stacksize.
5/8" stack £2.00; %" stack £2.50; 7/8"
stack £3.00: 1" stack £3.50; 1% stack
£4.50. Add 256% to motor cost 10 cover pos-
tage, and then add 15% VAT.

YOUR LAST CHANCE FOR THIS BARGAIN

100 twist drills, regular tool shop price over £50, yours for only :
£11.50. With these you will be abie to drill metal, wood, plastic, etc. §
from the tiniest holes in P.C.8. right up to about %"*. Don’t miss

this snip — send your order today.

MINI MONO AMP on p.c.b., size 47x 2"
approx. Fitted volume control and a hole

for a tone control should you require

it. The ampiifier has three

transistors and we estimate

the output to be 1 W rms.

More technical data wili be

included with the amplifier.

Brand new, perfect condition,

offered at the very low price of

£1.15 each, or 10 for £10.00.

J. BULL (Electrical) Ltd — Established 25 years. MAIL ORDER TERMS:

Cash with order -- please add 60p to all orders under £10, to offset packing,
etc. ACCESS & BARCLAYCARD WELCOMED. Our shop is open to caliers.
BULK ENQUIRIES INVITED. Telephone: Haywards Heath (0444) 54563.
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MIGHTY NINETY PACKS

SUPER VALUE PACKS ALL AT 90p EACH
POSTAGE 20p PER PACK UP TO FOUR PACKS
FIVE OR MORE POST FREE
BUY SIX PACKS AND GET A SEVENTH PACK FREE!

MN1. 300 }-watt Resistors pre-formed for
P&C Mtg.

MN2. 200 §, AND }-watt Reslstors.

MN3. 100 1 & 2-watt Resistors.

MN4. 50 Wirewound Resistors.

MNS5. 100 metal oxide Resistors. 1%, 2%
and 5%.

MNG6. 12 asstd. potentiometers.

MN7. 25 asstd. skeleton pre-set Resistors.
MNSB. 50 asstd. Eletrolytic Capacltors.
MNS. 100 asstd. Ceramic Capacitors. Plte,
disc, tub and monolytic etc.

MN10. 100 mixed capacitors. Polyester.
Polystyrene. Metaliised, Radlal and Axlal

ypes.
MN11. 20 asstd. Silver Mica Capacitors.
MN12. 8 Tantalum Bead Capacilors (useful
values).

MN13. 20 asstd. Transistors, BC, 2N
Serles + Power etc.

MN14. 40 IN4148 Diodes.

MN15. 5 Light Sensilive Devices.

MN16. 20 min, wire-ended Neons.

MN17. 2 12-volt Relays. Ex nearly new

equip.

MN18. 3 Encapsulated Reed Relays. 9-12v,
coil, d.-pole and t.-pole.

MN19. 2 24-volt Relays. Ex nearly new

equip.

MN20. 1 240-110 to 12-volt, 100ma Trans-
former.

MN21. 1 240-110 to 24-voit 100ma Trans-
former.

MN22. 8 2” Led's with cllps. 4 red, 2
yellow, 2 green.

MN23. 1lb asstd. screws, nuts, washers,
seif-tappers etc.

MN24. 100 asstd. small springs.

MN25. 50 asstd. pop rivets,

MN26. 50 assted. insulated crimps.
MN27. 200 Items, grommets, spacers,
cable markers, plastic screws, sleeving,
tie wraps etc.

MN28. 20 asstd. fuses. 147 20mm ete.
MN29. 75m equipment wire, asstd.
colours and sizes.

MN30. 3 x 2m length, 3 core, mains cable,
MN31. 12 asstd. trimmer capacitors, com-
presston film. Air-spaced etc.

MN32. 15 30pf Beehive trimmers.

MN33. 20 coil formers, ceramic, plastic,
reed relay etc.

MN34. 25 min. glass reed switch,

MN35. 10 asstd. switches, toggle, slide,
micro, etc.

MN37. 10 asstd. audlo connectors. Din
phono etc.

MN38. 1 PCB with trlac control IC data inc.
MN39. 1 oscillator PCB ioads of com-
ponents (no data).

MN40. 50 Polystyrene Capacitors.

MN42, 10 BC107 Transistors.

MN43. 10 BC108 Transistors,

MN44. 10 screw fix S.P. C.O. min. slide

switch.
MN45. 5 1-35V. 1,000 mA/H. Mercury
batteries §In diameter x {in high.

58. 2 x CA 723 voltage reguliator,
MNG64. 5 press-to-make min, switches.
MNG65. 3 BF 245-FETS.

PLEASE QUOTE NO. OF PACKS WHEN ORDERING

CHORDGATE LTD.

75 FARINGDON ROAD, SWINDON, WILTS.
Tel. Swindon (0793) 33877. Retail shop at above address.
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TECHNICAL TRAINING
IN ELECTRONICS AND
TELECOMMUNICATIONS

ICS can provide the technical knowledge that is so essential to your success;
knowledge that will enabie you to take advantage of the many opportunities
open 1o you. Study in your own home, in your own time and at your own
pace and if you are studying for an examination ICS guarantee coaching
until you are successful.
City and Guilds Certificates:
Telecommunications Technicians

Radio, TV, Electronics Technicians
Technical Communications

Radio Servicing Theory

Radio Amateurs

Electrical Installation Work

MPT Radio Communications Certificate

Diploma Courses:

Colour TV Servicing

Electronic Engineering and Maintenance
Computer Engineering and Programming
Radio, TV, Audio Engineering and Servicing
Electrical Engineering, Installation

and Contracting

POST OR PHONE TODAY FOR FREE BOOKLET

To: International Correspondence
Schools

Dept 268J Intertext House, London

SW8 4UJ or telephone 622 9911

SUDICCH O INTERORIES <o, 2l A Shm S S bt - rons i< lers T
Address .

... Tel:
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RACING CARS

This circuit is a game for one
player and is entitled Racing Cars.

If the player thinks the light emit-
ting diode (lLed.) D2 will win, he
turns the select switch S2 to position
2. He then presses the start switch S1
and the led.s D1 to D6 will start
sequencing. Because they are
sequencing too fast for the eye to see,
it will appear that the le.d.s are all
dimly lit.

When the player releases Sl one
l.e.d. will remain lit. If it is the one
he chose with S2 the win le.d. D7 will
light up.

The le.d.s D1 to D6 are connected
to IC2, a CMOS 4022 1-of 8-decoder.
The outputs go from high to low in
sequence; the first six outputs light
D1 to D6, but the seventh output (pin
5) is connected to the reset pin which
starts the output sequence again.

ELECTRONIC FUSE

This circuit, for an Electronic Fuse
uses a cheap thyristor instead of ex-
pensive and difficult to obtain comple-
mentary germanium transistors and
a lower trigger voltage (about 0-6V),
which reduces the disturbance to the
protected circuit.

Under normal conditions the thyris-
tor is not conducting, the output volt-
age Vour = V, — 1-2, resistors R1 +
R2 supply the Zener diode D2 current
and TR2 base current, and the volt-
age across R1, about 0-6V, so that
TR1 is off. When the load current in-
creases beyond the “fused” value the

The enable pin 13 is connected to
the start switch S1, and the clock will
start counting/dividing only when
this switch is pressed. The pulses are
formed by ICla and IClb.

The integrated circuit IC1 can be a
4001 or a 4011, and is connected in a
standard CMOS configuration for
astable clocks. Some unused pins are
connected to the negative supply to
prevent damage or spurious opera-
tion.

The win indication circuitry is
formed by transistor TR1, S2, R3 and
lLe.d. D7. It functions like a gate, and
a light. So, when S2 is switched you
are giving a chance of 1 in 6 for the
appropriate Le.d. to light D7 when Sl
is released.

If the selected le.d. lights it will
also provide an output to the win cir-
cuitry, via S2. If it does, it will turn
on TR1 and will, therefore, light D7.

Capacitor C2 provides the power
supply (PP7) decoupling that is re-
quired.

The start switch S1 must be a non-
locking push-to-make type. The choice
of switch for S2 will have to be made
from a 2-pole 6-way or a 1-pole 12-way
type. S3 is an on/off toggle switch.

David Mullen
Morecambe,
Lancs.
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F.E.T. TOUCH SWITCH
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This circuit, which 1 thought of,
uses an f.et. (field effect transistor)
as a variable resistor. Depending on
the amount of time that your finger
is on the touch pad, this is the amount
of time that the light, LP1, is on for.
When the gate of TR1 is touched a
few microamps flows into it and stops
the flow of current from the drain to
the source thus turning on the lamp.
Transistors can be: TR1-2N3819; TR2,
3-BC107; and TR4-2N3702.

Colin Ellis (aged 13),
Sale Moor,
Greater Manchester

thyristor switches to its conducting
state causing Vout to fall to zero and
the voltage across Rl to exceed
0-6V so that TR1 is turned on and
the le.d. D1 lights.

The thyristor will remain in the
“on” state as long as its anode to
cathode current exceeds the *“holding
value” Iy, (Iy < SmA for the device
used). Operating the push switch S1
turns the thyristor off and resets the
circuit.

In the “on” state the voltage across
the thyristor is of the order of one
volt and so diode DI is provided to
egsure that TR2 is turned completely
off.

To “fuse” at a load current I, re-
sistor R is 0:6/1;. Choose the voltage
rating V., of D2 to suit the maximum
output voltage required.

J. Harrold.
Stoke Bishop.
Bristol.

CIRAVIT
BACRANGE
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Reach advanced
computer comprehension
in a few absorbing hours

1980 saw a genuine breakthrough -the
Sinclair ZX80, world’s first complete
personal computer for under £100. At
£99.95, the ZX80 offered a specification
unchallenged at the price.

Over 50,000 were sold, and the
ZX80 won virtually universal praise from
computer professionals.

Now the Sinclair lead is increased:
for just £69.95, the new Sinclair ZX81
offers even more advanced computer
facilities at an even lower price. And
the ZX81 kit means an even bigger
saving. At £49.95 it costs almost
40% less than the ZX80 kit!

Lower price: higher capability
With the ZX81, it's just as simple to
teach yourself computing, but the
ZX81 packs even greater working
capability than the ZX80.

It uses the same micro-processor,
butincorporates a new, more powerful
8KBASICROM -the ‘trainedintelligence’
of the computer. This chip works in
decimals, handles logs and trig, allows
you to plot graphs, and builds up
animated displays.

And the ZX81 incorporates other
operation refinements —the facility to
load and save named programs on
cassette, for example, or to select a
program off a cassette through the
keyboard.

Higher specification, lower price -
how’s it done?

Quite simply, by design. The ZX80
reduced the chipsina working computer
from 40 or so, to 21. The ZX81 reduces
the 21to 4!

The secret lies in a totally new
master chip. Designed by Sinclair and
custom-built in Britain, this unique chip
replaces 18 chips from the ZX80!

Proven micro-processor, new 8K BASIC
ROM, RAM -and unique new master chip.

502

New! Sinclair ZX8I
Personal Com
Ki': £490ﬁ complete

Kit or buil
it’s up to you!

The picture shows dramatically
easy the ZX81 kit is to build: just fou
chips to assemble (plus, of course the
other discrete components) —a few
hours’ work with a fine-tipped soldering
iron. And you may already have a
suitable mains adaptor-600 mA at 9V
DC nominal unregulated (supplied with
built version).

Kit and built versions come complete
with all leads to connect to your TV
(colour or black and white) and
cassette recorder.

New

Sinclair
teach-yourself
BASIC :
manual

Every ZX81 comes &
with a compre-
hensive, specially- H
written manual-a
complete course :
in BASIC program- =% d
ming, from first principles to complex
programs. You need no prior knowiedge
~children from 12 upwards soon
become familiar with computer
operation.

Everyday Electronics, July 1981




New, improved specification

@ Z80A micro-processor—new faster
version of the famous Z80 chip, widely
recognised as the best ever made.

@ Unigue ‘one-touch’
key word entry:
the ZX81

eliminates a great
deal of tiresome

typing. Key words

(RUN, LIST, PRINT,

etc.) have their own

single-key entry.

# identify programming
errors immediately.

@ Multi-dimensional string and
numerical arrays.

@ Up to 26 FOR/NEXT loops.

@ Randomise function—useful for games
as well as serious applications.

@ Cassette LOAD and SAVE with
named programs.

@ 1K-byte RAM expandable to 16K
bytes with Sinclair RAM pack.

? Able to drive the new Sinclair printer
nnt available veat —but coming soon!)

If you own a
Sinclair ZX80...

The new 8K BASIC ROM used in the
Sinclair ZX81 is available to ZX80
owners as a drop-in replacement chip.
(Complete with new keyboard template
and operating manual.)

With the exception of animated
graphics, all the advanced features of
the ZX81 are now available on your
ZX80 —including the ability to drive the
Sinclair ZX Printer.

Coming soon-
the ZX Printer.

Designed exclusively for use with the
ZX81 (and ZX80 with 8K BASIC ROM),
the printer offers full alphanumerics
across 32 columns, and highly sophisti-
cated graphics. Special features include
COPY, which prints out exactly what is
on the whole TV screen without the
need for further instructions. The ZX
Printer will be available in Summer 1981,
at around £50-watch this space!

16K-BYTE RAM
pack for massive
add-on memory.

Designed as a complete module to fit
your Sinclair ZX80 or ZX81, the RAM
pack simply plugs into the existing
expansion port at the rear of the com-
puter to mulitiply your data/program
storage by 16!

Use it for long and complex pro-
grams or as a personal database. Yet it
costs as little as half the price of com-
petitive additional memory.

sinciair
zx 16K BYTE RAM PACK

How to order your ZX81

BY PHONE -Access or Barclaycard
holders can call 01-200 0200 for personal
attention 24 hours a day, every day.

BY FREEPOST —use the no-stamp-
needed coupon below. You can pay by
cheque, postal order, Access or
Barclaycard.

EITHER WAY -please aliow up to 28
days for delivery. And there's a 14-day
money-back option, of course. We want
you to be satisfied beyond doubt-and
we have no doubt that you will be.



Gel a greal deal from
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TRANSISTORS/DIODES STOCK CLEARANCE

2N697 .10 AD161 25 BC184L .05 BF195 10
28914 10 AF 106 .10 BC212A 05 BF196  .1n
2N929 05 AF109 .10 BC2138 05 8F199 05
2N 3133 .10 AF126 .10 BC213L 05 8sY28 .10
2N 3566 50 BC115 05 8C214 05 MJE 371 30
2N 3638 .05 8cn8 05 BC2148 05 MPSA 05 05
2N 3642 .10 BC154 .10 BC214L .05 ZTX 500 .05
2N 3708 .05 BC157A 05 8C2388 .05 AA119 05
2N3711 05 8C1578 05 BC239C .05 8A102 05
2N 3794 05 8C158 05 8C2518 .05 BA142 05
2N3T 75 BC159 05 8C253 08 BA 144 05
2N 3905 08 8C1678 .05 BC 3088 .08 BA154 05
2N 3962 .10 BC 1688 .05 BC350 .05 BA316 05
2N 4286 05 BC1698 05 8C347 05 8A317 05
2N 4400 05 BC170B 05 BC414 05 8A318 .05
2N5220 .05 BC171B .05 BC415A 05 BAW49 05
2N522 .10 BC172 06 8C 4164 05 BAX 13 .05
AC126 .15 BC172C 06 8Ccs17 .12 BAY93 .02
AC 127 15 8C173 05 BCY71 05 881058 .10
AC132 .05 BC1748 05 BCY72 .09 BY 126 .14
AC152 .15 8C 1788 14 BD138 .10 cv 7641 05
AC 188 15 BC182A 05 8F 161 08 GEX 23A .03
AC188K .15 BC183 .05 8F177 05 ITT 44 05
AC 187K .15 BC 1838 .06 BF 180 08 ITTen 05
ACY22 .05 BC183L 05 BF 181 05 0A 47 10
ACY30 05 BC183 LA 05 BF194 05 0A 90 05
LINEAR INTEGRATED CIRCUITS DIGITAL CIRCUITS
LFI3IN - 270 SAA 5000 304 ' CD4000 £0.17 * CD4086 £0.90
LF 13741H 2,70 SAA 5010 7211 CD4001B €0.20 * CD4095 £1.00
*LM3018  0.26 SAA 5012 ™ €D4002  £0.20 * CDA4096 £1.00
LM 308N 048 SAA 5020 533 CD4007 ~ £0.20  CD40998 €1.40
CDA4008B £0.74 CD4507  £0.44
i tx 3‘;2 N14 3;23 2:: zgig 1::3? CD4009  £0.40 CD45108B £0.90
CD4010  £0.40 cD4s11  £1.02
LM 383 1.56 SAA 5050 851
B e s A eo CD40118 €0.20 CD4514  £2.20
CD4012  £0.20 CD4520B £0.90
LM389N 092 SAS 570 1.60 * CD40138 £0.44 CD4522 E1.10
LM 340TS 050 SAS 580 1.80 CD4014  £0.72 SN7400  £0.19
M 710-14 042 SAS 590 1.80 CD4015  £0.72 SN7401  £0.19
LM723CH 060 * SFF96800A 625 CD4016 £0.36  SN7403  £0.19
LM723C14 040  SFF9eBI0A 428 | ' CDAOI7 fo70 © SN7404  [0.19
LM741C14 058 SFF 968214  5.19 CD4018B £0.75 . gn7412  £0.15
LM 923 044  * SN 76115 0.70 CD4019B £0.44 SN7414  £0.55
LM 1303 100+ SN 76228 1.00 CD40208 £0.90 - SN7420 £0.15
€D40228 £0.78 SN7423  £0.19
LM 1458 040 - SN76116 125 © CD40248 £0.60 SN7426  £0.21
LM 1801 204 - SN 76666 0.70 CD40288 £0.60 SN7432  £0.21
LM 1871 350 - TAA 263 1.00 - CD40298 €105 . SN7440 €015
LM 1872 350 TAA 521 075 CDA034B £220 . anrad2  Loa9
* LM 3900 0.50 TAA 621 249 ' CDA4035B E£1.05 SN7445  £0.91
LM 3909 067 TAA 700 1.50 CD4040 f0.90 * SN7446 £0.24
* LM 3914 220 TAD 100 155 * 0D4041B £0.80 ° SN7447 £0.24
S M3915 220 TBA 120 0.75 CDiBM2Br0leay. © SNZAMEC, [0S0
LM 4250 142 TBA 500 0.45 €DA0478 £1.02 . Slo00 fo1g
NE 531 095 TBA 550 3.50 CD4049  £0 33 SN?454  £0.15
NES43K 155  Teas70Q 220 CDA0S0B 033 - SN7460 £0.15
et 1) O A iy o CD40518 £0.70 * SN7472  £€0.20
CD4052B £0.70 SN7484 051
* NE 555 (3] TBA 920 275 CD40608 £1.10 . SN7490  £0.25
- 55 s IRsaonQ 3 R6 | S 7491 __£Q %

PM COMPONENTS LTD

VALVE & COMPONENT SPECIALISTS
@ CONINGSBY HOUSE, WROTHAM RD., | S
MEOPHAM, KENT.

VALVES PL508 1-48 | 5080 4-20 | BC214 0-0% | BU20S 1-30
DY86 0-55 | PL509 2-30 | 6146B 4-45 | BC214L 0-09 | BU208 1-39
DYs02 0 802 2:50 | 7025 1-50 | BC237 0-09 | BU208A 1-52
E180F 5-25 | PY88 0-74 | 7360 7-50 | BC233 0-08 | MJE340 0-40
EABC80 0-56 | PY500A 1-35 [ 7591 2-35 | BC307 0-09 | OCH1 0-22
EBF89 0-70 | PY801 0-65 BC327 0-10 | R2008B 1-70
ECCB1 0-55 | QQV02/6 10-50 | SEMI-CON- BC337 0-10 | R2010B 1-7¢
ECC82 0-55 | QQV02-20A DUCTORS BC461 0-30 | R2540 2-48
ECC83 ¢-60 12-25 | AC126 0-22 | BC478 0-20 | TIP29 0-40
ECC85 0-60 | QQV06-40A AC127 0-22 | BC547 0-10 | TIP29C 0-42
ECCa8 0-65 13:95 | ACi128 0-28 | BC548 0-10 | TIP30C 0-43
ECC807 1-30 | QV03-12 3:50 | AC141K 0-34 | BC549A 0-08 | TIP3IC 0-42
ECF80 0-65 | TY2-125A 45-00 [ AC176 0-22 | BC557 0-07 | TIP32C 0-42
ECF82 050 | U19 11-95 | AC176K 0-31 | BCS58 0-07 | TIP41C 0-45
ECHB1 0-58 | UCHs1 0-65 | AC187 0-26 | BD131 0-32 | TIP42C 0-47
ECL82 0-58 | UCLs2 0-76 | AC187K 028 | BD132 0-35 | TIP47 0-65
ECL83 1-13 | ULs4 0-78 | AC188 0-22 | BD133 0-40 | TIP2955 0-84
ECL36 0-74 | UY8S 0-70 | AD149 0-70 | BD135 0-30 | TIP3055 0-60
EF37A 3-60 | 2759 9:00 | AD161 0-39 | BD136 0-30 | TIS91 0-20
EF80 0-48 | 2D21 0-95 | AD161/2 1-04 | BD137 0-28 [ 2N3054 0-59
EF86 0-70 | 2K25 10:00 | AD162 0-39 | BD138 0 2N3055 059
EF89 0-75 | 4CX2508 26-60 | AF127 0-32 | BD139 0-32 | 2N3702 0-12
EF91 1:22 | 5U4G 0-85 | AF139 0-42 | BD140 0-30 | 2N3703 0-12
EF93 0-85 | 6CD6GA  4-00 | AF239 0-42 ( BD144 1:20 | 2N3704 0-12
EF94 0-55 | 6GK6 250 (| BC107 0-10 | BF115 0-35 | 2N3705 0-12
EF95 0-78 | 6J6 0-65 | BC107B 0-10 | BF167 0-24 | 2N3706 0-12
EF183 0-56 | 6JS6C 2-55 108 010 | BF179 0-34 | 2N3708 0-12
EF134 0-56 | 6KD6 3-95 | BC108C 0-10 | BF180 0-29 | 2N5294 0-38
EL34 1:54 | 6L6GC 1:75 | BC109B 0-10 | BF183 0-28 { 2N5296 0-48
EL84 0-60 | 6LD20 0-60 | BC140 0-31 | BF194 0-11 | 2N5298 0-38
EM84 0-70 | 6SN7GT 0-89 | BC141 0-25 | BF195 0-11 | 25C1306 1-25
EZ280 0-56 | 6VE6GT 0-90 | BC142 0-29 | BF196 0-11 § 2SC13¢7 1-85
EZ81 0-56 | 787 2-00 | BC143 0-24 | BF197 0-11
G232 0-85 | 12AT7 0-55 | BC147 0-09 | BF193 0-10 1.C.'s
G233 3-25 [ 12AU7  0-60 | BC148 0-09 | BF199 044 | G207 100
GZ34 2:00 | 12AX7 055 | BC149 0-09 | BF200 0:30 | BEiSl  §.00
KT61 3-50 | 12BA6 0-80 | BC157 0-10 | BF257 0-28 MC1495 300
KT66 4-95 | 12BE6 1-05 | BC158 0-09 | BF258 025 [ Sl N 1-85
KT77 5-00 | 12BH7 095 | BC159 0-09 | BF259 0:26 [ 2UICPIN 133
KT88 6:00 [ 12HG7  3-25 | BC160 0-28 | BF336 034 | J07005IN  §.35
N78 8-%0 | 30FL2 0-95| BC170B  0-10 | BFX2g  0-30 | ZR7ONIN 1°38
0A2 0-80 | B5A2 1-20 | BCIT1 0-08 | BFX84 0:26 [ 2UIE0IN 108
PCF80 0-70 | 90C1 1-69 | BCIT2 0-09 | BFX85 028
PCF802 0-72 | 807 1-09 | BC1738 0-10 | BFX86 0-30 TAT205AP 1-95
PCF808 1-48 | 811A 9-00 | BC182 0-09 | BFX88 0-25 TAAG6IB  1-20
PCL82 0-74 | 813 11-30 | BC183 0-09 | BFYS50 021 | TOANS o2
PCL84 0-76 | 833A 47-85 | BC184LA  0-09 | BFYS51 0-21 | THRA0. 128
PCL86 0-76 | B66A 3-00 [ BC212 0-09 | BFYS2 0-25 [ TRO0800  1.58
PCL805 0-30 | 2050A 3-90 | BC212L 0-08 | BFYu0 0-73 TOA1004A 2-20
PFL200 1:13 | 5763 3-20 | BC213 0-09 | BU105 1 UPC575C2 2-95
PL504 1:20 | 5814A 275 BC213L  0-08 | BU10B LT e s
P. & P. 50p per order. Many other types avallable. TBA810S 1-60
UPC566H 2-95
Prices exclude V'/f«T. Please add Gl welcome! UPG1001H 3-95
Phone 0474 813225 Monday to Friday 9.30-5.30 gggrgg“ ::g
24 hour Ansaphone service Saturday 9.30-42.00 UPC13635C 3-95

ELECTRONIC IGNITION
SAVES PETROL

More and more new cars use electronic ignition to
give the best performance and economy. Bring YOUR
CAR up to top specification by fitting the latest TOTAL
ENERGY DISCHARGE electronic system,

TOTAL ENERGY DISCHARGE gives all the
advantages of the best capacitive discharge ignitions;

% Peak Performance—higher output voltage.

% Improved Economy—consistent high ignition performance.

% Better Starting—full spark power even with low battery.

# Accurate Timing—prevents contact wear without ‘contactless’ errors.

% Smooth Performance—immune to contact bounce effects.

PLUS

SUPER HIGH POWER SPARK—3} times the energy of ordinary C.D.

A\TION—to get the very best performance and
1 carburettor settings.

ITY—with the ‘ultimate insurance’ of a change-
ntly to standard ignition.

RTER. A high-power, high efficiency, regulated
volt energy source—powerful enough to store
designs and regulated to provide full output even |_




DIY MUSIC & EFFECTS KITS

AUTOWAH UNIT
Automatically gives Wah or Swell sounds with each gultar

note played.
Kit order code SET 58  £16-04

GUITAR EFFECTS UNIT

Modulates the attack, decay and filter characteristics of a
signal from most audlo sources, producing 8 different switch-
able sounds that can be further modified by manual con-

trols.
Kit order code SET 42 £1419

GUITAR FREQUENCY DOUBLER

Produces an output one octave higher than the input. inputs

and outputs may be mixed to give greater depth,
Kit order code SET 98  £10-55

GUITAR MULTIPROCESSOR
An extremely versatle sound processing unit capable of
roducl| fi ple, fl ing, vibrato, reverb, fuzz and
tremolo as well as other fascinating sounds. May be used
with most electronic Instruments. Some SW's not incl. in
kit—see list for selection.

Kit order code SETS85 £72:90

GUITAR OVERDRIVE
Sophisticated versattle fuzz unit Incl. varlabie controls
affecting the fuzz quality whilst retaining the altack and decay,
and also providing filtering.

Kit order code SET 56 £19:60

GUITAR PRACTISE AMPLIFIER
A 3 watt mains powered amplifier sultable for instrument
practise or as a test gear monitor. Drives 8 or 15 ohm speakers

{not Incl. in kit).
Kit order code SET 106 £18-72

GUITAR SUSTAIN

Malntains the natural attack whilst extending note duration.
Kit order code SET75 £11'77

PHASER

An automatically controiled 6 stage phasing unit with in-

ternal oscillator. Depth can he increased with extension.
Main kit code SET 88  £18-34
Extenslon kit EXT 88 £7-34

PHASING & VIBRATO
Inciud { an: control over the rate of
phasing & vibrato. Capable of superb full sounds. A separate
power supply Is included.

Kit order code SET 70 £42:85
SMOOTH FUZZ
As the name impllesl Order code SET 91 £11-68

SPLIT-PHASE TREMOLO

The output of the Internal generator is phase-split and modu-
lated by an input signal. Output amplitudes, depth & rate are
panel controlled. The effect Is simllar to a rotary cablnet.

KH order code SET 102  £27-55

SWITCHED TONE TREBLE BOOST
Provides switched selection of 4 presettonal responses.
Kit order code SET89 £10°%1

AUDIO EFFECTS UNIT

A varlable slren generator that can produce British & Amerl-
can police sirens, Star-Trek red alerf, heart beat monitor

sounds, etc.
Kit order code SET 105 £12-91

FUNNY TALKER

Incorporates aring dutator, ch &fr y dul
to produce fascinating sounds when used with speech &

music.
Kit order code SET 99 £15-43

WIND & RAIN EFFECTS

As the name sayst Order code SET 28 £9-94

DISCOSTROBE

A 4-channel 200-watt light controller giving a choice of
sequential, random or full strobe mode of operation.
Kit order code SET 57 £36-52

LIST

Send stamped addressed envelope with all UK. requests for
free tist glving fuller details of PCBS, kits and other com-
ponents. Overseas enquiries for list—Europe send 50p,
other countries send £1:00,

BE

TERMS: C.W.0,, Mail Order or Collection by appoint-
ment, Tel. 01.302-6184 (Mon-Fri).

KIMBER-ALLEN KEYBOARDS

Claimed by the manufacturers to be the finest moulded plastic
keyboards available. All octaves are C-C, the keys are plastic,
slope fronted, spring loaded, fitted with actuators and mount-
ed on a robust aluminium frame.

3-Octave £25-50, 4-Oct £32-25, 5-Oct £39-50. Gold-clad
contacts (1 needed for each note) type GJ (SPCO) 33p each.
Type GB (2-PR n/o) 38p each.

CHOROSYNTH

A standard keyboard version of the published Elektor 30-note

chorusg synthesiser with an amazing variety of sounds ranging

from violln to cello and flute to clarinet amongst many others.
Kit plus keyboard & contacts SET 100 £114-12

FORMANT SYNTHESISER

For the more advanced constructor who puts performance
first, this s a very sophlsticated 3-octave synthesi with a
wealth of facillties, including 6 oscillators, 3 waveform con-
verters, voltage controlled fiiter, 2 envelope shapers and
voltage controlled amplifier. Case and hardware not in-
cluded—see our llsts for further detaiis.

Kit plus keyboard & contacts SET 66 £323-35

P.E. MINISONIC SYNTHESISER

A very versatile 3-octave portable malns operated synthesiser,
with 2 osclliators, voltage conirolled filter, 2 envelope
shapers, ring modulator, noise generator, mixer, power
supply and sub-min toggle switches to select the functions.
A case is excluded, but the text gives comprehensive con-

structional details.
Klt plus keyboard & contacts SET 38 £189-89

PRICES INCLUDE
VAT @ 15% & U.K.P. & P,

RHYTHM GENERATORS
Two different kits—The control units are designed around the
M252 and M253 rhythm-gen chlps which produce pre-pro-
grammed swltch-selectable rhythms drlving 10 effects instru-
ment generators feeding into a mixer.

SET 103-253  £64-10

12-Rhythm unlt
15-Rhythm unit SET 103-252 £57-26

6—CHANNEL MIXER

A high specification stereo mixer with variable input im-
pedances. Specs glven in our lists. The kit excludes some
SW's—see lIsts for selection. The extenslon gives two extra

channels.
Main kit code SET 90 £88-99
EXT 90 £11-74

Extension kit
3—CHANNEL STEREO MIXER
Fuil jevel control on left and right or each channel, and with
master output control and headphone monitor.

Kit order code SET 107 £18-88

3—MICROPHONE STEREO MIXER

Enables stereo live recordings to be made without the *hole
In the miadle’ eftect. Independent control of each micro-

phone.
Kitorder code SET 108  £12-31

HEADPHONE AMPLIFIER
For use with magnetic, ceramic or crystal pick-ups tapedeck,
or tuner, and for most headphones. Designed with RIAA

equailsation,
Kit order code SET 104 £18-10

VOICE OPERATED FADER

For automatically reducing music volume during disco taik-

over.
Kit order code SET30 £7-80

DYNAMIC NOISE LIMITER

Very effective sterso circuit for reducing noise found in
most tape recordings.

NEW KIT MAKE-UP
—SEE BELOW

128—NOTE SEQUENCER

Enables a voltage controlled synthesiser, such as the P.E.
Minlsonic, to automatically play pre-programmed tunes of
up to 32 pitches and 128 notes long, Programs are initlated
from the 4-octave keyboard and note length and rhythmic
patter are externally varlable.
Kit plus keyboard & contacts SET 76 £114-09

16—NOTE SEQUENCER

Sequences of up to 16 notes long may be pre-programmed by

the panel controls and fed into most voltage controlled syn-

thesisers. The notes and rhythms may be changed whiist

playlng, making ltmore versatilethan the name would suggest.
Kit order code SET 88 £60-13

DIGITAL REVERB UNIT

A very advanced unit using sophlisticated 1.C. techniques
instead of nolse-prone mechanical spring Hines. The basic
delay range of 24 to 90MS can be extended up to 450MS using
the extenslon unit. Further delays can be obtained using more
extensions.
Main kit order code SET78 £87-22
Extenslon kit EXT 78 £45:94

RING MODULATOR
Compatible with the Formant and most other synthe sisers.
Kit order code SET 87 £11-89

WAVEFORM CONVERTER

Converts saw-tooth waveform Into sinewave, mark-space
sawtooth, regular trlangle, or squarewave with variable mark-
space. Ideally one should be used with each synthesiser

oscillator.
Kit order code SET 67 £20-13

BASIC COMPONENT SETS

Include specially designed drilled & tinned fibregiass printed
circult boards, ail necessary resistors, capacitors, semi-
conduclors, potentiometers, and transformers, They aiso
include basic hardware such as knobs, sockets, switches, a
nominal amount of wire and solder, a photocopy of the
orlginal published text, and unless otherwise siated, a
robust aluminium box. Most parts may be bought separately.
For fuller kIt and component details see our current lists.

Kits originate from projects published in PE, EE, and Elektor.

Kit order code SET 97 £12-¢7
DYNAMIC RANGE LIMITER
A tly controls sound output levels.

Kit order code SET 62 £9-51

TUNING FORK
Produces 84 swiich-selectable frequency-accurate tones with
led monitor displaylng beat-note adjustments.

Kit order code SET 46 £34'56

TUNING INDICATOR

A simpie octave frequency comparitor for use with syn-

thesisers where the full versatillty of KIT46 Is not needed.
Kit order code SET 69 £14-41

PULSE GENERATOR
Produces controliabie pulse widths from 100NS to 2Sec.
Varlable frequency range of 0-1Hz to 100KHz.

Klit order code SET 115 £21:45

SIGNAL TRACER & GENERATOR
Aliows audio signals to be injected into circuits under test,
and for tracing thelr continulty. Includes frequency & level

controls,
Kit order code SET 109  £15-3

WAVEFORM GENERATOR
Provides sine, square and triangular wave outputs variable
between 1Hz & 100KHz up to 10V P-P.

Kit order code SET 112 £21-58

SPEECH PROCESSOR
Improves the Inteligibtlity of noisy or fluctuating speech
signals, and ldeal for inserting into P.A, or C.B. radio sys-

tems,
Kit order code SET 110 £9'21

FREQUENCY COUNTER

A 4-digit counter for 1Hz to 89KHz with 1Hz sampling rate.
Kitorder code SET79 £43:30

EXPOSURE TIMER
Controls up to 750 watts In 0-5sec steps up to 10 minutes,
with butit-in audio alarm.

Kit order code SET 93 £36-44

EXPORT ORDERS ARE WELCOME

Postage rates are shown in our lists, All payments must be
cash-with-order, in sterling by Internatlonal money orger or
through an engllsh bank. We do not offer a C.0.D. service.
To obtaln {ist—Europe send 50p, other countries send £1-00.

MORE KITS AND
COMPONENTS
ARE ON OUR LISTS

Prices are correct at time of press. E. & O.E. subject to
avallability.
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P
DISCO LIGHTING K TRANS':'(;‘R'"ERS ARE YOU SITTING COMFORTABLY ?

4 channels (rated at 1TKW at Our new TDR300K Touch Dimmer U The complete kit, which
5:5\? L:)';lr' Er.!:nnef) “Which (swnch lamps to Kl!whlll:nsure that { - B;sed on . Includes easy to follow
provide sequencing effects, controlled manu- our highly (s’uccess’:g tmo‘?' &338’( N instructions, will it into a
ally or by an optional opto-isolated audlo input. 7 f::;:ggf;:esn:v:elrm:;. rgg rEcemr L : pLal:tsechﬁgm g&;;ea::strr::
OL1000K enabling the lamp brightness to be metal pads to touch, en-
This kit features a bi- 01" Red 9p § varied and switched on or oft by suring complete safety.
directional 5"?’“3'“‘39' sgaed g,’ 6-1” Green 12p J§ touch or remotely by means Even a neon is Included to
Sy md fagonaey 01" Yeliow 12p | of a small hand held trans- help you locate the switch
direction change being 0-2" Red 9p f| mitter in the dark
variable by means of poten- 0-2” Green 12p = 4
tiometers. Incorporates Standard mains 0-2” Yellow 12p In years to come everyone will be
master dimming con- primaries 240V a.c. f§ 0-2” clips Ip selling remote control dimmers,
trol. £14.00 100m A darles § R larRed  16p but you can have your TDR300K
OLZ1060K 6-0-6V 80p B Rectangular Green 17p kitnow for ONLY £14-30 for the dimmer unit
A lower cost version of the 9-0-9V 85p § Rectangular Yeltow 17p and for £4-20 for the transmitter.
above, featuring unidirectional 12-0-12v 90p W FlatFace rect- For the more athletic of you, the TD300K

| +

channel sequence with speed Touchdimmer kit is stil} avallable at £6-50

y VT 4
varlable by means of a preset Opto Isolated Arrowhead, Square’ and the TDE/K Extension kit, for 2-way
pot. Outputs switched only at Triac Red switching etc., is £2-00.
mains zero crossing points to MOC3020 0-8A/ Green 20p DONT FORGET to add 50p P&P and 15%
reduce radio interference to 400V £1-10 f§ Rec, Yellow 20p VAT to your total purchase.

minimum,
Optional Opto Input
DLA1

RECTED Tt I EVERY DOOR

24 HOUR CLOCK/APPLIANCE TIMER KIT

iches any appitance up 10
D D lrw on and og atKIrreset
o I times once per day. con-
ke, 20| |q7]|"SHOULD HAVE ONE
[l (0] spiay, mains supply,
AY-5-1224 Clock ] D D P display ~drivers, swliches,
ﬁ; 3-11%%% (T:Loe?:rluzr'r:’:;;r . As featured In E.E. May '81 - LEDsItrIac, PCBs & fult In-
3. ? structions,
CA3080 Transconductance Op. Amp. : i T K Basle¢ Ki £14-9
Whatever kind of door you have, our New Elecironic Comblination Lock will enable you to CT1000! aslc Kit 4-90
&:’31132 %’vas“_%% Sﬂ‘f') 577,":)‘.; open it easily but make things very difficult for unwelcome visltors, Fhe unit, which comes [ CT1000KB with white box (56/131 x 71mm)
LM377 Dual 2W Amp. 5] £1-45 complete with a 10-way keypad, requ} an eastly r bered 8 dlgit code to he entered £17-40
LM379S Dual 6W Amp £3-50 before the door can be opened, while the intruder has over 5,000 combinations to choose Ready Built £22-50
LM380 2W Audlo Amp. 80p from. The code can be easily changed by means of a pre-wired plug and a momentary or
LM382 Dual low nolse re amp £1-00 latched output version can be made. The kit has
LM386 250mW low voltage .m'p 75 even more uses In a car where it may be used to
LM1830 Fluld leve! Detastoe ™" £1-5 disable the ignition. Another useful feature Is the
LM2917 F/V Converter (14 pIn) £1-60 Save Button, This stores the combination number, 400V Plastic C T
LM3909 LED Flasherloscllrator 60 enabling the car to be used by authorised persons ° ¥ Tals ucs ase (Texas)
LM3911 Thermomerer £1-20 such as garage personnel without disclosing the 8: Tlggg g
LM3914 Dot/Bar Driver (linear) £2:-10 code, The complete kit measures 7 x 6 x 3 ¢ms, 8A TIC2265D s il 1
LM3515 Dot/Bar Driver (Iog) £2-20 deep and consumes a mere 40mA when not In use o ChGhD) COTUE (A1
MM74C911 4-diglt Display Controller £6-50 and will drlve a 5V to 15V (750mA) solenoid or A TIE 6
MM74C926 4-digit couzter with relay col! (not supplied) directly. So why not treat | = 16A TlC24 b
it Sl Absh your door to a new lock for ONLY £10-50 and think = " 125 QGSI’.JT
S5e6R Touchdlpmmer £2-50 about all the keys you can lose or forget without 6A with trigger Q4006

ever locking yourselfout. 8A isolated tab TXAL226B

SL440 AC Power Contro! £1-75 Diac

SN76477 Complex Sound Generator £2-52

TBAS00 5W Audio Amp. 68p ALL COMPONENTS ARE BRAND NEW ANO TO SPECIFICATION. AOO 50p P&P and
TBAB10AS 7W Audio Amp. £1-00

15% VAT TO TOTAL. OVERSEAS CUSTOMERS AODO £1-50 (Europe) £4 (elsewhere)
TCM7555 CMOS 555 Timer 19p for P&P.

TDA 1024 Zero Voltage Switch £1-20 Q! Send sae for price list and with all enquirtes. Callers welcome
TDA2020 20W Audio Amp £2-85 9.30-5.00 (Mon ) 10-00-4-00 (Sat.)

TLO81 J-FET Op. Amp. 21p
R el B G o - TK Electronics
4E Timer £1-30 (EE), 11 BOSTON ROAD,

TMS1121 Clock/7 day timer
All ICs supplled with Data Sheets
Data Sheets only—per device 10p LONDON W7 3SJ. TEL. 01-579 9794

ANNDUNCING] | |[LED'S 4 & §
A NEW SET T |

"’ID WHITE illuminated red 8p
DECIMAL POINT
RECTANGULAR RED 3p
RED 8p YELLOW or GREEN 11p
YELLOW or GREEN

11p
£ : : Clips for -125” or -2~ 3p
¢ This 5 ‘{°|Uf_\’l9 Sﬁl contains O.vel' ‘.?00 pag?s. Sorry no clips for rectangular and tri- We also supply Alarm Equipment (Retall
N ii Bound in stiff linen. Cover size 8%in x 5in. angular LED’s. & Trade). PERSONAL CALLERS ONLY
Price £10.00 per set (we pay the postage). il are top quality LED:s—compare price with any other Adi P. & P. 60p. Add VAT 15%
Book 1. Introducing Electronics Book 4. Meters/Vottage-dividers fsaidlauereTodey EDRERPOINP TA\E. SEG0ST e delenzulnaslnalceme
Book 2. Resistors/Capacitors Book 5. Transistor Project Circuitry WE ARE WARRINGTON'S SUPPLIERS OF CB GEAR!

Book 3. Inductors/Diodes SHOP HOURS 9.30-6 pm (5 pm Sat.). Closed every Thursday In June and July.

The manuals are unquestionaby the finest and most up-to-date available m

and represent exceptional value. z WEBB ELECTRON Ics

This series has been written in a fascinating, absorbing and exciting 41 WINWICK STREET, WARRINGTON, CHESHIRE. Tel. 54174
way, providing an approach to acquiring knowledge that is a very

enjoyable experience. Suitable for industrial trainees, City and Guilds
students, DIY enthusiasts and readers of electronic journals.

Each part explains electronics in an easy-to-foliow way, and contains
numerous diagrams and half tone blocks with construction details and
circuit diagrams for making the following transistor projects: Lamp
Flasher, Metronome, Wailer, Photographic/Monostabie Timer, Metal
Locator, Geiger Counter, Radio Receiver, Intercom., intruder Alarm,
Electronic Organ, Battery Eliminator, Anemometer, Sound Switch,
Light and Water-operated Switches, Pressure-operated Switches, Light
meter, Radio Thermometer, ice Alarm,

Order now;

Selray Book Company € QUR 100% GUARANTEE

g;o:lllpen Copse, Should you decide to return the set after 10 days exam-
ey,

tnation, your money will be refunded by return of po:
Kent. BR1 2N2Z. Coneo " =

§ Amount enclosed: £ ]
: Name: :
| Address: EE 8 1
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DESIGNERS AND HOBBYISTS
LOOK NO FURTHER!
THE E.A.C. MIGHTY MO IS HERE. It is the latest in sound trans-
ducers, comes complete in module form and is ready to use by just
connecting into 0-8 to 20 volts D.C. You will get a very loud audio
output of around 100 DB at 9 volts D.C. using only 4 milll amps nominal
(the secret is in the drive circuit).

Only £3-90 per unit, plus 15% + (60p p&p).
Further discounts for quantity.

2-8kHz Piezo sound element 35p. Element cavity for above 29p. SPECIAL OFFER on

tall fully g d and branded). Capacitors electrolytic 100mF 16v radial
6p each. Electrolytic 4-7mF 35v radlal 4p each. Polyester encapsulated -003mF 250y 4p
each. -022mF 400v 4p each. Semi-conductor MC4001 norgate ONLY 10p. Special smoke
detector IC with data only £1-99. Transistors. BC182L 8p each. BC184L 6p each. TBC5468
(IC 200mA) 6p each. Zenerdlodes. BZX79 5-6v 6-5p each. 194001 3p each. SMOKE ALARM
KIT. Everything supplled to make a professional smoke detector (case not supplied).
Parts supplied are ready drilled PCB, radlal isotope detector, Plezo electro sound trans-
ducer, IC resistors capacitors etc. Only £7-99. Ready bullt, tested guaranteed and cased
£13-50.

E.A.C. ELECTRONICS
(ADVANCED DESIGNERS AND MANUFACTURERS)
99-103 Clifton Road, Birmingham B1238SR  Tel No: 021 449-3850
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ELECTRONIC GAMES

OLOUR CARTRIDGE ¥ pATABA SPACE INVADERS

;

/

T.V. GAME

_ m—

FULLY PROGRAMMABLE
CARTRIDGE T.V. GAME
14 Cartridges available

Normal Price £87.86
NOW REDUCED TO:

Hand-held Invaders Games available £19.95
+ Invaders Cartridges available 1o fit
ATARIZ RADOFIN/ ACETRONIC/PHILIPS G7000
+ Cariridges also available for
MATTEL/ TELENG/ROWTRON/
DATABASE /INTERTON

ADD-ON
ADAPTOR £1 29

The most popular T.
the market with a range of over

40 cartridges including SPACE £95
INVADERS with over 112 45

games on one cartridge. nc. VAT
THE RADOFIN TELETEXT ADD-ON

TELETEXT

Plug the adaptor into the aena/ socket of your
colour T.V. and receive the CEEFAX and
ORACLE television information services.

THIS NEW MODEL INCORPORATES:

* Double height characler facility

* True PAL Colour

* Meets latest BBC & 1BA broadcast specifications

* Push bulton channel change

* Unnecessary 1o remove the unit 1o watch normal
TV programmes

° Gold-plated circuit board for reliabibty

* New SUPERIMPOSE News Flash facility

MATTEL T.V. GAME

+ 4 Cartridges .+ Mains
Adaptor

Normal Price £73
NOW REDUCED TO:

£39,,

e VAT

£59

inc. VAT

CHESS COMPUTERS

We carry a range of over 15
different Chess computers:
Etectronic Chess £29.95
Chess Traveller £39.95
£79.00

£119.00
Sensory Voice £259.00
SPECIAL OFFERS:
VOICE CHESS CHALLENGER
Normal Price £245 NOW £135.00
SARGON 2.5/BORIS 2.5
Normal Price £273.70 NOW £199.96
Al prices include V AT,

u
ARE COVERED BY
THE EXCLUSIVE

24 TUNE
ELECTRONIC DOOR
— - BELL

Normal Price £19.70
NOW REDUCED TO:

1 2.701"@ VAT

Plays 24 differemt 1unes
with separate Speed
control and volume
control. Select the mos!
appropriate tune for your
visitor, with appropriate
tunes for different times of
the year!

OLYMPIA HHP 1010

Normal Price £49.95
. | Price £57.21
NOW REDUCED T0: oW REDGCED TO: =

£39..:: . £3 |

Uses ordinary papert?
Teach your child to No need 10 buy expensive
spell properly with thermal paper!
this unique learning Fast add listing PRINTER/
aid. Fully automatic CALCULATOR. 2 hnes per
features and scoring. second, 10 digit capscity
Additional word

Uses normal adding
modules available 10

machine rolls. Batiery or
mains operated
extend the range of
words.

Size 9%"x4WA2H"
HAND HELD GAMES

EARTH INVADERS

The most advanced TV gamée v the workd 20
cariridges avariable Ada
on KEYBOARD coming ne
soon to convert the 95 vaT|
MATTEL to 3 home compuler wilh 16K RAM, fully
expandable and programmable n Microsoft Basic
Other accessories will be availabie latet in the year

THE OLYMPIA — POST OFFICE APPROVED
TELEPHONE ANSWERING MACHINE

WITH REMOTE CALL-IN BLEEPER

This telephone answering machine is manufactured by Olympia Business Machines. one of Ihe
largest Office Equipment manufacturers in the UK. It Ys fully POST OFFICE APPROVED and will
answer and record messages for 24 hours a day. With your remote call- -in bleeper you can receive
1hese messages by telephone wherever you'are inIhe world. The remote call-inbleeper activales the
Answer/Record Unit. which will at your command repeat messages, keep or erase them. and is
activated from anywhere in the world, or on your return to your home or office. The machine can also
be used for message referral, if you| have an urgent appointment, but are expecling an important call.
simply record the ‘phone number’ and location where you can be reached. With optional exira

bleepers (£|3 each] lhls 1acnhy can be

O
goucation. Jo
GOvERNmENT TnFoRvT 10
s l-.un—m'lon Comoany 2evorte.
oney &

These nvaders are a breed of creaiure hitherto
unknown 10 man. They cannol be killed by
tradiional methods — they must be buried The

The ACE TELCOM VDX1000 Prestel - View-

you can record as many as 45 messages.

bers of
g?vsil::mz;les and £23 95 Va; the lamlly Usnng aCs0 sxandard cassetle

The 2nd generation Galaxy Invader. The invaders.
have re-grouped and have a seemingly endless
supply of spacecraft whilst the plaver's arsenal 1
limited 1o just 250 mussiles to be launched from 3
missile stations. You have 10 prevent the invaders.

tanding or from
oy T 19 95,.,
defences L} VAT

()NEY
A
slat!‘

NOTE: The top of Hatheriey Roed
15 0ne wey only. Plesse enter from
Sidcup High Straer
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The announcement can be up to 16
seconds long and the incoming message
up to 30 seconds long

The machine 15 easy lo install and comes
with full instructions. It 1s easily wired to
your junction box with the spade connec-
tors provided or alternatively a jack plug
can be provided 10 plug into a jack socket
Most important, of course, is the facl that
it1s fully POST OFFICE APPROVED

The price of £135 (inc. VAT) includes the
machine. an extra-light remote call-in
Bieeper, the microphone message tape.
As/C mains adaplor. The umit 15
93 "x6"x2'%" and is fully guaranteed for
12 months, The telephone can be placed
directly on the unit — no additional desk
space is required.

or Tz0@ dlusiTated br ochy nd reviews on out Fange of eleciionk games piedse telephong Ot
301 1111 Frea oelrvery service avaiiable 1o order by teiephone ple w name pddkess
200 ACCESS SBARCLAYCARD number, and leave the rest 10 us Post and packing Free of Charge
Express 48 del Iverv lennce svallable
CALLERS WELCO emonsirations davly 81 our Swdcup shop. open from Sam-6pm,
Monday-Saiurday (Eam Cloting Thursday 1pm — Late Opening Friday Bpmi
" ivean, GuAAAmee All goods are coverad by & tull yoar's guaraniee and many are furtber
exclusive Silica Shop 2 year Guaraniee
- AONEY BACK UNDERTARING. ¥ vou bea unsanshas snin Yo purchase and return i within

Avaitable on all mactines out of gu;
never knowsngly undersold
Available on the sutabihity of
S ucmnss Full credn lacilies ayasiable
mes of intere:
PART EXCHANGE SCHEME  avaiiable on second-nand mactunes
CREDIT CAROS WELCOME  Access Barclaycard Diners Club American Enpress

SILICA SHOP LIMITED

1-4 The Mews, Hatherley Road. Sidcup, Kent DA14 4DX
Telephone: 01-301 1111 0r 01-309 1111

er 12 24 o 26 months at compeliive

data adaptor simply plugs into lhe aerial
socket of your television and enabies you to
receive the Prestel/Viewdata service in
colour or black & white.
Features
Simplilied controls for quick easy operatior:
Special graphucs feature for high resolution
State-of-1he-an microprocessor controller
Standard remote telephone keypad with Presisl
keys * X
.Auto dialler incorporated lor easy Preslel
acquisihon
— True PAL colour encoder using relable IC
chroma fiter and dela hine incorporated for
minimum picture iNlerference/manimum
fidelity
Includes convenient TV — Prestel swiichbox
Easily connected 1o standard home or office
telephone hnes
Fully Posi Office aporoved

Sicl'£228.85 -

1$W%JMiﬂ

SHUP,
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GREENWELD

443D MILLBROOK ROAD, SOUTHAMPTON SO1 0HX
All prices include VAT—just add 40p post. Tel (0703) 772501

THE SPECTACULAR
1981 GREENWELD

Component Catalogue
Bigger and better than ever!!!
@ 60p discount vouchers
@ First Class reply paid envelope
@ Free Bargain List
@ Priority Order Form
@ VAT inclusive prices
@ Quantity prices for bulk buyers
SEND 75p FOR YOUR COPY
NOWII1

VEROBLOC BREADBOARD
New from Vero, this versatile ald for
bullding and testing clrcults can accom-
modate any size of IC. Blocs and be joined
together. Bus strlps on X & X axis—total
360 connexion points for just £4-15,
(Photo shows 2 blocs)

TTL AND REED PANEL
2528 74 Serles 1Cs—Gates and complex
loglc. 20 asstd. ICs on panels £1; 100 ICs
£4

Z527 2 x 6V reed relays, 6 x 25030 or

25230 6 x 400V rects, + R’s, Only 50p,
IN4006 DIODES

Speclal purchase of 1A rects, Russian

made, Packed In boxes of 300, £8-50 per

box; 4 boxes £30-00; 10 boxes £75-00.

DISC CERAMICS
0:224F 12V 9mm dla, Ideal for decoupling,
100 for £2-75; 1000 £20-00,
0-54F 12V 15mm dia. 100 £1-50; 1000
£12-00,

TRANSISTOR PACK K516
Take advantage of this unbelievable offerll
Small signal NPN/PNP transistors In
plastic package at an incredibly low, low
pricell Almost all are marked with type
number—almost all are full spec devices,
some have bent leads. Over 30 different
types have been found by us, Including
BC184/212/238/307/328; BF196/7; ZTX107
8/9/342/450/550 etc, Only avallable as a
mixed pack at £3/100; £7/250; £25/1000,

CALC CHIPS 60p!!!
New full spec, supplled with data. Type
MK50321—full function Inc memory, Only
60p.

COMPONENT PACKS
K503 150 wirewound reslstors from 1W to
12W, with a good range of values, £1-75.
K505 20 assorted potentlometers, all types
1 i single, rotary and
sllder. £1-70.

K511 200 small value poly, mica, ceramic
caps from a few pF to -02uF, Excellent
variety, £1-20,

K514 100 silver mica caps from 5pF to a
few thousand pF. Tolerances from 1% to
10%. £2-00.

K516 Transistor Pack. Small signal NPN/
PNP transistors In plastic package.
Almost all are marked, full spec devices,
but some have bentleads. Over 30 different
types have been found by us, Inc.
BC184/212/238/307/328; BF196/7; ZTX107/
8/9/342{450/550 etc. Look at the low pricel
100 for £3-00; 250 for £7-00; 1000 for £25.
K520 Switch pack—20 different, rocker,
s|ide, rotary, toggle, push, micro, etc.
Only £2:00,

K521 Heatshrink pack—5 diff, sizes, each
200mm. 50p.

2708 FULL SPEC £2
REGULATED PSU PANEL

Exclusive Greenweld deslgn, fully variable
0-28V & 20mA-2A, Board contains all
components except pots and transformer,
Only £7-75. Sultable transformer and pots
£6-00. Send SAE for fuller details,

TRANSFORMERS
Malns primary, 50V 20A sec. £20, Malns
primary, 110V 15A sec, £30; 20A £40.

ALFAC PCB TRANSFERS
Lines, curves, dots, pads, DIL pads, etc.
Pack of 13 difterent sheets. £6-15.

BARGAIN LIST 13
10 page A4 list with 800 different jtems,
many unusual, all at cut-price—switches,
relays, pots, R's, C's, connectors, hard-
ware, semiconductors, meters, displays,
packs, panels, motors etc. etc. And its
FREE!—just send 9 x 4 stamped SAE.

4 TERMINAL REGS
KATBMG In power mini-dip case 5-30V at
A, £1-00.

H#ATIMG Negatlve version of above.
£1-20.

Only 4 extra components required (50p
extra) to make a fully varlable supplyl!
Data supplled.

1W AMP PANELS
A011 Compact audlo amp Intended for
record player on panel 95 x 65mm Includ-
ing vol. control and switch, complete
with knobs. Apart from amp circultry bullt
around LM38ON or TBA820M, there Is a
speed control ¢lrcuit using 5 transistors.
9V operation, connexlon data supplied.
ONLY £1-50,

VU METERS
V008 Very attractive 55 x 48mm scaled
—20 to +5dB. 250uA movement. Only
£1-75, or £3-00 palr.

OP-AMP PSU KIT
A198 All parts + Instructions to make a
50mA +15, 0, —15V supply from mains
input. Only £1-95.

COPPER CLAD BOARD

K522 All pleces too small for our etching

kits. Mostly double sided fibreglass.
250gm (approx. 110 sq Ins) for Just £1-00.
JOB LOT OF
COMPONENTS

9500 1N4006; 10000 -033/50; 22000 10pF/50;
15000 -22/12; 11000 270pF/50; 15000 68pF/50.
30000 various resistors. Total 112,500
components for £400 Inc, VAT & carr,

12 VOLT INDICATORS

Ideal for 1light chasers, etc. Mintature
12V 75mA wire ended lamps in yellow,
red, green, blue and clear. 10p each,
20 each colour, total 100 for £5:50.

PANELS
7521 Panel with 16236 (2N3442) on small
heat sink, 2N2223 dual transistor, 2 BC108,
dlodes, caps, res|stors, etc. 60p.
Z482 Potted Oscillator Module works
from 1-20V, can be used as LED flasher
(3v min). Suppiled with connection data,
sultable R, C & LED. £1-00.
2527 Reed relay panel—contains 2 x 6V
reeds, 6 x 2S030 or 25230, 6 x 400V
rects + Rs, 50p,
2529 Pack of er panels
Ing 74 serles ICs, Lots of difterent gates
and complex logle. All ICs are marked
with type no. or code for which an
identification sheet Is supplled, 20 ICs
£1-00; 100 ICs £4:00.
A504 Black case 50 x 50 x 78mm wlith
octal base, PCB Inside has 24V reed
relay, 200V TA SCR, 4 x 5A 200V rects,
ete, 60p.

ODDS & ENDS

Transformer, malns in, 1770V 10mA out,
£2°50

W847 PCB mntg. relay 11 x 33 x 20mm.
37R 5-10V SPCO 3A. 95p,

801AS5 Pickering DIL relay 500R, SP make,
3-7-10V, ex-equip on PCB. 75p.

X905 140 x 10mm ferrite rod with LW &
MW windings, 45p.

10M W 5% CF Reslistors—pack of 200 £1,
40W amp PCB + cct + layout, £1-00. All
parts to make. £3-50.

1% +W R's—111k, 333k, 500k, 900k, 950k.
All 10 25p.

FNAS5220 2 digit}” 7-seg display on PCB,
CC. With data £1-50.

7-sep displays: FND360, 367, 501, ail 50p;
530, 847, 850, all £1-50.

Regs, TO3 case: 7924 120p; 7885 100p;
7808 100p; 7912 100p; T8CB 230p. Others
on B/L 13 Op-Amps: 1 A4136 130p; L AT76
145p; L ATT7 300p; 14 A318 245p.

Isolators: FCD831, iL15, TiL118, all §0p.
P.C. ETCHING KIT Mk V
The best value In etching kits on the
market—contalns 100 sq ins copper clad
board, Ferrlc Chlorlde, Etch resist pen,
abraslve cleaner, two miniature drlll bits,
etching dish and Instructions, All for

£4-

ELECTRONICS
A NEW AND EXCITING HOBBY!

BIG WELL ILLUSTRATED BOOK
Ideal for beginners — glves
lots of general informaston
- explains how to build
lots of projects :
intercom, Raln-Alarm,
Radios, Organ, Parking
Light etc. All parts
supplied and can be
re—used on special

deck provided, so

NO SOLDERINGIs

required. Just needs
4%V battery

£17-50 inc. vaT & Post

Also

AOVENTURES WITH MICROELECTRONICS
— Explore the world of silicon chips

Al components & Deck, £27.95inc VAT & Posr
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Plug skt.
2-5mm 10p 10p
3-5mm 10p 9p
Stand'd 16p 20p

Subminlature toggle | Jack
SPST 55p SPDT 60p DPDT 75p
Standard toggle

SPST 35p DPODT 48p

Slide switches

Mini e 14p Standard DPDT 16p
Rotary switches

1P12W, 2P6W, 3P4W, or 4P3W 55p ea.
Push to make 15p. Push to break 22p.

[COMPONENT KITS|

iIW Resistor kit. Contains 10 of each
value from 4-7 to 1M (650 resistors).
480p each.

Ceramic capacltor kit. Contalns 5 of
each value 22pF to 0-01uF (135 caps.).
Y70p each,

Polyester Capacltor kit. 5 of each value

{ LM380
= LM381
LM382
LM1458 40
LM3300 50
LM3909 70
LM3914 260
LM3915 260
LM13600120

DIN Plug skt.
2 pin 9% 9p
3 pin 12p 10p
5 pin

180 13p 11p

80 | NES55 23
120 | NE556 55
120 | SN76477170

TLo81 40
TLO84 110
XR2206 300
ZN414 100
ZN425E 390
TBAS00 80

1ror“ 0-01 to 1uF (65 capacitors). 575p
each.
Nut and Bolt Kit. Total 300 items. 140p

Please send 28p in stamps for

each. our new 28 page catalogue

25 6BA i” boits
25 6BA §” bolts
50 6BA washers
50 6BA nuts

CAPACITORS]

Polyester. Radial leads. C280 type. 0-01,

O0-015. 0-025. 0-033, 6p; 0°047, 01, 7p;
15, 0-22, 9p; 0-33, 0-47, 13p; 1-0, 23p. 5mi

Electrolytic, Radial leads. i Smm ;ergen 12:

1/63V, 2:2/63v, 4-7/63V, 10/25V, 7p; 14p

22/25V, 47/25V, 8p; 100/25V, 9p ; 220/25V,

14p; 1000/25V, 30p. i 30p

[TRANSISTORS i FNDS500 %0p

25 4BA 1" bolts
25 4BA }” bolts
50 4BA washers
50 4BA nuts

3mm green 14p
3mm yellow 14p

{free with orders over £5). Prices
exclude VAT, Add 50p carrlage on

orders below £20 In va!ue
[ R —
9p

95p
Verapins per 100
Single sided S50p

| Double sided 60p

AC128 25| BC178 18 | BD131 3§
AC176 25 BC182L 10 | BD139 35 |
AD161 40 | BC184L BD140 35 9
AD162 40 | BC212L BFY51 23 i

10 | BC214L MJ2955 100 12p

10 | BC547 TIP2955 60 100 Soldercon

12 | BC548 TIP3055 55 pins 60p | 4”

10 | BD131 35 | ZTX107 12 | k6

* Same day despatch * Competitive prices
* Top quality components * In-depthstock

LECTR

BEST SELLERS . ..

RECHARGEABLE CELLS by SANYO-CADNICA Size AA 99.C227.03.78. PP3 4.10
with rags: AA 1.06, C 2.43. D 3.99.

CHARGERS PP3 4,75 AA 4.95. A, C. D 7.80.

PLASTIC BOXES PB1 116 x 77 x 35mm 62p

Breadboards Euro 5.70N, Verablock 3.63.

Bimboard 8.03. Buzzer 6-15V 80p,

CAPACITORS polystyrene 47-4700pF ea 7p. C280 .01 6p, .1 7p. .22 9p {ful} range).
Polyester (PCM 7.5mm) 001 6p. .0047 7p. .056 8p. r 9p. rPCM 10mm} |u? 26p.
(Many more values in this range).

Variable Dilecon 100pF 2.08, 500pF 3.21

ELECTROLYTICS full range

CONMECTORS }’ jack plug 32p. skt 12p. 3.5mm jack plug L7p. skt 14p. 2.5mm $2p.
DIP header 14 pin 38p. 18 pin 43p

Ouick test mains block 5.25,

Fuse holders 20mm panet 22p, chassis Bp.

HALL-EFFECT devices trom | BIN

Heat sinks Power 1,25° C/W 2.85: hinger type T03 25p. T0220 25p.

INTEGRATED CIRCUITS — hundreds of types: 741 18p. 555 23p. CA3140E 40p,
LM380N 999, LM3914N 2.68. S5668 2.14, TCAS65 1.20

1C holders 8 pin’9p. 14-40 pin tp per pin.

KNOBS, screw fittings }** from 16p.

Loudspeakers 2.1/2'" 8 or 64 ohms 93p.

Magneto resistors from 1.60N

Meters. panel 60 x 45mm 50uA-1A ea 4.80

Opto LEDS red 7p, yellow 9p. green 11p: ultrabright 21p all colaurs.

LED drivers UAAT70/UAAY 80 ea 1.52.

POTENTIOMETERS carbon 20mm dia. 100R-2M2 lin, 220R-4M7 log single 29p. 1K-
2M2 lin, 4K7-2M2 log duals, ea B1p. Add 51p it required with switch.

Shiders mano 72p. steren 1.18, bezel 34p

Wirewound 25R-10K. 3 watt ea 1.50.

PRINTED CIRCUIT MATERIALS. 300 x 150mm S/S SRBP {.25, f/gl 1.90. 500gm
ferric chlonde Iab grade 3.40. Positiv 20 photo resist 75mi 1.85. Etch resist pen 1.05.
silver paint 3g 4.14N. Relays ) 2v coil 3P2W 10A contacts 2.90. Resistors. W W jw
5% ea 2p, Metal oxide TRS 2% 5p, film MR25 5p

SEMICONDUCTORS 1N4007 6p. 1N4148 3p. RCAZN3055 70p. 8C107-9 family
14p, BC182/212 family 3p, BFR34A 63p. BFTES 1.1, C10601 45p, TIP3IA/324A ea
440, TIP41A/42A ea 45p. TIP2955/TIP3055 ea 55p,

Solder 500gm 60/40 20SWG 7.30N.

JRONS Antex C, CCN, CX or X25 ea 4.40N. Oryx 50 temperature controlled 11.50N
1SO-TIP cordless with charger 24.00N

SWITCHES slider DPOT min 18p, std 20p Wavechange 1P12W. 2PGW. 3P4W. 4P3W
ea 40p. Time switch 13A 3 on/3 off per day 14.68N. Min toggles silver contacts SPDT
§7p. CPOT 80p, 3POT 1,84, 4P0T 2.75. DIL gold plated 4PST 35]1, 10PST 2.10.
Miniature dnills, 12V dc TITAN 10.2BN. TITAN ki 17.06N. Stand 12.00N,

Tools CK phers 4.30, cutters 6.10, strippers 4.95.

Vero wiring system kit 4.42, wire 1.17

Computers Nascom 1 built £140.00N

NASCOM 2 kit £295.00 complete (less 8 x 4118's £225.00N), P/S kit. 3 amp
32.50N. 18K RAM kit 110.00N

ALU

BEST
SERVICE

*
KEEN BUYERS!
A SAE BRINGS
COMPREHENSIVE
PRICE LIST
{valid 3 mths.)
COVERING
CATALOGUE "81

ACCESS AND
BARCLAYCARDS
ACCEPTED

EVERYTHING
BRAND NEW &
GUARANTEED

HARD TO FIND
ITEMS

KEEN PRICES &
DISCOUNTS

SPECIAL
QUANTITY
DISCOUNTS

SPEEDY
TURN ROUND
ON DRDERS

ND P/P CHARGES
ONUK CWD.
ORDERS DVER

£5.75. (Add
hangling charge
of 40 if under).
*

PLEASE ADD 15%
VAT. T0 TOTAL
VALUE OF ALL
ORDERS.

*

Shop Hours —
9-5.30:
Sars. 9—1 pm.

ELECTROVALUE LTD. pEPT. Pw/7, 28 St Juden Resd, Englefiod Groen, Egham, Surrey TW20 ONB.

Phena Egham 33603 (STD 0784 . Lenden 87). Telex 264475

Northern Branch (Persanal Shoppets only) 680 8urnage Lare. Butnage. Manchester M19 TNA. Phone |061) 432 4945,
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A.
|
This new style course will enable
anyone to have a real understanding
by a modern, practical and visual
. method. No previous knowledge is

required, no maths, and an absolute
minimum of theory.

’ You learn the practical way in
e re s ow easy steps mastering all the essentials
of your hobby or to further your
career in electronics or as a self-

ou mas*er employed electronics engineer.
All the training can be carried out
in the comfort of your own home

I f ~ and at your own pace. A tutor is
e ec ron Ics. available to whom you can write, at
any time, for advice or help during
your work. A Certificate is given at

el fhe praCt ical way. the end of every course.

1. Build an oscilloscope. ——py

As the first stage of your training, you actually build
your own Cathode ray oscilloscope! This is no toy,
but a test instrument that you will need not only for
the course’s practical experiments, but also later if
you decide to develop your knowledge and enter the
profession. It remains your property and represents
a very large saving over buying a similar piece of
essential equipment.

2.Read, draw and understand
circuit diagrams.

In a short time you wil! be abie to read and draw
circuit diagrams, understand the very fundamentals
of television, radio, computers and countless other
electronic devices and their servicing procedures.

3.Carry out over 40 experiments
on basic circuits.

We show you how to conduct experiments on a wide
variety of different circuits and turn the information
gained into a working knowledge of testing, servicing
and maintaining all types of electronic equipment,
radio, t.v. etc.

4. Free Gift.

All students enrolling in our courses receive a free
circuit board originating from a computer and
containing many different components that can be
used in experiments and provide an excellent example
of current electronic practice.

r N I S D N S S S S 1
Post now, without obligation, to:-

| BRITISH NATIONAL RADIO & |
ELECTRONICS SCHOOL

h

U

4
7

_ ,
N/ e /)
‘&
11/
A sttt T Crrts

ULl

/3

77

/

v/

4, Cleveland Road, St. Helier, Jersey, Channel Islands. I
l NAME ) I
ADDRESS

I EE/7/811

! Block caps please
ol L IS DEED SN JINE IS D I S J
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The prepaid rate for classified
advertisementsis 24 pence per word
{minimum 12 words), box number
60p extra. Semi-display setting
£6-16 - per single column centimetre
{minimum 2-5cm). All cheques,
postal orders, etc., to be made pay-
able to Everyday Electronics and
crossed “‘Lloyds Bank Ltd.”’ Treasury

CLASSIFIED

notes should always be sent
registered post. Advertisements,
together with remittance, should be
sent to the Classified Advertisement
Manager, Everyday Electronics,
Room 2337, IPC Magazines Limited,
King's Reach Tower, Stamford St.,
London SE1 9LS. (Telephone
01-2615942).

Receivers and Components

P.C.Bs. PAXOLIN 111" x 8” 80p. 16” x 11§ £1-40.
ILB WT ASSORTED PIECES 80p. D.S. 10” x 8;”. 85p.
FIBREGLASS 12” x 8” £1-70. 14" x 6” £1-50. D.S. 10}” x
77 £1-35. 8” x 77 £1-10. PANEL WITH 40 ASSORTED

NENTS, S, .
7LBS ASSORTED COMPONENTS £3-95. 3 ASSORTED
M.C. METERS £3. LIST 20p. REFUNDABLE. POST 50p.
INSURANCE ADD 20p.

J. W. B. RADIO
2 BARNFIELD CRESCENT, SALE, CHESHIRE
M33INL

TURN YOUR SURPLUS capacitors, tran-
sistors etc,, into cash. Contact Coles Harding
& Co., 103 South Brink, Wisbech, Cambs.
0945 4188. Immediate settlement.

MIXED PACKS. 200 components £4. 100
£2-50. 100 transistors £5. 160 diodes £1. 50
connectors £1. 1920s onward valves, wire-
less. Lists 25p SAE. SOLE ELECTRONICS,
EE, 37 Stanley Street, Ormskirk, Lancs
L39 2DH.

VEROBOARD 0-1 stripboards average size
31, X51, 45p each. Orders to ALCO ELEC-

SERVICE SHEETS from 50p and SAE.
Catalogue 25p and SAE, Hamilton Radio,
47 Bohemia Road, St. Leonards, Sussex.

Any single service sheet £1/L.S.A.E.
Thousands different Repair/Service
Manuals/Sheets in stock. Repair data
your named T.V. £6 (with circuits £8).
S.A.E. Newsletter, Price Lists. Quota-
tions.
AUSEE, 76 CHURCHES,
LARKHALL, LANARKSHIRE
(0698 883334).

Software

CARDBOARD COMPUTER: Learn Assembly
Language Programming and Computer
Architecture. £8-97 inc VAT. Also Solar
Cells, Science Kits, Energy Books, Stirling
Engines, Space Blankets etc. etc. Send 25p
for lists. Edencombe Ltd., Dept PM., 34
Nathans Road, North Wembley, Middlesex
HAO 3RX.

SIXTY ZX80/81 PROGRAMS. Specify which,

h d

e e | (S A gl
) — o games, utility programs, home finance,
QUALITY COMPONENTS at competitive E'Zaxﬂgg’/slch"i?r‘;‘;mb;‘;!f’ e B e
prices. SAE hsts.ShRKS ELESTRONICS, 13e Tips. From Sussex Software, Wallsend

Queens Terrace, erborne, Dorset. House, Pevensey Bay, Sussex.

Veteran & Vintage For Sale

NEW BACK ISSUES OF “EVERYDAY

“*SOUNDS VINTAGE"
The only magazine for all vintage sound
enthusiasts, packed with articles by top
writers, covering gramophones, phono-

graphs, 78s, wireless, news, history, reviews,

etc.

Bi-monthly. Annual subscription £6:60
(airmail extra). Send 75p for sample copy.
28 Chestwood Close, Billericay, Essex

Books and Publications

BOOKS. BOOKS. BOOKS. Large range of
radio and electronic books in stock. Send
S.A.E. for lists. Servio Radio, Dept. EE7,
156-158 Merton Road, Wimbledon, London
SWI19 1EG.

MUSIC MAKER. Typewriter Keyboard re-
places piano type. Amateur organ builders
send £1.00 for your copy—post free—
“QWERTONIC MUSICAL KEYBOARD” a
new book by P. G. Roche to 71 Elmfield
Avenue, Teddington, Mddx. TW11 8BX.

OUT OF PRINT Book Service. 17 Fairwater
Grove(E), Cardiff. Send S.A.E. for details.

Service Sheets

BELL’S TELEVISION SERVICE for service
sheets on Radio, TV etc. £1 plus SAE.
Colour TV Service Manuals on request.
SAE with enquiries to BTS, 190 King’s
Rd, Harrogate, N. Yorkshire. Tel: 0423 55885.

510

ELECTRONICS” Available 85p each Post
Free, cheque or uncrossed PO returned if
not in  stock. BELL’S TELEVISION
SERVICES, 190 Kings Road. Harrogate,
Yorkshire. Tel: (0423) 55885.

SECONDHAND ELECTRONIC TEST equip-
ment including oscilloscopes, generators,
psu’s. NORFAB PLANT AND MACHINERY.,
Telephone Potter Heigham (069-27) 721.

THE SCIENTIFIC WIRE
COMPANY

PO Box 0. London E.4. 01 531 1568,
ENAMELLED COPPER WI{RE

SWG 11lb 80z 402 202
8 to 29 2-76 1-50 0-80 0-60
30 to 34 3-20 1:80 0-90 070
35 to 39 3-40 2:00 1-10 0-80
40 to 43 4-75 2:60 2:00 1-42
44 to 47 5-90 3-80 2-39 2-00
48 to 49 15:96 9-58 6:38 3-69
SILVER PLATED COPPER WIRE
14 to 30 6-50 3-15 2-20 1-40
TINNED COPPER WIRE
14 to 30 3:85 2-36 1-34 090

Prices Incl. P & P vat. Orders under £2 add 20p. SAE
tor List of Copper/Resistance wire. Dealer enquliries
welcome.

Registered Office 22 Coningsby Gardens.

GLASS FIBRE OPTIC LIGHT GUIDE multi-
stranded 0-031 inch distal diameter, 80p
per metre, 0:064 inch £1-20 per metre,
Minimum order value £2:40 c.w.0. D.
LLOYD (NYEWOOD EQUIPMENT), 91 Til-
more Gardens, Petersfield, Hampshire.

[ DIGITAL WATCH BATTERY |
REPLACEMENT KIT

These watches all require
battery (power cell) replace-
ment at regular intervals.
This kit provides the means.
We supply eyeglass, non-
magnetic tweezers, watch
screwdriver, case knife and
serewback case opener, Also
one doz. assort. push-pieces,
full instructions and battery
identification chart. We then
supply replacement batceries
—you fit them. Begin now.
Send £9 for complete kit
and get into a fast growing
business. Prompt despatch.

BOLSTER INSTRUMENT CO. (EE28)
Il Percy Avenue, Ashford, Middx., TWI5 2PB

Miscellaneous
PRINTED CIRCUITS. Make your own
simply, cheaply and quickly! Golden
Fotoka Light Sensitive Lacquer—now

greatly improved and very much faster.
Aerosol cans with full instructions, £2-25.
Developer 35p. Ferric Chloride 55p. Clear
Acetate sheet for master 14p. Copper-clad
Fibre-glass Board approx. lmm thick £1-70
sq.ft. Post/packing 75p. WHITE HOUSE
ELECTRONICS, PO Box 19, Castle Drive,
Penzance, Cornwall.

ENAMELLED COPPER WIRE
G I 1b

i lb t1b
10 to 19 2-60 I-60 0-70
20 to 29 2-65 1-70 0-75
30 co 34 3-10 1-90 = 0-85
35 co 39 3-30 2850 = 1-05
40 to 43 4-75 2-55 1-90
44 to0 48 5-80 3-65 2-20

FREE WIRE TABLES WITH EACH ORDER
INDUSTRIAL SUPPLIES
102 Parrswood Road, Withington,
Manchester 20
Prices ful y inclusive in U.K.

BALLARD’S OF TUNBRIDGE WELLS have
moved to 54 Grosvenor Road, No lists. SAE.
All enquiries phone T/Wells 31803.

LEARN

ELECTRONICS

SOLDER

Build electronic
circuits without solder
on a Roden S-Dec.
This has built-In
contacts and holes into
which you piug your components.
Suitable for all ages. Can be used
time after time. Ideal gift for
students or experimenters.

Full instructions and 2 circuit

\
diagrams with each S-Dec.
Send cheque or P.0. to:- ’
Roden Products, Dep EE =
High March, Daventry, £ %
[ ] plus 40p p.&p. each
e

Northants. NN1M4QE.
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/” Notsomuchahobby...morea
s ¢  WoOrkofart

The application of woodworking techniques
plays a major part in all woodworking projects.
Practical Woodworking's unique and authoritative
style of approach explains basic and advanced
methods and incorporates a wide variety of designs
and projects.

Features in our July issue include: an elegant
canterbury stand from Thomas Sheraton’s design
book; modern ideas on a garden seat design from
Ashley Cartwright a prominent young British
designer —this and other matching garden pieces
were featuredin The Chelsea Garden Flower Show;
a fishing stool for the new season, and a lantern
greenhouse which uses plastic sheeting instead of
glass.

PRACTICAL

WOOD WORKING

July Issue 70p

ORDER FORM PLEASE WRITE IN BLOCK CAPITALS

Please insert the advertisement below in the next available issue of Everyday Electronics for ..................... oo o TTh 000 GO
ingertions. 1 enclose Cheque/P.O. for £.............oviiiviiiiiantn

(Cheques and Postal Orders should be crossed Lioyds Bank Ltd. and made payable to Everyday Electronics)

NAME Send lo: Classified Advertisement Manager

EVERYDAY ELECTRONICS

GMG, Classified Advertisements Dept., Room 2337,
ADDRESS ......... f08p06QOODGD A e s samunsndoudeatas ettt anuncun Nt A, King's Reach Tower, Stamford Street, London SEI ILS.

Telephone 01-261 5942

Rate:

............................... P T R T L L L L R L L R 24p per word, minimum 12 words. Box No, 88p extra.

Company registered In Engiand: Registered No. 33526. Registered Office: King's Reach Towaer, Stamford Street, London SE1 9LS.
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FAMOUS LOUDSPEAKERS Post£2

Make Model Slze Watts Ohms Price
Seas Tweeter 4in 50 8 £7-5
Goodmans  Tweeter 33In 25 8 £4-
Audax Tweeter In 60 8 £10-50
Seas Mld-Range 4In 50 8 £7-50
Seas Mid-Range  Sin 80 8 £12-00
Seas Mid-Range  4iin 100 8 £12-50
Goodmans Fuii-Range  5iIn 15 8 £6-50
Goodmans Full-Range 8In 30 8 £9-98
Seas Woofer 8in 30 8 £14-00
Rigonda Full-Range  10in 5 8 £5-50
Goodmans Audlom 12PG 60 8 £20-00
Goodmans Dh2 12In 90 8/15 £27-50
Goodmans Audiom 12P 50 8/15 £20-00
Baker Disco 12ln 100 8/16 £20-00
Baker Disco 15in 100 8/16 £28-00
BATTERY ELIMINATOR MAINS to9 VOLT
DC

Stabllised output, 9 volt 400 m.a, UK made with terminals.
Overload cut out. 5 x 3} x 2§in. Transformer Rectifter Unit.
Sultable Radlos. Cassefles, models, £4-50 post S0p.

E.M.l. 13} x8in Speaker Sale!

With tweetesn And'::rossover. £9-95
10W. State 3 or 8 ohm.

Hiustrated Post £1
15W model £10-95

8 ohms Post £1
GOODMANS 20 Watt Woofer
Size 8in. 4 oh P

Ruzbebernconoe ::asnoundA ﬁg'?& l

MATCHING TWEETER
4in square 4 ohm £3:25 Pg];t
]

R.C.S. MINI MODULE

KIT 3-way
Loudspeaker System, EMI 5in
Bass, Sin Middle, 3in Tweeter,
with 3-way Crossover and Ready
Cut Baffle. 15 x 83in,

Full assembly instructions.
Response = 60 to 20,000 cps 12

S. 8 ohm. £10 each.

£18-50 pair. Postage £1-50,

R.C.S. LOUDSPEAKER BARGAINS
3 ohm, 4in. 5In, 7 x 4in. £9-50; 8 x 5In, 6fIn. £3; 8in. £3-50.
8 ohm, 2in, 24In. 3in. 5in. £4-50; 8in. £4-50; 10in. £5; 12In, £8,
15 ohm, 3}in. 5 x 3In. 6 x 4in. 7 x 4In, £1-50,
25 ohm, 3In. § x 3In. 7 x 4in. £1-50; 120 osm, 3}in dia. £1:30,

LOW VOLTAGE ELECTROLYTICS
1,2, 4,5, 8, 186, 25, 30, 50, 100, 200mF 15V $0p. 500mF 12V 15p;
25V 20p ; 50V 30p; 1000mF 12V 20p ;25V 35p; 50V 50p; 1200mF/
76V 80p; 2200mF 6V 25p; 3000mF 25V 50p; 50V 65p; 3300mF
63V £1-20; 4700mF 63V £1-20; 2700mF/76V £1. 4700mF 40V
85p ; 50V 95p; 5600mF 76V £1:75,

HIGH VOLTAGE ELECTROLYTICS

8/450V 45p 8+8/450V  I5p 50+50/300V 50p
16/350V 4Sp 8+16/450V  7Sp 32+32+32/325V  75p
32/350V 715p 20+20/450V  7Sp 100+ 100/275V 85p
50/350V 80p 324-32/350V  S0p 150+-200/275V 70p

50/500V £1-20 32+32/500V £1-80 220/450V 95p
MANY OTHER ELECTROLYTICS IN _STO_CK_ B
TRIMMERS 10pF, 30pF, 50pF, 5p. 100pF, 150pF, 15p.
CONDENSERS VARIOUS, {pF to 0-01mF, 3p.

PAPER 350V-0-17p;0:513p; 1mF 150V 20p; 2mF 150V 20p
400V~0-001100-055p;0:115p; 0:2525p; 0-47 35p.

MICRO SWITCH SINGLE POLE CHANGEOVER 30p.
SUB-MIN MICRO SWIT3H, 30p. Single pole change over.
TWIN GANGS 120pF S0p; 500pF £1.

GEARED TWIN GANGS 25pF 95p; 365pF £1;

365 + 365 + 25 + 25pF £1,

NEON PANEL INDICATORS 250V, Red 1} x $ 45p.
ILLUMINATEO ROCKER SWITCH, Single pole, Red 65p.
RESISTDRS. 100 to 10M. §W 20% 2p ; 2W, 10p.

HIGH STABILITY.{W 2% 10 ohms to 1 meg. 8p.

Ditto 5%. Preferred values 10 chms to 10 meg. 3p.
WIRE-WOUND RESISTORS 5 watt, 10 watt, 15 watt 15p.
CASSETTEMOTOR, 6 volt£1-00.

ALUMINIUM CHASSIS 18 s.w.g. Undrliled, 4 sldes, riveted
corners; 6 x 4 x 25in.—€1-20;8 x 6 x 2}in.—£1:50;10 x 7 x
24In.—£1-90; 14 x 9 x 2}In.—£2-50; 16 X 6 x 2}In,—£2-40;
12 x 3 x 2¢in,—£1-50; 12 x 8 x 2§In.—£2:20; 16 x 10 x 2}In
~£2-70. ANGLE BRACKET 6 x } x }in.—25p.
ALUMINIUM PANELS 18 s.w.g. 12 x 12In.—€1:30; 14 x
9in.—£1-20; 6 x 4In.—38p: 12 x 8in.—9%0p: 10 x 7in,—80p;
8 x 6In.—60n; 14x 3In.—60p; 12 x 5In.—60p; 16 x 10in.—
£1-40;16 x 6In.—%p.

BLACK PLASTIC construction box with brushed aluminlum
facla slze 8} x 43 x 2” £1-50. Many other sizes.

BRIDGE RECTIFIER 200V PV § amp 50p. 2 amp £1°00.

4 amp £1-50 6 amp £2-50.

TOGGLE SWITCHES SP 300, DPST 40p, OPDT 50p.
MANY OTHER TOGGLES IN STOCK. Please enquire,

BSR 170/2 BUDGET SINGLE PLAYER Ideal for disco
or HI-Fi system; stereo cartridge cuelng device
and blas compensator; 3 speeds Post

B8SR STEREO CARTRIDGES SC7 medium output £2.
Sonotone 9T A-HC £2-50. V 100 Magnetic £7.

MAINS TRANSFORMERS
Post Post
30p 6-0-6V 100mA .. .£1-30 80n
80o 9-0-9V 50mA £1-50 800

800 12V, 3a £3-50 £1

£1 10V, 20V, 40V, 2a€£3-50 £2

p 20V, 1 amp .........£3-00 £1
1TV-0-17V, 2a..£4-00 £2 20V-0-20V, 1a £3:50 £1

0,5,8,10,16V,3a£2:50  £1 20f18V,6%a .... £11-00 £2-50
v £3-50 1

9V, 3amo ...... " £1 12-0-12V,2a.... £3-50 £
15-0-15V 2 a.... £3-00 £19V,{amp...... £1-
35V, 2a.....,.. £3-50 £1 28V, 1a +28V 1a £5
T 3 £1 32 V 6-5
20V,40V,60V, 1a £4-00 £1 12V 2amp..

Radio Component Specialists
337. WHITEHORSE ROAD
CROYDON, SURREY, U.K, TEL: 01.684 1665
Post 65p Callers |
Access-Barclay-Visa..Closed Wed. Lists 30p.

NO
BATTERIES
NO WIRES

ONLY
£37.99
PER PAIR

+ VAT £5-70
+P&P£195
The modern way of instant 2-way communications.
Just plug into power socket. Ready to use, Crystal
clear communications from room to room. Range
4+-mile on the same mains phase. On/off switch.
Volume control, with *buzzer' call and light indicator.
Useful as inter-office intercom. between office and
warchouse, in surgery and in homes.

Also F. M. 2 channel “touch™ model £55-95 per pair
+ VAT £8-40 4+ P&P £2-15.

NEW AMERICAN TYPE CRADLE
TELEPHONE AMPLIFIER
w
2 & £18.95

+ VAT £2-85
+ P&P £1-635

MAINS INTER

Latest transistorised Telephone Amplifier, with
detached plug-in speaker. Placing the receiver on to
the cradle activates a switch for immediate two-way
conversation without holding the handset. Many
people can listen at a time. Increasc efficiency in
office, shop, workshop. Perfect for “conference’
calls: leaves the user’s hands free to make noles,
consult files. No long waiting, saves time with long-
distance calls. On/off switch, volume control, Con-
versation recording, model at £20:95 + VAT £3-15.
P&P £1-65.

DOOR ENTRY SYSTEM

No house | business / surgery should be without a
DOOR ENTRY SYSTEM in this day and age. The
modern way to answer the door in safety to un-
wanted callers. Talk to the caller and admit him
only if satisfied by pressing a remote control bution
which will open the door electronically. A boon for
the invalid, the aged, and busy housewife. Supplied
complete d.i.y. kit with one internal Telephone,
outside Speaker panel, electric door lock release (for
Yale type surface latch lock): mains power unit,
cable (4 pairs) 50ft and wiring diagram. Price
£59-95 + VAT £9:00 + P&P £2-25. Kit with two
phones £69-95 4+ VAT £10-50 + P&P £2-45.
10-day price refund guarantee on all items
Access and Barclaycard welcome.

WEST LONDON DIRECT SUPPLIES EE 7

damms 169 KENSINGTON HIGH STREET,
LONDON, W8 Tel: 01-937 5548

POPS COMPONENTS

38/40 LOWER ADDISCOMBE ROAD
CROYDON, CR0 6AA
01-688-2950
% POPS SPECIAL OFFERS THIS MONTH #
Free LEDs + Cat. with every Order!
STEREO POWER AMPLIFIER MODULE
25W per channel into 8 ohms. In kit form.
Really easy to build with fully comprehensive

instructions at only £9-99.

Fully buiit and tested—only £11-99,
(Pre-Amp at £6 and Power Pack at £7
available.)

ARE YOU FULLY ADAPTABLE?

We have 12v Transformers at 400 mA on a
panel with Rects. at only £1-10.

O.K. for 12v mains adaptor for radio,
cassettes, etc.

Boxes suitable for above available at 50p
each,

SOLAR CELLS 3” x i”. Give 20 mA at
4v. £1-50 each,

OFFER. Demo. Kit: 2 cells and motor for
£4-50.

12v MINI RELAYS (Continental type)

2p x-over 700R—40p each.

4p Xx-over 430R--50p each.

100’s more bargains. Full Cats. sent with
orders received or send large S.A.E.
P. & P. 50p.

PLEASE MENTION
EVERYDAY
ELECTRONICS
WHEN REPLYING
TO
ADVERTISEMENTS
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E.E. PROJECT KITS

March 80
March 80
March 80

Intercom ZB149 April 81 £19-25
Digital Rule ZB148 April 81 £28-00
Freezer Alarm ZB147 April 81 £11-75
LED Dice ZB146 March 81 £7-50
Mini Siren ZB145 March 81 £7-25
Modulated Tone Doorbell ZB144 March 81 £6-25
Bench Power Supply ZB143 March 81  £48-50
Car Actuated Driveway Light ZB142 March 81  £22-00

ZB1#1 Feb. 81 £16-25
ZB140 Feb. 81 £7-50
ZB139 Feb. 81 £12:00
ZB138 Jan. 81 £9-00

3 Channel Stereo Mixer
Signal Tracer

Nicad Battery Changer
Auto Slide Charger

ICB Alarm ZB137 dJan. 81 £7-25
Phaser Sound Effects ZB136 Jan. 81 £23-30
Mini 1.C. Radio ZB126 Nov. 80 £10-35

ZB127 Nov. 80 £19:00
ZB128 Nov. 80 £16-85
ZB129 Nov. 80 £10-25
ZB130 Nov. 80 £21-00

Sound to Light

Guitar Practice Amplifier
RG Action Tester
Precision Timer

Transistor Tester ZB131 Nov. 80 £8-00
Soil Moisture Monitor ZB132 Nov. 80 £5-00
Audio Effects Unit ZB122 Oct. 80 £12-25
Phone Call Charge Jogger ZB121 Oct. 80 £6-00
Darkroom Controller ZB123 Oct. 80 £17-25
Bicycle Alarm ZB124 Oct. 80 £9-25
Lights Failure Monitor ZB77 Sept. 80 £8-75
TTL Power Supply Unit ZB78 Sept. 80 £9-50
Duo-Deci Timer ZB75 Sept. 80 £8-50

*TTL Logic Probe ZB76 Sept. 80 £3-25
Bedside Radio ZB74 Sept. 80 £14-25
Auto Lighting-Up Warning ZBT71 Aug. 80 £5-65
Brakesafe Monltor ZB68 Aug. 80 £7-50
Cricket Game ZB69 Aug. 80 £14-95
Zener Diode Tester ZB79 July 80 £5:00
Signal Tracer ZB80 July 80 £5-00
General Purpose Amplifief ZB81 July 80 £6-00
Autowaa ZB83 July 80 £19-25
A.F. Sighal Generator ZB84 July 80 £20-00
Courtesy Light Delay ZB85 July 80 £5-25
Auto Phase ZB86 July 80 £19-25
Battery Voltage Monltor ZB64 May 80 £4-80
Lights Warning System ZB63 May 80 £3-60
Autofade ZB66 May 80 £10-25
*Dual Line Game ZB65 May 80 £25-00
*Pre-tuned 4-Station Radio Z2B62 May 80 £14-00
Gas Sentinel ZB61 Aprii 80 £27-00
Cycle Direction Flasher ZB59 April 80 £14-50
Cable and Pipe Locator ZB54 March 80 £3-75
Stereo Headphone Amplifier ZB57 March 80 £15-25
Doorbell Register 2858 March 80 £3-60

Five Range Current Limiter ZB53
Kitchen Timer ZB55
Touch Switch ZBS56
Micro Music Box ZB45
Simple Short Wave Receiver ZB44
Morse Practice Oscillator ZB43
Slide/Tape Synchroniser ZB42
Power Supply 3-9V ZB47
Burglar Alarm ZB51
Baby Alarm ZB40
Opto Alarm ZB41
Radio Tuner MW/LW ZB108
3-Function Generator ZB52
One Armed Bandit ZB33
Lights-on Reminder ZB34
Signal Level Indicator. ZB36
Universal Oscillator ZB37
Chaser Light zB4
Low Power Audio Amplifler ZB3
Simple Transistor Tester ZB2
Varicap MW Radio ZB1
Quiz Referee ZB12
Trailer Flasher ZB9
Electronic Tuning Fork ZB7
Power Supply 9V ZB6
Warbling Timer ZB5
Water Level Indicator ZB111
Voltage Splitter ZB15
Electronlc Canary ZB19
Tremolo Unlt ZB18
Electronic Dice ZB24
Intruder Alarm ZB23
Touch Bleeper ZB27
Translstor Tester ZB100
One Transistor Radlo MW/LW ZB104
Time Delay Indicator ZB98
Micro Chime ZB96
Lights Reminder for Car ZB32
Continuity Tester ZB115
Fuzz Box ZB106
Vehicle Immobiliser ZB110
Audio Effects Oscillator ZB109
Radio MW/LW ZB116
Sound to Light ZB112
Guitar Tone Booster ZB117
A.F. Slgnal Generator ZB119
Welrd Sound Effects Generator. ZB113
Chaser Light Display ZB97
Car System Alarm zB92

* TEACH-IN 80 x

This popular monthly constructional series started in E.E. in 1979 and is a must for beginners to electronics. The sheer simplicity of the
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whole project experiments lends itself to be made by any beginner young or old. Basic technical principles and symbols explained in

great detail. Start at the beginning with a hobby that could becomea worthwhile career, our kit comes complete with all parts as specified

by E.E.

List A, B and € £22-50. Monthly reprints from October 1979 available at 40p each per month extra or £4-50 for whole series.

*All E.E. project kits supplied with cases except items marked *. All kits come complete with items as specified plus Texas i.c. sockets

where required, also veroboard connecting wire etc.

If you do not have the issue of E.E. which contains the project we can supply areprint at 40p extra.

Personal callers please ring to check availability of kits.

All prices include post, packing and 15% V.A.T.

IONISER KIT

This negative ion generator gives you the power to saturate your
home or office with millions of refreshing ions. Without fans or
moving parts it puts out a pleasant breeze. A pure flow of ions
pours out like water from a fountain, filling your room. The
result? Your air feels fresh, pure, crisp and wonderfully refreshing-
All parts, PCB and full instructions .................... £12-50
A suitable case including front panel, neon switch etc... £10-50

Hours Mon-Friday 9-5.30 p.m. Sat. 9-4.30 p.m.
Callers by appointment only.
Telephone : 01-226 1489

T. POWELL

Advance Works, 44 Wallace Road, London N.1.

Visa/Access cards accepted
Minimum telephone Orders £5-00
Minimum Mail Order £1-00




For personal service visit one of our stores.
Our new store at Hammersmith is conveniently situated near the end
of the M4 and the North and South Circular Roads.
There is excellent street parking on meters a few steps away and
Hammersmith Underground Station is nearby. Call in and see us soon.

l j .. in.our
, @ camocur @
- 320 big pages packed with @)
data and pictyres of
! x e r over 5,500 items L
<l o
LY =
\{«' Over 100,000 copies sold already! s Same day service on in-stock lines
z Don't miss out on your copy. s Very large percentage of our stock lines in stock
; ‘ On sale now in all branches s All prices include VAT
WH Smith @ price £1. * Large range of all the most useful components
In case of difficulty check the coupon below * First class reply paid envelope with every order

# Quality components—no rejects—no re-marks

B o =1 -
l‘!akg lt eaSYI an = Competitive prices

# Your money is safe with a reputable company
° R A on e, e ty and secury
. price, service, stock, quality and security it makes
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. Q\-\““‘ e . , first choice for components every time!
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i Post this coupon now.

Please send me a copy of your 320 page catalogue. | enclose £1.25
(incl. 25p p&p). I 1 am not completely satisfied | may return the
catalogue to you and have my money refunded. !f you live outside the
U.K. send £1.68 or 12 International Reply Coupons.

® iy tobuil

® | X .superb specification.
Comparable with organs selling for *

up to £1,000. Full construction details

in Electronics & Music Maker commencing
March, 1981 issue. Back numbers available.
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All mail to:  P.0. Box 3, Rayleigh, Essex SS6 8LR.  Tel: Southend (0702) 554155  Sales: (0702) 552911

Name
Address.

e

A




