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FREE SHEETS 
One album voucher is sent with 

each film we process. Collect 3 
vouchers and we send you a set of 
FREE album sheets to fit into our 
specially designed album to show off 
both superprints and standardprints. 
MORE BENEFITS TO YOU 

You benefit in two additional 
ways. Firstly, you enjoy a personal 
service with every care taken over 
each individual order. And secondly, 
you pay only for what you get- with 
no credit vouchers as with many 
other companies. An invoice comes 
with your prints. so it is a straight 
business transaction. 

Your prints will normally be 
despatched within five w • 
of receipt. bu pie 
um and 

sheen finish of the prints we 
supply ... with elegant rounded 
corners and borderless to give you 
maximum picture area. And now 
with the new Giant Superprints you 
get 30% more picture area than the 
standard en prints at no extra cost. 
UNBEATABLE VALUE 

The new Giant Superprints cost 
you only 17p each and a further 
charge of £1.10 is made towards 
developing, postage and packing. 
That's all you pay and. when we send 
your prints, a replacement film, of 
the size you use, is included 
absolutely free. That's a saving of 
upto£2.19. 

The offer is limited to the U.K. 
For Eire, C.I. and 8.F.P.O.. a 
handling surcharge will be made. 
Ojferexc. MUroltu<(.· Sub-nnnw. ,,, ' " . _ 
can only be produced from l\odaooloar f L C.11 -,! 
Prices correct at time of l!Oinc lo pra,o. 

Fast, efficient, high quality film 
processing is now as close to you as 
your nearest post box. Hundreds of 
thousands of magazine readers are 
delighted with this reliable Colour 
Print Film Service-and the replace 
ment film that comes free every time 
they use it! So why don't you give it a 
try'! 

Here's what you do. Send any 
make of colour print film inside the 
envelope enclosed in this issue. Or 
fill in the coupon below and send it 
with your colour film in a strong 
envelope to: 
Everyday Electronics Colour Print 
Service, Freepost, Teddington, 
Middlesex TWll 8BR. No stamp is 
required. 
SEND NO MONEY 

We are so confident in the 
reliability of the service and the 
quality of our prints, (each one is 
date stamped with the month and 
year of developing) that you don't 
pay until you have received them! 
LUXURY COWUR PRINTS 

You will be amazed at the 
beautiful colours and hi-definition 
In the event of any querv. please wme to 
Customer Relations Dept., Colour Pnn1 E..pr= 
Ltd .. 19·21 Lower Square. Jsie..onh Middle5c 
or phone OI · 568 6565. 



WATFORD ELECTRONICS 
35 CARDIFF ROAD, WATFORD, HERTS., ENGLAND 

MAIL ORDER, CALLERS WELCOME. Tel. Watford 40588/9 

ALL DEVICES BRAND NEW, FULL SPEC. AND FULLY OUARANTHD ORDEIIS 
DESPATCHED BY RETURN OF POST. TERMS OF BUSINESS: CASH/CHEQUE/ 
P.O.o OR BANKERS DRAFT WITH ORDER, GOVERNMENT AND IDUCATIONAL 
INSTITUTIONS' OFFICIAL ORDERS ACCEPTED. TRADE AND EXPOIIT INQUIRY 
WELCOME. P&P ADD 50p TO ALL ORDERS UNDER £11·ot. OVERSIAS OIIDIIIS 
POSTAGE AT COST. AIR/SURFACE. (ACCESS ordoro by tolophone welcome). 

VAT :r1p:�,���d:�: �:ct:�!·at�����1t1�����d��;��:;�:�1:o�t"1�ec•,��:��ei �h;.rwi,. 
:r::���k N�:::.f1�':d1!�:;:��cfJ:/'.: t;t����tn�•·:.�f:�� ·�r:�•c:ar,�:��doV::!to,:.do��:�b�� 
Saturday t.00 am-1.00 pm. Ample Free Car Parking apace avallable. 

POLYESTER CAPACITORS: Axial lead type (Valueo aro In nAF) 
400V: 1nF, 1n5, 2n2, 3n3, 4n7, 8n811p; 10n, 1!5n, 18n, 22n 12p; 33n, 47n, Mn Hp; 100n, 150n 
20Pi 220n 30p; 3-10n 42p; 470n 52p i MOn IOp; 1,uF Up; 2µ2 12p; 4.u715p. 
HOV: 10nF, 12n, 100n 11p; 1f>On, 220n 17p; 330n, 470n 30p; MOn 31p; 1.uF 42p; 1µ5 45p; 2,,2 
41p; 4µ7 �Ip.------------------------- 
POLYESTER RADIAL LEAD CAPACITORS (250V) \We otock moot of the 

l��:1J:�·e:�,1��ni �:� :�·; ��S ::;; �:"J:: 150n, �On 10p; 330n, r�:•m!:�zf�:�ecta In 

ELECTROLYTIC CAPACITORS: (Values are In µF) !IOOV: 10 �Pl 47 71p; 13V: 0·47, 1 ·0, 
1 ·5. 2·2, 3·3 Ip; 4·7 9p; 6·8, 1010p; 15, 2212p; 33 Up1 471Zp; 1001tp; 1000 70p. !IOV: 4712p; 
6828p;22024p;47032p;2200top.40V; 4·7,15, 22 tp; 3300 top; 4700 1Z0p. ZSV: 1·5, 6·8, 
10, 22 Ip; 33 tp; 47 Ip; 100 11p; 150 12p; 220 Up; 330 22p; 470 25p; 680, 1000 34p; 2200 •Op; 
3300 71p; 470012p.11V; 40, 47, 100 Ip; 12b 1Zp; 220 Up; 470 20p; 680 34p; 1000 Z7p; 1500 S1p; 
2200 31p; 3300 74p; 4700 7tp. 
TAO·END TYPE: 450V: 100µ Hp. 70V; 4700µ Z4�p.HV133001HPI 2200 1:ltp. 50V: 3300 
154p; 2200110p, 40V: 4700µ 110p. Z5V: 400012p; 3300 Hp; 2500, 2200 top. 15,000 345p 
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74141 70 L591 IO 4007 11 4581 75 LM1458 
74142 19C L592 31 4008 12 4518 42 LM2917 
74143 250 LS93 31 4009 35 4519 29 LM3900 
74144 250 LS95 45 4010 40 4520 71 LM3909N 
74145 70 LS98 120 4011 15 LM3911 
74147 99 LS107 43 4012 11 LINEAR IC'• LM3914 
74148 75 LS109 30 4013 34 702 75 LM3915 
74150 IO LS112 30 4014 75 709C 8 pin 35 LM3916 
74151 45 LS113 40 4015 II 110• 41 LM13600 
74153 45 LS114 35 4016 32 733 75 M252AA 
74154 75 LS122 44 4017 ti 741 8 pin 14 M253AA 
74155 75 LS123 55 4018 18 747C 14 pin 71 MC1303 
74158 75 LS124 105 4019 42 748C 8 pin 31 MC1304P 
74157 45 LS125 30 4020 81 753 8 pin 115 MC1310P 
74159 99 LS125 30 4021 70 810 159 MC1488 
74160 60 L5132 45 4022 68 2114L·300N 99 MC1489 
74181 80 LS136 21 4023 20 2114L-200 150 MC1494 
74152 82 LS138 35 4024 45 2114·450N 99 MC1495 
74163 14 LS139 31 4025 19 4118-200N 140 MC1495L 
74164 14 LS151 39 4025 130 2708 250 MC1596 
74165 62 LS153 39 4027 31 2716-5V 275 MC1709 
74166 85 LS1�5 39 4028 51 9400CJ 350 MC3302 
74157 115 LS156 39 4029 77 AY-1-0212 875 MC3340 
74170 111 LS157 35 •030 511 AY·1·13t3A ... WC3360 
74172 290 LS158 38 4031 170 AY-1-1320 225 MC3401 
74173 15 LS160 41 4032 125 AY-1-5050 .. MC3403 
74174 72 LS181 41 4034 195 AY·H051 IIO MC3405 
74175 72 LS10i 41 4035 95 AY-3·1270 140 MCF8040 
74178 55 LS163 41 403ij 275 AY-3-8500 390 MK50398 
74177 75 LS164 41 4037 115 AY-3-8910 720 MM5303 
1411e 95 LS165 145 4038 110 AY-5·1224A 235 MM57180 
74179 II LS165 15 4039 290 AY-5-1230 450 NE529 
74180 15 LS170 170 4040 59 AY·5·1317A 131 NE543 
74181 140 LS173 72 4041 71 CA3011 110 NE544 
74182 75 LS174 72 4042 IO CA3012 175 NE555 
74184 ff LS175 51 4043 70 CA30t4 157 NE558 
74185 " LS181 130 4044 15 CA3018 II NE560 
74188 29C LS183 275 4046 75 CA30t9 70 NE581 
74190 70 LS191 St 4047 75 CA3020 111 NE582 
74191 70 LS192 51 4048 55 CA3023 111 NE584 
74192 70 l.5193 15 4049 30 CA3028A IO NE585 
74193 15 LS194 40 4050 30 CA3035 235 NE588 
74194 75 L5195 40 4015 71 CA3036 115 NE567 
74195 15 LS198 51 4052 71 CA3043 Z75 NE570 
74198 15 LS197 15 4053 71 CA3045 315 NE571 
74197 15 LS200 345 4054 125 CA3046 71 RC41380 - LS22t IO 4055 125 CA3048 214 55868 
74LS LS240 " 4056 120 CA3059 115 SAB3209 
LSOO 12 LS243 15 405� 410 CA3075 213 SAB3210 
LS01 13 LS243 15 4060 90 CA3080E IS SG34-02 
LS02 14 LS244 10 4063 " CA3081 190 5N75013 
LS03 14 LS245 111 4066 31 CA3089E 215 SN76023N 
LS04 15 LS25t 40 4087 319 CA3090AQ :1'71 SN78477 
LS05 15 LS253 40 4068 22 CA3123 Ut SP8829 
LS08 15 LS257 41 4069 20 CA3130 N TAA821 
LS09 15 LS258 40 4070 21 CA3140 41 TA0100 
LS10 15 LS259 RS 4071 20 CA3160 15 TBA120 
LS11 15 LS281 195 4072 20 ICL7106 715 TBA550Q 
LS12 15 LS268 25 4073 20 ICL7107 171 TBAIM1 
LS13 30 LS273 90 4075 20 ICL8038CC 348 TBA651 
LS14 41 LS279 II 4076 IO ICM7205 1151 TBABOO 
LS15 15 LS280 150 4081 21 ICM7207 475 TBA810 
LS20 15 LS283 45 4082 21 ICM7215 1050 TBA620 
LS21 15 LS290 57 4085 15 ICM7216A 1050 TOA1004 
LS22 15 LS293 46 4086 70 ICM7217A 7N TOA1006 
LS26 11 L5295 215 4089 140 ICM7224 715 TOA1022 
L527 15 LS298 130 4093 43 ICM7555 10 TOA1024 
L528 20 LS299 420 4094 111 L0130 452 TOA2020 
LS30 II LS323 270 4095 90 LF351 41 TDA2030 
LS32 15 LS365 :l'T 4098 90 LF:156 15 TL081CP 
LS33 11 LS386 37 4097 320 LM10 ffl TL084 
LS37 11 LS3ff7 37 4098 II LM301A 21 TL071CP 
LS38 11 LS368 90 4099 ts LM308T 15 TL074CN 
L�40 11 LS373 75 4161 " LM311H 7t TL061CP 
LS42 35 LS374 75 4410 725 LM318 241 TL083CN 
LS47 40 LS375 41 4411 195 LM324 50 TL084CN 
LS51 15 LS377 911 4412 100 LM339 70 UAA170 
LS54 15 LS378 RI 4433 770 LM348 90 UAA180 
LS55 30 LS390 140 4501 21 LM349 121 XR2206 
L573 25 LS393 140 4502 10 LM351 50 ZIOCPU 
LS74 25 LS399 230 4503 50 LMS79 :l'TS ZN414 
LS75 21 LS668 115 4507 40 LM380 10 ZN423 
LS76 20 - 4508 215 LM381N 141 ZN424 
LS78 24 CMOS 4510 .. ILM382 125 ZN1034 
LS83 50 4000 14 4511 .. LM384 140 ZN425E LS85 70 4001 14 4512 75 LM386 " LS86 31 4002 14 4514 195 LM387 120 ZN426E 
LS90 35 4006 .. 4515 115 LM389 H ZN1040E 

Tran1letora BC212 10 BF257/8 32 OC41/42 120 ZTX301/2 11 2N3908 
AC125 as BC212L 10 BF250 35 OC43 55 ZTX303 25 2N4037 
AC128/7 25 BC213 10 BF274 42 OC44 120 ZTX304 17 2N4058 
AC128 25 BC213L 10 BF336 40 OC45 40 ZTX314 25 2N4081/2 
AC141/2 30 BC214 10 BF451 35 OC70/71 40 ZTX326 30 2N4427 
AC176 21 BC214L 10 BF594 30 OC72 40 ZTX341 31 2N3869 
ACY17/18 70 BC238 10 BF595 at OC74/75 50 ZTX500 14 2N4871 
ACY19/20 75 BC237 14 BFR30/40 23 OC76 50 ZTX50t /502 15 2N5172 
ACY21/22 75 BC307B 15 BFR41 23 OC81 5t ZTX503 11 2N5179 
ACY28 75 BC308B 11 BFR79 23 OC82 130 ZTX504 25 2N5191 
ACY39 15 BC327 15 BFR80/81 24 OC83/64 40 ZTX53t 25 2N5305 
A0149 71 BC238 14 BFR98 105 OC140 110 ZTX550 25 2N847/8 
A0161/2 42 BC338 15 BFX29 21 OC170/1 15 2N697 23 2N5485 
AF118 95 BC441 34 BFX84 21 OC200 15 2N698 40 2N5842 
AF139 40 BC481 34 BFX85/86 21 TIP29 34 2N699 35 2N5777 
AF178 75 BC477 40 BFX67/8 21 TIP29A 31 2N708A 1t 2N6027 
AF239 71 BC516/7 40 BFY50 23 TIP29B 51 2N708 ,. 2SA715 
BC107 10 BC547/8 14 BFY51/52 23 TIP29C .. 2N918 33 2SC495/6 
BC107B 12 BC549C 14 BFY56 32 TIP30 41 2N1131/2 Z4 2SC1096 
BC108 10 BC557/8 15 BFYIM 35 TIP30C 51 2N1303 .. 25C1173 
BC108B 12 BC559 15 BFY8t 120 TIP31A 45 2N1304/5 15 2SC1306 
BC108C 12 BCY70/7t ,. BRY39 40 TIP31C 55 2N1671 B 215 2SC1307 
BC109 10 BCY72 20 BSX20 20 TIP32A 41 2N2219A ZI 2SC1449 
BC109B 12 BD131/2 41 BSY95A 25 TIP32C .. 2N2220A 21 2SC1878 
BC109C 1Z 80133 IO BU105 170 TIP33A 15 2N2221A 25 2SC1923 
BC140 30 80135 45 BU205 , .. TIP33C 71 2N2222A ZS 2SC1945 
BC142/3 30 80138/7 40 BU208 zoo TIP34A 74 2N2369A 17 2SC1953 
BC147 • 80138/9 40 E421 250 TIP34C .. 2N2846 41 2SC1957 
BC147B 10 80140 40 M08001 250 TIP35A 1t0 2N2904/5 zt 2SC1969 
BC148 • 80144/5 111 MJ400 150 TIP35C 115 2N2905A 21 2sc202a 
BC148B 10 80205 110 MJ491 175 TIP36A 170 2N2906/7 21 2SC2029 
BC148C 10 80214 115 MJ2955 90 TIP36C !ti 2N2928G 1t 2SC2078 
BC149 • 80245 111 MJE340 54 TIP41A IO 2N3053 21 2SC2091 
BC149C 10 80378 70 MJ E370/71 100 TIP41B .. 2N3054 51 2SC2314 
BC153/4 27 80434 55 MJE2955 19 TIP42A 80 2N3055 41 2SC2166 
BC157/8 10 80517 75 MJE3055 70 TIP42B 7S 2N3442 140 2SC1879 
BC159 11 B0595A 15 MPF102 .. TIP120 90 2N3683 15 250234 
BC160 45 B0696A 15 MPF103/104 31 TIP121 .. 2N3702/3 10 3N128 
BC167 10 BOY56 110 MP1=10!i 3t TIP142 120 2N3704/5 10 3N140 
BC168C 10 BF115 35 MPF108 40 TIP147 120 2N3708/7 10 40311 
BC189C 10 BF157 29 MP5A05 25 TIP2955 IO 2N308/9 10 40313 
BC170 11 BF180 31 MPSA06 ZS TIP3055 IO 2N37f0/1 10 40315 
BC172/3 11 BF194/5 12 MPSA12 32 TIS43 32 2N3771 171 40316 
BC177/8 120 BF196/7 12 MPSA55 30 TIS44/45 45 2N3772 115 40361/2 
BC179/81 20 BF198 16 MPSA56 30 TIS88A 50 2N3773 270 40408 
BC182/3 10 BF199 11 MPSA70 25 Tl590 30 2N3819 22 40411 
BC184 10 BF200 30 MPSU06 55 TIS9t 32 2N3820 45 40487 
BC182L 10 BF224 24 OC26 170 ZTX107 11 2N3822/3 IS 40488 
BC183L 10 BF244/5 21 OC28 130 ZTX109 12 2N3888 90 40594/5 
BC184L 10 BF244B 30 OC35 125 ZTX109 11 2N3903/4 ,_ 40603 
BC187 21 BF256 35 OC36 120 ZTX300 13 2N3905 15 40673 

TTL 74 
(TEXAS) 
7400 11 
7401 11 
7402 11 
7403 14 
7404 14 
7405 11 
7406 21 
7407 21 
7408 16 
7409 11 
7410 14 
7411 20 
7412 20 
7413 24 
7414 32 
7416 25 
7417 25 
7420 11 
7421 20 
7422 20 
7423 22 
7425 21 
7426 30 
7427 27 
7428 21 
7430 11 
7432 21 
7433 27 
7437 27 
7438 27 
7440 17 
7441 II 
7442 31 
7443 II 
7444 90 
7445 15 
7448 55 
7447 50 
7448 so 
7450 11 
7451 11 
7453 11 
7454 11 
7460 11 
7470 35 
7472 30 
7473 30 
7474 25 
7475 40 
7478 30 
7480 41 
7481 120 
7482 70 
7483 50 
7484 10 
7485 95 
7486 21 
7489 285 
7490 21 
7491 45 
7492 30 
7493 30 
7494 34 
7495 50 
7498 45 
7497 120 
74100 15 
74104 54 
74105 55 
74107 32 
74109 35 
74110 40 
74111 55 
74112 170 
74116 II 
74118 10 
74119 to 
74120 75 
74121 30 
74122 45 
74123 50 
74125 42 
74128 40 
74128 42 
74132 41 
74138 35 

SWITCHES 
TOGGLE 2A 250V 
IPST Up 
OPOT 44p 
SUS·MIN 
TOGO LI 
IP changeover Hp 
IIPST on/off Mp 
DPOT I tag• 75p 

I g�g� �::ad,::: 

PUSH BUTTON 
Latching or 
Momentary. 
SP5T C/Over Hp 
OPOT C/Over145p 

SLID! HOV1 
1A OPDT 14p l� 8�o4?ff. a: 

SWITCHIS Miniature Non-Locking 
Puoh to Make Hp Puoh to Break ZOp 
ROCKIR I SPST on/off 10A 260V 21p 
ROCKIR: lllumlnotod OP5T 
Light• when on: 10A 240V Hp 
IIOTAIIY1 (ADJUSTABLE STOP) 1 polo/ 
2-12 way Rp/2-IW, 3p/2-4W, 4p/2-3W. 45p 
ROTARY, Maino 260V AC, 4 Amp Hp 

DIL SOCKITS (Low Profllo - Texu) 
I pin Ip; 14 pin 10p; 16 pin 10p; ti pin 11p; 
20 pin Hp; 24 pin 25p; 21 pin 30p; 40 pin 30p, 

DIODIS HNIIIS SCllo 
AA1H 22 Rana• IV7 to Thyrl1tora 
BAIOO 1S HY 400mW 1A/tOOV 42 
BY1RI 1Z Ip 11ch 5A/400V 40 
BY1R7 ti Rong• ava to IA/IOOV 41 
CR033 2IO ssv. rsw IA/SOOY IO 
OA9 41 11p •••h 8A/400V 75 
OA47 12 IA/IOOV " OA70 11 NOISI 12A/400V H 
OA79 11 Diode 115 12A/800V 111 
OAtt 11 15A/700V 110 
OAl5 u 

BRIDGE 2N4444 140 
OA90 I 2N5082 32 
OA91 I IIICTIFIIRS 2N5oe4 35 
OA95 I (plutlc ca1a) IIT108 110 
OA200 I 1A/60V zt C108D u 
OAR02 I 1A/100V u TIC44 Z4 
IN914 4 1A/200V II TIC45 2t 
IN916 I 
IN4001/2 I 1A/400V It ----·- 
IN4003 I 1A/IOOV 34 
IN4004/5 I 2A/SOV H TIIIACS IN4005/7 7 2A/200V 40 3A/100V 41 IN4t48 4 
1544 • 2A/400V 41 3A/400V 51 
3A/100V 11 2A/600V .. IA/tOOV IO 
3A/400V 11 6A/100V H IA/400V .. 
3A/IIOOV 17 8Al400V II IA/IOOV 115 
3"/tOOOVH 10A/200V 215 12A/100V 71 
6A/400V50p 10A/BOOV 315 12A/400V 12 

25A/200V 215 12A/IOOV 135 
25A/600V 315 1eA/100V 103 
BY11M .. 18A/400V 105 w. etock • VM11 OIL 55 25A/400V 115 

wide •1l1ctlon 25A/800V IH 
of Electronic ----- 25A/1000V 411 
Book• and DIAC 30A/400V 525 
Magazine• ST2 25 T280000 IZt 

TGS 812 or 113 gu and amok• 
detector •tsp. Socket for above SOp. 

RESISTORS: Carbon Film, High 
Stablllty, Low Nolae, Miniature 
Tolerance 5Y., 

Range Val. 1-99 100+ 

tW I02-4M7 E24 Zp 1p 
W l02-4M7 E12 Zp 1p 

1W l02-10M E12 Ip 4p 
2" Metal Film 100-1M Ip 4p 
1" Metal Film 510-1M Ip Ip 
100+ price eppllH to RHl1tor1 of 
Heh value not ml111d. 

QJ 

I 
I Hp 

tip 
78H05+5V/5A 

550 
78HG5A +5V 
to +25V IOO 
79HG SA -2·25 
to -24V HOp 

COPPER 
clad boards 
Flbreglass 
8 • 8" tOp 
Ix 12" 150p 
S.R.B.P. 
9·5 x 8 tsp 
Ferric Chlo 
ride 1 lb. 
Anhydr. 195p 
Dalo Pen 90p 

0 2 365pF wllh 
1low motion 
Drive UOp 
00 208/176 315p 

,. .. with 1low 
motion drlve•sep 
C804-5pF 10 15 
25 50 pF Z71p 
100, 150pF 35Zp 
'L' 3 x 310pF 725p 
00•3 x 25pF 550p 

VEROBOARDS ·!" 
clad plain 

21 x n· 73p 52p 
2 x �· t3p 
3 x 3t'' 13p 
3l x 5" 95p 79p 
3i x 17" 321p 211 p 
4 x 17" 421p ;��i°t::: ��i·er ,::: 
Pin Insertion Tool 

1f2p 

SILVER MICA: 2pF, 3·3, 4 7, 
6·8, 8·2, 10, 12, 15, 18, 22, 27, 33, 
39, 47, 50, 56, 68, 75, 82, 85, 100, 
120, 150, 180 Up. 200, 220, 250, 
270, 300, 330, 380, 390, 470, 60J, 
800, 820 21p, 1000, 1200, 1600, 
2000 30p. 3300, 4700 IOp. 

CERAMIC CAPACITORS: eev 
0·5pf to 10nF •Pt 22n to 100n 7p. 

EURO BREADBOARD £S·20. 

DENCO COILS ROT2 145p 
'OP' VALVE TYPE RFC 5 140p 
Rongo 1 to 5 Bl., RFC7(19mH)110p 
Rd., YI. Whl.122p IFT 13; 14; 15; 
6-7 B.Y.R. 110p 18; 17 IZOp 
t ·5 Green 150p IFT 18/1 ·5 135p 
'T' 1 to 5 Bl .• YI., IFT 18/465 152p 
Rd., Wht. 150p TOC 1 125p 
B9A Valve Holder MW5FR !Hp 

42p MW/LW 5FR 154p 

VOLTAGE REGULATORS• 
1A T03 +ve -ve 

5V 7805 145P 7905 220p 
12V 7812 145p 7912 Z20p 
UV 7815 145p 7915 220p 
18V 7618 145p 
1A T0220 Plastic Casing 

5V 7805 top 7905 15p 
12V 7812 IOp 7912 Hp 
15V 7815 IOp 7915 Hp 
1BV 7818 IOp 7918 Hp 
24V 7824 IOp 7924 Hp 
1otmA T092 Plastic Caelng 

5V 78L05 31p 79L05 15p av 78L62 30p av 78L82 31p 
12V 78L12 Mp 79L12 
UV 78L16 31p 79L15 
CA3081 15 LM326N 240 
LM300H 171 LM327N 270 
LM305H 140 LM723 35 
LM309K 131 TAA550 50 
LM317K 350 TBA625B 78 
LM323K 125 TDA1412150 

POLYSTYRENE CAPACITORS 
10pF to 1 nF Ip; 1 ·5nF to 12nF 10p. 

JACKSONS VARIABLE 
CAPACITORS 
Olllcon 
100/300pF 115p 
500pF Z50p 
61 Ball Drive 
4511/DAF 110p 
Dial Drive 4103 
6 1/36 1 775p 
Drum 54mm Hp 
0·1 ·365pF 325p 
00 2 365pF H5p 

TANTALUM Bead Capacllor• 1· POTENTIOMETERS:(ROTARY) I o .. To 
35V: 0·1µ, 0·22, 0·33 Up; 0·47, Carbon Track. 0·25W Log olo 0·5W ILICTIIONICS 
0·68, 1·0, 1·5 llp; 2·2, 3·3 tip; LlnearValuo. UDopluocllpo 
4·7, 6·1 22p; 10 21p. !IV; 2·2, II000,1K,1,2K(Lln.only)SlngloZtp TIL209Rod ,a 
3·3 Hp; 4·7, 6·8, 10 11p; 15 31p; SK-2 MO olnglo gang Hp TIL211 Grn 11 
22 30p; 33, 47 40p; 100 75p, 5K-2 MO olngle with OP owltch 71p TIL2iz Yellow 11 
1ov; 15, 22 :?Ip; 33, 47 3:tp i 100 55p. 5K·2 MO double oano Hp .2,, Red H 
MYLAR FILM CAPACITORS SLIDER POT!NTIOMETER 2"YollowGroon 11 
100V: 1nF, 2n, 4n, 4n7, 10n Ip; 0·21SWlogftndllnearv11uH90mm Square LEO H 
15nF, 22n, 30n, 40n, 47n 7p; 56n, aKO-IIOOKO olnglo gang 70p OCP71 111 
100n, 200n tp. 470n/50V 12p. 10K 0-500K O dual gong 1 !Op ORPl2 H 
MINIATURE TYPE TRIMMERS Solf Stick Graduated Bezelo 31p ORP61 H 
t.:t10��iF 35��; 2-2SpF, 5•55PF PRISET POT•NTIOMETERS 2Nl777 41 

Vertlcel A Horl1ont1I 7 Seo Dl1playa 
COMPRESSION TRIMMERS 0-1W 500-SMO Mlnloturo Tp TIL3Zt C An 8" 111 
3-40pF, 10-80oF 28p; 20·260oF 21p; 0-21W 1000-3·3M O Horii Up TIL322 C Cth 1"111 
100·580pF :ltp; 400-1250pF 41p. 0-28W 2000-ViMO Yori llp 8tm i.�.h .:: :: 

DLT47 C.A. ·6" 111 
FND357 or 800 111 
MAN31MO 171 
·3" Groen C.A. 111 
TIL32 Int. Red 12 
Tl L 78 detector 54 
Baroreph Red. 
Ten 1eoment 221p 
LCD DISPLAYS 
Ji Dlgll 5Hp 
4 Digit 750p 
5 Digit 150p 
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E.E. PROJECT KITS MAGENTA EL1:CT 

E.E. 
-1 
boa 
po 
serl 
WO 
Wo 
WO 
Elec 
andf 
prln 
List 

1�H 
MIN. 
MIDI 
LOO. 

� 
POLJ 
10nF; 
100n eaon = 22; 33 
1110p� 
1000p 
� 
ILIC 
AXIAi 

1�:111 _ 
22,.Fn 
t�;! 
ki:� 
470 .. �� 
1000 
1000 
2200 

swil 
MIN, 
MIN 
FOO" 

dpc 
R?,T. tzif l 

SPIA 
CR Ye 
MON( 
TILi 
MIN. 
ANT 
SOL� 
SPA� 
HOW 
SOL, 
DISO DHO 
SOLO HU1 
LOW 
LOW 
WIR 
PCB 
PCS 
PLA ��:o 
S. D� 
PPJ I 
PANI 
VIRC 
245 3 
TIR 
PIN 

3 BAND S.W. RADIO 
Simple T.R.F. Design. Covering 
most Amateur Bands and Short 
Wave Broadcast Banas. FJve 
controls. BandHt, B&tld.sprNd 
Reaction, wa ... echange and 
¢}!!�����;. c;�,::tJU�e 11wl�� 

Headphones or • Cry1tlll ear 
piece. Kit conta n1 all the com 
ponentt: tllQ ed ,ncludlng the 
P.C. Board • d CUo. ln1truc 
t1on1 are cl d.cf with thl1 kit. 
KJT £11 17. HHdphone1 extra u •. 

MEMORY BANK 
SYNTHESISER 

Miniature 1ynthHIHr featuring 
vibrato, envelope, tempo, volume + pitch control1. Uee, 24 pu1h 
button 1wltch11 In a keyboard 
1tyle layout. Based on a euatem 
de11on1d I.e. The rtcce11lble 
memory 1torea a 32 beat length 
aequence of notes + apace,. 
Can be played 'Hve'. Fitted with 
an Internal 1peaker. Jack eocket 
allow, the un of an external 
ampllfler If wished. Memory 
Sank Sunthoolaor £13·15. 

LIGHTS WARNING SYSTEM. May 10 . -··················· 0·9' 
BATTERY VOLTAGE MONITOR. May lO --······· £4·:U 
AUDIO TONE GENERATOR. May 80 ·······-······-··················· £3·53 
GAS SENTINEL. April 80 ----·············....... £26·32 
AUTO LEVEL CONTROL. April 80 ·····•·······-··········· £7·69 
CABLE • PIPE LOCATOR. Mar. 80 0·50 less coil former 
KITCHEN TIMER. Mar. 80 £12·46 
STEREO HEADPHONE AMPLIFIER. Mar. 80........................ £15·43 
S RANGE CURRENT LIMITER. Mar. 80 £4·24 
MICRO MUSIC BOX. Fob. 80 £13·82 Groy Caso £3·63 extra. 
SIMPLE SHORT WAVE RECEIVER. Fob. 80 £21 ·98 

Haadphonos O·tl. 
SLIDE'l'APE SYNCHRONISER. Fob. 80................................. £10·46 
MORSE PRACTICE OSCILLATOR. Fob. 80 £3·93 
SPRING LINE REVERI. UNIT. Jan. 80 £21·91 
UNIBOARD BURGLAR ALARM. Dec. 79 £5• 13 
BABY ALARM, ov. 79 £8·20 
OPTO ALARM. Nov. 79. .••• . £5•77 inc. optional ports 
MW.LW RADIO TUNER. Nov. 79 ••• •• ••• •.. .••........ £15·50 less dial 
ON ARMED BANDIT. Oct. 79 .• ···-··········-··· .... .. £12·37 
HIGH IMPEDANCE VOLTME'l'EII. Oct. 79 .••••.•••.••.•••.........• £15·17 
CHASER LIGHTS. Sopt. 79 .•.......•.•••.••••••••••••••.••..•••.. £19·fl 
VARICAP M.W. RADIO. Sopt. 79 '8·N 
SIMPLE TRANSISTOR TESTER. Sopt. 79 £6·2' 
ELECTRONIC TUNING FORK. Au1. 79 £t·IS 

Suitable micr!jljhono & plu1 £1 · 59 extra. 
WARBLING IMER. Aue. 79 £6·25 
9V POWER SUPPLY. Au1. 79 £9·94 Inc. pcb 
SWANEE WHISTLER. Au1. 79 £3·19 
DARKROOM TIMER. July 79 £2·47 
TREMOLO UNIT. June 79 £11·2' 
ELECTRONIC CANARY. Juno 79 £4·9' 
LOW COST METAL LOCATOR. June 79 £5·44 

Handle & coll former parts extra £5 · SS. 
QUAD SIMULATOR. June 79 £6·25 
INTRUDER ALARM, May 1979 £16·71 

Less Ext. Buzzer & Lamp and Loop Components. 
THERMOSTAT, 'PHOTO' SOLUTIONS. May 79. £16·02 

Less socket, tube and 1rease. 
TRANSISTOR TESTER. April 79 £4·05 
TOUCH BLEEPER. April 79 £3·52 
ONE TRANSISTOR RADIO. Mar. 79. Less cue........................... £6·93 
MICROCHIME DOORBELL. Feb. 79 £13·48 
AUDIO MODULATOR. Feb. 79 £1 ·56 IH1 case and pin, 
THYRISTOR TESTER. Feb. 79 £3·22 
ADJUSTABLE PSU. Feb. 79................................................... £28·98 
HEADPHONE ENHANCER. Jan. 79 £2·60 
FUZZ BOX. Dec. 78 £6·20 
MIC. AMP. Dec. 78 £2·80 
AUDIBLE FLASHER, Dec. 78 £1 ·21 
VEHICLE IMMOBILISER. Inc. PCB. Doc. 78 £5·74 
AUDIO EFFECTS OSCILLATOR. Nov. 78 £3·99 Inc. board 
PASSIVE MIXER. Oct. 78 £3·72 
FUSE CHECKER. Oct. 78 £1 ·97 
TREASURE HUNTER. Oct. 78 £17·86 len handle & coll former 
GUITAR TONE BOOSTER. Sept. 78 £4·99 in. p.c.b. 
SOUND TO LIGHT. Sept. 78 £6·98 
FILTER £1·66 
CAR BATTERY STATE INDICATOR. Sept. 78. Less case............ £1 ·79 
R.F. SIGNAL GENERATOR. Sept. 78.................................... £12·77 
SLAVE FLASH. Aue. 78 (3·20 less SKI 
LOGIC PROBE. July 78 t2·SJ 
IN SITU TRANSISTOR TESTER. Juno 78 £5·76 
FLASHMETER. May 78 £12·841esscalcanddiffusor 
POCKET TIMER. April 78 £2·98 
WEIRD SOUND EFFECTS GENERATOR. Mar. 78 £4·80 
CHASER LIGHT DISPLAY. Feb. 78....................................... £18·80 
AUDIO VISUAL METRONOME. Jan. 78 £5· 12 
ELECTRONIC TOUCH SWITCH. Jan. 78 £2·33 less caso 
RAPID DIODE CHECK, Jan. 78 £2·34 
AUTOMATIC PHASE BOX. Dec. 77 £9·55 inc. f..c.b. VHF RADIO. Nov. 77............................................................ c 4·36 
ULTRASONIC REMOTE CONTROL. Nov./Doc. 77 £16·09 
ADD-ON CAPACITANCE UNIT. Sept. 77 £5·99 
PHONE/DOORBELL REPEATER. July 77 £6·38 
ELECTRONIC DICE. March 77 £4·83 
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MAGENTA ELECTRONICS LTD. 
IL30, 135 HUNTER ST. BURTON-ON-TRENT, STAFFS., 
DE14 2ST. 0283 85435. MON.-FRI. M. IIAIL ORDER. 
CALLERS BY APPOINTMENT. 
ADD 40p P. & P, TO ALL ORDERS. 
ALL PRICES INCLUDE 15" V.A.T. OFFICIAL ORDERS WELCOME. 

SH REPUBLIC & B.F.P.O. EUROPE: 
10" from prices ahown Payment. 

� In Sterling, 
ACQSS and 8ARCLAYCARD (VISA) 
OlltOERS ACCIPTID av PHONE OR 
POST. 

TOOLS 
RESISTORS 
HARDWARE 
CASES 

Hundreds of lllustrat1on1, product data, 
circuit,, and detall1 of all our kite and 
educatlonal courses. 
Up to date price ll1t Included, All product, 
are stock II nee forta1t delivery. Send 70p 
In 1tamp1 or add 70p to order. 

KITS 
I.C.s 
TRANSISTORS 
CAPACITORS 

Make us your No. 1 SUPPLIER OF KITS and COMPONENTS 
for E.E. Projects. We supply carefully selected sets of parts to 
enable you to construct E.E. projects. Kits Include ALL THE 
ELECTRONICS AND HARDWARE NEEDED. Printed circuit 
boards (fully etched, drilled and roller tinned) or veroboard 
are, of course, Included as specified In the original article, we 
even Include nuts, screws and I.C. sockets. PRICES INCLUDE 
CASES unless otherwise stated. BATTERIES ARE NOT 
INCLUDED. COMPONENT SHEET INCLUDED. If you do not 
have the IBBue of E.E. which Includes the project-you will need 
to order the Instruction reprint at an extra 45p each. 
Reprints available separately 45p each + p. & p. 40p. 
BURGLAR ALARM SYSTEM. June 81 Less bell, loop switches, & 

microphones £34·82 
TAPE AUTO START. Juno 81 £10·88 
TREMELO. June 81 Less case...................................................... £9·51 
LOOP AERIAL CRYSTAL SET. June 81 £4·98 
LIGHTS REMINDER AND IGNITION LOCATOR E.E. May 81 £4·81 
SOIL MOISTURE INDICATOR E.E. May 81............................ £3·49 
T. V. INTERFERENCE FILTERS E.E. May 81. LO� PASS less tin· 

plate £2·61. HIGH PASS £1 ·42 
GUITAR HEADPHONE AMPLIFIER E.E. May 81. £3·60 
PHONE BELL REPEATER/BABY ALARM E.E. May 81............. £4·81 

Rectangular cases. 
AUDIO TEST SET E.E. M•y 81. £40·84 Less case. Case extra £6·95 
DIGITAL RULE (ultrasonic) April 81 £17·46 
INTERCOM April 81 £18 88 
FREEZER ALARM April 81 £11 ·30 
SIMPLE TRANSISTOR • DIODE TESTERS. Mar. 81 

Ohmeter version £1 •n Led version £2·33 
MINI SIREN. Mar. 81 £6·84 
LED DICE. Mar. 81. £7· 18 
LED FLASHER. Mar. 81 £3·70 
MODULATED TONE DOORBELL, Mar. 81 £5·65 
BENCH POWER SUPPLY. Mar. 81 £47·98 
TREBLE BOOST. Mar. 81. £6·22 
CAR ACTUATED DRIVEWAY LIGHT. Feb. 81 less socket £21 ·73 
THREE CHANNEL STEREO MIXER. Feb. 81 £15·89 
SIGNAL TRACER. Feb. 81 £6·95 less probe 
FOUR BAND RADIO. Feb. 81 £39·91 
Ni-Cd BATTERY CHARGER. Feb. 81 £11 ·57 
ULTRASONIC INTRUDER DETECTOR.Jan. 81 less case £45·98 
AUTO SLIDE CHANGER. Jan. 81 £8·44 
PHASER SOUND EFFECTS. Jan. 81 £22·83 
LOGIC PULSE GENERATOR. Jan. 81. £6·80 
2 NOTE DOOR CHIME, Dec. 80 £8·78 
LIVE WIRE GAME. Dec. 80 £9·95 
SOUND TO LIGHT. Nov. 80. 3 channel £18·95 
GUITAR PRACTICE AMPLIFIER, Nov. 80 £10·96 less caso 

Standard case £3·58, High quality case £8·33. 
SOIL MOISTURE MONITOR. Nov. 80 £4·94 inc. probes 
TRANSISTOR TESTER, Nov. 80 £9·89 Inc. test leads 
AUDIO EFFECTS UNIT FOR WEIRD SOUNDS. Oct. 80...... £11 · IS 
PHONE CALL CHARGE JOGGER. Oct. 80 £6· 19 
BICYCLE ALARM, Oct. 80 £8·80 less mounting brackets 
IRON HEAT CONTROL. Oct. 80 £4·99 
DARKROOM CONTROLLER. Oct. 80 £21 ·65 case differ1 
BEDSIDE RADIO. Sept. 80 £15·98 
TTL LOGIC PROBE, Sept. 80 £4·41 
TTL POWER SUPPLY UNIT. Sept. 80 £13·n 
CRICKET GAME. Au1. 80...................................................... £17·42 
WEATHER GAME. Aug. 80 (less case £39·98) £73·78 
AUDIO MILLIVOLTMETER. Aug. 80.................................... £17·8' 
AUTOPHASE. June 80. Rectan1ular Case................................. £21 ·41 
COURTESY LIGHT DELAY. June 80 '6·09 
A.F. SIGNAL GENERATOR. June 80 '22·54 
AU TOW AA. June 80. Rectangular Case.................................... £21 · 33 
G.P. AMPLIFIER. June 80 £6·60 
SIGNAL TRACER. June 80 £5·50 
ZENER DIODE TESTER, June 80 £5·67 
4 STATION RADIO. May 80 £13·94 less cue 
AUTO FADE, May 80 £9·96 

1981 ELECTRONICS CATALOGUE 

ADVENTURES WITH ELECTRONICS t•uJc0a'!: 
An eaay to follow book ilultable tor all agea, Ideal for beginner,, No Soldering, Uae& 
an 'S Dec' breadboard. Glvee clear ln1tructlone with Iota of pictures. 10 pr0Ject1- 
1ncludlng three radios, siren, metronome, organ, Intercom, timer, etc. Hei• you learn 
=���}i:1����1�8���foornth�t�r�J�c��� circuit, work. Component pack lnclu ea an S-Dec 
Adventures With Electronlcs £1 ·IO. Component Pack £11·72 leas battery. 

ADVENTURES WITH 
MICROELECTRONICS 

Same style aa above book; 11 protects based on mtecretec clrcuits-includea: dice, 
two-tone doorbell, electronic organ, MW(LW radio, reaction timer, etc. Component pack 
Include, a Blmboard, 1 plug-In breadboard and the components tor the projects. 
Adventures with Microelectronics £2·35, Component pack £21·1S le11 battery. 
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Elf:CTRONICS LTD. 

TEACH-IN-BO 
E.E.12 part series. Oct '79-Sept '80. Covers the basics of electronics 
-lots of practical work. Circuits are built on a plug-In Eurobread 
board, which Is built Into a wooden console which houses the 
power supplies, speaker, meter, pots and LED Indicators. The 
series uses a range of electronic components In the experimental 
work Including a photocell, I.C.s, transistors, etc. 
Wooden Console (Tutor Deck) kit £5·98 extra. Includes all the 
wood, glue, feet and strap handle. 
Electronic components, Including Eurobreadboard, for the console 
and the experiments £25·40 (called list A + B + C by E.E.). Re 
prints available-Parts 1-12, 45p each. 
List 'C' only £2·45. 

tj5'a �eteal fu,ne 

Marsha HS 
TRANSISTORS-JUST SOME OF OUR LARGE RANGE 
2N929 £0·20 2N3708 £0·12 2N4903 £1·50 8C147 £0·12 BD121 £0·50 2N1131 £0·20 2N370B £0·12 2N4907 £1·75 8C148 £0·12 8D138 £0·40 2N1507 £0·12 2N3709 £0·12 2N5033 £0·35 8C149 £0·12 8D181 £0·75 2N1837 £0·18 2N3711 £0·12 2N5220 £0·12 8C159 £0·14 80182 £0·20 2N1838 £0·25 2N3714 £1·00 2N5222 £0·15 8C180 £0·34 80201 £0·70 2N1991 £0·35 2N3718 £1·30 2N5248 £0·15 8C167 £0·12 80203 £0·70 2N2080 £3·00 2N3732 £1·50 2N6109 £0·30 8C188 £0·12 80204 £0·70 2N21g5 £0·50 2N3771 £1·85 2N8124 £0·50 8C189 £0·12 80235 £0·35 2N2217 £0·25 2N3772 £1·90 2N812' £0·&4 BC170 £0·15 80240 £0·38 2N2221 £0·22 2N3789 £0·90 40254 £0·50 8C171 £0·11 80242 £0·42 2N2388 £0·24 2N3790 £1·50 ·40312 £0·50 BC172 £0·11 80244 £0·80 2N2848 £0·45 2N3791 £1·50 40318 £0·50 BC173 £0·15 8045 £0·85 2N2714 £0·12 2N3794 £0·12 40383 £0·20 8C182 £0·12 
2N2904 £0·28 2N3819 £0·22 40389 £0·20 8C183 £0·12 BD535 £0·45 
2N2105 £0·25 2N3854A £0·20 AC127 £0·20 8C184 £0·12 80538 £0·45 
2Nl!907 £0·28 2N3858A £0·25 AC128 £0·24 BC205 £0·17 BDY17 £1·80 
2N3053 £0·30 2N3905 £0·14 AC153K £0·20 BC212 £0·12 BF225J £0·15 
2N3084 £0·70 2N3905 £0·15 AC188 £0·30 8C213 £0·12 BF271 £0·20 
2N3055 £0·70 2N3982 £0·25 AC188K £0·35 BC214 £0·12 8FR39 £0·22 
2N310B £0·25 2N4038 £0·48 AD181 £0·45 8C250 £0·12 BFR81 £0·22 
2N3393 £0·14 2N4059 £0·13 AD182 £0·45 BC347 £0·12 8FY50 £0·27 
2N3402 £0·11 2N4080 £0·13 AF108 £0·12 8C350 £0·12 BSY28 £0·30 
2N3440 £0·80 2N4249 £0·13 AF109 £0·12 8C549 £0·12 TIP34C £0·85 
2N3441 £0·90 2N4284 £0·15 AF128 £0·12 BC559 £0·12 TIP41A £0·85 
2N3570 £1·95 2N4288 £0·12 8C107 £0·18 8CY58 £0·20 TIP54 £1·40 
2N3838 £0·15 2N4288 £0·12 8C10B £0·15 8CY59 £0·20 TIP110 £0·67 
2N3842 £0·15 2N4400 £0·15 8C108C £0·18 8CY61 £0·20 TIP117 £0·80 
2N3843 £0·15 2N4822 £0·50 BC115 £0·19 8CY72 £0·20 TIP2155 £0·85 2N3702 £0·12 2N4898 £1·00 BC118 £0-1g BD115 £0·25 ZTX301 £0·18 2N3705 £0·12 2N4901 £1·25 BC138 £0·12 8D118 £0·75 ZTX501 £0·14 

LINEAR INTEGRATED CIRCUITS DIGITAL CIRCUITS 
AY2513 £3·95 SAA5040 £15·14 CD4000 £0·18 CD4099B £1·40 
DP8212 £2·05 SAA5050 £8·51 CD4001B £0·20 CD45108 £0·80 
LF1331N £2·95 SAS580 £1·45 CD4002 £0·20 CD4511 £0·97 
LF13741H £0·54 CD4007 £0·20 CD4514 £2·20 SAS570 £1·45 CD40088 £0·75 CD45208 £0·90 LM137K £11·52 SAS590 £1·80 CD4009 £0·40 CD4522 £1·10 LM301AH £0·72 SFF98800A £8·50 CD4010 £0·48 SN7400 £0·19 
LM317T £1·50 SFF98810A £3·00 CD40118 £0·20 SN7401 £0·19 
LM348 £0·54 CD4012 £0·20 SN7403 £0·19 
LM380N14 £0·80 SFF98821A £4·25 CD40138 £0·40 SN7404 £0·10 

SL701C £2·50 CD4014 £0·78 SN7410 £0·19 LM381N £1 ·44 SN78003N £2·40 CD4015 £0·80 SN7412 £0·24 LM383 £1·80 CD4018 £0·38 SN7414 £0·55 
LM389N £0·96 SN78033N £1·85 CD40178 £0·72 SN7420 £0·18 
LM340T5 £0·25 SN76110N £1 ·85 CD40188 £0·76 SN7423 £0·28 
LM723CH £0·85 SN78115N £1·55 CD4019B £0·42 SN7426 £0·35 

CD40208 £0·90 SN7432 £0·24 LM723C14 £0·50 SN78228N £1·75 CD4022B £0·78 SN7440 £0·16 
LM741C14 £0·57 SN78228N £1·75 CD40248 £0·&4 SN7441 £0·85 
LM923 £0·44 SN78118N £1·75 CD40288 £0·75 SN7442 £0·49 
LM1303 £1·25 SN75588 £0·70 CD40298 £1·08 SN7445 £0·91 CD40348 £2·10 SN7446 £0·48 LM1801 £2·04 TAA283 £1·00 CD40358 £1·09 SN7447 £0·48 LM1871 £3·75 TAA521 £0·75 CD4040 £0·85 SN7448 £0·45 
LM1872 £3·75 TAA700 £1·50 CD40418 £0·88 SN7450 £0•19 
LM3914 £2·20 T8A120 £0·85 CD40428 £0·67 SN7453 £0·18 
NE543K £1·55 CD40478 £1·02 SN7454 £0·18 T8A570Q £2·20 CD4049 £0·34 
NE544 £1·80 T8A810S £0·90 CD40508 £0·38 SN7480 £0·16 
NE565 £0·25 CD40518 £0·75 SN7472 £0·28 

TBA990Q £2·95 CD4052B £0·75 SN7484 £0·95 NE668 £0·80 
TCA270S £3·15 CD40808 £1·28 SN7490 £0·33 

NE558 £3·12 TCA750 £2·85 CD4083 £1·40 SN7491 £0·83 
NE588 £1·05 CD4086B £0·45 SN7492 £0·31 
NE588 £1·53 TCA830S £1·26 CD4087 £4·25 SN7493 £0·33 
NE570 £4·25 TDA1005 £3·80 CD4088 £0·30 SN7498 £0·34 

TDA2540 £3·85 CD4089 £0·22 SN74107 £0·30 
SAAA5000 £3·04 CD4071B £0·22 SN74121 £0·28 
SAA5010 £7·11 TDA2511 £1·40 CD4072 £0·24 SN74141 £0·50 
SAA5012 £7-11 TL081CP £0·32 CD40738 £0·24 SN74155 £0·74 
SAA5020 £5·23 TL082CP £0·72 CD40768 £0·22 SN74167 £0·59 
SAA5030 £8·26 TL084CN £1·20 CD40818 £0·24 SN74154 £0·91 

CD40B2 £0·24 SN74155 £1·15 
CD40B5 £0·94 SN74174 £0·77 
CD40B8 £0·88 SN74182 £0·80 
CD4095 £1·35 SN74190 £0·85 
CD4098 £1·35 SN74192 £0·50 

PRISINSITISED POSITIVE FOTO RESIST PC JUST A TINY 
BOARDS 1 ·Imm THICK FRACTION OF OUR 

SIZE SINGLE SIDE DOUBLE SIDE RANGE. 
100 x 180mm £1·40 £1·85 ALL KINDS OF 
100 x 220mm £1·95 £2·05 COMPONENTS AND 
203 x 114mm £1·70 £2·10 ALSO TESTGEAR. 233·4 x 220mm £3·76 £4·50 

PLEASE ADD POSTAGE/PACKING 60p UNLESS STATED, ALSO 
15% VAT ON TOT AL-ALL ITEMS ON THIS ADVERTISEMENT 

SPECIALLY SELECTED FOR EX-STOCK DELIVERY. 

A. Mar•hall (London) Ltd., 
Klng•gate Houae, Klngagate Place, London NWI 4TA 

Industrial Sales: 01·328 1009 Mall Order: 01-124 1582 24hr service 
Also retell shops: 325 Edgware Road, London W2, 

40 Crlcklewood Broadway, London NW2, 
85 Weit Regent Street, GIHgow & 108A Stokes Croft, Bristol. 

Z7p 
Zip 
Hp 
Hp 

£1·ZO 
71p 
S1p 
2tp 
llp 

£1·71 
£1·50 

LM2117N £Z·Z7 
LM31100W Hp 
LM3909N 71p 
LM3911N £1·11 
LM3914N £Z·II 
LM3915N £1·H 
MC3340 £2-15 
T8A820 £1 ·05 
TL084 £2·51 
U237B £1·11 
ULN22838 £1 ·47 
ZN1034E £2-11 
ZN414 £1·11 
ZN419CE £Z·H 
ZN424E £2·14 
ZN428E £5·N 
CMOS 
4001 
4011 
4013 
4017 
4020 
4024 
4089 
4081 
4093 
4522 
40174 

LINEAR I.C.1 
555 Up 
558 71p 
741 Zip 
748 55p 
CA30BO £1 ·21 
CA3085A £1 ·Sl 
CA3130T £1-1Z 
CA3140E 57p 
HA1388 £2·15 
ICL7511 £1·14 
ICL.8038CC£3·12 
ICM7555 £Mt 
LF351 Sip 
LF353 Np 
LF358 llp 
LM301AN 31p 
LM309K £Z·N 
LM317K £S· 51 
LM317T £Z·H 
LM324N 7tp 
LM380N Np 
LM381N £1·11 
LM382N £1 ·12 
LM388N £1 · 04 
LM387N £1 · SI 
LM389N £1 ·21 
LM1830 £2·U 

OPTO 
8PX25 £2·24 
2N5777 IOp 
ORP12 Hp 
TIL32 l1p 
TIL78 74p 
LEDS WITH CLIPS 
3mm. Red 15p. Green 11p • 

Yellow Zip. 
5mm. Rad tip. Green Zip. 

Yellow 2tp. 
FLASHING LID 71p 
RECTANGULAR. Red Sip 
MAINS PANEL. Neon Sip 

I.C. SOCKETS 
8 pin lip 18 pin 22p 

14 pln 17p 24 pin 41p 
15 pin lip 28 pin 41p 
JACKSON 
300pF dllecon £2·31 
500pF dllecon £2·12 
C804 Ver. Capac.: 10pF £2·21. 
25pF £2·41. 50pF £2·U. 100pF 
£Z·IS. 150pF £S·41. 
'01' 385pF £3·41. '02' 385pF £4·4t • 
'02' 208 + 175pF U·N. 

ZENER DIODES. 400mW. 
BZY88. Range 2V7 to 33V. 

12p each. 

24p 
2Sp 
Up 
41p 
Sip 

£1·11 
52p 
ISp 
Mp 
Np 

£1·1Z 
ltp 
ltp 
Sip 
35p 
Z5p 
Hp 
11p 
11p 

Sip BFY51 
13p BFY52 
Np 8FX88 
Zip 8RY39 
Sip MPSA85 
31p RPY58A 
S7p TIP31A 
11p TIP32A 
11p TIP33A 
11p TIP34A 
11p TIP121 
11p TIP2985 
11p TIP3085 
11p TIS43 
11p TPSA13 
11p 2N3053 
11p 2N3085 
41p 2N3702 
Hp 2N3704 

Sip 2N5457 
4tp 2N5484 
11p 40873 
Ip AC128 

11p AC141 
SSp AC142 
47p AC178 

£2·12 8C182 'l: :g::L 
Sp BC154 

llp 8C184L 
11p 8C212 
17p 8C212L 
ltp BC213 
57p BC214 

£1 ·21 8C214L 
Zip 80131 
71p 8FY50 

1w CARBON FILM RESISTORS 

rJ11N�t��fi. 1;���E'i'ii'."iooR·:.jMi .. li: ==�� 
MIDGET POTS. LINEAR. 470R-4M7 S7p each 
LOG. 4K7-2M3 Sip each 
SWITCHED POTS. 4K7-1M. LIN. 75p. LOG 71p 

POLYESTER (CZIG) CAPACITORS, 2541V 
10nF; 15nF; 22nF; 33nF; 47nF 7� each. 88nF; 
��� ;:i,'.t'lf k2:?7F5�f,::.f 2!ri;��nF 20p. 

SUB MINIATURE PLATE CERAMICS, 13V 
Value• In pF: 2·2; 3·3; 4·1j 5·8; 0·8; 8·21 10; 15: 
22i 33i 47 & GepF 7p each. 88pF; 100pf 7p each • 

Jggg�� ::o�:ch�prr ::��: =�. :1::F 
7p oach. 10nF Up. 100nF fzp. 47nF 14p. 
ELECTROLYTIC CAPACITORS 
AXIAL Leada: 1uF/15V 11p; 1uF/83V, 1uF/100V 
1�:i,1Ut'{���;,Ff2l-tJ:¥1aatl:;iJii�FJty; 
22uF/28V 12p• 22uF/83V Up; 33uF/40\ 47uF/25v 
Up; 47uF/40V Up; 47uF/83V Hp; 100uF/18V 1Zp; 
100uF/25V Up; 100uF/40V 11p; 100uF/83V 21p I 
220uF/10V Up; 220uf1,25V 1tp; 470uF118V Zip; rt,�:mt. :p: 1��1iv ::: 1� u w:5i :: : 
1000uF/40V ;'f..; 1000uF/83V 71p; 2200uF/10V 31p; 
2200uF/25V Mp; 2200uF/83V £1 ·10. 
SWITCHES 
:::: ��=��N�p::p�tp; :�1J1fM�� �·P· 
FOOTSWITCH & ALT. ACTION apco £f·3t; 

dpco £1·N. 
R?:tr�.��.1-��-�-��'..��-��-��-�'..2.�.8;,:�:�h 
1ZV 115R DPCO RELAY £2·11 

SPEAKERS. Miniature. 8 ohm 17p 84·75 ohm llp 
CRYSTAL EARPIECE ISp MAGNETIC EARPIECti Up 
MONO HEADPHON!S £2·N STEREO HEADPHONES £4·H 
TELEPHONE PICK·UP COIL 7Zp F.M. AERIAL 4tp 
MIN. BUZZERS. 8V. 50p. 9V. £1 ·10. 12V. ISp. 
ANTEX XZS SOLDERING IRON-25W £4·11 
SOLDIRING IRON STAND £1·N 
SPARE BITS (for X25). Small, 1tandard, largo ISp each 
HOW TO SOLDER SHHT Up 
SOLDER SOB BIN 30p 
DESOLDIR PUMP £5·11 
DE80LDER SRAID llp 

��k�E:.-Ni:;n�w�i�i'iia··::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ;:: 
LOW COST CUTTERS £1 ·II 
LOW COST LONG NOSE PLIIRS £1 ·II 
WIRI STRIPPERS + CUTTIRS £2·41 
PCS ASSEMBLY JIG £11·11 
PCS ETCHING KIT £4·H 
PLASTIC TWEEZERS ltp 
EUROBREADBOARD £1·20 
BIMBOARD 1 £1·41 
S. DIC £3·11 

�:�ft1::·i'i'iia·:·io·;;··.iiim·.;;·:·io;;;,.�'foo,,A Pfn'....��l".�sv:::::::::::::::::::::··£;.:,.·.!�� 
VIROBOARD 0·1" COPPIR.10 otrlpa, 24 holu £1·20per5 
24S 37H. lip. 24S 50H. ltp. 38S 37H, Hp. 38S 50H. Hp. 
�r:T�i::�:.�":'i'oo'i.''::::::::::::·£1'.'i'i'''''''9p"jff''jiii.ci'''ciiTT'i'ii:::::::::::: .• �ti!: 
MULTIMETER TYPE 1. t.000 opv with prob 2" x 31" x 1" £1·11 
MULTIMETER TYPE 2. 20,000 opv with tran1l1tor teater £14·75 
CROC CLIP TEST LEAD SIT. to load, with 20 cllpa Np 

��:1':�<f,�Nc���: ��g�-JAUUtl'!ll;,11·::::::::::::::::::::::::::::::::::::::::::::::::::: �: 
TOWERS INTERNATIONAL TRANSISTOR SELECTOR £11·H 
AM·FM AIRCRAFT BAND PORTABLE RADIO £1·11 
I STATION DISK" INTIRCOM £7·41 S STATION £1·11 
PLUG-IN POWIR SUPPLY. 4·5V, 8V, 9V, 300mW U·lt 
DIMMER SWITCH £3·11 
PVC TAPE. 3 rael1 Mp 
DINTISTS INSPECTION MIRROR £2·15 

��":�L1;;::.:.1r1��";!_�::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: �;::: 
ILLUMINATED MAGNIFIIR. 11"£1-14 3" £3·11 

C108D 
TIC48 
OA47 
0A90 
OA202 
W005 woe 
Z5J 
IN400t 
IN4005 
IN4t48 
IN5404 
IN540B 
BF2448 
MPFt02 
TIS88A 
VN87AF 
2N38t9 
2N3820 

(VISA) 
tlNE OR 

COME. 
OPE: 
ayment 

£10·46 
.. £3·93 
01·98 

£5·13 
£8·10 

al poru 
lus dial 
01·31 
£15·17 
£19·n 

.. a-n 
.. £6•2' 
• £9·15 

. £6·15 
inc. pcb 

£3· 19 
.. 0·47 

£11·16 
.. £4·99 
.. £5·44 

.. £6·25 
£16·71 

£16·02 

. £4·05 
. £3·52 

• £6·93 
£13·48 

and pins 
. £3·22 
OlMI 

.. 0·60 
. £6·20 

•. £1·80 
. £1 ·21 
. £5·74 

e. board 
. £l·n 
. £1 ·97 

� former 
. p.c.b. 
. £6·98 

.. £1 ·66 
£1 ·79 

£11·77 
ess SKI 
. £2·53 
. £5·76 
diffuser 
. 0·98 
. £4·80 
08·80 

. £5· 11 
ss case 
. O·l4 

£r.tt, 
£16·09 

. £5·9' 
U·ll 

• £4·13 

JI ·: 

Everyday Electronics, August 1981 515 



EX PRICES 

SEND TODAY 50p (REFUNDABLE WITH flRST ORDER) FOR CATALOGUE 
TITAN TRANSFORMERS AND COMPONENTS 
CENTRAL HALL CHAMBERS GRIMSBY DN32 7EG HUMBERSIDE 

MAIL ORDER ONLY - PRICES INCLUDE 15%VAT EE s 

12/24V RANGE PAI 2201240\1 15!30V RANGE PAI 220/240\1 
SEC.��v SEC: S!0ff!0�lv 3!�to89'ttv 

P,/P 
VOL TS AVAILABLE 3 -1 15- 0 IS 

TYPE AMPS PRICE TYPE AMPS PRICE P/P 
12v 24v ' £ 15v 30v ' £ 

242 0·3 0· 15 I ·70 0·40 112 I 0·50 2·47 0·95 
213 I 0·50 2·32 0·70 79 2 1 ·0 3· 16 0·95 
71 2 I 2·51 0·90 3 4 2 5·64 I ·43 
18 4 2 3·24 I ·43 20 6 J 6·5' I ·73 
68 3 I ·5 3· 15 I ·43 21 8 4 7·10 I ·73 
85 5 2·5 5·52 I ·43 51 10 5 , ... I ·90 
70 6 3 6·26 I ·43 117 12 6 10·97 2 05 

108 8 4 7·36 I ·73 88 16 8 14·65 2 20 
72 10 5 8·05 I ·65 89 20 10 16 '3 2·35 

116 12 6 8·57 I ·90 90 24 12 11·14 2 55 
17 16 8 10·53 2·05 91 JO 15 21 ·56 2 65 

187 30 15 17·62 2·45 92 40 20 lO·OI 3·50 

48/98V RANGE PAI 120/220/240\1 AUTOTRANSFORMER$ 240/220-115V 
SEC:n'ftv iJ0tt96!lv r ooooOP,0009000001 65VA - 10KVA 

VOLTS 12-148-0-48 OY 11 Y 220\1 240\1 

TYPE AMPS PRICE P/P TYPE VA PRICE P/P 

' £ 48v 96v ' c lS 65 3·12 I ·10 430 I O·S 4·14 I ·43 64' 80 4·40 I· 10 431 2 I 7·ll I ·73 4 150 5·64 I ·43 432 4 2 11 ·87 2·05 69 250 7· 13 I ·73 433 6 3 14·47 2·20 53 350 1·97 I ·90 434 8 4 18·43 2·45 67 500 It ·09 2·20 435 10 5 1616 2·65 83 750 12·42 2·20 436 12 6 l2·75 4·00 84 1000 16·11 2·65 437 16 8 35·77 4·60 95 lKVA 31 ·16 4·00 
73 l 61 ·27 4·75 
57 5 87·42 6·60 

101 10 159·45 13·00 

M,t,INS ISOUTOflS !SA.ff.TY SCfUl:N I MAINS ISOUTOflS !SAFETY SCREEN I 

1>t11 no122011•ov t(C .Jv0\ff\t6Yf'66.Jv' .JvO\ffU6ftyi6.Jv ""1 :1eo1•111oov trc .JvO\ffoJl!fJtOO.Jv .JvOffll!P\fYdo.l 
TYPE VA PRICE P/P TYPE VA PRICE P/P 

' £ c £ 
149F 60 7·35 I ·73 243F 60 7·35 I ·43 
150F 100 1·61 I ·73 244F 100 8·61 I ·73 
151F 200 12· 15 2·05 245F 200 11· 15 2·05 
152F 250 14·75 l·lO 246F 250 14·75 l·lO 
153F 350 11·12 2·55 247F 350 18·ll 2·55 
154F 500 12·70 2·65 248F 500 17·70 2·65 
155F 750 Jl·OI 7·00 249F 750 31·01 7·00 
156F 1000 41 ·16 7·00 l50F 1000 41 ·16 8·00 

25/50\1 RANGE PAI 120/220/240\1 
SEC;�v�v 

VOLTS OUT 5 """'' 25-0-25 

TYPE AMPS PRICE P/P 
24v 50v ' ( 

102 I 0·50 2·11 I ·43 
103 l 1 ·0 3·60 I ·43 
104 4 2 7·04 I ·73 
105 6 3 l·JJ I ·90 
106 8 4 II· II I ·90 
107 12 6 14·79 2·20 
118 16 8 20 49 2·55 
119 20 10 24 n l 55 
109 24 12 19·39 3 50 

CASEO AUTOTRANSFORMERS 
l40\I LEAD IN 115\1 2PIN SOCKET OUT 

TYPE VA PRICE P/P 

' £ 
56W 20 5·52 0·58 
64W 80 7·63 I ·43 
4W 150 9·63 I ·73 

69W 250 It ·91 I ·90 
67W 500 18·67 2·20 
84W 1000 16·90 2·65 
95W 2000 41·45 7·00 
73W 3000 69· II 8·00 

INVIIITOII 
IN 12v DC Nom 
OUT 240v AC Square wave 100VA Con 

150 VA Peek 
INV. 1 CA SEO-PVC ceverod ,teel CHO 

i;l�. �\�:�1r!:!1�r�: t:t.�·3S 
p&p £2·35 

30/80VAA""6E PAI 120/220/240\1 

SEC: �SOffldftv �v 
VOLTS &-130-0-J 

TYPE AMPS PRICE P)P 
30v 60v ' c 

124 I 0·5 2·92 I ·43 
126 2 I 5·78 I ·43 
127 4 2 7· 13 I ·73 
125 6 3 10·7] I ·90 
123 8 4 12·28 2·20 
40 10 5 15·55 2·20 

120 ll 6 17·72 2· 35 
121 16 8 15·09 2·65 
Ill 20 10 29·07 4·00 
189 24 12 33 ·51 4·60 

LINE AOJUSTMENT AUTOTRANSFORMERS 
r ooqoooqoooooooooooooo1 
0 200 210 220 230 240 250 

TYPE VA PRICE P/P 
I. £ 

41SC so l· 13 0·58 
416C 100 3· 13 I ·10 
417C 200 3·65 I ·43 
418F 350 5·63 I ·43 
419F 500 6· 13 I ·73 
420E 750 7·60 I ·90 
421F 1000 10·55 2·05 

HAINS ADAP'TOIIS 
IJ AMP' P,LUG·IN TYP,I 
IIIVIIISIBLI SP'IDEII JACK LIAD 
TYPE VA mA PRICE P/P 

100 6-7·5-9v 250 3·85 58 
IOI �,�i�;�d 300 4-70 58 

PLEASE QUOTE NO. OF PACK& WHEN OIIOEIIING 

MIGHTY NINETY PACKS 
SUPER VALUI; PACKS ALL AT 90p EACH 

POSTAGE 20p PER PACK UP TO FOUR PACKS 
FIVE OR MORE POST FREE 

BUY SIX PACKS AND GET A SEVENTH PACK FREEi 

TECHNICAL TRAINING 
IN ELECTRONICS AND 

TELECO�CATIONS 
JCS can provide the technlcal knowledac thal 11 so oucnllal 10 your succeu: 
knowledac lhat will enable you to take advantaac or lhe many opponunlllea 
open 10 you. S1udy In your own home, in your own lime and at your own 
pace and if you arc 11udyin1 for an examination JCS 1n111111n1ee coachln1 
unlil you are succeurut. 

City and Guilds Certificates: 
Telecommunications Technicians 
Radio, TV, Electronics Technicians 
Technical Communications 
Radio Senicing Theory 
Radio Amateurs 
Electrical Installation Work 
MPT Radio Communications Certificate 
Diploma Coones: 
Colour TV Servicing 
Electronic Engineering and Maintenance 
Computer Engineering and Programming 
Radio, TV, Audio Engineering and Servicing 
Electrical Engineering, Installation 
and Contracting 

POST OR PHONE TODAY FOR FREE BOOKLET 

ICS �!�ernational Correspondence 

MNt. 300 t-wott Rulstors pre-formed for 
P&C Mtg. 
MN2. 200 i, AND t-wolt Re1l1tors. 
MNJ. 100 1 & 2�w1tt Rasl1tora. 
MN•. 50 WI rewound Reelatore. 
MN5. 100 metal oxide Resistors. 1 %, 2% 
and 5%, 
MNl.12 a11td. potentiometers. 
MN7. 25 aaatd. skeleton nre-eet Real1tora. 
MNI. 50 a19td. Eletrolytlc Capacltora. 
MNI. 100 asstd. Ceramic Capacl!or1. Plte, 
dlec, tub and monolytlc etc. 
MNto. 100 mixed capacttora. PolyHter. 
Poly1tyrene. Metalliaed, Radial and Axial 
types. 
MNtt. 20 a11td. Sliver Mica Capacllors. 
MN12. 8 Tantalum Bead Capacitor, (u1eful 
valuee). 
MNU. 20 osatd. Transistors. BC, 2N 
Serlea + Power etc. 
MNt4. 40 IN4148 Diode,. 
MNU. 5 Light Senaltlve Device,. 
MNH. 20 min. wlre-ended Neon,. 
MN17. 2 tz-vett Relays. Ex nearly new 
equip, 
MN11. 3 Encapsulated Reed Relays. 9·12v. 
coll, d .• pole and t,.pole. 
MN11. 2 24·volt Relays. Ex nearly new 
equip, 
MN2G, 1 240·110 to 12·volt, 100ma Tran,. 
former. 
MN21. 1 240-110 to 24-volt 100ma Trana 
former. 
MN22. 8 ·2" Ltd's wllh clips. 4 red, 2 
yellow, 2 green. 

MND. 11b 111td. serews. nut,, washare, 
aelf·tappert etc. 
MNU. 100 a1atd. ,mall springs. 
MNll. 50 a11td. pop rivets. 
MNZI. 50 aa1ted. Insulated crimps. 
MNn. 200 Items, grommets, apacer1, 
cable marker,, pla1tlc 1crew1, sleeving, 
tie wrap, etc. 
MNn. 20 a11td. fu111. 1j," 20mm etc. 
MNn. 75m equipment wire, 111td. 
colour, and sizes. 
MNM. 3 x 2m length, 3 core, mains cable. 
MNlt. 12 as1td. trimmer capacitors, com· 
pre11lon fllm. Alr·1p1ced etc. 
MNU.15 30pf Beehive trimmers. 
MNl3. 20 coll formers, ceramic, plastic, 
reed relay etc. 
MN:W. 25 min. glaas reed switch. 
MN:SS. 10 a11td. switches, toggle, slide, 
micro, etc. 
MNS7. 10 autd. audio connectors. Din 
phono etc. 
MNll, 1 PCB with trlac control IC data Inc. 
MNJI. 1 oscillator PCB loada of com· 
ponents (no data). :=::: n :�1�lT�:�.<r:e,��'.10"· 

MN43. 10 BC108 Tran1l1toro. 
MN44. 10 1crew flx S.P. C.O. min. slide 
awltch. 
MN45. 5 1·35V. 1,000 mA/H. Mercury 
�a�;.'.e: !1"c�a�t:�1blg!1�.��Y�ior. 

::::: � �n��� min. 1wllches. 

f:Ps' fJn�:,:��:o�, Jtfrdon 

Subtec1 of lnteresl ...........................................•...... 
Name ....................................•............•.......... 
Addre11 . 
. . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . Tel: Aac: . 

....................... 111111 ......... � 
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CHORDGATE LTD. 
75 FARINGDON ROAD, SWINDON, WILTS. 

Tel. Swindon (0793) 33877. lletall 11Htp 11t ....,vo oddre11 . 
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With purchases totalling mer £17·50. Cu BE MANIA-FREE OF CHARGE I Only on request, at time of ordering. 
• Offer closes 31/8/81. Subject to availability. 

M12 (left) 
Resin 

£17·95 

W-150 (left) 
£32·50 

Ml200 (right) 
S/S 

£29·95 

W-150C (right) 
£25·95 

A w 

• 
•• 

�·!: ... 
CA-901 (right) 
£29·95 

CA-90 (left) 
£24·95 

WlOO (left) 
£19·95 

UCSOW (right) 
SOm W/R 
£19·95 

7 Daily melodies, one for each day, 3 anniversary 
melodies, 2 date memories. hourly chimes, count 
down alarm timer with countup after zero, or 
stopwatch. 
LCD ANALOGUE/DIGITAL with amazing "star· 
burst" display. Dual time (analogue and digital), 
alarm, hourly chimes, countdown alarm timer, 
stopwatch, auto calendar. 
AA81 Chrome £29 · 95. AA82 S/S £39 · 95. 
AA81G Gold £49·95. 
Also: F81 Alarm, stopwatch, etc. Resin case/strap. 
£12·95 

12 MELODY ALARMS AND 
STOPWATCH 

Time and auto calendar, calculator, alarm, hourly 
chimes, stopwatch, dual time, DIGITAL SPACE 
lNV ADER GAME. 

SYMPHONIC ALARM CLOCK 

Time and auto calendar, alarm, hourly chimes, 
countdown alarm timer with repeat memory function, 
stopwatch. Time is always on display, regardless of 
mode. Stainless steel. 

WlOO. Resin case/strap version of WI SO (same 
specification). 
UCSOW. 50 metre water resistant with universal full 
month calendar display with forward/backward 
stepping. Alarm. hourly chimes and stopwatch. 
Stainless steel. 

THESE SPACE INVADERS WILL 
ALARM YOU- 

THE PRICE WON'T 
Casio's most amazing watches ever l 

100 METRE WATER RESISTANT 
WATCHES 

with alarm and stopwatch 

MA-1 
£9·95 
Mozart No. 40 
or buzzer. 
Hourly chimes. 
Snooze facility. 
If x 4i x 3". 

FXSIO 

FX8100 

FX502P 

UC360 

FXIOO 

FX7100 

FX3500P 

UC365 

FX81 

FXl80P 

FX6100 

CASIO MELODY ALARM CLOCK 
CALCULATORS 

8 
I
Q�QOQg 
..,OOOCC'l ..... ..... 

.!!!!!!!!!!!!!!!!!!!!! � 

SUPER SCIENTIFICS WITH TIME 
DIMENSION 

FX8100. 46f. Clock, calendar, alarm, hourly chimes, 
�24��iown alarm, stopwatch. i x 2! x St". 

FX7100. Card version without calendar. £24·95 
FX6100. Hand-held version of FX7100. £17·95 

CASIO PROGRAMMABLES 
with A.P.O. and memory and programme retention 

FX81. 8 digits. 30 scientific functions. 4,000 hours 
battery life. Auto Power Off. f x 3 x St". £12 · 95 
FXlOO. lOd, 44f. 7,500 hours. A.P.O. f x 3 x St". 
£16·95 
FX550. Replaces FXSIO shown above. l lithium 
battery lasts 13,000 hours. A.P.O. lOd, SOf. 
i x 2t x Si". £19·95 

FX180P. lOd, SSf. 2 programmes, 38 functional 
steps. Integrals and Regressional analysis. 
l x 3 x St"· £19·95 
FX3500P. As FXl80P but 6lf. It x 2i x Sf'. 
£22·95 
FX602P. Similar to FXS02P, shown above. Alpha· 
numeric display with dot matrix. 32-512 (maximum) 
program steps. 22-88 (maximum) registers. 33 
parentheses at 11 levels. Jumps: Unconditional, 
10 pairs. Conditional, up to 9 subroutines up to 
9 levels. £74 · 95 

UC365. 3 melodies, universal calendar, date 
memories, two date alarms, daily alarm, hourly 
chimes, countdown alarm/stopwatch, time memory. 
t x 4! x 2t". £19 ·95 
UC360. Card version of above. ir x Ji x 2t". 
£19 ·95 
UCJOOO. Office version. 1! x 4 x 61". £27·95 
MQ1200. 12 melodies, 2 alarms, hourly chimes, 
date memories, anniversary memories, calendar. 
1 i\ x 6 x 21#. £19·95 
ML-90. Wallet version of above, with stopwatch. 
£14·95 
ML-75. Card version of ML-90. i\ x Ji x 2t". 
£15·95 
ML2000. Office version of MQ-1200. lf x 4 x 61". 
£22·95 

CASIO SCIENTIFIC CALCULATORS 
WITH LIQUID CRYSTAL DISPLAY 

for long. long battery life 

SEND 20p FOR DETAILS OF SELECTED CASIO AND SEIKO PRODUCTS 

(R.R.P. £39·95) 
ONLY £35·95 

VL-1 records and plays back up to l 00 notes as a 
melody. One Key Play or Auto Play of Piano, Violin, 
Flute, Guitar and Fantasy, or create your own 
unique sounds with A.D.S.R. IO built-in Auto 
Rhythms and Tempo control. LCD digital readout 
of notes and tempo. Also a calculator. Battery 
powered with memory and program retention. 
Integral amplifier/speaker. Output jack. With Song 
Book. Dims: lj- x I l i .. 3". 

CASIOTONE POLYPHONIC 
KEYBOARDS 

With built-in amplifier and loudspeaker 

BECOME AN INSTANT MUSICIAN 
NO EXPERIENCE NECESSARY 

The auccess story of 1981. Hundreds sold already! 
As featured on uTomorrow's World" 

Create your own music with a VL-TONE. You 
combine the sound, rhythm and tempo and the VL-1 
plays it back ... beautifully! 
CASIO VL-TONE (VL-1) 
Electronic Musical Instrument 
and Calculator - - 
� -· .. 
� --;-, I I I ii I ... 

: ....... 

22 instruments over 3 octaves. 4-position sound 
memory. Battery or mains. 0/P jack. Dims: 2t x 
22! x 61". 61b. 

** NEW ** CASIOTONE CT-202 
"Son of success . . . The two harpsichords demon· 
strate the Casiotone's talent for sparkling, crystal 
clear tones . . . Even more impressive is the 
clav ... " (Melody Maker). 

�- 
49 instruments over 4 octaves. 4-voice memory 
function with push button selection. 3 vibrato 
settings and sustain. Pitch control. 0/P jacks. 
AC only. Ji x 34t x lli\". IS·8lbs. 

CT-301 

14 instruments over 4 octaves. 8 x 2 rhythm accom 
paniments. Vibrato and delayed vibrato. Start/stop, 
synchro start, tempo control, tempo indicator, and 
rhythm volume. Pitch control. AC only. 0/P jacks. 
4i x 3 It x l 2t". 271bs. 

crao,� 

�5) 

ONLY £295 
As 301 plus following: 16 rhythm accompaniments, 
with fill-in. Casio Auto Chord for one finger or auto 
accompaniment. Plays major, minor and 7th chords 
with bass. Balance control, C.A.C. lever, chord lever, 
memory lever and octave switch. Dims as 301. 
Weight 28 ·2lbs. 

PRICE includes VAT and P&P. Send T' V Jlllp•T� Dept. EE, FREEPOST, 164-167 East 
cheques, P.O. or phone your ACCESS _Llffi. U � Road, Cambridge CB11DB 
or BARCLAVCARD number to: Tel: 0223 312866. 
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Every ZX81 comes 
with a cornpre 
hensive, specially 
written manual-a 
complete course 
in BASIC program 
ming, from first principles to complex 
programs. You need no prior knowledge 
-children from 12 upwards soon 
become familiar with computer 
operation. 

New 
Sinclair 
teach-yourself 
BASIC 
manual 
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Proven micro-processor, new BK BASIC 
ROM, RAM-and unique new master chip. 

518 

Higher specification, lower price 
how's it done? 
Quite simply, by design. The ZX80 
reduced the chips in a working computer 
from 40 or so, to 21. The ZX81 reduces 
the 21 to 4! 

The secret lies in a totally new 
master chip. Designed by Sinclair and 
custom-built in Britain, this unique chip 
replaces 18 chips from the ZX80! 

Lower price: higher capability. ·. ····.:·::·::'-::-::-::::-:·.:· ... 
With the ZX81, it's just as simple to ··.:·-.:-:-::\:.,.,,.:-: ... 
teach yourself computing, but the ··:.:·.:·\\:.:·.:-:·: . 
ZX81 packs even greater working :·.:;:\ , . 
capability than the ZX80. • · ·\:-1 :-., ..... ,.:, 

It uses the same micro-processor, Kit or bUI f- .... : -, ·.:·.:·::::-::::-:·i .... }\':·:·.:, 

but incorporates a new, more powerful it's up to you•···:.:·.:·\\{};,:·; ..... 
8KBASIC ROM -the 'trained intelligence' • · '·-".::\?·:.:·: . 
of the computer. This chip works in The picture shows dramatically froW/1)} 
decimals, handles logs and trig, allows easy the ZX81 kit is to build: just four ··:·::·.:·,::-:: .. : . 
you to plot graphs, and builds up chips to assemble (plus, of course the ····'-· 
animated displays. other discrete components)-a few 

And the ZX81 incorporates other hours' work with a fine-tipped soldering 
operation refinements-the facility to iron. And you may already have a 
load and save named programs on suitable mains adaptor-600 mA at 9 V 
cassette, for example, or to select a DC nominal unregulated (supplied with 
program off a cassette through the built version). 
keyboard. Kit and built versions come complete 

with all leads to connect to your TV 
(colour or black and white) and 
cassette recorder. 

Reach advanced 
computer comprehension 
in a few absorbing hours 
1980 saw a genuine breakthrough-the 
Sinclair ZX80, world's first complete 
personal computer for under £100. At 
£99.95, the ZX80 offered a specification 
unchallenged at the price. 

Over 50,000 were sold, and the 
ZX80 won virtually universal praise from 
computer professionals. 

Now the Sinclair lead is increased: 
for just £69.95, the new Sinclair ZX81 
offers even more advanced computer 
facilities at an even lower price. And 
the ZX81 kit means an even bigger 
saving. At £49.95 it costs almost .. ,, 
40% less than the ZX80 kit! .;;;?·: ·.�:·-:·: 

New! Sinclair 1181 
Personal Computer. 
Kit: £49. n com�lete 

111111: 
£69.91 



TOTAL£ _ 

How to order your ZX81 
BY PHONE-Access or Barclaycard 
holders can call 01-200 0200 for personal 
attention 24 hours a day, every day. 
BY FREEPOST -use the no-stamp 
needed coupon below. You can pay by 
cheque, postal order, Access or 
Barclaycard. 
EITHER WAY-please allow up to 28 
days for delivery. And there's a 14-day 
money-back option, of course. We want 
you to be satisfied beyond doubt-and 
we have no doubt that you will be. 

Designed as a complete module to fit 
your Sinclair ZX80 or ZX81, the RAM 
pack simply plugs into the existing . 
expansion port at the rear of the com 
puter to multiply your data/program 
storage by 16! 

Use it for long and complex pro 
grams or as a personal database. Yet it 
costs as little as half the price of com 
petitive additional memory. 

16K·BYRRAM 
pack for massive 
add·on memory. 

Qty Item Code Item price Total 
£ £ 

Sinclair ZX81 Personal Computer kit(s). Price includes 
ZX81 BASIC manual, excludes mains adaptor. 12 49.95 
Ready-assembled Sinclair ZX81 Personal Computer(s). 
Price includes ZX81 BASIC manual and mains adaptor. 11 69.95 
Mains Adaptor(s) (600 mA at 9 V DC nominal unregulated). 10 8.95 
16K-BYfE RAM pack(s). 18 49.95 
BK BASIC ROM to fit zxso. 17 19.95 
Post and Packing. 2.95 

Please tick if you require a VAT receipt D 
*I enclose a cheque/postal order payable to Sinclair Research Ltd, for£ _ 
*Please charge to my Access/Barclaycard/Trustcard account no. 

The new BK BASIC ROM used in the 
Sinclair ZX81 is available to ZX80 
owners as a drop-in replacement chip. 
(Complete with new keyboard template 
and operating manual.) 

With the exception of animated 
graphics, all the advanced features of 
the ZX81 are now available on your 
ZX80-including the ability to drive the 
Sinclair ZX Printer. 

Address I 
I I I 

*Please delete/complete as applicable. Please print. 

Name: Mr/Mrs/Miss �I �I �I �I �I �������������I �I �I - 

Designed exclusively for use with the 
ZX81 (and ZX80 with BK BASIC ROM), 
the printer offers full alphanumerics 
across 32 columns, and highly sophisti 
cated graphics. Special features include 
COPY, which prints out exactly what is 
on the whole TV screen without the 
need for further instructions. The ZX 
Printer will be available in Summer 1981, 
at around £50-watch this space! 

Coming soon· 
the IX Printer. 

���S.!:.:!�"!!."!!d�·- ,!_V;!B_J 
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If you own a 
Slnclalr 1180 ... 

-------------------------� I To: Sinclair Research Ltd, FREEPOST 7, Cambridge, CA21YY. Order I 

Sinclair Research Ltd, 
6 Kings Parade, Cambridge, Cambs., 
CB21SN. Tel: 0276 66104. 
Reg. no: 214 4630 00 
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ZX81 

New, improved specification 
• Z80A micro-processor- new faster 
version of the famous Z80 chip, widely 

recognised as the best ever made. 
• Unique 'one-touch' 

key word entry: 
theZX81 

eliminates a great 
,; deal of tiresome 
typing. Key words 
(RUN, LIST, PRINT, 

etc.) have their own 
single-key entry. 

• Unique syntax- 
" check and report codes 

" identify programming 
errors immediately. 

/ • Full range of mathematical 
/ and scientific functions accurate 

,," to eight decimal places. 
" eGraph-drawing and animated 

? display facilities. 
• Multi-dimensional string and 

numerical arrays. 
e Up to 26 FOR/NEXT loops. 
• Randomise function-useful for games 
as well as serious applications. 
e Cassette LOAD and SAVE with 
named programs. 
e1K-byte RAM expandableto16K 
bytes with Sinclair RAM pack. 
• Able to drive the new Sinclair printer 
(not available yet-but coming soon!) 
• Advanced 4-chip design: micro 
processor, ROM, RAM, plus master chip 
- unique, custom-built chip replacing 
18ZX80chips. 



and Popular Features ... 

MATTER OF TIME 
How many beats to the bar? Soft 

or hard boiled? Two well known 
instruments that cater for these 
rather different needs have their 
electronic counterparts in this issue. 

The CMOS Metronome produces a 
steady ticking which is often preferred 
by musicians to the tick-tock of the 
traditional clockwork driven beat· 
marker. The L.E.D. Sandglass uses a 
column of lights to register the pas 
sage of time from two minutes to 
four-and-a-half minutes, in half-min 
ute intervals. 

MORSE PRACTISE 
Are some CB Breakers getting the 

Amateur Radio bug, as well? At 
any rate, the number of Licensed 
Amateurs is increasing and a demand 
for a learning aid such as our Morse 
Practise Oscillator is apparent. A fact 
underlined by those readers who 
complained about the omission of this 
project from last month's issue. We 
apologise for the error in mentioning 
the Morse Practise Oscillator on the 
July cover and so inadvertently raising 
expectations not fulfilled by the actual 
contents. The one-month delay in 
waiting for this project we trust will 
not have cooled anyone's ardour to 
acquire an Amateur Radio Licence. 

FUND RAISER 
Everyone enjoys a flutter, and there's 
always some good cause in need of a 
fund raiser. The modern art of elec 
tronics has its part to play here, for 
it enables the updating of traditional 
fairground or bazaar amusements, 
making them suitable for voluntary 
neighbourhood events-indoors or out. 

Our all-electronic version of that 
old favourite the Wheel of Fortune 
operates either from a 12 volt car 
battery or directly from the mains. 
It is quite portable so if the need 
arises it can be rapidly transferred 
to that alternative indoor venue which 
prudent fete organisers always an 
nounce on their bills, in recognition of 
the vagaries of the British summer. 

CHILD PROOF 
The child-proof medicine container 

does not always live up it its name. 
Little fingers often discover the secret 
of the safety bottle cap and, hey 
presto, the lid is off before a parent 
is alerted as to what is going on. 

Locking the medicine cabinet is one 
sure way of preventing such hazards, 
but for family reasons this is not 
always desirable. Another way to 
thwart an infant's explorations in a 
danger area is to fit a simple alarm 
device that sounds off whenever the 
cabinet door is opened. This is just 
one example of possible uses for the 
Door Alarm described this month. 

Projects ... Theory ... 
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returns to zero and repeats; it may be 
manually reset by briefly putting Sl 
in its upper positioo. 

IC2 is a decimal decoder, accepting 
a binairy input and decoding this to 
cause one of its outputs to be logic O 
with the remainder at lo� 1. Wbrob 
output is "on" is decided by the 
binary count at its input, pins 3, 6, 
7 and 4. 

The four least significant outputs 
are not used since they correspond' to 
time intervals of zero to 112 minutes 
assuming the pulses are arriving at 
a ,rall:e of one every half-minute. The 
result of the input pulses therefore 
rs to cause the l.e.d.s Dl to D6 to 
successively turn on every haU 
minute from two minutes after 
initialisation. 

Each l.e.d. remains lit for balf a 
minute and extinguishes when the 
next one lights up. Time passing is 
thus shown at half minute intervals 
against a scale on the case. 

A further green l.e.d., D7, lights 
when the, unit is switched on and 
thus functions as a power-on indica 
tor. 

Control is by Sl, a three-position 
slide switch. Both sections are shown 
off in Fig. 1. At Slb, both centre and 
on positions close the battery circuit. 
Sla only closes the reset circuit 
(grounds pins 2 and 3) of IC:1 in the 
fully up position. In use, the switch 
is moved from OFF to RESET and back 
to ON to start timing. This ensures 
that !Cl is always started in the state 
corresponding to the "O" output of 
IC2, to allow correct indication by the 
l.e.d.s. 

The l.e.d. connected to IC2 comes 
on after 412 minutes, and remains on 
for a half minute. It thus extinguishes 
at 5 minutes. If it is preferred for 
this l.e.d. to remain on, a diode may 
be connected, anode to positive of Cl, 

IC2 '2' 

7«1 '3' 

rn + • k T 
� Bii . 

•"2� [1] 

� 
rn 

GNO 9 � 12 
MINUTES 

01·06• TIUOII ELAPSED 
iRESET! • St�o � Sib,-) 

I O ruJ I O .... _____ ------- ------------------ ..J 

The complete circuit diagram of the L.E.D. Sandglass. 

VRl is a preset which allows the 
repetition rate to be adjusted. These 
pulses are produced for as long as 
the lllllLt is turned on. 

ICl is a, binary counter where 
pulses reaching its input, pin 14 are 
counted, and the number received 
outputted in binary at pins 12, 9, 8 
and 11. !Cl ooents up to ten and then 

OFF 

�a� lass 
BY F.G.RAYER g 

CIRCUIT DESCRIPTION 
The circuit dli,agram is shown in 

Fig. 1. Pulses are generated by TRI, 
a unijunction transistor. Cl charges 
up via Rl and VRl and when a cer 
taiin threshold voltage is reached, the 
capacitor rapidly discharges into the 
emitter of TRI and through bl intx> 
R3. The result of this is the genera 
tion of a narrow voltage pulse at bl. 
As soon as Cl is discharged, it begins 
to charge up again to repeat the pro 
cess. The result is a train of pulses. 

T HE unit described in this article 
was designed to be an electronic 

replacement for the conventional 
sand-in-glass type of egg timer, but 
it couldi also find: other applications 
for short dluraition timing in and 
around the home. 

Rising illuminations in a column of 
six light emitting diodes shows times 
in half-minute intervals from 2 
minutes (for lightly boiled small 
eggs) to 412 or 5 minutes for hard 
b<riled eggs. 

The way in which tlime is passing 
is indicated by the position of an 
illuminated' l.e.d. stepping along the 
column. This is diifferent from many 
other egg timer projects in that the 
display indicates the position reached 
in the timing cycle. 
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Finished prototype with circuit 
board removed from case. 

Completed prototype board shown 
fitted with extra diode-see text. 

on the prototype and protected by a 
spray of varnish. 

Logic i.c.s in the 7400 series, as 
used here, normally operate from 5V. 
This may of course be used. A 4 · 5V 
supply was found satisfactory, but 6V 
must not be employed, unless a 
series diode (IN4001, IN4148 for 
example) is put in the positive battery 
lead to drop O · 6 volts making the 
supply 5 ·4 volts. This is acceptable 
by 7400 series logic i.c.s. ):t 

• 0 .. 0 0 0 • • 0 0 • 0 0 • 0 00 0 0 • 
0 0 0 • 0 0 0 • 0 0 0 0 0 0 • 0 0 0 0 0 0 
0 0 •• 0 0 0 0 0 0 0 0 0 0 0 • • 0 0 •• 
0 0 ai �� 0 0 • 0 0 0 0 0 0 • • • 0 • 0 
0 0 � � 0 0 0 0 .. • 0 0 0 0 0 0 �

 
0 

0 0 0 0 0 • 0 0 0 0 j� �� • • • 0 0 •• 
• 0 0 • 0. 0 0 0 0 � 

0 0 0 O e O 
• 0 0 0 0 0 0 0 0 0 oia ao oC � 

0 �� � 0 0 0. io 0 • 0 0 •• • • • • • 0 
0 0 la O �. 0 0 0 0 • 0 • 0 • 0 o• 0 • 0 
0 0 • 0 • 0 0. 0 0 u 0 0 c O O c O CO 
0 0 • 0 0 0 0 0 0 0 •• 0 0 • 0 0 0 0 •• c O ill O 0 0 0 0 • 0 •• • • •• • • O e O 

• � 0 0 0 0 0 0 o• .. 0 0 .. .. 0 a C o 
0 0 jll O 0 0 0. 0 0 � 0 O!ll go og 0 •• 
0 0 0 0 00 0. 0 • • • • • • • • • 0 • 0 
0 0 0 0 • 0 0. 0. 0 0 •• 0 • • 0 O C O 
0 0 0 0 0 0 0 0 • 0 O O 0 0 0 0 0 0 0 •• 
• 0 00 I• o C O 0 0 O C O 0 

UTSRQPONMLKJIHGFcDCBA 

81 -Ve 

e b2 b1 

8TR1 
UNDERSIDE 
VIEW 

Fig. 2. The layout of the components on the topside of the stripboard and under 
side view showing breaks and connections to be made. 

plete the reset line 
ICl only after Slb 
is closed, or the 
count may start 
Wlith other outputs 
to give an errone 
ous timing interval, 

One way to set 
VRl is to clip a volt 
meter across R3, 
and adjust for 
pulses at 30 second 
intervals, Afil:er 
switching on, a 
meter test should 
show pins 15, 8 and 
9 on IC2 going low 
at half-minute inter 
vals, followed by the 
l.e.d.s stepping on 
at this rate. 

CASE 
A plastic box approximately 100 x 

75 x 45mm will take the board and 
battery. The l.e.d.s emerge through 
holes drihled in the case top. Exact 
drilling can be easily arranged by 
marking through a spare piece of 
0 · lin board. A scale marked for 2, 
212, 3, 312, 4 and 412 minutes should 
be made to fit alongside the 
appropriate l.e.d.s. Letraset was used 

Capacitors 
C1 47µF 6V elect. radial leads 

preferred 
C2 1 On F ceramic or plastic 

cathode to IC2, pin 2. Then when the 
412 minute l.e.d. lights, Cl will no 
longer charge, and pulses wi,U cease. 

Miscellaneous 
VR1 220kn horizontal skeleton 

preset 
81 4·5V type 1289 
S1 2-pole 3-position slide 

switch 
Stripboard: 0·1 inch matrix size 
21 strips by 19 holes; i.e. sockets: 
14-pin d.i.1., 16-pin d.i.l.; short 
length of brass strip for making 
battery connectors; plastic case, 
size 100 x 75 x 45mm (approx.) 

Semiconductors 
TR1 TIS43 n-channel unijunction 

transistor (E5567 and UT46 
also suitable) 

IC1 7490 TTL binary counter 
IC2 7441 TTL decimal decoder 
01-06 TIL209 0·15in. red l.e.d. 

(6 off) 
07 TIL221 0·2in. green l.e.d. 

COMPONENTS 
Resistors 

R1 470kn 
R2 47on 
R3 izon 
R4 zco 
R5 41on 
All i watt carbon ± 5% page 535 

BOARD ASSEMBLY 
The board used in the prototype 

was 0·1 inch matrix stripboard size 
21 strips by 19 holes. The layout of 
the components on the board topside 
are shown in Fig. 2, together with 
the breaks to be made on the under 
side. Check that each point really is 
completely cut, and that fragmeots 
of foil do not touch adjacent strips. 

If necessary, check polarity of the 
l.e.d.s in advance, with a 5V or 
similar supply and 470 ohm resistor. 
Set them in line at the same height 
on the board. The cathode is usually 
marked by means of a notch on the 
body alongside this terminal. 

A hole centrally under VRl allows 
this to be adjusted by means of a 
small screwdriver. 

Several different types of unijunc 
tion were found to work satisfae 
torfly. If base 1 pulses do not step-on 
the counter slightly increasing the 
value, of R3 can be expected: to cor 
rect this. 

External connections consist only of 
those to battery and switch. Slb is for 
the negative line, and Sla must com- 
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% 
MORSE 

% 
PRAC ISl:l (),&� 

1<-t.ATOR 
� 

by F. G. Rayer 

THE USE of Morse code is one of 
many Soout activities and a know 

ledge of the code is also necessary to 
obtain an Amateur Glass A licence. 
This unit is sui,table for practise alone, 
with a companion or with a group. It 
is designed for mains running but a 
battery supply is a practical alterna 
tive. 

UNIJUNCTION 
Referring to the circuit in Fig. 1, 

IBI is a unijunction transistor con 
nooted as a relaxation oscillator. Fre 
quency is determined by 01, Rl and 
v:Ril and the output appears at base 
1 of the transistor. The frequency ma� 
be varied by changing the time con 
stant of the RC combination (Cl, Rl 
and ffil), and this is achieved by 
varying the value of VRI. 

The output of this oscillator is 
taken from base 1 of 'ml and fed 
via C2 to the volume control VR2. 
This varies the input to ICll, an audio 
power amplifier. Little need be said 
abouJt this stage as all signal process 
ing is carried out inside the chip. 

The audio outlput appears at pin 8 
and is fed via CS directly to the loud 
speaker. Although any impedance up 

to 50 ohms is specified greatest 
volume is obtained with the lowee 
impedance types-say eight or even 
four ohms. 

POWER 
For battery running a 12 volt 

supply is suitable. Positive is taken to 
point A on Fig. 1 and negative to 
point B. An on-off switch could be 
included in the positive battery lead. 

Where mains running is envisaged, 
Tl, DI, Di2 and C6 will be included. 
Double-pole swioohing is provided by 
SL 'Ibis is the ON/OFF switch. Mains 
power is stepped down to low voltage 
by Tl and then rectified by Dl and 
02 and smoothed by C6 to provide 
a d.c. voltage rail. 

Skl!KEYi c A+ • 
DI 

1NAOO! 

RZ C6 + 1·2k(l 680JJF 

"' 
bl I 

� 
bl i TRI C2 J.JnF 

2N2&46 

C1 k 
LSI 

/OnF 8-SOA 
R3 02 
1.Zk/l + 1N4001 VR2 I c, 

Skil Cl IJJF 
!VOLUME! I 390pF" 

s_ E 
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Fig. 1. Full circuit diagram of the Morse Practise Oscillator. 
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Fig. 2. Circuit board 
layout and internal 
interwiring. Note 
that the board is 
earthed to the case 
via the tag bolted 
under one of the 
mounting pillars. 
(See inset below 
left.) 
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COMPONENTS 

Miscellaneous 
T1 mains primary/12·0-12V, 

100mA secondary 
LS1 loudspeaker, 8 to 50 ohms 

impedance 
SK1 fully-insulated mono jack 
Aluminium sloping front case, 
200 x 150 x 150mm, H. L. Smith 
or similar; stripboard, 0· 1 inch 
matrix, 18 strips x 30 holes; 
knobs (2 off); 3-core mains 
cable; interconnecting wire; 6BA 
nuts, bolts and spacers to mount 
board; solder tag. 

Semiconductors 
TR1 2N2646 unijunction with 

n-type base 
IC1 LM380 N-14 audio amplifier 

i.e. 
01, 2 1 N4001 1 A, 50V rectifier 

diodes (2 off) 

Potentiometers 
VR1 500k0 lin. carbon 
VR2/S1 5k!l log. carbon with 

d.p.d.t. mains switch 

Capacitors 
C1 10nF C280 polyester 
C2 3·3n F polystyrene 
C3 390pF polystyrene 
C4 1µF 25V elect. 
C5 470µF 25V elect. 
C6 680µF 40V elect. 

Re;!st��tn 
:il-:I See 

� 
R2 1 ·2k!l 
R3 1 ·2k!l 
All iW carbon ±5% a 
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Interior view of the completed unit. The circuit board is mounted on the base of 
the case to the left and the transformer to the right. Front panel components can 
be seen above these. The panel In fact, slopes backwards. 

MORSE CODE 
Morse code consists of long and 

short sounds obtained by pressing the 
key and is written as dashes and dots, 
with a dash the length of three dots. 

However, when learning the code, 
it should be thought of as a series 
of "dits" and "da:hs" rather than dots 
and dashes. This is because a sense of 
rhythm is necessary for sending and 
receiving Morse and this cannot be 
achieved if the code is thought of as 
a series of dots and dashes. 

Before commencing assembly, the 
front panel of the case should be 
drilled to take the socket, loud 
speaker and two variable resistors. 

A large cutout is needed for LSI 
and this is best achieved using a 
chassis punch although drilling a ring 
of small holes to make a cutout and 
then filing the edges to a smooth 
finish may work. 

Note that the jack socket, SKI, 
should be an all-plastic type so that 
neither of its contacts are short 
circuited to the case when mounted in 
position. 

Other boxes or cases may be used, 
either of metal (in which case the 
case must be earthed), or insulating 
material. A case could easily be con 
structed of thin wood. 

Setting up is very simple. After 
checking all aspects of construction 
thoroughly, plug in a Morse key, turn 
the unit on and listen. With the key 
held down, adjust the potentiometers 
for the required frequency (VRl) and 
volume (VR2). 

• 
moRS!E' os<ILLATg! 
pRd<T•� 

CASE 
The unit is built into an aluminium 

sloping front case, 200 X 150 X 150mm 
in size, and Fig. 2 shows the layout 
and aiU connections inside. The trans 
former, Tl is bolted directly to the 
case. 

A three-way tag �P anchors the 
live, neutral and earth conductors of 
the main cable, and a three-pin plug 
with a IA fuse should be used. Don't 
forget that any hole in the case 
through which cables pass, must be 
fitted with a rubber grommet. 

CIRCUIT BOARD 
The majorilty of components are 

mounted on a piece of O · 1 inoh matrix 
91ripboard, size 18 strirps by 30 holes 
according to the layout in Fig. 2. The 
breaks are made in the copper strips 
with either a spot face cutter or a 
small twist drill. Oheck that the 
breaks are clear of fragments and 
that there are no short circuits 
between adjacent strips. 

The power amplifier chip, ICl, may 
be soldered directly into p 1 ace 
ail.though a 14-pin d.i.l. socket would 
be preferred. Flexible leads should be 
attached for the off-board oonnecl:lions. 

The board is mounted inside the 
case with 6BA nuts, bolts and 
spacers. One bolt is used as an anchor 
point for the· solder tag that provides 
an earthing oonneotion between board 
and case. 

The other fixing bolt should not 
provide a short circuit between any 
copper strips and the case. This oan 
be arranged by breaking the strips 
round the bolt position and placing an 
insulating washer between the spacer 
and the underside of the board. 
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Top view of the completed circuit board. 

Table 1 

INTERNATIONAL MORSE CODE 

Note 
One "dah" should be equal to three "dits'' in length 
The space between parts of the same letter should be one "dit" in length 
The space between characters in a word should be three "dits" in length 
The space between words should be two "dahs" in length. 

A di-dah N dah-dit 
B dah-di-di-dit 0 dah-dah-dah 
c dah-di-dah-dit p di-dah-dah-dit 
D dah-di-dit 0 dah-dah-d i-dah 
E dit R di-dah-dit 
F di-di-dah-dit s di-di-dit 
G dah-dah-dit T dah 
H di-di-di-dit u di-di-dah 
I di-dit v di-di-di-dah 
J di-dah-dah-dah w di-dah-dah 
K dah-di-dah x dah-di-di-dah 
I di-dah-di-dit y dah-di-dah-dah L. 

M dah-dah z dah-dah-di-d it 

1 d i-dah-dah-dah-dah 6 dah-di-di-di-dit 
2 d i-d i-dah-dah-dah 7 dah-dah-di-di-dit 
3 di-di-di-dah-dah 8 dah-dah-dah -di-dit 
4 di-di-di-di-dah 9 dah-dah-dah-dah-d it 
5 di-di-di-di-dit 0 dah-dah-dah-dah-dah 

A typical letter square 

A T H E Q 

u c K B 

R 0 w N F 

y D G J L 

M p z s v 
x 

develop your reading skills. It is best 
to form each letter quickly (though 
correctly of course) and leave longer 
spaces between letters. The actual 
sound will then be more nearly the 
same as that obtained when working 
at higher speed. 

MORE PRACTICE 
It is also easy to make 6 by 6 letter 

squares, putting in those le,tters_ which 
present the most difficulty twice, or 
including numbers. 

When the code is thoroughly known 
by this means, it is best to move on 
to some other means of practising 
Morse reading, such as listening to 
the R.S.G.B. Slow Morse transmis 
sions, or joining a reputable amateur 
radio club. 

Sending is generally much easier 
than reading, and can be practised 
alone. Have a comfortable desk or 
table so that the arm can rest on it, 
with 'findeTs curved over the key. 

Practising for short periods several 
days a week is muoh better than long 
periods at wide intervals. It will be 
found that fluency and speed slowly 
increase. Once again an amateur radio 
club will help. l1 

LETTER SQUARE 
If you are going to make these 

recordings, it is necessary to adopt 
random letters, or the memory will 
fill in too much material. For this 
purpose, squares such as the one 
on the right can be constructed and 
can be read vertically, left to right, 
right to left and diagonally. 

Note that you have to hang the odd 
letter underneath the square because, 
of course, there are 26 letters in the 
alphabet and these won't 'form a per 
foot square. 

When recording, place the micro 
phone near the loudspeaker and set 
the input level so that the recorder is 
not overloaded. After recording for 
ten minutes or so, play back to 

Without this rhythm, character 
recognition when receiving becomes 
very difficult and your sending style 
may well become stilted. 

The alphabet and numbers are given 
in Table 1 and can be memorised a 
few at a time. Always practise by 
making the sounds with an oscillator, 
such as the unit described here, rather 
than trying to write down dots and 
dashes. It is convenient if two or more 
persons learn together or you could 
try to enlist the aid of someone who 
already knows the code. 

A useful solo reading exercise 
would be to listen to the slow Morse 
transmissions which are available, or 
by making tape recordings from the 
unit. 
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THE gambling device known as the 
Wheel of Fortune has been in 

existence fotr many years, and is a 
popular attraction at many garden 
fetes and faiirs, often in its original 
form of a wheel fitted with a pointer 
which is spun and then allowed to 
come to rest opposite a number of 
positions around the perimeter, thus 
indlicatiing the winner. 

The mechanical device suffers from 
the main drawback of being some· 
what difficult to read since it often 
comes to rest between two numbers. 
Attempts to overcome this electronic 
ally have usually suffered from the 
problem of the devices being some· 
what predictable, since they use time 
delays of various forms which tend 
to have a fairly constant delay period. 

The design described in this article 
overcomes the former problem by 
using lights for a display, so arranged 
that only one can be on at a given 
time. A random number generator is 
used to determine the outcome of the 
display long before it stops. This 
makes the game completely unpre 
dictable. 

MAINS OR BATTERY 
The machine has been designed for 

use eilther from an internal mains 
powered supply when available, or, 

528 

from 12 volt batteries for use when 
remote from a mains socket. The d.c. 
current consumption of the device is 
approximately 250mA with the speci 
fied lamps, thus making its operation 
from lantern batteries feasible, al 
though a car battery can also be used. 

CIRCUIT DESCRIPTION 
The complete circuit is shown in 

Fig. 1. and for ease of description 
can be split into the following sec 
tions: (1) power supply (2) random 
number generator (3) display de· 
coder driver circuit. 

The power supply is a conventional 
12 volt d.c. power supply except for 
the inclusion of the external d.c. 
socket SKI and the position of the 
smoothing capacitor, C7. 

The mains connection is made to a 
chassis mounted plug so that the 
mains lead may be removed when 
the unit is in operation from a 
battery supply. Mains voltage is 
first transformed down to 9V a.c. by 
the mains step-down transformer Tl 
and is then rectified by the rectifier 
bridge Dl-4 and smoothed by C7 to 
give 12V d.c. S2 is a double-pole 
switch arranged so as to act as an 
on/off switch in either battery driven 
or mains driven modes. 

SKI is a two-pole switched (norm· 
ally closed) jack socket which acts as 
a battery input socket and at the 
same time disconnects the output of 
the rectifier bridge from the rest of 
the circuit when an external battery is 
plugged in. Capacitor C7 is placed 
after this socket in order to provide 
decoupling for the logic circuitry in 
the battery power option. 

RANDOM NUMBER 
GENERATOR 

The random number generator con 
sists of a source of high speed pulses 
fed into a counter and read by a 
latch which is operated by the START 
switch, SL When this is released the 
binary number at its input is latched 
in and determines the number at 
which the display will eventually stop. 

The counter is deliberately fed with 
high speed pulses in order to ensure 
that the number generated is random, 
with no chance of it being predeter 
mined by the operator. 

ICla is half of a 556 timer (operat 
ing as a 555 timer) and is connected 
in the astable mode to provide pulses 
at a rate determined by RI, R2 and 
Cl. The values given produce a 
square wave output at a frequency 
of approximately lkHz. These pulses 
are fed into IC2a, which is half of 
a 4520 dual binary counter. This 
counts through the binary numbers 
for O to 15 before returning to O 
again and repeating the process. 

The output from the counter is fed 
to the data inputs of IC3, a quadruple 
latch in a rather unusual manner. 
The reason for this is purely to make 
the manufacture of the printed circuit 
board easier. This is possible since the 
object of the circuit is purely to 
generate a random number and 
hence an accurate output correspond 
ing to the number generated in the 
counter is not necessary. In fact this 
process, and similar connections made 
later in the circuit for the same rea 
sons, increases the randomness of the 
result. 

There are two control inputs on 
IC3, Eo and E1, and these are con 
nected so that a falling edge applied 
to pin 6 causes the data at the inputs 
to be latched i111 to appear at the out 
puts. 

As shown, pin 6 is held low by the 
action of Sla, a normally closed sec 
tion of the start switch. In this con 
dition the last data present on the 
data input lines (pins 4, 7, 13 and 14) 
ace held in the latch. When the 
switch is pressed, the voltage on pin 
6 is pulled up to logic 1 by the pull 
up resistor R3. In this condition the 
changing data input to the latch 
appears on the output pins of the de 
vice. 

When SI is released Sla closes 
again and the voltage on pin 6 is 
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Fig. 1. The complete circuit diagram for the Wheel of Fortune. 

returned to logic O producing a fall 
ing edge. The data presented to the 
latch by the counter at this instant 
is then held in the latch to determine 
the stopping position of the display. 

MAGNITUDE COMPARATOR 
This latched information reaches 

one set of inputs on IC4, a 4-bit mag 
nitude comparator i.e. The other set 
of inputs to IC4 are derived from a 

second pulse source and counter, 
IClb and IC2b respectively. The out 
put from IC2b is also decoded by IC6 
to sequentially switch on the ring of 
display lamps. 

Everyday Electronics, August 1981 529 



A slow running aetable circuit is 
constructed using the other half of 
the 556 timer (IGlb) the speed ol 
which is set by R4, VRI and C4. VRJ. 
is included in order to set the speed 
at which the display pulses round to 
a suitable rate. · 

The output from IClb reaches one 
of the two c!JOCk inputs to the counter 
IC2b via a two-input NAND gate ICSa. 
The other input to this gate deter 
mines whether or not the pulses 
reach the counter. This control signal 
is derived from a comparator output 
gated with the output from a simple 
RC timer circuit. 

IC4 compares the values of two 4- 
bit binary numbers and gives outputs 
showing whether the number on in· 
put A is larger, smaller or equal to 
the number on input B. Ln this appli 
cation the device is wired so that it 
gives an output when the two num 
bers are equal, pin 3 provides this. 
A logical O is produced U111til the num 
bers are equal where a logical I is 
outputted. This provides one input 
for ICSb. 

In both cases the actual bit position 
of the numbers inputted to IC4 are 
wired in a manner which facilitates 
ease of printed circuit board design, 
and actually increases the randomness 
of the final result. 

DISPLAY DECODER/DRIVER 
The binary coded number generated 

by the display counter (IC2b) is fed 
to IC6 which is a 4514, one-of-six 
teen decoder. This deoodes the binary 
number from the counter and uses the 
information to switch one of its six 
teen output lines from logic O to logic 
I as appropriate to the information 
fed into it. 

Each of the output lines are con 
nected to a driver transistoe (TR1- 
TR16) via a 3·3 kilohm base resistor. 
The presence of a logic I voltage 
( + 12V) causes the transistor to tum 
on and the associated lamp in the 
transistor collector line to be lit. 

In this part of the circuit it is im 
portant that the dlata lines are con 
nected in the correct sequence and 
this is faci1itaited by locating the de 
coding and driving circuitry on a 
separate printed circuit board; C6 is 
placed on this board to provide ade 
quate decoupling. 

The display of the device is a ring 
of sixteen fillament lamps which are 
switched on in sequence in a clock· 
wise pattern around the board for a 
period of time. The display is merely 
cosmetic since the position at which 
it will stop has been predetermined. 

DISPLAY PANEL 
The display consists of a square 

panel containing a circle divided into 
sixteen segments, each one of which 
contains a filament lamp (in holder) 
arranged in a circle. The lamps a:re 
wired to the display printed circuit 
board, which is mounted on the back 
of the display panel. This is in turn 
connected: to the second p.c.b. oon 
tainiag the logic circuitry. The con 
trols are mounted on a panel inset 
inJto the side ol the case. 

The letters and designs of the dis 
play could be painted or applied 
directly to the display panel after 
tms has been suitably treated, but a 
better- altemartive we suggest would 
be tJo produce the design on paper or 
card ·and glue this to the panel when 
the unit is complete. In this way the 

View Into the back of the completed prototype wheel showing looming of all lamp and 
other wiring In the system. You can see the mains Inlet panel sited at bottom left. 

RC TIMER 
The simple timer circuit consists of 

a resistor-capacitor arrangement, RS 
and CS, which is charged up by the 
closing of the normally open contacts 
of switch Sib. WhHst the switch is 
operated the capacitor is charged up 
to + 12V. When the switch is released 
capacitor CS begins to discharge 
through resistor RS. 

The output of the circuit is fed to 
an inverter made up of a two-input 
NAND gate (IC5c) with ills inputs con 
nected together. This gives a logic O 
output while C5 voltage is above 2V 
and provides a sharp edged output, 
as opposed to the more gently sloped 
output of the time delay circulit, when 
the charge level falls below 2V. The 
component values shown, give a time 
delay of approximately 22 seconds. 

Thus at the start, just after SI has 
been released, the input to IC.Sb from 
the timer is at logic O with the input 
from the comparator being at logic O 
for- most of the time, changing to 
logic I when the two comparator in 
puts are equal. Therefore pulses are 
fed to the counter IC2b for at least 
22 seoonds. The next logic I from IC4 
pin 3 after the timer times out (pro 
duces a logic 1) inhibits the pulses 
from being r,assed on to the counter. 
This stops the display from being 
moved 0111. The display then remains 
at the position set by the "random 
number generator until SI is again 
operated. 
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Fig. 3. Arrangement of the lampholders fitted to the display panel. The tinted 
ring represents the loom shape of all wires connecting to the display board. 
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Resistors 
R1 10k0 
R2 1 ·5k0 
R3 10k0 
R4 10k0 
R5 4·7MO 
R6-R21 3·3k0 (16 off) 
All iW carbon film± 5% 

COMPONENTS 

Semiconductors 
01 · 04 W005 bridge rectifier 

1 A 50V 
TR1 · TR16 TIP31 A silicon npn (16 

off) 
IC1 NE556 dual timer i.c. 
IC2 4520 CMOS dual binary 

counter 
IC3 4042 CMOS Quad 0-type latch 
IC4 4585 CMOS 4-bit comparator 
IC5 4011 CMOS Quad 2-input 

NANO gate 
IC6 4514 CMOS 4-to-16 decoder 

Capacitors 
C1 0· 1 µF ceramic disc 
C2 0·01µF ceramic disc 
C3 0·01µF ceramic disc 
C4 1µF 16V tantalum bead 
C5 4·7µF 16V tantalum bead 
C6 2·2µF 16V tantalum bead 
C7 2200µF 16V elect. radial leads 

Miscellaneous 
LP1·LP16 12V 2·2W m.e.s. bulbs 

(16 off) 
T1 mains primary/9V 0·5A 

secondary 
SK1 standard jack socket with n.c. 

switched contact 
SK2 mains chassis mounting 
PL 1 to suit SK2 
S1 d.p.d.t. miniature momentary 

action push switch 
S2 d.p.s.t. toggle 
FS1 250mA 20mm 
FS2 60mA 20mm 
Single-sided p.c.b. sizes 135 x 
53mm and 105 x 69mm; 20mm panel 
mounting fuseholders (2 off); m.e.s. 
lamp holders and mounting brackets 
(16 off each); d.i.l. sockets for i.c.s: 
24-pin (1 off). 16-pin (3 off), 14-pin 
(2 off); 4BA fixings for lampholders 
and p.c.b.s including spacers; 
aluminium for control panel; wood, 
sizes to suit. 

e 
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Close-up view of the display board in position. Note that plastic supports have 
been used for mounting the board to the panel. This allows easy removal if 
necessary. 
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Fig. 4. Lower half shows the 
master printed circuit pattern 
(actual size) to be etched on the 
display driver board. The black 
areas represent the copper 
tracks. Upper drawing shows 
the layout of the components on 
the topside of this board. Note 
the orientation of the output 
transistors, C6 and IC6. 
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Fig. 5. The master pattern to be etched on the logic board shown actual size together 
with the component layout on the topside. Special care should be taken to ensure that 
the diode bridge is inserted in the correct way round. Check orientation of the l.c.s. 
before insertion which incidentally should be carried out at a later stage. 
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Fig. 6. Details of the mains inlet panel com 
ponent position and interwiring. If desired 
the panel could be enlarged to accommodate 
the mains transformer. Check the contact 
functions of SK1 before wiring to the rest of 
the circuitry. 
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The completed prototype logic board. 
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WIRING UP 
Lay the two p.c.b.s in situ on the 

panel and interwire and connect to 
the ring of lamps according to the 
information in Figs. 3, 4 and 5. Form 
a tied loom for interboard connec 
tions for neater appearance as seen 
in the photograph. Connect the re 
mainder of the wires to the boards 
that are to run to the mains input 
panel. The boards may now be 
fastened in position. 

The next stage of construction in· 
volves the mains inlet panel. Details 
of this are seen in Fig. 6. This is a 
piece of aluminium with fixing holes 
at each corner to allow it to be 
screwed to the inside face of the case 
sidle over a rectangular cut-out. The 
panel is thus recessed and this 
affords some protection to the com 
ponents here. 

Prepare the panel, fix the compo 
nents and wire up according to Fig. 
6. The mains transformer should be 
sited close by. and in the prototype 
was screwed directly to the case side 
as seen in the photograph. With this 
complete and checked it may now be 
wired up to the rest of the circuitry. 

tracks it is best to use either a photo 
graphic process or etch resistant 
transfers and track tape in preference 
to hand drawing the design with an 
etch resistant pen. 

Because of the use of CMOS devices 
all the i.c.s except for ICl should be 
mounted using sockets. The use of a 
socket for ICl is also recommended. 

With the exception of the i.c.s the 
components can be mounted in any 
convenient order, but the boards 
should be fully completed, checked 
for solder bridges and later coonected 
to the rest of the circuitry before the 
i.c.s are inserted. 

OPERATION 
Upon switching on the unit the dis 

play should start to pulse, round until 
it reads the number in the random 
number latch (often O lighting posi 
tion 1, LPl). When the START switch 
is pressed the display will pulse round 
at a speed determined by the setting 
of VRl for about 22 seconds and 
will eventually stop at a number, re 
maining there until the START button 
is again pressed. 

After the device has been tested 
and VRl set for the required pulse 
rate, the panel should be enclosed in 
a suitable case to prevent damage to 
the circuitry and to avoid the possi 
bility of stray fingers being poked 
into the mains driven power supply. 
A square framework with back panel 
should be made so that the display 
panel is recessed. Finally glue the 
display card artwork in place, suit 
ably varnished for protection, to com 
plete the unit. )::::( 

CIRCUIT BOARDS 
The electrOlllic construction is 

reasonably straightforward, with most 
of the components mounted on two 
p.c.b.s. The foi,l patterns for the two 
p.c.b.s are shown as Figs. 4 and 5 
together with the component layout 
on each topside. 

These are· single-sided boards and 
can be produced fairly easily. Because 
of the close packing of some of the 

WIRING LAMPHOLDERS 
The lampholders should each be 

wired up as shown in Fig. 2. It can 
be seen that a common ( + 12V) wire 
joins up one tag on each holder. The 
second tag is to be connected to the 
appropriate posirion on the display 
driver circuit board. All wires are 
tied to form a circular loom as seen 
in the photograph and Fig. 3. Differ 
ent colour wire is recommended for 
ease of construction and tracing. 
Alternatively labels can be attached 
to each free end during wiring up. 

the quadrants. Extend each of these 
angles from the centre until the lines 
intersect the circle. The lamp holes 
can then be drilled through using a 
lOmm diameter drill bit. 

The lampholder brackets require a 
3·5mm diameter hole (to take a 4BA 
screw) to be drilled through the dis 
play board. To mark the position of 
this hole make up a lampholder, bulb 
and bracket assembly. Place, the bulb 
through each of the lamp holes in 
turn and mark the posnioo of the 
hole in the bracket where this coin 
cides with the radius to the position 
of the hole for the lamp. The holes 
required to mount the p.c.b.s can also 
be marked and drilled at the same 
time. 

Next fit all the lampholders and 
brackets in place and also the p.c.b. 
fixing screws. 

The board can then be painted with 
a primer, and when dry rubbed down 
and painted with gloss colours, letters, 
numbers and designs that you want 
to appear if these are to be applied 
directly. 

START 

Mams 

PREPARING PANEL 
Find the centre of the board by 

joining the opposite corners of the 
square to each other and taking the 
centre as the point where the two 
diagonal lines cross. Using this point 
as a centre, draw a circle of radius 
to suit lamp positions from centre. 
The circle marks the points where the 
holes for the lamps will be drilled 
and needs to be divided into sixteen 
equally spaced points. 

To do this place a protractor 
centredJ on the intersection of the two 
diagonal lines to mark off angles of 
22·5, 45 and 67·5 degrees in each of 

lampholder fixing screws and p.c.b. 
fixing screws will be concealed. 

In the version illustrated on the 
front cover, the coloured display was 
on card glued to a 90 x 90cm piece 
of 6mm thick plywood and the case 
was made from 150 x 18mm veneered 
chipboard, but these sizes may be 
altered to suit individual require 
ments. 

The completed mains Inlet panel fitted 
beneath a cut-out In the side of the cabinet 
with the mains plug Inserted. 
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Simple pH Meter 
Problems may be encountered when 

trying to locate a supplier for the NE536 
i.e. in the pH Meter although it is available 
through any stockist of Mullard products. 
Pin for pin equivalents are the CA3140T 
or the LF356T although these have not 
been tried in the prototype. 

Perhaps of more importance is the 
probe. Readers who are associated with 
Educational establishments should be 
able to obtain a suitable item from the 
equipment suppliers Griffin and George. 
However this is a strictly trade-only 
company and do not supply direct to the 
public. 

Other sources of supply are Hogg 
Laboratory Supplies, Sloane St, Bir 
mingham, 81 3BW, who have a suitable 
probe priced £21 including postage and 
packing. This company hopes to have 
some cheaper probes in stock in the near 
future. 

There is also Castle Laboratories, 7 
Guest Rd, Barnsley, S. Yorks, S75 2SR, 
who can supply probes that have passed 
their recommended shelf life for £6· 75. 
They also have a "no-quibble" replace 
ment guarantee. 

Metronome 
Few difficulties should be encountered 

when ordering components for the CMOS 
Metronome. Virtually any loudspeaker of 
suitable size can be used so long as Its 
impedance is not less than about 35 ohms. 
The case used in the prototype was a 
Bimbox type 2005/15 made by Boss Indus 
trial Moulding Ltd and available from most 
component suppliers, although virtually 
any small plastics box will do just as well. 

Door Alarm 
Two items may cause a few problems 

with the Door Alarm. The key switch Is 
one although a suitable item is available 
from Maplin, order. number FH40T. The 
other item is the bleeper. In fact any solid 
state 6V warning device will do here 
although many of these devices are not 
particularly loud and perhaps would not 
be much good as an alarm. Marshalls 
sell a 6V buzzer which they claim has a 
"very loud note" although in our proto 
type we fitted a buzzer from Tandy, type 
number 273 049. 
L.E.D. Sandglass 

It is expected that the three-position 
slide switch in the L.E.D. Sandglass will be 
difficult to locate. Constructors may ob 
tain this from T. Powell. See their adver 
tisement for full address. The remainder 
of the components should be readily 
available. 
Wheel of Fortune 

No buying problems are envisaged for 
the Wheel of Fortune. The mains trans 
former fitted in the prototype had a 
secondary rating of 500mA but any rating 
down to 250mA will be suitable. Resistors, 
capacitors, bridge rectifier and transistors 
should be in strict accordance with the 
parts list otherwise they may not flt the 
p.c.b.s. 

Morse Practise Oscillator 
Any one of a number of morse keys 

can be used in the Morse Practise Oscil 
lator and several advertisers such as 
Home Radio, Watford, and Maplin carry 
stocks. 

�CONSTRUCTIONAL PROJec;rs; 
:;; 

The kits seem excellent value for money 
and range from £3 to £5. For details of 
nearest stockists contact Electroni-Kit 
Ltd., at Dept EE, Rectory Court, 
Chalvington, Sussex, BN27 3TD. 

Best Seller 
It must be very gratifying to component 

suppliers when orders for their catalogues 
pour in. But should stocks become ex 
hausted before a new batch can be ob 
tained from the printer, delight must 
change to chagrin if it becomes neces 
sary to return money to would-be pur 
chasers. This is the predicament Mar 
shalls found themselves in recently. How 
ever, June Marshall Informs us that a 
new supply of catalogues Is now in their 
hands and she would like us to pass on 
her company's apologies to any tempor 
arily disappointed customers. 

Hobby Check 
from Stelnel K.G. 

TEST PROBE 
A multiple tester with l.e.d. and neon 

indication for checking a.c./d.c. voltages 
from 4·5V to 415V is one of the many 
ranges of new Probe Checkers from 
Steinel K.G. 

The Hobby Check will indicate a.c. 
voltages in three steps, 110V, 240V and 
415 V, via three neons inset in the indicating 
handle probe. The direct current polarity 
indication is by two l.e.d.s, only one 
Illuminating to indicate the polarity at the 
handle tip. Alternating current Is present 
when both l.e.d.s appear to be on. 

Information on the complete range of 
Probe Checkers can be obtained from 
Steinel K. G., Dept EE, Unit 9, Armoury 
Road, Trading Estate, Small Heath, 
Birmingham 811. 

Closing the Door 
Things happen suddenly in business. 

We were just examining a new summer 
edition of the Doram catalogue when the 
news reached us that the Dutch owners 
of Doram Electronics have decided to 
close down this UK based firm. It is a sad 
end to a business originally set up by 
Electrocomponents, the parent company 
of RS Components Ltd., to cater for the 
hobbyist. 

Manager Mike Hutchinson tells us that 
enquiries about outstanding orders should 
be addressed directly to Doram Elec 
tronics Ltd., De Boer Elektronika, Kleine 
Berg 41, Eindhoven, Holland, 5611 JS. 

Sho11 
Talk 

Special Offer 
Reading the May/June Newsletter put 

out by J. Bull (Electrical) Ltd., I was 
reminded that just about one year has 
elapsed since Mr. Jessie Bull moved his 
long established business from West 
Croydon on the southern edge of the 
London conurbation out to Haywards 
Heath in the Sussex countryside. 

These Newsletters always provide a 
"good read", being packed with intriguing 
electrical items generally of a manufac 
turers' surplus nature. As likely as not 
there will be listed the kind of electrical 
equipment required to provide the motive 
power or muscle for some electronic 
projectfeatured in EE. 

In this latest newsletter fhe "opening 
offer" is really something extra-special, 
and not likely to be repeated. Mr. Jessie 
Bull informs his readers that he is 
approaching retirement, and after more 
than 30 years in the controlling director's 
chair now wishes to hand over to a 
younger man. An opportunity that will 
surely be seized upon by some enter 
prising fellow, with the requisite capital 
of course I 

These bl-monthly news-sheets are 
available free to readers (mention EE). 

By Dave Barrington 

Project Kits 
A piece of news which may be of interest 

to advertisers and shops Is the announce 
ment from the H.obby Products Division of 
OK Machine & Tool (UK) Ltd., that they 
are looking for distributors of their range 
of Electronic Kits. 

The kits usually retail for between £5·99 
to £8·60 and include such projects as dice, 
roulette and reaction tester. For further 
information write to OK Machine & Tool 
(UK) Ltd., Dept EE, Dutton Lane, East 
leigh, Hants, S05 4AA. 

Another good selection for construc 
tional/educational kits is the excellent 
range of Chip Shop Kits from Electroni 
Klt. 

There are twenty kits all told and cover 
such subjects as a light sensitive switch, 
transistor tester, lie detector and transis 
tor radio. All projects are transistor based, 
include loudspeaker, were required, and 
come with an attractive plastics case for 
the finished model. 

,ay 
the 
uit 
m. 
):! 

e 
to 
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DISCRETE 
SEMICONDUCTORS 

EXPLAINED 
PART THREE BY J.B. DANCE 
THIS MONTH we will discuss other 

devices containing pn junctions 
together with heat and voltage sensi 
tive devices. 

THE UNIJUNCTION DEVICE 
The unljunctlon transistor (some 

times known as the double base 
diode) has the structure shown in 
Fig. 3.1. A bar of lightly doped n-type 
silicon has base connections at each 
end and part of the way along this 
bar, nearer to base 2 than to base 1, 
a pellet of p-type silicon is used to 
form a rectifying contact. This elec 
trode is known as the emitter and 
forms the single junction from which 
the device derives its name. 

The circuit symbol for a uniijunc 
tion device is shown in Fig. 3.2. It is 
also possible to obtain uniiuction de 
vices with the opposite polarity to 
that shown in Fig. 3.1 (although they 
are not so common). In this case the 
silicon bar is of p-type material and 
the emitter pellet of n-type. The sym 
bol for the complementary devices 
has the arrow pointing in the opposite 
direction ito that shown in Fig. 3.2. 
This discussion relates to devices 
with the Fig. 3.1 polarity. 

The action of the unijunction tran 
sistor is illustrated in Fig. 3.3. The 
bar of silicon is equivalent to the re 
sistors R2 and Rl in series so that 
when a voltage of V BB is applied be· 
tween the two bases, the potential at 
point A becomes equal to Rl I (Rl + 
R2) times VBB· The factor R1/(R1 + 
R2) is known as the Intrinsic stand 
off ratio.,. 

When the potential applied to the 
emitter is less than ., x V BB no con· 
duction occurs in the emitter circuit, 
since the junction is reverse biased. 
As the emitter potential increases 
above this value, however, conduc 
tion occurs and the device is rapidly 
switched on. 

When the junction conducts, holes 
are injected from the emitter into the 
silicon bar and move towards base 1. 
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BASEt 
lb11 

Fig. 3.1, The structure of a uni· 
Junction tranaistor. 

Fig. 3.2, Symbol for a unlJunctlon 
translator. 

R1 

RI 

bl 

Fig, 3.3. Equivalent circuit for a 
unijuncUon device. 

Electrons are injected from base I to 
maintain neutrality." There are now 
plenty of charge carriers in this 
region and the resistance falls very 
rapidly between base I and the 
emitter. This causes a large drop in 
the effective resistance Rl of Fig. 3.3 
and hence a fall in the potential at 
point A. This in turn gives rise to 
more emitter current and switching 
by this positive feedback effect. 

PRACTICAL OSCILLATOR 
Unijunction transistors enable the 

very simple type of relaxation oscil 
lator shown in Fig. 3.4 to be con· 
structed. This is the basis of most 
unijunction oscillator and timer cir· 
cuits. 

The capacitor C 1 charges through 
Rl until the emitter potential is ade 
quate to cause the unijunction device 
to be switched to conduction Cl then 
discharges through the emitter circuit 
and! R3 until conduction ceases. 

The frequency of oscillation is de 
termined mainly by the product of CI 
and Rl and can be up to about 
lOOkHz. Positive going output pulses 
can be obtained from across RJ which 
are suitable for firing a thyristor 
device. 

If the value of Rl is too low, it 
will pass enough current to keep the 
circuit conducting so that it will not 
switch back to the off state. Simi 
larly, the value of Rl must not be too 
high or the unijunction will not be 
switched to conduction. 

WIPER CONTROL 
A practical application for a uni· 

junction oscillator circuit shown in 
Fig. 3.5 is for a delayed, single sweep 
car windscreen wiper control. The 
ON/OFF switch SI; ganged with the 
potentiometer enables firing pulses 
to be fed to (D2) a Cl22D thyristor 
at intervals between about I second 
(determined by RI) and I minute 
(determined by the setting of VRI). 

This closes the relay and the relay 
contacts are used to cause the wiper 
motor to operate. The self-parking 
switch then closes, the Cl22D conduc 
tion ceases and the wipers park at 
the end of their single sweep. 

The exact connections depend on 
the type of wiper motor, but VRI 
can be adjusted to suit all weather 
conditions and to automatically keep 
the windscreen clear without the 
wiper blades scraping on a nearly dry 
windscreen. 
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CATHOClE 
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Fig. 3.7. Basic circuit for a.e. 
power control in a load using a 
thyristor. 

anode-to-cathode voltage when no 
gate pulse is being fed to the device. 
Thus the breakover voltage of the 
selected thyristor should exceed the 
peak value of the alternating mains 
voltage ( n times the r .m.s, value). 

Some types of thyristor can be 
turned off by suitable pulses applied 
to their gate electrodes. The silicon 
controlled switch is similar to the 
thyristor except that there are two 
gate electrodes, one gate being con· 
nected to each of the inner layers 
of the structure shown in Fig. 3.6. 

THE TRIAC 
The thyristor will conduct only in 

the one direction in which the con 
ventional current passes from the 
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p 

n 
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p 

n 
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TIME > 

the part of each positive half cycle 
after the peak voltage is reached. 

If the gate triggering pulses are 
now applied somewhat earlier in each 
of the positive half cycles, one ob 
tains the load current waveform 
shown in Fig. 3.8(c), where conduc 
tion commences before the waveform 
has reached its peak value. 

Thus the power to tlhe load is 
greater in the case of Fig. 3.S(c) than 
in the case of Fig. 3.8(b). Thus a 
thyristor circuit can be used to con 
trol the amouillt of power supplied to 
an electric motor. 

The thyristor chosen for use in the 
type of circuit shown in Fig. 3.7 must 
have a breakover voltage high enough 
to prevent the device from switching 
to conduction under the applied 

Fig. 3.8. Load current and mains waveforms in thyristor and triac control circuits. 

Fig. 3.8. The structure of a thyristor. 

Fig. 3,4. A unljunctlon rela>1.ation 
oscillator circuit. 

Fig. 3.5, Windscreen-wiper control 
circuit usfng a unljuncfion device. 

THE THYRISTOR 
The thyristor or silicon controlled 

rectifier (s.c.r.) is a pnpn device as 
shown in Fig. 3.6. When a firing pulse 
is fed to the gate circuit, this initiates 
conduction from the anode to 
cathode. Conduction in the main 
anode-to-cathode circuit continues 
until the anode-to-cathode current 
falls below a certain mi'niimum wilue 
(known as the holding current) re 
quired to maintain conduction. 

The thyristor then remains non 
conducting until a further firing pulse 
is applied to its gate electrode. Thy 
ristors are widely used in series with 
a load across an alternating current 
mains supply, as shown in Fig. 3.7, 
since gate pulses can then be used 
to fire the thyristor into conduction 
at a desired point in the mains cycle. 
Switching to the off state is auto 
matic as the alternating waveform 
from the mains passes through its 
zero voltage point. 

AL TERNA TING WAVEFORM 
In Fig. 3.8 we see the alternating 

mains waveform. If pulses are ap 
plied to the thyristor gate electrode 
of Fig. 3.7 each time the p0.911tive half 
cycles of Fig. 3.8(a) reach their peak, 
the current in the load will have the 
waveform shown in Fig. 3.8(b). The 
current flows in the load only during 
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vironment and provide an appropriate 
electrical signal. For example, they 
can be used in circuits to provide a 
warning when the external tempera 
ture falls below freezing point or 
some other value. 

In other applications they are self. 
heated. For example, they may be 
connected in series with a tungsten 
filament lamp to prevent the initially 
high peak current which can cause 
lamp failure. When the circuit is 
switched on, the thermistor is at 
room temperature and has a rela 
tively high resistance. However, the 
current flowing through the lamp 
and the thermistor warms the latter 
and its resistance falls to a small 
value so that the lamp reaches it full 
brilliance within a short time. 

Thermistors are also used in the 
self-heating mode in much more com 
plex equipment to provide a delayed 
turn-on of the power. They have the 
advantages of being small, simple, 
reliable and rugged and are available 
with resistances of less than one ohm 
up to about one hundred megohm. 

The variation of resistance with 
temperature may be expressed as the 
ratio of the resistance of the thermis 
tor at O degrees Celsius to that at 50 
degrees Celsius, but for thermistors 
intended for use in the self-heating 
mode, it is often convenient to specify 
the performance as the resistance at 
25 degrees Celsius and the resistance 
when carrying a certain current at a 
specified ambient temperature. 
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RESISTANCE 
The resistance of a thermistor, R, 

is an exponential function of tempera 
ture and is given by the equation: 

R=AebT 
where A and b are constants, e is the 
natural number 2 · 718 and T is the 
absolute temperature. In practice 
this means that the resistance can 
change l>y about 6 per cent for each 
degree Celsius change at room tem 
perature. For comparison, one may 
mention that the resistance of plati- 
Power thyristors. On the left Is a stud 
mounting type. The one on the right is 
mounted like a power transistor 

for inductive loads, since in the latter 
type of load the current and voltage 
are out of phase in the load. 

The resistor-capacitor network in 
the circuit of Fig. 3.10 ensures that 
smooth control can be obtained at all 
angles of phase delay. However, R2, 
R3 and C2 can be omitted and the 
left hand side of the diac connected 
to the junction of VRl and Cl. 

THERMISTORS 
Thermistors are rods, discs, beads 

or a similar block of a semiconductor 
material with two leads attached. The 
material is made by sintering certain 
mixtures of metallic oxides (such as 
nickel, cobalt, iron, manganese), so 
the material is very different from 
previous semiconductors. 

The resistance of a thermistor 
changes with temperature. The re 
sistance of most thermistors falls 
rapidly with increasing temperature, 
but positive temperature coefficient 
types known as p.t.c, thermistors are 
also available whose resistance in 
creases with increasing temperature. 

Thermistors can be used in the ex 
ternally heated mode in which they 
sense the temperature of their en- 
Plastic packaged thyristors and trlac. The 
device in the centre is a 4A power thyristor 
and to the left is a low power trlac. 

Fig. 3.10. Power control using a diac to control a 
triac 

� ·-- ·- .. - ..... 

Fig. 3.9. Basic circuit for a.e. 
power control In a load using 
a trtac. • 

anode to the cathode. It is obvious 
from Figs. 3.8(b) and 3.8.(c) that the 
use of a thyristor in series with a 
load across the a c. mains will greatly 
reduce the maximum power in the 
load. Even if the current flows for 
the maximum time of each full posi 
tive half cycle, the power will be re 
duced to one half of what it would be 
without the thyristor. 

One solution to this problem is to 
employ two separate thyristors, one 
of which conducts during each alter 
nate half cycle of the mains supply. 
However, it is usually more con 
venient to employ a device known as 
a triac. This is very similar in opera 
tion to a thyristor, but can conduct 
in either direction. The circuit sym 
bol for a triac is shown in Fig. 3.9. 
It is a pnpn device like a thyristor. 
Conduction is initiated by means of a 
pulse to the gate electrode and the 
device then continues to conduct until 
the current falls below the holding 
current for the particular triac con 
cerned. Fig 3.8(d) shows the wave 
form of the load current in the triac 
circuit Fig. 3.9 when the gate pulse 
is applied each time the half cycle 
of the malins supply voltage reaches 
its peak. 

Apart from the gate, the electrodes 
of the triac are the Main Terminal 1 
and the Main Terminal 2 which are 
abbreviated mtl and mt2 respec 
tively. Triacs can be turned on by 
ga,te pulses of either polariry. 
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THE DIAC 
A practical circuit designed by 

Texas Instruments for controlling the 
power developed in a load is shown 
in Fig. 3.10. Apart from the triac, 
this circuit employs a small pnpn de 
vice known as a diac. The diac auto 
matically switches to conduction 
when the voltage across it becomes 
greater than a certain value known 
as the breakover voltage for the de 
vice concerned. The circuit in Fig. 
3.10 is suitable for resistive but not 



Silicon carbide "Metrosil" devices 
have values of a of about 4 to 5, some 
selenium devices have values of 
about a= 10, whilst zinc oxide Varis 
tors and Zener diodes have values for 
a of at least 30. 

ZINC OXIDE 
International General Electric of 

the USA introduced a range of zinc 
oxide varistors some years ago and in 
1978 introduced their improved 
GE-MOV II range, while International 
Rectifier produced their "Zenamic" 
range and somewhat similar products 
are available from Iskra, Matsushita, 
Siemens and Thomson-CSF. 

As shown in Fig. 3.11, a zinc oxide 
Varistor contains small crystals of 
this material between two parallel 
plates. The high resistance at the sur 
faces of the grain boundaries results 
in a voltage drop of some 3V across 
each grain, the properties of the de 
vices being due to charge tunnelling 
through the grain boundaries. 

Fig. 3.12 shows transient voltages 
on a line and Fig. 3.13 the same volt 
ages after suppression by a zinc oxide 
Varistor. Each type of Varistor will 
suppress only those transients which 
have a high enough voltage to render 
the device resistance relatively low. 
It follows that a device designed for 
240V a.c. mains suppression will not 
provide good suppression on, say, 
150V a.c. lines. Siemens offer devices 
for use at normal operating ranges of 
14V to lOOOV r.m.s. or 18V to 1465V 
d.c., time for operations, 25ns. 

In addition to voltage rating, a 
zinc oxide Varistor should be chosen 
so that it can absorb the transient 
peak energy. The volume of a Varis 
tor determines its energy rating and 
the current rating is determined by 
the area of its disc. International 
General Electric offer devices with 
energy ratings from O · 13J to 600J 
with peak current ratings of 4-0A and 
25kA respectively. 
Next month: Optoelectronics 

Fig. 3.13. Transient pulses after 
suppression. 

SUPPRESSED TRANSIENT VOLTAGE 
VOLlaGE PEAK c 100\1 RECURRE:N't PEAK• )54V 
APPLIED VOLTAG!;'.o2SOV R,MS. 
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Fig. 3.12. Transient pulses on a 
waveform. 

UNSUPPRESSED TRANSIENT VOLTAGE 
VOLTAGE PEAK• !SOOV RECl,JRRENT PEAKa354V 
APPLIED VOLTAGE• 250\/ R.M.S. 

conductor devices because their rat 
ings are exceeded for a very short 
time. 

Most of the large semiconductor 
manufacturers produce transient sup 
pression semiconductor devices. One 
type of suppressor is the well-known 
Varistor which has a resistance which 
falls rapidly with increasing voltage. 
Such a device can be soldered across 
the line to be protected and will 
short-circuit any transient voltage 
peaks whilst leaving the normal 
wanted voltages unaffected. 

Another type of widely used device 
is a specially designed Zener diode 
which will break down in the pres 
ence of an over-voltage and thus 
short it out. No matter which type 
of device is to be used, it is vital that 
it acts very quickly before equipment 
can be damaged. 

The non-linear current-voltage re 
lationship in a Varistor may be ex 
pressed in the form: 

l=KVa 
where I is the current, V is the volt 
age and K and a are constants. In the 
case of a metal, a resistor or other 
material obeying Ohm's Law, a= 1, 
but in Varistors the higher the value 
of a, the better the transient limiting. 

Glass bead thermistors. At the top is the 
popular RA53 type, and below that Is a 
miniature and then submlnlature type, 

num changes by only O · 36 per cent 
per degree Celsius. 

Thus thermistors can be used to 
provide large output changes when 
the temperature alters. Thermistors 
may be used at temperatures from a 
few degrees above the absolute zero 
up to about 300 degrees. 

Positive· temperature coefficient 
thermistors are used in warning and 
trip circuits for detecting excessive 
temperature rises in industrial equip 
ment, such as electric motors. 

Ffg. 3.11. Structure of a zinc oxide 
Varistor. 

TRANSIENT SUPPRESSORS 
Large transient voltages of very 

short duration (microseconds) appear 
on electrical power lines, on tele 
phone lines, and so on. They arise in 
various ways such as atmospheric 
electrical discharges and the switch 
ing of inductive loads. Transient 
peaks of lkV can occur on 240V 
domestic mains supplies, smaller 
transients occurring more frequently 
than the larger ones. 

The effects of such transients range 
from "clicks" in audio equipment to 
the faulty operation of computers. 
Large transients can damage semi- 

Rod and disc thermistors. A rod type is 
shown In the centre and two views of the 
same disc type are shown on either side. 

ay 
ti- 
ud 

is 

the 
the 
Ice 
an 
ch 

ors 
g 

1fy 
at 

ice 
a 

R, 
a- 

�� 

a- 
or 

If. 
be 
en 

� 
is 
at 
a- 

t: 
�N [ 

81 
Everyday Electronics, August 1981 539 



7 

• 
�\\\\11� 

7 \ pS 

BY P.N. ROBERTS 

THE INSTRUMENT to be described was 
originally designed for use in 

determining the alkalinity of photo 
graphic colour developers and, al 
though somewhat rudimentary, it has 
proved more than adequate for this 
task. As such, it offers a simple means 
of more generalised pH measure· 
ments for those readers who are now 
taking an active interest in electro 
chemistry. 

THE MEASUREMENT OF pH 
Before describing the instrument, a 

simple explanation of the term "pH" 
and how it is defined will clarify the 
principles by pH measurement. 

As the result of the phenomenon 
known as dissociation, all solutions 
contain a certain equilibrium ratio of 
hydrogen ions (H+) and hydroxyl 
ions (OH-). The product of the 
hydrogen ion concentration and the 
hydroxyl ion concentration is always 
the same. 

In an acid solution there are more 
hydrogen ions than hydroxyl ions. 
The degree of acidity can therefore 
be defined in terms of the hydrogen 
ion content of the solution. 
. The value of acidity, that is the pH, 
is expressed as: · 

pH= -log10(H+) 
where (H+) represents the hydrogen 
ion concentration in gram-ions per 
litre of solution. 

540 

As pure water contains 10-7 gram 
ions/litre, it can be seen that the pH 
of pure water is 7 · 0. If the pH is less 
than 7 · 0, the solution is acidic. Con 
versely, values greater than 7 · 0 indi 
cate an alkaline solution. It should 
be noted that the pH of a given solu 
tion can be very dependent upon 
temperature. 

PROBES 
The theory behind the operation 

and design of the various types of pH 
probe is a science in its own right but 
in simple terms it can be regarded as 
a voltage cell with the solution under 
test acting as the electrolyte. The 
voltage output and the polarity will 
be dependent upon the hydrogen ion 
concentration, that is the acidity of 
the solution under test. 

Unfortunately, unlike the normal 
electric cell or battery, the probe is 
unable to supply sufficient current to 
deflect a conventional moving coil 
meter. Any attempt to do so could 
cause permanent damage to the probe. 

Any pH meter is therefore basically 
a high input impedance circuit driving 
a moving coil meter. As the minimum 
acceptable input impedance is typi 
cally 500 megohms, an f.e.t. input 741 
type op-amp will provide a suitable 
basis for such an instrument. 

Conveniently, the voltage output 
from the probe results in a linear pH 

scale and it is therefore a relatively 
simple matter to modify the meter to 
read directly in terms of pH. 

GENERAL DESCRIPTION 
The instrument is intended for use 

with a full range (2 to 14pH) "com 
bination electrode" type of probe. As 
such, it has been kept as simple and 
inexpensive as possible commensurate 
with an adequate reading accuracy. 

One simplification is to dispense 
with the temperature compensation 
normally incorporated in a commer 
cial instrument. As the meter can be 
easily calibrated at the envisaged 
solution temperatures, this is a minor 
inconvenience. 

A physical limiting factor on read· 
ing accuracy is the scale length of 
the meter. As long scale meters are 
difficult and expensive to obtain, a 
simple changeover switching arrange 
ment is used to effectively double the 
scale length of a normal meter. This 
uses the inherent characteristics of 
the probe whereby the voltage pol 
arity changes at 7 · OpH. 

The meter thus has two scales, 7 to 
12pH and 7 to 2pH. With this ar 
rangement the direct reading accur 
acy is 0· lpH which allows interpola 
tion to within O · OSpH. If readings in 
excess of 12 · OpH are required, then 
there is no reason why an alternative 
scale range shouldn't be adopted. 
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Fig. 1. Full circuit diagram of the Simple pH Meter. 

+ 

CALIBRATION 
To calibrate the instrument it is 

necessary to obtain at least two buffer 
solutions. These solutions are formu 
lated to provide an accurate and 
stable value of pH at a given tempera 
ture. 

Every care should be taken in the 
preparation of the solution be it 
from a tablet or a sachet of powder. 
During subsequent use, avoid any con- 

Actual component layout is not 
critical. However, it is important to 
note that the limiting factor on the 
input impedance will depend on the 
insulation properties of the compon 
ents, stripboard, and so on, rather 
than on the op-amp itself. 

Every attention should be taken to 
ensure that the items used in the 
input circuit are of a high quality in 
this respect. The two resistors are 
wired directly onto the switches be 
fore final interwiring is completed. 

In this context, if the instrument is 
likely to be stored in a relatively 
damp environment, it is recommended 
that the assembled stripboard be 
given a protective coating of poly 
urethane varnish. 

With the type of meter as used in 
the prototype, the scale plate is easily 
removed for modification to read 
directly in terms of pH. 

The battery check mark is also in 
corporated at this stage. The resistors 
Rl and R2 have been chosen so that 
fresh batteries will give approxi 
mately full scale deflection with a 
meter having an internal resistance of 
1000 ohms. The value of Rl and R2 
can be changed in direct proportion 
for meters having a different internal 
resistance. The minimum acceptable 
voltage is marked at 75 per cent of 
f.s.d. 

I 
I 
I 
I 
I 
I L----------------------- 

Ski 
!PROBE! I 

• 
though in theory the probe output 
should be exactly zero at 7 · OpH, in 
practice there will be a small voltage 
present. This is due to the probe con 
struction and internal geometry. 

In this particular application it is a 
convenient and perfectly satisfactory 
method to use the off-set control of 
the op-amp to set the instrument 
zero. 

ThE: intermediate switch position 
for SI is quite important as it allows 
the op-amp to stabilise while the in 
put is still grounded. It is only neces 
sary to briefly hesitate in this posi 
tion before switching through to the 
read position. 

The larger sized PP6 batteries are 
used for Bl and B2. With the use en 
visaged, they should give a working 
life of some 200 hours. 

HOUSING 
The complete instrument is con 

tained in an aluminium box measur 
ing ISOX lOOX 50mm, and the full 
layout is shown in Fig. 2. Because 
there are so few components in· 
volved, there is no need for a circuit 
board as such. A small piece of O · 1 
inch matrix stripboard is attached to 
the meter terminals to provide a con 
venient mounting point for the op· 
amp. To avoid possible damage due 
to static charges, handling of the op 
amp was kept to a minimum by using 
an i.c. socket. 

Guidance only £12 ·00 
Approx. cost 

excluding probe 

As the current drain of the circuit 
is only a few milliamps, the instru 
ment is battery powered to obviate 
the expense of a mains supply. A 
battery check circuit has been incor 
porated. 

Miscellaneous 
ME1 50µA d.c. f.s.d. moving coi I 

meter 
S1 three-pole, three-way 

rotary 
S2 two-pole, four-way rotary 
SK1 Co-ax socket to suit probe 
81, 2 9V, PP6 type (2 off) 
Aluminium case, 150 x 100 x 
50mm; stripboard, 0· 1 inch matrix, 
20 holes by 7 strips; battery 
connectors (2 off); 8-pln d.i.1. I.e. 
socket; knobs (2 off); intercon· 
nectlng wire. 

Probe 
A suitable probe for this unit is 
the 817 DA type from Griffin and 
George (Gallenkamp). For read 
ers not able to order from this 
company suppliers of other Full 
Range Combination Electrode 
type probes are listed in Shop 
Talk on page 535. 

COMPONENTS 
Resistors 

R1, 2 180k0 iW carbon± 5% 
(2 off) See 

Potentiometers Sho� VR1 10k0 carbon lin. � I VR2 5k0 carbon lln. I a . 
Semiconductors page 535 

IC1 NE536 f.e.t. input op-amp, 
T0-99 metal can 

CIRCUIT OPERATION 
The circuit of the simple pH meter 

is shown in Fig. 1. The probe is con 
nected via a co-axial socket SKI and 
switch SI which also acts as the ON/ 
OFF switch. The op-amp ICl, is con 
nected as a voltage follower, the out· 
put being fed to the meter MEI via 
the potentiometer VR2 and switch 
S2. VR2 is the SPAN control which 
sets the meter deflection for a given 
probe output. 

The operation of S2 is such that in 
position 1 the meter is connected so 
that it reads 7 to 2pH. Position 2 re 
verses the meter polarity so that it 
reads 7 to 12pH. Positions 3 and 4 
monitor the state of the batteries via 
Rl or R2 as appropriate. The bat 
teries can be checked with or without 
the instrument being switched on, 
thus giving a better indication of 
their condition. 

Variable resistor VRl is the ZERO 
control. At first sight such a control 
may appear redundant. However, al- 
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Fig. 2. Diagram above shows circuit 
board layout, and full Interconnections 
can be seen on the left. Note that there 
are no obvious connections to the 
meter. In fact contact Is made between 
the meter terminal posts and the under 
side of the atrlpboard at positions 84 
and 817 when the board Is fastened In 
place on the back of the meter. When 
completed the whole of the circuit 
board, the switches and potentio 
meters and aBBoclated wiring should 
be sprayed with a moisture repellant 
protective coating, such as polyure 
thane varnish to keep the damp out. 
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0 • • • l • 0000 00000000 00000 

G 
F 
E 
D 
c 
B 
A 

VR1 

-.,-, 
61 

tamination of the solutions. This in 
cludes the indiscriminate carrying 
over of water used for rinsing the 
probe. 

For setting the instrument to zero, a 
7 · OpH buffer solution is the obvious 
choice. When choosing a second 
buffer to adjust the SPAN control, 
maximum accuracy will be achieved 
by selecting a value close to that of 
the anticipated measurement. Ideal as 
this ni.ay be, there could be difficulty 
in obtaining other than a 9 · OpH 
buffer. 

Before any calibration is under· 
taken, it is essential to ensure that 
the meter is mechanically at zero 
when the instrument is switched off 
and is in the preferred operating 
position, that is vertical or horizontal. 

Select the 7 to 12pH range, connect 
the probe and place it in the 7 · OpH 
buffer. Switch the instrument to read 
(SI set to position 1) and use the 
ZERO control to set the meter needle 
to the 7 on the scale. As a cross 
check, temporarily switch the instru 
ment to the 7 to 2ph range. The 
needle should not move if the zero 
bas been set correctly. 

Switch the instrument off and re 
move the probe from the buffer. Rinse 
it carefully in distilled water and, 
having drained off the excess water, 
transfer it to the 9 · OpH buffer solu 
tion. Tum SI to position I again and 

adjust the SPAN control until the 
meter reads the correct value. 

In theory, on the assumption that 
the probe output is symmetrical about 
7 · OpH, the instrument is now cali 
brated on both of the ranges. 

In practice, however, errors of up 
to O · lpH have been noted when using 
the 7 to 2pH range after calibrating 
on the 7 to 12pH range. When more 
precise measurements are required 
the 7 to 2pH range should be cali 
brated separately using a 4 · OpH 
buffer solution. 

OPERATION 
Any measurements are now simply 

a matter of placing the probe into the 
solution to be checked. There are, 
however, one or two points to ob 
serve. The switch SI should never be 

Interior view of the 
completed prototype. 
The two PP6 batteries 
can be seen sec\Jfed 
In place under an 
aluminium strip In the 
rear of the case. Com 
pare this photo with 
the diagram In Fig. 2. 

switched to the read position unless 
the probe is connected and immersed 
in a solution. Because there is virtually 
no warm up drift, there is no advan 
tage in leaving the instrument in the 
on position between measurements. 
Accordingly, it is best switched off to 
avoid draining the batteries. 

The pH probe is a fairly delicate 
item and normally comes with a 
plastic shroud to provide a measure 
of protection--even so it should not 
be used as a stirrer! To prolong the 
life of the probe it is important that 
the instructions be observed. 

Some readers may experience diffi 
culties if the equipment becomes 
damp. In the author's experience a 
few hours in a warm dry place, like 
an airing cupboard soon cures the 
trouble. }::! 
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Protection for any number of displayed 
goods bya simple loop linking all items. 
Strident alarm sounded if this is 
interfered with. 

A well smoothed and regulated output 
adjustable from zero to 12 volts. In 
corporates audio alarm which sounds 
when the selected current limit (40, 
100 or 400mA) is approached. 

ADTI · THEFT DEUICE 

D · 12U POWER SUPPLY 

....... ·····. ............. ·:·"' .... ..... . "'··�, . · . 

A wide compression range of around 
30dB is available and can be used 
either for instantaneous short term 
compression or for automatic level 
control in tape recording. It also has 
application in suppressing the level 
of music whilst speech announce 
ments are superimposed. Provision 
for mixing microphone and high level 
(music) signals is included. 

AUDIO 
COfflPRESSOR 

·ffllHER 

fflODEl TRAID 
SPEED CODTROllER 
Uses a pulse-width-modulation technique 
to maintain a smooth, steady ride even at 
low speeds. Features include a continuously 
variable speed control, automatic starting 
and stopping to give realistic performance, 
brake and accelerator controls. 

Jl smoolher ride) 
al all .. .- spe,ds 
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INTRODUCTION TO 

PART 4 BY J. CROITHIR 

and the emitter would now be O · 6 volts t iving a voltage drop of 
( 6-0 · 6) volts across the 540 kilohm resistor. The· base current 
lb would now be equal to: 

lb= 5·4V/540kn = O·OlmA 
If the hFE (gain) of the transistor was 200, the collector 

current would be lb x hFE = 0·01 x 200 = 2mA. This would 
give a voltage drop across the 3 kilohm resistor of 3k fl x 2mA 
= 6 volts and the output would fall to zero, equivalent to a 
switch being off and giving no result-logic 0. 

Therefore it can be seen that a transistor can be switched on 
and off by a squarewave pulse of two voltage levels as shown 
in Fig 4 2. 

Fig. 4.2. The transistor In Fig. 4.1 
will be switched on by 6V level 
and off by the 0·25V level. 

(2) Negative Logic 
Where the negative half of the wave form is referred to as 
logic I, and gives a result, see Figs. 4.4 and 4.6. 
Positive logic is the more common and is used in all E.E. 

projects and features. 

TYPES OF LOGIC 
In practice it does not really matter which voltage level is 

referred to as logic l, so long as the transistor switches on and 
off, and we know which level the designer has used and we use 
the same. For convenience in design two types of logic are 
possible: 

(1) Positive Logic 
Where the positive half of the wave form is referred to as 
logic 1, and gives a result, see Figs. 4.3 and 4.5. 

LOGIC a 

� LOGIC a +6V 

THE TRANSISTOR AS A SWITCH 
For an npn silicon transistor to conduct its base must be 

0 · 6 volts above the emitter voltage. If the voltage between the 
base and the emitter is less than 0·6 volts the transistor will 
not conduct. Therefore it can be seen that a transistor can be 
switched on and off by two voltage levels, above and below 
0 · 6 volts. These two voltage levels are referred to as logic 1 
for on (a result), and logic O for off (no result). 

If these two voltage levels were too close together, for example 
0 · 5 and O · 7 volts, there is a chance that, due to tolerance and 
temperature changes the transistor would not always switch on 
and off, so logic levels are usually not too close together, logic 
1 may be 6V and logic O below O · 25V with nothing inbetween. 

Consider the circuit shown in Fig. 4.1. 

v 

Fig. 4.1. Using the transistor as a switch. 

If O · 25 volts is applied to the base at A, the transistor would 
not conduct, no current would flow through the 3 kilohm 
resistor, so there is no volts drop across it and the output 
at B would be 6 volts. This is equivalent to the switch being on 
and giving a result-logic 1. 

Now suppose 6 volts were applied to the base at A, the 
transistor would start to conduct. The voltage between the base 

Fig. 4.3. Positive logic. 

POSITIVE LOGIC 

+6V 

6V 

� 

av 

Fig. 4.5. High level lights 
lamp to give result. 

Fig. 4.4. Negative logic. 

NEGATIVE LOGIC 

av 

Fig. 4.6. Low level lights 
lamp to give result. 
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BOOLEAN ALGEBRA 
George Boole (1847) invented a system of algebra now called 

Poolean algebra with its own special rules, to look into a two 
state system, his two states being true and false. This system 
was later adapted to deal with the two states of a switch, on 
and off. 

Consider a relay as a switch (see Fig. 4. 7), and let A be the 
input to the coil of the relay, and S the output from the main 
contacts. 

Let A be the supply to the relay (logic 1), if A were applied to 
the coil the relay would close giving an output at S. 

In Boolean this is written as: 
A=S 

which means an input at A (logic 1) gives an output (logic 1). at 
S, and represents a normally open switch or relay. 

A line above a letter, for example A, is called "bar A", 
"A bar" or "not A", and is said to be the complement of A. 

Therefore A means no pulse at A or logic 0. 
The Boolean equation for the above circuit could also be 

written as: 
A=S 

which means no pulse at A (logic 0) gives no output at S (logic 
0), which is also true for the above circuit. 

Therefore A = S is the same as A = � which shows that 
in Boolean a "bar" can be added to both sides of an equation 
and it still remains true, providing the bar covers all the terms 
on each side of the equation. 

8 A� 

� 
I I 
I I 
I : y N.O. RELAY I N.O. RELAY 

LOGIC 1 ...,.,,r 4 ... �_co_N_TAC_T __ u,/0 CONTACT 
INPUT OUTPUT,S 

Fig. 4.9. Both relays need to be energised to produce a 
logic 1 at the output. 

Note 
Boolean equations are normally written to give an output. 

examples 
A=Sand.A=S. 

SWITCHES IN SERIES 
Consider the circuit in Fig. 4.9. 
To get an output at S, relays A and B must both be energised. 
In Boolean this is written as AB = S. A times B in Boolean 

means A AND B. 
Therefore AB = S means an input (logic I) at A, AND an 

input (logic I) at B will give an output (logic I) at S, and 
represents two normally open switches in series. 

Boolean algebra is not limited to two elements. 

example 
In a three-element system, ABC= S means to get an output 

we must have A, AND B, AND C, and it represents the state in 
Fig. 4.10. 

Also ABC = S means to get an output we must have A, AND 
I' OT B, AND C, and it represents the circuit shown in Fig. 4.11. 

A� 

� 
I 
I 
I 
I 
: N.C.RELAY 

LOG� 
INPUT OUTPUT,S 

RELAY 
COIL 

A 

I 
I 
I 
I '"' y N.0. RELAY 

LOG� 4 CONTACT 
INPUT OUTPUT,S 

r 
d 

of 
t 

example 
AB = S is the same as All = '§ 
but, AB = S is not the same as A11 = "§'. 
Now consider a relay which is normally closed-ti in Fig. 4.8. 
A supply or logic 1 applied to the coil at A will open the 

relay, and there will be no output (logj£ 0) at S. 
In Boolean this is written as: A = S 

which means an input at A (logic 1), gives no output at S 
(logic 0). 

It is also true for the above circuit, that if no supply were 
applied to the coil at A, the relay would remain closed and there 
would be an output at S. 

In Boolean this is written as: 
A=S 

which means no input (logic 0) at A, will give an output 
(logic I) at S, · 

Therefore in Boolean algebra A= S, is the same as A = S, 
and represents a normally closed relay or switch. 

This shows that in Boolean algebra it is permissible to 
transfer a "bar" from one side of an equation to the other 
providing the "bar" covers all the te ms on each side. 
example 

Alf= S is the same as AB = � 
but, AB = Sis not the same as A !l = � 

Fig. 4.11. A logic 1 results at output when first and last 
relays only are energised. 

Fig. 4.10. A logic 1 appears at the output only for as long 
as all three relay coils are energised. 

OUTPUT,S 

' I 
I 
I 
I 

_/6N.O. RELAY 
A CONTACT 

OUTPUT,S 

c� 

La.J 
I 
I 
I 

' : N.O. RELAY 
� CONTACT 

8� 

RELAY 
COIL 

I 
I 
I 
I 
I N.C.RELAY ooh CONTACT 

8� C 

� 
I 
I 
I 
I y N.0. RELAY 

rt" I! CONTACT 

A� 

� 
I 
I 
I 

.v. j... N.O. RELAY +..:..:......... 6 CONTACT 

A� 

� 
i 
I 
: N.O.RELAY 

LOGIC I / CONTACT 
INPUT-" A , 

Answers to Exercises in Part 3 
3.1. (a) 00000011 (b) 11111101 (c) 00010000 (d) 11110000 

(e) 01111111 (/) 11111111 

Fig. 4.8. Energising the 
relay coll causes logic 1 
to be removed from the 
output. 

Fig. 4.7. Energising relay 
coil causes logic 1 to 
appear at the output. 

TD Bl CDNTINUID 
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Depletion mode f.e.t.s pass current even 
when unbiased. In their case a negative 
bias is often required to reduce the standing 
current to what is reasonable for the job. 

INTERSTAGE COUPLING 
The a.c. part of the current in a transistor 

may be very small indeed. This is because 
the a.c. signal may be very small. The 
aerial of a sensitive radio receiver may 
deliver only a few millionths of a volt or 
a few billionths of an ampere. A typical 
transistor may amplify these signals a 
hundredfold, but they are still pretty small 
compared with the steady voltages and 
currents in the circuit. 

If these steady quantities were passed on 
to the next transistor they might well 
overload it. So what is required is some 
sort of filter to allow only the .small a.c. 
signals to pass on while excluding the d.c. 
voltages and currents. Such a circuit is 
called an a.c. intentage coupling. 

CAPACITORS 
One way of separating a.c. from d.c. is 

to use a capacitor. A capacitor is a device 
which can store an electric charge. Capaci 
tors take many shapes and forms but the 
essence of them all is a thin sheet of 
insulating material sandwiched between 
two metal plates. This is reflected in the 
symbols for capacitors, which show the 
plates sideways on, with a gap in between 
to represent the insulator. 

In practice the "sandwich" is often 
rolled up to save space, and encapsulated 
for protection, giving a component with 
two leadouts, one connected to each plate. 

Fig. 3.2. Showing the charging and discharging of a capacitor. 
Note the direction of current flow as shown by the arrows. 

BIASING 
Before we look at how to do it, we must 

first think about how to set up the circuit 
so that the required steady d.c. ftows. 

Practical transistor amplifiers are more 
complicated than the simple circuits in the 
last article because they contain extra 
components for setting up the steady 
currents. This setting-up process is called 
biasing, and in the case of a bipolar tran 
sistor (i.e. a pnp or npn transistor as opposed 
to a field effect transistor) biasing takes the 
form of feeding a steady trickle of d.c. 
into the base-emitter region of the 
transistor. 

A common arrangement is shown in 
WOBBLING D.C. Fig. 3.la. Here RI is the biasing resistor. 

The answer (hinted at in an earlier A small current flows from the battery 
article) is first to set up the circuit so that through R2 then RI, then the base, the 
a steady current (d.c.) flows through the emitter and to the other side of the battery 
transistor. The effect of applying an a.c, to complete the circuit. 
signal of small size is to make the steady This base bias current causes a much 
current increase when the a.c. goes one larger (typically 100 times larger) collector 
way and decrease when it goes the other current to flow (also through R2, then 
way. In other words, the a.c. signals put a collector and emitter and back to battery). 
"wobble" on the d.c, through the transistor. Fig. 3.lb repeats the same circuit in a 

The resulting wobbling d.c. is exactly the shorthand form which you will come 
same thing as would be produced by across often. The battery is not actually 
mixing up a genuine small a.c. signal with drawn in, and connection to the common 
a larger d.c. flow. When two things are side of the circuit is indicated by an "earth" 
indistinguishable there is a good chance symbol. 
that they are truly identical. This is the The method of biasing a field effect 
case with our wobbling d.c. in the transistor. transistor depends on what sort it is. 
It really is a mixture of a.c. and d.c. Enhancement mode f.e.t.s have to be 

Common sense suggests that it might be turned on in much the same way as bipolar 
possible to unscramble the two and extract transistors, except that they draw no input 
the a.c. part by itself, to feed to some other current to speak of and are therefore 
circuit such as another stage of amplifica- turned on by a voltage rather than a 
tion. current. 
Fig. 3.1. (a) A transistor with d.c. biasing via R1. (b) The same 
arrangement drawn in a slightly abbreviated fashion. 

IN the previous article we saw that the 
active devices (transistors) in amplifiers 

can be regarded as means of controlling 
the amount of current drawn from the 
battery. 

Now, the current from a battery can 
ftow only in one direction. It is d.c. (direct 
current), not a.c. (alternating current). 
Transistors are also d.c. devices. But most 
of the signals which have to be amplified 
are a.c. ones. (Engineers say "a.c, signals" 
even if they are talking about signal 
voltages rather than signal currents.) 

How can a d.c. device like a transistor 
amplify an a.c. signal? 
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steer the a.c. to where it is wanted. Current 
always takes the easiest path. If R2 is big 
enough (electrically, that is) most of the 
a.c. goes to TR2. 

This can be illustrated by analogy with 
water flow (Fig. 3.4). A current of water 
flows into a branching arrangement of 
pipes. More water flows through the thick 
lower pipe than the thin upper one because 
the thin pipe has more frictional resistance 
because of its smaller cross sectional area. 
The thick pipe represents the easy path for 
the current via C2 while the thin pipe 
represents R2. 

When an electric current has a choice, 
more flows through a low resistance than 
through a high one. For obvious reasons 
resistances connected in the same con 
figuration as the two pipes are said to be 
connected "in parallel" . 

A.C. PASSES THROUGH 
CAPACITOR 

If the switch is moved repeatedly from 
one position to the other the lamp receives 
a succession of current impulses and 
flashes each time, the current through it 
flowing first one way then the other and 
so on. This is an alternating current and to 
all intents and purposes it flows through 
the capacitor as well as the lamp. But no 
d.c. flows through the lamp, as is proved 
by the fact that it does not stay lit when the 
switch is left in position "l". 

Evidently a.c. can flow through a 
capacitor but d.c. cannot. This is just what 
we need for separating a.c. from d.c. in 
our amplifier circuits. 

A FOUR-PART INITIATION COURSE FOR NEWCOMERS 

It is obvious that the insulating material 
(known as the dielectric) must prevent d.c. 
from flowing through the capacitor. How 
ever, if a batteryis connected to a capacitor 
there is a momentary flow of current as 
the capacitor charges. Then no further 
current flows because of the dielectric. 

If the battery is taken away the capacitor 
remains charged up to the battery voltage. 
It can be discharged by connecting its 
leadouts together. There is then a momen 
tary rush of current in the opposite direc 
tion to the original inflow of charge. 
(Don't try it! The outflow may be violent 
enough to damage the capacitor itself.) 

CHARGING AND 
DISCHARGING ACTION 

Charging and discharging can in TWO-STAGE AMPLIFIER 
principle be demonstrated by the circuit A practical bipolar transistor two-stage 
of Fig. 3.2, which contains a battery, a amplifier using capacitors for a.c. coupling 
capacitor, a lamp and a changeover switch. of the stages is shown in Fig. 3.3. Here NOISE 
I say "in principle" because unless the resistances Rl and R3 are for biasing. An If TRI amplifies by a hundred time and 
capacitor is capable of holding enough a.c. input signal causes a small current to TRZ by a further hundred the overall 
charge to light the lamp no sign of the flow to and fro through Cl. It also flows 00 o 000 circuit operation will be visible. hr gh h b d . f h fi amplification is by 100 x 1 = 1 • . t ou t e ase an emitter o t e rst By "cascading" stages of amplification in 

With the switch contact at position "I ", transistor, TRI. An amplified version of f lifi the capacitor charges, and if the inrush of this current flows from the collector to this way enormous amounts o amp J ca- 
current is big enough the lamp flashes and fro through C2 and thence to the tion are in theory obtainable. In practice, 
momentarily then goes out. The capacitor d . however, all this amplification cannot be base-emitter circuit of the secon transistor used and three or four stages can reach the 
is now charged, and if the switch is changed TR2. Further amplified, it flows via C3 to useful limit of about a million times. 
to position "2", it discharges through the whatever circuit follows. 
lamp (which limits the current) and the The reason for this disappointing result 

STEERING THE CURRENT is that all circuits contain noise, that is lamp flashes again momentarily. 
The arrows show which way the current Without R2, all the collector current of unwanted voltages and currents. Noise gets 

flows round the circuit in each case. During TRl would pass uselessly through the amplified along with the signals and if too 
charging, current flows downward through battery instead of the a.c. part passing strong it just obliterates them. 
the lamp. During discharging, it flows up. via C2 to TR2. So the job of R2 is to Continued next month 
Fig. 3.3. A two-stage amplifier. The coupling capacitors C1, C2 Fig. 3.4. Water flow in a system of pipes provides an analogy 
and C3 allow the a.c. input signal to pass but are a barrier to the with electric current flow in circuits composed of high and low 
steady d.c. supply applied to the transistors. resistance paths. 
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A self-contained unit for use 
with all kinda of doors. 

E nnY =• oonnUess chlldttn ...., 
pol�011•"1 by modlclu"' lrft un- 

11<)(:urrd 111 bot!,rQom qabln,•u ond 1111, 
ull•ntl� "'' dr$lnJ lablef. liY"'J 
wb�n thc,y nre put oway, parenll 
ol 1.1111 w1dl;rc.stlmnte tl•• lnacnuhy or 
uute chl\Oren In flJullng out how Lo 
open ,abln•lf and e111>b011{'11$ thll 
tnotll l*lt>lo would •on•ltlar boy<l'id 
their cnoobnlll06, 

Cltarly wh�l i• n•Mt·<l Ii eltht>r o 
stour lockable cabinet, vC't)I ox�enslv� 
r1owaduyi. or ro.11�1g 1hat, a c:upbo!lrd 
pl-d u far out ol rcacb u poss!blp 
with n w11rnlnJ <l"vi"" to •lert lhu 
1uu onls hlln1�t1JhlcJ¥ lcl t1.ny ua 
nuthorlstd tam11erlnR, 'The, rroJcc:1 
do..,.lbe(I In lhl, Artkle h Just ouol1 • 
wnrnlna d�viC(l 

It Is oomplotcly 'ielf.ooowincd Md 
could do cc11101ly Wl'll GS t ,ho11 door, 
h<!II or 1•ven • col'<llm bur'111t alum, 

TlJ� current drain wbc11 the alornl 
•• 8Cl i,s ft trivJol ffµ./\ cll11tlrin5 0 loog 
banory Uf• When uiaK"1-ed lhll � 

S48 

e •• ]RI ""' 111:m 
• [s Ill 

""" -· 
to •P1>rwtimutuly 80mA which °' high 
for • PP$ but no-one I• Aolnf lu hnv� 
thhr alnrm on ror long I 

DARLINGTON PAIR 
'J1>c h118rl or Ille unit Is Tll l ond 

'l"R2 which h11v� been nrrnnJcd o• • 
DarUnitou pl!lr, lllfll I� U1oy con be 
roiardcd as oi1e 11·nnsiS191· with o v�ry 
lorat oun•Mt ll<lln (h,... M TRI multi· 
plied by the h•• of '1112), Tht eem 
plrlu chvuh 1, $huw11 In l'la I 

Jo the "alurm Jut" 00iltllllo11 CmUI 
iWitd1ed on und tlli!d �witch SI hold 
c,Jos,,d by tho oo�,ioet) tho 1ro.oslstor• 
11Te off d\" tu the fncl lhnt tho boso 
uf Tl\l h •bort-clrttnll�d t� lhr. neit• 
tlve rnn. 

WbM th� 111nrnc1 1, 111,r.,ed away 
from tho reed switch (''olurm 
ltllJ«ettd''), the rted $Wilch ge1<'$ 
open C!lrc,111 nllowlnll tho bnSft. of 
Till to rtse to +4·SV (� by the 
1•ol�Uul dMdur kcU,m Ill RI ond 
R2), 'I'll I swltah"" 1111, which swi\cheo 
on TR2 cuush1f Tl\2 c:oUector volw•� 
to "111 and allowing current to llow 
throuih tho bu .. er, \VDl. 

PLASTICS BOX 
�·(71" prod.lcal reason, h Is lmlHll' 

to.nl lo iue es 81n�ll a CIUC! n, ponlblo 
and A full l'l)'OUI IJ ,hoWn 10 i'1i, 2. 
Mnke sure lhnl tho front t• big 
enough for \he buµ<)r und lhc, twitd1 
Md that• 1'1'3 bnllory wlll nlso Rt ht, 

Ute drcttlL boal'II oonsisl.l of a vncy 
$RIIIII pltoe of �· 1 Inch s1rl11board 12 
•• rl�J by 6 boles •nd can b6 Ox� 
wMrc It I• ln0$( oc.mvtnfcnt In tbe 
prototype! IW• wa, nlt.ichod lo lbr 
front PAMI uS1�g dc111>lC>11id,ed ,,.,u. 
•dhesivl' roam strip. 

134forot fixing tho bun.er, drill � 
matrix ol small liol�,a In the pftn!'J In 
rue puottlon wlllll'C II Is 10�1# lo lie. 
'l'hll I& to lc-t the 10Ufld 0\11 The 
b,u·.zor c1.111 tht'u t,t, ,rltu)d ut po;illlc>n 

�·iou1lly the recd 11Wil<h, SJ •hould 
OIS() be <t,(Ul'lld lntldc lh& otie l\'1111 
opo,cy Min cl0$C 10 ono ot lho ClllSO 
$Ide,, s11<rh thni whtn the en� Is 
1uouuted 111 Its ru,al p(ligltfuu Ibo ex, 
l�tlOr ntOCllct Will b� Nblc, l.o operitt .. 
tho =.d swlllJb succel;Srull)'. 

A koyJwlteh tor S2 it lmpcrntfrc 
In th� uult so a., 1<1 pn,vcnl n cblld 
(or bur11l;r) switcbina the unit off 
qultkly 

INSTALLATION 
'l.'11,; 111111 ,hould t,., ln,talled 'IOrne 

wbere on th� cabioet or 111bcr door 
such 1h111 when the door 1, cl06¢d, 
Ibo llxecJ 11111g1101 hold• the rcCld 
�witch cl-d �nd th& nlorm i� off 
Wh•u tbe door 1' ope,,cd tltc n>•d 
switd, oP�s n11d 5<1Und1 the 1lnrm. 

Olhor PO.<sll>I• n1othcd• or mount· 
ing w011ld be to hnvo the wbolo unlL 
ln,:\cle the door with Jwrt lhe bciel cw 
S2 showln� cm Ute outside, or to cul 
•wuy pnrt or the door lcuvlnr tho 
wllolc or tho front pcutol •lalblo. rn,o mnMT1ct Will or <"Olll'$e be 
n,o..,,!cd aomewher;, on the Interior 

v1,w of lhe , .. , of lht Iron! pnool 
•howlng circuit �o,rd end othtr <:ompono,ir,. 

EvrrydD)' Eltelrt1nkr, Augull 1981 

Fig, 1 Compl,tt 01.,,ult diagram ot th, Door Alarm, S1 1, • m10001fcoJIV o�rettd dry. 
reed 1wllch. 



Fig. 2. Complete wiring diagram showing circuit board layout and all Inter 
connections. Note that 51 should be glued to the case side so that It will be as 
near to the operating magnet as possible when the alarm is In the "set" condition. 
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COMPONENTS 
See 

Resistors 
• 

R1, R2 1MO (2 off) 
both +w carbon± 5% a 

Semiconductors page 535 
TR1, 2 BC182 npn silicon (2 off) 

Miscellaneous 
S1 reed switch with one set of 

normally open contacts 
S2 s.p.s.t. key operated switch 
WD1 6V solid state warning 

device 
81 9V, PP3 type battery 
Plastics case, with aluminium 
front panel, 100 x 64 x 50mm; 
stripboard 0· 1 Inch matrix, 12 
strips by 6 holes; suitable magnet 
to operate S1; battery clip; 
double-sided <self adhesive foam 
strip; interconnecting wire. 

Approx. cost £6 Guidance only 

of the cabinet such that it keeps Sl 
closed when the door is closed. 

In the case of access door, the mag 
net will need to be embedded in the 
framework. 

Try to place the magnet as close 
as possible to the position of the 
reed switch in the case. Magnets 
come in all shapes and sizes, and ilt 
should! not be too diffi.Cllllt to find a 
small one, with a hole in its centre 
by which it can be screwed in 
position. 

If the unit is to be used in a shop 
to attract the shop keeper's attention 
a resistor will need to be inserted in 
series with the buzzer to reduce the 
current consumption and the volume. 
Use a 1 kilohm preset potentiometer 
to set this value. ):( 

r 

JACI( l'l.00 & fAMllY. . . BY DOUG BAKER 

OUR NEW NEIGHBOUR IS A C& ENTHUSIAST 
AN� WE'RE GE.TTING A LOT OF INTERFERENCE 
ON OUR T.V. SET. 

HE'S OVER SIX FOOT TALL AND 
HE'S A KARATE BLACK BELT. 
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Everyday News • 

AND CHIPS 
Catering Industry 

catch up with the hotel 
trade. Systems are now avail 
able that allow the hotelier 
to show feature films on the 
in-house TV system in addi 
tion to ordinary TV program 
mes. Teletext and Viewdata 
are also trying to make an 
impact although progress is 
slow--even though June was 
national Teletext month. 

So-all in all the hotel 
and catering trade are being 
computerised one way or 
another. Let's hope it re 
sults in better personal ser 
vice and the end of that 
exasperating "waiting for 
chips." 

The Plant/me Electronic Restaurant Management ,System 

front-desk systems, one 
rather eye-catching exhibit 
was the Plantime Electronic 
Restaurant Management 
Scheme illustrated above. 
Apart from aiding stock con 
trol and accounting, it also 
means that the chef is 
actually going to cook what 
the waiter ordered and not 
what he thought the waiter 
ordered-a bit of an im 
provement on "two number 
threes and a number five 
with rice" shouted down the 
service lift shaft. 

On the entertainment side 
it seems that the video 
revolution has begun to 

bar stock control, and so on, 
ad infinitum. 

A typical system for a 20- 
bed hotel might cost about 
£300 per month to hire al 
though this price would de 
pend very largely on the 
size of the hotel and the de 
gree of sophistication re 
quired. 

In fact this year's exhibi 
tion was dominated by com 
puter equipment suppliers, 
due, no doubt, to the fact 
that many manufacturers re 
gard this as a key growth 
area, a point made by the 
organisers when they said 
that they wanted to bring 
together suppliers of equip 
ment and "the hoteliers and 
restaurateurs who are hav 
ing to learn as much about 
the silicon chip as they are 
about potato chips." 

Apart from a multitude of 

The Hotel and Catering industry is 
often regarded as very conservative 
in this country-especially so when it 
can diraw on a vast number of low 
paid workers. 

However it seems that no company 
can avoid the effects of modern tech 
nology and micro-electronics bas 
made such advances in the hotel and 
catering trades that there is now a 
special exhibition and conference 
called, appropriately enough, Elec 
tronic Hotel. 

SILICON CHIPS OR FISH 
Micro-electronics comes to the Hotel and 

This exhibition, held at the 
West Centre Hotel, Fulham, 
serves to bring together 
manufacturers offering elec 
tronic equipment or services 
to the trade and these sup 
pliers can really be divided 
into two camps-those who 
supply computer based 
accounting and management 
systems, and those who 
supply electronic entertain 
ment packages. 

As with most data-process 
ing systems, the computer 
based hotel management 
equipment can be made as 
comprehensive as you like. 
For instance you could start 
with simple front desk regis 
ter which would store and 
process fairly rudimentary 
information about each 
guest, and then expand this 
to take in annual accounts, 
staff salaries, restaurant and 

Robots on the March 
An industry expert has forecast a market in the UK and 

EEC of 2,000 robots a year by 1984. Many British firms 
are entering the market with Japanese partners manufac 
turing under licence or in joint ventures. Hall Auto 
mation, the all-British robot manufacturer, contends that 
the Japanese can teach them little or nothing, a view also 
shared by the British Robot Association who claim there 
is no need to depend on imported technology. The joint 
venturers, mainly engineering rather than electronic com 
panies, say they have no intention of spending money on 
"re-inventing the wheel". 

Steam loeomotives could be 
back again in the United 
States before long. American 
Coal Enterprises (ACE) of 
Ohio is building a steam pro 
totype locomotive, the ACR 
3000 with micropressor con 
trol With electronic moni 
toring and control, combus 
tion thermal efficiency in the 
fire-box can be improved by 
a factor of two or three. Such 
a system, however, would be 
commercially viable ( com 
pared with diesel or electric 
traction) only because of the 
!lVailabillty in the USA of 
cheap coal. 

The explosive growth of 
personal computers con 
tinues. Apple claim over 
200,000 systems sold world· 
wide and the new Commo· 
dore VIC 20 is selling at the 
rate of 10,000 systems a 
month in Japan alone. The 
VIC 20 follows on from the 
Pet which bas clocked up 
44,000 sales in the UK. The 
VIC 20 offers both eolour 
and sound, large memory 
and full range of peripherals. 
It should be available in UK 
stores by October ilnd Com· 
modore expect UK sales to 
average about 1,000 a week. 
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• . . from the World of Electronics • 
-ANALYSIS--------- 

Over 300,000 video re 
corders were delivered In 
the UK In 1980. Most went 
to TV rental companies for 
hire to clients. 

Biggest volume manufac 
turer would appear to be 
Sony who plan to manufac 
ture l · 5 mllllon units Olis 
year. 

Silicon Pioneer Wins Award 
The 1981 Martlesham Medal has just been awarded to 
Mr Dennis Baker. This silver medal-marking outstanding 
achievement in telecommunications science and engineer 
ing=-is reserved for former or present members of British 
Telecom and was only introduced last year when it went 
to Tommy Flowers for his work with the early post-war 
computers. 

Dennis Baker's outstanding achievement was the 
development of silicon transistors for underwater tele 
phone repeaters and so good was his design that despite 
ten years of continuous operation there have been no 
faiQu.res. 

Following this remarkable advance he now leads the 
team which in 1969 ooined the term "microprocessor" and 
is at present olosely concerned with the very small 
geometry of the integrated circuits for System X. 

Mr Baker's favourite hobby is repairing and restoring 
clocks and watches so this 4 inch diameter medal which 
he received at a special ceremony in London, will make 
a handsome addition to his mantlepiece. 

Dennis Baker, winner of the 1981 Marllesham Medal, holding a sel of photo· 
mlcrooraphs of his s/1/con transistors. 

Electronics easily domi· 
nated the world of Invention 
last year according to the 
annual report of the Comp 
ti·oller General of Patents, 
Trade Marks and Designs. 
Microprocessor applications 
were top and fibre optic tech 
nology and applications were 
a strong feature. 

INFO TECHNOLOGY 

SONY TRIUMPH 
Sony's ferrochrome audio 

cassette tape has been 
chosen as an international 
standard. It is the first time 
a Japanese tape has been 
selected as a world reference 
for other manufacturers. 

Information technology is 
now absorbing about half the 
energy of the newly asso 
ciated National Enterprise 
Board and the National 
Research Development Cor 
poration. NEB financial ex 
pertise will be married to 
NRDC technology manage 
ment. The two organisations 
are operating in parallel 
pending a full merger and 
will be called the British 
Technology Corporation. 

THE SURVIVOR 
When you next switch on your TV, and before you become 

absorbed in the programme, spare a thought for the curious 
story of the cathode ray tube on the faceplate of which your 
TV picture is almost miraculously traced out. 

You may imagine you are looking at a modern invention 
but you would be quite wrong. The cathode ray tube is in 
fact the earliest of all electronic devices. Sir William Crookes 
observed electrical discharges in exhausted glass tubes as 
early as I 879 and it was largely through his experiments and 
with similar crude forms of cathode ray tubes that J. J. 
Thomson, nearly 20 years later in I 897, was able to prove 
conclusively the existence of the electron. 

Thomson's work led directly to the invention of the 
thermionic valve, first the diode by Ambrose Fleming, soon 
followed by the triode invented by Lee de Forest which he 
patented in 1907, and it was the thermionic valve which gave 
birth to the electronics industry. 

Except for the generation of large amounts of power in 
industrial radio frequency heating, and in the output stages 
of radio and TV transmitters, the thermionic valve is all but 
dead, having been supplanted by the solid state device. But 
the cathode ray tube, even older than the valve, is the one 
great survivor from the earliest days. 

Naturally there have been many dramatic improvements 
over the years. Early TV picture tubes and oscilloscope tubes 
of the 1930's look very dated today. And now, despite the 
addition of colour and other technical advances, the cathode 
ray tube is basically the same as ever. 

Far from disappearing, the cathode ray tube is more in 
demand than ever with a great new mass market in word 
processors. Every office as wel I as every home wi II have the 
small screen. 

The first working oscilloscope using a cathode ray tube is 
attributed to Karl Fedinand Braun of the University of 
Strasbourg. He made it in I 897, the same year as Thomson 
discovered the electron. Such old timers weren't so dim I 

Brian G. Peck 

Time Gentlemeri'p lease 
BBC technology responsible 
for the BBC2 logo and clock 
is to be made available to 
other broadcasters. It wit! be 
manufactured by McMichael 
Ltd under licence from the 
BBC and will allow other 
organisations to benefit 
from this advanced tech· 
nology. 

The equipment, which is 
all electronic, was developed 
by Richard Russell of the 
BBC's Engineering Designs 
Department. It was designed 
to replace a whole host of 
slide scanners, mechanical 
clocks and the like and is far 
more reliable, not to mention 
cheaper. 

It can produce static logos 
such as the Open University 
Symbol, and simple animated 
logos, quite apart from the 
TV clock. 

JPS 
ustry 
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�emiconductor News 
BREAKTHROUGH 

IN THERMAL IMAGING 

ADD-ON FOR LOW 
LEVEL LIGHT TV 
CAMERA 

TRW 
1 I [ >( 101'! I 

..... '.' .. 
IJ.l�H, .c ' · ' '' 

The latest addition to the 
range of Mullard image. h1, 
tensifier products i's ao add. 
on module, designed to flit 
onto any closed circuit TV 
camera fitted· wiith a C 
mount lens inoorporating a 
23 inch camera tube. This 
converts the camera. i-nlto a 
low light level 'IV camera 
(LLL'IV). 

The basis of the module is 
the Mullard XX1500 i� 
intensifier. This has a, gaan 
of 70,000 and is effective 
below starlight level. The 
makers claim that this � 
performs other LL'IV r;y• 
terns and is ooIIISidenlbly 
cheaper than, a< standard 
LL'IV camera, The add-on 
unit plus OC'IV camera oosts 
around £3,000. 

Obvious a,pplica'tions in 
clude security surveilliap_ice,: 
especially where stanaaro 
'IV 1ightiJng would be in 
aippropriate,_ home v i d e o 
where bright lamps are � 
practical and nature photo 
graphy. 

BOOST FOR PLASTIC 
POWER TRANSISTORS 

No fewer than twelve new 
families have been, added to 
Mullard's ranJe of amplify. 
ing and switching power 
transistors, all in the com 
party's T0-220 encapsulaeion, 
Current ratings range from 
IA to 15A and maximum 
voltage is 140V. Switohing 
speeds are more, than ade 
quate for modern power 
control systems. 

The. new components are 
numbered 8DT29, 80239, 
8DT31, 80241, 8DT41 and 
80243 with complementary 
pnp types one number larger 
(SDT30, and so on). All the 
BDT types are European 
equivalents for types in the 
TIP series and their tyipe 
numbers are consequently 
related. 
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CHANNEL PLATES 
The latest addition to the 
range image intensifier pro 
ducts marketed by Mullard 
is the G12 range of micro 
channel plates (MCPs) which 
have microchannel diameters 
of 12 · 5 microns and are 
available in three different 
diameters. 

MCPs are used principally 
as the amplifying heart of 
modern image intensifier 
tubes and also find applica 
tions in research as well as 
in commercial mass spectro 
meters and fast CRT tubes. 

This new ranfe has an im- 
proved spatia resolution 
compared with the 25 
micron series they will 
eventually replace. Gain is 
typically 1000 when biased 
with lOOOV although much 
higher gains can be achieved 
using matched pairs. 

FLASH CONVERTER 
Described as a "major 

accomplishment in i.e. de 
sign", TRW LSI Products 
have just announced their 
new 9-bit AID convertor, the 
TDC 10191. This new single 
chip "flash" converter 
operates at 20 megasarnples 
per second by accepting an 
analog input from OV to 2V 
and comparing it with an in· 
ternal voltage reference be 
fore activating a pre-set pro 
portion of its 511 differential 
comparators. 

The comparator's action is 
followed by a 511 :9 encoder 
which supplies a digital in 
put to a 9-bit latch providing 
complementary ECL outputs. 
From these a CONVERT signal 
produces a digital output at 
rates from d.c. to 20 mega. 
samples per second, all with 
out any external sample and 
hold circuitry. 

The inputs can handle sig 
nals with frequency compo 
nents as high as 7MHz mak 
ing the device ideal for use 
is such applications as TV 
special effects equipment. 
The analog video signal is 
converted to digital format 
and back using AID and DI A 
converters to permit storage 
of digitalised video in semi 
conductor memory and 
generation of effects such as 
shrinking, fades, mirror 
imaging and freeze frames. 

Commonly used 8-bit 
equipment limits the number 
of usable conversion passes 
to about ten whereas this 9· 
bit device allows anything up 
to twenty passes before dis 
tortion is visible. 

The TDC 1019J is housed 
in a 64-pin d.i.1. package and 
is available now at a cost of 
£330. end of 1983 they hope to 

have added twelve or more 
new M68000 designs to the 
family portfolio. 

Strangely enough, while 
the agreement covers pro 
duct development, manufac. 
turing, marketing and sales 
will be conducted competi 
tively. 

readout connection at a 
velocity that depends on the 
characteristics of the strip 
material and the magnitude 
of the bias current. There is 
no need for time delay and 
summation circuitry1 cutting 
down on associated circuit 
components, and the reduc 
tion in the number of pack 
age connections greatly im 
proves noise performance. 

In manufacture the 
SPRITE detector wdl incor 
porate not one but eight 
infra-red sensitive strips. 
This allows its advantages 
to be exploited in serial 
parallel scanning systems 
and up to eight lines can be 
scanned simultaneously. The 
detector is designed for 
operation in the 8 to 14 
micron wave band and like 
similar detectors needs to be 
cooled to 77 degrees Kelvin 
and so is mounted in a 
Dewar encapsulation. 

CUSTOM L.C.D. 
Not so much a new product, 

more a new service is how 
you would describe the new 
facilities being offered by 
Hamlin Electronics for cus 
tom built l.c.d. displays. 

Panel sizes up to 152 x 
. 76mm are available and a 
variety of annotations and 
symbols can be produced. 
Bar graphs, arrows, units 
and monetary symbols are 
just some of the features 
that can be built in and 
there is also a wide choice 
of displa;r fluids for even the 
most stringent applications. 

A major advance in thermal imaging technology has 
just been announced by Mullard with the introduction of 
the SPRITE (Signal Processing In The Element) detector. 
This is a new kind of mercury cadmium telluride infra 
red detector designed expressly for high performance 
thermal imaging systems. According to the manufacturers 
it represents an extremely important advance-if not the 
most important recent advance-c-m thermal imaging 
technology. 

MOTOROLA/PH I LI PS/ 
SIGNETICS PACT 

In an era of cut-throat 
competition, two of the 
world's major electronics 
manufacturers have agreed 
to a five-year pact for the 
development of 16-bit micro 
processors. 

The Semiconductor Group 
of Motorola and a team of 
Phillps and Slgnetics have 
jointly announced an agree 
ment under which they will 
jointly develop both hard 
ware and software for 
Motorola's M68000 micropro 
cessor family. 

The aim of the agreement 
is to produce an enriched 
family of integrated circuits 
and software tools and 
create the industry's stron 
gest 16-bit product line. 

The two companies will 
produce pin-for-pin com 
patible products as well as 
developing new ones which 
may be manufactured by 
both participants and by the 

The basic difference be 
tween this device and pre 
vious imaging systems lies 
in its manner of use. In the 
old fashioned tfpe of system 
separate imaging elements 
are laid side by side in a 
line and their output is 
sampled one by one along 
the line. In order to achieve 
this, the array needs to be 
connected to pre-amplifica 
tion, time delay and sum 
mation circuitry-all very 
costly and complicated. 

The SPRITE system is 
fundamentally different in 
that it consists of a single 
strip of photo-sensitive 
material with Just three con 
nections. Two of these are 
to provide a bias current 
and the third is a readout 
connection. When infra-red 
light falls on any part of the 
strip, excess current carriers 
are generated in that region. 
These drift towards the 
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£1.00 
plus 25p p&p. 

£1.25 
plus 25p pip. 

£7.50 
plus £3. 15 pip. 

£13.95 
plus £4.00 pip 

plus £1.15 p&p 

� �y y 

I ' " • • • • . • . . . 
Si, individuslly miqd inputs fer two pick ups (Cer. or Meg.), two moving 
coil microphones ind two auxiiery fcr tep1, tun•. organs ate. Eight sider 
cont�s • six for level 1nd two for m•ter b1u and treble, four atr1 treble 
cont�s formic and aix. inputs. 
Power oulpul 50 ,.., R.M.S. (continuous) lor 181 with 4 to 8 ohms 
lll)lalcers. Finish: AllrlClivaly styled bled< vinyl case, with matching 
f1sci1 end knobs. Ccxnplete 
end reldy for us,. 

£39.95 
plus C 3.70 p&p 

50WATT MONO MIXER AMPLIFIER 

MULLARD LP1183 
STEREO PREAMP 
Origin1l li11ed prict over £5.00. Suitable 
for ceramic 1nd .,,iliery Inputs. wh1n p 
pwchlse 2 pDWlr module kits. 

Suitable LS coupling electrolytic for 
200Wmodol 

ACCESSORIES 
Suit1bl1 LS Coupling electrolytic for 
125Wmodel 

Suitable Mains Power Supply Unit 
for 125W model 

Suitable Twin Transformer Powlf 
Supply for 200W model 

HIGH POWER 
MODULE KITS 

125 WATT MODEL £10.50 
plus £1. 15 p&p (Illus) 

200 WATT MODEL £14.95 
SPECIFICATIONS 
Mex. Output power 125 wan RMS 
Operlting voltage (DC) 50-80 Mex. 
Lo1d1 4-18ohms 
Frequency response measured at 100 wons 25Hz-20KHz 
Sensitivity for 100 w1ftt 400mV @ 4 7K 
Typic11T.H.O.@ 50 wans 4 ohms load 0. 1% 
Dimensions 205 x 90 end 190 , 36 mm 
Tho power amp kit is a module for high power epplications 
disco units, guitar emplifien, public lddrass systems ind even 
high power domestic systems. The unit is protected 1g1inst short 
circuiting of the load end is safe in an open circuit condition. A 
large 11fety mergin exists by use of generousty reted components. 
r11ult, 1 high powered rugged unit. The PC Board is b1ckprinted, 
etched end reedy to drill for 1111 of construction, end the 
aluminium chuis is preformed and ready to use. Supplied with 111 
parts, circuit diagrams end instructions. 

100WATT 
MONO DISCO 
AMPLIFIER ACTON: Mail Order only, No callers 

ALL PRICES INCLUDE VAT AT 15% 
A� items subject ID 1Vlllobllhy. Price conoct II 
I /6/11 lftd 1Ubj1ct to ....... without notit:I. 

For lurther information send for instruc1ions 
20p plus stamped addressed envelope. 

6 1, ....,. 

323 EOGWARE ROAD. LONDON W2 
21AHIGH STREET. ACTON W3 BNG 

STEREO MAGNETIC PRE-AMP 
CONVERSION KIT. All componanb including P.C.8. to 
convart your c1r1mic input on the 1O+10 lffll> to magnetic. £2.00 whon 
purchaed with kit featured above. £4.00 11pw111ly inc. pip. 

• Featuring latest SGS/ATES TOA 2008 10 wan output I.C.'s 
with in,built lhermel end short circuit protection. 

• Mullerd Stereo Preemplifiar module. 
• Anroctive bl1ek vinyl finish cabinet. Size 9" x 8\1", 3.\1'' 1ppro,. 
• Converts to • 20 wan Disco wnplifier. 

Distortion 
Mains supply 

To compllle you just supply connecting wire and solder. Featur11 
include din input sockets for corwnic cwtridge, microphone, tape or 
lunar. Outputs-tape, spoakers end h1adphon11. 9y Iha press of I 
button it transforms into a 20 watt mono disc amplifier with twin deck 
mixing. Tho kit incorporates e Mullwd LPI 183 pre-amp module, plus 
power amplifier assembly kit 1nd mains pllMf supply. Also futured 
4 slider level controls, rotary bass end treble controls and 6 push button 
switches. Silver finish lescia panel with matching knobs end contruting 
rudy meda black vinyl finish c1binet 1nd ready mode motel work. For 
further information instructions are 1vail1bla price 50p. Free with kit. 

SPECIFICATIONS 
Suitable for 4 to 8 ohms speaken 
Frequency r11ponce 40Hz - 20KHz 
Input Sansitivity P.U. 150mV Aux. 200mV Mic. 1.5mV 
Tone controls 8111 ± 12cll@ 60Hz 

Treble± 12db@ lOKHz 
1 % typically@ 4 wins 
220-250 volts 50Hz 

NOTE: 

Brushed 1luminium fescia and rot1,y controls 
Size appro, 14" x 4" x 10 \<. Five vertiCII slide 
controls, m11ter volume. tepe lever!. mtC l1vtl. deck 
lev1I, PLUS INTER OECK FADER for perfact gr1duat1d ch1ng1 
from r1cord dack No. 1 to No. 2, or viCI ven1. Pr1 f1d1 lav1I 
controls(PRL)l1tsYOUhaerne,tdiscb1fore £76 00 P1rsOM Ulld11 16 rurs 1111 """ wi*oul P•••I'• iullloriutiOt1. tiding it in. VU miter monitor, output lava!. • R TVC LTD. rN1rttlht riptto 1lttr, 1ptltt1 Output 100 wons RMS 200wantp111t 

or impro¥1 lhtir pro•cll willlout notice. plus £4.80 pip 

BS R chessis record deck with menu el set 
dawn and return. comolete with stereo ceramic 
cartridge. :fl.&0 plus £3. 15 pip 
when purchased with 1mplifier. 
Available 11p1rstely fl0.50 plus £3. 16 pip. 

8" SPEAKER KIT 2 8" appm,. twin cone domosticuH 
tpukers. £4.71 per starao pair plus £1, 70 p&p when purchased with 
amplifier. Available separately fl.75 plut fl. 70 pip. 

10+10 WATT plu,n.aoplp 

STEREO AMPLIFIER KIT 

'fl§PF-lilf!t 

£17.95 
plus t 2.50 p&p 

plus £2.00 p&p 

PRACTICAL ELECTRONICS 

Suitable s11inl11s steel fully retractable locking aerial and 
sp11kor(1pprox.6",4")is £1 95 porp1ek. 
av1ilabl1111 kit complete • pip Cl.15 

CONSTRUCTORS PACK 7A 

This eny to buid 3 bend llereo AM/FM tuner kit is designed in 
conjunction with Practical Electronics (July Issue). 
F« ••• of constni:tion and aMgnment it incorpm-ates three Mullard 
module, and en I.C. IF. Syttem. 
F-n 
VHF· M.W. · L.W. Bends. lnte11tation muting end A.F.C. on VHF. 
Tuning Mater. Two bed< printed P.C.B's. Reedy made chessis end scale. 
Aorlal: AM· Fwrite Rod, FM· 75 or 300 ohms. 
St1bili:1d power supply with "C" ctn mains transformer. 
All components supplied ire to P.[ llrict specification. 
Front scale � .. 1 OY,", 2Yi" approx. 
Complete with cirtuit diagrams and instructions. 

PRACTICAL ELECTRONICS 
CAR RADlq KIT (Constructors pick 7) 

ZWAVE BAND MW LW 
• hsy te 11u11• • 5 1Mh ""1111 teoi111 
• Motler11 styl"'I dnip • All NW u1111d COlllpollHII 
• I won 11i,ot • Rudy etch• I ,-,11 P .C.B. 
• 11corpor11n -ntNll clrcoill • low - 11,1 • toekll 

All the eleclronic components to build the radio, you supply only 
the wire and solder as featured in the Practical Electronics Mtrch 
issue. F111uras: Pre-set tuning with five push button options. 
black illuminated luning scale, with matching rotary control knobs. 
one. combining on/off volume ind tone-control. the other for 
m1nu1I tuning, each set on wood simulated f11ci1. 
The P .E. Traveller h11 a 6 watts output. neg ground and meer 
po,1tes 1n integrated circuit output stage. a Mullard IF module 
LPl 181 ceramic filter type, pre-aligned and 11sembled and I Bird 
pre-aligned push button tuning unit. The radio fits easily in or 
under d11hbo1rds. f 1 o 

1 
5 o Complete with instructions. 

• Mullerd LPl 183 built pr11mDllfier suit1ble for ceramic and 
ouxili1ry lnpull. fl .I& plus 70p p&p. 

• Mullard LPl 184 built prumpliflor suillble for m1gnatic/cerwnic 
and 1uxili1ry inputs. fUli plus BOp pip 

e M1tchina I.C. 10 + 10 StWIO Power lffll)lifier kit. fl.Iii 
plusfl.15 pip 

• M1tching power supply kit with 1ransfannor. fl.OD plus £1 .96 pip 
• Mllching set of 4 slider controls compl111 with knobs for but. 

trebla ond vali,not. fl. 18 plus 80p pip. 
• Complell wi1ft opplication not11. 

STEREO 
TUNER 
KIT 

Viscount IV untt in t11k simulate cabinet sitver finished rotary controls 
and pushbuttona with n,atching f11ci1. red mains indicator end stereo 
jack socket. Functions switch formic magnetic end crystal pickups, tepe 
end 1uxili1ry. R11r penel features fuse holder. DIN sp11ker and input 
socket 30 + 30 wins. RMS 60 + 60 wons peak for use with 4 to 8 ohm 
sp11ken. Size 1411" x 10" approx. 

30 + 30 WATT STEREO AMPLIFIER 
BUILT AND TESTED 

READY TO PLAY £32.·90 
HI Fl STEREO 
AMPLIFIER 
MODULES 

Ptr1NII S-,,.,1 EOGWAIIE ROAD LONDON W2 To(: 01-723 8432. 9.Jllom-5.Jllpn. Clot .. II uy , ..... ., ACTOII: Md 0 .. r Nly. Noc•• 00001 OHMttttlll TD UIIWID - I. IIIIAN llllT 
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DIV MUSIC & EFFECTS l(ITS 
AUTOWAH UNIT 
Automatlcally gives Wah or Swell 1ound1 with e11ch guitar 
note played. 

Kit order code SET 58 £11·M 

GUITAR EFFECTS UNIT 
Modulates the attack, decay and fllte, characterl1tlc1 of e 
1lonal from most audio aource11 producing 8 different switch .. 
able 1ound1 that can be further modified by manual con· 
trots. 

Kit order code SET 42 £14·11 

GUITAR FREQUENCY DOUBLER 
Produces an output one octave higher than the Input. Input, 
and output• may be mlited to give greater depth. 

Kit order code SET 98 £10·55 

GUITAR MULTIPROCESSOR 
An extremely vereallle aound processing unit capable of 
producing, for example, flanging, vibrato, reverb, fuzz and 
tremolo as well II other fa1clnatlng sounds. May be uaed 
with most electronlc lnatruments. Some SW'a not Incl. In 
klt-1ee llat for eelectlon. 

Kit order code SET 85 £72·N 

GUITAR OVERDRIVE 
Sophisticated versatlle fun unit Incl. variable control, 
affecting the fuzz quallty whllat retaining the attack and decay, 
and alao providing fllterlng. 

Kit order code SET 58 £11·11 

GUITAR PRACTISE AMPLIFIER 
A 3 watt mains powered ampllfler suitable for Instrument 
practlae or aa a teet gear monitor. Drives 8 or 15 ohm speakers 
(n�\l���e1r"c��; SET 106 £11-72 

KIMBER-ALLEN KEYBOARDS 
Claimed by the manufacturera to be the flne1t moulded plaatlc 
keyboard• available. All octave, are C-C, the keya are plHtlc, 
elope fronted, 1prlng loaded, fitted with actuators and mount 
ed on a robuat alumlnlum frame. 
3-0ctave £25·5t, 4·0ct £32·25, s-oei £31·5t. Gold·clad 
contact, (1 needed tor each note) type GJ (SPCO) Up each. 
Type GB (2·PR n/o) 31p each. 

CHOROSYNTH 
A standard keyboard veralon of the publlahed Elektor 30-note 
chorua 1ynthe1l1er with an amazing variety of 1ound1 ranging 
from violin to cello and flute to clarinet among1t many othera. 

Kit plut keyboerd & contact, SET 100 £114·12 

FORMANT SYNTHESISER 
For the more advanced conatructor who put, performance 
flret, thlt It a very 1ophl1tlcated a-ecteve ayntheaiser with a 
wealth of facllltle1, Including e 01clllatore, 3 waveform con 
verter,, voltage controlled filter, 2 envelope 1hapera anct 
voltage controlled amplifier. Ca�e and hardware not In 
cluded-see our llata for further detall1. 

Kit plus keyboard & contacts SET 96 £323·35 

P.E. MINISONIC SYNTHESISER 
A very versatlle3·octave portable malna operated 1ynthe1l1er, 
with 2 oaclliatora, -voltage controlled fllter, 2 envelope 
shapers, ring modulator, nolee generator, mlxer, power 
aupply and tub-min toggle awltchet to select the function,. 
A case It ew:cluded, but the text glvea comprehensive con 
structional detal la. 

Kit plut keyboard & contact, SET 38 £1H·H 

RHYTHM GENERATORS 
Two different kits-The control units are designed around the 
M252 and M253 rhythm-gen chips which produce pre-pro 
grammed 1wltch-1electable rhythms driving 10 effects Instru 
ment generators feeding Into a mixer. 

12·Rhythm unit SET 103·253 £14·11 
15-Rhythm unit SET 103·252 £57·K 

6-CHANNEL MIXER 
A high 1peclflcation stereo mixer with variable input Im 
pedancea, Specs given In our li1ta. The kit excludes some 

' SW'1-1ee llats for selection. The extension give, two extra 
channel 1. 

Main kit code SET 90 £U·H 
EKten1lon kit EXT 90 £11 ·7' 

3-CHANNEL STEREO MIXER 
Full level control on left and right or each channel. and with 
matter output control and headphone monitor. 

Kit order code SET 107 £11·11 

3-MICROPHONE STEREO MIXER 
Enable, 1tereo live recordings to be made without the 'hole 
In the mlodle' effect. Independent control of each micro 
phone. 

Kit order code SET 108 £12·:11 

HEADPHONE AMPLIFIER 
For uae with magnetic, ceramic or crystal pick-ups tapedeck, 
or tuner, and for moat headphones. Designed with RIAA 
equallsatlon. 

Kit order code SET 104 £11·10 

VOICE OPERATED FADER 
For automatically reducing mualc volume during dlaco talk 
over. 

Kit order code SET 30 £7·11 

DYNAMIC NOISE LIMITER 
Very effective stereo circuit for reducing noise found In 
moat tape record Inga. 

Kit order code SET 87 £12 ·17 

GUITAR SUSTAIN 
Maintain• the natural attack whilst extending note duration. 

Kit order code SET 75 £11 ·77 

PHASER 
A.n automatlcally controlled e stage phaalno unit with in 
ternal oscillator. Depth can be Increased with extenalon. 

Main kit code SET 88 £11·34 
Extenolon kit EXT 88 £7·:11 

PRICES INCLUDE 
VAT@ 15% & U.K. P. & P. 

DYNAMIC RANGE LIMITER 
Automatically control, sound output levels. 

Kit order code SET 12 £1·51 

PHONOSONICS • DEPT EE16 • 22 HIGH STREET • SIDCUP • KENT DA14 &EH 
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TUNING FORK 
Producea IM awltch-aelectable frequency-accurate tones with 
led monitor dlsplaylng beat-note adJuetmente. 

Kit order code SET 41 £34 · SI 

TUNING INDICATOR 
A almple octave frequency comparltor for uae with ayn· 
thealaera where the full versatlllty of KIT48 ls not needed, 

Kit order code SET eo £14·41 

SIGNAL TRACER & GENERATOR 
Allow, audio signals to be Injected Into circuits under teat, 
and for tracing their continuity. Includes frequency A level 
controls. 

Kit order code SET 109 £15·31 

PULSE GENERATOR 
Produces controllable pulse width• from 100NS to 2Sec. 
Varlable frequency range of 0·1 Hz to 100KHz. 

Kit order code SET 115 £21 45 

FREQUENCY COUNTER 
A 4-dlglt counter for 1Hz to HKHz with 1Hz sampling rate. 

Kit order code SET 79 £43·31 

EXPORT ORDERS ARE WELCOME 
Poat•o• rate, are shown In our llat,, A.II payment, muat be 
caah·wlth-order, In sterling by International money order or 
through an engll1h bank. We do not offer a C.0.0. service. 
To obtain !lat-Europe aend 50p, other countries send £1 ·00. 

WAVEFORM GENERATOR 
Provides sine, aquare and trlangular wave outputs variable 
between 1 Hz A 100KHz up to 10V p.p, 

Kit order code SET 112 £21 ·51 

MORE KITS AND 
COMPONENTS 

ARE ON OUR LISTS 

EXPOSURE TIMER 
Control• up to 750 watta In 0·5sec steps up to 10 minute,, 
with bullt-ln audio alarm. 

Kit order code SET 93 UI ·'4 

SPEECH PROCESSOR 
Improves the lntellglblllty ot noisy or fluctuating speech 
1fgnal1, and Ideal tor lneertlng Into P.A. or C.B. radio 1y1- 
tem1. 

Kit order code SET 110 £1·21 

Price, are correct at time of press. I. & 0.1, aubJect to 
avallablllty. 

NEW KIT MAKE-UP 
-SEE BELOW 

DIGITAL REVERB UNIT 
A very advanced unit ualng aophlatlcated I.C. technique, 
lnateed of nol1e-prone mechanical 1prlng line,. The batlc 
delay range of 24 to 90MS can be extended up to 450MS u,lng 
the extension unit. Further delays can be obtained ualng more 
exten1lon1. 

Main kit order code SET 78 £17·22 
Exten1lon kit EXT 78 £45· M 

BASIC COMPONENT SETS 
Include apecially designed drilled cl tinned flbregl111 printed 
circuit board,, all neceasary re1lators, capacitor•, aemi· 
conductors, potentiometers, and transformers, They alao 
�"c,c� ��=I b:�gu��rdo1a��r!u��;• ,�7;:;.· :o���'t�c!��tc�;�h! 

original publlahed text, and unless otherwlae atated, a 
robuat aluminium box. Most parta may be bought separately. 
For fuller kit and component details eee our current llat1. 

WAVEFORM CONVERTER 
Convert• aaw-tooth waveform into 1lnewave, mark-1pace 
aawtooth, regular trlangle, or aquarewave with varlable mark· 
apace. Ideally one ahould be used with each synthHIHr 
oaclllator. 

Kit order code SET 17 £2t · U 

16-NOTE SEQUENCER 
Sequences of up to 1e notea long may be pre-programmed by 
the panel control a and fed Into moat voltage controlled ayn 
theslsers. The notea and rhythms may be changed whllat 
pl':lj�":r'd����3elt more versatllethan the nam;E;o�d su::.e.�i 

Kita originate from project, publlahed In PE, EE, and Elektor. 

128-NOTE SEQUENCER 
Enable, a voltage controlled synthealser, euch H the P.E. 
Mlnlaonlc, to automatically play pre-programmed tunes of 
up to 32 pltchet and 128 notes long, Programs are Initiated 
from the 4-octave keyboard and note length and rhythmic 
patter are externally variable. 

Kit plua keyboard & contacts SET 79 £114·ff 

£t M 

SET 91 £11·11 

SET28 

SMOOTH FUZZ 
A.a the name lmplleal Order code 

WIND & RAIN EFFECTS 
A1 the name aayal Order code 

SWITCHED TONE TREBLE BOOST 
Provide• awltched aelectlon of 4 preset tonal reaponaea. 

Kit order code SET 89 £11 · St 

PHASING & VIBRATO 
Include• manual and automatic control over the rate of 
phaalng & vibrato. Capable of auperb full sounds. A. aeparate 
power aupply la Included. 

Kit order code SET 70 £42 · 15 

DISCOSTROBE 
A 4·channel 200-watt light controller giving a choice of 
sequential, random or full strobe mode of operation. 

Kit order code SET 57 UI 52 

TIIIMS: C.W.0., Mall Order or CollecUon by appoint· 
men1, Tel. 11·312·1114 (Mon·Frt). 

SPLIT-PHASE TREMOLO 
The output of the Internal generator la phaae-spllt and modu 
lated by an Input 1lgnal. Output amplltudea, depth A rate are 
panel controlled. The effect la aimllar to a rotary cabinet. 

Kit order code SET 102 £27·55 

AUDIO EFFECTS UNIT 
A variable alren generator that can produce Brltlah & Amerl· 
can police alrena, Star-Trek red alert, heart beat monitor 
1ounda, etc. 

Kit order code SET 105 £12·'1 

FUNNY TALKER 
lncorporat11 a ring modulator, chopper& frequency modulator 
to produce taaclnatlng 1ounda when uaed with speech & 
muete. 

Kit order code SET 99 £15·42 

LIST 
Send atamped addre11ed envelope with all U.K. reque1ts tor 
free llat giving fuller detalla of PCBS, kit, and other com 
ponents. Oversea, enquiries for flat-Europe aend 50p, 
other countries send £1 ·00. 
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Summer storms 
Unusually severe thunderstorms early 

in June brought almost an inch of rain 
lashing down over much of southern 
England: the weather forecasts, the day 
before, stated, a trifle blandly in the cir· 
cumstances, "sunny with showers ... 
outbreaks of rain". 

The public bell eves that the Government 
department that most consistently gets 
its forecasts wrong is the Meteorological 
Office from its headquarters in Bracknell, 
despite all the enormous advances in the 
use of large number-crunching computers, 
cloud-cover satellite pictures, balloons, 
unattended sensors linked only by tele 
metry, and the like. In defence, the Met 
men always point out (with justification) 
that the short-term prediction of rain Is the 
most tricky thing to forecast correctly ... 
and that forecasts are now very much 
better than they used to be. 

The Met Office now has the support of 
a worldwide communications network 
capable of passing enormous amounts of 
data and facsimile weather maps. This 
operates under the aegis of the World 
Meteorological Organization (WMO) rep 
resenting some 150 countries and one of 
the very few international bodies to have 
its own international radio callsign pre 
fixes (C7 A to C7Z). 

The main trunk circuit stretches right 
round the globe relaying messages by 
means of automatic computer-type switch 
ing centres. Paris, Bracknell, Washington 
DC, Tokyo, New Delhi, Moscow, Cairo, 
Prague, Offenbach (Germany) are all on 
the weather hot line and there are many 
regional circuits: Paris for example is not 
only on the main trunk circuit but has 
direct links with Rome, Oran, Dakar, 
Casablanca, Madrid, Brussels, Zurich and 
so on. 

Many ground stations in different parts of 
the world receive information from weather 
satellites and In Europe form part of the 
European Space Agency's "Ethernet" 
system. 

All that data 
The scale of the WMO operation is 

indicated by some recent French figures: 
Paris transmits and receives about 20- 
mlllion characters of data and about 230 
graphical documents every day. Links 
between national and international switch 
ing centres operate at the high speed of 
9600 bits per second, with the main trunk 
route mostly 2400 bit/s duplex channels. 
For the spur links, microprocessor 
controlled teleprinters are increasingly 
being used and both analogue and digital 
facsimile systems are in use. 

Much of this worldwide network has 
been established during the past 10-15 
years and follows an appeal to the United 
Nations by President Kennedy in 1961 for 
further co-operative efforts between all 
nations in weather prediction and event 
ually weather control-though the prospect 
of "weather control" is fraught with 
problems. 
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By Pat Hawker, G3VA 
International co-operation goes back a 

lot further. In 1873 some 32 countries 
meeting at Vienna set up the International 
Meteorological Organization to supple 
ment an even early European storm 
warning system. The IMO formally 
became the WMO in 1951. 

The business of weather 
Weather forecasting and its supporting 

technology has become big international 
business. British radio firms have sold 
both line and radio systems to many 
countries: weather data is passed by 
single-sideband telephony transmitters in 
many countries in the Middle East and 
Africa. Some of the elaborate satellite 
and balloon experiments have had large 
budgets. 

Accurate rainfall predictions require not 
only massive computers but also enor 
mous numbers of observations to feed 
Into the voracious memories. Forecasters 
would like to have stations at 25-mile 
intervals reporting conditions at around 
ten vertical levels and thousands of free 
floating balloons reporting temperature, 
humidity, pressure and wind data at 
heights up to about 50,000tt, though the 
full implementation of such systems is still 
some way off. Satellite weather photo 
graphs have proved one of the most use 
ful and spectacular new forms of tech 
nology. 

Satellite confusion 
The publication by the HMSO of 

the 100-pa.ge booklet "Direct .Broad 
casting by Satellite" (£4 · 50) repre 
sents many months of study by the 
Home Office of the various options 
thait are opening up. But unfortun 
ately, although the report itself is 
clear and readable, many of the media 
comments on the report have added 
to the confusion in the mind of the 
public. 

It has not always been appreciated 
that the study was concerned w,ith 
direct broadcasts to the home, using 
transmiltters (about 150 to 250 watts 
output) sufficiently powerful to be 
picked up on small dish aerials of 1- 
metre diameter or less. It was not 
concerned with the use of distribution 
satellites (typically 5 to 10 watts out 
put) such as those now widely used 
in North America and elsewhere for 
the distribution of television pro 
grammes to cable operators or terres 
trial transmitters. 

The difference is an important one 
in terms of the technology and the 
costs since current distribution satel 
lites can carry some 30 different pro 
grammes whereas so far nobody bas 

Weather at war 
Not everybody realises that the Met 

Office, with an annual budget of around 
£50 million, Is part of the Ministry of 
Defence. Similarly, the French bureau was 
set up after 400 sailors were lost at sea 
when a violent storm destroyed part of the 
French fleet during the Crimean War. 

In World War II, in the UK weather 
forecasts were kept secret and both sides 
expended time, effort and lives in order to 
provide their airmen with forecasts of 
weather conditions likely to be en 
countered over enemy territory. 

The Germans set up a number of secret 
weather ships and stations in the North 
Atlantic, including some In Greenland, 
though these were usually rapidly detected 
by the Allies through interception of the 
radio communications. 

The RAF was provided with daily fore 
casts of weather conditions over Europe, 
partly based on information passed to the 
Met Office from the British Secret Service 
who had an effective clandestine h.f. radio 
link with a group of experienced weather 
men within the Belgian Resistance-a 
service that kept going virtually through 
out the Occupation despite all the efforts 
of the German direction-finding teams. 

Record entry for RAE 
Despite all the talk of examination-less 

Citizens Band (or perhaps because of It), 
the number of candidates who sat for the 
Radio Amateurs Examination in May 
reached the remarkable figure of ab out 
5,500 so it seems certain that many new 
callslgns will soon be heard on the 
amateur bands. Early this year licences in 
the G6-three-letter sequence began to be 
issued to Class B (v.h.f.) stations and 
many of these can now be heard on 
144MHz. 

put up a direct broadcast satellite 
(DBS), even experimentally, wtth 
more than two programme channels. 
A multichannel DBS needs a good 
deal of electrical power, calling for 
very large solar panels to give per 
haps a 5 or lOkW and there are still 
questions of reliabiliity in connection 
with high-power travelling wave 
tubes. 

Then again many commentators 
noted that the report was generally 
in favour of an early project but 
failed to note the qualifications of Mr 
William Whitelaw, the Home Secre 
tary. He wrote: "The Government 
believes that a positive approach to 
the challenge is the right one ... we 
are prepared to give serious consider 
ation to the option for as early a 
start as possible with perhaps one or 
two television channels and possibly 
other information services. . . . This 
approach would need to be consistent 
with, and indeed build on, our exist 
ing broadcasting arrangements and 
institutions. In particular, any new 
DBS services would need to be sub 
ject to the same programme stand 
ards as apply to existing broadcasting 
services .... " 

SSS 
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SPEAKER IMPEDANCE 
The quoted 40 ohm resistance of the 

speaker is of course the d.c. value; 
at a frequency as high as 2kHz its 
impedance has risen dramatically. 
Consequently the complete circuit 
draws less than 2 · SmA from the bat 
tery, which should therefore last a 
long time if the metronome is not 
accidentally left on. 

LOGIC GATES 
The circuit diagram of the metro 
nome is shown in Fig. 1, and may be 
explained as follows. ICla and b are 
two of the gates of a CD4011 CMOS 
quad 2-inpUJt NAND gate i.e., used as 
inverters. They form an oscillator 
running at just over 2kHz-the best 
frequency for audibility of the metro 
nome's beat. 

Gates IC2a and b are two of the in 
verters in the CD4069 CMOS i.e. and 
form another oscillator whose fre 
quency is adjustable from four beats 
a second, that is 240 beats a minute, 
down to a sixth of this speed by means 
of the 500 kilohm potentiometer 
VRl. the squarewave output of this 
oscillator is differentiated by C4 and 
RS to give narrow positive-going 
spikes of peak amplitude equal to the 
supply voltage, which is obtained 
from the ever popular PP3 9V type 
battery. 

These positive spikes briefly en 
able NAND gates IClc and ICld result 
ing in antiphase 2kHz square waves 
appearing at pins 10 and 11. These 
are buffered by the remaining four 
sections of the hex-inverter and 
drive the directly coupled 40 ohm 
loudspeakers. Thus 9V appears at one 
terminal of the loudspeaker and OV 
at the other, and then vice versa at a 
2kHz rate, giving an 18V peak to peak 
speaker drive waveform. 

Fig. 1. Complete circuit diagram of the CMOS Metronome. 

The design presented here however 
is very straightforward, and conse 
quently it is easy to understand how 
it works. It is also simple to get 
going and there is no adjustment or 
setting up. 

••• • • ON • • • •• ••• 

BY I. HICKMAN 

CMOS 
MetroVlome 

/_ 

THE author's daughter was recently 
advised that she should use a 

metronome, as her violin playing 
whilst creditably in tune-was dis 
tinctly wayward as far as keeping 
time goes. 

Norw a real metronome, the good 
old-fashioned wind-up clockwork type, 
is pretty expensive nowadays-it can 
cost you £20 or more. Further, de 
spite the attractiveness of its polished 
wooden case, its beat tends to be un 
even especially at the slower settings, 
and particularly so if not standing 
on a111 exactly level surface. 

The beats themselves are not 
exactly identical, tending to SIOUnd 
like "tick - tock - tick - tock", which 
i:s fine for march time an.di common 
time but decidedly off in waltz time. 
So for this and other (financiaJ?) 
reasons the author decided to make 
an electronic metronome. 

Numerous designs for electronic 
metronomes have appeared in the 
past. Some were masterpieces of in 
genuity using only a couple ( or even 
just one) transistor, while others 
seemed unnecessarily complicated 
with flashing l.e.d.s as well as an 
audible output, or facilities for em 
phasing the first beat of the bar. 
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the correct posi 
tions. All con 
nections to off 
board compo 
nents are made 
using Veropins 
positioned 
along the top 
of the board. 

CMOS 
Metro vi 

page 535 

Resistors 
R1 1M n 
R2 100k!l 
R3 10MO 
R4 100k0 
R5 1MO 
All tW carbon ± 5% 

This is net likely to happen any 
way, as its steady ticking, whilst not 
annoyingly loud, is all pervasive and 
can be heard all over a quiet house! 

Note that by gating both !Cle and 
d, both terminals of the loudspeaker 
are at the same potential (OV) be 
tween ticks. This enables it to be 
direct coupled as shown without draw 
ing any standard current, and also 
avoids the annoying click which is pro 
duced when the speaker's drive volt 
age is not symmetrical about its 
quiescent level. 

COMPONENTS 

PLASTICS BOX 
The author constructed the metro 

nome in a bright orange plastic box 
about 40 x 80 x 160mm as shown in 
Fig. 2. Behind the holes drilled for 
the speaker grille, a piece of perfor 
ated zinc, sprayed matt black, was 
glued into place using an ABS adhe 
sive. 

When this was dry, the speaker was 
glued into place similarly. All the 
components except the battery (which 
was mounted under a tin retaining 

Fig. 2. Front panel layout showing relative positions of off-board components 
and connection points on stripboard. 

Capacitors 
C1 1nFceramic 
C2, 3 0·47 µF polyester (2 off) 

. C4 10n F polyester 

Semiconductors 
IC1 CD4011 CMOS quad 

2-input NAND gate 
IC2 CD4069 CMOS hex inverter 

Miscellaneous 
VR1 500k!l carbon lin. 

potentiometer 
S1 s.p.s.t. toggle 
LS1 miniature loudspeaker, 

25-40 ohm coil impedance 
81 9V, PP3 type 
Plastics case, 160 x 80 x 40mm; 
0·1 inch matrix stripboard,36 strips 
by 17 holes; interconnecting wlre: 
68 A nuts, bolts and spacers (2 
off each) for mounting board; 
control knob; battery connector. 

VRI 

@ 

@ 
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The assembled unit showing the rear of the front panel and 
mounted components and the circuit board and battery 
mounted in position on the rear panel of the case. 

Close up view of the prototype circuit board. The final 
layout in Fig. 3 differs from this because all underside 
links have been brought out on top of the board and com 
ponents re-arranged so that they are not one on top of the 
other. 
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Wrong Number 
Being an 82-year old pensioner 

interested in electronics I thought I would 
interest myself in the Logic series, some 
thing new to me. I carried out all the 
exercises but came unstuck on exercise 
number 1.4d on page 333 In the May issue. 
It appears to me that the question is either 
a misprint or I am in error. 

The answer given on page 405 in the 
June issue is 887 and the binary number 
should be 1101110111 whereas your num 
ber is 11011101111 which in my reckoning 
is 1911. Working back from 887, I came up 
with 1101110111. 

an un-noticed high resistance path to 
earth from pin 9 of IC3 or components may 
be right at the edge or out of tolerance 
resulting in a high current drain. Changing 
07 to a germanium type would help although 
the insertion of a buffer transistor is the 
more elegant solution. 

tional clockwork metronome. Capaci 
tor C3 can be omitted-a useful 
economy-if R4 is changed to 180k!l 
and VRl to lMfl., and almost cer 
tainly any impedance speaker from 25 
to 80 ohms would work satisfactorily. 

The final touch is to mark the beat 
rate in beats per minute on the front 
panel using dry transfer lettering. 
For various settings of VRl count the 
beat rate and mark it on the front 
panel as appropriate. There is little 
variation of beat rate with battery 
voltage down to 6V. 

Below this the speed of the beat 
rate departs more markedly from the 
indicated tempo until at about 3V the 
circuit ceases to function altogether. ):( 

W. G. Chastney 
Norwich, Norfolk 

Mr Chastney is 01 course quite right. The 
binary equivalent of 887 is 1101110111. You 
can take your pick as to whether the question 
is wrong and should have been 1101110111 
or the answer was wrong and should have 
been 1775 (that is 1024 + 512 + 128 + 64 + 
32 + 8 + 4 + 2 + 1) and not 1911. We 
apologise for this mistake. 

what is happening and can take advantage 
of it, then he may well be able to pass 
through this guarded area undetected. 

Use enough to allow the back of 
the box carrying the circuit board 
and battery to come well clear of 
the box for battery replacement. The 
spare cable folds neatly away inside 
the box when assembled. The circuit 
board is held in place using 6BA nuts, 
bolts and spacers. 

MODIFICATIONS 
There is plenty of scope for tailor 

ing the circuit to your liking. For 
instance, increasing C4 to 22nF will 
give a beefier "pip", whilst at 47nF 
the sound is more like a "bleep". 

The value in Fig. 1 gives quite a 
good imitation of the tick of a tradi- 

Buffered Reaction 
The 13-year old son of an office col 

league ordered a kit for the Reaction 
Tester (Nov. 80) and when he assembled it 
the result was disappointing. The result 
was that "dad" came to me. I found that 
one of the i.e. pins had curled up without 
entering the socket, and that was cured in 
30 seconds flat. However the lamps did 
not cease on 018 but kept on cycling. I 
found that the current being drawn from 
the output pins of the 4017 i.e. was only a 
little over 1 mA but that even this was 
seriously pulling down the output voltage 
so there was insufficient to activate the 
enable line to pin 13 via 07. My temporary 
suggestion was to insert a BC107 trans 
istor as a buffer for 018 with a 10 kilohm 
resistor in the base lead. This achieved 
successful working. I am not sure why 
this problem has arisen. Would a buffered 
output 4017 have been better? 

J. W. Robson 
Newcastle upon Tyne 

An interesting point. The use of a buffered 
4017 would not make any difference as the 
term "buffered" simply means that the 
terminal pins are protected against static 
discharges. It is possible that there may be 
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strap), Sl , and VRl (which are on the 
front of the box) were mounted on a 

. piece of O · l inch matrix stripboard 
17 holes by 36 strips (see Fig. 3). 

The copper tracks run across the 
width of the board and of course the 
7 tracks that run under each i.e. must 
be broken to avoid shorting opposite 
pins on the two sides of each pack. 
Take care when mounting the i.c.s 
or use slimline i.e. sockets. 

It is well ·worth taking a little care 
with the construction as this always 
pays off in the long run. In particular, 
a length of colour coded ribbon cable 
makes a very neat job of the inter 
connections from front panel com 
ponents to circuit board. 

False Alarm 
I would like to make a point concerning 

the Ultrasonic Burglar Alarm. It may be 
that I haven't understood it properly, but 
if there is a switch off delay on entering 
the room of say 10 to 20 seconds, then 
surely it would be possible for an intruder 
to pass through the guarded area (say a 
hallway), in this short period undetected. 

A. J. Burt 
New Eltham, London SE9 

The delay referred to will activate the 
system as soon as the intruder enters the 
guarded area, but the alarm will not sound 
until about 15secs. have elapsed, whether 
the intruder is in the area or not. 

Another delay built into this project is a 
short period between initialising the system 
and it becoming operative. This is to allow 
the operator to set the alarm and then leave 
the room without triggering it. Of course if 
an intruder happens to be already in the area 
before the alarm lsset, and if he is aware of 



TIME SWITCH BARGAIN 
Large clear mains frequency controlled 
clock, which will always show you the 
correct time + start and stop switches 
with the dials. Comes complete with knobs. 
£2.50. 

LEVEL METER 
Size approximately %'" square, scaled signal 
and povver but cover easily removable for 
rescaling. Sensitivity 200 uA. 75p. 

BRIDGE RECIFIER 
1 amp 400v 30p each. 
10 lo, £2.50. 100 for £20.00 

STEREO HEADPHONES 
Japanese made 10 very good quality. 
8 ohm impedance. padded, term 
inating with standerd Y." jack 
plug. £2.99 Post 60P. 

MULLARD UNILEX 
A mains operated 4 + 4 stereo 
system. Rated one of the 
finest performers in the 
stereo field this would 
make a wonderful gift for 
almost anyone. In nsv to assemble 
modular form this should sell It about £30 
- but due to a special bulk buy and II an In· 
centive for you to t,uy this month wa offer the sys· 
tem complete at only £18.7& including VAT and post. 
FREE GIFT - buy this month and you will receive a pair of 
Goodman's eliptical B"xS" speakers to match this amplifier. 

• 

VENNER TIME SWITCH 
Mains operated with 20 amp switch, one 
on and one off per 24 hrs. repeats daily 
automatically correcting for the lengthen· 

Ill!!!\ ing or shortening day. An e,cpensive time 
... -\� switch but you can have it for only £2.95. 

f. .,w 

..; Th- ere new but without case, but we 
,_,., ,� ' can supply plastic cases (base and cover) "' 

'·. ' £1.76 or metal case with window £2.95. 
• Also available is adaptor kit to convert 

' 

this into I normal 24hr. time switch but 
wtth the added advantage of up to 1 2 on/ 

-, offs per 24hrs. This mikes an ideal con· 
•· · troller for the immersion heater. Price of 

adePtor kit is £2.30. 

And It still carries a free gih of a desoldering pump, which we are 
currently selling at £6.35p. The snip ls perhaps the most useful break· 
down parcel v.,e haw ever offered. It Is a parcel of 50 nearly all 
different computer panels containing parts which must have cost at 
least £500. On these boards you will find over 300 IC's. Over 300 
diodes, over 200 transistors and several thousand other perts, resist· 
ors. condensors, multi-turn ecu. recifiers. SCR, etc. etc. If you act 
promptly, you can have this parcel for only £8.50, which when you 
deduct the value of the desoldering pump, works out 10 just a little 
over 4p per panel. Surely this is a bargain you should not m111I 
When ordering please add £2.60 post and £1.27 VAT. 

SOLENOID WITH 

� 
PLUNGER 
Mains operated £1.99 
10 -12volU DC 
operated £1.50. 

YOUR LAST CHANCE FOR THIS BARGAIN 
100 twist drills, revular tool shop price over £50, yours for only 
£11.50. With these you will be able to drill metal, wood, plastic, etc. 
from the tiniest holes ln P.C.B. right up to about �". Don't min 
this snip - send your order today. 

MINI MONO AMP onp.c.b.,,lte4"x2" 
approx. Fitted volume control and a hole 
for a tone control shoul.d you requi.r 

u. The amplifier has three 
transistors and we estimate 
the output to be 1 W rms. 
More technical data will be 
included with the amplifier. 
Brand new, perfect condition, 
offered at the very low price of 
£1.15 each, or 10 for £10.00. 

POPULAR SNIP-STILL AVAILABLE 

12V SUBMERSIBLE PUMP 
Just join it to your car battery, drop it into the liquid to t>e moved 
and up it comes, no messing about. no priming, etc. and you get a 
very good head. Suitable for water, paraffin and any non-explosive 
non-corrosive liquid, One use If you are a camper, make yourself 
a shower. Price: £8.50. 

DELAY SWITCH 
Mains operated - delay can be accurately 
set with pomters knob for periods of up 
to 2%hrs. 2 <:ontacts suitable to switch 10 
amps - second contact opens a few min· 
utes after 1st contact. £1.95. 

J. BULL (Electrical) Ltd- Established 25 years. MAIL ORDER TERMS; 
Cash with order ·- please add 60p to all orders under £10, to offset packing, 
etc. ACCESS & BARCLAYCARD WELCOMED. Our shop is open to callers. 
BULK ENQUIRIES INVITED. Telephone: Haywards Heath (0444) 54563. 

MOTORISED DISCO SWITCH 
With 10 amp changeover switches. Multi· 
ad1ustable switches all rated a1 10 amps, 
this would provide a magnificent display. 
For mams operated 8 switch model 

£6.25, 10 switch model £6.75, 12switch 
model £7 .25. 

THIS MONTH'S SNIP 
REED SWITCHES 
Wire ended, glass encapsulated. Contacts make when 
magnet brought near. Very many uses, r.e. combination 
locks, anti-intruder window & door switches, wind 
direct,on indicator, computer keyboard, secret switches, 
etc. etc. SNIP OFFER: 10 SWITCHES FOR £1.00, inc. 
post and VAT. 
Purchasers receive circuits and detalls of some suggested 
uses. 

LOUDSPEAKERS 
8" woofer and 4" twveeter, 4 ohms 35 

watts po�r rating £8.90 per pair. 
• Dittobut8ohms, £11.50 

.. 
,.., pai,. Pon £2.00. 

Vu METER SNIP. 
Approximately 1 5/8" squere. suitable for use 
as a recording level meter power output in 
dicator or many similar applications. Full vrstcn 
front, cover easily removable if you w,sh to 
alter the scale. Special snip pnce £1.00, or 10 
lot'£9.00. 

FLUORESCENT TUBE INVERTER 
For camping - car repairing - emergency l1ghtmg 
from a 12v battery you can't beat fluorescent 
lighting. It will offer plenty of well 
distributed Ught and II 
economical. We 
offer an inverter for 
12'' 8 watt miniature 
tube for only £5.26. 
(With tube and tube 
holders as well}. 

3 CHANNEL SOUND TO LIGHT KIT 
Complete kit of 
parts for a 
tbree-cnennel 
sound to light 
unit controll 
ing over 2000 
watts of light· 
ing. Use this 
at home if 
you wish but rt 
is plentv rugged enough for disco work. The unit is housed in an 
attractive two-tone metal case and has controls for each channel, 
and a master on/off. The audio input and output are by Y." 
sockets and three panel mounting fuse holders provide thyristor 
protection. A four-pin plug and socket facilitate ease of connect· 
ing lamps. Special snip price Is £14.95 in kit form or £19.95 
assembled and tested. 

12v MOTOR BY SMITHS 

SUPER HI-Fl SPEAKER 
CABINETS 
M.de for In expensive Hl·fi outfit 
- will suit any decor. Resonance 
free cut�ts for 8" woofer and 
4" tweeter. The front material is 
carved Dec:ron, which is thick 1nd 
does not nud to be stuck in and 
the completed unit is most pleas· 
ing. Colour black. Supplied in pairs, 
price £8.90 per pair (this is prob 
ably lass than the original cost of 
one cabinet I carriage £3.50 the pair. 

Made for use m cars, these are series 
wound and they become more power· 
ful as load increases · they will 
1n fact burn themselves out if 
overloaded 10 stopping point. S,ze 
3%'' long by 3n die. These have a good 
length of Y." spindle - price D.46. 
Ditto, but double ended £4.26. 

- FREE OUR CURRENT BARGAIN LIST WILL 
BE ENCLOSED WITH ALL ORDERS. 

TRANSMITTER SURVEILLANCE • 
Tiny, easily hidden but which will enable conwnation to be picked 
up with FM radio. C.n be mede in a matchbox - all electronic 
parts and circuit. £2.30. 
RADIO MIKE• 
Ideal for di1Co1 and garden parties, allows complete freedom of 
movement. Play through FM redlo or tuner amp. £8.IOcomp. kit. 
SAFE BLOCK 
Mains quick connector will save you valuable time. Features include 
quick spring connectors, heavy plastic case and auto on and off 
switch. Complete kit. £1.96. 
8 WAVEBAND SHORTWAVE RADIO KIT 
Bandspread covering 13.5 to 32 metres. Based on circuit which 
appeared in a recent issue of R1dio COnstructor. Complete kit in 
cludes case materials, she transistors, and diodes, condensers, resist· 
ors, inductors, switches, etc. Nothing else to buy if you have an 
amplifier to connect it to or a pair of high resistance headphones. 
Price £11.96. 
SHORT WAVE CRYSTAL RADIO 
All the parts to make up the beginner's model. Price £2.30. Crystel 
earpiece 66p. High resistance headphones (gives best results) £3.75. 
Kit includes chauis and front but not case. 
RADIO STETHOSCOPE 
Easy to fault find - start at the arial and work towards tha speaker 
- when signal stops you have found the fault. Complete kit £4.96. 
INTERRUPTED BEAM 
This kit enables you to make a switch that will trigger when a 
steady beam of infra-red or ordinary light is broken. Main compon· 
ents - relay, photo transistor, resistors and CaPI etc. Circuit diagram 
but no case. Price £2,30 
OUR CAR STARTER AND CHARGER KIT has no doubt saved 
many motorilts from embarrassment in an emergency vou can start 
car off mains or bring your battery up to full charge in a couple of 
hours. The kit comprises: 250w mains transformer, two 10 amp 
bridge rectifiers, start/charge switch and full instructions. You can 
assemble this in the evening, box it up or leave it on the shelf in the 
garage, whichever su,ts you best. Price £11.50 + £2.50 post. 
GPO HIGH GAIN AMP/SIGNAL TRACER. In case measuring 
only SY.in x 3Y.in x 1 Y.in is an extremely high gain (70dBl solid 
state amplifier designed for use as a signal tracer on GPO cables. etc. 
With a radio it functions very well as a signal trecer. By connecting 
a simple coll to the input socket a useful mains cable tracer can be 
made. Runs on standard 4�v battery and has input, output sockets 
and on-off volume control, mounted flush on the top. Many other 
uses include general purpose amp, cueing amp, etc. An 1bsolut1 
berpin •• only £1.85. Suitable 80ohm earpiece 89p. 

8 POWERFUL BATTERY MOTORS 
For models, Meccanos, drills, remote control planes, boats etc. £2.50. 
WATERPROOF HEATING WIRE 
60 ohms per yard, th11 Is a heating element wound on a fibre glass 
coil and then covered with p,v.c. Dozens of uses - around water 
pipes, under grow boxes in gloves and socks. 23p per metre. 

COMPONENT BOARD Rof. W0998 
This is a modern fibreglass board which contains a multitude of 
very useful parts, most Important of which are: 35 assorted diodes 
and rectifiers including 4 3amp 400v tvPes (made up in a bridge) e 
transistors type BC107 and 2 type SFY-51 electrolytic condensers. 
SCR ref 2N 5062, 250uf 100v DC and 100uf 25v DC and over 100 
other parts including variable, fixed and wire wound resistors, 
electrolytic and other condensers. A reel snip at £1.15. 

With it you can qu,ckly test d1odM, rectifiers, transistors, cap· 
acitors, check wiring and P.C. boards for open circu,ts, find the 
anode and cathode of a diode or rectifier and whether a transistor 
is PNP or NPN, which are the base collector and emitter connect· 
ions. Condensers, if bad give a continuous signal but if good. give 
,n1ermittent signals of varying length depending on their value. 
The test current is very low (2uA) and the voltage only 1.4v, so 
it II also possible to check MOS dev,ces, a, �II as sensruve 
transistors with out fear of damag,ng them. The unit is supplied 
complete w,th internal battery, which should last many months. 
Price £3.45p. 

����!1!���:� s��:1�: ·tie �:!rs ���ha!11!��1���;�·���18:o:n!n 

defy your friends getting the "jackpot ", £9.96. + £4 carriage. 
4-CORE FLEX CABLE 
White pvc for telephone extensions, disco tights, etc. 10 metres £2, 
100 metres £15. Other multicore cable In stock. 
MUOOER DETERRENT 
A high-note bleeper, push latching switch, plastic case and battery 
connector. Will scare away any villain and bring help. £2.50 com 
plete kit. 
EXTRACTOR FANS - Mains Volt191 
Ex-computer, made by Woods of Colchester, 
Ideal as blower; central heating 
systems, fume extraction etc. Easy fixing 
through panel, very powerful 2.500 rpm 
but Quiet running. Choice of 2 sizes, 
5" £5.50. 6" £6.50. post £1 per fan. 

POCKET AUDIO 
COMPONENT TESTER 

NEW KIT THIS MONTH! 
CB RADIO - Listen in with our 40-channel monitor. 
Unique design ensures that you do not miss sender or 
caller. 
Complete kit with case and instructions only £5.99. 
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1 20 
1 50 
1 60 

Pl,P 
1 05 
1.30 
1 30 
1 50 
1 60 
3.20 

1201240V 

7a Wilham Street 
Herne Bay, Kent I :l 
Herne Bay 64586 .,. · .' 

Sec 
Price 
[ 
I.IO 
7.IO 

11.10 
13.30 
18.30 
37.10 

50 VOLT (Pn 220-240V) 
Sec 0.19-25-33-40-50V 

Ref. Price -... No. t P•P 
0.5 102 3.IO 90 
1.0 103 4.IO 1.05 
20 104 7.30 1.20 
30 105 8.IO 1.20 
40 106 10.81 1.30 
60 107 11.10 1 50 
80 118 zo.zo 1.70 

100 11 � 24.10 2.20 
80 VOLT (Pri 220-240) 
Sec 0-24-30-40-48-60 ac Ref. Price -... No. t P•P pr 

05 124 3.U 90 I 
1 0 126 I.IO 1.05 ne 2.0 127 7.111 1 20 
30 125 11.10 1.30 ce 
40 123 12.311 1 50 
50 40 14.111 1 60 
60 120 17.IO 1 60 

AUTO TRANSFORMERS 
Input/Output Tapped 0-115-210-240V 
VA Ref. Price 
(W-) No. t 

20 113- 2.11 
75 64 4.10 

150 4 11.IO 
Input/Output T_.,i 
0-115-210-220-240V 
300 53 10.10 
500 67 10.811 
1000 84 18.IO 
Also 1500/2000/3000VA 
MAINS ISOLATING {C:-. Teppad • �, 
Pn 120n40V 
VA R..t. 
{W....l No. 

60 149 
100 150 
200 151 
250 152 
350 153 
1000 iss 

BAYDIS 

Ref.Price 
No. t .... p 

238 Z.IO .70 
212 3.00 75 

13 2.30 .70 
235 2.111 .70 
207 2.711 75 
208 3.111 . 75 
236 2.111 .70 
214 2.711 .90 
221 3.IO 90 
206 4.IO 1.05 
203 4.0tl .85 
204 8.10 1 05 

TRANSFORMERS 
Panel Metera, Bridge Rectifier&, Power Supply Unita 
Multimetera - Semi Conductora - Timera - Sefebloc 

12 AND/OR 24 VOLT 
Pn 220-240 Volts -... Price 

12v 24V Ref. t P•P 
05 0 25 111 2.30 75 
1 0 05 213 2.78 90 
2 1 71 3.211 .90 
4 2 18 4.0tl 85 
6 3 70 11.IO .95 
8 4 108 7.40 1.20 
10 5 72 1.211 1 20 
12 6 116 8.81 1 20 
16 8 17 10.81 1 30 
20 10 115 13.U 1 50 
30 15 187 11.111 1 50 
60 30 226 33.311 1 80 
30 VOLT (Pn 220-240V) 
Sec 0-12-1 5-20-24-30V 

Ref. Price -... No. [ ,., 
05 112 2.11 90 
1 0 79 3.IO 90 
20 3 11.IO 1 05 
30 20 1.30 1 20 
40 21 I.IO 1 20 
5·0 51 I.IO 1 20 
60 117 11.10 1 20 
80 88 14.311 1 50 

100 89 11.IO 1 50 

Min-• - Miniature 
Mii� - 

Please add VAT at 15% 
Barclaycard and Access tacumea 

available 
Trade and Educauon Welcome 

Volla 
3-0-3 200 
0.6, 0.6 lA lA 
9-0-9 100 
0 9. 0.9 330 330 
().8-9. 0-8-9 500 500 
0.8-9. 0-8-9 1 A 1 A 
().15. ().15 200 200 
0.20. 0.20 300 300 
20-1 2-0-12-20 700(0C) 
0.15-20.0.15-20 1A1A 
0.15-27, 0.15-27 500 500 
0.15-27. 0.15-27 lA lA 

NEW RANGE QUALITY POWER 
LOUDSPEAKERS (15", 11" and r). 
Theoe loudspeakers are ideal for both 
hi-fl and disco applications. Both the 12" 
and 15" units have heavy duty die-cut 
chassis and aluminium centre domes. All 
three units have white speaker cones and 
are fltted with attractive cast aluminium 
(cround finish) flxin1 escutcheons. 
15" 100 watt R.M.S. Impedance 8 ohm, 
l" aluminium voice coil. Resonant Fre 
quency 20Hz. Frequency Response to 
2·5KHz. Price £31 each. £2·50 Packinc 
and Carriace each. 
11" 100 watt R.M.S. Impedance 8 ohm, 
2" aluminium voice coil. Resonant Fre 
quency 2SHz. Frequency Response to 
1KHz. Price OJ· 70 each. £2 · 50 Packin1 
and Carriace each. 
I" 50 watt R.M.S. Impedance 8 ohm, I" aluminium voice coil. Resonant Fre 
quency -40Hz. Frequency Response to 6KHz. Price £8·90 each. £1 ·25 Packing 
and Carriaae each. Other units available. 

r 

' '.'. ''"" •• ,,', ,;';""1', ...... '" . ' . " . "' '".' .. . 
DUR 'IDD% GUARANTEE 
Should you decide to return the set after 1 O davi exam 
lnatlon!-your money will be refunded by return ot post. 

A��OU�Cl�"7 
A�EWSET 
OF 13ASIC 
ELECT�O�ICS 

B.K. ELECTRONICS-A SOUND CHOICE 

STEREO CASSETTE TAPE DECK MODULE 
Full record and play-back facilities. Supplied as one complete unit for horizontal 
installation into cabinet or console of own choice. Brand new, ready built and 
tested. Smart silver and black finish. Features: Three dicit tape counter, Auto 
stop, Six piano type keys, Record, Rewind, Fast Forward, Play, Stop and Eject. 
Automatic record level control. Main inputs plus secondary inputs for stereo 
microphones. Input Hn1itivity IOOmV to 2V. Output leval -400mV nominal. 
Wow and flutter O· I%. Ideal for hi-fl, disco and computer applications etc. 
Easily connected. Dlmen1ion1-top panel St" x I It''. Supplied complete with 
circuit and connectinc diacrams. Power supply required-18V DC at JOOmA. 
PRICE 06·70 + £2·50 post and packing. Power supply kit (includin1 trans 
former) £3·00. 

G,E,C. TUNER AMPLIFIER CHASSIS-AM/FM 
Ori1inally desicned for installation into a music centre. Supplied as two separate 
fully built and tested units which are easily wired tosether. Circuit diacram 
and inter-connectinc wirin1 diacram supplied. Rotary controla-tunin&, 
volume, balance, treble and bass. Pu1h button controls-mono, tape, disc, 
A.F.C., F.M. (VHF), L.W., M.W., S.W. Pow .. output-7 watts RMS per channel 
into 8 ohms. Tape Hn1ltivlty Output typically ISOmV. Input 300mV. Dl1c 
Hn1ltivity IOOmV (Ceramic cartridce). Stereo Beacon Indicator LED or 
bulb. Dimen1ion1-Tuner 21" x 15" x 7t". Power amp. 2" x 7t" x -4!"· 
PRICE 03·50 + £2·50 post and packinc. 

This 5 volume Mt contains over 500 pag•. 
Bound In stiff linen. Covar size S�in x Sin. 
Price £10.00 per set (we pay the postage). 

Book 1. Introducing Electronics Book 4. Meters/Voltage-dividers 
Book 2. Resistors/Capacitors Book 6. Transistor Project Circuitry 
Book 3. Inductors/Diodes 
The manuals are unquestionaby the finest and most up-to-date available 
and represent exceptional value. 
This series has been written in a fascinating, absorbing and exciting 
way, providing an approach to acquiring knowledge that is a very 
enjoyable experience. Suitable for industrial trainees, CitY and Guilds 
students, DIV enthusiasts and readers of electronic journals. 
Each part explains electronics in an easy-to-follow way, and contains 
numerous diagrams and half tone blocks with construction details and 
circuit diagrams for making the following transistor projects: Lamp 
Flasher, Metronome, Wailer, Photographic/Monostable Timer, Metal 
Locator, Geiger Counter, Radio Receiver, Intercom., Intruder Alarm, 
Electronic Organ, Battery Eliminator, Anemometer, Sound Switch, 
Light and Water-operated Switches, Pressure-operated Switches, Light 
meter, Radio Thermometer, Ice Alarm, 

Order now: 
Salrey Book Company 
11, Aapen Cop1e, 
Bromley, 
Kent. BR1 ZNZ. 

------------------------- 

az Dept. EE, 37 White!��;ea���E�!o'!�e�h��!a, Essex SS9 STY * SAE for current lists. * Official orders welcome. * All prices Include VAT. * Mall order only. * All items packed 
(where applicable) In special energy absorbing PU foam. Callers welcome by prior appointment. Please phone 0702-527572 

I Amount enclosed: £ I 
I Name: I 
I I 
I Address: . ..!ll.. I 
I I 

�-------------------------� 
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colours, red, green and blue. The pic 
tures were only moderately bright and of 
only reasonable colour rendition. Defini 
tion is coarse because the picture is 
effectively formed from only 12,160 
elements. 

The flat screen is also accompanied by 
a large stack of outboard electronics. 
Likewise the NHK 16 inch diagonal screen 
needs a substantial amount of additional 
electronics. 

This uses a matrix of 240 x 320 cells 
and the phosphors are arranged as dot 
clusters rather than oblong strips. NHK 
engineers are the first to admit that both 
definition and brilliance must be im· 
proved before the system is workable. 

Reducing the outboard electronics to 
manageable size is simply a matter 
of a large scale integration, and 
although expensive this presents no real 
practical problems. It's clear that NHK 
is looking ahead, perhaps to the next 
decade, and the production of a high 
definition wall screen built up from a 
mat, ix of microscopically flne multi 
coloured light emitting cells. 

Developing a Flat Screen TV 
The recent announcement of a £5 

million, four year, investment programme 
in the production of the Sinclair flat 
screen TV tube and Microvlslon pocket 
f.m. radio/television receiver prompts a 
look at the whole business of flat screen 
TV. It's always been a designer's dream 
to produce a TV set which can hang on a 
wall like a picture. Obviously an ordinary 
cathode ray tube can never be made flat 
enough to achieve this. The electron beam 
would have to scan over an angle 
approaching 180 degrees and this Is 
electronically impractical. 

Projection Systems 
Since the 30's TV designers have 

achieved a flat screen effect by projection 
techniques. In most systems a small 
picture tube, with a very bright picture, is 
incorporated in a lens-mirror system 
which projects an enlarged image of the 
tube picture on a flat, or slightly curved, 
screen. This is how large pictures were 
achieved before large c.r.t.' s were 
practical. 

In the USA and Japan there is now a 
new generation of large screen TV re 
ceivers, which look like ordinary sets, but 
in fact incorporate a projector which 
beams the picture onto the rear of a 
translucent screen. More commonly, 
however, projection is from the front onto 
a reflective screen. 

To achieve a bright, colour picture 
three separate tubes are used, rather than 
a single conventional shadowmask tube. 
One tube reproduces only the red com 
ponent of the picture, the second tube 
reproduces green and the third tube re 
produces blue. The projection optics 
combine the red, green and blue images 
on the screen to produce a full colour 
picture. But you always need to use a 
projector in addition to the screen. Some 
times, as in a rear projection system, the 
projector is combined in the same cabinet 
as the screen. Sometimes the projector 
is disguised as a coffee table in front of 
the screen. But either way the end result 
is a cumbersome arrangement. 
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Matrix System 
The long term answer to flat screen 

television is to use a matrix of light 
emitting cells instead of a cathode ray 
tube. In its simplest form, as already 
used in some vast sports arenas, the 
light cells are electric lamps. Many 
thousands of lamps are arranged In a 
grid of lines like a TV screen raster and 
their brilliance of illumination is contin 
ually modulated by a current which scans 
the grid. 

In theory this replicates the effect of an 
electron beam scanning the phosphor 
screen of a TV tube. But in practice there 
are very real problems. Electric lamps 
have thermal inertia. You can't switch 
them on and off instantly. So the image 
smears on movement. 

Neon lamps can be switched more 
quickly but they are very dim. It's also a 
very expensive business to build a matrix 
from large numbers of electric lamps, and 
they keep burning out so that mainten 
ance is like painting the Forth Bridge. Also 
definition tends to be very coarse. So all 
over the world the race is on to find a 
matrix of fast acting light cells which can 
be made small enough to give reasonable 
definition. 

Japanese Approach 
At the 1980 Electronics Show in Tokyo, 

Toshiba showed a prototype pocket TV 
with a two inch screen made from a 
liquid crystal display matrix. The tiny 
screen contained 52800 individual picture 
elements, arranged in a matrix of 220 x 
240 rows. The picture, in black and white 
only, was dim and disappointing with 
smearing on motion. 

In the research laboratories of NHK, 
the Japanese radio station which is 
loosely equivalent to the BBC, I saw two 
prototype flat screen colour systems. The 
smallest, a ten inch diagonal display 
panel is formed from 36480 oblong gas 
discharge cells arranged with colour 
phosphors in a matrix of 95 x 384 rows. 

The gas discharge cells generate ultra 
violet radiation which excites phosphors 
to emit visible light of the three primary 

American Answer 
In the US, RCA has been looking at 

flat screen technology for the last 35 
years but has now abandoned matrix 
techniques. RCA is instead developing a 
four inch thick cathode ray tube. In fact 
each of these tubes are really only a 
part picture tube. 

A large TV screen is built up from a 
parallel series of long thin strips, each 
formed from an Individual c.r.t. The 
electron beam is fired from guns at one 
end and turned through 90 degrees onto 
a phosphor screen by a series of deflector 
grids. Colour is achieved by normal 
shadowmask technique and multi· 
coloured phosphors. 

The company claims that it will be able 
to produce a 501nch diagonal tube, made 
up from one inch wide individual tubes. 
This, says RCA, will be available towards 
the end of the decade. 

Sinclair Recipe 
In the UK, Sinclair is adopting a line 

more closely resembling the RCA ap 
proach than that being followed in Japan 
by NHK and Toshiba. The Sinclair tube, 
which measures around 4 x 2 x !inch 
in total size and has a 3 inch diagonal 
viewing screen, is made from a flat sand· 
wich of two glass plates. 

An electron beam flred from a gun at 
one end is bent, as in the RCA tube, 
through 90 degrees to strike a phosphor 
screen on the back plate. The image pro 
duced is viewed through a transparent 
tin oxide electrode on the front plate. 

To keep power consumption of the 
scanning circuits down, the displayed 
image is of squashed aspect. rather like 
a cinemascope image on film before it Is 
expanded by the special projection lens 
used for such films. A Fresnel lens on the 
front plate of the Sinclair tube restores 
the image to its normal 4 x 3 aspect ratio. 

Although Sinclair has only recently dis 
closed these technical details, even fuller 
facts have actually been readily available 
through published patents for some time. 
For instance, French patent application 
number 78/14732, published under number 
2 391 556, was available for anyone to read 
in the British Patent Office Library as far 
back as April 19791 
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A recent press conference given by 
Sinclair did however clear up some other 
matters. Those who had studied the 
patents could not for instance see how 
the tube could possibly be made large, 
to produce reasonable size pictures. It 
also seemed impractical to convert the 
tube to colour, and still keep the cost 
down. 

It now emerges that Sinclair plans to 
produce large screen pictures by using 
the tubes in a projection mode. Three 
tubes, one for red, one for green and one 
for blue, will be incorporated in an optical 
system to project a picture of up to 50 
inches in size on a wall screen. 

Even a 9inch picture in a portable set 
can, it is claimed, be most economically 
produced by using three tubes, a pro 
jection lens, and a back-projection 
screen. Only time will tell whether this 
extraordinary claim is justified. 

Production and Reliability 
In the meantime, Sinclair is to start 

producing tubes and Microvision 

First prototype of the Sinclair flat 
screen tube produced at St. Ives, 
Cambridge. 

receivers, at the Timex Corporation's 
watch plant in Dundee. Over half the 
£5 million financial backing comes, 
one way or another, from the British tax 
payer. Although the investment is spread 
over the next 3 or 4 years, it is hoped soon 
to be producing tubes at the rate of one 
million a year. 

Sinclair Microvision flat screen sets 
should start appearing in the shops for 
around £50 next year. These will be 
usable anywhere in the world except 
France, which is out of line with other TV 
standard systems on just about every 
count, for instance the sound is a.m. 
rather than f.m. 

If all goes well around 1,000 people will 
eventually be employed by Timex on the 
project. It's obviously in the national 
interest, therefore, that all goes well I 

Sinclair claims that the company's 
early bad reputation for poor reliability 
of product, for instance calculators and 
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digital watches, has been overcome with 
the ZX80 computer "We have not been 
too proud to take a lesson from the 
Japanese" he says. 

Quality control requirements on the 
raw components have tightened by a 
thousandfold but there are still a couple 
of question marks. Firstly the ZXSO is 
made for Sinclair by the Tek Group, not 
Timex. The latter company has already 
been named as the manufacturing base 
for the Nimslo 3-dimensional snapshot 
camera and for this is receiving £3 million 
in Government cash. 

Much has been heard of this gadget, 
which is supposed to enable the home 
photographer to produce 3-D snapshots 
for not much more than the cost of ordin 
ary photography. But so far nothing has 
been seen of a saleable product. 

Incidentally Nimslo, like Sinclair, have 
been reticent over technical details con 
cerning their products. But again, full 
details are already on the public record. 
US patent 3 852 787, for instance, gives a 
detailed break down of Nimslo 3-dimen 
sional technology. Anyone calling at the 

foreign section of the British Patent 
Office Library can look at a copy, free of 
charge. 

Looking for a Market 
Rather more important is the question 

of who actually wants a pocket TV set 
with a tiny black-and-white screen which 
they can carry round the world. Of course, 
some gadget-hungry executives will buy 
one simply because it is cheap and makes 
a good talking point. 

In reality anyone who can afford to 
travel round the world can also afford to 
stay in a hotel and most modern hotel 
rooms have a TV set, usually a large 
screen colour receiver. And whereas it 
may be nice to listen to the sound from a 
radio or cassette recorder while on the 
move, or as aural wallpaper for work or 
play, any TV set (whether it's large 
screen colour or pocket sized flat black 
and-white) needs watching. Also, how 
ever small the Microvision set may even 
tually be, it still needs a long aerial to 
receive pictures off-air. 

At the London press conference Clive 
Sinclair showed an impressive looking 
pocket Microvision and pictures of this 
set were widely publicised by the media. 
In fact this set was a dummy. The only 
working system was a prototype, several 
years old, which sat on a large box of 
outboard electronics served by a long 
telescopic aerial. And it's pictures were 
certainly nothing special. 

No one doubts Clive Sinclair's genius 
for innovation. And it may well be that the 
flat screen Microvlsion comes off the 
Timex production lines as cheaply and 
as reliably as he predicts. But no one can 
really predict whether sales will keep up 
with production. 

Flat screen Microvision is a product 
looking for a market. As the British tax 
payer is contributing heavily to the 
development of that product-and 1,000 
jobs hang on the results-we can only 
hope that the market is there. 

Mock-up version of the new Sinclair 
multistandard 3in flat-screen Micro 
vision pocket TV. 
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Introducing our new 
CHIP SHOP KITS 

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

SOLDER is included with every kit. 

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

Kit No. 2-SOLDERING IRON-contains a 
high quality British soldering iron, a 1 Amp fuse 
and solder together with straightforward 
instructions upon how to handle your soldering 
iron and the best techniques for its use and 
maintenance. 

If you cannot locate a stockist please order direct 
from Electroni-Kit Ltd. Please add SOp per kit for 
postage and packing. 
Trade and Educational Enquiries welcomed. 
Cheque/P.0./Access/Barclaycard (or 23p for full 
colour illustrated literature) to DEPT. EECS. 

Kit No. Price 
1 (a) Morning Call plus { £5-00 1 (b) Transistor Tester 
2 Soldering Iron £5·00 
3 Electronics Tools £4·50 
4 Electronic Organ £3·50 
5 Morse Code Trainer end Siren 

Oscillator £4·00 
6 Light Operated Burglar Alarm £4·00 
7 Buzzer-Aircraft £3·00 
8 Light and Sound Alarm £3·00 
9 Lie Detector £3·00 

10 (a) Lamp Flasher plus rN 10 (b) Sleep Inducer 
11 (a) Cat Sound plus £4·50 11 (b) Night Light Reminder 
12 (a) Bicycle Horn plus £5·00 12 (b) Electronic Shocker 
13 (a) Light Sensitive Alarm plus £5·00 13 (b) Electronic Lamp 

\. £4·00 14 2-Translstor Radio 
15 Morning Alarm £4·00 
16 American Police Siren £4·00 
17 Flashing Dual-tone Horn £3·50 
18 Two-Way lnterphone £5·00 
19 4-Translstor Radio £5·00 
20 Clicker-Helicopter Oscillator £3·00 

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

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

µA78MG In power mini-dip case 5·30V at 
fA. £1·00. 
µ.A7QMG Negative version of above. 
£1·ZO. 
�x��!) 4toex�:k;0tf�17;nJ:r1�C:,��lr:!PJ�fl 
Data eupplled. 

1W AMP PANELS 
A.011 Compact audio amp Intended for 
r��or:or.1·�����r��e� 8:w11:��01;�11�1; 
with knob,. Apart from amp circuitry bullt 
around LM380N or TBA820M, there I• a 
speed control circuit using 5 tran1l1tora. 
8V operation, connexion data supplied. 
ONLY £1·SO. 

VU METERS 
V006 Very attractive 55 x 48mm acaled 
-20 to +5dB. 250;,A movement. Only 
£1·75, or £3·00 pair. 

OP-AMP PSU KIT 
A.108 All part, + Instruction, to make a 
50mA +15, O, -15V ,upply from malna 
Input. Only £1 ·ts. 
COPPER CLAD BOARD 
K522 All plecea too ,mall for our etching 
kits. Mostly double sided flbregla11. 
25()gm (approx. 110 aq Ins) for Juat £1 ·00, 

JOB LOT OF 
COMPONENTS 

9500 1N400II; 10000 ·033/tlO; 22000 10pF/tlO: = ·�1:1�u��!l�r:.��; .}� �m: 
components tor £480 Inc. VAT & carr. 

12 VOLT INDICATORS 
Ideal for tight chasers, etc. Miniature 
12V 75mA wire ended lamps In yellow, 
red, green, blue and clear. 10p each. 
20 each colour, total 100 for £5·50. 

PANELS 
Z521 Panel with 18238 (2N3442) on ,mall 
heat 1lnk, 2N2223 dual traneteter, 2 BC108, 
dlodea, caps, re1l1tor1, etc. Np. 
Z482 Po1ted Oaclllator Module works 
from 1 ·20V, can be u1ed a, LED flasher 
(3V min). Supplied with connection data, 
1ul1able R, C & LED. £1 ·00. 
Z527 Reed relay panel-contains 2 x IV 
reeda, 8 x 25030 or 25230, 8 x 400V 
reet1 + Rt. 50p. 
Z529 Pack of ex-cemeuter panels contain· 
Ing 74 aeries IC1. Lota of different gates 
and complex logic. All IC1 are marked 
with type no. or code for which an 
Identification sheet la supplied. 20 IC1 
£1 ·00; 100 IC1 £4·00. 
A504 Black case 50 x 50 x 78mm with 
octal base. PCB lntlde has 24V reed 
relay, 200V 7A SCR, 4 x 5A 200V recta, 
etc, IOp. 

ODDS & ENDS 
Transformer, mains In, 1TIOV 10mA out. 
£2·50. 
W847 PCB mntg. relay 11 x 33 x 20mm. 
37R 5-10V SPCO 3A.15p. ·;?i��/,1;!�!��,PO�� r��aA.�:: SP make, 
X905 140 x 10mm ferrite rod with L W & 
MW windings. 4Sp. 
10M iW 5% CF Resistors-pack of 200 £1. 
40W amp PCB + eel + layou1. £1 · 00, All 
parts to make, £3·50. 
J..1(1 t�"zf��-111k, 333k, 500k, 900k, 9tl0k. 
FNA5220 2 digit i" 7-eeg di splay on PCB, 
CC. Wl1h data £1 · 50. 
7-aeg displays: FND380, 367, 501, all 50p; 
630, 847, 850, al I £1 · 50. 
Rega, T03 case; 7924 1ztp; 7885 100p; 
7808 100p; 7912 100p; 78CB Z30p. Others 
on BIL 13Op-Ampa;µA4138130p;µA776 
::�rai�r��7Jc3goi:t1t�:� ?�t':i8, all top. 

P.C. ETCHING KIT Mk V 
The beat value In etching kits on the 
market-contains 100 eq Ina copper clad 
board, Ferric Chloride, Etch real,t pen, 
abraelve cleaner, two miniature drlll bite, 
etching dl1h and ln1tructlon1, All for 
£4·15. 

�- 

THE SPECTACULAR 
1981 GREENWELD 

GREEN WELD 
443D MILLBROOK ROAD, SOUTHAMPTON 801 OHX 
All prices Include VAT-Just add 40p post. Tel (0703) 772501 

4 TERMINAL REGS 

Component Catalogue 
Bigger and better than ever 111 
• 60p discount vouchers 
• First Class reply paid envelope e Free Bargain List e Priority Order Form e VAT Inclusive prices e Quantity prices for bulk buyers 
SEND 75p FOR YOUR COPY 
NOWIII 
VEROBLOC BREADBOARD 

New from Vero, thl1 veraatlle aid for 
bulldlng and teetlng circuits can accom- :::r�:r�"&:�z:t�l��C��l;c: •;da:r.�:��1 
380 connexion polnta for Juat "·II. 
(Photo lhow, t bloc,) 

'\,.�t 
;J_t:.,' 

TTL AND REED PANEL 
Z52D 74 Serlea IC1-Gate1 and complex 
I ogle. 20 uatd. IC• on panel a £1; 100 IC• 

"· Z527 2 x ev reed relay,, 8 x 25030 or 
25230 8 x 400V recta, + R'a. Only IOp, 

IN4008 DIODES 
Speclal purchaee of 1A reets, Ru11lan 
made, Packed In boxe1 of 300, U·SO per 
bOXi 4 boxea £30·00; 10 boxea £75·08. 

DISC CERAMICS 
0·22uF 12V 9mm dla. Ideal for decoupling. 
1QO for £2·71; 1000 £20·00. 
0·5uF 12V 15mm dla. 100 £1 ·SO; 1000 
£1Z·OO. 
TRANSISTOR PACK K518 

Take advantage of thl1 unbelievable offerll 
Small signal NPN/PNP translators In 
plastic package at an Incredibly low, low 
prlcell Almost all are marked with type 
number-almost all are full spec devlc&11 
some have bent lead,. Over 30 different 
types have been found b_y u1, Including 
BC184/212/238/307/3286 BF198/7; ZTX107 

�f!:21::,s: ;�fioo, ni�,2��11���. a 
CALC CHIPS 60p 111 

New full spec, supplied with data. Type 
MK50321-full function Inc memory, Only 
IOp, 

COMPONENT PACKS 
K503 150 wlrewound resistors from 1W to 
12W, with a good range of values, £1 ·75. 
K505 20 aaaorted potentiometers, al I types 
Including alngle, ganged, rotary and 
slider. £1 ·70. 
K511 200 small value poly, mica, ceramic 
cape from a few pF to ·02µF. Excellent 
variety. £1 ·28. 
K514 100 allver mica cape from SpF to a 
few thousand pF. Tolerance& from 1 % to 
10%. £2·00. 
K516 Transistor Pack. Small algnal NPN/ 
:�os:':n•!:!0�ar�:C., fJr11�1:ec 

��;���:: 
but some have bent lead a, Over 30 different 
�m.,ti;,:aa,�i�,'kl;°us�19:f1; u;1rx\i�i 
8/9/342/450/550 etc. Look at 1he low prlcel 
100 for £3·00; 250 for £7·00; 1000 for £25, 
K520 Switch pack-20 different, rocker, 
elide, rotary, toggle, push, micro, etc. 
Only £2·00, 
K521 Heatshrlnk pack-5 dlff. sizes, each 
200mm. 50p. 

2708 FULL SPEC £2 
REGULATED PSU PANEL 

Exclusive Greenwald design, fully varlable 
0-28V &. 20mA-2A. Board contains all 
components except pots and transformer. 
Only £7·75, Suitable transformer and pot, 
£1·00. Send SAE for fuller de1alla. 

TRANSFORMERS 
Mains primary, SOV 20A sec. £20. Mains 
primary, 110V 15A eec. £30; 20A £40, 
ALFAC PCB TRANSFERS 
�l;cek•o,c�;vdel�e�:�r.�:�:s. ���1g�ds, etc. 

BARGAIN LIST 13 
10 page A4 list with 800 different Items, 
�j�:s������IR1a�

1I C�s�u�i��ce�o"r::ti��:� 
ware, aemlconductore, meters, dl1play1, 
�;ik:1'._ri:t��ncT8t�ra4 :��m��d tAt Its 
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tries produced in a polarised capacitor. 
Here a metal foil forms one of the 

plates, This is coated with an oxide 
which forms the dielectric. Another 
metal foil is separated from the first 
by a layer of porous paper impreg 
nated with an electrolyte (hence the 
term electrolytic) and this combina 
tion forms the other plate. The action 
of the dielectric is maintained by 
making sure that the current always 
flows from the coated plate to the 
other. If this direction is reversed 
then the oxide layer breaks down and 
the component fails. 

Recent advances in foil material 
have resulted in the tantalum capaci 
tor becoming available. 

B Having said that all electolytics have a + and - terminal 
and must be connected the correct way round, we can now 
contradict ourselves and say that in certain applications a 
non-polarised capacitor can be used. One of these Is shown 
at the top of the photograph. It is distinguished by the fact 
that both ends are marked with + signs. 

These devices differ in construction from a polarised elec 
trolytfc in that both plates inside the capacitor are made from 
metal foil coated with an oxide layer. These are then separated 
with the usual porous paper impregnated with electrolyte. 
Because of this construction method, non-polarised types are 
about twice as big as a comparable polarised type of the same 
value and voltage rating. 

The most common application of this type of capacitor is in 
crossover networks for hi-fl speaker systems. These com 
ponents suffer from the same tolerance and leakage problems 
as polarised types and are rarely used in other applications as 
it is possible to obtain other types of non-polarised capacitor 
that have the far superior leakage and tolerance characteristics 
necessary in other types of circuit. 

Along the bottom of the photo we can see a row of tantalum 
bead capacitors. Although these are still polarised capacitors 
and therefore need connecting correctly, they offer distinct 
advantages over standard electrolytic types. The most striking 
feature is their size, the biggest being only the size of a man's 
little finger nail. They offer superior tolerances, typically 
± 20 per cent and leakage current is less than one third of that 
of a comparable standard type. Of course all these advantages 
have to be paid for and tantalum capacitors tend to be any 
thing up to three times the price of a comparable standard 
electrolytic. 

Everyday Electronics, August 1981 
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SQUARE 

••• FOR 
BEGINNERS 

B 

HAVING looked at the more common 
forms of non-polarised, fixed 

value capacitors last month, we now 
turn our attention to polarised types. 

They are called polarised simply 
because it is essential to connect them 
up the correct way round as marked 
on the circuit diagram otherwise they 
will not work and may well fail with 
spectacular if not dangerous results. 

The value of a capacitor depends 
on two factors-the size of the con 
ductive plates and the nature of the 
dielectric. If you wish to obtain a 
very large value of capacitance and 
at the same time keep the physical 
size of the component manageable 
then it is necessary to use the dielec- 

A A selection of electrolytic capacitors. It can be seen that they are 
all In metal containers. This Is to make construction easier as the 
actual casing of the capacitor often forms the negative connection. 
In fact this point can often be used to identify the different connec 
tions on an unknown capacitor. Remember however that there is 
usually a plastic coating on most capacitors for Insulation purposes 
and some more modern electrolytics might be housed in plastic 
casings. 

The most annoying drawback of electrolytics is their trend to 
instability. If one of these capacitors is left unused for a long time, it 
undergoes a process of deformation. Although it soon recovers 
when used again, it may fail if subjected to its maximum working 
voltage when re-used for the first time, a point worth remembering 
when a project doesn't work. Even "new" components may have 
been on the shelf some months. 

On a more practical note, the tolerance of these capacitors is 
generally very wide, often +50, -25 per cent and the leakage 
current, that Is the d.c. current flowing between the plates, is also 
high. Typical uses include smoothing in power supplies and inter 
stage coupling In audio amplifiers. 

Three case styles are common. The first, reserved for very high 
values and voltage ratings consists of a metal can with solder tags 
at one end as seen In the top left of the photo. Sometimes you find 
two or three capacitors actually inside the same container, as in 
this case, hence the three tags. Then there are axlal types, that is 
with one wire coming from each end. These come in many sizes. 
Finally there Is the radlal type with both wires coming from the 
same end. These are often referred to as p.c.b. types. Each connec- 
tion Is Identified as+ or-. Usually only one is marked and it may be 
either one. Remember that the capacitor must be connected the 
right way round. Once again there Is a trade off between .value and 
voltage rating when It comes to case size. 
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Cheeky 
Just imagine how a poor shop keeper 

feels after a particularly bad week, when 
someone enters his establishment and 
brightly informs him, "I have just bought 
this £300 music centre from Sparkos up 
the road, but he hasn't the right plug for 
it, so he sent me to you". 

A few months ago I had another 
customer who I think would take first 
prize for cheek. We had a sale on at the 
time and as the sale items were displayed 
in a separate room, it was necessary just 
to keep an eye on them, which unfortun 
ately stopped us working. 

This particular nuisance would stand 
and read the books for 20 minutes and 
finally buy something for 10p. He would 

then bring it back next day and want to 
change it. But it was his final effort that 
staggered me. 

He had previously bought a small packet 
of bargain resistors for 20p. Next day 
he came in with the packet and a list of 
three resistors he required for a project. 
He asked me if I had them and I got 
them out. It was only then that his plan 
became clear. He was going to empty 
the packet on the counter, see if any 
colours matched up and if they did he 
knew he wouldn't have to buy them, in 
other words he just wanted to borrow 
them II 

I said to him "Why don't you buy a 
colour code calculator?" He asked me 
how much they were and I said 25p. He 

then asked me the price of the three 
resistors, I said 18p so he said "In which 
case I'll take the resistors." Collapse of 
poor old Young I 

Burning Matters 
One of my many weaknesses is buying 

new fangled gadgets, especially if they 
are electronic. My automatic kettle was 
supposed to switch off automatically when 
it boiled, thus avoiding a room full of 
steam and finally a burnt-out element. Ohl 
it switched off all right. I would then heat 
the tea pot, put in the tea and attempt to 
switch it on again by pushing in the button. 
After almost breaking my thumb, I would 
give up and boil the water on the gas. 

The one time I gave up completely in 
disgust and went away, the kettle obviously 
felt ashamed of itself and said, "I'm not 
fit to be an automatic kettle" promptly 
switched itself on again, filled the kitchen 
with steam and burnt out the elementll 

Then the other day, I saw one of these 
new toasters that are timed with a chip. I 
just had to have one. I suppose Dr. 
Johnson would have called it, "The 
triumph of hope over experience." Well, I 
was fed up with toast that was either black 
or white. I've got to admit this is an 
improvement. My toast is now black one 
side and white the other. Well readers, I 
suggest you buy a good old fashioned 
toasting fork. 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

The complete kit, which 
Includes eaay to follow 

Instructions, wlll flt Into a 
pinter depth box and the 

plastic front plate has no 
metal pads to touch, en 

suring complete safety. 
Even a neon la Included to 
help you locate the switch 

In the dark. 

0 »: 
In years to come everyone wlll be 
aelllng remote control dimmers, 
but you can have your TDR30GK 

kit now tor ONLY £14·30 tor the dimmer unit 
and tor £4·20 for the tranamltter. 
For the more athletic of you, the TDJOOK 
Touchdimmer kit I• atlll available at £1·50 
and the TDE/K Extenalon kit, for 2·way 
awltchlno etc., la £2·00. 

'- � DONT FORGET to add 50p P&P and 15% 
<, a� VAT to your total purchaae. 

Our new TDR300K Touch Dimmer 
Kit will ensure that you are. Based on 
our highly successful TD300K touch 
controlled dimmer kit, the TDR300K 
Incorporates an Infra red receiver. 
enabling the lamp brightness to be 
varied and switched on or off by 
touch or remotely by means 
of a small hand held trans- 
mitter. 

Each unit h111 4 channels (rated at 1KW at 
240\I per channel) which 1wltch lamps to 
provide HQuenclng effects, controlled menu 
ally or bv an optional opto·laolated audio Input. 
DLIOOOK 
This kit features a bl· 
directional aequence. apeed of 
sequence and frequency of 
direction change being 
variable by means of poten 
t Io meters. Incorporates 
master dimming con· 
trol. ' £1UG 
DLZINIK 
A lower cost verelon of the 
above, featuring unldlrectlonal 
channel sequence with speed 
variable by means of I preset 
pot. Output• switched onlv at 
mains zero crossing points to 
reduce radio Interference to 
minimum. £1.00 
Qptlonal Opto Input 
DLA1 

400V Plasllc Case (Texas) 
3A TIC2080 
8A TIC2260 
BA TIC2250 Sensitive gate 
12A TIC2360 
18A TIC2460 
25A TIC2830 

15A with trigger Q4:>ol5L T 
8A Isolated tab TXAL226B 
Dlac 

EVERY DOOR 
��- 8SHOULD HAVE ONE 

A• featured In E.E. May '11 
Whatever kind of door you have, our New Electronlc Combination Lock wlll enable vou to 
open It easlly but make thlnoa very difficult for unwelcome vlaltors. The unit, which comes 
complete with a 10·way keypad, require, an easlly remembered 8 digit code to be entered 
before the door can be opened, whlle the Intruder haa over 5,000 combinations to choose 
from. The code can be easily changed by means of a ere-wtree plug and a momentary or 
latched output version can be made, The kit has even more uses In a car where It mav be 
used to dlaable the Ignition. Another useful feature la the Save Button. This atorea the 

combination number, enabling the car to be used 
bv authorised persons such H garage personnel 

• without discloalng the code. The complete kit 

;:�:��:A7 wxhe� �of l���·e daenef :11r d�fvne'�"'sts t� n::::::::"':::::;�.>"� 
1SV (750mA) aolenold or relay coil (not supplied) 
?��e;t�L i0£10�,.n:�J't�itnt0�bo��o:11t�t,� k::s 1 

�;� 

can loae or forget without ever locking yourself out. 
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PINS 

RI PUSH-TO-BREAK on S'MTCH 

Paul Hemingway 
Hull, North Humberside. 

normally open 1oop, and so sounding 
the atlarm. 

course resistors with integral heat· 
sink would be ideal, these are rather 
expensive. 

A normal Q • 2in red le.d. was used 
to show when tbi:i Z�So is on. AU 
the conIP,<>nents wert �01;1.�t� oni 
O • lln stripbeard, A .. push. to break 
switch was mounted to lllloW instant 
clearing of memory. · 

A. R. Jones, 
Loughborough, 

Leicester. 

TO S-PIN 
DIN SOCKET 

ON UNIT 

ft.owing through Bl and VlU to tum 
TRl on. The transistor then effec 
tively "shorts" across the two 
terminals (4 and 5) ''closing" the 

PIN4 

zxao P.s.u. JMPROVEMENt 
My <;ircuit should help to prevent 

the very common ZX80 fault of over 
heating. Many of y<1ur readers with a 
ZX80 • may have problems with load· 
ing and saving due to the main circuit 
board getting too hot. 'l'be beat comes 
from the voltage regulator, the beae 
sink fitted can't disperse all the heat 
so it beats up the board. 

The computer needs about 10 volts, 
nty Sinclair p.s.u, supplied 18 volts. 
The resistance needed to reduce the 

. yo�ge · c�n be ql!]culated, in practice .. ·.· 
a reslstance .. pf lO(l works best. ···• )r 

One watt resistors were used in thij 
circuit• but got rather hot. A strip of 
aluminium foil was placed around the 
ceramic area of the resistor RI to 
belp keep it cool. If 3 watt resistors 
are to hand they can be used. Of 

CRYSTAL EARPfECE 
AMPLIFIER 

OPTO-ALARM ADDtTION FOR 
INTRUDER ALARM 

I built the intruder alarm pub 
lished in your magazine (May 1979) 
and it proved highly successful. With 
this circuit, it can also be used as a 
very sensitive opto-alarm, as well as 
the loop switches. No modification is 
necessary to the original unJt, the new 
wiring being connected to the parallel 
loop. The light SOU(Ce can be 
powered ·l),y ba.ttety, 9t from the, in· 
trudier alarm power: i;uj>ply. The light 
sourrcei and Peel sli,ould be shielded 
from ambient light (mine were 
mounted inside two cigar tubes). 

From the diagram, it can be seen 
that PCCl, Rl and VRI form a poten 
tial divider chain. VRl "trims" lU. 
With PCCl :illluminated from the 
light source, it exerts a low resist 
ance; since this is lower than lU and 
VRl oombined, the transistor does 
not conduct. Should th� light beam 
be b�en, l>CCl will then have a 
very high �i1f1-"�·1c ,n9wing current 

12V TO 9V CONVERTER WITH OVERLOAD PROTECT10N 

l have designed a crystal earpiece 
amplifier. The circuit is connected to 
the cryst�l earpiece output socket of 
a piece c,f equipment and the gain of 
the transistor tlu was fo'llnd suffi· 
cient to. drive a .small loudspeaker 
via the output:: transformer... ··· 

The circuit could be used in many 
other projects, including the output 
stage of a simple radio tuner. 

P. Patel, 
Hornchureh, 

Essex. 

FSI 
IA 

SUPPLY 
VOLTAGE 
12V O.C. 

+YO 

9V 
OUTPUTTO 
RADIO ETC. 

� enclose a circuit diia.gram foi; a 
simple deyice I built to step d�n 
the 12V · ·· d,c, supply from a oar 
battery to 9V d.c., often used by 
portable radios. This is very useful 
for people who own cars with no 
installed radio, and also fw campers. 

It is a very simple circuit, which 
as well as stepping the voltage down, 
also blows the fuse FSl via the thy 
ristor CSRl if anything goes wrong 
with the rest of the circuit; this pre- 

vents the. l<Yad 
damaged. 

from .: �eomi.Qg 
· M. P. FQl,'.l'hnond, 

Eaton, Norwich. I 
I 
I 
I 
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3. Carry out over 40 experiments 
on basic circuits. 
We show you how to conduct experiments on a wide 
variety of different circuits and turn the informatinn 
gained into a working knowledge of testing, servicing 
and maintaining all types of electronic equipment, 
radio, t.v. etc. 

4. Free Gift. 

1. Build an oscilloscope. 
As the first stage of your training, you actually build 
your own Cathode ray oscilloscope! This is no toy, 
but a test instrument that you will need not only for 
the course's practical experiments, but al so later if 
you decide to develop your knowledge and enter the 
profession. It remains your property and represents 
a very large saving over buying a similar piece of 
essential equipment. 

2. Read, draw and understand 
circuit diagrams. 
In a short time you will be able to read and draw 
circuit diagrams, understand the very funrtamentals 
of television, radio, comouters and countless other 
electronic devices and their servicing procedures. 

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,------- Post now, without obligation, to:- 

I BRITISH NATIONAL RADIO & 
ELECTRONICS SCHOOL 

I 
I NAME 

ADDRESS 

I 
L---------------- Block caps please 1 •••••••••••••••••• ---------- 



Wilmslow 
Audio 

THE firm for speakers! 
SEND SOp FOR THE WORLD'S BEST 
CATALOGUE OF SPEAKERS, DRIVE 
UNITS, KITS, CROSSOVERS ETC. AND 
DISCOUNT PRICE LIST 

AUDAX e AUDIOMASTER e BAKER 
BOWERS & WILKINS e CASTLE 
CELESTION e CHARTWELL e COLES 
DALESFORD e DECCA e EAGLE e ELAC 
EMI e FANE e GAUSS e GOODMANS 
HARBETH e ISOPHON e I.M.F. e JORDAN 
JORDAN WATTS e KEF e LOWTHER 
McKENZIE e MISSION e MONITOR AUDIO 
MOTOROLA e PEERLESS e RADFORD 
RAM e ROGERS e RICHARD ALLAN 
SEAS e SHACKMAN e TANNOY 
TAN GENT e VIDEOTONE e WHARFED ALE 

WILMSLOW AUDIO LTD. (Dept. EE) 
35/39 CHURCH STREET, WILMSLOW, 

CHESHIRE SK9 1AS 
Tel: 0625,529599 FOR MAIL ORDER & EXPORT OF DRIVE 

UNITS, KITS ETC, 
Tel: 0825,528213 (SWIFT OF WILMSLOW) FOR Hl,FI & 

COMPLETE SPEAKERS 
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More and more new cars use electronic ignition to 
give the best performance and economy. Bring YOUR 
CAR up to top specification by fitting the latest TOTAL 
ENERGY DISCHARGE electronic system. 
TOTAL ENERGY DISCHARGE cives all the 
advantages of the best capacitive discharae i&nitions; * Peak Performanc-hicher output voltace. * Improved Economy-consistent high ignition performance. * Better Startin1-full spark power even with low battery. * Accurate Timin1-prevents contact wear without 'contactless' errors. * Smooth Performance-immune to contact bounce effects. 
PLUS 
SUPER HIGH POWER SPARK-3t times the enercy of ordinary C.D. 

systems. 
OPTIMUM SPARK DURATION-to get the very best performance and 

economy with today's lean carburettor settings. 
DESIGNED IN RELIABILITY-with the 'ultimate insurance' of a change 

over switch to revert instantly to standard ignition. 
TECHNICAL DETAILS 
HIGH EFFICIENCY INVERTER, A hich·power, high efficiency, regulated 

inverter provides a '400-volt energy source-powerful enough to store 
twice the eflergy of other designs and regulated to provide full output even 
with the battery down to '4 volts. 

SUPERB DISCHARGE CIRCUIT. A brand new technique prevents ene.rn 
being reflected back to the storage capacitor, giving 3! times the spark 
energy and 3 times the spzrk duration of ordinary C.D. systems, generatw 
ing a spark powerful enough to cause rapid i.1nition of even the weakest 
fuel mixtures without the ignition delay associated with lower power 
1lon1 burn' inductive systems. In addition this circuit maintains the correct 
output polarity, thereby preventing unnecessary stress on the H.T. system. 

SOPHISTICATED TRIGGER CIRCUIT. This circuit removes all unwanted 
signals caused by contact volt drop, contact shuffle, contact bounce, and 
external transients which, in many designs, can cause timing errors or 
damagin1 un-tirned sparks. Only at the correct and precise contact open 
ing is a spark produced. Contact wear is almost eliminated by reducing 
the contact breaker current to a low level-just sufficient to keep the 
contacts clean. 

IN MONEY-SAVING KIT FORM at £14.85 
ALSO MOTORCYCLE TWIN OUTPUT KIT £22,94 Plus £1 U.K. P.&P. 
All you need is a small soldering iron and a few basic tools-· everything else is 
supplied with easy-towfollow instructions. 

FITS ALL 6/12 volt NEGATIVE EARTH vehicles 

� 

ELECTRONIZE DESIGN 

I 
2 Hillside Road, Four Oak, 

Sutton Coldfield, West Midland,, B74 4DQ 
Phone 021-308 5877 
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me VAT 
£199 ADD-ON 

ADAPTOR 

MATIEL T.V. GAME 

Hand-held Invaders Games available £19.96 
+ Invaders Cartndges available to ftt 

A TARI/RADOFINIACETRONICIPH/LIPS G7000 

,;Ac;;;L�1£1E�G;R����J�1 
DAT ABASE I INTE RTON 

The ACE TELCOM VDX1000 Prester V1ew 
data adaptor simply plugs into the aenat 
socket of your television and enables vou to 
receive the Prestat/vrewdata service rn 
colour or black & white 
FeaturH - 
- S1mpl1f1ed controls lor Quick easy opereuon 

Special graptucs leature for high rescruncn 
- Stare-ct.the.an microprocessor controller 
- S1andard remote telephone keypad w,1h Pres1e1 

keys· 11 
-. Auto dialler incorporated tor easy Prestel 

acQu•&1t1on 
- True PAL colour encoder using reliable IC - 

chroma l1her and cere line incorporated for 
rrummum picture .ruerreeence. ma••mum 
l1del11v 

- Includes convenient TV - Pres1el swuchbcx 
Easilv connected 10 standard home or office 
telephone hnes 

- Fully Post Office approved 

THE RADOFIN TELETEXT ADD-ON 
ADAPTOR 

Plug the adaptor into the aer1al socket of voor 
colour r V and rectuve the CEEFAX and 
ORACLE television information services 
THIS NEW MODEL INCORPORATES: 
• Double height cnerecter fac1hty 
• True PAL Colour 
• Meets lal&St BBC & IBA broadcasi spec1fica11ons 
• Push bunon channel change 
• Unnecessary to remove the unu 10 wetch normal 

TV programmes 
• Gold-pla1ed circuit board lor rehab1lnv 
• New SUPERIMPOSE News Flash tecnuv 

Plays 24 different tunes 
with separate Speed 
control and volume 
control. Select the most 
appropriate tune for your 
vrsrtor. with appropriate 
tunes for different nmes of 

1he yearl 

SILICA SHOP LIMITED EE 8 
1 -4 The Mew,, Hatherley Road, Sidcup. Kent DA 14 40X 

Telephone: 01 -301 1111 or 01 -309 1111 

We carry a range of over 15 
different Chess computers: 
Electronic Chess £29.96 
Chess Traveller £39.96 
Chess Challenger 7 £79.00 
Sensory 8 £119.00 
Sensory Voice £269.00 
SPECIAL OFFERS: 
VOICE CHESS CHALLENGER 
Normal Price £245 NOW £136.00 
SARGON 2.6/BORIS 2.5 
Normal Price £273.70 NOW £199.96 
A II onces include v A ,. 

FULLY PROGRAMMABLE 
CARTRIDGE T.V. GAME 
14 Cartridges avallable 
Normal Price £87.86 
NOW REDUCED TO: 

ADDING MACHINE 
OLYMPIA HHP 1010 

Normal Price £57 21 
NOW REDUCED TO: 

£34�tr 
Use, ordmerv paper! 
No need to buy e1tpensiv11 
thermal paper! 
Fast add lis11ng PRINTER/ 
CALCULATOR. 2 hnes per 
second, 10 digit capacity 
Uses normal adding 
machine rolls Banerv or 

mains opera1ed 
Size 91.4"x4�"Jt2:W' 
fM•1M •d•Plot Htr•J 

This telephone, answering machine Is manufactured by Olympra Business Machines, one of the 
largest Office Equipment manufacturers In the U.K. 11 is fully POST OFFICE APPROVED and will 
answer and record messages for 24 hours a day. With your remote call-in bleeper you can receive 
these messages by telephone wherever you are m the world. The remote call-in bleeper ecuvetes the 
Answer/Record Unit, which will at your command repeat messages, keep or erase thern. and is 
activated from anywhere in the world, or on your return to your home or office. The machine can also 
�:;�d,�o;ar;ide��:g����;'���b��·h:�� ��c�tY��t!�:�!"��:���u�:'r�:���t1

�1!� ':;;,f1�'�!r��!:� 
bleepers (£13 each) this facility can be 
extended to colleagues and members of 
the family. Using a C90 standard cassette 
you can record as many as 45 messages. 
The announcement can be up to 16 
seconds long and the incoming message 
¥��°m��h���oisd:a��nfo mstatl and comes 
with full mstrucncns It is easily wired to 
your runcnon box with the spade connec· 
rors provided or alternatively a Jack plug 
can be provided to plug Into a Jack socket 
Masi nnponam. of course. rs the fact that 
1t is fully POST OFFICE APPROVED 
The price of £135 (me VAT) includes the 
machine. an extra-bqht remote can-.n 
Bleeper, the microphone message tape. 
A C mains adaptor The unit ,s 
gJ;•"x6"x21/;'' and rs fully guaranteed for 
1 2 months The telephone can be placed 
directly on the unit - no add1uonal desk 
space ,s required 

�191111111 ............ �£135 me VAT 

THE OLYMPIA - POST OFFICE APPROVED 
TELEPHONE ANSWERING MACHINE 

WITH REMOTE CALL·IN BLEEPER 

Teach your child to 

:�i�11 u��oJ:'ri'!ar��� 

aid. Fully automatic 
features and scoring. 
Additional word 
modules available to 
extend the range of 

words. 

These Invaders are a breed ol ereerure hitherto 
unknown to man They cannot be kllled by 
trad1t1onal methods - they must be buried The 
baUle is conducted In a maze where squads of 
ahens chase home troops Theonlywayof 
ehmmaung them is by £23 95 digging holes and me 
burying them • VA 

CHESS COMPUTERS 

HAND HELD GAMES 

EARTH INVADERS 

• 
HAND HELD GAMES 

GALAX� 
1000.� 

The 2nd generation Gal&K\I Invader The mvaders 
:��:1;�,���=�r:1���ti;1111�e s;:����1!r:e�!1�! lim,ted to Just 250 missiles 10 be launched from 3 ri�1sf�:��:I:��: �lf 8£•8 110 p,9evenl91h8 

5tnV8::5 
defences • VA r 

'l 
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NES56 55 
RC4136 10 
SN764771!11 
TL08t 40 
TL084 110 
XR220e 300 
ZN414 10I 
ZN425E 3H 
TBABOO N 

ALTERNATOR RECTIFIERS 
Make lovely 10 amp bridges. Ideal for 
High Power Battery Chargu1. 
Type 4AFI. Sol of 4 (2 neg. caae + 
2 pos. case) £2. 

Special Purchaae enables us to offer 
����'r1c��l�s�����t�he ��t:::!tr: 
price of £2 for 100 mixed. These 
consist of factory clearance lots t.e. 
spillages, floor sweepings, cosmetic 
rejects etc. Also Mullard miniature 
electrolytlc1 200 mlxea £2. 

10,IOOuf. 3Sv Tag ended. 20" x 10" diam, 
with flxlng 1tud and nut. High quality. 
£1 each, 3 for £2 · 50. 

SMALL MAGNETS 
Wit� hole In I for £1 

P/B SWITCH BANKS 
Th••• co1t a fortune! Were made for 
various mualc centrH. lnclud11 lndepen· 
dent and Interdependent hitching type, 
multl pole c/o etc. Can be modified. 
Can't be repeated. :S Bank• for at. 
KNOBS for Switch Bank• 10 for ill. 
Chrome or spun alumlnlum finish. 

MINIATURE MAINS TRANSFORMERS 
Top quality. Spilt bobbin conatructlon 
will give 4·5V·0·4·5V at 250MA. It" x H" 
x Ii", all aorta of uua. ONLY £1 

3 for £2·50. 
PP3 Battery Connector• 10 for SOp. 
Miniature Pr••• to Make Swltchea, Red 
knob. 3 for 50p. 
Submlnlalure S.P.C.O. Slide Swltchea. 
lfor SOp, 
Miniature D.P.C.O. Slide Swltchea. 
• for SOp. 
Standard 2P. 3 Po1ltlon SI Ide Switch. 
HorSOp. 
Loudapeaktr, 21H Round 8 Cl. IOp ee. 3 
for £1•50. 
Aaaorted Fu1e Holder• Including 20mm, 
P.C., Panel and chassis types. Pack of 1 
for 50p. 
3·Smm Jack Socket,, switched. En .. 
cloaed type. P.C. or panel mounting. 
With nuts and washers. • for 50p. 
9 Section, Chrome on Bra11 Tele1coplc 
Aerial. Plugs Into any 3·5mm aocket. 
Approx 25" extended £1 each. 3 for £2·50, 
HI Power Infra Red Tran1mltter Smm 
LEO. TfL :II 60p ea. 3 for £1 ·50. 
�J�t��e����el��=- 1�E��n:•;i,o�rr•:f. 
10 of each £2·50. 

� 
•ammred 7p � 
-amm green 12p 5119 0·11n. Matrix 
3mm yellow 14p 2·5 x 1" Z2p 
*5mm red Ip 2·5 x 3·75" 75p 
•5mm green 12p 2·5 x 5" ISp 
5mm yellow 14p 3·75 x 5# llp 

tii �15p�m �r�:r���le�r 1°iop •FN0600 Double olded IOp 

5oc11.t.1'5 . eo�'-5 
'8 pin 7p I Aluminium. With lid+ 
•14 pin Ip 1crew1. 
•1e pin Hp 3" x 2H x 1H 70p 
!�:older�:� :: = :: : it" ,::: 

eH x .. H X 2" 120p 

iW Resistor kit. Contains 10 of each 
value from 4·70 to 1M (650 resistors). 
UOp each. 
Ceramic capacitor kit. Contains 5 of 
each value 22pF to 0·01µF (135 ceps.). 
3'10p each. 
Polyester Capacitor kit. 5 of each value 
from 0·01 to 1µF (65 capacltora). S75p 
each. 
Nut and Bolt Kit. Total 300 Items. UOp 
each. 

25 6BA i" bolt, I 25 4BA i" bolts 
25 SBA i" bolts 25 4BA i" bol1a 
SO &BA wa1hera 50 4BA waeher1 
50 &BA nuts 50 4BA nuts 

� 
Submlnlature toggle 
SPST Hp SPOT llp •oPOT !llp 
Standard toggle 
•sPST Hp DPOT 41p 
SI Ide 1wltchu OPOT 
•Miniature 10p Standard 11p 
Rotary 1wltche1 
tP12W, 2P6W, 3P4W, or 4P3W Hp ea, 
Pu1h to make Up. Push to break 22p. 

INTERESTED IN 

ELECTRONICS P 
TRY A ZEDPACKI 

COMPONENTS .AT .A PRICE 
EVERYONE CAN .AFFORD 

ti ffl �:::� t :�: 1 ::� ::::::: :�: :; 
Z3 300 mixed capacffor1. £3·15 
Z4 IOI mixed oloctrolyllc1 £2·20 

�g = :::11::: :,T�t:!l�T,��l;apa £
2

·
20 

component• £1 · IS 
Zl 300 mixed printed circuit realato£; ·•s 
zg 100 mixed miniature ceramic and 

plate capa £1 · 20 
ZtO 25 HIOrtod pot,. £1 ·50 
Z11 25 aaaorted preaet1, skeleton etc. £1 
Z12 20 aasorted vdr'a and therml1tora 

£1·20 
213 1111 mixed hardware. Nuts, bolts 

selMappers, sleeving, etc. £1 ·20 
214 10G mixed, new and marked, full epec. 

tran1l1tora. Pack Include,:- BC148, 
BF154, BF274, BC212L, BC238, BC184L, 
PBC108 and, or Iota of 1lmllar types 

£4·95 
Z15 100 mixed diode, lncludlng:-zener, 

power, bridge, 1lgnal, germanium, 
1lllcon etc. All full spec. £C·l5 

Z16 20 1N4148 £1 
Zt7 20 t N4003/1002 £1 
Z18 20 zenera, 1 watt and 400mw £1 ·50 
21112 · 125" TIL 209 RED. LEO'S £1 
Z2010 Assorted 1wltche1, lncludlng push 

button, slide, mFu��f�!:ic ":i�il!��r;1 ��t 
UHF MODULATORS 
Video In UHF out. Calibrated to channel 36 
(625 llne UHF) housed In metal box 2iH x 
211 x i" with 91 coaxlal lead, TV plug and 
connection data. £2·50 ea. 3 tor £1. 
Alumlnlum finish slider knobs, standard 
nttlng. 10 for £1 
ZOOµA Miniature level/batt. mettra, aa n:11��! toFHla�,&t�;t� r:�1�rtde4!t'•'c:1rc9!r. 

olchlna klt1. 
Includes 100 1q Ins. of copperclad F/G 
board. 1 lb ferric chloride, (made for U.S. 
army to MIL, SPEC.), 1 dalo etch reslat pen, 
abrasive cleaner, tweezers, etch reel1tdl1h 
and lnatructlon,. OUR PRICE £5·H 
11b of FeCI. £2·15. 
100 Miniature reed 1wltche1. £Z·H 
190 Submlnlature Reed Switches. £4·20 
To: "GEMINI ELECTRONIC COMPONENTS" DEPT EE 

"THE WAREHOUSE" SPEEDWELL ST. LONDON S.E.8. 
Where 1hown. Send Cheque• or Po8tal Order. Plu1 IOp P&P. and 15% VAT. 

Pleau Quote ZED Code. •School1 etc. SEND OFFICIAL ORDER 
ZED PACKS now available for Callere at 50 Deptford Broadway, London, S.E.8, 

Name 
Company 
Address 

Please send me .... MPUroBreadBoard(s) @£18. 
This price includes VAT & PP, is applicable from Mar. I, '81, 
but please add 15% for Overseas Orders, make cheques/P.O. 
payable to BOSS Industrial Mouldings Ltd and allow IO days 
for order processing and cheque clearance etc. 

If you're into 
MICROPROCESSORS 

then they should be into an 
MP UroBreadBoard 

I enclose a cheque/P.O. to the value of£ .. 

trlflin m,croprocessor 
area 

alpha numeric indexing 

* MPU Section accepts 24, 28, 40 & 64 pin 
DIL microprocessors 

* Auxiliary Areasacceptany .3" or .6" RAM, 
ROM or peripheral chip * Power Bus Strips on all sides * 5 incoming turret Power Terminals 

* Component Support Bracket included * Over 1400 contact points * Alpha-Numeric column and row indexing * Eurocard size (160mm x lOOmm) * Slots onto all BTh1BOARDS 
* Non-Slip rubber backing 
* Ideal for schools and colleges * Long life,< I Om.ohms, nickel silver contacts 
The PROFESSIONALS breadboard 

that BEGINNERS can start on 

BOSS INDUSTRIAL MOULDINGS LTD 
2 Herne Hill Rd, London SE24 OAU, England 
Telephone 01-737 2383 Telex 9J9693 
Cables & Telegrams: LITZEN LONDON SE24 

Telephone Nurnber . EE/8/81 

* Same day despatch * Competitive prices * Topqualitycomponents * ln-depthstock 
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Ambit's new concise component catalogue is out ! ! 
Our new style concise p.irts/prrct>s cataloque rs available at most newsagents for 50p or du ect from ht>rt' 
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68488 5.25 

Z80 series 
Z80A 4.99 
Z80ADRT 7.50 
Z80APIO 4.10 
Z80ASI0/1 14.00 
Z80ASI0/2 14.00 
Z80ASI0/9 14.00 
Z80CTC 4.00 
Z80ACTC 4.50 
Z8001 65.00 

PROM 
2708 2.00 
2716 3.55 
2532 8.50 
2732 8.50 

RAM 
2102 1.70 
2112 3.40 
2114 2 1.49 
4027 5.78 
4116 2 1.59 
4116 3 1.49 
4864P 12.50 
6116P-3 12.50 
6116P-4 11.25 
8264 12.50 

XTALS 
1�Hz 3.00 
3. 768MHz 2.00 
4MHz 1.70 
4.194MHz 1.70 
4.43MHz 1.25 
5MHNz 2.00 
6.5536MHz 2.00 
7MHz 2.00 
BM Hz 2.00 
9MHz 2.00 
10MHz 2.00 
11MHz 2.00 

Prices shown exclude VAT 
Postage 50p per order (UK) 
ACCESS/Barclaycard may 
be used with written or 
telephone orders - official 
MA details on application. 

And a special prize for those 
of you who read our ads 
closely - a free crystal with 
every CPU IC you buy - 
just clip out the paragraph 
and attach it to your order. 

Voltage Regulators 
78XX 1A T0-220 0.58 
78XX 1A T0-3 0.99 
79XX 1A T0-220 0.60 
79XX 1A T0-3 1.35 
78G 1A T0-220 1.10 
78G 1A T0-3 3.95 
78H 5A T0-3 5v 4.25 
78H 5A T0-3 12v 5.45 
78HG 5A T0-3 7.45 
79HG 5A T0-3 7.45 
LM317 .5A T0-202 1.30 
LM337 .5A T0-202 1.75 
78540 1.5A 1.20 

1--•E&oe--- 

74LS153N 0.35 74C04 0.20 
74LS154N 0.99 74C08 0.20 
74LS155N 0.50 74C10 0.20 
74LS156N 0.50 74C14 0.55 
74LS157N 0.36 74C20 0.20 
74LS158N 0.40 74C30 0.20 
74LS160N 0.40 74C32 0.20 
74LS161N 0.40 74C42 0.80 
74LS162N 0.40 74C48 1.03 
74LS163JII 0.40 74C73 0.50 
74LS164N 0.50 74C74 0.50 
74LS165N 1.20 74C76 0.48 
74LS166N 1.75 74C83 0.98 
74LS168N 0.85 74C85 0.98 
74LS169N 0.85 74C86 0.26 
74LS170N 1.85 74C89 2.68 
74LS173N 0.75 74C90 0.80 
74LS174N 0.55 74C93 0.80 
74LS175N 0.55 74C95 0.94 
74LS181N 1.35 74C107 0.48 
74LS183N 2.96 74C151 1.52 
74LS189N 1.28 74C154 2.26 
74LS190N 0.60 74C157 1.52 
74LS191N 0.60 74C160 0.80 
74LS192N 0.68 74C161 0.80 
74LS193N 0.68 74C162 0.80 
74LS194N 0.42 74C163 0.80 
74LS195N 0.42 74C164 0.80 
74LS196N 0.65 74C165 0.84 
74LS197N 0.65 74C173 0.72 
74LS200N 3.45 74C174 0.72 
74LS202N 3.45 74C175 0.72 
74LS221N 0.60 74C192 0.80 
74LS240N 0.99 74C193 0.80 
74LS241N 0.99 74C195 0.80 
74LS242N 1.65 74C200 4.52 
74LS243N 1.65 74C221 1.06 
74LS244N 0.83 74C901 0.38 
74LS245N 1.50 74C902 0.38 
74LS247N 1.35 74C903 0.38 
74LS248N 1.35 74C904 0.38 
74LS249N 1.35 74C905 5.64 
74LS251N 0.46 74C906 0.38 
74LS253N 0.46 74C907 0.38 
74LS257N 0.55 74C908 0.84 
74LS258N 0.39 74C909 1.52 
74LS259N 0.39 74C910 3.62 
74LS260N 0.70 74C914 0.86 
74LS266N 0.24 74C918 0.98 
74LS273N 0.90 74C925 4.32 
74LS275N 3.20 74C926 4.32 
74LS279N 0.35 74C927 4.32 
74LS280N 2.05 
74LS283N 0.44 Processors 8080 74LS290N 0.58 
74LS293N 1.30 8080 series 
74LS295N 1.50 8080AFC/2 7.50 74LS298N 1.50 
74LS365N 0.35 8212 2.30 
74LS366N 0.35 8214 3.50 
74LS367N 0.35 8216 1.95 
74LS368N 0.35 8224 3.50 
74LS373N 0.78 8251 6.25 
74LS374N 0.78 8255 5.40 
74LS375N 1.15 
74LS377N 1.99 6800/6809 74LS378N 1.40 
74LS379N 2.15 6800P 3.75 
74LS384N 2.50 68AOO 4.25 
74LS385N 4.20 68800 4.75 
74LS386N 0.29 6802 5.55 
74LS390N 0.68 6809 15.00 
74LS393N 0.61 6810 1.75 
74LS395N 2.10 68A10 1.85 
74LS396N 1.99 68810 2.04 
74LS398N 2.75 6820 1.95 
74LS399N 2.30 6821 1.75 74LS445N 1.40 68A21 2.10 74LS447N 1.95 68821 2.34 74LS490N 1.10 
74LS668N 1.05 6840 4.25 
74LS669N 1.05 68A40 4.55 
74LS670N 1.70 68840 4.75 

6850 1.75 
74CXX series 68850 2.17 

6852 2.47 
74COO 0.20 68A52 2.75 
74C02 0.20 68852 2.95 

0.66 
2.67 
2.49 
0.89 
1.30 
3.50 
3.50 
1.00 
1.05 
2.36 
1.85 
0.85 
0.85 
0.85 
0.85 
1.85 
1.85 
1.85 

TELEPHONE (STD 0277) 230909 TELEX 995194 AMBIT G POSTCODE CM144SG 

200 north 5eruice Rood, Brentwood, EsseH 

LSN series 
SOON 0.11 
S01N 0.11 
S02N 0.12 
S03N 0.12 
S04N 0.14 
S05N 0.14 
SOBN 0.14 
S09N 0.14 
S10N 0.13 
S11N 0.14 
S12N 0.15 
S13N 0.28 
S14N 0.49 
S15N 0.14 
S20N 0.13 
S21N 0.15 
S22N 0.15 
S26N 0.18 
S27N 0.14 
S28N 0.35 
S30N 0.13 
S32N 0.14 
S33N 0.16 
S37N 0.17 
S38N 0.16 
S40N 0.13 
S42N 0.40 
S47N 0.42 
S48N 0.65 
S49N 0.61 
S51N 0.14 
S54N 0.15 
S55N 0.15 
S63N 1.50 
S73N 0.21 
S74N 0.18 
S75N 0.28 
S76N 0.22 
S78N 0.24 
S83N 0.50 
S85N 0.70 
S86N 0.18 
S90N 0.32 
S91N 1.25 
S92N 0.39 
S93N 0.38 
S95N 0.48 
S96N 1.20 
S107N 0.25 
S109N 0.25 
S112N 0.25 
L113N 0.25 
S114N 0.25 
S122N 0.40 
S123N 0.55 
S124N 1.80 
S125N 0.29 
S126N 0.29 
S132N 0.45 
S133N 0.30 
S136N 0.25 
S138N 0.40 
S139N 0.40 
S145N 1.20 
S147N 2.10 
S148N 1.60 
S151N 0.35 

5N 
3N 
SN 
9N 

83N 
84N 

5N 
90N 

3N 
7N 

298N 
5N 

66N 
7N 

4368N 
90N 

3N 
90N 

CMOS4000 4559 2.75 7476N 0.30 7426 
4000 0.13 4560 2.18 7480N 0.26 7427 
4001 0.20 4561 0.70 7481N 0.20 7427 
4002 0.14 4562 2.75 7482N 0.75 7427 
4007 0.19 4566 1.59 7485N 0.75 742 
4008 0.70 4568 2.18 7486N 0.24 742 
4008AE 0.80 4569 1.95 7489N 1.05 7428 
4009 0.30 4572 0.30 7490N 0.30 742 
4010 0.30 4580 3.25 7491N 0.55 7429 
4011AE 0.24 4581 1.50 7492N 0.35 7429 
4011 0.15 4582 0.99 7493N 0.35 74 
4013 0.35 4583 0.80 7494N 0.70 7436 
4015 0.70 4584 0.49 7495N 0.60 743 
4016 0.30 4585 1.00 7496N 0.45 7436 
4017 0.65 4702 4.50 7497N 1.40 7 
4019 0.68 4703 4.48 74100 1.10 743 
4021 0.75 4704 4.24 74104 0.62 7439 
4022 0.68 4705 4.24 74105 0.62 744 
4023 0.19 4706 4.50 74107 0.26 
4024 0.45 4720 4.00 74109N 0.35 74 
4025 0.18 4723 0.95 74110N 0.54 
4026 1.05 4724 0.95 74111N 0.68 74L 
4028 0.60 4725 2.24 74112N 1.70 74L 
4029 0.75 40014 0.54 74116N 1.98 74L 
4030 0.35 40085 0.99 74118N 0.85 74L 
4035 0.75 40098 0.54 74119N 1.20 74L 
4040 0.68 40106 0.54 74120N 0.95 74L 
4042 0.65 40160 0.69 74121N 0.34 74L 
4043 0.68 40161 0.69 74122N 0.34 74L 
4043AE 0.93 40162 0.69 74123N 0.40 74L 
4044 0.68 40163 0.69 74125N 0.40 74L 
4046 0.69 40174 0.69 74126N 0.40 74L 
4047 0.69 40175 0.69 74J28N 0.65 74L 
4049 0.30 40192 0.75 74 32N 0.50 74L 
4050 0.30 40193 0.75 74136N 0.65 74L 
4051 0.65 40194 0.69 74141N 0.45 74L 
4052 0.69 40195 0.69 74142N 1.85 74L 
4053 0.69 74143N 2.50 74L 
4054 1.30 TTL'N' 74144N 2.50 74L 
4055 1.30 74145N 0.75 74L 
4056 1.35 7400N 0.10 74147N 1.50 74L 
4059 5.75 7401N 0.10 74148N 1.09 74L 
4060 0.95 7402N 0.10 74150N 0.79 74L 
4063 1.15 7403N 0.11 74151N 0.55 74L 
4066 0.38 7404N 0.12 74153N 0.55 74L 
4067 4.30 7405N 0.1� 74154N 0.55 74L 
4068 0.18 7406N 0.22 74155N 0.55 74L 
4069 0.18 7407N 0.22 74156N 0.55 74L 
4070 0.25 7408N 0.15 74157N 0.55 74L 
4071 0.22 7409N 0.15 74159N 1.90 74L 
4072 0.22 7410N 0.12 74160N 0.55 74L 
4073 0.22 7411N 0.18 74161N 0.55 74L 
4075 0.18 7412N 0.19 74162N 0.55 74L 
4076 0.60 7413N 0.27 74163N 0.55 74L 
4077 0.23 7414N 0.51 74164N 0.55 74L 
4078 0.25 7416N 0.27 74165N 0.55 74L 
4081 0.15 7417N 0.27 74166N 0.70 74L 
4082 0.25 7402N 0.13 74167N 1.25 74L 
4093 0.45 7421N 0.28 74170N 1.25 74L 
4099 0.99 7422N 0.20 74173N 1.10 74L 
4175 1.15 74.23N 0.22 74174N 0.75 74L 
4502 0.90 7425N 0.22 74175N 0.75 74L 
4503 0.55 7426N 0.22 74176N 0.75 74L 
4506 0.75 7427N 0.22 74177N 0.75 74L 
4507 0.45 7428N 0.35 74178N 0.90 74L 
4508 1.99 7430N 0.13 74179N 1.35 74L 
4510 0.70 7432N 0.23 74180N 0.75 74L 
4511 0.85 7437N 0.22 74181N 1.22 74L 
4512 0.70 7438N 0.22 74182N 0.70 74L 
4514 2.20 7440N 0.14 74184N 1.20 74L 
4515 2.50 7441N 0.54 74185N 1.20 74L 
4516 0.75 7442N 0.42 74188N 3.00 74L 
4518 0.75 7443N 0.62 74190N 0.55 745 
4520 0.80 7444N 0.62 74191N 0.55 74L 
4521 2.36 7445N 0.62 74192N 0.55 74L 
4522 1.49 7446N 0.62 74193N 0.55 74L 
4527 0.95 7447N 0.62 74194N 0.55 74L 
4528 0.95 7448N 0.56 74195N 0.55 74L 
4529 1.40 7450 0.14 74196N 0.55 74L 
4539 1.10 7451N 0.14 74197N 0.55 74L 
4543 1.00 7453N 0.14 74198N 0.85 74L 
4549 3.50 7454N 0.14 74199N 1.00 74L 
4553 3.10 7460N 0.14 74221N 1.00 74L 
4554 1.73 7470N 0.28 74246N 1.50 74L 
4555 0.72 7472N 0.27 74247N 1.51 74L 
4556 0.58 7473N 0.28 74248N 1.89 74L 
4557 2.10 7474N 0.28 74249N 0.11 74L 
4558 1.00 7475N 0.35 74251 N 1.05 74L 
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• 3" deep ABS lid and base 

• Twin handles with 8 fixing points 
on aluminium frames 

• Burst proof toggle locks with keys 

• Moulded adjustable tray in base 

e Heat sink for hot soldering iron 

e 2 sided Reversible Multi-purpose 
tool pallet 

TL 99 17" x 12" x 6" split (shown l 
also available TL 100 19" x 14" x 6" split 

Tools NOT included. British made. 
Money back guarantee. Allow 7-21 days for delivery. 

Teleman Product, Ltd. Ermine House. Post St, Godmancheater, Cambs. PE 18 SBA 

PM COMPONENTS LTD 

� 

VALVE & COMPONENT SPECIALISTS tr...._ 11 
CONINGSBV HOUSE, WROTHAM RD., � 

MEOPHAM, KENT. Dept. EE 

VALVES PLSOB 1·41 eoeo 4·21 8C214 O·ot BU� 1·30 
one •·ss Pl.509 Z·:11 e14ee 4·45 BC214L O·ot 8U208 Mt 
OY802 O·N PLB02 Z·50 7025 1·50 8C237 O·ot 8U208A 1·5Z 
E180F 5·Z5 PY88 0·74 7380 7·50 8C23e 0·00 MJE340 0·40 
EABC80 •·50 PYl500A 1·:IS 7591 2·35 8C307 O·ot OC71 O·ZZ 
E8F89 0·71 PY801 0·15 BC327 0·10 R20088 1 ·70 
ECC81 O·SS QQV02/8 11·50 SEMl·CON· 8C337 0·10 R2010B 1·70 
ECC82 1·51 QQV03·20A DUCTORS 8C481 1·30 112510 Z·41 
ECC83 l·IO IZ·Z5 AC128 O·ZZ BC478 1·20 TIP29 1·40 
ECC85 .... QQVOMOA AC127 O·ZZ 8C547 0·10 TIP29C 1·4Z 
ECC88 .... 13·H AC128 o·n BCMe 0·10 TIP30C 0·43 
ECC807 1·30 QV03-12 3·50 AC141K 0·:14 8C549A .... TIP31C 0·4Z 
!CF80 1·15 TY2·125A 45·00 AC178 O·ZZ 8C557 0·07 TIP32C 1·4Z 
ECF82 l·N U19 11·H AC178K 0·31 BC558 0·07 TIP41C 0·45 
ECH81 1·50 UCH81 1·15 AC187 0·21 80131 0·:IZ TIP42C 0·47 
ECL82 0·50 UCL82 1·71 AC187K •·:it 80132 1·35 TIP47 t·l5 
ECLM 1·13 UL84 1·71 AC188 t·ZZ 80133 .... TIP2955 0·14 
ECL88 0·74 UY85 1·7t A0149 0·70 80135 t·30 TIP3056 O·IO 
EF37A 3·N Z759 t·OO A0181 t·n 8013e 1·30 TIS91 O·D 
EF80 0·41 2021 1·15 A0181/2 1·14 80137 0·21 2N3054 0·5t 
IF88 0·70 21<25 lt·OO A0182 O·H 80138 0·30 2N3055 0·5t 
IF89 0·75 4CX2508 .... AF127 t·:IZ 80139 O·:IZ 2N3702 O·IZ 
EFII 1·ZZ 5U4G 1·15 AF139 •·a 80140 0·30 2N3703 O·IZ 
EF93 t·II acoeGA 4·00 AF239 1·4Z 80144 1·20 2N3704 0·1Z 
EFM O·SS 8GK8 Z·50 8C107 O·lt 8F115 0·35 2N3705 O·IZ 
EF95 t·71 IJI 0·15 BC1078 ..,. 8F187 O·U 2N3708 0·1Z 
EF113 t·50 IJS8C Z·SS 8C108 t·10 8F179 0·:14 2N3708 0·12 
EF184 0·50 IKOI 3·H 8C108C .. ,. 8F180 O·zt 2N8294 0·31 
El.34 1·14 ILeGc 1·75 BC101l8 0·10 8F183 O·ZI 2N8298 0·41 
EL84 O·N IL020 O·N BC140 0·31 8F194 0·11 2N5298 0·31 
EM84 0·7t fSN7GT 0·11 8C141 O·Z5 8F195 0·11 2SC1308 1·Z5 
EZ80 0·50 8VIGT O·OO 8C142 t·ZI 8F11HS 0·11 2SC13C7 1·15 
EZ81 t·M 757 2·00 BC143 •·u 8F197 0·11 
GZ32 0·15 12AT7 t·SS 8C147 .... 8F198 t·10 I.C.'a GZ33 3·ZI 12AU7 .... BC148 O·ot 8F199 0·14 MC1307 1·00 GZ34 Z·OO 12AX7 0·55 8C149 O·OO 8F200 0·30 MC1350 1·00 KT81 3·50 12BAI O·IO 8C157 1-10 BF257 O·ZI MC1495 3·00 KTM 4·H 12BE8 1·15 8C158 O·ot 8F258 O·Z5 SN78003N 1·15 KT77 , ... 12BH7 t·H 8C159 O·ot 8F259 l·ZO SN78023N 1·35 KT88 1·00 12HG7 3·15 8C180 1·21 8F336 0·:14 SN78033N 1·35 N78 .... 30FL2 1·15 8C1708 O·lt 8FX29 0·30 SN71131N 1·31 OA2 l·H 85A2 1·21 8C171 0·11 8FX84 l·ZO SN78227N 1·15 PCF80 0·71 90C1 1·H 8C172 •·ot 8FX85 o-n SN7MION O·N PCF802 1·7Z 807 1·ot 8C1738 1·10 8FX88 0·30 TA7205AP 1 ·H PCF808 1·41 811A t·OO 8C182 O·ot 8FX88 O·Z5 TAAIHl18 1·20 PCL82 1·74 813 11 ·30 8C183 O·ot 8FY50 O·zt T8A120S 0·70 PCL84 0·7t 833A 47·15 8C184LA O·ot 8FY51 O·Z1 T8A540 1·25 PCL88 t·71 B&eA 3·N 8C212 O·ot 8FY82 O·Z5 T8A51500 1·55 PCL805 O·IO 2050A 3·00 8C212L t·ot 8FY90 0·73 TOA1004A Z·20 PFL200 1·13 5783 3·21 8C213 0·00 8U105 1·ZZ UPC575C2 Z·H Pl...504 1·20 5814A Z·75 BC213L O·ot 8U108 1· .. TA7205P 1·H 

Prlcea p�x:1�d!°e ir. 0P1:�·,e add 
Many other typea avall1ble, T8A810S 1·N 

Full price 111! available. UPC58eH Z·H 
15%. Callers welcome. UPC1031H 3·H 

UPC1025 2·50 Phone M74 t1ms Monday to Friday 1.-.1.M UPC1188H Z·15 24 hour Anaaphone ••rvlce Saturday t.-.11.00 UPC13835C 3·15 

Everyday Electronics, August 1981 l 

MAIL ORDER ADVERTISING 
British Code of Advertising Practice 
Advertisements in this publication are required to conform to 
the British Code of Advertising Practice. In respect of mall 
order advertisements where money is paid in advance, the 
code requires advertisers to fulfil orders within 28 days, unless 
a longer delivery period is stated. Where goods are returned 
undamaged within seven days, the purchaser's money must be 
refunded. Please retain proof of postage/despatch, as this may 
be needed. 

572 

A PROFESSIONAL TOOLCASE FOR � -- .. 
IIIIDER£40 

Mail order Protection Scheme 
if you order goods from Mail Order advertisements in this 
magazine and pay by post in advance of delivery, EVERDA Y 
ELECTRONICS will consider you for compensation if the 
Advertiser should become insolvent or bankrupt, provided: 
(1) You have not received the goods or had your money 
returned; and 
(2) You write to the Publisher of EVERYDAY ELECTRONICS 
summarising the situation not earlier than 28 days from the date 
you sent your order and not later than two months from that 
day. 
Please do not wait until the last moment to inform us. When 
you write, we will tell you how to make your claims and what 
evidence of payment is required. 
We guarantee to meet claims from readers made in accordance 
with the above procedure as soon as possible after the 
Advertiser has been declared bankrupt or insolvent. 
This guarantee covers only advance payment sent in direct 
response to an advertisement in this magazine not, for example, 
payment made in response to catalogues, etc., received as a 
result of answering such advertisements. Classified advertise 
ments are excluded. 

Designed for the professional Electronics, T. V or 
Instrument Technician who needs to carry a large 
number of specialist tools. 
The TL 99 sets a standard as a low cost alternative 
to more expensive cases. 
It offers strength with a practical use of space 
and many other features . 
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S&ndyouron1tH9to0ept [E 881 Bl PAM PQ80)( hWARf Hf-RT� 
SHOP AT 3 BALDOCK ST WARE HER TS 

.' II.. 
TERMS CASHWITHORDER SAME DAY DESPATCH ACCESS [6] � - ��O�CLAYCARD ALSO ACCEPTED TEL 109201 3182 GIRO 388 

ASS 15% VAT AND 50p PER ORDER POSTAGE AND PACKING 

TRANSISTORS_ 

DIODES 74 LS SERIES TTL SILICON RECTIFIERS 

AC107 
AC125 
AC129 
AC127 
AC128 
AC128K 
AC132 
AC141 
AC141K 
AC142 
AC142K 
AC176 
AC178K 
AC187 
AC187K 
AC188 
AC188K 
ACY17 
ACY18 
ACY19 
ACY20 
ACY21 
ACY22 
AD130 
AD140 
AD14Z 
AD143 
AD148 
AD161 
AD182 
AD161/162 

M/P 
AF114 
AF115 
AF116 
AF117 
AF118 
•F124 
•F125 
AF126 
AF127 
AF139 
AF239 
AL102 
AL103 
•SY26 
•5Y27 
A5Y28 
A5Y29 
AU104 
AU110 
AU113 
8C107 
8C107A 

21 8C1078 
JO 8C107C 
Z2 BC108 
Z2 BC10BA 
20 8C1088 
11 acroec 
ZI 8C109 
Z1 8C109A 
40 8C1098 
Z1 8C109C 
40 8C113 
k 8C114 
40 8C116 
21 8C118 
40 8C118A 
Z1 8C117 
40 8C118 
80 8C119 
80 0c120 
80 8C128 
80 8C126 
80 8C132 
80 8C134 
78 8C135 
10 8C138 
• 8C137 
• BC138 
10 8C139 
40 8C140 
40 8C141 

8C142 
JO 8C143 
80 8C144 
80 8C145 
80 8C147 
80 8C148 
• 8C148 
80 8C150 
80 8C151 
80 8C152 
80 8C153 
80 8C154 
4Z 8C167 

1.IO 8C158 
1.10 8C159 

80 8C180 
80 8C161 
80 8C167 
80 8C168 

1.IO 8C169 
1.IO BC169C 
1.IO 8C170 

10 8C171 
11 8C172 

11 BC173 
12 8C17' 
10 8C176 
11 8C177 
11 BC178 
12 BC179 
10 8C180 
11 BC181 
11 8C182 
12 8C182L 
11 BC183 
17 BC183L 
11 BC184 
11 BC184L 
20 8C186 
ZO 8C187 
17 BC207 
21 BC208 
JII 8C209 
21 8C212 
30 8C212L 
11 BC213 
11 8C213L 
11 BC214 
ZO BC214L 
ZO 8C225 
21 8C226 
12 BC237 
21 8C238 
21 BC239 
21 8C251 
21 8C251A 
40 BC261 
40 8C300 
01 8C301 
01 8C302 
OI 8C303 
20 BC304 
22 8C307 
20 8C327 
21 8C328 
11 8C337 
10 8C338 
10 8C364 
10 BC440 
Z1 8C441 
JI BC480 
11 8C461 
10 8C477 
10 BC478 
11 8C479 
09 8C546 
OI 8C547 
OI 8C548 

GI 
11 • 14 
14 
14 
12 
10 
10 
10 
10 
10 
10 
10 
1& 
11 
11 
11 
12 
10 
10 
10 
10 
10 
10 
28 - 13 
14 
1& 
1& 
11 
11 
30 
21 
21 
21 
21 
13 
12 
13 
13 
13 
14 
30 
30 
12 
32 
zo 
zo 
zo 
10 
10 
10 

BC549 
BC550 
8C568 
8C567 
8C568 
8C569 
8CY30 
8CY31 
8CY32 
8CY33 
8CY34 
8CY70 
8CY71 
8CY72 
8CZ10 
8CZ11 
8CZ12 
80108 
80116 
80116 
80121 
80123 
80124 
80131 
80132 
80131/132 

M/P 
80133 
80135 
80138 
80137 
80138 
80139 
80140 
80139/140 

M/P 
80156 
80175 
80176 
80177 
80178 
80179 
80180 
80186 
80186 
80187 
80168 
80189 
80190 
80195 
80198 
80197 
80198 
80199 

11 
14 
14 
1J 
1J 
14 
IO 
IO • IO 
IO 
14 
1& 
1& 
10 
10 
10 
80 
80 
80 • • 78 • • 
IO 
40 • 31 • • • • 
IO 
80 
IO 
IO .. 
88 
78 
71 .. .. 
78 
71 
71 
71 
IO 
IO 
1115 
1115 .. 

80200 N 
80201 10 
80202 IO 
80201/202 

M/P 1.10 
80203 10 
80204 IO 
80203/204 

M/P 1.10 
80205 IO 
80206 IO 
80207 IO 
80208 IO 
80222 47 
80225 47 
80232 • 
80233 • 
80234 1111 
80235 1111 
80238 Ill 
80237 • 
80238 • 
8S293A 80 
B0240A 80 
80239A/ 

240A 1.00 
80240 46 
80241 46 
80508 31 
80508 311 
BOX32 2.20 
80Y11 1.30 
80Y17 1.IO 
BOY20 IO 
80Y56 1.40 
80Y58 1.IO 
8F116 21 
8F117 80 
8F118 71 
8F119 78 
8F121 80 
8F123 IO 
8F125 80 
8F127 IO 
8F152 21 
8F153 21 
8F154 22 
8F155 35 
8F158 21 
8F157 28 
8F158 28 
8F159 28 
8F180 28 
8F162 24 

8F183 
8F184 
BF165 
8F167 
BF173 
8F176 
BF177 
BF178 
BF179 
BF180 
8F181 
8F182 
8F183 
8F184 
BF185 
8F186 
8F187 
8F188 
8F194 
BF195 
8F198 
8F197 
8F198 
8F189 
8F200 
BF222 
BF224 
8F240 
8F241 
BF244 
BF257 
BF258 
BF259 
BF262 
BF283 
BF270 
8F271 
8F273 
8F274 
8F324 
8F336 
BF337 
8F338 
8F371 
8F457 
8F458 
8F459 
8F594 
BF595 
8F596 
BFR39 
8FR40 
BFR41 
BFR50 

30 BFA52 
80 BFR82 
80 8FA79 
24 BFR80 
24 BFW10 
M BFX29 
k BFX30 
21 BFX84 
30 BFX85 
JO BFXB6 
30 BFX87 
30 BFX88 
30 8FX90 
22 8FY50 
22 8FY51 
28 BFY62 
Z1 BFY53 
32 BFY90 
10 BIP19 
10 BIP20 
12 BIP19/20 
12 M/P 
1& 8RY39 
11 8SX19 
30 BSX20 
IO BSX21 
20 BSY95 
17 BSY95A 
11 BU105 
21 8U105/ 
30 02 
30 BU204 
JO BU205 
80 BU208 
80 BU208/ 
M 02 
31 GP300 
31 MJ480 
31 MJ481 
311 MJ480 
34 MJ491 
34 MJ2955 
31 MJE340 
21 MJE370 
37 MJE371 
37 MJE520 
31 MJE521 
30 MJE2955 
21 MJE3055 
21 MJE3440 
24 MP8113 
21 MPF102 
21 MPF104 
2& MPF105 

21 MPSAO!i 
k MPSAO& 
28 MPSA56 
28 MPSA58 
1111 N0120 
21 OC19 
30 OC20 
k OC22 
28 OC23 
28 OC24 
ZI OC26 
21 OC26 
III OC28 
zo OC29 
20 OC35 
20 OC38 
20 OC41 
IO OC42 
31 OC44 
• OC46 

OC70 
30 OC71 
31 OC72 
20 OC74 
20 OC75 
21 OC76 
1J OC77 
11 OC79 

1.IO OC81 
OC810 

1.1111 OC82 
1.40 OC82D 
1.40 OC83 
1.IO OC84 

OC139 
2.21 OC140 

40 OC188 
1115 OC170 

1.CII OC171 
1115 OC200 

1.1& OC201 
IO OC202 
80 OC203 
Ill OC204 
80 OC205 
46 R20088 
• R20108 
90 TIC44 
• TIC45 
&2 TIP29 
&2 TIP29A 
80 TIP298 
31 TIP29C 
311 TIP30 

20 
20 
20 
zo 
11 • 1 .• 

1.80 
1.80 
1.H 
1.00 
1.00 

IO 
1115 
IO 
IO 
zo 
22 
24 
zo 
24 
1& 
24 
21 
30 
31 
80 
40 
22 
k 
24 
30 
28 .. 
IO 
IO 
IO 
IO 
IO 
41 • 1.20 • 90 

1.1& 
2.80 
2.IO 

21 • 30 
1111 
4Z 
44 • 

T1P30A 
TlPJOB 
T1P30C 
T1P31 
T1P31A 
T1P318 
T1P31C 
T1P32 
T1P32A 
TIP328 
T1P32C 
T1P41A 
T1P418 
T1P41C 
T1P42A 
TIP428 
T1P4ZC 
TIP2955 
TIP3055 
T1S43 
Tl590 
T1S91 
Tl592 
UT46 
ZTX107 
ZTX10B 
ZTX109 
ZTX300 
ZTX301 
ZTX302 
ZTC303 
ZTX304 
ZTX330 
ZTX500 
ZTX501 
ZTX502 
ZTX503 
ZTX504 
ZTX531 
ZTX550 
2N388 
2N388A 
2N404 
2N404A 
2N524 
2N627 
2N59B 
2N599 
2N696 
2N697 
2N698 
2N899 
2N706 
2N706A 

40 2N707 
4Z 2N708 
44 2N711 
311 2N717 
40 2N718 
4Z 2N718A 
44 2N728 
II 2N727 
40 2N743 : ��m 
44 2N918 
41 2N929 
41 2N930 
44 2N948 
41 2N1131 
41 2N1132 
IO 2N1302 
80 2N1303 
Z2 2N1304 
20 2N1305 
22 2N1306 
Z2 2N1307 
20 2N1308 
10 2N1309 
10 2N1599 
10 2N1613 
12 2N1711 
12 2N1889 
11 2N1890 
11 2N1893 
20 2N2147 
11 2N2148 
13 2N2192 
12 2N2193 
11 2N2194 
12 2N2217 
21 2N2218 
21 2N2218A 
21 2N2219 
31 2N2219A 
Ill 2N2220 
20 2N2221 
24 2N221A 
40 2N2222 
80 2N2222A 
40 2N238B 
41 2N2389 
24 2N2389A 
k 2N2411 
30 2N2412 
32 2N2646 
10 2N2711 
12 2N2712 

U 2N2714 
14 2N2904 
JO 2N2904A 
JO 2N2906 
21 2N2906A 
80 2N2908 
28 2N290BA 
28 2N2907 
20 2N2907A 
20 2N2903 
20 2N2924 
30 2N2925 
zo 2N2926G 
11 2N212eY 
40 2N29290 
k 2N29211R 
k 2N29298 
21 2N3010 
21 2N3011 
21 2N3053 
21 2N3054 
M 2N- 
31 2N3402 
40 2N3403 
40 2N3404 
JO 2N3405 
21 2N3414 
30 2N3416 
46 2N3416 
46 2N3417 
40 2N3614 
71 2N3816 
10 2N3816 
311 2N3646 
311 2N3702 
311 2N3703 
21 2N3704 
21 )N3705 
21 2N3706 
21 2N3707 
30 2N3708 
20 2N370BA 
20 2N3709 
22 2N3710 
20 2N3711 
20 2N3771 
11 2N3772 
14 2NJ773 
14 2N3819 
25 IFET) 
25 2N3820 
47 IFETI 
Z2 2N3821 
22 IFETI 

12 
k 
28 
k 
28 
11 
20 
zo 
22 
1& 
1& 
11 
10 
OI 
OI 
OI 
OI 
zo 
zo 
Z2 • 4Z 
21 
21 
28 
4Z 
11 
11 
28 
28 

1.00 
1.0& 
1.0& 

09 
09 
09 
09 
09 
10 
10 
OI 
09 
OI 
10 
10 

1.40 
1.IO 
2.20 

11 

46 

80 

2N3823 
IFETI 

2N3903 
2N3904 
2N3905 
2N3908 
2N405B 
2N405B 
2N4080 
2N4081 
2N4082 
2N4220 

IFETJ 
2N428' 
2N4285 
2N4286 
2N4287 
2N4288 
2N4Z88 
2N4Z90 
2N4291 
2N4292 
2N4293 
2N4880 

(FETI 
2N4823 
2N5135 
2N5138 
2N5172 
2N5194 
2N5245 
2N5294 
2N5298 
2N644B 
2N5457 

IFETI 
2N5458 

(FET) 
2N5459 

IFET) 
2N5551 
2N8027 

IP.U.T.) 
2N8121 
2N6122 
2N6289 
2$301 
2$302 
25302A 
25303 
25304 
25305 
25306. 
25307 

IO 
12 
12 
12 
12 
12 
14 
14 
12 
12 

• 21 
21 
28 
21 
28 
28 
21 
21 
21 
28 

IO • 10 
10 
14 
1111 
40 
80 
80 
12 

32 

32 

• 31 

34 
10 
10 
10 
80 
43 
43 
Ill 
71 
IO 
IO 
IO 

AA119 OB 88104 30 BY176 78 OA79 10 
AA120 OI 8AX13 07 8Y206 30 OA81 10 
AA129 OI 8AX16 OI 8Y210/000 09 OA85 10 
AAY30 OI 8Y100 22 8YZ10 46 OA91 07 
AAZ13 1& 8Y101 22 8YZ11 46 OA91 07 
AAZ17 1& 8Y105 22 8YZ12 40 OA95 07 
8A100 10 8Y114 22 8YZ13 40 OA182 13 
8A102 zo 8Y124 22 8YZ16 41 OA200 OI 
BA144 09 8Y126 11 8YZ17 • OA202 OI 
8A148 1& 8Y127 12 8YZ18 31 IN34A 07 
8A154 12 8Y128 11 8YZ19 31 IN80 OI 
8A156 14 8Y130 17 OAS IO IN914 04 
8A166 14 8Y133 21 OA10 • IN916 OB 
8A173 1& 8Y166 OI OA47 OI IN4148 04 
8A248 11 8Y164 &1 OA70 OI 1$44 OB 

573 

TRI ACS 

BRIDGE RECTIFIERS 

200mA )$020 100v 10 IN6408 1 OOOv 21 
15920 50v OI 15021 200v 11 I Amp 
1$921 100v 07 )$023 400v 13 8YX38-300 46 
1$922 150v OI 1$025 800v 14 BYX38-000 80 
15923 200v 09 1$027 800v 11 BYX38-300R 46 
IS924300v 10 15029 1000v 20 BYX38-000R 80 
1Amp 1$031 1200v 21 10Amp 
1N4001 50v 04"2 1510/50 50v 30 
1N4002 100v OS 

rN:50v 
1510/100 100v • 1N4003 200v OI 11 1510/200 200v 40 

1N4004400v OI IN5401 100v 12 1$10/400 400v 80 
1N4005 800v 07 IN5402 200v 14 IS 10/000 800v IO 
1N4008 800v 07 IN5403 300v 1& 1$10/000 800v 70 
IN4007 1 OOOv OI IN5404400v 1& 1$10/1000 

IN5405500v 17 1000v • UAmp IN5406800v 11 1510/1200 
1$015 50v 09 IN5407 800v 22 1200v 1115 

��flro'!MS 20 
��r;,- • =�::r;,RMS 71 8R2/100v 40 8R1/100v 22 8R2/200v 44 BR6/100v IO 

BR1/200v 25 8R2/400v 80 BR8/200v .. 
BR1/40v 29 8R2/1000v • BR6/400v 1115 

1Amp 
T031CASE 
THY1A/50v 34 
THY1A/100v 31 
THY1A/200v 4Z 10Amp-T041 
THY1A/400v 80 THY10A/50v 46 
THY1A/800v • M��ilo� THY10A/100v 80 
THY1A/800v 71 38 THY 1 OA/200v H 
BT101/500R IO THYSA/100v 46 THY10A/400v IO 
BT102/500R 80 THYSA/200v 80 THY10A/800v IO 
8T106 1.25 THYSA/400v &7 THY10A/800v 1.10 
BT107 13 THYSA/800v 80 
BT10B .. THYSA/BOOv 78 11Amp-T041 
2N3228 70 2N3525 n THY16A/50v • 

8TX30/50L 40 THY16A/100v IO 
3Amp � TOii BTX30/400L 70 THY16A/200v IO 
THY3A/50v 35 8T116 1.80 THY16A/400v 1.20 
THY3A/100v 37 C1060 • THY16A/000v 1.80 
THY3A/200v 40 8TY79/400R 115 THY16A/800v 2.00 
THY3A/400V 80 
THY3A/600V 80 �T0220 30Amp TOM 
THY3A/800v 71 THY30A/50V 1.30 

THYSA/50vP 35 THY30A/100v 1.80 
&Amp-1084 THYSA/100vP 46 THY30A/200v 2.911 
THYSA/50v • THYSA/200vP 47 THYJOA/400v 4.00 

THV30A/600v 4.20 

2Amp-T031 
���/�202 1�:.t,,�220 46 TR12A/100v 30 Ill TRl6A/200v &2 TR12A/200v 4Z TR16A/400v 80 TR12A/400v 80 ;�:.:,�220 84 

}��.ticJ�220 70 }M�.t,�°" H �0�10220 
TRl10A/200v IO DIACS TRl10A/400v IO TRl10A/400P .. 8R100 20 

74LSOO 13 74L578 41 74LS166 1.20 74LS279 • 
74LS01 13 74LS83 88 74LS186 1.70 74L5280 2.40 
74LS02 15 74LS85 78 74LS168 1.IO 74LS283 • 
74L503 1& 74LS86 • 74LS169 1.IO 74LS290 IO 
74LS04 1& 74LS90 31 74LS170 2.80 74L5293 1.00 
74L505 22 74LS91 1.30 74L5173 1115 74LS295 1.IO 
74L50B 21 74L592 .. 74L5174 1115 74L5298 1.80 
74LS09 21 74L593 Ill 74LS176 1115 74LS299 1.80 
74LS10 20 74LS95 1115 74L5181 2.10 74L5323 3.80 
74L511 22 74L598 1.10 74LS183 2.IO 74L5324 1.IO 
74L512 21 74L5107 40 74L5190 1115 74L5325 3.00 
74L513 34 74L5109 70 74LS191 1115 74L5326 3.20 
74L514 80 74L5112 31 74L5192 1115 74LS327 3.10 
74L516 34 74L5113 88 74L5193 IO 74L5348 1.90 
74LS20 11 74L5114 JI 74L5194 1115 74L5352 1.80 
74LS21 21 74LS122 31 74L5195 • 74L5353 1.80 
74LS22 32 74L5123 80 74L5196 1.00 74L5385 46 
74L526 • 74L5124 1.80 74L5197 • 74LS386 Ill 
74L527 • 74L5125 46 74L5221 1.00 74L5387 13 
74LS28 • 74LS126 46 74L5240 1.80 74LS38B IO 
74L530 11 74L5132 80 74L5241 1.IO 74LS373 1.46 
74L532 22 74L5138 80 74L5242 1.80 74LS374 1.46 
74L533 34 74L5138 80 74LS243 1.80 74L53)5 1.10 
74L537 28 74LS139 • 74L5244 1.80 74LS378 1.20 
74L538 28 74LS145 1.1& 74L5245 2.20 74LS386 78 
74LS40 211 74L5147 2.00 74L5247 1.20 74LS393 1.10 
74LS42 H 74L5148 1.80 74LS248 1.20 74LS396 2.00 
74LS47 n 74L5151 70 74LS248 1.20 74LS398 2.70 
74LS48 IO 74L5153 .. 74LS261 1.ZO 74L5399 2.00 
74LS48 90 74L5155 • 74L5253 90 74LS490 1.40 
74L551 24 74L5156 IO 74LS257 90 74 
74L554 21 74L5157 80 74L5266 1.10 
74LS55 28 74L5166 IO 74L5280 • 74LS63 1.40 74L5180 • 74L5259 1.80 
74L573 30 74L5161 78 74L5261 4.00 
74L574 30 74L5162 1.00 76L5266 n 
74L575 38 74L5163 IO 74L5273 1.115 
74L576 42 74LS164 90 74L5275 3.80 

CA270BE 95 LM324N 41 72709 41 
CA2800 • LM337T 1.36 709P 35 
CA3011 .. LM339N 1111 UA710C 40 
CA3014 1.75 LM348N 90 72710 30 
CA3018 • LM380 • UA711C 32 
CA3020 1.75 LM381 1.45 72711 32 
CA3028 80 LM382N 1.20 UA723C 4& 
CA3036 2.30 LM384 1.46 72723 46 
CA3036 1.00 LM386 • UA741C 24 
CA3042 1.IO LM387 1.10 72741 24 
CA3043 1.8& LM1466 42 741P 17 
CA3046 70 LM3900 58 UA747C 80 
CA3052 1.IO LM3909N 70 72747 80 
CA3054 1.10 LM3915N 2.20 UA748 35 
CA3075 1.80 LM3914N 2.20 748P 35 
CA30BO • LM3911N 1.20 5N76013N 1.IO 
CA3081 1.80 LM3916 2.46 5N76023N 1.1111 
CA3085 95, MC1304 1 ,0 5N76110 1.50 
CA3089 2.00 MC1310P ,.., 5N76115AN uo 
CA3090 3.IO MC1312 1.70 5N76660N 90 
CA3123E 1.50 MC1350 1.20 TAA5508 35 
CA3130E 90 MC1352 1.40 TAA621 2.00 
CA3140E 41 MC1469 2.70 TAA6618 1.50 
LF351N 56 MC1496 90 TAB100 1.30 
LF353N .. NE555 20 TBA120B 70 
LF356N 90 NE566 56 TBA540 1.40 
LH0042CH 2.25 NE565 1.20 TBA641A 2.20 
LM301A 25 NE566 1.80 TBA BOO • LM304 1.80 NE567 1.70 TBA8105 95 
LM308 7& 72702 41 TBAB20 70 
LM309K 1.25 UA703C 25 TBA9200 2.50 
LM311 1111 UA709C 25 TCA2705 1.40 
LM317H 2.80 ZN414 IO 
LM318H 1.95 ZTK338 16 

74 SERIES TTL 
7400 14 7437 JO 7486 • 74153 
7401 12 7438 30 7486 21 74154 
7402 12 7440 1& 7489 1 .• 74165 
7403 12 7441 IO 7490 31 74166 
1404 13 7442 IO 7491 78 74157 
7405 13 7443 1.00 7492 80 74180 
7406 28 7444 1.00 7493 • 74161 
7407 21 7445 IO 7494 78 74182 
7408 20 7446 IO 7495 • 74163 
1409 zo 7447 • 7496 • 74164 ,,,o 13 7448 • 74100 1.10 74165 
1,11 zo 7450 1& 74104 80 74186 
7412 22 7451 1& 74105 80 74167 
7413 30 7452 1& 74107 32 74174 
7414 80 7453 1& 74110 40 74175 
7416 28 7454 1& 74111 80 74176 
7417 28 7460 1& 74118 1115 74177 
1420 14 7470 32 74119 1.ZO 74180 
7421 32 7472 28 74121 • 74181 
7422 24 7473 32 74122 40 74182 
7423 28 7474 30 74123 80 74184 
7425 28 7475 44 74124 IO 74190 
7426 30 7476 • 74138 • 74191 
7427 28 7480 ... 74141 80 74192 
7428 34 7481 1115 74144 2.80 74193 
7430 14 7482 10 74145 80 74194 
7432 21 7483 .. 74150 1.00 74195 
7433 • 7484 1115 1 1 74196 

CD4000 11 CD4021 1.0& CD4042 71 C04081 28 
C04001 11 CD4022 1115 C04043 • C04082 21 
C04002 zo CD4023 23 C04044 • CD4085 90 
CD4006 112 CD4024 10 CD4045 1.80 CD4093 70 
C04007 22 CD4025 zo CD4046 1.10 CD4501 28 
CD4008 IO CD4026 1.80 CD4047 1115 CD4502 1.ZO 
CD4009 40 CD4027 40 CD4048 • CD4503 10 
CD4010 41 CD4028 IO CD4049 46 CD4508 10 
CD4011 22 CD4029 1.00 CD4050 46 CD4507 IO 
CD4012 22 CD4030 56 CD4052 IO CD4508 2.1115 
CD4013 46 CD4031 2.00 CD4054 1.25 CD4510 .. 
CD4014 84 CD4034 1.1115 CD4055 1.21 CD4511 1.1& 
CD4015 84 CD4035 1.ZO CD4056 1.3& CD4516 1.10 
CD4016 4Z CD4036 3.30 CD4088 21 CD451B 1.00 
CD4017 IO CD4037 1115 CD4089 21 CD4520 1.00 
CD4018 • CD4038 1.1& CD4070 21 CD4528 1.10 
CD4019 46 CD4040 1115 CD4071 25 CD4531 1.80 

0 72 CD4661 1.00 

MVR7805-MVR7824 11159pEI. 
MVR7905,MVR7924 111&3pEI. 
78L05 78L24 11128pEI. 
79L05 79L24 1IIHpEI. 
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CLASSIFIED 

B 

OUT OF PRINT Book Service. 17 Fairwater 
Grove(E), Cardiff. Send S.A.E. for details. 
PARAPHYSICS JOURNAL (Russian trans 
lations): Psychotronic Generators, Kirlta 
nography, gravity lasers, telekinesis. De 
tails: SAE 4in x 9in: Paralab, Downtown, 
Wilts. 

BOOKS. BOOKS. BOOKS. Large range of 
radio and electronic books in stock. Send 
S.A.E. for lists. Servio Radio, Dept. EE8, 
156-158 Merton Road, Wimbledon, London 
SW19 IEG. 

Service Sheets 

PLEASE MENTION 
EVERYDAY ELECTRONICS 

WHEN REPLYING 
TO ADVERTISEMENTS 

Books and Publications 

BELL'S TELEVISION SERVICE for service 
sheets on Radio, TV etc. £1 plus SAE. 
Colour TV Service Manuela on requelt. 
SAE with enquiries to BTS, 190 Kini'• 
Rd, Harro1ate, N. York1hlre. Tel: 042l 5588S. 

SERVICE SHEETS from 50p and SAE. 
Catalogue 25p and SAE. Hamilton Radio, 
47 Bohemia Road, St. Leonardi, Suuex. 

Any single service sheet £1 /L.S.A.E. 
Thousands different Repair/Service 
Manuals/Sheets In stock. Repair data 
your named T.V. £i (with circuits £8). 
S.A.E. Newsletter, Price Lists. Quota 
tions. 

AUSEE, 76 CHURCHES, 
LARKHALL, LANARKSHIRE 

(0698 883334). 

notes should always be sent 
registered post. Advertisements, 
together with remittance, should be 
sent to the Classified Advertisement 
Manager, Everyday Electronics, 
Room 2337, IPC Magazines Limited, 
King's Reach Tower, Stamford St., 
London SE1 9LS. (Telephone 
01-261 5918). 

300 SMALL COMPONENTS. Transistors, 
diodes £1·60. 7LBS ASSORTED COM· 
PONENTS £3·95. lOlbs £5·25. FORTY 74 
series I Cs on panel £1 · 60. 500 capacitors 
£3·00. List 20p refundable. Post 50p optional 
insurance 20p. J. W. B. Radio, 2 Barnfield 
Crescent, Sale, Cheshire M33 INL. 

QUALITY ±5% CF resistors. Any 100 El2 
values: 0·25W 95p, 0·5W 130p. Free postage. 
RKS Electronics, 13 Queens Terrace, Sher 
borne, Dorset. 

50 MIXED CONNECTORS £1. 100 mixed 
diodes £1. 4 section aerials 75p. Soldering 
irons £4. 10 different leds £1 · 30. 50 mixed 
Ics 75p. Post 50p. Latest lists 25p SAE. 
1000s components/items bargains. Sole 
Electronics, E/E.t 37 Stanley Street, Orms 
klrk, Lanes L39 ;GDH. 

Software 

NEW ILLUSTRATED CATALOGUE of 
brand new, full spec electronic components, 
at very competitive prices. Send 45p plus 
S.A.E. to J. E. Harris, 9 Ivybridge, Brox 
bourne, Herts. 

The prepaid rate for classified 
advertisements is 24 pence per word 
(minimum 1 2 words). box number 
60p extra. Semi-display setting 
£6 · 16 per single column centimetre 
(minimum 2 · 5cm). All cheques, 
postal orders, etc., to be made pay 
able to Everyday Electronics and 
crossed "Lloyds Bank Ltd." Treasury 

CARDBOARD COMPUTER: Learn Assembly 
Language Programming and Computer 
Architecture. £8·97 inc VAT. Also Solar 
Cells, Sclenoe Kits, Energy Books, Stirling 
Engines, Space Blankets etc. etc. Send 25p 
for Lists. Edencombe Ltd., Dept PM., 34 
NBJthans Road, North Wembley, Middlesex 
HAO 3RX. 

VEROBOARD O · l stripboards average size 
312 X5'2 45p each. Orders to ALCO ELEC· 
TRONICS, 5 Sharon Road, West End, 
Southampton. 

SIXTY ZX80/81 PROGRAMS. Specify which, 
listings only £4 · 95. Barclaycard accepted. 
Includes many games, utility programs, 
home finance, maths, chequebook, plus 
more in our "ZX80/81 Programs". Includes 
Hlnts/N/Tips, from Sussex Software, Wall 
send House, Pevensey Bay, Sussex. 

When replyln1 to Classified Advertisements 
please ensure: 

(A) That you have clurly stated your require 
ments. 

This will usi�t advertisers in processin1 and 
despatchin1 orders with the minimum of delay. 

Receivers and Components 

(B) That you have enclosed the ri1ht remittance. 

(C) That your name and address is written in 
block capitals, and 

(D) That your letter is correctly addrosHd to the 
advertiser. 

SILICON CELLAR 
CA3 l-40E MOS Op Amp. Works with Vin =V- 45p 
LF3SIN FET Op Amp. Works with Vin=V+ 41p 
LM3HN QUAD Op Amp. 14-DIP. 3-32V Rail 48p 
LM334Z 3-Lead Constant Current Source 

lµA to IOmA Ran,e. I to 30V drop. 9Sp 
4 page DATA + our circuit suuestions 40p 

LMl458N Dual 7-41. 8-DIP. Common Rails 45p 
ZN404 Precision 2·45V Band1ap Reference IOp 

Full DATA + our circuit suuestions lOp 
DIODES I N4148 Jp, lSp per 10. I N4003 Sp 
8-pln OIL IC SOCKETS llp, 10 for I IOp. 
Conductive FOAM for MOS ICs 3 x 3 inch J6p 

Prices INCLUDE VAT. Post 30p. 
Send PO or Cheque to 

SILICON CELLAR 
(Dept 5) 

21 Weit View Road, St. Albani, Hert, 

TUKN YOUR SURPLUS capacitors, tran 
sl&tors etc., into cash. Contact Coles Harding 
& Co., 103 South Blink, Wlsbeoh, Cambs. 
0945 4188. Immediate settlement. 

ORDER FORM PLEASE WRITE IN BLO<?K CAPITALS 
Please Insert the advertisement below In the next available issue of Everyday Electronics for . 
insertions. I enclose Cheque/P.O. for £ . 
(Cheques and Postal Orders should be crossed Lloyds Bank Ltd. and made payable to Everyday Electronics) 

NAME .......•........................•................................. 

ADDRESS , . 

S•nd to: Clasalfled Advertl1ement Manager 
EVERYDAY ELECTRONICS 
Clu•lfled Advertlaement• Dept., Room 2337, 
Klno'• Reach Tower, Stamford Street, London Sit ILS. 
Telephone 01-211 5011 
Rate: 
24p per word, minimum 12 words. Box No. Hp extra. 

Company registered In England. Registered No. 53628. Registered Office: King's Reach Tower, Stamford Street, London SE1 9LS. 
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Wanted 

For Sale 
NEW BACK ISSUES OF "EVERYDAY 
ELECTRONICS". Available 85p each Post 
Free, cheque or uncrossed PO returned If 
not In stock. BELL'S TELEVISION 
SERVICES, 190 Kings Road. Harrogate, 
Yorkshire. Tel: (0423) 55885. 

"SOUNDS VINTAGE" 
The only magazine for all vintage sound 
enthusiasts, packed with articles by top 
wntors. covering gramophones, phono 
graphs, 78s, wireless, news. history, reviews. 
etc. 
Bi-monthly. Annual subscription £6·60 
(airmail extra). Send 75p for sample copy. 
28 Chestwood Close, Billericay, Essex 

Veteran & Vintage 

ARMY WIRELESS SETS and Instruction 
books on same. Hallicrafter receivers, and 
speakers. Will collect during my holidays 
in September. Please write to: A. Huizer 
(PEl-DMN), Wilhelminasingel 16, 3135 JP 
Vlaardingen, Holland. 

TEACH IN 80 Tutor deck complete with all 
components. Built to good standard. £23. 
Phone: Stourport 6093. 

SECONDHAND ELECTRONIC TEST equip 
ment including oscilloscopes, generators, 
psu's. NORFAB PLANT AND MACHINERY. 
Telephone Potter Heigham (069-27) 721. 

LED'S , , , 
·125" & ·2" ROUND TRIANGULAR 
RED Ip Large, RED only Ip 
YELLOW, GREEN or AMBER 11p Small, YELLOW or GREEN only 11p 
·2" ONLY 
WHITE Illuminated red Ip 

DECIMAL POINT RECTANGULAR RED Ip 
RED Ip YELLOW or GREEN tip 
YELLOW or GREEN tip 

Cllps for · 125" or ·2" 3p 
We also supply Alarm Equipment (Retail Sorry no cllps for rectangular and trl- 

angular LE011. & Trade). PERSONAL CALLERS ONLY 

Carbon potentiometers log or lln full range from 5K to 2m2 25p (unswltched) 
45p (switched) 

Carbon resistors 1 ·5p (1 .. 99), 1p 100 unmixed, 

011 sockets 8 pin Op CMOS 4011 tsp 
14 pin 12p 4011 48p 
16 pin 12p 

Plugs 2·5mm Ip BC108 10p C106D 35p BZY88 zeners 
3mm Ip LM380 &Ip 6p 
2 pin DIN Ip OA90 4·5p 

TV plugs 8p 
Loudspeakers H" 80 't" mono Jack 12p &Op 

ALARM DEVICES 
Passive Infra red detectors, pick up body heat up to Sm away. Unaffected by swinging 
curtains, fall Ing stock, telephone bells, mains Interference, fluorescent llghts etc. To be 
used In conjunction with a burglar control panel. 12v supply £40 
SAE tor further details. 
P.E. beams 20m range. Small neat units Ideal for realdentlal lnstallat1ons etc. £40 

REQUIRED:- 12v "continental" relays new or ex equipment, minimum 101s must be In 
first class condition. State your price. 

CB ccmponents» MB3712 £2·20p TA7130 £2·30p 
AN214 £3·15p TA7205 £2·59p C2078 £1·16p 
LC7130 £3·98p TA7310 £2·40p 

All are top quality LED's-compare price with any other Adi P. & P. 60p. Add VAT 15�1, 
(carriage free over £5), Export P. & P. £1 ·00. Trade enquiries welcome. 

WE ARE WARRINGTON'S SUPPLIERS OF CB GEARI 

SHOP HOURS 9.30-6 pm (5 pm Sat.). Cloaed every Thursday In June and July. 

� z WEBB ELECTRONICS 
41 WINWICK STREET, WARRINGTON, CHESHIRE, Tel. 54174 

These watches all require 
battery (power cell) replace· 
ment at regular intervals. 
This kit provides the means. 
We supply eyeglass. non· 
magnetic tweezers, watch 
screwdriver, case knife and 
screwback case opener, Also 
one doz. assort. push-pieces, 
full instructions and battery 
identification chart. We then 
st1pply replacement batteries 
-you fit them. Begin now. 
Send £9 for complete kit 
and gee into a fast growing 
business. Prompt despatch. 

D 

Build electronic 
circuits without solder 
on a Roden S-Dec. 
This has built-In 
contacts and holes into 
which you plug your components. 
Suitable for all ages. Can be used 
time after time. Ideal gift for 
students or experimenters. 
Full instructions and 2 circuit 
diagrams with each S-Dec. 
Send cheque or P.O. to:· .=�--.r 
RoclonProcluct,.OepEE �3 85 · 
��Jh��(;hN��e;6l' � • p1u,�4,,.op-p!C..&"'p"'. ,.",-h 

BOLSTER INSTRUMENT CO. IEE1') 
f I Percy Avenue, Ashford, Middx., TWIS lPB 

ATTERY 
REPLACEMENT KIT 

� 
� � ,.,, 
��7L 

-"' N ' 

SUPER BUY Hilki 25W Soldering Iron £3·90 
plus 30.o P&P. Orders with cheque P.O. 
McDonald, M.O. Dept 72, Strawfrank Road, 
Carstairs Junction, Lanarks MLII 8RE. 

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

Price £1, plus 50p for post, packing 
and Insurance. · 
Send cheque or P.O. for £1 ·50. 

HOME RADIO Components Ltd 
Dept. EE P.O. Box 12. tis London Road. 
Mitcham, Surre)'. 01-543 5151 

The ONE catalogue 
you MUST 
have! 

ENAMELLED COPPER WIRE 
SWG , lb 8oz 4 oz 2oz 

8 to 20 2·76 , ·50 0·60 0·60 
30 to 34 3·20 1 ·80 O·OO 0·70 
35 to 30 3·40 2·00 1-10 0·80 
40 to 43 4·75 2·60 2·00 1 ·42 
44 to 47 5·90 3·40 2·39 2·00 
48 to 49 15·05 9·58 6·38 3·60 

SILVER PLATED COPPER WIRE 
14 to 30 6·50 3·75 2·20 1 ·40 

TINNED COPPER WIRE 
14 lo 30 3·85 2·36 1 ·34 O· 00 

Prices Incl. P A P vat. Ordera under £2 add 20p, SAE 
for Ltet of Copper/Resistance wire. Dealer enquiries 
welcome. 

Rtglsttr•d Office 22 Conlnosby Gardtns. 

Miscellaneous 

* BARE ESSENTIALS * ABOUT ELECTRICITY * ACTIVE COMPONENTS * CONNECTING UNITS * MEASURING & METERING * CIRCUITS 

THE IDEAL INTRODUCTION TO ELECTRONICS FOR THE 
NOVICE OF ANY AGE £3·95 INC P&P 

OTHER BOOKS AVAILABLE BY IAN SINCLAIR * UNDERSTANDING ELECTRONIC CIRCUITS £4·50 * UNDERSTANDING ELECTRONIC COMPONENTS £4·50 * REPAIRING POCKET TRANSISTOR RADIOS £2·95 

KEITH DICKSON PUBLISHING LTD 
17 HENDON LANE LONDON N3 

ALL PRICES INCLUDE POSTAGE & PACKING 

About 2,000 Items clearly listed. 
e Profusely Illustrated throughout. 

THE SCIENTIFIC WIRE 
COMPANY 

PO Box io. London E.4. 01 531 15Q. 

PRINTED CIRCUITS. Make your own 
simply, cheaply and quickly! Golden 
Fotoka Light Sensitive Lacquer-now 
greatly improved and very much faster. 
Aerosol cans with full Instructions. £2 · 25. 
Developer 35p. Ferric Chloride 55p. Clear 
Acetate sheet for master 14p. Copper-clad 
Fibre-glass Board approx. lmm thick £1 ·70 
sq.f't. Post/packing 75p. WHITE HOUSE 
ELECTRONICS, PO Box 19, Castle Drive, 
Penzance, Cornwall. 

& INTRODUCING • 
¥AMATEUR ELECTRONICS¥ 

IAN SINCLAIR 

BALLARD'S OF TUNBRIDGE WELLS have 
moved to 54 Grosvenor Road. No lists. SAE. 
All enquiries phone T/Wells 31803. 

GLASS FIBRE OPTIC LIGHT GUIDE multi· 
stranded O · 031 inch distal diameter, 80p 
per metre, 0·064 inch £1·20 per metre. 
Minimum order value £2·40 c.w.o. D. 
LLOYD (NYEWOOD EQUIPMENT), 91 m. 
more Gardens, Petersfield, Hampshire. 
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BSR STEREO CARTRIDGES SC7 medium output £2. 
Sonotone 9T A-HC £2· 50. V .100 Magnetic £7. 

MAINS TRANSFORMERS 

Radio Component Specialists 
337, WHITEHORSE ROAD 

CROYDON, SURREY. U.K. TEL: 01-U4 Uf5 
Post 65p Minimum, Callers Welcome. 

ACCSSleBarclayeVlsa. Closed Wed. Lists 30p. 
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£18.95 

PER PAIR + VAT £5·70 

MAINS INTERCOM 
� . 
�· 

+ P & P £1·9S 
The modern way of instant 2-way communications. 
Just otus into power socket. Ready to use. Crystal 
clear communications from room to room. Range 
i-mile on the same mains phase, On/off switch. 
Volume control, with 'buzzer' call and light indicator. 
Useful as inter-offtce intercom. between office and 
warehouse, in surgery and in homes. 
Also F.M. 2 channel "touch" model £55·95 per pair + VAT £8·40 + P&P £2· is. 

NEW AMERICAN TYPE CRADLE 
TELEPHONE AMPLIFIER 

POPS COMPONENTS 
38/40 LOWER ADDISCOMBE ROAD 

CROYDON, CR08AA 
01-688-2950 * POPS SPECIAL OFFERS THIS MONTH * 

Free LEDs + Cat. with every Order I 
STEREO POWER AMPLIFIER MODULE 
25W per channel into 8 ohms. In kit form. 
Really easy to build with fully comprehensive 
instructions at only £9·99. 
Fully built and tested-only £11 ·99, 
(Pre-Amp at £6 and Power Pack at £7 
available.) 
ARE YOU FULLY ADAPTABLE? 
We have 12v Transformers at 400 mA on a 
panel with Rects. at only £1 ·10. 
O.K. for 12v mains adaptor for radio, 
cassettes, etc. 
Boxes suitable for above' available at 50p 
each. 
SOLAR CELLS t• x t•. Give 20 mA at 
!v, £1 ·50 each. 
OFFER. Demo. Kit: 2 cells and motor for 
£4·50. 
12v MINI RELAYS (Continental type) 
2p x -over 700R-40p each. 
4p x-over 430R-50p each. 
100's more bargains. Full Cats. sent with 
orders received or send large S.A.E. 
P. & P. 50p. 

PLEASE MENTION 
EVERYDAY 

ELECTRONICS 
WHEN REPLYING 

TO 
ADVERTISEMENTS 

Latest tra,nslstorised Telephone Amolifler, with 
detached plug-in speaker. Placing the receiver on to 
the cradle activates a switch for immediate two-way 
conversation without holding the handset. Many 
people can listen at a time. Increase efficiency in 
office. shop, workshop. Perfect for "conference" 
calls: leaves the user's hands free to make notes, 
consult fl1es. No long waiting, saves time with long. 
distance calls. On/off switch, volume control. Con 
versatlon recording, model at £20·95 + VAT £3 · IS. 
P&P £1 ·6S. 

DOOR ENTRY SYSTEM 
No house I business I surgery should be without a 
DOOR ENTRY SYSTEM in this day and age. The 
modern way to answer the door in safety to un 
wanted callers. Talk to the caller and admit him 
only If satisfied by pressing a remote control button 
which will open the door electronically. A boon for 
the Invalid, the aged, and busy housewife. Suoplied 
complete d.i.y. kit with one internal Telephone, 
outside Speaker panel, electric door lock release (for 
Yale type surface latch lock): mains power unit, 
cable (4 oalrs) SOft and wirina diagram. Price 
£59·95 + VAT £9·00 + P&P £2·2S. Kit with two 
phones £69·95 + VAT £10·SO + P&P £2·4S. 

I CH/ay price refund guarantee on all items 
Access and Barclaycard welcome. • 

WEST LONDON DIRECT SUPPLIES l:.t 8 
- 169 KENSl'NGTON HIGH STREET. 

LONDON. W8 Tel: 01-937 5548 

Poat 
6-0-6V 100mA £1 ·10 top 
9-0-9V 50mA £1 · 50 top 
12V,3a £3·50 £1 
10V, 20V, 40V, 2a£3·50 £2 

20V, 1 amp £3·00 £1 
20V-0-20V, 1a £3·50 £1 
2of16V,6a £11·00 £2 
12-0-12V, 2 a £3·50 £1 
9V,tamp £1·50 top 
26V, 1a +2av 1a £5·00 £2 
32-0-32V 6·5A .. £11·00 £2 
12V 2 amp ...... £3·00 £1 

Poat 
BY, 500mA £2·00 IOp 
12V, 100mA £1·30 top 
12V, 750A £1·75 top 
10-0-10V 2a £3·00 £1 
30V, 5 amp and 
17V-0-17V, 20 .. £4·00 £2 iv.·:�:;,1,s� 1.·:rn :: 
15-0-15V 2 e £3·00 £1 
35V, 2 a £3·50 £1 
300V, 12 a £3·30 £1 
20V,40V,60V, 1a £4·00 £1 

E. M.I. 13t x Bin Speaker Sale! 
With tweeter. And crossover. £9·95 "' J,�:i,;i��e 3 or 6 ohm. Poa1£1 J . 
15W model £10·95 
8 ohms Poet £1 • GOODMANS 20 Watt Woofer 
Size Bin. 4 ohms £6·00 
Rubber cone surround. Poet £1 

MATCHING TWEETER 
41n square4 ohm £3·25 Poat 

75p 

R.C.S. MINI MODULE 
KIT3-way 

Loudapeaker System, EMI Sin 
Bua, Sin Middle, 31n Tweeter, 
with 3-way CroHover and Ready 
Cut Baffle. 15 x Hin. 
Full u,embly lnatructlona. 
Re1pon•• - to to 201000 cpa 12 
watt RMS. t ohm. £10 aach. 
£11· 50 pair. Poataga £1 · 50. 

R.C.S. LOUDSPEAKER BARGAINS 
3 ohm, 41n. Sin. 7 x 41n. £1 ·50; B x Sin. 6iln. £3; Bin. £3·50. 
8 ohm, 21n. 2t,ln. 31n, 51n. £1 ·SOi Sin. £4·50i 10ln. £Si 121n. £1. 
15 ohm. 3iln. 5 x 31n. B x 41n. 7 x 41n. £1 ·50. 
25 ohm, 31n. 8 x 31n. 7 x 41n. £1 ·50; 120 ohm, 3iln dla. £1 ·50. 

LOW VOLTAGE ELECTROLYTICS 
1, 2, 4, 5, 8, 16, 25, 30, 50, 100, 200mF 15V 10p. 500mF 12V Up; 
25V 20p; 50V 30p; 1000mF 12V ZOp ;25V 35p; 50V SOp; 1200mF/ 
78V IOp; 2200mF 6V 25p; 3000mF 25V 50p; 50V Hp; 3300mF 
53V £1 ·20; 4700mF 53V £1 ·20; 2700mF/76V £1. 4700mF 40V 
tsp ; 50V 95p; 5800m F 78V £1 · 75. 

FAMOUS LOUDSPEAKERS Poat£2 
Make Model Size Watts Ohms Price 
Seas Tweeter 41n 50 8 £7·5G 
Goodman• Tweeter 3tln 25 8 £4·00 
Audax Tweeter 3 In eo 8 £10·5G 
Seas Mid-Range 41n 50 8 £7·50 
Seas Mid-Range 51n 80 8 £12·00 
Seas Mid-Range 4iln 100 8 £12·50 
Goodman• Full-Range Stln 15 8 £1·50 
Goodmans Full-Range Bin 30 8 £12·50 
Seas Woofer Bin 30 B £14·00 
Rlgonda Full-Range 101n 15 8 £5·50 
Goodmans Audlom 12PG 60 8 £20·00 
Goodman& 0112 121n 90 8/15 £27·50 
Goodman• Audlom 12P 50 8/15 £20·00 
Baker Disco 121n 100 8/16 £24·00 
Baker Disco 151n 100 8/16 £30·00 
BATTERY ELIMINATOR MAINSto9VOLT 
Stabilised output. 9 volt 400 m.a. UK made with termlnala. 
Overload cut out. 5 x 31 x 2fln. Tranaformer Rectifier Unit. 
Suitable Radios. Cassettes, models, £4·50 post 50p. 

HIGH VOLTAGE ELECTROLYTICS 
6/450V 45p 6+6/450V 75p 50+50/300V 50p 

18/350V 45p B+16/450V 75p 32+32+32/325V 75p 
32/350V 75p 20+20/450V 75p 100+100/275V Hp 
50/350V IOp 32+32/350V 50p 150+200/275V 70p 
50/500V £1 ·20 32+32/500V £1 ·to 220/450V Hp 
MANY OTHER ELECTROLYTIC& IN STOCK 
TRIMMERS 10pF, 30pF, 50pF, Sp. 100pF, 150pF, Up. 
CONOENSERS VARIOUS.1pF to 0·01mF, 3p. 
PAPER 350V-0·17p; 0·513p; 1mF 150V 20p; 2mF 150V 20p 
�o:i�:o,W.}g5J�1'1i�t5/�0ot5l��i'�'lll&°vER:Mp. 
SUB-MIN MICRO SWITCH, 30p. Single pole change over. 
TWIN GANGS 120pF50p; 500pF£1. 
GEAREO TWIN GANGS 25pF Hp; 365pF £1: 
365 + 365 + 25+ 25pF£1. 
NEON PANELINDICATOR8250V. Red 1i x J45p. 
ILLUMINATED ROCKER SWITCH. Single pole. Red Hp. 
RESISTORS.100 to 10M,iW 20%2p; 2W, !Op. 
HIGH STABILITY.iW2% 10ohms to 1 meg.fp, 
Dltto5%. Preferred valuea 10 ohms to 10 meg, 3p. 
WIRE·WOUND RESISTORS 5 watt, 10 watt, 15 watt Up. 
CASSETTE MOTOR. 6 volt£1 ·00. 
ALUMINIUM CHASSIS 11 a.w.g. Undrllled. 4 sldea, riveted 
corners;& x 4 x 2iln.-£1·20;8 x 6 x 2iln.-£t·5Gi10 x 1 x 
2iln.-£1·IO; 14 x 9 x 2iln.-£2·50; 16 x 6 x 2j,ln.-£2·40: 
12 x 3 x 2iln.-£1·50; 12 x 8 x 2iln.-£2·20; 18 x 10 x 2iln 
-£2·70. ANGLE BRACKET 6 x t x tln.-25p. 
ALUMINIUM PANELS 11 a.w.g. 12 x 121n.-£1·30; 14 x 
Oln.-£1 ·20: 6 x 41n.-38p: 12 x 61n.-lOp: 10 x 71n.-lOp; 
8 x 6in.�0Pi 14 x 31n.-10p; 12 x 51n.-lOpi 16 x 10ln. 
£1 ·40; 16 x 61n.-p. 
BLACK PLASTIC construction box with brushed aluminium 
facla size 61 x 4t x 2" £1 ·50. Many other sizes. 
BRIDGE RECTIFIER 200V PIV i amp 50p. 2 amp £1 ·OO. 
4amp£1 ·50Bsmp£2·50. 
TOGGLE SWITCHES SP 30p. OPST 40p. OPOT 50p. 
MANY OTHER TOGGLES IN STOCK. Please enquire. 

BSR 170/2 BUDGET SINGLE PLAYER Ideal tor disco :��lbF�:�:t�;��!:t��;c:�t��:de8cuel��::1�e £20 

P•\lllhl4 approslmatlly the ihJrd J'rJday of .. ch month b:, IPO Maculnet Ltd., Kine• Reach Tower, Stamford St., London SEl 9LB. Frlnted 10 En1land by lndu. Print.er•, DUD.1tabl•, Bed,. Bole A1ni• 
rw ..lU'inlla and New Zealand-Gordon and Gotch (.A/8la) Ltd, South Atrtca-Central Ne•• A1ency Ltd. SubterJpt.lon.: Inland ,e.00, O•eneu ,10.00 per annum payable to IPO Bt.nleH, Oakfltld HoUH, P•n1· 
me,mt Jload, Baywardt Heaib, 8111HJ:, BHryday EJ.ectronlCI ii .old IDbJect to the follcwin,r COndltlO.DI namely tbat It ahall not, without tht �Jtten CODHDt Ot the 'Publ11ber1 flnt ll't'tn, be lent, retold, hlrtd or 
• •UMnrile dl,poeed of b:, wa:, of Trade at more than th• recommended Nll.ln.c price lhoWll on conr, and tllal. It ,ball not be leni, ruold, or hlrtd oat or otberwlee dl,poaed ot in • mutllated condition or n 
an7 11DaaUlorJ1td eonr b:, way ot Trade, or affl.nd t.o or u part. of any pubU�ailon or ach'ertJ,lnc, literary or p1ctorlal maitu what.oner, 



E.E. PROJECT l<ITS 
Intercom 28149 April 81 £19·25 Five Range Current Limiter 2853 March 80 £4·50 
Digital Rule 28148 April 81 £28·00 Kitchen Timer 2855 March BO £12·75 
Freezer Alarm 28147 April 81 £11 ·75 Touch Switch 2856 March 80 £9·00 
LED Dice 28146 March 81 £7·50 Micro Music Box 2845 Feb.SO £17·00 
Mini Siren 28145 March 81 £7·25 Simple Short Wave Receiver 2844 Feb.SO £18·00 
Modulated Tone Doorbell 28144 March 81 £6·25 Morse Practice Oscillator 2843 Feb.SO £6·00 
Bench Power Supply 28143 March 81 £48·50 Slide/Tape Synchroniser 2842 Feb. 80 £11 ·50 
Car Actuated Driveway Light 28142 March 81 £22·00 Power Supply 3-9V 2847 Jan. 80 £4·50 
3 Channel Stereo Mixer 28141 Feb. 81 £16·25 Burglar Alarm 2861 Dec. 79 £5·00 
Signal Tracer 28140 Feb. 81 £7·50 Baby Alarm 2840 Nov. 79 £8·50 
Nlcad Battery Changer 28139 Feb. 81 £12·00 Opto Alarm 2841 Nov. 79 £5·00 
Auto Slide Charger 28138 Jan. 81 £9·00 Radio Tuner MW/LW 28108 Nov. 79 £14·75 
ICB Alarm 28137 Jan. 81 £7·25 3-Function Generator 2852 Nov. 79 £25·00 
Phaser Sound Effects 28136 Jan. 81 £23·30 One Armed Bandit 2833 Oct. 79 £21 ·00 
Mini I.C. Radio 28126 Nov. 80 £10·35 Lights-on Reminder 2834 Oct. 79 £4·60 
Sound to Light 28127 Nov. 80 £19·00 Signal Level Indicator ZB36 Oct. 79 £4·50 
Guitar Practice Amplifier 28128 Nov. 80 £16·85 Universal Oscillator 2837 Oct. 79 £3·50 
RG Action Tester 28129 Nov. 80 £10·25 Chaser Light 284 Sept. 79 £17·50 
Precision Timer 28130 Nov. 80 £21 ·00 Low Power Audio Amplifier 283 Sept. 79 £3·75 
Transistor Tester 28131 Nov. 80 £8·00 Simple Transistor Tester 282 Sept. 79 £5·50 
Soll Moisture Monitor 28132 Nov. 80 £5·00 Varlcap MW Radio 281 Sept. 79 £8·50 
Audio Effects Unit 28122 Oct. 80 £12·25 Quiz Referee 2812 Aug. 79 £4·75 
Phone Call Charge Jogger 28121 Oct. 80 £6·00 Trailer Flasher 289 Aug. 79 £3·00 
Darkroom Controller 28123 Oct. 80 £17·25 Electronic Tuning Fork 287 Aug. 79 £8·90 
Bicycle Alarm 28124 Oct. 80 £!!·25 Power Supply 9V 286 Aug. 79 £8·25 
Lights Failure Monitor 2877 Sept. 80 £8·75 Warbling Timer 285 Aug. 79 £5·80 
TTL Power Supply Unit 2878 Sept. 80 £9·50 Water Level Indicator 28111 July 79 £4·50 
Duo-Deel Timer 2875 Sept. 80 £8·50 Voltage Splitter 2815 July 79 £3·25 
"TTL Logic Probe 2876 · Sept. 80 £3·25 Electronic Canary 2819 June 79 £4·50 
Bedside Radio ZB74 Sept. 80 £14·25 Tremolo Unit 2818 June 79 £10·00 
Auto Lighting-Up Warning ZB71 ·Aug. 80 £5·65 Electronic Dice 2824 May 79 £13·50 
Brakesafe Monitor 2868 Aug. 80 £7·50 Intruder Alarm 2823 May 79 £23·00 
Cricket Game ZB69 Aug. 80 £14·95 Touch Bleeper 2827 Aprll 79 £3·25 
Zener Diode Tester 2879 July 80 £5·00 Transistor Tester ZB100 April 79 £4·00 
Signal Tracer 2880 July 80 £5·00 One Transistor Radio MW/LW ZB104 March 79 £7·25 
General Purpose Amplifier 2881 July 80 £6·00 Time Delay Indicator 2898 March 79 £4·00 
Autowaa ZB83 July 80 £19·25 Micro Chime ZB96 Feb. 79 £12·00 
A.F. Signal Generator ZB84 July 80 £20·00 Lights Reminder for Car 2832 Jan. 79 £4·50 
Courtesy Light Delay 2885 July 80 £5·25 Continuity Tester ZB115 Jan. 79 £4·30 
Auto Phase 2886 July 80 £19·25 Fuzz Box 28106 Dec. 78 £5·00 
Battery Voltage Monitor 2864 May 80 £4·80 Vehicle lmmoblllser 28110 Dec. 78 £5·00 
Lights Warning System ZB63 May 80 £3·60 Audio Effects Oscillator ZB109 Nov. 78 £3·50 
Autofade 2866 May 80 £10·25 Radio MW/LW 28116 Oct. 78 £7·00 
"Dual Line Game ZB65 May 80 £25·00 Sound to Light 28112 Sept. 78 £7·00 
"Pre-tuned 4-Station Radio 2862 May 80 £14·00 Guitar Tone Booster ZB117 Sept. 78 £5·00 
Gas Sentinel 2861 Aprll 80 £27·00 A.F. Signal Generator 28119 Aug. 78 £10·00 
Cycle Direction Flasher 2859 Aprll 80 £14·50 Weird Sound Effects Generator 28113 March 78 £3·50 
Cable and Pipe Locator 2854 March 80 £3·75 Chaser Light Display ZB97 Feb. 78 £22·00 
Stereo Headphone Amplifier 2857 March 80 £15·25 Car System Alarm 2892 Feb. 78 £4·50 
Doorbell Register 2858 March 80 £3·60 

* TEACH-IN 80 * This popular monthly constructional series started in E.E. in 1979 and is a must for beginners to electronics. The sheer simplicity of the 

whole project experiments lends Itself to be made by any beginner young or old. Basic technical principles and symbols explained In 

great detail. Start at the beginning with a hobby that could become a worthwhile career, our kit comes complete with all parts as specified 

by E.E. 

List A, Band C £22·50. Monthly reprints from October 1979 available at 40p each per month extra or £4·50 for whole series. 

•All E.E. project kits supplied with cases except Items marked•. All kits come complete with items as specified plus Texas I.e. sockets 
where required, also veroboard connecting wire etc. 

If you do not have the Issue of E.E. which contains the project we can supply a reprint at 40p extra. 

Personal callers please ring to check availability of kits. 

All prices Include post, packing and 15% V.A.T, 

IONISER KIT 
This negative Ion generator gives you the power to saturate your 
home or office with millions of refreshing ions. Without fans or 
moving parts It puts out a pleasant breeze. A pure flow of ions 
pours out like water from a fountain, filling your room. The 
result? Your air feels fresh, pure, crisp and wonderfully refreshing· 
All parts, PCB and full instructions £12·50 
A suitable case including front panel, neon switch etc £10·50 

Hours Mon-Friday 9-5.30 p.m. Sat. 9-4.30 p.m. 
Callers by appointment only. 
Telephone: 01-226 1489 

T. POWELL 
Advance Works, 44 Wallace Road, London N.1. 

Visa/Access cards accepted 
Minimum telephone Orders £5·00 
Minimum Mall Order £1 ·00 • 



All mail to: P.O. Box 3, Rayleigh, Essex SS6 SLR. Tel: Southend (0702) 554155 Sales: (0702) 552911 

,:, Same day service on in-stock lines 
,:, Very large percentage of our stock lines in stock 
,:, All prices include VAT 
,:, Large range of all the most useful components 
,:, First class reply paid envelope with every order 
,:, Quality components-no rejects-no re-marks 
,:, Competitive prices 
,:, Your money is safe with a reputable company 
On price. service, stock, quality and security it makes 
sense now more than ever to make !nil� your 
first choice for components every time! 

r-----------------, I Post this coupon now. I 
Please send me a copy of your 320 page catalogue. I enclose £1.25 I I (incl. 25p p&p). If I am not completely satisfied I may return the 

I catalogue to you and have my money refunded. If you live outside the I 
-I U.K. send £1.68 or 12 International Reply Coupons. I 
I Name I 
I Address I 
I I 
I I 
• E��I I ----------------�- 

Over 100,000 copies sold already! 
Don't miss out on your copy. 
On sale now in all branches 
WH Smith � price £1. 
In case of difficulty check the coupon below. 

111ake it easy ••• .. - .. 
• '�\ .. ?,��it • lnlilh ln)i)rffl,&lllnl 
• 1"l".l.<\�\� ��e \<:\, �'vi • "'P\' . i �'o <;,�'-.J· 
• ��-01.1\� <;1\�,; i11eo • 

"' ��:'J ·�1eO.: 
• \l\'i<;,'l: iJ,�e\l • I) \I)\ C,'o 

• • • • Easy to build, • e superb specification. 
Comparable with organs selling for 

up to £1,000. Full construction details 
in Electronics & Music Maker commencing 

March, 1981 issue. Back numbers available. 

n11�p�11n ELECTRONIC SUPPLIES ITO. 

l__ 


