Easy to build projects for everyone
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(QUARTZ LCD )(SOLAR QUARTZ  |( QUARTZLCD,, |( QUARTZLCD
5 Function LCD 5 Function 11 Function CHRONO ALARM 7 Function

6 digit, 11 functions.
Hours, mins., secs., day,
date, day of week.
1/100th, 1/10th, secs.,
10X secs., mins., i
Split and lap modes. {
Back-light, auto calendar. Uil
Only 8mm thick: ¢
Stainless steel bracelet

T

Hours, mins., secs..
month, date, day.

6 digits, 3 flags plus
continuous display
of day and date or
seconds. Back-light
Only Smm thick.

Genuine solar panel
with battery back-up.
Hours, mins., secs., day,
date. Fully adjustable
bracelet. Back-light.
Only 7mm thick.

£8.65

Hours, mins, secs..
month, date, auto
calender, back-light,
quality metal
bracelet.

£6.65

and back.
Guaranteed same Adjustable bracelet. £ 1 2 '65
day despatch. Guaranteed same day Metac Price
Very slim, only despatch.
Benrm thick o £1 0.65 Thousands sold | Guaranteed same day dispatch.
L L M2 LGuarameed same day despatch. VI3 M4

==

(MULTI ALARM )(FRONT-BUTTON [SOLAR QUARTZ LCD)( ALARM CHRONO
6 Digits 10 Alarm Chrono g:‘mmgfaph with with 9 world
F i z Dual Time = arin i .
unctions 6 8 . : Dual Time Zone % time zones
Facility

Canstant display of

hours and mins.. plus

optional seconds or 6 digits, 5 flags.
22 functions.
Solar panel with

date display.
battery back-up.

* 6 digits, 5 flags.

* 6 basic functions.

* 8 further time zones.

* Count-down alarm.

* Stop-watch 1o 12 hours
599 secs.

* Hours, mins., secs.
* Months, date, day.
* Basic alarm.

* Memory date alarm. et
* Timer alarm with dual. i} ‘g J

AM/PM indication, month, date.§
Continuous display of day.

* Timeand 10 country. e Stop-watch to 12 hours 6 basic funcrions. / _in 1/10 sec steps
zone. \ 59.9 secs, in 1/10 second steps. [skams Stop-watch 10 12 hours & 2 - = Split and timing modes.
* Back-light. Split and lap timing modes. 59.9 secs. in 1/10 sec., S X ';\1:‘"':1’ 2
* 8mm thick. Dual time zones. steps. e Renoidh ICK:
Only 8mm thick. Split and lap timing modes. - ck-light.

Back-light. Fully adjustable £22 .’6 5 Dual time z0nes X £2 7 ) * Fully adjustable bracelat
L£1 8.65 open bracelet. M6 Alarm. Qmm thick. Back-light. 3? L£29.65

M5  Guaranteed same day dispatch | Fully adiustable bracelet

~ N N =\, N
SOLAR QUARTZ LCD|( SEIKO Alarm Chrono |}[SEIKO MEMORY SEIKO-STYLE
S:hr,g?og.,raph LCDY hoties i, . BANK _ Dual time-alarm

OWered IToIm Solar: secs., day of week, -
panel wih battery backcup. SRR A B o R E 5 Chronograph .,
H Bl Sa 24 hour Afarm, 12 Hours, mins., secs. e
ours. mins., secs., day, E . A r". 3 Month, day, date in Mineral glass
date. day of week. 1our chronograpii, 12 or 24 hour format face
1/100th, 1/10th, secs., 3 1/10th secs., and all indicatsd continuoust -
10X s6cs., mins. e S VoL Battery haich
i i lap time. Back light, Monthly cafendar display for DIY ba
agéﬁing(:uagﬂ:d” : 3 stainless steel month, year and all dates orl ufry
~light, HARDLEX glass. for any selected month overt Ieplacement;
calendar. Only 8mm g 80 year period. Top guality finish
lshm'kl List Price £130.00 Memory bank function with fully J
Lo sioat o elat METAC PRICE SOY dEsirec ete BRAON Y adjustable bracelet. s - T
-Adjubs‘:;nie Bearar can be stored in advanced. P
2 yaar battsry life.
Metac Price £1 05‘00 Water resistant. £3 5 -00

£12.65
 iseon sy Mo | M10|“ecre £105  m11(

' N

[ HANIMEX (HANIMEXportable )((QUARTZ LCD (Price breakihrough
Electronic LCD clock radio Ladies 5 Function oty

£18.95
LED Alarm Clock g:n: 3Ei:\20mm and ,ﬁ

5 function. Hours,

7 = mins., secs., day, date
© Time set & alarm controls. and back light and
A * Snooze & sleep controls. auto calendar. 5

oNakeioyisc ogRant Elegant metal OUTSTANDING FEATURES
AM/PM indicator. - bracelet in silver or * DUAL TIME. Local time always vis-

:BE“‘?’V operated. Ne plug required. gold. ible and you can set and recall any
:ecetljves all standard AM radio State praference. other time zone (such as GMT). Alsc

jERpicas - . has a light for night viewing.

* Drawstring camrying caseincluded. £9.95 * CALENDAR FUNCTIONS include

Back-light. £17.95 Guaranteed same day the date and day in each time zone.

* Batteries supplied frea.

* CHRONOGRAPH/STOPWATCH
\ * Quartz crystal controlled. M 1 4 L G

displays up 1012 hours, 59 minutss,
and 59.9'seconds.

despatch

3 - 0 =
n command, stopwaich dJispiay
HOW T? ORDER) _ g A freezes to show intermediate
59\ 2 C cower 220V 7 5 Qe BT R Access 00 ApericatiExpires i (split/lap) time whil= stopwatch
pOoLCEES o e matnt Al W do 1o \ > continues to run. Can also switch 1o
£9 65 Thouszands sold! not deiay delivary. All products carry 1 year quarantese and (uv money back 10 r - and from timekeeping and stopwatch
Battery fitting service s avartable at'our shops. All prices include VAT modes without aifecting either’s
Mains operated. 3

Trade enquiries: Send for 2 co e listof v mum order valus £100 - opesaton: o 2 ithi
Felephone Orders: Credit card mers can teleph 1215 direct 10 Daventry or Edgware R4 ALARM can be s2t 1o anytime within
24 hour phone service 3t hoth shops: 01-723 4753 03272-76545 a 24 hour period. At the designated

time, 2 pleasant, but effective buzzer

g CALLERS WELCOME sounds to reming or awaken youl
M13 e —=" Shops open 9.30 - 6.00.4 LGuarumeecl same day dispatch. M16

.
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North & Midlands South of England
67 High Street, DAVENTRY 327 Edgware Road
ELECTRONICS Northamptonshire LONDON W.2
Telephone: 03272 76545 Telephone: (01) 723 4753
s & TIME CENTRES P )

i —



LINEAR IC's
702
708C 14 pin
710%
8 | 723%
0| 73%
741C+ 8 pin
J4ICx
22 | 748C%
753

WATFORD ELECTRONICS

35 CARDIFF ROAD, WATFORD, HERTS., ENGLAND
MAIL ORDER, CALLERS WELCOME. Tel. Watford 40588/9

geeusiiue s

ALL DEVICES BRAND NEW, FULL SPEC. AND FULLY GUARANTEED ORDERS
DESPATCHED BY RETURN OF POST. TERMS OF BUSINESS: f i
P.O.s OR BANKERS DRAFT WITH ORDER. GOVERNMENT AND EDUCATIONAL
INSTITUTIONS' OFFICIAL ORDERS ACCEPTED. TRADE AND EXPORT INQUIRY
WELCOME. P&P ADD 30p TO ALL ORDERS UNDER £10'00. OVERSEAS ORDERS
POSTAGE AT COST. AIR/SURFACE.

VAT Export orders no VAT. Applicable to U.K. Customers anly. Unless stated otherwise.

l;lzlir%lces are exclusive of VAT. Please add 8% to devices marked . To the restadd
We stock many more items. It pays to visit us. We are situated behind Watford Football
Ground. Nearest Underground/BR Station: Watford High Street. Open Monday to
Saturday 9.00 am-8.00 pm. Ample Free Car Parking space available.

POLYESTER CAPACITORS: Axial lead type (Values are in 2F)

400V: 0-001, 0-0015, 0-0022, 0-0633, 0-0047, 0-0068, 0-01, 0-015 Op: 0-018 10p; 0°022, 0:633,
11p; 0-047, 0-068 14p; 0-1 17p; 0-15, 0-22 24p; 0-33, 0-47 41p; 0-68 48p.

160V: 0-039, 0-15, 0-22, 11p; 0-33, 0-47 19p; 068, 1-0 22p; 1'5 29p; Z2-2 32p; 4-7 36p.
DUBILIER: 1000V: 001, 0-015 20p; 0-022 22p; 0-047 26p; 01 38p; 0-47 53p; 1-0175p.
POLYESTER RADIAL LEAD (Values in «F) 250V : |FEED THROUGH
0-01, 5 5 5p; 0-033, 0-047. 0-088, 0-1 7p; 0-15 10p; |/CAPACITORS
0-22, 0-33 13p; 0-47 17p; 0-68 19p; 1-0 22p; 1-5 30p; 2-2 34p. 1 100uF 350V 8p

ELECTROLYTIC CAPACITORS: Axial lead type (Values are in 2F) 500V 10 40p; 47 88p;
250V : 10065p; 63V 0-47,1-0,1-5,2'2,2-5,3-3, 4-7,5-8,8 10,15, 228p: 47,32, 50 12p; 63, 100 27p
S0V 50, 100, 22025p.: 470 32p; 1000 50p ; 48V : 22,33, 9p; 100 12p; 2200 68p; 3300 68p; 4700 85p;
35V: 10, 837p; 330, 470 32p; 1000 48p; 25V - 10, 32, 47 6p; 80, 100, 160 Bp; 220, 250 3p; 470, 640
25p; 1000 27p; 1500 30p ; 2200 45p ; 3300 68p; 4700 85p; 16V : 10, 40, 47, 63 7p; 100, 125 8p; 220,
330 14p: 470 16p; 1000, 1500 20p ; 2200 24p; 10V : 100 Bp; 540 12p; 1000 14p.

TAG-END TYPE: 70V : 2000 89p; 4700 135p ; 50V : 10,000 255p ; 40V : 2500 65p ; 3300, 4700 0p;
15,000 299p; 25V : 4700 70p 2200 48p; 325V : 200+ 100+50--100 190p; 32+32 175p.

TANTALUM BEAD CAPACI- | POTENTIOMETERS : (ROTARY) | OPTO

810
8038CCxk
AY-1-0212
AY-1-1313
320
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SN76115N
SN7B5227
SN7647 7%
TAABRIAXY
TAASSD

ICL7107 %
ICM7205%
ICMT217A %

TORS 35V: 0-1F, 0-22, 0 33, 0°47, | Carbon Track. 0-25W Log & 0-5W

0:68, 1-0, 2-24F, 3'3, 47, 6-8 25V : | Linear Valus.

1:5,1020V: 1-516V - 104F 13p each | 5000,1 K& 2K (Lin. only) Single 2ip

47, 100 40p. 10V : 224F, 33 20p 6V : | 5K-2 M Q single gang 27p

47,68, 100, 30p 3V': 68, 100uF. 20p ‘ 5K-2 M Q2 single with DP switch §5p
T8p

S5K-2 M2 double gang

MYLAR FILM CAPACITORS

|
+0-001, 0:002. 0-003, 0- SLIDER POTENTIOMETER
et R L i b S S S
120 Sa(KQ-SOOKQ single gang T0p

0:015, 0-02, 0-04, 0-05, 0-0564F Tp
O-1uF, 0:28p 50V:0-47

80p
MINIATURE TYPE TRIMMERS @ Seif Stick Graduated Bezels  25p |

| 2
350 | PRESET POTENTIOMETERS
Vertical & Horizontal

2-5-8pF, 3-10pF, 10-40pF
5-25pF, 5-45pF, 80pF, 88pF

2-500K 2 dual gang

| ELECTRONICS %
LEDs plus clips
TiL208 Red 13
TIL211 Gra 17
TIL212 Yellow 18
-2" Red 15
2" Yellow Green 18
| Sguare LED 48
| ONRP12 63

2N57TTT 45
7 Seg Displays

00
TIL312 C An 3" 185

TIL313 C Cth 37 105
TIL321 C An 5" 115

RS SR AR RSN SENEN BB A e e ae

ey

TBAT20S
TBAS4IBX1T
TBAS51
TBASNO
TBASI0S

TBAS20
TBAS20

COMPRESSION TRIMMERS 0-1W 50 Q—5MQ Miniature 8p

240p S 0-25W 1000—3-3MQ Horlz  10p
SO0 B0 A (b TIS00F Sp | O SW 20004 MO Vert. 100

ReneieeNessee By

| 3
POLYSTYRENE CAPACITORS I RESISTORS—Erie make 5%
10pF o 1nF 8p; 1-5aF to 10nF 10p. | Earh::[sMiniature High Stability, | MAN3840 7483
— | Low e et st a Vel Sl
SILVER MICA (Values In oF) 3-3, | | RANGE VAL 168 LTINS e TS Ac“.,TR“"S:sBE?QS
4-7, 5-8, 10, 12, 18, 22, 33, 47, 50, 68, | tW220-47M E24 1:5p SWITCHES % T b e
75, 82. 85, 100, 120, 150, 180 8p each | $W 2-20-47M E12  2p TOGGLE 2A 250V *
, 250, 300, 330, 360, 390, iwz-20 10M Ef2 _ Sp SPST 28p 20
600, 520 18p cach| 23 Mata) Him 10C.1MQ & DPDT 38p a
etal m - il £
1000. 1200, 1800, 2000 20p €ach | 10§ 3 price applies fo Resistors of ;f,"a‘fﬁ?‘fq e 24
SOLDERCON PINS % each fype not mixed values, TOGGLE
o0 bn -0 205 LW to MW Converter for Radio 4 | Sbhengsover 32
E.E. INTRUDER ALARM Complete kit of parts Inc. Instruc- DPDT 6 tags  70p
All parts now availabie | tions. £4-85inc. VAT | Ropt clofi  T8p
JACK PLUG rs -DEC 250 DPDT Biasad 115p
LUGS | sockets S-DEC 250p % | STiDE daev
Screaned | Plastic | open | moulded | T-DEC 400p% | 1A DPDT
body metal with ¢ Can
10p 8p | break |U-PECIA
10p 8p contacts Pk | 4 pole clover
MONG -| 285 | ‘14p | 13p 20p | u-DEC's’ | PUSH
STEREO | 32p | 18p 15p 24p §99p 4 | Spring Loaded

P: 65
Plugs | Sockets |InLine ooy .
10p 6, 20p

170 | Tissi
170 | ZTX107
150 | ZTX108

Bho R

»a
-

(3
-~

DIN SPDT c/over 70

2 PIN Loudspkr. P t DPDT 6 T:q lsg
345Pin Auvdio | 13p 190 | 209 |SWITCHES + Miniature Non-Locking

CO-AXIAL i | Push to Make 15p Push to Break 25p

o s 1 [ ¢ | ROCKER (white) 10A 250V

v asg‘l’ ""9 12p 2D | SP changeover centre off 35p
me 2 18p 29 ROCKER: SPST on/off 104 250V 23p

8p single ~ _ | ROCKER: lliluminated {white)

assorted colours
Metal Screened

|
PHONO ‘
|
l

BANANA smm
2mm

SERSIIRRNGLRESEERRNIRENESHEELNRE
st
£833BAUBRATIINUBIRNY

-
o

Lights when on: 3A 240V S2p
:gp $pdouble ‘zzn ROTARY: (ADJUSTABLE STOP) 1 pols/
P [ 15p4way P 1212 way 2p/2-6W, 3p/2-4W, 4p/23W. 41p
1o — |ROTARY: Mains 250V AC, 4 Amp 45p
10p J |DIL SOCKETS  (Low Profile ~ Texas)
imm 6p _— 8 pin 10p; 14 pin 12p; 16 pin 13p; 18 pin 16p;
WANDER 3mm | &p \ 120 pin 22p; 24 pin 25p; 28 pin 39p; 40 pin 50p.
JACKSONS VARIABLE DIODES ZENERS SCRsx
CAPACITORS H AA119 25 Range 2V7 to Thyristors
Dietectric 0 2 385pF with AA128 20 39V 400mW | OSA/200V S0p
100/300pF 140p slow motion BAI00 10 9p each 0-8A/100V 30p
185p Drive ] Range 3V3 to 0-8A/200A 35p
bri 00 208176 285p BY126 12 | 33y 1.3W 1asov 70
15p each 35

-

nF
25’,33'; H5pk v« Withslow BY127 12

Dial Drive 4103
61361 650p%
Drum 54mm 30p %
0-1-385pF  245p
002365pF 275p

motion drive325p
W—SFF 10 15

2550 p 175p &
100, 150pF 250p
‘L* 3 x 310pF 485p
00-3 x 25pF 430p

DENCO COILS

RDT2

CRO335

0A47 BRID!

TA/S0V

NOISE
0A9 il

GE
OA70 CTIFIERS 92
OAT0 (plastic casa)

58

15A/700V 195p
20 2N44s

-
ne

-
-
w

saoRe
ARsndRRREEER ARG

TA/I00V 22
TA/200V 25
TAf400V 29
1A/600V 34
2A/50V 35
2A/100V
2Aj200V
247400V
2AJ600V
44100V
4AJ200V
4A7400V
4A/600V
4A[800V
BA0OV

92p
‘DP' VALVE TYPE RFC 5 chokes 81p
Range 1 to 5 Bl., RFC7(19mH) 96p
Rd., YI. Wht. 8p 1 FT 13; 14; 15;
6-7B.Y.R. 15p

-

BESBBUBEESH

Wht. 33p
BSA Valve Holder MWSF
25p MW/LWSFR102p

VEROBOARD* 01 015 015

FRRBNENEG

-

MPSADS
MPSA%% 25| T

[N4004/5% &
IN400B/ 7%
IN4148
iS44
3A/100V4

1

67p SAlOVE
: e 3AJROVE | 6arzo0v
£kt of 35 pins 3A/1000V% | SA/400V

Spot face cutter 30 | Byiss
=i ingertion tool BA/600V 65 VMis DIL

2006 %
2N290TAK 22
2N20826G 1 Pratbi
2N2826R 8 protted

8-

405765

Ba

35«-,8833:!2888838835»
-
saloss

888

Rapzs
fenEReEne

| MPSUSS% 80 !
{ MPUI3T% 38| TIS90
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The latest kit
innovation!

rom TR

the quickest fitting
CLIPON —

capacitive discthge
electronic ignition
in KIT FORM

@ Smoother running = =
@ Instant all-weather starting \ N
@ Continual peak performance

@ Longer coil/battery/plug life

@ Improved acceleration/top speeds

@ Optimum fuel consumption

Sparkrite X4 Is & high performance, high quality capacitive discharge, electronic
ignition system in kit form. Tried, tested, proven, reliable and complete. It can be
assembled in two or three hours and fitted in 1/3 mins.
Becausa of the superb design of the Sparkrite circuit it completely eliminates
problems of the contact breaker. There is no misfire due 1o contact breaker
bounce which is eliminated siectronically by a pulse suppression circuit which
prevents the unit firing if the points bounce open at high A.P.M. Contact breaker
burn is eliminated by reducing the current to about 1/50th of the norm. [t will
perform equally well with new, old, or even badly pitted points and is not
dependent upon the dwell time of the contact breakers for recharging the system.
Sparkrite incorporates a short circuit protected inverter which eliminates the
problems of SCR lock on and, therefore, eliminates the possibility of blowing the
transistors or the SCR. (Most capacitive discharge ignitions are not completely
foolproof in this respect). The circuit incOrporates a voltage regulated output for
greatly improved cold starting, The circuit includes builtin static timing light,
systems function light, and security changsover switch. Al kits fit vehicles with
coil/distributor ignition up to 8 cylinders.
THE KIT COMPRISES EVERYTHING NEEDED
Die pressed epoxy coated case. Ready drilled, aluminium extruded base and heat
sink, coil mounting clips, and accessories. Top quality 5 year guaranteed
transformer and components, cables, connectors, P.C.8., nuts, bolts and sificon
grease. Full instructions to assemble kit neg. or pos. earth and fully illustrated
installation instructions.
NOTE— Vehicles with current impulse tachometers (Smiths code on dial RV1}
will require a lachomsler pulse slave unu Pnce £4.25 inc. VAT. post & packing.
Electroni

$2 Bath Sblet. Wallall WS‘I 3DE Phont (9) 614731

Electronics Design Associates, Dept. EE8
82 Bath Street, Walsall, WS1 3DE. Phone: (9) 614791

Name ... ; - . E==1 s
Address .. . ; Rt e’ 5 S
Phone youv order with Access or Bardaycard' " '

i brochure only required.
l Inc. VAT and PP. (U.K. only.) QUANTITY REQD, SANSE S X oy

1 enciose chequePD's for
X4 KIT

TACHO PULSE £4.25 £
SLAVE UNIT NG,

Chea
PLEASE STATE POLARITY POS OR NEG EARTH.
Access or Barclaycard No.

a oc N TRAII(STOM untested for 7lp.
BC107-3-9 TRANSISTORS assorted, unte
IINIATURI CERAMIC TRIMMERS 2 to OM 3to 109?“ -7 to 20pf, All at 15p

sach.
COIL FORMERS A" Dia. with core, 8 for 25p.
T R R SR i o
W, A
1 AMP TRIACS 400 PIV at 3 for £1. R Fpeach
MOTOROLA OP.AMPS MC 14396 at 35p, 3 for £1.
NON-POLARISED CAPACITORS fuf 63v.v., @ 55, 47uf &vw., @ 10p, fouf

va e :
P C.I.'l stud Mounting untested @ TSp.
il 5 Package untested @ £1
:PICIAL VARIAIL! CAPAC TOR WITH S.M. DRIVE 250 + 250 + 20+ 20

20p
PLASTIC lllbell 100 PIV 1 amp @ 20p, 200 PIV 4 amp @ “p.

ULLARD POLYESTER CAPACITORS -1uf 180v.w. at 20p doz.
MINIATURE LOUDSPEAKERS 13" Dia. 8 ohm at 75p.
100 M RD C280 CAPACIT:! OR’ lnomd for 57p.
MINIATURE DISC CERAMICS - w. @ 20p doz.
MULLARD TRANBISTORB BC 548 or BC 549 at & for 50p.

BC 108 TRANSISTORS with House Numb.rs lt 10 for np

VARIAILi CAPACITORS Direct Drive. 5pf @ 75 @ 8p,
1R5+ 1250'@ l!a.‘lm-i- 200pf @ §8p, 200 + 200 + 17 + 1199@5‘% I!h S. M. Drivl

+ 255&) + 25pf @ 55p, 250 + 250 -+ 20 + 20 + 20pf @ TSp, Sub-Minlature

-+ 251 @ £1.
R.F. TRANSISTORS AF 238 8 !Og MPS 8514 @ 15p, 2N 5180 @ 50p, 2N 5178

BFY 90 @ 50p, BF 224

Giteers o 3319 @ 20p, S0 & 20, METST BF 256 @ 25p, E111 @ ¥

Eﬂeei 9. DUAL ¢ GAT l&un; 23p. &Wm 8 M-SR v
D GOOD ZENERS 3. B, 8-8v, 10, 11, 12, 18, 16, 18, 24, 30, 33,

38 volt. All at 10 for 40

D.
OLYTIC CAPACITOR 5000 + 5000uf 25v.w., @ 75p.
PLISS!Y 4 WAY Pl.l.lG AND SOCKET at 21 per palr.
IRON CORED CHOKE 2 MH at 4 amp for 50p (P&P 20p).
CLOSE TOLERANCE CAPACITORS 1283p! @ 5p, 167001 @ 5p, 5879 @ 5p, 1966807,
ss».un%. omfzx% p .1uf1xa|
ENE TYPE W"ﬂ -01uf 83V.vl“ 5% @ 20p doz,
BYXB12 MINIATURE SILICON DIODES Iiike OA 202,
D BUY‘I’ON BANKS less knoba fer £1
MIDGET 20pf AIR SPACED TRIMMERS for 10p each.
100 ASSORTED DISC CERAMIC CAPACITORS @ 57p.
200 %, ¥ watt RESISTORS assorted !or np.
10 SLIDER POTENTIOMETERS assort: r £1.
ATT NPN DARLINGTON TRANBISTORB TOS case @ 3 for 50p.
u ‘ ORTED PHONO SOCK for 50p.
PHOTO TRANBI'TORB AID DARLING ONS uuorud untested @ £1.
BILIC ON SOLAR CELLS -5 vo A @ 35p
50 YVARI.CAP DIODES like BA 102 untutod @ 57
3 _ ASS OR‘I"!D ‘IOXAJ CR S ﬂ ASSORTED FT 24
CRYSTALS 10, 20 ABBORT!D 24 ckYSTALS @ £1-%, 25 19X
CRYSTALS £1 u

Please add 20p for post and packing, uniess otherwise stated, on U.K. orders under
£2, Overseas; posfage at cost.

J. BIRKETT

RADIO COMPONENT SUPPLIERS
25 The Strait, Lincoln LN2 1JF Tel. 20767

Our new catalogue lists a whole range of metal
cases to house all your projects. And we've got
circuit boards, accessories, module systems, and
plastic boxes — everything you need to give
your equipment the quality you demand. Send
25p to cover post and packing, and the cata-
logue’s yours.

VERO ELECTRONICS LTD. RETAIL DEPT.

Industrial Estate, Chandlers Ford, Hants. SO5 3ZR
L Telephone Chandlers Ford (04215) 2956 W,
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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
ere s ow easy steps mastering all the essentials
of your hobby or to further your
career in electronics or as a self-

o u ma s ter employed electronics engineer.
All the training can be carried out

in the comfort of your own home

=] 3
and at your own pace. A tutor is. .
eIeCt ron ICS‘ available to whom you can write, at
any time, for advice or help during
your work. A Certificate is given at

.... the PI act ical way, ¢ endofevery course

1. Build an oscilloscope.

As the first stage of your training, you actually build i
your own Cathode ray oscillescope! 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 N
circut diagrams. : : : :
In a short time you will be able to read and draw A
circuit diagrams, understand the very fundamentals iy

a2 L 3
of television, radio, computers and countless other % 2 |y 7 SN
electronic devices and their servicing procedures. 2

3.Carry out over 40 experiments 2
on basic circuits. m

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 I N S S S D G e .
Post now, without obligation, to:-

| BRITISH NATIONAL RADIO & |
ELECTRONICS SCHOOL

P.O. Box 156, Jersey, Channel Islands. I
I NAME I
ADDRESS

| I
l
EEB/8/79

[
Block caps please
!

Colour Brochure

Everyday Electronics, August 1979 467




’

GUITAR EFFECTS PEDAL (P.E. July 79)
Modulates the attack, decay and filter characteristics of an
audio signal not only lrom a gunar but from any audio source
pr 8d effects that can be further
dified by I Is. Possibly the most interesting
of all the low-pnced sound effects units in our range, Circuit
does not duplicate effects from the Guitar Overdrive Unit.
Component set with special foot operated switches £7-89
Alternative companent set with panel switches £5-05
Printed circuit board £1-43
GUITAR FREQUENCY DOUBLER
(P.E. Aug. 77)
A modified and exkendad version of the circuit published.
Component set an £4 52
GUITAR OVERDRIVE UNIT (P.E. Aug. 76)
Sophisticated, versatile Fuzz unit, including variable and
controls affecting the fuzz quallty whiist retaining
the attack and decay and also providing filtering. Does not
duplicate the effects fram the Guitar Effects Pedal and can
be used with it and with other electronic instruments.
Component set using dual rotary pot £6-89
Printed circuit board £1-62
GUITAR SUSTAIN (P.E. Oct. 77)
Maintains the natural attack whilst extending note duration,
Component set, PCB and foot swiiches £5-13

Component set, PCB and panel switches £3:71
WIND AND RAIN U
A manually controlled unit ior p ing the ab d
sounds,

Component set {incl. PCB) £4-28

PHONOSONICS

MAIL ORDER SUPPLIERS OF QUALITY PRINTED
CIRCUIT BOARDS, KiTS AND COMPONENTS TO
A WORLD-WIDE MARKET.

ITS FOR SOUND EFFECTS AND OTHER PROJECTS

FUZZ UNIT

VOICE OPERATED FADER (P.E. Dec. 73)

For music during *'talk-over'’

—oanlcuiaxly use(ul for Dlsco work or for home-movie shows.
Component set (incl. PCl £3-97

PHASING UNIT (P E Sept. 73)

A simple buteffecti trolied unit fori

the phasing sound into live or réecorded music.

Component set (incl. PCB)
PHASING CONTROL UNIT (P.E. Oct. 74)

Srad

Simple Fuzz unit based upon P.E. “*Sound Design’ circult
Component set {inci. PCB) £2-05

P.E. TUNING FORK (P.E. Nov. 75)
tonos. A

LED monxtor claarly displays all beat note adjustments, Ideal
{or tuning acoustic or alactronic musical instruments.
Main component set (incl. PCB) £14-83
Power supply sst {incl. PCB) 2
SYNTHESISER TUNING INDICATOR
(P.E. July 77)
A simple 4-octave frequency comparator for use with syn-

where the full versatility of

F:r use w,xlhhlhe abova Phasing Unit to Ily control s and other |
the rate of phasing.
Component set (incl. PCB) £478 the P.E. Tuning Fork Is not required.

TREMOLO UNIT
Based upon P.E. Sound Design circuit

Component set (incl. PCB) £2-84
TREBLE BOOST UNIT (P.E. Apr. 76)
Givas a much shriller quality to audio signals fed through it,
The depth of boost is manuully adjustable.

Component set (incl. PC £2-51
WAH-WAH UNIT (P E. Apr. 76)
The Wah-Wah e‘hc! produced by this unit can be controlled

Component and PCB (but excl. sw.) £7-45
DYNAMIC RANGE LIMITER (P.E. Apr. 77)
Automatically controls sound output to within a preset level.

Component sef (incl. P £4-58
CONSTANT DISPLAY FREQUENCY
METER (P.E. Aug. 78)

A 5-digit frequency counter for 1Hz to 99999Hz with & 1Hz
sampling rate. Readout do#s not count visibly or flicker due to
display blanking.

or by controller. Component set £24-05"
Component set(lncl PCB) £3.63 _ Printed circult board £3-03°
AUTOWAH UNIT (P.E. Mar, 77) MANY MORE KITS
Automatically produces Wah-pedal and Swell-pedal ds for isers, Rhythm G El Pianos
uch time a new note is played. and other pro]ects bxn small, slmple or complex, are a avail-
t set, PCB, izl foot swifches £7-67 able, plus a range of P and
Comnonem set'and PCB, with panel switches £4-83 accessories, Detalls In our lists.

COMPONENTS SETS include all
necessary rasistors, capacitors, seémi-
s &nd grans-
formers. Hardware stichas cases, sockets,
knobs, keyboards, etc, are not incl

Fuiller details of kits, PCBs and parts are
shown in our lists.
CIRCUIT AND LAYOUT DIAGRAMS
are supplied free with all PCBs unless
‘as published".

but mostof these mav be bought separately
l.% DISCOUNT VOUCHER (EES9)

ADD: POST & HANDLING

components.

PHOTOCOPIES of texts for most of the
kits are available—pricas in our lists.
ST—Send stamped addressed envelope
with all U.K. requests for free list giving PCBs.
fuller details of PCBs, kits and other

PHOTOGRAPHS in this advertisement
show two of our units containing some of
the P.E. projects built from our kits and
The cases were built by ourseives
and are not for sale, though a small
selection of other cases is.avallable.

ADD 15% VAT

MS : Goods in current adverts Gﬂsts U.K. orders—Keyboards add £2-00 sach plus VAT. Other (or current rate if chang

overm goads value (excl. P&P &
Correctly costed. C.W.O., U.K. orders plus VAT. R:

only. Thisvoucher mﬁa! 'accompany order,
Valid until end of month on cover of E.E.

£100 cover, etc, pro-rata.

o0ds. pos!
postal mishaps, add 50p for cover up o £50, £1-00 for handlmg on all U.K. orders.
Does not apply to Exports.

N.B.Eire.C. LS.F.P.O. and other countries ars subject
to higher export postage rates.

EXPORT ORDERS ARE WELCOME but to avoid
delay we advise you to see our list for pestage rates. All

ed).
T). goods: undet £15 add 25p plus | VAT over £15 add 50p Muathe added to full fotal of payments must bo cash-with-arder, in Sterling by Infer-
st

& national Money Order or through an English Bank To

obftain list—Europe send 20p, other countries send 50p.
PRICES ARE CORRECT AT TIME OF PRESS.
E.&O0.E. DELIVERY SUBJECT TO AVAILABILITY.

PHONOSONICS - DEPT.

EE98 - 22 HIGH STREET - SIDCUP - KENT DAI4 éEH l GreL: ofs0z st

C.W.0., MAIL ORDER OR
COI.I.ECTION“)IY APPOINTMENT

MAIL ORDER DEPT.

CRESCENT RADIO LTD. - TERMS: CW.0. No Min. 125 P &P
I, ST. MICHAELS TERRACE, WOOD GREEN, LONDON, N22. 4S]. TOPE ST Eier | ACCESSANDBARCIAYEARD ACEERTED
PHONE 01-888 3206 BATHGATE Min. £5 Post & Packing 25p.
e et GOVERNMENT, SCHOOLS, COLLEGES
1.._“ > B LOUDSPEAKERS QOP ORDERS ACCEPTED
S Fo. 21" (57mm) 8 or 75 ohm  +12§% VAT Tel: Bathgate 632337 Send or Phone for Catalogue.
(please state impedance req'd)
S 4522 7 N LSN| REGULATORS | MICROS.
Iﬁm&dé‘ cmMHOS 1oq] 4526 ;& 7472 24p 78L 31p| CPU's
“ELIP™ MORSE KEY CR.38 1001 10p| 2228 700|773 155 Zobi ZAm | 2o £11
Push button heads or tails. All metal, cast base, professional high 4002 12p| pcy 999p | 7375  28p 40p| 7805 55p| 6800 £7
Complete kit and full instructions  speed key. Fine adjustment. Mounted :ggg z;gp MC14413  295p|7476 25p 30p| 7812 55p| 8080 £4
supplied. on bakerlite base. 2007 ’2: 74C1561 ‘“809 7480 35p 7815 55p| SOUMP11 £7
é\pocke; mme. : Dimensiong (Base) 120 x 75mm 4008 ABp e Lol 22: (i2ta v o
asy to build an ;reat to play. 90 + 8% 4003 25p ’ 7483 L1M323 37! ;i
Kic price—£5-25+ 8% VAT. Post free. SR 4110 DESOLDERING PUMP e Il cawen 7428 % % LM340K ﬁ oy oS
— = = 21021 £1
omiscormounTne.  ——Se e | |B: BEEEEE iB & s &
CAR LOUDSPEAKERS == 4012 5Bp 5. Zap o0 2044 £8
- - ONLY £6 + 8% YAT 4015 50p| TTL:- 491 P 4116 £8
High suction pump with automatic 4018 21p > N LSN ;igg g" «op 210784 £8
ejection. Knurled, anti corrosive casing. 4017 45p| 7400 7p 14p|7a0s agg LINEAR
Teflon nozzle. 4018 45p| 7401 9p 14p|7a PROMS
018 25p|7402  Sp 14p|7i%8 43y | 708 350 17024° 28
3 KILOWATT PSYCHEDELIC 4020 50p|7403 s 14p|7a1 79 710 asp| 2708 %8
High performance, door mountin LIGHT CONTROL UNIT 4022 229 ;:8; 13’ }3 ;:}2{ 3op S2pl713 300 27585V £15
5% inch units with smart front gnﬁ 1000W lighting per channel, max. 23 12p| 7408  15p 74122 32? s P
10 oz magnet, 12 watts, 4 ohms. This 3 channel sound to light unit is 4024 4Sp| 7407 24: 74123 35: 55p ;g?(sorld)?g CHARACTER
e AC s e throlchils carton housed in 2 robust metal case, with a 4025 12p| 7408 Sp 14p{74125 30p 40p| 747 60p| GENERATORS
£12:60 -+ 121% VAT, ‘er air. | sensitivity control for each channel 4028 85p| 7409 Sp 18p|74126 29p 4&0p| 748 30p| 2513 £5
. per pair. i.c. Bass, mnddl'e.dan:‘AtEret‘»le Full s fg: zat0 g: };g 78132 & 80p casose gg: GARTS
instructions sSuppii . for spec. B
HEszvYVADYuIYOﬁSVER sheet. ONL 00 - 8% VAT P gg: iz }g: Sop| 24150 gg ~ mggé ;g: TR16028 £3
A 2 way 8 ohm H/D Xover suiablefor  CR LVI 12v DRILL 2958 oo 74ie o Stelaiss atp adn|iIM3300, 40w
L/S systems up to 100 watt. 4035 50p| 7417  24p ulgg 33'.; 1% '&hE‘ggssa % LEDB 021
Fitted with screw terminals for input 4037 90p| 7420 10p 16p|74157 39p 45p| NES56 50p Rad 8p
and a three position ‘HF LEVEL' switch 4040  50p|74268  15p 74181 49p 75p|NE3GS  78pluen,  1oB
whichselects either Flat, —3dBor— 648 4041 45p(7427 15 74163 49 79p|NESES 75| 10 tuss 108
— ; 4042  40p|7430 10p 18p|7:18a 75p| NEBS7  100p| 190 |
£3:00 + 8% VAT 4043 30p|7432  12p iies 255 P|lNbas  110m| 199, ..z0x
ok = 4044 80p|7437 1 03
A CRESCENT ‘SUPERBUY’ £12:00 A= 8% VAT 048  7%p|7438 13p Zso|74172 S3b sep|CAdiao  ssn|iNlmaS
Goodmans 5” 8 ohm long throw H/D  BRITISH MADE “Versadrill”, 12 volts &43 ggo 7430  12p 22p|74176 a9 : -
loudspeaker. DC. Compact battery operated power 2080 12601480 | 2obliaulsice; €0p
Mounting plate is integral with L/S tool, sufficiently powerful to perform 4052 45p|7443  &2p 74182 ‘gg 1N4148 1-3p
chassis and has fixing holes with centres  all the operations associated with 4053 45p| 7434 42p 74180 69p 78p 100 £1
spaced at Si’ (dngonally) 240v drills. Dimensions:— 4086 30p| 7445 42p 74131 6Sp S0p|AUDIO Né002 3p
ONLY 500t 12% VAT 150 Somim (ds) g gmlue £ e s mplhnm, sefivice: i
‘P&P’ ORDERS UP TO £5, Add 30p 01 lSelaets | A ampzaise Se SN76013 130p|1N4007 Sp
185 4a9p 60p|SN78023 130p
ORDERS £5-£10, Add 50p 4507 48p| 7451 13p 20p{74196 49p 78p|SN76033 190p
All orders over £10 post free! ! 4511 56p| 7453  13p 74137 49p PO BAI 70p | RESISTORS
Please add VAT as shown. B:mwuh-\ams 451 85p| 7454 13p 16p|72188 95p TBAS10S 90p 5%
Py 4515 196p| 7460 1 74221 T8A820 85 0-7p each
S.AE. with all ies 2218 a25| 7430 23: 74§§7 99p S0p S 600: 1005 T o
Personal callers walcome at: 21 GREEN LANES, PALMERS GREEN, NI3. Smgn
ALSO. 13 SOUTH MALL, EDMONTON GREEN, EDMONTON.
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ACCESSORIES ARE OMLY
AVAILABLE TO THOSE
CUSTOMERS WHEN BUYING
OUR BARGAIN PACKS.

20 x 20 WATT STEREO AMPLIFIER

=
Viscoumt IV unit 1n teak simufate cabinet Silver finish rotary controls snd Au nlo Mon“ lEs ' "
pushbuttons with matching fascia. red myins indicator and sterzo jack

socket Functions switch for mic. magaetic and crystal pickups, fape tungr

and auxliary. Rear panel features twe mains outfets DIN speaker

and input sockets plus fuse 20220 watts RMS 40x40 watts peak

For use with B 1o 15 ohm sprakers £29 90

1 __7% | CURRENT CATALOGUE
30x30 WATT AMPLIFIER — PRICE £

N L:I(E!T FQ RMd AT DVEH
For sxpenenced constructor com-

80xB0 watts paak. For use with 4. 15 PER PACK
ohms speakers +plp

SEE OURPRICES

plete in every detail, same facilitiss
_—
PACK 1. 2x LP1173 10w. RMS output power aud
SPECIAL OFFER 1 mmodulxes, +11P1182/2 Sllfll;wprl amp l'of “

as Viscount IV. but with 30x30 output

i 4
30 x 30 WATT AMPLIFIER KIT B iy Phuce £4.95
with BSR P200 belt drive fs 0 0 pra £100 . ACCESSORIES e ;
tatle mains powar supply parts, 13 it
deck and Sthe 5 - PACK 2. 2x LP1173 10w. RMS output power audio m;;u'n;‘;m,m:\:, f.,g;g 5,:,:,3,,,.9 Oa"y“ 3??; ‘;'rm
M75 Camldga. 5T D&D £5.00 amp modules + 1 LP1184/2 Sterec pre amp for rectifier, smaoting tapecitorand 38t 4 ohm bass and two 35" 15 obm mid-
~ magnetic, ceramic and auxiliary inputs of rotany sterea controls for treble, Tange tweater with Tno £3 95

bass, valume and balance. Cross-over capacitors =
us- 293 ;:“gg £ 7 -4 5 fz 90 Ger St#ra0 pair

VAILABLE ALSD 70 PURCHASERS OF, THE 10 + 10 AMPLIFIER KIT plus £1.50p8p plus £1.50 plp
_ 2 =

10+ 10 AMPLIFIER KIT

An opportunity to buy 2 10 watts per channel stereo
ampiifier kit which is suitahle for use with 2 ceramic
tarrridge. The amplifier utilises proven Mullard modules and
Is availablz at a very competitive price. The amplifier kit

L
EMI SPEAKER BARGAIN 4

Stareo pair 350 kit System consists of
13" x 8" approx woofer with rolled
surround: 2% approx. Audax tweeter.
crossover components and circuil
diagram. Frequency response 20 Hz

1o 20 KHz Power nnd[.ng 15 walts AMS

20 watts max :
8 ohm impedance
i comes compiete with instructions and includes: a Mullard
£1 4 95 4 LP1183 stereo preamplifier module. wo LP1173 pawer
amplifiers with integral heatsinks. 2 power supply,
Eu steren pmr Zobel networks. front and back mounting panels, a fimshed
fascia panel, all control potentiometers (bass. treble,
BSR P20D volume and balance). switches, mpul. output and headphane
p o 4 $ockets, wire, and an easily assembied wrap around cahinet
Belt dnve chassis tumtable unit semi £2 95 10 house the finished umit
atitomatic, cueing device #hp £255 Size approximately p&p £2.05 £1 1 -95
AD.C OLM 30 Mk Il Magnetic Carridge 'S x Bk x 4
10 suit
£7.75 BARGAINS FOR PERSONAL SHOPPERS 50 WATT
' = - - I LED 5 funchion man 5 digital watzh £ MONO DISCO
1 Mangal single play stanfess steel fnish 5.95 AMP
Bs recoed 0otk with auto LCO 5 function men’s digital watch
retum and coging fever. fined with stereo stamiess steel finish £6.95 £29395
cermmc cage 2 speeds wil 45 1p m LCO 8 Functuion CHRONOGRAPH men's digital £12.95 PAP £2.50
spindie adantor ideally surted from "°"A'; watch, stainless stee! finisk 3 Sizz approx. 13%” x 5%” x 6%~
e < POCKET CALCULATOR. With LED dispiay. memory 50 watts rms. 100 waits peak output. Big features include two disc
o quf 1 0'95 25 and percentage key f 2 95 nputs, both for ceramic cartnidges, tape nput énq microphone nput.
AM/EM DIGITAL CLOCK = Level muing controls fitted with integral push-pull switches. Independent

bass and treble controls and master volume

70 & 100 WATT

GARRARD DECK R e i,
! = MONO DISCO

MODEL CC 10A B display Buzer and
Hecord changer with cusing device snooze imer
fitted with stereo ceramic cartidge 408 : 2 <

ready 10 fit into your own plinth ~ fl 1.95 ” AMP
Size 12 891 el Size approx.
£7 95 meczn 5 125 Watt Power Amy Module £13.95 s lone
ed aluminrgm
:::‘: nm'::‘g’. ?edd :::i;?t I‘:‘"‘ Mains power supply for above unit £3.50 ;?!da and ‘;uz: mku}: )
o MU v van: & conirols. master voleme,
e 1':1 replaces iﬂsn‘l” EIARE Biafc pis sgly £1.50] vve el mcievsl deckievel, PLUS INTER DECK FAGER
e mn;l & IZJEac_CA 20w il:m: ”:“:!zr ;a_! comgning 5 Toe perfact graduated change from record deck No. 1 10
mm?pn;?uo::;nmv: A" approx fZﬂ 00 Nz 2. or vige versa Pre fade level contzol 70 watt £57
ptp A {PFL) Izts YOU i2ar peat disc before fading 140 watt peak
£7.50 £1.50; 'VIDEOMASTER Super Scare TV Game it in. VU mater monitors cutput level pBp £400
p with pestol mains operaion £1 4.95 Dutpur 100 watts RMS 200 watts peak. 100 watt £55
\ PORTABLE RADIO/CASSETTE RECORDER, AM/Fl wih clack ~
BARGAIN FOR N s £41.95f FOR PERSONAL SHOPPERS ONLY.
VIDEOMASTER COLOUR P ’ .
PERSONAL SHOT TV AR DUO Il SPEAKERS

s H 0 PP EBS 0 N LY Choice of three games—Football, Tennis Atractive teak finish. modemn design.

and Squash. Ready to play—one or two incorporating 2 speaker units -6°
Altone UA4 piayers. MAINS OPERATED. 0PPORTUNITY AT £9.85 ONI.' 2pprox. wooler and 2% approx
Stereo System

tweetar. 45 10 1800 Hz Impedance

Features 8 watt total output. Full size BSR manual turntable o i St IS
with cu;m% and auto retum. Socket for tape in and out and T et Pe{fs; ';DEB'
sterep headphones v 3
complete with speakers. f 34' 9 5 _
——— e — e
Wicro Cassette Recorder

Fodettis toneqatcees w3l 323 EDGWARE ROAD, LONDON W2

| whe travelling. 21 AHIGH STREET. ACTON W STEREO RADIOGRAM CABINET
Battery operated fluorescent — ACTON: Mail Dmémmy‘ rg':‘a"m? BNG Finished in a natural teak veneer with opening top.

e Easily modified to accommodate stereo eguipment of
camping lamp ALL PRICES INCLUDE VAT AT 12:% Y fuip

L Al ki addability. Py your choice. Price
Runs off 8 U2 batteries. £450 4.‘4%umm'}:x.:a dn:g'. ..‘3.:’!.?&;‘ .S_uiapproxlmataw 47" x 151" x 15" £1 0 95

I Parsonal Shoppers EDGWARE ROAD LONDON W2 Tel: 01-723 8432 8.30am-5.30pm. Closed all day Thursday  ACTON: Mail Order oniy. No callers GOODS NOT DESPATCHED OUTSIDE UK
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DOOR TUNES £1E44 + VAT,
Waddngwn's Videomaster announce @ doorbell thet doesn’t
go Brrnggg. Dinglong or Bozm. insteed it plays 20
diifzrent dlassicel and poplder tunes. ft will play the tune
you select for your miood, the season or he visiar you are
wpectng to cail. Goor twnes 1 not only grest fun end 2
wonderhd ice bresker, b is a0 very funciionaly and
besutifully designed 1o enhance your home. There &

g for Chastmes. hing for your i |
vators or your reimons from the swmes. and even
somathing for the Oueen: Door wnes is eesy to mstell and
has separae controls for volume, toné and t2mpo,

PROGRAMMABLE £2050 + VAT,
COLOUR CARTRIDGE T.V. GAME.
Thiz TY g=ve o= be compared to an sudio casserte deck
and & programmed w pley 3 multitude of difierent games
w COLDUR ssmg wariows plug-n cartridges. At long l2a 3
TV g2me = zvaisbie which wil kesp pace with improving
technaksgy by Slowng you 1o 2xiend your fibrary of games
v e puchese of additional cenirdges s new games
e devsiopad. Fach canmidge contans up to ten differant
2cion gemes and the first cantridge cont2inng 1en sports
games & ncluded free vath the console. Other cenndges
= currently avalable 10 enabie you 10 pizy Such gemes as
Grand Prx Motor Raomg, Super Wipeout and Stunt Rider.
Futher zanmidges are 10 be relessed lzer Wus year,
wdudng Tenk Banle, Hunt the Sub and Tager The
it comes complete wah two remowvable joystick
gayer tontrols to enable you 10 move in 28 four drections
lipidowninghaiiehl and budt into these pysiick conrols are
ball szrve and 1arger fire buttons. Other featores include
sevaral difficulty option Switches, sulomatic of sCfeen
digtal scofng and colour coding on scores and balls,
{#efike sounds are transmitted through the TV's speakar,
simisenng the actusl geme being played.

P g by W s Vi ~
guarantsed for one yesr.

STAR CHESS — £55.08 + VAT,
PLAY CHESS AGAINST YOUR PARTNER,

using your own TV 1o displey the boad and pieces, Star
Thess i 2 new absorbing game for two players, which wil
niztest 2nd exnte all ages: The unit plegs ints the aeral
socket of your TV set and displays the board and piecss m
full cofour for back and whitel en your TV screen. Besed on
the moves of chess It adds even more exceement and
mierest 1 the game. For those who have never piaved,
Star Chess'is & novel introduction 10 1he clessic game of
chess. For the expanienced chess player, there are whele
new dimensions of unpredictabiity and chance added 10
the strategy of the game. Not only can pieces be taken in
zonventional chess Type moves, bin eath pisca can also
exchange rocket fire with &5 opponems. The Loit comes
camplete with 2. free 18V mains adeptor, full instnictions
and welve months guaraniee.

CHESS CHALLENGER ¥— 8555 + VAT

PLAY CHESS AGAINST THE COMPUTER.

The stylish, compacr, ponable console can be set to play at
seven different levels of sbifty from beginer 10 expen
wciuding "Mate in two”2nd “Chess by mai™. The compuzer
will anly make resparises which obey intemationsl chess
riles. Castling, on passant, and promating @ pawn & 3ll
incicded 35 part of the computer’s progrmme. ks
possible 19 enter any given problem from magaznes or
TeWspapers o 2hemaively estebish your own Dogrd
position and watch the computer react. The poshions of all
pieces can bie verified by using the computor memary recal
benton.

Price _mcludes una with wood greined housng, amd
Staumion design chess pieces. Compuser. pleys biack ot
whig end aganst tslf and comes conglete with 2 mens
adaptor and 12 months guarantee.

OTHER CHESS COMPUTERS IN DUR RANGE INCLUDE
CHESS CHAMPION — 6 LEVELS £82.67 + VAT.
CHESS CHALLENGER ~ 10 LEVELS — £143.06
+VAL

BORIS — MULTHLEVEL TALKING DISPLAY £16528
+ VAL

CHECKER CHALLENGER 2 LEVELS £4398 + VAT,
4 LEVELS £90.08 + VAT.

The draughts compurer enbles you to sharpen your skille,
WMprove yous game, and play whenever you want. The
computer mconirates a sophisticated, rekable, deusan:
makng microprocesser 5 i3 brain. [ts hugh level of
thinkimg absity enables 1t to respond with s best counter
moves hice 2 skiled humen opponent. You cen select
offence or defence and change playing diffiruhy fevels at
any time. Posons can be verified by tomputer memcry
recall. Machine does not permit #legel moves and tan soive
set probiems. Computer comes complete with instructons,
mains adapator and tweive months guamntes.

CHESS COMPUTERS

DRAUGHTS COMPUTERS

ROAD RACE — £3.57 + VAT

Grand Prix motor racng with geer changes, trsh noises
SUPER WIPEDUT — £317 + VAT,

10 diffesent games of blasting obstackes off the streen
STUNT RIDER — £12.15 + VAT.

Motorcyds speed trisls, jumping obstecles, leaping vanous
rows of up 10 24 buses exc.
NON-PROGRAMMABLE TV GAMES

§ Game — COLOURSCORE Il - £1350 + VAT.
10 Game COLOUR SPORTSWORLD £2250 + VAT.

ELECTRONIC CHESS BOARD TUTOR £13.75 inc. VAT.

A special bulk purchase of these ameaing chess teaching
machines enables us 1o offer them a1 only £18.75 Jess than
haif recommended revail price. The electronic chess tuior s
5 simpie batiery opersted machme that can eciually teach
anyone 1o play chass and improve their game fght up 10
champicnship level. This mechine is not only for toal
beginners hut aiso for estzbished players wanting to play
bewer chess. Unit comams the electranic chesshpard with
32 chess pizces, 2 B4 page expianatory booider 2nd a set of
2 progressve programme cards including § beginnars
cords, 16 check mate postions, § minisuwe games, 5
openings, 3 end games, 28 chess problers and 2 master
games.

PLAY DRAUGHTSICHECKERS AGAINST THE COMPUTER

o
e

> o
L~ —\
FOR FREE BROCHURES — SEND S.AE
For FREE ilhistraind brochures and revieas on TV and chess games piezse send 3 stamped addressed envelope. 2nd state
which perticuiar games you require infgrmanian on
Callers welcome at out shop in Welling — demenstrations daily — open fromi Samr3 30pm Man-Sat Sam Tpm Wed.
To order by telephone please quote your name, address and AccesyBarciaycard mimber.
Postage and Packing FREE

AJD DIRECT SUPPLIES LIMITED, Dept.EED, 102 Bellegrove Road,
LWeIIing, Kent DA16 3QD. Tek: 01-303 9145 (Day) 01-850 8652 (Evenings)

Your leading direct suppliers for

NASCOM MICROCOMPUTERS
AND FULL SUPPORTING RANGE

OF ITEMS TO ENABLE YOU TO B o e

WORK AT PROPER 10% 3 5orde.ws list value

PROFESSIONAL LEVELS Not on m&'{:r'::"ém,.,
card hi ers.

@ We pay
postage
in U,K. on orders list value

£5 or over. lf under, add
30p hendling charge.

@ We give

discounts
on C.W.O. orders, except
for a few Items marked Net
or N in our catelogues,

* At newest reduced prices.
* Widest possible range stocked

% Information on request

* Engquiries from trade, industrial and

educational users invited

® We stabilise
prices.

by keeping to our printed

price lists which appear

but three or four times

aysar.

Appointed distributors for the

fine products of:

SIEMENS, ISKRA, RADICHM,

VERO AND MANY OTHER
FAMOUS MANUFACTURERS

@ We guarantee

all products brand new,
clean and to maker’s spec.
No ssconds, no surplus.

® WE WILL SEND YOU
OUR 120-PAGE
CATALOGUE No. 9
FREE ON REQUEST.

It’s a good deal better from

Dept. EEB, 28 St. Judes Road, Englefield Green, Egham, Surrey TW20 0HB.

Phone: Egham 3603. Telex 264475.

Northern Branch (Personal shoppers only), 680 Bumage Lane,
Burnage, Manchester M19 1NA. Phone (061) 432 4345,

Comprehensive, infor-
mative, very well produced.
Write, phone or call foryour
free copy, together with
latest current price list.

470

GABINET
IDEAL FOR THE
NEWCOMER TO
ELECTRONICS

Contains hunurecs vl brand new

s, s, {1 s
diodes and 1.C.'s. All useful values,
carefully chosen fo hsip the new
constructor pursue his hobby without
finding himself short of same vital parts!

All parts contained in clearly marked
bags in a plastic storage cabinet

232 x 121 » 185mm with 9 drawers info
which all parts can be neatly located.

If bought Individually parts plus case
would cost over £45 but we ars offering
this for ONLY £29-95 + £1p & p.
Simply send a cheque or P/O for £30-55
for Immediate despatch.

CONTENTS:
200 % wattresistors

Wire wound resistors
Ceramic Capacitors
Mylor Capacitors
Polyester Capacitors
Electrolytic Capacitors
;Fémpsislors

.C.'s

HER2EE338

LED.'s

Diodes and rectifiers
Altogether 814 components.
Price Includes current

Plus free surprise gifl.

and
Greenweld pen for reardering supplies.

GREENW

443D MILLBROOK ROAD, SOUTHAMPTON SO1 0HX
_All prices include VAT—just add 25p post

e
ELD

L

PC ETCHING KIT MK Il
Now contains 200 sq. ins. copper clad
board, 1lb. Ferric Chloride, DALO etch-
resist pen, abrasive cleanaer, two minjature
drill bits, dish and i

£4-50

THE NEW [978-9

GREENWELD

CATALOGUE
FEATURES INCLUDE:

® 50p Discount Vouchers
® Quantity prices for bulk buyers
® Bargain List Supplement
® Reply Paid Envelope
@ Priority Order Form
® VAT inclusive prices
PRICE 30p + 15p POST

KITS OF BITS
FOR EE PROJECTS

We supply parts for nearly all EE
projects—for a detalled list
of this month's, and. previous articles,
please send SAE.

Examples from earlier Issues;

MW MINI £2-50

SOUND TO LIGHT UNIT £1:35

AIR FRESHENER £7-95

FUZZ BOX £4-00

TRANSISTOR TESTER £2:85
TREMELO UNIT £6-85

LOW COST METAL LOCATOR £3-25

ELECTRONIC CANARY £3-15 inc Box
DOING IT DIGITALLY £23-25
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Largest range of quality components in the U.K.—over 8,000 types stocked

, Head office and maii order to DEPT EE
A. Marshall (London) Ltd.
Kingsgate H ., Kingsgate Place, London NW8 4TA
Tel: 01-624-0805 Telex 21432

Retail Sales: London: 40 Cricklewood Broadway, NW2 3ET. Tel: 01-452 0161/2 also 325 Edgware Road, W2, Tel: 01-72342‘2.
Glasgow: 85 West Regent Street, G2 2QD Tel: 041-332 4133 and Bristoi: 108A Stoke's Croft, Bristol. Tel: 0272 426801/2.

LEDS + OPTO MEMORIES (see catalogue for full range) TRIACS
BY SIEMENS MM2708Q 9-08 | MMBSC30N n TMS4043-2NL 2-88 | TMSSOMSNL 13-74 | POWER PRICES AT UNBEATABLE
Displays 7seg LEDS Red Gr y." MMB5204 900 [MMS31T4N 447 Tusaou-mnuls TMSS90¢ P.0.A. | PRICES
¢°m ancde or cath s,,.. 3Imm 18 19 MMM3 683 | MMS710SN 1043 | TMS4045-20NL-35 | TMSS90S F.o.A. TIC206D Plastic TOSS 400v  4A £0
Large 5mm 20 20 2o MMS307AA/NI3- 85 | MMS7109N : TMS4050-2NL c 48 | ADCOST7CCN TIC225D  Plastic TOS6 6A £0-70
,mm HT £1-50 Extra M3314 4-60 | MM5TISON TMS4051-2NL §-46 15-63 | TIC226D Plastic TOS8 400v  8A £0-T0
10mm HT £1-55 B,;,m 0 40 40| MM5316 4-80 | MMSTIGTN t 71 TMS4060-2NL §-46 | ADC3511CCN 3-30 | TIC236D  Plastic TOS6 400v  12A £1-00
14mm HT £1-57 Hfred LD2T1 £0-35 MMS330N  4-20 | TMS27TIBJL  19-50 | TMS4115-250L ADCSTI1CCN 8-35 | TIC246D  Plastic TOS6  400v  16A £1-21
18mm HT £1-85 IR recelver 145 MMBOCOSN  9-53 | TMS4027-25NL 26-00 | ADD3501CCN 8-38 | TIC253D  Plastic TO3  400v  20A £1-87
Opto coupler £1-55 MMBOCIEN ¢ 68 | §-18 | TMSEI8ANL P.0.A. | ADD3I701CCN 835 | TIC283D  Plastic TO3 400v  28A £2-20
Full range + data in our 78 catalogue MMB0CSTN  9-5z | TMS4C33NL  1-75 | TMS®TINC 5-38 |AY2513 g pedid s
MMBOCISN 995 [TMSE036-2NL 328 | TMSOWOIL 4441 | Avaomy o5 38 | $0509 B
RAACO STORAGE BOXES MMEZCISN 299 | TMS4OSS.2NL 2.78 | TMSSSOTNL 1068 | Shromors  3.08 | ovtiead e
. £1-95
Strong durable high Impact polystyrene bezes with | Mmaaceon  2-88 | TMS4042-2NL 238 | TMSSO02NL  9-16 | SFFOS3sd 1600
brass hinge pins. =
i s ol £ THYRISTORS
TYPE RATING CASE PRICE
LINEAR (See catalogue for full range) CMOS (see catalogue for full range) TiCe:  0:6A 30r  TOIB £0-%
Fitcon Wile aetiiais FACAEN  1-38 | T4CP5N 1 u | CD4000  ©-20 | CD40138 0-52 | TIC46T 08A 100v TOM8 £0-50
LM340T- - e I iCAse LA e F4CT3N  0-34 | T4C10TN { CD4001B 0-20 | CD4014 3-00 | TIC47i 0-8A TOi8 £0-88
-5 0-88 | LMIS3ON 180 | CA3RBA 0% 74C74N  ©-56 | T4C150N b u] CD4002 0-48 | CD4015 0-75 | 2! 0-5A 25¢ TOI8 £8-32
tm‘_ﬁ: 938 | LMIsisN 150 | CAoss 125 [ 74CTEN  0-54 | 74CI5IN 2-47 | CD4006 1-25 | CD40T8  0-52 | 2N5061 0-5A 50 TOIS £0-33
T I e as 1 DMIBIS 08, |- CAY S 0T T4CEN  1-30 | 74C134N 368 | CDOT 018 | CD40T7B 105 | IN062  0.3A 1o0v TOl8 £0-40
_u 1850N 1-90 | CA3028A @899 74C85N 1-30 | 74C157N 2 CD4008B 0-89 | CD49188 1-05 | 2N5063 0-5A 150v TO1& £0-43
LMIP5 036 | LMiswoN 230 | CANYN 13 | TACoSN 884 | 74CISON 111 | CDeooo ©-58 | SOADIOB 053 [2NSS  0A 2ov Tois £0-65
LM341P-12 8-56 | LMiSOON P.O.A. | CA00A 229 | T4CBSN 4-33 | 74CI6IN 1-11 | CD4010 958 | CD4020B §-15 Bsteom 47A 7ow Plastic £1-43
LM341P-15 9:56 | LM2007N-3 1:30 | CA3033 379 | 74Co0N ©85 | 24C162N 111 | CD4DI1B 020 | CD4021 105 Mounting £1:10
LM341P-2¢ 0-56 | LM29TIN-8 180 | CAOX 275 | 74C33N 085 ) T4C183N 1-11 | CD4012 0-20 | CD4022B {-00 B*rm(xxmvmsamm £1-10
LM34SK 697 | LM330IN 080 | CA30S5 1-35 BT121 (XK2134) £1-10
LM348N 085 | LM33G2N 0-55 | CA3036  1-21
LM350K 650 | LM340IN 0-55 | CA3032 2.8 loat, TTL
LM338N  0-80 o6 | caxnsea ¢l NEW 1979 CATA LOGUE G greardoat from (see catalogue for full range)
LM35ON  3-00 | LM3SOSN 115 | CA3038 977 Marshaug N7SHOSN 060, 74LS63N  1-26|74LS1E3N 2.7
me :: Luasom :;1: :C:.:g‘u‘) ig 23 page catal ged micro secti 5 m:mgu 0:56/74LS73N  0-42|74LS188N 334
IM3T3N 335 | LMIIIN P.O.A. | GAnee 1.8 | e renoe of “"‘"'" gl ) 0 NTAHZON 0 S3|74LS7SN ¢ s3|7eLetorn 106
LM374N  3-35 4N 279 | CAsoz 220 U SAILIVAT, S N N74H2IN 0-35/74LS7GN  0-42|74LS192N 0-95
LM3TTN 1-80 | LM4250CN ¥-30 | CA3045 .53 | inclusive prices. Over 8,000 line items plus ¢ 4 N7EHION 9-55{741S78N 0-42|74LS193N 995
LM378N 240 | LM78LOSCH 0-85 | CA30¢s  §-77 | fots more. 45p post paid or 35p to cailers 2t any W) | SN7SHAON 0-35(74LSE3AN 0:99/74LS1%N 070
IEMSWS.S :a LM78! .}202 :g | cuu;A :: of our four branches. £ < :55 74LS85N  8-95|74LS185N 0-70
LM330N-14 1-08 | LM78L24CH 085 | CA3¢E  2-45 / i 05 TatSaon o6 HLSIIN o8
LM38IAN 2-70 7805KC 156 | CASMe 18| X MAIL ORDER 0:55(74LSOTN  1-20(74LS22IN 0-80
LM32IN  1:68 | LM7812KC 1-58  CA3050 288 ] Quick service on all orders—please add 40p for 0-55| 74L.S921 0-70| 7% 150
LM332N 132 | LM7BISKC 1-56 | CA3051 1828 p/p to all orders. Telaphone orders on cradit 0-55/74LS33N  0-64|74LS24IN 1-50
LM334N  1-55 | LM782¢KC_ 156 | CA3052 178 -00 mi 3 @55 - 2N -
4 cards £10-00 minimum TALSISAN 0-90|74LS24 @
LM336N  0-88 | LM78L0SCZ 0-30 | CA3053 877 0:56(74LS96N  1-35/74LS243N 1-25
EM38TN  1-10 78L12CZ 030 A CA30S4 110 0:60|74LS107N  0-42[74LS244N  1-50
LM388N  1:00 | LM78L15CZ 030 | CA30S8  2-10 [r— 3-10|74LS109N  0-42[74LS245N  1-65
LM38ON  1-00 | LM78L24CZ 0-30 | CA3060 250 0:90/74LS112N  0-42{74LS247N 109
N 087 | MCES7P 275 | CA3082 375 Cradit cards weicome 2-62|74LS113N  ©-42{74LS24EN  1-09
LM7018  2-99 | MC671P 175 | CA306¢ 110 2:30(74LS114N  0-42|74LS248N 109
LM701C  2-99 | MC672P  1-75 | CA3085 110 74LSOON  0-26/74LS122N  0-62{74LS25IN 1-00
LM702C 081 | MC724P 236 | CA 330 a M 74LSOIN  0-26/74LS123N  0-83|74LS253N  1-00
LM703LN 1-95 | MC780P 180 | CA2070 -0 74LSOZN  0-26/74LS124N  1-70|74LS257N  1-00
LM709CH 070 | MC790P 16 | CA307t 190 T4LSOIN  0-26|74LS125N 0-60|74LS258N  1-00
LM703-8  0-50 | MC798P 20 | CA3072  1-50 74LSOIN  0-28/74LS126N  0-30|74LS250N 1-53
LM709-14 043 | MC799P 20 | CA3075 170 74LSOSN  0-28/74LS132N  0-85|74LS26IN 3-25
LM7I0CH 0-87 | MCasep ‘70 | CA3076 242 T4LSOEN  0-25|74LS136N 0-42|74LS265N 0-44
LM710-14 048 | MC833P 0-70 | CA3080 085 TALSOSN  0-26|74LS138N 0:65|74LS273N  1-30
LM71ICN  0-48 | MCB38P 0-82 | CA3080A 210 74LS1ON  0-26/74LS139N  0-85(74LS275N 3-28
s 1:00 | MC337P 082 | CA3086  0-50 3 DIGIT LCD AND LED PANEL METER KITS 74LS1IN  0-26/74(S145N  1-30{74LS279N  0-58
wmg:‘ ::52 :mcaw: f:: | g:mé ;:.7 Low-cost, sasy-to~assambls kits using the new - TALST2N  0-26|74LST4TN 1-85(74 18
LM741CH 0-50 | MC84P  0-70 | CA30900 440 B T cowie TSN Sl oioN s oo 136
LM741C-8 0-30 | MCs4sP ~78 | CA3130 106 Intersil’s 7106 is the first single-chip CMOS A/D for driving LCD displays 74LSISN  0-28[74LS153N 0-53/74LS290N 1
LM741C-14 0-60 = MCaegP 10 | CAzide 104 ~ including backplane — directly. The 7107 is the first single-chip CMOS 74LS20N  0:-26{74LS154N  1-45[/74LS283N 1.00
v IR S ToENCEIE S A SLOOSTY 2 25 A/D for driving instrument-size LED dispiays directly without buffaring. 74LS2IN  0-26(74LSIS5N  0-80|74LS295N  1-35
LM748-14  0.50 | MCasiP 85 thgg ._g Each provides paralfel seven sagment outputs, ideal for DVMs, DPMs and T4LS22N  0-26/74LS156N  0-80|74LS208N  1-35
LMS00 030 | MC1035P  1-80 Fa57IN 080 anywhere modern digital displays are nesded. Baoth have intemal z:t m gg ’MLS:gﬁ :'“ ;:ILS&’SS’I: ;a
LMS11 0-50 | CA3000 3-30 LF13201N 300 reference and clock, and both are CMOS so you get low noisz (12 10 74L528N 028 ;:'[g,m g 740 %N § 85
LMg21 0-50 CA3001 425 FI333IN  3-00 15uV) comparable with the finest bipolar davices, and low power (10 74LS30N 026(74LS16IN 0-85 7“_7&5" 240
92 050 | CA3002  3-30 LF13741H 049 mW max. @ 10V). 74LS32N  0-27|74LS162N 0 80{74LS328N 270
LM1308N 115 | CA3008  4-60 | LFI374IN 0-33 Kits provide all materials . . . ncluding PC board, for a functioning pan- TSLS3IN 0 29/74LS163N  0-85|74LS3I2IN 2-55
LMIS04N 182 | CA3007 415 | LMi14H 275 el mater. Assombly tima is only § hour. 74LSITN  0-32{74LS184N  1-18[74LS348N  1-10
lLm“: 3! :g gAsoo; :5‘: | LM301AH gg ICL 7106EV(LCD) £26.99 SPECIAL OFFER £19.90 74LS3EN  0-32|74LS165N 1-15/74LS3S2N 107
o irae cmmls i S h ICL71076V{LED) £21.89 SPECIAL OFFER £15.90 ;:‘-nggn H D ] et b L
LMI35IN  1-30 | CA3014  2-20 | LM3OTN  0-30 Chipalone |CL7108CP SEECIAL OLERE £2:90 TALSOIN 108 AUSIGEN  1.48|74LS0aN 0.5
LM1458N 045 | CA3018  0-75 | LI 095 1200 - § Terminal Adjustabie Voltage and Current Regulator 74LS48N  1-90|74LS170N 1-90/74LS38IN  0-55
LM1496N  ©0-97 | CA3018A 1-16 | LM30SN  0-55 The L200 s a sificon monolithic integrated circult & TALS4ON  1-09{74LS173N  1-10|74LS 0-55
LM180ON 1-94 | CA3020 220 | LM309KC 1-95 o maratac eculifor Yokaoe o2 curw TALSSIN  0-28|74LST74N  0-75/74LS313N  9°35
LM180IN 2-25 | CA3020A 250 | LM317K_ 3-35 POGIAITS Hie TeguiRUon. 74LSSAN  0-26(74LS173N  0-75|74LS374N 085
M1 210 | CA3021  2-40 | LM3ITMP 135 © ADJUSTABLE QUTPUT CURRENT UPTO 2A 74LSS5N  0-28/74LS18IN 2.75/74LS37SN  0-66
Dheen i) e IR OHEN IB| e sosmmsoumuionosiouionsy
SASE e KNOBS for {” spindles
TRANSISTORS (See catalogue for full range) (see catalogue for full ruge)
2N3402 21)2N3567 -25)2N3704 -14;2N4908 3-72)2N5035 1-10 2N5185 -97/2N5306 -suNssts 7:502N6131 -70BD181 1-90,BFW431-65 | M1 Black plastic with mach.
2N3404 -21|2N3570 4-502N2705 -14|2N4600 498 |2N5035 1-20|2N5209 - -30.2N5550 -332N6132 -70|BD182 2- aaFw.rm 75 metal insert 25mm dia
2N3405 -21|2N3571 1-90|2N3706 -14|2N4910 1-20({2N5086 -30(2 442N6133 -70,BD183 2 35BFWB71-75 £0-23
2N3414 -18|2N3572 3-00|2N3707 -14|2N4013 1-45|2N5087 -30 B3i2N6134 -70,BD187 -85 st 175 | M2 As M1 but 33mm dia with
2N3415 -18|2N3583 1-25|2N3708 -12{2N4014 1-65/2N5088 -30 452N6179 -77/BD201 1-10/BFX12 35 pointer £0-31
2N3416 -21|2N3524 1-35|2N3709 -12/2N4915 2-40,2N5089 30 45/2N6180 1-05!3 1-258 .33 | M3 Black plastic with mach-
2N3417 -25{2N3605 -98|2N3710 -92|2N4916 -22|2N5126 -44 535/0N5131 -89/8D203 1-28)BFX19 49 ined metsl insert and akirt
2N3420 N3606 -18(2N3711 -12|2N4917 -27(2N5127 -22 55/2N6253 1-00(BD204 1-35|BEX29 34 36mm dia, £0-37
12-50|2N3607 -18|2N3T12 1-35/2N4g18 -65(2N5128 22 85[2N625¢4 §-458D220 -66BFX30 -34 | Mé Black plastic with
2N3439 -85 2N3713 1:50(2N4518 -79|2N5120 22 2N823S 5080221 -66BEX34 6§ machined metal insert and
2N3440 -75 12-73|2N3714 1-5512N4020 -83|2N5130 22 -508D222 -66/BFX37 -49 skirt 38mm dia £0-37 4
2N3¢41 82 -17(2N3715 1-55/2N4921 -56|2N5131 -2 2N6290 -50/BD223 -75!BFX8S8 1-10 |MS Black plastic with \
213442 1-45|2N3B3BA 17| 2N3T16 2-29|2N4922 -60(2N5133 22 INE2g2 -50|BD224 -75BFX84 -30 machined metal insert and
2N3444 1-35 -33|2N3724 -65|2N4: T5[2N5137 ‘22 -T0|8D232 -I5BFX85 -33 skirt 30mm dia. £0°33
2N3445 8-50|2 +25|ON3795 -60|2N4924 1-95[2N5138 22 84{AF240 1.25(BD233 -45/B ‘30 | M6 Black plastic body with
2N3445 2N3641 -25|2N3732 2-00|2N4926 1-70{2N5138 22 39{AF278 -38/BD: -46BFXE7 -3§ metal inlay 2imm diameter
10-00|2N3642 -22|2N3734 -75|2N4027 1-70|2N5140 22 17/AF230 -85/BD235 -48|BFX88 -39 £0-18 [
-38 | 2N3735 7-00|2N4928 2-20|2N5142 -22 AFY4? 1-65BD538 -71/BFX83 1-37 | M7 Heavy metal matt black i
10-50{2N3644 -40|2N4BTIL -51|2N4044 -30|2N5143 -22 AU110 1-78/8D539 -SO(BFY10 110 Iniay compact and very
2N -38/2N4338 54 30(2N5172 24 AU113 1-70/BD540 -S0/BFY13 1-10 stylish, diameter 24mm
00[2N3846 -26|2N4289 -75|2N40S4 -28[oNsSi70 75 BC409 -27(BDS8T 1-10|BFY19 1-10 £9:
2N3468 1322 -25|2N4891 1-39|2N4965 -28(2N5180 -58 49/BC413 -16/BDS82 1-30/BFYE7 1-30 | M8 As above but 28mm dia.
+29/2N4898 1-55|2N4968 -28|2N5183 1-20 41/8C414 -n{sms 60 B8FYss 38 £0-82
0- 3690 -45|2N4901 1-65 [2N4967 -28|2N5188 -44 44i8C415 -10/BD676 -85/BFY4! -88 | M15 Black plastic pointer knob
2N3S12 1-102N3691 -45|2 2-20|2N4963 -28|2N5189 -49 BD153 1-05/8D677 -T0BFYSD 38 with white marker, OD
2N3553 3-25(2 ‘45| 2N4903 2-79|2N4969 -28|2N5190 65 BDiss 11080878 $2BFYS! 33 nmm (skir) pointer 3Imm
2N3563 -25/2N3093 -50|2N¢804 1-835|2N5010 5-75|2N5181 75 -47/8D157 -70/BFS9s NIBFYs2 -3IS loi £0-15
2N3584 -25|2N3634 -50|2N4D0S 2-40|2N5011 8-25(2N5192 39 26 -488D138 -70BFW10 -B3BFYS -40 | M16 ngnly polished metal clad
2N3585 -25(2 -14|2N4908 2-99|2N4030 -22(2N5183 T8 . -80/BD159 -70|BFWI1 -83BFY72 99 and  pointer, diameter
283586 -25/2N3703 -1412N4907 4-90/2N5033 -63'2N5194 -80I2NS305 -29'2N5495 D160 3-40{BFW302-45'BFY75 77 22mm £0-20
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Projects... Theory...

and Popular Features ...

Every household needs an electronics
constructor.

Without such an enthusiast in the
house, the family is in serious danger
of missing out on an awful lot. A
home may be replete with expensive
electronic consumer products like
audio centres, TV, radio and re-
corders; it may even boast a micro-
wave oven, a home computer, and a
video recorder, yet be without some
very desirable additional services and
facilities that electronics can provide
quite cheaply.

Why such an oversight?

Well these kind of electronic de-
vices are not always available in the
shops; or if they are do not receive
the lavish promotion in the glossy
Sunday Supplements and other media
that is bestowed upon the more pres-
tigious and expensive products. So
the public by and large is ignorant of
a whole range of interesting and use-
ful electronic devices, instruments, or
gadgets, that can help the smooth
running of the home and add to per-
sonal pleasure and comfort in count-
less unexpected ways.

This underlines the importance to
the community of the electronics con-
structor. One role he or she performs
is filling-in deficiencies that the com-
mercial market cannot or will not
Cover.

Electronics provides something
special in the way of creative
pastimes, the pursuer of this hobby
is kept in touch with developments in
the most exciting technology of our

times, and the permanent spin-off
from his or her efforts can be of last-
ing value to the whole family.

Look at this month’s projects. Is
there a single household that could
not make use of one if not more of
these designs? Strictly functional de-
vices for the kitchen, the bedroom,
the front porch and even for the holi-
day-home-on-wheels, are complemented
by some that come into the amuse-
ment category: an electronic quiz
master, a tuning aid for the guitarist,
and a Swanee Whistler! Finally, less
glamorous but indispensable in the
constructor’s workshop, there is a
mains operated power unit.

Just as every householder needs an
electronics constructor, so every elec-
tronics constructor needs EVERYDAY
EvLecTroNICS. With selections of de-
signs such as these every month the
enthusiast is in clover—and the only
possible regret will concern the short-
ness of time at his or her disposal for
this exciting and worthwhile pastime.

If you are a newcomer fo elec-
tronics, please note it’s never too late
to start. Study Square One regularly
and stand by for our new 12 Part
Series Teach In 80, commencing in
our October issue. We have the right
method for home study—as will be
confirmed by former “graduates” of
T72.74. 76 and 78 Teach In’s.

Gt fe®

Our September Issue will be published on Friday, August I7. See page 495 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 reasonable precautions are taken to ensure that the advice and data given to

readers are reliable. We cannot however guarantee it, and we cannot accept legal re-
sponsibility for it. Prices quoted are those current as we go to press.

Everyday Electronics, August 1979




ELECTRONICS

VOL. 8 NO. 8 AUGUST 1979

CONSTRUCTIONAL PROJECTS

WARBLING TIMER Versatile, variable timing range by O. N. Bishop 474
9V POWER SUPPLY Variable supply for the workshop by S. V. Essex 479
MINI MODULE: 10—SWANEE WHISTLER Novel sound effects by George Hylton 482
ELECTRONIC TUNING FORK Audio and visual tuning aid for guitars by R. A. Penfold 490
TRAILER FLASHER Direction indicators for towed vehicle by J. Bloxham 500
TOUCH-ON PILOT LIGHT For short-term low level illumination by F. G. Rayer 510
LIGHT PLUS BELL FEconomical 2-way signalling circuit by S. Vaughan . 515
QUIZ REFEREE Precedence detector with time-up indicator by A. P. Donleavy 516
GENERAL FEATURES

EDITORIAL 472
CROSSWORD NO. 18 by D. P. Newton 478
DOING IT DIGITALLY Part 10: Binary addition and subtraction by O. N. Bishop 484
BRIGHT IDEAS Readers hints and tips 489, 495
READERS LETTERS Your news and views 494
VIDEO REVOLUTION Developments in TV home recording by Adrian Hope 496
SHOP TALK Retail news, products and component buying by Dave Barrington 499
COUNTER INTELLIGENCE A retailer comments by Paul Young 503
SQUARE ONE Beginners Page. Photo guide to soldering 504
EVERYDAY NEWS What's happening in the world of electronics 506
RADIO WORLD Acommentary by Pat Hawker 508
WORKSHOP MATTERS Metal working by Harry T. Kitchen 512
MICROPROCESSOR BASICS Part 6: Programming a microprocessor (cont) by R. W. Coles 521
JACK PLUG AND FAMILY Cartoon by Doug Baker 522
RUMMAGING AROUND Money saving ideas for the constructor by Keith Cadbury 524
PROFESSOR ERNEST EVERSURE The Extraordinary Experiments of. by Anthony J. Bassett 525
PLEASE TAKE NOTE Metal Locator, Pocket Radio 526

Back Issues
Certain back issues of EVERYDAY ELECTRONICS are available worldwide
price 70p inclusive of postage and packing per copy. Enquiries with remittance should n““
be sent to Post Sales Department, IPC Magazines Lid., Lavington House, 25 Lavington
Street, London SE1 OPF. In the event of non-availability remittances will be returned. nEE“lAn

Binders
Binders to hold one volume (12 issues) are available from the above address for £2-85
(U.K.), £3:45 (overseas) inclusive of postage and packing. Please state which Volume.

Subscriptions
Annual subscription for dellvery direct to any address in the UK: £8.50, overseas:
£9-50. Cheques should be made payable to IPC Magazines Lid., and sent to Room 2613

Kings Reach Tower, Stamford Street, London SEf OLS. BEEI"“E“S

© IPC Magazines Limited 1979. Copyright in all drawings, photographs and articles
published in EVERYDAY ELECTRONICS is fully protected, and reproductions or 04 e
imitations in whole or in part are expressly forbidden. Is on page 5 b

Everyday Electronics, August 1979 473




i

By O. N. Bishop
e

HIS device emits a warbling
tone at the end of a pre-set
period of time. The tone is loud
and distinctive, yet reasonably
melodious, so the timer is suitable
for many applications in the home.
It can time periods of a few
minutes duration or periods as
long as two or three hours.

TIMING CIRCUIT

The timing circuit comsists of a
field effect transistor TR1 and a
low-value capacitor Cl together

with a resistor R1 connected as in
Fig. 1. The source-drain resistance
of the f.e.t. ishigh when the drcuit
is first switched on; it immediately
begins to decrease rapidly but
later decreases more slowly. The
effect of the change of resistance
is to produce a change in the
potential-divider. As the resistance
of the f.et. decreases, the poten-
tial at A rises. (If you comnect
these three components together
as shown in Fig. 1, using a paich-
board or wires with crocodile clips,
you can use a voltmeter to observe

what happens.) After the circuit is
switched on, the poteniial rises
rapidly during the first second.
Next it continues to rise but much
more slowly, over a period lasting

several minutes, Fig. 2. It even-
tually becomes steady at around
5-75V (assuming a 9V supply).

Typical values are:
Ci Rapid limited Time to reach
(pF) rise fo 5-75V
120 2-5V 1-5 minutes
6800 1-2V 2 hours

+3v

d=drain
g=gate
s=source

T

|
<& é oy
Fig.1.Thetiming circuit. Changes of

potential at point' A may be ex-
amined by a voltmeter as shown.

ST5V{ - — ——-

o)

POTENTIAL AT
POINT A (V)

-
SWITCH
ON

Fig. 2. Rise in potential at point A:
(a) with low value capacitor (b) with
capacitor of greater value.

TIME

S WARBLE TONE
GENERATOR

FROM
TIMING
CIRCUIT

Fig. 3. The trigger circuit: b=base,
c=collector, e=emitter.
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Thus the operating period of the
timer is partly determined by the
value chosen for Cl. For periods
up to 1-5 minutes, C1 can be
120pF. For longer periods (up to
about 45 minutes) C1 should have
a greater value ,say 1500pF. For
periods of 2-3hours, Cl1 should be
6800pF.

TRIGGER CIRCUIT

The trigger circuit consists of
two transistors TR2, TR3 and their
associated resistors R3-R6 as
shown in Fig. 3. When the poten-
tial at the base of TR2 exceeds a
certain friggering level, a base cur-
rent flows so switching TR2 on. The
potential at the collector of TR2
falls and the base current to TR3 is
thus reduced. TR3 is switched off.
Since it is no longer comducting,
the potential at its collector (point
B) rises to almost 9V. Current then
flows to the integrated circuit that
generates the warbling tone.

The trigger circuit comes into
action when the potential at the
base of TR2 rises above 2-7V. VR1
and R2 (Fig. 4) form a potential
divider. As the potential at A rises
to 5-75V, the potential at the
wiper rises to a lesser value. If the
wiper is set at the end of VR1
nearer to A, the potential at the
wiper exceeds 2-TV relatively
quickly and timed periods are
short.

To increase the length of timed
periods, the wiper is set round the
end of VR1 nearest to R2. If set too

=Y 5 =Y £

A NPLATE X
(@) plarey

(b)

Fig. 5. The two states of an astable multivibrator, as used in the warble-tone generator.
Parts of the circuit shaded are at *high™ potential; other parts are at “low" potential.

close to the R2 end, the potential
may never reach 2-7V.

WARBLE TONE GENERATOR

The tone generator consists of
two multivibrators, each built from
iwo NAND gates. ; 2

The four gates are contained in
a single cmos integrated circuit
IC1, type CD4011. In this circuit
the two inputs of each gate are
connected so that each gate acts
as an inverter. When both gate in-
puts are “high” (9V), its output
goes “low” (OV) and vice versa.

MULTIVIBRATOR ACTION

The action of a single multi-
vibrator is shown in Fig. 5. In (a)
the output of gate 1 has just gone
‘low’, making the input to gate 2
‘low’ also. This causes the output
of gate 2 to go high, so raising the
potential of all parts of the circuit
that are shaded in Fig. 5a.

Current flows from plate Y of the

capacitor through the 27 kilohm .

——

resistor to the part of the circuit
that is at “low”’ potential, as indi-
cated by the arrows. As the circuit
current flows, the potential of this
part of the circuit rises giving a
steadily increasing input potential
at gate 2. The rate at which poten-
tial rises depend on the values of
the resistor and capacitor.

When the input potential be-
comes high enough to count as a
“high” input the gate begins to
change state. Its output potential
begins to fall, giving a low input
to gate 1, which then produces a
uhighn Outpu’t.

We have now arrived at the state
shown in Fig. 5b. Now the reverse
conditions apply and the current
begins to flow through the resistor
in the reverse direction and
charges plate Y. The input poten-
tial of gate 2 gradually falls. When
it has fallen to a sufficiently low
value, the gate changes state again
and the astable returns to the
original state shown in Fig. 5a.
Thus this arrangement of 2 gates
changes state regularly at a rate

s : : “F %C1 VALUES (EXAMPLES)
: 0-1-5 MINUTES — 120pF
et =ttt - 15—45MINUTES — 1500pF
: T = 2—3 HOURS —6800pF )
- B, : g S
T et
= g S
: > & & &
s
— 5 : =
e : S = =5 =
':;b:-mwm e ; e i emimats ot )
._“..."“.g;_ mff"...:. R ST =
e o e PR e = =
"'N\——N" Ak L — T 5 ....‘. ___q .’. :_:.,: — Fpepm——o S "'-
v et P =
A i e ]
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dependent on the value of the
capacitor and resistor.

TWO ASTABLES

In the warble-tone generator we
have two such astables, one with
a 0-05uF capacitor oscillating at
a few hundred hertz to give an
audible tone, the other with a
33uF oscillating at about 0-SHz to
produce the warbling effect. The
two astables are coupled by capa-
citors C4 so that each astable has
an effect on the action of the
other. The result is not a simple
combination of the two frequencies
but a complex warbling tone that
is very suited to this application.
The combined output is fed

through CS to the final stage of the
timer, the amplifier. This consists
of a single tramsistor TR4 which

COMPONENT BOARD

The unit is built on a single piece
of stripboard (Fig. 7). Begin by
constructing the timing circuit
(TR1, C1, R1). If you have a Test-
meter set it to a suitable voltage
range and connect it between the
ground rail (battery negative, strip
B) and the source terminal of TRI.
Switch on and observe the poten-
tial rise (Fig. 2).

Depending on the applications
you have in mind for the timer,
you may decide at this stage to use
a capacitor of higher or lower
value. Alternatively, if you need
just a slight increase in the timing
period, you can connect a second
capacitor between sirips L and T—
in parallel with C1.

(When two or more capacitors
are conmnected in parallel, their
total capacitance is the sum of
their individual capacitances. For
example, if your Cl has a capaci-
tance of 1000pF and the potential
rises to 5-75V in only 25 minutes,
but you would like to be able to
time up to 30 minutes, you can
either use a capacitor value of
1200pF, or add a capacitor of
value, 200pF in parallel with C1,

476

The finished Warbling Timer showing positioning of board and components mounted
on the front panel.

whichever is more convenient.)

Next build the ftrigger circuit
(TR2, TR3, R3-R6) and the poten-
tial-dividing network (VR1, R2).
Test the output of this circuit by
increasing the voltage at the col-
lector of TR3 (S31). At switch-on
this should remain low (a fraction
of a volt) but rise sharply to
almost 9V at the end of the timing
period.

Altering the setting of VRI1
varies the length of this period.
The nearer the wiper of VRI is set
to the “R2” end of VRI1, the
longer the period. Note that if it is
set too near this end, the wiper
potential may never reach 2-7V
and the circuitwill not be triggered.
For initial testing, it is best to set
it at the end nearest point A (Fig.
4), so that it is triggered after the
shortest possible time.

The amplifier section is best
built next, including C5. To test
roughly, switch on and then join
the free terminal of C5 (G23)
alternately to battery positive and
negative. Loud dlicks should result.

INTEGRATED CIRCUIT

IC1 is a cmos device and needs
special handling precautions. It is
better to solder most of the other
components in position first (C2-C4,
R7-R10 and the various wire links)
before soldering the i.c. Note that
pins 3 and 12 and also pin § and
10 are to be joined by the copper
strips beneath the board, so the
strips should NOT be cut away at
GS and ES. :

Keep the i.c. in its original pack-

ing until you are ready to solder
it in place. Then spread a rect-
angle of kitchen foil on your work-
bench and connect this by wire to
earth (for example, a cold water
pipe). Alternatively use an earthed

“tin” lid (unpainted) such as the

lid of a biscuit tin.

Place the circuit board on the
metal sheet. Roll up your sleeves
if you are wearing clothing made
of nylon or other man-made fibre.
Touch your fingers against the
earthed sheets before unwrapping
the ic. or removing it from the
black conduction foam in which

L R S R RN N R N
g rrpofBeesses s
y i

The completed circuit board.
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SBA BOLT
BOARD

Fig. 6. The complete assembly with inter-wiring between the circuit board and the other com-
ponems mounted directly onto the aluminium box.
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you received it. Handle the i.c. as
little as possible. Before each
soldering operation, touch the tip
of the soldering iron briefly against
the metal sheet.

If you solder all 14 pins in rapid
succession, the i.c. will become un-
duly hot. Solder two or three pins
at a time and allow a period for
cooling-off. Noie that there are

5 s5°

(a)

Fig. 8. (a) Positions of the knob of VR1, during calibration. (b) Calibration graph (see text)

begins and continues until the de-
vice is switched off.

Before enclosing the board in its
case experiments can be made
with different values of C2 and C3
to vary the warbling sound. Reduc-
tion in the value of C2 give tones
of higher pitch. Reduction in the
value of C3 gives a more rapidly
modulated warble.

TIME
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¥
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!
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0 (°  90° 435° 80> 220° 270°
(b) POSITION

For 30 min setting the knob should be set to 140°.

several wire links to be soldered
between adjacent copper strips, so
as to connect pairs of pins (1 to 2,
5 to 6, 8 to 9 and 12 to 13). Finally
solder R7 and R9 in position, and
thereafter there is no further need
for the precautions described
above.

TESTING

The circuit is now complete.
After switching on, the speaker
should be silent during the timing
period. Then the warbling note

If the sound is not loud enough,
it is worth aitering the value of
R11 which supplies the bias cur-
rent to TR4. Changing the value of
this to say 39 kilohm or 56 kilohm
alters the volume and may also
alter the quality of the note pro-
viding a harsher or a more gentle
tone, as required.

CASE AND BATTERIES

The board, loudspeaker, switch
and VR1 may be mounted in
a simple aluminium box, as shown

in Fig. 6. There is space for a
PP6 battery which may be held
in position by a double-sided adhe-
sive “Sticky Fixer”. Such a battery
is suitable for operating the timer
for periods in the 10-20 minute
range. -

If it is intended to run the timer
frequently for periods exceeding
1 hour, it is advisable to use a
bigger case to allow a larger bat-
tery to be accommodated. For
example: two 4-5V heavy duty
batteries, such as are used for
electric bell systems; a single 6V
bell battery; or a battery holder
containing four HP2 cells.

For use in the workshop one
could dispense with batteries and
mount two terminals on the front
panel instead. These could be con-
nected to the workshop d.c. supply
(6V to 9V) such as a low voltage
power pack.

CALIBRATION

The final operation is to cali-
brate the setting of VR1. The
quickest procedure is to set the
knob to the seven pesitions shown
in Fig. 8a and measure the time
taken for each position. Find the
positions which give the shortest
and the longest wuseful timing
periods. For these positions and
for the positions between plot a
graph, Fig. 8b. You can then use
this to read the exact position for
any derived time and mark out a
scale (calibrated in minutes) on
the instrument case. X

EE CROSSWORD NoO 18 :vo. - newron

ACROSS

1 Deliberate decaying
oscillation.

4 Together with 27 Across, un-
desirable elastic property on
making contact.

7 Wire attire.

9 Designator of operative con-
ditions on I,—V, characteristic
(4,4).

10 Grief.

11 Referring to ourselves in wave.

13 A conveyance characteristic of
a transistor.

14 Module assembly
purpose.

17 Compensating op-amp null pin.

20 Characteristic electromnic
reveille? (4, 4).

22 Knock off the end of an
electron.

23 Drilling tools.

24 Aerial element of managerial
status.

25 Standard twin emission repro-
ducing extra orchestration.

of an

with a

478

27 See 4 Across.

28 Device with axe-like properties
for converting a slowly chang-
ing waveform to a high fre-
quency one,

DOWN
1 Lack of clarity often resulting
from overloaded input.
2 Imperial honour.
3 In virtually all cases, this pro-
cess turns signals over.
4 Areas of poor uh.f. reception
owing to material obstruction.
5 Renders a molecule charged.
6 Registors, for example, have
such a specialised language.
8 Square voltage on the top and
resistance underneath.
10 Pole to aid walking.
12 Battery measure (6, 4).
15 Gates, but for some vehicles
rather than for electronic

purposes.
16 One of the smaller current
carriers?

18 Circuit contraction of Ilow
resistance.

19 Charge at a slow rate.

20 Automaton,

21 Common prefix in this hobby.

24 Nothing is so dead.

26 About par for a blow.

Solution on page 526
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By S. V. Essex
o e A e

ONE OF THE first pieces of equipment

a beginner to the hobby of elec-
tronics finds a need for, is a power
supply. What is usually required is
not an elaborate bench type supply
with a high specification, but merely
a battery substitute. To maximise the
utility of the unit, it would be an
advantage if it conld be used o power
a radio, cassette recorder or calculator
when it is not being used for experi-
mental purposes.

The power supply described in this
article enables this to be done by
simply using an ordinary phono socket
as the output connection—by making

up several different leads which will
all plug into this socket, connections
to different pieces of equipment can
be changed readily and quickly. The
number of different connectors that
can be used on the ends of the leads
is quite large; battery connectors (to
connect in place of batteries), jack

power plugs, ordinary connecting
plugs or crocodile clips for use when
experimenting, and so on. This

enormously increases the versatility of
the unit.

The circuit provides a continuously
variable output from 0 to 9 volts at a
maximum current of about 400mA.
The power supply is fully protected
against an accidental short circuit
applied across the output—an essen-
tial requirement for use when experi-
menting. It can be built into quite a
small box, and will therefore take up
little space on the experimenters
crowded workbench.

CIRCUIT DESCRIPTION -

The complete circuit diagram of the
unit is shown in Fig. 1.

As can be seen, this is entirely con-
ventional. A transformer, T1, has its
two 12V secondary windings connected
in parallel to provide 12V r.m.s. This is
then rectified by the bridge rectifier
consisting of diodes D1 to D4, and the
resultant d.c. is smoothed by reservoir
capacitor CI.

The output voltage is regulated by
transistors TR2 and TR3; they are con-
nected as a Darlington pair emitter
follower, and are controlled by the
voltage applied to TR2 base. This voli-
age is derived from the Zener diode
DS, across which an almost constant
voltage is developed, via a potentio-
meter VR1 which is used to alter the
output voltage.

Bias for DS is provided by resistors
R2 and R3, hum and ripple being
reduced to a minimal level by C2 and
C3.

Output short circuit protection is
provided by TR1. When the output
current rises above about 400mA, the

voltage developed across Rl (about
0-6V) turns on TRI.

The collector of this transistor is
connected to the base of TR2, so this
action results-in a drop in output volt-
age to counteract the increase in out-
put current. This ensures that even
when the output is completely short
circuited, the current is limited to a
safe value (about 430mA), protecting
the power supply from damage.

Resistor RS is included between the
slider of VR1 and the base of TR2 to
isolate the action of the overload pro-
tection circuit from C3. If this resistor
were not present. operation of the pro-
tection circuit would mean that TRI1
has to discharge C3 before any change
in output voltage occurred. Not only
would this lead to an increase in the
reaction time of the circuit, but it
entails TR1 having to pass a relatively
heavy discharge current, which leads
to unreliability, hence inclusion of R5.

Resistor R6 is included to stabilise
the cirenit at low output currents.

COMPONENTS

All components are readily avail-
able, but one or two points require
noting.

The transformer used in the proto-
type featured two separate 12V, 0-25A
secondary windings, which were con-
nected in parallel to provide 12V,
0-5A but in reality any transformer
capable of providing 12V at 0-5A with
a single secondary can be used. Note
that it would be wise to obtain the
transformer before obtaining the box
into which it is to be built, if any
doubt exists over its dimensions,
especially if the constructor intends
to follow the prototype Ilayout
described here.

The bridge rectifier can either be
bought as one encapsulated unit as
used in the prototype, or four discrete
diodes can be used. For the former,
any bridge rectifier rated at 50V, 0-5A
or more can be used—a BY164 is suit-
able. If four separate diodes are used,
1N4001’s would be suitable.

Fig. 1. Complete circuit diagram for the Nine Volt Power Supply.
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Fig. 2. (Right). Complete wiring
details for the power supply. The
case has been opened out forclarity.
Note that TR3 is mounted with its
metal face down towards the panel.
Insure that the p.c.b. is mounted on
short spacers (5mm) otherwise
there is a risk of shorting out to the
earth tag on the transformer. Care-
ful positioning of the transformer
and switch is also important.

Fig. 3. (Below). Printed circuit board
as used in the prototype, also show-
ing the component layout. This is

shown full size and may be traced.
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The prototype was built in an
aluminium box, type ABS, size 100 x
63 x 50mm, with the on/off switch,
neon indicator (IP1), and output volt-
age control (VR1) mounted on the Iid.
The output socket was mounted on
one side of the box.

The drawing of Fig. 2 shows the
internal layout adopted. As can be
seen, a printed circuit board was used
to support the majority of the com-
ponents, with the exception of the
mains input components, the bridge
rectifier, which was mounted directly
onto the secondary transformer tags,
and R6, which was soldered directly
onto the output socket.

Layout is not critical and other
methods of construction, for example
stripboard, can be used if desired. The
printed circuit layout used in the pro-
totype is shown in Fig. 3.

Transistor TR3, because it has to
dissipate a reasonable amount of heat,
should be firmly mounted to the box

Completed 9V Power Supply with
front panel removed. )

using a mica washer insulation kit~
and silicon grease. It will be found
that the box will get quite warm if
the output is left short-circuited for
any length of time, and if the tem-
perature of the box is thought to be
excessive it can be painted matt black
to allow it to dissipate the heat more
readily.

The mounting hole for TR3 should
be clean and free from burrs, to avoid
puncturing the mica washer and to
ensure good thermal contact.

Resistors
R1 1:2Q
R2 220Q
R3 2200
All #W carbon + 10%

Potentiometer
VR1 4-7kQ carbon lin,

Capacitors
C1 1000uF 25V elect.
C2 100uF 10V elect.
C3 220uF 10V elect,

Semiconductors
TR1 BC108 npn silicon
TR2 BC108 npn silicon
TR3 BD131 npn silicon

Miscellaneous

S1 single pole on/off toggle
LP1 panel mounting mains neon

COMPONENTS “Z2x

R4 630Q
R5 2-2kQ2
R6 3-3kQ

D1-D4 BY164 bridge or 1N4001 silicon diodes (4 off)
D5  BZV88C10V 10V 400mW Zener diode

T1 mains primary, 0-12, 0-12V 250m A secondaries

FS1 100m A 20mm with chassis mounting holder

Shop

page 499

SK1 single insulated phono socket

Aluminium case type AB5, 100 X 63 X 50mm or similar; printed circuit
board; insulating kit for TR3; one small round knob; four rubber feet;
6BA hardware; } inch grommet; length of mains cable as required;
connecting wire.
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For obvious safety reasons, the
metal box must be reliably earthed
and all components on the low voltage
side of the circuit must be kept well
clear of those carrying mains voltage.
It will be found advantageous to
leave the output electrically floating,
ie. with neither side of the output
earthed, so insulation of all com-
ponents, especially the output socket,
should be ensured.

If the transformer is fitted with a
screen this should be connected to
earth.

TESTING

The simplicity of the circuit means
that there is very little to go wrong,
but the following points are worth
mentioning.

If, during testing, it is discovered
that the input voltage to the bridge
rectifier is almost zero then this,
assuming the use of a transformer
with two 12V secondaries will be due
to them being connected in anti-phase,
so that the voltage in each opposes
the other. Changing the connections
to one of the windings is the answer.

One common error is to connect
the Zener diode into the circuit the
wrong way—the voltage across it is
then about 0-6V and the fault is
easily detected using a multimeter.

A test of the short-circuit protection
circuit can be done by connecting an
ammeter on its 1A range directly
across the output for a few seconds,
if the current exceeds about 500mA,
the circuit is not functioning correctly
and a careful check should be made
of TR1 and its associated components.

If all the tests perform satis-
factorily, and there are no faults the
unit can then be put into use. After
a period of use you will wonder how
you ever managed without a power
supply—except of course the saving
on the cost of numerous batteries! II
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HIS month’s Mini Module can serve
either as a simple musical instru-
ment or as a variable frequency audio
oscillator for sound effects. Musical
readers will be familiar with the
Swanee Whistle, This is a simple wind
instrument on the lines of a penny
whistle, but instead of placing the
fingers over stop holes to change the
note you do so by moving a piston in
the barrel of the instrument. This
shortens or lengthens the pipe and so
adjusts the note.

The Swanee Whistler does the same
sort of thing but note adjusiment is by
moving a slider potentiometer. The
output power is only a few milliwatts
but is quite sufficient to produce an
audible note in a high-impedance loud-
speaker.

LOUDSPEAKER

A speaker of more than about 50
ohms impedance may be connected
directly to the output. Speakers of
lower impedances require a matching
iransformer for maximising the out-
put, though no harm will come to the
circuit from connecting a low-
impedance speaker direct.

A transformer which converts the
speaker impedance to 500 ohms will
receive about 20mW. The d.c. through
the primary is only about 5SmA. These
figures show that it should be possible
to salvage a push-pull output trans-
former from an old pecket portable
and connect to the Swanee Whistler
using the pocket portable original
speaker of 3-8 ohms impedance.

Any kind of high-impedance ear-
phone may be connected.

If the output is used to drive an
amplifier, several volis are available.
If the amplifier input circuit has no
d.c. blocking capacitor it will be neces-
sary to add ome: 0-1xF should be
suitable.

THE CIRCUIT

Readers who have been following
this series may have noticed that the
Swanee Whistler circuit (Fig. 1) bears
a close resemblance to the circuit of
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MIAl~MODULES.........

Handy "“Beginner projects based on simple circuits
and featuring a variety of building methods.

10

SWANEE WIHISTLER

the Continuity Tester which formed
Number 4 of the series. This is no
accident. While developing the
Continuity Tester I realised that
essentially the same basic arrange-
ment could be used as an audio
source, and here it is.

The two transistors TR1, TR2 form
an amplifier. This is turned into an
unstable amplifier by applying positive
feedback from the emitter of TR2 to
the emitter of TR1 via R4.

FEEDBACK

By itself this (d.c.) feedback would
merely turn TR1 hard off while allow-
ing TR2 to be turned hard on by
current through R1. However there is
also some negative feedback via VR1
and R3. This tries to stabilise the
circuit but its action is delayed by C1,
which takes time to charge or dis-
charge. The result is that the circuit
first flips into one state because of the
positive feedback then, after a while,
the negative feedback catches up and
resets it.

- COMPONENTS

Resistors
R1 100kQ
R2 10kQ
R3 3-3kQ
R4 10kQ
R5 330Q
All carbon fil;y £5%. W

~ Potentiometers
VR1 47k or 50kQ =
slider potentiometerlog law =%

~ Capacitors
C1 47nF (0-047uF) polyester

& Transistors e
8 TR1, TR2 BC107, BC108 or
o BC109 (2 off)

Miscellaneous 5
Knob for slider pot. Case (twin- _

. _swiich box). Formica for panel. &
& Pins. Hardboard.8B A nuts, solder ™5
% tags, and 5/8 inch bolts. (4 of &
=% each). 4BA bolis (4). <

= A T T o [ AT ad SORAT S

S

T

ya3F

Fig. 1. Swanee Whistler circuit diagram.

The process continues, the negative
feedback always lagging behind. TR2
is periodically turned on for a time
then off and the current through it
comes in pulses. Changing VR1 adjusts
the rate at which C1 charges and this
controls the frequency.

Quite large frequency sweeps can
be obtained but the wider the
coverage the harder it is to hif the
right pitch by adjusting the slider pot
VRI1. So R3 is included to limit the
frequency range at the high end. With
the values shown the range is about
400-4,000Hz when a 100 ohm load is
connected, falling to 300-1,000Hz when
the load is of very high impedance.

EFFECTS

For sound effects use it may
preferable to dispense with R3
connect the left-hand end of
potentiometer straight to C1 and TR1
base. This will enable the frequency to
shoot up to infinity (or more likely to
go high then stop) with VR1 set to
zero resistance.

Battery drain is less than 100rA
when no load is connected and rises to
about 5mA with a low-resistance load.

gBg
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CONSTRUCTION

The circuit board used in the proto-
type is designed for economy. A copy
of the component layout diagram
(Fig. 2) is laid over a suitably-sized
piece of hardboard and pins inserted
at each junction point o serve as
solder tags for the components and
wiring.

I used ordinary domestic pins one
inch long then cut off the heads but
domestic pins are easily bent and it
may be preferable to substitute bright
new half-inch pgnel pins which are
much stiffer.

The four lead-outs are Szinch 8BA
bolts, with a solder tag for connections
on the inside and a nut on the outside.

end and break out the slot material
carefully with the tip of a screwdriver.

The case for the profotype is a
metal twin-switch box of the deeper
kind as used for mounting the older
sorts of light switches in the wall
Any other kind of case will serve and
it need not be made of metal.

USING THE SWANEE
WHISTLER

The circuit as it stands will enable
you, with the addition of a suitable
speaker, to make enough noise indoors
to amuse yourself or drive the family
mad: continuous sounds are very
penetrating even at low volume.

QUTPUT L < )
e ——

5 “HARDBOARD -

a
7 e

o

O FORMICA PANEL

O

Fig. 2. Component layout on hardboard base. This is secured to the Formica panel by

the four 8BA bolis.

They can then serve to fix the board
to the panel as well.

The panel is a piece of Formica.
Cutting the slot for the slider control
can be done either by drilling a
straight row of small holes, close
together, then breaking down the
divisions and finally tidying up with a
nail file, or by using a Stanley scoring
knife to cut through the Formica from
the decorative side.

This second method is neater but
requires patience. When the cut has
gone almost through to the back of
the board drill a small hole at each

Fig. 3. An optional add-on amplifier stage.
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If however it is desired to make
serious musical use of the circuit some
additions are desirable. First, a power
amplifier to increase the volume. A
low-power battery operated amplifier
will be described later in this series,
but it is possible to add-on a very
simple low-power stage in the form of
a complementary pair of transistors,
Fig. 3.

Since we are dealing with square
pulses and distortion is unimportant
the transistors may be operated
unbiased. If desired a volume control
in the form of a 10 kilohm log law pot
can be interposed between the
Whistler output and the power
amplifier. It can conveniently include
an on-off switch.

If a separate tuning adjustment is
needed it can be provided by
substituting for R2 a linear pot of
22 kilohms or thereabouts, connected
as a simple variable resistance.

CORRECTION

Mini Module 8 (Jume).
second line 355 should read:

R4 (new) =100 kilohms/(A-1).

Formula

Next Month: Mini Amplifier.
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oLviNG Jack Plug's Problem (Part
S 9) and adding two and two to get
four have one thing in common—they
are voth logical operations. That being
so, TTL can deal with arithmetic as
well as the more perplexing problems
that beset the Plug family. Since T1L
has onlv two kinds of input and out-
put, high (=1) and low (=0). it
operates on numbers in binary form.
This presents no difficulty, for it is
easy to arrange a coding circuit
(such as the kevboard coder described
in Part 5) to turn decimal numbers
into binary form, and a decoding cir-
cuit (such as the 7447 i.c.s of the
Test-Bed display system) to convert
the binary numbers back to decimal
when the calculations are completed.

BINARY ADDITION

Since a digit can have only one of
two values in binary arithmetic, a
short truth table, Table 11.1, covers
all the possible addition operations.

The equation for the last line of
the table would be 1+1=2, if written
in decimal form. The carry digit (C)
is added to the next column of figures
to the left when you are adding two
numbers each consisting of more than
one digit. If we look for logical re-
lationships in the truth table, we find
that the carry column (C) is the anpD
of A and B. The sum column (S) is
the exclusive-or of A and B. Exclusive-
orR is a little different from the
ordinary oRr operation we met earlier.
In exclusive-or the output is high if
one or the other but not both of the
fwo inputs are high. In Fig. 11.1 we
obtain the exclusive-or function by
using five NaND gates. If you ever need
this function in other applications,
this is the wayv to obtain it. but if
you need several exclusive-orR circuits
use the 7486 i.c., which has four two-
input exclusive or gates on one chip.

In Fig. 11.1 we obtain anp, by in-
verting NaND, so constructing the en-
tire half-adder with NaAND gates. With
two 7400 i.c.s on the Test-Bed you can
assemble the half-adder and carry out
all the basic binary additions listed
in the truth table.

The circuit is called a half-adder
because it has no input for accepting

By O. N. Bishop pnnl

Table 11.1. Binary addition

Inputs Qutputs
(the numbers to be (the result of Equivalent equations
added together) addition) (in binary form)
Carry Sum
A B S
0 0 0 0 04+0= 0
0 1 0 1 0+1= 1
1 0 0 1 1+0=1
1 1 1 1 1+1=10 (or0,carry1,)

a carry from a previous stage of addi-
tion. For example, fo add binary 11
and 1, we set out the addition like
this:
11
N

Answer

The half-adder can perform the first
stage, adding the “units” column (or
least significant digits), and giving the
outputs S=0, C=1. The “units” digit
of the answer is 0, and we carry 1 to
the next most significant digit, the
“twos” column. Here the half-adder

could accept the 1 and 0 (not actually
written but implied), but there is no
way to tell it that there is a 1 carried
over from the previous operation. We
need a full-adder crcuit that can
accept this carry and work out that
1+0+1 (carried over)=0, carry 1.

A third operation is required to
work out the “fours” column (most
significant digit), for which a full-
adder would give 0+0+1 (carried
over)=1, carry 0. This gives us the
final answer, 11+1=100. In decimal,
the equivalent operation is written
3+1=4.

R e N L Al Rl AN e il 7 |
: EXCLUSIVE-OR |
e l
| i
I 5 |
| I
| I
| S
INPUTS { w E} } —)
i :
| |
. p— |
1 ! QUTPUT
| L I TR e e I
R s i R — e '
}
: AND :
| I
| —1 e ==
| |
L B A e e e 23

Fig. 11.1. Half-adder made from exclusive-OR and AND sub-units.
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FULL ADDER I.C.

To assemble a full-adder we need
several more gates, but fortunately
we can buy a complete full-adder in a
single i.c., the 7480 pinning details in
Fig. 11.2. This contains a full-adder
circuit which adds together two input
digits (A and B) and the carry-in digit.
The input gating allows us to vary
the way we use the adder. The rules
for inputs at the “A” set of pins are
listed below.

(1) If A is low, the input to the
adder circuit is high (=1) whatever
the state of the other A inputs. Nor-
mally we wire A, to Ve, to allow the
other inputs to function as in rules
(2) and (3) or for short-peciods use
we leave it disconnected, effectively
high.

(2) If A* is high, the input to the
adder is the anD of A; and A..

(3) If A* is low, the input to the
adder is the NaND of A; and A..

The same rules apply to the B in-
puts. In the circuit and Test-Bed lay-
out shown in Figs. 11.3a and b, we
make A. and B, high, we leave A:, A*,
Bs and B* disconnected (=high), and
use A: and B; to input the digits to
be added. If A is high, the adder re-
ceives the anp of A; (=high) and Az
(=high), which is high. If A, is low,
the adder receives low. The inputs to
the adder are thus identical with
those appiled at A, and B;, and their
sum S is obtained from ICI pin 5, with
the carry digit appearing inverted, at
pin 4. If we require a carry-in, this
can be applied to pin 3 (Cu), so for
the first stage of an addition we
always make Cn low.

SERIAL AND PARALLEL
ADDITION

The 7480 can add only one pair of

digits and the carry-in at a time. To
add numbers with more than one
digit, we can work in one of two ways:
(1) SeErRIAL. Add the columns one at a
time, working from right (least signi-
ficant digit) to left (most significant
digit), just as we do when working
with pencil and paper.
(2) PARALLEL. Add all columns simul-
taneously, taking carries into account.
For parallel adding we need a row of
T7480°s, one for each column to be
added, with the carry from one i.c. fed
to the i.c. dealing with the next most
significant digit. Serial addition re-
quires fewer i.cs, for we simply
present the pairs of digits to the ic.,
one pair at a time in order from ls.d.
to m.s.d., and arrange for a memory
unit to retain the carry digit until the
next stage of addition. In this month’s
adding circuit we use serial addition.

SHIFT REGISTER

Before we can put the 7480 to work
we must have some means of register-
ing the numbers we wish to add, and
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Fig. 11.2a Pinout details for the 7480
Full-adder i.c. and (b) gating on A
inputs (B input gating is identical).

V=0

iank

IC1

7480

o
)
S
2

:

ke

\&

=

Fig. 11.3a. Circuit diagram for a
Full-adder using the 7480.

INI?UYS
T
OUTPUTS

CLOCK

Fig. 11.4. Pinning details for the 7495 shift
register.
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presenting them to the adder, digit
by digit, in order. In the previous
series of Doing It Digitally we
punched a paper tape to represent
the rows of digits and fed this through
a special home-made tape-reader. In
this series we store the numbers elec-
tronically in a device called a shift
register.

Many types of shift register are
available, a suitable one being the
7495, see Fig. 114. It contains four
flip-flops A, B, C, and D, each of which
can be set (output=1) or reset (out-
put=0) when one of the clock inputs
.changes from high to low.

MODE CONTROL

To load the flip-flops we make the
mode control input high, make the
inputs A to D high or low (depending

]
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Fig. 11.3b. The circuit of Fig. 11.3a wired
on the Test-Bed for testing the 7480
Full-adder.

on what number we wish to store) and®

wait for the clock to change from
high to low. At that instant the data
at the inputs is transferred to the
fiip-Aops, and their outputs become
identical with their inputs. Once the

clock has gone low, the data is sfored’

(or loaded) and changing the inputs
does not alter the outputs (until the
next time the clock goes low).

If the mode control is made low,
data is shifted the next time the clock
goes low. At that instant the content
of flipflop A is transferred to flip-
flop B (all inputs A to D are ignored),
the content of B is transferred to C,
the content of C is transferred to D,
and the content of D is lost. What

485

o

o B

MPp N~ %E<C -




s

R S R

happens to flip-flop A depends upon
the state of the “serial in” input (pin
1). Whatever is applied to this input,
is tranferred to flip-flop A when shift-
ing occurs.

In Fig. 11.5a, serial A is grounded,
so flip-flop A goes low when shift
occurs. The i.c. has two clock inputs.
Clock 1 input is used during shifting,
and clock 2 input during loading, so
that the two functions can, if re-
quired, be clocked independently.
Here we clock both functions from
the same clocking sequence by joining
the pins together.

The easiest way of applying data to
the register is to use the keyboard
decoder described in Part 5 (February
1979). Note that corrections to the
keyboard appeared last month. One of
the spare keys is used to apply mode
control. We use the lower left-hand
spare key; join the drawing-pin to
ground by inserting a wire link from
BB24 to 124, and cut the copper strip
at BB23; solder a soldercon socket at
AA28, to provide a connection fo
mode control, and cut the strip at
AA29. We call this the sHIFT key, for
when the key is pressed, mode control
is grounded and shifting occurs. The
four le.d.s display the state of each
register.

KEYBOARD SHIFT REGISTER
ANNOTATION

There is some unavoidable confu- |

sion over the lettering on the key-

board diagram and that on the 7495. !
The kevboard (and also the outputs e

of the in-built counters IC4 and ICS,
and the inputs to the Test-Bed display
system) are labelled so that the l.s.d.
is called A and the m.s.d. is called D.
When using the shift register, we use
fiip-flop A to store the m.s.d., and flip-
flop D to store the lsd. The leds
are lettered according to the shift
registers so that they display a num-
ber just as it is written on paper, with
the ls.d. on the right. It is very help-
ful to know the state of the clock
output and for this purpose a CLOCK
l.e.d. is incorporated.

To load a number, press one of the
number keys while the clock output
is high; hold the key until the clock
goes low, when the binary version of
the number should appear on the
le.d.s A to D. Unless vou continue to
hold the number kev down, the num-
ber is cleared when the clock next
goes low. for the input will have be-
come 0000 if the key is released. How-
ever, if (while the clock is high) you
press and hold the sHirr key, the
number shifts one place to the right
each time the clock goes low. Since
“serial in” is grounded, the display is
cleared digit by digit from the left.

Try entering various numbers and
shifting them, to gain experience at
keeping your key-pressing in time with
the clock, see Fig. 11.5b.
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Fig. 11.5a. Circuit diagram for demonstrating the
operation of the 7495 shift register integrated circuit.
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Fig. 11.5b. The circuit of Fig. 11.5a wired on the Test-Bed for testing the 7495.

A SIMPLE CALCULATOR

Now we are ready to combine two
shift registers and an adder to make
a calculator, but let us get it clear
that this is in no way a substitute for
vour pocket calculator. The most it
can do is add 7 plus 7.

The main purpose of setting it up—
as with almost all the other projects
set up on the Test-Bed—is to give you
some insight into how logic circuits
work. With only three ic. sockets
available, the Test-Bed can never
carry any really complex logical cir-
cuit. Its purpose is simply to trv out
simple combinations of i.c.s which,
once understood, can be built into a
permanently wired unit.

This simple calculator is particu-
larly valuable as it is a good example
of a sequential logical circuit. This is
a circuit in which the output is not
decided simply by its present inputs,
but partly by inputs at earlier stages.
The circuit (Fig. 11.6a) is designed to
add together two three-digit binary
numbers, which we shall represent by
XYZ and LMN. We first load XYZ
into shift register 1, then shift it
serially in shift register 2; as it leaves
register 1, we enter LMN in register
1. The digits are then shifted out of
the D fiip-flops of both registers and
into the adder, which sums Z with N,
Y with M, and X with L, making any
carries that are necessary.
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REGISTER1
F SERIALIN

] 8
i

0
MODE . 1
$LoND K> i

IC1

7485

A
8
c

TEST-BED CALCULATOR A ——
The layout on the Test-Bed is shown
in Fig. 11.6b, but for the moment we
will simplify matters by omitting the
carry-over - facility, and therefore
ground the carry input of the 7480.
To make the circuit easier to handle,
a switch is included between the clock
output and the registers. For this co
key, we use another of the spare keys
on the keyboard, the bottom right- TIL208 |+
hand key. To make this suitable cut
the copper strip at BB29, and insert
soldercon pins at AA34 and BB34.

g%

Bc 82
_PcARRY IN 81
CARRY Ac
A¥

S A XYz
LoD Alpe

IC3
7480

SHIFT SEQUENCE

Since Register 2 has simply to re-
ceive number XVYZ shifted from
Register 1, its mode control is per-
manently grounded and only the Fig. 11.6b. The circuit of Fig. 11.6a wired on the Test-Bed.
clock 1 input is required. The output
from flip-flop D, Register 1, is shifted
direct to flip-flop A, Register 2 by way
of the serial-in pin.

The .addition sequence, reading
from :top to bottom is illustrated in
Fig. 11.7. Remember that loading and
shifting occur as the clock goes from E !
low to high. To feed in the clock [§ @
pulses, the go key must be pressed g f
and held all the time. To halt the | & ‘ ®
sequence, release co when the clock & ...
is high; to resume the sequence press
G0 when the clock is high. If Go is
pressed when the clock is low, this
may cause multiple low pulses which
will shift the data one or even more
places along. You will probably need
to watch the clock state le.d. and
count out aloud as you run through
the stages of calculation.

Fig. 11.6a. Circuit diagram for a simple calculator (without carry facility).
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CLOCK SPEED

If the clock runs too fast for you
to keep up with it, try feeding the
clock output into IC4 (pin D47) and
use the output from pin F47 as a clock
rumning at half frequency (or even
pins 747, J49, or G49 for lower fre-
qguencies). You may find it easier to
keep count if vou wire up IC5 as a
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counter, connecting its output >to the
right-hand 7-segment display. The dis-
play changes each time the clock goes
low.

OPERATION

In Fig. 11.7 it can be seen that
the answers appear on the sum and
CARRY le.d.s immediately after counts
5 to 8. The ls.d. comes first. You will
have noticed that this calculator has
only a 3-digit input, input 4 of
Register 1 being wired to ground.
This is necessary because a blank
space is needed between X and N to
make room for the final carry after
X and L have been added.

Since this circuit has no provision
for carry. use it only with additions in
which no carry is required, for
example, 1+10, 101+10, 1000+101.

When you have tried out a few addi-
tions you will begin to realise how
much easier it would be if there could
be additional control circuits to make
shifting take place at exactly the
right stages, and to record the serial
output from the adder. It is possible
(and not reallv difficult) to shift the
answer digits back into Register 1 and
display a four-digit answer, but there
is just no room on the Test-Bed to
mount both the calculator circuit and
the few control circuits that are
needed. Perhaps the reader may be
motivated to design and build a
slightly more sophisticated calculator
incorporating these refinements.

CARRY

The carry function can be per-
formed manually by disconnecting the
carry input from ground at each step
of the calculation when the previous
step has produced a low output at

carry. With so many other things to
think about at the same time, manual
carrying taxes the patience of the
most cool-headed, and an automatic
carry is almost essential. Fortunately
it can just be fitted on to the Test-
Bed, making use of the remaining
built-in circuits.

CIRCUIT DESCRIPTION

The complete carry circuit is shown
in Fig. 11.8a. The bistable changes
state when a low pulse appears on
lines P or Q, depending upon which
state it is in already; P and Q cannot
both go low at the same time, and
neither can go low while the clock is
high. The bistable can change state
only during the second half of a
clocking period, that is to say the time
leading up to a “count” when loading
or shifting occur.

During the first half of a time
period, immediately after a count, the
two digits presented to the adder are
added and carry becomes high
(=carry 0) or low (=carry 1). This has
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Fig. 11.7. The sequence of operations for adding two binary numbers XYZ and LMN.

no immediate effect on the bistable, =
but carry remains high and when : —3—
clock next goes high, P goes low. This
triggers the bistable to change state
(if the bistable is not already in that
state) giving a low output to the carry-
in terminal of the adder.

When the clock goes low again, at
the next count of the calculation
sequence, there is no change in state
of the bistable. Ifs output remains
low, giving low carry-in to the next
stage of the calculation. Thus the low
carry from one stage gets added in
with the new pair of digits of the
next stage. Suppose that this addition
results in cARRY going low (=carry 1).
There is no immediate effect on the
bistable, but when the clock goes
high Q goes low and it changes state.
This gives a high input to carry-in and
this is retained ready for the next
stage of addition. Note that when the
clock goes high and there is a change
of state of the bistable the new carry-
in is being fed to the adder, which
may then give a different output.
This dces not affect the carry-over
operation but may affect the sym dis-
play. This display should therefore be
read immediately after each count,
while the clock is still low.

DISCRETE

NAND GATE 5

®

USING DISCRETES

To make this carry circuit we use
in-built IC3 to provide the bistable,
the INVERT gate and one of the NanD
gates. The other Nanp is made from
discrete components. This is a useful  Fjg. 11.8a. Circuit diagram for carry
reminder that although we use i.cs. function and circuit of a discrete NAND
most of the time, there are occasions gate.
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when it is more convenient to go back
to first principles and build a gate
from a few transistors and resistors.

From Fig. 11.8a it can be seen that
the output is high unless both tran-
sistors are switched on. When both
are switched on, by applying high in-
puts to both bases, the output is effec-
tively connected to ground, and be-
comes low. Almost any npn transistor
can be used to build this gate. The
additional wiring for the carry circuit
is shown in Fig. 11.8b. The link from
AA29 to EE29 (Fig. 11.6b) is removed,
and the carry le.d. is no longer re-
quired.

When the carry circuit has been
connected, try calculations involving
carrying, such as 1-+11, 111141111,
110+110.

SUBTRACTION

The Test-Bed is looking more like
a bird’s nest than ever before, but
there is still one more improvement
to make.

Luckily, binary subtraction can be
carried out by a process involving
addition. The rule is simple; for
example, to subtract 110 from 1000,
we first find the complement of 110.
We do this by replacing all the 1’s by
0’s and all the 0’s by 1's, so the com-
plement of 110 is 001. We then add
the 001 to 1000 and finally add 1 to
the total:

1000
+complement of 110 001
+1 1

équivalent to 1000—110=10

Ignore thé first 1 in the answer,
arfiving at 010, which is the difference
réquired.

In our calculator we can find (XYZ-
LMN) by loading XYZ in the normal
way, but when LMN is being fed to
the adder at input A; we make A*
low, so that the inverse of each digit
it presented to the adding circuit of
the 7480. We can use a third spare
key on the kevboard to ground A*
when it is pressed.
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Fig. 11.8b. The circuit of Fig. 11.8a wired on the Test Bed.

The top left key is used, by solder-
ing a wire link between N29 and 129,
inserting a soldercen socket at R24
and cutting the strip at R28. Call this
the coMPLEMENT key.

To add in the extra 1, we make the
carry-in high at the first stage of
addition. This can be done by ground-
ing the carry output briefly when
clock is high, just before the first
count of the subfraction sequence.
The top right-hand key (ADD ONE) can
be used for this; the connection to
ground is already wired in; solder a
socket at R34 to connect to CARRY. The
sequence for subtraction is as
follows:

Load and shift XYZ, as in counts
1 to 4 of Fig. 11.7.

Just before count 5, press the app
oNE Kkey briefly, then press the num-
ber key for LMN.

After count 5, release the number
key, but press coMpLEMENT key down
for the rest of the sequence.

Press and hold sHIFT key as in Fig.
11.8.

The answer to the subtraction is
found by reading the digits obtained
after counts 3, 6, 7, and 8. the digit at
count 9 is normally 1, and should be
ignored when writing down the
answer.

Problem

What happens when you take 1001
from 1000, or 111 from 1? What does
it mean when the digit at count 9 is 0?

To be continued

BRIGHI

COMPONENT HOLDER

When constructing a circuit it is usual to have the

DEASEE ==

WIRE WRAPPED
TIGHTLY AROUND
EACH END.

components in front of you. I normally use plastic
bags and small boxes. This has not really been suit-
able, due to the time involved sorting out the right
component. I then decided to use a piece of foam
plastic. The components, resistors, capacitors etc, are
simply pushed in the foam.

Using this method I find it easier to pick out the
required components. Also when they are accidently
knocked on to the floor, as with boxes the com-
ponents go everwhere, but with foam they stay put.

L. Privett, Barking, Essex.

Everyday Electronics, August 1979

THIRD HAND HEATSINK

To allow a free hand when soldering I have de-
veloped a simple peg heatsink to protect components
against excessive heat.

All that is necessary is two 200mm lengths of
1-5mm dia. copper wire and a wooden clothes peg,
see diagram. The peg can easily be clipped onto the
lead being soldered and will remain there without
being handheld.

D. G. Taylor, Merseyside.
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'HIS DEVICE 1S primarily intended

to permit quick and easy tun-
ning of a guitar, but it has also
been wused successfully with a
violin and could no doubt be
employed with other musical
instruments of this general iype.
Like an ordinary tuning fork the
unit has an audible output against
which the unit can be tuned by
ear. Each of the six guitar notes
can be selected by means of a
front panel switch.

BEAT NOTE

An additional and very useful
feature of the unit is the ability
to compare the frequency of the
guitar with the internal reference
oscillator, and produce an output
note which is egqual to the differ-
ence in the two frequencies,

normally termed the beat note.
The beat note can be heard in the
earphone as a sort of phasing
effect due to the interaction be-
tween the two input signals. The
note itself is usually too low to be
audible as such.

A light emitting diode has there-
for been incorporated in the unit,
and this flashes on and off at a rate
equal to the beat frequency. This
gives a clear indication of the tun-
ing error, and facilitates accurate
and easy tuning merely by adjust-
ing the guitar for the lowest attain-
able flashing rate. In this way it is
very easy to bring the guitar to
within 1Hz of the reference oscil-
lator’s frequency, which is far
more accurate than most people
can achieve by usual means.

CIRCUIT DESCRIPTION

The complete circuit diagram of
the Electronic Tuning Fork is
shown in Fig. 1.

With an acoustic guitar the in-
put signal to the unit must be
obtained via a microphone, but an
electrical signal can obviously be
taken direct from an electric
instrument. In either case only

a fairly low signal level will be
obtained, paticularly in view of the
fact that the output from a guitar
quickly decays to only a small frac-
tion of its initial peak level. This
makes it necessary to considerably
amplify the input signal fo bring
it up to a suitable level to drive
the next stage of the unit.

This amplification is provided by
TR1 and TR2, both of which are
connected as high gain common
emitter amplifiers. Less than 1mV.
is needed at the input in order to
drive TR2 beyond the clipping
threshold. This is adequate to give
good results if the unit is fed
direct from an electric instrument,
or driven from an acoustic guitar
via a low impedance dynamic
(cassette type) microphone. An
electret microphone having an in-
ternal preamplifier should also be
suitable, but a crystal type is un-
likely to prove satisfactory due to
the fairly low input impedance of
the circuit.

REFERENCE OSCILLATOR

The reference oscillator uses an
NESS5V device, IC1 in the astable
mode. The six preset resistors, VR1

S1
= o > o
s = [ON/OFF
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to VR6, are each tuned to a dif-
ferent open string guitar note, with
the desired preset and note being
selected using S2. A rough square-
wave output is obfained at pin 3
of IC1, and this is fed to an ear-
phone socket by way of a simple
top cut filter comprised of RY and
C8. The purpose of the filtering is
to attenuate the harmonics on the
output which are otherwise exces-
sive, and tend to drown the funda-
mental frequency.

Some of the output from ICI is
coupled by C7 to one input of a
passive mixer formed by R8 and
R6. The output of TR2 is coupled
to the other input by C3.

MIXING

If the two signals are at the
same frequency the mixing will
either result in the two signals add-
ing together if they are in phase
(if they rise and fall precisely in
step and are of the same polarity),
or cancelling one another out if
they are out of phase (if they rise
and fall in step but are of
opposite polarity to one another).
This results in either a rapid
stream of pulses being fed to TR3
base via the rectifier circuit con-
sisting of D1 and D2, or no signal
at all being fed to TR3.

Transistor TR3 has led. indi-
cator D3 and current limiting re-
sistor R7 as its collector load, and
the positive pulses to TR3 base
will result in D3 glowing brightly.
If the signals are out of phase and
there is no input to TR3, D3 will
switch off. The important thing
is, that, the l.e.d. indicator remains
in the same state and does not
switch on and off. Of course, the
two input signals may not be per-
fectly in or out of phase as has
been assumed above, but may be
somewhere in between these two
extremes. This causes the two
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signals to either partially add to-
gether or cancel one another out,
producing an intermediate but
steady level of illumination from
D3.

PHASE EFFECT

If the two input signals are at
slightly different frequencies they
will not have a fixed phase rela-
tionship, but will alternate be-
tween the in phase and out of
phase states. This results in the
signals first adding together and
switching on D3, and then cancel-
ling out and switching off D3. This
happens continuously with D3
flashing on and off in consequence.
The greater the difference in the

" HOW IT WORKS

=
5

two input frequencies the quicker
the changes in phase relationship,
and the faster the flashing rate of
D3. In fact D3 switches on and off
at a rate equal to the difference
in the two input frequencies.

The mixing process produces an
audible phasing effect at the junc-
tion of R6 and R8, and this can be
heard using a crystal earpiece
plugged into SK2. Note that only
a crystal earphone is suitable for
use with this unit, and magnetic
types are unsuitable.

On/off switching is provided by
S1. The current consumption of
the unit from a 9 volt supply is
approximately 18mA, and this is
provided by a PP6 size battery
which gives many hours of opera-
tion

CONSTRUCTION

—

Most of the components are
assembled on a 0-linch matrix
stripboard which measures 13
copper strips by 37 holes. This

O

P TR gD s

LK
X W

A note from either an acoustic or electric guitar is applied to a high gain N
amplifier which turns the very low input from the guitar into a much larger
signal which is sufficient to be applied to one input of a mixer. The other =

" HicH
GAIN AMPLIFIER

. input is connected to a stable reference oscillator having six switched fre- =
- guencies which correspond to the six notes of a guitar. s
The output from the mixer is equal to the difference between the two =
input frequencies. The guitar is then tuned for minimum output frequency =
(zero beat) so thatitis broughtto the same pitch as the reference oscillator. =
Both audible and visual indication is provided, the latter being useful for

_ fine tuning.




ELECTRONIC
TUNING FORK

The completed circuit board for the Electronic Tuning Fork.
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Fig. 2. Complete wiring details for the unit also showing the stripboard layout and breaks to be made. All the tuning
presets are mounted on the switch to save space on the board. It is not neccessary to use screened wire when wiring

_ to the sockets, as the metal case provides sufficient screening.




must be cut down from a larger
board using a hacksaw, and any
rough edges are then filed smooth.
Next the two 3-3mm diameter
mounting holes and the breaks
in the strips are made at the points
indicated in the component panel
layout diagram of Fig. 2.

The components are then
soldered into place with the semi-
conductor devices being left until
the end. D1 and D2 are germanium
diodes, and these are more easily
damaged by overheating than the
other devices. Either a heatshunt
should be used on each of their
leadout wires as it is soldered into
place, or the leads should be con-
nected fairly swiftly so that there
is no chance for the diodes to over-
heat. Be careful not to omit the
four link wires around IC1.

CASE

A metal instrument case having
approximate outside dimensions of
152 x 120 x 51mm was used as the
case for the prototype, and any
similar case should provide a suit-
able housing. It is recommended
that a metal case should be used
as this will screen the sensitive
amplifier circuitry from possible
sources of electrical interference.

The general layout of the unit
can be seen from the photographs,
but is not critical and any sensible
layout can be used.

Many low impedance dynamic
microphones have a 2-5mm jack
plug as well as the 3-5mm one
which carries the output signal,
and it is quite common for the two
plugs to be contained in a single
moulding. If a microphone of this
type is to be used with the unit it
will be necessary to mount a
2-5mm jack on the front panel to
accommodate the unused 2-5mm
plug. Alternatively an ordinary
3-5mm plug can be fitted to the
microphone in place of theoriginal.

In order to minimise the amount
of wiring between the component
panel and the controls, VR1 to VR6
are mounted on S2 rather than on
the component panel. The com-
ponent panel is mounted using
6BA screws about 12mm or so
long, and spacers are used to en-
sure that the connections on the
underside of the panel are kept
well clear of the metal case.

The small amount of point to
point wiring must be completed be-
fore the panel can finally be bolted
into position.
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Resistors
R1 2-2MQ R6 100kQ
R2 4-7kQ R7 680Q
R3 22002 R8 220kQ
R4 1MQ R9 33kQ
R5 4-7kQ R10 1kQ

All #W carbon -+ 5%
Potentiometers

VR1-6 100kQ2 miniature vertical

presets (6 off)

Semiconductors

TR1 BC108C npn silicon

TR2 BC108 npn silicon

TR3 BC108 npn silicon

D1,2 OA91 germanium (2 off)

IC1 NE555V timer

Miscellaneous
SK1 £ inch mono jack socket

S1 standard single pole toggle
B1 9V PP6 battery

3-5mm plug.

COMPONENTS S

D3 TIL209 red light emitting diode

SK2,3 3:5mm jack socket (2 off)

S2 2-pole 6-way rotary switch (only one pole used)

Stripboard, 0-1 inch matrix 13 strips by 37 holes, metal case 152 x 120
X 5imm or similar; PP3 type battery connector for B1; small round
control knob; mounting clip for D3; extra 2-5mm jack socket if required
—see text; 8 pin i.c. socket if required; low impedance dynamic micro-
phone (200 ohm cassette type); connecting wire; crystal earpiece with

Capacitors .
C1 100uF 10V elect.
C2 10uF 10V elect.
C3 3300pF ceramic plate
C4 2-2uF 10V elect.
C5 10uF 10V elect.
C6 100uF 10V elect.
C7 10uF 10V elect.
C8 0-033uF ceramic plate
C9 0-15uF polyester

See

Sk

page 499

ADJUSTMENTS

Initially VR1 to VR8 should all
be set for about half maximum
resistance. With an earphone con-
nected to SK3 and the unit
switched on, a fairly low audio
tone should be produced with S2
set to any of its positions. If this
does not happen, switch off at
once and check the wiring for
errors.

The presets are adjusted by ear
against a piano, pitch pipes, or
other such source, to give the six
open string notes of a guitar at the
six settings of S2. This should
obviously be done as accurately as
possible. Once set, the unit should
not need any readjustment for a
considerable period of time as the
reference oscillator is very stable,
and is not, for instance, signifi-
cantly affected by variations in the
battery voltage.

IN USE

In use, each guitar string must
be brought fairly close to the cor-
rect pitch before D3 will flash on
and off at a rate which is slow

enough to be perceived. The unit
must therefore be used as a con-
ventional tuning fork when mak-
ing the initial adjustments to an
instrument which is badly out of
tune. With the earphone connected
to SK2, an audible beat note will
often be heard before the indi-
cator light flashes at a slow enough
rate to be perceived, but once the
tuning is almost correct, the flash-
ing light will probably give a
clearer indication of the beat
note.

It should be borne in mind that
harmonics of the two input signals
to the mixer can interact to pro-
duce beat notes even when the
guitar is well off tune. However,
this is not really too much of a
problem as these spurious results
only occur when the tuning is so
far out that it should be obvious
that it is an erroneous response.

Also, the flashing of D3 is far
less pronounced at these secondary
responses, with only minor fluctua-
tions in its brighiness occurring.
At the main response it will vary
from full brightness to no output
whatever. X
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Subjective Response

Having just read Adrian Hope's article
(For Your Entertainment) in the June issue
of Everyday Electronics | feel it necessary
to reply to that part subtitled “*Sound off".

Sound level meters measure sound
pressure and not energy. These meters
generally incorporate an " A" weighted
network which closely relates to the
subjective response of the normal human
ear to sound. In the field of acoustics the
"“A'" weighting is accepted as the best
descriptor of human perception to sound.

The difference between subjective
response to a shout and speech recorded
at identical energy levels lies in the
frequency content of the sounds rather
than the energy ouiput. Since the ear is
sensitive to frequency changes these
differences are readily noticeable.

A great deal of work has been done by
persons such as Stevens, Zwicker and
Beranek to establish equal loudness
contours and their results are remarkably
similar, from large but differing samples
of people. Modern microtechnology has
made the incorporation of these equal
loudness contours into a sound level
meter a real possibility although of
limited use to the acoustician.

Finally, I should like to offer a possible
solution to the mystery of the differing
maximum frequency sensitivity between
the sexes. In young children the threshoid
of audibility of 4kHz can be as low as
—2dB. This alters with age and more
important noise exposure. Men are
generally subjected to greater noise
exposure than women. This exposure
leads to a shift in the maximum frequency
sensitivity from around 4kHz to 3kHz or
less. This shift is characteristic of noise
induced hearing loss both temporary and
permanent.

R. N. Lovett

Dunstable

Matter of “'Sferics”

I find your Counter Intelligence
articles very interesting and informa-
tive. In the May issue you query the
usefulness of static electricity and |
wonder if my memory of an article in
the magazine *Scientific American"
back about 1956 would be of help.

ltwas on the use of old radio material
rewired to measure the ‘crackles"
that in some cases was due to static
and the suggestion for using the
machine was to predict the nearness
of lightning. If | can find the copy
I will send it to you for passing on
to Mr. Young, as | feel the task would
be helped by your colleagues up-
grading the apparatus to modern
terms and it might even be of use.

| am hesitant about mentioning
this as it was quite a time ago but
| know most libraries can obtain
this publication and its unusual in
that it gives good scientific reports
and practical schemes in esoteric
fields. | mention this before saying
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"therefore

that the static should be measured
in units called “sferics', but | think
it really was a serious article (I once
was told by a technical officer that
they would make the apparaius if
| got a research grant of about £50!
| am afraid | never tried).
| hope this is of interest and you can
make something of it as this might
be the time when technology has the
means to discover what static can
be used for, rather than shocking
us in our synthetic world.
D. S. Mayne,
Armagh.

Suitable definition

In reply to Mr. Young's question
concerning static electricity (Counter
Intelligence, May 1979 issue), first
a suitable definition must be found;
for this | have decided upon—an
electric charge which is at rest—
i.e., a charge which remains on an
object without change.

This reveals the basic difference
between static electricity and *..
the ordinary sort..." since the latter
must travel to produce an effect.
Coincidentally this movement is due
to attempts, by the electrons, to
produce an equilibrium of potential,
i.e. to become static electricity.

By definition static electricity is
unable to do anything
useful except to attract and repel
an electron beam, i.e. move the dot
on an oscilloscope.

David R. Clarke (aged 15)
Rugby.

Static Charge

As regards to Mr. Young's query
about static electricity (Counter In-
telligence, May 1979 issue), | hope
the following information might be
useful.

As we all know, “electricity’" is
due to the fact that charged par-
ticles (electrons) move from one
point to another, e.g. down a wire,
their movement being caused by a

difference in potential at the two ends

of the wire. Now static electricity
is due to the build up of charges
on an object.

The charges that have built up
do not “move"” and so there is no
current flow. If, however, the charges
are allowed to leak away by contact
with something at earth potential,
there is an associated current, which
is the result of the much lower poten-
tial to which charges tend to flow.

So, electricity is the flow of charge
whereas static charge is the result
of the build up of charge on an area;
giving the same effects when they
move as do electric currents due to
a battery for example. However,
in electrostatics we are usually dealing
with a small charge (few micro-
coulombs) and several kV; in current
electricity the opposite is usually
the case.

Well, what use is static charge?
Today's modern technology has put
electrostatics into some quite useful
situations.

Coal-fired power siations, steel,
cement and chemical indusiries use
electrostatic precipitation in order
to contain flue gas outputs which
would otherwise be discharged into
the atmosphere. The flue gases
pass through some positively and
some negatively charged grids. The
gas particles pick up the charge
from one of the grids and are thus
attracted by the other, causing col-
lection of the particles on the grids.

Electrostatic spraying of paints
is possible; electrostatic loudspeakers
and microphones are in common use
as are electrostatic copying machines.
In  nuclear physics electrostatic
generators are wused to produce
static which then generates several
million volts and is used to accelerate
atomic particles for research.

A knowledge of static electricity
is also needed to combat situations
where the static could produce disas-
trous results. Static charges build up
on wings of aircraft in flight and on
plastics in industry creating potential
explosion hazards if not combated;
lightning conductors are used to
protect buildings.

Nearer home ground, static charges
come into play when a capacitor is
fully charged and no more charge
flows from one plate to the other.

But as we can appreciate, most
of the functions described need
“current” electricity to produce the
charged surface in the first place,
but we can consider functions such
as employed using Van de Graff
generators (e.g. nuclear physics) as
being static electricity on its own
performing useful functions.

George Kesic
Leeds

Measuring A.C. Current

Many multimeters currently on the
market do not have a high a.c. current
range for measuring mains current for
example. You can easily adapt a meter by
using a simple bridge rectifier. The circuit
is shown in the diagram. A full wave
bridge, rated at about 5 amps is used, and
a meter set to a d.c. current range which
has a f.s.d. equal to the peak a.c. current
to be measured. .

As the meter will indicate only the peak
value of the current, a shunt can be made
up and connected across the meter so that
it will indicate true r.m.s. instead of peak
current. R. H. Marco,
London SW10
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STORAGE

I have found a simple and cheap method of storing
components. Components are placed into plastic bags
of the press to seal variety about 150mm x 100mm.
A hole is punched through the unused plastic above
the seal in the centre. The bags are then hung on a
length of string, fastened between any two points.

A simple hook is made from stiff wire 5Smm long
which provides an easy method of removal when
required. A system of this kind I think compares
favourably with commercial storage bins etc.

J. Fleming, London E7.

CROCODILE CLIPS

Needing a few additional crocodile clips (when the
shops were closed) I made up suitable alternatives,
using just an ordinary clothes peg and thin insulated
wire. The clothes pegs can be shaped to a point simi-
lar to that on pliers. The leads are then stripped
for about 150mm and then wound round the ends as
shown in the diagram.

S. Moss, Bath.

COMPONENT BREADBOARDING

As a devoted electronics enthusiast, I construct
projects purely for the fun of it. As such I very rarely
keep the projects so constructed. Therefore I have
found it wise to mount certain components on a board.
A size of 25cm x 15cm seems about right.

The component, for example a speaker, is mounted
on one side of the board, plywood for instance and
nails driven through from the other side. When the
component is to be used 1 just connect it up using
crocodile clips.

A. White, Burbage, Leicestershire.

TOOTHPASTE TERMINALS
WIRE
B0LT GLUED TO
PLACEDHERE TOOTHPASTE CAP
’ LEELN) _ wasHER
% WASHER GLUED GLUED TO CAP
TO PANEL 2
T 777727777 7777
pLasticy NUT GLUED TO
PANEL PANEL
WIRETO
CIRCUIT

When constructing test equipment etc. the cost of
terminals can be quite high, and is often cheaper for
the constructor to make his own. My idea is to use
an old toothpaste cap. The drawing above shows how
this is made.

Thus the external wire can then be gripped firmly
between the two washers when the terminal is
screwed down.

P. Baily, Rutherglen, Scotland.
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CHASER
DISPLAY

A psychedelic light show for discos,
parties and pop groups. Has three
modes of flashing—two chase pat-
terns and a strobe effect. Total
output power 750 watts per channel.

A unique feature of this receiver is the
unusual use of a varicap diode in tuning
a ZN414 t.r . radio_i.c.

REFLEX
LouDSpeqyep

An advanced top quality system, incor-
porating three drive units in a 62 litre
(3cu ft) enclosure. 50-70 watts handling
capacity.

...and much, much
more besides

SEPTEMBER ISSUE ON SALE AUGUST 17
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BY ADRIAN HOPE

SUDDENLY video is happening. There

are two reasons why the long
awaited video revolution has now
finally arrived. Most people who can
afford a hi fi system already have at
least one and are “in the market” for
another electronic gadget; and the
new generation of video cassette
recorders, which are now selling from
a wide variety of UK shops, offer
greatly increased playing time and
drastically reduced “feeding” cost.
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This latter phrase neatly surhs up the
cost in blank cassetie tape of using a
video recorder.

Until a year or so ago feeding costs
were high enough to be a marked
deterrent for all but the very well-
heeled. Now they are at a very low
level, £5-00 an hour or less.

FIRST GENERATION

The first generation of domestic
video recorders (the NI1500 series)

came from Philips of Eindhoven in
1974, the result of research and
development work carried out by a
Philips team in Austria.

It costs around £25 an hour to
record television programmes off-air
using one of the original N1500 series
Philips video recorders. This was fine
if you re-used the same cassette over
and over again but not so fine if you
wished to store a programme. Also the
cassette had a maximum playing time
of one hour.

Evervone recognised that tape cost
must be reduced and playing time per
cassette increased. The break-through
came from Japan with announcement
by JVC of the VHS system and by
Sony of Betamax. Although VHS and
Betamax are very similar they are not
the same and are not compatible, that
is to say a cassette recorded on the
VHS machine will not replay on a
Betamex machine and vice-versa.

LONGER PLAY

Both VHS and Betamax machines
are now available in the UK and both
have in common a much increased
playing time, around three hours per
cassette, and a greatly reduced feed-
ing cost, less than £5-00 an hour. This
is achieved by a very low tape speed
which enables a lengthy recording to
be made on a relatively short tape.

In response to the Japanese com-
petition, Philips launched a Long Play
version of their original N1500 series
machines, the N1700 series. Grundig
then launched SVR a Super Long Play
version of the long-play Philips format.
It is only necessary to compare tape
speeds over the years to get some idea
of the astonishing rate at which video
technology has moved. All domestic
machines use tape which is ! inch
wide.

The original Philips NI1500
recorders ran the tape past the record-
ing heads at 14-29cm per second. To
enable the tape to hold a bandwidth
of 3MHz (which is necessary for
recording colour television) the
recording heads spin round very
rapidly indeed layving a series of

I—Philips N1702 video recorder (VRC).
2—Toshiba Betavideo V52508 (Beta).
3—Ferguson Videostar 3V00 (VHS).
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closely packed helical strips across the
slowly moving tape. Hence the term
“helical scan recorder”.

All domestic video recorders work
on the helical scan principle, the heads
rotating up to 20 miles an hour %o
“write” the necessary video informa-
tion onto the tape.

TAPE SPEED

The Philips Long Play video cassette
recorder (N1700) uses the same video
cassettes as the original N1500 but
the tape speed is reduced to 6-56cm
per second. But even this is a much
higher tape speed than the two
Japanese systems and the German
Grundig modification.

The VHS system as marketed in this
country for instance by JVC, Akai and
Ferguson (most VHS machines are
actually made by JVC) relies on the
almost unbelievably low tape speed
of 2-34cm per second.

Think about that figure: 3MHz band-
width on half-inch wide tape moving
at 2-3cm per second. Just a few years
ago anyone who dared to suggest that
this might be possible would have been
publicly mocked.

But Betamax recorders suitable for
use in the UK run at an even lower
tape speed—just 1-Scm per second.
And in an “anything you can do we
can do slower” confrontation the Beta
and VHS designers in Japan have
recently announced even slower tape
speeds to offer up to nine hours
recording from a single cassette.

Initially Philips also responded to
the commercial challenge of lower
feeding costs from Japan by slashing
the price of blank cassettes by as
much as 40 per cent. Although the
price of Philips format blank cassettes
in the shops varies widely, depending
on where you shop, it is now possible
to buy a Philips format LVC 150 that
runs for 2! hours on an NI1700
machine for as little as £15-00.

PRICE CUTTING

But video cassettes are expensive to
make and price cuts such as these
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must have left the tape manufacturers
with a very tight profit margin.

Usually firms tend to sell hardware
(such as cameras and recorders)
cheaply and then make their money
on the software (blank tape and raw
film). Doubtless this is one reason
why Grundig chose the different
approach of launching SVR. This uses
what at first appears to be a standard
Philips format video cassette and a
tape running speed of 3:95cm per
second. (ITT incidentally are selling
the German-made Grundig SVR
recorder under their own name.)

Although the SVR machine appears
to take standard Philipsformat
cassettes it is in fact designed to take
only Philips-format casseites which
have been modified by the addition of
a special lug. Grundig say that the
very low tape speed on which the
machine relies necessitates the use of
especially good tape and precision
cassette construction and that Philips
format cassettes with the extra lug
and labelled SVC can be relied on
this respect.

Inevitably this has created some
confusion in the shops. Also it initially
created some pretty bad will because
the price of special lugged Philips-
format SVC video casseties was at
first higher than the cost of
apparently. but not actually, identical
Philips-format cassettes without lug.
Now the situation has improved be-
cause some tape firms, like BASF, are
simply selling only SVC Iugged
Philips-format video cassettes which
can be used on either Philips N1700
series or Grundig SVR machines.

FIVE STANDARDS

But the trade and public is still con-
fronted with a choice between five
video standards—iwo generations of
the Philips-format, the Grundig modi-
fication of the Philips-format plus VHS
plus Betamax. And that is by no means
all. At the Berlin Radio Show in
August it is almost certain that some
new formats will be launched.

It is almost certain, for instance,
that BASF will introduce its Linear

Video Recording System. In LVR a
length of tape shuttles very fast back-
wards and forwards past a fixed
recording head which switches posi-
tion at each pass of the tape, rather
like the heads -of a car cartridge
player.

Moreover, although Grundig’s new
video factory in Nuremburg is pro-
ducing 500 SVR machines a day, and
although Philips has launched the
N1702, a slightly improved version of
the basic Long Play NI1700, it is
expected that Philips and Grundig will
very soon make a joint announcement
about their future plans for a new
format.

Meanwhile the overall uncertainty
caused by such rumours has created
a drastic fall in video recorder prices.
You can now buy a brand new
machine for under £500, instead of
the £700 or £800 it cost just a few
months ago.

VIDEO DISCS

As explained, a helical scan video
tape recorder captures the wide band-
width colour television signal (around
3MHz) by spinning the record heads
fast past slowly moving tape. A video
disc player adopts a more obvious
approach, although the technology
involved is equally daunting. All video
discs systems, and many have been
proposed, work by spinning the disc
very fast under a stationary pick-up
head.

The first video disc was made by
John Logie Baird in 1928 who used an
old, ordinary 78r.p.m. disc to capture
the low bandwidth signals necessary
to generate a muzzy picture on his
mechanical TV system. Some discs
were actually sold for seven shillings
each at Selfridges in the mid 1330’s.
Video discs then virtually died for
forty years.

INSTANT REPLAY TV

Many television companies now use
a computer-style magnetic disc which
rotates very fast to capture short TV
picture sequences. This is how freeze-

4—Sony Betamax (Beta).

5—An early Philips/MCA videodisc player.

6—The Philips Compact Disc player.
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frame and instant replay pictures are
presented on . The transmitted
signal is continually recorded onto the
magnetic video disc. The disc has
around half-a-minute recording ability.
Thus at any moment the broadcaster
can instantly replay up to half a
minute of the programme just trans-
mitted, slowing down or speeding up
or freezmg the picture, for instance
to highlight a goal in a football match.

A SERIOUS LIMITATION

On the domestic market many sys-
tems have been developed but none
yet commercially marketed in the UK.
All systems so far are for replay, that
is, they do not enable the user to
make recordings of his own. This is
one reason why video discs have not
vet succeeded commercially.

No one yet seems quite sure what
kind of material the public will be
prepared to buy on a pre-recorded
video disc. After all, very few tele-
vision programmes or feature films
bear watching once, let alone several
times! And there is an unsolved prob-
lem over royalties for the performers.

TELDEC SYSTEM

The first domestic video disc sys-
tem to be announced was the Teledec
system developed by Telefunken (of
Germany) and Decca. The Teldec
system was first publicly shown in
Berlin in 1971 and by 1975 Teldec
discs and players were actually being
sold in some Continental countries.

A Teldec disc is not really a disc at
all. It is a thin flexible sheet of
plastics foil with the video information
encoded in a spiral groove super-
ficially similar to that of an ordinary
gramophone record. But the video
information is encoded by frequency
modulation and the groove is cut in
vertical or hill and dale fashion.

The Teldec disc rotates at 1,500-
r.p.un. and is tracked by a special
diamond stylus and piezo transducer.
Each disc holds up to ten minutes of
colour video. But the system has never
succeeded commercially or met with
much enthusiasm from engineers.

RCA DISC SYSTEM

RCA in the USA has meanwhile
developed a video disc with a groove
in which the video information is
encoded as capacitance variations.
These are sensed by a pick-up serving
as an electrode. Very few people have
seen the RCA system in action and no
one seems to know when or whether
it will ever be launched. But recently
when I was in New York I was given
a very professional demonstration of
the newest prototype RCA player,
which is mechanically very simple and
performed well.

OPTICAL SYSTEMS

Most people still regard the optical
system developed by Philips in Europe
and MCA in the States (with a similar
system independently developed by
Thomson in France and Sony in
Japan) as the front-runner.

According to the Philips system the
video information is encoded as varia-
tions in reflection on the surface of a
rapidly rotating shiny disc. A tiny
laser beams a narrow pencil of light
down onto the surface where minute
pits vary the strength of the beam
reflected up again onto a sensor. (The
French Thomson system uses a trans-
parent disc with variation in light
transmission.)

For several years Philips and MCA
annually promised to launch their sys-
tem “next year” but it never quite
seemed to happen. But just before
Christmas 1978 the Philips subsidiary
Magnovox started marketing Philips
disc players and discs in Atlanta
Georgia and the company demon-
strated the system in the UK.

Performance of the Philips player
is beyond reproach; the reproduced
pictures are o broadcast standard.

VISC SYSTEM

The Japanese company Matsushita
have developed the Visc system which
is in many respects a modern version
of Teldec. Visc looks like an
ordinary vinyl audio disc. In fact it is
an ordinary vinyl disc except that the
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groove is of very fine pitch and (like
Teldec) contains video information
of around 3MHz bandwidth recorded
as frequency modulation in hill and
dale fashion. But whereas Teldec only
provides 10 minutes of colour video
on one side of the flimsy foil disc, a
Visc can carry over an hour of colour
video and stereo sound on each side.

Visc was first demonstrated in 1978
and has subsequently been modified
to squeeze longer playing time from
smaller disc sizes. But now the future
of Visc is in doubt because Matsu-
shita has signed a deal with the sister
company JVC, who had developed a
completely different system. This
relies on capacitance, like the RCA
disc, but has no grooves. The electrode
stylus tracks across the smooth disc
surface under electronic servo control.

Although Sony is “flexible” over
standardisation the company has so
far shown most enthusiasm for an
optical system, like the Philips disc.
Other Japanese companies, including
Pioneer, have made similar moves. So
it seems likely that in the future the
main battle will be between Sony,
Philips, Pioneer and a few others on
the one hand and Matsushita and JVC
on the other, with RCA in the middle.

FUTURE SYSTEMS

It remains to be seen now what
further video disc systems are
launched by other companies
prompted into disclosing their
researches by the USA marketlélg
moves by Philips. Companies like R
and JVC will not lightly ditch their
own systems in favour of that of a
rival. But while there is rivalry and
no standardisation, no system will suc-
ceed. There is even the added problem
that video discs tailored for the USA
or Japan will be incompatible with
European TV.

Although video discs may seem an
irrelevancy to anyome who has no
desire to buy a pre-recorded TV pro-
gramme or feature film, they do have
massive potential for education. Also
they happen, by a happy coincidence,
to be the ideal medium on which to
record digital sound.

7—Grundig SYR4004 with 10 day timer (SYR).

8—Latest Philips YR2020 uses poper-back size cassettes.

9—Hitachi YKC500 colour video camera for use with the VT5000E
10 day recorder shown in our heading pic.
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By Dave Barrington

HIS month we have some new
products which should be of
particular interest to the constructor
and should prove useful acquisitions,

PCB Etcher

For the person keen on making
his own printed circuit boards, a new
bubble etcher aimed at both the hobby-
ist and professional has just been
marketed by Mega Electronics.

Designated the type PLBE-1210
bubble etcher this new p.c, produc-
tion ancillary has a fluid capacity of
5 litres, and accepts printed circuit
boards up to 305 x 254mm. Extra
capacity in the tank has been achieved
by positioning the heating element so
that it does not obtrude into the tank.

The average etching time for both
single-sided and double-sided boards
is claimed to be 4 to 5 minutes. Other
features include full thermostatic con-
trol of the fluid temperature and pro-
tection against evaporation and
splashing.

The PLBE-1210 bubble etcher is
priced at £55 including VAT and
further details can be obtained from

The PLBE-1210 bubble etcher from Mega
Electronics.
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Mega Electronics Lid.,, Dept EE, 9
Radwinter Road, Saffron Walden,
Essex, CB11 3HU.

Mini Stripper

Anyone who has tried stripping and
using the very fine gauge wire. now
commonly used for interwiring multi-
pin devices will welcome the latest
offering from OK Machine & Tool
(UK) Lid.

The CAS-130 “Clip and Strip" is
claimed to cut and strip without nick-
ing 0-025mm wire and is ideal for
Kynar wire-wrapping wire. Shaped
similar to a miniature paper fastener,
the stripperis held between thumb and
finger and the wire placed in the jaws
which are squeezed together to clip
and strip a 26mm lengih of wire.

Produced primarily for the hobby
market and selling for £1.52 (excluding
packageing and VAT), the CAS-130
wire stripper could prove equally
useful for the prototype wireman in
industry.

Further information- and addresses ~

of nearest stockists can be obtained
from OK Machine & Tool (UK) Lid.,
Dept EE, 48a The Avenue, South-
ampton, Hants, SO1 28Y.
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Miniature terminal assemblies from Vero
Electronics.

Terminal Posts

Designed as terminal posts for test
points on circuit boards for clipping
test probes such as multimeter or
oscilloscope leads, we are sure readers
will find many applications for the new
terminal assemblies from Vero Elec-
tronics.

The sprung metal “split" pin is
surrounded by a sintered glass bead
which allows the eye of the pin to
stand proud from the board for easy
access and will remain in place when
the board is reversed for soldering.

Intended for “through-hole-plated”
prinied circuit boards, we found that
the terminals made ideal mounting
posts for components on 0-15in plain
perforated board. The inierwiring is
easily soldered on the underside of
the board between the protruding
pins.

Details of prices and nearest stock-
ists can be obtained from Vero Elec-
tronics Ltd., Dept EE, Industrial Estate,
Chandler's Ford, Eastleigh, Hants,
S05 3ZR.

The OK CAS-130 wire stripper.

CONSTRUCTIONAL
PROJECTS

Although we have a bumper number
of constructional projects this month
no buying problems are envisaged as
components are available from a
number of sources.

Trailer Flasher Unit

It is most important that first grade
components are used for the Trailer
Flasher project, the 2N3055 transistors
must be new types. Also particular
care must be taken when mounting
the mica washer to ensure it is not
punctured during mounting.

This is usually caused by insufficient
cleaning of the metal work after drilling
to accept the power transistors. When
the drilling is completed for the power
transistors it is a good idea to clean
the surface with a damp rag and some
household cleaning powder o remove
any surplus swarf.

9V Power Supply

Any transformer with a 12V at 0-5A
secondary will be suitable for the 9V
Power Supply. Theonly limitation is the
physical size of the component and the
one used in our prototype used two
secondaries of 12V at 250m A wired in
parallel.

Mini Module

Although this months Mini Module,
Swanee Whistler calls for a slider type
potentiometer there is no reason why
a normal rotary potentiometer should
not be used. These are approximately
50 per cent cheaper and more likely to
be to hand in the spares box.

Apart from the above comments,
readers should have no difficulty in
obtaining components for the rest of
our projects this month as they are
listed in most advertisers catalogues.

VAT

Due to recent change of VAT
rates at time of going to press,
readers are advised to check
prices in advertisements before
ordering any components.
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AMPING and caravanning have

enjoyed a considerable growth
in popularity in recent years and
many D.IY. motorists will be tackl-
ing the job of wiring up a trailer
socket so as to connect the motor
car lighting circuits to a trailer or
caravan. In the case of the tail
lights and brake lights these are
usually straightforward d.c. con-
nections. However complications
arise in the connection of the
flashing indicator lights.

OPERATING FREQUENCY

Nearly all car flasher systems
are affected by the number of
bulbs in circuit, and connecting
extra lamps will usually upset the
flasher frequency, often causing
the lights to flash much too fast,
or, perhaps, not at all.

To be legally correct the flasher
system must operate between 60
and 120 times per minute, and also,
when the trailer is connected,
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there must be some means of indi-
cating the failure of the trailer
flasher lamps to the driver.

The purpose of the unit de-
scribed here is to drive the trailer
flashers correctly and to monitor
their operation.

CIRCUIT PRINCIPAL

Fig. 1 is a simple illustration of
the basic circuit. A 21 watt flasher
bulb (LP2) has a much lower re-
sistance than a 2 watt panel lamp
(LP1), so that if the two are con-
nected in series as shown and con-
nected across a 12 volt car bat-
tery nearly all the 12 volts appears
across LP1. LP1 lights up there-
fore, there being insufficient
voltage across LP2 to illuminate it.
LP1 remains lit as long as the
filament of LP2 is intact, and there-
fore acts as a monitor.

If switch S1 is now closed LP1
is shorted out and the full 12 volts
appears across LP2, causing it to

light. If S1 is made to operate in
unison with the car flasher system
then both LP1 and LP2 would flash,
alternatively but at the correct
speed.

12V
LPY

Fig. 1. The basic
circuitarrangement
which shows how
the Trailer Flasher
Unit functions.

LP2
21W

ov

FULL CIRCUIT

Fig. 2 shows the full circuit of
the trailer flasher unit connected
to the motor car circuits. The
dotted line encloses the additional
components comprising the unit.

It will be seen that a 12 volt
feed, via a 4 amp fuse FS1, supplies
two parallel circuits—one for each
trailer lamp. The panel lamp LP1
is in" series with the trailer right
rear lamp via the 7-pin trailer
socket, likewise LP2 is in series
with the trailer left rear lamp.

SWITCHING

Instead of mechanical switches
two npn power transistors are con-
nected across the panel lamp, with
their emitters connected to the
trailer lamps. Each transistor base
is connected via a 10 ohm 1 watt
resistor and series diode to the left
and right flasher feeds from the
car direction indicator switch.
When the flashers are not working
there are no base voltages for the
transistors and they are therefore
virtually open circuit. This means
that the panel lamps remain lit,
showing that the trailer lamps are
intact.

If S1 is moved, say, to the right,
the right hand flasher lamps are
energised via the car flasher unit,
which causes them to flash as
usual. 12 volt pulses are fed via
D1 and R1 to the base of TRI,
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causing it to turn hard on, short-
ing out LP1 and switching on LP3.
Thus both LPl1 and LP3 flash
(alternately) in time with the car
circuit, which only has to provide
a few milliamps base current
for TR1—a mnegligible loading.
Virtually all the current for LP3
comes via FS1 and TR1. A similar
sequence occurs when S1 is moved
to the left, to operate LP4.

CONSTANT REMINDER

It will be seen that when the
trailer plug is disconnected from
the socket there is no connection
to chassis and the unit is effectively
switched off. Inserting the trailer
plug completes the circuits and
causes both panel lamps to come
on—oproviding the trailer lamps
are intact of course. The twin
lights give a constant reminder
that the trailer is connected—some
small camping trailers are invisible
through the driving mirror!

The base resistors R1, R2 are of

" a low value (10 ohms) fo give some

limit to the base current yet en-
sure that the transistors turn fully

Resistors
R1 10Q
R2 10Q
All TW carbon +10%
Diodes
D1 1N4002
D2 1N4002
Transistors a
TR1, TR2 page 499
NEG. EARTH
2N3055, 2N3054,
AD2161,BD130,
TIP33A ete.
POS. EARTH
AD162, AD143,
AD149,BD132
0C38 etc.
Miscellaneous
FS1 4 amp fuse.
LP1,2 12-5mm plastic panel
lamp 12V 2W (2 off)
Five-way terminal strip.
Fuseholder. “Scoth-
loc” connectors.
Sheet aluminium.
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Fig. 2. Full circuit diagram of the Trailer Flasher Unit (within broken line) shown
connected to the car circuits and, via trailer socket, to the trailer or caravan circuits. For
positive earth TR1 and TR2 must be replaced by pnp types.

on. The diodes D1, D2 have no
effect on circuit operation, but

they were found necessary in the

prototype to prevent reverse leak-
age through the base/emitter
junctions of TR1 and TR2. This
caused LP1 and LP2 to glow
slightly when the trailer plug was
disconnected.

The circuit shown is for negative
earth vehicles. For positive earth
operation the transistors must be
pnp types and the diodes D1, D2
reversed.

COMPONENTS

Almost any type of power iran-
sistors may be used, providing they
have a current rating of at least
two amps, and some suitable types
are shown in the components list.
Nondescript surplus transistors
should not be used. One should
bear in mind that the failure of a
cheap transistor when on the road
might bring all sorts of unpleasant
conseguences.

The 2 watt panel lamps are stan-
dard plastic types which are
usually a push fit into a 12-5mm
hole. These are readily available
from motor shops and will

probably have spade-type push-on
terminals, to which connecting
wires may be soldered directly. It
is important that the lamps are
isolated from their mountings if
they are to be fixed into a metal
panel.

The five-way terminal strip is
cut from a mains connector block
as sold in Woolworths.

The wiring of the unit and its
connections to the car -circuits
should be of reasonably stout in-
sulated wire. Motor shops do sell
proper automobile type connecting
wire, but wire stripped from 13
amp mains cable is just as good
and somewhat cheaper. The four
amp fuse FS1 should be mounted
in an in-line fuseholder as used
for car radios.
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The constructional layout is not
important and will depend to a
great extent on the layout of the
motor car and the materials to
hand. The panel lamps may be
mounted in the dashboard proper,
if space permits, and remotely con-
nected to the other components
which may be mounted anywhere
convenient.

The ftransistors do not really
need heatsinking in this applica-
tion as they are being operated
as switches, that means fully on or
fully off, and so generate little
heat. However, it is by far the
simplest method to bolt up the
transistors in the normal way, one
arrangement is shown in Fig. 3.

CHASSIS

Here the complete unit is built
on a simple chassis made up from
aluminium sheet about 60mm x
180mm, and is intended to be
mounted under the dashboard or
parcel shelf. The panel should be
drilled before being folded up. No

Fig. 3. The complete Flasher Unit shown “opened up" for clarity. The chassis is made
from a single piece of 18 or 20 s.w.g. aluminium, with two bends as indicated. All drilling
should be carried out before bending. See text for further details.

dimensions are given as these will
vary with the devices used. The
transistors must be isolated from
the metal panel with the usual
mica washer which may, with care,
be used as a template for making
the holes.

Fig. 3 shows the wiring connec-
tions with the chassis opened out
for clarity but in fact the connec-
tions should be fairly short and
rigid. When connecting wires into
the terminal block ensure that the
screws bite firmly onto the wire
and not the insulation. Plastic
sleeving should be used on any
bare component leads.

INSTALLATION

The unit may be mounted under
the dashboard or parcel shelf with

The completed Trailer Flasher Unit
showing the mounting of the power transistors.
Care must be taken to ensure that the mica washers are not punctured.
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PIN | CIRCUIT

1 LH.FLASHER

2 | SPARE

3 EARTH (CHASSIS)

4 RH FLASHER

5  RHREAR AND
NUMBER PLATE |

BRAKE LIGHTS l

LH.REAR

~N o

Fig. 4. Pin connections to Trailer Socket.
The pin numbers are usually marked on
the socket.

small bolts or self-tapping screws,
using spacers if necessary. Wires
may then be run from the car
circuits to the terminal block. The
five numbered terminals in Fig. 3
correspond with the circled
numbers in Fig. 2.

Connections 2 and 3 are probably
best made to the wiring loom
alongside the steering column. The
car wiring diagram will show the
correct wires to tap into if the
connections to the indicator switch
are not visible.

Sound insulated connections are
required and the simplest method
is to use “Scotchloc” connectors,
also available from motor shops.

The two wires to the trailer
socket from the unit should be
tucked out of the way under the
carpet or behind the trim, taking
care that they are not likely to
chafe on sharp metal edges. Fig.
4 shows the internationally agreed
pin connections for the frailer
socket and it should be wired
accordingly.

HAZARD SYSTEM

The 12 volt feed via FS1 should
be connected to the car fuse box,
or perhaps to the ignition switch
directly, so that the supply is live
only when the ignition is turned
on. If there is a spare fuse posi-
tion in the fuse box it may be used
instead of an in-line fuse holder.
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The reason for this arrangement
is that most modern cars are fitted
with a ‘“hazard” flasher system
which causes all four flashers to
light, to give warning of a break-
down etc. If the trailer is con-
nected and the Trailer Flasher
Unit in use this would cause both
trailer lamps to flash as well—a
useful feature.

However, six flasher bulbs means
a load in excess of 120 watts, which
could drain the car battery if left
on for a lengthy period. Providing
the engine is kept running, and
therefore the charging system
working, there is not likely to be
any difficulty.

If the unit is wired to an igni-
tion-controlled source as described,
then switching off the engine will
extinguish the trailer lamps and
limit the hazard system load to the
four lamps on the car. X

Electronic wizards

l am sure that one of these days
some of my readers are going to
tick me off for my predilection for
poking fun at computers. The truth is,
| think, we all have a certain animosity
towards these electronic wizards and
| believe the reason for it is this,
we feel that they are getting too smart
for us.

They can beat us at any game from
noughts and crosses to chess, solve
arithmetical problems that are far
beyond our mental capacity and there
are now pocket translators that can
handle any language including Jap-
anese. In short they tend to give us a
massive inferiority complex.

Consequently when one falls flat
on its nose (perhaps they do not have
noses, so perhaps | had better re-
phrase it and say falls flat on iis
software) our mirth is not only un-
controllable but understandable be-
cause it has re-established our self
esteem. What we must never lose
sight of is the fact it was the human
brain that conceived and built the
computer in the first place.
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. something in their favour.

To redress the balance | will say
About
seven years ago we bought an elec-
tronic calculator, that would do any
calculation and give a print-out. It
was a splendid machine but it meas-
ured abouteighteen inches by eighteen
inches by six inches and weighed
about forty pounds. To-day we have
replaced it with a Cannon P10 which
does the same job, only measures
about four inches by six inches by
three inches and weighs a few ounces.
It is completely portable and operates
from a rechargeable cell.

Poste Haste

In this connection | would like to
give a pat on the back to the suppliers
“Poste Haste". Every calculator is
supplied complete with a charger,
so when one of my staff said “We
want some new batteries in the P10"
looking very superior | said “not
atall, you simply plug in the charger;
here, let me show you." Do you think
| could find the charger? | could not!

So | telephoned “Poste Haste" and
explained my predicament. The girl
who answered the phone said “I

do not deal with it, but | will get my
colleague who does to contact you".
The very next morning a parcel
arrived in the post containing one
P10 charger and to date | have had
no billl With all the tales one hears
of poor service, it is nice to discover
there is another side to the coin!

Static reply

| was pleased to receive letters from
readers on my static query. In particular
| would like to thank David Mayne,
David Clarke and George Kesic for
their helpful suggestions and | would
ask them to accept my apologies
for not sending individual replies.
| can honestly claim pressure of
business. Some of these letters
are reproduced in this issue.

if | sum up the answers correctly
the concensus is that static and
ordinary electricity are basically the
same thing, but with static we are
dealing with a very high voltage and
very low current and with the more
familiar sort, the voltages are usually
lower and the current correspondingly
higher.

Readers also reminded me of the
innumerable: uses to which static
is put, from moving the spot on your
television screen, to photocopying
and even the plating of plastics. One
even mentioned the uses to which
the piezo electric phenomena is put,
but | have the feeling that this is
something different again.

Of course, what | had in my mind
was static being used 1o power
some kind of electric motor, perhaps
with enough urge to drive a carl
That really would be something.
Here is a chance for you inventors!
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OLDERING is the most important

aspect of project building. Unless
you are competent in this “art” your
projects are more than likely to fail.
The importance of good, neat, clean
soldering cannot be oversiressed. As
with most things a good soldering
technique comes with practice.

STAGE 1

The tools required are few and
simple. Choose an iron with a bit size
appropriate to the job in hand. Always
use a resin-cored solder of 60/40 tin/

FOR
BEGINNEIRS

lead composition.

STAGE 2

Tinning the bit. The tip is “tinned”
with a thin coat of solder. Do mot
allow the solder to run down the main
body of the bit.

STAGE 3

An essential part of soldering is
clean components, Use a piece of
fine sandpaper and then tin the lead.

STAGE 4

A tidy looking board is a pleasure
to see, so don’t insert components as
on the right! Be neat.

STAGE 5
The joint is now ready to be

soldered. This shows the correct posi-

tion of iron. Note that it is in contact
with both lead and copper strip.

STAGE 6
An even flow of solder is necessary
to produce a sound, bright looking

joint as the one on the left. Bad
workmanship produces dry joints
(centre) and bridges, etc (right).

STAGE 7

Stranded wires should always be
tinned. Here we show how this is
done, and the final result if you are
unlucky (far right).

STAGE 8

The correct way to solder a wire
to say, a Veropin. The wire on the
right is obvicusly wrong, the loose
wires could cause a short circuit.

STAGE 9

As in the previous photo, a good
mechanical joint is essential when
wiring up to tagged components. Do
not let the wire “hang” in the tag.

STAGE 10

Although nothing to do with good
soldered joints, the use of a heat
shunt on heat sensitive component
leads is a “must”.

STAGE 11

One tricky operation is the solder-
ing of an ic. Here we show the cor-
rect angle for the iron bit and solder.

5

%,.
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Everyday News

SATELLITES
AND
SUPERTITLES

At a recent open day at the Independent

Broadcasting

Authority

(IBA) Engineering

Cenire at Crawley Court, some of the many °
areas of activity were demonstrated. Of par-
ticular interest are the use of space Satellites
for broadcasting and the work being carried
out to help the deaf and hard of hearing to
receive subtitles on normal television pro-

gramimes.

Satellites

Studies are at present
underway using a transport-
able trailer-mounted 2-5
metre dish antenna trans-
mitting at 14GHz to a geo-
stationary Orbital Test Satel-
lite (OTS) situated 22,300
miles above the Earth.Trans-
missions from the satellite
are received on a 3-5 mefre
parabolic dish antenna part
of a compact satellite receiv-
ing terminal Ilocated at
Crawley Court.

This set-up provides fem-
porary links from remote
places (reached by ftruck
and trailer) allowing “live”
news and other programmes
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to be received. This could
eventually lead fo direct-
broadcasting satellites pro-
viding programmes direct fo
the home.

The IBA’s prime concern
is to secure suitably fre-
quency allocations for mobile
satellite operations and pro-
vided suitable terminals can
be made available, it would
be possible to set up a
temporary outside broadcast
link via a satellite very
quickly, with a minimum of
forward planning.

Theoretically, with a
smaller dish, a roving re-
porter in a news car could
make use of the satellite.

: Riqht_#etsq’e‘
: 1've gbeen

Supertitles

Optional subtitles on tele-
vision Pprogrammes, oOr
“Supertitles” as the IBA
have named them, for per-
sons with impaired hearing
are being researched and
developed by the IBA and
the ITCA in conjunction with
a team led by Dr. Alan
Newell at Southampton Uni-
versity.

The idea is to make use
of the Oracle teletext system
which incidentally has not
been as enthusiastically re-
ceived by the general public
as all concernéd had ex-
pected. The reception of
Supertitles requires the use
of a tv. capable of teletext
reception.

The main concern has
been the time and cost in-
volved in the preparation of
the subtitles requiring man-
hours in the order of 20 to
30 times the programme
running time for perfect
subtitling. This makes sub-
titling of “live” programmes
impossible.

In an effort to overcome
this, a system is being ex-
plored that uses a Palantype
shorthand machine linked to
an electronic processor. In

basic form the subtitles re-
quire some experience and
training on the part of the
viewer, phonetic spellings
being one problem.

Subtitled test programmes
are being shown to deaf and
hard of hearing viewers for
their reactions and com-
ments. Later a number of
experimental transmissions
will be made through the
Oracle service,

The UK-developed micro-
processor chip used in the
Chromatronics 24-tune door
chime is now available as a
component for home con-
structors.

Officials of the EEC are
keeping 2 watch on Japanese
TV and other electronic
goods companies seeking fo
set up manufacturing units in
Spain.

They see the current
Japanese interest in Spain as
a back-door entry info the
EEC by the Japanese in
advance of Spain becoming
an EEC member by the mid-
1980s.

Electronic White Sticks :

An experimental guidance system for the blind is in
use in a Swedish shopping centre. It uses an under-
ground cable and a portable receiver.

An unsighted person can follow a prescribed route
by listening to a signal which changes tone if deviation
takes place. A further development suggested for the
blind is a stick fitted with laser-beam equipment which
will allow detection of obstacles up to six feet away.
Again the user is warned by an audible signal.
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. . - from the World of Electronics

~=ANALYSIS

HOPPING MAD!

Superficially, radio communications and radio broad-
casting appear to be the same thing. Yet there is a major
difference. Communication is person-to-person or organi-
sation to organisation and is essentially private in charac-
ter. In contrast, broadcasting, as the name implies, is
something for everybody to hear.

Technically, however, they are the same thing. Once a
radio transmitter goes on the air everyone within range who
has appropriate receiving equipment can listen equally well
to the transmission whether it be a radio communications
link (private) or a broadcast (public). The general rule is’
that if one inadvertently hears a transmission not intended
for public reception then it should be ignored, and if not
ignored then the message content should certainly not be
passed on to a third party or in any way made public.

As well as amateur listeners there are professional
listeners, mainly government and defence services, They
constantly monitor diplomatic radio links of friendly as weil
as potentially enemy powers and also listen in to military
networks. They want to know what's going on and it goes
underthe name of communications intelligence (COMINT),
a branch of electronics warfare and an esoteric form of
spying.

The traditional way of keeping such communications
private is by enciphering the messages so that they are
meaningless unless the recipient has the key to the cipher.
The trouble is that modern code-breaking by electronic
computer is now so powerful that nobody can really be sure
that even the most complex cipher cannot be broken by the
key being discovered in a matter of hours.

One solution is to make unauthorised reception more
difficult for casual or, more important, intentional listeners.
And one way of doing this is by frequency hopping.
Imagine you are sitting down in front of your radioc and the
signal you are trying to listen to is hopping from one spot
on the dial to another and then to a third and so en. It would
be hard to keep up.

Imagine the frequency hops are at the rate of hundreds
of hops per second, each new frequency at which the signal
settles appearing to be completely random with no detec-
table sequence. This is now being achieved.

In fact radio system designers are now hopping mad!
The frequency synthesizer, broad-band r.f. circuits which
need no tuning, microprocessor conirol and large scale
integration are the new tools which make frequericy hop-
ping possible in even military manpack sets.

The pattern of the hopping sequence is determined in a
similar way to modern electronically generated ciphers so
that if you haven't got the key there is no way of telling
where the next hop will be. The technical problem of
making the receiver tuning hop in exact synchronism with

The National Television
Bental Association is one of
the bodies leading the cam-
paign to popularise the
Prestel TV-based information
service among the UK's 20
million TV viewers.

The rental companies,
members of NTRA, expect
rental charges of Presfel-
equipped receivers to be
about £24 a month.

FLY-BY-TOUCH

The Royal Aircraft Estab-
lishment is evaluating the
Digilux “touch mask”
developed by Marconi Radar
for use in the cockpits of
combat aircraft. The “touch
mask” enables a large
number of controls and func-
tions to be centralised on a
single panel on which the
pilot can exercise command
by merely placing a finger
at the appropriate point
instead of operating conven-
tional switches and knobs.

The “touch mask” is
already in use in air traffic
control functions and this is
the first time it has been
tried in aircraft cockpits with
the intention of easing the
pilot’s work load.

Underground Gomputer

Military wmainframe com-
puters are generally well
fortified, even wunderground,
to protect them from nuclear
attack. Now the first civilian
computer has been built in
an underground bunker.

Not from military threat by
a foreign power but against
internal terrorists and
vandalism. It has happened in
Italy which has experienced
over two dozen attacks on
computer installations in the
last three years.

SOLAR WITCHCRAFT

Mass production of solar
cells on a continuous strip is
now a fact in the United
States. Dr Paul Maycock of
the US Department of Energy
states that four years ago
this technology looked like
witcheraft and today it is a
viable solar alternative.

He believes that such tech-
niques will so lower costs of
direct conversion of sunlight
to energy that solar energy
will become economically
viable in the USA by the mid-
1980s rather than earlier
forecasts of the year 2000.

The new Eurovision Ceon-
trol Centre in Brussels is now
in operation. Crow of Read-
ing supplied the monitoring
and control system which
provides push-bution route-
ing for 30 audio and video
channels.

The equipment was builf
in the UK and shipped fo
Brussels in a single 12-{on
consignment.

Speed of light

The IBM Company is work-
ing on solid state devices
with switching speeds more
than 10 times faster than the
fastest transistor logic cir-
cuits. The technigue is called
current injection logic and
to obtain a switching speed
as little as 7 picoseconds the
circuits need to operate at
extremely low temperatures.

Total switching time is 13
picoseconds because it takes
6 picoseconds for the signal
to move from one circuit fo
the next. And if you wonder
what a picosecond is—it is a
trillionth of a second.

SHOWING THE WAY AHEAD

For the first time ever, the British telecommunication
industry is joining forces to present a co-ordinated display of
its systems, equipment and capability to the world.

Five leading firms are joining with the Post Office to show
their products and services at Telecom ‘79—the world tele-
communications exhibition and conference to be held n
Geneva from September 20 to 26. The companies are: GEC
Telecommunications, Plessey Telecommunications, Standard
Telephones and Cables, Marconi Communication Systems and
Pye TMC.

The six co-ordinated exhibits will form, with a working
model of System X, Britain’s all-electronic telephone exchange
lysers which may be able to follow the hops and so aliow system for the 80s and beyond. This will include the full
COMINT to continue unchecked. P range of services, systems and marketing skills available to

Brian G. Peck meet the needs of overseas telecommunications administra-

= = tions.

the transmitter has been overcome, at least in the labora-
tory, and the first UK-designed frequency hopping tactical
field radic will be demonstrated later this year.

Apart from communications security, frequency hopping
in the battlefield has another advantage. If several radio
nets are all operating and all hopping about at the same
time it would be immensely more difficult for an enemy
direction finding station to detect their individual locations.

Needless to say, while one bunch of radio boffins are
slaving away perfecting frequency hopping radio, another
bunch are spending sleepless nights solving the problem
of perfecting the broadband receivers and hopping ana-
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RADIO WORLD

The whispering gallery

ALHOST all standard textbooks tell
us that short-wave (h.f.) signals
travel round the world in a series of
“hops" each having a maximum range
of about 5000km. The signals, so we
are told, travel up to the F layer of the
ionosphere, then down again to the
surface of the earth, up again to the F
layer and so on. Well yes; there is
plenty of evidence that this is what
happens with powerful signals at
frequencies significantly below the
maximum usable frequency (i.e. at
what is often called the optimum
“working frequency").

But over the past 20 years or so
there has been convincing evidence
that this is not the path that allows
radio amateurs and short-wave list-
eners to work or listen to low-power
stations at very long distances. For
example signals arriving from Austra-
lia and New Zealand around dawn and
dusk are often at strengths that do not
stand up to conventional “path-loss"
calculations that assume a 6dB loss at
each intermediate ground reflection
point.

Chordal Hop

it has in fact become increasingly
clear that these stronger-than-ex-
pected signals are virtually always
propagated by what is called “chordal
hop'" or sometimes the "whispering
gallery' mode (from the effect that can
be observed with speech in the gallery
of St Pauls Cathedral, London), and
which are close to or even a little above
the “maximum usable frequency” for
the route. The signals are trapped
between different layers of the iono-
sphere or skim along the under surface
of a layer, often being launched into or
out of this mode by ionospheric “tilts".
In fact such signals may not return to
Earth anywhere between the trans-
mitter and the receiver.

itwasa German radio amateur, Hans
Albrecht, working in Australia, who
first showed that the amateur radio
signals he could receive from Europe
just did not tie up with the conventional
ideas about h.f. propagation and linked
this with the investigations in the USA
with “round-the-world echoes”. [t
was one of the important new discov-
eries in an era when it had been
thought that most of the mysteries of
radio propagation had been solved.
But most textbooks have still not
caught up with the new concept.
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Helping travellers

The BBC is due shortly to begin
field trials of CARFAX, the time-
multiplexed area-broadcasting system
intendedto provide local traffic inform-
ation over an interlocking network of
transmitters sharing a single channel
at the low-frequency end of the
medium-wave band.

While technically the system now
seems promising (although the orig-
inal proposals ran into the problem of
poor definition of areas and had io be
modified) | still find it difficult to
believe that motorists really need or
want a 24-hour information system.

However in the USA, with its vastly
greater geographical area, the Federal
Highway Administration has com-
missioned a research organisation 1o
conduct a sysiems analysis and pro-
vide guidelines for a chain of “High-
way Advisory Radio Stations' design-
ed to provide a “travellers information
service”. These will be low-power,
short-range stations operating on 530
or 1610kHz (i.e. both ends of the
presenta.m. broadcast band). Stations
may also be set up by city authorities.

In some cases, apart fromannounce-
ments about traffic conditions, de-
tours, emergencies and weather news,
the broadcasts will draw attention to
historic sites and local recreational
areas. Road signs will tell the motorist
when he is coming into range of one
of these stations, and no special form
of decoder or automatic switching
will be needed.

Crackles and buzzes

Certainly in the London area, and |
suspect elsewhere, the levels of man-
made electrical interference (r.f.i.)
continue to rise over most of the Lf.
m.f, h.f, and v.h.f. bands. Thermostats
and small motors and hundreds of
other sources continue to clobber or
mask weak signals, while the Russian
“Woodpecker” radar, broadcast jam-
mers and military pseudo-noise spread
spectrum systems all go to show that
Governments are among the worst
offenders. We really do need a society
for the preservation of the ionosphere
and the elimination of poliution!

Among the latest noises are those
coming from “home computers” (and
even pocket calculators) and in the
United States the Federal Communi-
cations Commission have begun a
special enquiry into this new source of
r.f.i. Part of the troubles are faulty

modulators used to connect into the
TV sets (a problem also with video-
games) but there is also interference
from the pulses surging around in the
logic circuitry. This problem of digital
techniques seems to be often over-
looked by those who believe that con-
ventional analogue technigques are
now becoming obsolete.

With the Post Office looking ahead
io an all-digital telephone network
(System X eic) one wonders how much
thought has been given to the question
of radiation from telephone circuits
(at least until we all use optical fibres
to carry the signals in the form of
light). Is this why the P.O. keep pro-
moting that confounded bird “Buzby"?

And there is trouble coming in the
kitchens. Sir Bernard Lovell has
recently drawn attention to the way
microwave ovens can play havoc with
weak radio astronomy signals. He
claims that poorly constructed ovens
can interfere with his radiotelescopes
at distances of several miles.

It has also been suggested that

~ microwave ovens may present a prob-

lem when it comes to direct-broadcast
satellites working on 12GHz—a sort of
TV/dinner confrontation?

Cow and pig power

The search for alternative, small-is-
beautiful technology that would free us
from dependence on electricity supply
mains is being taken seriously by
some radio amateurs. Quite a lot has
been written about harnessing wind,
water, sunshine and even muscle
power (an energetic man with a pedal
generator can deliver about 100 watts
of electric power for a short time).

At least two radio amateurs, Tim
Hutchinson, 5Z4DV in Kenya and Lars-
Erik Johansson, SM4AQL in Sweden,
have found a practical way of obtaining
power not only for their amateur radio
equipment but also for their domestic
and farm appliances. Both use "out-
put" from farm animals to obtain a
regular supply of methane gas which
can then be used to generate elec-
tricity.

Tim Hutchinson began using a cow
and pig powered transmitter as long
ago as 1955, using a modified 2HP
paraffin engine to charge a 32-volt bank
of large Nife cells. This engine has
clocked up over 60,000 hours running
on “biogas” (methane/carbon-dioxide
mixture) produced from cow and pig
manure, coffee skins, grass eic,
roughly the equivalent of 10 gallons of
fuel a day, and providing him also
with a rich organic fertiliser for his
coffee crop.

The Swedish amateur has an even
more impressive installation, using a
22,000 gallon methane-digester which
produces 70 cubic metres of methane
gas from the “throughput” of 50
Friesian cows and 40 heifers and again
ending up as non-smell fertiliser.
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STEVENSON

REGULATORS

78L05 30p 7805 60p
78L12 30p 7812 60p
78115 30p 7815 60p

HARDWARE
MINIATURE TRANSFORMERS

240 Volt Primary

Secondary rated at 100mA.

Available with secondaries of:
6-0-6,9-0-8%and
12-0-12. 92p. each.

LOUDSPEAKERS

56mm dia. 8 ochms
64mm dia. 8 ohms
64mm dia. 64 ohms .
70mm dia. 8 ohms .
70mm dia. 80 ohms .

TERMINALS

Rated at 10A. Accepts 4mm plug, black,
blue, green, brown and red 22p

SWITCHES

Subminiature toggle. Rated at 3A 250V. :
SPDT 70p SPDT centre off 75p !
DPDT 80p DPDT centre off 95p
Standard toggle

SPST 34p DPDT 48p

Wavechange switches.

1P12W, 2P6W, 3P4W or 4P3W all 43p ea.
Miniature switches (non-locking)

Push to make 15p  Push to break 20p

Slide switches (DPDT)

Miniature 14p Standard

CONTROL KNOBS %
Ideal for use on mixers etc. Push on type

with black base and marked position line. Cap

available in red, blue, green, grey, yellow and black. 14p

Y NEW Siiop

We welcome callers at our
new premises at the address
below (5 mins. from High St.)
We are open Mon - Sat, 9am -
6pm. Special offers available.

7912 80p
7915 80p
LM723 35p

79L05 70p
79L12 70p
7905 80p

70p
75p
. 75p
. 100p
. 110p

Express telephone order
service. Orders received be-
fore Spm. are shipped first
class on that day. Contact
our Sales Office now!

Tel: 01-464 2951/5770.

Quantity aiscounts on any mix TTL, CMOS,
74LS and Linear circuits: 100+ 10%, 1000+
15%. Prices VAT inclusive. Please add 30p for
carriage. All prices valid to April 1980.
Official orders welcome.

BARCLAYCARD |
I

& ACCESS WELCOME.
Mail orders to: STEVENSON (Dept EE)

iN914
1N4001

ZTX109
ZTX300
2NG697

3N1302
2N2905
2N2807
2N3053
2N30585
2N3442
2N3702
2N3704
2N3705
2N3706
2N3707
2N3708
2N3819
2N3904
2N3905
2N38086
2N4058
2N5A57
2N5458
2N5459

14p  2N5777

DIODES

3p 1N5401 13p
4p BZY88ser. 8p

Full spec. product.
1N4148 £1.40/100. £11/1000

Veropins—
single sided
per 100

0.1in 35p
0.15in 40p

Aluminium boxes with lid and screws
Length width height

ALl 3 2

AL2

AL3

AL4

ALS

ALS

THIS IS

A SELECTION!

709
741
747
748
CA3046
CA3080
CA3130

CA3140

LM301AN 26p
LM318N 850

ONLY | m324
LM339
LM380
LM382
LM1830
LM3900
LM3908
MC1496
MC1458

38p NE5SS
NE5S56
NESES 85p
NES67 170p
SN76003 200p
SN76013 140p
SN76023 140p
150p -SN76033 200p
50p SN76477 220p
650 TBAS00 70p
60p TDA1022 650p
32p ZN414  75p

21p
50p

45p
45p
75p
120p

Plastic-cased
Thyristors:

Texas

4A 84a

45p
53p
86p

12a
62p
68p
86p

200V 42p
Plastic cased Triacs.
Texas.

@ All rated 21 400V,

4A 70p 42A S0p 20A 185p
16A 95p 25A 215p

CAPAC\TORS

TANT.

0.1, 0.15, 0.22, 0.33, 0.47, 0.68,

ALUM BEAD

1&22uF @35V .
4.7,6.8. 10uF @ 25V

22 @ 16V, 47 @BV, 100 @-3\1

MYLAR FILM

0.001, 0.01, 0.022, 0.033, 0.047 . 3p

0068, 0.1

POLY

ESTER

Muliard C280 series

0.01, 0.015, 0.022, 0.033, 0.047, 0.068, 0.1. Sp

0.15,0,
0.33, 0.
0.68

1.0uF .

CERA

22
47

MIC

each

8p
13p
16p

4p

7n
10p
14p
170

Plate type 50V. Available in E12 series from

22pF to 1000pF and EB series from 1500pF to

0.047u

F

2p

RADIAL LEAD ELECTROLYTIC

63V

0.47

10 22

47 10 5p

22

33 47 7p

100

220

20p

10 2 33

47 oD

100

i

220

1000

15p
23p

4018
4023
4024
4026
4027
4028
4029
4040
4042
4045
4049

55p
12p
40p
4001
4002
4007
4011
4013
4015
4016
4017

5c°]

Low profile
by Texas

28 pin 22p
40 pin 32p

1000:370p

8 pin 8 18pin 1ip
14pin 10p 24pin i8p

Soldercon pins: 100:50p.

[orr0 ]

LED's 0.125in.
Red TIL202
Green TIL211 TiL221
Yellow TIL213 TIL223
Clips 3p 3p
DISPLAYS

DL704 03inCC

DL707 0O3inCA 130p 120p
FND500 0.5inCC 100p 80p

each 100+
S Bp
130 12p
130 120

.2in
TIL220

130p 120p

JACK PLUGS AND SOCKETS

2.5mm
3.5mm

Standard

Stereo

scraened

Sp
16p
23p

unscreened

sockst
13p
14p
30p
36p

DIN PLUGS AND SOCKETS

2pin
3pin

Spin 180°
Spin 240°

plug

7o
11p
iip
13p

chassis

7P
14p
i4p
16p

1mm PLUGS AND SOCKETS

Suitable for low voltage circuits, Red & black.
Plugs: 6p each  Sockets: 7p each.

4mm PLUGS AND SOCKETS

Available in blue, biack, green, brown, red, white
and yellow. Plugs: 11p each Sockets: 12p each
PHONO PLUGS AND SOCKETS

Insulated plug in red or black . Sp
Screened plug 13p

Single socket . i7p boﬁblésoclei . 10p

Carbon film resist-
ors, High stability,
fow noise 5%.

E12 series. 4.7 ohms 1o 10M. Any mix:
each 100+ 1000+
0.25W 1p 0.9p 0.8p
0.5W 1.5p 1.2p 1o
Speciz! development packs consisting of
10 of each value from 4.7 ohms to 1 Meg-
ohm (650 res) 0.5W £7.50. 0.25W £5.70.
METAL FILM RESISTORS
Very high stability, low noiss rated at %
1%. Availabie from 51ohms to 330k in
E24 series. Any mix:
each
0.25W 4p

PLEASE WRITE
FOR YOUR FREE
COPY OF OUR
NEW 80 PAGE
CATALOGUE OF
COMPONENTS.

CONTAINS OVER

OVER 2500
STOCK ITEMS.

100+
3.5p

1000+
3.2p

76 College Road, Bromley, Kent, Englan ]




here operates from a 4-5V dry
battery and so is completely safe.
It is not necessary to locate and
operate a switch in darkness, as
the light is put on by light finger
contact with a touch pad. The lamp
remains on until extinguished by
a switch fitted on the unit.

CIRCUIT DESCRIPTION

The circuit of the unit is shown
in Fig., 1. The lamp receives cur-
rent through the silicon controlled
rectifier CSR1. As CSR1 is normally
in a non-conducting state, the lamp
is extinguished. Push switch S1 is
normally closed.

The touch pad has no drcuit
from TR1 collector to base, so
there is no base current for TRI.
As a result, no collector current
flows and the emitter cannot pro-
vide gate current for CSR1.

When a finger is placed on the
‘touch pad, base current flows and
the emitter of TR1 moves positive
since TR1 is now turned on. As
gate g of CSR1 is connected to the
emitter, it is triggered into conduc-
tion. Current through CSR1 then
lights the lamp. It now remains in
the conducting state once
triggered, even though gate cur-
rent is no longer available when
the finger is withdrawn from the
touch pad.

When the light is no longer
required, S1 is pressed. This breaks
the anode supply to CSR1, so that
it reverts to its non-conducting
state.

A 3-5V 0-3A bulb is used, but a
6-3V 0:-15A bulb can be substi-
tuted if only a relatively weak
light is needed, as for seeing the
time. Capacitor, Cl was found
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necessary to avoid occasional
triggering of a sensitive thyristor
when S1 closes. The value is not
critical.

Most of the components are
mounted on a piece of 0-15 inch
mairix stripboard, 5 sirips by 16
holes. This is shown in Fig. 2. Only
one break is required and can be
made with a sharp drill or cutter.

Pass the component wires
through the holes shown, and
solder them below. Snip off un-
wanted wires. External wires, of
thin flex, are then soldered on as
required.

CASE

It is clear that any insulated box
large enough for the battery and
board will be suitable. However,
the case shown was made from
plywood and looked quite present-
able.

Two pieces 90 x 50mm and two
pieces 100 x S0mm form the sides
The top is 100 x 90mm. Fit these
together with panel pins and wood-
working adhesive, and glasspaper
the joints later.

The bottom is about 3mm larger
all round, and is fixed with four
small screws. The whole box can
then be painted or varnished.

TOUCH PAD

A piece of 0-15 inch stripboard,
5 strips by 10 holes is used as the

_ TOUCH-ON
« PILOT LIGHT

By F. G. Rayer

touch pad. Short wires are
soldered to -alternate strips and
pass down through holes in the top
as shown in Fig. 3. The stripboard
is cemented to the box, foils up-
wards, and the leads are joined as

- shown, and taken to the circuit

board.

The circuit board is fixed with
two screws, with nuts or other
spacers underneath it.

The “lens” is quite simply a
white aerosol can top. Choose one
which is fairly opaque so as to let
the most amount of light through.

Three small cheese head screws
are placed equally around a circle
corresponding to the internal
diameter of the aerosol top. The
top can then be simply pushed into
place, whereby the screws should
hold the top fairly well. It is not
advisable to glue the top into
place, as changing of the bulb
would be difficult at a later date.

Depending on its height the lamp
holder can either be mounted on
top of the case, or, as in the proto-
type on the underside, with just
the bulb projecting through.

IN USE

A 4-5V 1289 type flat battery
fits in the case. Make tinplate clips
for its contacts, or solder positive
and negative leads directly to if.
Polarity must be correct.

Light finger contact anywhere
on the pad should bring the bulb
on. Pressing S1 resets it to off. The
pad should be clean, and connec-
tions to it properly insulated, or
the bulb may come on too easily.
Sensitivity can be reduced by plac-
ing a 2-2 megohm resistor con-
nected between TR1 base and the
negative line, but this was found
to be unnecessary with the proto-
type. X
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Capacitor
C1 0-047xF polyester

- Semiconductors
Fig. 1. Complete circuit diagram for the Touch-on Pilot Light. TR1 2N83706 silicon npn
CSR1, CRS1/05 or similar 50V
1A thyristor

UNDERSIDE
EWS Miscellaneous
LP1 3-5V 0-3A (or 6:3V
0-15A, see iext)
MES bulb
S1  single pole push-to-
break swiich
B1 4-5V, type 1289 battery
Stripboard 0-15 inch matrix,
5 sirips X 16 holes, and 5
strips x 10 holes (one off
each); MES type batten holder
for LP1; white aerosol can
cap; material for case or ready
made type as required; con-
necting wire.

OO0 OO OCe® O ® OO0
9 10 N B3 u

Fig. 2. Stripboard layout. Only one break is required. Insure that
the thyristor and transistor are inserted correctly. If a metal case
is used then it is necessary to isolate the mounting holes by
means of breaks either side of the holes.

The completed Touch-on Pilot Light showing Fig. 3. The remainder of the wiring is completed as shown here.
positioning of components and circuit board. The holder for the bulb is simply glued into place.
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WORKSHOP

Metal Working

The art and science of “chassis
bashing' disappeared with the advent
of semiconductors. This is in many
ways a great pity. “What," you may
well ask “has this to do with modern
electronics?’. A great deal, | do
assure you. Chassis bashing required
a variety of skills, skills that can be
usefully incorporated into ‘“cabinet
bashing” to coin a phrase.

Equipment, ancient or modern, re-
quires cabinets, and commercially
available cabinets are both expensive
and rarely suit the project in hand;
rather the project has to be tailored to
suit the cabinet available, and thus
there is considerable incentive to
make your own cabinets.

What do we require, where do we
start? Let us consider tools first, then
techniques.

Marking Out

Cabinets vary in size and in shape,
they have a number of holes, probably
of varying size. The project will deter-
mine the size of the cabinet, and will
require the holes to be in specific
positions, sometimes to a high degree
of accuracy.

We can, of course, use an ordinary
rule for marking out our piece of
virgin aluminium sheet, but a better
method is to use a proper combination
square. This enables a rule to be fixed
at a precise position with respect to
the frame, and thus repetitive accuracy,
if required, is assured. It also enables
marking-off at right angles to the edge
of the aluminium to be effected auto-
matically, and most also provide for a,
fixed 45 degree angle.

An ordinary rule can slide about on
the aluminium sheet; the combination
square will not since the frame is in
contact with the edge of the aluminium
sheet. For more involved work, a fully
adjustable combination square is
available, but this is of course much
more expensive.

If the combination square does not
incorporate a scriber—most do—then
you will need to buy one.

Cutting Tools

However you buy your aluminium
sheets, sooner or later you will need
to cut them, into smaller sizes say.
Basically you can use a hacksaw or a
pair of tin snips. Which do you buy?

512
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Ideally both, and both come in various
shapes and sizes. So let us look at
hacksaws first.

The most common saw isthe 12inch;
most of these will also accept 10 inch
blades by adjusting the frame. Most
will also allow the blade to be rotated
through 90 degrees permitting long
lengths of metal to be cut, but the
width is limited by the distance be-
tween the frame and the blade.

Then we have the little 6 inch saw,
sometimes called the "junior” saw.
This is a handy little tool since it can
be used where space precludes the
use of the larger saw.

Hacksaw Blades

Hacksaw blades do not, in my
experience, get the attention they
deserve from amateurs. Essential,
when selecting a blade, is to discover
the number of teeth per inch and the
metal from which it is made.

The number of teeth per inch, or per
2-54cm for our metricated friends,
must be chosen to suit the applica-
tion; the thinner the metal, the more
teeth you require per unit of length. A
reasonable compromise is a blade
having around 20 teeth per inch.

Blade material is selected by the
manufacturer to suit different appli-
cations. Looking at the Eclipse cata-
logue, three types stand out for
amateur use. These are the HiCut
blades, claimed ito be unbreakable
under normal use, as are the Flexible
blades. For use on soft materials,
such as our aluminium sheets, are the
Low Alloy blades.

Before leaving hacksaws, let us look
at a most useful adjunct to these, the
pad saw handle. This permits odd
lengths of broken blades to be used,
and is almost indispensable when
cutting out straight-sided holes in
sheets of metal once a hole has been
started the length of the blade.

We can now look, briefly, at tin
snips. Large or small, straight or
curved? Four basic choices. Person-
ally | prefer the straight snips, and
whilst a large and a small snips may
occasionally prove useful for coarse
and fine work say, the large snips will
prove adequate for most of the work.

Drilling

An electric drill on a stand, prefer-
ably, or on its own, is a useful aid to
drilling holes. On the other hand a good

quality hand drill will prove to be
capable of coping easily with much of
our work.

The drill should be one having
machine-cut gears as these mesh
better and run much more smoothly
than cheap cast gears. An idler gear,
opposite to the driving gear, assists
greatly in reducing the sort of excess-
ive slop that makes precision drilling
difficult.

Most such drills have a chuck that
will accept drill bits with a maximum
shank diameter of ¢ inch, and this is
perfectly adequate as larger holes
can be filed or cut out as necessary.
If the drill is to be used for very fine
drill bits, for p.c.b. drilling say, then it
is essential that the chuck will close
sufficiently; many do not.

Drill Bits

Drill bits come in several sizes,
denoted in four ways: letter, number,
fractional, metric. Letter drills cover
from A=0-234 inch to Z=0-413 inch;
Number drills cover from No: 1=0-228
inch to No: 80=0-0135 inch; Fractional
drills cover from &5 to % inch in {5th
inch increments; Metric drills cover
from 0-5mm to 25mm.

The problem resolves into selecting
any particular system—if you are
starting from scratch. Undoubtedly
metric will win the day, and this is
perhaps, the way to go. Top quality
drills, of any denomination, are expen-
sive, but looked after they will give
years of service.

If you are into p.c.b. work to any
appreciable extent, then it will pay you
to investigate one of the litile electric
drills and stands that are specifically
marketed for this application. The
motors are generally 12 volts d.c.
working and can be run from a battery
or from a power pack, and most of us
have one of those lying around. If the
power pack has a variable voliage out-
put, this can be used to control drill
speed, but of course the drill should
not be operated above its rated voltage.

“Wouldn't you think they'd have a quicker
method of smoothing the grass.”
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ELECTRONICS BY NUMBERS

LED BAR GRAPH UNIVERSAL
INDICATOR

Now using EXPERIMENTOR BREAD-
BOARDS and following the instructions in
“Electronics by numbers”” ANYBODY can
build electronic projects.

Look at the diagram and select R1, thisisa
resistor with a value between 120 to 270
ohm. Plug it into holes X20 and D20, now
take LED 1 and plug it into holes E20 and
£20. Do the same with the Diodes e.g. plug
D7 into holes G7 and G10.
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YOU WILL NEED

EXP- ANY EXPERIMENTOR BREAD-
BOARD

D1 to D15 — Silicon Diodes (such as 1N914)
K1 to R6 — From 120-270 ohm resistors %
watt.

LED1 to LED6 — Light emitting diodes.

LED BAR GRAPHS are replacing analogue
meters as voltage-level indicators in fmany
nstances.

This circuit uses the forward voltage drop of
diodes to determine how many LEDs light
up. Any type of diode can be used but you
must use all the same type. For full working
getgils of this circuit fill in the coupon.

If you have already built the Two-transistor
Radic and the Fish'n’cliks projects you will
find that you can reuse the components
from these projects to build other projects
in the series.

FILL IN THE COUPON AND WE WILL
SEND YOU FREE OF CHARGE FULL
COPIES OF “ELECTRONICS BY
NUMBERS"” PROJECTS No 1, No 2

and No 3.

PROTO-CLIP TEST CLIPS.

Brings |1C leads up from crowded PC boards.
Available plain or with cable with clips at

one or both ends. 2l
A ‘
PC — 16 pin. £2.75. i ] h
PC — 16 pin with cable. & 8
£6.00

PC — 16 with cable and 16 pin clips at
both ends. £10.25.

CONTINENTAL SPECIALTIES CORPORATION

Europe, Africa, Mid-East: CSC UK LTD.
Dept 472, Unit 1, Shire Hill Industrial Estate,
Saffron Waldon, Essex CB11 3AQ.
Telephone: SAFFRON WALDEN 21682.
Telex: 817477,

THREE FOR FRE
FROM CSC

EXPERIMENTOR BREADBOARDS.

No soldering modular breadboards, simply plug
components in'and out of letter number identified
nickel-silver contact holes. Start small and simply
snap-lock boards together to build breadboard of any
size.

All EXP Breadboards have two bus-bars as an integral
part of the board, if you need more than 2 buses
simply snap on 4 more bus-bars with the aid of an
EXP4B.
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EXP.325. The ideal breadboard for 1

chip circuits. “mmm

Accepts 8,14,16 and up to 22 pin IC's.

ONLY £1.60. e a
.?l WEEAS RAASR Axany

EXP350. £3.15. | ll!lllllﬂllﬂﬁlll

270 contact points with
two 20-point bus-bars.

I P’"’_'lz

P. 300- BESES BhERs FEANS BpUER ’l’ l" ll.l Ill '
ssocorece* TTRHMATRATN®
dopene HHMRITIY
£5.75. S

EXP. 650 for Micro-

Processors. £3.

EXP 4B. =
More bus- —— —
o530, i i e ..mmgmf

ALL EXP.300 Breadboards mix and match with 600
series.

PROTO-BOARDS.
THE ULTIMATE IN BREADBOARDS

FOR THE MINIMUM COST.
TWO EASILY ASSEMBLED KITS.

S CONTIMHATAL SPECHRITIES CORFORATION

PB.6 Kit, 630 contacts, four 5-way binding
POSTs accepts up 1o six 14-pin Dips.

PROTO-BOARD 6 KIT. £9.20.
e ()

Proro foard no. 100

continental specioities

PB.100 Kit complete with 760 contacts
accepts up to ten 14-pin Dips, with two
binding posts and sturdy base. Large capa-
city with Kit economy.

PROTO-BOARD 100 KIT £11.80.

EXPERIMENTOR. CONTACT HOLES.

BREADBOARDS.
EXP. 325 130
EXP. 350 270
EXP. 300 550
EXP. 650 270
EXP. 4B. Four 40 Point
Bus-Bars
TEST CLIPS
PC. 16.
PC.16-18.
PC. 16-18 Dual Clip.
PROTO-BOARDS.
PB. 6. 630
PB. 100. 760
N AN S T e e <l S o oR oo el e vy b
ADDRESS. S0 e ot e e s e e

FILL IN COUPON & RECEIVE FREE COPY OF
ElECTREONICS BY Ml IMBERS PRNIECTS N~-1 2 AND 3

HOW TO ORDER AND RECEIVE FREE COPY OF TWO-TRANSISTOR RADIO PROJECT,
FISH'N'CLIKS AND LED BAR GRAPH.

CSC UK LTD. Dept 472, Unit 1, Shire Hill Industrial Estate, Saffron Walden, Essex CB11 3AQ.

It's easy. Give us your name and full postal address, in block capitals. Enclose cheque, postal order or
credit card number and expiry date. OR telephone 0799 21682 and give us your Access, American
Express or Barclaycard number and vour order will be in the post that night.

IC CAPACITY
14 PIN.DIP.

UNIT PRICE
INCLUDING POSTAGE
AND V.A.T. 15%

1 £ 270
3 £ 448

6
use with 0.6

pitch Dip’s £ 499
Bus-Bar Strip £ 3
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ELECTRONIC BOOKS

Ref. No. Title Price
126 Boys Book of Crystal Sets 25p
138 How to Make Aerials for TV (Band 1—2—3) 25p
160 Coil Design and Construction Manual 75p
196 AF—RF Reactance—Frequency Chart for Constructors 15p
200 Handbook of Practical Electronic Musical Novelties 50p
201 Practical Transistorised Novelties for Hi-Fi Enthusiasts 5p
202 Handbook of Integrated Circuits (IC's) Equivalents and SUb’!i‘ult.&
-00p
203 IC's and Transistor Gadgets Construction Handbook &0p
205 First Book on Hi-Fi Loudspeaker Enclosures 75p
206 Practical Transistor Circuits for Modern Test Equipment 60p
207 Practical Electronic Science Projects 5p
208 Practical Sterec and Quadrophony Handbook 75p
210 The Complete Car Radio Manual 1-00p
211 First Book of Diade Characteristics Equivalents and Substitutes 95p
213 Electronic Circuits for Model Railways (Reprinting) 1-00p
214 Audio Enthusiasts Handbook 85p
215 Shortwave Circuits and Gear for Experimenters and Radio Hams 85p
216 Electronic Gadgets and Games 1-00p
217 Solid State Power Supply Handbook 85p
218 Build Your Own Electronic Experimenters Laboratory 85p
219 Solid State Novelty Projects 85p
220 Build Your Own Solid State Hi-Fi and Audio Accessories 85p
221 28 Tested Transistor Projects 95p
222 Solid State Short Wave Receivers for Beginners 95p
223 , 50 Projects Using IC CA 3130 95p
224 50 CMOS IC Projects 95p
225 A Practical Introduction to Digital IC’s 95p
226 How to Build Advanced Short Wave Receivers 1-20p
227 Beginners Guide to Building Electronic Projects 1-25p
228 Essential Theory for the Electronics Hobbyist 1-25p
RCC Resistor Colour Code Disc Calculator 10p
BPI First Book of Transistor Equivalents and Substitutes 50p
BP2 Handbook of Radio, TV & Industrial & Transmitting Tube & Valve
Equivalents &0p
BPS Enginears and Machinists Reference Tables 50p
BP7 Radio and Electronic Colour Codes and Data Chart (Reprinting) 25p
BPII Practical Transistor Novelty Circuits 40p
BPI4 S d Book of Tr Equivalents and Substitutes 1-10p
BP22 79 Electronic Novelty Circuits 75p
BP23 First Book of Practical Electronic Projects 75p
BP24 52 Projects Using IC741 95p
BP2S How to Build Your Own Electronic and Quartz Controlled
Watches & Clocks 85p
BP26 Radio Antenna Handbook for Long Distance Reception and
Transmission 85p
BP27 Giant Chart of Radio Electronic Semiconductor and Logic Symbols 60p
BP28 Resistor Selection Handbook (International Edition) &0p
BP2% Major Solid State Audio Hi-Fi Construction Projects 85p
BP30 Two Transistor Electronic Projects 8Sp
BP3I Practical Electrical Re-Wiring and Repairs 85p
BP32 How to Build Your Own Metal and Treasure Locators 1-00p
BP33 Electronic Calculator Users Handbook 95p
BP34 Practical Repair and Renovation of Colour TVs (Reprinting) 95p
BP35 Handbook of IC Audio Preamplifier and Power Amplifier
Construction (Reprinting) 95p
BP36 50 Circuits Using Germanium Silicon and Zener Dicdes 75p
BP37 50 Projects Using Relays, SCR’s and TRIACS 1-10p
BP38 Fun and Games with your Electronic Calculator 75p
BP39 50 (FET) Field Effect Transistor Projects 1:25p
BP40 Digital IC Equivalents and Pin Connections 2-50p
BP41 Linear IC Equivalents and Pin Connections 2-75p
BP42 50 Simple L.E\D. Circuits 75p
BP43 How to Make Walkie-Talkies 1-25p
BP44 1C555 Projects 1-45p
BP45 Project in Opto-Electronics 1-25p
BP46 Radio Circuits Using IC's 1-35p
BP47 Mobile Discotheque Handbook 1-35p
BP48 Electronic Projects for Beginners 1-35p
BP49 Popular Electronic Projects 1-45p
BPSO IC LM3900 Projects 1-35p
BPSI Electronic Music and Creative Tape Recording 1-25p
BP52 Long Distance Television Reception (TV-DX) For The
Enthusiast 1-45p
BPS3 Practical Electronic Calculations and Formulae 2-25p
BP54 Your Electronic Calculator and Your Money 1-35p
BP55 Radio Stations Guide 1-45p
Please add 20p p. & p. per book
Send SAE for our large range of Components

TECHNOMATIC LTD

17 BURNLEY ROAD, LONDON NWI0 IED

(2 minutes from Dollis Hill Tube station)

Telephone: 01-452 1500
Telex: 922800

TD500

TUAGC

TRANSISTOR UNIVERSAL AMPLIFICATION CO. LTD.

PHONE 01-672 3137/672 S080

MANUFACTURERS OF QUALITY AMPLIFICATION AND LIGHTING
CONTROL SYSTEMS

NEW FROM TUAC

7" x 9" X 12" ULTRA QUALITY HIGH POWER 5" x 5 x 2"
New D.C. Coupled Design
AMPLIFIERS

Brief Spec.—input Sensitivity 0-775 v. R.M S, (0,0.8.) at
Frequency Response 20 Hz - 20 KHz. T.H.D. at full powar C-1%
Hum and Noise— 100 dB Refative full cutput

T.D.500 300winte2 2 Ohms. 220W into & Ohms. 140W inta
8 Ohms. £45.00

Power suppiy B8 800 o s £30.00
T.D.150 150Wintc 4 Ohms. 100Winto 8 OAMS.-.vvviiiiocreoo. £26-25
POWETSUDDI PSS 150 L ires cssresssarasiosssrrrrsressrasttresiarsmsseiariiomissr st ssrsrnrn I 97 75
T.D. 150 60 Version 80W into 8 Ohms. 40W into 15 Ohms.......... £18:75
Power supply P.S.80 ... 5 s £15-80

Note—P.S. 300 will drive 2 T, 3 !50 anhT ers
All output ratings are R.MLS. continuous sine wave output.

TO ORDER BY POST

Make cheques/P.O.s payable to TUAC LTD or quote Access/Barclay Card No. (We
accept holders phone orders 01-6

Pest fo—

TUAC LTD., 121 CHARLMONT ROAD, LONDON SW 17 3AB.

Send stamp for our free 36 page catalogue of LIGHTING & AMPLIFIER MODULES, etc.

Wilmslow
Audio

THE firm for speakers!

SEND 15P STAMP FOR THE WORLD'S
BEST CATALOGUE OF SPEAKERS,
DRIVE UNITS, KITS, CROSSOVERS
ETC. AND DISCOUNT PRICE LIST.

AUDAX ® BAKER @ BOWERS & WIL-
KINS ® CASTLE @ CELESTION @
CHARTWELL COLES ® DALESFORD ®
DECCA ® EMI @ EAGLE @ ELAC @
FANE ® GOODMANS @ HELME @ L.M.F.
® ISOPHON ® JR ® JORDAN WATTS
® KEF ® LEAK ® LOWTHER MCKENZIE
@® MONITOR AUDIO ® PEERLESS @
RADFORD ® RAM ® RICHARD ALLAN
® SEAS ® TANNOY ® VIDEOTONE @
WHARFEDALE

WILMSLOW AUDIO o co

SWAN WORKS, BANK SQUARE, WILMSLOW,
CHESHIRE SK9 1HF

Discount HiFi Etc. at 5 Swan Street and 10 Swan Street
Speakers, Mail Order & Export 0825 520500 HIi-FI 0825 526213
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HE SIMPLE project described

here came about due to a
situation which arose at the
author’s home. It was suggested
that it would be a good idea to
have a small light over the front
door number, but without the
trouble of another pair of wires
running around the house. At the
same time, it was decided not to
use batteries.

Although originally intended for
this purpose, the idea of sending
two sets of conditions down a
single pair of wires could have
other possibilities.

CIRCUIT DESCRIPTION

The circuit for the device
appears in Fig. 1. It was decided
to use the only pair of wires avail-
able, and these were in fact for
an electric bell. Many of the com-
ponents in the circuit, will probably
already exist. Components such as
T1, WD1 and S1 will form the
normal front door bell set-up.

Assume for the moment that
diodes D1, D3 and the bell WD1

. are not in circuit. A circuit there-
| fore exists via LP1/LP2, D4 and
D2, thus the bulb illuminates but
only on negative portions of the
a.c. produced by the transformer.
Now with the other components,

Fig. 1. Circuit diagram of the two-way signalling circuit.

a circuit exists when S1 is pressed,
but will only work on positive por-
tions of the a.c. waveform. In
effect, the diodes are being used in
pairs, to steer both positive and
negative voltages in the required
directions. -

Think of it another way. Assume
that the a.c. waveform has gone
positive, D1 conducts and passes
this current via WDI1 to the junc-
tion of D3 and D4. The current
cannot go via D4, as this diode will
be reverse biased. The only route
for the current is via D3.

COMPONENT |

Semiconductors
D1-D4 IN4002 rectifiers (4 off)

The prototype unit used to prove the
circuit.

A similar situation arises when
the a.c. goes negative; D2 con-
ducts, D3 is reverse biased and

Miscollanoous the current passes via D4 to light

T1 : o the bulbs.

Part of the existin )
WD1 > jactric bell syster% _Lamps LP1 and LP2 are the addi-
St tional lamps fitted over the front
LP1, LP2 Type depends on the door number.
secondary voltage of T1 and
size and shape required. CONSTRUCTION

It is left to the reader to decide
how best to wire the circuit. The
diodes at the transformer end can
easily be fitted somewhere inside
the transformer. Those at the bell-
push could even be wired inside
the switch itself. The only extra

Approx cost Guidance only
excluding bell circuit

£1.25

and case

wires that are required, are from
the bell-push to the lamps.

The photograph shows the
author’s prototype demonstration
unit, which was used to prove the
circuit. It is not therefore neces-
sary to construct the unit exactly
as per the photograph.

Once constructed the circuit will
prove to be trouble-free in opera-
tion, and will have solved guite a

common problem; that is, getting

Everyday Electronics, August 1979
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} HE UNIT to be described here
can be used by a quiz-master
| to referee more fairly a contest
between two individual players or
two teams. Each team is provided
| with a button or butions to press
§ when an answer to a question has
! been found. By means of two light
i emitting diodes the wunit displays
whichever team has answered first.
{ A timer is incorporated which
i allows a preset time in which the
§ answer must be offered. If no
§ replies have been given during this
time, the unit will automatically
; prevent any further pressing of
the buttons from illuminating the
le.ds.
: The unit is very easy to build
and should be ideal for the be-
gimner.
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CIRCUIT DESCRIPTION

The complete circuit for the Quiz.

Referee is shown in Fig. 1 and can
be conveniently split into two sec-
tions: a timer and flip-flop.

Timer

The timer part of the crcuit is
formed by gates Gla and GI1b of
IC1. Together they form a mono-
stable multivibrator, the timing
interval being dependent on the
values of VR1 and Cl. With the
values given, a maximum time of
about 40 seconds is obtained.

To set the multivibrator in
operation a momentary depression
of S1 applies the positive supply to
one input of Gla. This is quite
sufficient to start the circuit. When

!
' Fig. 1. Complete circuit diagram for the Quiz Referee,

it is desired to stop the mulii-
vibrator a short depression of S2
inhibits the charging action of Cl
thus stopping the multivibrator.

Gate Glc is used merely to in-
vert the signal applied to IC2.
During the timing period, the light
emitting diode D1 is extinguished.
At the end of the time it illumin-
ates, thus alerting the user that
“time is up”.

Flip-Flop

The flip-flop part of the circuit
is IC2 and associated components.
There is in fact two separate Hip-
flops in this ic., one for each
player or team. Consider just one,
Flip Flop 1. ,

s During the timing period, the
input to the Ser terminal, pin 6
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is normally low. When 83 is
pressed, a pulse is applied to the
crock terminal, pin 3. This causes
the flip-flop to change state, pro-
ducing a low output at pin 1 and
a high output at pin 2. The low at
pin 1 illuminates D2 thus indicat-
ing that player A has answered the
question first. At the same time
the high condition at pin 2 is
applied to pin 9 of Flip Flop 2 pre-
venting it from changing state if
player B presses his button.

Precisely the same happens if
player B presses his button first,
this time however it is Flip Flop 2
which changes state and Flip Flop 1
which is inhibited. The circuit is
quite precise at recognising which
button is pressed first, a time
difference of less than a micro-
second is average.,

At the end of the timing period
the inputs to pins 6 and 8 of IC2
go high turning off which ever
lLe.d. is on, and also prevents
either flip-flop from changing state
with further depressions of S3 or
S4. If a further question is to be
asked before the end of the timing
period, the sToP switch is pressed
thus ending the timing and reset-
ing the flip-flops.

Although S3 is shown as a
single switch it may be paralleled
with as many as required depend-
ing on the number in each team.
The same applies to S4.

CIRCUIT OPTIONS

If the timing section of the unit
is not required then all the com-
ponenis to the left and including
D1/R2 may be omitted. If this is
done the flip-flop part of the circuit

+Ve

S6

PUSH
TO MAKE

FLIP-
FLOP 1

bicz

ov

Fig. 2. Modification required to the circuit
of Fig. 1 if the timing period option is not
required.
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HOW IT
WORKS

TIMER

FLIP-FLOPS

INHIBIT
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The unit consists of two flip flops, one for each player or teams. A
flip flop is an electronic circuit which has two stable states; a short clock
pulse applied to the input will cause the device to change state. In this =
circuit, if player A presses his button the flip flop will change state and ' =
illuminate the light. At the same time a second output from the flip flop

will inhibit player B’s flip flop.

Thus the circuit detects who was first in pressing his own button.
At no time however will both lights be on, due to this “cross coupling”
between flip flops. A further refinement to the circuit is a fimer which

only allows the flip flop to operate during a certain preset time, after

which they are inhibited.

will reguire a reset switch. The
aircuit of Fig. 2 shows how this is
done. The remainder of the circuit
remains the same as in Fig. 1.

In the prototype, VR1 was a
small preset mounted on the
circuit board. This could easily be
replaced by a standard potentio-
meter mounted on the case. If it is
fitted with a pointer knob, a scale
can be drawn and be directly cali-
brated in seconds.

COMPONENTS

Although the two le.d.s D2 and
D3 are both coloured red, it may
be an advantage if different colours
were used. The push switches as
used on the protoiype were minia-
ture types, although larger fypes
such as bell pushes will be more
suitable. The unit is powered by a
9V battery, although the circuit
will work with any voltage in the
range 3 to 15V. If different
voltages are used then it may be
necessary to adjust the values of
R3 and R6 to compensate for the
varying brightmess in the l.e.d.s.

Both i.c.s are of the cMmos type
and as such must be handled with
care. The use of sockets is recom-
mended although they were not
used on the prototype.
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Fig. 3. Complete wiring details for the unit, also

showing the stripb and breaks to be made. The protoiype Quiz Referee with lid removed showing the
mounting of the component board.

There is nothing critical about the layout and can
be varied if required.
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Most of the components are
mounted on a piece of 0-1 inch
matrix stripboard having 16 strips
by 30 holes, the layout of which is
shown in Fig. 3. This drawing also
shows the remainder of the wiring
to the switches and le.ds.

CASE

The case used in the prototype
was a small Verobox type 65
2516G, having overall dimensions
of 100 x 50 x 40mm, although any
similar size can be used. However
it must not be significantly smaller
as the components might not fit in.

The l.e.d.s can be simply a tight
push fit into their respective holes
or standard mounting clips can be
used. The battery is fitted to the
lid using double sided sticky tape.
A small plastic connecting block
is screwed to one end of the case
facilitating connection to the push
switches.
Lettering can be applied using
Letraset or similar and finally
given a thin coat of protective
clear varnish. Ordinary twin bell
wire can be used to connect the
push switches to the unit. Be sure
to identify which is player A and

COMPONENTS

Resistors See

R1 10k

R2 5300 R
R3

R4 10kQ Ta

R5 10kQ2 page 499

R6 33002
All W carbon £10%

Potentiometers
VR1 500kQ vertical preset

Capacitor
C1 100xF 10V tantalum

Semiconductors
IC1 CD4001 quad 2-input
NAND gate
IC2 CD4013 dual “D" flip flop
D1, 2,3 TIL209red light emit-
ting diode (3 off)

Miscellaneous
S1-4 miniature push-to-make
release-to-break (4 off)
S5 miniature single pole
toggle
B1 9V PP3 battery
Stripboard 0-1 inch matrix, 16
strips by 30 holes; Verobox
type 65 2516G, 100 X 50 X
40mm or similar; PP3 battery
connector; 14 pin i.c. sockets
(2 off): 4-way plastic connec-
ting block; 8 metres thin bell
wire; connecting wire.

which is player B! Depending on
the situation in which it is to be
used a length of four metres for
each set of switches seems reason-
able.

IN USE

Before finally screwing the lid
into place, VR1 will have to be
adjusted for the time period re-
quired (assuming that a preset is
used). Do this by switching on the
unit whereupon D1 will light,
Press S1 and D1 will go out for the
duration of the timing period. Ad-
just VR1 by trial and error uniil
you obtain the required time
interval.

If a panel mounting potentio-
meter is used then the above pro-
cess is carried out, but after each
time period, a mark is made on a
scale around VRIL.

After the unit has been cali-
brated it is ready for use. Switch
on by means of S5 and press the
START button. The TivME led. will
go out indicating that the timing
period is running. If now either S3
or S4 is pressed, the appropriate
Le.d. will light, and will go out at
the end of the timing period,
whereupon the TME led. will
come on ONCe more.

If another question is to be
asked before the end of the time,
the sTop switch is pressed termi-
nating that period, and the START
switch pressed to start a new tim-
ing period.

If an answer is given after the
end of time, no Le.d.swill come on,
indicating to the players that they
have failed. The unit is then reset
and a new timing period started.

If the timing part of the circuit
is not used then the unit becomes
a simple precedence detector with
a reset switch, S6. X
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w More bookRs in our series for the electronics enthusiast.

* There are now eight titles available at £2.25 each (US §5.25)

Electronic Projects in the Workshop R.A. Penfold  Electronic Projects in the Car M, George

Electronic Projects in Music A./. Flind Electronic Game Projects F.G. Rayer
Electronic Projects in Audio R.A. Penfold Electronic Projects in the Home Owen Bishop
Electronic Projects in Hobbies F.G. Rayer Projects in Radio and Electronics /an R. Sinclair

Each book contains a collection of constructional projects, giving details of how the circuit works, how it may be
assembled and how setting-up and trouble-shooting problems may be solved. The skilful use of colour in the text
helps to clarify circuit operation, and circuit board layouts are suggested. Shopping lists of components are included.

Write for a free colour brochure about all our hobby books to

"m TGC'IIIICC' BOOk Borough Green, Sevenoaks, Kent TN15 8PH a'a

Heathkit electronic test
equipment course.

Section 1. Analogue and digital meters.
Section 2. Oscilloscopes.

Section 3. Frequency generation and

measurement.
Section 4. Special measuring instruments.

Heathkit car electrical

systems course.
Section 1. Electrical principles of the car.
Section 2. Starting system fundamentals.
Section 3. Car charging systems.
Section 4. Accessories and body electrical.
Two new self-instruction courses from Heathkit.
Based on step-by-step programmed instructions,

home. Push-button digital readout. Displays engine speed/rpm.
Each course is complete and contains audio/ Accurate to1 m%h or rpm vaﬁaﬁ%ng' of 1530_ e

visual material, text, and parts for *hands on’ _ e re o e s S B 22w S ST G mes oms mew

experiments with the optional Heathkit experi- To: Heath (Gloucester) Limited, Dept.  EE8/79 Bristol Road, Gloucester, GL26EE. 44

menter trainer. So all you need is a cassette player Please send a copy of the Heathkit catalogue. | enclose 20p in stamps. [

and the will to learn. Please send a copy of the Computer Brochure. | endlose 20p in stamps. []
Full details of Heathkit courses are available in

the Heathkit catalogue, together with hundreds of Name _—

kits you can build for yourself —computers,

oscilloscopes, transceivers etc. ... . Send for your iNdcess

COopy nNow.

There are Heathkit Electronics Centres at ;"”I‘ “';"'.”'" N.B. If you are already on the Heathkit mailing list you will
233 Tottenham Court Road, London (01-636 7349) BRI l automatically recelve a copy of the latest Heathkit catalogue
and at Bristol Road, Glotcester (0452 29451). FREE without having tc use this coupon.

Registared in England, No. 605177, ==

they let you learn at your own pace in your own “ Heathkit CI 1265 Digital Tach/Speedometer. &
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HIS month we complete our
look at Instruction Types, and
then discuss Addressing Modes.

TRANSFER OF CONTROL
GROUP

Most programs are written in
the form of “loops”. This means
that instead of starting at the
beginning, working through to the
end, and then “dropping-off’, at
some point control is transferred
back to near the start of the pro-
gram so that the program opera-
tions are repeated. Programs also
contain many “minor” loops which
make more efficient use of pro-
gram memory than would be pos-
sible with in-line code.

Have a look at Fig. 6.1. This is
a very simple program to demon-
strate the action of loops. It does
not do anything useful as it stands,
but it #s typical of the structure of
other programs which are useful.

e

LOAD
REGISTER B
WITH VALUE TEN

LOOP:

DECREMENT
REGISTER
B

RELOAD
REGISTER B
WITH VALUE TEN

Fig. 6.1. Example of conditional and un-
conditional jump instructions.
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The program is shown in “flow-
chart” form. This is a useful way
to sketch out programs before
finally coding them for entry into
a micro’ system, and is a big help
in visualising program operation.
This program does nothing more
complicated than count down from
9 to 0 in a register I have called
register B.

After reset, register B is loaded
with the value 9 (decimal) which is
9 (hexadecimal) and 00001001
(binary). After this we enter the
main loop and start by decrement-
ing (counting down by one)
register B. After the first decre-
ment, register B will contain the
value 8, and so on.

Conditioned-jump. Now we come
to the important bit, the transfer
of control operation, and in this
case we have what is known as a
“conditional - jump” instruction.
When this instruction is carried
out, program flow can continue
from one of two points depending
on the contents of register B.

If register B contains zero then
the net instruction in sequence is
carried out, but if it contains a
number other than zero, then con-
trol is transferred back to the loca-
tion known as LOOP.

In this way, microprocessors can
be programmed to take decisions
on the basis of data supplied to
them, and this is a very important
ability indeed. An SC/MP instruc-
tion which could be used in this
program is:

Nz (Jump if not zero). Add to the
contents of the program
counter the data following
this instruction if the accumu-
lator does not contain zero.
(The data can be negative.)

Unconditioned-jump. On nine
occasions out of 10, our program
will loop. On the tenth pass, the
contents of register B will reach
zero and when this happens we re-
load register B with 9 (decimal).

By R. W. Coles

Since the program must continue
to run, we now need to get back
to the start of the loop once more,
and so we use an instruction which
performs an ‘“‘unconditional-jump”
or in other words “jump-always.”
An SC/MP instruction to do this
is:

imMp Add to the contents of the

program counter the data fol-
lowing this instruction. (The
data can be negative.)
Notice that the program of Fig. 6.1
will not stop until the “Reset”
button is pressed or power is re-
moved. Many control programs
operate in this way.

Jump to subroutine. Another
very important transfer of control
operation which is unfortunately
not available on the SC/MP chip is
the “jump to subroutine”. This is
very useful where we have a small
program segment, let's say a multi-
plication routine, which has to be
used in several places in our main
program. Rather than repeat it
each time we need it, the multipli-
cation routine can be entered once
and accessed from anywhere in the
main program using a “jump to
subroutine” instruction.

If you have a look back at the
action of the two jumps from the
SC/MP instruction set you will see
that in each case the contents of
the program counter are modified
by new data. The old contents are
destroyed by this replacement, but
not when a “jump to subroutine”
is carried out. In this case the pre-
vious contents are saved in a
special register or RAM area called
“the stack”, so that they can be re-
trieved later when required.

Return from subroutine. To
complete the picture we need
another instruction often called a
“return from subroutine”, which
has the effect of restoring the
original program counter contents
after the “multiply” has been per-
formed.
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The return from subroutine does
not cause a jump to a specific
address, but to the address which
was saved on the stack, whatever
it was. This means that our
“multiply” can be called from
several points in a program, and
control will always be passed back
to the area from which the call
was made.

Nesting. Taking this a stage
further, most microprocessors
allow subroutines themselves to
call other subroutines and so on.
This requires a multiple eniry
“stack” so that control can be
passed back from one subroutine
to the next until a proper return
to the main program is made. This
is known as subroutine “nesting”,
a very powerful and efficient
technique.

MISCELLANEOUS GROUP

After removing the instructions
which fall neatly into the other
groups, there will always be some
left over. Since those remaining
form a rather rag-tag bunch, if’s
easiest to call them the “miscel-
laneous group”! Examples from
SC/MP include:
ccL Clear the carry flip-flop to
ZEero.

NoP Don’t do anything at all.

pLY Don’t proceed until a given de-
lay count has been decre-
mented to zero.

ADDRESSING MODES

Many instructions need access to
data in memory. This is not only

true of data transfer instructions
such as Lp, but also of others such
as or and App. To provide flexi-
bility, many microprocessors allow
a variety of memory addressing
formats to be used, in some cases
ten or more memory reference
modes are available. It is possible
to write successful programs using
only a few of the available modes,
and some of the more exotic com-
binations certainly won’t appear to
have obvious applications until you
are adept at the programming art!

To make the whole business a
bit less complicated I have decided
to look only at the more basic
modes. Such goodies as “indirect-
indexed-addressing” (used by the
6502 microprocessor), can wait
until later!

Immediate Addressing. This is
easy, the data is stored immedi-
ately after the instruction itself.
This mode is useful for loading
constants.

Direet Addressing. Still easy, the
data can be found at the address
given after the instruction. For an
eight-bit microprocessor direct
addressing will wusually mean a
three-byte instruction, one opcode
byte and two address bytes. Any
address in memory can be speci-
fied, and this mode is ideal for
access to variables. This mode is
not available with the SC/MP chip.

Indirect Addressing. A bit tricky,
the address following the instruc
tion points to a location where the
address of the data can be found.

The location holding the data
address can be in RAM or it can be
an on-chip register. This mode is
useful for stepping through tables
of data in memory, and for “look-
ing up” an entry in a table.

One particular variation on the
indirect-addressing theme is that
of indexing. In this case special
registers called Index Registers
are used to hold all or part of the
data address, and microprocessors
with these facilities are capable of
very fast data transfers from one
area of memory to another. The
SC/MP pointer registers can be
used for indexing if reguired.

Relative Addressing. This mode
of addressing is used with transfer
of control mstructions only. The
destination of a jump is specified
as a displacement from the current
program counter value. This is like
the jumps we looked at earlier be-
cause what happens is that a dis-
placement value (usually one byte)
is added or subtracted from the
current program counter-value.
The resultant jump is therefore
“forwards n bytes” or “backwards
n bytes”, rather than to an absolute
address.

THAT'S IT

Well, that’s all there is to it. All
you have to do now is to put the
theory into practice by writing
some programs of your own. If you
really do feel inclined to try it
there are a few practical hints on
how to set about the job in last
month’s Microprofile feature.

To be continued

JAC" PwG & FAM“_Y. o BY DOUG BAKER

THE METAL LOCATOR IS THE
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WELL, BEFORE I VACUUM CLEAN, I MAKE
HIM GO OVER THE CARPETS WITH IT
.| TO FIND ALL THE SMALL COMPONENTS
3 HE’S DROPPED IN THE PILE.
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" HIGH PERFORMANCE MODULAR UNITS

BACKED BY NO-QUIBBLE 5 YEAR GUARANTEE

INTO 8 OHMS

PROFESSIONAL
FINISH

EXTRA RUGGED
CONSTRUCTION

ONLY 5 SIMPLE
CONNECTIONS

Ot all the purpose-built power amplifier modules by I.L.P.. the HY50 is understandably
the most popular with thoss wanting to build or up-grade a hi-fi system, run a small
high quality P.A, system, amplify a 1 t (say for tise or small
range use) or use it for lab work. Its useful 30 watts RMS outputinto 8ohms, Its rugged
construction and fraedom from heatsink worries make HYS0 the Ideal all-purpose
quality power amp—and It is unconditionally guaranteed for five years. Ten of thou=
sands are In use throughout the world

... and a spec that means what it says!

Encapsulated power amp with Integral full-rated heatsink. Input—
500mV.

Output 30 watts RMS/8 Q2.

Load Impedance—4 to 16 Q.

Distortion—0-04% from 100mW to 25 watts at 1KHz/8 Q.

Supply Voitaga £25V. Size 105 x 50 x 25mm.

Inc. V.A.T. and postage In U.K. £8-15

Nothing has been overlooked In the design and facture of 1.L.P. Modular Units.
Heavy duty b ink lated circuliry, p ise p i
and true professional finish ensures world leadership for I.L.P. Now we have up-
graded output ratings and down-graded prices to bring L.L.P. within easler rsach
of all who want the best.

New production techni ble us to red prices by an average of 20%,
making I.L.P. a better buy than ever.

USE OUR FREE POST SERVICE for sending your orders, requests for information
sheets etc, Simply address envelope. No stamps required.

H) L

ELECTRONICS LTD.

FREEPOST 3
&raham Bell House, Roper Close, Canterbury, Kent CT27EP
Phone (0227) 54778
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LIV ULI VILLLD «

30 WATTS R.M.S.

L.L.P POWER AMP
MODEL HY50

ENCAPSULATED FOR
OPTIMUM THERMAL
STABILITY

SHORT/OPEN
PROTECTION

NO EXTRA HEAT
SINK NECESSARY

OTHER UNITS IN THE RANGE
All prices inc. V.A.T, & Postage in the UK.

HY5 PRE-AMPLIFIER

Compatible with all LL.P. poweramps and P,S.U.'s Ina single
pack, needs external Rou and switches. Multi-function equall=
zation. 5 inputs, High overload margin. Active tone controls,
500mV out. Distortion at 1 KHz—0-01%. Two connect easlly
for stereo. £5-2

THE POWER AMPS

With heatsinks, full ioad line and th ! tlon, L
typlcally 0-05% at 1 KHz.

HY120 60 Watts RMS/8Q 114 x 50 x 85mm £16-42
HY200 120 Watts RMS/8Q 114 x 50 x 85mm £19-82
HY400 240 Watis RMS/4R 114 x 100 x 85mm £29-39

THE POWER SUPPLY UNITS

(Split line outputs to sult LL.P. power amps and HYB)

PSUse for1or2 x HYS0 £8-11
+ PSUTO for1 or2 x HY120 £14-70
PSUS  for one HY200 £14-70

for one HY400 or 2 x HY200s £24-30

PSU150

ﬁ _I_\IOW-PRICES DOWN 0l

Please supply ... I
l Total Purch Price.

I Enclose Cheque [ Postal Orders [ Money Order OJ .
' Please debit my Access account/Barclaycard Account b I

Name
Address

FP3/7
Reg. Bus No. 1032630 Eng.

--------------J
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with Keith Cadbury

e ==

UCH has been written in this magazine

You will of course have cleaned
the copper side of the board
thoroughly before laying theimage—
a sheet of fine abrasive paper,
such as ‘“‘flour-paper” is an easy

way.

| have tried producing the circuit
image completely freehand, with
an etch-resistant pen, and also
using rub-down pads and the pen
for lines only. Neither to my mind
was as satisfactory as the exclusive
use of rub-down transfers—the
pen lines may be a lot quicker {o
apply, but are never so clear-cut
and well-defined, and | have found
that the pen lines are inclined to

some other enthusiasts that mixing
the crystals and water is a messy
and time-consuming operation.

| have calculated that | eiched
about 200 square inches of board
with one botile of etching fluid,
at which rate it is quite viable
to forgo one's own mixing.

if you feel the need for tongs of
some sort, to remove the p.c.b.
from the fiuid, do not of course
use metal ones. Plasiic tongs can
be made by cutting a plastic bottle,
of the type often used to hold in-
digestion preparations. See diagram.

The satisfaction derived from
producing your own p.c.b.s, rather

and its contemporaries concerning
the production of printed circuit boards.
It occurs to me that the reason we so
often read how easy itis to make our own
“‘one-off” p.c.b.s, is that so many be-
ginners are hesitant to try for themselves.
Such was certainly true in my case:
over a year elapsed before | ventured
to make my first p.c.b. in spite of a well-
known lack of reticence!

Those among us who have delayed
attempting p.c.b.-making by reason of
fimitations imposed by a strict budget
may find encouragement from various
cost-cutting ruses that have helped me.

spread just enough to make check-
ing the finished boards of “tight'™™
circuits a drudge.

Large areas of board that require
to remain copper-clad can be
covered with plastic tape.

If you are a photographer who
makes his own photographic prints,
you will own dishes suitable for
holding the etching solution, if not,
the cost of developing trays from a
photographic shop will hasten
the selection of an alternative.

A plastic carton from the freszer

than buying a board from a manu-
facturer (in the case of a published
project) is not the only reason for
attempting your own etching. The
board layout can easily be adapted
from the drawings published, to
use alternative components, or io
incorporate additional circuits.

If your design doesn't work
you have got a problem, but
checking your diagram against
the p.c.b. can be an absorbing
past-time—it is when things go
wrong that my young children

The basic “ingredients’ you will
need are: a method of laying an
etch-resistant image on to the
copper-clad board; etching solution
a tray or dish to hold the board
and solution; a suitable piece of
copper-clad board and something
to clean it with; and (for finally
preparing the board when etching
is complete) a method of drilling
1mm holes in the p.c.b.

Maybe | am biased, having been
using Letfraset-type of products
for graphic design since the days
when it involved a gauze frame and
water, but | have found that the
rub-down transfer method of pro-
ducing an eich-resistant image
by far the best.

A set of suitable transfers can
be purchased for about £2, or an
extra economy would be o pur-
chase a sheet of various pads,
forners. etc., plus a sheet of straight
ines.

Graphic designers do not usually
use a ball-pen fo transfer the
image, as a nylon or polythene
rubbing-tool is available for a
few pence from any decent art
shop that stocks rub-down lettering.
If you cannot locate such a device
(and I do not know of any mail-order
electronics supplier that offers it),
then use a ball-pen as the only
alternative. But to avoid getting
the sheet in an awful mess, use an
old pen that has run-out of ink.

is ideal—failing which, treat the
family to two litres of ice-cream,
at a cost of about £1. If you are
impatient to use the plastic carton
and the family will not oblige by
consuming vast amounts of the
stuff immediately, | suppose you
could transfer it to other suitable
receptacles, like jam jars.

| have never aitempted to mix
etching fluid from anhydrous ferric
chloride crystals and water, indeed,
my local electronics shop does
not stock it. The etching fluid
available ready-mixed, in plastic
bottles of about a half-pint has
sufficed to date, and | hear from

learn new words with which to
impress the vicar and his wife.

| have not yet found a make of
rub-down lettering that is not
etch-resistant, so for the cost of a
suitable sheet of small lettering,
you can also eich your initials,
or a name or some other circuit
recognition, to make the finished
board more professional-looking.

It only remains to drill the p.c.b.
before inserting the components,
and if you have to date used a
hand-drill, or the normal do-ii-
yourselfer's electric drill, next
months RA could be writien
especially for you.
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0B AND the Prof. have been dis-

cussing the various aspects of
energy carrying beams. Just at
that moment a warning bleep
sounded inside the helmet of the
Prof’s. spacesuit, and a message
appeared on a mnearby computer
viewscreen.

“Time to renew our lifc-support
system, Bob, and as the display
mdicates that we are expecting
visitors, perhaps we’d better take
off the space suits and let the
robots recharge them.”

VISITORS

So it happened that the visitors,
Tom and Maurice, were just in
time to see Bob and the Prof.
stepping out of the airlock of the
vacuum chamber still dressed in
their amazing space suits. The
Prof’s experimental robots helped
them out of the suits, as Bob’s
friends Tom and Maurice watched
astounded, the robots whisked the
suits away for recharging.

“Prof.,” whispered Tom, gradu-
ally recovering from his surprise,
“were those real robots and real
spacesuits, or were we dreaming?”’

“They were real, Tom,” the Prof.
assured him, “Bob and I have just
been doing some experiments with
energy beams in a simulated space
environment.”
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SPACE AGE ROCK

“That’s great, Prof.,” Maurice
broke in, “Tom and I are forming
a Space Age Rock Band and the
members of the band want to dress
up as robots and spacemen and to
have all sorts of electronic equip-
ment, amplifiers, sound effects,
synthesisers, electronic drums and
percussion.”

“Yes!” said Tom, “a real
show-band offering comprehensive
entertainment with as many
weird and unusuwal musical in-
struments and effects as possible,
unusual lightshows, strange sounds,
anything we can manage to get on
stage, almost to give an image of
modern and futuristic technology
along with the basic instruments
and equipment to produce good
music!”

“Trouble -is,” said Maurice,
“we’ve got much more enthusiasm
than ‘know how’ and we're starting
almost from scratch. Also as we’ll
be playing mainly for charities,
with only a few paid bookings,
we can’t afford anything expensive.
Some of our friends in more well-
to-do bands have let us have their
old equipment, but most of it is in
need of repairs.

“We're hoping that your know-
ledge of real robots, spacesuits and
gadgets can be brought to a more
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down-to-earth use and that you
will be able to help us with some
technical advice on equipment for
the Band!”

“T see,” said the Prof.; “it seems
that you would like me to advise
and help you with almost all the
tech